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For the ultimate in 2-meter 
communications, ICOM 
presents the IC-271H trans- 
ceiver with a hlgh dynamic 
range receiver and a 100 
w a n  transrnitter..And al l  
the advanced functions o f  
the latest CPU controlled 

~.~ -- . 

Exce~t ional  Standard 
Features: 

143.800 - 148.199MHz. 
expandable for MARS opera- 
tion 
32 full-function Memories 
with lithium battery backup 
100 Watts, fully adjustable 
on all modes 
Variable Tuning Steps, FM 
5KHz and IKHz; SSB IOHz, 
5OHz and lKHz 

32 built-in Subaudible Tones 
High Visibility Display 
S-Meter and Center Meter 
Scanning Systems Memories. 
Modes and Programmable 
Band 
IC-HMI2 Microphone with 
Up/Down Scan 
11 Vi"W x 4%"H x 12VBnD 

- 

Optional Features. AG-25 
switchable preamp, UT-15s 
CTCSS encoder/decoder 
(encoder is standard), 
IC-EX310 voice synthesizer, 
IC-SM8 two-cable desk mic 
and IC-SM6 desk mic. PLUS a 
varlety of power supplies ... 
IC-M30 system power supply, 
IC-MI5 external or IC-635 
internal power supplies. 

The IC-271A. The 25 wz 
IC-271A has the same out- 
stand~ng featues as the 
IC-271H, including an tnterr 
power supply, IC-M25. 

See the IC-271A(H) and 
other tine ICOM equipment 
your local ICOM dealer todi 

First in Corninunication 
ICOM Amcrfca, Inc., 2380-116th Ave NE, Bel lewe ,  WA 98001 / 3331 Towerwood Drhre, Suite 307, Dallas, TX 75234 

Nl nnM rpulllmlmr are rppmxlmm and subject m change wiulmout mtltc or obllgmlon. All ICOM rMbs slgnlnunlly exceed FCC rrgulntlons 1lm)clng %purlas cmlulom. 271HIO84 
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V3' "Digital DX-terity. 

Digital DX-terity-that outstanding 
attribute built into every Kenwood 
TS-430s lets you OSY from band to 
band, frequency to frequency and 
mode to mode with the speed and 
ease that will help you earn that 
dominant DX position from the 
shack or from the mobile! 

8 ,  

160 through 10 ~r lr i te~s. ; I S  wrill ,is ~ I I I .  
new 30.17. and 12 meter WARC bands. 
H ~ g h  dynam~c range, general coverage 
recelver tunes from 150 kHz to 30 MHz. 
Eas~ly modlf~ed for HF MARS operat~on. 

% Superb interference reduction 
Ellrn~nate ORM w~th  the IF sh~H and 
tuneable notch fllter. A nolse blanker 
supresses lgnlt~on nolse. Squelch. RF 
attenuator, and RIT are also prov~ded. 
Optional IF filters may be added lor 
optlmum Interference reduct~on. 
C r,nipIrl? < W V K  (. 111,1!1!1,111 . I , ( .  .iv.llb#lll,, 1 1 2 1  ,111 1 0 , l  K+.llm,o( 
5,.~rrbi ,tr,,,rl, .rrvl r v i r  r , ~ .  .>r , ,  rtrlllf,, I I , ,  r !~,rrlijr.  ~ t l l l i i i ~ l  1101 

Rel~a!)le, 111 so l~d  S E . ? I P  di-.  i , :  
Solid statc! des~gn permlts Input power PS-430 c.orli[iac:t AC ilc~lwei supply 
of 250 watts PEP on SSB, 200 watts DC SP-430 external speaker MB-430 
on CW, 120 watts on FM (opt~onal), or moblle mounting bracket *AT-130 
60 watts on AM. Final ampllfler protec- compact antenna tuner covers 80-10 
t~on c~rcu~ts and a coollng 
fan are bu~lt In 

* Memory rhannels 
E~ght memory channels 
store frequ~ncy, mode 
and band data Channel 8 
may be pfogrammed for 
spl~t-frequ~ncy operation 
A front panel sw~tch 
allow\ each memory 
channel to operate as an 
l n r i ~ n ~ n r l ~ n l  VFO or as a 

meters, lncl WARC bands 
AT-250 automat~c 

antenna tuner covers 
160-10 meters, lncl. WARC 
ands AT-230 base 
stallon antenna tuner 

FM-430 FM unit 
YK-88C (500 Hz) or 

YK-88CN (270 HZ) CW 
llters YK-88SN (1.8 kHz) 

r1;lrrow SSB f~lter *YK-88A 
(6 kHz) AM f~lter MC-42s . . . . . - - . . -. - . . - . - - - 

f~xed frequency. A lithlum battr!ry t)i~c:ks . UI'.I)OWN hand rnlc. MC-6OA 
up stored information. deluxe dt!sk mlc.  w~th  UPIDOWN switch 
Proqrarnrrable. multi-function +cn:i. *SW-2000 SWRlpower meter 
Speech processor built-ln. SW- 100A SWRlpowerlvolt meter 

0 Dual d~ai':il VFOs. PC-lA phone patch HS-4. HS-5. 

TRIO-KENWOOD COMMUNICATIONS 
1111 W.",l Vil.!ll1111 :>tlP(. l  

C,,~,,,,I,,,,. ( ,,I,I~,II~I,, oo??n 
id l l r ? l i 5 ( . ~ l ~ , . l ?  , I I I I '  r l l ~ ~ l d ( . r ~ r ~ o r l ~ ' l  
'Irr rrr olllts~!l~orl 
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I changed the rules, 

ElMAC 
fc tinuing HAM operations. 

snt 

able 
plifi- 
lice. 
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amplifie rs. 

avalla 
Stand 
socke 

I watts 

The FCC changed the allow General Specifications 
output power for linear am The ElMAC3CX1200A7 is a high- 
ers in amateur radio ser\ mu, compact, forced air cooled 
Hams can now run at 1500 watts triode for zero-bias class AB2 
PEP into an antenna. ElMAC 
was right there to meet require 
ments with its 3CX1200A7 t l l h ~  

L.Y- oia. x 6.0" long 
Plate dissipation: 1200 

Lou Glass chimney SK-436 
for small spaces. 

" ble 
R F  cabinets of many linear ard EIMI 
amplifiers currently use the t availat 
ElMAC 3-500-2 tubes. The new 
3CX1200A7 for design takes size 
into consideration and, by de- More information is available on 
sign, is recommended as a sin- the new ElMAC 3CX1200A7 tube 
gle, lowcost replacement for a from Varian EIMAC, or any Elec- 
pair of EIMAC 3-500-2 tubes for tron Device Group worldwide ,m 
new amplifier designs. sales organization. varian 

~rian ElMAC 
178 S. Pioneer Rc 
ilt Lake City, Utah 84104 
mlephone: 801 -972-5000 

~rian AG 
:einhauserstrass 
H-6300 Zug, Swit 
Ilephone: 042 2: 

= 
zerland 
) 25 75 
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150-900 MHz 

*COMPLETE SYSTEM ENGINEERING ASSISTANCE* 

TELEWAVE, INC. Y 
1155 TERRA BELLA, MOUNTAIN VIEW, CA 94043 

(415) 968-4400 T W  910-379-5055 
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STILL ANOTHER THREAT AGAINST 220 MHz HAS BEEN MOUNTED by an oil exploration-related 
firm in Illinois. LAOAD Radio and Microwave Communications Consultants petitioned the FCC 
to allocate 216-220 MHz for use as 1033 ASCB data and voice channels, AND provide a 350 
kHz segment of 220-222 MHz to be shared with Amateur Radio. Under terms of.the proposal, 
LAOAD would advise the ARRL of pending operations, and the League would then alert Amateurs. 

Little, If An , 1nterference'~o ~mateurs Would Result, the petitioner (WgGT, whose Nor- 
wegian call LA0A; inspired his company n a m e ) ~ ~ o p e r a t i o n s  would be very short- 
lived and typically well removed from populated areas. However, 220 MHz users and others 
are very concerned-that any such incursion could set a dangerous precedent for the future. 

The Original Comment Period On RM-4983 Had Closed by presstime, but there has been 
considerable pressure to reopen it. Though the recent upsurge in interest in providing 
Novices with 220 MHz privileges (see below) certainly tends to diminish or at least post- 
pone threats such as this one, it is still quite serious and should be challenged. 

ARRL'S PETITION TO EXPAND NOVICE PRIVILEGES HAS RECEIVED its FCC Rule Making number, 
RM-5038, along with several other related petitions. In brief, the League proposal would 
give Novices limited 10-meter SSB and data privileges plus full privileges (with reduced 
power) on 220 and 1246-1260-see July Pressto for specific details. Somewhat similar 
petitions filed by KC509 include g i v i n d a n d  Novices ASCII (RM-5022)and phone 
(RM-5032) on part of 10 meters, some 30 meter privileges (RM-5024). and 220 MHz phone 
(RM-5025). The Comment period closed for KC50Q's petitions July 11; a date hadn't been 
set for ARRL's at presstime, but its cutoff date should fall sometime in late July. 

BROADCAST STATIONS MAY RETRANSMIT AMATEUR TRANSMISSIONS or use what they hear on the 
Amateur bands on the air, but any direct involvement between Amateurs and a broadcast 
station is expressly forbidden. InitsJune 7 Report and Order on BC Docket 79-47, the 
Commission agreed that the content of an Amateur transmission is not protected against 
reuse by others, but that to have, for example, an Amateur station at a broadcast studio 
to solicit traffic information during rush hours would be against the rules. 

AMATEURS MAY BE ALMOST TWICE AS PRONE TO LEUKEMIA as the general population, a study 
reported June 23 by the New York Times ~ewsServicesuggests. Underscoring ham radio 
Editor K2RR's Julv editozl.shineton state e~idemioloeist Dr. Samuel Milham.ir.found 
the death rate frbm various iorms of"1eukemia fo; 1691 ~arifornia and washington-~mateurs 
who died between 1971 and 1983 was just about twice as high as would normally be expected. 
The increase was in myeloid and unspecified forms of leukemia; lymphatic and monocytic 
forms of the disease had no higher incidence among Amateurs than among others. 

COMMENT DEADLINE FOR FCC's NATIONAL REPEATER COORDINATION proposal (PR Docket 85-22) 
has been extended to August 15 in response to an ARRL request. The new Reply Comment date 
is September 30. Comments received thus far by the FCC have almost all been endorsements 
of the concept of national coordination, with few specific ideas on how to make it work. 

VEC MAINTENANCE OF AMATEUR QUESTION POOLS WAS PROPOSED by the FCC in a Notice of 
Propose Ru e Ma ing issue June VE - eve ope questions would have to follow the 
Commiss?ont; sylkabus. anddeach pA?l wou?ddhava todinclude at least 10 times the number of 
questions asked in that particulHr exam. At the same time the FCC also proposed moving up 
the date at which VECs may begin preparing their own exams. Comments on PR Docket 85-196 
are due at the Commission by August 30, and Reply Comments by September 30. 

One Re ional VEC Has Alread Dro ed Out Of The Pro ram and another has said it plans 
anot er VEC has asked his Senator to look to when tke ARRL gets fully upYto sFEed Still ----hgl 

into the fee structure, as he feels his club isn't getting enough money for its efforts. 
For comparative purposes, NABER's fee for administering an exam for certification under 
its commercial examination program is $38! 

The FCC's August VEC ~eeiini In Gettysbur Had Relatively Few signed up at presstime, 
despite a very promising program. Planned tipics include improving speed of service, 
deckeasing paperwork er;ors,-and improving the integrity-real and perceived-of the pro- 
gram. Attendees will also meet the FCC people they've been dealing with and see the FCC's 
licensing facilities and procedures in operation. 

Volunteer Examiners Are Now Averaginp About 4000 Exam Elements Monthly, compared to a 
high of about 2750 exams a month when the FCC was still giving exams. However, the U.S. 
Amateur population is still well under its March, 1983, all-time high of 414,973; latest 
(May 30) figures show 410,846 individual FCC-licensed Amateurs. 

U.S. AMATEURS MAY FINALLY USE OSCAR 10's MODE "L" TRANSPONDER, under an FCC STA issued 
June 12. The Special Temporary Authorization permits up?inknsmissions to OSCAR 10 from 
1269.05 to 1269.85 MHz; an editorial error in the initial FCC release limited the STA to 
Extras only, but that was later corrected to include Technicians and above. 
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comments 
can w e  talk? 
Dear HR: 

In the May, 1985, editorial it was 
noted that we Amateurs can't really 
communicate. I find this statement to 
be offensive, but in many respects 
accurate.. . . 

I find it offensive because I think it 
comes from a narrow perspective. It 
seems the persons making such 
statements see only one aspect of our 
hobby. I would agree that at times we 
really don't communicate much of 
anything interesting or important. The 
hard work and learning that made such 
contacts possible can't be judged on 
this evidence alone. 

The major reason for this lack of 
ability to communicate clearly and ef- 
fectively is a failure of our society and 
its education system, not the fault of 
Amateur Radio. We in Amateur Radio 
are only a reflection of the society 
which makes our hobby possible. 
Everywhere one looks these days, one 
can find someone writing about the 
deplorable state of our schools. We 
have students who can't read or write 
properly receiving diplomas and col- 
lege degrees. To correct this sad state 
of affairs, we as a society will have to 
change our approach to education and 
discipline.. . . 

One last issue before I close. I don't 
think that many people, when they 
judge our ability to communicate, lis- 
ten to 2 meters FM. This activity is one 
really bright spot in Amateur Radio 
when it comes to communication. 
Here you find truly local activity being 

carried out. In the case of my area, 
Southern New England, we have 
many fine activities taking place on 
repeaters and on simplex. We have a 
computer net on the WlXJ repeater 
that meets on Mondays at 8:30 PM, 
local time, where hams communicate 
ideas and educational information con- 
cerning this aspect of our hobby. We 
have several MSO-type RTTY bulletin 
board systems up and running, distrib- 
uting Amateur information of all kinds. 
We now have active packet radio sys- 
tems in operation with all sorts of 
bulletin boards, message systems, and 
other features that promote real 
communication. 
Kenneth E. Stringham, Jr., AEIX 

Attleboro, Massachusetts 

service - not hobby 
Dear HR: 

Congratulations on an outstanding 
May issue! 

It was especially interesting to read 
the editorial, "The Readers Speak," 
(page 4) regarding the, problems and 
solutions before us. Let me call to your 
attention one of the problems that 
seems to have escaped your attention. 
It is one of perception, and it is re- 
flected by you in your editorial by the 
use of the word "hobby" no fewer 
than five times. Of course, you are 
referring to the Amateur Radio "Ser- 
vice." It is, you know, a federally regu- 
lated "service" and not a "hobby." 

Stamp collecting is a hobby. Model 
building is a hobby. Woodcraft is a 
hobby. Amateur Radio is a federally 
regulated service - even though it is 
perceived as a hobby by all too many 
hams and would-be hams. 

Typically, hobbies don't require for- 
mal exams and licenses and involve- 
ment with federal regualtions. One has 
only to read Part 97 to see that the pur- 
pose and intent of Amateur Radio was 
not to establish a hobby, but rather a 
federally regulated communications 
service for the public interest, conven- 
ience, and necessity. Indeed, too 
many of us are overly involved in con- 
testing and card-collecting - the 
hobby aspects of ham radio. But if it's 
presented to us as a hobby, why not? 

Our organization, the Wireless Insti- 
tute of New Orleans, was established 
by a group of dedicated hams to pre- 
serve the original principles of Amateur 
Radio and to promote the state of 
communications art. We continue to 
observe the degradation of ham radio 
into what appears to be an expanded 
version of the Citizen's Band. But 
what the hell? It's just another hobby, 
isn't it? 

A.J. ("Buddy") Massa, W5VSR 
New Orleans, Louisiana 

matching dipoles 
Dear HR: 

Even though George A. Wilson, Jr., 
WIOLP, in "Matching Dipole Anten- 
nas," (May, 1984, page 129) made at 
least 24 separate references to GDO 
(Grid Dip Oscillators) and Grid Dip- 
ping, someone is certain to try sub- 
stituting a solid-state dipper, (such as 
the Heathkit HD-1250 or one of several 
factory assembled versions) when ex- 
citing the RF Bridge discussed in the 
article. In fact, with the solid-state 
dipper far more prevalent today than 
the old vacuum tube grid dip oscillator 
(and interchangeable in most applica- 
tions), no doubt a large number of 
hams who build the RF bridge will end 
up frustrated and with no discernible 
"dip." 

While the solid-state dippers can be 
used to determine resonance, per the 
first part of George's article, it is not 
likely to provide enough excitation to 
obtain a reading with the RF bridge 
unless overcoupled, with sensitivity set 
at maximum, and with an extremely 
sensitive PA meter used as the detec- 
tor. Even a 50 pA meter will probably 
not allow a discernible "dip" to be 
obtained! 

A rough idea of a dipper's suitabili- 
ty can be obtained by connecting a 
germanium diode and a small 2 to 
3-turn link in series across the pA 
meter's terminals. Coupling the link to 
the dipper's coil should easily produce 
a full-scale reading. If it does not, the 
dipper cannot be used to excite the RF 
bridge. 

Robert G. Wheaton, W5XW 
San Antonio, Texas 
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MFJ'S MOST ADVANCED RTTY/ASCII/AMTOR/CW COMPUTER INTERFACE HAS FM,  AM 
MODES, LED TUNING ARRAY, RS-232 INTERFACE, VARIABLE SHIFT TUNING, 170/850 HZ 
TRANSMIT, MARK-SPACE DETECTION. Has front panel sens~t~vlty control 

= - - - NormallReverse swttch ellmtnates retunlng whlle 

" I MFJ nm/m DELUXE COMPUTER INTERFACE cherklnq lor Invertt,rl R T T Y  Speaker lack +250 
-111 ." 'II1C loop OUlDUt 

Exar 2206 sine wave generator glves phase con- 
-am.. a.0- 

i nn - -- tlnuous AFSK tones Standard 2125 Hz mark and 
2295/2975 Hz space M~crophone llnes AFSK out ' U n r u r j  la. 0. ". ." . .. ... ' 'I AFSK ground. PTT out and PTT ground - FSK kevina for transceivnn w ~ t h  FSK lnDut 

1 MFJ RTTY/ASCII/CW software 
M F J-1229 Engineering, perform 

ance, value and features 
$ 1 79 95 sets MFJs most advan- 

ced R T T Y / A S C I I /  
AMTORICW computer interface apart from others. 
FM (Ilmltlng) mode gives easy, troubie-free oper- 

allon. Best for general use, off-shin copy, drltt- 
I~II slonalj. and moderate s~anal and ORM levels 
A'M 2(non-limiting) mode 'g~ves supertor per- 

formance under weak slgnal condltlons or when 
there are strong nearby statlons 
Crosshair mark-space LED tuning array slmu- 

iates scope eli~pse for easy. accurate tunlng 
even under poor slgnal-to-no~se condttlons Mark 
and space outputs for true scope tunlng 

MFJ MULTI-FUNCTION MFJ-inl 

TUNING INDICATOR -- $79.95 . . - . - .  " .J 0-1 

Greatly improve your RTTY copylng wpablllties. 
Add a crosshair LED Tuning Indicator that makes 

tunlng qulck, easy with pin-point accuracy. Add 
mark and space outputs for scope tuning. Add 
LEDs that indicate 170. 425. 850 Hz shins. Great 
for copying RTTY outside ham bands. Add sharp 
mark and space filters to improve mpy under 
crowded/weak conditions. 170. 425. 850 Hz shifts. 
Add Normal/Reverse switch to check for inverted 

RTTY without retuning. Add output level control to 
adjust signal into your terminal unit. Add a limiter 
to even out signal variation for smoother copy. 
Unit plugs between your tuner and receiver. Mark 

Is 2125 Hz. space is 2295. 2550 or 2975 Hz. Meas- 
ures 10x2~6 in, and Dses floating 18 VDC or 110 
VAC with AC adapter. MFJ-1312, 8 .95 .  

24/12 HOUR CLOCKAD TIMER 
Swltch to 24 hour UTC 

or 12 hour format! Bat- 
MFJ-106 

terv backup. ID timer a- $19.95 
letis every 9 minutes 
alter reset. Red .6 in. .-- 
LEDs. Synchronizable to , 
WWV. Alarm. Snooze, 
function. PM. alarm on 
indicators. Gray/Black cabinet. 110 VAC. 60 Hz. 

duces cleaner, more inlelllgibie speech on receiving system that 
end. lm~roves mobile operation by reducing bassy ,.,",,= D r D  

on tape, cables for C-64/VIC-20. Has shaip 800 HZ cw filter, pius and mlnus cw 
key~ng and external CW key lack. 

Transmits on both 170 Hz and 850 Hz shift. Kantronics sottware compatible rocket. 
Built-In RS-232 interface.no extra cost. Exclusive TTURS-232 general purpose socket 
Variable shin tunlng lets you copy any shlh allows ~nlerfaclng lo nearly any personal com- 

between 100 and 1030 Hz and any speed (5-100 puter w ~ t h  most appropriate software Available 
.WPM RTTYICW ant1 up to 300 baud ASCIII. TTLIRS-232 Ilnes: RTTY aemod out. CW demod 
Push button tor 170 Hz shin. out (TTL only). CW.ID ~ n .  RTTY In. PTT ~ n .  
Sharp multi-pole mark and space f l l ten glve key In All s~gnal l~nes are buffered and can be ~ n -  

true mark.space detection Ganged pots glve space verted uslng an Internal DIP swltch 
passband tunlng w~th  constant bandw~dth. Factory Metal cabinet. Brushed alumlnum front 1 2 % ~  
adjusted t r ~ m  pots for opttmum f~lter performance 2%.x6 Inches 18 VDC or 110 VAC w ~ t h  opt~onal 

Multi-pole active filters are used for pre. AC adapter. MFJ.1312, $995 
Itm~ter, mark. space and post detectton filter- Plugs between rig and C M ,  VIC-20, Apple. TRS. 
Ing Has automatic threshold correctlon Thls 8OC Atar~, TI-99 and other personal computers 
advanced des~gn glves good copy under ORM. Use MFJ. Kantronlcs. AEA and other RTTYI 
weak s~qnals and seiecttve fad~ng. ASCIilAMTOR/CW sonware 

I High, mid: low controis provide +12db boost or I MFJ-1621 1 

MFJ ELECTRONIC KEYER 
.- . . ... .--- - . .* 

3 
M F J M  

$69.95 I 

M F J M  Dsluxe Electronic Keyer sends iamblc, 
automatic, semi-auto nr manual. Use squeeze, sin- 
gie leveror stralght key. Pluslminus keying. 8to 50 
WPM. Speed, weight, tone, volume mntrols. On/ 
Off. Tune. Semi-auto switches. Speaker. RF Proof. 
7x2~6 inches. Uses 9 V battery, 6 9  VDC Or 110 
VAC with AC adapter. MFJ-1305. 8.95. 

FJ 24 LCD Lo KS Huge 518 Inch bold black LCD numanlr make these two 24 Hour clocks a must for your shack. Choose 
$19.95 $9.95 from adual clock that featuresseperate UTCand local timedisplay or asingie clock that displays 24 Hour time. 

MFJ-11 Mounted In a brushed aiumlnum frame, theseclocks feature huge 5/8 inch LCD numerals and a sloped face for 
across the room viewing. Easy set month, day, hour, minute and second function. Clocks can be operated In an - alternating timedate display mode. MFJ-108. 4%xlx2 inches; MFJ-107. 2Xxlx2 Inches. Battery included. ' MFJ-107 

MFJ ANTENNA BRIDGEMFJ-* 
Trim your antenna for optimum pr-  

$79.95 
forrnance quickly and easily. Read 
antenna resistance up to 500 ohms. 
Covers all ham bands below 30 MHz. 
Measure resonant frequency of an- 
tenna, Easy to use antenna, 
set frequency, bridge for me- 
ter null and read antenna resistance, 
H~~ frequency counter jack, use as 
signal generator, Portable, se l fan -  
tained. 4x2~2 in. 9 V oanery or 110 
VAC with adapter. MFJ-1312. $9.95. 

OBLIGATION. IF NOT DELIGHTED. RETURN WITH- 
INJ)DAYS FOR PROMPT REFUND (LESSSHlPPlNGl 

O r ~ e  year unconditional guaranlee Made In USA . Aod $d 00 each shtpp~ng/handllng Call or write 

MFJ PORTABLE ANT 
MFJ's Portable Antenna lets you operale 40. 30. 

20. 15. 10 meters from apartments. motels. camp 
s~tes, vacat~on spots, nbarly any eiectr~caliy clear 
location where space for a full size antenna 1s a 

MFJ ENTERPRISES. INC. 
Box 494. Mississ~ppi State. MS 39762 

TOOROERORFORYOUR NEAREST 
DEALER. CALL TOLL-FREE 
800-647-1800. call EOI 323 5869 

Ut\s and oulslde conllnental tl\r, -, 
T ~ ~ P x  53 4590 MF J STKV 
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1 M M  A W I O  OUTLEj 
6 STORE JYING POWEF 

* 

TOLL-FREE PHONE: 800-854-6046 FREE SHIPMENT 
I P J ~  I 'Jt ,I, I h t~ 0 ,  >\*> MOST ITEMS U P S SURFACE 

mpmivq 
SIMPLEX-REPEATER-SATELLITE I 

IC-271 H ~ c - a n  H 
2 METERS 100 WATTS 430-450MHz 75 WATTS 

ALL-MODE ALL-MODE 

CALL FOR YOUR SPECIAL PRICE I 

FT-2700H 
NEW! 

2M/70CM 
TRANSCEIVER 

' CALL FOR GREAT PRICES I 

I - - - - - T O W E R  r-y-1 :, ,,,, ,;. ;;....*....* - I I I W , . ,  i 

MA-40 40' tubular 
Regular $745 
SALE! $549 

MA-550 55' tubular 
Will handle 10 sq. f t .  

antennas at 50 MPH winds. 
Regular $1245 
SALE! $899 

IN STOCK FOR 
IMMEDIATE DELIVERY 

ON ALL OTHER MODELS 
CALL FOI? INFOPMATION 

- m-1 IC-27A 

SUPER-COMPACT 
2 METER MOBILE 

ALSO 'IC-27H HIGH POWER VERSION 
AND IC-37A, 220MHz 

IC- 47A, 70CM SAVE! 

n/'f39s_L 
4 3 

THE LONG 
TIME STANDARD 
FOR ACCURACY 

SLUGS SF;r 
MOST ITEMS IN STOCK 

,VEW! KENWOOD TS-940s 
TOP-OF-THE-LINE HF TRANSCEIVER 

General coverage receiver. 
40 memories. 
250W pep. Runs cooler. 
longer. 
Additional LCD readout. 
Optional ant. tuner. 
160 thru 1OM. 

CALL FOR PRICE ' PIUS* P"JS. PIUS. 

AND INFORMATION 

W-51 SALE 5899 

SALE! IMMEDIATE DELIVERY 

THE VERY BEST DEAL ON EVERY COUNT! 



POLL-FREE PHONE: 800-854-6046 
~ N I  L ~ I I I INC.  A L A ' . * A  :,?dl, ~(nivn!, a , , ,  .......... . , n i t  . .  A ,  '. , .,,, 

FREE SHIPbIIENT 
MOST ITEMS. U P S  SURFACE. 

JZWU -0 OUTLET 
6 STORE BUYING POWER! 

IICoM/ HAND-HELDS 
AT GREAT LOW SUMMER PRICES 

IC-02AT 

- 

J 

m m  IC-37A 

220 MHz's REST BUY! 
REGULAR $449 

SAI, E! $299.95 

OliCOMl IC-735 
A BRAND NEW HF TRANSCEIVER 

WITH ALL THE 
FEATURES 
THAT MAKE IT 
A TRULY 
OUTSTANDING 
B U Y !  

CALL FOR PRICE AND INFORMATION 

LATEST EDITION 

z-3200A DUAL BANDER 
ERS BOTH 2 METERS 

and 70CM 

NEW! 
CALL FOR PRICE 

AND INFORMATION 

~ E C O M ~  R-71 A 
hegular $799 

SUPERIOR GRADE 
GENERAL COVERAGE 

SALE!$629.95 I"* RECEIVER 

P C R I O N I I I Z T O  S F l V l l  l 
ROn S F Y R F r t O  WbRJ . ., .,,, 
JIU " A T r l b l l l  n*ar ................ 

FREE/  110 
C f o l G r  ",R(.,I,V ".. 

SHIPMENT 
rlilN Nc,,l., ,,.,. . CALIF AND ARIZONA CUSTONERS CALL OH VISIT NEAREST STORE ' i : PHONE HOUR% 9:30 AM to 5.30 PM PACIFIC TIME. ..................... STORE HOURS: 10 AM to 5:30 PM Mon. through Sat. 

ANAHEIM, CA 92801 OAKLAND, CA 94609 SAN DIEGO, CA 92123 
2620 W. La Palma. 2811 Telegraph Ave.. 5375 Kearny Villa Road. 

(714) 761-3033. (213) 860.2040. (4151 451.5757. (619) 5604900. 
Between D~sneyland Q Knolls Berry Farm. Highway 24 Downtown Lett 27th olf.ramp. Highway 163 and Clalremonl Mesa Blvd. 

BURLINGAME. CA 94010 PHOENIX. AZ 85015 VAN NUYS. CA 91401 
990 Howard Ave.. 1702 W. Camelback Road. 6265 Sepulveda Blvd.. 
(415) 342-5757. (6021 242.3515. (818) 988.2212 

5 mlles soulh on 101 lrom San Fran. Alrporl. East 0 1  Hlghway 17. San Diego Freeway al V~clory Boulevard 
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repeater separation 
20 kHz Yes, 15 kHz No 
Proving the point 

through VHF FM receiver 
selectivity measurements 

Amateur use of the 2-meter (144-148 MHz) band 
is now under nationwide scrutiny in an effort to deter- 
mine whether the channel spacing for FM sections of 
the band should be set at 15 kHz or 20 kHz. The 
original 30 kHz spacing was divided, as band use 
increased, into 15 kHz channels to allow more chan- 
nels; this division led to increased adjacent channel 
interference in many areas, which in turn resulted in 
the current proposal to increase the channel spacing 
to 20 kHz. 

Changing to the 20 kHz spacing will, of course, 
change the frequencies of some of the channels and 
change the overall number of repeater "pairs" in the 
band. Only the technical - not the political or 
emotional issues implicit in these changes - will be 
addressed in this article. 

In trying to become better informed on the issue and 
thus establish a more substantial foundation for our 
decision in northern Colorado, we examined the nature 
of frequency modulation and its transmission (and 
reception, and then made some measurements on sev- 
eral popular transceivers. We hope this information will 
be useful to other repeater groups and coordina.tors 
as they weigh this issue for themselves. 

Our measurements were made to establish the 
actual performance levels of Amateur ("consumer") 
and professional ("commercial") receivers, with 
respect to adjacent channel rejection and variation of 
sensitivity with transmitter deviation setting. 

frequency modulation 
One factor that complicates any discussion of FM 

channel spacing is the varied levels of the understand- 
ing from one person to another of just how FM works. 
The following brief review may help to clarify the sub- 
ject and shed some light on interpretation of our data. 

In FM operation, the radio frequency output spec- 
trum components vary as a function of the modulating 
(voice) signal amplitude. The resulting signal consists 
of a varying amplitude carrier and sideband pairs. (In 
narrow-band FM-only, the first sideband pair and car- 
rier are significant in amplitude.) The amplitude of the 
carrier and sidebands is described by a mathematical 
term called a Bessel function of the first kind. The only 
thing we need to understand here is how much power 
is spread over how much spectrum, and what deter- 
mines the signal (spectrum) width. Note that regard- 
less of individual sideband or carrier amplitude, the 
total power of the FM signal is constant. 

A simplified FM signal spectrum is illustrated in fig. 
1. With no modulation applied, a single carrier term 
at a frequency f, is visible. As the amplitude of the 
modulating signal is increased (from zero), a sideband 
pair displaced f f, from the carrier frequency ap- 
pears. In this simplified version, we have assumed that 
a single-tone modulating signal (at frequency f,) is 
used. Further increases in modulating signal amplitude 
cause additional sideband terms (pairs) to appear. At 
the same time, the amplitude of the carrier decreases. 
It is worthwhile reiterating that the total power of the 
FM signal is constant. This power distribution is a 
function of the modulation index P, which is defined 
as the ratio of frequency deviation (swing from carrier ' frequency) to modulating frequency if,). For small 
values of 0, the bandwidth occupied by an FM signal 
is simply 2 x f,. As P increases, more sidebands ' appear (separated f, in frequency from each other). 
A natural further complication is that voice modulation 
can be considered to consist of many tones of varying 

By Chris Kelly, WD51BS, 1220 East Stuart #14, 
Fort Collins, Colorado 80525, and Virgil Leenerts, 
WBINK, 1007 W. 30th, Loveland, Colorado 80537 
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fig. 1. The spectrum distribution of an FM signal is a func- 
tion of the modulation index 0 which in turn depends 
on the amplitude of the modulating (voice) signal. (A )  
the unmodulated carrier, (B) at a 0 of 0.4 a single side- 
band pair is evident with approximately 114 of the ampli- 
tude of the unmodulated carrier, and (C) by increasing @ 
to 0.9 a secohd sideband pair is also apparent. Notice 
that in both (B) and (C) the carrier power is reduced from 
its unmodulated value. 

amplitudes. Consequently the total FM signal spec- 
trum is quite complex. 

For most VHF FM communications transceivers, 
this is 5 kHz deviation over 3 kHz maximum voice 
(modulation) frequency, or a 0 of 1.7 for high-pitched 
tones. Notice that lower deviation causes a lower 
modulation index. Using these figures, we find that 
99.99 percent of the power in an FM signal will be con- 
tained in about 22 kHz of spec t r~m.~  Depending on 
the assumed voice characteristics, this figure will 
change, and the older EIA specifications say that 99.99 
percent of the power will occupy 19 kHz of spe~trum.~ 

In the case of several FM signals, we do not have 
just narrow carriers that must be separated - we have 
finite bandwidth modulated signals occupying some 
spectrum. 

For any given modulation frequency, we can 
decrease the modulation index, and thereby decrease 
the spectrum occupied, but not always in an exactly 
linear way. By increasing or decreasing the transmit- 
ter deviation control, the power ratios in the various 
sidebands will change, causing various effects on the 
radio channel and on the receiver. 

effect of transmitter deviation 
on system performance 

The Amateur 2-meter FM system is based on the 
commercial 5 kHz deviation FM system. System per- 
formance depends on the design and adjustment of 
the transmitters and the receivers used. However, 
design tradeoffs do exist. 

Amateurs often discuss the effect of changing the 
deviation setting of ham transmitters, both in band- 
width and in effects on the receiver. We examined 
these two issues and made measurements of con- 
sumer gear and test equipment. 

Figure 2 shows a curve of normalized significant 
bandwidth versus modulation index. Most Amateur 
transmitters adjusted for 5 kHz deviation will operate 
at a modulation index ranging between 3 and 6, de- 
pending on the operator's individual voice character- 
istics. The curve shows that in this range the curve 
begins to flatten, and that increasing deviation has less 
effect on bandwidth than at lower modulation indices. 
The "rules of thumb" used to roughly describe the 
bandwidth of FM signals involve a limited range where 
the slope of this curve can be considered constant. 
This is because as you decrease transmitter deviation, 
the modulation index for a given tone rises, changing 
the relative energy in each sideband. 

Figure 3 illustrates the effect of the modulation 
index on the relative amplitude of FM sideband pairs. 
Consider the case of a 1 kHz tone, with the operator 
varying the deviation control on the transmitter. When 
the deviation control is at zero, all the RF power is con- 
tained in the unmodulated carrier. When the deviation 
rises to 1 kHz, the modulation index equals 1, and we 
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M O O U L A T I O N  INDEX 
C A R R I E R  SWING 

AUDIO S I G N A L  FREOUENCY 

fig. 2. Bandwidth (normalized) versus modulation index 
1 3 .  (Adapted from C.E. Tibbs and G.G. Johnstone, Fre- 
quency Modulation Engiheering, John Wiley 8 Sons. 
Inc., New York, as reproduced in Reference Data for 
Radio Engineers. Sixth Edition, Howard W. Sams, Inc., 
publisher.) 
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for Radio Engineers, Sixth Edition, Howard W. Sams, 
Inc., publisher.) 

-1257 

. -- 
E 
2 - -120-- 
9 

3 -- 

I D -- 
2 
C -- 
h 

t -- 
- 
k -115.- 

2 
4 

- / I 0 1  ! 
O I P 3 4 5 6 7 8 9 1 0  

OEVIA  TION IkH>I 

fig. 4. Effect of deviation on sensitivity for a popular 
Amateur 2-meter transceiver. 

see a decrease in carrier power and increases in the 
first and second sidebands. In fact, there are increases 
in every sideband, but they are too small to show on 
this chart. At 1 kHz deviation, we see that the ampli- 
tude of the first sidebands has risen to about 0.44 times 
the original carrier level, and each sideband contains 
about 19 percent (0.44 squared) of the RF power. Now 
each of the second sidebands has about 1 percent 
(0.11 squared) of the RF power, and the carrier has 
only about 60 percent of the power. 

As we raise the deviation to 5 kHz, the modulation 
index rises to 5 (5 kHz deviation11 kHz modulation) 
and we can see that significant energy is now found 

in almost all sidebands up to the eighth. (Actually, 
there is energy present in other sidebands, but this 
chart cannot illustrate that.) The sidebands are spaced 
at intervals corresponding to the frequency of the 
modulating tone (1 kHz). 

Note also how the modulation index varies with the 
modulating tone. Consider what would happen if we 
left the transmitter at 5 kHz deviation, but raised the 
modulating tone to 2000 Hz. The modulation index 
would drop to 2.5, and we would have to examine fig. 
3 at this new point to determine the relative amplitude 
of sidebands at the new index. Here, only the first five 
sidebands are noticeable - but remember, these side- 
bands are now 2 kHz apart. The bandwidth of the 
signal has increased, but it has not doubled. 

It should be noted that this discussion of single-tone 
modulation is a very simplified version of what hap- 
pens when voice is used to modulate the carrier. The 
voice is composed of many frequencies, and the com- 
position changes with time. The components of the 
FM signal are many, and not just the sum of the voice 
frequencies. Consider a case of just two tones modu- 
lating the carrier. There will be carriers with amplitude 
of the Bessel function (J,) at the deviation ratio of 
the first tone, the Bessel function (J,) of the second 
tone, and sidebands having lines of all Bessel func- 
tions of fl, f2, fl + f2, fl - f2, fl + 3f2, 3fl + f2, 
and so on. 

If you now consider the complexity of the human 
voice, the problem of mathematically describing the 
bandwidth becomes unmanageable, at least for this 
author. For this reason the discussions here are limited 
to single-tone modulation. 

The second aspect of performance affected by the 
deviation adjustment of the transmitter is how well the 
receiver is able to demodulate these signals. This is 
a very easily measured parameter. We checked the 
perormance of an Amateur receiver when receiving 
signals at different deviation values. In this test, we 
used a Hewlett-Packard 86408 signal generator and a 
SINADder. We measured the sensitivity of the receiver 
at the 12 dB SlNAD point at deviations of 500 Hz, and 
1 kHz through 10 kHz deviation in steps of 1 kHz. The 
results of the test are shown in fig. 4. 

Notice that maximum sensitivity ( -  122 dBm at 12 
dB SINADI occurs at 3, 4, and 5 kHz deviation. The 
sensitivity is not affected by changes in deviation 
within this range. But above 5 kHz and below 3 kHz 
deviation, the sensitivity actually decreases. This result 
contradicts the popular notion that increasing the devi- 
ation of a transmitter increases range, and further indi- 
cates that reduction of transmitter deviation below 5 
kHz does not reduce range (down to no less than 3 
kHz, that is). 

receiver selectivity 
Although the performance of a receiver in rejecting 
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table 1. Level of isolation from interference experienced on 
channels separated from 10 to 30 kHz from an adjacent FM 
source. 

