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Hand held 

ICOM has a commitment to high per- 
formance 220MHz gear. That's why we're 
the only manufacturer who can offer you a 
full line of 220MHz equipment ... whether it's 
a mobile, handheld, base station transceiver. 
or fiber optic multi-bander. 

Handhelds. Choose the full-featured 
five-watt IC-O3AT with 10 full function mem- 

ories capable of storing odd offsets 
and subaudible tones, scanning and 

DTMF direct keyboard entry. Or select the IC-3AT easy-to- 
operate handheld featuring thumbwheel switch frequency . 
selection. 

Mobiles. ICOM offers the IC-38A, which sports a large 
LCD readout. 21 memories, scanning, and memory lock-out. 
The slim-line IC-37A features an LED readout, nine mem- 
ories capable of storing offset and subaudible tones and 
both memory and band scan. 

Base Station. The IC-375A is a 220MHz all mode opera- 
tor's dream ... 25 watts output, an internal power suoelv. 99 

memories, scanning'and 
all subaudible tones built-in. 

NEW! IC-375A Transcelver 
Multi-Bander. The new- 

est addition to ICOM's 
220MHz family ... the IC-900 
fiber optic controlled six- 
band mobile, which has a 
220MHz optional band unit. 

Quality. High Perform- 
ance. That's ICOM 220MHz. 

ICOM Arnenca. lnc, 2380-116th Ave N E , Bellevue, WA 98004 Customer Service Hotline (m) 454-7619 
3150 Prem~er Dr~ve, Su~te, 126, I ~ l n g ,  TX 75063 / 1777 Phoen~x Parkway, Su~te 201, Atlanta GA 30349 

ICOM CANADA. A D ~ v ~ s ~ o n  of ICOM Arner~ca, lnc, 3071 - #5 Road, Un~t  9, R~chmond. B C V6X 2T4 Canada 
All stated specif~cat~ons are approxlrnate and subject to change wlthout notice or obllgatton All ICOM rad~os sgn~ficantly exceed FCC regulations lhrnlt~ng spurlous emlsslons 120MHKS7 



FOUR user selectable operating modes and 
a 90 number autodialer make Private Patch V 

the ONLY choice! + * "+-t 
m -3 
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Private Patch P b MULTI-MODE INTERCONNECT 

7 - * * c e @  O . ,  9 ~ l - 3  - J CONNECT SYSTEMS INC NOISE DTMF XMT CIDI 
-POWER 

SELECT AN OPERATING MODE Private Patch V is a totally new concept in automatic 
phone patches. A built-in keyboard and menu driven 

USING THE BUILT-IN KEYBOARD. . . display allow you to customize all modes, features, 
and functions specifically to your application. 

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. 

4. REPEATER CONTROLLER 
Private Patch V will convert any receiver and transmitter into 
an outstanding performing repeater with duplex autopatch. 
Features such as repeater onloff code, hangtime, activity timer 
time. CW ID interval etc. are fully user programmable. Private 
Patch V is the right choice for your club system. 
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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 FREE brochure. 
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Double Take! 

/ 14 memory channels and one call a TM-521A has auto offset 
1 .  r ?.  p r 1 / r \ Q ? . ? - ! -  

- - , 3,- r r r  

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 
Bandern 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! 

r-  (138 000- 
173 995 MHz) on 2 m,  70 cm coverage 
IS 438 000-449 995 MHz, 1-114 m cover- 
age IS 215-229 995 MHz (Speclflcatlons 
guaranteed on Amateur bands only Two 
meter transm~t range IS 144-148 MHz 
Mod~f~able for MARSICAP Perm~ts 
requrred ) 

r.  I --,I< 'pi 

I ,  1. -  

-. A speclal 
memory channel for each band stores 
frequency, offset, and sub-tone of your 
favorrte channel Slmply press the CALL 
key, and your favorlte channel IS selected1 

channel for each band store frequency, . Full operation 
repeater offset'CTCSS'and leverse . CTCSS ~ n c o d e  /decode selectable Channels 'A" and "b" establ~sh upper 
and lower Ilni~ts for programmable band from front ~ ~ n e l  or UPIDWN keys on 
scan Channels mCM and store rnlcrophone (Encode bu~lt-~n, opt~onal 

and recelve frequencies Independently TSU-6 needed for decode ) 

for "odd sp11t.s" Each 'II~G'IOTI key has 2 unlalle tone 
* " 5 \ 4 ' - + * ~  011 : rn 35 watts 011 70 cm for poq~t ive "edclack 

?c, ,>!+ 7,i i 111 n, ApproX 5 watts 0 Illcirn~nate? front rjanel controls 
low power and k e y s  

* AuZon>,-tlr 33nd C h a n a ~  ( A  I3 C ) 16 key ETFtPF mlc ~nc luded 
Automatrcally changes between main a W a n r j ~ ~ t / r e m o t ~  control o ~ t l o n  
and sub-band when a slgnal IS present (FC-aOb 

* 1311;3' \N.  +rL' f t r r l ~ ' l O n  ?11c)\w VMf-and . F~~~~~~~~ bera,, lock 
/ I P F  roc PIV ~ ~ r n ~ l t a * ~ ~ o u ~ I v  S u p p l ~ d  nccossnrlps 16-key DTMF 

a n r ~ c ~ b  ln-q'ri m@r?iorv <-Qc~ band hand mlc, mountlng bracket. DC cable 
%c;.anr)rr.o i r  n'h rnernorv channel 

RC-10 Multi-functlon handsetlremote mobtle speaker PG-2N DC cable PG-3B 
controller PS-430 Power supply - TSU-6 DC llne nolse fllter MC-6OA, MC-80, 
CTCSS d e ~ o d e  ~rnrt SW-100B Compact MC-85 B ~ S C  ~17t1on 1111~s MA-4000 Dual 

KENWOOD 
SWR1power/volt meter SW-200B Deluxe band 2 m/70 cm rnoblle antrnnd (nrount not KENWOOD U.S.A. CORPORATION 
SWRlpower meter SWT-1 2 111 antenna supplied) , MB-11 Moblle bracket MC-43s 2201 E Dornlngu~bz St .  Long Beach. CA 90810 
tuner SWT-2 70 crn mtenna tuner - SP-40 UPIDWN h;md rnlc - MC-48B 16-key DTMF PO Box 22745 Long Beach. CA 90801-5745 
Compact rnob~le speaker SP-SOB Deluxe hand mlc 
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Glasnost and Amateur Radio 
It's fascinating how the "Iron Curtain" has opened in the past few months. First a group of Russian and Finnish hams 

operated from Malyj Vysotskij Island; then jamming of several shortwave broadcasters stopped. Now, there's the amazing 
story of how the International Amateur Radio Network (IARN) was able to get two operators and $10,000 worth of radio gear 
into the Soviet Union to help with the Armenian relief effort! This would have been unheard of 10 years ago. Today, it could 
signal the beginning of a new era of cooperation between the USSR and the rest of the world. 

Recently, the ARRL participated in assembling portable battery-operated packet stations. The first complete stations were 
shipped to Moscow on December 19th. The RSGB's Raynet Organization activated its International Emergency Center, and 
has been cooperating with the British Red Cross and the UK Overseas Development Agency. We thought you'd enjoy the 
following piece as a sample of some of the ham activities you'll read more about shortly. 

(Thanks Westlink and W9ELR) 
de N l A C H  

A Christmas Present To Armenia 
On December 14, 1988 the IARN, an all-volunteer Amateur Radio organization, asked for people to go to Moscow and 

help the Soviet Amateur Radio Operators set up much-needed radio circuits between earthquake-ravaged Armenia and the 
rest of the world. Nearly $10,000 of sophisticated radio communication equipment had been donated by various manufac- 
turers and charitable organizations for this purpose. 

Charles Sheffer, KJ4TY, of Apalachicola, Florida and I flew to Cleveland, Ohio to meet with a handful of dedicated Amateur 
Radio operators (headed by Dave Speltz, KB1PJ) to coordinate and finalize plans for this humanitarian effort. 

Glenn Baxter, KIMAN, of Belgrade Lakes, Maine, head of the IARN, had obtained permission from the Soviet Union for 
this person-to-person assistance. This was a tremendous breakthrough between two great powers. 

KJ4TY and I finally left JFK Airport in New York on December 17th. Aeroflot, the U.S.S.R.'s airline, had agreed to fly 
us (and all of our radio equipment) to Moscow, at no expense. The Aeroflot personnel were very helpful and put all the radio 
equipment aboard the plane as our personal baggage. 

After an 8-hour flight, we arrived in Moscow and were met at the airport by Soviet officials and representatives of the Soviet 
Union Amateur Radio community. The officials helped us through customs, waiving all red tape so we could enter the coun- 
try. We were greeted cordially and, after the proper introductions, were taken to our hotel. During our stay, we had a car, 
driver, and an interpreter at our disposal. 

We eagerly awaited an appointment with the local Amateur Radio organization to finalize plans for assisting them in setting 
up the emergency communications links between Armenia, Moscow, and the rest of the world. 

On our third day in Moscow, we were called into a meeting and told that we must leave the following day. Officials ex- 
plained that the Aeroflot had reservations booked for nearly a year. They also explained that there were so many foreign as- 
sistance personnel in Armenia already, that it was beginning to interfere with the total relief program. They felt that their own 
Amateur Radio operators could set up the necessary communication links. Having met with some of the local Amateurs, we 
heartily agreed that they could do the job. 

Early the next morning, Soviet officials picked us up at our hotel and drove us to the airport. We left all the radio equipment 
for use in the emergency networks. 

The Soviets seemed extremely grateful for the equipment. They gave us a parting gift and thanked us time and time again 
for our efforts. 

Amateur Radio operators worldwide had been rooting for us, and had assisted with communications in preparation for this 
trip. This was the first time that anything of this magnitude had been attempted with the Soviet Union. As our efforts were 
purely humanitarian, we feel that a great stride forward has been made for closer and peaceful cooperation between two 
great countries. 

Our Christmas present to the Soviet Union will prove, in a small way, that people on this planet can work together for 
a better, more peaceful world. 

A l  Vayhinger, W9ELR 
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Matching 
TS-76 qA/81 I A VHFNHF all-mode base stations 

TheTS-711A 2 meter and theTS-8l1A 
70 centimeter all mode transceivers 
are the perfect rigs for your VHF and 
UHF operations. Both rigs feature 
Kenwood's new Digital Code Squelch 
(DCS) signaling system. Together, 
they form the perfect "matching pair" 
for satellite operation. 

Highly stable dual digital VFOs. 
The 10 Hz step, dual d~gital VFOs offer 
excellent stability through the use of a 
TCXO (Temperature Compensated 
Crystal Oscillator). 

Large fluorescent multi-function 
display. 
Shows frequency, RIT shift, VFO AIB, 
SPLIT, ALERT, repeater offset, digital 
code, and memory channel. 
40 multi-function memories. 
Stores frequency, mode, repeater off- 
set, and CTCSS tone. Memories are 
backed up with a built-in lithium battery. 

Automatic mode selection. ' 
You may select the mode manually 
using the front panel mode keys. 
Manual mode selection is verified in 
International Morse Code. 
All-mode squelch. 
High performance noise blanker. 
Speech processor. 
For maximum efficiency on SSB 
and FM. 
IF shift. 
"Quick-Step'' tuning. 

( Vary the tuning characteristics from 
t "conventional VFO feel" to a stepping 

Programmable t),ind and r-nernory scan action. 
(w~th channel lock-out). "Center-stop" Built-in AC Power supply. 
tun~ng on FM. An "alert" funct~on lets Operation on 12 volts DC is also 
you listen for activity on your priority possible. 
channel while listening on another Semi break-in CW, with side tone. 

frequency. A Kenwood exclusive! VS-1 voice synthesizer (optional) 

RF power output control. More TS-711Al811A information is 
Continuously adjustable from 2 to available from authorized Kenwood 
25 watts. dealers. 

Optional accessories. 
IF-IOA computer interface MC-48B 16-key DTMF, MC-43s UP/ 
IF-232C level translator DOWN mobile hand microphones 
CD-10 call sign display SW-200AIB SWRIpower meters: 
SP-430 external speaker SW-200A 1.8-1 50 MHz 
VS-1 voice synthesizer SW-200B 140-450 MHz 
TU-5 CTCSS tone unit SWT-1 2-m antenna tuner 
MB-430 mobile mount SWT-2 70-cm antenna tuner 
MC-6OA, MC-80, MC-85 

KENWOOD 
KENWOOD U.S.A. CORPORATION 

PG-2U DC power cable 2201 E. Dom~nguez St., Long Beach,CA90810 
deluxe desk  to^ microphones PO. Box 22745. Long Beach. CA 90801-5745 - 

Complerr service manuals are avarlable lor all Kenwood rranscervers and most accessorres 
Spec~hcarrons and prrces are sublecr lo change wrrhour nolrce or oblrgarron 



ham radio market - by its very nature, 
it's a low volume, high markup busi- 
ness. Using W1 FB's reasoning, HAM 
RADIO could really increase its circu- 
lation by lowering the subscription 
price to $5 per year! If W1 FB thinks 
there's money to be made by 
manufacturing a $500 transceiver, he 

At the turn of the century, electricity 
was the big thing and entire magazines 
were devoted to experiments with it. 
As electricity became commonplace, 
interest in experimenting with it died 
out - and so did the magazines. 
We're doubtlessly seeing a similar 
phenomenon (hopefully to a smaller 

should do it and get rich. (Or go degree) with radio. 
2. Amateur radio has been "curmudg- O br"Tkpjoblem is not a lack of techni- eonized." In the August issue, W1 FB 

Attracting or dis- 
couraging newcomers 
Dear HR 

Your editorial and some letters in the 
August issue raised some good points 
why Amateur Radio still has problems 
attracting newcomers, but I feel the 
major reasons were not really 
addressed. 

Forget the old excuse about ham 
equipment costing too much today- 
gear has always been too expensive for 
younger amateurs! My first rig was a 
Heath HW-16, which ran for a little 
over $100. That might sound like a ter- 
rific bargain, but $100 was my parents' 
monthly mortgage payment. 

I think you can make a good case 
that new hams today have an easier 
time of equipping their stations than 
newcomers did two decades ago. 
There are plenty of used rigs around 
from the late 1970s, which do an excel- 
lent job on CW and SSB and can be 
had for well under $500. These are 
tube rigs, to be sure, but it doesn't 
take long to properly tune one up 
when changing bands. You can also 
get on 220 or 10 with a new rig for well 
under $500. Cost clearly isn't the prob- 
lem. 

Is there really any demand at all for 
a "bare bones" transceiver at about 
$5007 The folks at Ten-Tec have mar- 
keted a very similar rig, the Argosy, for 
several years with only modest sales; 
I hear rumors that it's been discon- 
tinued. In the August issue, WIFB 
asked what happened to the concept 
of high volume and low per-unit profit. 
What happened is that there's no 
"high volume" to speak of today in the 

cal interest or smarts amoung young 
people. If you're one of those rare 
hams with an interest in computing 
above the Commodore-64 level, 
you've seen how rapidly teenagers can 
master C and assembly programming 
and discuss the intricacies of the 
Microchannel data bus. They're learn- 
ing and having fun, and being a com- 
puter whiz is "cool" in a lot of circles. 
Many of these youngsters would have 
been attracted to Amateur Radio in the 
past. (As an aside, the microcomputer 
industry has quite a few former 
Amateurs who left the hobby for com- 
puting. The most famous of these is 
Steve Wozniack, the co-founder of 
Apple Computer. 

So why are we not seeing the 
expected influx of newcomers from 
Novice enhancement? Consider the 
following: 
1. Radio is no longer something mys- 
terious or exciting. This is the era of 
instant worldwide communications by 
satellite. Even in the mid-1960s, the 
idea of being able to talk to someone 
thousands of miles away seemed like 
science fiction, and there was a natu- 
ral curiosity as to how such an amaz- 
ing feat could be accomplished. 
Youngsters today have grown up with 
live television from the moon, direct- 
dialing to foreign countries, and cord- 
less telephones. Radio is an accepted 
fact of their lives, not an exciting inno- 
vation. They have little reason to get 
excited about owning or operating a 
radio station. (If they only want to 
engage in aimless chatter by radio with 
a group of friends, there's always CB.) 

It's interesting to look at some old 
technical magazines in a good library. 

wrote that "...a large portion of the 
fraternity consists of retirees who must 
exist on fixed incomes." That's obvi- 
ous to anyone who listens to the 
General portion of 75 meters. Suppose 
you're a teenager. Would you want to 
talk to a bunch of people old enough 
to be your grandfather? I'm 35 and 
have a hard time finding someone 
interesting stateside to have a ragchew 
with. Can you imagine what it must be 
like for someone who's 157 Moreover, 
I have a feeling that a lot of older (in 
a mental, if not chronological, sense) 
Amateurs dislike youngsters. There's 
a letter in the August issue complain- 
ing about a generation of "gimmies" 
who "...are accustomed to essentially 
getting everything that they want." I 
don't think I'd have much to say to 
such a person on the air, and I doubt 
if many young potential Amateurs 
would either. 
3. A lot of Amateurs don't want 
growth. This is Amateur Radio's dirty 
little secret. I recently spoke with a 
non-ham who had been instrumental 
in producing the licensing materials 
now sold through Radio Shack stores. 
He attended Ham-Com in Dallas and 
sat in on a session about attracting 
newcomers. He was shocked at the 
number of hams there who were quite 
vocal in their desire for fewer, not 
more, Amateurs. I told him he should 
listen to our bands sometime! 
4. The ham industry isn't involved as 
it must be for its own future. One of 
my hobbies is scuba diving. Go into a 
dive shop and ask about becoming 
certified. They won't let you go until 
you've signed up for a course! Now 
walk into your local ham dealer and ask 
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CW VET transce~ver wlt!i general 
coverage receiver. Rece~ver 
covers 150 kHz-30 MHz.All 

MF transceiver modes bu~lt-~n: AM. FM. CW. FSK. 
LSB, USB. 

TS-940s-the standard of Superb, human engineered 
performance by which al l  L- . front panel layout for the 
other transceivers are judged. 

j B  SLOPE TU DX-minded or contesting 
Pushing the state-of-the-art ham. Large fluorescent tube 
in HF transceiver design and 
construction, no one has been 
able to match the TS-940s in 
performance, value and reli- 
ability.The product reviews 
glow with superlatiyes, and 
the field-proven performance 
shows that the TS-940s is 
"The Number One Rated HF 
Transceiver!" 

, , :, cycle 
KFrlwood speclf'es transmit duty 

time. The TS-940S Is guar- 
lo Operate at "'I power 

output for periods exceeding 
one hour. (14.250 MHz. CW. 110 
watts.) Perfect for RTTY, SSTV, 
and other long-duration modes. 
First with a full one-year 
limited warranty. 
Extremely stable phase lock- 
ed loop (PLL) VFO, Reference 
freqllency accuracy Is measured 
~n parts per million! 

Optional accessories: crystal osc~llator MC-43s UPIDOWN hand 
AT-940 full range (160-10m) automatic rnlc. l MC-6OA. MC-80, MC-85 deluxe base 

antenna tuner l SP-940 external speaker stat~on mlcs. l PC-1A phone patch *TL-922A 
wlth nrrdio f~lterlng *YG-455C-1 (500 Hz). Ilriear anipl~fler SM-220 station monitor 

KENW/OOD 
YG-455CN-l(250 Hz).YK-88C-l(500 Hz) CW BS-8 pan display l SW-200Aand SW-2000 KENWOOD U.S.A. CORPORATION 
filters. YK-88A-1 (6  kHz) AM f~lter l VS-1 volce SWR and power nleters IF-232CllF-lOB 2201 E. Dom~nguez St.. Long Beach,CA90810 
synthrs~zer SO-l lernperature cornpensaled computer interface PO. Box 22745. Long Beach. CA 90801-5745 
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rnaln d~splay w~thd~mmer; d~rect 
keyboard input of frequency; 
flywheel type main tunlng knob 
wlth optical encoder rnechan~srn 
all comb~ne to make IheTS-940s 
a joy to operate. 
l One-touch frequency check 

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

cates VFO, graphic indication 

2. 2ix 

AF slgnal spectrum 

AF tune operation 
oTne AF TUNL lunc [ton reduces 

~n te r fe~~nq s~gnais and whlle nose 
O T ~ I S  luncl~on should only be used 
d u ~  o~e'al~on an Ihe CWmode 

- 
nlnp sign* 

,' (cw) 

o . . l m d . ~ ~ * ~  

~lgnal IS in I ~ O C ,  

- 

1) CwVariable Bandwidth Tuning.Vary Ihe 3)SSBSlopeTuning,Operat1ng1ntheLSBand 
passband w ~ d t h  conl~nuously ln the CW, fSK. USE modes, thls front ~an'el control allows 
and AM modes. without affecting the center ~ndependent .cont~nuouslyvar iableadjust -  
frequency. T h ~ s  effectively mlnlmlzes ORM mentoftheh~ghorlowfrequencyslopesofthe 
f rom nearby SSB and CWs~gnals. IF passband. The LC0 sub display ~llustrates 
2)AFTune.Enabled with the push o f a  the f l l ter lng position 
t h ~ s  cw interference l~ghter  Inserts a tun- 4) IF Notch Filter. The tunable notch filter 
able.lhreepoleaclivefilterbetweentheSSBl sharply attenuates interlerlng signals by as 
CWdemadulator and the audioamplif~er.Our- much a s 4 0  dB Asshown here,the ~nterfering 
I" cw OSOS, this control can be used t o  s~gnal IS reduced, while the deslred signal 
reduce interfering s~gnals and noise, and remains unaffected.The notch fllter works In 
peaks audio frequency response lor optimum all modes except FM. 
CW performance. 

Of and SSB 'lope tuning, 
and time. 
l Simple one Step mode chang- 

ing with CW announcement. 
l Other vital operating func- 

tions. Selectable sernl or full 
break-~fl CW (OSK). RITIXIT, all 
mode squelch. RF attenuator, fllter 
select swltch, selectable AGC. 
cwvariable pitch control, speech 
processor, and RF power output 
control, programmable band 
scan or 40 channel memory scan 



Invest in the finest 3 KW roller inductor tuner money can 
buv with dummy load, new peak reading Meter and more... 

llnes and a 6-position antenna switch 
with extra heavy switch contacts. 

You get a 50 ohm 300 watt dummy 
load for tuning your exciter, a tilt 
stand for easy viewing and a 3-dqit 
turns counter plus a spinner knob for 
exact inductance control. 

Its compact 1 03hx41/utl 5 inch 
cablnet slides right into your station. 

The MFJ.989C is not for everyone. 
However, if you do make the 

investment, you'll get the finest 3 KW 
tuner money can buy -- one that will 
give you a lifetime of use, one that - . . . . . - . . . - . . . . - - . . 

accurate directional coupler. $349'" takes the fear out of high power 
YOU get a giant two core balun MFJ-989C operation and one that lets you get 

wound with teflon wire for balanced 

Because you get two contlnuousiy 
variable capacitors that glve you Infinitely more 
positions than the I m W  number on sw~tched coils. 

This gives you the precise control you need to get 
your SWR down to a minimum, After all, isn't that 
why you need a tuner. 

You also get a dual range lighted Cross-Needle 
SWRIWattmeter. 6-position antenna switch, 50 ohm 
300 watt dummy load, balun for balanced lines and r a wider frequency range. 
continuous 1 J.30 M H ~  coverage .. all in a compact Has 4 : l  balun. 1000 V capacitors. 1 0 x 3 ~ 7  inches. Has 6-position cemmk antenna switch and a 
1 0 x 3 ~ 7  inch cabinet that fits r~ght into your station. M F J S ~  Mobile TUNER teflon wound two-core balun with ceramic feedthru 

With MFJ's best 300 watt tuner you get an MFJ 

smallest -- 5 x h 6  

tuner - -  when both your space and your budget 
limlted. Matches dipoles, vees. random wires, 
verticals, mobile whips, beams, balanced and c 
llnes continuously 1.8-30 MHz. Excellent for 

tuned counterpo~se. The MFJ-931 also lets you 
electrically place a Gr away RF p u n d  dl- 1 
your rlg - -  no matter how far away ~t IS - -  by tuning 
out the reactance of your ground connection wire. 

ORDER ANY PRODUCT FROM MFJ AND TRY IT - NO 
OBL16ATION. IF NOT SAllSAED RETURN WlTMW 30 
DAYS H)R A NO-HASSLE REFUND (kss shlpplng). 

One vear umondltlonal ouarantee Add $5.00 MFJ 800-647-1 800 
Call 601-323 5869 In MISS. and outside 
continental USA Telex 53.4590 MFJ STKV. 
In CANADA call TEXPAO 416-332-5944. 

each sfilppinglhandllng call or write for free catalog, MFJ ENTERPRISES, M. 
over 100 products. Box 494. Miss. State. MS 39762 

MFJ . . . making quality affordable 
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about geting licensed. You might be 
referred to a local club. 

The diving industry recognizes it has 
to take the initiative to train new 
divers, thereby increasing its customer 
base and assuring future profits. Major 
manufacturers and local ham dealers 
must adopt a similar attitude instead 
of leaving it up to an overloaded ARRL 
and local clubs. 
5. We need some form of code-free 
license. Actually, this would merely 
restore an old tradition to Amateur 
Radio, since many (if not most) peo- 
ple who obtained a Conditional or 
Technician license prior to 1976 never 
really learned CW. (Don't take my 
word on it; look at the results of those 
the FCC called in for re-testing!) What 
is so terrible about substituting stiffer 
theory for CW above 144 MHz, or 
maybe having a modified form of the 
old Novice ticket authorizing FM on 
220 but with a expiration limit of one 
or two years? A no-code license is not 
a panacea for slow growth, but it 
would help. 

The most interesting thing about the 
idea of a code-free license is the 
hypocrisy it brings out in the Amateur 
ranks. Ever notice how many of the 
strongest defenders of the code don't 
have the Extra? If CW is that essential 
(and easy), may I humbly suggest they 
take some of the energy they use 
opposing no-code and get their CW 
speed up to 20 WPM? 

I got interested in Amateur Radio 
early enough to enjoy Rod Newkirk's 
DX column in QST. He ended one 
column devoted to increasing QRM on 
the bands by remarking that we must 
have more Amateurs. Our choice, in 
Rod's terrific phrase, was either QRM 
or QRT. His words are just as applica- 
ble today. I want to enjoy Amateur 
Radio for several more years. But it will 
not be possible without a sustained 
flow of younger recruits in the ranks 
and changes in the structure of the 
service. We need realistic thinking, not 
chimeras or warm nostalgia. 

Harry Helms, AAGFW, 
San Diego, California 92126 

Applause for Net 
Control Operators 

Dear HR 
As I sit here, for the third day, 

monitoring the FCC Emergency Fre- 
quencies of 14.325 and 14.275, 1 am 
appalled at what I hear. There are not 
only the overly enthusiastic hams who 
try to assist when no assistance is 
asked for by Net Control, but those 
who intentionally and with malice 
cause interference. Then there are 
those who think that their questions 
and messages are the most important 
ones and should be answered without 
regard to, and before all others. 

For those who fall into the category 
of causing malicious interference there 
is no solution other than trying to iden- 
tify them and suspend their licenses. 
If they think that they can not be iden- 
tified they are mistaken. Fellow 
Amateurs, let's do our thing and self- 
police the bands. 

As to the over enthusiastic hams, 
please follow the instructions of the 
net control operator. It is obvious from 
monitoring the nets that the net con- 
trol operators not only know what they 
are doing, but are doing an outstand- 
ing job under the circumstances. Let's 
NOT add to their problems. 

As far as those who have health and 
welfare (H 8 W) traffic, remember 
LIFE and DEATH traffic M U S T come 
first. I also have H 8 W traffic and 
have a deep interest in seeing that it 
gets into the system. However, I wait 
and follow the instructions of the Net 
Control. 

Having been an Amateur for over 25 
years and a net control operator for a 
good number of years, while serving 
in the military, I know how demand- 
ing the job is. My hat off to all those 
who served as net control operators 
during the Hurricane Gilbert emer- 
gency. Thank you for your outstand- 
ing devotion to Amateur Radio. 

David L. Schwein, N40BU. 
Sebring, Florida 33870 

by John Devoldere, ON4UN, for 
Apple Ilelc. MS-DOS, Commodore 
C-128 Apple Macintosh and Kaypro 
CPM Computers 
Here s a collect~on of 30 super programs 
wrltten by ON4UN Just about every Interest 
or need IS covered-from antenna des~gn 
and optlmlzatlon to general operatong pro- 
grams Antenna programs Include shunt 
and series input L network des~gn, feedllne 
transformer, shunt network des~gn. SWR 
calculat~on, plus 1 1  morel General Ham pro- 
grams include sunr~se/sunset, great clrcle 
distances, grayllne, vertlcal antenna des~gn 
program, sunrlse calendar plus 9 morel 
Phew When you s~t  down to use these pro- 
grams you'll be amazed at what you have 
The best value In computer software avail- 
able today 1986 

UN-Apple llelllc $39.95 ea. 
I IUN-MS (MS-DOS) $39.95 ea. 
I IUN-CPMIKaypro f 39.95 ea. 
I IUN-C-128 (COMMODORE) 539.95 ea. 
L UN-MAC (MACINTOSH) $49.95 

LOW BAND DX'ING 
by John Devoldere ON4UN 
Now Avallablcl The new. 2nd ed~t~on of the 
deflnltlve book on Low Band DX'lng Based 
upon years of practical on-the-aor 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands Extenslve coverage .IS glven to trans- 
mlt and recelve antennas w~th clear concose 
explanat~ons and plenty of ~llustraloons- 
dopoles, lnvened V's, slopers, phased arrays 
and Beverages-they're all In thls book 
Also covered propagation, transmitters. 
receivers, operating, software and an exten- 
slve Low Band b~bllography Golng to be a 
best seller1 Get yours today 1987 2nd 
Ed~t~on 200 pages 
I IAR-UN Softbound 59.95 

BUY'EM BOTH 
SPECIAL OFFER 

Book & Software Reg. $49.90 
($59.90 for Mac) 

Just $44.90 ($54.90 for Mac) 
LJUN-SO (specify computer) $44.90 
[JUN-MSO Macintosh Special $54.90 

SAVE $5 
Please enclose $3 50 sh~pplng 8 handl~ng 

BOOKSTORE 
RADIO \ GREENVILLE. NH 03048 603-878-1441 1 
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A $40 DIGITAL VOICE 

By Carl Lyster, WA4ADG, 4412 Damas Road, Knoxville, Tennessee 37921 

Use this device 
to reproduce up to 
6.4 seconds of voice 

have designed and built a digital voice storage 
device capable of reproducing up to6.4 seconds of 
human voice. The basic design can be expanded to 

provide longer andlor multiple messages. 

Theory of operation 
To understand digital voice storage, first assume that 

you want to record a 1000-Hz, zero to 5-volt sine wave. 
If you were to "freeze" the sine wave for an instant, you 
would observe a DC voltage somewhere between zero 
and 5 volts. You'd record the readings in a notebook and 
plot them on a piece of graph paper. Then you would 
"release" the sine wave and freeze it again 1110,000th 
of a second later. The recording and plotting of this new 
value would show it to beslightly different in amplitude. 
If you were to repeat this process 10,000 times, you 
would have a written record composed of 10,000 volt- 
age data points representing 1000 cycles of the sine 
wave, and a graph to prove it! Now try the experiment 
using real world electronics to accomplish the same 
results. 

In place of a voltmeter, use an analog-to-digital con- 
verter (ADC) chip - an IC that measures a DC voltage 
and converts it to a binary number. Store thedata points 
on some RAM memory chips (instead of in a notebook) 
and use a quartz crystal timebase to accurately time the 
11 10,000th of a second sampling intervals. Before run- 
ning the experiment, make one last change. This time 
try sampling the output of an amplified microphone 
instead of recording a sine wave. 

Speak into the microphone until you use all of the 
RAM storage space. You now have a digitized human 
voice stored in the RAM memory. Program a ROM 

memory chip with the exact data contained in the RAM 
memory chips to make a permanent copy of the 
recorded voice. An almostindestructible voice record- 
ing is stored in the ROM memory chip! 

How do you recreate the voice stored in ROM? 
Retrieve the data from the ROM chip one data point at 
a time, with a spacing of exactly 11 10,000th of a second 
between data points. Feed each data point oneafter the 
other to an IC called a digital-to-analog converter (DAC). 
This chip takes a binary number representing a voltage 
and generates that voltage as itsoutput. Thedata points 
entering the DAC cause a varying voltage output which 
is an exact duplication of the amplified microphone's 
output. 

Now let's get to the ones and zeros of how this $40 
wonder works. 

Technical description 
Assume that the ROM chip has already been pro- 

grammed with the desired voice passage (more on this 
later). Refertofig. I. IC4isa CD4013dualflipflop. One 
flip flop is used as the startlstop latch. A positive going 
5-volt input pulse toggles the Q output high and the Q 
bar output low. The Q output of the startlstop latch is 
used as an active high PTT signal to key external repeater 
logic. The Qoutput alsogates the 10-kHzsampling clock 
at IC5a, and the Q bar signal enables the chip select lines 
of both the ROM and DAC. Two gates of IC5 (c and dl 
form an adjustable oscillator running at 20 kHz. Pot R1 
sets the frequency of the oscillator and can be used as 
a "pitch adjustment" to fine tune thevoice tone. The20- 
kHz clock isdivided by 2 in IC4b, which gives the required 
10-kHz sampling clock and ensures a 50-percent duty 
cycle. The 10-kHz clock is inverted by IC5b and used to 
clock data into the DAC. The sequential addressing of 
the ROM is performed by two CD 4040 12-stagesbinary 
counters, IC2 and IC3. The gated 10-kHz clock pulses 
are fed to the first 12-stage counter, IC2. This counter 
addresses the first 12 bits (AO-A111 of the voice ROM. 
When IC2 overflows, a pulse is sent to the clock input 
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Complete schematic f o r  the digitized voice I D ' e r .  

of the next counter IC3, which handles the remaining 
address bits A12-A16. 

There are two popular ROMs suitable for this circuit, 
the27256 32K by8ROMandthe27512 64K by8ROM. 
At a sampling rate of 10 kHz the27256gives3.2seconds 
of voice; the 27512 delivers 6.4 seconds. These chips 
cost about $7 and $15, respectively. 

The 27256 requires 15 address bits, AO-A14. The 
27512 needs 16 bits, AO-A15, to addressall memory loca- 
tions. Two jumpers provided in the binary counter chain 
accommodate these differences. Jumper JP1 is con- 
nected to pin 1 of the ROM socket. If you use a 27256 
ROM, you must select JP1 to provide a + 5volt level on 
pin 1 of the ROM. With a27512, JP1 must apply counter 
address bit A15 to pin 1 of the ROM. The remaining jum- 
per, JP2, controls the reset lines of the binary counters 
and the startlstop latch. Thisjumper selectsthe run time 
of the circuit. If you are using a 27256, you must connect 
JP2 to address bit A15 of the counter chain. A15 goes 
high after 3.2 seconds of run time. A high level on the 
reset lines clears the counters and the startlstop latch. 

IC 1 

IC2 
IC3 
IC4 
lC5 
IC6 

IC7 
VR 1 
VR2 
Rl  
R2 
C1 
10 ea. 

8 en. 
4 811. 
8 ea. 
4 ea. 

27256 or 27C256 300ns or laster EPROM-3.2 seconds 01 voice 27512 or 
27C512 300ns or Iaater EPROM-6.4 seconds of voice 
CD4040 binary counter 
CD4040 binary counter 
CD4013 dual flip flop 
CD4011 quad nand gate 
AD7224KN DAC lrom Analog Devices Corp.. Two Technology Way. Box 
280, Nomood. Massachusetts 02062-0280 
LM-324 quadop amp 
7805 + 5 volt regulator 
7905 - s volt regulator 
100-k 10-turn pot, topadsd/usf 
20-k 1/4-watt carbon reslslor 
600-pF (approximately) silver mlca or disc capacltor 
0. 1-pF25-volt monollthlc bypass caps: 2 lor VR1, 2 lor VRZ, and 1 by-pass 
cap lrom Vcc to ground lor each IC 
0.012-rF 25-volt monollthlc or mylar caps 
0.0039-pF25-volt monollthlc or mylar caps 
5.1-k 1/4-watt carbon resistors 
10-k 1/4-waft carbon resistors 

When using a27512, connect JP2 to A16 of the counter 
chain, which goes high after 6.4 seconds of run time. 

As the counters address each of the ROMs' memory 
locations sequentially, the &bit data output is clocked 
into the DAC. The DAC produces a voltage at pin 2 
proportional to the magnitude of the binary number data 
point output by the ROM. Avalueof zerogives zerovolts 
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I I 
Foil-side pc layout of the circuit. 

out, binary 10000000 gives 2.5 volts out and binary 
11 11 11 11 gives 5voltsof output. Thisdevicecandeliver 
5 volts p-p of audio output, a substantial signal that 
needs to be reduced by a pot or fixed resistor network 
for most applications. 

The power supply requirementsare + 12Vdc at40 mA 
and - 12 Vdc at 15 mA. The + and - 12 Vdc supplies 
are used in the low-pass filters and are also regulated 
down to + and - 5Vdc. The + 5Vdc is used as the basic 
logic supply while the - 5Vdc is used as a reference for 
the DAC. See figs. 2-5 for pc board layouts and parts 
placement. 

Bandwi-dth, sampling rate, and low- 
pass filters 

When designing a digital voice storage device, pay 
careful attention to the interrelationship between audio 
bandwidth, digital sampling rate, and low-pass filter roll- 
off characteristics. 

Audio bandwidth is usually determined by the fre- 
quency response of external electronics - in this case 
a typical narrowband FM voice channel. Assumea max- 
imum frequency response of 5 kHz and you have just 
cast in concrete the minimum requirementsfor sampling 
rate and low-pass filter roll-off characteristics. 

According to the Nyquist sampling theorem, a sine 
wave must be sampled a minimum of two times per cycle 
to be faithfully recreated. This project demonstratesthis 
basic theorem. Because you've chosen 5 kHz as the 
maximum audio frequency, you must sample the signal 
at least 10,000 times per second and the low-pass filters 

Component placement for the component side of the pc 
board. 

must roll off at 5 kHz. Roll-off is usually measured in dB 
per octave; how much is needed? 

When you violate the sampling theorem, a phenome- 
non known asaliasing results if you attempt to reproduce 
a frequency higher than the sampling rate allows. This 
makes the sine wave sound like a bucket of rusty bolts! 
Consequently, the low-pass filters must remove any 
detectablesignal level in the frequency range above the 
Nyquist limit. The minimum detectable signal level is 
related toa property known asdynamic range, which is 
also expressed in dB and represents the amplitude range 
between the minimum and maximum reproducible 
levels. 

This circuit uses an &bit DAC which gives256 possi- 
blevoltage level outputs with a maximum of 5 Vdc and 
a minimum of 51256 = 0.0195Vdc output. The formula 
for figuring dynamic range in dB, 20 log outfin, shows 
that thiscircuit has20log 5f0.0195 = 48dB of dynamic 
range. Figure the dB roll-off for the filter. Remember that 
the low-pass filters must attenuate the nonreproducible 
audio frequencies (in this case above 5 kHz) below the 
minimum signal level oit (0.0195 ~ d c ) .  By convention, 
roll-off is chosen to produce a maximum reproducible 
output of one half the minimum reproducible level, or 
0.0195/2 =0.0097Vdc. The required roll-off is then dB 
= 20 log 5f0.0097 = 54 dB. 

My primary concernsfor theactive filter design I chose 
for this project were price and parts availability. I didn't 
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ElMAC Tubes Provide Superior 
Reliability at radio station KWAV - over 131,000 hours of service! 

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

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

EIMAC backs their proven tube 

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

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

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

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

varians eimac 
Reader Service CHECK-OFF Page 110 H 111 February 1989 13 
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A. 

Component-side foil pattern for the circuit. Foil-side component placement guide. 

rule out performance compromises in order to keep the 
construction simple. Activefilter design issomewhat of 
a "black art" at best, even with the help of The Active 
Filter Cookbook. Design work often requires oddball, 
impossible-to-locate resistor and capacitor values, 
which I refused to accept. 

The filter I settled on may not suit the taste of a mathe- 
matical purist but, at the cost of $1.00 each in parts, it 
can't be beat! I tested standard "off theshelf" 5-percent 
component values; they yielded very satisfactory 
results. 

I needed a 54-dB roll-off, 5-kHzfilter. The Active Fil- 
ter Cookbook showed that a series of 5 second-order, 
equal component Sallen-key low-pass sections would 
fit the bill. Each second-order section gives 12dB of roll- 
off. For economic reasons, I wanted to implement the 
entirefiltdron one LM-324quad opamp. I designed a4- 
section filter string which yielded about48dB per octave 
roll-off. The performance of the48-dB filter was unac- 
ceptableso I changed the component valuesto the next 
higher 5percentvalue. This, in effect, lowered the cut- 
off frequency of the filter below 5 kHz (a necessarycom- 
promise in order to give a 54-dB roll-off at 5 kHz). The 
final filter is pure simplicity: 2 resistor values, 2 capaci- 
tor values, and one 30-cent op amp! 

Programming the voice ROM 
You can program the voice ROM only with the aid of 

a personal computer. I plan to write another article on 
digital voice storage on the IBM PC. The hardware to 
implement voice storage on the PC is simple and pro- 
videstheabilitytodirectly program ROMs. Thecapabil- 
in/ to store and retrieve voice on the PC offers a myriad 
of possibilities for automating the ham shack. 

If you can't wait to find out how to program your ROM 
with the PC, I'll program it for you if you send me your 
EPROM, a good quality cassette recording of the voice 
passage you want programmed, and $10tocover post- 
age and handling. 

Modification of other ideas 
This basic circuit has many uses beyond a repeater 

ID'er. You can prepare a canned message CQ caller for 
contests, create a beacon ID'er, or use the circuit as an 
instant touch-tone dialer for your favorite phone num- 
bers. You can store any audio signal with frequency 
components under 5 kHz, including packet and S S N  
transmissions. Because all the low-pass filter stages are 
DC coupled, the device can alsostore a serial TTL-level 
digital signal, provided that you keep the rate below 5K 
baud. I've used a similar unit to store digital test mes- 
sages previously obtained from cassette tape in my 
professional work. Some useful changes you may wish 
to make include: 

Provide the ability tostore two short messages in one 
ROM. 

Increase the length of storage time by adding more 
ROMs. 

Both of these changes can be added easily. If you'd 
like to place two messages with a length of up to 3.2 
seconds each into a 27512 ROM, simply select JP2 to 
providea run time of 3.2seconds and remove JP1. You 
can select two messages by way of an external ground 
applied to pin 1 of the ROM, if you place a4.7-k resistor 
from pin 1 ofthe ROM to + 5volts. Thisdividesthe ROM 
space in half because pin 1 of the ROM isaddress bit A1 5. 
The 4.7-k pull-up resistor normally supplies a logic 1 to 
the A15 bit of the ROM; this selects the first message. 
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You'll be hard-pressed 
to beat the ~erkiohance of 

Yaesuk newp~-4l handheld. 
Let Yaesu's "next generation" handheld lighten your load! 

Picking up where our popular FT-20SR Series left off, the 2-meter 
FT-411 will amaze with its astounding array of features! 

The brains of a base station. "Sophisticated operation" takes 
on new meaning in t h ~  FT-411. You get 49 memories, plus dual VFOs for 
quick band-hopping. Keyboard frequency entry. Automatic repeater 
shift. DTMF autodialer with ten memories of un tto 15 digits each. 
Built-in C7'CSSenc~~ld~corl~!. Selectable 
channel steps: 5/10112.5120125 kHz. Pro- Y 
grammnble band scan with upperllower C- 
limits. Selectable memory scan. And 

extended receive coverage of 140-174 " MHz (MARSICAP permit required 
for transmit on 14-150 MHZ). 

Not bad for a handheld mea- 4 
\ suring just 55(w) x 32(d) x 139(h) 

rnm (the same size as our FT-23R -9 Series HTS)! I 
Friendly operation. For ope- 

rating convcnirnce, t hc FT-411's 
keypad features a "do-re-mi" audi- 

ble command verification. Both the 
display and keypad can be backlit 

(brightly!) for night operation at the 
push of a button. A rotary channel selec- 1 tor i ~ l l ~ w ~  fast manual tuning. Or key 
in the frequency directly. Operate VOX 

(with YH-2 headset option). Plus you get 
a battery saver to conserve power 
while monitoring. And a (defeatable) anton~;~l l r  I)cr\ior off feature 
that shuts down vour radio if  vou forget to turn i t  ofl! 

High pwer dapability.   he FT-411 comes equipped with the 
2.5-w;it,t. (iO0-mAh FNI3-10 battery pack. 'lly our optional FNB-12 

5-watt; 500mAh pack or tiny FNH-9 2.5-watt, 200-m~h pack. Or 
get 6 watts orrtput by applying 13.8-volts DC from an external 

! power SUDDIY. 
S& options withyaesu's FT-23R Series. Our rugged 

best-seller's chargers, batteries, and microphones are fully 
compatible with the FT-411. The FT-23R is-the perfect com- 

b fi 
panion for the FT-411, and at a great price! 

Iky out an FT-411 today. Ask for it now at your local Yaesu 
dealer. Or call 1-800-999-2070 for a free brochure. And experi- 

Yaesu USA 17210 Edwards Road, Ccrritos, C A  90701 (213) 404-2700. Rrpair Srrvirr: (213) 401-4884. Parts: (213) 404 4847 Pricrs and specifications suhjert 
t 1 1  c,tl;~ngc~ without notice. Sperifirations guaranteed r~nly within iirn;itclrr hands. 
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It's a lesson you learn very early in life. Many can be good, some may be better, but 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 Pakratt Packet 'TX/RX Display 

L. - .*. 
. & a  - i 

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 1 28. 

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- 
sion/reception and screen display of 
facsimile signals. The IBM programs 
are on 5 - 114" disk and the Com- 
modore programs are plug-in ROM 
cartridges. 

3 Proven Winner 
No matter what computer or ter- 

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

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

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

Advanced Electronic 
Applications, Inc. 

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

206-775-7373 

Bri s you the 
Brea through! AEA q 



Schematic of the multi-ROM modification to allow expansion for up to 8 ROMs. 

Select the second message by grounding Al5from an 
external source like a switch. I've used this scheme 
several times for repeaters by placing the normal callsign 
in the first half and a burglar alarm message in the sec- 
ond. I control the choice of messages with a switch on 
the door of the repeater building. 

You can increase the length of the stored message by 
adding extra ROMs. All you need is an additional 
decoder chip to select them in sequence. Each additional 
ROM is wired in parallel with the first one, except for the 
chip select line pin 20 which is tied to one of the decoder 
outputs. Pin 22 of all ROMs must go to ground. 

