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The Standard of Excellence 
in HF Base Stations 

The IC-751 Is the  most 
advanced transceiver avail- 
able today. It's a competl- 
tion grade ham recehrer, a 
lOOKHz to 30MHz continu- 
ous tuning general coverage 
receiver AND.a full-featured 
a l l  mode solld-state ham 
band transmitter. The IC-751 
also coven the n e w  WARC 
bands, MARS frequencles, 
and Is AMTOR compatible. 

tmportantf~ndnd 
Featum. Compare these 
important standard features in 
this "top of the line" base 
station: 

lOOKHz - 30MHz Receiver 
105dB dynamic range 
OSK - full break-in CW 

FM Mode Standard 
High-grade FL44A 455KHz 
SSB filter 
32 tunable Memories with 
lithium battery backup 
100% Duty Cycle Transmitter 
Passband Tuning 
12V DC operation 
Adjustable AGC 
Adjustable Noise Blanker 
RIT/XIT with separate 
readout 
IC-HM12 Microphone with 
Up/Down Scan 
Continuously adjustable 
transmit power 

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

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

FILTER SPECIFICATIONS 
c m  

Flllcr Madcl Freq. fKliz(2J 
(KHz) Wldm 

STANDARD flLTERS 

OPTIONAL FILTERS 

C W N J ~  FL-52.4 

CW N m a  FL-53A 

SSU Wde FL-70 

CUI N a r r a  FL-32 

W N m a  FL-63 

AM FL-33 

Operating From 12V, the 
IC-751 is also available with an 
optional internal AC power 
supply, the IC-635 ... for the 
winning edge in field day 
competition. 

The IC-751 provides superior 
performance for all amateur 
radio operators ... from novice 
to extra class. See the IC-751 
at your local ICOM dealer. 

First in ~ohwnications 
ICOM Amcrlca. Inc, 2380-116th Ave NE, Bellewe, WA 9EOO4 / 3331 Towerwood Drlve, Suite 307, Dallm. TX 75239 

All stated IpccMMlom am approalrnac and s u b m  lo chrnge w t t f ~ m  noclce or obllgatlon. All KOM radlos dgnlflcantly e a m d  FCC regulatlorn IlmlIIng spurlow emlsdons. 7511084 



What To 
Look For In A 
Phone Patch 
The twst wav to decide 
what patch is right for you 
is to first decide what a 
patch should do. A patch 
should: 

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

Not interfere with the 
normal operation of your 
hase station. It should 
not require you to con- 
nect and disconnect cah- 
les (or flip switches!) 
every time you wish to 
USP your radio as a nor- 
mal hase station. 

Not depend on volume or 
squelch settings of your 
radio. It should work the 
same regardless of what 
you do with these con- 
trols. 

You should be able to 
hear your hase station 
speaker with the patch 
installed. Rememher. you 
have a hasp station he- 
cause there are mohiles. 
ONE OF THEM MIGHT 
NEED HELP. 

The patch should have 
standard features at 
no extra cost. These 
should include program- 
mahle toll restrict (dip 
switches). tone or ro tay  
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 SMARl' PA7CH 
HAS ALL OF THE 
ABOVE. 

Now Mobile 
Operators Can 
Enjoy An 
Affordable 
Personal Phone 
Patch. . . 

Witl~out an expensive. 
rc'prntrr. 
Clsitig any FM tranc~.iver 
as a hase station. 
Thr secret is a SIMPI.fX 
a~ttopatch. The SMART 
PATCH. 

SMART PATCH 
Is Easy To Install 
To instnll SMART PATCH. 
:onncBct the multicolored 
zomputer stvlr rihbon cahlr 
to mic audio, receiver 
jisrriniinator. Yn: and 
power. A modular phonc* 
:nrd is protided for con- 
~ r c t i o n  to your phone svs. 
Irm. Soutitl simple? . . . 
IT IS! 

How To Use 
SMART PATCH 
I'l,ccitiq d cnll is sitnple. 
Scwd your ~ C C P S S  code 
from your mobile (exam- 
ple: '73). This hririgs up 
the Patch and you will 
hear dial tone transmitted 
from your hase station. 
Since SMART PATCH is 
checking ahout oncia per 
sc.cond to src. if vou want 
to dial, all yo11 havc. to do 
is key your transniiner. 
then dial the phone num- 
her. You will now hear 
the phone ring and sol.-r- 
one answer. Since the en- 
hanced control system of 
SMART PATCH is con- 
stantlv checking to see i f  
you wish to talk, you nerd 
to simply k w  yoltr trans- 
mitter ant1 then talk. 
That's right. you simply 
key your transmitter to 
interrupt the phone line. 
The hase station auto- 
maticallv stops transmit- 
ting after you kev your 
mic. SMART PATCH d w s  
not require anv special 
tone equipment lo  control 
your haw station. It sam- 
ples v e y  high frequency 
noise present at vour 
receivers discriminator to 
determine i f  a niotiile is 
present. No words or svlla- 
hles are ever lost. 

SMART PATCH 
I s  All You Need 
To Automaticalty 
Patch Your Base 
Station To Your 
Phone Line. 
[ :s4. SMART PATCH for: 

Mohilr (or remote has?) 
to plionc~ line via Simplc.x 
base. (see fig I .)  

Mohilr to Mohilr via in- 

trrronnectc,d t)nsr sta- 
tions for c~xtrnclc~tl range.. 
(51'~ fig. 2.) 

Trleplionc~ line to niohiie 
(or remote hasr). 

SMART PATCH uses 
SIMI'I-EX HASf: STA- 
TION EUOII'MI.NT. Uw 
your ordinay base sta- 
tion. SMART PATCH 
does this withottt inter- 
fvring with the normal 
u w  of your radio 

WARRANTY? 
\'[IS. 1x0 davs of warran- 
tv protection. YOII simplv 
mn't go wrong. 
An FCC tvpe accepted 
coupler is available for 
SMART PATCH. 

Communications Electronics Specialties. Inc. 
I!O. Hox 2430. U'111tc.r Park. I Ilwitln 32790 
Telephone: (305) 045-0474 Or call toll-free (800)327-9956 



v p r r ' '  to conf~rni 
opcrntlon of varlo~ls sw~tchcs. 
f'or supcrlor sollnd qu;il~ty, th 
separate, extcrn;>l sylr!nktlr, c; 
hf: c:tslly mountc:d to prajcct 
thc sound In t l i ~  d ~ S l r r d  dlrr 
tlon. A 16-kr?y nr~top:~tch 
UF'IUOWN mlc. allows w s y  
rornotc operatlor1 of major iro 
pniiPI functlons. Thanks to 

rr TM-201A/TM-401 
onal Accessories: 

-3  F'rogr;~rnrrl;r:)l~~ two- 
orlt?nc:y CT(:S!i r!nicorfr3r. 
S-7A f~x r id  st:~t~nn powcr 
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FM "Dual-Bander" 
K i  I\IWO(jD'S I W-'1000A FM 
" l l~~nl -Bnndcr"  provrdf?~ new 
vl>rsntll~ty in  VHF and UHF 
ol)t'r:it~ons, un~cli~r?ly combining 
2-m :tr i t l  iO-cm FM functlons 
In o n r  compact package. It 
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1~!8.995 MHz), Including crrt ,  
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Take home 
a world 

chmpion. 
$85" gets you a technical knockout. 

The Fluke 70 Series. 
Winners of the digital vs. analog battle. 
S~nce their debut, lhcy've become 

the worldwide champions of the industry. 
Never before have such tough, American- 

made meters offered so many professional 
features at such unbeatable prices. 

Each comes with a 3-year warranty, 2,000+ 
hour battery life, and instant autoranging. 

You also get the extra resolution of a 3200- 
count LCD dlsplay, plus a responsive analog 
bar graph for quick visual checks of continuity, 
peaking, nulling and trends. 

Choose from the Fluke 73, the ultimate in 
simplicity. The featurepacked Fluke 75. Or the 
deluxe Fluke 77, with its own protective holster 
and unique "Touch Hold" function" that 
captures and holds readings, then beeps to 
alert you. 

So don't settle for just a contender. Take 
home a world champion. 

For your nearest distributor or a free 
brochure, call toll-free anytime 
1-800-227-3800,  EX^. 229. Fmm outside Ihe 
U.S ,  all 1-402-4'4h-1350, Ext. 229 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

rqrpahl c> IW Jchn F l i f k ~  M'q CO lnr All rqhl' n..svrrl Ad Ni 47m 70 



REFLECTIONS 
the good. the bad. and the ugly 

There was plenty of good news in Amateur Radio in  1984. For example, we saw the beginning of the VEC program 
as the FCC, per its plan, extricated itself from testing. Fears we= expressed that we wouldn't be able to effectively provide 
our own examining program. Now, however, there are 21 VEC's doing quite a good job - particularly the Volunteer Examiners, 
who are essential to the success of this program. And there were those who said it couldn't be done! (I feel it's appropriate 
to both thank and list the VEC's currently in operation. See table 1.) 

Band expansion: it's incredible, but it's actually occurred. There was a time when I thought the HF bands would never 
see the increased U.S. phone allocations, but as of September 1, 1984, the 80, 15 and 10-meter bands did indeed change 
- for the most part, for the better . . . although it all depends on your point of view. (25, 50, and 200 kHz respectively were 
added to the lower portion of the phone segments of the 80, 15, and 10-meter bands, respectively.) Some Canadian Amateurs 
expressed disappointment in the U.S. phone band expansion on 80 meters from 3.775 down to 3.750 MHz and indicated that 
it might be a good idea to completely modify their band plan, eliminating the CWIPHONE mode subband segments. This, 
of course, would affect U.S. Novice operations and could cause yet another round of band changes in the U.S. As of this 
writing, i t  hasn't happened yet, though the Canadian D.O.C. is studying the proposal. (For those who operate on 80 meters 
- please keep the internationally regarded DX window (3.790-3.800) clear for DX contacts only.) 

Some of the news was bad. Two petitions threatening a portion of the 220 MHz Amateur band were presented to the FCC 
by organizations (LMCC and STI) representing the land mobile industry. This situation requires close scrutiny and action by 
the Amateur community. (For details, see "The Endangered Spectrum: 220 MHz Under Fire," ham radio, October, 1984, page 6.) 

One of the decisions made at WARC '79 concerned the allocation of the upper portion of the 160-meter Amateur band 
or more precisely, 1.9 to 2.0 MHz. In implementing the WARC agreements, the FCC has proposed to divide the 1.9 to 2.0 
MHz spectrum into two parts: reserving the lower 50 kHz exclusively for non-Amateur service and assigning the upper 50 
kHz to be shared by Amateurs and commercial services. Unfortunately the frequencies of 1907-1912 are used exclusively by 
JA hams, and this change may eliminate any chance of working JA's on 160 meters. Nevertheless, in terms of net frequency 
allocations gained as a result of WARC '79, the Amateur service is still a winner. 

There was good news for those working DX. 1984 was a bumper crop year, with a number of rare countries - for example, 
BV, BY, and CEOX - showing up regularly on the HF bands. 

One item - an ARRL "Request for Issuance of Declaratory Ruling" submitted to the FCC - has potentially vast, beneficial 
implications for Amateur Radio . . . but only if hams respond - and respond in adequate numbers. In its request, the League 
asked the FCC to exercise preemptive authority over local ordinances such as restrictive zoning and emissions limitations that 
would inhibit Amateur operations. A weak response from the Amateur community could actually cause this request to backfire. 
(Remember, it's very difficult to communicate on any of the bands without an antenna or transmitter.) Formal comments 
should be filed with the FCC before December 14, 1984. 

In other news, Los Angeles-area jammers tried unsuccessfully to disrupt the 2-meter radio link supporting the Olympic Torch 
Run. Event organizers foiled the jammers by switching to private repeaters, and the run continued without interruption. 

The FCC took decisive action against malicious interference, taking one jammer all the way to Federal Coilrt, where he 
was convicted and placed on three years' probation. Several other investigations resulted in license suspensions. 

Legislation that would make malicious interference a criminal violation (rather than an administrative violation) is pending 
in both the Senate and the House. Senator Barry Goldwater, K7UGA, introduced S-2975, which would make interference 
with any radio service a violation of federal law; Representative Jim Bates of California introduced a similar bill in the House. 

It was quite a year for those who made Amateur Radio news and for those who reported it. Special thanks are due the 
latter: WSJUV, W5YI, Westlink, and the many other sources - including the many club newsletters that arrive regularly - 
that help keep us all informed. 

Rich Rosen, K2RR 
Editor-in-Chief 

table 1. VEC's in operation as of August, 1984. 
call call call 

region organization and location region organization end location region organization and location 

2 Metroplex Amateur Radio Association 5 Dallas Amateur Radio Club 11 Anchorage Amateur Radio Club 
P .0  Box 237 P.O. Box 173 P.O. Box 101987 
Leonia. New Jersey 07605 Dallas. Texas 7521 1 Anchorage, Arkansas 99510 

Schenectady Amateur Radio Association. Inc. 6 Greater LA Amateur Radio Group 12 (Caribbean Insular Areas) 
P.O. Box 6 C/O Steve L. Shafit, NEGL Director. Military Affiliate Radio System 
Alplaus. New York 12008 21921 Lanark Street R01  P .0  Box 7388 

3 Laurel Amateur Radio Club. Inc. Canoga Park, Californ~a 91304 Cidra. Puerto Rico 00639 

P.O. Box 3039 SANDARC-VEC 13 (Hawaii and Pacific Insular Areas) 

Laurel. Maryland 20708 P.O. Box 5023 Honolulu Amateur Rad~o Club 

4 Mid-South VEC La Mesa. California 92041 3251 Pakanu Street 
2020 St. Elmo 7 Boeing Employees Amateur Radio Society Honolulu. Hawaii 96822 
Memphis. Tennessee 28213 P.O. Box 3707 Koolau Amateur Radio Club 

Central Alabama VEC Seanle, Wash~ngton 98124 45-529 Nakuluai Street 
606 Tremont Street 8 Dayton Amateur Radio Association Kaneohe, Hawaii 96744 
Selma, Alabama 36701 P.O. Box 44 

Western Carolina Amateur Radio Society Dayton, Ohio 45401 

P.O. Box 1618 (Phas~ng out as of January 7. 1985) 

Ashville. North Carolina 28816 9 DeVry Amateur Radio Soc~ety 

Charlone VEC 3300 North Campbell Avenue All call The W5YI Report 

227 Bennett Lane Chicago, Illinois 60618 regions: P.O. Box 10101 
Charlone, North Carolina 28213 10 PHD Amateur Rad~o Association Dallas, Texas 75207 

Triad Emergency Amateur Radio Club P.D. Box 11 American Radio Relay League 

3924 Stonehurst Place Liberty, Missour~ 64068 225 Main Street 
High Point, North Carolina 27260 Newington, Connecticut OBI 11 
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ACCESS TO TWO NEW AMATEUR SANDS AND CHANGES TO SEVERAL OTHERS are the subject of a 
WARC implementation Notice of Proposed Rule Making released by the FCC in October. The two 
new bands are "12 Meters" (24.890-24.990 MHz). and "33 cm" (902-928 MHz). 

For 12 Meters, The FCC ~ r o ~ o s e s  Dividing The Band at 24.930; RTTY would be permitted 
from 24.890 to 24.930, and SSB, AM, and NBF'M phone plus facsimile and SSTV from 24.930 to 
24.990. CW would be permitted throughout the 100 kHz-wide band. They also propose giving 
General and higher class licensees access to the band, with full legal power (1500 W PEP). 
On 12 meters, the Amateur Service would have Primary status. 

For The 902-928 MHz Band, The Amateur Service Would Be Secondary to industrial, scien- 
tific and medical (ISM) operations. The Commission Droposes no subbands for 33 cm. It 
would be available to all~classes except Novice, to ~ll'emissions, with a 1500 W PEP power 
limit. No Amateur operation would be permitted in Colorado, Wyoming, or in U.S. possess- 
ions in Region 3. As Secondary users, Amateurs would also have to avoid interfering with 
Government, Automatic Vehicle Monitor, and ISM. They'd also have to avoid Region 1 or 3 
users, since it's an Amateur band only in Renion 2. 

10.100-10.150 MHz Would Also ~ecome A permanent Amateur Band as a result af this NPRM. 
This supercedes the Special Temporary Authorization that's currently providinn access to 
the band, putting Amateur operation Primary in the allocations tables- and raising power 
limits to 1500 W PEP. It would be available to General and above, but limited to CW and 
RTTY. Effective immediately the 10.109-10.115 MHz protection slot has been deleted, but 
the 200 W PEP Dower limit will continue in effect until final action on the NPRM. 

Not All ~he'Effects Of This NPRM Are Beneficial. The Commission has further delayed 
implementation of the 18.068-18.168 MHz band on the grounds that U.S. Government fixed 
operations on these frequencies are likely to contin;e until 1989. The NPRM also proposes 
deletin the 420-430 MHz Amateur allocation along the Canadian border to protect Canadian 
commerc?al users of that band The deleted area is a band extending 75 miles into the U.S. 
and Alaska from the border, and within this area Amateur operation would be permitted only 
with a waiver from the FCC and coordination of the Canadian Department of Communications. 

Comments On The NPRM, PR Docket 84-960, Are Due at the FCC ~ecember 17; Reply Comments 
will be due January 16, 1985. An original and five copies are required to make a formal 
submission; six additional copies are-required if you wish a copy-to go to each of the 
Commissioners. Send them to The Secretary, Federal Communications Commission, Washington, 
D.C. 20554. As this docket covers a number of bands and issues, comments are expected to 
be heavy. As a result, action is unlikely until 1ate.next spring. 

ALL MODES FOR 160 METER USERS HAS BEEN PROPOSED in yet another FCC N P W  released in 
October. Amateurs responding to ARRL's earlier ~etition to permit RTTY on top band had 
suggested adding SSTV and facsimile as well, and' the ~ommiss~on agreed. ~oweber, the 
radiolocation threat to 160's top half (November Presstop) remains a very real one. 

Comments On The 160 Mode ~elakation Are Due at the ~okission ~ecembe; 20, with Reply 
Comments due January 22, 1985. Refer to PR Docket 84-959. 

ARRL'S PETITION TO HAVE FCC PREEMPT LOCAL REGULATION OF ANTENNAS could trigger a 
problem for Amateurs. Amateur response thus far to the League's request, which was desig- 
nated PRB-1 by the Commission, has been sparse, but it has generated a number of comments 
from municipalities and municipal organizations. Their response has been, understandably, 
that they need more-not less-control over what goes on within their borders. As a result 
they'd like the FCC to not only deny the League's request, but even consider giving some 
formal sanction to local ordinances limiting antennas and possibly even the operati-on of 
Amateur (and other) transmitters within their jurisdictions! 

Such A Turnabout Would Be A Severe Blow To Amateur Radio, and strong Amateur support 
for ARRL's PRB-1 is needed to head it off. Though the Comment period on PRB-1 will close 
before this reaches print, Reply Comments (o osln increased local control) can still be 
filed through December 14. Send the o r i g i n M o u r  copies to the FCC Secretary, above. 

THE U.S. AMATEUR POPULATION HAS DROPPED SLIGHTLY DURING 1984, from a total of 411,479 
individual current licenses in effect at the beginning of the year to 409,923 at the 
beginning of October. Though there was a slight peak, to just over 412,000, in the spring, 
the subsequent decline has been at a steady rate. Though most license classes held their 
own or even increased slightly during the year the most dramatic change was in the Novice 
ranks, which dropped more than 5000 (from 85,823 to 80,461) during the nine-month period. 
Though many of these were upgrades, and others early recipients of the five year Novice 
license who lost interest, it's disturbing more new Novice licensees have not been brought 
in during the period. 

Confirming This Concern, An Internal FCC Analysis of 1984 license statistics shows 
that while 18,800 people were joining the Amateur ranks, 19,964 dropped out. In addition, 
while 8,829 Novices upgraded during the period, 14,484 Novices let their licenses expire! 

Since The Novice Exam Procedure Had Not Chan ed when the Volunteer Exam Program went 
into effect. that should not be a reason for th: decline. The FCC. understandably con- 
cerned, is considering how license structure changes might influence this trend. ' 

6 December 1984 



Take it with you. 

ShackMasterm puts your home station in the palm of 
your hand. Whether portable, mobile, around the yard 
or around town you'll be linked through your handheld 
toyour high performance equipment at home. Even call 
home from any Touch-Tone phone and operate. 
Scan the bands, change modes, select antennas, turn 
gear on and off - all from your Touch-Tone keypad. 
Check into nets, work skeds, ragchew and DX without 
being tied down to the shack. 

Exchange electronic mailbox messages with your 
family- like "I'll be late", or "All is OK". Or talk with your 
family directly through ShackPatchm, with you in remote 
control of your home station. Report traffic accidents or 
disabled motorists through your home phone while 
mobile or portable with PersonalPatch? 

All the power of your home station (and more) really can 
follow you anywhere.. . to find out more about 
ShackMasterm just write, send us your QSL, or call and 
talk with us at 408-749-8330. 

(Icc advanced f l  123 

computer 
controls, inc. 10816 Northridge Square . Cupert~no. CA 95014 (408) 749-8330 



comments 
SSB development 
Dear HR: 

"The Development of Amateur 
SSB" by John Nagle, K4KJ, (Sep- 
tember, 1984, page 12) did a very good 
job of covering the history of SSB for 
the present day Radio Amateur. 

Two names that should go down in 
any historical account - Don Nor- 
gaard, ex W2KUJ, and Wes Schum, 
W9DYV - were not mentioned. In 
1948 Don wrote a series of articles on 
SSB for QST, using Bob Dome's 
(W2WAM) ideas to develop a phasing 
type of SSB transmission and recep- 
tion. Then Wes came along with his 
Central Electronics 10A units and kits 
to make the nuts and bolts of phasing 
SSB easily available where filters were 
either difficult or impossible to obtain. 
As one of the first two hundred hams 
on the air on SSB, I found them a 
great help. 

Some of those Western Electric HF 
SSB transmitters John mentioned as 
having been put into operation in the 
early 1930s were still in overseas serv- 
ice, though a little patched up, some 
40 years later - when they were sold 
for scrap! 

Wayne W. Cooper, AG4R. 
ex YNIWC, HR2WC 

Miami  Shores, Florida 

loop antenna 
Dear HR: 

I think I can clear up any questions 
about the loop antenna (see WD6DUD 
letter, September, 1984, page 8) men- 
tioned by Bill Orr in his February, 1984, 
column (see page 63). I've just re- 
turned from Germany with the original 
article that appeared in the May, 1983, 
issue of CQ-DL, the German ham 
magazine. 

As you can see (fig. 11, there are 
LENGTH=OP A 

actually three different methods of FORWWEST FREWENCY 

coupling to this antenna. C2 in Bill's 
diagram (fig. 2) is unnecessary as the 
feedpoint reactance can be tuned out 
with the loop tuning cap C1. Ac- mI77T777777 

cording to diagram 13.3 of the original 
(f ig . IC ) ,  the tap should be made at fig. 2. DUFA groundplane loop as shown 

1 15 loop diameter with a spacing of in W6SA"S February 

1 I200 wavelength. 1 1 
The length given in Bill's article is in- 

correctly shown in the diagram (fig. 2). 
The correct length is 0.2 wavelength 
at the highest frequency. The lengths 
given in the table (February, page 65) 
are OK. 

The author states that the SWR is 
below 1.5 to 1 over an octave fre- 
quency range, but this will require 
motor tuning of the loop tuning cap 
because the bandwidth at the low fre- 
quency end of the range is very nar- 
row (6 kHz on 80 meters). As for the 
groundplane dimensions, he recom- 
mends that it extend out at least twice 
the loop diameter, but further if possi- 
ble. As with any small loop, the radia- 
tion resistance is quite low and ground 
losses can eat up a lot of signal if not 
minimized. This is also true of conduc- 

Abb I3  1 f Ml,! ,n>ml k 11, \,,!I,+ ! K<,,,n!~>n<j 

I b b  13 3. EMOL n > # l  ~ ~ , i l v ~ c ~ ~ \ ( . l ~ e l  K O u i i l n l l  

fig. 1. CQ-DL illustrations show three dif- 
ferent methods of coupling. 

tor losses, making the use of copper 
tubing a necessity. I would recom- 
mend 112-inch tubing because this size 
is readily available at plumbing and 

heating stores and will have less loss 
than the 318 size mentioned. Don't try 
to save money by eliminating the 
ground return line for the same reason. 

Roger D. Johnson, A D I G  
Caribou, Maine 

spectrum history 
In the interest of brevity, several ltnes of Joe 

Schroeder's (WSJUVI segment of the October editorial 
("The Endangered Spectrum: 220 MHz Under Fire." 
page 6) were omitted. They are reproduced here in the 
interest of-historical accuracy - Editor. 

When the U.S. entered W W  I1 the 
I-114-meter band was just that: 
224-230 MHz, a perfect harmonic of 
2-1 12 meters (1 12-1 16 MHz), 5 meters 
(56-60 MHz) and so on down. A few 
years earlier, however, the entire 
spectrum above 110 MHz had been 
designated simply "Amateur and 
Experimental." 

When the war ended and Amateur 
operations resumed, the 1-1 14 meter 
band was temporarily shifted to 
235-240 MHz (probably to avoid some 
of the early radars still active between 
180 and 220 MHz). Then, in the late 
1940s, it was finally shifted to the 
present 220-225 MHz slot. 

short circuit 
Guerri Report 

In "The Guerri Report," (November, 
1984, page 541, the line that reads, "A 
complete SSB receiver could actually 
consist of 3000 individual receivers, 
each having 1 kHz bandwidth . . ." 
should be corrected to read "1 Hz." 
This suggests the possibility of 3000 
discrete I -Hz spectrum segments 
comprising a single voice bandwidth 
channel, similar to the technique util- 
ized in spread spectrum applications. 

ham radio 

8 December 1984 



NEW FROM MFJ 

More Deta i ls? CHECK-OFF P a g e  160 rr 124 December 1984 9 

MFJ'S MOST ADVANCED RTTY/ASCII/AMTOR/CW COMPUTER INTERFACE HAS 
FM, A M  MODES, LED "SCOPE" TUNING ARRAY, RS-232 INTERFACE, VARIABLE 
SHIFT TUNING, 170/850 HzTRANSMIT, TRUE MARK-SPACE DETECTION. 

Has fmnt panel rensitlvlty control. 
Nonnal/Reverss nwltch ellmlnates retunrng while 

checklng for Inverted RTTY Speaker lack +250 
VDC loop output 
Exar 2206 sins wave gmentor gives phase con- 

trnuous AFSK tones. Standard 2125 Hz mark and 
2295/1975 Hz space. M~crophone lines. AFSK 9ut. 
AFSK round, PTT out and PTT ground 

FSK Qtevlng for t ~ n ~ ~ l v o n  With FSK input. 
Has sharp 800 Hz CW fllter plus and minus CW 

keying external CW key iack. 
cables for C-64/VIC-20. Kantronics software compatlble sockst. 

Englneerlng, pe r fomnw,  value and futures Built-in US-232 Intsrhes,no extra cost. Exclusive TTWRS-232 general purpose sockat 
sets MFJ's most advanced RTTY/ASCII/AMTOR/ Variable rh l f l  tunlng ~ets you copy any shift allows lnterfac~ng to nearly any personal com- 
CW computer interface apart from others. between 100 and 1MW) Hz and any speed (5-100 outer wlth most appropr~ate software. Available 

F M  (limiting) mode glves easy, trouble-free oper- WPM RTTY/CW and up to 300 baud ASCII). TTL/RS-232 Ilnes. RTTY demod out, CW dernod 
at~on Best for general use, off-shlfl copy, drift- Push button for 170 Hz shrft. out (TTL only). CW-ID ~ n .  RTTY ~ n ,  PTT ~ n .  
Ing s~gnals, and moderate slgnal and ORM levels. Sharp multi-pols mark and s p ~ s  flltsn give key in. All s~gnal llnes are buffered and can be In- 
A M  (nonlimltlng) mods glves superlor per- true mark-space detect~on. Ganged pots give space verted uslng an internal DIP swltch. 

formance under weak s~gnal conditions or when passband tunlng wlth constant bandw~dth. Factory Mstal cabinet. Brushed alumlnum front. 1 2 % ~  
there are strong nearby statlons adjusted trlm pots for optimum f~lter performance. 2'/zx6 inches 18 VDC or 110 VAC with optlonal 

Crosshair mark-space LED tuning a m y  simu- Multl-pole actlve filters are used for pre- AC adapter, MFJ-1312, $9.95. 
lates scope ellipse for easy, accurate tuning limiter, mark, space and post detection filter- Plugs between r lg  and C64, VIC-20, Apple, TRS- 
even under poor srgnal-to-no~se condit~ons. Mark Ing Has automat~c threshold correct~on. Thls 80C. Atar~. TI-99 and other personal computers. 
and space outputs for true scope tuning advanced des~gn glves good copy under ORM, Use MFJ. Kantron~cs. AEA and other RTTY/ 
Transmits on both 170 Hz and 850 Hz shlft. weak s~gnals and selective fading. ASCII/AMTOR/CW software. 

MFJ ANTENNA BRIDGE M F J - ~  

MFJ Antenna Bridge. Trrm your an- 
tenna for optlmum performance qulckly 
and easlly Read antenna resistance up 
to Wohms.  Covers all hams bands be- 
low 30 MHz. Measure resonant fre- 
quency of antenna Tells to lenghten or 
shorten antenna Easy to use, connect 
antenna, set frequency, adjust brldge 
for meter null and read antenna reslst- 
ance Has frequency counter jack. Use 
as s~gnal generator. Portable, self con- 
tained 4x2~2 ~n 9 V battery or 110 
VAC wlth adapter. MFJ-1312, $9.95. 

MlCROPHON E EQUALIZER 

M F J ~  

$49.95 
I 

Greatly Improves transmitted SSB speech for maxl- 
mum talk power Evens out speech pedks and valleys 
due to volce, microphone and room characterlstlcs 
that makes speech hard l o  understand Produces 

' cleaner, more ~ntellig~ble speech on recelvlng end 

MFJ ELECTRONIC KEYER 

B 

or 12 hour format! Bat- Greatly lmproves mob~le operatton by reduclng bassy 
tery backup. ID trmer a- peaks due to acoustlc resonances Plugs between mlc 
lefts every 9 rnrnutes and rlg 4 pln mlc jack, sh~elded output cable Hlgh, 
after reset. Red 6 ~ n .  m~d ,  low controls prov~de + 12 db boost or cut at 490. 
LEDs. Synchron~zable to WWV Alarm. Snooze func- 1170. 2800 Hz. MIC galn, on/off/bypass swltch. 
t ~ o n  Mlnute, hour set switches PM, alarm on ~nd~ca-  $79.95 "0n" LED. 7x2x61nches 9 v battery. 12 VDC or 110 
tors. Gray/Black cablnet. 5x2~3  ~n 110 VAC, 60 Hz. VAC wlth adapter, MFJ-1312, $9 95. 

ORDER ANY PRODUCT FROM MFJ AN0 TRY IT-NO 
OBLIGATION. IF NOT DELIGHTED. RETURN WITH- MFJ DEALER. CALL TOLL-FREE 
IN30 DAYS F OR PROMPT REFUND (LESS SHIPPING) 

One year uncondltional guarantee Made In USA 
800-647- 1800. Call 601-323-5869 

MFJ ENTERPRISES. INC. 
~n MISS and outs~de continental USA 

Add $4 00 each shtpplng/handllng Call or write 
Box 494, Mlssiss~pp~ State, MS 39762 

Telex 53-4590 MFJ STKV 
for free catalog, over 1DO products. 

Indispensable. Improves any RTTY statlon 
1. cmtshair LED usmpeH ~~~i~~ Array. Makes 

tuning quick and easy with dead-on accuracy. Tune 
for maxlmum vertical and hor~zontal display. 
2. scope ~ d ~ ~ t ~ ~ .  M ~ ~ ~ / s ~ ~ ~ ~  outputs for scope, 
3. Shift lndlcator. LEDS 170, 425, 850 

shift Especially useful for RTTY ovtslde ham bands, 
4. Sharp M~~ and space ~ i l t ~ ~ .  ~ ~ ~ ~ t l ~  Improves 

copy under crowded, fadlng and weak slgnal condl- 
t~ons. For 170. 425, 850 Hz sh~fts. 
5. Normal-Reverse Switch. Check for inverted RTTY 

wtthout changlng sidebands and retuning. 
6. output Level Control. ~ d j u s t  slgnal level into TU. 
7. Limiter. Evens out s~gnal var~at~on for easier, 

smooth~r copy 
Plugs between receiver and TU. Mark is 2125 Hz 

and Space rs 2295. 2550. or 2975 HZ. 10x26 Inches. 
Uses floatlng 18 VDC or 110 VAC with AC adapter. 
MFJ-1311, $9 95. 

24/12 H 0 u R c LO c K/I D TIMER 
Switch to 24 hour UTC MFJ-11 $19.95 

MFJ-407 Deluxe Electronic Keyer sends 
iamb~c, automatic, seml-auto or manual. Use 
squeeze, slngle lever or stralght key Plus/ 
mlnus keylng 8 to 50 WPM Speed. werght. 
tone, volume controls. On/Off, Tune. Semi- 
auto switches. Speaker RF proof. 7x2~6  
~nches. Uses 9 V battery. 6-9 VDC or 110 VAC 
with AC adapter. MFJ-1305, 95. 

MFJ PORTABLE ANTENNA 
MFJ'r PomMe A M n n t  l e t s k u  operate 40, 

30.20, 15,10 meters from apartments, motels, 
camp sites, vacat~on spots, nearly any electrl- 
c a ~ y  clear locat~on where space for a full slze 
antenna IS a problem 
A tslesmplng whip (extendd to 54 in.) is 

mounted on self-standing 6 x 3 ~ 8  Inch alumlnum 
case Bu~ l t -~n  antenna tuner, f~d ld strenght me- 
ter, 50 feet RG-58 coax. Complete multi-band- 
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complete solar power 
for your ham station 

Clever parts selection 
and careful siting 

deliver economical 
alternative power 

We've all noticed, wi th  increasing alarm, the steep 
rise in our monthly electric bills. Here in Hawaii, the 
rates have passed 13 cents per kilowatt hour, and 
show signs of continuing upward. Being of a prudent 
nature, I decided to make the effort to reduce con- 
sumption by all practical means. Switching to roof- 
mounted solar collectors for hot water heating was 
first. Converting my station to solar power was next. 

Photovoltaics (PVI offer an attractive solution to 
the high cost of electric power if one can afford the 
initial capital investment. Friends in this industry claim 
that suitable panels shouldn't cost more than $8 to $10 
per watt; this price, however, is based on a quantity 
order. I figured that a single panel of approximately 
30 watts would be adequate for my purposes. The only 
problem would be to find a vendor who would pro- 
vide a suitable panel for approximately $300." 

After contacting all the sources I knew, I found that 
such a unit might normally retail for as much as $500, 
more than I wanted to spend. Luckily, a California 
manufacturer agreed to provide one unit for $350. This 
particular panel (SOLEC No. 4136) provides about 2.5 
amperes at 18 volts in full noon sun. 

"For a list of manufacturers, send an SASE to ham radio, Greenville, 
N. H. 03048. 

The next problem was to find a suitable 12-volt bat- 
tery. I wanted one that would be able to stand the 
heavy transmitter load without balking, and could do 
so for a long time. A Sears Roebuck Deep Cycle Ma- 
rine Battery ($76.00) was selected. 

Because the PV panel generates more voltage than 
the battery needs for charging, a regulator is neces- 
sary. While the panel puts out 18 volts in full sun, as 
noted previously, it generates less power as the sun 
moves lower in the sky, thus making a "lossless" reg- 
ulator desirable. (Series regulators usually lose a volt 
or more; this loss cannot be tolerated in this applica- 
tion.) An excellent ontoff type regulator described by 
Millard1 was selected. This circuit senses when the bat- 
tery is fully charged and switches off the PV input. 
When the battery level drops, the regulator switches 
the input from the PV back on. 

As depicted in fig. 1, extensive metering is used 
throughout. The PV panel, regulator, and battery out- 
put are protected by circuit breakers. While low volt- 
age DC breakers are not easy to find, a variety of sur- 
plus units are available at a reasonable price (see parts 
list, fig. 1). 

A series diode is used to isolate various elements 
of the total unit. We are all aware of the usual approx- 
imate 0.7 volt drop across the average silicon diode. 
As noted previously, we are scrambling for even frac- 
tions of a volt if the PV panel output is to be used 
effectively. Conventional diodes - just as conven- 
tional series regulators - have excessive losses, and 
therefore should not be used. Power Schottky diodes 
with their approximate 0.2 volt drop are preferred (see 
fig. 2). 

Because a charging battery generates hydrogen gas, 
which can easily explode, the battery should be in- 
stalled outside the house in a location in which air cir- 
culation is unimpaired. Of course, the further it is from 

by William L. Schreiber, NHGN, 73-4327 Imo 
Street, Kailua-Kona, Hawaii 96740 
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AUTO TRACKER FOR SOLAR PANEL 
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fig. 1.  Block diagram of the solar power unit. 

Top front view of PV panel and drive control box. 

tolerable IR loss. On a per-foot basis, a set of auto- 
mobile jumper cables (copper) costs less than a third 
the price of regular wire. So I decided to use these 
between the battery, the control box, and the rig in- 
stead. But my PV panel is about 25 feet (7.62 m) from 
the battery - much longer than any jumper cables 
I could find. So I found, in my parts stock, a length 
of coaxial cable, similar to RG8/U, that proved to 
have a No. 10 inner conductor. I used this for the run 
from the battery to the panel. 

1 mounting the panel I 

Parts suppliers 

solar panel: SOLEC International 
12533 Chadron Avenue 

2.5 amp/l8 volt Hawthorne, California 90250 

battery: 
12 volt deep cycle Sears Roebuck 
Marlne battery 
Catalog No. 28H9652N 

breakers: 
surplus low-voltage Fair Radio Sales 
DC breakers Lima, Ohio 45802 

Schottky diode: Quement Electronics 
SK 9151 1000 Bascomb Avenue 

San Jose. California 95128 

Mounting the PV panel proved to be a problem. It 
was obviously important to be able to rotate it and 
even change its elevation if necessary. After perusing 
EPA documents on solar hot water panels, I decided 
that a good compromise for the elevation angle was 
to make it about 10 degrees plus local latitude. My 
location in the southern part of the Hawaiian Islands 
is about 18 degrees North latitude. So a 28 degree 
fixed elevation was selected. I built a frame out of 1 
inch (2.54 cm) aluminum angle stock, and bolted it 
together with stainless steel hardware. 

My first attempt to rotate the assembly involved 
mounting it on a wide-flange bicycle wheel hub. I bent 
a 1 x 1 14 inch (2.54 x 0.64 cm) sheet of flat alumi- 

Edmund Scientific 
num stock to resemble a bicycle fork, and the PV 

101 East Gloucester Pke frame was bolted to it. The thing worked, but it was 
Barrington, New Jersey 08007 an awkward arrangement and didn't seem sturdy 

enough to survive our occasional tropical storms. 
I finally found "lazy Susan" bearing assemblies in 

various sizes. A 12 inch (30.5 cm) and a 6 inch (15.2 
the rig and the PV panel, the more critical the choice cm) bearing were secured. The larger one was bolted 
of cable becomes. I chose No. 10 copper wire which to two 12 x 12 inch (30.5 x 30.5 cm) 16-gauge alu- 
also proved to be quite expensive - because of its minum sheets, with the PV frame bolted to the top 
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sheet. A low-friction bearing resulted, and the whole 
assembly could be rotated with light pressure (fig. 3). 

Total rotation angle is an additional consideration. 
Because very little current was developed by the PV 
panel for the first hour or so after sunrise, I decided 
to limit rotation between Southeast and West for ap- 
proximately 135 degrees of rotation. 

With these successes in hand, it became obvious 
that a motor-driven tracker should be added so that 
the panel would always face the sun. Two basic 
choices were considered. The first was a true tracker 
basedon two phototransistors. It was breadboarded 
and found to work, but it had two basic flaws. A f 12 
volt supply at 2 amperes was required. The battery 
would supply the + 12 volts quite easily, but the neg- 
ative voltage was not so easily provided. Since my goal 
was to be able to depend totally on the battery, no 
outside voltage could be considered. It's possible to 
generate - 12 volts from the + 12 volt battery via a 
power op amp inverter, but this seemed to be doing 
the job the hard way. In addition, an auto tracker gets 
into trouble when the sun goes behind the clouds for 
an hour or so. In order for the panel to find and face 
the sun, an "acquisition" system must be included in 
the tracker design. This was far too complicated and 
was summarily rejected. 

(see fig. 4). (Some circuits in Walt Jung's /C Timer 
Cookbook2 are suitable.) My approach was to use an 
astable to handle the longer times - 40 to 60 minutes 
- and use its high output to trigger a monostable, 
which would have an adjustable duration of 0 to 30 
seconds. This would turn the motor on via a relay. 

For convenience, the timing resistors for the astable 
- eight 10-megohm 114 watt - were wired across 
a DIP switch. This allowed up to eight resistors to be 
placed in series. The timing capacitor was composed 
of five each 2.2 pF mylar capacitors in parallel. 

At this point, it is important to consider the various 
pecularities of IC timers. My old standby, the 555156, 
has serious limitations in applications in which time 

. - 
The second choice was a timer-controlled system PV panel in test position. 
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I fig. 2. Solar panel and battery supply electronics. I 
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ICOM's three ultra com- 
pact mobiles ... the IC-27A 
2-meter, the IC-37A 22OMHz 
and the IC-47A 440MHz... 
are the smallest mobiles 
available. 
Even in such a small pack- 

age the 25 watt mobiles 
contain an internal speaker 
whlch makes them fullyself- 
contained and easy to 
mount. 

Slze. The ICOM compacts 
measure only 5!hnW x 1%"H x 
7"D (IC-37A is 9" deep) ... 
which allows them to be 
mounted in various"compact" 
locations. Yet the compacts 
have large operating knobs 
which are easy to use in the 
mobile environment. 

V ?  w ~ ~ f  
V is LI I I;! i 

c ~ r p ~ r t  - b b b  ~v~~j-~i ip~ . &  

More Features. Other 32 PL Frequencies. The 
IC-2 7A/3 7A/4 7A standard IC-2 7A/3 7A/4 7A come corn 
features include a mobile ~ l e t e  with 32 PL freauencies. 
mount, IC-HM23 DTMF mic 
with up/down scan and 
memory scan, and internally 
adjustable transmit power. 
An optional IC-PS45 slim-line 
external power supply and 
IC-SPIO external speaker are 
also available. 

9 Mernorles. The compact 
mobiles have 9 memories 
which will store the receive 
frequency, transmit offset, off- 
set direction and PL tone. All 
memories are backed up with 
a lithium battery. 

Speech Synthesizer. To 
verbally announce the receive 
frequency, an optional UT-16 
voice synthesizer is available. 

Scanning. The ICOM 
compacts have four scanning 
systems ... memory scan, band 
scan, program scan and priority 
scan. Priority may be a memory 
or a VFO channel ... and the 
scanning speed is adjustable. 

Stacking Mobile Mounts. 
The IC-27A/37A/47A can be 
stacked to provide a three 
band mobile station. Each 
band is full featured and will 
operate even when another 
band is in use. 

The IC-27A/37A/47A pro- 
vide superb performance in 
the mobile radio environment. 
See them at your local ICOM 
dealer. 

First in C~~hunications 
ICOM Amerlca, Inc., 2380-116th Ave NE, Bellewe, WA 98004 / 3331 Town~rwood Drlve, S u b  307, Dallas, lX 75234 

All stacd s$eclficaHons arc appmxlmnte and subJm ta change wlmout notlce or obllgatlon. All ICOM radlas slgnlflcanlty exceed FCC rcgulatlom llmltlng spurlorn ernlnlom. *Y)BILES1084 
# 126 
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fig. 3. Low friction bearings ease rotation of the solar panel. 

delays of long duration are desired. Also, the capaci- 
tors have to be carefully chosen to avoid leakage. Alu- 
minum electrolytics are unsatisfactory, and even tan- 
ta lum~ have to be used with caution. The low voltage 
film types (mylar, polystyrene, and polypropylene) are 
the best choice. If necessary, a quality tantalum may 
be used. 

My first attempt at a 30-minute astable with a 555 
proved to be very unpredictable. One of the problems 
was leakage within the IC. The other had to do with 
the inability of the 555 to time out with a resistor much 
larger than 15 megohms. Jung points this out in the 
Cookbook and suggests using the CMOS version of 
the 555/56 - the 755/56 made by Intel. This very low- 
leakage device easily handled a 100-megohm network, 
and was chosen for the astable. 

When this was done, I noticed that after about 40 
megohms were switched in, the circuit "timed out" 
the same even up to 100 megohms. The timing was 
erratic also. I learned a lesson here: the perf board was 
liberally splattered with rosin and fine solder splashes 
that are normally no problem. But throw in a lot of 
megohrns, and the leakage both here and across the 
switch contacts will interfere with the timing. The solu- 
tion was to clean the board with a flux solvent and 
get rid of the DIP switch. The bank of resistors now 
hangs in the air directly from the IC socket pins. 

The monostable had no such problems because of 
the short timer delays involved. In the interest of sim- 
plicity, a dual IC - 7556 - was used for both pur- 
poses. 

A practical problem incident to the 7556 is its low 
current sourcing capability - approximately 50 mA. 
I was unable to buy a multipole relay with coil currents 
below 80 mA here in Hawaii, so I added the Darlington 
power transistor as a relay driver. 

dawnldusk circuit 
In the overall system concept,' it was obvious that 

the tracker should stop when it finished its rotation 
toward the west. A limit switch did the job when an 
adjustable stop came in contact with the switch arm. 
Suitably connected, this turned off the motor. A 
means had to be provided to recognize this fact as eve- 
ning approached, and the switching system allowed 
the PV panel to rotate back, face East, and then stop. 
The stopping was accomplished by two additional limit 
switches and an adjustable stop. At dawn, the limit 
switches had to be bypassed so that the timers could 
start the intermittent rotation. 

The circuit chosen was based on the large change 
in resistance by a cadmium sulfide cell. Mine has a 
"dark" resistance of about 100K. Its "light" resistance 
was about 50 ohms. This characteristic was used in 
a simple comparator circuit. Again, the 741 op amp 
did not handle the relay coil current, and a Darlington 
power transistor was used as a booster. Should you 
find that the circuit "hunts" as it gets dark, it may be 
necessary to add hysteresis so that the op amp will 
have a "dead zone." This can be done by providing 
a very small amount of positive feedback by connect- 
ing a 6.8 Megohm 1 /4-watt resistor on the comparator 
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fig. 4. Autotracker circuits account for rotational limits, panel position reset and "dawn standoff" compensation for a 
low output condition at sunrise. 

h "- op amp output to its non-inverting input (pin 1 to pin 
3). Another factor to consider is to match the dark re- 
sistance of the CdS cell with its series resistor. In my 
case, it's 100K. 

dawn standoff 
A number of tests revealed that the PV panel had 

very little output early in the morning, and reached its 
average output about an hour after sunrise. Because 
the "dawn" detector triggers at sunrise, the PV panel 
tends to begin rotating too early for optimum sun 
tracking. Adding the "dawn standoff" timer handled 
the situation nicely. Briefly, it uses a National LM-322 
CMOS IC as a long-duration timer in a one-shot, 
power-up c i r c ~ i t . ~  The particular R, Ct (80 Megohms, 
47 microfarads) used here gives a delay of about 65 
minutes. Triggered once by the "dawn" circuit, it 

Internal view of drive control electronics box illustrates loca- times Out* goes and actuates the relay that sup- 
tion of CdS cell (upper right), motor mount, flexible coupling plies power to the main timer. The delay can be ad- 
and west limit switch below the wiper motor. justed over a wide range by increasing or decreasing 
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the PV panel. 
I needed a reasonably powerful, geared down, 12 

VDC motor that was both cheap and very small. 
Knowing that cars use all sorts of small electric motors, 
I went to the local wrecker and bought a nearly new 
2-speed Mazda windshield wiper motor for about 
$3.00. It checked out at a slow speed of approximately 
120 RPM - too fast for my purposes - but a lead 
screw system with a speed of much less than 1 RPM 
slowed the panel rotation down. I'll admit that it's a 
clumsy looking thing, but it works well and is very 
rugged. If you can find a small, powerful 1 RPM 
motor, you can probably drive the PV panel directly 
with a short vertical shaft and thus simplify things con- 

1 / 2 "  DIP .3Caf91.5cm) LONG 
THREADED ROD 

fig. 5. Mechanical details of the lead screw system. 

siderably. 
Closein wew of drive control box electronics shows east limit 
switches below gear head. motor 

steel drive rod (see fig. 5) which was the only thread- 
ed rod I could find in my local hardware store. An alu- 
minum rod of the same dimension would have been 
preferable. 

The only outside mechanical work needed was to 
weld a pair of threaded steel spacers (8132 x 1 inch) 
(6.4 x 25.4 cm) to a steel 112 inch (1.27 cm) (NC) nut. 
A U-shaped bracket was made of 1 x 1 14 inch (25.4 
x 6.4 mm) flat aluminum stock into which the nut and 
trunnions were fitted. The bracket was drilled at the 
top for a 318 x 1-1 /2 inch (9.5 x 38 mm) stainless 
steel screw and nut that permitted it to be attached 
to an aluminum angle bracket. This in turn was at- 
tached to an extension in the PV panel. The whole ar- 
rangement resulted in a universal joint tolerant of my 
sloppy mechanical alignment. 

Rotation angle to the west is limited by the thread- 
ed rod's contact with the PV panel structure. To the 
east, the system will not work beyond the point at 
which the rod comes into line with the center of the 
panel. This allows about 135 degrees of rotation. If 
more is required, a longer rod is needed, and the box 

Ct and/or R,. As noted previously, the series resistor 
bank hangs in the air, and is soldered directly to the 
IC socket pins. 

mechanical considerations 
As can be seen in photos A and B, the electron- 

icsldrive motor box is offset to the rear on the "east" 
side of the PV panel. The exact location of this unit 
has to be determined by trial and error, and is based 

would have to be moved out a greater distance from 

Since it's not possible for me to anticipate which 
particular motor you may use, there's no way I can 
indicate specific connections. In any case, the leads 
should be paired out with an ohmmeter. I used my 
bench power supply to try out my choices. A lower 
than normal voltage was used, and the built-in cur- 
rent limiter provided added protection. In any event, 
proceed cautiously, and determine which two leads 
coming from the motor (mine had six) are the proper 
ones. 

on the desired total rotation angle, as well as mechan- 
ical suDDort ~racticalities. The center of mv box is 13 electronics/drive box . .  . 
inches (33 cm) from the center of the PV panel and This is made of double-sided circuit board soldered 
is offset 7-1 12 inches (19 cm) to the side. together for the top and sides. The front and bottom 

My choice of a lead screw system was limited to are 16 gauge aluminum. (The latter could have been 
an available 3 foot x 1 /2 inch (91.5 x 1.27 cm) (NC) made of the circuit board material just as well.) A small 
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fig. 6. Current controller recognizes when a suitable charging level is achieved and stops panel rotation until the level drops. 

"lazy Susan" bearing attached to the bottom panel 
allows rotation of the box as the panel swings. 

The windshield wiper motor is mounted on an alu- 
minum angle bracket and attached to the threaded rod 
with a piece of rubber hydraulic tubing that fits the 
motor shaft and rod tightly. The rubber tube is held 
in place with two hose clamps. This results in a flex- 
ible coupling which, together with the universally 
mounted nut and the rotating box, is very forgiving 
of inaccurate mechanical alignments (see photo). 

A perf board is used to mount the relays, ICs, and 
assorted cbmponents for the timing circuits. The lead 
sulfide cell is mounted in a rubber grommet on the 
front of the box, where it has a good "view" of the 
ambient light. 

mounting 
Mount the PV panel where it has an unimpeded 

"view" of the sky between southeast and west. Mine 
is mounted on a 10 foot x 3 inch (305 x 7.6 cm) plas- 
tic sewer pipe. Its base is set in concreted rocks, and 
the top has a flange that supports the 3/4 inch (1.9 
cm) plywood base. Because the pipe is somewhat lim- 
ber, I used guy wires to stabilize its position. 

adjustments 
A number of adjustments are necessary before the 

system is fully functional. Mechanical settings of the 
box position and rotation angle have already been 

Edge view of control box details limit switch stops, resistor 
banks ("in the air") and drive motor. 

mentioned. Electronics items needing adjustment in- 
clude the following: 

Voltage regulator. The comparator pot should be set 
to have the green LED turn off at a battery voltage 
of 13.5 volts. The ideal way to do this is with a metered 
power supply substituted for the battery wherein the 
supply is set to 13.5 volts and the pot turned until the 
LED goes out. Alternatively, the battery can be used 
with an accurate voltmeter. Once the battery reaches 
the desired voltage, this adjustment can be made. Of 
course, you'll have to wait for the battery to charge 
up to this voltage, which may take some time. 
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Main timer (first half of the 7556). Depending on how 
long a time delay is desired, both the timing capacitors 
and resistor bank can be added to or subtracted from. 
More resistance and/or capacitance increases the 
delay. 

Dwell (second half of the 7556). The pot allows an 
adjustment of 0 to 30 seconds. In my case, the main 
timer times out at about 12 minutes, and the dwell is 
set for about 6 seconds. This combination is reason- 
ably close to keeping the PV panel pointed at the sun 
( f 15 degrees). 

Dawnldusk relay. The comparator's pot permits a 
wide range of light levels to be selected. Mine is set 
so that "dusk" is recognized just at sunset. 

Dawn standoff. Again the RC combination controls 
this timer. Mine times out after approximately 1 hour 
after sunrise, which seems to be the point at which 
the PV panel produces a worthwhile output. If you 
want a shorter period, then decrease the resistor or 
the capacitor value. 

Limit switches. Because it wasn't possible to find 
a double-pole double-throw micro switch for the 
"east" limit, two SPDT units were bolted together 
with 2-56 screws 1-1/2 inches (3.8 cm) long (photo 
Dl. The "west" limit required only one SPDT switch. 
Location of the stops for these switches took some 
careful planning to avoid mechanical interference 
(photo El. The whole assembly was rotated to the de- 
sired positions, and the bottom plate marked under 
the desired switch arm. It was then drilled and tapped 
for a 10-24 stainless screw 2 inches (5 cm) long. A jam 
nut was threaded on and tightened after the screw was 
adjusted up or down to make proper contact with the 
switch arm. 

My whble assembly is quite close to the dipoles used 
in my ham set-up. RFI from the transmitter to the timer 
ICs could have been a problem. To reduce this possi- 
bility, ferrite beads are used on all wires going in and 
out of the control box; bypass capacitors are installed, 
and the whole assembly is grounded. Happily, all this 
worked and there is no interference problem. 

a current-to-voltage converter 
If you want to add some "smarts" to the system, 

you may want to provide a means of stopping the tirn- 
ing when the charging level is sufficient. I chose a level 
in excess of approximately 0.5 amp as the cutoff point. 

This scheme was implemented by adding a series 
resistor of 0.2 ohm in the positive line coming from 
the PV panel (see fig. 6). One-half of a dual IC 
(LM-358) was arranged so that the non-inverting in- 
put received the full output of the PV panel. With a 

small signal transistor in an emitter follower connec- 
tion, the combination gives a voltage output which is 
proportional to the drop across the 0.2 ohm resistor. 

The other half of the LM-358 is used as a compara- 
tor. Its reference is the zener regulated panel voltage, 
and is adjusted by the 10K pot. It is set to change state 
when approximately 0.5 amp is provided by the panel. 
If the level is lower than this, the comparator goes high 
and switches on the TIP33 gate transistor, which 
allows the supply voltage to go to the main timer. Ro- 
tation of the panel then continues. If the level is in ex- 
cess of 0.5 amp, it stops timing (and rotation) so that 
the system will work efficiently. 

Should you want a higher or lower charging level, 
it is simple to arrange. Just reset the comparator's pot. 

references 
1. G.J. Millard, "Sdar Powered Regulator Charges Batteries Efficiently." Ekc- 
tmnic Circuits Notebook, McGraw Hill, 1981, page 337. 
2. Walter Jung. IC Timer Cookbook, 2nd Edition, Howard W. Sams, Inc.. 
1981. 
3. Applikation Note AN97, National Semiconductor Corp.. 2900 Semicon- 
ductor Drive, Santa Clara, California 95051. 
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the bicycle-powered station 
All you need 

is some simple circuitry, 

a junkyard alternator, 
and a ten-speed bike 

By combining human energy with a ten-speed bike, 
a used automotive alternator, and some simple cir- 
cuitry, Amateurs interested in exploring alternative 
sources of power can put a station on the air with elec- 
tricity derived from a low-cost system of only modest 
complexity. 

The automotive alternator - readily available, in- 
expensive, and capable of producing up to half a 
kilowatt of power-is the perfect starting point for ex- 

perimenters interested in producing their own electrici- 
ty. This bicycle-driven power plant, designed around 
the common Delco-Remy alternator, provides 110 
volts of regulated AC at levels up to 150 watts. 
Designed primarily to run a 100-watt transceiver, the 
setup is used several times a week as an entertaining 
form of physical exercise. For that reason I inten- 
tionally omitted any means of energy storage, either 
electrical or mechanical. (The alternator and its con- 
trolling electronics can easily be adapted to other 
sources of mechanical power if desired, so the circuitry 
should also be of interest to Amateurs interested in 
inexpensive wind-, water-, or gasoline-powered 
installations. 

As a power source, the bicycle presents some in- 
teresting design challenges. Because the operator pro- 
vides 100 percent of the station power, high efficien- 
cy is a must if over-the-air huffing and puffing are to 
be avoided. There is also a large variation in the 
amount of power delivered during each pedal revolu- 
tion, so good regulator action is necessary to hold the 
output constant. These factors combine to make the 
bicycle a difficult source of mechanical power to 
apply successfully. 

The performance data in fig. 1 through 4 shows 
how well these problems have been solved. Mechan- 
ically, the system is somewhat noisy but still quite 
smooth. Its overall efficiency is such that a middle- 
aged adult in average condition shouldXbe able to pro- 
duce 50 watts continuously for an hour without un- 
due strain." (A  typical 30- to 40-minute radio contact 
leaves this operator damp but by no means ex- 
hausted.) The electronic regulator smooths out pedal- 
rate variations so they result in only a 2 to 3 percent 
modulation of the system output. In terms of transient 
response and spike suppression, the system is prob- 
ably better behaved than the more expensive gasoline- 
powered generators so often used by Amateurs. 

the alternator as a power source 
Before discussing the design of this system, it's 

worth considering the alternator itself and several 
possible ways i t  can be used. The circuit diagram of 
the Delco-Remv unit I used (before and after modifica- 

I The bicycle powered 100-watt Amateur station. The bicycle's tion) is shown in figs. 5A and 5B. Basically, my alter- 
rear wheel is chain-coupled to the automotive alternator, 'Consult your physician before undertaking any form of exerclse 
which in turn powers the transceiver. There's no electrical program - Ed. 
energy storage and no battery backup. Mounted over the 
operator's head are the control electronics and step-up trans- 
former which produce the system's regulated I lbvolt AC out- By Perm Glower, WlBG, 459 Lowell Street, 
put. (photo courtesy WIGSL.) Andover, Massachusetts 01810 
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I LOAO POWER (WATTS) I 
fig. 1A. Output RMS voltage regulation as a function of 
resistive load power. The total voltage drop is only 2 per- 
cent for a 160 watt increase in output power. 

ELECTRICAL EFFICIENCY 

0 20 40 60 80 100 I20 140 I60 180 

POWER DELIVERED TO LOAO 

(WATTS)  , fig. 1B. Electrical efficiency. The power not dissipated 
in the load is lost as heat in the alternator stator and 
transformer resistances or is used to excite the field 
winding. 

nator is a three-phase machine with a Y-wound stator 
driven by a rotating field coil. In normal use the three 
output phases are full-wave rectified to produce DC 
output with approximately 14 percent ripple. This out- 
put level is adjusted by controlling the field excitation 
current with an external regulator. 

The windings are arranged so that seven electrical 
output cycles occur during one mechanical shaft rota- 
tion. This accounts for the relative advantage an alter- 
nator has over the common two-pole DC generator 
in low-speed applications. For a given field current, 
the unregulated output voltage of either machine is 
directly proportional to shaft rate, but the 7-to-1 elec- 
trical advantage of the alternator means it can reach 
the desired output level at a much lower mechanical 
speed. 

In automotive use the regulator design can be quite 
crude because the car's storage battery does a good 
job of filtering the alternator's output. A more 
sophisticated regulator is necessary when the unit is 
used as the primary power source for a system having 
a minimum of energy storage capability. Overall regu- 
lation should limit the output level to within 5 to 10 
percent of nominal, and care must be taken to limit 
the amplitude of any output spikes. 

Lack of energy storage will also create another prob- 
lem not found in the automotive environment. During 
normal operation the regulator circuitry will be 
powered from the alternator output. At startup there 
isn't any appreciable output, so a low-level source of 
regulator power must be provided along with a means 
of smoothly shifting back to internal power once the 
system is stabilized. 

