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ICOM rl m 

?a@' 
1 Dual Band Mobile & Handheld 

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

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

Full Duplex Operation. SimuItaneousIy transmit 
on one band while receivin on the other for incom- 1 parable dual band autopatc ing! 

20 Memories. Store any combination of standard or 
odd repeater offsets and subaudible tones. 

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

Programmable Band and Memory Scanning. 
Includes easy I t ~ k o u t  and recall of vanous memories. 
Exceptional flexibility! 

Repeater In ut Monitor Button. Opens the 
squrllch and c r' i c ~ k s  'I'x offset simultaneously. 

Priority Watch. Monitor any channel for calls 
while cont inuing operation on another frequency. 

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

Double Your Bands with Icom's dual band 
lC-32A'T handheld and IC-3210 mobile, and double 
your operating pleasureon 2-meters and 440MHz. 
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FOUR user selectable operating modes and 
a 90 number autodialer make Private Patch V 

the ONLY choice! & +:wk 
m 'V~bj-3 

4 

Private Patch P a MULTI-MODE INTERCONNECT 

6' 

. 7 -  * a c e  .& iz, 
.*3 CONNECT SYSTEMS INC NOISE DTMF XMT c DI 

-POWER 

SELECT AN OPERATING MODE 
USING THE BUILT-IN KEYBOARD. . . 

1. SIMPLEX SAMPLING PATCH 
Private Patch V achieves a level of sampling patch performance 
unobtainable in any other product. Crucial to performance is 
the noise squelch filter. Compare our five pole filter to the 
competition's two pole filter. Advanced software algorithms 
perform noise correlation tests which result in greater useable 
range than the competition. Nine selectable VOX enhancement 
ratios allow you to vary performance from straight sampling to 
highly VOX enhanced. (sampling rate decreased while the land 
party is speaking). The mobile is in full control and can break- 
in at any time. 

2. SIMPLEX VOX PATCH 
VOX mode offers superb simplex operation with any radio, 
including synthesized and relay switched models. VOX mode 
has other advantages too. 1. A linear amplifier can be used to 
extend straight simplex range. 2. You can operate through any 
remotely located repeater to greatly extend range. 3. If desired 
you can connect Private Patch V to the MIC and speaker jack 
of your radio. NO INTERNAL CONNECTIONS ARE REQUIRED. 
Control is maintained automatically with built-in dial tone 
detection, busy signal detection and fully programmable activity 
and time out timers. An optional electronic voice delay board 
eliminates first word clipping with slow switching radios. 

3. DUPLEX PATCH 
Select duplex mode when connecting Private Patch V to your 
existing repeater or duplex base station. Many features including 
semi-duplex privacy mode are user programmable. The mobile 
is in full control at all times. 

Private Patch V is a totally new concept in automatic 
phone patches. A built-in keyboard and menu driven 
display allow you to customize all modes, features, 
and functions specifically to your application. 

Private Patch V can be a sampling patch today. A VOX 
patch tomorrow. And a repeater controller next year! 

You may never need another patch again 

COMPARE THESE FEATURES.. . 
90 phone number autodialer 
Last number redial 

Regenerated tonelpulse dialing 
Toll restrict: 1st and 2nd digit restrict, prefix lockout 
and digit counting 
1-5 digit connectldisconnect code 
2-5 digit secret toll override code 
User programmable CW ID 
Remote hook flash 

Auto disconnect on dialtonelbusy signals 

Telephone remote base 
Remote controlled relay (relay optional) 

Lightning protected 

Call or write today for your F REE brochure. 

CONNECT SYSTEMS INC. 
23731 Madison St. Torrance. CA 90505 

Phone: (213) 373-6803 

4. REPEATER CONTROLLER AMATEURELECTRONIC SUPPLY: M l lwawr l -  WI Wli k i l t r  i l H  Orldniln F I  Cl~arn;l lrr  F L  L:l< 

Vnqaz N V  . BARRY ELECTRONICSCORP Nva Y..sk Y Y  . ERICKSON COMMUNICATIONS~ 
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Affordable DX-ing! 
HF transceiver with general 
coverage receiver. 
Cdmpact, easy-to-use, full of oper- 
ating enhancements, and feature 
packed. These words describe the 
new TS-140s HF transceiver. Setting 
the pace once again, Kenwood intro- 
duces new innovations in the world 
of "look-alike" transceivers! 

Covers all qFFa-iateur bands with 
100 W output. General coverage re- 
ceiver tunes from 50 kHz to 35 MHz 
ch'crrlver rp~cifrc,ltror~s qildrdrrlcerl troni 
500   HZ 10 30 MH/ I Modif~able for HF 
MARS operation rperrilrr reqillredl 

All modes built-in. LSB. USB, CW, FM 

New Feature! Programmable band 
marker. Useful for staying w ~ t h ~ n  the 
lim~ts of your ham license. For con- 
testers, program in the suggested 
frequenc~es to prevent QRM to non- 
participants. 
Famous Kenwood interference 
reducina circuits. IF shift. dual noise 

M. CH/VFO CH sub-riial. 10 kHz step 
tuning for qu~ck QSY dl VF 0 mode,and 
UPIDOWN memory channel for easy 
operat~on 
Selectable full (OSK) or semi 
break-in CW. 
31 memory channels. Store fre- 
quency, mode and CW w~delnarrow 
selection Split frequenc~es may be 
stored In 10 channels for repeater 
operation 
RF power output control. 
AMTOWPACKET compatible! 
Built-in VOX circuit. 
MC-43s UP/DOWN mic. included. 

Optional Accessories: 
AT-130 I ornIJ,lc I 1nlrnr1 I luner AT-250 auln 

ni ~ l l r  ~ritrnn I l~ ln r r  HS-5/HS-6/HS-7 t i r .~ r l  
phrinr\ IF-232CllF-10C ( orrlpl~lr r l r i t r r f n r ~  

MA-S/VP-1 t i 1  rile t11l1 ~rltcnn~l ( 5  bdnds) 

and AM blankers:RIT, RF attenuator, Selectable MB-430 n~nt ,~ l~ 1ir.tr  PI MC-43s c~xtra 

Supertor receiver dynamic range AGC, and FM squelch 
UI I IOWPI tinnri rnv MC-55 18 IJ I I~ )  g o o w  ncv-k 
r i l l  111Ifs riilr MC-60A/MC-80/MC-85 111~~,k nllLs 

Kenwood DynaMlx'" h ~ g h  sensltlvlty - PG-2s c > x t r  I I IC IIII~ PS-430 P ~ I W - r  \llppiy 
direct mixina svstem ensures true 102 I-'1 

-__ . 
. -3 

.,,I,, ,, ,.#,,., ,,.,,! ., . . ' . .  . , ., ,, ,. ,r b.: f , ,  ,,r,(,rl, If~,l!,,I,", 

. . d ..,. ,l,il!,,rll (. ..lr,lt,l 1 rl 18,1t i , j , . , i  1111~~11, v 1  r ~ r ~ ! ~ w i r , o r ~  

All-mode multi-bander 
brn (50 !~.1 MHz) 10 W oulpul plus all HF 
An1:llfwr hands (100 W output) 
Exlcnderl 6n1 recelver Ireq~~f?nt:y rnngP 1 5  MHz 
lo 60 MH7 Specs guaranlecd Ironi 50  lo 54 MHz 
SarnP luncl~ons nl Ihe TS-110s excepl opllonal 

KENWOD 
KENWOOD U.S.A. CORPORATION 

VOX (VOX-4 ~egu~red  lor VOX operat~ori\. 2201 E Don.~~ngucr St.. Long Beach, CA 90810 
Prr.rlrnni111rr fc,r 6 ;~nd 10 rneler t~and PO BOX 2774!). I..ong Bench. CA 90801-5745 
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RADIO SPECTRUM POLLUTION 
A recent editorial in the Boston Globe about radio spectrum pollution and its effects on the field 

of Radio Astronomy hit a very familiar chord. Radio spectrum pollution is a problem that is shared 
by far more than those in the field of Radio Astronomy. Almost all users of the radio waves, both 
passive (those who listen) and active (those who transmit a signal) have suffered from noise pollution 
of one form or another. 

Due to the very nature of their science, Radio Astronomers are far more susceptible to noise prob- 
lems. The signals that they are receiving are so weak, that it's nearly impossible to describe to the 
layman the technology that must be used. It may be hard to believe, but a car passing a receiving 
point at the wrong time could invalidate weeks of work. 

The Globe's editorial suggested that the solution to the problem would only cost a few dollars. 
That is, unfortunately, incorrect. It went on to say that Congress should explore whether legislation 
may be necessary to encourage, or even require, manufacturers to install filters that would reduce 
the noise pollution caused by electrical equipment of all kinds. 

Interference problems have plagued Radio Amateurs and other radio users for years. Studies con- 
ducted by a number of trade organizations have shown, time and time again, that interference caused 
to home TVs, radios, and VCRs, is caused by poor design in these devices and a lack of simple, 
easy-to-install filters! The manufacturers have been unwilling to incorporate changes due to the cost 
- a $1 fix times millions of devices totals up to millions of dollars - that the consumer will ultimately 
pay for. To me, the thought that they will install "noise filters" to protect Radio Astronomers is ludi- 
crous. 

Radio Amateurs spend hundreds of dollars engineering their stations to meet FCC specifications. 
Even so, they are still blamed for interference to consumer electronic devices - a problem that is 
created in the unit itself. Attempts by Radio Amateur lobbyists to get FCC or Congressional relief, 
have so far been unsuccessful. 

While I would like to believe that there is a simple solution to the problem, it will be far more diffi- 
cult to effect. The utopian view that Congress can solve all problems is just a dream. The answer 
lies, instead, in proper design and manufacturing techniques, along with firm standards of perfor- 
mance for consumer electronic devices mandated by the FCC. 

J. Craig Clark Jr., NlACH 

4 5 January 1989 



Pquble Take! 

ACTUAL SIZE FRONT PANEL 

--P\ , f l -cmn p - n - 4  30 multi-function memory channels. * n a ~ f  2n4et7v2 worts. 4% / /- , 14 memory channels and one call T h a - 6 ? f A  has allto offset. . - -- 

dA(r /??Q n,-nd ? P f l . / E  6Q \PPz 
FT* 9 r. ar8v"';srlc"rs 

Once again, Kenwood brings you 
another Dual Bander First! The 
TM-621A is the first 144/220 MHz FM 
Dual Bander. The Kenwood TM-621A 
and TM-721A (144/450 MHz) re- 
defines the original Kenwood "Dual 
Bander" concept. The wide range of 
innovative features includes a dual 
channel watch function, selectable 
full duplex operation, 30 memory 
channels, extended frequency 
coverage, large multi-color dual 
digital LCD displays, programmable 
scanning, and more! 
c nr c r rmqe (138.000- 

173 995 MHz) on 2 m; 70 cm coverage 
1s 438 000-449.995 MHz, 1-114 m cover- 
age IS 215-229 995 MHz. (Speclflcatlons 
guaranteed on Amateur bands only. Two 
meter transmlt range IS 144-148 MHz 
Mod~flable for MARSICAP Permlts 
requlred ) 

* FQD:~~R+P f!anuenc)t r'isglav for 
* r - p ~ q '  ~ p r Z ' ' ~ ~ ~ f > - ~ ? n ~ '  

* C-  e h c ? n ~ ~ I  +lncA on. A speclal 
memory channel for each band stores 
frequency, offset, and sub-tone of your 
favor~te channel. Slrnply press the CALL 
key, and your favorlte channel 1s selected1 

channel for each band store frequency, 
repeater offset, CTCSS, and reverse. 
Channels "A" and "b" establish upper 
and lower limits for programmable band 
scan. Channels "C" and "d" store transmit 
and receive frequenc~es independently 
for "odd splits:' 

* 45  \,Vatts on 2 rn. 35  watts on 70 cm. 
25 wart.s on 1-11 4 rrr . A ~ ~ r o x .  5 watts 

Fvll Puwl~x o r~~r~ t io t7 .  
CTCS? ~ncodf i /d~cocE~ s e I ~ ? c + a b l ~  
+ram 'rev' pane! or UPlDWN keys on 
m~crophone. (Encode bu~lt-ln, optlonal 
TSU-6 needed for decode.) 
Each function ke\r has 3 unin i ,~  tone 

p0siAtve " ~ r f " ) ~ ' ~ .  
Illuminated +on: pari-1 controls 

low power anc' keys .  

Aufoma+lc Rarid Chanse [A.B.C.) * 15 kev 3TMF mic. ;tlclu$e,d. 
Automatically changes between maln wandset/remo+e conArol ontron 
and sub-band when a slgnal IS present (PC-yn:. 

* Yual watcYt1nr "en a1 ow5 \Wr an@ ,, c ~ ~ ~ ~ ~ ~ ~ , ,  (di-1) lock 
I?Ur rpcmve ~ ~ ~ L I ~ ' ? ~ ~ o L I s I w .  Sup~l led accersnri~q. 16-key DTMF 
FrOQramrnah'p mer'nrv "' hand mlc., mountlng bracket, DC cable. 
SCPII~I~CI, ur '$1 mPrrrnrv c5annrf 

On+ on11 Acco.;sorrc.s. 
RC-10 Multi-funct~on handsetlremote mob~le speaker PG-2N DC cable 8 PG-3B 

controller PS-430 Power supply TSU-6 DC llne nolse fllter MC-6OA, MC-80, 
CTCSS decode untt m SW-1006 Compact MC-85 Base stat~on rnlcs - MA-4000 Dual 

KENWOD 
SWRlpowerIvolt meter SW-200B Deluxe bdnd 2 m/70 cm mob~le antenna (n~ount not KENWOOD U.S.A. CORPORATION 
SWRlpower meter SWT-1 2 I T )  antenna suppl~ed) 8 MB-11 Mob~le bracket = MC-43s 2201 E Domlnguez S t ,  Long Beach.CA90810 
tuner SWT-2 70 crri mtenna tuner SP-40 UPlDWN hanrl rnlc MC-48B 16-key DTMF PO Box 22745, Long Beach, CA 90801-5745 
cornpa; rnoblle speaker* SP-SOB Deluxe hand mlc. 



And now I see more letters whining 
about being given MORE beneficial 
communication handouts. Could it be 
that the one, basic and fundamental 
reason that these people cry for eas- 
ier examinations (or none at all) is that 
there is a provable and colossal ignor- 
ance loose in the land? Is it necessary 
to have easier test standards because 
hardly anyone can sucessfully pass an 
examination that used to be routinely 

buggy whip manufacturers. Change 
the motherboard! It's much more of a 
challenge to break laws, social and 
moral - and all of us tired old people 
sit and wonder why the young people 
aren't just flocking to join the Amateur 
Radio ranks. Better start a stamp col- 
lection, brudder. 

Joe Weite, KHGGDR, 
Makakilo, Hawaii 96706 

given to high school teenagers thirty Laf esf issue.. . C 0 M M E N T s years ago? When I passed my Class B Great!. . . but.. 

Challenge your 
knowledge 
Dear HR 

I've been a HR subscriber since my 
return from Vietnam in late 1968. You 
have always given me the kinds of 
technical articles that were on the lead- 
ing edge of technology. Both in my 
hobby (ham radio) and in my former 
occupation (junior college teacher), I 
have been able to draw upon your 
magazine for a source of ideas, 
challenges to my expertise, and enjoy- 
ment in the challenging field of elec- 
tronics. I like the idea of "Elmer's Note- 
book" to help newcomers discover 
what some (or most) of us internalized 
long ago. 

To use a worn, trite phrase, "keep 
up the good work." 

Richard B. Bridges, WB5GSA. 
APO New York 09757 

Technical competence 
compromised 
Dear HR: 

For the past several days the Cable 
News Network has been showing 
interviews with and comments about 
a survey of Americans concerning their 
knowledge of geography. Almost no- 
body knew the locations of Central 
America or Massachusetts. Very, very 
few knew the population of the United 
States. The terrible ignorance is appall- 
ing and immediately brings the politi- 
cians to their rostrums, snarling, "We 
MUST do something about this!" 

examination and thirteen word per 
minute code test 41 years ago, was I 
more intelligent than some college 
level student of today? Perhaps. 

Let me point out that Amateur 
Radio is not a service to the average 
person on the street. Amateurs are 
licensed "in the public interest" and let 
us not allow the same word-twisting 
go on here as happens with the First 
Amendment. We assist in fire and 
flood, tornado and earthquake - we 
do not order pizzas or pass the word 
to your secretary that you've decided 
to have that extra martini. By all 
means, get a cellular telephone - 
that's just what they are for. The FCC 
experiment on 27 Megacycles to allow 
the citizenry to have access to their 
own, unmolested HF communications 
speaks loudly for itself. Those of you 
who believe that the future of Amateur 
Radio stands in harm's way are prob- 
ably right. But is the answer to heap 
the spectrum with electronic effluvium 
in an attempt to disguise a little bit of 
communication knowledge - or to 
raise the level of technical competence 
to a point where it can be recognized 
and rewarded? 

I don't believe that one would have 
to hire the best market survey com- 
pany in the country to discover that a 
majority of amateurs find $2500 a 
rather steep price for a piece of ham 
gear - entrance level or not! I started 
out with a single 6L6 and a surplus 
crystal. But not today! Your kid 
doesn't want a Model.A, he wants a 
Mercedes Benz! The makers of solder- 
ing irons are going the way of the 

Dear HR: 
Hey guys! Great new September 

issue, but ... l can't read the parts list 
on page 20 or LOTUS information on 
page 32 (fig. 2 and 3). Any chance of 
seeing it in larger print? 

Thanks and good luck. 
Sam Popkin, K2DNR, 

Tucson, Arizona 85747 
Full size copies of programs and 

parts lists are available for an SASE. 
Ed. 

Is zone 29 rare in 
contests? 
Dear HR: 

I enjoy giving zone 29 to United 
States stations during contests where 
zones count as multipliers. 

However, over the past few years 
during each contest I have noticed that 
nearly every time I call a strong W sta- 
tion, by the time I give my callsign, he 
is calling CQ contest again, without 
having made a contact. 

Perhaps my Australian drawl or 
accent puts stations off? 

Honestly, most stations do not allow 
time for me to give my callsign. 

If I do make a contact, most U.S. 
stations are very happy to have zone 
29 as a new multiplier and they say so. 
So, please all you contest stations look 
out for the VK6 and leave enough time 
between calls. 

By the way, there are only about 900 
VK6 stations altogether and probably 
4 or 5 active contesters! 

Graham Rogers, VKGRO. 
Ferndale, Western Australia 

6 January 1989 



Four to Go! 
T v - 2 2 " / 3 2 1 ~ / 4 2 1 ~ / 5 2 1 ~  
144/220/450/1300 MHz TM-321A covers 220-224.995 MHz, 
The Hottest Sellina Compact TM-421A covers 438-449.995 MHz, 

F p J  Mobile ~ranscehers and the TM-521A covers 1240-1300 
MHz. (Soecif~cat~ons auaranteed for 

The all-new TM-221A, TM-321A, 
TM-421A and TM-521A FM trans- 
ceivers represent the "New Genera- 
tion" in Amateur radio equipment. 
The superior Kenwood GaAs FET 
front end receiver; reliable and 
clean RF amplifier circuits, and new 
features all add up to  an outstand- 
ing value for mobile FM stations! 
The optional RC-10 handset/control 
unit is an exciting new accessory 
that will increase your mobile 
operating enjoyment! 
e P > \ r r  > i + , c  rom 138- 

' S.Q,>? hfiL+7. T f ~ ~ s  includes the 

~ - ,  - - 

Amateur band use onr i)  
Built-in front panel selection of 38 
CTCSS tones. TSU-5 progranlmable 
decoder optional. 
Simplified front panel controls- 
makes operat~ng a snap! 
16 key DTMF hand mic.. mic. hook, 
mounting bracket, and DC power 
cable included. 
Selectable freq~~ency steps for 
quick and easy OSY. 
TV-221A providns 45 W. TM-321A 
25 W, Thd-421A 35 W. and TM-521A 
10 V'. All models have adjustable low 
power. 

Kenwood non-volatile operating 
system. All functions remain intact 
even when lithium battery back-up 
fails. (Lithium cell memory back-up, 
est. life 5 yrs.) 
14 full-function memory channels 
store frequency, repeater offset, 
sub-tone frequencies, and repeater 
reverse information. Repeater offset 
on 2 m is automatically selected. 
There are two channels for "odd 
split" operat~on. 
Super compact: 
approx. 1-1/2"Hx5-1/2"Wx7"D. 
Microphone test function on low 
power. 
High quality, top-mounted speaker. 
Rugged die-cast chassis and 
heat sink. 

weather channels! Transmit range is Packet radio compatible! 
144-148 MHz. Mod~fiable for MARS and Programmable band scanning 
CAP operation. (MARS or CAP permit with memory scanning and 

, . 
,'I Ill t 3 1  SWT-2 t-.< l l l~lr! 1 .'I> , Ill , l l l ; l ~ r l r l < l  t ~ l l l < ~ f  
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PG-4G F xfr:1 rnnfrnl r;ltiI~' for .;I.( orlrl Ir:ln~r.c*rvr'r rntiolcr SP-40 (., bnivacl mohrlc sr~cnkor 

RC-10 Remote Controller 
For TM-221A/321A/421A/521A. 
Optional telephone-style handset 
remote controller RC-10 is specially 
designed for moblle convenlence 
and safety. All front panel controls 
(except DC power and RF output 
select~on) are controllable from the 
RC-10. One RC-10 can be attached 
to a combination of two trans- 
ceivers w~th the opt~onal PG-4G 
cable. When two transceivers are 
connected to the RC-10, cross 
band, full duplex repeater opera- 
t~on  1s Dosslkle. (A control o~erator 

45(1 Mti / )  SW-200A SWli/l)owc~r I l l r t c ~ r  ( 1  8 150 7 rili7n crn dual hanti ;lnlc>nriil wl l l l  i l i r p l l , . r ~ r  I r r l l v r l l l  
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You can transmit and receive 8.5. 12. MFJ multi-made ::Z:~Z"N"~:::::::$;::::::::. 
Contest Memorv Kever - .  

Nothing beats the quick response of a data on tr 011 memory W r d u r i n g  a heated -tat. 
You'll score valuable contest points by 

9 modes for on1 
Amateur radio's most versatile multi- 

mode data controller -- the MFJ- 1278 -- 
lets you join the fun on Packet. AMTOR. 
RTTY. ASCII. CW. Weather FAX. SSTV. 
Navtex and glves you a full featured 
Contest Memory Keyer mode.. . you get 
9 modes. . . for an aflordablr $249.95. 

Plus you get MFJ's new Easy Mailtm 
so you and your ham buddlcs can leave 
messages for each other 24 hours a day. 

You'll flnd it the most user friendly of 
all multi-modes. It'smenu driven for ease 
ofusc. and command driven for speed. 

A high resolution 20 LED tuning 
indicator lets you tune in signals fast in 
any  mode. All you have to do is to center 
a single LED and you'reprecisely tuned 
in to wtfhin IOHz --and it shows you 
which way to tune! 

Plus you get 32K RAM. KISS for TCPI 
1P. high performance HFNHFICW m d -  
ems. software selectable dual radio ports. 
AC power supply and more. 

All you need to join the fun is an 
MFJ- 1278. your rig and any computer 
with a serial port and terminal program. 

YOU can use the MFJ Starter Pack to get 
on theair instantly. I t  includes computer 
interfacing cable. terminal software and 
frlendly instructions. . . everything you 
need to get on the air fast. Order 
MFJ-1282 (disk)lMFJ-1283 (tape) for the 
C-641128 and VIC-20: MFJ-1287 for 
Macintosh: MFJ- 1284 for the IBM or 
compatible. $19.95 each. 

Packet 
MFJ's new generation packet mode 

givcs you genuine TAPR software and 
hardware pfus many MFJ enhancments 
like Easy Mailtm. 

A ncw Kiss interface makes the 
MFJ- 1278 TCPllP compatible. 

Extensive tests published in Packet 
Radio Magazine ("HF Modem 
Performance Comparisons")prove the 
TAPR designed modem in thc MFJ-1278 
givrs better copy with proper DCD 
operation undcr all tested conditions 
than the other modems tested. 

New MITOR mode! 
Now the MFJ- 1278 has a new AMTOR 

and Navtex mode. making it the only 
controller to feature nine digital modes. 

MFJ-1278 transmits and receives 
AMTOR and includes all AMTOR modes: 
ARQ (Mode A). FEC and MODES (Mode B). 

Baudot RTTY 
You can copy all shifts and all standard 

speeds including 170.425 and 800 Hz 
shifts and speeds from 45  to 300 baud. 
You can copy not only amateur RTTY 
but also prc.ss. weal her and  other 
exctt ing t raffic. 

You can transmit both narrow and wide 

MF 
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rare bx by slipping in so quickly  you'^ 
catch everyone by surprise. 

Message memories let you store contest x;iicg'i; call, namc.. QTH. rig info -- everything you 
ust.d to rcpeat over and over. 

uam WJ tr:a You get iambic operation. automatic 

$249.95 incrementing serial numbering, weight 
, y e . .  control to penetrate QRM and more. 

More Features 
shifts. The wide shift is a standard 850 Hz nrn on your MFJ- 1278 and it sets 
shift with marwspace 12512975 itself to match your computer baud rate. 
Hz. This lets you operate MARS and 
standard VHF FM RTTY. 

Select your operating mode and the 
correct modem is automatically selected. 

ASCII Plus.. . printing in all modes. 
You can transmit and receive 7 bit 

ASCll using the same shifts and speeds a s  
in the RTTY mode. 

CW 
YOU get a Super Morse Keyboard mode 

that lets you send and receive CW 
effortlessly. including all prosigns -- it's 
tailor-made for traffic handlers. 

A huge type ahead buffer lets you send 
smooth CW even if you "hunt and peck". 

YOU could store entire QSOs in the 
message memories. if you wanted to! 
You can link and repeat any messages for 
automatic CQs and beaconing. Memories 
also work in RTTY and ASCll modes. 

A tone Modulated CW mode turns 
your VHFFMrig inloa CWfranscetver for 
a new fun mode. I t ' s  perfect Tor 
transmitting code practice over VHF FM. 

An AFSK CW mode lets you ID in CW. 
You also get a random code generator 

that 'I1 help you copy CW faster. 
Weather FAX 

You'll be fascinated a s  you watch 
WEFAX signals blossom into full fledged 
weather maps on your Epson or IBM 
graphics compatible printer. 

Automatic sync and stop lets you set 
it and leave ~t for no hassle printing. 

You can save FAX pictures and 
WEFAX maps to disk if your terminal 
program lets you save ASCll files to disk. 

Pictures and maps can be saved to 
disk or printed toscreen In real time or 
front disk if you have a n  IBM or 
Macintosh with the MFJ Starter Pack. 

You can transmit FAX pictures right 
off disk and have fun exchanging and 
collecting them. 

Slow Scan TV 
The MFJ-1278 introduces you to the 

exciting world of slow scan TV. 
You can print slow scan TV pictures on 

any IBM or'Epson graphics compatible 
printer. If you have an IBM or Macintosh 
you can print to screen and save to disk 
with the MFJ Starter Pack. 

You can transmit slow scan pictures 
right off disk. If your terminal program 
lets you save ASCll flles you can save 
pictures from over-the-air QSOs. 

MFJ ENTERPRISES, INC. 
Box 493. Miss. State.. MS 39762 

601-323-5869 Telex: 53-3590 MFJS'TKV 

threshold control 6 r  varying band 
conditions. tune-up command. lithium 
battery backup. RS-232 and TTL level 
srrial ports. watch dog timer. FSK and 
AFSK outputs, output level control. 
speakerjack. key paddle jack. test and 
calibration software. Z-80at 4.9 MHz. 32K 
EPROM. and socketed ICs. FCC approved. 
9x 1%x9% in. 12VDCor 1 IOVAC. 

Get yours today and join the fun crowd! 
New Firmware Update 

A new KISS/AMTOR/Navtex Firmware 
update is available to MFJ-1278 owners. 

MFJ's powerful update is the most 
reasonably priced rnulit-mode upgrade 
by any manufacturer. Contact your 
dealer or MFJ for yours today! 

I MFJ Packet Radio 1 

MFJ-1270B super clone of TAPR's 
TNC-2 give you more features than any 
othcar packet controller -- for $1 19.95. 

You can double your fun by operating 
both VHF and HF packet because you 
gct high performance switchable 
VHFIf IF modrrns. 

You get MFJ's new Easy Malltm with 
soft-partitioned memory so you and 
your friends can leave messages for 
each other 24 hours a day. 

In MFJ's new WeFAX mode you can 
print filll fledged weather maps to 
,screen or printer and save to disk using 
an IBM compatible or Macintosh 
computer with an MFJ Starter Pack. 

A new KISS interface lets you run 
TCPIIP. They also come NET ROM 
compatible - -  no modification neededl 

Youalso get 32K RAM, a full one-year 
unconditional guarantee and you can 
use 12 VDC or the included 110 VAC 
power supply. 

For dependable HF packet tuning. the 
MFJ-1274 gives you a high resolution 
tllrling Indicator that's accurate to 
within 10 Hz --and it'sonly 820.00 

FORYOURNEARESTDEALER 
or to order call toll free 

800-647-1800 
One Year Unconditional Guarantee 

'J . . . making quality affordable 
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FOR 20-METER CW 
By Rick Littlefield, KIBQT, Box 114, Barrington, New Hampshire 03825 

A complete QRP a m o n  
that slips into 
your coat pocket 

've recently seen several small projects using the Sig- 
netics NE602 Gilbert Cell mixer.'J I first used the 
NE602 in the "Micro-20 Receiver," a simple20-meter 

s~perhet .~  Additional experience and helpful feedback 
from other builders encouraged me to carry my explo- 
ration a bit further. Here's a complete QRP 20-meter 
transceiver which presses the NE602 into service as a 
transmit mixer. 

Three modules contain the transceivercircuitry. The 
3.25" x 1.7"receiver board isa new version of my origi- 
nal "micro-20" project, with several refinements for 
improved performance. The transmitter board is the 
same size as the receiver and is designed to deliver the 
QRP "legal" limit of 5-watts output. Other transmitter 
featuresare: high-Z keying, semi-QSK T/R switching, 
and provisions for adjustable CW off-set and sidetone 
monitoring. A CW filter board narrows receiver i-f and 
audio passbands for serious CW work. All of this fits into 
a 1.75" x 4.0" x 4.0"Ten-Tec TG-type cabinet. 

Receiver description 
The receiver schematic is shown in fig. 1. This is a 

conventional single-conversion design incorporating 
some of the more desirable aspects of past  project^.^ The 
theory of operation has been presented elsewhere, but 
several refinements deserve mention. First, RF band- 
pass filter LI,L2 has been changed to improve out-of- 
band rejection. Second, the i-f was changed from 9 to 
10 MHz. This lets you use inexpensive computer-clock 
crystalsfor the i-f filter and BFO. I added an optional BFO 

modification to ensure sufficient BFO tuning range 
when these crystals are used. 

In theaudio/AGC section, I dropped S-meter circuitry 
in favor of adding a trimpot for AGC threshold. Along 
the same line, I adjusted AGC drive to eliminate over- 
shoot on extremely strong signals. Good AGC perfor- 
mance is important because receive circuitry remains 
"live" during transmit to monitor the CW signal. 

The NE602 operating voltage was reduced slightly to 
improve operating characteristics, and VFO tank L3 was 
changed to resonate in the required 4.0-MHz range. 
Finally, I reconfigured the VFO tuning to cover only the 
bottom 100 kHz of the band. 

Transmitter description 
Figure 2 shows the transmitter module. This board 

contains RF circuitry and switching for semi-QSK oper- 
ation. Transmit mixer U1 samples the4-MHz VFO sig- 
nal generated in the receiver and mixes it with an inter- 
nal 10-MHz oscillator to produce 14-MHz output. 
Transmit-offset is set by netting the 10-MHz LO. This 
arrangement eliminates the need to shift receiver BFO 
frequency during transmit and allows the receiver to be 
used as a sidetone monitor. 

Keying is accomplished by switching the 12-volt sup- 
ply line to Ul .  This isdone by 01, a DCswitch which also 
activates relay controller Q2. Q1 presents a high-Z load 
to the handkey or keyer. 02 functions as an FET relay 
driver for K1. An RC circuit on the gate of 02 sets semi- 
QSK hold time. The values specified provide a delay of 
about 1 second. They can be adjusted if you wish. K1 
supplies + 12 volts Vdc to 03 and Q4 during transmit, 
and switches the antenna. 

Q3 functions as a tuned-output bufferldriver which 
boosts Ul's output to the required level for driving 04. 
Class-C final amplifier 04  delivers 4.5-5.0 watts output 
into a 50-ohm load with a Vc of 12 volts (somewhat 
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Capa#lorr ell moncdi th~ C~P.CIIORM 50 m11J 
CI.CZ,CZJ 60pFlnmrn-r 
C2 2.2nFNPO 
CaC21 O.Ml,FmMoUlh!c 
CS.C6.C11. 0 1,Fmmcul)lis 
C17.C19.C20. 
C Z Z . C ~ ~ . C ~ .  
C33 
C7 apFNFa1rlnrnnr 
CI).C9 330pFNPO 
C10 50 pF r e .  VFO n d t ~  lw'w 
c12.crs (5) 1 M p F l l L W r o n u h n ~ ~  
CII) 0.01 ~FmMoUlhic 
C24 4 7 p F W  
CZ6,CW I p F m o m H l ~ a ~ l ~ i c  
C27 0.061) m M o U I M  aqui.*enl 
C30 10 rF/12 ml1 Iantalum dip or e k c l m l i i k  
C31.C32 1MrF/12 m l l  .).Clmlflc 

AdUC10n 
L1  20 turns no. 28 on T30-2. I-lurn Ilnk on celd end 
LZ 20 turns no. 2 8 m  730-2, lap 7 hnns lrom coldend 
L3 57 turns no. 36 on 114"fom (no SIWJ In 13*m can 
L4 (oplloml) I 0  or 15 rHmlniaIum choke 
71 10.7-MHI 10-mm i-I tnnslormsr. gnsn con 

.. . - -  

Re 471 
R9 22 
R1O.R11 15 
R12 500+hm linear pol  wilh rwllch 
R13 33k 
R14 2.2 meg 
R15 1h 
R16 10k m i n i a t ~ n   rimp pol 

greater output with a Vc of 13.8 volts). The PA collec- 
tor tab is mounted to the transceiver case for cooling. 
TI, a 4: 1 balun, transforms the output of Q4 to 50 ohms. 
Harmonic filtering is provided by a 5-element low-pass 
filter. 

Filter description 
The CWfilter module, shown in fig. 3, actually houses 

two discrete circuits. The first is a 4-pole Cohn crystal 
bandpass filter identical to the one prescribed for the 
receiver. This connects in place of C21 on the receiver 
board and acts asa "post filter" for the i-f amplifier. The 
second element is a two-stage 700-Hz active bandpass 
filter installed between the product detector and audio 
amplifier (in placeof C26). Distributing filtering through- 
out the system this way increases selectivity and, at the 
same time, reduces broadband noise generated in each 
stage. It also reduces the opportunity for ringing. The 
result isa very quiet and tight receiver - two important 
qualities for chasing serious DX, or pulling fellow QRP 
operators through noise and QRM. 

Construction 
Because this project employs two identical four-pole 

Cohn bandpass filters, your first task is to obtain eight 
10.000-MHz crystals that resonate near the same fre- 
quency. Design bandwidth for the filter is about 1 kHz, 
so your matched set should resonate within 100 Hz of 
each other in a test oscillator (tolerance is l / lOth the 
desired bandwidth. Is The exact frequency of oscillation 
isn't critical, as long as the crystals you select cluster 
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Schematic of transceiver transmitter section. Component values are given in the transmitter module parts list. 

around somecenterfrequency. It's my experience that 
20 crystals from the same batch will yield eight close 
enough to do the job. If your crystals are spread over a 
wider range, the filters will work - they'll just be a bit 
broader. 

All board layouts assume 1 /4-watt resistors and 
monolythic bypass capacitors with 0.1 "lead spacing. 
Board layout is tight, but construction is straightfor- 
ward. If you have the proper iools plus some experience 
working on contemporary solid-state equipment, you 

should have no trouble building this rig. It's good prac- 
tice to dope all toroid inductors and secure them to the 
board with glue. Double-check part locations and com- 
ponent polarities. 

The receiver parts layout isshown in fig. 4. The most 
difficult job is winding VFO inductor L3; no. 32 wire is 
thin, and may break if pulled too tightly. I wound this coil 
on a 0.25"plasticform (FM receiver type) with the slug 
removed. It helps to mountthe form before winding, and 
to secure windings in place immediately with clear nail 

F I N  REPLACES CZI  OUT 

(TI1 (UJ PlN l l  

-- pp -- 

Schematic of transceiver CW-filter section. Component values are given in the CW-filter module perts list. 
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IndYClM 
L I  m r u m  no. 28 m 730-2.2-nm lk* m nn(r 
L2 20 turns no. 28 on 130.2 ew1.r m. 2-lam U* a co(d.nd 
L3.14 I2lurns no 24on lJ7-2.1peadom8Opmwlo(lonn 
11 I 0  lums MlUw no 24on F13761 
RFCl I2  lvrnrno 78on F12343 

polish. There are mounting holes for a CirKit 13-mm 
shield can (0.5" x 0.5" x 0.75") but other shields will 
work. 

You must install two jumpers on the back side of the 
receiver board. Fabricate TP-1 (test pin) from any dis- 
carded lead end. It's good practice (though not essen- 
tial) to tie the cases of Y1-Y4 together with a common 
ground lead once they are soldered in place. Remember 
toomit C20and C26 if you plan to install theexternal CW 
filter before initial testing. 

Figure5shows the transmitter layout. A cutout is nib- 
bled in the board to permit access to 04's tab mount. To 
install 04, first nip off the center lead (collector), then 
mount the device on the back side of the board as 
shown. Next, temporarily install a solder lug on the col- 
lector tab: This will help when you mount T I .  

Install four jumpers on the back side of the module. 
Omit the jumper from K1 to C23 if you plan to run the PA 
directly off a 13.8-volt power source (Q4 is a class C 
stage, so Vc can remain connected during receive). 
Also, note that R9 is tack-soldered to the back side of the 

c*pnc,1on 
C r C6 I *F/50 1011 m l l l h h  O1 1 pFIl2 -11 .*CImtvfk 
c 2  cs (4) o 001. I pr tenr  Iw.rmImvhrlllm wquwalml  
C? to,.f,r2 roll ,#nl.lum dlp or*l.crrohlk 
CR 47 ,,~112 v011.1rclrnlvt~ 
C9.CI3 (5 )  IWpFII00 roll wlrcrmlc. 

A SMILE! YOU'RE ON TV I 
Only 
$299 

Designed and 
built in the USA 
Value + Quality 
from over 25years 
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 N. 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! 
I 

TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0 
or 426.25 MHz, runs on 12-1 4 Vdc @ .5A, and hot GaAsfet 
downconverter tunes whole 420-450 MHz band down to 
ch3. Shielded cabinet only 7~7~2.5" .  Transmitters sold 
only to licensed amateurs, for legal purposes, verified in the 
latest Callbook or with copy of license sent with order. 

Call or write now for our complete A N  catalog 
including downconverters, transceivers, linear 
amps, and antennas for the 70,33, & 23cm bands. 
(81 8) 447-4565 rn-t earn-5:soprn pst. Visa. MC. COD . . 

P.C. ELECTRONICS  om (WBORG) 
2522 Paxson Ln  Arcadia CA 91006 M , ~ , , ,  (WBBYSS) 

dUTFlT 
A 
Dx'PEDITK)N 
FOR YOUR 
HOME 

Kenwood TS-140% ~ncludes handni~ke ................... $949 
Kenwood PS-430lac power supply ........................ $1 95 
G5RV complete antenna ......................................... ....$50 
Bencher BY- 1 Keyer Paddle.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .$65 
Nye Keyer EK-001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 8 4  

list price . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 333 
................... YOUR Madison DX'pedition Price $1 195 

SAVE $138!!! 

OPTIONAL ACCESSORIES: 
MC-80 desk mike ................................................. $79 

........................................................ 500 Hz CW filter $94 
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Cl k 
is right t worldwi I Device Group 

?s organization. 
an EIMAC 
I S. Pionet, , ,,,, 
Lake City, Utah 841 
phone: 801 972-50( 

General Specific 
- - - A s , .  

here to I 
a111 ~ ~ ~ ~ i r e m e n t s o f  1500~ 
EP with its 3CX1200A7 1 
eading manufacturers c 
n its proven performance 

1 ne ~IMALSLXIZVVA/ IS a nlgn- 
mu, compact, forced air cooled 
triode for zero-bias class AB2 
amplifiers. 

v a t & *  

tube. 
ount 
and 

"..... 
Varii 
1678 
Salt 

2.9" dia. x 0.u- long 
Plate dissioation: 1200 \ 

-  ria. .v 
eimac salt lake division 

)r small s~~~~~ Glass chimney SK-436 
available 

he rugged 3CX1200A7 takes Standard ElMAC SK-410 ize into consideration and, by 
Socket available esign, is recommended as a 

single, low-cost alternative for a More information is available on 
pair of EIMAC 3-500 Z tubes for the new EIMAC 3CX1200A7 tube 
new amplifier designs. from Varian EIMAC, or any Elec- 
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Component placement end pc board layout for the receiver. 

board. Because the VFO line connects to the front side 
of the board, you must install a pin in the hole next to C6. 

Constructing the CW filter module iseasy - just fol- 
low the parts layout in fig. 6. If you substitutesomething 
0therthan.l percent mylar-film precision capacitorsfor 
C2-C5, it is criticalthat you screen them with a capaci- 
tance bridge and select four values within 1 percent of 
each other. C9-C13 must be 100-volt silver micas; larger 
500-volt types won't fit on the board. 

Packaging 
Any box can be used to house the transceiver. I built 

mine intoa Ten-TecTG box; fig. 7showsthe layout. My 
first prototype sported several switches for various func- 
tions, had an S-meter, plus an array of status LEDs. 
While these options were simple to add, I found they 
contributed little to operation and needlessly compli- 
cated internal wiring. For my final layout, I opted for utter 
simplicity - a volume control and a tuning knob. One 
of my prototypes does have a small speaker built into the 
top. This is nice for casual listening, but when I settle in 
for some serious operating, the 'phones go on! 

Choosing the right VFO tuning capacitor is important; 
it's the control you'll use most. Radiokits sells a 50-pF 
ball-bearing capacitor with a built-in 6: 1 drive perfect for 
QRP projects like this one. You can attach a simple 
pointer or concentric dial plate to the innershaftfora fre- 
quency indicator. I recommend installing this - and all 
cabinet-mounted components and parts - before 
mounting the boards. Also, wire the7812voltage regu- 
lator. 

Mount the transmitter module to the back panel of 
your cabinet with 3/ 16"spacersand no. 4-40 hardware. 
This provides sufficient clearance for the MRF-476 to 
seat between the board and back panel. Six mounting 
points (with four in the PA section) ensure a respecta- 
ble RF ground for the single-sided pc board. Mount the 
receiver to the bottom of the case on similar spacers. 
Leave enough room on the right-hand side for mount- 
ing the CW filter module. This is positioned vertically and 
held in place by a stiff solder lug bent to form a 90-degree 
bracket. Note the location of the 7812 regulator - all 
heat-generating components are kept as far from VFO 
circuitry as possible to ensure stability. 
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You're In A Separate "Class" With The SB-1400 Transceiver 
The worrd is at your fingertips with the NEW For a FREE Heathkit catalog, send in vour 

Heath SB-1400 All-Mode Transceiver featuring dual QSL card, mail the coupon below, or  call 24 hours a 
VFOs and 20 memorv channels. With a  rice tuned dav TOLL FREE: 
into your budget, t h k ~ ~ - 1 4 0 0  is an assehbled 
SSB/CW/AM and o~tional FM transceiver that 
delivers lOOW of PEP output on all pine HF amateur 
bands, with 100kHz-30MHz general coverage 
reception. 

The SB-1400 is the latest addition to Heath 
Cornpan?l1s full line of amateur radio equipment - 
everything you need to complete vour ham shack. 

Heath Company also carries an extensive line of 
other electronic products. From computers to 
television sets, from test instruments to stereos, every 
Heathkite product - kit and assembled - is backed by 
40 years of dedicated attention to design, qualitv 
and durabilitv. 

I 
I Yes, send me a FREE Heathkit Catalog. 
I Send to: Heath Company, Dept. 122-734 
I Benton Harbor, Michigan 49022 
I 
I Name 
I 
I Address Apt. - 
I 
I city 
I 
I State Zip 
I AM-451 R1 A lubatdlary ol Zenith Elenronlcs CorpOrallon 

-Heath Company 



Do the Hop; up to 2400 Baud Packet! 
Faster is Better: 

,' 

Speedy 2400 
Baud 

Faster is better for files. 

2400 baud is mice as fast forfifes as 
formerly speedy 1200 baud, reducing 
chances for error during transmission. 
And speeding along long data strings, 
which helps keep the airwaves open. 
And you can still select 300 or 1200 
baud in seconds. 

New! 

Kan tronics' 
FASTFILETM 

FASTFILE" is a powerful terminal 
program for PCs and compatibles that 
performs neat, fast file transfers. 

You'll receive FASTFILE free, but you 
should also look at its big brother, 
PACFILE", an exclusive Kantronics 
file transfer program for only $29.95. 

VERY Sp 
Suggested 

Normal suggested retail for our 
KPC-2400" unit was $329.00. The 
new breakthrough suggested retail i 
just $199.0! A 40% savings! 
new breakthrough suggested retail is 
just $lw.0! A 40% savings! 

Advanced 
Feature lLis t 

The KPC-2400 is not only the fastest 
packet on four rubber feet, but has all 
these "Designed and Built in the U.SA." 
features: 

*Watchdog timer 
*Personal Packet Mailboxn 

*WEFAX command 
*Soft ware-selecta ble 

300/1200/2400 baud rate 
*KA-NODEn 

*TCP/IP compatibility 
*32K RAM 

Also "built in" is Kantronics' uncom- 
parable commitment to service. So 
there's no better time than now to get 
into Packet. Jump in or up with the 
Kantronics KPC-24Oom! 

KZ Kantronics 
RF Data Communications Specialists 

1202 E. 23 St., Lawrence, KS, 66044 (913) 842-7745 



Component placement and pc board layout for the transmitter. 

lnterconnectionscarrying RF or i-f signals use minia- 
ture shielded cable. (Spiral-wound lavalier microphone 
cable is especially easy to work with.) Remember to 
ground shields at one end only. The shielded lead 
between the receiver VFO and transmit mixer adds cap- 
acitance to the VFO's LC circuit. Keep this as short as 
possible (ground shield at the receiver end). The keying 
lineand all audio linesare unshielded. Use stiff bus wire 
to connect the receiver module to the VFO capacitor. 

