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in HF Base  Stations 
The IC-751 Is the  most 

advanced transcelver avail- 
able today. It's a competl- 
t lon grade ham recelver. a 
lOOKHz to  30MHz contlnu- 
ous tunlng general coverage 
receiver AND a full-featured 
al l  mode solid-state ham 
band transmitter. The IC-751 
also covers the new WARC 
bands, MARS frequencies, 
and Is AMTOR cornpatlble. 

Important Standard 
Features. Compare these 
important standard features in 
thls "top of the line" base 
station: 
- 

lOOKHz - 30MHz Receiver 
lO5dB dynamic range 
OSK - full break-in CW 

FM Mode Standard 
High-grade FL44A 455KHz 
SSB filter 

IC-SM6 desk mic, RC-10 exter- 
nal controller, and a variety of 
filters. 

32 tunable Memories with 
lithium battery backup 
100% Duty Cycle Transmitter 
Passband Tuning 
12V DC operation 
Adjustable AGC 
Adjustable Noise Blanker 
RIT/XIT with seoarate 
reabout 
IC-HMIZ Microphone with 
Up/Down scan 
Continuously adjustable 
transmit power 

- - - - . - - 

Options. IC-EX310 speech 
synthesizer, internal IC-PS35 
power suppty, external IC-PSIS 
or IC-PS30 system supply, 
IC-SM8 two-cable desk mic, 

FILTER SPECIFICATIONS 
Crn" -bed 

nllcr ModCl Fnq.  ( K M )  
(KHz1 w m  

STANOIRD FILTERS 

OPTIONAL FILTERS 

CWN- n-52A 

Cw Nanow FL-534 

SSd VWe FL-70 

W N a n o u  Fl-32 

W N a n o w  Fl.63 

AM Fl.33 

Operating From 12V. tht 
IC-751 is also available withal 
optional internal AC power 
supply, the IC-PS35 ... for the 
winning edge in field day 
competition. 

The IC-751 provldes superlo 
performance for all amateur 
radio operato rs... from novice 
to extra class. See the IC-75 
at your local ICOM dealer. 

First in ~ohunication! 
ICOM Amrka, Inc., 2380-116th Ave NE, Bcllcvuc, WA 9%QO) / 3331 Towcmrood Drhrc, Sum 307. Dallas, TX 75234 

All Mtcd rpntnunlonr am appmxlmm and rub)cn to &ngc wlthM nmlw or obllgatlon. All KOM radlos rlpnlnurmy cxrted K C  rcgvlltlM llmlnnp 
emldons. 751708.1 

./ m1 



What To 
Look For In A 
Phone Patch 
rll(~ h r ~ t  way to decide 
what patch is right for you 
IS 10 first decide what a 
patch should do. A patch 
ihould: 

Give complete control to 
the nmnhile. allowing full 
break in operation. 

Not interfere with the 
normal operation of your 
base station. It should 
not require you to con- 
nect and disconnect cah- 
IPS (Or flip switches!) 
evey  time you wish to 
use your radio as a nor- 
ma l  has? station. 

Not depeM on volume or 
squelch wnings of your 
radio. It should work the 
same regardless of what 
you dc~ with these con- 
trols. 

You should be able to 
hear vour base station 
swaker with the patch 
installed. Rememher. you 
have a hase station be- 
cause there are mobiles. 
O N E  OF THEM MIGHT 
NEED HELP. 

The patch should have 
standard features a t  
no extra cmt.  T h e  
should include program- 
mahle toll restrict (dip 
switches). tone or rotary 
dialing. programmable 
p a t c h  a n d  a c t i v i t y  
timers, and front panel 
indicators of channel and 
patch status. 

ONLY SMART PATCH 
HAS ALL OF THE 
ABOVE. 

Now Mobile 
Operators Can , 
Enjoy An 
Affordable . . . . 
Personal Phone A Patch. . . I I- - - . - 

I t  an expensive 
rtyc8,itvr, 
t l s i ~ i g  anv FM tranceiver 

8-  

. . 
as a hase slalil~n. . . I- 13 - 1 3  3 1. n 
The s+~cret is a SIMPL.EX 1 ! . .. 
a~~topnt rh .  The, SMART 
PATCH. 

SMART PATCH 
I s  Easy To Install 
.lo install SMART PATCH. 
connect the n i ~ ~ l t i c t ~ l ~ ~ r e d  
ccmnmputrr style ribbon cahle 
tn nlic audin. receiwr 
discriminat~mr. PTT, and 
pouwr. (1 modular phnne 
cord i.. prtnriclrd k ~ r  c ~ ~ n -  
nertitmn to your phone sys- 
tc,nl. Sound sin1lmlc-Y . . . 
IT IS! 

How To Use 
SMART PATCH 
Plrscinq ~t call is si~nple. 
Scv~d vour access coclc~ 
front your rn~rhile (rxatn- 
ple: '73). This hrings up 
the Patch and y~ ru  will 
hear dial tone transmitted 
f r r ~m ynur hasp station. 
S in r r  SMART PATCH is 
chscking a h t ~ ~ ~ t  once p r  
svcnnd to s r r  i f  yo11 want 
to dial. al l  you have to do 
is key your transmitter. 
then dial the, phone num- 
hrr. Y(mu will now hear 
the ph l~ne ring and sol.-e- 
one answer. Since the m- 
hanced control syrteni of 
SMART PATCH is c ~ ~ n -  
stnntly cherkitig to see if  
you wish talk. you need 
10 simply key your trans- 
mitter and then talk. 
That's right, ~IIU s in~ply 
k r y  yralr transnmittc,r to 
interrupt the phone line. 
The h a w  s ta t i r~~ i  auto- 
niatirallv slnps transmit- 
ting after you key your 
nmic. SMART PATCH dnes 
n rr,quirr any special 
tone equipment to contrr~l 
your base statinn. It sam- 
ples vcsry I ~ i g l i  h rq t~rncy  
noise present at your 
receivers discriminator to 
deternmine i f  a n~crhile is 
present. No words or svlla- 
bles are ever IIISI. 

SMART PATCH 
I s  All You Need 
To Automatically 
Patch Your Base 
Station To Your 
Phone Line. 
I I \ c .  SMART I'ATCH for: 

Mohilr (or rc*n~ntc> hase) 
to [mhonc, line via Sin~plrx 
Imilsc.. (set' fig I .) 

Mohilc* to M~rlmilv via in- 
~C~~CIIIIIIPC~P~ h i~se sla- 
lions k ~ r  sxtmded range. 
t',c,e fig. 2.1 

k lvpl ionv line 111 m1111iie 
(or reniote haw). 

SMART PATCH uses 
SIMPI.I:X IjASI. STA- 
'TI( )N EQU1I'MI:NT. Uw 
vottr rrrdirlaw haw sta- 
tion. SMART PATCH 
d o ~ s  Illis w i t l i o ~ ~ t  inter- 
11,ring with the nnrmal 
use of uotlr radic~. 

WARRANTY? 
YIIS. 180 days of utarran- 
tu ~~rotc.rtirrn. Ynu simply 
cali t  go wrong. 
An FCC t v p ~  accepted 
car~tplvr is available h ~ r  
SMART PATCH. 

Communications Electronics Specialties. Inc. 
II.0. Hox 2'130. Li'i~itvr Park. F l ~ ~ r i d a  32790 
Tt-lcq~h~rno: (305) 645-0474 Or caU toll-free (800)327-9956 
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YOUALREADYOWN 75% OFA 
COLOR VIDEO STATION 
It's true. With your transceiver, antenna, television set and 
audio tape recorder, you already have 75% of what's 
required to receive and send 
color video world-wide! 

Add a ~ l m ~ d e o  Wansceiver 
and your station is complete. 
Thousands of amateur video operators around the world are 
exchanging beautiful color images every day. Whether your 
favorite mode is SSB or FM or AM-direct, via repeater or 
satellite-you can join in I---------------------------------------------------------- 

I 

the hiqh-tech fun with- Pleasesend me the following Robot equipment. I understand that if lam 
disatisfied for any reason. I can return the unit and receive a full refund. 

out midifying your I 
I 1POOC high resolution video transceiver 51295 

450C standard resolution 5795 
present equipment. Just v] ;~;;~23;~;;5395 
add a Robot to your 

I I 

station! I 
Name Call 

ROBOT RESEARCH, INC. Address 
I 7591 Convoy Court 

City Zip San Diego, CaliforniaPP(11 
I Phone (619) P79-9430 COD 
I 
I 
I 

Enclosed check or money order 5 
I MC VISA * Exp. Date: 
I 
I---------------------------------------------------------- 



one million years of experience 
If you saw a resume that showed one million years of experience, I'm sure you'd be im- 
pressed. One million, after all, is a very large number. But that, roughly, is the amount of 
experience that we Radio Amateurs have to draw on. In fact, if you add all our years of 
experience together, it's probably two or three times that number. 

More and more often it seems that we're being told that Amateur Radio is dying, that 
our numbers are diminishing day by day. If you examine the figures - the inanimate statistics 
- it would, sadly, appear to be so. 

The key word here is inanimate. Yes, the numbers are inanimate. But we are not. Just 
thinking of what hams have been able to accomplish, and continue to accomplish, over such 
a short period of time, is mind-boggling. Perhaps what we need to do is stand back and 
look at the future of Amateur Radio from a broader perspective. 

Please understand that I'm not for one minute discounting the facts or the importance 
of the statements made by others who share our common interest in the preservation of 
our hobby. Call me a perennial aptimist . . . it's just that when I look at what hams are doing 
in this country and abroad, I find myself feeling that we do have the capability to bring about 
the needed changes - but only if we are convinced of the urgency of the situation. 

Before putting pen to paper I scratched my head to come up with positive suggestions 
for actions that would reverse the "doomsday" trend suggested by the declining numbers. 
("Surely editors must have greater insight into solving the problems of their own field," I 
thought. "Given time," I supposed, "I'II contribute a suggestion or two that can be put into 
action.") But then I thought about you, the half-million hams who have their own opinions 
about what's happening, and about what can and should be done to strengthen and im- 
prove our hobby. What an unbelievable resource! 

Maybe ham radio's first contribution can be to act as a clearinghouse for information. 
It would be our pleasure - nay, our responsibility - to help in collecting, sorting, and sharing 
your written suggestions, ideas, and insights about how to encourage the growth and ex- 
pansion of Amateur Radio. 

Quick! While the thought is still fresh, jot it down on a blank QSL card, post card, or letter 
addressed to me at ham radio, Greenville, New Hampshire 03048. 1 promise that I'II read 
each and every one. 

Even the whisper of an idea can evolve into a plan and finally into action. "Sure," you 
can say, "this is all very general, but what can I add?" 

That's simple. What are you interested in? What aspect of Amateur Radio do you want 
to preserve and see grow? What do you like about our hobby? Dislike? What would you 
like to see change? And how would you change it? 

Ah, but who has the time? And what good will it do? These days, none of us has the 
time. We're all so busy, busier than we've ever been. But my answer to this is simply, "Nothing 
ventured, nothing gained." I'm willing to devote many hours to reading your responses - 
which may take no more than a minute or two to write. 

Make me very popular at the Greenville Post Office. Send those suggestions in today, 
tomorrow. Keep them coming. 

Rich Rosen, KZRR 
Editor-in-Chief 
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BURBANK, ILLINOIS' ANTENNA ORDINANCE HAS BEEN EFFECTIVELY OVERTURNED under the terms 
of a Consent Decree entered in U.S. District Court for the Northern District of Illinois on 
November 30. Burbank's highly restrictive ordinance had put a one-year moratorium on new 
antennas, which it limited to 35 feet, required insurance plus a $50,000 bond and annual 
inspection fees, and authorized a fine for interference to home entertainment devices. 

The Successful Two-Year Court Fight Was Waged by attorney Jim O'Connell, W9WU, on behalf 
of WA9EKA and 58 other Burbank Amateur and CB operators. Under the terms of the settlement 
Burbank agreed to grandfather all existing antennas, promptly issue permits ($15 maximum 
fee) for new towers up to 65 feet (exclusive of any antenna!), and permit roof mounting up 
to 12 feet above a building without permit. In addition Burbank is under court order to 
repeal both the offending antenna ordinance and any other city ordinances or codes in con- 
flict with the terms of agreement. December 19 the Burbank City Council unanimously passed 
the new ordinance required by the agreement. 

Estimated Costs 0g This lmportanE Battle Are Over $25,000 for the Amateur community 
alone, not including the tremendous investment in participants' time. The cost to Burbank 
taxpayers is not known. Though Burbank does represent an-important victory for those 
Amateurs involved, the fact that it was by Consent Decree (which means in essence Burbank 
gave up rather than continuing to fight) somewhat diminishes its value as a precedent. 

PRB-1, The ARRL's Attempt To Get FCC's "Official Sanction" for Amateur Radio against 
local restrictions, received strong support from several non-Amateur sources before the 
Comment period closed in late December. The American Red Cross and a number of communities 
and county emergency organizations have all joined in supporting the principals of PRB-1. 
However, it appears unlikely that the League petition will see any Commission response in 
the near future, quite possibly not until mid-1985. 

20 KHZ CHANNELS ON 2 METERS' TOP HALF COMES TO THE MIDWEST, following overwhelming 
approval of the change by the Michigan Area Repeater Council at its December meeting. The 
timetable requires their frequency coordinator to come up with a comprehensive plan for 
changing existing repeaters' frequencies by next June. The actual changeover has been set 
to take   lace durine Mav. 1986. 

To ~c'com~lish ~ h l  ;/itch Will Require Moving All present "split" (15 kHz) systems plus 
half those in present 30 kHz slots. Unfortunatelv. 20 kHz channels ~rovide onlv 99 slots 
in 2 MHz vs the 132 available in the present scheke. However, 15 k~'z spacing hks never 
been entirely satisfactory, while those areas that have already made the change to 20 kHz 
report they now have few if any problems with adjacent channel interference. 

The Shift To 20 kHz Began In The Pacific Northwest, starting with British Columbia and 
Washington, then Oregon, Idaho, Montana, Utah, Arizona, and now Michigan. In addition, it 
appears to have been mandated for Mexican Amateurs by their government, and Texas, Louisiana, 
Kansas. Nebraska. and Oklahoma are all reuorted seriouslv considerine the chanee. 

The' Impact will Fall Directly On ~ajor' Population centers in adjazent state: as well as 
Canada. so some sort of response to Michigan's action is expected soon. A meeting has been 
called-by ARRL Great Lakes ~irector ~40~1"for January 19 in'~t. Wayne to discuss the situ- 
ation; how well attended it will be remains to be seen, since it's being held the day before 
the Midwest's biggest winter hamfest in Arlington Heights, Illinois, 185 miles away. 

2240 AMATEUR EXAMINATION ELEMENTS WERE ADMINISTERED IN NOVEMBER by volunteer examiners, 
with an overall pass rate of 48%. Top RegionalVEC was DeVry, whose VEs gave 298 elements 
wiht a 53% pass rate. Runners-up were GLAARG (Los Angeles), with 225; ARRL 4th District, 
212; Central Alabama, 193; and Metroplex, with 185. Nationally ARRL's groups gave a total 
of 564 elements. and WSYI's 135. DeVry also led in number of exam sessions during the month. 
with 16. Of the 51 VECs in place, only 55% were active in November. 

- 
A Net Devoted To The Volunteer Exam Program Meets Every Sunday morning on 7280 kHz at 

17002. Net Control is W9JUG. who heads the VEC uroeram at DeVrv. and thoueh the net is prin- 
cipally for coordination of the ninth call area t~ operations any Amateur who is interested 
in the volunteer exam program is invited to join in. 

A-NEW BAND PLAN FOR THE 13 CM BAND, WHICH RECENTLY LOST 80 MHz to telemetry by FCC action, 
is ~oine to have to be devised bv the ARRL's VUAC. The two segments that remain. 2300-2310 
and-2395-2450 MHz, will have to 6e reallocated to accommodate iuch diverse users'as moon- 
bounce, fast scan TV, and the Amateur Satellite Service (which has been authorized, though 
not exclusively, 2400-2450 MHz by WARC 79). Comments and suggestions should go to VUAC 
Chairman Dick Jansson, WD4FAB. or to Mark Wilson, AAZZ, at the ARRL. 

OSCAR 10 IS ON A REDUCED OPERATING SCHEDULE for at least the next few months, to reduce 
battery drain during a period of partial eclipse of its solar panels. Check the Tuesday 
night br Sunday AMSAT nets for current times and modes. 

Amateur Satellite Orbital Predictions For 1985 Are Available again from Project OSCAR. 
Their 1985 orbital calendar covers all four Russian Mode A transponders, RS5, 6, 7, and8, 
plus all necessary data to determine the apogee of each OSCAR 10 orbit. Minimum donation 
for U.S. and Canada users is $10 (it's $12 overseas), to Project OSCAR, Inc., Box 1136, 
Los Gatos, California 94022. Please include a self addressed mailing label, too. 
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a low one. A short at one end insures antenna be mounted upwards, "good 
a low impedance. engineering practice dictates that the 

Slide the feedline away from the feedline of any antenna be brought 
shorted end until a match is found. away from the antenna perpendicu- 

The reason "convention dictates larly, or at right angles (your choice - 
that the antenna point upward" is so same result) for at least 7/2-wave- 
it won't interact with the feedline and length to keep coax/antenna inter- 
distort the radiation pattern. action to a minimum. If that is indeed 

For more information, check your the case, then the installation off the 
1 antenna handbook under the index side of the tower as lmentionedin the 

title "Zepp or End Feed." article is correct, and actually better 

comments 
half-wave sloper 
Dear HR: 

The response to my ham note, 
"80-meter Half-wave Sloper Uses Re- 
flector," (October, 1984, page 481, has 
been excellent. One interesting note: 
ham radio arrived at our QTH the Fri- 
day before the Boxboro (Massachu- 
setts) hamfest. We spent the weekend 
at the hamfest. Monday morning I 
called CQ DX 80 (grayline) and got 
Graham, ZL3MZ. Into the contact, 
Jim, KF4HK, broke in, asking for a re- 
port from the ZL. (He got 5-9.) He then 
informed me that he had put up two 
of my slopers over the weekend, 
worked a ZS the night before, and 
wanted to say "Hi." A quick check - 
with others helping - showed a 3 s- 
unit (18-dB) front-to-back between his 
two slopers. 

Bruce A. Clark, KOlF 
Belfast, Maine 

J-pole or Zepp? 
Dear HR: 

The J-pole antenna described on 
page 43 of the July issue of ham radio 
(see "All-metal 2-meter J-pole Anten- 
na," by Michael Hood, KD8JB) is not 
the magical 518-wave radiator that the 
author describes. The radiating portion 
is only that which extends above the 
19-inch 114-wave matching transform- 
er. The radiating element is therefore 
38 inches, which is a 112-wave end-fed 
"Zepp. " 

Remember, the 114-wave transmis- 
sion line inverts the high impedance to 

Richard Ociepka, KIWWT than if you were to run the cable 
Augusta, Maine straight down and away from the 

The intent of my article was not to 
design a J-pole antenna, but rather to 
adapt a number of approaches to 
building a J-pole antenna for my own 
use. Along the way, 1 mentioned why 
I felt the J-pole antenna was a viable 
alternative to using a 1/C wave radia- 
tor which had been the main 2-meter 
antenna at KD8JB to this point. I 
did not intend for anyone to assume 
this antenna was a magical 5/8-wave 
radiator. 

K 1 WWT is indeed correct in that the 
J-pole is an end-fed antenna and could 
be compared to the Zepp, since it is 
also end-fed, but I wouldn't go so far 
as to say the J-pole actually is an end- 
fed two-meter Zepp antenna. While it 
resembles the Zepp schematically, its 
appearance does not resemble the 
Zepp S any more than a Vee, inverted 
Vee, driven element of a Yagi, or other 
form of 1 /2- wave center- fed radiator 
resembles the basic dipole. These 
derive their names from their shapes. 
If 1 offended K l  WTTby not calling the 
J-pole an end-fed Zepp, my apologies 
- but I'm still going to call it a J-pole, 
because that's what it looks like, which 
was why someone (not me) selected 
that name in the first place. 

The Zepp is a 3/4-wave antenna in 
its true form operating against a 
counterpoise of 1/4-wavelength. The 
J-pole is tapped by the feedline at 
roughly the 5 /83 point on the radiator 
- hence my calling it a 5/8-wave 
antenna. (I'm not the only one calling 
it a 5/8- wave antenna, either. ) We can 
argue this point forever, but 1 don't 
think we'll get any further than we are. 

As far as 'tonvention dictating the 

antenna, as is most commonly done 
when a vertical antenna is mounted on 
top of a tower. 1 suppose there would 
be times when interaction would occur 
regardless of how the antenna was in- 
stalled, but my experience to date has 
shown that no adverse effects have 
manifested themselves by pointing the 
radiator in the downward direction. It's 
difficult to argue with success. 

While not perfect by any stretch of 
the imagination, the J-pole as I built 
it works as 1 had intended it to work 
for my purposes. In addition, 1 felt that 
hams who put in a 40-hour week do 
not want to spend their free time with 
their noses in antenna engineering 
books trying to build the perfect anten- 
na for their two-meter base stations. 
They want it quick, and they want it 
to work. I'd thought I'd covered all 
those bases. 

Michael P. Hood, KDIJB 
Grand Rapids, Michigan 

\ 
Building a current hem radio project? Call the 

Short Circuit Hotline any time between 9 A M  and 
Noon. or 1 to 3 PM - Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

lSee "Publisher's Log." April. 1984. page 6. for 
details.) 
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300 WATT ANTENNA TUNER HAS SWR/WATTMETER, ANTENNA SWITCH, BALUN. 
MATCHES VIRTUALLY EVERYTHING FROM 1.8 TO 30 MHz. 

MFJ's fastest selllng tuner packs In  plenty of new fealumsl 
New Styling! Brushed aluminum front All metal cabinet. 
New SWRIWattmetar! More accurate. Switch selectable 

300/30 watt ranges Read forwardlreflected power. 
New Antenna Switch! Front panel mounted. Select 2 coax 

Ilnes, d~recl or through tuner, random wtrelbalanced line or 
tuner bypass for dummy load 

New almound Inductor! Larger more eff~ctent 12 position air. 
wound lnductor glves lower losses and more watts out. Run up 
to 300 watts RF power outpul Matches everything from 1.8 to 
30 MHz, dlpoles, Inverted vee, random wires. verticals, mobile 

NEW wh~ps. beams. balanced and coax lines. Bu~lt- in 4 1  balun lor 

$99.95 M F J - 9 4 j D  FEATURES balanced llnes lOOOV capacllor spaclng. Black. 11x3~7 inches. 
Works w ~ t h  all sol~d state or tube rlgs. Easy to use, anywhere. 

RTTY/ASCII/CW COMPUTER 
INTERFACE 

F r w  MFJ RTTYIASCIIICW sotYwarn on tape and 
a b l e  for VIC-20 or C M .  Send and recelve cam- 
puterized RTTYIASCIIICW with nearly any per- 
sonal computer (VIC-20. Apple. TRS-8OC. Atari, 
TI-99. Commodore 64, etc.). Use Kantronics or 
most other RTTYICW sonware. Copies both mark 
and space, any shin (including 170. 425. 850 Hz) 
and any speed (5-100 WPM RTTY/CW. 300 baud 
ASCII). Sharp 8 pole active filter for CW and 170 
Hz shin. Sends 170. 850 Hz shift. Normallreverse 
switch eliminates retuning. Automatic noise limiter. 
Kantronics mmpatible socket plus exclusive general 
purpose socket. 8xl%x6 in. 12-15 VDC or 110 VAC 
with adapter. MFJ-1312, $9.95. 

RX NOISE 
BRIDGE 
Maxlmlze 
your antenna 1 - 1- 
performance! $59.95 M F J - 2 0 2 ~  
Tells whether to shor!en or lengthen antenna lor 
m~nlnium SWR. Measure resonant frequency. 
radiatlon resistance and reactance. 
New Features: ind~vidually callbraled resistance 
scale, expanded capacitance range (flSO PI). 
Bu~lt- in range extknder for measurements be 
yond scale readlngs 1-1M) MHz. Comprehensive' 
manual. Use 9 V battery. 2~4x4  in. 

INDOOR TUNED ACTIVE , ,MP~OVED'  ANTENNA 
NEW. higher gain"Wor ld  Grabber'' rivals 

or exceeds reception 
of outstde long wlms! Un~que tuned Actlve 
Antenna mlnlmizes lntermode, Improves select- 
IVI~Y, reduces nolse outslde tuned nand. even 
functions as Oreselector w ~ t h  external antennas. 
Covers scoplng 0.3-36 anleltna.Tune, MHz.Tele c-3 
Rand. Gain. Onaff 
bypass controls.6x2x6 in. &. 6 
Uses 9V banery.9- 
18 VDC or 110 VAC with 
adapter. MFJ-1312, $9.95. MFJ-lmOA $79.95 

POLICE/FIRE/WEATHER 
2 M HANDHELD CONVERTER 
Turn your synthesized scanning $39.95 
2 meter handheld Into a hot POllCel M F J  
FlrelWeather band scanner! -A c:313 
144-148 MHz hdndhelOS 
recetve Pol~ceIF~re on 154- 
158 MHz w ~ l h  dlrecl fre- 
quency readout Hear 
NOAA marlllme coastal 
plus more on 160-164 MHz 
Converter mounts between 
handheld and rubber ducky 
Feedthru allows s~multaneous - .  
scannlna of both 2 meters L .  
and ~ o l l c e / ~ ~ r e  bands No b.4 
mlssed calls Crystal controlled R y p ~ ~ ~ I O l f  
swltch allows transmltllng (up to 5 walls) Use 
AAA battery PtAxl ' /2xlK In BNC connectors 

that 111s right on ihe Bencher atnh~c 

1 KW DUMMY LOAD 
MFJ-250 $39.95 

Tune up fast, extend - 
life of llnals. reduce & 

- 

ORMI Rated l K W  CW - ,.". 
or 2KW PEP for 10 mln- 
Utes Hall ratlng for 20 
mtnutes, con t~nu~us  at I 
2W W CW. 400 W PEP 
VSWR under 1 2 ia  30 
MHz. 1 5 to 300 MHz I I 
011 contalns no PCB L-1 
50 ohm non-~nduct~ve resfstor Safety vent 
Carrytng handle 7'/rxS'A In. 

24/12 HOUR CLOCK/ ID TIMER 

Swltch to 24 
hour UTC or 
12 hour f o n r t l  
Batterv oackuo 

~ , -~ -r 

ma~ntalns time during power outage ID llmer 
alerts every 9 minutes alter reset. Red LEO 6 Inch 
d~gits. Synchronizable w ~ l h  W V .  Alarm wlth 
snooze function. Minute set, hour Set switches. 
Time set switch prevents mls-setting. Power out. 
alarm on indicators. Gray and black cabtnet. 5 x 2 ~  
3 inches. 110 VAC. 60 Hz. 

MFJ Keyer -small In slze, b ~ g  In lealures Curtis DUAL TUNABLE SSB/CW/RTTY 
8044-8 IC. adjustable weight and tone,iront panel 
volume and speed controls (8-50 WPM) Built- I FILTER MFJ-7520 $99.95 

OBLIGATION. IF NOT DELIGHTED. RETURN WITH- 
IN30DAYS FOR PROMPTREFUND (LESSSHlPPlNGl. 

One year u r r a n d l t l o ~ l  guarantee Made in USA. 
Add YI.W each shlpping/handling Callorwdtm 

In dot dash memorles Speaker sldetone, and 
pus9 button selectlon of semi-automat~c/tune 
or automallc modes Sol~d state keytng Bencher 
paddle 1s fully adjustable heavy steel base wtth 
non.skld feet Uses 9 V battety or 110 VAC w ~ t h  
opt~onal adapter MFJ.1305. $9 95 

VHF SWRIWATTMETER 
LOW cost MFJ-812 $29.95 
VHF SWRI 
Wattmeterl 
Read SWR 
(14 to 170 MHz) 
and forward1 80 b 
reflected oower 
at 2 meteks. Has 30 and 300 watts scales Also 
read relative field strength. 4 x 2 ~ 3  in. 

MFJ ENTERPRISES. INC. 
Bm 494. Mlrslsrlppl State. MS 39752 

Dual f l l tsn  give unmatched perlormance! 
The prlmary f~ l fer  l e : ~  y3b 3eab - 2 : : -  0:. 
pass or h ~ g h  Dass WI 'Q  er!,a s:eer s.).'s 
Auxil~ary tllter gives 70 cc 7:':- :: -: Zea. 
Both ftlters tune " 7 -  3SC :: 3:1C -: A ' -  

var~able Danawtaln '.lc 2:  -: ': -52-  , ' a' 
Constan! outau: as oa-c.:.:'- s . r -  5: ."ezr 
freauency conlro S~*v:c-a? e -: 1.5 - :e- ':. 
lmouse m s e  Ss-LI 3:ez s.e.0: i:"-: I:' CLL 
lets ears and min: 2": -:-.$ : -8;s 
Plugs Into onone lac. -:.: :.a?! ':- rzea.er 
0:: IJvDdSSeS 'I :er !.'E . :: :. ": , .\ '* 
o ~ f ~ o n a  3caz.e. ','..':': 5 :i 

TO ORDER OR FOR YOUR NEAREST 
DEALER. CALL TOLL-FREE 

800-647-1800. Call 601-323.5869 
In 4415s and ouls~de conllnenta us:. 
Telex 53-4590 MFJ STKV 
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t 4 e  I SOURCE " 6 STORE BUYING POWER ASSURES 
tk-d--l, TOP VALUES. 

i d " f i  FOR BIG. COMPLETE STOCKS. GET WHAT 
~ & V - - T  YOU WANT WHEN YOU WANT IT 

MORE SAVINGS BY FREE DELIVERY, 
-- 

HAND-HELDS 

ACCESSORIES 

HI-70 Hcodwr 
us-corn m 
Sduhbox 
HI-7OSA VOX 
Unit. 1 Not 
rho- wc& 
cnly wfh 02AT 
Ond M A T 1  

IC-ML7 I2VDC 744MHz Dootm IC-DCZSU 

tOW n1r t l2  VDC comer w i 5  h AC Wall olorgn 

coox DNC lo exb PL 259 1 
1 1 7  V A C m  

PRICED FOR DC Rcgubtor 
1 2 V 3 C r n i  VbMXour  
(come, worn DC cud - wll nor IC-CP7 Oporrm Uqhm 

VALUE! CALL. q e t  poww *om ~€301 cwo wlline tm rges  DPJipowen r x i )  

' Also om~lob le  
hA.inv i r  r - ~ ' . , i o t v  ~ l r , r y ~ ~ ,  ~ l~ , , :11 fv  lo r  Ir~pc. UPS S u r f x r . ~  rli.11i.r.r~; WfhOut r ~ u C h r 0 ~ '  wd 

CALL NOW FOR YOUR SALE PRICES 

Today's most advanced transcelver' The recelver secllon 1s lruly 
competlt~on-grade prov~dtng general coverage. continuous lun. 
tng over Ihe tOOkHz lo 30MHz range The lransmlller IS lull. 
featured. IS all mode, solld-slate. IC-751 alsocovers MARS and 
the new WARC frequenc~es. IS AMTOR compal~ble. 

A superlor.grade, general coverage IOOkHz lo 3OMHz recelver 
wlrh such lnnovallve lealures as keyboard lrequency enlry and 
w~reless remole conlrol (opt ) Ideal lor world-wlde communlca- 
t~ons Ibslen~ng. has 32 programmable memory channels, dual 
VFOs and prov~des SSB/AM/RTTY/CW/FM (opl ) reception 

, .  . . .  . , ..-., ., , 1 5'9.' bul lull.fealured ~ncludlna In. scan Includes m c  wllh 16 bullon 

SIMPLEX- REPEATER-SATELLITE 16-27A* 
SUPER-COMPACT 
2 METER MOBILE 

An trnporlsnl b r~ i lh lh r~u l jh  I" 10111 lull l u n ~ l l o n  lunablv rnPmorlPs 
pacl rnoblle equlprnrnl' Only 1 '  , . memory and band scan prlorlly 

10 February 1985 Tell 'em you saw i t  in HAM RADIO! 

i - i -L  

2 METERS* 100 WATTS 430-450MHz. 75 WATTS 
ALL-MODE ALL-MODE 

CALL FOR YOUR SPECIAL PRICE 

lernal speaker 25W of power ten Touchtone 

qC-27" HIGH POWER VERSION 
AND IC-37A, 220MHz 

I C - 4 7 ~ ,  7 0 ~ ~  LOW PRICES. CALL! - 



T ,  . .--,_.__ .?''. - p% ,, ! ''4 
&-' \ - 

TS-930s I -:-F71 A POWER SUPPLIES 
3 I 

PAY RE I 
A s T R o N  RUGGED. RELIABLL r* . ' 1 1 '  ' 8 Y 

HFLVY-DUTY 

PRICE OF 

GENERALCOVERAGE 
Y O U R  CHOICE OF 

TH-21AT and HMC-1 
2 MTR HANDHELD MIKE HEADSET 

REG $229.99 REG. $39.95 

AT-930 and MC-6OA - ANT.TUNER 
Full electronic regulalion. 5mV max. ripple 

REG $199.95 

PAY REG. PRICE OF 

V E I :  , C'-IEC A M P L I F I E R  

IC-PAT HANDHELD 
8-1016 $248 

PRE- DC SALE 
MODEL BAND INPUT OUTPUT pWR pRlcE 

A1015 6M Yes 10W 150W 20A $249 
' E  3EjzlE ,C'?EF- 

Y O U R  CHOICE OF 8108 2M Yes IOW BOW IOA $159 
ANY 2 OF THE FOLLOWING 

BlOlE 2M Yes 10W 160W 20A 1249 
PAY REG. PRICE OF 83016 2M Yes 30W 160W 17A $199 

1) VS-1 VOICE SYNTHESIZER C22A 220 Yes 2W 20W 5A 589 
C106 220 Yes 10W SOW 1OA 1179 
C1012 220 Yes 10W 120W 20A $259 

RECEIVE FREE D Z ~  440 NO 2w 40w FIA $179 

IC-BP8 BATTERY 
DlOlON 440 No 10W lOOW 20A 8289 

I tor MIRAGE Amplitlers 124 

40'2 SECT. TUBULARTOWER 

PAY REG. PR lCE OF $349.95 MA-550 SALE s899 
I7ECElV.E FREE 

FTS-6 ENCODER/DECODER 1 55'3SECT.TuBULAR 
549.95 VALUE 

-I 

8. . 
F- 7 

PHONE HOURS: 9:30AM to 5:30PM PACIFIC TIME. 

f 
STORE HOURS: l O A M  to 5:30PM Mon, through 9 1 .  

ANAHEIM, C A  92801 O A K L A N D .  C A  94609  S A N  DIEGO, C A  92123 

(_1 2620 W La Palma. 2811 Telegraph Ave.. 5375 Kearnv Villa Road. 

(714) 761-3033. (213) 860-2040. (415) 451-5757, (619) 560-4900. 
Beheen Dnsneyland L Knolls Berry Farm. Hlghway 24 Downtown Lefl271h otbramp, Highway 163 and Clalremonl Mesa Boulevard. 

BURLINGAME,  C A  94010 PHOENIX. A Z  85015 V A N  NUYS, C A  91401 
999 Howard Ave. 1702 W. Carnelback Road. 6265 Sepulveda Blvd. 
(415) 342-5757. 1602) 242-3515, 1818) 988-2212 

5 miles south on 101 lrom Sen Francisco Airpon. East of Highway 17. Sen Dlego Freeway a! V8cfory Boulevard 
: . :  . . . .  / . . ,  / . .  . %.. 1 8  . . . . . . .  . . %  . . . . . . . . . . . . . . . . .  . . . .  ..,. . . . .  8 
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a home-brewed 
six-cavity duplexer 

Achieve 95 dB of isolation, 

using inexpensive parts 

After building a repeater, I soon realized that I'd 
need a duplexer in order to use the same antenna for 
the repeater, transmitter and receiver. After pondering 
the situation, I decided to build a six-cavity duplexer 
similar to the one described in the ARRL FM Repeater 
Manual." This duplexer, while not cheap, still costs 
much less to build than to buy; the total cost should 
range from about zero to $250.00, depending on how 
well your junk box is stocked. 

The duplexer I built has a measured 95 dB of isola- 
tion and 1.5 dB insertion loss. Figure 1 shows the 
completed duplexer in operation on the K9EYY re- 
peater. Figure 2 shows a completed cavity; f ig. ZA, 
a cross-section view (less inductor and capacitor). 

construction 
The first step in construction is to  cut the 4-inch 

(10-cm) copper pipes to a length of 22.5 inches 
156.25 cm). If you are using the thin wall variety of 
copper pipe, handle it carefully to avoid distortion. I fig. 1. Six-cavity duplexer with a measured notch of 95 dB 
Square both ends of all six pieces by using a lathe and and an insertion loss of 1.5 dB. 

a steady rest to support your work. . . 

'Avatlable from Ham Radio's Bookstore. Greenville. New Hampshare 03048 By J.S. Gurske, KSEYY, R.R. 2, BOX 178A, Lodi, 
18.50 postpaid). Wisconsin 53555 
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Next cut the 1-318 inch (3.44 cm) copper pipes to 
a length of 18 inches (45 cm). Once again you should 
square both ends of all six pieces. Cut the 1-inch 
(2.5-crn) O.D. brass tubing tog-inch (15-cm) lengths. 
You will need six of these. Now machine 6 brass plugs 
from 1-inch (2.5-cm) brass rod stock as shown in fig. 
3. The center hole in each brass plug is threaded with 
a 318 inch (0.938 cm) x 16 tpi tap. 

The teflon insulating bushings are fabricated next. 
(Refer to fig. 4.) use very sharp cutting tools in the 
lathe tool holder and rotate the teflon material slowly 
in the lathe. I used a speed of approximately 35 RPM 
(I used the back gearing on the lathe) and it cut very . easily. You will need two of these bushings for each 
cavity, for a total of 12 teflon bushings. Be sure to drill 
a No. 50 hole in each bushing for a No. 16 wire. 

Use the lathe to fabricate an aluminum plug (see 
fig. 5A) to be used when silver soldering the threaded 
rod, the brass plug, and the brass tube. Then fabricate 
another special aluminum plug to the dimensions 
shown in fig. 58. This plug will be used to temporari- 
ly hold the finger stock inside the 1-318 inch (3.5-cm) 
copper tube while you silver solder the finger stock 
in place. This plug will prevent the "fingers" from 
getting too hot and losing their temper. The solder will 

where you will cut the rod, then cut the rod to a length 
of 24 inches (60 cm). Then run the nut off the cut end 
of the threaded rod to chase or clean any threads 
which may have been damaged when you cut the rod 
to length. You will need six of these rods (one for each 
cavity). 

Now look at fig. 6. Notice that a plastic pipe is slid 
over the threaded rod and fitted snugly inside the metal 
box. Check the inside measurement of the metal boxes 

not adhere to the aluminum. Items t o  be purchased or fabricated for each cavity. The 
Thread a nut onto a piece of 318 inch (0.938 numbers i n  the photograph correspond t o  the numbers i n  

cm) x 16 threaded rod. Run the nut past the point table I. 

table 1. Six-cavity duplexer pans list. This is a listing of all the parts you will need to obtain or fabricate to make a six-cavity 
duplexer. Some of these items are shown in the photograph above. 

i tem 
number quantity 

(see photo) needed description 

1 6 4 x 22-112 inch 110 x 56.25 cm) copper tubes 

9 6 1-318 inch 0.0. x 18 inch (3.5 x 45 cml copper tubes 
3 6 1 inch O.D. x 6 inch (2.5 cm x 15.25 cml brass tubing 
4 6 pieces of finger stock to fit inside item 2 
5 6 tuning plunger bushing - 1 inch 12.5 cml diameter brass rod 
6 6 tuning rods 318 inch 10.95 cml x 16 threaded rod 24 inches 160 cml long 
7 6 boxes to fit on top of cavities 
8 6 top covers for 4 inch 110.5 cml tubes made of 114 inch 10.6 cml brass plate 
9 6 bottom covers for 4 inch (10.5 cml tubes made of 118 inch 10.3 cml brass plate 

10 12 teflon bushings 112 x 114 inch 11.35 x 0.6 cm) 
11 18 nuts 318 inch 10.95 cml x 16 for tuning rods 16 for locking and 12 for tuning) 
12 12 coupling loops lmade from No. 16 tinned wire) 
13 3 inductors (made from No. 16 tinned wire) 
14 6 copper straps 114 x 1 inch 10.6 x 2.6 cm) No. 0.020 copper 
15 6 318 inch I.D. x height of mini boxes plastic pipe to keep mini box from compressing 
16 12 "N" type chassis coax connectors to couple one cavity to another 
17 4 7 inch 117.5 cml tip to tip RG-192 double-shielded coax to couple the middle cavities to those on 

each end 
18 1 9 inch 122.5 cm) RG-192 double-shielded coax to couple receive cavities to "T" connector 
19 1 26 inch 165 cm) RG-192 double-shielded coax to couple transmit cavities to "T" connector 
20 3 15 pF small variable capacitor (Johnson 189-5-5) 
21 2 lengths of RG-192 to reach from transmitter to transmit cavities and receiver to receive cavities 
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fig. 2A. A cross-sectional view of a single cavity. Neither 
the inductor nor the capacitor is shown in the metal 
chassis box. 

you will be using and cut six lengths of this 318-inch 
(0.938-cm) I.D. plastic pipe to fit snugly inside the box. 
This spacer is used to keep the box from changing its 
shape when you tighten the lock nut after you have 
adjusted the cavity. 

See fig. 7A. Make six bottom covers for the six 
4-inch (10-cml tubes by cutting square pieces of 
118-inch (0.313-cm) brass plate so that they measure 
4-112 x 4-112 inches (11.25 x 11.25 cm). Chuck 
these pieces of brass in the lathe one at a time and 
cut a 4-inch (10-cm) slot 1/16 inch (0.175 cml deep, 
so that the 4-inch (10-cm) tubing fits snugly into the 
1/16 inch (0.175 cm) circle you cut into each 
118 x 4-1 12 inch (0.313 x 11.25 cm) square piece of 
brass base. You should have approximately 1 14 inch 
(0.625 cm) between the circle and the outside edge 
of these pieces of brass. 

Refer to figs. 7A and fig. 7B. Fabricate six top 
covers to fit on the Cinch (10-cml copper tubes, using 
114-inch (0.625-cm) brass plate stock. Cut rough 
Sinch (12.5cml circles from the brass plate stock with 
a hacksaw. Then insert the rough sawed blank into 
your lathe chuck. (A  4-jaw chuck might be easier to 

fig. 2. Completed cavity. Note the locking nut on the threaded 
rod to hold the tuning adjustment. Also note the metal chassis 
box, the two "N" type chassis connectors, top and bottom 
covers. 
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use at this point.) Cut this blank to 4-1 I 2  inches (1  1.25 
cm) in diameter and drill a 5/16 inch (0.78 cm) hole 
in the exact center of this cover plate. Thread this hole 
with a 318 inch (0.94 cm) 16 tap. Cut a circular slot 
4 inches (10 cm) in diameter and 0.150 inch (0.375 cm) 
deep. The width of the slot should equal the thickness 
of the large 4 inch (10 cm) copper pipe, and the slot 
large enough so that the cover will fit snugly on the 
top end of the large copper pipe. Cut another round 
slot 1-318 inch (3.5 cm) in diameter and 1 18 inch (0.31 
cm) deep to accommodate snugly the 1-318 inch (3.5 
cm) O.D. copper pipe. Drill 2 holes 318 inch (0.94 cm) 
in diameter exactly 2-518 inches (6.56 cm) apart. The 
centers of these two holes should be exactly 1-5/16 
inch (3.28 cm) from the center of the hole you drilled 
and threaded. These holes will accommodate the 
teflon bushings. 

Refer to fig. 7B and notice the four small screws 
pointing inward toward the center of the cover. These 
are used .to hold the brass covers on the top of the 
large copper pipes. Use a No. 43 drill and cutting oil 
to drill 4 holes as close to the bottom of the cover plate 
as you can. Tap these holes with a 4-40 tap. (Use a 
good grade of cutting oil or you will break the tap every 
time. The broken taps cannot be removed and the ex- 
posed edges must be ground off.) Fit 4-40 bolts in each 
of the tapped holes. If you grind a small point on the 
end of these bolts, they will hold the cover on the pipe 
more securely. 

Refer again to fig. 6 and also to fig. 8. Try to select 
a cast mini-box rather than a box made by bending 
sheet aluminum. The cast box will be more rigid and 
will keep the cavity tuned. Each box will include: 

input and output coax connectors (chassis mount) 
located 718 inch (2.19 cm) up from the bottom of the 

I O R I L L  T H R U  A N 0  T A P  3 / 8 * 1 0  9 3 8 c m ) - 1 6  

fig. 3. The dimensions of the six threaded brass plugs 
made from 1 inch (2.5 cm) brass rod. 

N 0 . 5 0  D R I L L  THRU HOLE - 
fig. 4. The dimensions of the 12 teflon bushings that allow 
the coupling loops to pass from the cavities through the 
top covers and into the chassis boxes. Note the No. 50 
drill hole through the center of each bushing. 

box, 1-15/16 inch (3.28 cm) from the center of the 
box. 

a 7/16 inch (1.09 cm) hole through the top and 
bottom of the box. 

two 318 inch (0.940 cm) holes for mounting the 
teflon bushings; they must align with the holes in the 
top cover plate. 

two holes for fastening the box to the top plate of 
each cavity (6-32 bolts). 

a spacer installed between the top and bottom sides 
of the box to keep the box from distorting when tuning 
is completed and the lock nut is tightened. This spacer 
can be metal or plastic. The inside diameter should 
allow the 318 inch (0.94 cm) threaded rod to slide in- 
side the spacer. 

The boxes I used measured approximately 4-314 
inches (1 1.88 cm) wide, 3-1 I 2  inches (8.75 cm) high 
and 2-114 inches (5.63 cm) deep and were obtained 
at a surplus outlet. 

assembly 
Figure 9 shows the main 4-inch (10-cm) diameter 

copper tube silver-soldered to the brass bottom plate. 
(Using low-temperature silver solder, we were able to 
attach the 4 inch (10 cm) tubes to their bases with the 
heat from only one acetylene torch in spite of the great 
conductivity of the 4 inch, 10 cm, copper tube.) Place 
the tube in the slot you machined in each square brass 
plate, apply flux, and silver solder the base plate to 
the 4 inch (10 cm) copper tube. Check for trueness 
before you lay the piece aside. 

Next place the 1-318 x 18 inch (3.44 x 45 cm) 
copper tube into the slot previously cut in the round 
1 14 inch (0.63 cm) brass top plate. Check for trueness 
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and silver solder in place. See fig. 10 which shows 
the tube silver-soldered to the brass top cover plate. 
It also shows how the finger stock fits inside the other 
end of this tube. The finger stock should be silver 
soldered to the inside of 1-318 inch (3.44 cm) tubing 
at the lower end. Figure 10 shows its location and how 
it must contact the 1-inch (2.5-cm) tube for adjust- 
ment'purposes. When silver soldering the finger stock, 
do not overheat the fingers. The aluminum plug you 
made earlier will help prevent overheating. I used a 
propane torch and the low temperature silver solder 
mentioned above. Obviously, you will not have the 1 
inch (2.5 cml brass tubing inside the finger stock while 
silver soldering. Instead, use the aluminum plug to 
hold the finger stock securely inside the 1-318 inch 
(3.-44 cm) copper tube while you are soldering. After 

\ 
D R I L L  l t r *  C O V N T € R S I * I  

817 FOR L A T I E  C E N l t R  

fig. 5A. The dimensions of the single aluminum plug used 
to  fit into the open end of the I-inch (2.5-cml tube and 
supports the open end in the lathe center while the 
threaded roe, the brass plug detailed in fig. 3, and the 
brass tube are silver soldered. 

soldering, slide the 1-inch (2.5-cm) brass tube inside 
the finger stock. If the finger stock does not make firm 
contact with the 1-inch (2.5-cm) tube, remove the 

fig. 6. Detail of plastic pipe spacer, threaded rod, locking nut. 
teflon bushings, coax fittings and how they fit in  the box. 

fig. 7A. One of the six bottom covers showing the slot. The 
large copper pipe will fit in this slot and be silver soldered 
to  the plate. 