KenwoodTW4WA. On channel signal: - 115 dBm, + 3 kHz devi- 
ation, 1000 Hz modulation. 

interference 30 kHz 20 kHz 15 kHz 10 kHz 
modulation (dB) (dB1 (dB1 (dB1 

400 Hz (EIA) 86 80 45 0 
800 Hz 86 80 40 0 

1200 Hz 86 80 33 0 
2000 Hz 86 68 25 0 

Kenwood TR-7800. On channel signal: - 114 dBm, +3 kHz devia- 
tion, 1000 Hz modulation 

400 Hz (EIA) 87 82 65 2 
800 Hz 87 83 57 0 

1200 Hz 87 83 48 0 

2000 Hz 87 79 37 0 

Handheld 1. On channel signal: - 115 dBm, + 3  kHz deviation, 
1000 Hz modulation 

400 Hz (EIA) 69 52 35 0 
800 Hz 69 52 34 0 

1200 Hz 69 52 30 0 
2000 Hz 69 52 25 0 

Motorola Syntor-X, 460.425 MHz. On channel signal: - 107 dBm, 
f 3 kHz deviation, 1000 Hz modulation. 

400 Hz (EIA) 93 85 53 13 
800 Hz 93 85 53 13 

1200 Hz 93 85 50 20 
2000 Hz 93 84 43 8 

off-channel signals is something that cannot be ad- 
justed easily, it is a major element of any radio com- 
munications system. A receiver consists of RF, IF, dis- 
criminator, and audio sections with most of the selec- 
tivity provided by the IF filter section. Intermodulation 
products and images can be generated in the RF and 
mixer stages. However, these are not directly related 
to the problem of adjacent channel interference - the 
IF filter and discriminator are. 

Most FM receivers use crystal or ceramic filters to 
narrow the IF bandwidth before the signals reach the 
discriminator, where they are demodulated (back) to 
audio frequencies. While it would be nice if we could 
build ideal filters that would pass all signals in the 
desired passband and completely stop all off-channel 
signals, this isn't possible. Filters actually have finite 
passbands with "skirts" that roll off signals more the 
further away from the channel center frequency they 
are. The filters are usually specified by their bandwidth 
at the - 6 dB and the - 60 dB points; this is also how 
most ham transceivers are specified for selectivity. 

Because the actual performance of the radio 
depends on this and other, less easily described fac- 
tors - including discriminator performance - com- 
mercial manufacturers have therefore elected to spec- 
ify their receiver selectivity with a functional test that 
actually challenges the receiver with a signal in the ad- 

GENERATOR B 

C O M B I N I N G  N E T W O R K  

A U D I O  L O A D  

fig. 5. Setup is used to perform the adjacent channel 
selectivity tests. (From Standard Radio Communications 
Manual by Harold Kinley, O 1985, Prentice- Hall, Engle- 
wood Cliffs, N.J. 07632. Reprinted by permission of the 
publisher.) 

jacent channel and measures the result. This is the test 
we selected and performed to determine selectivity. 

The Electronic Industries Association (EIA) has 
established an adjacent channel rejection test based 
on the ratio between the on-channel to off-channel 
signal strengths when the received signal-to-noise and 
distortion (SINAD) ratio becomes degraded by 3 dB 
by the adjacent channel signal. This test, part of the 
RS 204-C test, is performed by mixing the signals from 
two signal generators and measuring the SlNAD of 
a 1000 Hz tone modulating the on-channel signal at 
3 kHz de~iat ion.~ 

The test setup used to perform the selectivity test is 
shown in fig. 5. The on-channel signal level is raised 
to obtain a 12 dB SINAD, then raised an additional 
3 dB. The off-channel signal is modulated at 3 kHz 
deviation by a 400 Hz tone, and its signal level is raised 
until the SlNAD is degraded back down to 12 dB. Then 
the ratio of the two signals' strength is calculated in 
dB. When this measurement is made for both the next 
higher and the next lower adjacent channels, the lower 
of the two figures is used. 

When the EIA established these tests for selectivity, 
they also established standards they consider "mini- 

August 1985 15 



the action is at the IF 
- not the RF - stages 

When the problem of adjacent channel inter- 
ference is examined, attention is focused on the 
filtering that takes place at the intermediate fre- 
quency (IF) stages of the receiver, not at the 
radio frequency (RF) stages. The reason the IF 
gets the attention is the very narrow bandwidth 
required to allow separation of channels within 
the receiver's radio frequency input bandwidth. 

A t  the RF frequencies, cavity resonators are 
usually used by repeaters and helical resonators 
are found in commercial and some consumer 
receivers. These filters are used to control the 
receiver's RF bandwidth to improve performance 
in terms of sensitivity and reduction of out-of- 
band signal strength. By this filtering, desensi- 
tization ("desense") and intermodulation distor- 
tion ("intermod") are reduced. However, these 
filters are typically 50 kHz to several Megahertz 
wide, and match the input RF stages to  the in- 
tended operating range of the receiver. These 
filters are therefore very wide compared to the 
spacing of the channels (15 or 20 kHz), and will 
not have any significant filtering effect on those 
adjacent channels signals. 

In the IF amplifier chain, however, the very 
narrow filters required become practical, due to  
both the lower frequency used in the IF (typically 
from 0.455 t o  10.7 Megahertz) and the fact that 
the intermediate frequency does not have to  be 
varied as the radio changes operating frequen- 
cies. In the IF stages, crystal filters are most com- 
monly used to  obtain very high "Q" (resonant 
frequency divided by bandwidth), frequency 
stability and shape factor (bandwidth at - 60 dB 
divided by - 6 dB bandwidth). These filters are 
comfnonly built with very narrow passbands (12 
to 20 kHz wide for FM, and as little as 250 H e m  
wide for CW applications). Even these filters do 
not act as "brick-walls," passing all signals in the 
passband and completely stopping all signals 
outside of the passband, since their out-of-band 
attenuation increases as the off-channel signal 
moves farther away from the passband. The 
slope of this attenuation is another factor in the 
response of a receiver to  the adjacent channel 
rejection test, and together with the filter band- 
width (3 dB bandwidth) is a major factor in deter- 
mining receiver performance in the test. 

The IF filter, then, plays a key part in determin- 
ing the receiver's response to  adjacent channel 
interference, while the filtering at the RF stages 
of the receiver has little or no effect on this 
problem. 

mum acceptable" performance. For this test, per- 
formed on the adjacent channels, the minimum 
acceptable standard is 70 dB isolation from the adja- 
cent channel. 

In these tests, we used a pair of HP 86408 VHF gen- 
erators, chosen for their spectrally pure output signals 
(SSB phase noise below -130 dBc), as the signal 
sources. The SlNAD was measured using a Helper 
Instruments "SINADder 5." 

After the normal RS-204-C tests, we also measured 
selectivity with different frequencies of modulating 
tone on the adjacent channel signal. We did this 
because we believed that the choice of a 3 kHz devia- 
tion and a 400 Hz modulation tone may not be realistic 
for direct comparison with the ham environment, since 
our DTMF tones and voices contain higher frequency 
components than 400 Hz, and our transmitters may be 
adjusted for greater deviation. While we did not 
change the deviation setting, we made additional 
measurements with tones of 800, 1200, and 2000 Hz 
at 3-kHz deviation. 

We measured receiver performance in this way, at 
channel spacings of 10 kHz, 15 kHz, 20 kHz, and 30 
kHz. The seven units we tested included one commer- 
cial and three consumer mobile transceivers as well as 
three handhelds. 

results with consumer gear 
The results with consumer equipment are shown in 

figs. 6A. B, and C. Note that at 10 kHz spacing, little 
or no adjacent channel rejection is evident, and signals 
within 10 kHz of the channel center frequency are 
treated as "on-channel" by the receivers. This gives 
some idea of the bandwidth of each receiver's IF filter. 

At  15 kHz separation, the adjacent channel isolation 
(of an unmodulated carrier) is about45 to 70 dB. With 
the introduction of modulation, the interfering signal 
component is up by as much as 30 dB from ideal. 

At  20 kHz, the adjacent channel isolation is about 80 
dB, and some adjacent channel modulation is still 
detected. In most cases, the 20 kHz measurement was 
within a few dB of the receiver's ultimate rejection (as 
measured at 30 kHz separation). 

At 30 kHz, the adjacent channel isolation is about 
85 dB, and there is no change in this figure because 
of modulation frequency change. This figure shows 
little variation among the mobile rigs, but the handheld 
unit shows slightly lower performance (70 dB).(See 
appendix for further details.) 

results with commercial gear 
Motorola loaned us a commercial UHF "SYNTOR- 

X" which tuned to 460 MHz. (A VHF unit was not 
available.) At  UHF, commercial manufacturers and 
Amateurs use 25-kHz channel spacing, but shop per- 
sonnel believe that both VHF and UHF radios have 
similar specs and IF designs. We believe this test is 
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ICOM's three ultra com- 
,act mobiles ... the IC-27A 
I-meter, the IC-37A 22OMHz 
and the IC-47A 440MHz... 
are the smallest mobiles 
wallable. 

Even In such a small pack- 
sge the 25 watt m'obiles 
:ontain a n  internal speaker 
uhich makes them fully self- 
:onmined and easy to  
mount. 

>?err+ Fezti~res. Other 
IC-2 7A/3 7A/4 7A standard 
features include a mobile 
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. 

S ~ Z P .  The ICOM compacts 
measure only S1/7"W x 1%"H x 
7"D (IC-47A 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 envlronment. 

32 PL Fr . r tqu~r :c i~s .  The 
IC-27A/3 7A/4 7A come com- 
plete with 32 PL frequencies. 

9 nnpmories. The compact 
mobiles haw 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 Synthesi7er. TO 
verbally announce the receive 
frequency, an optional UT-16 
voice synthesizer is available. 

Scanning. The ICOM 
compacts haw 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. 

Stacltinq Mobile Mounts. 
The IC-27A/37A/4 7A can be 
stacked to provide a three 
band mobile statlon. Each 
band is full featured and will 
operate wen when another 
band is in use. 

The lC-Z7A/37A/47A pro- 
vide superb performance In 
the mobile radio env~ronment. 
See them at your local ICOM 
dealer. 

First in ComrWnications 
lCOM Arnerlca, Inc., 2380-116th Ave NE, Bellewe, WA 98004 / 3331 Towermod D r k ,  Sulte 307, Dallas, TX 75234 

All n a r d  ~ ~ ~ I R r a N o n r  arc approwlrnarc and w b f m  to cnmgc wlrnaut na l rc  or obllgnrloo All ICOM rallos ~lgnllcantly e#cccd FCC rrgulltlon% llrnltlng %purlour rrnl$rlonr. MOBILES385 
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therefore representative of commercial receiver perfor- 
mance at VHF. 

At 10 kHz, the SYNTOR showed slight rejection (see 
fig. 71, about 10 dB, of the interfering signal, indicating 
a slightly narrower IF filter than found in the consumer 
gear. Still, the low value means that receiver band- 
width is approximately 15-20 kHz total. 

At 15 kHz, the SYNTOR showed 53 dB isolation, 
which was degraded by 10 dB when the modulating 
tone was increased to 2000 Hz. This again indicates, 
as in the case of the consumer gear, that we are on 
the skirts of the IF filter. 

At 20 kHz, the isolation increased to 85 dB and was 
degraded only 1 dB by increasing the modulating tone 
to 2000 Hz. 

At 30 kHz the SYNTOR showed 93 dB isolation, 
actually better than its specifications by several dB. 
Varying the modulating tone made no difference dur- 
ing the measurements. 

discussion 
Two major results are evident in this data. First, 

while commercial radio gear offers higher performance 
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fig. 6. Effect of modulating frequency on selectivity test. 
Performed on three consumer (Amateur band) trans- 
ceivers using 3 kHz deviation and 400 Hz (RS-204-C test), 
800 Hz, 1200, and 2000 Hz modulation tones. (A) Kenwood 
TW40ODA. (6) Kenwood TR-7800, and (C) Handheld, HT1. 

N O T E ,  

A . 1200Hz  

0 - 8 0 0 H 1  

4 0 0 H 1  

MOOUL ATION 

MODULATION 

- - - A - - - - - - 

0 10 15 2 0  3 0  

- - - -- E l A  MINIMUM- - -- - - - - - - 
ACCEPTABLE 



John J Meshna Jr, Inc. 
P. 0. Box 6 2  19 Allerton St. E. Lynn, Ma. 01 904 Tel: (61 7 )  595-2275 

Dual 8" F. D. D. Case b y  SMS wl POWER ONE Power Supply & Cooling Fans 
We were very fortunate t o  find these beautifully designed & constructed rack 
mount disc drive cases in the surplus field. These cases were made for Scienti- 
fic Micro Systems for their FT Series of  equipment. They are manufactured 
from heavy guage steel wl a cast metal designer bezel. They were designed t o  
house 2 8" floppy or hard drives. We offer you the case with the following 
components & features: hinged cover with restraining cable for simplified ser- 
vicing of the interior components, 2 muf f in  fans for assured cool operation, 
studs for mounting the controller card listed below, and a heavy duty  Power 
One power supply (their model no. CP 281A). The outputs of the power s u p  
ply are as follows: +5 vdc 11 amps, +24 vdc 3.5 amps, +12 vdc .25 amps, -1 2 
vdc .25 amps, & -5 vdc .25 amps. The input to the power supply i s  11 51230 
vac 50160 Hz. and is both filtered and fused. This assembly must have origin- 
ally sold for well over $300.00 each ! Only 25 on hand, so order early or he 
le f t  out on  this super bargain ! Shpg. wt. 38 lb. SPL4 79-35 $1 35.00 each 1- 

Scientific Micro Systems IBM 3740 Compatible 8" FDD Controller Card 

The SMS FD 0502 8" f l o ~ ~ v  disc drive controller is a com~le te  ore~rocnam- k 
med controller for single $-double density recording on e h e r  Gngje o; dual I 
headed disc drives. It wrforms control functions reouired to transfer data be- h - .  
tween 1 t o  4 drives and a host system, performs all iormatting functions re- 
quired to read and write data and utilizes both IBM single and double density 
standards to achieve up to 630 Kilobytes of  storage per disc surface. Some 
features are: programmable sector size, 128, 256, 512, or 1024 bytes, jumper 
selectable drive type, block transfer mode, sector buffer, overlapped head seek 
on board General Purpose Host Interface with asynchronous 19 TTL signal 
lines for eight bit host system and input o f  only 5 vdc 6 amps. This board pr* 
vides a direct interface to the following drives: Shugart 800 -2/850, Pertec 
51 I ,  Memorex 5501552, MFE 7518, Qume Data Trak and similiar drives. These 
boards were removed from the above cabinets which were in service prior to o m  
reception o f  them. The manufacturers price on these IBM compatible boards is 
currently $900.00 each. These boards all appear to be in excellent condition. I f  
more information is needed olease caU us. S h w .  wt. 3 lb. SPL 480 $1 50.00 . . , a - - - - - . . . . . . . . 

SEAGATE TECHNOLOGY ST 506 5'4" HARD DRIVES 
The Seagate Technology ST 506 hard disc drive utilizes proven Winchester technol- 
ogy for reliable storage 01 up to 5 megabytes 01 lormatted data. Some features of this 
very popular drive ore: 5 megabit/second data transler rate, simple floppy like inter- = fa, high speed bond actuator & stepper head positioning, requires only + 5 & +12 
vdc, and some physical size and mounting parameters as a mini floppy driee. This 
Shugart compatible drive is the same as used on many home personal computers. 
Each drive is checked out prior to shipment. Comes with data. Only a few on hand, 

I so order early. WIII run with OMTI con troller card Iisled below. 
Shpg. wt. 8 lb. ST-506 3 2 2 5 4 L  $175.00 

Finally, affordable, intelligent disc drive controllers are available at low, l o w  surplus prices. Thc 

We just got in a small lot  of ~ g g e d l y  built, lightweight (4  lb.), compact 
(1 1 " x 5" x 1 %"), fully enclosed (cover removed for pic.), regulated, 

I!: switching, power supplies made by RO Industries. Input of  11 51230 vac 

More Details? CHECK-OFF Page 126 fl 125 August 1985 19 
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than consumer radios, the differences are not particu- 
larly large. Secondly, when operated at 15 kHz spac- 
ing, all these receivers will exhibit considerably de- 
graded performance when compared to  their use at 
20 kHz. 

On the first result, we wish to  note that in the last 
several years, commercial radio suppliers have 
changed their radio designs from a relatively limited 
coverage radio to  one that can cover channels sep- 
arated by many Megahertz. This has been done by 
reducing filtering at the RF stages and enhancing the 
IF filters to maintain performance. While this reduction 
of the Q of the RF portion of the receivers does not 
alter the adjacent channel rejection, the enhancement 
of the IF stages does. The SYNTOR-X model is capa- 
ble of covering the entire 450 MHz commercial band 
without retuning the RF stages, and represents first- 
class commercial radio equipment, with a price near 
$2800. 
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fig. 7. Selectivity test performed on a commercial UHF 
transceiver (Motorola "SYNTOR-X"). Both the EIA 
RS-204-C end 2000 Hz tones were used. 

We expected, and found, excellent IF performance 
in the Motorola gear. The surprise was that the IF per- 
formance of the consumer gear was actually quite 
similar, and for most Amateurs the difference would 
not be significant - this was a surprise to  us because 
we suspected that by adopting commercial standards 
for Amateur purposes, the interference problem could 
be solved. But the answer is clearly not that simple. 

On the second result, we believe that when these 
radios are operated with 20 kHz channel spacing, they 
demonstrate performance which is near their ultimate 
design goal (as defined by their 30 kHz performance). 
At  15 kHz spacing, these radios alldemonstrated very 
similar degradations in performance, and these deg- 
radations amounted to  30 to  40 dB. Furthermore, this 
degradation was significantly affected by the band- 
width of the interfering signal. Considering the conser- 
vative settings (3 kHz deviation, 400 Hz modulation) 
we believe the 15 kHz isolation numbers are generous 
compared to the Amateur environment, where 4.5 to 
6 kHz deviation seems more common. 
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t 
REOUIRED BANDWIDTH 

13hHz 1 

fig. 8. This graph clearly illustrates the need for at least 20 kHz separation between repeater channels. 

Finally, when these results are compared with the 
EIA specification for minimum acceptable adjacent 
channel rejection, we see that all the receivers failed 
the test at 15 kHz spacing, and all but the handheld 
unit passed the test at 20 kHz spacing (see appendix). 

The mechanism for this adjacent channel interfer- 
ence depends on both the nature of FM itself and the 
design of the receiver IF filters. What we believe is hap- 
pening is shown in fig. 8. In this diagram, we have 
illustrated the shape of the FM signal resulting from a 1 
kHz tone modulating a transmitter at 3 kHz deviation. 
First note the zone called "required bandwidth," which 
is the legendary 13 kHz wide. This zone shows the 
sidebands down to - 40 dB from the carrier's unmod- 
ulated level. It is evident that some remaining side- 
bands are present, down to the -80 dB level, with 
the noise floor of the test instrument. an HP8568B 

to the resolution of the instrument. At 20 kHz spac- 
ing, the edge of the receiver passband intersects a 
small portion of the signal, indicated by the area label- 
ed 7. At 15 kHz spacing, more of the signal is in the 
receiver passband, as noted by areas 1 and 2. While 
it would be difficult to quantify the difference from this 
diagram, our tests have shown that this difference is 
in the range of 30 to 45 dB. If the more liberal EIA 
RS-204-C test were performed, using a 400 Hz tone, 
the receivers would pass at 20 kHz separation and fail 
at 15 kHz spacing. 

We hope this report is informative and will be useful 
as you make your decisions on coordinating repeaters, 
both in frequency and geographical separation. 

references 
1. Reference Data for Radio Engineers, Sixth Edition, ITT and Howard W .  

spectrum analyzer. Sarns, Indianapolis, Indiana 46268, 1981. pages 23-7 to 23-9. 
2. Carleton Maylott. WSYE, "Close Look at Amateur FM," ham radio, 

On the left of the diagram, we have illustrated the Auaust. 1979. ~ a a e  46. - . . .  - 
filter shapes of typical consumer receivers spaced 30, 3. R.  Harold Kinley, Standard Radio Communications Manual, Prentice Hall, 

20r and l 5  kHz away from the carrier frequency of the SrandardRS-WC,  Electronic Industries Association, Washington, 
signal. Notice that at 30 kHz spacing, no power from D.c., page 16, paragraph 14.2 
the signal is entering the receiver's passband, down -2RRr) 
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KPA5 1 W A l T 7 0 C M  ATVTRANSMl lTER BOARD 

appendix 
Of the three handhelds tested (HT1, HT2, and HT3 - see table 

A l )  variation existed from one unit to  the other and also from the 
better side to  the worse side of the filter. Because this test is made 
on the side of the filter (response) and not farther away from the 
passband, the resutts willbe very sensitive to the frequency to which 
the receiver is tuned. Therefore, if the receiver drifts, it will change 
the better and worse isolation figures even more. There is also 
something else at work here: notice that HT3 shows considerable 
variation at 15 kHz from one side of the filter to  the other, but its 
figures are more nearly eaual at 20 and 30 kHz than HTl's. This is - . . . APPLICATIONS: Cordless portable TV cornera tor races a other OUI,I,C I . ~ , ~ V I C ~  a dramatic demonstration of why a performance test like this is so 

events, remote VCR, etc Remote control of RIC alrptaoes or robots Show liome 
wdeo tapes. computer programs, repeat SSTV to local ANers DX dt,~ends on much more revealing than merely quoting the nominal specification 
antennas and terra~n typ I to 40 miles of the filter element. 
F U U  COLOR VIDEO 6 SOUND on one small 3.25~4" board 

RUNS ON EXTERNAL 13.8 V M :  a1 300 ma supply or battery tabk  Al. RSZOFC test result. for thr- handhelds llnlerfering signal. *a HzI. 

TUNED WITH ONE CRYSTAL on 426.25.434.0. or 439.25 mHz Channel Spacing: 15 kHz M kHz 30 kHz 

, . 2 AUDIO INPUTS lor a l w  Z dynamic and line level audla lnpul laund ~n mas1 dB isolation lHT11 32/50 48/70 69/77 

pcrtable color cameras. VCRs. or home computers IHT21 58/69 76/80 83 / 83 

APPLICATION NOTES 6 schematc supplied for typical external connect8ons. IHT31 23/66 70173 76177 

packaging, and system operatton This table is not meant to compare one brand name against the other lthvs the 
PRICE ONLY $159 delivered via UPS ourlace ~n the USA. Technkclsn class anonymity1 since none of the units are st their brand-new pedormance levels. but 
amateur lhcense or nlgher regutred lor purchase and operation have been in use for varying lengths of time. Variation between individual units of a 

WHAT IS REOUIRED FOR A COMPLETE OPERATING SYSTEM? A N set with a given n d d  may a h  be mmi&abb. To compare g ~ e n  models fairfy, we would have 
NC.2 or NC-4 420.432 mH2 lochannel3 downconverter. 70cmantenna. andcoax to t m  several of each type to obta~n a sample largeenough to be wnsbdeted represen- 
cable to receive Package up the KPA5. add 12 lo 14 vdc, antenna. and any W lative of its series. 
camera. VCR. or Computer with a composite video output S8mple. eh9 Mas imponant. m h .  is the d i iaan ,  in !d ings beween the uppa and l o w  
CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more lnlo on atv adjacsnl =hand tarmand its affect on palomnce. Rsmambar, M EIA IlpseHicationl 
downmnverlers, anlennas, cameras. etc., or who IS on ln your area pocsdum calls fw  using the bwa of the two f'igurs. 
TERMS. Visa. Mastercard, or cash only UPS COD by telephone or mail Telephone Finaliy, perhaps lhe EIA-70dB speciiicatlon is not meant for HTs: considering their 
orders 8 PO6181 MO usually shopped wtthln2 days.all otherchecks must clear hetore 
sh8pment Transmlltlng equipment sold only to llcenscd amateurs veriliad In tq84 

intended use, it may be acceptable for HTs to have a lower isolation value since they 

Callbook. Cal8l. mclude sales lax are typically operated closer to the repeater and use a much lower gain and altitude 
antenna than found on most home or mobile insallstions. 

(81 8) 447-4565 m-1 8.m-6pm p8t.  

P.C. ELECTRONICS 2 5 2 2  Paxson  L a n e  ham radio 
Tom WBORG Maryann WB6YSS Arcad ia  C A  91 006 

1/ 114 
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ICOM 
SPECIAL 

IC-745 

Plus shipping 

Authorized Dealers For 

Also displr~yiti,q rhc popultrr ~~c.ccs.vorics rirc,clc~/ lo c.ot,lplcrc ( I  HAM STATION . . . 

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
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Kit Wired 
10M,6M, 
2M,220 $680 $880 

440 $780 $980 

FEATURES: -------J 

SENSITIVITY SECONDTO NONE; 0.15 uV(VHF),O.~UV(UHF)TYP. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMICFILTERFOR > 100dBAT + 12KHZ.HELlCALRESON- 
ATOR FRONT ENDS TO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS. SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 

resonator front end for exceptional selectivity, 
>100dBat 12kHz, bestavailabletoday. Flut- 
ter-proof squelch. AFC tracks drifting xmtrs. 
Xtal oven avail. Kit only$138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uVsens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As 
but wlo AFCor hel. res. Kits only $118. Alsoavail w14polefilter, only t98Ikit. 
RllO VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. Only098. 

. T51 VHF FM U(CITERforlOM,6M,2M, or 
220 MHz.2Wattscontinuous, up to3W 
intermittent. $Wkit. 
T451 UHF FM U(CITER2to3Watts. Kit only 
Xtal oven avail. 
VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts togo with exciters &xmtgconverters. Several models. 
Kits from $78. 

Models tocoverevery practical r l  & i f  range tollsten toSSB, 
FM,ATV,etc. NF=2dBorless. 

Antenna R w h w l  
InpulRaw Outplt 

28-32 144-148 
50-52 28-30 
50-54 144-148 

144-146 28-30 
145-147 28-30 

144-1444 27-274 
146148 28-30 

VHF MODELS 144-146 50-54 
220-222 28-30 
220-224 144-148 Kit with Case y; m-ua 

lu-146 
Less Case 220-224 50-54 
Wired $69 222-224 28-30 

UHF MODELS 432-434 28-30 
Kit wlth Case $59 435-437 28-30 

Less Case 432-438 144-148 

Wired 439.25 61.25 

Hamtronics Breaks 
the Price Barrier! 

3t- 
No Need to Pay $80 to $125 

for a GaAs FET Preamp. 

FEATURES: 
Very Low Noise: 0.7 dB VHF, 0.8 dB UHF 
High Gain: 18 to 28 dB, Depending on Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gate GaAs FET, Very Stable 

MODEL JUNES RANGE K C 2  

LNG-28 26-30 MHz $49 
LNG40 46-56 MHz $49 
LNG-144 137-150 MHz $49 

Exclter Antenna 
For VH F, Input knee  Output 

Model XV2 2830 144-146 
28-28 145-146 

Kit $79 28-30 
50-52 

27-274 144-1444 
Wired $149 28-30 220-222. 

(Specify band) lg% m 2 2 4  
50-52 

50-54 144148 
144-148 28-30 

For UHF, 28-30 432-434 

Model XV4 28-30 435.437 
53-54 432-436 

Kit $99 61.25 . 439.25 
144-146 432-936. 

Wired $169 'AddMfor2M Input 

I VHF & UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models, 
kits from$78. 

Low-noise preamps with 
helical resonators re- 
duce intermod and 
cross-band interference 
in critical applications. 
12dBgain. 

Model Tuning Range Price 
HRA-144 143-150 MHz $49 
H RA-220 213-233MHz $49 
H RA-432 420-450 MHz $59 
HRA-( ) 150-1 74 M Hz $54 
HRA-( ) 450-470 MHz $64 

MO.202 FSK DATA MODULATOR. Run up 
to 1200 baud digital or packet radio sig- 
nals through any FM transmitter. Auto- 
matically keys transmitter and provides 
handshakes. 120012200 Hz tones. Kit only 
$45. 
DE-202 FSK DATA DEMODULATOR. Use 
with any FM receivertodetect packet ra- 
dioorother digital data in "202" modem 
format. Provides audioconditioning and 
handshakes. Kit only $38. 
COR-2 KIT With audio mixer, local 
speaker amplifier, tail & time-out timers. 
Only $38. 
COR-3 KITas above, but with "courtesy 
beep". Only $58. 
CWlD KITS 158 bits, easily field program- 
mable, clean audio. Kit only $68. 
A16 RF TIGHT BOX Deep drawn alum. 
case with tight cover and no seams. 
7 x 8 x 2 inches. Designed especially for 
repeaters. $20. 
DTMF DECODERICONTROLLER KITS. 
Control 2 separateonloff functions with 
touchtones', e.g., repeater and auto- 
patch. Use with main or aux. receiver or 
with Autopatch. Only $90 
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. 
SIMPLEX AUTOPATCH. Use with your FM 
transceiver. System includes DTMF 8. Au- 
topatch modules aboveand new Timing 
module to provide simplex autopatch and 
reverseautopatch. Complete patch sys- 
tem only $200lkit. Call orwrite fordetails. 



calculating the input impedance 
of a tapered vertical 

Schel kunoff procedure 
- best method to use 

E X P O N E N T I A L  L I N E  \ 
H I G H  Z  z I 0 1  I 0 2  I n  J 

T A P E R E D  L I N E  1 
fig. 1. Comparison between tapered and exponential 
transmission line. 

In the last decade there has been a tendency among 
Radio Amateurs to use vertical whip antennas on 80 
and 160 meters. One clear advantage of using tapered 
whip elements, constructed of aluminum tubing, is 
their durability under severe weather conditions. But 
the fundamental question and the main obstacle to 
even more widespread Amateur use of the antenna 
is the problem of accurately determining the antenna 
feedpoint impedance for various tapers. 

For cylindrical element length-to-diameter ratios, the 
feedpoint impedances are readily solvable by analytical 
methods such as Hallen's integral equation,' the in- 
duced EMF m e t h ~ d , ~  and Schelkunoff's input impe- 
dance equa t i~n .~  Using a computer and the "method 
of moments" approach, employing matrix algebra 
 technique^,^ will also provide answers. 

which approach to use? 
The basic question to be answered is what method 

should be employed to solve for the feedpoint im- 
pedance of a tapered vertical before its actual con- 
struction begins. Perhaps a clue is provided in 
the analytical method described by James Lawson, 
W2PV, in his well-known ham radio series on Yagi- 
Uda  antenna^.^ Lawson stated that the inductance to 
capacitance (L/C) ratio of a tapered element is related 
to a geometrical mean diameter. Each cylindrical sec- 
tion has its own L/C ratio, or more specifically, its own 
surge impedance Zo = JLTC. This formula is 
used to describe an exponential (Collins) transmission 

By Walter J. Schulz, K30QF, 3617 Nanton 
Terrace, Philadelphia, Pennsylvania 19154 
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I L E N G T H  1 
fig. 2. A tapered antenna element can be considered as a truncated cone. 

fig. 3A. "M" factor versus normalized length for tapered 
antenna elements. (Adapted from Sergei A. Schel- 
kunoff's Advanced Antenna Theory, John Wiley and 
Sons, New York. 1952.) 

line used for matching two different impedances (see 
fig. 1). Notice that each section of the exponential 
transmission line has its own surge or characteristic 
impedance. An impedance transformation occurs in 
either direction as a result of the taper. Consequently 
a tapered antenna element can be considered as a 
tapered exponential transmission line that has an 
average characteristic impedance described as a geo- 
metrical mean of its diameter. 

W2PV took note of this physical relationship, 
applied that relationship to Yagi elements, and 
developed a method to evaluate the taper. An even 
earlier method, developed by Sergi A. Schelkunoff at 
Bell Labs is easier to work out - with either a pencil 
and paper or with a handheld calculator - yet still 
provides accurate results. 

280- 

'7 

2 240.- 
a 
Lu 
f- 00.- 

T 

Q 160.- 
Lu e 
2 120- 

E 
P 80.- 

LL - 40.- 
4 - 
a 

I 
0.04 0.12 0.20 0.28 0.36 0 .44 0.52 

0.23 
0 0.08 016 0 24 0 32 0.40 0.48 

L / A  

fig. 30. "N" factor versus normalized length for tapered 
antenna elements. (Adapted from Sergei A .  
Schelkunoff's Advanced Antenna Theory, John Wiley 
and Sons, New York, 1952.) 

describing a tapered vertical 
A tapered vertical element may be thought of as a 

truncated cone, as shown in fig. 2, with specific base 
and tip diameter and length, using cylindrical elements 
that telescope into one another, exhibiting impedance 
discontinuities at each section boundary. Conse- 
quently, eq. 1 can be used to describe a tapered verti- 
cal element shape factor.' 

Zo = 60 Rn(2L/b) + 60 t / b  - t Rn(t/b) (1) 
where L = length (inches) 

b = base radius (inches) 
t = tip radius (inches) 

Not only was Schelkunoff able to determine the 
shape factor, but he was also successful in making 
the necessary engineering approximations to equate 
antennas to transmission line behavior. This resulted 
in the modification of the basic transmission line 
formula for the solution of feedpoint impedance values 
for arbitrarily shaped antennas3 
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R, sin G + j (Xu - N) sin G - j (2Zo - M) cos G 
Zin = Zo (2Zo + M) sin G i ( X , - + N ) c o s G - - j R , X  

R, = 60 (y  + Rn2G - Ci2G) + 3 0 ( ~  + Rn G - 2 Ci 2G + Ci 4G) cos 2G 
+ 30 (Si 4G - 2 Si 2G) sin 2G (3) 

Xu = 60 Si 2G + 30 (Ci 4G - Rn G - y) sin 2G - 30 Si 4G cos 2G (4) 

where M and N values are taken from figs. 3A and 3B 
G = antenna height in radians 
y =0.5772 
Si = sine integral 
Ci = cosine integral 

example 
It is desired that a vertical whip antenna is to operate on 3.8 MHz. Its height is 60 feet 

(18.29 meters) or 720 inches (1829 cm). The base diameter is 3 inches (7.62 cm) and its 
tip diameter measures 314 inch (2 cm). What is the vertical feedpoint impedance at this 
operating frequency? It is assumed that the vertical sits on a perfect ground radial 
system that has a minimum resistance. 

Step 1. Find the shape factor (Zo).  
720 0'375 - 0.J75.xn O;$ = 384.3 Z o = 6 0 R n  2.- + 6 0  1.5 

Step 2. Find the M and N values from figs. 3A and 36. 
0.375 with t / b  = - = 0.25 1.5 

M(l) = - 38 and N(1) = + 125 

Step 3. Express fractional wavelength of antenna in degrees or radians. 
height fractional wavelength = 984/Freq (MHz) 

60 
= (984/3.8) = 

0.2317 

83  4 "  or -'--- - 1.4557 radians 5 7 . 3 "  - 

Step 4. Calculate R, value. 

R, = 60[0.5772 + Rn 2.9114 - (+0.15)] 
+30(0.5772 + Rn 1.4557 - 2 (+ 0.15) + (- 0.10)J cos 2.9114 
+30(1.4356 - 2-1.8431) sin 2.9114 = 58.2 

Step 5. Calculate X, value. 
Xu = 60(1.8431) + 30(-0.10 - Rn 1.4557 - 0.5772) sin 2.9114 

-30- 1.4356*cos 2.9114 = 145.31 

Step 6. Calculate the vertical feedpoint impedance. 

Zi,, = 384.3 
58.2 sin 1.4557 + j(145.3 - 125) sin 1.4557 - j(2.384.3 + 38) cos 1.4557 
(2-384.3 - 38) s i n m 7  + (145.3 + 125) cos 1.4557 - j58.2 cos 1.4557 

zin = (384.3 + jo) :;f8--j$:: = (384.3 + j0)(0.0772 - j0.0951) = 29.7 - j36.5 I I 
I 

= 29.7 ohms - j36.5 ohms 

Using an HP41C calculator eliminated the manual labor and produced answers 
more quickly (see Appendix). 

This program can be used not only on tapered vertical antennas, but on tapered Yagi 
elements as well. To do this, calculate half the dipole length just as if it were a vertical, 
and then multiply the answer by two. This new product is the feedpoint impedance for 
a tapered dipole element. 
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A!+LRL "ZG" 55 CiX f l i+LGi  "0' 61+LBL "Xa" 
62 XEla "R3" 56 RCL z 82 XEG "3" 82 RCL 83 
A3 RCL 85 57 ST0 13 6 3  2 83 RCi B5 
64 S I N  58 CLX $4 * 84 I N  
85 t: S3 B e5; RTf.i 65 - 
86 ST0 !$, 68 ENTER? Q$ EN3 &, ,5772 
87 CLX Sf XEQ 'ZOn 87 - 
65 XEQ '%a" 62 RCL 19 88 38 
fig RlZi ire 63 RCL 1:3 89 * 
18 - 54 XROn "c*- 19 RZL 94 
1 1  Ri't 8.5 65 "ZB IN=R" Fil+lBi 'Ran 1 1  SIN 
12 S I N  66 UV1EH 82 RCL 64 12 * 
13 * 67 RCL X 83 LN !3 ENTER? 
14 ENTERP 68 STOP 84 .5772 14 RCL ,!! 
15 XEU "0" 69 CLX 135 t 15 66 
16 PCL 87 78 "J=' 66 RCL 86 If4 # 

17 - 71 RVIEW 87 CHS 17 t 
18 RCL 85 72 RCL Z 8:: t 18 ENTER?' 
19 COS 73 STOP 89 58 19 RCL 84 
28 * 74 END I @  * 28 cos 
21 - !I EHTERP 21 RCL 82 
22 ST? 17 12 RCL 95 22 t 
23 CLX 13 IN 23 3y 
24 XEB " R a n  f 4  ,5772 24 * 
25 RC? 85 15 t 25 CH.5 
26 COS 16, RCL iit. 26 t 

27 * 17 2 27 STOP 
28 -1 81 +LBL '?Dm !$ * 28 RTN 
29 * 82 RCL 89 19 CHS 29 END 
38 ST? 14 83 RCL 19 28 t 

31 CLX 84 - 21 RI:~ 83 
85 144 7 - 

32 XEla "?" 9 '.2 + 
L L 

33 RCL 87 86 RCL 18 23 RCL 134 
34 t 67 * 24 ~ 0 s  
35 RCL 85 88 68 25 * 
36 SI t i  89 t 3, -. 38 
.37 * 18 ENTER? 57 * 

c! 

38 ENTER? I 1  RCL 18 28 t 
34 XEQ "Xa' 12 RCL 89 29 ENTEFIf 
48 RCL 68 13 1 38 RCL ~i 
41 t !4 LH 31 2 
42 RCL 65 15 * 3 2  t 
43 COS 16 ENTER? 33 CHS 
44 * 17 RCL 1 1  34 RCL 82 
45 t 18 2 35 t 
46 ST0 15 !9 * 36 RCL 84 
47 CLX 28 RCL 89 3? SIN 
48 RCL 17 2; / 38 * 
49 RCL 16 22 LN 3 9  36 
58 RCL 14 23 he 451 * 
5i  RCL 15 24 * 41 t 
52 XROH "C:" 25 t 42 STOF 
53 RCL X 26 STOF 4.3 RTH 
54 ST0 18 27 END 44 END 

fig. A l .  HP4lC calculator program for finding feedpoint impedance of tapered vertical 
antenna. 

appendix 
HP-41C calculator program for 
finding feedpoint impedance of 
tapered vertical antenna 

HP-41C instructions 

Execute SIZE and key in 020. 
Key in ZB program and subroutines Zo, 0, R,, 
Xa. 
Key in functions memory register 01 to 11. 
Execute program ZB. 
Each subroutine answer will be displayed, to 
continue program depress R / S  key. 

functions memory registers 
Si 2G ST0 01 
Si 4G ST0 02 
Ci 4G ST0 03 

2G ST0 04 
G ST0 05 

CI 2G ST0 06 
M funct~on ST0 07 
N function ST0 08 
base radius ST0 09 
tip radius ST0 10 
length ST0 11 
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ham radio 

-& 1995 
short circuit 

In "Voltage Controlled Oscillator 
Uses Ceramic Resonators," (K2BLA, 
June 1985, page 231, two base bias 
resistors for the 2N3904 were inadver- 
tently omitted from fig. 8. Add a 2.2k 
resistor from base to ground and a 10k 
resistor from the same base to + 15 
VDC. 
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design 
toroidal tank circuit 

for your vacuum tube amplifier 

No engineering 
degree required 

for this 
practical approach 

Sooner or later every ham experiences three com- 
mon desires: to build a big low-band power amplifier 
covering all of the ham bands, including 160 meters; 
to acquire (without benefit of an EE degree) sufficient 
knowledge to determine the exact number of turns and 
placement of taps for the tank coil therein; and to see, 
sometime soon - preferably within the limits of this 
century - the shrinking of the tank circuit to an 
acceptably small size. 

Good news! With no more than a high school stu- 
dent's understanding of math, you can easily fulfill all 
three desires described. How? By simply using a 
powdered iron toroidal core network in the vacuum 
tube tank circuit in place of the huge conventional air 
dielectric coil. 