Alignment 
Set up the receiver. Connecta voltmetertoTP-1, and 

set trimpot R16fora reading of 5volts. Next, check the 
VFO and BFO for oscillation (using a general coverage 
receiver or counter). Adjust VFO calibration (C7) to 
coverfrom4.0 MHz to between4.070and4.1 MHz (20- 
meter CW range). Toobtain this, you may need tosub- 
stitute or add fixed capacitance. Set the BFO (C23) for 
9998.5 - about 1.5 kHz below the filter's center fre- 
quency. This ensures acceptable rejection of the 
unwanted sideband. When the BFO isset, adjust T I  for 
an audible peak in background noise. Finally, connect 
an antenna orterminated signal generator, and peak C1 
and C3 for maximum sensitivity. 

To tune the transmitter, connect a power meter and 
dummy load, and key the transmitter. Set C8foran audi- 
ble sidetone of around 1.5 kHz. Finally, adjust C11 and 
C16for maximum output. Tuning should be smooth and 
sharp, without erratic peaks or other indications of insta- 
bility. 

Now make one final adjustment. In theory, offset 
should equal the audible sidetone frequency (i.e., the 
beat between thetwo 10-MHz LOs). In fact, the NE602 
VFO has a habit of pulling a few hundred Hzduring trans- 
mit - probably due to a load change when the circuit 
is keyed. Although unsettling, this effect is apparently 
harmless - there's no audible chirp. To compensate for 
the shift, send a string of dashes on your station trans- 
ceiverand tune it in on the QRP rig (700 Hz note). Then 
key the ORP rig and adjust C8for a corresponding 700- 
Hz note on the station transceiver. My sidetone note is 
around 1.5 kHz with offset adjusted to 700 Hz. 

Before concluding, I should add a word about filter 
terminations. Theoretically, Cohn filters must be termi- 
nated at their characteristic impedance to provide 
optimal response. In practice, I find the impact of a mis- 
matched port often looks worse on the scope than it 
sounds on the radio. By way of illustration, one of my 
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Component placement and pc board layout for the CW filter. 

transceivers has resistively terminated filters and the 
other doesn't. In side-by-side comparisons, I can't hear 
the difference. Nevertheless, if you wish to go the extra 
step, here's how. First, take two470-ohm resistors and 
carefully solder aO.O1 monolithic capacitor in serieswith 
each. On the back of the receiver board, tack-solder one 
of these from pin 4 of U1 to ground. On the C W  filter 
board, tack the other from the output side of the filter 
to ground: Now, take a third 470-ohm resistor and tack 
it from the input side to ground. That's all there is to it. 

Conclusion 
I owespecial thanks to several builders who have writ- 

ten and shared their experiences with the NE602. Ed 
Pacyna, W1 AAZ, deserves special credit for some of the 
information offered in this article. I also want to thank 
Radiokit for their ongoing support and encouragement. 

Although billed asa double-balanced mixer, beaware 
that the NE602 is not "state of the art" for HF applica- 
tions. It's a high-Z device with lots of gain and a third- 
order intercept of only - 15 dBm, so it's prone to stray 
pick-up and occasional symptoms of intermodulation 
distortion. On the other hand, the NE602 has many 
attributes. It hasa very low noise figure, needs no exter- 
nal LO circuitry and a minimum of external parts, comes 
in a small package with low power consumption, and is 

inexpensive. For the QRP microphile, these are very 
attractive pluses! 

When it comes to actual operation, the rig itself is a 
lot of fun to use. Interference caused by overload is min- 
imal and rarely a problem. I especially like having the 
built-in creature comforts of a good AGC, CW filter, 
sinewave sidetone, and semi-QSK switching (as 
opposed to full QSK). On thetransmit side, running afull 
"OR P gallon" (5 watts output) ensures plenty of action. 
(My first on-air test landed a QSO with Nick, UV3DN, 
just outside of Moscow.) Best of all, the transceiver's 
small size means you can set it up anywhere. I presently 
have one in the office (a benefit of owning the company). 
My business partner refers to it as "the magic paper- 
weight we use to talk to the Russians." People think he's 
kidding. 

A complete parts kit (including pc boards and 
enclosure) isavailable from Radiokit for $124.95. A set 
of pc boards is $8.95. Ed. 

References 
1. Cliff Klinen, WB6BlH. "Builda Packet-portable SSB Receiver." hem radio. 
November 1986, page 55. 
2. John Dillon, "The Neophyte Receiver." OST. February 1968. page 14. 
3. Rick Littlefield. Kl BOT, "The Micro-20 Receiver," 73. February, 1988. page 
28. 
4. Rick Littlefield. K1 BOT. "Compact 20-meter Travelradio," hamradio, June 
1987. page 29. 
5 .  Wes Hayward, "Designing and Building Simple Crystal Filters." QST. July 
1987, page 24. 
6. Radioki!, Box 973. Pelham. New Hampshire 03076. 
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Presents Its All-New 10-Meter 

Realistic, ~merica's premier mike-mounted pushbuttons permit speaker, front-panel headphone 
brand of scanners, CB radios and safe and easy upldown frequency jack and a rear-panel jack for add- 
satellite TV systems introduces the ' selection while you drive. A front- ing an external speaker. 
HTX-100, the perfect first rig for a 
beginning Ham and a superb 10- 
meter mobile radio for any amateur. 
It's compact, yet loaded with "big 
rig" features. 

Pushbutton Memory mnlng 
An easy-to-program memory 

stores 10 favorite frequencies and 

panel lock control prevents acciden- 
tal frequency changes. You can 
fine-tune reception with the 51.5 
kHz RIT control. Coverage is 28.0 
to 29.6999 MHz, US6 or CW. Con- 
venient semi break-in keying and 
CW sidetone are built in. 

Selectable Power Output 

Join the Action on "10" 
With improving band conditions 

and new Novice voice and digital 
privileges, the 10-meter fun is just 
beginning. Be a part of it with this 
affordable, top-quality transceiver! 
Only $259.95 and in stock today at 
our store near you. 

You can select 25-watt or 5-watt 
QRP power output from the front Exclusively at 
panel. The HTX-100 has a backlit 
LCD frequency display with mode Radle /hack 
and tuning-step indicators. You also ~ h ,  ~ ~ ~ h ~ ~ l ~ ~ ~  store" get a 5-step LED signallRF power 
meter. noise blanker, heftv 3-watt 

A DIVISION OF TAl.iD\ C t 1liPORATlON 

Ul!racompact and ~ncludes everyth~ng you audio'output, h,gh-q"aliti built-in Pr~ce appl~es al  parllclpatlng Rad~o Shack slores and dealers 
need for underdash ~nstallat~on 

FREE 184-Page Radio Shack Catalog! Write Dept. 375, 300 One Tandy Center; Fort Worth, TX 76102 
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THE 
WEEKENDER 

Front view-interface box. 

Going digital 
Like many hams, I'd been eyeing the numerous arti- 
cles and gadgets designed to lead us into the modern 
century and go digital. Upgrading to digital involved 
spending a considerable sum of money, because I really 
couldn't do it at all without a computer and a terminal 
node controller (TNC). My engineering training drove 
me to research the abundant literature, try out each 
potential choice, and then look for the best price. 

COMPUTER SHOPPER Magazine offered the widest 
~ossible selection of inexpensive computers, usually Rear view-interface box. 

IBM clones. Armed with thisinformation, I madeaforay 
into the numerouscomputer stores in Silicon Valley and 
found exactly what I needed at a surprisingly low price. 

% 

A display at a recent ARRL convention featured all of 
the TNCs operating side by side. For various reasons, I 
liked the AEA PK 232 PAKRATT best and bought it. 

Back home I was anxious to hook up the thing to my 
VHF and HF rigs and get on the air. As it turned out it's 
not like hooking up a toaster. You have to acquire or 
fabricate an RS-232 cable to connect the PAKRATT to 
the serial port of your computer. In the instruction book, 
AEA explains that only 10 of the available 25 pins in the 
socketlcable should be connected. You also have to 
make up the two special cables that link the two rigs. 
There are plugs for the TNC end, but simply bare wires 
on the other. 

By William Schreiber, NHGN, 73-4327 Imo . /  

Street, Kailua-Kona, Hawaii 96740 Inside, bottom view-interface box. 
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Interface box and rigs. 

The PAKRAT, in its latest configuration, comes with 
a special "Communications Program" on a floppy disk. 
Two EPROMs inside the box allow you to boot up and 
use the system. 

I finally had the whole thing connected and fired up 
theVHF rig. It worked likea charm, except when I used 
my Heath keyer on CW. (More on that later.) Unfor- 
tunately, the HF rig didn't workat all in any mode. After 
several calls to AEA, I concluded that the SSB crystal 
filter in my KENWOOD TS 180was rolling off theaudio 
at too low afrequency for the mark and spacesignals to 
reach the 232. 

For several years I've been using the various ham 
satellites - mostly on CW where possible. But the 
uplink for OSCAR 10 and 13 is VHF and, as I said, I 
couldn't get CW out of the PAKRATT using my keyer. 
This TNC has a single CW output plug; I had it connected 
to the HF rig. Obviously, I had to do something to per- 
mit CW operation from either rig without having to dis- 
connect cables. 

A simikr problem ariseswhen the rigsareconnected 
to the TNC in the approved manner, which involves 
using their microphone input plugs. If you want to shift 
back to normal mike usage, you have to disconnect the 
cables to theTNC. The idea of having to connect and dis- 
connect cablesand plugsdidn't thrill me. I like things to 
be as convenient as possible, so I designed a simple inter- 
face box. This permits me to have everything perma- 
nently connected, and also lets me change from normal 
rig(s) operation to the new digital mode at the flip of a 
switch. 

All it takesaretwo relays, a coupleof toggleswitches, 
and a slew of plugs and cables. The interface box ends 
up looking like a spaghetti factory gone wild - as you 
can see in the front view (photo A) and the rear view 
(photo B). Photo C shows an inside bottom view. The 
container was built from double-sided circuit board sol- 
dered together. Dimensionswere4" x 2.75" x 3". Its 

Low pass T.V.I. filters from 
Barker & Williamson 

All above to match 
90hm tmnsmitten 
a n d  antennas. 

'Add $2 shipping 
a n d  handling 

ALL OUR PRODUCTS MADE IN US4 

aARgER & WILLIAMSOR 
Qual~ty Communication hoducts S~nce  1932 
At your D ~ s t r i b u t c n  write or call 
10 Canal Street. Bristoi PA 19007 
(245) 788-5504 

LET THE SUN DO 
THE WORK Charge batteries on 

stored machinery 
Light your tent 
Run fans 
Run remote trans- 
mttters 
Light slgns 

I \  , Pumv water for vour 

Power tor your motor 
home 
Run your radlo without 
batterles 
Light your home 
Yard lights 
Charge flashllght bat- 
teries 
Light your cabln 
Run electrlc fences 

Electricity charge your b a t  
from the battery 

Run appliances In your - Slln with home 
Charge hand held 

S nmrn-rgmn radio batteries 
- - - - - - - - - - - =3,-,===== - - - - - - - - Fish shanty lights 

- - - - - - - - - = = = -< 
- I M  Charge your Cam- 

Solar Systems corder battery pack 

ALSO: OUTSTANDING PRICES ON IBM Xf 
COMPATIBLE SYSTEMS! 

IMICCIIWI INFOIIYITKWC PLEASE INCLUDE 10% OF ORMR FOR SHIP 
VNG AND HANDLING CHARGES (MINIMUM 12YI MAXIMUM $101 UI 
YAMAN ORDERS AWS7 XIIN LJS FUNDS MICHIGAN RESIDENTS ADD 
I% SALESTAX FOR FREE FLYER SENDZh STAMPORSISE 

HAL-TRoNlx, INC. (311) 281-7773 * 
H w n  

12671 DIx.ToIwJo H w ~  12 00 ~ Q O  EST M ~ Q ~  
P.0. BOX 1101 

a HAL" HAROLD C NOWLANC 
Southgate, MI 48195 f l  'lo W8ZXH 



UF RIG 

FRONT PANEL 

V / U H F  RIG 

, I L L  0r"CR ZINS I* PLI A M 0  SO1 I R E  

YIC  PLUG ION C I B L E )  

I I 

Schematic of the interface box. 

p l l l l l l l l l q  
I FREECATALOG! I 

Features  Hard-to-Find T o o l s  
a n d  Tes t  Equ ipmen t  

- 

Jensen's new catalog features hard-to- 
find precision tools, tool kits, tool cases 
and test equipment used by ham rad~o 
operators, hobbyists, scientists, en- 
glneers. laboratories and government 
agencies. Call or wrlte lor your free copy - today. 

I 
Depl, HR ' JENSEN" 781 5 S 46th S I M I  

I 
Phoensx. AZ. 85044 1 I TOOLS IN=. ,6021 968-6231 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel S~gnal-to-Nose Voler 
Expa~lddhlr l r  I )  I h 411 11 I by JII I A ~ l r l ~ r l q  I 1r11s 
Conllnuou$ Vvltnq 
Lf 0 lndfcators ol COR and Vnlrd S~qnal\ 
Ru~ll In Cal~hnlor 
H~rnnlr Volrrl Ind~calnr\ P~finrd Ofrl 

4 ' 7  . 6 Douhl~ S l d ~ d  Gold Plalrd 44 Pin Crrd 
R~mole D~rahlr Inpfllc 
MORE 

Bu~lt, tested and cal~brated w11h manual 

$350.00 
Telephone ~nlerface now available 
For more ~nlormat~on call or wr~te 

DOUG HALL ELECTRONICS 
Voter Department 

815 E Hudson Street 
Columbus. Ohlo 43211 

(614) 261-8871 

MODEL 
SG-100F 

MADE IN 5429 95 
USA dsllvsred 

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

Operates on 12 Vdc @ 1/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 

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

VANGUARDLABS 
196-23 Jamaica Ave., Hollls. NY 11423 
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2 each relays 
4 PDT 

2 each socket 
relay 

7 each switch 
SPDT 

1 each switch 
4 PDT 

2 each 1/4-inch 
phone plugs 

2 each mini 
phone plugs 

1 each 4-pin 
mic socket 

1 each 4-pin 
mic plug 

1 each 8-pin 
mlc socket 

I 1 each 8-pin 
m b  plug 

3 each RCA 

Relerence 
designator 

K l .  K2 

K1, K2 

SWA 

SWB 

Radio Shack 

275.274 

275.227 

275.603 

A 11 

RLY 724 PC 

SRLY 4P 

MTS-4 

NA ' 

PHP 170 

MMP 

NA 

PL 1 274.025 NA 

PL 7. 8. 70 274-339 MPRP I 
Plug 

1 each 3.5-mm PL 9 274-1568 PCLID 
Plug 

2 each 5-pin PL 11, 72 NA NA "' 
Molex plug 

10 feet 1Osonductor N A 10 OC/522 
shklded cable 

1 each DB 25 S 276- 1548 DB-25s 
socket 

1 each DB 25 P 
Plug 

2 each hoods 0825 
shlelded 

10 feet 5-conductor 
shielded cable 

50 feet 2-conductor 
shlelded cable 

2each lN974 
diodes 

1 each LED red 276-041 LED-1 
1 each LED socket 276-079 HLDCL-R 
78 each ferrite FB 73-2401 NA NA "" 

beads 

Orvac Necrronlcs, Orangethorpe Avenue, Fullerton, Calilornla 
" Local Ham Store 
" ' Part of AEA kit suppiled wllh PK 232 
""Amldon Associates, 12033 Otaego Street, No, Hollywood, Calilornla 91607 

ANNectronics, POB 567, Van Nuys, California 91408 
Radloklt, Box 973H, Peiham, New Hempshlre 03076 

placement in regard to my rigs and assorted ancillary 
devices is shown in photo D. 

Figure 1 is the schematic. Note that I used ferrite 
beads on all wires entering or leaving the box. Before I 
did this, all sorts of strange thingstook place. They were 
caused by RF getting into the wrong placesvia the inter- 
face box. 

Parts for this project are available from ALL Elec- 
tronics or Radio Shack. See the parts list for more infor- 
mation. 

All things considered, it was a challenge to "go digi- 
tal." But once I'd finally gotten through a string of 
digipeters and was connected, I had a feeling of satis- 
faction that I'd never encountered in my "normal" ham 
activities! 
Note: Depending upon your radio, you may need to 
make some changes in the microphone connections. 
You can also adapt this idea for use with other TNCs. Ed. 

Article B HAM RADIO 

COMPUTERIZE 
YOUR SHACK 

YAESU 747, 757GX, 757GXl1, 767, 9600. 
KENWOOD TS 140, 440, 940, 680, R5000. 
ICOM R71A, R7000, 735, 751A, 761, 781, AND ALL VHF, UHF, CI-V. 
DRIVERS FOR RADIOS ARE MODULAR. 
JRC NRD 525. 
COMPLETE PROGRAM ENVIRONMENT. 
MENU DRIVEN AND DESIGNED FOR EASE OF USE. 
SCAN FUNCTION ADDED TO RADIOS THAT DO NOT SUPPORT IT. 
ERGONOMETRICALW DESIGNED FOR EASE OF OPERATION. 
MOST FUNCTIONS REQUIRE SINGLE KEYSTROKES. 
PROGRAM COLOR CODED FOR EASE OF USE, ALTHOUGH WILL STILL 

RUN IN A MONOCHROME SYSTEM. 
MENUS FOR THE FOLLOWING: 

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

AVAILABLE FOR IBM PC. XT, AT. 80386 256K RAM 
1 SERIAL PORT AN0 1 FLOPPY MINIMUM 

PROGRAM WtTH tNlTlAL LIBRARIES 99.95 
US-232 TO TTL INTERFACE ONLY (NEEDED IF DON'T HAVE MANUFACTURERS INTERFACE) 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 99.95 
INTERNAL PC INTERFACE Wi1 SERIAL L 1 RADIO PORT 129.95 
SPECTRUM ANALYZER MODULE (CALL FOR PRICE1 
COMPLETE SYSTEMS INCL RADIO. INTERFACE. COMPUTER. AVAILABLE (CALL FOR PRICE) 

DATACOM, INT. 
8081 W. 21ST LANE 
HIALEAH, FL 33016 r /  112 

AREA CODE (305) 822-6028 

MULTIFAX 
MF2.2 and MF3.2 

Two New Weather-Facsimile Programs 
Both Programs: 
l Are for the IBM PC and Compatibles 
l Copy ALL known fax speeds (HF and Satellite) 

Record, Display, and Print 1280 samples per fax line 
l Printer Copy in 2 or 4 shades 
l ALL data may be saved on disk 

ALL display views may be saved on disk 
l Output to color or gray-scale (not monochrome) monitors 
l Recording length depends upon computer memory (up to 640K) 
l Include complete instructions 

MF2.2 is for the CGA computer system (320 x 200 pixels) and 
records in 2 or 4 colors or shades. 

MF3.2 is for the EGA computer system (640 x 350 pixels) and 
records in 2,4,8, or 16 colors or shades. 

Both Programs see all recorded data. With MF2.2 this is done 
with 3 picture sizes, full size, l/z size (magnified), and 
1/4 size (magnified). MF3.2 uses full size and 1/2 size (magnified). 

Price $49 for either program ($20 for previous MF buyers), post 
paid in US, Canada, & Mexico. Add $3 for airmail elsewhere. No 
credit cards. 

Request free detailed information. 

Demo Diskshowing sampleviews, $2, post paid in US, Canada, and 
Mexico. Add $1 for airmail elsewhere. Specify CGA or EGA disk. 

ELMER W. SCHWITTEK, K2LAF 
2347 Coach House Lane, Naples, FL 33942 

(813) 434-2268 

IBM reglatered trademark of IBM Corp. r /  111 
Multlhx Is mgl8tered tmdemark of E.W. Schwlttek 
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A WO-LOOP 10-HZ STEP 

By Luiz C. M . Amaral, PY1 LL, Rua Dom Casmurro, 51, Jacarepagua, Rio de Janeiro, 22753, Brazil, 
and Carlos Alexandre C. Mathias 

Achieve good image rejection F, = (M x 10 - N x 9.99) kHz = I10 x M - (10 
- 0.01) x Nl kHz = I10 x (M - N) + 0.01 

without sacrificing resolution, x Nl  HZ (21 
where N and M are as defined in eqn. 1 

hning speed, locmme, and stability TO make 10, I W, or i ,000- HZ steps (or their multiples), 
change only the divider, M. For stepsof 10,100, or 1,000 

u sing a 40-70 MHz local oscillator is generally v pa O ~ T  

accepted as a means of achieving good image REFERENCE FREQUENCY 

rejection in modern H F design. The frequency lrezykFR 1 stability and accuracy of such an oscillator is achieved 
through synthesis. Often contradictory design require- 
mentsare high resolution, tuning speed, low noiseout- 
put, spectral purity, low power consumption, small ~01- Loop diagram for simple one-loop synthesizer. 

urnel and low Most of the designs use many - 
loops to obtain small step resolution. Thisarticle shows 
a method to overcome this difficulty. 

The algorithm 
Normally, unless special techniques are employed, 

the step size is equal to the reference sourcefrequency. 
Figure 1 shows a block diagram of such a loop. You 
must use a low reference frequency to provide high reso- 
lution. However, with step sizes less than 1 kHz, lock- 
ing time and close-in noise are degraded. For instance, 
to achieve 10-Hz resolution in the 40-70 MHz range, it 
is usually necessary to use four or five loops. 

Figure 2 illustrates a two-loop block diagram that 
meets the combined requirements. To achieve short 
locking times and low noise output it is necessary to use 
substantially high referencefrequencies - e.g., 10 kHz. 
If we put Frl =9.99 kHz and Fr2= 10 kHz in fig. 2, we 
can rewrite eqn. 1, F, = F2 - F1, from fig. .2 as: 

FO IS OUTPUT FREOUENCY 
F I  IS FREOUENCY OF VCOl OR N X  FRl 

F 2  I S  FREOUENCY O F  VCOD O R  MX FR2 

N I S  OIVISION FACTOR OF VCO IN LOOP I 
M IS OlVlSlON FACTOR O F  VCO IN LOOP 2 
F R I  IS REFERENCE FREOUENCY FOR LOOP I 
FRZ IS REFERENCE FREOUENCY FOR LOOP 2 

4 I 
VCO 1 + N 

Algorithm for present synthesizer. 

24 P'lP January 1989 



ELECTROL# S2181 

Rated 5.5 to 10 Vdc 
(will operate on 3-32 Vdc). 
LOAD: 10 amp @ 240 Vac 
2 114" X 1 314" X 718" 

QUANTI N DISCOUNT 
10 for $85.00 25 for $1 75.00 

TRANSFORMERS STANDARD JUMBO 
DIFFUSED T 1-314 sbe 

RED CAT# LED-1 
10lorS1.50 lWIor$l3.00 

GREEN CAT# LED-2 
10fors2.00.100lor $17.00 
YELLOW CAT# LED4 
lOfWs2.00 100fwS17.00 

FLASHING LED 
wlth bulk In flprhlng cirwlt 

CAT# L E D 4 0  10 for $9.50 

IRF-511 TO-220 a m  
CAT# IRF 511 sensor slide8 aaaily from swlch 

Sl.M)eah. 10lor58.M) and can be wad In other applicotlons. 
U R G E  QUANTITY AVAILABLE CAT# HESW 4 for $1.00 

CAT# NCB-SAA 101orS2.00 1M)lorSlS.W 
C SlZE $4.25 EACH 
1.2voils 1mrrJIh 

CAT# NCB-C 
D SlZE $4.50 cod 

P.0. BOX 567 
VAN NUYS, CA 91408 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 

FOR A CATALOG!! 
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Hz (or their multiples), you have to change thevaluesof 
N amd M to maintain M - N unchanged. 

For instance, if you need a step 30 Hz up, increase N 
by 3 (3 x 0.01 = 30 Hz) and M by 3. So, 
Finitial = [ I0  x (M - N) + 0.01 x N] kHz 
Ffinal = [ I0  x (M + 3 - (N + 3)) + 0.01 x (N + 311 
kHz 
Step = Finitial - Ffinal = 0.03 kHz = 30 Hz 

Derivation of design equations 
One of the problems of 40-70 MHz synthesis using one 

loop is the rather high relative range: 30 MHz in a 40-MHz 
VCO. One of the advantages of the present method is 
that you can use two VCOs in a higher VH F band, mak- 
ing the relative range a minor problem. (In our units we 
have used F1 at 160-200 MHz and F2 at 120-130 MHz, 
both single loops.) 

Now let's derive the design equations for these 
arrangements. Remembering that the output frequency 
is a seven-digit decimal number (e.g., 47,936.42 kHz), 
put: 
F,= 10,000 x A 6 +  1,000 x A 5 +  100 x A4+10 x 
A3 + A2 + 0.1 x A1 +0.01 x A0 (in kHz). 

Similarly the division factors N and M may be written, 
as they are integers: 
(F1andFqc 1,000MHz,soMi = Ni = Ofori>4). 
N = NO+ 10 x N1 + 100 x N2+ 1,000 x N3 + 10,000 
x N4 
M = MO + 10 x M I  + 100 x M 2 +  1,000 x M 3 +  
10,000 x M4 

Using eqn. 2 you have: 
10,000 x A6 + 1,000 x A5 + 100 x A4+ 10 x A3 + 
A2 + 0.1 x A1 + 0.01 x A0 = 10 x [MO - NO + 10 
x (M I  - N1) + 100 x (M2 - N2) + 1,000 x (M3 - 
N3) + 10,000 x (M4-  N4)l +0.01 x (NO+ 10 x N1 
+ 100 x N2 + 1,000 x N3 + 10,000 x N4) 

Equating the corresponding terms you have: 
a ) M 4 - N 4 = O  
b) M3 - N3 = A6 
C) M2 - N2 = A5 
d l  M I  - N1 + N4 = A4 
el MO - NO + N3 = A3 
f)  N2 = A2 (31 
g) N1 = A1 
h) NO = A0 

Because the Ai are given numbers, you have eight 
equations with ten unknowns to determine Ni and Mi. 
This gives you two degrees of freedom to locate the 
ranges of F1 and F2. (You must establish values for two 
parameters, so choose N4 at first.) If the values you 
choose for N4 (and M4) are too high, thedividers (which 
can be preset) may fail to operate and the noise perfor- 

mance will be poor because of thegreat division factor. 
But if N4 istoo small, you'll have problemswith the rela- 
tive range of theVCO. In the present case, a good choice 
will be 1 for N4 (and M4). 

The range of F1 (N loop) is = 10 MHz because, to 
cover 9.99 kHz (the maximum step not covered by the 
M loopalone) in steps of 10 Hz, we have 1,000 channels 
with 9.99 kHz of reference frequency, which gives 10 
MHz. So, the Fq (M loop) range is 10 MHz + 30 MHz 
(range of the output) = 40 MHz. 

The other degree of freedom permits you to fix the 
value of N3. Choose2for this (meaning that with N4 = 
1, for I. 10-MHz range, we have F1 rangingfrom 120to 
130 MHz, and, consequently, Fp rangesfrom = (120 + 
40) = 160 to = (130 + 70) = 200 MHz. Thesefrequen- 
ciesare convenient enough for thedividersand relative 
ranges of the VCOs. 

Now rewrite the expressions of N and M using eqn. 
3 and the chosen values for N3, N4, and M4: 
N = 10,000 x N 4 +  1,000 x N3+ 100 x N2+  10 x 
N1 + NOor, 
N = 12,000 + 100 x A2 + 10 x A1 + A0 (41 
M = 10,000 x M 4 +  1,000 x M 3 +  100 x M 2 +  10 
x M1 + MO = 10,000 + 100 x (A6 + 2) + 100 x (A5 
+ A2) + 10 x (A4 - 1 + A l l  + (A3 - 2 +  AO)or, 
M = 11,988 + 1,000 x A6 + 100 x (A5 + A2) + 10 
x (A4 + A l l  + (A3 + A01 (51 

As the output ranges from 40,000.00 to 69,999.99 
kHz, the value of A6 may be 4,5, or 6. A5, A4, A3, A2, 
A1 , and A0 may be0 tog. Now it's possible to calculate 
the exact ranges of N, M, F1, and F2: 
a. Minimum N: A2 = A1 = A0 = 0. 

From eqn. 4: Nmin = 12,000. 
b. Minimum F1: (fig. 2) Flmin = 9.99 x Nmin = 119,880 
kHz. 
c. Maximum N: A2 = A1 = A0 = 9. 

From eqn. 4: Nmax = 12,999. 
d. Maximum F1: (fig. 2) FlmaX = 9.99 x Nmax = 
129,860.01 kHz. 
e. Minimum M: A6 = 4; A5 = A4 = A3 = A2 = A1 = 
A0 = 0. 

From eqn. 5: Mmin = 15,988. 
f. Minimum Fq: (fig. 2) F2min = 10 x Mmin = 159,880 
kHz. 
g.Max imumM:A6=6;A5=A4=A3=A2=Al  = 
A0 = 9. 

From eqn. 5: Mmax = 19,986. 
h. Maximum F2: F2,,, = 10 x Mmax = 199,860 kHz. 

For example, suppose that you want tosynthesize an 
output of 56,721.98 kHz. Then A6 = 5, A5 = 6, A4 = 
7,A3 = 2,A2 = l , A l  = 9andAO = 8. 
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I Manufacturers of Quality Communications E_qqu_ipment 

Hi PRO 
1 VHF-UHF REPEATERS 

SUPERIOR RECEIVER AND TRANSMllTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMllTER POWER, FROM 1 TO 25 WAlTS MINIMUM OUTPUT WlTH EXTREMELY COOL OPERATION.- 
AUTOMATIC BAlTERY BACK UP SYSTEM CAPABILITY WlTH BATTERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENT OF INDICATORS AND STATUS LIGHTS.-1000h DUTY CYCLE-ADVANCED REPEATER SQUELCH 
NO CHOPPING, POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 51/4 x 19 x 13 "-HIGH QUALITY LONG LIFE DESIGN. 

AMATEUR DISCOUNTS AVAILABLE 

The Hi Pm Recehrer IS the hear1 of the HI Pro Repealer 
spec~l~cally deslgned to commerc~al spec~l~cal~ons for 
Repeater servlce and boasts hlgh 0 mull1 tuned ClrCUllS 
,n Dolh Ihe r l  and osc~llator stages lo Insure low desense 
~ntermod and spurtous along w~lh  cholce ol varylng de- 
grees ol 11 selec!iv~ly Superlor squelch acllon a necesslly 
for Repealer service. extreme senslllv~ly. lrequency and 
thermal stablllty Thns recetver no1 only can be used as 
lnrllal recetver bul also lo replace that troublesome 
recetver In your present repealer Easlly adapls lo any 
system The small sue, allows for easy mounting. even 
where space 4s al a premliim The excellent front end 
relectlon wllh wide dyamlc range guarantees excellenl 
descnse. ~ntermod. and spurlous response relecllon 
Advanced squelch c~rcullry to produce mln squelch 
chorrping. even wllh weak s~gnals ot h~gh devtat~on. such 
as weak mob~le or rapzd ladlng slgnals, and at50 high 
eleclrlcal nossf. re~eclion. such as electrical slorms 
~gnt:lon pulses elc 

ASK ABOUT OUR COMPUTER CONTROL 
SYSTEM. AND MICROCONTROL AUTO 
PATCH, AND REPEATER KITS. 

Hi Pro Receivers 

FEATURES: 
High sensltlvlly 
Superlor relectlon 
Double slded mtl spec G.10 l~berglass boards 
Extremely stable operalton 
Excellenl adjacent channel rejecllon 
Squelch c~rcu~t des~gned lor critical repealer use 
Small slze 
Cho~ce of passbands 
Wlde select~on of freouencv ranaes 
Separale open colleclor C 0 R ~%lpul 
Separale lone control squelch ~npul 
Separate tone conlrol oulpul 
D~scrlrn~nator meter oupul 
Slqnal level meter oulput 
Mtlllt channel capabll8ly Up lo 6 channels 
Mull~ple Voltage R~gulal~on . Ava~lable w~lh  precisnon grade hlgh stablllly cryslal 
Selectable COS hlqh or low oulpul 
1 year warranty 

SPECIFICATIONS: 
Sensitivity: 

12 dR S~nad (ElA Melhod) 025 uv. 
20 dl, quletlng method 030 uv , 

Selectivity: 
EIA two s~gnal melhod 
SlanOard . 15 kHz -80 dB 

+ 30 kHz .I30 dB 
Opl~onal Narrow 15 kHz ,100 dB 

4 30 kHz .I30 dB 
Spurious Response: .85 dB 
Intermodulation: .70 dB 
Modulation Acceptance: Slandard 60  kHz 

Narrow - 50 kHz 
Squelch Sensitivity: 0 I 0  lo 020 uv 
Frequency Response: 2 to .3 dB of 6 dBlOclave 

de emphascs lrom 300.3000 Hz 1000 Hz rel~rence 
~ u d i o  output. (to 8 ohm speaker) 2 0 watts mar 

5O.t  d~storl!nn al 1 5 walts max 

Rf input tmpedance 50 ohms 
Frequency Range. 

V H  F 130 150 MHz. 144.175 MHz. 220.250 MHz 
U H F 406 450 MHz 450.490 MHz 

Overatinq Votlaqe: 11 to 14 5 VDC - - 
138 VDC nominal 

Current: 90 mA nomjnal squelched 
SIZ~: 3 s Wx6'a  L x l  H 
Duty Cycle: IOOOc a1 60 C 
Operating Temp. Range: -30 C lo -60 C 'ml Meets or Exceeds A ,  Pubhshed Specrhcer~ons 

Maggiore Electronic laboratory ,, ,,B 
600 WESrrOWN ID., WEST CHESTER, PA 19382 
PHONE: 215-436-6051 TELEX: 4996141-MELCO MX: 2lW6g2611 
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ASTRON 9.w 
Irvine, CA 9271 8 

C 0 R PORAT I ON (714) 458-7277 

'ICS-Intermittent Cornmunlcation Service (50% Duty Cycle 5min. on 5 min. off) 

INSIDE VIEW - AS-12A 

-W MODEL RS 50A 

RM SERIES 

fl# \ 

) L C T ~ . [  '. '' . 0 4 
: *I- 

MODEL RM-35M 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

MODEL RS-35M 

VS-M AND VRM-M SERIES 
,,. - - -- 

MODEL VS-35M 

RS-S SERIES+ 

MODEL RS-12s 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE 105- 125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power 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 
txccpt RS-311. RS-41. RS-51 low I~ne) 
MAINTAIN REGULATION 8 LOW RIPPLE at low ltne Input Alto av8ll1hI8 with 220 VAC input rc l t8 la 
Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U S A 

19" x 5% RACK MOUNT POWER SUPPLIES 

MODEL Duty Continutrr (Amps) ICS' Siz8 (IN) Shipping 
l A n ~ s l  H x W x D  Wt (Ibs ) 

RM- RM-35A RM-50A 12A 
37 25 9 

35 50 12 5'e 5'4 5'd x x x 19 19 19 x x x 12'2 12'2 8 ' 4  38 50 16 

Separate Volt and i m p  Meters 
RM-12M 9 12 5'. r 19 x 8'4 16 
RM-35M 25 35 5 ' 4  X 19 X 12'7 38 
RM-50M 37 50 5'4 x 19 x 12'2 50 

Coltinrals ICS' stzc (IN) Shlppll l 
MODEL Duty (Amps] IAmlr l  H x W x D  Wl (Ibs ) 
RS-3A 2 5 3 3 ~ 4 4 x 5 ' 4  4 
RS-4A 3 4 3 ' 4  x 6'2 x 9 5 
RS-5A 4 5 3': x 6'5 x 7'4 7 
RS-7A 5 7 3 ' 4  x 6'2 x 9 9 
RS-7B 5 7 4 x 7'2 x 1034 10 
RS-IOA 7 5 10 4 x 7 '?  x 103. 11 
RS-12A 9 12 4% x 8 x 9 13 
RS- 128 9 12 4 x 7 ' ? . ~  lo3. 13 
RS-20A 16 20 5 x 9 x 10'2 18 
RS-35A 25 35 5 X 11 X 11 27 
RS-50A 37 50 6 x  133a x 11 46 

Cont~nrons ICS' Sir, (IN) Shlppinp 
MODEL Dutr (Amps) I A ~ P ~ I  H x W x O  Wl Ilbs.] 
Sw~tchable volt and Amp meter 
RS 12M 9 12 4'7 ~8 ~9 13 
Separate volt and Amp meters 
RS 20M 16 20 5 x 9 x 10'2 18 
RS-35M 25 35 5 x 11 x 11 27 
RS-50M 37 50 6 x  133a x 11 46 

Separate Volt and Amp Meters Output Voltage adjustable from 2-15 volts Current llmlt adjustable from 1 5 amps 
to Full Load 

Con t~n~o r r  ICS' Slza (IN) Shipplng 
MODEL Duty (Amps] (Amps) H x W x D Wt (lbs ) 

@ I 3  8VDC @10VDC @5VDC @13 8V 
VS- 12M 9 5 2 12 4 ' 7 ~ 8 x 9  13 
VS-20M 16 9 4 20 5 X 9 X 10'2 20 
VS-35M 25 15 7 35 5 x 11 x 11 29 
VS-5OM 37 22 10 50 6 x 13=r X 11 46 

Varlable rack mount power suppl~es 
VRM-35M 25 15 7 35 5'4 X 19 X 12'2 38 
VRM-5OM 37 22 10 50 5'14 X 19 X 12'7 50 

Butlt ~n speaker 

Contia~ous ICS' Size (IN) Shipplnl 
MODEL Duty (Amps) Amps H x W x D  Wt (Ibs I 
RS-7S 5 7 4 x 7', x 10% 10 
RS-10s 7 5 10 4 x 71, x 10% 12 
RS-12s 9 12 4'2 X 8 X 9 13 
RS-20s 16 20 5 x 9 X 10'2 18 



1 
VCOl BUFFER 1 BUFFER 2 P L L  I + M )  + 2 5 6  2 . 5 6 0  kHz 

FRI 

1 
BUFFER 3 

'b 
BUFFER 4 R F  F ILTER I 'b % 

I 

M I X E R  

RESIST PAD 2 
t 

OUTPUT 
A M P L I F I E R  R F  F ILTER 4 % ,-L 

F 0 = 4 0 - 7 0 M H z  
10 Hz STEP 

PLL ( + N I  +236 2 . 5 5 7 . 4 4  kHz 
F R 2  

'b 
LOOP FILTER Z % 

,-L 

Block diagram for the present synthesizer. 

Using eqns. 4 and 5 you have: 
N = 12,000 + (100 x 1) + (10 x 9) + 8or, N = 12,198 
and 
M = 11,988 + (1,000 x 5) + (100 x (6 + 1)) + (10 x 
(7 + 9)) + (2 + 8) or, 
M = 17,858 
So, F1 = 9.99 x 12,198 = 121,858.02kHzand F2 = 10 
x 17,858 = 178,580 kHz. 
It works because F, = F2 - F1 = 56,721.98 kHz. 

The algorithm shows that this is a type of synthesis 
which is convenient to implement with microprocessor 
control. The calculations become even more involved 
when two-modulus prescalers are used within the loops. 

The complete design 
Our particular assembled unit has been built accord- 

ing to the block diagram in fig. 3. The PLL blocks each 
include one two-modulus prescaler. We used MC- 
120165, 4 / 4 1  type); we have built them with MC- 
1451568 PLLs. However, if you use the MC-145158, the 
reference frequency problem may beeasier to solve by 
entering only one reference in both loops (e.g. 9,990 
MHz - and programming the reference dividers with 
999for the M loopand 1,000for the N loop). We've used 
the PD phase detector output (from the phase compa- 
rator of the PLL) to avoid operational amplifiers in the 
control lines. The resulting reference rejection has been 
better than 60 dB down. 

Now let's analyze each block of fig. 3: 
a. VCO 1 and2: Because theirfrequenciesfall in the VHF 
range, the low noise J-FET, like the U-310 (or the plas- 
tic J-310family), is a convenient transistor ~hoice. ' ,~ If 
you don't plan to pretune, take care in your layout and 

choice of components to permit VCO 1 to cover its 40- 
MHz range. 
b. Buffers 1,2,3,6, and 7 may employ bipolar transis- 
tors like the BFY-90 for low noise, high isolation, and 
broadband operation. Buffer5may bea dual-gate MOS- 
FET - try the MFE-521 or 3N-21 17. For buffer 4 use a 
high output level broadband linear transistor (a BFW- 
16A) to get a suitable signal power for the mixer LO 
input. 
c. We chose an SRA-1 bridge diode double-balanced 
mixer from Mini Circuits to get a very low spurious 
response. This isvery dificult to obtain using othertypes 
of mixing devices. For this purpose we've had to "clean" 
both LO and RF port signals concerning harmonic con- 
tent with RFfilters 1 and 2. Two resistor pads have been 
used to couple both signals to the mixer under correct 
resistive impedance (50 0). 
d. A B FY-90 stage presents the correct resistive load to 
the mixer (50 0). Its output passes a third RF filter to 
block the harmonic power (now generated by the mixer 
itself) and drives the final (BFW-16A) amplifier stage 
through another BFY-90 stage. This gives a high-level 
power ( .= 12 dBm) to the first mixer of the receiver. RF 
filter number 4 maintains the output free from har- 
monics. 

Final comments 
This article presentsan algorithm rather than a circuit 

design. The synthesizer itself may be built using all the 
standard techniquesfor low noise operation, like in-loop 
mixing for lowering the division factors, low noise phase 
comparators (HEF-47508 seriesfrom MULLARD), and 
pretuned systems to get quieter varactor control. All 
these techniques are fully described in the literature2v3 
so we won't discuss them here. The only point we'd like 
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v-212 ?a - 
I I ' DC to 40MHz DC to lOOMHr 

( k  Dual Channel Dual Channel 
, -*BI.,  (., $379 * 

CRT Readout Delayed Sweep 
:a - 5 -6 \ Cursor Meas CRT Readout . . ,  DC Offset Sweep Tlme 

r- Alt Magnifier Autoranglng 

List $560 V-425 $835 
Compact Slze V-1060 Trlgger Lock 

List $995 List $1595 $1 ,285 2 m ~  Sensltlvity 

Save $181 
LIST PRICE SAVE 

V 223 20MHz D T . lmV sens. Delayed Sweep. DC Offset. Vert Mode Trlgger $770 $695 $75 
20MHz Dual Trace Oscilloscope v422 ~ O M H Z  D T .  l m v  sens DCOlfsef Vert Mode Tr~gger AII Mag $875 $695 $180 

All Hltachi scopes probes, schemal,cs V 423 40MHz D T .  1mV sens Delayed Sweep. DC Offset Aft Maq $955 $795 $160 
V 660 60MHz D T .2mV sens Delayed Sweep. CRT Readout $1 195 $990 $205 

and H1tachl's year guaranty On parts and V 1065 lOOMHz D T 2rnV sens Delayed Sweep CRT Readout. Cursor Meas $1 895 $1 670 $225 
labor Many accessories available for all v i i o o ~ i o o ~ ~ ~  Q T .  t m v  sens Delayed Sweep. CRT Readout. DVM, Counter $2 295 $1.995 $300 

rr-- - 

Digit Multlrneter 
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to emphasize is that the higher the division factors, the 
poorer the close-in noise, becausethe noise from refer- 
ence is multiplied by a greater number and we have a 
worse signal-to-noise ratio at Ihe phase comparator. So, 
without in-loop mixing (or another equivalent technique 
to diminish N and MI, special care must be taken with 
crystals and crystal oscillators to minimize in-band 
n ~ i s e . ~  

Concerning stability and accuracy, note that 10 Hz in 
200 MHz means 0.05 ppm, so that the use of simple 
"non-mastered" reference sources doesn't seem to 
make sense. 

Conclusions 
We've presented a method to synthesize three million 

10-Hz channels (40-70 MHz) with a reference-to-step 
ratio of 1,000 by using only two loops. We have used the 
frequency difference between the two loops, but the 
sum may be used in the same manner as long as you take 
care that the spurious and harmonic signals don't fall 
within the output band region. 
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Article C HAM RADIO 

NOVEMBER WINNERS 
Congratulati~ns to Alan Unangst. WC7R. our November sweeps winner 

and L.B. Cebik, W4RNL. author of November's most popular WEEKENDER 
- "Improving Operation with the MFJ 989 Transmatch." Both will receive 
a handheld radio. To enter for January's drawing, send in the evaluation card 
bound into this issue, or submit a WEEKENDER project. You could be our 
next winner1 Ed. 

Correct address 
The address given for Hal Silverman, W3HWC, in the 
October 1988 issue (page 63) is incorrect. If you wish 
to contact Hal, his current address is: 14004 Harris- 
ville Road, Mt. Airy, Maryland 21771. 

PO BOX 4215. ANDOVER, MA 01810-4215 USA (508) 475-7831 

A &+=;! r A fi =L== Look at our I ? r ~ ~ 2 ~ ~  i~i.=~~~r+.,. 

"ON WINDOW" Line 

GRID DIP METERS 
"Dipper" 

The James Millen Grid Dip Meters. Model 
(190651-A A.C. Powered and the Model #go652 
Solid State Battery operated, are compact and 
completely self-contained laboratory - service 
quality test equipment unlts. The "Dipper" 

covers the range of frequencies between 1.7 MHz and 300 MHz in seven 
calibrated uniform length scales wrth generous overlaps plus an arbitrary 
scale for use w~th  spec~al application inductors. 

....................................... (190651 A A.C. Model with Tube $350.00 
............................. #go652 Solid State Model with Battery $350.00 

VHF 
(1 40-1 75) 

No Hole 
Easy to Mount 
Rugged 
Superfor 

Low Fmnquency Inductors for U 906516 Only 

...................................................... (146702 925-2000 Hz $ 35.00 

......................... ................... (146703 500-1050 HZ ... 35.00 

..................................................... (146704 325- 600 HZ 35.00 

....................................................... (146705 220- 350 HZ 35.00 

UHF 
(420-520) 

3 db ga~n 
No Hole 
Easy lo Mount 
R W W j  

TRANSMITTING CONDENSERS 
16000 Series 

Performance Supenor 
Radrator Snaps 
On and 

Competitively Pricec 
* Competrlrvely Priced 

MODEL OW 3-150 
140-174 MHz 

MODEL OW 3-220 
210-250 MHz 

3 db garn 
No Hole 
Easy to Mount 
Rugged 
Superfor Performance 
Swrvel Vertrcal Adjustment 
Radrator Removal Withouf 
Loss ol Verlrcal Adlustment 
Compebbvely Prrced 

Kw:: F= E Z  A =.:--- ;yi==-;& " ' 3 q = = %  
.Er. - .. -,H 

COWIUNIUTKWlS ANTENNAS 

3900.8 Rlver Road 
Schlller Park. IL 601 76 

31 2-671 -6690 

brings imagination and innovation to 
antennas ...... and has been 

since 1948 !! 