One 74HC138 octal decoder allows expansion of up 
to8 ROMs; more than this will require extra buffering for 
the counter address bits. Using 27512 ROMs will give a 
maximum of 51.2 seconds of voice; 27256 ROMs will 
give you 25.6seconds. When you usean extra decoder, 
the reset signal is derived from the next unused ROM 
select output of the decoder. For example, assume that 
you need a circuit containing 5 ROMs. The 74HC138 
decoder has8 outputs labeled from 0 to 7. Ouput 0 would 
go to the first ROM, output 1 to thesecond ROM, out- 
put 2 to the third, output 3 to the fourth, and output 4 
to the fifth and last ROM. Output 5of thedecoder goes 
low after the last ROM is triggered, so output 5 must be 

inverted and used as the reset signal for the runtstop 
latch and the binary counters. (See fig. 6.) 

I hope I've helped give you a basic understanding of 
digital voice storage principles, and that you're eager to 
apply this device to your own projects. With a little 
ingenuity and logic you can modify the circuit to meet 
your own needs. Next time I'll discuss adding voice to 
the IBM series of computersand clonesand the PROM 
programming procedure. 

Article A HAM RADIO 

A circuit boardand parts kit areavailablefrom theauthor 
for $50.00 (ROM not included). Price includes one free 
programming of a ROM. 

DECEMBER WINNERS 
Congratulations to J.H. Defriend, WDGDTD, our December sweeps winner 

and W.C. Cloninger, Jr., K30F, author of December's most popular 
WEEKENDER - "Get the Most from Your NiCds." Both will receive a 
handheld radio. To enter for February's drawing, send in the evaluation card 
bound into this issue, or submit a WEEKENDER project. You could be our 
next winner! Ed. 
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HAM RADIO 
TECHNIQUES 

Bill Orr. W6SAI 
You can't do much on any band 

without an antenna. Here are several 
"quickie" antennas specifically for 18 

experience a different set of operating MHz that are easy to build and put into 

"Son of Woodpecker," conditions. When the 24-MHz band service. They're designed to be hung 

or, more of what we was opened for general Amateur use, from a yardarm on an existing tower. 

don't need! I found this band's propagation modes Because these antennas have their 
quite different from those on either the own feedlines, you don't need to dis- 

The good news is that the sunspot 21 or 28-MHz bands. As more Ama- turb anything in the primary antenna 
cycle is rapidly rising and the MUF is teurs gain experience on 18 MHz, system. The tower doesn't affect their 
increasing. Ten meters is now a real they'll find the propagation different operation, and the wire antennas don't 
DX band. The bad news is that the ris- from that on 14 or 21 MHz. I have interact with the antenna atop the 
ing MUF has revealed some noxious monitored 18 MHz for years and have tower. 
interference in the Amateur bands, run transmissions using an experimen- 
and it's bound to get worse before it tal license (KM2XDW). Propagation The 18-MHz delta loop 
gets better. experiments with the Cocos-Keeling The delta loop in fig. 1 is a good 

The interference I'm referring to is Islands and India show that 18 MHz "first" antenna for 18 MHz. It has a 
the "son of Woodpecker" radar signal will quickly earn a reputation as a first slight gain over a dipole and is very 
in the 12-meter band. This buzzing class DX band! "user friendly." The feedpoint imped- 
source of interference is centered ance of the loop is about 120 ohms. 
around 24.95 MHz and seems to be 
missile-tracking radar. It has a high , 1 

repetition rate and sounds like a bum- 
blebee. The signal peaks during the 
afternoon hours, indicating it's to the 
west of the Continental United States. 
When propagation is good, the buzz- 
ing noise blankets a large portion of 
the 12-meter band. 

Direction-finding exercises have 
spotted the radar in the vicinity of Lake 
Baikal, and south of the city of Ulan- 
Ude, Siberia. I don't know if the radar 
runs continuously; I've only heard it at 
those times of the day when the MUF 
is high enough to support a propaga- 
tion path between Central Asia and the 
United States. Unfortunately, the 
radar signal will become more disrup- 
tive as the MUF rises. And when the 
radar is absent, the "Woodpecker" 
takes over! What's next? 

I ROPE SUPPORl 

"Quickie" antennas I I 
for 18 MHz Delta loop for 18 MHz. Coax transformer is 

9 feet long, plug tip to plug tip. It's wound 
It's fun to get on a new band and into a coil about 6 inches in diameter. 

Use a 75-ohm quarter-wave trans- 
former to provide a reasonable match 
to a 50-ohm coax line. The transformer 
is wound into a coil to choke off RF 
currents that might flow on the outside 
of the coax shield. 

The feedpoint of the loop terminates 
in an SO-239 coax connector mounted 
on a small insulator plate. The trans- 
former has PL-259 plugs on both ends. 
Make the splice between the trans- 
former and the 50-ohm line with a PL- 
258 splice adapter. After making the 
connection, weatherproof the plugs 
and adapter with coax tape or heat- 
shrink tubing. 

The loop is supported at the apex 
and the side insulators are tied off to 
objects nearby. The radiation pattern 
is similar to that of a dipole and is 
horizontally polarized. 

A multiband version of the 
delta loop 

You can operate the delta loop on 
the 18, 21, 24, and 28-MHz bands if 

18 February 1989 



America's Communications Leader 
Presents Its All-New 10-Meter 

SSBICW Mobile Transceiver 
Realistic, America's premier 

brand of scanners, CB radios and 
satellite TV systems introduces the 
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 TLtning 
An easy-to-program memory 

stores 10 favorite frequencies and 

Ultracompact and includes everything you 
need for underdash installatton 

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

Selectable Power Output 
You can select 25-watt or 5-watt 

QRP power output from the front 
panel. The HTX-100 has a backlit 
LCD frequency display with mode 
and tuning-step indicators. You also 
get a 5-step LED signallRF power 
meter, noise blanker, hefty 3-watt 
audio output, high-quality built-in 

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

Join the Action on "10" 
With improving band conditions 

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

Exclusively at 

The Technology store" 
A DIVISION OF TAYDY I l)Rl'ORATION 

Pice appl~es a1 parl~cipatlnq Rad~o Shack stores and dealers 

FREE 184-Page Radio Shack Catalog! Write Dept. 379, 300 One Tandy Center; Fort Worth, TX 76102 

Reader Service CHECK-OFF Page 110 J to8 February 1989 19 
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~ L L  lo AMP EL€<-ICS SOL[D 
<ORB 

STATE RELAYS 
ELECTROL# S2181 
CONTROL: 
Rated 5.5 to 10 Vdc 
(will operate on 3-32 Vdc). 

STROBE KIT . CASSETTE MECHANISM 

LOAD: 10 amp @ 240 Vac f Variable rate strobe kit, flashes be- 
2 114" X 1 314" X 718" tween 60 to 120 times per minute. Will motor, belt, pulleys, capstan, fast- 

CAT# s s ~ ~ y . 1 0 ~  $9.50 each operate on either 6 or 12 Vdc depend- forward, rewind and eject actuator. 

QUANTIN DISCOUNT ing upon how you wire the circuit. Does not include amplifier section. 

10 for $85.00 25 for $1 75.00 Comes complete with P.C. board and 6 1Q"X 5 114" X 1 314". 
instructions for easy assembly. CAT# CMEC-5 $7.50 each 

50 for $300.00 100 for $500.00 CAT# STROBEm1 $7.50 10 for $65.00 

TRANSISTORS 
T V P l  C A S l  PRICE STANDARD JUMBO 

P N 2 m  NPN TO-02 5101 75C 
ALL PLUG DIFFUSED T 1-34 she 

2N2004 PNP TO5 310fSl.W RED CAT# LED-1 
10forSl 50 . lWforS13.W 

GREEN CAT# LED-2 
10 lor $2.00 100 lor 117.00 
r m o w  CAT# LEN 

1.25 vob 500 mAh 
CAT# N C B - M  

M SIZE W.20.sch 
WITH SOLDER TABS 

CAT# NCB-SAA 

1.2 volts 12M) mAh 

MAIL ORDERS TO: 
ALL ELECTRONICS 800-826-5432 

P.O. BOX 567 
INFO: (81 8)904-0524 

FAX: (81 8)781-2653 
VAN NUYS, CA 91408 MINIMUM ORDER $10.00 

QUANTITIES LIMITED 

OUTSIDE THE U.S.A. USA: $3.00 SHIPPING 

SEND $2.00 POSTAGE FOREIGN ORDERS 

FOR A CATALOG!! INCLUDE SUFFICIENT 
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Balanced line feed with antenna tuning unit 
at station permits multiband operation of 
delta loop shown in fig. 1. 

I I 

, 

you feed it with a two-wire balanced 
line as shown in fig. 2. Transmitting- 
type 300-ohm ribbon line is satisfac- 
tory. You can also use open-wire style 
line. Match the line to a coax feed sys- 

- 
- 
- 

line is less than 1.2:l across the band 
once the antenna is adjusted for reso- 
nance. 

RANDOM LENGTH 
"RIBBON" L I N E  

Tuning the antenna 

COAX 

G 

Resonate the loop and stub to 18.1 
MHz with a dip meter. Temporarily 
close the stub at the bottom using a 
movable short with a I-turn loop in the 
middle. I made mine with two copper 
alligator clips so I could move it up and 
down the stub a few inches. I adjusted 
the position of the short until I 
achieved antenna resonance with the 
dip meter, as monitored in a nearby 
receiver. As soon as you find the res- 
onance, remove the short and place an 
50-239 coax receptacle across the 
bottom of the line. 

You'll need to waterproof the coax 
receptacle and all plugs and splices in 
the system. It's imperative to use coax 
tape or other weatherproofing corn- 

this antenna in my April, 1987 Ham 
Radio column. The antenna consists 
of two extended half waves in phase 
on 18 MHz, fed by an open-wire 
matching stub. The total wire length 
of antenna and stub on 10 meters is 
about 2-1/2~wavelengths. You can 
achieve a good resonance on both 
bands. The feedpoint impedance is 
close to 50 ohms. 

11'0" 

/!I1 d o n  

NO. 16 SPACED 4 '  

tem by way of an antenna tuner (ATU pounds to keep water out of the line. DuaI-band dipole is fed with open-wire sec- 

or Transmatch) located at the station. tion and 1:l  balun (B). Antenna may be 

If you have difficulty loading the An extended dipole for 18 mounted in invefled-v configuration. 

antenna on a band, change the length and 28 MHz 
of the line between the antenna and The extended dipole in fig. 4 will The antenna presents a typical 
the ATU. There is a standinn wave on d i~o le  radiation  att tern on 18 MHz; on - 
the line, and a particular line length 28 MHz the pattern has a cloverleaf 
may present an unacceptable load to I 1 shape. 
the tuning unit. To solve this problem, 
add a few feet of line (a foot at a time) 
until you get a satisfactory match. 

The bi-square array 
for 18 MHz 

The diamond-shaped bi-square 
beam is much larger than the delta 
loop, but provides about 3-dB gain. 
This is a great antenna to try if you 
have the space. It's shown in fig.3. 

The loop is a half wavelength on a 
side and open at the top. The feed- 
point impedance at the bottom of the 
loop is about 2900 ohms; I use a two- 
wire 600-ohm quarter-wave stub to 
provide a more reasonable impedance 
value of about 122 ohms. Match it to 
a 50-ohm coax line by adding a 
quarter-wave transformer made of 75- 
ohm coax. Wind the 75-ohm line into 
a coil about 6 inches in diameter to 
reduce RF currents flowing on the out- 

Use a 1 : I  balun at the feedpoint or 
coil the coax line into a 5-turn RF 
choke, as described for the previous 
antenna. 

A trap dipole for the 18 
and 24-MHz bands 

OPEN WIRE 1 
NO 16 WIRE 
SP4CED 4 

.IN€. 

7 5 1  LlNE 

This simple trap antenna covers the 
18 and 24 MHz bands and makes an 
ideal companion to a tribander beam. 
The two antennas cover all bands 
between 20 and 10 meters at the flick 
of a coax switch. 

A practical design is shown in fig. 
5. The trap is designed around a 25- 
pF 5-kV ceramic capacitor. You can 
find some of the older Centralab-type 
850 capacitors at flea markets. High 
Energy Corporation, Lower Valley 

I I Road, Parkesburgh, Pennsylvania 
uBi-square,, beam provides a bi-directional 19365, manufactures new capacitors. 
pattern and about 3 - d ~  gain over a dipole. The coil is made of Barker and William- 
Note that top of loop is open. son coil stock. The coil-capacitor com- 
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bination is mounted to a short ceramic 
insulator, as shown in the illustration. 

Before placing the traps in the 
antenna, check their frequency with a 
dip meter and a calibrated receiver. 
The design frequency is 24.95 MHz. 
Place the trap in an area free of metal- 
lic objects and couple it loosely to the 
dip meter. Note the resonant fre- 
quency; it should be within + 100 
kHz, of the design frequency. 

One end turn of each trap can be 
broken free of the coil bars, and moved 
about or trimmed to set the exact point 
of resonance. Do this after attaching 
the trap to the insulator - the capaci- 

I I 
Trap antenna for 18/24 MHz. Trap is mount- 
ed across ceramic insulator. Coil consists 
of 12-314 turns, no. 20, 5lEinch diameter. 
16 tumslinch. (Barker and Williamson 3007.) 

tance across the insulator influences 
the resonant frequency of the trap to 
a degree. 

You can trim the end sections "on 
the nose" by erecting the antenna in 
the clear about 6 feet above the 
ground. Place a half-turn coil across 
the center insulator of the antenna and 
check the 18 and 24-MHz resonances 
with a dip oscillator. Removing 1 inch 
on each side of the center sections 
moves the resonant frequency 100 kHz 
at 24.9 MHz. You must adjust the 
inner sections before resonating the tip 
sections. I cut my tip sections about 
a foot long and twisted the extra 
length back on the antenna. I took off 
the extra length upon reaching the 
right resonant point at 18.1 MHz. The 
SWR across either band will be less 
than 1.5:1 when the antenna is in 
place. 

A really simple shortwave 
receiver 

Are you tired of modern high-tech 
radios? Do you yearn for the good old 
days when radios had only a couple of 
knobs? Well, fig. 6 shows the receiver 
for you. The radio uses only three 
tubes and runs on inexpensive A, B, 
and C batteries. I've included a layout 
of the aluminum chassis to help you 
build this little set. You say your local 
ham store doesn't carry plug-in coils, 
radio tubes, tube sockets, tuning capa- 
citors, etc? Well, what does it 
carry? .... Oh! 

The WGSAI "Dead Band" 
contest 

I salute my readers who spotted the 
quotation from Catcher in the Rye, by 
J. D. Salinger. The remark was made 
by the anti-hero, Holden Caulfield. 
Kudos to the following with a special 
salute ( * I  to those who really know 
their rye: 
Tony Emanuele, WA8RJF; Lou Axe- 
man, N8LA (*); Bill Wootton, W07J; 
Steve Buol, KB0BDS; David Raskin, 
W5TYL; Jim Fox, N7ENI; Jack Starin, 
WF8M; Bob Eslaire, W9U118; Larry 
Walsh, W5SMA; Martha Wilder, 
N3FZB; Phil Brandt, W3ELJ; Bruce 
Rossi, NWJ; Jim Lignugaris, N21DV; 
Dick Olson, NS0W; Marty Johnson, 
W3YOZ ("1; Marty Davidoff, K2UBC 
("1; Preston Douglas, WA21FZ; Roger 
Leone, K6XQ; Serafino Conflitti, 
VE3LKN; Eric Nichols, KL7AJ; Bill Cal- 
derwood, K1 CT; Roger Tobin, N l EYZ; 
and Frank Smith, W4EIN. Congratu- 
lations to all! 

School is out and this is winter 
break. No quiz this month. Instead, I 
want to recommend a great book. It 
has nothing to do with Amateur Radio, 
but it's the best adventure story I've 
ever read. It covers territory from 
Vladivostok to Odessa in an exciting 
tale about two great men. The Cow- 
boy and the Cossack, by Clair Huffaker 
was published by Trident Press, New 
York (1973). Unfortunately the book is 
out of print, but it's worth your time 
to check in a second-hand book store. 
This is a wonderful book to read when 
the band is dead! 
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High-impedance rotary 
1 

Front panel view of the step attenuator. Note attenuation 

step attenuator values labeled on the front. 

Need a step attenuator? I was building ladder crystal 
filters and wanted an attenuator to help in making the f 

passband measurements. I only needed a fewsteps, and 
a rotary switch similar to one made by W9ERU1 was 
more appealing to me than the laboratory typeZ with 
banks of slide switches. A 200-ohm impedance level is 
appropriate for the filters. But you can construct any 
impedance level by using resistors scaled to the values 
shown here. 

Switch 
You'll need a 3-deck rotary switch to select the proper 

resistorsfortheT-Networkshown in fig. 1. Myjunkbox 
yielded a 7-position one. I selected attenuation values 
of 0,3,6,12,20,30, and40 dB as convenient valuesfor 
my crystal filter work. You can duplicate these if your 
switch has7 positions, or calculate the resistorsfor any 
other number of positions or dB values using the infor- 
mation at the end of thisarticle. Tables of resistor values 
(50 ohms) also appear in recent editions of The ARRL 
Handb~ok .~  

I SOURCE ATTENUATOR LOAD 
r----------7 I 

Schematic of the basic T-Network on which the step attenu- 
ator is based. 

By John Pivnichny, N2DCH, 3824 Pem- 
~ r o o k e  Lane, Vestal, lqew Y OrK 13850 

Internal view of the step attenuator showing partitions used 
for additional RF shielding. 

Enclosure 
You can mounttheswitch ina2-1/2" x 2-1 /2" x 5" 

homebrew box. Sheet aluminum O.O5"thick, cut on a 
metal shear makesa neat box. I also included twoshield 
partitions (also2-1/2" x 2-1 /2%0 prevent stray coup- 
ling between switch decks. One-half inch aluminum 
angle stock, 1 /16"thick, holds the sheet metal pieces 
together forming a rigid and rugged box. See photos 
A and B for details. Note that the bottom plate isexactly 
2-1 12" x 5", but the topand sidesare cut slightly wider 
(2-9/16" x 5 3  to provide proper overlap of the adjoin- 
ing edges. I fastened four rubber feet to the bottom 
plate. Asa finishing touch, I applied dry-transfer letters 
and India Ink to the front panel after buffing with emery 
paper. I used clear spray lacquer to protect the lettersand 
keep them from rubbing off. 

The necessary resistance values for R 1 and R2 in fig. 
1 are listed in table 1. The power ratinq is also imoortant. 
I-or example, in the3-dB posltlon half of the input power 
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Resistor values for R1 and R2. I 
dB R l  lohms) R2 (ohms) 

3 34 567 
6 66.8 268 

12 1 20 108 
20 163.6 40.5 
30 1 88 12.6 
40 1 96 4 

Resistor values in fig. 2 

ohms 114-watt resistors (ohms) 
Ra 34 68P68 
Rb 34 15S18 
Rc 53 100 P 110 
Rd 43 22 S 22 
Re 25 47 P 56 
R f 8 15P15 
Rg 4 12 P 12 P 12 
Rh 8.5 15P15 
Ri 28 56P56 
Rj 65 150 P 120 
Rk 157 330 P 330 
RI 300 150S150 

S = series connection 
P = parallel connection 

is delivered to the load and the other half must be dissi- 
pated by the resistors in theT-Network. At 6 dB, 75 per- 
cent of the power is dissipated in the T-Network; at 40 
dB, only 0.01 percent goes to the load. 

With power in mind, use a series connection of resis- 
tors so the power is shared. Figure 2 shows the final 
schematic and table 2 lists the series resistor 
values. Thesearen't standard values, so make a reasona- 
ble approximation to Amateur accuracy ( f 2 percent or 
SO) by selecting two nearly equal standard values and 

I I 

Schematic of the step attenuator using a 7-position 3-deck 
rotary switch. 

Checkout 
After completing the attenuator, make two tests to 

ensure that thereare no wiring errors. First, attach a200- 
ohm load to one of the connectors (I used two390-ohm, 
1 -watt resistors in parallel). Measure the resistance at the 
other connector with your ohmmeter. It should read 200 
ohms at all switch positions. Repeat this test with the 
connections reversed. 

Second, apply a 20-volt DC potential at one connec- 
tor with the load attached at the second connector. Read 
the voltage across the load at each switch position and 
compare it to table3. As before, repeat this test with the 
connections reversed. 

Conclusion 
You now have a rotary step attenuator for crystal fil- 

ter measurements. It'sa handy accessory that takes only 
a weekend to build. 

tors in parallel. 1 
I used 114-watt resistors as indicated in the last 

column of table2. Each individual resistor of fig. 2 can 
therefore dissipate 112 watt. A careful calculation of 
power shows that this attenuator handles up to a 20-volt 
RMS (56volts p-p) inputvoltage, or2 watts. Atthat level 
the 53-ohm resistor will dissipate almost0.53 watt at 12 
dB and greater positions. The remaining 1.5 watts is dis- 
sipated in the other resistors, all of which are safely 
below a half watt each. 

Crystal filters can be damaged by excess voltage. I 
don't recommend putting 20 volts into one. Thisattenu- 
ator will easily handle the signal levels you normally 
encounter. 

Output voltage readings with #)voltsat the input 

dB volts 
0 20 
3 14.4 
6 10 

12 5 
20 2 
30 0.63 
40 0.2 

Appendix - resistor value calculation 
Refer to fig. 1; the resistance looking into node 1 must 

be 200 ohms. 
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after some algebra: 
R12 + 2R2R1 - 2001 = 0 
by the quadratic formula: 

reject the negative value and define: 

Pick a value for R2. 
Compute R1 using eqn. 2. 

(1 1 Compute P. 
Compute attenuation V2lV1 using eqn. 3. 
Compute dB from dB = - 20 loglo(V2/V1 1. 
You can write a short BASIC program with any small 

home computer to perform these calculations. A for- 
next loop with values of R2 from 1-400 ohms will gener- 
ate R2 values to the nearest ohm. Use additional loops 

(*' in 0.1-ohm steps to calculate more accurate values. 
Note: Not all versionsof BASIC have the base 10 log- 

arithm function. To convert from the basee natural log- 
arithm to base 10, multiply the basee result by 0.43429. 

References 
then the attenuation is given by the voltage dividers: 

1. EugeneA. Hubbell,WSERU, "AStep-TypeF3.F. Attenuator,"OST, vo1.43, 

v2 200 . P (3) no. 12, December 1959, pages 20-22. - =  
VI 200 + RI RI + P 2. Bob Shriner, WABUZO, and Paul K.  Pagel, NlFB, "A Step Attenuator You 

Can Build," OST, vol. 66, no. 9, September 1982, pages 11-14. 
3. TheARRL Handbook, Newington, Connecticut, 62nd edition, 1985, page25 

The procedure for calculating resistor values is asfol- 44. 

lows: Article C HAM RADIO 

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

Des igned  and 
bui l t  i n  the USA 
Va lue  + 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 TV. Use 
any home TV camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on the air ... it's that easy! 

TC70-1 has >1 watt p.8.p. with one xtal on 439.25, 434.0 
or426.25 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 ATV catalog 
including downconverters, transceivers, linear 
amps, and antennas for the 70,33, & 23cm bands. 
(81 8) 447-4565 m-t 8am5:30pm prt. Visa, MC, C O D  

P.C. ELECTRONICS Tom (W60RG) 
2522 P e x s o n  Ln A r c e d i e  C A  91006 M~~~~~~ [WB~YSS) 

COMPUTERIZE 
YOUR SHACK 

YAESU 747, 757GX, 757GX11. 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 AN0 DESIGNED FOR EASE OF USE. 
SCAN FUNCTION ADDED TO RADIOS THAT DO NOT SUPPORT IT. 
ERGONOMETRICALIY 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 
ADOlTlONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREQUENCY FILES MAY BE ADDED TO. EDITED OR DELETED 

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

PRWRA~~ wrm IN~IAL UBRARIES 99.s 
RS-232 TO TTL INTERFACE ONLY (NEEDED IF WN'T HAVE MANUFACTURERS INTERFACE) 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 99,s 
INTERNAL PC INTERFACE WI1 SERIAL 6 1 RADIO 129.95 
SPECTRUM ANALYZtR MODULE (CALL FOR PRICE) 
COMPLETE SYSTEMS INCL RADIO INTERFACE. COMPUTER. AVAILABLE (CALL FOR PRICE) 

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

AREA CODE (305) 822-6028 
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............ EXCITING NEW FEATURES.. . 
PROVEN VALUE.. .GUARANTEED RELIABILITY : 

. I 

HENRY RADIO'S NEW PREMIER SERIES . . . AMPLIFIERS FOR THE DISCRIMINATING 
AMATEUR WHO REFUSES TO COMPROMISE . . . THE 3K PREMIER AND 3KD PREMIER 
DELUXE AMPLIFIERS. ALL OF THE MATCHLESS QUALITY AND FEATURES OF THEIR 
PREDECESSORS PLUS QSK BREAK-IN KEY AND 160 METER BAND. 
THE PREMIER SERIES THE CLASSIC LINE * The 3K Premier Console --- all the rugged reliability of the 3K (Still available as before) 
Console plus QSK and the 160 meter band. 2KD Classic Desk Model ---3.5 - 21.5 MHz. (Two 3-500-2 

*The 3KD Premier Desk Model --- the same RF deck in a tubes---the design Henry made famous) 

smaller and lighter configuration. 2K Classic Console --- the original and still the standard 
workhorse. 

*The 3002-A Console --- maximum legal power in a two meter 
block buster. 2K Classic " X  Console --- made heavy duty, rugged and reli- 

able for a lifetime of service. * The 3004-A Console --- a unique new approach to high power 
UHF amplification at 440 MHz. 3K Classic Console with the magnificent 3CX1200A7final tube. 

Attention: All  HF amplifiers can be modified for 10 meters All 
export HF amplifiers are shipped with 10 meter operation in- 
cluded * Please call or write for a complete information packet 
FCC type acceptance pending on 3K Premier and 3KD Premier models. 

Henry amateur a m p l ~ f ~ e r s  are ava~lable from select dealers 
throughout the U S and are b e ~ n g  exported to  amateurs all over the 
world Henry R a d ~ o  also offers a broad l ~ n e  of commerc~a l  FCC type 
accepted a m p l ~ f ~ e r s  for two way FM commun~ca t~ons  to 500 MHz. as 
well as spec~a l  RF power generators for ~ n d u s t r ~ a l  and s c ~ e n t ~ f ~ c  

2002-A ... a two-meter 
desk model using the 
Eimac 3CX800A7 ... 
because this tube is 
rated at a 15dB gain, 
only about 25 watts 
drive is required for 
full output. 
2004-A UHF desk ma 

( users ~ a - l l  or wrfte Ted ~ h a n n o n  for ful l  ~n formal ion .  

We stock these plus many other fine names: 
AEA ARCO*ARRL.ASTRONe B 8Km B& W. BIRD CDE CONNECT- 
SYSTEMS. CUSHCRAFT . EIMAC * HAL * HUSTLER * HY-GAIN * lCOM . KENWOOD LARSEN . NYE .,TEMPO. VIBROPLEX* YAESU 

2050 S. BUNDY DR. LOS ANGELES, CA 90025 (213) 820-1234 
Toll free order number: (800) 877-7979 TELEX: 67-3625(Henradlo) FAX (213) 828-7790 
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ASTRON 9 . u ~  I rv ine .  CA 9271 8 
C 0 R PORAT ION (7141 458-7277 

'ICS-lnterminent Communication Service (50% Duty Cycle 5min. on 5 min. off) 

INSIDE VIEW - RS-12A 

, -  MODEL US-50A 

RM SERIES 

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 cont~nuous shorted output (Internally Adjustable 11-1 5 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 8 
txc tp l  RS-31. RS-4A. RS-5A low I~ne) 
MAINTAIN REGULATION 8 LOW RIPPLE at low llne input Also available wlth 220 VAC i l p r l  v o l l l l t  
Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR WWER CORD 
ONE YEAR WARRANTY MADE IN U S A 

~a MODEL HS 50M 

19" x 5'14 RACK MOUNT POWER SUPPLIES 

Cont inro~r ICS' Sizt (IN] Shlpplal 
Drly (Amps] H x W x D  WI (Iba 1 

5'4 X 19 X 8'14 16 
5'4 X 19 X 12'4 38 
5'4 X 19 X 12'7 

5'4 r 19 x 8'14 
5'14 x 19 x 1 2 h  

334 x 6'12 x 9 

Swltchabl~ volt and Amp meter 
4 ' 2 x 8 ~ 9  

5 x 9 x 101/2 
5 X 1 1 X 1 1  

Cont~nrors 

5 x 9 x 10% 

6~ 13% X 11 

5 x 9 x 10'2 



THE LMAmH 
A useful tool for improving your SWR 
By Robert C. Cheek, WSVT, 29 Center Drive, Briarcliffe Acres, Myrtle Beach, South Carolina 
29572 

ow often have you carefully calculated the 
length of a dipoleantenna, cut it to just the right 
length, used coax cable which should have 

given you a reasonably good match, and then found that 
the SWR just wouldn't go below2:1? And how often did 
the SWR rise to an unacceptably high level in the phone 
portion of the band even though you had an acceptable 
match in the CW portion (or vice versa), especially on 
the 3.5 and 7-MHz bands? If your experience has been 
anything like mine, the answer is: "Almost always!" If 
you like to operate both phone and CW, the same exper- 
ience probably applies to your Yagis on the higher fre- 
quency bands. You may have a good SWR in one seg- 
ment of a band, but elsewhere it rises to a point where 
a modern transistorized rig automatically starts cutting 
down on power output. 

Many modern transceivers have built-in automatic 
antenna tuners, and I suspect that's why we hear more 
on-the-air tuning these days. They area lazy man'ssolu- 
tion to poor SWR. Unfortunately, thosealready in con- 
tact with someone on the chosen tuning frequencies 
must continually pay for this practice. 

Power amplifiers usually don't have built-in tuners. 
Even if you tune your amplifier into a dummy load first, 
you must touch up the tuning with your antenna con- 
nected if the SWR is more than about 1.3:l (another 
excuse for on-the-air tuning). Wouldn't it be much bet- 
ter to have an SWR close to 1 :I in both the phone and 
CW segments of the band so all your tuning could be 
done with a dummy load? Then you could switch your 
rig to the antenna without further tuning and unneces- 
sary QRM. 

A universal antenna tuner with predetermined and 
carefully marked settings could solve these problems, 
if you had the patience to reset it each time you made a 
substantial frequency change. But a simpler, more com- 
pact, and less expensive answerto these and many other 
impedance-matching problems is a well-known, old- 
fashioned, but infrequently used technique - the L- 

match. This application of the L-match is mentioned 
very briefly in the ARRL Antenna Book. 

I use several fixed L-match configurations; all are built 
into miniboxes (although I sometimes run 1500 watts 
PEP). One of these is permanently inserted at the input 
end of several different coax cables, each feeding a 
different antenna. Some have a switch to by-pass the 
network for operation on a frequency range overwhich 
the SWR is acceptably close to 1 :I. The switches are 
within reach of my operating position. 

Thisarticle shows derivations of formulasfor calculat- 
ing the reactances, and corresponding capacitance and 
inductance values, needed in an L-network to make a 
mismatched line appear to have 1 :I SWR. This makes 
it look like a desired pure resistance (normally you'll want 
50 ohms) to the transmitter at a specified frequency. I've 
included a program in GW-BASIC for IBM PC compat- 
ible computers, but you can also use the formulas and 
a calculator with a square-root function to make the 
necessary calculations. The program selects all the pos- 
sible capacitance and inductance configurations that 
provide a match for a given case and does the necessary 
calculations for each configuration. (There may be as 
many as four different combinations that will do the job 
for one set of conditions. The program checks its own 
results by calculating independently the input imped- 
ance of the line with the matching network added, and 
comparing it to the desired input resistance. I've 
described a few actual networks to show the design 
procedure, some possible construction approaches, and 
the "before" and "after" results. 

Some application notes 
The L-match is more versatile than isgenerally recog- 

nized and understood. Theoretically an L-type network 
consisting of only twc, elements (a shunt element and a 
series element) can match any two complex impedances 
to each other at a given frequency, as long as the ele- 
ments are perfectly iussless. Of course you can't have 
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either inductors or capacitors of infinite "Q", and for 
applications involving very large impedance transforma- 
tions there are some limitations. But in the application 
discussed here, the impedances to be matched aren't 
different enough to present a problem. 

There are other limitations that should be considered 
in this application. One limitation is that although an 
antenna tuner (or any other matching deviceat the trans- 
mitting end of a coax line) may make the transmitter see 
a 1 :1 SWR, it doesn't in any way affect the SWR in the 
line beyond the device. Losses in a mismatched line are 
higher than if the impedance were matched at the 
antenna end. Fortunately, this effect isn't serious if you 
use good quality cable in good condition - unless you 
have lines several hundred feet long at the higher fre- 
quencies (28 MHz or higher). 

As SWR departs from the ideal 1 : 1, the voltage and 
the current at some points on the line become greater 
than those that exist uniformly on a matched line at the 
same level of power transfer. For example, at an SWR 
of 4: 1 the voltage and current at some places along the 
line will be twice what they would be if the line were 
matched at theantenna end with thesame power going 
into the antenna. Pay attention to thevoltage rating and 
the current-carrying capacity of the line. The 5000 volt 
rating of the RG-213 cable gives plenty of margin for poor 
SWR, compared with the275volts present at 1500watts 
when the line is matched. A cable connection is far more 
likely to break than the cable itself if thevoltage isexces- 
sive at a connection point. The current rating (imposed 
by the possibility of cable damage due to internal heat- 
ing) is a more important limitation. The same cable is 
rated at3500 wattsat 10 MHz, or about 8.4A when the 
SWR is 1 :l. Witha4:l SWR, thecurrentwill reachabout 
11 A at 1500 watts. In our intermittent types of service, 
peak currents of this level at widely separated pointson 
the line should cause no damage. But there's probably 
some cause for concern somewhere not too far above 
4:l SWR and above 10 MHz. Theseconsiderationsapply 
to any input-end matching system. 

To summarize: If you are running maximum legal 
power and using RG-213 or similar cable, I do notrecom- 
mend that you use an antenna tuner or any other match- 
ing device at the transmitter end of a line to correct an 
SWR thatexceeds4:l. If your SWR is higherthan that, 
you need todosome work on the antenna or the match- 
ing device at its end of the line! 

The bandwidth of acceptable SWR is another impor- 
tant thing to consider for thisapplication. The higher the 
SWR on the line, the greater will be the effect of the 
individual elements in the matching network at a specific 
frequency. This means that theeffectsof frequency var- 
iations will be more pronounced, and the bandwidth 
over which reasonable SWR correction can be obtained 
will be more limited. However, the overriding bandwidth 

effect will usually be that caused by the variation of the 
input impedance of the line. This is due to changing load 
(antenna) characteristics and the changing electrical 
length of the line as the frequency is varied. Because 
each antenna system has its own characteristics, it's 
impossible to generalize about this problem. I've found 
that with most antennas, the frequency ranges over 
which the SWR is acceptable are about the same with 
the networks in operation as they are in different parts 
of the same bands where the lines are properly matched. 
One exception to this is my 40-meter Yagi, on which the 
parasitic elements are optimized for the CW band. The 
self-resonant frequency of the director is quite near the 
upper end of the phone band, and the input impedance 
of the line varies rapidly as I approach that end of the 
band. So with a matching network designed to optimize 
the SWR in the phone segment, the bandwidth of 
acceptable SWR is slightly less than the entire phone 
band. 

The calculation of the network elements' reactances, 
whether by the formulas or the computer program, first 
requires that the input impedance (resistance and reac- 
tance) of the line be measured fairly accurately. Do this 
at the frequency for which the SWR is to be corrected. 
To make the measurement you'll need either an RF 
impedance bridge (like the one described in the ARRL 
Handbook and the ARRL Antenna Book) or a high- 
quality noise bridge calibrated for reactance measure- 
ments. I've used both with good results, but you can use 
the noise bridge only when the frequency of interest is 
very quiet, so that the null is unmistakable. 

Make the measurement at the exact point in the line 
where the matching network is to be inserted. Use any 
convenient length of cable from the network back to the 
transmitter. This cable length can be changed, but the 
length of the line between the antenna and the match- 
ing device must remain the same. 

Formulas for calculating the L-match 
An L-network consists of just two elements - a series 

element and a shunt element. The shunt element may 
be on the load side or the generator side of the series ele- 
ment, but there are certain conditions underwhich only 
one of these configurations provides valid solutions. 

In the derivation of the formulas (shown in figs. 1 and 
21, the desired impedance as viewed from the genera- 
tor (transmitter) side is designated as R,. The deriva- 
tions assume that this impedance is to be purely resis- 
tive. The impedance of the load (the input to the coaxial 
cable terminated at its far end by the antenna) will have 
a resistive component (always positive), designated as 
R,, and a reactive component (positive, negative, or in 
some caseszero), designated as X,. The shunt element 
of the network is designated as Xsh. 

Figure 1 shows thederivation of the formulasfor the 
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first configuration in which the shunt element is on the 
antenna side of the series element. The transmitter is 
connected through the series element to the parallel 
combination of the shunt element and the load. The real 
components are extracted to form one equation from 
the complex algebra expression of this circuit. The 

- L NETWORK I 

R,, the impedance seen by the transmitter, is 
the parallel combination of R, + jX, and jXsh, in 
series with jX,: 

This can be restated as: 
RoRu + j(RoXu + RoXsh) = jRa XS 
- XaXs - XsXsh + ~RaXsh - Xuxsh 
From the real terms: 

From the imaginary terms, substituting the 
above for X,: (Ro-Ra)X,h2+2RoXaXsh 
+ ( R o X a 2  + RoRu2)  = 0 

Solving for Xsh by the quadratic formula: 

For either configuration, if X,or Xsh (denoted as 
X below) is positive, calculate its inductance as 
follows, with F in kHz: 

1 OOOX pH L =- 
6.28F 

If X, or Xsh is negative, calculate its capacitance 
as follows: 

Derivation of formulas for first configuration. 

imaginary components that remain (with the "j" oper- 
ators dropped) constitute a separate equation. The first 
equation is solved to get a formula for X,, the series ele- 
ment. This formula can't yet be used for final calculation 
of X, because it involves Xsh, which is still unknown at 
this point. 

Next the equation derived from the imaginary com- 
ponents is solved for Xsh. The expression for X, is sub- 
stituted where X, appears in this equation. This gives a 
quadratic equation for Xsh, which is solved by the quad- 
ratic formula to give XSh in terms of the known 
resistances and reactances. After Xsh is calculated, X, 
can be determined from the first formula. 

There are always two mathematical solutions for Xsh, 
as indicated by the plus and minus signs before the 
square root. However, the configuration doesn't have 
a valid (real) solution for combinations of the variables 
that lead to a negative quantity under the square root 
sign. In such cases, the configuration is not physically 
realizable and can't be used. 

R,, the impedance seen by the transmitter, is 
jXsh in parallel with the series combination of 
R, + jX, plus jX,: 

This can be restated as: 
R,Ru + jRo(Xu + Xs + Xsd = 

- XaXsh - XJsh + jRuXsh 
From the real terms: 
RoRa= - XaXsh - XsXsh 
or 

From the imaginary terms, substituting the 
above for X,: 
(R, - RJXsh2 - R,2Ru = 0 
Solving for Xsh by the quadratic formula gives: 

Use the formulas for L and C as given in fig. 1. 

Derivation of formulas for second configuration. 
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Satellite Tracking 
1 with your PC and the Kansas City Tracker 0 Tuner 

The g u l m u  C i t y  Tracker IS a hardware and software package that connects between your rotor controller and an IBM XT. AT, or 
clone It controls your antenna array, lettlng your PC track any satelllte or orbltal body The - C i t y  Tracker hardware 
conslsts of a half-sue Interface card that plugs Into your PC. It can be connected dlrectly to a Ynesu, Kenpro 5400A(5600A rotor 
controller. It can be connected to other rotor assemblies using our Rotor lnterface Optlon 

The - C i t y -  is a companion product that is used in satellite work. It can provide automatic doppler-shift compensation 
for dlgltal satelllte work. Using our new F-l'rrL feature it can also slave the uplink radio frequency to the downlink radio's frequency. 
The Tuner IS compatible with most rigs including Yaesu, Kenwood, and Icom. It controls your radio thru its serial computer port (if 
present) or through the radio's up/down mic-cl~ck interface. 

The rrlur C i t y  Thckm and Tuner include custom serial interfaces and do not use your computer's valuable COMM ports. The 
software runs In your PC's "spare time," letting you run other programs at the same time. 

The - C i t y  Thcker and TPnsr programs are "Terminate-and-Stay-Resident" programs that attach themselves to DOS and 
disappear. You can run other DOS programs while your antenna tracks its target and your radios are tuned ~nder~computer control. 
This unlque feature is especially useful for digital satellite work; a communications program like PROCOMM can be run while the PC 
aims your antennas and tunes your radios in  ~ t s  spare time. Status pop-up windows allow the user to review and change current and 
upcoming radio and antenna parameters. The KC Tracker is compatible with DOS 2.00 or higher and will run under DESQ-VIEW. 

Satsllite md EME Work The k . n u m  C i t y  Trmcker and Tuner packages include the 
The EUIU@ C i t y  Tracker and I t u u r m  C i t y  Twmr are fully PC interface card, interface connector, software diskette, and 
compatible wlth AMSAT's QUIKTRAK (3.2) and with Silicon instructions. Each Kansas City unit carries a one year warranty. 
Solut~on's GRAFTRAK (2.0). These programs can be used to load 
the K.num C i t y  Tracker'@ tables wlth more than 50 satellite KC Tracker package for the Yaesu'Kenpro 

passes We also supply assembled & tested TAPR PSK modems 5400A/5600A controller . . . . . . . . . . . . . . . . . . . . . . .  89 

with cases and 110v power supplies. lnterface cable for Yaesu/Kenpro 
5400A/5600A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 19 

DX, Canteat., and Net. 
KC Tracker package wlth Rotor lnterface Optron 

Working DX or contests and need three hands? Use the &nu@ (to connect to ANY rotors) . . . . . . . . . . . . . . . . . . . . . . .  $21 9 
C i t r  Thcker DOD-UP to work your antenna rotor for vou The 
&.nus C i t y  'Racker is compat~ble with all DX logging KC Tuner (must be purchased wlth KC Tracker) . . . .  $ 79 
programs. A speclal callslgn almlng program 1s included for 
worklng nets. Assembled & tested TAPR PSK modem wlth case & 

1 1 Ov power supply . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2 19 
Packet BBS 

The City R.cker comes complete with special control 
programs that allow the packet BBS user or control-op to perform 
automated antenna almlng over an hour, a day. or a week. Your 
BBS or packet station can be programmed to automatically solicit 
mall from remote packet sites. 

Gisi-u-LnpPirea Emw 
The ~ r o  Ci ty  Tracker has a speclal morse-code sender 
section that w ~ l l  announce the rotor posltion and status auto- 
matically or on request. The speed and spacing of the code are 
adiustable. 

AMSAT QuikTrak software . . . . . . . . . . . . . . . . . . . . . .  $ 75 

Visa and Mastercard accepted. 
Shlpplng and handling: $5. $20 for lnternatlonal shipments 
Prlces subject to change without notice. 

L. L. Grace 
Commun~cat~ons Prociucts ' 

41 Acadia Drlve Voorhees. NJ 08043 U.S A 

For more Info. Telephone 609-751 -1018 
CompuServe 72677.1 107 
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In fig. 2 an identical procedure is used to derive the 
formulas for the second configuration, in which the 
shunt reactance is on the transmitter side of the series 
element. Again there are two mathematically valid solu- 
tions, and again there are combinations of variablesfor 
which there is no real solution. This configuration has 
real solutions only when R,, the resistive component at 
the cable input, is less than R,, the resistive load to be 
seen by the transmitter. 

Despite the range of variables for which there is no 
usable solution in one or the other of the configurations, 
one of them always has a real solution for a given set of 
variables. In many cases both configurationsareapplica- 
ble, and for such cases there are four different possible 
combinations of reactive elements to choose from. 

Generally, the best choice is the one involving the 
most practical values of inductance and capacitance. 
From the standpoint of physical size and losses, a lower 
value of inductance is preferable to a higher one. For har- 
monic attenuation, a combination using shunt capaci- 
tance and series inductance is preferable to one using 
shunt inductance and series capacitance. 

The L-match computer program 
The computer program (fig. 3) uses the formulas der- 

ived in figs. 1 and 2 to compute the reactance values and 
corresponding capacitances and inductances in all the 
usable configurationsfor a given set of conditions. The 
program is written in GW-BASIC and should run suc- 
cessfully on any ISM-compatible personal computer. 

The two configurationsareexamined in turn. The first 
to be examined is the one with the shunt reactance on 
the antenna side of the series reactance (the first con- 
figuration). An error-trapping routine detects situations 
in which the square-root calculation would involve a 
negative quantity, or where there is an attempted divi- 
sion by zero. In these situations there is no real solution 
for the configuration. The error-trapping routine reports 
this fact and routes the program to the calculation of the 
second configuration, for which similar error trapping 
is provided. 

As the reactances for each case are determined, a 
subroutine (lines3000 through 31 10) checks their values 
by using them to calculate and display the impedance 
seen by the transmitter with the matching network in 
place. Line 3080 compensates for small rounding and 
computing inaccuracies (up to 0.1 percent) in compar- 
ing the resistive component of the result with the desired 
resistive load. In the result, line3090 rounds tozeroany 
final reactive component of less than 0.1 percent of the 
resistive component. If single-precision computation 
were used, these inaccuracies (which occur primarily in 
the checking routine) might exceed the limits in rare 
cases where the computations involve small differences 
in large quantities. All computation isdone in double pre- 

cision. But the checking routine is correspondingly 
accurate only if the program is run with BASIC loaded 
with the double-precision transcendental math package 
(BASICID) that improves the precision of the trigono- 
metric functions used. If you don't use BASIC1 D, a reac- 
tive component exceeding 0.1 percent of R, (but still 
negligible) may appear in rare cases in the check result. 

In any case, resultsstated in single precision are more 
than adequate for your purposes. So all computed 
values to be displayed are converted to single-precision 
numbers before they are presented. 

Some practical L-network matching 
devices 

In the networks I'll describe, all parts except the 
miniboxes are from flea markets or my junkbox. 

I avoid using variable capacitors because they're 
bulky, expensive, and hard to find. Also, once you've 
determined the capacitance, no further change is 
required in this application. 