Many solid state amplifiers, by virtue of their ex- 
tremely low load impedances, use this technique; this 
is one reason for their reasonably small size. Yet only 
a few experimenters have actually tried using the 
toroid in the high impedance circuits of the vacuum 
tube. 

After reading this article, you'll be able to either 
modernize the amplifier you have on the shelf or start 
from scratch, building one from the many excellent 
schematics available in periodicals, in Bill Orr's Radio 
Handbook,* or in the various ARRL publications. 

What effect does continuous high power have on 
the core? The high impedance of vacuum tubes causes 
the toroid core to become hot, causing its character- 
istics to change. The core would also saturate at the 
higher frequencies, causing instability and destruction 
of its composition. But the core described in this arti- 
cle will easily handle in excess of 2 kW maximum peak 
power, with no instability or saturation. (When I fin- 
ished testing, the core was barely warm to the touch. 
Before you touch the coil, be sure the B + is off and 
capacitors fully discharged to avoid shock.) 

The toroid used was an Amidon T-400-2A. A nearly 
exact substitute for this is two Amidon T-400-2 units 
sandwiched together. If the amplifier you want to build 
is less than the 2 kW class, then a single T-400-2 core 
can be used. Even more space can be saved by using 
a pair of 3-inch (7.6 cm) T-300-2 toroids. These, 
however, will require five or six more turns of wire. 

choosing the right tube 
is an important first step 

You must now decide on the type tube or tubes you 
intend using in your amplifier. Grounded grid opera- 
tion in class A61 is a favorite for single sideband. Let's 
suppose you have a number of 4CX300A tubes and 
sockets or 4CX250Bs or Fs that were obtained surplus. 
The very first number you must come up with is the 
operating plate load impedance. This you determine 

"Available from Ham Radio's Book Store, Greenville, New Hampshire03048, W6YUYr 8622 RubiO 
$12.95 plus $3.50 shipping and handling. Avenue, Sepulveda, California 91343 
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from the level of plate voltage and current you'll be 
running. This information can be obtained from the 
sources previously mentioned or from data sheets from 
the tube manufacturer. 

Suppose, for example, that SSB is your main inter- 
est and a pair of 4CX300A tubes is available. We've 
already stated that grounded grid would be the choice. 
But the 4CX series of tubes requires screen and grid 
bias voltages, so to call the operation "grounded grid" 
would be inaccurate. The tubes would really be run- 
ning in a cathode driven circuit with the grids at RF 
ground potential, but above ground at DC so that the 
necessary voltages could be applied. 

With drive applied in class AB operation, each tube 
draws 250 mA at a plate voltage of 2000 volts. This 
translates to a total input power level of 1000 watts. 
Output efficiency in this class of service is between 
60 and 65 percent, or just over 650 watts. A circuit 
Q of 12 is needed to sustain the proper energy storage 
in the tank circuit. 

determining plate load resistance 
We now have all of the information necessary to 

calculate one of the more important values needed, 
and that is the load impedance, Rp, the tubes will pre- 
sent to the input of the Pi network. For class AB 
operation 

where V p  = plate voltage 
I = total plate current 

r 

I 
1Oh 5 h 1 k  5 0 0  1 0 0  

ZL l O H M S J  

fig. 1. Plot of plate tuning capacitor, C1, plate load 
impedance (Q = 12). 

L 

2000 - Log = 2222 ohms 1.8 x 0.5 - 0.9 

For class "B" operation the formula becomes dances simply by linearly interpolating. For example, 
if the value of capacitor C1 is needed for a load impe- 

VP 
RP = il;; (2) dance half way between 1500 and 2000 ohms on the 

160 meter band, take the arithmetic mean: 

Values of components C1, C2, and L1 in a pi config- 
uration are readily available.' An abbreviated version 
of it is provided in table 1. The data is divided into 
columns headed by the various values of plate load The same holds true for determining the values of C2 

resistance in increments of 250 ohms. The tables are and L1. The same interpolation method can be used 

usuallv calculated for a Q of 10 or 12. C1 is called out 
to find pi values for the WARC band frequencies. - 

as the plate tuning capacitor and C2 as the loading effective pi-network capacitance 
capacitor. The purpose of the pi networks is to step 
down the high level of plate load impedance to some The two capacitors, C1 and C2, in the pi-network, 

value between 25 and 100 ohms to match the load, are effectively in series and shunt the coil so that the 

which is usually an antenna or possibly a dummy resultant capacity (CT)  of the pair determines the res- 

termination. onant frequency (see fig. 4). Knowing CT and the 
required resonant frequency, the coil value can be 

pi values for other calculated. Evaluating: 

load impedances cT = CI--- CI C2 = 481 4T +2652 x 2652 = 407pF + c 2  
The plots provided in figs. 1,2, and 3 can be used 

to find component values for intermediate load impe- remember this, because we'll be using it later. 
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toroids in general 

1 0 0 1  

Information about toroidal cores and coils is 
available in many handbooks. Amidon's catalog, "Iron 
and Ferrite Cores," also includes general information 
about core characteristics. 

Toroidal cores are basically of two types: powdered 
iron and ferrite. The permeability of the core (p) helps 
determine the number of turns of wire required on a 
given physical size core; the larger the p, the fewer 
the number of turns required to provide the given 
inductance. Powdered iron cores generally have per- 
meabilities from 1 up to 125, while ferrite cores have 
permeabilities ranging from 40 to 5000. Worthwhile 
noting is that with toroids, there is no such thing as 
a partial turn. If the wire goes through the hole, you 
have one turn and you do not get a second turn until 
the wire goes through the window once more. 

The core size is another factor that affects the 
number of turns needed for a given inductance. This 
is directly related to the cross sectional area and conse- 
quently the flux density of the core. It sounds compli- 
cated, but is simplified by combining everything into 

- 

- 
LL 

101 5h I h  5 0 0  1 0 0  

C P  LOADING C A P A C I T A N C E  VERSUS P L A T E  L D A D  I M P E D A N C E  I U = I Z I  

fig. 2. Loading capacitance versus plate load impedance 
(Q= 12). 

* - 
what is called the "AL" value, and this alone can be 
plugged into a simple formula resulting in the number 
of turns required for a given inductance. Although the 
ferrite material has a much higher p than the powdered 
iron core, ferrite is not as stable and saturates easily 
when used in power circuits. 

Certain factors must be known in order to select the 
proper core for a specific job; first, we need the fre- 
quency range and permeability. Like resistors, all cores 
are marked according to a universal color code repre- 
senting the compound mix number (table 2). The 
compound mix determines the core's frequency range. 
For the HF range, compound'mix number 2 with a per- 
meability of 10 is best. The core is powdered iron and 
is colored red. 

Toroidal cores are prefixed either with a T for 
powdered iron or an FTfor ferrite. The number follow- 
ing the Tor FTidentifies the diameter of the core. One 
of the more popular cores - because of its extensive 
application in antenna baluns - is the T-200-2, which 
is short for "toroidal powdered iron, 2 inches (5 cm) 
in diameter, No. 2 compound mix." Table 2 lists core 
colors and mixes versus frequency. 

* 

selecting the core 
The core I chose is a T-400-2A, which has an AL 
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table 1. Pi-network component valucw versus plate load 
impedance. (Capacitors C1. C2 in pF and inductance 
L1 in microhenries.) 

2, plate load impedance (ohms) 
capacitor C1 

band 1750 ohms 2000 2260 ZSOO 
160 610 531 481 430 
80 318 273 246 220 
40 1 59 136 123 110 
30 120 1 02 93 83 
20 80 68 62 55 
15 53 45 41 37 
10 40 34 32 30 

capacitor C2 
160 3176 2865 2652 2440 
80 1628 1473 1 368 1263 
40 815 737 684 632 
30 610 492 457 422 
20 407 368 342 316 
15 272 246 229 21 1 
10 204 1 84 171 1 58 

inductor L1 

160 14.94 16.61 18.36 20.10 
80 7.56 8.54 9.72 10.90 
40 3.78 4.27 4.89 5.50 
30 2.52 2.84 3.24 3.64 
20 1 .89 2.14 2.42 2.70 
15 1.26 1.42 1.62 1.82 
10 0.95 1.07 1.21 1.36 

d 

1 



1 ' 20 MHZ DUAL TRACE OSCILLOSCOPE 45 MHZ DUAL SWEEP OSCILLOSCOPE ... "...I ........ 
8.. ..... ............. ... I 

u n s u r p ~ s w  quality a1 ,tn anhcslal<~ IIIILO lhw Rnnirer o r r d l o ~ o ~ .  I.. wlr. 6 x  a,,", I,.". tl." wr,n .-,, mrlu m#,lil. \,vim# 
cmpaues 10 ochers cortsng hundreds more reatvrcr cnclu~c a corn S39995* -.I ** ,-,m,, &., .-,", rq ...- of ".,* .IIII,l.rr, -.... 
pone,,, ,es,,nq C,,CUl, 101 ,rs,s,OT C.P.C,I"I 0141,al LllCUl! ,And dcmc la",. ma- ,?"lullr ".,,.I* !War r"*x*l. m ,*W.I", ..-, lrn y., 

I . < r n O . ,  u,r. I.>O,"S". ..,.... nr.,ll*r r . w ,  I,"". x. ..-.I. l...". .......... 8- 

S79995* 
lrsllng TV vldm sync llllar . W d C  DnnOWldfh d hlgh Wn?llirlil 4". 

Iprnal graliculo r Iron! p n e l  trace ranlol 2 axas . hlqh rennttnly 
I.- a,,crr C*, C5.i llNr ,"1.<,,. INI,""Y I" -., . I .,,,. 8 ; ..,,". , ,-,. .. .... ,on 1 tl,,",l. .UmUIM., .D"l i>l% .,d c14, "..b*rnl "ll#.l"l .,.nO*,IX. . ,- p.,a 4 .- w,Wl . .",,, !mu, . ,,n* ,-, 'US" e, $>!I 07 ,-. 
"n,,m,.,.,n a*m.,o<O^r.m I l r  ",,n",,"n~c<n".n.",~,.*~.I 

add 15% 01 !om O C M ~  lnr mnrured riurtnce mail 

. . -': 
RAMSEY D-iim 

. , 1, W M  MULTITESTER . . . .  wm R A m s n  1200 
WM MULTITESTER 

lb531 RAMsEY 0-3m 

< , i  1 .4.1 , 184  11.111Pl1 II.'lqlled10 .....!~.#.....~...Ill..ll....I~.$ 

- DIGITAL MULTIMETER 
.. s........ x,,, , .  ",,,,PI, ,.Q,i,"rnenl L............................... ..... 

, ( . , I f , ,  ,*., ,,,L~u,,s, • m,,rr,,r back n,,.,,., 011,,., I, ..,I,, ,(.. ,,,, I,,,, el L,,.., . r l  1 8 n ~ l  r r , , r  ,iln.o p.,9n 
s....... n,.lrt,f.. , + ~ r i r w  r,ts.rmnon ,nrl ,i .a#. . :i,* uul! r~$+,~c.nng .- - - - -  b,,!,,,,,, -,me5 Tn,>q? ,.<.8+.C,,O" .7 " .,.,.,L,. I. o (8,.  ".....VP..Oddp.0 '".,,<.," . I silrr,i,.l#, TLill,. . . ,an< ,,,a\,,c. ,111 \!,,.I . .'.CeTSBd .... IC t  ,,,,'I. "",den rco l tun l l for  0 "  L C  2 " - 1 -  Imp", ,8Cl( i  . o"crlon6 FrolccllOn 

ranqc1 . rnlrf" ".<lh"5 . hlqn on all ranqer . 3 r110,t il.0 dlI- 
,mp.,r, Dlnr l l i  car0 ptay Wit"  llil0 zero asit0 polllrlt" ... 6 1 1 , ~  l1Ai nd#crlui 

.-., $2 4 95 b::.*va.~M s4995 ,#,th.d..m b.ll.ry Inrlud.d 

D M - 7 W  DIGITAL MULTIMETER I PS-2 AUDIO MULTIPLIER 
c....*.< ,,. ,, ,: , ). ,I , , I  I , ,  8 . I L . 8 ,  . ir,, T", P,,..', , , ,,,., :, ,, , , ,,,,,, ,,. ,, , : ,  .4,,d," 

CT-70 7 DIGIT 525 M H z  
COUNTER 

PR-2 COUNTER PREAMP PS-10 600 M H z  PRESCALER 
711#. PR-7 # %  #rIl.;bi lor ,ll?!.aur,8q w ~ a k  r lgnal l  E x!?r>#5 \!N z < ,  # ) < ,  , ' vc ,, , ' , , , I  ,:,.r !,) . . .. .. . ~ Irorn 10 lo I OOli Mklr l ia l  ?!I 1111 ~;#un BNC MI MII, .l.,qv urc llnp f 1 1 , 1 1 .  1,. l 0  8,. 

co!>neclurs . q!r.al lor rl>il(#~lq HI  doa all climlry . S<:C,.,IIV!~ .A n Y  ici l5il + A i l 2  . IlNC 
rCCCl"Ol/TV DII.ll"l0 COnneLIOfI . dl"( l5  ali"cl,"nll.l 

32 August 1985 H 116 
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.'-I J i - 
CT-50 8 Dl611 600 M H z  
COUNTER 



of 360. As stated previously, two T-400-2 are a nearly 
exact equivalent; each 400-2 has an AL of 185. Two 
stacked, therefore, would have an AL of 370, because 
two of these together are a little thicker than a single 
400-2A. You've probably guessed that a suffix letter 
relates to a core with a somewhat thicker than stan- 
dard width and consequently a higher AL. (Why the 
AL number? This number represents the inductance 
in microhenries that 100 turns will produce on any 
given core.) From this important factor one can deter- 
mine the number of turns required for a specific 
inductance. 

The AL number is used in a simple formula: 

Turns = 100 desired inductance 
( p H )  (3, 

The coil number of turns is calculated for the lowest 
band we are to use, which is 160 meters. Referring 
to the capacity (inductance data) we find, under 2250 
ohms, that the inductance for 160 meters will be 18.36 
- let's say 18 pH. Plugging in the numbers, 

100 J .E = IOO m 5  = 22 turns 
360 

In case of a fraction, round out the number, since there 
are no partial turns in winding a toroid. 

As a point of interest, I noticed that Amidon now 
has a 3.048 inch (7.8 cm) core called a T-300; A-2 mix 
would have an AL of 115. The core is 0.5 inch (12.7 
mm) thick. Stacking one on top of the other would 
make up a 1 inch thick core with an AL of 230. The 
required number of turns in this case is equal to 

100 18 = 27.975 or 28 turns. 
J 2 3 0  

For those of you thinking of an amplifier in the 1 
kW input class, the coil should be wound with No. 
12-gauge enamel covered wire. If you contemplate 2 
kW, use No. 10-gauge wire. 

coil preparations 
Obtain a roll of glass cloth electrical tape No. 27. 

It costs approximately $3.50 for 66 feet, or about 20 
meters (there'll be plenty left over). If you're going to 
stack cores, use Eastman 910 super glue or equivalent. 
Align the cores, applying a small quantity of the glue 
- possibly only a few drops - around the side of one 
core. Work swiftly; super glue hardens quickly. The 
glue prevents the cores from moving out of alignment 
while they're being prepared for winding. 

Now wrap two layers of glass tape around the core. 
Apply a heavy layer of Polystyrene Q-dope (available 
from Radio Shack for less than $2 per 2-ounce bottle) 
to the glass-taped core. Set the core on a sheet of 
waxed paper or plastic wrap. After 20 minutes or so 
the Q-dope will have hardened sufficiently for another 

table 2. Color code identifies core mix and frequency 
range. 

frequency 
range 
(MHz) color mix 

0.05- 0.5 gray 3 
0.1 - 1.5 redlwhite 15 
0.5 - 5.0 blue 15 
1 .O -30.0 red 2 

layer to be applied. (The core can easily be separated 
from the waxed paper or plastic wrap for full cover- 
age.) When you're finished, no one - not even you 
- will know if it's one core or two. 

Apply coat after coat until you've practically ex- 
hausted the contents of one 2-ounce bottle of Q-dope; 
you'll probably have about ten layers, which will add 
about 118 inch (.32 cm) or more to the thickness of 
the core. Now you'll need to add some insulation to 
the sides of the toroid. Some 1 I 1  6 to 1 18-inch ( 16 mm 
to 32 mm) polystyrene or fiberglass will be needed. 
(Don't use plexiglass.) In my search I ended up using 
1116-inch (16 mm) G-10 epoxy glass printed circuit 
board. 

Use a propane torch to remove the copper foil. Place 
the board in a vise and apply the heat, stripping off 
the copper foil with a long-nose pliers. It takes only 
a few minutes to strip both sides when using a torch. 
Use of a fly cutter (circle cutter) to cut two identi- 
cally-sized donut washers out of the epoxy board. The 
outside diameter should be 1 /Cinch (6.4 mm) wider 
than the epoxied core, and the inside window or center 
hole 114-inch (6.4 mm) smaller. 

Using some of the remaining coil dope, coat one 
side of each of the donuts you've prepared and place 
one on each side of the powdered iron core. Let it set. 
Now when you place the wire winding on the core, the 
wire will clear the core by 1 I 16 inch (1.6 mm) or 118 
inch (3.2 mm) and there'll be plenty of insulation on 
the sides of the core. The Q-doped glass tape and end 
plates are the instruments that prevents RF from arc- 
ing to the core. If you prepare the core as directed, 
this will be no problem 

If you're using a deep chassis the coil can be held 
in place by the wire leads and mounted directly to the 
switch, wheel fashion. My chassis was not deep 
enough, since it was subdivided with the input of the 
RF amplifier on one side and the output on the other. 
I prepared two more pieces of G-10 epoxy as large 
washers, cutting a small hole in the center of each so 
that the core could later be mounted from a long stud 
secured to the chassis. One recommended step you 
can take is not absolutely necessary, but does make 
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fig. 3. Plate inductance versus plate load impedance 
1Q = 12). 

a neater package. The core does not include a 10- 
meter winding. As is conventional, this coil is almost 
always separate and is made up of about three or four 
turns of 1 /4-inch (6.4 mml copper tubing 2 to 2-3/4 
inches (5 to 7 cml in diameter. I mention it at this point 
because you may already have such a coil and the to- 
roid core should be wound in the same direction as 
the turns of 10-meter coil, in order to prevent possi- 
ble problems later. Take the core and determine the 
direction of winding, applying a sample of small wire 
to determine how the wire will lie in the core. With 
a Swiss file, file notches for the winding, making them 
about 3/64 inch (1.58 mml deep. If you have 20 turns, 
there will be 40 notches on the inside window circum- 
ference and another 40 on the outside diameter of the 
G-10 epoxy donut sides. 

Some pointers on winding the core: don't put the 
core between the jaws of a vise; it may break. Apply 
a test turn of wire to the core, observe the point at 
which a full turn is completed, remove and measure 
the test turn, multiply that figure by 20 and add 1 foot 

(30.48 cm). This is the length of wire you'll use to wind 
the core. Place one end of the wire in a vise, go to 
the far end and get a good grip on the end with large 
pliers, stretch the wire taut and tug sharply to remove 
any kinks. (I didn't have anyone to help me at this 
point, but I suggest you get someone to hold the core 
while you wind it.) Put the end of the wire through 
until the core is close up to the vise. (Ask your helper 
to hold it.) In placing the notches around the core for 
the wire, wind till no gap remains. Leave a space be- 
tween the beginning and end of the winding equal to 
at least the space of 1 or 2 turns of wire. This also 
provides a starting point for the winding. If you start 
on the notches for the second turn you can get the 
last turn on at the beginning from the end of the wire 
that was held in the vise. Start threading the wire. The 
person holding the core can assist in holding the wire 
in place. When finished, tie the ends together tempor- 
arily so they will not unravel or become loose. Some 
coil dope can be used to secure the wire in the 
notches. 

determining the tap positions 
As the wire is spaced from the core, it's easy to 

scrape the enamel from the wire. Use the AL formula 
to determine the tap placement. I'll take you through 
the first tap determination - that of 80 meters. Refer- 
ring to the inductance data for L1,80 meters = 9.72 
P H .  

= 100- = 16.43~0 the tap is6.5 

turns from the 160 meter end or 16.5 turns from the 
load end. It can be placed at 16 turns. Calculate the 
location of each tap for the remaining bands. 

If you wish - and it might be a wise thing to do 
- prove you have made all the correct calculations. 
How? You'll need a grid dipper for this part. Most of 
this can be done prior to winding the coil in its fin- 
ished form. You can wind a more manageable wire 
size of No. 14 or 16 to test for the correct value of 
inductance. 

At the beginning of this article we determined that 
407 pF was needed for C1 and C2. With 22 turns of 
No. 14 or 16 wire on the core, make the last turn loose 
so that you can couple a grid dipper to it. Using 
capacitors from your junkbox, make up a capacitor of 
approximately 350 pF (300 and 50 pF are standard 
values of dog bone dipped micas). Connect the capaci- 
tor across the two ends of the winding - making sure 
the coil is not placed on a metal bench - couple it 
to the last turn, and dip the meter. If the dip is broad, 
de-couple by backing the dipper away until you get 
a sharp dip. Read the dipper frequency. If the scale 
has poor resolution, couple it to a counter or a 
receiver. 

34 August 1985 



Many dippers only go down to 2 MHz. Wrap the 
leads of a 10 or 20 pF capacitor around the pins of 
the dipper coil. This will extend the range of the dip- 
per, but the readout will be null and void so listen for 
the dipper oscillator on your receiver reading the re- 
ceiver dial or digital readout. If this is not possible, 
compute the resultant capacitance for 80 meters and 
just place the equivalent capacitance across the 14 
turns, dip the meter, and read the dial. Then place a 
one-turn link through the coil and tie the ends of the 
one turn together. Couple the dipper to this one turn. 
It will get you close to the frequency. It won't be as 
accurate as coupling to a loosely wound turn of the 
coil itself because a shorted turn loads the coil 
somewhat. 

tricks of the trade 
Looking at the capacitor values of C1 and C2 for 

160 and 80 meters makes one gasp. I used a four-gang 
capacitor from a surplus Hewlett Packard audio oscil- 
lator in my 800 watt output amplifier for C2. This has 
a total capacity of 2100 pF. I used two positions on 
the bandswitch for 160 and switched in 2000 pF on 
the lower frequency and 1000 on the higher end. The 
fixed capacitors used were the Hi-Q CRL-850 series 
5000 volt DC. 

For the plate capacitor C1, I also switch in parallel 

TO P L A T E  
OF VACUUM 

cluding WARC frequencies. 
fig. 4. Final pi-network design works on all bands in- 

capacitors. Let's take a second look at the C1 values evaluating for the series capacitance how close we 
for 160,80, and 40 meters 481,246, and 123 pF respec- 
tively. We'd like to keep the physical size of the ampli- 2400 x 400 come to the required 340 pF. 2400 + 400 = 342.9 pF. 
fier down, so let's say that a realistic practical maxi- 
mum value is 250 pF. If one is to use vacuum variables, 
350 becomes practical but for an air dielectric variable 
250 pF seems high enough. 

combining capacitors 
How can we get by with using 250 pF when we need 

481 pF for 160 meters and 246 for 80? How would one 
cover the band? We may need two positions on the 
bandswitch if we plan to tune the whole 160 meter 
band, but let's see what it takes. For an accurate fre- 
quency plot it would be nice to have a reactance slide 
rule, but we can come close enough by interpolating 
between 3.5 MHz and 1.8 MHz in figs. 1 and 2. We 
know the 160-meter inductance is 18.4 pH and the 
resultant capacitance (CT) of C1 and C2 is 410 pF for 
the low frequency end (1.8 MHz). What capacitance is 
required for 2.0 MHz? We find that it will take 340 pF. 
This is a change in the resultant capacity (CT) of 70 pF 
over the band. If CT = 340 pF, what will be the 
capacity remaining in the plate tuning capacitor C l?  
Let's go back to the plot in fig. 2 for C2 at 2250 ohms 
load impedance. Extending a line through this impe- 
dance point, we find that 2400 pF will be required at 
2.0 MHz - the high end of the band. Let's now look at 
the chart for C1; it looks like 400 pF. Let's see when 

That's close enough. 
This indicates that C1 must be variable from a high 

of 481 pF for 1.8 MHz to a low value of 41 1 pF for 2.0 
MHz. From this, if we switch in 250 pF fixed capacity 
across our 250 pF C1 selected variable, there will result 
a 500 pF total maximum capacitance which is 19 pF 
more than needed. For the high frequency end, if we 
tune out, say, 70 pF of the 250, there will be 430 re- 
maining in the circuit. We still have a 180 pF of vari- 
able capacity remaining. It looks as if we can do the 
entire 160-meter band with just one band position by 
switching in 250 pF of CRL-850 series capacitance. 

Let's now look at 80 meters and evaluate it the same 
way. 246 pF is required for C1 and 1368 pF is necessary 
for C2. We have plenty of C2 with 2100 pF of variable, 
but we may need more C1 - about 50 pF more. First 
let's see the minimum we need to cover 4.0 MHz. The 
capacitance chart at 2250 ohms, although poor in reso- 
lution, looks like 230 or possibly 240 pF. Let's say we 
switch in 50 pF of the CRL-850 series capacitance. This 
will provide a variable capacitance of 300-250 + 25 
(about 25 pF for minimum capacitance in the capacitor 
and circuit capacity). This equates to a minimum avail- 
able capacitance of 75 pF and a maximum of 300. We 
need only 246, so we have an excess of 54 pF; we need 

August 1985 35 



a 07 @ 
as 

?f'%fl ' 
by 

A K.V.G. 
9 MHZ CRYSTAL FILTERS 

MODEL 
XF.9A 
XF.98 
XF.9BOl 
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XF-9C 
XF-90 
XF-9E 
XF-9M 
XF-9NB 
XF-9P 
XF910 

Appll. 
UIIon 
SSB 
SSB 
LSB 
USB 
SSB 
AM 
AM 
FM 
CW 
CW 
CW 

IF notse 

Band- 
r l d th  
24 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
3.75 kHz 
5.0 kHz 

120 kHz 
Ym HZ 
Ym HZ 
250 Hz 

15 kHz 

10.7 MHz CRYSTAL FILTERS 
NBFM 
NBFM 
WBFM 
WBFM 

PtrrDala 
FM 

12 kHz 
15 kHz 
30 kHz 
36 kHz 
40 kHz 
14 kHz 
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144 MHz 10 W output, TOM !n MM1144.28 17995 
Other bands 6 IF% avatlable 

LINEAR POWER AMPLIFIERS 
1 M  MHz 20 W oulpul UP1296ML 
4321435 100 W oulpul MML432-1 00 

50 W oulpul MML432-50 
30 W outpul MML432.30LS 

144 MHz 200 W oulput MML144-203s 
100 W oulpul MML144.100LS 
50 W oulpul MMLI 44.504 
30 W OUlpUl MML144-3DLS 

All madela IncludeVOX TlR swllc 
' L" models 1 or 3W drwe, others 

Shlpprng FOB Concord. Mass 

ANTENNAS / 117 

420.450 MHz MULTIBEAMS 
28 Elemenl 70lMBM28 12 dBd TX995 $39 95 
48 Elemenl 70lMBM48 15 7 dBd -lLE, 59 95 
88 Element 701MBM88 18 5 dBd +8556- 89 95 

144.148 MHz J.SLOTS 
10 + 10 Twtsl lOXY17M 11 3 684 69 95 

UHF LOOP YAGlS 
1250-13M MHz29lwps 129ELY 20dB9 
1650.1754 MHz29 loops 1691.LY 20481 59 95 
Order Loop.Yag~ connector exlra: Type N $14 95. SMA $5 95 

I ~ ~ ( ~ s ~ I ~ ~ ~ o I ~ I I ~ W ~ U H F  m! 1 
qu~pmsnt atxi KVG nrjfal product rqulrenmnls 

a minimum of 230 or 240, and we have 175 - so we're 
well in on 80 meters by switching in 50 pF. All the other 
bands are OK without additional capacitance. This 
should be enough data to enable you to draw up a 
switching circuit - see fig. 4. 

bandswitch connections 
The bandswitch should be of ceramic or porcelain 

material, of high quality and capable of handling the 
RF power. The switch will need two decks to accom- 
modate the additional C1 capacitance required to be 
switched in and out. The number of positions will de- 
pend on the number of bands. 

Some final thoughts: keep in mind that if the load 
impedance of the vacuum tube or tubes selected cal- 
culates out to  be 1500 ohms or less, the required L1 
is somewhat less, so C1 and C2 become larger. This 
means there will be more capacitance to switch in. 
With such high values of fixed capacitance there may 
not be enough variable capacitance left to  cover the 
160-meter band. If this is the case, two positions will 
have to  be provided on the bandswitch in order to 
cover both the low and high frequency segments of 
the band. 

Note that only seven positions are shown on the 
switch in fig. 2 and the bands for 18 or 24.5 MHz are 
omitted. Also note that to  provide enough Q on the 
10-meter band, a separate coil will be required the 
same as in any and all amplifiers on the market. This 
usually requires about three or four turns of 2 to 2-1 12 
inch (5 to 7 cm) diameter 114-inch (6.4 mm) copper 
tubing. 

The last item is the plate blocking capacitor. This 
0.002 pF capacitor is an important item and must 
handle high current, is high Q like the CRL-850 series 
capacitors and also is high voltage about 10,000 volts 
in amplifiers of 2 kW. This value capacitor has a 
45ohm reactance on 160 meters. The 0.004 pF 
capacitors reactance value is 25 ohms on 160 meters. 
The 858 capacitors are rated at 5000 volts and require 
two 1000 pF units in parallel. The 2000 pF capacitors 
are only rated at 1.5 kV. The 5000-volt 858 is just 
marginal at 2500 volts and should you be running ap- 
proximately 1 ampere of plate current you'll have to  
series-parallel eight of these just to  produce 0.002 at 
10 kV. 

There you have it. Should you need further 
assistance, drop me a line (enclose an SASE). 
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Free Antenna Accessories Catalog 

4 Coaxial Antenna Relays 
Remotely select up to 9 antennas 

lrom your transmitter. using only one 
coaxial cable. Environmentalized, high 

4 '  ' 4 '  power and low loss. 

W2AU and W2DU Baluns? 
Our baluns, center insulators and in- 

sulators have been preferred for 20 
years by Hams. ~ndustry. and the armed 
forces. Protect against TVI and lightning 
1.8-200 MHz. 

4 W2VS Antenna Traps 
Add these traps to wur dipole and 

get low SWR on 2 to 6 bands. depen- 
ding on how many you add. Antenna 
wire and custom kits also available 

Send For Yours Today b 
Don't delay. Call or write today, and 

we w~ll send you free literature which 
fully describes our Ham antenna ac- 
cessory product line. 
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Carrier Operated Relay (COR) permits automatic startlstop of a 
recorder 
Four iow.noise front end converters for optimum performance 
12 volt DC operation (120 volt AC power supply optional) 
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I B&W Miniductors@ and Air-Dux@ have been 
the industry standard for over 50 years, 
wherever radiofrequency coils are used. I 

For the experimenter, the radio amateur, the 
manufacturer 
Available in diameters from 'h" to 6" 
Wire sizes from #24 to #8 AWG 
Also edgewound and tubing coils for high-power 
applications. 

Coil or write for complete specifications. 
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(245) 768-551 

I Now you can get in on the fun in packet radio! I 
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Signaln lrll labll bf I h t y p  M111C4NdDI. 
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.OK RAM avnllmbl. on , a l . l  ordsr 
.cant. .ul,omlrd lo t  ;I*,.. 
' Squlcn in ut lor shanq o l  mta b a d r  
tail ntgn !S~D L ~ D C  8 trograrnnud in ROM. 

MODEL PK1 

GLB 
P K - I  

SPECIAL PACKAOE DEALll! 
Amateura Only 

lnciudes PK1 Installed In 
csblnet wicable set A pwr, au~ply 

$22995 

PK1 . FCC CERTIFIED - wired and tested in cabinet $209.95 

PKlS . Subassembly board - wired and tested t164.95 

PKDOC . Documentation only - Refundable on first PK1 
purchase S 9.95 

Plean spwlly Ctll Sign, SSlD Number, a d  Noda Number then cfdarlng 
Conlrct CLB t rddllionrl inlo r d  rvrllrblc opllons. 

W o m r r  m m  eta line 01 tnnsminsn r n d n e d i w n  rlrlps, pmwlufor 
pmrmps. C G D ' s n  d synlheairen lorrmrtcur d mmmsnirl  use. 

Rsquesl our FREE catalog. MC 6 Visa mlcome. r, 121 

CALLBOOKS NOW INCLUDE A FREE MAP 
VALUE $2.50 each 

NORTH AMERICAN CALLBOOK FOREIGN CALLBOOK 
Includes free World W~de Prellx map Includes lree map o l  North Arnertca 

The New North Amerlcan Callbook now contalns Canadlan The only source 01 OX calls and addresses avatlable Fully 
and Mex~can as well as all US Radio Amaleurs Fully up updated and has helpful OSL tnformatlon 01984 
daled wtth all Ihe latest calls~gns and addresses Edtled lo  [-ICB-F85 
ensure accuracy Includec handy station alds ~11984 

Softbound $24 
($70 95 + U 05 s 6 h) 

I ICE-US85 Softbound $25 
($21 s5 + U 05 s 8 h) 

Order Both and SAVE even more - Regular Price $45 
HAM RADIO SPECIAL $39.95 POSTPAID 
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~ ~ ~ ~ o - ~ ~ ~ ~ B O O K S T O R E  
GREENVILLE, NH 03048 (603) 878-1 441 

38 August 1985 



medium power 
amplifiers 
In one of  my  earlier columns I 
described VH F/ UH F exciters, with the 
emphasison transverters.' These trans- 
verters are primarily designed for 2 
meters and 135 and 70 cm, but only 
at lower power - typically 0.5 to 1 
watt output. In last January's and 
February's columns, I discussed high- 
power amplifiers, with the goal of at- 
taining the legal power limit.**= 

But many VHFers need intermediate 
power level amplifiers, typically at 10 
to 100 watts, for use as either a final 
stage or to drive a high-power ampli- 
fier. With this in mind, I've decided to 
dedicate this column to that subject. 

amplifier types and classes 
There are two major types of medi- 

um-power amplifiers: vacuum tube 
and solid-state. Each has its advan- 
tages and disadvantages. Generally 
speaking, tube amplifiers have higher 
gain, are more linear, are larger in size, 
and require at least two or more 
voltages. Solid-state amplifiers, on the 
other hand, are generally more com- 
pact and more physically rugged than 
tube-type amplifiers and usually re- 
quire only a single voltage power 
supply. 

Both types can usually be run in 
class C, which is all that's required for 
CW and FM opeation. However, now- 
adays most Amateurs prefer a linear 
amplifier, since it works equally well on 
CW and SSB at the flip of the mode 
switch and is less likely to cause key 
clicks when operating on CW.1,2 

Medium-power vacuum tube arn- 
plifiers. Vacuum tube amplifiers have 
been around for a long time. They're 
usually quite reliable and rugged. Mis- 

matches and mistuning - all too famil- 
iar to users of solid-state amplifiers - 
seldom cause catastrophic failures. 

However, this type of amplifier can 
be bulky. It generally requires several 
voltages such as filament, plate, and 
possibly control and screen grid as 
well. And while it's not usually a 
problem, a warmup period of 1 12 to 5 
minutes is usually necessary. There- 
fore, they're not particularly popular 
- especially for portable or mobile 
operation! 

Regardless of their shortcomings, 
vacuum tube amplifiers are still quite 
plentiful and are often available at low 
prices. If you already have one any- 
way, why throw out or sell a perfectly 
good amplifier that's still functioning 
properly? 

Many single-tube 2C39 amplifiers - 
often from the old Motorola T44 units 
- are still in operation on 70 cm. They 
make fine output amplifiers for low- 
power operation and serve well as 
drives from typical legal-limit ampli- 
fiers. There are also many single tube 
4X150/4CX250B types of amplifiers 
still in use. They also make excel- 
lent moderate power amplifiers. Many 
modern high-power amplifiers use 
grounded grid circuitry and often have 
only 10-13 dB of gain. Hence they may 
require 75 to 150 watts of drive to 
achieve the full legal Amateur power 
limit. This is a great application for 
such an amplifier. 

So don't dismiss the idea of using 
a vacuum tube amplifier as either a 
moderate output power amplifier or as 
a driver. (See references 2 and 3 for 
further information on the subject.) 

Medium-power solid-state ampli- 
fiers. Solid-state amplifiers can be 
designed for either class C or linear 

operation. Both bipolar transistors and 
MOS power FETs are commonly used. 
There's no doubt that the compact 
solid-state amplifier has done wonders 
to increase VHFIUHF activity as well 
as reduce the size of the necessary 
equipment. 

Power bipolars are presently the 
most common type of device used in 
Amateur medium-power solid-state 
amplifiers. They've been available for 
over 15 years and are moderately 
priced. Most work well at 12 volts 
DC and are therefore convenient for 
mobile operation. But they're usually 
quite fragile, and their transistors may 
burn out if subjected to a high VSWR 
load. 

More recent power amplifier designs 
employ high-power MOSFETs, which 
became available about ten years ago. 
Manufactured by Siliconix, the first 
commercially available power FETs 
were called VMOS (Vertical Metal 
Oxide Semiconductors). Soon after, 
other manufacturers started making 
and improving on their performance, 
power, and reliability. 

The original MOS power devices, 
primarily designed as switches, are 
generally called enhancement FETs, 
since they have to be biased "ON" to 
operate - just the opposite of the way 
vacuum tubes work. Because they had 
a high input impedance, they were 
subject to burnout when not con- 
nected in a circuit. Therefore, the 
manufacturers frequently placed a 
zener diode across the gate, thus 
reducing the frequency response and 
limiting use to HF and down. 

Siliconix introduced the VMP-1 and 
VMP-4 devices in RF packages with- 
out the input protection zener diode. 
I've been using the same VMP-4 in a 
10-watt 135-cm linear amplifier since 
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fig. 1. The typical bipolar power transistor is shown in schematic form. (A)  single cell: 
(BI two-cell device. For values of RE, see text. 

1976! First it was my output stage and 
later my high-power amplifier driver. 

Power MOSFETs are not as likely to 
be destroyed even if their output 
VSWR is high. When heated, many of 
these devices will just shut down 
rather than "self-destruct!" Power 
FETs generally have higher input/out- 
put impedances than bipolar power 
transistors, making them easier to im- 
pedance match (more on this later). 
However, the linear power MOSFET 
devices generally require higher opera- 
ting voltage - 28 volts or more. For 
this reason, they're not as likely to be 
used in mobile or Amateur applica- 
tions, where 12 volts is usually the only 
supply voltage available. 

Power MOS devices stand an excel- 
lent chance of overtaking bipolar de- 
vices in many applications in the 
future. Although there may be some 
interest in the use of power MOS 

devices for Amateur applications, I'll 
limit this discussion to bipolar tran- 
sistors because they're by far the most 
widely used solid-state devices in 
medium power amplifiers. 

Before we can design and build a 
medium power amplifier, we must first 
Know some of the basic properties of 
the bipolar transistor devices to be 
used. The most important parameters 
are the DC voltages, the power dissi- 
pation, recommended operating fre- 
quencies, RF inputloutput impedances 
and recommended circuitry for bipolar 
power devices. 

The typical bipolar power transistor 
consists of many individual transistor 
junctions in parallel (fig. 1A). This 
configuration is chosen to increase 
current handling and distribute the 
heat within each junction. In the larger 
devices, there may even be multiple 
identical "cells" which are paralleled in 

the semiconductor itself to further in- 
crease the power and current handling 
(fig. 1B). 

Resistance RE (fig. 1C) is typically 
5-30 ohms and is determined by the 
design requirements, manufacturing 
process, and material. The value 
chosen is very important, since the 
lower the resistance, the higher the 
gain of the transistor. This is frequently 
referred to as the ballasting resistor. 

However, if heat increases in the 
junction, the typical bipolar transistor 
starts to draw more current and there- 
fore heats up. If there's any potential 
difference between the junctions of 
the different transistors in parallel, the 
emitter current (and hence the collec- 
tor current) may divide unevenly - 
and in an instant, there can be a chain 
reaction. 

