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I Dual Bond Mobile & Handheld 

Dual Band Radios from ICOM! 
Ilouble your operating pleasure with Icom's new dual 
band IC-3210 mobile and IC-32AT handheld FM trans- 
ceivers. Each unit incorporates a wealth of.specia1 
features and optlons des~gned to move you into the fore- 
front of today's expanded 2-meter and 440MHz activity. 
Icom dual banders: the FM enthusiasts dream rigs! 

Wideband Coverage. Both the IC-3210 and 
IC-32AT receive 138 to 174MHz includin all NOAA 

M% weather channels, transmit 140 to 150 z including 
MARSKAP, and operate 440 to 450MHz. Total 
coverage of today's hottest FM action! 

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

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

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

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

Repeater In ut Monitor Button. Opens the ! squelch and c ecks Tx offset simultaneously. 

Priority Watch. Monitor any channel for calls 
wh~lecontinuingoperation on another frequency. 

Double Your Bands with Icom's dual band 
IC-32AT handheld and IC-3210 mobile, and double 
your operating pleasure on 2-meters and 440MHz. 

ICOM 
~irstin ~ommunications 
COM A t  hrc. W 1 1 6 1 t l  Ave N E. Bellewe, WA98004 Chtomr Savio lblib (206) 454-7619 
3159 Remler h. Sune 126.1 TX 75063 l77l Phoenn: Parkway. Sute 201. A l l m  GA 33349 
COM CANADA A h s o n  of C%Amenca Inc. 3071 - ll5 Fbad. Vnt 9. Rchmad. BC.VGX 2T4 Canada 
Nl W s(scmdmU sre wbgn b cnangs ndxa or obilgatm All COM rahra s@tCarWy FCC 
r8Qu.at- limning sQmus mi- 321WATW 



For over fifty years Eimac has supported The FCC now allows 1500 watts output 
the amateur radio fraternity with the finest power; these new tubes are tailored to the chal- 
power tubes in the world. Started by radio ama- lenge. Enjoy the improving band conditions, the 
teurs, for radio amateurs, Eimac continues its new WARC bands, and upgrade to 1500 watts 
tradition of dedication to amateur radio. The output in your new linear. 
new 3CX800A7 and 3CX1200A7 are examples 
of this continual dedication to the development 
of tubes for amateur use. 

301 Industrial Way I San Carlos. CA 94070 1 415-592-1221 

1678 South Pioneer Road I Salt Lake City. UT 84104 1 801-972-5000 
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Two in the Hand! 
2m/70cm Dual Band HT 
The new TH-7SA Dual Band HT 
from Kenwood is here now! Many 
of the award-winning features in 
our dual band mobile transceivers 
are designed into one hand-held 
package. 

Uu;i .'atch function allows you to 
monitor both bands at the same time. 
1.5 watts on 2 meters and 70cm: 
5 watts when operated on 12 VDC 
(or PB-8 battery pack). 
Larcr,, d u p  qii11 i - ' ~ . n c ~ i o n  LCD 
display. 
10 memory channels foreach band 
stores frequency, CTCSS, repeater off- 
set, frequency step information, and 
reverse. A lithium battery backs up 
memories. Two memories for "odd 
split" operation. 
Selectable full duplex operation. 

* Extended receiver range: 
141-163.995 and 438-449.995 MHz; 
transmit on Amateur band only. (Modifi- 
able for MARS and CAP. Permits required. 
Specifications guaranteed on Amateur 
bands only.) 
Uses the same accessories as the 
TH-25AT (except soft cases). 
Volume an'd balance controls, 
plus separate squelch controls on 
top panel. 
Super easy-to-use! For example, to 
recall memory channel, just push the 
channel number! 
CTCSS encode/decode built-in! 
Automatic Band Change (ABC). 
Automatically switches between main 
and sub band when signal is present. 
Automatic offset selection on 
2 meters. 
Tone alert system for quiet moni- 
toring. When CTCSS decode is on, 
the tone alert will function only when a 
signal with the proper tone is received. 
Four ways to scan, including dual 
memoryscan, with time operated or 
carrler operated scan stop modes, and 
priority alert. 

*Automatic battery saver circuit 
extends battery life. 

Specrt~calrons arld prlces sublecr lo change w~lhout  nolrce 
Cornf~lnfe service rnarluals are ava~lable for all Kenwood Ir 

O Dual band 
rubber-flex antenna, PB-6 battery pack, 
wall charger, belt hook, wrlst strap, 
water res~stant dust caps. 

Opt~onal  Acce ,iorles 
w PB-5 72 V. 200 mAh NlCd pack for 1 5 W 
output 0 PR-6 72 V, 600 mAh NlCd pack 
w PR-7 72 V. 1100 mAh NlCd pack - PR-r 
12 V, 600 mAh NlCd for 5 Woutput 0 PF: Q 72 V, 
600 mAh NlCd w~th  bullt-ln charger Q n C  1r1 

Compact chargtv. E C - t i  Rap~d charger 

1r oblrgalron 
nscervers and nlosl accessorres 

and PTT sC-22  3nd SC-23  Soft case 
Sh,4C-30131 Speaker mlcs.. WR-1 Water 

res~stant bag. 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745.2201 E. Domlnguez Street 
Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
PO. BOX 1075,959 Gana Court 
M~ssrssauga, Ontario, Canada L4T 4C2 
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The more things change, the more they remain the same 
Sometimes, I get the feeling that Amateur Radio is going to explode into open warfare. No, I'm not talking 

about IARU societies fighting each other. But in certain aspects of the service, lawsuits, accusations, and innuen- 
do seem to be the order of the day. Whatever happened to talking, reason, and the subtle art of negotiation? 

Two repeater wars are brew~ng - one between a repeater group in Los Angeles, California and a group in 
Mexico. The other is between repeater groups in Illinois and Indiana. While I don't know if the group in the South- 
west tried to arbitrate a solution to their problem, I am sorry to see that they chose the route of litigation in an 
attempt to solve it. According to Westlink, both repeaters have been coordinated by their local authorities onto 
the same frequency pair. I wonder if there was any communications between the two coordinating groups before 
the frequency assignment. I'd like to think there was. If not, we have slipped one step closer to spectrum anarchy. 
In the Midwest, a similar situation exists. With luck a solution can be negotiated between the coordinators and 
repeater owners so that they don't have to resort to litigation. 
A glimmer of hope 

But despite all the repeater troubles, there is a movement afoot wh~ch could help us cast off the chains of 
the past and move forward to a revitalized interest in Amateur Radio. I'm referring to the on-going discussions 
about no-code. (I would much rather call the new license class code-free or beginner's class, as I'm afraid no- 
code presents a negative Image to some within the hobby.) CQ's recent survey of their readership showed a 
60-400/0 split in favor of a code-free beginner's license. As I reported last month, our informal sampling resulted 
in an even split. The ARRL's study committee has even suggested a code-less license to the ARRL Board of 
Directors with some very intiguing privileges. And even though some clubs and groups are vehemently against 
the idea, many others embrace it with open arms. 

Marty, NBlH, and I gave a presentation to the Granite State Amateur Radio Club on the code-free license 
this past May. Most of the group looked on the idea favorably. Several, however, did not. Among other things, 
their biggest concern was control - would this new class of license open the floodgates to bad habits and other 
potential problems. On the drive home, I thought about their objections; I find that I do not agree with them. 
The code-free license is more than an attempt to reach out to those who simply do not want to learn the code. 
It is a effort to bring licensing into the 1980s with a ticket designed for a communicator. These hams will not 
be any less than those now currently licensed. It will be incumbent on us to get them to upgrade and gain more 
privileges. What will be the eventual outcome of the proposal? No one knows and it will be months before we 
have any idea. 

So, the more things change, the more they remain the same! I sure hope we can find a way to mediate our 
differences and, at the same t~rne, accentuate the positive things that are happening in our hobby. What we 
do not need is more litigation between Amateurs. In this era of government deregulation, the FCC simply is not 
going to be the "all powerful, omnipotent Oz" it used to be. Funds and personnel have been cut in the FCC 
offices to the bare bones. One communications lawyer commented to me that FCC regulation and operation 
were being done through "mirrors and tricks" - illusion in fact! We simply cannot depend upon the FCC to 
solve our problems. It is up to us to solve them for ourselves. 

Can we do it? Can we police and maintain order in the Amateur service? I don't know, but I hope so. As long 
as the trend is toward asking the courts to solve our problems, we cannot. If we go back to arbitration amongst 
ourselves and depend on each other to deal in good faith, maybe it IS possible. We'll see. 

Craig Clark, N1ACH 
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Affordable DX-ing! - 
TS-140s M. CH/VFO CH sub-c(~nl. 10 kHz step 

tunlng for qulck QSY ;it \/; 0 mode, and 

HF transceiver with general UPIDOWN memory channel for easy 
nnpratlnn 

coverage receiver. 
Comoact. easv-to-use. full of ooer- 

I Selectable full (QSK) or semi 
break-in CW. 

nf "lnnk-alilra" trancroiunrcl -. - .  . -  FfF power output control. 
rammable band AMTOR/PACKET compatible! 

-. ..,-.. -....- ..-...,-u..u.". New Feature! Prog 
Coversal l  HFAmateur bands with marker. Useful for staylng wlthln the . Built-in 100 W output. General coverage re- l ~m~ ts  of your ham license. For con- 

celver tunes from 50 kHz to 35 MHz. testers, program in tt 
. , MC-43s UP/DOWN mic. included. 

fRccerver specrf~catfons g~~aranleed from frequencies to preve~ u n l v l  lu I lul 
500 kHz to 30 MHz, Modifiable for HF participants. *AT-130 compact antenna tuner *AT-250 auto- 

MARS operation. (Permrt reqruredl m;lllc antenna tuner HS-SIHS-6/HS-7 head- * Famous Kenwood ' - - 
*All modes built-in. LS- ' '^" -"' " ' 

ie suggesrea ..+ n n k ~  be ..-.. Optional Accessories: 

interference phones IF-232C/IF-10C compc~ter interface 
tjn ubtj, cw, i-M reducina circuits. IF sh~ft rhral n n i s ~  MA-WVP-1 HF rnoblle antenna (5 bands) - - - -  - - - - - . . . - . . . . . , - - - . . . - . - - 

and AM. blankers, RIT, RF attenuator, selectable ME-430 rrlobllc? bracket MC-43s extra 
Superior receiver dynamic range AGC, and FM squelch. UI' IIOWN hand ~ I C .  MC-55 (8-[)11>) goose neck 

Kenwood DynaMlxr" high sensitivity nlnt l~le rnlc. MC-60A/MC-80/MC-85 desk mlcs. - 
direct mixinb system ensures true 102 

PG-2S extra DC ~.nt)lfz PS-430 power supply 
SP-41 /SP-508 rnoblle \pi),tkt'r\ SP-430 

extrBrn,ll soeakrr *TL-922A 2 kW PEP lrnenr 

1 New 500 HZ CW f~lter 

All-mode multi-bander 
* I  I I!,( : .. M t v ~  10Wot~l[)..1 11lus;rI HF 

fi,r~:ilc,,r Ixlnos I100 W o ~ l p u t ~  
C rlcnnc'n Fin1 reco v t ~  Ireciuericv ~: tnut~ 4 5  MHz I KENW/OOD 
to 60 MHI Specs guaranteed from 5% to 54 MHz 
Sdme functions of the TS 140s except opt~onal I KENWOOD U.S.A. CORPORATION 
VOX (VOX 4 requ~red for VOX operal~on) - 2201 E Dorntnguez St .  Long Beach, CA 90810 
P~r.nmpllf~er for 6 and 10 meter band PO Box 22745. Long Beach. CA 90801-5745 



Need for new 
challenges 
Dear HR 

Many of the ham magazines have 
recently featured letters or editorials 
which bemoan the slow or even nega- 
tive growth in our numbers. Some 
press for some sort of "no-code" 
license as a panacea, guaranteed to 
reverse all of the undesirable trends 
and to rejuvenate the hobby. 

What sort of growth would satisfy a 
manufacturer of ham gear or a pub- 
lisher of Amateur Radio magazines? At 
the beginning of World War II, the ham 
population totalled about 50,000. The 
latest total I have heard is around 
250,000. This five-times increase, 
which occurred during a period of time 
when our total population approxi- 
mately doubled, seems a remarkable 
growth to me. 

I am surprised however, that we 
retain as many in the hobby as we do. 
I have many memories of young chil- 
dren leaving sophisticated toys in the 
closet while spending long hours with 
crude, self-made ones. Could this 
same psycological mechanism be at 
work among hams who have tired of 
their complex toys? Where is the chal- 
lenge in a hobby if the required license 
can be obtained by memorizing a few 
pages of data - and when sophistl- 
cated gear, beyond the understanding 
of most operators, is cheaply available? 
I can easily see why the excitement 
and the near magic I felt when I first 
became a ham does not exist for a big 
segment of our present group. 

No one tried to encourage me in the 
mid-30s when I developed an interest 
in Amateur Radio and decided to get 
my license. I studied hard to under- 
stand the theory and copied code for 
long hours to get my speed up to 15 
wpm or so. Then, I had to build 
homebrew gear as I could not afford 
commercial equipment. Every step 
along the way to getting on the air 
presented a challenge to a young 
teenager. I suspect it was the challenge 
that initiated and sustained my resolve. 

What are the current challenges, 
technical or otherwise, that would 
entice newcomers to our hobby? Just 
acquiring the legal right to communi- 
cate with ham gear is not enough. 
Most publishers and even the ARRL 
appear to promote more and more 
sophistication in our equipment, but 
then sponsor increasingly simple 
activit~es in which to use it. Just learn- 
ing a new computer program so that 
you can use your PC on packet 
requires little or no technical skill and 
is not much of a challenge. Occasion- 
ally, I read or hear a derogatory remark 
about the simplicity of the homebrew 
gear so strong in the memories of 
those who were hams prior to WW2. 
I have but one response: The gear we 
built was near state-of-the-art for the 
times. How much homebrew gear is 
around today that you could consider 
state-of-the-art? 

The early enchantment with the mys- 
teries and complexities of the hobby 
does appear to be slipping away and 
cannot be restored by producing a 
mass of appliance operators. If up-to- 
date technical challenges cannot be 
initiated, I am afraid that our hobby will 
slowly be downgraded to a CB-type of 
activ~ty, we'll hear more and more sta- 
tions "backing-out" of QSOs, and 
blown fuses will soon become major 
problems. 

Paul Swearingen, WSPJF, 
Benton, Illinois 62812 

Here we go again! 
Dear HR 

Well, the long suffering public 
(especially the Amateur Radio commu- 
nity) has been had again. The Feds 
have laid another bundle of fallacious 
logic on our heads and again expect 
us to bow down and take it. 

The incising of the 220-222 MHz 
portion of the electromagnetic spec- 
trum was again performed "in the pub- 
lic interest." Somehow I am sharply 
reminded of a child receiving a beat- 
ing "for his own good." Oh, yeah? 
Really? Is THAT logical? "For his own 
good" indeed! Have you ever heard of 
anyone running up and asking for a 
beating "for his own good?" 

Another one that goes right along 
with this is, "This is going to hurt me 
more than it will you." Oh, yeah? Then 
let ME do it to YOU - then it won't 
hurt you so much. I might admire a lit- 
tle more honesty in all of this. "I am 
going to beat you as a punishment for" 
or "I am going to beat you because I 
am bigger and stronger and have more 
power than you." At least you would 
know just where you stood in the 
grand schematic of things. 

If we are going to play the numbers 
game with the FCC chief engineer (and 
treat ALL frequencies alike) and the 
land mobile service needs 2 MHz, then 
why not give them 2 MHz up at 24,000 
MHz? That would amount to the same 
2 percent that he claims is all that we 
are losing. 

What is the fierce pressure to force 
a breakthrough in land mobile commu- 
nications? Will those brown UPS 
trucks get the goods to your door 
appreciably faster? It would be most 
interesting to find out whose brother- 
in-law has a warehouse FULL of this 
new, breakthrough 220 mobile equip- 
ment - already. Or to unearth which 
country is ready to load ships full of 
this new, breakthrough stuff. 

Remember that business (and poli- 
tics) function just like the King - who 
always announces that he CAN TOO 
put Humpty Dumpty back together 
again. ALL HE NEEDS IS MORE 
HORSES AND MORE MEN! 

Joseph A. Weite, KH6GDR. 
Makakilo, Hawaii 96706 
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Dual Band Afford-abilitv! 

Dual Bander 
The TM-7OlA combines two radios 
into one compact package. You get 
25 watts on 2 meters and 70cm, 20 
memory channels, tone encoder 
built-in, multiple scanning, auto 
repeater offset selection on 2 meters, 
and a host of additional features! 

20 multi-function memory channels. 
20 memory channels allow storage of fre- 
quency, repeater offset. CTCSS frequency, 
frequency step, and Tone OnIOff status, 
CTCSS and REV, providing quick and easy 
access during mobile operation. 
25W on 2m and 70cm. 
Selectable full duplex-cross band 
(Telephone style) operation. 
Easy-to-operate front panel layout. 
Multi-function DTMF mic. supplied. 
Controls are provlded on the rnlcrophone 
for CALL (Call Channel).VFO. MR (Memory 
Call or to change the memory channel) and 
a programmable function key. The program- 
mable key can be used to control one of the 
following functions on the radlo: MHz.T. ALT. 
TONE. REV. BAND,or LOW power. 

Optional full-function remote 
controller IRC-20). 
A full-functlon remoie controller using the 
Kenwood bus llne may be easily connected 
to the TMJOIA and mounted in any con- 
venlent location.The new controller is cap- 
able of operating all front panel functions. 
Built-in dual digital VFO's. 
a) Frequency step selection (5,10,15, 

20,12.5,25kHz) 
b) Programmable VFO 
The user frlendly programmable VFOs allow 
the operator to select and program variable 
tuning ranges in 1 MHz band Increments. 
Programmable call channel function. 
The call channel key allows instant recall of 
your most commonly used frequency data. 
Programmable tone encoder built-in. 
Tone alert system-for true quiet 
monitoring. 
When act~vated this function will cause a 
dlstlnct beeper tone to be emitted from the 
transceiver for approximately 10 seconds to 
signal the presence of an incom~ng signal. 
Easy-to-operate multi-mode scanning. 
a) VFO scan 
Band scan, Programmable band scan. 
b) Memory scan plus programmable 

memory channel lock-out 
c) Dual scan 

Dual call channel scan 

e) Scan direction 
f) Alert 
When the AL switch IS depressed memory 
channel 1 is scanned fbr activity at approxi- 
mately 5 second intervals. 
MHz switch. 
Lock function. 
Repeater reverse switch. 

Optional Accessories 
RC-20 Full-functlon remote controller 
RC-10 Multi-functlon remote controller 
IF-20 Interface unlt handset MC-44 Multi- 

function hand mic.*MC-44DM Multi-function 
hand mic, wlth auto-patch MC-486 16-key 
DTMF hand mic. MC-55 8-pln mobile mlc. 

MC-60A/80/85 Desk-top rnlcs. MA-700 
Dual band (2m170cm) moblle antenna (mount 
not supplied) SP-41 Compact moblle 
speaker SP-50B Mobile speaker PS-430 
Power supply PS-50 Heavy-duty power 
supply MB-201 Mobile mount PG-2N 
Power cable PG-3B DC line noise fllter 

PG J H  Interface connecting cable PG-dl 
Extens~on cable klt *TSU-6 CTCSS unlt 

Easy-to-operate illuminated keys. Dual memory scan KENWOOD U.S.A. CORPORATION 
A functionally deslgned control panel with Dual VFO scan COMMUNICATIONS &TEST EQUIPMENT GROUP 
lnd~vldually backllt keys increases the con- d) Scan stop modes PO BOX 22745,2201 E. Domlnguez Street 
venlence and ease of operation during Tlme operated scan (TO) Long Beach, CA 90801-5745 
nlght-tlme use Carrter operated scan (CO) KENWOOD ELECTRONICS CANADA INC. 

Specrf~carrons and prrces sublecr to change w~rhouf nolrce or obhgalron 
Complere servlce manuals are available lor aN Kenwood rranscervers and mosl accessortes 

P.O. ~0~1075 ,959  ~ a n a  court 
Mississauga, Ontario, Canada L4T 4C2 



While others offer you some digital modes 
using 3 year old technology, ody MFJ 
gives you at2 9 digital modes and keeps on 
bringing vou state-of-the-art advances 

- 
lMCWQ0 MOOL DATA CQWIIKKLLll 

MFJ-  1278 e-*RI 

$27gg5 = i) ' c c l ~ ~ ~  Wac.1OI - wI.117~ rn l I 
No three vear old technology at  MFJ! l O H z  -and it shows you which way to tune! Plus more . . . 
Using the latest a d v a n c e s , ~ ~ ~  brings 

you 9 exciting digital modes a n d  keeps on 
bringing you state-of-the-art advances. 

You get tonsof features other multi- 
modes Just don't have. 

Only MFJ gives you all 9 modes 
Count 'em -- you get 9 fun modes 

--Packet. AMTOR. RTTY. ASCII. CW, 
WeFAX. SSTV. Navtex and full featured 
Contest Memory Keyer. 

You can't get all 9 modes in any other 
multi-mode at a n y  price. And nobody gives 
you modes the MFJ-1278 doesn't have. 

The best modem you can get 
Extensive tests in Packet Radio 

Magazine prove the MFJ- 1278 modems 
gives better copy with proper DCD 
operation than all other modems tested. 

New Easy MailrM Personal Mailbox 
You get MFJ's new Easy MaflTM Personal 

Mallbox with soft-partitioned memory so  
you and your ham buddies can leave 
messages for each other 24 hours a day. 

20 LED Precision Tuning Indicator 
MFJ's unequaled tuning indicator makes 

it really easy towork HF packet stations. 
And unlike others. you use it exactly the 

sarne way for all  modes -- not differently for 
each mode. 

Just tune your radio to center a single 
LEDand you'reprecisely tuned in lo within 

MFJ, Packet Radio 

MFJ-1270B super clone of TAPR's 
TNC-2 gives you more features than a n y  
other packet controller -- for $139.95. 

You can double your fun by operating 
VHF a n d  HF packet because you get high 
performanceswitchable VHFlHFmodems. 

You get the Easy MailTM Personal 
Mailbox with soft-part~t~oned memory so  
you and your ham buddies can leave 
messages for each other 24 hours a day. 

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

A new KISS interface lets you run 
TCPIIP. T h r v  also come NET ROM 
compatible - -  no rnodificatron needed! 

You also get 32K RAM. one year 
uncortdltional guarantee and a.free 110 
VAC power supply (or use 12 VDC). 

For dependable HF packet tuning, the 
< 8 ,  n r l~! I l t  lC4U<l 1 3 ,  hlk I F nit rprtw + Inc 

New MFJtechnology prevents 
collisions: gets packets through faster 

MFJ's new Anti-Collision technology 
gets packets through faster. more reliably. 

How? Automatic random transmit 
delays prevent packet collisions. 

An MFJ exclusive: MFJ- 1278 is the only 
multi-mode to have this new technology. 

Multi-Gray Level FAXISSTV Modem 
You'll enjoy natural looking pictures 

that only multiple gray levels can give you. 
MFJ'sexclusive new built-in modem lets 

you transmit and receiveup to 16gray levels. 

Only MFJ can transmit FAX 
Most packet stations can receive FAX. 
But only the MFJ-1278 lets you transmit 

FAX without internal modifications that 
disable other modes. 

So now you can send your own high 
resolution pictures. maps and diagrams by 
FAX tostations throughout the world. 

Too bad they can't send theirs to you . . . 
unless they have the MFJ- 1278. 

One FREE Upgradel 
When you buy your MFJ-1278 today. 

you don't have to worry about missing new 
modes and fratures that come out 
tornrnorow. 

Why? Because your MFJ- 1278 comes 
with a coupon good for one free cprom 
upgrade exchange that'll add new features. 

MFJ Video Digitizer 
Here's an  actual 
print-out of Aimee 
from the MFJ Order 
Desk. She was 
digitfzed wi th  the 
MFJ-1292 and the 
result was  printed 
on a 9-pin Epson 
compatible printer. 
We reduced the size 
t o f i t  the ad. 

Create fascinating digitizecl srial~sl~ots 
you can transmit with your M17J- 127H of 
anything you can point your ramrortler at! 

The MFJ-1292 "Picture Perfect" Video 
Digitizer connects your video camera to 
your IBM compatible computer so you can 
capture digitized video snapshots on disks. 

Your MFJ-1292 package includes a plug- 
in card for your computer, software and 
complete instructionsfor ... $199.95. 

As an added bonus you get a handy 
Contrast and Brightness Control unit that 
you can conveniently place near your 
keyboard for fine tuning your pictures. 

MFJ-1274 gives you a high resolution 
tuningindicator that'saccuratr to within 
10 Hz -- and it's only $20.00 more. 

Plus you ge t .  . .32K RAM. free AC power 
supply. KISS. true DCD, random code 
generator. independent printer port. 
lithium battery backup. RS-232 a n d  TTL 
serial ports. s tandard 850 Hz RTTY shift. 
socketed ICs. tune up command. automatic 
serial numbering, programmable message 
memories. softwarr srlectable dual radio 
ports and tons more -- all in a sleek 9'12 x 9% 
x 1% inch cabinet. 

Get on the air instantly 
Just plug it all in 

All you need is an MFJ- 1278. your rig. 
any computer and a trrminal program. 

With a n  MFJ Starter Pack. $24.95. you 
just plug it all in. wire up your mic 
connector and you're on the air. 

Order MFJ- 1282 (disk)lMFJ-1283 (tape) 
for C-64/128/VIC-20: MFJ- 1284 for IBM 
compatibles: MFJ-1287 for Macintosh. 

Unconditional Guarantee 
You get the best guarantee in ham radio 

- -  atnl l  one year unconditional guarantee. 
That means we will repair or replace 

your MFJ multi-mode (at our option) no 
matter what for a full vear. 

Get 9 new ways of having fun 
Don't settle for 3 year old technology. 
Choose the onlv multi-mode that gives 

yon I he latest adia'nces and all 9 modes. 
Get 9 new ways of having fun -- get yours 

today! 

Packet Pictures 
Transmit and receive high resolution 

VCA. EGA and CGA color ptctures via 
packet with MFJ picture passing software. 

Beautiful color pictures are 
automat~cally recelvrd, saved to disk and 
"painted" lo screen. 

Pictures are compressed a s  they are 
transm~tted - so you get true high speed 
picture passing. 

You can save lo disk any CCA picture 
you can see on your screen. 

You can set up your own picture 
bulletin board and exchange pictures with 
others - even if you're not there. 

Let's help spread picture passing 
throughout the world and create a new 
world standard. Get t h ~ s  powerful new 
software for only ... $9.95. 

MFJ-1288 works wlth virtually any 
packet radlo controller and IBM 
compatiblr computer. I t ' s  included.free in 
thr  MFJ-1284 IBM Starter Park. 

MFJ MFJ ENTERPRISES. INC. 
I '  I, Ilnx .1'I.1. M~s\k>stl,l,# \ t . , l c .  MS .3'47fi'2 
1?4lI-:(2:1 5MIi'l I F1.C.S i:I . lScX) MF.IbTK\' 
Newest DemlerlOrdcr.: 800-847- 1800 
I,,, 1 1 1 1 1 ~  ~ I I I I I I I I~ IC  ,llltl ~I~I I I I I~I I I I :  

MFJ ... making quality affordable 



A 435-MHz LOW-NOISE 
GaAsFET 

Upgrade your 435-MHz 
receiving system for 
OSCAR and terrestrial 
weak signal reception 

Paul Gregorx WA2FTK, 136 Covered Wagon Trail, 
W Henrietta, New York 14586 with Vic Gauvin, 
KMUL, 27 Van Cortland Drive, Pittsford, New York 
14534 

A rticles on VHFIUHF GaAsFET preamplifier con- 
struction aren't unusual. But many feel that these 
preamps are too d~fficult to build, that they are too 

unstable, or that parts are too hard to get. I hope my pro- 
ject will help to allay some of these fears. 

Why a preamplifier? 
Why add a preamplifier to your receiving system in the 

first place? Under extremely weak signal conditions (like 
those from a satellite), your receiving system needs all the 
help it can get. Things like feedline loss between the 
antenna and the receiver degrade the signal strength seen 
at the receiver's front end. In addition, the receiver may not 
be sensitive enough to hear the weak satellite signals. To 
overcome these problems you can add a low-noise pream- 
plifier, like a GaAsFET, to the receiving system to improve 
overall receiving system performance. 

Let's look at the satellite downlink receiving system at my 
station. I have 65 feet of 9086 coax (similar to 9913) between 
the antenna and a 435:MHz receiver. The cable loss is 
approximately 3.1 dB per 100 feet, which is 2 dB for 65 
feet at 435 MHz. The receiver's RF amplifier has 10 dB of 
gain with a noise figure of 5 dB - not a very sensitive sys- 
tem. With a typical satellite signal level at the antenna ter- 
minals, the receiving system performance can be illustrated 

by the signal-to-noise (SIN) ratio at the receiver input to the 
mixer. This is shown in Figure 1 (see appendix A at the end 
of the article for assumptions and computations). As is the 
case with any system, the losses and noise contributed by 
the system components degrade the SIN ratio at each step 
in the signal path. Because of the low signal levels in this 
case, the contribution is significant and greatly degrades 
the signal by the time it reaches the receiver mixer. There's 
4 dB of SIN reduction due to the coax and 7 dB at the 
receiver - a net SIN ratio of 6 dB. It's necessary to increase 
the working signal to levels much higher than the noise, 
so that the noise has less effect. 

Where to add a preamp? 
The addition of a preamplifier at the receiver input is a 

common solution to this problem. Figure 2 shows what hap- 
pens when you add the 20-dB low-noise amplifier discussed 
later in this article. The 4-dB SIN degradation resulting from 
the coax is still present, and you have an additional degra- 
dation of 1 dB due to the preamp itself. However, the noise 
contribution caused by the receiver has been reduced to 
approximately 0.1 dB, as compared with the 7 dB of the 
previous system. This is a 6-dB net improvement in SIN for 
a final ratio of 12 dB. For a greater improvement, increase 
the working signal level at the coax to the point where the 
coax noise is insignificant with respect to the signal level 
- just as you did with the receiver noise. 

To do this, you must amplify the input signal at the 
antenna before it reaches the coax. The results of this con- 
figuration are illustrated in Figure 3. As you can see, the 
preamp SIN degradation is now roughly 0.6 dB and the 
coax contribution changes from 4 dB to 0.1 dB! The receiver 
contribution is still insignificant at 0.3 dB and the net SIN 
is now 16 dB, nearly as good as it is at the antenna. 

As these examples show, it's not how much gain your 
amplifiers have (the final signal level in Figures 2 and 3 is 
the same), but where in the circuit the gain occurs that 
determines your ability to increase the signal above the 
noise to a point where you can reduce its effect significantly. 

The preamp 
The GaAsFET preamplifier circuit I've described here is 

similar to one in The ARRL Handbook'. I made minor 
changes to improve stability and allow operation at 28 volts 
DC because of my relay requirements. It offers excellent 
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SIN calculations - no preamplifier. 

SIN calculations - preamplifier at receiver input. 

performance and gain, and can be used for both satellite sistor is a Mitsubishi MGF 1302, which provides approxi- 
and terrestrial communications. mately 18 to 20 dB of gain in this circuit. The input is tuned 

Circuit details by C1, C2, and L1; the output is tuned by C5 and L2. You 
can use miniature ceramic trimmer capacitors for the vari- 

The basic circuit is shown in Figure 4. The GaAsFET tran- able capacitors; however, I recommend piston-type capa- 
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SIN calculations - preamplifier at antenna. 

PdV DC 

r13 

E X T E R N A L  TO SHIELDED BOX 
INPUT SECTION 

C I  
10 

WTPUT SECTION 

I 
I EXCEPT AS INDICATED, CAPACITANCE I S  

I IN OF a N 0  RESISTINCE IS IN OHMS 

Schematic diagram. Except as indicated, values of capacitors are in pF. Resistances are in ohms. 

citors. The source bypass capacitors, C3 and C4, are lead- When DC voltage is not applied to the amplifier circuits, 
less trapezoidal capacitors. Note that there are two source the preamp is in transmit mode, bypassing the amplifier (see 
leads on the GaAsFET transistor, and that each lead is con- Figure 5) and protecting the GaAsFET from static charges 
nected to a trapezoidal bypass capacitor. The output coup- when not in use. 
ling capacitor, C6, is a silver mica. 

The relays I used require 28 volts DC, so the preampli- C o n s t r ~ ~ t i ~ n  details 
fier circuit ;s designed to work at that voltage. If you use I built the complete amplifier circuit on a piece of double- 
12-volt relays instead, change R3 from 390 ohms to 150 sided pc board 3-314" x 1-518". The remaining sides are 
ohms, 2 watts. double-sided pc board soldered together. The long sides 
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Cl,C2,C5 
C3,C4 
C6 
c7 
C8 
Dl,D2 
Jl, J2 
J3 
Kl,K2 
L1 

L2 

01  
R1 
R2 
R3 
21 

0.8 to 10-pF piston trlmmer, Johanson or Trlmtronlcs 
470-pF leadless trapezoldal 
68-pF silver mica 
1000-pF solder-In feedthrough 
lo-& 35-volts DC electrolytic 
IN4004 
BNC chassls mount 
F connector, Redlo Shack 278-212 
Relay, Amphenol 300-11361 (shorting type) 
2.5 turns 3A6-inch Inside diameter, 1/4 Inch long, 
22 AWG 
2 turns 3A6-Inch inside diameter, 22 AWG, tapped 
1/2 turn from C7 end, turns spaced 2 wlre 
diameters 
Mitsublshl MGF 1302 
100-ohm, 1/4-watt metal film 
1-k, 1/4-watt metal film 
390-ohm, 2-watt carbon composition 
1N4730, 3.9 volts, 1 watt 
Enclosure approximately 4 x 5 x 6 inches 

TRANSMIT SIGNAL PATH 

NC NC 

KI K2  

PRE-AMPLIFIER 
ANTENNA 

C4) to each side of the hole. 
' 

Figure 7 shows a suggested component layout diagram. 
Install J1, C2, C5, C7, and J2, as well as C3 and C4 on the 
center shield, first; they're used as mounting points for other 
components. You may wind L1 and L2 on a 3116" drill bit. 
The direction of the turns isn't important, but you should 
wind the input and output inductors in opposite directions. 
This will help to minimize coupling. Make your lead lengths 
as short as possible. I did this for L2 and R2 by placing 
the resistor inside the coil and soldering to a common point. 

To protect the GaAsFET I suggest that you install it last 
(along with R1). Place the drain of the GaAsFET (the lon- 
gest lead) through the hole in the center shield and solder 
each source lead to the trapezoids (see Figure 7). Use care 
when handling the GaAsFET discharge yourself by touch- 
ing a grounded metal object before handling the transis- 
tor. It is static sensitive and may be damaged if you don't. 
Also, when soldering the leads, be sure not to use exces- 
sive heat. Be sure the drain lead is centered in the hole 
after you've soldered the two source leads. 

Note that Z1, Dl, D2, R3, and C8 are located outside the 
shielded box. D2 and C8, as well as K1 and K2, are con- 
nected at J3, the DC input connector at the enclosure that 
houses the entire assembly. Dl  and R3 are in series to feed- 
through capacitor C7 at the shielded box. Z1 is connected 
to C7 and arounded riaht to the outside of the box. 

The shieied box is &signed to connect to the coaxial 
Normally closed position of antenna switching relays is used to plays(see photoA), Each relaycontainstwo bulkhead-mount 
bypass the preamplifier for protection from atmospheric static with rings on one side for weatherproof charges. A shorting-type relay is used to short the open contacts 
to ground during transmit, therefore providing further protection mounting and a BNC male connector on the other side. The 
from RF leakage. preamplifier connects directly to these BNCs and is sup- 

ported by the relays. Attaching the relays to a weathertight 

NOTES: 

I. CENTER.TO.CENTER DISTANCE TAILORED TO ACCEPT TRANSMIT SIGNAL 
PATH HARDWARE BETWEEN RELAYS (ENABLES RELAYS TO BE PARALLEL). 

chassis provides a convenientmethod of installation; every- 
thing is held in place by the mounting hardware (Photo 6). 

The transmit signal path connection between the relays 
is made up of two 90° elbow N connectors and the double- 
male N. 
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2. PLACE AS CLOSE AS POSSIBLE TO CENTER SHIELD. 

3 I /B"HOLE IN C E N T f R  OFCENTER SHIELD FOR 01 DRAIN LEAD 

1/4' DlA NOTE 2 

L 3 3 /4 ' -  --I 

The final assembly (before weatherproofing) is illustrated 
in Photo C. I used an F connector for the DC input (J3) 
because I needed shielded cable (like RG-59) to protect 
the preamp from atmospheric static while not in use. The 
enclosure should also be grounded to the antenna tower. 

/ ! SOLDERED TO CHASSIS 

C 

Shielded box dimensions. Note 1: Center-to-center distance tailored 
to accept transmit signal path hardware between relays (enables 
relays to be parallel). Note 2: Place as close as possible to center 
shield. 

are 3-314" x I", and the two end pieces are sized to fit. 

J I  52 
INPUT CI  WTPUT 

C -3 

Refer to Figure 6 for dimensions and hole locations. Make 
sure the solder 10ining the sides is continuous along the Suggested component layout. All leads must be as short as possi- 
board edges, both inside and outside the enclosure. (Tack ble (use C6 to make up the distance required to J2 because of relay 
solder all the sides first to be sure everything fits properly.) spacing). 



If You Want the Most Advanced TNC Today ... 
I n  26 countries around the world, tens of 

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

And, they know that Kantronics is unique in its 
ability to seek out, develop and incorporate the 
most advanced features into each of five 
different TNC models before anyone else. 
Why? Because every program Kantronics 

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

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

and Tomorrow ... - -  - 

writes, and every unit Kantronics designs and 
produces are birn right here at the factory in 
the U.S.A. 

Will the Real Dual-Port 
Please Stand Up? 

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

T n  this age of telco LANS, E-mail and FAX, Personal Packet  ailb box'" is accessible from 

PBBS i.s just one of the firsts Kantronics delivered. 

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

both H F  and VHF! Version 2.85 has dual-port 
compatibility with RLVMBL boards and KISS 
mode for both ports. You can monitor H F  and 
VHF packet operations at the same time. 
Users can even gateway from H F  to VHF (or 
in reverse) through your KAM. 