Typical car alternators can produce output powers 
on the order of 400 watts. It's worth noting that the 
internal resistance of the unit used here is 0.286 ohm, 
so at that output level the alternator l2R losses are 
almost 300 watts. This explains why the unit is 
normally force-ventilated by a fan. Some care must 
be taken, particularly if the alternator is to be bicycle 
driven, to minimize that wasted power. Since the in- 
ternal resistance is a given constant, the only way to 
increase efficiency is by lowering output current, and 
that means either lowering output power or increasing 
output voltage. 

application techniques 
With that as background, let's consider two possi- 

ble ways of using the alternator. Since much of the 
newer radio equipment is capable of operating direct- 
ly from 12 volts DC, one immediate suggestion is to 
simply use the alternator as a source of low-voltage 
DC power. Another approach, the one used here, is 
to tap into the AC portion of the alternator circuit with 
a transformer and bring the output level up to 110 
volts. Each of these choices has its merits and disad- 
vantages. 

While I didn't explore the DC approach in depth, 
one problem that might be anticipated with that 
method is worth mentioning. When used without 
some sort of energy storage, the DC output of the 
alternator will have a ripple component equal to 14 per- 
cent of the peak level. Assume the decision is made 
to filter that ripple down to 0.5 volt peak-to-peak (3.8 
percent) when the alternator is driving a 100-watt load. 
At the expected ripple frequency, an 8000pF capacitor 
will be required to do this, and the addition of that 
capacitor can complicate the control loop. The capaci- 
tor gets charged through the low output impedance 
of the alternator, but it must get discharged through 
the unpredictable and often variable load resistance. 
This means that the regulating control loop will 
respond differently to overvoltage and undervoltage 
transients. It might be difficult to design a circuit that 
would work well in all situations, and certainly some 
extra attention would have to be paid to the issue of 
loop stability. 

The AC approach avoids this problem and has, in 
addition, the advantage of being able to run just about 
every piece of equipment in the station. The AC fre- 
quency will vary and is typically near 300 Hz, but that's 
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fig. 2A. The system startup transient. The AC output wave- 
form is shown at 50 volts and 0.2 second per division; the zero 
level is 3 lines below the 'scope centerline. For this test the 
unloaded system was brought up to speed as rapidly as pos- 
sible. Note the large overshoot which builds up before the 
regulator circuit can gather its wits. The small negative going 
spike at midscreen occurred when the battery driven start- 
up current was removed. 

to do with the system output impedance and the 
nature of the load currents. Power supplies do not look 
like resistive loads because current is drawn only from 
the peaks of the rectified sine wave. Not only does 
this mean that current flows in pulses, but because 
of duty-cycle constraints the amplitude of those pulses 
is from four to six times the level of the DC current 
leaving the supply. 

A small system like this is going to have a relatively 
large output impedance, about 24 ohms, and currents 
flowing through that impedance will cause a drop in 
the output voltage. Of course the regulator's job is to 
compensate for output voltage drops by increasing the 
field current, but unfortunately the regulator's band- 
width is only about 15 Hz. While it's perfectly capable 
of removing most of the effects of something like a 
resistive load being switched on and off at a few Hz, 
the regulator is powerless to do anything about the 
large, twice-per-cycle current pulses drawn by a trans- 
mitter's power supply. The frequency of that dis- 
turbance is simply too high. In such a case the con- 
troller may very well regulate the output RMS level 
as intended, but the wave form of that output will 
degenerate gradually from a sine to a square wave as 
the pulsed load currents increase. 

That distortion might or might not have an effect 
on the radio used as a load. My transceiver is an older 
one with tube-type driver and amplifier stages. The 
filaments see no change because they react only to 
the constant RMS value of the supply voltage. The 
B + does drop a little during a transmission though, 
and the peak input power to the transceiver is 
somewhat lower than when operated from commer- 
cial power. The lower B + level is not harmful to the 
equipment, of course, and other than the decreased 

fig. 28. Oitput voltage change caused by the sudden applica- power level there is effect On 

tion (at midscreen) and removal (3% divisions later) of a air performance. 
=watt resistive load. Scaling is 50 volts and 0.1 second per 
division, and the zero volt level is 3 lines below the centerline. design philosophy 
This is the combined reaction of the regulator and bicycle 
operator; the regulator itself is even better behaved than the 
picture would indicate. The positive spike which occurs when 
the load is removed has been considerably shortened by the 
action of the neon bulbs. 

of little consequence unless the equipment powered 
includes a clock or fan designed for 60 Hz. For most 
applications a valid argument can be made that higher 
input frequency will result in lower transformer core 
losses and improved power supply filtering. Further- 
more the use of a step-up transformer allows the 
designer to select the alternator output voltage in- 
dependently of the system's 110-volt output level. This 
means it's possible to set the system's output im- 

Once the choice to produce 110-volt AC power is 
made, the design can proceed to the block diagram 
stage. At the start several measures can be taken 
to reduce the impact of the waveform distortion 
mechanism mentioned above. The first thing is to 
minimize the output impedance by selecting a relative- 
ly high alternator operating voltage. 

The alternator windings normally produce a peak 
output after rectification of about 15 volts. That 
voltage is the vector sum of two sine waves phased 
120 degrees apart and corresponds to an AC level 
before rectification of 10 volts RMS. The resistance 
of the stator winding is 0.286 ohm, so the transfor- 
mation of 10 volts into 110 volts will create an overall 
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fig. 3. System response to  an input disturbance. This 2 to  3 
volt lrmsl ripple on top of the AC envelope is all that's left 
of a 30 percent input power variation caused by pedal pump- 
ing. Scales are 10 volts and 0.2 second per division. Flywheel 
energy storage can filter the operator's power strokes enough 
to mask this problem, but that effect was minimized for this 
photograph by placing a 100-watt resistive load on the sys- 
tem's ou t~u t .  

output impedance of 34.6 ohms (0.286 ohm times the 
square of the transformation ratio). Operating the alter- 
nator instead at an output level of 12.6 volts RMS will 
lower that impedance to 21.8 ohms. That higher 
operating voltage will require a bit more field excita- 
tion power, but the lower output impedance is worth 
the expenditure. In fact, it might be worth trying an 
even higher voltage transformer if one is available. An 
18 to 110 volt transformer would lower the output im- 
pedance to 10.7 ohms and possibly provide an overall 
gain in electrical efficiency as well. 

The right transformer can, by lowering the output 
impedance, reduce the amount of distortion caused 
by a pulsed current (rectifier) load. The load can be 
protected against the harmful effects of any remain- 
ing distortion by designing the regulator to stabilize 
the RMS value of the output voltage. 

The regulator could be designed to control the peak 
level of the output voltage, but in that case any distor- 
tion will cause the RMS output to increase as the load 
increases. That's because, as mentioned earlier, large 
pulse-type load currents will cause the output wave 
form to degenerate into a square wave. A sine wave 
with a peak level of 155 volts has an RMS level of 110 
volts, but a symmetrical square wave with that same 
peak voltage has an RMS level of 155 volts. 

Before the RMS level can be controlled, it must be 
measured, and that means an RMS detector is 
necessary. True RMS converters can be quite com- 
plex and expensive, but for this application there's an 
easy alternative. The high voltage waveform is full- 
wave rectified and the average DC value of that out- 
put is extracted with a suitable low-pass filter. The 

fig. 4. Waveform distortion caused by power supply loads. 
Scales for both photographs are 50 volts and 1 ms per divi- 
sion. Top photo shows the output AC waveform when the 
system is delivering 75 watts directly to a resistive load. In 
bottom photo, that load has been replaced with a trans- 
former-rectifier-filter power supply, which is delivering the 
same power in DC form to a resistor. As discussed in the text. 
the peak output level has decreased but the RMS voltage is 
holding nearly constant. 

resultant voltage is not quite the same as an RMS 
measurement, but is close enough to do the job. 

Another consideration in the design of the regulator 
circuit is loop stabilization. As with any feedback loop, 
it's necessary to select components carefully in order 
to realize the desired response to a disturbance input. 
When, for example, a sudden 100-watt load is applied, 
it's expected that the output level will immediately drop 
about 20 volts (roughly 1 amp flowing through the 
24-ohm output impedance). The regulator should then 
increase the field current so the output voltage rapid- 
ly and smoothly returns to 110 volts. In addition to 
being quick, this recovery should not involve any 
significant overshoot or ringing. 

circuit design 
The circuit diagram of the bicycle-powered system 

December 1984 29 



A length of ordinary cycle chain drives a ten-speed sprocket 
cluster mounted on the alternator shaft. The rear bike rim 
is wrapped in black friction tape and drives the chain like a 
large pulley. Crude perhaps, but the drive system is also in- 
expensive and mechanically efficient. (Photo courtesy 
W1GSL. 1 

is shown in fig. 6. The alternator, shown inside the 
dashed rectangle, has been rewired slightly to optimize 
power use. This modification, as detailed in fig. 58, 
separates one leg of the original Y winding to provide 
a source of low-voltage DC power for field excitation. 
Four of the original six alternator diodes are used for 
this purpose, while the other two are disconnected. 
The nominal output of this supply is about 10 volts, 
and that's good level for Q4's collector supply, since 
it leaves only 3 or 4 volts to be dropped as waste across 
that power transistor. 

transformer 
The remaining two legs of the Y are brought out 

to drive the primary of the step-up transformer. That 
AC output is also connected to a bridge rectifier which 
provides operating potential for the low-level regulator 
stages. Since those stages don't draw much current, 
there's no power penalty in running them with this 
higher voltage, and the extra dynamic range is bene- 
ficial. With the regulator powered in this manner, it's 
possible to run the AC output all the way down to 50 
volts before control is lost. The system isn't normally 
operated at that level, but having that much dynamic 
range improves the circuit's smoothness during start- 
up and transient conditions. 

The main 12.6 to 110 volt step-up transformer was 
salvaged from an old black and white television 
chassis. Any similar transformer, or combination of 
transformers, having a 12.6 volt winding rated at 8 to 
10 amperes will work perfectly well. The overall trans- 
formation ratio isn't critical, but primary voltages lower 
than 12 should be avoided for efficiency reasons. 

regulator 
The regulator samples the 110-volt output of the 

system with a small 1: 1 transformer. This transformer 
drives a bridge rectifier through a series circuit made 
up of various resistors and neon bulbs. This circuit, 
along with the RC filter that follows the bridge, makes 
up the RMS (well, not quite RMS, but let's call it that 
anyway) converter. The idea is that the large effec- 
tive value of series resistance between the transformer 
and bridge causes that combination to drive the capa- 
citor like a current source. The capacitor charging and 
discharging rates are then very nearly equal and deter- 
mined by the 16.6k load resistance. As a result, the 
capacitor voltage is free to follow the average value 
of the rectified voltage instead of its peak. 

The neon bulbs are an overvoltage protective 
feature. Should the AC voltage exceed their firing 
level, they provide a low-impedance path that qurckly 
charges up the filter capacitor, thus rapidly shutting 
off the field current. The resistors in parallel with the 
bulbs are carefully chosen unequal values which help 
minimize the difference between firing and sustaining 
voltages. This is about 15 volts per bulb, so the se- 
quential firing encouraged by the resistor choice 
shaves 30 volts from the total trigger level. That sets 
the protective threshold at 190 volts peak or 135 volts 
RMS for a sine wave. Putting the resistors between 
the transformer and bridge lowers the inverse voltage 
seen across the diodes so that inexpensive small signal 
types may be used. 

control system ' 
A portion of the filtered RMS output is sampled with 

the 10K potentiometer and applied to one input of a 
differential amplifier. A 5.1-volt stabilized reference is 
applied to the other input, and the difference is ampli- 
fied with a gain of 15. 

The output at the collector of 02 drives a common 
emitter stage, Q3, whose gain is partially determined 
by the impedance of the alternator field winding. It's 
a little unusual to have the gain of one stage influenced 
by that of another, but in this case the incomplete buf- 
fering is intended as part of the loop compensation. 
At currents in the 1-amp range the beta of power tran- 
sistor 0 4  is about 40, so the 5 ohm, 0.6 henry im- 
pedance of the field winding appears at 03's collec- 
tor as a 200-ohm resistor in series with 24 henrys. That 
impedance combines with the 3.3K collector resistor 
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fig. 5. Electrical changes to the internal wiring of the Delco-Remy automotive alternator. 

The controller electronics are mounted in and around a stan- 
dard chassis. Metering is provided for alternator field current 
and AC output voltage. A set of four flashlight batteries, 
mounted out of sight behind the circuit board, provides field 
current through a push button when the system is first 
started. (Photo courtesy W1GSL.) 

to create the lead-lag compensation necessary to 
stabilize the system. 

The output transistor, Q4, operates as an emitter 
follower, and as always with emitter followers, some 
care is needed to prevent high-frequency oscillations. 
No instabilities were observed with this circuit, but 
some high-frequency loading (the series 0.001pF and 
1 K ohms) was added in any case. The 10pF capacitor 
is a termination for the AC voltage generated in the 
field winding by the stator current (back EMF). 

One last circuit feature is startup field current pro- 
vided by 4 D-size batteries through a momentary con- 
tact push-button switch and diode. When the setup 
is first started, this button is pushed and the alternator 
brought up to speed. The output generated by the bat- 
tery current is enough to power the regulator, which 
can then bootstrap the system on up to 110 volts. 
When that happens, the diode in the battery circuit 
back-biases so the regulator can control the output 
level, and of course the operator can release the 
pushbutton. 

mechanical design 
Most of the mechanical details are visible in the 

photographs. The old and inexpensive 10-speed bike 
that drives the alternator is mounted at its rear axle 
to a large and stable base made from scrap lumber. 
The front wheel is removed and replaced with a 
wooden support. (While not strictly necessary, this 
adds stability to the setup by discouraging rotation of 
the front fork.) The alternator itself is mounted much 
as it would be in a car. Simple but sturdy aluminum 
brackets accept a mounting bolt that can be loosened 
to allow tension adjustments of the drive chain. 

The alternator is chain-driven from the rear rim of 
the bicycle. The tire and tube were removed from the 
rear wheel, and the rim was trued up as much as pos- 
sible with a spoke wrench. Any protruding spoke ends 
were filed flat and the inside of the rim was wrapped 
with several layers of black cloth friction tape. Mean- 
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FLAT WASHER 

WASHER 

ALTERNATOR 

C 

- SPACER MADE FROM ALUMINUM. BRASS OR STEEL 

11 HOLE DIAMETER 0 TO PASS ALTERNATOR SHAFT. 

2 )  BODY DIAMETER b TO CLOSELY FIT INSIDE SMALL E N 0  OF HOLE IN CLUSTER 
(APPROXIMATELY 3 / 4  INCH). 

31 BODY DIAMETER c TO LOOSELY FIT INSIDE LARGE EN0  OF HOLE IN CLUSTER 
(APPROXIMATELY I AND I / B  INCHI.  

4) LENGTH d LESS THAN LENGTH OF SMALL HOLE IN CLUSTER 

1APPROXlMATELY 3 / B  INCHI.  

51 OVERALL LENGTH ABOUT 5 / 8  INCH. 

fig. 7. Method of mounting the sprocket cluster to the alternator shaft. 

the right side of the box, samples the output; aside 
from being expensive if purchased new, it's bigger 
than necessary. A pair of very small filament trans- 
formers connected back-to-back would work just as 
well since the RMS converter circuit draws only a 
miniscule amount of power. 

The smaller components of the regulator circuit are 
mounted on a standard 4.5 x 6 inch (11 x 15 cm) 
circuit board mounted inside the chassis. The plug-in 
feature isn't necessary, but was convenient to use dur- 
ing the development stage of the project. The 4 D- 
sized cells used to provide startup current are mounted 
out of view behind the circuit board. 

In keeping with standard safety practice, one side 
of the AC output is tied to the chassis, which is in turn 
properly grounded. This step is necessary to prevent 
stray coupling and leakage paths from creating a large 
potential difference between the AC outlet and radio 
ground. 

checkout and operation 
Operation of this system is simplicity itself, but initial 

checkout should proceed with care. There is a surpris- 
ing amount of power available here, and some expen- 
sive radio equipment is likely to be plugged into it. 
Don't take any chances with your transceiver until 
you're sure the regulator is functioning properly! 

A lot of testing can be done without any load at all 
on the system. First set the voltage control potentio- 
meter to mid-position. Press the field excitation push- 
button and start pedaling. The AC output voltage will 

slowly increase to 50 volts or so, then jump upscale 
to its final value. This level can then be set between 
110 and 115 volts with the pot. 

The neon bulbs may flash briefly when the output 
voltage first swings upscale. That's because the filter 
capacitors in the regulator power supplies take a 
moment to charge up. Until they do, the regulator isn't 
fully operative and the output AC level can build up 
rapidly. A worst-case example of this effect is shown 
in fig. 2A. The large overshoot in this photo resulted 
from jerking the alternator up to high speed as rapidly 
as possible. The size of the overshoot can be reduced 
a bit by smoother pedaling, but it always makes sense 
to have the output voltage up and stable at 110 volts 
before an electrical load is applied. 

If everything seems satisfactory at this point, start 
loading the output. Begin by trying light bulbs of 
different wattage so you can develop an appreciation 
of how much effort is required to produce so many 
watts of power. An oscilloscope can be used to check 
how the system responds to suddenly applied loads. 
Light bulbs draw quite a bit of inrush current when 
first switched on, so they don't make a particularly 
good load for transient analysis. A soldering gun is bet- 
ter for this purpose because it represents an almost 
purely resistive load and can be switched on and off 
easily. 

Other interesting loads include things like old five- 
tube table radios and small television sets. Repeat: On- 
ly when you're convinced the circuit is working 
smoothly and reliably should you plug in a valuable 
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transceiver. The circuit of fig. 6 is a mature design and 
works quite well, but I'm sensitive to all that can go 
wrong because I burned out a large number of 
100-watt light bulbs in the early stages of this project! 

performance 
The measured electrical performance of the system 

is detailed in figs. 1 through 4. No effort was made 
to measure mechanical performance due to the lack 
of both suitable instrumentation and a data base to 
use as a yardstick. 

Electrical measurements are much easier to make, 
and fig. 1 shows two of the most important: steady- 
state regulation and overall electrical efficiency. To . make these curves the system was pedaled at a 
constant rate while connected to several 110-volt light 
bulbs through a calibrated AC wattmeter and Variac. 
The output voltages and currents were then measured 

transmit. I can power the radio itself for well over an 
hour without tiring, so for exercise purposes the 
system is also loaded with a 40-watt light bulb. 

With that loading the system produces 130 or 140 
watts during transmissions and the output ripple due 
to pedal pumping becomes bothersome. As an easy 
cure, some 4 or 5 pounds (1.8-2.3kg) of flywheel 
weighting was added to the rim of the bicycle's rear 
wheel. That provides enough energy storage to 
operate the setup for several seconds, so even at high 
output levels the effect of pedal pumping is completely 
removed. 

The only other modification under consideration at 
this time is changing the step-up transformer to an 
18-volt unit. This would cut the system output im- 
pedance in half and so improve regulation, reduce 
waveform distortion, and increase overall efficiency 
in the 100 watt output range. 

for a range of different load levels. The curve show- 
ing overall electrical efficiency is a measure of how acknowledgement 
much power was generated as compared to how Special mention must be made of the efforts of 
much went to the load. The lost power was used either WIGSL, my trusty (and trusting) photographer. Not 
for field excitation or dissipated as waste in the alter- only does he make house calls, but he was willing to 
nator and transformer resistances. give the system a trial spin in his street clothes before 

The transient response photographs in fig. 2 show getting down to photography. ' 
how well the regulator responds in dynamic situations. ham radio 
The first picture shows the output AC envelope dur- 
ing the system power-up transient. The second part 
of fig. 2 shows how the regulator handles the 
sudden application and removal of a 75-watt resistive 
load. It's difficult to maintain a constant pedal rate in 
the face of that load change, so the picture un- 
fortunately shows the combined response of both the 
regulator and operator. Even with that complication 
the loop looks pretty good. 

There is some flywheel energy storage in the moving 
components (most noticeably the high-speed chain 
drive), but when the electrical loading is heavy, that 
filter isk t  enough to smooth the two-per-cycle power 
strokes coming into the system. Figure 3 shows how 
well the regulator can hold the output level constant 
under those conditions. 

Figure 4 shows the distortion effects in the output 
waveform caused by a power-supply load. The first 
trace was taken with 75 watts of resistive loading on 
the system. In f ig  4B this was replaced with 75 watts 
of DC power delivered through a full-wave bridge rec- 
tifier to an RC load. 

conclusions and suggestions 
The system described has been in use for over nine 

months. I try to operate for at least half an hour every 
other day, so that nine months represents a lot of air 
time and a reasonable amount of physical condition- 
ing. My transceiver draws 40 watts of power on 
receive and 80 watts of steady-state bias power on 
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w~th dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 
AFC, SAW filter 
RF or video output 
Stereo output 
Polorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 

Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 Nickel, San Pablo, CA 94806 ~r 132 Tel 415-724-0587 
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JUST LOOK AT THESE PRICES! 

Band Klt  Wlredflested - 
10M,6M,2#,220 $680 $880 

440 $780 $980 

Both kit and wired units are complete with all part8 rndules, hadware, and crystals 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also available tor remote site linking, cmssband, and remote base. 

FEATURES: 
a SENSITIVITY SECOND TO NONE; TYPICALLY 

0.1 5 uV ON VHF, 0.3 uV ON UHF. 

a SELECTIVITY THAT CAN'T BE BEAT! BOTH 
8 POLE CRYSTAL FILTER & CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 12KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144, R220. 
AND R451 SPECS IN RECEIVER AD BELOW. 

OTHER GREAT RECEIVER FEATURES: FLUTTER- 
PROOF SQUELCH, AFC TO COMPENSATE FOR 
OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER & CONTROL. 

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

I HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES I 
RECEIVER MODULES 

R144 Shown 
f 

a T51 VHF FM EXCITER for 10M, 6M. 2M. 
220 MHz or adjacent bands. 2 Watts contin- 
uous, up to 2'12 W intermittent. $68/kit. 

a R144/R220 FM RCVRSfor 2M or220 MHz. 
0.1 5uVsens.; 8 pole xtal filter& ceramic filter 
in i-f, helical resonator front end for exceptional 
selectivity, more than -100 dB at f 12 kHz. 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

a R451 FM RCVR Same but for uhf. Tuned line 
front end, 0.3 uV sens. Kit only $1 38. 

a R76 FM RCVR for 10M. 6M. 2M, 220, or 
commercial bands. As above, but wlo AFC or 
hel. res. Kits only $1 18. 
Also avail w/4 pole filter, only $98lkit. 

a Rl lOVHFAM RECEIVER kitforVHFaircraft 
band or ham bands. Only $98. 

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

a A1 6 RFTIGHT BOX Deepdrawn alum. case 
with tight coverand noseams. 7 x8  x 2 inches. 
Designed especially for repeaters. $20. 

a T451 UHFFM EXCITER 2 to3 Wattson450 
ham band or adjacent freq. Kit only $78. 

a VHFBUHF LINEARAMPLIFIERS. Useon 
either FM or SSB. Power levels from 10 to45 
Watts to go with exciters 8 xmtg converters. 
Several models. Kits from $78. 

a HELICAL RESONATOR FILTERS available 
separately on pcb wlconnectors. 

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 audio 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 TTL logic. Kit only $68. 

a DTMF DECODERICONTROLLER KITS. 
Control 2 separate on/off functions with 
touchtones", e.g.. repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

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. 

a NEW - SIMPLEX AUTOPATCH 
Use with any transceiver. System includes 
DTMFS Autopatch modules above and new 
Timing module to providesimplex autopatch 
and reverse autopatch. Complete patch 
system only $200/kit. Call orwrite for details. 
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No Need toPay$EOtoS125 28-30 144.146 
for a GaAs FET Preamp. 28-29 145-146 

28-30 50-52 
27-27.4 144-144.4 

.Very Low Noise: 0.7 dB VHF, 0.8 dB UHF Wired $1 49 28-30 220-222' 
(Specify band) 50-54 220-224 

144-1 46 50-52 
50-54 144-148 

144-146 28-30 
listen to SSB. FM. ATV, etc. NF = 2 dB or less. 

28-30 432-434 

Operates on Standard 12 to 14 Vdc Supply Antenna Receiver 
Can be Tower Mounted 61.25 439.25 

Wired $1 69 144.148 432-436- 
VHF MODELS 'Add $20 for 2M input 

26-30 MHz 
46-56 MHz 144-1 44.4 27-27.4 

LNG-144 137-150 MHz 
LNG-220 210-230 MHz 
LNG-432 400-470 MHz 

UHF MODELS 

Several models, kits from $78. 

ATTRACTIVE CURVES! 

FM-5 PC Board Kit -ONLY 81 78 of Receivers and 

Our lab has developed a new line of low-nolse 
receiver preamps with helical resonator filters 
built in. Thecombination of a low noise amplifier 
and the sharp selectivity of a 3 or 4 section 
helical resonator provides Increased sensitivity 
while reducing intermod and cross-band inter- 
ference in critical applications. See selectivity 
curves at right. Gain = approx.12 dB. 

Model Tuning Range - Price 
HRA-144 143-1 50 MHz $49 
HRA-220 21 3-233 MHz $49 
HRA-432 420-450 MHz $59 
HRA-( ) 150-1 74MHz $69 
HRA-( ) 450-470 MHz $79 

I complete with controls, heatsink, etc. 
10 Watts, 5 Channels, for 2M or 220 MHz. I Helical ~esohalors 

Cablnet Kit, complete 
wlth speaker, knobs, 
connectors, hardwar 

cabinet k ~ t  free when 
vou buv an FM-5 Transceiver klt. 

IMPORTANT REASONS WHY 
YOU SHOULD BUY FROMTHE 
VALUE LEADER: 
1. Largest selection of vf~f and uhf kits 

in the world. 

2. Exceptional quality and low prices due 
to large volume. 

3. Fast delivery; mostkits shipped same day. 

4. Complete, professional instruction 
manuals. 

5. Prompt factory service available and 
tree phone consultation. 

6. In business 21 yaars. 

7. Sell more repeater modules than aN 
where else &in you get acomplete transceiver other mfrs. and have for years. Can give 
for only $1 78 1 quality teatures tor much lower cost. 

More Details? CHECK-OFF Page 160 f l  133 December 1984 37 



the new industrial revolution: 
packet radio and 

local area networking 

"I see no reason why 
intelligence may not be 

transmitted instantaneously 

by electricity." 
- Samuel Morse, 1832 

Because the traditional methods of point-to-point 
communications - CW and RTTY - relied on rela- 
tively low data rates, conventional systems have been 
slow to take advantage of available technologies and 
the bandwidths they offer. Yet the widespread use of 
digital computers has created an urgent demand for 
faster data transfer (burst communication) requiring 
large bandwidths giving a totally new meaning to 
Morse's words. 

Now that personal computers have taken the place 
of comparatively "dumb" terminals, used to access 
large central computers (CPUs) via low-speed tele- 
phone lines, communication between and coordin- 
ation of individual computers has presented a new and 
difficult challenge to system planners. Because there 
are differences between various computers, they have 
difficulty "talking" to each other, and problems are 
created whenever they are combined in a common 
network. In order to solve this problem, a new science, 
called LAN or Local Area Networking, was created, 
which employs packet-like communications to trans- 
mit data on dedicated wire (pairs), coaxial cables, fiber 
optics or "through the air" (see fig. 1). 

The need for wideband communications has also 
affected traditional analog modulation schemes, which 
are now being replaced by digital ones. The search 

is on for techniques that will enable diverse types of 
electrical information - including voice and video 
signals - to be combined and transmitted. At the 
same time new higher speed analog-to-digital con- 
verters are replacing conventional processing tech- 
niques not only in RF processors but in large distri- 
buted networks and private branch exchanges (PBX). 
In addition, compressed full-motion digital television 
signals, including digital voice and computer informa- 
tion, can be distributed over networks for video- 
conferencing. 

This phenomenon is not a science fiction fantasy, 
but rather a reality of the new industrial revolution, 
in which information is managed through automatic 
communications between and among "intelligent" 
machines. 

As an example, consider a corporation with several 
manufacturing facilities in widely separated locations. 
Each factory acts as an independent unit with its own 
offices and production facilities. To operate effectively 
and maintain the competitive edge, each unit needs 
to have, at hand, easy access to the latest technology 
and techniques of information processing and com- 
munications. The answer to this need is a series of 
interconnected local area networks deisgned to in- 
stantly respond electronically rather than on paper. 

communication path 
determines technique used 

Most data communications over paths shorter than 
one hundred meters employ (hard-wired) parallel 
busses (see figs. 2 and 3.) Although this relatively fast 
method of data transfer is fully compatible with 
computer I/O1s, use of busses over greater distances 
becomes impractical. Consequently, local area net- 
works use serial digital packet formats at rates in the 50 
Mbitls range." In communications this is referred to 

By Cornell Drentea, WBSJZO, 7140 Colorado 
Avenue N., Minneapolis, Minnesota 55429 
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"I DON'T HAVE TIME 
TO WAIT, PUT M E  
ON NOW' 

fig. 1 .  Some protocol requirements for local area networks. 1 

as base-band information because it is the basic format 
that every device will eventually generate and accept 
for communications. Base-band can be used directly 
in point-to-point communications between data de- 
vices such as universal asynchronous receiver1 
transmitters (UART). However, without complex pro- 
tocols and equipment, only two devices can com- 
municate over the given medium at a given moment. 
For communication among more than two devices 
(e.g., computers), other methods must be used. 

One method of communicating between several 
digital base-band devices over the same pair of wires 
is by multiplexing them synchronously at both ends. 
Known as time division multiplexing (TDM), this repre- 
sents an early form of local area networks, as shown 
in fig. 4. TDM uses permanently dedicated time slots 
that can sometimes be "empty" of information; 
statistical time-division multiplexers (STATDM) 
eliminates this problem by dynamically allocating the 
time slots according to the activity on the channels. 

Computer Bus: 
1-10 cm to 100 meters. 

Local Area Nets: 
Several meters to several kilometers. 

Local Distribution Nets: 
A few kilometers to approximately 100 kilometers. 

Long Haul Nets: 
Hundreds of kilometers to thousands of kilometers. 

fig. 2. Categorization of networks by geography. I 
'Packet is a block of data handled by a network in a well-defined format 
including a header (opening ID) and having a maximum size and data field. 
Consequently, a message may have to be carried as several packets. - 
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BUS 1 fipes of local area networks. 

MESH 

BUILDING A - 1 

CPU CPU CPU 

TERMINALS 

fig. 4. Block diagram of a campus local area network using multiplexers. 

Other simple local area netwcirks use an intelligent cen- 
tral switching facility in a star configuration that 
resembles conventional telephone PBX technology. By 
using base-band directly on wires and without multi- 
plexing or central switching, we occupy 100 percent 
of that medium's bandwidth. (Also known as the per- 
centage bandwidth factor.) 

When base-band signals are translated to radio or 

optical frequencies, it becomes possible to pack more 
base-band channels into one single frequency, as 
shown in fig. 5. The higher the frequency, the more 
base-band channels can be transmitted. 

Frequency division multiplexing, designated as the 
broadband approach to local area networks, can be 
further subdivided according to some interesting pro- 
tocols, as shown in fig. 6. 
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BASE-BAND 

L C C i i  I 

TAP 

COAXIAL CABLE 

0-100 KHz 'I 
BASE-BAND 

fig. 5. The concept of percentage bandwidth shows that the best medium utilization occurs when many base-bands are 
modulated on top of much higher frequencies as in frequency division multiplexing (FDM) techniques using radio-like 
processing. 

listen while talking 

In an effort to find better ways of utilizing the spec- 
trum without switching and/or multiplexing new 
packet techniques using radio and coaxial cable net- 
works have recently been developed and implemented. 
By borrowing ideas from real-life situations, designers 
have applied the characteristics of human interaction 
to communications between machines. 

Imagine a business meeting in which several dy- 
namic men and women exchange information and 
make decisions in one room. The process is rapid and 
contains several important elements common to all the 
speakers: 

A leading address to one or more participants 
preceeds any conveyed message. 

A message is conveyed. 

An end remark is usually followed by an invitation 
to answer. 

If two persons begin to speak simultaneously their 
messages "collide," and one or both stops talking and 
tries again later. (In earlier packet radio, neither party 
would have "known" that a collision had occurred un- 
til they noticed that an acknowledgement had not 
been received at the end of the transmission.) 

This relatively simple concept is the basis for a type 
of local area networking known as Ethernet. Ethernet 
allows the transmitting station to listen in on the 
"ether" while transmitting a packet, in a method 
known as "listen while talking." This method is similar 
to the situation that occurred in the hypothetical 
business meeting described above. It allows for any 
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CALL LONG DISTANCE ON 2 METERS 
Only 10 w a t t s  d r l v e  will dellver 75 w a t t s  O u r  p r o d u c t s  a r e  b a c k e d  b y  p r o m p t  fac-  

of RF p o w e r  on 2M SSB, FM, or CW I t  IS t o r y  s e r v l c e  and technical assistance To 
based C l a s s  AB f o r  I tnear  operation. T h e  b e c o m e  faml l l a r  w l t h  our o t h e r  f l n e  p r o -  
c u r r e n t  d r a m  IS 8-9 amps a t  d u c t s  ~n t h e  a m a t e u r  radlo 
13 6 V d c  I t  c o m e s  ~n a w e l l  m a r k e t ,  call o r  w r l t e  f o r  o u r  
c o n s t r u c t e d ,  rugged c a s e  free p r o d u c t  and s m a l l  p a r t s  
wth an o v e r s t z e d  h e a t  s l n k  c a t a l o g  
to k e e p  fl c o o l  I t  has a sen- 
s l t l v e  C 0 R. c l r c u l t r y ,  Model 875 
rellable 50-239 RF connec- Ktt $109 95 
t o r s ,  and an a m p l l f l e r  
INlOUT s w l t c h  The max- 

'q'; ' Wtred 61 Tested $129.95 

lmum p o w e r  l n p u t  1s 15 rc 134 
wat ts .  Communication 

VlYl Concepts Inc. m 
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ml 
2648 Norlh Aragon Are Deylon Ohlo45420.(5131298-1411 am 

b 

. 
R-T HV Mark 11 a 

NEW. EASY-TO-USE DESlG 
GET TRANSI-TRAPTM 

LIGHTNING PROTECTION 
Protect your valudble equlpment fron antenna 
voltage surges causvd by nearby llghtnlng hlgh 
wlnd and statlc bu~ld up Keeps harmful ARC 
energy off equlpment by safely shuntlng IT t o  
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collisions caused by another station that had decided 
to transmit to be immediately detected, which in turn 
causes the transmitter to cease transmission and 
restart at a later time. Ethernet can be used either at 
base-band over wire pairs and/or coaxial cables, or 
over channelized broad-band busses in CAW-like net- 
works equipped with special modems as shown in 
fig. 7. 

The concept was developed as a consequence of 
problems with simpler packet radio techniques that do 
not necessarily allow for the collision detection charac- 
teristic of Ethernet. These technologies evolved from 
the well-known ALOHA network. Developed at the 
University of Hawaii in 1970, the ALOHA system was 
essentially the first practical packet radio network, and 
covered the Hawaiian Islands, as shown in fig. 8. 

The purpose of the ALOHANET was to provide in- 
expensive, statewide user-to-central computer com- 
munication for several hundred terminal users who 
were experiencing poor telephone modem connec- 
tions at the time. Unlike previous networks, which 
used node-to-node communications, ALOHA network 
communication was accomplished in a radio broad- 
cast mode, in which each station was heard and 
addressed by the central packet station known as the 
"Menehune", located in Honolulu, via two 100-kHz 
random-access channels at 407.35 MHz and 413.475 
MHz. Although the system did not allow for direct 
user-to-user communications, information was never- 
theless transmitted by transferring data to the central 
packet station and then forwarding it, after process- 
ing, to the destination user. 

The packet transmission data rate was 9600 baud, 
with packets consisting of a 32-bit header, a 16-bit 
header parity check field, and up to 80 bytes of data 
followed by a 16-bit data parity check field. The maxi- 
mum size packets were, therefore, 704 bits in length. 
Each took about 73 milliseconds to transmit; the en- 
tire network's propagation delay time was therefore, 
negligible in comparison to other systems. The 
random-access user-to-computer (407.350 MHz) chan- 
nel allowed for packet headers containing user 
addresses to be identified by the Menehune central 
station. One natural consequence of the random 
nature of transmission was the probability of packet 
overlapping and collision. However, frequency division 
multiplexing was not considered necessary because 
of the burst nature of the computer traffic and the lack 
of additional radio channels. The collided packets were 
rejected by the Menehune station, and that fact was 
made known to the respective transmitting terminal 
by the absence of an acknowledgement signal on the 
computer-to-user return channel (413.475 MHz). This 
channel presented no random collision problem, since 
only the central processor's transmitter was broad- 
casting to all the other stations. 

This scheme, known as pure ALOHA, presents 
some drawbacks as pointed out earlier; because the 
individual terminals have to wait until no acknowledge- 
ment is received, and then re-transmit the packet at 
random, with no guarantee that a collision will not oc- 
cur again. 

The relatively low throughput of pure ALOHA (see 
fig. 9 A and Bj arises from the high practical proba- 
bility of packet collision, which in turn is the result of 
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fig. 7. The GE-NET is an example of Ethernet implemented on a broad-band CAN-Network. 

the total lack of discipline in transmissions from the 
terminals. 

To correct the situation, various proposals were 
made to improve the bandwidth utilization. Among 
them were slotted ALOHA, which restricts and syn- 
chronizes terminal transmissions for better throughput 
and the various carrier sense multiple access (CSMA) 
techniques presently used. 

The present AX.25 protocol used in Amateur 
packet-radio networks is superior to the ALOHA 
protocol because it listens before it transmits; how- 
ever, the characteristic "listen while talk" feature of 
Ethernet is not available on these networks. The more 
advanced Ethernet concept was pioneered by the 
Xerox Corporation in November, 1978, as part of a 
proposed nationwide network known as the Xerox 
Telecommunications Network (XTEN). 

satellites would provide the link 
The overall XTEN approach required satellite com- 

munications to link together through shared earth 
stations located in all the major cities around the 
country. Microwave radio, and/or infrared fiber links 
were envisioned to connect the local users to the 
earth stations, and finally, individual buildings and/or 
campuses were to be connected through a 3-Mbitls 
packet network. 

In its modern form, Ethernet is a base-band local 
area network allowing a theoretical rate of 10-Mbitls 
over coaxial cable. It can connect as many as 1024 sta- 
tions over a span of 7600 feet. Each station is 

M Menehune cen t ra l  s tat ion 

A Repeater s t o t ~ o n  . User node 

fig. 8. Map of the ALOHA network. 

designated by a 48-bit code and collision detection 
(CSMAICD) is accomplished through the previously 
described techniques. In spite of the many improve- 
ments since the ALOHA days, the opponents of 
Ethernet still maintain that when network traffic is 
especially heavy, real-time applications such as those 
on aircraft or in automated factories could fail to  be 
completed within the limits of their prescribed times, 
resulting in long collision recovery time, and even the 
risk of catastrophic failure. 

Consequently, new methods have been developed 
to provide more discipline in accessing networks. One 
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such method is the newly introduced token-passing 
technique, which consists of passing an accessing 
token from terminal to terminal, which in turn provides 
a well-ordered method of accessing the network for 
the participating users. The relatively complicated 
error recovery algorithms of token-passing make this 
approach difficult to implement, however. (Most base- 
band, token-passing networks can also be imple- 
mented in broad-band. 1 

A compromise between the CSMA and token- 
passing is now being examined, with products to 
follow in the near future. 

applying what we've learned 

. Shown in fig. 10 is a radio transceiver with a built- 
in computer terminal; it could also be considered a 
computer terminal with a built-in radio transceiver. 
Behind its friendly look lies a packet radio network of 
unprecedented complexity. 

Imagine a nationwide dispatching operation in- 
volving thousands of roving service or supply vans, 
with drivers. Obviously such an operation would re- 
quire foolproof, effective communications and positive 
inventory control of all parts used in the field (with 
automatic reordering). A combination of radio paging, 
telephone dispatching, and paperwork would be 
necessary. 

In such an application increased productivity and 
elimination of delays associated with the paperwork 
means improved communications. Equipped with this 
portable radio terminal, otherwise known as a PCX, 
a fleet can reliably access a distributed database net- 
work that keeps track of all inventories even as they 
are being continously modified from the field by all 
other portable radio terminals. This - and dispatching 
and ordering functions as well - happens in real time, 
in all locations, and without the inevitable delays 
associated with paperwork. 

These developments are expected to open new 
doors in professional and Amateur packet radio acti- 
vities, with products such as hand-held transceivers 
expressively made for data networking applications. 
Networks using satellite packet gateways will allow 
electronic mail to be carried from one side of the world 
to the other, and facilitate the handling of emergency 
traffic on a worldwide scale. 

what we  can expect 
Today's personal computer is a small first step in 

the eventual connection of diverse communication 
technologies in terms of interactive thinking of ma- 
chines. This new science has been named telematique 
or telecybernetics. 

Theoretically, the ideal local area network should 
allow any computer or officelfactory device to com- 
municate with any other device within its geographical 

fig. 10. The portable radio data terminal (PCX) can provide 
interactive data communications with large data bases geo- 
graphically dispersed. Thousands of such devices can modify 
inventories in real time, while roving around cities as part of 
area-wide packet networks operating in the 800-MHz busi- 
ness band. The local networks are in turn connected with a 
nationwide data network which provides updating of infor- 
mation to all other PCXs located elsewhere on the network. 
(Photo courtesy of Motorola lnc.) 

boundaries. However, current local networks are lim- 
ited in that they perform only limited functions in 
specific settings. This approach may or may not sur- 
vive the present technological revolution. Such is the 
case with some inexpensive base-band systems that 
can work with only certain brands of computers. The 
problem is essentially one of standardization. The age 
of the throwaway computer is here; the average life 
time of a design appears not to exceed two years. And 
although the new machines are increasingly power- 
ful, with built-in LAN capabilities, combining them into 
networks remains one of the most challenging tasks 
ever encountered. 

To help minimize these problems, the International 
Organization for Standardization (IS01 introduced the 
Open System Interconnection (OSI) model in 1978, a 
concept for developing communications between dis- 
similar devices. The model has since been adopted by 
the IEEE and is now reflected in the IEEE-802 standard, 
as shown in fig. 11. Upon completion, this standard 
is expected to ensure compatibility between local area 
networks with only a minimum amount of work re- 
quired of the user. 

conclusion 
Today's local area networks cannot be expected to 

provide communications between dissimilar devices 
without additional customized hardware and software 
interfaces. At the same time, standardization is not 
expected to resolve the fundamental incompatibility 
of computers that use different operating systems, 
languages, and syntaxes. Technical experts seem in 
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fig. 11. The seven-layer I S 0  OSI model has been adopted by IEEE's Project 802 Committee and a set of protocols is now 
available for the bottom layers. 

doubt as to whether the processing imposed by the 
protocols will still permit real-time applications such 
as digitized voice or compressed video-conferencing 
- services that have been part of the promised land 
of LAN. The question still remains whether or not elec- 
tronic mail belongs within the IS0 OSI structure, out- 
side of it as a separate service, or somewhere in be- 
tween. It is well known that few true distributed data- 
base products are available today. Not to be confused 
with file sharing, these systems involve similar data- 
bases that are geographically dispersed. The intent is 
to provide each LAN containing such a database with 
updated information in real time. The problems associ- 
ated with finding, updating, and verifying this in- 
formation at several locations calls for traffic-intensive 
communications not yet compatible with the IS0 OSI 
model because of the current lack of "intelligent" 
software. 

The hardware-oriented issues with packet com- 
munications seem small when compared with the 

above issues; progress remains to be made in fre- 
quency division multiplexing technologies required for 
broad-band optical communications and in the design 
of fiber-optic power splitters (the optical equivalent of 
RF-power splitters). At light frequencies the process 
becomes impractical because of temperature instabil- 
ities. Consequently, achieving broad-band communi- 
cations over fiber optics remains a laboratory experi- 
ment. Fibers are usually used in base-band modes; 
applications using Bragg technology are possible, 
however, in real time broadband-to-base-band con- 
verters (patent pending by the author and Honeywell, 
Inc.). 
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e 800-22 1-0060 

...................... .................. Easy 10 learn easy lo use 3-4002 .$85. 60 $10.00 
...................... BUIII-~n packel Modem 3-5002. ................... .85. 35A 27.50 

Use W I ~  computers, lennlnals ...................... .................... teletype mach~nes 4-400A .80. 22 110.00 
R5232 ser~al nlerlace - 45 to 9600 bau 4CX25OB ................ .50. 56 ........................ 12.50 
Uses bolh ASCII and Baudot ....................... ........................ 5728 55. 43 .82.50 

811A ........................ 12. 44 ....................... .26.50 
Automal~cally recognizes p r o l m l  of inmmlng messages .......................... ...................... Over 60 commands 813 30. 73 175.00 

...................... ~ u s ~ o m  call slgn optlon 61468 ........................ 6. 74 195.00 
Slores rece~ved messages until requested al a later hme ..................... ......................... "Block" and Transparent" modes for lranslerrlng dala 6360 .4. 77 .500.00 ........................ Operates as an unatlended repealer 68838 ........................ 6. 08 12.50 
Acl~vates lelelype molor lo prlnl messages 
Board accepts up lo 14K 01 RAM 
Can be cuslom~zed lor U N S  and up to 56K PAM 

MODEL PK-1 wired & tested w / 4 K  RAM 
Additional memory (up to 14K total) Semiconductors 

................... MRF 2451SD1416 ..$30.00 SD1088 19.95 
....................... ................. MRF 454 14.95 2N3055 75C 
.................... ................. MRF 455 10.95 2N6084 12.50 

RF Connectors 
................... ................. power indicator, reset button & power jack PL259 10/$4.95 M358 2.50 ea. 
................... ................... D~rnensions: 4.5 x 9.5 x 1.5 inches PL258 1018.95 M359 1.75 ea. 

.......... Pwr required: + 12 VDC, approx. 200 ma. UG 1751176 1011.60 Type "N" Twist on .............. .............. Contact GLB for additional info and available options. UG255Iu 2.50 ea. (RG81u) $4.75 ea. 
.............. We o l f e r  a comp le te  I lne 01 transmitters a n d  receivers, str ips. UG2731u 2.25 ea. Min~mum Order $25.00 
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polymer film transforms 
mechanical energy to electrical energy 

New material promises 
a variety of applications, 
including a simple keyer 

you can build 

Polyvinylidene fluoride (PVF2) is a flexible poly- 
mer film that exhibits both piezoelectric (mechanical- 
electrical) and pyroelectric (heat-electrical) activity. 
Unlike the conventional ceramic piezoelectrics found 
in microphones and record player pickups, PVF2 film 
is thin and flexible and can be cut to any desired shape. 
PVF2 film has been used in applications ranging from 
microphones, headphones, and keypads to trans- 
ducers that reduce the buildup of algae on ships' hulls. 

Seeing the potential for its use in both Amateur 
Radio and non-Amateur related applications, I recently 
spent $35.00 for a sample package of PVF2 film and 
began experimenting. This article relates what I've 
learned over the course of my experiments. 

how it works 
To understand PVF2 film it's necessary to examine 

its construction. Figure 1 represents a single sheet of 
PVF2 film. Its thickness varies from 0.240 mil (6 pm) 
to 4.4 mil (110 pm), depending upon the manufac- 
turing process used. The nickel metallization layer is 
only 0.002 mil (500 a) thick. 

As fig. 1 shows, the molecules in a PVF2 sheet are 
arranged in a zigzag pattern much like the folds of an 
accordion. Two fluorine atoms and one carbon atom 
form a molecular dipole, causing a net cigar-shaped 
charge redistribution within that region. Likewise, two 
hydrogen atoms and one carbon atom form a molecu- 
lar dipole with an opposite charge redistribution. 
Following the pattern, the dipoles are arranged in a 
head-to-tail fashion throughout the entire length of the 
material. Collectively, a net electric field polarization 
exists within the material in the direction indicated. It 
is the physical movement of these dipoles that cause 
a voltage to be produced or a physical displacement 
to occur whenever a voltage is applied. Because 

I voltage and molecular motion are interrelated in PVF2 
film, the material can be stretched to produce a voltage 
or a voltage can be applied to the material to cause 
it to move. 

When PVF2 film is stretched in the direction shown 
in fig. 1, a voltage with the indicated polarity is shown 
for this particular action. As the material is relaxed, 
the molecular dipoles return to their original position 
and a voltage of opposite polarity exists until the 
material once again stops moving. For PVF2 film, the 
voltage output per unit displacement is typically 65 x 
107 V/m (volts per meter); thus a molecular displace- 
ment of 0.0004 mil (0.01 pm) (a typical value) produces 
a voltage output of 6.5 volts. 

stretching speed determines 
output voltage 

One topic that requires further attention is that of 
the apparent "rate effect" present in producing voltage 
from mechanical stress. Although a voltage is pro- 
duced by physically moving the molecular dipoles, the 
charge present in the material itself is mobile and re- 
distributes itself to maintain an overall charge neutrali- 
ty. To produce a substantial voltage output it is 
necessary to rapidly move the material along its stretch 
axis by applying a quick mechanical impulse. The 
voltage output is greatest for a quick, sharp tug 
(maximum impulse) and lowest for a gradual pull. 
Also, if the material is relaxed quickly, a sharp, 
opposite-polarity pulse is generated. The voltage out- 
put which results from the mechanical displacement 
is related not only to the actual displacement but also 
to the rate of displacement. The voltage output is not 
a steady DC voltage; rather it is a voltage pulse oc- 
curring initially with one polarity and then (upon relax- 
ation) the other. 

Figure 2 illustrates the effects of these actions. In 
this case, the material is pulled taut along the stretch 
direction and is maintained under tension, much like 
the material stretched over the head of a drum. The 
initial positively-sloped line at the left hand side of the 
figure (between points 1 and 2) indicates the maximum 
impulse region and thus the voltage produced is a 
maximum. Between points 2 and 3 the force is con- 

By Mark D. Braunstein, WA4KFZ1 4546 King 
Edward Court, Annandale, Virginia 22003 
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There are a lot of com- 
panies claiming to have 
the hest ruhher duck antennas. 
hut when a l l  the claims are 
hoiled down, one rises to the top. (:ENTURIC)N. 

Resides having the advantage of peak pertormance and relii~hle quality 
assurance management hacked hv the niost sophisrtcatcd RF testlng 
equipment, Centurion gives you the quality visual ;Ippearance so important 
in the sale ot your radio. 

Centurion is the most popular original equipment antenna among leading 
manuhcturers of hand-held radica, and variety of styles is another reason. 

Centurion has created many different models with nine st:~ndard styles to 
choose trom, including 1/4 wave mcldels designed tor high and low hand 
VHF and UHF, 1/2 wave gain models tor UHF and 5/8 wave telescoping 
models tor VHF. Featured in the stantiard line itre miniature models tor 
UHF and VHF and papers. Twenty-five ditferent connectors are now 
available. And in the event the connector you need has not yet hecn 
invented. Centurion will design and manutacture it to meet your 

Every antenna i s  factory-tuned. Field-tunahle models are illso i~v;~ilahle. 
When you want the hest looking, hest performing antenna fc>r your radios, 
it 's DUCK SOUP when you specify Centurion. 

DESIGN ENGINEERS 
CONSIDER OPPORTUNITIES IN THE SOUTHWEST 

A rapidly expanding general aviation electronics manufacturer is seeking action- 
oriented, advancement-motivated engineers who are challenged by the exciting field 
of avionics. 

Candidates with a BSEE and 2-5 years experience are sought for the design and 
development of aviation communication and navigation products. Successful appli- 
cants will be provided with an outstanding benefit package including educational 
assistance, and paid relocation. 

Whether on the mountain slopes or on the courts and courses in the city, Albuquer- 
queans enjoy outdoor sports and recreation throughout the year. 

We are a dynamic, growing Corporation . . . 
CONSIDER THE OPPORTUNITIES 

Send resume to: 
Vice Pmident, E n g i d n g  
Terra Corporation 
3520 Pan American Freeway N.E. 
Albuquerque, N.M. 87107 
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fig. 1. Cross-section of a single sheet of PVF, film. 
Nickel metallization provides electrical contact for the 
material. Zig-zag chain of molecules is responsible for 
the material's properties. Polarity is shown for one 
stretch direction. Note the polarity of the electric field. 

stant and no output voltage is produced since charge 
redistribution has occurred. The declining impulse 
slope at the right hand side of the figure (between 
points 3 and 4) produces a corresponding negative- 
going voltage pulse. 

Since voltage pulses, rather than a static DC 
voltage, are produced when PVF2 film is stretched, 
the voltage pulses must be observed on an oscillo- 
scope. Using one, I observed peaks as high as + 10 
volts when a sample of 52-pm thick material was given 
a sharp tug. The output impedance of the material is 
quite high (over 10 megohms) since the actual cur- 
rent flow in the material is extremely small. 

PVF2 sheets are available in various thicknesses. 
Certain thicknesses are better suited for specific appli- 
cations:, for mechanical-to-electrical conversions, 
thick, uniaxially stretched material works best because 
the greater the material's thickness, the greater the 
voltage output. For electrical-to-mechanical conver- 
sions, thin, uniaxially stretched material is preferred 
because the thinner the material, the greater the 
mechanical displacement. 

PVF2 is easy to work with 
To cut PVF;! film to the required dimensions, 

begin by taping the edges of the sample flat. Using 
a metal straightedge as a guide, cut the film with an 
X-ACTOTM knife, using a steady motion. Don't use 
scissors; they tend to deform the cut edges. 

Electrical connection to the material can be made 
in several ways. The method I used, certainly one of 
the most economical, is to use a copper foil tape with 
conductive adhesive. I used a 3Mm tape, No. 1181, 
which sells for approximately $12.00 for a roll 18-yards 

fig. 2. Rate effect of stretched PVF2 film. Voltage pulses 
are maximum for maximum rate of change in applied 
force. No voltage output exists for a steady-force 
condition. 

fig. 3. A sample of 110 wm PVF2 film. The serial number indi- 
cates the film type. Note the + sign and the right arrow in- 
dicating the instantaneous polarity and stretch direction of 
the top metallized surface. 

(16.2 meters) long and 318-inch Y0.94 cm) wide. 
Because very little foil is required, a single roll can be 
used for many applications and should last for quite 
a while. 

I found that No. 30 wire-wrap wire was the easiest 
to use because it is thin enough not to interfere with 
any mechanical actions and is very flexible. When 
soldering, don't attempt to solder directly to the PVF2 
film; this will destroy the material and could liberate 
toxic hydrogen fluoride gas. Instead, first solder the 
wire to the copper foil tape and then attach the foil 
tape to the material. Generally it's best to tin the foil 
tape first and then bring the wire to the tape. Once 
the lead is connected to the foil tape, remove the pro- 
tective backing and apply the foil tape to the material, 
using finger pressure. While the tape's adhesive is 
quite strong when the tape is pulled along its length, 
it can be carefully peeled off if necessary. 

Keep the wire leads at a 90-degree angle to the 
material's "stretch direction." In some instances I 
found myself tugging on the wires and generating a 
voltage when I was not expecting it. The right angle 
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fig. 4. View of the keyer paddle arrangement. Note that the 
wire leads are oriented 90 degrees to the material's stretch 
axis. The facial tissue acts as a shock absorber. The two 
pieces of drafting tape are visible at the right edge of the 
material. 

WIRE LEADS COPPER FOIL CONDUCTOR 

5 Z p m  MATERIAL  

PLASTIC  STRIP  
PLASTIC STRIP  

SUPER CLEF BOND 

2 LAYERS DRAF TlNG T A P E 7  I 
I SWITCH 

[SEE ABOVE) 
4 LAYERS FACIAL 

fig. 5. Side view of keyer paddle arrangement. (A) shows 
switch (note that plastic strips are glued at top and bot- 
tom for maximum elongation): IB) shows sidetails of en- 
tire set-up. The facial tissue acts as a shock absorber; 
drafting tape elevates one end of film. 

approach p(events force from being applied along the 
stretch axis. 

Figure 3 illustrates a typical sample of the material. 
Note the serial number indicating the film's thickness 
(110 pm in this case) and the markings on the lower 
right hand corner. The + sign indicates the positive 
polarity side of the material; the stretch direction is 
indicated by the arrow at the right. When cutting, be 
sure to keep track of polarities and stretch directions 
at all times. I found it best to use drafting tape (such 
as Scotchm brand No. 230) to label and hold down all 
cut pieces because the tape adheres well but can be 
easily removed without wrinkling the film. Masking 
tape is too sticky and too difficult to work with, 
especially for thin samples of material. 

Morse code keyer paddle 
After experimenting with PVF2filmfor a few months 

I decided it was time to try to produce something use- 

ful. Intrigued by a sketch that showed the positive- 
and negative-going pulses of a piece of stretched film 
when it is struck, I immediately thought of using the 
film in a Morse code key or keyer paddle. With the 
material, a lightweight, nonmechanical device could 
be constructed to fit any size constraint. Its perform- 
ance could be varied through electronic, rather than 
mechanical adjustments. Because I didn't have enough 
spare film to construct the keyer paddle I had first en- 
visioned, I decided instead to build a workable circuit 
and mechanical configuration that could be easily 
modified and extended by any Amateur interested in 
pursuing this topic. 

Because thicker PVF2 films are better suited for 
mechanical-to-electrical conversions than thinner 
films, I decided to try working with the 52 pm piece 
supplied with the sample package. Figure 4 shows the 
experimental keyer paddle (actually one side of a keyer 
paddle arrangement) and fig. 5 shows construction 
details. 

A strip of 52 pm material 1-1 I8 inch (2.81 cm) long 
and 112 inch (1.25 cm) wide was glued with Super 
Gluem (an Eastman 9100 type of adhesive) to two 
plastic strips cut from an old blister pack. I found that 
only a small amount of Super Glue is needed to bond 
the plastic to the material and that air is necessary for 
proper drying. Facial tissue is used as a shock absorber 
to prevent damage to the underside of the film. The 
two layers of drafting tape raise one end of the material 
to allow room for movement. The plastic plate serves 
merely to protect the table from the vise and C-clamp 
used to secure the prepared 52 pm strip. The wire- 
wrap wires are then routed to the paddle's electronic 
circuitry. 

Because the keyer paddle produces'only positive 
and negative pulses as it is depressed and released, 
the electronic circuit shown in fig. 6 is needed to pro- 
duce the steady key-up and key-down conditions 
necessary for Morse code transmission. The circuit 
amplifies and buffers the input transitions, detects the 
polarity of the transitions, and sets or resets a flip-flop 
at the beginning and end of a keying interval. A 555 
timer serves as an audio oscillator to monitor the 
keying. 

U1 is a LF353 BlFET op amp characterized as having 
an extremely high input impedance and an extremely 
low input offset current. Because PVF2 film is unable 
to produce even moderate amounts of current, it is 
necessary to use the BIFET-type op amps with their 
low input offset currents. At first I tried using a con- 
ventional 741 op amp and found that both the input 
impedance and input offset current were incompati- 
ble with the material. R1 and R2 set the gain of U1A 
to approximately - 12.2, and U1 B uses R3 and R4 to 
set its gain at approximately + 121. Resistors R5 
through R9 adjust the op amp's offset voltage. Ad- 
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just R7 and R8 for zero volts at the junction of steer- 
ing diodes CR1 and CR2 with no input applied. 

U2 is an LM339 voltage comparator. U2A acts as 
a detector for positive transitions and U2B as a detec- 
tor for negative transitions. The respective voltage 
thresholds are set by resistors R12 and R15. By trial 
and error I found that setting the voltages at pins 4 
and 11 of U2 to + and - 1.5V seemed to work best 
for keyer applications. In general, I found that the 
threshold voltages should not be set below 0.6V 
because if they are, the circuit will become suscepti- 
ble to false triggering, either through keyer paddle 
vibrations or through other electrically-induced signals. 
Because the thresholds are completely variable, it's . possible to vary the paddle's "weighting" or how hard 
the film must be struck to produce the required voltage 
pulses. Compare this to conventional mechanical keyer 
paddles where the "feel" is almost impossible to vary 
and the advantages of using PVF2 film are immediate- 
ly obvious. 

U3 is a LM1489 EIA-to-TTL level converter com- 
monly used for RS-232 applications. It serves here as 
a bipolar-to-unipolar converter for operating the logic 
circuits of U4 and U5. Because U3's output is at a TTL 
level, R16 and R17 are needed to pull up the output 
voltage during a logic "1" condition. 

U4A and U4B are configured as inverters to com- 
pensate for U3's logic inversion. U5A acts as an SR 
flip-flop, set by positive-going transitions at the 
material's output leads and reset by the negative-going 
transitions once the material is released. Because the 
transition polarities are dependent upon the direction 
the material is stretched, it may be necessary to either 
reverse the input leads or turn the piece of material 
over in order to find the correct triggering polarity. (If 
your keying pattern sounds "inverted," you'll know 
that the wires need to be switched.) 

U6 acts as an astable multivibrator when the top of 
R19 is a't 5V due to U5A pin 1 being held at a logic 
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"1 ." R19, R20, and C5 form the IC's timing circuit and 
determine the tone's frequency. R18 acts as a pull-up 
and load resistor, and C6 acts as a coupling capacitor. 
If you're going to be driving other circuits, U6 is not 
needed. 

When working with the BlFET op amp, keep all 
component leads as short as possible. Keep the con- 
necting leads from the keyer paddle shielded and as 
short as possible. Given the high input impedance of 
the BlFET op amps, it is very easy to turn the keyer 
paddle into an antenna if you're not careful. Here 
again, the variable comparator thresholds do give you 
some freedom in preventing false triggering. Use what- 
ever bypass capacitors are required for your particular 
application. Remember, keep the op amp bypassed! 