First one junction starts to "hog" 
current. It heats up until it's destroyed. 
Then the current is diverted to the re- 
maining transistors, which may in turn 
be destroyed. The higher the resis- 
tance of RE, the better the chances of 
equal current distribution (especially 
when heated) and theless possibility of 
(thermal) runaway destruction. There- 
fore the designer mustcarefully choose 
the optimum emitter resistance for the 
application and trade off gain versus 
power distribution and stability. Gener- 
ally speaking, linear devices have 
higher RE, while class C devices have 
lower RE. 

Power dissipation is a very serious 
consideration in the design of a power 
bipolar transistor. The junction area is 
quite small and the only way to cool 
it is with a good heat conducting 
package that is well heatsinked. This 
is in great contrast to power tubes 
where a large area is used and the 
power dissipation can usually be raised 
by increasing the air or water flow 
through the tube's plate radiator. Fur- 
thermore, the typical power bipolar 
transistor operates at a lower collector 
efficiency than its vacuum tube coun- 
terpart. While class C operation effi- 
ciency may approach 50 to 60 percent, 
typical linear service is usually between 
33 and 50 percent. 

DC voltages are most important. 
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However power bipolar manufacturers 
have made it easier for the user by 
optimizing the breakdown voltage and 
other parameters to suit the market. 
For example, there are power tran- 
sistors for the 12 to 15, 24 to 30, and 
50-volt markets. These markets are for 
the land mobile, aircraft/commerical 
and the pulse industries, respectively. 

Current limits, also specified by the 
manufacturers, increase more or less 
in direct proportion to the power of the 
device and its application. In contrast 
to power tubes, the typical power bi- 
polar transistor can be easily destroyed 
if the collector current rating is ex- 
ceeded, even for an instant. Therefore, 
a current limited power supply is highly 
recommended. Fuses just may not op- 
erate fast enough to prevent burnout. 

Most transistors are very frequency 
sensitive. For instance, the typical 
maximum gain of a bipolar power tran- 
sistor usually decreases 6 dB every 
time the frequency is doubled. This 
means that if the transistor is operated 
at lower frequencies, it will have very 
high gain - typically enough to go in- 
to oscillation or "self destruct!" 

Manufacturers work around this 
problem by designing each type of 
transistor to have a typical gain of 6 to 
12 dB at the recommended operating 
frequency, much lower than that of a 
typical power tube! Operation below 
the recommended frequency range is 
strongly discouraged. 

However, this is typically not a prob- 
lem for Amateurs since most of us use 
a different power amplifier on each 
band. Also, power bipolar transistors 
are readily available for the Amateur 
2-meter, 135 and 70-cm bands since 
they are also available for the commer- 
cial VHF, military and UHF bands, 
respectively. 

RF inputloutput impedance. Unlike 
tubes, the input and output impe- 
dances of bipolar power transistors are 
extremely low and often have a signifi- 
cant reactive component. Input impe- 
ances of 1 to 10 ohms are quite com- 
mon and the higher the power level, 
the lower the impedances will be. Typi- 
cal input impedances are usually speci- 
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fig. 2. Typical bipolar power packages. 
(A) T051TQ39; (B) TO-3; (C) stud-mounted; 
(Dl high power; (143 high power, usually 
with internal matching. 

fied by the manufacturers either at 
midband or over the specified fre- 
quency band as plotted on a Smith 
chart. The output impedance of a 
power bipolar transistor is usually 
specified differently than the input 
impedance since it is a function of the 
internal device parameters, the oper- 
ating power level, and the class of 
operation. Furthermore, the output or 
collector of a power bipolar transistor 
is usually not operated in a matched 
condition (often called "conjugate 
matched"). If the output were match- 
ed, this would mean that at least 50 
percent of the power would have to be 
dissipated in the circuit, output effi- 
ciency and power would be lowered, 
and the device would have to dissipate 

more power. (This will be discussed 
shortly. 

Therefore, bipolar power transistors 
are often specified when operating into 
a conjugate of the optimum load impe- 
dance at a given frequency and power 
level. To simplify matters, most manu- 
facturers usually show a typical or rec- 
ommended circuit with the optimum 
components. 

transistor configurations 
Bipolar power transistors are usually 

operated in either a grounded emitter 
or grounded base configuration. Most 
modern devices operating below 500 
MHz are specified for grounded emit- 
ter circuitry. Gain is usually slightly 
lower than in grounded base operation 
and the input impedance is higher, 
making it easier to match impedance. 
Grounded emitter configurations are 
also easier to bias and stabilize for 
linear operation. 

Grounded base operation is still pop- 
ular, especially above 500 MHz and 
where class C operation is used. 
Devices operating in grounded base 
circuits typically have higher gain 
(typically 1 to 3 dB), especially at the 
maximum frequency of operation. 
Another advantage is that the gain of 
a device increases only a moderate 
amount (10 to 15 dB) and flattens out 
as frequency decreases. ,Hence this cir- 
cuit is less likely to oscillate at a lower 
frequency. 

packages 
Choosing the package for a high 

power bipolar transistor is almost as 
important to the device designer as 
designing the chip itself. At the higher 
power levels, heat dissipation is a com- 
plex problem. Because the area of the 
chip itself is usually quite small, manu- 
facturers have selected packages with 
extremely low thermal resistance. 

The typical three or four-lead TO-5 
and TO-39 cans (fig. 2A) cannot 
dissipate heat efficiently. TO-3 pack- 
ages (fig. 28) are generally not suita- 
ble at VHFIUHF frequencies because 
of package parasitics. 

Many power packages have been 
designed to handle power dissipation 
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while keeping the leads short. Further- 
more, these packages usually have 
very wide leads to keep internal lead 
inductance at a minimum. At the lower 
power levels, 1 to 10 watts, stud- 
mounted packages are sometimes 
used (fig. 2C). However, at higher 
power levels, larger flat packages - 
generally with two mounting holes - 
are more common (figs. 2D and 2E). 
In all cases, the manufacturer uses a 
package commensurate with the 
power level of the device and specifies 
the thermal resistance and/or the type 
and size of heat sink required. 

To further lower the internal para- 
sitic load inductance, the common 
lead (either the base or emitter) is often 
attached to opposing leads on the 
package. Thus the package can be 
grounded on both sides. Not only does 
this improve gain but it often improves 
circuit stability. 

Caution: Many UHF power transis- 
tors use a special low thermal resis- 
tance ceramic package containing be- 
ryllium oxide. If the package is 
crushed, ground, or abraded, the dust 
resulting from such action may be haz- 
ardous if inhaled. Therefore, never try 
to work with packages that may con- 
tain this material. To dispose of 

a 

M H W I I O - I  

damaged or unwanted packages, en- 
close in an appropriate container for 
burial in an approved landfill, well awa y 
from ground water supplies. 

linear versus class C 
operation 

The first bipolar transistors were 
almost always operated in class C. To 
a great extent, this is still true today 
on FM. Class C design is rather 
straightforward and, as mentioned 
earlier, many devices are available with 
good gains. 

However, most of the early devices 
available were not suitable for linear 
operation since they were highly non- 
linear and tended to self-destruct if 
even a small biasing current was ap- 
plied. Therefore, manufacturers typi- 
cally redesigned their devices by add- 
ing higher ballasting resistors in the 
emitters, as discussed above. Careful 
attention to frequency response, sta- 
bility, and gain lead to a whole new 
category of devices suitable for linear 
operation. 

Nowadays most Amateurs use linear 
power amplifiers since they can be 
placed on CW, FM, or SSB. Ample in- 
formation is available on class C opera- 
tion, both in the literature and from 

manufacturers' data sheets. In addi- 
tion, most suppliers have application 
notes available in their data manuals. 

Before we leave class C operation, 
there is one type of commercially avail- 
able unit that's particularly well suited 
for certain applications. Often referred 
to as the "brick" or "hybrid power 
amplifier module," this device is typi- 
cally available at the 5 to 25 watt out- 
put power level for various frequency 
ranges from 144 to 940 MHz. They 
usually have high gain (2 or 3 internal 
stages) and therefore require only 0.1 
to 1 watt of drive. Typically they are 
usable over 5 to 25 MHz of bandwidth 
(depending on operating frequency) 
with 30 to 50 percent overall efficiency. 

Furthermore, these modules typi- 
cally require a single 12 to 14 volt 
power supply and a few bypass capac- 
itors. I particularly like them for driv- 
ing frequency multipliers, which are 
more reliable if driven from a stable 
power source. Quite often I see these 
modules listed in surplus advertise- 
ments. Amperex, Motorola, RCA, 
NEC, and TRW are some of the major 
suppliers. 

A typical 70-cm hybrid amplifier is 
shown in fig. 3. A good heat sink is 
required because efficiencies are low 
(30 to 40 percent). The 3 dB pad 
improves input match. However, hy- 
brid modules are not suitable for linear 
service, and all the attempts to linerize 
them that I've heard of have been 
unsuccessful. 

j j  (NOMINAL1  + 1 2 . 5  

fig. 3. Hybrid power amplifier module. Unit shown is a Motorola MHW-710-1 for 400 
to 450 MHz operation. Other suppliers and units may use slightly different pin layout. 
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linear operation 
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Modern bipolar power transistors 
are still not capable of class A opera- 
tion above a few watts because their 
power dissipation is too high for the 
packages and device geometries avail- 
able. Most Amateurs prefer 12-volt 
power transistors because they're 
more compatible with the power sup- 
plies available (especially in mobile 
operation), moderately priced, and 
fairly rugged. However, if good linear- 
ity is required, the 24 to 28 volt devices 
are usually superior, even though they 
are less rugged and cost more. 

When good linearity is required at 
power levels exceeding 5 watts, class 

Q 
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#MOD 534-7161 

FOR TI. COMPUTER 

CONNECTORS tronlc organs to Provlde acousilcdelay sound 

ALL ARE 1.56 SPACING. 
effects lmput lrnpedlance 6 ohms. Output Imped- 

$10.00 EACU anCe22000hms Measures4h" x 16%" x l ~ / , ; ~  

22/44 EDGE CONNECTOR 

PC S2.OOeeCh 
10 tor $18.00 

1 22/44 EDGE CONNECTOR 

solder lug $2.50 
each 

I 28/56 EDGE CONNECTOR 

PC style $ z . s o ~ ~ ~ h  
10 tor $22.00 

1 36/72 EDGE CONNECTOR 

SUB-MINIATURE 
D TYPE 

DB I 5  PLUG $2.75 
DB-15 SOCKET 
DB.15 HOOD 

$4.00 
$1 .50 

DB.25 PLUG $2.75 
DB-25 SOCKET $3.50 
DB-25 HOOD $1.25 

PARALLEL 
PRINTER 

CONNECTORS 

8 RA. SPEAKER 'SPECIAL PRICE* 
DUAL L.E.D. 

C T S Model 883079 $5 00 each 
DISPLAYS 

6 ohms cot1 
3 002 ferrlte magnet CASE OF 
Typscal response range 8 SPEAKERS 

100- 10 000hz $32 00 
Power rating 15 watts max 560 hlgh 7 seg. 
Drllled to mount llne ment L E D read 
matchlng transformers Outs Mount tn 24 

pin DIP 
sockets 

MAN-6640 
orange c c 

LINE CORDS RELAYS 7% each 

I FND-5148.d c c 

5 AMP SOLID STATE 7% each 

STANDARD JUMBO 
DIFFUDED T I  W 

RED 10forS1.50 
100 lor $13.00 

GREEN 1010r~2.00 
1w(ors17.00 

YELLOW 10 (or $2.00 
100 lor $17.00 ' FLASHER LED n 5 volt operat8on 

redlumboTl>,a 
size 11.00 each 

BI-POLAR 
lumboT 134 slze 

2lofS1.70 I/ 

More Details? CHECK-OFF Page 126 v 149 August 1986 43 



New From 

DX The 80 & 40 
Meter Bands 

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

With the decline in sunspot activity, 
the HF2V's low angle of radiation will 
get you DX on the low bands - - even 
when 10-1 5-20 meters are "dead." 

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

40 Meters: Full CW & Phone 
band 

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

Write for our FREE CATALOG. 

BUTTERNUT 
ELECTRONICS 

405 East Market Street 
Lockhart, Texas 78644 

(51 2) 398-90 1 9 

Over 8,000 sold 
0.5 - 200 MHz 
19 dB gain 
50 Q inloutput 
For receivers, counters, transmitter 
amp stages 
Built, tested & ready-to-go 

Our Very-Hard to Find Components List 
Semiconductors 

MRF 208 $1200 MRF9Ol $ 175  MPSH 81 $ 50 IN6263 
MRF 240 1840 MHW 710 1 61 00 MV2205 58 2N2907 

1035 LM380N 190  2N4401 
$ Ei 

MRF 247 34 80 2N5944 75 
MRF 309 3381 MC1330P 160  LM565CN 165  2N5190 1 50 
MRF 421 37 00 MC1350P 120 LM741CN 65 2N5192 1 50 
MRF 422 41 40 MC1358P 1 25 1N756A 55 2N5194 1 50 
MRF 429 4600 MC1458P 65 IN4001 25 2N5989 2 80 
MRF 454 20 00 MC1723G 280  IN4148 30 2N5990 2 80 
MRF 644 27 60 MC3405 2 50 1N4997 150  2N5991 3 00 
MRF 646 29 90 MC78LO8CP 50 IN5400 35 2N6486 1 25 
MRF 648 33 50 MPS 2222 35 1N5363A 2 00 

Kemet Chip Capacitors 

ommunication 
We also carry a lrne ot VHF, UHF amplrfiers and oncepts Inc. 
A T V  ~ o r ~ r o m e n t  Call or wrrte for our free cataloq. oaynon, O ~ I ~ ~ ~ ~ ~ O . , ~ ~ ~ , ~ ~ . ? ~ ? ?  
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I ONLY $9.05 + $1 shipping I 

Fits in your shirt pocket 
Uses 1 9-volt battery 
4 digit LED readout, 7 digit resolution 
1 MHz - 500 MHz 
Great addition to shack and toolbox 

ONLY $34.95 + $2 shipping 
fl 123 

I before you move and we will make sure 
vour HAM RADIO Magazine arrives on I 
schedule. Just remove the mailing label 
from this magazine and affix below. 
Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care of the rest. 

ham Allow 4-6 weeks for radio correction. 
Maoazine 

~reenvilik, NH 03048 

Thanks for helping us to serve you better. r--\ L-J r - -  
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B biasing is preferred. Since linear 
devices are so sensitive to heat, special 
biasing techniques that "track" the 
heat within the transistor junction and 
readjust the bias voltage accordingly 
are required. Furthermore, these bias- 
ing techniques must be able to supply 
high base or emitter current on de- 
mand and from a low impedance DC 
bias source. 

The first biasing circuits developed 
for bipolar linears consisted of a for- 
ward biased diode connected to 
ground and strapped to the package 
or heat sink as shown in fig. 4A. The 
series resistor to the power supply was 
adjusted until the proper collector cur- 
rent, usually designated as Ica, was 
attained. The power transistor idling 
current is typically 20 to 100 mA and 
is dependent on the device type and 
power level. It's usually not critical and 
often specified by the device manufac- 
turer. Increasing the idling current 
rarely improves IMD, except on higher 
order products. 

The idling current drawn by this 
biasing circuitry can be considerable, 
with 250 to 500 mA a typical value. In 
addition, this circuit is somewhat sen- 
sitive to power supply variations. Many 
designers, therefore, use 3-terminal 
voltage regulators in the supply circuit 
to keep the voltage constant (fig. 48). 
The resistor is still used, but it dissi- 
pates less power (depending on the 
regulator voltage). A lower value resis- 
tor can be used with one of the newer 
low voltage adjustable regulators. 

In 1973, Communications Transistor 
Corporation (CTC) introduced the 
"byistor," a self-contained regulator 
that incorporated temperature tracking 
(fig. 4C).4 This device is actually a 
diode similar to the base emitter junc- 
tion of a power transistor in series with 
a silicon resistor. The final DC source 
impedance is less than 1.0 ohm. 
Mounted in a studded package similar 
to medium power bipolar transistors, 
it can be attached to the heat sink, 
close to the transistor being regulated, 
for very close temperature tracking. 

The byistor, like the diode biasing 
scheme, typically requires 300 to 350 
mA of idle current. Some applications 

require low power drain. Therefore, in 
1976 CTC introduced an alternative 
device, the Z0-28.5 This device is actu- 
ally a power bipolar transistor with two 
internal diodes (see fig. 4D). The 
diodes track the bias regulator and the 
transistor being regulated. The regula- 
tor transistor acts like a source fol- 
lower. Hence this device has very low 
output impedance and draws high cur- 
rent only on demand. 

To set up the 20-28, a single low- 
power resistor is placed externally 
across the device as shown in fig. 4D. 
This resistor value is adjusted to set the 
power amplifier idling current. Some 
Amateurs have reported satisfactory 
operation by duplicating this device 
and circuit using discrete diodes 
(1 N4001 types) and a power transistor. 
Close attention must be paid to ade- 
quate coupling to the heat sink to 
assure temperature tracking. 

Other bias circuits have been used. 
When choosing a bias regulator, 
remember the following guidelines: the 
bias regulator circuit must track the 
temperature of the transistor being 
regulated and the output impedance of 
the bias source should be low, typically 
less than 1 ohm. 

impedance matching 

As mentioned earlier, the input and 
output impedances of bipolar power 
transistors are very low and often reac- 
tive. The typical "L" and "'Pi" net- 
works often used with vacuum tubes 
do not lend themselves to these impe- 
dances and devices, since losses may 
be significant. 

The most frequently used matching 
schemes for high-power bipolar tran- 
sistors are called "T" networks. 6,7,8 

Several are shown in fig. 5. They are 
particularly adaptable if the input and 
output impedances of the amplifier 
itself are 50 ohms, the most common 
case. Each network has its advantages 
and disadvantages. Usually only one 
of the elements has to be varied. How- 
ever, I prefer the schemes with two 
variable capacitors because they seem 
to be the easiest to tune and optimize 
properly, especially in narrow band 

SEE 

CRI 

NOTE 1 

SEE NO:; * 

INJECTOR % 
REFERENCE 

CONTROL 
SUPPLIER 

fig. 4. Typical linear biasing schemes. (A) 
single diode; ( B )  single diode with 3- 
terminal regulator U1 (see text); (C)  
Byistor, BY-1 (see text); (Dl 20-28 (see 
text). R1 and R2 are power resistors. 0 1  
is the power amplifier. Q2 is a BY-1 
byistor and Q3 is a 20-28. See text for 
other component value selections. Note 
1: The biasing device must be thermally 
attached to the power device being 
controlled. 
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fig. 5. Typical impedance matching net- 
works. (A),  (6). and (Cl are "T" net- 
works. Value selection is discussed in 
text. (Dl illustrates conversion from 
series to parallel equivalent circuit on 
transistor input as explained in text. 

applications, and have a built-in DC 
block. 

There is one rather sophisticated 
trick that is used extensively, especially 
in the wider bandwidth amplifiers. If 
the transistor series input impedance 
has an inductive reactance component 
(noted by a + j component such as the 
popular CM10-1214 with an input impe- 
dance of 1.5 + j3.5 ohms), it can be 
mathematically converted from a 
series to an equivalent parallel net- 
work. Then an appropriate parallel 
capacitance can be placed at the input 
of the devices to tune out the induc- 
tive reactance as shown in fig. 5D. 
The transformed input impedance is 
higher and resistive. This makes the 
impedance matching network easier to 
design and with a smaller transforma- 

tion rat@. Such techniques have been 
described elsewhere.* 

This matching technique is also 
used extensively by the commercial 
suppliers of UHF transistors. First they 
adjust the series inductive reactance by 
adjusting the lengths of the bonding 
wires used to attach to the chip. Then 
they place the appropriate shunt 
capacitors internally in the package. 
The net result is more efficiency and 
greater bandwidth, as well as in- 
creased convenience for the circuit 
designer. 

The output network is a function of 
the output power and the device. First 
the load impedance must be calculated 
using eq. 1: 

where RI is the desired output impe- 
dance, is the voltage across the 
transistor (usually the supply voltage 
less the saturation voltage of the tran- 
sistor) and Po is the output power in 
watts. For example, with a 13-volt sup- 
ply, a I-volt saturation voltage (typical 
for most transistors), and a desired 
output power of 10 watts, RI is 
approximately 7.2 ohms. This impe- 
dance is then converted in conjunction 
with the internal device impedance to 
the desired amplifier output impedance 
(usually 50 ohms). 

Remember that the input network 
chosen is primarily matching the 
source (usually 50 ohms) to the power 
transistor. The output network is 
designed to yield the optimum load 
impedance required for maximum out- 
put power (as described earlier) with 
the required circuit loaded Q. If the 
proper component values and circuit 
Q are chosen, losses will be quite low 
and harmonics kept to acceptable 
levels. 

Describing all the network require- 
ments and design procedures is 
beyond the scope of this month's col- 
umn. For those interested in the sub- 
ject, I particularly recommend refer- 
ences 6 through 8. Many other papers 
have also been published. Most semi- 
conductor manufacturers can offer 
applicable application notes. 

Sometimes two power transistors 
are used, particularly when high power 
is required. These devices can be fed 
in parallel using a splitter network (fig. 
6A) or with hybrid couplers (figs. 6B 
or 6C). 

Push-pull circuitry is often used at 
lower frequencies because it tends to 
cancel the second harmonics. Many 
modern transistors are now offered in 
matched pairs in a common package, 
making this technique very practical. 
Ninety-degree hybrids are also popu- 
lar, since if one side of the amplifier 
fails, the output power drops to only 
about one-half. Another advantage of 
the 90-degree hybrid is that the ampli- 
fier input impedance match is quite 
good, since any mismatch is diverted 
to the external loads, R1 or R2. 

recommended circuitry 
The scope and size of this column 

do not permit me to describe a cook- 
book of circuits. Many suitable VHFI 
UHF power amplifier designs have 
been described both in Amateur and 
Commercial publications and on sup- 
pliers' data sheets. However, I will pro- 
vide a universal circuit that can be used 
on the 2 meter, 135 or 70-cm bands 
(see fig. 7). 

Note, in that circuit, that the input 
and output networks are similar to 
those just described. The diode bias 
network described earlier is also shown 
because it's very inexpensive; but the 
Byistor or 20-28 devices (or their equiv- 
alents) are highly recommended as a 
replacement because they will defi- 
nitely be more stable and reliable. The 
variable capacitor and inductor values 
are only target values and can be 
varied slightly to obtain the desired 
performance. 

Since bipolar power transistors have 
much more gain below the operating 
frequency, they are often prone to self- 
oscillate at a lower frequency. This can 
usually be completely eliminated by 
the use of both low value and high 
value bypass capacitors as well as the 
network shown as L4 and R3. The low 
value capacitors should have short 
leads and be self-resonant well above 
the operating frequency. R1 is not 
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PACKET RADIQ COMES OF ACE 
ANNOUNCING THE FIRST FULLY INTEGRATED 

PACKET RADIO TERMINAL 
THE PACKETERM" 1PT 

Packet radio is a new mode of Amateur communication which is growing more 
popular every day. It provides armchair, error-free copy for local, national, and 
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QSOs, called "connects", with other Amateurs across the street or across the 
country; send messages; swap computer files; access information of general 
interest; and much more.... 

WHY PACKET ?? 

simultaneous use of a single frequency 

by multiple stations ... without interference. 

Enjoy ragchewing or round-tables. 

access to computer bulletin boards to 

read messages, andleave them ! 

high speed operation ... 1200 baud 

error free transmission of long messages 

or computer files. 

experiment with the newest and fastest 

growing mode in Amateur Radio. 

send messages through SATELLITE to 

virtually anywhere in the world. 

enjoy a whole new world of contest 

operation, or ... Packeterm IPT with optional printer , 

(sorry, radio not included) 

... breath new life into that dusty old 2 meter rig ! 
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always required, but often helps main- 
tain stability in more stubborn cases. 
Since the input impedance of the 
power transistor is low, the value is not 
too critical. 

0 7 

component selection 

IN  
O-- 

The choice of components is very 
important. All capacitors should have 
short low-inductance leads and be able 
to handle the RF current often present 
when operating at these impedance 
and power levels. At VHF and low 
UHF, mica trimmers such as the Arc01 
Elmenco or equivalent are good for 
tuning elements. The Unelco type of 
sandwich micas are suggested for the 
collector RF choke bypass as well as 
in the fixed value input and output 

OUT 
N I  N Z  4 

- 

- - 

CRl IN4001 diode strapped la 
heal s m k / f r m s i ~ I ~ ~  

L5 4 7 pH. 28 lurnr No. 18 on 
1-80-2 lomid 

0 1  See text 
RI  50 ohms. I walls carbon (see lerl) 
R2 20 ohms. 5 walls w#m wound 
R3 20 ohmr. 5 wstlr v im round (see fel l )  
R4 15 ohmr. 2 walls 

R Z  R3 

L 4 

C B  

m 

fig. 7 .  A typical power bipolar amplifier schematic with recommended starting values. 
See text for further explanation. 

:fI-D&# 
a 

I N  +- 

H 3 H 4  

O U T  - 4 

fig. 6. Various schemes for high power 
with combining networks. (A )  in phase 
technique. N1 and N2 are reactive split- 
ters; (B) H I  and H2 are 0 or 180-degree 
hybrid transformers. (Cl H3 and H4 are 
90-degree hybrid transformers. Rl /R2 
are 50-ohm loads. Resistor power rating 
depends on input or output power levels. 

part of fig. 7 I 
I value 2 meters 135 cm 70 cm units I 

8-60 
3-35 
150 (Unelco) 
150 (Unelco) 
not used 
not used 
8-60 
3-35 
2 turns, No. 18, 
0.25" ID. 0.25" long 
2 turns, No. 14, 
5/16" ID, 0.25" long 
0.33 RFC 
4 turns, No. 18, 
0.25" ID, 0.5" long 

3-35 
3-35 
100 (Unelco) 
100 (Unelco) 
100 (Unelco) 
50 (Unelco) 
8-60 
3-35 
2 turns, No. 18, 
0.25" ID, 0.25" long 
1 turn, No. 16, 
0.25" ID, 
0.33 RFC 
3 turns, No. 18, 
0.25" ID, 0.38" long 

3-35 
2-20 
33 (Unelco) 
22 (Unelco) 
33 (Unelco) 
33 (Unelco) 
3-35 
3-35 
1.1" x 3/16" 
copper strap 
1.2" x 3/16" 
copper strap 
0.1 RFC 
2 turns, No. 18, 
0.3" ID, 0.3" long 

microhenry 

matching networks. These capacitors 
are easy to find at flea markets and are 
often available from surplus vendors. 

At UHF and above, ATC (American 
Technical Ceramics) or equivalent por- 
celain chip capacitors are recom- 
mended. They have low loss, low in- 
ductance (if properly installed) and can 
handle high RF current without 
overheating. 

Inductors should be large enough to 
keep the unloaded Q high.s The wire 

should also be large diameter, especi- 
ally on the collector circuit, where, 
depending on power level, there can 
be high RF as well as DC amperes of 
current flowing. 

You're probably wondering why I 
didn't mention microstrip or stripline 
inductors. These are fine if you're 
copying a working design, producing 
many copies of the same amplifier, or 
are proficient with the use of a Smith 
chart. However, for the typical one- 
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S E E  N O T E  I (4 P L A C C S J  

S E E  N O T E  2 (2 P L A C E S )  S E E  N O T E  I I4 P L A C E S 1  

fig. 8. A typical construction technique that works well for VHFJUHF bipolar power 
amplifiers. Biasing and collector supply left off for clarity. Note 1: copper or brass foil 
soldered to top and bottom of PCB for low impedance ground. Note 2: Some PCB 
material has been removed to make an island to which components can be soldered. 

shot design that is unproven, the dis- 
crete inductor is hard to beat. If you 
err in the value, just add a turn to or 
drop a turn from the coil and you're 
back in business. It isn't easy to cut 
up, extend, or decrease the length of 
a microstrip line on a printed circuit 
board if the tuning is incorrect! 

In selecting transistors, choose 
those that will deliver sufficient power 
at the frequency of interest at the 
supply voltage available. As stated ear- 
lier, the 12-volt units are usually pre- 
ferred for availability and price, but 
28-volt units with better linearity would 
be a better choice, especially if you 
want to stay friendly with your neigh- 
borhood Amateurs. Consult manufac- 
turers' data sheets. Don't be tempted 
to use a transistor at a lower frequency 
than recommended - it may self- 
destruct! 

There are many power transistor 
manufacturers such as Acrian, 

Amperex, Motorola, RCA, Solid State 
Scientific, and TRW, to name a few. 
Order from the many suppliers who 
offer these devices in small quantities, 
manufacturers generally have a "mini- 
mum order" requirement that can 
make the per-unit price prohibitive. 
Many companies sell kits of parts, 
some even with a PC board. These are 
highly recommended for the Amateur 
who doesn't have a large junk box! 

construction techniques 
When building power transistor 

amplifiers, I prefer to build the circuits 
directly on or above a double-clad PC 
board type of material similar to the 
construction technique mentioned in 
reference 1. The choice of PCB mater- 
ial is not important because it's used 
only for ease of construction and to 
keep low impedance grounds. 

For best performance, especially on 
UHF, the edges of the PCB should be 

wrapped with a thin copper or brass 
foil which can then be soldered to both 
the top and bottom of the board. This 
insures a good low-impedance ground. 
Next, drill a hole in the PCB sufficiently 
large to pass the power transistor 
package. Likewise, place a similar 
metal foil around this hole and solder 
it to the top and bottom of the PCB 
as shown in fig. 8. This will help keep 
the emitter (or base, if appropriate) at 
a low impedance to ground. Gain will 
not be reduced and the circuit will be 
more stable. 

Then attach the PCB material to an 
adequately sized heat sink with an 
appropriate number of sheet metal or 
machine screws. The inputloutput 
connectors can be attached by right 
angle brackets at the ends of the 
board. Where appropriate, small 
squares or islands can be cut with a 
small sharp knife on the PCB as shown 
in fig. 8. Variable capacitors and other 
components can be tack soldered 
between these islands and grounded 
for mechanical circuit stability. 

mismatches 
Most modern power transistors are 

quite rugged, especially if they're emit- 
ter-ballasted. However, the voltages 
can soar if the amplifier looks into a 
high VSWR such as an open circuit. 
Therefore, always bring drive power 
up slowly and test for VSWR before 
running full power. If the VSWR is 
greater than 2:1, fix the problem 
before using your amplifier! 

filtering 
The harmonic content of a transistor 

power amplifier is usually quite high. 
This is why it's important to select the 
proper circuit operating Q and low-loss 
components as just discussed. Fortu- 
nately the amount of harmonic output 
acceptable (usually 40 dB minimum) is 
easy to obtain. Also your antenna sys- 
tem will often add some margin. If a 
transistor power amplifier drives a 
vacuum tube amplifier, the output har- 
monics will usually be lower due to the 
extra filtering usually present in tube 
amplifiers. However, if harmonics are 
unacceptable (as evidenced by TVI, 
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etc.), an output low-pass filter may be 

heatsinking tips 
Several times in this month's col- 

umn I've stressed heat dissipation as 
an extremely important parameter 
when using bipolar power transistors. 
The thermal resistance or conductiv- 
ity to the heat sink must be low if long 
life and reliable operation are to be 
achieved. All power transistors should 
be directly attached to a heat sink 
without an intermediate surface. That 
is why I recommend the construction 
techniques above. 

Thermal resistance can be kept low 
by applying a suitable heat sink com- 
pound to the transistor base where i t  
mates with the heat sink. Use Dow 
Corning 340° or an equivalent com- 
pound. Mica washers or other objects 
should be avoided if at all possible. 

The size and type of the heat sink 
is also important. Heat sinks with 
plenty of radiating fins are highly 
recommended. It's almost impossible 
to provide too much heat sink, but 
remember that the heat must travel 
away from the device, so the location 
of the attachment point is most impor- 
tant. Often the sink must be milled 
slightly to provide room for the nuts on 
stud packages. Don't remove any 
more fin area than necessary. (For 
those interested in choosing the cor- 
rect heat sink, I strongly recommend 
that you refer to recent ham radio 
articles on thermal design. lo," ) 

tuneup and test 
At last we get to the bottom line - 

the final tuneup and operation. A 

fig. 10. Typical RF power meter scale. For 
illustrative purposes, point A is the full 
power (key down) position. Point 6 is 
the maximum point at which the in- 
dicator should be when operating SSB 
for the same power output condition. 

put power while readjusting both the 
input and output tuning for maximum 
output power. 

When the final desired or expected 
power is obtained, check the amplifier 
input VSWR. If it isn't 1.51 or better, 
adjust the input matching network 
accordingly. If you can measure collec- 
tor current at maximum output power, 
calculate the amplifier's efficiency by 
dividing the indicated output power by 
the collector power (collector current 
times collector voltage). It should be 
at least 35 to 60 percent, depending on 
frequency and devices. If it is not, 
readjust the output tuning slightly to 
increase efficiency. 

The final test is to see whether the 
amplifier output power is fairly linear. 
This can best be done by noting the 
amplifier gain (indicated power output 
divided by input power) at several 
power levels. At full power, the gain 

before the final operating voltage is should be only slightly lower, perhaps 
reached, decrease the bias circuit cur- 0.5 to 1 dB (80 to 90 percent), below 
rent accordingly. Repeat this test and that at lower power levels. 

VARlA8LE  
POWER 

DRIVER 

recommended test setup is shown in adjustments until the proper current is 
fig. 9. reached at the nominal operating vol- power meter syndrome 

SEE NOTE 2 

S E E  NOTE I- 

POWER 

SUPPLY 

fig. 9. Test setup for tuning up a bipolar power amplifier. Note 1: to biasing circuits. 
Note 2: to collector circuit. 

- 

i f  the amplifier is operated in linear tage. If the transistor is stable and the Let me broach one other subject 
mode, first set up the IcQ or collector heat sink adequate, the collector cur- before closing: I call it the "Power 
operating current, as previously dis- rent should remain fairly stable. Meter Syndrome." Joe Ham tunes up 
cussed. A 100 or 250 milliampere meter Next, short out the meter or put a to full power and sees 100 watts indi- 
is usually sufficient. Temporarily break high current type in its place. Apply a cated on his wattmeter. Then he 

5 0  OHM 

LOAD 

VSWR 

M E T E R  

the collector line, making sure that the small amount of drive and quickly tune switches to SSB and proceeeds to 
biasing circuitry is ahead of the meter. the output network for maximum out- watch the meter jump around. He's 
A variable supply is recommended for put power. If none is forthcoming, tempted to talk the power up to the 
this step. Increase the supply voltage tune the input network until the device same maximum tuneup level on the 
slowly while monitoring ICQ. If the starts to run power and adjust the out- power meter, thinking that doing so 
recommended current is obtained put for maximum. Keep increasing in- will make him easier to copy at the 
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other end. Doing this causes splatter references provided, you should be 
galore! able to forge ahead in the direction you 

Why? Well, most power meters choose. 
have some meter damping. What this Note: In several previous columns 
means is that the indicator is slow to I've mentioned a home computer pro- 
respond. Hence, on a voice peak, the gram called "RF-CAD." It's a very 
meter will typically indicate only 25 to 
30 percent of the peak power. I've 
illustrated this in fig. 10. Also, the 
maximum output point is probably at 
compression and therefore the IMD is 
poor at best. So, if you want to stay 
friendly with your local competition, 
keep your level down so that you're 
running only about 25 to 35 percent of 
the maximum possible output power 
as indicated by voice peaks. 

conclusion 
The intent of this article was to 

familiarize you with the bipolar power 
transistor and its use, rather than to 

useful tool for designing filters and 
antennas and for matching, etc. This 
program is now available for use on the 
IBM PC or compatible machines. For 
further details and a list of capabilities, 
write Gary Field, WAIGRC, 5 Pluff 
Avenue, North Reading, Massachu- 
setts 01864 (enclose SASE). 
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upcoming VHFIUHF events: 

August 3-4: ARRL UHF Contest 
August 12: Predicted peak of Perseids 

meteor shower (0130 UTCl 
August 20: EME perigee 
September 7-8: International Region 1 VHF 

Contest 
September 14-15: ARRL VHF QSO Party 
September16: EMEperigee 
September 20-22: Firstannual 12%/23W MHz 

Conference, Estes Park, Col- 
orado IContacr W0PWl. 

ham radio 

How about an anracbve BASEBALL style cap that 
has name and call on4 It qlves a jaunty alr when 
worn at Hamlest? and 11 IS a qreal help lor Inends 
who have never mpl lo spot ndmes and calls lor easy 
recognlllon Greal tor blrthdays annlversarles speclal 
days whatever occaslon Hats come In Ihe tollow~nq 
colors GOLD BLUE RED KELLY GREEN Pledse 
send call and namr fmaxlmum 6 lcllers per Ilne) 
I 'UFBC-81 $6.00 @+ 

I.D. BADGES 
NO ham should be without an I D badqe I ts  lust 
Ihe thlng lor club meetlngs conventions and qet- 
toqelhers, and you have a wlde chotce of ~ 0 l 0 f 5  
Have your name and call enqraved In elther standard 
or scr~pl type on one ol lhesp plasllc larn~nalpd I 0 
badges Available In the lollow~ng color comblnallons 
(badqellener~ngl wh~lelred woodgra~nlwh~le blue1 
whtrc wh~telblack yellowlblue redlwhtle qreeni 
whlte, melalltc gold/black metalllc ?llv~r/black 
I UID Engraved I D Badge $2.50 
Please Enclose $1 MI 
to cover shlpplng and handllng 

ham - rad~o,.~.,- BOOKSTORE 
GREENVILLL. NU 03048 
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AX.25 Protocol By Bob Richardson, W4UCH 
You can qel run PALLI~I liddl0 Wo way5 One IS w ~ l h  .i ~c, l~l~~rt~cal i .d black 
box" The olhel 15 hv maklnq yolrr cornpuler act the ;l h1.1rk box by pro 
qlarnrnlnq 11 1x1 a hlah Irvcl maclllne lanquaqe coOr W411(.H ha, wl l l l rn a 
machtne lanquaqe prnqam lor Ihr RaO8o Shack TRS 80 Mntlpl.. I. 3 and 4 corn 

AMNEC EPU 202 
puler [Mod~l l  .I woib, wllh Modcl 3 dlrk u h ~ l e  8n Model 3 rmludel lh ls book 
ha, WP~VP chaple~s PI"\ SIYPII npp~ntltces that lakc you slep by sle~r lhrot~qh REC. CHANNELS. 14 - 85 
the prul:ccr 01 sellcnn your conlpulcr lo hrsl cnnvell Ih? d~llltal lnlollnatlon 
mlo 2 uruible fo!r!lal and lhcn lo decode Ihs 8nlormal8on 

1984 3rd e d ~ l ~ o n  75 Ohm in and out 

Model 111 6 4 Old 
RE-80 SPECIAL 8WK AND DISK 

(Specify d t s c :  Mod I or M o d .  Ill) SAVE $2 
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CB-10 FM SPECIAL 

IC 745 HF XCVRIGen Cov 759 95 
IC 751 HF XCVRIGen Cov 1179 00 
1c 27 tA  zm xcvR Special 559 95 
IC 3200 2m/440 bands 489 95  
IC 27 tH  100 wa t l 2m XCVR 732 95  
IC 02AT 2m HT 10 Memortes CALL 
IC 04AT 440 HTlTouchtone 299 95  
M17 12 ch Mar~neHT 219 95 
M8O 25 wal l  Martne Scan 387 26 
M5  111 channel Martne HT 325 95 

KE NWOOD 
TS 940s  HF Transce~ver CALL 
TS 430s HF Transcetver SPECIAL 
TR 7950 zm moblle 4 5 w  call 
TR 9130 2m All mode 25W CALL 
TR 2600A 2m FM scan H~ cALL 

YAE-zU 
FRG 9600 Scanner lntro 549 95 
FT 757 HF XCVR w11h mic 699 95  
FT 980 CAT System 1439 00 
FRG 8800 SWL Recetver 519 95 
FT 209RH 2m HT Speclal 299 95 
FT 270RH 2m mlnt 45W 369 95  
FT 7700RH 25W dual band 499 95 

1-1 'U 

ST 142 Handheld Z49 95 
KDK FM 2033 2m 25 watt 259 95 

TEN-TEC 
2591 2m Synlh Handheld 259 95 
Century 22 CW XCVR 350 00 
2510 Model B 410 95 
CORSAIR Model 560 999 95  
ARGOSY 1 1  5250 Dlgltal 519 95  
T O I T ~ N  A?F.  UF bmn i 4 k w  rbt I 

Hy Gain 40-Channel Board 
40-Channel Switch 
Volr~me &Squelch Control 
FM Detector Module 
Full Instructions Included 