Kantronics ~ll- ode'^ (KAM) has Packet, 
WEFAX, ARQ, FEC, RTTY and CW recep- 
tion. But we have five models to suit your par- 
ticular taste. Ask your dealer for the best 
choice today ... and tomorrow. 

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

Packet Cluster" is the copyrighted software of Pavillion % h a r e  
KAM". All-Mode'-. KA-NODE". and Personal Packet Mailbox'-. 

are trademarks of Kantronics Company. Inc. 

1202 E. 23rd Street Lawrence. Kansas 66046 
(913) 842-7745 
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ARGEST HAM OUTLET IN THE WORLD 

ICOM lC-765 I ICOM IC-781 I 

100W. 100kHz t o  30MHz 
HF ALL BAND TRANSCEIVER 

Dual VFO system 

SALE!CALL FOR PRICE 

0 A Models 25W. 
1 C 0 M H Models 100 W 

IC-275A/275H, 138-174 MHz 
IC-375A m m  ..: 
IC-475A/475H, 430-450 MHz 

0 
ICOM IC-735 

100 W. 100 KHz-30 MHz 
Dual VFO R e c e ~ v e r  

CALL FOR LOW, LOW PRICE 

T H E  ULTIMATE 
150 W. A L L  BAND 
HF TRANSCEIVER 

GREAT PRICE! I 

ICOM IC-900 
M U L T I - B A N D  

YOU C A N  OPERATE SIX BANDS 
WITH ONE CONTROLLER1 

' MTR 25/45W. 440 MHz 10 M T R  6 MTR. 
220 MHz 8 1 2 GHz 10 MEMORIES 

ARE YOU READY FOR 
1.2 GHz OPERATION? 

0 HAND-HELD 
lCOM VHF/UHF 

IC-O2AT IC-PAT 2MTR 
IC9AT 220 MHz 

IC-04AT IC-4AT 440 MHz 

0 
ICOM lC-725 

100W. 30kHz t o  33MHz 
HF ALL BAND TRANSCEIVER 

GREAT PRICE 
Y .  .. 

ANAHEIM, CA 92801 BURLINGAME. CA 94010 PHOENIX. AZ 85015 SAN DIEGO, CA 92123 
2fi20 W I..! Pallria 999 Howard Avc2 :I2 W L I ~ I ~ N I ~ I  h Rd 5375 K t ~ . ~ r r i y  Vlll.~ Rd 
(714) 761 3033 12131 860-2040 415) 142 575; 6112) 24) 3515 619) 560 3900 

, B~twei-n D~sn~ylantl R 6 rnrgc Mqr WRGDSV ot, K7HDH Gary WA7SLY. Mgr \ 0111 Mqr KMfrK STORE HOURS 10 AM-s:Jo PM 
Knoll7 Herry Farrri 5 1iille5 51i1ilh r l i i  101 lrom SF0 t.4~1 01 H ~ N V  li Hwy 167 R l.l.~remonl Mesa Blvd CLOSED SUNDAYS 

Bob Ferrero WBRJ ATLANTA GA 30340 OAKLAND, CA 94606 SALEM, NH 03079 WOODBRIDGE. VA 22191 VAN NUYS. CA 91411 
PresldentlOwner 6071 ~ u ~ o r d  Hwy 2210 Llvln ston St 14803 Butld Alnerlca Dr~w 6765 Sepulveda Rlvd 

J i m  Rafferty N 6 R J  ccJ ~ ~ r ~ D 4 A c W  h(l5) ~ c h  534 Mqr !757 W W B  
i5[8{p??:L;G444 Wl ( 7  Juhn 3 Mqr 1 3  WB4GJZ 8 4 4  (8181 Al Mgr 988 K6YRA 1217 

VP Nallonal 
sales Doravtlle 1 rn! norlh 01 1285 IS 880 a1 23rd Aw Ramp 28 mlles norlh of Boston all 1 193 Ex11 54 195 Soulh 10 US RT 1 San D~ego Fwy al VlClOly Bhd 

J 184 
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Food for thought. 
Our new Universal Tone Encoder lends its versatility 
to all tastes. The menu includes all CTCSS, as well 
as Burst Tdnes, Touch Tones, and Test Tones. No 
counter or test equipment required to set frequency- 
just dial i t  in. While traveling, use it  on your Amateur 
transceiver to access tone operated systems, or in 
your service van to check out your customers' re- 
peaters; also, as a piece of test equiprrient to modulate 
your Service Monitor or signal generator. It  can even 
operate off an internal nine volt battery, and is available 
for one day delivery. backed by our one year warranty. 

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

Group B 
BURST TONES: 

1600 1850 2150 2400 
770 1336 1650 1900 2200 2450 

1700 1950 2250 2500 

2805 1800 2lOO 2350 

All tones in Group A and Group B are included. 
Output level flat to within 1.5dh over entire range selected 
Separate level adjust pots and output connections for each 
tone Group. 
Immune to RF 
Powered by 6-30vdc. unregulated at 8 ma. 
Low impedance. low distortion. adjustable sinewave 
output, Sv peak-to-peak 
Instant start-up. 
Off position for no tone output. 
Reverse polarity protection built-in. 

Frequency accuracy, t 1 Hz maximum - 40°C to + 85°C 
Tone length approximately 300 ms. May he lengthened, 
shortened or eliminated by changing value of resihtor 

Model TE-64 $79.95 * L s '  COMMUMCATIONS SPECIALISTS 
426 West Taft Avenue. Orange. California 92667 
(800) 854-0547/ California: (7 14) 998-302 1 



The shielded assembly connects directly to the transmitlreceive 
relays. The photo illustrates the hardware used for the transmit sig- 
nal path (used whenever preamplifier is not in operation). 

The entire assembly mounted in its enclosure. The hole in the 
shielded box is an optional access hole for adjustment of C1. The 

Tuneup "power-related" components attach to J3 at the enclosure (hidden 
under the shielded box), keeping them out of the RF section of the 

You can do the initial amplifier tuneup before you con- circuit. 
nect it to the relays and install it in the receive line. Be sure 
that the transmitter cannot be keyed. Tune in a known sig- 
nal strong enough to just move the S-meter and adjust C2 
and C5 for maximum S-meter reading; then tune C l  for best 
signal-to-noise ratio. Retune C1 and C2 for best signal-to- 
noise and maximum gain as necessary. Disconnect the 
antenna; the background noise should be greatly reduced. 

Tune around the band to determine if there are any "bir- 
dies" caused by the amplifier. If there are, adjust C5 until 
they disappear. Do not touch C1 and C2. (Since I added 
R2, I've encountered no difficulties in this configuration. If 
you do have problems, refer to the December 1987 Ham 
Radio "VHFIUHF World" column by Joe Reisert, W1JR.) 
Reconnect the antenna and you'll find that the background 
noise reappears.'Readjusting C5 will slightly detune the out- 
put stage; however, sufficient gain in the circuit means that 
gain reduction will be insignificant. 

Parts information 
Components C1-C5, C7, and Q1 are available from: 

Microwave Components of Michigan 
11216 Cape Cod 
Taylor, Michigan 48180 

I purchased the relays at a hamfest. They are manufac- 
tured by Amphenol, and provide the minimum number of 
external adapters to connect to the preamplifier without 
requiring a custom relay. You can use any high quality coax- 
ial relay provided it can handle the power requirements of 
the transmitter, provides enough isolation during transmit 
to protect the preamplifier, and 1s rated to at least 500 MHz. 
Relay substitution may require additional adapters to inter- 
face to the preamplifier and external coax to the antenna 
and the station. 

Final assembly in its enclosure before weatherproofing. The antenna 
and feedline to the receiver connect at the N connectors. The F con- 
nector is the input for the shielded power cable. 

Conclusion 
Addlng thls ampl~fier to your stat~on will give you a state- 

of-the-art recelvlng system for modes J and L operation, 
as well as signlflcantly Improved terrestrial operation You'll 
really be able to hear those weak signals and enjoy satel- 
litelUHF DXlng. 

REFERENCE 
1 GaAsFrT Prc~,~nl~~l~fter~, lor 144 and 270 MI</ Tlrr  ARRl Hao<iO(l(~t- l or  Ill? R,lriro t?lna1+'11r 

bRHl 1986 arlcl lnlcr cd~l,ons 



Appendix A ktB 
Npwr dBm = G (dB) + 10 Log - 0.001 

Computations and assumptions 
The values used in the signal-to-noise ratio diagrams are 

based on typical signal levels in "average" station setups. 
Values are given in dBm since most people can relate to 
these by way of other experience. All values in the illustra- 
tions have been rounded, and some "adjusted" by no more 
than a few tenths to simplify the diagrams. The following 
is the basis for several of the values used. 

Input signal level (-128 dBm) 
This value of -128 dBm results when you have a satel- 

lite roughly 22,000 miles (35,406 km) away operating at 435 
MHz on mode J or JL, with an EIRP output of 2.5 watts 
(due to uplink station limitations andlor the amount of activity 
on the satellite). The receiving antenna has a gain of 14 
dBi and you're using SSB filters (2.1 kHz) in your receiver. 
The power (Pant) at your antenna terminals is determined 
by the strength of the signal, its path loss to the antenna, 
and your antenna gain: 
Pa,, = EIRP (dBrn) - path loss (P1,,J + ant gain 
An EIRP of 2.5 watts equals 34 dBm. The path loss is com- 
puted by: 
Pl~,,, (dB) = 10 Log [(4a x distance meters)/wrrvelength 

meters12 
= 10 Log[(4a x 35,406,000)/0.68]2 
= 176.2 dB 

Therefore: 
Pam = 34 - 1762 + 14 

= -128.2 dBm at the antenna terminc~ls 

Antenna and sky noise (-145 dBm) 
To compute the noise received from the atmosphere (sky) 

and generated in the antenna, you must consider the 
atmospheric and antenna "noise temperatureWl (the tem- 
perature at which the noise from a reference resistor noise 
standard is comparable to the noise in the atmosphere), 
and the receiver bandwidth (the noise that the bandwidth 
of the receiver will let through). Use the following formula: 
N ~ i s e ( ~ + S )  (W) = k x skylant noise temp (Kelvin) x 

bandwidth (Hi) 
where k = BoltzmannS constant = 1.38 x 1023 

joules/Kelvin 
noise temp = 100 Kelvin' (typical) 
bandwidth = 2100 Hz 
Therefore: 
N ( ~ + ~ )  = (1.38 x 1023) x 100 x 2100 

= 2.918 watts 
= -145.4 dBm 

Component noise 
The noise generated within each of the components is 

determined by the following general formula: 
Np,vr f W) = GktB 
where G = gain of component 

k = Boltzmannk constant (1.38 x I(b23J/K) 
t = noise temperature of component (Kelvin) 
B = bandwidth of system (2100 Hz) 

The formula stated in dBm is: 

The only item you don't know for each component is its 
noise temperature. However, you do know the noise figure 
(NF), so temperature may be derived as follows: 
TmmP = 290[antilog (NF/IO) - I] (2) 

Useformulas(1) and (2) in each of the following derivations. 

Coax noise 
The coax provides a 2-dB loss in the system; therefore, 

its noise figure (as a passive component) is also equal to 
that amount. 
TCOU = 290 [antilog (2/10) - I] 

= 169.6 Kelvin 

= -2 + 10 Log k x 169.6 x 2100 
0.001 (3) 

Preamp noise 
The preamp noise figure is 0.5 and its gain is 20 dB. 

T",,IM" = 290 [antilog (0.5//10 - I ]  
= 35.4 Kelvin 
= 20 + lo Log k x 35.4 x 2100 

0.001 

Receiver noise 
The receiver noise figure is 5.0. Its gain is 10 dB. 

Tr.c = 290 [antilog (5/10) - I ]  
= 6221 Kelvin 

= 10 + lo Log k x 6221 x 2100 
0.001 

How to "add" power expressed in dBm 
The adding of different dBm power levels to arrive at noise 

totals is not necessarily an intuitive task, so I'll discuss it here. 
Power in dBm is a log function with respect to a standard 
reference value (1 mW), and values can't be added directly. 
Instead, they must be converted back to power (in watts, 
or milliwatts in our example), added, and the total recon- 
verted to dBm. As an example, add the coax noise (C) and 
the combined antenna plus sky noise (A+S) levels of 
Figures 1 and 2. These values are -145 and -147 dBm, 
respectively. 

The formula for converting power to dBm is: 
dBm = 10 Log (power in mW) 

The inverse of this is the formula for converting dBm to 
Dower: 
Pmw = antilog (value in dBm/lO) 
Taking the values: 
antilog (145/10) = 3.16 x 1015 mW 
antilog (147/10) = 2.00 x 1015 mW 
Total power = 5.16 x 1015 mW 
Converting back to dBm: 
p d ~ m  = 10 Log ( P ~ w )  

= 10 Log (5.16 x 10fi)  
= -143 dBm 

REFERENCE 
1 The Safe//rle Cxperrnenfer's Handbook AHRL 
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( HAMS! SHOP THE SHACKB FOR THE BEST VALUES I 
1 10-Meter SSBlCW l2VDC Transceiver* 1 Deluxe Magnet-Mount Antenna 1 

w Mounts On Trunk Lid Edge 
So There Are No Holes to Drill 
Sleek, Black Attractive Design 
Short Length-Excellent for 
Low-Clearance Applications 

The Reallstlc' HTX-100 gets you Into the 10-meter fun1 
Memory stores 10 favorlte frequencies and mlke- 
mounted pushbuttons permlt safe and easy frequency 
selection whlle you drlve RIT +I 5 kHz flne-tunlng con- 
trol Front-panel sw~tchable 25-wattl5-watt power out- 
put Full 10-meter coverage, USB or CW #19-1101 
' ~ u s t  have a Ham hcense to transmot 

Cellular "Look-Alike" Antenna 

The mobile antenna that looks like a cellular 
telephone antenna! With preassembled 16- 
foot cable and PL-259 for fast, easy installa- 
tion. Come in today and see our complete line 
of communications equipment and accesso- 
ries. #21-991 

- 

+ 3795 
Stores in Trunk-Out of Sight 
Of Thieves and Vandals 

w No Damaging Holes to Drill 
Easily Moves From One Vehicle 
To Another 

Real performer! Excellent antenna for use 
wlth your 10-meter rig. Super-strong mag- 
net for ~nsta-mountlng on roof or rear deck 
of your auto. Wlth base-loaded, low-loss 
toll, and 54" steel whlp. Prewlred 16-foot 
cable wlth PL-259 connector Great for 
removable sets1 #a-960 

NoviceIGeneral Exam Study Guides 

1 gg5 Each 

Complete! Prepared by 
Gordon West, WBGNOA 
Two Self-paced Code 
Cassettes lncluded 
Sample Test Questions 
And Answers 
Durable Molded Binders 

I FCC Form 610 lncluded 

Novice Class Exam Study Package. #62-2402 

General Class Exam Study Package. #62-2404 

Antenna Values I Computer Hookups 

ii278-1329 . . . . . . . ' . . . . . .  4.99 
(2) Insulators. Strong, low loss. 
#278-1333 . . . . .  Pkg. of 2169C 
(3) Magnet Wire. For "hidden" 
antennas! 
#278-1345 . . . . . . . . . . . . .  4.79 

Connectors, Sealer 

$ 4  
(3) 

(1) Antenna Wire. 70-11 . 14- 
aauae stranded comer wlre 

PL 259 278 205 2!1 W 
llG1761U 278 70.1 2, 99 

278-1 323 

LIG175IU 778 ?(I6 71 qY RG8IM 278-1328 
2 PL 2% ? i q  111,9 1 h') RG58 278-1326 

Sral iape 778 1515 2 1'1 RG59 278-1327 18 

For computers modems and packet 
ra.10 conlrollers 

(1) - 
L - -  

1 'm. (2) L - 
(3) 

IMPROVE YOUR STATION WITH THESE ACCESSORIES 

( 

Audio Connectors 

I 

Power Accessories I WWVIWX Radio 

Extension Speaker 

(1) &Pin Mike Plug. N274-025. 2 19 
(2) 'Phone Adapter. 'A" stereo I?$ 
'1.1'' mono plug "274-348 
(3) H.T Adapter, 'b" slereolack, Y,?" 
mono plug 1~774.381 99 
(4) H-T Mono Adapter. Yw'. jack, ' IN . .  
plug ~27.1 378 1 79 

-- 
Really Improves audio from 

HTs and rigs' 
Rated 5 watts. 8 ohms. 10-ft. 
cord. 'In" plug Adjustable metal 
bracket. U21-549 

I Over 1000 parts in stock! Binding Posts, Books, Breadboards, Buzzers. Capacitors, Chokes, 
Clips. Coax, Connectors, Fuses. Hardware. ICs, Jacks, Knobs, Lamps. Multltesters, PC Boards, 
plugs, Rectltiers. Resistors, Switches. TOOIS, Transformers, Transistors, Wire, Zeners, More! 

Radielhack I 
The Tec hnoloqv Store'" 

( I )  9 V  DC Adapter. *273-1852.10 95 
(2) 12V Regulated Power Supply. 
122 170 39 95 
(3) AC Llne Cord. N278-1257 3 99 

-. 
Pr~ces apply at particlpatlng Rad~o Shack stores and dealers - I  I ), 

Recetves WWV time slgnals and prop 
agallon lorecasls on 5 10 or 15 MHz 
and local VHF NOAA wealher slal~ons 
Ballery extra W12 148 



VARIABLE VOLTAGE 
REGUIATOR 

By Howard Weinste~n, K3HW 15 Lakeside Drive, 
Marlton, New Jersey 08053 

I 1 

- - - - - - - - - - - - - -I------ 
The LM117K IS a three-term~nal floatlng regulator Dur- 

T he variable voltage regulator (WR) is a versatile and 
indispensable device for use on the workbench or 
in the shack. It lets you adjust the output voltage of 

a f~xed DC power supply between 1.2 and 37 volts DC. and 
will supply output current in excess of 1.5 A. The circuit 
incorporates an LM117K three-terminal adjustable output, 
positive voltage regulator in a TO-3 can. Thermal overload 
protection and short-circuit current-limiting constant with 
temperature are included in the package. This device is 

ing operation, the LM117K develops and maintains a nomi- 
nal 1.25-v6lt reference (Vref) between its output and adjust- 
ment terminals. This reference voltage is converted to a 
programming current (Ipro ) by R1 (refer to Figure I),  and 
this constant current flows though R2 to ground. The regu- 
lated output voltage is determined by: 

V ,,,,, = V,,&l+ RZ/RI) + Ic,r~ R2 
Capacitor Cl reduces sensrtivrty to input line impedance. 

Capac~tor C2 reduces excessive ringing. Diode CR1 pre- 
vents C2 from discharging through the IC during an out- 
put short. 

Construction notes 
Any available enclosure will suffice for building the VVR. 

For my project, I installed the parts on a piece of aluminum 
scrao and attached ceramic standoffs (refer to Photo A and 

> ..VIW ICI ' :: vous 
LM117K 7 > 

VOLTAGE VOLTAGE 
IN  

~ i ~ u r e  2). The circuit can be used in ;our own power sup- 
ply, or even in a piece of equipment that requires tight regu- 
latlon. Be creative! 

When installing programming resistor R1, locate it as 
close lo the regulator as possible to minimize line drops Top view of VVR showing ceramic standoffs. 

almost blow-out proof! 
Circuit diagram-VVR. Circuit descriation 
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TEST POINT JACKS 

E l  -CERAMIC STANDOFF 

Bottom view-VVR. 

VOLTMETER 

+ 
POWER 
SUPPLY 

ADJUSTFOR PROPER 
OUTPUT VOLTAGE 

D_O &T MEASURE RESISTANCE 
OF RZ WITH VOLTAGE APPLIED 
TO V.V.R. 

Typical test setup. 
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I , . ~ ~ ~ W  

List $560 
Save $141 

-- D C  t o  40MH) DC I 100MH: 

-.. I b Dua l  Channe l  Dua l  Channe l  -*. CRT Readout Delayed S w e e p  
Cursor  M e a s  CRT Readout * 

r*-- 
v&\ S w e e p  Time 

A l t  M a g n l f ~ e r  Au to rang lng  

v-425 $835 
C o m p a c t  Slze V-1060 $, ,325 Trlgger L o c k  

List 51595 
2mV Sens l t l v i l y  

List $995 
LIST PRICE SAVE 

V-223 2OMHz D T . 1mV sens. Delayed Sweep. DC Ollsel. Verl Mode Trtgger $770 5695 $75 

20MHz Dual Trace Oscilloscope V-422 ~ O M H Z  D T . ~ r n v  sens. DC Offset Verl Mode Tr~qger. AII Mag $875 5775 $150 
V.423 40MHz D 1.. 1mV sens. Delayed Sweep. DC Ollsel. All Mag 5955 SR25 $130 

'Itachi scopes include probes, schematics V.660 60MHz D 1. 2rnV sens. Delayed Sweep. CRT Readoul 91.195 $1.025 $170 
and ''fachi's year guaranty On parts and V.1065 100MHz D 1.. 2rnV sens. Delayed Sweep. CRT Readout. Cursor Meas 51.895 $1.670 $225 
labor. M a n y  accessor les  avai lable f o r  a l l  v . l l 00A lOOM~z 0.1.. i m v  sens. Delayed Sweep. CRT Readoul. DVM. Counler $2.295 52.045 $250 I 

P 2 100MHz. l x ,  lox 523.95 

C.*- ^I, --,.....* .....* 

- -- 

.""- ---...----r- 
$359 1 SCOPE PROBES 1 - 17 d 

e 
wrn 4rlc4 P 1 6 5 ~ ~ 2 .  IX l o x  $19.95 - . , . MO-1252 

0. - 2 t i ~ q h  l u r n ~ r l a n c e  6"CRT .. 1 , , l r n ~  ~ e n s l t l v l t y  

rD,> am, >,.",ma "t,dT -1. :. -1 6KV Acceleration Vo l tage  

BNC connector l O n s  R lse  Tlrne 
0 ' .  . ,#  d - X Y O p e r a t ~ o n  Z AXIS 

i x.Y l v  sync n n n r a t i n n  
De layed  Tr lgger lng  S w e e p  $ I 

-111 

," ---.. ... --- - -.-- - 
@ . a 0-20V at  1A 

- 5 V  at 5A 

-.- -- with Freq. Counter . i SOW Power Supply 
.5110MHz Motherboard *256K RAM 
-8 Expans~on Slots E ~ p a n d a b l ~  l o  640K 
.Malh Compressor Slots .Monochrornr Mon~lor 
.%OK ~ l o p p y  Drlve .Morrographlc Vcdeo Card 
.AT Style Keyboard .Parellel Prtnler Porl 

FREE spreadsheet and word processor 
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CR1 1N4002 or equivalent 
Rl 237 ohm. 0.25 watt 
R2 5000-ohm potentiometer, llnear taper 
C1 0.1-,,F disc 
C2 1.0-,,F tantalum electrolytic. 100 volts 
ICl LM117K 

MISCELLANEOUS 
Enclosure, mountlng plate, standoffs 
Five-way blnding posts (4) 
Female test jacks (2) 
10-3 insulator kit 

which may appear in series with the reference. The ground 
end-of R2 can be returned near the load ground to pro- 
vide remote ground sensing and improve load regulation. 
The test point jacks labeled "RES" are provided so you can 
measure the resistance of R2 when determining the value 
for a fixed resistor. This is necessary when designing regu- 
lator circuits for single fixed-voltage regulators. 

Caution: Do not measure resistance at the "RES" test 
point jacks with voltage applied to the VVR! You will dam- 
age your ohmmeter! 

Remember that V,,, on the LM117K is the transistor case. 
Therefore, it must be carefully mounted and properly insu- 
lated from chassis ground. 

Applications 
As I mentioned earlier, the uses and applications for this 

simple, easy-to-build project are limitless. I have used it at 
my place of employment for designing fixed-voltage regu- 
lators. I use it on my workbench at home with an old m~li- 
tary surplus 24-volts DC power supply to provide 12 and 
5 volts DC for various projects. I have included the circuit 
in all of my portable QRP gear, and have built an outboard 
regulator which I use In the mobile to protect an IC-37A from 
surge damage. Refer to Figure 3 for a typical test-bench 
setup. 

Parts availability 
All of the components used in the VVR are readily ava~l- 

able through Radio Shack retail outlets and most mail-order 
houses. I have assembled a VVR parts kit consisting of IC1, 
TO-3 ~nsulator and mounting kit, C1, C2, CR1, R1, and R2 
with instructions, diagrams, and schematic for $13.00 plus 
$2.00 shipping. Send a check or money order for immedi- 
ate delivery. a 

Invitation to Authors 

ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated). 

I l~r tgcr  lane. Ealing. Inndon W 5 A  IET. England 
Fax 01-991-1565 

TelO1-997-44 76 rr 180 I 



COMMON-POINT 
GROUNDING: 
LIGHTNING PROTECTION FOR 
REPEATERS 

Practical tips 
to minimize damage 
at your repeater site 

A common-mode voltage ~sone that IS In phase(zero poten- 
tial) across the wire pair; it's measured from one or both wires 
toa third point. For example, imagine that lightning strikes the 
power linesoutside your house on both sidesof the line, simul- 
taneously. Theoretically it's possiblethat the line voltage would 
remain unaffected, while everything that's into it is 
suddenly millions of volts above earth ground! 

Of course this doesn't happen in real life. Both transverse 
Peter J. Bertini, KlZJH, 20 Patsun Road, Somers, and common-mode voltages will appear on antenna feed- 
C ~ n n e ~ t l c u t  06077 lines, power, or phone lines when hit by lightning. Our friendly 

HF'er, with his dipole and coaxial arrester, probably has a 
good earth ground tied into his station. He's using forms of 
both common and transverse-mode protection, though he 
may not know it. (Sometimescommon mode is referred to as 

M 
longitudinal mode; transverse mode may also be called 

any of us don't worry about lightning until after it's differential mode.) 
done some damage. It'salmost impossible to pro- 
tect your equipment fully against a direct hit, but Protective devices 

you can still take steps to avoid most lightning damage. Photo A shows AC surge suppressoFs often used by com- 
mercial and Amateur installations for AC power line protec- 

What is lightning? tion. These are professional units, not to be confused with the 
Lightning can be compared to RF energy. This analogy tow-cost variety sold in many stores. They contain gas dis- 

may not bt! entirely accurate, but both share similar charac- charge devices, MOVs, and fuses for transverse and 
teristics. Series impedance will hinder lightning'spath, just as common-mode protection. Telephone installers use some- 
it does RF. A recent articleon lightning and commercial radio thing like the Cook Electric suppressor shown in Photo B. 
sites mentioned that a typical lightning strike could produce 
a 1000-volt differential between the top and bottom of a 6-foot 
communications rack! Resistance has little to do with it; rt's the 
result of the l-pH inductanceof an average rack frame. Every 
pH of inductance offers enough impedance (to lightning) to 
cause a 1000-volt drop. A lightning bolt can carry currents in 
excess of 60,000 A and hundreds of millions of volts. 

Transverse and common mode 
Transverse and common-mode voltages are two forms of 

foreign voltages that affect single-pair I~nes. The pair of wires 
in question could be the AC power line, the autopatch phone 
line, or antenna feedline. 

Transverse-mode voltage appears across the line. Spikes, 
transients, or other glitches rmposed on AC lrne voltage fall into 
this category. Many hams use coaxial arresters on HF dipole 
antennas for transverse protection. Typical AC line protection device. 
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Cook Electric model 600 phone line protection device uses high- 
voltage fuses and gas discharge cartridges for phone line protec- 
tion. Also shown is multiple phone line protection block with 
replaceable gas discharge cartridges. 

These units use high-voltage fusesand gasdischarge devices 
to protect the customer's equipment. 

A typical repeater station will have a good-quality surge 
suppressor installed at the AC outlet. There's also a phone 
company arrester at the service drop for the autopatch line. 
The repeater cabinet is well grounded, as well as the antenna 
tower. Everything's been done "by-the-book," but when light- 
ning strikes two weeks later, the repeater suffers major dam- 
age! What went wrong? 

Lightning looks for the shortest path 
Here'swhat might happen when lightning strikes. Suppose 

telephone installers run 60 feet of ground wire between pro- 
tection blocks and the nearest ground. Where's a lightning 
strike going to go after hitting the phone line? When it reaches 
the protection block, the lightning seeks the shortest path to 
ground. The phone company's ground gives some protec- 
t~on, but the rest heads for the well-grounded repeater! Maybe 
5 percent of thecharge makes it to the repeater, perhaps only 
a few thousandvolts. It travels through the autopatch (poofl) 
and finally to ground. 

Let's say there's a commercial base in the same building. 
His radio takes the hit, not yours. He hasgroundsand AC pro- 
tection just like yours. He's also at the end of the AC leg feed- 
ing your repeater. Most of the strike is shunted to his base sta- 
tion grounds. What wasn't dissipated heads back towards the 
service entrance ground. The current races by your outlet, the 
suppressor fires, and the lightning finds the shortest path - 
through your repeater power supply into that good earth 
ground you thoughtfully provided. When the gas arresters 
fired, all three AC leads - white, black, and ground - 
became one common ground path. 

What about a lightning strike on the repeater antenna? 
There'sa good ground at the tower base, and much of thecur- 
rent is dissipated there. The antenna hard line is bonded to 
thetower about two-thirdsof the way down before leaving for 
the building. Several feet of ground wire connect the tower 
base to the ground rods. The tower has inductance, it acts like 
a voltage divider when the lightning strikes - and the coax 

is at the tap-off point! The coax offers some resistance to the 
lightning. Inside the building the equipment ground will dis- 
sipate most, but not all, of what's left. The rest findsa path back 
through the phoneand power lines - after passing through 
your repeater. 

Never provide the ground path 
As these hypothetical cases illustrate, it'soften easy to unwit- 

tingly give lightning a path through equipment you had 
intended to protect. Even the best ground offers limited pro- 
tection; zero-inductance wire just hasn't been invented yet! 
Transverse protection is easy, but common-mode protectors 
need a low-impedance ground to work best. With a high- 
impedance ground, a transverse voltage can impinge upon 
the AC power lines' hot, neutral, and ground wires, becom- 
ing a common-mode hazard. That'swhy wall socket-mounted 
AC suppressors are often ineffective. The ground lead is too 
far removed from a real earth ground to deal with fast rise time 
transients. 

We've done a lot of lightning protection work at our Soap- 
stone Mountain repeater site in northern Connecticut. Two of 
our club repeatersshare thissite, where we haveat least one 
lightning-induced outage every summer. 

First, we ran the antenna hard-line cables down to the tower 
baseand bonded them tothe tower'sgrounding system. We 
sealed everything with 3M'sScotch-KoteTM to protect the alu- 
minum coax from galvanic action. All our antennas' elements 
are at DC ground potential. Running the coax down the inside 
of the tower, instead of on an outs~de leg, might offer some 
additional protection. Because lightning acts like RF, the skin 
effect would minimize currents on cables inside the tower. 

It's okay to have one ground rod at the tower base. But it's 
even better to drive additional ground rods several feet out 
from each tower leg, increasing the size of the ground field. 
Use heavy copper straps to bond the ground rods and tower 
legs together: Ground wires must be short; avoid sharp bends. 
Some Amateurs believe that grounds aren't needed if a tower 
is set in concrete. Don't fall for this old wives tale! 

Chemical ground rods work best. They are expensive - 
about $150 apiece. These rods are hollow pipes filled wlth a 
special chemical. Small holes along the pipe allow a small 
amount of chemical to leach into the sod, improving the 
ground conductivity. 

Use the longest ground rods possible. Stay away from the 
kind sold at TV shops; they are too short to be of much use. 
Electrical supply dealerscarry the larger sizes. Some moun- 
taintop locations are rocky enough to prevent you from drlv- 
ing a ground rod. If you must, bury the rods horizontally in 
trenches laid out in "wheel spoke" fashion around the tower. 
Never add rock salt around the ground rods. The short-term 
benefits will soon be outweighed by the salt's corrosive actlon. 

Multiple ground paths eliminated 
Establishing the common-point ground: Our first step 

in establishing a common-polnt ground system was to 
remove all the earth grounding from the repeater racks. We 
mounted a 2 x 3-foot piece of plywood covered with copper 
roofing flashing on the wall near the ground wire entrance, 
and attached the ground wire to this surface (see Photo C). 
The better the earth ground, the better the common-point 
ground will work. Lightning arrestersfor thecoax, phonellne, 
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1.2M-1.5M PARABOLIC DlSHiFEED/DOWN CONVERTER to 2 Meters 
RCP LCP or Llnear Polar~zat~on 
LNA- NF 1 5dB G 22dB 
Preselector F~lter - 
Mach~ned 4-Pole Combl~ne 
M~crostrtp M~xer on h~gh d~electrlc 
alumma 

! p 
I 

Local Osctllator - Heater 
Stabtl~zed + 2ppm for CW SSB 
Down Converter mounted tn feed 
assembly loropt~mum 
perlormance 

Frequenoes avarlable 1 269 1 691 GOES WX - 2 304-2 40 OSCAR Modes - 3 456GHz 

Feed Down Converter Assembl~es are tnterchangeable In common leed mount 
m 1 2 Meter or 1 5 Meter Spun Alum~num Dlsh has mtg hardware lor 1 5 mast 

Feed Antenna has r 5dBlC Ga~n 

PRODUCT PRICE L IST  

RCP LCP Feed Assembly Type N connectors Model WCFA-(lreq) $185 00 
L~near Polar~zed Feed Assembly Type N Conn Model WLFA-(freq) 135 00 

(Specrly lrequency 1 269 1 691 2 304 2 400 3 456GHzl 
1 2 Meter Spun Alumtnum Dtsh w~th mtg hardware WUDA-1 2M 395 00 
1 5 Meter Spun Alum~nurn D~sh wlth mtg hardware WUDA-I 5M 495 00 
LNA- 2 stage GaAsFET NF I 5dB G 2248 SMA Conn WLNA-(freq) 265 00 

(Specrly lrequency 1 2 1 69 2 35 3 456GW 
Preselector Bandpass F~lter Machlned 4-Pole Combl~ne SMA conn 85 00 

(Specrly lrequency 1 691 2 3 2 4 3 456GHz) 
Trtpod Feed Mount - accepts all leeds Model WTFM 100 00 
M~crostr~p M~xer-Th~ck F~lm Mach~ned Houslng WHMM-(freq) 45 00 
Local Osc~llalor- Heater Stab~l~zed Th~ck F~lm WHLO-(treq) 325 00 

(Specrfy lrequency 1 5535 2 159 2 255 3 31 1 or any spot F,) 
Complete Feed Down Converter lo 2 Meters Model WFDC-(lreq) 675 00 

(Specrfy lrequency feed type) (Olher IFs avarl GOES 137 5MHz) 
Complete D~sh Feed Down Converter Assembly 

1 2 Meter D~sh Model WDDC-1 2-(lreq) 115500 
1 5 Meter Dtsh Model WDDC-1 5-(lreq) 1255 00 

All Products Shipped UPS except Parabolic Dish shipped byTruck- Freight Collect 

Wilmanco 
1J52) aglLSS CEWTER MI . WORTIIRIOEL. CA NSU U SL 
TNI 910380 7912 (81B)W 1662 F U  PJ(181189)-5130 
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"ON WINDOW" Line 

Common-point grounding system installed at the Soapstone, Con- 
necticut repeater site. 

VHF 
(140-175) 
a No Hole 

Easy lo Mwnr 
Rugged 
Superror 

and AC power feed are all mounted on the copper flashing; 
their ground connectionsare fastened directly to this surface. 
This common grounding surface eliminates ground loops 
through the repeater equipment, and lets the suppressors 
deal with common-mode transients properly. 

AC power line decoupling: The common-point ground 
isonly the first step in ~solat~ng the repeater from lightning dis- 
charge ground loops. A heavy-duty 100-foot extension cord 
connects the repeater equipment to the AC line arrester at the 
common-point ground. The extens~on cord is wound into a 
large coil, forming a trifilar choke. The choke's bulk imped- 
ance yields a poor return path for lightning through the 
repeater. A short extension cord is used betwen the AC 
arrester and the wall socket. A surge supressor is used at the 
wall socket with another at the repeater rack for cascaded 
protection. 