When winding the coils, I estimate the number of 
turns required from the formulas given in the ARRL 
Handbook, and then wind about20 percent more. With 
the network completed (except for final connection of 
a flexible lead to one end of the coil), I install the device 
in the line and connect it directly at the output of my 
SWR meter. Using very low power at the design fre- 
quency, I move the lead across the coil to find the tap 
point that gives minimum SWR. The minimum is usually 
quite close to 1 : 1 ; if it's not, I may need to do some trim- 
ming of the capacitance by adding small values in par- 
allel with it or changing to a slightly lower value. When 
I find the proper combination, I solder the tap and clip 
off most of the unused coil turns. Before removing all the 
unused turns, I check the final combination with the box 
cover installed. Sometimes the coil inductance is 
lowered by the proximity of the shielding, and the final 
coil may require an additional turn or two to provide the 
same inductance as with the cover off. 

I have also used manufactured coils (e.g., Miniduc- 
tors) with equal success. The ARRL Handbook also 
gives information for estimating the inductance of these 
coils for different diameters and turns per inch. 

160-meter dipole 
Figure 4 shows the original SWR curve at the input 

end of the 50-ohm line to my 160-meter dipole. The mini- 
mum SWR is 1.6:1 at 1860 kHz. I normally confine my 
160-meter operation to the CW and DX portions of the 
band (1800 to 1850 kHz). I do most of my operating 
around 1835 kHz. The SWR on this frequency is 1.8: 1. 
It'sactually impossibleto tune theamplifier properly with 
this antenna, because the range of its loading capacitor 
is severely limited by the heavy padding it requires on this 
band. Asa result, it runs out of rangevery quickly as the 
load impedance departs from 50 ohms resistive. 
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1 0 0 0  RO=O:RA=O:XA=O:XSH=O:XS=O:DEFDBL A-Z 
1 0 1 0  CLS:INPUTWFREQUENCY (KHZ)" ;F  
1 0 2  0  INPUT "DESIRED LOAD RESISTANCE"; RO 
1 0  30 INPUT "RES ISTANCE LOOKING TOWARD ANTENNA" ; RA 
1 0 4 0  INPUT "REACTANCE LOOKING TOWARD ANTENNA" ; XA: PRINT 
1 0 5 0  I F  RA=RO THEN PRINT TAB( 5)"NO SHUNT REACTANCE REQOIREDt':XS=-XA:PRINT:GOSUB 
2030:GOTO 4500  ' S p e c i a l  C a s e .  C a l c u l a t e  XS a n d  g o  d i r e c t l y  t o  e n d .  
1 0 6 0  PRINT "WITH SHUNT REACTANCE ON ANTENNA SIDE OF SERIES REACTANCE:" 
1 0 7 0  ON ERROR GOT0 4000  ' S e t  u p  e r r o r  t r a p p i n g  f o r  n e x t  c a l c u l a t i o n  
1 0 8 0  XSH=( (RO*XA)-(SQR( ( (ROA2*XA^2) ) + (  (RA-RO)*( ( R O * X A - ~ ) + ( R O * R A - ~ )  ) )  ) )/(RA-RO) 

' C a l c u l a t e  s h u n t  r e a c t a n c e  f o r  f i r s t  case, f i r s t  c o n f i g u r a t i o n  
1 0 9 0  GOSUB 2 000 :GOSUB 3020  ' C a l c u l a t e  series e l e m e n t ,  d i s p l a y  r e s u l t s  a n d  

c h e c k  t h e m  
1 1 0 0  PR1NT"OR:"; 
1 1 1 0  ON ERROR GOT0 4 0 1 0  ' S e t  u p  e r r o r  t r a p p i n g  f o r  n e x t  c a l c u l a t i o n  
1 1 2 0  XSH=((RO*XA)+(SQR(((R~^~*XA-~))+((RA-RO)*((RO*XA-~)+(RO*RA^~))))))/(RA-RO) 

' C a l c u l a t e  s e c o n d  case, f i r s t  c o n f i g u r a t i o n  
1 1 3 0  GOSUB 2000:GOSUB 3020  ' S e e  r e m a r k s  f o r  1 0 9 0  
1 1 4 0  PR1NT:PRINT "WITH SHUNT REACTANCE ON TRANSMITTER SIDE OF SERIES REACTANCE:" 
1 1 5 0  ON ERROR GOT0 4020  ' S e t  u p  e r r o r  t r a p p i n g  f o r  s e c o n d  c o n f i g u r a t i o n  
1 1 6 0  XSH=RO*(SQR( (RA)/(R@RA) ) ) :XS=- (RO*RA/XSH)-XA ' C a l c u l a t e  f i r s t  case, 2 n d  

c o n £  i g u r a t i o n  
1 1 7 0  GOSUB 2010:GOSUB 3000 ' C a l c u l a t e  i n d u c t a n c e  a n d  c a p a c i t a n c e ,  d i s p l a y  

r e s u l t s  a n d  c h e c k  t h e m  
1 1 8 0  PRINTMOR:"; 
1 1 9 0  XSH=-XSH:XS=-( RO*RA/XSH)-XA ' C a l c u l a t e  s e c o n d  c a s e , s e c o n d  c o n f  i g u r a t i o n  
1 2 0 0  GOSUB 2010:GOSUB 3000 ' S e e  r e m a r k s  f o r  1 1 7 0  
1 2  1 0  PR1NT:GOTO 4  500 
2 0 0 0  XS=- ( (RO*RA)+(XA*XSH) )/(XA+XSH) ' C a l c u l a t e  series r e a c t a n c e ,  f i r s t  

c o n £  i g u r a t i o n  
2 0 1 0  X-XSH: I F  X>O THEN GOSUB 2  510:X!=X:PRINT TAB( 5 )  " S h u n t  I n d u c t i v e  R e a c t a n c e  i s  

";X! ;" ohms ( " ;L!  ;CHR$(230)  ; " H ) "  ' I f  s h u n t  r e a c t a n c e  is i n d u c t i v e ,  g o  c a l c u -  
l a t e  i n d u c t a n c e  a n d  d i s p l a y  b o t h  i n  s i n g l e  p r e c i s i o n  

2 0 2 0  I F  X < O  THEN GOSUB 2  500:X!=X:PRINT TAB( 5 )  " S h u n t  C a p a c i t i v e  R e a c t a n c e  is " ;X! 
; " ohms ( ";C! ; " p F d )  " ' I f  s h u n t  r e a c t a n c e  is c a p a c i t i v e ,  g o  c a l c u l a t e  c a p a c i -  

t a n c e  a n d  d i s p l a y  b o t h  i n  s i n g l e  p r e c i s i o n  
2 0 3 0  X=XS: I F  X<O THEN GOSUB 2 5 0 0  :X!=X:PRINT TAB( 5 ) " S e r i e s  C a p a c i t i v e  R e a c t a n c e  i 
s " ; X !  ; "ohms ( ";C! ; " p F d ) "  'Same p r o c e d u r e  as f o r  s h u n t  e l e m e n t  ( l i n e  2 0 2 0 )  
2 040 I F  X > O  THEN GOSUB 2  510:X!=X:PRINT TAB ( 5 )  " S e r i e s  I n d u c t i v e  R e a c t a n c e  is ";X! 
;"ohms ( ";L! ;CHR$(230)  ;"HI"  'Same p r o c e d u r e  as f o r  s h u n t  e l e m e n t  ( l i n e  2 0 1 0 )  
2 0 5 0  I F  X=O THEN PRINT TAB(5)"No S e r i e s  R e a c t a n c e  R e q u i r e d "  ' S p e c i a l  c a s e  
2060  I F  RO=RA THEN PRINT TAB( 1 0 )  " ( T r a n s m i t t e r  sees ";RO; "ohms r e s i s t i v e .  ) " 

' S p e c i a l  case 
2 0 7 0  RETURN 
2  500 c=-1E+09/(2*3.  141593*F*X) : C ! = ~ : R E T U R N  ' C a l c u l a t e  c a p a c i t a n c e  a n d  c o n v e r t  

t o  s i n g l e  p r e c i s i o n  
2 5 1 0  ~=X*1000/(2*3.141593*F):L!=L:RETURN ' C a l c u l a t e  i n d u c t a n c e  a n d  c o n v e r t  

t o  s i n g l e  p r e c i s i o n  
3000 Z=SQR( ( (RA^2*XSH^2)+(XSH^2*(XA+XS) - 2 )  ) / ( R A + X A + X S + X S H  ) ' C a l c u l a t e  

m a g n i t u d e  o f  i m p e d a n c e  a t  n e t w o r k  i n p u t  ( s e c o n d  c o n f i g u r a t i o n )  
3 0 1 0  A=ATN(-RA/(XA+XS) )-ATN( (XA+XS+XSH)/RA) :XS=O:GOSUB 3080:RETURN ' C a l c u l a t e  

p h a s e  a n g l e  o f  i m p e d a n c e  a t  n e t w o r k  i n p u t .  C o n t i n u e  a t  3080  
3020 Z=SQR( ( (XA-2*XSHA2 )+(RA^2*XSHH2) ) / ( R A ^ 2 + X A + X S H  2 ) ' C a l c u l a t e  m a g n i t u d e  

o f  i m p e d a n c e  b e y o n d  series e l e m e n t  ( f i r s t  c o n £  i g u r a t i o n )  
3030 I F  XA=O THEN R1=-3.141593/2:GOTO 3050  ' A v o i d  d i v i s i o n  b y  z e r o  i n  n e x t  S t e p  
3040 Rl=ATN(-RA/XA) ' G e t  p h a s e  a n g l e  o f  n u m e r a t o r ,  f i r s t  c o n f i g u r a t i o n  
3050 R2=ATN( (XA+XSH)/RA) ' G e t  p h a s e  a n g l e  o f  d e n o m i n a t o r ,  f i r s t  c o n f i g u r a t i o n  
3060  A=R1-R2 ' P h a s e  a n g l e  o f  i n p u t  i m p e d a n c e ,  f i r s t  c o n f i g u r a t i o n  
3070  IF  COS(A)<O THEN R1=3.141593+Rl:GOTO 3060 'Check  f o r  a m b i g u i t y  i n  a r c t a n  

c a l c u l a t i o n s  a n d  c o r r e c t  i f  n e c e s s a r y  
3080  ZRE+Z*COS(A):IF ZRE>RO*.999 AND Z R E < R O * ~ . O O ~  THEN ZRE!=RO ELSE ZRE!=ZRE 

' C a l c u l a t e  r e s i s t i v e  c o m p o n e n t  a n d  i g n o r e  i n a c c u r a c i e s  u n d e r  0 . 1  p e r c e n t  
3090 Z I M = (  Z*SIN(A) )+XS: I F  ABS( Z I M )  <.001*RO THEN ZIM=O:PRINT TAB( l O ) " ( T r a n s m i t t e r  
sees"; ZRE! ;"ohms r e s i s t i v e .  ) " :RETURN ' C a l c u l a t e  r e a c t i v e  c o m p o n e n t ,  a d d  series 

e l e m e n t .  I f  t o t a l  i s  u n d e r  0 . 1  p e r c e n t  o f  RO r o u n d  t o  z e r o  a n d  p r i n t  r e s u l t s .  
3100 ZIM!=ZIM:PRINT TAB( l O ) " ( T r a n s m i t t e r  sees ";ZRE! ; "+ j " ;ZIM!  ; " o h m s . ) "  ' I f  

r e a c t i v e  c o m p o n e n t  i s  s i g n i f i c a n t ,  p r i n t  c h e c k  r e s u l t  i n  c o m p l e x  n o t a t i o n  
3110  RETURN 
4000  I F  ERR=5 OR ERR=11 THEN PRINT TAB( 5 )  " N O  F i r s t - C a s e  S o l u t i o n "  :PRINT:RESUME 1 
1 1 0  ' E r r o r  h a n d l i n g  f o r  f i r s t  c a s e ,  f i r s t  c o n f i g u r a t i o n  
4 010 I F  ERR=5 OR ERR=11 THEN PRINT TAB ( 5 )  "NO S e c o n d - C a s e  So1u t ion" :PRINT:  RESUME 
1 1 4 0  'Same f o r  s e c o n d  c a s e ,  f i r s t  c o n f i g u r a t i o n  
4 0 2 0  I F  ERR=5 OR ERR=11 THEN PRINT TAB( 5 ) " N o  S o l u t i o n  f o r  T h i s  C o n f i g u r a t i o n " : R E  
SUME 4 500 'Same f o r  s e c o n d  c o n £  i g u r a t i o n  
4500  LOCATE 2 3 , 1 , 0  :PRINT"CALCULATE ANOTHER ( Y  OR N)?":K$=INKEY$: IF K$=""THEN 4 5 0  
0 
4510  I F  K$="Y"OR K$="yt'THEN 1 0 0 0  ELSE END I 

Program in GW-BASIC for calculation of L-match configurations, For maximum accuracy in the checking routine (lines 3000 
through 3100) the program should be run under BASIC loaded with the double-precision transcendental math package (load 
BASICID instead of normal BASIC). 
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- - _ ,'WITH NETWORK . . '  
1/1 

, 
1750 I 8 0 0  1850 1 9 0 0  1950 2 0 0 0  

K I L O H E R T Z  

CABLE INPUT IMPEDANCE 
AT l e35  C H Z  9 5  + 15  OHMS 

MATCHING NETWORK 

rm - 
4 5 # H  I 

914 PF 
(900PFACTUALLV USED)  - 

SWR curves and matching network for 160-meter dipole. 

Measuring the input impedance of the line at 1835 kHz 
shows 95 ohms resistance (R,) and a small amount (esti- 
mated as 5 ohms) of inductive reactance (X,). The com- 
puter calculation shows that a network with 4.5 pH of 
series inductance and 914 pF of shunt capacitance 
would provide a match to 50 ohms. 

The shunt capacitor in my device is a 700-pF mica 
transmitting capacitor from a war surplus TU-10B tun- 
ing unit. It has a 200-pF high-voltage disk ceramic in par- 
allel to give 900 pF. This is close to the calculated 914 pF 
- closer, in fact, than the probable accuracy of the 
measurements. 

The coil in this unit is wound of no. 12soft-drawn bare 
copper wire using a piece of 1 -inch PVC pipe as a man- 
drel. Wire this large isn't necessary, but I had it on hand. 
It makes a coil that's virtually self-supporting, and it's 
easy to solder a tap anywhere on the bare wire. 

The SWR curve taken with the final network in place 
showsa perfect 1 : 1 at the design frequency of 1835 kHz, 
and a major improvement in the SWR seen by thetrans- 
mitterovertheentire rangefrom 1800to 1900 kHz. This 
network is permanently connected in the line and not 
equipped with a by-pass switch, as are some of the 
others I'll describe. 

Quarter-wave 160-meter sloper 
Figure 5 shows a network consisting of a single 

capacitor, which I use to correct the SWR of the line to 
a quarter-wave 160-meter sloper. 

At first, there was no sign of resonance or a match to 
the cable anywhere in the band with the sloper alone in 
its original installation on a70-foot tower. The SWR was 
extremety high - a disappointing but common situation 

K I L O H E R T Z  

I C I B L E  INPUT  IMPED4NCE 
AT 1 8 3 5  kH* 5 0  1 4 0  OHMS 

CALCULITED MATCHING NETWORK 

2 1 k e n ~  ( 2 0 0 0 ~ ~  A c r u a L L v  u s r o )  
(NO SHUNT REACTOR N E E D E D )  

I 

SWR curves and L-network for 160-meter sloper. 

SWR curves end L-network for Wmeter Yogi. 

4 / 1  

3 5 / 1 -  

3 / I  

C 
1 2 5 / 1  
V) 

2 / I  

1 5 / 1  
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0 5 0  7100  7 1 5 0  7 2 0 0  7 2 5 0  7 3 0 0  

K I L O H E R T Z  

CABLE INPUT  IMPEDANCE 
AT 7 2 2 5  kHz  71 + 1 6 9  OMMS 

CALCULATED MATCHING NETWORK 

LT!E& I  4 6 ~ H  
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1 3 5 0  ACTUALLY USED) 



ATTENTION: WOMEN WHO SOUGHT EMPLOYMENT WlTH THE VOICE OF AMERICA (VOA), THE UNITED 
STATES INFORMATION AGENCY (USIA), OR THE UNITED STATES INTERNATIONAL COMMUNICATION 

AGENCY (USICA) BETWEEN OCTOBER 8,1974 AND NOVEMBER 16,1984. 
YOU MAY BE A VICTIM OF SEX DISCRIMINATION 

ENTITLED TO A MONETARY AWARD AND A POSITION WITH THE AGENCY. 
UNITED STATES DISTRICT COURT FOR THE DISTRICT OF COLUMBIA 

CAROLEE BRADY HARTMAN, et al., 
Plaintiffs, I Civil Action No. 77-201 9 

v. Judge Charles R. Richey 
CHARLES 2. WICK, 

Defendant I 1 
PUBLIC NOTICE 

On November 16,1984, W n i t e d  States ~ is t r i c t  court for the Districtof Columbia found in this class action lawsuit that the United States Information A en (USIA 
or the Agency , indudingtheVo~~ofAmerica(V0A). is liable for sex discriminatiin a ainst femaleapplicantsfor the following positions atthe Agency. ~ f l e  U % A W ~  
also~fomwdy L nown as me Un~ted States International Con!munic?tion Agency (&ICP . On January 19, 1988, the Court issued its opinion ordering relief In 
avanety of forms to potennd class members. Acmrd~ngly, thts case IS now In the remedlalphase. 

JOBS COVERED 
Spedfically, the Court haskwndthalthe Agency has disaiminaed against women in hiring in thefolbwing pbs: 

.Eleclrmlc Technidan (Occupatbnai Serb 856) 

.Faelgn Language Broadcaster (Omrpationai Serb 1048) 

.Intemakm.l Radb Bloadcaster (Other) (Occupatbnal Serb 1001) 

.Internaional Radb BWasIe r  (English) (Ocarpadional Series 1001) 

.Produdbn SpeddM (Occ-bnd Series 1071) 
-WterlEdita (Ocqmbnal Series 1082) 
-Faelgn Infomatbn SpedalIsVFomign Affain SpecialisVFaeign Service Information OtticerIForeign Sewbe Off imr (Omrpat id Series 1085 and 130) 
-Radio Broadcast Technlaan (Occqmtbnal Seriee 3940) 

WHO IS INCLUDED 
All m n  whoswghl m y m n t  A h  the Agency in anyd the job  ltsted above bawwn Octdwr 8.1974 and N o v e d r  16.1984 and were nd hlnd may be eligble la relid. A h  lnduded 
arethosewomwhoweredi8~~)ra~edfmmappi~ngfuthesspoeilions during thattheperiod. Even Ihosewomsubrequenliy hired bytheAgencyin wmcapadty may beentkled topar- 
tkipaae in the nmedhl @wed thls m e .  

Women who sought arpbynrmwllh the Agency as Foreign Service Onlors a Foreign Ssrvlce I n f m t b n  Onlm may be eligiblelor dlerent kinds d relid depending upon the dale d a p  
plication and wMh.c they wughl employment I the entry level or mid-level. Women vho W g n  employment with the Agency as- level Foreign Service Officers or Foreign Service 
lnformatbnOff'irs Intho yean 19761977rnusl usetheprocedureoullined below. Womenwhosought enpbymentwiththe A g e n c y a s ~ F o r e @ S m l m O n h o r  F o r d  Sewim 
InformatbnOnicen In tho yeam 1974-1984 must d w  usetheprocedureoutlinedb. HcweWr.womenwhosougMemploymenl wkhthe Agencyasm level Fonign SewbOtficas a 
Fonign Smka lnbmnath Onlcen In the yeam 19B-1984 cannot uaethe pocedure oullined below, since theCwrt has ordered an ailemalivs formof relid for them and wlocted -n in 
thIsgmupw!iI k mtllled individually astothek tighte. 

RELIEF AVAILABLE AND HOW TO OBTAIN IT 
ReW avalabletodars mmkrs mry Mude amondary award adlor plorky wn8lderlion lor acurnrl posllionwhh the Agency. U you think you may beentitled torolief,yw IIIYLtob(aln 
adaim form mnplete kfully, and W m  it tocounmlforthepldntffldass, B r m  A. Fredridgm, Esq.. Wotsler 8 F redrkn ,  1819 H Streel, N.W..Suito300. Washington, D.C.20008 (M2/ 
6548515). pmtrnarlod nolabrthm Juty 15,1089. 

You mayobtaln addmfarninpnonandh inwkingfmmseveral~r~:  counlulfortheplaintalc~.wh~eaddress is listed above;inpenontmmUSlA FmntLobby.301-4th Slree(.S.W.. 
Washington. O.C. (8158~1-5-1). O n b  d Personnel Managemem (OPM). Fderal Jcb lnfamrtbn Center (Fht Fbor. Room 1425). 1900 E 3rd. N.W.. Washlnglon. D.C. (8-m 
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I. tnd return l t towund forthopWntifh. returnthedahformto thoJudge, thoCourt atheClerkdtheCarrt. TheJudge, tkCourtandlho Clerkd tho 
C o w l ~ t h o c h l r n l o w m  and a not for forms toplinti(fr'counel. 

PROCESSING OF CLAIMS 
The pmasr for handHng c(ams has mt been flnally dtrclded. mu far, the Court has orderod that responding dass rnenbenr demonstrate thek potemhl entllemnl to reYd a an 1ndMdu.l 
MngtobelcheduledlallerdPLa Howevec,theCourthanumdthetightODreansidathispcoaedwIn(he ewnt thonunbetdda imf i lednvks l thk~urdmqwda 

Should lndMdwl hearhgs be used. you will be fully infofmd as to the date and timed ywr hearing. Moreover, you wlU beemkled to legd represenlalbn bymuneol f a  the plaintm dauor hY 
dalgnwat nocat to pu. Legal mumel will dkcuss your dalmwirh you prbr to ywr hearing. help you prepve your cme and represea you at yaa hearing. You m y ,  of wune. rdain your 
mw~~wneytorepresentyw.Yywsodeaire. 

At the h d W  W n g .  youwlII be aked todemstraIe your potential entitlement to relidby showing tha you applied for one or m e  of the -red pmltbns dwhg the perbd Odober 8, 
1974 end Novmber 16.1984snd thalyou mremjecled. Orthalyou~d'~a,uragedfr0rnapplying. Evldencs may be required in thelormdteatlmonyYdoarrnents8 o r b 3  Once y w  have 
domonrtratdtheufaU& USlA h required topova by deaf and mnvhdng evidence. that you were nu  hired (fa&poeifionforwhIch you -)fa alegltknade, nondlsulminatoy ma- 
son. sudmsfalluretopas~~rrequlsb quallilcatbns. Should USlA mkesuchashan(ng, you would then beenlltledto demstratethatthe Agency's m o n  Is mreiyawwrlorwx d b c W  
nabn or umuanhy d belsl. 

Fdbwing the hearlng. h Rerldhg Onicialwill decidevvhaher you are entilled10 relief and. I so, what n lb l  is appropriate. You may be entilled to wages ard tenelits you would have earned 
W pu M bwn h h d  (bsdtpay) lmmth. date d ywr rejection untI the date reIM k w. Under th. law. bn& pay is dtset by earnings you may have had dung t h e .  In addlion, 
you maybekundlDka~Illbd tofmntpay (that k, conpensat intothefuture until an crpproprlteposI~Ion isadlorded you). Sirnilarly.pu may bfoundtobeenthledtopb~anddecah 
foronploynmtwhh the Ag.ncy. I( h M .  you mayfufther beentllledlo ret-ive senbdtywhh the asroclaled bends and thevalued any pmmbns you would M y  have hsd il you had 
notsulkreddschhmkr. 

To parildpao in (h rerr*d*l phw.  
REQUIRED STEPS TO FILE YOUR CLAIM 

md raum it. POSTMARKED NO LATER THAN July 1% 1989, komw*elfatho plaintill dss.  Ywrfailueto 
dow MI moult In pwbk tga l l  r l g k ~ q u e s t b n s  .bout your M t s a  pmcedures availableto yw. yw may amtad wunsel forthe pldnlifl class: 

Bruce A Fredrlcleon 
Webster 8 Fredrldrsan 
1819HStreeI. N.W.. Sub300 
Washington, D.C. 20006 
(202l8588615) 

atober 4, 1988 /s/ Judge Charles R. Richey 
Dim UnRod SUdes Distdd Cout 

JudgeChak R. Rkhey 
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with quarter-wave slopers. I installed a quarter-wave 
counterpoise, grounded to the top of the tower, at a right 
angle to the sloper. By carefully trimming the lengths of 
both the antenna and the counterpoise, I brought the 
SWR toa minimum of 1.9:1 at 1830 kHz. Minimum SWR 
wasstill rather poor - 1.6:1 at 1910 kHz. Measurement 
of the input impedanceof the cableat 1835 kHzshowed 
very nearly 50 ohms of resistance and about 40 ohms of 
inductive reactance. The computer calculation showed 
that 2168 pF in series with the line would provide a 
match, with no shunt reactor. Eureka! I mounted a 
0.002-pF 2500-volt mica capacitor from the junkbox in 
a minibox. This "network" is shown in fig. 5, with the 
resulting SWR curve - a perfect 1 :I at 1820 kHz, and 
very low SWR from 1800 to 1900 kHz. For obvious rea- 
sons, this network is permanently installed in the line and 
there's no by-pass switch. 

40-meter Yagi 
Figure6show.s the SWR curve at the input end of the 

cable to my 3-element40-meter Yagi, which is tuned and 
matched for the CW portion of the band. The SWR is 
1 : 1 at 7045 kHz, but rises radically in the phone portion 
of the band. At 7225 kHz, the center of the phone band, 
the SWR is2.9:1. The measured input impedance of the 
cable at this frequency is 71 ohms of resistance and 69 
ohms of inductive reactance. 

For this situation, the formulas give 1.46 pH of series 
inductance with 367 pF of shunt capacitance on the 
antenna side for a match to 50 ohms at 7225'kHz. 

The capacitors in the resulting matching unit are two 
transmitting ceramic capacitors (one 200 pF and one 
100 pF) and a 50-pF high-voltage disk ceramic capac- 
itor, all connected in parallel to give 350 pF. The 
matching unit has a slide switch so I can by-pass it 
for CW operation. The SWR seen by the transmitter 
is 1:l at 7225 kHz with the network in operation, but 
for reasons mentioned previously it rises above 2:l 
beyond 7270 kHz. 

15-meter Yagi 
My 4-element 15-meter Yagi was originally cut and 

matched for a compromise between the phone and 
CW portions of the band. Figure 7 shows that the 
minimum SWR on the cable is a fairly acceptable 
1.28:l at 21,220 kHz, but rises to 2.7:l at the high 
(phone) end of the band and 2.6:l at the low (CW) 
end. The high SWR at the band ends presented no 
compensation problem for the loading capacitor used 
on my amplifier for this band, and I seldom operate 
above 21,350 kHz. Touching up the tuning on the air 
after first tuning into a dummy load for CW not only 
took extra time, but bothered my conscience as well. 

Measurement of the input impedance of the cable 
at 21,025 kHz showed a resistive component just under 

KILOHERTZ I 
CABLE I N P U T  IMPEDANCE 
AT 21025  hHz 49 - 1 4 3  OHMS 
(ROUNOEO TO 50 - 1 4 3  OHMSJ I 

CALCULATED MATCHING NET WORK I 

m L . 0  SHUNT WEACTOR NEEDED, 
PH 

SWR Curves and L-network for 15-meter Yagi. 

50 ohms (close to 49 ohms) and a capacitive reactance 
of about 43 ohms. One of the solutions given by cal- 
culations for the first configuration for this impedance 
was a series inductance of 0.324 pH (42.9 ohms) and 
a shunt inductance of 32.2 pH (a very high 4250 ohms 
of inductive reactance). It was apparent that I needed 
the shunt reactance just to raise the resistive compo- 
nent of the load from 49 to 50 ohms, a mere 2-percent 
change. Another calculation showed that with the 
resistive component of the load rounded to 50 ohms, 
a 0.325-pH series inductor would provide a match with 
the shunt element omitted. This simpler network was 
adequate, as indicated by the resulting SWR curve. 
The SWR is a perfect 1 :I at 21,025 kHz and is quite 
low over all of the first 100 kHz of the band. 

This must be one of the smallest 1-kW antenna 
tuners in existence! It consists of only an 8-turn 112- 
inch diameter coil and contains a 2-position rotary 
selector switch to by-pass the coil for phone operation. 

Now when I QSY to 15-meter CW, I tune the ampli- 
fier into the dummy load, switch to the antenna with 
the network in, and proceed without causing any tun- 
ing QRM. It's a much better feeling1 

Article D HAM RADIO 

WEATHER SOFTWARE 
ACCU-WEATHER FORECASTER isa menu dr~ven program that allowsthe 
user to tap into ACCU-WEATHER'S extensive computerized database. 

Maps, graphs, pictures, charts, and narrative descriptions are just part 
of what can be downloaded to your computer. 

Several different services are available from ACCU-WEATHER. Pr~ce 
varies with the service and time of day that the computer is accessed. 
Add $3.50 for shipping and handltng. , M,-.IB~ 589.95 

I I MC-MAC 589.95 
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RADIO BOOKSrORE 
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New!IMUcourse in 
Cellular Tekphone 
Installation and 

you to succeed in 
today 3 fmtest=growz*ng 
communications fieId 
.Now you can get the skills you need to cash in on today's 

booming cellular industry as you install and test your own 
state-of-the-art cellular telephone. 

Cellular business is big huGnes5! 
In the few shon years since the first commercial cellular telephone 

system went on-line, over I ,WO,O(X) people have signed up for sen7ice 
in more than 120 cities nationwide. Today, the industry is growing at an 
incredibly fast 4% a month, and experts predict that by lY)l, at leact 
85% of the United States will be 
covered for cellular service. Better 
yet, by 1993 total industry revenues 
will exceed $10,000,(KN,000-making 
cellular the fastest growing electronics '/. 

communications field today. expcn advice on choosing the bnt and 
mtst affc)rtlable cellular service available. 

For you, that meam extraordinary \ 
career and money-making opportunities. 
Get a farstan today with NRl's hot new course \ 
in Cellular Telephone Installation and Servicing. 

" 

See how far you can go! For all the detail5 about NRl's 
E- exclusive new training, send the 

Help wanted! Urgent demand for 
field technicians who can install and 

new cellular telephone equipment! 

Get the skills, knowledge, and contidence to install and test :\ 

cellular telephone equipment, and you can name your price in 
this exploding new job market. Cellular system developers, If the coupon is mhing, 
retailers, and service providers-all on the ground floor of an write to NRI School of 
industry that's still so voung and growing so fact-are all willing to pav Electronics, McGraw-Hill 
a premium for anyone trained to service this brand-new equipment. 

Now, with NRI, you can tak 
opportunity in today's-and to 
communications. 

Exclusive hands-on traInlng includes high-performance 
mobile cellular telephone you keep 

check ktr details 

Your NRI course starts with the electronics fundamentals you need to I 4.41) 1 (:c~nnccric'~lr A\.c. \C~rh~ngton, IX .  2IHM)H 

understand and service all telephone systems, then walks you step by CHECK ONE CATALOG ONLY 
I 

step through the insrallation, troubleshooting, and repair of popular I U Cellular Telephone D:tta Communictrions I 
telephone systems in use today. I (:o~nlxlrer Elec.tron~r~s Sccurit! Electronics 

'Il'&'~rlcolAuclio hcrvicing 
But that's just the begnning. With a solid conventional phone 

C1 Hoh)rics 
Elecrronic Music ~ l ' e c l i n o l o ~  Ik~.;ic Electronic> 

I 
servicing foundation behind you, you're ready to build your expen 
understanding of the cellular telephone systemc moving faqt into 

I 
I Name Age - 

I 
communities all over the L!.S. I 

Following complete, easy-reread guidelines, you install a full- I street 

featured mobile cellular telephone in your own car, then take it 
I 

I <:itylState/Zip 
through a series of diagnostic tests to become fully acquainted with its A<< nr l lAdhv IIW .~hinn,,nr/ Ihrnn \I,,,IS t i r t ,a , t  

I 
operating functions. Best of all, if you live in an area alrc-ddy offering L------------.-- 20029 1 
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NEW BOOKS 
ARRL ANTENNA BOOK 
by Jerry Hall, KlTD. NEW 15th Edition 
The all new 15lh ed~ t~on  of lhls anlenna classic represenls over 
two years ol hard work by edllor K IT0  It s doubled In slze loo 
- lrom over 300 lo over 700 pages b1g1 950 llgures and charts 
cover lusl about every Sublect lmaglnable Some ol the hlghl~ghls 
are Chapters on Loop antennas multl-band anlennas low Ire 
quency anlennas portable anlennas VHF and UHF syslems 
coupling Ihe anlenna lo Ihe lransmltler and Ihe antenna plus p I 
e n I y more Llke Ihe 1988 HANDBOOK and new OPERATING 
MANUAL the new ANTENNA BOOK 1s golng lo be a smash hll 
Order yours today 15th ed~llon 900 + pages fc 1988 
AR-AM SoRbound $17 95 

NOVICE ANTENNA NOTEBOOK 
by Doug DsMaw WlFB 
Novlces have long wondered whal 1s the best all around anlenna 
lor them lo lnslall Up until now lhls was a d~ f f~cu l l  questlon lo 
answer Almed al  the newly llcensed Ham DeMaw wrltes lor the 
non englneer In clear conclse language wtlh emphasls on easy lo 
bu~ ld  antennas Readers w ~ l l  learn how antennas operale and 
what governs periormance Also greal readlng lor all levels of 
Amateur tnleresl l s l  Edlt~on 1988 
AR-NAN SoHbound $7 95 

THE 1989 ARRL HANDBOOK 
FOR THE RADIO AMATEUR (Ava~l .  bts Oct. 1988) 
Revlsed and updaled wllh Ihe lalesl tn Amaleur technology now 
IS the l ~ m e  to order your very own copy ol the world tamous ARRL 
HANDBOOK In addlllon lo belng the deflnlllve relerence volume 
lor your Ham shack there are plenly ol prolecls lor every lnleresl 
In Amaleur Rad~o - lrom anlennas lor every appl~callon lo the 
latesl state-ol Ihe arl prolecls - you II llnd 11 all In Ihe 1989 
HANDBOOK Order now and we wlll shlp as soon as Ihe books 
arrlve lrom the prlnter They make pertecl gllls lor Ihe holtday 
season lor your hard lo-buy lor Ham lrfends or lor yoursell Over 
1100 pages c 1988 

AR-HB89 Hardbound $20 95 

N6RJ's ELECTRONIC SECOND OP 
for MS-DOS computers 
by Jlrn Rallerty N6RJ 
The world lnrnous SECOND OP IS now available In a slale ol the 
an  compuler~zed data base Thls program wrlrlen lor MS 00s  
compulers 1s a musl lor OX ers conleslers and all Amareurs In 
leresled In rellable OX commun~cal~on Dala can be dtsplayed 
ellher In columnar formal or In lull screen displays Unknown 
callslgns can be entered and compared lo Ihe ITU callslgn alloca 
llon tor easy ldenl~ l~cal~on There s plenly more loo such as 
poslal rales beam headlngs and OSL bureaus to name lusl a few 
Greal proqram lo have tn your shack Order your s today 

1988 MS 00s  compulers 5'/4 and 3'/7 verslons ava~lable 
Please speclly on your order 

CB-RJ (MS-DOS Computers) $59 95 

1989 AMATEUR CALLBOOKS 
(Ava~lable late November 1988) 
NORTH AMERICAN EDITION 
FuIv  updated ,rnd ediled lo lnclufle all the lalesl FCC and lorelgn 
qovernmenl callslgns and addresses lor Hams In North Amerlca 
Includes plenty ol handy operallng alds such as tlme charts OSL 
bureau addresses census lnlormal~on and much more Calls 
lrom Norlhern Canada lo lroplcal Panama Now 1s Ihe lime lo buy 
a new Callbook when you II gel !he mosl use oul ol your lnveSl 
men1 1988 

CB-US89 Sonbound $25 95 

INTERNATIONAL EDITION 
OSL s Are a very irnporlanl part 01 our hobby All sons of 
awards, including Ihe coveled OXCC, requlre conllrmat~on ol con- 
lac1 belore Ihe award can be Issued 01 spec~al lnleresl, ad. 
dresses are belrrg added dally lor Hams In Ihe USSR and olher 
counlrles Whlle In no means complete. 11 s a slarl and will be 01 
Iremendous help In getl!ng OSLs Handy operallng a~ds round 
oul lhls super book value 1988 

CB-FB9 SoRbwnd $28.95 

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

SAVE $4.95 

Please enclose $3.50 shipping & 
handling. 

(800) 341 -1 522 
(ORDERS ONLY) 



NEW BOOKS 
PASSPORT TO WORLDBAND RADIO 1989 E d ~ t i o n  
Brand n?w .md lully r ~ v ~ s p d  SWL s e v ~ r y w h e r ~  w ~ l l  wan1 a copy 
lor lhe~r ltbrary Expand~d lo 416 pages Ihe b w k  now includes 
a b~gger and belter buyer s gulde an lnlervlew w ~ l h  James 
Mlchener an excltlng real l ~ l e  drama 01 one SWL s escape lrom 
Iran plus much more Also tncludes all Ihe lalesl broadcasl 
Schedules lrom counlrles around Ihe world You re up to dale 11 
you have a copy ol l h ~ s  new book by your rad~o 416 pages 1989 
Edll~on 1988 

IBS-RD189 Sonbound $14 95 

MASTERING PACKET RADIO: the hands on guide 
by Dave lngram K4TWJ 
Packel radlo conllnues lo grow at a rate that boggles the mtnd 
This new book appeals lo all levels 01 packet rad~o enlhus~asts 
lrom novlces lo expens a l~ke Full of ~l luslral~ons and wrltlen In a 
s~mple easy lo understand style Toplcs covered ~nclude a baslc 
prlmer home computers and data communlcalfons terminals a 
survey of equlpmenl avallable how to sel up a slallon plus much 
more Greal compl~menl to Ihe olher packel books avallable 208 
pages 1988 l s l  edtlton 

22567 Sonbound $12 95 

THE ARRL SATELLITE ANTHOLOGY 
Taken lrom the pages of the Amaleur Salell~te News column In 
OST Includes Ihe lalesl lnlormal~on avatlable on OCSARs 9 
through 13 as well as Ihe Russ~an RS satell~les Full coverage 1s 
glven lo Phase I l l  OSCAR I 0  and 13 salell~les Also lncludes an 
unpubl~shed arltcle delall~ng UoSAT OSCAR 11 operallon D~gttal 
modes lracklng anlennas RUOAK rnlcrocomputer processrng 01 
lelernelry plus much more 1s conlalned In this valuable new 
volume 1 I ?  pages 1988 

AR-SA Sonbound $4 95 

22nd CENTRAL STATES VHF SOCIETY 
CONFERENCE PAPERS 
Papers 111 Ihls bwk  upre submtlled lor Ihe 1988 Cenlral Slales 
VHI Socl~ ly  meeltnq lncludes M~crowave EM€ predlcllng 144 
MHz Es openlngs matchlng versus nolse l~gure lrade 011s In 
pre amps 902 MHz lransverler power amplll~er and antennas 
how lo measure your own K ~ndex plus much more A musl 
publlcallon tor the acllve VHF er 1988 

AR-22CS Sonbound $11 95 

GENIUS AT RIVERHEAD a prof i le  o f  
H. H. Beverage 
by Alberta Wallen 
Born al the very beglnnlng of the radlo age Harold Beverage 1s 
one of rad~o s ploneers Mosl know h ~ m  lrom hls developmen! 01 
the Beverage or wave lype recelvlng antenna Learn aboul Ihe 
Career of lhls brllltanl enqlneer In lhts easy lo read b~ography 
Slarllng w ~ l h  GE ~n 191 7 and movlng lo RCA In 1920 Beverage 
was ~nvolved ~n some 01 Ihe mosl excltlng aspecls 01 rad~o 01 
pantcular lnteresl IS a reprtnl of Ihe famous November 1922 OST 
anlcle descrrblng the wave antenna Includes 35 photos 130 
pages I988 
NH-BEV Hardbound $15 95 

THE "GROUNDS" FOR LIGHTNING Ll 
EMP PROTECTION 
by Roger Block. PdyPluser Cwpwat in  
Here s a sublecl lhal has never really been lully covered In 
Amaleur l~teralure This I 1 6  page lexl contalns a comprehensive 
analys~s of proper groundlng and prolecllon agalnsl llghlnlng and 
olher EMP disasters lncludes tntormat~on lor all klnds ol €!kc- 
lronlc gear rad~os, telephones, computers Elhernel. CATV 
TVRO. and securtly systems lo name lusl a lew 01 speclal In. 
leresl to Hams are chaplers on low lnduclance grounds and con- 
necllons, guy anchor groundlng, and how lo ground tnslde Ihe 
shack Every Ham should have a copy 1st ed~ t~on  116 pages 
, 1987 

PP-CLEP Sonbound $ 19.95 

Please enclose $3.50 shipping 81 

GREENVILLE, N.H. 03048 

DATATE L 800" 
(800) 341 -1 522 

(ORDERS ONLY) 



and 21 long way to anywhere. 
You probably couldn't find a 
better test of the new SR-1400 
All-Mode Transceiver than Heath's 
expedition to Taipei in the 
Republic of China 

When working DX, you need 
sensitivity to  dig for the weak 
ones, but still need dynamic range 
so the guy down the block doesn't 
clobber you in the middle of a 
QSO. Sure, the SB-1400 worked the 

features clarifier (RIT), front 
panel AGC, noise blanker, all 
mode squelch, 20 dB attenuator, 
computer interface, and a clean, 
"operator preferred" Front panel 
layout. 

The transmitter's PA is cooled 
by a quiet, thermostatically 
controlled internal fan and is 
enclosed in its own diecast 
aluminum heat-sink chamber, 
which allows for full power 
operation in <;W, SSR, FM and 
R m ,  AMTOR, SSTV, and Packet. 

Heath 
offers you more. 

In addition to the SR-1400, 
Heath offers a full line of pre- 
assembled or build-it-yourself 
amateur radio equipment to 
completely ouffit your ham shack 
or  upgrade your system. 

You can also prepare for your 
next exam (Novice, Technician, 
General, Advanced or  Extra c1as.s) 
with Heath study courses. 

Finally, as a Heath-equipped 
ham, you can get answers to your 



DX records on 50 MHz 
and above: part 2 
Last month's column1 discussed how 
VHFIUHF and above DX records are 
made, and their relative importance to 
Amateur Radio and the state of the art 
(SOA). I also reviewed some of the 
most recent record-breaking contacts 
using ionospheric and tropospheric 
propagation. 

This month I'll continue along on the 
same subject with emphasis on EME 
and tropospheric propagation records. 
The updated DX record tables will 
appear at the end of the column. 

E M E  
There are still lots of challenges to 

using EME communications. Although 
the EME DX records on 144,432, and 
1296 MHz extend virtually halfway 
around the world, other bands are 
wide open for increased DX records. 

As you'll see shortly, some of these 
opportunities have not gone unno- 
ticed. Records and technology march 
on, but don't be discouraged. If you 
look at the EME records you'll find 
some interesting opportunities for get- 
ting into the record tables. 

50 M H z  
For over a decade, 6-meter EME was 

in the doldrums. However, as I've 
reported in "VH F l u  H F World" lately, 
that interest has not only been rekin- 
dled - it has proliferated - and 

WORLD 

several new stations have joined the 
fun. 

Stations outside North America are 
now active. The most recent station to 
participate is Graham Jonas, ZUBGJ, 
near Wellington, New Zealand 
(RRODX). He's built a huge multiwire 
rhombic antenna with an estimated 
gain of 25 dB. The antenna's radiation 
center intercepts the moon whenever 
it passes through about 16.5 degrees 
north declination and 130 degrees 
Greenwich Hour Angle. This rhombic 
can be steered a few degrees if neces- 
sary. 

ZUBGJ's first big 6-meter EME test 
was on September 7, 1988 between 
1800 and 1815 UTC when he worked 
Jim Treybig, WGJKV, Los Altos Hills, 
California (CM87WI) for a new world 
record of 6704 miles (10,787 km). Gra- 
ham was running about 650 watts. Jim 
was running 1500 watts to a quad of 
10-element M2 Yagis, each on a 52- 
foot boom. 

The following day (September 8, 
1988), Graham ran a schedule with 
Ray Rector, WA4NJP, Gillsville, 
Georgia (EM84DG) between 1900 and 
1915 UTC and they completed a con- 
tact extending the worldwide DX 
record to 8258 miles (13,288 km). Ray 
was running 1500 watts to a quad of 
8-element W1 JR-type Yagis, each on 
a 34-foot boom.2 I propped a similar 
8-element Yagi up on a small tower 
and was able to hear portions of both 
sides of this contact. 

10 GHz 
For some time, a 3-cm EME contact 

has been considered one of the last big 
EME "plums." As I mentioned in a 
recent column, several stations have 
been diligently working towards that 
goal.3 Several one-way contacts have 
been reported, but the two-way con- 
tact eluded most aspirants. 

Well, it finally happened, and by a 
different group than was reported in 
reference 3. Several schedules had 
been run during August, but bad 
weather ruined the fi-nal contact 
because water vapor is an attenuator 
at these frequencies4 

Finally on August 27, 1988 at 0935 
UTC an EME contact was completed 
on approximately 10.368 GHz between 
Greg Raven, KF5N, and Kent Britain, 
WA5VJB, operating under the callsign 
WA5VJB from Grand Prairie, Texas 
(EM12LQ) and Dave Chase, KY7B and 
Jim Vogler, WA7CJO operating under 
the callsign WA7CJO from Cave 
Creek, Arizona (DM33XL) over a ter- 
restrial distance of about 868 miles 
(1937 km). 

Signals were 05  but weak and 
broad, almost auroral in quality, and 
spread out over perhaps 1 kHz (prob- 
ably due to libration fading). Because 
most of the schedules were conducted 
with the moon south of the path, dop- 
pler was observed up to rt 20 kHz. 
Both stations aimed their antennas by 
peaking on "moon noise," which ran 
close to 1 dB. 

The WA5VJB station used a 12-foot 
dish with a linear polarized waveguide 
splasher feed that can be rotated to 
align polarity on the incoming signal. 
Kent estimated the dish gain to be 49 
dBi with a beam width of 0.56 degrees 
(this gain figure may be optimistic). 
The transmitter delivered 50 watts of 
output from a surplus TWT. The 
receiver was a modified SSB Elec- 
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The 12-foot dish at station WAWJB used for - q@, 
the first ever two-way Amateur contact on . b- .d.I 

10-GHz EME. Gear set up in the backyard just below the dish. 

tronics transverter preceded by five 
stages of low-noise Avantek AT-13135 
GaAsFETs that downconvert to 144 
MHz. The overall system noise figure 
is approximately 2.1 dB. Some of the 
station equipment is shown in photos 
A, B, and C. 