16 n February 1985 

fig. 58. The dimensions of another aluminum plug to be 
used when silver soldering the finger stock inside the 
six 1-318-inch (3.44-cm) copper tubes. 

fig. 78. A completed top cover. Note the center threaded hole, 
the two holes for the teflon bushings. the two slots for the 
copper tubes, the 6-32 threaded holes and the four 4-40 bolts 
in their holes. 



accessories More q"3 or 
more DMMs 

than anyone else 
in the'world. 

Fluke has over thirty ways to expand 
the horizons of your DMM - even if your 
existing DMM is made by someone else. 

Take our new, low-priced 80i-400 cur- 
rent clamp, for example. It's one of five 
different accessories offered by Fluke to 
let you take safer, more accurate current 
measurements in high energy circuits. 

Or consider our universal temperature 
accessories. They convert your DMM 
into a thermometer for air, surface, and 
non-corrosive liquid temperature 
measurements. 

Fluke also offers a variety of probes to 
measure high voltage and probes for 
high frequency ac measurements. Plus a 
complete selection of test leads, battery 
eliminators, carrying cases, and more. 

It's the largest selection of DMM 
accessories available in the world. 

So why spend a lot of money on new 
equipment, when all you may really need 
are new accessories. 

To get the whole story, ask for a copy 
of our complete DMM ac'cessories book- 
let. It's yours for free by contacting your 
local Fluke Distributor, or by calling toll- 
free 1-600-426-0361. 

FROM T H E  WORLD LEADER 
IN DIGITAL MULTIMETERS. 

IN 1HI U 5 ANII Nf l l l  
t IIRnf'l AN CLl i lNl  lilt :> 
John Fluke Mlg. Co.. Inc. 
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Stuck with a problem? 
Our TE-12P Encoder might be just the solution to  pull 

you out of a sticky situation. Need a different CTCSS 
tone foreach channel in a multi-channel Public Safety 
System? How about customer access to multiple re- 
peater sites on the same channel? Or use i t  to generate 
any of the twelve tones for EMS use. Also, i t  can be used 
to access Amateur repeaters or just as a piece of ver- 
satile test equipment. Any of the CTCSS tones may be 
accessed with theTE-12PA, any of theaudible frequen- 
cies with theTE-12PB. Just set adip switch, no test 
equipment is required. As usual, we're a stickler for 
lday delivery with a full 1 year warranty. 

Output level flat to within 1.5db over entire range selected. 
Immune to RF. 
Powered by 6-30vdc, unregulated at 8 ma. 
Low impedance, low distortion, adjustable sinewave output, 
5v peak-to-peak. 
Instant start-up. 

1/ 120 .. , 

TE-12PA 

67.0 XZ 85.4 YA 103.5 1A 127.3 3A 156.7 5A 192.8 7A 
71.9XA B8.5Y6 107.2 16 131.836 162.256 203.5 M1 
74.4 WA 91.522 110.9 22 136.5 42 167.96Z 
77.0 X6 94.8ZA 114.8 2A 141.3 4A 173.86A 
79.7SP 97.426 118.826 146.246 179.966 
82.5YZ 100.0 12 123.032 151.452 186.272 

Frequency accuracy, i .1 Hz maximum -40'C to +85'C 
Frequencies to 250 Hz available on special order. 
Continuous tone 

TE-12PB 

TEST-TONES: TOUCH-TONES: BURST TONES: 
600 697 1209 1600 1850 2150 2400 

loo0 770 1336 1650 1900 2200 2450 
1 so0 852 1477 1700 1950 2250 2500 
2175 941 1633 1750 2000 2300 2550 
2805 1800 2100 2350 

Frequency accuracy, i 1  Hzmaximum -40°C to +85'C 
Tone length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

* ; COMMUN~CATIONS SPEClALlS7S 
426 West Taft Avenue, Orange, California 92667 
(800) 854-0547lCalifornia: (714) 998-3021 



1-inch (2.5-cm) tube and bend each finger inward so 
that it does make firm contact. 

Examine fig. 11 for the following details. It is very 
important that the 1-inch (2.5-cml brass tube be 
attached to  the 24-inch (60-cm) length of 318 inch 
(0.938 cm) by 16 threaded rod as accurately as possi- 
ble. In other words, when the 318 inch (0.938 cm) by 

16 (adjustment) threaded rod is turned, the 1-inch 
(2.5-cm) brass tubing should not wobble in the finger 
stock inside the 1-318 inch (3.44 cm) copper tubing. 
An easy way to accomplish this is to  put one end of 
the threaded rod in the lathe chuck and thread the 
other end into the brass plug you machined earlier. 
Slide the 1-inch (2.5-cm) brass tube onto this plug. 
Then put the small aluminum plug (see fig. 5A) in the 
open (other) end of the 1-inch (2.5-cm) brass tube. 
Support this end by having the live center (or dead 
center) ride in the countersunk hole drilled in the center 
of this plug. The other end of the brass tube is held 
"centered" by supporting it in the steady rest. 
Lubricate the steady rest jaws and rotate the entire 
assembly while silver soldering the threaded rod into 
the threaded brass plug, and the plug to the brass tub- 
ing. When the silver soldering is complete, continue 
to let the piece rotate until it has cooled. Figure 11 
shows the threaded brass plug, the threaded rod, the 
aluminum plug, and the 1-inch (2.5-cm) brass tube as 
well as the steady rest as it was set up in my case. 

After the assembly cools, thread the rod up through 

fig. 8. One of the six chassis boxes. These boxes are held to  
the top cover plates with the two 632 bolts in the foreground. 
Also note the spacer inside the box, the "N" type coax chassis 
mounts and the teflon bushings. 

fig. 9. One of the six main copper tubes silver soldered to the 
bottom cover plate. 

fig. 10. The top plate silver soldered to one end of the 1-318 
inch (3.44 crn) O.D. copper tube and the finger stock silver 
soldered to the other end (foreground). Note how the finger 
stock firmly contacts the inner tube. 
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fig. 11. This is how the threaded brass plug is silver soldered 
to'the brass tube and threaded rod while turning in the lathe. 
Note how the aluminum plug described in fig. 5A is used to  
support the other end of the brass tube in the tail stock live 
center rest. 

2  , / I- 
16 2 5  c m l  

1 
7 ,,2" 

1 ,  2 S r - I  

\ t 
' L N O  (6 T r N N E D  I ! R E  

fig. 12. The dimensions and shape of the inductor, which 
spans the input and output coax chassis connectors in- 
s~de three of the chass~s boxes. 

- 

the brass top covers. Make sure the finger stock firmly 
contacts the 1-inch (2.5-cm) brass tube. (See fig. 10.) 

coupling energy to  the duplexer 
Three cavities use short lengths of No. 16 wire while 

the other three use a small capacitor. The three cavities 
that have inductors made of No. 16 wire connected 
from the input to the output coax chassis connectors 
will go to the receiver and be tuned to provide a notch 
at the transmitter frequency. 

Refer to figs. 12 and 13. Bend a length of No. 16 
tinned wire to the dimensions and shape shown in fig. 
12. Temporarily connect all three inductors between 
the input and output coax chassis connectors. Do not 
solder these wires at this time because you will have 
to remove them for the first step in the tune-up pro- 
cedure later. 

The other three cavities will each have a small vari- 
able capacitor (15 pF) connected between them. 
These three can then be put in the transmitter line and 
the notch tuned to the receiver frequency. The capaci- 
tors are connected to the input and output coax con- 
nectors with copper strips measuring 114 x 1 inch 

Y E ~ A L  C M A S S I S  BOX 
S P A C E R  

1 
8 3 

I I 

f N D U C  TOR 

u u 
fig. 13. The inductor is connected in three of the cavities. 

(0.625 x 2.5 cm). Refer to fig. 14 and cut six pieces 
of copper flashing. Then connect them to the 15 pF 

fig. 14. The dimensions of one of the two copper straps 
that attach to  each 15 pF capacitor. Make six of these. 

fig. 15.15 pF capacitors are connected with two copper 
straps in each of three cavities. 
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I T E F L O N  EUSHING 7 

I l / f l "  1 5 / f l m  

( 2 . 8  c m l  I 4  0 6  c m l  

W I R E   END^ M O U N T  IN M E T A L  BOX 

fig. 17. This diagram shows how the wire end is fastened 
t o  one end of the loop and how a teflon bushing fits on 
the wire. 

t 
11 2 5 c m 1  

1 
1 

1 

capacitors as shown in fig. 15 and fig. 18. Solder 
these three capacitors to the copper strips (see figs. 
15 and 18), but do not solder to the input and output 
connectors yet. 

The loops that couple the energy into each cavity 
are also made of No. 16 tinned wire. Their shape and 
dimensions are critical: use figs. 16, 17, 18, and 19 
for the proper configuration and measurements. Con- 
nect these loops to each input and output connector 
and to the bottom side of the top plates. Do not solder 
the wires yet. Hold the copper strips in place and 
solder the wire coupling loops and simply tack solder 
the copper strips to the input and output connectors 
(fig. 18). 

One end of these loops is tied to the underside of 
the top plates. I modified some small wire ends and 
tapped 4-40 holes. The 4-40 screws through the wire 
ends provide a mechanically secure and electrically 
good anchor to the underside of the top plates. (See 
fig. 16, 17, 18, and 19.) The coax chassis mounts are 
located 5-518 inches (6.56 cm) apart, (or 1-5/16 
inches, 3.28 cm, on each side of center) 718 inches 
(2.19 cm) up from the bottom of the mini-box. 

I 
1 / 4 "  

( 0 . 6 2 5  c m  1  I--- T 
1 1 /4  * 

13 125 c m l  

fig. 16. Two of these loops are usd to  couple the signal 
into and out of each cavity. Make 12 out of No. 16 tinned 
wire. (These measurements are critical, as is the shape 
of the loops.) 

- 

: 
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0 

I M E T A L  C H A S S I S  BOX 1 
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I \ HOLE IN BACK WALL OF BOA 
\ F O R  ADJUSTING CAPACITOR 

* 

fig. 18. Location of capacitor, copper straps, and coax 
connectors. Note hole in  back wall of box for tuning the 
capacitor. 

I 

fig. 19. The loops f i t  on the top covers. pass through the 
teflon bushings and on to  the coax chassis fittings. 
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fig. 20. Wooden base holds all six cavities. The base 
covers fit into the square pockets. 

building the wooden holder 

After all six cavities have been built, mount them 
together in a holder and tune them to the desired fre- 
quencies. (Refer to figs. 20, 21, and 22 for construc- 
tion of the wooden holder clamp assembly. 

The cavities should not be allowed to touch each 
other as this will tend to detune them. You can build 
a special holder to prevent them from contacting each 
other, by following these steps: 

Cut a piece of plywood 1 12 inch (1.25 cm) or 314 
inch (1.875 cm) 10-112 x 15-112 inches (26.25 x 
38.75 cm). Cut 1 12 x 112 inch (1.25 x 1.25 cm) 
wood strips and screw and glue them to the plywood 
base so that six squares measuring 4-1 12 x 4-1 12 
inches (1 1.25 x 11.25 cm) are formed. This is the 
base. 

Cut a piece of 314 inch (1.875 cm) plywood to 
10-112 x 15-1 12 inches (26.25 x 38.75 cm). Place six 
marks on one side of this plywood. The six marks 
should align with the exact center of the six square 
compartments in the base piece. Using these six marks 
as the centers of six circles, use a compass to draw 
4-inch (10-cm) circles around each of these six points. 
(See fig. 21.) 

Mark two straight lines through both groups of three 

I DRAW S I X  C I R C L E S  AS SHOWN 
2 CUT THROUGH ON L I N E S  AS SHOWN 
3 CUT OUT C I R C L E  HALVES 

I fig. 21. The details of the upper clamp. 

circles. Saw along these lines. You will have three 
pieces of plywood, each with one-half of three Cinch 
(10-cm) circles drawn on the pieces. Using a band- 
saw, cut out the 4-inch (10-cm) circle halves. Then 
drill a hole through the ends of the three pieces of 
plywood to accommodate a 114-inch (0.625-cm) 
threaded rod. This becomes the upper support. (See 
fig. 21.) 

Place a cavity in each base compartment and put 
at least two wood screws through the brass plate base 
and into the wood base. Place the upper support 
around the six cavities and tighten the nuts on the 
threaded rod. 

alignment 
We will align the cavities in two stages: stage one 

for rough tuning each of the six cavities, and stage 
two for fine tuning the cavities and connecting them 
all together. 

Note that the 318-inch (0.94-cm) x 16 threaded rod 
is for PASSBAND tuning. The capacitor, in the case 
of the transmitting cavities, adjusts the NOTCH. 
(In the case of the receiving cavities, the inductor ad- 
justs the notch.) 

In these examples, 147.825 MHz will be used as 
the repeater transmit frequency and 147.225 MHz as 
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ENGINEERING 
MAKES THE DIFFERENCE 

Production Expertise And Service Integrity 
- 

Form The Foundation For Your Long-Term Satisfaction 

The fact that the Computer Patch Interface unit by Advanced Electronic Applications. lnc. is known as the best value on the 
market is no  accident. The CP-1 was designed by Al Chandler. K6RFK (PHD-E.E.), an active RTTY user since 1963. 

Given a cost per unit budget for the CP- 1. Al  designed as much performance as possible into the Computer Patch, includ- 
ing a unique new tuning indicator. referred to by one of our customersas the "Dead Eye D i c k  tuning indicator. This indicator 
is ideal for R r r Y  and CW. in that it is both fast to tune and (within 10 Hz) as accurate as scope tuning. It also performs under 
poor signal to noise conditions in whict, other indicators provide no  useful data. 

Al's variable shift tuning wasdesigned to move the space filter center frequency from 2225 Hz to 3125 Hz without changing 
the bandwidth (by varying the Q of the filter). All this isaccomplished usingaprecision ganged potentiometer to assure proper 
tracking of the multiple filter stages. We could have used a pot costing a tenth as much by simply usinga two-pole filter design. 
but we feel the advantage of a sharper filter reduces the noise bandwidth significantly and allows the variable shift control to be 
used like passband tuning for extra elimination of adjacent channel interference. 

Some manufacturers are concerned that amateurs might try calibrating their own equipment and. therefore, have used 
non-adjustable components, which results in sub-optimal performance. Although more costly. trimpots used in AEA equip- 
ment allow factory adjustment for performance to design specifications. Competently designed active filter circuits need not 
be adjusted after leaviny the factory: however. for specialized use the owner can easily change filter parameters. 

Mindful of the fact that many of our customers are new to R l T Y .  Al made the CP- 1 tuning as forgiving as possible, while 
providing the most critical operator a piece of equipment in which he could be proud. Even old "pro's" are surprised at the 
poor signal conditions under which the CP- 1 will still provide good copy. 

You can now experience the BEST RTTY. CW. and AMTOR offered. Couple the CP- 1 with our new AEASOFTTM soft- 
ware packagesdesigned for the MARS. SWL. or amateur radiooperator, and you will feel a pride reminiscent of what "made 
in U.S.A." brought in years gone by. Please do not hold the low price of the CP- 1 against us. This is one case where you get 
much more than you pay for relative to any of the competitive units. For more information send for our FREE catalog. Better 
yet, see your favorite dealer, 

AEA Brings you the 
Breakthrough! 

Advanced Electronic Applications, Inc. 
P.O. BOX C-2160 LYNNWOOD. WA 98036 (206) 775-7373 TELEX: 152579 AEA INTL 
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Telecommunicatim & Electronics Specialists 
CIA ... where a career in 

COMMUNICATIONS 
The environment in which you work can 

speaks 
and diesel engine maintenance from a 

mean a lot to your professional success. trade school or college (or equivalent military 
It should be intellectually stimulating and background). Additional experience in heating, 
vital, in an organization where you can ventilation, and air conditioning systems, and 
assume as much responsibility as you machine shop practices and welding is pre- 
need to challenge your talents. If this is for itself ferred. Starting salaries range from $1 7,138 to 
the type of environment you seek, here is $20,965, depending on qualifications. 
your opportunity to use your telecom- 
munications and electronics experience 

COMPUTER SYSTEMS 

in projects of national importance. 
ANALYSTS/PROGRAMMERS 

Positions are available at many levels for people with BS/MS 
At the Central Intelligence Agency, we recognize that your degrees in Computer Science, preferably emphasizing operating 
experience and training are valuable assets . . . sk~lls that will systems and hardware. One to three years experience is desira- 
ensure the success of our mission and your career When you ble, but not necessary for new graduates (or equivalent). Higher 
join us, you will be a part of a select group of professional men level positions require 2-10 years experience in systems soft- 
and women who apply their talents in a variety of assignments ware design, development and maintenance; communications 
around the world. software, networking, protocols and/or message switching; and 
We have positions available for the following highly skilled, PDP-11. VAX or mi~roprocessors desired. Starting salaries 
h~ghly motivated people: range from $1 7.138 to $361 52, depending on education and 

TELECOMMUNICATIONS SPECIALISTS 
experience. 

You should have recent experience as a telecommunications ELECTRONICs TECHNICIANS 
specialist, communicator. Morse intercept operator, radio or You should have an AAS degree in electronic technology or 
cornmcenter specialist Additionally, a minimum touch typtng equivalent military/commercial training and experience. Knowl- 
speed of 30 wpm is required. Morse code ability at 12 GPM edge of RF theory/circuitry, solid state, and applications is also 
send/receive is preferred, but individuals with Morse aptitude required. Starting salaries are $1 7,138 to $20,965, depending on 
will be considered. Starting salaries range from $15,937 to skills and qualifications. 
$18,851, depending on skills and qualifications. 
COMSEC/TEMPEST ENGINEERS AND 
TECHNICIANS 
Engineers must have a BSEEIBSET or equivalent training and 
experience; technicians must have an AAS degree or equivalent 
Familiarity with COMSEC standards and TEMPEST testing in 
accordance with NACSIM 5100A is also required. Starting salar- 
ies range from $20,965 to $25,398 and up, depending on expe- 
rience and qualifications. 
COMMUNICATIONS OFFICER - SECURITY 
You should have a BS degree in Physics, Mathematics, Compu- 
ter Science, Engineering or the physical sciences. Familiarity 
with communications security standards, cryptography, trans- 

In addition to these requirements, you must be a U.S. citizen 
(both self and dependents); meet strict security and medical 
standards; be at least 18 years old; and be willing to work 
overseas. 
Attention Military Personnel: Apply now if you are sche- 
duled for separation within the next six months. 
Your contributions in these positions will be rewarded with 
excellent career growth potential and substantial benefits. You 
also will be rewarded with the satisfaction that comes from pro- 
viding unique and vital contributions to our nation's security. 
For consideration for one of these pos~tions, see our representa- 
tives at the. 

mission security, and computer security asgctsof communica- 25th ANNUAL HAMBOREE tions processors desired. Starting salaries range from $17,138 to February 2nd and 3rd $25,366, depending on experience and qualifications. Flagler Dog Track 
COMMUNICATIONS SYSTEMS ENGINEERS Miami. Flor~da 
You should have a BSEE/CS degree (MS desired). 
Additionally, experience in packet switching, message 
switching, data communications, local area networks, you cannot attend, please send your resume to 

HF radio. VHF/UHF/microwave transmission, 
satellite communications, computer systems 
networking, microprocessor applications, Recruitment Activity Officer 

COMSEC/TEMPEST, or project management Department S (D04) 

desired. Salaries are from the mid-20s and up, P.O. Box 1925 

depending on experience and qualifications. Washington, D.C. 20013 

ENGINEERING SPECIALISTS (UTILITIES) 
You should have at least 2 years training in 
electrical power distribution systems, generators, 

Central Intelligence Agency 
rhe CIA e an m a 1  omortunrtv ennlrum 
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the repeater receive frequency. We will adjust the 26). If your signal generator output is 50 ohms, you 
three transmit cavities to pass 146.825 MHz and notch will not need to use a 3-dB pad. If the output is not 
the 147.225 MHz frequencies. The three receive cavi- 50 ohms or if it is suspect, then connect a 3-dB pad 
ties will be tuned to pass 147.225 MHz and hotch between the signal generator and the cavity. See fig. 
147.825 MHz. 24 if you do not have a 3 dB pad. 

stage one: rough tuning 
'Remove the inductors and capacitors from all 

cavities. Remove all interconnecting coax cables. (See 
fig. 23.) Connect an RF signal generator (amplitude- 
modulated for convenience) to one of the cavities (fig. 

fig. 22. Overview of the wood cavity supporting device. 

fig. 23. Four cables connect the two middle cavities to the 
outside ones. Made of double shielded coax, they measure 
exactly 7 inches 117.5 cm) from tip to tip. 

fig. 24. I f  you do not have access to  a %dB pad. you can 
use this device which will be suitable for tuning the cavi- 
ties. Use RG-58 coax and coil up a 50 to  75 foot 115 to  
22.5 meters) length into a neat coil. Put connectors on 
each end. Tape the coil neatly. 

- 

INS14 '* TO SCOPE 

i 
fig. 25. Schematic diagram of a 50-ohm detector suitable 
for use in this tuneup application. These components 
should be put in  an RF-tight box or enclosure. 

F k n ~ - j  GENERATOR O E T f C I O R  

u 
O P ' I O N A L  

fig. 26. These are the camnections for the initial tuning 
of the six cavities. I f  you don't have a 3-dB pad. see 
fig. 24. 

IFn--[ GENERATOR 

u Y Y E T E R  

O P T I O N I L  

fig. 27. These are the connections to use when setting 
the notches in the three transmit cavities by adjusting 
the 15pF capacitors. and the inductor when adjusting 
the three receive cavities. 
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Next connect a 50-ohm detector between thepther 
cavity terminal and an oscilloscope. If you do not have 
a 50-ohm detector, you can construct one as shown 
in fig. 25. 

For the three transmit cavities (the ones which will 
have the capacitors connected later), adjust the signal 
generator to within k 100 kHz of 147.825 MHz (fig. 
26). Then adjust the center threaded rod (passband) 
until the scope shows maximum energy transfer. You 
will need to reduce the level of the signal generator 
as well as the scope gain as tuning progresses. 

Adjust all three cavities. From this point on, leave 
the threaded rods alone. Connect the variable capaci- 
tors across the input and output connectors of all three 
transmit cavities. 

Connect the signal generator through a 3-dB pad 
to one of the transmit cavities - now roughly adjusted 
- then through another 3-dB pad to an FM transceiver 
which has an "S" meter as shown in fig. 27. Ilf you 
do not have a 3-dB pad, refer to f ig. 24.) Adjust the 
signal generator (CW mode) to exactly 147.225 MHz 
and an S6 reading on the receiver, which is also tuned 
to 147.225 MHz. Adjust the capacitor (which you just 
connected in the cavity) for the lowest S-meter reading 
possible. You may have to increase the output of the 
signal generator to maintain a visible S-meter indica- 
tion. When you have obtained the lowest S-meter 
reading - i.e., the deepest notch - go on to the next 
cavity. 

After all three transmit cavities have been adjusted, 

" T *  C O N N E C T O R  

7 "  
117 5  c m l  -o0 117 5  cm1 

I 2 2  5 c m l  
5 0  O H M  

L O A D  

r U N E 0  ro 
1 4 7 . 2 2 5  MHz 

fig. 28. These connections are made for the final adjustment of the duplexer transmit cavities. 

5 0  O H M  ! 
R E C E I V E R  

TUNED TO 

1 4 7 . 8 2 5  M H z  

S I G N A L  G E N E R A T O R  

T U N E D  T O  
1 4 7 . 8 2 5  M H z  7 " 

117.5  c m l  I l 7 . 5 c m l  1 2 2  5 c m l  

I fig. 29. These connections are made for the final adjustments of the duplexer receive cavities. I 
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go back to the beginning of this section and perform 
the same steps for the three receive cavities. Note that 
you will now be dealing with the inductors you made 
from the No. 16 tinned wire instead of the capacitors. 
Adjust the No. 16 wire inductors to deepen the notch. 
Remember that the frequency to be passed is now 
147.225 MHz and the notch frequency is 147.825 MHz. 

.The inductor dimensions given should be all right, 
but if the notch is not good enough, try using larger 
or smaller wire, or even a copper strap if necessary. 

stage two: fine tuning 
Connect cavities according to fig. 28. Tweek 

the center-threaded rods on the transmit cavities 
only for minimum signal at the receiver (maximum 
notch). These adjustments interact somewhat. Keep 

increasing the signal generator output as the S-meter 
reading decreases. Reconnect according to fig. 29. 
Tweek the center threaded rods on the RECEIVE cavi- 
ties only for minimum signal (maximum notch). Repeat 
these steps several times. You may be amazed (as I 
was) to see the notch get deeper and deeper with each 

repetition of these steps. You will also notice that 
bringing objects into the near vicinity tends to detune 
the cavities slightly as you approach the - 100 dB 
point. 

Lock the threaded rods by tightening a 318 inch 
(0.94 cm) x 16 nut against the mini-box as you finish 
the last adjustment on each cavity. 
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I will try to answer readers' questions; please 
enclose an SASE with any correspondence. 

obtaining the parts 
Because some of the materials needed are 

rather unusual, they may not be available at your 
local hardware store. Others will have to be 
machined. 

The two most unusual items are the pieces of 
4-inch (10-cm) diameter copper drain pipe and 
the brass plate. The copper pipe can often be 
found at a large plumbing wholesale supply 
house, often buried under some other pipe. Try 
looking under "Brass" in the business section 
of any large city telephone book; you may find 
the names of outlets for brass plate listed there. 
If the ones you call don't stock it, ask for the 
names of other companies. I found my brass 
plate through just such a referral. I had to drive 
about200 miles, but I got it from Howard Brass 
and Copper in Milwaukee. (Ask for "tag ends" 
- they're cheaper.) 

Finger stock can be constructed, but' the 
commercial material is much better. I got mine 
(Stock No. 1348) from Tech-Etch Inc., 45 Aldrin 
Road, Plymouth, Massachusetts 02360. 

The best choice of solder for this project is 
silver solder with a low melting point - i.e., 400 
degrees (204 degrees centigrade). Ordinary silver 
solder, with its higher melting point, is more diffi- 
cult to work with, and regular hard solder will 
cause problems if you should decide to silver- 
plate your project later (see "Safe, Sensible 

Silverplating," page 29). Silver plate will adhere 
to  silver solder, but is likely to flake off of hard 
solder. My 1116-inch (0.16-cm) diameter silver 
solder (manufactured by the J.W. Harris Co., 
Inc., 10930 Deerfield Road, Cincinnati, Ohio 
45242) came from a local rock shop. Do pur- 
chase paste or  liquid flux to use with your silver 
solder. 

The 318-inch (0.94-cm) x 16 threaded steel 
rod can be obtained at almost any large hard- 
ware store. 

The tef lon can be found in some hardware 
stores or plastic stores. I got mine from a friend 
in the paper business. When large piles of paper 
stock are cut, a guillotine type of cutter is used. 
The blade comes to rest against a square piece 
of telfon. From time to  time the teflon is rotated 
to  expose a new unused surface. After the four 
sides have been used, the strip is replaced with 
a new one. The used strip has plenty of stock 
left to make the feed-through bushings. 

The No. 16 t inned wi re  is a standard item 
available at hardware stores and ham swapfests. 
The small copper strap can be made from a piece 
of copper flashing. Get a scrap from a roofer 
or builder. All 12 "N" type chassis mounts and 
connectors were purchased at flea markets or 
swapfests. RG-192 coax can be found at dealers 
or hamfests, as can Tee connectors. 

ham radio 
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WITH T I. COMPUTERS CAN BE USED WlTH 
VIDEO SOURCES BUILT-IN A/B SWITCH 
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EACH OPERATES 
INDEPENDENTLY 

4VDC@70MA 
6 VDC @ 100 MA 
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OUTPUTSFORHIGH AND LOW FREOUENCY 
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FLASHER LED 

3,600 mfd. 40 VDC 
1 3 l E D l A  3 3/4"HIGH $1.00 
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safe, sensible silverplating 
Stake your claim 
to recycled silver 

lost in photoprocessing 

Have you ever completed a ham radio project and 
wished to improve its appearance or performance with 
silverplating? When I finished the duplexer described 
in the previous article, I wanted to silverplate it. But 
my previous experiences with electroplating were not 
encouraging. I knew I'd have to work with silver 
cyanide, a highly poisonous solution that emits 
cyanide gas, which can cause illness and even death. 
I would also have to obtain an expensive silver rod to 
use as an anode. 

To devise a safe, economical alternative, I turned 
to black-and-white photography, which employs vast 
amounts of silver in the manufacture of film and print- 
ing papers. Even though much of the silver freed in 
processing is more often discarded with the spent solu- 

CARBON ROD 

6 V  BATTERY 

fig. 1. Basic connections for silverplating with 
photographic fixer. 

tions than recycled, it can be reclaimed. I reasoned 
that if it were possible to recover the silver from spent 
solutions, namely fixer, or "hypo" - then it should 
also be possible to capture that silver on a copper tube. 

getting started 
The first step in silverplating with reclaimed silver 

is obtaining an ample supply of exhausted fixer. 
Sources include photography labs or stores, graphic 
arts firms that make blueprints or photographic en- 
largements and reductions, printers with graphic arts 
departments, and the photography departments of 
schools and colleges. Friends who process their own 
film and print their own black-and-white pictures are 
also good sources. 

The best fixer (for your purposes) is that which has 
been well used; used fixer carries a greater amount 
of silver than fixer used only slightly. Consequently, 
your best source of spent fixer may be the least fas- 
tidious photographer. 

Once you've acquired your solution, obtain a sim- 
ple dry cell. ( I  used a 7-year old 6-volt lantern battery. 
You'll also need a 10k potentiometer, a 100 mA move- 
ment meter, and a carbon rod. (My carbon rod, sal- 
vaged from a discarded No. 6 dry cell, measured about 
0.75 inches - 20 mm - by about 5 inches - 
137.5 mm.) 

Wrap the carbon rod in an ordinary kitchen sponge. 
Secure the sponge with rubber bands. You are now 
ready to silverplate. 

silverplating your project 
1. Connect the battery, potentiometer, carbon rod, 
and meter as shown in fig. 1. 

2. Carefully clean the items to be plated. You will prob- 
ably want to use fine steel wool and trisodium phos- 
phate. Both of these materials are available in the paint 

By J.S. Gurske, KSEYY, RR2, Box 178A, Lodi, 
Wisconsin 53555 
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section of large hardware stores or in a paint store. plating, which can occur if you don't actively guard 
Once the item is clean, do not touch it with your against it. "Flash" plating occurs when metals that are 

fingers. The oils on your skin can contaminate the sur- 
face, ruining an otherwise effective cleaning job. 

3. Connect the minus clip to the item to be plated and 
the plus clip to the sponge-wrapped carbon rod. (See 
fig. 2.) 
4. Pour some fixer into a glass or plastic bowl. Do not 
use a metal container. 
5. Dip the sponge-wrapped carbon rod into the bowl 
of used fixer and rub the sponge-covered rod along 
the surface of the item to be plated as shown in fig. 
3. At the same time adjust the pot for a reading of 
from 50 to 100 mA. (50 mA is a good choice.) As you 
rub the sponge-covered rod along the surface of the 
item to be plated, you will see the silver begin to col- 
lect on the item you are plating. 

6. With a little practice, you'll soon be able to evaluate 
the uniformity and thickness of the silver plate. When 
you are satisfied, go on to the next piece to be plated. 

7. Should you want to plate a large, long tube, sim- 
ply put the sponge on a long stick and slide it inside 
the tube. (This is simpler and safer than filling the tube 
with cyanide solution and then inserting a long silver 
anode into the tube Ifig. 41). 

At this point I want to caution you about "flash" 

0-100mA 

6 V  BATTERY 

F l X E R  

PLASTIC BOWL _ - - - _  -. . 
fig. 2. Silver plating with photographic fixer. Note basic 
connections and how the fixer-soaked, sponge-covered 
carbon rod is rubbed along the surface of the item to 
be plated. 

fig. 3. Silver plating the tuning rod of a cavity 

fig. 4. Silver plating the inside of the main tubing of a cavity. 
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table 1. Programming data chart. 

number 

programmable 
call sign identifier 

character bit pattern 

1 0 1 1 1  
1 1 1 0 1 0 1 0 1  
1 1 1 0 1 0 1 1 1 0 1  
1 1 1 0 1 0 1  
1  
1 0 1 0 1 1 1 0 1  
1 1 1 0 1 1 1 0 1  

N 
0 

This programmable identif ier - originally con- P 

ceived by Don Henry, W3FE - can be used in a Q 

number of applications including home station or R 

repeater ID and remote link identification. When Don 
S 
T 

suggested that a 64-bit shift register could be used u 
to  store a call sign, I proceeded to develop a circuit v 
that would accomplish this task, be easy to program, w 1 0 1 1 1 0 1 1 1  

and contain few IC's. x 1 1 1 0 1 0 1 0 1 1 1  
Y 1 1 1 0 1 0 1 1 1 0 1 1 1  

of bits 

5  
9 
11 
7 
1  
9  
9  

construction z 1 1 1 0 1 1 1 0 1 0 1  11 
0  1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1  19 

The circuit contains four CMOS IC chips (fig. 1). 1  1 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1  17 

CMOS technology is well suited to this application be- 2 1 0 1 0 1 1 1 0 1 1 1 0 1 1 1  15 

cause of its extremely low quiescent current require- 3  1 0 1 0 1 0 1 1 1 0 1 1 1  13 
4 1 0 1 0 1 0 1 0 1 1 1  11 

ments, thus making an onloff  switch unnecessary. 5  1 0 1 0 1 0 1 0 1  9 
Because the circuit is powered all the time, backup 6 l l l o l ~ l o l o l  11 

power for the programmed data is unnecessary. 
Circuit layout is not critical; whatever is convenient 

should work. I used a 4-1 I2 inch (1 1.5 cm) by 4-112 
inch (11.5 cm) piece of Vector Board with 0.1 inch 
(2.5 mm) hole spacing for holding the components. 
The resistors and capacitors associated with U4 (4093) 
should be kept as physically close to the IC as possi- 
ble. I recommend sockets for holding the ICs. Wire 
wrappng works well; point-to-point wiring could also 
be used to make the connections. The power supply 

7 1 1 1 0 1 1 1 0 1 0 1 0 1  13 
8 1 1 1 0 1 1 1 0 1 1 1 0 1 0 1  15 
9  1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 1  17 

Note: The first bit is always a 0.  Insert 0 0 0 I3 bits) be- 
tween characters. 

BIT BIT 
1 64 

requirements are simple; a single 9 volt alkaline Set the programming data select switch to the "0" 
Duracell (or equivalent) battery will do. position. 

programming Push the programming clock switch once - Bit 1 

The programmable identifier has two modes of is not programmed (note: Bit 1 must always be a "O".) 

operation controlled by the DPDT switch. One mode ' Set the programming data select switch to the aP- 

is Recirculate or playback and the other is Program. propriate "0" or "1" position. 

The programming sequence is as follows: Push the programming clock switch once. 

Set the DPDT mode switch to the Program position. Repeat previous two steps until all 64 bit positions 
are programmed. 

Push the reset switch. 
After the 64th bit is programmed, set the mode 

By Donald G.  Varner, WB3CEH, 214 switch to the Recirculate (or playback) position. Push 
Bryant Street, Vandergrift, Pennsylvania the start ID switch and the programmed data will be 
1 5690 played back. 
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high power 
amplifiers: part 2 
In last month's column, I discussed 
the design of high power VHFIUHF 
tube amplifiers with emphasis on the 
effects of the new FCC Amateur 
power regulations.' This month's col- 
umn will continue in the same vein, but 
focus instead on the construction and 
practical application of VHFIUHF am- 
plifier designs. 

DC circuitry 
In designing and building high 

power VHF/UHF power amplifiers, 
most Amateurs concentrate their ef- 
forts only on the RF portion of the 
design. This is unfortunate because 
power supply voltages and currents - 
as well as DC circuitry - are often just 
as important for successful amplifier 
RF performance. 

Sometimes Amateurs will pay hun- 
dreds of dollars for a high power 
transmitting tube and then neglect to 
review the manufacturer's specifica- 
tion sheet before firing up the new 
bottle in the amplifier. Instead, they'll 
ask "Joe Blow" what voltages he 
uses on the same tube and follow 
his advice. Ironically, these Amateurs 
wouldn't purchase used gear if the in- 
struction manual weren't part of the 
deal. 

Suppliers of high power tubes - 
such as Amperex, Varian/EIMAC, 
General Electric, and RCA - all pro- 
vide comprehensive data sheets with 
their products. Usually 4 to 12 pages 
long, these data sheets list mechanical 
dimensions and RF/DC characteris- 
tics. They also specify recommended 
bias and operating parameters so that 
the user can obtain the maximum per- 
formance and lifetime possible from 
the tube. Some manufacturers also 
offer, at a nominal price, abbreviated 

fig. 1. Recommended filament voltage 
circuit for high power transmitters. The 
voltage at the tube pins is set by placing 
an adjustable wirewound resistor, Rl ,  
in series with the primary winding. If 
the dropping resistor is not used. the 
transformer, TI ,  must have a current 
limit close to that required by the tube. 
Note that the voltmeter, M. is con- 
nected directly to the tube socket pins. 
See text for other precautions and 
recommendations. 

specification books listing many dif- 
ferent tube  type^.^,^ The ARRL Hand- 
book also includes tube  table^.^ 

Some of the more significant low- 
frequency or DC parameters for high 
power tubes are the maximum, mini- 
mum and recommended operating 
voltages and currents, warm-up time, 
and grid (and screen grid if a tetrode 
is used) supply impedance and plate 
dissipation. 

filaments 
Filament voltage in the newer tubes 

is, unlike the old receiving type tubes, 
far from standard. Because of the high 
power involved, the filament current 
required is often quite high. As a 
result, tubes may have a significantly 
shorter lifetime if the filament voltage 
is not kept within the manufacturer's 
recommended f 5 percent values. 

Let's take a few examples. The 
popular 4CX250B has a filament rating 
of 6.0 + 0.3 ( f 5 percent) volts at 2.6 
amperes. Filament voltage must be 
measured at the tube socket pins with 
an accurate (within I to 2 percent) AC 

voltmeter with the tube inserted and 
drawing filament current! 6.3 volts AC 
is a common transformer (voltage) 
used on receiving tubes. Such trans- 
formers are often used on transmitting 
tubes (for example the 4CX250B1, but 
they usually have some means of 
lowering the voltage. This is most 
commonly done with an adjustable 
wire-wound resistor placed in series 
with the primary of the filament 
transformer. 

Now, let's examine the higher 
power 8877, which requires a filament 
voltage of 5.0 k 0.25 volts ( k 5 per- 
cent) at nominally 10 amperes. Since 
5.0 volt transformers are quite com- 
mon, they are usually used but rarely 
with any series resistor in the primary 
since it looks like one isn't needed! 

When a high power tube is first 
turned on, the filament resistance is 
always quite low. Initially, a high input 
current surge occurs; this can signifi- 
cantly shorten tube life. In the case of 
the 4CX250B, the resistor (which is 
typically used in the transformer 
primary) will serve to limit the turn-on 
current surge. However, in the case of 
the 8877, if no such primary resistor is 
used, the surge current will increase in 
a manner limited only by the resistance 
of the transformer secondary winding. 
Furthermore, no adjustments (in 
primary resistance) would be possible 
if the line voltage were already lower 
than nominal. 

Therefore, when selecting a filament 
transformer it's best to use one that is 
slightly higher in voltage than required 
so that an adjustable power resistor 
can be placed in series with the pri- 
mary winding (fig. 1). Another alter- 
native is to place a VariacTM on the 
primary side of the filament trans- 
former and then increase the voltage 
slowly on each initial turn-on while 
monitoring the voltage directly at the 
tube socket. Many commercial trans- 
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fig. 2. Recommended control grid supply for high-power amplifiers. T I  is chosen to 
supply the required voltage. CR1 may be a full wave or bridge rectifier. R1, C1, and 
C2 are filter components. CR2 is a zener diode or VR tube whose current is set by R2. 
R3 is a 1000-ohm wirewound potentiometer. R4 can be eliminated if the regulated 
voltage is low (less than 50 volts) or 500-1000 ohms if the voltage is greater than 50 
volts. See text for further description. 

mitters have a built-in filament voltage 
regulators to compensate for power 
line variations. 

If you do not use a primary limiting 
resistor, be certain to always use a 
filament transformer with a current 
capability close to but not much higher 
than the filament current rating of the 
transmitting tube, selected to enhance 
current limiting. This may explain why 
some Amateurs when using filament 
transformers with higher current 
ratings than required, have experi- 
enced premature filament burnout of 
high-power transmitting tubes. 

Each tube has a minimum warm-up 
time before any cathode current 
should be drawn. This can vary from 
as short as 30 seconds to as much as 
five minutes for the indirectly heated 
high-power transmitting tubes! Some 
manufacturers specify a lower stand- 
by filament voltage (for example, - 10 
percent) that can be instantly brought 
up to specification during transmit 
times, thereby extending tube life. This 
can be easily accomplished with an in- 
expensive relay activated by the station 
sendlreceive control line. More infor- 
mation on such operation can be 
found on the manufacturer's compre- 
hensive data sheets, so consult them 
before you begin operation. Use of a 
time delay relay is also recommended 
in the high voltage supply. 

Another VH FIUHF phenomenon, 
especially in grounded grid amplifiers 
or those where the cathode is hot, is 

RF on the filament of the tube. This 
can cause RF current to flow between 
the cathode and the filament, resulting 
in increased input drive requirements, 
additional filament heating, and possi- 
bly reduced tube life. To prevent this, 
the filaments should be bypassed to 
the cathode and connected to the fila- 
ment transformer through a bifilar 
choke. 

A t  VHF and especially UHF, a prob- 
lem called transit time heating often 
occurs because of the finite time re- 
quired for the electrons to move from 
the cathode through the grid to the 
plate, where some electrons may be 
repelled. This problem can usually be 
controlled by decreasing filament 
voltage at higher operating frequen- 
cies. Recommended filament voltages 
at various frequencies are provided on 
the manufacturer's data sheets. Addi- 
tional information on this subject is 
contained in reference 5. 

grid bias 
In the past, triodes were usually 

biased by grounding the cathode and 
applying a negative bias voltage to the 
grid. The new high-p triodes are usual- 
ly easier to bias. Often the grid is 
directly grounded and a large high- 
power zener diode, rated at the re- 
quired bias voltage, is placed in series 
with the cathode circuit. However, 
many VHFIUHFers use only simple 
grid supplies often consisting of just 
a rectifier diode and filter capacitor on 

a reverse connected filament trans- 
former. The problem with this ap- 
proach is that if there is any grid cur- 
rent, the grid voltage will fluctuate 
directly as a function of the impedance 
of the bias supply. 

Good design practice requires the 
grid supply to be regulated. In addi- 
tion, the voltage should be adjustable 
and have a maximum DC output im- 
pedance between 1 and 2 kilohms! 
This can be done with either a shunt 
type transistor (or tube) regulator or 
a wirewound potentiometer directly 
across the output of a regulated grid 
supply, as shown in fig. 2. The main 
advantages of a low impedance grid 
bias supply are decreased grid drive 
and improved IMD. 

screen supply 
The majority of tetrode amplifier 

configurations require a screen voltage 
supply. Over the years I've seen 
dozens of complex schemes with sep- 
arate regulated supplies, current pro- 
tection relays, and surge voltage pro- 
tectors. Most of these techniques are 
unnecessary. Screen grid burnout can 
occur if the screen voltage is not de- 
creased rapidly when plate voltage 
is removed. Furthermore, negative 
screen current can occur in a properly 
operated tetrode amplifier. I believe 
that the most foolproof screen supply 
voltage circuit is a shunt regulator con- 
sisting of a dropping resistor and ap- 
propriate voltage regulators shunted to 
ground and supplied from the tube's 
plate supply voltage. Furthermore, I 
highly recommend the use of VR 
(voltage regulator) tubes rather than 
power zeners. VR tubes are low in cost 
(especially at flea markets), easy to 
use, offer long life and don't require 
heatsinking and insulated washers 
such as required by power zeners. VR 
tubes are less likely to be damaged by 
current surges from arcs caused by 
"barnacling" (more on this shortly). 

The reverse screen grid current 
problem on tetrodes is often ignored 
by Amateurs. It is specifically noted on 
the manufacturer's data sheets and 
can be easily handled by placing a pro- 
perly selected resistor from the screen 
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grid to ground. In most cases 20-25 
kilohms (per tube) is optimum. Don't 
forget to include this current when 
selecting the dropping resistor value 
in the regulator circuit just recom- 
mended. The final recommended cir- 
cuit is shown in fig. 3. The circuit is 
simple and should be all that is re- 
quired to properly supply voltage to 
the screen grid in a high power ampli- 
fier. In addition, if the series dropping 
resistor value is properly selected, the 
tube's screen dissipation can be limited 
to the specified value. 

plate supply voltage 
Finally, we must supply the tube 

plate(s) from a high voltage supply. 
(This is always the user's choice.) First 
a transformer must be selected. When 
running over 500 watts, I highly recom- 
mend use of 230 volt primaries since 
there will be improved regulation with- 
out blinking the house lights off and 
on! 

The choice of the rectifier circuitry, 
either a full wave, full wave bridge, or 
full wave voltage doubler (all these are 
acceptable), is a personal choice based 
on the transformer chosen and its 
voltage ratings. A common practice is 
to use a set of high voltage solid-state 
rectifiers, often feeding just a bank of 
high voltage capacitors. One should 
carefully choose the amount of capaci- 
tance required before completing the 
design or use the alternative choke in- 
put filter.6 

Regardless of the configuration cho- 
sen, there are several other considera- 
tions. The primary of the high-volt- 
age transformer should be adequately 
fused. An adequate bleeder should be 
placed across the high voltage output 
to not only discharge the supply when 
turned off but to also improve regula- 
tion. This is especially important with 
a choke input filter. Recently there has 
been a tendency to place a high 
power, high value resistor in the cath- 
ode of transmitting tubes when in the 
standby mode. I do not recommend 
this practice but instead prefer to en- 
tirely disconnect the high voltage from 
the final when not in the transmit 
mode. This not only prevents inadver- 

FROM HIGH 

VOLTAGE SUPPLY 

C R I  I 

fig. 3. Recommended screen grid supply. 
The quantity and voltage of the VR 
tubes, V1 etc. is determined by the 
tube specifications. R1 should be a high 
power (200 watts typical) wirewound 
resistor whose value is selected to pro- 
vide adequate current to the VR tubes 
(30 mA typicall as well as R2. R2 should 
be typically 20-25.000 ohms per tube 
(see text). CR1 and CR2 are meter pro- 
tection diodes. 

tent shocks but also eliminates any 
noise or self oscillations that may be 
possibly generated by the final or feed- 
through from the earlier stages. This 
is easily accomplished by using a 
vacuum relay in the high voltage out- 
put lines as shown in fig. 4. These 
relays are often available at flea mar- 
kets or surplus stores at reasonable 
cost. 