Once the circuit was breadboarded, the keyer 
paddle leads were connected. When I first touched 
the material's surface I started to pick up a 60 Hz hum, 
indicating that some type of isolation would be 
necessary. Since the keyer paddle was partially 
obscured by the vise and C-clamp I was forced to use 
a cotton swab as a cushioned'striker for the material. 
Its cotton tip protected the films' surface from 
scratches and puncture, but was sufficiently pointed 
to produce an adequate impulse for keying purposes. 
Although holding the cotton swab was slightly awk- 
ward, I was able to realize reliable keying at speeds 
of 10 to 15 WPM. In a normal keyer paddle configura- 
tion a "clean" layout s'hould allow you to operate the 
paddle as you would any other keyer. In an actual 
keyer paddle it would be best to use a piece of pro- 
tective plastic over the paddle's surface to prevent 
scratching the material and to place a "dimpled" or 
rounded object between the plastic sheet and the 
keyer paddle to simulate the impulse actions of the 
cotton swab. 

I did try using a sample of 110 pm material for the 
keyer paddle but found that, in general, it was too sen- 
sitive for keyer paddle applications. In fact, the 52 pm 
sample used in the keyer paddle was so sensitive (with 
0.6V thresholds) that I could knock on the table and 
trigger the circuit to the "on" state. I'm sure you'll find 
52 pm material to be more than sufficiently sensitive 
for any keyer paddle applications you may want to 
investigate. 

further applications for ham radio 
I hope by now I've gotten your mental motor 

running and you're thinking about other possible ap- 
plications for PVF2 film. As you ponder, keep in mind 
the cost of the material and the type of mechanical- 
electrical conversion you want to perform. Because 
the cost of PVF2 film ranges from 17.5 centslcm2 for 
9 pm material to 75 cents/cm2 for 110 pm material, 
the average ham might find large sheets of this 
material too expensive for use in any one application. 
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PHANTOM 
ENOlNEERlNO INC. 

Announces.. . . . 
THE ADJUSTABLE BANDWIDTH 

Why an adjustable filter? A notch filter is a 
notch filter. An IFP-1 is an adjustable band- 
width filter. You don't necessarily need the 
same filtering all the time. In situations of weak 
signal or terrestrial interference, the ad- 
justable IFP-1 allows you to selectively filter 
out just the unwanted noise. This allows you to 
maintain optimum video quality under varying - 
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fig. 6. Schematic diagram of the keyer paddle circuit. The paddle's output signal is amplified by U1, threshold-compared 
by U2. converted to unipolar logic levels by U3, inverted by U4. and held in a key-up or key-down condition by U5. U6 
acts as an audio oscillator. 

Take heart; most applications require only a small 
amount of material, so one purchase should last quite 
some time. For larger purchases, sharing a purchase 
with a friend or with a club might make acquisition 
more affordable. The 52 pm keyer paddle described 
in this article required a piece measuring only 0.56 
inch2 (3.5 crnz), at a cost of $1.23. Because the 
material is fairly new, the cost per cm2 should 
decrease steadily with time. 

For hams who have projects in which space and 
weight are important (such as QRP rigs and hand-held 
radios) the advantages of using PVF2 film in 
microphones or speakers may more than offset the 
cost of the film. In fact, for QRP applications, for ex- 

ample, where CW is the primary medium of communi- 
cations, a PVF2 film speaker could be built inexpen- 
sively. This speaker would be physically small and 
lightweight and would consume very little power. It 
could be custom-tailored to operate over any desired 
band of audio frequencies. Other applications such as 
"do-it-yourself" keypads for equipment are also 
possible. 

PVF2 film has been used in transducer applications 
at frequencies up to 9.36 GHz. One can easily envision 
different types of antennas and RF pick-up schemes 
that Amateurs could easily build. The literature does 
make reference to vidicons or video "tubes" for 
cameras using PVF2 film pieces to form an imaging 
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I 9 MHz CRYSTAL FILTERS 
Appll. Band- 

MODEL callon wldlh Poles Prim 
SSB 
SSB 
LSB 
USB 
SSB 

2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
3.75 kHz 
5.0 kHz 

12.0 kHz 
500 Hz 
500 HZ 
250 HZ 

15 kHz 

1 ‘ 10.7 MHz CRYSTAL FILTERS 

I 
XF107.A NBFM 12 kHz 8 $67.30 
XF107.B NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67.30 
XF107.0 WBFM 36 kHz 8 67.30 
XF107.E P~xlData 40 kHz 8 67.30 
XM107.SO4 FM 14 kHz 4 30.15 
Exporl lnqulrles Invited. Shipping $375 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlstlng HF or 2M rig on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $249 95 
1296 MHz GaAsFET MMk1296-144G 149.95 
4321435 MMc432-2WS) 74.95 
439-ATV MMc439Ch x 84.95 
220 MHz M Mc220-28 69.95 
144 MHz MMc144-28 54.95 
Options: Low NF (2.0 dB max.. 1.25dB max.), other bands 8 IF'savallable 

LINEAR TRANSVERTERS 
1296 MHz 1 8 W outpul. 2M ~n MMU296-144-G $299 95 
4321435 10 W output. 10M +n MM1432.28(S) 159 95 
144 MHZ 10 w oulput, 10M ln M~1144-28 169 95 
Other bands 8 IFs ava~lable 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W oulput UP1296-20 439.95 
4321435 100 W oulpul MML432-100 369.95 

50 W oulpul MML432-50 199 95 
30 W oulpul MML432-30LS 209 95 

144 MHz 100 W outpul MML144-1WLS 239.95 
50 W output MMLl44-SO-S 149 95 
30 W output MML144-30LS 109 95 

All models Include VOX TIR sw~lchtng. 
"L" models t a r  3W drlve, others 10W drlve. 

Shtpp~ng: FOB Concord. Mass. 

ANTENNAS 
420.450 MHz MULTIBEAMS- 
48 Element 701MBM48 15.7dBd 
88 Element 701MBM88 18.5dBd 

144-148 MHz J-SLOTS 
8 over 8 Hor pol D812M 12 3 dBd 
8 by 8 Vert pol D812M-vert I 2  3 dBd 
10 + 10 Twlsl lOXYl2M 11.3 dBd 

UHF LOOP YAGlS 
1250-1350 MHz 29 loops 1296-LY 20 dB1 
1650-1750 MHz29 loops 1691.LY 20dB1 
Order Loop.Yag1 connector extra: 

47.95 
57.95 

Type N $14.95, SMA $5.95 

Seno 400 ( 2  rlamps~ lor  lull delalls at dll your VHF 8 UHF equlD 
men1 nntr KVG cryclal producl requirements 

'ost 0' 
~rd, MA 
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area so SSTV and ATV enthusiasts may wish to read 
more about this. Believe me, I could easily ramble on 
about potential applications for pages on end, but my 
advice to you is read all of the applications literature 
available and try your own experiments. 

Applications literature for PVF2 film is available from 
KYNAR Piezo Group, Pennwalt Corporation, 900 First 
Avenue, P.O. Box C, King of Prussia, Pennsylvania 
19406-0018. 
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KPA5 1 WATT70 CM ATVTRANSMllTER BOARD 
APPLICATIONS: Cordless portable TV camera tor races 8 other publ~c sprvtce 
evenls remole VCR, etc Remote control ol R/C anrplanes or robots Show home 
video tapes Lompuler programs repeal SSTV lo local ANers DX depends on 
antennas and lerraln lyp I lo 40 m~les 

FULL COLOR VIDEO 6 SOUND on one small 3 25x4" board 

RUNS ON EXTERNAL 13.8 VDC a1300 ma supply or ballery 

a TUNED WITH ONE CRYSTAL on 426.25.434.0. or 439 25 mHz 

2 AUDIO INPUTS lor a low Z dynamlc and llne level audlo lnpul lound In most 
portable color cameras. VCRs or home computers 

APPLlCATlON NOTES 8 schemattc suppl~ed for lyp~cal external connecttons 
packaging. and system operatton 

PRICE ONLY $159 delivered vla UPS surlace tn the USA Technlclan class 
amaleur license or hlgher requlred lor purchase and operatton 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV set w11h a 
TVC 2 or TVC-I 420 450 mHz to channel 3 downconverter. 70cmanlenna.andcoax 
cable to recelve Package up the KPA5 add 12 lo 14 vdc antenna. and any N 
camera VCR or computer w~th a composlle vldeo oulpul Slmple eh? 

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more Info on atV 
downwnverlers, anlennas cameras PIC, or who IS on tn your area 

TERMS Vtsa Mastercard or cash only UPS COD by telephone or mall Telephone 
orders8 postal MO usually shlpped wflhln 2 days 311 other checks must clear belore 
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Callhook Call1 snclude sales lax 

P.C. ELECTRONICS 2522 Paxson Lane 
Tom W60RG Maryann WB6YSS Arcadia CA 91 006 

62 a December 1984 



absorption affects 
signal level 

Last month's column included a 
discussion of the effect of absorption 
on signal levels. Under normal condi- 
tions a transmitted wave leaving the 
antenna at an effective radiated power 
level of 1000 watts, traversing the at- 
mosphere twice and the ionosphere 
once, might arrive at the receive loca- 
tion over 170 dB down (weaker) and 
still be copyable. During the winter a 
lower absorption level and a quieter (or 
undisturbed) geomagnetic field results 
in enhanced conditions for the lower 
frequency bands. Occasionally, how- 
ever, a condition called the winter ab- 
sorption anomaly appears to reverse 
the trend. 

This anomaly causes higher than 
usual attenuation of signals crossing a 
500 to 2500 km wide strip between 60 
and 70 degrees North latitude (or more 
precisely, 40 to 55 degrees geomag- 
netic). The region is known as the mid- 
latitude trough, and the effect lasts for 
several days at a time. The trough is 
an actual depression in electron den- 
sity of the F region and a higher than 
usual level of D and E region ioniza- 
tion. It is the latter condition specifi- 
cally that accounts for greater winter- 
time absorption levels on the lower 
bands. One can expect it to occur from 
November through February and to be 
more severe during times of greater 
geomagnetic activity. However, there 
is no short term (i.e., hour or day) rela- 
tionship to solar flux or geomagnetic 
activity indices. The extra ionization is 
related to electron particles entering 
the auroral zone. No applicable data 
collection or warning system is cur- 

ECASTER 
Garth Stonehocker, 

rently available for forecasting the 
anomalous absorption." 

last-minute forecast 
The 27-day solar (activity) cycle 

variations which have increased over 
those of the summer and fall, are ex- 
pected to be even greater in Decem- 
ber. Look for a maximum in activity to 
occur on approximately the sixth of the 
month, with a corresponding mini- 
mum on the twentieth. A solar flux of 
80 represents an average value for this 
part of the solar cycle. The effect of 
this increased solar activity means that 
the 10 through 30 meter bands will be 
useful for communicating between 
North America and South Africa, 
South America and Australia over 
trans-equatorial paths during the first 
two weeks in December. The latter 
weeks will favor the lower frequency 
bands - 30 through 160 meters. Tune 
in to WWV at exactly 18 minutes after 
the hour to receive their daily broad- 
casts of solar activity and geomagnetic 
field information useful in determining 
HFIVHF band conditions. Also during 
this month, both atmospheric noise 
and ionospheric absorption will be 
down, resulting in useful daytime DX 
conditions for the 40 and 80 meter 
bands. 

The Geminid meteor shower, which 
reaches its peak on December 13-14, 
provides the richest and most reliable 
display of the year, with rates of 60-70 
per hour (measured mainly by radio 
because of the poor weather in De- 
cember). Also, a smaller portion of the 

-. 

"Reports of this absorption would be useful to me. 
Please write to Garth Stonehocker, Route 2, Box 45, 
Earlysville, Virginia 22936. 

shower (15-20 per hour) is observed on 
December 22. Lunar perigee and full 
moon occur on December 7th and ah, 
respectively. Winter solstice - the 
longest night - occurs on Decem- 
ber 21. 

band-by-band summary 
Ten, fifteen, and twenty meters will be 
open from morning to early evening al- 
most every day, and to most areas of 
the world. The openings on the higher 
of the bands will be shorter and will oc- 
cur closer to local noon. Trans-equa- 
torial propagation on these bands will 
be more likely towards evening during 
conditions of high solar flux and a dis- 
turbed geomagnetic field. 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters but shorter skip and signal 
strength may decrease during midday 
on some days - days coinciding with 
high solar flux values or anomalous ab- 
sorption. Nighttime use will be good 
except after days of very high MUF 
conditions. Generally the usable dis- 
tance is expected to be somewhat 
greater than that achieved on 80 at 
night. 

Eighty and one-sixty meters are the 
nighttime DXer's bands, especially this 
time of year. The bands open just be- 
fore sunset and last until the sun 
comes up on the path of interest. Ex- 
cept for daytime short-skip signal 
strengths, high solar flux values don't 
affect these bands much. Some days 
the anomaly will affect day and night 
signal strength. * 
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The ~talicized numbers signify the bands to try dur~ng the transition and early rnornlng hours, while the standard type prov~des the MUF during "normal" hours 

'Look at next higher band for possible openings. ham radio 
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YOU FOUND IT! 
Put your computer on-the-air 

with either Interface I1 or  the new 
Kantronics Universal Terminal Unit. 

Interface I1 is  designed for 
use with the Apple, Atari. TI-99/4A. 
TRS-BOC. VIC-20. o r  Commodore 64 
computers. Suggested Retail 269.95 

The Universal Terminal Unit is  
compatible with IBM. Kaypro. 
TRS Model 111 and IV. and many 
other computer systems. 
Suggested Retail 199.95 

Interface 11 

Interface I1 is  the unit for 
the serious amateur. When used with 
Kantronics software. Interface I1 
gives the sensitivity and 
versatility asked for by our 
users. Interface I1 gives you 
the following features: 

* Six pole switched capacitance 
prelimiter filters for optimum 
performance on shift selected: 
CW or  RTTY 170.425.850. 

Limiter or limiterless 
operation means only 2-7 
millivolts of audio are 
necessary to drive the unit. 

" Two channel operation allows 
simultaneous hook-up of both 
HF and VHF transceivers. 

a Our unique tuning system 
displays both Mark and Space 
tones. Scope outputs are 
also available. 

* Stable quartz generated tones 
give clean AFSK output on 
all standard shifts. 

RS-232 or  TTL level compatible. 
No modification kit required. 

Universal Terminal Unit 

UTU is  Kantronics newest 
interfacing development. 
Now any computer with an  RS-232 
port and a terminal program can 
interface with your transceiver. 

UTU requires no additional 
decoding software a s  an  internal 
microcomputer gives UTU data 
processing capabilities to send 
and receive in four coded amateur 
formats. A short terminal program or  
communications program is  used to 
link the computer and UTU. This 

allows the operator to taylor 
his terminal program with 
desired features. 

The UTU package includes: 

* Sample terminal programs for 
IBM, Kaypro. TRS-80 Models 
111 and IV. 

* Tuning bar graph displaying 
both Mark and Space tones. 
Addit~onal  LED'S to indicate 
Lock and Valid during Amtor. 

RS-232 and TTL level compatible. 

a Send and Receive CW(6-99 WPM), 
RTTY(60.67.75, 100.132 WPM). 
ASCII(110. 150.200.300 baud). and 
Amtor modes A. B, and L. 

Kan tronics Software 

Atari 

VIC-20 " 
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No other repeaters or controllers match 
Create'messages just by talking. Speak any phrases or 

Mark 4 ir( capability and features. That's words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and commercial repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message MasterrH real speech . voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 1 deviation, a n d  frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

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

P MICRO CONTROL SPECIALTIES 
Division of Kendecom Inc. 

23 Elm Park, Groveland, MA 01834 (617) 372-3442 

Authorized Dealers For 

Also displqing the pop~41rr ucces.sorie.s needeci to complete u HAM VATION . . . 

ARRL PUBLICATIONS AEA ALPHA DELTA ASTRON 

AUSTIN BENCHER B&W DAIWA MIRAGE 

TELEXIHY-GAIN VIBROPLEX WELZ ETC. MAIL ORDER 
PURCHASES 

OPEN SIX DAYS A WEEK 
/ 120 



huff-duff revisited 

"Huff-duff" is a World War II term 
for high-frequency direction finding, a 
technique vital for locating enemy 
transmitting sites. A considerable 
amount of money and energy were ex- 
pended in maintaining this essential 
service. 

HF-DF (the modern term) was de- 
veloped about 1938, principally by the 
Australian Ministry of Civil Aviation. 
Many direction finding stations were 
installed on that continent. But as 
aeronautical radio communication in 
the United States gradually shifted 
over to VH F bands, the extensive use 
of high-frequency direction finding 
became unnecessary. America's entry 
into World War II, however, changed 
this, and accelerated development of 
new equipment was quickly under- 
taken by the FCC and the United 
States Army Air Corps. After the war, 
some of this equipment showed up in 
the surplus markets as the SCR-291, 
which was largely ignored by Radio 
Amateurs. 

Amateur direction 
finding today 

Interest in HF-DF is slowly growing 
among Radio Amateurs. Those who 
experiment with this interesting hob- 
by soon learn that a new set of ground 
rules applies, especially with regard to 
long distance ionosphere-reflected 
signals. 

Direction finding involves the deter- 
mination of a line of direction between 
a receiver and a distant transmitter. 
The intersection of two lines of direc- 
tion from widely separated receivers 
establishes the location of the trans- 

mitter. This technique works well on 
ground wave signals, but "skip" 
signals reflected from the ionosphere 
undergo alterations that greatly in- 
crease the difficulty of determining a 
line of direction. As long as ground 
wave signals are used for direction 
finding, accurate bearing readings are 
relatively easy to obtain. DF work has 
been accomplished with good results 
on VHF (the 2-meter band, for exam- 
ple) and on ground wave signals on 
the 160-meter band. But Amateurs 
have had little experience with DF 
work on the DX bands with long- 
distance signals. 

The loop antenna is the device that 
forms the basis of all low- frequency 
DF work, such as demonstrated by the 
radio ranges operating in the 200 kHz 
to 500 kHz portion of the spectrum. 
Nondirectional (transmitting) ground 
stations are used as a signal source on 
which bearings are taken by a special 
receiving antenna. In most instances, 
a simple loop antenna is used (fig. 1). 
If the dimensions of the loop are small 
compared to wavelength, the pickup 
pattern of the loop is as shown in fig. 
2. Maximum pickup occurs when the 
radio wave travels parallel to the plane 
of the loop, cutting first one side then 
the other. If the loop is at right angles 
to the direction of wave travel, the 
radio wave cuts both sides of the loop 
simultaneously and the resultant out- 
put voltage of the loop is zero. The 
resulting pickup response of the loop 
is thus a figure-eight pattern and there 
are two loop positions for which the 
output is zero and two for which it is 
a maximum. Note that the loop pattern 

is opposite to that of a Quad loop, or 
other large loop, wherein the plane of 
maximum signal response is at right 
angles to the plane of the loop. 

Note also that the nose of the loop 
pattern is extremely broad and the 
pattern nulls are very sharp. It is the 
pattern nulls which are useful for 
direction-finding work. 

Operation of the loop direction 
finder is simple. The receiver is tuned 
to the desired station and the loop is 
rotated until the signal disappears. The 
line of direction is then compared with 
either magnetic or true north, and the 
results plotted on a map. Two such 
bearings, from separated locations, 
constitute a fix, or the location of the 
signal source. 

the HF-DF problem 
The most important alteration to the 

radio wave as it is reflected from the 
ionosphere is a change in polarization. 
The electric field of a radio wave ex- 
erts a force on electrons in the iono- 
sphere, in addition to the force exerted 
on them by the magnetic field of the 
earth. The resulting action of the two 
forces causes an elliptical electron 
motion that causes the polarization of 
the exciting wave to be elliptical. 
Measurements made in 1931 showed 
that regardless of the initial polarization 
of the transmitted wave, the reflected 
wave polarization was elliptical for 
medium distances, with the possibility 
that polarization could be elliptical or 
horizontal in the case of long- distance 
waves striking the earth at a low angle 
of incidence. 

In addition to polarization changes, 
the reflected radio wave exhibits 
fading, probably as a result of two or 
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fig. 1. Output voltage of small loop is proportional to the cosine of the angle 6 be- 
tween plahe of the loop and signal vector. 

SIGNAL 
VECTOR 

fig. 2. Pickup pattern of small loop. Note nulls at right angles to plane of loop. Maxi- 
mum pickup occurs when signal vector is parallel to plane of loop. 

more reflection paths having slightly 
different lengths. The different paths 
come about because of irregularities in 
the refracting layers of the ionosphere. 
More often than not the paths are suf- 
ficiently separated so that the received 
signal seems to be coming from two 
separate directions. 

deviations from the 
great-circle path 

It is widely assumed that long- 
distance signals follow a great-circle 
path from transmitter to receiver. 
Amateurs frequently place consider- 
able faith in great-circle maps when. 
aiming their directive antennas at an 

exotic DX station. Experienced opera- 
tors, however, have long known that 
this confidence is not always justified. 
With a small beam antenna having a 
"fat" forward lobe, azimuthal devia- 
tion of the DX signal is of little impor- 
tance. Users of highly directive beams, 
on the other hand, have found that 
deviations of 10 to 20 degrees from the 
great-circle path of DX signals are 
common over short periods of time, 
and deviations as much as 90 degrees 
have been noted for signals appearing 
from the antipodal area of the world. 

In the case of sporadic-E layer re- 
flected signals, reflection can occur 
from many "clouds" of reflective 

regions and multiple echoes are 
present on a signal propagated in this 
fashion. Experimenters have noted 
that bearing deviations up to 20 
degrees are present on echo signals. 

the loop antenna 
for DF work 

"Top Band" DXers have used small 
loop antennas for reception for many 
years. Generally speaking, the loop is 
not used to DF the received signal, but 
to null out local interference (such as 
power line noise, or TV oscillators) to 
achieve improved signal-to-noise ratio. 
However, most users of loop antennas 
have found out that they are useless 
as direction finders for ionospherical- 
ly reflected signals. 

I have used a simple loop antenna 
for tracking thunderstorm interference 
on 160 meters, but the directional nulls 
were broad and pointing only to a very 
general area of thunderstorm activity.' 
No success was had DFing long-dis- 
tance signals on this band. 

the Adcock DF antenna 
In 1919 a patent was granted to F. 

Adcock, an Englishman who devel- 
oped an HF direction finding antenna 
that was not susceptible to polarization 
error of the reflected radio wave. The 
antenna was sensitive only to the ver- 
tically polarized component of the 
wave (fig. 3). Amateurs will recognize 
this device as similar to, though smaller 
than, the famous W8JK beam anten- 
na. If the spacing between antenna 
elements is small compared to the 
wavelength, the voltage output of an 
Adcock antenna is a function only of 
the height above ground and the angle 
between the vertical plane containing 
the elements and the plane of polariza- 
tion of the radio wave. Until World 
War II, most practical direction finders 
used various versions of the Adcock 
antenna. The old S C R - 3 1  DF equip- 
ment used a version of the Adcock 
antenna, plus a "sense" antenna that 
removed the 180-degree ambiguity 
caused by the Adcock array. An 
oscilloscope was used to view the 
SCR-291 output, which provided a DF 
signal picture as illustrated in fig. 4. 
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fig. 3. Balanced Adcock antenna system which responds to vertically polarized waves. 
Spacing S is small in terms of wavelength. 

fig. 4. (A) Elongated figure-eight pattern provides line of direction in SCR-291 direc- 
tion finder. IB) Sense antenna changes "leaf" pattern to cardioid to resolve signal 
ambiguity. 

For accurate DFing, up to 100 bear- 
ings were taken at various times during 
a 24-hour period, with particular atten- 
tion to bearings taken at sunrise and 
sunset. Bearings from two or more 
widely separated DF receivers were 
taken, smoothed, and then plotted on 
a map, thereby indicating an area in 
which the transmitter was located with 
a reasonable degree of probability. 

The Adcock system has been sup- 
planted by superior devices, but these 
are large and beyond the cost of the 
average Amateur. But when properly 
built and used, the Adcock antenna is 
a valuable addition to the Amateur in- 
terested in HF direction finding. 

building an Adcock array 
I've seen only one article dealing 

with the construction of an Adcock 

antenna.2 In brief, the Adcock array 
consists of two vertical antennas, 
closely spaced with respect to wave- 
length and connected out-of-phase, as 
shown in fig. 5. Each antenna can be 
shorter than its physically resonant 
length, with system resonance es- 
tablished by placing a simple tuner at 
the operating position. Using a 0.1 
wavelength design for a 20-meter Ad- 
cock array provides element spacing of 
about 7 feet 6 inches. Signal pickup 
depends upon element length. In order 
to make a compact array, 0.1 wave- 
length elements were chosen. 

The array elements are cross- 
connected with a short length of open- 
wire TV "ladder line." The feedpoint 
is taken at the center of the line. A 
second length of ladder line leads from 
the array down to the antenna tuner 

at the operating position. Care should 
be taken to keep the line clear of near- 
by metallic objects. 

The tuner consists of a resonant cir- 
cuit with an inductive pickup link 
coupled to the receiver via a coaxial 
line. Balancing capacitors are con- 
nected across the tuning capacitor to 
enhance the signal null. It's best to 
locate the tuner directly below the 
antenna, if possible, to ensure a good 
signal null. 

The first model antenna was built on 
a wood frame which proved to be 
rather unsteady. A new model, in 
which aluminum tubing is used for the 
framework supporting the antennas, is 
under way. 

Antenna system resonance can be 
established with a dip meter or by ad- 
justment of the tuner on a local signal. 
When resonance is found, the anten- 
na is rotated for the best null and the 
balancing capacitors (C2,C3) are ad- 
justed to enhance the null. The anten- 
na exhibits a figure-eight pattern, with 
the nulls at right angles to the plane 
of the antennas. 

It may be difficult to find an exact 
null when trying to determine a line of 
direction to a signal because of back- 
ground noise obscuring the null. In this 
case, the null can be estimated by 
noting the position of the antenna at 
an equal signal position on each side 
of the null. The angular difference be- 
tween the readings is divided in half to 
find the actual null. 

In my case, the experimental Ad- 
cock array is turned by a small TV 
rotator because the wind resistance of 
the antenna is quite low. The array and 
read-out of the rotator are adjusted so 
that "North" on the indicator cor- 
responds to true North (not magnetic 
North). 

using the Adcock array 
It's best to practice on local signals 

and one-skip signals. (I use stations in 
the Denver area for OF practice.) 
Beware of local reflections from hills 
and from guy wires, gutters, and other 
nearby metallic objects. Use a map to 
determine the true direction of your 
practice stations, and make multiple 
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"FOLD-OVER" 
TOWERS 

EASE OF INSTALLATION 
ROHN "Fold-Over" Towers are quickly and 
easily installed. The "Fold-Over" is ate 
and easy to service. 

ADAPTABILITY 
1 ROHN has several sizw to tit yaur appllw- 
I lions or you can purchase the "Fold-Over" 

components to convert your ROHN tower 
into a "Fold-Over". 

HOT DIP GALVANIZED 
All ROHN towers are hot dip galnnlzsd 
after labricalion. 

REPUTATION 
ROHN Is one of the leading lower manufac- 
turers. with over 25 years of experience. 

W r l l e  lodav for complele delal ls.  

TUNER 

T O  RECEIVER 

fig. 5. Simple Adcock array for 14-21 MHz operation. C1-L1 resonates system to listen- 
ing frequency and C2, C3 are used to enhance signal null. (Patterned after design by 
WlYNC, OST, August. 1975. page 30.) 

readings to obtain meaningful results. 
Remember, the loop provides an am- 
biguous reading with an error factor of 
as much as 180 degrees if you don't 
keep your wits about you. Pretty soon 
you can "spot" a station with reason- 
able directive accuracy before you hear 
its location or look it up in the 
Callbook. 

If you have a general coverage re- 
ceiver, you can venture out of the ham 
bands. The 15-MHz broadcast band is 
a good one on which to try DF ex- 
periments. A prime choice is WWV in 
Colorado, as are the Voice of America 
outlets, the BBC, HCJB in Quito, 
Ecuador, and Radio Japan. DFing re- 
quires a certain amount of expertise if 
your efforts are to produce meaningful 
results, but with practice you'll 
become more skillful. Then when 
6L6GX opens up from Lower Bull- 
travia, you can tell your DX friends, 
"Don't waste time on him. His heading 
doesn't check with where he says he 

is!" (This reminds me of the story of 
an infamous DXer who appeared to 
have worked the world from many 
exotic locations ,until his adventures 
were finally branded as fraudulent. 
DXCC credit was revoked for the 
thousands of "new country" contacts 
he had provided for gleeful DXers. 
After the excitement had died down, 
he resurfaced one day, working por- 
table from New York City. While in 
QSO with someone, a hard-bitten 
DXer zero-beat the fraud and very 
slowly sent: "Gee! Do you really think 
he's there?! ") 

references 
1. William I. Orr, WGSAI, "Ham Radio Techniques," 
hem radio, January. 1982, page 32. 
2. Tony Dorbuck. WIYNC, "Radio Direction Finding 
Techniques." QST, August, 1975, page 30. 
3. Peter C. Sandretto, Electronic Aviation Engineering, 
ITT Corp., New York. 1958. 
4. Peter C. Sandretto, Principles of Aeronauticel Redio 
Engineering, McGraw-Hill Book Co., New York, 1942. 
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As a leading manufacturer of precision motor drive systems, we be 
lieve the newly developed DRIO is the finest dual drive system for 
satellite antennas. To provide you the highest level of performance 
and conventence, the DRIO Dual Axis Rotor features: 

COMPACT CONTROL UNIT WITH SELF CONTAINED 
AC POWER SUPPLY 

. SINGLE DUAL SCALE METER (AZIMUTH/ELEVATION) P 
SINGLE 8 WIRE CONTROL CABLE (BELDEN TYPE) 

4) - 
< *.b 5 A &$ 

STANDARD TOWER TOP MOUNTING 
ACCEPTS 1Y2 INCH ANTENNA BOOM 
SERVICEABLE WITHOUT ANTENNA REMOVAL 
DYNETIC SYSTEMS' HIGH TORQUE, - 
PRECISION GEARMOTORS .. 

NOW AVAILABLE 
for immediate delivery 

Our DRIO will out-perform any combination of conventional rotors 
popularly used, and is supplied ready to mount, including the rotor, 
control unit, and all stainless steel mounting hardware. (less cable) 
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PRICE REDUCTION T H E  IDEAL / PAIR FOR IC-730 I 

MOBILE i OSCAR 

Ii 2M 25 WAlTS ALL MODE 430-450MHz ALL MODE I 
SMALL1 only 3 7" hlgh. 9 5" wde and 10" deep. 
Provldes 10 to 80 meter coverage. 

RETAIL PRICE f6%.OO RETAIL PRICE $799.00 

100W MODEL AVAILABLE 
BIG VALUE! CHECK IT OUT! 1 CALL FOR YOUR SPECIAL PRICE 

I 
I 

I 

1 IC-751 CALL NOW FOR 
112-751. ICOM'S br~lltant transceiver. sets a new YOUR LOW 

I@-745 
9 ham bands General coveraqe  receive^ 

high standard of comparison with high-tech ad- * 16 memories * Scanntng - pass-band tuning 1 

vancements and the superior quality essential SALE PRICE Variable NB and AGC Eight accessories 1 
for competitive-grade performance. and options are also available. I 

I NEW!! IC-27A R-71 A 
SUPER-COMPACT GENERAL , 

2 METER MOBILE 
COVERAGE An thportant breakthrough in compact mobile equipment. ! 

Only 1M x 5'/z" but full-featured including internal speaker. I 

1 
RECEIVER 25W of power, 10 full-function tunable memories. memory 

and band scan, priority scan. Includes mic. w/16 button Superior grade receiver ~ 
Touchtone. CHECK w/100kHz to 30MHZ general ; 

i 1 
I ALSO *IC-27H HIGH POWER VERSION DOWN-TO-EARTH that include keyboard 1 

coverage and features 

AND IC-37A, 220MHz 
I SAVE! PRICES. frequency entry. , ,  

IC- 47A. 70CM I 
I I 

1.2 GHz EQUIPMENT 

PLUS COMPLETE 
I 

ACCESSORIES 

UHF FM MOBILE TRANSCEIVER i 

CALL FOR INFORMATION., 
I C - R P ~ O  LOW PRICES! 

CALL! UHF FM REPEATER 
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HERE'S WHERE 
YOU GET THOSE 

LOW, LOW PRICES ON 

1 TR-?SOOA 
PLUS FREE SHIPMENT 
MOST ITEMS UPS SURFACE (Cont~nental U S A ) 

CALL NOW OR 
DROP INTO ANY OF 

T M - ? I ~ A  TM-IIIA OUR SIX LOCATIONS - 

mpCF5E-I I muwA3 WIVAEBU 
SALE! .a. W 

V 
1 R-71A ' I  .--.. -.CICn 

I 1 

I 

r I - I L V ~  
53Ol6 SALE $199.95 GENERAL 

!, 1 I COVERAGE I 8-1Ol6 SALE 5249.95 
5108 SALE V59.95 

8 - 2 3 ~  SALE 5 89.95 
TOP CHOICE CP- - ' 

n 1 ,C-751 ! 01010 SALE $289.95 

I FT-757GX 

DON'T MISS 1 

I THESE 
BARGAINS! 

I I 
P A 1  1 ' 1 

!I AND 16 I ;! ELEMENTS / 

I SUPER SAVINGS! CALL! 11 CALL FOR PRICES 1 FT-203R 
V ~ L L !  

I TRISTAO SALE ALLIANCE I KLM SALE 1 R,ToRsALE 

40' 2 SEC v I I V  

MA-5! 
I - - F $549 

55 '3  SEC LM-354 

- IN STOC 

FREE SHIPVENT \- 
UPS SURFACE (Continental U.S.) (MOST ITEMS) f / c ' :  A / * '  

1- - - " t  b 'ri,ch, 

, * +  TOLL-FREE PHONE 
Y*. *- ' &1" 

I A . -_I___ I N C L U D I N G  A L A S K A  AND H A W A I I  
--.- . -, 

,- & A - ~  ,.-.-- -+." - -  - ' ..-. - -  
w I I,- i ( 1  . ~ l r l  aria Artzona cusfl rnerc please phone or vrsrf Ir\led sloreci 

* - . k r  ,-.-.a 4- - 8 2  . ~ .  ,. PHONE HOURS: 9:30AM to 5:30PM PACIFIC TIME. 
STORE HOURS: IOAM to 5:30PM Mon.through Sat. 

ANAHEIM, CA 92801 OAKLAND, CA 94609 SAN DIEGO. CA 92123 
2620 W La Palma. 2811 Telegraph Ave . 5375 Kearny V~lla Rd . 

(714) 761 -3033. (213) 860-2040. (415) 451-5757. (619) 560-4900. 
Between Dtsneyland 6 Knons Beny Farm ~y 24 Downtown Len 27th off-ramp Hwy 163 .S Cla~remont Mesa Blvd 

BURLINGAME. CA 94010 PHOENIX, AZ 85015 VAN NUYS, CA 91401 
999 Howard Ave.. 1702 W Camelback Rd., 6265 Sepulveda Blvd . 
(415) 342-5757. (602) 242-3515. (816) 988-2212. 

5 mlles south on 101 from S F hw. East of Htghway 17 San Dceqo Fwv at Vlctory Blvd 

A L A  . A L I  I A L I ~ I  . A L T H I  . tvt I c . AMPMI lie . &NIXTEA C O L C ~ N C  .~IIATIS. Y I C L ~  . 4 a 4  - I~RILF .nx 6ot.c MINO Pnonucr . u~a*<.r . N Y ~  - F&tOMAn. nriuor flour 
U A U K  . hN1bNNI \ P t i  i l l  8.  1 . ~ f t l ' ~  . L-.ROY . HI L O I  L1 t I H A C  .Hll TLI R . r r  ,Aih.  i r i U  J W MILIFR. KC%NlRONICS '.Htlnt . SICINAL ONE. ?TONER . TFMPO. IFU  IF(  . lRlSTLO 

!lFN, W '  f l  . 4 4  i l (  . PIIITIRNv- . n a i% . C a i l n m H  ~ i N w ~ ~ i ~ .  rLM.ILRstN. LuNIH. MFT?. M i l .  MlCUOLK5 1rl1 FX . Vliw91AR vO( OM . l l F c l l  dr*l ma? wll' 

Prtces, speatahons, descnpmns sublect to change mthou( nome Cahl and Arrma resrdents please add sales fax 
-- 
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ECHO* DISKETTES 

l~shland, Ohio 44805 - 
Q W W . P ~ M ~  81-84 

QUICK WEATHER PROTECTION PRODUCTS & ANTENNA ACCESSORIES 

COVE9 P.F_CQQE M4lhlTEP E 
Use cove rs  wf!h ~ I o  ' ~ T ~ L I ' '  a ~ r  vent( 'or 3 ~ ~ n l ~ c 1 ~ l y  control. 

PRODUCT & DESCRIPTION 

,. . 
I MODEL I 

OIK.ON 

Polarotor. 
LNA. 
Wire Tenninal 
and also 
Down Converter 
Weather Boots 

wlth "FloThru" air 
vents lor humidity 
control. 
P.l.P."drnO 

LNA A 
LNA-DCB 

LNA.S LNA.A LNA.DCI LNA-DCP 
LNA-DCI 

A UV reslstant rubber boot des~gned to cover the 
polarotor LNA and terminals and also seals tight 
enough to keep out bees, bords or hornets Vented to 
relleve condensat~on The exclusive QIK-PRO pleated (Black) 
end IS for easy ~nstallat~on and tight seal (lock band oenuc! 11 oc 
Included) The boot hides equipment and Improves 
overall looks No slqnal loss LNA-DCP 

1 

OIK-MOUNT Accepts most Down Converters 

..,I) 1~1-m 1 ' Keeps D C and term~nals dry 
Down Converter I I!-K I Prevents groundlnq 

Plate & Boot The universal mounllng plate 1s rubber covered I I 
with "Flo Thw" perlorated metal and a tight sealtng rubber cover 
air vents with wlreexlts I I 

- 

OIK-COVER Channel Mnalsr A UV resistant rubber cover that has the exclusive 
OIK PRO end that allows the boot to put on 

wtth "Fio Thw" quickly and tightly seal on the drlve unll Rubber 
air vents lips on bottom lor wlreerlt (Lock band lncluded ) 

OIK.PRO 

Actuator Boots ~- ~ - - - -  

A soft, pliable UV resistant expandable weather boot that covers the 54'-  
"FlOThru"air small end o f  the actuator protecting it from ice, rain, salt water, or dust. MI.. 

vents 
P., ~m~~~ Withstands high heat and very low temperatures. (2 lock ties included.) n.%8q vstnn.i 

For drives using llmit switch designate "limit switch". (same price) 18" Small 

OIK.LIMIT Un~vrrsal 11m1l sw~tches mounted ~n 
an insulated bracket that clamps on Boxed 

Switch all standard actuators qulckly (DC 

1 I I - 
1 MOST ACCURATE FEEDHORN ALIGNMENT TOOL MADE'I' I 

Extends 
OIK.ALIGN on* marl a~~qnmrnl ID, maxtmuman~mnasrqna~ 25' 10 47" 
Feed H om ' sarrs no,,,L. ( 1 1  \,.I UD 9Ue59 work aI1ll ~ ~ ~ h ~ n ~  Boxed 
Alignment Tool 
P., ~ . n ( , ~  ' Hooks flush on leedhorn toatm h alsqn loexacl 

center ol dish 
3 rP#nlolcca ad~uslable troangulalbng legs can br set 
at local distance 6 point at center of dash In one easy seltlnp 

Terms: Cash. Cerlified check. Money order. Money transfer Prices ellective 61.84 
Freaght: UPS. COD. FOB. Paullin Industries. 1446 Stale Rtes. 60. Ashland. Ohio O W 5  

r-RECUVE? GUARD 2000- 
I TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS 

~nstalls easily between the antenna and receiver input. When RF voltage to the receiver line 
exceeds 1 volt, the unit activates by shunting the over voltage to ground and increasing the 
resistance in 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 services and those who use separate transmit and receive 
antennas. Less than .3 dB insertion loss between 1.8 and 30 MHz. 

3 Models available 

I f l ~ r p ~ v p r  Guard 2OOfl I P 1~1th phone plugs) t29.S 
-. . . - -. '"3 - .. , U (wlth SO 239) $29.95 

cn (wlm SO 239 and Alpha Delta 
Tran~trap for RF and Translent 

UHFCONNECTORS protect~on) 

Please atl~' 5-1 lot ih~ppt~q lnrt hantlliflll IJ S onv Foreqn ordrrr FOR Grovepall 

549.95 ~ = l [ l ) f y J  
--ow0 

ran  a h  he N O C P ~ ~  WII~) n,ox~ I IA~ IT ,TP IV~~S W O I ~  mrnot maltt~cat~ons 4925 S. HAMILTON RD " . . .  - -  
0- ELECTROMCa OW0 GROVEPORT. OHIO 43125 

Each recording surlace 15 nndlvldually certilled 
and ~uarenteed lo be 100% error free wlth a 

LIFETIME WARRANTY I 

Echo head cleanlng hlt no harsh abrasives no 
fluids to apply (30 applications) 5%" - 56 95 

DISAN* DISKETTES 
PREMIUM QUALlW AT HUGE SAVINOS 

5 , d "  DS/DDb 
6' 45*1..~ SSIDD m5$ 

All diskettes are In box- of 10 wlth labels 
envelopes and reinlorcad hubs 

DISK STOR holda 50 5%" Dlakettea $1295 + 
$2 00 shlpplng 

SHIPPING 5'1." DISKETTES Add 5300 per 
100 or less PAYMENT VISA M/C or 
checkwithorder CODordersaddSP 00 51 50 
credlt on lono distance phone orden TAXES 
Illlnols customers add 8% f l  157 

THIS MONTH'S SPECIALS 
c ~ o s  HEW nn 
RA 11fHY 0t'tH.l IF0  sfLF COMPLETING SMALL ENOUGH 
10 MOUNI ON KfY BOARD $9.95 COMPLETE KIT 
524.95 
AS-P3P UM€ MllM Im 
h~ONl1UR SLVEN SIANI)AHO DATA LINES A N 0  TWO 
D f ~ I l n N A L  ROAHD $9.95 COMR ETF ~lrS19.95 
CnT BlnNKm mT 
P9FVf YTS I ' ~ ~ I I I P H I H  BURN - RESTORES SCREEN 
DATA WITH f lRS1 KEYSTROKE BOARD $9.95 COM- 
PLETE KIT $19.95 
D R M  MOTOR comol KIT 
SAVES Wl  AH AN0 TEAH ON 8 INCH DRIVES NO LOST 
DA I A  ON1 Y f 0 U R  CONNt CIlONS BOARD $l%% 
COMPLETE KIT SP9.95 
CONmOOOllE 90/64 RS-LW 
CON\'( H I S  1/16 1 T i  i FVELS I 0  RS 232 STANDARDS 
BOAHIJ $14.95 COMf'LFTE KIT SPP.95 

MANV MOM HITS AVAILABLC 
SEND SI url I oii NI w i n r n ~ o c ,  in11 I Q I I A ~ ~ I F  ON FIRST 
ORDERI NO1 ill Oi / i t?~ 1) WITH OHDfH\ 

WSA MAmR CARD CH€CMS C.O.D. 
DEALER IWOUIRIES WELCOME ADO $3 COSHlPPllGMMDHANRM6 

ILL RFS A00 $1 SILES TAX 
=byte ,,,,,,, 31 2-870-0555 

'4 I IIAWATHA AVE Ol' t  N FV[  NINtrS 
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quasi-bilateral IF for transceivers 

Try this old technique 

to save space in new circuits 

Oldtimers will remember the bilateral IF circuits that 
were popular some years ago. The intent of their de- 
signers was to avoid duplication of circuitry in the 
receiver and transmitter stages in compact transceiv- 
ers. Although a few manufacturers, notably Side-Band 
Engineers, made use of bilateral IF stages, the tech- 
nique never fully caught on with homebrewers, pos- 
sibly because of the overall complexity and parts count 
involved with the early bipolar circuits, and the tenden- 
cy towards instability exhibited by some designs. Orr's 
Radio Handbook carried a brief description of a 
bilateral IF arrangement similar to the SBE circuit.' The 
bilateral IF has gone out of vogue in recent years with 
the advent of modern IC technology, high density PC 
board layouts, and inexpensive semiconductors. 

When I decided to build a compact 160-meter trans- 
ceiver the use of such a scheme seemed ideal to con- 
serve space. Unfortunately, all of the designs appear- 
ing in my various handbooks left much to be desired 
and were in fact quite dated. The final circuit that was 
used successfully in my project is presented here. 

My objectives for a simple, effective circuit were met 
through the use of IC and passive doubly balanced 
diode ring mixer components available at low cost and 
small in physical size. While my circuit is not a true 
bilateral design, it represents a unique approach to a 
shared receiveltransmit IF that I haven't seen used. 
(Benjamin Vester, W3TLN, was on this track when he 
described his pocket-sized solid-state 20-meter trans- 
ceiver in the ARRL's Sideband Handbook.* I had 
chosen an IF frequency of 455 kHz to make use of 
some old Collins mechanical filters I found in my junk- 
box. Crystal filters of more recent vintage should work 
as well or better because of high insertion loss asso- 
ciated with the early mechanical filters I used. My 
160-meter transceiver is single conversion, and a low 
IF frequency was not a concern. 

The first stage of the IF, a Mini-Circuits Lab DBM, 
does double duty as the balanced modulator for trans- 
mit and as the receiver first mixer. During receive, the 

preselector output (1.8 MHz) is coupled to the IF port 
of the DBM while the LO port is driven by the VFO, 
with the 455 kHz IF resulting. During transmit the IF 
port is driven with amplified microphone audio for SSB 
operation. The LO port is driven by the BFO. Note for 
CW generation during transmit a DC bias on the mix- 
er IF port allows BFO energy to feed through the mix- 
er; of course the BFO frequency must be shifted to 
within the passband of the filter for proper transmit- 
ter operation. SSB audio is coupled to the IF port 
through an RF choke so as not to affect receive opera- 
tion, while the value of the coupling capacitor from 
the IF port to the receiver preselector has insufficient 
reactance to adversely load the microphone audio. 

This confirguration admittedly compromises the 
dynamic range of the DBM. Termination impedance 
of the IF port of diode ring mixers is critical and directly 
affects the insertion losses and dynamic range. Care 
was taken to provide a diplexer at the IF output (the 
manufacturer's designated RF port for the DBM), and 
with the use of a 3-dB pad at the mixer LO port to 
insure reasonable terminations in my IF circuit. The 
160-meter transceiver I built is entirely passive (nega- 
tive gain) from the antenna to the first receiver mixer, 
so some loss of ultimate mixer performance was per- 
missible. The first active stage is the dual-gate 
MOSFET amplifier used to provide gain, matching, 
and filter switching. The Collins filters used (FA series) 
follow and were operated parallel-resonant for high im- 
pedance to match to the MOSFET amplifier output. 
The filter's output coils were coupled in the series- 
resonant mode to achieve a 9-ohm impedance, allow- 
ing efficient use of diode switching between the SSB 
and CW filters and to match the low impedance input 
of the MC1349 IF arn~ l i f ie r .~  A simple circuit (fig. 1) 
allows simple selection of alternate bandwidth filters. 

The heart of the IF stage is the MC1349 IC, an im- 
proved version of the Motorola MC1350. Besides the 
MOSFET preamp for the filter, it is the only other ac- 
tive component required for the IF stage. Notice that 
pin 5 is the AGC input for the device. In my unit I used 
audio-derived AGC with good results, but simple RF- 
derived AGC circuits have been published for this 

By Peter J. Bertini, K I Z J H ,  20 Patsun Road, 
Somers, Connecticut 06071 
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Announces: 
MAIN MENU SCREEN 

MORSE, SWL-TEXTTM BAUDOT RTTY, ASCII RTTY and  AMTOR RTTY MODES 
hh:mm:ss Receive Only Software w i th  Automated Features developed especially 

SWL-TEXTTM for the SWL Enthusiast. 
COPYRIGHT 1984 BY AEA 

Just  Look At Some Of These Features: 
SELECT: 

M.  MORSE - CW receive speeds from 5 to 99 wpm, auto speed track and lock. 
A. ASCII - 7 bit ASCII speeds from 45 to 300 bauds, preset and user set speeds. 
R. RTTY ---) 5 bit Baudot speeds from 60 to 132 wpm, preset and user set speeds. 
L.  AMTOR ARO - TOR, ARO MODE L. Allows reception of ARQ transmissions. 
F. AMTOR FEC - TOR, FEC MODE 8 .  Allows reception of FEC Broadcasts. 
C. COMMANDS - * Selects COMMAND MENU. 
0 .  OPTIONS - Selects OPTIONS MENU. 
T. TIMING ANALYSIS --) ' Selects TIMING ANALYSIS ROUTINE, AUTOMATICALLY DETERMINES 

, RTTY SPEEDS. 
+ Complete split-screen display with status information. 
+ Allows RUSSIAN RTTY Reception. 

TIMING ANALYSIS SCREEN + Allows RUSSIAN and JAPANESE MORSE reception. 

hh.mm.ss . . . . . . . . . . . . - - 
TIMING ANALYSIS ' AUTOMATICALLY DETERMINES RTTY SPEEDS. 
SAMPLING DATA Indicates reception of data for BIT TEST. 
1:0000000 T:1234567 Indicates bit inversion and transposition patterns from BIT TEST. 
(NOISE) (POSSIBLY) Indicates signal problems or non-standard data. 
147 WPM 110 BAUD Speed of RTTY data in words pet minute and bauds. 

lndicates type of RTTY data, either ASCll or BAUDOT. 
lndicates that the signal is NORMAL or INVERTED. 

T. TIMING AGAIN * Allows the Timing Routine to be repeated. 
A. ALT. TIMING Allows the use of an Alternative Timing Routine. 
8 .  BIT TEST Samples data to determine bit inversion and transposition pattern. 
U. USE DATA Allowsvsage of Timing Analysis data with a single keystroke. 

+ Complete Printer Control. 
+ Complete Buffer Control. 

COMMAND MENU SCREEN + CW SPEED LOCK for enhanced copy in noisy conditions. - ' 24 hour clock, displays time in  hours, minutes and seconds. 

L.  LOAD BUFFER - ' Allows loading buffer from either DISK or CASSETTE storage. 
B. BROWSE BUFFER - ' Allows viewing of buffer in text format, no control characters. 
E. EDIT BUFFER - * Word processor type edit functions on buffer, normal file display. 
S. SAVE BUFFER - Allows you to save buffer data to DISK or CASSETTE storage. - ' Allows setting the time of day clock. - ' Choose among any of 16  colors for each, Character, Screen & Border. 

+ Now available for the COMMODORE 64 and VIC-20 Computers. 
+ Complete with cables for the AEA CP-1 or MP-1 INTERFACES. 
+ Keyboard overlays and manual. 
+ For more information, contact your AEA Dealer or AEA. 

MIDWEST AMATEUR RADIO SUPPLY 
3456 Fremont Avenue, North 

Minneapolis, MN 5541 2 
Store Hours: Mon.-Fri. 9-6, Saturday 9-3 

For service call: (612) 521-4662 r /  159 

For orders call: 1-800-328-6365 
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FROM 
RCCEIVER 

CW XMlT  
3 d B  PAD D E T A I L S  

RI .  R 3  3 0 0  OHMS. CARBON 
COMPOSITION. 5%. 1 / 4  
OR I/.? WATT 

R.? 18 OHMS. CARBON 
COMPOSITION. 5 % .  1 / 4  
OR 112 WATT 

AMPLIFIERS 

RX-BFO 
TX-VFO 

AT + I 0  dam 

T I  BROADBAND 4 I E  TRANSFORMER Ercapl .s lndtcaled, declmal 
T 2 .  T3 .14 .  T5 .  T 6  455kHz  I  F TRANSFORMER, l e t  I -F ,  values 01 capacitance are In micro 

YELLOW CORE 5 0 0  OHM TO 5 0 k  OHM, l a m b  (, F). others am In picotar 
2 2  1 TURN RATIO ads (OF), r.slrtmces are In ohms 

P I N  2 INTERNALLY GROUNDED TO CASE 
X DENOTES (Om* RFCe-OPTIMUM FOR 4 5 5 b H z  

k = 1 WO M = 1,OW.WO 

PINS 3.  4 CONNECTED TOGETHER 
P INS  2 . 5 . 6 . 7  ARE GROUNDED TO PC BOAR0 +IPV ON @ SELECTS a o o n ~  F ILTER 

+12V ON @ SELECTS 2 I h H r  F I L T E R  

fig. 1. Quasi-bilateral IF for transceivers. Schematic shows simple method of switching between filters of different band- 
widths. More filters can be added by duplicating the dual-gate FET stage for each additional filter desired. Author's transceiver 
incorporates one additional filter for A M  reception. 

d e ~ i c e . ~  The transmitter ALC signal, also common to 
the AGC buss, was developed in my transceiver by 
diode sampling to the transmitter PA output. If an 
MC1350 is used, pin 3 should be grounded; for the 
MC1349 pin 3 should be bypassed to ground. In the 
MC1349, pin 3 is connected to the emitter of the in- 
put transistor and sets the device input impedance and 
gain. I used pin 3 in my unit to couple the IF signal 
to a separate AM IF stage and detector. The MC1349 
output is transformer coupled to the second MCL 

DBM RF port. In receive this DBM serves as the prod- 
uct detector, with the BFO energy coupled to the LO 
port. Note that the recovered audio is through a three- 
element low-pass filter to remove any IF RF from 
reaching the audio stages. 

The first bypass capacitor of the filter does not go 
directly to ground but is connected to a 3-dB attenu- 
ator. During transmit, the BFO is switched to the first 
DBM, and the VFO to the LO port of the second DBM. 
This arrangement allows the desired I&-meter prod- 
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WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

SATELLITE 
TELEVISION 

,. MA GAZINE STV 
A monthly of 100-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. (1 2 monthly issues) 
$ 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. 

* Weekly Updated Listings * All Scheduled Channels 
Ir Complete Movie Listing * All Sports Specials * Prime Time Highlights 

$39.00 per yr. (52 weekly issues) 
$ 1 .OO for Sample Copy 

Visa@ MastercardB accepted (sub- 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STV '" /Onsat '" 
P.O. Box 2384 - Dept. PS 
Shelby, NC 28151-2384 

Subscription calls only 

fl 115 
Toll Free 1-800-438-2020 

H R 

uct from the second DBM to be passed onto the trans- 
mitter preselector and amplifiers with minimum losses 
and good termination to the mixer port. 

BFO and VFO signal switching between the LO 
ports may be achieved through miniature relays or by 
using solid-state circuitry. No relays were used in my 
transceiver; the preselector tracked the main VFO and 
was switched for common duty for both the transmit- 
ter and receiver. Recovered audio from the diode ring 
detector was sufficient to drive a single LM380 audio 
IC. The AGC range is 70 dB. 

Although I haven't tried it yet, the performance of 
this circuit at 9 MHz should be better. The newer crys- 
tal filters will have less insertion loss, and the DBMS 
I used were not rated for best operation below 500 kHz 
at the LO and IF ports. Of course the values for the 
diplexer5 and for the audio coupling RF chokes would 
have to be changed accordingly as well as the trans- 
formers used if another IF is chosen. While the cir- 
cuitry presented here could certainly stand improve- 
ment, it was my intent only to outline my solution for 
a novel IF arrangement. As this circuit best lends itself 
to a single conversion transceiver, the use of a 455-kHz 
IF is probably precluded above 7 MHz to avoid image 
problems. The FA series Collins filters I used are the 
same as those used in the Collins 75s series receivers; 
they are expensive if purchased new, but can often 
be found at flea markets for reasonable prices. Several 
dealers regularly offer imported 455-kHz mechanical 
filters and surplus crystal filters in the 5-9 MHz range 
at very attractive prices. 

While no actual gain or noise figure measurements 
were made, the losses between the antenna and first 
mixer are excessive in my transceiver. The input and 
output of the lightly coupled preselector are diode 
switched for a total path loss exceeding 8 dB. For 
operation on 80 or 160 meters this is acceptable if a 
full-size antenna is used. My objective in doing this 
was to allow the noise floor of the receiver to be no 
less than required for everyday use on 160 meters, 
thereby improving the capability of the receiver to han- 
dle strong signals. With a carefully designed bandpass 
filter, such as the low loss units designed by Wes 
Hayward, W7ZOI, operation of this IF on any HF band 
should be possible without additional front end gain.= 
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5.  Wes Hayward. W7ZOI, and Doug DeMaw. W lFB .  Solid-State Design for 
The Radio Amateur, American Radio Relay League, page 119. 
6. Doug DeMaw. W l F B ,  Electronics Data Book, American Radio Relay 
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i t w l  construc 
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These rugged crankup tow. 
m now avsllable from Texas 

ELECTRONICS CO. 
FREIGHT PREPAID Towera! AII models available 

On Sale tor tremendous sav. 

To saw on fmlghl corh.aII 
lowers are ehlpped dlnctly 
from thoTrl-Ex lactory to you1 

Comp~e~e WII~ oase and Check these features: 
All steal conatructlon 
Hot dlp galvenlzed a fh r  DELIVERY 8 LOOK at very 

SPECIAL PRICES . . . 
In Stock Now-Fast Completa wllh b a ~  a d  New Model HF6V $129.00 

mod* W- .ad m a  New Model TBR-160HD (High 
H 0 3 m  37 11. v w  11.. s 718 Power 160 meter Base 
H O W  U l t  O M .  11.. 51018 

nGSIn0 5411. I6q.n.. 11820 
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Masts-Thrust Bearlngs- 

ROHN GUYED TOWERS 
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In Stock at Dlscount Mcss - CALL! 
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ICOM IC.751A LlST PRlCE $1399 TS.930S LlST PRlCE $1799 
CALL FOR SPECIAL SALE PRICE! I CALL FOR SPECIAL SALE PRICE! 

ICOM IC-745 LlST PRlCE $999 1 Ts.430s 
LlST PRlCE $899.95 

CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! 

FT-757GX LlST PRlCE $829 
CALL FOR SPECIAL SALE PRICE! 

LCD D~splay 
Programmable 
PL Option 

List 339.95 
SALE $299.95! 

F T . 7 2 6 R  LlST PRlCE $829 
. ......... CALL FOR SPECIAL SALE PRICE! I STIUIP.. $25995 ( 
.......... ST222rP.. .CALL! 
.......... ST442lP.. .CALL! 

SANTEC Accessories 
. . . .  

S meter Funcl~on 
SM3Speaker Mic.. $34.95 

. . .  TO Memorles ST-LC Leather Case. $34.95 
ST-500 NiCad Battery. .%29.95 
ST-4QC Base Charger. .$69.95 

76PA $1899! CORSAIR Lisl$1169 
Deluxe AC Supply List S199 

'Sale Prices Too Low To Print- 
CALL & SAVE SS! 

4229 2KW Tuner Ki 
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CIOI?  110 V P S  !OW I2OW 20A 1159 
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DIO~ON 4.0 NO IOW t a l w  XJA slss NO Tun~ng 13.8 VDC Operatlon 
Remote Bandswltching Compact . .............. 

. . . . . . . . . . . . . .  r . Heavy.Duly Conslructlon 

Telephone - TEXAS TOWERS (214)422-7306 la!!! Div. of Texas RF Distrlbutom Inc. 1108 Summlt Ave., Suite 4 Plano, Texas 75074 

Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM I 
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Larry WQYY Bill NQCDH 

Merry Christmas from Peggy NQCNJ Ed WBQMDZ 
BUZ WABOKD Larry 0. WABHHB 
Rich KBQWD 

..........................eea e e e . a . . . e e . e * . . . . . . . ~ .  

. AEA 
ALLIANCE 
ANIXTER MARK 
ASTRON 
AVANT1 
AZDEN 

* B & W  
BEARCAT 

CALL FOR SPECIAL SALE PRICES 
BENCHER HUSTLER MFJ 

BUTTERNUT HYGAIN MICROLOG 
CENTURION ICOM MIRAGE 
CES KANTRONICS SANTEC 
COMM SPEC KENWOOD VANGORDON 
CUSHCRAFT KLM WELZ 
DAlWA LARSEN YAESU 

2900 N.W. VlVlON RD. CALL TOLL FREE 1-800-821-7323 ,,my, M l w R ,  
MASTERCARD, VISA & c.0.D.'~ WELCOME / 161 816-741-8118 I 

I MICROWAVE TV ANTENNA SYSTEMS 1 NORTH AMERICAN SOAR corporation 

PEN-STYLE DIGITAL MULTIMETER 
MODEL 3100 

GREAT mcCE W9DO 

- NEW! 
Hand Held LCD Display - Fast One Hand Operation 
SPECIFICATIONS 
M.plar LCD 3'h dgln maxtmum rsad~ng d 1999/mnnu1ty beapef bullt-ln 
Flange Auto ranqlng 
Pohrtty AutomalH: no ondlanon fa p-nm pohnry mfnus sign l a  negative W n r y  
Omnngm I n d c m  MBS 1 or -1 lndlcatlon 
Dab Ho(6 Data hold in all ranges wlh horn swltch on 
Low B.llwy lndlullm 8" ma* dtsplayed wheo beltmy drop be(ow opmatlng W3hge 
Snnpllng 2 T~mruwond 
Power S m  SR-44 banery (1 SSV) X2 (Included) 
Par CanMplm 5 5mW 
size 6 x 1 %  LWW (less praba l i p )  tncludes Y. and 1' proboa 

Add $2 50 For Shlpp~ng 
STOCKING DISTRIBUTOR la@ma~ 
@KCS ELECTRONICS 

CORPORATION 
SEMICONDUCTOR PARTS AND PRODUCTS 

1043 N. STADEM DR. 
TEMPE, AZ 85281 (602) 967-6945 

Call or Write for FREE 
Semiconductor Parts 6 Products Cafalog 
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I NOW FEATURING STATE-OF-THE-ART RmLcohl ( Ot,fh~tlNll A l l ,  jN‘, 

MOSFET REPEATER AMPLIFIERS 1 

ALSO SEE US FOR YOUR MOBILE AMPLIFIER NEEDS 
ALSO FEATURING: ICOM. AEA, LARSEN. VAN GORDEN, VIBROPLEX. NYE-VIKING. LEADING EDGE. ARRL PUBLICATIONS. 