Phone line decoupling: Treat the phone line the same 
way as you would the AC power. We scramble wound a large 
choke on a 2-inch PVC pipe form using 100 feet of in-house 
telephone wire, and connected ~t between the arrester 

UHF 
(420-520) 

3 db garn 
No Hole 
Easy to Mwnl 
Rugged 

Perfmanee Super~or 
a Radralor Snaps p Perfomance 

On and Ofl Radrafor Snaps 
a Compehhvely Pricec On ana Ofl 

a comperitively priced 

MODEL OW 3-1 50 
140-1 74 MHz 

MODEL OW 3-220 
21 0-250 MHz 

3 db garn 
a No Hole 

Easy lo Mount 
Rugged 

a Superror Performance 
a Swrvel VerTrcal Adpsffmnf 

7E 
a Radralor Removal Wrlhoul 

Loss of Verlrcal Ao)usfmenl 
Compeblrvely Priced 

"SF=; : 5 F.- EE&-F:L: 
.-.ax:- a x =  - x2 %,.c 
COYIUNklTlONS ANTENNAS 

3900-8 Rlver Road 
Sch~llnr Park. IL 60176 q!pg -1- 

312-671-6690 

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

since 1948 !! 
Ci 



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 flnd operatlng conveniences that make antenna AM, and Pulse along w~ th  full t~mecornpletely automat~c 
tun~ng a snap and value engineered to do the job over w~de SWR dlsplay w ~ t h  thls unique Power Mon~tor System 
operatlng ranges Compare quallty, features and the NYE Two models to choose from The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY ~nd~ca t~on  and The RFM-005 for 5KW 

CHECK THE FEATURES: 
Pi Network Low Pass PI Network tunlng 1 8-30 MH7 Heavy dtlty s~lver plated 
cont~nuously varlable lndtrctor wlth 25 1 vernlel dlal 7000 volt varlahlr 
capacitor and 10 O00v swltch selected f~xed capacitors on otrtput slde Tunes 
40 2000 ohms loads Good Harmonlc suppress~onl 

~ ~ t ~ ~ ~ t i ~  SWR ~~~d~ free meterlng of  SWR NO reset or callbratlon needed 
SPparate power meter-300 Or 3000 autOmatlcally switched Easy 
read 2 5 recessed and back llghted taut band meters 

Antenna Switch tYJSH-BUTTON antenna Swltchlnq to (4) antennas (2 coax 
slnqle wlre and twln lead) Coax bypassed on flrst coax outp~tt We des~gned 
thls swltch to take the power Rated at lOKV and 20 amps 

3 KW Balun Trlfler wound tr~ple core torro~d glves balanced output to twrn 
feeder flom 200 to 1000 ohms and unbalanced output down to 20 ohms 

Maxlmum Power Transler Match your transmitter output lmpedence to almost 
any antenna systeln for maxlmtrm power transfer Ampllflersonly runat thelr 
deslqned 0 when properly matched 

Model Options MB IV-A1 lncludes all MU V A features less antenna swltch and 
I~alun MR IV A2 IS ldent~cal to MB IV-A1 wlth the add~t~on of a trlple core 
balun 

1B MHz will not tune on some antennas 

[3)Modes-Peak Average and Peak and Hold wlth a unlquenon drlft Sample& 
Hold Arialog memory clrcult 

121 Ranges - Automatically sw~tched power scales to 5 KW 

Fully Automatic SWR - Full time meter d lsp la~s ratios directly without drift 

Built-in ALO - Protect your ampllfler tube Investment wlth thls fast actlng 
locko~rt 

Remote Couplers - SIX feet remoles the interchangeable callbraled couplers 

True RMS Converslon - H F couplers use forward blased full wave detection 

Rugged Construction - Heavy gauge alumlnum construct~on Top quallty qlass 
epoxy PCB Thls meter IS built to last 

Accuracy - Guaranteed to + 5'<1 F S 

Warranty - TWO FULL YEARS 

Added Features - Swltchable reverse power all mode meterlng - Full status 
LED Olsplay - Adjustable ALO IS swltchable SWRIREFL power - Heavy 
duty Nlcad batteries charged by the applled RF lor the held and a charger 
IS supplled for fast charglng and backltghtlng of the taut band meters for the 
ham shack 

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

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

TO ORDER, CALL YOUR FAVORITE DEALER 
Amateur Electron~c Supply C-Comm 
Ham Rad~o Outlet Ross D~str~but~ng 
Henry Rad~o Quernent Electron~cs 
Mad~son Electron~cs LaCue Comrnun~cat~ons 
EGE Ham Stat~on 
R&L Electron~cs 
rf enterpr~ses In Europe. Kne~sner & Doenng, 
Barry Electron~cs Braunschweig. W-Germany 

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



MICROWAVE MODULES EQUIPMENTS 
Use your exlsllng HF or 2M rlq on olher VHF or UHF bands 

RECEIVE LINEAR 
CONVERTERS TRANSVERTERS 

MMc 144-28(HP) 5 95 MMI 144-28 $280 
MMc 435-28(S) I10  MMI 220-28 310 
MMc 4 3 4 A W  I10  MMI 435.28(S) 399 
MMk 1296.144 260 MMI 1296 1446 4'19 
MMk 1691-137 330 MMx 1268-144 415 

ANTENNAS 
137 Wx: 

5XY-137 
C~rc Harness 

2M: 
IOXY-2M 
C ~ r c  Harness 

70 cms: 
701MBM28 
701MBM48 
701MBM88 

900 M H z :  
DY70-900 

ui- 
LOOP VAGIS -. . 

5 90 I Z ~ L Y  5 6s 
20 1296-LY 65 

1691-LY 75 
5 85 (Order connector extra) 

20 
LOOP VAGl XTN Kits 

5 65 (lor tncreastng galn 
95 Add lo  exlstlng L Y) 

135 126BXTN 5 65 
1296-XTN 65 

$ 89 1691-XTN 75 

I Send 750 (3 stamps) lor detall specs of all VHF h UHF Items and KV6 cryslal fillers 

Sh~pplng H)B Concord. Mass 
Prices sublecl lo change w~lhoul notlce 

COMPUTERIZE 
YOUR SHACK 

YAESU 747, 757GX. 757GXll, 767, 9600. 
KENWOOO TS 140, 440, 940, 680, R50W. 
ICOM R71A, R7000, 735, 751A. 761. 781, AND ALL VHF, UHF, CI-V. 
DRIVERS FOR RADIOS ARE MODULAR. 
JRC NRD 525. 
COMPLETE PROGRAM ENVIRONMENT. 
MENU DRIVEN AND DESIGNED FOR EASE OF USE. 
SCAN FUNCllON ADDED TO RADIOS THAT DO NOT SUPPORT IT. 
ERGONOMETRICALLY DESIGNED FOR EASE OF OPERATION. 
MOST FUNCTIONS REQUIRE SINGLE KEYSTROKES. 
PROGRAM COLOR CODED FOR EASE OF USE. ALTHOUGH WILL STILL 

RUN IN A MONOCHROME SYSTEM. 

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

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

PROGRAM WITH INITIAL LIBRARIES 99.95 
RS 232 TO TTL INTERFACE ONLY (NEEDED IF DON'T HAVE MANUFACTURERS INTERFACE) 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 99.95 
INTERNAL PC INTERFACE WIl SERIAL h 1 RADIO POW 129.95 
Sl'l l.lliUM ANALt:t H MODULE (CALL FOR PHICL I 
(;Ol.!i'Lt rE SYSrchrS INCL RADIO. INTERFACE. COMPUTER. AVAILABLE (CALL FOR FHICtI 

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

AREA CODE (305) 822-6028 r /  176 

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! 

I 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 1 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. VISAm and Mastercard " 
accepted. 

STV GuideIOnSat 
PO Box 2384 Shelby, NC 281 51-2384 
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(mounted on the common ground point) and the repeater. 
We used the Cook electric model 600 arrester here. 

Coax cabledecoupling: Fifty feet of low-loss Belden 991 3 
coax wound into a cod serveas the antenna choke. Use this 
between the repeater and the coaxial arrester on the 
common-point ground. 

We placed the arresters mounted on the repeater rack 
close together to limit induced currents through the rack 
frame. This is a duplication of the common-po~nt ground, 
except that no earth ground isattached at the repeater cabi- 
net. If the rack issitting on a concrete floor, filed or not, it should 
be raised on wooden two-by-fours to lower capacitive ground 
coupling. 

Loose ends 
Try to keep everything in one rack; two racks invite multi- 

plGground paths. All racks must be firmly bonded together. 
Rack interconnections can be protected with chokesor trans- 
orbs. The relays can be driven by open-collector outputs 
before the signal lines leave the rack. Audio transformers in 
series with audio signal leads going between cabinets will 
give common-mode isolation and stop ground loops 
between racks. 

Our lightning problems were caused by ground loops 
between the racks housing our two repeaters. The two con- 
trollersweretied together toallow crosscontrol between the 
two systems. A good lightning hit usually knocked out a few 
driver chips and both processors. While it might take only 
about an hour to effect repairs, the processor chips with their 
piggybacked programmed EPROMs would cost us $150 
each! 

Finding good protective equipment may be a problem. 
PolyPhaser Corporation ' carriesa wide line of lightning pro- 
tection devices similar to the ones shown and mentioned 
here. They also offer a 10-percent Amateur discount, and give 
Amateurs dealer rates on orders over $240. a 
' PolyPhascr Cnrpnrdl~r~n 1425Irrd~rslr1al Way. P 0 Rnx 1237 Gardnerv~lle Nevada89410 1237 

$porky JArnU~rnrnm 
Balanced Jpole antennas that roll fi I cz 
up small enough for your pods or tow- us% 
bmfcase, yet have the punch of a 6 u - W 95 

full sue half.wave rad~ator. A great ZM-"95 

answer lor apartment dwellers or as z&:T: 
a super emergency antenna. Don? 

PORT'-BEAM !L"-?g 
At laall A mnpletely portable 2 rrmfer three 
element Della loop beam. Easy lose( up wilh 
no small pans to bse. Low VSWR over entire 

$84'95 2 meter band. Gain equivalent to a 4-element 
'F'-m";" Yag,. All elements and leed line with BNC 

mnneclor store Inside a 3 fl boom. An deal 
emergency antenna, backpackable ( I 8  oz ). 
general lield use wllh accessory mast. Money 

SUMMITEK 

KPA5 1 WAlT A N  XMTR ON 434 MHz WORKED 
PERFECTLY IN WB8ELK LIVE CAMERA BALLOON 
THROUGH 100,000 FT AND BACK TO CONTINUE 
RUNNING EVEN AFTER FREE FALL IMPACT IN THE 

Actolll YGA Sereen Photo I The best computer FAX system just got better! I 
A corn lete  facs imile  rece t ion  system 
for  the?^^ P C  or cornpst%le. Receives 
up t o  16 intensity levels. 
Includes: 

Demodulator 80 Page Manual 
.Software Tutorlal Cassette 
Frequency List Interpretation Guide 

Features: 
Print on Epson, or HP Laser Jet 
Disk Save, Zoomin Image processing 
Unattended imagepdapture and much more 



& ASTRON 
9 ~ u t r y  Irvine, CA 9271 8 

C 0 R PORAT ION [714] 458-7277 

INSIDE VIEW - RS. 

ASTRON POWER SUPPLIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE. 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC + 0.05 volts 
from excessive current 8 continuous shorled output (Internally Adlustable: 11- 15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 8 
axcapl RS-3A. RS-41. RS-SA. low I~ne) 
MAINTAIN REGULATION 8 LOW RIPPLE at low line input Also 8rri lrbla with 220 VAC lnpr l  VOltl(# 
Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT N S E  
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

RM SERIES 

Built in speaker 1 

19" x 5'/4 RACK MOUNT POWER SUPPLIES 

Ctnlinrers ICS' Slza [IN1 Shlpplrg 
Duty [Amps] IAmpsl H x W x D  Wt. (1bs.J 

9 12 5' ' x 19 x 8'4 16 
25 35 5 '1  X 19 X 12'7 38 
37 50 5'4 X 19 X 12'7 50 

MODEL 
RS-7s 
RS- 1 OS 
RS- 12s 
RS-20s 

MODEL RM-35M 

I RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

MODEL RS-35M 

VS-M AND VRM-M SERIES 
\- 

w 

MODEL VS-35M 

Cantinnoms ICS' Siza (IN) Shlpplnl 
Only [Amps) Amps H x W x D  Wl. [Ibs.] 

5 7 4 X 7'17 X 10% 10 
7.5 10 4 x 7'4 x 1034 12 
9 12 4% x 8 x 9 13 
16 20 5 X 9 X lo',, 18 

9 12 5'4 r 19 x 8 ' 1  16 
RM-35M 25 35 5'4 X 19 X 12'7 38 
RM-5OM 37 50 5'4 x 19 x 12'7 50 

Continrors ICS' Siza [IN) Shippin1 
MODEL Duty [Amps) IAmlsl H x W x D  Wl. [lbs.] 
RS-3A 2.5 3 3 x 4'4 x 5'4 4 
RS-4A 3 4 3l4 x 6'7 x 9 5 
RS-5A 4 5 3'7 x 6'1 X 7'4 7 
RS-7A 5 7 3',4 x 6'7 x 9 9 
RS-70 5 7 4 x 7'7 x 10'4 10 
RS-1 OA 7.5 10 4 x 7'7 X lo1+ 11 
RS-12A 9 12 4'87 X. 8 x 9 13 
RS-128 9 12 4 x 7 j 7  x 1 0 ' ~  13 
RS-ZOA 16 20 5 x 9 X lo',? 18 
RS-35A 25 35 5 x 11 X 11 27 
RS-5OA 37 50 6 x  13)1 x 11 46 

Conlinrorr ICS' Siza [IN) Shlppln) 
MODEL Outv [Amps) I A ~ P S I  H x W x D  WI. [Ibs.] 
Swltchable volt and Amp meter 
RS- 12M 9 12 4'2 x 8 x 9 13 
Separate volt and Amp meters 
RS-2OM 16 20 5 x 9 x l o ' ?  18 
RS-35M 25 35 5 x 11 x 11 27 
RS-50M 37 50 6~ 133a X 11 46 

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

Canlinmars ICS' Slze [IN] Shippin( 
MODEL Dalv [Ampr) [Amps) H x W x D Wl. [lbs.] 

@13.8VDC @lOVOC @5VDC @13 8V 
VS- t2M 9 5 2 12 4% x 8 x 9 13 
VS-ZOM 16 9 4 20 5 X 9 X 10'3 20 
VS-35M 25 15 7 35 5 X 11 X 11 29 
VS-5OM 37 22 10 50 6 X 13'4 X 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5'4 x 19 x 12'2 38 
VRM-50M 37 22 10 50 5"4 X 19 X 12'7 50 



Ham Radio 
Techniaues 

Bill Orr; WGSAI 

Have you met SID? 
Nice to have 10 meters active again! 
The "Bad Old Days" of 1984 to '87, 
when DX deserted 28 MHz, have 
faded into the recesses of my mind. 
Now the band is jumping, except for 
a few hours now and then when it 
seems as if somebody has cut the 
coax to my antenna. I wonder where 
the signals have gone. Are they gone 
for good? No! In a few hours the band 
comes slowly back to life. I have met 
SID before! I remember him from 20 
meters, and here he is once again! 

SID (sudden ionospheric distur- 
bance) is a period of time when HF 
communications are blacked out dur- 
ing daylight hours by abnormally high 
signal absorption in the D-layer region 
of the ionosphere. This condition of 
high absorption may last anywhere 
from a few minutes to several hours. 

The absorption is caused bv a solar 

right to left, starting at 2030 UTC. The 
energy from a solar flare which took 
about 8.3 minutes to reach the earth 
occurred at about 2100 UTC. The ultra- 
violet energy in the flare bombarded 
the D-layer of the ionosphere, heating 
it and increasing radio wave absorp- 
tion. The ~mmediate result was a short- 
wave fadeout. 

The 2300 UTC SID 
The 2100 UTC fadeout lasted for 

about an hour and was followed by a 
second SID, which caused another 
fadeout starting at 2300 UTC. This 
fadeout was slightly shorter in duration 
than the first one. In each case, the 
onset of the fadeout was quite rapid 
and the recovery was somewhat 
slower. Each time, the received signal 
dropped into the noise level. 

Simultaneous recordings of WWV on 
5, 10, 15, and 20 MHz reveal that the 
fadeout is less severe and shorter in 
duration as the frequency rises. Thus, 
the fadeout is more pronounced on the 
80 and 40-meter bands, somewhat 
less severe on 20 meters, and minimal 
on 15 meters. In many cases, 15 and 
10 meters are only slightly affected. A 
more severe SID can cause 15 and 10 
meters to drop out, in addition to the 
lower bands. 

A SID early-warning 
receiver 

Steve has a quick and easy SID-alert 
scheme. He suggests you monitor 
WWV on several frequencies. Radio 
Shack weather receiver model 12-148 
covers 5, 10, and 15 MHz at the touch 
of a key. Steve added a short antenna 
to the receiver and set it on 5 MHz. He 
lets it run at low volume in his ham 
shack. If 5 MHz drops out, he hits the 
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This means there are more flares and 
SlDs during a period of high sunspot 
activity than during a period af low 
activity. There were only five SlDs dur- 
ing 1944, a year of minimum solar 
activity. During 1947, a year of maxi- 
mum solar activity, there were 121 
SIDs. It looks as if this figure will be 
exceeded in 1989. 

Figure 1 shows examples of a SID. 
This recording was taken by Steve 
Barnes, KHGSB, of the National 
Oceanographic and Atmospheric 
Administration (NOAA) at their 
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Ionospheric Station in Maui, Hawaii. It's 
a, record of the strength the 5-MHz Recording of signal strength of WWV (5 MHz) taken at Maui, Hawall, November 13, 1988. 
signal of WWV in Colorado On Novem- About 2100 UTC signal strength drops abruptly, signifying start of SID. Ionospheric effect 
ber 13, 1988, as read On the Y-axis. The remains for about an hour, then the signal builds back to normal level. Shortly before 2300 
X-axis represents time and reads from UTC a second SID occurs which lasts approximately 50 minutes. 



be closed, but the path from Califor- 
nia to North Africa mav be oDen as the 
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Great Circle route o i  the iatter path 
skirts the edge of the auroral zone. 

Beating the odds 
As the sunspot cycle rises, SID and 

PCA events increase. However, it's pos- 
sible for the serious DXer to "beat the 
odds" during these happenings. The 
SID blackout is relatively short in dura- 
tion and may be avoided if you 
increase the operating frequency. The 
PCA creates ionization in the D-layer 
and absorption is less on the lower fre- 

SID blanks out the lower frequencies first, and for a longer period of time. Monitoring the quencies, ~~i~~ from 21 to 7 M H ~  5-MHz signal of WWV provides an early warning of SID. The particular event shown may 
have little effect at 30 MHz. may do the job. If all else fails, and the 

bands are dead, sit down and read a 
10-MHz key. Poor reception on that fre- 
quency indicates a SID may be in pro- 
gress, so he shifts to 15 MHz. When 
the latter frequency drops out, Steve 
notes that 20 and 15 meters are gone 
- and possibly 10 meters. The SID 
blacks out the lower frequencies first, 
and for a longer period of time as com- 
pared with the higher frequencies (see 
Figure 2). His little WWV receiver glves 
him an early warnlng that the OX 
bands are about to drop out. 

Overcoming the SID 
Shift operation to a higher frequency 

band to overcome SID effects. If you 
experience a quick fadeout on 20 
meters. trv 15 or 10 meters. You miaht 
get thrbugh ever) though 20 meters 
seems dead. If that doesn't work, go 
even higher in frequency. 

The SID at VHF 
In the 50-MHz region, radio signals 

can be propagated over long dis- 
tances by ionospheric scatter occur- 
ring mainly in the D-layer. During a SID, 
D-layer ionization increases and 6- 
meter scatter signals are enhanced - 
sometimes by as much as 9 dB. SIX 
meter DX may be jumping while the 
lower bands are useless. So each SID 
seems to have a silver lining (at least 
for the 50-MHz operators). 

Polar cap absorption 
Polar cap absorption (PCA) takes 

place in the higher latitudes and may 
last up to five or six hours. It's usually 
preceded by a major solar flare which 
seems to ionize solar protons in the D- 
layer. The PCA appears one or two 
hours after the flare and lasts anywhere 

from a day to nearly two weeks. Since 
the PCA IS associated with a solar flare, 
it's tied in closely with the sunspot cycle 
- the higher the sunspot number, the 
greater the number of PCA events. 

The PCA can lower the MUF and 
boost the lowest usable frequency 
(LUF) simultaneously, narrowing the 
usable frequency spectrum. A 
breakup in the ionospheric layers often 
accompanies the PCA event, creating 
"auroral flutter." This flutter is very 
noticeable on SSB contacts. 

DX contacts over the pole (United 
States to Europe) are difficult to make 
during a PCA. For example, the path 
between California and Europe may 

good book! 

Goin' up, lookin' good 
How goes sunspot cycle 22 (the 

present one) as compared with cycle 
21? One way to judge cycle progress 
is to observe ionospheric reflection. 
Ionospheric stations do this by trans- 
mitting a pulsed signal vertically to the 
ionosphere. The frequency of the sig- 
nal is swept between 3 and 20 MHz 
and the reflected return pulse is moni- 
tored. The maximum reflected fre- 
quency for a vertical incident wave is 
about one-third the maximum usable 
frequency (MUF), at Maui. Thus, if the 
highest reflected frequency of the 

JAN- 6 .90  JUL- 7.84 

MAR-8 .49  SEP-  8.40 
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CYCLE 21 ------- 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

YEAR 

Comparison of FoF, for sunspot cycles 21 and 22. The two cycles are superimposed on 
one graph. The X-axis shows years in cycle 22. The Y-axis represents deviation from aver- 
age monthly value of F0F2. Zero value on graph is determined from Table. 
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Manufacturers of Quality Communications E_quipment 

Hi PRO 
VHF-UHF REPEATERS 

SUPERIOR RECEIVER AND TRANSMITTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMITTER POWER, FROM 1 TO 25 WATTS MINIMUM OUTPUT WlTH EXTREMELY COOL OPERATION.- 
AUTOMATIC BATTERY BACK UP SYSTEM CAPABILITY WlTH BATTERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENTOF INDICATORS AND STATUS LIGHTS.-100% DUTY CYCLE-ADVANCED REPEATER SQUELCH 
N O  CHOPPING, POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 51/4 x 19 x 13 "-HIGH QUALITY LONG LIFE DESIGN. 

AMATEUR DISCOUNTS AVAILABLE 

Ihc  HI Pro Recelver is thr heart of thr Hi Prr Rrpr.ilr! 
..l,l'rllicaily tli)slqnrd In rommrrc~al  sprcilir.il!ons lor 
r?e.l,,+~t',r ,orv,ct. and ~x>,I~I\ hcqh 0 nit~lts tttriril rtfrttjts 
r l,nlh thr r t  and nsr,ll.~lor s1nIX.z In ~n.;utr In$% OosPn5e 
.:l<,rrnorl .In0 spur$ou\ aInrK, \v\ltl ChnlcL' 01 ~. l ly l l l i ]  dP 
rl*txt,s ill I sctl~rllvilv Sltllrr8nr !,qi~rlrh .lct!oll ,I ncrr.;slty 
!,#I f7rprx.tlrr scrvic,. t.xlI<'rnr scnsll~vily Irl~llucncy ;In<l 
!n,.rrnnl stnbll~ly Thts r r r r ivr r  nnt only c.ln t,F ~ ~ s r d  as 
,t1.11;11 rtv tx.v,'r nitt also to rryllnrr that Irr>tit~!"snnlP 
..., I, , v r  r ,  inor prv,ivrI rrp,~,ltr~r Eastlv ;~o.i{rt\ 10 any  
. l i t ~ n ~  The <rnilll sl ip .IIIIJL%\ 101 ~ , l s y  11>111111!1110 Ov1'I1 

;,n..ri> <,~ ,v  +, ,a! a pr.-rn,~~r!~ Ill<* #~xrrl l ,~tlt t~nn! 4~rld 
...!,,rl8nrr hit11 vcjdr dy.trnl< r.irrrtr qttar.lntrr< crrc l l f~nt  
,lc..,cn%. trrlrrmod ;lnil \l~ilr,nus respon\r rrjrctlorl 

A<lvanrr(l s q u ~ t r h  c~rr.uttry to produrr man sq~lr tch 
. ~lnklp~r~rr pvrn ~ 8 t h  wr>.ik siqnall. 01 h~qh  dflv>at,or such 
.,, M,',IL r ~ ~ i ) t ~ , l e  01 ,,,:),,I t r l r t~ r i~  4iqn;ll'l ,$ritl ,11~.0 hlc~tl 
,SI~.CI,,, ,$I norns~ r ~ . t ~ r ~ , ~ > r ~  \,,it, ,!,. O I P C ~ C ~ (  ,11 5tncnls 
,clr>,hon po!<i>, '-1,. 

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

Hi Pro Receivers 

FEATURES: - H1ql\ ~ , t ~ ! ~ ~ ~ ~ t u # l v  
S:~vrr8or rrjecllon 
Doo!,lo r ~ d - d  msl spr.8- G-10 I~br~rql;l4% boards 
Fxlr(.!~,~Iy 51Rllle OllPf;1!1i111 
F xrs%llt.nt adlncPrlt c llarlrlel rrlrctbnn 
Sq11cl11 11 rart:ijtt ( t t ~ s ~ ~ l l f ~ ~ l  tnr c'r~Il(;;ll ri'lli'ater LISP . Sn1.111 5l?P 

Cho~rc. of p.isstlarids . Wldr srIrc110r1 01 IrPr(~~Pnry ranqrs 
Srparalr oprn cr~llrctor C O  R oi~tpul . Srparala ton? control \quf~lch Iriplrt 
S~>pnr.ltr. lotic collrol (IIIIDUI - D1~rr81~11n:itot mwpf r ! i>~i \>t  . S,i1r1al Irvtll mt,tr' ollljlir! 
fYli1111 cliitnnel c,?j~.?t)l~ti Up lo 6 rhitnnets 
Mull~pl~. Voltaqe t3rqt~l1tlnrl 
Av.i,l,il~lr wllh prpc151on qrade hlqh slablllly crystal 
Sc4ertahlr C O S  hlqh or low output . 1 yrnr warranty 

SPECIFICATIONS: 
Sens l l~v~ ty :  

I.' ~ t t l  f i~ri,~l l  lElA M<.lhodl O?', u v  
:'I3 01, ~ t t ~ l P l I l 1 ~  rTlPlhod 030 0" s 

Seleclivlly: 
F IA Iwn stqn;ll nrl'thod 
Stanrl.ir~l - 15 hH/ RO OR 

00 kH, -130 dR 
Opt~onal Norrow . 15 kHz ,100 (18 

30 CHI 1.30 (lH 

Spurlous Response: -85 d 8  

Inlermodulat~on: 70 dR 

Modulallon Acceptance- Sl.~nd.lrrl . 6 0  kHz 
N.lrros . 50  kH7 

Squelch Sens~ l i v~ ly :  0 10 to 0 70 trv 

Frequency Response: - 2 to R dR 111 6 dRlO( t.lvr 
di. ftrrtphnsl< Ifnm 300.3000 H? 1000 ti? r r t ~ ~ r i ~ l l r r .  

Audio Output: It,, H o h ~ n  !,prakl*rl 2 0 w;llti m.rr 
'> r11SI011t011 . I1  1 'l Wdltr. P l , l l  

Rf Input Impedance: 50 r8h.~i'. 

Frequency Range' 
v 14 F t:m t.,n MHZ 1.1.1 1-5 MHT 770 710 MHZ 
U H F dOR.J1,O hlH2 .45(1 .IJO MH.. 

Ooeratlno Voltaae: . 1 1  In 14 5 V DC - 2 

- I 38  VDC nom~nal 

Current. q0 rnA f m u ~ ~ , r ~ % l  ~ ~ ~ ~ ~ f ~ l c l i t - c l  

Size: I ., iV x 6 ,, L x I t i  

Duty Cycle: 100' .I! 60 C 
Operattng Temp. Range: :30 C 1i '  .GO C 

hlrrrs or L xcrrns A!' Pt~bltsht.ci .Sr~rrrhral,r~r!c 

- p  - &j 4'; .; 
R4U h .  3, 

600 WESTTIWN RD.. WEST CHESTER, PA 19382 
PHONE: Zl5-436-6051 TELEX: 499-0741-MELCO FAX: Zl5-436-6268 
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pulse is 10 MHz, the MUF is about 30 
MHz. You can observe the reflected 
signal on an oscilloscope and record 
it on a tape. 

The average monthly value of the 
signal reflected from the F-layer has 
been observed for many years. The 
easiest way to get a quick fix on F2 
reflection is to plot the deviation in MHz 
from the average monthly value for 
each month. Thls has been done for 
you in Figure 3. The zero point on the 
X-axis changes each month, accord- 
ing to the chart on the graph. For 
example, the chart shows that ~n Janu- 
ary 1983 the average monthly value of 
the F2 maximum frequency of reflec- 
tion (F,F2) was 6.97. The measured 
value of F,F2 during January 1983 
deviated from that figure by +2.4 MHz, 
as read on the Y-axis of the graph. The 
actual value of F,F2 for cycle 22 was 
6.97 + 2.4, or 9.37 MHz. The MUF was 
about three times this figure, or 28.11 
MHz. 

For cycle 21, the deviation from the 
average monthly value during January 
was -0.4 MHz. The value of F,F2 was 
6.97 - 0.4, or 6.57 MHz. The MUF was 
three times this value, or 19.71 MHz. 

Where we stand now 
The most recent ionospheric obser- 

vation plotted was for February 1989. 
The zero point on the graph for Febru- 
ary (from the table in Figure 3) is 7.67 
MHz. The deviation is +3.12 MHz, glv- 
rng an incident reading of 10.87 MHz. 
The MUF accordingly is 32.61 MHz for 
that month. 

Remember that Hawaii is closer to 
the equator than the mainland and the 
MUFs are much higher in that part of 
the world. 

Cycle 22 plots a tantalizing course. 
As of February 1989 it seems to be run- 
ning ahead of old cycle 21. You can 
see that cycle 21 "topped out" at devi- 
ations of +3 to +3.7. It never reached 
a deviation of +4. If by chance a devi- 
ation of +4 is noted for April 1990 
(where the average monthly value of 
F,F2 is 9.28), the incident measure- 
ment would be 13.28 MHz, givlng a 
MUF value of 39.8 MHz. 

A quick look at the graph shows that 

ing. Do you want to place your bets 
no@ I'd place my money on the spring 
or fall of 1989, 1990, and 1991! 

The record cycle of 1958 
Cycle 19 IS the h~ghest sunspot cycle 

on record; the deviation reached +4.4 
during early 1958 with a smoothed 
sunspot number of 200. During March 
of that year a new 50-MHz DX record 
was established when JA6FR in Japan 
worked LUSMA, LU3EX, and LU2EW 
in Argentina. About the same time, 

Looking up the 50-foot high tilt-over tower 
at W40TS. Mbander, 2-meter beam and 
rotor are mounted atop a circular metal plate 
welded to the top of the tower. Tower also 
supports center-fed inverted-V for 75 meters. 

K60BO worked LU8AE and LU9EV. 
Shortly thereafter, 50-MHz DXers in 
California filled their log books with JA 
and LU stations, in addition to other 
South and Central Amerlcan stations. 
By the fall DX season. East Coast sta- 
tions were working Rhodesia in Africa. 
South Amerrca, and European stations 
in Sweden, Norway, and Ireland. I'm 
sure these DX records will be broken 
during th~s comlng cycle! 

More on tilt-over towers 
My remarks about tilt-over towers in 

the May column brought some 
interesting letters. Cal Hoerneman, 
W4OTS, provided interesting pictures 
of his freestanding. 50-foot, tilt-over 
tower (Photos A, 6, and C). At the top 
of the tower he has a rotor, a TA-33 trl- 
band beam, and an 11-element. 2- 
meter array. The tower has been up for 
eight years with no problems. 

The tower is mounted to a finned 
ground post set in cement. A local 
welder constructed the tower out of 
iron pipe. The bottom section is filled 
with steel bars to act as a counter- 
weight.' The hoist is the type used to 
lift a boat onto a trailer. 

bseup of ground post and base of mast. 
nch is mounted to side of post. Tower was 

designed following data provided by Bob 
chances of the MUF reachlng 50 MHz Base of W40TS Tower is aftixed to ~avtiand, W4MB. 
are slim But F2 has been ground post sunk in cement. Clev~s at top 
recorded on 50 MHz In the past' The of post permits to tilt over. The mast 1s 

' 1 ' 1  I I,  t I , , l l , i  1.1 l ' l ' 1 l i l  next SIX months will give a good lndl- locked in position by second clevis near ,, , ,, , 
catlon as to where the M U F  IS head- base of the ground post. 
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HOW TO TURN 

Simply chooscl an antenna rotatorlcontroller combination 
from Yllrs~l. I 

Each is I , ~ r i l t  torlgh wit11 rugj!c~l, nielaniinc-coated. tlic- 

OPEW 
cast casings arid hcavg-drrty colnponents. Permanently 
lu1)ricaled for long life and low n~aintenancc. 

Plus. I",lrsrr ilntcnni~ rotatorlcontrollrrs offer something 
I hc rcst seem to ncglcct: a high tech approach to design and 
toivt>r mountirig compatibility. ..l 

Ax-EI. ROTtZTORS FOR SPACE .APPLICATIONS. 
O~rr  G-5300R and hcavy-tlaty G-5ROOB 

are thc industry standard for satellite and 
moonho~rncc ivork. For niaxiniurn trlrning 
torqrre, each mounts separately with the 
azimuth rotator inside the tolvcr. And i f  
yo~r'rr~ 11si11g crrnip~rtt~r mntml, mn'll find 4 I , , ~ ,  , - nor cstcrnal computer control i r r i r , ~ ~ , ~  I I ~ , , ~ ,  I ~ ~ ~ I I I I ~ I I  \ , I  

facili ty is supported hv rcl;~(iily- I--  ( I l v  g I , ~ I I  i , > r \ i ~ / / / ,  (, i $ / f j / ;  

availn1)l~ soft~vare. I /  [,.I ro l f11111 I I I I I / ~ I I / / I ~ I  

f'lrrs for atlding olrvalinn control to an csistir~g systcm. orlr Cr-T,OO:\ 
elevation rotator is thc pcrfwt choice. It's ;I great way to add si~trlllitt. 

I capability to your HF systcrn. 

ANTENNII ROTATORS FOR YOllR APP1,ICATION. 
011r Cr-IOOOSDX, G-800SDXIS. ancl G-4OOHC: models ilrr popular' 

for heavy to light-tluty applications. Each fo:~trrres a : ]BOO "radio 
conipass" control hcad with illrlnii 
nated displav. Our IOOOSDS aritl 
800SDX also offer 450" rtlngo, prclsf,ts. 
and variable speccl (*on t rol. Ilisc* 
brakes, smnotll and cll~iet, r l i n~ ina t (~  
t he neighbor-dislr~rhing"thrrnk!" 
of traditionill w d g c  t)~.;tkcs. :lnd 
accessories inrlrldo tllrrrsl I,oaring< 
and lo\rer mast hrac.kcts, vnch in 

yo sizes. 
~ I I / I /  f; llMM~,Sl).\ m~/o/or 
c i l l l ~ ~ f l ~ ~ ~ ~  

\\ant rilore inforniation? Call (800) 999-2070 toll-fro(>. 
Or ask yorrr dcalrr i1ho11t h e s u  I\Z-El, roti1tol.s i111tl i111 tcknna 

rotators totlily They'll turn your opcrat ion aro~rnd. 

YAESU USA 17210 Edwards Road, Crrritos, California 90701, (213) 304-2700. 
REPAIR SERVICE: (213) 403-4883. PARTS: (21:j) 403-4847 

YAE SU 



The only repeaters and controllers 
with REAL SPEECH! 

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

Mark 4 in capability and features. That's words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and commercial repeater sites emergency warnings, club news bulletins, and OX 
around the world. Only Mark 4 gives you 

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

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

MICRO CONTROL SPECIALTI 
Division of Kendecom Inc. TELEX 4932256 Kendecom 

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

OLD RADIOS, YOU NEED ... 

Free 20-word ad 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-lo-Noise Voter 
Expandalw 1r8 t: 1 !I ,~!III.I hv Jw,l Afl(linq C.tlrlt . Cl,nl!n~rn~i\ Vllllnll 

I F O  Ind~ralnr% nl (:OR anrl Vnled Signal? . AIIIII ~n Cal~hlalol 
Hvntotp Vnlrd Irxl~ralorr P*!inrd Oirl . 4' : x 6 Dnohl~ S>,tpd (;old PlaI~d 44 Pen Card . Hprnnlp D.sahl~ 1.1r1~1li . MoRr 

R u ~ l t .  tes ted and ca l ibra ted with manual 
$350.00 

I Telephone ~nlertace now available 
For more ~n ln r rna l~on  call or wrl le 

DOUG HAU ELECTRONICS 
Voter Depa r tmen t  

815 E. Hudson Street 
Columbus. Ohlo 43211 

1614) 261-8871 

THE RF CONNECTION 
'SPECIALIST IN RF CONNECTORS AND COAX 
RI( NO De~dpltm R(m 
321-11~1-s  am 2 PST 2s WII coaxtat nlv. 

Am)hmol 
Insatilon lon 0 lo 0 ROW. 
0 IWB 
Power ntlq 0 b 0 50nl. 1 1  
wrnr CW 2 h peak 
lrolallon 0 1 G)(1 4Sdb 0 2 OW SZS .u( 
4wb 0 4 GHr 3 ~ d b  Wed 

83 822 I ,'5q Tpllon kn~henol  1 -5 
PL 25967 unr Idale \qtv~r lptlon USA 1 50 
UG 210N N Ma P RG 8 213 214 AmDhcnOl 3 25 
UG 21BIU N Ma P RG 8 213 214 K~ngs 4 00 
99131PIN N Ha P P n for 9913 9086 8214 

111s Uu 210 iU i  UG 218lU N 5 1 5 0  
UG 210/9913 N Ma P lor RG 8 w1m9913 Ptn 3 95 
UG 2tB19913 N htac lor RG 8 w1lhWl3P1n 5 75 
UG 1 4 6 ~ ~  N Ma Q lo SO 239 Tenon USA 600 
UG 83AiU N F18nale 10 SO 239 Tpllon UW 6 00 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Ga~thersburg, MD 20877 

(301 ) 840-5477 
V I S A I M A S T E R C A R U  A d d  4% 

P r ~ c e q  Do Nor Inc l ude  Sh~pp~ng 



Cal notes that the basic information 
for building a tilt-over tower was dis- 
cussed by Bob Haviland (ex-W3MR, 
now W4MB) rn the September 1974 
Issue of Ham Radio magazine. Sure 
enough! When I found the article, I 
immediately recognized its value and 
asked if it could be rerun in this issue.* 
The article was 15 years ahead of its 
time and any Amateur interested in 
building a tilt-over tower should read it. 

Thanks to Ralph Fowler, NGYC; Phil 
Dejarlais, W0JHS; and Lloyd Hanson, 
WSYCB, who also provided information 
on their towers. 

MlNlPROP 3.0 propagation 
program 

Sheldon Shallon, WGEL, sent me a 
"floppy" of his MlNlPROP program. It's 
not based on the older MINIMUF, but 
on a method developed by the British 
Broadcasting Corporation (BBC) for 
predicting MUF. The program extends 
the predictions to forecast signal levels, 
take-off angle for the mode, and the 
percentage probability that the trans- 
mission mode exists. It also provides 
MUF, beam headings for the path, 
path length, sunrise and sunset times 
for the path, gray line directions, and 
more. All of this data is projected for 
both long and short-path openings. 

MlNlPROP was used successfully 
by NOAA to schedule communications 
with its ozone hole measurement team 
in the Antarctic. 

This program supercedes MINI- 
PROP 2.0. It's designed for use with an 
IBM PC, XT, AT, PSl2, or true compati- 
ble with 320K memory, one floppy (5- 
114 inch) or microfloppy (3-112 inch) 
drive. and PC-DOS or MS-DOS 2.11 (or 
later version). An 80-column monitor is 
required. An 8087, 80287, or 80387 
math co-processor is strongly recom- 
mended, but not required. 

Contact WGEL Software, 11058 
Queensland Street, Los Angeles, 
California 90034-3029 for complete 
information. a 

'Dorrel Ed 

F 
RELY ON JAN 

FOR 3-WAY HELP: 
1. TECHNICALLY 

CORRECT CRYSTALS 
TO YOUR SPECS. 