Another member of the "Designed for 
application" series of transmitting variable air 
capacitors is the 16000 series with voltage ratings 
from 3KV to 13KV in single or dual sections. 
R~atd. heaw channelled aluminum end frame 

and thlck, round edge pollsKed plat&. Ceramlc supporting structure and 
~nsulator, brass nlckle plated hardware Constant ~mpedance, heavy 
current, mult~ple flnger rotor contact Pr~ces range between $50 and $80 
each Other styles and capacitances are also ava~lable 

YOUR INOUlRlES ON OTHER JAMES MILLEN PRODUCTS ARE WELCOMED 
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THE HAM NOTEBOOK 
Clean ATV the modern 
way 
Why do Amateur TV signals cause 
interference, while the interference 
from million-watt commercial TV sta- 
tions is insignificant? Commerical TV 
stations use highly efficient transmit- 
ting systems, because any interference 
would be devastating to many other 
services and expensive in terms of 
power wasted. Most hams use the 
double-sideband method shown in the 
spectrum of fig. 1A. This method con- 
forms to the lastest trend of using a 
small self-contained package, with few 
"bells and whistles". 

In the past, ATV enthusiasts would 
heap together a mixture of homebrew 
and surplus equipment from TV sta- 
tions. Their shacks looked as if 747s 
had crashed into them - twice. That 
was enough to keep many of us from 
getting involved. Today with VCRs, 
cameras, and computers in almost 
every home (and TV sets in half the 
rooms), you don't need to add much 
to receive and transmit state-of-the-art 
signals. 

Modulators that generate a vestigial 
sideband signal (VSB) at low VHF fre- 
quencies are readily available and inex- 
pensive.' The output has the color and 
sound sidebands "locked in" at a low 
RF level. When transverted upward to 
UHF, the lower sidebands are inserted 
again by way of the mixing process. 
This signal is still below 1 watt and can 
now be filtered, using helical resona- 
t o r ~ , ~  for the final cleanup. Compare 

443YHz REPEATER  INPUT^ - 
F A F T  LOCK-ON W / V S B - - - I  

I I 

Simplified television spectra. 

fig. 1A with fig. ID .  When a filter is 
used to remove the lower sideband of 
a high-power UHF signal, both inser- 
tion loss and losses from SWR can be 
quite high. That, coupled with the 
additional connector losses, can cause 
undue strain on the final amplifiers. 
The most obvious benefit of the VSB 

method is that the AFT in the average 
TV set locks on. Sound and color also 
lock in on strong or weak signals. 

With a double-sideband signal (un- 
less it's quite strong), you must tune 
out the picture to hear the sound. 
Figures 1E and I F  show brackets 
whose width rewesents the 6-MHz 
ideal bandwidth of a TV set, and how 
the AFT will (essentially) center on the 
energy of the signal. Real sets are 
much narrower. Figure 1F also shows 
the 435-MHz satellite segment that 
may suffer interference from a 439.25- 
MHz double-sideband signal. This 
information is extremely important if 
you choose 421.25 MHz for the carrier; 
there is danger of transmitting out of 
the band. 

A VCR has a modulator that trans- 
mits a fairly good VSB signal. The out- 
put can be the channel 3 or 4 signal 
required by the tran~verter.~ The VCR 
makes a perfect control point for your 
ATV station. Although the operating 
format varies from model to model, all 
operations are accessible on the VCR. 
A separate video selector switch that 
feeds the VCR's VIDEO-in jack can 
connect any desired source. Many 
transverters and amplifiers idle with lit- 
tle current drain when excitation is 
removed; this simplifies transmitter 
switching. However, you must switch 
your antenna separately. 

Figure 2 shows a comprehensive 
ATV station using a transverted VSB 
signal. I've also shown an alternative 
transmitting system that uses only a 
modulator. But, try using a VCR if you 
have one; it's a valuable video source. 
The VHF amplifier brings the 0.3-pW 
(5 mV) VCR output signal up to the 1 
mW level required by the transverter. 
You can use a channel amplifier (for 
feeding apartment houses), or one or 
more of the multiset driver units called 
 rabbit^.^ 

Some of the control buttons are 
shown at the bottom of the VCR 
block. The names appearing on the 
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OUTPUT FROM LINEAT1 4MP C H A N N E L  3 / 4  
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OUT 
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mpTJiTJ 
VIDEO SWITCH 

7 1  VIDEO VIDEO 
(XIT 7----------- 

I 

j m m  
TRANSMfT T A T  RF ON/. 

I 
I 
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P. S. GENERATOR TAPE EXT VIDEO I I 

MICROPHONE OPEN 
EXCEPT 

AUDIO I N  V S B  L I N E  

A L T E R N A T I V E  TRANSMITTER T R A I N  LL 
/YSB F I L T E R  1 

ing over five minutes of air time. 
Though NASA and USWS material is 

I (in a way) owned by the public, you 
I usually need to contact them for a let- 

ter of authorization. Music is still ille- 
1 gal in Amateur Radio transmissions 

and should be edited out of any tapes 
you show. 
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A comprehensive ATV station using a transverted VSB signal. 
SHORT CIRCUIT HOTLINE 
Building a current ham radio project? Call the 

front of the VCR are inside the block. It worked well in both situations, but Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM - Eastern time - before you 

The actual functions, as they relate to I had some difficulty with the tune-up. begin construction. We.ll let you know of any 

ATV system operation, are listed Then I found a note that recom- changes or corrections that should be made to the 
article describing your project. 

below the block. The format for my mended tuning the UHF amplifier SeC- (See "Publisher's  LO^," April, 1984. page 6, for 

unit, a Toshiba, allows VHF excitation tion with an accurate signal generator 
control from the VHF-out jack using fed in through the coupling capacitor C 603- 878- 1441 1 
the T V I  
VCR or PLAY switch. In VCR mode 
(indicator lit), the internal modulator is 
energized and fed video from a tape - 
or whatever is fed to the VIDEO-in 
jack. A running tape overrides exter- 
nal video until you push the stop but- 
ton. 

To stop transmitting, push the 
TVIVCR switch again. The indicator 
light will go out. In this mode, a suffi- 
ciently strong signal from a down- 
converter entering the VHF-in jack, 
could pass throuh the VCR, and excite 
the transverter. When used in this 
way, with proper filtering, the VCR can 
become a repeater - but it requires 
two antennas. To be more specific, 
VHF-out follows VHF-in when in TV 
mode, and follows tape (or VIDEO-in) 
in VCR mode. However, VIDEO-out 
follows a tape if one is running; if a 
tape isn't playing, it follows VIDEO-in. 

I've used a Hamtronics transverter 
for both 432-MHz sideband and ATV. 

at the mixer output. Do this before 
tuning the local oscillator train to pre- 
vent mistaking the wrong output from 
the mixer - or the local oscillator fre- 
quency itself - for the desired one. If 
you don't have access to a reliable sig- 
nal generator, order a completely 
wired and aligned board. If a high- 
power channel 3 or 4 station is close 
by, opt for a crystal on the channel 
that you don't have in your area. This 
will minimize interference. Also, don't 
mistake oscillations in the VHF line 
amplifier for trouble in the transverter. 

With the great wealth of video 
devices available today, there's no lack 
of interesting material to transmit. 
Keep family home movies to a mini- 
mum and remember that copyrighted 
tapes are taboo. There are many 
interesting events, in Amateur Radio 
and other hobbies, to tape and pres- 
ent. Of course, there are so few of us 
skilled in the art of presentation that 
it would be rare to find a tape warrant- 
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accessed. Add $3.50 for shipping 
and handling. 
n MC-IBM ~ ~ 9 . 9 5  

Please add $3.50 for m MC-MAC rn 
shipping and handling. 
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By Mark Bacon, KZW, 2205 File Drive, Decatur, Illinois 62521 

Tips for designing 
matching networks 

F or many, access to Computer Aided Design 
(CAD) software packages has rekindled interest 
in designing matching networks and filters for 

specific applications. Some yearsago, I was involved in 
comparing the frequency response - bandwidth and 
stopband attenuation - of collector matching networks 
commonly used in bipolar transistor PAS. For thesingle 
HF bands, a lot of Amateur designerschoose a narrow- 
band common-emitter amplifier which couples RF 
through matching networks at the input and output of 
the active device; it's still the favorite for VHF. 

Power and attentuation 
One way to find the response of a matching network 

is to compute the input impedance Zin of the network (or 
network-harmonic filter combination) at regular (or 
logarithmically spaced) frequency steps. Many CAD 
programs (including mine) simplify the matching net- 
work step by step to the simplest series-equivalent cir- 
cuit (Rin and Xi, in series) and evaluate Zin = Rin + jXin. 
This sort of analysis (known as network reduction) is 
tediouswhen done by hand, but is well suited toa com- 
puter. Using Zin, calculate the current flowing into the 
network which leads to the response and the relative 
power dissipated in the load. This approach doesn't 
require a lot of computer memory and issuitable for small 
programmable calculators. Several years ago I wrote 
programs for a TI 58; it still handles my matching net- 
work calculations.' 

In the following algorithm, the relative power PL 
drawn by the load of a PA is 

PL(dB) = PT + IL (1AI 

REPRESENTATIVE 
M4TCHlNG NCTWORI 

Partial circuit of an amplifier showing output circuit im- 
pedances at  the operating frequency. 

4RseRin 
(1B) 

PddB) = 10 log 
fRse + R i 8  + (Xse + XiJ2 

Where PT is the relative power output of the PA (drawn 
at the network input) and IL is the dissipative insertion 
loss of the network (or network-harmonic filter combi- 
nation). Since IL is negative, PL is less than PT by the 
amount of dissipative loss. The series-equivalent collec- 
tor output impedance isZ,, = R, + jX,,and Zin = Rin 
+ jXin is the series-equivalent input impedance of the 
collector matching network. The impedance relation- 
shipsare shown in fig. 1. Maximum output power (0dB 
relative power) is drawn when Zin = Z&, the complex 
conjugate of the collector output impedance. The band- 
width of the amplifier is defined as the frequency inter- 
val for which the relative power holds within - 1 dB of 
maximum. Many designersconsider - 1 dB a practical 
limit for the power curve. This limit corresponds to a 
return loss at the collector of - 8.0 dB or a VSWR of 
2.32. 

A number of CAD programs include the ILof the net- 

34 January 1989 



work or filter, some at a considerable level of sophisti- 
~ a t i o n . ~  Below30 MHz, you can approximate IL by plac- I I 
ing the loss resistances RIo, in series with the inductors. 
(Capacitor losses can generally be neglected at HF.) 
Then RIo, = XLIQu, where XL is the inductive reactance 
and Qu is the unloaded Q of the coil. 

The collector output resistance Rse is a large-signal 
parameter. Use the DC collector voltageand thedesired 
output power for calculations below 30 MHz.3 Many PA 
transistor manufacturers supply data for both R,, and 
X,, (often in parallel-equivalent form). R,, is small in 
high-power transistors (usually less than 5 ohms), and 
X,, is usually capacitive below 100 MHz. 

The computer program used for power output also 
lends itself to the analysis of the stopband attenuation 
of the collector matching network (or network-harmonic 
filter combination). Theattenuation at the load is AL(dB) 
= A, + IL, where A, (the mismatch attenuation) is 
computed with an equation of the same form as eqn. 
1 B, with the source impedancez, replacing &. Z, = R, 
+ jX, is made up of the internal impedance of the tran- 
sistor in parallel with the bypassed collector choke, as 
shown in fig. 2. The internal resistance Rint is largely a 
function of operating parameters, although transistor 
characteristics play a role. As the operating conditions 
become increasingly nonlinear, the transistor operates 
more in a saturated condition (maximum possible col- 
lector current). As a result, collector current is drawn at 
lower average collector voltages and Rint, by Ohm's law, 
drops lower. Rint is several kilohms or higher in the 
unsaturated, linear classes (A and AB), a few hundred 
ohmsin classC, and a fewohmsor less in thesaturated, 
switching classes (D and El. 

For maximum output power, the collector matching 
network is designed to transform the load impedance ZL 
to the conjugate of the collector output impedance Zle 
rather than the true source impedance Z,X. Conse- 
quently, the collector matching network has a mis- 
matched input because it really seesZ,. In networklfil- 
ter vernacular, the network (and harmonic filter if used) 
are single terminated. A mismatched input usually 
causes the frequency response of the network (or 
network-filter combination) to differ substantially from 
the ideal response with both ends terminated. 

Matching network O 
For a 3 (or morel-element network, you can specify 

the desired network Q or relative half-power bandwidth. 
The Q is usually determined by a parameter called the 
design or loaded Q (QL). For narrowband transistor PAS 
the QL of the output network is generally 4 to 6. Many 
Amateur designers confuse QL with the circuit Q or 
operating Q (a,,) of the network - the Q which the net- 
work exhibits in an actual circuit. Gp reflects the load- 
ing on both ends of the matching network, whereas QL 
is fixed by the loading on only one end.4 Determine the 

L~ 
MATCHING H H A M ! C  1 NE TWORX NLTER 

I 1 

Representation of a common-emitter PA to illustrate the 
source impedance. 

operating Q by dividing the frequency for which the net- 
work is tuned by the calculated (or measured) - 3 dB 
bandwidth of the network. 

Besides the Q, the4-element collector matching net- 
work adds the shape of the passband. For example, if 
yourgoal isa PA with a large bandwidth (perhapsfor2- 
band coverage), you can tailora4 (or morel-element net- 
workfora Butterworth (maximallyflat) ora Chebyshev 
response with a 1 -dB passband ripple. I'll show how it's 
done later. 

The amplifier 
To determine bandwidth and stopband attenuation, 

you need to "design" an amplifier which will yield realis- 
tic numbers for the collector output impedance Z,, and 
the source impedance &. The amplifier I chose operates 
class AB and uses a Motorola MRF422 transistor rated 
at 150-watts PEP output to30 MHz; it loafsat75-watts 
PEP at 7 MHz in this PA. 

Estimate the collector output impedance using the 
graphs on the MRF422 data sheet.6You'll need the out- 
put resistance Rout versus frequency and the output 
capacitance Cout versus frequency. The data are in 
parallel-equivalent form for 150-watts PEP. At half the 
rated power, Rout about doubles and Cout drops from 
4200 pF to an estimated 2600 pFat7 MHz.% Rout isscaled 
by a factor of x 2 and Gout by 260014200 or x 0.619. For- 
tunately, these factors are nearly independent of fre- 
quency. For power calculations, Cout is converted to 
Xout by Xout = - 1 12n-fCout, and the parallel-equivalent 
output impedance Zout = Rout + jXout is transformed 
to the series-equivalent output impedance Z, = RSe + 
jX,,. This is done by first inverting Rout and XOut to give 
the conductance Gout and the susceptance Bout (Bout 
= - 1 /Xout. Note the sign change). Then Yout = Gout 
+ jBout isinverted togivez,, = 1 lYout. W D H D  hasa 
BASIC routine which performs the complex inversion 
by dividing YOut into 1 + j0.' Zse = 4.66 - j4.18 ohms 
for75-watt MRF422 PA at 7 MHz, including the contri- 
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bution of the 3-pH collector choke (which causes a 6.6 
percent increase in Rse). I know a 3-pH collector choke 
for a 7-MHz PA may raise a few eyebrows, but I chose 
a low inductance to avoid low-freqency resonances with 
output network capacitance which can lead to instabil- 
ity.a The choke reactance, over 130 ohms at 7 MHz, 
doesn't cut into the output power significantly. With Z, 
(and Zin) calculated at regular frequency steps above 
and below the frequency for which the PA is tuned, you 
can use eqn. 1 to compute a power curve and - 1 dB 
bandwidth. 

To determine the stopband response, you'll need a 
simple, tractable model to calculate the source imped- 
ance &. As I mentioned, the internal collector resistance 
Rin, in an AB class PA is in the kilohm range. In fact, Rin, 
is so much higher than the collector choke resistance 
that Rint can be considered invisible. This leaves the 
bypassed collector chokeasthe source impedance (see 
fig. 3). That is, Z, = ZcoI = RCoI + jXcoI, where the 
series-equivalent loss resistance of the choke is RcoI = 
XcoI/Q,. With the 3pH, Q, = 100 collector choke, the 
choke impedance at 7 MHz is ZcoI = 1.319 + j131.9 
ohms, because XcoI = 2?rfLcoI and RcoI = XcoI/Q,. 
Since RcoI and XcoI are directly proportional to the fre- 
quency, the impedance can be easily scaled to any fre- 
quency. For example, RcoI and XcoI at the second har- 
monic are just twice their values at 7 MHz. Now 
determine the stopband response with Z, in place of Z, 
in eqn. 1, just as you determined the power curve. 

Designing the matching networks 
The low-pass collector matching networks designed 

for the MRF422 PA are shown in figs. 4A through 4E. 
(The capacitive voltage divider, fig. 4D, actually has a 
pseudo-bandpass response. These networks transform 
the 50-ohm load impedance to Zin = 4.66 + j4.18 ohms 
at7 MHz. The3-element networks come from formulas 
in Hayward and DeMaw's Solid State Designs and the 
ARRL Handbook.lOThese formulas assume a pure (non- 
reactive) input resistance, and lossless coils and capa- 
citors. First, component values are calculated giving Rin 
= 4.66ohmsat7 MHzwith a 50-ohm resistive load and 
a loaded Q of 4. Next, the network input reactance is 
adjusted to + j4.18ohms to compensate for the output 
reactance of the active device, X, = - $18 ohms. The 
adjustment involves adding 4.18 ohms to the calculated 
reactance of the series inductances in fig. 4A through 
4C. The capacitive voltage divider (CVD, fig. 40)  has 
a shunt input capacitor. Here it's easier to use the 
parallel-equivalent output capacitance (2426 pF for the 
MRF422 with the effect of LC,, included) and subtract 
2426 pF from the calculated value of the shunt input 
capacitor at 7 MHz. 

If you're not interested in insertion loss, you're fin- 
ished with the3-element designs. To observe the effect 
of imperfect coils (as I did), you need to input the 

Equivalent circuit of the source impedance 2, seen by the 
collector matching network of a class AB common-emitter 
amplifier. 

X,,, = PdL,,,, LC,, is the collector choke. R,,, = XCoI/Q,. 

- 

x, XJ 
0.3458 0.892. 

449.6 454.7 TF+ mR' 5011 

2265 904.3 

@ CAPACITANCES IN pF 

INDUCTANCES IN pH 

- - 

Collector matching networks. (A) symmetrical T (LCL), (B) 
controlled-Q L (CQL), (C) unsymmetrical T (LCC), ID) capaci- 
tive voltage divider (CVDI, (€1 tandem L ITL). Element values 
are to match a 50 ohm load to the MRF422 collector load im- 
pedance, 4.66-j4.18 ohms at 7 MHz. Design Q is 4 for the 
3-element networks, 3.56 for the TL. IF) A half wave low-pass 
filter (HWF). Q, = 175 for all coils. 

unloaded Q of the coil(s) and the other network 
parameters into the analysis program. I used coils with 
a Q, of 175for the networks in fig. 4. Imperfect coils will 
throw off the design Zin. I use a repetitive procedure of 
systematically adjusting element reactances and recom- 
puting input impedance until I obtain the desired Zi, 
again. Don't change the input series coil or shunt capac- 
itor - the elements you already modified for collector 
output reactance. These elements are also determined 
by the chosen OL of the network. Changing the remain- 
ing two elements will always regenerate the desired Zin. 

You need to take a different tack when designing the 
4-element tandem-L network (TL, fig. 4E). There aren't 
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any simple, exactformulaswhich allow you to indepen- 
dently choose the bandpass shape and the design Q. 
Fortunately you can calculate the end elements XI and 
Xq for any desired bandpass and Q, and this leads to 
preliminary values for the inner elements X2 and X3. 

The TL network in fig. 4E was designed for an 
optimally flat (Butterworth) response with a constant 
voltage (zero output resistance) source - a reasonable 
approximation for a transistor with an output resistance 
of a few ohms, like the MRF422. If the input-end Qof the 
TL is defined as Q,, = XI /Rin and the load-end Q is hd 
= RL/X4, the parameter indexing a maximally flat 
response is QinIQload = 2.11 The design Q for this net- 
work is Qin + Qload = 3.55. These two conditions are 
solved for Qin and Qload, from which XI and Xq are cal- 
culated. A ratio Qin/Qload between 1 and 2 gives a 
broader hammock-shaped response, if some passband 
ripple is allowable. For TL networks with a Qin/Qload of 
2or less, X2=: -XI and X3 = - X4. (Watch thesignsl) 
Now add 4.18 ohms to XI to compensate for the 
MRF422 output capacitance, and compute the input 
impedance with the preceding network elements. Sys- 
tematically adjust X2 and X3 to steer Zin to the design 
value, 4.66 + j4.18 ohms for the MRF422. 

Figure 4F shows a half-wave harmonic filter which 
yields&, = Zload = 50 + jOohmsat7MHzand reduces 
harmonics20dB or more. The name half wave isderived 
from the impedance characteristics of the filter.'* Like 
a half wavelength of transmission line, the half-wavefil- 
ter reproduces at its input (with a 180-degree phase 
delay) whatever load impedance is coupled into it at the 
design frequency. 

Frequency response curves 
Both the relative power output of the PA and the stop- 

band attenuation of the output circuits are referenced 
to 0 dB at the frequency for which the PA is tuned, and 
plotted versusfrequency on the same graph. This com- 
bined power and attenuation curve (which I call a com- 
posite response curve) yields information at a glance on 
the width and shape of the power curve (assuming con- 
stant drive level and device gain), and harmonic rejec- 
tion. 

Figure 5 illustrates two composite response curves 
for the MRF422 PA. One is for a 3-element matching net- 
work (LCC, fig. 4C) and the other for the4-element TL 
network of fig. 4E. Both matching networks are tied to 
the half-wave harmonic filter. These curves show clearly 
the large increase in harmonic attenuation when going 
from the lowto the high-frequency edge of the0, - 1 dB 
power curve. For example, in the LCC-HWF response, 
the second harmonic attenuation A2 corresponding to 
the low-frequency edge at 6.15 MHz, is only - 40dB (at 
12.3 MHz). A2 corresponding to the high-frequency 
edge at 7.9 MHz is 18 dB greater at - 58 dB. Allowing 
for a second harmonic level of - 12 dB in the amplifier 

Composite response curves for TL-HWF and LCC-HWF PA 
output network-harmonic filter combinations. Amplifier is e 
75-watt class AB MRF422 tuned for 7 MHz. Expanded P, 
scale for relative power output is at right. 

itself,= these A2s reflect harmonic outputs of - 52 dB 
and - 70 dB. Although - 52 dB is within FCC regula- 
tions, from my experience with interference I consider 
- 60 dB the maximum harmonic output from a 75-watt 
or larger PA that assures peace with neighbors and 
nearby Amateurs. So, the net harmonic rejection of the 
output circuitsshould be -60dB - ( - 12dB) = -48 
dB. This rejection specification moves the lower fre- 
quency limit for the PA with an LCC-HWF output circuit 
from 6.15 to 6.9 MHz, defining an operating range of 6.9 
to 7.9 MHz. 

According to the -48 dB criterion, the operating 
rangeof theMRF422PA withaTL-HWFcircuit is6.2to 
8.1 MHz. The relative width of this range is 27 percent 
- sufficient to cover the whole75180-meter band, or to 
bridge two adjacent bands between 14 and 30 MHz. 
(We're assuming that the response doesn't change 
drastically when the amplifier is tuned fora differentfre- 
quency - an assumption I have found to be generally 
true.) With theTL-HWF combination, the power curve 
is at least 37 percent wider, while the harmonic rejection 
is several dB better than with the 3-component net- 
works. 

The main features of all of the composite responses 
are summarized in table 1. The - 1 dB bandwidth 
decreases as the operating Q increases, while the inser- 
tion loss and harmonic attenuation increase. If Qop 

instead of QL is fixed for the various 3-component net- 
works, the apparent differences in bandwidth and filter- 
ing ability practically vanish. For example, in addition to 
the CQL, the LCL, LCC, and CVD matching networks 
with = 4.9 in the MRF422 PA all have a second har- 
monic attenuation A20f - 21 dB and an A30f - 32dB. 
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Properties of collector output circuits for a =watt class AB MRF422 PA tuhed for 7 MHz. Qdesign and Qo, are explained 
in the text. 

Matching network or 
matching network 

.low-pass filter 

LCL 
CQL 
LCC 
CVD 
TL 
LCL-HWF 
CQL-HWF 
LCC-HWF 
CVD-HWF 
TL-HWF 

Figure 

4(A) 
4(B) 
4(C) 
4(D) 
4(E) 
- 
- 
- 
- 
- 

Qdesign 

4 
4 
4 
4 

3.55 
- 
- 
- 
- 
- 

Passband 
response 
(0.-1 dB 
MHz) 
6.1-7.6 
6.2-7.8 
6.1-7.9 
6.2-8.1 
4.9-8.1 
6.3-7.5 
6.2-7.8 
6.1-7.9 
6.2-8.0 
5.58.0 

(Theattenuation of theTL network dependson the pass- 
band width as well as the 0.1 

Conclusion 
Which collector matching network is best for an 

MRF422 PA? Because the composite responses of the 
3-element networks are much the same for a given oper- 
ating 0, the choice hingeson practical concernslike the 
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ease of tuning and component values and ratings. Some 
networks - notably the CQLand CVD - are less suita- 
ble for medium- and high-power PAS. The series leg 
capacitors are 3000 pF or larger because of the large 
impedance transformation, and must carry a large cur- 
rent (3.5amperesin the CQL). These networksare bet- 
ter suited to PAS in the 10 to 1Swatt range, where both 
capacitance (for a given 0) and current are lower. The 
other networks, the LCL, LCC, andTL, areworkhorses 1 for PAS in the MRF422 class. Of these, the LCC is per- 
haps the most popular. It has only one coil and built-in 
DC blocking. The TL network is more difficult to tune (a 
spectrum analyzer and tracking signal generator are 
usually required to achieve the desired bandpass curve). 

Even a modest programmable calculator can be used 
to design and analyze matching networks in conjunction 
with reactive sources and loads. I hope this article piques 
your interest in this important area. 
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NEW BOOKS 
ARRLANTENNABOOK 
by Jerry Hall. KlTD. NEW 15th EdMn 
The all new 15th ed~tton of lhls antenna classic represents over 
two years of hard work by ed~tor K l  TO It s doubled ln sue too 
- lrom over 300 to over 700 pages blgt 950 llgures and charts 
cover just about every sublect ~mag~nable Some ot the h~ghl~ghts 
are Chapters on Loop antennas multi-band antennas low Ire 
quency antennas, portable antennas. VHF and UHF systems 
coupling the antenna to the transmitter and the antenna plus pl- 
e-13-1-y more Llke the 1988 HANDBOOK and new OPERATING 
MANUAL the new ANTENNA BOOK IS golng to be a smash h ~ t  
Order yours today 15th edlt~on 900 + pages C 1988 
AR-AM Sottbo~nd $17.95 

NOVICE ANTENNA NOTEBOOK 
by Doug k M t w  WlFB 
Nov~ces have long wondered what IS the best all around antenna 
lor them to install Up unttl now t h ~ s  was a d~t f~cul l  question to 
answer A~med at the newly licensed Ham DeMaw wrltes t w  the 
non enguneer ~n clear conclse language w ~ t h  emphasls on easy-tw 
bulld antennas Readers will learn how antennas operate and 
what governs perlormance Also great read~ng tor all levels of 
Amateur Interest 1 st Edlt~on 0 1 9 8 8  
AR-NAN SOmCimd $7.95 

THE 1989 ARRL HANDBOOK 
FOR THE RADIO AMATEUR (Avrll. bb Oct. 1980) 
Revtsed and updated wlth the latest In Amateur technology, now 
1s the tlme to order your very own copy 01 the world famous ARRL 
HANDBOOK In addlt~on to belng the deflnit~ve reference volume 
for your Ham shack there are plenty of prolects tor every Interest 
In Amateur Rad~o - lrom antennas lor every appllcatton to the 
latest state-of the-arl prolects - you It t ~ n d  11 all In the 1989 
HANDBOOK Order now and we w ~ l l  sh~p  as soon as the books 
arrlve lrom the prlnter They make perfect gtns lor the hol~day 
season for your hard.10-buy lor Ham tr~ends or tor yourself Over 
1 100 pages 0 1  988 
OAR-HE89 Hardbound $20 95 

N6RJ's ELECTRONIC SECOND OP 
for MS-DOS computers 
by J~rn Ralierly NLRJ 
The world lamous StCOND OP IS now ava~lable ~n a state-of the- 
art compuler~zed data base Thls program written lor MS-DOS 
computers IS a must for OX ers contesters and all Amateurs ~n 
terested ~n rel~able OX communlcatton Data can be displayed 
ellher In columnar lormat or In lull Screen d~splays Unknown 
calls~gns can be entered and compared to the ITU calls~gn a l l m  
t~on lor easy tdent~tlcat~on There s plenty more too such as 
postal rates beam headlngs and OSL bureaus to name lust a lew 
Greal program to have tn your shack Order y w r  s today 
c 1988 MS DOS computers 5% and 3'11 verslons avatlable 

Please spec~fy on your order 
CB-RJ (MS-DOS Cornputan) $59 95 

1989 AMATEUR CALLBOOKS 
(Avallabta late November 1988) 
NORTH AMERICAN EDITION 
Fully updated and ed~led to include all the latest FCC and lorelgn 
government callslgns and addresses lor Hams In North Amerlca 
Includes plenty of hzndy operatlng alds such as t~me charts OSL 
bureau addresses census ~nlormat~on and much more Calls 
lrom Northern Canada to troplcal Panama Now IS the tlme to buy 
a new Ca l lmk  when you II get the most use out ol your Invest. 
ment r 1988 

1 CB-US89 Sottband $25 95 

1 INTERNATIONAL EDITION 
OSL s are a very important part of our hobby All sorts ol 
awards including the cweted OXCC requtre conf~rmatlon ol con- 
tact before the award can be Issued Ot spec~al Interest. ad. 
dresses are being added dally tor HaFS in the USSR and other 
countries Wh~le In no means complete II s a stan and will be of 
tremendous help ~n gettlng OSLs Handy operatlng a~ds round 
out l h ~ s  super bwk  value 1988 

CB-F89 S o f l b ~ n d  $ 28 95 

BUY 'EM BOTH SPECIAL 
Reg. 554.90 Only $49.95 

SAVE $4.95 

Please enclose $3.50 shipping 81 
handling. 



NEW BOOKS 
PASSPORT TO WORLDBAND RADIO 1989 E d ~ l i o n  
Brand new and lully reLlseO SWL s e v ~ r y w h e r ~  will wan1 d copy 
lor lhe~r Ilbrary Expanded lo 416 pages Ihe book now lncludes 
3 b~gger and beller buyer s gulde an lntervlew wilh James 
Mlchener an exclllng real llle drama 01 one SWL s escape lrom 
Iran plus much more Also lncludes all the lalest broadcasl 
schedules lrom counlrles around Ihe world You re up lo dale I( 
you have a copy of lhls new book by your rad~o 416 pages 1989 
Ed~ l~on  1988 

IBS-RD189 Sonbound $ 14 95 

MASTERING PACKET RADIO: the hands on guide 
by Dave lngram K4TWJ 
Packel radio conllnues lo grow a1 a rale lhal boggles Ihe mlnd 
Th~s new book appeals lo all levels of packet rad~o enlhus~asls 
from novices lo experts allke Full of lllustral~ons and wrlllen In a 
slmple easy lo understand style Toplcs covered Include a bastc 
prlmer home compulers and data cornmunlcatlons lermlnals a 
Survey 01 equlpmenl available how lo set up a slallon plus much 
more Greal compl~rnenl lo Ihe other packer books ava~lable 208 
pages c 1988 I sl  ed~lion 

22567 Sonbound $12 95 , 

THE ARRL SATELLITE ANTHOLOGY 
Taken lrom the pages of Ihe Amateur Salelllle News column In 
OST lncludes Ihe lalesl ~nlormatlon ava~lable on OCSARs 9 
lhrough 13 as well as Ihe Russ~an RS salellltes Full coverage 1s 
glven lo Phase I l l  OSCAR 10 and 13 salell~les Also ~ncludes an 
unpublished arl~cle detalllng UoSAT OSCAR 1 I operallon O~g~lal 
modes lracklng antennas RUOAK mlcrocompuler processing 01 
lelemelry plus much more 1s contained ~n l h ~ s  valuable new 
volume I 1  2 pages 1988 

AR-SA Sonbound $4 95 

22nd CENTRAL STATES VHF SOCIETY 
CONFERENCE PAPERS 
Papers In lhls omk were subm~lled lor Ihe 1988 Cenlral Slales 
VHF Soclely meellnq lncludes Microwave EME pred~cllng 144  
MHz Es ooenlngs malchlnq versus noise llgure lrade otls ~n 
pre a m p i  902 MHz lransverter power amplll~er and anlennas 
how 10 measure your own K llidex plus much more A musl 
publlcal~on lor the acllve VHF er 1988 

AR-22CS Sonbo~nd 11  1 95 

GENIUS AT RIVERHEAD a prof i le  of  

H . H . Beverage 
by Alberla Wallen 
Born al the very beglnnlng 01 !he rad~o age Harold Beverage IS 

one 01 rad~o s ploneers Most know hlm from h ~ s  developmenl of 
the Beverage or wave type reielvlng anlenna Learn aboul Ihe 
career of l h ~ s  brlll~anl englneer In lhls easy lo read b~ography 
Slarllng w ~ l h  GE In 191 7 and movlng lo RCA In 1920 Beverage 
was lnvolved In some ol Ihe mosl exclllng aspecls of rad~o 01 
parllcular lnteresl 1s a reprlnl ol Ihe larnous November 1972 OST 
article descrlblng the wave antenna lncludes 35 pho~os 130 
pages 1988 
NH-BEV Hardbound $15 95 

THE "GROUNDS" FOR LIGHTNING & 
EMP PROTECTION 
by Roger Block PolyPhaser Corporation 
Here s a subject lhal has never really been lully covered In 
Amateur Illeralure Thls 1 I 6  page lexl conlalns a comprehensive 
analys~s of proper ground~ng and protecllon aga~nsl l~gh ln~ng  and 
other EMP dlsaslers lncludes lnlormal~on lor all klnds ol elec 
lronlc qear rad~os lelephones compulers Elhernel CATV 
TvRO and securlty syslems ro name lust a few 01 specla1 In 
leresl lo Hams are chaplers on low inductance grounds and con 
necllons guy anchor ground~ng and how lo ground lnside Ihe 
shack Every Ham should have a copy 1st edlllon 116 paqes 

1987 
PP-GLEP Sonbound S19 95 

Please enclose $3.50 shipping & 
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Food for thought. 
Our  new Universal Tone Encoder lends its versatility 
to itl l  tastes. The  riienu includes all CTCSS, as well 
a s  Burst Tones. Touch Tones, ant1 Test Tones. N o  
counter or tckt equipment required lo set frequency - 
just cfial i t  in. While traveling. use i t  on your Amateur 
tri~nsceiver to ilccess tone operated systems. o r  in 
your service van to check o i ~ t  your customers' re- 
peaters; also, as n piece of test equip~ricnt to modulate 
vour Service Monitor o r  signal generator. It can even 
operiitc off iln internal nine volt hattc?. and is available 
for one  day delivery. hacked by our one  year warrunty. 

All tones in Group A and Group R ilrc included. 
Output level flat to within 1.5dh over entire crnge selcctcd. 
Scparutc lcvcl adjus~ pots and output connections for each 
tone Group. 
Irnmunc to RF 
Powcrcil by 6-30vdc. unrcgul;rtcd at X tiin. 

Low inipctlancc. low distortion. actjustable sincwavc 
output. 5v peak-to-peak 
Instant start-up. 
Off position for no tone output. 
Reverse polarity protection built-in. 

Group A 

162.2 SB 
127.3 ? A  167.9 6 2  

100.0 1% 173.8 6 A  
103.5 I A  136.5 4% 179.9 6 B  

82.5 Yi! 107.2 10 141.3 4 A  IR6.2 7 2  
85.4 Y A  110.9 2% 146.2 4R 192.8 7A 
88.5 Y B  114.8 2A 151.4 5% 203.5 M I  

Frequency accuracy, -+ . I Hz tiiaxi~nurn - 4VC to + 85°C 
Frequencies to 150 Hz available on cpecial order 
Continuous tone 

Croup B 

1m Inso 2150 2400 
1650 1900 2200 2450 

1500 RSZ 1477 1700 1950 2250 2 . W  
2175 941 1633 1750 Zoo() 2300 2550 
2R05 IR(W) 2 100 2350 

Frequency accuracy. + 1 Hz maximum - 40°C to + 85°C 
Tone length approxirnatcly 3 0  m\. May be lengthened. 
\hortened or eliminated by changing value of resistor 

Model TE-64 $79.95 * &; COMMUNICATIONS SPECIALISTS 
41h West Taft Avenuc. Orange. C'difornla 92667 
(800) 854-0547/ Cal~fomia: (7  14) 0 8 - 3 0 2  1 



i Qeneral Chainnan, Bill McNabb, WD8SAY 
- 

Asst. General Chairman, Ed Hillman, N8ALN 

Giant 3 day f l e a  market Exhibits 
License exams Free bus service 
CW proficiency test Door prizes 

1989 Deadlines 
Award Nominations: March 15 
Lodging: April 7 
License Exams: March 26 
Advance Reglstmtion and banquet: 

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

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 flea market spaces. 

Special Awards Information 
Nominations are requested for 'Radio Amateur of Qeneral information: (51 3) 433-7720 
the Year,' 'Special Achievement' and 'Technical or, Box 2205, Dayton, OH 4540 1 
Achievement' awards. Contact: Hamvention Awards Lodging InforrnatIon: (5 13) 223-26 12 
Chairman, Box 964, Dayton, OH 4540 1. (No Reservations By Phone) 

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

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

HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc. I- ---- - ------,--_,--------------413bl11m--,-e-- 
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WRITING THE 
TECHNICAL 
ARTICLE 
By Joseph J. Carr, KIQIPV, P.O. Box 1099, Falls Church, Virginia 22041-1099 

lhile advertisers are the lifeblood of a maga- 
zine, and editors (and other staff) are the 
internal organs, the sinew and muscle are 

the non-staff freelance writers who contribute material 
to the magazine. That writer could be you! In this arti- 
cle I'm going to share some of what I've learned in 
the two decades since an Amateur Radio publication 
accepted my first article.' 

First, let's get one matter straight right away. Tech- 
nical writing is only a skill, and it's a skill that can be 
learned by almost anyone who has the brains to get 
an Amateur license. It is not an arcane art practiced 
by some specially talented mystical elite, but rather 
it's an attainable skill. And, you don't have to be an 
English major to do a good job (I made a "D" the first 
semester of college English 101 and flunked the third 
semester flat). I've written more than 50 books and 
300 magazine articles, many of them for Ham Radio. 

Slant 
Not all articles are suited to all publications. The 

difference is what the trade calls "slant." This term 
refers to the point of view taken by the article in refer- 
ence to the type of readers who buy the magazine. 
The same topic can sometimes be sold to several 
different magazines if the slant is different, the timing 
is different, and the magazines aren't generally in com- 
petition with each other. 

The slant is merely your effort to aim the article at 
the readers of a particular magazine. Every editor can 
tell you something about his readers. You can also get 
a good idea of the readership by studying recent issues 
of the magazine. Using this information, you can 
"home in" on the types of article the magazine will 
buy. Although a few editors issue "want lists," most 
of them will tell you that they don't know what they 
want "but 1/11 recognize it when I see it." 

Article format 
There are several types of articles that appear in this 

magazine. Some are technical tutorial pieces, some 
are construction projects, and some are "how-to" 
pieces. Let's take a look at the basics of the how-to 
article. The common denominator for all how-to arti- 
cles is that they offer instruction and advice. This defi- 
nition covers a lot of territory, including most practi- 
cal technical articles. There is no fixed universal format 
for all how-to pieces; almost any format will work 
some of the time. But there is one format that almost 
always works, so if you're a new writer, you might 
want to follow it until you have a little experience. The 
format, which I learned both at a writer's conference 
and from the editor of another Amateur publication, 
is called the "Tell-'Em-Cubed" method. Just follow 
this outline: 
Tell 'em what you're gonna tell them. 
Tell them. 
Tell them what you told them. 

The first "tell them" should be no more than about 
three paragraphs, and may be only one short para- 
graph. This "tell 'em what you're gonna tell them" 
segment must grab - and hold - the reader's atten- 
tion, and convince him to continue reading. The main 
body of the article is the "tell them" portion and should 
occupy the bulk of the space. Finally, there's the "tell 
them what you told them" section for a quick (one 
to three paragraphs) summing up. Use it to highlight 
the main points, especially those that should be 
remembered. 

For electronics articles there is a modified "Tell-'Em" 
format (which I call the "Ham Writer's Eight-Fold 
Way"): 
Tell 'em what you're gonna tell them. 
Tell what it's gonna do for them. 
Tell them how it works. 
Tell them how to build it. 
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Tell them how to test it. 
Tell them how, when, and where to use it (as appropri- 
ate). 
Tell them how to modify or adapt it for other applica- 
tions. 
Tell them what you told them. 

Of course, not all of these elements need be 
included in every article, but it does represent a stylistic 
shopping list. 

Writing the piece 
Most successful authors prepare at least an infor- 

mal outline for the article. This road map needn't be 
as formal as one for an English class; it's simply a guide 
to ensure that all bases are covered - and are covered 
in logical order. The outline keeps you on the right 
track. 

Each major topic in your article deserves at least a 
paragraph. A major mistake novice writers make is to 
mix several topics in the same paragraph. If your out- 
line is written to the paragraph level, you probably 
won't fall into this trap and your article will flow more 
naturally. 

Another common mistake is to include too many 
topics in a single article. A magazine article is a cap- 
sule of information on a specific, usually quite narrow, 
topic. After my initial success in a ham magazine, I 
sent a manuscript to Jay Phipps, the editor of Elec- 
tronic Servicing. Jay apparently saw something good 
in that mess of a manuscript, because he took the time 
to write a four-page bit of fatherly advice (not some- 
thing one learns to expect from busy editors). He 
pointed out that there were at least four different arti- 
cles in that one nine-page manuscript. When I finished 
rewriting the piece, it actually had five buried topics. 
Jay bought all five, just in time for Bonnie and me to 
get married. 

How long should your article be? The quick-draw 
response is "long enough to tell the story," but (while 
true) that's not the practical answer. Take a look at 
the articles in HR. Most of them fall into a relatively 
narrow range of lengths that fits their format. In 
general, an article should be 5 to 10 double-spaced, 
typewritten pages with 2 to 6 illustrations. HR pub- 
lishes longer pieces, and certainly some shorter pieces, 
but in general those that are bought fall in the mid- 
range. If you feel strongly that an article needs a long 
treatment, write to the editor and make a proposal for 
either a long article or a multipart one. If the topic 
strikes the editor's fancy, you might get a no-obligation 
"speculative" go-ahead. 

Preparing the manuscript 
When you prepare the manuscript for your article, 

keep in mind that a real, live, warm-blooded editor 
must read and work with your piece. Prepare the rnan- 

uscript to make his job easier. I've seen a lot of poten- 
tial writers over the years who'd get fewer rejection 
slips if they did a better job of manuscript preparation. 
If an author is too sloppy to do the mechanical job cor- 
rectly, the editor might get the idea that he's a little 
sloppy with the facts as well. 

Editors require typewritten manuscripts, so don't 
even think about sending in a handwritten piece. Your 
typewriter or computer printer should be in good 
repair, and print well. If you don't have access to a 
typewriter or computer, there are secretarial services 
that can do the job. Dot-matrix submissions are 
accepted by most publishers, but only if they are eas- 
ily readable. An editor spends a lot of time every day 
reading, so a washed-out, low-resolution dot-matrix 
submission might just go unread. A "near letter qual- 
ity" dot-matrix printer with a fresh ribbon will produce 
an acceptable product. 

Type the final manuscript on 8-1 12 x 11 inch plain 
white 20# paper. Don't use colored paper, or paper 
with rules. If you're sending a computer printout, be 
sure to use a middle to high grade of paper. The cheap 
stuff (which costs only a little less than the good stuff 
leaves a coarse, ragged edge that annoys editors. 

Don't send a manuscript that includes a lot of hand 
corrections. In general, most professional writers will 
retype a page if more than three minor corrections 
appear on it - and even then only if they use a type- 
writer instead of a personal computer word proces- 
sor. Most editors don't mind if a typewritten submis- 
sion has a few legible hand corrections, but don't 
overdo it. 

When the manuscript is finished, bind the pages 
together with a single paper clip, not a staple. Also 
paper clip the illustrations to the text. In a technical 
article, the pictures are as much a part of the manu- 
script as the text, so don't forget them. Send the man- 
uscript flat in a large manila envelope; don't bend it 
over and force fit it into a standard no. 10 business 
envelope. 
[Note: A little word of advice for new writers. If you 
want to hear Terry Northup scream in anguish all the 
way from New Hampshire, just forget to place a list 
of captions on the illustrations package!] 

Illustrations 
"A picture is worth a thousand words" says an old 

cliche. That old saw might be true in some cases, but 
when you're being paid on a per page basis, a picture 
is worth about 200 words. The real value of the pic- 
ture, however, is that it enhances the article and makes 
it easier to follow. In fact, for technical articles, the 
picture might make it possible in the first place. A pic- 
ture, in that case, isn't worth a thousand words - it's 
priceless. 

Your illustrations don't have to be drawn profession- 
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ally. Pencil drawings are acceptable, but must be done 
in a way that can be interpreted by the magazine's art- 
ist. Use some sort of coarse grid graph ("quadrilled") 
paper, or an engineering sketch pad for your draw- 
ings. The latter are green or yellow tablets that are 
blank (with border) on one side and gridded on the 
oth'er. The grid lines show through to the blank side 
enough to guide you in making the sketch, but do not 
appear on the picture. 

The basic requirement for illustrations is that they 
be understood by the editor and the artist. The line 
drawing should be neatly done and contain all neces- 
sary information. For schematics, that requirement 
includes component values and semiconductor device 
type numbers. Keep in mind that there are different 
drawing practices in effect at different magazines. For 
example, HR uses "CR1" for the first diode in a cir- 
cuit, not "Dl ." Also, they use the chassis ground sym- 
bol unless an actual earth ground is intended. Study 
HR illustrations to see which symbols thev use. 