Sometimes there is an advantage to 
connecting the screen grid directly to 
ground to stabilize high power UHF 
amplifiers. This technique requires a 
slightly different power supply topol- 
ogy as shown in fig. 5. If this con- 
figuration is chosen, the screen supply 
must also be able to handle the full 
current required by the plate. How- 
ever, the total voltage required from 
the plate high: voltage supply is re- 
duced since it is in series with the 
screen supply. 

Sometimes a small impurity 
becomes lodged between the grid or 
screen grid and plate of a high-power 
tube, causing a short circuit. This 
phenomenon is called "barnacling." A 

limiting resistor should be placed in the 
high-voltage line so that the peak cur- 
rent does not exceed 50 to 100 
amperes and destroy the tube. This is 
accomplished by placing a 25 to 50- 
ohm resistor in the plate voltage line. 
The power rating of the resistor is 
determined by the plate current of the 
tube in use. If a barnacling condition 
occurs, this series resistor will limit the 
plate current and possibly disintegrate, 
but the tube will survive and will usual- 
ly return to normal operation after the 
initial surge. Remember, if a shunt 
regulator is used on the screen, put 
this limiting resistor on the supply side 
as shown in fig. 4. In this way, if the 
resistor blows open, the screen voltage 
will also be removed. 

A high-voltage in-line fuse should 
also be used. Low-voltage glass or 
ceramic fuses are not recommended 
because they are slow acting, can ex- 
plode, and can arc, possibly causing 
damage to meters! A short length of 
a small gauge wire (No. 40 preferred) 
can be used as a fast acting, low cost 
high voltage fuse.' 

amplifier bypassing 
It is sound engineering practice to 

use an extra pair of coaxial relays so 
that high power amplifiers may be 
bypassed when not in operation or 
when the final is warming up (fig. 6). 
The input relay can be a low power 
type but the output relay must be 
capable of handling the full output 
power of the transmitter. 

Amplifier bypass relays should never 
be (hot) switched when RF power is 
present since this will severely limit 
relay contact lifetime not to mention 
generation of spurious pulse noise. 
Isolation of each bypass relay doesn't 
have to be as high as with a typical 
TIR relay, with 30 dB per relay more 
than adequate. Furthermore, parti- 
cularly in grounded grid amplifiers, RF 
should never be applied to the ampli- 
fier input unless the proper voltages 
are already applied. 

plate dissipation 
This parameter is often overlooked. 

The plate dissipation is approximately 
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2 3 0  VAC 1 [ 
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fig. 4. Recommended high voltage supply for a high power amplifier. F1 and F2 are 
line fuses. F3 is a fine wire described in text. C1, CRl ,  L1, R1, and T I  are described 
in text. CR2 and CR3 are meter protection diodes. R2 is described in the text (25-50 
ohms typical). R3 is a meter protection resistor (50 ohms 10 watts typical). RL1 is a 
vacuum relay described in text. 

1 
I 

fig. 5. Power supply configuration used with DC grounded screen grids. Power sup- 
plies are represented as batteries. M 1  is grid current, M 2  is screen current, and M 3  
is plate current. The meters are protected by back-to-back diodes. 

C R I  

the plate power input less the power shown in table 1 of reference 1. (The 
output of the amplifier (other circuit subject is further discussed in the 
losses being low). For example, if the "cooling" section of this article.) 

- 

C I  

- 

plate input power is 2500 watts and the 
amplifier output is 1500 watts, the considerations 

R I  TO P L A T E  

TO SCREEN nuRzlL SUPPLY i f l q  3 1  

L  I ~ 3  RELAY I - 

plate dissipation is approximately 1000 Amateurs are notorious for abusing 
watts. The plate dissipation ratings of high power transmitting tubes. One of 
many of the more common tubes is the most misunderstood transmitting 

tube parameters is the plate dissipation 
rating. The manufacturer's specifica- 
tion applies only if there is adequate 
cooling, by either air or water, to the 
tube. 

Herein lies a problem. Each air- 
cooled tube has a different cooling 
specification, clearly spelled out on the 
manufacturer's data sheet, based on 
the amount of air circulation fin cubic 
feet per minute) through the plate fins 
or around internal anode tubes as well 
as a specified back pressure fusually 
measured in inches of water). There- 
fore an exchange of tubes based pri- 
marily on a higher plate dissipation 
rating, may often require a greater air 
flow rate - for example, as in the case 
of swapping the 4CX250B and 8930 in 
the K2RIW 70-cm a m ~ l i f i e r . ~  

External anode tubes are best cooled 
using air system sockets so that air is 
circulated over the grid and cathode 
seals as well as through the plate fins. 
Since these tubes generally have a 
high resistance to air flow, especially 
when compared to internal anode 
tubes, chimneys are a must to force 
the air through, rather than around, 
the plate fins. A large blower, prefer- 
ably one operating at 3600 RPM, is 
usually required to keep plate dissipa- 
tion within the tube ratings and over- 
come the high back pressure devel- 
oped by the tube. (Don't forget to oc- 
casionally remove external anode 
tubes from service and clean out any 
accumulated dirt or dust that becomes 
lodged in the heat sink fins.) 

Gary Madison, WA2NKL, has devel- 
oped an approximate formula to com- 
pare the back pressure of different 
blowers as shown in eq. 1: 

i R !  R z  1 To 

TO SCREEN 
SUPPLY 

i f l q  3 1  

- 

eel 

where P8 is the blocked-off back 
pressure in inches of water 

dw is the wheel diameter in 
inches 

V H r  is the speed of the blower 
in revolutions per minute 

i 

For example, a 2-inch wheel diameter 
3600 RPM blower will have a back 
pressure of approximately 0.41 5 inches 
of water while an 1800 RPM blower of 
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the same size would develop only 
0.104 inches in water. This formula 
dramatically illustrates how a small in- 
crease in wheel diameter or speed will 
increase the back pressure. 

A recent trend is to use water cool- 
ing on the plates of transmitting tubes, 
especially at UHF. For over 10 years I 
have been using such a technique on 
a 4CW800B type water-cooled tetrode. 
My 2-gallon water supply is housed in 
a small waste paper container; the 
pumping pressure is provided by a fish 
tank pump. Although distilled water is 
preferred, I find that water collected 
from a de-humidifier is adequate. Each 
summer I store the required 10-12 
gallons needed for a year of operation. 
Replacement water-cooled plate radia- 
tors are now commercially available for 
the 2C3917289 family of tubes. 

This technique is very good, but not 
without its limitations. Often the tube's 
grid and cathode seals are overloaded. 
They also require cooling. In grounded 
grid configurations the grid, if attached 
directly to the chassis, may be suffi- 
ciently cooled by conduction, but the 

I I A M P L I F I E R  I 

fig. 6. Relay bypassing scheme for pro- 
tecting a high-power amplifier during 
warmup. See text for relay description. 

Always try to provide a good safety 
margin (2: 1 is recommended) of cool- 
ing, whether with air or water. Also 
verify that there is sufficient pressure 
differential across the tube, especially 
for external anode tubes. Also, in the 
case of air or water supply failure, pro- 
vide a blower or water flow cutoff 
switch in the power supply (more on 
this later). A convenient method of 
measuring flow and back pressure is 
described in reference 9. 

ponents in the amplifier such as the 
tube! It is not a good practice to 
economize here. 

In a high performance, high power 
amplifier, it is essential that all RF 
components be placed within shielded 
boxes (more on this later). It is also 
wise to locate all other components 
outside the RF enclosures. This is par- 
ticularly true of the plate compartment. 
The only items that should be present 
in the output circuitry are the tube, 
tank circuit components, RF choke 
and the high voltage bypass capaci- 
tor. Likewise, the input compartment 
should not contain components such 
as meters or filament transformers. 

The method employed to physically 
tune the plate circuit is very important 
for stable, trouble-free operation. No 
matter what you do there will always 
be some heat dissipated in the tank cir- 
cuit. Therefore, it is wise to locate the 
tuning capacitor where thermal de- 
tuning effects are minimal. 

A typical example of how to and 
how not to tune a final is shown in fig. 
7. Note that in fig. 7A, any expansion 

cathode is usually overlooked. There- or contraction of the tank due to 
fore, if the plate is water cooled, a construction techniques heating or cooling causes the capaci- 
reasonable amount of air should also 
be circulated through the cathodelgrid 
compartment. 

Often when the proper amount of air 
is used, there may be an objectionable 
blower noise in the shack. Some Ama- 
teurs have attempted to lower the 
noise by locating the blower elsewhere 
and directing the air through a hose. 
This method requires special attention, 
since the hose chosen will have resis- 
tance, which will decrease air flow. 
Therefore, if a blower is remotely 
located, its output may have to be 
raised accordingly. 

There are two main problems of in- 
sufficient air flow. The first one is ob- 
vious: tube life is shortened. The other 
may also be obvious but is seldom 
mentioned: if plate dissipation is too 
high, the extra heat is often dissipated 
in the tank circuit, especially when 
metal tubing type plate lines are used. 
The net result is that the tank circuit 
tuning drifts especially during long 
transmissions such as on EME. 

Many good construction tips are 
buried in the various articles on high 
power finals and some of these ref- 
erences will be cited later in this arti- 
cle. Do read as many of the references 
as possible. 

One of the most important design 
considerations centers on the circuit 
chosen.' The next consideration is the 
choice of tube type. Choosing a larger 
tube than required may be wise be- 
cause the actual plate dissipation will 
be a smaller percentage of the tubes 
ratings. However, all is for naught if 
the mechanical integrity of the ampli- 
fier is not given proper attention. All 
components and mechanical parts 
should be sturdy and properly secured 
to the chassis because any changes in 
temperature or duty cycle will cause 
detuning affects. Also, the compo- 
nents used in a high performance 
transmitting amplifier should be first 
quality. If not, there may be unneces- 
sary down-time, as well as the possi- 
bility of destruction to the other com- 

tance to increase or decrease and 
therefore detunes the tank circuit. 
However, if the tuning method of fig. 
7B is used, the tank circuit will only 
move back and forth past the tuning 
capacitor and cause a much smaller 
change in amplifier tuning. 

The tuning capacitors must be care- 
fully designed. A disc soldered on the 
end of a brass screw is a very lossy 
tuning method which may cause er- 
ratic tuning. I prefer a push mechanism 
in which there are no moving metal- 
to-metal contacts. For instance, a 
beryllium copper flapper can make an 
excellent tuning capacitor by pushing 
against it with a non-metallic object 
such as a threaded teflon rod. W2GN 
has suggested the use of a metallic rod 
if an insulator such as a teflon button 
is placed at the contact point to the 
capacitor (see fig. 8). 

Another item to note is that when 
a transmitting tube has a plate contact 
ring, the tank circuit should preferably 
be at.tached to it rather than to the out- 
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The high quality of AEA products is appreciated long after the price 
paid is forgotten. 

NO Antenna THE FANTASTIC DOCTOR DXTM 
C W  B a n d  S lmu la t ion  That  Is S o  Real  

You Won't Believe I t !  

I Will improve the operating skllls of ANY CW operator! 
More fun lhan ANY Morse Code trainer yet devised. 
Use with a C.M. TV set, and key (or keyer). 
Experience the thrill of a "DXpedilion" lo anywhere in the world. - '.V Operate anytime you want, ideal for travelers. 
impressive award certificates avanlable lor verilied perlormance. 

$179.95' . 0n.golng contests: 8.hour sprint and 24.hour marathon. 

M o s t  gain attainable lor length 
of antenna-3dBd(OdBdlorJR. 
models). 
Best decoupiing of any commer 
clal VHF base statlon antenna 
available. 
More gain lhan many antennas 
clalming up to 7 dB gain-don't 
be fooled by mlsleadlngclalms! 

.Zero degree angle 01 radiation. 
Factory-tuned malchlng net 
Work. 
Greater bandwldth than any 
competitive product. . DC grounded lor static dis. 
charge protection. . Documented cases of wind sur- 
vival in 140 + mph hurricanes. 
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lenna lo assemble. 

Mast 
Not 

Included 
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Random practice mode. 
Variable monitor tone. 

TI-1 
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Tun ing  A id  $119.95 

Spectral display of RTTY 
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comouter (Dower suoolv no1 . .  , 
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instant indication of shift Morse-Baudot.ASCI1. 
(THREE RANGES). AMTOR. 
Built-in speaker with switch . Most advanced software 
lor quiet monitoring. available. 

Unmatched Software For C.64 
And VIC.20 Cornputem 

MBA-TORTM- he most advanced soft- 

CP.1 9239.95' ware wrlllsn lor Morse-Baudol.ASCII. 
AMTOR lncludlng mall drop 

Computer PatchTM Interface MARSTEXTTM-A spectal Morse.Baudol. . ~ ~ t t ~ ~  performance than any corn. ASCII package written especially for 
petilive product MARS and other trafflc operators. 

SWLTEXTTM-The most sophisticated 
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side of the plate cooling fins. The 
circulating RF currents in a typical 
Amateur high power transmitting am- 
plifier can easily reach 10 to 50 
amperes! 

Finally, there is often a need to pro- 
vide air inputs and exits. These can 
best be made using a waveguide be- 
yond cutoff configuration. It is well 
known that if the diameter of a hole 
is small with respect to the frequency 
(much less than 114 wavelength) and 
the hole has depth (such as tubing), 
RF will be attenuated approximately 
30-33 dB per unit length. For example, 
if a 1 inch (2.54 cm) diameter tube is 
1 inch long, it will attenuate VHF sig- 
nals approximately 30 to 33 dB. If the 
same tube is extended to 3 inches 
(7.62 cm), the attenuation will be ap- 
proximately 90 to 99 dB, usually more 
than sufficient. This attenuation prin- 
ciple is applied to the air inlet by using 
either a long large diameter tube, or 
several smaller diameter shorter tubes 
placed in a circle for air inlets and exits. 
Recently a honeycomb type of material 
has become available and it is easier 
to use than bundling up tubing, a 
technique now in wide use. 

tube selection 
So far I have covered many of the 

different aspects of high power RF 
amplifier design but haven't said too 
much about the actual tube selection. 
Table 1 in reference 1 shows some of 
the more popular tube types. Now that 
the FCC power regulations have been 
changed to apply to output power 
there are really many choices. 

However, high power transmitting 
tubes should never be operated above 
their maximum frequency of operation 
unless the voltages and currents are 
reduced accordingly. Furthermore, the 
efficiency usually drops past the rated 
frequency and hence there may be 
severe over-dissipation not only in the 
plate but also in the control grid 
elements. Unfortunately, at VHF and 
UHF frequencies, control grid dissipa- 
tion may increase but will not neces- 
sarily show up on the grid current 
meter as it does at HF. Failure to 
observe the tube's ratings can severe- 

P L A T E  
P L A T E  

0 

0 % 
fig. 7. Two methods to tune a plate tank 
are shown. The method in fig. 7A is not 
recommended for reasons described in 
the text. 

above 30 MHz. If you look carefully at 
the specification sheet you will see that 
the plate radiator is similar to the 
4CX250B but the required air and back 
pressure have been increased to obtain 
the 350 watts of dissipation, a tech- 
nique I mentioned earlier in this article. 

For the full legal power limit, the 
new highy triodes such as the 8877 
and 8938 are great but costly. Despite 
rumors to the contrary, the 8938 is not 
the 8877 with a different base! The 
8938 cathode lead inductance has 
been lowered and the transit time 
loading has been improved, extending 
full power efficient operation up to 
approximately 500 MHz. The 8877 

.ON B U T T O N  
should not be used at full ratings above 
the 135 centimeter band. 

T U N I N G  

fig. 8. A recommended tuning method 
for a flapper type of plate tuning 
capacitor without metal-to-metal con- 
tact (see text). 

/y decrease efficiency and the life of 
the tube! 

As I mentioned before, the use of 
parallel tubes should be a last resort. 
Using tubes above their rated fre- 
quency is also not recommended. If 
you require only moderate output 
power (500 watts or less), there are 
lots of single-tube amplifier choices 
such as the 4CX250B, 4CX300A, 8930, 
8874, or the new 3CX800A7. 

There is an alternative to the parallel 
tube approach. If additional power is 
required, identical amplifiers can be 
summed using hybrid power splitters 
and combiners. However, this tech- 
nique is tricky and is recommended 
only for the more experienced VHFI 
UHFers. 

The 4CX350A is not recommended 
above 135 cm (220 MHz) since it is pri- 
marily an HF tube and will exhibit low 
efficiency at 70 cm. Furthermore, its 
operating voltages must be lowered 

The 4CX1000 series of tubes is often 
available on the surplus market at 
affordable prices. However, if stable 
operation on 2 meters or above is 
planned, the 4CX1000K is recom- 
mended since it has improved input- 
to-output isolation. The 721317214 and 
765017651 tubes, also often found on 
the surplus market, will work well 
through about 1000 MHz, but, despite 
the data sheet, are not recommended 
for the 23-cm band since gain and ef- 
ficiency will be so poor (33 percent if 
you are lucky!) that the useful output 
power will be low at maximum ratings. 
High power on 23 cm and up is still a 
problem, and no moderately priced 
single tube that can generate over 500 
watts of output power is yet available 
to the Amateur service. 

component selection 
The type of RF coupling capacitors 

chosen is very important. The so- 
called TV doorknob types are not 
recommended because they cannot 
handle the typical RF current in a 
high-power VHFIUHF amplifier. The 
Centralab 850 or 857 series or the ITT 
50 or 58 series transmitting doorknob 
type of capacitor (or equivalent) is 
strongly recommended even though 
they cost more (available from Radio 
Kit, Box 411H, Greenville, New 
Hampshire 03048). 

HV feedthrough capacitors are also 
required. The MurataIErie model 
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EQUIPMENT 
KENWOOD R 11 SPECIAL 69 96 
KENWOOD We have all the KENWOOD llne In stock 
~ncludlng the NEW RIGS TS 711A 2 mtr all mode 
TR 2600A HT TH 21AT minl HT TH 4lAT 70 cm mlnl HT 
TC RllA 70cm all mode TM 211A moblle TS 411A 70cm 
&ble TS 670 40 15 10 and 6 mtrs CALL FOR PRICES 
KENWOOD SWL R 2000 R 4000 R 600 and the R 14 CALL 
KENWOOD TS 430s and TS 930s CALL 
KENWOOD TS 530SP and TS 830s CALL 
1COM 02AT 299 95 
YAESU FT203 ALL 
TENTEC 2591 269 95 
MIRAGE AMPS less 12% 
DENTRON GLTIOOO 1KW PEP tuner 17495 
WM NYE MB V 3KW tuner 1 swltch 489 95 
BEARCAT DX 1000 449 95 
ICOM R 71A CALL 
CES 510SA SMART PATCH 299 95 
ACCESSORIES 
FLUKE 77 auto dlaltol multlmeter 114 95 
BENCHER less 10% 
VIBROPLEX less 10% 
HElL SOUND less 10% 
DAlWA NEW METERS CALL 
TRlPPLlTE PR 25 rea PS 99 95 
TRPPLITE PR 35 149 95 
GORDON WEST code tapes areat 9 95 
TUBES 
GE 61460 9 95 
GE 5728 61 95 
GE 12BY7A 5 95 
ElMAC 3 5002 99 95 
AMPHENOL 
831 7 coax tee 4 00 
PL 259 831 SP 125 
UG 176 reducer RG8WRG59 30 
4400 N male to SO 239 6 00 
2900 BNC male to SO 239 4 00 
8261 N male 3 00 
83 10 RCA to SO 239 3 00 
82 97 N ternale chassis 3 00 
Other AMPHENOL products STOCK CALL 
ANTENNAS 
BARKER & WILLIAMSON less 10% 
BUTTERNUT HF 2V 80 & 40 mtr 125 00 
BUllERNUT HF 6V 80 thru 10 125 00 
BUTTERNUT accessories stock CALL 
AEA ISOPOLE 144 39 95 
HYGAIN CALL 
MOSLEY TA 33M 
MOSLEY PRO 37 

CDE 45 2 Rotator 99 95 
CUSHCRAFT A147 11 49 95 
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24981001-XUO-102M 1000 pF at 4000 
volts, is relatively expensive but highly 
recommended since it will handle the 
typical high voltages required as well 
as act as an RF low-pass filter. Some 
designers have "rolled their own" 
bypasses by placing a slab of copper 
or brass against a chassis wall in- 
sulated by a thin (0.005-0.010 inch or 
0.13-0.25 mm) dielectric insulator.1° 

High voltage connectors are a must 
especially for safety. The typical 
"BNC" or "N" types have identical 
breakdown voltages which are too low 
for most amplifiers and are not re- 
commended for carrying high volt- 
age. However, the "MHV" (high 
voltage BNC) connector is highly 
recommended. Because its end is in- 
sulated, making it difficult to touch the 
tip - a useful feature should a high 
voltage line be accidentally touched 
when energized. This feature has 
saved my life more than once! 

Chassis and enclosures are be- 
coming difficult to obtain. Eyers Chas- 
sis-Kit (K31WK) has a large selection 
of chassis kits and will make up special 
enclosures to order. 

When dielectric materials are used 
at VHFIUHF frequencies, careful selec- 
tion is important for low loss. I don't 
recommend nylon or bakelite because 
they're lossy materials. Some of the 
recommended materials are Kapton, 
Isomica, mylar, and teflon. The first 
two are often difficult to obtain and 
may be expensive. Mylar, a low-loss 
dielec.tric, especially above 300 MHz, 
is often overlooked. In plentiful supply, 
it is often used for taping printed wiring 
circuitry and has a high breakdown 
voltage (5000 voltslmil) and a dielec- 
tric constant of approximately 3. 

Teflon is recommended. It has a die- 
lectric constant of only 2.1 and a volt- 
age breakdown of only 1000 volts/mil. 
It also is porous. Hence for best 
breakdown it should be rubbed with a 
silicon grease (e.g. Dow Corning 
DC-4) or used in dual sheets.1° 

operating considerations 
Under the new FCC power measur- 

ing regulations it makes sense to de- 
sign VHFIUHF power amplifiers for 

linear service right from the start. A 
linear amplifier is more versatile and 
does not necessarily require bias ad- 
justments when changing operating 
modes, thus simplifying switching cir- 
cuitry. However, ALC circuitry should 
also be considered to improve lineari- 
ty. Also the high voltage supply regula- 
tion usually improves since the trans- 
mitter current excursion is reduced. 

I'll say it again! Before operating any 
tube, consult the manufacturer's data 
sheets! Excessive voltages can cause 
arcing and tube destruction. Excessive 
currents, especially in the cathode, can 
significantly reduce tube life. Many 
Amateurs tune their amplifiers for 
maximum smoke, then get indignant 
when the amplifier or tube goes up in 
smoke! Always pay particular attention 
to the cooling and backpressure. It's 
better to have too much air flow than 
not enough. 

Also, determine the minimum re- 
quired filament warm-up time before 
any cathode current is drawn. Proper- 
ly built and operated power ampli- 
fiers don't require frequent tuning 
adjustments. 

When a power amplifier is working 
properly, it should generate maximum 
output power when you are tuned to 
resonance (a point just above the dip 
in the plate current). On tetrode ampli- 
fiers the same should be true and the 
screen current should peak (even 
though it may be negative at the time) 
at the same point. It is highly recom- 
mended that a dedicated screen grid 
current meter be provided because the 
screen current is a very sensitive in- 
dicator of tuning and loading. 

safety considerations 
Whenever you are working on a 

high-power amplifier, safety should be 
your first concern. Safety applies in 
both the DC and RF area. High voltage 
can kill. All amplifiers should be ade- 
quately shielded to prevent inadvertent 
contact with the high voltage supply 
lines as well as the RF circuitry. High 
voltage primary interlocks, bleeder re- 
sistors in the supply, and high voltage 
discharge mechanisms are a must. Use 
of a relay in series with the high volt- 
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age (as previously recommended) is 
one additional way to lessen the 
chance of high voltage shocks, but 
even a relay's contacts can stick - 
so don't leave anything to chance. 
Meters, especially those connected 
directly in the high voltage line, are 
particularly dangerous. High voltage 
may be very close to the glass and a 
source of arcing. If a meter is placed 
in the high voltage line, it should be 
adequately insulated from ground and 
placed behind a protective panel. By- 
pass meters with back-to-back diodes 
as shown in figs. 3 and 4, to lessen 
the chance of meter destruction at 
high currents. 

The loss of cooling air or water to 
the tube can also present a safety 
hazard. Besides endangering the tube, 
loss of cooling increases the chance of 
fire or explosion should the plate over- 
dissipate. An air or water flow high 
voltage cutoff switch is recommended 
in case of failure. 

Finally, we must respect RF and 
microwave radiation. In recent years it 
has become increasingly obvious that 
Amateur transmitters, especially those 
operating at 500 watts and above, 
have sufficient RF power to be haz- 
ardous, especially to the eyes and 
brain. Power densities of 10 milli- 
watts/cm2 were formerly the American 
National Standards Institute (ANSI) 
C95.1-1974 limit." This limit has now 
been superseded. The new ANSI 
C95-1-1982 limits are 1 milliwatt per 
square centimeter from 30-300 MHz, 
following the curve f(MHz)/300 milli- 
watts per square centimeter from 
300-1500 MHz, and 5 milliwatt per 
square centimeter above 1500 MHz. 
This limit can be easily exceeded 
within 1 meter of a high power 
VHF/UHF transmitter with the plate 
compartment shield removed. Black- 
well and White have described a sim- 
ple probe to measure RF power den- 
sity.12 A power amplifier should never 
be operated with the shielding re- 
moved, especially on 2 meters and 
above! 

warranty considerations 
Most manufacturers will not replace 

a defective tube, even under warranty, 
unless certain parameters have been 
monitored. These include, but are 
not limited to, filament voltage, hours 
of operation (as indicated on a built- 
in elapsed meter), circuitry and opera- 
ting voltages. These requirements are 
usually spelled out on a warranty sheet 
in the original packing container. It's 
well worth checking into these require- 
ments before placing a tube in service. 

recommended designs 
Finally we come to the question of 

what are the most popular and recom- 
mened designs. The following table in- 
cludes many recommended references 
or designs, listed by frequency band: 

band see reference 

6 meters 13 2 0  

2 meters 19 35 

135 c m  36 41 

70  c m  10.42 48 
33 c m  49 

23  c m  and  u p  is still a di f f icul t  area; i t  w i l l  be  

covered i n  a for thcoming co lumn,  b u t  reference 

50 is recommended for  a med ium power  

(100-150 wa t t s )  23 c m - a m ~ l i f i e r .  

This list should cover most of the 
tubes and circuits presently in wide 
use. The selection of amplifier and 
tube is left to the individual. 

The AM-6155, a moderately priced 
($150) surplus linear amplifier, has 
recently become available from Fair 
Radio Sales.5'~52~53 It comes complete 
with a self-contained power supply 
and uses a single 8930 tetrode. Proper- 
ly modified, this amplifier can operate 
on either 2 meters, 135, or 70 centi- 
meters. With 10 watts of drive, 400 
to 600 watts of output have been 
reported. 

summary 
Properly operated tubes used in a 

good circuit with appropriate attention 
given to component selection will have 
a long lifetime and provide many hours 
of satisfactory operation. 

I highly recommend that you obtain 
a copy of reference 5 for your library. 
This reference is very complete and 
will provide amplification on many of 
the items discussed in this article. Let 
me know if I have left out any major 

points. They can be covered in a 
subsequent column. 
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February, 8: EME perigee 
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ahead o f  t ime so that they can be listed in 
this column. ham radio 
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defining the decibel 
Why bother? Because 
in electronics - as in 

any science - definitions 
do make a difference. 

The unit of the decibel, or dB, is used quite wide- 
ly in electronics to express everything from amplifier 
gains to bandwidth ratios (is that 10 log or 20 log for 
bandwidths?). Often the question, "Is that dB-voltage 
or dB-power?" is heard. The answer to that question 
is an unequivocal "yes." The short article that follows 
reiterates the apparently long-forgotten history of the 
decibel and discusses both its proper application and 
a few of its common misapplications as well. 

The decibel is, roughly, the smallest change in 
acoustic power that the ear can detect.' It's one tenth 
of a bel, a unit named for Alexander Graham Bell, 
whose original research revealed the logarithmic am- 
plitude response of the human ear;2 not surprisingly, 
the concept of the be1 was originally used in the field 
of telephony. But the unit was found to be too large 
for practical application, and the decibel was soon 
found to be more convenient. 

In the original acoustic terms, the decibel was de- 
fined as 10 log to the base of 10 of the ratio of two 
acoustic intensities (powers). (A similar but much less 
frequently used unit is the Neper - from Napier - 
which is given as 1 log to the base e of a voltage ratio.2 
Yes, the multiplier is 1, not 10.) In modern electronics, 
however, the decibel is defined as 10 log of a power 
ratio in which the two powers ratioed are measured 
at a particular point in a system - at the output of 
an amplifier, for example. This is the only definition. 
Other descriptions of the decibel, such as 20 log of 
a voltage ratio, are derivations of this definition, often 
with some critical information omitted. 

The decibel is really just a type of mathematical 
shorthand. It is more convenient, for example, to ex- 
press the power gain of an amplifier as 80 dB than as 
100,000,000 wattslwatt. One variation to this basic 
definition has been a generalization to allow the two 
powers ratioed to be at different points in a system 
that have equal impedances - for example, the power 
gain of an amplifier in a constant 50-ohm system ex- 
pressed in dB as 10 log of the ratio of the output power 
to the input power. Such a generalization, however, 
is still consistent with the original definition. Consider 
a 50-ohm amplifier in a 50-ohm system. Its input and 
output impedances must both be 50 ohms to be con- 
sistent with the 50-ohm system. Therefore, the source 
driving the amplifier will deliver the same power to a 
50-ohm termination as it delivers to the amplifier in- 
put. Let us choose the 50-ohm input to a power meter 
as the point of measurement of the original definition 
above. First apply the source directly to the power 
meter input and record the source power. Then, re- 
move the source from the measurement node (power 
meter input), apply it to the amplifier input, and apply 
the amplifier output to the power meter. Measure the 
new power at the point of measurement. The amplifier 
gain in dB is then 10 log of the ratio of the second 
measurement, the output power, to the first measure- 
ment, the power applied to the input. This measure- 
ment technique is a direct application of the defini- 
tion of the decibel. 

Alternately, we could, by some means, measure the 
input and output powers of the amplifier with it at- 
tached to the source and 50-ohm load (computed from 
measured input and output potentials perhaps) and 
compute the gain in a similar manner as above. There 
is a subtle difference between this second measure- 
ment technique and the first. In the first, a single point 
of measurement, the input to the power meter, was 
used to measure the two powers for the ratio; in the 
second, two different points in the system were ob- 
served - the input and output ports of the amplifier. 

By Michael Gruchalla, EG&G, 2450 Alamo 
Avenue S. E., Albuquerque, New Mexico 87106 
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Since the system was defined to be a 50-ohm system 
throughout, both techniques will yield the same re- 
sults. However, if the impedances in the system are 
not the same throughout, the results will not be the 
same. (This will be demonstrated later.) So, the ratio 
of two powers, P2 and PI ,  in a constant impedance 
system expressed in dB, is given by eq. 1, where the 
term "D" is simply a general notation and the form 
"dB" is used to show the units of the result. 

D = 10 log (P2/PI)  [dB] (1 1 

In many cases the power, P I ,  is chosen as some con- 
venient reference power such as one milliwatt. The 
value of D is then given in dB referred to a milliwatt, 
abbreviated dBm. This is still consistent with the basic 
definition of the dB since D is then a representation 
of the actual power at a point in a system compared 
to the chosen reference power at that same point. 

Now, we will expand eq. 1. However, since this is 
not a lesson in arithmetic, the impedances will be de- 
fined as being real with no imaginary part, which will 
simplify the math considerably. Each of the powers 
in eq. 1 may be expressed in terms of the potentials 
and corresponding impedances, or resistances for the 
case of impedances with only a real component, at 
the power measurement points. Expanding eq. 1: 

D = 10 log [ ( E ~ ~ / R ~ ) / ( E I ~ / R I ) ~  (2) 

= 10 log (E22/E12) - 10 log (R2/RI)  (31 

= 20 log (E2/EI)  - 10 log (R2/RI)  [dB] (41 

This is an interesting result. We can now see where 
the 20 log of a voltage ratio expression originated in 
the widely used dB expressions. But what about the 
second term in eq. 4? Well, in the case of a constant 
impedance system, the two resistances are the same 
value, resulting in a second term of 10 log(l), which 
is of course zero. As a result, D is correctly expressed 
in dB as 20 log of the ratio of two voltage measure- 
ments, which is the expression so familiar to many of 
us. So we'll make a note of it here: 

FOR CONSTANT IMPEDANCE ONLY!!! 

D = 20 log (E2/E1) [dB] (5) 

This would be a good point to digress a moment 
and examine the question, "Is i t  dB-voltage or dB- 
power?" Consider a 50-ohm amplifier in a constant 
50-ohm system. If we applied an input signal of one 
microwatt ( -30  dBm right?) to this amplifier and 
measured an output power of one milliwatt (0 dBm?), 
what would be the gain of that device in dB? Letting 
that power ratio be represented by "G" and applying 
the basic definition of the dB given in eq. 1: 

G = 10 log (Po/Pi,l [dB] 

G = 10 log ( I  milliwatt/l microwatt) (6) 

We could have easily found this result by subtracting 
the -30 dBm input level from the 0 dBm output - 
0 dBm -- ( - 30 dBm) = + 30 dB. To show this math- 
ematically, consider the following: 

G [dB] = I0 log (P,/P; J 

= 10 log (Po/P;J + 10 log (I m W / l  mW) 

[add 10 log (I m W / 1  m W)  which = 01 

= I0 log (Po/l m W) - 10 log (P;,/l m WJ 

Now we will try it from a voltage point of view. First 
we must compute what input and output voltages we 
would measure with the corresponding powers given. 
We all know that the power dissipated in a resistor with 
a potential E applied across it is given by: 

PR = E2/R [watts] 

Solving for E in terms of P and R: 

E = (P. R)1/2 [Volts, RMS] 

For the one microwatt input (remember, we said we 
had a 50-ohm system): 

E (Ip W)  = (1.10-6 watts. 50 ohms)l/2 
= 7.07 miNivolts RMS 

And for the one milliwatt output: 

E ( l m  W) = (I . I0 - 3  watts. 50 millivolts)l/2 

= 223.6 millivolts RMS 

Now, applying eq. 4: 

G = 20 log (223.6 m V/7.07 m V) - 10 log 
(50 ohms/50 ohms) 

Look carefully at the two results in eqs. 6 and 7. If 
you were told that the gain of this 50-ohm amplifier 
was 30 dB, would you have to ask "dB-voltage or dB- 
power?" (I hope not.) As shown in this example, com- 
puting the gain by either 10 log of the power ratio or 
20 log of the voltage ratio yields exactly the same result 
in a constant impedance system. So you can see that 
the all-too-often-asked question has little meaning 
when the concept of the decibel is properly used. 

We will now see how the concept came to be mis- 
applied. Look back at eq. 4. This is an exact expres- 
sion of the decibel and, as explained, reduces to eq. 
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5 in systems of constant impedance. In the early ap- 
plications of the decibel, power measurements were 
made in waveguide and coaxial RF systems using 
various instruments for direct power measurement. 
The use of these instruments required the signal of 
interest to be applied directly to the measurement in- 
strument input as is required by the definition of the 
decibel. Therefore, ratios of measured powers ex- 
pressed in dB were consistent with the original defini- 
tion. Then something terrible happened: the perform- 
ance of electronic instruments improved dramatical- 
ly. RF voltmeters could now be used to measure actual 
RMS potentials in systems, rather than only power. 
Oscilloscopes could provide direct viewing of the 
voltage waveforms from which RMS values could be 
computed. And worse yet, these instruments were of 
such a nature that these potential measurements could 
be made quite accurately in systems of almost any im- 
pedance without the need to break the circuit for direct 
application of the measured signal to the measuring 
instrument. In fact, the impedance did not even have 
to be known to accurately measure potentials, al- 
though circuit loading did have to be considered. Well, 
many of the first applications of these instruments 
were still in the area of constant impedance systems 
and it was well known that eq. 5 applied, and why. 
As several generations of engineers and technicians 
used these new and ever-improving instruments, the 
use of eq. 5 became second nature and its origin (and 
limitations) slowly became lost and forgotten. Then 
another terrible thing happened . . . the operational 
amplifier appeared. These were marvelous devices 
with staggeringly high voltage gains - perhaps as high 
as 1,000,000 or even higher! Using such large terms 
in everyday communication presented a bit of an in- 
convenience. Then someone, remembering eq. 5 (at 
least most of it), said "Wow, we can express this gain 
in dB as 20 104 of the voltage gain." What was omit- - - - 
ted was that eq. 5 applies only in constant impedance 
systems. Operational amplifiers typically exhibit very 
high input and very low output impedances. So was 
yet another misapplication of the decibel born. 

To demonstrate the problem associated with this 
misapplication of the concept, we will examine a few 
examples. Consider an operational amplifier configured 
for a voltage gain of unity. Let the amplifier have a 
1 Megohm input resistance and a very low output re- 
sistance (much smaller than 50 ohms). Also, consider 
a source with a 50-ohm impedance. Finally, let the load 
be 50 ohms. If we apply an input signal and measure 
the input and output voltages we will naturally find 
them to be the same since the amplifier is configured 
for a gain of one. Using eq. 5 and rather ignoring the 
impedance requirement, we would find the amplifier 
gain to be 0 dB. Now let's compute the gain in dB 

as 10 log of the output to input power ratio. The in- 
put power is simply the input RMS voltage squared, 
divided by the input resistance. The output power is 
given as the output RMS voltage squared divided by 
the load resistance. However, since the voltage gain 
is unity, the input and output voltages are equal. Let 
that voltage be E. Computing the gain from the power 
ratio: 

G = 10 log [(E2/KI)/(E2/R,,,)I 

= I 0  log (R;,,/Kr) 

= I 0  log (2.104) = 43 d B  

Well, that presents a bit of a problem. Is the actual 
gain 0 dB or 43 dB? Let's try still a different measure- 
ment by trying to apply the single-point measurement 
approach of the original definition. Let the 50-ohm load 
be the input resistance of a 50-ohm power meter. 
Applying the source to the power meter input, a 
power, P, is observed. Now, move the power meter 
to the amplifier output and apply the source to the am- 
plifier input. Since the source is not loaded by the am- 
plifier input (1  megohm -- > 50 ohms), the voltage 
at the amplifier input is twice that measured when the 
source was terminated with the 50 ohms of the power 
meter. (This can easily be shown with some simple 
circuit analysis, but since that's not our purpose here, 
you'll have to either accept it as true, or prove it for 
yourself.) The amplifier output voltage is also twice 
the loaded value of the source, since the amplifier volt- 
age gain is unity and the low output resistance of the 
amplifier prevents loading by the power meter. Power 
varies as the square of voltage, so the doubling of the 
voltage at the power meter input results in an increase 
in power by a factor of 4. The power reading of the 
power meter will then be 4P. Applying eq. 1: 

G = 10 log (P,/P;,) 

= I0 log (4P/P) = 6 dB 

This gives us still another choice as to what the gain 
in dB is for an operational amplifier configured for unity 
gain. It is either 0 dB, 43 dB, or 6 dB, depending how 
one makes the measurement. 

Now, let's modify the unity gain amplifier circuit 
configuration slightly by the addition of an input trans- 
former. Let that input transformer match the 1 meg- 
ohm amplifier input resistance to the 50-ohm source 
resistance, a turns ratio of 1:141 (remember, trans- 
former impedances vary as the square of the turns 
ratios). The transformerlamplifier combination now 
satisfies the constant impedance requirement of the 
definition of the decibel - the input and output resis- 
tance is 50 ohms in a 50-ohm system. The 50-ohm in- 
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put of the transformer presents the same load as the 
power meter of the original measurement of the source 
power. The source power will produce some input 
voltage. Let that voltage be E. Since the transformer 
has a 1:141 turns ratio, the input potential to the 
amplifier is 141 E and since the amplifier has unity gain, 
the output potential is 141E. Since this is a constant 
impedance system, we may compute the power gain 
either from the power ratio or the voltage ratio. 
Therefore, since we have the input and output volt- 
ages (in terms of E) we will apply eq. 5. 

G = 20 log (E2/EI) 

= 20 log (141E/E) = 43 dB 

Now, isn't that an interesting result? This is the same 
value that was found for the original configuration in 
the second calculation, which was based on the ac- 
tual input and output powers. This can somewhat be 
understood since the transformer can have no power 
gain. The transformer does provide a proper impe- 
dance match to the source so that for any given source 
potential the maximum amount of power will be coup- 
led, but it does not provide any power gain. The opti- 
mum matching simply implies that this is the configu- 
ration in which the available source power is most ef- 
fectively coupled. Thus, for some desired output 
power, this configuration will require the least input 
voltage, and least available input power. The first unity 
gain configuration and the transformerlamplifier con- 
figuration both have a power gain of 20,000. However, 
in the first, the voltage gain is unity, so if an output 
potential of V volts RMS is needed for some desired 
output power, the input potential must also be V volts. 
In the transformerlamplifier configuration, the voltage 
gain is 141, so for an output of V volts an input of 
Vl141 volts is needed. Since each of these configura- 
tions is delivering the same power to  the load and they 
have the same power gain, the second makes the more 
efficient use of the source signal. 

Since the gain of this final configuration to which 
the concept of the decibel may be properly applied is 
the same as that of the simple unity gain amplifier ex- 
pressed in dB as 10 log of the actual output to input 
power ratio, perhaps the gain in dB of the unity voltage 
gain amplifier should be 43 dB? One can easily see the 
confusion that can result. This is particularly true since 
all four of these results could be considered correct 
depending upon how one chooses to use the concept 
of the decibel. Considering the first two cases it might 
have some meaning to use the expressions dB-voltage 
and dB-power to distinguish between the two meas- 
urement techniques. But what do we do with the third 
measurement? It was also a power measurement and 
actually more consistent with the actual definition of 

the dB. Perhaps this value could be called "dB-power- 
almost-consistent-with-the-definition-of-the-decibel," 
or dB-PACWTDOTD for short. Certainly that would 
be a bit ridiculous - but would it be any more absurd 
than dB-voltage and dB-power? Then there's the mod- 
ified configuration, to which the concept of the decibel 
may be properly applied, which yields a power gain 
that is the same as that of the second calculation. 
However, this is a different configuration, and its rela- 
tion to the problem is not immediately obvious. Per- 
haps the best way to avoid this dilemma is to stick to 
the actual definition of the decibel. Nevertheless, wide- 
spread use of the expression of voltage gain in dB as 
20 log of the ratio of the output to input voltages has 
resulted in this expression becoming a type of alter- 
nate definition of the decibel. 

One popular use of this expression is the specifica- 
tion of the open loop voltage gain of operational am- 
plifiers. There seems to be a slight trend away from 
this erroneous specification, however, in favor of the 
correct units of volts per millivolt, volts per microvolt, 
etc. Look through some data books with specifications 
on operational amplifiers and see if you can find these 
different open loop gain units. 

noise analysis - yet another 
creative misapplication 

The use of the decibel to express the voltage gain 
of an amplifier in a system of non-constant impe- 
dances is by far the most common misapplication of 
the decibel that you're likely to encounter. Yet there's 
another interesting misapplication that's also quite 
creative; this is found in the area of noise analysis. The 
noise power available in a system is directly a func- 
tion of the system noise bandwidth. Without going 
into detail, the available noise power, P,, in a noise 
bandwidth, BW,,, and absolute temperature, To, is 
given by eq. 8. 

Pn = k. T o .  B W,  (watts) (8) 

k = Boltzmann's constant 

= 1.38.10 - 23 Joules/degrees Kelvin 

Now suppose we have two different noise bandwidths 
and want to know how much noisier, in dB, the larger 
is than the smaller. Consider an amplifier system of 
power gain G with a variable bandpass filter and a suit- 
able power meter tied to the amplifier output. With 
the bandpass filter set for a narrow bandpass, B Wnl, 
let the power reading be Pn1. Then let the filter be ad- 
justed to a wider bandpass, B Wn2, with a correspond- 
ing power reading of Pn2. The relative increase in 
power with the increased bandwidth expressed in dB 
is then given as 10 log (Pn2/PnI) ,  and this expression 
is an exact application of the definition of the dB. Let 
this quantity be defined as D. The two powers may 
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be expressed in the form of eq. 8 above. Then, ex- 
panding the expression for D: 

D = 10 log (Pn2/PnI) 

= 10 log (BWn2/BWnl) (dB) 

,Well, there you have it - the ratio of two bandwidths 
expressed in dB is given as 10 log of the bandwidth 
ratios. Just what does it mean? That's right, nothing 
. . . unless, of course, you know that you're really talk- 
ing about ratios of noise powers and not simply band- 
widths. Feel free to consider some of the possibilities 
for this misapplication - but please don't take them 
seriously. Why, one could use eq. 9 (without consider- 
ing its origin) to express the peaking properties of a 
bandpass filter in dB as 10 log of the output bandwidth 
to input bandwidth! Of course in this case we'd most 
likely want to invert the ratio (i.e., 10 log of the input 
to output bandwidths) so that we would always have 
positive values to work with. We could even express 
quality factor, Q, in dB if we are a little creative. Quality 
factor of various systems is often expressed as the 
ratio of the center frequency to the bandwidth. Well, 
the center frequency could be considered as a band- 
width with the lower frequency of 0 Hz. Then Q would 
be nothing more than a ratio of two bandwidths and 
misusing eq. 9, we could express Q in dB (again, we 
would wish to  invert the ratio to  have positive dB 
values of Q since negative values might be confusing). 

If these suggestions seem quite outrageous, per- 
haps it's because they haven't been seen before. 
These are actually as correct as expressing the open 
loop voltage gain of an operational amplifier in dB, but 
we've come to know that expression because of its 
widespread use, and so as a result, it doesn't look par- 
ticularly strange. But this doesn't make it inevitably 
correct. There is some obvious confusion because in 
the absence of uncertainty, the voltagelpower ques- 
tion w w l d  need never be asked. If you stick to using 
the concept of the decibel only where it applies, you'll 
have no problem. In cases where you must work from 
someone else's error, you'll just have to try to figure 
out what was meant. This does not mean that we 
would specify the gain of the unity gain amplifier in 
the example above as 43 dB. That voltage gain is 1 
volt/volt or simply a voltage gain of 1. The power gain 
of that configuration is 20,000. That is where we ar- 
rived at the 43 dB figure; but as pointed out, the con- 
cept of the decibel does not apply because the system 
is not of constant impedance. The power gain would 
simply be stated as 20,000 wattstwatt, 20 watts/ 
milliwatt, or simply a power gain of 20,000. 

As the examples above have shown, misapplication 
of the concept of the decibel has led to considerable 
confusion as to what is actually implied by the expres- 
sion of a quantity in dB. Hopefully this article has 

sewed to  clarify your understanding of the concept, 
and you can now correctly apply the concept. Further- 
more, when you see quantities expressed in dB, you'll 
be able to tell whether or not they're proper expres- 
sions. In cases where they're not, you should have a 
better understanding of the concept to aid you in try- 
ing to comprehend the original intention. In any event, 
if you keep the definition of the decibel clearly in mind 
and always apply it properly, then your expressions, 
at least should always be correct and should be under- 
stood by anyone who shares your understanding of 
the decibel. When you're asked, "Is that dB-voltage 
or dB-power?", you'll not only be able to show why 
that question has little meaning, but also silently revel 
in your mastery of the concept. Always return to the 
basic definition of a notation or concept and apply it 
accordingly. Also, look those basic definitions up in 
the literature. Don't simply take some expert's opinion 
as being correct. Perhaps you should apply that ad- 
vice to the information in this article! 
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ham radb 
the G5RV explained 
While it may be premature to spec- 
ulate, Spring can't be far away. Now's 
the time to think about that new an- 
tenna you're going to put up as soon 
as milder weather rolls around. 