2. QUICK TURNAROUND 
WITH HUGE 
INVENTORY, PROMPT 
SERVICE, AND OUR 
EMERGENCY ORDER 
PLAN. 

3. LOW PRICES. 

QUARTZ CRYSTALS FOR 
TWO-WAY - INDUSTRY 
MARINE - AMATEURS 

SCANNERS - CBS 
MICROPROCESSORS 

FOR mn CATALOG. 
CALL OR WRITE: 

JAN CRYSTALS 
PO. BOX 06017 

FORT MYERS R 33906 

(813) 936-2397 

TOLL-FREE: 1-800-237-3063 
IN FLORIDA: 1-800.226-XTAL 

FAX ORDERS: 1-813-936-3750 . 

MODEL PT2500A LINEAR AMPLIFIER 

The Barker & Will~omson PT2500A Linear 
Amplifier IS a completely self-contained 
table-top unit designed for continuous SSB, 
CW. RTTY.AMorATVoperation, intendedfor 
coverage of all amateur bands between 1.8 
MHzand 2 1 MHz. Two type 3-5002 glassenve- 
lope triodes provide reliability and rapid 
turn-on time. 

FEATURES INCLUDE: 
FUII 1500 watt output 
PCnetwork Input for maximum drive 
Pressurized pbnum cooling system 
DC antenna relay for humfreeoperation 
lllumlnated SWR and power meters 
Vernier tunlng for accurate settings 
PI-L output for greater harrnontc 
attenuation 

Ruggedly constructed of proven design. this 
amplifier reflects the manufacturer's critical 
attention todetails- such as thesilver-plated 
tank coil for maximum efficiency Cathode 
Zener fuse and intemal/external cooling are 
among the protective and safety devices 
employed. Input and output impedances 
are 50 ohms. 

Dimensions. 17" wide x 19" deep x 8"'h high 
Weight. 80 Ibs. (shipped in 3 cartons to meei 

UPS reqt ~irements) 

Price: $2 1 75.w factory. Price 
includes one year limited warranty 

Call or write factory for complete speck 
fications 

MODEL VS45OOA ANTENNA COUPLER 
The Barker & Williamson VS1500A antenna 
coupler is destgned to match virtually any 
receiver. transmitter or transceiver in the 160 
to 10 meter range (1.8 to 30 MHz) with up to 
1500 watts RF power to almost any antenna. 
including dtpoles. inverted vees. verticals. 
mobile whips. beams. random wirer and 
others. fed by coax cable. balanced lines or 
a single wire A 1:4 balun is  built in for 
connection to balanced lines. 
FEATURES INCLUDE: 

Ser~es parallel capacitor connection 
for greater harmonlc ottenuatlon. 
In-c~rcutt wattmeter for continuous 
monitoring 
Vern~er tuning for easy adjustment. 

Front panel switching allows rapid selection 
of antennas, or to an external dummy load. 
or permits bypassing the tuner. 

I 
Dimension (Approx): 11" wide x 13" deep 

x 6" high 
Weight: 6% Ibs 

Price. s499.w FOB Factory. Fully warranted 
for one year 
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FOR PIPE MASrS 
Design your own 
antenna mast 
using steel pipe 

By R. P Haviland, W4 MB, 1035 Green Acres Cir- 
cle N., Daytona Beach, Florida 32019 

0 ne of the best materials available for budding self- 
supporting antenna masts is steel pipe. It is widely 
available, uniform in quality, and reasonable in 

price. A well-designed mast is adequately strong, neat and 
attractive, and relatively light weight. And, uslng steel pipe, 
it's not too difficult to design a fold-over mast which allows 
all antenna work to be done at ground level. Even main- 
tenance on the mast itself does not requlre work at any great 
height. 

However, attaining all of these advantages does require 
some design work. Th~s is particularly important for safety. 
The purpose of th~s article IS to present a set of design 
curves which will give a safe and sat~sfactory design, while 
using the minimum of material. 

Construction 
The general construction of a typical fold-over pipe mast 

is shown in Figure 1. At the top are the antenna and rota- 
tor, carried by the smallest size plpe. This is ~nserted into 
the upper end of the next slze pipe for a short distance, 
and fastened by through-bolts or welding. The second sec- 
tion is inserted into the next larger, and so on. The bottom 
section is hinged to a fixed upright pipe, which gives the 
fold-over feature. It, in turn, nests into a larger section of 
pipe set into the ground. A yoke is provided to fasten the 
mast to the upright after erection. Figure 1 shows a block 
and tackle for pulling the mast to the vertical position, but 
a winch fastened to the upright may be used instead. 

Most mast designs use the widely available standard 
weight pipe, each size of which nests neatly into the next 
larger size, over the range from 1-112 to 4 inches. Larger 
sizes still nest, but there is a gap between the walls. Very 
high masts, or those with unusually heavy top loads, can 
be built with extra-strong or double extra-strong pipe, but 

such designs are not considered here as the data are cal- 
culated for standard weight pipe.' 

Design criteria 
Because of the change in diameter, beam formulas can- 

not be appl~ed to a stepped diameter mast as a whole. 
Instead, each individual pipe sect~on must be analyzed by 
Itself, as a free body, start~ng at the top. The sect~on load 
must then be transferred to the next lower section. This IS 

done by converting the lateral load to a couple, acting 
across the diameter of the section, then multiplying the cou- 
ple magnitude by the ratio of plpe diameters to get the top 
load of the next section. lnterrnedlate antennas can be 
assumed to be concentrated at the junction of sections. The 
next section is then considered. 

The crltical or design load on a section may be caused 
by w~nd load when the mast is vert~cal, or by erectlon load 
as the mast is being raised. Both loads should be calcu- 
lated and the design chosen for the worst of the two. 

For wind load, two design winds are commonly used. 
For most of the country, it is assumed that the worst wind 
to be encountered IS 85 mph, a value to be expected once 
in 50 years or so. For Florida, the Gulf Coast, and locations 

'Standard and extra strong (ASTM nomenclature) are the two pipe weights con) 
monly encountered The Amer~can Petroleum lnst~tute has a separate des~gnat~on 
for well caslng but th~s 1s called tub~ng rather than plpe - although some slzes 
are ~dent~cal to pipe sizes The critlcal d~niensions for standard we~gh' plpe are 

S~ze Outer d~amcler Wall th~ckness 
4 ~nch  4 5 ~nch  0 237 Inch 
3 112 ~nch 4 0  ~nch 0 226 Inch 
3 ~ n c h  3 5 ~nch  0 216 ~nch 
2 112 ~nch 2 875 ~nch 0 203 ~nch  
2 ~nch  2 375 ~nch 0 154 ~nch  

The ASTM recommended f~ber stress values lor standard we~ght plpe IS 20000 
PSI (bend~ng) The des~gn procedure presented here uses a 10 percent reduct~on 
from thls stress f~gure based on good used plpe 

Note that the extra strerigth and double extra strength sectlons do not nest 
because of th~cker walls Such heav~er plpe can be used for the topmost sect~on 
and lor the stand~ng or g~npole sectlon However the curves apply only lo Stan 
dard welght plpe or tub~ng of the slzes gtven In the table Ed~tor 
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-ROTATOR. ANTENNA 

STRAP HINGE- WELD 

General layout of the fold-over pipe mast (not to scale). 

like Cape Hatteras, a maximum wind of 125 mph is also 
used. Your county engineer can provide the recommended 
value for your location (see reference 1). 

During erection there is some deflection, or bending, of 
the mast. The greatest load occurs when each section is 
horizontal; this is the loading which must be designed for. 

The wind and erection impose two different types of load 
on the section. One is the concentrated load at the topmost 
end of a section due to the forces on the section above. 
The second is the d~siributed load acting along the length 
of the section. As the concentrated load becomes larger 
there is less strength left for the distributed load, so the sec- 
tion length must become smaller. Accordingly, the problem 
of design is to determine the allowable section length. 

The concentrated load during erection is the weight of 
the antenna, rotator, and sections above the one being con- 
sidered. The concentrated wind load includes the sum of 
all wind loads above the section being considered. The 
usual load is calculated on the basis of projected area. This 
is the area covered by the shadow of the object. If the object 
is not symmetrical, like a Yagi beam, the largest projected 
area is used. The loading depends on whether the object 
is flat or round, as follows: 

Wind loading in pounds per square foot 
85 mph wind 125 mph wind 

Flat objects 30.3 65.9 
Round 
objects 18.1 39.0 
The projected area is often given in the instructions for com- 
mercially made antennas and rotators. It is easily calculated 
from the dimensions ot the element.' 

Given this concentrated load on the topmost section, 
design of the mast itself involves solving section load equa- 
tions for allowable section length. To simplify this process, 
the equations have been reduced to a series of graphs - 

Figures 2 and 3 for load during erection, and Figures 4 
A and B and 5 A and B for wind loads. Use of these curves 
will be explained through an example. 

Example 
Assume that the design IS for an all-tubing 6-meter 

antenna, having 2 square feet projected area and weigh- 
ing 15 pounds. A small TV rotator is available, having 112 
square foot of mostly flat plate area, and weighing 8 
pounds. This area is not subjected to unusual winds. Mast 
helght is 40 feet. 

The concentrated load on the top section is 15 + 8, or 
23 pounds. Entering Figure 2 at the bottom with this weight 
and moving upwards, it is seen that the top section could 
consist of 12 feet of 1-112 inch pipe, 16 feet of 2-inch pipe, 
or 20 feet of 2-1/2 inch pipe. In keeping with the scale of 
the antenna, suppose the 1-112 inch diameter pipe is used. 

The concentrated wind loading is due to 2 square feet 
of antenna and 112 square foot of rotator. From the table 
above, the loading is (2 x 18.1) + (0.5 x 30.3), or 51 
pounds per square foot. Reading upward from this load 
on Figure 4, it is seen that the maximum allowable length 
for 1-112 inch pipe is 8 feet. Since this is the critical value, 
it becomes the length of the topmost section. 

Assume that the sections are to be fastened by welding, 
with 6-inch insertion into the next section. From Figure 3, 
the weight of the 8-1/2 foot total of the top section is 23 
pounds. The wind loading on the exposed 8 feet from Fig- 
ure 5 is 25 pounds per square foot. Thus, the weight load 
at the top of the second section is 23 + 23, or 46 pounds 
and the wind loading is 51 + 25, or 76 pounds per square 
foot. 

Allowable section length at erection for standard weight pipe, fiber 
stress = 18 kips. (The units of force are pounds, tons, kilograms, 
etc. In engineering practice the word kip is frequently used; it merely 
means 1000 pounds. Thus 18 kips can also be written 18,000 
pounds. Ed.) 
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Using Figure 2 again, the maximum allowable length of 
the next section with the nesting 2-inch pipe is 11-112 feet 
for erection loads. From Figure 4, the allowable length for 
wind loads is 9 feet, which becomes the section length. 
Proceeding as before, the loads on the next section are 46 
+ 35, or 81 pounds during erection, and 76 + 35, or 111 
pounds per square foot for wind. 

Again, using Figures 2 and 4, the allowable length of 2- 
112 inch pipe is 13 feet for erection load, and 12-112 feet 
for wind load. The 12-112 feet is the length 2, in Figure 1. 
The load on the section Rb in Figure 1 is the same in mag- 
nitude, so this part could also be 12-112 feet long. However, 
a stock length for pipe is 21 feet. Assume that this is all that's 
available. Then the third section will need to end 1 foot 
above ground to reach the desired 40-foot total height. This 
is not unreasonable. 

If a counterweight is added to the lower part of the third 
section to just balance the top weight, the erection loads 
on the fixed upright pipe are essentially zero. Even if no 
counterweight is used, the balancing effect of the part lb 
of Figure 1 reduces the load on the upright to less than 
the load on section 2, of Figure 1. Thus, if the upright is 
no smaller than the lowest mast section, it will have ade- 
quate strength for erection. 

The wind load on the upright is that of the upper sec- 
tions plus that on the top 10-112 feet of the lower section, 
plus some amount on the upright. Assume that the upright 
is fully exposed (a safe assumption). The wind load to the 
top of the upright is 111 + 55, or 166 pounds per square 
foot maximum, the exact value depending on the final 
choice of upright length. From Figure 4, the upright can 
be only 6 feet long if it is 2-112 inches in diameter, or 13 
feet long if it is 3 inches in diameter. Since 12-112 feet is 
needed as a minimum, this is just about right (half of the 
21-foot length of the 2-112 inch section, plus 1-foot ground 
clearance). 

Even with the curves, the process is somewhat tedious 
and it's easy to make mistakes. Most of the tedium and mis- 
takes can be avoided by transferring the relations to a com- 
puter program.* 

While this design is intended to be used without guys, 
they can be added for greater safety or increasing the allow- 
able wind load. Usually the wall thickness is sufficient to 
withstand the compressive forces caused by guy tension, 
but this should be checked if a guyed design is attempted. 

Factors affecting the length of pipe buried in the ground 
are discussed below. For this example, assume that this is 
10 percent of mast height, or 4 feet. Total upright length 
is thus 13-112 + 4, or 17-112 feet. The jacket section buried 
in the ground needs to have 1-inch clearance, so it must 
be a 4-foot length of 5-inch diameter pipe. 

The results of this design example are: 
Top section: 1-112 inch diameter top section, total length 
8-112 feet, exposed 8 feet. 
Second section: 2-inch diameter second section, total 
length 9-112 feet, exposed 9 feet. 

*Such a program IS ~ncluded In the author's 'Pract~cal Antenna Deslgn and Analy- 
srs" ava~lable from M~nrLtab Books. Daytona Beach, Florrda, 32021-1086, or from 
the HAM RADIO Bookstore Ed~tor 

1 
" - -  

SECTION LENGTH (FEET)  I 

Weight of standard pipe. 

0 85 MPH 

Maximum allowable section length for standard weight pipe with 
winds of 85 mph (fiber stress = 18 kips). 

Lower section: 2-112 inch diameter lower section, total 
length 21 feet, hinge at 12-112 feet, 1-foot ground clearance 
at bottom. 
Upright: 3-inch diameter upright, total length 17-112 feet, 
exposed 13-112 feet, buried 4 feet. 
Jacket: 5-inch diameter, total length 4 feet, all burled. 
If necessary, this design could be carried higher, using 
larger pipe sizes. 

It is often necessary to try several initial assumptions as 
to length and diameter of the top section. With a little prac- 
tice, this can be done in a few minutes. 

Construction details 
The 6-inch overlap assumed in the example is sufficient 

for ether welding or bolt fastening. Bolts are suggested as 
they are slmpler and allow d~sassembly. 
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\Y.'lien you need to command "I built it myself?" 
attention, you will with the 

Heathkit SB-1000 Linear 

with only 8 0  to 100 watts of 

more output than even the 
controlled pileups with the world-famous Heath SR-220! 
SR-1000 and nothing more than Designed for today, the savings, bragging rights, plus 
a dipole antenna. This means 

manuals and technical assist- 
ance from our licensed ham 

consultants, should you ever 
need it. An offer that's hard 

you're using a dipole or 
stacked monoband beams. 

Proven output power complete line of amateur 
We don't play games by radio products in the Spring 

using old rating methods to Heathkit Catalog. Call today 
make you pay for input for your free copy. 
power you don't get at the 1-800-44-HEATH 

(1-800-444-5284) 
00 watt output of peak 

Rest to start with. 

Harbor,.Michigan 49022 

( ~ 1  lOX9. Ilcath (:ompanv. 
Heathkit is a regisrrred 

rraden~art of Ilcath (:c~nipany. 
A suhsidiaryof Zenith 

Elecrn~nics Corporation. 



JOW 1 
You've bough1 

IOU CAN BUY DII 

1 
29-1 

NORLD W 

I.. 

3placement batteries before.. . 
FROM US, THE MANUFACTURER! 

CM2, PB2 7 . 2 ~  @ 500MAH 
CM5, PB5 10.8~ @ 500MAH 
SUPER7SLBS 

Introductory Offer! 
Introductory Otter! 

M a s t e r c a r d  a n d  V l sa  

cards a c c e p t e d .  NYS 
r e s ~ d e n t s  add 8l/40/0 

sales tax. A d d  $3.5C W & W ASSOCIATF" 
f o r  p o s t a g e  and 
handling. 1 Parsor vard, Flu 
- ~ 

ID€ DISTA HIPS AVAl 2UIRE. 

i In U.S; & ~ a n a d a  Call lol l  bree (800) 221-0732 IN NYS (718) 961-2103 I elex: 31060 16795 FAX: (718) 461-1978 

shing, N 
LABLE. PI 
.. -.-- 

C3 
.Y. 1135, 
LEASE IN( - . -. 

SAVE 
TIME 
and 

MONEY 
' q&\ I .!:a 

1' i )  
, L:- 

with 
THE 

HAZER 
8 .  

Bring things down for 
safety and convenience. 

Never cllmb your lower apaln wlth this elevator system. An. 
tennasand rolaforrnount on HAZER,complete systemtrams 
tower In vertlcal uprlghl posltlon Safely lock system op. 
erales whlle ralalng or lowering Never can lall 

Complete klt Includes wlnch. 1M) It, o l  cable, hardware and 
Instructions. For Rohn 20and 25 G Towers. 

Hazer 2.Heavy duty alum. 12 sq. It, load 1311.95 ppd. 
Hazer %Standard alum. 8 sq II l o w  l m . 9 5  ppd. 
Hazer4.Heavy galv, steel 16 sq. It load 1291.95 ppd. 

NEW for ROHN 45 and 55 Towers 
HazerBHeavydutypalv. s l w l  18sq I!, load CALL 
Ball Thrust Bearinp 18-25 lor any o l  above $69.50 ppd. 
Sand 1M Im 4.talla 01 alumlnum mwn apulflcally 
*na lnmd lo r  u u  wlthth. Hmr.  Twodma: M.13ll3" wldml . . ~~. 
andM.I8(18-rld~).AIl bol~.dconatructlon,no m l d s  Easy lo  
Inmlall hino* baa., walk up *rutlon. Complata tower UPS or 
a11 lmlpht shlppmbl*. Pn.aaammbl*d or klt torm. I 
Satlslmctlon puarantwd. Call today and chng. to VIaa. 
MastarCard or mall check or monay ofdar. I 

NEMAL ELECTRONICS 
+Complete Cabk Assembly facilities M I L W 4 5 2 M  
*Commercial Accounts welcome- Quantity pricing . Same day shipping most orders 
*Factory authoriztd distributor for Alpha, Amphenol, &Iden, Kings, Times Fiber 

Call NEMAL for computer cabk, CATV cabk, Flat cable, semi-rigid cabk, telephone cable, 
crimping tools, D-sub conntcto* heat shrink, cable ties, high voltage connectors. 

HARDLINE 50 OHM CONNECTORSMADE IN USA 
........................ Fxa 12 l / r  M m  Black Jacket .89a 

...... FLCl2 l / r  Cablwmw con. copp.r b*. /kt 169m 
FLC78 7 / B  Cadblwmv con.copper blk IM ........ 4 2Sm 
N M ~ X C  N c w  i / 1  con c w  m/7 ............ 25 00 
NM7CC N C- 7 / B  ccn c o p w  m/l  ............ 54 00 

COAXIAL CABLES (per fi) 
1180 BELMN BBl3 wefy lor* 1- .......................... -55 
1102 RGB/V BJ% rNeM low l o u  hwn l l g a  ........ 36 
1110 RCS* W X  s ~ M  (mid 8)  ............................. 
1130 RG213/V 811% ahlW d l  rprc Kb' ........ 39 
1140 RG214/V ddbl rihw rhld rpsc 1.85 .................. 

........... 1705 RG1428/2/ dbl r i m  rNd, te#m 7-50 
......... 1310 R G Z ~ ~ / V  50 ohn saa w w  dbl r ~ d  .98 

14W RGl74/U 50 ohn .lW od mil rpsc 14 .......... 

ROTOR CABLE4 CONDUCTOR 
..................................... K l m 2  2-rdga utd a22ga 25 
..................................... CILWO ~ - 1 ~ g a  a d  ~ ~ g a  39 

...................... NETZO T p  N plug kn B.ldw, 98 13 $3. W 
.......................... M 7 2 3  T p  N lack kn 8.Mrr 9913 4.W 

WJBI\M ~nph.nol mso .............................................. 88 
W J p ~  t.h h/.llwr plw ...............-.... 1.58 
p ~ w  mnd brnde-tomd+ (burd) ................... 165 

............... UG 1 7 5 w  178 d u c w  lot RGM/58 ( s p ~ t p I )  .22 
m 2 i a s  N plug lot f f i ~ 2 i ~ z i 4  st& ...................... 935 
a, N I n k  to Pf25.0 d.p(sr, hnm ....................(IS 
y ~ i r s 6 .  ~ 0 2 x 3  ro N plug ad*, tam ................. 650 
a 2 5 5  ~ 0 2 x 3  BM: plug a,.j*, ......... 4 29 
~ 0 2 3 9 4 M  UHF cbs.~& m( mcephcle.Anvbd ........... 89 
"Ge8C BNC RG58, 223, 742 1 45 

GROUND STRAP-GROUND WIRE (per n~ 
OS38 3 / B  krrd c a ~ l p r  bnM ................................ 40 

................................ a 12 l / r  t i d  copper ~d 50 
GSZOO I -  r / r  h s ~ y  b m d  coppn b r ~ d  .............. 2 00 

......................... HWOB dga 1nrul.kd s b v d . d  d m  39 
................. A w l 4  l4ga riimded An(arw d m  CCS 14 

Prke do not include chippin~. $3 minimum, VisalMactercard $30 min. COD add $3.00 
C.N or wdb kn corn@& p'ce lirl N w l 3  m 40 p.ge CABLE AND CONNECTOfl SELECTION GUIDE is m m I ~  
# m chvga WM orden 01 SYJ a mcwe, or at cwl d $4 Ivib.l cmdtl .gum1 md qv.I~+ng d w .  

NEMAL ELECTRONICS, INC. U240 NE 14th Ave. N. Miami, FL 33161 
(305) 8933924 Telex 6975377 24hr FAX (30538953178 



of the Globe 

With A4S we'll \ /- Reach those far 

give you a better \& corners with excellent 
signal to every gain and front to back ratio plus 

corner of the globe, not a clean radiation pattern. You can 

by changing its shape, but also corner 40 meters with a simple 

by improving the performance of add-0n kit. 

your ham station. Specifications: Forward gain and 
A4S has all of the features that front to back ratio excellent, power 
you expect from a premium 20-15-10 rating 2KW PEP, boom length la'. 
meter beam, high power pre- longest element 32'. turn radius 
cision tuned traps, optimum element 18.4'. wind load 5.5 ft, weights 37 Ibs. 

spacing on a rugged 2" diameter Your fellow hams agree about 
boom, high strength fiberglass insul- our products: L~~~ the A4, my 
ators and all stainless steel hardware. 

second Cushcraft, NGMBE; Good 
quality and performance for a com- 
petitive price equal a winner, 
KASZUA. 

Available through dealers 
worldwide 
48 Per~meter Road. Manchester. 
NH 03108 USA 
603-627-7877 Telex 4949472 
FAX 603-627-1764 



"Give your repeater something ; 
to celebrate!" 

The new RC-96 controller for your  repeater wi l l  make i ts  day. And yours. 

For you. remote programming w i l l  le t  you  easily make changes t o  your  repeater from 1 
anywhere without a t r lp  to  the hill. Change codes, autotlial nl~rr lbers. I D  messages and 8 

more. w i th  reliable storage in E*PROM memory. 

Your users w i l l  love the outstanding patch and  autodlalcr, w i th  room for 200 phone 
numbers. The talking S-meter wil l  I r t  them check their signal strength in to the repeater. 
Plus support for pocket pagers. l ink ing to other repeaters. and a bul lct ln board. 

Your technical crew wi l l  appreciate the bu i l t - i n  keypad and indicators. And  the ease o f  
hookup through shielded DIN cables. Wi th pots and DIP switches easily accessible a t  the 
rear of the unit.  They'll be impressed b y  the gas discharge tube across the phone l ine and 
transient supressors o n  each 1 / 0  signal t o  keep l ightn ing l rom tak ing your  systcm 
down. 

And most important. your repeater will have a new sense of pride in bcing able to ser,,e , 
you better. Youll  even hear i t  in its voice1 I 
Something for everyone. A real party animal1 The RC-96 Repeater Controller - 

:lie ncwrst rhoi re f m m  ACC. 1 
advanced C C  :::%$mc. 

/ 2356 Walsh Avenue, Santa Clara, Callfornla 95051 (408) 727-3330 

Iron Powder and Ferrite 

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

Small Orders Welcome 
Free 'Tech-Data' Flyer 

*MID?,N& Since 1961 

12033 Otsego Street, North Hollywood, Calif. 91607 

1 THE QSL BOOK! 1 
Continuing a 68  year tradit ion. we bring 
you  three new Callbooks for 1983, bigger 
and better than ever! 

The North American Callbook lists the calls. 
names, and address information for 495.000 
licensed radio amateurs in  al l  countries o f  

N o r t h  America. f rom Canada t o  Panama 
including Greenland, Bermuda, and the 
Caribbean islands plus Hawaii and the 
U.S. possessions. 

The lnternational Callbook lists 500,000 
licensed radio amateurs in  countries outside 
North America. Its coverage includes South 
America. Europe, Africa. Asia, and the 
Pacific area (exclus~ve of Hawaii and the 
U.S. possessions). 

The 1989 Callbook Supplement isa new idea 
in  Callbook updates, listing the a c t i v ~ t y  In 
both the North American and International 
Callbooks. Published June 1,1989. this com. 
bined Supplement ~ i l l ~ i n c l u d e  thousands of  
new licenses, address changes, and call sign 
changes for the preceding 6 months. 

Every active amateur needs the Callbook! 
The 1989 Callbooks wil l  be published 
December 1, 1988. Order early t o  avoid 
disappointment (last year's Calibooks sold 
out) .  See your  dealer now or order directly 
f rom the publisher. 

 north American Callbook 
incl. shipping wi th in USA $29.00 
incl. shipping t o  foreign countries 35.00 

o lnternational Callbook 
incl. shipping wi th in USA $32.00 
incl. shipping t o  foreign countries 38.00 

Callbook Supplement, published June 1st 
incl. shipping wi th in USA $13.00 
incl. shipping t o  foreign countries 14.00 

SPECIAL OFFER 
u Both N.A. & lnternational Callbooks 

incl. shipping wi th in USA $58.00 
inci. shipping t o  foreign countries 68.00 

* * * * * * * * * * * *  
llilnois residents please add 61/z% tax. 
Al l  payments must be in  U.S. funds. 

RADIO AMATEUR callbook .c 
nevt .  F 
925 Sherwood Dr., Box 247 
Lake Bluff.  lL 60044, USA 
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LOAD AT END OF SECTION ~POUNDS/FOOT'I 

125 MPH 

Maximum allowable section length for standard weight pipe with 
winds of 125 mph (fiber stress = 18 kips). 

Two bolts at right angles passing completely through both 
pipe sections are recommended. The thread root diameter 
should be no less than the thickness of the larger section. 
As a refinement, drill and tap the outer pipe for alignment 
screws to be placed lust above the top bolts and just below 
the bottom ones. These are a necessity if the pipe sections 
differ much in size (for example, if a 4-inch pipe is to be 
nested into a 5-inch one). The space between pipes can 
be filled with silicon rubber in the f~nal assembly. 

The "U" strap hlnge shown in Figure 1 should have a 
thickness at least as great as the wall thickness of the pipe 
it supports. For strength in bending, its width can be about 
12 times the thickness. The pln h~nge diameter should be 
at least twice the wall th~ckness for bending strength. (These 
bending forces are likely to occur in handling and erection, 
and are difficult to estimate). 

A second "U" and pin can be placed at the very bottom 
of the movable mast part to anchor it to the ginpole sec- 
tion. The pin can be drilled for jnsertjon of a padlock, to 
prevent sabotage or tampering. A bicycle chain does nearly 
as well. Another refinement is to wrap both the ginpole and 
lower pipe section with several turns of barbed wire, about 
8 feet above ground level. This helps prevent anyone from 
climblng the mast. 

The suggested assembly routine is to mark each sec- 
tion w~th the bolt locations and the nesting length. Then 
lay the pipe on the ground, with blocks or pegs to hold it 
in place. Use a cord to get the correct alignment. Drill one 
of the bolt holes, Insert the bolt, and then drill for the other 
one. Without shop fac;litjes, ~l 's nearly impossible to pre-drill 
these holes and have them line up. 

Weight and area aloft can be reduced by turning the 

-. -- ~- -- 
SECTION LENGTH (FEET) 

I 0 85 MPH I 
Wind loading for standard weight pipe, 85 mph winds. 

SECTICU LEMiTH (FEET1 

0 125 MPH 

Wind loading for standard weight pipe, 125 mph winds. 

entire mast. This complicates the attachment to the ginpole 
section. However, the bearings needed can be simple 
sleeve bearings - essentially "U" straps with filler blocks, 
plus bearing rings attached to the pipe. The vertical load 
on these bearings can be removed by mounting a heavy- 
duty rotator under the very bottom of the mast and using 
a scissors jack to raise the rotator and mast just enough 
to take the load off the straps. Look at one of the commer- 
cial designs for ideas. 

Since guys are not needed, the rotating mast type is 
excellent for stacked beams. 

Foundations 
Because of the great variability of soils, it isn't possible 

to provide a set of all-purpose design curves for founda- 
tions. The best way of proceeding is to work with your 
county engineer, and use the practices developed for your 
particular area. The local power or telephone company 
should also be able to supply the necessary data. 

For reasonably good soils, like firm loams or clays, a good 
starting point is to assume that the foundation depth is equal 
to 10 percent of the height, with the jacket set in concrete 
of sufficient size to keep the soil load to a safe value. A max- 
imum load of 4000 pounds per square foot is often used, 
with the design adjusted to give a 100-percent safety fac- 
tor above the design load. If you haven't done this work 
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before, the county engineer can show you the steps. 
The ginpole pipe section going into the ground must be 

protected from rust and corrosion on the inside and out- 
side. This is especially important to prevent rusting at the 
waterline, if free water is present. 

Usually, adequate protection can be assured by paint- 
ing the pipe with a grout of cement and water. Even better 
protection can be obtained by wrapping the outside with 
several layers of builder's felt, painted with cold application 
roofing tar as the felt is wound on. 

Pipe sections can be sealed with wooden plugs and a 
layer of silicon putty. The entire mast and all hardware 
should be painted as a last step before installation of the 
antennas. Aluminum RustoleumTM is suggested, as it is 
compounded to remain flexible, and is nearly as good for 
rust prevention as a zinc coating. 

Safety 
More and more communities are requiring permits for 

structures of this type. There may be height restrictions. 
Know your local laws! 

In many areas, one requirement for obtaining a permit 
is certification by a professtonal engineer. You can usually 
save time and cost by doing the preliminary design and 
analysis yourself; use standard formulas or the curves here. 
Do the work neatly, in an easy-to-follow form. The engineer 
will want to at least check the method and critical loads. 
If he wants to do a complete analysis, you'll be able to use 
it to argue about the cost of insurance coverage (a gener- 
ous policy is recommended). 

Any antenna mast can become a hazard if good safety 
pract~ces are not followed Remember that a quarter- or half- 
ton of steel 30 to 70 feet In the alr IS no toy If you lack exper- 
ience or don't have the proper fac~llties, get qual~fled help 
Always remember, safety 1s no acc~dent 
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YAESU FT-311 RM 
220 MHz FM Transceiver 25W15W 

List $439.95 NOW $259.95 

NO RADIALS! 
NO RESISTORS! 

NO COMPROMISE! 
FOUR EXCELLENT REVIEWS JUST 

DON'T HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 
* S r r  r r v l e w  I n  O c t  73 1984 'Sept 7I 1985 

'March '3. 1986 'Dac 88.  CQ 

BlLAL COMPANY 
@ 137 Manchester Dr. 

Florissant, Colo. 80816 
(719) 687-0650 

FT-767GX 

MF Equipment Llst Juns 

F7-747 GX New Economical 
Performer 5889.95 Call S 
FT.757 GX II Gen. Cvg Xcvr 1129 95 Call S 
FT.767 4 Band New 192900 Call S 
FL.7000 15m.160m Solid State Amp 1995 00 Call S 

R m l w r s  
FRG.8800 150 kHz. 30 MHz 75995 Call S 
FRG.960060.905 MHz 699.95 Calls 

VHF 
FT.411 New 2m "Loaded" HT 398 95 Call S 
FT.212RH New 2m. 45w mob~ le  459 95 Call S 
FT-290R All Mode Portable 59995 Call S 
FT.23 RlTT M I ~ I  HT 344.95 Call S 

FT.712RH. 70cm. 35w mobile 49995 Call S 

VHFNMF Full DuplOX 
FT-736R. New All Mode. 2m170cm 1749 95 Call S 
FEX.736.506m. low Module 259.95 Call S 
FEX.736.220 220 MHz, 25w Module 279 95 Call S 
FEX-736-1 2 1 2GHz. low Module 539 95 Calls 
FT.690R MKII.6m. All Mode. port. !Xi9 95 Call S 

FT-4700RH. 2ml440 Mobile 889.00 Call S 
Dual Bander 

FC.470 Compact 2m170cm Mobile 559 95 Call S 

220 MHZ 
FT.312 RM. Mobile TBA Call S 

R.p.eten 
FTR-2410 2m Repeaters 1269.95 Call S 
FTR.5410 7Dcm Repeaters 128995 Calls 

HF Equipment Llsl Juna 
IC.781 Super Deluxe HF R I ~  $5995.00 Call s MF Equipment ~ 1 s t  Juna 
lC.765 New. Loaded wlth Features 3 TS.940SIAT Gen cvg Xcvr $2499 95 Call s 
lC.735 Gen Cvg Xcvr 

1699 00 Call 
TS.440SlAT Gen Cvg Xcvr 1449 95 Calls 

lC.751A Gen. Cvg. Xcvr 
949 00 Call 

TS.140S Compact. Gen. Cvg Xcvr 949.95 Call s 
lC-725 New Ullra.Compact Xcvr 

13w 00 Call 
TS680S HF Plus 6m Xcvr (149 95 Call 

IC-575~ 1Om16m Xcvr TL.922A HF Amp 1749 95 Call $ 
Receivers 
IC.R7MX) 25-1300 +MHz Rcvr (009.95 Call S 

Torold Cons. 
Iron Powder 
& Ferrlte. 
Fenlte Beads. 
Fenlte Rods. 

Call For These Quality Brand Names 

~ u m n ,  W Kantronics MFJ MIRAGE/KLM TE SYSTEMS 

I N S T A N T  CREDIT  W I T H  I C O M  P R E F E R R E D  
C U S T O M E R  C A R D  I JUN'S BARGAIN BOX LIMITED QUANTITIES 

IC-R71A 100 kHz-30 MHz Rcvr 

VHF 
IC.228AIH New 25145~ Mobiles 509.1539. Call S 
1~27%1H " 1 0 0 ~  AH "ode h s e  

122;::2: :;I : IC-28AIH 25145~. FM Moblles 
429 95 Call, IC.2GAT. New 7w HT 
419 00 Call IC-2SA New Micro Sized HT 

IC-9W Six Band Mobile 639 00 Calls 
IC-901 New Remote Mounl Mobile Calls 

UHF 
IC.475AIH 25175~ All Modes 1399.11599. Call S 
IC-48A FM Mobile 25w 509 00 Call S 
ICdGAT. New 6w HT 44995 Calls 
IC-04AT FM HT 
IC.32AT Dual Band Handheld 

739 00 Call I IC.3210 Dual Band Mobile 
IC.2500A FM. 44011 2 GHz Mobile 999 Call 

220 MHz 
IC.375A All.Mode. 25w. Base Sla. 1399 00 Call S 
IC.38A 25w FM Xcvr 489.00 Call S 
IC.37A FM Mobile 25w 499 00 Call 

1.2GHz 
IC.12GAT Super HT 529 95 Call S 

I Free catalog and wrnding chart on request. I 

R.2000 154 kHz-30MHz 799 95 Call $ 
RZ.1 Compact Scannlng Recv. 599 95 Call S 

All Ma Base 25w 1059.95 Call $ 
TR.751A All Mode Mobile 25w 889.95 call s 
TM.23lA Mobile 50w FM 459.95 Call $ 
Tti.215~. 2m HT Has It AII 399.95 Calls 
TH.25AT 5w Pockel HT NEW 369.95 Cal ls  
TM.721A2m170cm, FM. Mobile 729 95 Call S 
TM.621 2m1220. FM. Moblle 729 95 call 
TM.701A 2 5 ~ .  2ml440 Moblle 599 95 call 
TH.75A 2m170cm HT call$ 

Y E l l A  All Mode Base 25w 1.265.95 Calls 
TR-851A 25w SSBIFM 771 95 Calls 

TH.45AT 5w Pocket HT NEW 389 95 calls 
TM.431A Compact FM 35w Mobile 469.95 Call S 

TH.55AT 1 2GHz HT 524 95 calls 
TM.531A Compact 1.2 GHz Mobile 569 95 Call S 

::.%A FM 220 MHz 25w 519.95 Call S 
TM.321A Compact 25w Mobile 489.95 Call S 
TH.315A Full Featured 2 . 5 ~  HT 419 95 Call S 

SEW! 
The  clrsslc "Antenna I l lh lc"  

now In r 1hornughly.revlsrd. much-enlarged 
cdl t lon 

ANTENNAS 
2nd edltlon 

by John Kraus, WSJK 
Ohlo  S l r te  I.'nlverslty 

C o v e n  both theory and I& appl~cations lo pradical 
systems. W I ! ~  design formulas, tables and refer. 

ences. Over 1000 111ustarions. 
'Modern, complele, a CISSIC', M ~ m a w  Journal. 

91 7 pages. hardcover. $51.95 
Add $2.50 per book lor sh~pping and handling U.S.. 
$5.00 elsewhero. 