The WA7CJO station used a 16-foot 
dish with an estimated gain of 51 dBi 
and a beam width of 0.42 degrees with 
a scalar feed. The transmitter ran 85 
watts of output power from a surplus 
TWT. The receiver was completely 
homebrew, with an image rejection 
mixer feeding a 28-MHz IF. The 
preamplifier was similar to WA5VJB's 
with an overall system noise figure of 
1.5 dB. 

A few weeks after the first-ever 3- 
cm Amateur EME contact was com- 
pleted, I received a telephone call from 
Rick Fogle, WA5TNY. He reported 
that Lucky Whitaker, WCNKI5, Okla- 
homa City, Oklahoma (EM15FI) had 
also completed a two-way contact on 
10.368-GHz EME with WA7CJO on 
September 25, 1988. 

Lucky runs 32 watts from a solid- 
state amplifier to a 16-foot fiber glass 
TVRO dish.3 Lucky and Rick now feel 

h. - 
The T W  power amplifier connected to the waveguide feedline. 

that, due to surface inaccuracies, the not one, but two, contacts with 
performance of his dish probably puts WA7CJO. Rick is located in Grape- 
him in the class of an equivalent 11- vine, Texas (EM12KV) and runs 14 
foot dish with good surface accuracy. watts from a solid-state amplifier. Rick 

On September 26th Rick completed recently upgraded to a 10-foot "spun 
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aluminum" dish. Apparently the extra 
surface accuracy helped. His sun noise 
increased from 9.5 to 13.2 dB over that 
which he received from the older 10- 
foot TVRO-type dish he used to set the 
first-ever 3.4 and 5.6-GHz EME con- 
tacts. 

The EME contacts made by Rick 
and Lucky were both just short of the 
distance of the WA5VJB/WA7CJO 
contact. There are lots of solid-state 
transverters out there on 10.368 GHz. 
Likewise, 10-foot spun aluminum 
dishes are available. It seems the only 
things holding up contacts are the lack 
of participants and suitable power 
amplifiers. When the amplifiers 
become available, there may be many 
more 3-cm EME contacts. 

300 GHz and up 
As most SHFers know, all frequen- 

cies above 300 GHz are open for Ama- 
teur Radio. "And then there was light" 
is a better explanation of many of 
these frequencies, because some of 
this spectrum covers the "visible light" 
range. 

When Amateurs first obtained this 
frequency spectrum, some were quick 
to respond. They submitted contest 
contacts when the only communica- 
tion involved was two people sending 
code to each other with flashlights. 
But these early contacts may not have 
been possible over the minimum 1 mile 
unless telescopes were used, and that 
really wasn't what was intended for 
contest coniacts! 

As a result, the ARRL modified the 
contest rules to require that all contest 
contacts in this frequency spectrum be 
made between licensed Amateurs 
using coherent radiation on transmis- 
sion (eg., laser) and employing at least 
one stage of electronic detection on 
receive. Furthermore, in July 1988 the 
ARRL announced that effective Sep- 
tember 1, 1988, there would be a sep- 
arate VUCC Award for anyone submit- 
ting proof of contacts with five grid 
squares fitting the above mentioned 
definition. 

"VHF/UHF World" has recognized 
such contacts since the first North 

American DX Record table was pub- 
lished in July 1985.6 Until recently, only 
two contacts had been reported. The 
record was 15 miles on 474 THz. But 
I recently received a contact report at 
678 THz! The contact was made 
between Dave Chase, KY7B/7, oper- 
ating from Mt. Lemmon, Arizona 
(DM420K) and Terry Wilkinson, 
WA7LY1/7, on Mt. Graham, Arizona 
(DM52BO) at a distance of 56.7 miles 
(91.25 km). 

All the equipment used for this con- 
tact was homebrew. It included sur- 
plus lasers, a micrometer positioning 
system, and a "muffin fan" modula- 
tor! The signals were MCW at a power 
level of 24-48 milliwatts. 

The receiver used a Fresnel lens, 
photo multiplier tube, and an audio 
amplifier. Photos D, E, and F show 
parts of the system. I'm sure we'll be 
hearing more about their equipment 
shortly. 

Interestingly enough, the biggest 
problem Dave and Terry encountered 
in making this contact was "finding" 
each other. It took three hours. At 56.7 
miles, the beam width of the transmit- 
ted signal was only 50 feet! They 
already have plans to break their own 
record. 

For now, I'll show both long DX 
contacts made above 300 GHz since 
they were made in different portions 
of the visible spectrum. Should the 
records in this spectrum be sub- 
divided? Perhaps one of you can come 
up with a more equitable way to list 
these records. I'd appreciate any sug- 
gestions. 

Last-minute update 
It happened again! Another new 

record came in just as I was finishing 
this column. The record is on 33 cm 
(903 MHz). 

On September 28, 1988, there was 
excellent tropo propagation between 
New Jersey and Georgia on 2 meters 
and 70 cm. At 0413 UTC, Roger 
Amidon, K2SMN, near Princeton, 
New Jersey (FN20EJ 1 completed a 
CW contact on 903.1 MHz with Steve 
Adams, WS4F, Cornelia, Georgia 

An overall view of the receiver (the engine 
hoist is not part of the receiver!) used to set 
the new 678-THz DX record. 

A closeup of the receiver. 

The l-kHz modulator, a muffin fan! 
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North American VHF and above claimed DX records. (Revised 88-10-271 

Frequency Record Holders Date 

50 MHz See note 4. 
EME WA4NJPlEM84DGl-ZUBGJlRF70DXl 88-09-08 

144 MHz 
Aurora KAlZEIFN31TUl-WAOTKJ/WBODRL(EM18CTl 86-02-08 
EME VElUTlFN63XV)-VK5MCIQF02EJJ 84-04-07 
FA1 W5HUQ14lEM90GCl-W5UNlDM82WA) 83-07-25 
MS K5UR(EM35WA)-KP4EKGIFK68VG) 85-12-13 
Spor. E WA4CQG(EM72FO)-WYOZ(CN87VRI 88-06-06 
TE KP4EORlFK78AJI-LU5DJZlGFllLUI 78-02-12 
Tropo OL KlRJHlFN31XHl-K5WXZlEMl2QWl 68-10-08 
Tropo OW KH6GRU(BLOlXHl-WA6JRA(DM13BTI 73~07-29 

220 MHz 
Aurora W31Y/4(FMl9HAl-WB5LUAIEM13QCl 82-07-14 
€ME KlWHSlFM43MKl-KHGBFZIBLllCJI 83-11-17 
MS WlJRlFN42HN)-KOALLIEN160U) 88-08-13 
Spor. E K5UGMlEM12MSI-W5HUQ/4iEM90GC) 87-06-14 
TE KP4EORIFK78AJl-LU7DJZ(GF05AJ) 83-03-09 
Tropo OL K1 WHSIFM43MKIbK5URIEM35WAl 88-09-09 
Tropo OW KH6UKlBL1 IAQI-W6NLZlDM03TS) 59-06-22 

432 MHz 
Aurora W31PlFMlSPDl-WBSLUAlEM13QC) 86-02-08 
EME K2UY H(FN20QGl-VK6ZT(QF78VB) 83-01-29 
MS W2AZLIFN20VIl-WOLER(EN351E) 72-08-12 
Tropo OL WB3CZG(FN21AX)-WA5VJB(EM12LOl 86-11-29 
Tropo OW KD6RlDM13NIl-KH6lAA/PlBK29GO~ 80-07-28 

903 MHz 
EME K5JLlEM15D(Il-WB5LUAlEM13QC~ 88-02-07 
Tropo OL K2SMNIFN20EJ)-WS4F(EM84FMl 88-09-28 

1296 MHz 
EME K2UYHlFN20QG)-VK5MClQFO2EJI 81-12-06 
Tropo OL WB3CZGlFN21AXl-KD5ROlEM13PA~ 86-11-29 
Tropo OW KH6HME1BK29GO~-WB6NMT/6lDM12KUl 86-08-13 

2304 MHz 
EME W31W1/8lFM08CKI-ZUAOE(RE78JS) 87-10-18 
Tropo OL KD5ROlEM13PAl-W8YIO(EN82BE) 86-11-29 

Mode DX Miles (km) 

CW 
CW 
CW 
SSB 
SSB 
SSB 
CW 
CW 

CW 
CW 
SSB 
CWISSB 
CWISSB 
CW 
CW 

CW 
CW 
CW 
SSB 
CW 

CW 
CW 
SSB 

3456 MHz 
EME 
Tropo OL 

5760 MHz 
EME WA5TNYIEM12KVl-WCNK15(EM15Fll 
Tropo OL N5JJZ/5(EM26CBl-WA5ICWl5lDM86LRl 

87-04-24 CW 174 I2791 
88-07-10 SSB 404 I6501 

10.368 GHz 
EME WA5VJ8lEMlZL(I1-WA7CJO(DM33XLJ 
Tropo OL WB7ABP/P(CNBlQB~-WBOHLCI6(DM04MSl 
Tropo OW NN6WI6(CM94XMI-XUGFH(DU7VLl 

88-08-27 CW 860 (13971 
88-08-06 CWISSB 479 I7701 
88-09-11 MCW 595 19581 

24.192 GHz 
LOS WA3RMXl7lCN931Q1-WB7UNUl7~CN95DHl 86-08-23 SSB 116 11861 

47.040 GHz 
LOS WA3RMXl7lCN82VWI-K7AU0/7lCN82PB~ 88-08-06 CWISSB 65.3 (105) 

76-149 GHz None reported. 

300 GHz and above See note 5. 

474 THz 
LOS K6MEP/6lDM0410I-WA6EJ016(DM04KTl 79-06-09 Laser 15 1241 

678 THz 
LOS 88-06-12 Laser 56.7 (91.21 

Note 1. The records are listed alphabetically by mode. Tropo OL is over land. Tropo OW is over water (at least 75 percent of the path). 
Note 2. The information within the brackets 0 following the callsign is the grid square locator. 
Note 3. Distances have been calculated assuming a spherical earth model using the actual latitude and longitude rather than using the less accurate 
grid square centers model. 
Note 4. Six-meter records, excepting EME, were left off as the primary propagation mode is often hard to distinqu~sh. Long-path QSOs exceeding 
approximately 12430 miles (20003 kml have been reported during solar cycles 19. 21, and 22. 
Note 5. There have been very few reports of contacts in the wide open frequency allocation above 300 GHz. Therefore, at least for the time being, 
we will list those records that show considerable distance at widely different frequencies. 
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I Worldwide claimed VHFIUHFISHF terrestrial DX records. (Revised 86-10-27) 

Frequency 

50 MHz 

Record Holders 

Note 3 

Date Mode Miles (km) 

70 MHz GW4ASR/P(1082JG)-5B4CY (KM64MR) 81 -06-07 ES 2153 (3465) 

144 MHz 

220 MHz 

432 MHz KD6R(DM13NI)-KH6IAAIP(BK29GO) 80-07-28 Duct 2550 (4103) 

903 MHz USMN(FN2OEJ)-WS4F(EM84FM1 88-09-28 Tropo 628 (10111 

1296 MHz KHGHME(BKZOGO)-WB6NMT(DMl2KU) 86-08- 13 Duct 2528 (4068) 

2304 MHz VK5QR(PF95HD)-VK6WG/P(OF85WA) 78-02-1 7 Duct 1170 (1883) 

3456 MHz VK5QR(PF95HD)-VK6WG(OF85WA) 86-01 -25 Duct 1171 (1885) 

5760 MHz G3ZEZ(JOOlMS)-SM6HYG(J058RG) 83-07-12 Duct 610 (981) 

10.3 GHz IOSNY/EA9(IM751V)-IOYLI/IE9(JM68NR) 83-07-08 Duct 1032 (1660) 

24 GHz IOSNY/IC8(JNGOWR)-l8YZ0/8(JM78WE) 84-08- 1 1 LOS 206 (331) 

47 GHz WA3RMX/7(CN82VW)-K7AU0/7(CN82PB) 88-08-06 LOS 65.3 (105) 

75 GHz HB9AGE/P(JN37RD)-HB9MIN/P(JN37RD) 85-12-30 LOS 0.3 (0.5) 

474 THz K6MEP(DM041O)-WA6EJO(DM04KT) 79-06-09 LOS 15 (24) 

678 THz KY7B/7(DM420K)-WA7LYI/7(DM52BQ) 88-06-12 LOS 56.7 (91.2) 

Notes: 
1. The information within the brackets 0 after the callsign is the grid square locator. 
2. Distances have been calculated assuming a spherical earth model. The actual latitude and longitude are used rather than the less accurate grid 
square centers model. 
3. Six meters has been left blank on this listing because long-path QSOs (those exceeding approximately 12430 miles or 
20000 km) have been reported during solar cycles 19, 21, and 22. 

(EMMEMI, over a distance of 628 
miles (1011 km). This extends the 
previous record by about 5 miles and 
shows why it's good to know exact 
station coordinates. 

Roger was running 80 watts to a 
quad array of 23-element Tonna Yagis. 
Steve was running 130 watts to a sin- 
gle 33-element loop Yagi. Both sta- 
tions had system noise figures below 
1.0 dB. Signals were several dB out of 
the noise. 

Latest DX record tables 
Here are the latest record tables; 

Many locations have been more 
accurately determined. 

I made a few typographical errors in 
the previous tables. I hope they didn't 
cause any grief. If you find mistakes 
or have questions on the data shown 
in any of the tables, please let me 
know. After all, this is a process of 
evolution and you can't challenge a 
record that has incorrect data. 

Table 1 shows the latest North 
American DX records, table 2 the 
latest worldwide DX records, and 
table 3 the latest EME records - 
including the first-ever 3-cm contact. 

in "VHFIUHF World" have only 
recognized North America and world- 
wide DX records. There are other long 
distance contacts that, while not 
records on these tables, are still rather 
interesting and impressive. 

Some of these contacts include the 
records made in Region 1, which 
includes Europe, Africa, and the 
Soviet Republics. These records reflect 
the SOA in other parts of the world 
and I think they're important. Also, 
several VH F and above devotees have 
been questioning me on what our 
peers outside North America are 

they've all been updated. Note doing. 
changes in grid squares since the last Region 1 DX Records For several years Region 1 DX 
time these tables were published. Up until now, the tables published records have been carefully 
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................................ GS 12 l / r  timed copper brdd .50 

.............. GS2UJ 1- l / r  h ~ # y  b d  coppr brW 2.00 
........................... M O B  dga Insdated sbwdod d m  .35 

Awl4 l4g .  stra?dsdAnhwm wim CCS ................. 14 

Price ckr not include shipping. $3 minimum. VisalMastcrcard $30 min, COI) add S3MI 
Cdl w mils lor conpls(s price list Nanul'r m 36 page CABLE AND CONNECTOR SELECTlON O(IILK k .vJI.bla 
a na chuge m orden 01 $50 or mom, or a a cart d $4 w#3 c d #  eganst mr( OvJiWq &. 

NEMAI, ELEClXONICS, INC. 12240 NE 14th Ave. N. Miami, FI, 33161 
(305) 8933924 Telcx 6975377 24hr FAX (505)8954178 

I K COMM., INC. 
THE HAM STORE 

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 

5707A Mobud 
San Antonio, TX 78238 

800-344-31 44 
Orders Only 
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Worldwide claimed VHF/UHF/SHF EME DX records. (Revised 88-10-27) 

Frequency Record Holders Date Mode Miles (km)  

50 MHz WA4NJP(EM84DG)-ZUBGJ(RF7ODX) 88-09-08 CW 8258 ( 1 3288) 

144 MHz KGMYCIKHG(BK29AO)-ZSGALE(KG43RC) 83-02- 18 CW 12091 (19455) 

220 MHz 

432 MHz 

902 MHz 

1296 MHz 

2304 MHz 

3456 MHz 

5760 MHz 

10368 MHz 

24000 MHz and above None reported. 

Notes: 
1. The information within the brackets 0 following the callsigns is the grid square locator. 
2. The distances shown have been calculated assuming a spherical earth model. The actual latitudes and longitude are used rather than the less 
accurate grid square centers model. 

documented by Folke Rosvall, 
SM5AGM, who updates them annu- 
ally. Most, but not all, of the DX 
records shown in table 4 are from the 
list published by Folke. However, I 
reserve the right to update them 
myself. I plan to include some impres- 
sive tropo and aurora claims that don't 
appear in Folke's table, or are very 
recent. Some Region 1 DX records, 
like FAI, aren't included or available, 
but I hope they will be in the near 
future. 

I must make one final point about 
table 4. Folke determined most of the 
distances on this table using the new 
"ellipsoidal" earth model for distance 
determination. In some cases, inter- 
pretation may be necessary when 
comparing these records with those 
shown in tables 1.2. and 3. What are 
your impressions of table 4? Do you 
find it valuable? 

Summary 
January and February's columns are 

dedicated to those who have tried as 

well as those who have succeeded in 
setting new VHF and above DX 
records - an important aspect of 
Amateur Radio. 

In a sense these columns have been 
like an anatomy of how the records are 
achieved and how they improve the 
SOA. I hope that this background 
material and the challenges I've 
described will encourage you to try to 
improve the SOA and/or make an 
attempt at one of the many records 
available to those who operate above 
50 MHz. 

In the meantime, please keep me 
informed of your progress on new rec- 
ord attempts or challenges. Remem- 
ber to write to me for a "VHFI 
UHFISHF Propagation Record Verifi- 
cation Form," or fill out a copy of 
table 4 on page 47 of the June 1988 
c o l ~ m n . ~  

Acknowledgments 
I'd like to thank all who submitted 

DX record information - especially for 
January and February's columns. In 

particular I'd like to thank (and I hope 
I don't miss anyone): KIWHS, 
WA3RMX, WA4NJP, KB4WM, 
WA51CW, K5UR, WASVJB, N6XQ, 
KY7B, WYOZ, KXBO, and WBBHLO. 

Notes 
In last September's column6 I listed 

the addresses of several VHF publica- 
tions. I've recently been informed that 
two have changed as follows: 
2-Meter EME Bulletin, c /o  R.E. 
Turner, 14826 Daisy Lane, Tampa, 
Florida 33613. 
Midwest VHF/UHF Society, c /o  
Steve Whitefield, WASOJX, 400 S. 
Main Street, Springboro, Ohio 45066. 
This monthly publication is available 
for $6.00 per year. 

Important VHFIUHF Events 
February 6 New Moon 
February 7 EME perigee 
February 20 Total lunar eclipse 
March7 Newmoonwithpartial 

solar eclipse 
March 8 EME perigee 
March 21 +2 weeks. Optimum time 

for TE propagation 
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IARU Region 1 VHF and above claimed DX records. (Revised 88-10-27) 

Frequency Record Holders 

50 M H z  
F2 ELZAV(IJ46)-H44PT(RIOOOA) 

Date 

82-04-04 

Mode  DX miles (krnl 

SSB 

70 M H z  
Aurora G3SHK(1090DX)-GM3WOJ/P(1089KB) 
M S GJ3YHU(IN89XI)-GM3WOJ/P(1089KB) 
Spor. E GW4ASRIP(1082JG)-5B4CY(KM64MR) 
Tropo G4FRE/P(1070PP)-GM4ZUK/A(lO87WB) 

CW 
? 
? 
SSB 

144 M H z  
Aurora G4VBG(1094FW)-UA32FI(K076WT) 
EME K6MYC/KH6(BK29AO)-ZS6ALE(KG46RC) 
MS GW4CQT(1081 LP)-UWGMA(KN97VE) 
Spor. E EA8XS(IL28GA)-HGOHO(KN07RU) 
TE 14EAT(JN54VG)-ZS3B( JG7301) 
Tropo EA8BEX(1127GX)-G14KIS(IO64VR) 

CW 
CW 
CW 
SSB 
CW 
CWISSB 

432 M H z  
Aurora PAORDY(J022KJ)-RA3LE(K064AR) 
EME FgFT(JN29AG)-ZL3AAD(RE66GR) 
MS E12VAH(1043XW)-SK6AB(J057XQ) 
Tropo EA8XS(1128GA)-GW8VHI(lO8lCM) 

CW 
CW 
CW 
SSB 

1296 M H z  
EME PAOSSB(JO1lWI)-ZL3AAD(RE66GR) 
Tropo EA8XS(lL26GA)-G6LEU(I070ME) 

CWISSB 
SSB 

2304 M H z  
EME PAOSSB(JO11WI)-WGYFK(CM87WJ) 
Tropo EA7BVD/P(IM78JD)-EA8XS/P(lLZ7GW) 

CWISSB 
SSB 

3466 M H z  
Tropo G3LQR(J002QF)-SM6HYG(J058RG) 

5760 M H z  
Tropo G3ZEZ(JOOlMS)-SM6HYG(J058RG) CWISSB 

10.368 GHz 
Tropo IOSNY /EA9(IM751V)-IOY LI/IE9(JM68NR) 

24 GHz 
Tropo IOSNY/IC8(JN60WR)-18YZ0/8(JM78WE) 

47 GHz 
Tropo HB9AGE/P(JN36FS)-HB9MIN/P(JN36SX) 

75 GHz 
LOS HB9AGE/P(JN37RD)-HB9MIN/P(JN37RD) 

Notes: 
1. The records are listed alphabetically by mode. 
2. The information within the brackets 0 following the callsign is the grid square locator. 
3. The distances are calculated using an ellipsoidal earth model. 

References 
1. Joe Reisert. WlJR, "VHFIUHF World-DX Records 3. Joe Reisert, WlJR, "VHFfUHF World-Propagation 5. Joe Reisert, WIJR, "VHFfUHF World-Propagation 
on 50 MHz and Above-Part 1," Ham.Radio, January Update-Part 2," Ham Radio, June 1988, page 39. Update," Ham Radio, July 1985, page 86. 
1989, page 48. 4. Joe Reisert, WlJR, "VHFIUHF World-Microwave 6. Joe Reisert, WlJR, "VHFIUHF World-More Loose 
2. Joe Reisert. WlJR, "VHF/UHF World-Optimized 2- and Millimeter-wave Propagation, Part 2," Ham Radio, Ends," Ham Radio. September 1988, page 53. 
and 6-Meter Yagis," Ham Radio, May 1987, page 92. August 1986, page 69. Article E HAM RADIO 
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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 thls durably bullt, feature packed MB-V-A Antenna Get correct easy to read measurements of PEP for SSB. 
tuner You'll f ~ n d  operat~ng conveniences that make antenna AM,and Pulse along wlth full tlmecompletely automatic 
tunlng a snap and value engineered to do the lob over w~de SWR d~splay wtth t h~s  unique Power Monltor System 
operatlng ranges Compare qualtty. features and the NYE Two models to choose from The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY lnd~catton and The RFM-005 for 5KW 

CHECK THE FEATURES: 
PI Network Low Pass PI Network tuning 1 8-30 MH7 Heavy duty s~lver plated 
conttnuot~sly var~able ~nductor w ~ t h  25 1 vernler dial 7000 volt varlable 
capac~tor and 10 OOOv swltch selected f~xed capacitors on output s~de Tunes 
40 2000 ohms loads Good Harmon~c suppresslonl . AMomatlc SWR Hands free metering of SWR No reset or callbratlon needed 
Separate power meter-300 Or 3000 Is automatlcally switched Easy 
read 2 5 recessed and back l~ghted taut band meters 

Antenna Switch ~USII-BUTTON antenna swltchlng 10 (4) antennas (2 coax 
slnqle wlre and twln lead) Coax bypassed on llrst coax output We des~gned 
this swltch to take the power Rated at lOKV and 20 amps 

3 KW Balun Tr~fler wound tr~ple core torro~d glves balanced output to twln 
feeder from 200 to 1000 ohms and unbalanced output down to 20 ohms 

Maximum Power Transler Match your transmitter output lmpedence to almost 
any antenna System lor maxlmum power transfer Ampl~l~ersonly run atthelr 
des~gned 0 when properly matched 

Model Optlans MB-IV-A1 lncludes all MB V-A leatures less antenna swltch and 
balun MR IV-A2 IS ~dent~cal to MB IV-A1 w ~ t h  the add~t~on of a tr~ple core 
bal l~n 

1.8 MHz will not tune on some antennas 

13) Modes - Peak Average and Peak and Hold w ~ t h  a unlque non-drlft Sample& 
Hold Analog memory clrcult 

121 Ranges - Automal~cally sw~tched power scales to 5 KW 

hIf0mallc SWR - Full time meter d~splays ratlos directly without drift 

Bullt in ALO - Protect your ampllfler tube Investment w ~ t h  t h~s  fast actlng 
lockout 

Remole Couplers - SIX feet remotes the interchangeable callbraled couplers 

True RMS Converslon - H F couplers use forward b~ased full wave detectton 

Rugqed Conslruction - Heavy gauqe alumlnum conslructton Top qual~ty glass 
epoxy PCB Tlits meter IS bull! to last 

Accuracy - Guaranteed to + 5'0 F S 

Warranty - TWO FULL YEARS 

Added Features - Swltchable reverse power all mode meter~ng - Full status 
LED D~splay - Adlustable ALO IS swltchable SWRIREFL power - Heavy 
duty Nlcad batteries charged by the appl~ed RF for the held and a charger 
IS suppl~ed lor last charglng and backllqhtlng 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. 

m 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 Communications 
RRL Electronics Ham Station 
r f enterprises 

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



Crank-up tower cable When I set up my new crank-up tow- 

guides er, I installed the cable guides shown 
in photo A and fig. 1. Phil Malmberg, 
~ 4 ~ 0 0 ,  of cocoa Beach, ~lorida 
desianed the guides. He has used 

r "I f i,il them successfully on his 60-foot crank - up for years. The guides control the - 
motion of the cables from the rotator - and antennas. They prevent excess 
sway in the wind when the tower is 
cranked up and help make a neat pile 

rq at the foot of the tower when it's 
cranked down. Use two guides on the 
bottom tower section and one at the 

One of the cable guides installed on my top of each movable section. 
tower. George Wilson, WlOLP 

,- I  I / 2 .  PIPE 

S S  HOSE CLAMPS 2 1  

.THIS TEE SHOULD BE A CLOSE F IT  
FOR TOWER LEGS CUT STRAIGHT PBC PLASTIC 
SECTION IN H A L F A S  SHOWN EXCEPT WHERE 

AS NECESSARY 
TO H l V E  W E  GUIDES CENTERED BENEATH 
EACH TOWER (ADJUST  11 /2 'P lPE  LENGTH1  I 

Simple inexpensive 
check for voltmeter 
accuracy 
Do you have an old voltmeter that 
you'd like to check for accuracy or 
recalibrate? This can present problems 
if you don't have a standard cell or 
access to some other sophisticated 
test gear. Here's a simple inexpensive 
solution built around a Precision 
Monolithics REF 43F voltage reference 
IC.* (see fig. 1) 

Schematic of a simple, high-accuracy vol- 
tage source. 

The 43F is guaranteed to have a 
maximum error of 0.06 percent from 
its normal 2.50-volt reference point 
(i.e., between 2.4985 to 2.5015 volts). 
It will operate with a DC voltage source 
between + 4.5 and + 40 volts and sup- 
ply a minimum of 10 mA into a load. 
The quiescent supply current at no 
load is 450 PA, maximum. 

These characteristics indicate that 
the 43F can be run from a battery or 
power supply source, and that a pre- 
cision voltage divider can be used to 
supply an output of less than 2.5 volts. 

It's probably a good idea to put the 
unit in a small box to reduce the ther- 
mocouple effects on the leads and to 
prevent sudden temperature changes. 
'The REF 43F is available from: Allied Electronics, 401 
E. 8th Street, Fon Wonh. Texas 76102. Ed. 

Arthur L. Bachelor, M.D. 
Article F Details for assembling and installing the cable guides. 
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Choice Selection. 
Now you can have it all! all the qualities you've come d ~ n d  on in TS-32P CTfX5 ENCODER-DECODER h .  on the time p m  
our p-l?able ClC% tone e q u ~ ~ t ' f ~ n t :  Astonishing Accuracy Instant 7332. the industry .stadd for over a decade. The TS-32P gives )nu 
Pmgtammilg. Unequaled Reliability and add full .spectrum tone versatility the added versatility of a custom, changeable memory haw. A low price 
mulWone capability without diodes. a n~mgramrnable memory.. . W our new of $57.95 makes it an m n  w ~ t e r  deal. 
h;uvest of tone equipment SS-:12P ENCODER Based on the equallv popular 

The choice k yours! If .stadad Cl'CS!3 Em tones do not S:Y2 encoder. Available for CTCSS, or audible burst 
suit your Me, select any 32 tones of your liking from 15.OHz to tones up to fi550.0Hz. ILlice is $28.95. 

255.OHz. And if p u  change your mind, no pn)blem: the mem SS-:I'LSMP SI'R-MW1ATI:RE ENCODER Our 
ory can be changed in your shop with our HHPl pmgmmmer, smallest encoder for handheld applications. Now ycx~ 
or at our factory for free. Ybur working tone is accewd by a can .satisfy that cudomrr that nceds to access multi- 

simple C)IP switch, so thd no fussing with counten or other ple lrpeater sites with a d i o  that has precious little 

test equipment space inside. At f'27.95, the price is small too. 

Call today t o l k  and find out more ahout this fresh new flex& HHP-I l1ANDHELI) I'ROGRAMMER For 

b i i  in tone sgnalling and don't fo@et to ask about multi-tone 
pmgmnming the 32 memory locations in my d 
our new pngrammable pmductc. includingour 

switchii Hnthout cumhersome diode networks or binary .switches. SDIOOI) 7ktr7hne Sequential decoder. The 
It! all b&t to market by the people who inhwiuce the h h -  tiH1'-1 is hatten, opentcul for field uce, and 

est ideas in tone signalling, and of course our customary . m e  day will program ANY 32 tones from 15.0 to 
sh ipl>i~ and one year wma~~ty  apply (i550.Ot-lz in .1Hz. increments. Price is 

$199.95. x: 
Cl7MMUNlCATIONS SPECIALISTS, INC. 

426 West Tift Avenue Orange, CA 9266542% 
lmaI(714) 9%-3021 FAX (714) 976.3420 Entire U.S.A. 1-800.854-0547 
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ICGW IC-900 

THE ULTIMATE VOu CAN OPERATE SIX BANDS 
150 W, ALL BAND WITH ONE CONTROLLERl 

HF TRANSCEIVER 
2 MTR 25145W. 440 MHz 10 MTR.  6 MTR. 

A Models 25W. 

C-27SA/27SH, 138-174 MHz 
C-475A/475H, 430-450 MHz Feb. 14th Oakland 

Feb. 11th Phoenix & San Diego 
Feb. 18th Burlingame & Anaheim 
Feb. 25th Atlanta & Van Nuys 

OM IC-R7000 

CALL FOR LOW, LOW PRICE 

A l  Mql KfiYHA 

Reader Service CHECK-OFF Page 1 10 / 122 February 1989 57 



April 28, LY, 3u, 1989 

7 Early ResewItion Information 
Qeneral Chairman, Bill McNabb, WD8SAY Asst. General Chairman, Ed Hillman, NBALN 

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

1989 Deadlines 
Award Nominations: March I 5 
Lodging: April 7 
Ucense Exams: March 26 
Advance Registmtion and banquet: 

USA - April 4 Canada - March 3 1 
Flea Market Space: 
Spaces will be allocated by the Harnventlon 
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 a t  gate. Vendors MUST order 
reglsVdtlon ticket when ordering flea market spaces. 

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

I 
I 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 a t  top of form, copy of present license and 
check for prevailing 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 & 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 surrounding areas of 
Dayton. Reservations for the surrounding area will 
then become the responsibility of the individual. 

HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc. 
---I,-I----I--------------------------_-_-,-_. 
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ANTENNA ARRAY 
PATTERNS 
WITH A PERSONAL COMPUTER 
By Dennis D. King, KC7MT, 2204 East 10225 South, Sandy, Utah 84092 

Program generates data of any parameter without reloading all of the array 
information. 

for tabular or 
graphic display 

have enjoyed many of the antenna articles 
presented in Ham Radio magazine, but a practical 
grasp of the basic dynamics of antenna patterns 

always remained elusive. "ARRAY" gives you hands- 
on experience in antenna array basics and ground 
effects. 

The computer program, written in BASIC for an 
IBM PC compatible, runs in Microsoft BASIC. Com- 
mands are generic and the program is easily modified 
to work with other BASIC interpreters. 

program description 
The operator loads in the currents, phase relation- 

ships, and spacings of any number of elements. The 
elements can be either omnidirectional or half-wave 
dipoles. If desired a perfect ground plane can be 
located parallel to the array. Next, the operator enters 
the distance to the ground plane as well as the an- 
tenna polarization. The resulting antenna pattern 
is then calculated and plotted in BASIC graphics on 
the screen. Two automatically scaled plots are avail- 
able - field strength, and a log plot showing 25 dB 
of the pattern. This flexible program can look at both 
the vertical and horizontal electric field patterns of a 
beam located a fixed distance above a ground plane. 
I t  is menu-oriented with continuous prompts. A par- 
ameter change section allows for quick substitutions 

Program speed varies with the number of elements 
chosen. Most plots take less than 30 seconds to cal- 
culate. The program was written to be compatible with 
IBM/Microsoft BASlC compilers; using a compiler can 
speed things up significantly. 

program construction 
"ARRAY" is divided into several subroutines that 

perform different functions. The array pattern is cal- 
culated in a subroutine at line 490. The program com- 
putes the field strength at each angle by summing the 
E-field generated by each element of the array. The 
E-field contains both amplitude and phase information. 
Figure 1 shows the geometry involved in calculating 
the field strength at a distant point P. 

As you see in the drawing, if P is far enough away, 
r, and r, are almost the same length. Since the signal 
strength varies slowly as a function of I /r, the rela- 
tive signal strengths at P are proportional to the cur- 
rents in the elements. 

Phase changes rapidly with r - 360 degrees (27r 
radians) for every wavelength P is from an element. 
However, at P we are concerned only with the rela- 
tive phase difference. Figure 1 shows that the path 
length difference to P between two elements is d cos 
($1. p is defined as the rate of phase change, where 
B = (27rlwavelength). The amount of phase differ- 
ence is therefore pdcos6. Now we must add one more 
factor - the phase difference between the original ele- 
ment currents ( a ) .  So the final equation for the phase 
difference between any two elements at point P is: 
phase difference = pdcos$ + a  where /3 = (27rl 
wavelength). 
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The geometry used with each element to calculate the 
field strength at point p. I 

I I 
I I I 

d d 
IMAGINARY IMAGE ANTENNA 

d 

Directed and reflected components from antenna ele- 
ments. The latter appears to original form elements 
within the ground. 

Three-element Yagi antenna pattern using omnidirec- 
tional elements. 

For each radiation angle the program determines the 
relative magnitude and phase of each element, adds 
up the total, and places the result in array E. Because 
you can't add magnitude and phase in polar notation, 
the E-field values are first converted to rectangular 
coordinates, added, then reconverted back to polar 
magnitude. 

Where elements are half-wave dipoles instead of 
omnidirectional elements, a factor is multiplied into 
each element to simulate the pattern and phase of di- 
pole elements. 

simulating ground effects 
A ground plane relects the downward directed 

energy from the elements. At point P there are two 
components from each element: the direct path sig- 
nal and the reflected path signal. Figure 2 illustrates 
this geometrical relationship. While a routine could be 
incorporated to add the magnitudes and phases of all 
the signals as in the original array calculations, there 
is an easier process that uses the concept of an 
image antenna and the method of antenna pattern 
multiplication. 

If an array at distance h above the ground is replaced 
with two identically driven arrays spaced 2h apart, the 
signals arriving at point P are the same in both cases. 
The second imaginary antenna is called the image 
antenna. 

Pattern multiplication is another method of anten- 
na analysis. All the elements of an array are replaced 
with a single point antenna having the array's pattern. 
The image antenna is also replaced by this single point 
antenna. There are now two antenna "elements" 
spaced vertically 2h apart. Calculate the pattern of 
these two omnidirectional elements using pattern mul- 
tiplication. Simply multiply the pattern of this two- 
element vertical array with the pattern of the original 
horizontal array to produce the overall antenna pat- 
tern. This method is rigorously correct and significantly 
reduces computation time. 

When an electromagnetic wave hits a perfectly con- 
ducting ground, the horizontal (or tangential) compo- 
nent of the E-field cannot exist (must equal zero). 
Consequently the reflected wave must have an equal 
value and opposite phase horizontal component to 
produce this "zero" result. In other words, in the 
reflection process the E-field phase is reversed by 180 
degrees - similar to an incident wave in a coax en- 
countering a short circuit. In a vertically polarized in- 
cident electromagnetic wave, the E-field is vertical and 
not shorted out by the conducting plane. The phase 
is not reversed upon reflection - similar to an inci- 
dent wave in a coax encountering an open circuit. 
Therefore, the polarization of incident signals signifi- 
cantly affects the phase of the reflected signal. To 
compensate for this, the program adds 180 degrees 
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1 3 Element linear array 

I Element magnitude phase(DEG) separation 
1 .662 0 n/a 
2 1 110.33 .15 

3 . 5  244.5 .1 

Array elements are omnidirectional. 
Step size for analysis is currently 1 degrees. 
Ground plane is 1 wavelengths below the array. 
Array elements are horizontally polarized. 

Do you want to change: 
E-element parameters 
G-toggle presence or absence of ground plane 
P-toggle polarization of elements 
H-change distance from array to ground plane 
D-toggle omnidirectional elements or 1/2 wave dipole elements 
S-change step size of analysis 
A-analyze 

Screen display of change menu. 

to the image antenna drive when the polarization is 
horizontal. 

The "ARRAY" program assumes that the ground 
plane is an ideal conductor. In practice this is never 
true. The reflectivity of the earth is a function of the 
local complex dielectric constant ( 6 )  for a given fre- 
quency. While it varies geographically, in general the 
lower the frequency the more ideal the earth appears. 
The reflectivity also varies with the incident angle. For 
horizontal polarization, the closer the angle is to the 
horizon, the closer the earth appears as an ideal con- 
ductor and the more accurate the program. Below 10 
degrees or so it is virtually always accurate. For verti- 
cal polarization, the higher the angle is above the 
horizon, the more accurate the program. Something 
strange happens with vertical polarization at low 
angles. A t  angles below 20 degrees or so, the phase 
of the vertically polarized reflected wave is actually 
shifted 180 degrees, just as one would expect with 
horizontal polarization! As the angle increases, the 
reflected signal phase quickly shifts 180 degrees back 
to nearly 0. Therefore, for low angles, it is actually 
more realistic to model real-world vertical polarization 
patterns by specifying horizontal polarization. This is 
one reason why it is so important for a vertically pola- 
rized antenna to have a good ground plane if you want 
significant signal energy gain at low angles. 

Even though the earth is not an ideal ground plane, 
the program is still useful in determining the location 
of peaks and nulls. In general, with the non-ideal earth, 
the location of the peaks and nulls will remain approx- 

I A log plot of the vertical pattern of the %element Yagi 
mounted 1 wavelength above a ground plane. 1 

imately correct but the amplitude of the peaks and 
depth of the nulls will be diminished. 

plotting 
Plotting routines are provided by lines 11 50 and 1630. 
They are polar plotters converting the angle and 
magnitude to x,y coordinates and plotting the results 
on the screen. Both contain auto-scaling. The field 
strength plot routine scales the field strenth amplitudes 
so that the highest level is 1.0. The log plotter logs 
the data and scales it so that the highest 25-dB range 
is plotted. 
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5-1 000 MHz PREAMPLIFIERS 
NF G P(1dB) $ 

WLA2lm 3dB 13dB 8dBm 57 
WLA22m 4 11 12 6 1 
WLA23m 4 23 12 87 
WLA24m 3 20 18 109 

430150MHZ CONVERTER 
RCX431 .15pV 20dB 99 

WlLAM TECHNOLOGY, Div. of 

WI-COMM ELECTRONICS INC. 
P.0 Box 5174, MASSENA. N Y. 13662 

(315) 769-8334 

ANTENNA MODELING 
. -. 