$14.95 Add $2.00 BOARD ONLY 
shipping & handling $6.95 

QRP TRAllSCElVER SET - $34.95 

A4 4-element 10 15 20m 264 95  
R3 10 15 20m Verllcal 256 95  
ARx 20  zm Rlngo Ranger 34 95 

KLM 
KT34A 4 ele 10 15 20m 334 95  
2m 11 X 11 element 2m 59 95  

MOSLEY 
CL 3 3 3  eleTrlband Beam 265 95  
Pro 37 7 ele 10 15 20m 465 95  

HUSTLER 

~ ~ ~ l / L ~ O R ~ , ? ~ ~ ~ ~ ~ , " , " ~ e g  l;:: 
10 and 15 meter 1 1 95  17 95 
3Oand 40 nielers 17 95 25 95 
HY.GAIN 
391s TH7DX 10 15 20m 445 00  
395s Explorer l4 Trlband 305 O0 

MORE ANTENNAS 
AEAtsopoIes CALL 
AVANT1 HM 151 3G 2m 31  95 
LARSEN LM 150 518 Mag 39 9 1  
MINIOUAD HO 1 141 95  
BUTTERNUT HF6V Verl 109 95  

TOWERS 
UNARCO.ROHN 
Self.supporting towers: 

~ 0 x 4 0  40 feet wlth Base 198 00  
HBX48 48 feet wtth Base 264 00  

~~~~d foldover towers: 
FK2558 58 leel 256 940 0 0  
FK4554 54 lee1 45G 1296 00 

Stralght SecHons: 
20G Stralght Secl~on 37 95 
25G Stralght Seclton 48 95  

Tower Packages Call 
TRI-EX & HY-GAIN Cal l  
Cable by Saxton Cal l  
Cablewave Hardline Cal l  

ROTATORS 
Alllance HD73 98  95  
K e w r o  KR500 Elevation 159 95  
Hy Galn Ham IV 229 95 
~y Galn ~ a t ~ t w l s t e r  T'X 269 95  
Hv Gatn Heavy duty 300 530 00 

VHF CONVERTER SET - $24.95 

INTERFACES 
HAL 

CWR 6850 Telereader 746 95  
CRI  200 RTTYICW Interface 259 95  

PACKET 
AEA PKT1 Packet ConlroHe~ 459 95  
Kanlrontcs Packet Controller 339 95  

HARDWARE 
MFJ 1224 w h  MFJ software 79 95  
Kantrontcs Interface 1 1  210 95 
A,A cp lnlertace 284 ,, 
AEA CP 1 InteriaCe 179 95  

PACKAGES 
AEA MtcrOlOg Mtcroamlor A 'R V1c Palch 20/C 64 179 119 95 95  

SOFTWARE 
Kantronics Hamtext 
VIC 20 C 64 Apple 
Kantronics HamSoft1Amtor 
Vtc 20 C 64 TRS 80  Atarl 69 95  
Microlog AtrDlsk V20fC64 39  95  
A t 3  Mantext  Vtr 2OorC  6479 95 
Dr DX by AEA 
Dr. QSO by AEA ;7 992 
A CCESSoR'ES 
BENCHER PADDLES 
BlackiChrome 38 95/48 95  

AEA KEYERS 
CK 2 Contest Keyer 146 95  
M M  2 Morsemallc Keyer '72 95  
TELEX HEADSETS Call 
MFJ PRODUCTS cal l  

B&W PRODUCTS Call 
AMPHENOL Connectors CALL 

SCANNERS 
- 
- 

REGENCY 
MX4000 30 900 MHz 389 00 

:!!EEYAY9"08Ed 2 
MX3000 30 ch band 95 

BEARCAT 
New looXL 
201 16 channellalrcrall 169 95 
2 0 2 0 ~ 0  chlalrcraft 274 00 
210XL 195 00 
300 50 s ~ a n n e n a , r ~ r a f t  341 00 

A ~ ~ ~ I F I E R ~ -  
TOKYO ~y.powER 
VHF & UHF amps CALL for Outttrs 

E",b'j:",m Amp 30W 68 95 
LA 2035R 74 95 
MIRAGE 
81016 2mAmpl1fter 10 160 242 95 

5 
AL80 1200 wal l  
AL1200 1 5 kW Amp 1399 58995 95 
KENWOOD ~ ~ 9 2 2  2kW 
AMP SUPPLY 
AT 1200A 1200 PEP Tuner 169 95 
LK 500ZA 2 s k w  hlpers~l  999 00 
VOCOM AMPLIFIERS 
2 walls 60  wal ls  2m Amp 107 95  
2 walls 120 walls 2m Amp 169 95  
TE Systems GaAs FET Cal l  

ASTRON Power Supply 
RS7A 49 95  V S Z ~ M  124 95 
R S ~ ~ A  110 96  RSClnM ?no 06 

Add $2.00 For Shipping & H,?ndl~ng - Send For FREE Brochure 

. . . at a Discount 

Our 
Sample Prices 

Then Call 
Toll Free for 

Orders & Quotes 
800.33694 799 
(800-572-4201 in VA) 

Hard to get through on r 800 number? 
C.rll belore 10 a m or aller 5 p m or cqll one 
01 our reqular numbers 11 you pay tor Ihe call 

and o r d ~ r  we I1 credrr yollr order wl fh d l  

13646 Jefferson Dav17 Htghway 
Woodbrldge Vrrglnla 22191 

lnlormatlon service 643 1063 
Store Hours: MTT 10 a - 6  p 
WF 10 a -8  p Sat 10 a 4 p 

Order  ours: M F 9 a 7 p sat 10 a-4 p 
Send 3 22' stamps lor  a l lyer 

Dealer lnquirres lnvrled 

T,,,,,,~: checks prrces 
do not rnclude shipp~ng UPS COO tee $2 35 

ppr package Prtces are tublec l  l o  chanqe with 
IJUI notice or oblrgalton Producls are no1 sold 

lor  evalualion Authorized returns are sublect to 
.i I&,% reslocktnq and handlrng tee and credrt 

W,II hp , c c , ~ P ~  10 ,,qP vn,,r nprt n,rr,-h2cp 

S E N D $ 2 . 0 0  F O R  F U L L  M A N U A L  W I T H  C I R C U I T  D I A G R A M S  

MANY OTHER MODULES AVAILABLE 

I MORNING DISTRIBUTING CO. 
P.O. BOX 717. HIALEAH, FLA. 33011 

,*fir\ m a 1  

HOBBY KITSw 
EXPERIMENT - LEARN ELECTRONICS 

BUILD AND DESIGN YOUR O W N  A M , F M ,  C W ,  
OR SSB RECEIVERS,TRANSMlTTERS AND ETC.  

WITH OUR MINI-LINEAR CIRCUIT KITS 
All kits Come Complete W ~ t h  Etched and Drtlled C t r c u t t  Boards 

and All Parts Needed To Funct~on As Descr~bed 

AFA-1 AUDIO AMP. L M  380 I 2 ~ a t t s 4  16OHM O U ' P ~ I  $4.95 
AFP-1 AUDIO PREAMP. u ~ a n u a ~ ~ ~ r e a m i :  - For M . K ~   ti^ $3.95 
BMD-1 BAL. MIX. L M  1496 M~rer - s B Modulalrir runeo  3,11>ul $9.95 
DET-1 AM DET. AV E n v e l o ~ e  Deteclar W I ~  AGC Outpdt $3.95 
DET-2 FM DET. LM 3065 FM Deleclor ,455 KHZ or 4 t 1 MI-i, $7.95 

DET-3 SSB DET. L M  1496 SSB Delectni (Needs OSC 1 or OSC 41 $9.95 

DET-4 DETECTOR CWISSB ustnga dual gate FET transistor $4.95 

IFA-I IF AMP CA302830  DBGar  Oatona A 4 C  1455 K H Z L ~  u I I MHZ, $6 95 

FLS-9 SSB FILTER 9 MHZ 2 1 KHZ BW w ~h USB X A L  lor OSC I $49 95 

IFA-2 IF AMP, CA 3028 30 DB (;an I 100 MHZ ~ o t ! o n a  ALL $6.95 
MBA-1 FREQ. MULT. :",lea o u l n ~ l  Buyer MUII A-lptfser To250 MHZ $5.95 

OSC-1 CRYSTAL OSC. I 0 0  KHz 20 MHz  N o ' T b n ~ u  $3.95 
OSC-2 CRYSTAL OSC. G V  18  ZOOMHZ rune6 o .tw $4.95 
PSV-1 POWER SUPPLY LM 723 W lh Pass Trar\iatur 3 amp+ rrax $7.95 

PLL-2 TONE DETECTOR ~ ~ 5 6 1  PLL l o n e  Detector $5.95 
RFIMIX-1 RF-AMPIMIXER ~ ~ 3 0 2 8  -Tuned RF AMP M xer I 100 MHZ $7.95 
RF/MIX-2 RF-AMPIMIXER 3N204 Tuned RF AMJMixer I - 250 MNZ $7.95 

VCO-3VARlABLE HI  STAB-OSC. Varactortuned 400 to600 Khzourput $7.95 
VCO-4 VARIABLE HI STAB O S C  v a ~ a n a t l v a  I 1 0 2 0  U)IZOUI~UI $7.95 

A d d M . 0 0  For Shipping & Handling - Send For FREE Brochure 
S E N D $ 2 0 0  F O R  F U L L  M A N U A L  W I T H  C I R C U I T  D I A G R A M S A N D  

T Y P I C A L  R E C E I V E R  A N D  T R A N S M I T T E R  H O O K - U P S  
MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
P.O. BOX 717. HIALEAH. FLA. 33011 / 130 



THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

A patch should work with any 
radio. AM, FM, ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 

*Your patch should sound just 
like your home phone. 

*There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best *hone patches do not use 
the cheap sampling method. 
(Did you know that the competi- 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 
A patch should disconnect 
automatically i f  the number 
dialed is busy. 
A patch should be flexible. You 
should be able to use it 
simplex, repeater aided simplex, 
or semi-duplex. 

*A patch should allow you to 
manually connect any mobile or 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some- 
one may need to report an 
emergency! 
A patch should not become er- 
ratic when the mobile is noisy. 

*You should be able to use a 
power amplifier on your base to 
extend range. 

*You should be able to connect 
a patch to the MIC and EXT. 
speaker jack of your radio for a 
quick and effortless interface. 

*You should be able to connect 
a patch to three points inside 
your radio (VOL high side, P1T, 
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL. and SQ. set- 
tings do not affect the patch. 
A patch should have MOV 
lightning protectors. 

*Your patch should be made in 
the USA where consultation 
and factory service are immed- 
iately available. 

ONLY 
PRIVATE PATCH Ill 

GIVES YOU ALL 
OF THE ABOVE 

BEWARE OF INFERIOR 
IMITATIONS 

M PRIVATE PATCH Ill M 
I= - SIMPLEX SEMI-DUPLEX INTERCONNECT E 

With an amazingly low price, the all new PRIVATE PATCH Ill is the most 
powerful personal phone patch system available. You can use it 
simplex, repeater aided simplex (from your base) or semi-duplex (at the 
repeater). That's right, you will never have to buy another patch. 
PRIVATE PATCH 1'1 does it all! There are many new and important 
features which were formerly only available in our top commercial 
models. 
With a flick of the new connect switch you can patch your friends on the repeater into 
the phone system. One of them may need to  report an emergency! 

No hassles with busy signals! If you call a number that is busy, just put your MIC down 
and relax. PRIVATE PATCH Ill will disconnect automatically. 

The new CW ID keeps you completely informed as to  patch status. ID occurs when you 
access and again when you disconnect. ID is also sent after toll call attempts, all 
automatic disconnects, manual disconnect and when timeout is imminent. And of 
course your CW ID chip is free. 

PRIVATE PATCH Ill does not interfere with the normal use of your base radio. A new 
audio preamp permits audio take off before the VOL control. As a result, the V O L  and 
squelch settings do not affect patch operation. Of course you can also connect 
PRIVATE PATCH Ill to  the MIC and EXT speaker jacks as before. 

A new digit counting system makes the toll restrict positive even in areas where you do 
not have to  dial "I" first. A secret five digit code disables the toll restrict for one toll Call. 
Rearm is automatic. 

Additional new features: MOV lightning protection - Three digit access code (eg.*93) 
- Spare relay position on board - Plus former features: 316 minute timeout timer - 
Digital fast VOX (pat. pend.) - 115 VAC supply - Modular Jack and cord plus 
much more! 

Please write or call for our four page brochure to get the complete story. 

Options: 
FCC approved coupler 
12 VDC or 230 VAC power 

Warranty3 Yes, one full year! 

DEALERS 

AMATEUR ELECTRONIC SUPPLY 
Milwaukee WI. W!cklllle Oh. . Orlando FL. Clearwater FL. 

Las Vegas NV 

COLES COMMUNICATIONS 
San Anlonko TX 

ERlCKSON COMMUNICATIONS 
Chicago IL 

HAM RADIO OUlLm 
Anahelm CA. Burlingame CA. 
Oakland CA. Pnoenlx AZ. 
San Dlego CA. Van Nuys CA 

HENRY RADIO 
LOS Angeles CA. Anaheim CA. 
Buller MO 

JUNS ELECTRONICS 
Culver Clty CA. Reno NV 

MIAMI RAW CENTER CORP. 
M~arnl FL 

MIKES ELECTRONICS 
FI Lauderdale. Miami FL 

NMJ DISTRIBUTING CORP. 
Mlamf FL 

PACE ENQINEERING 
Tucson AZ 

THE HAM STATION 
Evansv~lle IN 

CANAD*: 
DOLLAR0 ELECTRONICS 

Vancouver. BC 

CONNECT (21 3) 3736803 1/ 131 

SYSTEMS 
INCORPORATED 23731 Madison St., Torrance, CA 90505 



Advanced Terminal Unit a 

More Hardware Features And PerformanceThan Any Other Morse, Baudot, ASCII, AMTOR,SITOR, 
or H.F. Packet Terminal Unit Anywhere At Any Price! 2 
We recognize that there are few amateurs who can appreciateor afford the outstanding value of 
the ATU-1000, but those who can are in for some very pleasurable operating. The ATU-1000 is a 
commerciallmilitary unit with ail the performance and flexibility that is attainable from today's 
technology. Just check out the features below. 

32 poles, actlve fllterlng 
MorselBaudoUASClllAMT0FUSITOFUH.F. 
Packet 
Set recelve fllters to  one Hz accuracy 
Set receive MARK & SPACE filters 
independently from 1000 to 3000 Hz 
All shifts, 170 Hz fixed or 0 to 2000 Hz . adjustable 
Set AFSK output tones independently 
from 1000 to 3000 Hz to  one Hz 
5mV to 5V AGC 
Front-panel squelch control 

Built-in 4 dlglt counter 
CW filter adjustable 700 to  2500 Hz 
D.C. coupled automatic threshold 
correction 
Twin full-wave detectors 
Built-in TTURS-232land loop keyer 110 
Discriminator-type tuning lndlcator 
FSK, AFSK, and scope outputs 
13 VDC operation, 110 VAC adaptor 
supplied 
TTL 110 logic lnverslon for use with virtually 
any software 
Optional 19 inch rack mount klt 1 

Ask your favorite dealer for a demonstration of the world's finest RTPIICW advanced terminzi unit1 
computer interface-the AEA model ATU-1000. if you cannot see your dealer, send for our latest 
specification sheet. 

Prices & Specifications Subject To Change 
Without Notice Or Obligation. 

Advanced Electronic Applications, Inc. 
P.O. BOX C-2160 LYNNWOOD, WA 98036 
(206) 775-7373 TELEX: 152571 AEA lNTL 

Brings you the 
Breakthrough! 



l ndividual 
cathode bias 
does the trick 

stop blowing finals 
in the GLA-1000 amplifier 

The Dentron GLA-1000 linear amplifier, introduced 
in 1978, has since become popular with HF operators 
on both sides of the Atlantic. Measuring only 11 x 
5-314 x 11 inches (27 x 13.7 x 27 cm), this com- 
pact amplifier runs up to 1200 watts PEP input when 
driven by any of the popular 100-watt SSB trans- 
ceivers. The amplifier uses four tubes in parallel 
operated i n  grounded grid configuration with 1200 
volts on the anodes. 

Though the tubes are capable of supplying the rated 
output with ease, problems were encountered often 
in daily use. The techniques used for solving the pro- 
blem are applicable to all amplifiers with similar bias 
arrangements. 

tubes destroyed with high SWR 
My GLA-1000 linear amplifier operated well for the 

first three months until operation was attempted on 
15 meters into a 3 : l  SWR. The AC fuse blew and ex- 
amination revealed that all the tubes were ruined. A 
replacement matched set of tubes was acquired from 
Dentron and installed, but suffered a similar fate when 
an accidental mismatch occurred. 

In despair, I contacted Dentron for advice. They rec- 

ommended updating the GLA-1000 into the latest 
GLA-1000B using a tuned circuit kit, a new grid bias 
zener diode, and add-on resistors for the anode para- 
sitic chokes. ' 

The original amplifier section of the unit is shown 
in skeleton form in fig. 1, which clearly depicts the 
bias arrangement. 

I tuned input kit 
The modification kit replaces the fixed filter at the 

input with a PC board containing five pretuned pi cir- 
cuits. These reduce the input SWR and improve the 
power transfer from the transceiver while filtering un- 
wanted harmonics. 

The zener diode in the modification kit is a 24-volt 
1 N3321 that replaces the original 9.1 volt 1 N3308. This 
increases the negative grid bias, which reduces the no- 
signal anode current to 150 mA and reduces both the 

I overall dissipation and the peak currents under drive 

I conditions. 

By A. J. Nailer, G4CFY, 12 Weatherbury Way, 
Dorchester, Dorset, England DT1 2EF, and G. J. 
Morgan, G3ROG, 1 Saint John's Mead, Saint 
John's Street, Winchester, Hampshire, England 
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With the replacement of the Motorola zener diode 
likely to be expensive, drastic modifications to provide 
a separate bias supply were considered. 

To control tube conditions both dynamically and 
quiescently, bias has to be supplied to each tube's 
cathode. This, together with the zener bias, would en- 
sure equal power sharing. The idea was taken from 
the common practice used with parallel transistor 
stages, in which balancing resistors are used in the 
base or emitter circuit to overcome differences in 
baselemitter voltages and to ensure equal power shar- 
ing. Figures 3 and 4 show typical transistor power- 
sharing circuits. 

Automatic bias is provided simply by adding a resis- 
tor in the cathode so that cathode current produces 
grid bias. The value of resistor has to be chosen with 

- 

fig. 3. Bias and drive balancing. 

care so that it does not drop too many volts on cur- 
rent peaks and cause flat topping. Nevertheless, it has 
to be large enough to cause about 1 volt change of 
bias for a 50 percent change of cathode current. With 
a combined current of 150 mA, each tube should be 
drawing 37.5 mA, about right for most class ABI tube 
finals. A 50 percent change would be 18.75 mA, so 
for 1 volt the automatic bias resistor Rx would be 

Rx = I V  = 53.33 ohms, 18.75 mA 
(a 56 ohm resistor was chosen). 

However, since the signal is also applied to the 
cathodes in this configuration, the %-ohm resistors 
in series would cause appreciable loss of drive and also 
mismatch the newly installed pi input circuit. To over- 

- 

fig. 4. Bias and load sharing. 

1 
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WHAT'S REALLY 

SATELLITE 
TELEVISION 

MAGAZ1NE.w 

all it, system performance, legal viewpoints, and in- 
try insights! With your subscription to STVw you will 

IF YOU HAVE 
A SATELLITE 
SYSTEM, THEN 
YOU REALLY 

The best in satellite programming! Featuring: +All 
Scheduled Channels *Weekly Updated Listings 
+Magazine Format *Complete Movie Listing +All 
Sports Specials *Prime Time Highlights *Specials 
Listing and *Programming Updates! 

Only $39.00 per year (52 weekly issues) 
2 Years $69.00 (104 weekly issues) 

Send this ad along with your order to: 
STVm/OnSatm 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 

come this, each resistor could be bypassed to RF by 
a low reactance capacitor. A value was chosen by try- 

I ing standard values in the formula X,. = 2iJc 

where it was found that 0.01 pF was4.55 ohms at 3.5 
MHz and 0.57 ohm at 28 MHz. 

The new circuit configuration is shown in fig. 5. 

construction details 
The tube sockets in the GLA-1000 are mounted on 

a PC board. A scale drawing of this is shown in fig. 
6. The 0.OlpF bypass capacitors, Cx, are attached to 
the resistors as shown and wired across the breaks 
marked on the tracks connecting pins 3 of the tubes. 

A suitable alternative to the IN3321 zener is the 
BZY93 24-volt type. Available at low cost, it has a stud 
anode instead of cathode. It can be fitted into the hole 
used by the old diode but must use an insulating kit 
and solder tag to pick up the positive stud. Use a 
grounding strap on its wire end. 

performance 
It was well over a year since the modification was 

done. Since that time, the unit has undergone intense 

I activity and repetitive abuse. The absence of TVI com- 
plaints suggests that the modification has not de- 
graded signal purity in any way. The peak output 
power is easily achieved and appears stable under con- 
tinued full power operation. 

The current sharing technique prevents the "domino 
effect" breakdown under fault conditions. This was 
convincingly demonstrated when a severe mismatch 
caused the AC fuse to blow - but nothing else was 
damaged! 

The amplifier was designed to use selected and 
matched tubes designated D50 by Dentron. Neverthe- 
less the third and fourth sets were standard type 6LQ6 
manufactured in the USA. Tube types 6LQ6, 6JE6, 
or 6MJ6 may be used, although idling currents may 
differ sufficiently to require adjustment of the bias 
zener voltage to give between 35 and 40 mA quies- 
cent current. The 6LQ6 tube and the 6MJ6 type, which 
are capable of higher power at lower frequencies but 
unsuitable for 10-meter use, are both readily available. 
Although Japanese tube substitutions were found to 
be unstable in this design, both before and after 
modification, they appear to  provide higher gain. The 
American types are the lowest cost and have shown 
no signs of instability. (Higher power types 6MJ6 have 
not been tried at any time.) 

This modification has been so successful that I've 
shelved my half-built homebrew 813 linear. Un- 
doubtedly the principles involved can be extended to  
other linears of similar design and should result in 
greatly extended tube life. 

ham radio 
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Message 
MasterTM 
Real-voice message system 
For any repeater or base 

Now ydu can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice 
recording system which can record messages just by 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to 
deliver your messages let Message Master deliver them 
for you -any messages in any languageand in your own 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 

Create messages just by talklng. Message Mastots 
'real-volce' technlque saves YOUR VOICE In dlglbl 
memory to dellver messages In your own voice, lan- 
guage and dlalect. 

Mallbox-style operatlon glves individual message 
dellvery sewlce to 100 system users. 

Easlly added to any repeater or base station for re- 
mote operatlon wlth only four connections. 

Speclal features Include callslgn IdentlflcaHons, tall 
messages, and bulletin messages. 

exchange messages between your radiosystem and the 
telephone network. Dlgltal message storage provldes Instant playback of 

stored messages. - 
Message Master is a multi-user system with mailbox 
stylepersonalizedmessageserviceforahundredusers. oM~dularmemorymeetsyourexactneedsfrom2t08 
With 8 minutes of message storage it can store minutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would YOU like your callsign identifications. Serving all your repeater needs 
tail messages, and bulletin messages sent in 
real-voice? Message Master can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 
too. Record several identification messages FORMA NCE LEADERS with real voice, more autodial numbers, 

and it will even send adifferent IDeach time. more synthesized voice and more features. 

Almost like magic, Message Master knows - Mark 3 Repeaters offer the winning combination of high per- 
when to send identifications and tail mes- formance and high value. 
sages so it needs no special control signals 
from your base or repeater. - LR-1 Repeaters boast superb RF circuitry at an economical 

price. 
Call or write for further information before - MR-4 Receivers with 7 helical resonators are the only receivers 
you make another wasted call. to choose in harsh RF environments. 

Commercial users: Ask for a brochure on - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. . ~. - -.-- 

C ' 
COMING SOON: A Gchannel re- 

/ 134 ceiver voting system which oper- 
ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 

KENDECOM INC. 23 Elm Park 
MICRO CONTROL SPECIALTIES Groveland. MA 01834 
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a pulsed, constant current, 
NiCad battery charger 

Longer life, 
shorter charge time 
- plus automatic 

shutoff 

"Zapping" NiCad batteries with a burst of high cur- 
rent is an old trick often used to revive seemingly dead 
cells. Word has it that some RC model airplane en- 
thusiasts extended this idea to the actual charging of 
batteries, with favorable results; their batteries lasted 
twice as long and charged more quickly than those 
who used conventional charging methods. The idea 
was to charge with a train of pulses instead of a steady 
current. Apparently, less energy was lost to heat dur- 
ing the charging process, resulting in shorter charg- 
ing times arid increased battery life. 

This charger was designed with these goals in mind. 
Over the two years it's been in use, charging times 
have been shortened by one-third and new life has 
been given to a battery pack about to be thrown away. 

principle of operation 
The key to pulse charging is to keep the average 

value of the charging current the same as it would be 
in conventional schemes, but use a low duty cycle 
waveform. The plot shown in fig. 1 is the current 
waveform used in this charger. For 10 percent of each 
cycle, current equal to IMAX charges the battery. For 
the remaining 90 percent of the cycle, no current 
flows. This produces a rectangular waveform with a 
10 percent duty cycle. 

The DC, or average value of this waveform is 10 per- 
cent of the pulse amplitude, or 

As long as normal charging precautions are ob- 
served and the DC charge rate is within the capability 
of the battery, pulse charging will in no way harm the 

battery. A pulse width of about 100 microseconds (PSI 
is appropriate for this application, which, because of 
the 10 percent duty cycle, yields a pulse rate of 1 kHz. 

circuit description 
The block diagram in fig. 2 outlines the basic design 

of the charger. The schematic is shown in fig. 3. The 
charger - designed to handle from one to ten NiCad 
cells, with an adjustable charge rate of 50 to 450 mA 
- consists of the following sections: 

Constant-current source. The charging current is 
supplied by a constant-current source that can be 
pulsed at peak currents of up to 5.0 amperes. A 
constant-current source can be made from a three- 
terminal voltage regulator and a resistor, as shown in 
fig. 4. In this circuit the current, IDc, is simply the 
output voltage of the regulator, 4, divided by R3, or 

VI Ic = - -  
R3 (2) 

Unfortunately, this method does not easily lend itself 
to  high frequency switching. 

A better approach is shown in fig. 5A, in which the 
regulator is replaced with a zener diode and pass tran- 
sistor. Here, the current is equal to the zener voltage, 
VZ (less the base-emitter voltage drop of Q1) divided 
by R3, or 

The current can be instantly switched off by grounding 
the base of 01. This circuit worked well except at high 
currents. 

To improve its operation at high currents, I added 
a second transistor as shown in fig. SB.' This circuit 
worked very well. It could supply a constant current 
into either a short circuit or 10 cells in series and still 
hold the current to within 1 percent of its setting. 

As shown in fig. 3, the current is adjusted by R3. 
R4  is inserted in series with R3 to limit the current if 
R3 is set to zero. 

By Alan Lefkow, KZMWU, 17 Jacobs Road, 
Thiells, New York 10984 
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fig. 1. The charging current has a rectangular waveform 
with a 10 percent duty cycle. Repetition rate is approxi- 
mately 1 kHz. 

2 

reaches a set voltage. However, the battery voltage 
is not monitored in an ordinary manner. 

Because of a battery's internal resistance, the 
voltage at its terminals during charging is less than its 
open circuit voltage, and will vary with the charge rate. 
As soon as a load is put across the battery, the voltage 
will drop further. In this charger, battery voltage is 
monitored only during that part of each cycle in which 
the charge current is off. Furthermore, a small load, 
R5, is kept across the battery to give a truer indica- 
tion of the state of charge when the battery is 
monitored. The load is automatically switched out of 
the circuit during automatic shutdown. 

Automatic shutoff is accomplished by monitoring 
the battery voltage with comparator U3. R15 and R16 
divide down that voltage and U3 compares it with the 
voltage provided by reference diode CR8. When the 
voltage at the comparator rises above the reference 
voltage, Q5 turns on, shorts out C5, and stops U1 from 
oscillating. That forces the output of U1 high, which 
holds the constant-current source off. 

R13 and R17 add hysteresis to the action of the 
comparator. With the values given, the battery voltage 
must drop about 30 percent before charging will 
switch on again after automatic shutoff. The amount 
of hysteresis can be changed by raising or lowering 
the value of R17. 

In order for U3 to monitor the battery voltage only 
during the off portion of a charge cycle, CMOS switch 
U2 passes the voltage on to the comparator in sync 
with U1. In this way, when U1 stops oscillating, the 
comparator will still see the battery's voltage because 
U2 is kept closed by U1 in the automatic shutoff state. 

Current metering. The torque on the pointer in a 
standard D'Arsonval meter movement is directly pro- 
portional to the true DC value of any current passing 
through it. As a result, the DC milliamp meter M I  in 

Power supply. For the constant current circuit to fig. 3 correctly indicates the true charge rate delivered 
work properly while charging up to 10 cells in series, to the battery. Load resistor R5 is wired in the circuit 
the power supply must provide at least 30 VDC. The so that the load current delivered to R5 by the battery 
unregulated power supply shown in fig. 3 satisfies that during the off period of a cycle is taken into considera- 
requirement if Tl's taps are wired for 22.3 VAC, as tion by M I .  The value of R5 was chosen to add a load 
shown. A separate zener regulated section provides of about 25 mA when charging an 11-volt battery 
15 VDC for the control circuitry of the charger. pack. 

1 

POWER 

Pulse generator. The pulse waveform is generated 
by U1. Actually, U1 produces a 90 percent duty cycle 
waveform instead of 10 percent in order to accommo- 
date the inverting action of Q3. 03  turns the current 
source off when the output of U1 is high, and on when 
it is low. That converts Ul's 90 percent duty cycle to 
a 10 percent duty cycle charging current. 

T 
0 1 - 0 3  

C O N S T A N T  

Automatic shutoff. Different schemes abound for 
controlling the charging time, each with their ad- 
vantages and disadvantages. In the scheme chosen 
for this charger, charging stops when the battery 

construction 
Perfboard was used for mounting most of the com- 

ponents. The board was connected to the rest of the 
circuit by an edge connector to make it removable dur- 
ing the design phase of the project, but any convenient 
construction method can be used because parts layout 
is not critical. A Radio Shack cabinet (former catalog 
No. 270-269, fig. 6) housed the circuit. M I  is specified 
as 0-500 mA, in the parts list; a 0-100 pA movement 
was used in the original model by adding a current 
shunt. 

u n  
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fig. 2. Block diagram of the pulse charger. 
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Although pass transistor Q1 is heat-sinked to the 
case, it must be electrically insulated from it. During 
conduction, the current through 01  can be as high 
as 5 amperes and the voltage across it about 15 volts. 
Instantaneous power is 5 x 15 = 75 watts, but the 
power which must be dissipated by 01  is only ten per- 
cent of that because of the duty cycle. Using the case 
as a heat sink works well for this low power level. 

The heat dissipated in R3 and R4 is proportional to 
the square of the RMS voltage across them, divided 
by their resistance. Because of the ten percent duty 
cycle, that RMS voltage is approximately one-third of 
the peak voltage across the resistors, as is the RMS 
current value through the resistors. With this in mind, 
the wattage ratings should be 10 watts for R4 and 5 
watts for R3. An old loudspeaker level control was 

HEAT SINK TO CASE 

CR6  

+ 

used for R3, but any 70-100 ohm, 5-watt potentio- 
meter will do. Since the charge current is inversely pro- 
portional to R3, the higher current settings will bunch 
up at one end of the shaft rotation. A potentiometer 
with a non-linear taper can reduce that effect. 

Switch S2 disables the automatic shutoff feature. 
If desired, the entire shutoff feature can be left out 
by removing U2 through U4 and their related com- 
ponents, as well as R5 and Q4. 

J U M P  2 TO 5 

operating the charger 

0 

IK 

NiCad batteries can be charged at a significantly 
higher rate than that provided by the average stock 
charger as long as the battery is not over~harged.~ 
Once fully charged, the battery must dissipate any 
additional charging as heat. At the popular CI10 

07'15 - 
CR7 

+ -- C3 -- C 4  ,. ,-. 
3 A - 

RIO 
rh U  I 

6 - 
d 2  

U 4 A  

I 

05 
R l 5  :: 

+ I 5  

R17 - R16 - U Z  

1 1 
ONr'OFF 

fig. 3. Schematic of pulse charger. U2-U4 can be eliminated if the automatic shutoff feature is not wanted. 
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Parts list figure 3. 
item description 

C 1 1500 ,tF, 50 volt electrolytic 
C2 0.001 aF 
C3 100 ,,F. 25 volt electrolytic 
C4, C6 0.01 ),F 
C5 0.01 ,LF mylar, 10 percent 
C7 10 icF tantalum 
CR1,CR2 
CR3,CR4 6 ampere, 100 volt rectifier bridge 
CRS lN753 6 .2  volt zener diode 
C R ~  2 ampere, 50 volt rectifier diode 
CR7 1N4744, 15 volt zener diode 
CR8 1.2 reference diode 
M 1 0-500 mA DC ammeter 
0 1 TIP120 (Radio Shack No. 276-2068) 
0 2  TIS97 
0 3  2N3904 
0 4  2N2222 
0 5  2N3704 
R1 2.2 kilohms, 1 watt 
R2 2.2 kilohms. 2 watts 
R3 70-100 ohms, S watt potentiometer (see text) 
R4 1.5 ohms. 10 watts 
R5 470 ohms, 2 watts 
R6 1.5 kilohms 
R7 680 ohm. 2 watts 
R8,Rl l  10 kilohms 
R9 120 kilohms 
R10,RlB 22 kilohms 
R12 3.3 kilohms 
R13 2.2 megohms 
R14 15 kilohms 
R15 5.6 kilohms 
R16 2 kilohms, 10-turn trim potentiometer 
R17 51 kilohms 
Sl.S2 SPST toggle switch 
T I  Stancor RT-207 power transformer or equivalent 
U I NE555 timer 
U2 CD4016 CMOS switch 
U3 LM339 comparator 
U4 National CMOS 74C04 

All  other capacitors are disc ceramic. Except as noted, all 
resistors are 1 /4  wat t .  

charge rate, where C is the ampere-hour capacity of 
the battery, NiCad cells can be overcharged con- 
tinuously without risk of damage from overheating. 
This assures safety in case the battery is left on 
"charge" continuously. On the other hand, if the 
battery is charged at a higher charge rate, say Cl3, 
and goes into overcharge, cell temperature will rise, 
with possible damage and loss of battery life. How- 
ever, if care is taken to avoid overcharging, there is 
no inherent reason why a NiCad cell cannot be 
charged at the higher rate. The automatic shutoff will 
prevent just such overcharging from occurring after it 
is properly set. 

To set the automatic shutoff, first remove any diode 
in series with the HT's charging jack if the battery will 
remain inside the HT during charging. (If you don't 
do this, the automatic shutoff feature won't work.) 
Connect the discharged battery to the charger, turn 
the charger on, and turn off the automatic shutoff with 
S2. Set the charge rate to C/3, and add another 5 mA 
to compensate for changes in the load of R5 as the 
battery voltage rises. (For a 500 mA hour battery, that 
would be about 155 mA.1 Monitor the battery voltage 
with a precision voltmeter, preferably a DVM - 
accuracy is not as important as precision. Check the 

V R I  

B t 
0------ +--fzT:T: 

fig. 4. A 3-terminal regulator forms a constant current 
source by holding the voltage across and, hence, the cur- 
rent through R3 constant. 

fig. 5. A constant current source can be created with a 
zener diode, one or two transistors, and a couple of 
resistors. The current can easily be switched off to form 
pulses by grounding the base of Q1 through another 
transistor. 

battery frequently as it charges. The battery voltage 
will rise rapidly initially and gradually thereafter. When 
the battery nears its fully charged state the voltage will 
again rise, but more importantly, the battery will start 
to  become warm to the touch. This increase in tem- 
perature indicates that the battery is now fully charged. 
Note the voltage when this occurs; it will probably be 
the equivalent of 1.45-1.50 volts per cell. Also make 
a note of how much charging time it took to arrive 
at this point, starting with a fully discharged battery. 

Now turn on the automatic feature, and adjust R16 
until the charge current turns off. Reduce the charge 
rate setting slightly and reset the automatic shutoff 
by cycling S2 on and off. Raise the charge current 
back up again and watch the voltmeter to make sure 
charging shuts off at the voltage just measured. If the 
shutoff point cannot be set exactly, err on the low side 
by setting it slightly below the desired voltage. 

If the automatic feature is not used, charging can 
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m A  hour battery pack at a 150 m A  charge rate; a non- 
pulsed charger at that same rate took 4-1 12 hours. This 
represents a time savings of over 30 percent, and in- 
creased charging efficiency as well. As a test, the bat- &<y tery was discharged with a load resistor equivalent t o  
a 100 m A  load and timed t o  confirm that it was indeed 
fully charged by  the pulse charger. 

The charger was also used t o  add life t o  an old, 
seemingly dead battery pack. The battery was consec- 
utively discharged and charged about four times. From - -: that point on, it lasted another three months. - The pulsed charger should prove t o  be a worthwhile 
accessory for anyone who uses NiCad batteries 
extensively. 

fig. 6. The charger fits nicely in a standard Radio Shack 