Photographs are also very useful for illustrating the 
technical article. There are some general guidelines for 
taking photos. Don't use low-cost 110 or disk format 
films. Use 35-mm or larger (e.g., 120 or 220 size) film, 
even if you have to borrow a camera. The old 126 car- 
tridge film (basically a form of 35-mm film in an 
lnstamaticm cartridge) is useful if you have a good 
quality camera. Use black and white film like: 
Verichrome Pan, Panatomic-X, Plus-X, Tri-X or their 
equivalents. Do not use color print film. Some maga- 
zines can sometimes use slides, but check with the 
editor before you hang your piece on a color trans- 
parency. A photo laboratory can make a black and 
white print from your slide by shooting a black and 
white internegative from your transparency. 

The print should be glossy, with borders (you may 
have to ask for them), and be either 4 x 5, 5 x 7, or 
8 x 10 inches. Keep in mind that 35mm negatives may 
not reproduce well as 8 x 10s. Place your photo in a 
celluloid "page protector." These are available at office 
supply stores for about 50 cents each. Tape the photo 
to the inside paper in a way that keeps the tape off 
the print. (See why you need to order bordered prints 
instead of the borderless type that's now standard?) 

The "standard" lens that comes with most 35-mm 
cameras has a fixed focal length on the order of 48 
to 55 mm. It's almost useless for anything but snap- 
shots without an add-on device like a macro (close- 
up) lens, close-up bellows, or close-up rings. I use 
several different lenses for my pictures: a 28-80 mm 
Zoom Macro, a 70-210 mm Zoom Macro, a 50-mm 
"snapshot" lens fitted to a close-up bellows for really 
close-up shots, and 105-mm Macro lens. What's a 
"Macro" lens? Basically, it's one that lets you do close- 
up photography, that's all. While photographers may 
have a more rigorous definition, the point of owning 
a Macro lens is to allow you to focus closer than the 
standard 2-3 feet common on non-Macro lenses. 

Conclusion 
There are any number of reasons why you might 

want to write a technical article: it pays money, it 
brings recognition, it helps the Amateur Radio hobby, 
and it's a heckuva lot of fun. And guess what? YOU 
CAN DO IT! 

Reference 
1. Joe Carr. K41PV, "Kill That Mobile Noise," OST, July 1968, page 36. 

Article F HAM RADIO 

Wideband Prwmp 10-1000 Mhz 

D u a l  GasFe t  l o w  n o i s e  
preamplifier for HF, UHF or VHF 
systems. Just perfect for the R-  
7000. Excel lent  f o r  Spec 
Analyzers, Scanners, etc. Gain 20 
Db +/- 1 DB, -3 Dbat  2 8 1100 
Mhz. 1 Db compression of a10 
Dbm. Intercept points A 5  Dbm. 
New shipped price of only 
$124.95. Pa. residents please add 

GTI Electronics 
RD 1 BOX 272 

f 3 

BLACK DACRON@ POLVESTER 
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 DACRON'" 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer Inquiries Invited 

2472EASTMANAM BUILDING21 
synthetic VENTURA ~ ~ ~ 1 ~ 0 ~ ~ 1 ~ 9 3 0 0 3  
textilesjnc. (805) 65a-iso3 

\ 
,... . .. . .." .... ...,......, ,... ,..... 1 
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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 

Dlscover thts durably bullt, feature packed MB-V-A Antenna Get correct easy to read measurements of PEP for SSB. 
tuner You'll flnd operatlng conventences that make antenna AM,and Pulsealong wlth full t~mecompletely automatic 
tunlng a snap and value engineered to do the job over wlde SWR dlsplay w ~ t h  t h~s  unlque Power Monltor System 
operatlng ranges Compare quality, features and the NYE Two models to choose from The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY ~nd~ca t~on  and The RFM-005 for 5KW 

CHECK THE FEATURES: 
PI Network Low Pass PI Network tunlng 1 8-30 MH7 Heavy duty s~lver plaled 
conrlnuously var~able lnductor w ~ t h  25 1 vernler dial 7000 vnlt variable 
capacitor and 10 OOOv sw~tch selected l ~xed  capacitors on output slde Tunes 
40 2000 ohms loads Good Harmonrc suppress~on~ . A,,,,,mltlc SWR Hands free of  SWR No reset or callbratlon needed 
Separate power meter-300 Or 3000 automatically switched Easy lo 
read 2 5 recessed and back l~qhted taut band meters 

Antenna Switch PUSH-BUTTON antenna sw~tchlng to 141 antennas (2 coax 
slnqle wlre and twln lead) Coax bypassed on flrsl coax output We des~qned 
thls swltch to take the power Rated at lOKV and 20 amps 

3 KW Balun Tr~fler wound l r~p le  core torro~d glves balanced o u t p ~ ~ t  to twln 
feeder from 200 to 1MX) ohms and unbalanced output down to 20 ohms 

Maximum Power Transler Match your transm~tter output ~mpedence to almost 
any antenna system for maxlmum power transfer Ampllflersonly run at the~r 
des~gned-0 when properly matched 

Model Optlms MB-IV-A1 Includes all MB-V A features less anteriria s w l t ~ l i  and 
balun ME IV A2 15 ~dent~cal to MB IV A1 wlth the add~t~on of a tr~ple core 
balun 

18 MHz will not tune on some antennas 

PI Modes - Peak Average and Peak and Hold w ~ t h  a un~que non-dr~ft Sample& 
Hold Analoq memory clrcu~t 

(21 Ranqes - Aulomat~cally sw l l ch~d  power scales to 5 KW 

Fully Automatic SWR - Frill lime mrter displays ratlos dlrectlv wlthoul drlft 

Built in ALO - Protect your a n ~ p l t f ~ ~ r  tube investment wlth thls fast actlnq 
lorkout 

Remote Couplers - SIX feet remotes the ~nterchangeable calibrated couplers 

True RMS Conversion - H F couplers use forward b ~ a s ~ d  full wave detect~on 

Ruqqed Construction - Heavy qauqe aluminum construct~on Top qual~ty qlass 
epoxy PCB This meter 1s bull1 to last 

Accuracy - Guaranteed to 5'. F S 

Warranty - TWO FULL YEARS 

Added Features - Sw~tchable revcrsr power all mode meterlng - Full status 
LED D~splay - Adjustable ALO 1s sw~tchable SWRIREFL power - Heavy 
duty Nrcad balter~es charged by the appl~ed RF for Ihe held and a charqer 
1s srrpplled for fast charg~nq and backl~oht~ng of the taut band meters for the 
ham shack 

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

Practice Sets - SWR Wattmeter for the blind - Low Pass Filters - All Band Antennas and more. . . 
ASK FOR A FREE FULL LINE CATALOG. 

TO ORDER, CALL YOUR FAVORITE DEALER 
Amateur Electronic Supply Barry Electronics 
Ham Radio Outlet C-Comm 
Henry Radio Ross Distributing 
Madison Electronics Quement Electronics 
EGE LaCue Commun~cations 
R&L Electronics Ham Stat~on 
r f enterprises 

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



CHECK PRICE NEW ENGLAND'S FACTORY- 
AUTHORIZED SALES & SERVICE 

FOR 

KENWOD mlEm 
Also dispktr~in~ the popitlor trt-c.c~.\soric'.s tic.c~tlc~d ro t-onil>lcrc~ tr HAM STATION . . . 

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 

1 
RELIEN BENCHER B & W DAIWA ALINCO 

HUSTLER KLM LARSEN MIRAGE ROHN 
TELEX/HY-GAIN TOKYO HY-POWER LARS 
TRAC KKYERS VIRROPLEX WKLZ ETC. fl 127 
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UHF WORLD 

DX records on 50 MHz 
and above 
Many HFers have worked all the cur- 
rent DXCC countries. Some DXers 
have even worked and confirmed all 
current countries on the ARRL DXCC 
list on 20 meters. Eventually someone 
will work all current countries on all HF 
bands; the radio propagation is avail- 
able. 

Several Amateurs presently operat- 
ing on 50, 144, and 432 MHz claim 
DXCC totals of 50 to 95 countries on 
these bands. One day, perhaps in the 
next few years, 6 and 2-meter DXCC 
will become a reality using a combina- 
tion of F2, TE, Es, and EME propaga- 
t i ~ n . ' - ~  But it probably won't be pos- 
sible to work all current DXCC 
countries on 50 MHz or above - at 
least not in a normal lifetime. Even 
€ME has its limitations! 

There are many reasons precluding 
this achievement. Each IARU region 
has different and often incompatible 
frequency assignments above 29.7 
MHz. The main impediment to work- 
ing "long-haul" DX above 50 MHz is 
that the propagation modes required 
for DX are seldom available, except via 
EME. Those Amateurs that operate 
above 50 MHz have had to establish 

Joe Reisett, WIJR 
new frequency, propagation mode, 
and claim. I've also added six-digit grid 
squares. The latest update appeared in 
"VHFIUHF World" of June 1988.3 

Why the emphasis on 
VHF DX? 
Many Amateurs move up to the VHF 
frequencies to improve local coverage; 
they do it to ragchew, or pass traffic 

a different "yardstick" to measure per- 
formance against their peers. 

For many years North American 
VHFIUHFers worked hard to attain a 
WAS or WAC award. "Locators" 
were sought in Europe. The ARRL 
VUCC (VHFIUHF Century Club) 
award has been a standard since 1983. 

Yet even these awards are not a 
good measurement of an Amateur's 
capabilities on the frequencies above 
50 MHz. Your actual location on the 
earth has a great bearing on your max- 
imum DX possibilities. Tables were 
compiled of the longest DX worked on 
each Amateur band above 144 MHz. 
This worked up to a point, but soon 
became ineffective once someone 
worked across a special exclusive 
propagation path (i.e., from California 
to Hawaii, across the Mediterranean 
Sea, or the Great Australian Bight). 

I started publishing a table with a 
different twist - one that recognized 
DX achievements in North America, 
based on the "suspected" propagation 
mode used.2 I also developed similar 
worldwide and EME tables. 

This new table first appeared in 
"VHFIUHF World" in 1985 and has 
changed many times. It's been 
improved and expanded with each 

with little or no QRM. These operators 
want to avoid DX and all its trappings! 
Still others enjoy the vast networks of 
VHFIUHF packet and FM repeaters, 
especially for wide area mobile cover- 
age and emergency traffic. 

Many 2-meter and above users are 
often unaware that they can work DX 
on these bands. They think that work- 
ing beyond line-of-sight (LOS), or 
perhaps over 50 miles, isn't possible 
except in rare instances - and then 
only with an enormous antenna and 
lots of experience. 

Those Amateurs who operate the 
VH FIUHF frequencies seriously know 
that coverage is possible out to several 
hundred miles at almost any time of 
the day or night using CW or SSB, 
moderate power (50-100 watts), a Yagi 
with an honest gain of greater than 10 
dB, and a receiver with a low noise 
figure (less than 3 dB). 

VHFIUHF DX must be quantified. 
On 6 meters there are several propa- 
gation modes not commonly available 
on 2 meters and above. The mode of 
propagation is often difficult to deter- 
mine because many contacts involve 
a "mixed" propagation mode (combi- 
nations of F2, Es, TE, MS, or back- 
scatter). 

Long-path contacts have been 
reported during the rare times when F2 
propagation is present on 6 meters. In 
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TEN-TEC 
1 

P TOWERS 
KLM 

World Class Antonnaa lor the SII(OUa Amrtourl 
KT34A ............... $395.00 KTYXA ............ SS85.00 

Monobandem: 80.10 Metent 
Hlgh Perlormance VHF 6 UHF antmnra. 

hyga jn 
Trlbandara 

TH7DXS TH5Mk2S 
Explorer-14 TH3JrS 

Monob.nd.n 
204 BAS 203 BAS 205 BAS 
155 BAS 153 BAS 105 BAS 
103 BAS 66 BAS . VHF. OSCAR 6 VERTICAL ANTENNAS! 

NEW1 Hlgh Perlorrnance 144 6 432 MHz Antennas. 
Call For Prlceat 

a J d u d  
WINTER SPECIAL! The "A3S." 

The Popular A 3  w ~ t h  Stalnless Steel 
Hardware at a Special RFE Price. 

A4S . . . . . . . . . . .  . . . . . .  
. . . . . . . . . . . . . .  A744 Add on K i t . .  

. . . .  A3SK 8 A4SK Stainless K i t s . .  
AV3 8 AV5 Verticals.. 

G$ 
. . . . . . . . . . . . .  

APE 8 APR 18.. . . . . . . . . . . . . . . . . . .  
40-2CD 2.el. 40 Mtr. Beam.. . . . . . . . .  

~m0bmnd.n For 10.14 k ?O In Stack1 
....................... 017.0B 8 Mtr BOOMER 

HYQAlN 
Crank-up, self.aupporllng, galvanized steel 
lowers. SS rated at 8 ft; HD at 18 It. 

::::$ CALL FOR PRICES 
MODEL 581 CORSAIR II 

OTHER TEN.TEC PRODUCTS: 
Model 585 Paragon 
Model 425 Titan Linear Ampllfler 
Model 229A 2KW Antenna Tuner 
Model 2510SatelllteSlaliOn 

ROHN 
Self-supporllng: Rallngs: HDBX at 18 11, 
HEX at 10 11. BX at 8 (1. 

........... ........... HEX 40 L HDBX 40 

........... ........... Hex48 L HDBX48 
HBX56 ........... G' BX64 ................. 

FUII I I ~  of ( I H ~ ,  parr auppllaa, mob110 I, 
antenna#. and rccaa.orlaa In rtock. Galvanized sleet wlth base and rotor plate. 

Today's besl buy. Frelghl addltlonal bul you save 
with our volume shlpper's dlscounl! 

GUYED TOWER SECTIONS: 

25G. 45G. 55G Sections and Al l  Accessorles in 
Stock Call for Current Prlces. 

FT-757 GXll 

All Mode 
Transceiver 

rh 
FOLD-OVER TOWERS: 

FT-727 
fl Dual Band f Handheld 

FT-212 RH 
2 Meter Mobile 

AMPLIFIERS & TUNERS 

Prlces 10% hlgher In western slatw. 

..... ROOFTOWERS&CUMBlNQ BELTS call1 

TOWER HARDWARE 
............ Guywlre: 3116EHSI '14 EHS,prr 11 S0.1YO.18 ...................... CCM CableClamps: 31161 '/a 0.38IO.48 

Turnbuckles: 318" E 6 EIE 6 J ..................... 6.9517.95 
.......................... ' / a "  E 8 U E  6 J 12,95113.95 

......................... Thimbles: '/4" (3118 6 'A" Cabla) 0.38 
.............................. Earth Anchor: 4 f t  Screw-In 13.95 

- -  . 
A147.11. A147.20T .............................. 

...... 2 1 5 W B 6 2 1 0 W B I l l l ) ~ I 2 M t ~  G '  
...................... AOP-I Satelllle System 

........ 4218XL 6 3219 for 144-la MHz 
2208 4248 BOOMERS ....................... 

Preformed "BIg Grips": 3H8 6 'A ............... 2.4V2.98 
........................... Guy Insulators: 500 DlW2 1.8812.W 

PHILLYSTRAN GUY SYSTEMS 
................. HPTG.21001.UXX)l5700 Cable 0.301.W1~70 

................... Cable Ends: eeOlLDIWO2LD 8.95110.95 
................................. Socketlast Polllng Cmpd 15.95 

-- - .  
Large Invanlory Of 0th.r Antonnaa k Aconwrh 

BUTTERNUT 
HFBV ................, HFZV ................. 

............... RIIK1IKII ............ +STRIIK~ * 
TBRlBSCOII ...... G~ SC3anA~?Imm.. .  6' 

HF5B.. . . . . . . . . .  .CALL 

Ama#UA WIRE &CABLE / 
QX-A ..... $40.95 DX.DD .64 95 OX-KT .... 27.50 

..... NEW! OX-CC Al l  band dlpole 179.85 
Full line Alpha Delta swltches 6 Transi-lrape! 

@miml 
BBTV . . . . . . . .  $130 Y5 5 t i T V  . . . . . . .  5124 95 

. . . . . .  G6.144B.. . . . . .  .H6 95 G7 144. .  11995 
G7.220 . . . . . .  114.95 

Can- HF Moblk Symtoma. CALL1 

MOSLEY 
TA-33 CLASSIC 33 
TA-34 PRO-67 

TONNA 
ANTENNA SPECIALISTS 

BELDEN COAX .... 991 3 low loss. S0.4Sft RG-EX(B258) .0.20 
.. . RG.213/U(8281). .0.48 RG-llAIU(8281) 0.41 
. .  . ... RG-BIU(823T). .0.38 RG-S8AIU(8258) 0.15 
.. . . .  RG.BIU(8214). .0.40 RG.58lU(8241). .0.18 

RG-2141U(82681 52.2Yft. 
. . . . . . . . . . . . . . . . . . .  450 Ohm Ladder Llne. .0.10 

NYE-VIKING 
M 6-V-A 

MAGNUS SOLID STATE HF LINEAR AMPS 

MFJ 
KEYERS 

ACCESSORIES ''NERS 
COPPERWELD ANTENNA WIRE 
Wld:12ga .............. 0.10 1 4 Q ~  ........................ R08 

..... Stranded 14 ga. 0.10 
Plum Wld. (khctlan Saluna, Imulatm, ~~ 
ROTOR CABLE 

........ . Std (522.2.18) 0.10 Hvy (618, 2-18). ,036 
Others In alack. 

AMPHENOL CONNECTORS 

SPECIAL! 
9898 Tuner $275.00 

ASTRON POWER SUPPLIES 
Rack mount and speaker models In stack! 

. . RS.4A.. $37.95 RS-7A .49.95 RS.12A.. .89.95 
. .  RS-20A.. .88.95 RS.35A.. 135.95 RS-5OA 193.95 

RS.20M . ,106.95 RS.35M . . 153.95 RS-5OM . ,218.95 
VS.20M.. 124.95 VS-35M.. 171.95 VS.5OM.. 232 95 

...................... PL.258: std1sllvsrMeflon O.BBH.2511.46 
................................. UG-210 (8281) Type N Male 2 . 8  

T's, angles, adautors, lacka, 6 BNC In stock! 
Y AESU 

G10014M)RC . . . . .  CALL 
. . . . . . . . . .  GbOORC. CALL I T n u  

HwI3m.....CAU 
m ............. UU 
HAMN ....... CALL *COAXIAL SWITCHES 
CD4611 ........ CALL 
ARX) .......... CALL 

ALLIANCE 
HBm ........ CAU -- 

SSB ELECTRONIC 6 MICROWAVE 
MODULES TRANSVERTERS, PREAMPS, 

& ACCESSORIES. CALL! 
ANDRW H n l M  CONNEmons 

v," LDFI-WA ...... CALL 711)" LDFSSOA ..... CALL DAIWA 
MR 7SQ PE.. ............. .CALL 

THANK YOU.. .AND HAPPY HOLIDAYS TO OUR CUSTOMERS AROUND THE WORLD 



The only repeaters and controllers . . I 
with REAL SPEECH! I 

I 
I No other repeaters or controllers match 

Mark 4 i n  capability and features. That's 
why Mark 4 is the performance leader at 

1 amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message Masterr~ real speech voice 

' readout of received signal strength. 
deviation, and frequency error 4- ' I channel receiver voting clock time I 1 announcements and function control 7- 

, helical filter receiver extensive phone 

Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in  a real speech user mailbox - only with a 
Mark 4. 

around the south- * Disney World * EPCOT Center 
landfs most popular * Sea World * Wetn' Wild * Water 

Hamfest, at the hub Of Mania * Boardwalk & Baseball 
the greatest entertainment * Church Street Station * Gatorland 

and activity center in the east. 

at ORANGE COUNTY CIVIC CENTER 
(at INTERSTATE 4, EXIT 29) 

,., 
I 

r l  
I 
I 

1 

patch functions. Unlike others, Mark 4 1 even includes power supply and a 

RRL * 
8 .  

24 hour RV sites at nearby campground. 
* Continuous Forums Saturday 

Northern Florida and Sunday 

ecfion Convention * FCCEXAMS Sundayat9:OOam s ..--. *FREE Novice Exam - ell others s4.00 I 

I 

THAN 

handsome cabinet. 

- .  ..... .-.- , --- 
I NOW BIGGER 6 BETTER ( EXPANDED INDOOR SWAP TABLES n Arluanrre (525.00 for all three days) 

(UI1111 I V l d l L l l  1J1111 
1 EVER! Commercial Exhiblt Areas 

I I I 

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

I 

1 MICRO CONTROL SPECIALTI 
?i 

Division of Kendecom Inc. TELEX 4932256 Kendecom 
I I 

I 

i i 
23 Elm Park, Groveland, MA 01834 (508) 372-3442 

FAX 508-373-7304 

f l  136 

1 $8.00 at the door I Watch this space for more details next month! I 
Children under 12 Free! 
-- - 

"C'mon down and enjoy 
our Southern Hospitality" 

For General Information & Tickets - Registrants and Exhibitors contact: 
Hamcation lnformation P.O. Box 54781 1, Orlando, FL 32854 
ORLANDO HAMCATION & COMPUTER SHOW 

Sponsored by: Orlando Amateur Radio Club, Inc. 



these contacts, the direction of propa- 
gation between stations is reversed 
and the signals cover distances 
exceeding half the earth's diameter or 
12,430 miles (20,000 km). Because of 
their rarity, claimed 6-meter records 
(excepting EME) aren't included in 
most record tables. 

So why the emphasis on DX on VHF 
and above? The reasons are many but 
the old saw still applies: "Because it's 
there." But that's not enough of an 
answer. 

There are many other reasons to 
"seek out" DX on the higher frequen- 
cies. Successful record-breaking 
VHFIUHF DXing requires a unique 
knowledge of radio propagation and a 
certain amount of luck. But even the 
routine fallouts of VHF and above 
DXing are tremendous. A few that 
come to mind are: 

Discovering new modes of radio 
propagation. 

Determining the maximum capa- 
bilities of each propagation mode. 
(This includes the optimum times, 
days, and years and the necessary 
weather conditions, if applicable. 

Choosing the optimum transmis- 
sion mode (CW/SSB/FM, etc.) for 
each mode of propagation. 

Finding operating techniques that 
maximize data throughput. 

+ Unearthing equipment improve- 
ments like more stable local oscillators, 
lower noise weak signal receivers, effi- 
cient higher gain antennas with low 
sidelgrating lobes, and more efficient 
transmitters. 

References 1 through 6 describe 
most of the known radio propagation 
modes available above 50 MHz. By 
familiarizing yourself with these refer- 
ences you can determine the capabili- 
ties and limitations of each mode, and 
try to expand upon them. 

Determining the optimum equip- 
ment, operating techniques, and trans- 
mission mode greatly improves DXing 
results. For instance, CW is still the 
best weak signal technique - espe- 
cially where only low data rates (like 
EME) are required. CW was used in 
the early days of meteor scatter propa- 

gation, but SSB is now widely used 
because it improves productivity by 
increasing the data rate. 

In the "good old days" Amateurs 
used FM to great advantage on micro- 
wave LOS communications. Schemes 
like polaplexers circumvented the need 
for high stability  oscillator^.^ State-of- 
the-art (SOA) improvements in local 
oscillator technology have increased 
the popularity of CW and SSB, and 
microwave records are falling like 
stones. 

Most improvements resulted from 
the hard work of VHF and above weak 
signal DXers who wanted to develop 
the SOA in equipment, increase 
propagation knowledge, and set new 
DX records. We now have Amateurs 
using CW and SSB all the way up 
through 47 GHze! 

How are DX records 
broken? 

This isn't a simple question. In most 
cases it's quite a challenge to break an 
existing DX record, and that takes a 
serious effort. You may need new 
equipment with greater capabilities 
than are presently available. Special 
locations and weather may also be 
required. 

In other cases, an existing VHF and 
above DX record has actually been bro- 
ken by accident, sometimes without the 
knowledge of either one or both of the 
new record holders! The fallout in this 
case may be great, as a new propaga- 
tion mode or method is discovered to 
extend an existing record. 

If you decide to challenge a DX rec- 
ord, examine carefully the existing 
records shown on the tables in this 
column. Study the characteristics of 
the particular propagation mode and 
record you expect to challenge. 
Finally, develop a plan of attack. 

Each VHF and above DX record is 
listed by frequency and propagation 
mode with the callsigns of the record 
holders, grid locator, date, mode, and 
the actual DX attained in miles and 
kilometers. The DX shown is calcu- 
lated using the best available informa- 
tion. 

The distance shown on the tables is 
based on a "spherical" earth model. 
This is by far the most common dis- 
tance determination method used by 
Amateurs because it employs simple 
mathematics and straightforward com- 
puter programs. 

Spherical earth calculations have 
some inaccuracies depending on 
whether one or both of the stations are 
near the earth's equator or poles. The 
greater the distance involved, the 
greater the inaccuracies - but they 
probably never exceed about 44 miles 
(70 km) worst case. 

In the future, I expect to convert the 
DX record tables to a different mathe- 
matical formula using an "ellipsoidal" 
earth model. This will improve record 
accuracy, but I doubt if anyone will 
lose or gain a claim! 

I haven't converted to this more 
accurate method because few 
Amateurs seem to have used, or have 
access to, these more sophisticated 
models. A changeover at this time 
could cause confusion, and make it 
difficult to compare records. 

In the meantime, if you'd like to try 
it, The Radio Amateur's World Atla9 
describes a computer program for 
determining ellipsoidal earth distances. 
I can't testify to i t s  accuracy at this 
time, but hope to do so shortly. 

My DX record information comes 
from the VHF/UHF/SHF Record Ver- 
ification Forms you submit. (The form 
was shown on table 4 of last June's 
"VHFIUHF World" column.3) I retain 
all claim forms for my record file. The 
grid locator shown on the records is 
derived from this information. This 
means the DX shown may not be the 
same as what you'd calculate using 
some of the new computer programs 
based on the center of center DX 
between two grid squares. 

It's very important that all record 
information you send be as complete 
as possible. Accuracy is the key. 

I try to include as much new infor- 
mation as possible on each new DX 
record submitted at the end of each 
"VHFIUHF World" column. This 
helps new record challengers gain 
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c l ~ p  Full range of accessories 
available 

N o  Frequencies cut out or 
Told Fmca Fre~ghl Repard excluded 
(Express Shppmg .2S Day Sat~sfactlon Guarantee 

. Uses 4 AAA batteries not 

CIE Clovelend lnmtitute 
of Electronics 

1776 Easr 17th S t  . Cleveland. O h a ,  441 14 

fl 134 

h r e b t e d  Mmber Nallonal Home Study Council 

CIE is the world's largest independent 
study electronics school. We offer ten 
courses covering basic electronics to 
advanced digital and microprocessc)r 
technology. A n  Associate in Applied 
Science in Electronics Engineering 
Technology is also offered. 

Study at  home - n o  classes. Pro- 
grams accredited and eligible for VA 
benefits. - - - - - - - - - - - - - - - - - - - - - - -  
=I Cleveland lnst~rure of Electron~cs 

1776 Earr 17th St.. Cleveland, Ohio 441 14 
YES! I want t o  get starred. Send me my CIE L h w l  
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insight into the required equipment 
and parameters. More on this shortly. 

New DX records 
Generally speaking, it's rare when 

more than two VHF and above DX 
records are broken in a single month. 
Usually it's easy to summarize the new 
ones at the end of the column. But, 
so many DX records have been broken 
lately that it's been tough to keep up 
with the influx of telephone calls and 
paperwork. In the last few months, 
some of the same records have been 
broken three or more times! I finally 
decided that the fair thing to do was 
devote this month's column and the 
next to those records that have arrived 
recently, and have been fully 
documented. 

This record DX activity is a great tes- 
timonial to the interest in and health 
of the VHF and above frequencies, as 
well as the challenges and advance- 
ment in the SOA. Who says we aren't 
utilizing our present frequencies ade- 
quately? 

New ionospheric records 
I've tried to find some way to 

arrange this new record material in an 
orderly fashion, but it's difficult. New 
records are coming in faster than I can 
get them out to you. I decided to break 
the new records into four separate cat- 
egories: ionospheric, tropospheric, 
EME, and light waves. 
144 MHz. For many years the North 
American 2-meter sporadic-E DX rec- 
ord was a "single-hop" contact. In the 
early 1980s there were probable 
"double-hop" contacts with some 
ducting. Then, in the June 1987 VHF 
contest, the first clear double-hop 2- 
meter contact was made in North 
America4. 

Now I've authenticated a new rec- 
ord that extends the 1987 one con- 
siderably. On June 6, 1988, at about 
0230 UTC, stations in Alabama were 
working Colorado stations on 144.2- 
MHz SSB. Then, at about 0235 UTC, 
John Howard, KB4WM, Childersburg, 
Alabama (EM63TG) worked Merle 
Cox, WYOZ, Kirkland, Washington 
(CM87VR) for a new DX record of 

approximately 2106 miles (3,389 km). 
At 0237 UTC KB4WM broke his own 
record by working Larry Logan, NF7X, 
Everette, Washington (CN87VX) for an 
approximate distance of 21 11 miles 
(3,397 km). This was followed at 0250 
UTC by Dale Peterson, WA4CQG, 
Auburn, Alabama (EM72FO) who 
jumped on frequency, worked 
WYOZ, and extended the record 
even further. So, unless I hear to the 
contrary, the latest 2-meter sporadic- 
E record stands at 2172 miles (3495 
km). 

Both WA4COG and W Y O Z  were 
running about 400 to 500 watts on 
SSB with four 16-element and one 14- 
element Yagis, respectively. Signals 
were 05, but only around the S4-5 
level. 

Remember that these contacts were 
still not coast to coast. A further exten- 
sion, perhaps by as much as 500 miles, 
is still possible. Any challenges to this 
great opening? 
220 MHz. Now let's look at the meteor 
scatter records. The first case involves 
135 cm. This band is usually devoid of 
meteor scatter activity, except during 
the Perseids meteor shower. This year 
was no exception. 

This year's Perseids shower was 
generally rated as poor - surely 
poorer than last year - by most 135- 
cm aficionados. This didn't dampen 
anyone's enthusiasm, but it did 
decrease longer distance contacts. 
They were few and far between. 

But, after five years of trying to work 
each other, W I  JR, Chelmsford, Mas- 
sachusetts (FN42HN) finally com- 
pleted a meteor scatter contact on 
220.1-MHz SSB with Ron Roche, 
KBALL, Fargo, North Dakota 
(EN16OU) between 0500 and 0700 
UTC on August 13, 1988 during one 
of several marathon sessions. We 
completed the contact by piecing 
together many short and relatively 
weak SSB bursts, none lasting more 
than a single call set at my end. 

Both stations were running 600 to 
1000 watts with single long boom 
Yagis. KBALL was also on one end of 
the previous 135-cm meteor scatter 
record. Ironically, we increased the dis- 
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tance over that record by only one 
mile! 

If you examine the table in reference 
3, you'll note a peculiar difference. The 
new record appears to be shorter than 
the previous one. But, before you sus- 
pect collusion, note that K0ALL's grid 
square has changed. 

When Ron rechecked his latitude 
and longitude after our contact he 
found out that they were listed incor- 
rectly in the past. Anyway, the dis- 
tance from KOALL to W1 JR is still one 
mile further than the distance from 
K0ALL to KIWHS, the previous rec- 
ord. This points out only too clearly the 
importance of verifying your longitude 
and latitude with the greatest of care. 
Enough said. 
432 MHz. After several years of try- 
ing, I've finally verified the exact loca- 
tion of W0LER who was on one end 
of the longest documented 70-cm 
meteor scatter contact. As a result, 
that record distance has increased 
about two miles and will be reflected 
in the updated table. 
Tropospheric records. Warmer 
weather typically brings good 
tropospheric propagation in North 
America. It also encourages lots of 
expeditions to the seacoast and the 
mountaintops. Expect to see lots of 
record attempts during these months. 

This year was no exception. In fact, 
I think I was aware of more record 
attempts this past summer than a year 
ago - despite the fact that it's getting 
more difficult to'find a record to break. 
Many of these expeditions were suc- 
cessful. 
220 MHz . The tropospheric record on 
this band stood for a long time but it 
has now been broken. On September 
9, 1988 there was some peculiar 
tropospheric ducting from Arkansas to 
some of the mountaintop stations in 
New England. Those of us who live at 
lower elevations in New England 
listened carefully, but the signals were 
going right over our heads! 

At the same time hurricane Florence 
was whirling around just south of New 
Orleans, Louisiana. This apparently 
contributed to the very high baromet- 
ric pressures in the Northern and East- 
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ern United States, and fed lots of 
warm moist air northward from the 
Gulf of Mexico. 

At 0340 UTC Dave Olean, KlWHS, 
West Lebanon, Maine (FN43MK) and 
Rick Roderick, K5UR, Cabot, 
Arkansas (EM35WA) worked on 2 
meters with good signals. Then they 
moved up to 220 MHz and quickly 
worked each other on CW at 0346 
UTC with 559 to 579 signals. 

The distance, 1267 miles (2039 km), 
is an extension of 85 miles over the 
previous record. Dave was running 
1500 watts to  four 17-element 
"Boomers" stacked vertically; Rick 
was running about 135 watts to a sin- 
gle Yagi of the same type. 
3456 MHz. When you move up into 
the microwave bands, especially above 
2450 MHz, it takes lots of luck to find 
a distant station at a record distance. 
Expeditions are usually organized to 
break the DX records. On August 7, 
1988 Loren Libby, KXBOIB, traveled 
up to the top of Pike's Peak, Colorado 
(DM78KU) at 14,110 feet above sea 
level (see photo A)! At 1700 UTC he 
completed a CW contact on the 9-cm 
band with Dan Osborne, WB5AFY, 
Vernon, Texas (EMWID) for a new DX 
record of 455.5 miles (733 km). Signals 
were 8 to 12 dB out of the noise in a 
2-kHz bandwidth. Loren was running 
13.5 watts into a 32-inch diameter dish 
and Dan was running a T\M at 250 
watts to a 6-foot dish. 
S60 MHz. Jim Crew, WAWCW, and 
Larry Nichols, W5UG0, were also out 
traveling. In July, they were in the 
South Central states working portable 
on the 5-cm band. They regularly use 
4-foot dishes for record attempts, but 
this time they decided to think big. 
Both brought along 10-foot dishes on 
trailers! 

On July 9, 1988, Jim set up near 
Boise City, Oklahoma (DM86SR) and 
contacted Larry operating near Sand 
Springs, Oklahoma (EM16WD) on 
5760 MHz using SSB - a new record 
distance of about 351 miles (564 kml. 
The power was 5 watts with 10-foot 
dishes at each end. Signals were 30 dB 
over S9, despite a thunderstorm near 

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

1 Versatility 
The PK-232 should be listed in the 

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

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

PC Pnkratt Packet I 'X/KX Display 

b- -. 
L . ,  ,,..r 5 

Facsimile Screen Display 

2 Software Support 
While you can use most modem or 

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

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

3 Proven Winner 
No matter what computer or ter- 

minal you plan to use, the PK-232 is 
the best choice for a multi-mode data 
controller. Over 20.000 amateurs 
around the world have on-air tested 
the PK-232 for you. They, along with 
most major U.S. amateur magazines, 
have reviewed the PK-232 and found 
it to be a good value and excellent ad- 
dition to the ham stafion. 

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

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

Advanced Electronic 
Applications, Inc. 

P.O. ROX C-2 160 
Lynnwood, WA 98036 

206-775-7373 

Brin s you the 
Brea through! AEA a 
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This photograph shows Loren Libby, KXOO, operating from 
the top of Pike's Peak near Colorado Springs, Colorado while 
setting the new 3456-MHz DX record. 

One of the participants in the new 5760-MHz DX records was 
WASICW using his 10-foot "pottable" dish setup near Moses, 
New Mexico. 

The 10- and Qfoot dishes setup by M U G O  near Sand Springs, 
Oklahoma. 

Not satisfied with their record and 
the strong signals, Jim drove further 
westward to a location near Moses, 
New Mexico (DM86LRl. Then about 
1200 UTC on July 10, 1988, he worked 
Larry again for another new DX rec- 
ord at a distance of about 377.4 miles 
1607 km). Signals were 30 dB over S9. 
Larry then tried a 4-foot dish and sig- 
nals dropped to 10 dB over S9. Still not 
satisfied, Larry changed his antenna to 
a small test horn and signals were still 
S9! 

Then at 1256 UTC Jim broke the 
new record once more. This time he 
contacted Scott Brillhart, N5JJZ, Bro- 
ken Arrow, Oklahoma (EM26CB) - a 
new record distance of 404 miles (650 
km). Signals were S9 on SSB. Scott 

N5JJZ and a &foot dish setup near Broken Arrow, Oklahoma. 

has a 4-foot dish and runs 5 watts. 
Photos B, C, (t D show some of the 
setups used to make these new DX 
records. 
10 GHz. Meanwhile, 3-cm expeditions 
were operating on both the Eastern 
and Western United States coasts. On 
July 10, 1988, a group of San Diego 
microwavers set out to break a new 
DX record using wideband FM 
(WBFM) on 10.250110.280 GHz. The 
southern end of the path was operated 
by NGCW/XE2GDK, K9VVlXE1 FUX, 
WA5LIGIXE2GB0, KGJYO, and 
N6XQ operating at various locations 
on Baja California Sur, Mexico 
(DM101DM11). 

Operating under the callsign 
XE2GDK and running at only 10 mW 
of WBFM into a 4-foot dish, they 

worked W6OYJ at 80 miles, WB6NOA 
at 176 miles, W6KGS at 216 miles, 
N6CA at 265 miles, and W6CPL at 280 
miles. 

Next XE2GDK operated from San 
Ouinton, Mexico (DM201, and worked 
N6CAl6 just north of Santa Barbara, 
California (DM041 at a distance of 356 
miles. A few minutes later XE2GDK 
worked their longest DX, Gary Field, 
NN6Wl6, located about 10 miles 
northwest of Santa Barbara (also 
DM041 at a distance of 358 miles. 
NN6Wl6 was running 15 mW into a 
19-inch dish. 

All the stations in these tests were 
operating Gunnplexersm full duplex 
using 30-MHz i-fs. While these con- 
tacts weren't DX records, they were 
WBFM records and came pretty close 
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to the narrowband record. Stay tuned; 
there's more to this story. 

Other California 3-cm narrowband 
enthusiasts were out trying to extend 
the 1987 mountaintop records. On 
August 6,1988 at 1156 UTC (4:56 AM 
PDT!), Bruce Erickson, WB0HLC16, 
operating from Frazier Mountain, 
California IDMOIIMS) - one end of 
the previous DX record - completed 
a CW contact with Lynn Rhymes, 
WB7ABPIP on Bonanza King Moun- 
tain, California (CN81QB). This set a 
new North American DX record of 479 
miles (770 km). At 1300 UTC the sig- 
nals were strong enough that they 
used SSB. 

Bruce was running about 700 mW 
to a 32-inch diameter dish and Lynn 
was running the same power into a 48- 
inch one. Bruce reports that he now 
has an FSK (1 100 Hz shift) beacon on 
10.36802 GHz in operation atop Mt. 
St. Helena, CM88QQ. The beacon 
runs 10-mW ERP to a vertical omni 
antenna and 120-watts ERP to a 12- 
inch dish with horizontal polarization 
aimed at a 142-degree heading inter- 
cepting the Diablo, Pinos, and Frazier 
Mountains to the south. 

During early August, several sta- 
tions in the Northeastern United States 
were trying long-haul coastal tropo on 
3-cm using narrowband systems. One 
station was set up on Cape Cod, Mas- 
sachusetts (near FN51AQ) looking to 
the southwest down the Atlantic 
coastline. Unfortunately the ducts 
didn't cooperate, so they were unable 
to work beyond about 200 miles. 
Others may try this path shortly. 

During the September VHF contest, 
several members of the San Diego 
microwave group I mentioned earlier 
decided to try another attempt for the 
3-cm DX record. This time one group 
traveled further south and operated 
from a site at 750-feet ASL near Guer- 
rero Negro, Baja California Sur, Mex- 
ico (DL27VL). You can spot this loca- 
tion easily on the ARRL grid maps - 
it juts way out from the peninsula. 

On September 10, 1988, at about 
1545 UTC, XE2GFH (N6XQ and 
WA5LIG, operators) worked Chip 
Angle, N6CAl6 at Palos Verdes, 

California (DM03TS) for a new North 
American 3-cm DX record of about 
498 miles. Both stations used 4-foot 
dishes and WBFM Gunnplexers at 80 
and 10 mW, respectively. Shortly 
thereafter, AAGQ, WA7CGR, and 
WA6MEM joined Chip at Palos 
Verdes, and also worked XE2GFH with 
10 to 50 mW and antennas as small as 
a 17-dB gain horn! 

Not to be outdone, Chip then 
moved north to Beverly Hills, Califor- 
nia (DM04SC) to an elevation of 2000 
feet ASL and tried to extend his rec- 
ord. At 2200 UTC the record was 
extended to 522 miles! Signals were up 
to 25 dB out of the noise on peaks. 

Meanwhile, Gary Field, NN6Wl6 
was operating near Santa Ynez Park, 
California (CM94XM) at a 3000-foot 
elevation and heard XEZGFH most of 
the day. However, XE2GFH couldn't 
copy him well enough on voice to 
complete a contact. 

Finally at 0004 UTC on September 
11, they made a complete contact 
using MCW for a new 3-cm DX rec- 
ord of 595.3 miles (958 km). Gary was 
running 15 mW with a 30-inch dish. 

These primarily over water extended 
contacts bring up an important point. 
For some time I've been wrestling with 
a few critics about the differences in 
my designation of ducting and tropo 
as shown on the North American 
records table between 144 and 1296 
MHz. 

l feel strongly that contacts that are 
at least 75 percent over water have an 
unfair advantage on 2 meters and 
above, because low-attenuation duct- 
ing is often present (not to mention the 
normal superior refraction index over 
large bodies of water).= The path from 
California to Hawaii is the principal 
example. For this reason, I have 
treated over-water contacts as a sep- 
arate category to avoid discouraging 
or competing directly with overland 
tropospheric records. 

To further clarify this point, I'll be 
modifying the tables slightly. The tropo 
records previously shown will remain, 
but they'll be reclassified as Tropo OL 
(over land). Those contacts shown as 
ducting (which are at least 75 percent 

over water), will now be designated as 
Tropo OW (over water). 

This, in effect, will open up a new 
category for records on all bands 
above 1300 MHz. But, in order to 
qualify for the tropo OW record, you'll 
have to exceed the distance of the 
tropo OL record on the respective 
band. Fair enough? I invite your com- 
ments. 
47 GHz. Meanwhile, during the ARRL 
UHF contest, the microwavers up in 
the Northwestern United States were 
also active and trying to beat their own 
47-GHz record. Tom Hill, 
WA3RMXl7, set up at Crater Lake, 
Oregon (CN82VW) and the Tektronix 
Radio Club operating as K7AU017 
(Wi'ADV, K7RUN, and WA7GFP, 
operators) was on Mt. Ashland, Ore- 
gon (CN82PB). Both stations were at 
approximately 7300 feet ASL. 

At first there was cloud cover at Mt. 
Ashland and no signals were copied. 
However, at 2145 UTC on August 6, 
1988 the clouds lifted, the path was 
visually clear, and CW reports were 
exchanged. Shortly thereafter, the sig- 
nals increased in strength and SSB 
communications were used. 

The equipment involved was all 
designed and built by Tom Hill using 
a combination of surplus, new, and 
homebrew components and con- 
verters. At Crater Lake the power was 
3.5 mW to a 28.5-inch dish. At Mt. 
Ashland the power was 4.3 mW into 
an 18-inch dish. Both stations oper- 
ated on 47.040035 GHz (USB). 

This new DX record is quite an 
achievement. The distance is 65.4 
miles (105.2 km) - a significant 
increase over the previous one. In 
addition, this record exceeded the old 
worldwide record by about 25 percent. 
The contact was made using narrow- 
band systems and on SSB. It's prob- 
ably the highest frequency where two- 
way communication has ever been 
conducted using SSB, especially at 
this distance. 

Summary 
This month I've discussed how 

VHFIUHF and above DX records are 
made, along with their relative impor- 
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tance to Amateur Radio and the SOA. 
I also reviewed some of the most 
recent record-breaking contacts using 
ionospheric and tropospheric propaga- 
tion. 

Next month's column will discuss 
recent EME and light wave DX 
records. At the conclusion of Febru- 
ary's column, I'll give you the latest 
updated DX record tables. 

Final notes: Some important mat- 
ters such as "band plans" and the re- 
structuring of our 220 to 225-MHz 
band have recently occurred, but will 
have to wait until later. In the mean- 
time, please examine the present 
ARRL band plan for the 220 to 225- 
MHz band (shown in recent ARRL 
Repeater Directories). lo 

You'll notice that I reserved the 
spectrum from 222.0 to 222.3 MHz 
when I chaired the writing of this band 
plan back in 1978! In the event that the 
FCC does remove the 220 to 222-MHz 
portion of the band, and if no 

Amateurs violate the existing band 
plan, 222 to 222.3 MHz would still be 
available for "protected" weak signal 
operation away from FM repeaters. 
Feedback: In the October 1988 
column of "VHFIUHF World" two 
graphs were mistakenly reversed, 
changing the meaning of the informa- 
tion that followed. To correct this, 
interchange graphs "C" and "D" in 
fig. 1 on page 72. 

Important VHFIUHF events: 
December 21 

December 22 

January 4 

January 6 
January 10 
January 14-16 

f l month. Winter 
peak of sporadic-E 
propagation 
Predicted peak of the 
Ursids meteor shower 
at 0330 UTC 
Predicted peak of the 
Quadrantids meteor 
shower at (W30 UTC 
New moon 
EME perigee 
ARRL VHF sweep- 
stakes contest 
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NOTEBOOK 

Transistors and how 
they work 
Transistors have been with us long 
enough that almost everyone has had 
some exposure to them in electronic 
equipment of one type or another. 
Almost any piece of radio gear around 
today contains some of these devices. 
Many new Amateur transceivers are 
totally dependent upon some transis- 
tors or semiconductors for their oper- 
ation. When these devices first 
became commercially feasible, many 
articles were published explaining how 
the tiny bits of metal and plastic 
worked and what was inside their 
miniscule packages. I won't go into the 
"conventional" explanation involving 
holes, electron pairs, valence bonds, 
and all the rest - we're not interested 
in building transistors, just understand- 
ing how they work. 