.,p'----C.* 
-#.-- 

* +e$-y ' I F  dr' 
.U # 

Easy to use w~th menus and optlonal mouse Enter 
parameters and get a color coded slnuso~dal prolectlon 

of a MW or SW antenna Move over the prolectlon 
wlth a mouse or cursor and read the galn at that polnt 

LONG WIRE PRO models long wires vee s dlpoles 
and rhomb~cs dlsplay~ng a s~nuso~dal prolecllon $40 

VERTICAL PRO models slngle verticals or arrays 
dlsplay~ng a s~nuso~dal prolectlon a ground wave plot 

and the Impedance of each element $80 

IBM PC compatible DOS 2 0 or h~gher 256K CGA or EGA 
color requ~red Ioternat~onal orders add $5 sh~pplng 

€PSIION CO 
Box '15 Trumbull CT 0661 1 (203) 261 7694 

r /  124 

Subscribe 
Today 

Call Toll Free 
(orders only) 

1 (800) 341-1522 
Have your credit card 

ready 
Ham Radio Magazine 

The "ARRAY" program. 
10 ....................................................................... 
20 ' I  .ARRAY. 1 

30 'I A linemr array mntennm pattern plotter I 
40 '1 by Dennis 0. King I 
50 ' 1  VERSION 1.0 11/87 I 
60 ..................................................................... 
70 'Mmin Program 
8 0  DIM E ( 3 6 1 ) , U N I T ( 3 6 1 ) . L ( 3 6 1 ) , M ( 2 5 ) , T H E T A ( 2 5 ) , 0 ( 2 5 )  
9 0  GOSUB 170 'Get input pmrmm-tors 
100 GOSUB 490 'Cmlculmte field mtrength 
110 GOSUB 3380 'Print main menu 
I20 AS=INKEYS:IF AS..' THEN 120 'Input menu choice 
130 P=VAL(AS) 
140 ON P GOSUB 1150.1630.2170.90.2740.2150 
150 GOT0 110 
160 ...................................................................... 
170 'Getting input parameterm 
180 CLS:INPUT.Hor mmny element. in thi. linear arraym;E 
190 CLS,PRINT.What i. the magnitude of element 1 current' 
200 PRINT.(I mmp im often convenient, it need only be relntive). 
210 INPUT H(1) 'M(7) define. the element currente 
220 FOR 5-2 TO E 
230 PR1NT.Yh.t'. the magnitude of element current . ; J ; '  rcl to element I?' 
240 INPUT M(J) 
250 PRINT.Whmt is the phame(in degl of element .;J;. rel. to element I?. 
260 INPUT THETA(J) 
270 PRINT.Hor many rmvelengthe from clement .;J;. to element .;J-l;.?' 
280 INPUT DtJ-1) 
290 NEXT J 
300 CLS:PRIHT:PRINT.Im each element:.:PRINTmO-omnidirectionml or;. 
310 PRINT'D-a hmlf rave dipolc' 
320 AS-INKEYSrIF AS='. THEN 320 
330 IF A91.o. OR AS-.Om THEN EL=O:GOTO 360 - - -  - 

340 IF AS=.dm OR AS-'D' THEN EL=I:GOTO 360 
350 GOT0 300 
360 CLS8INPUT'Whmt mtep size in degrees for the anmysis.;ST 
370 CLSIPRINT:INPUT.I~ there a ground plane beneath the array(Y/N).;AS 
380 IF AS='Y. OR AS*'y' THEH 400 
390 GP=O:EENO=36O:RETURN 'GP indicates existence of ground plane 
400 GP-L:EEND=I80 
410 INPUT-How many rmvelmgthe belor the array im the ground planc.;GPWL 
420 PRINT:PRINT.At-e the array elemente:.:PRINT'H-Horizont~lly polarized or;' 
430 PRINT'V-Vertically polarized?. 
440 A$=INKEYS:IF AS=.. THEN 440 
450 IF AS=.hm OR A9='Hm THEN POL=O:RETURN 
460 IF AS=.vU OR AS=.Vm THEN POL=I:RETURN 
470 GOT0 420 
480 ....................................................................... 
490 'Calculating field strength for emch degree of angle 
500 'Output ie E(0-359) 
510 C 1 9  --- --- 
520 FOR DEG=O TO EEND STEP ST 
530 LOCATE 12.25:PRINT.Working on .;DEG;' degree angle.' 
540 AHG=OEG/57.2975 'converts degrees to radians 
550 CO=COS(ANG) 
560 IF EL=I THEN SI=SINlANG-1.5708):IF ABS(SI)~.OOl THEN RT=O:GOTO 610 
570 that statement defined mintangle.90 degreee)for later 
580 :IF EL-1 THEN GOSUB 1090:RT=M(l)*HOIP:GOTO 610 
590 ' that statement defined the mag.of element pattern if dipole 
600 RT=M(I) 
610 IT=O:D=O 
620 FOR 1=2 TO E 

o=D-D(I-Il 630 
640 IF EL-1 AND ABS(SI)<.001 THEN MAG=O:GOTO 670 
650 IF EL=I THEN GOSUB 1090:MAG=HIll~HDIP:GOTO 670 

680 GOSUB 1010 'changing mag and phase to rectanguler 
690 RT=RT-REAL:IT=IT.IH 
700 NEXT I 
710 REAL=RT:IM=IT 
720 GOSUB 1060 'chanqing from rect back to polar 
730 E(DEG)=MAG 
740 NEXT DEG 
750 IF GP=l THEN GOSUB 780 'this does the ground plane calce 
760 RETURN 

................................................................. 770 ' - - - -  
780 'thls sub accommodates ground plane in field 
790 'generate image pattern 
800 MAG=l:IF POL=O THEN THETA=IEO 'account. for phaee of ref.due to polarity 
810 IF POL=I THEN THETASO 
820 FOR OEG=O TO 360 STEP ST 
830 CO=COS((DEG-90)/57,2975)'this rotatee pattern -90 deg 
nun D=Z.GPWL - .. - - 

850 LOCATE 12.22:PRIHT.Workxng on image pattern:;DEG;. degrees: 
860 R A G = I : T H E T = T H E T A + ~ . ~ ~ ~ . D D C O - ~ ~ . Z ~ ~ ~  
670 GOSUB 1010 'polar to rect 
880 RT=l+REAL:IT=IM 
870 REAL=RT:IM=IT 
900 GOSUB 1060 'changing rect to polar 
910 UNITcOEGl=HAG 
920 NEXT DEG 
930 're nor have lmaqe pattern 
940 'mult~plylng Image and array patterns 
950 FOR DEG=O TO EENO STEP ST 
960 E(OEG)=E(OEG)-UNIT(0EG) 
970 NEXT DEG 
980 RETURN 
990 ....................................................................... 
1000 'chang~ng polar coordinates HAG AND THET to rectangular REAL AND IR 
1010 REAL=HAG-COSITHET/57.2975) 
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I020 IH-HAG-SIN(TNET157.29751 
1030 RETURN 
1040 ....................................................................... 
1050 'change. rectangular coordinate. REAL AND IM to mmgnitude HAG 
1060 HAG.(REALa2~IH'21L.5 'changrr rectangular to magnitudr 
1070 RETURN 
1080 , . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1090 'this nub returns a valur NDIP which is thr gain factor of dipolr olrlrnt 
1100 HDIP=~ICOS(1.57-COS(ANG*1.5708IlI/SI~ 
1110 RETURN 
1120 ....................................................................... 
1130 ' 
1140 e...................... ................................................ 
1150 'plotting field otrrngth data 
1160 SCREEN 2:CLS 
1170 CIRCLE ~320,1001,239 
1180 CIRCLE 1320. 1001, 192 
1190 CIRCLE (320, 100). 144 
1200 CIRCLE (320. 1001.96 
1210 CIRCLE (320.1001.48 
1220 LINE (80, 1001-(560, 100) 
1230 LOCATE 23.I:PRINT.mhft-PrtSc for plot. 
1240 LOCATE 3.2:PRINT.Pu.h any key' 
1250 LOCATE 4.2:PRINT-To continue. 
1260 LINE (320.0)-(320,2001 

r 1270 LOCATE 13.72:PRINT.O deg. 
1280 LOCATE 12.10 :PRINT.l- 
1290 LOCATE 12, 15:PRINT ..8. 
1300 LOCATE 12.21:PRINT'. 6.  
1310 LOCATE 12, 27:PRINTV. 4. 
1320 LOCATE 12, 33:PRINTS. 2. 
1330 LOCATE 1.2:PRINT~Rrlati~r Firld Strength. 
1340 LOCATE 13.3: PRINT'180 dog. . 
1350 GOSUB 1470 'mxzing data. finding nin and -ax 
1360 SCALE-l1nAX 'scale factor to make max-1 
1370 Xl=320:Y1=100 
1380 FOR OEG-0 TO EEND STEP ST 
1390 H=SCALE.E(OEGI:A.DEG 
1400 GOSUB 1550 
1410 LINE tXl.YII-tX,Yl 'drswa linen between xl yl point- 
1420 XI=X:YI-Y 
1430 NEXT DEG 
1440 A*-1NKEYS:IF AS... THEN 1440 
1450 RETURN 
1460 ...................................................................... 
1470 'thio sub mizcs the data, find. min and max 
I480 HIN=10000001:HAX=-10000001 
1490 FOR DEG-0 TO EENO STEP ST 
1500 IF HAX<EIDEG) THEN HAX=E(OEGI 
1510 IF MINWELDEG) THEN HIN=E(DEG) 
1520 NEXT DEG 
1530 RETURN 
1540 ...................................................................... 
1550 'thin nub return. x.y coordinates for unit plot 
1560 'given input. of magnitude H and angle A in degrrre 
1570 X = 3 2 0 - 2 4 0 . H - C O S ( A / 5 7 . 2 9 7 5 )  
1580 Y=100-100-H-S1NIA/57.2975~ 
1590 RETURN 
1600 ...................................................................... 
1610 ' 
1620 ...................................................................... 
1630 'Plotting in d8 the higheat 25 db of mmgnitud- dmtm 
1640 GOSUB 1990 'logging data 
1650 GOSUB 2080 'determinee scale 
1660 SCREEN 2:CLS 
1670 CIRCLE (320,1001,239 
1680 CIRCLE (320,100). 192 
1690 CIRCLE (320, 1001, 144 
1700 CIRCLE (320. 1001.96 
1710 CIRCLE (320. 100). 48 
1720 L I N E  ? ~ O . I O O I - I ~ ~ O .  loo) 
1730 LOCATE 23,I:PRINT'shft-PrtSc for plot' 
1740 LOCATE 5.2:PRINT.Push any key' 
1750 LOCATE 6.2:PRINTnTo continue* 
1760 LINE (320.0)-(320.200) 
1770 LOCATE 13.72:PRINT.O deg. 
1780 LOCATE 12.10 :PRINT OUTRING 
1790 LOCATE 12.IS:PRINT OUTRING-5 
I800 LOCATE 12.21:PRINT OUTRING-10 
1810 LOCATE 12.27:PRINT OUTRING-15 
I020 LOCATE 12.33:PRINT OUTRING-20 
1830 LOCATE 1.2:PRINT.Fleld Strength in db ' 
1840 LOCATE 2.2:PRINT.Rel to 1 element- 
1050 LOCATE 3,2:PRINTWAt 1 amp' 
IH60 LOCATE 13, 3:PRINTa180 deg. ' 
1870 SCALEil125 
1800 X1=32O:Y1=100 
1090 FOR DEG=O TO EEND STEP ST 
lqO0 M=SCALE.((L(OEG)-OUTRING-251):ArDEG 'this scales data 
lolo IF n<o THEN n=o 
1920 GOSUB 1550 
1930 LINE (X1,YII-(X,Y) 
1940 Xl=X:Yl=Y 
1950 NEXT OEG 
1960 AS=INKEYS:IF AS=.' THEN 1440 
1Q70 RETURN 
1"RO ....................................................................... 
1990 'thzs sub changes the data to db'e re1 to nlngle element 
2000 HIN=lOO000O!:HAX=-1000000! 
2ClO FOR DEGzO TO EEND STEP ST 
ZC.20 IF E(OEG)=O THEN LlDEG)=-lO0:GOTO 2040 
ZC 30 L(DEGl=8.68b.LOG(EIDEG)) 

CALL FOR ORDERS 
1 (800) 231-3057 
1-71 3-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1-713-771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 

Nrw Icom IC 781 t 1 1 1 1  

Krnwood THPISA TH7541 l r  t i 1  , 1 11i1 
75440 SIAT C 111 

I : : :  Call lor trade 
Call 

IS 7 W A  St.. . ". 
1 ?CtI7@181 I , ,  :~:.11 1 1 1 .  1 , 1 1 1  

ICOM 27HHn T TM 449 00 
lcnrr~ 76 l 2.100 00 
Exlrtn;~l rol;~y t ~ o x  
Sl)r(:cly Rildn anrl Afnl,'; Call 
tirll R M  10 Ronrn Mtkr w8rrrt 8 oln 69 00 
HFIL H M 5  D r ~ k  Mrkr 61 00 
NYE MR5A Tt~nrr 569 00 
Alnha L)rlla Trans8lrd0 HV :I3 00 
CSI Fr~v,lIr P;llrn IV 4tiC1 00 
Amrrn PT 3 Prp Am11 11'1 00 

L ;lrvn ? mr.l+.r on qlav. 454 95 
Ar>l~~:rt?M 'IIR M;IO Mr,<,ttI Crrml) ;"> 00 
Vari Gor~ion GSRV 44 00 
Rtr1143. r~lrrimnlsIrl~x:k C;111 

T ho~rrarwls ol p;1r16'1 ti~clrrs 3 95 IJII CA1.L 
R(9ldrn QY 13 H?(i7. R? I4 Slot'h C;III 
NPW lrr~ lrc 0rnr1, V L I X  f 1 r 1  ~~xlr;~or(i~~latrc I H115 00 
MICA Cay~.lc~lnrs C.41 
Aftsln S W R  R r l d q ~  3 30 MHI 19 q5 
83ISP lJL759 S,lvcrpl;llr iArn111>6~r101) I 50 
H? 61 N M,IIP (Arnplle!!c,l) 3 50 
H? ?07 1006 N M:~lr (991 1)  3 50 
Dotrhlr Fvrnnlr LIHF 1 00 
UG 1 76 RGRX (!.$rh 40 
Surplirs rltmw PL250 50739 r.,rcti $1 
tir*cr~v~r~q I~llws 50 90"0 nll II,,I vrlcc C.111 
Sarilcc Boom M~ke/tieadssl (ills ICOM) 70 00 
Rrrliti SA 75G 67 (($7 ~ns~clr nrrlil mch i?S 00 

USED EOUlPMENT 
All t.rlrq>rrc,ril c.~.~d clr.in wit11 90 day wafranly .ind 30 
il,%y tr4,nl S .  rnnrltils ltt11 Ifad? iirlAlnsl rlrw equ$nn>n:ll S;dr, 
prlrrt rrlun(1~d 1 rlnt snlisf.~i) 

IROVI 23 1 305i 

Don's Corner: 
u<r 8 1  <>f 1na;c >!I 

Our nrw W A R C  bandsarr lar lroni lully occuored It we don 1 
c)rl(~r~llirsI~ck ;ln(l k w p  Illrrri acl~vr olher Irllerssls ar*oo~ntl 
Ir)l~rl~l~orl Ihc FCC lormllt,( al(,Ilrt~ml Wti.~l IS 11 qolnqto 
S[,r~nrl 1.; III<I arotind ltlr roris.r Slarl I?lann&nq yorrr nnlerlna 
~rn,rrls now! Call ~orl;~y an<lor(trr your rrewanlrnnas;~r~dhard 
w m r  M;i(ison $5 your orv. sin:> l\.~n, su~rrmarkrl 

POLICIES 
M8r!lrrui:~ ord~r 910 00 M.lrlrrcard VISA or C O D All Drlrm 
I OH Hotalon Prcel>l asnol~l Pflrm subpctloctlanqe wllholll 
rml~ce II~mSs~b~lIoprmr5alr C;~Ilanyl~meloche~kIhe~IaI~s 
01 your order Trxas rf?sidmls ado wlrs lax All ilcrns hrll lac 
lory warranty plus Mad~snn wnrranly 
Blrd and Belden oroducts in stock. Call todav. 
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MAKE CIRCUIT BOARDS 
THE NEW, - EASY WAY 

-? . 
WITH TEC-200 FILM 

JUST 3 EASY STEPS: 
Copy clrcutt on TEC-200 ftlm ustng 
any platn paper copter 
Iron f~lm on to copper clad board 
Peel off ftlm and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 

add $1 25 postage - NY res add sates lax 

The MEADOWLAKE Corp. 
DEPT. M, P.O. Box 497 

Northport, New York 11 768 

MODEL 
144.2P 
144-4P 
220.2P 
220-4P 
430.2P 
430-4P 
902.2P 
902.4P 
1298.2P 
1296-4P 

CONFIG. 
12 ports1 
(4 ports1 
(2 portst 
14 Pons) 
12 ppnsl 
14 POrtSl 
12 pons1 
I4 P O W  
12 ports1 
(4 ports1 

LHIPPINO 

i i l  , I  I",. ' ! 1 1 , 1 <  ... IIIIIvII~~... It,,. 

I,,.>, w,,y I , ,  I,.,.<, ,,? ,,ha-.$. . ' .!nd 4 
anl~nn.5 array. 11, nl.aitnwt. w-!..rn 
pam and at wmt.  ~emr. re(l<~e 
losses loa mlrltrnunl Covettncj 144 
lhfu 1296 MH! lh~s~er~esol VHFI 
LJHF powerd1vod~rsaleprem4er RF 
devocezdestqned lor n long rrrvtce 
IhIe ~ 8 t h  low SWR and broad ow 
eraltnp bsndwldth 
Exlluded alurnlnUm body wllh a 

uulnbleensrnelIln4sh onaddlt~onto 
S I I I C O ~  scaling al cOnnRlor llanges 
rcrulls ~n a ruggedared unll lor all 
array nnslallol>onb Avntlsnle ~8th 
~-lype connectors only. Ihese 
unlls are uncondtl~onallr guaran- 
lepd for 2 years 

PRICE 
$51 W 
$61 W 
553 00 
ShO 00 

NOT INCLUDE0 

STRIDSBERG ENGINEERING, CO. 
P O  801 7973 Shreveport . LA 71 107 USA 

Phone (3181 865-0523 a 

f l  128 
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2040 IF MAX<L(DEGI THEN MAX=LtDEG) 
2050 IF MIN>L(DEGI THEN MIN-LIDEG) 
2060 NEXT DEG 
2070 ....................................................................... 
2080 'thle sub determines the scale 
2090 OUTRING=5.INTlMAX15)-5 'outrxng re the nearest 5db increment 
2100 CENT=OUTRING-25 
2110 RETURN 
2120 '.. .................................................................... 
2130 ' 
2140 ' + ~ . ~ . . . . ~ . ~ . . . ~ ~ . . ~ ~ . ~ * . . . . . . ~ . . ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
2150 SYSTEM 'sends executiom back to doe 
2160 '.........-....*............................-..--.......-.-...--......- 
2170 'printing out data 
2180 CLS:GOSUB 1990 'logging data 
2190 PRINTmDo you rant to:.:PRINT' 5-print on ecrren.: 
2200 PRINT' P-print out on prrnter. 
2210 PRINT. 0-quit' 
2220 AS=INKEYS:IF AS=.. THEN 2220 
2230 IF As='e' OR AS=.SS THEN GOSUB 2460 
2240 IF A9=.pm OR A9i.P' THEN GOSUB 2580 

2250 IF AS='qS OR AS='O. THEN RETURN 
2260 GOT0 2170 
2270 ' - - - - - - - - - - -  ....................................................... 
2280 'this mub prints the parameters on the ecreen 
2290 PR1NT:PRINT E;. Element llnear arr.y.:PRINT 
2300 PRINT.Element magnitude phase(DEG) separation. 
2310 PRINT. l',Mcll.' 0 nla 
2320 FOR Is2 TO E 
2330 PRINT I.M(I).THETAlI),D(I-11 
2340 NEXT I 
2350 PRINT 
2360 IF EL=O THEN PRINT'Array elements are omnidirectional.. 
2370 IF EL-I THEN PRINT-Array elements have 112 rave dipole pattern.. 
2380 PRINTmStep eize for analysis is currently .;ST;. degrees.. 
2390 IF GP=1 THEN 2410 
2400 RETURN 
2410 PRINT'Ground plane is ";GPWL;. ravelength. below the array.. 
2420 IF POL=O THEN PRINTWArray elements .re horizontally polmrized: 
2430 IF POL=l THEN PRINTmArray elements are vertically polarized.' 
2440 RETURN 
2450 ' - - -  ................................................................... 
2460 CLS'printing out on screen 
2470 GOSUB 2280 'print- out parametere 
2480 PRINT:PRINT.ANGLE FS(VOLTS1 REL GAIN TO I ELEMENT(0BI 
2490 PRINT 
2500 FOR DEG=O TO EEND STEP ST 
2510 PRINT DEG,E(DEG);TAD(311 L(DEG) 
2520 NEXT DEG 
2530 PRINTmHit any key to continue' 
2540 BS.INKEY9:IF BS='. THEN 2540 
2550 RETURN 
2560 ' - - -  ................................................................... 
2570 'printing out on printer 
2580 CLS:PRINT.Sending to printer. 
2590 LPRINT E;' Element linear array.:PRINT 
2600 LPRINT.Element magnitude phase separmtion' 
2610 LPRINT. 1 1 0 NIA. 
2620 FOR 1-2 TO E 
2630 LPRINT E,MfI),THETA(I~.D(I-1) 
2640 NEXT I 
2650 LPRINT:LPRINT.ANGLE FS(V0LTS) REL GAIN TO 1 ELEMENTtDB) 
2660 LPRINT 
2670 FOR DEG=O TO EEND STEP ST 
2680 LPRINT DEG,E(DEGI;TAB(31) LtDEG) 
2690 NEXT DEG 
2700 RETURN 
2710 '...................................................................... 
2720 ' 
2730 ....................................................................... 
2740 'change parameters 
2750 GOSUB 2280 'prlnte out current parameters 
2760 PRINT:PRINT.Do you rant to change:. 
2770 PR1NT.E-element parameterem 
2780 PRINTmG-toggle preeence or absence of ground plane 
2790 PR1NT.P-toggle polarization of elements 
2800 PR1NT.H-change distance from array to ground plane 
2810 PR1NT.D-togqle omnldlrectional elemcnte or 1/2 rave dipole elementsw 
2820 PRINT'S-change etep eize of analysism 
2830 PR1NT.A-analyze. 
2840 AS=INKEYS:IF AS=.. THEN 2840 
2850 IF A5='em OR AS='E. THEN GOSUB 2990 
2860 IF AS='gm OR AS=.Gm THEN GOSUB 3160 
2870 IF AS=.pm OR A9='P. THEN GOSUB 3210 
2880 IF *S=.hm OR AS=*Hm THEN GOSUB 3260 
2890 IF AS=.a' OR A9=.Am THEN CLS:GOTO 100 
2900 IF AS=.dS OR AS=-Dm THEN GOSUB 3310 
2910 IF AS="sm OR A9=.Sm THEN GOSUB 2940 
2920 CLS:GOTO 2750 
2930 ' ..................................................................... 
2940 'changes etep eize of analysis 
2950 CLS:PRINT'Step size ie currently ';ST; "degree*: 
2960 INPUT-What new step slze in degreeem;ST 
2970 RETURN zge0 '..................................................................... 
2990 'changes element paremetere 
3000 CLS:INPUT.Whxch element to changem;R 
3010 CLS:PRINT:PRINT.element magnitude phsee(deg1 separation' 
3020 PRINT R,HlR).THETAIR).DfR-1) 
3030 PRINT 
3040 PRINTWDo you rant to change:" 
3050 PRINTsH-magnitude. 
3060 PR1NT.P-phaee':PRINT7S-separation i n  wavelengths. 



AL-80A LINEAR AMPLIFIER 

The Amer~tron AL-BOA comblnes h e  econom~cal 3 -5002  wlth a 

Sue 15%'D x 14"W x 8"H Wgt 52 Ibs 

AL-1200 LINEAR AMPLIFIER 
3CXl200 TUBE 

Full legal output w~th 100 watts drlve 

AL-1500 LINEAR AMPLIFIER 
8877 TUBE 

Full legal output w~th 65 watts drlve 

The cool~ng system In both ampllf~ers keeps the 
tube safely below the manufacturers rat~ngs even 
when operating at 1500 watts output w~th a steady 
correr The fllament supply has Inrush current ltmrtrng 
to Insure moxlmum tube l~fe 

S~ze 18% 'D x 17 'W x 10' H Wgt 77 Ibs 

ATR-15 TUNER 
The AmerHron ATR-15 IS a 
1500 watt T network tuner 
that covers 18 through 3 0  MHz 
In 10 ded~cated bonds Handles 
full legal power on all amateur 
bands above 18 MHz 

The AL-84 IS an excellent back up portable or 
A peak read~ng wattmeter and SWR bridge IS standard In the 
ATR 15 It accurately reads envelope powers up to 2KW 

APPLICATIONS 

No control cable requ~red Selects up to flve antennas 
Selects one of four antennas Loss at 150 MHz: less than 1 dB 
VSWR: under 1 1  to 1 from 18 to VSWR: under 12 to 1 DC to 250 

Impedance: 5 0  ohms 
Power capability: 5 kW below 

avcroge 2 5 0 0  watts PEP 3 0  MHz 1 kW at 150 MHz 
moxlmum 

Available at your dealer. Send for a catalog of the complete AMERITRON Ilne. 



3070 PR1NT.F-flnlshed- 
3080 AS=INKEYS:IF AS=.' THEN 3080 
3090 IF AS="m" OR A9=.n" THEN 1NPUT"What ze new magnltude";M(RI:GOTO 3010 
3100 IF AS="p' OR AS="PR THEN INPUTnWhat new phase(in deg)";THETA(R):GOTO 3010 
3110 IF AS="s" OR AS="Sm THEN 1NPUT"What new s e p a r . ( ~ n  rvlthe)";D(R-1):GOTO 3010 
3120 IF A9z.f" OR AS='FV THEN RETURN 
3130 GOT0 3010 
3140 RETURN 
3150 ' ..................................................................... 
3160 'toggles presence of ground plane 
3170 IF GP.1 THEN GP=O:EEND=3bO:RETURN 
3180 IF GP=O THEN GP=l:EEND=180:RETURN 
3190 RETURN 
3200 ' -  .................................................................... 
3210 'toggles p o l a r l z a t ~ o n  of elements 
3220 IF POL=O THEN POL=l:RETURN 
3230 IF POL=l THEN POL=O:RETURN 
3240 RETURN 
3250 ' ..................................................................... 
3260 'changes dretance from ground 
3270 PRINT 
3280 1NPUT"What re new dimtance from a r r a y  t o  ground in wsve1engths";GPWL 
3290 RETURN 
3300 '...........-.................-.-..........-.--.........-.-...-.-..... 
3310 'toggles omnl or dlpole element patterns 
3320 IF EL.1 THEN EL=O:RETURN 
3330 IF E L = O  THEN EL=l:RETURN 
3340 RETURN 
3350 ' ..................................................................... 
3360 ' 
3370 '.*.++r*+.....*.r+r+r+...r.r.....*.e.*...*...*.....-.*.*.*....*......*.*.. 

3380 'Thls sub prlnte the maln menu 
3390 CLS:PRINT"Do you want to :":PRINTn 1-plot field strength data" 
3400 PRINT " 2-plot data in db" 
3410 PRINT " 3-print out data":PRINTm 4-atsrt over. 
3420 PRINT" 5-Change Paramete-?":PRINTm 6-quit" 
3430 RETURN 
3440 ' . * . - r * . r - . . + + * r . . ~ . ~ . ~ ~ . ~ ~ . . ~ . ~ . . - . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

printing 
The calculated patterns can be displayed on the screen or sent to a printer. 

The output contains each data point in both field strength and dB. 

changing parameters 
The change parameters routine, located at line 2740, is most worthwhile fea- 

ture of "ARRAY". It allows the operator to change any of the antenna parameters 
easily and analyze the new data quickly. 

BASIC compatibility 
These are the only non-generic basic statements used: "Screen 2", which 

places Microsoft BASIC in high resolution graphics mode; "LINE", which draws 
lines between two screen coordinates; and "CIRCLE", which draws a circle of 
a given radius at a designated screen location. The plot routines are written around 
standard IBM graphics providing a resolution of 640 by 200. These commands 
should be easily adaptable for noncompatible forms of BASIC. The circles rou- 
tine is not essential. 

example 
There have been some great articles in Ham Radio on Yagi antennas. While 

somewhat difficult, it is possible to derive the driven and induced currents in 
a Yagi array. Walter Schulz2 described a three-element Yagi and calculated the 
element currents. Since the log plotter in the program uses 1 A in one element 
as a reference for 0 dB, the element currents are scaled so that the driver cur- 
rent is l A. The values for this three-element Yagi are: 

Element Current Rel Phase Separation in 
wavelengths 

1 0.662 0 N I A  
2 1 .O 110.33 .I5 
3 0.5 244.5 .I 

The program can first look at the vertical (from the side) field strength pattern 

in free space. Omnidirectional ele- 
ments are used because each dipole 
element appears omnidirectional from 
the side of the Yagi. 

Figure 3 is the resulting field 
strength plot. An ideal ground plane 
can now be added. Assume the Yagi 
is horizontally polarized and mounted 
1 wavelength off the ground. (This is 
equivalent to 65 feet for a 20-meter 
beam.) 

Figure 4 is the menu displayed for 
adding the ground plane and associat- 
ed parameters. 

Figure 5 shows the resulting field 
strength plotted with the log plot rou- 
tine. On the plot, 0 dB is the field 
strength that one element in free space 
would have with the same drive cur- 
rent of l A. On 20 meters the Yagi's 
primary lobe fires upward about 14 
degrees. 

conclusion 
The "ARRAY" program, fig. 6, was 

primarily developed as an educational 
tool and will help anyone with a per- 
sonal computer gain insight into anten- 
nas and resulting patterns. I'd be 
interested in receiving any comments, 
corrections to the program, or sugges- 
tions on possible improvements. 

A written copy with comments and 
a 5-1/4 inch MS-DOS DSDD floppy 
containing the program is available 
from the author for $15.00. 

reference 
1. Walter Schulz, Jr., "Key to 3-Element Yagi Design," 
Ham Radio, March 19W. pages 48-51. 
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Building a currant hem radio project7 Call the 

Short Circuit Hotline any time between 9 A M  and 
Noon, or 1 to 3 PM - Eastern time - before you 
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changes or corrections that should be made to the 
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details.) 
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DATA RADIO SYSTEM FOR 
PACKET 
By Fred B. Cupp, W2DUC, 27 Crescent Road, Fairport, New York 14450 

T echniques, equipment, and software for Ama- 
teur Packet Radio evolved in response to the 
medium's emerging needs. In packet's early 

days, the development of a dedicated controller, or 
TNC, presented a major stumbling block. Once this 
problem was overcome, the TNC was used with conven- 
tional 2-meter FM radios and telephone-type 1200-baud 
modems to get stations on the air and communicating. 

The Packet Bulletin Board System, or BBS, was the 
next innovation. The W0RLI operating system, devel- 
oped for the Xerox 820 computer board, has set a "de 
facto" standard for BBS software running on other 
machines - usually an IBM PC or clone. These BBS's 
have made mail forwarding on VHF a practical reality. 
They serve as local information centers and Amateur 
electronic mail networks. 

Now there's interest in the formation of true electronic 
networks which will use intelligent node controllers to 
handle the traffic between distant stations automati- 
cally. There are still many questions to be answered, but 
at least three distinct groups are working on particular 
networking methods. But in the midst of all thisactivity, 
there's one item which seems to have been overlooked. 

Dedicated high-speed radio links will be needed for 
network support, no matter what protocol finally 
emerges as thestandard. There have been several com- 
plete radio modems advertised in ham magazines 
recently, but the cost of these units is rather steep com- 
pared to what we pay for the rest of our packet gear. In 
search of a low-cost alternative, N2AMK and I began 
experimenting with high-speed packet in the spring of 
1987. Here are the methods and equipment we tried for 
running 9600 baud on 220 MHz using modified commer- 
cially available equipment. 

One of the ways used to encode digital data on an R F 
carrier, Audio Frequency Shift keying (AFSKI, is rather 
wasteful of bandwidth. Audio Phase Shift Keying 
(APSK) is better, but still isn't the ultimate. Current liter- 
ature indicates that direct frequency modulation of the 
carrier by a digital signal is the most efficient method, 
especially in the presence of noise as the signal gets 
weaker. 

To reduce the bandwidth of the transmission, you can 
filter the digital signal to limit thespectrum without sig- 
nificantly reducing the effectiveness of the received sig- 
nal. Actually, this may be considered "rate-limited fre- 
quency shift keying." The trick is in the receiving end, 
where it's necessary to establish references for decod- 
ing the digital signal and regenerating the original TTL 
level signals. 

For more information read "The TEXNET Packet 
Switching Network-part 2," published in Ham Radio, 
April 1987. Another good reference is the paper by Steve 
Goode, KSNG, in the fourth ARRL networking confer- 
ence book. These articles provide good background on 
digital transmission and the problem of envelope or 
group delay. We've also included our own "Layman's 
Guide to Data Transmission" at the end of this article. 

Group delay is also called "frequencylphase non- 
linearity.'' Simply stated, digital signals are comprised 
of a variety of frequencies depending on the number of 
"ones" and "zeros" in the data stream. If the higherfre- 
quencies pass through the system with different time 
delays than the lower frequencies, the clock recovery 
and the decoding of the bit stream will be poor. There 
are two possible methods of correction. 

The first method (used in TEXNET) is to insert 
frequency-variable time-delay circuits in the receiver 
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W?? Max 2 1 1 4 1 average from 1 8 to30 MHz 
Con be lnstolled In oppfox~mately 80 ft space 
Ideal for comrnerc~ll sendces for mult~ tre $1 75" 
q u e q  operot~on w l M  the need for S H I P R N C ~ B  ++.NDLW 
antenna tunen or addttmal antennas ADD 54 Y) 

handles 1 KW 2 kw PEP lCAS 
H~gher power models ovaibble on 
sgec~ll order Contact your 
deob or foctw 

I. flM1mmr. 

US W e n t  No 4511.808 

Model AC 3.5-30 3.5 to 30 MHz 
S\lhIRlcsthan21 hom35to30MHz 
Complete assembled Balun term~noted wlth 
standard S0239 connector '1 84" 
Pawerco~bllIlV1 W -  2 W P E P m .  Higher WRRNC, R W JDLMG 
power model 15 wallable on speclol order mn 5 4 1 0  

Deslgned for 50 ohm teedllne 
Weother proof balun and bobncing n e M  

I--, only KI feet long -4 

US W e n t  No 4423 423 
.-T;>-. -- ri -.. - -- .. --.. - .- - -. -;----7----- -:* - 

A U  OUR PRODUCTS MADE IN ' "' 

& BARKER & WILLLA] 
"Ill 

MSON 
8 1932 Quolny Comrnuncotlon Roducts S~nc, 

~t v w  Dtsidbutcis write a Cot1 
10 Conol Street. 8rittOl. PA 19007 1 wb (245)788-550, 

Every month Monitoring Times brings 
everything you need to make the most 
of your general coverage transceiver: 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tips on how to 
hear the rare stations. 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 spacecommunications. 

ORDER YOUR SUBSCRIP- 
TION 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. 

MONITOR~NG TIMES 
);11/1 ~ ~ 1 l t / l f l l 7 l / l / l l ~ c  S O t l I ~ ~ .  

n t c t y  t n ~ t l l h .  

P.O. Box 98 A 
f l  130 

Brasstown, N.C. 28902 

output to correct or compensate for the distortion 
caused by the receiver IF filters. The second is to use a 
class of filters which have been designed for "flat" group 
delay. The advantage in using the second method is that 
it doesn't require adjustment to match the particular 
receiver IF. 

We looked through several manufacturers' catalogs 
and found a class of IF filter intended for use in the digi- 
tal control links of cellular telephones. The filters are 
produced by Murata-Erie, which also manufacturesthe 
filters used in the Hamtronics radios. The filter pinout 
and physical size are identical. 

Armed with some sample filters, we got our project 
underway and built two systems - one at W2DUC, 
another at N2AMK. The test path was about 18 miles 
and over enough hills to require 10-watt "afterburners," 
especially during the summer when the trees were in 
leaf. 

Design goals 
In planning our tests, we decided not to use surplus 

equipment because we couldn't be sure others would 
be able to find the same parts. Instead, we used relatively 
standard parts and easy-to-obtain modules. Modular 
units let you make modifications without reworking a 
large unit. 

Because we wanted a system that could be set up with 
a minimum of special test equipment, we had to keep the 
number of adjustments to a minimum. 

Although TEXNET used the Hamtronics FM-5 tran- 
sceivers, they've received some poor reviews when used 
in 9600-baud links. After talking with WA2GCF, Jerry 
Vogt of Hamtronics, we decided to choose separate 
modules for the exciter and receiver. These modules 
were better suited to the modifications we wanted to 
perform and were more stable than the earlier FM-5. 

Our plan was to remove the phase modulator in the 
Hamtronics TA-51 exciter module. FM modulation is 
obtained by using a voltage variable capacitor (varicap) 
in the crystal oscillator circuit. Netting to frequency is 
achieved by summing the data with a DC voltage. You 
can use the optional speech input, as well as the digital 
data. 

The receiver was very nearly "stock." We modified 
thesquelch circuit to remove the hysteresis. Thesquelch 
signal was brought out to be used as the carrier detect 
input to theTNC. Thediscriminator output was brought 
out to the modem board, with the receiver audio left 
intact for voice use. For packet operation, simply turn 
down the volume control. 

For the application in this article it'sassumed that you 
are modifying a completely assembled pair of modules. 
If you're building a new kit, simply leave out the parts 
mentioned in the following changes. 
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A -OVEN.. 

t 
DATA 
INPUT 

NET TO CHANNEL FRED IS DONE 81 
MIXING A OC LEVEL WITH THE 
D l T A  WlVEFORM. THIS IS ON THE 
DAT4 INTERFACE MODULE. 

* 
I .  REMOVE C12, C13, C21 FROM ORIGINAL DESIGN. 
2. RELOCATE C17 TO PARALLEL C16. 
3. CHANGE VALUE OF R26 TO 6.8k. 
4. INSTALL M V Z l l l  VARICAP AT LOCATION OF FORMER C13. 
5. INSTALL 47k FROM HOT SIDE FORMER C12 TO + OVEN TERMINAL 

(OVEN VOLTAGE INPUT BECOMES THE "DATA INPUT''/ 

I J 

Changes to Hamtronics TA-51 220-MHz exciter for 9600-baud data transmission. 

Exciter module changes 
The exciters (from Hamtronics, Inc. were originally 

built in the normal voice form. The radios were then 
tested on voice to assure proper operation. We discov- 
ered that the path was a little too rough and built a pair 
of 10-foot homebrew Yagis, which brought thesignals 
up to usablevoice quality. While some9600-baud oper- 
ation was possible, there was still enough noise on the 
signal to prevent perfect transmissions without retries. 
The 2 watts of the exciters just wasn't enough. 

Adding the power amplifiers solved all the signal 
strength problems and also took care of the antenna 
switching loriginally external to the modules). Antenna 
switching is included in the power amplifier modules. 

As mentioned earlier, the major change wasthe con- 
version from phase modulation to direct FM. In the origi- 
nal circuit, 02 was the phase modulator. The RF signal 
had two possible paths, one through Q2 and the other 
through capacitor C21. Varying the bias on 0.2 caused 
a variation in the contribution of the two paths, which 
in turn caused a variation in the phase of the RF. Q2 was 
converted to a straight-through buffer by removing C21. 
C17 was part of a voltage divider in the drive path to Q2. 
This was relocated to parallel C16, increasing the drive 
to the stage (see fig. 1). 

We modified the oscillator by removing two capaci- 
tors which were in series with the crystal to ground and 
installed an MV2111 varicap in place of C13. A47-k resis- 
tor connected to the junction of the crystal and the 
varicap provides the injection of the control voltage. We 
used a terminal normally used with the crystal oven as 
a connection point for the47-k resistor and the incom- 
ing control signal. 

Because we were operating the radios inside a heat- 
ed ham shack, we didn't need the optional crystal 
ovens. However, you should use them in hilltop 
applications. In this case you need some other means 
of connecting to the 47-k resistor. (You can solder a 
terminal strip to the underside of the pc board near 
the oscillator circuit.) 

Initial netting to the desired frequency must be done 
without the data connected to the modem board. If the 
voice option is available, just switch to voice; this will 
leave a carrier for setting thefrequency. If you don't use 
a switch, disconnect (leave open) the data input. 

The final modification involves bringing out the audio 
signal from the microphone preamp to the voice-data 
switch. Remove R21, the first resistor in the audio roll- 
off filter. (You may insert a wire in the now empty pad 
which connects to C9.) This picks up the signal at the 
deviation control. To get full deviation on voice, we 
raised the clipping level by changing R10 to a 3.3-k 
resistor. 

Receiver module changes 
The receiver modifications are made primarily to cor- 

rect the group delay in the IF strip. We performed 
several tests to determine the necessity of changing 
both the 10.7-MHz crystal filters and the 455-kHz IF 
filter. We tried several combinations of crystal filters 
with very poor results. It's necessary to increase the 
10.7-MHz IF bandwidth by replacing the crystal filters 
with a conventional FM broadcast-type IF ceramic fil- 
ter. The original filter consists of four crystal filters (FL1 
through FL41, so you must use a wire jumper to bridge 
across the three empty positions that remain. (See fig. 
2.) 
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Satellite TV is still full of the wonderment that 
made it so popular in the early '80s. The 
tinkerers are there, the programming is 
there, and never has the cost of becoming a 
dish owner been so low. 

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

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

America's Weekly Guide To Satellite TV 

OnSat is unsurpassed for the most up-to- 
date listings of satellite programming. Dr. 
Dish, Mailbag, and the Transponder Service 
Watch are all geared to help you make the 
best use of your satellite TV system. A 
sample issue can be obtained for only $1. 

The Complete Monthly Guide To Satellite TV 

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

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

To start receiving the best in satellite TV 
guides and information, call toll-free 
(800) 234-0021. VISA1" and Mastercard 
accepted. 

STV Guidetonsat 
PO Box 2384 Shelby, NC 281 51 -2384 
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Partial schematic of 10.7-MHz filter change. 
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Partial schematic of receiver-module changes. 

We replaced the 455-kHz second IF (FL5) with the 
Murata-Erie digital IF filter. This unit has a center fre- 
quency of 450 kHz instead of the conventional 455 
kHz. We encountered no problems netting to fre- 
quency, because the 5-kHz difference was well within 
the "tweaking" range of the receive crystal trimmer. 
This filter fits the Hamtronics board with no modifi- 
cations. (See fig. 3.) 

Next, unsolder and lift the end of R15 at the junc- 
tion with C24 and R16. This disables the normal AFC. 
Connect the "fast" AFC (terminal E6) from the modem 
board to the open end of R15. The direction of AFC 
action is right for centering an incoming signal. A wire 
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QRZ CONTEST! TM 

VHF Contest Software 
for PC Compatibles 

Now only $19.95 postage paid 
+ Cwers: ARRL Sprints, VHF QSO 

Parties, UHF, Jan. Sweepstakes, 
&the C Q  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 
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11.mporalur~ Srncor . Clwk R Mounl~nq Hardware 

ArrC (I r MADFIN  AMERICA^ ~ ~ ~ ~ A T I ~ F A C ~ ~ O X G U A R A N T E ~ D ~  
= 0, ,PI or,; 18, 111 il,,", r<,, ,, ,,,r,,l,l,~l,~ ,t.I,,,,,i' 

Or FAX Yols O r d ? ~  213 473-2325 
0llir1 SFWII.I> Ca11713 473 1332 
('IAM lo  6PM PS1 I Ca I3rs add sales lax 

/!*WEATHER sTA R 
11845 W Olynlplr lil 51r1le 111x1 ID\ Ariqi-I~.. CA (XXM ll'A @Vl lf4 

AVAILABLE AT HENRY RADIO 6 ALL HAM RADIO OUTLETS! 
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The ARRL Data Book is back by popular 
demand! Doug DeMaw, WlFB has com- 
pletely revised and expanded the material 
in this handy reference for the RF design 

"A terrorist agent, representing an unknown engineer, technician, radio amateur, and 
foreign power or an internal subversive experimenter. This one source has all of 
group, is bent on crippling or destroying those regularly used tables, charts, and 
America's space program by operating an those hard-to-remember formulas. You'll 
illicit radio station from somewhere inside also find hundreds of popular circuit 
our Lost Padres National Forest wilderness diagrams of oscillators, mixers, amplifiers, 
area. A terrorist who has somehow gained other active devices and their operating 
access to our secret digital codes, launch- 
ing schedules and classified radio frequen- 
cies required to cause our birds to -p.~snrw . . .. r 7 - ? - t - r - + * ~ -  . . .. . 
self-destruct, during or after launch." And 
so begins a new adventure for Tommy THE ARRL 
Rockford, KGATX. 71 ~ n -  

Murder by QRM is packed with action. 
Join KGATX on an ill-fated search using 

RONlCS "Gimmicks and Gadgets. Tricks of the 
Trade." Since 1933. those words have been 

motorized hang-gliders and then as he ATA used describe Hints and Kinks for the 
backpacks through the wilderness in search 

-7 
Radio Amateur, but it has been almost 

of the hidden transmitter site. With the rmk seven years since the last edition appeared. 
launch of the space shuttle Conquistador Well, H&K fans, the long wait is over. The 
only hours away will Tommy be able to ferret 12th in the series of the most popular QST 
out the culprits before the fatal destruct "Hints and Kinks" contributions is now 
signal is sent? t-1 available, and hams like yourself share their 

This is the sixth and final ham radio innovations and wizardry. Like its predeces- 
adventure by Walker Tompkins (the real sors, this edition has been said to be almost 
KGATX) who became a silent key just before like having a radio club meeting on your 
the book was published. 194 pages, $5.00' bookshelf! 

Here's just a sample: In and Around the 
Station: A Universal Equipment Stand, Safe 

'For postage and handling add $2.50 (8.50 Power Wiring Practices, Stop the Fire, Not 
for insured parcel post or UPS-please specify) Your Gear. Transmitting and Receiving: 

, l , q ~ ~ ~ v p l ~ / z l ~ l  A Two-Transistor Transmitter for 30 Meters. it3m w r  - 0 . 7 b~ ,. + Improvements for the HW-8, FTlOlZD, . . 
,I f TF %;rfi~; :-h:;,.*~-l 

TS830S, SB200, and SB220. CW Hints: 
Magnetic Switch for CW Tune Up. The 
Sneaky Knee Key for Mobile CW. Com- 

parameters. This book can be used alone puters and Digital Modes: A Message- 
or to complement The ARRL Handbook Waiting Indicator for TNCs, Tips for the VIC 
and belongs in every technical library. 20. TRS80 and Apple II. Antennas and 
Here's a brief summary and chapter lineup: Feedlines: Inexpensive 30 and 12-Meter 
Symbols, Conversion Factors and Arrays, Retuning Traps for the WARC 
Tables; Components and Materials Bands, Baluns, Tower and Rotator tips. 
includes color codes, standard values, Shop Secrets: Tips on soldering and 
toroid selection charts; Inductors and making PC Boards and more! Tips on 
Transformers; Time and Frequency Testing: Simple Logic Probe, plus 11 pages 
Measurement; Networks and Filters of test equipment and tips. Portable and 
covers attenuators and matching network Mobile: Power supplies, antennas, mobile 
design information; Digital Basics is 88 installation tips. VHF and UHF: Antennas, 
pages of logic, l T L  Circuits, specific device amplifiers, CTCSS Tone Generator and 
descriptions, linear ICs, op-amp applica- more. Power Supplies: Power Supplies 
tions, and regulators: Antennas and Trans- from Old Battery Chargers. High-Voltage 
mission Lines; Catalog of Circuit Building Supply for Mobile Amplifiers. Taming Inter- 
Blocks including audio amps, RF and IF ference: Telephone RFI, TVI, CATV1 cures. 
small-signal amplifiers, mixers, FM detec- Miscellanea: COR and Timer Circuit, 
tors, oscillators, dc switches and amps, and World-Time-Finder Slide Rule, AFSK 
frequency doublers; Workshop and Lab System for FAX and more. 160 pages, 
Practices. 234 pages, $1 2.00' $5.00' 

ARRL, 225 MAIN STREET, NEWINGTON, CT 061 11 / 130 



Here's how. 

Please fill out the 
Magazine evaluation 
card and mail it to 

us. We'll tabulate all 
the responses to 

see what you do and 
do not like. 

There will be a 
drawing of evalua- 
tion cards. The 

person whose card 
is picked will win an 
Orr Handbook. Help 

us make the best 
Amateur magazine 

even better. 

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. 
MAGAZINEOVERALL G O O D  OL N O T S O G O O D  I like the O Old ONew HR Better 

Class 
NAME License Age 

ADDRESS 

CITY STATE-. ZIP 

Please run more: 

Please run less: 
FEB. 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. 
O Bill me Payment enclosed 

Name 
Address 

City State 
One year I ~ ~ S S U ~ S  $22.95 0 Check if this is a renewal FEB. 89 
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. 

For FREE literature or more information, first 
locate the company number at the bottom of 

RADIO the ad. Circle the appropriate number on this 
card. affix postaae and drOD into the mail. 
We'll hustle you; request dff to the com- Reader Service panies YOU a~ interested in! 

NAME - C A L l  

CITY STATE ZIP 

PLEASE USE BEFOREAPRlL30.1989 FE6RUARY 1989 



HAM -lo 
MAIN STREET 
GREENVILLE, N.H. 03048 

BUSINESS REPLY CARD 

Postage W ~ l l  Be Pald By A d d r e s s e e  

READER SERVICE CENTER 
P.O. BOX 2558 
WOBURN, MASS. 01888 

ATTN: Reader Service Dept 

N E C E S S A R Y  
IF MAILED 

IN T H E  

AFFIX POSTAGE 

POST OFFICE 

WlLL NOT 

DELIVER 

AFFIX POSTAGE 

POST OFFICE 

WlLL NOT 

DELIVER 7 



,SHOULD VARY FROM 2 SV TO 7 O V  
I I N P U T  O P E N )  

T T L  OATA 
FROM TNC 

D C  + D A T A  S U M M I N G  

INPUT FROM 
PIN 10 OF 
RECEIVER 

OlSCRlMlNATOR 

L O - P A S S  

TO VARICAP 
IN TRANSMITTER 

L O - P A S S  

bb, = - + 8 V  O T O  AFC IN 
ICENTER BETWCCY RECEl VER 
PEAKS. +. - 1 

ISk - 

P E A K  D E T E C T S  

FOR RECEIVED 
EVE'  PATTERN 

NOTES:  

I .  ALL OP-AMPS ARE L M 3 2 4  OR EOUIV. 
2 .  PNP TRANSISTORS ARE Z N 2 9 0 7  OR EOUIV 

3. NPN TRANSISTORS ARE 2 N Z Z 2 2  OR EOUlV 

Schematic of 9600-baud packet radio interface. 

from pin 10 of the discriminator (U2) brings the FM 
output to the modem board, terminal E4. 

Finally, remove R25 in the squelch circuit. This 
leaves the collector of Q5 open. Connect a wire from 
the collector to the squelch input of the TNC. This will 
operate the carrier detect light on the TNC and hold 
back transmission when the channel is busy. 

The various receiver connections won't inhibit nor- 
mal receiver use for either data or voice. The squelch 
action will, however, be "softer" because there's no 
longer any hysteresis in the detector. 

Modem board 
Figure 4 is a schematic diagram of the modem or 

interface between the TNC and the radio. As you'd 
expect, there are two distinct sections - the trans- 
mit encoder and the receive decoder. 

The transmit section uses three sections of a quad 
op amp, (LM-324). The first stage combines the data 
or optional voice signal with the DC offset voltage. 
Varying the frequency adjust pot setting shifts the bias 
or center value of the output voltage. This then estab- 
lishes the carrier center frequency. The fixed voltage 
at the noninverting input is +2.5 volts; when data is 

4 TO EXAMINE OUTGOING EYE PATTERN AT TPZ. SYNC 'SCOPE ON INPUT 
OATA CLOCK OR OATA 

5 TO EXAMINE RECEIVED EYE PATTERN. AT TPJ.  s r N c  'SCOPE ON DATA 
OUTPUT TP4 

applied (5-volt logic levels) it will shift the output of 
the op amp equally above and below the desired out- 
put point. This causes an equal carrier shift above and 
below the center frequency. 

The signal at TP1 is still a square wave, so two 
stages of active low-pass filtering follow. After filter- 
ing, the output at TP2 will be nearly sinusoidal in 
shape. This reduces the bandwidth of the transmit- 
ted signal. The DC level injected at the first stage is 
unaffected by the filters and also serves as the filter 
bias. The signal at the output is next applied to the 
varicap in the transmitter circuit, through a series resis- 
tor. The nominal voltage at TP2 will be about 5-6 volts 
with IfI 2 volts deviation when data is present. 

The receive section is a bit more complex. The out- 
put of the receiver discriminator is first applied to 
another filter similar in function to those used in the 
transmit section. The intent is to reduce the bandwidth 
of the received audio, removing high-frequency noise 
which would interfere with data decoding. A gain- 
adjusting resistor is added to the network to boost the 
signal level by a factor of 2. This raises the low signal 
level from the discriminator output to improve the 
operation of the level detectors. 
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- SPEECH I 

W . PRE-AMP I 
- - - - - - 1  

LPA 2 - 1 5  

PPA - 2 2 0  
TA - 5 1  POWER I M P .  