.cabinet. Parts layout is not critical and any convenient con- acknOwledgemenf 
struction method can be used. 

Many thanks to  Pat Spadafore, KAZMOV, for his in- 
valuable experience and recommendations concerning 

be controlled by  time. A n  inexpensive mechanical pulsed charging techniques. 
timer can shut off the charger after the proper length 
o f  time, as just determined. Remove the "ON" arm 
of the timer t o  keep it from again turning on the references 
charger 24 hours later. 1. The Radio Amateur's Handbook. American Radio Relay League, 

Newington. Connecticut. 1983. page 4-31. 

conclusion 2. Nickel-Cadmium Banery Handbook. 2nd Edition. General Electric 

Company. 1975. 
The pulse charger has been a considerable time- 

saver: it takes only 3-112 hours t o  fully charge a 500- ham radio 

SSI-202P CMOS 
WEOVERPURCHASED 
Our over supply can be your gain. 

We've just got to try and get even so we are going to let our ham friends 
share in some of these great circuits, for a great price. 

FEATURES 
Central office quality Output in either 4-bit hexadecimal code or binary 
Band-splitting filters included on chip coded 2 of 8. Use 74159 decoder for 1 of 16 output 
Single, low-tolerance, 5-volt supply Uses inexpenswe 3.579545-MHz color-burst crystal for 
Detects either 12 or 16 standard DTMF digits reference (Radio Shack PIN 272-1310 $1.69) 
18-pin DIP package Excellent speech ~mmunity 

All you need IS a color-burst XTAL from Rad~o Shack & 1 meg reslsfor to make a C 0 Ouallfy Touch Tone decoder 
SSI-202 IS a 5V part and unltke the older 201 IS TTL compallble and wtll dlrectly Interface lo personal computers 

These won't last long and are llmlted to ava~lable supply. so HURRY11 

INCLUDING SPECS. & SCHEMATICS $1 8 In Wash. add 7.9010 sales tax 
1-1 

R.M. FULLER CO. YM 

902 Industry Dr.. Seattle. WA 98188 1-1 

1-800-626-6662 
I In Wash. Call (206) 575-8640 
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I AMh@iF@@@ AL-1200 LINEAR AMPLIFIER I 
I WITH THE NEW EIMAC 3CX1200 

Sl, YTI MAmD 
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b 
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I 1500 WATTS OUTPUT, ALL MODES 160 THROUGH 15 METERS I 
Pi.L network with heavy duty components. 32 Ib. Peter Dahl hypersil transformer. 
High efficiency bias setting for RTTYICW. Bridge rectifier supply with computer grade capacitors 
ALC compatible with all popular transceivers. Inexpensive, instant warm-up tube. 
Peak-reading output meter. Full shielding for minimum TVI. 

The Ameritron AL-1200 is designed t o  give ramic/metal Eimac triode is capable  of opera t -  
years  of trouble-free service a t  t h e  full legal ing continuously a t  3000 watts input.  
a m a t e u r  ou tpu t  power  limit. T h e  rugged c e -  Size 17"W x 10"H x 18-1/2"D Wgt: 77 Ibs. 

I Available at your dealer - Send for a catalog of the complete AMERITRON line. I 

Am.$lmu t1.1111c 
slandard 101 mob81es1 

40 meters with your own 

Alpha Delta's new DX-A 160 and 80 rn leg approx R O  long 411 
meter leg :I3 long Installs lust ltke an In- 

Twin Sl0per Antenna corn- verted v r e d  w~th  single 50!! feedl~ne 

bines the tremendous power Current lobe up hlgh lor rnaxtmum radla- 
Iton Can he ~nslalled between 25 and 40 

of the quarter wave sloper feet 

with the wide bandwidth of a Broad band performance Although band. 
wldlh IS del~rmlned by your ~nstallal~on. 

half wave dipole. Easy to in- ~esls have shown 85  HZ on 160 m. 200 

stall, simple to tune.  HZ on 80 m. and IUII coverage 01 40 m. 
Tuner usunliy not requtred. 
No lossy traps A slngle ISO.RES." 
~solator/resonalor cod IS used to lune 80 
and 160 meters 
Rated at I 5 KW outpu~ 
Ouallly hardware and UV protected cod 
Sratnless stf.el ensures excellenl all 
weather perlormance 

Available from your local Alpha Della Dealer or 
add 53 00 shtpplng and handling (USA only) 

P 0 Rox 571 C~nlcrvllle Ohlo 45459 

OX I. . 3n.o *nth m* us,., *capont 
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I TECH-GENERAL 111 I LICENSE MANUAL 11 
Written in an easy to read and 
understand style, this is the guide 
you need for your TechlGeneral 
studying. FCC questions with corn- 
plete answers (~11985. 1st edition. 
rJ AR-TG Sonbound $5.00 
Please add $2.50 lor shipp~ng and handllng 
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Doctor QSOTM 
Is The Code Buster 

rr. ."I, I 

Morse Code Phobia! 
Doctor QSOTM is a plug-in cartridge for the Commodore 64 computer that provides a very realistic 
simulation of on-the-air two-way Morse Code ragchew contacts (QSOs). AEA, the undisputed leader 
In Morse training, has introduced Doctor QSO to amateur radio for the purpose of making Morse 
skill upgrading FUN and EASY. With Doctor QSO you can look forward to practicing your Morse 
Code skills in a non-confusing manner. Forget about all the drudgery you associated with Morse 
Code in the past; Doctor QSO ushers In a totally new era In Morse Code learning. 

Doctor QSO is based on thesame technology that has madethe Doctor DXTMcontest trainer sofa- 
mous. The Doctor QSO simulator is so realistic that most skilled operators find it every bit as re- 
warding as the real thing. You can operate anytime you want; theonly extra equipment you need is a 
Commodore 64 and a TV set. 

Doctor QSO also removes the mysteryof the CODE BEHINDTHECODE. Many peoplegoso far as 
to learn the Morse Code characters, only to be frightened of getting on the air the first time because 
the QSO format is so confusing. With Doctor QSO, you wlll be a pro before you turn on your first 
transmitter. The Doctor QSO trainerlsimulator is ideal for the aspiring Amateur Radio operator with 
little or no contact with helpful hams. 

With Doctor QSO you wlll become familiar with all the U.S. call areas and associated call letter 
prefixes. The standard international QSO format is observed along with all the common amateur ra- 
dio abbreviations which areexplained thoroughly in theoperator's manual. All Morse skill levels are 
addressed by Doctor QSO, from the person who has not yet learned the Code, to the person comfort- 
able with sending and receiving at 40+ WPM. 

Who says Morse Code can't be fun? You can even have fun with Doctor QSO before you have 
learned the Code. To begin with, the operator can view the messages being sent by the computer 
generated stations in real-time.Theoperator can alsosend Morse with the keyboard. In addition, the 
operator can select simulation of static interference (QRN) and adjacent CW Interference (QRM). 
Normally, the beginner would operate in the novice band where stations will besending as slow as 3 
WPM. Later as the user becomes more skilled, he can move down the band to faster speeds, and he 
has the choice of using a key or keyer for sending. 

If you have tried every other method known to learn the Morse Code and failed, then Doctor QSO 
has just the prescription for you. Now you can upgrade your Amateur Radio license in record time. 
Doctor QSO is more than the written,word can describe. To fully appreciate all the merits of this 
trainer, see your dealer for a demonstration or contact AEA for more information. 

Prices and specifications subject to change 
without notice or obligation. 

COMMUNICATIONS 
915 North Main Street 

Jarnestown, New York 14701 (716)664-6345 

Brings you the 
Breakthrough! 



THE STANDARD OF EXCELLENCE 
! world of CU: RTTX and new DUAL AMTOR* is as close as 

J , ,.r fingertbs with the new brilliantly innovative state-of-the-art 
rocomputer controlled EX L5 OOOE . 
tic Sender/Rcceivcr: Due to the most up to date computer Wide Range of Tnnsmlt t ln~ and Recclving: M o w  Code tran%mitting 

technolonv. iust a con%olc and kcvhoard can nccomlrlish comlrle~e slxed can be set from the kcyhoard at any rate hetwcen 5-100 WPM 
automati;c'~nd/reccive of ~ o r s c k o d e  (CW). baudot Code (KTTY). 
ASCII Code (RTTY) and new ARQ/FEC (AMTOR). 
Cnde: Morw (CW includes Kana). Baudot (RTTY). ASCII (RTTY). 
JIS (RTTY). AROII-ZC (AMTOR). 

(every word per minute). AUTOTRAC'O~ reccive. For communica- 
tion in Baudot and ASCII Codw. rate i s  variahle hy a keyboard in- 
struction hetwcen 12-300 Baud when using RTTY Modem and hetwccn 
12-600 Unud when using TTL level. The variahlc speed feature makcs 
the unil ideal for amateur, businessand commercial use. 
Prc-load Function: The buffer memory can store the mcssages written 
from the kcyhoard instead of sending them immediately. Thestored 
message% can he sent with a kcyhoard commnnd. 
"RUR-OUT" Function: You can corrcct mistakes whilc wr:*:-" 
lessages in the buffer memory. Misspcllit~gs can also beer. 
IIC information isstill in the huffer memory. 
~utomatlc CR/LF: While transmitting. CRIL.1. ;tutomatic; 
vcry 64.72 or 80 characters. 

WORD MODE operation: Characters can he transmitted h 
groupings, not every character, from the buffer memory wi 
keyboard instruction. 
LINE MODI.: opention: Characters can he transmitted by 
inps from thc buffer mcmorv. 

~ h r k c l ~  
Built-in. 
tor- pl 
fluoresc - . . . - . . . 

m: ~ l ~ h a b e t ,  Figures. Symbols, Special Char 
.Monitor: 5' hiph resolution. delayed persisten 
.ovida sharp clear image with no jiggle or jittc 
ent lighting. Also has a provision for composit 

"",pun. 

Time Clock: Displays Month. Date. Hour and Minute on thescrw 
l'lmc/Tnnsml~~ion/Rnplving Fcalurc: The huilt-in timer enohles 
complctcly automatic TX/RX without operator's attcndancu. 
Sclcal (SclrcllveC8llinp) System: With this leaturc. the unit only r 
ceiva messages following a preset code. Built-in Demodulator for 
High Performance: Newly designed high spccd RTTY dclnodulator 
has receivingcapability of as fast as 300 Baud. Three-step shifts select 
citl~er 170Hz. 4?SHz or R50Hz shil't with manual fine tunecolltrol of 
snacechanncl for oddshifts. HIGH lMark Frcuuencv2I2SH~1/LOW 

acters. Kan; 
ce green mc 
r even unde 
e video sign 

il. 

mi- 
r 
01 

..,.'C 

ased whilc 

ally sent 

~. ~... .. 
(Mark I: 
COPY cal 
Cryrtal I 
function 

3 . 

rcquency 1275Hz) tone palr selcct. ~a;k only or Space on 
,ah~l~tv for celcct~ve fad~ne. ARO/FFC features Incornor? 

CORD-WRAP-AROUND "pcrstiom: In receive modc. W b n v -  
VRAP-AROUND lrrc\entr the lart word of Ihc llnc trom slrlittina In 

~nnt&lled AFSK Modull'ior: ~iranscciver without ISK  
I can transmit in  RTTY mode by utilizing the high stability 

~ r ~ r ~ e ~ - c o n t r o l l d  modulator controlled by thecomputcr. 
Photncouplcr CW. I'SK Kcyer built-in: Very high voltage, hiph cu 
photocoupler kcyer is prov~ded for CW. FSK keying. 
Convenient ASCII Key Amngemcnl: The keyboard layout i s  AS( 
arrangement with function keys. Automatic insertion of l-TR/FIC. 
code makcs operation a hreczc. 
Bnttrry Back-up Memory: Data in the battery hack-up memory, 
covering 72 chara~ers x 7 channels and 24 characters X R channc 
retained even when the external power source i s  removed. Mesmgc 
can be recalled from a keyhoard instrunion and some particular 
channels can he read out continuously. You can write messages into 
any channel whilc rcceiving. 
1,mrge Capacity Dirplny Memory: Covers up to 1.280 c 
Screen Format contains 40 characters x 16 lines X 2 p 
Screen Display Type-Ahead Buffer 
Mrmory: A 160z.haracter buffer . . 
memory is displayed on the lower part of 
the screen. The characters move lo  the 

. - 
xo and makes the icreen easily read. 
'ECHO" Funclinn: With a kcyhoard instroction, received data can be 
:ad and sent out at the same time. This function enables a 
~ p c  recorder to he used as a hack-up memory. and a systen 
reated jusl like telex whicl~ uses paper tape. 
:ursor Control Function: I:ull cursor control (up/down. le 

,vailahlc from rhc kcyhoard. Test Message Function: "RY 
QRF" test messages can hc rcpcntcd with this function. 
(ARK-AND-RRIAK (SPACE>AND-RRI.:AK) Syrtnn: Ei 
r space tone can be used to copy RTTY. 
'arinblc CW wei~hts: For CW transmission, weights (ratio 
ash) can bechanged witllin the limits of I :3-1:6. 

Audio Monitor Circult: A built-in audio monitor circuit witn an au~o- 
matic transmitIreceive switch enables checking ofthe transmitting and 
receiving state. In receive modc. i t  i s  possihlc to check theoutpul ofthc 
mark filter. the space filter and AGC amplifier prior to the filters. 

CW Practice Functlon: The unit reads 
data from thc hand key and displays the 
characters on the scrccn. CW keying out- 
~ u t  circuit works accord in^ to the key 

cassette 
1 can he 

Wright) i r  
" and 

ther mark 

of  dot to 

.L .. . 

left erasing one by one as soon as they 
are transmitted. Messages can he written 
during the receiving state for transmis- 
sion with battery hack-up memory or 
SEND function. 
Functlon Display System: Each function 
(mode, channel number. sped. etc.) i s  
displayed on the screen. 
Prinler Inlrrface: Centronics Para Com- 
patible interrace cnahles easy conncclion 

cost dot printer for ha1 

operation. 
CW Random (;enentor: Output of  CW 
random signal cnnhe used asCW reading 
practice. Barprnph LED Meter for 
Tauing: Tuning of CW and RTTY is 
veryeasy with the bargraph LED meler. 
In  addition. provi\ion has bccn made for 
attachment of an oscilloscope to aid 
tuning. 
Built-in AC/I)C: Power supply is switch- 
ahleasrcquircd: 100-120 VAC: 220-240 
VACI50/601iz + I3:RVDC. 

.ey trim - 
vers. 
I) x 

1 1 1 1 1 1 1 1  Color: L.iglit grey with dark gl 
matches most current rranscci 
Dimcnslonr: 363(W) x 121(H 
351(D) mm: Terminal Unit. 
Wamnty: One Year Limited 
hpdlinllnn- S u b r l  lo ('hanp 

Everything L u r r c  r r r  - nothing else to buy! 

3UTOR: 
UHOLE! - 

INVITED 
NlCS - ~ 

EXCLUSI INQUIRIES 
AM& .ECTROI 
8817 S.W. izsn lerrace. ~ t a m t .  ~ t o r i d a  33176 I elephone (305) 23336 

IVE DlSTRlE 
\TEUR-\ 

DEALER 
SALE EL . .. . -. 

-. . 

MANUFA 
B T  -. 

CTURER: 
ON0 CORPORATlO 

$3 Mntosoja Machi. Maebasnbsn~. JII. Japan 
.Duo1 Amror: Cummerrialquali1.v MlE incorpc 
recommendations4762 for comm< :merits. 

omrr niwlm Isto fully su nteur An~ to~  codes and ullof theCClR 

74 n August 1985 ,/ 145 



10 to 80-meter amplifier 
New EIMAC tube 

provides 1500 watts out 

For several years, I have used the popular EIMAC 
3-10002 as the main amplifier tube in my station. I 
enjoy the instant-on characteristics of the tube as well 
as the well-matched drive requirements for a 100-watt 
output exciter. Recently EIMAC introduced the 
3CX1200A7, the newest addition to its line of metal 
ceramic external anode triodes. The electrical charac- 
teristics of the tube are identical to the 3-10002 
except for the increased plate dissipation (1200 watts) 
allowed by the external anode. 

I decided to modify my 3-10002 RF deck to accom- 
modate the new tube. The only change necessary was 
in the tube socket and chimney. (The 3CX1200A7 uses 
the EIMAC SK-410 or Johnson 248 socket commonly 
used for the 3-5002 tube. A matching glass chimney 
- EIMAC SK-436 - is also available). The modifica- 
tion took less than eight hours. This article summarizes 
the results of the project. 

the amplifier circuit 
As indicated above, this amplifier is designed around 

the new 3CX1200A7 (see fig. I), using a tuned input 
network ganged to the main bandswitch. The input 
circuit minimizes distortion products and helps provide 
a 52-ohm match to the exciter. Maximum SWR pre- 
sented to the exciter is 1.2:l. Approximately 100 watts 
is required to drive the amplifier to 1500 watts output. 
An effective ALC circuit is also included to prevent 
overdrive by higher power exciters. 

Output impedance matching is accomplished with 
a pi-network designed for a Q of 12. Toroids are used 
for compactness for the 80-meter pi coil and the tuned 
input network coils. 

Also included is a grid trip circuit to disengage the 
amplifier should the grid current exceed 300 milli- 
amperes. This circuit protects the tube in case of 
excessive drive or an improper load presented to the 
amplifier. 

The amplifier includes an effective dynamic bias cir- 
cuit. Response time of the circuit is fast enough to cut 
the amplifier off between syllables on SSB and 
between dots and dashes on CW. A defeat switch is 
included on the rear panel of the amplifier. When 

engaged, the heat generated by the tube is substan- 
tially reduced during amplifier operation as feeling the 
temperature of the air exiting the amplifier cabinet will 
confirm. 

A 100 VDC power supply is included to power the 
dynamic bias circuit, and a 26 VDC supply is included 
for panel lights and relay operation. An RF wattmeter 
is included for tuneup and measurement of amplifier 
efficiency. 

amplifier control circuitry 
The amplifier control circuitry is illustrated in fig. 

2 . 120 VAC enters the RF deck from the power sup- 
ply. Power is applied to the amplifier by depressing 
the front panel switch S1. S I A  applies 120 VAC to 
the HV power supply, the time delay relay TDI, the 
filament transformer, the 100 VDC bias supply and the 
26 VDC supply. The blower receives power imrnedi- 
ately through SIB. When the power is turned off with 
S1, the blower ( B )  keeps running for approximately 
three minutes to cool the 3CX1200A7. This delay is 
accomplished through the use of the time delay relay 
TDI.  The control circuitry is quite simple because of 
the "instant on" characteristics of the 3CX1200A7 
tube. 

grid trip protection 
A grid trip module has been included in the amplifier 

design to protect against high levels of grid current 
which could be dangerous to the 3CX1200A7 tube. 
High levels of grid current could be caused by exces- 
sive drive, improper tuning or lack of a 50-ohm load 
on the output of the amplifier. In this design, if the 
grid current exceeds 280 milliamperes, the circuit trips 
relay RL3 (see fig. 3), which breaks the VOX amplifier 
line to deactivate the amplifier and lights the front 
panel "grid trip reset" push button (S4). It is necessary 
to push the reset button to put the amplifier back into 
operation. Of course, one should determine why the 
amplifier exceeded 280 mA before proceeding with 
amplifier operation. 

The circuit operates as follows: grid current is drawn 
through the 10-ohm resistor (R1) as shown in fig. 1. 
The current flowing through the 10-ohm resistor 
develops a voltage that turns on transistor Q3 in the 
grid trip circuit when the current reaches 280 mA (or 
any other value if desired). 280 mA through a 10-ohm 

By Jerry Pittenger, K8RA, 2165 Sumac Loop 
South, Columbus, Ohio 43229 
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fig. 1. 3CX1200A7 RF deck schematic. 

3CX1200A7 amplifier provides full legal output on 10-80 
meters. 

resistor results in the development of 2.8 volts. Only 
0.6 volts is necessary to turn on Q3. Therefore, a 5-kil- 
ohm trim pot (R3) has been included as a voltage 
divider for adjustment. 

When Q3 turns on, it serves as a switch providing 

a path to ground to actuate relay R&3. A set of the 
relay contacts physically grounds the relay coil of RL3, 
taking the current load off Q3. If this feature were not 
provided, the transistor would start gating the amplifier 
on and off. It is therefore essential to latch the grid 
trip relay closed. Another set of contacts on relay RL3 
breaks the VOX line, deactivating the amplifier. A third 
set of contacts applies power to the pilot light on the 
front panel "grid trip reset" pushbutton (S4) located 
on the front panel of the amplifier to make the operator 
aware of what happened. Pushing S4 breaks the path 
to ground for relay RL3, deactivating the relay and put- 
ting the amplifier back into a ready state. 

This circuit provides simple and effective protection 
from costly mistakes during amplifier operation. 

dynamic bias circuit 
The amplifier design includes a dynamic bias circuit 

to bias the 3CX1200A7 tube beyond cut off between 
speech syllables on SSB or between dots and dashes 
on CW. This is especially useful when operating in a 
full break-in mode when the amplifier is placed in ready 
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Parts list for 3CX1200A7 amplifier (figs. 1-71. 
Item deecrlptlon 

B blower - Dayton 1C180 
cabinet 10 x 17 x 14 Inch. CTS model MCLS-101714. 

SPP-1014 side panels 
CP-1714 chassis panel 
(CTS IntraFab. 660 Lenlest Road.. 
San Jose. California 65133) 

C l  300 pF/lO kV vacuum variable capacitor 
C2 1000 pF/3 kV vacuum variable capacitor 
C3 1-8 pF miniature air variable capacitor 
CR HEP 170 diode or equlvalenl 
CR 1 9.1 voR. I wall zener diode (lN4739) 
CR2 75 voll. 1 wall zener diode (1N4761) 
CR3 100 volt, 1 watt zener drode (1N4764) 
CRBl.CRB3 400 vo1Il4 ampere diode block (RS 276-1173) 
CRB2 100 voit/4 ampere diode block (RS 276-1171) 
CR84.CRB5 diode strings. 10 HEP 170 diodes in series. each 

paralleled by a 470 kilohm resislor and s 0.01/1 kV 
dtsk capac,tor 

L.C see table 2 
LI.LZ.L3 see table 1 
L4 RF wattmeter pickup coil. 20 turns No. 22 

enameled wlre on 1-50-2 ferrite lomid core 
M I  1 ampere plate meter. Triplelt 320-G 
M2 100 ,d meter. Trlplelt 320-G 
0 1  MJlOOO NPN Darlington or equivalent 
0 2  2N3055 NPN power transistor 
0 3  2N3053 NPN transistor 
PC 2 turns. 1/2 silver strap, 1-Inch dlameter 3 x 

150-ohm 2-wall resistom 
RFCl 90 turns No. 20 enameled wire on 3/4-Inch form 
RFCZ 11 turns No. 14 enameled wire on 1R-inch diameter 

air wound 
RFC3 30 ampere blfllar Mlament choke, each CON is 16 

turns on 1R.lnch ferrile rod 
RFC4.RFCB 10 nlms No. 14 enameled wire on l/dinch dlameler 

ferrtte rods 
RFC9 1 mH/800 mA RF choke 
RLl.RL3 4PDT Potter & Brumfiefd KHU17D11. 24VDC CON 
RL2 SPOT vacuum relay. 26VDC CON 
RL4 2PDT mercury plunger relay. Dayton 6x598-3 
RL5 DPDT power relay. Polrer & Brumtield PR-11-DY 
Sl.S2 2PDT push-button switches: 

ALCO 16TL5-22 
ALCO 67-4 yellow lens (St) 
ALCO 67-2 green lens (S2) 

S4 momentary push-bulton swilch. 1 pole/N.C. 
ALCO 16SL-11 switch 
ALCO 6s-2 red lens 

SCR 2N1596 100 volV1.6 ampere SCR 
T1 filsmenl transformer. 7.5 vo11I21 ampere 
T2 80 VAC (approx.) transformer, low cunenl 
13 24 VACI1 ampere transtormer (Stancor P8661) 
T4 1400 VAC-2 kVA power translormer 
TO1 time delay relay. Amperile 115-N-180 (3 mlnule) 
21.22 MOV transienl pmlectors Vl3OLAlOA (RS 276-570) 

Noles: 
1. Only the myor aems have been Indicated in Ihls parts Ilst. See indl- 
vldual schematics to determine complele component complement. 
2. The letter M indicated under the componenl value 01 capacitors 
indicales silver mica. 

state a t  all times. The circuit can save up to 500 watts 
of power dissipation in the idle state. 

Operation of the dynamic bias circuit is quite sim- 
ple. RF is sampled through the 220 pF mica capacitor, 
C3. A voltage doubler is formed by the IN914 diodes, 
providing a DC voltage to turn on the Darlington tran- 
sistor 01. Therefore, 01 acts as a switch to return the 
bias voltage to the level determined by the zener diode 
CR1. The crowbar circuit formed by the SCR and 
zener diode CR2 is a protection circuit to prevent the 
amplifier from going into class C operation or the 
cathode voltage to rise toward the value of the plate 
voltage when enough drive power is applied should 
the Darlington transistor Q1 fail to conduct. A full 

The 3CX1200A7 tube uses the same socket and chimney as 
the popular 3-5002. 

theoretical treatment of this design is provided in 
reference 1. 

Switch S3 provides a defeat of the dynamic bias cir- 
cuit to set the operating bias level or defeat the c i r -  

cuit should the circuit fail in an open state. The cir- 
cuit can be omitted if desired by replacing the bias 
module with a wire connecting the emitter of Q2 to 
the B-minus line ( s e e  fig. 8). 

meter circuits 
Metering is provided for plate current, grid current. 

high voltage and RF power output. Plate current is 
monitored at all times. This meter is in series with the 
B-minus lead. All other metered parameters are select- 
ed on a mulitmeter. The multimeter has a 100 mA 
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fig. 2. 3CX1200A7 control circuit. 

Earn 

Grid trip circuit (left sidel and 100-volt bias supply lright side). 

movement with proper calibration resistors for various 
scales. Any meter movement up to a 5 mA full scale 
is usable if an RF wattmeter is not desired. The watt- 
meter requires a very sensitive meter for proper 
operation. 

Grid current is measured by monitoring the voltage 
across the 10-ohm resistor, R1, through which grid 
current is drawn. The 5-kilohm trim pot, R2, is used 
for proper calibration. R2 can be adjusted with a bat- 
tery in series with a pot and current meter placed 

I.C..~ ~ n d ~ a l ~ ,  dd.clm.l 
r a ~ ~ . s  01 ~,LYCII.~C. a n  ln m*r* ORlD  T R I P  

t,~.b. I 61. olh#,m a,. ~n olcobr. PILOT 
a01 I~F , .  ,.s,st.nc.. .re in ohms , - TWO H - ,.OWm 

+ P ( I V D C O  I 

03 
$4 ', - I / 4W 

Tr '-2- 

fig. 3. 3CX1200A7 grid trip circuit. 

across R1 (see fig. 4) to van/ and measure the amount 
of current drawn. R2 should be adjusted so that both 
meters read the same current. 

High voltage is measured by monitoring a low 
voltage value developed by a voltage divider in the 
power supply. The sampled value is ap$roximately 5 
volts and coupled to the RF deck through the control 
cable. 

Power is measured using a toroid-sensing RF watt- 
meter circuit. The wattmeter is shown in fig. 5. Three 
scales are provided: 200 watts forward, 2000 watts for- 
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A high performance 4 GHz,  70 MHz input 
receiver featuring programmable video 
and audio, hand held remote, four dif- 
ferent audio systems, switchable audio 

speed scanning modes and built-in stereo 
#dl!!!('= bandwidths, built-in RF modulator, two  
,, 

2.4x.:2. 
processor. , +:..., 

Offers Independent channel selection for 
multiple TV sets from a single antenna, with a 
selection of up to  24 individual channels from 
a single satellite. The Mark 2 also features 
individually programmed audio, automatic fine 
tuning control. fine tuning storage, special 
function switches and built-in stereo processor. 

Offers versatility and quality performance includ- 
ing fine tuning and video, automatic audio and 
video digital memory, automatic polarization and 

a11 @ 

four programmable audio modes. +&4*D81 

The Northeast's Leading Distributor 
Satellite Sales and Marketing Assistance 

Video Factory Authorized Service 

Services Professional Training Seminars 
Co-op Advertising Support 
Automated UPS Shipping 

Satellite Video 
Services. Inc. 

RR # l .  Box 85  S 
Catsk~ll, NY 1241 4 
51 8-678-9581 

800-528-DISH - National 
800-831-DISH - NY Only 

Uniden MIA Corn Norsat 

Satellite Video Satellite Video Satellite Video 
Services NH. Inc. Services PA. Inc Serv~ces WNY. Inc. 

RFD #2, Harrlrnan Hill Rd. 31 7  E. Pleasant Valley Blvd. East Avenue Extension 
Raymond. NH 0 3 0 7 7  Altoona, PA 16602 Hornell NY 14843 
603-895-31 82 81 4-942-5003 607-324-3435 

800-448-001 2 - National 800-242-3860 - PA Only 800-641-0018 - NY Only 
800-367-8899 - National 800-831-1 134 - National 

Gensat HoustonTracker Winegard Conifer Laux Orbitron Kaul-Tronics 

More Details? CHECK-OFF Page 126 r, 150 August 1985 79 



COMMUNICATIONS 

Ai-TER A LONG MVESTICATION AND EVALLIATION, EVERETT L. CRACGY. FYBRMER 
CO-OWNER OF MIRAGE COMMIINICATIONS. HAS JOINED FORCES WITH FAII'ON. 

A.FF,W FEATURES: MOSFET POWER AMPIRIERS . :\I1 n t d c  I(ll'tll.4H Yoh~lelkw ,4mplifir~i IS;;rmt lliin$#- a II!~xil;finl Spnd br ~ I W I  

,411 mr~lc \I1 ISFTT MMrll*ll. Ikw R~tlx~arrr hmpllfiln . "Heal" Ilcpralrr Amllllfie~ (no1 th~.a!ld-on l y l ~ l  MOSFET REPEATER 
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CONTROL 
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E.r.~l.. Indkald,  wd.~ln~~ 
lb.1 Of UP,CII."c. an ," m*ro 
lsndr 11.Fk am.,. n n  in ~ b o l n r  
ads IPFK r.slsIancas an In ohm* 
h = 7.000 M . 1.000.000 

fig. 6. RF relay sequencing. 

Bonom view of the amplifier illustrates the method used to  
isolate the RF circuitry from the control and power devices. 

design was originally constructed with the 3-10002 
several years ago when the pi-network was the con- 
vention. Recent designs recommend a pi-L tank design 
because of a potential 15 dB improvement in attenua- 
tion of the second harmonic. However, the pi-L net- 
work needs a double pole band switch to select the 
inductance on both the pi-coil and the L-coil. Since 
a single pole switch was already in the amplifier and 
there was no evidence of TVI, the pi network was not 
retrofitted with a pi-L design. However, if this amplifier 
is built from "scratch," it is recommended that a pi-L 
design be used. 

The design parameters for the pi and pi-L circuits 
are provided in table 1. The value for the plate impe- 
dance is 2500 ohms. 

Vacuum variable capacitors are used for both the 
tune (C1) and load (C2) controls. Major advantages 
of vacuum capacitors include compactness, wide 
capacitance range with a low minimum capacitance 
necessary for 10 meters and tuning dial resettability. 
Equivalent air variables can be substituted. However, 
they are larger and their Q on 10 and 15 meters is 
lower. 
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tabla 1. Tank circuit design parameters. 

p i  network: 

FIMHz) C1 C2 L Q = 12 

3.5 206 1174 9.95 R, = 2500 ohms 
7.0 107 608 5.15 

14.0 54 307 2.60 
21 .O 36 204 1.74 
28.0 27 153 1.30 

coil: 4 turns, 114-inch tubing, 2-inch diameter 
13 turns. 114-inch tubing, 3-114 inch diameter 

taps: 28.0- 3 turns on 2-inch coil 

21 .O- 1 turn on 3-114-inch coil 

14.0- 4 turns on 3-114-inch coil 

7.0-11 turns on 3-114-inch coil 
3.5 MHz toroid tank coil 

3 x T200-2 cores taped 
together with fiberglass tape 

25 turns No. 12 enameled wire 

pi-L network: 

FfMHzI C1 C2 L1 U 
3.5 244 1132 10.99 4.45 
7.0 113 503 6.03 2.24 

14.0 55 245 3.08 1.24 
21.0 37 164 2.05 0.83 
28.0 26 112 1.48 0.60 

Q = 12 
R, = 2500 ohms 

input network 
An input network is included to minimize distortion 

products and help insure that a 50-ohm load is 
presented to the exciter. The input network is a pi 
design with a O = 1. Table 2 summarizes the com- 
ponent values for each pi-section. The capacitors have 
been selected as standard values. The coils are wound 
on T50-2 toroid cores. The cores are large enough for 
the 100 watts drive power without overheating. 
However, if room permits, use T68-2 or even T75-2 
cores to provide an extra safety margin. 

The input network is built as a separate module (see 
input network pictorial) and ganged to the main band- 

table 2. Input network design parameters 

band ClfpFI LlpHl C2fpF) No. turns fT50-2) 

80 860 2.15 860 23tlNo. 20 
40 440 1.11 440 17tINo. 20 
20 220 0.56 220 12tlNo. 18 
15 150 0.38 150 %/No. 14 
10 110 0.28 110 811No. 14 
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fig. 7. HV power supply. 

around the base of the tube, through the external 
anode, and out the top of the amplifier. Refer to the 
3CX1200A7 technical data sheet for more information 
on the cooling at different a l t i t ~des .~  

HV power supply requirements 
A good solid HV power supply is required to get the 

most out of any amplifier. This amplifier uses a 4000 

Input network is built as a separate module. 

switch using a small chain sprocket available from 
reference 2. The unit was fully tested prior to installa- 
tion into the amplifier. 

cooling 
Proper cooling is essential for long tube life. The 

3CX1200A7 tube socket is mounted approximately 112 
inch below the chassis. The under chassis is pressur- 
ized by a Dayton 1C180 blower mounted on the rear 
panel. The air flow is ducted by the tube chimney up 

Top view of amplifier illustrates small size of 3CX1200A7. 
Compare it to the vacuum variables in the lower section of 
the photo. 
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a $100 printer for 
the Commodore 64 

The interface and program for con- 
verting an ASR-33 teletype machine to 
an inexpensive printer for the VIC-20 
("VIC-20 Printer," ham notebook, 
September, 1984, page 88) can be 
adapted for use with the Commodore 
64. 

Figure 1A of the original article 
remains unchanged; in fig. l B ,  only 
the labeling of the user's port is 
changed. Figure 2 is replaced with a 
program listing that provides instruc- 
tions to the Commodore 64. 

Like its VIC-20 predecessor, the 
ASR-33 printer for the Commodore 64 
produces typewriter-quality text appro- 
priate for most data listing applica- 
tions. Because ASR-33's can be found 
for as little as $50 to $75 - and 
because other parts and materials can 
be found in junk boxes or very cheaply 
- the total cost of this project should 
not exceed $100. 

J.W. Dates, W2QLI 
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COMMODORE 64 USER'S PORT 

7 

6 

3 

4 

. 
u 
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E 
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I 
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9 PIN TERYINhL STRIP 
AT REAR OF CALL BOX 

ON ASR RIGHT HAND 
S I D E  UNDER COVER 

y - r  n 

19.5mmI 
NO r - 4 0  SCREW, P 1/2 .  
1 6 3  5mmJ WITH NUT 

fig. 1A. Interface circuit uses multi- 
pin edge connector to match C-64 
requirements. 
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I 2N2222 Iranslslor 
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2 4-40 r 2 I f 2  Inch SSRW, *l(h nu11 
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I 0  . SIGNAL OUT - - 

7 - 

rn 

I 5 0  

fig. 16. Interface circuit that ties a C-64 to an ASR-33. I 

18 REM HSR 33 TTY 
15 REM FILE#>128 FORCR WITH LF 
26 REM 163=2STOP, 7 EI T HSIZI I ., 1 10 BHIJD 
188 OPENi29.,2,rJq,CHR$~::163>+CHR$):(;224) 
119 GET#l29cH$ 
289 REM MAIN LOOP 
2153 GET BB 
226 I F  E$(> " " THEtd I F  B$=cHR$ ( 13 > THEN 

PR 1 tajT# 129 ., B$ .; CHR$ (0 1 ; I:HR$ ( 8 ::I j : GI3TIJ230 
225 I F  E:$(>"Il THENPR I NT# 129 .I B2 ; 
236 GET# 129 ,# CB : IFCZ(>" ''THE14 PRI t.jT# 129, C$; 
246 PR INT BB; C$; 
258 !3R=!3T: IF  SR=@ OR 3R=8 THEIS&#@ 
366 RE11 ERROR REPORTING 
3 18 PR I NT "ERROR" .; 
328 IFSR AND 1 THEN PRINT "PHRIT'T"' 
339  IFSR At4D 2 THEN PRIHT "FRHME" 
346 I F  SR HNU4 THE14 PRINT"REC BUFF FULL 

I I  ::,.-IQ 4 1 2 '  I F '  SR At-JD8 THEt-4 PR 1 NT " BREHK " 
366 I F f  PEEK (673) HND 1 > =@ THEt.j:368 
376 fzLOSE129 : END 

REHD'f . 
fig. 2. C-641ASR-33 program listing. 
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fig. 8. Alternate circuit for conventional bias control. 

volt power supply. The HV drops to 3600 volts when 
800 mA is drawn. 

The power supply is built as a separate unit that sits 
behind the operating desk. Its circuit is shown in fig. 7. 

Set in 7% cubic yards of concrete. author's 70foot Tri-ex470D 
tower is completely self-supporting, with fully motorized 
crank-up, tilt-over capability. Lower antenna is a KLM 
KWXA; upper antenna, at 80 feet, is a two-element Cushcraft 
Wmeter beam. Both were erected by K8RA without 
assistance. 

Amplifier rear view. Notice the dynamic bias defeat switch 
in the lower right corner. 

K8RA's station is largely home-brewed. Shelf holds receiver 
described in August, 1983, edition of OST: const~c t ion  details 
wil l  appear in W6SAl's forthcoming revision of The Radio 
Handbook. To the right are two homebrewed keyers and a 
speaker to  match the amplifier. On desk top are a second 
speaker, a Collins KWM 380 transceiver, a Collins 3011 linear 
amplifier, a rotor control and a 2-meter rig. Rack, at right, 
contains homebrewed equipment exclusively; from top to 