Ik 
KAGLO. HAMTRONICS. PROWRITER. ELEPHANT DISKS. DEBCO. TRIONYX. 

VHF COMMUNICATIONS 
915 N. Main St., Jarnestown, New York 14701 (716) 664-6345 I 

The solut~on to most i n te r fe rence ,  i n te rmod ,  and desense 
problems in AMATEUR and COMMERCIAL systems. 

40 to 1000 Mh? - luned to your freauency - 
5 laroe helical resonalors 
Low h e  - Htgh overload reststance I _;- 8 dB ga~n - ull~nale reject~on) 80 dB 
10 lo  15 volts DC operation 

'ht In. U S u e  - 1 6 x 2 6 x 4 75" exc connectors 

I - 

- ~ 

FANTASTIC REJECTION! 

Typical rejection: Pr~ce -$89.95 bipolar w/RCA jacks 
+fino Kh7h 144 Mhz: -28dB Connector or~l~ons: BNC $5. UHF $6. 
T i s ~ h z i 1 2 2 0  Mhz. -4048 N $10 I t 5  Mhzv45O Mhz -50dB SUPER HOT! GaAs Fel OPtlOn $20 1 

. f (11 t ldnxt ' lvers ,111tl !t,()k:lllers - AMATCUR 1111! COMMERCIAL 
AUlorndtlC oneratlon - .~(ll~islable speed .III~I . i r l ~ p l I ~ ~ ~ ! ~  . Small sue - easy lnslallAllon 7 lo  15 volts Pi  
8 seleclnble. reproqranlrrldble messages eacli up lo  2 mln lonq 
Wired, rested, and programmed with your message(s) 
Model ID-1 - S49 95 Model ID-2 wI2 lo  10 mlnute timer - $69 95 

We olfer a complete line of transmlller and recelver strlps 
and svnlheslzers lor amateur and commercial use. 

Mo re  Details? CHECK-OFF Page 160 
I/ 165 

Use Your Wireless 

FROM ANY ROOM!!! 
Works w ~ t h  most Infrared 
remo te  control  receivers 

LIKE HAVING A SATELLITE RECEIVER, VCR, 
CABLE TV, AND VIDEO DISC IN EVERY 

Pemote control Satc'lllle 
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used lonq d15tance 
Install on any TV to access all 
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No fancy wlrlnq needed 
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the hand held remote 
cor~lroller5 you alreadb 1 Jve 
No too15 requtred Fas~l, 
1n5talled In n tr l l P 5  
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microstrip impedance program 

Use your TRS-80, HP-41, 

or HP-67197 to determine 
stripline width 

and other parameters 

Even though programmable calculators and com- 
puters can easily be used to perform microstrip im- 
pedance line calculations, I haven't seen many suitable 
programs in print. 

The two synthesis programs listed here were 
written for use on the Radio Shack TRS-80TM com- 

table 1. Microstrip line impedahces from 10 to 100 ohms 
for a 6.025 inch (6.35 mrn) thick dielectric of 10 at 
2.0 GHz. 

ER = 10 Thickness = 0.025 inches Frequency = 2 GHz 
Enter 2, impedance wanted (LOW, HIGH, STEP)? 
10,100.10 

width velocity 90-degree 
impedance (inches) ER-effective factor (inches) 

10.0 0.2446 8.7 0.340 0.500 
20.0 0.1026 7.9 0.355 0.523 
30.0 0.0572 7.4 0.367 0.540 
40.0 0.0355 7.1 0.376 0.553 
50.0 0.0233 6.8 0.383 0.564 
60.0 0.0156 6.6 0.390 0.574 
70.0 0.0106 6.4 0.395 0.582 
80.0 0.0072 6.3 0.400 0.589 
90.0 0.0049 6.1 0.404 0.595 
100.0 0.0033 6.0 0.408 0.601 

puter (fig. 1) and the HP-67/97 or HP-41 (fig. 2). Both 
may be adapted for use on other programmable 
calculators and personal computers. 

The programs allow the user to input a desired 
microstrip impedance value, frequency, relative dielec- 
tric constant and thickness to calculate the correct 
linewidth for that impedance. It will also output the 
effective dielectric constant, relative velocity factor, 
and 90-degree microstrip line length. 

The mathematics used represent a good closed form 
approximation for line impedances between 20-1 10 
ohms and will deliver results that fall within 3 percent 
of Wheeler's line impedance values. 

Table 1 contains a list, printed out using a TRS-80, 
of microstrip line impedances from 10 to 100 ohms for 
a 0.025 inch (6.35 mm) thick dielectric of 10 at 2.0 GHz. 
It also shows the effective dielectric constant for lines, 
relative phase velocity, and 90 degree length. 

The program listing in fig. 1 is a short closed form 
approximation. No adjustments (such as a conductor 
thickness correction or variation of equations used at 
different impedance values) are made to improve ac- 
curacy. The k 2 percent accuracy is sufficient for most 
applications. 

references 
1. H. A. Wheeler. "Transmission-line Properties of Parallel Strips SeparatLd 
by a Dielectric Sheet," IEEE Transactions, MTT-13, No. 3, March, 1965, pages 
172-185. 
2. R .  P. Owens, "Accurate Analytical Determination of Quasi-static Microstrip 
Line Paraineters," The Radio and Electronic Engineer, Vol. 46, No. 7, July, 
1976, pages 360-364. 
3. T. G. Bryant and J. A. Weiss, "Parameters of Microstrip Transmission 
Lines and of Coupled Pairs of Microstrip Lines," IEEE Transactions, MTT-16, 
No. 12. December, t968, pages 1021-1027. 
4. T. C. Edwards, Foundations for Microstrip Circuit Design, John Wiley Et 
Sons, 1981, (ISBN 0-471-27944-7). 
5. J. F. White, Microwave Semiconductor Engineering, Van Nostrand Et 
Reinhold Publishers, 1982, (ISBN 0-442-29144-2). 

By Dennis C. Mitchell, K8UR/1, 1 Cider Mill 
Lane, Upton, Massachusetts 01568 
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700 PRINT " 
I ;lo NEXT ZO 

; 

"; :PRINTUSING A$;EF; :PRINT " 'I; : PRINT USING "#.#i!#";VR; :PRINI'" 11 

10 CI,EAR 100 
20 A$="###.#": B$=".####" 
30 H2=.06:ER=4.8:ZO=50 
40 CLS:PRINTCHR$(23):PRINT:PRlNT:PRINT:PRINT" MICROSTRIP CALCULATOR" 
50 f3RINT:PRINT 
60 PHTNT" D. C. MITCHELL-KRUR" 
70 FORI=OT050O:NEXT 
80 CIS: PR INT" DIELECTRIC CONSTANTS" 
90 PRIl\IT STRING$(55,"-") 
100 1'RINT"ER OF FIBERGLASS-EPOXY P. C. =4.8" 
110 PR1NTT'ER OF TEI'LON OR SIMI1,AR FISJROCARBON POLYFIERS=2.5" 
120 PRINT "ER OF 99.2 ALUMINA !)IOXIDE CERAMIC = 10" 
130 I'RINTWTHE DIELECTRIC THICKNESS (H) OF 1/16" P.C. STOCK DOUBLE CLAD ~ / 1  OZ./SU.FT. COPPCR=.0597" 
140 PRINTUFOR 1/32' ' THICK P.C.B. USE .0285"; :PRIN'l"' (DEFAULT ~0=50,ER=4.8,H=.0597)" 
150 PRIN'T 
160 TNPUT"ENr1'ER THICKNESS OF P.C.Bt1;H2 
170 INPUTVENTER ER 01.' P.C.B.";ER 
175 INPUT "ENTER FREQUENCY IF 90 DEC LENGTH IS DESIRED ((;HZ)";FQ 
180 CLS : PRINT "ER=" ; ER, "THICYNESS=" ; H2 ; "INCHES", "F!?EQ="; FQ; "GIIZ" 
190 1NPUT''ENTER ZO IMPEDANCE WANTED (LOW, HIGH, STEP)"; ZI.,ZH ,%S 
200 PRINT "IMPEDENCE WIDTB(1N.) ER-EFFECTIVE VR 90DEG.(IN)" 
210 FOR %O=ZI, TO ZH STEP ZS 
220 Wl=H2 
230 W=377:kH2/(SQR(ER)*ZO::'(l+l. 735*1:R[-.0724*(W1/112) [-.83h)) 
240 IF INT(W~~10000)/10000=h'1 THEN 270 
250 W1=INT(10000*W)/1000O 
260 GOT0 230 
270 PRINT USING A$;ZO;:PRIN'T I' ";:PRINTUSIiiG B$;Wl; 

fig. 1. TRS-80TM microstrip line program listing. I 

; 280 EF= ((ER+1)/2 + (ER-1)/2 ::: (1+10*(if2/Wl))[-. 5) 
290 VR=l/SQR(EF) 
295 L=11.785/4/FO*VR 

User Instrued ions 

E 

EFF I )  
X/4 

m , Z o ( f i ) + ~  " f (MHz) 
W"-+ v 

h" &r I f 

fig. 2A. User instructions for microstrip impedance line program for HP-67/97 or HP-41 calculators. 

December 1984 85 

STEP 

1 

2 

3 

INSTRUCTIONS 

Input thickness of dielectr ic  i n  inches 

- - -- - - - -- -- -- - - 

Input relat ive die1 ec tr ic  constant 

--- -- - 

Input desired impt.dance ' o  

OUTPUT 
DATAlUNlTS 

. 

- 
.Width " , 

INPUT 
DATAIUNITS 

h" 

E 
r 

Z o R  

4 

5 

KEYS 

L i . 3 ~  
E J  a 
m a  

C_ZI 
a 0 

- - 

Input frequency i n  MHz 

p- - 

Input W ,  width of l ine  i n  inches W i n  

L__I CYl 



fig. 28. Program listing for microstrip impedance line program for HP-67/97 or HP41 calculators. 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRV KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 

PRETUNED- ASSEMBLED FOR ALL MAKES A M  - 
ONLY ONE NEAT S M A L L  ' ATEUR TRANSCEIVERS1 
ANTENNA FOR ALL B A -  & GUARANTEED FOR 2 0 0 0  
NDS' EXCELLENT FOR WATTS S S B  INPUT FOR 
APARTMENTS! I M -  NOVICE AND ALL CLASS 
PROVED DESIGN 1 AMATEURS' 

COMPLETE r n h  9 0  (1. RGSBU-52 ohm feedMs. and 
P L 2 5 9  connector Insulatorr 3 0  t t  3 0 0  m test dacron end 
~ Y D D O ~ ~ S  center cbnnestor wlih buln In llghmlnp .nester and 
.te!8c d&charQc. LowSWR over all bands -Tmers usu.tly NOT 
NEEOEO' Can,bc "red ar Inrsncd V'r - 9lopers - In  alllcs, on 
b~ildlnp 100s or nanow lots The ONLY ANTENNA YOU WILL 
EVER NEED FOR ALL BANDS! NO BALUNS NEEDED' 

REGISTERS 

80-40-20-15-10 - - 2 v q  - 104 (1. -Model 998BUC S99.95 
40-20-15-10 -- 2 (rap -- 5 4  ft. -Model 100lBUC.. 1 9 8  9 5  
20-15-10mstat- 2 t r W -  2611. - Medel 1007BUC. . S 9 7 9 5  

SEND FULL PRICE FOR POSTPAID INSURED DEL. IN USA. 
(Canada is S 5 . W  extra lor portage - clertcal- customs etc)  or 
order usha VISA - MASTER CARD - AMER. EXPRESS. 
Glrc number end ex. date Ph 1-508-236-5333 9 A M  - 6 P M  
week days We ship In 2-3dspr. ALL PRICES MAY INCREASE 
SAVE - ORDER NOW' All antennas Quarantced tor I year 
10 day moner back trbl  If returned ~n new condklonl Msdc 8n 

1 USA FPEE INFO AVAILABLE ON1 Y FROM 

WESTERN ELECTRONICS fl j6' 
D s ~ t .  AR- 11 Kewnsr. Nebrasha..68847 
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RTTY FOR ALL 
"PT3100 + DSK310u t a ~ w v u  

PT3100-the acknowledged 11 ine system for both 
~mmercial and serious amateu ~d CW stations. HAL 
oneered the radio mailbox tec th the MPT3100, and 
)w the new DSK3100 disc drive option gives you 326,000 char- 
:ters of message storage. The system is designed particularly 
r the amateur, commercial, or military operator who has to 
indle a large amount of traffic. You can collect, edit, and re- 
ansmit traffic perfectly with a minimum of effort. The ST6000 
renowned for its weak-signal performance ana reliability. Add 
e ARQ1000 for full AMTOR operations, including an AMTOR 
ailbox. If you are serious about your code and need high per- - fo 

CT2200 + KB2100 + ARQ1000 + RS2100 +KG12 
The CT2200 and KB2100 give you an integrated system that In- 
cludes video, RTTY demodulators (high, low, modem low, and 
modem high tones), and many advanced features. Operate Bau- 
dot or ASCll at 45-1200 baud and CW at 5-99 w.p.m. Add t t  
ARQlOOO for ALL AMTOR features (not just some of them). Tt- 
RS2100 RTTY Scopegives you the acknowledged best tuning i~ 
dicator for a complete RTTY system. Also included in tb 
CT2200 is selective-call ASCII printer output, split screen, 36 ( 
72 characters per line, smooth scroll, and 2 or 4 pages of d isp l~ 
memory. In addition, the CT2200 has 2 HERE IS and 8 larg 
"brag-tape" memories that are programmable and non-volatill 
T 
t1 
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up the CRI-200 and work ALL the station! expandable! Add the ARQlOOO for AMTOR, the RS2100 RTTY 
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DOCTOR DXTM By 

Work The World With No Antenna 

For the active CW operator, there Is nothing more fun than operating with the "Doctor DX" CW DX 
simulator. For the person who has never liked CW, Doctor DX will show you what real fun is. Doctor DX 
has something for everyone from the aspiring Novice to the experienced Amateur Extra Class licen- 
see. And you need no FCC license to operate Doctor DX! 

With Doctor DX, all you need is a Commodore-64 computer, a key(or keyer), and aTV set. There 
need for an expensive transceiver, amplifier and antenna farm to enjoy the thrill of working "rare 
No more TVI or dead bands! Doctor DX is more than the most sophisticated CW trainer ever d 
oped, it is your DXpedition ticket to anywhere in the world at a very affordable price. 

Doctor DX simulates real H.F. CW band conditions. All the stations you will work are generatt 
the computer. As you tune up and down the particular band you have selected, you will hear realistic 
sounding stations in contact with other stations (some within your skip zone). There is also the normal 
QRN and QRM one would expect to hear in the real world. All call letters heard are totally random (sub- 
ject to the country's callsign assignment rules). The prefixes are weighted according fo the Amateur 
Radio population density, with 304 possible countries represented. The speed of stations operating in 
the lower portion of the bands is much faster than those operating in the upper band segments. The 
"operators" are also more polished in the lower portion of the bands. 

Radio propagation (programmed for each band) represents what you would expect to hear on a 
good propagation day at the peak of the sunspot cycle. The propagation follows the internal real-time 
clock that you set before beginning operation. All the simulated stations you hear (with proper pre- 
fixes) are at distances you would expect to hear for the time of day and band selected. 

You can learn and enhance your CW operating skills with Doctor DX. Doctor DX will not reward bad 
habits. AEA even offers an awards program to owners of Doctor DX that work all zones, 100 countries, 
5 band Dr DXCC, or Doctor DX Honor Roll. 

The Doctor DX CW trainer is a totally new concept in Amateur Radio. See what all the excitement Is 
about. Send for full details, and see your dealer for a demonstration. 

is no 
DX." 

<a 4033 BROWNSVILLE ROAD, TREVOSE. PA-19047 



Doctor DXmChallenge 
8 - 

i 

DOCTOR DX CONTEST BOX 

TOP TOP 
SPRINT SCORES MARATHON SCORES 

1. 1. 
2. 2. 
3. 3. 
4. 4. 
5. 5. 

WILL YOUR CALL APPEAR HERE? 

a timed 
vent. Thl 
11.. 

lve work 
I. DOCT( 
band or 

. . 

hieving ( 
es byad 

Y"," 

i 0 N  
ture 

For good clean, competitive fun, Doctor unlm shows your score and QSO rate for continuous mom- 
toring of your improved CW operating skills. The DDX-64 can be avehicle for fairly settling those club 
rivalries by competing with your friends under identical operating conditions. 

AEA also has two on-going CW contests that you can enter with Doctor DX as your own schedl l l~ 
permits. The AEA SPRINT CONTEST is non-stop eight hour event and the AEA MARATt 
CONTEST is a timed 24 hour non-stop e e top 5 contest scores will be published in our fu 
advertisements and upgraded periodically aa IIGW higher scores are achieved. 

In addition to the two AEA contests, we are offering award certificates for acl zertain r 
stones. You will be automatically alerted when you have achieved these mileston1 isplay a' 
bottom of the monitor screen. 

AEA DrDXCC is achieved when you ha ed 100 different countries, regardless of the frequen- 
cy band or the amount of time operatec 3R DX WAZ can be earned by working all 40 CQWW 
zones of the world, without regard to the duration of operating time. The DOCTOR DX HONOR 
ROLL is reserved for top notch operators capable of working 250 countries without regard for band or 
operating time. Additional endorsement awards are available for each additional 10 countries worked 
up to300(out of 304 possible)countries. AEA 5 BAND Dr DXCC is averydifficult award to achieve. It re- 
quires working 100 countries on each of five different bands, without regard for the amount of operat- 9 nile- 

t the 

ing time. 
Each award can be obtained by filling out a photocopy of the award application form (supplied) 

along with the score information and qualifying check sum from your screen display. Please enclose 
$3.00 to cover handling costs for each certificate ($1.00 for Honor Roll endorsements). Awards will 
only be granted to owners having a Doctor DX warranty card on file. 

There is no need to ever be bored with your hobby again just because the bands are dead or you are 
apartment bound. Try Amateur Radio's own version of Solitaire - DOCTOR DX. 

4033 BROWNSVILLE ROAD, TREVOSE. PAY19047 1 
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DEPENDABLE "SE-R-V-I-C-E" and, we fully intend to 
carry, on this proud trodition with even MORE new 
product lines plus the same "fair" treatment you've 
come to rely on. Our reconditioned equipment is of the 
finest quality with 30, 60 and even 90-day parts and 
labor worronties on selected pieces. 
And, remember. . . 

- WE SERVICE WHAT WE SELL - 

AEA 
AMECO 
AMERIRON 
ANTEK 
ARRL 
ASTRON 
ANTENNA 

SPECIALISTS 

BLW 
BENCHER 
BUTTERNUT 
CUSHCRAFT 
DlAWA 

DRAKE 
ENCOMM 
HUSTLER 
ICOM 
JANEL 
KANTRONIQ 
KDK 
KLM 
LARSEN 
MFJ 
MINI-PRODUCTS 
MIRAGE 

MOSELEY 
NYE 
PALOMAR 
RADIO CALLBOOK 
ROBOT 
ROHN 
TELEX I HYGAIN 
TEN-TEC 
TRIO-KENWOOD 
UNADILLA / REYCO 
YAESU 

9-5 P.M. (CST) 
MONDAY thru FRIDAY 

OPEN SATURDAYS 
from 9.1 P.M. (CST) 

CLOSED 
SUNDAYS1 HOLIDAYS 

"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" 

SELL-TRADE 
New 81 Reconditioned 

Call or Write Us  Today For a Quote! 
You'll Find Us to be Courteous, Knowledgeable 

and Honest 

AEA AMT-I. REGULARLY $479.95 

NOW ONLY $299.95 
THE AMTOR TERMINAL UNIT! ! ! Works with any 

P 0. Box 73 ASCII term~nal or personal computer w ~ t h  a terminal 
208 East Kemp program. Also works RTTY. CW, ASCII. 

Watertown, SD 57201 ORDER YOURS TODAY! Limrted quantities 

Free Antenna Accessories Catalog 

c Coaxial Antenna Relays 
Remotely selecl up to 9 antennas 

coaxlal cable Env~ronmental~zed, hlqh 
4'  power and low loss 

WPAU and W2DU Balunsb 
O L ~  baluns, center ~nsulators and In- 

sulatcrs have been preferred for 20 
year= by Hams. Industry, and the armed 
forces Protect aga~nsl TVI and l~ghtn~ng 
1 8-200 MHZ Specifications QRV-1 

All solld state construct~on 

- 4 WPVS Antenna Traps Four-place dlgltal dlsplay 

gel low 3VR on 2 to 6 bands, depen- 
dlng On how you add Antenna 
wlre and custom k~ts also ava~lable 

5 watts power output CW 
Battery operation posslble due to low current consumptton 

Send For Yours Today, Transmitter spurious emtsslons all down 40 dB 
D~rect conversion recelver 
CW narrow and wide postttons for recetve 

fully descr~bes our Ham antenna ac- Recelver sensltivlty 0.5 uV 10 dBsnlN 
cessory product l~ne IDEAL AS A BEGINNER'S RIG1 

Dealer inquiries also welcome. WON'T BUST YOUR POCKETBOOKI / 175 

6743 Klnne 9 .  East Syracuse. NY 13057 p- Free 1-800-44B-lm3t3 TWX 710-541-0493 
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back to basics: 
transistor biasing 

Add a bias network 
to minimize the effects 
of temperature change 

This article has been adapted, with permission, from Chris Bowick's 
RF Circuit Design, published by Howard W. Sams €t Company, 
Indianapolis, Indiana, and available from Ham Radio's Bookstore, 
Greenville, New Hampshire 03048, for $25.45, postpaid. 

In most RF amplifier designs, very little thought is 
given to the design of bias networks for the individual 
transistors involved. Sometimes this lack of interest 
is justified: if, for instance, the amplifier was expected 
to operate only at room temperature, there would be 
little need to spend much time developing an extremely 
temperature-stable DC operating point. If, on the other 
hand, the amplifier was expected to operate reliably 
and maintain certain specifications (gain, noise figure, 
etc.) over large temperature extremes - as in outdoor 
mounted preamplifiers, for example - the DC bias 
network would have to be carefully considered. A 
quick look at the Y and S-parameter curves for most 
transistors reveals that a change in the transistor's bias 
point does in fact change all of its RF operating 
characteristics. This means that the DC operating 
point must remain stable under specified operating 

As the operating temperature increases the base- 
to-emitter voltage, bE, of a transistor decreases at 
the rate of about 2.5 mV/OC from its nominal room 
temperature value of 0.7 volts for a silicon device. As 

conditions or the RF characteristics may change 
drastically. I 

YCc 

i 

Rc 

factors affecting operating point I 

b s  

Two basic internal transistor characteristics - AGE 
and A/3 have a profound effect upon the transistor's 
DC operating point over temperature. The object of 

to minimize the effects of these parameters. 

I 
a good temperature-stable bias design (see fig. 1) is By Chris Bowick, WD4C, 200 Abri Place, 

Lilburn, Georgia 30247 

'a --. 
" 

"E 
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IB8 4 R I  

' C  $ 4 'E 2Z IC 

m m 
I1.P 

I .  Chtwa. the o p n t l n p  point for th* tnn.lator: 
IC = 10 mA lt = 10 V k c  ;. 20 V 11 = 50 

2. Assum. a value lor Y eanalderlng blm stmblllty (see IertJ: 
Y = 2.5 "dl. 

3. Assume IE = IC for hlgh beta mmn.lsmn 
4. CaIcuh1e RE, kmwln.  IE and Y: 

RE = : r ; f0 - ,  = 250 ohms 

5. C.1cul.n Rc. hnowlng l t c ,  V .  and lc: 
RC = e c  - * = 20 - 10 = 1000 ohm, k 10 x 10-3 

6. Calculan Ig, knowlng IC and p: * = ' c  = 0.2 m* 

7. C . l c u l ~ n  Y e ,  knowing Y and Y E :  
%.q = Y + YE = 2.5 + 0.7 = 3.2 b'oll. 

8.  Assums a value lor Iss. Ihe lawe, the better (SM text) 
Ige = 1.5 mA 

9. cmlcuhn R l .  knowkg IBB and 1Be: 
R1 = \be * ohms = 21.33 ohms 

ISB 
10. Calcuhn R2. knowlng e c ,  Wn, I n ,  and In: 

R2 = e&-+ = ?$%< :Sl = 9882 ohms 

fig. 1. Base resistor divider plus emitter resistor deter- 
mines transistor's oper~ting point. 
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bE decreases, more base current is allowed to flow, 
in turn producing more collector current, which is ex- 
actly what we would like to prevent. The total change 
in & for a given temperature change is called A &, 
The primary external circuit factor that tends to 
minimize the effects of A b E  and over which the cir- 
cuit designer has control is the emitter voltage of 
the transistor. A decrease in bE with temperature 
causes an increase in emitter current and a subsequent 
increase in 6. The increase in 4 is a form of negative 
feedback which tends to reverse bias the base-emitter 
junction and, therefore, decrease the collector current. 
A decrease in VBE, therefore, tends to be 
counteracted by the increase in and the collector 
current does not increase as much with temperature. 
If these observations are put into equation form we 
have: 

where AIc  = change in collector current 
IC = quiescent collector current 
A b E  = change in base-to-emitter voltage 
6 = quiescent emitter voltage 

Thus, if & were made equal to 20 times AVBE, then 
the collector current would change only 5 percent over 
temperature due to AGE. It is the value of the emit- 
ter voltage (&) and not the value of the emitter 
resistor (RE) which is the important bias design 
criteria. 

From eq. 1 it appears that the higher 6 is, the 
better. This would be true if we only had to bias the 
transistor at a specific operating point. Obviously, 
there are other things which must be considered in 
the design. A high emitter voltage, for instance, does 
tend to waste power and decrease the AC signal gain. 
A bypass capacitor across RE at the signal frequency 
is usually used to prevent the loss in gain, but the 
wasted DC power may still be a problem. 

If the amplifier is to operate over a temperature 
change not exceeding f 50°C, then an emitter voltage 
of 2.5 volts will provide a f 5 percent variation in Ic 
due to AbE .  In fact, you will find that the majority 
of the transistor bias nelworks similar to fig. 1 will pro- 
vide a value of & from 2 to 4 volts depending upon 
the values of Qc and Vc chosen. Higher values are, 
of course, possible depending upon the degree of 
stability you need. 

varying current gain 
affects operating point 

The change in a transistor's DC current gain, P, over 
temperature is also important to the circuit designer. 
Any variation in /3 produces a corresponding change 
in quiescent collector current and changes the tran- 
sistor's designed operating point. The j3 of a silicon 

transistor typically increases with temperature at the . 
rate of about 0.5 percent1 OC. A f 50°C temperature 
variation causes and consequently colle~tor current 
to vary as much as f 25 percent. 

Not only does /3 vary with temperature, but the 
ma~ufacturing tolerance for /3 among transistors of the 
same part number is typically very poor. It is not un- 
common, for instance, for a manufacturer to specify 
a 10 to 1 range for P on the data sheet (such as 50 
to 500). This, of course, makes it extremely difficult 
to design to bias network and achieve consistent 
performance. 

Collector current for a corresponding change in 

YCc 

'6  + ' as  
C 

is a~~rox imated bv: 

"es*. 

' s s J  

h 

where Icl = collector current at P = PI 
PI = lowest value of P 
p2 = highest value of /3 

Ap = P 2 - P I  

RB = parallel combination of 
Rl  and R2 in fig. 1 

RE = emitter resistor 

RF 

'6  - 
R6 

$ Rl 

rn 
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1-P 
I C b s .  1h. op.nIkp polnt lor lhm Innalltor 

lc = 10 mA k I 10 V k c  = PO V b = 50 
2 Aarvnn r&s ol HB md Iu, to wpplr co iuWI  c u m 1  b 

H. = 2 w i m  1.6 = 1 mA 
3 CUsuIa1. Is, knowlnp le and P 

I B = ' C - O Z ~ A  

4 Caku . Rm, knowing W, HE = 0 7 V. and Is 
2 - 0 7 = 6500 ohms =a,& = 0 1  lb -3  

5 Cak~b1 .  R l .  Bowlnp lba and 1.s 
R1 = HB = = 2WOohml 

rss 
6 Caku~an  RF, hnowlng Ha. l q ~ .  Is. and y: 

Rn . * - = it-162_1 = 6667 ohma 
l u  16 

7 w s u b n  Rc, k o w i w  kctc, k. lc. 16. and I m  
_kc --k = a - lo ' IC + I. + I" 11 2 10-3 

OeJ Ohma 

fig. 2. Collector feedback resistor minimizes temperature 
effects. 



ELECTRONIC Equipment? 
You'll Find Then8 

in the N a t h 9 s  N a  I 
Ehctmmfc shopper Ma@azine 

N U T S  & VOLTS 
N a v  in Our 5th Y-r 

Nuts & Volts is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
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One Year - 3rd Class Mail . . . . . . . . . . . . . . . . $10.00 
One Year - I s t  Class Mail. . . . . . . . . . . . . . . . . $1 5.00 
One Year - Canada & Mexico (in U.S. Funds) . . $18.00 
Lifetime - 3rd Class Mail (U.S. Only) . . . . . . . . . $35.00 

ORDER MOWt 
SEND: CHECK MONEY ORDER 
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TO: NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Address 

Clty 

State Z I P  

Card No 

Exp Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 
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'a 
C 

RF 

Ve 

rn 

s1.p 
I. ch-. the o p n t i n g  point tor the tnnsismr ( 4 . 1 ~ ~ :  

IC = 10 mA Y = 10 V YC = 20 V p = 50 
2. CakuhN b knowing 4 and I): 

Ig = IC = 0.2 mA 

3. C.lcuiaN RF, knowing Y.  b. = HIE = 0.7 V and le: 
RF = Y - b . 10 - 0.7 

ig 2 W ~ f O - ( i = ~ ' ~ ~  
4. C.lcuiato Rc. know1 la lc  k c  and Y :  

RC .%c -.4 : 20 - 10 
1. + IC 10.2 x 10-3 = 980 Ohm* 

fig. 3. Simplest bias network employs collector feedback 
resistor. 

This equation indicates that once a transistor is 
specified, the only control that the designer has over 
the effect of /3 changes on collector current is through 
the resistor ratio RB/RE. The smaller this ratio, the 
less the collector current varies. Again, however, some 
compromise is necessary. As you decrease the ratio 
RB/RE, you also produce the undesirable effect of 
decreasing the current gain of the amplifier. Also, as 
the ratio approaches unity, the improvement in 
operating point stability rapidly decreases. As a prac- 
tical rule of thumb for stable designs, the ratio RB/RE 
should be less than 10. 

Figs. 1, 2, and 3 indicate three possible bias con- 
figurations for bipolar transistors in order of decreasing 
bias stability. Complete step-by-step design instruc- 
tions and an example are also included with each cir- 
cuit configuration. Note that the bias networks of 
fig. 2 and 3 do not contain the emitter resistor (RE), 
which provides the negative feedback to counteract 
collector current variations over temperature. Instead, 
resistor RF is connected from the collector to the base 
of the transistor to provide the negative feedback. Ob- 
viously, for these two designs,the designer neither has 
control over the ratio RB/RE, nor the voltage of 
fig. 1. Surprisingly, however, RF works quite well in 
minimizing the effects of transistor parameter varia- 
tions over temperature. 

ham radio 
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HOT SHEET OF USED (AND NEW) 
EQUIPMENT-NOVICE TO EXTRA 

with 
FREE 
CP-1 

MOBILE 
PWR/CHG 

CORD 

KENWOOD 
ICOM 
MIRAGE 
AEA 
KANTRONICS 
SANTEC 
KDK 
AZDEN 
NYE VIKING 
MFJ 
TELEX HYGAIN 
HUSTLER 
KLM 
ROHN 
HElL ' AMERITRON 
WELZ 
LARSEN 
BUTTERNUT 
BENCHER 

I WRITE FOR OUR VISAIMASTERCARD 'LBENCH-TESTED.. MONDAY - SATURDAY 
DISCOUNT-CASH -'- 

USED EQUIPMENT LISTING 9 AM to 6 PM CENTRAL TIME I 

1 CB-10 FM SPECIAL 

Hy Gain 40-Channel Board 
40-Channel Switch 
Voll~me 8 Squelch Control 
FM Detector Module 
Full Instructions Included 

Only $1250° 
- '  MODEL 3002A 

0-30 VDC at 0-2A Excellent Regulation Ripple 
81 Noise - 500 uV RMS Built-in Short-Circuit and 
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low-noise 
GaAs FET technology metric amplifiers) made the first two- was required, paramps were mounted 

way EME contacts possible on 23 cm right at the antenna, but drift and 
Overthe last 20 years state-of-the-art 
low-noise receiver design has advanced 
at an incredible rate. Noise figures are 
now approaching 0 dB on all Amateur 
bands from 2 meters through 23 cm 
(1296 MHz), and aren't that much 
higher on 13 cm (2300 MHz). Most 
of this progress is due to advances 
in GaAs FET (Gallium Arsenide Field 
Effect Transistor) technology. 

This would appear to be an ap- 
propriate time for a short historical 
review of the rapid changes in the 
state-of-the art of low-noise amplifiers. 
In this column, I'II also provide an over- 
view of state-of-the-art 'design and 
present examples of some typical cir- 
cuits being used to obtain extremely 
low noise figures. I'II also try to look 
a bit into the future. Because of space 
limitations, I'II concentrate on 2 meters 
through 70 cm (432 MHz), presenting 
straightforward designs. If you tell me 
you're interested, I'II cover high-per- 
formance circuit techniques applicable 
to use on the higher frequencies in a 
future column. 

history 
Only 25 years ago vacuum tubes 

such as Western Electric 417A and the 
gold plated 416B triodes with associ- 
ated high voltage supplies and blower 
cooling were the state-of-the-art on 
the VHF bands.'J Nuvistors like the 
6CW4, although less expensive and 
easier to use, came later, but they had 
higher noise figures. 

Early in the 1960s, paramps (para- 

and later on 70 cm.3,4 However, these 
amplifiers were quite complex and 
generally required ferrite circulators, 
special diodes in a complex matching 
structure, and, of course, a very high 

table 1. Typical low-noise GaAs FET DC 
and RF parameters: 

DC parameters 

BVds 5 volts 

B",, - 5 volts 

"P - 1  to - 6  
volts 

'dss 20-125 rnA 

Id 10-50 rnA 
power 250-500 
dissipation milliwatts 

9m 20-100 
millirnhos 

RF parameters 

Fmax 50-100 
GHz 

M A G *  15-20 dB 

minimum 0.5-2.0 dB 
noise figure* 

1 'At specified test frequency. I 

frequency (typically 5 to 10 times the 
operational frequency of the preamp) 
pump oscillator. At first a klystron 
pump was used, but it required a regu- 
lated high voltage and was very tem- 
perature sensitive. Later (about 19701, 
Gunn diode oscillators were used, but 
they too were not for the neophyte. 
When the ultimate in low-noise figure 

temperature changes, not to mention 
inconveniences in tuning, made this a 
last resort! 

Low-noise JFETs as well as low- 
noise bipolar transistors became 
available in the late 1 9 6 0 ~ . ~ . ~  The really 
reliable low-noise UHFtransistor ampli- 
fiers, however, weren't readily avail- 
able until the 1970s when the FMT4575 
and NE64535 arrived .7.8 Many of these 
devices required special filtering or 
alignment techniques and were quite 
expensive ($30 to $55 each). 

Semiconductor experts soon real- 
ized that the state-of-the-art was rapid- 
ly closing in on the maximum usable 
frequency where silicon bipolar tran- 
sistors could operate even when using 
specialized techniques such as arsenic 
emitters. Thus when GaAs MESFETs 
(Metal Semiconductor FET - the full 
formal name for a GaAs FET) using a 
narrow Schottky barrier gate were first 
d e v e l ~ p e d , ~ , ' ~  they were received 
with great interest. 

The first commercial GaAs FET was 
the Fairchild Microwave FMT-900 in- 
troduced in 1972, at $500 each. It was 
good news to Amateurs when afford- 
able low-noise GaAs FETs became 
available in the 1970s;" they were 
soon in widespread use on 70 cm and 
later 2-meter EME. Now they're used 
almost exclusively on EM€ from 2 
meters through 13 cm. Many VHFI 
UHFers are presently using inexpen- 
sive (under $6) single and dual-gate 
GaAs FETs, even for routine weak 
signal and tropo propagation work. 
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GaAs FET parameters 
What are these wonderous GaAs 

FETs anyhow? In many ways the 
single-gate GaAs FET operates like a 
triode vacuum tube, but with extreme- 
ly low voltage (typically less than 
5 volts) and no filaments to heat! 
There are some similarities to ordinary 
FETs. The input is usually the gate, 
which has a high input impedance 
(1-10 kilohins typical at VHFIUHF). 
The common element is usually the 
source and the drain is the output, 
which has a typical impedance in the 
region of 200 to 1000 ohms. The width 
of the gate, typically 0.5 to 2 microns, 
has the greatest effect on gain and 
maximum frequency of operation, with 
the narrower widths required for the 
higher frequencies (more on this later 
- see fig. 1). 

Table 1 shows that each GaAs FET 
device has certain important low fre- 
quency or DC parameters such as: 
BVd,, the maximum drain to source 
breakdown voltage; B Vgs, maximum 
gate to source breakdown voltage; 
V,, pinchoff voltage, the minimum 
gate voltage required to decrease drain 
current to a specified low value; Idss, 

maximum drain current with zero volts 
gate bias; Id, typical operating drain 
current; maximum power dissipation, 
and g, or transconductance (in 
millimhos). 

Table 1 also shows the most im- 
portant GaAs FET RF characteristics 
such as F,,, MAG, NFmi,. F,, is 
the maximum frequency of oscillation. 
The MAG (maximum available gain) is 
usually specified by the manufacturer 
at only one or two frequencies: 10 to 
25 percent of F,, at a specified drain 
current, typically at 25 to 50 percent 
of Idss. Noise figure is usually specified 
at the same frequency or frequencies 
at a drain current of 10 to 20 percent 

of Idss. 
One of the important properties of 

the GaAs FET is that noise figure is pri- 
marily limited by thermal noise gener- 
ated in the channel or gate of the de- 
vice. Plots of maximum gain and low- 
est possible noise figure over the 
usable frequency spectrum are often 
provided on data sheets. As with 

SOURCE GATE OR4 I N  

fig. 1. Cross-sectiorr of a GaAs FET. 

fig. 2. Typical GaAs FET biasing 
schemes: ( A )  battery bias; (8) source 
bias. 

bipolar and JFET devices, the gain 
increases with decreasing frequency 
while noise figure may decrease slight- 
ly below the test frequency. Typical in- 
put and output impedances over a 
wide frequency range are often shown 
on the GaAs FET data sheets as well 
as the optimum source impedance for 
minimum noise figure. 

Recently, dual-gate GaAs FETs have 
been manufactured primarily for the 
low-cost home entertainment market. 
These devices are often used as ampli- 
fiers in the cascode configuration with 
optional AGC applied to the second 

gate. They've also been used as 
mixers, with the local oscillator applied 
to gate 2 in a manner similar to the 
dual-gate MOSFETs in the HF and 
VHF spectrum. SHF dual-gate GaAs 
FETs are also becoming available, but 
are still quite expensive - typically 
over $50. 

So far I've described the so-called 
low-noise or small-signal GaAs FETs, 
primarily used in preamplifiers. High- 
power GaAs FETs are available with up 
to 8 watts of linear power; some of 
these also perform well in low-noise 
preamplifiers (more on this later). 
These devices also have potential for 
very high dynamic range. GaAs FETs 
are already appearing in commercial 
transmitter chains as well as in 
receivers! 

A partial list of the most popular 
GaAs FETs typically used by Amateurs 
is shown in table 2. Typical noise 
figures and cost are also listed for 
comparison. Furthermore, new and 
improved devices are constantly be- 
coming available as the technology 
matures. Low noise GaAs FETs usable 
to well beyond the 3 cm (10 GHz) band 
are now available, but are still quite 
expensive - over $50. 

biasing GaAs FETs 
GaAs FET biasing is quite different 

from bipolar transistors. In fact, the 
GaAs FET is more like the old triode 
vacuum tube. The commmon source 
configuration is presently the most 
popular topography. For proper opera- 
ting parameters, the gate must be 
reverse biased with respect to the 
source. 

When GaAs FETs were first intro- 
duced, battery bias was usually applied 
to the gate as shown in fig. 2A." 
Many users, however, experienced 
problems such as burnouts due to 
battery failure or poor contacts on 
battery holders. Later, commercial 
amplifier manufacturers developed ex- 
otic bias supplie~. '~ Source biasing 
with a single resistor (fig. 26) became 
popular once it was determined that 
the source could be adequately RF by- 
passed without lowering gain or circuit 
performance. l 3  
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I Improving the Kenwood TS830/930S 

The above letter is only one of many unsolicited reports praising the perfor- 
mance of m the TS830S and the TS930S after installation of Fox Tango 
filters. In addition, these filters have received favorable Product Reviews in QST 
(9183 and 4183); were the subject of a major article: Stranale QRM in your TS830S 
in 73 Magazine (6183); and many reports in other national publications. One of 
the major advantages of our 2.1KHz SSB matched pair is that they so improve 
VBT operation that the need for (and expense of) CW filters is eliminated for all 
but the most dedicated CW operators. For the latter, our 400Hz CW matched 
pair is the finest available. 

COMPLETE MATCHED-PAIR FILTER KITS WITH ALL NEEDED PARTS 
FTK830-2.1 or FTK930-2.1 for SSBand CW(using improved VBT) . . . . .$170lpair 
FTK830-400 or FTK930-400 for dedicated CW users . . . . . . . . . . . . . . . . $1 70lpair 
FTK830-2.11400or FTK930-2.11400 (both of above pairs). . . . . . . . . . . . . $3001f0ur 
SPECIFY Rig and Bandwidth desired when ordering by Mail or Phone 
SHIPPING: Surface $3(CODadd $1); Air $5; Overseas $10. FL Res. 5% SalesTax 

FOX TANGO CORPORATION, TELEPHONE 
Box 15944, W. Palm Beach, FL 33416 (305) 683-9587 
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input impedance matching 
GaAs FETs have much higher input 

impedances than bipolar transistors. 
As a result, different input matching 
techniques are required. The most 
popular are the n-network, the broad- 
band inductor match, and the tank 
circuit (fig. 3). 

In the 1960s, n-network input match- 
ing became popular, with low-noise bi- 
polar transistors used on 23 cm. 
Though Amateur GaAs FET preampli- 
fiers on 23 and 13 cm often used this 
technique, shown in fig. 3A,14 it 
never became very popular in Amateur 
preamplifiers for 2 meters through 
70 cm. 

Several years ago the NRAO 
(National Radio Astronomy Observa- 
tory) developed cooled GaAs FET pre- 
amplifiers for radio a ~ t r o n o m y . ~ ~  These 
used a single inductor to match to the 
gate and reactive lossless feedback in 
the source (fig. 3B). This technique 
had previously been used by Reisert in 
a 70-cm bipolar amplifier;16 it has since 
been used by Angle and Sutherland in 
Amateur GaAs FET prearnplif ier~.'~.'~ 
However, it's more popular on 33 cm 
(902 MHz) and above, since high- 
pass filtering (which can create addi- 
tional losses) is required ahead of the 
preamplifier.'$ 

The most popular input matching 
technique used by Amateurs on 2 
meters through 70 cm is probably the 
tank circuit. The tapped inductor ver- 
sion is the least expensive and potenti- 
ally has the lowest loss, since only one 
tuning capacitor is required (fig. 3C). 
The capacitance coupled tank circuit 
(fig. 3D), however, is even more com- 
monly used because it doesn't require 
the tedious selection of the proper tap 
point. 

The tank circuit in fig. 3D can 
match a GaAs FET over a very wide 
impedance range from optimum gain 
to optimum noise figure. In addition, 
it has built-in selectivity, eliminating 
the need for additional external filter- 
ing. However, the unloaded Q (more 
on this later) of all the components in 
the network must be very high if the 
inherent low-noise figure of the device 
is to be achieved. 

fig. 3. Typical input matching schemes 
for GaAs FET preamplifiers: (A)  n-net- 
work; (B) broadband inductor; (C) induc- 
tively coupled tank circuit; (Dl capaci- 
tance coupled tank circuit. 

output impedance matching 
Finally, the GaAs FET must be 

matched to the next stage. Here again, 

special techniques are required. The 
output impedance of most small-signal 
GaAs FETs is moderate (100-1000 
ohms typically). Furthermore, high 
gain increases the chances of insta- 
bility or oscillations. Therefore, the 
earlier Amateur GaAs FET circuits 
used simple loading techniques such 
as those shown in fig. 4A.7r11 Sando 
used tuned tank circuits (fig. 48)20.21 
and Sutherland advocated the use of 
a broadband 4:l bifilar wound trans- 
former (fig. 4C).22 

All of these techniques have advan- 
tages and disadvantages. While the 
resistor loading approach is simple, im- 
proves stability, and is inexpensive, it 
lowers gain and output power by up 
to 3 dB. The tuned circuit delivers 
more gain but is more expensive and 
requires more input to output circuit 
isolation to prevent instability. The 4:l 
transformer is easy to construct but 
has slightly less gain as well as poor 
to moderate output VSWR. 

recommended circuit 
Figure 5 shows a recommended 

GaAs FET circuit for operation on 2 
meters through 70 cm. The input 
matching is the capacitance coupled 
tank circuit (fig. 3D) since it permits 
either conjugate matching for low in- 
put VSWR and maximum gain or opti- 
mum source impedance for minimum 
noise figure. The output circuit uses a 
4:l transformer as discussed earlier. 
One transformer covers the entire oper- 
ating range from 2 meters to 70 cm. 
Notice that a ferrite bead is also placed 
on the drain lead of the GaAs FET. 
This reduces gain slightly 0.5-0.75 
dB maximum, but improves stability, 
especially in the microwave region 
where oscillations often occur when 
using GaAs FETs. 

Source biasing is used because it 
is inexpensive and self-protecting. 
Most single-gate GaAs FETs have two 
source leads and therefore lend them- 
selves to using two source bypass 
capacitors and resistors. This also 
simplifies bias resistor selection and in- 
creases device protection in case one 
of the source leads should become 
loose. Ferrite beads are also slipped on 
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the source resistors since they've been 
reported to prevent certain instabilities 
in particularly stubborn circuits. 

Drain voltage is supplied by a three- 
terminal voltage regulator that acts like 
a zener diode but operates over a 
much wider range of device current. 
It is followed by a resistor and zener 
diode for over-voltagelcurrent protec- 
tion. Placing the resistor after the 
regulator protects the zener and 
decreases the drain voltage if too 
much drain current Is present. For the 
ultimate in low-noise figure, this re- 
sistor value can be raised or lowered 
slightly for optimum drain voltage, 
which is typically not critical. 

dual-gate GaAs FET circuit 
A typical dual-gate GaAs FET circuit 

is shown in fig. 6. This is virtually 

3- . .  O U T  

Lj; OUT 

15, r- 

fig. 4. Typical output matching schemes 
for GaAs FET preamplifiers. (A )  resistor 
loading; (8) tuned circuit: (C)  broadband 
transformer. 

the same circuit as the one just dis- 
cussed but with an additional voltage 
source for gate 2. Most VHFIUHF 
dual-gate devices are very low in cost 
because they're primarily aimed at the 
TV and consumer market and have 
often equalled the performance of 
their single gate cousins, especially on 
2 meters through 70 cm.23 They typi- 
cally run at higher Id. 

component selection 
One of the first decisions you'll have 

to make is which GaAs FET to use. 
Some GaAs FETs (with typical speci- 
fications and prices) popular with 
Amateurs, are shown in table 2. The 
beauty of the circuit diagrams shown 
in figs. 5 and 6 is that they'll work well 
through 500 MHz with just about any 
GaAs FET as long as the input induc- 
tor, L1, (see the parts list on figs. 5 
and 6) is changed for the proper fre- 
quency range. 

When striving for a very low-noise 
figure below 500 MHz, don't use a 
high-priced GaAs FET. The narrow 
gate (less than 1 micron) higher fre- 
quency units will rarely yield any bet- 

ter performance at lower frequencies 
than the less expensive ,units and 
will frequently be more susceptible to 
instabilities. 

It has been speculated that l l f  
noise, the property of a solid-state 
device to have increased noise figure 
when operated below a certain low fre- 
quency cutoff, can actually increase 
noise figure at the lower VHF frequen- 
cies if a device with too high an F,, 
is used. Furthermore, even the low- 
cost, lower frequency GaAs FETs have 
noise figures that equal the higher fre- 
quency higher cost units at lower fre- 
quencies. These points are illustrated 
in fig. 7. 

Input circuit losses must be kept to 
an absolute minimum as discussed in 
reference 19. The input circuit shown 
in figs. 5 and 6 was chosen because 
it has such a wide range of tuning, 
good out-of-band rejection, and a rea- 
sonably low loaded "Q." But it also 
uses two capacitors, which will in- 
crease the dissipation loss in the tank 
circuit. High-Q, low-inductance air 
variable capacitors such as the Johan- 
son 5200 series or equivalent are a 

1-10 pF low-lass air variable. Johanson 5201 or C R ~  
equivalent 
470-1000 pF chip cspaeltor (value not crillcsl) 
1000 pF ceramic or chrp capscllor wilh 
shon leads 
0.001 P Ised-lhmugh capacilor 
IN4001 or equivalent rillcon dlode 
5.6 voll Zener, IN751 or equivalent 
terrlte bead (~ypc not crltlssh 
1011-loss COIIIIBC~OL UG-58 "N" or SMA type 
recommended (see terl) 
BNC connector 
144 MHz: 5 turns No. 74 AWG on J/B-inch 
(9.5 mm) dbmetsr. 1/2-mch (12 7 mm) long 
220 MHz: 5 turns No. 14 AWG on 114.inch 
(6.3 mm) diamofa,. 112-inch (12.7 mm) long 
932 MHz: I turn No. 14 1 W G  on 5/16-inch 
/a mml dlsmaler with lenalh 01 wtre st 2 
mche; (5 I mmJ overall 

- 
50. text and table 2 
s e k ~ t  10, proper la. 300 ohms typical 
(see text) 
I00 ohms typical (see text) 
3 turns No 30 or No 32 AWG blltlar wire 
wound on a lenrta bead 
5 volt, Ptarminrl rsgulsmr. 78L05 or 
equiraknt 

C R I  

fat 

fig. 5. Recommended GaAs FET preamplifier circuit for 144.220, and 432 MHz operation. 
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A 
1-10 PF low-loss alr variable. Johanron 5201 or CR3 
egYI".I.nl 
470-1000 pF chlp capacllor (uolue not crilIc.1) 
1000 pF cenmb or chlp capacitor d t h  shon 
leads 
0.001 rF  feed-lhmugh capaclmr 
IN4001 or equIvaIenI slll~on diode 
5.6-roll Zener. IN751 or equlvalenl 
Isrrlle bead (type not crlllc.1) 
low-loss connector. UG-58 type "N" 
recommended (see lerl) CRZ 
BNC connector 
144 MHz; 5 turns No. 14 AWG on 3/8-inch 
(9.5 mmJ dlameler, 112-Inch (12.7 mm) long 
220 MHz: 5 lums No. 14 AWG on IN-Inch 
16.3 mml dlameler. 112-Inch 112.7 mml lona 
432 MH;: 1 turn NO. 14 AWG' on 5116-inch - 
(8 mm) dlameter with length of vlm of 2 
Inches (51 mm) overall 
8- lexl and NMe 2 
sebcl for p m p r  Id, 100 ohms typical 
(1.. 1.XI) 
100 ohm. typlul (see text) 
3 turns No. 30 Or NO. 32 AWG blfllar wound on 
a ferrlle bead 
5-YO11 3-lermbal mgulator, 78LO5 or equlralenl 

fig. 6. Typical dual-gate GaAs FET circuit. I 

4 
I 0  MHr 100 MH, I GH, 10 GHI 

FREQUENCY 

fig. 7. Typical noise figures versus frequency of several types of devices: (A)  typical 
bipolar transistor; [B)  typical GaAs FET; (C) narrow gate high frequency GaAs FET. 

necessity if low-noise figure (opera- 
tion) is required. 

From laboratory measurements I've 
made, the best unloaded Q for proper- 
ly designed discrete inductors is about 
400-500. Table 3 shows that the typi- 
cal loaded Q for 2-meter through 
70-cm GaAs FET preamplifiers tuned 
for minimum noise figure is between 

8.6 and 16. Hence the calculated tank 
circuit losses can easily be from 0.15 
to 0.35 dB with properly adjusted pre- 
amplifiers.lg Consequently the tank 
circuit losses ahead of the typical GaAs 
FETs presently used by Amateurs are 
undoubtedly the main contributor to 
the overall noise figure and deserve 
lots of attention by those striving for 

the ultimate low-noise preamplifier for 
EME. The type of input connector 
chosen is very important, especially on 
70 cm and higher. A type "N" is highly 
recommended. SMA connectors, al- 
though more expensive, are also an 
excellent choice, especially if size is a 
constraint. 

In laboratory measurements I've 
made, BNC connectors often caused 
the noise figure to increase or become 
erratic, especially when you press 
against the side of the connector. 
Hence they're not recommended for 
use on the input to a low-noise pre- 
amplifer, sincelosses and VSWR trans- 
late directly to increased noise figure. 
However, these connectors are ac- 
ceptable on the output of a preampli- 
fier because the gain ahead of the con- 
nector will mask any possible loss. 

construction techniques 
Needless to say, extremely low- 

noise circuits such as those just de- 
scribed require particular attention to 
lead length, layout, and quality of 
components if the specified perform- 
ance is to be obtained. Therefore I've 
shown a recommended construction 
technique in fig. 8. This configura- 
tion is a combination of techniques 
I've seen used including those of 
the Michigan Microwave Group and 
Krauss in his 13 cm preamps.24 

A medium-size cast box such as the 
Bud model CU-124 or equivalent is 
highly recommended. Smaller boxes 
such as the Bud CU-123 and the 
Pomona Electronics 241 7 have some- 
times caused oscillations. Smaller 
boxes may require placing the input in- 
ductors too close to the DC biasing 
component, causing excessive cou- 
pling between them and consequently 
lowering the unloaded Q. Further- 
more, unloaded inductor Q is almost 
always higher when coils are physically 
large and the volume surrounding 
them is even larger. This is the tech- 
nique used to design high-Q helical 
inductors.lg 

Finally, grounding is important. I use 
a double-clad PC board attached to the 
cover of the cast box by the input and 
output connectors. But because typi- 
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fig. 8. Recommended circuit layout for 
the preamplifiers shown in figs. 5and 6. 

cal air-variable capacitors will not go 
completely through the box cover and 
PC board, a hole large enough to pass 
the nut on the shunt capacitor, C2, 
must be drilled through the cast box. 
For proper grounding and lowest loss, 
drill two holes adjacent to this capaci- 
tor and tighten the PC board to the 
cover of the cast box with two short 
screws. A small hole can be drilled in 
the box cover between J 1  and C2 to 
facilitate adjusting C1. 

handling GaAs FETs 
GaAs FETs with their low break- 

down voltages and high impedances 
are far more likely to be destroyed by 
improper handling than their bipolar 
cousins. When installing a GaAs FET 
in a circuit, be sure your soldering iron 
has a grounded tip. If you're not ab- 
solutely certain the tip is grounded, 
place a wire with a pair of large 
alligator clips between the soldering 
iron tip and chassis ground. Touch the 

chassis with one hand and then pick 
up the GaAs FET container with your 
other hand. Then remove the device 
from its packing material while still 
holding on to the chassis. This will pre- 
vent static discharge when the device 
comes in contact with the circuit. 
Caution: Don't wear woolen clothing 
or walk across a carpet just before 
working on the installation of a GaAs 
FET. Static electricity present can 
cause burnout!* 

protecting GaAs FETs 
from RF and DC 

If you use the biasing scheme re- 
commended in figs. 5 and 6, there 
should be little chance of burnout due 
to D C  parameters because the circuit 
is self limiting. Just make sure to 
observe the power dissipation rating 
when testing for Idss. For ultimate D C  
reliability, the power supply should be 
of the regulated type despite the use 
of a three-terminal voltage regulator 
within the preamplifier. Diodes CR1 
and CR2 in figs. 5 and 6 provide addi- 
tional protection from voltage spikes 
or reverse polarity. Voltage should 
never be obtained from a power supply 
that is also used to power relays 
because voltage spikes may be in- 
duced by the relay coil inductance and 
hence cause solid-state devices to 
burn out. In addition, turning the 
power supply on and off between 
receive and transmit can actually in- 
crease the chances of burnout, since 
most solid-state devices are less likely 
to burn out when operating at their 
proper bias levels. 

The usual RF handling precautions 
apply. For maximum protection, the 
RF input level should never exceed 
100 and preferably be no greater than 
10 milliwatts. A dual relay protec- 
tion scheme is highly rec~mmended .~~  
While GaAs FETs are not nearly as RF 
fragile as many persons would have 
you believe, they may, when over- 
stressed with RF, tend to experience 
catastrophic failures, rendering them 
completely inoperative. Bipolars, on 
the other hand, may degrade slowly 
without you necessarily being aware of 
their progressive d e g r a d a t i ~ n . ~ ~  

fig. 9. Some recommended protection 
techniques for decreasing the chances 
of lightning or static damage to GaAs 
FET preamplifiers: (A) capacitance coup- 
led input tank; (B)  resistor bleeder; (CI 
shunt inductor. 

Most of the energy in static and 
lightning is concentrated in or below 
the HF spectrum. Therefore, use of the 
capacitance coupled tank just recom- 
mended will lessen chances of burnout 
since the input capacitor will act like 
a high-pass filter. Using a bleeder 
resistor or inductor across the input 
connector may also help, but can de- 
grade noise figure slightly if not proper- 
ly chosen (fig. 9). Back-to-back diodes 
across the input connector are not 
recommended because any presence 

"See K4KEF's "Static Electricity and Modern In- 
tegrated Circuits," ham radio, March, 1984, page 33. 
- Editor 
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table 2. GaAs FETs presently in Amateur use. 

type 
ALF 1023 
D432 
MGF 1100 
MGF 1202 
MGF 1402 12SK274) 
MGF 1404 
MGF 1412 (2SK275) 
MRF 966 
NE41137 (3SK1243 
N €72089 
3SK97 
3SK121 

NF (typically) 
and frequency 

1.3 at 4 GHz 
1.8 at 4 GHz 
2.5 at 4 GHz 
2.0 at 4 GHz 
1.1 at 4 GHz 
0.65 at 4 GHz 
1 .O at 4 GHz 
1.2 at 1 GHz 
1.3 at 900 MHz 
1 .O at 4 GHz 
1.3 at 1 GHz 
1.5 at 800 MHz 

approximate 
price 

$15.00 
26.00 
7.35 
9.70 

14.00 
66.60 
21.00 
3.75 
5.00 

12.00 
5.00 
3.50 

notes 

discontinued 
Dexcel 
dual-gate 
low cost MGF 1402 
very popular 
expensive 
popular above 70 crn 
new dual-gate 
dual-gate 
low-cost NE21889 
process problems 
dual-gate 

of RF at lower frequencies may cause 
severe intermodulation products or 
spurious signals to appear. 

testing and tuning 
the preamplifier 

After the preamplifier is completely 
wired, inspect for any possible wiring 
errors. Then test for proper DC opera- 
tion with a variable voltage power 
supply, first connecting the preampli- 
fier ground to the power supply 
ground and then connecting the DC 
input and bringing the voltage up slow- 
ly to veri:y that the three-terminal 
voltage regulator is properly function- 
ing. Now check for proper GaAs FET 
biasing. First connect a suitable 50 
ohm termination on the preamplifier in- 
put and output connectors. Turn on 
the power supply and apply 12 volts 
to the preamplifier. In the GaAs FET, 
properly performing DC conditions are 
satisfied when the voltage drop across 
the 100-ohm resistor in series with the 
drain line is between 0.5 and 2.5 volts, 
indicating an Id of 5-25 milliamperes, 
respectively. 

The optimum value of Id for low 
noise is not critical; 10-15 milliamperes 
is typical for low-noise GaAs FETs. But 
if you want to determine the optimum 
value, temporarily short the source 
lead to ground with a piece of wire and 
read the voltage across the 100-ohm 
resistor. Then calculate Id,. Optimum 
Id is typically 15 percent of Idsr. There- 
fore, to provide the optimum Id for 
best noise figure, change the value 

of the source resistors until the cor- 
rect Id is obtained for each individual 
GaAs FET. 

Next, tune the preamplifier for maxi- 
mum gain, using a suitable signal 
source or by listening to a local station. 
15-25 dB gain should be readily ob- 
tained, depending on the device and 
frequency range selected. Then, if you 
have a noise-figure generator or can 
obtain the use of one, optimize the in- 
put circuit for minimum noise figure. 
Obtaining the best noise figure will re- 
quire the series input capacitance to be 
increased somewhat over the amount 
required for maximum gain. Note that 
the gain will drop somewhat when the 
circuit is optimized for best noise figure 
as indicated in table 3. 