Transistor types 
Transistors are divided into two 

basic classes: bipolar and field effect. 
I'll stick with bipolar types for this 
month, and look at field-effect transis- 
tors some other time. (There are 
several variations on these themes - 
devices called MOSFETs, IGFETs, 
junction transistors, unijunction tran- 
sistors, mesa transistors, planar tran- 
sistors, etc. I'll just cover the basic 
types here.) 

In the bipolar transistor category, 
there are two types once again: NPN 
and PNP. These type designations 
reflect the makeup of the layers of 
semiconductor material in the transis- 

Tom McMullen, W1SL 

tor. Figure 1 shows the schematic 
symbols for NPN and PNP transistors, 
plus the most common pin arrange- 
ments for either type. Knowing which 
is which can help when you're trouble- 
shooting a piece of equipment without 
a schematic. I've always used a cou- 
ple of trick phrases to identify them 
and note the appropriate polarity of 
their supply voltage. 

COL I EC TOP 

P 

A 
EM1 1 TER 

PNP 

COL L ECTOR 

M S .  4 
EMITTER 

NPN 

BOTTOM 
VIEWS 

@ 
PINS 

Schematic symbols for NPN and PNP tran- 
sistors, along with the most common pin 
or lead arrangements for either type. 

Look at fig. 1. There is an arrow- 
head drawn on one of the lines inside 
the symbol. This represents the emit- 
ter of the transistor. I use this arrow- 
head as the clue to the transistor type: 
Not Pointing iN tells me that is an NPN 
transistor. Pointing iN Positively indi- 
cates a PNP transistor. These type 
designations (NPN and PNP) also give 
a clue to the voltage polarity that is 
applied to the collector. Use the center 
letter of the type designation as the 
indicator - nPn tells you that the col- 
lector is connected to the Positive ( + 1 
side of the supply (through resistors, 
transformers, RF chokes, etc.). In the 

other type - pNp - the collector is 
connected to the Negative ( - poten- 
tial. (This, too, can be through trans- 
formers, resistors, RF chokes, or what- 
ever. ) 

How do they work? 
Bipolar transistors are current- 

amplifying devices. This means that a 
current made to flow into their input 
terminal (see base current in fig. 2) will 
directly affect the flow of current in the 
output circuit (the collector and associ- 
ated components). Both base and 
collector currents flow through a com- 
mon element, the emitter. The names 
of the emitter and collector elements 
describe what they do - the emitter 
emits electrons, and the collector col- 
lects them. But what in the world is a 
"base?" 

This term comes from an early tran- 
sistor design in which a base layer of 
semiconductor material was deposited 

Base current (abbreviated 1,) through the 
baselemitter circuit causes a greater cur- 
rent (Ic) to flow through the collec- 
tor/emitter circuit. 
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on some type of insulator, and then a 
slightly different type of material was 

Now that you've explored the base/ 
emitter theory, it's time to try the rest 

deposited on the base layer to form the 
emitter and collector. The emitter and 
base layers function very much like a 
diode - in fact, some applications use 
the diode action of these two layers as 
part of a circuit design. One that 
comes to mind is a temperature- 
compensating circuit that maintains 
the correct bias in a power-amplifier 
circuit. 

Transistors are low-impedance 
devices because they operate on cur- 
rent flow. This may be a new experi- 
ence for those familiar with the old 
vacuum-tube technology. The input to 

not unusual for the input impedance 
to a power transistor circuit to be in the 
single digits, or even less than 1 ohm. 
Even low-power amplifiers for audio or 
RF signals can have input impedances 
in the range of tens to hundreds of 
ohms. 

This is where circuit designers earn 
their keep. Instead of a simple parallel- 
resonant circuit, you need a series- 
resonant circuit with a low-impedance 
output, or a combination of LIC net- 
works that will provide impedance 
matching and selectivity at the same 
time. Considering the savings in space 
and power consumption, it's a very 
good tradeoff. 

i--;l NPN 

CURRENT 
FLOW 

sk  

J Y  

+ 1 1  - 

An experiment 
All this looks good on paper, but 

what happens when you hook one of 
these devices up? I decided to try a 
simple experiment to find out. ( 1  did 
the same thing with Ohm's law years 
ago. I found a precision 1-ohm resis- 
tor and hooked it to a 1-volt supply to 
see if Georg was right. He was!) 

The transistors I used are garden- 
variety types available from flea- 
markets, supply houses, or mail-order 
firms in plastic packs of 10 or 20 for 
$1. My package was marked "2N2222 
equivalent." I used common AA cells 
as the power source, along with a cou- 
ple of milliammeters and a handful of 
clip leads. 

I first tried to see if the emitter1 base 

of the device. It takes a few more clip 
leads, a second milliammeter, and 
another resistor. The setup is shown 
in fig. 4. ( 1  always use current-limiting 
resistors or fuses when experimenting 
- major meltdowns on the workbench 
are messy and the smoke sets off 
alarms all over the house!) 

I found that increasing the current 
through the base by varying the value 

Setup used for checking collector current 
versus base current. The basscurrent meter 
was 0-100 pA, and the collector-current 
meter was a switchable VOM on the 0-10 
and 0-100 mA ranges. 

The base/emitter junction can be tested of R1 does indeed cause current to 
with this setup. For most small transistors, flow in the collector circuit. Two mA 
the meter can be pA. Check of collector current flowed with 20 pA 
reverse leakage by reversing the polarity, 
just as in a diode. of base current. lncreasing the base 

current up to 100 pA caused a collec- 

part of a transistor was really a diode. 
Using the hookup shown in fig. 3, 1 
measured the current flow with the 
positive voltage connected to the base 
through a 100-ohm current-limiting 
resistor. Sure enough, a small current 
began to flow as I changed the value 
of R1 to place voltage on the base. The 
current was approximately 20 pA at 
0.45 volt and increased with voltage up 
to the point where 0.7 volt produced 
2 pA of current. I stopped there rather 
than risk burning out the baselemitter 
junction. I then reversed the voltage 
polarity; the current flow was almost 
nonexistent. lncreasing the voltage up 
to the full 3 volts of the supply 
produced only 30 pA. Diode action 
was confirmed. (You can perform this 
same experiment using an ohmmeter 
if you're sure which lead of the meter 
has the positive ( + ) voltage.) 

ting warm to the touch. Figure 5 is a 
graph of base current versus collector 
current. 

Once again, the theory seems to fit 
what the experiment has shown. (Or 
is it the other way around?) - Bipolar 
transistors are current-manipulating 
devices. Where does the name "bipo- 
lar" come from? There are two kinds 
of material in the makeup of the tran- 
sistor: P-type and N-type. The 
arrangement of those two types in the 
"sandwich" determines whether the 
device is PNP or NPN. 

I performed the same experiment on 
an equally unknown PNP transistor 
and, once again, it worked just as the 
theory said it would. I had to reverse 

I COLLECTOR CURRENT 1 1 ~  I r n l  I 
- - -  

A plot of base current and collector current 
measured using the setup of fig. 4. Be aware 
that some exotic UHF or low-noise transis- 
tors can't stand this type of test. If you ex- 
periment, use inexpensive or surplus 
devices. ( c o n t i n u e d  on page 100) 
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lmM HSflOII. K r n d  HCS7DIK. Yanu HCS7OIY 
~ v s ~ l a b l c  lor mmyalher radios .I s l l l h l lY  hllhct Dflcn. 

Introductory price $79.95 

AH11 9100 SUPER R O T A T O R  
I<sclusivelg I1istrihulcd by EEH 
The Rotator f o r  the Rig Guns 

y i  

Computer/Remote Control 
Rotating torque: 10,000 inch Ibs 
Braking torque: 24.000 inch Ibs 
Vertical load: 2.000 Ibs 
Mast size: 2 - 3.5 inch O.D. 
Motor: 1/3 H P  I20/220V 50/60Hz 
Rotation speed: I RPM 
Weight: 230 Ibs. List a 3 9 5 .  
Sizc: 15 x 25 x I5 inch Cal l  f o r  Quote 

C R l S  6000 C O M P U T E R / R A D I O  
I N T E R F A C E  SYSTEM. 
I R M  P C  O R  

C O M P A T I B L E .  

Starl ing at 
S349.95 r 

Auto Log/Sort ROO mernorlc\ 
I.og Date/Time/Freq/Mode (Opt Signal Strength) 
Build your own data base 
Scan Bands/Freq/Service 
Auto create a local database 
Key stroke set radio to memory channel 
Unlimited logging on disc 
Spectrum analysis option 
Free Newsletter subscription-Call 

A R D  230 SERIES A M P L l F l E R  

. m  up 

[,is1 S5405. 
Cal l  for Quote 

Cool I ( M I  \r .II~\ output always available 
Al l  111' Hand\ I .R - 21 MHz (IOMT user install) 
50 - 80 wafts drive for full output 
Harmonic Supp -45dB INTMOD -35 dB 
Complctelv automallc Full QSK 
Micro processor conrrolled/protccted 
Remote AMP up to 250 ft from controller 
Export and Commercial Versions available 
AMP only 14 x 22 x 13 inch 86 Ihs 

S D U  8000 
SPECTRAL DISPLAY 
UNITS (S IN)  Allow user 
to "SEE" up and down 

I, 

the hand for activity or 
lack of. You won't miss a n w h ~ n ~ .  

Sweep width 50 KHz - 10 MHz 
Input 10.7 MHz 
Direct plug-in to R7000 no mods 
Variable sweep rate 
3 inch CRT Introductory Price 

120V SO/@ Hz $595. 
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Every month Monitoring Times brings 
everything you need to make the most 
of your general coverage transceiver: 

Satellite TV is still full of the wonderme 
made it so popular in the early '80s. 1 
tinkerers are there, the programming 
there, and never has the cost of becon 
dish owner been so low. 

?nt that 
-he . .-  

is 
ning a 

So, how do you find out about this exciting 
entertainment? 

Through publications devoted specifically 
to satellite TV, that's how! 

?ekly Guide To Satellite N I 
OnSat is unsurpassed for the most up-to- 
date listings of satellite programming. Dr. 
Dish, Mailbag, and the Transponder Service 

)~llll /111//1f117//1/17~f~ ~ f l l l l l ~ ,  

rn~v rnot~/h.  

fl 148 P.O. Box 98 A 
Brasstown. N.C. 28909 

.. . . 

the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tips on how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
I O N  TODAY before another Issue 
goes by. In the U.S., 1 year, $18; 
foreign and Canada, 1 year, $26. For 
a sample issue, send $2 (foreign, send 
5 IRCs). For MCNISA orders ($15 
minimum), call 1-704-837-9200. 

1 
- , - L I Watch are all geared to help you make the I 1 

best use of your satellite TV system. A 
sample issue can be obtained for only $1. 

The Complete Monthly Guide To Satellite N 

STV Guide contains over 300 pages of 
programming information, product reviews, 
home troubleshooting, and information 
about satellite TV. A sample issue can be 
obtained for only $2. 

Both OnSat and S N  Guide contain listings 
for over 120 channels and Prime Time Grids 
for over 50 channels. Subscribe to either the 
weekly OnSat or the monthly STV Guide for 
only $48 per year. 

To start receiving the best in satellite TV 
guides and information, call toll-free 
(800) 234-0021. VISAm' and Mastercard " 
accepted. 

S N  GuidelOnSat 
PO Box 2384 Shelby, NC 281 51 -2384 

WGSAI BOOKS 
published by Bill Orr, W6SAl and Stu Cowan, W2LX 

BEAM ANTENNA HANDBOOK 
Completely revlsed and updated wt1h Ihe latest computer generated lnformahon on 
BEAM Antenna deslgn Covers HF and Yag~s and 10 18 and 24 MHz WARC bands 

In you need to know 204 ~llustraltons 268 pages 1 1985 Revlsed 1st edltlon : v h i ~ i  Softbound 511.95 

ALL ABOUT VERTICAL ANTENNAS 
Theory deslgn constructlon, operation-ar~ fully covered Here's what f i ls  excctlng 
book covers Hor~zontal vrs verl~cal-wh~ch IS besb Top loaded and hellcal antennas. 
5 h~gh  efflc~ency Marcon1 antennas lor 80 and 160 verl~cals and NI- Is  there a 
problem? The effects of ground on verllcal antennas and a how lo make an eflectlve 
ground system, the Bobtall beam constructlon data for 25 d~fferent antennas, matchlng 
clrcults o l  all descr~pt~ons-wh~ch IS best, plus P-L-E N T Y more' 1st edltlon 192 
pages (c 1986 
I RP-VA Soltbound $10.95 

RADIO HANDBOOK 23rd Edition 
Here are some o l  the hlghl~qhts of this exclhng new edlt~on New easy to-use 
charts for Chebyshev and elllptlc fllter conflguratlons new data on power MOS 
FETS how to use state of the art OP AMPS and home computer RlTf to name 
lust a few examples New projects Include GaAsFET preamps lor 902 and 1296 
MHz, easy-to bu~ld aud~o CW filter. Economy two 3-5002 160 meter ampllfler 
rnulhband amp uslng two 3CX800A7 s, and a deluxe ampllfler wlth Me 
3CX1200A7 tube New antenna prolects Include effic~ent Marcon1 des~gn for 160 
and 80 meters, computer generated dlmens~ons lor HF Yaqls and a 2 meter slot 
beam Get your copy today 23 ed~tlon 1986 
t 122424 (Reg. $29.95) Hardbound $26.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of prolects that covers verftcals long wtres beams as well as plenty 
of other lnterestlng des~gns It Includes an honest ludgernent of galn kgures. 
how to slte your antenna for the best performance a look at Me Yag~ Quad con- 
troversy, baluns, slopers, and delta loops Practical antenna prolects that work1 
190 pages 1978 1st ed~ t~on  

RP-AH Soltbound $11.95 
Please enclose $3.50 lor shipping and handling. 

HAM 
RADIO BOOKS'rmE - - -- 

( GREENVILLE. NH 03048 (603) 878-1441 
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LINEAR TRANSVEKTER 
By Dave Mascaro, WASJUF, RD 1 Box 467, Ottsville, Pennsylvania 18942 

verthe past few years Amateur 
microwave activity in the 
United States has increased 

dramatically. Many operators active on 
1296 MHz have put their stations on the 
2304-MHz band. Stationswork 10-GHz 
SSBICW, as well as wide-band FM 
with Gunnplexers?There's more com- 
mercial equipment available for all 
bands up to 10 GHz. Homebrewers are 
using surplus l V  receive only (NROI  

I didn't use a 144-MHz i-f post ampli- 
fier after the receive mixer. Unlike the 
28-MHz "front end" in an HF trans- 
ceiver that is normally used for a trans- 
verter, modern 2-meter transceivers 
have good front ends with plenty of 
gain. A post amplifier only makes the 
resting S-meter readings higher. The 
system noise figure is established in the 
34%-MHz LNA. 

Receive portion 
Receive signals from the antenna 

relay areamplified by one-half of a modi- 
fied TV receiveonly low-noiseamplifier 
(WRO LNA). The other half is used in 
the transmit portion of the transverter. 
My first modification involved installing 
an SMA antenna connector in place of 
the waveguide antenna inpuL3 Nor- 
mally a scalar-type feed horn is attached 

MHz. 
As with other bands up to2304 MHz, 

the main modesof communications on 
3456 MHz are CW and SSB. There are 
many ways to generate RF power on 
this band - both CW and linear. Fre- 
quency multipliers with step recovery 
diodes (SRDI and active multipliers are 
used for CW, FM, beacon transmitters, 
and local oscillators. You can use linear 
transvertersfor SSBICW and all other 
modes, just like on the 50 through 2304 
MHz bands. 

Figure 1 showsthe block diagram of 
a 144 to 34%-MHz transverter. The 
transverter transmit and receive mixers 
use a common local oscillator at 3312 
MHz. The 144-MHz transmit i-f is mixed 
with the local oscillator to produce3456- 
MHz transmit signals. During reception, 
the3456-MHz receivesignalsare mixed 
with the local oscillator to produce the 
144-MHz receive i-f signals. A 2  or3 sec- 
tion interdigital filter follows the trans- 
mit mixerto attenuate out the local oscil- 
lator and image freq~encies.',~ 
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RX nlxer  3-slege receive amp 

Block diagram of a 144-MHz to 3458-MHz linear transverter. 



cap is also installed to bring + 15 Vdc 
into the LNA housing without using an 
external bias-T attached to the output 
"N" connector. 

Split N R O  LNA 
The greater than %-dB gain LNA is 

modified again to make two separate 
three-stage amplifiers. The amplifier I 
use is the Amplica model ACD 305331 
(90 degree) LNA. The 305331 LNA has 
two GaAsFET stages followed by four 
bipolar stages and a filter. Figure 2 
shows the "split-in-half" LNA. The 

t-- SflA to TX 
Mixer RF out 

10 pf chip cap added 

A split TVRO LNA showing two separate 3-stage amplifiers. 

than 30-dB gain and a2-dB system noise 
figure in receive mode. 

I modified the LNA by wiring two 
miniature 50-ohm TeflonB coax cables 
fitted with SMA male connectors into 
theamplifier between the third (0.3) and 
fourth (04) stages. The twocoaxcables 
should be long enough to go from inside 
the LNA and connect to the receive and 
transmit mixersin your transverter. Cut 
away the microstrip at the interstage DC 
blocking capacitor to create a gap in the 
line. Soldera 10-pF chip capto theout- 
put line of stage 03. This becomes the 
receive amplifier output. The existing 
DC blocking chip capacitor becomes 
the input of the transmit amplifier chain. 

Open the other compartment of the 
LNA. Drill two holes and run the minia- 
ture coax through the holes into the 
compartment. Now drill two small holes 
in the pc board beside each of the two 
DC blocking capacitorsto pass the coax 
cable center conductors. Solder the 
center conductors to the blocking chip 
caps and solder the shield of each cable 
to the ground plane at the point where 
the cable goes through the pc board. 
The shield relieves strain on the cable, 
so the chip caps don't break. Apply a 
dab of RTV or silicone bathtub seal 
where the cables go through the hous- 
ing to increase the strain relief and mois- 
ture proof the LNA. 

You now have two separate ampli- 
fiers. The stability of the receive front 
end is maintained because the input iso- 
lator is still intact. It's okay to leave the 

FB FB FB 

RFC 1 RFC2 RFC3 RFC4 

~ 1 2 0 p c 3  c , ~ ~ o p ~ 8 ~ ~ 2 0 p c 9  c 1 3 ~ ) 2 0 P c 1 z  

4 7 3  470p 470p 470p 

F.T. F.T. F.T. F .T 

from A from B from C from D 
on tL. Bias h a r d  i n  f lg.  6 

RFC 1.2.3.4 3t. '24, 0.1" ID 
C 1,5,1 1 10 pf chip caps 
C4,lO Johanson Gigi-trim 
4.5 pl  JnC '27273 
C3,6,9,12 20 pf chip caps 
FB Ferrite bead 

Board Material 0.032' Teflon 
Double sided Er = 2 55 

Q I Thornson/Mostek SD 1850 
Q2 Thornson/flostek SD 180 1 
z 1 ,  9 0.080' (1.2 rnm) X any length 
22 0.060- (1.5 mm) X 0.4" ( 10 mm) 
23 0.10" (2.5 mm) X 0.30" (7.6 mm) 
2 4  0.15' (3.8 mm) X 0 30" (7.6 mm) 
25 0.060" ( 1.5 mm) X 0.2' (5  mm) 
26 0 060- ( 1.5 mm) X 0 35" (8.9 mm) 
27 0 10' (2.5 mm) K 0 25' (6.3 mrn) 
28 o 375' (9.5 mm) X 0.275- (7 mm) 

--  

The 2-stage 3466-MHz linear amplifier. 

+ 15 Vdc applied to the LNA; the front so you can use input voltagesfrom 15 to 
end won't oscillate into the open 28Vdc. 
antenna relay during transmit. The LNA The receive amplifier output feeds the 
hasan on-board7812voltageregulator, RF port of the receive mixer. The Mini- 
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Circuits ZFM-4212 and ZAM-42" are 
suitable mixers because they are fitted 
with SMA connectors. The pc board 
mounted PAM-42 is also a good 3456- 
MHz mixer. I used the Anzac MD-169 
(normally pc board mounted). I 
enclosed it in a homemade brass hous- 
ing fitted with SMA connectors. 

You can peak the receiveamplifier in 
a noise figure set-up by tweaking the 
miniature trimmers mounted through- 
outthe LNA. Gain can be maximized at 
3456 MHz. 

Another application for a split LNA in 
a transverter involves using one half to 
amplify the very low output of a 3312- 
MHz schottky diode multiplier for the 
local oscillator, and the other half to 
amplifythe transmit mixer SSB output. 
Try using a second modified 50-dB gain 
TVRO LNA for the receive amplifier. 
This approach worked very well for me. 

Transmitter stages 
You can use the same type of mixer 

for the transmitter as you did for the 
receiver. I used the MD-169. Theoutput 
of the transmit mixer (usually - 10 dBm 
or so) is amplified by the second half of 
the split LNA, which provides + 10dBm 
(10 mW) output. The three bipolar 
stagesand filter provide an excellent lin- 
ear amplifier for low-level signals. 

Two-stage linear amplifier 
A two-stage linear amplifier, provid- 

ing20-dB gain and + 27dBm (500mW) 
power output at l-dB compression, fol- 
lows the modified TVRO amplifier. The 
amplifier is shown in fig. 3. It was built 
into one enclosure to eliminate two 
SMA connectors, and to reduce its 
overall size. The amplifier is built on 
1/32" Teflon double-sided pc board 
(Er =2.55), using microstrip matching 
networks (seefigs. 4and 5). Although 
the two stages are etched on one pc 
board and housed in the same 
enclosure, you can build two separate 
amplifiers. The DC blocking capacitor 
(C5) is mounted in a 50-ohm line; the 
two stages could be separated at this 
point. Use DC blocking capacitors on 
the input and output of both stages. 

'Mini-Circuits, P.O. Box 166, Brooklyn, NewYork 11235. 
(7181 9344500. 

O C H I P  CAPS CI .  3. S. 6. 9.11 4 N D  12 
HOUSING IS 3 3.IB4mmJ x 15- f3BmrnJ x 0 5.tr3rnmJ BRASS STOCK. MILLED TO ACCEPT P C  BOARD 

Component placement of the 2-stage 3456-MHz amplifier. All components mount on the 
trace side of the pc board. 

Full scale artwork for 2-stage amplifier on 1132" Teflon" double-sided pc board. Er =2.55. 
Opposite side (ground plane) is unetched. 

Make all DC and RF grounds low 
inductance paths through to the ground 
plane side of the Teflon pc board. Do 
this by putting multiple rivetsthrough to 
the ground side. Another method is to 
cut small slits into the board with an 
Xactom knife, and insert and solder 
strips of copper foil on both sides. 

All theamplifiers I build for 1296 MHz 
and up are constructed from milled-out 
&ass housings. I solder the Teflon pc 
board into the brass enclosure, and mill 
two slots in the brass housing to 
accomodate the flanges of the two tran- 
sistors. The bypass capacitors and tun- 
ing trimmers are mounted on the pc 
board close to the board edges. This 

allows direct connection to the brass 
housing and provides good DC and RF 
grounding. Holesdrilled in the brass box 
enable you to externally tune the unit 
with a plastic tuning tool. 

The input and output connectors of 
an amplifier should also be soldered to 
the ground plane side of the pc board. 
In my amplifier, I attached the two SMA 
connectors to the brass box with 2-56 
screwsand then soldered them perma- 
nently. I performed this step on a hot 
plate when I soldered the pc board in 
place. You could also solder the con- 
nectors on the ends of the pc board in a 
"launcher" configuration with the cen- 
ter pins of the connectors mounted and 
soldered parallel to the microstrip. 
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KIT, ONLY $675 
WIRED $975 
VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE! OaAsFET front end on vhf 

models glves 12dB SlNADof 0.12uV(vhf), 0,15uV(220). UHFmodel 
0.25uV std. 0.luV w~th opt~onal hel~cal resonator preamp. 
*SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & 
ceramic f~lter for > 108dB at only + 12kHz. Hel~cal resonator front 
end to combat desense & ~ntermod. 
*CLEAN, STABLE TRANSMITTER, up to 18W output standard; 50W 
w~th accessory power amplif~er 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, f~eld-programmable CWID, flutter-proof squelch. 
automatic frequency control to compensate for off-frequency trans- 
mltters (all standard features). 
*Full range of optlons available, such as autopatch, phone line or 
rad~o remote control, sub-aud~ble tones, duplexers. 

*FM EXCITERS: 
K~ts $99, Wit $179. 2W 
continuous duty. TCXO& 
xtal oven optlons available. 
*TA51 for lOM, 6M, 2M, 
158-174,228 MHz. 
*TA45l for uhf. 
FCC tvDe acce~ted for commercial bands. 
*Call ;or latest'information on 900 MHz transmitters. 
*VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts. Several models, kits starting at $79. 

*Rl44/R220 FM RECEIVERS for 2M. 
150-1 74, or 220 MHz. GaAs FET 
front end. 0.12uV sensitivity! 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > 100dB at * 12kHz 
(best available anywhere)! 
Flutter-proof squelch. AFC tracks 
drifting transrnltters. 
Kit $149. wlt $229. 
*R451 UHF FM RCVR. Similar to above. Tuned line front end. 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. 
wlt $229. 
*R981 FM RCVR FOR 980 MHz. Triple-conversion, GaAs E T  front 

LNG -(*'m 
GaAs FET ,,L) 

PREAMP dc"*3~? I// 
$59! b p  

Wirednested 

FEATURES: 
*Very low Nolw: 0.7dB VHF, 0.8dB UHF 
*HlghGain: 13.20d0, depending on frequency 

*Wide Dynemlc Range: to resist overload 

*Stable: new-type duabgate GaAs FET 

* Specrfy tunrng range desrred. 26.30. 46.56. , 
13 7- 150. 150- 172. 21 0.230. 400.4 70. or 
800.960 MHz 

$39 wirsdneaed 
GaAs FET Preamp 
slm~lar to LNG, except des~gned for low cost 
&small size. Only 518'W x 1.518"L x 314"H. 
Easlly mounts ~n many rad~os. 
' Specrfy lunrng range desrred 25-35. 35-55. 
55 90. 90.120. I20 150. 150-200. 200.270. 
or 400.500 MHz 

GaAs FET Preamp with features slmilar to LNG 
serles, except automatically tiwitches out of 
llne durlng transmit. Use wlth base or mob~le 
transceivers up to 25W. 

*Speofy runrng range desrred 120-1 75. 
200.240. or 400-500 MHz 

Low-nose preamps w ~ t h  helical resonators 

You ve wa~tetl a long tlrne for a 
s~mple. rel~able, low-cost 9600 
baud PACKET NETWORKING 
system. Now you've got 1t1 Our 
new MO-96 MODEM and dlrect 
FSK Transmitters and Rece~vers 
for 220 or 440 MHz interface 
d~rectly wlth most TNC's. Fast 
d~ode sw~tched PA's output 15 
or 50W. Call for complete Info 
on the right system for your 
application. 

audio mixers needed to make a 
repeater. Tail & t~me-out timers. 
local spkr ampl, courtesy beep 
. . . . . . . . . . . . . . . . . . . . . . .  $49 
*CWID Kit. Field programmable. 

. . . . . . . .  tlmers, the works $59 
* T D - 2  D T M F  DECODER1 
CONTROLLER Kit. Full 16 digits. 
switches 5 functions, toll call 
restr~ctor, programmable, much 
more. Great for selective calling 
too! . . . . . . . . . . . . . . . . . . . .  $79 
*AP-3 AUTOPATCH Kit. Use 
w~th  above for repeater auto. 
patch. Reverse patch and phone 

. . .  line remote control std. $79 
*AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit. Use wlth 
above for s~mplex autopatch 
. . . . . . . . . . . . . . . . . . . . . . . .  $39 
* M O - 2 0 2  F S K  D A T A  
MODULATOR Kit. Run up to 
1200  baud digi tal  signals 
through any frn transmitter wlth 
full handshakes. Rad~o link 
computers, telemetry gear. 
etc. . . . . . . . . . . . . . . . . . . . .  $39 
O D E - 2 0 2  F S K  D A T A  
DEMODULATOR Kit for rcvr end 
of llnk . . . . . . . . . . . . . . . .  

. > ' - - - A  - - <  

L",""". " ....... 

50 52 11 10 
5 0 5 4  144 148 

VHF t3h l l R  78 30 

MODELS 
1.4 ,483 28 Y1 
145 1.7 28 10 

nltwlthCaK $59 110111 146 1.8 1 0  38-30 ?a 
K~tlesr Case $39 ,,,,, ,,,, 
Wiredwicare $89 211 124 28 30 

end. 0.2uV sens. Kit $169, wlt $259. reduceintermod & cross-band ~nterference ln UHF MODELS ::;::; ;: ;; 
*R76 ECONOMY VHF FM RCVR for 10M. 6M, 2M. 220. Without he1 cr~t~cal appl~catlons KltwithCa5e $69 4324x6 ,,,I,. 
resorafc K~tsonly $129 MODEL HRA-(*). $49vhf, $84 uhf Kltlesr Case $49 432438 50% 

43975 81 1 5  

*Weather satellite & AM Aircraft receivers also avail. Wired wlcare $99 ,, ,,, ,,, ,,, 
' Specrfy runrng range desrred 143 150 150 ,2922 430450 

7- 158 158 162 162 174. 213 233. 420 450 See catalog for full llne of21 tmnsmlnlng 

FCC TYPE-ACCEPTED TRANSMITTERS RECEIVERS AVAILABLE 450.465 or 465 4 75 MHZ converters tor vhf & uhf Hits ani '-a 

FOR HIGH-BAND AND UHF. CALL FOR DETAILS. Linear Amplifren avail up to 5 - 1 * - -_, , - 
' ' 5 -  

r -  - - - 
----A 



ELKTRONIC - INDUSTRIAL . Zl,,., i ' . , .  . ,,, (or, ' . ,  . r ,,,,,,,,,9, ."~,l,"l,..!,. 

cmiuuNmnoNs - REPLACEMM . ~,! ,q<, l , . "  * ,, , ,,,,",,*I I ,..!.><., 1 

AMATEURS 

I Ilrlrrnr'n1t-t 

COST EFFECTIVE 
MODERATE PRICING 

- . . . . . . . 

w..,., > . , , . . . . I  1,) - . o i  ", 

I Ir-lnm M,+ < lv  ,.,h ( alarn 

The puke of Dcpmdabk Commmicatiom 
, , > . , j p h  c .,.,~.,l,~tt+~~,!~~ 9 VP* ' ,  ; aj-FRFF, :w .;, ',7,-1,)1\ 
,,",, <,,, l,,,l,ll\ Olll., 1.1) .,,,l<l<l, ,1>11 ,,.* .,,1.11 <,lOliX711(',l'\ 

rnS,n ,I,% !,,.wl 1% ?hv l,%lv,t ,",!,,r.>,,rm! !#% ttrv>lwl. ' 'J',, ,m 

+,,,rrl ,,, "H thr ,tnl' I vht..h rur,r;Ou. . r v ~ :  +.nrl.lu,rk 

'A! , , .  i x  .dl I t V h '  

CRmEK CORPORATION 
,,,b,.,r,,, c,, &,l,l!,,*,l , , L l ' < \ b * ' , , l * :  

2<5112371 C~ ld lD !  -11 Myt't\.ft 13M7 
P O  Bor061>',.11 M ~ n . 1 1  31Wbhl35 

TOU A(EE 1-80(3-237-3061 
(813) 936-2109 - TWX 510-951-7448 

I I 

"NE\N'' SUPER LINEAR ANTENNA SYSTEM 
MODEL FREQUENCY - GAIN POWER LENGTH USE -- PRlCE 
CA-2x42 146 MHz 8.2dB 200 W 15'4" Base $192.85 

446 MHz 1 1.5dB 

CA-1243E 446 MHz 8.5dB 100 W 4'8" Base S 85.95 
1.2GHZ 10.1 dB 

CA-901 146/446/1.26GHZ 3/6/8.4dB 1 50 W 3 ' 5  Base $ 91.55 

CFC-771 900-930MHZ 7.14dB 50 W 4 ' 5  Base $ 97.40 

CA-1221 S 1 26011 300 15.5dB 100 W 7 ' 8  Base 51 51.90 

CA-2422s 2400/2450 15.3dB 100 W 4 ' 8  Base 5173.55 

NEW! SWR Power Minimeters 

CM 200- 144- 150MHZ $ 62.50 

@ 
CM 300- 200 - 230 MHz 5 62.50 
CM 400 - 420-460 MHz 5 62.50 
CM 900- 900 - 930 MHz S 93.50 
CM 1200- 1200-1300MHZ 5 93.50 

DUAL 8 TRI BAND MOBILE ANTENNA'S DUPLEXERS - TRI PLEXERS 
Dealer inquiries welcomes. 

(7 1 4) 630-454 1 Spec i f i i t i i n s  and prices s u b j  to 

1275 N. Grove St., Anaheim, CA 92806 change without notice or obligation. 

BALUNS 
Get POWER lo  your antenna' Our Baluns are 

already wound and ready for ~nstallatlon In your 
transmatch or you may enclose them In a 
weatherproof b o x  and connect them directly at 
the antenna They are deslgned for 3.30 MHz 00. 
erat~on (See ARRL Handbook paQeS 199 Or 
6-20 for construction detalls I 

lWW.1(14 1.6I.9I.ml lhmpmw.-.M-l I I O  M 
Udrrul l rmnuth 1 KW(4 l lmpanc.1 I 4  M 
Wlrrul Trnm~tCh 2 uw I4 I lm-.l 1100 

Unlr.ru( T r n ~ m l n  I UW(6 1.9 r a l l-r(.n-) 18 00 

Unlwnu(T1.n~n.tchZUW~8 1.9 1.- I I--Mm) I 8  M 

Plea% send large SASE lor lnlo 

4 

J 

BATTERIES 
N~ckel-Cadm~urn.Alkal~ne. Lith~um. Etc. 
INDUSTRIAL QUALITY 

YOU NEED BATTERIES? 
WE'VE GOT BATTERIES! 

CALL US FOR FREE CATALOG 

E.H.YOST & CO. 
EVEREl l  H YOST KB9XI 

SA;"l?C?:l ;:I33 
ASK FOR FREE CATALOG 

(608) 643-31 94 
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~ V H F  
C 0 M M U N I CAT I 0 N S 

9:00 am - 5:30 pm 
weekdays 

Weekends and evenlngs 
by appointment 

ICOM. AEA. URSEN. VAN OORDEN. 
VIBROPLEX, NYE-VIKING, FALCON 
COMM LEADING EDGE. ARRL P~BLI- 
CATIONS KAGLO. HAMTRONICS. EX:  

280 Tiffany Avenue h ' v r r r ~ Y e J 1 6 u *  MdhWnJu*' 

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



Here's how. 

Please fill out the 
Magazine evaluation 
card and mail it to 

us. We'll tabulate all 
the responses to 

see what you do and 
do not like. 

There will be a 
drawing of evalua- 
tion cards. The 

person whose card 
is picked will win an 
Orr Handbook. Help 

us make the best 
P nateur magazine 

even better. 

Also, each month 
the author of the 

most popular 
WEEKENDER will 

also be given a 
Bill Orr Handbook. 

MAGAZINE EVALUATION & SWEEPS ENTRY CARD 
Here's YOUR chance to comment on this issue of HR and enter our monthly radlo 
drawing. Carefully read all the articles in this issue. Then, rate each article in this 
issue. Also let us know what you think of our changes to the magazine. Each article 
is marked with a letter on the last page. 

Article A B C D E F G H I  J K L  M N O P Q R S T  
I LIKE IT 
OK 
SORRY, NO. 
MAGAZINE OVERALL G O O D  OL N O T S O G O O D  I like the U Old ONew HR Better 

Class 
NAME License Age 

ADDRESS 

CITY S T A T F .  ZIP 

Please run more: 

Please run less: 
JAN. 89 

Subscribe to HAM RADIO today. Tap into 
Amateur Radio's #1 technical and building 
journal. You'll also save $7.05 off the news- 
stand price ($30 per year)! Fill out this card 
and mail it in. 
For even more prompt service, call TOLL 
FREE (800) 341-1522, Mastercard, VISA and 
Bill Me orders accepted. Phone lines open 
Monday thru Friday 8 a.m. to 9 p.m. Please, 
orders only. 
n Bill me Payment enclosed 

Name 
Address 
City State 

0 One year 12issues $22.95 Check if this is a renewal JAN. 89 
n Two years 24 issues $38.95 Please allow 4-6 weeks for delivery of first issue. 

FOREIGN RATES: Europe via Air Forwarding Service ' Three years 36issues $49.95 $40 per year. All other countries $31.00 per year. 

HAM For FREE literature or more information, first 
locate the company number at the bottom of 

RnDIO the ad. Circle the appropriate number on this 
card. affix ~ostaae and d r o ~  into the mail. 
we'll hustle you; request dff to the com- Reader Service panies you are interested in! 

NAME _. C A L L  

ADDRESS 

CITY STATE ZIP 

PLEASE USE BEFORE MARCH 30,1989 JANUARY 1989 
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to connecttons in Fig.  3 

IOUfd 
FB D l  FB 

+ 28 Vdc IN 

1 W 
20V R2 
R I  

Resistors are 1/4 watt except where noted LM317T 

C 16.20.21 10 ufd/35 Vdc electrolytic I -adjust 
C23.24 1 ufd/35 Vdc Tantalum 
D I 1N5248B 18 V/500mw zener diode 
R1 2 0 0  1/2 watt 
R2.3 2 0 1/2 watt 1 ::!: R5 10 KO mlneture pc mount pot 
R7 100 0 minature pc mount pot 
U1 LM317T Posltlve regulator I -adjust 

U2 Lfl337T Negatlve regulator 
' ?-"In 

FB Fernte beads 3-vout 

Bias sources for the 2-stage 3466.MHz linear amplifier. Both regulators are mounted on 
a heatsink with mica insulators, shoulder washers, and heatsink compound. 

Amplifier biasing 
The first amplifier stage (Q1) is a com- 

mon emitter Thomson SD 1850 transis- 
tor,' operated as a Class A amplifier. 
The SD 1850 can be used asa 150-mW 
Class A linear amplifier from 432 to 3456 
MHz. Q1 uses standard zener diode 
biasing. The sec'ond stage (02) is a 
Thomson SD 1801 transistor (a 1 to 2 
watt11 to 3 GHz CW transistor). 02 is a 
common base transistor (operating 
Class AB), and requiresa negativevolt- 
age for bias in addition to the28-Vdc col- 
lector supply. 

I have fotward biased many common 
base devices in the past - many are 
being used on 1296 and 2304 MHz. In 
most cases linearity is as good as with a 
common emitter amplifier. Because 
microwave power output is at a 
premium, Amateurs running common 
base linear amplifiers usually run them 
closer to power saturation (P,,), rather 
than in the linear region. This is why the 
amplifier may sound slightly rough. 

Other than a few local SSB ragchews, 
most communicationson 2304and 3456 
MHz are on CW. 

Low-power devices like the 1-watt 
SD 1801 areeasyto bias linearly. Higher 
power devices like an SD 1597 
transistor" require a little more care 
and a higher current biassource. A com- 
mon base linear amplifier requires 
mainly that the bias source be of very 
low impedance. This is true for the - 5 
Vdc supply, as well as the associated 
components of the LM337T regulator. 
Use an LM337K for higher power com- 
mon base amplifiers. The regulator in a 
TO-3 style case is capable of higher 
power dissipation. 

The two bias sources in fig. 6 were 
made on an etched G-10 double-sided 
pc board (shown in thefigs. 7and81. All 
'SGS-Thomson Microelectronics, Commerce Drive, 
Montgomeryville, Pennsylvania 18936,12151 362-8500. 
All Thomson transistors are available through: 
RF Gain. Ltd., 100 Merrick Road, Rockville Centre, New 
York 11570. 1516) 536-8868 and 18001 646-2322. 
"TheSD1597 isaThomson25wan/l296MHztransis- 
tor for Amateur applicat~ons. 

'5 I 

THE ARRL 

REPEATER 
DIRECTORY 

CONNECT! 
Interested in packet radio? The 
1988-1989 ARRL Repeater Direc- 
tory is for you. This is the most 
complete compilation of digi- 
peaters ever. There are over 1400 
listed! The regular repeater user 
will find over 13,000 listings plus 
band plans, addresses of fre- 
quency coordinators and CTCSS 
(PL) tone chart. Pocket size. Avail- 
able at your dealer or directly 
from ARRL for $5.00 plus $2.50 
for shipping and handling ($3.50 
for UPS.) r /  151 

r /  152 
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0 

0 

Full-scale artwork of bias board. Etched side shown. 
Oppositesideisthe ground planeand is unetched. Board 
material is 1/16"(1.6 mm) G-10 double sided. 

C BOAR0 -- 
SOLDER TO EACH FEEDTHRU CAPACITOR NUT PIECES OF TINNED WIRE 
ARE CONNECTED FROM POINTS A, 8 ,  C AND D TO FEEDTHRU CAPACITORS 

non-ground holes must be "cleared" on 
the unetched side to prevent compo- 
nent shorting. Begin by drilling the non- Component placement on the bias board, showing x-ray view of the traces. Parts 

ground holes. Remove the copper by are mounted ontheground planesideof thepc board, which isunetched. Clear 

counterboring the holes with an over- all nonground holes on this side of the board. Solder all grounds on both sides 
of the board of points "x". 

sized bit. Set the depth of the hole to 
about half the pc board thickness. Drill diode conducts and biases on 01. Set dimensions would stay the same and 
theground holes last to prevent confu- the optimum current while tuning the thestage would be tuned up in thesame 
sionaboutwhich holesgetcleared. Sol- amplifier for power output. manner as a linear one. 
der components or wiring connected to I used an LM337T (U2) as the nega- 
ground on both sides of the board, as tive bias source for the output stage Tune-up 
indicated by an "x" in fig. 8. (02). The output voltage of U2 is halved While I was tuning my amplifier, the 

Solder the ground plane side of the pc by voltage divider R2-R3, because 1.2 two piston trimmer capacitors peaked at 
board directly to the ground posts of Vdc is about as low as a three-terminal minimum capacitance. To bring the 
feedthrough capacitors C2, C7, C8, and regulatorwill go. Note that the - 5Vdc trimmers into range, I had to trim off 
C13 as shown in fig. 8. Do this so that supply must haveafloating negativeter- some of the microstrip capacitors with 
the bypass capacitors C14, C15, C16, minal. Peak the idling currentwhiletun- an Xacto knife. I'd used the microstrip 
C17, C18, and C20 will be close to the ing for power output. The - 5 Vdc is dimensions for some single amplifiers 
amplifier (where they will bypass RF applied to the amplifier bias board dur- that I designed and built earlier. Not 
most effectively). Use small-gauge ing transmit only. This minimizes heat- going out to 50-ohm connectors inter- 
tinned wire to connect the bias board to ing and possible oscillations into the stage produced slightly different imped- 
the feedthrough capacitors. open antenna relay during receive. ance matching. Other than this, the 

Two power-supply voltages ( + 28 If maximum ratherthan linear power amplifier came right up to power and 
Vdc and - 5 Vdc) are supplied to the output (for a rover rig, for example) is a gain expectations. Theartwork in fig. 5 
board. You can also build a powersup- requirement, you could operate thesec- reflects the microstrip dimension 
ply that providesall the positivevoltages ond stage Class C with greater than 1 - changes. 
for a complete transverter (including watt power output. This would elimi- To tune this amplifier and most of 
this bias b ~ a r d ) . ~ A n  LM317T (U1 )sup- nate the negative power supply (possi- others I've built, I used the following 
plies a variable collector voltage for Q1. bly a 6-volt Gel cell or lantern battery). equipment: a Wavetek 2005 RF gener- 
Adjust the collector voltage without You'd ground theemitter of Q2 by con- ator, HP435B power meters, and an HP 
power input (Pi,), until the 18-Vdc zener necting RFC2 to ground. The microstrip spectrum analyzer (part of an RF test 
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station at Thomson). You'll need an RF interested in is the short-term stability. 
generator and a "real" power meter to The actual freuuencv operated on at 
check linearity. DO this by changing the 
Pi, in I-dB steps, while looking for the 
same change in the output. Use the 
spectrum analyzer to check gain and 
linearity. Also look for spurious 
responses. 

Now, set thequiescent current (idling 
current without power input). Attach a 
50-ohm load to both the input and out- 
put connectors. Adjust both bias adjust 
pots (R5 and R7) for minimum voltage 
as measured on the output of U1 and 
U2. Do this before making connections 
to the amplifier, to prevent transistor 
damage. Adjust the 01  collector current 
to 80mA with a current meter con- 
nected in series with the 20-ohm resis- 
tor (R1 1. Next, adjust the collector cur- 
rent of Q2 to 50 mA with a current meter 
in series with the collector supply feed- 
through capacitor (C13). 

Apply 5 mW of 3456-MHz RF to the 
amplifier input, with a power meter and 
spectrum analyzer anached to the out- 
put. Adjust the two trimmers (while 
looking at the analyzer and power 
meter) for maximum output. 

The two-stage amplifier will produce 
maximum power output with 10 to 12 
mW of drive. You can readjust the idling 
current on each stage slightly, under 
power output conditionsfor either max- 
imum gain or maximum power output. 
It's possible to adjust the idling current 
of 01  for 80 to 110 mA, and for Q2 up to 
65 mA, for proper operation. The total 
current at 28 Vdc will be 200 to 250 mA 
when the two-stage amplifier is running 
at maximum power output. 

My two-stage amplifier performed as 
follows: 
Power output at 1 dBc +27.6dBm (580 
mW)/Gain = 19.8 dB 
PSat +29.3 dBm (850 mW)/Gain = 

18.9 dB 

Local oscillator 
The local oscillator is probably the 

most important part of a transverter. It 
sets the transverter's frequency stabil- 
ity. The i-f frequency is usually verysta- 
ble and accurate, because it's almost 
always a commercially made trans- 
ceiver. Of course, all we're really 

3456 MHz can vary many k ~ z  over nor- 
mal temperature ranges. If you need the 
exact frequency (i.e., for schedules), 
use a frequency counter. If a 3.5-GHz 
counter is unavailable, measure a lower 
frequency stage of the local oscillator 
chain on a UHFcounter. The3312-MHz 
local oscillator frequency will give the 
3456-MHz transmitlreceive frequency. 

The local oscillator chain in my trans- 
verterstartsout with a surplus400-MHz 
telemetry transmitter strip, which uses 
a temperature-compensated crystal 
oscillator. You can find surplus crystal- 
controlled strips at flea markets; they 
make stable microwave local oscillator 
sources. 