U,IC AVOIO E X C I T E R  

ANTENNA 
SWITCHING 

I I ONLV 
HAMTRONICS IRJ M O - 9 6  

I I 

- i X M I T  ENCODER 
Tld - - - - - - - - - - - - 

T A P R - 2  R x d  
T YPE - - - -  RECEIVE - DATA 

T N C  P T T  = P. -- 7 DECODER I F C  
SWITCH I 

R - 2 2 0  
RECEl VER 
MODULE 

CD ClRR!ER OETECT ISOUELCMJ - 
I I 

TERMINAL OR Trd AND Rxd FROM MODEM DISCONNECT HEADER IN TNC. 
CDMPUTER P T  T. AND CD VIA NORMAL DIN CONNECTOR. 

+ I 2  VOLT POWER APPLIED TO ALL MODULES EXCEPT THE 
TA -51 EXCITER. I S E E  TEXT1 

I 1 

Block diagram of complete packet radio system. 

Two transistors are used as peak level detectors. 
The NPN "follows" the positive excursions of the sig- 
nal, charging up the 1-pF capacitor to near the peak 
positive value. In like manner, the PNP follows the 
negative peaks, charging another 1-pF capacitor. The 
discharge time constant is equal to about 20 bit periods 
at 9600 baud. A pair of equal (15 k) resistors bridges 
the two level detectors. The voltage at the center tap 
of the resistors is the value of the midpoint between 
the two peaks. 

This voltage serves two purposes. Because it has 
a very fast attack and represents the center of the 
modulation swings, it can be applied to the AFC cir- 
cuit in the R-220. This helps the receiver to center 
rapidly on an incoming signal during the preamble or 
"flags" period. 

The voltage is also used as a reference voltage 
applied to one input of a differential comparator or 
"slicer," using two PNP transistors. With the refer- 
ence applied to one input and the raw data signal 
applied to the other, the resulting output is a digital 
representation of the instantaneous received signal fre- 
quency. The signal is buffered and shaped to TTL logic 
level by the NPN transistor and the resistive voltage 
divider. Note that this isn't an RS-232 signal, but a 
logic level to be applied to the external modem con- 
nector of the TNC. 

System interconnections 

connector. It must also be set for 9600-baud opera- 
tion. The RS-232 port from the TNC isn't shown; it 
may be operated at whatever data rate you desire. 

Twelve-volt power is applied to all of the modules 
except the exciter. Because the power amplifier mod- 
ule is class C, it isn't necessary to switch the power 
- only the drive. When the TNC pulls down on the 
PTT line, the transistor switch on the modem board 
applies the 12 volts to the exciter. This drives the 
power amplifier into conduction, drawing current from 
the 12-volt supply, which in turn operates the diode 
antenna switch. 

The receiver module is powered at all times. When 
you transmit, your signal will be received, decoded, 
and passed back to your TNC. This permits a built-in 
"loopback test" function. Depending on the cable lay- 
out and the isolation of the T/R diode switching, you 
may have enough overload on the receiver to prevent 
clean reception of your own signal. Usually a good 
match to the antenna, decent cable connections, and 
grounding of all modules will tame any overload. 

We brought the microphone preamp on the Ham- 
tronics TA-51 exciter out to a switch and wired it to 
select either data or voice signal. The push-to-talk 
switch on the mike is wired in parallel with the PTT 
line from the TNC. This provides a voice mode which 
we used as an "intercom" during testing. This may 
even be helpful in a remote backbone digipeater situ- 
ation, for use during setup and maintenance visits. 

Figure 5 is a block diagram of the complete sys- 
tem showing the Hamtronics modules, the interface or Summary - where do we go from 
modem board. and the interconnections to the TNC. here? 
The TNC must have a modem disconnect header or In the year that our on-the-air testing has been in 
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HF Equipment IC-781 

IC.781 N r w  Deluxe HF  Rtq 
IC.761 Loaded W ~ l h  Exlras 
IC.735Ge.1 Cvg Xcvr 
IC.751A G e l  Cvg Xcvr 
IC-575A lOml6m Xcvr 
Receivers 
IC-R700025.1300. MHz Rcvr 
IC-R71A 100 hHz.30 MHz Rcvr 
VHF 
IC.22BA New 25w Mob~ le  
IC.228H New 45w Mobtle 
IC.275A All Mode Base wlPS 
lC.275H All Mode Base 100w 

IC.ZGAT, New 7w HT 
IC.OZAT FM HT. HP 
IC.900 SIX Band Mobile 

UHF 
IC.4751 All Mode 2 5 ~  
IC.475H All Mode 7% 
IC.48A FM Mob~ le  25w 
ICdGAT. New 6w HT 
ICdAT FM HT 
IC.04AT FM HT 
IC.448A. 25w Mobile 
IC.3200A FM 2ml70cm 25w 
IC.32AT Dual Band Handheld 
IC.3210 Dual Band Moblle 

220 MHz 
IC.375A All-Mode. 25w. Base Sta 
IC-38A 25w FM Xcvr 
lC.37A FM Mobtle 25w 
IC-3AT FM HT 
IC.03AT Deluxe HT 

1.2 OH2 
IC.1271A All Mode l o w  
IC.1200 FM. l ow  Mobile 
IC.12AT Deluxe 1w HT 

55995 00 Call S 
269900 Call S I 
109900 Call S 
169900 Call $ 
I39900 Call S I 
119900 Cal ls  
99900 Call S I 
50900 Call S 
53900 Cal ls  l 

129900 Cal ls  
139900 Call S 
4fi900 Cal ls  
499 00 Call S 
429 95 Call S 
40900 Call S 
63900 Call S 

139900 Call S 
159900 Call S 
509 00 Call S 
44995 Call$ 
34900 Call s I 
44900 Call S 

TEA Call S 
64900 Call S 
62995 Call S 

TBA Call S I 
139900 Call S 
48900 Call S 
49900 Call S 
349 00 C0ll s 
44900 Cal ls  I 

126900 Call S 
69900 Call S 
473 00 Call s I 

HF Equipment 
TS.940SIAT Gen Cvg Xcvr 
TS.440SIAT Gen Cvg Xcvr 
TS.14OS Compacl. Gen Cvg Xcvr 
TS.6ROS HF Plus6m Xcvr 
TL.9?7A HF Amp 

R 100 hHZ.30 MH? 
R 2000 150 kHz 30 MU? 
RZ I Compact Scann~ng Recv 

VHF 
TS-7l lA All Mode Bast? 25w 
TR.751A All Mode Mob~ le  25w 
TM.221A Comparl FM 45w 
TM.2530A FM Moblle25w 
TM.2550A FM Moblle45w 
TM-2570A FM Ml,blle 70w 
TH.215A. 2m HT Has II All 
TH-25AT 5w Pockel HT NEW 
TM-721A2m170cm. FM. Mobile 
TMG21 2ml220. FM. Moblle 

UHF 
TS.811A All Mode Basp 25w 
TR.851A 25w SSBIFM 
TM.421A Compacl FM 35w 
TH.415A2 5w440HT 
TH.45AT 5w Pocket HT NEW 
TW.4100A. 2m170cm FM 
TH.55 AT 1 2 GH: HT 
TR 50 l w  12GHzFM 

220 MHz  
lM-3L~30A FM 220 MH:25w 
TH.318T FM.220MHlHT 
TM-321A Compacl 25w Moblle 
TH-315A Full Fealured? 5w HT 

List Juns 

$249995 Call S 
144995 Cal ls  
949 95 Call S 

1149 95 Call S 
1649 95 Call S 

104995 Call S 
799 95 Call I 
599 95 Call S 

105995 Call S 
66995 Call S 
45995 Call S 
49995 Call S 
51995 Call 5 
62395 Call S 
39995 Cal ls  
369 95 Call S 
72995 Call S 
69995 Call S 

1.265.95 Call S 
771.95 Call S 
469.95 Call S 
41995 Call S 
38995 Call S 
59995 Call S 
524 95 Call S 
62995 Cal ls  

HF Equipmenl FT.767GX 
FT-747 GX New Econom!c.ll i'-.r'c~rfrler 
FT-757 GX II Gen Cvq Xcvr  
FT.767 4 Band New 
FL 7000 15m-16Om Solrd Slaw Amp 

Receiven 
FRG-BR00 150 kHz. 30 MH: 
FRG 9h0060 905 MH? 

VHF 
FT.411 New 2m "Loaded" HT 
FT.212RH New 2m. 45w mob~ le  
FT.21 I RH 2 m . 4 5 ~ .  FM 
FT.290R All M o f l ~  Portable 
FT-23 RlTT Mtnj HT 

UHF 
FT.712RH. 70cm. 35w mohlle 
FT.711RH FM Mobile 35w 
FT.73 RlTT M I ~ I  H1 
FT.709RH FM HT 4w 
FT.?WR MKll FMISSB. 25w 
FT.2311R low.  1 2GH.7 FM 

VHFIUHF Full Duplex 
FT 736R. New All Mode. Zm170cm 
FW.736.506m. low Module 
FEX.736.220 220 MHz. 2',w Module 
FEX.73G.l 2 1 2GH2, low Module 
FT690R MKII. 6m. All Mode, port 

Dual Bander 
FT-727R Zm170 cm HT 
FT.4700RH 2m1440 Mob~ le  

120 MHz 
FT-33R mtnl HT 
FT 109Rt4 New tiT 
FT.312 RM. Mobile 
FT-311 RM Moblle 

Repeaters 
FTR-2410 2m Repealers 
FTR-5410 70cm Repealers 

List Juns 

588995 Call S 
112995 Call S 
192900 Call5 
IWSOO Cal ls  

759 95 Call S 
699 95 Cal ls  

TEA Call S 
45995 Call S 
45995 Call S 
599 95 Call S 
344 95 Call S 

49995 Call S 
44995 Call S 
349 95 Call S 
38995 Cal ls  
799 95 Call S 
5'4 95 Call 5 

174995 Call S 
25995 Cal ls  
27995 Call$ 
539 95 Call S 
569 95 Call S 

439 95 Call S 
TBA Call 5 

389 95 Call S 
3W 95 Call S 

TBA Call S 
49995 Cal ls  

1269 95 Call S 
128995 Call S -, JUN'S BARGAIN BOX 

OVERSTOCK SALE LIMITED QUANTITIES 

h ICOM YAESU KENWOOD I 
IC-O3AT now $269.95 FT-727R only $359.95 TH-31 BT SPECIAL 
IC-3200A now $479.95 FT109RH only $239.95 TH-315A 

- '  * IC-04AT now $369.95 FT-311RM only $239.95 TM-321A PRICES ' IC4AT now $259.95 TW-4100A I 

( "ONLINE" US. CALL DIRECTORY \ 
I Hamcall service gives you aN hams vla 

your  compu te r  B modem. U p d a t e d  each 
mon th !  O n l y  $29.95 per year .  U n l ~ m ~ t e d  1 

( u s e  - you p a y  for  phone call. I 
BUCKMASTER PUBLISHING 

Route 3, Box 56 
Mineral, Virginia 231 17 

7031894-5777 visalmc 8001282-5628 1 

NO RADIALS! 
NO RESISTORS! 

NO COMPROMISE! 
THREE EXCELLENT REVIEWS JUST 

D O N ' T  HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 

.\, ,, r, \I,,,\ Ill (), I - <  1'lX.L 
.\, 1,l - {  I ' l l \  3 . \1 I!, I1 - 1  I 'Vi l> 

NEW LOCATION! 
RlLAL C O M P A N Y  

@ 137 Manchrst~r Dr. 
Florissant, Colo. 80816 

(710) 687-0650 f l  137 

BALUNS 
Gel  POWFH l o  y < > u r  ~n lv . r l f ia '  Our Balun5 a f r  

already wound and rpatly l t ~ r  ~ n s l a l l a l l o n  I n  your 
t ransma lch  or you rnay enclose lhern In  a 
wealherproof box and  connect  them dl rect ly  at 
t hean tenna  They are d e s ~ g n e d  lor  3 30 M H z o p  
erat lon (See ARRL Handbook pages 19 9 or 
6 20 lo r  construction de la l l s  I 

I00 W.a (4 I 6 I 9 I or I t 1mp.d.nce-ulrl onrl 110 50 
Unll.l..l Tr.n.m.tch I K W  I 4  1 Imped.nr.1 14 50 
Unlvcr.ml Tranlmalch 1 KW(4 1 Impaasnce) I 7  00 
UnlrosmITr.n.malrh I K W l 6  1 9 l a# I l-ulecl msl I 6  00 
Un1v.1s.ITranrm.tm1 KWIa 1 9 l or l l - r l m I  m.1 18 50 

Please send large SASE lor lnlo 



I SURPLUS ELECTRONICS 
IBM'" Compatible MILITARY M-80lU 
Enhanced Ke board X MlCROPHONl 
A rnalor U.S. Key oard manufacturer 

I 
John . Meshna Jr., - Inc. 

<eyboards. We are proh~b~ted from 
advertlslng the manufacturers name, but 
~ ~ t h  lust a look vou w ~ l l  know who made 

I 

~ n d  clones. There are retractable feet on the bottom of the case. Most are In thew orlg~nal 
loxes. Each one sold wlll Include a schemat~c. Guaranteed OK. 
Shpg. Wt. 4 Lbs. KYBD-11.51 $39.00 each. 3/$115.00 

1 HI VOLTAGE HUMMER 
I PARTS GALORE ASSEMBL Y 

Pictured below is a high reliability power 
suoplv. It contains many very useful and I 
expensive parts. We must offer these 
parts t o  you individually because. due to  
the agreement w i th  the manufacturer we  
can not sell the unlt intact 

ZZZIP, ZZZlP I t ' s  tlrne to make a Jacobs 
Ladder or sonle other hi-voltage device. 
One of our bird dogs recently found us a 
few of these adjustable hi-voltage power 
suppl~es. The output 1s 4 kilovolts AC, 
75mA. Each one IS fully enclosed and 
comes wi th  4 .5  feet of hi-voltage wire. 
The wire terminates in a molded connec- 

variac adiusts the output 

POWER SUPPLYREGULATOR BOARD 
Conslsts of LM 123 IC regulator or equivalent, 
TIP 32  transistor. 6 amp bridge, 10,000 uf, 
50V capacitor. LM 340T12 regulator, a star 
6V buzzer, 2 sockets to  hold the smaller 2 
bands whlch conslst of L M  39N IC, reg. TIP 

4k VAC-@ 75  mA. The 
front>anel has a toggle switch, a red pilot 
light and the adjustment knob. The power 
supplies are fully enclosed by a black or 
blue aluminum case. Made by Aristo. We 
hunted t o  find a compatable device and 
found they sell i t  for as mush as 

work. - .. Unc . 
very nlgn qualtlty, weatherproof, push to  talk, 
dynamic microphones. Each one has a coil 
cord that can stretch out 10  feet. For extend- 
ed life of the cord a spring straln rel~ef 1s stan- 
dard. A U2291U connector contams 5 gold 
plated pins to  insure a high integrity electrical 
connection. We provide you w ~ t h  a schematic 
of the microphone so that you can rewire 
them for marlne radio use. The were originally 
made for use wi th  the PRC-25 and the PRC-77 
transcelvers. Used. oood condlt~on. 
Shpg. Wt. 2 Lbs ... S ~ L - 1 0 - 5 1  ... $8.00 each. 

VARIABLE RATE 
STROBE KIT 
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progress, there has been little published on the topic 
of higher speed packet operation. Everyone seems to 
be waiting to see what sort of equipment will emerge 
as the de facto standard. It seems that no one wants 
to be the first kid on the block to jump in. There are 
a few group efforts under way, but little information 
of a solid technical nature has appeared to let us know 
what's going on. 

The system we've described here is a "Minimum 
Shift, Bandwidth Limited, Frequency Modulation Sys- 
tem." Although I have not contacted AEA or GLB, 
an examination of their spec sheets indicates use of 
a very similar modulation method. The data rate is 
higher, so the bandwidth is wider but still in the same 
general relationship. 

Naturally, each designer begins with a set of 
assumptions and builds from there. We assumed 9600 
baud, since a standard (unmodified) TAPR-2 TNC will 
run only that fast. It can be pushed up by altering the 
taps on the clock divider, but we felt 9600 baud with- 
out cutting into the TNC would be attractive to most 
hams. 

We arbitrarily chose a bandwidth of 8-10 kHz as a 
compromise. It's approximately the lower limit of 
Shannon's rule of thumb ( 1  Hzlbitlsec of bandwidth) 
and at reasonable "Amateur" signal-to-noise ratios. 
We also considered the availability of the Murata-Erie 
IF filters. Because the signal isn't crowded into a very 
narrow filter, phase distortion isn't a serious problem 
and frequency stability is less critical. In a year of oper- 
ation, we haven't had to adjust the frequency of either 
unit. 

We also considered the inclusion of a data "scram- 
blerldescrambler" to reduce the DC content of the 
data signal. This lessens the tendency of the level 
detector or slicer to shift during periods of DC 
unbalance. In testing, the bit stuffing done by the TNC 
appeared to be adequate to survive even deliberate 
long strings of null characters or FFs in transparent 
mode. If you're a purist, you can still add a shift reg- 
ister scrambler in the data lines at each end of the cir- 
cuit. 

The standards we chose are loose enough to per- 
mit some latitude in matching to other system stan- 
dards, within reasonable limits. We'd like to have an 
opportunity to see if our system is truly compatible 
with a GLB or AEA running at 9600 baud and with 
some similarity in the deviation. It should fly, but we 
won't know until we have a chance at one. 

Just as I was finishing this article, I received the May 
27th issue of the Gateway, volume 4, no. 18. It con- 
tains the specifications for the 9600-baud modem pro- 
ject, designed by James Miller, G3RUH. I was most 
interested in comparing the standards he used with 
the standards we have described. It appears that the 

approach is very similar. The major difference is that 
we have a "cheapie" version - sort of a Model T com- 
pared to a Cadillac. 

The modulation scheme is identical. Direct FM is 
applied to a varactor diode. Miller shaves the devia- 
tion a little tighter, using 3-kHz deviation as opposed 
to the 4 kHz we used. The bandwidth low-pass filter- 
ing is done with a very classy digital "finite impulse 
response" transversal filter. While it's very sharp on 
the sides, the cut-off frequency is also 4800 Hz. He 
also included a shift register scrambler to remove any 
long strings of zeros or ones. Another interesting 
difference is the use of precompensation (or predistor- 
tion in the opposite direction), to correct the system 
phase distortion at the transmitter instead of the 
receiver. 

Up to this point, the differences are quite minimal. 
The major difference seems to be in the complexity 
of the respective systems. I certainly agree that the 
super high-quality filters and digital PLL clock detec- 
tors can do nothing but improve performance. Our 
intent was to break some fresh ground and get some 
action started in 9600-baud networking. It will be 
interesting to check out our system in real over-the- 
air tests with the G3RUH modem. From the standpoint 
of compatibility, they should get along fine together. 

Naturally, it's our hope that some packeteers in our 
area, or our neighbors in Canada, might try some tests 
with us. We've passed thousands of bytes of data 
back and forth, but it sure would be nice to do more 
than tests! 

In conclusion, we want to thank Jerry Vogt, 
WA2GCF, of Hamtronics for his help on the modifi- 
cations to the transceivers and for making pc boards 
available. Murata-Erie was also helpful in supplying 
several different filters, permitting a choice of the best 
bandwidth for this data rate. 

The following modules are available from Ham- 
tronics, Inc., 65 Moul Road, Hilton, New York 14468- 
9535, (71 61392-9430. 
MO-96 Packet Radio Networking Modem Module 
TA-51-220-HS High-speed Data Exciter Module 
R-220-HS High-speed Data Receiver Module 
LPA 2-15 (220) 15-watt PA Module with diode antenna 
switch 
PPA-220 50-watt Packet PA Module with pin diode 
antenna switch 

Appendix A 

Layman's (simplified) guide to data 
transmission 

The following is admittedly not technically correct, 
but is presented to help you understand the basic 
methods used in transmitting data on VHF radio. Sig- 
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nal preparation will be shown up to the point of appli- 
cation to the FM modulator, and then as received from 
an FM discriminator or PLL detector. 

If a random data signal is displayed on a scope and 
triggered at the bit rate, successive sweeps will over- 
lap, creating what is known as an "eye" pattern. This 
pattern serves as a means of estimating the quality of 
the transmission/reception system, or path. 

To determine whether a signal represents a "one" 
or a "zero," you must make a decision at a time inter- 
val related to past zero crossings. The absence or pres- 
ence of zero crossings at the bit intervals indicates a 
change of the digital state. There are other more 
sophisticated methods for making the decision, but 
zero crossings are commonly used. Whatever method 
you use, the time between changes of state will always 
affect the error rate. "Jitter," or random time varia- 
tions, make it more difficult to decode the data 
accurately. 

If a signal is corrupted by noise, both the levels and 
the zero crossing times will be affected. 

Even when the signal is not noisy, phase distortion 
or delay will alter the zero crossing times. This also 
causes errors in the data. This effect is caused by 
differences in the time delays of the different frequency 
components of the signal as they pass through filters, 
like the IF filters in the radio. This also is known as 
"Envelope Group Delay," or "Group Delay Time." 
Conclusions 
1. To send digital data at high speed over radio links, 
you must pay attention to signal quality (noise, dis- 
tortion, and phase shift) in the communications chan- 
nel. 
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2. A rule of thumb for FM is that the signal deviation 
should be about half the data bit rate. Another way 
to state this is: "The bandwidth is about equal to the 
data rate," since the channel bandwidth is twice the 
deviation. 
3. The digital data must not have strong DC compo- 
nents. Either "bit stuffing" or a "shift register scram- 
bler" should be used to prevent long strings of zero 
or one bits. 
4. The receiver bandwidth should be reasonably 
matched to the signal bandwidth for best signal-to- 
noise ratio and lowest error rate. 
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TICALLY 
SPEAKING 

Joe Corr. KJlPV 

Antenna system 
instruments 
One of the perennial topics addressed 
by Amateur Radio articles is the 
instrumentation needed for antenna 
systems. This isn't because there's 
nothing else to write about, but 
because readers continually request 
information about things like imped- 
ance bridges, noise bridges, and dip 
oscillators. This month I'll take a look 
at some of the basic instruments you 
might want to consider owning. 

There are two main things to worry 
about when designing and installing 
Amateur Radio antenna systems. First, 
you need to know the frequency on 
which the antenna is resonant (hope- 
fully, inside an Amateur band). Sec- 
ond, you need to know the feedpoint 

impedance, to make impedance 
matching easier (or, for that matter, 
possible). Let's take a look at some 
impedance bridges: noise types, 
VSWR bridges, and dip oscillators. 
There are more sophisticated instru- 
ments available, but these few are all 
most of us need for our antenna test- 
ing requirements. 

The RF noise bridge 
The RF noise bridge is a device that 

was once associated only with 
engineering laboratories, but it has 
Amateur Radio applications as well. 
Amateurs have been using noise 
bridges for many years, although at 
one time most of them were home- 
brew. The noise bridge is one of the 
most useful, low-cost, and often over- 
looked test instruments available. 

Several companies have produced 
low-cost noise bridges: Omega-T, 
Palomar Engineers, and most recently, 
the Heath Company. The Omega-T 
and the Palomar Engineers models are 
shown in photos A and B. The 
Omega-T device (photo A) is a small 
cube with one dial and a pair of BNC 
coax connectors (ANTENNA and 
RECEIVER). The dial is calibrated in 
ohms and measures the resistive com- 
ponent of impedance only. The Palo- 
mar Engineers device does everything 
the Omega-T does. It also lets you 
make a rough measurement of the 
reactive component of impedance. 
The Heath Company added their 
Model HD-1422 to the line-up; it's a 
"one-evening" kit. I reviewed the 
HD-1422 in my May 1986 column, so 
I won't elaborate on it here. 
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of the bridge, balance the measure- antenna feedline impedance (usually 
ment capacitor and should have a total 50 or 75 ohms for most common 

Omega-T noise bridge. 

Palomar Engineers noise bridge. 

Over the years, some people have 
found the noise bridge useful for a vari- 
ety of test and measurement applica- 
tions - especially in the HF and low 
VHF regions. Its applications are not 
limited to antenna testing (the main job 
of the noise bridge). The two-way 
technician or Amateur Radio operator 
may use the device to measure 
antennas, tuned circuits, and resonant 
cavities. 

Figure 1 shows a noise bridge cir- 
cuit. The bridge consists of four arms. 
The inductive arms, L l  b and Llc, form 
a trifilar-wound transformer over a fer- 
rite core with Lla, so a signal applied 
to L la  is injected into the bridge cir- 
cuit. The measurement consists of a 
series circuit made up of a 200-ohm 
potentiometer (R8) and a 250-pF vari- 
able capacitor (C8). The potentiome- 
ter sets the range (0-200 ohms) of the 
resistive component of measured 
impedance, while the capacitor sets 
the reactance component. Don't use 
a wire-wound potentiometer for R8. 
Capcitors C6lC7, in the unknown arm 

value equal to one-half C8 (or about 
125 pF). The bridge is balanced when 
C8 is in the center of its range and R8 
is set to the resistance connected 
across J2, with C6lC7 in the circuit. 
This arrangement accommodates both 
inductive and capacitive reactances, 
which appear on either side of the 
"zero" point - the midrange capaci- 
tance of C8. When the bridge is in bal- 
ance, the settings of R and C reveal 
the impedance across the unknown 
terminal. 

A reverse-biased zener diode (zeners 
normally operate in the reverse-bias 
mode) produces a large amount of 
noise because of the avalanche proc- 
ess inherent in zener operation. While 
this noise is a problem in many other 
applications, it is highly desirable in a 
noise bridge; the richer the noise spec- 
trum, the better the performance. The 
spectrum is enhanced because of the 
1-kHz square-wave modulator that 
chops the noise signal. An amplifier 
boosts the noise signal to the level 
needed in the bridge circuit. 

The detector used in the noise 
bridge is a tunable receiver which 
covers the frequencies of interest. The 
preferred receiver uses an AM demod- 
ulator, but both CW and SSB 
receivers will do in a pinch. The type 
of receiver you need depends on how 
precise an operating frequency is 
required for the device under test. 

Adjusting antennas 
Finding the impedance and resonant 

points of an HF antenna is perhaps the 
most common use for the antenna 
noise bridge. Connect the RECEIVER 
terminal of the bridge to  the 
ANTENNA input of the HF receiver 
with a short length of coaxial cable. 
This length should be as short as pos- 
sible, and the characteristic impedance 
should match that of the antenna feed- 
line. Now, connect the coaxial feedline 
from the antenna to the ANTENNA 
terminals on the bridge. You're now 
ready to test the antenna. 

Finding impedance. Set the noise 
bridge resistance control to the 

antennas). Set the reactance control 
to midrange (zero). Next, tune the 
receiver to the antenna's expected res- 
onant frequency (Fexp). Turn the noise 
bridge on, and look for a noise signal 
of about S9 (will vary on different 
receivers). 

Adjust the resistance control (R on 
the bridge for a null; i.e., minimum 
noise as indicated by the S-meter. 
Next, adjust the reactance control (C) 
for a null. Continue adjusting the R and 
C controls for the deepest possible 
null, as indicated by the lowest noise 
output on the S-meter (there is some 
interaction between the two controls). 

A perfectly resonant antenna will 
have a reactance reading of zero 
ohms, and a resistance of 50 to 75 
ohms. Real antennas may have some 
reactance (the less the better), and a 
resistance that is somewhat different 
from 50 or 75 ohms. You can use 
impedance-matching methods to  
transform the actual resistive compo- 
nent to the 50 or 75-ohm characteris- 
tic impedance of the transmission line. 
Here are the results you can expect: 
1. If the resistance is close to zero, 

suspect that there's a short circuit 
on the transmission line; suspect an 
open circuit if the resistance is close 
to 200 ohms. 

2. A reactance readirtg on the XL side 
of zero indicates that the antenna 
is too long, while a reading on the 
Xc side of zero indicates the 
antenna is too short. 

Adjust an antenna that's too long or 
too short to the correct length. To 
determine the correct length, you must 
find the actual resonant frequency, F,. 
To do this, reset the reactance control 
to zero and then slowly tune the 
receiver in the proper direction - 
downband if it's too long and upband 
if it's too short - until you find the 
null. On a high-Q antenna the null is 
easy to miss if you tune too fast. Don't 
be surprised if that null is out of band 
by quite a bit. Find the percentage of 
change by dividing the expected res- 
onant frequency (FeXp) by the actual 
resonant frequency (F,), and multiply- 
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Heeth dip oscillator ready for use. 

Heath dip oscillator in case. 

ing by 100: Change = (Fexp x 100 per- 
cent)/F,). 

Resonant frequency. Connect the 
antenna, noise bridge, and receiver as 
you did before. Set the receiver to the 
expected resonant frequency - 
approximately 468/F for half-wave- 
length types and 234lF for quarter- 
wavelength types. Set the resistance 
control to 50 or 75 ohms, as appropri- 
ate for the normal antenna impedance 
and the transmission line impedance. 
Set the reactance control to zero. Turn 
the bridge on and listen for the noise 
signal. 

Slowly rock the reactance control 
back and forth to find on which side 
of zero the null appears. Once you've 
determined the null's direction, set the 
reactance control to zero and tune the 
receiver towards the null (downband 
if the null is on the XL side and upband 
if on the Xc side of zero). 

A less than ideal antenna won't have 
exactly 50 or 75-ohm impedance, so 
you'll have to do some adjustment of 
R and C to find the deepest null. You'll 
be surprised how far off some dipoles 
and other forms of antennas can be if 
they aren't in "free space;" i.e., they're 
close to the ground. 

One of the most common instru- 
ments for determining the resonant 
frequency of an antenna is a "dip oscil- 
lator," or "dip meter" (see photo C 
and Dl. This instrument was originally 
called the "grid dip meter." The meter 
works because its output energy can 
be absorbed by a nearby resonant cir- 
cuit, or antenna (which electrically is 
a resonant LC tank circuit). When the 
inductor of the dip oscillator is brought 
into close proximity with a resonant 
tank circuit, and the oscillator is oper- 
ating on the resonant frequency, a 
small amount of energy is transferred. 
This energy loss appears on the meter 
pointer as an extremely sharp dip; you 
can miss it if you tune the meter fre- 
quency dial too rapidly. 

Antennas are resonant circuits and 
can be treated in a manner similar to 
LC tank circuits. Figure 2A shows one 
way to couple the dip oscillator to a 
vertical antenna radiator. Bring the 
inductor of the dipper into close prox- 
imity with the base of the radiator. Fig- 
ure 28 illustrates the way to couple dip 
oscillators to systems where the radi- 
ator is not easily accessible (as when 
the antenna is still erected). Connect 
a small 2 or 3-turn loop to the trans- 
mitter end of the transmission line, and 
then bring the inductor of the dipper 
close to it. A better way to do this is 
to connect the loop directly to the 
antenna feedpoint. 

There are two problems to be aware 
of when using dip meters. As I said 
before, the dip is very sharp - it's easy 
to tune past it and miss it. To make 
matters worse, it's normal for the 
meter reading to drop off gradually 
from one end of the tuning range to 
the other. But if you tune very slowly, 
you'll notice a very sharp dip when you 
reach the resonant point. 

The second problem concerns the 
dial calibration. The dial gradations of 
inexpensive dip meters are too close 
together and often erroneous. You'll 
be better off if you monitor the output 
of the dip oscillator on a receiver, and 
depend upon the receiver calibration 
for data. 
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KITTY SAYS: W E  ARE N O W O P E N 7  D A Y S A  WEEK. 

Saturday & Sunday 10 to 5 P.M. 
M o n d a y - F r i d a y  9 lo 6:30 P M  Thurs. to 8 PM 

belts-in stock 
IC-R7lA. 751A. I81 ZBA/H. 38A. 48A. Micro214. 
R-7000. IC-761. IC-375A. 275AlH. 3210A. 475Al 
H. 735. IC-900. IC-228H, IC448A. lC725 

See you Feb. 5th-Limarc, LI, N.Y. 
FT-767GX, FT-757GXl1, 
FRG-8800, FT-736. FRE9600, 
FT-4700RH, FT 2121712RH. 

T r d ! > . . _  # ' l i 6 . r  l Y , ! C , ~  T t . ~ ~ ~ f \ ~ , n t ~  (;,pal For 

MODUBLOX. TONNA .Bultcrnut .. n o . '  - .. - -  
PRlVA TE PA TCH V, Duplex BOO0 

!21A/421A. TM-2570A150A/30A. TR-751A. Ken- 
wood Service Repa~r. TM-721A. TS-7111811 A, 
.M3530A. M205AT. TH215A. TM-621A. TM- TUNERS STOCKED: 
l21A. TSl4OS. TSGBOS. RZ-1. TS790A. N Y E  MeV-A 3 Killowatt Tuner 

Budwig ANT. Products 
NEL-TECH DVK.100 Diqnal Voice Kcycr 
F L U K E  77 Multimeter 

M ~ : I I , I  Mt.n.nr5- 
A1~1,ilcur Radm Coursc $99 95 ALINCO ALD 24T 

V o C o m l M i r a g e l A l i n c o  
T o k y o  Hy-Power lTE SYSTEMS ' 

A m p l i f i e r s  & 
518XHT G a i n  
A n t e n n a s  IN STOCK 

MICROLOG-ART 1. Air Disk, 
SWL. Morse Coach KACHINA COMMUNICATIONS DEALER 

Soldering S t a t i o n x t t s  $68. 

DIGITAL FREQUENCY COUNTERS 
Oploeleclrontcs model 1300H. 0-1300MHz 

Trlonyx. Model TR-1000, 0-600 MHz 
Long.range Wlreless 

Telephone lor eroorl In stock SANQEAN Portabk Shorlwavo Radlw 

MIRAGE AMPLIFIERS 

4EA 220 M H z  New TEN-TEC 

4EA 440 M H z  

\ N T E N N A S  

WRITE FOR 
OUOTES 

For the best buys in town call 
21 2-925-7000 

Los Precios M a s  Ba jos  en Nueva York 

WE SHIP WORLDWIDE! 

MAIL ALL ORDERS TO: BARRY ELECTRONICS CORP., 5 1 2  BROADWAY, NEW YORK CITY, NY 10012  (FOUR BLOCKS NORTH OF CANAL ST.) 

We Stock: AEA. ARRL. Alinco. Ameco. Ameritron, Antenna Specialists. 
Astatic. Astron. B&K. B8W. Bencher. Bird. Butternut. CDE. CES. Cushcralt, 
Daiwa, Eimac. Henry. Heil. Hustler. Hy-Gain. Icom. KLM. Kantronics. Larsen. 

"Aqul Se Habla Espanol" MJF. J.W. Miller. Mirage. Nye. Palomar. RF Products. Saxton, Shure, 
Tempo. Ten-Tec, TUBES. Yaesu, Vibroplex, Duplexers. Repeaters, Scan- 

BARRY l N T E R N  A TI  O N  A L T € LEX 12-7670 ners, Radio publications, Uniden. Kenwood, Maxon, RFC. 
MERCHANDISE TAKEN O N  CONSIGNMENT WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
FOR TOP PRICES HAM DEALER INOUlRES INVITED PHONE IN YOUR ORDER 6 BE REIMBURSED 
 ond day-~r~day 9 A M to 6 30 P M Thursday to 8 P M COMMERCIAL RADIOS atoakod & aorv lcod o n  promlaom. 
Saturday R Sunday 10 A M to 5 P M (Free Parklngl 

Amateur R a d i o  Courses Given On Our Premises, Call 
IRTILEX-"Spring St. Station". Subways: BMT- 
"Prince St. Station". IND-"F Train-Bwy Station" ALL Export O r d o r s  Shlppod I m m o d l m t o l y .  TELEX 12.7870 
Bus: Broadway #6 to Spring St. Path-9th St.16th Ave. SALES 
Station. FINAL FAX: 21 2-925-7001 



next vacation from Florida's hain attractions! 
the * Disney World * EPCOT Center 

land's most popular * Sea World * Wet n' Wild * Water 
Hamfest, at the hub of Mania* Boardwalk & Baseball 

* Gatorland Zoo * Xanadu 
and activity center in the east. * Church Street Station 

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

+ 24 Hour RV Sites at nearby 
campground 

Northern Florida * Continuous Forums Saturday 
and Sunday 

Section Convention * FCC EXAMS Sunday at9:OOarn 
*FREE Novice Exam - all others $4.00 April 7th, 8th, 9th Form 610 provided. Register for exams on 

REGISTRATION * -I 989- Saturday. Bring credits and license. 

NOW BIGGER & BETTER EXPANDED INDOOR SWAP TABLES 
($25.00 for all three days) 

(Until March 15th) THAN EVER! Commercial Exhibit Areas 

583 CANDLEWOOD ST.' BREA, CA. 92621 ur=--J 
FAX: 714-255-9984 .. TEL: 714-671-2009 B!!!a 

PIaue add 13.W Shlpplng. C.. resident add 6%; Aak for lea catalog 

$8.00 at the door 
Children under 12 Free! 

"C'mon down and enjoy 
our Southern Hospitality" 

- 

ADD A VOICE TO 
ITC-32 

FP-1 Speech Processed 
With the SP-1 Speech Synthesizer your 
ACC ITC-32 controller will sound exactly 
like an RC-85/850, for a lot less money. 
The SP-1 directly connects to the ITC-32 
and is transporenf to system operation 
when the ITC-32 personality PROM is 
programmed to support the Digitalker in- 
terface. Nearly 200 words, numbers and 
letters are included as standard. Uses an 
&bit parallel interface with strobe and 
handshake. Use with any external device 
which uses simple parallel interface. In- 
cludes on-board audio mixer to make in- 
terfacing a snap. $ 1 4 5  PP. Please request 
information packet. 

Gary Gaugler, N6OlJ 
7970 Twin Rocks Rd Loomis, CA 

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. 

HAMCATION CHAIRMAN: Larry Gilbreath 
General Information: (407) 657-9052 Commercial lnformation: (407) 898-1027 
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A' Ask tor Buzz Showalter 1 
EVERY ISSUE of 

HAM RADIO 
now available on microfiche! 

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

Our 24x microfiche is easy to read and 
very compact. We offer a hand held 
reader for $75, and a desk model for 
$200. Libraries have these readers. 

As a bonus, you will receive Ham 
Radio Horizons (3177 thru 12/80) free. 

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

Annual updates will be offered for $10. 

Send $185 payment (visalmc 
accepted) to: 

BUCKMASTER 
BUCKMASTER PUBLISHING 

Route 3, Box 56 
Mineral, Virginia 231 17 

7031894-5777 visalmc 8001282-5628 



MOUNT IT 
C DIP METER COIL 

-2-3 TURN LOOP 

2-3 TURN 
L W P  

FOR ANTENNAS WITH COAX 
CONNECTOR AT FEEDPOINT I 

Coupling the dip oscillator to antennas. (A) 
directly, (B) indirectly. 

Impedance bridges 
It's important to know the antenna 

feedpoint impedance when designing 
and developing tactics for impedance- 
matching networks. Although it's best 
to measure the impedance exactly at 
the feedpoint of the antenna, it's very 
difficult to do. It isn't possible to meas- 
ure the impedance on the ground and 
then expect it to be the same "at alti- 
tude" after you've erected the 
antenna. But there's hope for good 
measurements. Remember your basic 
transmission line theory? The load 
impedance value is reflected every half 
wavelength down the line. In other - 
words, if you make the transmission 
line exactlv an inteaer multi~le of a half 

I 
I 

J I  
RF 

INPUT 

001,aF 

(A) Universal bridge circuit, (B) Amateur im- 
pedance bridge project. 

Figure 3A shows the basic form of 
a simple impedance bridge. There are 
four arms, each representing an 
impedance. In general, two will be 
fixed, one will be variable and con- 
nected to a calibrated dial, and one will 
be the antenna. Another common 
arrangement is to have one fixed, two 
in the same "stack" (e.g., 21 122) that 
are differentially variable, and the other 
as the antenna impedance. The bridge 
is in null (detector reads zero) when 
[Z1/221 = [Z3/241. 

Figure 3B shows an impedance 
bridge construction project you can 
build. The heart of this instrument is 

ponents from the DC ones. The entire 
project is built in a shielded box, but 
the RF components should be shielded 
separately from the others. 

Calibration is simple. Select a hand- 
ful of carbon composition resistors 
with values ranging from about 1 to 
300 ohms. These are connected across 
J2, each in its turn. Make sure to rep- 
resent 50 and 75 ohms in your collec- 
tion so that you can find exact points 
on the dial. Find the null for each resis- 
tor using a low-power source, and 
mark its spot on the dial. Now calibrate 
the dial for the values you've selected. 

The Leader Electronics commercial 
impedance bridge model shown in 
photo E is intended for Amateur appli- 
cations. It contains an internal ampli- 
fier so that it can be used with ordi- 
nary signal generators, or in the 
"straight through" mode for use with 
low-power Amateur Radio transmit- 
ters. 

VSWR bridges 
Voltage Standing Wave Ratio 

(VSWR) indicates how well an 
antenna is matched to its source. 
Photo F shows a simple, low-cost 
bridge that will measure forward and 
reflected "relative" power. Although 
there's a calibration setting on the sen- 
sitivity potentiometer' for measuring 
the output power of low-power trans- 
mitters, it's not too accurate for meas- 
uring RF power. However, it is good 
as a VSWR meter. One meter meas- 
ures the forward power, while the 

- 
wavelength, the impedance measured C1 AIB, which is a 200 or 250-pF 
at the input end will be the load imped- differentialcapacitor. The exact value 
ance at the other end. The length of isn't critical, but the range is affected. 
the line (in feet) should be [(492 x N You can purchase these capacitors 
x V)/FMHz], where N is an integer (1, from Radiokit in Pelham, New Hamp- 
2,3,. . .), V is the velocity factor of the shireyn order to read impedance 
transmission line used, and FMHz is the values you'll need to  supply a 
frequency in megahertz. Although calibrated dial for the capacitor. 
there's error involved because some The value of resistor R2 is ideally 50 
coaxial transmission lines don't exhibit or 75 ohms. Select it to match the , . - ,  .. 
precisely the advertised velocity impedance of the antenna being meas- 
factor, the error is small enough to be ured. Selecting 68-ohm, 2-watt, car- 

impedance bridge. 
ignored in most cases. bon composition for R2 is a reasona- .P o BOX 973. 03076 
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' ANTENNA 
TH'E HIGHEST GAIN 
DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 

I 446.500 MHz 

GAIN: 
VHF - 8.2dB 
UHF - 11.5dB 
VSWR - 1 .-1.2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS . 
UPS SHIPPABLE 
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Labels, floppy disks. CD-ROM, mag tape. 
Newly l~censed hams 
All upgrades 
Updated each week 

BUCKMASTER PUBLISHING 
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Two-indicator VSWR bridge. 

other measures the reverse power. 
Once again, it's relative power that's 
being measured. Using the calibration 
knob, set the forward meter to exactly 
full scale with RF power applied. You 
can then read the VSWR from the 
reverse meter. In a future column I'll 
deal with the construction of various 
RF wattmeters and VSWR meters. 

Conclusion 
Antenna instruments are generally 

inexpensive, especially when com- 
pared with the cost of some antennas 
and transceivers on the market today. 

Some Amateurs feel they don't need 
to own such instruments. Yet they are 
so useful in "doping out" antenna sys- 
tems, both when designing new instal- 
lations and troubleshooting existing 
ones, that you'll find one handy. If you 
don't believe you need antenna instru- 
ments, then I've got a bridge up in K2- 
land to sell you. 

Special note 
The toroids column was suggested 

to me by a reader who must be a very 
special guy. Next time you buy a bot- 
tle of wine that bears the Bully Hill 
label, remember it's made by Walter 
Taylor, K2MLT. Because of legal prob- 
lems with the Taylor Wine people, he 
can't use his own name - so call him 
Walter . The art- 
work labels are a treat! Thanks, 
Walter. 

You can reach me at PO6 1099, 
Falls Church, Virginia 22041. I'd like to 
have your comments and suggestions 
for this column. 
Article l HAM RADIO 

BENCHER and others 

4253 So Broa(lw?y . r ~~c l l rwoo r l  ( 0 110110 

NEW! 
The c lmic "Antenna Rible" 

now in l thoroughly-revised, much-enlsrged 
edilion 

ANTENNAS 
2nd edition 

by John Kraus, W U K  
Ohio Stale University 

Coven both theory and 11s appl~cations lo practical 

systems. Over 1000 ~llustrat~ons and nearly 600 
worked examples and problems. Over 100 new 
topics. Complete with des~gn formulas, tables and 

references 

91 7 pages, hardcover. $51.95 
Add $2.50 per book for shipping and handling U.S.. 
$5.00 elsewhere. 

CYGNUS-QUASAR ROOKS 
P.O. Box 85, Powell, Ohio 43065 

Tei. 610-548-7895 / 1s 

I Manufacturers of Q x t y  Communications E_quipment 

*Re~eaters *Standard and I 
  inks 
*Remote Base 
*VHF,UHF 
*Receivers 
*Transmitters 
*Antennas -- --- _ \- 

Hi Pro'E' E-E 

Computerized 
Controllers 

*Standard and 
Computerized 
Auto Patches 
Duplexers 

SYSTEM 

A NEW CONCEPT IN REPEATER DESIGN. THE Hi Pro "E" IS AN WPANWBLE REPEATER WiTH THE FOLLOWING FEATURES: A BASIC REPEATER WHICH W W L D  IN- 

CLUDE A COMPLETE RECEIVER, TRANSMITER, COR, FRONT PANEL CONTROLS AND INDICATDRS. LOCAL SPEAKER AND MIC JACK AND CAPABLE OF FUTURE 
EXPANSION. ALL HOUSED IN AN EXTREMELY RUGGED. ENCLOSED, lSlNCH RACK MOUNTABLE CABINET 

THIS SYSTEM CAN BE EXPANDED AT TIME OF PURCHASE OR CAN BE AN AFER-PURCHASE ADD ON. THE ADD ONS ARE-HIGHER POWER, llOmO VAC POWER 

SUPPLY. IDENTIFIER. AUTO PATCH. OR COMPUTER CONTROLLERS. IN ADDITION TO THESE ADD ONS AN ADDITIONAL RECEIVER AND TRANSMITER CAN BE 
MOUNTED INTERNALLY FOR USE AS CONTROL LINKS. REMOTE W E  OR DUAL BAND OPERATION. ETC 

AN EXTENSION PANEL IS AVAllABLE FOR LOCAL MONITORING OF THE REPEATER AND CONTAINS ALL NECESSARY METERING, STATUS LIGHTS AND INDICATORS ALL 

ADD ONS ARE AVAllABLE FROM THE COMPANY AND ARE COMPLETE INCLUDING INSTRUCTIONS. 