Finally, carefully measure the for- 
ward gain. If possible, also measure 
the reverse loss. For complete stabili- 
ty, the reverse loss should be at least 
5 to 6 dB greater than the forward 
gain. For example, referring to the test 
data in table 3, the stability margin 
(the reverse loss minus the forward 
gain) at 2 meters is 9 dB for the low- 
noise unit but only 1.6 dB in the max- 
imum gain unit, indicating that there 
are potential stability problems. A look 
at the 220 MHz test data will show an 
even worse example! 

performance 
Table 3 can be used as a guide for 

all GaAs FET preamplifier performance 
parameters except noise figure. As 
previously pointed out, the data was 
taken on a sample GaAs FET chosen 

not for lowest noise figure, but only for 
comparison of typical performance. 
Lower noise figure devices such as 
those shown in table 2 should yield 
performance as indicated in the table. 

When a GaAs FET is tuned for best 
noise figure, the gain will drop a few 
dB. The gain peak may move to a dif- 
ferent frequency. However, this 
should still be more than sufficient gain 
even in the most stringent system. 
Because the suggested output circuit 
is a broadband device, the overall 
bandwidth measured for the circuit 
shoulil be that of the input tank circuit. 
Hence, circuit losses can be easily 
calculated as shown in reference 19. 

lower noise figures 
The circuits shown should be more 

than adequate to yield state-of-the-art 
performance in the 2 meter through 
70-cm spectrum. Furthermore, rioise 
figures of less than 0.5 dB should be 
about all that can be used even on 
70-cm EME, where the sky has a low 
noise temperature. Lower noise figures 
can sometimes be obtained by using 
the higher cost devices as discussed 
earlier. However, to lower noise figure 
further usually requires additional work 
on the components and structures 
used in the input tank circuit. 

Q tests were performed on the 
microstrip circuit suggested by Suther- 
land.22 However, tests typically yielded 
an unloaded Q of 400-500, no higher 
than the inductors suggested earlier. 
Although I have not tried it, adding a 
three-sided 1 inch (25.4 mm) square 
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table 3. Typical preamplifier performance: data taken with the same GaAs FET in the same circuit (fig. 5). Only the input 
inductor was changed for each frequency range. The GaAs FET used was not chosen for superior performance but for 
continuity of data. However. the data indicates the typical performance to be expected when optimizing for either gain 
or noise figure. 

frequency (MHz) 
forward gain in dB 
reverse gain in dB 
stability margin in dB 
input VSWR 
output VSWR 
output power at compression (dBm) 
noise figure in dB 
input impedance in kilohrns 
bandwidth in MHz 
overall "Q" of amplifier 

I Note 1: Preamplifier gain matched. 
Note 2: Preamplifier noise figure optimized. 

copper shield to completely enclose 
the microstrip may decrease losses, 
since all the current surrounding the in- 
ductor would be within the shield and 
not circulating in the aluminum of the 
shielded box. Experiments were con- 
ducted using silver plated 1 /Cwave- 
length cavities with an unloaded Q of 
over 1000. These are much larger and 
more expensive structures but they 
could lower input losses by at least 0.1 
to 0.25 dB. 

The air-variable capacitors used also 
contribute to loss. The ones suggested 
have a specified unloaded Q of 5000 
at maximum capacitance at 100 MHz 
and commensurately lower Q at in- 
creasing frequency. Older models such 
as the Johanson 2950 series and its 
equivalent have an unloaded Q of 2500 
respectively. Because the series match- 
ing capacitor seldom exceeds 3.0 pF 
in the 220 MHz and higher frequency 
preamplifiers, a physically smaller, 
higher Q capacitor such as the Johan- 
son 5800 series with a 0.3-3 pF range 
and unloaded Q of 7500 at 100 MHz 
may be a way to decrease input losses 
further. The Johanson Giga-trimTM 
types are not recommended since they 
have lower Q than the air-variable 
types. 

Finally, GaAs FETs can be cooled. 
Thermo-electric coolers, used by com- 
mercial manufacturers to cool GaAs 
FET type preamplifiers and thereby 
decrease noise figure, are now avail- 
able to Amateurs. Liquid nitrogen has 

been used by some Amateurs, but is 
costly and requires special handling 
and mechanical arrangements. 

looking ahead 
GaAs FETs are becoming increasing- 

ly less expensive and easier to use. 
Almost monthly, a new lower noise 
figure and lower cost device seems to 
appear. This is particularly true as you 
go higher in frequency. Before long, 
receivers using only diode mixers will 
be a thing of the past, expecially at 3 
cm (10 GHz), where devices with noise 
figures under 2 dB are now affordable. 
The increase in performance should be 
phenomenal, since most work on this 
band has been conducted with noise 
figures of 5 to 10 dB. The possibilities 
for SHF EME are considerable - if the 
industry also shifts to the production 
of inexpensive kilowatt transmitting 
devices! 

The use of monolithic hybrid matched 
amplifiers will take hold. At the present 
state-of-the-art, the prices are accep- 
table ($5 to  $201, but the silicon de- 
vices available often have noise figures 
of 3 to 6 dB and the lower noise 
devices seldom have adequate dynam- 
ic range. The present frequency limit 
is typically 3 GHz. However, mono- 
lithic GaAs FET hybrids are now com- 
mercially available. They hold great 
promise because while their price will 
be competitive with present silicon 
technology, they will go higher in fre- 
quency and have much lower noise 

figures and potentially higher dynamic 
range. 

Although this is primarily a receiver 
preamplifier article, I should men- 
tion that power GaAs FETs are being 
developed for transmitter applications. 
They're presently available with up to 
8 watts and are closing in on the 3 cm 
area. Soon the last bastions of tubes 
will be at stake. 

This article was not intended to 
plow new ground, but instead to bring 
readers up-to-date on the state-of-the- 
art in low noise figure preamplifier 
design using GaAs FETs below 500 
MHz. An attempt was made to take 
the fear out of using GaAs FETs even 
in your everyday circuits; if you follow 
the cautions mentioned above, you 
shouldn't have any problems. 

While usually somewhat behind the 
commercial manufacturers, Amateurs 
are constantly striving to stay abreast 
of technology. Right now we're run- 
ning neck-and-neck with industry on 
VHF/UHF noise figures. We have one 
great advantage in that we frequently 
only need narrow-band circuits that 
don't require economical reproduction. 
We can therefore take advantage of all 
the "tricks of the trade" and optimize 
to our hearts' content. The typical 
noise figures measured at VHF/UHF 
conferences on typical Amateur-built 
low-noise preamplifiers attest to the 
fact that we are very close to noise 
figure perfection on the VHF and lower 
UHF frequencies! - 

December 1984 111 



acknowledgements 2. Frank C. Jones, WGAJF, VHF for the Radio 
Amateur, Cowan Publishing Company, 1962, page 139. 
3. Jim Fisk, WAGBSO. Parametric Amplifiers, 73 
publications, 1964 lout of print]. 
4. Frank C. Jones, WGAJF, "Experimental Parametric 
Amplifiers," QST, August, 1959, page 11. 
5. Ken Holladay, KGHCP, "Super Two-Meter Preamp," 
ham radio, October. 1969, page 72. 
6. Victor A. Michael. W3SDZ. "A 2-dB Preamp for 
432," The VHFER, Volume 4, No. 3, March, 1966, 
page 3. 
7. Joseph H. Reisen, Jr., WlJAA, "Ultra Low-Noise 
UHF Preamplifier." ham radio. March, 1975. page 8. 
8. Al Ward, WBSLUA, "Super Low Noise 432-MHz 
Preamplifier,'' ham radio, October, 1978, page 26. 
9. C. A. Mead. "Schottky Barrier Gate Field Effect 
Transistor." Proceedings of  the IEEE, Volume 51, 
February, 1966, page 307. 
10. W. W. Hooper and W. I. Lehrer, "An Epitaxial 
GaAs Field Effect Transistor," Proceedings of  the IEEE, 
Volume 55, July. 1967, pages 1237-1238. 
11. Paul Wade. WA2ZZF. and Allen Katz, K2UYH. 
"Low-Noise GaAs FET UHF Preamplifiers," OST, 
June, 1978. page 14. 
12. Jerry A. Arden, "The Care and Feeding of GaAs 
FETs." Microwave Journel. September, 1976, page 55. 

13. George D. Vendalin, "Five Basic Bias Designs for 
GaAs FET Amplifiers," Microwaves, February, 1978, 
page 40. 
14. Rusty Holshouser, K4QIF. "K4QIF 1296 GaAs FET 
Preamp." 432 EMF News lK2UYH), May. 1979. page 4. 
15. D. R. Williams. W. Lum and S. Weinreb, "L-Band 
Cryogenically Cooled GaAs FET Amplifier." Microwave 
Journal. October. 1980, page 73. 
16. Joe Reisen. WlJR, "Ultra Low-Noise Preampli. 
fier." 432 EMENews lK2UYHl. February, 1977, page 4. 
17. Bob Sutherland, W6PO. "GaAs FET Preamps for 
902 MHz and 1296 MHz," EIMAC Amateur Service 
EME Note AS-4936. 
18. E. R. "Chip" Angle, N6CA. "432-MHz Ultra Low 
Noise Preamplifier," 432 and above News lK2UYHl. 
June, 1981. page 5. 
19. Joe Reisert, WIJR, "VHFIUHF World: The 
VHFIUHF Primer - An Introduction to Filters," ham 
radio. August. 1984, page 112. 
20. Shigeru Sando, JHIBRY, "Very Low-noise GaAs 
FET Preamp." ham radio, April, 1978. page 22. 
21. Shigeru Sando, JHlBRY. "Improved GaAs FET 
Preamp," ham radio, November, 1979, page 38. 
22. Bob Sutherland, W6PO. "Some GaAs FET Pre- 
amplifiers," EIMAC Amateur Service Note AS-49-31. 
23. Gary Barbari, "UHF Preamplifier Centers on Budget 
Dual Gate FET," M~crowaves and RF, February. 1984, 
page 141. 
24. Geoff Krauss. WAZGFP, "A Low-noise Preamplifier 
for 23M MHz," ham radio, February. 1983, page 12. 
25. Joe Reisert. WlJR, "Requirements and Recom- 
mendations for 70-CM EME," ham radio. June, 1982. 
page 12. 
26. James J. Whelan et al., "X-Band Burnout Char- 
acteristics of GaAs MESFETs," IEEE, MTT, December, 
1982. page 2206. 

ings 
The PACKE 

I'd like to particularly thank Bob 
Sutherland, W6P0, and Shigeru Sando, 
JH1 BRY, who encouraged me to try 
a GaAs FET preamp on my 70-cm EME 
station. I've been a firm believer in 
GaAs FETs ever since! Breakthrough ! - 

0 lets -.. ..La 

postscript 
stlare a s ~ r r ~ p ~ e x  r;rlarlrrel 

error-free with 
simultaneous 
1200 Ba--' 

It seems hard to believe that a year 
has already passed since my first 
column in this series. I've tried to cover 
a lot of ground and still have plans for 
a few more articles dealing with impor- 
tant background material. When this 
material is all in place, I expect to build 
on this material and move forward. 
Your ideas for future columns are 
always welcome! 

I sincerely want to thank in particular 
the ham radio staff - K2RR, 
KAlLBO, and NlACH, who have all 
helped me through this year. I'd also 
like to thank all of you who have en- 
couraged me with your notes and 
calls. Believe me, it takes many hours 
and a big slice out of your operating 
time to write this quantity of material 
month after month. A kind word here 
or there does push me along. 

Unfortunately, I haven't always been 
able to answer all the letters received, 
expecially those without SASEs or 
those that hit me with multiple ques- 
tions and new design requirements. If 
I were to answer all the letters as 
received, there'd be little time left to  
write the column! 

Don't let this discourage you from 
writing. If you need an answer to a 
question, or if a problem occurs with 
something mentioned in one of my 
columns, please send a letter with an 
SASE. Keep your question brief so 
that I can respond quickly and easily. 
I'd rather answer several letters from 
one individual with one question per 
letter than multiple questions in a 
single letter. I hope you understand. 
Thank you, in advance, for your under- 
standing and encouragement! It is truly 
appreciated. 
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>ONTROI 

. . .  

gs YOU 
)f the 
e in a ... : . rA 

5 war- 
appli- 

tand. 

Using only your existing radi 
RS232 terminal (or computer), you 
can join the rapidly expanding 
packet radio community. Operate 
on VHF. HF or satellite and talk to 
mc 1000 e 
US e messa' 
to matically 
from your printer or monitor .,.-.. 
Easy to hoc 

o and 

!xisting F 
ges addr 
and read 

lacket 
essed 
l them 

l a t e r  

3re than 
ers. Stor 
you auto 

>k-up!! Ei 

for the re 
173!! 

asy to us1 

!st of the 

e!!  

story: Call today 
206-775-7: 

?tter yet, 
baler. 

see your favorite AEA 

A ~ v a l  Clectronic Applications 
P.' 
LY 

0. Box C 
nnwood, 

-- 
1 

~ A I I  right, AEA, send me info fast! I coming VHFIUHF events: 
December 13, 0048 UTC: predic ted peak o f  

Geminids meteor shower 

December 18: EME perigee 

December 21, 1600 UTC: predicted peak o f  

Ursids meteor shower 

December 22, ( + 2 weeks): annual  secondary 

peak o f  sporadic "E" propagation 

ham radio 

M TO: AEA, P.O. Box C-2160. I 
I Lynnwood, WA 98036 I 
I I 
I - -- 

I 

I """' I 
- 

I 
I Address 

I 
I 
I 

I C I I ~ S I ~ I ~  ZID I 
I - -  - -  

I 
L ~ h o f i e  Dale 
--,,,,,,,,,, J 

references 
1. C. E. Scheldeler. WAZL.  "A Two-Meter Convener 
with a Noise Figure Under 2 dB," QST, December, 
1959, page 23. 
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Mrxl r l  bIF6V Corn~,lc.c+.ly ~lutomalcc L ~ i ~ r ~ d s w ~ l ~ I ~ ~ I ~ g  
RO rhrr,tqh 1 0  plus 30 rrleters Oulprdotn ls  a11 4- and 

5-thlnd Trap vmw:i*ls of comparable s ~ z r  Thousands 
I!, use wot ldw#de s8rr.e December 8 1  1 160 meter 
o ' > t ~ r n  avaddbie n o w  r~ l r o l , l  k,ts lm rema8ntng WARC 
h n M %  r omtng soon H r ~ g h t  2 6  lV7 8 m131er5 guybrq 
not requored an most ~nstnllnloorrs 

Model 2MCV"Trorr,bonc? " -omn~d~rectmrrnl colltnear 
$)am v#?nlcal l w  2 #lwters having l h r  same galn as 
Clouhlr %A" I~LMS but the p ~ t e n t n d  ' ln ,mlme 

"hasnnq sec1101~ allows the radtaTor torrmnon unt>rnken 
t,y msulatms for maxtrrnrm strenqth on htgtr wsul+ N o  
co#Iv t 9umbe~  s d~I1ql11 CO~ISIIUCI~~ and ad,ustable 
gnn,,r,., rnntch lor r<,mc,lete 0 C grotnndqng nnd 
Ik,wrst mss!btn SWR Hrbght 9 8 hJ2 9 8  mrlt.rs 

G!d M n l r l  2MCV 5 'Super-Trnmh~nr~ '  ' Same 
t advarxnd lr i l turos as the basnr ZMCV bbll s 

, ,stJGdirtr l l  wa~elcmqth taller wnth . r l d # I ~ ~ m a l  
Tn,rnlmnr. ' ~'hasmg sw tlrm tor rrdcitlrmal 7 q.w> Hc.oclh! 1 5  7 5  f V 4  8 trlrtrtrn 

All BUTlERNUT ANTENNAS use stav>less steel 
hardware and amqunmnteed for a full ynor For further 
~nlornrill?r,n on 1111.21- ,IIIII I>IIIHI DUTlEflNUT product9 
write lo r  our FREE CATALOG1 

BUTTERNUT 
ELECTRONICS 

405 E. MARKET STREET 

L 
LOCKHART. TX 78644 

I N  ECT 
EMS 
IPORATEt 

COST SO LITTLE!! 

MODEL CS-16 $1 64 Amateur net MODEL CS.1688 $189 Amateur, 

-* '.F--ri- ..---,,...- 

Two independent user programmable Our new CS-1688 is the most powerful 
three digit passwords permit hierarchy touch tone controller in the industry! 
control. DIP switch programmability allows 
The secondary (user) password can you to choose any of these ten 
only access 8 of the 16 latched(0~IOF~) modelfunction combinations.. . 
functions. 
However full 16 function control is 

OUTPUT FUNCTIONS 
D l 2 3 4 5 6 7  8 9 O + W A B C  

available to control operators using 0.7 GROUP 8 C  GROUP 

the primary password. Additionally 1. a LATCHED and R MOMENTARY 

secondary password access can be :: :;; I OF 8 S ~ L E C T  
8 LATCHED 

enabledldisabled with a special 4. 8 MOMENTARY and I OF R SELECT 

primary password command. 5. I OF 8 SELEC.1 and 8 MOMENTARY 
6 tOF8StLFCT and 1 OF R SFLfCT 

Our CS16 puts repeater control 7. 1 OF 8 SCLLCT and H LATCHED 
1. 16 LATCHED - 

O ~ S .  . .IN CONTROL. lo. 9. 1 16 OF MOMENTARY 16 SELECT 

COMMON FEATURES 
Open collector (can drive relays open collector or data strobe logic 
directly) and logic outputs for each outputs 
of the 16 functions 

2373 
Torrs 

1 Phor 

J 

1 Madiso 
hnce, CA 
le (213) 3' 

Operates from 10-25 *olts DC. 
SSI-202 central office quality XTAL Reverse polarity protected 
controlled tone decoder 4%"  x 6%" glass board with 44 
Adjustable preamp accommodates pin gold plated edge connector 
10MV-2 volt input Comes complete with manual and 
Retransmission of control tones mating connector 
can be eliminated by use Of either ~ d d  $3.00 P&H Calilorn~a residents add sales tax 

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. 

TYPICAL REPEATER CONTROL APPLICATIONS 
HlLO POWER - PLCOR - TlGHTlCOOSE SQUELCH - OPENICLOSED SQUELCH - 
REPEATER ONOFF - AUTOPATCH ONOFF - TOLL RESTRICT ONOFF - RINGBACK ONlOFF - 
LONGlSHORT HANGTIME - ANTENNA 1lANTENNA 2 - REMOTE BASE ONDFF - F,IF, - 
AUX LINK ONOFF - TONE MUTING ONOFF - SPARE TRANSMITTER INOUT - ETC. ETC. 

SELECTOR MODE APPLICATIONS 
1 OF N FREQUENCIES - 1 OF N PHONE LINES - 1 OF N ANTENNAS - 1 OF N REPEATERS ETC. 

RSl 
INCOR rrrm 

ATRT 
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NAMPA 
SATELLITE SYSTEMS 

312 12th Ave. So. 
Nampa, Idaho 83651 

(208) 466-6727 
1-800-654-0795 

IN HOUSTON, TEXAS 
(7131 957-5140 

NSS PB3 
MOTOR DRIVE 

CONTROL 
CONSOLE ONLY 

$1 50.00 
CONTROL CONSOLE 
ONLY (In kit form) 

$99.00 

l PLUG-IN CONTROL BOARD 
l 3 DIGIT LED READOUT 
l MANUAL EAST-WEST CONTROL 
l RESET TO -000 
l 36 VOLT DC MOTOR 
l 125' CONTROL CABLE 

ZINC PLATED FINISH 

COMPLETE UNIT 

$250.00 
Control your dish from your 
living room . . . rain or shine. 

I DTMF Receiver K i t  a Comolete DTMF 
~ e c d w e r  ISS I 201 1 
Rece~ve  all 1 6  s tan-  

needed 
: C( ' Ou tou te l l he r  hex or - - 

i ~ c r j i o r m a t  
CMOS low power ( 29ma  @ I ?  V D C 1 
Excellent speech w-nmunlty 
Inc ludes3 5BMhz crystal.?? ptn I C socke1,reststor 
and capac~Lnrb. d ~ t n  sheet. schernat~cs 
"O!g+t Val~d"detectton. "OV" goes high a l t e r  a valtd 
tone paw IS senqed 
M a k e  yourown 'SELLCALL", repester  decoder, e tc  
Quantity dtscounts ava~lab le  a = H 193 

WE COT IT ALL 1/ lg4 

l OIJALITY t L l  CTRONIC COMI 'ONENTS 
ELECTRONIC PROJECT K l l S  
l COMPUTER KlTS 

MIS MONTHS SPECIALS 
COMPUTER KlTS 
FOR V I C  A N D  C O M M O D O R E  64 

CASSlTlt  INTtHFACF KIT 115.95 
RS-732 INTERFACE KIT $29.95 
VIC 20 BUSS EXPANDER KIT $24 95 
COM 64 HUSS EXPANDER KIT 529 95 

E L E O R O N I C  FROlECT KITS 
CMOS MORSE K E Y 1  R KIT 119.95 
1 WATT AUDIO AMPLIFIER KIT $1 1.95 
FLUID LEVEL DETECTOR KIT $1 7.95 
AUDIO OSCILLATOR KIT $12.95 

COMPONENTS 
IN4007 IKV 1A DIODES 25152.00 
14 PIN IC SOCKETS 1OlS1.00 
28 PIN IC SOCKETS 5lSI.W 
01 DISC CAPACITORS 25131.00 

SEND II FOR O U R  N E W  CATALOG 
(REFUNDABLE ON FIRS I ORDt H I  NO CHARGt FOR CATALOG 
WITH ORDFRS DEALLR INOUIRltS WtLCOMt ADD 5250 
SHIPPIN(; ON ORDERS LlVtH Si fl0 AoD Sl 00 SHIPPING ON 
ORDERS IJNOER S5M 

CHECKS M A S W C A R D  VlSA C 0 . D .  
3 12-870-0555 

Dayrapro Electronics. lnc. mN LVLNINGS 
M 1 . W  W8LIWl.I l W  I I I IW~W *l$ 211 .000. , YIO(l n u  .,,, 

,..m,".".l<,, ,I,IIII,III I 1 1  

COMMODORE - tTSER WRITIWS SOFlWAlWr 
Suppor t~ng all COMMODORE computers 

Wrrnen by users tor users 
GAMES UTILITIES * EDUCATIONAL * 

\'I(' sow 
Vuc 2 0  cc 11' t+on, n 1 thru 12 

5 0  + programs per col r, !$on TapeIO~sk $10 00 each 
COMMODORE 64'" 

64 r I Ilr L!fc>n\ a 1 !!>no 17 
25 +programs pel r ulleirron TnpelDlskSlO 00 each 

P w / C n W  " Softwam Avaolabla 
Other products svaulahle nra 

P.D. I .  P R O G R A M  M A N U A L  - $5 00 
Each VIC 20 and Commodore 6 4  proararn wl l l  have 
mstructoons operatoon use cornmmnds and other 
tnformatton t o  meks uslng at as easy as posstbla 

DINSET": Reset Swibh  
SERIAI, CJUII,ES 

--I,ITI:" Operatton Status lnd#cnor  ------------------------ 
Prices lncluds U S shtpp~ng and handlung only 

CHECK MONEYORDERS VISA and MASTERCARD 
sccaptad NO C 0 D s 

Write For A Free Flvrr Or bend 6OC I n  Coin Or Stamps 
For A Com(>lets Calalog 

'PUBLIC DO,Wffm. INC 
5025 S Rangelme R t i  W Mtl!on OH 45383 
1 0 0 0  a m  5 0 0  p r n  EST - Mon thru Frl 

(513)  698-5638 or (5131 339-1725 
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TWO LOCATIONS 
In ldaho 

3 12  12th Ave. So. 
Nampa, ldaho 8365 1 

(208) 466-6727 

T O  SERVE YOU 
In Texas 

6012  W. 34th St. 
Houston, Texas 77092 

(71 3) 957-5140 

I 

Television Systems 
i DOWNLINK SIGNAL , / 

RECEIVING ANTENNA 

Ad,- 

\ / 1 n n w ~  CnNvFRTFR RECEIVER I I 11 1 1  

1 
NSS PI3 3 MOTORDRIVE 

SATELLITE 

MD9 - 9' Dish 

I 
\ 

Consisrs of: WILSON YM 1000 SYSTEM . 
Wilson YM 1000, 100" LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed Assembly, All 
Cables, Complete Hardware, NSS PB3 Motor Drive, and Instructions , , ~~~l $1 628 

OPllONS WlTH SYSTEM 
. . . . . . . . . . . . . . . . . . . . . . . . .  9 R. Wilson Mesh ADD $100 

. . . . . . . . . . . . . . . . . . . . . . .  NSS Memory Tracker ADD S 100 
I0 ft. Prodelin ADD $400 1 I ft. Radarmesh dish ADD . $250) 

WILSON YM400 SYSTEM - 

Consists of: 
Wilson YM400, 100O LNA, NSS Deluxe Feed, Wilson MD9 Dish, Feed ~ssembly, All 
Cables] Complete Hardware, NSS PB3 Motor Drive, and Instructions . , ~~~l $1 393 

OPTIONS WlTH SYSTEM 
. . . . . . . . . . . . . . . . . . . . . . . .  9 ft. Wilson Mesh ADD .s 100 

100 

/ 196 Call Toll Free 

Nampa, Idaho Houston, Texas 
1-800-654-0795 1 -800-52 1 -8300 

NSS PB3 Motor Drive, 



I 

I 
:i!, 

tebook 

a different approach to expression in another form,2 neither is 

the inductance equation readily solvable when you want to find 
the number of turns required when 

Although most Amateurs are you already know the inductance de- 
familiar with the well-known Wheeler sired. Actually, in almost all Amateur 
equation for inductance,' and with its applications, you first determine the in- 

simple filter tester 

I build all of my projects using a min- 
imum of simple homebrew test gear. 
Generally, all that's necessary is a grid- 
dip oscillator, signal generator, VTVM, 
and an inductance bridge. 

Because my VTVM with an RF probe 
isn't sensitive enough to pick up weak 
signals for aligning IFs or checking 

crystal filter frequencies, I built a filter 
tester to provide this capability (see 
fig. I). 

To use, simply feed in a modulated 
signal (tuned to the desired frequen- 
cy) from a signal generator (start with 
2 volts output) to the IF strip or filter, 
then listen for the maximum signal out- 
put on the tester. 

Ed Marriner, WGXM 

;;x ; Bq RG174 COAX 

F ILTER TESTER 

fig. 1. Filter tester. 

ductance you need and then, with 
whatever wire and coil form you have 
available, you solve for the required 
number of turns. The following equa- 
tion, derived from the Wheeler equa- 
tion, allows you to do just that: 

F ILTER 

TESTER 

MODULATE0 SIGNAL 

GENERATOR TUNE0 TO 

OESIREO FREQUENCY 

OUTPUT 2 VOLTS 

where n = number of turns 
L = desired inductance in 

microhenries 
d = coil diameter in inches 
t = number of turns per 

inch (close or space 
wound) 

t = I /wire diameter, for 
close wound coils 

example 

- 

d = 2.5 inches 
t = 19 turns per inch 
L = 145 microhenries 

The number of turns will come out to 
be 65. 

F I L T E R  OR 
I F  STRIP 

UNDER TEST 

Although at first glance the equation 
looks formidable, it really isn't. Using 
a small calculator, it can be solved in 
a few minutes. And as the equation 
shown is derived from the Wheeler 
equation, it naturally has the same 
constraints as to accuracy.* 

references 
1.  H.A. Wheeler, "Simple Inductance Formulas for 
Radio Coils," Proceedings of  the IRE, Volume 16. 
October. 1928, page 1398. 
2. The Radio Amateurs Handbook, ARRL, 1975, page 
26. 

William Vissers, K4KI 

'The familiar Wheeler equation that Bill referred to, that 
appears in reference 2 is reproduced below: 

a2n2 
Luh = 90- 

where L = inductance in microhenries 
a = coil radius in inches 
b = coil length in inches 

The practical difficulty in applying the more com- 
monly used equation is that wire size (diameter) has 
to be carefully considered. If it is not, contradictory 
values of b will be obtained. Bill's developed equation 
eliminates that problem. And as stated, his equation 
is correct for both closely and widely spaced wound 
coils. - Ed. 

ham radio 
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Hand-lirlri Tran6rc.ivrrs 
Deluxe models Regular SALE 

....... IC-OZAT lor 2m 349.00 29991 
IC-04AT for 440 MHz 379.00 33T1 
Standard models Regular SALE 

........... IC-2A lor 2m 239 50 21495 
........ IC-2AT wth TTP 269 50 21gq5 

IC-3AT 220 MHz. TTP 29995 23Y5 
IC-4AT 440 MHz. TTP 299 95 23T5 

*EX-242 FM u n ~ t  ................... 39 00 I<,\ for Deli~xr model\ 

SM-5 8.p1n electretdesk m~crophone 39.00 

FL-30 SSB f~lter (passband tun~ng) 59.50 

............. FL-45 500 Hz CW l~ l te r  59.50 
EX-195 Marker unit ................ 39.00 DC-1 OC operabon pak lor standard models 17.50 
EX-202 LOA~nterface; 730/2KWAH-1 27.50 LC-OZAT Leather case lor Dlx models w/BP.7/8 3995 

..... EX-203 150 Hz CW aud~o Illter 39.00 LC-2AT Leather case lor standard models ......... 34.95 
EX-205 Transverter sw~tch~ng u n ~ t  29.00 
SM-5 8.p1n electret desk rn~crophone 39.00 
HM-10 Scann~ng mob~le microphone 39.50 
MB-5 Mob~le mount ................ 19 50 

IC-720A 9.band xcvr/.l.30 MHz rcvr $1349.00 86995 
............. FL-32 500 Hz CW filter 59 50 
............ FL-34 5.2 kHz AM lllter 49.50 

SM-5 8-p~n electret desk m~crophone 39 00 

.............. EX-310 Volce sythes~zer 39.95 EX-310 Voice synthes~zer .......... 39 95 
... TS-32 CommSpec encode/decoder 59.95 

. UT-15 Encoder/decoder ~nterface.. 12.50 
.... UT-15s LIT-I5S w/TS.32 installed 79 95 

VHF/lIHF mobile mulli-modrs 

.......... HM-12 Hand m~crophone 39 50 
............ SM-6 Desk m~crophone 39.00 

BP-10 Internal N~cad battery pack 79 50 

More Details? CHECK-OFF Page 160 J 197 December 1984 117 



4 

TYPE - PRICE 

TUBES 
-- TYPE PRICE TYPE PRICE - 

2C39/7289 S 34.00 1182/4600A $500.00 ML7815AL $ 60.00 
ZE26 7.95 4600A 500.00 7843 107.00 
2 K28 200.00 4624 310.00 7854 130.00 
3-5002 102.00 4657 84.00 ML7855KAL 125.00 
3-10002/8164 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 
3CX3OOOF1/8239 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 
4-65A/8165 69.00 5837 232.50 8233 60.00 
4-125AI4D21 79.00 586 1 140.00 8236 35.00 
4-250A/5D22 98.00 5867A 185.00 8295/PL172 500.00 
4-400A/8438 98.00 5868/AX9902 270.00 8458 35.00 
4-400Bl7527 110.00 5876/A 42.00 8462 130.00 
4-4OOC/6775 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 6146/6146A 8.50 8637 70.00 
4CX350Al8321 110.00 6146818298 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 
4CX60OJ/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 
4CXlO000D/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 60J8 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/8189 590.00 6922/6DJ8 5.00 6HB5 6.00 
4X150A/7034 60.00 6939 22.00 6HF5 8.73 
4X150D/7609 95.00 7094 250.00 6JG6A 6.28 
4X250B 45.00 7 117 38.50 6JM6 6.00 
4X250F 45.00 7203 P.O.R. 6JN6 6.00 
4X500A 412.00 7211 100.00 6JS6C 7.25 
5CX1500A 660.00 7213 300.00* 6KN6 5.05 
KT88 27.50 7214 300.00* 6KD6 8.25 
4168 45.00 727 1 135.00 6LF6 7.00 
416C 62.50 7289/2C39 34.00 6LQ6G.E. 7.00 
572B/T16OL 49.95 7325 P.O.R. 6LQ6/6MJ6 Sy lvan ia  9.00 
592/3-200A3 211.00 7360 13.50 6ME6 8.90 
807 8.50 7377 85.00 12AT7 3.50 
ill lA 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, OR SURPLLJS. 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 , ind parts may be 
substituted w ~ t h  comparable parts 
tf we are out of stock of an item " 

electrof~er 
(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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"FILTERS" 
COLLINS Mechanical  F i  1 t e r  #526-9724-010 MODEL F455Z32F 

455KHZ a t  3.2KHz wide. May be other d e l s  but equ iva len t .  May be used or new, $15.99 

ATLAS C r y s t a l  F i  1 t e r s  
5.595-2.7/8/LSB1 5.595-2.7/LSB 
8 p o l e  2.7KHz wide Upper sidebard. Impedence 8 0 0 0 h  15pf In/8000hms Opf out. 19.99 

5.595-2.7/8/U, 5.595-2.7/USB 
8 po le  2.7Khz wide Upper sideband. Imperlence 8000hms 15pf In/800ohms Opf out. 19.99 
5.595-. 500/4, 5.595-. 500/4/CW 
4 p o l e  500 c y c l e s  wide CW. Impedance 8000hm 15pf In/8000hms Opf out. 19.99 

g.OUSB/CW 
6 p l e  2.7KHz wide a t  6dB. Impedance 6800hms 7pf I n / 3 0 0 0 h  8pf out. CW-1599Hz 19.99 

KOKUSAI ELECTRIC C O ,  Mechanical  F i l t e r  #MF-455-ZL/ZU-21H 
455KHz a t  Center  Frequency o f  453.5KC. Carrier Prequency of  455KHz 2.36KC Bandwidth. 
Upper  sidebard. (ZU) 19.99 
b w e r  sideband. (ZL) 19.99 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CRYSTAL FILTERS 
NIKKO D(-07800C 7.8i.R~ $10.00 
TEW FEC-103-2 10.6935MH~ 10.00 
SDK SCH-113A 11.2735MHz 10.00 
TAMA TF-3lH250 CF 3179.3KHz 19.99 
?rCO/CD 001019880 10.7MHz 2 p l e  15KHz bandwidth 5.00 
t"xYmROIA 4884863B01 11.7MHz 2 p l e  15KHz bandwidth 5.00 
FTI 5350C 12MHz 2 p l e  15KHz bardwidth 5.00 
PTI 5426C 21.4MHz 2 p l e  15KHz bandwidth 5.00 
PTI 1479 10.7MHz 8 p l e  bandwidth 7.5KHz a t  3dB, 5KHz a t  6dB 20.00 
C O E m  AlO300 45MHz 2 p l e  15KHz h r d w i d t h  6.00 
FRC EI7XF-15700 20.6MHz 36KHz wide 10.00 
FILTECH 2131 CE' 7.825MHz 10.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CERAI.11 C F I LTERS 
AXEL 4F449 12.6KC Bardpass F i l t e r  3dB bandwidth 1.6KHz frcm 11.8-13.4KHz 10.00 
CLEVITE D O l A  455KHzt2KHz bslurlwidth 4-7% a t  3dB 5.00 

1CF4-12D36A 455MIztlKHz bandwidth 6dB min 12KHz, 60dB mix 36KHz 10.00 
MURATA BFB455B 455MIz 2.50 

BF'B4 55L 455KHz 3.50 
CF'M455E 455KHz t5 .5KHz a t  3dB , t8KFIz a t  6dB , t16KHz a t  50dB 6.65 
CF'M455D 455KHz t7KHz a t  3dB , t lOKHz a t  6dB , t20KHz a t  5- 6.65 
CFR455E 455KHz t5 .5KHz a t  3dB , t 8KHz a t  6dB , t l 6 K H z  a t  60dB 8.00 
CFW455B 455KHz t2KHz bandwidth t15KHz a t  6dB, t30KHz a t  40dB 2.90 
C F L J ~ ~ ~ C  455KHz t2KHz Math t12.5KHz a t  6dB , t24KHz a t  4CdB 2.90 
CFU455G 455KHz t l K H z  bardwidth t4 .5KHz a t  6dB , t1OKHz a t  40dB 2.90 
CFU4 55H 455KHz t l K H z  bardwidth t3KIIz  a t  6dB , t 9KHz a t  4CdB 2.90 
CFU455I 455KHz t l K H z  bandwidth t2KHz a t  6dB , +-6KHz a t  4- 2.90 
CW4 55D 455KHz t lOKHz a t  6dB , t20KHz a t  40dB 2.90 
CFW455H 455KHz t3KHz a t  6-E , t 9 K H z  a t  40dR 2.90 
SFB4 55D 455KHz 2.50 
$FD455D 455KHz t2KHz , 3dB bandwidth 4.5KHz +-LKHz 5.00 
SFE10.7MA 10.7MHz 280KHz +-50KHz a t  3dB , 650KHz a t  2CdB 2.50 
SFE10.7MS 10,7MHz 230KHz +-50KHz a t  3dB , 570KHz a t  20dB 2.50 
SFG10.7MA 10.7MHz 10.00 

NIPWN LF-B4/CEU4551 455KHz t U H z  2.90 
LF-B6/CF'U4 55H 455KHz t l K H Z  2.90 
UF-BE 455KHz 2.90 
LF-C18 455KHz 10.00 

TOKIN CF455A/BFU455K 455KHz t2KHz 5.00 
MATSUSHIRA EFC-LA55K 4 55KHz 7.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPECTRA PHYSICS I N C ,  Model 088 HeNe LASER TUBES 
E'U- OUTPUT 1 . 6 ~ ~ .  BEAM DIA. , 7 5 1 ~  BEAM DIR. 2 . 7 ~ ~  6KV STARTING VOLTAGE DZ 
68K OHM lFIATT W U A s T  100WTX: +-100VIX: At 3.7MA $59.99 

ROTRON MUFF1 N FANS Model MARK4/MU2AI 
115VAC 14'NATIS 50/60CPS IMPEDENCE PROEXXD-F 868'M a t  5 0 8 5  $ 7.99 
1 0 5 ~ ~ ~  a t  60CPS TdESE ARE NEW 

Toll Free Number All  parts may be new or a x z  elect roves 800-528-01 
surplus, and parts may be 
subst~tuted wlth comparable parts 
11 we are out ol stock of an Item 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE (For Orders '"Iy) For information call: (602) 212-3037 

More Details? CHECK-OFF Page 160 December 1984 119 



C 1 

TYPE .- 

RF TRANSISTORS 
I'HiCTI z. -- PRICE: ?1PE I s  M9: PHIL?: - 

2N1561 $25.00 2N5920 $ 70.00 40608 RCA S 2.48 BFY90 S 1.50  
2N1562 25.00 2N5921 80.00 40673 RCA 2 .50  BLW60C5 15 .00  
2N1692 25 .00  2N5922 10.00 40894 RCA 1.00 BLX67 12.25 
2N2857 1 .55  2N5923 25.00 60247 RCA 25.00 BLX67C3 1 2 - 2 5  
2N2857.IAN 4 .10  2N59hl 23 .00  61206 RCA 100.00 BLX93C3 22.21 
LN2857,lANTS 4.50 2N59a2 40.00 62800A RCA 60.00  BLY87A 7.50 
2N2876 13.50 2N59h4 10.35 62803 RCA 100.00 BLY88C1 1 J .08 
2N2947 18.35 2N5915 10.00 430414/3990RCA 50.00 BLY89C 11.00 
2N2948 13.00 ?N5956 12.00 3457159 RCA 20.00 BLY90 45 .00  
2N2949 15.50 2N5947 9 .20  3729685-2 RCA 75.00 BLY92 13.30 
2 N J l l 8  5.00 2N6080 6 .00  3729701-2 RCA 50.00 BLY94C 45.00 
2Nj119 4.00 2N6081 7.00 3753883 KCA 50.00 BLY351 10.00 
2N3134 1.15 2N6082 9.00 615467-902 25.00 BLY568C/CF 30.00 
LN3287 4.90 2N60.33 9 .50  615467-903 40.00 CZM70-28K 92.70  
2N3288 4 .40  2N6084 12.00 2SC568 2 .50  C25-28 57.00 
2N J JOY 4.85 2N6094 11.00 2SC703 36.00 C4005 2.50 
2N337S 17.10 2N6095 12.00 2SC756A 7.50 CDlh5Y 20.00 
2N3478 2 .  I J LN60'96 Ih.  I0 2SC781 2 .80  CD1899 20 .00  
L N  355 5 1 . 5 5  LN60'37 20.70 2SC1018 1 .00  CD1920 10.00 
2NJ55 jJ4N 2.90 2Nb105 21.00 2SC1042 24.00 CDZ188 18 .00  
2 N 3 b L  15.50 LN61 36 21.115 2SC1070 2.50 CD2545 24 .00  
2N3733 11.00 2N6166 40.24 2SC1216 2.50 C112664A 16.00 
2N 38 1 H 5.00  2N6207 142.00 2SC1239 2.50 C113167 92.70 
2N3866 I . j 0  2N6704 1.50 2SC1251 24 .00  C03353 95 .00  
2N3866.Jb.N 2.20 2N6Jb8 30.00 2SC 1306 2 .90  ~ 1 1 3 4 3 5  26.30 
ZN3866JANTX 3.80  2N64 19 55.31 2SC1307 5.50 CU3900 152.95  
2N3866,IANTXV 4.70 ZN6459 18.00 2SC1424 2.80 CM25-12 20.00 
2N3866AJMTXV 5.30 ?N6507 10.06 2SC1600 5.00 CM40-12 27.90 
LN3924 1 . 3 5  2N6603 13 .50  2SC1678 2.00 CM40-28 56.90 
2N392h 16.10 2N6604 13.50 2SC1729 32.40 CME50-12 30.00 
2N3927 17.25 2N6619 44.00 2SC1760 1.50 CTC2001 42 .00  
LN3948 1.75 2N6680 80.00 2SC1909 4.00 CTC2005 55.00 
2NJ950 25 .00  021-1 15.00 2SC1945 10.00 CTC3005 70.00 
2N 39 5 4  3.85 01-80703T4 65 .00  2SC1946 40.00 CTC3460 20.00 
2N401L 11.00 J5C0'1 15.00 2SC1947 10.00 DV2820S 25.00 
2N4037 2.00 102-1 28.00 2SC1970 2 .50  DXL1003P70 22.00 
2N404 1 14.00 103-1 28.00 2SC1974 4.00 DXL2001P70 19.00 
2N4072 1 .80  103-;' 28.00 2SC2l66 5.50 DXL2002P70 14.00 
2N4080 4 . 5 3  104P1 18.00 LSC2237 72.00 DXL3501A1'100F 47.00 
2N4127 21.00 163P1 10.00 2SC2695 47.00 EFJ6015 12 .00  
2N4416 2.25 181-3 15.00 A2X1698 POK EFJ4017 24.00 
2N4427 1.25 210-:! 10.00 A3-12 14.45 CFJ4021 24 .00  
2N4428 1.85 269-1 18.00 A50-12 24.00 EFJ4026 35.00 
2N44 J0 11.80 281-1 15.00 A209 10.00 EN15745 20.00 
LN4927 1.90 282-1 30.00 A283 b.00 F.19540 16.00 
2N4957 3.45 482 7.50 A2 8 3B 6.00 FSX52WF 58.00 
2N495Y 2.30 564-1 25.00 A1610 19.00 665739 25.00 
2N5016 18.40 698-1 15.00 AF102 2.50 (765386 25.00 
2N5026 15.00 703-1 15 .00  AFY 12 2.50 GM0290A 2.50 
2N5070 18.40 704 4 .00  AR7115 20.00 HEP76 4.95 
2N5090 13.80 709-1 11.00 AT41435-5 . h .  35 HEPS3002 11 .40  
2N5108 3.45 711 4.00 82-82 10.70 HEPS3003 30.00 
2N5109 1.70 733-2 15.00 83-12 10.85 HEPS3005 10.00 
2N5160 3.45 798-2 25.00 812-12 15.70 HEl'S3006 19.90 
2N5177 21.62 3421 28.00 BAL0204125 152.95 HEP33001 '25.00 
2N5179 1.04 3683t ' l  15.00 BF25-35 56.25 I~EPS3010 11.34 
2N5216 56.00 3992 25.00 840- 12 19.25 HF8003 10.00 
2N5470 75.00 4164P1 15.00 870- 12 55.00 HFET2204 112.00 
2N5583 3 .45  4247P1 28.00 HF272A 2.50 HP35821 38.00 
2N5589 9 .77  4340P3 18.00 AF(!85 2.50 HP3582bB 32.00 
2N5590 10.92 4387Pl 27.50 BFR2 1 2.50 H1'35826E 32.00 
2N5591 13.80 7104-1 28.00 HFR90 1.00 HP358311i J0.0(> 
2N5596 99.00 7249-2 10.50 RFR9 1 1.65 HP35832E 50.00 
2N5636 12 .00  7283-1 37.50 BFR99 2.50 HP35833E 50.00 
2N5627 15.50 7536-1 30.00 BFTIZ 2.50 HP35859E 75.00 
2N5641 12.42 7794-1 10.50 RFW l6A 2.50 HP35866E 44.00 
2N5642 14.03 7795 15.00 BFW17 2.50 IIXTRZ 101 44.00 
2N5643 25.50 7795-1 15.00 HFW92 1.50 llXTR3101 7.00 
2N5645 13.80 7796-1 24.00 BFX44 2.50 HXTR5101 31.00 
2N5646 20.70 7797-1 36.00 BFX48 2 .50  HXTR6104 68, 00  
2N5651 11.05 40081RCA 5.00 AFX65 2.50 HXTRhl05 31.00 
2N569 1 18.00 40279 RCA 10.00 BFX84 2.50 HXTR6 106 33.00 
2N5764 27.00 40280 RCA 4.62 BFX85 2.50 5310 1.00 
2N5836 3.45 40281 RCA 10.00 8FX86 2.50 502000 10.00 
2N5842 8 . 4 5  40282 RCA 20.00 BFX89 1.00 302001 25.00 
2N5847 19.90 40290 RCA 2.80 BFY 1 l 2.50 J04045 24.00 
2N5849 20.00 40292 RCA 13.05 HFY 18 2.50 KD5522 25.00 
2N5913 3 . 2 5  40294 RCA 2.50 BFY19 2.50 KJ5522 25.00 
2N5916 36.00 40341 RCA 21.00 HFY39 2.50 MI106 13.75 

Toll Free Number -,I, parts  may be new PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus,  and parts may be 
substituted wl l l i  comparable parts 

(For orders only) ~f we are out of stock of an item." 

For information call: (602) 242-3037 
electroVc8 
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I 1 RF TRANSISTORS (CONTINUED) 
MI107 
M1131 
MI132 
M1134 
M9116 
M9579 
M9580 
M9587 
M9588 
M9622 
M9623 
M9624 
M9625 
M9630 
M9740 
M9741 
M9755 
M9780 
M9827 
M9848 
M9850 
M9851 
M9860 
M9887 
M9908 
M9965 
MM1500 
MM1550 
MM1552 
MM1553 
MM1607 
MM1614 
MM1810 
MM1810 
MM1943 
MM2608 
MM3375A 
MM4429 
MM8000 
MM8006 
MM8011 
MPSU31 
MRA2023-1 
MRF 134 
MRF136 
MRF171 
MRF208 
MRF2 1 2  
MRF22 1 
MRF223 
MRF224 
MRF227 
MRF230 
MRF231 
MRF232 
MRF237 
MRF238 
PfRF239 
MRF245 
MRF247 
MRF304 
MRF306 
MRF313 
MRF314 
MRF315 
MRF316 
MRF317 
MRF412 
MRF420 
MRF42 1 
MRF422 
MRF427 
MRF428 
MRF433 
MR~4491A 
MR~4501A 
MRF452/A 
~ ~ ~ 4 5 3 1 ~  
MRF454/A 
MRF455/A 

MRF458 
MRF464 
MRF466 
MRF4 7 2 
MRF475 
MRF476 
MRF477 
MRF479 
MRF492 
MRF502 
MRF503 
MRF504 
MRF509 
MRF511 
MRF515 
MRF517 
MRF525 
MRF559 
MRF587 
MRF605 
MRF618 
MRF626 
MRF628 
MRF629 
MRF641 
MRF644 
MRF646 
MRFb48 
MRF816 
MRF823 
MRF846 
MRF892 
MRF894 
MRF9Ol 3 Lead 
MRF901 4 Lead 
MRF902fZN6603 
MRF902B 
MRF904 
MRF905 
MRF911 
MRF965 
MRF966 
MRFlOOOMA 
MRF1004M 
MRF2001 
MRF2005 
MRF5176 
MRF8004 
MSC1720-12 
MSC1821-3 
MSC1821-10 
MSC2001 
MSC2010 
MSCL223-10 
MSC2302 
MSC3000 
MSC3001 
MSC72002 
MSC73001 
MSC80064 
MSC8009 1 
MSC80099 
MSC80593 
MSC80758 
MSC82001 
MSC82014 
MSC82020M 
MSC82030 
MSC83001 
MSC83003 
MSC83005 
MSC83026 
MSC83303 
MSC84900 
MT4 150 
MT5126 
MT5596(2N) 
MT5768(2N) 
MT8762 
NEOZ 136 

$20.70 
25.30 
18.97 
1.50 
3.10 
3.16 
20.00 
8.05 
23.00 
1.04 
6.00 
7.00 
5.00 
10.69 
2.00 
2.00 
3.45 
1.76 
11.00 
20.00 
25.00 
12.00 
8.65 
3.45 
25.30 
27.60 
29.90 
33.35 
15.00 
20.00 
44.85 
35.50 
46.00 
1.00 
2.00 

JAN 15.00 
18.40 
2.30 
2.55 
2.50 
2.55 
3.55 
32.77 
31.05 
41.74 
54.97 
24.00 
2.10 

225.00 
125.00 
225.00 
30.00 
93.00 
245.00 
POR 
35.00 
38.00 
POR 
FOR 
35.00 
10.00 
3.00 
POR 
P OR 
33.00 
33.00 
130.00 
33.00 
40.00 
82.00 
70.00 
POR 
POR 
60.00 
14.40 
25.00 
99.00 
95.00 
25.00 
2.00 

SD1009 
SD1009-2 
SD1012 
SD1012-3 
SD1012-5 
SD1013 
SD1013-3 
SD1013-7 
SD1016 
SD1016-5 
SD1018-4 
SD1018-6 
SD1018-7 
SD1018-15 
SD1020-5 
SD1028 
SD1030 
SD1030-2 
SD1040 
SD1040-2 
SD1040-4 
SD 1040-6 
SD1043 
SD1043-1 
SO1045 
SD1049-1 
SD1053 
SD1057 
SD1065 
SD1068 
SD1074-2 
SD1074-4 
SD1074-5 
SD1076 
SD1077 
SD1077-4 
SD1077-6 
SD1078-6 
SD1080-7 
SD1080-8 
SD1080-9 
SD1084 
SD1087 
SD1088 
SD1088-8 
SD1089-5 
SD1090 
SD1094 
SD1095 
SO1098-1 
SDllOO 
SD1109 
SD1115-2 
SD1115-3 
SD1115-7 
SD1116 
S~1118 
SD1119 
SD1124 
SD1132-1 
SD1132-4 
SD1133 
SD1133-1 
SD1134-1 
SD1134-4 
SD1134-17 
SD1135 
SD1135-3 
SD1136 
SD1136-2 
SD1143-1 
SD1143-3 
SD1144 
SD1145-5 
SD1146 
SD1147 
SD1188 
SD1189 
SD1200 
SD1201-2 

Toll Free Number - A I ~  parts may be new or 

800-528-01 80 
surplus,  and par ts  may be 
substltuted w ~ t h  comparable parts 

( F ~ ~  orders only) if we are out of stock of an item.'' 

For information call: (602) 242-3037 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

More Details? CHECK-OFF Page 160 December 1984 121 



1 ! 

RF Transistors (continued) 
SDIIOZ Sl0.W S1)1101-0 1 2.10 SDI1151-2 $15.1111 SRYli> . I :>.$in \111..10-1 

1.00 \Dl1152 10.fIu hRFI4ll 4<1,11(1 5111202 
11.04 SDI'I~-I 61.on snszq17 15.00 

201212-8 h.95 SOllOI 15.0,) 5 ~ ~ 1 ! ~ 1 ~ - 1  18.110 211111911 lll0.110 LilF2918 11.00 
1.00 ZPI1112-L 21.011 SllFIXI* S01?12-ll b.91 St l l l l l l  iO.0" \L>I?',J I5.1III Sl l l l lh !8.110 SI~I\&ZI!I IX.<KI S R F ? Q I ~  
1 .  S I I  I S F ? '  0 1 1 - 1  15.1K) 51111?2-? 

15.00 
SD1?12-11 b.93 SO1108 11.110 5111114 6 . 0  I 7 1  50.1)" 
bUI?l&-l 5.00 SF11 Ill 1.110 5111456-1 I 9 ' 5O.OO 5111112 I0.V) ?.III&>R :&.<1II :~III\L'I II.IIII b\iOOb ."I. 00 
?.1!12IL-II 5.00 SU1117 8.OO 1nlbJi  I5.<I11 \ X l > l r l  1 2 - 1  IO.YII ~III'~.~II- 6OR6 11.iiu \01511111 15.110 ~ ~ i l l l  I1.0U 

SD12lh 12.00 F1)1119 2.50 SlllL78 11.110 S Y I ? ! ? >  15.00 ~1>121>-2 IO.q\ \OI&!V-? 11.I10 'ilii3hl I Y . l I 0  T A l h X h  11.t1,l 

<111219-11 11.00 s n ~ ~ r r - s  5.00 ~ O I L ~ O  51.11) < Y F ? : ~ ( .  15.111) :.oI::.'-11 10.95 s1>16:9-1 I&.~~O 5n1,~h-l 6.9,  TAB^',^ 11.n0 

5u12IV-5 15.00 51111G1-1 1.110 SDILRI 1.30 SKFZiO', lW.lMl 5111278 lJ.11 Illt2'4-', 15.11(1 5111175 1.9) TARStmI I\.UII 

CD1219-8 15.00 ~ l ~ ~ l ~ ~ - l  I.,<, S>>1'8&-5 !.><I 5"F::ql I?.11II S k L I I 7  .'>.MI TlH1hl 15.UI) 5 .  I -  ll.l> ?.111&111 
SnI?IO 8.04 1111 165-1 2.50 S11118'-6 1.50 CLFII:I l> .< ! t I  Snl178-1 11.15 SOI'>O-Z 18.171) FKIOIR 5.00 T l i l ' l h l  l>.llD 

'S$IIZ:O-I 9.50 s n l l i )  1.5~1 ~~IILH,. .~ I.\O <%r? b47 50.00 ~IBI.'I*-I 18.04 ?IB!LI& 2 .  s - 5  11.0I1 TAHlbi I\.<IU 

s111221+9 8.W hllll75-b 1.3" >I,ILRH 22.P5 \ U l > l l h  38.UO \OI:lQ-l 18.<>0 51?1&1&-1 :0.00 :.1.501-111 1\.110 T A X R Y I  I,.",, 

\11122:-8 16.0" S1,IIlY L I . l l O  SUl4hll-1 28.<,0 <,R%>lIfl Ih. l )O '.1)1101-2 8.00 SIIIIIL-V 10.011 \HJ'tC 1.00 T I , . I C V  1.55 
r ~ l ~ i l > - ~ ~  I.%) s r > ~ i n o - ~  s~ t~ ioh-7  ?7.tto ~ K F ~ \ ' >  >,,.oo ,rb11"5 IO.UO $4,1~t8 11..110 \YFIIZ I > . L ~  T ~ , I :  ?.>n 
h13122&-10 18.w SI>I 180-I 1.00 SI>I'HR-8 28.00 'YFZ'SL rU.OO biBi2BI-2 IO.hll \l l lLii l >h.llll SRII9.I 50.U" TPlUlC 5.00 
~111115 18.00 ~ ~ 1 1 ~ 0 - ?  1.110 LLIIIVU-I I6.G") C l i P > I . ' I I  I\.OO LYF:5O l h . 0 0  TPIO18 15.011 2 .  I ?  10.1111 sI1111Il 
\1>1225-1 15.00 S l l l G t l ~ ,  2l.VO b l l l \ l lH l  15.L10 bRf?:rl 0 .  I 10.00 1111196 1 7 20.00 TRY1 >.00 
\ l l l?1~-7 lo.'?> h ~ l i i l 8  2>.00 51115111-2 I8.illl b l i l l k l  111.110 \Illlll'+-l I>.nO 5~1446-8 I .  I 1.10 TXVIZZOIIHP &M.011 
SnlllY-11, 10.91 SI)ILII* 18.1~1 >III>??-G 11.0~) \RF>lh7H &cL.O<t \tIl!,t0-& 11.00 S ~ ! l ~ ~ b - ~  I.!> \YF'IHVI l>,,Nl \.:::-? 15.00 

5~1112 L.00 SDILIO 8 .  I ?&.oo \vF>n?l 25.~4 $n1>-0-7 15.W S L ~ I & A ~  11.01 \ R l l l l i l l  ~1.00 VI~OIE 20.00 
I I>.OU s1)161n-I :I.,\o 51>1528-l I L . O O  SHr?e:2/?U610\ 13.50 SUIJOC 1.Z5 <IIIL',O-I 18 .0~  s~v1018 \.oo \'-I$ 5. <nil 
5ntlir&-l lb.l>ll <l~lGlll-h 21.1~3 TI>I 'I I"-? ~R.OC> \ R F ? ? ' > ~  20.00 C D l  ( i l l - I  1.02 SLII'.\I I .  1 I W.011 

Relays 
RNC To Banana Plug Coax Cable RC-58 36 inch or  RNC t o  N Coax C a b l e  RC-58 36 inch. 

. $7.99 or 2 For $13.99 or  10 For $50.00 $8 .99  or 2 For $15.99 or  10 For $60.00 

COAXIAL RELAY SWITCliES SPDT .- - - -- 

L Amphenol FXR FXR mr Part N 316-10102-8 I'i~rt 11 300-1 1182 Part # 300-11173 
- 3  115VacTypeRNCDCto3( :Hz .  l20Vac Typc RNC I)C to  4 Ctiz .  l20Vac Type HNC Sume 

FSN 5YR5-543- 1225 FSN 5985-543- 1850 

$29 .99  $19.99 $39.99 

L 

1 i 

TERUS: DOUESTIC: Pmw1a.COO a M I  a m  
FOREKIN: m i d  my. U  S  F m .  M- adr. U h h W .  mh 

CO.D: -t.w 4 I.- a MII. Pa- lmn w l a  4 1 1  b.4 M. umwadr.or C n r h  W. a n  .(m POBTAOE: Mlnlmum shlppln and handllno In the U.S.. Caned.. and Mexlco Is $3.00 f w  Q W n d  Shlp 
b t  rn u- acupl w o w 1  c m k s  tm c 0 0'. C 0 0 'I a n  snlm bi .I, only a m  lhru UnOd P.rc.1 Smu ments. all othercountrles IS 85 50. Alr rates are available at the lime of y w r  wder. All fwelpn orders 

MIDfm W, *OuwDRlnih,I mltml ad.n rm b.wl If mmpw 
please include 25% of the ordered amount for shlpping and handltng. C.0 D'S are shlpped AIR 
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a safe, silent tuneup 

A safe, silent, tuneup - without any radiation of 
power, and with your SWR at 1:1 at the same time, 
is readity possible with the unit described in this article. 

One of the most useful pieces of equipment is an 
accurate RF bridge; with the advent of small, inexpen- 
sive noise bridges, a definite need has been fulfilled. 
In an effort to obtain maximum utility from such a 
bridge, the following circuit was developed and built. 
(The incorporated Palomar noise bridge was loaned 
to me by my buddy, K4YS, whose comments and ad- 
vice are a part of this article.) 

The noise bridge is mounted "piggy back" on a 
small chassis box using ordinary coaxial fittings. This 
mounting provides rigidity, eliminates unnecessary 
connection cables, and results in a single integrated 
unit. The circuit is best understood by referring to the 
schematic of fig. 1. S1 (A, B, C, Dl  is an old CRL, 
PA-1013, 2-gang, four-circuit rotary switch from my 
junk box. However, similar switches are available from 
various manufacturers in sizes appropriate for the 
power you plan to use. My own Yaesu FT-101-B work- 
ed very well with the unit built and described. A defeat 
circuit section of the switch, S1 D, prevents you from 
accidentally turning on your transmitter when you are 
in the Calibrate and Tuner position, and possibly 
damaging your noise bridge. 

With the rotary switch, SIB, in the A (Calibrate) 
position, a 50-ohm 112-watt carbon resistor is con- 

By William Vissers, K4KI, 1245 S. Orlan- 
do Avenue, Cocoa Beach, Florida 32931 

nected to the UNKNOWN jack of the noise bridge. 
The RECEIVER jack of the noise bridge is switched 
through S1A to the receiver input. The bridge is bal- 
anced by means of the reactance and resistance knobs 
of the noise bridge for a noise null. Now, when the 
rotary switch is thrown to the B (Tuner) position, and 
without touching the already nulled noise bridge con- 
trol knobs, the antenna tuner is adjusted for a noise 
null. The tuner is now properly set for a 50-ohm input. 