Step recovery diode 
multiplier 

The 400-MHz module (crystalled up 
for 414 MHz) drives a X8 step recovery 
diode (SRD) multiplier (fig. 9). The mul- 
tiplier functions as follows: A pi- 
network input circuit is used between 
the 414-MHz module and the SRD, to 
provide some impedance matching into 
thediodeat414 MHz. The output of the 
pi-network (C3) connects directly to the 
input of the SRD holder. The SRD pro- 
vides a comb output, consisting of 
many harmonics of the414-MHz driving 
signal. The RF is coupled into the4-pole 
comb filter, which filters out the wanted 
signal (3312 MHz). Dual SMA connec- 
tors on the filter output provide the local 
oscillator signal to both mixers in the 
transverter. 

Most SRDs are packaged without 
wire leads and require special clamp- 
type holders for mounting and heat 
sinking. You can makea brass housing 
to hold the SRD and provide output 
coupling into the4-polecomb filterthat 
follows. Figure 10 shows the SRD 
holder. Clamp the step recovery diode 
between part no. 4 (the RFinput/output 
connection) and part no. 6 (a 1/4-20 
brassset screw). Use a dab of heat sink 
compound where the SRD mounts into 
part no. 6; this aids thermal conduction 
to the main housing. I made the brass 
diode holder on a milling machine to fit 
into the input end of thecomb filter. You 

L I 0 2- (5 mm) X I 25' (32 mm) brass strlp 
C 1.2.3 lOpf Johanson trlmmer JHC -5200 
C4 001 Ufd dISC 
R I  z I KO (adjusl lor performance) 
DI HP 5082-0320 step recovey dlode 
or HP 5082-0800 
or MIA-Comm MA 44608- 1 
or TRW A45365 
Or Thomson OH252 or DH256 
RFCl 121. '24. 1/8' (3mm) ID 

X8 SRD frequency multiplier and filter. 

can make a functional unit with ordinary 
hand tools. 

Depending on the SRD, you can 
make the 1/4-20 brass set screw (part 
no. 6 )  with the appropriate mounting 
hole. Some SRDs have 3-48 UNC 
threaded posts that would screw into 
part no. 6. You could use a glass- 
packaged SRD by making a Teflon 
spacer with the glass diode mounted in 
the center. Fold the wire leads over at 
both ends and clamp the Teflon spacer 
into the diode holder. 

Attach the SRD holder to the comb 
filter asin fig. 11. It'spossible to usean 
interdigital filter, but a comb filter is eas- 
ier to mount and tune up because the 
tuners are on one side.'s2 A comb filter 
uses the same dimensions as an inter- 
digital type, but is configured with all the 
tuning elementson thesameside. I used 
all brass construction. The end wallsare 
1/4"thick brassstock. Drill holesforthe 
four filter poles, and on the opposite side 
for the four tuning screws. Solder two 
SMA connectors to the sheet brass 
covers. Anach the two covers with 2-56 
x 3/16" screws to  hold the filter 
together while soldering all joints on a 
hot plate. 

After you've built the filter, attach the 
SRD holder to it with 2-56 x 3/16" 
screws. Usea small piece of sheet brass 
as a mounting platform for the pi- 
network input circuitry. Attach this 
assembly to the filter so the SRD input 
connection (part no. 3) is in close prox- 
imity to the trimmer capacitor (C3) of the 
input circuitry. 
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Apply the 414-MHz RF to  the 
SRDIfilter assembly. Adjust the input 
network and the filter for maximum 
power output with a power meter 
attached on one output port, and a 50- 
ohm load and spectrum analyzer on the 
other. Use a spectrum analyzer during 
tune-up to ensure a clean local oscilla- 
tor output. Adjust the output coupling 
probe by threading it in or out of part no. 
4. First loosen part no. 3, then tighten it 
up after the output coupling is 
optimized. You'll need to adjust the414- 
MHz drive for proper output at 3312 
MHz (5 to 10 mW at each output con- 
nector). The two outputs will be within 
1 dB of each other - more than suffi- 
cient to properly supply a local oscilla- 
tor signal to the two transverter mixers. 
You can change the 414-MHz drive 
using an LM317T voltage regulator 
which supplies an adjustable collector 

voltage to the414-MHz output stages. 
In my transverter, power input at 414 
MHz was 500 to 600 mW. I made no 
attempt at optimum input/output 
matching of the SRD; power at UHF is 
easy to come 

I provided two outputs on the comb 
filter instead of using a 3-GHz power 
divider to split the local oscillator for the 
two mixers (see fig. 11). This is a very 
simple power divider and you can use it 
on any comb or interdigital-type filter. 
You can take two different levels off the 
filter (for use in a duplex system) if one 
output uses capacitive coupling. For 
example, the center pin of an SMA con- 
nector provides coupling = 15 dB down 
from a normally connected output. 

There area number of combinations 
for the local oscillator chain. In addition 
to what's shown in the block diagram, 
you could also generate 3312 MHz using 

Mate r~a l  i s  brass stock. 
0.82- (2 1 mrn) X 0.82" (2  I rnm) 

x 0.82" (21 rnm) 

O u t ~ u t  End view 
0 u t G t  coupling probe. 2-56 
X 0.75' ( 1 grnrn) brass screw 
w i t h  a 0.2' (5rnrn) brass disc 
soldered on the end 

&ill -24 
for d r 5 0 m t k d  

SRD holder end Flller 

Inside diem. i s  
-2 I - part * 4  

Tel lon bushing 0.20 1- (5.1 mm) 
dlarn. and 0.45- ( 1 1.4 rnm) long, 
d r i l l  end fo r  2-56 screw (-3) 

drill  end tap 
2 PI- for 

* 4  
'3 i s  a 2-56 X 1 .O" (25rnm) brass scl 

and connects t o  C 3  i n  Fig. 9 

dlarneter brass piece 
F i l t e r  

(top view) *5  i s  the SRD mounted betweenS4 
and the 1/4-20 brass set screw. 

*6 i s  a 1/4-20 NC brass set screw 
w i t h  a screwdriver s lo t  cut i n  one 
end and s hole drt l led i n  the other 
fo r  the SRD. 

*7 i s  a te f lon bushing 0.201" (5.lrnrn) 
diameter. This bushing supports the 

Dual local osci l lator outputs output coupling probe and i s  dr i l led 
f o r  the 2-56 screw 

3456-MHz SRD holder and output coupling detail. 

0 25' 16 -1 
x o n - 1 9 m n ) -  

X 3 40Y81 mm) 
b... 't* 

SNA 

output 
- 1  

The SRD/Filter/Power divider assembly. At 
top, the SRD holder is shown mounted to 
the +pole filter. The middle is a cut-away 
view showing the position of the SRD out- 
put probe and dual local-oscillator outputs. 
The bottom is the end view filterlpower 
divider. Connector input-output taps are 
0.25" (6 mm) from the cold end. 

a 1 -GHz local oscillator strip (crystalled 
for 1104 MHz) driving an active tripler to 
3312 MHz. There are a few sourcesfor 
stable crystal-controlled 1 -GHz local 
oscillator chains.* 

Active frequency multiplier 
FigurelPshowsthe x 3to3312 MHz 

multiplier. The active device is an SD 
1801 transistor ((21). The multiplier is 
built on 1132"Teflon double-sided pc 
board (Er = 2.55) and mounted in a brass 
carrier (shown in fig. 13). The multiplier 
is connected to a five-section interdigi- 
tal filter.'r2 I used an SMA connector on 
theinput instead of the SRD holder. The 
input connector is tapped at 0.25"from 
the cold end of the input pole. 

The multiplier and filter are connected 
in the transverter with a small piece of 
UT-141 semi-rigid coax. The exact 
length of the cable seems to have an 
effect on the performance of the mul- 
tiplier. Try different lengths of intercon- 

'Down East Microwave, Box2310, RR I t ,  Troy, Maine 
04987, 1207)948-3741. (W3HOf sells the LMW Elec- 
tronics, model ULO, Universal Local Oecillator kit.) 
SSB Electronics, 152-MHz Local oscillator chain for their 
2304 MHz transverter, crystalled and retuned to 1104 
MHz. 
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necting cable to provide the best match 
intothe filter. The multiplier and filter are 
effectively one stage and are tuned as 
such. Again, a power meter is attached 
to one output, and a 50-ohm load and 
spectrum analyzer to the other. After 
tuning the filter for maximum power 
output at3312 MHz, you can adjust the 

1104-MHz drive level to provide the 
proper level outputsforthe two mixers. 

Here's how the multiplier operates. 
Theinput of Q1 istuned to 1104 MHz (or 
1152 MHz in a3456-MHz beacon trans- 
mitter). The output is tuned to 3312 
MHz (or 3456 MHz). An interdigital fil- 
ter removes the fundamental and sec- 

Dual outputs 
lnput 

UT- 141 Semi-rigid coax 

Board material i s  0.032' Teflon double-sided 
Er = 2.55 

C 1 3.5 pf Johanson piston (1 I Thomson/Plostek SD 180 l 
trlmmer, JMC -580 1 or 5802 
C2 4.5 pf Johanson Gigi-trim 2 1.7 0.08W (2 mm) X any length 500 line 
cap, JMC *27273 22 0.150- (3 8 mm) x 0.30' (7.6 mm) 
RFC 1 61, *26,0.1- (2.5 mm) ID 23 0.060' (1.5 mm) X 0 35- (9 mm) 
RFC2 31, -24, 0.1' (2.5 mm) ID 24 0.150- (3.8 mm) X 0.30- (7.6 mm) 
FB Ferrite bead 25 0.200- (5.0 mm) x 0.30- (7 6 mm) 

26 0.060- ( I  .5 mm) X 0.20- (5.0 mm) 

X3 Multiplier to 3312 or 3456 MHz with a Ssection interdigital filter on the output. 

SMA lnput 

I I 

firass houslng wlth tloard soldered in place 

Parts placement on the X3 multiplier and full-scale artwork below. Trace side shown. Op- 
posite side is unetched. 

ond harmonic frequencies and also pro- 
vides two outputs for the two 
transverter mixers. The typical perfor- 
mance of the tripler and filter with one 
output is 30-mW power input at 1104 
MHz (or 11521, which produces40to60 
mW output. Pi, of 50 mW produces 
greater than 100 mW. When running 
the multiplier on 15Vdc, I'veseen + 23 
dBm (200mW)outofoneoftheseunits. 
You could use this for a beacon trans- 
mitter. The3312-MHz (3456MHz) out- 
puts are very clean; all unwanted har- 
monicsare down greater than 45dB and 
all non-harmonically related signals are 
down greater than 60 dB. 

I-F and DC switching 
It's necessary to have some means of 

switching the i-f transmit and receive 
lines when connecting the 2-meter 
transceiver to  the 3456-MHz trans- 
verter. You'll also need a keying circuit 
to control the transmitlreceive of the 
transverter. This requires one of two 
different hookups - depending on 
whether the 2-meter i-f will be a trans- 
ceiver or another transverter (an MMT- 
144128, for example*). 

Two-meter transverter as an 
i-f 

Separate receive and transmit con- 
nectors are available on the MMT-144 
transverter. The i-f output of the receive 
mixer is connected to the 144-MHz 
receive port on the 2-meter transverter. 
On the transmitter side, you must insert 
an attenuator between the transmit out- 
put (nominally 10watts) of the2-meter 
i-f and the3456-MHz transmit mixer (see 
fig. 14). Adjust the i-f drive level to the 

'Microwave Modules Ltd., Liverpool, England, makes 
a complete line of VHF /UHF transvertem. 
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Bill Olson. W3HOT 
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Auto-Kall" 
HF Alert 

Encoder l Decoder-use w ~ l h  SSB I CW I FM I AM 

Novlce l o  exlra Encoder sends 2 slrlngs 01 dlls 

a1 preclse speed 225 comb~nal~ons Decoder mules 

speaker u n t ~ l  s~gnaled B u ~ l l - ~ n  speaker Alarm 

enable outpul Moblle mounllng bracket 13 8 
VDC Easy lo  hook up Greal lor mob~le l o  base 

use HF l ra t f~c nels elc Send or call for complele 
Inlo 

MoTron 
Electronics 

Iritroducto, price: 

6". W Zlsf Ave $129.95 
Euaene OR 97405 I= ,$, ,n ,,p,,,, H I ~ C I , , ~  

U S A  I 

Orders 1-800-338-9058 Inlo (503) 687-2118 
TLX 984794  

1 0  W 
Input Altenuator 

Note 7 

Note 8 RF C o n t r o l  

a l l  resistors are 1 / 2  watt carbon 

R5 = 50 O minature pc board type p o t  

I-f attenuator and adjustable RF control. 

transmit mixer as follows: Turn the RF 
control (R5) CCW (maximum attenua- 
tion). Attach a power meter to the out- 
put of the 3456 transverter. Put the 
3456-MHz transverter into the transmit 
mode and apply the 10 watts of drive. 
Adjust the RF control (R5) for a maxi- 
mum power output at 3456 MHz. 
Reduce the2-meter RF; it should show 
a decrease in the 3456-MHz output. If 
there's no reduction in power output, 
the mixer is being overdriven and you 
must insert additional attenuation in 
front of the RF control. 

It's important that the i-f radio be 
operated at its normal output level, and 
not with the gain or CW control turned 
down. The RF control in thetransverter 
is adjusted to match the i-f level, not 
vice versa. Thisensures that the trans- 
verter will neyer be overdriven, even 
when the i-f radio's gain controls are 
adjusted improperly. The procedure is 
correct for any transverter system. 

Two-meter transceiver for 
the i-f 

Figure 15 shows a Pin diode RF 
switch that provides switching for the2- 
meter i-f during transmit and receive. 
The i-f transceiver is connected to the 
Pin diode switch; this gives two sepa- 
rate ports similar to the outputs of the2- 
meter transverter described earlier. The 
R F attenuators* and R F control arealso 
used in this installation. The i-f drive 
adjustment is the same as if you were 
using a transverter. Don't make 
changes in the RF drive with the2-meter 
transceiver in the "low power" position 
or you'll be asking for trouble. 

2-meteF3q ~ ~ ~ ~ ~ ~ o r ! ~ l ~ O f  19 I 3 
xcvr 

in'Du' 001 u fd  L I 
C4 001 urd pH from receive rnwer I. 

D2 - 
.f port 

D 1 .D2 BA 182, nP3340!, or UM9401 Pln dlodes 
(P~III~S, notorols. Unltmde respecllvely) 
RFCI 101. -24. 118-(3 mm) ID 
L I 1/4 Wavelength equlv = 121. -24, 3/32' 

( 2  mm) ID 
c I-co 001 urd ~ I S C  CODS 

I I 

Pin diode RF switch. 

DC control circuits 
Control the 3456-MHz transverter 

with "hard keying." Use RF sensing 
onlyasa last resort. Hard keying is sim- 
ple. Take a transmit voltage off the i-f 
radio - either via an accessory jack, or 
by going inside and soldering a wire to 
a resistor lead. You just need a voltage 
between 5 and 18 volts on transmit at a 
few milliamps of current. Check your 
radio'sschematic to determine where to 
look with a voltmeter. Figure I 6  shows 
a DC switching circuit that provides 12 
voltson transmit to control the Pin diode 
switch in fig. 15. The 12 volts will also 
key your 3456-MHz transverter control 
circuits and power supply4. 

'Microwave Modules R F  Anenua to r  Models: M M R  

3/25=3dB/25 wan,  M M R  713= 7 d B / 3  wan ,  M M R  

15 /10=  1 5 d ~ / l o w a n  

/ 155 
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v 
Ground on "i , 1 I Input 
transmi t 

1 N400 1 1 KO 

+5- 18 VdC TIP32 
onTXfrom 2N2222A 
1-f radio HPS-A 13 

3 KO 

+ 12 ~ d c  output 
on transmit 

All resistors are 1/2 watt 

C E B C  

TIP30 2N2222A HPS-A 13 
TIP32 

- 

DC switching circuit, controlled by the i-f transceiver in the transmit mode. 

Antenna relays 
You can use antenna change-over 

relays manufactured by Transco Prod- 
ucts, Inc. (and other manufacturers) at 
3456 MHz. Lookforsurplus relaysatflea 
markets. Some have specially made 
connectors designed for the military. 
Unfortunately, matching connectors 
usually aren't available. I use a Transco 
latching-type relay, PIN 82132-909C. It 
cost me $5.00ataflea market. The con- 
nectors resembled an SMA female jack, 
but had male center pins. I removed the 
threaded-in connectors and installed 
female SMA connectors. Insertion loss, 
measured at3456 MHz, isO.1 dB; isola- 
tion is greater than 60 dB. Surplus relays 
manufactured by Electronic Specialty 
Company are usually good for3456and 
5760 MHz. 

Conclusion 
The design for this transverter is rela- 

tively simple. A few basic components 
areall you need to build a "bare-bones" 
unit for mountaintop work. Besides the 
local oscillator, two mixers and the 
"split" TVRO LNA will get you on the 
air. You can use manual transmit- 
receive change-over (moving a coax 
cable between RF ports) with good 
results, asspeed isn't usually a require- 

ment. Microwatt transmitters and diode 
receivers are adequate for most line-of- 
sight communications. You can always 
add fancy switching and higher power 
output later. 

You can usesomeof the component 
designs for other microwave projects. 
For example, the SRD multiplier issuita- 
ble for a beacon transmitter. The HP 
5082-0320 diode is capable of much 
more power output at 3456 MHz than is 
used in this transverter. It's possible to 
find other 1 to 5-watt SRDs that will fit 
into the same holder. Try using the 
active multiplier forthe output or driver 
of a beacon transmitter. Adjusting the 
collector voltage and RF power input for 
maximum yields200 to300-mW power 
output. 

This transverter is one of many pos- 
sible designs." Microwave enthusiasts 
in other parts of the countw are using 
surplus phase-locked sources for their 
local oscillators. TVRO mixers are also 
in service. GaAsFETS and surplus tube- 
type amplifiers are being used for the 
transmitters. There's also an assort- 
ment of TVRO, surplus, and homebrew 
GaAsFET receivers at work. 

The majority of activity on this band 
comes from mountain-topping stations 
and local QSOs. Many stations will soon 
be on the 3.4-GHz band, and QSOs 

similar to 2304 MHz will be common- 
place. Besides the parabolic antennas 
normally used on the microwave bands, 
the loop Yagi is becoming a popular 
antenna for 3456 MHz."" 

"The ARRL Handbook 
""Down East Microwave, Box 2310, RR #I, 
Troy, Maine 04987, (207) 948-3741 sells loop Yagi 
antennas for all bands 902-3456 MHz.  
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Parts for antenna 
tuners and 
linears.. .plus a 
correction 
One of the delights of writing for a 
magazine like Ham Radio is receiving 
reader mail. Sometimes I get brickbats 
either for not covering a pet topic, or 
covering it in a way that someone 
doesn't like. I also get kudos and con- 
gratulations for covering a topic well, 
or covering one that other magazines 
seem to overlook. But let me make a 
mistake, and my mailbox fills up in a 
hurry - HR readers are a sharp lot! 
Fortunately, most of the "eagle eyes" 
simply point out the error and let me 
off the hook easily. Others.. .well, 
others ... l won't tell you about them, 
except to state that for some people 
columnists' mistakes are mortal sins. 

One error turns out to be not an 
error at all, merely an oversimplifica- 
tion. In one column I warned you to 
be careful of NPO capacitors because 
they are not really zero temperature 
coefficient. Most of them are 0 k 30 
ppm. Although I prefer silvered mica 
capacitors, some of you don't like 
them because they seem variable with 
respect to tempco (despite the rating). 
It turns out that I was right after all, 
but so were those of you who wrote. 
The selection of the low tempco capa- 
citor is a lot more complicated than I 
(or any other Amateur Radio writer) 

TIC 
SP 

have shown. I am researching the 
issue, and may write a column about 
it in the future. If you have informa- 
tion or opinions, write to me at the 
address at the end of this column. 

Tunerllinear parts 
Antenna tuners and linear-amplifier 

RF tuned circuits are popular Amateur 
Radio construction projects. That old 
saw, offered by scores of doomsayers, 
that hams don't build anymore is 
belied by my mailbag. Many people 
have written me (more than 60 in 
response to the spectrum analyzer 
column) on construction projects. A 
common question regards the class of 
parts used for tuners and linear ampli- 
fiers. When a schematic shows a vari- 
able capacitor, the capacitor could be 
a screwdriver-adjusted trimmer or a 
mighty vacuum variable. I'll take a look 
at a couple of different types of com- 
ponents this month. 

Another question I see frequently 
concerns supply sources. Hamfests 
are traditional places to find linear1 
tuner parts, but those events are either 
drying up or people are asking an arm 
and a leg for parts. I saw a corroded 
(really scuzzy) transmitting-type vari- 
able capacitor at a hamfest; the owner 
wanted only $3 less than the price 
Radiokit was asking for a brand new 
one! Although hamfest bargains (and 
reasonable deals) still abound, you 
might contact some of the vendors 

EAKING 

List of suppliers 

Radiokit, POB 973, Pelham, New Hamp- 
shire 03076, (603) 635-2235 
Barker Et Williamson, 10 Canal Street, 
Bristol, Pennsylvania 19007, (215)788-5581 
Fair Radio Sales, 1016 East Eureka Street, 
POB 1105, Lima, Ohio 45802 
Nevada Communications, TELECOMMS, 
189 London Road, North End, Portsmouth, 
PO2 9AE, England 
UnadillalAntennas Etc., POB 215 BV, 
Andover, Massachusetts 01810-0814, 
(617)475-7831 
Van Gorden Engineering, POB 21305, 
South Euclid, Ohio 44121 
SPI-RO Manufacturing, Inc., POB 1538, 
Hendersonville, North Carolina 28793 
Alpha Delta Communications, Inc., POB 
571, Centewille, Ohio 45459 (513)435-4772 

shown in table 1 for mail order pur- 
chases, or to locate a dealer who can 
help you. 

Let's take a look at the types of parts 
that are suitable for building antenna- 
tuning units or the RF output deck of 
a linear, or class-C, RF power ampli- 
fier. 

Photos A and B show a pair of 
high-voltage variable capacitors suita- 
ble for use in high-power applications. 
The capacitor in photo A is a 250-pF 
model about 10 inches long, with wide 
spacing between plates to accommo- 
date the high voltage. In the model 
shown, the shaft has a nylon end piece 
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High-voltage, air-dielectric variable 
capacitor. 

Motor driven 1000-pF vacuum variable 
capacitor. 

that permits the stator plates to be at 
high voltage (where necessary) with- 
out placing the operator at risk. This 
particular capacitor (as well as the 
inductor in photo C) is part of the 
antenna-tuning unit kit offered by 
Radiokit (see table 1 for address). 

The capacitor in photo B is a 1000- 
pF vacuum variable. This model is sur- 
plus, and was obtained from Fair Radio 
Sales in Lima, Ohio. The surplus capa- 
citor cost considerably less than the 
new vacuum variables, and a lot less 
than some hamfest "tailgate specials" 
I've seen in recent years. In this case, 
a motor drive mechanism is supplied 
allowing the user to set the capaci- 
tance by applying a + 12 Vdc source 
to the motor control. Microswitches at 
the limits of travel can be used either 
to provide warning to the operator that 
the limit is reached, or automatically 
turn off the power to the motor and 
reverse the direction of travel. I plan 
to use this capacitor in an outdoor 
(remotely tuned) antenna-tuning unit. 

Photos C and D show a pair of 
inductors used for antenna-tuning 
units. The version in photo D is a fixed 
coil made from BBW 3029 stock. 
There are three methods for connect- 
ing leads to the coil. One is to use an 
alligator clip. Press down a short sec- 
tion of alternate turns to allow the clip 
to be attached without shorting adja- 
cent turns. Another is to simply solder 
a wire to a turn of the coil. Finally, 
sources like Radiokit sell special coil 
clips that screw onto the coil stock. 
Use either a manual attachment or an 
RF switch to select the required induc- 
tance. 

The inductor shown in photo C is 
a rotary inductor. This one selects 
inductances from about 1-28 pH. A 
rotary shaft on the front end of the coil 
sets the inductance. 

Photo E shows an antenna-tuning 
unit from Nevada Communications in 
England. I ordered this instrument 
through the mail (Nevada can accept 
most of the major charge cards famil- 
iar to United States customers). 

THE QSL BOOK! 
Cont inu ing  a 68 year t rad i t ion ,  we  b r i ng  
y o u  three n e w  Cal lbooks f o r  1989, bigger 
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Roller or rotary inductor. 

Fixed inductor made from BbW miniductor 
stock. 

America, Curope. Af r ica ,  Asia, and the 
Pacif ic area (exclusive o f  Hawal i  and  t he  
U.S. possessions). 

The  1989 Cal lbook Sunplement  Isa  n e w  idea 
tn Cal lbook updates, l i s t lny  t he  ac t i v l t y  i n  
b o t h  t he  N o r t h  Amer ican and  ln ternat iona l  
Callbooks. Publ ished June 1.1989, th is Com. 
b ined Supplement w i l l  inc lude thousands o f  
n e w  licenses, address changes, and call sign 
changes for  t he  preceding 6 months.  

Every act ive amateur needs t he  Cal lbook!  
The 1989 Callbooks w i l l  be Publ ished 
December 1, 1988. Order early t o  avo id  
d isappoin tment  (last year's Cal lbooks so ld  
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I incl. s h ~ p p l n q  t o  foreiqn count r ies  35.00 ( 
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I Incl .  sh ipp ing t o  fore lgn countr ies 38.0( 
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Incl .  sh ipp ing w i t h i n  U S A  $13.0( 
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fl 156 January 1989 85 



Nevada also sells the individual com- rigs, VHF-FM marine rigs, and low- 
ponents. One capacitor (shown on the VHF landmobile rigs - as well as 
right) is a 250-pF variable; the other is 
a dual-section 250-250 pF model. It can 
be used as either a dual capacitor in 
a Transmatch circuit, or can be con- 
nected in parallel to form a 500-pF unit. 

Dummy loads 
A dummy load is a substitute 

antenna for making measurements 
and tests. In fact, British radio 
engineers often refer to dummy loads 
as "artificial aerials." There are several 
uses for these devices. Radio opera- 
tdrs should use dummy loads to tune 
up on crowded channels, and only 
then transfer to the live antenna. 

Dummy loads can also be used 
when troubleshooting antenna sys- 
tems. Suppose you have a system in 
which the VSWR is high enough to 
affect the operation of the transmitter. 
You can disconnect each successive 
element and connect the dummy load 
to its output. If the VSWR goes down 
to the normal range, then the difficulty 
is downstream (i.e., towards the 
antenna). You'll eventually find the 
bad element (which is usually the 
antenna itself). 

Several commercial dummy loads 
are shown in ~hotos  F through H. 
Photo F is a' Drake DL-1000: This 
dummy load is usable throughout the 
HF region, and will handle 1000 watts 
for short periods. A long, high-power, 
noninductive resistor element inside 
the DL-1000 is rated at 50 ohms, and 
can dissipate 1000 watts for several 
minutes. If you anticipate longer times 
or higher powers, apply forced air 
cooling by adding a blower to one end 
of the cage. 

I modified my DL-1000 by adding a 
BNC signal sampling jack. Connect 
this jack internally to either a two-turn 
loop made of no. 22 insulated hook- 
up wire, or to brass rods positioned 
alongside the resistor element. It will 
then pick up a sample of the signal so 
that it can be viewed on an oscillo- 
scope, or used for other instrumenta- 
tion purposes. I'll discuss this modifi- 
cation in a future column. 

Photo G shows a small collection of 

Nevada antenna tuner unit. 

my low-power dummy loads. The 
small gray load in photo G is a 5-watt 
model, and is typically used in Citizen's 
Band servicing. The resistor is 
mounted directly on a PL-259 coaxial 
connector. These loads typically work 
to about 300 MHz, although many are 
not really useful over about 150 MHz. 
I have successfully used it to service 
a 2-watt, 2-meter handheld. A higher 
power version of the same type is also 
shown in photo G. This device works 
to the low VHF region, and dissipates 
up to 50 watts for short times, even 
though it is rated at 15-watts continu- 
ous power. I have used this dummy 
load for servicing high-VHF landmobile 

Amateur Radio rigs. 

Drake DL-1000 dummy load for HF bands. 

Collection of small dummy loads. 

Commercial dummy loads mads by Bird Electronics, Inc. 
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The load box shown in photo G is 
a homebrew device containing ten 
different 2-watt, carbon composition, 
noninductive resistors. Also included 
are a zero-ohm switch position 
(shorted to ground) and an open posi- 
tion (which requires an external load, 
or produces an "infinite" impedance). 
I used this dummy load to produce the 
photos in a past column on time 
domain reflectometry methods. 

Photo H shows a small collection of 
8000-series Termalinem dummy loads 
produced by Bird Electronics, Inc. 
These are professional instruments ~ 
and are rated very conservatively. If 
you plan to service a lot of equipment 
or go into business, then it's probably 
a good idea to buy one or more of 
them. Even Amateurs with a modest 
workshop may want one of these 
professional loads. 

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

A simple signal source 
for 903 MHz 

Circuit testing is probably one of the most difficult 
problems you'll encounter when building equipment 
for the higher frequency Amateur bands. It's even 
harder on a new band, because you may have no oper- 
ational equipment to use as a starting point. I've built 
a simple reference-signal generator for the 903-MHz 
band that can be operated without any other RF test 
equipment. Try using it as the reference point for 
adjusting antennas and equipment. 

Circuit description 
The idea for this test-signal generator came to me 

while I was looking through a catalog of standard TTL 
crystal oscillators. These oscillators, intended for use 
in digital computer equipment, are inexpensive and 
fairly accurate signal sources. One commonly availa- 
ble oscillator operates at 18.432 MHz and has a con- 
venient 49th harmonic of 903.168 MHz. It's very near 
to the 903.1-MHz calling frequency - certainly close 
enough to be useful in testing and tuning equipment 
for the entire 33-cm band. 

Once I realized that this oscillator's harmonic falls 
on a useful frequency, I started wondering how to use 
it to build a signal generator. The block diagram in fig. 
1 came to mind. The crystal oscillator's output is ampli- 
fied and its harmonic level enhanced. A sharp, pre- 
tuned filter rejects most of the undesired harmonics 
and another amplifier increases the level of the 903- 
MHz signal. It requires no adjustments or external 
calibration. 

By Jerry Hinshaw, NGJH, 10 Acorn Circle, 
#101, Towson, Maryland 21204 

18.432MH, 0SC MMIC  AMP 9OJMHz FILTER MMIC AMP RF OUTPUT 

VOLT W G .  el 
Block diagram of the signal generator. 

UI  78L05 5-roll 8nI.gr.nd clnulf rollage repuiator 10OmA nflng. 
U2 18.432-MHz TTL cr,rtal osdlklor module (D1gi.K.y PIN Xl l8) .  
UJ.U5 MMlC ampbber MSA.0104 or MSA-0185 or MAR41. Sw 18x1. 
U4 903-MM helical roronalor two osstlon (Dlgl-Key PIN TK3313) or I h m  

seclion (Digi-Key PIN TK3401). 
Of IN4001 01 e q ~ i v a ~ n f .  
All CspllEllOrJ O.OI.pF c.ram8c drrc 
A11 relr lom 114.rsll carbon composilion. 

Detailed schematic diagram and parts list of the circuit. 

The schematic diagram in fig. 2 shows each of the 
subsystem "blocks" in detail. The first stage to the 
left is the oscillator. It needs a Svolt supply and ground 
to provide a stable output. This voltage regulator 
reduces the 13.8-volt supply to 5 volts, and its regula- 
tion helps prevent "pushing" (frequency shifts caused 
by power supply variations). 

The stage after the oscillator is an MMlC amplifier; 
it serves two functions. First, it isolates the oscillator 
from output impedance changes which would alter the 
oscillator frequency (a phenomenon sometimes called 
"pulling"). The MMlC amplifier, with its low reverse 
gain (SI2), acts as a buffer and shields the oscillator 
from load changes. It also isolates the oscillator from 
the filter's high VSWR at frequencies outside the pass- 
band. second, the amplifier enhances the oscillator's 
harmonic output. (After all, it's the 49th harmonic that 
falls in the desired band - not the fundamental.) Use 
an amplifier which has a low output compression point 
for this function, so that it's driven into saturation by 
the oscillator's signal. When saturated, the amplifier 
operates nonlinearly and produces more harmonic 
power (since harmonics are distortion products 
produced by nonlinear amplification). This MMlC 
stage has considerable gain from HF to above 1 GHz, 
covering the fundamental of the oscillator at 18.432, 
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the desired harmonic at 903.168, and all points in 
between. 

There are a number of silicon MMlC amplifiers 
which will work well here. As I mentioned before, the 
main requirement is for gain saturation when driven I 

by the oscillator. I used an Avantek MSA-0104, biased 
with'a resistor to about 15mA collector (output lead) 
current. Other possible choices are the MSA-0185 (the 
same device in a smaller plastic package) or the Mini- 
Circuits MAR-1 (which appears to be the Avantek 
MSA-0185 device sold under a different label). The 
slightly higher power Avantek MSA-02 (Mini-Circuits 
MAR-2) would probably work well enough, although 
the output level might be a bit lower due to its lower 
gain. The MSA-06 (MAR61 would also be a good 
choice. It's similar in many ways to the MSA-01, 
except for its lower collector voltage and lower noise 
figure. The latter is of little merit in this application. 

The next stage is the filter. The ideal filter would 
have no loss at 903 MHz, and infinite loss at all other 
frequencies. In practice, we want as much rejection 
as possible. The undesired harmonics are unfor- 
tunately close to the desired spectral line, only 18.432 
MHz above and below the output at 903.168 MHz. 
This signal generator's circuit architecture is not ideal 
for rejection of undesired harmonics because the mul- 
tiplication order is so high - the price you pay for such 
simplicity. Still, if the filter can reject the adjacent har- 
monics (numbers 48 and 50) by 10 to 20 dB relative 
to the harmonic at 903 MHz, the output will be quite 
useful. 

Commercially available helical resonator filters are 
a good choice for this application. They are narrow- 
band, have sharp rejection skirts, and low insertion loss 
at their center frequency. The Toko company manu- 
factures a line of helical resonator filters with two or 
three resonator sections. Some even come pretuned. 
Either the two or three- section filter will work, but the 
three-section one gives a cleaner output spectrum due 
to its greater attenuation of the adjacent harmonics. 
The Toko filters available in the 900-MHz region have 
passband widths of about 10 to 15 MHz, measured 
at the -3  dB points, and losses of about 4 dB at the 
center frequency. They are packaged in small metal 
cans with radial leads at the bottom. You'll need good 
grounding to make them work, but otherwise they're 
trouble free. 

A second MMIC amplifier after the filter increases 
the signal level of the 903-MHz line - the strongest 
harmonic at this point in the circuit. Here the signal 
level is low, so a high gain MMlC amplifier with a low 
compression point is again suitable (though for some- 
what different reasons than for the stage ahead of the 
filter). Any one of the MMlC amplifiers mentioned 
before will work. 

In summary, the test-signal generator is a chain con- 

Details of the prototype's circuit board. The crystal oscilla- 
tor's four leads are seen at the upper left. The first M M l C  am- 
plifier is at the top, and the bandpass filter is near the center. 
The output M M l C  is at lower right. 

sisting of an oscillator followed by a multiplier/ampli- 
fier, a narrow filter centered at the output frequency, 
and an output amplifier. There are only four stages, 
few components, and no adjustments. 

Construction details 
There's little need for a printed circuit board for a 

simple project like this; the usual Amateur methods 
work well. I used a copper-clad perfboard for the pro- 
totype. The oscillator DIP and the helical filter sit on 
the unclad side of the board while the smaller RF parts 
solder directly onto the copper-clad side. You can see 
many of the construction details in photo A. 

The crystal oscillator's leads protrude through the 
holes in the perfboard. Two of the leads (the DC power 
lead and the RF output) are isolated above ground, 
so I cleared away the copper with a pad cutter. The 
other two leads are soldered to the copper foil, which 
is the ground plane for the circuitry. 

Install the MMlC amplifiers by bending their two 
ground leads flush to the package and soldering them 
to the copper ground foil, as close as possible to the 
MMIC package. This gives them low-impedance 
ground connections. Leave the input and output rib- 
bon leads suspended in the air; they are both short 
and stiff so no other support is needed. Solder the 
input and output coupling capacitors and the output 
bias resistor directly to the MMlC leads. Make the con- 
nections as short as practical, as is the practice in the 
"hot" portions of UHF circuitry. Short leads increase 
the mechanical strength of the assembly. 

The hardest part is mounting the helical resonator 
filter, because its leads aren't on the perforated cir- 
cuit board's 0.1-inch grid pattern. This means that you 
must drill special holes for at least some of the leads. 
Figure 3 shows the pin connections and spacings for 
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Mechanical pin outline drawing of the two-section filter. 
Dimensions are inches (millimetersl. 

the two-section filter. Bend the metal mounting tabs 
on the filter flat and solder them to the board's cop- 
per ground foil. 

The test oscillator can easily be built inside a 2" x 
1.5" x 1.5" box. A shielded box is preferable. It allows 
for the cleanest possible output, because only the 
filtered signal is permitted to exit the box by way of 
the output connector. Photo B shows my version, 
mounted in the ubiquitous "Bud" box. The output 
connector is a BNC type. It's a lossy choice at this fre- 
quency, but convenient, widely available, and inex- 
pensive. DC power for the circuitry comes in through 
banana jacks. 

Operation and test results 
Once the circuit board is fully assembled (it took me 

about 90 minutes), it's ready for operation. No tuning 
is needed, and in fact none is possible. (The helical 
filters have screw adjustments which could be tuned 
for better response, but that's probably not a good 
idea without a spectrum analyzer.) The test oscillator 
should draw about 100 mA at 13.6 volts. Each of the 
MMlC amplifiers should have about 4 volts at the out- 
put tab, and about 1.6 volts at the input lead. There 
should be 5 volts at the output of the voltage regula- 
tor supplying the oscillator. If all of these voltages are 
correct and present, the signal generator should be 
operating. 

As soon as I applied DC power, the prototype 
worked and produced a strong signal at about 903.2 
MHz. The audio note was fairly pure - quite pleas- 
ingly so for a crystal oscillator that was not designed 
for low phase noise and multiplied 49 times. (The 
phase noise of an oscillator is increased during fre- 
quency multiplication. 

On a spectrum analyzer, the output signal measures 
-26 dBm (2.5 pW) at the circuit board. This is not 
a huge signal by transmitter standards, but plenty large 
for testing even insensitive receivers. The spectrum 
appears fairly "clean" and the adjacent harmonic lines 

External view of the signal generator installed in a small me- 
tal box. The RF output is via the BNC connector to the right; 
DC power connects to the Banana jacks on the left. 
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Spectral plot of the test oscillator's output. The main signal 
at 903.17 MHz is at about -26 dBm; all other harmonics are 
at least 10 dB below that. 

are down more than 10 dB below the desired output. 
This is acceptable for a tuning indicator, and is good 
for a crystal reference. A spectrum plot is shown in 
fig. 4. You can see that the adjacent harmonics are 
rapidly attenuated away from the desired 903 center. 
All of the harmonics below 800 MHz and above 1 GHz 
are at least - 70 dBm. 

When a three-section helical resonator is used in 
place of the two-section model, the results should be 
even better - as indicated in fig. 5.1 made the predic- 
tion that appears in fig. 5 from the vendor's test data 
of filter attenuation of the three-resonator filter. Of 
course the three-section filter is more expensive, but 
the output purity is considerably better. The three- 
section filter is generally a good idea; for antenna test- 
ing (where the signal is radiated in space) the better 
filtering is probably essential. Building the test gener- 
ator should be no different with the more selective 
filter, except for the necessary change required in the 
mechanical layout due to the filter's slightly larger size. 
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Predicted spectral plot for a signal source using a three- 
section helical resonator in place of the two-section fitter used 
in the prototype. 

Summary 
This simple project provides a useful tool for aligning 
filters, amplifiers, and receivers and also for antenna 
testing. Because it can be built and used without need- 
ing alignment, it's a good starting point for work in 
the 903-MHz band. Use a similar approach with a dif- 
ferent crystal oscillator and the proper filter to make 
a test generator for frequencies from at least 200 MHz 

version - including packaging - shouldn't take more 
than three or four hours. 
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er, select ca llng, text f~ le  transfer, customizable full screen 
log in 24 programmable 1000 character messages. Ideal 
f o r h ~ % ; ~  and traffic handlin Requlres 256k PC or AT com- 
patible, serial po?, ~ ~ - 2 3 2 t ' ~ U .  865. Send call letters (in- 
cludlng MARS) wlthorder. Davld A. Rice. KC2HO. 144 N. Putt 
Corners Rd. New Paltz. NY 10219. 

- 
WANTED: ARC5 and SCR-274 equipment, parts and acces- 
sories, any condition. Ken, WB9OZR. 362 Echo Valley. Kinne- 
Ion. NJ 07405. (201) 492-9319. 

MACINTOSH Ham Software. MacTrakm tracks satelbtes, sun. 
moon. Graphic or tabular outputs. Compatible with Mirage 
Trackina Interface for rotor control. $59.95. DX HeloerTY oro- KITS'PARTS'PLANS. We have hard to find pans! Variable 

tuning capacitors tuning coils c stal and magnetic head- 
phones, germaniim diodes, c;st$ shortwave and tube type 
kits. Very inexpensive. Send 25 cent stamp tor catalog. Yea 
Communications, 12922 Harbor XBOOHR. Garden Grove. c P ~  
92640. 

v~des DE Info ~ncludlng distance, bearlng, sunrlse, sun&, prbpa 
gatlon MUF. great clrcle dlsplay, more. $34 95 SASE for Info 
from R Stegemeyer. PO Box 1590, Port Orchard WA 98366 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. HElN SPECIALTIES. Inc., Dept 301.4202 N. Drake, 
Chicago. IL 60618. 

$50 PACKET Digicom 64--software based PACKET system 
for Commodore 64. Software IS publlc domain and requires 
a modem for the C64 which is provided by our kit. Board plugs 
directly into cassette rt or remote mounted via cable both 
cunnectors included. Gtchdog  timer, reed relay PTT anb P T  
inversion options included. Power derived from computer. 
Uses 7910 chip-no ali nment required. Switch allows HF or 
VHF o eration. Order Wt XI54 tor $49.95 or Assembly 6154 
for $7895 both include FREE DISK. Add $2.50 slh. A 8 A 
ENGINEERING. 2521 W. LaPalma XK. Anaheim, CA 92601. 
1714) 952-2114. MC or VISA acceoted. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel. San Pablo, CA 94806. 

COMING EVENTS 
Activities - "Places to go . . ." . . 

NEW OSCAR STATION. VHF-UHF tubes. Test gear. Misc. 
antennae, etc. Business SASE for list. KE50C. 6811 Villa Her- 
mosa. El Paso. TX 79912. 

SPECIAL REQUESTTO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE 
MENTS WHETHER OR NOT YOUR HAMFEST LOCATION FLEA - 

FLOOD YOUR MAILBOX! You get 100's of radio and elec- 
tronics specialty catalogs. Send $5, name and address to: 
Electronic List Services. Dept C, PO Box 1683. Brookline, MA 
02148. 

MARKET IMRA International Miss~on Radlo Association helos mission- INDIANA: January 7. South Bend Hamfesi Swap & Shop, first 
Saturdav after New Year's Dav. Centurv Center downtown on arms ~ q u ~ p m e n t  loaned Weerday net 14 280 ~ h z  1 3 PM 

Eastern Nlne hundred Amateurs In 40 countries Rev Tho- 
mas Sable S J Unlverslty of Scranton Scranlon. PA 18510 

US 33 0;eway Nonh between Trustcorp Bank Bu~ldlng and rlv 
er Four lane h~ghways to door from all dsectlons Tables $515 
ft round S15,8x2 5 rectangular. $2018 ft wall locations Talk 
in freq 52 52 9939 8909.34 94 145 29 K9IXU 1219) 233 5307 HAMLOG COMPUTER PROGRAMS. Full features. 17 mod- 

ules, auto-logs, 7-band WASIDXCC. Apple $19.95, IBM or 
CP/M, KAYPRO, Tandy, Cl28 $24.95. HR-KAIAWH. POB 
2015. Peabodv. MA 01960. 

RATES Noncommercial ads 10C per word; WISCONSIN: January 14. 17th annual Midwinter Swapfest 
sponsored by the West Allis Radio Amateur Club, Waukesha 
County Exposition Center Forum, Highway5 J & FT, Waukesha. 
6 AM to 3 PM. Admission $2/advance; C31door. Reserved 4' 
tables $3.00; at door $4. Free coffee and donuts until 9 AM. 
Amateur exams. Packet Radio meetlng. Send SASE to 
WARAC Swapfest, PO6 1072. Milwaukee, WI 53201 

commercial ads 60Q p e r  word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one free Flea Market ad 
(subject to o u r  editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

- 
VHF-UHF-SHF. Large SASE. West Coast VHFer. POB 685, Hol- 
brook, AZ 86025. 

CHASSIS & CABINET KITS. SASE. K31WK. 5120 Harmony 
Grove Rd. Dover. PA 17315. 

MASSACHUSETTS: January 14 MMRA. M~nuteman Repeater 
Assoc~at~on. Flea Market. Westborough Senlor H~gh School 
Adm~ss~on $2 Tables $lO/advance, S131door Doors open to 
sellers 8 30 AM Talk fin on MMRA's 146 011 61 repeater For 
tables contacr Scott Bullock. KAlCLX 26 Wlllls Street. Apt 21 

QRP LINEAR for 1.6 to 30 MHz. 1mW in. 10W out. Integral 
heat sink 3" x 4-314". 11 to 14V supply. $75. Ray Megirian, 
K4DHC. M)6 SE 6th Avenue. Deerfield Beach, FL 33441. 13051 
427-1980. 

Framinaham. MA 01701 15081 872-4961 or Andrew Morrison, 
COPY No special layout or arrangements 

available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible f o r  claims made. Liability for 
correctness o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avaii- 
able basis, wearegoing to offer you, OUR SUBSCRIBER, free 
of charge, a chance to find a home for your used equipment 
with a new Ham. Please send us a short descri~tion of what 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James Long, 
Ph.D.. N6YB (408) 733-8329. 

- 
LOUISIANA: January 21. SELARC Hamfest. South Eastern LA 
University Rec. Canter. Exams, tables and fun. Wheelchair ac- 
cessible. Joe Farris, 390 Piney Woods, Ponchatoula, LA 70454. 
(5041 386-8393. 