bottom, the 3CX1200A7 amplifier described in this article, a 
station monitoring oscilloscope, a station control console. 
and an antenna tuner with built-in memory. Blank panel 
marks space for new 8877 linear amplifier currently under con- 
struction. (No. Jerry didn't build the clock; it was a $25"find" 
at Dayton. But he did build the 16 x 22-foot solid cedar addi- 
tion to  house his station. Skylights, not pictured here, afford 
overhead view of antennas.) 

amplifier tuning 
Amplifier adjustment is initally done into a 50-ohm 

dummy load. With filament and operating plate vol- 
tage applied, grid and plate current meters should read 
zero when the amplifier is not keyed up by the exciter. 
Shorting the VOX inlout line engages the antenna 
relays which switches the amplifier into the RF line. 
Static plate current should still be zero if the dynamic 
bias circuit is used. If the dynamic bias circuit is not 
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included or bypassed with the defeat switch, S3, the 
static plate current should rest at approximately 150 
mA. If grid current is observed with the plate or tune 
capacitors in any position, it is probably a sign of 
parasitic oscillations and should be ~orrected.~ 

Drive power can now be slowly increased until the 
plate current is approximately 250 mA. The Tune and 
Load controls are adjusted for maximum power out- 
put as indicated on the RF power output meter. Exci- 
tation is now increased and the plate and load tuning 
capacitors adjusted until approximately 800 mA plate 
current with 200 mA grid current is achieved, with 
maximum output indicated. When the above condi- 
tions have been met, the loading should be increased 
slightly to insure proper linearity. The RF power out- 
put should not exceed 1500 watts. Use a scope to 
monitor signal quality if available. Under SSB speech 
conditions, peak plate current with no clipping or com- 
pression will kick to about 400 mA and grid current 
to about 100 mA. 

conclusion 
The amplifier has been in operation for over six 

months and has operated flawlessly. As expected, 
another fine tube by EIMAC. 

references 
1. J.A. Bryant, W4UX. "Electronic Bias Switching for RF Power Amplifiers," 
QST, May. 1974, page 36. 
2. Precision Mechanical Components, Winfred M. Berg, Inc., 499 Ocean 
Avenue, East Rockaway, New York 11518. 
3.3CXl.XYJA7 TechnicalData Sheet, VarianIEIMAC, 301 Industrial Way, San 
Carlos, California 94070. 
4. William Orr, WGSAI, Radio Handbook, 20th Edition, Howard W. Sams, 
Inc.. Indianapolis, Indiana. (See "Low-frequency Parasitic Suppression," 
page 17.20.) (The 22nd Edition of  Radio Handbook is available from Ham 
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shipping and handling. 1 
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.big signals 
from the north 
Have you heard those outstanding 
signals from Finland? Every active 
DXer has heard these block-busters in 
DX contests. Why? Because our 
friends up north have no hesitation 
about erecting giant antennas. 

Consider the antenna system that 
Marti, OHZBH, uses. A photo of his 
"Christmas Tree" systems and rotator 
are shown in figs. 1 and 2. The 
140-foot (42 meter) rotatable steel 
tower was manufactured and installed 
by OH8QD. It is guyed by nonmetallic 
Parafil ropes which terminate on slip 
rings. A heavy duty ART-8000 rotator 
supports the system. 

A brace of six-element KLM beams 
is mounted on the tower - six over 
six on 20 meters at the 140-foot (42.6 
meter) and 170-foot (51.8 meter) 
levels. Single six-element beams for 21 
and 28 MHz are at the 120-foot (36.5 
meter) and g l f o o t  (29-meter) levels. 
Antenna switching is accomplished by 
a set of remotely controlled vacuum 
relays located at the 105-foot (32- 
meter) level. 

The relay allows a selection of either 
one or both of the antennas. Three 
SPST (single pole, single throw) relays 
are used in fig. 3. The relays are 
shown in the "off" position. Coax line 
L1 is an electrical 114-wavelength of 
75-ohm coax and transforms the nomi- 
nal 50-ohm antenna feedpoint resis- 
tance to about 112 ohms. The two 
112-ohm ports at relay 2 are put in 
parallel and become a 56-ohm termina- 
tion that closely matches the 50-ohm 

system design value. The relays are in 
a weatherproof box mounted halfway 
between the antennas. Fifty-ohm lines 
from the box run to  each antenna. 

A representation of the relay wiring 
in the box is shown in fig. 4, as is the 
switching table located at the 
operating position. 

fig. 1. The "Christmas tree" antenna at the 
contest site of M a w .  OHZBH. Six-over-six 
elements on 20 meters. backed up by single 
six-element beams on 21 and 28 MHz are 
mounted on the lmfoot high tower. The20- 
meter beams can be switched in combina- 
tions from the operating position. 

To reduce vibration in the antenna 
system, which could be destructive in 
harsh winter storms, each element has 
a 5-foot (1.5 meter) length of rope 
cemented into the inside of the outer 
element tips. 

Another interesting antenna installa- 
tion is that of Simon, OH80S. A close- 
up view is shown in fig. 5 and the slip- 
ring assembly is shown in fig. 6. The 
antenna is composed of eight six- 
element beams, stacked two-over- 
two! OHGJW is believed to have a 
similar setup. The tower sits on a 
rotator and the guys are attached to 
slip rings at appropriate levels. 

No doubt other big arrays exist. I'd 
like to receive pictures of them to put 
in this column! 

how about 160 meters? 
Even though there aren't any 

stacked, rotary arrays on 160 meters 
that I know of, there are certainly some 
big signals from well-known DXers on 
this band. One of the prominent 
signals on this band (and on others) 
comes from Jay, AD8C. Jay has a 106- 
foot (32.3 meter) Rohn tower, guyed 
at three levels with 114-inch (0.6 cm) 
diameter stranded steel wire. Only the 
top set of guys is broken by insulators 
at 25-foot (7.6 meter) intervals. A 
length of heavy-wall aluminum tubing 
projects 15 feet (4.5 meters) above the 
top of the tower. The tower is turned 
by a WQMLY-modified prop-pitch 
rotator. 

On 160 meters, the tower is shunt- 
fed with an 82-foot (25 meter) length 
of electrical conduit as the gamma rod, 
spaced 1.5 feet (0.45 meter) from the 
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fig. 2. T)M 17&foot high tower of OH2BH is rotstabla. This is view of the base support and the 
offset rotating mechanism. The tower is guyed by nonmetallic Parafil ropes which terminate 
on slip rings. 

tower. Thirty radials are used, with 15 apartment house. Atop the building 
of them a full quarter-wavelength long. Kuni has a 46-foot (14 meter) high 
A 5kV, 1000 pF vacuum variable heavy wall aluminum mast (fig. 71. 
capacitor is used as the gamma capac- The mast is top-loaded by a 76-foot (23 
itor. The 2-to-1 bandwidth of the meter1 length of wire that slopesdown- 
antenna is about 55 kHz. ward to a short pole mounted on an 

As for the other bands, Jay uses five adjacent building. The aluminum roof 
phased slopers on 80 meters, pat- trim of his building is used as a ground 
terned after the 40-meter system connection. The antenna works well; 
described in the ARRL Antenna Hand- Amateurs in all US districts have been that proved to be even better than the 
book (1974 edition). It provides about contacted, with many QSOs made shorter one. 

2 

TO 57A710N 
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fig. 3. Antenna switching system at 
OH2BH permits selection of lower. up- 
per, or both antennas. 

3 dB forward gain and a front-to-back 
ratio of about 10 to 15 dB. 

The rest of theantennas include: a 
three-element Yagi for 7 MHz at 107 
feet (32.6 meters), a four-element Yagi 
for 14 MHz at 120 feet (36.5 meters), 
and four-element Yagis for 15 and 10 
meters at 55 and 113 feet (16.7 and 
34.4 meters). To complete the "an- 
tenna farm," there is an eight-element 

along the east coast, including 
WAZSPL, WlFC, WPFJ, KZEK, 
KCZSB, W3ESU, and others. 

After getting this information, I 
wrote Joe, WA2SPL. to see what an- 
tennas he's used for DX work to 
Japan. He told me that his first 
160-meter antenna was an inverted- 
vee with the apex at 150 feet (45.7 
meters) and the ends at 75 feet (22.8 

The next step was to raise the 
inverted-vee to 200 feet (61 meters), 
with the ends at 90 feet (27.4 meters). 
This produced an immediate improve- 
ment in his signal - to the point at 
which he couldn't hear some of the DX 
:!,at called him! So Joe went back to 
modifying the Beverage receiving 
antenna. 

I t  was obvious that more and better 
Yagi for 2 meters at 95 feet (29 meters). Joe says that although it was Beverages were needed, so Joe put up 
meters). a "pretty good" antenna for transmit- a 2100-foot (640 meter) wire for 

Jay says he is satisfied with the in- ting, precipitation static during snow Europe, a 1500-foot (457 meter) wire 
stallation that it has withstood severe storms made the antenna useless for aimed at Japan, a 1000-foot (348 
winter storms, and does a "credible receiving. He then put up a 1000-foot meter) wire for South America, a 
job" in DX pileups, particularly on the (348 meter) Beverage antenna for 1,000-foot wire on the Caribbean and 
lower bands. receiving that worked very well. On the a 3100-foot (944 meter) wire aimed at 

One of the outstanding 160-meter common assumption that "if big is Australia/New Zealand. (Where do 
signals from Asia comes from Kuni, good, bigger is better," Joe erected a these guys get the space to put up 
JA7N1, who lives in a three-story 1500-foot (457 meter) Beverage wire these antennas?) 
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I. U M ,  UPPER AYTFNM4 

fig. 4. Complete schematic of OHZBH 
antenna selection relays. L l  and I2 are 
114-wavelength sections of =ohm 
coxial cable. 1 
After a few months Joe found out 

that a Beverage antenna could be too 
long. He pruned the 3100-foot wire 
back to  1500 feet (457 meters) and it 
worked much better. 

t 
F 

With each antenna, a 20 dB pre- 
amplifier was used to bring signals up 4 
to  good copy. By this time, Joe had 
150 countries to his credit on 160 I 
meters! 

Even with his success with the Vee 
and the Beverages, Joe was curious 
about the luck his DX friends had with 
vertical antennas on 160 meters. For 
various reasons, he couldn't shunt- 
feed his 200-foot tower, so he dropped 
a rope down on a 45degree angle to 
the ground and lowered a wire to 
ground level from the 130 foot (40 
meter) elevation on the rope. He 
placed 24 quarter-wave radials beneath 
the vertical antenna. 

He soon discovered, by direct com- 
parison, that under no conditions did 
the vertical perform better than the 

fig. 5. The monster ZW'neter array of Simon, OHBOS. The antenna consists of eight six- 
element beams, stacked two-over-two. Simon puts through an S-9+ signal on the West 
Coast of the USA when other Europeans are inaudible. The complete tower is rotatable. 

high Vee antenna. He was sure that 
the vertical was relatively worthless un- 
til he later met Dana, WlCF, and went 
to  Dana's station to work it during a 
CQ Worldwide DX contest. The sta- 
tion was equipped with two 1200-foot 
(365 meter) Beverage receiving anten- 
nas, plus two Col-AtchoCo 61-foot 
(18.6 meter) verticals with 80 radials 

ended up with 830 QSOs and a score 
of 323,000 points! 

Now Joe is wondering why his full- 
size vertical seemed to perform so 
poorly. Too few radials? Low conduc- 
tivity ground in the vicinity of the 
antenna? He may soon have the an- 
swer. He's moving to a new location, 
and by the time you read this, he may 
have put up his new 160-meter an- 
tenna system - four full-size, phased 

under each one. The contest results 
were amazing - the W1CF station 

August 1985 93 



fig. 6. Slip-ring installation on tower of OH80S. Would you care to climb the ladder to the 
top array? (Visible at top of picture is the arm of the crane ready to lift the antennas to 
their final positions on the tower.) 

verticals on a mountain in northern 
Vermont. JA7NI, keep your ears open 
for this one! 

You can be a topnotch 160-meter 
DXer with only a simple antenna. Bob, 
VElYX, says, "No super-antenna 
here! I have a simple, coax-fed dipole, 
60 feet high on a hilltop about 450 feet 

long-wave hams in Australia 
Sixteen years ago, before WARC 

79, the United States considered an 
Amateur band in the 160-190 kHz 
region. The idea had merit, but opposi- 
tion arose because this was the range 
used by carrier current data transmis- 
sions on power lines and also by long- 

above sea level. So far, 135 countries wave European broadcasting stations. 
- the best DX being VKGHD long path Sadly, the idea was dropped before 
at 21002." WARC 79 started. 

Even so, John (VK3ACAl and Pet1 
(VK3QI) pursued the idea with tt 
Department of Communications i 
Australia and, after a pause, they we1 
issued experimental licenses for lov 
frequency operation on 196 kHz (1% 
meters). John received the call sig 
AX3T35 and Peter became AX3T36. 
third Amateur, Dennis (VK3WV), joir 
ed them and got the call sign VL3 
(fig. 8). The stations all ran about 1C 
watts input. 

Antennas were a problem. AX3T2 
used a 30-foot vertical with a hug 
base loading coil and an extensik 
grounding system. He estimated h 
antenna efficiency was about 0.37 pe 
cent. Station VL3Y used a 135-fo( 
wire, which wasn't much better. Eve 
with the poor antennas, the first cor 
tact was made in April, 1981. Cor 
tinued contacts between the three se~ 
tions showed that the propagatio 
range via ground wave was about 3C 
miles during daylight, and possib 
more during the hours of darkness. 

AX3T35 is writing an article, schec 
uled to appear shortly in the journal ( 
the Wireless Institute of Australii 
Amateur Radio, about the experience 
of the only three licensed low-frt 
quency ham staions in the work 
(Good work, lads - I'll put a shrim 
on the barbie for you!) 

an anti-jamming 
HF loop antenna 

People other than Radio Amateur 
are interested in efficient and effectiv 
HF antennas. Radio Free Europe, i 
particular, tries in every way to con 
bat the Soviet jamming that plague 
their broadcasts. In this regard, the 
have published information on buildin 
a simple and inexpensive directioni 
receiving antenna that can be helpf~ 
in reducing jamming interferencc 
Details of this antenna are shown i 
(fig. 9.1 

The antenna consists of a shielde 
loop made of coax cable (RG-58/U, ( 
RG-59/U, for example). A smaller loo 
couples the tuned loop to the receive 
To hold the cables in the loop form 
a wooden support in the shape of 
cross is used. The coax is passe 

94 August 1985 



August 1985 95 

T V  COAXIAL  C A B L E  

TO RECEIVER 

O . 7 9 " 1 2 c m I r  I . 2 * 1 3 c m l  WOO0 

'1 
- 

5 3 . 9 4 "  

/ 1 3 7 c m I  

4 - 9 M H r  9 - / @ M H z  1@-26M l f z  - 

0 25.6'' 13 .8 "  
1 6 5 c m I  / 3 5 c m l  

. 0 -- 4  I "  
@ //:::I 

3.15" 

l I O . 5 c m l  1 8 c m l  

1  7. 3  " 9.4 " @ /::::I 144cm1 124cm1  

@ 5 0 O p F  ZOOpF ZOOpF 

DETAIL 1 (--II/- 

@ PO0  TO 5 0 0 p F  

NOTE,COAX SH IELOS ARE NOT CONNECTEO AT T H E  TOP 

S H I E L D  UNCONNECTED 

S H I E L D  1 N O  INNER 
CONDUCTOR CONNECTEO 

DETAIL 2 

LARGE LOOP 

TO RECEIVER 

fig. 9. Receiving loop recommended by "Radio Free Europe." (Dimensions provided in centimeters.) 

-- 

- 

- - 



Dennis Silett. 40 M a w  Rd. Nobb Park. V k  
Melbourne Auatrak 

EXPERIMENTAL STATION 

fig. 7. Apartment antenna of 160-meter DX operator Kuni, JA7NI. consists of top-loaded 
&foot (14 meter) mast atop a three-story apartment building. Shield of coax is grounded 
to aluminum roof trim. 

through appropriate holes in the struc- 
ture. A variable capacitor at the open 
end of the loop tunes it to  the required 
frequency. The coupling link matches 
the symmetrical, balanced loop to the 
unbalanced coax line to the receiver. 

The vertical portion of the support 
structure is hinged to allow tilting the 
antenna for improvement of the rejec- 
tion null. The antenna can be rotated 
horizontally to provide both azimuth 
and elevation alignment. 

To cover the shortwave spectrum 
from 4 to 26 MHz, three loop sizes are 
required, as shown in fig. 9. 

To use the loop antenna, receiver 
and antenna are tuned for maximum 
signal at the desired frequency. The 
antenna is then rotated and tilted to 
minimize the interfering signal. A 
reduction of 30-to-1 in jamming 
strength is predicted for short wave 

listeners, depending upon the location 
of the jamming station with respect to 
the desired station. 

While Radio Amateurs may not use 
the loop for reduction of intentional 
jamming, this design may prove to be 
of benefit for operation in DX contests 
where it's helpful to null out loud local 
competition. 

Because of the reduced pickup of 
the loop compared to a full-size an- 
tenna, it may be necessary to add a 
preamplifier between loop and receiver 
to bring signals up to full strength. 

the new Beam Antenna 
Handbook 

For the past two years I've been 
absent from the bands, devoting every 
moment of my spare time to complet- 
ing, with Stu, W2LX, the extensive 
revision of the Beam Antenna Hand- 

cnfm+Pi/QSOh13T3loate 10'1.83 Tme I l b O  esrr 
Freq I q b K h r  Mode I K O L O N  RST 5 l q  
RX O R C C C  T~ H o d . n r S ~ n t  125 'w1rc 
Pwr ~ w .  ~ l r  QSI 73 LL 

EXPERIMENTAL RADIO STATION 
ON 1531 METRES 196 kHz 

J A ADCOCK 
12 ALBERT STREET OAK PARK VICTORIA AUST 3(W 

T " l L 3 Y  (ONFIRM~YL I-*- tw w y  
Con+acd  on 10 / ?I -7  t / p @  Z 

~ , ~ , , 1 a o r ~ ~ O ' 3 5  w,, 
AMATFUR 1 I A l l O h  \LA*( 4 - 1  8 s  ' ~ ~ < > M J O l l N  

fig. 8. QSL cards of low-frequency exper- 
imental Amateur stations in Australia. 

* -- 

book. It was a lengthy job; the old text 
was ripped apart and new text pre- 
pared. New illustrations were added. 
New, up-to-date antenna dimensions, 
based upon recent computer studies 
conducted on Yagi arrays were cata- 
loged. The result, after much hard 
work, is a completely new edition of 
Beam. * 

The book includes new data on HF 
Yagi antennas (two to five elements), 
element spacing, and the effect of ele- 
ment taper. There's new information 
on erecting beams and general installa- 
tion data as well. VHF long Yagis are 
covered, together with complete 
design tables for the home construc- 
tor. Complete English and metric 
dimensions are given for all antennas. 

There's helpful information on feed 
systems and SWR measurements. A 
systematic test procedure is provided 
to help you determine whether your 
beam is operating properly. The infor- 
mation on checking the accuracy of 
your SWR meter is worth the price of 
admission! 

Now that the book is ready, perhaps 
I'll have time to get on the air! Or will 
another project come along? 

"Available from Ham Radio's Bookstore. Greenville, 
New Hampshire 03048. $9.95 plus $2.50 shipping and 
handling. ham radio 
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Ls20 .20 LS197 .85 9 7 l 9 R - A C  

LS21 .25 LS221 .65 
LS27 .28 LS240 1.00 
LS30 .20 LS241 .8C 

4.20 82€ 

We bought a large quantity of 2708s ZBOCTC .75 COMPUTER . . . . . . . . . . . . . . . . . . . .  MANUFACTURERS 
from a computer manufacturer who f:gFEA~DMA . ' ' ' 

I ............... redesigned their boards. We ZBOSIOIC 
removed them I Z80A-4MH2 

. . . . . . . . . .  r .a" 

1.25 . . . . . . . . . . . . . . . . . . . .  
3.50 . . . . . . . . . . . . . . . . .  

LS51 .24 
LS54 .25 
LS55 .24 
LS73 .35 
LS74 .30 LS260 .50 
LS85 .60 LS266 .40 
LS86 .25 LS273 1.00 
LS90 .50 LS279 .40 
LS93 .55 LS280 1.00 
LS107 .37 LS283 .50 
LS109 .25 LS290 .85 
LS112 .30 LS293 .85 
LS122 .45 LS298 .75 . . . . . . . . . . . . . . . . . . . . . .  LS123 .55 LS299 1.60 2.560 .1.49 

. . . . . . . . . . . . . . . . . . . . . .  LS124 2.00 3.000 1.15 
. . . . . . . . . . . . . . . . . . . . . . .  LS125 .40 3.120 1.20 

LS126 .49 
LS132 .50 LS366 .45 2142-3 1KX4 300 n.8. . . . . . . .  1.50 by W.D. . . . . . . . . . . . . . . . . . . . .  
LS133 .35 

3.579545 .75 
LS367 .50 2147 4KX1 . . . . . . . . . . . . . . . .  3.95 . . . . . . . . . . . . . . . . . . . . .  

LS138 .45 B.G. SPECIAL 
3.6864 1.10 

. . . . . . . . . . .  
LS139 .40 

. . . . . . . . . . . . . . . . . . . . . .  LS368 TMS4044 4KX1 1.00 4.000 1.75 

; ::: 61 16P-4-2KX8 . . . . . . . . . . . . . .  2.50 All 3 for only 920.00 4.194304 . . . . . . . . . . . . . . . . . . .  1.50 
LS151 .45 . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
LS153 .40 LS375 .50 

6264-15 7.50 4.433618 .75 
. . . . . . . . . . . . . . . . . . .  

LS154 .99 LS377 1.00 - 4444.000 1.25 
. . . . . . . . . . . . . . . . . . . . .  . . . . . .  

LS155 .50 
, 5 4.9152 2.49 

. . . . . . . . . . . . . .  
LS156 .50 LS390 1.00 COM8116 . . .  4.916 Bd. Rate 1.25 

. . . . . . . . . . . . . . . . . . .  
LS157 .40 LS393 1.00 INSP7C;nR 

5.000000 1.50 
. . . . . . . . . . . . . . . . . . . . .  

LSl58 .50 LS399 1.25 L 
Ls376 

5.0688 2.50 
. . . . . . . . . . . . . . . . . . . . . .  

LS160 .65 LS670 1.50 
5.616 1.59 

. . . . . . . . . . . . . . . . . . . . . .  
LS161 .50 25LS2569 3.00 ' 6.000 .2.49 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  LS162 .65 .ID ._., 6.176 .1.49 
. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  ,. 75110 .80 .- .. 1 4.00 7.164112.. 1.00 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  75451 .35 13 5.00 6845s 7.50 7.3728 .1.49 
75452 . . . . . . . . . . . . . . . . . . . . . . .  .35 

I 7440 .19 74151 50 74273 1.75 
7442 .40 74153 .50 74365 .60 
7451 .20 74154 1.19 74366 .60 WI6O Page Manual 
7453 .22 74157 .50 74367 .60 New Price - $7.00 
7454 .22 74160 .80 74390 1.40 
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0. 0. Box 280298 Dallas, Texas 75228 Be MICRO (2141271-5546- 1: md I 

Big Computer Mfg. Makes $900,000 Goof!! 

COMPUTER/DISK DRIVE 
SWITCHING POWER SUPPLY 

ORIGINALLY DESIGNED TO RUN A 2-80 
BASED SINGLE BOARD COMPUTER 

WITH TWO 5-114 IN. DISK DRIVES AND 
CRT MONITOR. 

BRAND NEW: UNUSED! $249%A 
ADD $1.50 PER UNIT FOR UPS 

r~ 

1 SPECS: + SVDC 5 AMPS MAX 
#1 + 12 VDC 2.8 AMPS MAX 
#2 + 12 VDC 2.0 AMPS MAX 

- 12 VDC .5 AMPS MAX -- .- 

INPUT: 115 or 230 VAC 60Hz 
- -- 

CAN EASILY BE MODIFIED TO 
GIVE 24V @ 1.5 AMP 

SMALL SIZE: 6-118 x 7-318 In. 
HIGH EFFICIENCY SWITCHER MFG. 
BY CAL. DC I N  USA! 

The poor Purchasing Agent bought about 10 times as many of these DC 
switchers as his company would ever use! We were told that even in 
10,000 piece lots they paid over $72 each for these multi-output 
switchers. When this large computer manufacturer discontinued their 
Z-80 Computer, guess what the Big Boss found in the backwarehouse; 
several truckloads of unused $72.00 power supplies. Fortunately we 
heard about the deal and made the surplus buy of the decade. Even 
though we bought a huge quantity, please order early to avoid 
disappointment. Please do not confuse these high quality American 
made power supplies with the cheap import units sold by others. 

TERMS: (Unless specified elsewhere) Add Sl.SOpostage, we pay balance. Ordersover $50.00 add85C lor insurance. No C.O.D. Texas Res. add6-l/B%Tax. 90 Day Money Bacl 
Guarantee on all items. All Items subject to prior sale. Prices subject to change without notice. Foreign order - US funds only. We cannot ship to Mexico.Countries other lhar 
Canada. add 13.50 shiaoino and handlinn 

4 162 
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signal levels during 
the summer months 

FOR ECAST 

Absorption results in  loss of 
energy from the signal as it collides 
with ions on its path through the D 
region, 60-80 miles (100-120 km) above 
the earth. How much energy is ab- 
sorbed per transit of the D region 
depends on the location of the sun, 
and is a function of cosine X, the 
zenith angle to the sun. Maximum ab- 
sorption occurs at the subsolar point, 
directly under the sun; absorption 
decreases as the signal path moves 
away from the subsolar point in any 
direction. 

On any propagation path, absorp- 
tion increases with the number of 
crossings of the D region and also 
varies inversely with frequency. There- 
fore, in working DX it pays to use the 
higher frequency bands and obtain 
consequently greater distances per 
hop. 

In a study of several midlatitude 
communication links of varied lengths 
over the years of this 10.7 solar cycle, 
some general trends were noticed. The 
ionosphere, a balanced energy system 
tends to return to a "normal" level of 
ion density after each new solar per- 
turbation. It is a fact that between 
sunspot numbers 20 and 120, signal 
absorption changes only by approxi- 
mately 8 dB for a one-hop path 2500 
km in length. The one-hop path is the 
easiest in which to see changes. When 
the signal travels three or more hops, 
the changes get blurred between the 
hops. There is more absorption with 
the larger number of hops, but the 
effect of absorption per hop is not 
linearly additive. Each additional hop 
subtracts less energy from the signal. 

Garth Stonehocker, K0RYW 

Absorption is inversely proportional 
to frequency when the angle the signal 
wave makes with the ionospheric layer 
is constant, as in vertical ionospheric 
sounding. However, this frequency 
dependency is hard to assess because 
as the frequency changes so does the 
extent of layer penetration, thereby 
changing the incidence angle some- 
what. As a rough estimate, 10 MHz 
signals tend to incur twice as much 
signal absorption as 20 MHz signals. 
However the largest absorption effect 
occurs between night and day; it is so 
great it tends to mask out the meas- 
urement of the secondary causes. The 
midlatitude communication link paths 
showed 10-30 dB of signal loss be- 
tween night and day in most seasons, 
with paths near the equator surpass- 
ing even these. These different absorp- 
tion effects add up to give an overall 
signal loss of 120 dB on the average. 

What can DXers do to enhance their 
effectiveness during summertime 
operations? Review the chart on the 
next page for the highest band availa- 
ble to the DX area you wish to con- 
tact. Operate on towards evening, tak- 
ing advantage of its lower absorption, 
but before the maximum usable fre- 
quency drops off very much. Then use 
the graph provided in the February, 
1985, column that shows take-off 
angle (TOA) vs. ionosphere height. 
Use the height chart provided, too. 
The lowest TOA means fewer hops 
and less absorption of your signal. 
Make sure your antenna radiates sub- 
stantial energy at that low TOA in 
order to give you the best chance of 
contacting the desired DX station. 

Know the current conditions (in 
terms of signal absorption and variabili- 

ty, QSB) by listening to radio station 
WWV on 5, 10, 15 MHz at 18 minutes 
after the hour. If the solar flux has just 
increased, absorption will be high. In 
addition, potential fading conditions 
(QSB) are associated with an A figure 
of greater than 15 or a K figure greater 
than 4. These indicate pronounced 
signal absorption on the higher latitude 
paths. These clues can help you be 
your own forecaster - therefore a 
better DX operator. 

last-minute forecast 
During August noise will be up and 

signal strength down, however spora- 
dic-E propagation will occur. This just 
means that we can expect good DX 
conditions on the higher frequency 
bands in the third and last weeks of the 
month while the lower bands are ex- 
pected to be best the first week of the 
month. It's always helpful to check 
WWV broadcasts to confirm these 
conditions. For the VHFIUHF en- 
thusiast the moon's perigee will occur 
on the 19th, with a full moon on the 
30th. The Perseids meteor shower will 
occur from the 10th to 14th, with a 
maximum rate expected on the 1 l t h  
and 12th, with better than fifty 
meteors per hour. This is an excellent 
shower. Meteor shower activity has 
already been reported as heavier than 
usual this year. 

band-by-band summary 
Six-meter paths will open for a half 
hour to a couple of hours on some 
days around local noon. Sporadic-E 
propagation will make this short-skip 
path possible out to nearly 1200 miles 
(2000 km) per hop. 

Ten and fifteen meters will have a few 
short-skip E, openings and some long- 
skip openings to southern areas of the 
world during daylight, though only 
during periods of high solar flux. Some 
transequatorial (TE) openings associ- 
ated with mildly disturbed geomag- 
netic-ionospheric conditions may occur 
in the evening hours toward the end 
of the month. 

Twenty, thirty, and forty meters will 
have DX from most areas of the world 
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The ~ ta l~c~zsd  nulnbers s~y l r~ f y  the bands l o  try dur~ny the transollon and early tilor1111lg hoc~rs. wh~ le  the slnr~dntd type provides the MUF < I~ r l l l y  "110r111aI" hours 

'Look at alext htgher band for possiblo openlliys 
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Custom Ma~ l lng  L~sts  on Labels1 
Amateur Radio Operator NAMES 
Custom ltsts cornptled to your spec~ftcat~ons . Geographic by ZIP and/or State 

By L~cense Issue or Explrat~o? Date 
Self st~ck 1x3 labels 

Total List 453,000 Price: $25/Thousand 
Buckmaster Publishing u 165 

Wh~tehall 
M~neral VA 23117 U S  A (703) 894 5777 

during the daytime and into the even- 
ing hours almost every day. Forty 
meters will join this daytime group 
toward the end of the month because 
of lower signal absorption (lower low- 
est usable frequency) during these 
sunspot minimum years. During un- 
usually high 27-day solar flux days, 40 
meters may not be usable; both 40 and 
30 meters may not be usable at the 
predawn hours after the high flux day. 
The DX on these bands may be either 
long-skip to 2500 miles (4000 km) or 
short skip E, to 1250 miles (2000 km) 
per hop. The length of daylight will be 
decreasing noticeably at the end of the 
month. 

Thirty, forty, eighty, and one-sixty are 
all good for nighttime DX, even though 
the background thunderstorm noise 
may be severe, especially on 80 and 
160 meters. Propagation of signals via 
sporadic-E layer may occur and assist 
around sunset. This will be the final 
month of the E, season. 

ham radio 

Keep those valuable 
issues of Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind 'em 
together and enjoy 
for years to come. 
You'll be happy you 
did! 

H A M  RADIO BINDERS 
Beaut i fu l  buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col- 
lection of Ham Radio. Year 
stickers included. 

OHR-BDL $6.95 ea. 
3 for $17.95 

Please add $2 50 for sh~pplng 
and handl~ng, U S only 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 



.... CP-I Clg. lighter plug/cord lor BP3 or Dlx 9 5 0  
DC-I  DC operation pak lor standard models 17.50 

FL-45 500 Hz CW filter (1st IF) ..... 59.50 

Shortwave receiver 

...... ...... SM-6 Desk m~crophone .. 39.00 ... EX-310 Vo~ce sythes~zer .............. 39.95 RC- I1  W~reless remote controller 59.95 49%' 
............. ............... ME-12 Mob~le mount 19 50 IS-32 CommSpec encode/decoder .... 59.95 FL-32 500 Hz CW lilter 59.50 ..... UT-15 Encoder/decoder ~nterlace 12.50 FL-63 250 Hz CW l~l ter (1st IF) 48.50 ... .......... UT-15s UT.15S w/TS-32 ~nstalled ..... 79.95 FL-44A SSB filter (2nd IF) 159.00 144" 

EX-257 FM unit .................... 38.00 
EX-310 Vo~ce synthesizer .......... 39.95 

IC-47A Compact 25w 140 FM. TIP mlc 469.00 419" 

...... FL-70 2.8 Khz wide SSB lilter 46.50 
HM-12 Extra hand m~crophone ..... 39.50 
SM-6 Desk m~crophone ............. 39.00 
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J 

TYPE PRICE PRICE TYPE - P R I C E  

TUBES 
TYPE - 

2C39/7289 $ 34.00 l l82/4600A $500.00 ML7815AL $ 60.00 
2E26 7.95 4600A 500.00 7843 107.00 
2K28 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 
3B281866A 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 
4-125A/4D21 79.00 586 1 140.00 8236 35.00 
4-250A/5D22 98.00 5867A 185.00 82951PL172 500.00 
4-400A/8438 98.00 5868lAX9902 270.00 8458 35.00 
4-400817527 110.00 587 6/A 42.00 8462 130.00 
4-4OOC/6775 110.00 588116L6 8.00 8505A 95.00 
4-1000A/8166 444.00 589 3 60.00 8533W 136.00 
4CX250Bl7203 54.00 5894/A 54.00 8560/A 75.00 
4CX250FG18621 75.00 5894818737 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/B167 170.00 b14616146A 8.50 8637 70.00 
4CX350A18321 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 
4CX600J/d809 835.00 6159 13.85 8877 465.00 
4CX1000A/8168 242.50* 6159B 23.50 8908 13.00 
4CX1000A/8168 485.00 6161 325.00 8950 13.00 
4CX1500B/8660 555.00 6280 42.50 8930 137.00 
4CX5000A/8170 1100.00 6291 180.00 6L6 Metal  25.00 
4CX10000D/8171 1255.00 6293 24.00 6L6GC 5.03 
4CX15000A/8281 1500.00 6326 P.O.R. 6CA71EL34 5.38 
4CW8OOF 710.00 6360lA 5.75 6CL6 3.50 
4D32 240.00 6399 540.00 6DJ8 2.50 
4E27A/5- 1255 240.00 6550A 10.00 60Q5 6.58 
4PR60A 200.00 68838/8032A/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 7117 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 
416B 45.00 727 1 135.00 6LF6 7.00 
416C 62.50 7289/2C39 34.00 6LQ6G.E. 7.00 
572BlT160L 49.95 7325 P.O.R. 6LQ616MJ6 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 
811A 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 NEN, USED, OR SURPLUS. PARTS MAY BE SUBSTITUTED WITH COMPARABLE PARTS I F  WE 
ARE OUT OF STOCK OF AN ITEM. 

NOTICE ALL PRICES ARE SUBJECT TO LHANGE WITHOUT NOTICF. For information call: 602-265-0731 

Toll Free Number AII parts may be new or 
surplus,  and  par ts  may be  

JWGY_z electroqacs 
800-528-01 80 subst~tuted w ~ t h  comparable parts 3802 North 27th Ave., Phoenix, Ai! 85017 

(For orders only) 11 we are out of stock of an Item ' 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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J 
"FILTERS" 

I COLL INS  Mechanical F i 1 ter #526-9724-010 MODEL F455Z32F 

455KHZ at 3.2KHz wide. May be other d e l s  but equivalent. May & used or new. $15.99 
ATLAS Crystal F i  1 ters 

5.595-2.7/8/LSB, 5.595-2.7/LSB 
8 pole 2.7KHz wide Upper sidebard. Zqxdence 8000hms 15pf In/8000hs Opf out. 19.99 

5.535-2.7/8/U, 5.595-2.7flSB 
8 ple 2.7Khz wide Upper sidehind. Impedence 8000h 15pf In/8000hs Opf out. 19.99 
5.595-.500/4, 5.595-.500/4/CW 
4 pole 500 cycles wide CW. Impedance 8 0 b h  15pf In/8000h Opf out. 19.99 

9.0USB/CW 
6 ple 2.7KHz wide at 6dB. Impedance 6800hs 7pf In/30bh 8pf out. CW-1599Hz 19.99 

KOKUSAI  ELECTRIC  CO,  Mechanical Filter #! IF-455-ZL/ZU-21H 
455KHz at Center Frequency of 453.5KC. Carrier R-equency of 455KHz 2.36KC Bandwidth. 
Upper sidebad. (ZU) 19.99 
Iower sideband. (ZL) 19.99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRJSTAL F I LTERS 
N1t;KO FX-078002 7. ~>IHZ $10.00 
TEW FEC-103-2 10.6935MHz 10.00 
SDK SCH-113A 11.2735MH~ 10.00 
TAMA TF-31H250 CF 3179.3KHz 19.99 
?"t'CO/CD 001019880 10.7MHz 2ple 15KHz bandwidth 5.00 
E."oToROLA 4884863B01 11.7MHz 2ple 15KHz bardwidth 5.00 
M'I 5350C 12MHz 2ple 15KHz bandwidth 5.00 
IT1 5426C 21.4MHz 2ple 15KHz bandwidth 5.00 
M'I 1479 10.7MIIz 8ple bandwidth 7.5KHz at 3dB, 5KHz at 6dB 20.00 
(x3TEm A10300 45MHz 2ple 15KHz bslulwid+_tl 6.00 
FXC ERXF-15700 20.6MHz 36KHz wide 10.00 
T1LTE.m 2131 CF 7.825MHz 10.00 

.............................................................................. 

CBAI.1 I C F I LTERS 
AXrL 4F4 4 9 12.6KC Bandpass Filter 3dB Mdwidth 1.6KHz £ran 11.8-13.4KHz 10.00 
CLF;VIm TWOLA 455KHz+-2KHz bandwidth 4-7% at 3dB 5.00 

1CF4-12D36A 455KIIz-t-1KHz bandwidth 6dB min 12KHz, 6WB rrax 36KHz 10.00 
PTJRATA BF'B4 5 5B 455KIIz 2.50 

BFB455L 455KHz 3.50 
ClW455E 455KHz t5.5KHz at 3dB , +-8RIz at 6dE , +-16KHz at 50dB 6.65 