Some Amateurs in the United 
States have been bemused, even con- 
fused, by the short, cryptic description 
of an antenna used by many European 
Amateurs. Described as simply a 
"G5RV," the antenna must work, 
judging from some of the powerful sig- 
nals that come "across the pond" from 
stations using this sky-wire. 

The antenna design is named after 
its designer, Louis Varney, G5RV, an 
old-timer - (licensed as 2ARU in 1928, 
and as G5RV in 1929) - still very ac- 
tive on the bands. Louis has used the 
antenna from many of his overseas DX 
locations over the past few decades. 
It enjoys worldwide popularity because 
it's a good, inexpensive multiband an- 
tenna that works very well.' 

The grandfather of the G5RV was an 
"all-band" antenna first described in 
Amateur literature by Arthur Collins, 
WOCXX, then President of Collins 
Radio Company. Sold as a kit in 1933, 

it never attained widespread popular- 
ity because it was both expensive and 
difficult to install. 

The Collins antenna consisted of a 
312-wavelength long 20-meter, center- 
fed wire with an impedance transform- 
er that provided a satisfactory match 
to the open-wire line and tuned tank 
circuit rigs of the pre-war period. The 
transformer was a linear affair made of 
copper tubing that was difficult to sus- 
pend from the center of the antenna. 
Art's transformer was quickly forgot- 
ten, but the idea of the inexpensive, 
effective 312-wave antenna remained 
(fig. 1). As shown in fig. 2, it has an 
interesting field pattern and a radiation 
resistance value of about 95 ohms at 
the center feedpoint. Its power gain 
over a dipole is about 1 dB. 

Antenna dimensions for the higher 
frequency bands are shown in table 1. 
The antenna can be easily matched to 
50-ohm coaxial line by means of a 
quarter-wave section of 75-ohm coax- 
ial line. Sufficient line isolation can be 
obtained by wrapping a portion of the 
75-ohm line into a simple four-turn RF 
choke coil directly beneath the anten- 
na feedpoint. 

\ F - F  

C U R R E N T  D I S T R I B U T I O N  

fig. 1. The 3/2-wave center-fed antenna. Feedpoint resistance at resonance is about 
95 ohms. 

This simple antenna is recommend- 
ed as a general coverage, single-band 
antenna for the Amateur bands be- 
tween 10 and 30 MHz. 

a practical G5RV 
multiband antenna 

Louis Varney, GSRV, devised a 
112-wave matching section that func- 
tions as a 1:l transformer for a 14-MHz 
312-wave dipole, enabling the coaxial 
line to "see" a close match on this 
band (fig. 3). On other high frequen- 
cy Amateur bands, the transformer 
section acts as a portion of the anten- 
na, folded back upon itself, to provide 
a reasonable value of feedpoint impe- 
dance on all bands between 3.5 and 
29.7 MHz. Even though the antenna 
termination may be reactive, a good 
antenna tuning unit will match the sys- 
tem to a 50-ohm transmitter. This 
scheme will satisfy the rather stringent 
load conditions required by many of 
the solid-state transceivers employing 
a "fail-safenALC circuit that senses the 
SWR on the transmission line and re- 
duces amplifier input to protect the 
output transistors of the transceiver 
from damage. 

It is tempting to substitute a balun 
for the antenna tuner to make a "no 
adjustment," multiband antenna. This 
is an unsatisfactory solution. Ferrite- 
core baluns are not effective with reac- 
tive loads or loads presenting a high 
value of SWR, and cannot compen- 
sate for the reactive load presented by 
the G5RV antenna on most Amateur 
bands. The tuners listed in references 
2 and 3, however, will do the job 
properly. 

the linear transformer 
for the G5RV 

The heart of the G5RV antenna is 
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fig. 2. Horizontal field pattern 
312-wave antenna: (A)  ideal pattern; 
over imperfect ground. 

for 
( 6 )  

the 14-MHz 112-wave transformer 
placed at the feedpoint of the anten- 
na. Line impedance is not important. 
Ideally, an open-wire line is best, but 
is difficult to build and spacers are hard 
to come by. A good substitute is TV- 
type "ladder line" that will function 
with power levels up to 250 watts or 
so. On occasion, transmitting-type lad- 
der line that will work very well can be 
found. 

Alternatively, 300-ohm line having 
"windows" punched in the dielectric 
can be used, but this material is not 

table 1. Dimensions of flat-top and coaxial transformer for 312-wavelength, center- 
fed antenna. 

114-wave transformer 
L = *  (RG-1l/U or RG-59/U 

band f(MHz) feet (meters) feet (meters) 

30 10.12 143.40 (43.70) 16.04 (4.89) 
20 14.15 102.60 (31.30) 11.46 (3.49) 
17 18.11 80.14 (24.43) 8.97 (2.73) 
15 21.22 68.40 (20.85) 7.66 (2.33) 
12 24.94 58.20 (17.74) 6.51 (1.981 
10 28.60 50.75 (15.47) 5.68 (1.73) 

1451.4 *L = 
f l M H z )  

difficult to obtain. While 300-ohm TV 
ribbon line will work, the transformer 
section can be detuned by rain or 
snow, making antenna tuning erratic 
in wet weather. 

Regardless of construction, the 
transformer section should drop down 
vertically beneath the antenna for 20 
feet (6 meters) or so before it is 
brought away at an angle. This will 
keep undesired coupling between line 
and antenna at a minimum. 

The G5RV can be installed as an in- 
verted-\/ antenna and still perform suc- 
cessfully. 

the 160-meter 
compact dipole 

Have you heard the DX coming 
through on the 160-meter band? 
Would you like to work some of it? A 
great idea, but a lot of would-be "top 
band" DXers pause when they con- 
sider that a 112-wave dipole antenna 
is about 246 feet (75 meters) long 
when cut for the midpoint of the band. 
And while a vertical antenna would be 
appropriate, it requires a good ground 
connection and a system of buried 
radials. 

An effective alternative is a short, 
coil-loaded dipole antenna. By reduc- 
ing the dipole to half size, about 130 
feet (40 meters), the antenna becomes 
more feasible for the ham who lives on 
a medium-sized lot. A loaded antenna 
can be just about any length, however, 
if a compromise between length, effi- 
ciency and bandwidth can be accept- 
ed. Bandwidth and efficiency drop 

7: H A L F - W A V E  T R A N S F O R M E R  L I N E  1 I 

F F  

fig. 3. The GLRV antenna for 14 MHz. A 
parallel-wire transformer 112-wavelength 
long acts as a 1:1 matching device on 14 
MHz and as a folded portion of the an- 
tenna on other bands. A tuner is required 
at F-F to match the system to a coaxial 
feedline. The velocity factor of the line 
must be used to determine physical line 
length. On 80 meters the antenna is a 
foreshortened dipole. On 40 meters the 
antenna is a folded "two 112-waves in 
phase." On 18.24 and 28 MHz the anten- 
na functions as a long wire, center-fed. 

sharply when the loaded dipole is 
much less than 114-wavelength long. 

The bandwidth of a full-size 160- 
meter dipole mounted close to the 
ground (40 to 60 feet - or 12 to 18 
meters - high) is quite narrow - only 
about 150 kHz between the 2:l SWR 
points on the passband. Shortening 
the dipole and loading it'to resonance 
sharpens the passband. The antenna 
design shown in fig. 4 has a pass- 
band of about 50 kHz between the 2: 1 
SWR points. That's the penalty you 
pay to get a compact antenna on 160 

60 a February 1985 



table 2. Coverage of the entire 160-meter band requires changing dimensions and component values. 

design overall length loading matching 
frequency length (S) center-to-coil ID) coil IL,) turns coil iL2) turns 

(MHz) feet (meters) feet (meters) PH IL,) PH (L2) 

1.80 130.0 (39.6) 32.5 (9.9) 91.9 38.9 3.9 11.6 
1.85 126.5 (38.6) 31.6 (9.6) 89.2 38.0 3.8 11.3 
1.90 123.2 (37.6) 30.8 (9.3) 86.5 37.2 3.7 11.1 
1.95 120.0 (36.6) 30.0 (9.11 84.0 36.4 3.6 11.0 
2.00 117.0 (35.661 29.3 (8.9) 81.6 35.7 3.5 10.8 

Notes: 
Dimensions rounded to nearest tenth, metric dimensions in ( 1 
Coil L, diameter = 3 inches (7.6 cm) use No. 14 wire, close-spaced 
Coil L, length = approximately 2.5 inches 16.3 cm) 
Coil L, diameter := 1 inch (2.54 cm), use No. 18 wire, close-spaced 
Operating bandwidth = 50 kHz between 2:1 SWR points 
Adjust tip sections for antenna resonance 
Adjust coil L, for best match at resonant frequency 

----- 
L I  

F E E D P O I N T  I N S O L A   OR 
IrrPIcALJ 

fig. 4. The 160-meter compact dipole (see table 2). 

meters! You can make the dipole 
shorter with larger loading coils, but 
your operating passband will shrink 
until it becomes impractically narrow. 

simplifying the design 
The chart shown in table 2 reveals 

a number of interesting points. Overall 
antenna length varies from 130 feet 
(39.6 meters) at the low end of the 
band to 1 17 feet (35.6 meters) at the 
top end. That's a difference of 13 feet 
(4 meters). The length of the center- 
to-coil distance also changes appre- 
ciably (from 32.5 feet to 29.3 feet). The 
loading coil (L1) inductances change 
only slightly, as the number of turns 
changes only from.38.9 to 35.7. And 
the matching coil at the center of the 
antenna changes hardly at all. 

It seems to me that things could be 
simplified by using the center-band 

design (1.90 MHz) and then varying 
the resonant frequency of the whole 
antenna by merely changing the length 
of the tip sections. Leave all the other 
dimensions alone. Fold-back tip sec- 

t- W I N D I N G  SURFACE 1 

E P O X Y  J O I N T S  

H O O K E I E  
( T r P I  

fig. 5. Loading coil can be made up of 
PVC-type plastic pipe and end caps. 
Hookeyes permit connection to the 
antenna wire. 

tions can be wrapped around the an- 
tenna wire and then unwrapped and 
left to hang down when operation is 
desired over a lower frequency range. 

adjusting the antenna 
Accepting the 1.90 MHz dimenqions 

as par, then, what's to be d o n m h e  
antenna is built, erected in place, and 
lowered so that a dip-meter can be 
coupled to the matching coil, L2. The 
end sections of the antenna are 
trimmed equally until resonance is 
established at 1.90 MHz, or at any 
other point you decide is your "pet" 
operating frequency. (The feedline is 
removed for this test.) 

Once antenna resonance is deter- 
mined, matching coil L2 is adjusted, a 
quarter-turn at a time, for the Idwest 
SWR indication on the feedline at the 
frequency of antenna resonance. The 
antenna must be in the final operating 
position when this is done. 

building the antenna 
The loading and matching coils can 

be easily made up using PVC tubing, 
as shown in fig. 5. If the coils are given 
a good coat of acrylic spray, they'll be 
weatherproof. Some detuning may be 
noticed in damp or wet weather, or if 
snow clings to the coils. 

An alternative for Amateurs living in 
mild climates is to make the coils of 
prefabricated coil stock. The latest 
Barker &Williamson catalog lists show 
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also lists the amateurs In Canada and M e x ~ c o l  
You  get the complete and accurate U.S. 
l ls t~ngs (prepared by  our own e d ~ t o r ~ a l  staff), 
all the usual up-to-date Callbook charts and 
tables. PLUS Canada and Mexlco. N o w  that's 

The best just got better! 
Of course, Canadlan and Mexlcan amateurs 
are also listed In the 1985 Forelgn Callbook. 
Don' t  delay 1 The great new 1985 Callbooks 
were published December 1, 1984. 

Order your copies now! 

Each Shlpplng Total 

0U.S. Callbook $21.95 $3.05 $25.00 

o Foreign Callbook 20.95 3.05 24.00 

Order bo th  books at  the same t lme for  
$45.00 lncludlng shlpplng w ~ t h ~ n  the USA. 

Order f rom your  dealer or dlrect ly f rom the 
publlsher. Fo re~gn  residents add $4.55 for  
shlpplng. l l l l n o ~ s  res~dents add 6% sales tax. 

Keep your 1985 Callbooks up t o  date. 
The U.S. and Fore~gn  Supplements contain 
all act lvl ty for  the prevlous three months 
including new I~censes. Available f rom the 
publlsher In  sets o f  three (March 1, June 1. 
and September 1 )  fo r  on ly  $15.00 per set 
l nc lud~ng  shlpp~ng. Spec~ fy  U.S. or  Foreign 
Supplements when ordering. l l l ~ n o l s  res- 
idents add 6% sales tax. Offer vold after 
November 1. 1985. 

both "Airdux" and "Miniductor" 
coils." I understand the "Airdux" coils 

, can be specially ordered wi th 
LEXANm insulation, which is imper- 
vious to ultra-violet rays. This means 
that the coil support strips will not dis- 
integrate after being exposed to sun- 
light over a period of time. 

the easy way out 
If you don't want to build the com- 

pact 160-meter dipole yourself, you 
can purchase either the loading coils 
(Model LC-1 or the complete anten- 
na (Model AES-160) from Barker Et 
Williamson. Keep in mind, however, 
that this antenna is shorter than the 
one described earlier in this article, and 
while it works just as well, it may have 
a smaller passband because of its 
shorter 96-foot length. Take your 
choice. 

heavy-duty equipment 
Do you need mica transmitting-type 

capacitors? One possible source is Mil- 
ton Levy, W5QJT, Apartment 303,350 
North Resler Drive, El Paso, Texas 
79912. Milt has a large collection of ca- 
pacitors and vintage radio tubes for 
sale at modest prices. (By the way, 
have you priced receiving tubes late- 
ly? The new Newark Electronics cata- 
log lists a 6SJ7 at $29.46 and a 6SN7 
at $16.82.) t 

lightning protection 
Many VHFIUHF repeater antennas 

are mounted to the side of a metal 
tower and grounded to it. Even so, the 
antenna and equipment can be dam- 
aged by the electric field of a nearby 
lightning stroke. A simple and effec- 
tive way to protect the side-mounted 
antenna is shown in fig. 6. A "light- 
ning rod" is mounted to the tower just 
above the repeater antenna. The hori- 
zontal metal rod, a few inches longer 
than the spacing between the anten- 
na and tower, is placed 6 inches or 
more above the tip of the antenna. The 
lightning rod will not affect antenna 

'Barker b Williamson, 10 Canal Street, Bristol, Penn- 
sylvania 19007. 

tNewark Electronics, 500 North Pulaski Road, Chicago, 
Illinois 60624. 

performance, but it will help to protect 
the antenna and the equipment at- 
tached to it during a nearby storm. 

I 

reprint available 

R E P E A T E R  A N T E N N A  

/\ 

fig. 6. Lightning rod will protect repeater 
antenna mounted on side of metal, 
grounded tower. 

I have a limited number of reprints 
of the article "A High Power 2-Meter 
Amplifier Using the New 3CX800A7" 
from the April, 1984, issue of QST. 
Address your request to me, c / o  
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. (Include two 
first-class stamps or two IRCs.) 
Thanks to the American Radio Relay 
League for permission to reprint. 
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1. Louis Varney, G5RV. "G5RV Multiband Antenna 
. . . Up-to-date," Radio Comrnunicarions, July, 1984, 
page 572. 
2. "Band Switched Link Coupler." The ARRL Anten- 
na Book, 14th edition, 1982. page 4-4 and 4-5. 
3. William I. Orr, WGSAI, "Antenna Tuner for Center- 
Fed Antenna," Radio Handbook. 22nd edition. 1981, 
page 27.23. 
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Build a compact, 
powerful, portable 

unit for under $300 

mobile solid-state kilowatt 
HF linear amplifier 

Not too long ago my mobile kilowatt linear amplifier 
barely fit inside the trunk of my car and raised havoc 
with the electrical system each time a heavy load was 
applied. Because the efficiency of the old tube-type 
linears was low, the current drawn from the battery 
was high. Sometimes it even caused the car to stall. 
But progress in transistor technology has brought the 
mobile HF linear within reach of most Amateurs. If 
you're handy with a drill, a screwdriver, and a solder- 
ing iron, you're an ideal candidate for this project. No 
special skills are required beyond the desire to own 
a high-power mobile linear and the willingness to do 
some assembly work. 

The effkiency of the amplifier is as high as 70 per- 
cent, depending on the condition of your battery and 
the accuracy of your antenna match. With a DC in- 
put of 830 watts, output power on 75 meters is as high 

table 1. Test data on amplifiers matched for low end 
of HF band (2-7 MHz) 

input 
band drive CW power out 

(meters) (watts) VSWR in (watts) 

160 35 1.2:l 500 
75 30 1.2:l 500 
40 45 1.5:l 450 
20 50 2.0:l 450 
15 50 2.5:l 350 

as 580 watts. The total cost for the entire circuit - 
assuming a good supply of junk box parts is available 
- should be under $300. If you can get the transistors 
for free, the amplifier shouldn't cost you more than 
$150. 

amplifier circuit description 
The linear amplifier consists of four amplifier 

modules capable of PEP power output levels in excess 
of 150 watts each (see fig. 1). Each module uses a 
pair of 75 watt RF transistors in a push-pull configura- 
tion for maximum efficiency and lowest possible 
distortion (see fig. 2). Both input and output im- 
pedances of each transistor module are preset at 200 
ohms, which makes combining relatively easy. The in- 
put and output dividerlcombiner provides an ideal 
match with very low loss from the modules to the in- 
putloutput connectors (see fig. 3). 

A drive requirement of 50 watts was selected to 
allow the amplifier to be used with the standard ex- 
citers at reduced output. The actual gain of the 
amplifier depends on the frequency used and the tran- 
sistors selected for the project. I had good results with 
the TRW PT9784 type. The transistors are slightly for- 
ward biased for good linear performance and max- 
imum efficiency. No fancy biasing circuits are need- 
ed; just a few inexpensive resistors and a diode are 
sufficient. I found that temperature stability was not 

By Frank Kalmus, WA7SPR. 7016 NE 138th 
Street, Kirkland, Washington 98034 
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4 WAY 4 WAY 
DIVIDER COMRINER 

R103 
100 

IN4002 
CR102 

TSI J3 . A A 4 
P T T  

150°F 

AMPERES 

\ C B  I 
+13.6V 

e IF"'- G I 0 4  
390 MI  

'2b4Dc POWER 

fig. 1. Mobile kilowatt block diagram. 

a problem even when the unit was operated on CW 
for long periods of time. The two relays that form the 

53 O H M S  

N O l i .  11NLt:55 O l i l C P W S L  IPLSIFIEO 
FL;STOH I A L U L S  ARE N OHMS t l % , l i Z W  

I ' P P A C T O U  VALJLS AUt N MCYDFARdiUS I 1 1 7  input transformer I I quantity description 1 
ferrite bead, 2643006301 
PC board ends 
brass rod, 3/4 inch (small rod) 

12 output transformer 
2 ferrite bead, Stackpole No. 57-2857 
2 PC board ends 
2 brass rod, 7-7/16 inch (large rod) 

fig. 2A. Schematic of basic building block: the 150-watt 
amplifier. 

item description quantity 
B bead, shield 3 
C1.C2 capacitor, SM 750 pF 2 
C3 capacitor, 0.01 rF, 50 V 1 
C4 capacitor, 47 pF, 35 V 1 
C5 capacitor. 220 FF, 35 V 1 
C6 capacitor, 0.01 eF, 1 kV 1 
CR 1 diode, MR500 1 
Q1,QZ transistor, RF, 75 watts 2 

TRW PT9784 or Motorola MRF454 
and MRF412, MRF458 

R1-R4 resistor, 10 ohm, 1/2 watt 4 
R5 resistor, 50 ohm, 5 watts 1 

PC board 1 
T1 transformer, input 1 
T2 transformer, output 1 

fig. 28. Parts list for 150-watt RF amplifier (four required). 

T / R  switching are keyed by the PTT line, which is 
wired for 12 volts input from the transceiver in transmit 
mode. If your exciter doesn't provide you with 12 VDC 
when keying the microphone, you can rewire the PTT 
relay circuit so it will key when a ground is provided 
from the exciter. 

The T/R switch provides automatic switching be- 
tween the receiver and the amplifier during transmit 
and receive modes as well as during exciter "barefoot" 
operation (see fig. 4). When the circuit breaker is 
switched off, the amplifier is bypassed. With the DC 
power breaker in the ON position, the linear is 
switched on every time you key the microphone; you 
are then transmitting at a kilowatt without having to 
worry about high voltages or battery drain. 
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I , /4 WAY INPUT SPLITTER 
i i P H T t  SlffYf \ 

,,, ,,,, ,a - l . ; - c .  i 
, - _ _ - - _ d  -% 
4 WAY 'JUTPIIT COMBINER -- -- 

fig. 3A. Interconnection diagram for 4-way input splitter 
and output combiner. 

automobile battery and electrical system should not 
have any problem powering this amplifier. It is, 

bend 
(meters) L1 L2 L3 C1 C2 C3 C4 C5 C6 C7 

75/80 2.0 1.6 1.6 458 78 848 370 760 296 290 
40 1.2 0.9 0.9 282 47 526 229 470 180 180 

15/20 0.4 0.4 0.4 94 15 182 82 164 68 68 

fig. 5A. Low-pass filter schematic, parts placement 
diagram, and component values. 

description quantity 
PC board 2 
bead, Stackpole No. 57-2857 4 
standoff, Sealectro, 9 

023-5702-000-709 
insulator, H.H. Smith No. 2604 1 
resistor, 220 ohm, 2 watts 8 
No. 16 buss - 4-1/2 inch 8 
sieeving - 2.9 inch (teflon) 8 

fig. 38. Parts list for 4-way input splitter and output 
combiner. 

TO AMPLIFIER OUTPUT 
INPUT 

fig. 4. Transmitlreceive. switch connections. 

The input attenuator consists of a resistive power 
divider that incorporates high frequency compensa- 
tion to achieve bandpass response flatness. The 
resistors used are of the "non-inductive" type and are 
rated at 25 watts. 

A 60-ampere panel meter monitors the DC current 
drain from the battery. (This was achieved using a 
40-amp meter. The dial reading is multiplied by 1.5.) 
On CW it is possible to get readings as high as 60 
amperes. Though difficult to read on the meter, PEP 
currents on SSB are as high as 75 amperes. The 
average SSB power consumption is less than 200 
watts, or about 15-18 amperes DC. The average 

item descriptlon quentlty 
C l  capacitor, 390 pF, ceramic, 2 kV,  5 percent 1 
C1 capacltor, 68 pF, ceramic, 3 kV,  5 percent 1 
C2 capacltor, 39 pF, ceremlc, 3 kV,  5 percent 2 
C3 capacltor. 390 pF, ceremlc. 2 kV,  5 percent 2 
C3 capacltor, 68 pF, ceramlc, 3 kV ,  5 percent 1 
C4 capacitor, 270 pF, ceramlc, 2 kV,  5 percent 1 
C4 capacltor, 100 pF, ceramlc, 4 kV,  5 percent 1 
C5 capacitor, 390 pF, ceremlc, 2 kV,  5 percent 1 
C5 capscltor, 270 pF, ceramlc, 2 kV,  5 percent 1 
C5 capacltor, 100 pF, ceramic, 4 kV,  5 percent 1 
C6 capacltor, 120 pF, ceramlc, 3 kV,  5 percent 2 
C6 capacltor, 56 pF, ceremlc. 3 kV,  5 percent 1 
C7 capacltor, 120 pF, ceramlc, 8 kV,  5 percent 2 
C7 capacltor, 50 pF, ceremlc, 3 kV,  5 percent 1 
L l  inductor, 2 pH 1 

L2.L3 inductor, 1.6 pH 2 
PC board 1 

fig. 58. Parts list for FL1 filter subassembly (75 and 80 
meters). Note: In this and other parts lists, repetition of 
the line designation signifies adding these components 
to make one effective component. For example, under 
C1. 390 and 68 pF capacitors are combined to achieve 
458 pF. 

item 
C1 
C l  
C2 
C3 
C3 
C3 
C4 
C4 
c4  
C5 
C5 
C6 
C6 
C7 
C7 
i. 1 

L2,i.3 

description 
capacitor, 100 pF, ceremlc, 4 kV,  5 percent 
capacitor, 82 pF, ceramic, 5 k V ,  5 percent 
CaPaCItor, 47 pF, ceramic, 3 k V ,  5 percent 
cepacltor, 270 pF, ceramlc, 2 kV,  5 percent 
capacltor, 200 pF, ceramlc, 3 kV,  5 percent 
capacitor, 56 pF, ceramlc, 3 kV,  5 percent 
capacitor, 100 pF, ceramlc, 3 kV,  5 percent 
Capacitor, 82 pF, ceramic, 5 kV,  5 percent 
CUCltOr, 47 pF, ceremlc, 3 kV,  5 percent 
capacltor, 270 pF, ceramic, 2 kV,  5 percent 
capacitor, 200 pF, ceramlc, 3 kV, 5 percent 
CapaCltOr, 68 pF, ceramlc, 3 k V ,  5 percent 
capacltor, 56 pF, ceramlc, 3 kV,  5 percent 
capacltor, 68 pF, ceramic, 3 kV,  5 percent 
Capacltor, 56 pF, ceramic, 3 kV,  5 percent 
Inductor, 1.2 pH 
Inductor, 0.9 pH 
PC board 

fig. 5C. FL2 filter subassembly (40 meters). See note in 
fig. 58. 
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item descdptlon quantity 
C l  cap.cltor 47. pF. ccnmic, 3 XV. 5 percent 2 
C2 capacilor. 15 pF. cenmic. 5 LV. 5 percenl t 
C3 capacitor, 82 pF. ceramic. 5 kV. 5 percent 1 
C3 capacitor. 100 pF, cersmlc. 4 kV. 5 percsnl t 
C4 capaellor. 82 pF. ceramic. 5 LV. 5 percent 1 
C5 ~spac~tor. 39 pF. ceramlc. 3 kV. 5 percent I 
C5 CQPBC~IO~ 56 pF. ceramic. 3 kV. 5 percent I 
C5 . capacitor. 68 pF. ceramic. 3 kV. 5 percent 1 
C6 c8pacitor. 68 pF. ceramic. 3 XV. 5 percenl 1 
C7 ~apa~itor.  68 pF. ceramic. 3 LV. 5 percenl I 
L l  Induclor. 0.4 V H  I 

L2.L3 inductor. 0.37 MH 2 
PC board 1 

fig. 5D. FL3 filter subassembly (15-20 meters). See note 
in fig. 58.  

however, suggested that you use at least No. 8 wire 
for the DC power cable. 

filtering cooling and testing 
RF filtering is necessary to meet FCC requirements 

of minimum 40 dB harmonic rejection (see fig. 5). A 
seven-pole elliptical filter is used in the 75-meter unit. 
Typical harmonic performance was better than 50 dB 
down from the main carrier. 

Cooling was found to be no problem on SSB. 
Average voice conditions will not cause dangerous 
overheating if the amplifier is mounted in a well- 
ventilated area. But just in case, a temperature sen- 
sor switch inserted in the TIR relay circuit will shut 
the amplifier down if the temperature exceeds a preset 
level of approximately 150 degrees F, thus preventing 
serious damage to the equipment. 

After all the assembly and wiring are done, some 
preliminary testing is required before applying power 
to the amplifier (see fig. 6 for overall assembly parts 
layout). Using an ohmmeter, connect the black lead 
to ground and the red lead to the 12-volt line to make 
sure there are no shorts. Connect the red lead to each 
collector of all eight transistors to check for short cir- 
cuits. Measure approximately 2.5 ohms to ground at 
each base and 12.5 ohms to ground at each collec- 
tor. Measure continuity from the center pin of the in- 
put to the center pin of the output connector. 
However, neither one of the RF connector center pins 

All components are clearly visible in bottom view of kilowatt read ground. 

linear amplifier. Because this mobile amplifier was designed for 

fig. 6A. Overall assembly and parts location guide. 
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fig. 7A. Filter printed circuit board. 

fig. 78. T/R switching printed circuit board. 

fig. 7C. 150-watt amplifier printed circuit board. 
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ATV TRANSMITTERICONVERTER 

ALL YOU NEED I N  ONE BOX 

.," r.1.1.lll1l,c..1 $399 del*..ed 
- -. - ..- q) TC-1 p l u s  

OVER 10 WATTS PEP OUTPUT. Crystal controlled continuous 
duty lransmllter Spec~fy 439 25 4340  426 25 standard 01 other 
70 cm frequency 2 freq optlon add $26 

b BASE. MOBILE. o r  PORTABLE. Use the b u ~ l t ~ n  AC supply or 
external 138  vdc DO parades Marathons CAP searches etc 

TWO VIDEO AND AUDIO INPUTS for camera. TVRO. VCR, or 
computer. W~de bandwidth tor broadcast qual~ty color v~deo and 
computer graphlcs Standard broadcast subcarrler sound whlch IS 

heard thru the TV speaker. 

R~CEIVEONVOUR STANDARDNSETluned l o  channel 3 or 4 
Sens~t~vevarlcap tuned TVC-2L downconverter covers s~mplex and 
repeater freq over the whole 420-450 mHz 70 cm amateur band 

9 AlTRACTlVE 10.5 x 3 x 9 CABINET. 

CALL OR WRITE FOR OUR CATALOG or more ~nbrmalton on 
ATV antennas. transmll modules, cameras. etc or who 1s on ~n your area 
See chapter 14 1984 ARRL Handbook 

TERMS Vlsa. Mastercard, or cash only UPS COD5 hy telephone or mall 
Postal moneyordersandtelephoneordersusuallysh~ppedw~thln 2 days All 
olher checksmust clear beforesh~pment Transm~tllnq equmpment soldonly 
lo llcensed amateurs. verollable In the 1984 call book 

(818 )  447-4565 m-f 8am-6pm pst. @ ml P.C. ELECTRONICS ,,,, ,,, 
Tom W6ORG Maryann WB6YSS Arcadla CA 91006 

Free Antenna Accessories Catalos 

4 Coaxial Antenna Relays 
-*.Y + - Remotely select up to 9 antennas 

2 - ,. ,. . from your transm~lter. using only one 
, ... c coaxial cable Environmentalized. hlgh 

4 4 power and low loss 

W2AU and W2DU Balunsb 
Our baluns, center ~nsulators and in- ' 

sulators have been preferred lor 20 
years by Hams. ~ndustry, and the armed 

forces. Protect agalnst TVl and lightning 
1.8-200 MHz. 

4 W2VS Antenna Traps 
Add these traps to your d~pole and 

Ir 
u gel  low SWR on 2 to 6 bands, depen. 

ding on how many you add Antenna - w ~ r e  and custom kits also available. 

Send For Yours Today b 
D0n.t delay. Call or wrlte today. and /# %: 

we will send you r e  literature which lkD fully describes our Ham antenna ac- :&.- 
cessory product line. 

Dealer inquiries also welcome. 

! -- . . 6743 KInns Sf.. East Syracusa. NY 13057 

AI- Toll Free 1.800-446-1666 TWX 710-541-049: 
NYlHllAKlCansda IColtscl) 315-437.3933 

- 
Ifem deKdpllDn quanllly 

ceblnel pml.  lmnl r 
and panet, mar I 

heatslnk corer, b o f m  I 
encf~sum brsch.1, mounllnp I 

heallink. 15 Inchn. Thermalby No. 6130 I 
41-44 ampllllsr. RF. 150 wall 4 
C.91 c8rcutl bnaher. 60 amps. 4Irp.x I 

NO. UPGX6.1.52-503 
CR101.CR102 IN4002 d i d  2 
FLl-3 Illler, low-pass 3 
I t  lamp. LED red. MonunIo No. MY5053 1 
I2 lamp. LED green. XC5560 1 
Jl.J2 E O ~ ~ K I O L  Amphenol No. SO238 2 
53 connecfor. PTT. Clnch No. S-302-4.9 I 
J4 connecror. DC power. H.H. Smllh No. 269RB 1 
K1.K2 Iransmlll~ccrve relay. Guardian 

No. 1365PC-2C-12 VDC 2 
Mt msbr. 0-60 amperes I 
RlOl. RIO2 refisl~r, "on-lnducf~ve. I2 ohm. 25 watt 2 
RIOJ resisl~r. non.#nd~~II~e. 100 ohm. 10 wall 1 
R104.Rl05 resllfor. 390 ohm. 112 *a11 2 
T101.TI02 dovldsr/comblner 2 

TIR PC board 1 
cables. rarlous. 50 ohm I6 
Io~kwasher. NO. 4 95 
screw. 4140 x 318.lneh mund 24 
screw. 4140 x 112-inch mvnd 7 
screw. 4/40 x 5116-Inch mund 16 
screw. 6/32 x 5116-inch flal 10 
screw. 6/32 x 916-inch round 6 
spacer. 114-Inch 7 
slandofl, Ieffon. Usseo No. 1458 3 
washer. NO. 4 flat 48 

TSI thermal rwilch. 
Therm-0-disc NO. CLR 160. I 

fig. 6B. P a n s  l i s t  for overall assembly. 

single band operation, a single low-pass filter was in- 
stalled. If you want to  use yours on more than one 
band, you can build the three filters described in the 
parts list and use them externally. If you decide to do 
so, be careful not to operate the amplifier on the 
"wrong" band for the filter used; doing so can cause 
permanent damage to the amplifier. It will also be 
necessary to  delete the built-in filter unless you install 
the 15-20 meter filter internally and use the two other 
filters externally. The built-in filter will automatically 
pass both other bands if left in permanently. 

conclusion 
Although a complete and detailed parts list, in- 

cluding schematics and PC board layouts (see fig. 7A. 
B, C) ,  has been provided, this article is intended for 
use by the licensed Radio Amateur only. Additional 
information can be provided by the author at the 
reader's request by mail only, provided the request is 
accompanied by a copy of a valid Amateur Radio 
license and a SASE. No other inquiries will be 
answered. 

This amplifier was designed to be used on 
160/80/75/40 and 20 MHz. Any attempt to extend the 
frequency range will most likely result in the destruc- 
tion of the RF power transistors. 

Parts for this project are available from the author 
at $495.00 for all parts included in the parts list, or 
$339.00 for all listed parts except transistors. Only one 
filter (for 15/20 meters) is included in these packages. 
Contact Frank Kalmus, WA7SPR, 7016 NE 138th 
Street, Kirkland, Washington 98034, for information. 

ham radio 
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EEh!!!! FORECASTER 
Garth Stonehocker, K0RYW 

This modification provides an hourly 
indication of MUF with great circle dis- 

more on tance in kilometers, azimuthal bearings 
ionosphere matching to station and take-off angle in degrees 

A method of tailoring an anten- for the path. 

na system for maximum signal at a last-rninute forecast 
DX location was presented in last 
month's column. A short computer 
program for determining the angle of 
the maximum signal lobes from hori- 
zontal antennas, for specific antenna 
heights above ground, was included. 

Correlating this take-off angle with 
distance requires a few calculations, 
however. For an approximation, first 
divide the distance between the trans- 
mitting and receiving location (deter- 
mined from a map with mileage 
markers or a globe) into equal interval 
hops. Then, using this hop distance, 
refer to fig. 1 to  find the required 
departure (or take-off) angle. 

But how can you determine which 
of the several ionospheric heights pro- 
vided in fig. 1 should be used? Sim- 
ply refer to table 1, which indicates 
representative mid-latitude heights ap- 
propriate for use at various times of the 
day. Using fig. 1 and table 1 for the 
computer program modifications 
shown in fig. 2, you have sufficient 
information to determine the antenna 
height that will enhance your DX 
performance. 

To use table 1, add the increment 
(cumulatively) for each month be- 
tween the months listed or subtract 
the increment after June. For example, 
the height of the ionosphere in March 
at noon local time is: 235 + (33.2) = 
301 km. For those who have a com- 
puter, the MlNlMUF 3.5 program can 
be used to obtain several useful oper- 
ating parameters, including take-off 
angle (departure angle) for the path 

The second week of the month is 
expected to favor DX on the high 
bands, with 10 to 30 meter perform- 
ance correlating with the beginning of 
a more energetic flux and sunspot 
period for the year. Transequatorial 
propagation, enhanced by any geo- 
magnetic field disturbances toward the 
end of the week, should provide the 
best openings of the month. 

Listen to WWV at 18 minutes after 
the hour for high values of the A and 
K indices. The last week will probably 
be best for low-band operation al- 

though there is a probability that the 
geomagnetic field will also be dis- 
turbed then. Work the stations while 
you can before the static builds over 
the coming months. 

No significant meteor showers are 
scheduled to appear in February. A full 
moon will occur on the 5th, with its 
perigee on the 8th. 

band-by-band summary 
Ten meters will be open (local time) to 
the southeast for a short period before 
noon, to the south at noon, and to the 
southwest in the afternoon. The open- 
ings will be longer and more freauent 
when the solar flux is at its 27-day 
cycle maximum. 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty should stay open on long 
southern paths into the night, while 15 
will drop out in the late afternoon. 
Operate 15 first and move down to 20 
meters. DX is 5000 to 7000 miles (8000 
to 11,200 km) on these bands and one- 
long-hop transequatorial propagation 
is also possible even more often than 
on 10 meters. In addition transequa- 

I table 1. Approximate diurnal height of ionosphere during the year. I 
local time: midn~ght 6 A.M. noon 6 P.M. 
height (km): all 283 265-290 235-400 225-310 
increment: 5 33 30 
month: January January Equinox 

- June June - June 

of -interest.' ~ o d i f ~ - t h e  program by 
inserting the new lines indicated in 

ANGLE OF DEPARTURE DEGREES, A 

fig. 1. Transmission curves showing vertical angles. 
1 

fig. 2. I A ! 
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New From 

DX The 80 & 40 
Meter Bands 

The HF2V is the perfect complement 
for the Ham who already has a beam 
antenna for 10-15-20 meters. Add 80 
and 40 meters (160 meters with an op- 
tional resonator kit) with a trim-looking 
vertical that can be mounted almost 
anywhere. 

With the decline in sunspot activity, 
the HF2V's low angle of radiation will 
get you DX on the low bands - - even 
when 10-15-20 meters are "dead." 

Automatic bandswitching. No lossy 
traps. Double wall tubing on the bottom 
section. Stainless steel hardware. Full 
1/4 wavelength on 40 meters. 
Height: 32 ft. --Self supporting 
Power rating: legal limit 
VSWR: 2: l  or less 

40 Meters: Full CW & Phone 
band 

80 Meters: 90 kHz 
Add-on resonator kits available for 
160-30-20 meters. 

Write for our FREE CATALOG. 

BUTTERNUT 
ELECTRONICS 

405 East Market Street 
Lockhart, Texas 78644 

(51 2) 398-901 9 

.">"'. 8 .,. In, 1111 ,,I ".>,,, .r.,<,, ..,,, II"II<I m... . I  
l l AlOl,lll', 

1, CJM, A1 A, I &l,'.l tJ ,  "At, ,.<NJt,l N, VlfIS,Ol~t I Y ,  
I I< I  YII IfIr,, I Al , , > t J  r ,,+AM, L I AfltbK, t (#,,I, 
l~l , l . ' l  1'83t%l 1, bfl,>Pt'.. I Al ,.I ,>, &4AMTl?~,l,tC ',, 
l ~ ~ ~ ' . W l ~ l I l  0, t I I I'UAr4T t>l',l ',, ,,AM',l , C t 1 f 7 

915 North Main Street wuDuF-KJ.bd -,de a' 

Jarnestown, New York 14701 H 156 PH. ( 7 16) 6 6 4 - 6 3 4 5- 
-. - ~- - - - - . - - - - -- 
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1 kHz steps w ~ t h  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 volce Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ '12 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. 

tnlroduc#nq Ihe MlCRo REPFAIEII i (,YTROLLER RPT-2A a now 
concept an LO", LO51  t h S r  I 0  lNTERFlCE mlcrocampuler 
repealel cOnlrol RPIIIRC. Oi<l lOylr "<,ilrdl Wlfh a .,ale 01 ,me an 
mlcraompvfPr Ihal add9 NFW EAIIIRES. HIGH RELIARIIITY 
LOW POWER SMALL SIZF an" ruu ~ ~ ~ U M E N T A T I O N ~ ~ ~ O ~ ~  
3ys~rm D,,~,:I ~ ~ n ~ ~ t ~ < ~  mlnp xlttl mnrl roDearsr5 atnlta 
lnrlacr mlormalnn l n i l u W  Drlglnal MICRO RFPf &TEA CONlRDL 
nrlll Ir !e.llursd tn O S l  mer S IR3  . I*,, I W II) Mn, . . I . ~ . .  . ~ ? ~ ~ ~ , # ~ ~ , ~ ~ t l , 4 t ~ ' ~  C C P  lnt!<## . 1 ,.". r I,, ,  ,, C " ,  . 41. ,, ,..lllll v 1 1  11,,.11,,44 . $ 8 8 , .  ,,.,**,,,,*,,<.,,,,,,M.*, . ',,,, W.,.'. !,,,".,;,.,w r., , ,  ,, . I,...,, I , , , , ,  .,,,, i M( U'.<. . I ,* ,-.,x,., "li:il" I .?"l m,  . ' ..,,, r,r.,. Il'*.r. . .,:,.l,. . 3 % .  . ; .,.. ll.,, ,I~,~,,, I( - n, . .,sml,rrti,l. i,I,~lll~l.,~ 

RF7-2A Kit Only $119 plus 53 W l  shlopmp 

PROCESSOR CONCEPTS 
P 0 BOX 185 

CALLMARK COMPUTERS 
P r e s ~ n l s  IWO new proqrams tor 
Rariro Shack Color R IBM PC 

ISper~ ly  Tape 07 D t ~ h l  

SATELLITE UTILITY 
A very O~ZPI~II 8l l l l l lv  lor nnynnP selllnq con 
slrucllnq or deslqnlng TVRO systems Many 
~ s e l ~ l  calculat~ons lncludr same o l  Ihe 
lo l low~nq . Paraholtr D ~ s h  El l#c~?ncy . Polar 
Antenna Oflspt . Marqln last5 . Geo-Sat 
local~ons Parabnlrc l)lsh Deslqn. Beam wldlh. 
sod* lobes CIN and SIN nowe rallo 
Thts proqram 8s available tor Ihe TRSRO Colot 
computer lor $ 3 4 9 5  and Iha IRM PC clone wlll 
he avallahlc tor $79 95 U S 

SOLAR OUTAGES 
This program delermlnes Ihe days at whlch a 
Solat outage occurs lrom any lorat!on on the 
earth I! a140 calcc~lates lhe dosh heamw~dlh, 
azimuth and elevat8on when I h r  coordinates are 
bmputed This proqram 8s exlCmrty USPIUI lor 
anyone uslnq Satpll81~ medm Inr a commrrclal 
U S P  Th85 program 1s avallahle for Iho TRSRO 
Color computer lor $11 45 and the IBM PC r l o n ~  
wlll be avarlahle tor $ 7 9 9 5  U 5 

Callmark Compulrng 
Box 371. Nelson. B.C. Canada 
V1L 5R2 



- 
ASIA N W W 4  
FAR EAST 

EUROPE 

S AFRICA 

S AMERICA 

C 

OCEANIA 
AUSTRALIA 

JAPAN 

2 2  2  A d d 

0 z i i 2 i i ~ ~ ~ i i ~ ~ ~ ~ ~ ~ ~ i g ~ g ~ ~ ~  n 
ASlA 
FAR EAST 

EUROPE 

S AFRICA 

E 

The #tdllc~red nu~rrbers s~yrnty t h ~  I,an~ls l o  try durm~l the. tr;#ns~ttolr and early morlrlllg hours, wll~lt. tilt, st.~~>dard lypr  pr0vldr:. Ill+. MUF I~LI I I I?~  '1l01111~11 ' 11111115 

'Look a! rrPxl higher hand for posblble ollpnlngs 

February 1985 77 

r r w w w r w w ~ ~ ~ l y ~ [ ~ ~ r u ' p ~ w ~ - - ~ r r w  V) 
o o o Cn vl ul m a  o  o  o  o o  ale o  cnim yl m o Z Z\z p 

NEWZEALAND 

OCEANIA 
AUSTRALIA 

JAPAN 

- a 2  ( ~ m v r n m r - w ~ -  
A A A  rn 

ASIA 
FAR EAST 

EUROPE 

S AFRICA 

CARIEBEAN 

S AMERICA 

ANTARCTICA 

NEWZEALAND 

OCEANIA 
AUSTRALIA 

JAPAN 

~1 w ~1 r w r ru ru ru ru ru ru ru ru h, ru N N r r r r + C 
U l U l m y l U l U l y l o ~ O ~ 0 o o o O o O O m U l c n m v , - ~  V) 

w w r w r r r r r u b b b r u b b b N N w r w r + w  
> 

O O O O U - I U ~ ~ ~ L ~  0 0  o  0 0  0 0  0 0 0  U l c n v l O O O \ ~  

r r r w w ~ b b  r u r u h ) r u b h , N r w w r r + +  

i 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0  

N N N ~ \ ) N N N N N W W ~ Q A A Q Q W W W N N  

;B 

w w w w L k ~ k ~ P \ ) ~ U b N N N N w  

C 1 W + + w l - ' l - '  f y b F y b E y M b b N N + + + + W  
3 

yl r n u ~  u, vr 2 ' 2  O 0 Q o  Q 0 0 0 0 0 ul ~ l  yl Ul Ul 

r w w r w F w k b b r u r u b b M r u N N N w w + ' w w  
C 

0 0 0  0 Ul y l y l  Ln O 0 0 O 0 O 0  0 0  0 0 Ln Ul U l O  d 

W W W N N N N N N N ~ ~ U C ~ , ~ Q ~ A A ~ W G , W ~ ~  

0 0 0 0 0 0 0 0 0 0 0 0 o o 0 o o 0 o 0 0 0 0 0 \ ~  

- 

i i  
- A d  

i , i  i i 
+ x 

i 

N N N N W W " b " h A " b b b " N N N N N N N  

i 

o o o o o o o o ~ o o o o o o o u o o o o o o o f i  

i i i i i ;  
- - A  

8 
- O w w  

8 s s L i ( s  
m 2  

+ 



. . 
6 5 2  H2=-176+L 1490/M2)  
6 5 3  REM CALL T-0. ANGLE 
6 5 4  QS=ATNLHZ/Q4) 
6 5 5  Q6=Q5*R1 

* 

6 9 5  PRINT "GREAT C I R C L E  DlSTANCEv XMTR TO HCVR="pQl 
6 9 6  PRINT "GKtAT C I R C L E  BEARING=".F,"OR",FL 
6 9 8  PRINT @*TAKE OFF ANGLE="vQ6 

1 

1 0 1 1  Q1=Gl *RL* lL l .  12 
1072  J1=0  
1073  I F  01<4000  GO T O  1 0 8 0  
1074  J l = l  
1075  Q Z = Q l  
1 0 7 6  F O R  J l = l  TU 6 
1077  Q2-92-4000 
1078 I F  0 2 < 4 0 0 0  GO T O  1080  
1079 NEXT J 1  
1080  Q 3 = Q l / ( J l + l J  
1082  44=Q3/2  
1085 K6=1.59*Gl  

. 
1 1 1 5  F3=100  
, . 