I UAGGIORE El ECTPONIC LAB. 
1 600 Westtown Rd. West Chester, PA 19382 Phone (215) 436-6051 Telex 499 0741 MELCO 
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If you are monitoring only voice shortwave stations, you are missing half the 
action! Thousands of shortwave stations transmit in non-voice modes such as 
Morse code, various forms of radioteletypc (RTTY) and facsimile (FAX). The 
Universal M-7000 will permit you toeasily intercept and decode these Lransmis- 

'sions. Simple connections to your shortwavc receiver and video monitor will 
enable you to monitor with the most sophisticated surveillance decoder 
available. No computer is required. the world of shortwave excitement you 
have been missing. Rcquires 115 or 230 VAC. Six monlh limited warranty. 

Universal M-7000 Introductory Pricing: 
- 

Standard M-7000 .............................. $ 999.00 Universal Radio 
. With Real Time Clock O p i a  ........ $1059.00 1280 Aida Dr. Dept. H 
With FAX m i o n  .................. $1089.00 Reynoldsburg, OH 43068 

. With Clock & Video FAX Option .. $1 129.00 
Shipping/llandling (USA) ................ S 11.00 

Toll Free: 800 431-3939 

' U ~ ~ ~ ~ . . S ~ B ~ n d i o ~ t l b u i a t u s k c  1942 In Ohio: 
614 866-4267 

Partial List of Modes & Features 
4 Morse Code (CW) 4 Speed Readout 
4 Regular Baudot R l T Y  4 4 ITY Alphabets 
4 Variable Speed Baudot 4 Ten Memories 
4 Bit Inverted Baudot 4 Automatic Tuning 
4 ASCll Low Speed 4 Video Squelch 
4 ASCII Iligh Speed 4 Audio Squelch 
4 ASCll Variable Speed 4 Split Screen ARQ 
4 Sitor Mode A (ARQ) 4 Self Diagnostics 
4 Sitor Mode B W C )  4 Screen Print 
4 Aumr 4 Screen Saver 
4 ARQ 2&4 c b .  VDM) 4 Input Gain Control 
4 V I T  Modes (fDM) 4 MSI. UOS. ATC 
4 Russian 3rd Shift Cyrillic4 User Prognm- 
4 Facsimile (FAX) AM mahle Sel Cals 
4 Facsimile (FAX) FM 4 Serial & Parallel 
4PacketAX.25 Printer Ports 

: iE?E:$- 4 Remote Terminal 
Operation 

+ Reception + Direct Entry of 
+ Dual Metering Baud & Shift 
4 LOW TO^^& High Tone 4Auto-S~rt  
4 Variable & Standard Shift 
+ Real Time Clock 
+ @!ion: video ~ i ~ ~ l ~ ~  of~acsimile (FAX) 
+Option: Rack Moun~ing Bradteu (For 19") 
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More new cycle 22 DX - 7.-2500 

The new sunspot cycle nears its max- a 360 - 
imum by the end of 1989, causing 
some changes in signal propagation. 
The lower ionosphere (D & E) regions 
will increase by 30 percent, but the F 
region changes are more involved. Up 
there the geomagnetic field defines 
and controls the electron-ion density 
and altitude changes. Ion density will 
be generally increased, but the amount 63 79 93 I08 I28 IJO 175 193 210 FLUX 

will vary with location. Figure 1 shows 
the changes in height, both up and Cycle 22's increasing sunspot numbers and their effect on the F2 layer's average height. 

down. See the left ordinate scale at the 
latitude regions. idea of what to expect by the end of near the 3rd, loth, and 21st with 

The height of refraction in the iono- 1989 or so. The hop distance, long unsettled conditions. As a result of 
sphere determines the geometrical skip, should increase by about 400 km these effects, you can hear decreases 
conditions of the maximum distance on the northern paths to Europe or in MUF with weak and variable QSB 
for DX. The earth tangent points Japan while decreasing to countries in signals on east-west DX paths to 
spread out as the height increases. The South America, South Africa, and the Europe and Japan on the lower bands. 
figure's right-hand ordinate scale South Pacific. Shorter nighttime hours will also be 
shows this change in hop length at a evident. 
10 degree take-off angle. If you have Last-minute forecast No significant meteor.showers are 
a favorite DX spot, the distance is The best days for long-skip open- scheduled to appear in February. A full 
fixed. For the signal to get to this same ings on the higher frequency bands are moon occurs on the 25th; its perigee 
spot, the take-off angle will have to the first 12 days of February. Openings is on the 13th. 
change as the height of the ionosphere of one-long-hop transequatorial skip 
moves. The angle change is also are probable near the 3rd and 10th to Band-by-band summary 
shown on the fig. 1 right-hand South Africa, South America, and Ten, 12, 15, 17, and 20 meters will 
ordinate scale for 3000-km distance. South Pacific areas. Maximum usable be open from morning to early evening 

Figure 1 is based on theory and frequencies (MUF) are expected to be almost daily to most areas of the 
geometry backed up by some research highest because of high solar flux on world. Expect the higher band open- 
measurements. The solar flux and sun- these days. The lower bands are ings to be southerly, shorter, and 
spot numbers change daily, and so do expected to be their best during the closer to local noon. Transequatorial 
the relationships shown in fig. 1. On last two weeks. Disturbed periods propagation on these bands is likely to 
the average, the graph gives a good from solar flare effects may be evident be toward evening during times of high 
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The italicized numbers signify the bands to try during the translion and early morning hours, while the standard type provides MUF during "normal" hours 
'Look at next hbhr  band for possible openings. 
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solar flux and disturbed geomagnetic 
field conditions. 

Thirty and 40 meters will be useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters, but skip and signal strength 
may decrease during midday on days 
with high solar flux values. Look for 
good nighttime use - except pre- 
dawn after days of very high MUF con- 
ditions. Usable distances on these 
bands should be somewhat greater 
than that achieved on 80 at night. 

Eighty and 160 meters, the nighttime 
DXer's bands, will open just before sun- 
set and last until sunrise on the path of 
interest. Except for daytime short-skip 
signal strengths, high solar flux values 
have little effect. Geomagnetic distur- 
bances, moreevident at theequinoctial 
periods, cause signal attenuation and 
fading on polar paths. Noise increases 
noticeably on these lower frequency 
bands in the coming months. Please 
remember the DX windows. 

Article J HAM RADIO 

Hoard featured on the The HK-21 Pocket 
smallest TNC available- Packet requires only a 
the HeathQ HK-21 single 12 VI)C@40mA 
Pocket Packet. power source or as 

The RRS operates little as 29mA from an 
under your call with optional HKA-21-1, 
simple commands 
like Send or Write a 
message, Kill a message 
and read the File 
messages currently on 21 Pocket Packet - 
the system. And the 
HK-21 Pocket Packet is 
fully TNC-2 compatible. 
Hookup is easy. 

Plug in supplied cables 
instantly to most For information on 

Heath's complete 
line of amateur radio 

I-800-44-HEATH 

I I 
DOWN EAST MICROWAVE 

I I 

MICROWAVE ANTENNAS AND EQUIPMENT 
Loop Ymgls. PowuMvM.n Unw AmpllNm CompImte 

Amy8 .  Mlcmware T n n s v e r l m  &As FET Primp. 
T R O W  EME 'Week Signml . OSCAR 902.1269 ' 1298 

-2304.2400 3458 MHz 
2345LV 45.1 IoopVogl laWMHz aOdBl re7 
1345LV 45el loopvagl 23MMHz 2WBI -4 
3333LV 33.1 loopvagl 902MHz 1I.MBI 197 
Above anlennar -bled and losled Klts aval lW 
Md IB UPS SIH. $11 West of the M~sslsstp~n 

MlCROmVE LINEAR AMPLIFIERS SSB, 
A N .  REPEATER. OSCAR 

2316PA l r l n  l o r o u t  1240-1300UHz 131V t i 1 5  
2335 PA low In 35.4 out 1240-1300 MHz 13.IV $305 
3318PA I w  k 20wout 900-930 MHz 13.OV 1255 
3335 PA low In 40w oul 900-930 MHz 13.OV $305 
23LNA p..mp 0.768 N F. 1298 MHz 1 00 
33LNA pnmmp O.9dB N.F. 902 MHz 1 80 

A d d S B ~ V S I 4 I  

U * I ~ ~ L ~ Y h l m m w L ( t . h ~ b  
r n k v r n c w  

WWNEISTMlCRO*UYE 
Blll Olson. W3HOT 

Box 2310. RR 1. Troy. ME 04987 
(207) 948-3741 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter 
Expandablr to J7 (;h,~rtr~el by .lu\t Ad~l~nq Cards 

Cont~nuous Voltnq 

LEO lndlcators ol COR and Voled S~qnals 

Bu~lt-~n Callbrator 
Remote Voted lnd~cators P~nned Out 

4'h x 6 Double S~ded Gold Plated 44 Pin Card 

Remole D~sahle lnpuls 

MORE 

Built, tested and calibrated with manual 

$350.00 
Telephone ~nterface now available 

For more informatton call or wrlte. 

DOUG HALL ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus. Ohio 43211 

(614) 261-8871 

MODEL 
SG-100F 

' $429.95 
dsllvered 

1 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 Jamalca Ave., Hollis. NY 11423 
Phone: (718) 468-2720 Mon. thm Thu. 
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THE 
WEEKENDER 

A transmit timer for the 
KPC-2 
One of life's most embarrassing moments is finding 
your packet TNC has glitched and tied up a busy packet 
channel forseveral hours. MyTNC, an older Kantronics 
KPC-2, doesn't have a transmitter time-out timer. 
Several circuits have been published as solutions to this 
problem, but I feel mine is a novel approach because it 
uses existing circuitry to incorporate a timer. You add 
only two diodes, a resistor, and a single capacitor. 

The KPC-2 is a fine TNC, but as with many devices 
with internal microprocessors, erratic supply voltage 
fluctuations can cause the internal program to "crash" 
and the TNC to go into continuous transmit mode. 
Besides the embarrassment, you also run the risk of 
burning out your transmitter PA. 

Before you start 
All of the modifications are performed on the KPC-2 

pc board. You should havesomeexpertisedoing minor 
pc board modifications before attempting this one. I also 
advise you to use a groundedsolderingstation and take 
the necessary precautions against static discharge. Your 
Kantronics warranty and factory service options may be 
adversely affected by this installation. 

Opening the TNC 
Remove the pc board through the front of the case. 

The bezel and front panel are held in place by two 
screws. Before you can slide out the board, you must 
remove the screw mounting the 7805 to the case. 

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

Attempting to slide the board forward before removing 
this screw will damage the regulator. Avoid disturbing 
the LED indicators or they won't mate with the panel 
cutouts during reassembly. 

Timer length 
Most packet operations require transmit times of 10 

seconds or less. For file transfers, transmit times of 20 
seconds or more are common. Some packet conference 
systems use TX times of up to a minute. Using a 100-k 
resistor value for R 1 yields a 10-second time limit; a value 
of 560 k for R1 allows 60 seconds before time-out. 

Preparing the board 
Using your KPC manual pictorial layout, locate IC 

U14. This a 74HC04 14-pin device. Locate pin 13 and 
carefully cut the trace to the pin on thesolder side of the 
board. Verify that you have the correctpin before cut- 
ting the run! 

Now install diode D2 and resistor R1 between pin 13 
and Vcc (5-volt bus). Pin 140f U14is thevccsupplyfor 
the chip. I elected to mount thediode on the solder side 
of the board, and tacked the resistor directly to the IC 
pins topside. Observe diodepolarity - the cathode (bar) 
must go to pin 14! 

Locate thesolder padsfor U13. Thisdevice is not used 
on the KPC-2. On the component side of the board you'll 
find twoor three padsfor U13 that are connected to the 
ground bus. Select one of these pads and carefully cut 
it free of the ground connection. Next preparediode D l  
and capacitor C1. You'll mount these components 
between pin 13 of U14and the open pad on U13. Cut the 
leads to length and put spaghetti over the exposed leads 
before soldering. Again, note the polarity. The positive 
lead of C1 and the cathode (bar) of D l  must go to pin 13 
of U14. There will be three leads connected to pin 13 of 
the IC at this point, so solder carefully! Now, trace the 
cut run from pin 13 of U14. You'll find it goes to one of 
two solder-through connections in the vicinity of U8. 
Solder a short piece of wire-wrap wire from this point 
back to the freed pad of U13, where capacitor C1 and 
diode D l  were terminated. 

This completes the modification. Carefully recheck 
your work to be sure everything is right before you put 
the KPC-2 back together. Note that my pc board isver- 
sion PC 35. Your KPC may use a different revision level, 
and have a different parts layout than mine. 

Checking it out 
Put your station back together and select a quiet 

packet frequency. Monitor your transmissions on 
another receiver. Select the calibrate mode for the TNC; 
refer to the manual if you're not familiar with this com- 
mand mode. Your terminal will give you an R, T, or X 
prompt. Hitting the T key should key your transmitter. 
You'll hear a calibration tone on the monitor receiver if 
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t- yc.A 
I HAM STATION 

P.O. Box 6522 
220 N. Fulton Ave. 

Evansville, IN 47719-0522 

Stom Hours 
MON-FRI: 9AM 6PM 

SAT: 9AM - 3PM 
CENTRAL TIME 

SEND A SELF ADDRESSED STAMPED 
ENVELOPE (SASE) FOR NEW AND USED 

EOUIPMENT SHEETS 

WARRANTY SERVICE CENTER FOR: 
ICOM. YAESU. TEN.TEC 

FOR SERVICE INFORMATION CALL 
(012) 4224252 

MONDAY - FRIDAY 
8:W AM. 12:W NOON 

FT-747GX 
100 W a t t s  o f  Economica l  
Per fo rmance 
Dua l  VFO's. 20 Mernor les 

ICOM 
IC-32AT 
N e w  Dua l  B a n d  HT 
RX-138-174 M H z  

4 4 0 4 5 0  M H z  
TX-140-150 M H z  

4 4 0 4 5 0  M H z  
~ e c e i v e s  f r o m  100 kHz-30 M H z  5 w a t t s  Outpu<n B o t h  B a n d s  
Bu i l t - in  CW Fi l te r  + M o r e  F u l l  Duplex & 4 0  M e m o r i e s  

2 M e t e r  M o b l l e  
Opt ional ,  In te rna l  D ig i ta l  IC-228A 
V o l c e  Recorder  25 Watt ,  2 M e t e r  F M  M o b i l e  
RX 138-174 M H z  RCV 138-174 M H z  
T X  144-148 M H z  T X  140-150 M h z  
45  W a t t s  O u t p u t  20  M e m o r i e s  
FT-712 R H  Avai lable f o r  7 0 c m  

OMNl V 
N e w  UILSB, QSK. CW. F S K  H F  R i g  
Dua l  VFO's, 100 W Output  
A l lbands  160-10 
Super ior  "Phase No ise"  
M a d e  i n  USA 

VHFNHF 
AMPS 

H l g h  VSWR a n d  
Overdr lve Protection 
5 Year Warranty.  8 M o n t h s  on RF 
Transistors 
A l l  U n l t s  haveQaAsFET Recelva 
Pre-amos 

Multl.Mode Datacontroller . Packet. RTTY. ASCII. CW. WEFAX. 
SSTV. Contest Memory Ke 

WGSAI BOOKS 
published by Bill Orr, W G S A I  and Stu Cowan, W2LX 

BEAM ANTENNA HANDBOOK 
Compl~tely revls~d and updnted w~th the latest computer generated lnformat~on on 
BEAM Antenna deslgn Covprs HF and Yag~s and 10. 18 and 24 MHz WARC bands 
Eve thln you need to know 204 ~llustrafions 268 pages 1~~1985 Revtsed 1st edlhon 
I R%B~ Softbound $11.95 

ALL ABOUT VERTICAL ANTENNAS 
Theory deslgn, constructlon. operat~on-are fully covered Here's what thls excltlng 
book covers Horizontal vrs vert~cal-wh~ch IS besP Top loaded and helical antennas 
5 h~gh efflc~ency Marcent antennas for 80 and 160, verticals and TVI-Is there a 
problem? The effects of groi~nd on vertlcal antennas and a how to make an effective 
ground system the Bobtall beam, construchon data for 25 d~fferent antennas, matchlng 
clrcults of all descr~~t~ons-whlch IS best plus P-L.E N-T-Y morel 1st ed~t~on 192 
pages c- 1986 
! RP-VA Softbound $10.95 

RADIO HANDBOOK 23rd Edition 
Here are some of the h~ghl~ghts of thls exciting new edition: New easy-to-use 
charts lor Chebyshev and ell~ptic f~lter configurations, new data on power MOS- 
FETS, how to use state-01-the-art OP-AMPS, and home computer RTTY to name 
just a few examples New projects ~nclude. GaAsFET preamps for 902 and 1296 
MHz. easy-to-bu~ld aud~o CW f~lter. Economy two 3-5002, 160 meter amplifier. 
multiband amp uslng two 3CX800A7's. and a deluxe amplifier w~th  the 
3CX1200A7 tube. New antenna projects Include: efficient Marcon1 des~gn for 160 
and 80 meters, computer generated dimensions for HF-Yagls. and a 2 meter slot 
beam Get your copy today 23 edition 1986 
i 122424 (Reg. $29.95) Hardbound $26.95 

THE RADlO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers vert~cals, long wlres, beams as well as plenty 
of other lnterestlng des~gns. It ~ncludes an honest judgement of galn figures. 
how to site your antenna for the besl performance, a look at the Yagl-Quad con- 
troversy, baluns, slopers, and delta loops. Pract~cal antenna prolects that work! 
190 pages. 1978. 1st ed~tlon. 
r IRP-AH Softbound 511.95 
Please enclose $3.50 for shipping and handling. 

HAM 
RADIO BOOKs'K)RE 

I GREENVILLE. NH 03048 (603) 878-1441 1 

I HAM RADlO SHIRTS and HATS 
GREAT Gift Ideas! 

Here's a g r e a t  w a y  t o  s a y  y o u ' r e  a H A M  R A D l O  r e a d e r .  
G e t  a h a t  w i t h  your name and call and wear y o u r  H A M  
R A D l O  Magazine shirt! 

Baseball Caps c o m e  in gold, blue, red 
and k e l l y  green. Please g i v e  u s  t h e  name 
and call sign y o u  w a n t  l e t t e r e d  on t h e  h a t  
( m a x i m u m  o f  6 c h a r a c t e r s  p e r  line.) 
UFBC ( c o m e s  in gold, blue, red. 
k e l l y  g r e e n )  .................................... $5.95  

H A M  R A D l O  s h i r t s  c o m e  in t w  
a t t r a c t i v e  s ty les .  The T E E  sh l r ,  
g r e a t  f o r  general e v e r y d a y  u s e .  
T h e  H A M  R A D l O  polo i s  f o r  a 
more f o r m a l  occasion. E a c h  shirt i s  
made o f  a 50150 blend and comes 
in e i t h e r  blue or r e d .  T h e  new H A M  S i z e s  Ava i lab le :  
R A D I O  logo is s i l k - s c r e e n e d  in a S,  M. L. XL 
v i b r a n t  y e l l o w  c o l o r  on t h e  f r o n t  o f  
each shirt. 
H R - T E E  B (b lue) R (red) ......................................... $ 9 . 9 5  

........................................ HR-PLO B (b lue)  R (red) $19.95 

Please enclose 53 50 10 cover shlpplng and handllng 

HAM 
RADIO BOOKSTORE 

GREENVILLE. NU 03048 . . 
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Partial schematic of unmodified TNC. 

U 8 

Diode 0 1  snd 0 2  IN914 01 equ~valenl 
C.pcilor C1 150 ,<F. 6 volts elactrolylic 

i R.rlslor Rl  100 lo560k. IN walt(re0 10x1) 

Addition of timer components to TNC circuitry. 

everything'sworking correctly. Hitting the R key should 
immediately drop the transmitter. Toggle back and forth 
between the R and T keysseveral times to confirm that 
the TNC is keying and unkeying the radio properly. Now 
select the T key and wait - the TNC should time out 
eventually. After time-out, immediately hit the R and T 
keys again. The transmitter should come back on until 

you hit the R key, or until the next time-out. The X 
prompt is supposed to terminate the calibration mode, 
but you'll find that you have to turn theTNC off and back 
on to resume normal operation. 

Theory of operation 
Look at figs. 1 and 2. Normal TX keying is started by 

a low-going signal from the microprocessor on pin 15. 
This signal is inverted to a high-going one by way of an 
inverter section in U14. The high-going signal drives 03 
into conduction through current-limiting resistor R39. 
The open-collector output of Q3 provides the ground- 
return keying for the transceiver. 

In the modified circuit, capacitor C1 is normally dis- 
charged. During transmit, the negative lead of C1 is 
brought low. The charging current for C1 maintains a 
low stateon pin 13 of U14, until C1 reachesa chargevolt- 
age equal to the threshold of pin 13 on U14. The value 
of R1, in conjunction with the source current provided 
by the inverter input, and thevalueof C1 determine the 
actual time interval before time-out. Dl forces an 
immediate high level to the inverter when going to 
receive. Diode D2 providesa discharge path for C1 dur- 
ing the receive state; this prevents consecutive packet 
exchanges from causing a cumulative time-out. I sus- 
pect this circuit might be adaptable to other TNCs, 
although I haven't investigated that possibility. Purists 
may wish to include a small resistor, under 100 ohms, in 
series with C1 to limit the inrush current on pin 15of the 
microprocessor. 
Article K HAM RADIO 

short circuit 
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'  issin sing figure 
Please note that in the October 1988 

issue, fig. 7 shown on page 26, should 
have been included in fig. 9. The 
figure shown here should have been 
fig. 7 in Part Three of N6GN's article. 
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. 
NETmKALL NK- 1 

DTMF ALERT DECODER 

From 
Only 

$3495! 

Momentary or latched output 
Multiple Group-Call response 
High stability xtal controlled SSI-202 
Ideal for an economical alert system 

NK-1 K (ki t)  
. - 

'34.95 
NK-1 W (WiredJTested) $44.95 [a] (Add 52 00 ShfppfnglHandlrfrg m U S .4i 

MoTron Electronics call T O I I - ~ r e e  
695 W 21sl Ave 1-800-338-9058 
Eugene. OR 97405 or 1503) 687-21 18 

The Power 
and 

The Glory 

THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX 
Rfl NO DCW3Wm R1# 
321-11-3 BNC 2 PST 28 VOH CO81hl Id*. 

mph.nol 
Inreflion lon 0 lo 0 756W. 
0 lWB 
Power Why 0 lo 0 SOW. 100 
rans cw z h p a l  
lrolallon 0 1 GA 4!S. P 2 GW L25 nrd 
4Odb 0 4 GMZ 3Sdb IMlfisd 

83 822 PI '5'1 Tellon Alrlphenol 1 50 
PI 259lST U H f  MaleS~lv~r  Jpllon USA 1 50 
UG 210lU N Male RG 8 213 214 Amphenol 2 95 
UG 2181U N Male RG 8 213 214 K~nqs 4 00 
Wl31PIN N Mile Pin lor 9913 9036 8214 

Ills UG 21DIU R UC 21BlU N s 1 50 
UG 21019913 N Male lor RG 8 wllh 9913 Pin 3 95 
UG 21819313 N Male lor RG 8 w ~ l h  9913 Pin 4 75 
UG 14WU N Male lo SO 239 Teflon USA 5 W  
UG 83/U Fernalp lo SO 239 Tellon USA 5 00 

"THIS L IST REPRESENTS O N L Y  A 
FRACTION O F  OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Gaithersburg, MD 20877 

(301 ) 840-5477 
VISAIMASTERCARD Add 4% 
P r r c e s  Do N o l  I n c l u d e  S h ~ p p r n g  

1-314-343-1630 MO 
f l  155 For the dealer neared you. 

I ' I w ~ ~ c l c n g l h \  cl law Inr~c.,a\ rhr.,uxh I n  cf l i~lcnr Ihncdr 
m ~ t c h l n p  tranrl',rmrr. SparL! J's hcsl JucLrcs. 1 ' 4  .%' .; 6 
u a \ c  anrcnnar. nccJ no FrounJ plane. 1.0~ Osl5WR r u n c  
pl\.cs c J p  r,, d c hand <,-\crag<. Grcar pvIablc- rolls up 
I., (11 ~n p+cl;cr.Famplclcl\ rr\crnblcJ \urh HXC'conncc~~r. I 

~ - 

h A ~ a i l a b l r  for rtrp band lrom 50 lo 4.k \!Hz 
S 3995 T~~ f,,r S 650° .WJ 55 P S 11 

I.,. p,;r st rr lu..lrssmrol Antenna~14~csf 
(h 51 1W2-H, Prove, UT MM)3 ($01) 373-8425, 

K e p r o  C ~ r c u i t  Systems. Inc. 

Make PCB's In Your Home! 
KepmClad'" gives you the power to 
produce industrial quality printed circuit 
boards at home. PCB's you can use for 
nearly any electronic construction project 
- from simple power supplies to 
sophisticated lasers. And when you're 
done, you'll know the glory that comes 
from top performance assured by the use 
of KeproClad PCB's. 

KepmClad is the quick, easy and inex- 
pensive system for production of quality 
printed circuit boards. KeproClad has all 
the supplies and instructions you need to 
create professional boards at home. 

All KeproClad products are safe, easy 
to use and come with an unconditional 
guarantee. When you want to build the 
best, choose KeproClad. KepmClad gives 
you the power. You get the glory. 

For your free KepmClad catalog and 
name of the KeproClad dealer nearest 
you, call Kepro. 

630 Axminister Drive, Fentan, MO 63026.2992 

NEW NEW NEW 
PLENTY OF BOOKS LISTED I N  THE BOOK- 
STORE'S CATALOG - 

SAVE TIME AND MONEY. 
SHOP BY MAIL FROM YOUR #I SOURCE 
OF AMATEUR BOOKS A N D  SOFTWARE. 

/ 4 

f l  128 HAM RADIO'S BOOKSTORE CREENVILLE, NH 03048 
I6031 878-1441 

f1989 U.S. CALL DIRECTORY \ 
(on r n l c r o t l c h e )  

Call D i r e c t o r y  - by calls~gn .................... 88 
N a m e  lndex - by l a s t  name ................... $8 
G e o g r a p h i c  l n d e x  - by s t a t e l c i t y  ............ $8 

A l l  t h r e e  - $20 
$3 shipp~ng per o r d e r  

BUCKMASTER PUBLISHING 
Route 3, Box 56 

M l n e r a l .  V l r g i n l s  2 3 1  17 
7 0 3 1 8 9 4 - 5 7 7 7  v i fdmc 8 0 0 1 2 8 2 - 5 6 2 8  

~ V H F  
C 0 M M U N I CAT I 0 N S 

fl 159 
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9:00 am - 5:30 pm 
weekdays 

Weekends and e v e n l n g s  
by appointment 

ICOM. AEA. LARSEN. VAN GORDEN. 
V l0ROPLEX N Y E  VIKING. FALCON 

::;:N;E;::g ;zT;:;ky:g 
280 Tiffany Avenue W v I I r k Y d r 6 u f  &&1.*5.' 

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



COMMODOREIAMIGA chips, leg. 6510-$11.55, 6526.- 
$12.50. 6567-$19.95. 6581$13.85. PLAl82S100-$14.75, 901 
ROM series-$11.501, parts, diagnostics, hard to fund items. 
Authorized service center. Fast repairs. low con leg. C64-$49.49 
plus UPS). Heavy duty power supplies for the C64-$28.00 plus 
UPS. KASARA MICROSYSTEMS, (Division of QEPI. Rt. 
9WIKay Fries Drive, Stony Point, NY 10980. 1-800-248-2983 
(outslde NYI or 914-942.2252. 

RUBBER STAMPS: 3 lanes $5 00 PPD Senu chec* 01 MO to 
G L Plercr. 5521 Blrkdale Way. San Deyo, CA 92117 SASE 
brlngs ~nformation. 

CASH OR TRADE for all types of transmitting or spectal pur- 
pose tubes. M b S COMMUNICATIONS ENGINEERING 160 So 
Auburn Street. Suite 200. Grass Valley. CA 95945. (9161 
272-5500. 

COMPUTER CODE COURSE: Apple II + IclelGS. C-641128. 
37 modes, graphics, 1-100 WPM, menus, proportional spacing. 
variablefrequency, more ($29.951. With word processor 1$3.951. 
Manual 1$101. CheckiMO. LARESCO. POB 2081-HR, Calumet 
City. IL 60409. 1-312-891-3279. 

ELECTRON TUBES: Receiving, transmitting, microwave ... all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029. Compton. CA90224.12131 
774~1255. 

MOTOROLA MAXAR 80.800 MHz 2-way wlmikelPL Good 
condition $250. Heathkit 20 SSB mobile $125. Hallicrafter 
SXlOlA $125. Bob Shuman. 725 S. Chocolay, Clawson, MI 
48017 

UHF PARTS GaAs Fets. nimlcs ch~p caps, feeatnr~s tellon 
pcb, hjgh 0 trlmmers Moonoobnce qbal~ty preamps Electron~c 
sequencer boards Send SASE for complete lhst or call 13131 753 
4581 evenlngs MICROWAVE COMPONENTS. PO Box 1697. 

EXPLORE the license free 160-190 kHz band. Communications 
over 100 miles have been achieved and our kits will help you 
get on the air fast! Send stamp for brochure to: SEDEN COM- 
MUNICATIONS. 1272 Harold Avenue, Simi Valley, CA 93065 

Taylor, MI 48180. 

KITS'PARTS'PLANS. We have hard to find parts! Variable 
tuning capacitors, tuning coils, crystal and magnetic 
headphones, germanium diodes, crystal, shortwave and tube 
type kits. Very inexpensive. Send 25 cent stamp for catalog. 
Yeary Communications, 12922 Harbor hWOHR, Garden Grove. 
CA 92640. 

$50 PACKET Digicom 64-software based PACKET system for 
Commodore 64. Software is public domain and requires a 
modem for the C64 which is provided by our kit. Board plugs 
directly into cassette pon or remote mounted via cable, both 
connectors included. Watchdog timer, reed relay PTT and PTT 
inversion options included. Power derived from computer. Uses 
7910 chip-no alignment required. Switch allows HF or VHF 
operation. Order Kit 1154 for $49.95 or Assembly 1154 for $79.95 
both include FREE DISK. Add $2.50 sih. A & A ENGINEER- 
ING, 2521 W. LaPalma #K, Anahelm. CA 92801. 17141 952-2114 
MC or VISA accepted. 

WANTED: ARC-5 and SCR-274 equipment, parts and acces- 
sories, any condition. Ken, WBSOZR. 362 Echo Valley, Kinne~ 
Ion. NJ 07405. (201) 492-9319. 

WANTED: Ham equipment and other propeny. The Radio Club 
of Junior High School 22 NYC, Inc. IS a nonprofit organ~zation. 
granted 501(CI (3) status by the IRS, incorporated with the goal 
of using the theme of Ham Radio to further and enhance the 
education of young people. Your property donatlon or f~nancial 
support would be greatly appreciated and acknowledged wlth 
a recelpt for your tax deductible contribution. We sponsor the 
classroom net on 7 .23  at 1200 UTC daily and encourage your 
QSL for our weekly award. Please write us at: PO box 1052, 
New York. NY 10002 or call our round the clock hotline: 15161 
674-4072. Thank you! 

FLEA 
MARKET DIGITAL AUTOMATIC DISPLAYS. Any Radio. Be specific. 

GRAND SYSTEMS, POB 2171. Blaine, WA 98230. 
CLEANING OUT LIBRARY. Send SASE for big list of ham 
radio and elt!ctronic books and magazines (HR. CO. 73. OST. 
Wireless World. Popular Electronics, etcl. Joe Holstein, NBEA. 
1515 Sashabaw. Ortonville, MI 48462. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape. 
colors. Five patch min~mum. Free sample, prlces and orderlng 
information. HElN SPECIALTIES, Inc., Dept 301,4202 N. Drake. 
Chicago. IL 60618. 

QUALITY HAM SOFMTARE for the IBM-PC and com~atlbles. 
RATES Noncommercial ads 10C per word; Many shareware and publlc domaon dlsks for all aspects of hdm 

rddlo Bus ness SASE for calalog J K ~ S  Dept hE. PO Boa 
50521 lndlanapolls I h  46250 0521 commercial ads 60@ per word both-payable 

in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one f r e e  Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions o f  hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio. Greenville, N. H. 03048. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space availa- 
ble basis, we are going 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 shon description of what 
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 heading of BEGINNER'S RADIO CLEARINGHOUSE. 
Please limit vour ad to 20 words or less. 

MAGAZINES WANTED: "Microwave Systems News" IMSNI. 
"RF Deslgn". "PCIM (Power Conversion b lnlellngent Mor~onr" 
and "OEX 11980-presentl. Call collect 519.742-4594 1Ontar ol RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 

Walter. 2697 Nickel, San Pablo, CA 94806. after 6 PM Eastern time. 

IMRA International Mission Radio Association helos mission- SCHOLARSHIP. The Dayton Amateur Radio Assoctation is now 
arcentino arlolications for its 1989 scholars hi^ Prooram. The arles. Equjpment loaned. Weekday net. 14.280 M ~ Z .  1 3 PM 

Eastern h.ne hundred Amateurs In 40 countries Rev Thomas 
Sable. S.J.. Unlversotv of Scranton. Scranton. PA 18510 

- . . .7 . .D-77-  ~ - . - ~-~ - 

program is open to any licensed Amateur grad"atin&from high 
school in 1989. For information and application forms wrlte 
Scholarship Committee, 317 Ernst Avenue, Dayton. OH 45405. 

MACINTOSH Ham Software. MacTrakatracks satellites, sun. 
moon. Graphic or tabular outputs. Compatible with Mirage 
Tracking Interface for rotor control, $59.95. DX Helper'* pro- 
vides DX info including distance, bearing, sunrise, sunset, propa. 
gation MUF, great circle display, more. $34.95. SASE for info 
from R. Stegemeyer, PO Box 1590. Port Orchard, WA 98366. 

COMING EVENTS 
Activities - "Places to go . . ." 

BACK ISSUES OF HAM RADIO. Have most issues from 1969 
to 1974. Mint condition. $3.00 for single issues. WNOG, 
319.377-3563. 

MICROWAVE GENERATORS: All checked, working: HP- 
626A. HP-628A. HP-8690A sweep gen, S150lea. FXR L772A 1- 
2 GHz, $75. GR-1218A 1-2 GHz, GR-lO21A VHFIGen 40-250 
MHz, S100lea. GR-1601A VHF bridge $125. Also test equipment. 
HP-4lOC meter wlout probe, $100. GR-1611A capacitance 
bridge $100. GR-650A impedance bridge. $55. All $75: Tektro. 
nix 1906 generator; C-27 camera; type-82; type-M plug-in units: 
Measurements 188 FMIGen; Sorensen QSB28-8 DCPS. 10-40V. 
8Amps. VarIReg. metered: Alfred HVPS .2-3.5KV. 23mA. 
VarIReg, metered; Heath EU-MS 2-Pen Chan Recorder Hi-Sens 
wlaccess: GR-1672A Digital System Control: Theta Resolver 
Test Set; Military SRR-11 VLF recetver 14-600 kHz. ALL $35: 
GR-1604A: Krohn-Hite330A VarILab Bandpass Filter; HP-412A 
DC-VOM; HP-130C; HP-416A Ratiometer; Ballantine 3600 DVM 
wlTRMS. Also H-V Plate Transformers, 4400VICT 235mA; 
3500VICT 275mA. $75/ea. Giant Powerstat 220V/28A, 0-280V. 
7.8KVA $145. SASE list. Joseph Cohen, MO Woodside, Win- 
th ro~ .  MA 02152. 6171846.6312, 

KENTUCKY: February 11. Ham Radio b Computer Fest. Cave 
City Convention Center, Cave City. Setup 6 AM. Doors open 
8 AM. Admission S3ladvance. DX, Packet, Antennas forums. 
VE exams. Activities for the entire family. Talk in on 145.410 
or 146.52. 

MICHIGAN: The Cherryland ARC'S 16th annual Swap-N-Shop. 
East Bay Elementary School. 3962 Three Mlle Road N.. Trav 
erse Clty. 8 AM to 2 PM. Admiss~on $3.00. Tables $6.00 Talk 
in on 146.850 repeater. For information Mike Hubbard, NBJXY. 
5772 Vance Road, Interlochen, MI 49643. (616) 276-9143. 

. .  . 

OHIO: February 12 The Mansfleld Mla.W~nter Hamfest Com 
puter Show. Rlchland County Fairgrounds. Mansfield Doors 
open 7 AM r~ckets S3,advance. $4 door Tables $6 advance. 
58,door. For aaditonal ~nformation. 1 ckets 01 tables SASE to 
Dean Wrass~?. KBBMG. 1094 Bral Roaa. Mansf~eld. Oh0044905 
14191 589-2415 after 4 PM EST 

ANTENNA PARTS AND CATALOG. Lowest costs. Dipole1 
QuadlGround Radial Wire, insulators, center feeds, open wire 
feed line, coax, relays, I114 multistrand dipolelquad wire, non- 
stretch, very flexible. $34 per 275' (minimum), S.121ft. there- 
after, includes shipping. Catalog $2.00. DAVIS RF. PO Box 230- 
H. Carlisle, MA 01741. (5081 369-1738. 

GOOD BEGINNER RIG. Heath SB-101 transceiver with HP-23 
supply. SB-600 speaker. CW filter, extra tubes, manual $250. 
Contact WA7GVT (4061 365-2261 

COLORADO: February 19. The Aurora Repeater Assoc~ation's 
8th annual Swapfest, Jefferson County Fairgrounds, 15200 W. 
6th Avenue, Golden. 8 AM to 3 PM. For information contact 
Judi, WDOHNP (3@3) 460-1413 or Jan, KA7lYU. PO Box 39666, 
Denver. CO 80239. 

NATIONAL Radio Manual and NCL-2MX) factory parts lists. 
SASE. Max Fuchs, 11 Plymouth Lane, Swampscon, MA 01907. 

ELECTRONIC KITS 6 ASSEMBLIES.For our latest catalog 
send SASE 145 cents1 to: A 8 A ENGINEERING, 2521 W. 
LaPalma, #K. Anaheim. CA 92801. 

HAM TRADER YELLOW SHEETS. In our 27th year. Buy. 
swap, sell ham radio gear. Published twice a month. Ads quickly 
circulate-no long wait for results. Send No. 10 SASE for sam- 
plecopy. $13 for one year 124 issuesl. PO Box 2057, Glen Ellyn, 
IL 60138-2057 or PO Box 15142, Dept HR, Sattle. WA 98115 

MINNESOTA: February 25. Midwinter Madness Hamfest, 
Medina Ballroom, Median. 7 AM to 2 PM. Admission 
SIladvance; $5/door. For ~nformation contact Dennis Pollard, 
KZO1. (6121 535-7189 evenings. 

IBM-PC SOFTWARE FOR PK-232. New CompRtty lllPK is 
the complete communications program for the PK-2321HK-232. 
Uses host mode of PK-232 for complete control. Text entry via 
built-in screen editor1 Adjustable split screen display, including 
optional Triple Split ITMI in Packet mode. Instant modeispeed 
change. Hardcopy. diskcopy, break-in buffer, select calling, text 
file transfer, customizable full screen logging. 24 programma- 
ble 1OOO character messages, mailbox facility. Ideal for MARS 
and traffic handling. Requires 256k PC compatible. $65. Non- 
PK-232 version still available. Send call letters (including MARS) 
with order. David A. Rice, KC2HO. 144 N. Putt Corners Rd. New 
Paltz, NY 12561. 

-- 

VHF-UHF-SHF. Large SASE. West Coast VHFer. POB 685. Hol- 
brook. AZ 86025. 

FLORIDA: February 25. The 7th annual Hernando County Ham- 
fest. Hernando County Fairgrounds Auditorium, US 41 South 
(4 miles south of Brooksville). Doors open 8 AM. Advance regis- 
tration $2.00: at the door $3.00. Swap tables $8.00. Free park- 
ing. Overnight parking permitted. No facilities. For advance regis- 
tration SASE to Hamfest Chairman, PO Box 1721, Brooksville, 
FL 34605. 

CHASSIS 6 CABINET KITS. SASE. K3IWK. 5120 Harmony 
Grove Rd. Dover. PA 17315. 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James Long. 
Ph.D., N6Y B 14081 733-8329. 

RTTY JOURNAL-Now in our 36th year. Read about RTTY. 
AMTOR. PACKET, MSO'S, RTTY CONTESTING, RTTY DX 
and much more. Year's subscription to RlTY JOURNAL $10.00, 
foreign slightly higher. Order from: RTTY JOURNAL, 9335 La 
Casita Ave., Fountain Valley, CA 92708. 

SOUTH CAROLINA: Februa~  25. The Charleston Amateur 
Radlo Socletv's annual ~amle'st, hatlonal Guard Armory. 89 
Hagood Avenue Charleston For nnformatoon E L SoRes NILS 
16 Trumbo Street. Charlston. SC 29401 or call 18031 723 4000 

TEXAS: February 25. The Orange ARC'S 4th annual Hamfest- 
Flea Market, National Guard Armory Buildong, Meeks Drive. 
Orange. 9 AM to 5 PM. Setup time 7 AM. Tables $4.00. Dealers 
$10. Talk in on 147.180. 

WANTED: Hammarlund H0170AC vhf, and HQlEOAC, prefer 
Mint Cond. Mike Matich. PO Box 515, Cedar Ridge, CA 95924. 
I9161 471-0622. 98 February 1989 





AMEX-DISC. 

UY - SEL TRAL 
BRZNDS NEW AND RECOND~IONED 
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I 1-1-11 9 BUY YOUR EXTRA r" I 
TATIONS-ESTATES ETC. 
11 91 3/381-5900 

or Modulator 75 Page Manual 
Tutwial Cassette 

er PC with 640K Pardlel Port 

FAX 91 3 648 3020 H 163 

SEND Se FOR CATALOQ 
AND WHOLESALE LIST 

Please spntl all redder lr lqulrle~ dirk ,lly 

Wide tem( 
instructlol 

perature rang, 
ns, schematic 

'-N 12 KEY ' VERT. J CALL OR M 
- - - - - . 

are WATER PROOF~DUST PROOF Completely 
self contalned - NO RFI Simple 3-wire connection ,' Output level a,. Wde operating range 4 to 16 VDC undreds of 

sallsl~ed owners 
%. are now uslng the WlNDSTREAMe WIND 

P-7H 12 KEY HORIZ. 553' FOR FREE 
P-8V 16 KEY VERT. $ -1 comprehens~ve ~nstallat~on manual-m~n~mum ma~nlen 

ance-full warranty 

- .-- 

BEVERAGE ANTENNA 
HANDBOOK 

by Vic Misek, WlWCR New Edition FULLY 
WIWCR has spent countless hours developing new REVISED 
antenna ~deas and opt~m~ztng the SWA (Steerable 
wave antenna ) Mlsek delves deep Into the secrets 
of the slngle wrre Beverage w~th helpful hlnts and 
t~ps on how to maxlmlze performance based upon 
wire sue, he~ght above ground, overall length and 
~mpedance match~ng Also ~ncludes ~nformatlon on 
center fed Beverages conslructed out of several 
wire types SMALL LOT OWNERS - Beverage for 
you tool Called the M~cro SWA lt IS lust 60 11 Please enclose $3 50 ShlPplng handling 
long You get excellent d~rectlvlty and null steenng 
capabll~t~es Transformer deslgn ~nformatlon for 
both term~nat~on and feedllne matchlng 1s com- 

iBV 
pletely rev~sed 1987 80 pages 
I VM-BAH 

RADIO BOOKSTORE 
Sonbound s14.95 GREENVILLE, NH 03048 603-878-1441 

v 1 P.O. Box 3128. ~ u d i n ~ f o n .  VI 0M01-3128 1 

here's the Beam? 
There'l r 2irmcar rnlcaaa \ r ~ h  rcrlDS i'unch w 

I 
I 1:nobmaive DX ~ a ; n  Antennas for €Q thm 10 $ !: : ::Tp 

Easily hidden Install Feu . Find h r t a N  ;#$:.: .eW. ,d 
YUok DX without klliq the n c i ~ h b m  .& % 
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REVIEW 
N6R J's Computerized 
Second Op v1.01 

Those of you who go back a few years will 
remember W9IOP's manual Second Op. This 
handy operating aid was updated by HR and 
N6RJ in the early 80's to reflect the latest postal 
rates, callsign assignments, and other helpful 
informatih. 

N6RJ and KL7GRF have taken the next logi- 
cal step by integrating the power of the MS-DOS 
computer with the Second Op. Their new com- 
puterized version has just been made available. 

This new program isn't a rehash of the old 
Second Op. It surpasses the older version and 
offers almost every feature you could want in 
a data base type program. Here's what you get: 

Logging and scanning of log capabilities, 
oblast, QSL bureaus, bearing-sunrise-sunset, 
and add and edit notes on countries. Print func- 
tions include a DXCC country list with distance, 
bearing, DXCC "need" list, Oblast workedtcon- 
firmed, Oblast log, and many other different log 
printing capabilities. In summary mode you can 
show: DXCC workedlconfirmed on all bands, 
one band, one band and one mode, by mode, 
detailed spreadsheet workedlconfirmed for each 
band, and mode with mixed totals; WAZ by 
band, mode or both, and 6-band WAZ summary; 
and total station entries in log. In the log print 
mode you can print your DXCC need list (by 
mode or mixed), or your entire log in almost any 
format imaginable.. The Second Op supports 
most printers and includes laser printer drivers. 

One of the most maddening aspects of oper- 
ating is keeping an up-to-date country list handy 
for all the different prefixes in use. This is where 
the Second Op really shines. Ask the computer 
to find a country by prefix and you have the 
information you need in a flash (see fig. 1). Have 
only an old prefix and want to cross it to the new 
ones? Second Op can do that too! 

Oblast hunters will find that the new Second 
Op is a great addition to their shack. (Working 
Oblasts on 160 is difficult so I don't have much 
experience here.) After reviewing this function. 
I found that I understood more about Oblasts 
than I ever did before. You can find Oblasts by 
entering either callsign or Oblast number. You 
can also keep a running record of worked and 

New switch design 
Alpha Delta's model Delta-4/4N switch incor- 

porates several significant design improvements. 
The new switch allows Easy Arc-Plug cartridge 

access through the front panel. The previous 
design required the removal of the back-plate. 

confirmed Oblasts. 
The owner's manual is one of the best I have 

ever seen. It clearly documents each and everv 
feature, and gives full and complete installation 
instructions. Novice computer users may be 
interested to know that KL7GRF is available to 
help with any problems running the Second Op. 
I must admit that, as MS-DOS is still an enigma 
to me, I had problems getting the program to 
work properly myself. A quick phone call to GRF 
brought plenty of helpful hints and a full expla- 
nation of what I had done wrong. Within minutes 
I was able to correct my mistakes and get the 
program to run flawlessly. 