With the rotary switch set to the C (Dummy Load) 
position, your transmitter can now be properly tuned 
and loaded for 50 ohms, the nominal value of resis- 
tance of your dummy load. And now with the rotary 
switch thrown in the D (Transmit) position, you are 
ready to go on the air. As in all RF power switching 
functions, it is dangerous to engage the rotary switch 
with the RF power on because of possible transients. 
However, the transmitter key-up provides an easy way 
to control transmitter power, and the series defeat cir- 
cuit of switch S1D provides an additional safety cir- 
cuit as previously mentioned. 

Although a 50 ohm, 112-watt carbon resistance is 
shown for R1, I found that a 47 or 51 ohms value 
would work as well. 

To avoid cutting into the Palomar noise bridge, bat- 
tery leads to connect to power switch SIC, a couple 
of battery connectors matching the ones on the noise 
bridge were connected in order to snap into the cir- 
cuit as shown. This battery turn-off circuit may at first 
glance seem to be somewhat redundant, as the resis- 
tance knob of the noise bridge has a turn-off switch 
when the knob is rotated fully counter clockwise. 
However, if you were to do this, you would unbalance 
your noise bridge, and if you later switched the bridge 
back on, the unbalanced condition would make a loud 
and uncomfortable noise. The bridge could be rebal- 
anced to eliminate this noise, but the power turn-off 
switch makes operation easier. 

My own experience has been that after you're prop- 
erly loaded up, and your antenna tuner is properly set, 
your SWR is 1 :I, or so close to it that you do not have 
to do any of the "tweaking" sometimes found neces- 
sary with other systems. Safety is quite important; if 
you keep your transmitter SWR down to 1:l. you'll 
avoid the arc over problems that sometimes occur 
when your tune-up SWR gets out of control. 

No problems were encountered in the building or 
testing of the unit. The jacks J1 through J5 were in- 
ternally connected together with a piece of No. 12 cop- 
per antenna wire to provide a common ground at the 
shells. As a precaution, the leads from switches S1 C 
and S1 D were twisted to prevent RF pickup, although 
none was evident at any time. 

I'll be pleased to answer all questions - just send 
along an SASE to me at 1245 S. Orlando Avenue, 
Cocoa Beach, Florida 32931. - q/I!l-b 
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JI.5 SO.239 UHF -1 receplrk 
R I  50.ohm non*nduClrrr rrrlrlor 
51 d.se~1101. J po*rl,on mlnrr rwllch 
ShUsts 7.3l.I I 4.1/4 2 - IR tnche l  
rwo ~1.259 c m r  Y(.PIC~ double mds. IW 646 or 83-TIP cow 
ngnl anpro adap~en (used ro mavnl Palomar notr. br,dp. lo Jd and 
J5 dl shown ln pholographJ r--------------------------- 

1 

I 
I 
I LWKNOWN 
I NOISE 

J 5  
I A PALOMAR BRIDGE 

SIA 9v 

JI BRIDGE 
BAT TERV 

X R 

I CONTROL KNOBS 

$ METER 

ANTENNA T 
ANTENNA 

TUNER 

A I 

BINDING 
I I POSTS 

I TRANSCEIVER KEY 

TERMINALS 

fig. 1. Silent tune-up accessory unit schematic and interconnection diagram. 

1 1 
ham radio 
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[ = w d  Tie 
Tacks 

Handsome 14 karat 
gold t ~ e  tacks wlth your call 

lndlvldually handwrought 
In w h ~ t e  o r  yellow gold 
w ~ t h  a satln f l n ~ s h  and 
antlqued background 

When orderlng please speclfy 
whlte o r  yellow gold 

large or small (shown actual size) 

and carefully prlnt your cal l  

Small $41.00 Large $57.00 
Please add 53 00 to cover shlpplnq and lnstlrance 

Send check or money order lo 
Robert S Schurmann. KA2UXR 

5031 Rlver Road. Pennsauken. NJ 08110 
(609) 488-2266 

New Jersey Res~denls add 6% sale lax  

r /  199 

- 
Master L L ~ ~ I ,  t r r  upyrndr In a matter of days 
Code Qulck 1s '1 unlque breakthrough 
wh~ch s~rnpllf~es learntng Morse Code 
Instead of conluslng maze 01 d ~ t s  and 
dahs, each letter unll magically begln to call 
out 11s own name1 Stop torturing yourself1 
Your amazlng k ~ t  contalnlng 5 power 
packed cassettes, v~sual breakthrough 
cards and onglnal manual IS only $39 95! 
Send check or money order today to 
WHEELER APPLIED RESEARCH LAB. 
P 0 Box 3261. C ~ t y  of Industry. CA 91744 
Ask lor Code Quick # l M ,  Callfornla 
res~dents add 6% sales tax 

One User Comments: 
"Flrst new ~dea In code study and the darn 
thlng works' So much fun you don't reallze 
how much you're learntng 

M S Greneda. MISS 

Hundreds of satisfied customers! 
You can't lose1 Follow each slmple step You 
must succeed or return the ~ I I  lor a total 
~ m m d ~ a t e  refund' > 
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C-64 V-20 T - I 0 0 0  
SATELLITE TRACKING PROC. 

TIMEX 1 ZX - 16K 
Vic-~asic $1 9.95 
Also Avail. w/RS & STS 

AUTOTRAK ROTOR 
CONTROLLER 

Automatic Antenna Tracker 
NOW Available $149.95 

SASE for full details 

1296 & PHASE III 
MAKl UTV 1200 - s49995 
MAKl20W AMP - $430°0 

SEClRuMWeSC 
5717 NE 56th, SEATTLE, WA 98105 

206-641-7461 H 200 



MOSFET REPEATER AMPLIFIERS----- -a I 
I An Industry First! Power MOSFETs in American Made Amplifiers. 
I 
1 Built For Those Who Demand Quality. : 

1 
1 4111: 2 Meter Power Amplifier I 
I 1 
1 l), '.>r.. I"" 

2 Watt lnput - 30 Watt Output I 
I 20 Watt Input - 100 Watt Output 1 
I I 
I 4112: 220 MHz Power Amplifier I 
I I 
I 

2 Watt lnput - 25 Watt Output I 

I 25 Watt lnput - 100 Watt Output I 
1 I 
1 4114: 2 Meter Power Amplifier I 
I I 2 Watt lnput - 100 Watt Output 

I I 
I I I These basic amplifers, with the low noise advantages of MOSFETs, require a 12-16 , 1 Vdc power source. Mounted on an 8)h" rack panel with a large heat sink, they are I 

designed for continuous duty at full power output when cooled with a small, I I 
I customer supplied, fan. Mounting provisions and control thermostat are supplied. 1 - 
I I 

I (41 5) 851 -8779 I 

1 P.O. Box 620625 
I 

I COMMUNICATIONS Woodside, CA 94062 I 
I 8 

ALSO SEE US FOR YOUR MOBILE AMPLIFIER NEEDS 

DESIGN EVOLUTION IN R F  P.A.'s ' 
ALUMINUM 

- 
Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 
delay) IMHO IWI 1w1 S 

225 Receive preamp option, featuring i:iiG 144 160 10 265 

GaAs FETS (lowest noise figure, bet- 
ter IMD). Device NF typically .5 dB. 1:::~ 144 160 30 ;% 
Thermal shutdown protection incor- ::igG 220 130 

225 
265 

porated 

Remote control available :$l;G 220 130 30 i;z 
Rugged components and construc- ::iEG 440 100 

10 ;;; 
tion provide for superior product 
quality and performance :::;, 440 100 30 ::z 
Affordably priced offering the best 
performance per dollar 1. Models with G suffix have GaAs FET pre 

amps. Non-G suffix units have no preamp. 
Designed to lCAS ratings, meets FCC 2. Covers full amateur band. Specify 10 Mtlz 
part 97 regulatiorls Bandwidth for 420-450 M H ~  Amplif~er. 

1 year transistors warranty 
+SEND FOR FURTHER INFORMATION* 

Add $5 for shipping and handling 
(Cont. U.S.). Calif. residents add ap- 
plicable sales tax. 
Specifications/price subject tochange J 

/ 205 

More Details? CHECK-OFF Page 160 
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PICAL HAMBOREE 
6' 

Southeastern Division 
Convention 

FEBRUARY 2 - 3,1985 
FABULOUS FLAGLER DOG TRACK MIAMI, FLORIDA 

Antenna Presentation License Exams Mammoth Swap Shop 
DX Forum & Dinner Organizational Meetings Activities for Non-Hams 
ARRL & CAVEC VE Programs New Product Exhibits QCWA Homestyle Hospitality 
Packet Radio Forum Hamboree Dealer Specials International Displays 

FREE OVERNIGHT RV PARKING A T  HAMBOREE SITE (Advance Reservations ~ecommended) 
SPECIAL HOTEL RATES AT HEADQUARTERS HOTEL 

IF YOU HAVE ATTENDED HAMBOREE IN THE LAST THREE YEARS YOU WILL 
RECEIVE OUR BROCHURE IN LATE DEC. OR EARLY JAN- . , . otherwise drop us a line. 

Registration: $4.00 Advance . . . $5.00 Door (Valid both days) 
Swap Trables, 2 days: $14.00 Advance . . . $16.00 Door (plus regis. ticket) 

Requests for same swap table location a s  1984 will be honored until Dec.'l5th, 
after that date tables will be assigned on  a first come - first served basis. 

[Advance price deadline on Registration & Tables. Tanuarv 29thl 

Make checks payable to: DADE RADIO CLUB, INC., P.O. Box 350045, Miami, FL 33135 

Exhibit Booth Information: Evelyn D. Gauzens, W4WYR, Chairman Telephone: 
2780 N.W. 3 Street. Miami. FL 33125 305-642-4139 

NOW 
NOW'S THE TIME TO GET YOUR 1985 

Radio Amateur Callbooks 
NORTH AMERICAN CALLBOOK FOREIGN CALLBOOK 
The New North Arnerlcan Callbook now contalns CanadIan The only ;ource of DX calls and addresses avatlable Fully 
and Mex~can as well as all US Rad~o Amateurs Fully up updatec' and has helpful OSL ~nformat~on (c 1984 
dated wlth all the latest calls~gns arid addr~sses Ed~ted to I I C B - F ~ ~  Softbound $24 
ensure accuracy lnclt~des handy slatlon a ~ d s  11984 
L ICE-US85 Softbound $25 

($21 95 + $3 05 s & h) 

Order Both and SAVE even more 
Regular Price $45 
HAM RADIO SPECIAL $39.95 POSTPAID 

ham 
~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ , ~ B O O K S T O R E  
GREENVILLE, NH 03048 (603) 878-1 441 
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cumulative index 

antennas and 
transmission lines 
general 
Antenna geometry for optlmum performance 

N4HI p. 60. May 82 
Antenna parameters, equations for determining 

KG66 p 40. Mar 82 
Antenna restrrtions: another solution 

N4AQD p. 46. Jun 80 
Antenna restrictions (letter) 

K3SRO p. 6. Nov 81 
Antenna support (HN) 

W6XM p. 64, Jun 84 
Applied Yagl antenna design part 2: 

220 MHz and the Greenblum design data 
WB3BGU p. 33. Jun 84 

Beam antenna mast lock 
W4KV p. 68, Jun 81 

Best way to get an antenna into a tree (HN) 
WA5VLX p. 84. Mar 81 

Coaxial connections, sealing (HN) 
W5XW p. 64. Mar 80 
letter, K7ZFG p. 6. Oct 80 

De-~c~ng the quad (HN) 
W5TRS p. 75. Aug 80 

Dipole antenna length reference chart (HN) 
W6XM p. 75. Oct 81 

Earth anchors for guyed towers 
W5QJR p. 60, May 80 

Ground rod resistance 
K4MT p. 95, Jul 84 
Comments p. 8, Sep 84 

Ground systems (letter) 
ZL2BJR p. 6. Nov. 80 

Ground systems, installing effective 
KR7L p. 67, Sep 83 

Ham radio techn~ques 
W6SAI p. 75. Nov 84 

Ham radio techniques 
W8SAl p 67. Dec 84 

Leyden's magic jar: the derivation of 
the Hertzian and Marconi antennas 
KR6A p. 24, Oct 84 

Light-bulb dummy loads (HN) 
WGHPH p. 74, Oct 81 

Neglected antenna for 40 and 80 meters 
WbWL p. 44. Jan 82 
Comments. WBWL p. 8. May 82 

Radials, installing, for vertical antennas 
K3ZAP p. 56, Oct 80 

Rain static resolved (Tech, forum) 
WIFYX p. 83. Sep 83 

Solid-state T-R switch for tube transmitters 
K l  MC p. 58. Jun 80 

Static mystery (Tech, forum) 
HB9FU p. 85, Jul 83 

The Zepp (letter) 
WPRHQ p. 63, Aug 82 

Vertical antenna, folded umbrella, toploaded 
VE2CV p. 12, Sep 82 

Vertical-vee, converting (letter) 
KA5KWV p. 8, Sep 82 

VHFIUHF world 
WlJR p. 110, May 84 

VSWR and power meter, automatic 
WQNK p. 34. May 80 

Wattmeter, low power (letter) 
WKILQ p. 6. Jan 80 

Wire plow, build a simple 
W71V p. 107, May 84 

high-frequency antennas 
Al~gnlng Yagi beam elements (HN) 

WA2SON p 92, May 81 
Appl~ed Yag~ antenna design, part 6: 

the model and a speclal teachlng tool 
W03BGU p 89, Oct 84 

Base-loaded vertical antenna for 160 meters 
W6XM p 64. Aug 80 

Big quad - small yard 
W6SUN p. 56, May 80 

Bobtail curtaln and Inverted ground plane: part 1 
W6BCX p. 82. Feb 83 
Short circuit p. 92. Nov 83 
Comments. WA7BPO p 12. Jul83 
Short circult p. 92, Nov 83 

Bobtall curtain and Inverted ground plane: part 2 
W6BCX p 28. Mar 83 
Short circuit p 16. May 83 
Comments. WA7BPO p. 12. Jul 83 

Butterfly beam 
WtXU p. 30. May 81 

Capacltively loaded dtpole, high-performance 
W6VX p 33, May 84 

Debunking myths (letter) 
WBSVWA p 8, Mar 83 

De-icing the quad (HN) 
W5TRS p. 75. Aug 80 

Dipole antenna over sloping ground 
N4HI p. 18, May 82 

Dipole antenna, trimming the (HN) 
W5NPD p. 69, Jul 81 

Folded end-Lre radiator 
N7WD p. 44. Oct 80 

Four-vertical colllnear element 20-meter array 
WA8DXB p. 57. May 83 

Grounded monopole with elevated feed 
VE2CV p. 87. May 83 

Ground-mounted vertlcal for the lower bands, 
improved (HN) 
W5NPD p 68. Nov 80 

Half-delta loop 
VE2CV p. 37. May 82 

Half-square antenna. the 
N WN p. 48. Dec 81 
Short circuit p. 79, Oct 82 

Half-wave vertical 
VEZCV p. 36, Sep 81 

Ham radm techniques 
WGSAI p 65. Jan 84 
Comments. WAZDRL p. 8. Sep 84 

Ham radio techniques 
W6SAI p. 63. Feb 84 
Comments. K4KYV p. 12, May 84 
Comments. WDGDUD p. 8, Sep 84 
Comments. ADlG p 8. Dec 84 

Ham radio techniques 
W8SAl p. 53. Mar 84 

Ham radio techniques 
WGSAI p. 76. Apr 84 

Ham radio techniques, fifty years ago 
W6SAI p. 58. Jun 84 

Ham radlo techniques. 160 redux 
WGSAI p. 89, Jul 84 

Ham radio techniques 
WGSAI p. 96, Aug 84 

Ham radio techniques 
W6SAI p. 106. Oct 84 

Ham radio techniques 
W6SAI p. 32, Sep 81 

HF antenna (HN) 
W2GOK p. 22. Jul 83 

High-frequency Yagi antennas, understacking 
WlXT p. 82. Jun 80 

Hlgh-ga~n phased array, experimental 
KL7lEH p 44. May 80 
Short circuit p. 67, Sep 80 

Inverted "L", limited space (HN) 
W8FR p 63, Jun 84 

Junk-box portable antenna 
W3SMT p. 24. Oct 81 

K7CW quad 
K7CW p 36, Sep 82 

Log-periodlc antennas for hlgh-frequency Amateur 
bands 
WIAEO, W6PYK p. 67, Jan 80 

Log-periodic fixed-wire beams for 75-meter DX 
W4AE0, W6PYK p 40, Mar 80 

Log-periodic flxed-w~re beams for 40 meters 
W4AEO. W6PYK p. 26, Apr 80 

Log-Yagis slmplifted 
W3EB p. 78, May 83 

Loop antenna, compact (letter) 
WGWR p. 6. Feb 80 

Making verticals quieter (Tech forum) 
WAGRYZ p 98. Jun 83 

Mobile high-frequency antenna, refinements to 
W3NZ p 34, Jun 81 

Mobile vertical. 20-meter 
K9CZB p. 26. May 83 

Modified Bobtail (HN) 
WWBP p. 87, Sep 84 

Multiband BJK, an end-fed 
G3SBA p. 81, May 84 

Open quad antenna 
12RR p. 36, Jul 80 

Phased vertical antenna for 21 MHz 
W6XM p 42, Jun 80 

Phased vertlcal arrays, pattern calculations for 
WB5HGR p. 40. May 61 

Quad for 7-28 MHz 
W3NZ p. 12. Nov 80 

Quad owner switches 
N6NB, W6AO p. 12. May 82 
Comments. W68QD p. 8. Dec 82 

Quad. three-element. for 15-20 meters using circular 
elements 
W40VO p. 12. May 80 

Quad, three-element switchable, for 40 meters 
N8ET p. 26. Oct 80 

Quad variatlons, more (HN) 
W5TRS p 72, Oct 80 
Short circuit p. 70. Feb 82 

SEED antenna. a short, efficient 
end-fed dipole 
WAl A2 p. 103, Sep 84 

Short antennas, efficiency of 
WlGVl4 p. 18, Sep 82 

Short vertical antennas for low bands: part 1 
W7DHD p. 36, May 83 

Short vert~cal antennas for low bands: part 2 
W7DHD p 17. Jun 83 

Six-element wide-beam for 10 (ham radio techniques) 
WGSAI p. 30, Dec 81 

Stagger-tuned dipoles increase bandwidth 
K4MT p. 22, May 83 

Suspended long Yagi (ham radio techniques) 
W6SAI p. 34. Nov 81 

The KPGNC G~za beam 
KPGNC p. 52. May 81 

Toploaded vertlcal, a high-efficiency 
W8US p. 65. Oct 84 

Trap antenna, design your own 
W4MB p. 37, Oct 84 

Trapped antenna, trapping the mysteries of 
N3GO p 10, OCt 81 
Comments. KSCZB p. 8. Feb 82 

Triband Yagi beam (ham radio techniques) 
W6S AI p 68. Jan 81 
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Two delta loops fed in phase 
WBHXR p. 60. Aug 81 

Vertical phased arrays. part 1 
K2BT p. 18. May 83 
Comments, W9OAM p. 10. Mar 84 

Vertical phased arrays. part 2 
K2BT p. 25, Jun 83 
Comments, W9OAM p. 10, Mar 84 

Vertical phased arrays part 3 
K2BT p 26, Jul 83 
Short circult p 70, Oct 83 
Comments. W9OAM p. 10, Mar 84 

Vertlcal phased arrays- part 4 
K2BT p. 34, Oct 83 
Short circuit p. 11, Dec 83 
Commenls. WSOAM p. 10. Mar 84 

Vertical phased arrays: part 5 
K2BT p. 59, Dec 83 
Comments, W9OAM p. 10. Mar 84 

Vertical phased arrays. part 6 
K2BT p 45. May 84 

Verticals over REAL ground 
WB9VWA p. 35. Jan 84 

WBJK antenna, a new look at 
OD5CG p. 60. Jul 81 

Wilson Mark II and IV, modificat~ons to (HN) 
W9EPT p. 89. Jan 80 

Yagl antenna des~gn: performance calculal~ons 
part 1 
W2PV p. 23. Jan 60 
Short circuit p. 66, Sep 80 

Yagi anlenna design: experiments confirm 
computer analysis: part 2 
W2PV p. 19. Feb 80 

Yagl antenna des~gn: performance of multi- 
element simplistic beams: part 3 
W2PV p. 18, May 80 

Yagl antenna design: multi-element simpl~stic 
beams: part 4 
W2PV p. 33, Jun 80 

Yagl antenna design: optimlzlng performance: 
part 5 
WPPV p. 18, Jul 80 

Yag~ antenna design: quads and quagis: part 6 
WPPV p. 37. Sep 80 

Yagl antenna des~gn: ground or earth effects: 
part 7 
W2PV p. 29. Oct 80 

Yagi antenna design: slacking: part 8 
W2PV p. 22. Nov 80 

Yagi antennas: practical designs: part 9 
W2PV p. 30, Dec 80 

Yagc beam elements, aligning (HN) 
WAPSON p 79. Jan 81 

ZL speclal antenna, 10-meter, for Indoor use 
K5AN p. 50, May 80 

3-element Yagi design, key to 
K30QF p. 48, Mar 84 

40. 80, and 160-meter vertical, remote controlled 
W7LR p. 38, May 84 

80-meter half-wave sloper uses reflector (HN) 
KOIF p. 48, Oct 84 

vhf antennas 
Applied Yagi antenna design part 1: 

a 2-meter classlc revisited 
WB3BGU p. 14, May 84 

Applied Yagi antenna design part 2: 
220 MHz and !he Greenblum design data 
WB3BGU p. 33. Jun 84 

Applied Yagi antenna deslgn part 3: 
432 MHz with Knadle and Tilton 
WB3BGU p. 73. Jul 84 

Applied Yagi antenna design part 4: 
a 50MHz TiltonIGreenblum design 
WB3BGU p. 103. Aug 84 

Applied Yagi antenna design part 5: 
additional optimization techniques 
WB3BGU p. 93, Sep 84 

Dual quad array for two meters 
W7SLO p. 30, May 80 

Efficient matching (Tech. forum) 
VE7BS p. 83. Sep 83 

Fastening Trigon reflectors to VHF antennas (HN) 
W5JTL p. 88, Sep 84 

Ham radio techniques 
W6SAI p. 32, Sep 81 

Handi-antennas 
AA6PZ p. 42. May 83 

Helical anlenna matching (Tech. forum) 
Belliveau. John p. 73. May 83 

Inexpensive five-eighth wave groundplane (HN) 
W7CD p. 84, Mar 81 

Matching 432-MHz helical anlenna (Tech, forum) 
W8NWU p. 44. Mar 83 

Microwave-antenna designers, challenge for 
W6FOO p. 44. Aug 80 

Microwave antenna, homebrew 
WBWGI, Johnson p. 68. Sep 82 

Re-entrant cavity antenna for the VHF bands 
W4FXE p. 12. May 81 

Repeater antenna beam tlltlng 
K7NM p. 29. May 83 
Short c~rcuit p 80, Jul83 

True north, how to determine for antenna orlentation 
K4DE p 38, Oct 80 
Comments, N6X0, K4DE p. 7. Mar 81 

Using a 2-meter quarter-wave whlp on 450 MHz (HN) 
KIZJH p. 92. May 81 

VHF antenna null. achieving the perfect 
K3ED p. 48. May 83 

VHFIUHF World 
WlJR p. 110, May 84 

2-meter J-pole antenna, all-metal 
KDBJB p. 42, Jul 84 

2-meter V-antenna (Weekender) 
AD16 p 66. Jan 84 

matching and tuning 
A coreless balun 

WA2SON p. 62. May 81 
Antenna bridge calculat~ons 

K6GK p. 85, Mar 81 
Shorr circuit p 84, Nov 81 

Anten'na match, quick and slmple 
Anderson, Leonard H. p 58, Jan 81 
Short circuit p. 70, Feb 82 

Antenna malching, easy 
WB4GCS p. 67, May 84 

Antenna tuner (HN) 
W6XM p 94. May 63 

Antenna tuners (ham radio techn~ques) 
W6SAI p 30. Jul 81 

Balun deslgn, another 
W6HPH p 54, May 82 

Broadband balun, high performance 
K4KJ p. 28, Feb 80 

Capacitively coupled hybrids 
WA2EWT p. 70, Mar 83 

Coaxial-line transformers, a new class of 
W6TC p. 12, Feb 80 
Short circuit p. 70, Mar 80 
Short circuit p. 67, Sep 80 

Efficient matching (Tech. forum) 
VE7BS p. 83, Sep 83 

Half-wave balun: theory and appllcat~on 
K4KJ p. 32, Ssp 80 

Ham radio lechn~ques 
WGSAI p. 42, Ocl 81 

Ham radio techniques 
W6SAI p 85, Jan 84 
Comments, WAPDRL p 8, Sep 84 

Ham radlo techniques 
W6SAI p 63. Feb 84 
Comments. K4KYV p. 12, May 84 
Comments, WD6DUD P 8, %P 84 
Comments, AD1 G p. 8. Dec 84 

Helical antenna matching (Tech. forum) 
Belliveau, John p. 73, May 83 

HF hybrid descriptions 
WSTRS p. 80, Oct 83 

High-frequency mobole antenna matcher, simple 
W6BCX p 28. Jun 81 

Hybr~d ring 
WAZEWT p 50, Aug 83 

Impedance matching (Tech. forum) 
WBZNTQ p. 85. Jul 83 
Comment. K C Q  p. 95. Nov 83 

L-matching network, apprec~ating the 
WAPEWT p. 27, Sep 80 

Lowpass antenna matching unit, inductance-tuned 
W0YBF p. 24, May 82 

Low swr, how important? 
W 1 GVN p. 33, Aug 81 
Comments K1 KSY. WlGVl4 p. 6, Dec 81 

Macromatcher: increasing versatility 
K9DCJ p. 68. Jun 80 

Matching dipole antennas 
WlOLP p 129. May 84 

Matching sections 
KL7HIT p. 68, Mar 82 

Matching 432-MHz helical antenna (Tech. forum) 
W8NWU p. 44. Mar 83 

Optimum pi-network design 
DL9LX p. 50. Sep 80 

Swr meter, how accurate? (HN) 
WB9TQG p. 78. Jan 81 

Swr meter for the high-frequency bands 
WB6AFT p. 62, Oct 81 

Tandem pi networks 
WGMUR p. 32. Jul 82 

Testing baluns 
K4KJ p. 30. Aug 83 

Transformers, coax~al-llne 
W6TC p. 18. Mar 80 

towers and rotators 
Antenna carriage and track pole mount 

KB3K p. 46. Aug 83 
Antenna hlnge 

N4LI p. 70, Aug 83 
Armstrong beam rotator 

KP4DM p. 68, Feb 82 
CDE talltw~ster rotor, pulse-pos~tion control of 

WB4EXW p 30, Jan 81 
Ham-M rotator control box, modif~cation of (HN) 

K4DLANl RDR p. 68, Nov 80 
KLM antenna rotor, computer control for (HN) 

WEMOW p 66, Feb 81 
Match your antenna to your tower 

WD0DGF p. 14, Jun 84 
Tower inslallat~on: make 11 sturdy, make it safe 

WB511R p. 22. Jun 84 
Keep your tower up 

KB9IW p 26, Jun 64 
UHF antenna tower, low-cost 

KA6GVY p 30. Oct 84 

transmission lines 
Antltlex coaxlal cable connection (HN) 

W4KV p. 42, May 82 
Bridge measurements, the half-wave 

transmission llne In (HN) 
K4KI p. 108, Nov 84 

Cheapie coax (letter) 
WB4AHZ p. 8. May 82 

Coax cable, salvaging water-damaged (HN) 
W5XW p. 88, Jan 80 

Coaxial cable connectors, homebrew hardline-to-uhf 
K2YOF p. 32, Apr 80 

Coaxial connectors, sealing. (HN) 
W5XW p 64. Mar 80 
Letter K7ZFG p. 6, Oct 80 

Coaxial-line transformers, a new class of 
W6TC p. 12. Feb 80 
Short circult p. 70. Mar 80 
Short circuit p. 67. Sep 80 

Coax, measuring with an RCL brldge (HN) 
WB9TQG p. 78, Oct 82 

Ham radio techn~ques, fifty years ago 
W6SAI p. 58. Jun 84 

Hardllne connectors, Inexpensive 
WBAGCS p. 62, May 83 
Comments. KMl H p. 8. Nov 83 

Hardline, matching 75 to 50-ohm 
W4VRV p. 43. Oct 82 

Hybrid coupler 
WlOOP p. 36. Jun 82 

Measuring coax cable loss with an swr meter 
WB9TOG p. 35, May 81 
Comments, WD4KMP, WB9TQG p. 6. Sep 81 
Comments, W4PPB p 8. Feb 82 

PI, pi-L, and tandem quarter-wave line malching 
networks, response of 
W6MUR p. 12. Feb 82 

Plumber's delight coax connector (weekender) 
N4LI p. 50. May 81 

PL-259 connectors, attaching to RG-58lU cable (HN) 
W5BVF p 81. Jan 82 

Rf power divider (HN) 
W5TRS p. 80, Feb 82 

T coupler, the (HN) 
K3NXU p 68. Nov 80 

Time domain reflectometer 
VE3EFC p. 49, Nov 83 

Time-domain reflectometry, checking transmission 
lines with 
K7CG p. 32. Jul 80 

Transformers, coaxial-line 
W6TC p 18. Mar 80 

Transmission-line circuit design for 50 MHz and 
above 
W6GGV p. 38. Nov 80 

Transmission-line design. Pt. 2: dlstributed resonant 
circuits in uhflvhf lines 
W6GGV p. 62. Jan 81 

Transmission-line design. Pt. 3: dlstributed resonant 
circuits in vhfluhf llnes 
W6GGV p. 56. Feb 81 

Transmission-llne design, Pl. 4. distributed resonant 
clrcuils in vhWuhf lines 
W6GGV p 64. Mar 81 

Transmission-line design, PI. 5: 50 MHz and above 
W6GGV p. 72. Apr 81 

Transmission lines, long, for optimum antenna 
location 
N4UH p. 12. Oct 80 
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Aud~o processor, communicat~ons for reception 
W6NRW p. 71, Jan 80 

Aud~o response, tailoring (HN) 
NtFB p. 42. May 82 

"Audto to m~crowave" ampllfler, build your own 
Gruchalla, M~chael p 12. Mar 84 

Atuomat~c gain control, an aud~o 
K7NM p 24. Sep 84 

Better audto lor mobtle operalton 
K6GCO p 48. Feb 81 

CW acousttcal f~lter (Tech forum) 
W7BI p 22. Jan 83 

CW and RTTY, dlg~tal aud~o lilter for 
WtOER p. 60, Aug 83 
Short CI~CUII p 199. Aug 84 

Handheld transcelver, aud~o ampllller for 
N lRM p 38. Jul 81 

Heath HW-2036 mods (letter) 
Mosher, E A p. 8. Jun 81 

M~crophones and slmple speech processlng 
w ~ O L P  p 30. Mar 80 
Letter, W5VWR p 6, Sep 80 

Phone patch uslng junk-box parts 
K7NM p 40. Oct 80 

Repeaters, speech synthesis for 
N9EE p 79. Mar 84 

Simulated carbon m~crophones, uslng w~th  Amateur 
lransmttlers 
W9MKV p 18, Ocl 61 

Speech processors (letter) 
K3ND p 6. Aug 80 

Speech processlng. split-band (letter) 
Schreuer, N7WS p 74. Feb 80 

Telephone rlng tnd~cator, vlsual (HN) 
WPQLI p 62. Apr 84 

TR-2400, external microphone for (HN) 
WB21FV p 64, Mar 82 

Vo~ce-band equal~zer 
WB2GCR p 50. Oct 80 

commercial equipment 
Amateur Radlo equipment survey number two 

WlSL p 52. Jan 80 
Argonaut 509 conversion for 30 meters (HN) 

AA4LL p. 49, Oct 84 
Atlas 210 transcetver. s~detone (HN) 

ZLZRP p 67. Mar 82 
Short circult p. 79. Oct 82 

Atlas 350 AGC clrcult, modlflcat~ons (HN) 
K M L  p 42. May 82 

CDE tailtwister rotor.,pulse-postt~on control ol 
WWEXW p 30, Jan 81 

Collins KWM-2 KWM-PA, owners' reports 
WBICHO p 22, Mar 81 

Collins S-he,  owners' reports 
WBtCHO p. 12. Apr 81 

Collins 32s PA disable jacks 
NtFB p 65. Mar 80 

Collins 758-3 al~gnment (HN) 
N l  FB p 79. Jan 81 

Collins 516F-2 low-voltage and blas modificatton 
(HN) 
NlFB p. 68. Jul 81 

Collins 516F-2 power supply, transient prolectlon for 
W6AD p 31, Apr 81 

DenTron 160XV transvener, slablllzlng the 
(weekender) 
WBPQLL p 46, Jun 81 

Drake A-4C recelver audto improvements (HN) 
W3CVS p. 79, Jan 81 

Drake R-4C product detector, lmprovlng (HN) 
W3CVS p. 64. Mar 80 

Drake TR-7 transceiver. Woodpecker nolse blanker 
for (HN) 
KtKSY p 67. Feb 81 

Factory servlce (letter) 
W6HK p. 6. Jul 80 

FT-1OIE. 10-meter preamp lor 
KlNYK p. 26, Jul 81 

Ham-M rotator control box, modillcations of (HN) 
K 4 D W t  RDR p 68. Nov 80 

Ham radlo techntques 
W6S AI P 63. May B4 

Ham radto techniques, flny years ago 
W6SAI p. 58. Jun 84 

Heath Model 10-4530 oscilloscope, modifications 
Balley p. W. Aug 82 

Heath HW-8, tmproved keying lor (HN) 
W3HVK p 60. Aug 82 

Heath HW-2036, carrier-operated relay for 
WD5HYQ p 58, Feb 80 

Heath HX1681 (Tech. forum) 
WZUWO P 83. SP 83 

Heath SB-4001SB-401, slmple speech amplllmr for (HN) 
WBLMH p 72, Jun 81  

Heathklt HW-2036, updallng the 
WA4BZP p 50. Nov 80 

Heathkit SB-104A, lmproved recelver perlormance lor 
N2EO p. 78, Apr 81 

Heath's new all-band transceiver, the SS-9000 
W9JUV p 12. Nov 82 

ICOM IC-2A(T), odd spllts 
N7AAD p. 65, Jul 82 

ICOM 701 owners' report 
WBICHQ p 56. Oct 81 

ICZAT, carrying case for (HN) 
W6XM p 62. Aug 83 

Kenwood TR-7400A, scanner for (the Kenscan 74) 
WB70YB p 50. Jan 81 

Kenwood TS-520-SE Iranscelver. counter mixer lor 
W5NPD p 60. Sep 80 

KLM anlenna rolor, computer conlrol lor (HN) 
WBMOW p 66, Feb 81 

KWM2. RIT lor the (HN) 
KH6JF p 109. Jul 84 

NI-cad battery charg~ng (letter) 
W6NRM p 6. Jul 80 

Owners' survey. TR7 
WBlCHO p 66. Nov 81 

Owners' survey. 2-meter handhelrls 
KAtZM p 35. Jul 82 

R-1000 mod (HN) 
W6XM p 60. Aug 82 

S-l~ne. QSK nose (HN) 
N l  FB p. 66. Mar 82 

SB-220 transcelver, Inrush currenl protection for 
(weekender) 
W3BYM p 66. Dec 80 

SB-303 recelver, nolse reduct~on (HN) 
Suzuk~ p 70, Jun 82 

Sony ICF.2001. elght-channel memory scanner lor 
W3CSW p 54. Aug 82 

Ten-Tec Corsair mod~l~catton (HN) 
N3BEK p 62. Apr 84 

Ten-Tec Omnl-D, Improved CW agc for (HN) 
W60A p. 88. Jan 80 

Trtton IV, 30-meter operallon (HN) 
AA4LL P 68. Jun 83 

TS-430s IF filter mod (HN) 
KBBCY p 125. May 64 

TS-820lTS-820s. reductng tnterference in (HN) 
W4MB p. 88, Jan 80 

TS-820 lilter swltchlng mod~f~catlon (HN) 
K70AK p 72. Jun 80 

Wtlson Mark II and IV, mod~f~cal~ons lo (HN) 
W9EPT p 89. Jan 80 

3.5002 lube fallure (HN) 
AG6K P 78. Oct 82 

5CXl500A power pentode (HN) 
K9XI p 77, Oct 82 

construction 
techniques 
Atr-wound coils, constructing 

W7BKE p. 37. Aug 84 
Antenna carriage and track pole mount 

KB3K p 46. Aug 83 
Antenna hlnge 

N4LI p. 70. Aug 83 
ANIUPX8 cavtttes, converting surplus 

W6NBI p. 12. Mar 81 
Audio fllter building blocks 

KBfCY p 74. Jul 83 
Short clrcult p. 92. Nov 83 

Build a better box 
Gruchalla. Michael p 45, Aug 84 

Cheap dots (HN) 
W6XM p. 77. Sep 82 

Coaxlal cable conneclors, homehrew hardline-twuht 
KZYOF p. 32. Apr 80 

Coax cable, salvaging water-damaged (HN) 
W5XW p. 88, Jan 80 

Coollng semiconductors pan 1 
designing and uslng healslnks 
Man~n. Vaughn D p 33. Jul 84 

Coollng semiconductors pan 2 
blowers and fans 
Martln. Vaughn D. p. 52. Aug 84 

Custom resistors, nomogram des~gn 
WA5EKA p. 68. Jun 83 

Dust bulldup, decreasing (HN) 
K4KI p. 77. Sep 82 

Fan, speed control (HN) 
K4KI p. 77. Sep 82 

G.0.E S receptton: a slmple approach 
WA4WDL p 46. Jan 84 

Heatstnk codtng Ian (HN) 
W6XM p 22. JuI 83 
Comments. W2GH p. 8, Oct 83 

Comments. DJ4BZ p 12. May 84 
Hlgh-frequency dummy load (HN) 

WlKWE p 64. Jun 84 
ICZAT, carrylng case for (HN) 

W6XM p 62, Aug 83 
Inductance equatton a d~fferenl approach (HN) 

K4KU p 1 16. Dec 84 
Junk-box tngenulty how to buy, use. 

and recycle surplus electron~c parts 
WB4EHS p 32. Aug 84 

Metal clean~ng w~th  d ~ p  type cleaners (HN) 
WsXW p 82. Jan 82 
Comment. K6YPD p 8, Jun 82 

M~croslr~p Impedance program 
K8UR p 84 Dec 84 

Polymer lllm transforms mechanical 
energy to electrical energy 
WA4KFZ p 55 Dec 84 

Power FETs trend lor VHF ampllflers 
Peters Dan~el and W7PUA p 12. Jan 84 

Prtnted clrcult layout and drllllng template 
WA4WDL p 73, Jul 82 

0u1ck IIX lor soldering trans (HN) 
W2YW p 62. Apr 84 

Reflected power l~m~te r  (Weekender) 
K4KI p 63 Jul 84 

Set screws, tamlng (HN) 
W5PGG p 64 Mar 82 

Sllk screen techn~ques make your 
own board uslng 
W3QOM p 83 Nov 84 

Solar power lor your ham stallon 
NH6N p 14. Dec 84 

Superhet collset destgn w~th 
a microcomputer 
Sterrenburg F A  S p 113. Nov 84 

Turns per Inch from wtre slze (HN) 
K8UR p 97 Dec 83 

digital techniques 
Appl~ed Yag~ antenna des~gn part 1 

a 2-meter classic revisited 
WB3BGU p 14. May 84 

Applted Yagt antenna des~gn part 6: 
the model and a speclal leachlng tool 
WB3BGU p 89, Oct84 

D~gital-circuit problems, avoidlng built-~n, part one 
WlBG p. 43, Sep 81 
Comments VE2Q0 p. 6, Dec 81 

Dtgitalcircuit problems, avolding built-ln, part two 
WlBG p 50. OCt 81 
Comments VE2Q0 p. 6, Dec 81 

Dtg~tal techniques. gate arrays for control 
Anderson. Leonard H. p. 82. Jan 80 

Digital techniques. inside a phase-frequency 
detector 
Anderson. Leonard H. p 28. Sap 82 

Digital techn~ques: shocklng truths about 
Semiconductors 
Anderson. Leonard H p. 36. Oct 82 

HP-IL serial loop 
Martin, Vaughn D. p 101. Apr 84 

Making waves 
W6HDM p. 44, Mar 82 

Packet radio: part 1 
KV7D. KV7B p. 14. Jul 83 

Packet radm' pan 2 
KV7D, KV7B. WA7GXD p. 18. Aug 83 

Packel radio and area networktng 
WB3JZO p. 38. Dec 84 

Packet radio: the sonware approach 
W4UCH p 63. Sep 84 

PL tone generator, a programmable 
WBWSZ p. 51. Apr 84 
Short clrcuil p 125, May 84 

RTTY reader, interrupt-drtven 
KN4L p. 72. Sep 84 

Smith Chart tmpedance matching 
on your Commodore 64 
WASGFR p. 120, Oct 84 

Software plracy (letter) 
Forsyth, Mike p. 8, Sep 84 

Synthesizers. VHF and UHF, des~gn of digital 
components 
G4CLF p 26. Jul 82 

The Guerrt report - computer techndogy 
W6MGl p. 54. Nov 84 
Short circuit p. 8. Dec 84 

The Guerri report, slgnal processing 
W6MGI p. 156, Dec 84 

VIC-20 plnter (HN) 
W M L I  P 88. Sep 84 
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features and fiction 
DXer's Diary 

W9KNI p. 18, Mar 81 
DXer's Diary 

W9KNI p.  26. Apr 81 
Comments p. 6. Sep 81 

DXer's Diary 
W9KNI p. 22, Jon 81 

DXer's D~ary 
W9KNI p 60. Aug 81 

DXer's Diary 
W9KNI p. 70. Dec 81 

James R. Flsk memorial 
WlXU p. 2. Jun 80 

James R. Fisk, WIHR - some reflections 
WGNIF p. 6. Jun 80 

Jim Fisk, tr~bule to, publisher's log 
WINLB p. 8, Jun 80 

From Amateur to professional 
K12U p. 54, Aug 81 

Hallicrafters story (letter) 
K WDM p. 6. May 80 

Hallicrafters story (letter) 
WITVN p 6, May 80 

Hallicrafters story (letter) 
WAPJVD p 6, Sep 80 

Ham radio techn~ques: triband Yagi beam for 20, 15. 
and 10 meters 
W6SAI p. 68, Jan 81 
Short circuit p. 84, Nov 81 

Ham radio techn~ques: earth-moon-earth 
W6SAI p. 40. Feb 81 

Ham radio techn~ques more about moonbounce 
W6SAI p. 34. Mar 81 

Ham radio techn~ques- ten-meter band 
W6SAI p. 38, Apr 81 

Ham radii techn~aues. 160-meter band 
W6SAI p 46. May 81 

Ham radio techn~ques amateur radio. 1933 
W6SAI p. 41, Jun 81 

Ham rad~o technlques- antenna tuners 
W6SAI p. 30. Jut 81 

Ham radio technlques: amateur radlo 1941 
W6SAI p 30, Aug 81 

Ham radio techn~ques 
W8SAI p. 32. Sep 81 

Ham radlo technlques 
W6SAI p. 42, Oct 81 

Ham radio techn~ques radio-frequency Interference 
W6SAI p. 34, Nov 81 

Ham radio technlques: radio-frequency ~nterference 
W6SAI p 30, Dec 81 

Ham radio techn~ques 
W6SAI p. 66, Jan 83 

Ham radio techn~ques 
W6SAI p 77. Feb 83 

Ham radio techn~ques 
W6SAI p 47, Mar 83 

Ham radio techn~ques 
W6S AI p. 52, Apr 83 
Comments, W6DKZ p 8, Dec 83 

Ham radio techniques 
W6SAI p. 52, May 83 

Ham radio techniques 
W6SAI p 46, Jun 83 

Ham rad~o technlques 
W6SAI p 42. Jul 83 

Ham radio technlques 
W6SAI p. 40. Aug 83 

Ham radio techn~ques 
WGSAI p. 41, Sep 83 

Ham rad~o technlques 
W6SAI p 64, OCt 83 

Interview w~th Dr Kenneth Davles 
K2RR p. 28, Jan 83 

Jim, a tug at your memory 
W4VT p. 28. May 81 

Obsewat~on and oplnion 
W9KNI p 6, Jul 81 

Q s~gnals (letter) 
W4MB p. 8, Feb 83 

Reinartz, John L , father of shortwave rad~o 
WA6CBQ p 10, Aug 81 

Shopplng for parts by mall 
W8FX p 16, Jul 81 
Comments K 1 THP p 6. Dec 81 

Tune in on the world 
WA4PYQ p 12, Jun 81 

fm and repeaters 
Add fm to your recelver (weekender) 

K3NXU p 74, Mar 81 
Autopatch, slmplex 

WB6GTM p 42. Jan 83 

FM advantage 
WA9GDZ16 

Forget memory, Ni-Cd discussion 
K-wv 

IC-255A switching circult (HN) 
WB61QV 
Comments, WA4MU 

Llnear translators 
WB6JNN 

M~croprocessor repeater controller 
KB5F 

Repeater antenna beam tlltlng 
K7NM 
Short c~rcult 

Repeater etiquette (letter) 
WIOLP 

Repeaters, speech synthes~s for 
N9EE 

Repeaters, three clrcults for (HN) 
N9EE 

Speech processor for fm lransmltters 
G4CLF. G3RZP 

Squelch, smart 
W6NRW 

State-of-the-art auto dlaler 
KPMWU 
Short clrcult 
Short clrcult 

Tone decoder, ultlmate 
WD9EIA 
Comments, WD9EIA 

Touch-tone autod~aler, portable 
KZMWU 
Comments. K2MWU 

Touch-tone decoder 
KCSC 

Touch tone decoder thlrd generation 
WA7DPX 
Short clrcult 

p. 38, Sep 84 

p. 82, Jan 83 

p 70. Jan 83 
p 8, Jun 83 

p. 14, Sep 83 

p. 56. Apr 83 

p. 29, May 83 
p. 80, Jul 83 

p.  8. Oct 83 

p 79. Mar 84 

p. 91. Jan 84 

p. 76, Mar 82 

p. 37, Jun 83 

p. 21, Dec 83 
p 10, Feb 84 
p 10. Mar 84 

p. 33, Sep 82 
p. 8, Feb 83 

p. 12, Aug 82 
p 8, Feb 83 

p 27. Apr 83 

p. 36. Feb 80 
D 67. Seo 80 

hazards 
Electr~c shock, the effects and treatment of 

NY6U p 85. Mar 84 
L~ghtnlng and electrical transient protection 

KR7L p. 73, Dec 83 
When hazardous waste comes home: 

PCBs in the ham shack 
Leeds, Dorothy p. 42, Dec 83 

integrated circuits 
Blnary coded declmal addlt~on (HN) 

WA9HUV p 66, Apr 82 
Comment. Schiffler, Jeffrey L. p. 8. Dec 82 

FSK tone generator uslng an IC tone d~aler (HN) 
Nagel, Dav~d p. 88, Apr 83 

Stat~c electricity and modern 
Integrated clrcults 
K4KEF p 33. Mar 84 

TouchTone decoder, an Improved 
N6JH p. 24, Dec 82 

TTL ICs, s~mple tests for 
W6ALF p. 37. Mar 82 

2716 EPROM programmer 
N3CA p. 32, Apr 82 

keying and control 
Cathode key wlth the Heath HD-1410 (HN) 

K9XM. NSMX p. 80, Jan 82 
CW Identlfler, versatile 

WB2BWJ p 22, Oct 80 
Short clrcult p 70, Feb 82 

CW keyboard ustng the APPLE II computer 
W6WR p 60. Oct 80 

CW memory rnod~f~cat~on (HN) 
WmLO p 93. May 81 

Ham radlo techniques 
W6SAI p 106, Oct 84 

Keyer, simple, compact ORP (weekender) 
W5FG p. 82. Oct 84 

Keyer, s~ngle-ch~p, for ORP (weekender) 
W3HVK p 70, Oct 82 

Latchlng relay control (HN) 
K6HTM p 94. May 83 

Low-power keyer and Interface 
KlHOP p 68, Feb 83 
Short clrcult p 97. Aug 83 

Memory keyer, W7BBX (letter) 
SP2DX p. 6, Jan 80 

Memory keyer. (letter) 
W3VT p. 6. Feb 80 

Memory keyer, 2048-bit (HN) 
GW4COT p. 73. Jun 80 

Microcomputer-based contest keyer 
K9CW p. 36, Jan 81 

Microprocessor repeater controller 
KB5F p. 56. Apr 83 

Morse keyboard, an easler approach 
to mastering the 
WlKZ p. 80. Apr 84 

Morse time synthesis 
N3SE p. 17, Apr 83 

Programmable keyer. Autek MK-I, expanded memory 
for 
N9AKT p. 58, Jan 80 

Radio Shack ASCII keyboard encoder for mrro- 
processor-controlled CW keyboard, using (HN) 
VE7ZV p. 72, Oct 80 

Remote control hf operation 
K5QY p. 32. Apr 83 
Short circuit p. 97, Aug 83 

Sending CW 
KA40VK p. 75, Jun 83 

Solid-state CW T-R system 
W4RNL p. 62, Mar 83 

Ten-Tec 645 ultramatic keyer mods (HN) 
KUST p 70, Dec 82 

Testing baluns 
K4KJ p 30, Aug 83 

Transceiver diplexer: an allernatwe to relays 
N6RY p 71, Dec 80 

WPM readout for deluxe memory keyer (weekender) 
WAIOEH p. 50, Apr 82 

measurements and 
test equipment 
Battery charger sensor 

W3BYM p. 54. Dec 82 
BC221, unusual (Tech. forum) 

VK2ZH p. 22. Jan 83 
Br~dge measurements, the half-wave 

transmission line in (HN) 
K4KI p. 108. NOV 84 

Capacitance meter. (s~mplified), improvements to 
WA3CPH p. 54, Mar 80 

Capacitive-reactance meter multiplier (HN) 
K4KI p. 89. Apr 83 

Counter control pulses (HN) 
W9LL p. 70, Apr 80 

D~gital capacitance meter 
K4GOK p. 66. Aug 80 

Drode tester (HN) 
W2OLU p. 90. Apr 83 

Dip meters, a new took at 
W6GXN p 25. Aug 81 

Electrical caltbration standards 
Martin. Vaughn p. 10, Oct 83 

Electrolytic capacitors, measuring capacitance Of 
KP4DIF p 24. Sep 80 

EMEIRFI shielding: new techniques part 1 
Martin. Vaughn D. p 72, Jan 84 

EMIIRFI shielding: new techniques part 2 
Martin, Vaughn D. p. 85, Feb 84 

Field-strength meter for the hlgh-frequency Amateur 
bands 
WB6AFT p. 42. Jul 81 

Fllter tester, s~mple (HN) 
W6XM p 116, Dec 84 

Frequency counter, capac~tance-measurement 
accuracy lor 
W I ZUC p. 44, Apr 80 
Short clrcult p 67, Sep 80 

Frequency counter, KAIIU, modifications for (HN) 
K4JlU p 65. Mar 80 

Frequency counler, "smart" 
WA5VQK p. 41. Oct 84 

Functlon generator, Integrated circuit 
N3FG p. 30. Aug 80 

Ground rod reslstance 
K4MT p. 95. Jul 84 
Comments p. 8, Sep 84 

H~gh-frequency recelver performance 
G40BU p 33. Feb 84 

HP-IB greatly s~rnpllf~ed 
Mart~n. Vaughn D p 65. Mar 84 

Impedance matchlng (Tech forum) 
WB2NTQ p. 85. Jul 83 

Inductance meter, easy-to-bulld 
W6XM p 76. Apr 82 
Comments, WBPLAO p. 8, Sep 82 
Short clrcult p. 79. Oct 82 

K4EEU frequency standard, battery backup for (HN) 
N4BA p 68, Jul 81 

L and C measurements 
WB6ZLN p. 117, Oct 84 
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Light-bulb dummy loads (HN) 
W6HPH p. 74, Oct 81 

Logic mate 
N9CZK p. 57, Jan 83 

Logic probe (HN) 
Rozenthal. J. p. 91, Apr 83 

Logic probe, digital 
N6UE p. 38. Aug 80 

Measuring inductances (Tech. forum) 
K6HIK p. 85. Jul 83 

Measuring noise figure 
KZBLA p. 26. Jan 84 

Measuring small values (Tech. forum) 
W6SDM p. 74, Aug 83 

Microphone calibration 
NY6U p. 73. Jun 84 

Nolse br~dge, precision 
KPBT p. 51. Mar 83 
Comments p. 8. Jun 83 
Short C I ~ C U I ~  p 97, Aug 83 

Nolse-figure meter, automatic, for preamplifiers and 
conveners 
K9IMM p 12. Feb 81 

Ohmmeter, w~de-range 
Bailey. John T p. 53. Jan 84 

Panoram~c adaptorlspectrum analyzer design notes 
WA6NCXIl p. 12. Sep 83 
Comments. K2CBY p. 12. Sep 83 
Short clrcuit p. 70, Oct 83 

PEP output power measurement 
VK3AFQ p. 10. Jun 83 
Comments. K4KYV p. 12. Sep 83 

Prescaler. 600-Hz, for use with electronic counters 
WAlSPl p 50, Apr 80 

QRP wattmeter (HN) 
W6XM p. 110, Jul 84 

Recelver sweep alignment system 
WB68IH p. 124, Nov 84 

Reflected power limiter (weekender) 
K4KI p 63. Jul 84 

Required dynamic range and des~gn guides 
for EMllRFl test receivers 
DJPLR p. 70, Nov 83 

Rf power meler, part 1- Instrument descr~plion and 
construction 
N6YC p. 70, May 81 

Rf power meter, part 2: measurements and 
measurement accessories 
N6YC p 55. Jun 81 
Comments W3NQN p. 6, Oct 81 

Solid-state replacements (Tech. forum) 
AK7N p. 46, Apr 83 

Standlng wave indicator (Tech. forum) 
GW8FKB p 97, Nov 83 

Sweep generator, stable wideband 
W7BAR p. 18. Jun 81 
Short clrcuil p. 84. Nov 81 

Swr meler for the high-frequency bands 
WB6AFT p. 62. Oct 81 
Comments, WA4UPN. WB6AFT p 36, Mar 82 

The Guerr~ report: signal processing 
W6MGI p. 156. Dec 84 

Time and frequency standards: part 1 
Martin. Vaughn D. p. 36, Nov 83 

Time and frequency standards: part 2 
Martin, Vaughn D. p. 31. Dec 83 

Transmitter tunlng aid. buffer your 
load wllh lhls resistlve network (weekender) 
K4KI p 52. Feb 84 

Tune-up method, low duty-cycle 
for transmitters (HN) 
K4KI p 62, Aug 83 
Comments. W5XW p. 11, Dec 83 
Comments. K4KI p 11. Jan 84 

Tuneup. sale. sllenl (weekender) 
K4KI p. 123. Dec 84 

Two-tone generator 
NIRM p 32. Jun 82 

Two-lone s~gnal generator (HN) 
K4KI p 77, Sep 82 

Uslng the Astro 103 as a frequency counter (HN) 
W4ATE p. 69. Jun 83 

VHFlUHF world 
WtJR p. 55. Oct 84 

V~deo monltor, lnexpenslve 
K8CG p 12, Apr 83 
Comments. K9TA p 10. Aug 83 

VLF d ~ p  meter, no-adjust blas lor (HN) 
W83lDJ p 69, Jul 80 

VSWR and power meter, automatlc 
WWNK p 34. May 80 

Wattmeter, low power (letter) 
W0DLQ p. 6. Jan 80 

Weather radar, 10-GHz 
K4TWJ p. 61. Sep 83 

Wide range Inductance meter (Tech forum) 
K9EBA p. 52, Feb 83 

Wien Br~dge osc~llators, voltage-controlled 

resistance for 
WASSNZ p. 56. Feb 80 

Zener dlode test circuit (Tech. forum) 
W3PHK p. 52, Feb 83 

microprocessors, 
computers and 
calculators 
An RS-232 to m L  interface 

WD4KGl p 70. Nov 82 
Calculator or computer - whlch to buy? 