CYCSUS-QUASAR BOOKS 
P.O. I lox 115, P o v d l ,  Oh lo  43065 

Tr l .  614-.c4(1-7195 
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NEW PRODUCTS 

ICOM's new AH-3 HF an- 
tenna tuner 

ICOM introduces the fully automatlc AH 3lHF 
antenna tuner The new AH 3 matches any Ire ii 
quency In the Amateur band ~t features RADIO WORKS' Discovery 

Full automatlc tuntng 
Memory channels 

Catalog 
Durable weather res~stant houstng lire FIAUIO WORKS 1989 d~scount catalog 

IS a source book of wlre antenna systems corn 
Low power tune up 

ponents dnd accessories Slmple ~nstallal~on 
The AH can also be used for HF mobile It includes 56 pages of mobile and base 

antennas mounts antenna wlre insulators 
operat~on It lnstalls In your trunk and lunes auto 
matlcally The opllonal AH 2b antenna 

corlnec'ors and cable surge protectors 

IS ava~lable and Includes a bumper mount sys 
coax swtlches Dacron' and MllSpec support 
llne 

lem for holdlng an 8 2 foot stainless steel 
antenna element The AH 3 and AH 2b system 

Pre built antennas Include RADlO WORKS 

allows you 3 5  to 28 MHz moblle operation 
two riew verstorls of Itie Carotlna Wlndorn' and 

The AH Is priced $489 For addlllonal a high performance 312 wavelength loop called 

lnformat~on contact ICOM Amerlca Inc 2380 
the BtgSlq Loop' Also featured are the new 

116th Avenue N E PO Box C 90029 Bellevue 
InTreeVert' and the 16 loot M~croD~pole' All 

Washlnglon 98009 9029 
RADlO WORKS antennas are avallable for the 

Circle #302 on Reader Servlce Card. 
new WARC bands 

The SWL srcllon features new antennas 

New features available 
for the multi-mode data 
controller 

MFJ Enterprlses. Inc or~gtnally released the 
MFJ-1278 (pr~ced at $24995) w~lh transm~t and 
recelve In seven modes Packet. RTTY. WeFAX. 
SSTV, CW. ASCII, and Contest Memory Keyer 
MFJ announces two new modes Navtex recetv- 
Ing and AMTOR transmlt and recetve 

There are also two new features for the 
MFJ-1278 Packet mode the new Easy Mall'" 
Personal Mallbox and a new KISS Interface for 
TCPllP compatlbtl~ty 

New term~nal software for the Macintosh com- 
puter, the MFJ-1287 Starter Pack w~th tnterface 
cable and Wefax prlntlng lo screen, 1s avallable 
for $19.95. 

Exlstlng programs for the IBM (MFJ-1284) and 
Commodore (MFJ-1282 dtsWMFJ-1283 tape) are 
avallable wtth cable and lnstruct~ons for $19.95 
each. 

For more lnformal~on contact any MFJ deal- 
er or MFJ Enterprlses, Inc.. PO Box 494. 
Miss~ssippl State. Miss~ssipp~ 39762, or call toll 
free 800-647-1800. 

Circle #303 on Reader Servlce Card. 

There are also SWL products and actlve 
antennas lo prsselectors from other manufac- 
turers. 

You can select from ten dlflerent balun models 
lncludlng the B4-2KX Current-type" and 
RemoteBalunm 

The RADlO WORKS' 1989 catalog costs $2. 
but 1s FREE to all Ham Radlo magazlne readers 
Iriclude $1 for first-class postage 11 you want 
speedy del~very. Contact the RADlO WORKS. 
Box 6159. Portsmouth, V~rgtn~a 23703 Phone 
(804)484.0140 

Circle #304 on Reader Service Card. 

New CCB handheld RF 
detector 

Oploeleclron~cs. Inc tntroduces the new CCB 
handheld RF detector Appl~cal~ons Include 
check~ng the output from small or large trans- 
mltters used In rad~o telemetry. two-way rad~o. 
ham radlo, garage door openers. RC transm~l. 
ters, cordless phones, cellular phones, marlne 
rad~o, alrcraft radlo. CB. police, flre, or other radto 
services 

The CCB has a ten-segment LED bar graph 
readout. two-stage w~deband RF ampltf~er. and 
a forward blased hot carrler d~ode lor a detec- 
tor The detector output IS ftltered and fed to the 
log output bar graph drlver clrcu~t Each seg. 
men1 responds lo a 3-dB step Increase In stg- 
nal strength. Screwdriver adjustable pots are 
prov~ded for zero and full-scale adjustment 

The CCB IS ava~lable for $9995 lrom Oploe- 

lectronlcs Irlc . 5821 N E 14th Aven~~e. Fort 
Lauderdale. Flor~da 33334 (800) 327-5912 (In 
Flor~da call (305) 771-2051.) Accessories ~nclude 
the model TA-100s telescoping BNC antenna lor 
$12 and the CC-12 vlnyl71ppered carry case for 
$10 

Circle #305 on Reader Service Card. 

New "soft-side" tool kits 
Harid Tool Induslr~es has announced the 11s 

new soft-s~de z~ppered tool k~ts 
Tliese tool ktls are destgned for servlce 

engineers and technlc~ans who work on data 
processlrig equ~pmenl and comparable types 
ol eleclro~mechanlcal devtces 

The ktts are avatlahle I r i  brown heavy-duly 
padded v~nyl many are Cordura' malerlal 
Each kll has tnd~v~dual tool pockets and heavy- 
duly zipper 

Soft-stde ztpper k~ts may be ordered by calltng 
(800) 652-1234 or conlacl~ng Hand Tool Indus- 
tries, lnc . 1933 Lake Street. Kent. Ohlo 44240 

Circle #306 on Reader Service Card. 
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MIR4GE/KLM 
Announces The Next Generation 

The 10 amplifiers you have been waiting for! 
Designed For Quality And Value! 

Every effort has been made in thedesignof theseamplifiers toofferthe highest specifications possible, pro- 
vide the ultimate in reliability, and still keep prices affordable. Compare these amps with all others on the 
market! You'll be glad you waited for the N EX T generation of solid-state amplifiers from MIRAGEIKLM! 

144 MHz Amplifiers 1-6 220 MHz Amplifiers 
8-1016-6 10W in = 160W out C-1012-G 10Win=120Wout 
8-3016-G 30W in = 160W out C-3012-G 120W out 
6-21 5-G 2W in = 150W out C-211-G 2W in = 110W out 

13.8 vDC 

New protection circuitry automatically reduces the output power to prevent damage to output transistors 
and even returns the amplifier to full power automatically when problem is cleared! 

New GaAs-FET pre-amp designs provide gain of over 25 dB and a noise figure of less than .6 dB! 

Picture this.. .You know your station . . .You are at home with your gear.. . all the knobs, switches, meters 
. . . QSY's are no big deal, you could do them in your sleep (and you probably have!). 

Now picture this . . . It's contest time, multi-op.. .do you worry about your gear?. . . NO! At least not your amps 
. . . your station amps are bullet-proof. Point and shoot, no tune, no touch. From 160 meters to 70 cm . . . 

Your Amps Are Mirage! 
Each of the four following amplifiers provide.. . 

Bullet.proof, thermal shutdown.. . VSWR shutdown.. . over-current shutdown.. . 
120% ICAS duty cycle.. . air-cooled . . . fan hood available.. . 

Active cooling kit available for 100% key-down duty cycle 

TWO 144-MHz Amplifiers 
Finally, a ruggedized high-speed RF switching relay that takes the punishment SSB-op's demand.. .5mS or 
less typical switch-time . . . Dual-gate GaAs MES-FET pre-amp.. .22 dB typical gain.. .Wide, dynamic range 
for overload protection . . . 1 dB compression > + 4 dBm 

7 30W in - 300W out 8 30W in - 600W out 

(Linear curve: 1W - 30W, 45W max.) 24v DC 
13.8 vDC 32 amps max. 

440 watts (DC) 68% efficiency 

TWO H- F Am if iers All Solid State (waiting FCC ~ype-~cceptance) 

The Band-Pass filter allows wideband performance while meeting FCC specifications. . . 1.8 - 4.0 MHz, 
4.0 - 9.0 MHz, 9 - 15 MHz, 15-30 MHz . . .Typical harmonic - 50 dB 

9 
50W in - 800W out 

10 
SOW in 1,500W out 

13.8 vDC 48.0 vDC 
1,215 watts (DC) 1101220 - 50160 cycles 

88 amps Auto-Band switch Vacuum Relay 
Available with power supply Full OSK 100% key-down forever 

Power Supply included 

P.O. BOX 1000 MORGAN HILL, CA 95037 M/R4GE/KLM (408) 779-7363 (800) 538-2140 (outside CAI ,, 
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MEGA WATTS. It's the only HT with a 37 tone because everything is standard. 

Alinco's new DJ-SOOT hand enccderldeccder as standard That includes our exclusive two 

held dual bander really putsout. equipment. You get cross bandtfull year limited warranty. 

Like 6.5 watts with the duplex operation. Twenty memory Alinco's new DJ-SOOT hand 

optional 12 volt battery. Or our channels (10 apiece on VHF and held dual bander. Mega power. 

standard 3.5 watts VHF and 3 UHF). Programmable offsets. A Mega performance. 

watts UHF with a local power single memory 16 digit auto dialer Call (213) 618-8616 for your 

setting of .5 watts. No other HT and modifiable CAPIMARS nearest local dealer. 
capabilities* 'Rrm~r required 

delivers such power. 
The DJ-SOOT also comes with In short, the DJ-500T comes 

I mega features. without any high priced add ons 

A; ""- 
" .  , . 



WANTED I 
$IOOPo REWARD 

For a limited time Alinco Electronics will give a $100.00 "Reward" for your working, 2 meter or 70 
centimeter Mobile Transceiver, or $50.00 for your working 2 meter or 70 centimeter Hand-Held Transceiver. 

The way it works is really quite simple. Just take or send your old, but working, transceiver to your 
favorite dealer for TRADE-IN Whatever the dealer offers for Trade-In allowance, Alinco will increase the 
amount by either $50.00 or $100.00, depending on whether it's a Hand-Held or Mobile, ON THE SPOT! 
There are only two requirements: 

1) The Trade-In "Reward" can only be used towards an Alinco DR-510T Dual Band Mobile or an 
Alinco DJ-500T Dual Band Hand-Held, on a Mobile for Mobile and Hand-Held for Hand-Held basis. 

2) The Trade-In unit must be in good working order and salable. 

Remember, the company that already gives you the best value for your dollar, and a two year factory 
warranty, now gives you something else that no other company does - A substantial Trade-In "Reward" 
for using our products! 

ALINCO ELECTRONICS INC. 
fl 150 



PACKET 1 f F'7-,P"'*r? / C(hJCP~=3275.h CONTROLLERS 

Announcing the next gen- , 
eratlon of Gcke t  conlrollen 
for the serious operator! 
The new Inboard PC-320 
(shown). IS des~gned to work 
w ~ t h  all PC/XT. PC/AT, and 
Tandy 1000 serles compu- 
ters. The TNC-320 outboard 
controller offers many of the 
same h ~ q h  quality features' - 

PC-320 features. . . PC-320 
Dual modems for opt~mal VHF and HF operation 

Appears as regular PC ser~al port (COM 1-4) -operates w ~ t h  
, any term~nal program lust Itke an external TNC 

$2Ogg5 
Dual Powered - operatesfrom Pcorexternal power Cont~n-  TNC-320 .. $1 94-99 
ues complete operat~on even when the PC IS turned oft1 1W1red 8 T~sled 1 Y ~ a c  Warr.~ntvl 

Personal Message System- the most advanced personal mall- For com~lele inlo 6 specrlrcal~ons 
box ava~lable rncluded ar no exfra charge Call ,8131 874 2980 To Order Call 

Toll  From: 1-800-223-351 1 
D~splays on-screen HF tun~ng ~nd~ca to r  and s~mulated 'LEDs hra,o, CrPd,l ( srds Arcel,redr 

- - - - - - - - - 

PacCornm 3652 W e s t  Cypress S t r e e t  T a m p a .  Flor~da 33607 I 
I 

1 Please send PC-320 TNC-320 More Information FREE Catalog 1 
I' 

5 Name - .-- . ~ - -  - ca l l  
I 

~ ~ p------.--p-.----- 

n , Address ____-__ - - -  -- . - I 
I 

1 State _- .- ZIP ____ - Carda - - - - -  - Exp Date r 
! 

li M O N E Y B A C K G U A R A N T E E ! A d d S 4 W s h r p p 1 n g h a n d l t n q p e r o r d e r  FLres1denlsadd6~~saleslax fi Millor Credfl Card gfve number exprrafton and srgnaflrre FAX 813-872-8696 1 .-_-_---------------------------------- 

HR 'I ! TOWERS 
/ HIGHEST QUALITY 

m ALUMINUM I 
TELESCOPING ICI~ANK.UP) . 
GUYED isrnc,n-UP) 
TILT-OVER MODELS 

Easy to install. Low Prices. ,I 'l 
Crank-ups to 100 feet. D; ,, 
; OCELLENT FOR 7 ~ . 4 &  

,.I,,  AMATEUR  COMMUNICATION^, iy;z 
40' Over 36 lypes aluminum , , Tows1 

Crmt .UI  towers made-specials . Crank Up 
destgned and manufactured- 1: c:, 

f~rsd 
Bass 

Mob~lc T t a ~ l t r  Type .:. 
Mtblle 

Truck 

lypc Van Mounlcd Crank.Up 
Aluma lower 

5-1000 MHz PREAMPLIFIERS 
NF G P(1dB) $ 

WLA20M' 2dB 15dB O d h  73 
WLA21M 3 13 8 57 
WLA22M 4 11 12 61 
WLA23M 4 22 12 87 
WLA24M 3 23 18 109 
WLA25M 5 11 20 82 
WLA26M 6 21 24 199 

Add Sl lor SLH; %W 1-500 MHz 

WlLAM TECHNOLOGY. Div. of 

Wl-COMM ELECTRONICS INC. 
P.O. Box 5174, MASSENA. N Y. 13662 

(315) 769-8334 . 

Demodulator Modulator 75 Page Manual 

INDUSTRIAL UALITY I REPLACEMENT AllERIES 
FOR COMMUNICATIONS 

I~ickel-~admium.~lkaline.lithium.etc. 

Repair Packs For 
ICOM'. KENWOOD. YAESU. 
SANTEC. AZDEN. TEMPO. 

CORDLESS PHONES .... AND MORE1 

NEW! I.C.E. PACK $4gg5 

E.H. YOST & GO. 
EVEREl7 ti YOST KB9XI 

7344 TETIVA RD 
SAUK CITY WI 53583 

ASK FOR OUR CATALOG 

(608] 643-3 194 



A waveguide flange 
drilling guide 
It's not easy to lay out and drill the 
flange-hole pattern accurately for 
waveguide flanges. If you have my 
luck, the holes will tend to drift or 
migrate during drillirig. You can hand 
file the holes with a round jeweler's file 
to bring them back to the proper posi- 
tions, but the resulting fit is loose 
andlor sloppy. If you drill the holes right 
the first time, the next piece of 
waveguide will be properly positioned 
when you tighten the four mounting 
screws. 

My drilling method is simple: use 
guide holes that have already been 
drilled accurately to guide your hand 
drill. You can use this technique for 
other flange sizes and connectors. 

If you look at Figure 1, you'll see that 
the draw screw performs two jobs. It 
holds the assembly together and the 
drill guide motionless while you use the 
four flange holes as a pattern for 
drilling the holes in the work piece. I 
suggest using a 10-32 or 12-24 screw. 
The bridge bar must be narrow 
enough to allow easy inspection of the 
gu~de opening during attachment and 
alignment. Note that the bar is perpen- 

dicular to the long axis of the guide 
opening. The center hole is a clear- 
ance hole for the draw screw. The two 
outer holes pass two 6-32 mounting 
screws. You can use a single mount- 
ing screw or sweat solder the bar in 
place. The screws or solder serve only 
to hold the bar in a stable position 
while you position the drill guide. If you 
use screws, you must make matching 
threaded holes in the guide flange. 

Nibble or machine the guide open- 
ing in the work piece before position- 
ing the drill guide. Make sure the 
dimensions of the opening correspond 
to the inside dimensions of the 
waveguide. Center the drill guide over 
the guide opening and secure it by 
tightening the draw screw in the draw 
bar. The tapped hole in the draw bar 
should match the draw screw. Make 
sure the draw bar is positioned free of 

-DRAW SCREW. 10-32 

+BRIDGE RETAINER SCREWS 

Mechanical diagram of the waveguide flange drilling jig. 

John M. Franke, WA4WDL 

50-MHz RF bridge 
After the 1986 release of the 6-meter 
band to UK Amateurs, many UK hams 
found an RF bridge helpful for adjust- 
ing the gamma matches on their 
homebrew antennas. 

The basic RF bridge' shown in Figure 
1 is difficult to use at the masthead, so I 
designed a self-contained unit to over- 
come this problem. Using the American 
Amateur's experience of the band,;! I 
built a low-power transmitter drive 

I source on the same pc board as the 
, bridge. It operates with a 9-volt battery. 
I 

1 Circuit 
Figure 2 is the overall schematic. Q1 

is an overtone oscillator that uses a 50- 
MHz third overtone crystal. The collec- 
tor is tuned to 50 MHz by L1 and C1. 
The output signal from Q1 is link cou- 
pled via L2 and C3 to the base of Q2 
- a class A amplifier stage w~th its col- 
lector tuned to 50 MHz by L3 and C2. 
The gain of this stage is quite high due 
to the grounded emitter, and the out- 
put should be approximately 40 mW. 
The output signal from Q2 is link cou- 
pled to the bridge circuit via L4. 
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Schematic diagram of the  basic RF bridge. 

Construction 
The unit IS bu~lt o n  a single-sided 4- 

314" x 2" x 1/16'' fiber-glass pc 
board (see Figure 3). Install the com- 

section of the potentiornGter, as shown 
in Figure 4. You'll need to obtain a sec- 
ond nut for this potentiometer. 

RESISTORS 
R1 10 k 
R2 4.7 k 
R3 100 ohms 
R4 1 k 
R5 680 ohms 
R6 47 ohms 
R7 100 ohms 
R8 51 ohms 
R9 1 k 
VR1 1 k linear miniature potentiometer 

SEMICONDUCTORS 
Q1 BSX 20 (Europe) 2N2369 (USA) 
0 2  BSX 20 (Europe) 2N2369 (USA) 
CR1 IN4148 
CR2 OA90 (Europe) 1N34A (USA) 

COILS 
L1 9 turns 22 swg (21 AWG) enameled wire, 

1/4-inch diameter, 5/8-inch long 
L2 2 turns thin insulated wire, 1/4-inch 

diameter, wound in the center of L1 
L3 As L1 
L4 As L2, wound in the center of L3 

CAPACITORS 
C1 O.Ol-,,F ceramic disc 

0.01-LF ceramic disc 
0.01-,,F ceramic disc 
15-pF ceramlc disc 
0.01-,,F ceramic disc 
O.OO1-ccF ceramic disc 
0.01-fl ceramic disc 
5 to 60-pF trimmer 
5 to 60-pF trimmer 

MISCELLANEOUS 
XI  50-MHz third overtone series resonant 

crystal HC 18lU 
Meter 200 yA FSD 
SPST toggle switch 
SO 239 socket 
PCB terminal pins 

A 50MHz RF BRIDGE I 

@ 6 
METER 

Printed circuit and parts placement layouts for the  RF bridge. 

ity is correct. Adjust C1 and C2 for a 
Testing 50-MHz output, using a d~gital fre- 

After you've completed the pc quency meter or an absorption wave- 
board, connect a 51 or 100-ohm resis- meter positioned near L1 and L3 in 
tor from the unknown terminal p ~ n  to turn. When you have a 50-MHz output, 
the negative meter terminal pin. Con- connect the meter to the meter termi- 
nect a 9-volt supply to the battery ter- nal pins and rotate R1 for a dip on the 
minal pins, making certain the polar- meter. If you get a dip, and all tests are 
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Printed circuit board layout. 

satisfactory, remove the temporary 
resistor connected to the unknown ter- 
minal pin. You can now install the 
hoard In an RF-tight case or diecast 
box. I placed my prototype in an alu- 
minum box 5-114" x 4" x 1-112". 

Calibration 
To calibrate the bridge, you'll need 

a number of resistors and a plug to fit 
the socket. I used resistor values of 5, 
10, 20, 30, 40, 50, 70, 75, 100, 150, 200, 
and 1000 ohms to calibrate the proto- 
t Y  Pe. 

Fit a white card scale to the front of 
the case and solder each resistor, In 

turn, into the plug. Connect the plug 
to the unknown socket and rotate R1 
for a dip on the meter. When a dip is 
indicated, mark the scale with the 
value of the resistor used. The scale 
values should increase in counter- 
clockwise sequence. 

Conclusion 
This RF bridge has simplified the 

adjustment of gamma matching sec- 
tions and can be used to find the 
antenna tapping point on RF Input 
coils of converters. You might also use 
it to find the input and output tapping 
points on bandpass filter coils. 

I *  POT 

m 

Details for mounting the pc board uslng the 
mounting nuts on the potentiometer. 

For Amateurs in Regron 1 (in coun- 
tries where 4 meters can be used 
legally), the brldge can be modified by 
using a 70-MHz crystal, changing C4 
to 10 pF, and retuning the resonant 
circuits 

The same design can be used for 
lower frequencies by changing the 
crystal, the resonant circuits, and C4. 
Capacitor C4, in the emitter of Q1, must 
have a reactance of 200 ohms at the 
crystal frequency. 

REFERENCES 
1 ARRL Rad~o Amateurs VHF Manual. 1968. paqe 
284 
2 ARRL Sol~d-State Des~gn lor the Radto Amate~ir. 
1977. page 30 

A. R. Croft, G8CJM 

Crystals for many Can we solve your 
applications crystal problem? 

For over 37  years ICM has 4 For special pilrpose 
manufactured the finest in 1 crystals speclal holders. 
quartz crystals for every speclal sizes, call our crystal 
conceivable purpose sales department We will 

be pleased to provlde 

A wide selection of holders +' 
recommended data 

are available to fit most any 
requirement Our computer 
database contains crystal 

1 
parameters for thousands of 
equipment types 

International Crystal 
Need crystals for Manufacturing Co., Inc. 
communicat~ons, telemetry. 
rndustrlal. or s c ~ e n t ~ f ~ c  PO BOX 26330 701 w Shprrdan 
applications~ Let !CM s Oklahoma CIIY OK 73126-0330 
sales department asslst you Phone 14051 236 374 1 

to determine whlch type of Telex 747-147 
Facs~mtie 14051 235-1901 

crystal IS best for you 



Tom McMullen. W1SL 

PART 2 

VISUAL AIDS - 
LIGHT EMITTING 
DIODES 
When transistors and integrated cir- 
cuits began to dom~nate electron~c 
equipment design in the seventies, the 
amount of power consumed by the 
equipment decreased rapidly. It got to 
the point where the power required to 
light the pilot lamps was greater than 
that needed to operate the equipment. 

Technology continued to move for- 
ward, and a little lump of plastic with 
a couple of wires protruding from it 
went through a rapid development 
process. This device, called a light 
emitting diode (LED) gives us capabil- 
ities far beyond the simple incandes- 
cent lamp that it replaced. Let's look 
first at how it works, then at some of the 
ways it's being used. 

Where does the light come 
from? 

The LED is sho\~n schematically in 
Figure 1 as a diode with adjacent 
arrows pointing outward to indicate 
that it is emitting light. (Other devices 
exist that show the arrows pointing 
inward, indicating that they are respon- 
sive to light.) Sclme neat tricks of 
physics are used to obtain light from 
a small fragment of semiconductor 
material. 

The key ingredients in an LED are. 
usually gallium and arsenide. A diode 
made from these elements is some- 
times referred to as a gallium-arsenide 
LED. (These same elements are used 
in Field-Effect Transistors, called GaAs- 
FETS for Gallium Arsenide-Semi- 
conductor Field-Effect Transistors.) The 
abbreviation LED is used almost 
un~versally today without regard for the 
elements that go into the semiconduc- 
tor material. 

Figure 2 shows a cross-section of a 
typical LED structure. There are many 
variations, depending on the require- 

( 0 )  

CATHODE- CANODE 
C n 9 

A schematic symbol for a light emitting 
diode (LED) shown at (A). Most common 
LEDs work from a 5-volt supply, which must 
be applied through a current-limiting resis- 
tor of approximately 200 ohms (B). 

ments. Some are made flat to mount 
on pc boards, while others have wire 
leads that connect to associated cir- 
cuitry. 

To understand how LEDs work, look 
again at basic semiconductor theory 
- electrons, holes, barriers, junctions, 
and all that. The same theory is at work 
in getting light out of a diode, getting 
a rectifier to turn AC into DC, or caus- 
ing a transistor to amplify a signal. It's 
not really complicated. There's a junc- 
tion between material with an excess 
of electrons (N type) and material with 
a scarcity of electrons (P type). Both 
types of material are created by impu- 
rities that were purposely introduced 
into the basic elements during manu- 
facture. There is a region between 
these two materials where nothing 
much happens under normal circum- 
stances. The extra electrons don't have 
enough energy to migrate to the other 
side, and the electron-scarce elements 
(often called "holes" or places where 
electrons could be) don't have enough 
energy to go the other way. There's a 
sort of trap zone in between, and any 
electron or hole that ventures into it 
gets stuck. To get things moving, a volt- 
age must be applied across the junc- 
tion. The voltage increases the "energy 

METAL /// SEMICONDUCTOR 

MATERIAL 

11 E CONTACT 11 

A cross-section view of LED structure. This whole assembly is usually placed in a plastic 
dome or cap which protects the assembly as well as diffusing the light for greater visibility. 



kkYou"re miles ahead 
with msen Wck wdsome,  Communications Conslrllanr 

Woodsome and Awciates, Borrlder; Colorado 

When the directors of the Coors International Bicycle Classic needed 
a sophisticated mobile communications system, they turned to commu- 
nications consultant Rick Woodsome. As a commun~cations specialist, 
Woodsome knows what it takes to make a communication system work. 

That's why he turned to Larsen Antennas. 
"You don't pull off the largest s orts event in the Western Hemisphere 

?I without t e right equipment. 
t without ood communication. An you don't have good communication 

"Larsen antennas were instrumental in making last summer's 
Coors Classic an  overwhelming success. They were key to our entire 
communication network. 

"Without Larsen, it would have been uphill all the way." 
Rck Woodsome m 

I The Amateur's Professional 
S e e ~ ~ u r  IL l \or~ le  LI!I~~,~~LII L I ~ ~ ~ I I L ~ ~  o r  \ v~ t t c  f ~ r  lrcc d ~ ~ i ~ t l c t ~ !  catalog 

IN USA: Larsen Electronics. Inc , 11611 N.E. 50th Avenue, PO. Box 1799, Vancouver, Washington 986( 
IN CANADA: Canadian Larsen Eleclronics. Ltd . 149 West 6th Avenue. Vancouver, B.C V5Y 1 K3 (604 

THE AMATEUR'S PROFESSIONAL 
Larsen KOlrod' and KnlduckleQntennas 

provlde amateurs the same advanta es enjoyed by d commercial two wa radro users 0th combme 
toP wllK the long range dependablllty 
youwant - 

1 i 

See 
your 
dealer 
for the 

Larsen 

and per- 
manent 
and 
tempo- 
rary mounts You can buy wlth confidence, 
because they're all backed b Larsen's No Y Nonsense Warranty for a ful SIX months 

For a professtonal approach to amateur radlo, 
tune In to Larsen 



level" of the electrons enough that they 
can move across the barrier to the 
"other side" where they combine with 
the "holes." As you might expect, when 
the free electron combines with a hole, 
each ceases to exist as a distinct entity. 
When they combine in this way, the 
excess energy they had must go 
somewhere, and it is emitted as "pho- 
tons." The word photon can be roughly 
translated to mean "particles of light." 

Of course, not all semiconduclor 
diodes emit light. Many of them get rid 
of the excess energy as heat. Semi- 
conductor manufacturers make sure 
that most of the energy is released as 
light by selecting Ihe correct impurities 
to put into the material. That's where 
the materials gallium and arsenide 
come in, instead of the silicon and ger- 
manium used for rectifier or signal 
diodes. Some LEDs use a combination 
of gallium, arsenide, and phosphorus 
(called GaAsP semiconductor mate- 
rial), and others have some indium or 
antimony or other elements thrown in. 
Variations of these impurities can 
change the basic color (wavelength) of 
the light emitted and affect the effi- 
ciency of the LED. Currently available 
colors range from infrared to red, 
amber, and green. There are materials 
that emit light in the blue range, but not 
with great efficiency or brightness; 
research continues in that area. 

Putting the light to work 
One of the earliest uses of the LED 

was as a replacement for the simple 
pilot light. It showed that a piece of 
equipment was on or off, or indicated 
some other function of the equipment 
by being illuminated or not. 

Physically, an I-ED is very small; its 
size can work for or against its use. 
Because it is so :small, you can place 
several LEDs close together for an 
array that takes up very little space. 
Most inexpensive incandescent lamps 
are between 1/4 and 3/8 inch across, 
so you are limited in the number of 
devices per inch. On the other hand, 
the LED'S size limits the indicator's 
brightness and the width of the angle 
from which it can be viewed. This 
obstacle has been overcome in a cou- 
ple of ways. One or more diodes can 
be made to illurninate a plastic lens 
that diffuses the light over a wider area, 
thus increasing visibility. Also, recent 
developments in diode technology 

A rectangular plastic enclosure for the LED 
element diffuses the light across its surface 
and can serve as a segment of a numeric 
readout as shown in Figure 4. 

have created LEDs with much greater 
light output. 

The plastic lens or light diffuser can 
be shaped to create the exact effect 
desired - rectangular (see Figure 3), 
triangular, round, square, or diamond 
shaped. These devices are very use- 
ful when used in conjunction with 
different colors to "foolproof" a readout 
device, or help the user determine 
what action to take or see what is hap- 
pening. An example is the arrow- 
shaped indicator on some Amateur 
eauipment front panels that shows 
which VFO is being used. On some 
receivers, a green LED shows that a 
signal is being received; several green 
LEOS can show the signal strength. 
Some indicator panels that use green 
for receive indications also use red 
LEDs to show that the transmitter is on, 
and to give an indication of how much 
power is being transmitted. Infrared 
LEDs are commonly used in remote 
controls for television sets and video 
cassette players. 

More than just light 
You find LEDs in frequency 

readouts, digital panel meters, and 
many calculator displays. By placing 
one or more LEDs behind carefully 
shaped pieces of plastic, you can cre- 
ate letters or numbers. They are used 
in what is often called a seven-segment 
readout, shown in Figure 4. Some of 
these can be tiny, with three or four 
complete readouts on the top of an 
integrated circuit that plugs into a 
socket or mounts on a circuit board. 
Others can be quite large, like those in 
some clocks which have numbers 2 or 
3 inches high. 

An individual seven-segment read- 
out device usually has eight connect- 

ing leads for power application - one 
common lead and one for each seg- 
ment to be illuminated. You select the 
desired segment manually (with a 
switch) or (as is more often the case) 
with a special driver IC that interprets 
data from a computer, calculator chip, 
etc., and then illuminates the proper 
segment(s). For example, the number 
3 can be created by applying a volt- 
age between the common lead and 
the leads to segments 1, 2, 3, 4, and 
5 shown In Figure 4. On many readout 
devices, there are also provisions for 
showing a period (decimal point), a 
colon (on clocks), and plus or minus 
signs. 

Most readouts that produce num- 
bers will also work for letters if a few 
compromises can be accepted. For 
example, in Figure 4 a capital Q won't 
work, nor will an X of either case, but 
a lower case q will. With only slightly 
more complexity, a readout with 
diagonal segments can be made 
which will allow something close to a 
capital Q and will differentiate between 
a zero (0) and a capital 0 by plac~ng 
a slash through the zero. It also allows 
creation of the letter X. 

-- 

A TO ALL ANODES 
1 

1 7 6  5 

CATHODE CONNECTIONS 

The common Fsegment LED readout can 
have a common anode connection and a 
connection to each individual cathode or it 
can be just the opposite, with all cathodes 
common. Other elements, such as a period, 
colon, or plus and minus symbols require 
additional LEDS and more connections. 

Measur~ng a voltage (or current) with 
a conventional analog meter is a rela- 
tively simple process - you apply the 
voltage through appropriate resistors 
to the meter terminals, and the pointer 
moves in response. Its resting position 
is read against a scale to indicate the 

58 Ham Rad~o/July 1989 



1 Low Pass Design 
The low-pass design of the AT-300 is 
what you would expect from a company 
where Engineering Makes the Differ- 
ence. The low-pass design of this AEA 
tuner means harmonic attenuation for 
lower TVI potential. This design also 
allows matching a much wider range of 
antenna impedances than the common 
high-pass designs. 

Larger Size 
One look at  the AT-300 lets you know 
this tuner is different, it's bigger. While 
some manufacturers promote the small 
size of their tuners. AEA knows that 
performance is most important. The 
simple reason for the larger size is that 
smaller sizes degrade the inductors' Q 
(Quality factor). which results in less 
efficiency. Less efficiency means that 
for a given power output from your 
transmitter, less power will actually get 
to your antenna. 

Easy Operation 
The AT-300 tuner features a precision 
frequency compensated dual- movement 
SWR meter for ease of tuning. The high 
and low power front panel switch selects 
the proper range for the SWR meter. The 
AT-300 is rated for 300 watt operation. 
The internal balun and front panel 
selector switch allows for balanced and 
unbalanced outputs. 

Get maximum performance from your 
transceiver and antenna by using the 
AT-300 antenna t~ lner  from AEA. See 
your local AEA dealer today or contact: 

Advanced Electronic 
Applications, Inc. 
P.O. Box C-2160 
Lynnwood. WA 98036 
206-775-7373 

AEA Retail $249.95 
Amateur Net $219.95 
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vert a given DC voltage Into a digital 
output signal. These ICs are called 
analog-to-digital converters, or ADCs. 
(There are also digital-to-analog con- 
verters, or DACs, that do just the oppo- 
site.) The quant~ty to be measured IS 

applied to the Input of the ADC IC, 
which prov~des a series of pulses at its 
output to represent a number for that 
particular Input. The LED dr~ver IC 
then interprets this string of pulses and 
determines which segments to illumi- 
nate. Figure 5 is a s~mple block d~a-  
gram of a dlgltal voltmeter uslng these 

A simplified block diagram of a digital voltmeter using 7-segment LED readouts. Multiple- 
readout panels can be found in many instruments including: frequency counters, clocks, 
calculators, watches, and many Amateur receivers. 

amplitude of the voltage being read. 
Dolng the same thing with an oscillo- 
scope (see last month's column) 
requires slightly more circuitry - 
power supplies, a sweep circu~t, and 
an ampl~fier to deflect the electron 
beam proportionately to the voltage 
being measured. 

A volt/ohmlmilliammeter which uses 

LED indicators is also more complex. 
but not mysterious enough to scare 
you away. The circuit to drive the seg- 
ments requires only low-voltage DC. 
like 5 or 12 volts, and current of a few 
milliamperes. However, these dr~ver clr- 
cuits requlre a d~gital input, and the 
quantities they are measuring are 
almost always DC (or analog). But th~s 

elements 
Uslng LEDs, you can reduce power 

consumpt~on when you have several 
dev~ces - l~ke f~ve or SIX readouts on 
a panel. By feed~ng the voltage to the 
LEDs In short pulses Instead of DC. 
you can reduce the average current 
consumed by 50 percent or more The 
trlck IS to make the pulses fast enough 
so that your eye doesn't know when 
the LEDs are off Th~s tralt, called vls- 
ual pers~stence, keeps you from see- 
Ing the 60-Hz fl~cker from dev~ces l~ke 
l~ght bulbs and TV screens 
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R-7000 Widespan Panadaptor 

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

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 17-386-4032 

9:00 am - 5:30 pm 
weekdays 

Weekends and evenlngs 
by appointment. 
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TRANSMITTING CONDENSERS 

16000 Series 
Another member ot the "Des~gned for 
appllcat~on" serles of transmlttlng varlable alr 
capacltors IS the 16000 serles wlth voltage ratlngs 
from 3KV to 13KV In slngle or dual sectlons 
Rlald. heavv channelled alum~num end frame 

and thlck round edge pol~s ibd Ceramlc supporting structure and 
~nsulator, brass nlckle plated hardware Constant Impedance, heavy 
current, mult~ple flnger rotor contact Prlces range between $50 and $80 
each Other styles and capacrtances are also available 

I YOUR INOUlRlES ON OTHER JAMES MILLEN PRODUCTS ARE WELCOMED 
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A SENSITIVE RF 
VOLTMETER 
Read RF levels 
down into the 
microvolts 

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

I f you ltke experlmentlng wlth receivers, you need a way 
to measure low-level RF slgnals Thls weekend project 
IS a voltmeter wlth microvolt sensltlvlty It covers a range 

o' 20 pV to 200 mV, or an 80-dB range You can use ~t to 
measure the output of RF and IF ampllflers. osc~llators crys- 
tal fllters, and measuring brldges. An external attenuatorl 2 

lets you read transmitter s~gnal sources, llke multlpller 
stages, mtxers, and ampltflers 

The bandwidth IS des~gned to cover from 05 MHz to over 
30 MHz. It's also useful for comparison readlngs up to 100 
MHz Overall, I flnd ~t a very useful Instrument to have on 
my construction bench 

Internal batterles supply the 20-mA current requtred at 
15 volts DG, and provlde ~solat~on from AC line nolsc The 
batterles also allow portable operation 

Circuit description 
The schemattc In Flgure 1 shows a peak-readlng dtode 

voltmeter drlven by two stages of ampllflcatlon I used a 
germanlum dlode 1N34A In the voltmeter clrcult because 
~t has a lower threshold voltage than the popular IN914 SIII- 
con "glass dtode" In many RF probe c~rcults Those RF 
probes are Intended for h~gher voltages than the undlstorted 
+_I volt or so ava~lable from the MC1350P ampl~fler output 

A 100-ccF capacitor provldes a falrly large t~me constant 
Th~s results In satisfactory meter damptng The llrnlted 
d~fferentlal output voltage coupled wlth an overdamped 
meter prevents a lot of hard "needle plnnlng" when you 
select an tncorrect range posltlon, or make other errors An 
SPST toggle sw~tch selects addltlonal serles reslstance Thrs 
X2 functlon glves some more overlap of the sensltlvlty 
ranges The reslstance values shown are correct for the 100- 
p A  meter I chose (1500-ohm ~nternal reslstance) 

- - 
OFF' 

Amplifier 
I selected the MC1350P ampllfler clrcult because it's Inex- 

penslve and avatlable from many sources You can also use 
another, newer verslon - the MC1590 Although the 
schematlc IS ~dentlcal, the MC1590 has a different set of 
pln asslgnrnerils, so take care ~f you make a substltutlon 

The MC1350P IS an RFllF ampllfler wlth a typtcal power 
gain of 40 dB, and a 60-dB AGC range It has dlfferent~al 
Input and output I used two stages In cascade The ftrst 
is drlven as a single-ended Input by bypassing the nega- 
tlve Input to ground The second stage IS operated In true 
dlfferent~al fashlon In the dlfferentlal mode, there IS an add- 
tlonal 6-dB galn and the avatlable undlstorted output swlng 
IS doubled 

Coupllng capac~tors of 4700 pF l~mlt the low-frequency 
response below 500 kHz I selected thts value lntentlonally 
to keep out audlo frequencies, lncludlng 60-Hz nolse 

A popular voltage regulator keeps the supply at exactly 
12 volts as the batterles wear down It also provldes a flxed 
voltage for the gain (AGC) control voltage dlvlders 

Voltage ranges 
The MC1350P ampllfter galn IS controlled by applytng 

a posltlve potent~al between 5 and 7 volts to pln no 5 As 
the potentla1 Increases, the galn IS reduced When two 
stages are cascaded. ~t 's important to decrease the galn 
of the flrst stage further Thls prevents the flrst stage from 
overdr~vlng the Input of the second one The appllcatlon 
note3 recommends serles reststors of 5 1 k for the flrst stage 
and 70 k for the second one 

Actual full-scale voltage ranges are set by carefully select- 
Ing reslstor values for the voltage dlvtders whlch feed these 
serles reststors I chose ranges of 100 mV. 10 mV, 1 mV, and 
100 pV The rcststor values I used are shown on the 
schematlc These may vary somewhat based on the actual 
MC1350P parts used, as well as the meter rnternal rests- 



Schematic of the RF voltmeter. 

tance. The values shown are good starting points for the 
calibration described later in the article. 