WANTED: HW-101 and HP-23 for parts. Need not be working. 
Write statino condition and Drice. RTO. 4166 M a ~ l e  St. Berrien 

MICHIGAN January 22 The Southf#eld Hsgh School Amateur 
Rad~o C l~b 's  23rd annual Swap h Shop. Southf~eld HS. 24675 
Lahser. Southf#ela 8 AM to 3 PM Admlsslon $3 00 Reserved 

. - - 
RTTY JOURNAL-Now in our 36th year. Read about RTTY. 
AMTOR, PACKET, MSO'S. RTTY CONTESTING. RTTY DX 
and much more. Year's subscr~ption to RlTY JOURNAL $10.00. 
foreign slightly higher. Order from: RTTY JOURNAL. 9085 La 
Casita Ave.. Fountain Valley. CA 92708. 

tables $20 for two 8' tables payable in advance. All profits go 
to Electronic scholarships and to support the activities of South- 
field HS ARC. For information or reservations write Robert 
Younker, Southfield High School, 24675 Lahser, Southfield, MI 
48034. I3131 746-8637. 

FLORIDA: January 29. The Sky High ARC'S 9th annual Citrus 
County Hamfest, New Location-National Guard Armory. Seven 
Rivers Drive, Crystal River. Doors open for exhibitors 7 AM. 
General public 9 AM. Admission $3 advance, $4 door. Talk in 
on 146.3551955, SHARC Hamfest, 5334 S. Forest Terr, 
Homosassa, FL 32646 for tickets, tables or further information. 

WANTED: Hammarlund HQ170AC vhf, and HOIIWAC, prefer 
Mint Cond. Mike Matich. PO Box 515, Cedar Ridge. CA 95924. 

-- 
CHRISTIAN AIRCRAFT MECHANIC wants fam~lv out of b ~ g  
clty Seeklng farm, ranch. loggmg, other country oppoRunlt#es 
Call (5121 695-3006. NSMPW. 

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO to 
G.L. Pierce. 5521 Birkdale Way, San Diego, CA 92117. SASE LONG ISLAND, NY. Febuary 5. LIMARC Hamfest. Electr~cians 

Hall. 41 Pinelawn Road. Melville 9 AM to 3 PM. Adm~ss~on $4 00 
all noas $3 00 after 11:30 AM 4x6 tables $12. Your own $1 50 

brings information. 

CASH OR TRADE for all types of transmitting or special pur- 
pose tubes. M Et S COMMUNICATIONS ENGINEERING 160 So. 
Auburn Street. Suite 200, Grass Valley, CA 95945. I9161 
772-5500. 

you want to sell along with price, name, address and phone num- 
ber. We'll run it once in a special section of the classified ads 
under the headina of BEGINNER'S RADIO CLEARINGHOUSE. 

- - - - - - - - - 
per ft Advance reglstra(lon only Talk In on 146 85 Mark Nadel. 
N U T  22 Spr~ngt~me Lane East. Levenown. NY 11756 1516) 
796 2366 or Hank Wener, WBZALW 12101 694 1811 Please lhmlt youcad to 20 words or less 

OHIO: February 12. The Mansfield Mid-Winter HamfestICom- 
puter Show. Richland County Fairgrounds, Mansfield. Doors 
open 7 AM. T~ckets Wladvance; $4/door. Tables S61advance: 
Slldoor. For additonal information, tickets or tables SASE to 
Dean Wrasse. KBBMG, 1094 Beal Road, Mansfield, Ohio44905 
I4191 589-2415 after 4 PM EST. - 
MASSACHUSETTS: February 18. Electronics Flea Market spon- 
sored by the Algonquin ARC. Marlboro Middle School Cafete- 
ria, Union Street off Rt 85. Marlboro. 10 AM to 2 PM. Sellers 
8 AM. Admission $2.00. Tables $Eladvance; SlOldoor. Wheel- 
chair accessible. Talk in on 146.01161 and 146.52. For more in- 
formation Dan, KBlWW (6171 481-1587 or write AARC. Box 
258, Marlboro. MA 01752. 

MICHIGAN: March 19. The South Eastern Michigan Amateur 
Radio Association's 31st annual HamfestISwap & Shop, Grosse 
Pointe North High School. 707 Vernier Rd. Grosse Pointe 
Woods. 8 AM to 2 PM. Advance $2.00: at the door $3.00. Ta- 
bles $8.00 and $10.00. ARRL and DX forums. Packet Radio 
demo. Talk in on W8FWC Repeater 146.741 14. For inforrnation 
write SEMARA Swap, PO Box 646, St. Clair Shores. MI 48080. 
Please SASE or phone NBHLY 1313) 5269498 after 6 PM. 

- 
ELECTRON TUBES: Receiving, transmitting, microwave ... all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS. PO Box 5029, Compton, CA 90224. (2131 
774-1255. 

FOR SALE: Drake R-4CIT-4XCIMS-4lAC-4, $325. FS-4. $65. 
1988 Callbooks: North American. $10: International $10. Add 
$2.50 shipping. D. Heise, AAGEE, 16832 Whirlwind, Ramo- 
na. CA 92065. (619) 789-3674. 

SWAP MINT. Hammarlund HQ 170 with speaker 1.8 MHz to 
5054 MHz for Drake antenna tuner etc. KASMVG (715) 
255-9958. 

WANTED: Old wood cab~net radlos of the 20's 30's lbattery 
operated, early elechics, crystal sets) Also, old speakers and 
parts Crocker, 6 Old Farm Road. Duxbury. MA 02332 

ANTENNA PARTS CATALOG Lowest Costs. Di- 
pole1QuadlGround Radial wire, insulators, center feeds, coax, 
relays, open wire feed line, etc. (114 multistrand dipolelquad 
wire. non-stretch. flexible, $29 per 275' Iminimum). S.105 there- 
after, includes shipping. Catalog $2.00. DAVIS RF. PO Box 
230-H, Carlisle. MA 01741. I5081 369-1738. 

SELL HW101 with RIT and Pwr supply, manual. $200. Jim 
Amos, K3YE, 3827 Chalfont Drive, Ph~ladelphia, PA 19154. 
(215) 637-6937. . . 

DRAKE LINEAR AMP Model MN4439- IOOOW (2000 PEP). 
1 8-30 MHz. Call Bruno Molino, VEPFL8. 26 Rue Des Anciens. 
Gatineau, Quebec J6T 3T2. (619) 561-3669 or 3681 

EXPLORE the license free 160-190 kHz band. Communications 
over 100 miles have been achieved and our kits will help you 
get on the alr fast! Send stamp for brochure to: SEDEN COM- 
MUNICATIONS. 1272 Harold Avenue, Simi Valley, CA 93065. 

TEST EQUIPMENT: FXR Microwave generator. 1-2 Ghz, covers 
1296 MHz band, wlmodulation. $75. Test, design, get on 1296! 
FXR 4-8 Ghz SiglGen. $50. GR-lO2lA VHFIGen, 40-250M. 
WIMod, caseIPS, calibrated attenuator, $100. HP-6068 HF 
SiglGen $200. Bird 611 wattmeter. 30-500 MHz $85. HP-410C 
RFIDCIAC meter, $150. GR-650A impedance bridge $75. Tek- 
tronix plug-in units: 1AlIFET. Exc $85. Type-M 4-trace. $75. 
Type-82.75 MHz dual trace. $75. Type-81 adapter, $50. Soren- 
sen DC lab PS highk regulated, SIState, variable 8-40V. 8 amps. 
Quality Volt, current meters, $75. Giant UTC plate transformer. 

COMPUTER CODE COURSE: Apple I t  +IclelGS. C-641128. 
37 modes, graphics, 1-100 WPM, menus, proportional spac- 

variable frequency. more ($29.95 Wlth word processor 
p . 9 5 )  Manual ($10). ChecklMO. L A k i O .  PO8 2061-HR. 

alumet City, IL 60409. 1-312-891-3279. 

UHF PARTS. GaAs Fets, mmics, chip caps, feedthrus, teflon THE MIT UHF REPEATER ASSOCIATION and the MIT Ra- 
dio Society offer monthly HAM EXAMS. All classes Novce to 
Extra. Wednesday. January 18. 7 PM. MIT Room 1-150.77 Mass 
Avenue, Cambridge, MA. Reservations requested 2 days in ad- 
vance. Contact Ron Hoffmann at I6171 484-2098. Exam fee 
$4.50. Bring a copy of your current license lif any), two forms 
of picture ID, andacompleted form 610available from the FCC 
in Quincy. MA 16171 770-4023. 

pcb, h ~ g h  0 lrlmmers Moonbounce quallty preamps Elec 
tronlc sequencer boards Send SASE for corn lete 1st or call 
,3131 753-4581 eveninas MICROWAVE COM~ONENTS. PO 
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Easiest Packet Radio Ever! 
Is F E A.R keeping you from joining the thousands of hams who are having the time of A A 
their lives with packet? FEAR no more! Here's the easiest packet radio set up yet - and 
you don't even need to buy one of those TNCs -just let your PC do the work. The DRSl 
PC*Packet Adapter plugs into your IBM PC (or clone) and gets you on the air in min- 
utes. Seconds even. The one-page Quick-Start-Guide will have you instant1 
going like an expert. It doesn't even keep you from using your 
PC for other work! Now, in addition to everything else, you'll 
have a dual-port TNC with cross-band digipeating ... even if you 
don't even know what that means right now. Find out why 
thousands of hams are so excited - get your feet wet in 
packet with the DRSl system. It's only $1 39.95. 

To get going on the HF bands you'll want the DRSl HF* Modem/ 
Tuning Indicator - an extra $79.95. Go first class and get both - 
or stick to VHF with the basic PC*Packet Adapter. Find out for your- 
self why packet is the fastest growing phase of amateur radio today. 
It's a ball! See i t  at your dealer today. 

A A A  Packet Radio 
without a 

TDRSI Packet Radio TNC 

Digital Radio Systems, Inc. t8001999-0204 
2065 Range Rd. A Clearwater, FL 34625 A (81 31 461 -0204 

f1989 U.S. CALL DIRECTORY\ 
(on mlcroflche) 

Call Directory - by callsign .................... $8 
Name Index - by last name ................... $8 
Geographic Index - by statelcity ............ $8 

All three - $20 
$3 shipping per order 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlneral, Vlrglnla 231 17 
70318965777 vlsalmc 8001282-5628 

\VorkDX without Idling the ndghboo 
Amrmrtl 1ntpa.k 51 

fl 166 

GALL ATlN 
RADIO SUPPLY 

Expert repair of Ehrhorn ALPHA 
76A, 374A, 78 and 77D series 
amplifiers. 

Also specializing in state-of-the-art 
repair and modification of the Collins 
KWMIHF-380 series radios. Latest 
up-dates available. Factory 
Authorized. You won't believe the 
improvement in your radio when it 
gets back! 

Call lor mom infonnation 
or to schedule your work. 

Gallatin Radio Supply 
Attn: Kirby Van Horn 

P.O. Box 60064 
Houston, Texas 77205 

(71 3) 320-2324 

Authorized MADISON Electronics repair facility. 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

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

too old or new for us. 

iM. 
4033 Brownsville Road 

@, Trevose, Pa. 19047 

'# 21 5-357-1 400 
QB 

r /  im 
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Ham Radio's guide to help you find your loci i 
California 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(81 8) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Colorado 
ALLIED APPLIANCE & RADIO 
4253 SOUTH BROADWAY 
ENGLEWOOD, CO 801 10 
(303) 761 -7305 
Rocky Mts AmateurlShortwave 
Specialists, Ten-Tec, Yaesu, JRC- 
NRD, Sony , MFJ, KLM, and other 
fine gear. New and used. VisaIMC. 
Antennas, books, discount prices too! 

COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED 
COY MUNlCATlONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 
AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30. Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke. Belden. Astron, etc. 

Idaho 
ROSS DISTRIBUTING COMPANY - - -  - 

78 SOUTH STATE STREET 
P.O. BOX 234 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-530 Mon, Tu, Wed & Fri; 
930-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM STATION 

EVANSVILLE, IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain, AEA & others. 

Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Kantronics. Full 
service dealer. 
M-F 10-7 SAT 9-5 

Massachusetts 
- - 

TEL.COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. ' 

Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-81 18 
ICOM. Kenwood. Yaesu 
Same day service, low prices 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

New Hampshire 

RIVENDELL ELECTRONICS 
8LONDONDERRYROAD 
DERRY, N. H. 03038 
603434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunlHolidavs 

YOU SHOUL D BE HERE TOO! Dealers: Contact Ham Radio now for comdete  details. 
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MAKE CIRCUIT BOARDS 

WITH TEC-200 FILM 
JUST 3 EASY STEPS: 

Copy circuit on TEC-200 film using 
any plain paper copier 
Iron film on to copper clad board 
Peel off film and etch 

SATISFACTION GUARANTEED 
convenienl 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 

add $1.25 poslaqt - NY tes add sales l a x  

The MEADOWLAKE Corp. 
DEPT. L, P.O. BOX 497 

Northport, New York 11 768 

r /  168 
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New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201 -939-001 5 
Don WB2GPU 
ARRL, Astatic, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen. RF 
Concepts, Tonna and much, much more! 
Tues-Fri 10 am-7:30 pm 
Thurs 10 am-9:00 pm 
Sat 10 am;4:00 pm 
VlSAlMC 

KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(201 ) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM. Mirage, ICOM, Lar- 
sen. Lunar. Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE,OH44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(5 1 3) 53 1 -4499 
Mon-Sat IOAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featur~ng Kenwood. Yaesu. Icorn. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for over 30 Years 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

K COMM dba THE HAM STORE 

5707A MOBUD 
SAN ANTONIO. TX 78238 
51 2-680-61 10 
800-344-31 44 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
4 1 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 



OX FORECASTER 
Garth Stonehocker. KORY W 

bw 
antenna can be placed high enough 
(60 feet) to give a signal takeoff angle 
of 10 degrees for general Dxing, but 

Better DXing in 1989 
Now that the new year's begun, take 
time to consider ham radio DXing. It 
should be a new kind of year for this 
activity. The sunspot number will 
climb to very near maximum by the 
end of 1989, so now's the time to 
evaluate how your station performs on 
the higher frequency bands. The max- 
imum usable frequency (MUF) for 
December 1989 is expected to reach 
27.5 MHz at midlatitudes. MUF's 
nearly twice those in recent sunspot 
minimum years are expected. And, 
since the last sunspot maximum, we 
are allowed to use two new bands that 
we didn't have at the last sunspot 
maximum. These are 12 meters (usa- 
ble now) and 17 meters (available July 
1, 1989). 

If you need a new rig to cover these 
bands, you may want a more power- 
ful one. But the new bands (particu- 
larly 12 and 17 meters) are up where 
signal absorption isn't usually a great 
problem. However, you may want to 
evaluate your antenna's ability to put 
the signal where you want to DX. The 
signal increase you'll gain from 
coupling the antenna to the iono- 
sphere to work your favorite DX area 
is well worth the effort. Choose the 
antenna that best increases your sta- 
tion's signal strength by homebrewing 
or selecting one of the many on the 
market. Directional antennas are highly 
recommended and not too difficult to 
build on 12 meters. A horizontal 

you'll need to determine the height 
that gives you the best angle to put the 
signal at the correct distance. While 
they are inherently low-angle radiators, 
vertical antennas need good ground 
radial systems and correct array phas- 
ing to put the best signal at the needed 
distance and place. 

Last-minute forecast 
Expect the first and second weeks 

to have openings in the higher fre- 
quency bands (10 to 30 meters). This 
is due to higher solar flux. Some open- 
ings may provide excellent signals to 
southern countries in the late after- 
noon and evening. Ionospheric distur- 
bances could enhance these openings 
near the 5th, 11 th, and 18th. Paths to 
Japan and Europe may have fluctuat- 
ing signals and lower MUF's during 
these disturbed periods. Conditions 
will be favorable for winter absorption 
anomaly openings 3 to 4 days after the 
disturbance around the 18th. Check 
WWV for the STRATWARM an- 
nouncement, along with the position 
of the poor signal area and its 180- 
degree partner. The strong signal 
openings are at positions in between. 
These openings are usually for the 
lower frequency bands near the even- 
ing, but do extend into the higher 
bands. 

Lunar perigee is on the 12th; the full 
moon appears on the 22nd. An intense 
but short-duration (a few hours) 
meteor shower - the Quadrantids - 
will occur between January 2 and 4. 

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

daylight-only DX bands, are nearest 
the MUF for Southern Hemisphere 
paths. They will be open during the 
3 to 5-hour period centered on local 
noon most days when the solar flux is 
above 150. These bands open on paths 
toward the east and close toward the 
west. The paths are up to 4000 km 
(2400 miles) in single-hop length, and 
will double on occasion during even- 
ing transequatorial openings. 

Fifteen and 17 meters daylight-only 
DX bands (open most of each day) 
have lower signal strengths and 
greater multipath variability than 10 
and 12 meters. Propagation will be 
best when the MUF is resting just 
above these bands, up until the time 
it drops below them. This transition 
period occurs soon after sunrise and 
just before sunset. Transequatorial 
openings will occur with distances 
similar to 10 and 12 meters. 

Twenty, 30, and 40 meters are both 
daytime and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions dur- 
ing the day and, in combination with 
30 meters, provides nighttime paths 
for the day-only bands. Forty meters 
becomes the main over-the-pole DX 
daytime band, with some hours 
covered by 30 meters. This path and 
east-west paths may be affected by 10- 
20 dB of anomalous absorption during 
a few days of the month. 

Eighty and 160 meters, the night- 
only DX bands, exhibit short-skip 
propagation during daylight hours and 
then lengthen at dusk. These bands 
follow the darkness path, opening 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. 
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ANTENNA MODELING I 

Easy to  use, wl th  menus, and optlonal mouse Enter 

parameters. and get a color coded slnusoldal prolectton 

of a M W  or SW antenna Move over the projection 

w ~ t h  a mouse or cursor and read the gatn at that polnt 

LONG WIRE PRO models long wlres. vee s. d~poles. 

and rhomhl t r  dtsplaylng a slnusoldal prolectlon 140 
VERTICAL PRO models stngle verticals or arrays 

dtsplaylng a s~nusoldal prolectton. a ground wave plot. 

and the tmpedance of each element 180 

IBM PC compatible. DOS 2 0 or higher. 256K CGA or EGA 
color requlred Internattonal orders add 15 shtpplng 

Box 715. Trumbull CT 06611,(203) 261 -7694 1 
2 

QRZ CONTEST! TM 

VHF Contest Software 
for PC Compatibles 

Now only $19.95 postage paid 
+ Covers: ARRL Sprints, VHF QSO 

Parties, UHF, Jan. Sweepstakes, 
& the CQ World Wide VHF WPX 

+ Menu driven and user friendly 
+ Color and options user configured 
-. Grids worked display on-line! 
+ Full dupe checking & log editor 
+ Full cursor cntrl. for data entry 
+ Handles multi-op contest stations 
+ Handles 4000 contacts with 256K 
+ HF version available Jan. 1989 

ATFAB Computers and Electronics 
P.O. Box 4766 

Maineville. OH 45039 
I k??.!; .?? ; (513) 683-2042 , ,- Accepted , d. 1 -  

1 " 

I h 

LOG W RITEtrn 
Rrlne your stalmn anlo !he romptltcr s p  uilh LOGWRITE. 
thc w n u  dr~vrn. wrr frrmlll h,p~~ng program x~stlcn hr Fd 
l'm) INOZVI. LO(;WRITE u the pcrrecl -swn lor the 
mmptecc hnnn stnl#un Il smmphl~r* )rrtmr rnprtslmnn and givrq 
MU ,he mn~pctitnr ed$c ~n canlnlm(( nlxl 1)Y'on~ LO(;WUlTE 
~13rk1 %,nth i l l1 lAhl 1'1"s and iun~)lstihln 

LO<;H'RIlP'. unytm lplll vrmn fcalurr nllrw8 Inr llmlrl 
tnncnu? Inpetnp awl 1.~1 pramtnp I rrutng lcnl t lm dnclmlr 

Instant call slgn or prefix search 
- Prlnt. Edtl, or Vlew records 
- Plenly of room lor notes R addresses 
- Automatic l~meldate stampang 

Tcrl prmuur fcnlcrra aulumstk vnrd wmp, hncXlpacc an 
mn. nml .rn~lliop 'lhmu nxa\ war nlxl pvr! 
To order v,ar rnpv of L(X;HUITF. cc,mpka wtlh Imlrwtll,n 
mnsunl. wtd HIS: JU' (1's lnHlrnll d d  $ 1  U'II ~ l r *  In31 1x2.  

Aeros(~nre ('nnsultin)! 
P.O. Rox 156. (;wvnecltl. B;I. 194.16 

l b  -11 I - I W W I ~  W541% ex1 .I l o  ortkr ulth VIU) Umlcf 
( arxt ~Pknwc .pul$ 1 5  or 5 :? tnch Ihlpl* 1 

v 
H 170 

I>..\, W.," I,, I....<l i r ,  I,I1,,..,. .) .,r,,t. 
."lrnn,l R I I R Y S  1 0  1 1 1 . 4 l i l l i 1 l r  .+YSI<.IT 

gain and at Ihe samv tlme 'educe 
tossestoam,nlmum Coverlng 144 
lhru 1296 MHz, lhcsser~~sol VHFi 
UHF paw~rdlvtdersareprsmler RF 
devices deslqncd lor a tang service 

thle wllh low SWR and broad or* 
elating bnndwldth 

Extruded olumlnum body wlln a 
durablcenamrll!nl~h~nnddlt!onlu 
slllron seatlng at conneclor llanqea 
results on a ruggedized unit lor all 
array ~nstallaltans Avallabte vlth 
N IYDC C O ~ ~ P L ~ O I S  only, these 
unlls are uncundttionalty guaran- 
teed 10' 2 years 

MODEL CONFIG. 
144.2~ 12 panst 
1 4 4 . 4 ~  14 pons1 
220-2P 12 POn51 
220.4P 14 PO~SI 
430-2P 12 POn5L 
430.4P 14 DOrlSl 
902.2P 12 POflqI 
9 0 2 . 4 ~  14 pons! 

1298.2P 12 PO~SI 
1296.4P 14 Panst 

FHi7PlNC. NO1 INCLUDED 

PRICE 
$54 00 
661 00 
$53 00 
$60 00 
551 00 
559 00 
551 00 
$59 00 
552 00 
$60 00 

STRIDSBERG ENGINEERING. CO. 
@ PO Box 7973 Shrsveporl . LA 71 107 USA 

Phone I3181 865-0523 a 
fl 172 

1 (803) 895-4195 (SC & Ragchew) ( 

CALL FOR ORDERS 
1 (800) 231 -3057 
1-71 3-520-7300 OR 1-71 3-520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1-71 3-771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 
New Icor~k lC 7rll Trades wanted 
Kenwood TH215A TH25AT Trade ln your old HT 
New Kenwood TM 621A 144!?20 MHz FM Call 

. . -. . . . - . 
ICOM 22RHll l M  444 00 

IC 781 Call 

lcom 761 2300 00 
Shure 444D 56 95 
HElL EM10 Boom M ~ k e  wared 8p1n 69 00 
HElL HM5 Desk Mlke 62 00 

NYE MB5A Tuner 569 00 
Alpha Delta Transtrap HV 33 00 
CSI Pr~vale Patch IV 469 00 
Arneco PT 3 Pre Amp 99 00 
Larsen 2 meter on glass 49 95 
Anleco 2M 518 Maq Mounl Comp 25 00 
Van Gordon G5RV 44 00 
Valor AB5 rnob~le 79 00 
Thousands 01 panel meters 3 95 up CALL 
Aerovox lOOa p11500 V feedthrough caps 1 9 5  
T~ansformer 120V Prl lO5OVilA (Sec # I 8  W~re) 50 00 
100 mld1450V Axml Cap 2 70 
I 7 0  mld1450V Ax~al Cap 3 00 
Ar~sla SWR Brldqe 3 30 MHz 19 95 
831SP PL259 S~lverp!ate(Amphenol) 150  
82 61 N Male (Arnpl~enol) 3 50 
82 202 1006 N Male (99131 , 3 50 
Double Female UHF I 00 
UG176 RG8X each 40 
Surplus Elbow PL259 50239 edch $ t 
Rece~vtng lubes 50 90%0H lhsl prtce Call 
Santec Boom M~kelHeddsr'l fills ICOM) 20 00 
Rohn SA 25G 67 (67 ~nslde a m )  each 125 00 
USED EOUIPMENT 
All equ~p~nrn l  u,rd clean wllh 90 day warranty a110 30 
ddy lrlal Sty rnonlhs lull trade aqa~ml  new equ~pmenl Sale 
prtce refunded 11 no1 sa l~s l~ rd  

Call lor Ialesl used gear 
(800) .'.I l '3057 

Don's Corner: 
Use II or lose 111 

Our A tew WARC bands ;ire lar lrorn lully occkrp~ed If we don I 
get on llle sltck an0 k ~ ~ p l h e m  adlve. olher lntereslsare golng 
to petllton the FCC lo reallocate lhemt What IS 41 gomg tolahe7 

GNU PROD 
TE Systems 2rn Amp 30 I 6 0  walls GaAs lel $229 00 
POLICIES 
Mtotrr~urn oracr $10 00 Maslcrcard VISA, or C 0 D All prtces 
t U B  Houawr ercepl~snoIe0 Pr~cessubpllochangew!thoul 
w t ~ c e  llerl~ssublecttoprtor sale Callanyl~melocheckIheslalus 
01 your order Texas resldenl\ aud sales lax All tlemS 11111 faC 
tory warranty plus Mad~sor, warranty 
Bcrd and Belden products In mock. Call tody. 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 
'Look at next h1gh.r band for possible openings. HAM RADIO 

98 January 1989 

3 

N N N N N N 4 h h 4 4 4 4 4 P &  

ASIA 
FAR EAST 

EUROPE 

~ % a ~ l g ~ ~ ~ ; a g s g a ; g . g g ~ p p ; ;  

S. AFRICA 

CARIBBEAN 
S.AMERICA 
- 

ANTARCTICA 

~ W ~ E I L A N D  

OCEANIA 
Ausrn~LlA 

JAPAN 

a d d  

I- 

I- 

N 

r r r r r ~  
N 

N r r r ~ ~  

W W W W N N W  

O ~ O O O O ~ ~ O O O O O O ~ ~ O O O O ~ ~ ~ ~ - ) z  

O O O O O 0 0 ~ O O O O O O Q O O O O O O O O O \ ~  

Q ~ U U U A  ~ A A C \ W W W W W W N N N F O & A P I ~  

w 
N 

o 

I- 

r 
N 3  

o 

~ r r r r r P  
O C n L n N N O O  

- p~ 
r 
N 

N 

o u l c n c n o o o  

-- 

w 
N 

cn 

r w + r r F \ ) h , h ) b b b b U N N N  rn 

- -- - 

w w ~ ~ v b p U b h ) b b ~ ~ N I - I - I - ~  
Ul* ~ ~ ~ O O ~ O O O O ~ 3 C n u l u l ~ + " ,  

o 

r r r r r r r W ~ r u ~ r \ , b b h , b b b  
N * O O O N U 7 L n O O O O O O O O O O O  

W ~ t - ~ - c - l b k ~ b b P U U  

N N N A ~ A A A ~ W W  
O O O S O O Q ~ O O O  

O O U ~ ~ ~ ~ O O O O O O O ~ O O L ~ N  

C 
N W N N N W  V) 
0 3 O O O y l  

y y w N N r r  

W W W  
0 



R-7000 W i d e s p a n  Panadap to r  

Panadaptor especially designed 
for the R-7000 receiver. For use 
w i th  a standard scope. Variable 
span wid th  f rom 1 t o  10 Mhz. 
Uncover unknown elusive signals. 
Complete w i th  a l l  cables, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res, add 6%. 

GTI Electronics 
RD 1 BOX 272 

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

A ke Packet 

, 
pi.r/i:t-ttrtitrcc~ stcirr~Itrrtl./i)r/)~c.kct con- M ~ C R O P < I W E R - ~  oltr , r , t t r t i ~ t i / J ~ , ,  
trr)llcrs. 7horisro1rls ~ l r r~r<) '  it1 tise, cottr/)(tct, lh'-otit~c~~ tinit 14sitrg ti/)gr(rded 
~c~or/(/crlir/c~. .-I p~vji>ct he,qitrner i tinit. 7 A p ~  ~;v(;-z  tt,t.j,,lo[~),q)v tj,(,t n>(/rtirrr 

Cr,mplete, u ' i d  $ 
1 t t  119P5 less tburr -10 milliciml,s! For vcn./)ortrrhle 

operution, so/ur or buttery. yjt4 ttl>e(I not 
/ ) r y p  nronap)r rc T;VC tl~cct k ahout t/,c size 

BEMFITS and featftm of Dotb units: (,I -y r)5, 
L I  Optional personal message s.vsrem 

(mini-BBSI add $10.00. noctv at a lotcl 159P5 
O T i q  enoug/~Ji,r hriefcaw//mtabIe, j ~ t  FFNII)) compatible with ROSE E- ,VET/ 

Irrve rnotigl~ for ercs~~ e-~/m'~nent~i-  ROM EPROMs. 
tion or repriit: .32K RAM. - J IK  ROM. 4.9 mHz CPU 
I-.jvar /inti fed zclarrant):   el lent - W l  conrmll~~ct mc~Iem, compatible 
crrstomw stipport. 1t1ith rtse on l fh i  IfFNIfF/IItfF 

a RS-2-32 nntl 7TI. compatible-all TO ORDER, toll- fn~e with major 
connectors sfipplied. cbaq~i~ cur(/. ccill: 1-800- 2 2 3 - 3 5 11 
Intest AX25 .sr?ftti~cire, 
TCP/IP (KISS) PaC- C O m c b n i c r i I  stdpporf Iine: 
?nocIf4/e it~clt~ded. 81.3-8-4-2980 

. = . . 

36 52 \Vest Cypms St., Tunzpcr FL 33607 
c c  s :  1 2 1 1 o / 1 -  Lj i t  i-1 /:K/:/! I'rcckc,~ C(,/fi 

r /  177 

THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX" 
Rrl No. 0.tcrlptla me 
3 2 1 - l l W - 3  lNC 2 PST 28 volt coarlal mlw. 

Ampheml 
lnrarllon loss: 0 lo 0 .75OA.  
O.1OdB 
Power nllnp: 0 lo 0.5QL. 1W 
wans CW. 2 lw peak 
lsolatlon: 0 .1  GLl4Wb.  0.7. O W  $25 umd 
4Odb. 0.4 GHu35db tSltOd 

83-62? Ill :'59 Tef lon ,  Arn~henol 1 5 0  
P L - 2 5 9 I S T  UHF M a l e  S ~ l v e r  T ~ l l o n .  U S A  1 50 
UG.21OIU N Mal? RG-8 .  213 .  214 .  Amphenol 2 9 5  
U G - Z I R I U  N M a l e  R G - 8 . 2 1 3 . 2 1 4 .  K ~ n g s  4 W  
9 9 1 3 l P I N  N Male P l n  l o r  9 9 1 3 . 9 0 8 6 .  8 2 1 4  

Address ClIy 

.Stub rir, Curd Number I; 

Money BackGuarantee. Adds.?. shippfne/handlingpffordm FL a d d m ~ e s a r ' ~ ~ O /  
Major Credit Curd gnle number e.~ptrutton and signaturn Fil,Y.. 81.3-X72-x 

- 

111s I I G - 2 I D I U  L UG.21RIU N ' s  1 50 
UG.21D19913 N Male to r  R G - 8  w l l h  9 9 1 3  P I ~  3 9 5  
U G - 2 1 B l 9 9 1 3  N M d l e  fo r  R G - 8  w l t h  9 9 1 3  P l n  4 75 
U G - 1 4 l i l U  N M a l e  l o  5 0 - 2 3 9 .  Te f lon  U S A  5 0 0  
UG.83111 F e m a l e  l o  50 .239 .  Te l lon  U S A  5 00 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

ellull 

ies + Stuck 
. a .  

+ Comput 
. rn-...L 

THE R.F. CONNECTION 
213 N o r t h  Frederick Ave. #11 

Ga~thersburg, MD 20877 
+ Secur 

-. - 

'ity Monitol 

. . 

+ 12 VDC 

. . . - -. . 

Operation 

. . 
(301 ) 840-5477 

VISAIMASTERCARD: Add 4% 
Prices Do No1 Include ShiDDinCI 

New Technology (patent pending) converts any VHF or UHF FM recelver Info an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 

A 

DOPPLER SYSTEMS, INC. P.O. Box  3181! 
Phoenix, AZ 8! 

r /  174 
I Nodal An;ilysis 

I Input Impedance. VSWR, Return lions. 
Ref Coef(S11). MM loss. I ATV CONVERTERS HF LINEAR AMPLIFIERS I 

DISCOVER T H E  W O R L D  OF 
F A S T  S C A N  TELEVISION 

I 3  CM 

I Transducer gain (S21), Voltage or 
Current Gain. 721, Y21. 

,ha M O T O R O L A  Bullet#n. 
AN158 l W W  O W  1U EB61 140W 1 8 8  65 
AN112 I4OW 1 91 25 EB11A MOW 1139 2U 
AN719 20W 1 8 1  19 E B l M  b m W  1441 15 

Mod* 99 H.at Slnl(6 5xIl11 6) 
CHS-6 C o p w  S ~ r e a d r l 6 ~ 6 . I l 4 )  
~ d , i  12 m rnnltlonai .hl~nmng 

I 
Transmission Lies .  Crystal Models, 
Coupled Inductors. Transistor Model 
CGA. IiGA Graphics. $087 supported. 
MS-DOS Compuren 
Send S50 Check or Money Order to 

AMblrE(LB1~LEVlS10rCCQRVC511E4~95 w,t 
A T V I  420-4511 
A T V 1  0 0 - d 5 1 '  IGaA5 FETI 1 4 1  95 Kt! 

A l V l  h i ? - 9 l l  l ( l aA5- fLT I  lc,',9\ Kqt 

CHIP METALCLAD CAPACITORS MICA CAPACITORS 

RF POWER TRANSISTORS 
MRFl4 lG 
MRF1516 

MINI CIRCUIT MIXERS 
SOL I 
SBL I X  

ARC(8 TRIMMER CAPICITORS 

I Gary Appel 
131 R Old Abbey Place 
San Jme. CA 95132 

To# delmkd tnlnmallon and pm. rail ol W t # I +  lo# 
0"' I r e  <.,.lo, 



Mobiler's Dream! 
(.:II~ you LI\C. .I 11 dl{ \lrongcr \I,CI~;II" 
W~iuld ill'< more Ii;~ndw~dlli Iic I>rlplul:' 
Ollr SII.JO rnoliilc anrcnn;) is Illc ;ln*wer. 
1 l i~~idlc\  (,(Ill w i ~ l t x  for ;lnolhcr (I dB.  
Sl:-4ll, 40 - 10 niclcrs; Sl<-7.3, 75 . I5 rilrl~.r\. 

County Hunters Software 
I)c\ipncil 115 .I lop ccwnr! Iionrer lor ~.~>uli l \  
hl~ntcr\. Work\ t)n ;III II3R1 ~)pc. n)rnpu!~.rr. 

R-4C Enhancements 
Writi- for c;II;II<I~ 

From the performance company : 

Sh~rwood Engintxring Inc. 
l2lvS S~IUIII ()clIen SIrc~.l, I )tvi\~,r. ('0 XI12 Ill 
(.:(I:) 7 2 2 . 2 2 2 7  Mond;~\ - I r~d;~yO A.hl .  - 5 1'h.l. 

Sales. Service, Installations available from: 

1)rsipn I<lcctrnnics Ohin. KNW. I)w Sl~cllrr 
((I I 4 1 x.3-.57 1 I I );IVS. ((T 14) X.30-3.J7tt l : v~~ i i r~ , c~  

LTA Industries. K.ll.l<. 'l'irn l)uI'fy 
(412) 528-').XI? or (210) .523-7')lh m I 

"ONLINE" U.S. CALL DIRECTORY 

Hamcell service gives you a// hams via 
your computer 8 modem. Updated each 
month! Only $29.95 per year. Unlimited 
use - you pay tor phone call. 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlnual, Vlrglnla 23117 
703J894-5777 vlsa/mc 8001282-5628 
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Labels, floppy disks. CD-ROM, mag tape. 
Newly licensed hams 
All upgrades 
Updated each week 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlneral, Vlrglnla 23117 
70318945777 vlsalmc 8001282-5628 

The Spark, I-.4ntcnna ar 3 I l m h l e  half u735c r>d~:slnr Icd by 
1/2u-a\clcnglhs of loulors a-a\ rhnxuph an cfflr~cnl llncar 
marchlnp Innrfonncr. Sparkv J's hear duck~cr. 1'4. S. 5.h 
ma\ c anrcnnw. nced no F,;nd plant. Lou. flar SU'R cuwc 
pxcr c d ~  lo cd e hand c,,%.rcraj?c. Grcnr pxfnhlc- rolls up 
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REVIEW 
New high performance 
Yagi , 

Cushcraft's 12-4CD is the latest in the line of 
high performance HF mono-band Yagis. The 12- 
4CD, scaled from the popular 10-4CD, is 
designed to cover the new 12-meter ham band. 
The latest entv  into the Skywalker family 
includes: computer-aided design-optimizing for- 
ward gain and maximizing sidelobe attenuation; 
the 50-ohm Reddi-match feed system (which 
allows direct connection to 50-ohm coax through 
a UHF PL-259 connector); rugged construction 
of heavy-wall, heat-treated 6063-T832 aluminum 
tubing; and stainless steel hardware. The 124CD 
is designed to cover the entire 100-kHz band seg- 
ment with a SWR of less than 1.2 to 1, and is 
rated at 2000 wans PEP. 

Antenna assembly was straightfoward and 
simple with Cushcraft's updated instruction 
sheet. A concise, step-by-step, illustrated 
instruction manual showed the easiest way to 
final set-up. To put the antenna together you 
need a standard straight-blade screwdriver, a 
small adjustable wrench, and a measuring tape. 
I put all the parts together in a little more than 
an hour. After I had assembled the 12-4CD, it 
took me about 15 minutes to install it on a crank- 
up tower. The antenna is a delight to work with 
on towers. It weighs just 21 pounds and has a 
surface area of 3.9 squere feet. It can be easily 
installed by one person. 

Performance of the 12-4CD is what you'd 
expect from a high-performance 4-element 
monoband Yagi. Tuning from band edge to band 
edge indicated a maximum SWR of 1.3 to 1, with 
resonance at the center of the band. Although 
the higher bands (i.e. 12 and 10 rnetersl have 

New precision tool 
stripping wire 

OK lndustries Inc. has introduced a new 
adjustable precision wire stripper, the ST-500. 
The ST-500 strips 20 to 30 AWG wire with four 
specially hardened blades that handle all types 
of wire insulations - including Teflon. Simply 
turn the adjustment wheel to the appropriate 
wire diameter, put the wire through the hole, 
squeeze the handle, and turn the tool slightly to 
withdraw the wire. 

The ST-500 also includes an adjustable wire 
stop, which ensures consistent wire strip lengths. 

The ST-500 lists for $29.95 and is ex-stock. 
For more information about the ST-500 or OK 

lndustries full range of Bench Tools contact: OK 
lndustries Inc., 4 Executive Plaza, Yonkers. New 
York 10701. 

Circle 1301 on Reader Service Card. 

Low cost, high gain 
hetero- 
junction FET 

California Eastern Laboratories announces the 
NE32084 low noise, hetero-junction FET. Low 
noise and high associated gain make the device 

been marginal at best through the summer 
months here in the Northeast, I was able to make 
several stateside contacts - all with excellent 
reports. Owing to the newness of the 12-meter 
band, and the relative lack of commercial 

suitable for LNA, gain stage, and OSC applica- 
tions in DBS, TVRO, and other low cost, high 
volume products. 

The performance features are as 
follows: 
NF: 1.5 dB MAX (1.3 dB TYP) at 12 GHz 
GA: 9.0 dB MIN (10.0 dB TYP) at 12 GHz 

Samples and mass production quantities are 
available now from California Eastern Laborato- 
ries, the exclusive sales agent in North America 
for NEC RF and microwave semiconductors. For 
further information contact California Eastern 
Laboratories, Inc., 3260 Jay Street, Santa Clara. 
California 95054. 

Circle 13M on Reader Service Card. 

Consortium pioneers new 
satellite class 

A consortium of Amateur Radio groups 
(AMSAT-NA, AMSAT-LU, and BRAMSAT - 
Brazil AMSAT) and Weber State College, 
Ogden. Utah are working together to construct 
and launch a new class of ultra-compact "micro- 
satellites" so small they can be launched on vir- 
tually any launcher. The Tucson Amateur Packet 
Radio (TAPR) organization is providing initial 
financial support and ARRL is assisting with 
design and construction support. 

Each satellite consists of a common design 
bus. Each bus carries a mission-specific payload. 
AMSAT-NA and AMSAT-LU payloads are 
packet radio transponders. BRAMSAT's payload 
is a voice synthesizer transmitting easily-heard 

antennas it, 1 didn't run comparative A-B tests. 
But from contest experience with Skywalker 10- 
4CD and 15-4CD beams, I believe this antenna 
will be a hot performer on 12 meters in the com- 
ing years. If you're looking to enjoy DX on 24 
MHz and take advantage of our increased spec- VHF FM downlinks. The Weber State College 
trum, this antenna will make your signal loud on payload is an earth-looking CCD camera. 
12 meters1 The most unique characteritic of each satel- 

NBlH lcontrnued on page 1061 
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F 29th ANNUAL 

TROPICAL HAMBOREE 
A,R,R,L, FLORIDA STATE CONVENTION 

FEBRUARY 495,1989 
TAMlAMl PARK FAIR GROUNDS 

10901 S.W. 24th Street (Coral Way), Miami, Florida 
HOURS: 9 A.M.-5 P.M. SATURDAY 9 A.M.-4 P.M. SUNDAY 

FREE PARKING 15,000 VEHICLES 200 COMMERCIAL EXHIBIT BOOTHS 
1,000 INDOOR SWAP TABLES COMPUTERS & SOFTWARE 

300 CAMPSITES WITH FULL HOOKUPS LICENSE EXAMS 

Registration: $5.00 Advance - $6.00 Door. Valid Both Days. (Advance deadline January 30th.) 
Swap Tables, 2 Days: $16.00 each. Power: 510.00 per User. 

All swap table holders must have registration ticket. 
Campsites: $1 2.00 per Day Includes Water, Power, Sanitary Hookups & Showers. 

(All RV vehicles, tent camDers, vans, trailers welcome - no ground tents, please.) 
Headquarters Hotel: Miami Airport Hilton, 5101 Blue Lagoon Drive, $75.00 Single or Double 
Alternate Hotel: Airport Lakes Holiday Inn, 1101 N.W. 57 Avenue, $50.00 Single or Double 

Reservation forms available through Hamboree Chairman, December 1st 

Make Checks for Registration, Swap Tables & Campsites Payable to: Dade Radio Club 
Mail to: Evelyn D. Gauzens, W4WYR. Chairman, 2780 N.W. 3rd St.. Miami. FL 33125 

Exhibit Booth & Program Booklet Advertising: 
Call Evelyn (305) 642-4139 (Home) -or - (305) 233-0000 (Office) 

(BROCHURE WlTH FULL DETAILS AVAILABLE DECEMBER 1st) 

- 
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HAM RADIO 
TECHNIQUES 

Bill Orr. W6SAI 

A balun for 10 meters 
More so than the lower frequency 
bands, 10 meters is a hostage to the 
sunspot cycle. When the sunspot 
count is low, the band is dead. Only 
spotty, occasional DX shows up as a 
result of sporadic E or other chancy 
forms of propagation. 

However, when the sunspot cycle is 
comfortably high the 10-meter band is 
a DX operator's paradise. Signals 
boom in from all parts of the world, 
often with astounding strength. Many 
recentlv licensed Amateurs have never 
had the thrill of 10-meter DX. But after 
a false start last s~ r inn  10 meters is . - 
jumping once again, and there's great 
interest in 10-meter antennas and 
antenna accessories. 

Judging from my mail and conver- 
sations with newly licensed hams, the 
antenna balun is a confusing topic. I 
hear these questions: What is a balun? 
What does it do? Do I need one? 

connecting a balanced antenna (such 
as a dipole) to a coax line. 

From another point of view, the 
balun provides isolation between the 
coax outer shield and the half of the 
dipole connected to it. If the balun 
were not present, some of the current 
flow in the coax shield would be 
present on the outside of the shield - 
not the inside. The current on the out- 
side of the shield can radiate into 
space, making the coax line part of the 

(A)  One-to-one, two-conductor balun antenna. 
matches ungrounded load. (BI Equivalent In the case of a beam, outer shield 
circuit shows magnetizing current (i) flow- current can ruin an otherwise good 
ing through windings and load. front-to-back ratio, cause loading 

difficulties, and even lead to TVI and 
RFI problems. It can also cause errone- 
ous SWR readings regardless of 
antenna type. 

Some beam antennas and dipoles 
come with baluns, others don't. You 
can buy or build a balun if you want 
one. Building a balun isn't difficult, 
especially for 10 meters. 

The 1:1 balun 
How the balun works I There are many forms of baluns; the 

Let's look at the workings of the TWO-Winding balun most popular Amateur type is the 
grounded, balanced load. (B) Equivalent cir- 

first. The word "balun" stands cuit shows magnetizing current (il no longer 
1: 1 design. This implies that when the 

for "balance-to-unbalance". This flows in the windings and the load. balun is used with a %-ohm coax line, 
implies that a balun provides two equal it provides a balanced %-ohm termi- 
and opposite-phase voltages with nation. Amateurs have found that this 
respect to ground when driven from an with one conductor at ground poten- simple balun works well with balanced 
unbalanced source, like a coax line tial. The balun is an ideal device for antennas having a feedpoint 
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impedance as low as 20 ohms, or as 
high as 80. 

The simplest form of 1 : 1 balun is a 
choke coil made of coax line. The line 
is wound into a multi-turn coil about 
ten times the diameter of the coax. 
Most designs specify six to eight turns 
(fig. 1A). The electrical equivalent of 
this balun is shown in fig. 18. The 
balun may be either air wound, or 
wound on a ferrite or powdered-iron 
core. (More about the core material 
later. 

If the balun is connected to a 
balanced and "floating" load (one that 
is not grounded), the balun will do the 
job. The magnetizing current (the cur- 
rent that creates the magnetic field in 
the core) is balanced in the windings 
and doesn't upset the balanced output 
voltages. You can see this in fig. 1B. 

There's no guarantee that the driven 
element of the antenna is really 
balanced in an electrical sense. The 
degree of balance depends upon phys- 
ical and electrical characteristics 
(mounting technique, parasitic 
capacitances, proximity of coax line, 
etc.) that you can't measure or con- 
trol. One solution to this problem is to 
physically ground the center point of 
the antenna (fig. 2A). The load is no 
longer floating to ground, but the mag- 
netizing current no longer flows 
equally in the windings and the load! 
It's shorted to ground by the ground 
point of the antenna (fig. 2B). 