1 2 7 1  REY CALCULATE BEARING, XMTR TO RCVRv F 
1272  E=tSIN(L21-(SIN(Ll)*COS~Gl~~1/(COS(LL)*jlN(Gl~) 
1274  F=ACS(E I *R l  
1276  F1=360-F 

F2=G2/MY 
I F  F2>F3 THEN 1779  
F 3=F2 

G3=G2 
M2=G3/F3 
I F  M2>2.2 GO TO 1190 
M2=2 2 

fig. 2. Modified MlNlMUF 3.5 program listing. 
- -7 

torial propagation will favor evening Eighty and one-sixty meters will exhibit 
hours during periods of high solar short-skip propagation during the day- 
flux and disturbed geomagnetic field light hours and lengthen for DX at 
conditions. dusk. These bands follow darkness, 

opening to the east just before your 
Thirty and forty meters are both day 

sunset, swinging more to the south 
and night bands. Intermediate dis- 

near midnight, and ending up in the 
tances (1000 to  1500 miles or 1500 to  

Pacific areas during the hour or so 
2200 km) in any direction represents 

before dawn. Except for daytime short- 
daytime DX. Nighttime DX on these 

skip signal strengths, high solar flux , bands may be expected to  offer 
values hardly affect these bands. On 

greater distance paths than on 80 
some days, however, the condition 

meters and, like 80, follow the dark- 
known as anomalous absorption will 

ness path across the sky. Reduced 
diminish day and n igh t  signal 

midday signal strengths and distances 
strengths. The 160-meter band opens 

may occur on days of high solar flux 
later and ends earlier. 

values or periods of anomalous ab- 
reference 

sorption, with 30-meter openings dis- 
1 Roberi B Rose. KGGKU, 'MINIMUF ASlmpllfled 

appearing in the pre-dawn hours On MUF Pred~ct~on Program for Mtcrocornputers." OST, 
the morning after a high solar flux December, 1982. page 36 

value has occurred. ham radio 
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MAXUM 
DISTRIBUTORS 
UNITED STATES 
ECHOSPHERE 

Sacramento, Ca. 880-338-5477 
Englewood, Co. 800-521 -9282 
Dallas, Tx. 800-521 -9282 
Knoxville, Tn. 880-223-1 507 

FOCCl 
Topeka, Ks. 800-358-3079 

EX: 265 

HOOSIER 
ELECTRONICS, INC. 

Terre Haute, In. 800-457-3330 
SATCO 

New Philadelphia, Oh. 
800-362-861 9 

SATELLITE EARTH STATIONS 
Louisiana 800-762-21 10 
Texas 51 2-385-0738 

D.H. SATELLITE 
T.V. INC. 

Prairie Du Chien, Wi. 
608-326-8406 

STAR COM. 
Oklahoma City, Ok. 

405-672-961 7 
Big Springs, Tx. 1-800-351 -1 426 
Arlington, Tx. 817-640-1 121 
San Antonio, Tx. 512-650-3291 
Jefferson City, Mo. 31 4-893-6666 

STELLARVIEW SATELLITE 
DISTRIBUTORS 

Surfside Beach, Sc. 
803-238-1 098 

S.R.C. INDUSTRIES 
Ontario. Or. 503-889-7261 

SATELLITE MARKETING 
Douglasville, Ga. 800-438-2807 

M & M VIDEO 
Carson City, Nv. 702-882-5786 

CANADA 
STARSCAN 

Kelowna, B.C. 604-763-4266 
C.L. BLUE 

Saskatoon, Sask. 306-242-51 33 

Manufactured by 

WESTERN and 
EASTERN SATELLITE 
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JUST LOOK AT THESE PRICES! 

Band Klt - Wl rsdlTeaad 

10M,BM,2M,220 $680 $880 

440 $780 $980 

Born kit and ifred units am complete Wm all parts. modulea herdrmm, and cwtsb 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also amllabhl b r  mmom s h  Ilnklng, c w b s n d ,  and remote basa. 

FEATURES: 
a SENSITIVITY SECOND TO NONE; TYPICALLY 

0.15 uV ON VHF. 0.3 uV ON UHF. 

SELECTIVITY THAT CAN'T BE BEAT! BOTH 
8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 1 2KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144. R220. 
AND R451 SPECS IN RECEIVER AD BELOW. 
OTHER GREAT RECEIVER FEATURES: FLUTER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 
OFF.FREO TRANSMIlTERS. SEPARATE 
SPEAKER AMPLIFIER 8 CONTROL. 

LOCAL 

a CLEAN. EASY TUNE TRANSMITTER; UP TO 20 WAITS OUT 
(UP TO 50W WITH OPTIONAL PA). 

I HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES I 
RECEIVER MODULES 

a T51 VHF FM EXCITER for 10M. 6M. 2M. 
220 MHzoradjacent bands. 2 Wattscontin- 
uous, up to 2'/2 W intermittent. $68/klt. 

a R144tR220 FM RCVRSfor2Mor220 MHz. 
0.1 5uVsens.: 8 oole xtal filter 8ceram1cfilter 
,n ii-f, helical &&ator front end forexceptional 
selectivity, more than -1 00 dB at f 12 kHz. 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $138. 

a R451 FM RCVRSame butforuhf. Tunedline 
front end. 0.3 uV sens. Kit only $138. 

1 R76 FM RCVR for 10M. 6M. 2M, 220. or I 

I commercial bands. As above, but wlo AFC or 
hel. res. Kits only $1 18. I T451 UHF FM EXCITER 2 to3 Wattson 450 
Also avail w14 pole filter, only S981kit. ham band or adjacent freq. Kit only $78. 

a HELICAL RESONATOR FILTERS available 
separately on pcb w/connectors. 

HRF-144 for 143-150 MHz $38 
HRF-220 for 213-233 MHz $38 
HRF-432 for 420-450 MHz $48 

a COR .2 KIT With audlo mixer, local speaker 
amplifier. tail 8 time-out timers. Only $38. 

a COR-3 KIT as above, but with "courtesy 
beep". Only $58. 

a CWlD KITS 158 bits, field programmable. 
clean audio, rugged T L  logic. Kit only $68. 

DTMF DECODERICONTROLLER KITS. 
Control 2 separate onloff functions wlth 
touchtones*, e.g.. repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

I a R110VHFAM RECElVERkitforVHFaircraft 
band or ham bands. Only $98. 

a R110-259 SPACE SHUlTLE RECEIVER, 
kit only $98. 

a AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. 
Only $90. Requires DTMF Module. VHF& UHF LINEARAMPLIFIERS. Use on 

either FM or SSB. Power levelsfrom 10 to45 
Watts togo with exciters8 xmtg converters. 
Several models. K~ ts  from $78. I a NEW - SIMPLEX AUTOPATCH 

Use with anv transceiver. Svstem includes 

80 [ijl February 1985 Tell 'em you saw it In HAM RADIO! 

a A16 RFTIGHTBOX Deepdrawnalum.case 
with tightcoverand noseams.7 ~ 8 x 2  inches. 
Designed especially for repeaters. $20. 

DTMF 8 ~utopatch modulesaboveand new 
Timing module to provide simplex autopatch 
and reverse autopatch. Complete patch 
system only $200/kit. Call orwritefordetails. 



servlce. Over 20.000 In use throughout the 

P30K VHF Kit less case 

FM-5 PC Board Kit -ONLY $1 78 of Recervers and 

complele w~th controls, heatsink, etc. Helf~sf Resa~l lom. 

10 Watts. 5 Channels, for 2M or 220 MHz. 

YOU SHOULD BUY FROM THE 
VALUE LEADER: 

Our lab has developed a new line of low-noise 
receiver preamps with helical resonator filters 
built in.Thecombinationof a low noiseamplifier 2. Exceptional quality and low prices due 

to large volume. 

3. Fast deliwry: most kits shipped same day. 

5. Prompt factory sewica available and 
free phone consulfation. 

143-1 50 MHz 
213-233 MHz 
420-450 MHz 
150-174MHz 
450-470 MHz quality features lor much lower cost. 

More Dr.t'~~ls? CHECK OFF Pdrlv 128 L~ 154 February 1985 [i3 81 



the high-tech repeater: 
designing and building 

an FM translator 
Modular construction 
simplifies assembly, 

operation, and 
maintenance 

In "Linear Translators." (ham radio, September, 1983, page 141 
James Eagleson. WBGJNN, described narrowband techniques useful 
In the design of improved FM repeaters. This article extends that dis- 
cussion to include the design of lossless feedback amplifiers with low 
SWR and low noise figure; theory, des~gn and performance of the 
valid signal detector; techniques for ident~fying a translator; and site 
selection and sensitivityitransmit power considerations for putting 
up a co-channel repeater. - Editor. 

The 146.34/94 repeater designed and built by the 
Sierra Amateur Radio Club in Ridgecrest, California, 
is not actually a repeater, but rather an FM translator. 

In a generic sense, translators are repeaters, in that 
both perform similar functions. Both translators and 
repeaters receive signals on one frequency and re- 
transmit them, with increased power, on a second 
frequency. 

There are important differences, however. A re- 
peater is a transmitter with its audio input connected 
to the audio output of a receiver. A translator, on the 
other hand, heterodynes the received signal to the in- 
termediate frequency (IF), amplifies it, and then 
heterodynes it to the transmit frequency. In a trans- 
lator, the signal never exists as audio. 

The primary advantage of true repeaters is that they 
can be built from surplus or otherwise easily obtainable 
parts. Translators - often representing the "state-of- 
the-art" - must be custom-designed and custom-built 
from parts that are likely to be more costly and perhaps 
difficult to find. But because translators offer improved 
performance and excellent signal quality, we opted to 
design a translator rather than a repeater and accept 
both the increased challenge and expense. 

Design and construction of the translator was a 
shared effort. Although John Piri, WDGCSV, and I 
were responsible for overall system design and con- 
struction, Chuck Swedblom, WAGEXV, took charge 
of design and construction of the identifier. Ron 
Skatvold, WBGVXI, designed and built the transmit 
power amplifier. George Kreager, KBGHC, was re- 
sponsible for construction of the transmit and receive 
filters, and Elvy Hopkins, NDGQ, designed and super- 
vised construction of the antennas, feedlines, and 
masts. 

Many others assisted with general planning, fre- 
quency choice, site selection, and innumerable addi- 
tional details. The project, from initial conception to 
installation and operation, took approximately 10 
months. 

translator design: overview 
The translator was designed and constructed as 

seven modules, as shown in the block diagram of 
fig. 1. These modules include the down-converter, the 
IF section, the up-converter, the power amplifier, the 
control module, the valid signal detector, and the 
identifier. The down-converter receives the signals 

By Ken Wetzel, WAGCAY, 9621 Erskine Drive, 
Huntington Beach, California 92646 
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I fig. 1. Block diagram of translator. No audio circuits are used in this 2-meter F M  repeater. I 
passed by the input filter and heterodynes them to the 
21.4 MHz IF. The IF section filters and amplifies these 
signals. A total of 10 poles of crystal filtering are in- 
cluded so that the only signals retransmitted are those 
originating in the translator's input passband. The IF 
section provides the major amount of amplification, 
with over 100 dB of gain. The up-converter hetero- 
dynes the IF signal to the transmit frequency. In addi- 
tion, it has a crystal oscillator for inserting a substitute 
carrier during identification if there is none at the in- 
put. The power amplifier amplifies the 10-mW signal 
from the up-converter to the 10-watt level. The identi- 
fier controls the timing of the translator control and 
generates the identifier tones. The timers for identify- 
ing the translator, timing out the transmitter, and set- 
ting the code rate are included in the identifier. The 
identifier depends upon input from the valid signal 
detector. The valid signal detector samples the 21.4 
MHz IF to measure the signal-to-noise ratio of the 
signal in the IF passband. When the signal-to-noise 
ratio is above a preset level, the transmitter is turned 
on and the identifier starts timing. The control module 
controls both the transmitter and the carrier insertion 
oscillator. 

The sensitivity of the translator is very good - 
about - 125 dBm (0.12 microvolt) at the receive filter. 
Limited transmit power and directional antennas con- 
trol the coverage area of the translator. 

operation 
The site selection study was carefully performed, 

taking into consideration the club's desire to have a 
semi-local repeater, the lay of the land, the distribu- 
tion of population centers, and the location of existing 
repeaters. Briefly, the area consists of a very large 
valley surrounded on all sides by mountains rising to 
peaks 5000 to 8000 feet high, with population centers 
small and sparsely located. To serve the community 

and the major highway nearby, and to keep the 
repeater truly local, the site selection committee 
recommended that the translator be located not on 
a mountain top, but 200 feet above the floor of the 
southern end of the Indian Wells Valley, using north- 
facing directional antennas. The site selection study 
showed that a balanced repeater - neither an alligator 
nor an elephant - with a transmit power of approxi- 
mately 10 watts would cover the desired area. 

The site selected allows the translator to serve 
Amateurs using handheld transceivers in the Ridge- 
crest area and those using proper mobile equipment 
transmitting 2 watts or more on the nearby highway 
for more than 50 miles. The only co-channel inter- 
ference occurs with base stations operating in the 
overlap zone with a repeater to the north. No tone 
squelch is necessary because there are only one or two 
Amateurs in the overlap zone, and they generally use 
directional antennas. 

The translator was designed to provide high-quality 
signal reproduction indistinguishable from simplex. 
(Indeed, if the user's transmitter is slightlb off fre- 
quency, the translator output is off frequency a like 
amount.) On-the-air experience confirms that this goal 
was met; when the output is compared with the in- 
put, no discernible difference can be heard. In fact, 
to the first-time user, the identifier is the only clue that 
there is a repeater on the channel. 

To keep the design simple the translator has a very 
short squelch tail, and no carrier tail at all. We were 
surprised to discover how many transient Amateurs 
were confused by the lack of the usual carrier tail. As 
an experiment we tried using the translator with a car- 
rier tail. After a trail period of two months the club 
membership voted to remove the carrier tail; opera- 
tion without it is so clean that the presence of the tail 
was actually a nuisance to local operators. 

The translator provides reliable coverage for 50 miles 
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NAMPA SATELLITE SYSTEMS, ~wc. 

TWO LOCATIONS 
312 12th Ave. So. 6012 W. 34th St. 

Nampa, Idaho 83651 Houston, Texas 77092 
(208) 466-6727 (713) 957-5140 

1-800-654-0795 1-800-52118300 
For Service ONLY (208) 467-3204 

MD9 - 9' Dish 
NEW LOW, LOW PRICES! 

100°/o NATIONAL FINANCING AVAILABLE THROUGH NAMPA SATELLITE 
FOR MORE INFORMATION CALL 208-466-6727 

EACH OF THE FOLLOWING SYSTEMS CONSIST OF: Receiver, 100° LNA, LNB, or LNC, Wilson MD-9 Dish, 
100 Ft. Cable Pack, LNA Cover, Polarmatic I Feedhorn, NSS Dish Drive, All Connectors & Instructions. 

OPTIONS with system 

Wilson YMlOOO System $1 433 
--- 

- p m * *  
9 

--r , 

~ i l s o n  YM400 system $1 242 
/,'L':/:llltt/lll - 

* - i 
4 -  

6 1  - - *  --- .. 8 - 0 
~r;ke ESR 240 system $1 542 
Drake ESR 324 System $1 392 
luxor Mark 11 System $1 908 
Maspro SRS System $1 692 
Dexcel 1300-01 System $1 543 
Dexcel 1200-01 System $1 293 
Dexcel 900-01 System $1 1 78 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85" LNA $ 80 
PM 9' Dish . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 60 NSS Memory Tracker . . . . . . . . . . . . . . . . .  $100 
PM 10' Dish . . . . . . . . . . . . . . . . . . . . . . . . . .  $140 MTI 2100 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 225 
Prodelin 10' Dish . . . . . . . . . . . . . . . . . . . . . .  $400 MTI 4100 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $345 

. . . . . . . . . . . . . . . . . .  Ranger 11' Mesh Dish $300 Houston Tracker IV.  .$325 . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Magnum 12' Dish. .$400 Houston Tracker iV + . . . . . . . . . . . . . . . . .  $425 

Uniden UST 1000 Sys. $1 322 
r,r i i , , , ,a I#,,, I,,,, I,,,,\\LL\ &,a 

Uniden - UST -- 3000 Sys. $1 472 
/- * , > " 1  ""0 "I,' ",$, ,,,,\ - - 

6) , eo t , o ,  

Boman SR1500 System $1 233 
sTs MBs-sR system s 1 5 12 
MIA Corn "1 System $2082 
MIA Com TI System $1 982 
Toki TR 110s System $1 333 
Toki TR 220 System $1 462 
Boman SR2500 System $2233 
Fansat 3500 System $1 440 
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I fig. 2. Down-converter block diagram. The do 

LOSSLESS 

to the north. Because everything (except the backup- 
power batteries) is solid-state and designed for reliabili- 
ty, we have enjoyed excellent results. Periodic main- 
tenance to service the nickel cadmium emergency 
power batteries and retune the crystal oscillators is 
scheduled once every two years. Only one failure, 
caused by the failure of a 2N2925 transistor in the con- 
trol module, has occurred in seven years of service. 

4 POLE 

down-converter design 
The down-converter, shown in fig. 2, consists of 

a crystal-controlled local oscillator, an RF preamplifier, 
an RF mixer, and the first stage of the IF amplifier with 
a 4-pole pair crystal filter. The IF chosen was 21.4 MHz 
because this was the highest frequency for which high- 
performance crystal filters were readily available. This 
module was designed for weak-signal sensitivity in the 
presence of strong interfering signals. Because the 
transmitter and receiver operate simultaneously, the 
potential for intermodulation distortion is ever-present; 
consequently, intermodulation performance was given 
high priority. Failure to avoid intermodulation distortion 
causes repeaters to respond to signals at frequencies 
other than the designed input frequency. We also 
wanted to design the translator for superior inter- 
modulation performance in order to reduce the prob- 
lems of keeping cavities tuned "just right." 

For first-rate intermodulation performance it is 
essential to limit the gain before narrowband (crystal) 
filtering. For this reason, the preamp gain was limited 
to little more than 10 dB. In addition, a crystal filter 
was included as close as possible to the down- 
converter mixer as well as at the end of the IF chain. 
Lossless feedback was employed with the RF preamp 
to achieve low SWR and low noise figure simultan- 
eously. The interstage bandpass filter has 1 dB of 
insertion loss. The interstage filter includes a notch at 
the image frequency and another notch at the most 
prominent spurious response frequency. 

The RF mixer was also built from scratch. With a 
100-mW LO the conversion loss was less than 5 dB, 
and the third-order intermod intercept point was 
+ 23 dBm. The image-termination filter following the 

~ ~ ~ i ~ ~ : ~ [ -  CRYSTAL LOSSLESS TO 

~wn-converter is designed for wide dynamic range. 

mixer represents a 50-ohm match at 21.4 MHz and an 
open circuit at 146 MHz. It also includes a short cir- 
cuit at the RF + LO frequency, which gives better in- 
termodulation distortion than a 50-ohm match at that 
frequency.' 

The crystal filter input impedance outside of its pass- 
band is significantly higher than the midband value. 
Reflecting a high impedance to an amplifier seriously 
reduces the third-order intercept performance of the 
amplifier. It is, therefore, desirable to transform to a 
low impedance the above-nominal impedance re- 
flected to the amplifier for signals outside the crystal 
filter passband. The impedance inverting property of 
a properly designed Pi network is desirable for this 
purpose. Certain L networks will also provide the same 
above-nominal impedance transformation, but the Pi 
network has the advantage of easy tunability with both 
variable capacitors returning to ground. For these 
reasons, all crystal filter impedance matching networks 
were of this design. 

When the down-converter was designed it did not 
include the lossless feedback amplifier and 5-dB 
attenuator. We found that the RF preamplifier and 
mixer could handle a weak signal in the presence of 
multiple high-level inputs. But the output impedance 
of the mixer would change from a 50-ohm match with 
input levels above - 10 dBm ( - 20 dBm at the input 
to the RF preamplifer), thus seriously degrading the 
passband flatness of the crystal filter in the presence 
of a strong off-frequency signal - in particular, the 
repeater output. An interstage amplifier with low noise 
figure, low intermodulation distortion, and a constant 
output impedance was needed. To keep distortion 
down, a low-gain amplifier was needed, but that im- 
plies feedback to limit gain. To achieve low gain, low 
noise, and low distortion, a lossless feedback amplifier 
was the a n ~ w e r . ~  Unfortunately, such amplifiers pass 
the impedance seen at the input to the output with 
little isolation. The 5-dB attenuator (fig. 2 )  was in- 
cluded so that the crystal filter is presented with a con- 
stant impedance with all RF input levels. The amplifier 
was designed with 6-dB gain, a low value in the in- 
terest of improved intermod performance. The transis- 

FEEDBACK 
21 4 MHz 

AMPLIFIER 
1 - F  
SECTION 
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I fig. 3. RF preamplifier schematic. Inductive reactance I 
emitter degeneration is used to improve the preamp 
input SWR without significantly degrading the noise 
figure. 

3 9 0  
L z  5 0  .-..- 

RF ...-- 

PORT- ?I T 7 
- _)/r r )  

I - F  PORT 

LO PORT A A 
L I 3 / 8 "  DIAMETER. 10 TURNS 
L 2 8 TURNS ON 7 3 0  - 6 CORE 

fig. 4. Single balanced mixer used in the down-converter 
and the up-converter. The transformers are wound on 
ferrite beads (po = 64). The 30 nH and 5 pF variable 
capacitor comprise the fRF + f,, (314 MHz) termination 
impedance. 

tor was biased for high third-order intermodulation in- 
tercept, and yielded better than a 3-dB noise figure. 
This design provides a good match for preserving the 
crystal filter passband flatness, and has low noise 
figure. Unfortunately, it does degrade the interrnod 
distortion performance slightly. 

Noise figure and gain calculations showed that the 
noise figure of the first stage following the crystal filter 

was important. The best noise figure attainable with 
conventional amplifiers was approximately 5 or 6 dB, 
which was insufficient. The problem was that the 
crystal filter must have an impedance match to have 
a flat passband response. However, having a match 
with a conventional amplifier guarantees a poor noise 
f i g ~ r e . ~  Again the solution was a lossless feedback 
amplifier for the IF amplifier following the crystal filter. 
By favorably biasing the amplifier for improved noise 
figure, a 2-dB noise figure was attained. A conven- 
tional amplifier was cascaded with the lossless feed- 
back amplifier for a net gain of 30 dB in the down- 
converter. 

The local oscillator (LO) for the down-converter 
(and the up-converter) uses double-tuned interstage 
filtering to keep all spurious outputs in the LO output 
below 60 ~ B c . ~  The local oscillator puts out 100 mW 
of LO power to the mixer. 

Figure 3 is the schematic of the RF preamplifier. 
The 2N3906 was included to control the collector cur- 
rent through the 2N5109 independently of temperature. 
The 146-MHz preamp has 11 dB of gain. It achieves 
a 3-dB noise figure with an input SWR of approxi- 
mately 2 1 .  The SWR of the preamp must be low so 
that the response of the RF input filter, which precedes 
the preamp, will not be distorted. Low SWR and low 
noise figure were achieved with lossless feedback. The 
lossless feedback was obtained with inductive re- 
actance in the emitter of the RF t ran~istor ,~ which in 
turn determined the SWR. An SWR of nearly 1:1 is 
possible, but at the expense of the noise figure. The 
value of inductance chosen was a compromise be- 
tween low noise and low SWR. 

Figure 4 is the schematic of the RF mixer. It was 
designed to convert an RF signal to the IF. To keep 
the intermodulation distortion down, 100 m W  of LO 
power was applied to the mixer. The 390-ohm resistor 
develops a back bias voltage from the LO current flow- 
ing through the diodes. This bias voltage increases the 
reverse voltage for the off state of the diodes, which 
allows a greater peak-to-peak RF input level for the 
same distortion level. A single balanced mixer, it re- 
quires a diplexer to separate the RF from the IF, which 
share a common port. Generally a diplexer is com- 
posed of high-pass and low-pass filter sections 
sharing the common port. However, it was consider- 
ably easier to design and tune a diplexer made from 
series-tuned filter sections. This is acceptable in a fre- 
quency converter for use in a repeater, where RF 
bandwidth is not a consideration. 

IF module 
The IF (21.4 MHz) was chosen to take advantage 

of readily available high-quality crystal filters. Although 
no problem has been observed, a higher frequency 
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1 tain constant power level to the up-converter mixer. 
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fig. 5. IF module block diagram. This module is physically 
located in two separate enclosures. An additional 25 dB 
of IF gain is included in the down-converter enclosure. 

fig. 6.6 dB lossless feedback IF amplifier. For higher gain 
reduce 3 turn windings to 1 or 2 turns. For lower noise 
figure increase 100 ohm resistor to 330 ohms. The 0.022 
pF capacitors are very small monolithic ceramics. 

would have made image rejection and spurious 
response suppression more effective. The IF section 
block diagram is shown in fig. 5. More than 100 dB 
of IF gain was used, resulting in 20 dB of excess gain 
before limiting. The excess gain was desired to ensure 
that the limiter was hard limited under all conditions. 
It was not possible to put that much gain in one box 
without the risk of oscillations from feedback. To pre- 
vent that from happening, the gain stages were dis- 
tributed among three separate enclosures. The use of 
double-shielded interconnecting coax cables also mini- 
mized coupling. 

Figure 6 is the schematic of the lossless feedback 
IF amplifier used on each side of the crystal filter. The 
two amplifiers differ only in the turns ratios of the 
transformers and the bias currents of the transistors. 
To keep the circuit physically small, the transformer 
cores were 0.100-inch diameter ferrite toroids with a 
permeability of 125. Considerable care must be used 
in the layout of this amplifier so that stray reactances 
do not degrade performance. This amplifier design is 
useful to about 50 MHz. 

The translator includes a limiter in the IF to main- 

A 2-pole-pair crystal filter precedes the limiter to 
prevent off-frequency IF amplifier noise from sup- 
pressing a weak signal in the limiter. The effectiveness 
of a limiter is degraded if limiting is not symmetrical; 
that is, if limiting of the positive and negative swings 
of the IF waveform are not equal. To achieve sym- 
metrical limiting, a push-pull limiter was employed. By 
ensuring that the limiter is limited even on noise, there 
is no variation in translator performance with signal 
strength, supply voltage, or ambient temperature. 

We decided not to include SSB signal-handling 
capability for this repeater. The only changes 
necessary for passing SSB would be to use AGC in- 
stead of limiting, and to use a linear transmit amplifier. 
A limiter was chosen to provide constant signal 
amplitude to the up-converter with minimum circuit 
complexity. If AGC were to be used instead, the 
amplitude components of a weak signal would have 
required a linear power amplifier to keep intermodula- 
tion products from splattering across adjacent 
channels. 

up-converter 
Figure 7 is the block diagram of the up-converter. 

A 4-pole crystal filter was included just before the IF 
signal was up-converted to the transmit frequency. 
This guarantees that the only signals transmitted are 
within the transmit channel bandwidth.The up-con- 
verter heterodynes the 21.4 MHz signal to 146.94 MHz. 

Because there are no audio circuits in the translator, 
the repeater cannot be identified in the usual manner 
of inserting audio tones into the modulator. In 
this translator the identification modulation is accom- 
plished by frequency modulating the crystal-controlled 
local oscillator in the up-converter with the identifier 
tones. This conveniently adds the identifier tones to 
the user's signal. If no carrier is present during the 
identification time, a substitute carrier is inserted from 
a crystal oscillator. 

The up-converter mixer is identical to the mixer in 
the down-converter. It is very important to have a low 
distortion mixer in the up-converter so that spurious 
outputs are below the FCC limits. The IF amplitude 
was adjusted, with the limiter bias current, until the 
spurs were sufficiently below the FCC limits. This 
resulted in approximately I -mW output from the 
mixer. Several stages of 146-MHz amplification were 
required to raise the 1 mW to the final 10-watt level. 
Most of that gain was provided by the power amplifier 
module. The power amplifier was designed as class 
C for high efficiency. 

When there is no input to the repeater, the output 
from the crystal filter in the up-converter is full-power 
noise. If the control module calls for the translator to 
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i fig. 7. Up-converter block diagram. A high-level mixer is necessary to keep spurs low. The PIN diode blocks noise out 
, of the IF if no carrier is present. 
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fig. 8. Piezo Tech 4 pole-pair crystal filter and matching 
networks. Found in up-converter. The 560 pF capacitor 
is omitted in the down-converter version. Careful tun- 
ing resulted in better than k0.1 dB passband flatness. 

be identified when there is no input signal, the carrier 
insertion oscillator is turned on. Summing the full- 
power noise and the carrier insertion oscillator signal 
would result in equal carrier power and noise power, 
which would give a 3-dB signal-to-noise ratio for the 
identifier. A PIN diode was used to block the noise 
coming out of the IF when the carrier insertion oscil- 
lator is on. This diode attenuates the IF noise suffi- 
ciently to yield about a 30-dB signal-to-noise ratio 
when the carrier is inserted locally. 

Figure 8 shows the up-converter crystal filter 
matching network. A small amount of the IF signal 
is sampled at the output of the crystal filter for use 
by the valid signal detector circuit. Sampling with a 
low-impedance tap minimized the effects of the high 
SWR of the PIN diode when it conducts. 

identifierlcontrol module 
The control module controls the repeater operation. 

In addition to its obvious tasks, it controls the PIN 
diode switch and the carrier insertion oscillator to in- 

sert a substitute carrier when needed for identification. 
The control module receives its inputs from the valid 
signal detector and the time-out timer. The valid signal 
detector, described in the following section, deter- 
mines the signal-to-noise ratio of received signals. 
When the signal-to-noise is above a preset level, the 
transmitter is turned on and the time-out timer is 
started. The timer is reset on loss of carrier. 

The identifier controls the timing of the repeater and 
generates the identifier tones. The identifier uses the 
valid signal detector output for control. The timers for 
identifying the repeater, timing out the transmitter, and 
setting the code rate, were included in the identifier. 
Control for the timers comes from the control module. 

valid signal detector 
The valid signal detector samples the 21.4-MHz IF 

signal to measure the signal-to-noise ratio in the IF 
passband. The signal-to-noise ratio is measured by 
evaluating the amplitude variations in the IF signal. The 
IF signal consists of frequency modulated (FM) signals 
superimposed on amplitude modulated (AM) signals. 
The FM signals are the desired signals and the A M  
signals are undesired, usually noise. It can be easily 
appreciated that a clean FM signal will have no A M  
components in it, and that noise is composed of A M  
and FM components. What is not so evident is the 
strong AM components of noise after the signal is hard 
limited and bandpass filtered. A hard limiter converts 
any signal, even one with significant amplitude varia- 
tions such as noise, into a constant power, wideband 
signal with no amplitude variations. After bandpass 
filtering to the original frequency and bandwidth, the 
signal will have constant power, but not necessarily 
constant amplitude.= A noise-free FM signal will be a 
constant amplitude (and constant power) frequency- 
modulated sine wave, but noise will be band limited 
noise with fluctuating amplitude with the same 
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646 W.  Market Street 

York, PA 17404 
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Personalized Service 
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Kenwood and ICOM dealer. 
Call us today 
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CALL 716-874.5348 a WRITE: RElURR GUARANTEE 
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I NEW COMPACT DESIGN WlTH 10-segment LED tuning indicator I 

I : VT-4B INSTALLS DIRECTLY AT THE ANTENNA FEEDPOINT 
WHERE YOU CAN REALLY "TUNE" THE ANTENNA. I 
DESIGNED FOR HALF WAVE DIPOLES, INVERTED V's. AND 
QUARTER WAVE VERTICALS USING 50 OHM COAX FEED- 
LINES. I 

* OPERATES WlTH SINGLE BAND OR MULTIBAND ANTEN- 
NAS, TRAP TYPE OR PARALLEL ELEMENT TYPES. I 

I * WORKS ALL BANDS FROM 10 THROUGH 160 METERS. I 

I i( * FULL BAND COVERAGE WlTH MAXIMUM EFFICIENCY AND 
VERY LOW VSWR, TYPICALLY LESS THAN 1.2 TO 1. I 

I 1 1  1 * FINGER TIP CONTROL FROM THE HAM I 
SHACKFOREXACTRESONANCEAND 
IMPEDANCE MATCH. 
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rRECElVER GUARD 20007 I TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS I 
~nstalls eas~ly between the antenna and recelver Input. When RF voltage to :he receiver line 
exceeds 1 volt, the unit activates by shunting the over voltage to ground and ~ncreasing the 
resistance ~n the receiver line. If over voltage exceeds design parameters, an internal fuse lamp 
opens (easy to replace). Perfect for contest stations, field day operations, areas saturated with 

broadcast servlces and those who use separate transm~t and recelve 
antennas. Less than 3 dB insertion loss between 1.8 and 30 MHz. 

3 Models available 
P IW~II~ ~ '~OI IP  IIIIIU~I 529.95 
U Iw<ttr SO 73'41 $29.95 fl 115 
C l l  (al lh SO 739 and A I D ~ J  Ur1t.t 

llansllldp lor HI Jlld 11,911111~111 
UHFCONNECTORS p , n ~ ~ c ~ l o r l ~  

k111..~\~. .ll~l! 5: ICY ..lii:l:l 8 , .  l,lit r h ~ c ~ r t ~ ~  I 11 S clnly Fnrr~gn 0 r f l l . r ' .  IIIII (;!ovrlrlfl 

549.95 [o]I-gU] pJj 
a- n-a ore 

1..m .~I..V 1" l ~ . ~ . c ~  n8r1 IICI..~ 11 I I I . . I I . I Y P ~ ~  USIII 11111101 t t ! ~ ~ l ~ I t r ~ l ~ l ~ f l ~ _  4925 S. HAMILTON AD 
DEEM ELEeTRONtCB onlo GROVEPORT. OHIO 43125 
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fig. 9. Valid signal detector block diagram. This circuit measures the signal-to-noise ratio in the IF. I 

average power level. After bandpass filtering then, 
hard-limited noise will once again have amplitude 
variations similar to the original noise. I t  is this 
characteristic that the operation of the valid signal 
detector depends upon. 

Figure 9 is the valid signal detector block diagram. 
The IF signal is sampled after the post-limiter crystal 
filter. The valid signal detector amplifies the IF signal 
and provides envelope detection. The envelope detec- 
tor furnishes a voltage proportional to the instan- 
taneous IF signal amplitude. As a result of the limiter, 
the IF power applied to the detector is constant. If no 
carrier is present, full power noise is applied to the 
detector, which produces a fluctuating DC voltage. 
In this case, the frequency components of the detec- 
tor output extend from DC to 15 kHz, the IF band- 
width. When a strong carrier is introduced, the limiter 
suppresses the noise so that the output of the detec- 
tor becomes a noise-free DC voltage. It can be seen 
therefore, that the high-frequency components of the 
detector output correspond to the sidebands of a car- 
rier, either A M  sidebands or noise. In theory, and in 
practice, any incidental AM on an FM signal is limited 
to roughly 3-kHz bandwidth. Therefore, the signal-to- 
noise ratio of a received signal can be determined by 
measuring the amplitude of the 10- to 15-kHz com- 
ponents of the envelope-detected signal. 

The components resulting from the noise level are 
extracted by high-pass filtering of the detected signal. 
The detector following the high-pass filter then pro- 
vides a DC voltage level inversely related to the signal- 
to-noise ratio. Actually, the DC level is equal to a con- 
stant minus the received signal strength, but for prac- 
tical purposes it provides a very good approximation 
to signal-to-noise ratio. The threshold for the com- 
parator in the valid signal detector has significant 
amount of hysteresis. Hysteresis was included so that 
any signal that brings up the repeater is workable, but 
a fading signal will not be cut off until the bitter end. 

The valid signal detector has provided outstanding 
service. It is so effective that even weak signals reliably 
bring up the translator, but noisy, uncopyable signals 
are virtually never heard. The only problem that 
occurs is with signals with severe multipath distortion. 
Multipath distortion can create a poor signal-to-noise 

ratio during modulation, even though the signal has 
acceptable signal-to-noise ratio when not modulated. 
This occurs when destructive interference causes 
notches in the signal amplitude at several frequencies 
in the modulation bandwidth. The result is a drop in 
the signal strength during modulation, and the reduced 
strength of the modulated signal does not have suffi- 
cient signal-to-noise ratio to keep the translator on. 
When this happens, the person transmitting brings up 
the translator whenever he or she pauses, but gets cut 
off as soon as he or she speaks. Such signals are 
unintelligible anyway; it just sounds like the valid signal 
detector is unnecessarily cutting off a copyable signal. 

inputloutput filters, antennas 
The RF input and output filters were constructed 

from a design put forth by Tilton.' The filters provide 
a 50 dB notch at the rejection frequency with a 1 dB 
insertion loss. This is identical to the performance 
predicted in the reference, even though silver plating 
was not applied as in the original filters. To enhance 
the output-to-input isolation for the repeater, separate 
transmit and receive antennas, spaced about 70 feet 
apart, were used. The antennas are surplus commer- 
cia1 five-element Yagi antennas. To retune to the 
Amateur band, we set up a ground effect antenna 
ranges and found we could achieve the same gain as 
the original five-element antennas with only four 
elements, using the original boom. The side lobes with 
four elements were slightly stronger than with five 
elements, but still met our requirements. 

squelchlcarrier tail considerations 
A few comments on the operational characteristics 

of this repeater are included here for the benefit of any 
who might seek to advance FM translator design. 
When the translator was designed we understood that 
pure noise out of the IF would cause intermodulation 
products in the class C power amplifier. For that 
reason the valid signal detector squelch response time 
was made short - around 50 ms. When someone 
listens to a weak signal on a frequency up to 1 MHz 
away while there is a conversation going on over the 
translator, the noise burst at the end of each trans- 
mission through the translator blanks out the weak sta- 
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tion for the duration of the squelch tail. It turns out 
that this phenomenon is not particularly noticable: it 
has not been noticed, even in locale in which almost 
all 2-meter activity is weak-signal work. 

It appears that the main annoyance is the 
translator's emission of a full-bandwidth (15 kHz) noise 
burst at the end of each transmission. The typical 
squelch circuit in the user's receiver responds to this 
noise burst in the same way it would if there were no 
carrier on channel and squelches the receiver audio. 
That is then followed by a clean carrier tail that un- 
squelches the radio. After the carrier tail times out, 
the user's radio again squelches. The result at the 
user's receiver is two squelch bursts for one end-of- 
transmission. (This phenomenon does not occur with 
a conventional repeater because its audio stages limit 
the bandwidth of the noise burst so that the typical 
squelch circuit will not respond.) Solving this problem 
with translators is not easy; it will occur with class C 
and linear power amplifiers alike. One temporary solu- 
tion is to make an inordinately long carrier tail so that 
the second burst is likely to be taken up by another 
user; any suggestions from readers for providing a 
clean carrier tail would be appreciated. 

conclusion 
This article has outlined the objectives and results 

of a project for the design and construction of a 
translatorlrepeater. Designed and constructed entirely 
"from scratch," the repeater has met all performance 
goais and has operated with minimal service for 7 
years. Any comments or suggestions from readers will 
be appreciated. If you wish to receive a response, send 
an SASE to the author at the address at the beginning 
of this article. 
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Hand-hdd Transcrivrr, 
Deluxe models Regular SALE 

........ IC-OZAT lor 2m 349 00 299' 
IC-MAT lor 440 MHz 37900 3 3 F  
Standard models Regular SALE 

.......... IC-2A lor 2m 239 50 18995 
....... IC-2AT w~th TTP 269 50 19g9' 

IC-3AT 220 MHz, TTP 299.95 239" 
IC-4AT 440 MHz, TTP 299.95 239' 

'EX-242 FM unit ................... 39 00 
'EX-243 Electron~c keyer u n ~ t  ...... 50 00 

FL-45 500 Hz CW lllter ............. 59 50 
EX-195 Marker u n ~ t  ................ 39.00 
EX-202 LDA~nterlace; 730/2KL/AH.I 27.50 
EX-203 150 Hz CW aud~o l~ l te r  ..... 39.00 
EX-205 Transverter sw~tchlng unlt 29.00 
SM-5 8-p~n electret desk m~crophone 39.00 
H M - I 0  Scann~ng moblle m~crophone 39 50 
MB-5 Mob~le mount ................ 19.50 

IC-720A 9.band xcvr/. l-30MHzrcvr $1349.00 869" 
.. FL.32 500 Hz CW lllter ..... .... 59 50 

FL-34 5 2 kHz AM 11lter ............ 49 50 
SM-5 8.plneleclret desk m~crophone 39 00 
MB-5 Mob~le mount.. .............. 19.50 

FL-32 500 Hz CW l~l ler  ............. 59 50 
.............. EX-310 Vo~ce sythes~zer 39.95 EX-310 Vo~ce synthes~zer .......... 39 95 

TS-32 CommSpec encode/decoder ... 59.95 RC-11 W~reless remote controller. .. 59.95 
CR-64 H~gh stabll~ty osc~llator xtal 56 00 

R-70 100 Khz-30 Mhr d ~ g ~ t a l  recelver 749 00 569" 
EX-257 FM u n ~ t  .................... 38.00 

CR-64 H~gh stab~llty reference xtal 

............... 
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B John J Meshna Jr. Inc.'-- 
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c I9 Allerton Street I.vnn. MA 01904 aTe1: (617) 595-2275 

Mu1 ti-Vol tage 
MICRO- 
PROCESSOR 
POWER 
SUPPLY 
BOARD 

This regulated multi-volta 
is made by KEPCO (their  part no. R.lltM 171 K F )  ilncl is still 
in production (. . . regular price $124.95 ). It was originally 
part of the Zorba portable PC. The  four outputs  are as 
follows: 8: +5 VDC Q 5 A. + I2  VDC fi 2.8 A, +I 2 VDC W 2 A, 
and -1 2 VDC R .5 A. The +12 VDC (0 2 A is very heavily 
liltered so  it could be used o n  a glitch free monitor. The 
- 12 VDC Q .5 A can be changed l o  3 VDC just by changing 
the  onboard 79 12 regulator chip to  a 7905. The  board's 

- ... .- lightweight and  small size should make it perfect for many 
projects. All new and provided with a schematic, The 

2 COLOR X-Y DISPLAY input is jumper selectable 110 1220. New, unused. 
Quanity prices available. $49.95 ' Thru a special purchase we got hold 01 50 brand new 19"  Shpg. Wt. 2 Lbs. ea. SPL-4 71 -33 B 2 1  $90.00 

color displays. They were made by Wells Cardner for one 
of the largest arcade video game manufacturers in the world. 
The displays feature built in red, green and blue amplifiers, USER PROGRAMMABLE KEYBOARDS 
19" color tube made by Wells Gardner. User supplied 

I 
external liorizontal and vertical scnn oscillators which allows 
precise user conlrol over screen resolution. A real plus! 
Requires 25 V - 0 - 25 V input for  amps, available separately. , 
Some spec's for you technical people: signal inputs "X" 

2 horizontal 16 V P-P +8 V, "Y" vertical 12 V P-P +6 V; 
% ,r "Z" beam drive, 4 V max brightness, 1.0 volt black level. 

Writing rates "X" amp is.05 inchlusec, "Y" a m p  is 2 .0375 inchlusec. Great for making your own  video games, 
oscilloscope monitors, o r  adapting for home computer use. 

X199.00 ea. 
2 ~ h p g .  WL. 45 L ~ S .  MOT-I 9 c 2/$375.00 A iantast~c.  fin11 :i~lri ;I s u p ~ ~ r  I I L I ~  for 1 1 1 v  ~ . ~ n r n l , ~ ~ t ~ * r  
5 hol~hyis t .  I%r;~nd n e w ,  user ~ ~ r ~ ~ g r a n l n l ; ~ l ) l c ~  kc*yI)o;rrds 
8 Supplied with schematic. Quantity pricing available. made hy Keylr<~nics  Corp. 'I'I1r.y are 11sc~r 1)rr~gr;lmmable 

8 Shpg.Wt.45Lbs.  MOT-I9C $199 .00ea ,$375 .00 /2  because lhc! onhoard encotliny gcner ;~lor  o u t p u t s  hex 
codes  t o  the user supplied 27 16 o r  ecluivalent EPItOM. 8 TRANSFORMER FOR ABOVE Shpg. WL. 1 5  Lbs. 112.00 The  EPROM can he  programmed by the  user t o  virtually 
any encoclil~y scheme: ASCII: ERCIIIC(C); I<H(!DIIC; 

CAD CAM KEYBOARD 
RAUDET or o t h r r s  just by sett ing the  EPROhl t o  the 
particular specification. 'I'lie keyhonrtl is well ronsl ruct -  
ed  and layed out .  T h e  hoard is layer1 o u t  in an  ASCII 
configuration with control  codes, full numerics, upper  
and lower rase with electronir shift lock, plus a 
numeric scratch pad t o  t h e  right wit11 4 wily cursor 

. . .  . 
,-  - 7 - - .  

controls.  Ahsolulely beautiful!! I<ach 11t1e comes  with 
schematic, and t1al.a. This will 11e a fils1 scsller, so  order  
early!. 

$4 5.0 0 each 
2716 EPROM'~ 

g board is made up of 3 sections. The  typewriter format 
section has 2 control keys plus full upper and lower case 
alpha-numerics. The  42 keyswitch pad, when used with 
appropriate logic, allows extensive, precise manipulations 

5 of displayed data such as close up, moving information, 
= sketching, etc. The third section consists of 2 7 keys 
5 which include a numeric scratch pad, 4 way cursor control 
2 plus some command keys. On board are 3 LSI's including 

an IntersitIM6402, INS8048, and NS2716 UV PROM - 
K which contains the  programs for manipulating data, plus 
$ other  circuitry and an alert beeper. The  keyboard requires 
?t +5 V and -12 V. Each one will come with schematics. New - 
% and unused. Shpg. Wt. 4 Lbs. KYBRD No. 6 $45.00 
5 3% ess than 100 on hand - Order Now! 