Input impedance is set by the 1-k resistor at the input con- 
nector. This is the largest value you may use if you want 
to have an unconditionally stable amplifier. You can reduce 
this to 50 ohms if you intend to use th~s voltmeter in 50- 
ohm systems only. I prefer the 1-k value; I shunt it with a 
51-ohm resistor for 50-ohm systems, or a 240-ohm resistor 
for my 200-ohm crystal filters. 

Construction 
With the high gain and low signal levels present, I wanted 

no problems with instability. Consequently, I built the circuit 
on a 2" x 4" single-slded copper-clad board. Mount the 
components on the copper side and make ground conrlec- 
tionsdirectly to the copper ground plane, with essent~ally zero 
length ground connections. Pass component leads wtilch 
don't connect to ground through a hole in the circu~t board, 
countersunk on the copper side to form a clearance. Conriect 
them on the bottom side as directly as poss~ble. Usually the 
component lead will be long enough to reach ~ts destination. 
Use short pieces of no. 30 gauge insulated wire to complete 
the connections in places where you need additional length. 

A hole location diagram and component placement sketch 
are shown in Figures 2 and 3. 

Next, mount the circuit board on the bottom of a metal 
case. Use two 4-40 sheet metal nuts as spacers on each 
of the mounting screws. This sandwiches the interconnec- 
tion wires effectively between two ground planes, preventing 
coupling between wires which are about 114" apart. It also 
shields the components from the ~nterconnection wires. As 
a result of the efforts I put into shielding and the care I took 
with the input impedance, I have never observed any insta- 
bility or oscillation - even on the most sensitive range. 

There is room inside the case for the battery holder. Hold 
~t in place by clamping ~t to the bottom with a 3-118" length 
of 112" aluminum angle stock and two screws. Mount the 
meter and switches on the front panel. Add a BNC coax 
connector to the rear panel directly over the input connec- 
tion to the circuit board. Use dry transfer lettering covered 
with clear acrylic to mark the sw~tch positions. See Photo 
A for details. 

Calibration 
I used the bootstrap procedure for calibration descr~bed 

by H a y ~ a r d . ~  But I used a 200-ohm system; that is, I sol- 
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HOLE PAT TERN - ACTUAL S IZE  

COUNTERSINK HOLE 0.12' DIAMETER 
COMPONENT 

Component mounting and actual size hole pattern guides. 

Component location diagram. 

BNC IN 

870O ,r7oo- 

0 -4700- T Y_ETER 

GND lJk 1 
l & A  
2 a: ", h.  

4 7k 

' 60 ? 

0- HOLE NOT COUNTERSUNK IGROUND CONNEClfON) 

AGC I GNI 

I 
7k 

SWITCH 

12-volt pos~tive regulator - JimPak 
Cabinet 2-3/8" x 6-3/16" x 5-7/8" - Ten-Tec 
Battery holder for ten AA slze - Caltronics 
0 to 100 microampere meter - GC Electronics 
SPST mlniature toggle swltch 
Rotary switch 2 pole. 6 position 
Panel mount BNC connector 
Batteries - AA size 
2" x 4" single-sided clrcult board 
IF amplifier 
Diode - Radlo Shack 276-1123 
Disc ceramic 

3 10-1,F 
2 2.2-,<F 
1 100-,cF 
2 220 ohm 
4 470 ohm 
2 1000 ohm 
32 .2k  
24.7k 
15.1 k 
1 lOk 

Electrolytrc. 50 volts 
Electrolytrc, 50 volts 
Electrolytic, 20 volts 
1/4 watt 
1/4 watt 
1/2 watt 
1/4 watt 
1/4 watt 
1/4 watt 
1/4 watt 
Dry transfer letters - Datak Carp K59B 
Spray lacquer - Sherwin Willlams 14-0969 



WHAT'S THE BIGGEST 
ISSUE IN HAM TV TODAY? 

' THE NEXT ISSUE OF 
AMATEUR TELEVISION 

QUARTERLY 

ACCURATE reporting 
TECHNICAL information 
VALUABLE content 
QUALITY production 

SUBSCRIPTIONS: 
1 Year $15 US., $20 Canada, $25 Elsewhere 

1545 Lee Street, Suite 73 
Des Plaines, Illinois 60018 

(312) 298-2269 

WGSAI BOOKS 
published by Bill Orr, W6SAI and Stu Cowan, WPLX 
BEAM ANTENNA HANDBOOK 
Completely rev~sed and updated wrth the latest computer generated information on 
BEAM Antenna deslgn. Covers HF and Yagls and 10. 18 and 24 MHz WARC bands. 
Eve thln you need to know 204 ~llustrations. 268 pages. (c 1985. Revised 1st ed~tion. R%-~a Soflbound $11.95 

ALL ABOUT VERTICAL ANTENNAS 
Theory, cles~gn, constructlon, operation-are fully covered. Here's what this exciting 
book covers Horizontal vrs vert~cal-which 1s besl? Top loaded and helical antennas. 
5 h~gh  eff~c~ency Marcon1 antennas for 80 and 160, vertlcals and TVI-Is there a 
problem? The effects of ground on vertlcal antennas and a how to make an etfectlve 
ground system, the Bobtall beam, constructlon data for 25 d~fferent antennas, match~ng 
crrcurts of all descrrptrons-wh~ch IS best. plus P-L-E-N-1-Y morel 1st edit~on. 192 
pages ', 1986 

RP-VA Sonbound 510.95 

RADIO HANDBOOK 23rd Edition 
Here are some of the h~ghl~ghts of th~s  exciting new edition: New easy-to-use 
charts for Chebyshev and ell~ptlc tllter configurations, new data on power MOS- 
FETS, how to use state-of-the-art OP-AMPS, and home computer RlTY to name 
lust a few examples New projects Include GaAsFET preamps tor 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 amplif~er w ~ t h  the 
3CX1200A7 tube New antenna projects ~nclude: etflcient Marcon1 des~gn for 160 
and 80 meters, computer generated d~mensions for HF-Yag~s, and a 2 meter slot 
beam Get your copy today 23 edrtion 5 h  1986 
I 122424 (Reg. $29.95) Hardbound 528.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers vertlcals, long wlres, beams as well as plenty 
of other ~nterest~ng des~gns It Includes an honest ludgement of galn figures. 
how to slte your antenna for the best performance. a look at the Yagl-Ouad con- 
troversy, baluns, slopers, and delta loops. Pract~cal antenna projects that work1 
190 pages 1978 1st ed~tion 

RP-AH Sonbound $11.95 
Please enclose $3.75 for shlpping and handling. 
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New From 

ORION 

I ¤ JE ROTATOR! 
OR-2300 (Prototype shown) 

Introducing a new generation in rotators1 
Orion's intense research and development has 
produced a rotator for today and into the 
Twenty First Century. 

HIGH PERFORMANCE FEATURES 

Proven W o r m  Gear Dr ive 
Compact-Fits Popular Towers 
Flex-Mount 
Built-In Thrust Bearing 
Massive Mas t  Clamps 
Standard Hole Pattern 
Sel f -center ing Guide 
Stainless Steel Hardware 
M a d e  In  U.S.A. 
1 Year Warranty 
35  Square Feet 
Easy Reading Cont ro l  Box 

AND MORE! 

For More Details Contact Your 
Local Dealer Or Orion 

(Available Mid Summer) 

e ORION 
BUS1 NESS 

INTERNATIONAL, INC. - - -- 
TM 

P.O. Box 9577 Canoga Park, CA 91309 U.S.A 
Tel: (818) 888-4927 Fax: (818) 888-51 12 Telex: 697-4899 
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ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 

New I~.orti IC 781 i I ,,I<., .2.,,ll l(*(l 

Kenwod TH215A TH25AT lr,j<tr> , i t  y ( ~ i l r  old HT 
TS440 SIAT Call 

V .  . , . ' 1 - 1 8 !  Call lor Irade 
1,. .. ,,+,,,r,,t i m  ;. 1:. .... I . . .  Call 

449 00 
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L;irscn 2 meler on glass 
Ailleco ?M 51R. M;aq Mnt~nl Conlr 
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Tnorisantls ol pand rrirlers 
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Arf-.la SWH Rr~dqe 3 30 MHI 
83 ISP PL259 S~lverplale (Arnghenoll 
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I ,!\I 

Zfi!)', 00 
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49 95 
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40 00 

Cdll 
3 95 1rr1 CAI I 

Call 
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1095 
1 50 
3 50 

R2 702 1006 N Male (99 131 3 50 
Dout~le Fenlate UHI  1 00 
lJGl76 RGBX each 40 
S~iry,l~rs EIl,ow PI 759 SO239 e:!l:li $ I  
Rrrrlvtnq lut)es50 90"'n olf 11Sl PrCe Call 
Sanlec Room MikriHe.xkel (Ills ICOMl 20 00 
STLJPH 
RF Amp Meters $1 5 lo $30 each 
75 pFIIOKV Doorknobcap 5 00 
Throat Mlke (flew nlll alrylll~s) 5 00 
ANRt-1 1 600 !I tieedphon~5 (new m8l ~urplus) 5 00 
NPW Demo Unrls lor Sale 
Kenwood R 5000 84'1 M) 

USED EQUIPMENT 
AII , ~ l ~ j , ~ ~ n l ~ r , i  , P , P ~  clran W I I ~  90 day warranty and 30 
(I,+" trlat SIX rnonlhs lull lrade aq.11rrsl new ellll,Prnml Sale 
F V ~ C P  relunrled 11 riot sal~sl~ed 

(ROO) 231 3057 
POLICIES 
M~nlmtjrr,ortler $10 00 Mastercard VISA of C 0 D All Ilrlces 
FOR HOLISIO~>. PICPPI asni)led P f c w s a ~ b ~ , l  Iocha11q~ w1l110111 
IKIIICE l ternsst~t~~11opr~or sale Callanyl~mcloctlrr'kll~r?sIa111S 
nl vol ~r order Terns resldenls add salcs lax All ~lems 1~111 lac .. ,-.. .. -~ 
lory warranly ph~s Mndc5on warrdnly 
Blrd and Belden producta In stock. Call today. 

1500 + WATT TRANSMATCH KIT $169.95 OTHER KITS 
G3RUH.  P S K  Packe t  M o d e m .  S a t e l l ~ t e  

a n d  Ter res t r ia l .  . . . . . . . . . . . . . . . . . . . . . .  $1 11.00 

. . . . . . . . . . . . . . . . . . . . . . . .  
G3RUH.  O S C A R  13  T e l e m e t r y  

D e m o d u l a t o r  $144.95 
Q R P  20. 5w. 2 0  m e t e r  T r a n s c e ~ v e r  ( H R  1189).$124.95 
W l  F B  160180 P r e  A m p  (QST 8188) . . . . . . . . .  $19.95 
K 9 C W  M e m o r y  C o n t e s t  K e y e r .  . . . . . . . .  .$109.00 
Y a e s u  FRG.9600, .1  t o  6 0  M H z  C o n v e r t e r .  . .  3 9 4 . 9 5  
2 0 m  C W .  1 5 w  T r a n s c e ~ v e r  ( H  R .  6187). . . .  .$159.95 

KIT-'NDIVIDUAL ITEMS 5 0 W  7 5 M  S S B  S C V R .  . . . . . . . . . . . . . .  $199 9 5  . . . . . . . . . . . .  1 ro ta ry  ~ n d u c t o r  28ph.  $59.00 ~~~t~~~ w i r e d  
. 6:1 drives. . . . . . . . . . . . . .  .$9 O0 ea. A - n p  Supp ly lAmer t t ron /TenTec  P r o d u c t s . .  . .  . C A L L  

. . . . . . . . . .  . 1 0-100 t u r n s  c o u n t e r .  .$65.75 
1 . t u r n s c o u n t e r ,  e c o n o m y  (Groth) .  . .$19.95 

. . . . . . . . . . . . . . .  B R W  PT.2500A A m p .  $1.670.00 

2 - v a r i a b l e  c a p a c i t o r s  B R W  V S  1500A T u n e r . .  . . . . . . . . . . .  .$388.00 
25.245 pf 4500  v .  . . . . . . . . . . .  $44.00 ea.  Ne l .Tech  DVK.100A ( F r e e  Repeat  Option). $249 0 0  

. . . . . . . .  
OPTIONS- 

Ten-Tec C o m p l e t e  P r o d u c t  L t n e . .  . C A L L  

e n c l o s u r e  ( p ~ c t u r e d  I n  Sep t  8 6  C0).$64.00 RADIO KIT P.0. BOX 973 Shipping Extra 

. . . . . . . . . . . . . . . . .  4.1 b a l u n  k i t .  .$22 5 0  Pelham. N H  03076 (603)635.2235 calaIoesl.oo 

dials, terminals, chassis, ceramic slandotts, hardware, toroids, amp components, BbW coil stock, atc. VISA'MasterCard 
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ATTENUATOR 
1.5V 
BATTERY 

0-50pA 
SMALL VOM 
MGC 23-104 

Calibration circuit schematic. 

Circuit board detalls. 

dered a 240-ohm resistor in parallel with the 1-k input resis- 
tor. Using the simple circuit in Figure 4, 1 found that a 0.36- 
volt DC signal (step attenuator in the 12-dB position) read 
30 mA on the meter. Then I injected RF from my 8-MHz 
oscillator into the same circuit, and read 36 mA w~th the 
attenuator in the 0-dB position. 

lpcrrk = 36/30 x 0.36~ = 0.432~ 
The signal is 43214 = 108 mV in the 12-dB position. I 

used this signal to calibrate the 100-mV scale. That is, I 
increased the resistor values for R1 until the meter read 108 
mV. Then 1 connected a number of fixed resistors in series, 
and soldered them in place. 

Next, I increased the signal level by adjusting the volt- 
age on my oscillator circu~t until it read 100 mV with the 
attenuator in the 20-dB position. I switched the attenuator 
to the 40-dB position and the voltmeter to the 10-mV range. 
I selected resistors for R2 for a full-scale reading on this 
range. I performed this procedure two more times until all 
ranges were calibrated, but with error accumulation at each 
step. 

Other uses 
This meter has many uses around the shack besides 

reading low-level RF signals. Is that new oscillator circu~t 

oscillating? Just connect a few turns of wlre at the end of 
a coax, and connect the other end to the meter. Hold the 
loop near the oscillator circuit for a quick check for RE Can't 
hear that crystal calibrator? Is it worklng? Hook ~ts output 
to the RF voltmeter and see. What's the slgnal level on your 
TV cable? Mine reads 600 pV with a 200-ohm load before 
it's split two ways going to my two television receivers. A 
paper clip inserted in the BNC jack is enough of an antenna 
to pick up the signal from my grid-dip meter when it's 
several inches away. 

Next to my frequency counter, this is the most useful 
homebrew project I've ever built. Try one for your next week- 
end project. 

dBChart Many Amateurs haved~tf~culty converting from m~ll~volts 
to dBm power f~gures Remember that 0dBm IS usually meant to 
represent a power of 1 mW 1ntoa5O-ohm load Seethechart below 
for rap~d conversion fromoneset of un~tsto the other (for 50 ohm 
systems) 

The numbers below show the approx~mate rangesof th~s meter 
and the (more accurate and Ilnear) one descr~bed by G4COL 

Power Mill~volts 
dBm milliwatts RMS peak 

G4COCs meter 
20 100 2240 3170 
10 10 707 1000 
0 1 224 317 

- 10 0 1 70 7 100 

N2DCH's meter 
- 10 0 1 70 7 100 
- 20 0 01 2 2 4  3 1 7  
- 30 0 001 7 0 7  10 
- 40 0 0001 224  3 1 7  
- 50 0 00001 0 707 1 0 
- 60 0 00000 1 0224 0317  
- 70 0 0000001 0071 ' 0 1 0 0  
- 80 0 00000001 0 022 0 032 
- 90 0 000000001 0007 0010 

REFERENCES 
1 John P,vrichny NZDCU Hlqh I rnp~dan~r  Rolary SIP[) AIlerl~310r Harn Radro February 19R9 
paqe 24 
2 RohShrinr,r WA0VZOanrlPaulK Pac~rl N l F R  A S I ~ r i A l t ~ r i ~ m l o r Y o u C ; ~ r ~ R ~ r ~ l r l  OST Srlllpm 

4 WpsH.tyw,+rrl W7701 Drl~n~nqandMrast~r~nqH~cr~ver Uvrlarnrc R a n q r  0.51 July 1975 paqe 
15 
5 Inn Rra~lhwaile G4COL Ar l  AF Vollrneler.' Ham Radprl November 1987 naqe65 

Cam letewlh I R i i  Dkoratuwhf leteul~neB a1 'rarstmrcm 
mgunlnq hooks. IIW, and sUC(M CUP 131 w.talla!.Gn aw.hhere 

Work all bands 40.10 wl $ 1 9 9 5  80-meter 1695  
15' indoor antenna .< I:.II Add.on 

Antennns Itlest I<.,\ urn: p,,,., 1mNNh1-373-8425 I! 
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A HIGH- 
PERFORMANCE 
2-METER TRANSVERTER 

Modular approach 
makes construction 
and modification easy 

By Bob Lombard;, WB4EHS, 1874 Palmer Drive, 
Melbourne, Florida 32935 

I t seems that many VHFIUHF enthusiasts say they became 
interested in this part of the spectrum after having worked 
just about all of the DX available on HE This wasn't thecase 

for me. The possibilitiesof 2-meter operation appealed to me 
on their own merits. There is OSCAR, moonbounce, meteor 
scatter, SSB, CW, and a host of propagation modes to explore. 

My interest in these modes of communication led me to 
review their requirernents. I realized that commercial rigsavail- 
able at the time didn't have the two main features I was look- 
ing for - a low noise figure and a selectable CW filter. Like 
many before me, I decided to build a transverter for my HF rig. 
These were my design goals: 

low noise figure, in keeping with the state of the art; 
output power in the range of 5 watts, with excellent linear- 
ity (third-order IMD at least 30 dB down); 
good rejection of a nearby NOAA weather radio relay (at 
least 40 dB down); 
moderate gain (enough to overcome the front end noise 
of the HF rig); 
good dynamic range. 

I adopted a modular design approach advocated by Joe 
Reisert, WIJR, and others. I l~ke thisdesign because it gives 
me the ability to get sections working and tied together 
quickly. This, in turn, makes the project seem less like a con- 
stant uphill battle. Also, the modular method with its replace- 
ablesections isagreat benefit when you come up with a bet- 
ter design. The block diagram of the transverter appears in 
Figure 1. 

Receive strip 
The receive side input (Figure 2) is a GaAsFET low-noise 

amplifier (LNA) that uses a circuit similar to Reisert'sl and to 
those in general FET applications notes. The device is a sin- 
gle gate MGF-1402 made by Mitsubishi; it's available from 
several sources.* The 10-k resistor on the input bleeds off static 
buildup. Any value around 10 k will work, as long as you use 
a carbon composition resistor. (I had a persistent and elusive 
oscillation; it wascaused by the metal film resistor I was using!) 
I used diodesaround the regulator to protect against regula- 
tor latch-up or inductive spikesfrom the TIR relay. The ampli- 
fier had a noise figure of under 0.75 dB and a gain of 23 dB, 
as measured on an Ailtech noise figure meter and HP network 
analyzer. 

The filter (shown in Figure 3) was described in an earlier arti- 
cle.2 I wanted the filter to be narrowband enough to pass all 
4 MHz of the band, and still provide over 40 dB of rejection 
at 162.55 MHz. It provides nearly 55 dB, at acost of about 5 
dB of insertion loss. At this point, however, there was gain to 
burn to meet the design goals of about 10 dB of gain in the 
complete transverter. 

A 116-MHz overtone crystal oscillator provides the LO func- 
tion for both sides of the transverter (Figure 4). The oscillator 
is acommon base design, largely based on Reisert.3The out- 
put was measured at +13 dBm, allowing the useof atwo-way 
power splitter to provide LO to both mixers. 

The receive mixer isa Mini-Circuits SRA-1000 (see Figure 
5). It is essentially the same as their SRA-1 in this application. 
The IF output goes into a diplexer and 24 to 34-MHz band- 
pass filter. In band, the diplexer (the parallel-resonant circuit 
and 51-ohm resistor) presents an open circuit, and no signal 
flows in the resistor. As the frequency changes the reactive 
components tend to short out the tank circuit, allowing signal 
to flow into the termination and to ground. The mixer sees the 
51-ohm resistor at these frequencies. 

The receiver input stage is largely responsible for determ~n- 
ing the system noisefigure, and the noise figure isdegraded 
by any losses in front of it. If you're new to the field of low-noise 
design, thisexplains what must seem like the unconventional 
design of the transverter; i.e., the amplifier ahead of the filter. 
(This is a common design technique in microwave receiver 

'See parts sources at the end of the artlcle Ed 
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I RF AMP BP FILTER 

L P FILTER PA DRIVERS PRE-OR1 VERS 

BP FILTER 

P T T  

Block diagram of the complete transverter. 

N/C 
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CI = 5pF JOHANNSEN PISTON TRIMMER 

L 1 = 8 TURNS #20 3/8 0.0. AIR WNO. 

T1 = ST BlFlLAR #34 ON F T - 2 3 - 6 3  

SOURCE 2 

-0.01 

+ l Z V  A - 
S Wl TCH Tr IN 

N/O 

+24V +12V +12 V 

- 

Schematic of the receive input RF amplifier. 

MIXER 

design, likeTVROs.)To minimize theeffectsof losses in front predominates. While this maybe true, my idea all along was 
of the amp, I used foam-flex (hardline) coax as the feedline, that receiver noise shouldn't be a limiting factor if I wanted to 
with short flexible jumpers of RG-2141U where required. swing my antenna sup for OSCAR - or anything else I might 

Other hams have told me on the air that my low noise fig- try. When you add that to the high intercept point of theGaAs- 
ure is unnecessary in 2-meter SSB because ground noise FET front end, and the resulting improvement in dynamic 

RCV OUT - 

MIXERS 

Ham Rad~o/July 1989 69 



ALL COILS COILCRAFT 7-113 1 I/.? TURNS 68nH WITHOUT SLUGS 
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COUPLING CAPS 0.25 - 2 5 p F  TEFLON TRIMMERS 

Details of the BP (bandpass) filter on the receive line. 
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Receive and transmit mixer schematic. 
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MWA-130 MWA-130 
( 0 2 5 - 2 . 5 p F )  
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68nH 
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Transmit predriver schematic. 

'," 0 0 0 1  
L l  = 3 TURNS #16 1 / 4  ,n I 0  - 0 + 1 2 v  

LZ -- 4 TURNS # I 8  3/16 rn I 0  1 5 k  

L 3  = 4 TURNS # I 8  I / l  rn I D - ,62n I 
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CONTACT WITH 2 N 3 5 5 3  62 52 
1W 5- U O ~ F  
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1 RFCl 

: : 5 6 k  I 

2N5109 0 

RF IN 9-35 L l  470 
\ I  A 
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Driver chain schematic. RFC 1-4 = 4 turns of no. 20 wire through a two-hole ferrite balun. Amidon no. BLN 43-2402. 

range, the GaAsFlfT still seems the most logical choice. all of the signal lost in the conversion, provide enough filter- 
My initial test of the receive side yielded good results. While Ing to remove significant power on the imagefrequency, and 

conducting tests with WA4GHK (15 miles south), it waseasy reduce LO feedthrough. I used MWA-130 amplifiers, modu- 
tocopy K4DZP in Miami (over 160 milessouth) - despite my lar 50-ohm in-and-out devices in TO-5cans, because they are 
makeshift indoor antenna! easy to use and were available on a surplus board that I 

Transmit chain 
The transmit portion of the transverter presents itsown prob- 

lems; the biggest is linearity. A rule of thumb for diode ring 
mixers(like theSBL-1 used here) isto have the input signal at 
least 10 dB below the LO for best linearity (see Figure 5). 
Because one of rriy design goals was to achieve very good 
linearity from the transmitter, the first thing I did was pad the 
input drive (+3 dBm) from my HF rig. The resulting level was 
about -7 dBm, 14 dB lower than the LO drive. Since all the 
pads were made with the closest value resistors, and the mixer 
Itself contributes loss, I measured the conversion loss of the 
transmit mixer. It was 17.7 dB. 

The pre-driver stage in Figure 6 is suppposed to recover 

scavenged. The power out at this point is 4 mW (+6 dBm). 
The actual drivers are two transistors, a 2N5109 and a 

2N3553 (see Figure 7). The first device is a well-known VHF 
linear transistor; the second isa28-volt, TO-5 can devicecapa- 
ble of 2 watts if run class C. This was originally to have been 
a three-transistor strip with 1 watt out from a third 2N3553, but 
I was never able to get them to more than 500 mW and still 
remain linear with a 12-volt supply. I tried many variations of 
bias circuits, matchtng networks, and pc layouts. The two- 
device strip I settled on produces 18 dB of gain, or about 250 
mW out. 

The final amp is a Motorola MRF-134 TMOS powerFETthat 
delivers just over 4 wattsout and a clean, linear signal (third- 
order intermod down just over 30 dB). See Figure 8for details. 
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New from ARRL 
Following the hard-cover style of Transmission 

Line Transformers, and Yagi Antenna Design, 
Antenna Impedance Matching is written with the 
advanced amateur, antenna design engineer and tech- 
nician in mind, but even if  you don't have any special 
expertise you'll be able to develop very sophisticated 
systems. This is probably the most comprehensive 
book ever written on the use of Smith ChartsT" in 
solving impedance matching problems. This 224-page 
book is of importance to those who want to maximize 
antenna effectiveness. A properly matched antenna as 
the termination for a line minimizes feedline losses, 
and power can be fed to such a line without the need 
for a matching network at the line input. Antenna 
Impedance Matching is a "must" for the antenna 
designer and serious amateur. The price is $15, please 
add $3.50 for shipping and handling. 

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 $1 85 payment (visalmc 
accepted) to: 

BUCKMASTER 
BUCKMASTER PUBLISHING 

Route 3. Box 56 
Mlneral, Virginla 231 17 

7031894-5777 vlsalrnc 8001282-5628 
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Fmq. 1 d~ 
R . ~ e h  Range N.F. Qaln Comp. Dorb 
Only (MHz) (dB) (dB) (d8m) Type Prlco 
P28VD 28.30 c1.1 15 0 DGFET 
PWVD 50.54 c1.3 15 0 DGFET 
PWVDG 50.54 <0.5 24 +12 GaAsFET 
P144VD 144-148 c1.5 15 0 DGFET 
P144VDA 144-148 ~ 1 . 0  15 0 DG F ET 
P144VDG 144-148 c0.5 24 +12 GaAsFET 
P220VD 220-225 ~ 1 . 8  15 0 DGFET 
P220VDA 220-225 < 1 2  15 0 DGFET 
P220VDG 220.225 ~ 0 . 5  20 + 12 GaAsFET 
P432VD 420-450 < 1.8 15 -20 Bipolar 
P432VDA 420450 c l  17 -20 Bipolar 
P432VDG 420450 c0.5 16 +12 GaAsFET 

Inllne If l  rrritchmfl 

SP28VD 
SP50VD 
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SP144VDA 
SP144VDG 
SP220VD 
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SP220VDG 
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SP432VDG 
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DGFET 

GaAsFET 
DGFET 
DGF ET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Bloolar 
 polar 

GaAsFET 
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w ~ t h  transceivers) an8hand1e 25 watts transmiter power. Mount inline reampllflars brtween transceiver 
and power ampllfler for hlgh power eppllcatlons. Other amateur, commerclafand s clal mampllllem available 

In the 1-1000 MHz range. Kasernclude $2 ah1 ping In 
U.S. and Canada. Connectlcut rssldents a d t  T . ' l z %  

Rdvanced sales tax. C.O.D. orders add 12. Alr mall to foreign coun. 
trles add 10%. Order your ARR Rx only or Inllna 

Rece iver  preampllller today and start hearing Ilks never before! 

Research 
Box 1242 Burlington, CT 06013 
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antennexo 
"The Magazine For Antenna Experimenters" 

IF YOU - 
*Have a lousy mobile signal on all bands? 
Need an inexpensive beam for 10 meters? 
Unsure about using vert vs horiz antenna? 

*Need a low noise antenna for 160 meters? 
Want to design an antenna just for you? 

*Need a program for design and plotting? 
*Need to solva a unique problem? 
-Know the best antenna for hamsats,etc.? 
*Need a disguised mobile antenna? 
-Want a cheap automatic coupler system? 
*Just want to learn more about antennas? 

THEN SUBSCRIBE TO - antenneX0 
12 MONTHLY ISSUES is only $1 1.97 for 
USA and possessions. $17.00 foreign. 

antennexo 
PO. B o x  8995 Dept 19 

Corpus Christi, TX 78412 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

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

too old or new for us. 

4033 Brownsville Road 
Trevose, Pa. 19047 - 2 1 5-357-1 400 

m 
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Final amplifier using an MRF-134. 

All design decisions are tradeoffs. For example, using the 
MRF-134 created the need for a small 24-volt supply - but 
I gained advantages rn other areas. First, the FET is guaran- 
teed to deliver rated power into a 30:1 VSWR at any phase 
angle(no delicate device here!); second, it'scapable of more 
gain in one package than a bipolar; and last, ~t worked the first 
time I tried it - a very enjoyable experience after my trials and 
tribulations with the '3553s. 

Thecircuit is taken largely from the Motorola RF Data Book 
applications note.4 Component changes are based on avail- 
ability and personal preferences. In any RF power amplifier 
it's essential to keep the ground leads of the device as close 
as possible to ground on the board. I connected top and bot- 
tom foil with a strip of copper shim stock at the point where 
the source leads leave the device package. The FET itself is 
on an extremely overrated heat sink; after extended key down 
periods everything remains at ambient temperature. 

Theoutputfilter in Figure9 isan elliptical low-passdesign. 
The two parallel resonant circuits are tuned to 313 and 487 
MHz with a grid-dip meter; the other caps are adjusted for 
minimum insertion loss while you watch output power on a 
wattmeter. My version had a measured insertion lossof under 
0.2 dB. 

I used asimple comparator on the PTT llne from the HF rlg 
to do the TIR switching (see Figure 10). The relay is DPDT It 
switches 12 and 24 volts to the transmit amplifiersand 12 volts 
to the antenna relay (a Dow-Key relay I plcked up at a local 
hamfest). The relay prov~des over 40 dB of isolation during 
transmit; theGaAsFETsees -4dBm, well within itscapabili- 
ties. (I leave it powered on continuously.) This relay should be 
adequate at power levels of up to 100 watts. 

Construction and alignment 
This is a sophisticated project and you'll need building 

experience. If you've had experience with other RF circuitry, 
you'll find it presentsfew special challenges. I used pc boards 

65n H 55nH 

T 
1.6 4.7 
w 
9 I 

m /h m 
I BOTH COILS WOUND AS 2 TURNS X I 8  0.310 in 1.D. 

Schematic of the transmit LPF (low pass filter). 

for the GaAsFET RF amplifier, filters, and all transmit stages. 
The LO, mixers, and theTIR switching boardsare built "dead 
bug" style; they function quite well that way. If you are an 
experienced builder who uses point-to-point techniques at 
these frequencies, you may want to use that method. I used 
SMAconnectorson small-diameter coax (RG-188) for signal 
interconnects. You may prefer to use BNCs. Likewise, I used 
pc board material for housing circuits- you may prefercom- 
mercially made enclosures. 

I've already mentioned the need to keep grounds short on 
the final amplifier; the same holds true for the driver stages. 
This is the strongest argument for using pc boards for these 
stages. The emitters of the driver transistors are grounded 
Immediately, with minimal lead length. 

There are no "peculiarities" of alignment. Align the filters 
separately, tuning them asdesired. It's best toalign the trans- 
mit stages with a spectrum analyzer. Tune the driversfor best 
output while observing third-order intermod. This will not 
occur at maximum power out. The same applies to the final 
amplifier. 

Ideally, the GaAsFET should be aligned with noise figure 
instrumentation. If that isn't available, tune for maximum noise 
level by ear, and then detune slightly. The optimum noisefig- 
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TO TR RELAY 
DRIVERS 

+12v  + 1 2 v  TO PA + PREDRIVERS 

PTT LOW -1 l k  
IN4148 

ACTIVATE 

10k 

TO LO. 8 RF 
T R  SWITCH 

+24V + l t V  

AMP. 

TIR switch schematic. 

ure match isn't far from max gain, but that's about as quan- 
titative as I can get. 

Performance 
On-the-air results have been good. I actually used the trans- 

verter for quite a while at the 250-mW level, and surprised 
myself by working most of peninsular Florida. I made some 
of my best contacts with an indoor antenna and the pleces of 
my project spread across my desk. Moving up to 4 watts put 
me within 3 dB of the mainstream of off-the-shelf 2-meter SSB 
rigs (that's about half of one S-unit), and to a level that could 
be used with commercial amplifiers. It also netted mecontacts 
w~th five southeastern states using a small antenna at rooftop 
height. 

I'd like to thank Jim Hagan, WA4GHK, for his part in thecon- 
ceptual design of this circuit and for helping me with on-the. 
air tests. 

Parts sources 

D I~ I -Key  
701 Brooks Avenue South. PO Box 677. 
Th~el R~ver Falls M~nnesola 56701-0677 
A broad l ~ n e  ol passives, sem~corirluctors and tools 

Mln~-C~rcoi ls 
PO Box 350166, Brooklyn. New York 11235 0003 
M~xers spl~tters, hybr~ds. elc . wltl sell to ~ndlvlduats 

Am~don  Assoc~ates 
12033 Otsego Streel, North Hollywood Cal~forn~a 91607 
Toro~ds. Ierrlles. ~nduc l~ve  components 

Cornmun~cal~ons Concepts Inc 
121 Brown Street. Dayton. Ohlo 45402 
RF parts and kits, hard to~flnd lrlrnmers. chip caps. Irans~slors. ATV parts 

RF Parts 
1320 Grand Avenue. San Marcos. Cal~forn~a 92069 
RF power dev~ces. GaAsFETS. and many other lranslstors 

REFERENCES 
1 JoeRn~wrl, WIJR Low NolseGakFET Technoloqv HdrnRarlro Decrlnltrr 1!384 11;iq*r;~4'l 112 
2 Boh Lnmt)nrd~ WRJEHS Butid Narrowhnnti Filters Ham R,lrl,o March 7 8 6  paqcs 10 ?1 
3 JoeRrlserl WtJR Hlqti r)yn;~m,c Rnnqr on 2 Molprs Ham R~I~II' Nrrw?mtvr 1qHS uaijec. 54 64  
4 Techntcal Slat1 rcl Molorola RF Device Dala Book A~~zon;l 1986 
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LOGWRITE'" 
Rrtna wur stnlmn tnlo thr compulcr nge w ~ l h  LOGWRITE. 
lhc m n u  drtwh w r  f r ~ n d l y  L,uinl progmm wlllm Lv Fd 
Trot lNcl l \ ' l  LOGWRITE a Ih prrfert m u o r v  lo, the 
mmpktc hnm stalwn I! rompl$lu~ your operaaton and 88rrr 
vnu Ihr mmplll8w cd(r tn mnlclltng and D\ tna LOGWRITE 
w n r b  wlh a l l  IH\I  1'1"s and o,slrolthln 

UH.WRITEI unqw splol wren leelure a l k w  for lvmul 
tsneom k,p.#,ng and tell pnxn*m# 1 op.#tn# lcalurn vrl* 

Instant call slgn or prefix search 
- Pr~nt Ed11 or Vmw records 
- Plmty ol room lor noles 8 addresses 
- Aulomatlc llrneldate starnplng 

T m  p m n r n r  fc*lurrs eulnmalr unrd wap kl.prc mr 
tcct rind rrollnna lhrnv awn, w v r  pm and paper1 

To order vout c o p  of LOGWRITL rompkle -9th ~lalruomn 
manual lcnd S 2 4 V l  lPn rnndcntl add I 1  Vl  wks lax) lo 

Aemgpace Conculliny 
PO. Rcn 5% Ilurkin~ham. PA IR912 

(215) .US-71lU 

01 -11 I IIUXII 14q 41% cxt % I  In ordcr rtlh Vnn M w c r  
i mrd { P k a c  specnfr 1 % o r  % 2 %  tnch fbppv I 
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MODEL 
SG-100F 

MADE IN 
USA 

5429 95 
delivered 

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

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

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

VANGUARDLABS 
196-23 Jamaica Ave.. Hollis. NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 
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Joseph J. Car6 K41PV 

MORE DIGITALLY 
GENERATED SAW- 
TOOTH, PLUS- 
TRIANGLE WAVES 
I've dealt with methods for generating 
sawtooth waveforms, and discussed 
them in this column on several occa- 
sions. I became interested in this topic 
quite a while ago - right after I built 
the Science Workshop's "Poor Man's 
Spectrum Analyzer." The project uses 
a sawtooth waveform to sweep the DC 
tuning control voltage of a varactor- 
tuned TV front end. In an article review- 
ing the analyzer, I mentioned that it was 
possible to build a digitally generated 
sawtooth waveforrr~ that was quite a bit 
better than the op amp version used 
in the original project. The response 
was staggering; I'm still receiving 
requests for the circuit. I've already 
published one vension of the circuit in 
this column. This month I'm going to 
take a look at an updated version that 
allows control over sweep width, and 
superimposes the sawtooth on top of 
a DC level that sets the center fre- 
quency of the spectrum analyzer. 