W4MB p 86. Nov 82 
Computer rfi (letter) 

KA5HJI p 8. Jun 81 
Computer. satell~te. for under $150 

WB6POu p 12. Mar 80 
CW keyboard uslng the APPLE I1 computer 

W6WR p 60. Ocl 80 
Data retrieval program uslng the APPLE I( computer 

(HN) 
WB6YHS p 75. Oct 81 

Frequency counters. CMOS tlmlng c~rcuit for (HN) 
Bevel. Dav~d H. p. 72. Jul 82 

Ham gear controller. part 1 
N3CA p. 12. Oct 82 

Ham gear controller: part 2 
N3CA p. 25. Nov 82 

Microcomputer-based contest keyer 
K9CW p. 36. Jan 81 

Microprocessor repeater controller 
K85F p. 56. Apr 83 

Rad~o Shack ASCII keyboard encoder for 
microprocessor-controlled CW keyboard uslng 
the (HN) 
VE7ZV p 72, Oct 80 

miscellaneous 
technical 
Ac-line sw~tching precautions (HN) 

W5PGG p. 69, Jul 81 
Air pressure, measuring across transmlttlng tubes 

(HN) 
W4PSJ p 89. Jan 80 

ALC clrcults, Improving ampllfter. part 1 
WA8AJN p. 40, Aug 84 

ALC circuits, lmprovlng ampllfler: part 2 
WABAJN p. 38, Sep 84 

Amplifier for 220 MHz, stripline kllowatt 
W2GN p. 12, Apr 82 

Amplitude compandored sideband 
WBGJNN p 48. Dec 80 

Analog-lo-d~g~tal dlsplay converter lor the vlsually 
handcapped 
KB7JW p. 44. Jan 81 

"Audio to microwave" amplif~er. 
build your own 
Gruchalla, Michael p 12. Mar 84 

Battery charg~ng (letter) 
Carlson p 6. Nov 80 

Bicycle-powered stallon 
w ~ B G  p 25. Dec 84 

Branch-line hybrid. part 1 
WAPEWT p. 107, Apr 84 

Branch-line hybr~d: part 2 
WAZEWT p 93. May 84 

CATV1 (letter) 
WB4NMA p 10. Aug 83 

Clrcu~t llgure of merlt (letter) 
W2JTP p 6. Dec 80 

Compuler lor Ihe bllnd (HN) 
W8MQW p 69, Jun 82 

Crystal use locator 
WA6SWR p 36. Nov 80 

CW ~dentif~er, versatfle 
WB2BWJ p 22. Oct 80 
Short clrcuit p. 70. Feb 82 

CW ~dent~l~er,  versatile, an improved memory for 
WBZBWJ p 24, Feb 82 

CW station, updatlng (HN) 
KM5T p 77, Oct 82 

Data bandwidths compared 
W9JD12 p 50. Dec 82 
Comments, W6JTH p. 8. Jun 83 

DSB generators, audlo-drlven (HN) 
W5TRS p. 68. Jul 80 

Earth anchors for guyed towers 
W5QJR p 60. May 80 

Elmac 5CX1500A power pentode, notes on 
K9XI p 60, Aug 80 

Electrolytic capacitors (letter) 
WB8MKU p. 6, Jun 81 

Electromagnetic interference 
and the digital era 
K3PUR p. 114, Sep 84 

EMIIRFI shielding: new techniques part 1 
Martin. Vaughn D p. 72. Jan 84 

EMIIRFI shielding: new techniques part 2 
Martln. Vaughn D p 84, Feb 84 

Filters (letter) 
W6XM p. 8, Feb 83 
Comments. W3NQW p. 8, Apr 83 

Fllters, bridged 
W6MUR p. 51. OCt 82 

Fllter des~gn, graphic 
W6NRW p. 37, Apr 84 
Short Clrcurl p. 13, Jul 84 

Frequency dtv~der. dlode 
W5TRS p. 54. Aug 80 

Ground systems, notes on 
K6WX p. 26. May 80 

Ham radio techniques, radlo-frequency Interference 
W6SAI p. 34, Nov 81 

Ham radio lechnlques: radio-frequency rnterferenm? 
W6SAI p. 30, Dec 81 

Ham radio technlques 
W6SAI p. 63. May 84 

Ham radio technlques, l ~ n y  years ago 
W6S AI p. 58. Jun 84 

Ham radlo technlques 
W6SAI p. 106. Oct 84 

Harmonic product detector for QRP transcelvers 
W5FG p. 44, Jun 83 

Hyperbolic navlgatlon (letter) 
Burhans. Ralph W p. 6. Feb 81 

Impedance matching: a brlef revlew 
WD4C p. 49. Jun 84 

Inductance or capacitance, a method for measuring 
(HN) 
WPCHO p. 68, Jul 80 

Instant balun (letter) 
W8MQW p. 6. Aug 81 

KWM 380 external control clrcuit (HN) 
WAPRUD p. 96. Dec 83 

Llght-emitting diodes: theory and application 
WB6AFT p. 12. Aug 80 

Llnear-amplifier cost efficiency 
W8MFL p. 60, Jul 80 

Linear amplifier. 3CX8OOA7 
K8RA p 17. Aug 84 

Llnear tuning, a fresh look at (HN) 
W2OLU p. 74, Aug 80 

Low cost linear design and construction 
W4MB p. 12. Dec 82 

Multiplexing, the how and why of 
KH6N p. 60, Sep 81 

Mysler~ous spur on 160 (Tech forum) 
N3BEK p. 73. May 83 
Comments. KML. N3BEJ p. 95. Nov 83 

Nav~gallonal a ~ d  for small-boat operators 
W5TRS p. 46. Sep 80 

Neutralizing 5728 final at 1500 watts output (HN) 
W2YW p. 63. Jun 84 

NI-cad battery charging (letter) 
W6NRM p. 6, Jul 80 

Noise cancellation clrcult (weekender) 
KtRGO p. 75, Mar 84 

Operation upgrade: part 1 
W6BNB p. 12. Sep 81 

Operatlon upgrade: part 2 
W6BNB p 28, Oct 81 

Opt~mum PI-network deslgn 
DL9LX p. 50. Sep 80 

PCB "threat" (letter) 
VE5UK p 66. Sep 80 

Peaked lowpass, a look at 
the ullraspher~cal filter 
W7ZOI p. 96. Jun 84 

Phase-shin network, 90-degree, olters 2 1 bandwldlh 
K6ZV p 66. Feb 80 

Photovoita~c cells. a progress report 
WD8AHO p. 52. Dec 83 
Comments. K6KVX. Sample 
Martin. WDBAHO. WB4APT p. 10, Feb 84 

Plasma-d~ode experiments 
Stockman p. 62. Feb 80 

Q systems 
WllUZ p. 6, Nov 80 

Polymer f ~ l m  transforms mechanical 
energy to electrical energy 
WA4KFZ p. 55. Dec 84 

Power FETs. trend for VHF arnpl~fiers 
Peters. Damel, and W7PUA p. 12. Jan 84 

Prerecorded messages help the 
hearing impalred (HN) 
W2QLI p. 87. Sep 84 

Relay, lnexpenslve automatlc sendlrecelve 
WWBV p. 40, May 82 
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Repeater controller, m~croprocessor-based 
K B K Y  p. 12, Mar 82 

Resonant clrcults 
WD4C p 12. Apr 84 

Rf power distr~butor, the 
W3BYM p. 46, Dec 81 

Rfl cures: avoiding slde effects 
WB9TQG p 52, Sep 81 
Comments WB7SYB. WB9TOG, 
VE200 p. 6, Dec 81 

RFI, solving the problems of 
WzYW p 124. Sep 84 

Rotary-dlal mechanism for dlg~tally tuned 
transcelvers 
K3CU p. 14. Jul 80 

Russ~an Woodpecker. the 
a continuing nuisance 
KR7L p. 37. Nov 84 

Sem~conductor curve traclng slmpl~f~ed 
W6HPH p 34, Aug 80 

S~gnal-strength, measuring 
WZYE p 20. Aug 80 

Solar power lor your ham stallon 
NH6N p 14, Dec 84 

Sol~d-state amplllier swltchlng (HN) 
WBPHTH p 75. Aug 80 

Sortlng and Inventory of standard resistor values, 
computer program for 
WA6SWR p 66, Jun 81 

Speed of light (letter) 
KL6WU p. 67. Sep 80 

Speed of l~ght  (letter) 
WB2AOT p 6. Apr 80 

Speed of llght (letter) 
W4MLM p. 6, Aug 80 

Speed of Ilght, observattons on, through the metric 
system 
W7lTB p. 62. Jan 80 

Super beep clrcult for repeaters 
KP4AQI p 48, Jul 81 

Talklng clock (letter) 
N9KV p 75. Feb 80 

Talklng d~gital readout (letter) 
N5AF p. 6. May 80 

T coupler, the (HN) 
K3NXU p. 78, Nov 80 

The Guerri report - computer technology 
W6MGI p. 54, Nov 84 
Short clrcult p. 8. Dec 84 

Tlmer, electronic (HN) 
W9EBT p. 65. Mar 82 

Tubes, surplus (letter) 
WZJTP p. 6. Aug 80 

Tubes, surplus (letter) 
Sellall p. 66. Sep 80 

Varactor tuning tips (HN) 
N3GN p. 67. Feb 81 

Vanable-inductance var~able frequency oscrllators 
W0YBF P 50. Jul 80 

VHFIUHF world the VHFIUHF prlmer 
an lntroduct~on to f~lters 
WlJR p 112, Aug 84 

VLF dlp meter, no-adjust blas lor (HN) 
WB31DJ p 69. Jul 80 

VMOS on 1750 meters 
K l  RGO p 71 Oct 83 

Wllk~nson hybr~ds 
WAZEWT p 12 Jan 82 

novice reading 
Novlce playground (letter) 

WA5MUF p 8. Jan 82 
Novice roundup (letter) 

KASAZY p 8, Jun 81 
Operat~on upgrade- part 1 

W6BNB p 12, Sep 81 
Operatlon upgrade' part 2 

W6BNB P 28, Oct 81 

operating 
Amateur band intruders (letter) 

W5SAD p. 6. Oct 80 
Amateur radio. 1933 (ham radlo techniques) 

W6SAI p 41. Jun 81 
Amateur radlo. 1941 (ham radto techn~ques) 

W6SAI p. 30. Aug 81 
Battlefield, the (letter) 

W W L  p 8. Jun 83 
Best best regards regards (letter) 

W6BQD p. 8, Jan 82 
Comments, N4AGS P, 8. Apr 82 
Comments. KA6NFD p. 8, May 82 
Comments. KAPAGZ p. 8. Sep 82 

Blind ham (letter) 
Gerrey Bill 

Burglar alarm RFI (letter) 
WB2YVY 

Card from Frenchy (letter) 
WPLPV 

CATV1 (letter) 
WB4NMA 

County awards (letter) 
KB7S8 

CW anyone7 
W7JWJ 

CW memory slmple (weekender) 
K4DHC 

CW nets (letter) 
N4EVS 

CW zero beat lndlcator for transcelvers 
W6KVD 

OX and QRP (letter) 
W6QJI 

DXer s dlary 
W9KNI 

DXer s d~ary 
W9KNI 
Comments 

DXer s d~ary 
W9KNI 

DX Forecaster 
KWYW 

DX Forecaster 
KWYW 

E12W SIX meter report (letter) 
E12W 

EME 70 CM requirements and recomr 
WlJR 
Short clrcult 

FCC actlons (letter) 
Wt  Zl 

FCC actlons (letter) 
N8ADA 

Ham rad~o techn~ques 
W6S AI 

Ham rad~o techn~ques 
W6SAI 

Ham radlo technlques 
W6SAI 

Ham radlo technlques 
W6S AI 

Ham rad~o technlques the crystal ball 
W6SAI 

Ham radlo techn~ques 
W6SAI 

Ham rad~o techn~ques 
W6SAI 

Ham radlo technlques 
W6SAI 

Ham rad~o technlques 
W6SAI 

Ham radlo lechnlques 
W6SAI 

Ham rad~o techn~ques 
W6SAI 

Ham radlo technlques 
W6SAI 

Ham rad~o technlques 
W6SAI 

Ham rad~o techn~ques 
W6SAI 

Ham radlo Iechnlques 
W6SAI 

Ham rad~o technlques 
W6SAI 

Hamventlon sllde show (letter) 
N8ADA 

Homebrew hears  treat or trap? (HN) 
VK4LR 

IC 255A swltchlng ctrcult (HN) 
WB6IOV 
Comments WA4MZZ 

Intruder watch (letter) 
ZL6IWIZLI BAD 

IS 11 stolen? 
WBAP 

Lllellne SAR (letter) 
WB9PFZ 

Llstenlng In on 10 fm 
W8FX 

Monltor, tone alert 
W4KRT 

Mysterious spur on 160 (Tech forum) 
N3BEK 

No-code llcense (letters) 
WB4SKP W9ZMR W2LX 
WZJTP WlBL K4JW 

No code (letter) 
W6SN 

On-a~r tune-up (letter) 
K3EQ 

p. 8, Sep 82 

p 8. Mar 82 

p 8, Apr 82 

p 10, Aug 83 

p 8. Jul 81 

p 44. Mar 81 

p 46, Nov 80 

p. 8. Jun 82 
(weekender) 

p. 88. Mar 83 

p. 8. Oct 82 

p. 18, Mar 81 

p 26, Apr 81 
p 6. Sep 81 

p. 22. Jun 81 

p. 76, Nov 81 

p 78. Dec 81 

p. 12. Jul 80 
nendatlons 

p. 12, Jun 82 
p. 79. Oct 82 

p 6, Apr 80 

p. 6. Apr 80 

p 53. Jan 82 

p. 60. Feb 82 

p. 26, Mar 82 

p 26. Apr 82 

p. 68. May 82 

p. 76. Jun 82 

p. 42. Jul 82 

p. 42. Aug 82 

p 40. Sep 82 

p. 20. Oct 82 

p. 46. Nov 82 

p. 58. Dec 82 

p. 66. Jan 83 

p. 65. Nov 83 

p. 81. Dec 83 

p. 58. Sep 84 

p. 8, Jan 82 

p. 77. Nov 82 

p. 70. Jan A3 
p 8. Jun 83 

p. 6.  Aug 81 

p 84. Dec 82 

p. 8, Apr 82 

p. 62. Jan 82 

p. 24. Aug 80 

p. 73. May 83 

p 8. Jan 83 

p. 10. Aug 83 

p. 36. Mar 82 

Operating etlquette (letter) 
W9MKV p 12. Jul 84 

Operation upgrade: part 3 
W6BNB p 30, Jan 82 

Operat~on upgrade. part 4 
W6BNB p 32. Feb 82 

Operatlon upgrade: part 5 
W6BNB p 56, Mar 82 

Operatlon upgrade part 6 
W6BNB p 56. Apr 82 

Operation upgrade: part 7 
W6BNB p 54, Jun 82 

Operat~on upgrade. part 8 
W6BNB p. 56, Jul 82 

Operatlon upgrade. part 9 
W6BNB p 58. Sep 82 

Operation upgrade. part 10 
W6BNB p 60. Oct 82 

Operatlon upgrade' par1 I t  
W6BNB p 58. Nov 82 

Other guy (letter) 
KAPGXS p 8. May 82 

Pacemakers and rfl (Tech forum) 
K4CN p 98, Jun 83 
Comments. K1 RGO p 76. Oct 83 
Comments, K4CN p 77, Oct 83 

Pacemakers and RFI- safety f~rst (Tech. forum) 
K3EAS. K3FOW p 78. Oct 83 

Propagation of rad~o waves 
WlGVl4 p. 26. Aug 82 

Protect~ng amateur radio (letter) 
K2JlY p 8. Jul 81 

QRP (letter) 
W5OJM p 8. Nov 82 

Repeater etlquette (letter) 
WtOLP p 8, Oct 83 

RST feedback (letter) 
W40VO p. 6. Dec 80 

RST feedback (letter) 
W0NN p. 6. Dec 80 

RST (letter) 
WWCK p 6, Feb 81 

Selflsh attitudes (letter) 
K20Z p. 6, Nov 80 

Ten-meter band (ham radio techniques) 
W6SAI p. 38, Apr 81 

Ten-meter beacon (Tech, forum) 
WA1 IOB p 46. Apr 83 

Ten-meter beacons (letter) 
KAlYE p 13. Sep 83 
Comments, KAIYE p I t .  Jan 84 

Ten-second call swaps (letter) 
WBlFJE p 6. Aug 81 

TOM remembered (letter) 
WIESN p. I t .  Jan 84 

Transceiver tuning (letter) 
N6TO p 8. JUn 82 

True north lor antenna orientation, how to determine 
K4DE p 38, Oct 80 

Tune-up method, low duty-cycle for transmitters (HN) 
K4KI p 62. Aug 83 
Comments, W5XW p. 11. Dec 83 
Comments. K4KI p. I t .  Jan 84 

Volunteer examiners: keep standards high (letter) 
K6WX p. 12, May 84 

Wearing cans (letter) 
WB9FRV p. 8. Jul 81 

Who pays the jammer (letter) 
W3MEO p 8. Oct 82 

Working W5LFL from space 
K6DUE p 81. Sep 83 

2 meters outlawed (letter) 
AA8C p. 8. Aug 82 

160-meter band (ham radlo technlques) 
WGS AI p. 46, May 81 

oscillators 
Audio oscillator to pulse 

generator conversion (HN) 
WfOLQ p 50. Oct 84 

Crystal oscillator, low-frequency (HN) 
W6XM p. 66, Mar 82 
Short circuit p. 79, Oct 82 

CW BFO crystal for the 756-3 (HN) 
NIFB p. 80. Feb 82 

Frequency synthesis by 
VXO harmonic selection 
W3MT p. 12, Feb 84 

Phantom-coil VXO 
W3MT p. 66. Jan 82 
Comments. W3MT p. 8. Jul 82 

PL tone generator, a programmable 
WBWSZ p. 51. Apr 84 
Short c~rcuit p. 125, May 84 

RF synthesizers for hf communications, part 1 
WAGOAA p. 12. Aug 83 
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/- Announces: 
A User-Friendly Software Package 
Designed For Easy Operation of Morse, 
Baudot, ASCII, and AMTOR. A Feature- 
Packed Program Called: 

MAIN MENU SCREEN 

hh:mm:ss 

M BA-TOR TM 

COPYRIGHT 1984 BY AEA 

SELECT: 
M. MORSE 
A. ASCII 
R. RTTY 
T. AMTOR 
U. AUTO AMTOR 
X. AUTO CALL 
C. COMMANDS 
0. OPTIONS 

s 
OPTIONS MENU SCREEN 

Now Available for the Commodore 64 Computer in Two Versions. 
MBA-TOR 64 Software Package Only, at $119.95 Suggested Retail. 
MAP-64/2 Software with Self-Contained Interface $239.95 Retail. 

Just Look At Some Of The Features: 

CW receive and transmit at 5 to 99 wpm, auto speed track on receive. 
8 bit ASCII, receive and transmit at 110, 150 or 300 baud. 
5 bit Baudot, receive and transmit at 60, 67, 75, 100 or 132 wpm. 
TOR, receive and transmit ARQ (Mode A) or FEC (Mode B) and listen. 
Beacon and WRU system, includes QRG check before XMT, won't QRM. 
Message forwarding system, AUTO-AMTOR still functions in this mode. 
Selects command menu. 
Selects options menu. 

+ Complete precompose split-screen display with status information. 
+ Complete printer control including SELCALLIWRU printer control. 

T hh:mm:ss 

I. CALLSIGN ?????? 
S. SELCALL ???? 
T. ARQTIMEOUT 30 
U. USOS ON 
M. MORSE FILL (BT) OFF 
R. RTTY SYNC (NUL) OFF 
A. AUDIO FEEDBACK OFF 
C. AUTOCR ON 
L. AUTO LF 0 N 
B. BEACON RECORD OFF 
W. WRAP-AROUND ON 
K. CW BREAK-IN OFF 

, 0. OUTPUTMODE WORD 

---+ 24-hour clock, shows time in hours, minutes and seconds. - Allows entry of your callsign for auto operations. 
-+ Derived from your callsign automatically, can be changed. - Sets ARQ phasing calls from 1 to 99 seconds. - Unshift on space, toggles on or off. - Transmits Morse idle Character during breaks in KB activity. 
--+- Transmits RTTY idle character during breaks in KB activity. 
----c Sends short beep through your audio as any key is depressed. -- Sends carriage return the first space after 65 characters. 
---t Sends a line feed after each carriage return. 
-+ Allows the beacon to be recorded to the QSO buffer for logging. -- Sends CRILF if there is a space in the last 5 positions on the line. 
---- Automatic transmitlreceive switching during QSO. - Transmit in word mode (text sent on space) or character mode. 

L. LOAD 
E. EDIT 
M. MOVE 
S. SAVE 
X. SET XMT BUFFER SIZE 
C. SET COLOR 
T. SET TIME 

+ Break-in buffer on all modes, toggle QSO buffer on or off. 
+ CW speed lock and Farnsworth low-speed CW. 
+ 10 soft-partitionedTM message buffers plus direct from disk or tape. 

----c Allows loading of message or QSO buffers from disk or cassette. - Word processor type edit functions on message and QSO buffers. - Allows transmission of QSO buffer without disk or cassette systems. - Allows you to save message and QSO buffers to disk or cassette. 
----c- Set the transmit pre-type buffer to any size you like. 
----c Chose between any of 16 colors for character, screen or border. - Lets you set the time of day clock. 

+ Insert QSO station's call into any buffer while still copying. 
+ Includes a complete manual, keyboard overlays and cables for 

the AEA Computer PatchTM or MicropatchTM Interface. 
+ For more information call AEA, or see your AEA Dealer. 
For orders and quotes CALL TOLL FREE 800-336-4799 
ln Virginia CALL TOLL FREE 800-572-4201 

For information: (703) 643-1063 

Store hours: MWF: Noon.8 PM Order hours: M-F I 1  AM-7 PM \ 13646 Jefferson Davis Hwv. Y 213 TThS: 10 AM.4 PM Sat 10AM.4 PM 
\woodbridge, Virginia 22181 Send 3 stamps for a flyer. Dealer inquiries invited. 





Hams should be "seen" 
as well as heard! Thou- 
sands of ATV operators 
across the country are 
sendlng great looklng color 
TV plctures (wlth sound) to 
each other. FSTV-DX can go 
hundreds of mlles. There 
are now over 80 Ham Televl- 
sion "Repeaters" relaylng 
these vldeo slgnals over 
rough terrain. 

Ham Radlo UHF-TV Is as 
simple as hooking up a 2 
meter rlg and antenna. Our 
"Everything You Always 
Wanted To Know About 
ATV" 11Bpage manual wlll 
teach you how to do It 
($9.95). 

fl 214 

Under the guidance of the "United 
States ATV Society," Amateur TV 
(FSTV-SSTV-FAX) Is growlng In activl- 
ty. And, we've been promoting It now 
for over 18 years! 

Sample Issue - Just $2.50 ppd. 

Speclal Trlal Subscrlptlon - $10.00. 

(Puhlushcd Monthly) 

ATV Magazine 
P.O. Box H. 

Lowden, Iowa 
5 2 2 5 5  

A Division of 
X D  Puhlrattonr. IIK 

and TUBE-TYPE 

ID STATE DIPPER 

E~~1usiveMam@utun?r of 
MILLEN Equipnrent 
P 0. Drawer U 

(61 7)  322-4455 Malden, MA 02148-0921 

Amateur Radio Operator NAMES 
I (  1 1 15 1 1 lol l  y l  i r  I)( < ' 

Geographic by ZIP andlor State 
By Llcense lssue or Explratlon Date 

Self SIIT* 1 x3 lahe19 

Total List 453.000 Price. %ZS/Thousand 

Buckmaster Publishing ,, 216 
~ V t ~ ~ f ~ ~ h , i l l  

Mlnrral VA 77117 LI 5 A 17031 89.1 3- 

H L U \ I I - r .  
Amateur Hadlo 

standard for moblles 

w-- I -  c.:i ;,- #. . I  'I V+~'.ICB Call at tog w octtom 
0' ', lrnp i t i ~ i i  "amp 'rur! plaL' No-nonsense. lull relund. 

1 TESTED 

MRF222 
MRF224 
MRF231 
MRF234 
MRF237 
MRF238 
MRF239 
MRF240 
MRF245 
MRF247 
MRF260 
MRF264 
MRF492 
MRF607 
MRF627 
MRF641 
MRF644 
MRF646 
MRF648 
SD1416 
SO1477 
2N4427 
2N5945 
2N5946 
2N6080 
2N6081 
2N6082 
2N6083 
2N6084 

MRF137 
MRFl 38 
MRFl4O 
MRFl 50 
MRF172 
MRF174 

- FULLY GUARANTEED 
2-30MHz 12V (' r28V)  

R a l ~ n g  Ea Match Pr 
20W 514.50 $32.00 
80W 18.00 40.00 
BOW 18.00 40.00 

lOOW 25.00 54.00 
l l O W  27.00 58.00 
150W 38.00 82.00 

25W 17.00 40.00 
25W 17.00 40.00 
13W 14.50 32.00 

15OW 42.00 90.00 
30W 12.00 27.00 
30W 11.00 25.00 
50W 12.00 27.00 
SOW 12.00 27.00 
60W 15.00 33.00 
60W 15.00 33.00 
BOW 16.00 35.00 
80W 16.00 35.00 
60W 12.00 27.00 
60W 12.00 27.00 
BOW 18.00 40.00 
6OW 16.50 36.00 
12W 3.00 9.00 
3 W 2.50 8.00 

40W 13.00 29.00 
15W 10.00 23.00 
15W 6.00 15.00 
90W 18.00 39.00 
75W 15.00 33.00 
SOW 24.00 55.00 

~ g h  G r i  Matched Ounrls Ava~latiir. 

VHF TRANSISTORS 
Rattng f . I  MatchPr 

15W S1O.OO - 
12W 12.00 - 
40W 13.50 532.00 
3.5W 10.00 - 
25W 15.00 39.00 

1 W 2.50 - 
30W 12.00 - 
30W 15.00 - 
40W 16.00 - 
80W 25.00 59.00 
8OW 25.00 59.00 

5W 6.00 - 
30W 13.00 - 
70W 18.00 39.00 

1.8W 2.60 - 
0.5W ' 9.00 - 
1 5W 18.00 - 
25W 23.00 - 
40W 24.00 59.00 
60W 29.50 69.00 
80W 29.50 - 

125W 37.00 - 
1 W 1.25 - 
4 W 10.00 - 

l o w  12.00 - 
4 W 6.00 - 

15W 7.00 - 
25W 9.00 - 
30W 9.50 - 
40W 12.00 29.00 

TMOS FET 
30W $22.50 - 
30W 35.00 - 

150W 92.00 - 
150W 80.00 - 
80W 65.00 - 

125W 88.00 - 
T ~ c h n ~ c a l  Assrstanc~ R cross-relf?rencc! 
rniormatron on CD. P J .  RF. SRF. Sf) PINS 
Call Engrneerrng Den! (61 9, i4d-0728 

RF Par ts  Catalog Available 
OEM R O u a n l l t y  D~scounls 

M l n ~ r n u r n  Order 520 Add $3 50 S h ~ p p ~ n g  
WE SHIP SAME DAY C.O.D.IVISAIMC 

ORDERS ONLY: 800-854-1 927 
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POCKET SIZE FAST CHARGER 
Fast charge your hand held radio battery 
packs to full capacity in as little as 45 
minutes. Example: Fully charge I-COM 
BP-3 in 30 to 45 minutes. 
VERSZ4TII,E - Works on 1 15V.  A.C. or 12V.  to 24V.  
D.C. and turns itself off automaticallywhen battery 
reaches full capacity. Use at home or in auto, 
airplane, boat, R.V. or anywhere there is house 
current or 1 2 V .  to 24V.  D.C. available. 
8'E:ITURE.S - 
1 .  New H y b r i d  t h i c k  f i l m  i n t e g r a t e d  c i r c u i t  d e v e l o p e d  f o r  t h i s  
c h a r g e r c o n t a i n s  a l l  m e a s u r i n g  and c o n t r o l  c i r c u i t r y  i n  a s i n g l e  
c h i p .  L a s e r  t r i m m e d  p r e c i s i o n  r e s i s t o r s .  
2. S m a l l  s i z e  - c a n  b e  c a r r i e d  i n  y o u r  p o c k e t .  
3. H i g h  i m p a c t  m o l d e d  p l a s t i c  c a s e .  
4. R e v e r s e  p o l a r i t y  p r o t e c t i o n  b u i l t  I n .  
5. I n t e r n a l l y  f u s e d .  
6.  F u l l  1 y e a r  w a r r a n t y .  
7. C o m p l e t e l y  s o l i d  s t a t e  c i r c u i t  m e a s u r e s  c h a r g e  c o n s t a n t l y  
and t u r n s  o f f  a u t o m a t i c a l l y  w h e n  c e l l s  r e a c h  f u l l  c a p a c i t y .  
8.  C h a r g e s  a t  o p t i m u m  r a t e w i t h o u t  a n y  p e r c e p t i b l e  h e a t i n g  o f  
c e l l s .  

A 
---JK,fI)  r \ , i  .,I<,IJ-~ IOR, - 

V 
Price D e a l e r  i n q u i r e s  $65.00 i n v i t e d  

19780 Temescal Canyon Mail orders to: 
Corona, Calif. 91 7 1 9 P.O. Box 2679 
(71 4) 734-61 79 son Corona, Calif. 91 7 1 8 

by Bill Orr, WGSAI 
Recommended reading. Commonly asked questions like: What is the best 
element spacing? Can different yagi antennas be stacked without losing per- 
formance? Do monoband beams outperform tribanders? These questions 
and more are fully answered. Lots of construct~on projects, diagrams, and 
photos. 198 pages. 01977. 5th edition. 
ORP-BA Softbound $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill On, W6SAI 
Learn how to build simple, economical wire antennas. Apartment dwellers 
take note! Fool your landlord and your neighbors with some of the "invis- 
ible" antennas found here. Well diagrammed. 192 pages. 01972. 2nd 
edition. 

RP-WA Softbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr, W6SAI and Stuart Cowan, W 2 U  

Contains lots of well illustrated construction projects for vertical, long wire, 
and HFNHF beam antennas. There is an honest judgment of antenna gain 
figures, information on the best and worst antenna locations and heights, a 
long look at the quad vs. the yagi antenna, information on baluns and how 
to use them, and new information on the popular Sloper and Delta Loop 
antennas. The text is based on oroven data ~ l u s  oractical, on-the-air exoeri- . . 
ence. 190 pages. 01978. 1st ebition. 

RP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI - New 3rd Edition 
Includes NEW data for WARC bands 
The cubical quad antenna is considered by many to be the best DX antenna 
because of its simple, lightweight design and high performance.You'll find 
quad designs for everything from the single element to the multi-element 
monster quad. There's a wealth of data on construction, feeding, tunlng, 
and mounting quad antennas. 112 pages. 01982. 
URP-CQ Softbound $6.95 
Please add $1.50 for one book. $2.50 for two or more books 
to cover shipping and handling. 

Ham Radio's Bookstore Greenville, NH 03048 

Name 

Call Sign 

Address 

City State 

Zip Phone 

Date 

Signature 
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CW regenerator for Amateur recelvers 
W3BYM p 64. Oct 80 

Des~gnlng a modern recelver 
WB3JZO p 23. Nov 83 

Dlverslly recelver, h~gh-frequency. from the 1930s 
K4KJ p. 34, Apr 80 

Drake R-4C product detector, Improving (HN) 
W3CVS p 64, Mar 80 

High-frequency recelver performance 
G4OBU p 33. Feb 84 

Improved stablllty and dlal callbratlon 
for the Heathklt HW-8 (HN) 
W3HVK p 103. Nov 83 

lnexpenslve CW filter (HN) 
WBIAFQ p. 80. Jan 82 

Rad~o interference to shortwave recelvers (HN) 
W6XM p 68. Jul 81 

Recelver sweep alignment system 
WB6BIH p 124. Nov 84 

Shortwave converter, portable 
PYZPElC p 64. Apr 81 

Shortwave recelver. portable 
PY2PElC p 67. Apr 84 

Shortwave recelver. portable monoband, wlth 
electronic dlgltal frequency readout 
PYZPEIC p 42, Jan 80 

S~mple 40-meter recelver (weekender) 
W6XM p 64. Sep 80 

Slmple shonwave broadcast recelver (weekender) 
W6XM p. 83. Nov 83 

Superhet coltset, des~gn w~th 
a rnlcrocomputer 
Sterrenburg. F.A.S p 1 13. Nov 84 

SW recelver. a double conversion portable 
PYZPEIC p. 48. Nov 84 

Ten-Tec Omnl-D, Improved CW agc for (HN) 
W60A p 88, Jan 80 

Transce~ver. 40-meter, for low-power operallon 
WB5DJE p 12. Apr 80 

Transceivers, quasl-b~lateral IF for 
KlZJH p .  75, Dec 84 

Two-band recetver, exlendlng the modular 
WA3TFS p 57. Nov 84 

Two-band recelver, modular 
WA3TFS p 53. Jul 83 
Comments WA3TFS p 8. Sep 84 

Understanding performance data of hlgh-frequency 
recowers 

RTTY GaAs FET performance and 
preamplifier application 
K8UR p. 38. Mar 83 
Comments. K C W  p. 12, Jul 83 

Sol~d-state replacements (Tech, forum) 
AK7N p. 48. Apr 83 

Transistor blaslng, back lo  basics 
WD4C p 91. Dec 84 

AFSK generator, an accurate and pr 
K0SFU 

Baudot, a vole for (letter) 
W6NRM 

CW and RTTY dlgltal audlo hlter 
WlOER 

Hellschre~ber (letter) 
K6KA 
Comment. G5XB 

Hellschre~ber (letter) 
W6DKZ 

LED tunlno lnd~cator for RTTY 

:al 
p. 56. Aug 80 

p 8. Mar 82 

p 60. Aug 83 

p 6, Mar 80 
p 6, Sep 80 single sideband 
p 6. Mar 80 

Better soundlng SSB 
AG6K p 58. Feb 84 
Comments W2OZH p 13 Jun 84 

Development of Amateur SSB 
a brlef hlstory 
K4KJ p 12. Sep 84 
Comments. AG4R p 8. Dec 84 

Early slngle s~deband lransmltter (ham radlo 
technlques) 
W6SAI p 30. Dec 81 

Ham radlo technlques 
W6SAI p 106, Oct 84 

Llnear ampl~trer modular for the h ~ g h  frequency 
Amateur bands 
K8RA p 12 Jan81 
Comments K l  THP p 6. Mar 81 

WAELA 
New MSO for RTTY (letter) 

NZEO 
RTTY and  tar^^^ computer 

KSVUV 

p 50, Mar 80 

p 12. Jul 84 

p 36, Jul 83 
p 10. Feb 84 Sholt clrcult 

RTTY osc~lloscope Input 
uslng llne transformers (HN) 
W6XM 

RTTY tunlng Indicator, a free (HN) 
NlAW 

RTTY zero-beat lndlcalor (HN) 
W2QLl 

Slow ASCII 
W3FVC 

SSB transmltters. FSK adapter for 
WA3PLC 
Comments NIAL, WA3PLC 
Comrnents WBSDPZ. NIAL 

T~mexIS~ncla~r newsletter (letter) 
AD1 B 

TRS-80 color computer for RTTY 
WlOER 

VIC-20 prlnter (HN) 
W20Ll , 

XK2C AFSK generalor, the 
W3HVK 

p 87. Sep 84 

p 74. Oct 81 

p 78, Oct 83 

p 6. Jun 81 

p 12, Jul 81 
p 8, Mar 82 
p. 8, Oct 82 software 

p 12, Jul 84 

p 62, Jun 83 

T158/T159 (HN) 
K3VGX p 65. Mar 82 

p 88, Sep 84 

p 58, Nov 80 television 
Console, v~deo, lor ATV 

WBBLGA p 12. Jan 80 
CRT character enhancer 

WSCGI p 66, Aug 82 satellites 
. . 

K6FM p 30 Nov 81 
Comments KL7HT K6FM p 8 Aug 82 

Up-convers~on recelver for the hlgh-frequency bands 
pan 1 
W2VJN p 54, Nov 81 

Up-convers~on recelver for the hlgh-frequency bands 
pan 2 
W2VJN p 20, Dec 81 

Woodpecker nolse blanker 
DJ2LR p 18 Jun80 

15-meter s~deband lranscelver 
WA4ZXF p 12. Mar 83 
Short orcurt p 80. Jul 83 

80 meter recelver tor the expermenter 
W6XM p 24 Feb 81 
Comments p 6 Jun 81 

Flrst HT-to-HT OSO vla OSCAR 10 
WA2LOQ p 32. Sep 84 

Geostat~onary satell~le bear~ngs wlth the TI 58/59 
programmable calculator (HN) 
WA6BKC p 87. Apr 81 

Geostat~onary satellites, locatlng 
W2TOK p 66. Ocl 81 
Comments WlDHX p 8, Jan 82 
Comments W2TI p 8. Feb 82 
Short c~rcults p 89. Jan 82 

G 0 E S reception a slmple approach 
WA4WDL p 46 Jan 84 

Graphlc azlmuth and elevation calculator 
WBWGI p 25. Jan 83 

Locate orblllng salellltes 
WWWW p 72. Sep 83 

Moon tracklng by computer 
K6WX p 38. Mar 84 

Phase Ill spacecraft orb~ts, geometry of 
W8MQW p 68. Oct 80 

S~gnals from space recelvlng 
K8UR p 67, Nov 84 

Track~ng satell~tes In elllpt~cal orb~ls 
WA6VJR p 46. Mar 81 

Work OSCAR 10 w~th your HT 
WAPLQQ p 29, Sep 84 

Med~um-scan lelev~ston 
W9NTP p 54, Dec 81 

SSTV, applylng microcomputers lo 
G3ZCZ14X p. 20, Jun 82 

transmitters and 
power amplifiers 
general 
Amlfm converter lor facs~m~le transrnlssmn, an 

SM6FJB p 12. Dec 81 
CQer aulomatlc, for RTTY 

W4AYV p 18. Nov 80 
Elmac 5CX1500A power pentode, notes on 

K9XI p 60 Aug 80 
Lowpass Itlters, elllpt~c, lor translstor ampllflers 

W3NON p 20. Jan 81 
S~ngle.convers~on transceivers, dlgllal frequency 

drsplay for 
K6YHK p 28. Mar 81 

Talklng clock (letter) 
N9KV p 75, Feb 80 

vhf receivers 
and converters 
Cavity bandpass filters 

W4FXE p 46. Mar 80 
Commun~cations recelveffi for rhe year 2000: part 1 

DJZLR p. 12. Nov 81 
Communicat~ons receivers for Ihe year 2000' pan 2 

DJ2LR D 36. Dec 81 
lnterestlng prearnpllf~er for 144 MHz (HN) 

WAPGFP p 50, Nov 81 
KSLHA 2-meter syntheslzer, extending 

the range of (HN) 
K9LHA p 52. Dec 81 

Optical fm receiver 
Poon and Pleper p. 53. Nov 83 
Short circu~t p. 85. Jan 84 
Comment. W6OAL p 13. Jun 84 

Synthesized 2-meter mobile stations, automation for 
W9CGl p 20, Jun 80 

VHFIUHF world: VHFIUHF recelvers 
WlJR p 42. Mar 84 

Talklng d~gilal readout (letter) 
N5AF p. 6. May 80 

VMOS on 1750 meters 
KIRGO p. 71. Ocl 83 

6-meter amplifler 
WZGN p. 72. Apr 83 
Shon circull p. 97. Aug 83 

40-meter transm~tter-recelver 
W6XM p 43. Dec 82 

5CX1500 screen protecllon (HN) 
VE3AIA p. 58. Mar 83 

XKzC AFSK generator, the 
W3HVK p. 58. Nov 80 

semiconductors 
Ampltflers blaslng Class-A blpolar lranslstor 

KQ78 p 32 Aug 82 
Coollng semcconductors part 1 

des~gnlng and uslng heatslnks 
Man~n Vaughn D p 33 Jul 84 

Coollng sernlconduclors pan 2 
blowers and fans 
Mart~n Vaughn D p 52, Aug 84 
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AT LAST" A VERY 
AFFORDABLE COMPUTER 

AT A VERY 
AFFORDABLE PRICE 

K)WCU6,,, GULL" Pr(OC.PLUhI.HI, hlrl. ?I Or 
~ r w ~ m w v  P ( ~ T . R L ~  t, . I i n  (N, Y vo~ltiir 
'.INLlli L f V  tNlUI IOUUI1*II\ :mLIPAHII 4,. h E Y  
MI UHII~NI 1 1 ~ 1  X L , B O ~ Y I .  :*rll P.<I I r o u e r , . ~ ~  
O l ' . # ' , l r  I L I I I I  I I IONLI  V*#L>LII \'NI.l l + t I C N  
$4, r , ,  , 8 4 1  Loll, ,, tC8*4 ,c3c2,,t3 to, ,<,I." ,A".,s.+ ,,la&,., 
l O L .  h Y l l  .*,MA1,,, , '#. , , ,LA. a,.. " I I I I I  l l ?  8 . :  
I>( , 1 I A 1  VLnr I.., , iaLuiL HLN<.L L 1 . l  b N I ' . . C . &  
r , F  8 ,  6L,,,C? ,!+.,, ,.. & P *  *FF<?",,AD,, <,",, c 
*I !***I,, ( I L L  YO" 1.41 M1I1 ill 7 ° C  LOUPUlfl 

I ~ t a ' .  VIDE ar r r a w o w .  nrrr  * i i w r r t i r  
r.tr ,,<.,, ; , ' . I , ,  ,*a I'".,. 

IVI (~n#r,,nl t,i.! wnr l  ~ r r ! o n r  W A D  LEFT ~ r c  
.,r<,,r *NO *111 .(, I I F U I ' Y I  ("f iAllFiZ ,",SF 
U N , ~ .  r u ~  , i n ~ ~ t r a c . ~ : ,  i t s  rn t  e v  W A , .  
.i,.r.rf,. hN1, M A *  I,., , ' , i ' lU' l t  I*,.. ,. 1 DlL,< .. 
',N,,, ,> . I ,  U 1 . . , " /  N, ,.,A lllllhll 

(.r. .MFUYIMILI Iwrr c.r.- ~ I V I I ~ ~ I S U P ~ L *  

BUY I , , !  l J N I 1  I t t <  119 95 111' -  .' ,I 1 OR116.95 9V DC WALL ADAPTOR 14.95 
EUV 1 ° F  I r O  U h l  ,. .. ..tL.;. .. . i  , ..,a'~,#110.95 MANUAL, i , r l n1~ ,n~rc . r5~  $295  

.,. ..<,. ,, .. .. , .. . , .. .... :. ,,,. ,, :.,, , ,,, , "., .., , . t . .  

SWITCHIN0 
CHIP BONANZA 8rr rwrsr raocts rnrv r a t  A srrrrt POWER SUPPLY 

:' .L 3" ~ P R . . M - . , ~ C ' ,  ~r ..' 11.50EAOR 10FDRl lZ .50  M ~ E ,  r r e s , * r l  ,oc 
2716 16K EPROMS e r n  I' 13.00 EA OR 10 FOR125.W ourwr v o ~ r r ~ f s  
7764 64K EPROMS nr,.. Y us 15.5OEA OR 10 FOR I 5 0  W " " "  M'M4 

6H10 ~ 6 , .  w w ,  l l . 9 5 E A O R  l O F O R l 1 8 . W  '::::';::: 
68A09 YE!. I."* 15.95 EA OR 10 FOR S50.00 w4G~rr  FILILafD 
hHA2l YIC. 134 ". $2.95 EA  OR 10 FOR 125.00 REOU~RES 2. . A T  M 
4116 AMD9O36EPC2Wn% St 25 EA OR 8 FOR S 8 W T'UNsroauEn 

TMS9900NL MICRO P64  PINBBITD,B rl,ElT CPU S 4 95 : ~ ~ ~ ~ , " ~ ~ ~ ~ X ' b ? U O m  
TMS99OlNL MICRO PPSI  1 2.95 
TIM 9904ANL MICRO PCLOCK GEN AND DRIVER 1 5 95 HAL-TRONIX PRICE 
TMSQUIHANL MICRO P COLOR GRAPHICS AND DISPLAY S 9 95 112.95 

*KFV ROARDlWr414RKEYSMEASllRE 4 X 10IHl  TEKl 1 9 9 5  "2F0ns*~oo 
LlYlTED '.IIPPLI 

FSK DEMOOULATOR!TONE DECODER 01, onre lCi r f . i u n f i > t ~  THE FIB ~SSUE OF RA1110 
XR 221 1 - - . ISPICIIU 12.95 I c f i ' U I I N I I  Wf WAVEIHt wA111110Gf TCOILSINC 

I ~UIIEDOOLNlllr .I PFII CUSTOYfY wn5 ,  ,,c , H I  -.a15 

SCREW DRIVER SET W ~ T H  2 w l ~ t  ,FADS FOR RG.59U 

SI(IP*IMO INFORYIIION I 1 e O f Y S  I I V f I 1  1.15 * ILL  Rf  SHIPPED POSl P A l D  t l C t P l  011 17IUS 11HFRE ADD8 
' ri . .~, * ~ m r , r ~ .  .UI I ) ~ o L > F ' ~ ~ ~ D  (1* ORDc115 1 - / I (  0 5  I ~ L C ~ S F  JN<LUDC .oo,!~unai 12% roa 
~a.hi,u*4 atd',  UI~, ,u(, : P I . U C , C ~  UIC nx..* u~:,turn!% air$, 4 . .  s r , t s  rrx SEND )R rja 5 ~ 5 +  
r ; ,n racr  r , v r o  n.,r: . .a. . t ,u rn, n ' i, , . A , , +  s r 5  r i r d w  

HAL-TRONIX, INC. 
P.O. BOX 1 1 0 1  - DEPT. N 

SOUTHGATE, MICH. 48195 ..,,,.. C. NOWLAND 
PHONE (313) 285-1782 / 210 W8ZXH 

A 

FULL BREAK-IN 
WITH ANY AMPLIFIER I 

IF YOU OWN A 
QSK TRANSCEIVER 

Don't be limited to 
low Dower o~erat ion with vour - ,  

exoensive full break-in transceivh. You can run hiqh 
p 'wer  QSK CW and high power AMTOR. 

- 

The DEO QSK 1500 is designed using the latest in solid 
state switching technology and will give you full break-in 
operation with any one of the currently available com- 
mercial amplifiers, homebrew too! Pin diodes provide 
ultra h ~ g h  speed, noiseless switching. All you need t r ~  
do is connect two RF cables and two control cables, 
turn it on and you are ready to go, up to 1500 watts 
at 1.5-1 VSWR. Fully automatic bandswitching, 1.8 - 
30 MHz and mode selection, either CW or SSB, no 
cables to change. The OSK 1500 eliminates amplifier 
damage due to "hot switching" and gives you full 
receiver oerformance with an insertion loss less than 
.7 d ~ .  typically .2 d ~ .  
90 dav limited warrantv. 

/ 211 For More Info Send OSL 

1 4925 S. HAMILTON RD. GROVEPORT, OHIO 43125 
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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. 

Other A M S A  T Membership Benefits: 

ORBIT Magazine Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, D X  news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side No r t h  America. VISA and M C  accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
/ 212 



hig h-f requency 
transmitters 
Alr pressure, measuring across transmlttlng tubes 

(HN) 
W4PSJ p 89. Jan 80 

ALC clrcults, an analysls of 
K U W  p 19 Aug 81 

CB to 10 fm transcelver converslon 
VEBFIT, VE3AON p 16, Feb 83 

Improved slablllty and d ~ a l  calrbratlon 
lor the Heathklt HW-8 (HN) 
W3HVK p 103. Nov 83 

K~lowatt moblle lor DX 
K5DUT p 43, Dec 80 

Llnear-ampl~f~er cost efflc~ency 
WBMFL p 60 Ju l80  

Llnear ampllfler, modular for the h ~ g h  frequency 
Amateur bands 
K8RA p 12. Jan 81 
Comments Kt THP p 6. Mar 81 

Lowpass fllters, elllptlc, for transistor ampllflers 
W3NON p 20. Jan 81 

Remote control hf operatbon 
K50Y p 32 Apr 83 
Short C I ~ C U I ~  p 97 Aug 83 

I 5  meter s~deband transcelver 
WA4ZXF p 12, Mar 83 
Short clrcult p 80. Jul 83 

vhf and uhf transmitters 
Converter, dc-dc, increases Gunnplexer frequency 

swtng (HN) 
W l  XZ p. 70. Apr 60 

Synthesized 2-meter moblle stal~ons, automation for 
W9CGI p. 20. Jun 80 

220-MHz kilowatt linear 
W6PO p 12. Jun 80 

vhf and microwave 
general 
"Audto to mlcrowave" amplifier. build your own 

Gruchalla. Michael p. 12, Mar 84 
Battery-voltage monitor for HTs (weekender) 

K2MWU p. 78. Sep 82 
Cav~ty I~lters, surplus. how to mod~ly tor 144 MHz 

W4FXE p. 42. Feb 80 
D~plexer mods (HN) 

K5PFE p 69. Apr 83 
Earth-moon-earth (ham radio techn~ques) 

W6SAI p. 40. Feb 81 
Effic~ent matching (Tech, forum) 

VE7BS P. 83, Sep 83 
E12W SIX-meter report (letter) 

E12W p. 12. Jul 80 
Frequency synthes~zer (letter) 

WA3AXS p 12. Jul 80 
F-237lGRC surplus cavlty filter, converslon versalll~ty 

using the 
W4FXE p. 22. Dec 80 

G 0 E S reception: a sfmple approach 
WA4WDL p. 46. Jan 84 

Gunn osclllator deslgn for the 10-GHz band 
WB2ZKW p. 6.  Sep 80 

Handheld transceiver mount (a 2-way ashtray for 
your car) (weekender) 
KBPXM p. 64. Jul 81 

Helical antenna matchlng (Tech. forum) 
Bell~veau. John p 73. May 83 

Instant balun (letter) 
WBMQW p 6. Aug 81 

K9LHA 2-meter syntheslzer, extending 
the range of (HN) 
K9LHA p 52, Dec 81 

Measuring nome l~gure 
K2BLA p. 26. Jan 84 

Mlcrostrbp Impedance program 
K6UR p 64. Dec 84 

M~crowave-frequency converter for vhf counters 
KA9BYI p 40, Jul 60 

Microwave network for multimode communlcatlons 
K4TWJ p. 36. Aug 82 

Microwave systems, first building blocks for 
WAPGFP p. 52. Dec 80 

Monitor, tone alert 
W4KRT p. 24, Aug 60 

Moon-tracking by computer 
K6WX p. 38, Mar 84 

More about moonbounce (ham radio techniques) 
W6SAI p. 34, Mar 81 

Mult~purpose uhf oscillator, simplifying the 
WASHYV p. 26. Sep 81 

Plasma-diode experrrnents 
Stockman. Harry p 62. Feb 80 

Power dividers, exlendedlexpanded 
WSJTL p 73. Oct 84 

Power FETs: trend for VHF ampllflers 
Peters. Daniel. W7PUA p 12. Jan 84 

Power supply, amplifier 
WAZGFP p. 32, Sep 83 

Preamp at work. Quiet! 
N6TX p 14, Nov 84 

Radlo telescope antenna requlrement (Tech. forum) 
Landecker, Tom p 44. Mar 83 

Repeater security 
WA5FRF p 52. Feb 81 

Super beep circuit for repeaters 
KP4AQl p. 48. Jul 81 

Synthesized time identiher for your repeater 
WA4GUA p. 42. Nov 82 

The Guerri report: s~gnal processing 
W6MGI o 156 Dec 84 -. - - ~  - 

Tone decoder, the ultlmate 
WD9EIA. WB9HGZ p 33. Sep 82 
Comment, WD9EIA p. 8. Feb 83 

Touchtone autwd~aler, portable 
KZMWU p. 12, Aug 82 
Comments, KZMWU p. 8, Feb 83 

Twwmeter autopatches, tone-encoder lor 
WBWSZ p 51. Jun 80 

UHF antenna tower, low-cost 
KA6GVY D. 30. Ocl 84 

Varactor lunlng tlps (HN) 
N3GN p 69. Dec 80 

Voltagetuned UHF osclllator, multtpurpose 
WA9HUV p 12, Dec 80 

VHF meteor scatter communlcatlons 
A17J p 69. Feb 84 

VHF techn~ques 
W6NBI p 62, Jul 80 

VHF transceivers regulated power supply for 
WA8RXU p 58, Sep 80 

VHFIUHF world the VHFIUHF challenge 
WIJR p 42. Jan 84 

VHFIUHF world ~mprovlng meteor 
scatter communlcatlons 
WlJR p 82, Jun 64 

VHFIUHF world the VHFIUHF primer 
an lntroductlon to Dropaoatlon . . -  
WlJR p 14, Jul 84 

VHFIUHF world: the VHFIUHF Prlmer, 
an lntroductlon to filters 
WlJR p 112. Aug 84 

VHFIUHF world 
WtJR p. 45, Sep 84 

VHFIUHF world 
WtJR p. 55. Oct 84 

VHFIUHF world - low-nose GaAs FET technology 
WtJR p. 99, Dec 84 

Weather radar, 10-GHz 
K4TWJ p 61. Sep 83 

Wlreless 220-MHz to 2-meter converter (weekender) 
W3RW p 36. Jan 62 

X-band callbrator 
WAGEJO p 44. Apr 81 

X-band mlxer, low noise (Tech forum) 
N5 AX p 22, Jan 83 

10-GHz oscillator, ultra stable 
K8UR p. 57. Jun 83 

40-meter transmitter-recelver 
W6XM p 43, Dec 82 

vhf and microwave 
antennas 
Cyllndrlcal feedhorns, second-generat~on 

WA9HUV p. 31. May 82 
Fresnel-zone plate for 10.4 GHz 

WB6YVK p. 44. May 82 
Comments, KB90. WB6YVK p. 8. Nov 82 

Inexpensive five-eighth wave groundplane (HN) 
W7CSD p. 84. Mar 81 

Matching 432 MHz helical antennas 
(Tech. forum) 
WBNWU p. 44. Mar 83 

Re-entrant cavity antenna for the vhf bands 
W4FXE p. 12. May 81 

True north, how to determine for antenna orientation 
K4DE p. 38, OCt 80 
Comments. N6QX. K4DE p. 7, Mar 81 

Usbng a 2-meter quarter-wave whlp on 450 MHz (HN) 
K l W H  p 92, May 81 

VHFIUHF world, VHFIUHF antennas and 
antenna systems 
WlJR p 46, Feb 84 

Weathering the elements at 10.4 GHz 
WB6YVK p. 74. Aug 82 

vhf and microwave 
receivers and converters 
Add fm to your recelver (weekender) 

K3NXU p 74. Mar 81 
Cav~ty fitters. surplus. how lo mod~fy for 144 MHz 

W4FXE p 42. Feb 80 
Crystal-controlled vhf recelvers, tunlng ald for (HN) 

WAIFHE p 69. Jul 80 
Fm transcelver. remote svntheslzed for 2 meters 

WB4UPC p 28, Jan 80 
GaAs FET performance and 

preamplifier application 
KBUR p 38. Mar 83 
Comments, K C W  p. 12, Jul 83 

Kenscan 74 
WB7QY B p SO. Jan 81 
Short circuit p. 89, Jan 82 

Modification of K9LHA 2-meter syntheslzer for 
144-148 MHz coverage (HN) - .  
K9LHA p. 93. May 81 

Preamplifier deslgn. UHF, computer-aided 
KO80 p. 28. Oct 82 

Synthesizer, genesls of a 
VE3FlT p. 38. Mar 81 

VHFIUHF world- VHFIUHF recelvers 
WtJR p. 42, Mar 84 

VHFIUHF world - low-no~se GaAs FET technology 
WtJR P. 99, Dec 84 

2-meter syntheslzer, frequency modulator for 
K9LHA p. 68. Apr 81 

2-meter transverter 
W6HPH p. 24, Jan 82 

2-meter weather converter (weekender) 
WA3EEC p. 87. Dec 83 

10-60 MHz preamp, low-nose, low-cost 
WAPGFP p. 65. May 81 

2304-MHz preampliller, low-noise 
WA2GFP p 12. Feb 83 

vhf and microwave 
transmitters 
Arnplbfier. 2 meter. 40 watt 

WB4GCS p. 50. Oct 83 
ANIUPX-6 cavttles. converting surplus 

W6NBI p 12, Mar 81 
Fm transcelver. remote synthesized for 2 meters 

WB4UPC p 26, Jan 60 
L~near amplbf~ers, solid-state vhf 

AF8Z p. 48. Jan 80 
Mod~ficat~on of K9LHA 2-meter syntheslzer for 

144-148 MHz coverage (HN) 
K9LHA p. 93, May 81 

Solld-stale power for 1296 MHz 
NGJH p 30. Feb 81 

Synthesizer. genesis of a 
VE3FIT p 38. Mar 81 

VHFIUHF world: VHFIUHF exciters 
WlJR p 84, Apr 84 
Short c~rcuit p 60. Oct 84 

2-meter syntheslzer, lrequency modulator lor 
K9LHA p. 68. Apr 81 

6-meter amplif~er 
W2GN p 72, Apr 83 
Short circult p 97. Aug 83 
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L ~ s ~  CHA"JC~ WAS $39.95 retail  OR^^^^^ pRl.\ 
: $12.! NOW $9.95 

SAVE 75% off the 
regular retail price 

SUPER deal with the publisher allows us to drop the price of the Bill 
Orr RADlO HANDBOOK to the low, low price of just $9.95! 

RADIO HANDBOOK by William On; W6SAI 
Some selected subjects covered include: 
Electronic Fundamentals FM and Repeaters 
Semiconductor Devices RFI 
Vacuum Tube Principles Equipment Design 
Special Microwave Tubes Transmitter 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. 1136 pages. 0 1  981. 22nd edition. 
021874 Hardbound Limited quantities are available. Order now. $9.95' 

Please add $3.00 to cover shipping & handling. 
This is the very latest edition. No new edition is about to be issued. This is not a close out. 

ham *WILL BE $12.95 JAN. 1, 1985 

radio-,-BOOKSTORE 
GREENVILLE, NH 03048 (603) 878-1 441 
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TOUCHTONE" DTMF 
t o  RS-232-C 

300 BAUD INTERFACE 
I--I 

70°C" TO*.. 

a Uma your aomputar ta dacodm DTMF touchtonam. 
a :pLPve all i 6  d8girsasfa<tas they can be t ransn  tted 
a E . l s f y  program yourcomputer In BASlCtodecodr multt- 

D g 8 t  strsngs dtsplay d8gtts sound alarms observe 
secret coderr control relays remote base 

a Smple to use lust prov~de '+ l2  VDC and audlo hook 
t r v o ~ i r e s t o l h e  RS-23?-Cser8aI %nputon your comuu- 
LP- enter a smple BASIC program and begln to decode 
Sample B&SIC program and ~nstructrons mcluaed 

l L E D  lvdicator 
Model *'Decode-A-Pad" 
W ~ r e d  a n d  T p s t e d  s89.95 

AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO, IL 60618 

31 2-975-1 290 

ELECTRONIC  C O M P O N E N T S  6 SUPPLIES 

FlF C O N N E C T O R S  I D C  C O N N E C T O R S  

IIG C O N N E C T O R S  D-SUBMIN IATURE 

A l JD lO  C O N N E C T O R S  TEST E O U l P  

L INEAR I C  S TRANSISTORS 

D IG tTAL  I C  S D I O D E S  

TRANSFORMERS TRIM C A P S  

METERS RELAYS 

C O M P U T E R  C A B L E S  SWITCHES 

D ISKETTES T O O L S  

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

3121975-1290 Y no 

IF YOU COMBINE 1.3 - 1296 and 249.95 H A T  DO YOU OCT? 
A COMBINATION MAT YOU CAN'T BEAT. 

7116 COUNlft 

1296 IS M E  BAND 

Frequency P tnqe lGtiz lo I 3Ghz Accuracy i 1 ppm ( W01) . d 8 D I~ I I  10 O~splay Reads 1296 Mhz Band 
Aulomar~r d~c~mal po~nt Slab~l~ty i 1 ppmlh~ur . 5 , x 6 x 7 all metal csse Slab~l~ly + lppmlMu 
Rulll ~n pre \taler 115v operahOn 

r I year warr.~nly Temp t 3ppm 20 lo 50 C . Input lmpedll~~e 1M ohm120 pf lo 100 Mhz - 50 ohm above 100 Mhz 
MASTER CARD OR VISA A C ~ E ~ E D  15 DAY - NO HASSLE 
CALL 716814 5848 or WRITE RETURN GUARANTEE 

636 Shendan Drlve. Tonawanda. ~ZITRI,] w r - b  New York 14150 (718) 874 5848 

. 
Handy Features 
Handy Size 
Handy Price 
Handie Talhie 

Made in the U.S.A. And it's priced right. 

The Ten-Tec 2591 offers 
everything you've ever 
wanted in a 2-meter 
handheld. 

Memory Lockout permits the scanner to 
temporarily bypass channels for quick 
lockout of busy frequencies, yet retain them 
in memory for normal operation on demand 

10 Memories with stored offset. Channel 0 
accepts any non-standard offset Modifiable 
Band Scan without complete 
reprogramming. Scan any section of the 
band within user defined upper and lower 
limits in steps of 5, 10, 15, 25, or 30 kHz.. 
Change step size, upper and lower limits 
independently. Manual Scan also up or 
down, in 5 kHz steps Selectable Skip or 
Hold * 2.5 Watts or .4 Watts Covers 
143.5-148.995 MHz LCD Readout with 
Back Light Quick-Release 450 mAH 
NI-CAD Battery Back 16-Key Dual Tone 
Encoder, built-in LED shows battery 
status and transmit mode Designed and 
Manufactured in Tennessee. And it carries 
the famous TEN-TEC one year warranty. 
Put  i t  to work for excellent 2 meter 
performance. 

HOLIDAY SPECIAL: 
F r e e  r a s e  w i t h  e a c h  M o d e l  2591 - 

Nov. 1 t h r o u ~ h  Jan. 31. 

TEN-TEC ,m 
SEVIEIVILLE. TENNESSEE ll(62 

- -- - 

11 END OF SUMMER CLEARANCE lC-745 HFBsse SUPER SAVINGS ! ! ! (1 
Contnrl  ur lor al l  of yavr m l e v r  radio m d s  ......... 

FEATURING: I I 
ICOM, AEA, LARSEN, VAN GORDEN, VIBROPLEX, 
wvc IIIYW.IT C A O  r n ~ n  r-n..~. 3 crntur cnrc I I .. IL-.IRII.", . ,.LLVI. Lvmm., LL-Y.I." LYYL, 

ARRL PUBLICATIONS, KALGLO, HAMTRONICS, I I PROWRITFR. ELEPHANT OISKS. RAMSEY ELECT. I I 
.J Id l.Ul L l l  I . l U l I U  u . m  U U L  

c - c - r -  ---, 

stown. New ~ o r k  1mn1 H m PH. 17161664-6345 I1 
More Details? CHECK-OFF Page 160 December 1984 143 



NOW 
THERE ARE 

THE ARRL AMATEUR 
RADIO CALL DIRECTORY 
Whether you are DXCC Honor Roll 
bound or just beginning to collect QSL 
cards for the WAS award. youll find the 
addresses you need quickly and easily. 
There are over 453,000 listings of U.S. 
Amateur Radio licensees listed alpha- 
betically in callsign order. The section 
covering club stations is the most accu- 
rate to be found. Only $15.75 in the U.S. 
and $19.75 in Canada and elsewhere. 

NAME INDEX 
Have the name but need the Call? This 
handy book lists licenseesalphabetically 
by last name. then gives their call, you 
can refer to the Call Directory for 
address information. $25.00 in the U.S., 
$28.50 in Canada and elsewhere. U.S. 
Listings. 

GEOGRAPHICAL INDEX 
Handy listing by State, City, Street and 
Call. Perfect for the travelling amateur. 
$25.00 in the U.S., $28.50 in Canadaand 
elsewhere. U.S. Listings. 

COMBINATION PRICES 
ARRL AMATEUR RADIO CALL 
DIRECTORY AND NAME INDEX 
O R  G E O G R A P H I C A L  I N D E X  
$36.50 U.S., $44 in Canada or else- 
where. ALL THREE: CALL DIREC- 
TORY, NAME AND GEOGRAPHI- 
CAL INDICES: $50 in the U.S..$61.00 
in Canada and elsewhere. 

1984-85 EDIT10 NS 
HOT OFF THE PRESS 

Enclosed is my check or money order for 
5 or charge my H R  
( ) VISA ( ) Mastercard ( ) Am. Express 

Signature 

Acct. No. 

Good from - Expires - 
Name 

Address 

City State Zip 
Payment in U. S. funds only. Prices subject to 
change without notice. 
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FREE UPS Brown Shippinq-Add 11.6 
N.C. Re>. Add4'  r o o  Soles Tax. Sorry 

ing Radar Endorsement. 

A small investment lor a high-paying career in  

Satisfact ion Guaran teed  

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville, N.  C. 28793 
Ws now accept MC and VISA 

Glvs card r .  exp. date. and sl~natun 

BOOKSTORE 

MODERN DICTIONARY OF 
ELECTRONICS - 6th Edition 

by Rudolf Graf 
Fully updated w ~ t h  all the latest information, this 
book conta~ns dettntt~ons for over 25,000 electmn- 
ic terms, hundreds of ~llustrations, emphasis on 
understandable explanations not abstract or math- 
ematical def~nttions, abbrev~at~ons and letter sym- 
bols, tables of S1 units and schemat~c symbols 
and much more Great for all levels of electronic 
interest 6th edttion. 1152 pages. ,, 1981 
1 122041 Hardbound $39.95 

December Only 
Was $39.95 Now just $29.95 

SAVE $10 
Please include $2 50 lor sh~pplng and handling 

H A M  RADIO BOOKSTORE 
GREENVILLE, NH 03048 



products 

mobile encoder 
The new Model SE-714 mobile encoder from 

Cetec Vega, when triggered, produces a 3-to- 
&digit DTMF AN1 (automatic number identifica- 
tion) message plus a 2-digit status message. The 
AN1 message is field-programmable by means 

of a diode matrix. The status message is oper- 
ator-programmable by means of two panel- 
mounted back-lit thumbwheel switches, allow- 
ing up to 100 different status messages. 

The SE-714 has two timing features. One 
feature inhibits the message for a timed period 
after message transmission, allowing short voice 
responses without the message. The other 
("stuck-mic") feature automatically sends the 
message after a timed period of continuous 
transmission. 

The SE-714 expands channel capacity by 
replacing mobile-to-base voice responses with 
a complete AN1 plus status message that re- 
quires only a 3/4-second transmission time. The 
message may be initiated by PTT (or off-hook) 
operation or by a manual pushbunon on the 
front panel. The mebages can be displayed on 
any of several types of DTMF displays available 
from Cetec Vega. 