These 271fi EPROM's run o n  a single 5vtlc power 
supply. They are  "pulls" f rom little-usrcl equipment  
and have heen erased and  checked OK. We got a super  
deal o n  these, which means YOU get a super  deal on 
these! Each o n e  with data.  
Shpg. Wt. 1 I 4  Lb. SP-3 2 8 A-3 5 $2.00 
S i d e  5V2716 EPROM, p r o g m m d  for ASCII for use in the 
aluve keyboard (Kybd. 7 ) SP-328 B35 $6.00 

AAA Nicad Batteries 

We have u n w  AAA size, rechargeable, nicad batteries. 
n l e y  come 3 in a shrink w a  ped package, but can always 
hc cut apart ant1 usetl indivixrally. 'me output is 1.2 v per 
cell (3.6 vlpac) a t  1RO mAH. SP47A-:i5 $3 .SO 

2 s PHONE ORDERS f i r  F A S T E S T  S E R  VICE! 
5 call (61 7) 595-2275 and Charge It! 
3 
~nRs?w~5?st175~PS Su~pIus Computer and Electronic Materials """',".".",'7'" 
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DUAL FLOPPY DISC DRIVES 
BRAND NEW, single sided, dual f loppy disc drives made for Digital Equip- 
ment Cor. (DECI. This beautiful piece o f  computer hardware consists o f  2 ?-\ 
Sllugart cbmpatible TEAC 40 track, double density, 5%" mini-floppy disc 
drives brand new i n  the case with their own regulated, switching power sup- 
ply, cooling fan & onlo f f  switch. Each un i t  also comes w i th  a line cord & 
documentation. These were made for DEC, but  are also compatible wi th  
other personal computers such as IBM, TRS 80  models I, II, & the Color 
Computer, and other Snugart compatible interfaces. Naturally, you supply 
the cables and disc controller card t o  suit your particular system. The RX- 
180 AB runs o f f  o f  1151230 VAC 50160 Hz. wlout  any modifications t o  
the drives. Each system comes in  the original factory box and are guaran- 
teed functional. A blockbuster o f  a buy !! 
Shpg. wt. 21 Ib. stock no. RX 180AB $250.00 
R X  T8O A 6  modified t o  run w l  the T I  99/4A $285.00 
Disc drive cable for Radio Shack Model l $15.00 

HIGH SPEED KSR PRINTER TERMINAL - 
World famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are r;r * -L 1l 

n o w  i n  stock ready fo r  shipment to you. This has t o  be one o f  the finest l e t k r  qual- 
. , -- 
-. - -. 

i t y  printers ever offered at a bargain price. These terminals can be used as an RS 232 . . .  

asynchronous communications terminal or used i n  the local mode as a typewriter. 
The terminals were removed f rom sewice for upgrading. Highlightc o f  these machines a- ~ .-m- h 1 " ' 

are: Standard RS 232, f u l l  duplex, asynchronous data comm., fu l ly  formed upper and 
lower case letters, 128 character ASCI I  set, selectable baud rates o f  110, 300, or 1200 
BPS, 80 columns o n  p i n  feed paper, and less weight & size than an ASR 35 teletype I 

wi th  far less racket. They are virtually electronically foolproof as every pc board is 
Pico fuse protected. Should your  machine not  work, just check the on board fuses & r 

9 ou t  o f  10 times that is where the problem lies. Schematics are provided w/ each ma- 
I chine sold. Current price o f  this machine new is over $2000.00 ! Our meager price for • 

this fantastic printer is on ly  10% o f  this: $200.00 each!!! Visually inspected pr ior to  
I - 

shipment t o  insure completeness. Shpd. truck freight collect. 5200.00 

IBM 545 SELECTRIC BASED 
TYPEWRITER PRINTERS 

Tl~ese rugged. Iiandsnme printers were maclr For one r>F the giants 
~ ,1 '  Lhr computer incluslry. They can be usell as ;I .sl;ln(larcl type- 
wrilcr or ;IS a urititer i n  a word nroct.s%ine svstcm Tor true .. . 
letter quality printing. ~ o ~ e n o i h s  were added to  the selectric mechanism 
which disabled the manual repeal function hut still allows rleclronic 
repeal Functions. It uses slanclard IRM l y p i n ~  balls. The voltage 
recli~iremenls are standard 1 15 VAC, 5 VDC a1 100 ma, and 2 4 VDC at 
4 amps. A l l  are new in  factory boxes, but may require acljuslments. 
Wc provide literature and schematics with 1 ribbon and cleaning tools. 
Wilh the addition o f  our Centronics l o  Selectric 110 adapler, you c(>uld 
e;tsily interface this printer to almost any micro computer system. 
'~ypewri lerPrinterstockno. RE1000r \  $375.00, i 4 5  rnanu;1lS30.00 
Shpe w l  approx. 8 0 Lbs, slipd by truck, collect. 

CENTRONICS TO SELECTPIC INTERF,ICE 
Tlris interface wi l l  aclapl a Kedaclron Srlcr l r ic 110 typewriler mechanism 
to  be used as a parallel ASCII compalil~lt. printer. The parallel input 
port provides compat~hi l i ty to  (:entron~rs sti~nrli~rds For hoth "busy" 
i~li(I "ackn~wl rdd r "  nrolocols. TIIP inlrrrace rcclulrrs onlv +5 \'D(' a1 

Send S.A.S.E. for free data sheet 
.. . 

350 ma. This inlerface is fully huiit, less power supply, is ~unrenteed 
oocrational. and comes wi th  data. Shve wl.  15 Ills DE 201 A .$245.00 . . . 

FANTASTIC MASS STORAGE DISC DRIVE DEAL 
1 MEG. quad disc drives, plus c8ses and power supplies for same. 
Listed below are the disc driver Please call for more info. on the other 
components. 

112 Height 1 Megabyte Disc Drives 
Here we go with another blockbuster buy on disc drives which should 

make the competition's head spin. We are offering brand new, Mitsubishi 
, USB With 

no. 4853. K height, 1 megabyte, mini-floppy disc drives. These drives ate . lBM beautiful. They are fully 34 pin, Shugart compatible. A l l  are double sided, 
double density, 80  track ls~de units Each runs on +5 vdc 0.5 amps & +12 Radio Shack 
vdc .7 amps. Just the drives to use with your IBM, Sanyo or other compu Heath 
ter. Each order will come with schematics and pinout data Xerox 
Shpg. wt. 4 Ib. SPL-85C-35 $175.00 each 21$32!5.00 Sanyo 

I Phone Orders accepted on MC, VISA, or AMEX Surplus Electronic Material Send for our  free 72 page catalogue jam 
No COD'S. Tel. 1-617-595-2275 packed w i t h  goodies. 
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JUST SLIGHTLY AHEAD! WlTH THE QUALITY YOU HAVE ALWAYS LOOKED FOR! 
4 MEMORYS - 3 WAY AUTO SCAN. 40.15AND6 METERS ARE YOUR BASE A GREAT ORP RIG WITH THE BIG RIG 
DUAL VFO. IF SHIFT. CW-W. 400 Hz STATION OR MOBILE WITH AClDC SIGNAL. 2 WATTS OR 10 WATTS OUT. 
CW -N 200 Hz ALL 9 BANDS PLUS BUILT IN POWER SUPPLY CW-N 200 BUILT IN CW SIDE TONE, DIGITAL 
MARS BUILT IN AC/DC POWER SSB Hz OR USE. 2 SO239 ANTENNA CON- DISPLAY. HAND MIC TOP MOUNTED 
CW OR RTTY I F TUNE 3-STEP NECTORS, HAND MIC. BUILT IN TVI SPEAKER MOBILE BRACKET, RIT OR 
TUNING SPEED. 200 WATT PEP. FILTER LITTLE TO NO TV INTER- FINE TUNE TXBRX :4KHz. 21 TO 
MICROPHONE IMPEDANCE 600-50K FERENCE. 20 WATTS PEP, MARS ON 21 450 MHz SIGNAL TO NOISE MORE 
OHM HAND MIC. INCLUDED 40 AND ~ W E T E R S  THAN 1'0dB DOWN 

$849.50 $445.50 $249.50 

@ / 143 
90 DAY WARRANTY ON ALL TRANSCEIVERS - DIRECT FROM NCG OR YOUR DEALER 

WE HAVE 1 2 GHz BASEIREPEATER 8 MOBILE ANTENNAS 
NOTE: PRICES AND SPECIFICATIONS SUBJECT 1 0  

1275 N. Grove Streel. Anaheim. CA 92806 (714) 830.4541 CHANGE WITHOUT NOTICE OR ORLIGATION 

r* ENOlNEEDlND CONSULTINO 
INTDODUCES I 

'REMOTE A PAD" 

;'IIIUIIIIIGll UlMF 
otr.notRs PLLISI~~DIGIT 

K r Y n A n  CIlNTnnl 

TUNE TWE WODLD FDOM 
IDUDWAN~HELOVHF/URFDAOIO 

TOUCHTONE" 

. 

OTMF Receiver K i t  r n r n r > ~ v ! s ,  I J T M I  cou.u~a. 
14c., r1,v4.1 1'71. 1 ;If11 1 
r?,., P,,~,. ,<$I I +> ........ ... ll,l!,l ( J I M 1  t lql l , .  

t . N,, <~<,,ll L.?>,, I , , ! , . , , ,  
0.0 , 

'- - 
,O"C" SO",, 

OTMF t~u.hton... ........................ 

NOW INCLUDES ANSWERS TO FCCNH: EXAM WESTIONS 

ARRL LICENSE MANUAL 
Here s the latesl up-lo-dale lkcenslng qu~de Iron1 the ARRL. Plenty of theory and 
deta~led explanatloris lake most 01 the paln oul of sludy~ng to upgrade your 
lhcense 

1984 80th edition 216 pages 
! AR-LG Soflbound $4.00 

Please add $7 ' .hfop~~o 6 handl~nq 
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Unrurpa;l\re~ lqll.llll~ ,11 ~ l l l a a l a b l ~  P I ~ L C ~  IIIC, Rams?? owllloncopc 
compare, lo omerr Corllnq h""d,Ml morr Fnillurer include a cam- 
ponont ,a r t ln~  r ~ r c u ~ t  tor m-~rtor. capaci~or. dlqtfal ccrcu,! and dmme 
te31,ng T V  v~dro  sync l~ttar roar bandw#d!h 6 neph renrmr,!s . 8". 
,s,nn1 grnllculr . ,ran, wnui trace rol.,"! . z a i l s  . high renslllvll* 

m m ~  . r v ln td  wrar  supply nudt-tn cnlmbrnfor . r x k  XIICO 
Irlggerlng .& - add slow per "nil $0, mnnge. oversea. order, 
M 15% 01 ~ o ~ r l  wner lot mnruted surlacn ma,! 

45 MHz DUAL SWEEP OSCILLOSCOPE 

NEW RAMSEY 1200 
M M  MULTITESTER 

a, .  v Y PI: +.= 

RAMSEY 0-3100 
DIGITAL MULTIMETER 
t,. ,,,I. , , c  ,,,,, , ,,,,,,,,,,,!,,". 
st,, .  ,.,, , ,,, 8 ,  ,,, ,,",,,:,,,r,t" lo", 
i:,.., . t i  ,nec,,,,r I .. rr..., pus" 
n, 11,,,11 5PPPd3 ,il,>r,(. I...l"C,lC>" . ,dm p,i13,,, !I, IIPr.., . "9CIITWa 
I",,;,, lacks.  orsrlonll n,ult.<llon 
on all  ranqer. 3 .  01,111 LC.DOI, 
m a y  wmln atl!azr,ru auto P('ID1IIY 
b tow BAl  , n d ~ l l n r  
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I FANTASTIC REJE( 
T v ~ i c a l  reieclron: Prlce -S89.95 

40 lo  10110 h l l i i  l u t l rd  lo  your Irec~uency 
5 large l i e l ~ r d i  reson,llors 
Low nolse H ~ q h  overload reslslance - 8 dB galn u l l l~na le  relecllon) 80 dB 
10 l o  15 volts DC opernllon 

'- S ~ z e  1 6 x 2 6 x 4 75" exc conneclors 

b~polar  w lRCA jacks 
+'600 K ~ Z &  144 Mhz - 2868 connec i i robGons  BNC $5. UHF $6 

1 6 Mhz@t 220 Mhz -4048 N 510 I 

WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

SA TELLITE 
TELEVISION 

M A G A Z I N E  STV I 
I 5 5  ~ h z i ~ 4 5 0  Mhz: -50dB SUPER HOT! GaAs Fet I 

. f t , r  l ~ , , r t , , i v ~ v ? ~ ,  .In(: .r.lrc.sl~,rs - AMATCUR : I , :  COMMERCIAL . hcilonn,illi nj~~r.?l,nn .~r:j>~'.lable speru . i l i f !  1 1 1 1 1 ~ 1 ~ ~ ' i  . Small \I,? I:,I)Y ~n~ldlldllilli 7 lo 1'8 vtlml', Ill . 8 splprlrnle ip~roqr.in~m,~nle messaqe, ?.ti 1, 1111 10 .' 11?111 lollg 
Wtred, lesled, and programmed wllh your message(s) 
Model 10-1 - $49 95 Madel 10-2 w12 lo I 0  mlnule llmer - $69 95 

We oller B complele lhnc 01 transmlltc# and rccelver slrlps 
and svnthesolers lor amateur and commercial use 

'/ 114 

Hatry Electronics 
IS 

I Your I 

/ / SAXTON PRODUCTS. INC. 

mt-n- r-lolht. 

/ 
/ 1 Headquarters! \ \ 

[Eg) STORE HOURS 
M-F 8:30-5:00 
Sat 8:30-1230 r /  146 
Sun Closed 

Hatry Electronics 
7 /1 ( ,  I /C,(. I  111 / : / ( , ( . I ~ O ~ I I ( ~ . S  

500 LEDYARD STREET 
HARTFORD, CONN. 06114 

D Phone 203-527-1881. 
'a 

A monthly of 1 00-plus pages, has all you 
need to know about where to find equip- 
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 

$24.95 per yr. (12 monthly ~ssues) 
$ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments 

If you already have a dish, then you need 

-the best in satellite TV programming. I 
+ Weekly Updated Listings * All Scheduled Channels 
+ Complete Movie Listing 
+ All Sports Specials * Prime Time Highlights 

$39.00 per yr. (52 weekly issues) 
$ 1 .OO for Sample Copy 

Visam) MasterCardk) accepted (sub- 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: I 
STV '" /Onsat '" 

P.O. Box 2384 - Dept. PS 
Shelby. NC 281 51 -2384 

Subscr~ption calls only 
1/ 140 Toll Free 1-800-438-2020 

1111 
-- - - - - - . ~p-- - -  
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products 
hi-res color SSTV converter 

A new high-resolution color SSTV converter 
has been added to Robot's line of Amateur Radio 
products. Designated the Model 1200C, it is ca- 
pable of transmitting color video images said to 
rrval broadcast television in picture quality. The 
Mo!el 1200C has three selectable 6-bit memory 
planes that combine to form 262.244 color c o m ~  
binations in a 256 x 240 line full screen display. 

Eight different black and white and color trans- 
mission formats are available with automatic se 
lection on receive. Up to six separate prclures 
may be stored in memory. The unit accepts color 
or black and white composite video from stan 
dard TV cameras and has RGB, composite or 
RF modulated video output. 

One distinctive feature of the Model 1200C IS 

the %bit parallel I10 ports for computer inter- 
face. This allows total access to each individual 
pixel by a host computer for image processrng, 
lransformation. storage and recall, and graphics. 
This port also allows the connection to a printer 
for black and white or color hard copy prcturc 
printing. 

The Model 1200C features touch sensitive 
front panel switches for full station control and 
several automatic functions for unmatched ease 
of use. Fine tuning. speed swilching and color 
or black and white detection are automatically 
accomplished without operator intervention. 

For further information. contact Robot Re 
search. Inc., 7591 Convoy Court. San Diego. 
California 921 11. 

Circle 1175 on Reader Service Card. 

bandpass duplexer 
Sincla~r Radio Laboratories' new P-4440E con1 

htnes the low loss of a Res-Lok aperture-coupled 
filter on transmit with the high selectivity ol  a 
combrner filter on recerve, rnnking 11 ;In ap 
propriate choice for single antenna operatron of 
tnlnking or cellular base stations. The Rcrs Lok 
four cavtty handpass section has typically 0.5 dB 

insertion loss and provides nearly 50 dB of noise 
suppression, which, when added to the typically 
35-40 dB noise suppression provided by most 
cavity ferrite transmitter combiners, provides 
nearly 90 dB noise suppression overall. The six. 
pole comb-line filter on the receive side provides 

over 85-dB carrier suppression, a figure which 
is more than adequate for most system applica~ 
lions. In addition, hoth the transmit and receive 
handpass windows are a full 15 MHz wide, a fact 
whrch allows sparrrig of this component on a 
multi site bass wrthout the need to have facilities 
lor retuning. 

For further information, contact Sinclair Radio 
Laboratories Inc.. 675 Ensrninger Road. 
Tonawanda. New York 14150. 

Circle 1312 on Reader Service Card. 

remote coax switch 
A remote coax switch for convenient switch- 

ing of up to tour antennas is now available from 
Heath. It mounts easily on a tower or mast and 
consists of a remote RF switching unit and an 
indoor control unit. The two units are connected 
by a single coaxial cable which handles both RF 
and control signals. The remote unit is rain tight 
and mounts wrth n single clamp. The control unit 
contains the power supply and provides  switch^ 
irig signals to the remote unit. The HD- lW1 
switch handles 2000 watts PEP with a VSWR 
of 1.15:l or less below 30 MHz. 

For complete details andlor to receive a free 
copy of the latest Heathkit catalog, contact 
Heath Company. Benton Harbor, Michigan 
49022. 

Circle A08 on Reader Service Card. 

"Decode-A-Pad" 
The Engineering Consulting touch tone to 

RS 232~C interface for home computers allows 
reception of all 16 DTMF touchtones as fast as 
they can be transmitted. The computer does all 
the work at 300 baud: each digit is displayed as 
it is transmitted. With the Decode-A~Pad. you 
can receive coded strings, decode any number 
of digits, and program as many multi-digit codes 
as you want all In BASIC. Sample programs 
to get you started are included In the price. 

Now you can use your handheld radio to con 
trol your computer, which can then be used to 
control your remote base or turn on and nff  
relays, for example. 

1 RESH S 70(,h - N O  1 :,UPtJL(J:, 
I TiqTED - FULLY GUARANTEED 

2-30MHz 12V I' =28VI 
I 4 , l l  r ti I . I  

20W 114.50 
80W 18.00 
80W 18.00 

tOOW 25.00 
ltOW 27.00 
150W 38.00 
25W 17.00 
25W 17.00 
13W 14.50 

150W 42.00 
30W 12.00 
30W 11.00 
SOW 12.00 
50W 12.00 

VHF TRANSlSTORS 
I . . , l '  8: ! .I 

1 SW s10.00 
tzw 12.00 
40W 13 50 
3 5W 10.00 
25W 15.00 

1 W 2.50 
30W 12.00 
30W 1500 
40W 16 00 
80W 25 00 
80W 25.00 

5 W 6.00 
30W 13.00 
70W 10 00 
1.8W 2.60 
0.5W ' 9.00 
1 5W 18.00 
25W 23 00 
40W 24 00 
60W 29.50 
BOW 29.50 

125W 37.00 
1 W 1.25 
4W 1000 

low 12.00 
4 W 6.00 

15W 7.00 
25W 9.00 
30W 9.50 
40W 1200 

TMOS FET 
30W 122.50 
30W 3500 

t50W 92.00 
150W 80.00 

BOW 65.00 
125W 88.00 

M ~ r i ~ l ~ ~ t r n i  111~1t'r X . ' I ~  *1,1,1 S., : < b i 8 ~ ) ~ s  , I , :  

WE SHIP SAME DAY C.O.D./VISAIMC I 
I ORDERS ONLY: 800-854-1 927 1 
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Panel Mount 

4"; shaft %"x3" 
Model TC2: Skirt 2-118"; 

Model TC3: Skirt 3"; 

,, l l b  
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The Model DAPl is priced at $89.95, which 
includes domestic shipping. 

For details, contact Engineering Consulting. 
583 Candlewood Street. Brea, California 92621. 

Circle 1107 on Reader Service Card. 

vented actuator boot 
The new OIK-PRO Boot from Paullin In- 

dustries offers improved actuator protection 
against condensation with new top and bottom 
"flow-thru" vents to relieve moisture. These 
boots, custom-designed for satellite actuators, 
are made of neoprene rubber with self-retrieving 
folds for longer life and improved ice removal. 
The extra-long life is the result of a heat-curing 
process that provides the highest infra-red, 
ozone, and ultraviolet test ratings. 

The OIK-PRO Actuator Boot has been 
redesigned to fit 1-1 18 x 2-1 14-inch actuators 
without adapters. Two ties are provided to seal 
the boot tighter, protecting the actuator equip- 
ment against moisture. dust, ice and rain. 

For more information, contact Paullin In- 
dustries, 1446 State Route 60, Ashland, Ohio 
44805. 

Circle 1307 on Reader Service Card. 

new Hamtronicsm catalog 
The 1985 mail order catalog from Harntronics 

features 40 pages of items of interest to the 
VHFlUHF/OSCAR enthusiast. Both new prod- 
ucts - including a simplex autopatch kit, a re- 
peater COR with courtesy beep, GaAs FET re- 
ceiver preamps, active antennas for scanners, 
and repeater PA kits - and thc firm's alrcady 
popular lines of FM and AM receivers and 800 
MHz scanner converters are described. 

For a free copy. contact Hamtronics. Inc., 
65-F Moul Road, Hilton. New York 14468-9535. 
(For overseas mailing, please send $2 or 4 IRCs.1 

Circle 1154 on Reader Service Card. 

Larsen's FB2-450 
Larsen's new FEi2.450 antenna features an ex 

clusive Kulrod T~~ teflon~coated finish for cor- 
rosion resistance and improved performance. 
The lightweight, fixed-base antenna is said to 
offer a reliable, economical alternative to larger 
base station antennas for a variety of base sta 
lion applications. 

The 518,over 1 ;2 wave collinear whip with 
four integral ground plane radials delivers 4.5 dB 

Tell 'em you saw it In H A M  RADIO1 



AT LAST A MINIATURE 
gain, compared to a 1 14-wave antenna on a suit- 
able ground plane. The FB2-450 operates in the 
450-470 MHz frequency range and ensures low 
loss with "N" type hardware. It comes complete 

with bracket and hose clamps for mounting on 
a 1-112 to 2-1 12-inch diameter pole. 

For more information, contact Larsen Anten- 
nas, P.O. Box 1799. Vancouver, Washington 
98668. 

Circle 1306 on Reader Service Card. 

direction finding accessory 
for VHFIUHF receivers 

Doppler Systems' latest line of radio direction 
finding units operates with any narrowband FM 
receiver in the 27 to 500 MHz range to provide 
fast location of interfering signals. No receiver 
modifications are' required- the direction finder 
connects to the receiver's antenna and external 
speaker jacks. 

BASE STATION AT A 
MINIATURE PRICEww I The MX-I 5 IS a 15-meter band SSB/CW hand-held lransce~rer. It I ( 

measures onlv 11/2" ID) * 254'' IHI and offers 300rnW for SSB 
and CW operation. ~'s in~le-conversion receiver ernploytng a 
MOS/FET front-end offers clear and sensttlve reception. As a 
base or portable station. the MX-15 offers an unllmlled challenge 
in QRP operation. Additional accessorles are available to extend 
your operation. 

The MX-15 comes with full 90 day warranty.-. isavailable 
from factory direct or HENRY RADI 

ACCESSORIES SUPPLIED 
Standard Frequency crystal of your choice 
6 DC. AAA Batteries 

Instruction sheet I DC Cable 

ACCESSORIES AVAILABLE 

MX Channel crystal.. . . (Standard Frequency) 
8 MS-1 External Speaker-Microphone 

Noise Blanker Kit 
NB-1 Side Tone Kit 
SP-15 Telescoping antenna 
2M2 DC-DC Converter set 
PR-1 Mobile Rack Kit 

w VX-15 External VXO lone crvstal s u ~ o l i e d )  . .  . 
I w PL-15 10W Linear ampl i f iers I 

P h o t o  s h o w n  MX-15. VX-15. PL-15. SP-15. MS-1 1 1  

r l s  l r ~ s ~ c i f ,  most HI-SSB transce~ver:; 

R e q u ~ r e s  human v o l c e  lo a c t ~ v a t e .  

I g n o r e s  s ta t ic .  nolse and h e t r o d y n e s  

Onloff s w i t c h  only-no a d j u s t m e n t s 1  
C o n n e c t s  t o  audio leads and 942 VDC. 

Four modes are available, providing a range Fully assembled and t e s t e d  $99.95. 
of optional display and remote output features: C o m p l e t e  w i t h  c o r n p r e h e n s ~ v e  manual. 
a 16 LED compass rose: a 3~digit bearing in 
degrees; an RS232C output for computer 

Used w o r l d w ~ d e  i n  c o m m e r c ~ a l  and m ~ l ~ t a r y  
t r a n s c e ~ v e r s  

analysis, triangulation, data logging, etc.: and r /  125 
,--~!Ts. -. 
I '--.I.. :. 1 COMMUNICATIONS. 5479 Jetport. Tampa, FL 33614 (813) 885-3996 
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short circuits 
microstrip program 

In K8UR's "Microstrip Impedance 
Program," (December, 1984, pages 
84-86] corrections should be made to 
lines 230 and 280 of fig 1. Line 230, 
ER [ - .0724 should read ER I - .0724. 
In line 280, 1 - .5) should read I - .5J. 
Line 80 in the HP67 program listing 
(fig. 2Bl should read: 

trap antenna 
In W4MB-s article "design your own 

trap antenna" (October, 1984, page 
37) the formula for Z, should be cor- 
rected to read as follows: 

Z,, = 60 (log, X,/D, - I )  

Also, do not confuse LN with (L(N1. 
They are different. LN = natural 
logarithm to the base e. 

This publication is 
available in microfo~n 

from University 

: ' Please send tnlormeljc~n slvrul thrre I~tlsa- 

--- 

Name_- - 

Cornpnnyllnrlllutlall 

pp -~ 

Address -. 

Cn1v - -- 

S t ~ t n .  ZIP-- 

phone _ . 

Call toll-lrw 800.521.3004. b Mlrhsy~n.  
Alask~ imtl Ilitwn8t call < nllwl 11'I-7R1-4700. Or 
miall lnqwrv ICI I'ntvmr.;ll$ \ttr.n,hlm* Inlcrnnlconal. 
3m Norlh 7mI1 H , s c l .  Ann Arlx~r. \I1 4810F,. 

P 
br~ngs the top to you 

)u with 
)P 
nted de 
- I L  _ -- 

sign. 
-..-A** 

its patel 
F& tne u~t~mate "on rne grourlo 
service and antenna installation, 
a RQHN "Fold-Over" Tower is your 
besf buy. Your safetv comes first v,;+" 
"Fold-Over. ! details 

a synthesized voice output. The speech syn- 
thesizer is designed for mobile use, as it 
eliminates the need for the driver to watch the 
display. 

The system operates by continuously sum- 
ming the outputs of four antennas, simulating 
the motion of a single rotating antenna. As the 
simulated antenna moves toward the RF source. 
an increase in the apparent signal frequency oc- 
curs, and as the antenna moves away from the 
source, this frequency decreases. This up-down 
(Doppler1 frequency shift is detected by the FM 
receiver and is present as a 300 Hz tone on the 
audio output. The phase of the tone is measured 
and used to compute the bearing without affect- 
ing the normal operation of the receiver. 

For more information contact Doppler 
Systems, 5540 E. Charter Oak. Scottsdale, 
Arizona 85254. 

Circle #305 on Reader Sewice Card. 

RTTYICW computer 
interface 

A new RTTYICW deluxe computer interface, 
featuring variable tuning for all shifts and built- 
in RS-232 compatibility FM-AM modes of opera- 
tion, is available from MFJ Enterprises. Inc. 

'"I,, I 

write: 

The MFJ-1229 features a 16-LED crosshair 
mark and space tuning array that simulates a 
scope ellipse for easy, accurate tuning even 
under poor signal-to-noise conditions. It also 
operates in both FM and AM modes, using FM 
for general use, off-shift copy, drifting signals 
and moderate signal and QRM levels, and AM 
for weak-signal conditions or when there are 
strong stations nearby. The MFJ-1229 transmits 
on both 170 and 850 Hz with variable shift tun- 
ing as well as push-bunon 170 Hz for added con- 
venience and versatility. 

The 1229 can be used with most home com- 
puters and with a large variety of software. 

Additional features include AFSK and FSK 
keying, front panel sensitivity control, a nor- 
mallreverse switch that eliminates retuning while 
checking for inverted RTTY, mark and space 
outputs for true scope tuning, and a Kantronics- 
compatible socket. 

All inputs are buffered and can be inverted us- 
ing an internal DIP switch. External trim pots are 
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accessible from the rear, allowing adjustment of 
the audio input levels. The MFJ-1229 uses 18 
VDC or 110 VAC with an optional AC adaptor. 
The interface measures 12-112 x 2-112 x 6 in- 
ches and is housed in a black aluminum cabinet 
with a brushed aluminum front. 

For more information on the MFJ-1229 Deluxe 
RTTYICW Computer Interface, contact MFJ 
Enterprises, Inc., 921 Louisville Road, Starkville, 
Mississippi 39759. 

Circle 1173 on Reader Service Card. 

Great Circle slide 
Xantek has announced the availability of a 

Great Circle Slide for its DX EDGE' . Used with 
the DX EDGE, this slide lets stations determine 
beam headings (great circle bearings) to any 
location in the world with enough accuracy for 
almost any purpose. It also shows the beam 
heading to use for pointing an antenna along the 
Gray Line. 

Slides are available for latitudes of 60. 50, 40, 
30. 20, and 10 degrees (all north or southl, and 
0 degrees (the equator). (Order the slide for the 
latitude nearest your station.) 

Each slide shows 16 true great circles spaced 
at intervals of 22.112 degrees. Both the short 
path and long path are shown. The same size 
as the DX EDGE map, the slide is made of thin 
transparent vinyl so that it fits over the map and 
under the monthly slide. The price of the Great 
Circle Slide is $3.00 when purchased together 
with the DX EDGE and $5.00 when purchased 
separately. Prices include shipping and handling. 

For further information, contact Xantec. Inc.. 
P.O. Box 834, Madison Square Station. New 
York, NY 10159. 

Circle 1304 on Reader Service Card. 

interface development 
system 

The 'eZ SYSTEM' is a low cost, simple and 
practical hardware development systern that pro- 
vides quick access to a personal computer's bus 
expansion slot for rapid circuit development. The 
system features three major components: the 'eZ 
BOARD.' a solderless prototyping board that 

connects to the expansion slot of the micro-com- 
puter through an integral 18-inch flat cable, al- 
lowing the user to work freely without interfer- 
ing with their systern unit; the 'eZ CARD.' a 
prototyping board that features a fully buffered 
address, data and control bus, and the 'eZ 
BOOK,' a helpful technical guide to the com- 
puter system and contains several practical, use- 
ful circuits for projects such as an A I D  conver- 
sion, parallel port, and joystick interface. 

The eZ System is available for the IBM-PC and 
XT, for Apple, and Commodore computers, or 
other computers housing the same bus 
arrangement. 

For further information, contact Sabadia Ex- 
port Corporation, P.O. Box 1132. Yorba Linda, 
California 92686. 

Circle 1302 on Reader Service Card. 

do-it-yourself autopatch 
KIE Enterprises has developed a simplex tele- 

phone autopatch system called "LETUS- 
PATCH" for the VIC-20 or Commodore-64 com- 
puters. The system (not including the cost of the 
computer or the transceiver] can be built for less 
than $50.00. 

Features of the autopatch include multiple- 
user "up codes" with individual long-distance 
privilege designation, general admission "up 
codes." busy phone and ringing phone indica- 
tion (on or off). Also included are answer or in- 
terrupt busy phone "up codes," automatic ID'er, 
remote enableldisable capabilities, and voice 
delay switching of the phone conversation for 
those with slow response transceivers. 

For those whose telephone service no longer 
requires dialing a "1" before the area code, a 
prefixlarea code table per "up code" can be 
added. All phone numbers used are logged onto 
cassette tape by "up code," date, and time to 
comply with FCC requirements and to allow mul- 
tiple user toll charge distribution when cross-ref- 
erenced with your phone bill. 

The program, written in BASIC, requires ap- 
proximately 3K of memory. Extensive prefix or 
area code tables may require memory expansion 
for the VIC-20. 

The "do-it-yourself" package consists of cir 
cuit diagrams, circuit descriptions, parts lists, 
program listing, program narrative, and a cas- 
sette tape with a starter program ready to load. 
The price is S20.M). 

For more information, contact KIE Enterprises, 
P.O. Box 72. Running Springs. California 92382. 

Circle 1301 on Reader Service Card. 

actuator cable 
Nemal Electronics International has introduced 

a new line of direct burial actuator cable for 
satellite earth station and communications appli- 
cations. Each type provides the proper cabling 
for both motor power and sensorlcontrol in a 
single polyethylene jacket suitable for direct 

TS8301930 FILTERS 
We have rece~ved many unsol~c~ted reports prats- 
tng the perlormance of both the TS830S and the 
TS93OS alter ~nstallatlon of Fox Tanqo fllters 
In addttlon, these f~lters have rece~ved favorable 
Product Revlews In 0.71 (9183 and 4/83). were 
the sublect of a malor art~cle Strangle ORM in 
your TS830S In 7.? Magaz~ne (6183) and many 
reports 111 other nat~onal publ~cat~ons One ol the 
malor advantages 01 our 2 1 kHz SSB matched 
palr IS that they so Improve VET operatton that 
the need for (and expense of) CW fllters IS 
el~m~nated lor all but Ihe most ded~cat~d CW 
operators For the laner our 400 Hz CW matched 
palr IS the f~nest ava~lable 

Get the best from Fox Tango. 
PRICE BREAK! 

COMPLETE MATCHED PAIR FILTER KITS 
I IKR31I 7 1 01 11K'l. l l l  ,I 1 l r i l  i S l l  ,1,11t CW $1101~211 
I TKR30 4 0 0 1  lIK'1:ln 400 Itr, itr111r.11~6 CW II%PIT 51'~01p,~11 
rTKR30? 114W 0, I l K ' I R O ?  ti4W lhnlh ol ahnve 

SPPCIIY R1q and Randw~dth dcs~r?d whrn nrt(rr8np 
Sh#~lp#ng SurlaCF &7 [r:lln add $1) A8r $5. Ovcrscns 510 
III~CIII~ r~s8drnts adit SU'm, Salrr Tar 

IMMFOIATE SHIPMFNT - Orw Yea1 Warranty 

GO 'OHANGO - e M run1 
We accept VISAJMASTERCARO 

fl 189 
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AVAlLA BLE 
NOW 

"_ .I 

I THE 1985 
ARRL 

' HANDBOOK 
1. It's BRAND NEW 

2. It 's BIGGER. Over 1024 pages. 

3. It 's EXPANDED. Covers everything from basic electronics 
to esorterlc radio gear. 

4. It 's chockfull of NEW PROJECTS. 

5. It 's the MOST COMPLETE reference text ava~lable. 

6. Get your copy TODAY. 

$1 5.00 (plus $3 50 sh,pp!n) 

ORDER YOURS TODAY 

ham 
Q 

r a d i o m ~ B O O K S T O R E  GREENvlLLE N t i  03048 (603) 878-1441 

burial. Nemal ST-1 consists of 2 conductors of 
16 gauge and 2 conductors of 22 gauge with foil 
shield and drain wire: ST-2 contains 2 conduc- 
tors of 12 gauge and 3 conductors of 22 gauge 
with foil shield and drain wire. Nemal also offers 
a line of five types of satellite control cables 
which contain motor, sensor, polarotor, and 
coaxial signal lines. 

For additional information, contact Nemal 
Electronics International. Inc., 12240 N. E. 14th 
Avenue, North Miami, Florida 33161. 

Circle H66 o n  Reader Service Card. 

reverse burst accessory 
Communications Specialists has introduced 

the RE-1 reverse burst accessory. The RE- l  
eliminates the long squelch tail heard with some 
reed type and other sub-tone decoders. Used in 
conjunction with decoders that offer squelch tail 
elimination, the RB- l  will delay the transmitter 
turn-off time and reverse the phase of the en- 

coded tone, immediately stopping the decoder 
and eliminating the squelch tail. The RE-1 is 
available from stock and sells for $14.95. 
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For more information, contact Communica- 
tions Specialists, Inc. . 426 West Taft Avenue. 
Orange. California 92665-4296. 

Circle 1120 on Reader Service Card. 

8-pole crystal filters 
International Radio Inc. has announced its line 

of 8-pole crystal filters designed to improve the 
selectivrty in Keriwood and ICOM products. 
Designed with low insertion loss and ripple. the 
filters offer excellent selectivity and shape fac- 
tor. Filers are available for both SSB and CW 
operation, and depending on the radio, can be 
t:ither 1st or 2nd IF or cascaded. 

For niore information, contact International 
Radio Inc.. 1532 S.E. Village Green Drive, Port 
St. Lucle. Florida 33452. 

Circle 1109 on Reader Service Card. 

VHF F M  monitor receiver 
Ace Communications. Inc. has introduced a 

new VHF FM monitor receiver, model AR-33. 
The AR-33 is a featherweight microprocessor 
controlled VHF FM portable receiver covering the 
140 to 170 MHz band in 5 kHz steps. Frequen- 
cies are selected by a thumbwheel switch and 
slide swltch for 5 kHz Increments. The receiver 
~mploys CMOS microprocessor technology to 
offer a variety of features at an economical price. 

MICP' , :#I? I A # ,  Dqsh 

KANTRONICS 
UTU lnlnrtacl t i .  C-hallcnqer 

. . .  . .  

n ; : : .  ~n~ 

I M A I L  ALL ORDERS TO BARRY ELECTRONICS CORP.. 512 BROADWAY. NEW YORK CITY. NY 1~12_11 
W. Sl-k If& ARRL. AIpha, Amco. A n t m a  Sp.rlallsls. A.l.lc. 

commvn,c.,,m, S W  C m e c l a r .  Covcrclnll C u a k l r f l  
A s V M  B 1 1. 8 L W 8a.h 8anCh-l 81,d Bvfl.lnvl COE CES Cdl lnl .  

018rn uenttrn ol(tmnc Dlrrr n o  ,r\tpna,. ~ l m a c  ~ n c m r n .  w.11 
Sou!%d. Hrcl ~~~~l~~ (Nar l lo f l lC~t  Hy Gnln, lcom KLM. I.nllOnlCl. 
L n t ~ ~ ~ n  (Olliwnl. MFJ J W Mlilr!. M l n  Plodtact5 MltWa. 
N ~ . w l r m l c r  Nye  V l b l # q  Pllornlr. RF  P~O~UI-II. 8.010 A m l l e ~ I  C l l l k m * .  

R ~ L W ~ ~ I  L ~ ~ ~ ~ ~ ~ .  s ~ . o ~ . .  bnvlr rrlc.. i,mm 10" ~ s c  

Cc,,nmerc<ni Hadlor Yaow Y M o ~ l n ~ . . C u r , ~ r  Tll it Wacorn Ouplalorl. 
To**" HC l'owo!. Trlrlrllr TUflCS W2AU Ua111,. Wlllon Varlu Hnm and I 

Rnwnler., Pla.lps llulrm Irt>om lnlntconlr S r l s ~ n l s  Crritnlr . RmO4o 1 ,  I nu7nonl:t:r l,lS15 M~:LAYUIMF;POA ['."'.. ,-z...$~~** ( P ~ ~ h " c . l l m r  

ZHOII IWAVE ONT~NNA!I II AF(.l  IYFRS W t  HOW STOCK COMMERCII I  COMYUWICLTIOHS SISTEMS I 
IWYllEl Spilnq S1 51.1800 L l k A L L H I N I U I I I I L I .  N . i l l t l l  PhL3-t INYOUHCIHLI IPb81 R t l M H I I I I 5 I I l  

Sub.l. B U T  Prlnrr Sf 51.11Qn 
IN" F Trnln 81" SIa!>on 

C O W M I I C I I L  1A010S  .twb.# b m.rrl0.d en ~r.rnlm.. 

Bus Broadway 86 l o  Sprlng St 
Amateur Radio Courses Olven On Our Pmmises. Call 

P.,b-s,b.,-,* ... q,., "" Lxpon 0rd.r. Shlm..d Imm.dlm1.lv. TLLEX 12 7 8 7 0  

as well as small size and light weight. The ac- 
tual size of the receiver is approximately 
5 114 . 2-112 . 1.118 inches 1130 x 63 7 

26 mrnl and weighs less than 200 grams. 
For further information, contact Ace Com- 

munications, Inc., 22511 Aspan Street. Lake 
Forest, California 92630. 

Circle 1164 on Reader Service Card. 

More Details? CHECK-OFF Page 128 

' .., ' , ' ,  , . ,. . , ., I ,,! , f ' 

Ama teu r  Radio O p e r a t o r  N A M E S  
. . ,  . . . , , . . , _ , , . . r , . . I  , . . ,  , . - Grographlr ny ZIP and or S t r l r  

R v  LlCPnsr  l c s u ~  Or EIPI~RIIOII DRIP 
SPI! st , ,  A 1 x 7  l.,!,,*l< 

Total List 453.000 Price: S25IThousand 

B u c k m a s t e r  Publishing 186 ;:... ( , ) I ,  .. ' I .  -. ,I .A ' i . - '  8 I . ,  ,< ' , ,  d.. : .  .-. 
b 

SAY YOU SAW IT 

HAM RADIO 

Microwave Test Equipment 
RMSG S ~ g n a l  Generators 8 
Pd,~r~ual lu~ i lng 8-30 ,,w~v+I ,* :n 

VDC Input 1 lo  7 volt 
uutput to luned deteclor 

narrow bnt?d eluclr~c;~l . , a s  
lunlng -I. 3 7 - 4 2  GHZ 
$51 16 -5, 2 3-2 45 GHZ $6116 w ~ l h  
I~nl lery c l ~ p  a r ~ d  on ol l  swllch, -2. -6. 
553 95, $63 95 
RMVO Voltage Tuned Oscillators 
+ 12 VDC b ~ d s  -1  to -12 VDC tunlng 
1 ' ' x l '~z"  PCB -1. 2 1-2 5 GHZ, $24 95 . .2. 1 8-2 1 GHZ. $24.95. 
RMVA Variable Attenuator 
10 lo  60 DO, 1 to 6 GHZ. $14.95. 
Also Test Antennas. D~ode Deleclors. 
Dual Dlreclional Couplers, and Llne 
Stretchers 

ROENSCH MICROWAVE 
A R .  I. Box 1568. PI1 816.963-2550 
BROOKFIELD. MISSOURI 64628 ,/ 128 
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BIG ON PERFORMANCE 1 
SMALL ON SPACE 1 

MODELS FROM 160-10 METERS 

NO TUNERS! NO RADIALS! 
PERFECT FOR LIMITED SPACE 

APPLICATIONS: BOATS, APARTMENTS, 
VACATION HOMES AND MORE. 

........................ 80-meter 63.95 plus 4 75 sh~pp~ng 
'40-meter ......................... 52.95 plus 3 75 sh~pp~ng 

ASK FOR PRICES ON OTHER MODELS 

BlLAL COMPANY " 165 
S.R. 2, BOX 62, DEPT. 10 

EUCHA, OK 74342 
(91 8) 253-4094 @B 

'See Ocl 1984 of 73 Maguirre for a product revlewt 

8 POLE CRYSTAL FILTERS FOR 
KENWOOD, ICOM, AND YAESU RADIOS 

KENWOOD 
2 1 kHz SSB for TS 930 or TS 830 matched set $149 99 
400 Hz CW lor TS 930 or TS 830 matched set $149 99 
2 1 kHz SSB la11 end IF cascade k ~ l  (8 extra poles) tor the 
TS 430 TS I20 and TS 130 $79 00 
2 1 kHz 8 pole xtal l~lter for Ihe R 1000 $129 00 
2 1 kHz 8 pole xtal f~lter tor the R 2000 $139 00 
400 Hz CW (8 pole) xlai fllter for the R 2000 $99 00 
TS 930 NEW FM KIT True fm xmlt & rcv 30 walls rx 
better than 2 uv sensltlvlty W~red and lested f 139 00 
ICOM 
2 1 kHz SSB and 400 Hz CW 8 pole xtal filter for the 
IL 730 740 745 R70 and R71 radios $99 00 

YAESU 
2 1 kHz SSB 8 pole xtal f~lter lor the FT 980 F~lter for 
FT 757 ava~lable soon $99 00 

ICOM. Kenwood newsleners 1 year $9 00 US ($12 flrst class 
mall) $13 elsewhere SASE lor details 

Wheo ordertng please specify rad~o and crystal filler ordered 
Please add $3 for shlpp~ng and handl~ng USA $5 alr mall COD 
add $1 75 $10 overseas FL restdents add 5% sales tax 

INTERNATIONAL RADIO, INC. 
1532 SE V~llage Green Dr 
Port St Luc~e, FL 33452 

(305) 335-5545 r /  109 

cuts and easy to follow study mater~al Obla~n- 
Ing the General Rad~o Telephone L~cense can 
be a snap1 Sample exams also sectron cover- 
ing Radar Endorsement 
A small ~nvestment for a h~gh-pay~ng career In 

SPI-RO DISTRIBUTING 
P 0 Box 1538 

Hendersonv~lle. N. C 28793 

products 

voice operated squelch 
CMC Communications offers a Voice Opera- 

ted Squelch on a small circuit board for mount- 
ing inside most SSB transceivers and receivers. 
The VOS requires that different and select com- 
ponents of the voice spectrum to be present at 
the same time to operate. It ignores heterodynes 
and noise, regardless of level, yet it is extreme- 
ly sensitive to weak signals when the human 
voice is present. All adjustments are made at the 
factory and a remote onloff switch is provided. 
Simple connections are made to the AF Gain 
Control and 9 or 12 VDC. 

For further information, contact CMC Com- 
munications, Inc., 5479 Jetport Industrial Blvd., 
Tampa, Florida 33614. 

Circle 1125 on Reader Service Card. 

dipole handbook 
The Dandy Dipole from Microwave Filter is a 

new 24-page handbook for constructing over 180 
variations of the oldest, most reliable, and 
simplest Amateur Radio antenna known. It 
shows where and how to place it, how to quickly 
design a multiband dipole - using traps - 
without guessing at the wire lengths. 

The S191 

Dandy A Handbook for Ihe ~ o n s ~ i u c ~ , o n .  ~un,og ~ n d  
Opeiabon 01 the Oldest Most Economrcal and Dipole ReltabC Amateur Radio Aolenna 

The mulll-band trapped dipole: 183 band 
combinations 
The inverted " V "  
Dopale components: ~nrulatorr ,  balunr. 
Imps, w,,e 

By. Danlsl Sostick (WAZZYR) 

*?i:'1+WF~ , Donald Shatraw 

The contents include computing the wire 
length and pruning to resonant frequency; 
proper height for best SWR and radiation; the 
multiband trapped dipole, 183 band combina- 
tions (complete wiring tables); inverted "V"and 
dipole components as insulators, baluns, traps 
and wire. 

The book was written by Daniel Bostick, 
WAPZYR, and Donald Shatraw, Microwave 
Filter Company technical consultants. 

The cost is $3.95 plus $1 .OO for shipping. For 
more information, contact Microwave Filter 
Company, Inc., 6743 Kinne Street, East 
Syracuse, New York 13057. 

Circle 1148 on Reader Service Card. 

The Hidden Signals 
on Satellite TV 
by Tom Harrington, W80MV, 
and Bob Cooper, VP5D 

Owners of TVRO systems may be unaware of 
the multitude of signals carried by geostationary 
satellites. Besides the video services, these 
signals include audio and teletype news services, 
high speed data systems, teletext, and stock 
services, to name just a few. 

Access to these signals is actually very easy. 
It can be accomplished simply by tuning the 
audio subcarrier control on many of the TVRO 
tuners currently being sold. With the addition 
of an FM stereo tuner, high quality stereo serv- 
ices can also be received and enjoyed by TVRO 
owners. 

This book starts off with an introductory 
chapter that gives the reader a brief history of 
satellite communications, describes multiplexed 
audio and data signals, and lists the various types 
of transmissions. A spectrum overview from 
0-30.000 MHz and a description of where the 
"hidden signals" are also provided. 

Chapter Two delves into the technical "nitty 
gritty" of audio subcarriers, how they get there 
and how they can be found. In addition to a 
technical description, a review of several dif- 
ferent pieces of commercial gear currently 
available to decode this subcarrier information 
is provided. A program listing by service and 
satellite is also included. Charts, graphs, and 
oscilloscope photographs are all provided to help 
you set your station. 

Chapter Three discusses telephone ISSBI 
FDM) systems, their use, and your responsi- 
bilities in receiving these services. There are cur- 
rently two types of voice and data signal chan- 
nels on satellites these days. The most common 
uses SSB run through a frequency division multi- 
plexer. This spectrum-efficient system allows 
many different signals to be combined together 
into a single signal for transmission to a satellite. 