I'll also discuss an even newer ver- 
sion of the circuit that allows several 
options including negative-going saw- 
tooth, positive-going sawtooth, and a 
triangle wave. In all three cases, the 
waveform is generated by applying the 
output of a binary counter to the input 
of a digital-to-analog converter (DAC). 

The circuit for the original digitally 
synthesized sawtooth generator is 
shown in Figure 1. The heart of this cir- 
cuit is IC1, a DAC0806 eight-bit DAC. 
This converter IS an inexpensive IC, 
based on the MC-1408 family of DACs. 
I selected the DAC0806 because it's 
appropriate to the appl~cation and eas- 
ily available through mail-order sources 
like Jameco Electronics, or in blister 
packs through Jarneco's local distrib- 
utor line - Jim-Paks. 

A "multiplying" DAC like the 
DAC0806 produces an output current 
that is proportional to: a) the reference 

voltage or current, and b) the binary 
word applied to the digital inputs. The 
controlling function for the DAC 
selected for this article is: 

Where: 
I, is the output current from pin no. 
4 
lref is the reference current applied 
to pin no. 14 
A is the decimal value of the binary 
word applied to the eight binary 
inputs (pins 5 through 12) 
The reference current is found from 

Ohm's law. It is the quotient of the refer- 
ence voltage and the series resistor at 
pin no. 14. In data acquisition systems, 
where the DAC is most used, the refer- 
ence voltage is a precision, regulated 
potential. But in this case you don't 
need the precision, so use the V+ 
power supply as the reference voltage. 
This means the reference current is 
+12 volts DCIR1. With the value of R1 
shown (6800 ohms), Iref is 0.0018 A, or 
1.8 mA. Values from 500 pA to 2 mA 
are permissable with this device. If you 
elect to change the reference current, 
be sure to keep R1 equal to R2. 

The reference current sets the max- 
imum value of output current I,. When 
a full-scale binary word (11111111) is 
applied to the binary inputs, output 
current I, is: 

I,, = (1.8 mA) x - 255 (2) 256 

I, = (1.8 mA) x (0.996) 
I,, = 1.78 mA 
Because the DAC0806 is a current 

output DAC, you must use an op amp 
current-to-voltage converter to make a 

sawtooth voltage function. Such a cir- 
cuit is an ordinary inverting follower 
without an i n ~ u t  resistor. The ou t~u t  
voltage (V,) will rise to a value of I; x 
R5. 

The actual output waveform from the 
circuit of Figure 1 is "staircased" in 
binary steps equal to the least signfi- 
cant bit (1%) current of JC1 (or the LSB 
voltage of V,). The LSB voltage is the 
smallest step change in output poten- 
tial caused by flipping the least signifi- 
cant bit (61) either from 0 to 1, or 1 to 
0. The reason you don't see the steps 
in Photo A is that the frequency 
response of the 741 operational ampli- 
fier used for the current-to-voltage con- 
verter acts as a low-pass filter to 
smooth the waveform. If you use a 
higher frequency op amp, a capacitor 
shunting R3 will serve to low pass fil- 
ter the waveform. A -3 dB frequency 
(F) of 1 or 2 kHz will suffice to smooth 
the waveform. The value of the capac- 
itor is calculated from: 

Where: 
CpF is the capacitance in 

microfarads 
F is the -3 dB cut-off frequency in 

hertz (Hz) 
R3 is expressed in ohms 
This circuit is synchronized by a 

clock oscillator consisting of a single 
555 IC timer. Although not a TTL 
device, the 555 is TTL-compatible 
when the V+ potential applied to pins 
4 and 8 is limited to +5 volts DC. The 
555 is connected in the astable mul- 
tivibrator configuration, causing it to 
output a chain of pulses with a +4 volt 
amplitude. The operating frequency is 
set by three resistors (R3, R4, and an 
external potentiometer) and a capaci- 
tor selected by the user. The actual 
clock frequency is: 

Where: 
F is the frequency in hertz (Hz) 
C is in farads 
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Schematic of the circuit for generating the digital sawtooth output. 

The "normal" output of the sawtooth gener- 
ator. 

R3, R4, and R12 are In ohms 
Select a clock frequency that's 256 

times the desired sawtooth fundarnen- 
tal frequency. For example, if you want 
to sweep the spectrurn analyzer at 30 
Hz, select a clock frequency of 30 x 
256, or 7680 Hz. 

I selected two outputs for this pro- 
ject. Point "C" is a fixed positive-going 
output of about 1.5 volts. For purposes 
of the spectrum analyzer, this output 
drives the hor~zontal input of the oscil- 
loscope used with the project. The sig- 
nal present at this output is shown in 
Photo A. 

You'll see a positrve-going sawtooth 
riding on top of a DC level at po~nt "H." 
The DC control voltage that sets the 
center frequency of the spectrum 
analyzer IS applled to point "F," whlch 
is also the noninvert~ng input of the 
operational amplifier. Because the 
noninverting input sees a gain of 2, the 
voltage applied to point "F" should be 
one-half the maximum fixed tuning 
voltage. The op amp used for the out- 

put stage is an RCAJGE CA-3140 
devlce chosen because it can tolerate 
a power supply differential between 
V+ and V- of 44 volts DC. However, 
in this circuit the supply voltage for the 
output stage is limited to about 35 volts 
DC, which is the maximum tuning volt- 
age required of the spectrum analyzer. 

After building a version of the circuit 
shown in Figure 1 for use with my 
spectrum analyzer, I decided that it 
would be nice to have a sawtooth 
generator on the workbench. My 
interest was heightened by the fact that 
I'm working on an RF sweep genera- 
tor for the HF Amateur bands and 
need to do some additional develop- 
ment work. Photo B shows the finished 
project. It has both positive and 
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BLACK DACRON" POLYESTER 
ANTENNA ROPE 

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

LET US INTRODUCE OUR DACRON" 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'1.L SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer Inquiries Invited 

2472 EASTMAN AVE BUILDING 21 
syn!het ic VENTURA. ~ ~ ~ 1 ~ 0 ~ ~ 1 ~ 9 3 0 0 3  
tex t l les , lnc .  (805) 658-7903 

\ 
m.~.n" .  ,. . .," .*.. "=  <,.. ~ " ~ "  ,."-.".". 

Model F0.12-144 8' ~ ~ ~ ~ ~ , ~ d  Q*,. 12 6 nee 
E Plmo her",*,,,," 34 OPq 
H P,a,,9 I)P.,n,rd,n 3 ;  .lay 

l a  dB 15dB 

1 13 t I y Y C i I  
I i B i i t lo  

Inlpedaniu soohm 

YECHLNICIL SPECIFICATIONS 
I,,, 4," 

Boom 1 371 6061 r h i\,urn,nu.i 
l,amp",% lid *l"",#l?.lrn roe I 
ilemenl l r i i la lor>  Black Oslrmn 
Sl l ,nerr  steal hdmwrre 

ALSO AVAILABLE 

I FO.16-220, FO-22.432. FO-25-432 FO-33-432, FO-11-440 

POWER DIVIDERS STACKING FRAMES 
. . .. . . . . . . . . . . . . . .. .. . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

we suop,~ I ~ Q S Q  hard la lhna parts lot the nome Ibutloer 
1 H '  01l.n tnsulalorr I l S i l O O  SIa<nesskeeperr $131100 
~ d d  $5 UPS SIH for each antenna 

P i  west 01 M139Sslppl 
PA residents add 60,s slats sale3 tax 

ANTENNA ANALYSIS 
The new MN program will analyze almost any antenna 
made of wire or tubing. Compute forward gain, F/B, 
beamwidth, sidelobes, current, impedance, SWR, near- 
fields. and far-fields, in free space or over realistically- 
modeled earth. Plot antenna radiation patterns on your 
graphics screen. MN can compute the interaction among 
several nearby antennas. The 5.114" MN disk contains 
over 100 files, including hbranes of antenna and plot 
tiles, a file edilor, and extensive documentation. MN is  
an enhanced, easy-to-use version of MININEC for IBM- 
PC. $75 ($80 CA & foreign). 

YAGI OPTIMIZER 
The remarkable new YO programautomatrcally adjusts 
Yagi element lengths and spacings to maxlmize forward 
gain, optimize pattern, and minimize SWR. Radiation 
patterns a t  band center and edges are updated on your 
screen during optimization. YO is extremely fast, com- 
puting several tnal Yagi designs per second with 8087. 
YO is a complete Yagi deslgn package for IBM-PC, 
containing models for gamma and hairpin matches, ele- 
ment tapering, mounting plates, and frequency scaling. 
A library of Yagi Ales and extensive documentation are 
included. $90 ($95 CA & foreign). 

To order, send a check to: 
Brian Beezley. KGSTI. 501-112 Taylor, Vista, CA 92084 

J 
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3. TRIANGLE 

Partial schematic of the digital sawtooth generator with the modification to allow normal, inverted, and triangle wave outputs. 

The completed circuit in its enclosure. 

negat~ve-going outputs, as well as the 
ability to select Internal and external 
clocks. If you want a copy of the cir- 
cuit, just send me a no. 10 SASE. 

Sawtoothltriangle generator 
Because of several letters I've 

received, and the requirements of the 
"bandsweeper" signal generator that 
I'm building, I designed and built a 
new generator circuit. This circuit 
(shown in Figure 2) is made to output 
one of the following waveforms: a) 
positive-going sawtooth, b) negative- 

going sawtooth, and c) triangle wave. 
Once again, the heart of the circuit is 
a DAC0806 digital-to- analog converter 
chip (IC1). This part of the circuit, 
including the operational amplifier 
(IC4) current-to-voltage converter 
stage, is the same as the previous 
designs. The difference lies in the 
binary counter stages. 

The circuit in Figure 1 used a pair 
of 7493 base-16 counters in cascade 
to drive the DAC binary inputs. The out- 
puts of these counters increment from 
00000000 to 11111111, and return to 
00000000 on the next step. Thus, the 
DAC output is a positive-going saw- 
tooth. However in this circuit, the coun- 
ters are CMOS 40298 devices. The 
40298 is an upldown, binaryldecade 
synchronous counter. Pin 9 is the 
BINIDEC control. When pin 9 is low, 
the 4029B IS a decade (base-10) 
counter. But because you need a 
binary counter, pin 9 is tied high. Pin 
10 on the 40298 is the direction con- 
trol. When pin 10 is high, the 40298 
acts as an ordinary up counter and 
increments "forward" from 00000000 

to 11111111, and then goes back to 
00000000 on the next count. When pin 
10 is low, the 40298 becomes a down 
counter. In this mode it decrements 
from 11 11 11 11 backwards to 00000000, 
and recycles to 11111111 on the next 
count. The key to the operation of the 
circuit in Figure 2 lies in the control of 
the direction of counting: 

Positive-going sawtooth: Use the 
40298 asan upcounter(pin 10 high). 
Negative-going sawtooth: Use the 
40298 as a down counter (pin 10 low). 
Triangle waveform: Use the 40298 
both as an up and down counter, con- 
trolling direction with external logic. 
An SP3T switch (S1) does the switch- 

ing between the output waveforms. The 
switch's wiper drives the upldown con- 
trol line. In position 1, the upldown line 
is connected to ground, producing a 
negative-golng "inverted" sawtooth 
waveform from the DAC. In position 2, it's 
connected to +5volts DC, producing a 
regular positive-going sawtooth. In posi- 
tion 3, the switch upldown line IS con- 
nected to the output of the direction con- 
trol logic - a single CMOS 4013 chip. 
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Negative-going (inverted) sawtooth wave- of the sawtooth output. 
Positive going sawtooth waveform. form. 

The 4013B is a dual type D flip-flop 
(only one used). The 40138 has two 
modes, clocked and direct (use the 
clocked mode). In the clocked mode. 
the reset (pin 4) and set (pin 6) inputsare 
grounded to hold them low. The rule of 
operation for a clocked type D fllp-flop 
is simple. When the clock (pin 3) is high. 
whatever logic state appears on the D 
Input (pin 5) is transferred to the Q out- 
put (pin I), and itscomplement appears 
on Q-NOT (pin 2). Cross-coupling Q- 
NOTand D provides binary divlslon (the 
mode needed), so strap pins 2 and 5 
together. 

The out terminal (pin 7) on the4029B 
counter has a very interesting action. 
The counter goes low momentarily on 
count 111 1, so ~t's normally used for cas- 
cading stages of 40298 devices. It's 
used in this way to cascade IC3 to IC2. 
The out termlnal of IC2 goes low 

momentarily when the total elght-bit 
count is 11111111, soit'susedtodr~vethe 
clock input on the 4013. When the out 
terminal of the 4029 toggles, it causes 
the 4013 output to change state. 
Because the 4013 Q output IS used to 
drive the upldown input on the 4029B 
devlces, thls actlon forces the counter 
direction to reverse. Thus, in this mode. 
the 4029B cascaded counters incre- 
ment 00000000 to 11111111, and then 
decrement 11111110, 11111101, and so 
forth, back to 00000000 - where still 
another reversal takes place. 

The output waveformsof the circuit in 
Figure 2 are shown in Photos C, D, and 
E. These oscilloscope photos were 
taken with a clock frequency of approx- 
lmately 100 kHz, and represent saw- 
tooth frequencies of just under 400 Hz. 
The positive-going sawtooth is shown in 
Photo C, while the negative-going ver- 

sion is shown in Photo D. The sawtooth 
output is shown in Photo E. Thls wave- 
form has a frequency of one-half the 
sawtooth frequency, taken wlth exactly 
thesameclockfrequency. Notethat the 
photos were not taken wlth the same 
ocilloscope timebase setting. Thus, the 
sawtooth waveform is FClk/256, while the 
triangle waveform IS FClk/512. 

Conclusion 
Digitally generated sawtooth and tri- 

angle waveforms are slmple and easy. 
I suppose the next trick IS to generate 
square waves, variable width pulses, 
and sine waves without using read-only 
memory chlps. Anyone have any Ideas? 
If so, my QTH address is below. 

I can be reached at POB 1099, Falls 
Church. Vlrginla 22041; I'd llke to have 
your commentsand suggestionsfor this 
column. 
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ANTENNA TUNERS 

An easy, 
inexpensive 
project 

By B~llSchwber. NHGN, 73-4327 h o  Street, Karlua- 1 
Kona, Hawarr 96740 

S ome tlmeago. I succumbed to the lure of satellite oper- 
atlon and proceeded to acqulre equipment I selected 
the Yaesu FT-726R as my base statron and cobbled up /' 

arilenna rotatorsout of cheap, read~lyava~lablecomponents , - 

-F' 
I found the Cushcraft Oscar palr 416-TB and A144-20T to my 
llklng (the prlce was rlght), and mounted them on my 
homebrew rotator combo I also bought the Kenwood SW-200 
SWR and Power Meter, plus ~ts three sensors 

r 
I set up theantenna system, but was unhappywlth ~ts band- 

( ' > 
wldth performance It occured to me that a VHFIUHF antenna FF* tuner would be a worthwh~le addlt~on to the overall system 

i, 

When I was unable to locateany that I llked In my magazlnes. - 
I res~gned myself to spotty satell~teoperat~ons But I continued 
to research the literature for sultable devlces 70-cm and 2-meter antenna matching units with covers removed. 

I finally found my answer In a Ham Rad~o art~cle by Joe 
Relsert. WlJR, called "Impedance Matchlng Techniques"' 
I have been a fan of Joe's for years and always look forward 
to his coverage of the spectrum above the humdrum HF 
bands. 

Pages33 and 34 of his article contain a description and out- 
line of tunable antenna matcherssuitablefor my2-meter and 
70-cm Cushcrafts. They were easy and inexpensive to build, 
which was a key consideration for me. My out-of-pocket 
expenses for the trimmer capacitors for each unit were less 
than $2. The rest of the parts came out of my junkbox. 

Photo A shows the two units. Dimensions of the RG-8X 
coaxial cable elements and boxes are indicated in Table 1. 
They are based on Reisert'ssuggested 3116 wavelength mul- 
tiplied bythe0.65velocityfactor of thecoax. I used thrscable 
because ~t was on hand. RG-58 would work as well. In fact, 
you can use RG-8 if you can bend it into shape and clamp it 
in position. More details are shown in Photo B (side-by-side 
views of the two unlts). Figure 1 is the schematic of the 
matchers from W1JR's article. 

- 8 .  

Close-up view of the 70-cm and 2-meter matching units. Trimmer 
capacitors are visible at the bottom of the coax loops. 
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COR-3 REPEATER CONTROL- 
LER kit. Features adjustable tail 
8 time-out timers, solid-state 
relay, courtesy beep, and local 

................... speaker amplifier. $49 

NEW COR-4 kit. Complete COR 

high band and uhf. 
CWID, flutter-proof squelch, NEW TD-3 SUBAUDIBLE TONE 

DECODER/ENCODER kit. ... $24 

&small size. Only 518"W x 1-518"L x 314"H. 
Eas~iy mounts In many rad~os. MO-202 FSK DATA MODULA- 

Radio link computers, telemetry 
....................... gear, etc. ..... ....$39 

DE-202 FSK DEMODULATOR 
.... kit. For receive end of link. $39 

9600 BAUD DIGITAL RF LINKS. 
Low-cost packet networking 

*Rl441R220 FM RECEIVERS for 2M, 
150.1 74, or 220 MHz. QaAs CET 
front end. 0.12uV sensitivity! 
Both crystal & ceramic GaAs FET Preamp w~th features s~m~lar to LNG 

filters plus helical resonator serles. except automatically swltches out of 

front end for exceptional Ilne during transmit. Use w~th base or moblle 

selectivity: > l00dB at f l2kHz transce~vers up to 25W. 

(best available anywhere)! * S p e o f y  t u n ~ n g  range d e s ~ r e d .  1 2 0 - 1  75.  
Flutter-proof squelch. AFC tracks 200.240, or 400-500 MHZ 

drifting transmitters. 20.31 144.148 

Kit $149, wlt $229. 
50-51 28  30 
50 5* 144.140 

138 138 2s- la  
144.146 28.30 
146.141 28.30 

Specify tuning range desired: 142-150, 150 902.922 430-450 

162, 162-174, 213-233, 410454, or 454-475. See catalog tor full line ot2w tranrmlttlng 
converters for vhf 6 uhf. Klts only $79. 

Linear Ampllflers aval up to SO w. 



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

I b 35 Years Experience - 
I 

1 C Service Manager with - 
major manufactuer 

K4BWC 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 

Examples of coaxial-type antenna tuners: (A) half-wavelength adjustable transformer; (8) 
three-eighths wavelength adjustable transformer; (C) three-eighths wavelength adjustable 
transformer using coaxial cable. 

D i m e n s i o n s  

2 m e t e r s  70 cm 
Box 5.75"x4.5"x11' 3 . 5 " x 2 5 " x l U  
Coax 15.275" 5.165" 
Tr~mmers 6 to 60 pF 2 to 20 pF 
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SUBSCRIBE -AND RENE- 

TOLL-FREE 

HAM 
RAD10 

1 YEAR 

$22.95 
2 YEARS 

$38.95 
3 YEARS 

$49.95 
Prices U.S. only 
Canada 
1 YEAR - $31.00 

!I MASTERCARD - 
D V l S A  U B I L L M E  
Please have your charge card ready 

DATAT E L 800 ' 

800-341-1 522 
Weekdays 8 AM 9 PM EST 
Saturdays 9 AM 5 PM EST 

IN CANADA OR MAINE CALL COLLECT (207) 255 4891 

OUR800 NUMBERISFORSUBSCRIPTION ORDERSONLW 

For E r r o r s  or Change of Address 
CALL ham radio d~rect at 
(603) 878-1 441 8-5 EST 



ICF-2010 
RECEIVER 
Air: 116-136 MHz 
FM: 76-108 MHz 

AM: I50 kHz-30 MHz 

$344.95 
Cash or Check Price 

AUTHORIZED SALES & SERVICE 
FOR 

Also clispler~~in,q flie popicltrr. crc-c,c's.soric~.s trclc,elclcl to c~ot~r/~lc~tc~ ( I  HAM STATION . . . 
ARRL PURLICATIONS AEA PRODUCTS AMPHENOL 

ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 
HEI,I)EN RENCHER R & W DAIWA AIJNCO 

HUSTLER K1.M LARSEN MIRAGE ROHN 
Package Deal- - TEI,EX/HY-GAIN TOKYO HY-I'OWER 1,AHS 

TRAC KEYERS VIRROP1,EX WEI,% KTC. 

I Kpnwnnd ~S-ddnS I OPEN SIX DAYS A WEEK WELCOMED 

-N6KW QSL Cards 
 he finest QSL cards at reasonable D r i J  I "NEW" SUPER LINEAR ANTENNA SYSTEM 
Basic Cards, mav cards, cartoon cards,~~hoto I I 
cards and more. %our idea converted to ink or 
use standard designs. 747 ink colors, any card 
stock. Photos blw or beautiful color. Havecards 
that f i t  your style. FREE SAMPLFS . postage 
appreciated. 

KW Litho. Dept. HR P.O. Box 17390 
(817)332-3658 Ft. Worth. TX 76102 

Quick @ 7 
, Interconnect 
FoolAoa(~M.OeMa.Colamdcd--%her .Rd~able. 
Switch from mob~le to shack in seconds Interchange pow. 
er suppiles and r~gs on moments Interconnect baney 
charger controller solar panel generator backup con. 
vent~onal power Instantly ~n any combvnat~on Cfeate cus. 
tom mult~.pole connectors In seconds wi leqo.like Stack'na 
Easy cramplsolder, assembly No speclal toi ls requfred 

- 

w * P d , 2  -1 wpdpdy~1 I*OS..P* $2 

A ntennnswes t &.\ :m: rn , \ .~ .  L T wfi 801.3758425 

MODEL FREQUENCY GAlN POWER LENGTH - PRICE 

CA-2x42 146 MHz 8.2dB 200 W 15'4" Base $192.85 
446 MHz 1 1.5dB 

CA-1243E 446 MHz 8.5dB 100 W 4'8" Base $ 85.95 
19GHZ 10.ldB 

CA-901 146/446/1.26GHZ 3/6/8.4dB 150 W 3'5" Base S 91.55 

CFC-771 900-930MHZ 7.14dB 50 W 4'5" Base $ 97.40 

CA-1221 S 126011 300 15.5dB 100 W 7 ' 8  Base $151.90 

CM 200- 
CM 300- 
CM 400- 
CM 900- 
CM 1200- 

DUAL & TRI 

15.3dB 100 W 4 ' 8  Base 

NEW! SWR Power Minimeters 
144 - 150MHZ 
200 - 230 MHz 
420 - 460 MHz 
900 - 930 MHz 

1200- 1300MHZ 

BAND MOBILE ANTENNA'S DUPLEXERS - TRI 
Dealer inauiries welcomes. 

$ 62.50 
8 62.50 
$ 62.50 
S 93.50 
$ 93.50 

PLEXERS 

(71 4) 630-4541 Specifications and prices subject to 
1275 N. Grove St., Anaheim, CA 92806 change without notice or obligation. 



HAM UHF COMPENDIUM Part III and IV 

RADIO BOOKSrORE 
Edlted by K Welner. OJBHO 
Th~s IS one 01 the mosl long awa~ted books ~n Amaleur Radlo It 
represents over two years 01 work and contalns more than 
theory - 11 s chock lull ot Dractlcal tested desrans from some 

S NEW BOOK PAGE 1- 

ot Europe s most noted hams Sbblects covered~nc~ude notch 
lrlters antennas and IF pre amps translaor drrvers transmlt 
dnd recelve converters power ampl~lrers and much more Th~s 
book IS guaranteed to be a best seller Order yours today 
lthls book IS ImDorted and suool~es will varv due to shlDDlno 

1989 EDITIONS 
1989 RADIO AMATEUR CALLBOOKS 

NORTH AMERICAN EDITION 
Fully updated and edlted lo Include all the latest FCC and 
forelgn government callslgns and addresses tor Hams In 
North Amer~ca Includes plenty of handy operallng a~ds  
such as tlme charts QSL bureau addresses census lnlor 
matlOn and much more Cdlls from Northern Canada to 
troplcal Panama Now IS the time to buy a new Callbook 
when you II get the most une out ot your Investment 

1988 1672 pages 
L I CB-US89 SonbO~nd $25 95 

INTERNATIONAL EDITION 
QSL s are a very Important part 01 our hobby All sorts ol 
awards lncludlng the coveted DXCC requlre confirmation 
of contact before the awartl can be ~ssued Of speclal In 
terest addresses are beln(1 added dally tor Hams In the 
USSR and other countries Whlle In no means complete 
11 s a start and will be of tremendous help In gettlng OSLs 
Handy operatlng a~ds roun~l out t h~s  super b w k  value 
31988 I672 page 
3 CB-Fa9 Softbound $28 95 

BUY 'EM BOTH SPECIAL 
Reg. $54.90 Only $49.95 SAVE $4.95 

THE 1989 ARRL  HANDBOOK 
Revlsed and updated w ~ t h  the latesl In Amaleur technology. 
now IS the tlme to order your very own copy of the world 
lamous ARRL HANOBOOK In addltlon lo  being the 
detlnllrve reference volume tor your Ham shack there are 
plenty of projects tor every ~nterest In Amateur Rad~o - 
lrom antennas for every appllcatlon to the latest state-01- 
theart projects - you 11 flnd 11 all In the 1989 
HANDBOOK Over 1 I 0 0  pages 6 I988 
-AR-HE89 Hardbound $20.95 

ANTENNAS by John Kraus, W&JK 
Kraus s classlc antenna book has been extensively rev~sed 
and up-dated to reflect the latest slate of the art In antenna 
deslgn and theory Includes over 1 000 llluslratlons and 
nearly 600 worked examples and problem solut~ons 
Chapters cover baslc conccspts polnt sources and polnt 
source arrays d~po!es het~xes broadband and lrequency 
Independent antennas speclal appl~cat~ons and tons more 
of lnlormat~on Also ~ncludc~s 5 appendices reterence 
tables computer programs books and vrdeo tapes 
answers to problems and a problem supplement College 
level rext lor the Amateur 2nd edltlon 91 7 pages c 1988 
MH.35422 HARDBOUND $59 95 

ALL ABOUT VHF AMATEUR RAOlO 
by Blll Orr. W6SAl 
Are you ready for excltlng 6 meter OX Ing durlng the next 
Sunspol peak? Tlred of 20 meters and looklng tor a new 
operatlng challenge? Why not try the bands above 30 
MHz1 B~t l  Orr s new book IS lull of helpful ~nlormat~on tlps 
and Ideas to let you get the most out of VHF/UHF opera 
tlon Propagallon antennas repeaters Moonbounce OC 
SAR plus much more are all lutly covered In Orr s lamous 
easy to read style Also lncludes helpful section on TVI and 
low lo suppress 11 fc 1988 t st Ed~tlon 

'AP-VHF Softbound $11 95 

1989 WORLD RADIO TV HANDBOOK 
Every SWL or radro enthuslast should have a copy of t h~s  
book by thelr operatlng posltlon It s loaded wlth all the 
latest calls~gns lrequencles and other Important ~nlormatron 
lor radro and TV broadcastrng around the world Covers 
L F .  MF shortwave and TV servlces Also has equ~pmenl 
revrews and other speclal features 1988. 43 Ed~t~on 

GL-WRTVB9 Softbound $19.95 

I delays ) 1 1989 1st Edrlron 
I PACKET USER'S NOTEBOOK KW-UHF3 Softbound $29 95 

by Buck Rogers. K4ABT 
This new book has been put logether by CO s Packet edltor and 
packet ploneer Buck Rogers K4ABT Wrltten w~ th  the beg~n 
ner ~n m~nd the Packet Notebook IS lull of handy trps hlnts and 
suggestions on how to get the mosl out of your packet system 
Includes d br~ef h~story a how to get started section standards 
flow control and lnlormat~on on ladlo to TNC to Computer Inter 
connections tor just about every rad~o Good book to have on 
every packeteer s desk 1988 1st edtron 132 pages 
CO-PKT Softbound $9 95 

1989 ANTENNA BUYER'S GUIDE 
edlted by Peter O'Dell. W820. CO Magazms 
Look~ng tor the latesl ~n antennas? 1 1  s all here In the CO 
Antenna Buyer s gurde Crammed lull of art~cles product Inlor 
matron and a who s who sectlon Ilsl~ng all of the antenna 
manufacturers and Importers Get your s now and get to work 
on your 1989 antenna Drojects before -winter comes1 

1989 
CO-ANT Soltbound 53.95 

GOLDEN CLASSICS OF YESTERYEAR 
A collectton ol Rigs, clrcwts and keys 
by Oave Ingram. K4TWJ 
lngram s liew book helps you recdpture the tun and excrlement 
ot Amateur Radro s past In thls spec~al collect~on of tales rlgs 
and crrcults Push pull TNT transmllters one tube Hartteys 
and antennas that bl~nk w~th your CW are part at this fun to 
read book Beginners wl l  f~nd th~s book tasclnatlng readlng - 
old tuners w~lt retlve thelr past and get back to the roots 01 
Amateur Radlo 1989 60 pages 1st t d ~ t ~ o n  
MFJ-GCY Softbound $9 95 

OSCAR -- Satellite R e v ~ e w  
by Dave Ingram, K4TWJ 
Thrs anthology 01 artrcles lrom CO 18 full of Important to have 
OSCAR lntormatlon Also lncluaes up to date add~t~ons and late 
break~ng news from the satelllle worid Wrltten In Ingram s 
stra~ght forward easy-to read style th~s book w~l l  get you up 
and runnlng w~ th  the mlnlmum 01 hassle lncludes OSCAR 

qulck start help designed to get you on OSCAR today 
1989 1 st ed~t~on 44 pages 

MFJ-OSR Softbound $7 95 

GRAY LINE OX ADVANTAGE (MS-DOS Computers) 
Great computerized loo1 lor pred~ctlng Gray rne openlngs 
O~splays the overhead Dosltlon 01 the sun as 11 passes over a 
detalled niap of Earth s surlace Olsplays UTC tlme In any 24 
OTH s lncludes hlgh speed mode to change llme and date 
Th~s handy operatlng a ~ d  w~ l l  he,o you tremendously as you 
work towards OXCC honor roll' 
MFJ-GL (MS-DOS Computers only) $29 95 

AMATEUR RADIO STUDY GUIDES 
IMS-DOS Comouter and YHS taoel .~~~ . . 
by ~ o b  Lanr. NOISL 
Studyinq lor Amateur exams sure has changed alot In the last 
lwenty years' Usrng your computer dnd VCR you car1 get 
classrooni ~nslruct~on r~ghl rn your own house Latest FCC ex- 
at11 syllabus used lor each study course 

Soltware Tape 
Novice BL-NS $14 95 BL-NT $19.95 
Techn~c~an BL-TS $14 95 EL-TT St9 95 
General EL-CS $14.95 BL-GT $19.95 
Advanced EL-AS $19 95 BL-AT $24.95 
Extra BL-ES $19 95 BL-ET 524 95 

THE ARRL ELECTRONICS Data Book 
by Ooua OsMaw. WIFE 

1989-1990 ARRL REPEATER DIRECTORY 
lncludes all the latest repeater l~strngs avartable Lists I 3  000 
repeaters 2 200 d~g~peaters and 475 beacon statlons from 14 
MHz to 24 GHz Get your copy 01 thls new book today 

1989 
AR-RO Soltbound 54 95 

ARRL CODE TAPES 
Four new sets 01 code practrce tapes from the ARRL Each set 
conslsrs ot two 90 mrnutes cassettes and glves you almost 3 lull 
hours 01 practlce Great way to study when you can t get on 
Ihe alr 
Afl-1 5-1OWPM $9 95 
AR-2 10-ISWPM $9 95 
AR-3 15-22 WPM $9 95 
AR-4 13-14 WPM $9 95 

THE FABULOUS RADIO NBO 
by Brandon Wentworlh, KBUJ 
Here IS the story of one of WW I s mosl rmportant radlo sta 
tlons Wrltlen lrom the flrst hand stor~es and actual experfences 
01 the men who operated NRO lncludes techn~cal descrlptlons 
01 the equipment and antennas Great history readlng 

1984 1st edlt~on 34 pages 
BH-NBO Soltbound $4 95 

NEWNES Radio Amateur 
and  Listener's Pocket Book 
by Steven Money G3FZX 
Un~que collection of uselu lnlormat~on tor the Radro Amateur 
and h~ tech ilstener Full of hard to llnd lnformatlon Includes 
codes symbols lsrmulae lrequenc~es In addltlon to AMTOR 
packet and SSTV Handy pocket book sue 1987 1st 
edltlon 160 pages 
CRC-RA Hardbound $19 95 

WIRELESS ANTENNA HISTORY 
A verl~cal deslgn pruner 
by Walter Schulz K3OOF 
Stans w~th a well wrltten hlstory ol rad~o s beglnnlngs N~ne 
Chdp(efS cw raun? trm? the lrrsr vtaneers through the wqn 
nlngs 01 rad~o astrononiy The vertical prrmer 18 a complete sec 
llon on how to des~gn bu~ld and optlmlze a vencal antenna Full 
01 explanations and handy hlnts not lound elsewhere 1988 
1st edlllon 140 pages 
GL-OOF Softbound $16 95 

HINTS AND KINKS for the Radio Amateur 
edlted bv KBCH 6 AK7M 
Th~s I< the rwellth coect~on 01 Ideas 1akt.n Iron1 OS1 s ~rlast 
po~uldi coluilin Hlnls dnd Krnks Other s hands 011 experlerlce 
cdn w e  you hours w~ th  sugqestrons on how to bulld n better 
rriou5etrap IlIrludes Ideal on btatlon nccessorles operdt~ntl 
cw  colnpulers .intenrlns ~lri1p secrets an11 much rllore' GII,II 
new edtlon' 1989 12th r t l ~ l on  
AR-HK Softbound $4  95 

RAOlO AMATEUR CALLBOOK SUPPLEMENT 
both NA and OX lhstlngs 
lticludes a the lalest calls and address chdnges lor hallis 
around the world Invaluable dl6 lo qettnq coveted OSLs Iro111 
rdre DX ~laltons This 1s I ~ P  only w.~y to he lully uo I@ d,ile 

Have you ever foulid yoursell searching tor the conversion laclor Over 300 pages 1Y89 
between meters and feet the d~ameter ot 30 AWG wlre or any CB-SUP89 Soltbound $9 95 
Other otlxure fact? I! II drlve you nutst The ARRL s new DATA 
BOOK w,ts wrllten w ~ l h  the ham In mlnd Noled author OeMaw 
glves you the benellt ot h s  year5 ot expertewe In th~s handy NGRJ'S SECOND OP MANUAL  VERSION 
relerenrt, manual Fully updated chock lull ot Ihe latest lnlor Now available n sl~de rule larmat tor non iorllpulellZPO 
mallon pverv ham needs dl the~r l~noert~ns Usetu lor dl1 hd1ns1 Fullv LID Oated wlth d l  lhe latest orel~xes ?ones 
Amnleur, RF engineers techn~ctans ar~d exper~menters postdge and olher inforrnal~on G E T  YOUR 5 TODAY' 2nd edl 

1989 2nd Ed~tion lloll 1989 
AR-00 Saltbound S t l  95 CB-ZOP $9 95 

)IILUH Please enclose $3.75 for shipping and handling 

-10 BOOKSTORE OR EENVILLE, N. H. 0x148 (603) 878.1 441 

88 Ham Rad~o/July 1989 



Before mounting the coax, prepare each end by stripping 
off 0.5" of the insulation and 0.25" of the shield. Take 1" of no. 
20 bare wire, wrap part of it around the exposed shield, and 
solder it carefully in place. Too much heat here will melt the 
insulation. This should leave about 0.5" of free end for attach- 
ing the assembly to the chassis. Solder a 0.5" piece of the 
same type wire to the center conductor. Perform this cable 
preparation at each end of the four pieces of coax you've cut 
to length. 

Your next step is to construct the combination chassis/box 
for the tuners. I gave up on the prefabricated metal boxes 
offered for construction projects years ago. in favor of using 
double-sided circuit board. These boards are widely availa- 
ble from electronics catalogs, as well as "surplus" electronics 
stores. They're inexpensive, tough, and easy to work. They 
also let you make enclosures which fit your exact require- 
ments. I cut the circuit board with a carbide saw blade in my 
scroll saw. A word of caution here: the fiber glass core of the 
circuit board is murder on conventional steel saw blades, but 
the carbide ones seem to last forever. Once they are cut to slze, 
it'sa simple matter to solder theoverlapping sections together. 
I also soldered 6/32 brass nuts in the corners so I could use 
a removable lid. 

Cut the large holesfor the SO 239 sockets prior to assem- 
bly. Be sure to keep the coax off the chassis at a height equal 
to the SO 239 center pin. In my first configuration, the coax 
wasalmost flush with thechassis and arcing occurred when- 
ever the power level got over about 5 watts.* You must mount 
the trimmers with due regard for short leads and stiffness, 
since you will be pushing against them when they are belng 
tuned. They should also be positioned directly under the holes 
cut in the lid to permit accurate insertion of the tuning tool. 

Connect the tuners to the antenna on one side and the 
SWRlPower Meter on the other. Hook the rig into the 
SWRlPower Meter on the opposite side. Set the rig in its tune 
or CW position, reduce the drive to a very low level, and fire 
it up. I started with the trimmers in their minimum capacity posi- 
tion, and proceeded to adjust them progressively from the 
antennaside for minimum SWR. Once theSW,R isata tolera- 
ble level, increase the drive to max slowly, tweaking the trim- 
mersas necessary. Don't panic if you seem to run out of adjust- 
ment room wiih thetrimmersineither maximumor minimum 
position. Bend the coax gently up or down towards the chas- 
sis and you'll find a spot where the trimmers have sufficient 
range to permit a deep null in the SWR as read off the meter. 
Balancing all of the adjustments is particularly sensitive on 70 
cm. Keep the relativefragilityof the trimmers in mind, and don't 
use too much muscle. 