Here's an example. Some beam 
designs employ a balun and delta- 
match feed system with the driven ele- 
ment grounded to the boom of the 
array (fig. 3). Intuition tells you the 
design is practical, but the illustration 
in fig. 28 clearly shows that half of the 
feed system isn't working; the mag- 
netizing current isn't flowing through 
one balun winding. The two-winding 
balun isn't doing the job it's supposed 
to do. 

The three-winding balun 
In many cases the two-winding 

balun (coax line wound up into a coil) 
feeding an ungrounded, floating dipole 
is adequate. A better solution is the 
three-winding balun shown in fig. 4A. 

OR, "EN 
ELEMENT 

Two-winding balun (coax balun, for exam- 
ple) is shorted out when coax shield and 
center of driven element are grounded to 
boom of antenna. 

The third winding provides a path for 
the magnetizing current around the 
load, regardless of whether the load is 
floating or not (fig. 48). Note that the 
polarity of the third winding is 
reversed. This is the ideal solution to 
the problem. The majority of 1:1 
baluns on the market are made in this 
configuration. The simple coil-type 
coax balun can be readily converted 
into a three-winding balun. I'll tell you 
how in the next section. 

A homemade balun 
for 10 meters 

Figure 5 shows a simple and inex- 
pensive air-core three-winding coax 
balun you can build. The balun is 
usable over the range of 14 to 30 MHz. 
You'll need a 25-1 12 inch length of RG- 
8A/U, a PL-259 plug and 3 feet of plas- 
tic covered no. 12 single conductor 
wire, available from most hardware or 
home improvement stores. 

First place the PL-259 on one end of 
the coax cable. Next, remove 2 inches 
of the outer jacket of the opposite end 
of the line. Unbraid the outer braid and 
twist it into a pigtail. Now remove 
about an inch of the inner insulation. 
Place large soldering lugs on the two 
conductors. You'll attach these to the 
terminals of the driven element. The 
exposed joint needs to be carefully 
covered later with CoaxSealTM Radio 
Shack Connector Sealant 278-1 645, or 
equivalent to make sure water doesn't 
enter the coax cable. 

I I 
Three-winding balun (A) can f w d  either 
grounded or ungrounded load and maintain 
magnetizing current IB). 

I . . . . - . . . . . - - - BALANCED 1 

s 
Coax balun performs properly when third 
winding is added. Extra winding is cross 
connected to coax at the ends. (Actual ba- 
lun has two turns.) 

I I 

Simplified balun drawing showing cross 
connections. 

Winding the balun 
Next, wind the coax into a two-turn 

coil; leave about two inches of coax 
free on each end. Do this by 
manipulating the size of the coil. The 
coax plug and pigtails should lie very 
close to each other on the same side 
of the coil. Hold the coil in position 
with bits of vinyl tape. 
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Now add the third winding to the 
coil. Carefullv wind the ~la~tic-covered 
wire in with the coax. This is 
easy because there are only two turns 
to the coil. Smooth the wire up against 
the coax and tape it in place every few 
inches. When you've finished, the wire 
will be running closely parallel to the 
coax and you can tape the coil com- 
pletely. 

Finally, attach the wire to the coax 
winding. If the coil size is right, there 
will be about 2 inches (or less) of coax 
free of the coil at each end. The wire 
winding is cross-connected at the ends 
of the coax. (See fig. 6.) The end of 
the wire nearest end A of the coax is 
connected to end B of the coax. Do 
this by soldering one end of the wire 
to the shell (not the ring!) of the PL- 
259 and the other end of the wire to 
the free center conductor lead, just 
before it enters the soldering lug. Trim 
the ends of the wire as you proceed 
so that no loose wire is left at either 
end of the coil. After everything's in 
place, wrap the complete coil again 
with vinyl tape and waterproof the 
wires at one end of the balun with the 
coax tape. 

That's all there is to it! The power 
rating of the balun is the same as that 
of the coax line. 

You can also make a smaller, lighter 
balun for low-power applications by 
substituting RG-58BlU coax for the 
RG-8A/U. A PL-259 plug and UG-175 
reducing adapter are used at one end 
of the balun; otherwise, all is as 
described earlier. 

Modifying the balun 
for wideband use 

The three-winding coax balun can 
be modified for lower frequency use. 
If you use three turns instead of two 
for both windings, the operating range 
of the balun is 7 to 30 MHz; with five 
turns, the range is 3.5 to 18 MHz. A 
six-turn design didn't work very well as 
it was difficult to hold the wire coil in 
close proximity to the coax coil. 

The ferrite-core balun 
The air-core balun I've described is 

somewhat limited in low-frequency 

FREQUENCY (MHz)  --+ \----%-I - x  

Ferrite-core trifilar balun shows good response between 6 and 25 MHz. Performance is poor 
at 80 meters (3.5-4.0 MHz) and 10 meters (28-30 MHz). Balun is terminated in 50-ohm nonin- 
ductive load. 

response. Even the five-turn design 
wasn't too good at the low-frequency 
end of the 80-meter band. You can 
extend the low-frequency limit by 
adding turns to the balun, but it's 
difficult to make an air-core balun 
that's electrically unbalanced function 
properly on the 80-meter band. 

The solution is to use a higher 
permeability core. Both ferrite and 
powdered-iron cores that will do the 
job are available. The core can be a rod 
or a toroid. At the higher frequency 
end of the spectrum the core is almost 
"invisible," but the core is most impor- 
tant as the frequency of operation is 
lowered. At 80 meters, the entire balun 
field is contained within the core. 
Some manufactured baluns must be 
derated on 80 meters to prevent the 
core from running too hot. Many of 
them won't function at all on 160 
meters. But the need for a balun on 
the lower bands is questionable; few 
highly directional antennas are used at 
these frequencies. In the case of a sim- 
ple antenna like a dipole, current flow 
on the outside of the coax is no big 
deal. If the coax line is made an odd 
multiple of a quarter wavelength (1 14, 
3/4, etc.), and an effective ground is 
used on the transmitter, current flow 
on the outside of the coax will be at 
a minimum. 

The perfect balun really exists only 
in the laboratory; practical low-cost 

baluns work, but exert some influence 
on antenna resonance. Wideband, 
Amateur-style ferrite-core HF baluns 
usually have a design frequency of 
about 10 MHz and are useful over the 
3.5-30 MHz range. Air-core coax- 
wound baluns have about the same 
design frequency, but are useful only 
down to about 4 MHz. In either case, 
above or below the design frequency, 
the balun appears as a reactive load 
and introduces its own SWR anomaly 
into the picture. Figure 7 shows the 
SWR response of a typical wideband 
balun working into a %-ohm load. The 
balun is good, but not perfect. The 
reactive effect of the balun, when 
you're operating with an antenna, is to 
move the resonant frequency of the 
antenna either higher or lower. A beam 
cut to 14,150 kHz, for example, may 
seem to be resonant at 14,220 kHz and 
"look like" 48.5 ohms when checked 
through a 50-ohm balun. 

Dial cards for the 
TL-922A amplifier 

I was working Bob, KLTDJI, in Fair- 
banks, Alaska the other day; he gave 
me a great idea for tuning charts for 
a linear amplifier. I made up a set, and 
they have proved invaluable for quick 
band changes (fig. 8). 

The idea is simplicity itself. Cut a dial 
card from heavy paper. (I used index 
cards to make mine.) Slot the card to 

(continued on page 1091 
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products 
lite is its volume and mass. Only 23 cm (9 inches) 
on a side, each cubical spacecraft will weigh in 
at less then 10 kg (22 Ibs.). The small mass and 
volume make it feasible to launch these space- 
craft inexpensively. 

AMSAT officials say this new class of satel- 
lites uses advances in microminiaturization, 
advanced RF devices, and modular construction 
to pioneer a new niche in performancelmassl 
volume for satellites. 

AMSAT-NA has contracted for an early 1989 
launch for the first four satellites. The four satel- 
lites will be launched into a polar, low earth orbit 
by Arianespace early next year. The primary pay- 
load will be the French SPOT-II mission. 

For more informantion, contact AMSAT Infor- 
mation Officer, Vern Riportella, P.O. Box 177. 
Warwick, New York. 

Circle 1303 on Reader Service Card. 

Free catalog of tools and 
test equipment 

Jensen Tools Inc. offers a free catalog of tools 
and test equipment. Illustrated in full color, the 
160-page catalog lists many new products. 

The catalog features over 50 tool kits. Other 
major categories include: hand and power tools 
(English and metric), tools and accessories for 
fiber optics and wirelcable systems, static con- 
trol products, soldering/desoldering supplies, 
lighting and optical aids, circuit board accesso- 
ries, test cables, carrying cases and shipping 
containers. 

For your free catalog, write or call Jensen 
Tools Inc., 7815 S. 46th Street, Phoenix Arizona 
85044. (602)968-6231. 

Circle 1304 on Reader Service Card. 

New computer interface 
option 

Advanced Computer Controls, Inc. announces 
the new computer interface option for the RC- 

850 Repeater Controller. The interface opens up 
remote control, programming and information 
access to FM repeater systems from a home 
computer or terminal via telephone modem or 
packet TNC. 

The user interface resembles a packet BBS. 
It's menu driven with lots of on-line help. 

Information that can be downloaded from the 
controller includes a "front panel display," com- 
mand log, metering information, activity infor- 
mation, and the contents of the programmable 
memory. All controller commands may be 
entered through the remote terminal with text 
responses displayed on the terminal screen. 
Programmable speech and Morse code mes- 
sages stored in the controller may be viewed 
directly as text. They can be reprogrammed by 
typing the letters and words directly, without 
referring to vocabulary codes. 

Two additional Touch-Tone decoders on the 
Computer .Interface board offload the main 
shared decoder for full-time coverage of links and 
remotes, and the telephone line. 

A Vocabulary Expansion Option increases the 

~sform yo1 
louse, cor . -".-,.m 

To tran ~r shack into a DX 
power1 nbine the int.elligenc 
of Yaesus 1."1:(b'iGX HFIVHFI UHF 
base station and t.he muscle of our 
powerful FL-7000 HFamplifier. 

You'll be amazed at how you ca 
cut thlough pile-ups. He heard any- 
where in the world. And wake up otl 
wise inact,ive hands. 

The brains of the operation: '1 
FT-767GX. This i n  tclIigc?n t. HFI\"HF/ 
UHF t)asfl stabion includes four mic 
processors for unparalleled flexihili~ 
and ease of operat,ion. 

Features include 160 to 10 metc 
transmit, including WARC bands. 
Optrional plug-in modules for (+met,( 
2-meber and 70-cm operat,ion. Recei. 
coverage from 100 kHz to 80 MHz. 
AM, FM, SSB, CW, AFSK modes huili 
R n  memories that. st,ore frequency, 
mode, and CTCSS information 
(opt,ional CTCSS unit for controllec 
access repeaters). Memory check 
feature for checking memory stat.u: 
wit,hout affecting operat,ing frequer 
Dual VFOs wit,h onc-tx,uch split, fre- 
quency capability. VFO tracking fo 
slaved VFO-AIVFO-B operation at a 
constant offset. Digital display in 

ro- 
t. y 

ver in, 
at 

tin. S\ 
BI 
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, Slowlfast main dial t,un- 

g. aynr,nesizer st.ep programming 
up t,o 99.99 kHz per step. Digital 

NR meter. Digital RF power meter. 
~ilt,-in RF preamplifier. Adjustable 

drive Itivel from 0 to 100 watts. 
fluorescent display. Built*-in A( 
power supply. 

Up to :30 minutes continut..-.. 
ansrnit, (1001% dut,y cycle). Full CW 
,cak-in. Built,-in CWelectronic keyer. 
idio peak filt,er for CW (Yaesu 
 tent,). CW and AM widelnarrow . . 
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IF notch filter. Audio low-pass filter. 
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antenna receive input on rear panel. 
Quick turnaround time from TX to 
RX forAMTOR, Packet, and QSK CW. 
Ann ,.I our/medium Ifastloff sclec- 
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size of the synthesized speech vocabulary to 530 
words. 

The price of the Computer Interface Board is 
$350; the Vocabulary Expansion Option is $75. 
For additional information, contact Advanced 
Computer Controls, Inc., 2356 Walsh Avenue, 
Santa Clara, California 95051. Or call 1-408-727- 
3330. 

Circle 1305 on Reader Service card. 

also gives you a broadband response that elimi- 
nates constant retuning. 

A three-digit turns counter plus spinner knob 
gives precise inductance control for instant 
return to a favorite frequency. 

The compact 10-314" x 4-112" x 15" alu- 
minum cabinet has plenty of room to mount the 
silver-plated roller inductor away from metal sur- 
faces for highest "Q" and maximum power into 
your antenna. 

A lighted two-color peak and average read- 
ing Cross-Needle SWR/ Wattmeter lets you read 

The new MFJ-986 3 KW Roller lnductor 
Differential-T Antenna Tuner is priced at $239.95 
and comes with MFJ's one-year unconditional 
guarantee. 

For more information or your nearest MFJ 
dealer contact MFJ Enterprises, Inc., P.O. Box 
494, Mississippi State, MS 39762, or order toll 
free at 800-647-1800. 

Circle 1306 on Reader Service Card. 

forward and reflected power and SWR at a 

MFJ-986 3 KW 
differential-T antenna tuner 

MFJ Enterprises, Inc. has introduced the new 
MFJ-986 3 KW Roller lnductor Differential-T 
Antenna Tuner. This unique design uses a sin- 
gle differential capacitor in place of two varia- 
ble capacitors. It covers 1.8 to 30 MHz continu- 
ously, including MARS and all the WARC bands. 

The differential capacitor makes tuning eas- 
ier because you get minimum SWR at only one 
setting and have only two controls to adjust. It 

glance. It also has a new directional coupler that 
gives more accurate SWR and power readings 
over a wider frequency range. 

A six-position antenna switch lets you select 
two coax lines and/or random wires (direct or 
through tuner), balanced line and external 
dummy load. 

A new current balun for balanced lines reduces 
feedline radiation, field pattern distortion, and 
TVI. Ceramic feedthrough insulators for 
balanced lines withstand high voltages and tem- 
peratures. 

QD-2 Quick Disconnect 
Hustler, Inc. announces a new and improved 

Quick Disconnect, Model QD-2. The QD-2 is 
similiar to the original model QD-1 but features 
a new design for the lower half. The 00-2  is 
milled from a solid piece of stainless steel and 
comes with a 2-year warranty. For further infor- 
mation contact the Sales Department, Hustler, 
Inc., 1 Newtronics Place, Mineral Wells, Texas 
76067. 

Circle 1307 on Reader Service Card. 

turns off amplifie latches 
tuner circuitry if s above 
2:l. Hands-free auromaclc ~ a ' n d  chanl 
when used with FT-'ifi'i(;X, FT-757CX 
or FT-980. Lithium battery backup 
remembers antenna selection and 
tuner settings. Dual 2-speed fans 
with independent thermal sensors. 
Connection to up to four antennas, 
including automatic selection via 
opt,ional unit. Eight front panel LED 
status indicators. And more. 

Get the DX advantage. Just 
combine the F'I'-767GN's trains, the 
FL-7000's brawn, and your I 
operating knowledge. What, 
you'll make on the world! 
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Enhanced C.A.T. system for exter- 
nal control of transceiver from per- 
sonal computer. (Software for Apple 
Ile/ MAC, Conimodore C-64, and 
IRM-PC is available through your Yaesu 
dealer,)Therc's also data communica- 
tion with the FL-7000 linear amplifie 
for hands-fret> amplifier operation. 

The muscle to get you out: Tht 
FL-7000.Ttlls solid-.slat(> a ~ n l i f i o r  

0 to 15 mf 

Yaesu USA 
:dwanls Road, Cttrritos, CA 90701 

(213) -104 2700 
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the 75th anniversary of ARRL 
with a new Handbook! 

1989 marks the 75th anniversary of the founding of the League. 
There's no better way of celebrating this momentous occasion, than 
with the new 1989 ARRL Handbook for the Radio Amateur! 

The 1200-page sixty-sixth edition contains over 2100 tables, 
figures and charts. The new Handbook is better than ever with 
revised information on phase noise measurement, direct frequency 
synthesis and spread spectrum communication techniques. The 
section on repeaters has been updated including a new CW identifier 
circuit. You'll find new spectrum analyzer and oscilloscope material, 
as well as several new projects in the test equipment chapter. 

As always, we've added a host of new construction projects to 
this new edition. Just some of the new projects include: A 500-MHz 
frequency counter, 160 through 10 meter legal limit amplifier, simple 
CMOS keyer project, digital audio memory keyer and a UQ meter for 
measuring coil inductance. 

But that's not all. You'll find many other popular construction 
projects that can be built in a weekend such as power supplies and 
VHF/UHF preamps. For the more ambitious builder there are projects 
like the 1.8 MHz QSK transverter (there are VHFIUHF transverter 
projects too) and there are many amplifier designs to suit your needs 
from HF through microwaves. 

The Handbook has always been famous as a reference for 
component data and you will find an entire chapter devoted to 
everything from transmitting tube and transistor specifications to 
aluminirm tubing sizes. Satellite enthusiasts will find that the digital 
TR sequencer will add operating convenience to your station. Of 
course, you'll find the most up-to-date information on digital 
techniques, and the video communications chapter is packed with 
information not only on SSTV, ATV and FAX but Weather FAX as 
well. QRP enthusiasts will find the famous"Cubic incher" transmitter; 
not much bigger are the QRP SWR indicator and QRP Transmatch. 
There is also a VXO-controlled 6-watt CW transmitter for your 
favorite band between 80 and 15 meters. There are a number of useful 
station accesories that you can build like DTMF encoders and 
decoders, PIN-diode TR switch, digital PEP wattmeter and SWR 
calculator, Transmatches and dummy loads. 

For $21. The ARRL 1989 Handbook for the Radio Amateur, 
remains an exceptional value for a hardcover technical publication. 
The price outside the US is $23. For postage and handling, add $2.00 
(or $3.50 for insured mail or UPS - please specify) 

Here is a description of what is covered in 
the Handbook: 
The first 5 chapters serve as an introduction 
and cover: basics of Amateur Radio, electri- 
cal fundamentals, radio design technique 
and language, and solid state fundamentals. 
Vacuum tube principles as they pertain 
primariliy to high power amplifierdesign are 
also presented In these introductory 
chapters. There are 12 chapters devoted 
primarily to these radio principles: power 
supplies. audio and video. digital basics, mo- 
dulation and demodulation RF transmitters. 
receivers, transceivers, repeaters, power 
amplifiers, transmission lines and antenna 
fundamentals. Another 4 chapters cover 
voice. digital, image and special modulation 
techniques. The RF spectrum, propagation 
and space communications are covered In 
2 chapters. The construction and mainte- 
nance section has 12 chapters of useful 
projects ranging from power supplies and 
antennas through digital equipment. You'll 
find up-to-date component data that the 
Handbook IS famous for. The final 5 
chapters cover how to obtain your license. 
station design and operation. interference. 
monitoring and direction finding. An 
abbreviations list, huge index and etching 
patterns make up the balance of the book. 

The American Radio Relay League, Inc., 225 Main St., Newington, CT 061 11 USA 



lconrinued from page 1051 Nestor, who had found the telegraph 
line laid by David lnnes connecting the 

I 1 Sahara Desert to Pellucidar - 500 

Dial card for TL-922A amplifier. Cursor 
marks enable fast tuning. One card is made 
for each band. 

drop down behind the "tuning" and 
"loading" panel controls. You'll need 
one card for each band. 

Tune and load the amplifier and 
transfer the dial settings to the card. 
Just mark a line on the card that cor- 
responds with the line indicated on the 
dial. Then, when you retune, slip the 
proper band-dial card in place and 
readjust the dials to the marks. This 
idea also works well with the various 
transceivers that have adjustable tun- 
ing and loading controls. 

The "Dead Band" contest 
Aha, you Couch Potatoes! I really 

caught you with my second quotation 
quiz! The cable: 

STORY TRUE. AWAIT ME 
ALGIERS. BURROUGHS 
is the beginning of Pellucidar, by Edgar 
Rice Burroughs. This is the transatlan- 
tic cable sent by Burroughs to Cogdon 

miles below the earth's surface. 
To date (late August), the only 

sharp-eyed readers who identified the 
famous cable are: Bob Clarke, N1 RC; 
John Brown, GBGJB; and Bill Lathan, 
AK5K. Good work! My condolences to 
WBTDH, NW2V. WVE, and W50WS 
who came close. 

Thanks to the following detectives 
who correctly identified the quote from 
Sherlock Holmes: Gerry Skloot, KE2N; 
Howard Tooker, W3TL; Ben Richard- 
son, WBICUA; Louis Axeman, Jr., 
N8LA; Dan Deckert, WAGFQC; Mike 
Mahoney, WA1 KNO; Chris Kirk, 
KA1 RSV; Dave Fordham, KDSLA; 
Peter Chadwick, G3RZP; Charles 
Rhine, AABM; Cliff Watkins, 
KB7ADF; Jeff Rahmel, KA8ZAW; 
John Peak, KEGHS; Don Murray, 
WSVE; Jim Josenhans, WB2LEH; Bob 
Clarke, N1RC; John Nagle, K4KJ; and 
Dale Hunt, WBGBYU. Congratulations 
to all! 

This month's "Dead Band Quiz" is 
an easy one. Name the book and 
author. If you don't know, ask your 
XYL or girl friend: "Last night I dreamt 
I went to Manderley again." 

If you think you can identify this 
quotation, drop me your answer on a 
QSL card: Box 7508, Menlo Park, 
California 94025. Good luck! 

Article M HAM RADIO 

- - 

1500 + WATT TRANSMATCH KIT $169.95 OTHER KITS 
GBRUH, PSK Packet Modem. Satellite 

. . . . . . . . . . . . . . . . . . . . .  and Terrestrial. .$111.00 
GSRUH, OSCAR 13 Telemetry 

. . . . . . . . . . . . . . . . . . . . . . . .  Demodulator $144.95 

.......... 
QRP 20,5w, 20 meter Transceiver (HR 1189).$124.95 
W1 FB 160180 Pre Amp (QST 8/88). $19.95 

. . . . . . . . .  K9CW Memory Contest Keyer.. .$109.00 
. Yaesu FRG-9600, .1 to 60 MHz Converter.. .$94.95 

BASIC KIT-INDIVIDUAL ITEMS 20117 CW, 15w Transceiver (H.R. 6187). . . . . .  .$159.95 
. . . . . . . . . . . . . . . . . .  . . . . . . . . . .  1 . rotary inductor 28,1h. .$59.00 50W 75M SSB SCVR. .$199.95 

2 . 6:l ball drives.. . . . . . . . . . . . .  .$9.00 ea. Factory Wired 
1 - 0-100 turns counter. . . . . . . . . . . .  $65.75 Amp Supply/Ameritron/TenTec Products. . . .  .CALL 
1 . turns counter, economy (Groth). .$19.95 B&W PT-2500A Amp. . . . . . . . . . . . . . . . . .  .$1,670.00 
2 -variable capacitors B&W VS1500A Tuner. . . . . . . . . . . . . . . . . . . .  $388.00 

25-245 pf 4500 v. . . . . . . . . . .  .$44.00 ea. Nel.Tech DVK.100A (Free Repeat Option). . .  $269.00 

OPTIONS- Shipping Extra Unless Noted Catalog S1.OO 

enclosure (pictured in Sept. 86 CQ).$64.00 RADIO KIT P.O. BOX 9734 
. . . . . . . . . . . . . . . . . .  4:l balun kit . .  .$22.50 pelham, NH 03076 (603) 635.2235 

dials, terminals. chassis, ceramic standoffs, hardware, loro~ds, amp components. BhW coil stock, etc. 
-= 
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SAVE 
TIME vv17;I and , . 

MONEY 
1 with 
'I 5 THE 

1 HAZER 
Bring things down for 

safety and convenience. 
Never c l m b  your :ewer agmn w8ln Inss elevator syrtem An 
tennasand rolalor mount on HAZER complete system trams 
lower In venlcal upf i~nt  posalmn Salely loch syslem op 
erales while ralslnp or loverlng Never can fall 

Complele k11 includes wnnch 1W It ol cable hardware and 
lnstructlons For Rohn 20and 25 G Towen 

Hazer 2-Heavy duly alum 12 aq It load $311.95 ppd. 
Hazer 3Slandard alum 8 sq 11 load 1223.95 ppd. 
Hazer 4-Heavy gal" sleel I 6  sq I1 load 1291.95 ppd. 

NEW for ROHN 45 and 55Towers 
Huer  8-Heavy duly gal" sleel 16 sq tI load CALL 
Ball Thrust Bearlng TB 25 lor any at above Call lor Prsce 

Send l m  lroa dolalle 01 alumlnum lornrs . p ~ l l l s a l l y  
e n g l ~ I . d t o 1 u l a  wlthlho Hemr. Trroelns: M.13(13"wlde) 
and M.10l1~"wldel.AIlbol:.dconelrucllon.rmwelds. Easy to 
Inrlall hinga bas.. walk up erection. Complete lower UPS or 
air Irelght shlpplbla Pre-assembled or hll form. 

S8llslutlon guaranlnd. Call today and charge lo V lu .  
MaslerCard 0, mall check or monev order. 

A complete slow scan televis~on station for your 
IBM PC or compatible Send and recekre Images 
In up to 10 shades of gray depending upon your 
graphics card and printer 

Demodulator Modulator 75 Page Manual 
Sotrware Tutonal Cassette 

Ham transce~ver PC wtth 640K Parallel Port 
Graph~cs Card Tape Recorder Senal ort 

Sbrr ScclnFmats: 8.12,17,23 34,3648 8 sec 

I/ 1% 
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ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
Listed below are the page and reader service number for each advertiser in this issue. For more information on their 
products, select the appropriate reader service number make a check mark in the space provided. Mail this form to 
hamradio Reader Service, I.C.A., P.O. 00x2558, Woburn, MA01801. 

We stock  a ful l  l ine of  
RF Transistors, Modules. 
and  Tubes for Amateur. 
Marine 8 Business Radio 

Name C a l l  -- 

I Partial L is t ing  o f  Popular Transistors In  Stock I City State- Zip 

Nel Ea 
5 275 
1600 
21 00 
47 00 
24 00 

Nel Ed 
$ 1 4 2 5  

2 50 
3 00 

'Please con tac t  th is  advertiser directly. Please use  before March 31, 1988. 
READER SERVICE # PAGE # 

.............................. -1 16 -Ace Commun~cations, CA 25 

......................... --I33 -Ace Communications, IN.. 52 

--131 -Advanced Computer Controls . . . . . . . . . . . . . . . . . . . .  53 

........................ -1 36 -Advanced Receiver Research 54 

-1 35 - AEA ................................................... .55 

-170 -Aerospace ...................................................... 97 

--I 57 -All Electronics Corp .................................. 84 

READER SERVICE # PAGE # 

-138 - Jun's Electronics ......................................... 61 

-_I08 - Kantronics ............................................... 16 

* -KBIT ........................................................ 97 

-159 - KComm, The Ham Store ............................ 87 

* . Kenwood USA Corporation. ............. ..2. 5, 7. CIV 

-106 . Madison Electronics Supply ........................... 12 

....................... -.-I69 -Madison Electronics Supply 97 

* - Allled Appliance 8 Rad~o . . . . . . . . . . . . . . . . . . .  ..80 

...................................... -162 - Aluma Tower Co. ..87 

-152 - AMC Sales. Inc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

-142 - Ameritron ...................................................... 63 

-132 - Amidon Associates ........................................ 53 

-179 -AMSAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

-166 . Antennas West ............................. 93. 95. 100 

......................... -128 -Antique Radlo Classified ..47 

-151 -ARRL ..................................................... .75 

- ..................................................... -187 ARRL 108 

. ................................................ -1 17 Astron Corp. 28 

................ -171 - ATFAB Computers and Electronics .97 

.................... .................................. -143 -Azimuth .. 65 

................................ * -Barker 8 Williamson ..21 

.................................... - Barry Electronics. .82 

-139 - Bllal Company ........................................ .61 

.............................. - Buckmaster Publishing 87 

-165 - Buckmaster Publishing.. ............................... 93 

............................ -181 - Buckmaster Publishing ..I00 

............................ -180 - Buckmaster Publishing ,100 

* -Butternut Electronics .................................. 47 

.................................................. . -1 19 CBS Sales.. 30 

....................................... - Caddell Coil Corp .72 

............................ -173 -Certified Communications.. 97 

............................................................. -134 -CIE 52 

....................... -1 75 -Communication Concepts. Inc 99 

.......................... -1 22 -Communications Specialists .41 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  -103 -Connect Syslems Inc.. I 

...................................... -148 - Crystek Crystals .72 

. . . . . . . . . . . . . . . . . . . . . . .  -141 -Cygnus-Quasar Books. ..61 
-1 12 -Datacom, Internattonal . . . . . . . . . . . . . .  .23 

.................................. - Dayton Hamvention 42 

-1 74 - Doppler Systems ....................................... ..99 

............................... -1 14 - Doug Hall Electronics ..22 

............................... - 154 - Down East Microwave.. 80 

................................................. -164 -DRSI ..93 

.............................. -1 44 -Electronic Equipment Bank 66 

............................. - Engineering Consulting ... .95 

-192 - Epsilon Company ......................................... ..97 

.............................................. -1 40 -Fair Radio Sales 61 

-167 - Gallatin Radio Supply . . . . . . . . . . . . . . . . . . . . . . . . .  93 

-Gary Appel ................................................. 99 

............................................ -125 - GTI Electroncs 45 

-1 77 . GTl Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 

..................................................... -110 - Hal-Tronix 21 

-1 37 - Ham Radio Outlet ................................. 56. 57 

..................... -Ham Radio's Bookstore 33. 38. 67 

.................................... - Hamtronics, NY .71 

* - Hamtronics, PA . . . . . . . . . . . . . . . . . . . . . . . . .  93 

. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Heath Company .15 

................................... -102 - ICOM America. Inc. CII 

..................... - International Crystal Mfg Co, Inc 60 

.......... ............................ -161 - International Radio .. 87 

-153 -Jan Crystals ................................................ 81 

........................................ -1 15 - Jensen Tools, Inc 22 

-1 18 - Maggiore Electronic Laboratory . . . . . . . . . . . . . . . . .  27 

-185 -Glen Martin Engineering. Inc ......................... 109 

-166 - The Meadowlake Carp. ............................. .95 

- 105 - MFJ Enterprises ............................................... 6 

.............................. -1 30 - Micro Control Specialties .50 

-121 - J  Millen ................................................ 31 

-1 88 . Missouri Radio Center.. ............................. 1 11 

-120 -Mobile Mark, Inc ........................................ 31 

-146 - Monitoring Times ....................................... 67 

-155 - Motron Electronics. .................................... 60 

.................................................. -1 11 - Multifax 23 

-147 . NCG ..................... ... ................................... 72 

.................................... - Nemal Electronics 54 

-183 - Nuts & Volts ............................................... 102 

-123 -Wm. M. NyeCo. Inc.. .................................. 46 

..................................... -189 - OPTOelectronics 112 

................................. * -Orlando Hamcation ..50 

-107 . P.C. Electronics ......................................... ..I2 

-191 . Pac-Comm Packet Radio Systems, Inc.. .......... 99 

............................. -156 - Radio Amateur Callbook 85 

-184 - Radiokit .................................................... 109 

-109 -Radio Shack .............. .. ................................ 19 

.............................. -178 - Ramsey Electronics. Inc 101 

.................................. -1 76 -The RF Connection.. 99 

-1 29 . RF Enterprises ........................................... 49 

......................................... * -RFParts. .I10 

................................. - Sherwood Engineering 100 

-1 24 . Software Systems ................................... .45 

.................................. -186 - Software Systems 109 

. . . . . . . . . . . . . . . . . . . . . . . .  * - Stridsburg Engineering Co. 97 

-1 45 - STVIOnSat .............................................. 67 

............................... -1 26 - Synthetic Textiles. Inc. 45 

-163 -TE Systems ......................... .. .................... 91 

-1 27 - Tel-Com .......................................................... .47 

..................................... - Tropical Hamboree 102 

........................................... -1 13 - Vanguard Labs 22 

-104 -Varian EIMAC ............................................... 1 3  

- .................................. -149 VHFCommunications 72 

-160 - W9INN Antennas ................. .. ...................... 87 

.............................. -158 - Wi-Comm Electronics Inc 87 

......................................... -182 - Yaesu USA ..106. 107 

.................................................. -190 -Yaesu USA CIII 

............................................. -150 -E.H.YostCo 72 

M57737 48 50 
M57745 87 00 
157755 78 75 
M57762 69 75 
M57764 74  00 
Y57712Y57733 ,,,, 
M51137 SC1019 srvl 
SC1027 "s r  s ~ u 4  
MHW710 1 3 61 00 
MHW820 1 76 00 
MHW820 2 82 00 
SPECIAL TUBES 

6L6GC 9 95 
6CL6 9 95 
6GK6 195 
6HF5 I 4  95 
6J86 14 95 
6JS6C 1 4  95 
6KD6 15 95 
6LF6 15 95 
6L06 6MJ6 13 95 
128Y7A 795 
5728 T160L 69 50 
8llA 1795 
8331 110 00 
5894 43 00 
61468 1295 
6550 14 95 
7581 KT68 14 95 
8950 18 00 
4CX250B 74 50 
3 5002 114 50 
We stock 3CXBOOAl 
3CX120OA7 4CX35OA 
3CXIMOA7 4 4OOC 
3CX300047 4 lOOOA 
4CX100017 8874 
4CXMOOA 8875 8877 

Sockets Avadabk 

' #-Gain. Malched, and Selscled Transistors Available I MATCHED TUN FINALS IN STOCK FOR HAM EOUIPMENT I 
RF Power transistors in stock for Atlas. KLM, Collins. 
Vaesu, Kenwood. Cubic. Mirage, Motorola. Heathkit. 
Regency. Johnson. Icom. Drake. TWC. Wilson. GE, elc. 
Cross-reference on CD, PT, SO, SRF, JO, and 2SC P Ns. 

We Service Atlas h Swan-Call for Information 
Quantity Priclng Available COD VISA MC 
ShipIHand. 1 Jb. U.S. or Foreign Sm PC1 Air 8 02. $5.00 
Orders received by 1 PM PST shipped UPS same day. 

Next day UPS dellvery available 
PARTS ORDERS ONLY - NO TECHNICAL PRODUCT REVIEWINEW PRODUCT 

-305 . Advanced Computer Controls .................... ..I06 

.......................................... -303 - AMSAT 101 

.............. -302 -California Eastern Laboratories Inc 101 

..................................... . ' Cushcraft Corp. 101 

............................ . .................... -307 Hustler Inc .. 107 

-304 - Jensen Tools Inc ........................................ 106 

-306 - MFJ Enterprises .......................................... 107 

........................ ............. -301 -OK Industries Inc .. 101 
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Dependable Service - 

At The Right Price.. . Everyti~ 
I 

Mastercard-VISA-Discover 

0 
ICOM 
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:y:;:.:.'tq;c I.. 

1C-761 HF.,PERFORMANCE-RIG 
16O.lOMIGeneral Coverage 
Recelver 
Bullt.ln Power Supply and 
Automatic Antenna Tuner 
SSB, CW. FM. AM. RTTY 
QSK to 60 WPM 

I I All Band. All Mode Transceiver 
Add Optlonal6m. 2m & 

Direct Keyboard Entry 70cm Modules 
Engineered for the DX-Minded Dual VFO's 

Mobile 10 Meter Transceiver 
SSBIAMIFMICW 
25 Watts PEP 
Computer Controlled Operation 

SALE PRICED 

- - -  - 

and Contesting Ham I Full CW Break.in 
Its Got It  All! I Lots More Features 

0 
ICOM 

- 

KENWOOD 
21-17 and 220 MHz Arnplllters 
GaAsFET Recelve Pre.Amps 
and Hlgh SWR Shutdown 
Prctectlon 

144MHz S 
MODEL A 

FT-736R VHF UHF RASESTATION 

SSB. CW. FM on 2 Meters 
and 70 cm 
Optional 50 MHz, 220 MHz or 
1.2 GHz 
25 WattsOutput on 2 Melers. 
220 and 70 cm 
10 WattsOutput on6  Meters 
and 1.2 GHz 100 Memorles 

IC.781 NEWEST SUPER RIG 

5 Function Display Screen 
Built-in Spectrum Scope 
150 Watts Output 
Built-in PS and AT 

HF Transceiverwith 
General Coverage Receiver 
All HF Amateur Bands 
100 W Output 
Compact. Lots of Features 

3.312 30 1n:121Joul E 
CALL D 

0 
ICOM - 

Rernote Controller. Irltorface FT-212RH 
THE "ANSWERING MACHINE" MOBILE 

Rx: 138.174 MHz 
Tx: 144.148 MHz 
45W Output 
Digital Volce Recorder 
FT.712 RH for 70cm 

2 Meters (138.000-173.995 MHz) 
70 cm (438.000-449.995 MHz) 
Receiver Range 
45 Watts on 2 Meters 
35 Watts on 70 cm 
30 Memory Channels 

A Unlt, Interface B Unit. 
Speaker. MIC and Cables k~ 
SIX Band Units to Choose 
10 Memories Per Band 3' 
Programmable Band Scan 
Fiber Oatic Technology 

KENWOOD 
TH-25AT 

POCKET SIZED 
AND POWERFUL 

Frequency Cover. 
age. 141-163 MHz 
(Rx). 144.148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 WattsOutput 
14 Memorles 
TH-45AT Available 
for 440 MHz 

102 N.W. Business Park Lane Kansas City, MO 641E Call Toll Free-Sam - 6pm Mon.-Fri. 9an 
Call For Best Trade-In Deal In Missouri Call-8' 

1 MOST ORDERS SHIPPED SAME DAY 
I - 

R H 
- 

DAI ICOM 



POCKET SIZE 
SIZE:4" Hx3.5" W x l "  D 

MADE IN USA 

FREQUENCY 

TO 2.4 GHZ 
8 LED DIGrrS 02 CATE TIMES 

ALUMINUM CABINET 
T E R M  NI-CAD BATTERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 

EXCELLENT SENS lTlVrrY 
& ACCURACY 

AC-DC PORTABLE 
OPERATION 

,re not tq - , . -  A L  

small enough to fC into a shirt pocket, our new 1. d 2.4 GHz, 8 digit frequency counters ; PI They 
can actually out perform units many times thew size and picel Included are rechargeable NI-caa ~atteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna; 
sccurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
irefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
'bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
or measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 

aignal generators and other devices to accurately monitor frequency 
The size, price and performance of these new instruments make them indispensible for technicians, engineers, 

schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 
#1300H/A Model 1300H/A 1- 1300 MHzcaunter with pcsrr~r,>dsitivit~ < 1mV 

27MHzto 450MHzincludes Ni-Cad batteries and AC adapter . . . . . . . . .  $169.95 

# 2 W H  Mode1 2400H 10-2400 MHz microwave counter includes Ni-Cad 
batteriesandACadapt er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S2W.m 

#CCA Model CCAcounter/counter, far debugghg, ultra sensitive, < 50 micro 
volts at 1 SOMHzl I-600 MHz wlth adjustable threshold, RFindicator 
LED. Includes Ni-Cad batteries and AC adapter . . . . . . . . . . . . . . . . . . . .  ,5299.95 

ACCESSORIES: 

#TA-100s Telescoping RF pick-up antenna with BNC connector . . . . . . . . . . . . . .  .S12.00 

#P-100 Probe, direct connection 50 ohm, BNC connector . . . . . . . . . . . . . . . . .  .S20.00 

#CC-12 Carrying case, gray vinyl with zipper opening. Will hold a counter and 
XTA- IOOOS antenna. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .S10.00 

LC 189 

ORDER FACTORY DIRECT 
FLA (305) 771-2050 1-800-327-591 2 gByi~i VISA* AVAILABLE NOWI 

OPTOELECTRONICS IMC= 
Orders to US and Canada add 5% of total ($2 min, $10 max) 

5821 N.E. 14th Avenue Florida residents add 6% sales tax. COD fee $2. 
Ft. Lauderdale. Florida 33334 Foreign orders add 15% 



You'll be hard-pressed 
to beat the perfomnaylee of 

Yaesu's ~~WFT-4ll handheld. 
I63 Let Yaesu's "next generation" handheld lighten your load! 

The brains of a base station. "Sophisticated operation" takes 

fiizlt-in CTCSSmcod~l&unie. Selectable r-- channel steps: 5110112.5120125 kHz. Pro- 
grammablf. band scan with upperllower 
limits. Selectable memory scan. And 

extended receive coverage of 140-174 
MHz (MARSICAP permit required 
for transmit on 140-150 MHz). 

Not bad for a handheld mea- 4 
suring just 5 
mm (the sa 

5(w) x 32(d) x 139(h) 
[me size as our FT-23R - 

Series HTs)! 
L A  / Friendly operation. For ope- 

rating convr:n&nce, the FT-411's 
keypad features a "do-re-mi" audi 

ble command verification. Both the 
display and keypad can be backl~t 

(brightly!) for night operation at the 
- push of a button. A rotary channel selec- ":' tor allows fast manual tuning. Or key L 

in the frequency directly. Operate VOX 
. (with YH-2 headset option). Plus you get 

a battery saver to conserve power C - 
) while monitoring. And a (defeatable) auto111~it 11 / I O \ ~ ( ~ I  i l l 1  Ioaturt1 

that shuts down your radio if you forget to turn ~t off1 
High power 
j-\v:~t t, 600-r~. 

capability. The FT-41 
I A ~  FNR-10 battery pac 

1 comes equipped with the 
:k. Try our opt ional FNR-12 

5-watt, 500mAh pack or tiny FNH-9 2.5 wall, 200 mAh pack. Or 
get 6 watts output by applying 13.8-volts DC from an external , power supply 

I Swap options with Yaesu's FT-23R Series. Our rugged 
best-seller's chargers, batlenes, and m~c.rophones are fully 
compatible with the FT-411.The FT-2SR is th? perfect com- 
panion for the FT-411, and at a great price! 

n y  on1 
lealer. Or call 

tan FT-411 today. Ask 
1-800-9519-2070 for a f 

for it now at your local Yaesu 
'ree brochure. And experi- 

Yaesu USA 17210 Edwards Road, Ccrritos. CA !)0701 (213) 404-2700, Hrpair Srrvicr: (219) 404-4884. Parts: (213) 404-3847 Prirrs and sprrifii~ntions sllhj~c.1 
111 ch;~r~gi, wil ho~it nolicv. Sprcific~ations ji~~arantrcbd only \r.itllin ;irnalolir I~i~nds. 



. _ / / / .  

, ., . , : I , .  :i , - .  n r . !  Receiver 
covers 150 kH7-30 MHr.AII 

LvU- L w , 7 p c q ~ i i ! n r  
modes bu~lt-ln AM, FM.CW. FSK. 

TS-940s-the standard of 
performance by which all .. ,,+ !. ,,,,>I ~ ~ , , , ~ , , ~ t  , ,  $ . , c ,  

other transceivers are judged. r ! ,,,r'4-,,i ,-,, I I , , ; ~ .  -.<IT. , 
Pushing the state-of-the-art , I  - --  Large fluoresc~nt lube 
in HF transceiver design and rnnln d~splay wtth d~mrner: direct 
construction, no one has been keyboard lnpul of frequency: 
able to match theTS-940s in 
performance, value and reli- 
ability. The product reviews 
glow with superlatives, and 

AF stgnal 8pcctrum n joy to opwntP. 
the field-proven performance . i-, ,: , ,,,,.. - ~ , , , c i~ l~ , : , . ~ , ,  r h z . . : ~ c  

AF tune operation 
shows that the TS-940s is - - , ,  ? 

.The AF TUfdt IUP. I , - -  ,educes , r '  .. n y .  >!.!I 

"The Number One Rated HF ~n!rrlrrtna c,ignals and whtle noise 

Transceiver!" * T ~ , s  lunctton should only be user! 
dursng operatfon vn tnr CW r o d e  , -$," I : (  ' l - , p c  ,;-,,.-! ,-, ,-, " ;,~..;,,l, ,,I- , \ ,,,,- 

. .,  . ' 7 T  ; > , l "  ' , .  , ,,,-, ,,r1 r1<1 

* F r.; >,.:!!I., ,: ' ( ; \ I  n r : c % - v ~ , , r  

I , . , ! + , \ ,A  ,,.d,>!r,?r>+,, 

,. ! l . :c>r, ; r ~ ~ - !  , ,!r:l R~lererice 
I~I~C~IJP~CY nc'clrrncy I S  rnc?asured 
I -  parts per million! scan o r  40 ctinrinel memory scan. 

; : , . 8 i ( , , l  ,; ,7t,>,, . .c r,r,l:+7r, crysl;il o~,c~l lnt~~r * MC-43s UPIDOWN hand 
A1 $140 I~ l l l  r;lnytt 1160-lonil a~~tornntrc, nllc * Ml3~6OA. MC-80, MC-85 deluxe hijSP 

;~ritr,nna tilricr * SP-940 cxtc:rnnl spei~krr st;ll~or? ~ I I C S  . PC-1A phone patch * TL-922A 
WIIT ; I L I ~ I ~  f~ltc>r~ng *YG-'155C l ( 5 0 0  H i ) .  11nc;ir i t n~p l~ l~c~r  SM-220 statton nion~tor 

KENWOOD 
YC; 451iCN~1 (250 H/),YK-88C-l 1500 141) CW US-8 pan display * SW-700A mi SW-7000 KENWOOD U.S.A. CORPORATlON 
frllf.15. YK-8RK1 16 kH11 AM f~lter - VS 1 volc:t? SWR nrici pci\vc!r nieters - IF.732CllF~lOB 7701 E .  D o m ~ n g ~ ~ e z  St.. Long Boacki. CA 90810 
~:yiithc~s~rcr e SO 1 trniper;lturc? cornl~~ris;~tc~ci c'oni[~r~trr tnlortnce PO. Box 22745, \Long Bc;~ch. CA 90801-5745 

< . , 1 #,,!+. , , # . , t  t 8 ,  , I I , ! O , , . ~ ~ ,  ,!,~.,~v,:#l,~:~ji~ Ivl,31! hf,tlt',,,, ,w! 1!,1rl,.r < , j b f , r ,  , J ' ! , !  ' ! , , b , , l  r r  ' < " , c . < > r , P c ,  

:,, ' ,r,, t , '  r,-.,l,,r,' !,, : p ,  , , . ,  l!,,,~:,:,,!., !I,., ~ ~ , l l , t , , ~ , ' , ~ ! l ' ~ ~  j; ' , , , I ! ,  , v , , f c ~ : ' ! , J ! l < ~ r :  
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