I BEAM ANTENNA HANDBOOK 

YOU WANT IT? 
DAN'S GOT IT! 

by Bill Orr, W6SAl 
Recomtnended readlnq Commonly asked questtons llke What 1s me best 
element spac~ng? Can dltlrrent yagl antennas be stacked wlthout loslng per- 
formance7 Do monoband beams outperform Irtbanders' These questions 
and more are lully answered Lots 01 constructlon prolects diagrams. and 
photos 198 paqes 1983 5th edllton 
I IRP-BA Softbound $7.95 

E l  '91 

- 

SIMPLE LOW-COST WIRE ANTENNAS 
by Bill brr, W6SAl 

Learn how to bulld slmple economical wlre antennas Apartment dwellers 
take notel Fool your landlord and your ne~ghbors wllh some 01 the lnvls 
~b le  ' antennas lound hrrr  Well dlaqrammed 192 pages 1972 2nd 
edlhon 
I RP-WA Softbound $7.95 

KENWOOD 

a 

I THE RADIO AMATEUR ANTENNA HANDBOOK 
bv William I. Orr. W6SAl and Stuart Cowan. W 2 U  

ALL OF THESE GOODIES AN0 MANY MORE 
AT A SUPER SAVINGS! 

CALL TODAY 

I (8001 241-2027 
BRITT'S 2-WAY RADIO 

Sales & Serv~ce 
2508 Atlanta Street 

SMYRNA, GA. 30080 
(404) 432-8006 f l  171 

Contalns lots ol well ~lluslrated constructlon prolects tor venlcal lonq wlre 
and HFNHF beam antennas There IS an honest l~rdgment 01 antenna galn 
llgures lnlormat~on on the best and worst anlenna locarlons and he~ghts a 
long look at the quad vs the yagt antenna ~nlormat~on on baluns and how 
to use them and new lnlormallon on the poplllar Sloper and Uplta Loop 
antennas The text IS based on proven data plus practical on the all expert- 
rncp 190 pages 1978 1st edttton 
1 IRP-AH Softbound 57.95 I ALL ABOUT CUBICAL OUAD ANTENNAS 

bv Bill On. W6SAI - New 3rd Edition 
lncludes NEW data for WARC bands 
The cub~ral quad antenna 15 considerat by rnany lo br the best OX antenna 
because of 11s slmple l~qhtwe~ght des~gn and hlqh perlormance You II l ~ n d  
quad deslgns lor evprythlnq from the s~ngle element to the multi-element 
monster quad There s a wealth ol data on constructlon feed~ng, tunlng. 
and mounttng quad antennas 112 pages 1982 3rd ed~tton 
I IRP-CQ Softbound $6.95 
Plerse ddd $1 50 lur one book $7 50 lor Iwo 01 tliore t~uok< 
to covrr shtpplng and handltng 

Ham Radio's Bookstore Greenville. NH 03048 

ELECTRONIC Equipment? 
You'll FInd Them 

in the Nation's No. I 
Etcctronic Shopper Magazine 

N U T S  & VOLTS 
Now in Our 5th Yaar 

Nuts & Volts is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSIFIEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 

SUBSGRIPTION RATES 
One Year - 3rd Class Mail . . . . . . . . . . . . . . . . $10.00 
One Year - l s t  Class Mail. . . . . . . . . . . . . . . . . $15.00 
One Year - Canada & Mexico (in U.S. Funds) . . $18.00 
Lifetime - 3rd Class Mail (U.S. Only) . . . . . . . . . $35.00 

ORDER NOW? 
ti CHECK U MONEY ORDER 

MASTERCARD 

NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA. CALIFORNIA 92670 
(7 14) 632-772 1 

N d m e  

Addrerr 

City 

State ZIP 

Card Nu 

krp Datr 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Deoler Inquiries Invited r, 149 
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July 27 thru Aug. 9,1985 
O u r  26/11 vecrr 

TAKE A VACATION WITH 
A PURPOSE THIS YEAR 

Jo in  s tudcn~r  f rorn  around the wor ld  at 
OAK HILL A C A D E M Y  

A M A T E U R  R A D I O  SESSION 
Instructors C E R T l  F l E D  VE's 

Over 25 years o f  successful teaching experience 
meant  upgrading is as easy as 1-2-3. 

Y o u r  vacation is  spent in the beaut i fu l  B lue 
Ridge Mounta ins o f  V i rg in ia  w i th  expert in- 
structors i n  friendly surroundingsand withex- 
cellent accommodations. 

Oak  Hi l la lsohasa hamlabsetupfora l l touse.  
Courses o f fered are: 

Nov ice t o  General 
General o r  Tech t o  Advanced 
Advanced t o  Ex t ra  

Lea rn  - d o n  '1 j u s t  memorize the answers t o  
the exom questions. 

C. L PETERS. K4DNJ. O~reclor 
Oak Hlll Acaaemv Amaleur Radio Sesslon 
Box 43 
Mouth 01 Wolson. VA 24363 

I Name - Call - - I 
I 

I Address- -- I 
I 

I CitylSlalslZlp - I 
.- 

I._----------------------------------! 

NOW 
NOW'S THE TIME TO GET YOUR 1985 

Radio Amateur Callbooks 
NORTH AMERICAN CALLBOOK FOREIGN CALLBOOK 
The New North Alller~can Callbook now cu~i ld~~ts CanadIan 
and Mexican as well as all US Rad~o Amateurs Fully up- 
dated with all the lalesl callslgns and addresses. Ed~led lo 
ensure accuracy Includes handy sla!ior~ a~dh . 1984 
' ,CB-US85 Softbo~ftd $21.95 

Order Both and SAVE even more 
Regular Price $42.90 

Ihc Only sol 
updalcd and 

CB-F85 

Please  a d d  $3.50 S h i p p i n g  6 H a n d l i n g  I 
ham 
radiomwazim~BOOKSTORE I 

GREENVILLE, NH 03048 (603) 878-1441 1 
\ 1 
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Use Y o u r  W i r e l e s s  
Control t&3* 

FROM ANY RooM!!!JBR 

LIKE HAVING A SATELLITE RECEIVER, VCR, 
CABLE TV. A N D  VIDEO DISC IN EVERY 
R O O M !  . .... 1, . . .  2 ' .  I '. - 

. .  . / .. 1: 8 . .  . 
: 8 .  , I ,  . , .  MODEL 370 - 
.,... , .-. . .. 8 ,  1, I.. .."'I 

..,,. ... . I . ,  I l l . .  
. ,/.-. . . ,. ..,,, ._ , * .,,,.. $7995 

~ - . ' ,  .,:. , ..;. 1 .  . . .  :.: 
, .  . . . . I :  ; . , , : .  . ,  P lus  S3.00 
! .:. '.,.1 

,.. . sh ipp lng & handl ing . ' ,  . ... : I . .  . 

MERRIMAC 
SATELLITE ,, 195 !$ - 

PACKET RADIO 
THRU SOFTWARE 

AX.25 Protocol 

~ ~ n c h r o n o u :  Packet Rad io  Us ing I h e  Software 
Approach AX.25 Protocol  TRS-80 Mode l  1,3 a n d  4 

By Bob Richardson. W4UCH 

You can get on Packet Radio two, ways. One is with a 
sophisticated "black box''. The other IS by mak~ng your com- 
puter act like a "black box" by programming 11 in a high level 
machine language code. W4UCH has written a machine language 
progarn for the Radlo Shack TRS-80 Models 1.  3 and 4 com- 
puter (Model 4 works w~ th  Model 3 dlsk while in Model 3 mode). 
Thls book has twelve chapters plus seven appendices that take 
you step by step through the process of setting your computer 
to first convert the digital lnforrnation into a usable format and 
then to decode the inforrnat~on. 

. 1984 3rd edition 
I RE-AX Softbound $21.95 

PROGRAM NOW AVAILABLE IN DISK FORM 
' IRE-MI Model 1 Disk $29.00 
' IRE-MIII Model 111 & 4 Disk $29.00 

1 RE-BD SPECIAL BOOK AND DISK $49.95 
(Spec~ty d~sc; ~ o d .  I or Mod 111) SAVE $2 

Please add $3 for s h ~ p p ~ n g  

HAM RADIO'S BOOKSTORE 
G r e e n v ~ l l e ,  NH 03048 

Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Otlzcr A M S A T  Monhcrslrip Rorclfits: 

O R B I T  Magazine Subscription: 
Dependahlc. technical articlrs, satcllitc news, 
orbital product rc.vii-ws. D X  nrws,  
and more. 

Satell i te T rack ing  Soft ivare 
Available for most popular I'Cs. 

QSL Bureau, A M S A T  Nets, Area Coordinator 
Support, Fo rum Ta lks  

Construct ion of Future Satell i tes For Your  
Enjoyment!  

A M S A T  Membersh ip  is 924 a yrar, $26 out- 
side N o r t h  America. VISA and  MC accrpt td .  

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 

J 192 



i z April 26.27.28. 1985 
5' Hara Arena and Exhibition Center 
t a 8 Dayton. Ohio 
n 

+ Giant 3-Day Flea Market + FCC Examinations * n Forum 
Starting Noon Friday * New Products and Exhibits * Personal Computer Forum 
All Day Saturday and Sunday * Grand Banquet * Int'l. VHF/UHF Conference * Alternative Activities * CW Proficiency Awards 

* Technical F o ~ m s  * Electrical Safety Forum * Amateur of Year Award 
* ARRL and FCC Forums * Special Group Meetings * Special Achievement Awards 

Meet your amateur radio friends from all over the world a t  the inter- 
nationally famous Dayton HAMVENTION. 

Seating will be limited for the Grand Banquet and Entertainment on 
Saturday evening so please make reservations early. Noted humorist 
Jean F! Sheperd. K20RS. will return for his third appearance as 
Banquet Speaker. His presentation promises to be outstanding in an 
all new banquet program format. 

ADMISSION 
58 In advance. 5 I 0  at door. 

(Val~d for all 3 days) 
BANQU€r' 

5 14 in advance. 5 16 at door. 
FlEA MARKET SPACE 

5 17 In advance. 
(Valid for all 3 days) 

Checks for advance registration to  

Nominations are requested for Radio Amateur of the Year, Special \ &arts ~an . ' l .  198.5. - J 
Achievement and Technical Excellence Awards. Nomination forms 
are available from Award Chairman. Box 44. Dayton. Ohio 45401 and must be returned by April 1. 1985. 

If you have registered within the last 3 years you will receive a bro- 
chure in January. If not. write Box 44. Dayton. OH 45401. 

Dayton HAMVENTION 
Box 2205. Dayton. Ohio 45401 

Realstratlon urocwlnd 

Mail registration to: FCC Exams. 203 Bellewood St. 
s 

Dayton. OH 45406 Sponsored by 
The Dayton Amateur Radio Association. I~c .  

For special motel rates and reservations write to Hamvention Housing. Box 1288. Dayton. OH 45402. 
NO RESERVATIONS WILL BE ACCEPTED BY TELEPHONE. 

All other inquiries write Box 44. Dayton. OH 
FCC EXAMS 4540 1 or phone (5 13) 433-7720. 

\ A free slide and canetee show is available for your meetings. Request "Slide Application" from DAM Box 44. Dayton. OH 45401 1 

All elements to  be administered. Advanced registra- 
tion only. DEADLINE TO REGISTER: March 27. 1985. 
' S4.O0 check or order made payable 

ARRVVEC 
Completed 610 form with copy of license 
Indicate preferred sitting time: Sat. 9 a.m.. 
Sat. 1 ~.rn.,Sun.ga.m. 

M o r e  Details? CHECK - OFF Page 128 February 1985 113 

Flea Market spaces will be sold in advance 
ONLY. NO spaces sold at gate. Entrance for 
set-up available starting Thunday. Special 
Flea Market telephone (51 3) 223-0923. 

Bring your family and enjoy a great 
weekend in Davton. 
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T Y P E  PRICE 

TUBES 
--. TYPE -- PRICE TYPE PRICE - 

2C3917289 S 34.00 1182/4600A $500.00 ML7815AL $ 60.00 
2E26 7.95 4600A 500.00 7843 107.00 
LKL8 200.00 4624 310.00 7854 130.00 
3- 500Z 102.00 4657 84.00 ML7855KAL 125.00 
3- 1000Z/8164 400.00 4662 100.00 7984 14.95 
3B28/866A 9.50 4665 500.00 8072 84.00 
3CX4OOU7/8961 255.00 4687 P.O.R. 8106 5.00 
3CX1000A7/8283 526.00 5675 42.00 8117A 225.00 
3CX3000F1/8239 567.00 572 1 250.00 8121 110.00 
3CW30000H7 1700.00 5768 125.00 8122 110.00 
3X2500A3 473.00 5819 119.00 8134 470.00 
3X3000F1 567.00 5836 232.50 8156 12.00 
4-65AItj165 69.00 5837 232.50 8233 60.00 
4-125A/4D21 79.00 586 1 140.00 8236 35.00 
4-250AI5D22 98.00 5867A 185.00 8295/PL172 500.00 
4-400A/8438 98.00 5868/AX9902 270.00 8458 35.00 
4-400B17527 110.00 5876/A 42.00 8462 130.00 
4-4OOCl6775 110.00 5881/6L6 8.00 8505A 95.00 
4-1000A/8166 444.00 5893 60.00 8533W 136.00 
4CX250B/7203 54.00 5894/A 54.00 8560/A 75.00 
4CX250FG/8621 75.00 5894B/8737 54.00 8560AS 100.00 
4CX250K/8245 125.00 5946 395.00 8608 38.00 
4CX250R/7580W 90.00 6083/AZ9909 95.00 8624 100.00 
4CX300A/8167 170.00 614616146A 8.50 8637 70.00 
4CX350A/8321 110.00 6146B/8298 10.50 8643 83.00 
4CX35OF/8322 115.00 6146W/7212 17.95 8647 168.00 
4CX350FJ/8904 140.00 6156 110.00 8683 95.00 
4CX600J/8809 835.00 6159 13.85 8877 465.00 
4CX1000A/8168 242.50* 6159B 23.50 8908 13.00 
4CX1000A/8168 485.00 6161 325.00 8950 13.00 
4CX1500B/8660 555.00 6280 42.50 8930 137.00 
4CX5000A/8170 1100.00 6291 180.00 6L6 Metal 25.00 
4CX10000D/8171 1255.00 6293 24.00 6L6GC 5.03 
4CX15000A/8281 1500.00 6326 P.O.R. 6CA7/EL34 5.38 
4CW8OOF 710.00 6360/A 5.75 6CL6 3.50 
4D32 240.00 6399 540.00 6DJ8 2.50 
4E27A/5- 125B 240.00 6550A 10.00 6DQ5 6.58 
4PR60A 200.00 6883B/8032A/8552 10.00 6GF5 5.85 
4PR60B 345.00 6897 160.00 6GJ5A 6.20 
4PR65A/8187 175.00 6907 79.00 6GK6 6.00 
4PR1000A/H189 590.00 6922/6DJ8 5.00 6HB5 6.00 
4X150A17034 60.00 6939 22.00 6HF5 8.73 
4X15OD/7609 95.00 7094 250.00 6JG6A 6.28 
4X250B 45.00 7117 38.50 6JM6 6.00 
4X250F 45.00 7203 P.O.R. 6JN6 6.00 
4X500A 412.00 7 2 1 1  100.00 6JS6C 7.25 
5CX1500A 660.00 7213 300.00* 6KN6 5.05 
KT88 27.50 7214 300.00* 6KD6 8.25 
416B 45.00 7271 135.00 6LF6 7.00 
416C 62.50 7289/2C39 34.00 6LQ6G.E. 7.00 
572B/T160L 49.95 7325 P.O.R. 6LQ6/6MJ6 S y l v a n i a  9.00 
59213-200A3 211.00 7360 13.50 6ME6 8.90 
807 8.50 7377 85.00 12AT7 3.50 
81 1A 15.00 7408 2.50 12AX7 3.00 
812A 29.00 7609 95.00 12BY7 5.00 
813 50.00 7735 36.00 12JB6A 6.50 

NOTE * = USED TUBE NOTE P.O.R. = PRICE ON REQUEST 

"ALL PARTS MAY BE NEW, USED, O R  SURPLUS. PARTS MAY BE SUBSTITUTED WITH COMPARABLE PARTS I F  WE 
ARE OUT OF STOCK OF AN ITEM. 

NOTICE: ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. 

For information call: (602) 242-3037 

Toll Free Number A I I  parts may be new or 

800-528-01 80 
surplus and par ts  may be 
substltuted w ~ t h  comparable parts 
11 we are out of stock of an Item ' 

m- electroqcs 
(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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"FILTERS" 
COLLINS Mechanical Fi 1 ter #526-9724-010 FIODEL F455Z32F 

455mz at 3.2KHz wide. May be other rncdels h t  equivalent. May be used or new. $15.99 

ATLAS Crystal Fi 1 ters 
5.595-2.7/8/LSB, 5.595-2.7/ISB 
8 ple 2.7KHz wide Upper sidebard. Impedence 8000h 15pf In/8000h Opf out. 19.99 

5.595-2.7/8/U, 5.595-2.7/USB 
8 ple 2.7Khz wide Up= sidebard. Impedence 80001rms 15pf In/8000hs Opf out. 19.99 
5.595-.500/4, 5.595-. 500/4/CW 
4 ple 500 cycles wide CW. Impedance 800oh 15pf 1n/800oh Opf out. 19.99 

9.0USB/Cw 
6 ple 2.7KHz wide at 6dB. Impedance 6800b 7pf In/3000hs 8pf out. CW-1599Hz 19.99 

KOKUSAI ELECTRIC CO, Mechanical Filter #!IF-455-ZL/ZU-21H 
455KHz at Center Frequency of 453.5KC. Carrier Frequency of 455KHz 2.36KC Bandwidth. 
Upper sidebard. (ZU) 19.99 
I o w e r  sideband. (ZL) 19.99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRYSTAL F I LTERS 
NIKKO FX-0780W 7.8i.M~ $lo.O!J 
' I 73  FM3-103-2 10.6935MH~ 10.00 
SDK SCH-113A 11.2735MH~ 10.00 
TN.1A TF-3lH250 CF 3179.3KHz 19.99 
TYCO/CD 001019880 10.7MHz 2 ~ 1 e  15KHz bardwidth 5.00 
m R O L A  4884863B01 11.7MHz 2p1e 15KHz bandwidth 5.00 
PTI 5350C 12MHz 2ple 15KHz bandwidth 5.00 
PTI 5426C 21.4MHz 2ple 15KHz bardwidth 5.00 
PTI 1479 10.7MIIz 8ple bardwidth 7.5KHz at 3dB, 5KHz at 6dB 20.00 
cfXlTCH A10300 45MHz 2p1e 15KHz lxdwidth 6.00 
EaC FXXF-15700 20.6MHz 36KHz wide 10.00 
FILTECH 2131 CF 7.825MHz 10.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CERAPlIC FILTERS 
AYEL 4F449 12.6KC Bardpass Filter 3dB bandwidth 1.6KHz from 11.8-13.4KHz 10.00 
CLEVITE TD-OlA 455KHz+-2Wz kindwidth 4-7% at 3dB 5.00 

m4-12D36A 455KIIztMIz bandwidth 6dB min 12KHz, 60dB mx 36KHz 10.00 
MURATA BFB455B 455KIIz 2.50 

BFB4 5 5L 455KH~ 3.50 
CF'M455E 455KHz t5.5KHz at MB , t8KIIz at 6dB , t16KHz at 50dB 6.65 
CF'M4 55D 455KHz t7KHz at 3dB , tlOKHz at 6dB , t20KHz at 50dB 6.65 
CFR4 5 5E 455KHz t5.5KHz at 3dB , t8KHz at 6dB , t16KHz at 60dB 8.00 
CFU455B 455KHz t2KHz bandwidth tl5KHz at 6dB, +-30KHz at 4WB 2.90 
CFU455C 455KHz t2KHz bandwidth t12.5KH.z at 6dB , t24KHz at 4WB 2.90 
CFU455G 455KHz t N z  bandwidth t4.5KHz at 6dB , tlOKHz at 4WB 2.90 
W455H 455KHz tlKHz bardwidth t3IQIz at 6dB , t9KHz at 4WB 2.90 
CFU455I 455KHz tlKHz bardwidth t-2KHz at 6dB , +-6KHz at 4WB 2.90 
CTW455D 455KHz t1OKHz at 6dB , t20KIIz at 40dB 2.90 
CTW455H 455KHz t3KHz at €dB , t9KHz at 40dR 2.90 
SF8455D 455KHz 2.50 
SFD4 55D 455KHz t2KHz , 3dB bandwidth 4.5KHz +-LKHz 5.00 
SFE10.7MA 10.7MHz 280KHz t50KHz at 3dB , 650KHz at 2WB 2.50 
SFE10.7MS 10,7MHz 230KHz t50KHz at 3dB , 570KHz at 2WB 2.50 
SFG10.7MA 10.7MHz 10.00 

NIPPON LF-B4/CFV4551 455KHz tlKHz 2.90 
LF-B6/CFU4 55H 4 55KHz tlIcHz 2.90 
LF-B8 455KH~ 2.90 
LF-C18 455KHz 10.00 

'IDKIN CF455q/BmT455K 455KHz t2KHz 5.00 
MATSUSHIRA PC-IA55K 455KH~ 7.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPECTRA PHYSICS INC, Plodel 088 HeNe LASER TUBES 
E'aJER OCPrPUT 1.6Md. BEAM Dm. .75MM BEAM DIR. 2.7m ijKV ST4RTTNG VOLTAQ DC 
68K OHM lhIATT BALLAST lOOOVDC tlOOVDC At 3.7MA $59.99 

ROTRON MUFF IN FANS Model MARK4/rIU2A1 
115VAC 14'rIATIS 50/60BS IMPEDENCE PROTM3TED-F 8SqFM at 50BS $ 7.99 
1 0 5 m  at 60CPS TI~ESE ARE NEW 

Toll Free Number All parts may be new or 

JMTz electrorycs 800.528-OI&IO 
surplus,  a n d  par ts  may be  
substltuted w ~ t h  comparable parts 
~f we are out of stock of  an Item 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE (For Orders *"Iy) For information call: (602) 242-3037 
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More Details? CHECK-OFF Page 128 February 1985 115 



I 

RF TRANSISTORS 
71'PE PRICE TYPE - - - PRICE ' IWE ?IpE PRICE - 
2N1561 $25.00 2N5920 $ 70.00 40608 RCA $ 2.48 BFYgO $ 1.50 
2N 1562 25.00 
ZN1692 25.00 
2N2857 1 .55  
2N2857JAN 4 .10  
2N2857JANTX 4.50 
2N2876 13.50 
2NL947 18 .35  
2N2948 13.00 
2N2949 15.50 
LN3118 5.00 
2N3119 4.00 
2N3134 1.15 
2N3287 4 .90  
2N3288 4.40 
2NJJ09 4 .85  
2N3375 17.10 
2N3478 2 .13  
2N3557 1.55 
2N 355 3 JAN 2.90 
LN3632 15.50 
2N1733 11.00 
2N3818 5.00 
2N3866 1 .30  
2N3866JAN 2.20 
2N3866JANTX 3.80 
2N3866JANTXV 4.70  
2N3866AJANTXV 5.30 
2N3924 3.35 
2N3926 16.10 
2N3927 17.25 
2N3948 1.75 
2N3950 25.00 
2N3959 3.85 
2N4012 11.00 
2N4037 2.00 
2N4041 14.00 
2N4072 1.80 
2N4080 4.53 
2N4127 21.00 
2N4416 2.25 
2N4427 1.25 
2N4428 1.85 
2N4430 11.80 
2N4927 3.90 
2N4957 3.45 
2N4959 2.30 
2N5016 18.40 
2N5026 15.00 
2N5070 18.40 
2N5090 13.80 
2N5108 3.45 
2N5109 1.70 
2N5160 3.45 
2N5177 21.62 
2N5179 1.04 
2N5216 56.00 
2N5470 75.00 
2N5583 3.45 
2N5589 9.77 
2N5590 10.92 
2N559 1 13.80 
2N5596 99.00 
LN5636 12.00 
2N5637 15.50 
2N5641 12.42 
2N5642 14.03 
2N5643 25.50 
2N5645 13.80 
2N5646 20.70 
2N5651 11.05 
2N5691 18.00 
2N5764 27.00 
2N5836 3.45 
2N5842 8 .45  
2N5847 19 .90  
2N5849 20.00 
2N59 11  3.25 
2N5916 36.00 

Toll Free Number ,,, 

709-2 
711 
733-2 
798-2 
342 1 
3683Pl 
3992 
4164P1 
4243Pl 
4340P3 
4387Pl 
7104-1 
7249-2 
7283-1 
7536-1 
7794-1 
7795 
7795-1 
7796-1 
7797-1 
40081 RCA 
40279 RCA 
40280 RCA 
40281 RCA 
40282 RCA 
40290 RCA 
40292 RCA 
40294 RCA 
40341 RCA 

parts may be new ot 

40673 RCA 2 .50  BLW6OC5 15.00 
40894 RCA 1.00 BLX67 12 .25  
60247 RCA 25.00 BLX67C3 12.25 
61206 RCA 100.00 BLX93C3 22.21 
62800A RCA 60.00  BLY87A 7.50 
62803 KCA 100.00 BLY88C3 13 .08  
430414/3990RC~ 50.00 BLY89C 13.00  
3457159 RCA 20.00 BLY90 45.00 
3729685-2 RCA 75.00 BLY92 13.30 
3729701-2 RCA 50.00 BLY94C 45.00  
3753883 RCA 50.00 BLY351 10 .00  
615467-902 25.00 BLY56RClCF 30.00 
615467-903 40.00 CZbI70-28R 92.70  
2SC5b8 2.50 C25-28 57.00 
2SC703 36.00 C4005 2.50 
2SC756A 7.50 CD1659 20.00 
2SC781 2 .80  CD1899 20.00 
2SC1018 1 .00  CD1920 10.00 
2SC1042 24 .00  CD2188 18.00 
2SC1070 2 .50  CD2545 24.00 
2SC1216 2 .50  CD2664A 16.00 
2SC1239 2.50 CD3167 92 .70  
2SC1251 24 .00  CD335J 95 .00  
2SC1306 2 - 9 0  CD3435 26 .30  
2SC1307 5.50 ~ ~ 3 9 0 0  152.95  
2SC1424 2.80 CM25-12 20 .00  
2SC1600 5.00 CMhO-12 27.90 
2SC1678 2 - 0 0  CM40-28 56 .90  
2SC1729 32.40 CME50-12 30.00 
2SC1760 1.50 CTC2001 42.00 
2SC1909 4.00 CTC2005 55.00 
2SC1945 10.00 CTC3005 70.00 
2SC1946 40 .00  CTC3460 20.00 
2SC1947 10.00 DV2820S 25.00 
2SC1970 2.50 DXL1003P70 22.00 
2SC1974 4.00 DXL2001P70 19.00 
2SC2166 5.50 DXL2002P70 14.00 
2SC2237 32.00 DXL350LAPIOOF 47.00 
2SC2695 47.00 ~ F J h 0 1 5  12.00 
A2X1698 POR EFJ4017 24.00 
A3-12 14 .45  EFJ4021 24.00 
A50-12 24.00 EFJ4026 35.00 
A209 10.00 EN15745 20.00 
A283 b.00 F.19540 16.00 
A283H 6 .00  FSX52WF 58.00 
A1610 19.00 G6.5739 25.00 
AF102 2.50 G65386 15 .00  
Am12 2.50 GM0290A 2 .50  
AR7115 20.00 HEP76 4 .95  
AT41435-5 6 .  35 HEPS3002 11 .40  
82-62 10.70 HEPS3003 30.00 
83-12 10.85 HEPS3005 10.00 
B12-12 1 5 - 7 0  HEPS3006 19 .90  
HAL0204125 152.95 HEPS300I 25.00 
BF25-35 56.25 HEPS3010 11.34 
840-12 19.25 HF8003 10.00 
B70-12 55.00 HFET2204 I 12.00 
HF272A 2.50 HP35821 38.00 
BF(!85 2.50 HP35826B 32.00 
BFR2 1 2.50 HP35826E 32.00 
BFR90 1.00 HP35831E 30.0(: 
HFR9 1 1 .65  HP35812E 50.00 
HFRY 9 2.50 HP35833E 50.00 
HFTl2 2.50 HP35859E 75.00 
HFW 16A 2.50 HP35866E 44.00 
BFW17 2.50 tlXTR2 10 1 44.00 
KFW92 1.50 HXTR3101 7.00 
HFX44 2.50 HXTR5101 31.00 
BFX48 2 .50  HXTR6 104 68.00 
RFX65 2.50 HXTR6105 31.00 
BFX84 2.50 HXTR6106 33.00 
HFX85 2.50 5310 1.00 
HFX86 2.50 .702000 10.00 
BFX89 1 - 0 0  J02001 25 .00  
HFY 11 2 - 5 0  504045 24.00 
BFY 18 2 - 5 0  KD5522 25.00 
BFY19 2.50 KJ5522 25.00 
BFY39 2 .50  M1106 13.75 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus and parts may be 
substttuted with comparable parts 

(For orders only) ~f we are out of stock of an Item 

For information call: (602) 242-3037 

116 February 1985 Tell 'em you saw it in HAM RADIO! 



Toll Free Number AII parts may be new or 

800-528-01 80 surp lus  and  par ts  may be 
subst~tuted with comparable parts 

( F ~ ~  only) 
lf we are out of stock of a h e m  

For information call: (602) 242-3037 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

L 

More Details? CHECK-OFF Page 128 

4 
RF TRANSISTORS (CONTINUED) 

MI107 $16.75 MRF458 $20.70 NE0216011R $100.00 SD1009 $15.00 
M1131 5.15 MRF464 25.30 NE021350 5.30 SD1009-2 15.00 
M1132 7.25 MRF466 18.97 NE13783 61.00 SD1012 10.00 
M1134 13.40 MRF472 1.50 NE21889 43.00 SD1012-3 10 .00  
M9116 29.10 MRF475 3.10 NE57835 5.70 SD1012-5 10.00 
M9579 6.00 MRF476 3.16 NE64360iiR-A 100.00 SD1013 10.00 
M9580 7.95 MRF477 20.00 NF64480 ( B )  94.00 SD1013-3 10.00 
M9587 7.00 MKF479 8 .05  NE73436 2.50 SD1013-7 10.00 
MY 588 5.20 MRF492 23.00 NE7736211R 100.00 SD1016 15.00 
M9622 5.95 MRF502 1 - 0 4  NE982601CR 100.00 SD1016-5 15.00 
MY 62 3 7.95 MRF503 6.00 PRT8637 25.00 SD1018-4 13.00 
M9624 9 .95  MRF504 7.00 PT3127A 5.00 SD1018-6 13.00 
MY625 15.95 MRF509 5.00 PT3127B 5.00 SD1018-7 13.00 
M9630 14.00 MRF511 10.69 PT3127C 20.00 SD101.8-15 13.00 
M9740 27.90 MRF515 2.00 PT3127D 20.00 SD1020-5 10.00 
M9741 27.90 MRF517 2.00 P1'3127E 20.00 SD1028 15.00 
M9755 16.00 MRF525 3.45 PT3190 20.00 SD1030 12.00 
M9780 5.50 MRF559 1.76 1'1'3194 20 .00  SD1030-2 12.00 
MY827 11.00 MRF587 11.00 PT3195 20.00 SD1040 5 .00  
M9848 15.00 MRF605 7.80 SD1040-2 20.00 20.00 PT3537 
MY850 13.50 EMF618 25.00 P'r4166t 20.00 SD1040-4 10.00 
MY851 20.00 MRF626 12.00 I'T4176I1 25.00 SD1040-6 5.00 
M9860 8 .25  MRF628 8.65 l"~'41861i 5.00 SD1043 12.00 
M9887 2.80 MRF62Y 3 .45  PT4209 25.00 SD1043-1 10.00 
M9908 6 . 9 5  MRF641 2 5 . j 0  P'1'4209(:'5645 25.00 SD1045 3.75 
M9965 12.00 MRF644 27.60 PT4556 24.60 SlI1049-1 2.00 
PDf1500 25.00 MRF646 29.90 P'S4570 7.50 SD1053 4.00 
MM1550 10.00 MRF648 33.35 ~ ' ~ 4 5 7 7  20.00 SD1057 10.00 
MM1552 50.00 MRF816 15.00 P'r4590 5.00 SD1065 4.75 
MM1553 50.00 MRF82 3 20.00 P'14612 20.00 SD1068 15.00 
MM1607 8.45 MRF846 44.85 P.1'4628 20.00 5111074-2 18.00 
MMlhl4 10.00 MRF892 35. 50 ~'1 '4640 20 .00  SD1074-4 28 .00  
MMl810 15.00 MRF894 46 .00  PT4642 20.00 SD1074-5 28 .00  
MM1810 15.00 MRF90l J Lead 1.00 1'7'5632 4.70 St11076 18.50 
MM1941 I .8O MRF901 4 Lead 2.00 ~ ~ 5 7 4 9  25.00 501077 4.00 
MM2hO8 5.00 MRF902/2~6603~AN 15.00 P'1'6612 25.00 SD1077-4 4.00 
MM3375A 17.10 MRF902H 18.40 l'T6619 20.00 SD1077-6 4.00 
MM4429 10.00 MRF904 2 .  30  l"T6708 25.00 SD1078-6 24.00 
MM8000 1.15 MKF905 2 .  5 5 l"r6 709 25.00 SD1080-7 7.50 
MM80O6 2. 30 MRF9 L I 2.50 PT6720 25.00 SD1080-8 6.00 
MM80 11 25.00 MRF965 2.55 I"C8510 15.00 SD1080-9 3.00 
MPSU31 1.01 MRF966 3.55 I"S8524 25.00 SD1084 8.00 
MRA202 3-1.5 42.50 MRFIOOOMA 32.77 p'r8609 25.00 SD1087 15.00 
MRF 134 10.50 MRP1004M 31.05 P'C8633 25.00 SD1088 22.00 
MRF136 16.00 MRF2001 41.74 l"r8639 25.00 SD1088-8 22.00 
MRF17l 35.00 MRF2005 54.9 7 fJ'r86 59 25.00 SD1089-5 15.00 
MRF208 11.50 MRF5176 24.00 ~'1 '8679 25.00 SD1090 15.00 
MRF2 I L 16.10 MRF8004 2. 10 1 1 ~ 8 7 0 8  20.00 SD1094 15.00 
MRF22 I 10.00 MSC1720-12 225.00 PT8709 20.00 SD1095 15.00 
MRF223 13.00 MSC1821-3 125.00 1 1 ~ 8 7 2 7  29.00 SD1098-1 30.00 
MRF22S 13.50 MSC1821-10 225.00 ~'1'8731 25.00 SDllOO 5.00 
MRE'227 3.45 MSC2001 30.00 l"1'8742 19.10 SD1109 18.00 
MRF2 30 2.00 MSC2010 93.00 l"T8787 25.00 SD1115-2 7.50 
MRF2Jl 10.00 MSC2223-I0 245.00 P'r8828 25.00 SD1115-3 7.50 
MR172 32 1 2 - 0 7  MSC2302 ['OR I'T9700 25.00 SD1115-7 2.10 
MRF2 17 5 MSC3000 35.00 l"r9 702 25.00 S1)1116 5.00 
MKF? 58 13.80 MSC3001 38.00 l"r9783 16.50 SD1118 22.00 
MKF239 L 7.15 MSC72002 ~ ' O K  784 32.70 ~111119 5.00 
MRF24 5 35.65 MSC73001 !'OR l'r9790 56.00 SD1124 50.00 
MRF247 3 1 .00  MSC800h4 35.00 I"r3108 I 20.00 SD1132-I 15.00 
MRF304 36.00 MSC8009 1 10.00 I"13196L 20.00 SD1132-4 12.00 
MRF 306 50.00 MSC80099 20.00 SD1133- 9.50 1. 00 T'TX6680 
MRF313 11.15 MSC80593 ['OR RE3754 25.00 SD1133-1 10.00 
MR1231 4 29.21 MSC80758 I'OK RE3789 25.00 SD1134-1 2.50 
MRF315 28.86 MSC820Ol 33.00 RF35 1 6 - 0 0  SD1134-4 12.00 
MRF3 16 55.43 MSC82014 3j.OU KFR5 17.50 SD1134-17 12 .00  
EIRF317 61.94 MSC82020M 170.00 KFI I0 21.00 SD1135 10.25 
MRF412 18.00 MSC820 30 31.00 S50-12 23.80 ~ ~ 1 1 3 5 - 3  12.00 
MRF420 20.12 MSC83001 40.00 53006 15.00 SD1136 12.50 
MRF421 25.00 MSC83003 82.00 53007 10.00 SD1136-2 12.50 
MRE'422 38.00 MSC83005 70.00 S3031 2 2 - 0 0  SD1143-1 10.00 
MRF427 17.25 MS(:830Zh I'OR SCA352L 5.00 SD1143-3 17.00 
MRF428 63.00 MSC83J03 5 .00  SD1144 4.00 !'OK SCA352 3 
MRF433 12.07 MSC84400 5.00 SD1145-5 15.00 60.00 SD345 
MRF449IA 12.65 MT4150 14.40 SD445 5 .00  SD1146 15.00 
MRF450/A 14.17 MT5126 25.00 SD1004 15.00 SD1147 15.00 
MRF452lA 17.00 MT5596(2N) 99.00 SD1007 15.00 SD1188 10.00 
MRF453/A 18.40 MT5768(2N) 95.00 SD1007-2 15.00 SD1189 24.00 
MRF454/A 20.12 ~ ~ 8 7 6 2  25.00 SD1007-4 15.00 SD1200 1.50 
MRt455/A 16.00 NE02136 2.00 SD1007-5 15.00 SDl20l-2 15.00 
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E.F. JOHNSON ROLLER INDUCTORS 

7- 

MOflEL 229-0201-01 MODEL 229-0202-01 * 
lOUH a t  3AMPS MAX. $36.99 l8UH a t  5AMPS MAX. $44.99 $ .................................................... 

NI -CAD BATTERY CHARGERS I 

UNIVERSAL CHARGER $19.99 

I UNELCO,SEMCO,ARCO METAL CLAD MICA CAPACITORS 

Standard S Ize  M i c r o  S i z e  
3.9 14 33 62 175 5 25 
4.7 15 34 68 180 6 2 7 
5 18 36 75 200 7 33 
5.1 20 38 80 220 8 36 
6.8 22 3 9 82 240 9 51 
7 24 40 100 250 12 62 
8.2 25 4 3 110 300 15 
9.1 27 44 120 360 16 
10 27.5 47 123 470 18 
11 28 50 125 500 20 

********NOTE ALL VALUES LISTED IN  PIC0 FARAD******** 
PRICE INFORMATION 
1 t o  10 $ .90ea. 11 t o  5 1  $.80ea. 52 t o  102 $.70ea. 
103 and up c a l l  

................................................... 
GOULO NI-CAD BATTERIES 

AA s i z e  1.2% a t  500mahr new a $ 1.99 
0 s i z e 1 . 2 5 v a t 4 A M P H R  new h 7.49 

GENERAL ELECTRIC NI-CAD BATTERIES 
AA s i z e  1 . 2 5 ~  a t  500mahr new a 2.99 
195194 3 . 7 5 ~  a t  lOOmahr new 1.99 
AA s i z e  3.7% a t  lOOmahr new a 2.99 
AA s i z e  pack o f  10 1 2 . 5 ~  
a t  450mahr used a 5.99 
Sub C Pack o f  10 1 2 . 5  
a t  2.5Amphr new c 9.99 

MALLORY CHARGER 

%". EVEREADY CHARGER 

UNION CARBIDE NI-CAD BATTERIES 
193817 3 . 7 5 ~  a t  225mahr new a 2.99 

GLOBE GEL-CELL BATTERIES 
2v a t  8AMPHR GC280 new g 5.99 
12v a t  ZOAMPHR GC12200 new 49.99 
12v a t  23AMPHR GC12300 new 54.99 

EAGLE PICHER GEL-CELL BATTERIES 
12v a t  1.5AMPHR CFlZV1.5 new d 11.99 

GATES SEALEO RECHARGEABLE LEAD ACID BATTERIES AND PACKS 
2v a t  2.5AMPHR D C e l l  new b 5.99 
8v a t  5AMPHR 4 X C e l l  used f 14.99 
12v a t  2.5AMPHR 6 0 C e l l s  new f 24.99 
18v a t  2.5AMPHR 9 0 C e l l s  new f 29.99 

GENERAL ELECTRIC SEALEO REACHARABLE LEAD ACID BATTERIES AND PACKS 
6v a t  2.5AMPHR 3 0 C e l l s  used e 10.00 
12v a t  2.5AMPHR 6 D C e l l s  used e 19.99 
12v a t  SAMPHR 6 X C e l l s  used e 24.99 

............................................................................................. 

Toll Free Number -AII  parts may be new or 

800-528-01 80 surplus,  and  parts m a y  be 
s ~ b ~ I ~ t u l e d  wlln comparable ~ a r t 5  

(For orders only) '1 we are out 01 sock o b n  "em 

gMGy_z electroqacs 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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BNC To 

RF Transistors (continued) 
$ ,,w %",,5,.2 5,,.t>" S W Z ' ? :  \ ." ,111 I D 1 2 ' ' H I I  

1.0" so,,,: 10.00 S l l l i l l  .".*, < , ! , l a ?  
I.,", >,>,4,2.' ,'."II S l l l l i '  "<#.<tC> %,3,26, 
,.tm \,,lrnH, " : o0.nn \", lo>-,  
I."" s,,,*r*-I i " .o"  IYY:"PI <,>.>(I , , > > I , >  
8.W S 1 , , ' 1 1  15."" SRr:,", ::.111 ,1,1?11.1 

1.11, ,111 h , "  21."11 \111>:15 li.'l" 7111111.2 

>.<>a <!!IG%b <I.c10 <RF>>64 :l.llil l i t l l l i - 4  

I.,", ,,,I&*' ,.$') i"Pl!hl lLO.lrn 1,111," * , -  I . W  L.",?!"! ',.,><# T , > , i ; f l - ,  
2:,0 ,,,ii**-* , . > o  '."F:>?! 0 . i i l i  5 , , , : , " - ,  

,.,<I ! , , , , i l ' - 1  I.," '1?21..1 .,".1111 L I , , ? , 9 . ,  

,:*I S D i i * "  21.1, \"12I'L III.III1 ,1112iP-l 

I . "  ' -  :I."" <"lllill 11..,111 < , 1 1 1  81.: 

I . IxI  ~ I I I & ~ I - )  11.00 \ W F ? l i i  :>.<lo '111211 
I.,x~ < I I I ~ X * - L I  >R.lW %RF:I*L i l l .0ll \ I I I ? R 1 - l  

1.00 I.P,',91., 1h.011 % " 1 2 I V I  :,.<10 %",11,.1 
:,.*1 \,l,l ,1111 1 3,.w> b"F*?.t .".i*i <",>8,-' 

25.D" 9,1,\,11-1 ,8.,,<1 SR,,>'? ,".,," 9111:"s-1 

" " ,  ,,.rm . .Yl?lh,H .".A0 ,L>L100-I 
111.1111 >,,,i,"., ,4,<#<> >R">8* ,  :.,.tM, ,I,,*"<,., 

: - 3  I1.1III IYI>RI>/2III"I 11.%1) 5111 111(1 

> t . o O  srzl ' , ln-2 !M,"<> SW:"5, 111.1111 7111 $01-1 

I,.,, S,8,&1".5 
11.1, 11'1'1<1 
11.15 5111.11.2 
t8.4," ,,>I& \' 
I"."" -.,IIG1'-, 

Relays 
Rannnn Plug Coax Cable RG-58 36 inch or BYC t o  N Coax Cable KC-58 36 inch. 

.$7.99 or 2 For $ 1 3 .  

-, Amphenol 
' Part P 316-10102-8 

I 
115Vac Type BNC DC t r l  3 (:tlz. 

2 Far $15.99 or 10 Far 560.00 OP! 

COAXIAL RELAY SWI'TCHES SPDT ~- -- -- -- -- 
FXR FXR 
Part I )DO-Ill82 I ' a r t  ti 100-1 1173 
120Vac Type RNC IDC La 4 CIIz .  I ?O \ ' a r  'l'vpr. HNC Snmo 

FSN 5985-543-1225 FSN 5985-541- 1850 

EPUI w r s m  C O D  m =mat urn 
F ~ O N  P m d m Q . U S  F m . M l - . a O . n W . u I . u I . O n Q  

COD: -UU bl  I- m ~UII P.- I m e u l -  -80 a bl UYI. y-. m - w .  CM We Y. .OIII WSTAOL Mlnlrnum shippl and hsndllnp In I N U  S . Cenada. and Mere0 lr U W  lorarwnd ahlp 
~ ~ o m r e . ~ ~ p n m # h c l . t m ~ o o ' ~  ~ ~ o ~ . ~ . n ~ - ~ u ~ r n l * . n d ~  m ~ r f d P v ~ l ~ c .  rnels.all olhercwnlrle$l~% 9 A,, rate, s,eava,Iablea, !lm tlmeol y w r c d w  A,, forelonarderr 

include 25% ol the ordered amount lor snlppIn9 and hsndllng COD'S are s h v W  AIR 

tnt-h CNIW on IM ~ m t u r m  e n s  PREPUD ORDERS: w r s  mu* b .CCWIWnIed 4 a C M k  

PRICES: RIm are aublkt to c h a w  WII1DYI nolice 

PURCHASEORDERS: Wa a-8 purchase waem w l v  when I N y  era ~ c W I P 4 3 9 5  4 a c h C k  

glwn out on our Wl numher 

SALES T U  ARlZOhA resldnl. m d l  am BY wla fa.. un1e.n a ro wd ARIZONA r e w e  I.# U f d  
81 ~ ~ f r e n l  I on I# e * Ih  ,. A a&#. pieced b wsone a l r  08 ol b.20h*  Lwl Os w e d  lo W 
00-5 n IUIZO~A ate ,LO IO IM 8.. 18 "3 lar  

wus - ~ t h r u ~ ~ ~ l l ) . r n  ~ o l m p n  9.1muw8m.m 404mon SliORIAOE OR DAMAOE All c l a lm  IW shcdaps w d.8n.w msl be rnbam.de wllhln 5 DAYS 01 

.w.w. 

~ # 1 C C O U I I : m m t M ! r a , m k u m r m M .  

O ~ M R  row& ww - I-. nn ~m!u*d dm .m & r a  pu- - W t i d  1- .*#.I. IW me entl(o order as we WIII coneldsr the ordea cornplnln 
l.zYa"l 

PARTS We remm IN rlghl lo auvallluta ar replaca any Ilm wllh w r t  ol equal w comp.r.bla OUR Bm NUMBER IS STRICTLY FOR ORDERS ONLY laMl520Ol80 INFoRMAT~ON CALLS ARE 

.p&iliUllon 
TAKEN ON (6921 2428818 or 8WZi 2423037 

I I 

--I For information call: (602) 242.3037 
A l l  pa r t s  m a y  b e  new or 

s u r p l u s  a n d  p a r t s  m a y  be Toll Free Number electrogcy substl luled wlthcomparable parts 
11 we are oul ol slock 01 an t lem 

800-528-01 80 
2111 W. CAMELBACK ROAD (For orders only) 

PHOENIX. ARIZONA 85015 1 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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Ham Radio's guide to help you find your local AM- 
California 

C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
-- 

AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
- 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-530, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO. FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names In Ham Radio 

Hawaii 
-- - 

HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

lllin ois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 930-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM STATION 
808 NORTH MAlN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Massachusetts 
James Millen Components by 
ANTENNAS ETC. 
I6  HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, bindng posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
6 1 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
- - 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livon~a, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite. 
Computer applications. 
Call Paul WDBAHO 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-530, Sat. 9-3 

- -  

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

NEW YORK 
ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
5 18-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Rad~o Store. 