This value-packed program is a welcome addi- 
tion to the ham shack. All hams, from contesters 
and honor roll DX'ers to casual operators, will 
find that the new Second Op adds greatly to their 
computing capabilities. I'm sure that W910P 
would be proud to see what his Second Op has 
become and would have one in his shack. 

The New Second Op is available from the 
HAM RADIO Bookstore for $59.95 plus $3.50 
shipping and handling. 

de NIACH Front panel access makes permanent switch 
mounting possible. The pill can be removed with 

This is the print screen display of what you'd see when you enter VU (by prefix). For the 
larger countries additional bearing and sunrise/sunset information is available. When you 
h i t  the F6, or bearing key (displayed herel, you'll see what's printed on the next page. 

a magnetized screwdriver blade, after you 
unscrew the hex retainer. The Delta-4 also has 
a redesigned roller bearing drive for a smoother 
"feel" during rotation. 

Because many people mount the switch on 
a desk top, all the connectors run along one side 
so that the coax cables can run back behind the 
desk. 

Models are available with UHF (SO-2391 or 
type "N" connectors. 

For more information contact Alpha Delta 
Communications, P.O. Box 571, Centerville, 
Ohio 45459. 

Circle 1301 on Reader Service Card. 

1.2-GHz handheld 
transceiver 

ICOM has introduced the new 1.2-GHz 
IC-12GAT handheld transceiver. It features: 
wideband coverage, one-watt power output, 
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Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-121 2 
Kenwood, Ten-Tec, Kantronics. Full 
service dealer. 
M-F 10-7 SAT 9-5 

Massachusetts 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 11 9 
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," A D ~ K  
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

New Hampshire 

RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunlHolidays 

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. VisaJMC. 
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 
203527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE. DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-530, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
301894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-530, Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-561 0 
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: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-800 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain, AEA & others. 



nateur Radio Dealer 
products 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201 -939-001 5 
Don WB2GPU 
ARRL. Astatic, Astron. B&W, Belden. 
Bencher, Hustler. Kenwood, Larsen. RF 
Concepts, Tonnaand much, much more! 
Tues-Fri 10 am-7:30 pm 
Thurs 10 am-9:00 pm 
Sat 10 am-4:00 pm 
VISAIMC - 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage. ICOM. Lar- 
sen. Lunar, Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
91 5 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, OH 44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(5 13) 531 -4499 
Mon-Sat 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

twenty memory channels, programmable and 
memory scan, and a built-in 1750-Hz repeater 
access tone. 

The IC-12GAT also includes: built-in banery 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
61 4-866-4267 
Featuring Kenwood. Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
2 1 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 2680-61 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 ALEIF 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. W1 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 556441 1 
M-F 9-5:30 Sat 9-3 

saver, built-in DTMF keyboard, programmable 
call channel, all subaudible tones, multi-function 
LCD readout and DTMF pad. The new "G 
Series" handhelds are compatible with all ICOM 
IC-2ATIIC-02AT series banery packs, headsets 
and speaker mics. 

An optional UT-40 beeper silently monitors a 
busy channel for your calk. When the pre- 
programmed subaudible tone and frequency is 
received, the unit beeps and the LCD flashes. 

The ICOM IC-12GAT is available for a sug- 
gested list price of $529.00. For further informa- 
tion, please contact ICOM America, 2360-1 16th 
Avenue, NE., Bellevue, Washington 98004. 

Circle 1302 on Reader Service Card. 

Monitor your local weather 
conditions 

Azimuth's new Weatherstar Model TWR-3 by 
Digitar gives you the ability to monitor impor- 
tant local weather conditions affecting your 
antenna system and shack. The TWR-3's stand- 
alone computer with LCD readout gives wind 
direction (2 or 10 degree increments) or speed 
(MPH or KMH), records high wind gusts, exter- 
nal temperature (F or C), and wind chill factor. 
It also records low and high temp, time, and daily 
and yearly rainfall with an optional self dump- 
ing rain collector V349.95). The unit's Scan Mode 
let's you see the data in any sequence. It oper- 
ates on 3 AAA batteries. Optional AC adaptor, 
NiCd Banery Pack and desk stand are available. 
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NOTEBO 

FETs-the other 
transistors 
When I discussed bipolar transistors 
in last month's column, I made refer- 
ence to Field-Effect Transistors (FETs). 
Let's look at a few ways that these 
transistors differ from their bipolar cou- 
sins in both construction and opera- 
tion. Field-effect and bipolar transistors 
share a common chemistry - both 
use "N" or "P"-type semiconductor 
material. The type designations tell you 
whether there is a surplus of electrons 
(N type) or a scarcity of electrons (P 
type) in the basic make-up of the 
material. The transistors differ in their 
manner of operation and how the N or 
P material is made to control the flow 
of electrons. 

Putting the pieces together 
Let's use a FET that is constructed 

of N-type material to explore what 
happens inside. The body of the tran- 
sistor is made of material having a sur- 
plus of electrons. This body, called a 
"channel," must have connections at 
each end for application of the exter- 
nal power source. One connection is 
made to the negative ( - ) terminal of 
a supply or battery and one to the posi- 
tive ( + ) terminal. In FET terminology, 
one of these connections is a 
"source," and the other is a "drain." 
It makes sense when you consider that 
the source is where the electrons come 
from and the drain is where they go 
(see fig. 1). In order to control the cur- 
rent flow between the drain and 
source, you must add another element 
- a "gate." The gate is another ter- 
minal connected to the body of the 

Tom Mc Mullan. 

pp -- 

A simple FET has basically two parts: a 
channel for electron flow, and a gate to con- 
trol that flow. The channel here is N-type 
material, and the gate is P-type. The shad- 
ed region near the gate area indicates 
"depletion" zones that affect the current 
flow in the channel. With zero volts on the 
gate, the zones are small, allowing current 
to flow. 

FET, but not in exactly the same way 
as the source and drain. 

The gate terminal is attached to P- 
type material that is deposited on the 
N-type channel. This P-type material 
has a scarcity of electrons, and the 
lack of electrons creates a "field" that 
extends into the channel material. 
Electrons (carriers) in the N-type chan- 
nel are attracted to the gate material, 
but are stopped from getting through 
by a very thin barrier between the two. 
When the field caused by this attrac- 
tion is small, and confined to an area 
near the gate, current can flow easily 
from source to drain. (Actually, that's 
a gross simplification of what happens. 
Theoretical purists talk about things 
like minority and majority carriers, 

WlSL 

valence bonds, enhancement and 
depletion modes. I prefer to keep it 
simple.) In the FET's normal resting 
state, full current flow takes place with 
the gate at zero volts. The shaded area 
in fig. 1 shows the "field" at mini- 
mum, with the channel open for cur- 
rent flow. 

Putting on the pinch 
Things start to happen when a volt- 

age is applied to the gate. If the volt- 
age is positive, the field shrinks, open- 
ing the channel more than normal. If 
the voltage is negative, the field 
becomes larger. The enlarged field 
decreases the current flow between 
source and drain. If the field becomes 
large enough it blocks the flow com- 
pletely, as shown in fig. 2. This block- 
ing of a path between the source and 

'N'- TYPE 
SEMICONDUCTOR 

When a voltage of the correct polarity is ap- 
plied to the gate, the depletion zone ex- 
pands, decreasing current flow. In this case. 
a negative ( - 1  voltage has increased the 
depletion zone to the point where all cur- 
rent is stopped. This is called the "pinch- 
off" effect. 
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products 

The unit is portable and comes with wind vane, 
anemometer, weather computer unit, and 40 feet 
of control cable (extendable to 200 feet). The 
complete TWR-32 unit is $159.95 plus $4.95 ship- 
ping and handling. Foreign orders add $17.00 
shipping. Get a special FREE bonus Azimuth 
Dual-Zone 24 hour StationlTravel Clock with 15 
world-wide cities (a $29.95 value). 

For details contact Azimuth Weatherstar, 
Department HR, 11845 W. Olympic Boulevard, 
Suite 1100, Los Angeles, California 90046. Credit 
card orders: call toll free 1-800-882-7388. 

Circle 1303 on Reader Service Card. 

New Bird Model 43P 
wattmeter and 4300-400 
retrofit kit 

The Bird Electronic Corporation Model 43 
THRULINEm wattmeter is now available in a 
true peak power reading version. The 43P lets 
you measure true peakpower of single sideband, 
AM modulated RF, and certain limited rectan- 
gular pulse signals to an 8 percent F.S. accuracy, 
without affecting CW measurement capabilities. 
It uses standard Bird plug-in elements. Depend- 
ing on the element selected, the overall fre- 
quency range is 450 kHz to 2.3 GHz, and RF 
power is 100 mW to 10,000 watts. 

The peak power measuring circuitry is 
powered by two 9-volt NEDA-type 1604 batter- 
ies, with an anticipated life of 48 hours in the 
peak mode. 

Owners of the standard Model 43 can modify 
their units with a retrofit kit, Model 4300-400, to 
obtain the same peak power measuring capa- 
bility as the 43P. The kit includes a pc board 
which mounts inside the Model 43 housing. 

For more information contact your Bird dis- 
tributor, or the Bird Electronic Corporation, 
30303 Aurora Road, Solon, Ohio 44139-2794. 

Circle ljOd on Reader Service Card. 
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current solutions to  current problems 

T 

f 
E choke 

ELIMINATES RF INTERFERENCE IN: TV sets 
Radioq HI-FI PA systems, Tclcphoncs, VCRs. ~ c &  
equipment BU; Idrand Fiealarms Modems. Monitors, 
~ornputer; ~ a f i b  and TV sta~ions: ecc. 
l+SY TO USE: fiu over and soaps onto small. lar c and 
r~bhoa cables. No need to rcwe wnnedors. &iquc. 
splll fcn i tc  core design fits up to RGBU coax cables. 
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Spelal  k n i t e  mmtrriml clTcrUw 05 - 200 M H z  
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compu teradio $12.99 
Box WZ. Pine Brook NJ 07058 
Tcl: (201) 227-0712 
S n d  penmal check with &, w ship sotftc day Pint 
Clus. 3LIdov money back warmntv. 011onrirv disrr~mt.~. 

BATTERIES 
Nickel-Cadmium,Alkaline, Lithium, Etc. 
INDUSTRIAL QUALITY 

YOU NEED BATTERIES? 
WE'VE GOT BATTERIES! 

CALL US FOR FREE CATALOG 
H 169 

E.H.YOST & CO. 
EVERETT H. YOST KB9XI 

7344 TETIVA RD 
SAUK CITY. WI 53583 

ASK FOR FREE CATALOG 

(608) 643-31 94 

I Our Ex,,luc,~v~ Canr!;~,!,,~ I l ~ ~ p  I ~ I o ; ~ I F , x ~ ~ ~ ~ ,  

Wtlh Our Patnnlr!d I 
B, Br CIRCUIT@' FILTERS 

r T WT I 
provide superlor 
performance 
especially at close 
frequency separalion 

Models available lor 
all cornmerc~al and 
ham bands wllhln the 
lrequency range 0130 
lo 960 MHz 

WACOM PRODUCTS, INC. I 
I PO. BOX 21145 I 

WACO, TEXAS 76702 8171848-4435 
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drain is called the "pinch-off" effect maximum voltage between drain and 
because it pinches off, or closes, the , , source is 25Vdc, the maximum drain 
channel so that current can't flow. 

Think of the channel as a rubber 
hose connected between a water fau- 
cet (the source) and your kitchen sink 
(the drain). If you squeeze the hose 
between your thumb and finger, you 
"pinch off" the flow of water. When 
you relax your thumb and finger, some 
water will flow. You control the flow 
by changing the pressure exerted by 
your fingers. 

The FET works in much the same 
way. The depth of the field near the 
gate material can be altered to change 
the current flow by adjusting the volt- 
age (voltage is the electrical equivalent 
of pressure). When more voltage is 
applied to the gate terminal, the pinch- 
off region gets larger, and less current 
flows through the channel. 

These relatively simple FETs are 
sometimes called JFETs, for Junction 
Field-Effect Transistors. The gate and 
channel material and the junctions 
resemble a diode, and the "boundary" 
separating the N and P material is very 
thin. Once the gate voltage is high 
enough to overcome that boundary, 
the device acts just like a diode, and 
the field-effect performance is lost. 

This limitation is overcome in some 
FETs by the introduction of a thin insu- 
lator between the gate and the chan- 
nel material. The insulator prevents 
diode action and, at the same time, 
increases the input resistance of the 
gate tremendously. These devices are 
sometimes called IGFETs (Insulated 
Gate Field-Effect Transistors) or MOS- 
FETs (Metal-Oxide Semiconductor 
Field-Effect Transistors). Still other 
varieties have more than one gate, and 
some contain exotic materials (like 
sapphire). These transistors are tai- 
lored to a specific industry need or pur- 
pose; we don't need to get into their 
physics and chemistry at this point. 

The schematic symbol for a FET is 
shown in fig. 3. The direction of the 
arrowhead on the gate connection 
indicates whether the device is an "N- 
channel" type or "P-channel" type. 
Some manufacturers place the arrow- 
head on the source lead instead of the 

DRAIN 

U T E  4 
SWRCE "'0 0 .  0 3  20 G 

1 I 

The schematic symbol for a FET, and two 
common base diagrams. The direction of 
the arrow on the gate connection tells 
whether the FET is an "enhancement" or 
"depletion" type, but is not as useful to us 
for identification as was the emitter sym- 
bol in bipolar transistors. Please note that 
there are many different base diagrams, so 
be sure to find the correct one before hook- 
ing up any device. 

Schematic diagram of the hookup used in 
the experiment described in the text. 

gate. There are no easy "clues" for 
using the direction of the arrow to 
determine the type of device, but I 
have noticed that the majority of 
manufacturers have the arrow point- 
ing in for N-channel FETs. 

Checking the theory 
Now that I've discussed how FETs 

are supposed to work, it's time to get 
out the meters, batteries, resistors, 
etc., and see what really happens. 
First, look at a specifications sheet to 
see what you should expect. I have a 
plastic parts drawer full of miscellane- 
ous FETs; one of them has a label I can 
still read - 2N5486. This is an RF- 
amplifier device, so a change in gate 
voltage should produce a somewhat 
linear response in the drain current (as 
opposed to a switching-type device 
where the change would be abrupt). 
The specifications sheet tells me that 

current (lo) is 30 mA, and that the 
device maximum dissipation is 310 
mW, so I'II keep those limits in mind. 
One column on the sheet shows that 
the gate reverse current at 15 Vdc 
is 1 nA! That's 1 x A 
(0.000,000,010 A). I don't have a meter 
that will measure such a small current, 
so I'II take their word for it! Figure 4 
shows the setup used for measure- 
ment in this experiment. 

Because a FET is supposed to be a 
voltage-operated device, the 47-k 
resistor (R2) connected to the gate 
should have no effect other than limit- 
ing current flow in case something 
shorts in the night. The 100-ohm drain 
resistor, R3, provides drain short- 
circuit protection. Gate voltage is 
adjusted by means of a 5-k potentiom- 
eter, R1. 

If things work the way the numbers 
predict, the FET should show current 
flow as soon as I complete the circuit 
between source and drain, with no 
voltage on the gate. Sure enough, 
that's what happens. The meter shows 
18 mA, which is within the range of 8- 
20 mA listed for this FET. The voltage 
from drain to source is 12, so the 
device is dissipating 0.216 watts, or 
216 mW - comfortably below the 
310-mW limit given in the spec sheets. 

Theory says that if I place a nega- 
tive ( - voltage on the gate, the chan- 
nel should close, decreasing current 
flow. I decided to give it a try. At - 0.5 
volt on the gate, drain current started 
to drop. The reading was 14 mA. 
Increasing the gate voltage caused 
drain current to decrease even more, 
until at 4.5 volts the current was too 
small to measure with my simple mil- 
liammeter. The graph in fig. 5 shows 
the results of measuring gate voltage 
versus drain current at several points 
along the way. Incidentally, a 0-50 pA 
meter placed in series with R2 showed 
only a tiny flicker of movement, 
indicating that little or no current was 
flowing in the gate circuit. 

What about applying a positive volt- 
age to the gate? After I reversed the 
9-volt battery, a gate voltage of + 0.1 
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You ve waited a long time for s 
- rn6 -(*) simple. rel~able. low-cost 9600 

baud PACKET NETWORKING 

KIT, ONLY $675 GaAs FET system. Now you ve got iti Our 

PREAMP 
new M0.96 MODEM and dlrect 

WIRED $975 FSK Transm~tters and Receivers 
for 220 or 440 MHz Interface 

VHF OR UHF ONLY $591 directly w~th  most TNC's Fast 
Wirednested d~ode sw~tched PA's output 15 

or 50W Call for complete info 
FEATURES: FEATURES: 

on the rlght system for your ' 
SENSITIVITY SECOND TO NONE! GaAsFET front snd on vhf appllcatlon. 

! models glves 12dB SlNAD of 0.12uV (vhf). 0.15uV(220). UHFmodel 'VqLow 0.7dB VHF. UHF 1 

*High Qln: 13-20dB, depending on frequency 1 -<n-' 0.25uV std, 0.luV with optional helical resonator preamp. 
: -SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & #Wide DynamlcRange: toreslst overload ' 
' ceramic filter for > 1WdB at only k 12kHz. Helical resonator front .stable: new.type dual.gate G ~ A ~  RT 

end to combat desense & intermod. 
-CLEAN, STABLE TRANSMITTER, up to 18W output standard: 50W ;57"~51;1;t~,8~,"5$:'3"0,2,"~0~~; 
wlth accessory power ampl~fier. 800.960 MHZ. 
-FCC TYPE ACCEPTED for commercial high band and uhf. 
-Courtesy beep, f~eld-programmable CWID, flutter-proof squelch. I 

automatic frequency control to compensate for off-frequency trans- ' -COR-3 Kit. Control ckts and , 

mitters (all standard features). NW -( * ) aud~o mixers needed to make a 

-Full range of options available, such as autopatch, phone line or repeater. Tail & time-out timers. 

rad~o remote control, sub-audible tones, duplexers. 
M'N'ATURE local spkr ampl, courtesy beep 

GaAs FET . . . . . . . . . . . . . . . . . . . . . . . .  $49 
, V  h - . . . . .  PREAMP -CWlD Kit. Field programmable, 

. . . . . . . .  timers. the works $59 
111 ONLY$24/kit, - T D - 2  D T M F  DECODER1 

CONTROLLER Kit. FJII 16 digits. - 
.- - . a . - 7  $39 wlredednested ' sw~lches 5 functions, toll call 

restrlctor, programmable, much 
*FM EXCITERS: GaAs FET Preamp more. Great for selective calling 
K I ~ S  $99. wlt $179. 2W slmllar to LNG. except designed for law cart too, . . . . . . . . . . . . . . . . . . . .  $79 
continuous duty. TCXO & &mallsize. Only 518'W x 1-518'L x 314"H. aAP-3 AUTOPAT~H Kit. Use 
xtal oven options available. Eas~ly mounts ~n many radios. , with above for repeater auto- 
aTA51 f~ l8M,  6M, 2M, Specrfy runrng range desrred' 25-35.35-55. patch. Reverse patch and phone 

... 158-174,229 MHz. 55.90. 90-120. 120-150, 150.200. 200.270, line remote control st,j. $79 
or 400.500 MHz. 

aTA451 for uhf. -AP-2 SIMPLEX AUTOPA'ICH 
FCC type accepted for commercial bands. TIMING BOARD Kit. Use with 

*Call for latest lnforrnation on 900 MHz transmitters. above for simplex autopatch 
. . . . . . . . . . . . . . . . . . . . . . . .  -VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 LNS-(* $39 

to 50 Watts. Several models, kits starting at $79. * M O - 2 0 2  F S K  D A T A  
MODULATOR Kit. Run up to 
1200 baud d ~ g i t a l  signals 
through any fm transmitter with 
full handshakes. Radio link 

*R144/R220 FM RECEIVERS for 2M, computers, telemetry gear. 
. . . . . . . . . . . . . . . . . . . .  150-174. or 220 MHz. GaAs FET $99 wirednested etc. $39 

front end. 0.12uV sensitivity! - D E - 2 0 2  F S K  D A T A  

Both crystal & ceramic 
GaAs FET Preamp with features simllar to LNG DEMODULATOR Kit for rcvr end 

. . . . . . . . . . . . . . . . . .  
filters plus helical resonator 

series, except automatically twitches out of of l~nk $39 

front end for exceptional 
Ilna durlng transmit. Use wfth base or mobile 

selectivity: > 100dB at & l2kHz 
transceivers up to 25W. ~ $ 2 ~  

(best available anywhere)! .L .. rr.'-'& 
'Specrfy tunmg range destred 120.1 75. , ... ,,.,, n, Y. , , .~ . . .~  

Flutter-proof squelch. AFC tracks 200.240. or 400-500 MHz. .- ,.~,,"..'. -- ".!""t 

drifting transmitters. 
Kit $149. wit $229. f:, -11 ":: I.:::: 

5.35. I.. 1.8 

-R451 UHF FM RCVR. Similar to above. Tuned line front end, VHF 116 138 18 30 
I44 $40 18 30 

0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. MODELS 145-1.7 38 30 

. . - &..  J...! .: U~twl thCals $59 1~614a 2s30 

wlt $229. nit less~aae $39 F:::: 5 0 5 4  

' -R901 FM RCVR FOR See MHz. Triple-conversion, GaAs R T  front Low.no~se preamps with helical resonators W~redwlcarc 9 28 lo 

end. 0.2uV sens. Kit $169, wlt $259. redme Intennod & cms-band ~nterference ~n V H ~  MODELS 431434 lb31 

-R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 228. Without he1 cr~tical appl~cations. Kitwithcase $69 :;:::: 
resor afc. Klts only $129. MODELHRA-(*). $49vhf, $84 uhf. HillessCase $49 a12436 50% 

43911 6111 , 

-Weather satellite & AM Aircraft mce~hrm a l w  avail. 
W ~ n d w l c a K  $99 ,, ,,, . Specrfy tunrng range desrred 143.150. 150. 

Po7 971 430a50 

158. 158.162. 162- I 74. 213.233, 420.450. Seccaa108 lor fu1111neof2w tnnynlnlng 
FCC TYPE-ACCEPTED TRANSMITTERS d RECEIVERS AVAILABLE 450.465, or 4fi5-4 75 MHZ. converters lor vhl l  uhl. Wits only $79 

FOR HIGH-BAND AND UHF. CALL FOR DETAILS. Linear Ampllfierr avail. up to 50 w. 
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t~~orl~lrr lirlc~. ;t /)cv;/i'ct hc~itrnmk unit. T,t PK 7:VC'-I lc.c-l~rtolo~)~ Il~rif rc~yrtilm 

Co~rtpletc>, riliwcl $ less t/?crtl 40 millilrtn/>.v! For ven/)ortcrhle 
mid testmi, orih. 119P5 obc~rrtion. soltrr or kattenc ~u)rr t ~ ~ e d  nnt 

7 

/&I)* t~rotrfor rr 7;VC thctt $&out f/1(1 size 
BENEFITS und features o/ both ~mits: o/j*,rrr N7y g5, 
I Optional personal message system 

(mrnt-BBSI add $10.00. nor(! nt a hu 1 59P5 
n 7ity enou,&j)r hriefca.w/'ble,  -jet 0 Fully compatihl~ with ROSE 15 ,VET/ 

Icr4:e rnor~gl~ for cJus),  e.~/)erimertta- ROM EPR0,Ms. 
tion or w/)c~ir 32K HAM. J I K  ROM, 4.9 mHr CPU 
I-year linrited uwrranty, excellent Strrl cot~lmlled modem, compatible 
cuslomer srrf~port. with tcv~ on lom HF/VHF/IJIfF 

• R.P-2-52 ant1 7'TI. computible-all TO ORDER, toll-ftre uiitb major 
connecton st~pplied. ci?aqv c.c~rrl, cull: 1-800- 22 3 -3 5 11 
1~11est AS.25 soflrc~ure, 
'ICI-'/IP (KISS) paC_ Com$ical strpport line: 
t?toclrrle r~lclrtded. 8U-X74-2980 

=;, .. 7.:- -.- 

36 5 2  \%st Cypress St., Tcrmprt FL -3.3607 
IYc~trsc2 sc,)ltl. 0 fit!)' 2 ;J .~~rt'l~Ol'olr'c~~~ Li T,Z'(.'-220 i?!fi/r, : ; I.'KE'Ii I'rrckc~l <:nlnlo~. 

4ddress f i r )  

<t<tr~ ZIP Ct~tkI Y~dnrhrr Frp nnre 
Money Back Guarantee. Add S-3 shrppinp/hand/tn~pwf~rde~ FL addressesadd 6% 
tfrqor Cn>rlrt Curd gttr nrrmhe,: e.rprratrnn andstgnrrturc. FAX X l . ~ - R ~ 2 - 8 6 ' ) ( ;  - 

@or 50 Page Manual 
Tutorial Cassette 

eiver PC with 320K -. . .- .- -' 

Rrang vuur slation lnlo IIK mrnputcr age with L O C W R I R  
thc mnt8 dnwn. lucr frvndlr k,gpn# progmm rrnllen hv FA 
l r c n  INCI~VI.  U>(;WRITE u thc pcrfcct -0rv for the 
cornpktr hnm san!!t,n 11 rlmplifm your nvrs lan  and girn 
vou thr compcs8tnr cOge ~ncnnlnlnng and L>Y'#nl LOCWRITE 
work! walh inil IR\I I'L '% and curnpntlhh 

LO(;WRITEb unqtv spltl wccn fcslurc aI)ou% for limul 
lamow lo@~nr: nrul tent prmsmng. l oggzng fraturn urlude. 

Instant call slgn or prefix search 
- Pr~nt Ed~t. or Vlew records 
- Plenty of room for notes 8 addresses 
- Autornaltc t~meldale starnplng 

Tcxl prwcuof fcnlurcr aulomalr urrrd Wap, h r b p m  mr 
ren. and uroll~np lhmu nwm ~ ( ~ ( u r  pcn and papcrl 

T#r or&( vmw cop, of LOCWRtTE. mmplrlc r i lh  umtrwlon 
manual, lcml SN95 (Po. rn$dcnls add $ I  511 mW l l r l  In. 

Aerospace Consulting 
PO. Hox 536. Ruckingharn. PA 1R9U 

o r  cnll I-(MXII 345 4156 crl 54 tn order d l h  Virslhtmler 
c nrd ~ P k n v  r y n f ,  15 or 5 25 imh floppv I 

GATE VOLTAGE 

The measurements obtained in the setup of 
fig. 4 are shown in this graph. 

produced current flow of 19 mA; going 
to + 2 volts increased drain current to 
21 mA. Increasing the gate voltage to 
the full + 9 volts produced no further 
increase in drain current. This indicates 
that the channel is wide open at 
approximately +2  volts on the gate, 
and passing all the electrons it can 
when the supply is 12 volts. Higher 
supply voltages will, of course, allow 
higher current to flow. If you replace 
the 100-ohm current-limiting resistor 
with a suitable load resistance (or 
transformer, RF choke, etc.), you can 
develop a respectable output voltage 
across the resistor in response to gate 
voltage changes. Thus, a small voltage 
change at the input can create a large 
voltage swing at the output, providing 
useful amplification. 

There are other FETs that have the 
opposite characteristics. With these 
FETs, the channel is "pinched off" 
with zero voltage on the gate, and 
application of the proper polarity volt- 
age opens the channel to current flow. 
You can best determine which device 
does what by looking at its specifica- 
tions, but you can also hook up a few 
simple instruments and components to 
see for yourself. 

Keep in mind that the components 
and meters that I've used are not pre- 
cision devices, and the results may not 
agree exactly with those published by 
the manufacturers. They are, how- 
ever, accurate enough for exploring 
the theory of operation in an inexpen- 
sive way. 
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The numbers I've come up with in PBrform~n- 

devices work at voltages and currents 
much smaller than I used; others, like 

I 

power amplifiers, work with higher vol- I 

tages and with currents of many 
amperes. The devices I've worked with 
here are linear - they provide a 
smooth change in output in response 
to a change in input. Others behave 
like switches - a change in input 
produces an abrupt change in output, 
which remains relatively constant until 
the input voltage is removed. 

Some of the bargain packs or grab 
bags provide many interesting experi- 
ments at low cost, and you'll be hard 
pressed not to learn something from 
them! Why not join in the fun? 

Fnq. 1 dB 
Rocelvr Range N.F. Qeln Comp. b v l c e  
Only (MHz) (dB) (dB) (dBm) TYPO Pdce 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DG F ET 
DGFET 

GaAsFET 
Btpolar 
Bipolar 

GaAsFET 
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lnllne (rt aw1tch.d) 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
B~polar 
B~polar 

GaAsFET r GALL ATlN 
RADIO SUPPLY 

, Expert repair of Ehrhorn ALPHA 
76A, 374A, 78 and 77D series 
amplifiers. 

E * H ~  p.rmpl1fl.r la pmclelon ellgmd on ARR'r Hmkn Packrrd H P ~ O A I M P ~  rtrtoaf-tWerI n o l r  flgm 
meter. RX only pnam I l f len are lor ncr lve  ap Ilcatlona only. lnllne pmarnpllflera are rt swltched (for u l a  
with transceivers) an8hendle 25 watts transmiter power. Mount lntlne reamplifiers between tranacelver 
and power ampllfler for hlgh power applications. Other ametrur, cornmerclafsnd s ial mampllflars available 

In the 1.1000 MHz range. E s e r n c l u d e  $2 shl plng In 
U.S. end Canada. Connecticut residents ad87.'%% 

Rdvanced sales tries tax. add C.O.D. 10%. orders Order add your 12. ARR Alr mall R X  to only foreign or Inline coun- 

Receiver preampllller today and start hearing like never before! 

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! 

Research 
Box 1242 Burlington, CT 06013 203 582-9409 EBm 

ATV CONVERTERS l HF LINEAR AMPLIFIERS I Call for more infomation 
or to schedule your work. 

OISCOVER THE WORLD OF 
FAST SCAN TELEVISION 

11 CM 

t+BBPLLLVBt R E Y I C U  

YKIM-?OI4R R f  Choke 
16 5W-15 I D  trrvlte Bead 

HEATJINCYATIRIAL 
Mod4 9q H..l Snnk(6 5111.l 6) 
CHI-6 C ~ P ?  SnreadrI6.6.ll41 
Add I? u) .ld,llon.l .hl..l"" 

Gallatin Radio Supply 
Attn: Kirby V a n  H o r n  
P.O. B o x  60064 

Houston, Texas  77205 
(71 3) 320-2324 

C - ~ I ~ , ~  pa,,. L,,, IW nr A ~ P I , ~ , S  o . ~ ~ ~ ~ b d  
the MOTOROLA Bullellm 
AN758 IMW 1164) 10 Em1 l4OW 188 65 
AN162 I4OW 191 11 ER?IA IWW 1131 10 
AN119 MW 1 0  19 EDIMMXIW 1418 15 

We a l r ~ l . r r k  Ir*rd3eFhhntl 

CHIP MFTALCLAD CAPACITORS MICA CAPACITORS 

R f  POLYLR TP INSISTORS 
MRf l41C1  
M R F I 5 I G  

MINI CIRCUIT MIXERS 
(DL I 
SOL I X  

A R C 0  TRIMMER CAPACITORS 

~d s z m I, .hmrnc ..d handlrnq 

Authorized MADISON Electronics repair facility. 

ZME~RYt tUMPLlF lERP 
15 Watt Modcl I I 5 A  1 79 PI K#t 
75 watt ~ o d ~ t  alrn ~ I ~ P P I  K I ~  
Ar.,iablr #n LI! or ward  and Ienlrd 

For del.#led onlorrnrf#an m d  pncc3 call or wtl?r lo, 
DY' I,* <ll.I"L 

1 175 1 
508 Millstone Drive. Xsnia. OH 45385 ' 15"1 210-*77 



(THE QSL BOOK! I 
C o n t ~ n u ~ n g  a 6 8  year tradition, w e  b r i n g  
y o u  t h r e e  n e w  C a l l b o o k s  f o r  1 9 8 9 .  blgger 
a n d  b e t t e r  t h a n  ever !  

T h e  N o r t h  A m e r i c a n  C a l l b o o k  l is ts t h e  calls, 
names. a n d  address i n f o r m a t l o n  f o r  495.000 
l icensed r a d i o  amateurs  i n  a l l  c o u n t r l e s  o f  
N o r t h  Amer ica ,  f r o m  Canada t o  Panama 
~ n c l u d i n g  Careenland. Bermuda,  a n d  t h e  
Car ibbean islands Plus H a w a i i  a n d  t h c  
u.S. possessions. 

T h e  l n t e r n a t i o n a l  C a l l b o o k  l is ts 500.000 
l icensed r a d ~ o  amateurs  I n  count r ies  ou ts ide  
N o r t h  Amer ica .  I t s  coveraqe IncludeS S o u t h  
A ~ n e r i c a .  Europe.  A f r i ca .  Asla, a n d  t h e  
P a c ~ f i c  area (exclusive o f  H a w a i i  a n d  t h e  
U.S. possess~ons).  

T h e  1 9 8 9  C a l l b o o k  Supp len len t  i s a  n e w  idea 
i n  C a l l b o o k  updates,  listing t h e  a c t i v l t y  I n  
b o t h  t h e  N o r t h  Arner ican  a n d  l n t e r n a t i o n a l  
Ca l lbooks .  Pub l ished June 1, 1989.  th is  corn, 
b i n e d  S u p p l e m e n t  w i l l  I n c l u d e  thousands o f  
n e w  l i re~ ises ,  address changes, a n d  cal l  sign 
changes f o r  t h e  preced ing  6 ~ i i o n t h s .  

Every  ac t ive  a m a t e u r  needs t h e  C a l l b o o k !  
The 1 9 8 9  Ca l lbooks  w i l l  b e  pub l ished 
December  1. 1 9 8 8 .  O r d e r  ear ly  t o  a v o i d  
d ~ s a p p o i n t t p e n t  (last year's Ca l lbooks  s o l d  
o u t ) .  See y o u r  dealer n o w  o r  o rder  d l r e c t l y  
f r o m  t h e  Publ isher.  

D N o r t h  A m e r i c a n  C a l l b o o k  
i n c l .  s h i p p i n g  w l t t l l n  U S A  $29.00 
i n c l .  s h ~ p p l n g  t o  fo re ign  count r les  35.00 

u l n t e r n a t i o n a l  C a l l b o o k  
inc l .  s h i p p i n g  w l t h l n  U S A  $32.00 
inc l .  s h i p p i n g  t o  fo re ign  count r ies  38.00 

o C a l l b o o k  Supp lement .  p u b l i s h e d  June 1st 
i n c l .  s h i p p i n g  w l t h i n  U S A  113.00  
~ n c l .  s h i p p i n g  t o  fo re ign  count r les  14 .00  

SPECIAL OFFER 
u B o t h  N.A.  & l n t e r n a t i o n a l  Ca l lbooks  

i n c l .  ShipPlng w i t h i n  U S A  $58.00 
lnc l .  s l i ~ p p ~ n g  t o  fo re ign  count r ies  68 .00  

* * * * * * * * * * * *  
l l l i r ~ o l s  residents please a d d  61h% t a x .  
A l l  p a y m e n t s  m u s t  b e  i n  U.S. funds. 
-- 

RADIO AMATEUR cellbook wc. 

9 2 5  S h e r w o o d  Dr.. B o x  2 4 7  
L a k e  B l u f f .  lL 6 0 0 4 4 .  U S A  I 
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I Dependable Service 
J 1 n  

At The Right Price.. . Everytime 

Mas I-VISA over 

-- 

KENWOOD V 
ICOM 

IC-761 HF ..PERFORMANCE'. RIG 
16O.lOMIGeneral Coverage 
Recelver 
Built-in Power Supply and 
Automatlc Antenna Tuner 
SSB, CW, FM, AM. RTTY 
QSK to 60 WPM 

4 

All Band, All Mode Transceiver 
Direct Keyboard Entry 
Engineered for the DX-Mlnded 
and Contesting Ham 
Its Got It All! 

Add Optlonal6m, 2m 
70cm Modules 
Dual VFO's 
Full CW Break-in 
Lots More Features 

Mobile 10 Meter Transceiver 
SSBIAMIFMICW 
25 Watts PEP 
Computer Controlled Operatlon 

SALE PRICED 

HF 1 ransceiver With 
General Coverage Receiver 
All HF Amateur Bands 
100 W Output 

YYESU 
m 

k..-.-41 E .--" La g# 
- . e n . )  

FT-736R VHF UHF BASESTATION 

SSB CW. FM on 2 Meters 
and 70 cm 
Optlonal50 MHz, 220 MHz or 
1 2GHz 
25 Watts Output on 2 Meters, 
220 and 70 cm 
10 Watts Output on 6 Meters 
and 1 2 GHz 100 Memor~es 

Y E S U  

FT-212RH 
THE ,'ANSWERING MACHINE" MOBILE 

Rx: 138-174 MHz 
Tx: 144-148 MHz 
45W Output 
Dlgital Volce Recorder 
FT-712 RH for 70cm 

o 
lCOM 

2m GaAsFET and 220 Rece~ve MHz A m p l ~ f ~ e r s  Pre Amps 
and H q h  SWR Shutdown 
Prctectlon 

144MHz S 
MODEL A 
2 23 2 tn130oul L 
2217 21n1170out E IC-781 NEWEST SUPER RIG 2 117 101n1170out 

5 Function Dlsplay Screen 220MHz 
Bu~l t - tn Spectrum Scope 3 22 2 1n~20oul I 2 21 1 2 1nl110out 
150 Watts Output C 3 112 301nll?L)out E 
Built-in PS and AT CALL D 

kernote Controller, Intf,rface RS7A . $50 RS35M. . $155 
A Untt, Interface B Untt. RS12A . . . $72 VS35M.. $175 Z 
Speaker. Mic and Cables 
SIX Band Units to Choose 

RS20A.. . $92 RS50A.. $199 

C$ 1 1 R i O M .  . RS5OM. . $2251 I 10 Memories Per Band 
Programmable Band Scan VS2OM . . $129 RM50M . $245 

Fiber O ~ t i c  Technology RS35A . . $139 VSSOM . . $239 W 
V) 
a 

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 

KENWOOD YAESU 1 1  V 

ICOM TH-25AT 
POCKET-SIZED FT23173R 

AND POWERFUL Super "M~n i "  
Frequency Cover. HT's 
age: 141-163 MHz Zinc-Aluminum 
(Rx), 144.148 MHz Alloy Case 
(Tx) 10 Memories 
Front Panel DTMF 140.164 MHz. 
Pad 440-450 MHz 
5 Watts Output 2W Battery 
14 Memories Pack or 
TH-45AT Available Optlonal 
for440 MHz 9W Pack 

MICRO HT'S 
FOR 2M. 440 

Pocket Size HT Fun 
Ten Memorles Packet, WEFAX, ASCII, 

LCD Readout AMTOR. RTTY. CW 
Simultaneous Operatlon on 

Personal Packet MailboxTM 
SALE PRICED 

Call ' Toll Free, pm Mon.. 
Missouri 

102 N.W. Busines 
Call For Best Trac a 
L 1 MOST ORDERS SHIPPED SAME DAY Y 

DAI\ 

;s Park L: 
Ye-In Dea 

sas City, 

I 

ICOM 



@"' OPTOELECTlRONICS INC. 

POCKET SIZE 
FREQUENCY 

SIZE:4" Hx3.5" W x I f f  D 
MADE IN USA COUNTERS 

TO 2.4 GHZ 

#TA-100s I 8 LED DIGITS 2 GATE TIMES 
' ALUMINUM CABINET 

INTERNAL NI-CAD BAITERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 

I' 
EXCELLENT S ENSrrlVITY 

& ACCURACY 

AC-DC PORTABLE 
OPERATION 

Small enough to  fit into a shirt pocket, our new 1.3 GHz and 2.4 GHz, 8 digit frequency counters are not toyslThey 
can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
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 telexoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, 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 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signal 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 MHzcounterwith preamp, sensitivity. < 1mV 

. . . . . . . . .  27MHzto 450~~zinc ludes Ni-Cad ba t te r tesand~~ adapt& $169.91 1 
# 2 W H  Model 2400H 10-2400 MHz microwave counter includes Ni-Cad 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  batteriesand AC adapter $299.95 I 
#CCA Model CCA counter/counter, for debugging, ultra sensitive, < 50 micro 

volts at 150MHzll-600 MHz with adjustable threshold, RFindicator 
. . . . . . . . . . . . . . . . . . . . .  LED. Includes Ni-Cad battwiesand AC adapter $299.95 

ACCESSORIES: 
............... #TA-100s Telescoping RF pick-up antenna with BNC connector $12.00 

. . . . . . . . . . . . . . . . .  #P-100 Probe, direct connection 50 ohm, BNC connector .$20.00 
#CC-12 Carrying case, gray vinyl with zipper opening. Will hold a counter and ---  -- I ........................................... #TA- 1000S antenna. S1o.W 

ORDER FACTORY DIRECT 
FLA (305) 771-2050 1-800-327-591 2 AVAILABLE NOWI 
I - OPTOELECIRONDCS DNC. 
I 

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. Laudwdale. Florida 33334 Foreign orders add 15% 



htroducing the only mobiles that 
double as answering machines. 

Now you can stay in touch -even 
when you're away from your radio. 

With Yaesu's 2-meter FT-212RH 
a t ~ d  70-cm FT-712RH, an optional, 
internal digital voice recorder 
serves as a convenient answering 
machine for you and your friends. 
Arid that's just the beginning! 

High performance mobiles. 
The F1' 212RH fcaturcs ~vid(~hatid 
rcceivo coverage of 140 -174 MHz 
(144 -138 MHz ?)o, while t hc 
FT-712RH covers 3.30-450 MHz. 
An oversize amber display includes 
an innovative photo-sensor which 
incrcascs the display brightness 
during theday The function buttons 
art) arrdngod in a chromatic musi- 
cal scalc-ideal for visually-imparcd 
operators. You gct 35 watts output 
on 2 mctcrs, 3.5 watts on $0 cm. 

An autodialer DTMF microphone 
with 10 memories, each ready to 
store telephone numbers up to 22 
digits long. 

And, like our FT-211RH Series 
mobiles, you'll enjoy simple cont,rols, 
yet sophisticated microprocessor- 
based flexibility. Including 18 mem- 
ories that store frequency, offset, 
PL tone, and PL mode (PL encoder 
built in, decoder optional). Band 
or memory scanning. Offset tuning 
from any memory channel. Memory 
channel lockout for scanning. 
High-low power switch. 

All in an amazingly small 
package, shown actual size below. 

Digital voice recorder option. 
Only \l~csu brings you the ad\,anced 
technologv found in our digital 
voice recorder option. 

can store n1rss;lgcs or your 
call sign - in ].our OM n voice, not 
a synthcsizcd roplic4;i -or give your 
friends a private c.orltl for Irtaving 
messages on your radio. All t hey 
need is a DTMF ti~icrophone!Thcn 
you can play back your messages 
either in-person, or rtlmotcly by 
using another radio with a IITJIF 
microphone. And yorl'vc always 
got security because you can com- 
mand your radio to rclspond only 
to in-pcrson playback reclucsts. 

Visit your Yaesu dealer today. 
And tost drivc Y~osu's FT-212RFI 
and FT-712RH rrlohilcs. The only 
radios with t hc pow(lr to keep you 
in toucah. Alu;~ys. 

Yaesn USAS7210 Edwards Road, Cerritos, CA 90701 (213) 404-2700. Repair Service: (213) 404-4884. Parts: (213) 404-4847. 

Pncec and spec~firatlons ~ u b ~ c c t  lo change wrthoul notlce PL rs a n = g l $ t ~ ~ d  trdd~mark of Motnrola. Inc 

, . 



- - / - /-- 
' --./ Multiple scanning functions. Memory 

cti;irinel lock-out IS also prov~decl. 
High stability VFO. The dual d~g~ta l  VFOs 

Satellite Transceiver fentilre rock-stable TCXO (temperature com- ALT-Automatic Tuning-on 1200 

pensated crystal oscillator) c~rcu~try, wlth MHz eliminates drift! 
The new Kenwood TS-790AVHF/UHF all- trequency stablllty of k3 ppm, 500 Hz CW filter built-in. 
mode tri-band transceiver is designed . Operates on ,3.8 VDC. Perfect for Packet radio terminal. 
for the VHF/UHF and satellite "power 
user:The new TS-790~ is an all-mode mountaln-to~ DXPedltlOnsl Interference reduction controls: 10 d~ 

144/450/1200 MHz transceiver with The mode switches confirm USE, LSB, RF 2lten~aIOI on 7n1, nolse blanker. IF shift. 

many special enhancements such as CW, or FM selection with Morse Code. selectable AGC, all mode squelch. 

Doppler shift compensation. Other fea- Dual Watch allows reception of two Other useful controls: RF power output 
tures include dual receive, automatic bands at the same time. control, speech processor, dual muting. 

mode selection, automatic repeater off- Automatic mode and automatic frequency lock swltch, RIT. 
set selection for FM repeater use, VFO repeater offset selection. Voice synthesizer option. 
or quick step channel tuning, direct key- . 0irect keyboard frequency entry. Computer control option. 
board frequency entry, 59 memory chan- 
nels channels for separate receive 59 multi-function memory channels. Optional Accessories: 

and transmit frequency storage), Store frequency, mode. tone ~nformatlon. PS-31 Power ~ ~ ~ l > p l y  SP-31 External speaker 

tipie scanning and multiple scan stop quick function. Ten OUT-10 1700 MHI rnodulri*VS-2 Vo~ca synlheslrer 

modes. The Automatic Lock Tuning channels for "odd split:' unlt TSU-5 Pr ~gr;imrn;~blr CTCSS rlecoder 
(ALT) on 1200 MHz eliminates frequency CTCSS encoder built-in. Optional TSU-5 . IF-232C c ~ ~ , , ~ , ~ ~ ~ ~  MC-~OA,MC-~O/ 
drift. Power output is 45 watts on 144 enables sub-tone decode. 

MC-85 Deik mlcs HS-5/HS-6 Hendohones 
MHz, 40 watts on 450 MHz, and 10 watts Memory scroll function. Thls feature 
on 1200 MHz. (The 1200 MHz section is allclws you to check memory contents MC-43s Hnnrl mtc PG-2S Extra DC cable 

an optional module.) w~thoul changlng the VFO frequency. 
m 11rfi I \  v ~nnn 

K t I A  W V V U  
KENWOOD U.S.A. CORPORATION 
7>9l t I~CIIIIIII~..~~ 'it Long Hcach.CA 93810 
PO Box 7?i'4!) Lnnq Br.:rc:r~, CA 90801-5745 
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