I found that my setup stays at about 1.2:l from 144 to 148 
MHz on 2 meters. I acheived comparable results in the 435- 
MHz band. 

REFERENCE 
1 Joe Re~serl W1JR VHFIUHF World ImpedanceMalch~ng Techn~ques Ham Radro Oc!oher 
1987 paae27 

'For power levels greater than = 10 watts I recommend uslng Ihefollow~ng lr~mrners 
from Far Rad~o  Sales Co . PO Box 1105 1016 E Eureka SI L ~ m a  Ohlo 45802 
3D9025V 99(3 2 25 pF) and 3D9100V(10 100 pF) 

. . 
ens? ua?.  ~ i l h  indi,idunll? latlcwrd \lud?ing 1h:~l anal,rc\ 
>our perfornunre and runrmlr;ll~% uhcrr !IIU nwd il. 

.Kun\ on Il3h1 Prr\on;ll Conipu~ers ;~nd c~wnpatihles 
* ~ t h  rnlnlmuni 256K R A M  aid gnphlcs capah~l~ty. 

-Contains entire question pool for each licenv class. 

*Includes full screen graphics and explanations on 
appropriate questions and a pop up calculate 

~f desired. 

.Creates randomly generated or custom sam 
tests and analyzes results showing areas 
for additional study. 

*Will print random written tests and answer 
kith Epson/lBM compatible printers. 
Publk Domain disk stlo mrailabtt conuins nce lkn l  n o w  
code IYIOI a1 well COIIVII Iwrr. propamthm prrdiOwh 
C a n  plontr and others. Car b U to cmrr mstnimls and 
handling. ll If rhippd with QSO TITOR. 

Call or u n t e  to order 

QSO Software @I3 
208 Partridge wry @3BaD&$+ C Z ~ S  

Kennett Square, PA 19348 \ I C ~  k M r r r r o ~  . .. .... ~, ~- 

2151347-2109 PA msdenu&6$ 
b c e  !nrludcr shlfpng 

I 

f r om ove r  25years  
in ATV . WGORG 

ceiver, you can easily transmit and receive live action 
color and sound video just like broadcast N. Use 
any home TV camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and N set and you are on the air ... it's that easy! 
TC70-1 has >1 watt p.e.p. wlth one x t a l  on 439.25, 434.0 
G; 426.25 idHz & p r o p e r l y  rnatcnes Mlrage D15, D24. 
Dl 00 amps f o r  15,50, or 70 watts. Hot G a A s f e t  downcon- 
v e r t e r  v a r i c a p  t u n e s  whole 420-450 M H z  band to your TV 
ch3. S h ~ e l d e d  c a b ~ n e t  7~7~2.5".  R e q .  13.8 V D C  @ .5A 
Transmi t ters  s o l d  on l y  t o  l i censed amateurs ,  f o r  l ega l  purposes, 
ver i f ied  in t h e  la tes t  Ca l l book  o r  s e n d  c o p y  o f  n e w  l ~ c e n s e  
Call or write now for our complete ATV catalog 

P.C. ELECTRONICS 
2522 P a x s o n  Ln A r c a d i a  C A  91006 Maryann(WB6YSS) 



New Products 

Nady EasyTal kTM Two-Way 
Radios 

PJ;rcly Svstems' ltne of VHF portable radlos 
brlngs h~gh.qual~ty transce~vers to all two.way 
radlo users. The full-featured portables all list for 
under $300 

\ 

The VHF 40 IS a 5 watVslx channel transcelver 
w~th a 5 to 7 mile range prlced at $249 It uses 
a d~ode matrtx to synthes17e the s~gnal lrom one 
crystal and then programs 11 to funct~on on up 
to SIX d~fferent frequenc~es It can he pro 
qrammed uslng the s~l~con d~odes and the 
lnstructlons Included The transcelver 1s powered 
by a battery pack that uses ellher recharqea 
ble NlCd or standard AA battertes 

The VHF 30 IS a mlntature 5-wattlfour channel 
rad~o that trartsm~ts at a 5 to 7 m~le range It sells 
for $299 The un~t we~ghs just 15 ounces and 
has a rugged ~mpact resistant case wh~ch 
res~sts wealher and contam~nants 

Nady s VHF 20 IS a 2 wattltwo-channel model 
llstlng for $249 The pocket slzed un~t has a 
h~ghllow swltch that changes the s~gnal from 2 
to 0 5  watts conserving the battery pack when 
maxrmum range Isn t needed 

Nadv VHF rad~os come wrth a rubber duck 
antenna w~th a BNC connector, an AClDC wall 
charger, a stainless steel belt cl~p. a holster-style 
carrylng case, and a NlCd rechargeable baliery 
pack Nady also offers custom~zlng opt~ons for 
the transcelvers, ~nclud~ng a Continuous Tone 
Coded Squelch System (CTCSS). a remote 
rn~crophonelspeaker, a h~gh-speed desk 
charger. and a heavywe~ght leather carrylng 
case. 

For more lnformat~on contact Nady Systems. 
Inc , 1145 65th Street. Oakland, Cal~lorn~a 94608 

New catalog from 
Contact East 

A cornr~lele source book of products for test- 
Ing, repairing, and assembl~ng electronlc equlp. 
ment IS now ava~table from Contact East at no 
charge The new, 132.page 1989 General Cata- 
log contalns products for engineers, managers, 
and technlc~ans. All products are guaranteed 
Contact East's "same-day sh~pment" pollcy 
assures fast delivery, orders received by 3 p.m 
are sh~pped hy 5 p m For your free copy and 
one year of technical supplements, wr~te to Con. 
tact Fast. PO Rox 786. 335 W~llow Street. North 
Andover. Massachusetts 01845 

Circle 1308 on Reader Service Card. 

MFJ-850 AC Line Voltage 
Monitor 

The ritw MFJ-850 prov~des protect~on from 
low.voltarle "brown-out" cond~t~ons that can 
damage your etectrlcal equ~pment Just plug 11 
In, 11 tells you at a glance when your l~ne volt- 
age ts at a low brown-out level. The expanded 
scale reads from 95 to 135 volts; color cod~ng 
makes across-the-room readlng easy Leave 11 
plugged ~n permanently for constant monltor- 
~ng .  It cornes w~tti MFJ's one-year uncond~t~onal 
guarantee 

. The mon~tor's compact slze (2-114 x 2-114 x 
1-112 Inches) allows for at-home or mob~le use. 
Use 11 to check computerlper~pheral or v~deo 
setups, portable generators, and temporary elec- 
tr~cal setups 

For more lntormat~on contact MFJ Enterprtses. 
Inc., PO Box 494. MISSISSIPPI State. MISSISSIPPI 
39762. Phone (601)323.5869 To order call toll 
free at (800)647.1800 

Clrcle R309 on Reader Servlce Card. 

New Surge Protection from 
Kalglo 

K,I~I 1 1 0  Flectron~cs Company. Inc announces 
Ihe rrew TeleSptkerl" serles surge suppres- 
sorslpower llne f~lters w~th Integral protectton for 
RJ451RJll modular telephone lacks They are 
spec~ally engineered to meet the protect~on 
needs of FAX machtnes, modems. electronlc tel- 
ephones, and other dev~ces uslng modular 
lacks 

The "MI~I-T" IS a compact, two.outlet plug.ln 
system complete w~th modular extens~on cord. 
Uslng Kalglo's Premlum Protect~on'" clrcu~try. 
the MI~I-T has full ser~eslparallel load-beartng 
ftlterlng for maxlmum EMllRFl protect~on. The 
Mln1.T IS rated at 140 volts clamp~ng, w~th a total 
of 436 joules energy absorpt~on. The suggested 
list prlce IS $85.95. 

For more ~nformatton contact Kalglo Elec- 
trontcs Company. Inc.. Dept MI~I-T, 6584 Ruch 
Road, East Allen Townsh~p. Bethlehem. Penn- 
sylvanla 18017.9359 Phone (215)837-0700 

Circle 1310 on Reader Sewice Card. 

ICOM's new wideband SSB 
filter for the IC-781 

ICOM announces the FL 103 w~deband SSB 
f~lter for the IC-781 HF transcelver The 2 8-kHz 
SSB f~lter fits In the 9-MHz IF of the IC-781 and 
prov~des Improved SSB aud~o f~del~ty 

The FL-103 IS currently available for $72 50 
Contact ICOM Arrier~ca lric . 2380 116th Ave- 

nue N E . PO Box C-90029 Bellevue Washma- 
Phone (415)652-2411. 

Circle 1307 on Reader Service Card. Clrcle W311 on Reader Servlce Card. 
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POWER DlVlD 

I 
I F a c t o r y  A u t h o r i z e d  D e a l e r  & S e r v i c e  F o r  : 
I 

I 
1 I I KENWOOD 1 1 

I YAESU 1 
I I 

I 
1 ICOM I 

I 
I - I 
I I 
I Call Us For I 

I : Great Prices & Great Service : 
I 
I I 
I TOLL FREE ORDER LINE 1-800.344-3144 1 
I Colilmlll~nlll U 5 8 Ie..1< I 

F1989 U.S. CALL DIRECTORY \ 
(on microfiche) 

C a l l  Di rectory - b y  ca l ls ign ................... 38 
N a m e  lndex  - b y  last  n a m e  ................... $8 
Geographic lndex  - b y  s ta le lc i ty  ............ $8 

Al l  t h ree  - $20 
$3 sh ipp ing  pe r  o rde r  

BUCKMASTER PUBLISHING 
R o u t e  3. B o x  56 

Mine ra l .  VLrg ln la 2 3 1 1 7  
7031894-5777 v i s a l m c  8001282-5628 

I COMMUNICATIONS 
The VHF mO5FET power a m p l i f i e r .  p ioneer ,  ha s  some 
new products ;  Antennas f o r  special needs. I 

I HERE NOW I 
The " A m h a i r  Antennan? impzoves t h e  range of  ha d 
he lds ,  o r  scanners ,  u s ing  rubber  duckies? o r  174 
wavelength whips. 

Ad j u s t a b l e  f o r  an frequency from 144 to  over  500 JA ITHz. t h i s  d i p o  e needs no ground ane,  is used 
h o r i z o n t a l 1  07 v e r t i c a l l y  and, a t  ?fZ wavelength, F is more e f  i c l e n t  t han  s h o r t  antennas.  A . b l u n  
reduces  p a t t e r n  distortion f o r  "boresight"  aimlng. 

I COMING S-N I 
For t h e  R V e r  a t i l t - u p  t e l e s c o p i n g  HF v e r t i c a l  
t h a t  a d j u s t s  t o  9 f requency from 3 t o  30 M z .  

The f i b e r g l a s s  mast ex tends  t o  f u l l  h e i q h t  f o r  a l l  
f requenc ies .  The antenna l e n g t h  is var:ed i n s i d e  
t h e  mast wi th  a  1 2  Volt  motor, a l s o  i n s i d e  t h e  
mast, and can be  c o n t r o l l e d  from i n s i d e  t h e  RV. 

Two v e r s i o n s  a r e  comin . one f o r  smal l  R V s  and 
vans and t h e  second f o r  ?arge R V s .  

I For I n f o r m a t i o n  O n  O u r  C o m p l e t e  L i n e  S e e  Y o u r  L o c a l  D e a l e r  O r  C a l l  F a c t o r y  D i r e c t  

P.O. Box 8979 Newport Beach, CA 92658 (714) 760-3622 I 

New Handsome Custom Albums To Collect, Protect & Oganize Your Hard-Earned 
QSL Cards.. .Plus Special Albums for DXCC, WAS/ WAC, & WAZ Radio Awards 

Throw oul Ihe ?hoe boxes GPI your OSLs organ~zed wllh Ih? FREE BONUS WITH TWO OR MORE ALBUMS! 
new Azlmulh Awards OSL Llhrary Thr perfecl wdy lo display 
Ihe cards lor your presllglous awards-lor easy vlewlnq Sotlwarr lor l t lr  IHM PC (S? 1 Y S  vn l~~ r  I 
Fach par ld~d vinyl album rornrc c o m p l r l ~  w11h 20 heavy duty Free1 Exclus~ve ricw prograrn helps you 
crystal clear sllp In pocketed vlnyl paqps (each holds 6 slay on lop ol conlncls by bdnd cards 
cards) sent and recelved and much much 
Now available lor Ihe most prestlglous awards In arnaleur more lo  rnonllor your rad~o award prorrr 
rad~o order all and organlze your cards lor each award 

DX Century Club. Worked All Zones - Worked All Stales 8 k ~ r n u l h  OSL Awards Llbrary-Each lust $19 95 plu$ 82 50 
Conl~nenls - 8 a general OSL Album for any purpose1 shlpplnq 8 handl~nq 
Looks great In your shark1 Need more pages? Order exlra Sperlfy 1) DXCC 2) WAZ 3) WAS WAC 41 Standard Album 
pages (20 pack) Exlra 20 Page Packs Jusl512 95 ($2 50 SBH) 
Sal~stacl~on Guaranteedl If not completely del~qhled return Enclose check or money order (Cal Res add 6 5'0 lax ) 
your purchase In 10 days for a money back relund VISA or Mastercard (Fore~gn orders trlple S8Hl 

Call or Send   or Your Azimuth Credit Card Orders Call Today Toll Free 
Q s L A w a r d  L i b ~ r ~  Today! a  id^ 1-800-882-7388 
SEND TO k l m u t h  Awards L~brary Depl 01 A I I I I i I , ,,,, 
l lAI5  W Olymplc RI Su~le 1100 Los AnqPles CA 90061 Allow 4 lo  6 Wepks DI lhvr r v  
1 213.473 1332 lor lnlormal~on 

111 11 ,A -- 
MLMI X X X l Y  A.~~nt#lll I m t ~ f ~ , t v ~ r <  d11nn5 rnran~ll!nn = 

Reader Service CHECK-OFF Page 98 ,/ 110 



HAM MART 

Ham Radio& guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver Clty, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 
ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood, CO 80110 
(303) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurlShortwave Specialists, 
Ten-Tec, Yaesu, JRC-NRD, Sony , MFJ, 
KLM, and other fine gear New and used. 
VisaIMC. Antennas, books, discount prlces 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 
Suite One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 061'14 
(203) 527-1881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
Wilmlngton, DE 19803 
(302) 478-2757 
Delaware's Fr~endliest 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, ar\d more. One mile off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radlo Store. 
Hours Mom-Fri. 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 
Orlando, FL 32803 
(305) 894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours Mon.-Frl. 9-5:30, Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Galn, Cush- 
craft AEA, KLM, Tri-Ex Towers, Fluke, 
Belden. Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston, ID 83263 
(208) 852-0830 
Mon. 9-2; Tues.-Fri. 9-6; Sat. 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on Hand 

ILLINOIS 
ERICKSON COMMUNICATIONS, INC. 
5456 N. M~lwaukee Avenue 
Ch~cago, IL 60630 
(312) 631-5181 
Hours: Mon. - Frl. 9-5:30, Sat. 9-3 

INDIANA 
THE HAM STATION 
220 N. Fulton Avenue 
Evansville. IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM, Yeasu, TenTec, Cushcraft. Hy-Gain, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Drive 
Laurel, MD 20707 
(301) 725-1212 
Kenwood. TenTec, Kantronlcs. Full servlce 
dealer. 
Mon.-Fri. 10-7, Sat. 9-5 

MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road, Rte. 119 
Llttleton, MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Business Park Lane 
Kansas City, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas, NV 89106 
(702) 647-3114 
Dale Porray "Squeak." AWK 
Outslde Nev: 1 (800) 634-6227 
Hours M-F 9-5.30, Sat. 9-3 

NEW HAMPSHIRE 
RIVENDELL ELECTRONICS 
8 Londonderry Road 
Derry, N. H. 03038 
(603) 434-5371 
Hours Mon.-Sat. 10-5; Thurs. 10-7 
Closed SunlHolidays 

NEW JERSEY 
ABARIS SYSTEMS 
276 Orlental Place 
Lyndhurst, NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL, Astatc, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen. RF 
Concepts, Tonna and much, much more! 
Tues.-Fri. 10AM-7:30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VisaIMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Larsen, 
Lunar, Astron. Wholesale - retail. 
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HAM MART 

NEW YORK 
BARRY ELECTRONICS 
512 Broadway 
New York. NY 10012 
(212) 925-7000 
New York C~ty's Largest Full Serv~ce Ham 
and Commerc~al Rad~o Store. 

VHF COMMUNICATIONS 
280 Tiffany Avenue 
Jamestown, NY 14701 
(716) 664-6345 
Open 8:00 AM till 5:30 PM 
Evenings. Saturday and Sunday by appo~nt- 
ment. Western New York's f~nest Amateur 
dealer. Featuring ICOM "The World System." 

OHlO 
AMATEUR ELECTRONIC SUPPLY 
28940 Eucl~d Avenue 
Wlckcl~ffe OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wals 1 (800) 362-0290 
Outs~de Ohlo 1 (800) 321-3594 
Hours Mon -Frl 9-5 30 Sat 9-3 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Clnclnnat~. OHlO 45209 
(513) 531-4499 
Mon.-Sat. 10AM-9PM. Sun.12Noon-6PM 
We buy and sell all types of electron~c parts. 

I TEKTRONIX SCOPE I 
AN/USM-281C ( d l - T E K  /- 

7603N11S) Oscllloscop8 with 
8x10 cm display and two AM- 
6565 (7A15Ntl) single trace and i 
one TO-1085 (7B53ANlt) dual . i .  
t~me base plug-ins. Performs to . .  
65 MHz but 100 MHz mainframe ? 1: ' + 1 
accepts standard 7000-series * - 
plug-~ns for full versatility. Oe- 
flection 5 mvto 1OVld1v In 11 steps. Sweep 0.05 us to 5 
Sjd~v in 25 steps; delay to 0.5sidiv. 11.5~9.7~25.2. 52 
Ibs sh. Used-checked wlbook ......... ............. S495 

I WRITE or CALL for probe and adapter availability! I 
I Pdsm F.O.B. Uma. 0. . VISA. MASTERURD Awpbd. 

Allow fw Shlppln~ Wflls lw latsrt Cltllou 
Addrsrs Oat. HR . Phone 419/227-6573 I 

UNIVERSAL AMATEUR RADIO, INC 
1280 A~da Drlve 
Reynoldsburg (Columbus), OH 

43068 
(614) 866-4267 
Featur~ng Kenwood, Yaesu, Icom. 
and other f~ne gear Factory author- 
 zed sales and servlce Shortwave 
spec~al~sts Near 1-270 and a~rport. 

PENNSYLVANIA 
HAMTRONICS. 
DIV. of Trevose Electron~cs 
4033 Brownsville Road 
Trevose. PA 19047 
(215) 357-1400 
Same Location for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonio, TX 78238 
(512) 680-6110 
(800) 344-3144 
Stocking all major lines. San Antonio's Ham 
Store. Great Prlces - Great Servlce. Factory 
author~zed sales and servlce. 
Hours: Mon.-Frl. 10-6; Sat. 9-3 

MADISON ELECTRONICS SUPPLY 
3621 Fann~n 
Houston, TX 77004 
(713) 520-7300 
Chr~stmas?? N o f l  

MISSION COMMUNICATIONS 
11903 Aleif Clodine 
Su~te 500 (Corner Harwln & Kirkwood) 
Houston, Texas 77082 
(713) 879-7764 
Now In Southwest Houston-full line of 
equipment. All the essent~als and extras for 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4828W.FondduLacAvenue 
Milwaukee. W153216 
(414) 442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outs~de W~sc: 1 (800) 558-0411 
Mon.-Fri. 9-5:30, Sat. 9-3 

Dealers: 
YOU SHOULD BE HERE TOO! 
Contact Ham Radio now for 
complete details. 

Factory-less, 
jumper-less, 
ROM-less programming. 

- -  - 

w i th  the new S-COM 5K Repeater 
Controller, you'll be able to configure 
your repeater remotely-using DTMF 
commands. Only the 5K offers t h ~ s  
capab~l~ty for just $195, wired and tested. 

S-COM Industries /Srn8#m P a .  Ebx 1718 
I?, Loveland. CO 80539 

(303) 663-6000 
T 

"The Big Signal Dandy 
DipoleTM Antenna Kit" 

Dandy DipoleTM Kit wllnsulator includes: 
1-Dandy DtpoleTM book of lnstruct~ons 
1-paw endsulators 
135' #14-7 strand copper wlre 
1-W2AU center insulator 

TOTAL COST $26.00 PLUS $3.50 for UPS 

Dandy DipoleTM KHwMTMAU 1:l Balun includes: 
1-Dandy D~pole book of ~nstructlons 
1-pa~r endsulators 
135' #14-7 strand copper wire 
1-W2AU 1:l balun 

TOTAL COST $36.00 PLUS $3.50 for UPS 
MasterNISA. or Money Order No C 0 0 please" 

AT YOUR LOCAL DEALER SOON!! 
IN A HURRY, ORDER DIRECT FOR 

IMMEDIATE DELIVERY 
Call: (508) 475-7831 or write 

IL A ANTEN A A A #A"h&JcrumNc Fo. 
PO Box 4215 BV Andover MA 01810 

f l  104 
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Garth Stonehockel; K0RY W 

KNOW SPORADIC-E 
SKIP 
As patches of Sporadic-E (E,) ioniza- 
tion cross the United States - from 
southeast to northwest, for example - 
it's possible for short-skip and multiple 
propagation modes to exist on 6 
meters. Surprisingly, they can be found 
occasionally on the 2-meter band. 
Openings appear quickly; they may 
stay in for just a few minutes, or remain 
open for hours. Sometimes in June or 
July DX signals may be heard around 
the clock. Signals can be received 
from distances of 500 to 1200 miles, 
and may at times be heard from dis- 
tances as far away as 2500 miles on 
multiple hop paths. 

How do you recognize such Es 
openings? Suppose you're monitoring 
a beacon frequency and the band IS 

quiet. Suddenly, you hear a build-up 
of "received noise." Almost instantly 
there are DX stations all over the band. 
Signal levels fluctuate rapidly as the 
session opens and as it declines. 
When the signal is there it usually pegs 
your S-meter, but it's also subject to 
rapid fades on the order of 60 dB or 
more that may chop it into a garbled 
mess. 

George Jacobs, W3ASK, discussed 
one way to recognize the probable 
opening of Es on 6 meters in the June 
1962 issue of CQ. When you're on a 
lower frequency band, say 15 or 10 
meters, listen to the stations being 
worked. If the minimum skip distance 
is decreasing, the skywave geometry 
is such that the maximum usable fre- 
quency (MUF) will be increasing by 
reflection from an Es cloud (more 

dense than F2 and lower in height). 
W3ASK1s rule of thumb states that 
when stations are heard less than 500 
miles away on 10 meters, or less than 
350 miles on 15 meters, the chances 
are good that 6 meters will open in that 
same direction. 

A directional (not too narrow beam 
width) rotatable antenna with a low 
take-off angle is a definite advantage 
in finding and using the Es short-skip 
propagation mode. 

*Last-minute forecast 
The lower frequency bands (mainly 

nighttime DXing), will be best the first 
two weeks of July. Expected lower 
MUFs from a lower solar flux in those 
two weeks will raise signal strengths in 
the evenings to help overcome thun- 
derstorm noise during those hours. 
The best low-band conditions will 
occur in the early morning hours. The 
higher band DXers will have to wait 
until the last two weeks of the month 
when long-skip openings with higher 
MUFs are expected. Geomagnetic dis- 
turbances are expected near the 6th 
and 16th, and on the 24th when they 
will be the most intense. Look for DX 
from unusual places on the disturbed 
days. 

A full moon occurs on the 18th; peri- 
gee IS on the 23rd. The Aquarids 
meteor shower begins on July 18th, 
peaks on the 28th, and lasts until 

August 7th. (All dates are approximate, 
but should be close.) The radio-echo 
rate at maximum is about 34 per hour. 

Band-by-band summary 
Six-meter paths will open for half an 

hour to a couple of hours on some 
days around local noon. Sporadic-E 
propagation will make this short-skip 
path possible out to nearly 1200 miles 
per hop. 

Ten, 15, 17, 20, and 30 meters will 
support OX propagation to most areas 
of the world during the daylight hours 
and into the evening, with long skip out 
to 2000 miles per hop. Sporadic-E 
short skip will also be available on 
many days for several hours around 
local noon. The d~rection of propaga- 
tion will follow the track of the sun 
across the sky: east in the morning, 
south at m~dday, and west in the eve- 
ning. The longer period of daylight pro- 
vides many hours of good DXing. 
Solar flux is high this year, so daytime 
absorption gives lower signal strengths 
than usual on these bands during this 
month. 

Thirty, 40, 80, and 160 meters are the 
nighttime DXer's bands. On many 
nights, 30 and 40 meters will be the 
only usable bands because of thun- 
derstorm QRN. Try the pre-dawn hours 
for best DX. The direction of propaga- 
tion follows the darkness path across 
the sky: to the east in the evening, 
south around midnight, and toward the 
west in the pre-dawn hours. Skip dis- 
tances will decrease to 1000 miles. 
Sporadic-E openings will be observed 
most frequently around sunrise and 
sunset. These may be the only signals 
gett~ng through the noise in the eve- 
ning. 
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Built-ln Automatic Antenna 
Tuner and Power Supply 
99 Memories 100 W Output 
160-10MIGeneral Coverage 
Receiver 
Band Stacking Registers 

I I 
- . . - - - - 

All Band. All Mode Transceiver 
Dlrect Keyboard Entry 

Add Optional 6m, 2m 8 
70cm Modules 

Engineered for the DX-Minded Dual VFO's 
Moblle 10 Meter Transceiver 
SSBIAMIFMICW 
25 Watts PEP 
New FM Offsets 8 PL 

and Contesting Ham I I f;i CW Break-in 
I ts  Got I t  All! Lots More Features 

lC-725 1 lCOM NEW ULTRA COMPACT 
HF TRANSCEIVER I 

FT-736R VHF-UHF RASESTATION 

SSB. CW. FM on 2 Meters 
and 70 c m  
Optional 50 MHz. 220 MHz or 
1.2 GHz 
25 Watts Output on 2 Meters. 
220 and 70 c m  
10 Watts Output on  6 Meters 
and 1.2 GHz 100 Memories 

Complete Terminal Unlt for 
Morse. Baudot, ASCII. AMTOR 

NOW r/2 PRICE 
CLOSEOUT SPECIAL 

ONLY $169. DELIVERED 
Software Available 

Call Now-Don't Delav 

TS-140s AFFORDABLE DX-~ng! USBILSBICW. AM Recelve 
Opt~onal Module lor AM 
Transrn~t and FM TXlRX 
160-10M Operation l00W Output 
Receive 30 kHz to 33 MHz 
26 Memories with Band 
Stacking Registers 

9 HF Transceiver With 
General Coverage Receiver 
All HF Amateur Bands 
100 W Output 
Compact, Lots o f  Features 

0 
ICOM 
IC-2GAT 
IC4GAT 

2 Meter 8 440 
Handhelds 
IC-2GAT 
RX 138-174 MHz 
TX 140-150 MHz 
7 Watts 
ICdGAT 
440-450 MHz 
6 Watts 

. ... -- .. . 
2 METER FM MOBILE KT-Series Mono-Band Radios 

10.15.20.30-40-80M MODELS 
50Watts Output 
20 Multi-Function Memories 
Selectable CTCSS Tone Built-in 

SAVE BIG $$ 
Operate4 Mobile Rigs with Opllonal Be" and Select'on 

IF.20 Interface and RC-20 Controller Call Today! 

0 
ICOM 

MW SALE MR KENWOOD 
TH-25AT , SALE! POCKETSIZED 

AND POWERFUL 

AUNaO 
SUPER SALE LARGEST STOCK OF ALL 

YOUR MFJ FAVORITE 
ACCESSORIES 

CALL TODAY FOR 
BEST PRICE 

- .-.- -.- 
3 m ..... --:* 

ALD. 
2m17 
Dual 
Mobi 

Frequency Cover- 
age: 141-163 MHz 
(Rx). 144-148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

IC-32AT 
SUPER DUALBAND 
FM HANDHELD 

5 Watts on Both Band! 
Receive 138-1 74 MHz 

440-450 MHz 
Stores Standard and 
Odd Offsets 

$449.00 Del~vered 

25W, 21 Memories. Dual VFO's 
Extra Savings on the MFJ.1278 

Multi-Mode Datacontroller 

ity, MO 64150 Call Toll F I - 6pm Mon.-Fri. 9am - 2pm Sat. 
In Missouri Call-816-741-81 18 
I I 

I 

102 N.W. Business Park Lane 
Send SASE For Used 1 1st -.-. - 

LER 
- 
r HUSTI 

MOST 01 YIPPED S AME DAI  



STOP LOOKING! THE FREQUENCY COUNTER 
YOU NEED IS HERE NOW! 

Take a good look at the model 2210 hand held that does it all. Frequency Range is from 
10 Hz to over 2.2 GHz covering audio through microwave. Literally DC to day light with 
extraordinary sensitivity and accuracy. The 2210 is now in demand by technicians, 
engineers, law enforcement officers, private investigators, two-way radio operators, 
scanner hobbyists, and amateur radio operators. Call us today to order yours. 

1 KHz 
100 MHz 
450 MHz 
850 MHz 
1.3 GHz 
2.2 GHz 

'ACTUAL 

< 5 mv 
< 3 mv 
< 3 rnv 
< 3 rnv 
< 7 mv 

< 30 rnv 

SIZE) 

Separate high impedance and 50 ohm amplifier circuits, two ranges, two gate times, dual crystal 
oscillator design. 8 LED digits, aluminum case, internal Ni-Cad batteries, 1 ppm accuracy, AC-DC 
portable operation. AC adapter-charger included. Full line of probes, antennas, and carry case 
is available. We manufacture the 2210 in the U.S. and have over 15 years of service, quality, 
experience and dedication that you can count on. 

-- 7 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue 

Fort  Lauderdale, Florida 33334 

FLA (305) 771-2050 Orders to U.S. and Canada add 5% to total ($2 min, $10 max) 
r /  101 FAX (305) 771-2052 

Florida residents add 6% sales tax. COD fee $3. 
Foreign orders add 15% 



TWO OFAMEHCAS 
MOST POPULAR 

No wonder Yacsu's FT-212R Series and An FT-4iOOHII mobiles are so popular. 
hot onlv are the features uniaue and 

p len t i fu l .~he  operation hassle-ffee. And 
the mounting options flexible. Hut also, 
each radio now features a built,-in PL 
board. I'lus ?p choose t htt optionill 
mic that best fits your operating and 
budget needs. 

FT-212R SERIES. hlOBILES THAT 
DOLBLE AS ANSWERING MACHINES. 

Let the 2-meter FT-212R and 440-MHz 
FT-712R take messages while you're away (with DVS-1 option)! 45-watt output (35W 
on 440 MHz). Built-in PL encodeldecode. 18 memories. Auto repeater shift. Scan- 
ning routines. Offset tuning from any memory channel. Extended 
receive. Audible command verification. 
Highllow power switch. Oversize amber 
display. Choice of optional mic. More. 
FT-4700RH. DUAL-BAND PERFORMANCE, 

REMOTE-HEAD DESIGPU'. 
Mount the FT-4700RH almost any- 

where- t,he "brains" on your dash, visor, 
or door; t,he "musclel'under your seat. 50 
watts on 2 met,ers, 40 watts on 70 cm. Full 

. crossband duplex. Simultaneous monit,oring 
of each hand, complet,e with independent, 

squelch settings on the main and 
secondary bands. Built-in PL 
encodeldecode. 9 memories (each 

band). Ext,ended receive. Reverse repeat,er shift.. Highllow 
power swit.ch. Patch cord for remote mounting. Bright. 
LCD display. Backlit controls. Choice of opt,ional mic. 

Want more information? Call (800) 999-2070 toll- 
free. Or ask your dealer about Yaesu's FT-212R Series and 

FT-470012H mobiles today. l h o  of America's favorites. 

YAESU USA 17210 Edwards Road, Cerritos, CA 90701 
(21:l) 304-2700. REPAIR SERVICE: (213) 404-4884. 

dinlrr mir 
PARTS: (213) 401 -4847. 

YAE SU 
Prirrs and sprcifirations sllh,jrrl lo rhiingr withorlt notirc. PI, is a rt.pistrrrd trademark of .llolorola, Inr. Sprrifi 
ciitinns grlnri~ntrrd nnly within nrn;ltrnr 1);lnd.q. 



Lo- 

T 

wlth audro frlterlng * YG-455C-1 (500 Hz). hear  amplrf~er SM-220 stat~on mon~tor 
YG-455C~- l (250 Hz).YK-88C-11500 Hz) CW * BS 8 pan display SW-200Aand SW-2000 KENWOOD U.S.A. CORPORATION 
f~lters, YK-88A-l(6 kHz) AM f~lter * VS-1 volce SWR and power meters * IF-232CllF 10B 2201 E Dom~nguez St . Long Beach CA 90810 
svnthes~zer SO 1 temperature compensated cornputer ~nterfacr? PO Box 22745 Long Beach, CA 90801-5745 
Lorrlplc.re servl( e rn,ln~~dls arc avar1,lble for,lll Kerlwoori Ir.ln~,rriver.; ,311 I r l i o  I , I (  r f 5~.0rrr\ 
5ret rf ir  , ~ l ron~  I n ~ r l ~ r i . \  .rrld (,rice\ dl(' r811,lecr In ch,lrlqe w~l l l r i~, l  nr,lrt 1, or o t ~ l  3.111 H I  

1. CW VBT 3. 
1 . 7 - Y -  E-? ?-;I HI-Cut Cut r , \ ~ i  r;lcl t> ~ P C  - Receiver 

IPE , signals SLOPE p 
6,0r 3pP or cn3sC covers 150 kHz-30 MHz All 

ndr *ransc~iver modes bu~ l t -~n  AM FM. CW, FSK. 
LSB. USB 

TS-940s-the standard of . 5 I~,IIV~ I ~ ~ ! ~ , , ~ ~  <%I 3 1 q t l ( L r p f 4  

performance by which all 4 v  IV* n IPPI ~ ~ V O L I ~  or  

other transceivers are judged. 
Pushing the state-of-the-art 
in HF transceiver design and 
construction, no one has been 
able to match theTS-940s in 
performance, value and reli- 
ability.The product revlews 
glow with superlatives, and 
the field-proven performance 
shows that the TS-940s is 
"The Number One Rated HF 
Transceiver!" 
c - v c l r  t rnnc;rnlPt~r 

Kenwood transmit duty 
time. The TS-940S Is guar- 

anteed tooperate at full power 
output for perrods exceeding 
One hour. (14 250 MHz CW 110 
watts ) Perfect for RTTY, SSTV. 
and other long-duration modes 
Frrst wlti, a f ~ l l l  o n e - v r a r  
l ~ r n t t e d  w a r a n n t v  
~ ~ t ~ ~ ~ ~ l ~  -.t?blp P ~ , ~ s ~  l o c k -  

loop (PLL, ~ p o  ~~f~~~~~~ 

frequency accuracy Is measured 
rn parts per million! 

O p t l o n a i  n c c ~ c ; < o r ~ e s  
AT 940 full range (160-10m) autornat~c mlc MC-6OA MC-80. MC-85 deluxe base 

antenna tuner SP-940 ~xternal speaker stat~on mlc: PC-lA phone patch TL-922A KENWOOD 

CW VBT 

AF algnal speclrum 
AF t u n e  o p e r a t ~ o n  

*The AF TUNE tunct,rl reduces 
rnterter~nq stgnals and while nolse 

O T ~ I S  lunct~on should only be used 
durlng opefatlon In IheCW mode 

SSB SLOPE TUNE 

4. tnt.rhrklp .ipn* 
/ ccw, MOM n l m  

(SSB) 

5' 

tnhrmng n1gn.1 IS In thm c m t r  
of th. d r l n d  sIvnsl 

r' ~ i l n c ' ~ [ i  q r  r r ] n 4 r  t l n c '  

,I- r Large fluorescent tube 
maln d~splay wlth d~mmer, d~rect 
keyboard Input of frequency. 
flywheel type marn tunlng knob 
wrth opt~cal encoder mechan~sm 
all comb~ne to make the TS-940s 
a joy to operate 

e (7 ) f  + , ( I $  1 f f ~ f l l l t ~ ~ l t  L, , - l - rck , T -rT\ ~ + , j ~ l p 7  > , 
I IF.P A p r , r  - I ,  l , c , 8 5 r L  :cr3 , , I >  ? :-I a ,  lr lr\ l 

t o  \II=~J - jlll,li - ( +  P C  ,,,I 

1) CW Variable Bandwidth funing.Vary the 3)SSBSlopeTuntng Operating tn IheLSBand 
passband width continuously ln the CW FSK, US8 modes thls lront panel control 'dll0ws 
and AM modes, w~thout allecttng the center Independent c o n t ~ n u o u s l y v a r ~ a b l e a d ~ u s t -  
frequency Th~s eflectlvely mtnlmlzes ORM mentoltheh~ghorlawfrequencyslopesofIhe 
from nearby SSB and CW signals IF passband The LC0 sub d~splay ~llustrates 

z)AFTune.Enabledwlththepushofabutton, the fllterlng posltlon 
this cw Interference f~ghter  Inserts a tun- 4) IF ~ o t c h  Filter. The tunable notch f~ l te r  
able,threepaleact~vef~lterbetweentheSSBl sharply attenuates lnterferlng s~gnals by as 
CWdemodulatar and the aud~o ampl~f~er Our- much as 40 dB Asshown here thelnterlerlng 
Ing CW OSOs l h l s  control can be used to slgnal 1s reduced wh~ le  the deslred slgnal 
'educe rnterfer~ng s~gnals and nolse and remalns unaffected The notch fllter works ln 
peaks audlo frequency response for optlmum all modes except FM 
CW performance 

,- \ I F T  c7f, 4 z p -  r l  > ,- ,,, 8,, , ,  

' '' 'Im' 

' ' q'c'ln qflr ' 'O ' w ' r 7 ' r  ' 1q7r,c' 

nq  \q loE  CG\" ' l r 3 0 t  r re?lL'r' 
* 9 l ~ r  V I ' ? ~  c ) v ~ ? + I  1c1 *III>~ 

'1 >nC> Selectable seml or full , 
break-rn CW (OSK), RITIXIT, all 
mode squelch, RF attenuator, filter 
select swltch, selectable AGC. 
CWvarlable pitch control,speech 
prOCeSSO,, and RF power output 
control, programmable band 
scan or 40 channel memory scan 

crystal osc~llator* MC 43s UPIDOWN hand 
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