VHF COMMUNICATIONS 
915 NORTH MAlN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

I I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Amateur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

UNIVERSAL AMATEUR RADIO. INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
614-866-4267 
Featur~ng Kenwood. Yaesu. Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
spec~al~sts. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Locallon for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird, Cushcralt. Beckman, 
Larsen. Hustler. Astron. Belden. 
Antenna Specialists. W2AUMI2VS. 
AEA, B&W. Amphenol. Saxton. J.W. 
MillerIDaiwa. Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP. PA 18707 
7 17-868-6565 
Lunar. M~crowave Modules. ARCOS. 
Astron. KLM. Tama. Tonna-F9FT. 
UHF UnitsIParabolic. Santec. Tokyo 
Hy-Power. Dentron. Mirage, 
Amphenol. Belden 

Texas 
-- 

MADISON ELECTRONICS SUPPLY 
1508 McKINNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

DYSAN' DISKETTES 
PREMIUM OUALIIT AT HUGE SAVINGS 

wllh labela snvsloms and rslnlorced huh; 
- 

DISK STOR holds 50  SS%' Dlaksttsa $ 1  2 85 + $2 00 s h l ~ ~ l n g  

PRINTERS 
.................... Panasonic KX-P 1090 S 2 I . 0 0  
.................... Panasonic KX-P 1091 $302.00 

Okidata ML-82A ............................ $305.00 

.............................. Okidata ML-84 $695.00 

Wrlte or call tor complete catalog on com- 
puters andlor books 

SHIPPING 5,." DISKEVES Add $300 p e r  
I00 Or 11)- PAYMENT VIS4 MIC Or 

checkwllh order CODordsrssddS2 00 $1 50  
CI~I I  on long dlalance phone orders TAXES 

LornpiPlely asIP,!hnleO anll .eady lo use' 
Conlm~rcial qunlily bu~ll 10 la51 Llghl. 

aelghl reair6 wealtlerprool traplsl 
-LOW loss enil ~nsulalor Handles up to 
2WO vans PEP Aulomalc band swll- 
chlng For all Iransm$nerr receivers 6 
lranrcewers Tuner usually never  re^ 
quire3 -Deluxe end teen connector. mlh 
but11 m lhghlnlng arrestor acceots PL.259 
coax connect01 Use  as slopef or venlcal 
- Permanent or portable use Easy to In- 
sldl -Can be used wlhou! radlals - At. 

$39 95 plus $4 W shtpvmg 

$54 95 plus $4 W sh8DplnO 

each end add S8 W to aMve prlce 

4 Band.40.20 15.10 meters 127') 1 IraoXVSd1 

5-Band-80.40.20 15.10 meters (52') 2 lraps NS.52 

M n RG 5au 52 ohm coax cable mth PL-259 Conneclor on 

we accept VISAIMC give Cardx. Exp data. Sm.lture " lo' 
SPI-RO DISTRIBUTORS. 

1 '  Room 103. P 0 Box 1538 I- 
I - - I Heodersonvllle. NC 28793 !--'-' 

by ALUMA 

Cmk Up 

80 FI. Alum. MDhl 1-140 
TELESCOPING ICRANK.UPI 

mod81 r-nun GUYEO ISIN K-UPI 
TILT-OVER MODELS 

Crank-ups to 100 11. 

I IF WE WERE YOU\ 

MODEL 6154 TERMALINER I 
I'D BUY FROM US 1 

YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT ATTENTION 

a s s o c i a t e s  
115 BELLARMINE 

ROCHESTER. MI 48063 

C A L L  T O L L  FREE 

800-521-2333 1 
IN MICHIGAN 313 - 375-0420 
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\ WAS $39.95 retail 
\ NOW $12.95 

SUPER deal with the publisher allows us to drop the price of the Bill 
Orr RADIO HANDBOOK to the low, low price of just $12.95! 

RADIO HANDBOOK by William Orr, WGSAI 
Some selected subjects covered include: 
Electronic Fundamentals FM and Repeaters 
Semiconductor Devices RFI 
Vacuum Tube Pr~nciples Equipment Design 
Special Microwave Tubes Transm~tter Keying and Control 
Radio Frequency Power Amplifiers Power Supplies 
SSB Transmission and Reception Radiation and Propagation 
Amplification of RF Energy The Transmission Line 
Frequency Synthesis Antenna Matching Systems 

HF General Purpose Antennas 
Fixed Directive .Arrays 
Rotary Beam Antennas 
VHF & UHF Antennas 
Test Equipment 
The Oscilloscope 
Construction Practices 
Electronics Math and Calculations 

This book certainly is one of the finest reference sources available today. The 
22nd edition reflects the very latest in state-of-the-art techniques in a compre- 
hensive single source reference book. Invaluable for hams, electronics techni- 
cians, design engineers, and hobbyists alike. Over 1,000 pages of information 
found in earlier editions plus more on antennas, amplifiers, theory, and semi- 
conductors to name just a few of the updated sections. The Radio Handbook is 
chock-full of practical, tested projects that run from high powered RF amplifiers 
and state-of-the-art equipment to "Weekender" type projects to upgrade overall 
station performance. This book will be of interest to all levels of electronic ex- 
pertise. At this special price, you can't afford to pass up a value like this. Order 
yours today. 1 136 pages. 0 1981. 22nd edition. 

n 21 874 Hardbound Limited qualities are available. Order now. $12.95 
Please add $3.50 to cover shipping & hanrllinn . .  - = -  

This is the very latest edition. No new edition is about to be issued. This is not a Close out. 

ham 
GREENVILLE, NH 03048 

BOOKSTORE (603) 878-1 441 
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s %d!% 
see+@ b 4& <& 

Keep those valuable 
Issues of Ham Rad~o 0 l~ke new. Prevent 
smears, tears and 
dog ears. B ~ n d  'em 
together and enjoy 
for years to come. 
You'll be happy you 
d ~ d l  

H A M  RADIO BINDERS 
Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col- 
lection of Ham Radio. Year 
stickers included. 
OHR-BDL $6.95 ea. 

3 for $17.95 
Please add $2 50 for shlpptng 

and handl~ng U S only 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, N H  03048 

hen complete your new address (or any 
ther correct~ons) In the space provtded 

Allow 4 6 weeks for 

Greenvllle N H  03048 

Yrs. enrcr rnv subscription to (iompu- [7 Makr ~ h d t  rwo "cars ar $ 2 5 .  
/er S m ~ t h  fbr  one vcar at $15. 

Chcck enclosed. Charge to credit card. 

r 

Name 

Street & No. 

2 

Now there's a hardware magazine pensive motorized wire-wrap tool and 
that's all about computers for people much more. 
who like to build their own. Computer During its premiere year, Computer 
Smyth's premiere issue is coming in Smyth will survey the more than two 
March 1985, providing all the pleas- dozen computer kits now available in 
ure, economy and satisfaction of the US. Kit builders will report on 
build-it-yourself projects that Hams many of them from the simplest 280 
know so well. CPU offerings to some of the newest 

Our authors take you inside the 68000, %?-bit machines. 
chips, talk about what they do and Computer Smyth is published by 
how they're controlled, and explain Audio Amateur Publications. publish- 
command options you may never have ers of Audio A m t e u r  and Speaker 
heard of before. Complrter Smyth's Builder magazines. All three are 
first quarterly issue begins a series on a reader-centered, hardware-intensive 
complete 280 based computer on publications whose editors believe that 
three 4x6'/1 " boards. which lets you a magazine's primary job is satisfying 
interface 3 'A . 5 and 8' floppy disks h e  reader not consumer marketing. 
in dL densities and track confiyra- Our magazines are run by tech enthu- 
tions. John Adams' series will include siasts not MBAs looking for profits. 
a switching power supply, a PROM Computer Smyth's editors pa ran -  
burner, a modem and software options tee that if you are unhappy with Com- 
for this rack-mount system. puter Smyth for any reason, your 

The first issue will also feature an money will be refunded upon requrKr. 
XIY plotter vou can build, an incx- 

Town State &P 

MCIVISA Card # 

wk Signature 

Computer Smyth Magazine fl 142 
PO Box 176 Peterborough, N H  03458 

Charge card orders: 1603) 924-9464 

CAYSON ELECTRONICS 
RT 3 BOX 160 Home Salell~le 
FULTON. MS 38843 Manulaclurer  8 

N o - A V T 8 0 - I O -  5 8.M- 25'6 -5199 8 5  
No.  A V T 1 0 . l O -  d Band- 1 8 ' 9  - 914985 
No. AVTZO-30- 3 Ban.- I l ' .  - %II'J 95 
( 2 - 3 0  MI?.. M O ~ L I S  - WII~.  for  In?  ) 

S E N D  F U L L  PRICE TOR PP DEL IN ' J S A  1C.n.d. 1% 
1 1 0  00 ex,,. ,or .o.l.De. tl.h.l. C".I.,rn. ,or order ".la. 

V I S A ,  MASTER C A R D  or AMER-EXP Pn l-308- 
236.~333 9 4 M . 6 P M  re.La.~$ W e  .No m 2-3 
days Plll Antenna. < u.r.nlced lo. l y e n  d.I 

WESTERI*  ELECTRONICS Ig4 
Rqsrney Ne. 68841 
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* lea" r-imiiij 

market 
RATES Noncommercial ads IOC per word; 

commercial ads 60C per word both payable 
in advance. No cash d i s c o u n t s  or agency c o m -  

m~ssions allowed 
HAMFESTS Sponsored by n o n - p r o f i t  o r -  

g a n i z a t i o n s  receive one f r e e  Flea M a r k e t  ad 
( s u b j e c t  to our e d i t i n g )  on a space available 
b a s i s  only. R e p e a t  insertions o f  h a m f e s t  ads 
pay t h e  non-commercial r a t e .  

C O P Y  No special layout or a r r a n g e m e n t s  

ava~lable. Material should be t y p e w r i t t e n  or 
clearly p r ~ n t e d  (not all c a p i t a l s )  and m u s t  i n -  

clude full name and address. We reserve the 
r~ght t o  r e j e c t  u n s u i t a b l e  copy. Ham Radio can- 
n o t  check each advertiser and t h u s  c a n n o t  be 
held responsible for claims made. L i a b i l i t y  f o r  

c o r r e c t n e s s  o f  m a t e r i a l  l i m i t e d  t o  c o r r e c t e d  ad 
in n e x t  available issue. 

DEADLINE 1 5 t h  of second preceding 
m o n t h .  

SEND MATERIAL TO: Flea M a r k e t ,  Ham 
Radio, Greenville, N. H. 03048. 

IBM-PC RTTY ASCIIIBAUDOTICW send and recelve Spill 
screen bulfe,s and features bnaucoup SASE to E Allme. 
773 Rosa. Me la~r~e  LA 70005 

CX7 REPAIRS. 415-549-9210 

WANTED: HP 478A Power head WOBJ. 2801, Wr~ght, North 
Platta NE 69101 

TRAVEL-PAK QSL KIT - Converts post cards, photos to 
OSLs Stamp brlngs c~rcular Sarnco Box 203-c, Wynantsk~ll. 
New York 12198 

WANT old antenna books handbooks. CO. pre-1940 OST 
Tad Cook. KT7H. 5519 - 12th N E Seattle. WA 98105 

CUSTOM MADE ernbroldered patches Any w e ,  shape. 
colors F~ve  patch rnlnlrnum Free sample. prlces and order- 
Ing ~nlormat!on Heln Spec~alties Inc , Dept 301. 4202 N 
Drake Ch~cago IL 60618 

WANTED: Old Crosley Radio Model 50 51. 52 8 "Pup" 
K4NBN No Bad News 

TUBES. Selling 40 year collection Advlse requirements for 
quotes Desperately need manuals lor Hall~crafters SX122A 
M Lavy 4141 Krupp Dr~ve. El Paso. Texas 79902 Apt One 

ATTENTION Builders: For sale Two 4CX250R17580W tubes 
wlth vlver bypass sockets (unused) low pmflle plale lran 2000 
v c I 112 a fllarnent lran , high cap I~llers, brldge rect~f~er 
$275 prepaid UPS Pr~slal money order only R E Peterson. 
W0POX 1302 5 Arlington Avs . Duluth, MN 5581 1 

Foreign Subscription Agents 
for Ham Radio Magazine 

l r r l n  lJrhrr 
Polffsrn 2454 

'>*",I <,rd?r\ ,r> 
linm Radio Maqa~rt i .  

rj IH' ,~ L O O C ~ ~ C ~  (,rrrrlvlt~p Nn i ~ 3 0 4 8  I I ~ A  

ndm Rid,,, r,.rmrny 
Yalln lJ*brl 
P ~ ~ l l l ,  n 745n 

Holland Radlo 

D ,850 1 0 4 r r 4 r h  
I s 1  Grscnway 

ws+ C,nrmany 
C.r.enwOs l~hannrchurq 
Rrn<lhllr of South Afrca 

TENNATEST - Antenna nose brldge - out performs others 
a( curate costs less satlsfacllon guaranteed $41 00 Send 
stamo for detalls WBUUR 1025 Wlldwood Road Qulncy MI 
49082 

NEW VLF CONVERTER by Kt RGO covers 2 kHz to 500 kHz 
AM broddcast rejection I00 dB at 1 MHz I f rejectton 130 
dB 3 5 4 0 MHz (L 101180) or 4 0 4 5 MHz (L 101170) I f tunlng 
ava~lable $49 00 poslpald cont US Free bochure LF 
Englneerlng Co 17 Jeffry Rd East Haven CT 06512 

RUBBER STAMPS. 3 llnes $4 50 PPD Send check or MO 
to G L P~erce 5521 B~rkdale Way San D~ego CA 921 17 
SASE brlngs ~nlormallon 

DIGITAL aulomallc dlsplays for Coll~ns Drake TS 5205 (func 
Ilona1 DG 5 replacemenl) and Swan 350C lhrough 700CX No 
~nslallatlon Pluqs Into exlstlng lacks and lube sockets (uslng 
extenders) FT 101 sand TS 520 models are easlly installed 
No drllllng SIX red 112 dlgtls In a 5 by 1 112 by 9 deep 
cablnetl Wr~le for ~nformal~on Grand Systems PO Box 2171 
Bla~ne Washlnglon 98230 1604) 530 4551 

REPAIR, ALIGNMENT, callbratton Colllns wrltlen estimates 
$25 non Colllns $50 KIMAN (207) 495-7215 

ATLAS 350XL owners group Send QSL card wllh sin your 
rl(l Know anyone who repalrs them? Have any techn~cal In 
forrnat~on to share? Any quest~ons? Ro(l N5NM Box 2169 
S.rnta Fe NM 87504 

CHASSIS and cab~nel k ~ l s  SASE K31WK 

SCHEMATICS: Rad~o receivers 1920160's Send name brand, 
model. SASE. Scaramella. P 0 Box 1. Woonsocket, RI 
07895-0001 (602) 897 2534 

TI 99\44 Random lexl. keyboard, send, recelve. code prac- 
tlce programs Dr Code "General" sends lnternatlonal Morse 
code and prlnts on screen, you choose speed, tone, whlch 
characters lo be sent, spaclng. and morel Dr Code "Speech" 
same as "General" w~ th  speech. you choose how many 
characters before speech check For casselle of bolh  copy^ 

rl(1hled programs and condlllonal copylng prlvlleges, send 
$10 00 plus $3 00 sh~pp~ng and handllng lo N5ESF. Rt 1. Box 
1326. Lake Charles, LA 70601 Phone (318) 436-2048. no 
collecl calls please, satlsfact~on or money back 

TECHNICAL BOOKS Eleclron~cs wllh Dlg~tal and Analog 
Inlegrated Clrcutls by Rlchard H~ggens of the Untverslty of 
OregonIEugene Comblnes the best of the electronics for 
sclentlsts and the hobbylsl or how to approach Ctrcult 
prlnclples and golden rules whlch won t become obsolete 
w~th envolv~ng technology are rmphaslred $30 95 + 3 50 
sh~pplng D~gltal Deslqn by Morr~s Mano of Callfornla State 
Unlvers~ty Presents the bastc fools used In the des~gn of d~g~tal  
clrcutls $33 95 + 3 50 sh~pp~ng  Check or money order 
Tfxhn~cal Advlce Inc Box 4757 Englewood CO 80155 

CUSTOM ernbroldered emblems - Cloisonne enameled plns 
your design low mlntrnum excellent quallly free booklet A T 
Pdlch Co Depl 65 L~ttleton NH 03561 (603) 444 3423 

HAM RADIO Magar~ne collect~on Bound volumes 1972. 1973. 
1974 and 1975 In HR banders 1976. 1977. 1978 and 1979 
$120 lor lot plus UPS sh~pp~ng  US only W4UCH. Box 1065. 
Chautauqua New York 14722 (716) 753-2654 

WANTED Cash pald for used speed radar equlpmenl Wrlle 
or call Brtan R Esterrnan PO Box 8141 Northf~eld llllnols 
60093 (312) 251 8901 

WANTED: Old mtcrophones, remole mlxc:rs olher mlsc related 
Items All pre 1935 Box Paquelle. I07 E Natlonal Avenue. 
Milwaukee. WI 53204 

WANTED Used mlcrowave equlpmenl D M~tchell K8URL 
1 Cfder Mtll Lane Uplon MA 01 5fi8 (61 7) 529 4638 

RECONDITIONED TEST EQUIPMENT $1 00 tor catalog 
Wallpr 2697 Nlckel San Pablo CA 94806 

RTTY-EXCLUSIVELY for the Amateur Teleprlnler One year 
$7 00 Beginners RTTY Handbook $8 00 lncludes journal 
~ndex P 0 Box RY Cardlff CA 92007 

"HAMS FOR CHRIST Reach other Hams wllh a gospel tract 
sure to please Clyde Stanf~eld WA6HEG. 1570 N Albrlghl 
Upland CA 91786 

WANTED: Early Hall~craller "Skyrlders" and "Super Sky- 
r~ders" w~ th  s~lver panels, also "Skyrlder Comrnerclal". early 
transmlllers such as HT 1. HT-2, HT-8, and other Halllcrafter 
gear. parts, accessories, manuals Chuck Oachls, WD5EOG. 
The Halltcrafler Colleclor. 4500 Russell Dr~ve, Austln. Texas 
78745 

VERY on-ler-est-lng! Next 4 Issues $2 Ham Trader "Yellow 
Sheets". POB356, Whealon. IL 60189 

ELECTRON TUBES Rece~v~ng lransmltllng mlcrowave 
all types available Large slock Next day dellvery most cases 
Dally Electron~cs PO Box 5029 Cornplon CA 90224 (213) 
774 1255 

COMING EVENTS 
Activities - "Places to go . . ." 

MICHIGAN: The Cherryland Amateur Rad~o Clubs 12th 
annual Swap N Shop. Saturday February 9 Immaculate Con 
ceptlon M~ddle School Gymnasium 218 Vine Street Traverse 
Clty 9 AM to 2 30 PM General admlss~on $2 50 Slngle tables 
$3 00 Talk In on 146 85 and 146 52 slmplex For lnformat~on 
Paul Nepote KABHIB Chalrman 802 Fern St Traverse C~ty 
MI 49684 Please SASE 

FLORIDA The Fort Myers Ctty of Palms ARC s annual 
Hamfesl Saturday February 23 Moose Hall I900 Park 
Meadow Dr~ve ARRL volunteer l~cense exams will be glven 
by prevlous reglslratton only no walk Ins Indoor flea market 
tables $10 00 Admlsslon $3 00 at door no mall orders Ample 
free parklng Talk In on 146 28 146 88 

OHlO Dayton Hamvenl~on Apr1126 27 28 Hara Arena and 
Exhlbltlon Center Dayton Admlss~on $8 advance $10 at door 
Good for all three days Banquet $14 advance $16 at door 
Flea markel space $17 In advance for all three days 
Technical ARRL and FCC forums New products and exh~b~ts 
Speclal group meellngs YL forum lnternat~onal VHFIUHF 
conference Amaleur of the Year Award Spec~al ach~evernent 
awards Pre reglstratlon starts January 1 1985 For further 
lnformatlon Dayton Amateur Rad~o Assoctat~on Box 44 
Dayton OH 45401 or phone (513) 433 7720 

MASSACHUSETTS' The Mount Tom Amateur Repeater 
Assoc~at~on wlll hosl 11s ftrsl annual Indoor Flea Market 
March 3 9 AM to 4 PM Kn~ghts of Columbus Hall Elder 
Counc~l 69 Granby Road Ch~copee General admlsslon 
$1 00 Klds and spouse free Tables $8 00 door $7 00 ad 
vance Set up 8 9 AM Food and drlnk Corltact Mlckey Yale 
NlCDR 6 Laurel Terrace Weslf~eld MA 01085 (413) 
562 1027 

OHlO Teays Amateur Rad~o Clubs 7th annual Hamfest 
March 3 K C Lodge Clrclev~lle Sellers set up 6 AM Open 
to publlc 8 AM Advance tlckets $2 00 at door $3 00 8 tables 
$4 00 advance $5 00 at door For lable reservatlons SASE 
to Joe Sublch A081 7825 Slate Rt #I88 Clrclevtlle Ohlo 
431 13 Talk ~n on Clrclevllle repeater 147 18 For ~nformat~on 
Len Campbell WBBPPH 8951 Stale Rt MI88 Clrclev~lle 
Ohlo 431 13 

MISSOURI: The Jefferson Barracks Amaleur Rad~o Club's 
25th annual Amateur Radlo Auct~on. Fr~day n~ghl ,  March 8. 
St LOUIS F~ref~ghters Hall. 5856 Gravo~s at Chrlsty. In south 
St LOUIS Clly Startlng tlme 7 30 PM Thls IS the Sllver Annl- 
versary of thls event and the club IS golng all out to make lhls 
a memorable event For ~nforrnal~on. Jefferson Barracks ARC, 
c/o Carl H Hohenberger. WBBZP. 5266 Parker Avenue. St 
LOUIS. MO 63139 

WISCONSIN: The Ozaukee Radlo Club's 7th annual 
Swapfesl. Saturday. May 4. 8 AM to 1 PM. Clrcle B Recrea- 
tlon Center. H~ghway 60, Cedarburg Admlsslon $2 00 In ad- 
vance. $3 00 at the door 4' lables $2 00 each advance only 
Food and refreshments avatlable Sellers admltted at 7 AM 
for selup For I~ckels, tables, maps or lnformat~on send 
buslness SASE to 1985 ORC Swapfesl. 101 E Clay St . 
Saukv~lle. WI 53080 

VIRGINIA. The V~enna Wlreless Soc~ety s annual Wlnterfest. 
Sunday February 24. Vlenna Commun~ly Cenler 120 Cherry 
Street Vlenna Admlsslon $4 00 Doors open al 8 AM For 
vendor and lallgale appllcatlons SASE to Earl Hohbeln 
N4FSW 4602 Lawn Court Falrfax VA 22032 Coffee and 
food ava~lable Talk In vlva NVFMA 146 31/91 and VWS 
146 085 685 and 147 51 slmplex For lnformatlon Vlenna 
Wlreless Soclely PO Box 418 Vlenna VA 22180 

WISCONSIN The Trl County Amateur Rad~o Club s annual 
Hamfesl March 17 8 AM lo 3 PM Jefferson County 
Fairgrounds Jefferson Tlckets $2 50 advance $3 00 at door 
Tables $3 00 advance $4 00 at door Plenly of food and free 
parklng Doors open a! 7 AM for sellers only Talk In on 
144 891145 49 146 221146 82 146 521146 52 For ~nformatlon 
llckets and tables SASE to Bob Barker K9RIJ 724 Burdtck 
Mllton W1 53563 

MARYLAND BARC the Baltlmore Amateur Rad~o Club s 
1985 Greater Baltlmore Hamboree and computerfest March 
31 Maryland State Fa~rgroundsExh~b~t~onCornplex Tlmonlum 
Gates open 8 AM Admlsslon $4 00 chlldren under 12 free 
Amateur rad~o personal compuler and small buslness com 
puler dealers guest speakers large hard surface outdoor 
tatlgate area Food servlce free park~ng Overn~ght ac 
commodatlons avatlable In lmmedlate area For lnformatlon 
and table reservatlons GBH 8 C PO Box 95 Tlmontum MD 
210930095 (310) 561 1282 

TEXAS The M~dland Amaleur Radlo Club s annual St 
Patrlck s Swapfesl Saturday March 16 10 AM lo 5 PM and 
Sunday March 17 8 AM lo 2 30 PM Mldland County Exhtbll 
Bulld~ng north of H~ghway 80 Pre reglslratlon $5 $6 al Ihe 
door Tables $6 each Refreshmenls and food ava~lable 
Volunleer examlner lesls for all calegorles For lnformal~on 
and reservat~ons Midland ARC PO Box 4401 M~dland TX 
79704 
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WASHINGTON: The Mlhe and Key Amaleur RadtoClub s 4th 
annual F l ~ l r o n $ c  Flea Market. March 9. 9 AM lo 7 PM. 
Wuqlrrn Washmglon Fairgrounds. Puyallup Admlsslon $2 W 
Spouse and klds t e e  Flea market lables $15 W Con- 
stonments 10% Dealers, erh8bltors and demonsIraloans 
S.tlrll~te slallon Packel slallon Super snack bar Free 
pntklng For reservalsons Eleclronnc Flea Market. 20903 NE 
77111. Redmond. WA 98052 (206) 883.3017 

MICHIGAN: The 2nd annual Amaleur Radoo Auclton spon- 
sored by the Holland Amateur Radio Club. Salurday. March 
9 Hudsonvllle Htgh Schwl Audltonum. 5051 32nd Avenue. 
Hudsonv!lle NO admlsston tee Equlpmenl can be checked 
on lrom RAM to 12 noon Auctton9 AM lo 1 PM A 10% dona- 
Iton tor each Item sold Relreshmenls available Talk on on 
146 06 and 62 For onlormal~on Dan Ruder. KCBKN. 7106 
Michael Drcvs. Hudsonv~lle. MI 49426 

MINNESOTA: The Robbtnsdale Amateur Radlo Club's 4th 
anrlual Mldwlnter Madness Hobby Eleclrontcs Show. February 
73 8 AM to 7 PM. Tollno-Grace Htgh Schwl. 1350 Gardena 
Avenue NE. Frldley (suburb ol Manneapol8sI Admtrslon 54 at 
dm, Manulaclurers, dealers, fiea markel Talk tn on 147 60100 
KOLTC Repealer and 146 52 Simplex For lnlormal~on 
Rnbblnsdale ARC. PO Box 22613. Robblnsdale. MN 55422 
01 call Bob 16121 533-7354 All Amaleur Radio tesls wlll be 
g t v ~ n  For bnlOrmat8on Elmo Nygard 4151 Adalr Avenue N 
Rohb~nsdale. MN 55422 

INDIANA: The LaPorle ARC'S wanler Hamtesl. Sunday. 
F#.hrualy 24. al Ihe LaPone CIVK A ~ d ~ t o r ~ u m  Donatmn 12 50 
T.,l~les $7 00 advance. 52 50 a1 door Talk I" an 52 slmplex 
For tntormaloon and resewal!ons LARC. PO Box 30. LaPnne. 
IN 46350 

MICHIGAN: The t5lh annual Llvonla Amaleur Radoo Club's 
Swap 'n Shop, Sunday. February 24. 8 AM lo 4 PM. Churchrll 
Hsqh SchwI. L8vonoa Plenly al lables, relreshmenls and free 
p.llkrng Talk on on I44 7515 35 and 52 slmplex For onlorma. 
loon or lable reservat8ons SASE lo  Ned Callon. WARGWL. clo 
Llvnnta ARC. PO Box 21 11. L~vOnta. MI 48151 

OREGON: The 51h annual Salem Mano Hamlalr. February 23 
Polk Counlv Falrorounds Seminars. commercial dlsDlavs. 

No extra charqe lor erhlb8lors One l r re lable per eihtbtlor 
Extra lables $3 00 each Talk 8" on I46 34194 or 147 63103 
For lnlolmallon N4HCO Rt x4 Box 354 Gla5qow KY 41741 

OHIO: The Cuyahoga Falls Amaleur Radio Clubs 3ts l  an- 
nual Eleclrontc Equtpmrnl Aucllon and Hamtesl, Sunday. 
February 24, Nonh Htgh Schml. Akron 8 AM to3 PM T~ckels 
53 W al Ihe d w r  Sellers may brlng own lables or somr will 
be available la renl Talk mn on 87/27 For ~nlnrmaltonor reset 
vatlons SASE to Blll Sovtnshy KRJSL. 7305 24th SI 
Cuyahoga Falls. Ohto 4,1773 or call 12161 973.3830 

OHIO The 24th annual Manslleld M,d.Wlnler Hamlestl 
Avctton, Sunday. February 10. Rchland Counly Faorgrounds. 
Man~lleld Doorswen lo publc 8 AM Tlckels $3 W advance. 
14 00 a1 dmr Tables $5 00 advance. $6 W door Hall tables 
available Talk ~n on 146 34194 For tnlormatlon, advanced 
l~ckelsllables SASE lo Dean Wrasse. KBRMG. 1094 Bpal 
Road. Mansllsld. Ohm 44905 1419) 589-24 15 An ARRUVEC 
lhcense exam wlll be held a1 Manslteld campus. Ohlo Slate 
Untver40ty. North Cenltal Technbcill College a1 I PM day of 
the Hamlesl SASE wllh 610 and check lor $4 payable lo 
ARRWEC 10 Lloyd Nelson. NRBAZ. 630 Oak Sl . Lo1 82. 
Manslleld, Ohlo 44907 

Operating Events - "Things to do . . ." 
FEBRUARY 1-10: The NorthOkanaqan Rad~o Amateur Club 
wtll operale a spectal slal!an to commemorale Ihr  75lh annl- 
vrrsary ol theVernon W~nlr !  Cafncval the largest tn Weslrrn 
Canada Llslen lor VE7NOR our club slatton lrom 21002 to 
24WZ dally Frequenc!rs 78 525. 21 375 and I 4  225 For a 
srxvcal cencltcale send 51 Wor 2 IRC's lo cover poslaqe along 
with OSL !nlormalcnn lo Box 1706 Vernon BC Canada VI  T 
779 

MARCH Qand 10: West Coarl I60 Bull~ttn CW Can l~s l  WW 
GMT 319 10 2359 GMT 3110 Single operators nnly E ~ c h a n g ~  
RST. OTH Subscrtbers, non s ~ b s c r l h r s  Scoring 10 polnls 
per OSO Mult~pl~ers slates. VE pro" country Log ~nlodate. 
Itme rs(1). OTH Send loqs lo R K ~ ~ ~ ~ m h n w k s ~  5 Watson 
Drlve. Ponsmoulh RI 02871 Musl be PoslmarhPd belorr Aprll 
30. 1985 

report and OSO sprlal number on vtdea L q r  musl ~ndlcal* 
KENTUCKY: Annual Glasgow Swaplea. Salurday. Frbruary dale, lame (UTCI. call sign of slstmn worked and complrtc rr 
20. 8 AM 1111 77777 GIaSgOw Flea Markel Bulldlng. 7 mllps change tor each vnlld USU Name and addrt.ss ol ~nll. lnls 
sotllh 01 Glasgow 011 31E Free cotlee IreP parking. large Ilea Mall conlest loqs to Hrln? Moesll. DEBRUS PO Box 1 1  73. 
market and a lrlpndly galherlnq ol hams Admlss!on $2 W D6473 Grdern 1. W Grrmanv 

1 across t h e  country are ty .  And, we've been promotlng it now 
sending great looklng color f o r  over 18 years! 
TV pictures (wlth sound) t o  

each other. FSTV-DX can go Sample Issue - Just $2.50 ppd. 

Hams' should be "seen" Under the guldance of the "United 
as well as heardl Thou- S t a t e s  A T V  Society." Amateur TV 
sands of ATV operators ( F S T V - S S T V  FAX) IS growlng in actlvl. 

V 

ATV" 112 page manual will 
t e a c h  you how to do It 

I hundreds of mlles. There 
are now over80 Ham Televl. Special Trlal Subscrlptlon . $10.00. 
slon " R e ~ e a t e r s "  relaylng 

I Ham Radio UHF.TV Is as \ - ... ' & \ ,P 0, Ho: 1:. 

" ~ v e r ~ t h l n ~  You Always .< I > ~ . ~ - ~ ~ ~ ~  ,&I I Wanted To Know About . ,,tt 1) P,#I?l,,, ,,** "<. I,,, 
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superchips 
come of age 
About five years ago the Depart- 
ment of Defense embarked on an 
ambitious program to develop a fami- 
ly of Very High Speed Integrated Cir- 
cuits (VHSIC).The objective was to 
design a group of VLSl chips with 1.25 
micron features and a computational 
throughout of 5 x 10" gate-Hertz. 
The program has cost over $350 
million, but has yielded some impres- 
sive results. Signal processing chips 
capable of performing 100 million 
multiplications per second, memories 
with densities of 5 million transistors 
per square inch, a complete vector 
arithmetic processor and a self-con- 
tained convolutional decoder (a form 
of detector that can recognize very 
complex codes without going through 
all the arithmetic) have now been 
implemented. 

Although some of the chips being 
fabricated have specialized military 
functions, most are designed to form 
a family of arithmetic and signal 
processing functions. Both bipolar and 
CMOS designs have been im- 
plemented, and some include current 
mode logic, which can perform sub- 
nanosecond operations. All of this ex- 
citing work is intended to be available 
eventually for commercial use. The 
next phase of the DoD program will 
aim at 0.5 micron features and nearly 
100 times the speed - by the end of 
this decade! 

advanced materials 
serve RF needs 

We sometimes forget the key role 
that proper materials selection plays in 

the correct performance of many 
products. For example, we all know 
that a stable oscillator requires a tun- 
ed circuit with a high Q; that the active 
element must have carefully controlled 
gain and phase characteristics; and 
that all these parameters change with 
temperature. In the region below 100 
MHz, the most stable oscillators have 
been traditionally built using silicon 
dioxide (quartz) crystal elements as the 
resonator. In the VHF and microwave 
region, cavity resonators have been 
the principal alternative. 

The ideal resonator would have a 
very high Q, zero temperature coeffi- 
cient, high permittivity (low radiation 
losses) and be supported by a dielec- 
tric with no electrical or thermal losses. 
Designers of semiconductor oscillators 
find series resonant (low impedance) 
tank circuits convenient. This means 
that a high Q serieslank will have high 
capacity and low equivalent induc- 
tance. The modern alchemists have 
been at work on the problem and have 
now given us nearly perfect materials 
with which to solve the problem. 
Dielectric resonators made of ceramic 
materials with high dielectric constants 
(over 30): have made possible micro- 
wave resonators with unloaded Q's of 
25,000 at 4 GHz and over 10,000 at 12 
GHz. These materials have extremely 
low losses and excellent temperature 
characteristics, making possible the 
production of oscillators offering 
crystal-like performance at microwave 
frequencies 

But hold on to your hat! In the 
search for the best dielectric materials 
to support these resonators, the ther- 
mal tiles used to protect the Space 

Shuttle on re-entry emerged as an op- 
timum material. With a dielectric con- 
stant of 1.15 and legendary thermal 
characteristics, the tiles, made of 
foamed quartz, become a nearly per- 
fect enclosure/support for a dielectric 
resonator. Using this combination of 
advanced materials, a major defense 
contractor has fabricated an oscillator 
that exhibits only + 10 kHz drift per 
month - at over 6 GHz! 

Gallium arsenide digital circuits are 
already available in the 4 GHz region, 
so it shouldn't be too long before we 
can have phase locked loops at 5 GHz 
or so. Combined with SAW or dielec- 
tric resonator filters, image-free up- 
conversion receivers through 2300 
MHz can be a reality for Amateurs of 
the next decade. 

telephones to be 
more versatile 

Over the past few years the plain old 
family telephone has become a hot 
consumer product. We've seen a pro- 
liferation of telephones that offer just 
about every convenience we could 
want in a single desk instrument. Up 
to 60 memories, on-hook dialing, full 
duplex speakerphone, as well as time 
and message unit recording, are now 
available in a multitude of styles at 
competitive prices. All of this capability 
has been made possible by the devel- 
opment of specialized ICs which have 
considerable processing power in their 
structure. 

Most telephones now have 12-digit 
keypads, with each digit identified by 
a unique tone. If each digit is thought 
of as a single data "bit," then our or- 
dinary keypad becomes a 12-bit code 
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generator. Twelve bits equals 212, or 
4096 possible codes if we use each 
tone just once in a 12-digit binary 
number. If your telephone were used 
as a small programmable data instru- 
ment, then you would have more than 
enough codes, and ample data resolu- 
tion, to control most of the common 
household items that now each have 
individual and far less accurate, con- 
trollers. Household heating and cool- 
ing, selection of cooking times and 
temperatures, cost-effective regulation 
of hot water use and temperature, 
security entry codes, and choice of 
entertainment channels, for example, 
can all be controlled, changed, and 
recorded on our ordinary telephone. 
Moreover, because the telephone is 
connected to the rest of the world, we 
can change this household data from 
remote locations as the need arises. 
For Amateurs, the possibilities are 
especially appealing. Many repeaters 
now have their functions controlled by 
tone decoders, in addition to having all 
the usual auto-patch facilities. Anten- 
na rotor controllers that accept bear- 
ing instructions from the telephone 
touchpad, remote frequency setting of 
transceivers, and a variety of data 
management functions will all become 
much easier and require only a single 
instrument for control. Someday we 
may even be able to reach out and 
. . . well, you know. 

ham radio 

New CMOS DTMF Chip Kit 
Tt7llone's TRK-957 K I ~  makes 11 easler and 
lpss expensive lo breadboard a low.power, 
central off~ce qual~ty DTMF detect~on systen 
All you need IS a power source from 5 to 12 
VDC The senslttvlly, w~de dynam~c range, 
nolse Imrnunlty, and low-power consumption 
make the TRK-957 deal lor telephone 
sw~lch~ng. computer, and remote control 
appt~cat~ons The TRK-957 DTMF KII IS only 
574 75 To order call 

(800) 227-3800. ext. 1130. 
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NEVER BEFORE HAS SO MUCH CONTROL.. . 
COST SO LITTLE!! 

MODEL CS-16 $1 64 Amateur net 

1rp5r;ZF 

Two independent user programmable 
three digit passwords permit hierarchy 
control. 
The secondary (user) password can 
onlv access 8 of the 16 l a t c h e d l o ~ ~ o ~ f  

MODEL CS-1688 $1 89  mate^, n 

Our new CS-1688 is the most powerful 
touch tone controller in the industry! 
DIP switch programmability allows 
you to choose any of these ten 
modelfunction combinations. . . 

fun'ctions. I OUTPUT FUNCTIONS 
However full 16 function control is D l 2 3 4 5 6 7  8 9 O . # A B C  

available to control operators using 
the primary password. Additionally 
secondary password access can be 
enabledldisabled with a special 
arimarv aassword command. 

D 7 OnOUP I C  GROUP - 

. . " . . . . . , . . . 
7 , , , r " , , F , t , !  ,,, 1 ., , ;., a , ,  ;, 

' Our CS-16 puts repeater control If L r ~ ~ 8 . ~ 3 ~ r ,  

ops.. .IN CONTROL. I ,i ,,. ,Ac,t.,,,,T;~~~ 

, . , I  .. . , I , .  

COMMON FEATURES 

Open collector (can drive relays 
directly) and logic outputs for each 
of the 16 functions 
SSI-202 central office quality XTAL 
controlled tone decoder 
Adjustable pre-amp accommodates 
10MV-2 volt input - Retransmission of control tones 
can be eliminated by use of either 

open collector or data strobe logic 
outputs 
Operates from 10-25 'olts DC. 
Reverse polarity protected 
4 % "  x 6%" glass board with 44 
pin gold plated edge connector 
Comes complete with manual and 
mating connector 

Add $3 W PBH Caltlornla resldenls add sales tar  

Call or write for information on these signaling products also: 
Model CS-10 DIP relay board.. .packages 10 DIP relays. 
Model CS-100.. .A 19" rack mount that houses a control card and two 
CS-lo's. All inputs and outputs available on convenient barrier strips. 

NPICAL REPEATER CONTROL APPLICATIONS 
HllLO POWER - PLICOR - TIGHTILOOSE SOUELCH - OPENICLOSEO SOUELCH - 
REPEATER ONIOFF - AUTOPATCH ONOFF - TOLL RESTRICT ONIOFF - RINGBACK ONIOFF - 
LONGSHORT HANGTIME - ANTENNA IIANTENNA 2 - REMOTE BASE ONIOFF - F.IF, - 
AUX LINK ONIOFF - TONE MUTING ONIOFF - SPARE TRANSMITTER INOUT - ETC ETC 

SELECTOR MODE APPLICATIONS 
1 OF N FREOUENCIES - 1 OF N PHONE LINES - 1 OF N ANTENNAS - 1 OF N REPEATERS ETC 

CONNECT 23731 Madison St. 
SYSTEMS Torrance, CA 90505 

INCORPORATED Phone (213) 3736803 EZ 
A T ,  T 
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The DX is better out here 
Ask anyone who owns an FT-f26~. 

- 
I t ' ,  11 L I ~ ,  L I ~ I ~ I ~ I ~ :  up 1 ,  d?>CAl< 10 I \  

tlic, onc SUIT W.IY 10 I 'l.lnk: t he  WOI-Id 
I I I ~ I I  vorit. i~, l rn iI?ack No rn,ittet- 
w l ~ r t - ~ ,  yi 1 1 1 1  stl.ith I.; 

IT-72bR OWIIPI-i kr~ow You'll find 
tI-l!~rn wo~-l.ln!; thc wt>r-lrl it-on1 th121t- 
I I - n i t  Attlcc Ariil it.i~n? tlht211- 
, t t -~~t?r i t~~,~- t -e ' t~~~ct?d ne~glit~~c:~t-hc~c)d< 

Tl?i,y'll rvcn br>,ljt of ,i stgn,il 
i l r i  1l11y <illti DX LI~-IIF.I-III.I~ tt-~,~t wollld 

opt~on.il nit), l i l l r . . ,  one, Irlt 4 i1, -MI i i  
opentlon. .i~ioil~r.r- k~t-  ct-(3,s-t).irid 
dupl~x 

~ L I  t'1r.1 ( 1 1 ,  ~OI I I -  1,,1t-t1-1 < ~ , I ~ I ( J ~ I  

~ ~ r s t  ;ibo~.it .IIIVW.-~,I-I. All yclu r~i:l.ii 
15  the 726 aritl tw( I YI,>.I .iritenrl,!s 
435-MH;r f i r !  tl.i:~,,mt .inti ?-i:ic.t!~~-~ 
fot- ~-ect~tvi. 

E V ~ ~ I I  ,lC. ,I c, >.IVI.~III~~I,II I,,IW 
qtatlon, thi. 1 T-l,!/tlI I< .i ri:.iI stmindnut 

3 ,  

Ir-I I,I(-t the. IT-726K I\  t t l c .  wor-ltl's thoiie of o!)[lorl,:I niuilulc: tot- 10 hesu ~ l ~ ~ ~ i ~ ~  ~~~~~~~~i~~ 
n~o,.t ~ ( - I ~ I I ~ I I -  Ilnl.~ to O Y A R  10 rnetet~s 6 m.,ti3r~. IjO-i-WJ MHz , ;,(. . .  . :, . ,  , ' ! I  I t . ,  , . , , ,  . . .  

Allii fi+l ?i.li>d l~~~t151:~11 Thl< .\mi *I 45(1 l'li:: , . i . ) c . - .  I 

2-rl-icsti~r: 10-w.1t1 rig ;:IV(T ~ 0 1 1  full Tt~cin \ t t ~ ) r - c .  i i  ,111 p ~ ~ c l ~ ~ ~ - n . t l  11-i.- yas, cincinnati service center 
ctn$<-h,ind tl~iplcx c;ip,~hil- qur~nclt,; ,in11 m 11It~i ~ r i t i ~  tlicl (.lev~,n " , ,,,:,I I , ! , !  t ! I, ,,' t , I I  ; 811 

~ r v  Slmply plux ~n two niernc~t-~t,~ f i l l  111 , t , ~ t i t  t ~ i , c s ! l l  W11h (I, ; . ]  4 '.I . :~[Io 

?/I.- ', 
,,.', b'. 

v 102 Prtcer and spec~f~car lonr  sublecr r o  change wtthour norlrc. 



Pocket -size pertormet 3: 

SIT your n~rtt i i-r~?ed Kenwooc 
~ P A I C I  nncl I:~kr horrif? ;I pnckr l  
full of 

)d's nriva 
In,,  h.,"? 

nced ele 
.P \ r e , ,  - ctronlc 

n r w  
Kerlwoc 
t ~ ~ h l l ~ ! i , ~ y  uir,ryo y u r ,  n 

slnnclard In vocket/h;indl 
Ir;insculvers! The TH-21A 
features a high ~mpact rn 
ca;o and is des~yned l o  dellver 
coriven~ent, rel~ablc performance 
In 3 package so small. 11 will :;lip 
into your shirt ~pocketl It liit7asllres 
only 57 (2.24) W x 120 (4.72) H 
x 28 (1.7) D rnm (inch! and only 
wr~g l i s  260 g 10.57 Ib) w ~ t h  bnt- 
tt!ric:s. In typical Kenwood fnslilon 
these transcclv~rs provldc superlor 
transrnlt anrl receivf? perfofmnncc. 

l ioth t l? i7  2 meter artti 70 r:ni 
vc'rsl,)ns (!;?II\I~I dne watt U.F. 

111 HI r m b  '50 IIIW 
IP:'IIIY t l Y  8;ltti?lv 
rl!oll:ll r! : I l l r l~s  

iI~r;<c (~I(;~II thuniL>-~vl~ec!l s\v~~!cli for 
b - ; : c ; y  fi~:cj!ir.ni.y :;el~ctl~?n nlonl! 
n ~ t ' ~  ;I !)LIII~-II '5 kH? Uf'-SI11ft 
sv,,I~:Ii ;iiiiI repi?:it~~r clffset switch. 
l:+:I;ilO h.bl<! ,>r s~!nir~Ipx, 7r 
v ~ , ~ ~ l c i n  ; I ! I ~  25 I -. . , II cni vc;rsli?n.) 

Rrntll tllci :' meiiir nntl 

Optional accessories: 
liii/lCl lie;~tl!-,i!: !v~lh VOX 
SMC-30 :;ilc;la<er rrilcroptione 
PG-21 NI-(.id lF,Cl niAH Ijnltery - n r -  21 DC r~0'vc.r SLI~-',. 

hitltcly 
2 e x t r ~  n:! 
i ~ n c  l.);lttc5r i, [:as? 

h C - 8  soft t -n : ;2> for T!i-:11A/.?lA 
SC-8T :;oft ca ;c. for 
TH-?lAT:.1IAI 
TU-(5 p r ~ ~ r ~ s ~ ~ ~ s ~ i r ~ i ~ ~ l : ~ l ~  ! 9 ~ ~ ~ , - ~ r d l  ,r 
u n ~ l  
A J - I  
atla[ 

1nforrn:itlon nva~lable from 
,irerl tieal(?rs of 7r1o- 
2nd C: ) f~ i r~ l i~n~cn l~ons .  

I I I I vdest Wnln~~rt Strrc' 
3rd vers Cornp ton. C A  ! Stand; - -a-kd"-T - w- 

s I 
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