For additional information, contact Cetec 
Vega, 9900 Baldwin Place, El Monte, California 
91731. 

Circle IJ)1 on Reader Service Card. 

adhesive/sealant and 
dielectric compound 

General Electric Silicone Products Division is 
introducing RTV-108 AdhesiveISealant and 
G-635 Dielectric Compound for the protection 
of components from the corrosive effects of 
water, ozone, oxidation, and chemicals and to 
keep RFI leakage to a minimum. 

RTV-108 is a paste-like sealant that cures at 
room temperature to a flexible silicone rubber. 
When poured over connectors, taps, and other 
components, RTX-108 renders them virtually im- 

mune to the elements. The product is preferable 
to heat shrink tubing, especially in underground 
systems where the equipment is constantly ex- 
posed to water. 

Because of silicone's unique molecular struc- 
ture, RTV-108 bonds easily to most clean sur- 
faces without the aid of primers. The product 
can withstand temperatures from - 70 to 400 
degrees F without becoming brittle or melting. 

G-635 Dielectric Compound, unlike RTV (room 
temperature vulcanizing) sealants, maintains its 
soft-to-medium consistency when exposed to 
the environment. The product is used as a lubri- 
cant on aluminum connector threads to prevent 
seize-up due to oxidation or the bonding of 
dissimilar metals. When applied as a grease to 
F fittings, taps, traps, ground blocks, feeder1 
connector gaps and house splitters, G-635 pro- 
tects them from the attacks of airborne pollu- 
tants such as salt, moisture, and acid rain. 

G-635 Dielectric Compound matntains its 
spreadability at - 100 degrees F and shows 
minimal bleed up to 450 degrees F, making it an 
ideal lubricant under adverse conditions. A light 
coat of G-635 on amplifier gaskets keeps them 
from drying out and splitting, thereby insuring 
that RFI leakage is kept to a minimum. The pro- 
duct is also used on high-voltage industrial, 
automotive, and aircraft applications. 

For more information about GE silicone rub- 
bers and lubricants, contact Silicone Products 
Division, General Electric, Waterford, New York 
12188. 

Circle lJOZ on Reader Service Card. 

legal limit amplifier 
The Titan 425 Linear Amplifier from Ten-Tec 

delivers the full new legal power limit of 1500 
watts PEP SSB output and 1500 watts of full 
break-in power for QSK, CW or AMTOR. This 
cool-running design consists of two sections, an 
amplifier and a power supply. Styled to match 
modern transceivers, and extremely compact for 
its ratings, the amplifier contains all operating 
controls and indicators. The power supply is 
housed in a utility type hide-away enclosure. 

The amplifier utilizes two EIMAC 3CX800A7 
triodes in a ducted forced air system, operating 
in a grounded grid configuration easily provide 
rated output power with up to 65 percent effi- 
ciency. Maximum input power of 3 kW (2 kW 
CCS) requires only 100 watts of drive power. A 
high-low plate voltage switch assures optimum 
efficiency at lower power (1 kW output) fortune- 
up or RTTY and SSTV. Three LED status indi- 
cators display Standby, Wait, or Operate mode 
and a fourth LED alerts you when the input is 
overdriven. Two panel meters provide full-time 
indication of plate current and switch-selected 
choice of plate voltage, grid current, forward 
power or reflected power. Peak power is indi- 
cated on a ten-element LED bar graph display. 
Band coverage of 1.8 through 23 MHz Amateur 
bands is standard. Ten-Tec's export model ex- 
tends coverage to 29.7 MHz. 

The power supply is conservatively designed 

for cool operation under full load; the circuit 
employs a tape-wound Hypersil transformer for 
minimum weight and size. Primary power of 
220-250 volts at 20 amperes is standard. 115 volt 
operation is possible but not recommended 
when operating full power. Fuses are provided 
for primary circuit and plate current. Protective 
interlocks are included on the AC and high volt- 
age lines. 

The Amateur net price of the Titan 425 Linear 
Amplifier is $2,485.00. 

For complete information, contact Ten-Tec. 
Inc., Sevierville, Tennessee 37862. 

multi-function DMM 
Designed and developed by North American 

SOAR Corp.. the Model 3430 uses SOAR'S new 
custom LSI chip plus two 4-bit CPU's to achieve 
13 different functions and three operational 

modes. Unlike the traditional 20,000 count units 
presently available, the Model 3430 is a 25.000 
count instrument. This allows full 4-1 12 digit res- 
olution to the second decimal place for readings 
such as 240.15 VAC and resistance to 25 meg- 
ohms. The unit measures True RMS for both AC 
voltage and current. The unit is priced at $339. 

A second DMM, Model 3450, similar to the 
3430, is priced at $299. 

For details, contact North American SOAR 
Corp., 1126 Cornell Avenue, Cherry Hill, New 
Jersey 08002. 

Circle 1303 on Reader Service Card. 
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NEMAL ELECTRONICS INTL., INC. 

climber's belt 
The North Shore Ham Services' Tower Climb- 

er's Belt is an all-nylon general purpose safety 
belt with a 3-inch wide nylon cushion pad and 
a 1-314 inch wide nylon buckle strap. Brass 
grommet reinforced buckle holes accommodate 
a single tongue buckle. A 112-inch diameter 
nylon rope lanyard is 3 feet long, making it well 
suited to use on ham radio towers. The price is 
$50.00 postpaid. 

For additional information, contact Nonh 
Shore Ham Services, P.O. Box 54, W. Lynn, 
Massachusetts 01905. 

Circle 1304 on Reader Service Card. 

y o u r  one stop coax supplier! 

SATELLITE CONTROL CABLE 
1Gsnsr.1 Pvrwssl 

. RGH)/IJ96.C I . RGY)!UWU 2 . RG591uw.Z I -- R M I U  I B G ~ u Q ~ W X  
,..-- C w w r  Brala C ~ D W V  Rraqa 
' 5 0  I ?  Gnuqr 2 0  I?G.ugs 

o,pwr 81.ta C ~ P W *  snlsla 

2 e ?? <.aupr 3 e  I8 (lruoa 
1. 1 ? 4 a u ~ *  2 0  I?C.UQ. 

5nlol"r: 0,"s 3 a m<.a.gr 
6 4  184augs 3tD 18GavQc 

1l""rO < , o m  Shl.lOl*l O I Y I  
3") 22 l.aups 3 8 mGaups 

I l n l l n l  7app. 

Pl", 1,rln"aCoLPa 

75ctn. 

3 68 dRllW n. to 1WO MHz. ... 51.2Yll 
718 Inch loss 28 dB1100 ll 08 30 MHz 

2.54 dRllW n. cm 1WO MHz ....... t3.2Yfl 
RG214lU double sliver sh~eld 50 ohm .......... $1 65/11. 
RG2141U l~nned copper ........................ 65'1n. 

.................. RG2171U double shlpld SOQ 5l8' OD 85'1n 
LOW LOSS FOAM DIELECTRIC 

super-small CTCSS encoder 
Communications Specialists of Orange, 

California, recently announced what it says is 
now the smallest CTCSS encoder available. The 
SS-32HB measures only 0.5 x 1.0 x 0.15 
inches and will fit into any portable requiring 
send-only CTCSS. The unit may be programmed 
to any of the 32 standard sub-audible tone fre- 
quencies by bridging solder pads on the board. 
The price is $29.95. 

8 5 dB1100 @ 1OOO MHz I 

HARDLINE CONNECTORS 
112 ~nch alum~num UHF MIF $19 00 Type N MIF $22 00 
718 tnch alum~num UHF M/F 349 W Type N MIF 349 00 
112 inch copper UHF MIF $27 00 Type N MA 522 00 
718 Inch copper UHF MIF 549 00 Type N MIF $49 00 

E'b9$1'2 S6.00 
Connectors - fEAs?on,er. 
Orders under $20 add $2 additional plus shlpplng. 
Charge card - orders over 530 only. 
COD add S2.00. Florlda Residents add 5%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE. COLUMBIA. 

KINGS. BLONDER-TONGUE 

COAXIAL CABLE SMATV PRODUCTS 
MULTICONDUCTOR CABLE COAX-SEAL . CONNECTORS.ADAPTERS . COMPUTER CABLE 
HARDLINE CRIMPTOOLS 

For further information, contact Communica- 
tions Specialists, Inc., 426 West Taft Avenue, 
Orange, California 92665. 
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................................... RGSBU 9 5 4  S~IPILI IPI~. 
R G ~ ~ I U  INN 1011 S ~ M  TV ~ l pe  . . . . . . . . . . . . . . . . .  I(PI~. 

........................... R G ~ ~ I U  7 0 ~ $  copper shield.. w ~ n .  
HIAVY DUTY ROTOR CABLE 2-16 pa 6-20 pa ......... 36'ln. 
Rolor cablp 2-18 ga 672 ga Poly bunal Jkt . ....... 1Yln. 
Cornplele lhne ol mull~conduclor cables available 

CONNECTORS MADE IN USA 
......... Amphenol PL 259 79' 

PL.259 push-on rda ler shell 10153 89 
.. . . . . .  PL-259 andlor SO-2!9 :.:. 1:: . '  :::" ':' 10155 89 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Double Male Connector. $1 79 
. . . . . . . . . . . . . . .  PL 258 Double Female Connector 98' 
. . . . . . . . .  PL-259 Silver-Teflon Kings 51 59 ea 

. . . . . . . .  Reducer UG 175 or 176 10151 99 
. . . . . . . . . . . . . . . . . . . . . . . .  UG-255 (PL-259 lo BNC) $2.95 

Elbow M359) UHF Flhow $1 79 
.. F59A ( f V  I&) ............................... ;&$1 99 

. . . . . .  UG 21 DIU lype N Mar lor RGB. Amphenol.. U W 
............ UG-BBC/U BNC Male lor RG-58, AmDhenol $1 75 

. . . . . . . . . . . . . . . . .  UG 273 8N(:-PL259 Amphenol U 00 
............. 3/76 Inch Mtke Plug lor Coll~ns etc. (culolf) $1 25 

shipplng 
Cable - $3.00 per 100 ft. 
Connecton - add 10%. $3.00 mlnlmum. 
Orden underS20 sdd52.ddltlonalplus shlpplng. 
Charge card - orders over $30 only. 
COD add 52.00. Florida Residents add 5%. 

1 ?03 GaAs FET PW-~rnp, 18 c i ~  Gain *ter I 

,-' 

VISA j 
12240 N.E. 14th Ave. IN STOCK 

No.Miami,FL33161 - ~ ~ ~ ~ f ~ ~ F i { ~ , ~ -  ! 
Telephone: (305) 893-3924 J 227 

Since our first ad in May '84 many of your 
VHFlUHF colleagues have successfully in- 

3 stalled this preamp. 
LOW noise C .75 dB 

l 18 dB gain ) Dual gate W A S  FET 
N connectors 

I - -- • Weatherprool mast mount 

EVV-2000 GaAs FEE Preamp 1 5109.95 + $5 shipping 
EVV-700 GaAs FET Preamp 
VV-Interface Bias Inserter $29.95 + $2.50 shipping ~ 2 2 8  ( 

R l T Y ,  S S N ,  and Morse 
programs 

A hardware-free RTTY program for Radio 
shackTM Model Ill and IV computers is available 
from Woodall Et Associates. SOFFTY 1.2 pro- 
vides the most commonly used configuration for 
RlTY on Amateur bands: 60 and 100 WPM with 
a 170 Hz tone shift. Keyboard selection of high 
or low receive tones, as well as normal and in- 
verted code reception are also provided. 

SOFTSCAN 1.1 is a no-hardware SSTV 
decoder and print program for high-resolution 
hard-copy printouts on the Epson RX series of 
printers, or on MX's with graphic options. 

COMPCODE l . lB ,  a hardware-less Morse 
code program, connects a communications 

I BOX 26 l TEWKSBURY, M A  01876 1 
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receiver to a ~ R s - 8 0 ~ ~  Model 1, Ill, or IV via the 
computer cassette interface and cables. Instruc- 
tions for connecting the receiver to the computer 
are written into the program itself. 

SOFFTY 1.2 sells for $34.95; SOFTSCAN 1.1 
for $19.95; and COMPCODE l . lB for $24.95. 
Shipping and handling charges are additional. 

For complete information, contact Woodall b 
Associates, P.O. Box 284, Plainfield, Indiana 
46168. 
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SWL catalog 
A new SWL catalog has recently been re- 

leased by Spectronics describing its complete 
line of rime-brand receivers, antennas, acces- 
sories, and publications for the short-wave lis- 
tener. Written in a non-technical, conversation- 
al manner, it is an ideal tool to introduce the be- 
ginner to short wave, yet diverse enough to ap- 
peal to the more serious listener. 

For a free copy, contact Spectronics, Inc.. 
1009 Garfield Street, Oak Park, Illinois 60304- 
1890. 

dielectric resonator 
oscillators 

Microwave Research 8 Manufacturing has an- 
nounced its new line of dielectric resonator 
oscillators covering 2 GHz to 20 GHz, with stan- 
dard output powers of up to +23 dBm. Stabili- 
ty is better than 3 PPM per degree over a 
temperature range of - 54 to + 100 degrees 

- .. 
Celsius. Phase locking ability is optional. we slar AEA. ARRL AIM,. A-~ .  *"I- SP.C,III.I.. ASI.IIC 

Phase noise is typically - 93 dBc at 10 kHz A s h .  B L r. 8 L w Rash Rawha .  81M. Butternu(. CDE. CES. Cdlanr. 
Comrnun,c.l~on. Spec C-tar Conre#rl t   cub^ 1Sw.n) Cumcl.11. .& 
Dmra  Osntrm 0,q.m.z Dwre f 1 0  I A I D ~ ~ I  Earn- E w m m  Hall 
p~ - A  ..... .. ~ . .  .... . wlc.0 H r  cam lcom v.lM Kantronacr. N and f r p l ~ t o n r v  n~~llinrj is less than 0.3 MHz into I& i:Aaul S. nabln Espnnol" 

an output vsWR of 1.5:1. The mechanical tun- 
gj ~ ~ l { l ~ ~  

ing range is 8 percent for most models with elec- 

5 to 28 VDC and offer high effic.encies of AUTHORIZED DISTS  MCKAV D V M E K  FOR '""% ' ~ ~ ~ ' ~ ~ P Y h 1 i c 8 1 D o n s  
.-. 

SHORTWAVE ANTENNAS R RECEIVERS 1 WE NOW STOCK COMMEIICIAL COMMUHICATIONS SYSTEMS 

ly 20 percent. Harmonic content is -40 IRTlLEX " S ~ l n p  St Stmllon ' L . L A L L R I N ( l U l ~ l t S l N V l l F 0  PHONE IN IOURI~ROERLBE RCIMAVRSEO -6 :c. BUT Prtnce SI 511110t7 
!NO F l,,m B r y  s r s s m  

COI *&RCIbL  RADIOS .tookd. ..."lo.. ." .-I... . .N 
dBc. The size of modpl MW-7 is extremely small. 

LS SprlnR St 
Arnmteur nmdio a cornput-r ~ o u r s o a  airon On Our Promiua, C ~ I I  .G 

measuring only 1.42 x 0.76 x 0.600 inches. N ~ ~ . t h - w h s l n t h & ~   st.,^^ 
Ex#orl Order .  S h l p p e d  I m - d l a l e l ~ .  TELEX 12.7070 & 

Millimeter wave sources are also available ~jlff%~#a~~~W~jlfffo!B!%%w~~%@%%R:a!R'~i2e'aRR~%~~W:~RjlffP1!@R:& 
using F.E.T.ID.S.0. doubling techniques 
yielding highly stable millimeter wave sources of 
high efficiencies and small size. 

Microwave Research b Manufacturing is a 
supplier of microwave and millimeter wave FET 
and Gunn diode dielectrically stabilized oscilla- 
tors, VCOs and downconverters. 

For additional information, contact D.C. 
Mitchell, Microwave Research b Manufacturing 
Company, 1 Cider Mill Lane, Upton, MA 01568. 

Circle n07 on Reader Service Card. 

3nr-1 p p l  with non-malfunction gold contacts, totally " pp-2 
&PP-lK serviceable and selfcontained. Easy level 

control, no frequency drift, operates in temp & PP-2K 

erature?, from -15'7 to 1607. Supplied with instructions, schematic, template and 
hardware. Call or write for free catalog, dealer's list and information guide. 

two-digit DTMF decoder PP-1 $55./PP-lK, S.P.S.T. Adj. Relay $62. P-3, 12 or 16 Key,forcustom 
PP-2, $59./PP-2K S.P.S.T. Adj. Relay $66. installation, flush mount. 3 different 

A new two-diait seauential DTMF decoder is M Series=nntached frame for ~rrea. ~nstall. c~rcults available-reauest P-3 info. . .,., I - .  
available from Palomar Engineers. The decoder, 
Model P-202, features 0.5 ampere 115 volt relay 
contacts, dual bandpass filters, quartz crystal fre- 
quency control, as well as operation over an ex- 

,/ 229 
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Digital vs Analog 
Battle Is Over 

The Winner Fluke 
New Fluke 70 Series combining 

A ,tpoio- , a A . . a m *  
L P l r A  *1* i I A n A  V ' J " A  

0 - f i r >  ' 

*"Pep 

' X I  I MI tan51 IIIP ( it x h 1 io$&y A t 1  l l  l) ldlyl 5~0- 

I a - - 8 -  v u-*. lr ( f r I t J y 
i . a *A ., _ r l  - L,* , 1. 

-- J ] I *,I fa (I - 
U ,XFJ ' I*- 

Hi tedh from Europe 
never before available a 
receiver with so much 
Price range $800-$1500 

#1 Distributor 

AVAILABLE 
NOW 

THE 1985 
ARRL 

1. It's B R A N D  N E W  

HANDBOOK 
2. It's BIGGER. O v e r  350 pages .  
3. It's EXPANDED.  C o v e r s  e v e r y t h i n g  from b a s i c  e l e c t r o n i c s  

to e s o r t e r ~ c  r a d i o  gear .  
4. It's c h o c k f u l l  of N E W  PROJECTS.  
5. It's t h e  M O S T  C O M P L E T E  r e f e r e n c e  t e x t  avai lab le.  
6. G e t  your copy TODAY.  

SPECIAL OFFER 
1985 HANDBOOK R e g .  P r i c e  $15.00 (plus $2.50 shipping) 

N 0 W $ 1 2 . 9 5 (plus $2 50 sh.p~ng) 

SAVE $2 . 
OFFER EXTENDED AGAIN. EXPIRES DEC. 31, 1984 

"A f~rst-class treatise"-Horn Rodlo 
"A sol~d gold treasure trove-a smash hitu-73 

* "Sure to  Increase tompetion for DX"-OST 
"Simply the best book of i t s  type ever 
wr~tten. Worth every penny!"-Westl~nk Report 

A complete course for the DX1er,-beginner to 
Honor Roll 192 pages of solid DX-no charts, 
graphs or other fillers Avolloble now at dealer for 
$10 95 or odd 92 00 postoge and handl~ng 



products 
tended temsrature range and over a wide range 
of signal levels. It is highly immune to false trig- 
gering. Operation is from 12 to 30 volts DC. 
DTMF coding is factory-set to order but easily 
changed by moving circuit board jumpers. The 
unit is priced at $125. _ -w- 

For more information, contact Palomar Engi- 
neers, 1924-F West Mission Road, Escondido, 
California 92025. 
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desktoplportable repeater 
The SCR77D from Spectrum Communications 

is a new "Decktop1 Portable" Repeater. The first 
of its kind on the Amateur market, the 77D was 
developed in response to customer demand over 
the past several years. Its compact, low-power 
configuration makes it suitable for "local" use 
(within a 0-20 mile radius, depending on anten- 
na and terrain). It may be used at a fixed loca- 
tion, or PortableIMobile. 
- ' *  - -' '" YIm -- -..- 4%..3-p ., ." 

Powered by a 12 volt battery pack, the 
SCR77D can be mounted in a vehicle parked on 
a hilltop for temporary coverage as needed. 
Autopatch and 'PL' are included. An AC power 
supply, as well as jacks for 12 VDC power, are 
built in. Full duplex base station applications, 
such as computer data links or export "rural 
telephone," are also ideal for the SCR77D. Stan- 
dard models include 10 watt UHF unit with built- 
in duplexer and a 15wan VHF unit with exter- 
nal duplexer. 

For details, contact Spectrum Communica- 
tions Corporation, 1055 W. Germantown Park- 
way, Norristown, Pennsylvania 19401-9616. 
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Satellite T.V. 
$895.00 
complete 

FACTORY 
DIRECT 

PRICING 
Install it yourself 

and save $$$ 

E-Z installation manual. 
Pricing for our name brand equipment. 
HOW to find the birds in your area 
Dealer-Broker program, no investment. do nol miss 
this money maklng opponunlly 

PRECISION 
For ample& ~ n h  TECHNOLOGY 
sand $9.95 or call P 0 R o x  852 

Haleyv~lle. AL 35565 
Phone (205) 486-7919 - 
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SCOPE MEMORY 

CONVERT ANY OSCILLOSCOPE 
INTO A HIGH PERFORMANCE DI- 
GITAL STORAGE SCOPE WITH 
THE MODEL 601 SCOPE MEMORY 
a d  bll resolut~on lnlernal exl~rnal and auto 

1 4 MHZ max sample ralp lrlqqer modes 
18 $electable sample rales a PIP lrlgger and POSI lrlqqer 
A seleclable lnpul tanqes sloraq? 

a 2 u R A M  

$525 

SIBEX INC. 
2340 STATE ROAD 580 SUITE 241 

CLEARWATER FLA 33515 
(81 3) 797-9589 

FIA nooi s r fl 233 

. 

New CMOS DTMF Chip Kit 
Teltone's TRK-957 Klt makes ~t easler and 
less expenslve to breadboard a low-power, 
central offlce quallty DTMF detection system 
All you need IS a power source from 5 to 12 
VDC The sensltlvlty, wlde dynamlc range. 
nose Immunlty, and low-power consumption 
make the TRK-957  deal for telephone 
swltchlng, computer, and remote control 
appl~catlons The TRK-957 DTMF Klt IS only 
$24 75 To order call 

(800) 227-3800, ext. 1130. 

~ I T W  v 2" 
-- I 
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Mu1 ti-Vol tage 
MICRO- 
PROCESSOR 
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POWER & 
SUPPLY 
BOARD 

This regulated multi-voltage switrlling power supply board :fl 
is made by KEPCO (their part no. M IIM 1 7 4 KF) and is still 
in production (. . . regular price $1 2 4.95 ). It  was originally 
part of the Zorba portable PC. T h e  four outputs  are as 
follows: & +5 VDC 6) 5 A, +12 VDC @ 2.8 A, +12 VDC @ 2  A, 

tt; 
and -1 2VDC @ .5 A. The  +12 VDC bl2 A is very heavily 
filtered so  it could be  used o n  a glitch free monitor. The  
- 12 VDC @ .5A can be changed t o  --5 VDC just by changing 
the  onboard 79 12 regulator chip t o  a 7905. The  board's 

projects. All new and provided with a schematic. The  

1 
lightweight and small size should make it perfect for many :A 

LI; 

" COLOR X-Y DISPLAY :@ 
Thru a special purchase we got hold of 50 brand new 19  " 
color displays. They were made by Wells Gardner for one 

:@ of the  largest arcade video game manufacturers in the world. 
The displays feature built in red, green and blue amplifiers, 
19 " color tube made by Wells Gardner. User supplied 

;@ external horizontal and vertical scan oscillators which allows 
precise user control 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" 
horizontal 16 V P-P lfi8 V, "Y" vertical 1 2 V P-P _+_6 V;  
"Z" beam drive, 4 V max brightness, 1.0 volt black level. 
Writing rates "X" amp is.0 5 inchlusec, "Y" amp is 

'@ .0375 inchlusec. Great for making your own vicleo games, #$ oscilloscope monitors, o r  adapting for home computer use. 
Supplied with schematic. .OO ea. 

input is jumper selectable 1 10 1220. New, unused. 
Quanity prices available. 

P3 
$49.95 4 

Shpg. Wt. 2 Lbs. ea. SPL-471-33B 21 $90.00 

EPS0p.J 
tf: 

PRINTERS 

Two surplus printers 
made for the  
computer industry 
by Shimshu Seikil 
Epson. One prints 
alpha-numeric 
characters and the  

Shpg. Wt. 45 Lbs. MOT-1 9C $375.00 other prints numer- 
ic characters plus 

Supplied with schematic. Quantity pricing available. other symbols. These 
:@ wt. 4 5  L.,~.  MOT-^^^ s199.00 ea, 375.00/2 may have been intended for use in cash registers bu t  o ther  

uses come t o  mind. Good enough t o  print program listings, 
TRANSFORMER FOR ABOVE shpg. wt. 1 5  ~ b ~ ,  $ 1  2 -0) using hard copy verification o n  timing devices o r  just for 

parts. Heck, t h e  price is right. Runs on +5 V and 12 V. 
With pinout d a t a  Shpg. Wt. 8 Lbs. (either printer). 

Alpha numeric type SPL-4 6 5-33 A 
Numeric only SPL-466-33A 

$17.50 # 
$15.00 4 

I .c .r -*w.r**  *-????+TV~*++-*?~~-.F. ...*....... 
, , , -y:.+*. 

* - . - .  . 

We onlv 11;1vt> ;I vrrv limited clu;intity o f  tlir~scs l11gh reli;~l>ility, 

f 
4 

beautifully layed out  8 bit, serial outplrl keyboards. These 
were made by Keytronics for use in a Cad-Cam system. The  

LOGIC and 
DISC DRIVE 56 board is made u p  of 3 sections. T h e  typewriter format 

section has 2 control keys plus full upper and lower case POWER S UPPLIES 8 
;r(7 alpha-numerics. The  42 keyswitch pad, when used with 

appropriate logic, allows extensive, precise manipulations 2 New, TIUS -supplies m d e  b N. J. E . Both { e a r n  11 5/230 
:.A 

of  displayed data such as close up, moving information, 50160 Hz. inputs, fully regdated and ~ l t e n d  d. c outputs, bi l l in a d  
sketching, etc. The  third section consists of 2 7 keys 'ustaMe avervoltage protection, and built-in adjustable current lirnitix :fl which include a numeric scratch pad, 4 way cursor control h e  supplies are enclosed and come with data 2 m l e l s  listed below. :d 
plus some command keys. On board are 3 LSl's including Dual h t p u k :  +I2 or +15 vdc 3 -and - 12 a - 15 vdc3 

:~$$ an Intersil IM6402, INS8048, and NS2716 UV PROM shpg. weight 6 Ib. Model no. PSS A $30.00 
,: w h ~ c h  contains the  programs for manipulating data, plus Triple Outputs: 5 vdc 6 +12 o r+15  vdel unpnd-12 a :? other circuitry and an alert beeper. The  keyboard requires -15 vdc 1 amp. S h x  !,%. Model no. PSGA $35.00 ' 

+5 V and -1 2 V. Each one  will come with schematics. New 
and unused. Shpg. Wt. 4 Lbs. KYBRD NO. ( $45.00 Send for our free 72 catdogue jam ~ a c k e d  with ,$ 

8; Less than 10 0 on hand - Order Now! 

$ . . PHONE ORDERS for FASTEST SER VICE! 
call (617) 595-2275 and Charge It! 

5&%U SuppIus compufep 



John J Meshna Jr. Im. 
1 

19 AIlerton Street I.vnn. 34A ol90.l m'l'rl: (6171 5!):)-2275 

DUAL FLOPPY DISC DRIVES 8- 
BRAND NEW, single sided, dual floppy disc drives made for  Digital Equip- 
ment Corp. tDEC). This beautiful piece of computer hardware consists of 2 
Shugart compatible TEAC 4 0  track, double density, 5%'' mini-floppy disc 
drives brand new in the case with their own regulated, wi tching power sup- 
ply, cooling fan & onloff switch. Each unit  also comes with a line cord & 
documentation. These were made for DEC, hu t  are also compatible with 
other personal computers such as IBM, TRS 8 0  models I ,  I I ,  & the Color 
Computer, and other Shugart compatible interfaces. Naturally, you supply 
the cables and disc controller card t o  suit your particular system. The RX- 
180 AB runs off of 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 of a buy !! 
Shpq. ~ ~ 2 1  Ib. stock no. RX 180AB $250.00 
RX 1 8 0  AB modified t o  run w l  the TI 9914A $285.00 
Disc drive cable for Radio Shack Model l $15.00 - # 

HIGH SPEED KSR PRINTER TERMINAL ,+-: J 

Qorld famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are - :  - -4 - 
low in stock ready fo r  shipment to you. This has t o  be one  of t he  finest let ter  qual- 

tY 
ty printers ever offered a t  a bargain price. These terminals can be used as an RS 232 
synchronous communications terminal or used in the local m o d e  as a typewriter. 
rhe terminals were removed from service for upgrading. Highlights of these machines 
re: Standard RS 232, full duplex, asynchronous data comm., fully formed upper and 
ower case letters, 128 character ASCII set, selectable baud rates of 110, 300, or  1200 
3PS, 80 columns on pin feed paper, and less weight & size than an ASR 35 teletype 

1 
I 

:.@ 
with far less racket. They are virtually electronically foolproof as  every pc board is 
'ico fuse protected. Should your  machine not  work, just check the  on board fuses & r 

o u t  of 10 times tha t  is where t he  problem lies. Schematics a r e  provided w/ each ma- 

tY 
lhine sold. Current price of this machine new is over $2000.00 ! Our meager price for 

- 

his fantastic printer is only 10% of this: $200.00 each!!! Visually inspected prior t o  
ihipment t o  insure completeness. Shpd. truck freight collect. $200.00 :>,q 

fr; 
IBM 745 SELECTRIC BASED 
TYPEWRITER PRINTERS 

These rugged, handsome printers were made for one  of the giants 
of the computer industry. They can be used as a standard type- 
writer or as a printer in a word processing system for true 

P 
:\@ 

letter quality printing. Solenoids were added t o  the selectric mechanism 
which disabled the manual repeat function but still allows,electronic 
repeat functions. It uses standard IRM typing balls. The voltage 
requirements are standard 11 5 VAC, 5 VDC at 100 ma, and 2 4 VDC a t  # 
4 amps. All are new in factory boxes, but may require adjustments. P1( 
We provide literature and schematics with 1 ribbon and cleaning tools. 
With the addition of our Centronics t o  Selectric 110 adapter, you could 
easily interface this printer to  almost any micro computer system. 
Typewriter Printer stock no. RE 1000 A $375.00, 745 manual $30.00 
Shpg wt  approx. 80 Lbs, shpd by truck, collect. 

CENTRONICS TO SELECTPIC INTERFACE 
This interface will atlapt a Redactron Selectric 110 typewriter mechanism :g 
t o  be used as a parallel ASCII compatible printer. The parallel input 
port providrs compatibility t o  Centronics standards for both "busy" 
and "acknowledce" ~ ro toco l s .  The interface requires onlv +5VDC a t  .a 

Send S.A.S.E. for free data sheet 350 ma. This in'ierface is fully built, less power supply, is-earenteed 
operational, and comes with data. Shpg wt. 15 Ibs DE 20 1 A $ 2  4 5 . O O  

I'hese compact, lightweight switching power supply boards 
were originally made for the Texas Instrument 9 9 14 A 
nicro computer. I t  measures onlv 4 -3 14 x 4 -1 I8 x 1-1 14 " 
and putsour  +5VDC@112A,--5VDC@O.l20A,and 
+12 VDC h .350A. Input is 14.4 VAC t o  21.6 VAC. A simple 
transformer or plug in the wall adapter will do. Our 
SPL 46 1-33 supply listed below is perfect for this board. 
Each one is new, individually packaged with data. For 
sl~ort  money, you can get a nice little power supply or 
spare parts for your TI 9 9  I4 A. Shpg. Wt. 1 Lb. 
Power S u p p l y E r d  SP-53A $10.00 

A C  Adapter for same. Sl~pg. Wt. 2 Lhs. 
SP-461-33 $6.50 

REGULATED 
LOGIC 
POWER 
SUPPLY 
BOARD 
for 
TI 9914A 

Phone Orders accepted  on MC, VISA, or AMEX Surplw ELectr_onic Material Send  f o r  our free 72 page catalogue jam 
V 

NO COD'S. Tel. 1-617-595-2275 9 -.. -* . . ,. -, packed wi th  goodies. / 236 
i. i. : . . . 2. 
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flea w t  market 
-. p~ 

RATES Noncommercial ads l0C p e r  w o r d ;  

commercial ads 60Q p e r  word both payable 
in advance. No cash d i s c o u n t s  or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations r e c e i v e  one f r e e  Flea M a r k e t  ad 
( s u b j e c t  t o  o u r  e d i t i n g )  on a space available 
baas only. R e p e a t  insertions o f  h a m f e s t  ads 
pay t h e  non-commercial ra te .  

COPY No special l a y o u t  or a r r a n g e m e n t s  
available. M a t e r i a l  should be t y p e w r i t t e n  or 
clearly p r i n t e d  (not all c a p i t a l s )  and must in- 
clude f u l l  name and address. We reserve t h e  
r i g h t  t o  r e j e c t  u n s u i t a b l e  copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held r e s p o n s i b l e  f o r  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  material limited t o  c o r r e c t e d  ad 
in n e x t  available issue. 

DEADLINE 1 5 t h  o f  second preceding 
month. 

SEND MATERIAL TO: Flea M a r k e t ,  Ham 
Radio, Greenville, N. H. 03048. 

QSLs & RUBBER STAMPS - Top Oual~tyl Card Samples 
and Stamp Inlo - 50C - Ebbert Graphlcs 5R. Box 70, Wester- 
vllle, Oh10 43081 

IBM-PC RTTY ASCII/BAUDOT/CW send and recelve Spl~t 
screen, buffers and features beaucoup SASE to E All~ne. 
773 Rosa. Metame, LA 70005 

CX7 REPAIRS. 41 5-549-9210. 
- 

HW-101 XCVR, bu~l t -~n d~g~ta l  display. RIT, CW f~iter. HP-23A 
supply, HP-l3A moblle supply, $350 BC-224-0 rcvr, wlspply 
$50. Heathkit IG-42 slg-gen $25. Vibroplex "champion" $25. 
(509) 928-3418. WD6DXX 

TRAVEL-PAK OSL KIT - Converts post cards, photos to 
OSLs Stamp brmgs ctrculat Samco Box 2 0 5 ~ .  Wynantskdl. 
New York 12198 

-. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rdll lo A~51ri.3 
~ a r l n  Uebcr 

Ham Hadlo Holland 
~ o s t b u a  a ,  J 

Pos,la<n 2154 NL 7800 A, ~mmcrr  
0 7850 Lorrrdcn 
west Germany 

H ~ I l a r ~ n  

Ham Radlo 8elglum Him Radlo Ihaly 
Sfereohouse V8.i Por~enone ? i 
Br~s~elses1eenweg 416  120131  llano 
8.9218 Genl 1l.ily 
tlelg~utn 
Ham Hado Canada 
Box 400 Goderlch 

H.inr i l l d o  Sw,t,,.rlar,,, 

Onlarto Cdnada NiA 4C7 
Karin UEber 
Pirr l lach 2454 

Ham Rado Etirope 
0 7850 Loerrach 

Box 2084 
West Germany 

S 194 02 Ilppland5 Vasby 
Sweden Ham Hadto England 

Ham Radlo France 
c/o R S G 8 

SM Eleclronlc 
Alma House 

20 bls Ave des Clai8ons 
Crdnborne Road 

F 89000 Aurerrp 
Pollers Bar 

Fiance 
Herl% EN6 3JW 
E~lglanO 

Ham Radla Germany 
Karin Urber 
Posllach 1454 

Holland Radio 
143 Greenway 

D 7850 Loerrach 
We51 Germany 

Greensde Johannesburg 
Republic nl Saulh A f rca  

WANT old antenna books handbooks CO pre 1940 QST 
Tad Cook KT7H 5519 - 12th N E Seattle WA 98105 

- 

CUSTOM MADE embroldered patches Any slze shape 
1:olors F~ve  patch mlnlmum Free sample prlces and order 
Ing lnformatlon Hem Speclalt~es Inc Dept 301 4202 N 
Drake Chlcago IL 60618 

OLD antenna or radlo books wanted, pre.1940, the older the 
better Clem. KRGA, 26530 Parkside Dr~ve. Hayward. CA 
94542. (41 5) 886-1 205. 

. - 

WANTED: Defect~ve or operating Nat~onal LF-10 low fre- 
quency converter Harry Weber, 2605 West 82nd Place. 
Ch~cago. IL 60652 

RUBBER STAMPS: 3 llnes $4 50 PPD Send check or MO 
to G L P~erce. 5521 Blrkdale Way. San Olego. CA 921 17 
SASE brlngs lnformatlon 

~ 

COLLINS KWM-380 with all optlonal Interfaces Perfect 
$2495 WAGNWP, Sld, 209-642-3363 52632 RD 426. 
Oakhurst, CA 93644 

SAMCO introductory offer Roll of 100 b/w call strlps $1 50 
pp SAMCO PO Box 203 Wynantsk~ll NY 12198 

- 

KEYERKODE tralner chlp. One evenlng project Greal 
project for beg~nners clubs or anyone who needs a good low 
cost ~ a m b ~ c  keyer or code tralner $15 ea PP VISAIMaster 
card accepted Mlcro Dlgltal Technology PO Box 1139 Mesa 
AZ 85201 (602) 897 2534 

REPAIR. ALIGNMENT, callbrat~on Coll~ns wrltten estimates 
825 non Coll~ns $50 KIMAN (207) 495 2215 

ATLAS 350XL owners group Send OSL card wlth s/n your 
ng Know anyone who repalrs them? Have any techn~cal In 
format~on to share7 Any quest1ons7 Rod. NSNM. Box 2169. 
Santa Fe NM 87504 

CHASSIS and cab~net klts SASE K31WK 

SCHEMATICS. Radlo receivers 1920160 s Send name brand 
model SASE Scaramella P O  Box 1 Woonsocket RI 
02895 0001 (602) 897 2534 

- 
AMATEUR RADIO'S newspaper - Worldradlo Latest Info 
One year subscrlptlon ( I2  1ssues)only $10 Worldradlo 2120-8 
28th St Sacramento CA 95818 

DIGITAL automatic dlsplays for FT-101's. TS-520's (funct~onal 
DG-5 replacement). Collins. Drake, Swan, Heath and most 
others SIX 112" d ~ g ~ t s  In a 5" by 1-112'' x 9" cabinet! Wr~te 
for lnformat~on Grand Systems, PO Box 2171, Blaine, 
Washington 98230. (604) 530-4551 

ENJOY SATELLITE TELEVISION. Save money with easy, 
guaranteed, do-11-yourself antenna planslklts Electronic 
knowledge not necessary Send $1 .OO lor catalog or $8.95 for 
"Consumer Gu~de to Satell~te Televlslon". GFI-41, Box 9108. 
Mlssoula. MT 59807. 

LARSEN ANTENNAS at low prlces Most models In stock 
Shipped UPS NCN Electronics. 33 McKinley Avenue, West 
Orange. NJ 07052. (201) 731-9506 

-- 

ELECTRON TUBES: Receiv~ng, transmlttlng, mlcrowave 
all types available. Large stock Next day dellvery most 

cases. Daily Electronics. 141 26 Willow Lane. Westminster. CA 
92683 (71 4) 894-1 368. 

CUSTOM embro~dered emblems - Cloisonne enameled plns, 
your deslgn, low minimum, excellent quallty, free booklet A.T. 
Patch Co . Dept 65. Llttleton, NH 03561. (603) 444-3423. 

FOR SALE: GR-1606A RF Impedance br~dge For serious 
MFlHF antenna work. $700 Serious ~nqu~r~esloffers please' 
John Lenahan. KQRS, 1202 Jay Sl , Ottumwa, Iowa 52501 
(51 5) 682-071 1 

-~ ~p ~~ 

WANTED: Cash pald lor used speed radar equipment Wr~te 
or call. Brlan R. Esterman, PO Box 8141, Northfleld, lllino~s 
60093. (312) 251-8901 

$$$$ SUPER SAVINGS on electronics parts, components, 
supplies, and computer accessories Free 40-page catalog for 
SASE. Get on our mailing list. BCD Electro. PO Box 8301 19. 
Rlchardson, TX 75083 Or call (214) 690-1 102 

- --- 
WANTED: Old microphones, remote mixers other mlsc related 
items. All pre-1935 Box Paquette. 107 E National Avenue, 
Mllwaukee, WI 53204. 

WANTED: Used mlcrowave equlpment. 0. M~tchell. KBURL, 
1 Cider Mill Lane. Upton. MA 01568. (617) 529-4638. 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog. 
Walter. 2697 Nlckel, San Pablo, CA 94806 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
Index. P 0. Box RY, Card~ff, CA 92007 

"HAMS FOR CHRIST." Reach other Hams with a gospel tract 
sure to please. Clyde Stanfield, WAGHEG, 1570 N Albright, 
Upland. CA 91786 

TENNATEST - Antenna noise bridge - out-performs others, 
accurate, costs less, satisfaction guaranteed. $41.00. Send 
stamp for detalls. WBURR. 1025 Wildwood Road, Quincy. MI 
49082 

WANTED: Early Halllcrafter "Skyriders" and "Super Sky- 
riders" with sllver panels, also "Skyrlder Commercial", early 
transmitters such as HT-I. HT-2. HT-8, and other Hallicrafter 
gear, parts, accessories, manuals Chuck Dachls. WD5EOG, 
The Halllcrafter Collector. 4500 Russell Orlve. Aust~n, Texas 
78745. 

- 

VERY in-ter-est-ingl Next 4 Issues $2. Ham Trader "Yellow 
Sheets", POB356. Wheaton. IL 60189 

Coming Events 
ACTIVITIES 
"Places to go ..." 

WISCONSIN: The orlglnal" annual mldwlnter Swapfest. 
Saturday January 12. 8 AM. Waukesha Co Expo Center 
Forum, Mllwaukee Admlsslon $2 00 advance. $3 00 door 
Resewed 4 tables $3 00 prlor to December 31 $4 00 at door 
Sponsored by the West Allls Radlo Amateur Club For tlckets 
WARAC Swapfest PO Box 1072. Mllwaukee, W153201 SASE 
please 

MINNESOTA: The annual Handl-Ham Wlnter Hamfest. Satur- 
day December 1. Eagles Club In Farlbault Reglstratlon 9 AM 
Handl-Ham equlpment auctlon Dlnner at noon Talk In on 
19/79 For ~nformatlon Don Franz, WOFIT, 1114 Frank 
Avenue. Albert Lea. MN 56007 

INDIANA: South Bend Hamfest Swap 8 Shop. January 6, first 
Sunday after New Year's Day at Century Center downtown 
on US 33 Oneway North between St Joseph Bank Bullding 
and rlver lndustr~al hlstory Museum In same bulldlng 
Carpeted half acre room Open tables $1 per fl Four lane 
hlghways to door from all dlrectlons Talk-ln freq 52-52, 99-39, 
93-33, 78%18, 69-09, 145 29 

VIRGINIA: The 8th annual Richmond Frostfest, sponsored by 
the Rlchmond Amateur Telecomniun~cat~ons Soclety. Sunday, 
January 13, Vlrain~a State Fairgrounds 8:30 AM to 3:30 PM. 
General aomls&on $4 00  lea-marret spaces $3 00 w~thout 
taole $7 00 wlth 8' taole Entlre show ondoors Deadllne lor 
booth. December 30; Ilea market, January 10. Building open 
Saturday afternoon lor setup Wrlte Richmond Frostfest. PO 
Box 1070. Rlchmond. VA 23208 or call Bill Scruggs. N4DDM 
(804) 272-8206. 

OPERATING EVENTS 
"Things to do ..." 

THE SANDY RIVER ARC will operate the Chester N. Green- 
wood special event station in commemoration of the inventor 
of the Earmuff. 15002 December 21 to 21 002 December 23 
10K up from the General split on 80. 40 and 20M. QSL with 
400 postage to KAlCNG via Callbook for spec~al 8 x  10 
certificate. 

A SPECIAL EVENT STATION commemorating the 63rd 
aniversary of the Tuscaloosa Jaycees on Saturday, January 
12. KE4TN will operate from 13 to 23 Zulu and will offer an 
81/2 x 11 certificate to all contacts. Sena QSL card to the 
Tuscaloosa Jaycees. PO Drawer L, Tuscaloosa. AL 35404 or 
Callbook address of KE4TN. 

MERSEYSIDE SPECIAL EVENT GROUP will be operating 
during the month of December spdcial even1 call slgn block 
GBO 1, 2,4. 6 and 8 BCL. (Beatle City Liverpool) from 00.00 
December 1 to 24.00 December 31. The group will operate 
all HF bands and 2m and 70cm. all modes. The special event 
calls are to celebrate the opening of the Beatle City Museum 
in Liverpool. QSL information direct only to: OSL Manager, 
G4VKV, C/o Beatle City, PO Box 12, Liverpool. England. 
Special QSL cards depicting the Beatle City Museum and 
special event status will be available for all verifiable QSO's 
and all listener reports. 

December 1984 153 



Ham Radio's guide to help you find your lot, AtM- 
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 
800-44 1-7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
-- 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 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 
Sewing Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
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. 

Kentucky 
L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Sewice. 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
6 17-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 

, Call Paul WD8AHO 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

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 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
51 2 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for com~lete details. 
- - 
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ma teur Radio Dealer e 
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 
61 4-866-4267 
Featuring Kenwood. Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1400 
Same Location for 30 Years. 

FW. 1 dl) 
Rocah Range N.F. Qaln Comp. Dovlm 
Onlv IMHz) (dB) (dB) (dam) TYPO P r l ~  

DGFET 
DG F ET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFEl 
B~polar 
B~polar 

GaAsFET 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird. Cushcraft. Beckman. 
Larsen. Hustler. Astron, Belden. 
Antenna Specialists. W2AUM12VS. 
AEA. B&W, Amphenol. Saxton. J.W. 
MillerlDaiwa, Vibroplex. 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Bipolar 
B~polar  

GaAsFET 

THE VHF SHOP 
BOX 349 RD 4 

E w y  p.nnp(lRlc. h p~hlon aIlpmd on ARR'a H.rrkn P&wd MW87tWHP34M otatmd4hM#l ndr 
matar. RX only pmam Il l len rm for ~ l v e  ap Ilcatlona only. tnllne pmampllllare a n  tl lwltched (lor use 

MOUNTAINTOP, PA 18707 w ~ t h  transceivere) an8hand1a 25 watts transmlter power. Mount Inline reamp~~f~ers  between transcalver 
7 1 7-868-6565 and power ampllller for hlgh power applications. other amateur. commerclarand s eclal mampllflers available 

In the 1.1000 MHz range. F!essefnclude $2 shlpplng In 
Lunar. Microwave Modules, ARCOS. u.S. and Canada. Connecticut realdents add 7. ' /1% 

Astron, KLM, Tama, ~onna-FSFT. Rdvnnced sales tax. C.O.O. ordan add $2. Alr mall to forelgn coun- 
tries add 10%. Order your ARR R x  only 

UHF UnitslParabolic, Santec. Tokyo R e c e i v e r  preampllfler today and elan heerlng like nave 

Hy-Power. Dentron. Mirage. 
Amphenol. Belden 

- - - - - - -  - -  

Research 

Texas Box 1242 Burlington, CT 06013 203 582-9409' 

MADISON ELECTRONICS SUPPLY 
1508 McKINNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY Eleclr~csl 

RMSC Freq (GHZI Tune IMHZI Prlce BALUNS 
Gel POWER lo ynur .rnlennat Our Baluns are 

already wound and ready lor ~nstal la l lon In your 
transmalch or you may enclose them In a 
weatherproof box and connecl lhem d~rect ly at 
theantenna. They aredes~gned for 3-30 MHzOp. 
erat~on (See ARRL Handbook pages 19.9 or 
6.20 lor construcllon oeta~ls I 

4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
4 1 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

I n $51 rf i  
3 2 1  2 2  ti Shl 16 
5 2 3  2 4 5  h Shl I6 
7 5 9  6 1  10 10 t 541 ~n . . .- .- 

RMVO Votage Tuned Oscillators 
12 V b ~ a s  .1 to -12 V lunlng 1" X 
l'fz" PCB 
RMVO ~req (CHZ) Pnce 

1 2 1  2 5  
2 1 8  ? I  :$ :: fl 238 

ROENSCH MICROWAVE 
R R 1 .  Box 1568. PH 816.963-2550 
BROOKFIELO. MISSOURI 64628 I 

Please send al l  reader lnqulrles dlreclly 



digital signal processing by tall buildings in an urban environ- "faceless" 
ment were completely eliminated using 

is just around the corner advanced signal processing techniques 
test equipment 

Applications and techniques for 
signal processing have become com- 
plicated and diverse. An increasing 
number and variety of integrated cir- 
cuits whose specialized functions are 
related to signal processing tasks are 
now available. 

The basic task of signal processing 
is enhancement of signal-to-noise 
ratio. The "noise" can be electronic, 
acoustic, optical, even mathematical. 
This last aspect has led to modern dig- 
ital signal processing techniques. 

Consider, for example, a television 
picture: in its analog form, a single 
frame will have an almost infinite num- 
ber of shades of gray - every shade 
from white to black. Some portions of 
the picture signal may include unde- 
sired information such as ignition 
noise, snow, ghosts, or sync instabili- 
ty. If we were to sample this picture 
in some manner that would convert 
the analog signal into a numerical 
(digital) signal, it would then be pos- 
sible to assign the undesired informa- 
tion a specific numeric value and ad- 
dress. If we had a way of knowing 
which pieces of information were in- 
tended to be part of the actual picture, 
then all other pieces could be assumed 
to be extraneous, and removed. This 
is the basic technique used in assem- 
bling pictures from information sent 
back from planetary probes, in remov- 
ing noise and ghosts from network 
television transmissions, and in com- 
pressing the bandwidth needed for 
transmitting real-time video. 

Recently I saw a demonstration in 
Japan of a TV ghost eliminator made 
by Toshiba. Multiple images created 

in the TV set. At the moment, the cost 
is high - but the technology is here. 
It won't be too much longer before we 
have the capability for transmitting ac- 
ceptable quality real-time video in the 
space needed for only a few 2-meter 
FM signals. 

higher frequencies 
In examining frequency band 

utilization in decade steps (220 
MHz, 2300 MHz, 25 GHz, and 250 
GHzl it appears that the higher one 
goes, the less experimental activity one 
finds. Yet it's at 250 GHzthatthe state- 
of-the-art is actively being explored. 
The results of this activity are sur- 
prising. It takes every trick in the book 
to get a front-end working at these fre- 
quencies, but a team at the National 
Radio Astronomy Observatory has 
fabricated a fundamental frequency 
mixer with a noise figure of less than 
9 dB. This device operates at 21 
degrees K, using a Schottky diode 
with a connecting whisker 90 pm (1 
pm = 10-6 meter) long. The RF 
bandwidth is over 70 GHz, and IF 
bandwidth can be up to 10 GHz. Each 
of these devices can therefore handle 
an information bandwidth equal to the 
entire commercial electromagnetic 
spectrum we now use! 

A t  present, no corresponding de- 
vices exist for the generation and am- 
plification of RF energy which would 
make regular operation at these fre- 
quencies possible. But the incentive is 
there: the spectrum around 260 GHz 
is a "window" in the atmosphere in 
which microwave attenuation is only 
about 5 dB/km. 

We're accustomed to test equip- 
ment dedicated to specific measure- 
ment tasks. We bring an ailing unit to 
a location - usually a test bench - 
loaded with meters, generators, ana- 
lyzers, and such. However, in many 
major technical companies this tradi- 
tional approach is being replaced by 
distributed instrumentation, using mi- 
crocomputers for display and data 
processing, with several different 
"front ends" at hand to accomplish 
the desired test. One company now 
offers a dual-channel 50-MHz digital 
storage "scope" for the Apple com- 
puter, and a major instrument supplier 
has announced a 128-channel wave- 
form digitizer, featuring 0.1 percent 
accuracy, which multiplexes its data 
channels to an IBM PC. 

This approach should be useful for 
modular instruments that replace 
those based on the plug-in concept. 
Users of very complex instruments 
such as spectrum analyzers will benefit 
from the processing power available in 
this new approach. Although cost will 
be a limitation at first, we can expect 
that portable and field test equipment 
will eventually make use of this ap- 
proach. Think of the benefit to the ser- 
vice technician with a whole library of 
diagnostic data available in a single 
multifunction scopevoltalyzer! 

Amateurs have long lacked access 
to accurate measurements in the fre- 
quency domain. The advent of af- 
fordable digital signal processing could 
put a quality spectrum analyzer into 
the typical Amateur installation within 
the forseeable future. 

ham radio 
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Food for thought. 
O u r  new Universal Tone Encoder lends its versatility 
to  all tastes. The  menu includes all CTCSS,  a s  well 
a s  Burst Tones;Touch Tones, and Test Tones. No 
counter o r  test equipment required to set frequency- 
just dial i t  in. While traveling, use i t  on your  Amateur 
transceiver to access tone operated systems. o r  in 
your service van to check out your customers' re- 
pe:tters; also, as a piece of test equiprnent to ~nodula te  
your Service Monitor o r  signal generator. It can even 
operate off an internal nine volt battery. and is available 
for one  day delivery, hacked by our  one  year warranty. 

74.4 WA 47.4 ZB 127.3 3A 167.9 6% 
77.0 X B  100.0 IZ 131.8 3B 173.8 6A 
79.7 SP 103.5 IA 136.5 42  179.9 6 R  
82.5 YZ 107.2 1 R  141.3 4 A  186.2 72 
85.4 YA 110.9 2Z 1 4 . 2  4 8  192.8 7A 

Frequency accuracy, +. . I Hz maximum - 4CPC to + 85°C 
Frequencies to 250 Hz available on speciitl orcter 
Continuous tone 

Croup B 
IoTONES:T TOUCH-TONES: 1 BURST TONES: 1 

All toncs in Group A and Group B are included. 
Output level flat to within I .5db over entire range selected. 
Separate level adjust pots and output connections for each 
tone Group. 
Immune to RF 
Poweretl by 6-30vdc. unregulated at 8 ma. 
Low irnpedancc. low distortion. adjustable sinewave 
output, 5v peak-to-peak 
Instant start-up. 
Off position for no tone output. 
Reverse polarity protection built-in. 

Frequency accurricy, + I Hz maximum - 40°C to + 85°C 
Tone length approximately 300 ms. May be lengthened. 
shortened or el~minated by changing value of rehistor 

Model TE-64 $79.95 

a 2' ;- COMMUNICATIONS SPECIALISTS 
426 Wesr Tat1 Avcnue. Orange, Califomla 97667 
( 8 0 )  854-0547/ Cal~fornia: (714) 998-3021 
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A slmple roll of the dce, lets you begin to "build" your ham shack 
Purchase all the ham gear spaced around the board (from the 
retall store) that you can afford to buy Study hard for those F C C 
tests to advance you from Novice to Extra1 Beware of ORM Inter- 
ference and rejoice when genlng those rare OSL cards Hours 
of great fun for the entlre family lnv~te your other ham fr~ends and 
standby for exc~tementl WAS $19.95 

CHRISTMAS ham 
SPECIAL 

$1 3.95 postpaid 
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GREENVILLE NH 03048 

(603) 878-1 441 
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It's true. Linking up OSCAR 10 1s 
the one sur-e way to bring the wor-Id 
Into youl- ham shnck No m,itter- 
where your shack 18.  

FT-726R nwncrs know Yc)u'll find 
them wor-k~ng the wor-Id frnm the~r- 
apxtments Attlcs. And from the~r- 
antenna-I-estr-~cted ne~y,hbor-hoods 

They'll even bo;lst of ,I s~gr~dl 
qunl~ty and DX potent~~il th,it would 
mnke any 20-meter- opt.r;ltor- envlous. 
Reg,;ll-dless of w h e r ~  we ~ t - c  In the 
sunspot cycle. 

In fact, the FT-72hR 15 the world's 
mo5t popula~; Iini: to OSCAR 10 

.And for- good I-e,~sc)n This 
2-meter: 10-wrltt ng glvcs you full 

optional modules one for 435-MHz 
operation another- for crosq-band 
duplex 

You c;in set up your nlrth statton 
just about anywher P All you n e ~ d  
1s the 726 and two $1~1 antennli 
435-MHz for transmit and 2-meter; 
fot IPcelve 

Even as a con\,~nt~onal b<lse 
st,lt~on the FT-726R is  leal st,lndout 

You can ctioost II om thr-ep operat 
Ing modes SSB FPl 01 CW Expind 
to three-band oper i t~on with your 
cho~ce of opt~onal modules for 10 
metelr 6 meters 430-440 MHz 
,~nd 440-450 MHz 

Then stole yollr pl eferred fle- 

pushbutton tnnsfel- c,~p.~bil~ty to 
either- of twoVFO I-eglstrt-s Arid 
v e ~ r ~ ~ t ~ l e  scannlng functions you'rl 
expect fr-om a Y1i.s~ r a d ~ i ~  

Plus you get d o t  nl"" e>:tt;15 
includ~ng ,I bu~l t -~n :pc-ech IXCIC~~SOI- 

all-mode squelch nnd ,i il(~,tse bl,inl.er- 
80 no matter whet-'i yoor- 5/.1<icL. 

is ,  let Y~esu's FT-726R 1nt1-oduce you 
to OSCAR 10. The wor-Id 1s wriltrnr. 

hesu Electronics Corporation 
i,i!!ji 'v l / l~: l  ~ , i !  'vedi\ 1 ':1;:'1:1 8 1 .  ! '- i% I 1  J,','i 
(,!lj) 633-4C8J1' 

Yhesu Cincinnati Service Center 
c1-05s-hand duplex c~p~3bll- quencles and modr,s into the pieven ' , , ) . ' l :  GOICJ P ~ I  I I,, I,,(; I ~ . I < T I I  1, I 4 1 > o ~ :  

~ t y  Slrnply p i~ lg ~n two rnemorles for ~rlstarit l -~?c~l l  Wltil (:,lj) 874- 311l ( l  

- . . ~~ ' -- =-x\~\~c~*'c3~-5535.~ - P z F ~ F F - ~ P . -  - , .= -.---.. - , -  . -2- 

/ 240 Pr~ces and specificac~ons subject co change w~thout  notice. 



K(?nwooc 
technolo 

j's advan 
gy brlngs 

s1nncl:lrd ~n pocketlrlandne 
transcc~vers! The TH-21ATI 
f?at~~rr?s a htgh Impact mo 
crisr. zr!(i IS des~gned to dl 
convr?rl!~.:)t, reliable perforr 
In :i I I ; + I ' ~ < : I ~ P  SO small, it w 
Into yoirr shlrt pock(-!tl It me 
only 57 (2.24) W x 120 ( 3 .  
,: 28 (1.:) D mni (1nr.h) and 
wr.lgh:; 760 g i0.57 Ib) WI! 
tc!rics, In typical Kenwood i 
tliesc trnnscc~vers provldc : 
transrnl! 2nd rccelvo perforrn 

1'0th 1119 3 rneler antl 70 ( 

\.!C'r::;lnns CJ(\!I'IPI :-,!TO ~: . ! t t  R.F 
I ? I I ! ~ ) I I ~  :,.I 1-1' : :-,., ,I and 150 
, : 

i , ~ ~  ..i.\l;dctl ba' 
I , 7- , ,j, . #  : T!(\,>IC>II 1n(:1~ 
tl7rc.c. illpr! !'-IIJ!~~;: - \ ~ , ~ ~ i e ~ l  sw 
~.:isy f ! l : ( . ! l . l ~~ :~ \~  ' - ;~lr~i) t~on F 

~,v~ttl :I IJIII~: I:) 5 kH,? UP-St 
:,witch ;ilirJ rr'pe:itcr clffset 
ric;OO liH: (31 slnil>lF)x. ?m 
vt>rslon :in(! +5 A4Hi or slr 
7 - , (2 ern $ : I ~ \ I  -:I. ... 

FrliI-I i h r :  7 : ~ r : ! l . r  :!ntl 7C 
l">i:iil~i 1irir?;!tit'lcl tr:rnscelv' 
arc! :~v.:lla!!i~ l i i  s!,int-inrcl or 

I1 DTP.4f- !?nc..ot-lt.r VF 

1 Ihre;!cl-loc anten 
)r  IS ;!IsI? prilv~cied 

8 L A  

41AT 
lded 
?I~ver 
"7 ,,"PC, 
1 la1 lLr: 

'ill slip 
!asUrCS 
7 2 )  H 
I ..-I.. 

nnce 
:m 

lter y 
.rdes 
ltcll for 
~lnrig 

See y 
dealer n 
, ,. , 

our a1.1thc 
nd ta le  t- -- 

w e d  Kc1 
iome :i r3 

nnce to( loyl  

11 access ories: Optiona 
HMC: -1 tiitactset with VO;, 
SMC-30 spt?nker m~crophone 
P6-21 Ni-Cci 180 mAH txittery 
DC-21 ?C $~'.~ver strpply 
ST-? b::ttery ca 
EG-2 c?xtcl~rinl C lesei 
nlkalinc! t:~attcry 
SC-8 soft case 1Al41A 
SC-8T soft casf 
TH-21/ 
TU-6 F 
c~nil 

c A,)-3 thre:m-loc to B I ~ C  ternare 
sclnpt~ 

;' 1 0 1  

iable sub 

. - . . -  

More ~nfvrrr l~i l~ur l  avallnble from 
;~:rtIiorrzf?d r l~a le rs  of Trlo- 
Kenwoorl Cornmun~cot~on: 
1111 West Walnut Street. 
Comiptori, CA 90220. 
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