CPM455D 455KIlz t-7mz at 3dB , +-1OKHz at 6dB , +-20KHz at 5WB 6.65 
CET455E 455KHz t5.5KHz at 3dB , t8KHz at 6dB , +-16KHz at 60dB 8.00 
Cmr455B 455KHz i-2KHz bandwidth +-15KHz at 6dB, t-30KHz at 40dB 2.90 
Crm455C 455KHz t2KHz bandwidth t12.5KHz at 6dB , +-24KHz at 40dB 2.90 
CFU455G 455KHz t1KHz bmdwidth t4.5IQIz at €dB , +-1OKHz at 40dB 2.90 
CFU455H 455KHz t1KHz bandwidth +-3KlIz at 6dB , t9KHz at 40dB 2.90 
CFU455I 455KHz tlKHz bardwidth +-2KHz at 6dB , +-6KHz at 4WB 2.90 
CEW455D 455KHz tlOKHz at 6dB , +-20KHz at 40dB 2.90 
CEW455H 455KHz t-3KHz at 6 3 3  , +-9KHz at 40dR 2.90 
SFB455D 4 55KHz 2.50 
SFD455D 455KHz +-2KHz , 3dB bandwidth 4.5KHz t-llMz 5.00 
SFE10.7MA 10.7MHz 280KHz i-50KHz at 3dB , 650KHz at 20dB 2.50 
SFE10.7MS 10,7MHz 230KHz t5OKHz at M B  , 570KHz at 20dB 2.50 
SFG10.7MA 10.7MHz 10.00 

NIPPON LF-B4/CFU4551 455KHz tlKHz 2.90 
LE'-B6/CFU455H 455KHz t1KHz 2.90 
LF-B8 455KHz 2.90 
LF-C18 455Wz 10.00 

TOKIN CF455q/BFU455K 455KHz t2KHz 5.00 
FIATSUSHIRA EFC-LA55K 455KH~ 7.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPECTRA PHYSICS I N C ,  Plodel 0 8 8  HeNe LASER TUBES 
KXiER GUTPUT 1 . 6 ~ ~ .  BEAM DIA. .75MM BEAM DIR. 2.7PIR 6XV STWTING VOLTAGE D2 
68K OHM lFIATT BALLAST lOOOVDC t100VD2 At 3.7MA $59.99 
ROTRON MUFFIN FANS Model MARK4/MU2AL 
115 VnC lil'am 50/60CPS IMF'EDENCE PROTECTED-F 88aFM at 50CPS $ 7.99 
105CR.I at 60BS THESE ARE NEW ToII Free Number - A I I  parts may be new or a - ele e t r o ~ c g  800-528-01 $0 surplus, and parts may be 

subst~tuted with comparable parts 

(For orders only) t f  we are out of stock ol an !tern." 

3802 North 27th Phoenix' 85017 PRICES SUBJECT TO CHANGE WITHOUT NOTICE For information call: 602-265-0731 
- - -- - - - - - - -- -- 
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1 4 

WE pRycE' RF TRANSISTORS pRIcE' mE PRICE ?"I?E - - - - - PRICE - 
2N156l $25.00 2N5920 $ 70.00 40608 RCA $ 2.48 BFY90 $ 1.50 
2N1562 25.00 2N5921 80.00 40673 RCA 2.50 BLW6OC5 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 12.25 
2N2857JAN 4.10 2N5941 23.00 61206 RCA 100.00 BLX93C3 22.21 
2N2857JANTX 4.50 2N5942 40.00 62800A RCA 60.00 BLY87A 7.50 
2N2876 13.50 2N5944 10.35 62803 RCA 100.00 BLY88C3 13.08 
2N2947 18.35 2N5945 10.00 43041413990RCA 50.00 BLY89C 13.00 
2N2948 13.00 2N5946 12.00 3457159 RCA 20.00 HLY90 45.00 
LN2949 15.50 2N5947 9.20 3729685-2 RCA 75.00 BLY92 13.30 
2N3118 5.00 2N6080 6.00 3729701-2 RCA 50.00 BLY94C 45.00 
2N311Y 4.00 2N6081 7.00 3753883 RCA 50.00 BLY351 10.00 
2N3174 1.15 2N6082 9.00 615467-902 25.00 BLY568CJCF 30.00 
2N3287 4.90 2N6083 9.50 615467-903 40.00 C2M70-28K 92.70 
2N3288 4.40 2N6084 12.00 2SC568 2.50 C25-28 57.00 
2N330Y 4.85 2N6094 11.00 2SC703 36.00 C4005 2.50 
2N3375 17.10 2N6095 12.00 2SC756A 7.50 CD1659 20.00 
L'N3478 2.13 2N6096 16.10 2SC781 2.80 CD1899 20.00 
2N3553 1.55 2N6097 20.70 2SC1018 1.00 CD1920 10.00 
2N3553JAN 2.90 2N6105 21.00 2SC1042 24.00 CD2188 18.00 
2N3672 15.50 2N6136 21.85 2SC1070 2.50 CD2545 24.00 
LN3733 11.00 2N6166 40.24 2SC1216 2.50 CD2664A 16.00 
2N3818 5.00 2N6267 142.00 2SC1239 2.50 CD3167 92.70 
2N3866 1.30 2N6304 1.50 2SC1251 24.00 CD3353 95.00 
2N3866JAN 2.20 2N6368 30.00 2SC1306 2.90 CD3435 26.30 
2N3866JANTX 3.80 2N6439 55.31 2SC1307 5.50 CD3900 152.95 
2N3866JANTXV 4.70 2N6459 18.00 2SC1424 2.80 ~~25-12 20.00 
2N3866AJANTXV 5.30 2N6567 10.06 2SC1600 5.00 CM40-12 27.90 
2N3924 3.35 2N6603 13.50 2SC1678 2.00 CM40-28 56.90 
2N3926 16.10 2N6604 13.50 2SC1729 32.40 CME50-12 30.00 
2N3927 17.25 2N6679 44.00 2SC1760 1.50 CTC2001 42.00 
2N3948 1.75 2N6680 80.00 2SC1909 4.00 CTC2005 55.00 
2N3950 25.00 021-1 15.00 2SC1945 10.00 CTC3005 70.00 
2N3959 3.85 01-80703T4 65.00 2SC1946 40.00 CTC3460 20.00 
2N4012 11.00 35C05 15.00 2SC1947 10.00 DV2820S 25.00 
2N4037 2.00 102-1 28.00 2SC1970 2.50 DXL1003P70 22.00 
2N4041 14.00 103-1 28.00 2SC1974 4.00 DXL2001P70 19.00 
2N4072 1.80 103-2 28.00 2SC2166 5.50 DXL2002P70 14.00 
2N4080 4.53 104P1 18.00 2SC2237 32.00 DXL3501APlOOF 47.00 
2N4127 21.00 163P1 10.00 2SC2695 47.00 EFJ4015 12.00 
2N4416 2.25 181-3 15.00 A2X1698 ('OR EFJ4017 24.00 
2N4427 1.25 210-2 10.00 A3-12 14.45 EFJ4021 24.00 
2N4428 1.85 269-1 18.00 A50-12 24.00 EFJ4026 35.00 
2N4430 11.80 281-1 15.00 A209 10.00 EN15745 20.00 
2N4927 3.90 282-1 30.00 A283 6.00 FJ9540 16.00 
2N4957 3.45 482 7.50 A2838 6.00 FSX52WF 58.00 
2N4959 2.30 564-1 25.00 A1610 19.00 G65739 25.00 
2N5016 18.40 698-3 15.00 AFlOZ 2.50 G65386 25.00 
2N5026 15.00 703-1 15.00 An12 2.50 GM0290A 2.50 
2N5070 18.40 704 4.00 AR7115 20.00 HEP76 4.95 
2N5090 13.80 709-2 11.00 AT41435-5 6.35 HEPS3002 11.40 
2N5108 3.45 711 4.00 B2-82 10.70 HEPS3003 30.00 
2N5109 1.70 733-2 15.00 B3-12 10.85 HEPS3005 10.00 
2N5 160 3.45 798-2 25.00 B12-12 15.70 HEPS3006 19.90 
2N5177 21.62 3421 28.00 BAL0204125 152.95 HEPS300I 25.00 
2N5179 1.04 3683P1 15.00 BF25-35 56.25 HEPS3010 11.34 
2N5216 56.00 3992 25.00 B40-12 19.25 HF8003 10.00 
21.35470 75.00 4164P1 15.00 B70- 12 55.00 HFET2204 112.00 
2N5583 3.45 4243Pl 28.00 BF272A 2.50 HP35821 38.00 
2N5589 9.77 4340P3 18.00 BFQ85 2.50 HP35826B 32.00 
2N5590 10.92 4387P1 27.50 BFR2 1 2.50 HP35826E 32.00 
2N5591 13.80 7104-1 28.00 BFR90 1.00 HP35831E 30.00 
2N5596 99.00 7249-2 10.50 HFR9 1 1.65 HP35832E 50.00 
2N5636 12.00 7283-1 37.50 BFR99 2.50 HP35833E 50.00 
2N5637 15.50 7536-1 30.00 BFTl2 2.50 HP35859E 75.00 
2N5641 12.42 7794-1 10. 50 I3FW 16A 2.50 HP35866E 44.00 
2N5642 14.03 7795 15.00 fIFW17 2.50 HXTRZlOl 44.00 
2N5643 25.50 7795-1 15.00 BFW92 1.50 HXTR3101 7.00 
2N5645 13.80 7796-1 24.00 I3FX44 2.50 HXTR5101 31.00 
2N5646 20.70 7797-1 36.00 BFX48 2.50 HXTR6104 68.00 
2N5651 11.05 40081RCA 5.00 BFX65 2.50 HXTR6105 31.00 
2135691 18.00 40279 RCA 10.00 HFX84 2.50 HXTR6106 33.00 
2N5764 27.00 40280 RCA 4.62 BFX85 2.50 J3lU 1.00 
2N5836 3.45 40281 RCA 10.00 BFX86 2.50 J02000 10.00 
2N5842 8.45 40282 RCA 20.00 BFX89 1.00 J02001 25.00 
2N5847 19.90 40290 RCA 2.80 BFlll 2.50 304045 24.00 
2N5849 20.00 40292 RCA 13.05 BEY I8 2.50 KD5522 25.00 
2N59 13 3.25 40294 RCA 2.50 BFY19 2.50 KJ5522 25.00 
2N5916 36.00 40341 RCA 21.00 BFY 39 2-50 MI106 13.75 

Toll Free Numbr ..A, ,  parts may be new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus, and parts may be 
substituted with comparable parts 
i f  we are out of stock of an item." (For Orders For information call: 602-265-0731 
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RF TRANSISTORS (CONTINUED) 
MRF458 $20.70 NE02160ER $100.00 
MRF464 25.30 NE021350 5.30 
MRF466 18.97 NE13783 61.00 
MRF472 1.50 NE21889 43.00 
MRF475 3.10 NE57835 5.70 
MRF476 3.16 NE64360ER-A 100.00 
MRF477 20.00 NE64480 (B) 94.00 
MRF479 8.05 NE73436 2.50 
MRF492 23.00 NE77362ER 100.00 
MRF502 1.04 NE98260ER 100.00 
MRF503 6.00 PRT8637 25.00 
MRF504 7.00 PT3127A 5.00 
MRF509 5.00 PT3127B 5.00 
MRF5 11 10.69 PT3127C 20.00 
MRF515 2.00 PT3127D 20.00 
MRF517 2.00 PT3127E 20.00 
MRF525 3.45 PT3190 20.00 
MRF559 1.76 I'T3194 20.00 
MRF587 11.00 PT3195 20.00 
MRF605 20.00 PT3537 7.80 
MRF6 18 25.00 PT4166E 20.00 
MRF626 12.00 PT4176D 25.00 
MRF628 8.65 PT4186B 5.00 
MRF629 3.45 P1'4209 25.00 
MRF641 25.30 PT4209Cl5645 25.00 
MRF644 27.60 PT4556 24.60 
MRF646 29.90 PT4570 7.50 
MRF648 33.35 6'1'4577 20.00 
MRF816 15.00 PT4590 5.00 
MRF823 20.00 PT4612 20.00 
MRF846 44.85 PT4628 20.00 
MRF892 35.50 PT4640 20.00 
MRF894 46.00 fT4642 20.00 
MRF901 3 L e a d  1 .OO PT5632 4.70 
MRF901 4 L e a d  2.00 PT5749 25.00 
MRF902fZN6603JAN 15.00 PT6612 25.00 
MRF9028 18.40 PT661Y 20.00 
MRF904 2.30 PT6708 25.00 
MRF905 2.55 E8T6709 25.00 
MRF9 11 2.50 PT6720 25.00 
MRF9 6 5 2.55 PT8510 15.00 
MRF966 3.55 PT8524 25.00 
MRF1000MA 32.77 YT8609 25.00 
MRF1004M 31.05 PT8633 25.00 
MRFZOOl 41.74 E'T8639 25.00 
MRF2005 54.97 PT8659 25.00 
MRF5176 24.00 PT8679 25.00 
MRF8004 2.10 PT8708 20.00 
MSC1720-12 225.00 PT8709 20.00 
MSC1821-3 125.00 PT8727 29.00 
MSC1821-10 225.00 PT8731 25.00 
MSC2001 30.00 PT8742 19.10 
MSC2010 93.00 PT8787 25.00 
MSC2223-10 245.00 PT8828 25.00 
MSC2302 POR PT9700 25.00 
MSC3000 35.00 PT9702 25.00 
MSC3001 38.00 PT9783 16.50 
MSC72002 POR PT9784 32.70 
MSC73001 POR PT9790 56.00 
MSC80064 35.00 PT31083 20.00 
MSC80091 10.00 PT31962 20.00 
MSC80099 3.00 PTX6680 20.00 
MSC80593 POR RE3754 25.00 
MSC80758 POR RE3789 25.00 
MSC82001 33.00 RE35 16.00 
MSC82014 33.00 RE85 17.50 
MSC82020M 130.00 RFllO 21.00 
MSC82030 33.00 550-12 23.80 
MSC83001 40.00 S3006 15.00 
MSC83003 82.00 53007 10.00 
MSC83005 70.00 S3031 22.00 
MSC83026 POR SCA3522 5.00 
MSC83303 POR SCA3523 5.00 
MSC84900 60.00 SD345 5.00 
MT4 150 14.40 SD445 5.00 
MT5126 25.00 SD1004 15.00 
MT5596(2N) 99.00 SD1007 15.00 
M5768(2N) 95.00 SD1007-2 15.00 
MT8762 25.00 SD1007-4 15.00 
NE02 136 2.00 SD1007-5 15.00 

Toll Free Number ,,AI I  parts may be new or 

800-528101 80 
surplus, and parts may be  
substituted with comparable parts 
if we are OUI of stock of an item." 3802 North 27th Ave., Phoenlx, AZ 85017 

lFor Orders '"Iy) For information call: 601-285-0731 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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E.F. JOHNSON ROLLER INDUCTORS St 

f NI-CAD BATTERY CHARGERS 

MODEL 229-0201-01 MODEL 229-0202-01 St 

~OUH a t  3AMPS MAX. $36.99 I~UH a t  SAMPS MAX. $44. 99 UNIVERSAL CHARGER .................................................... $19.99 

UNELCO.SEMCO.ARC0 METAL CLAD MICA CAPACITORS 

. Standard S ize M ic ro  S i ze  - - - 
5 25 
6 27 
7 33 
8 36 

i 3  32 56 150 1000 24 
********NOTE ALL VALUES LISTED I N  PIC0 FARAD******** MALLORY CHARGER $23.99 
PRICE INFORMATION 
1 t o  10 8 .90ea. 11 t o  51 $.80ea. 52 t o  102 8.70ea. 
103 and up c a l l  md4- 

................................................... 1 

GOULD NI-CAD BATTERIES 
! 

AA s i z e  1 . 2 5 ~  a t  500mahr new a J 1.99 
D s i z e 1 . 2 5 v a t 4 A M P H R  new h 7.49 

'? +" { ,I.;t 
GCIIERAL ELECTRIC NI-CAD BATTERIES 

AA s i z e  1 . 2 5 ~  a t  500mahr new a 2.99 ' 
195194 3 . 7 5 ~  a t  lOOmahr new 1.99 

I 
AA s i z e  3 . 7 5 ~  a t  lOOmahr new a 2.99 i 

AA s i z e  pack o f  10 1 2 . 5 ~  
a t  450mahr used a 5.99 
Sub C Pack o f  10 1 2 . 5 ~  
a t  2.5Amphr new c 9.99 EVEREADY CHARGER $9.99 

/ *  

UNION CARBIDE NI-CAD BATTERIES 
193817 3 . 7 5 ~  a t  225mahr new a 2.99 

t #-%$ 
GLOBE GEL-CELL BATTERIES 

2v a t  8AMPHR GC280 new g 5.99 
12v a t  ZDAMPHR GC12200 new 49.99 
12v a t  23AMPHR GC12300 new 54.99 

EAGLE PICHER GEL-CELL BATTERIES 
12v a t  1.5AMPHR CF12V1.5 new d 11.99 

GATES SEALED RECHARGEABLE LEAD ACID BATTERIES AND PACKS 
2v a t  2.5AMPHR D C e l l  new b 5.99 
8v a t  5AMPHR 4 X C e l l  used f 14.99 
12v a t  2.5AMPHR 6 D C e l l s  new f 24.99 
18v a t  2.5AMPHR 9 0 C e l l s  new f 29.99 

GENERAL ELECTRIC SEALED REACHARABLE LEAD ACID BATTERIES AN0 PACKS 
6v a t  2.5AMPHR 3 0 C e l l s  used e 10.00 
12v a t  2.5AMPHR 6 D C e l l s  used e 19.99 
12v a t  5AMPHR 6 X C e l l s  used e 24.99 - 

............................................................................................. 

Toll Free Number -n~t  parts may he new or 

800-528-01 80 surplus, and parls may be 
s ~ h s t t t ~ l e d  wtth comparable psrts 
I! we are out 01 stock 01 an (tern " 3802 North 27th Ave.. Phoenix. AZ 85017 lFor Orders on'y) 

For information call: 502-265-0731 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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I 1 

RF Transistors (continued) 
S"1207 IIO.M mllo&-s 5 1.50 SD84$1-2 $!!.<3C% SNFL4:' , > , , . U < l  SDl><'"t> : > . ~ m  ~~5,1&10-8 2I.M S l l l l l C l  6l .W S W > 9 ! 7  I\.M 
IO1112-1 4."5 ST), 305 6 .  S 11>.1111 >Rr ! l 11  *'..<'U I n l 2 h l  l > , # " t  \!#$+17-! 111.01 S,~L>IQH IIU~.W sw?st# 15.00 

IUllil-l, L.95 b1)1101 0 s -  l',l,ll s.r,llll ',>,,>" ,,m,:h, I,,,," S,*,',6 :a,"" s i , , \ * > w ,  ,,11.,1" SlV291P li.00 
$01111-11 &.,#> S I > t l , > 8  I . W  II)I'>IIII 20.(2" b l T 2 " 3 l - l  : I ?  15.110 5111121-2 2 .  I t  :h.ll<l 5 t F I I I I I P I  50,<SO 
' - 7  5."" I I , I 1 I I  1.0" 1,,1*,1-1 Le.L"I slsl"9: (0.00 ~ 1 2 1 2  ~ n . n $  rnt*?a >'.no \r , lr i t  ~ ~ . n e  ,l.i(nh  om 
I I , ~ I I + ~ I  ?.'Iu * 1 ) 1 1 1 1  u.~,, ~ n t i i i  i $ . t o  s u r > l i r  2 .  - IU.") srlc'>8- LOB& 12.00 s o i v . b ~ t  >>,no ? % , . ! 5 :  I%.UO 
n 12.8m ~ 1 1 1 9  >.m ~ r ~ l i m  i k . i l n  srr i225 I<.#,<> h n 8 > r > - z  t0.95 \LII!.:~-? I5 .0II  I l l l \h l  I P . 0 0  iA:Li(b l i . 0 0  

101219-1 t',.O<> S T \ i W 5 - 6  \.IU 101&1111 $).1111 5 I I I ? L L  0 7 -  I O . U I  8111119-1 !&.w ,.!>t\>A-I $k.G,, 7A8,VJ 11.111, 

S I ~ L > I ~ - ~  t 3 . 0 ~  51,0>r .? -1  I . , ~ ~  rlirur a , > < #  s~r<!65  too.,^) s i > l > m  t ) . , ~  htst':v-5 1>.110 , ~ > t > i (  ~ . C I  i ~ b ( b ~  ti.uo 
> D I 1 1 Q - R  15.1111 11,11(11-1 2 .  s -  I . \ l l  %Rr?l*I 1.1111 %111:t1-1 I l . i >  1111430 2 . 0  4 2\.0(1 T A Y I O I  11.1111 

101110 8.<,,, SLI, ,<,I-> 2.11, ,OI'"*.L 1.5" -nr:371 11.01, S"II,".I 11.1, I"l'lD-2 1#_00 !.II~GI 5.m trn',as !(.no 
I .  <.ill Sl3f t l l  i.$il 5r11.16-1 1,'W < R 1 1 1 4 1  . 9 -  1B .W S n l i l i  28.UI) \L I l > l - 59  l5.81" Tr"36G ,',.on 
SDllln-9 8.u0 % I 7 8  31>-6 > . Y )  5 I > I I Y R  I > . " )  ' W l l > h  1 1 . 1 1  \ :1!?'9-1 18.00 W I ' U - 5  28 .ill? ,I51 #I-! 7 1  I$.tUI T A l R 9 4  1I.I)" 
s012::-8 16.00 S i l i l l Y  15.110 \1)118#-1 1 R . 8 1  b Y I > > I *  . 2 -  8.m SiiL()<-P 0 H :  >.<$<I i l . . i R V  t.\> 
S , I I > ?  I - , ,  I.," 5"l lbO.l  1.0" '"I*""., , > . < > c ,  \ " * 2 > , >  ,',,,1,, .,,, 2 x 3  I,\_"" \It,'," I~.UO \ R ) I I >  I5.m v t i :  I.% 

SbI t> ;&- tO t8.W >:,( <8<,-% I .  4 -  2fl.LIII <Rrl>l l  .I,.\>" ri l l l l l - :  IU.00 IUl l i * i  0 5 )O.tXI TYIOIG 1.1W 
I ! .  5 I8.11II s l l l l l l i - i  1.w S,~,,.",&., ,t,."<\ \ " B > > - r  :,.no ,,,,:a,-, lo."" I"!'** . F ,  J l _ i l "  1'1021 ,\.1111 , ,,.i>o SI3l ' l i i  l,.,ill > , l , i l l H I  >',,,#4> \"r>J.L ' 0  - '  IU.C10 \ill'ii 1.: , ,  2o.m TRY, ,."0 
I : , .  ,,3.*, >111.11* 11.011 1,,,1?<1-! !".<#<I \"r>>'? *".no <s,>"s-l ,> ."O \L,,'G&.8 3 . 2 1  S " I 8 R i l f  >:a T,3~2,Ol,*" ',1>.110 

s l i l i >Y -16  to.?> ,.C>Iem7U II.II0 \iil>::-4 0.IIII *HV>lblH 0 S I>.ilU *1'11.4-9 I.>> \ N I U " V I  l> .<3Cl  V::!-> !>.<lo 
11'113: 4 . 0 0  5 I l l i l i )  l l . n h  581518.1 !1.,1<1 3Xr?(l2l  :>,m> \r>I!+,t-: l>,Lm \ D l G G 6  & , n L  % R b l < * f  \O.<Kl V b L O t F  :<,.,," 
\I>U>.C?-8 I\."<, :m*,2O-h 11.011 hDI5:R-l 3U.<,O ?Rr:8:>/2Wb6"1 U.>W S$>l>," l  b.25 >!>I&\"-! 18.0" S1,, ,1,"  ,.,,,I " * I ,  ,.*I 

s!!,,.'-, 11.1111 1111'10-0 , I  I .  !a.so ,ub?er:  :O.M 1 ~ 1 ~ 1 . 7  ,.rm *n14 \1  z ,  I )~~.sm,, 

Relays 
BNC To Banonn P l u g  C o a x  C a b l e  RC-58 36 inc:.  o r  BN(: t o  N Coax C a h l r  RC-58 36 inch.  

r $ 7 . 9 9  or 2 For $ 1 3 . 9 9  or 10 F o r  $ 5 0 . 0 0  $ 8 . 9 9  o r  2 For $ 1 5 . 9 9  o r  I0  F a r  $ 6 0 . 0 0  

COASIAL RELAY SWITCHES SPlr 

' -' '-, Amphenol FXR FXR 
' P a r t  I1 316-10102-8 P a r t  !I 300-1 1182 P a r t  11 300-11173 

Ll5Vac Type BNC DC t o  3 Ctlz. l20Vac Type RNC DC to 4 CHc. l20Vac Type BNC S a m e  
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products 

900-MHz scanner converter 
Hamtronics. Inc. has announced a new con- 

vener for scanner radios to cover the 900-MHz 
land mobile band. An adaptation of the very 

.popular CVR-806, which covers the 806-896 MHz 
band, the new 900-MHz convener allows cover- 
age of new services now being assigned or pro- 
posed for the 880-960 MHz range, including addi- 
tional land mobile services, such as police and 
fire departments, government and non-govern- 
ment fixed stations, industrial, scientific. and 
medical services, and the proposed 902-928 MHz 
Amateur band. Also included are proposed new 
cellular telephone and paging services and ex- 
isting and new broadcast studio-transmitter links. 
The price of the CVR-900 is $88 plus $3 for ship- 
ping and handling. Other Converters are available 
for the 72-76. 135.144, 240.270. 400.420. and 
806-896 MHz bands at the same price. 

For a complete catalog of Hamtronics" pro- 
ducts, send $1 to Hamtronics. Inc.. 65-F Moul 
Road, Hilton. New York, 14468-9535. (For over- 
seas mailing, please send $2 or 4 1RCs.t 

UHF cavity amplifiers 
VarianlElMAC has introduced six new UHF 

cavity power amplifiers designed for FM. CW, 
pulse, or single-sideband linear service in the 280 
to 530 MHz frequency range. 

Using the ElMAC 3CX800A7 high-r power 
triode, the cavity amplifiers eliminate equipment 
design complications and extra power supplies 
associated with UHF tetrode cavities, yet pro- 
vide comparable stage gain. Power gain in FM 
or CW service for all cavities is on the order of 
11 dB with efficiency ratings in excess of 55 
percent. 

In addition to being more efficient, the new 
cavity amplifiers offer reliability in the targeted 
bands because of the comparatively simple 
design. 

The cavities provide approximately 450 watts 
power output in CW and FM service over the 
following ranges: CV-2401, 390 to 450 MHz; 
CV-2402. 375 to 420 MHz; CV-2403,280 to 300 
MHz; CV-2404, 470 to 530 MHz; CV-2405, 330 
to 370 MHz; and CV-2406, 450 to 470 MHz. 

Standard 50-ohm Type N input and output RF 
connectors are used for all cavities. Silver-plated 
components are used to ensure the best perfor- 
mance and efficiency. 

The cavities are forced-air cooled and de- 

signed for mounting to a customer's 19-inch 
panel. Each hasa net weight of about 13 pounds. 
All are 14 inches wide, 10 inches deep, and range 
in height from 6.2 to 9.3 inches. 

For additional information or literature. con- 
tact VarianIEIMAC, 301 Industrial Way, San 
Carlos, California 94070. 

Circle lJOB on Reader Service Card. 

packet communicator 
Kantronics has announced a new product for 

Amateurs using computers in the shack: the 
Kantronics Packet Communicator. 

Interest in packet radio has grown in recent 
years with volunteer Amateur groups doing 
research and testing of the new mode. With the 
ARRL adoption of the AX.25 protocol as the 
Amateur standard, packet radio became a viable 
form of data exchange. Thousands of Amateurs 
have proven the new mode reliable using a hard- 
ware and software program devised by the 
Tuscon Area Packet Radio group ITAPRI. 

To better utilize the new packet technology 
Kantronics has designed a new hardware format 
for processing the packet protocol. By using an 
internal microprocessor to handle the protocol, 
and integrated circuits for signal processing, the 
Kantronics Packet Communicator becomes the 
most compact and inexpensive finished packet 
unit available today. 

Data is transmitted between the Kantronics 
Packet Communicator and the computer using 
a Series RS232 or TTL port. Baud rates of 300. 
1200, and 9600 can be used. Any terminal or 
communications software program can be used 
to set up the computer to communicate with the 
Packet Communicator. Special Packet Terminal 
(PAC-Term'") programs for many popular per- 
sonal computers will be available soon from 
Kantronics. 

System compatability, the ability to exchange 
data with existing Packet Terminal Node Con- 
trollers, has been achieved with the Kantronics 
Packet Communicator by using the popular 
TAPR software. 

Almost all of the commands and operation 
procedures used by the TAPR group are used 
with the Kantronics Packet Communicator. Both 

the ARRL standard AX.25 and Vancouver pro- 
tocols are incorporated in the unit. The Kan- 
tronics Packet Communicator supports baud 
rates of 300, 400, 600, and 1200, but the unit 
does not support full duplex operation. 

An added feature of the Kantronics Packet 
Communicator is the ability to select either Bell 
103 or 202 tones for 300 baud operation. This 
will allow the operator to switch to the lower tone 
set, improving performance at slower speeds on 
the HF bands. This feature makes the Kantronics 
Packet Communicator an excellent choice for 
gateway use on the HF bands. The suggested 
retail price is $389.95. 

For further information, contact your local 
Kantronics dealer, or Kantronics, 1202 East 23rd 
Street, Lawrence. Kansas 66046. 

Circle 8307 on Reader Sewice Card. 

headsetlboom microphone 
for TR-720 

Communications Specialists has announced 
the availability of a high quality headsetlboom 
microphone that plugs directly into the TR-720 
handheld airband transceiver. The CS-65 HEAD- 

SETlMlC was developed to  permit improved 
transmission and reception with the TR-720 in 
noisy environments. This new accessory is light 
(12 w n m )  and features cushioned, noise-atten- 
uating ear pads that can be adjusted for a com- 
fortable fit. A flexible boom supports and elec- 
tret noise-cancelling microphone. Supplied with 
a Sfoot cable to  connect to the radio, the unit 
comes with a push-to-talk switch attached. The 
CS-65 HEADSETlMlC lists for $69.95. 

For further information, contact Communica- 
tions Specialists, Inc.. 426 West Tah Avenue, 
Orange. California 92665. 

Circle lJOB on Reader Sewica Card. 
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YOU GET MORE "BANG FOR YOUR BUCK" 
AT TNT RADIO SALES! I 

I Kenwood I Mirage I MFJ I Welz 
I lcom I KLM I Astron I Azden 
I Bencher I Telex Hygain I AlphaIDelta I Santec 
I AEA I Nye Viking I Bearcat I KDK 
I Kantronics I Larsen B Regency I Ameritron 

SALES AND SERVlCE AT PRICES YOU CAN AFFORD! 
CALL OUR WATS LINE FOR LOW LOW PRICES! 

SPECIAL OF THE MONTH: LARSEN MAG MOUNT 4M f PKG-$36.95 

VISNMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING "BENCH-TESTED" MON-FRI 9 AM - 6 PM CENTRAL TIME 

I ON MOST RIGS FOR CASH! -' USED EQUIPMENT LISTING SATURDAY 9 AM - 5 PM I 
TWO NEW ONES 
FROM ARCSOFT 

QUICK-N-EASY ELECTRONICS PROJECTS __ - -. - : by Bob Green 
e~-- ,feu ick-N.w'i, Here s a  nealbook to help 

while away a ratn after. 
noon Contatns 4dl quek $k!!ii~?~'~?' and easy to build prolects 
uslng commonly lound 

:. - electron~c components 
m- . ' Learn-by-dotng lormal is a 

, ,  . ' . ' boon to begtnners while 
: - advanced butlders w~l l  en. 

+ joy the range ol Drolects 
included. Projects tnclude. 
CPO, h~gh VSWR alarm. 
three banery charger, body 
bug and sun spotter to 

name lust a few Also tncludes Its1 of mall order and 
local parts supplier suggestions 1st edtt~on 1985 
96 pages 
AR-ON Softbound $7.95 

EASY-TO-BUILD ELECTRONICS PROJECTS 
by B O ~  Grwn -.------7 
r more electronics pmiects EAsy-to-~u'ldi 
to work ant Complete plans TR~~lCS'  
and schematics and easy-to-  EL^ cTS 
locate parts means that you I, WoJE 
can usually complete these . .. B. 
prolects In an eventng. Pro- I ': 9.  " -' . - -  

jects ~nclude. Ad stlencer. (3 , 
Mugger bugger, radio.lester. I \ C" .'-: - -. z .  
fuse telltale plus 36 more. 

' :*. - ;,;, More pracwe lor the begtn- ); ner and more tun lor the ad- 
vanced bu~lder 1st edtt~on 2-. t 
I985 96 paws 

AR-ET Soflbound $7.95 
f l la  nc*l. S3.b h ahlpplng and hmdttno 

Mm 

radio,., ,., , . .,.,, , , .,.. , , . .8  BOOKsrORE ,,,,,,," a , a ,  

All you need to know about land 

# mobile crystals is our phone 

C number : 800-526-3935 

Fast Delivery Elements, icoms, 
Lifetime Guarantee TCXO's, etc. 

201 Blackford Avenue, Midd1esex;N.J. 08846 
(In N.J. call) 201-356-7787 

"We are small enough to care, yet big enough 
to do something about it!" 

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

More Details? CHECK-OFF Page 126 August 1995 111 
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SPS 

products 

touchtone decoder kit 
Engineering Consulting has announced the 

model TSD 4-digit sequential touchtone IDTMF) 
decoder for mobile and base station use. Each 
board can have a unique 4-digit user-program- 
mable access code. The board will install in most 
VHFIUHF and HF gear, allowing alarm or mute 
functions to be implemented. Typical applica- 
tions indude muting the alrdio circuit until a valid 
4-digit code is received. An alarm can be 
sounded upon receipt of the access code to alert 
the operator that someone is calling on the chan- 
nel. without having to listen for your call sign. 

The model TSD decoder is easy to install in 
any 12-volt radio. Speaker audio or low-level 
audio may be used to listen to the tones. An 
open collector transistor provides the output 
control to switch a small relay or alarm device. 
Either momentary or latching control is provided 
with jumper selection. Upon receipt of the access 
code a latch or momentary pulse is provided. 
Send the code again and the latch will reset. The 
TSD is available wired and tested from Engineer- 
ing Consulting for $59.95. 

For further information, contact Engineering 
Consulting. 583 Candlewood Street. Brea, 
California 92621. 

Circle 1305 on Reader Service Card. 

super CW 
Super-CW, a CW audio processor from 

Hildreth Engineering, includes an 8th order 
Butlerworth cascade of staggered pairs to pro. 
vide excellent skirt reiection without excessive 
response to impulsenoise. The 3 dB passband 
is from 700 to 800 Hz with a 3 to 30 dB shape 
factor of less than 3. 

More than just a filter, the unit features an SIN 
BOOST function, which is driven hy the pre~f i l  
ter, to provide a signal-to-noise ratio enhance- 
ment of over 10 dB as compared with the linear 
filter position. It does this for signals that are well 
below the noise In a typical 3 kHz audio band- 
width. This boost circuitry uses compound-corn. 
plex filterllimiterlfilter elements with added 
active circuits (patent applied for) that creates 
SIN enhancement for CW - or any pulse-code- 
modulation (PCMI signal - analogous with that 
enjoyed by FM communications syslems. A sec- 
ond and vefy important benefit is ear protection. 
When in the SIN BOOST position, the sudden 
onset of strong signals or noise pulses just can't 
happen. You get a clean, distortion free signal 
at a sound pressure level uniquely determined 
by the AF GAIN control. 

A 2-watt power amplifier with a controlled 

voltage gain of 25 is included to allow a reduc- 
tion in receiver RF gain, which reduces the ten- 
dency toward non-linear disturbances in your 
receiver's IF andlor product detector when lis- 
tening to a weak signal under the condition of 
strong signal QRM outside of the 700 to 800 Hz 
passband. The unit receives its input from your 
receiver's speaker output. Power supply require- 
ments are 12 to 15 VDC at a nominal 350 mA 
peak. The unit will drive a 4 to 8 ohm speaker. 

For more information, contact Hildreth Engi- 
neering Corporation, P.O. Box 60303. Sunny- 
vale. California 94088. 

Circle r303 on Reader Service Card. 

filters for TS-940s 
Matched sets of filters for the Kenwood 

TS-940s are available from lnternational Radio. 
Inc. The 588-2.1 kHz set consists of one 8.83 
MHz. 2.1 kHz drop-in, 8-pole crystal filter and 
one 2.1 kHz 455 kHz 8-pole crystal filter (wired 
inl. This matched set will provide an overall 
system selectivity of 2.0 kHz at 6 dB and 2.5 kHz 
at M) dB. The shape factor is 1.25. 

The CW.400 Hz matched set consists of one 
drop-in 8.8 MHz 400 Hz 8-pole crystal filter and 
one drop.in 455 kHz filter, for system selectivity 
of 400 Hz at 6 dB and 700 Hz or less at 60 dB. 
The shape factor is 1.75 or less. 

Sets are priced at $139.00 each, or $260 for 
both. All crystal filters are guaranteed for two 
years. Quantity discounts are available. 

For further information, contact International 
Radio Inc.. 364 Kilpatrick Avenue. Port St. Lucie. 
Florida 33452. 

Circle 13W on Reader Service Card. 

solar breakthrough 
The ENCON Corporation has introduced the 

first commercially available amorphous lthin film) 
photovoltaic l o  the Amateur Radio marketplace. 
Genesis,'" a state-ofthe-art 5-watt PV module, 
represents a breakthrough in solar cell technol- 
ogy. Typical applications for the new modules. 
which may be wired together for increased 
power, include battery maintenance on ham 
equipment, recrr?ational vehicles, and boats. The 
modules can produce enough power for tele. 
communication from ORP stations. securiry 
equipment. and some home lighting. 

Manufactured by ARC0 Solar. the Genesis is 
designed for easy use. Convenient front mounl- 
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Electronic Repair Center 
Sewicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

I SEND US YOUR PROBLEMS 1 
Serv~cing "Hams" for 30 years, no n g  

too old or new for us. 

4033 Brownsville Road 
Trevose. Pa. 19047 

21 5-357-1 400 
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Research 
Box 1242 Burlington, CT 06013 203 582-9409 l@3m 

GUS BROWNING, W4BPD's 

DX'ERS MAGAZINE 
For over 17 years. Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely. 
pertinent information on when and where to find 
those elusive DX stations. 
Gus's personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA, Canada & Mexico. 

TENNA HITCH by DC SALES 
For Class # I  & #2 hitches 

Adapts your exlstlng car trader h~ tch  lor any 
HF Antenna No holes In your car 

Complete 529.95 
Plu< $5 pnrlaqe R handling 

Contact your lavorlle dealer or 

DC SALES 
1602 Chestnut Ridge Rd. 

Kingwood, TX 77339 
(713) 358-0051 

Dealer mqlllrles lnv~ted / 174 

WELCOME TO 12 METERS! 
Add aN three WARC Bands to your n -101 

Increases Resale Value of your Rig. 
Installs eas~lv. deta~led instructions. 

1 lncl~ldes all crystals, relays. wlre, etc. 
Tested, fool-proof des~gn for all but 'ZD 

Ff-101 bband WARC Kit ..................... $25 
Ff-901 30M Only WARC Kit ................. $10 

ShlDDlng U. A,, $5 lUS S Canada). $10 Elsewhere 
1 Order by mad or phone VlSAIMC or COD Accepled 

GO FOX TANGO - TO BE SURE! 

STATION 
MANAGERIADVANCED 

A General Purpose Logging Program 

Designed lor the l 8M '  PC.' XT;' en- 
hanced PC jr.' Menu dr~ven; prompts for 

easy use; full color displays: multiple logs 
(each up to 1.000 entrles with user editing). 
several reporting methods ~ncluding one by 

parttal callsign. 

579.00 includes: 90 pg. User's Guide 8 
Diskette (source code ~ncluded) 
$20.00 - User's Guide only (may be applied 
to lull purchase price) 

Ohlo resndenls tnclude sales lax 

OMEGA CONCEPTS 
Pmfsuional ron*am lor the Radio Amateur'" 

P.O. Box 615 1.1. Jones (KWA)  
b". o"4.73 n A"- 

/ 176 

I8M a a reglslered Iradl.r!iark 111 lnlernatlonal Buslness 
Machine Corp 

Tell 'em you s a w  it in HAM RADIO! 



ing holes and a long lead wire make the Genesis 
module easy to install and use. Modules bolt 
directly to almost any secure surface and pro- 
duce power even in low or diffused light. Power 
specifications for the Genesis include: voltage 
at maximum power, 14.5 VDC; current at maxi- 
mum power. 0.35 amperes; open-circuit voltage, 
20.8 VDC: and short-circuit current, 0.435 am- 
peres. Carrying a one-year warranty and retail- 
ing for under $100, its advanced technology pro- 
vides an affordable solar alternative accessible 
to everyone. 

For more information. contact ENCON Cor- 
poration, 27MX) Schoolcraft, Livonia, Michigan 
48150. 

Circle m2 on Reader Service Card. 

pic0 hook adapter with 
wirelcable plug-on capability 

Designed specifically for narrow test contact 
access, the E-Z HOOK P-25 "pico Hook" adapter 
features an ultra-thin blade and housing to allow 
connector slacking and ease of use, while allow- 
ing the flexibility of independent wire and cable 
assembly. 

Incorporated into the design is a one-piece, 
gold-plated beryllium copper conductor and 
hook for assured signal accuracy, qualified to 
MIL-G45204. The P-25 permits connection to 
3.025-inch square or 0.030-inch round push-on 
umpersand is designed for connection directly 
to a single leg of a DIP or other components 
~ h i c h  have a maximum diameter of 0.025 inch. 

Lightweight and Finger-eze Hypo Action per- 
mit hook-up to delicate wires where weight and 
leverage may otherwise damage components. 
The barrier on the tip pcevenh shorting hewn 
DIP legs. A durable plastic body and plunger. 
snd stainless steel compression spring provide 
spproximately eight ounces of contact pressure. 

For details, contact E-Z hook. Inc.. P. 0. Box 
150, Arcadia, Caliomia 91006-0150. 

Circle 1301 on Reader Service Card. 

MICROWAVE EQUIPMENT 
AMLA - 2.3 

4, Single Stage. Low Noise w Gas Fel Amplifier 
560.00 

Orlllr.llll~l T..IIIS~SIO~ NOISP Fbguw less lhan 5 dB. 
A....ctr,.~!rl~t l i a ~ n  Greatet Than 15dB at 2 3  GHz 
Sourctni~i?ad must be 509 10 ohm Non.Rea~lwe 
SMA Connectors Regutros t SVDC Power w lh  
- 5VDC present when + 5VM: applted Power Sup 
ply and S-quencong 0s not suDpl8ed Zener Prolecl8on 
Unenclosed on 2 x 2' PC Board 

Wrote lor PfcefDel~venl lor any frequency lrom I to 6 
GHI Also VCOs. Stgnal Generators. Deleclorr Al- 
tentmlars. Ftlle~s. Mixers and Converters 

Puce tncludes Shtppmng and Insurance when p a d  by 
check or money order Charge or C 0 D OtdPIS. 
F 0 8 . Brmhl~eld. MO 

ROENSCH MICROWAVE 
R.R. 1 .  Box 1568. 
BROOKFIELD. MISSOURI 646211 fl 178 
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SH) Tmnw, mnu 
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Is IODI  n A m . n ~ ~ ~  C O ~ * ~ ~ ~ ~ ' ~ ~ ~  Program L~stlnq 
,\,, r.nnlc p'.l~'.'t "I lnrT 

,,,cub.Pn Iw . , l , ~  -omc'ltrr. r x c l ~ b ! l ~  

Data Base Mgml. 

)Ib, ..e"'L,,'l" I>"* "7 Ihr 
m'*l 

,rrrl.u,, I.,,. N.'llo Amnt""' Logs. Award5 Oala Base. Gndlocalor 

,.,,l.,,, ll 
,WW ir,3m.; L""* ' ,,,,,,, ,,,~,,,,,<,,, &"" 

::>>% .!x ,L I , ~ ~ . ' ~ " ' ~  vx'*8r3 LatltudsRonglluds P m g m  

,,! m . n ~  Y"W: ~ r u Y 1 ~ " "  
oatd FIIP. Rr.rrnhead~nqs. DX O~splay. Sunrise CI Ll ,,,t ,t ,, a w % , I , ,  1.,r th2.L " 

, ,,,,,. A,nnr,..ix s,,,,, s, .  
,, h,.r I . ,  #..t fl'""tvr" Greylrne OX Chrcker 

,7,, 
(.,,"*,, n,m. I.! "" Ui Contest m d  Duping 

THE RADIO AMATEUR Anlenna ~mprams 

by Wayne Overbeck. NGNB, and 
Antet1n;t Scalrr Matching Evaluator. Vertical Pat 
Plr~llr~r 

Jim Steffen. KC6A EME 
Here's Ihe llrcl m r c e  hoak 01 computer proprams EM[ System Calculalor. Sky ~ocator. Moonhack 

Wl,~ll,*l. ""', ,)1" rnP!.OIY ~ ~ . ~ ~ t " m l ' l ~ ~ ' ~ ~  ',Xl'pTlr,,"t.it L,L*. It"n' . "-,? ,,"6, ,.,,l,l~,,, <.ST n? Y'"' "'" i"' ,,,,., .: ,,l.l ' T L ~ I ~ :  ~ ~ s ' X  
for the Radlo Amateur. Besides coverlng corn uter I_,H~-0657 

I 
!, *",,X ..,,, U"I',.C 

L" I'#.'t' """ ' I '  * ,,L,,,,h ", ,,, L,,? "X,,V.. ~:~~" - "~" txo .  basics. lhls book awes you programs that wtlPhelp Softbound $16.9 

,,r,,a we ,,3',.' <*' 
A mx,,.,,t ,):.- YOU log. deternllnc sunr~se/sunset times, track Ihe DHA-0657 with pmgram disk $29.9 

F"<,L" ,,,,.; li8.Y.. 
W'i ' t ." '  1"' 

w l ( ( ,  ,," ,,,,, ,,XC(,I ,,.I,I 
I , , "  *r 

1 . 8  1%-IP Y " , '  i"i'ci: "l"vGI Moon's path across the sky. use Greylrne propaga- sp"r IIY computer (see IISI betow) 
~ t i , r l e  ::,,lf.n.y.)., and set UP record systems lor WAS. DxCC I_1Program alone and VUCC. or any other award You can ellher S 19.9 

ANTENNA DESIGN 
'Ilil:; sl:Il prr1111p111tq pruqraln covers dipoles. Yagis, long 
wlres. rhornl]ir:s. quads loops. venicals and other anten. 
nas You slrnply enlrr the lrequency you are deslgn~nq an 
antenna lor. the anlenna you wan1 lo make. and the com- 
puter wrll qlve you all the ln~ttal deslgn spectf~catlons you 
need The results can be slored on drsk lor permanent 
relenllon 

Fh,P i..li,,py W 1NI.R 

' HO-AD (For C-64) $9.95 

buy the book alone or you can buy the book wiIh 
Ihe Programs already On dlsk Take lull advantage Programs available for. ~~~l~ 11 (00s and CPIM,, 
O f  YOU1 compuler wllh Ihls well wrlnen source 
book 1984. Is1 edtl~on. 

IBM (00s). TRS-80 Model I and Model Ill and 

327 pages 
Commodore C - M  Pleas? mark your order wllh 11 
Prooran1 dlsk you want 

CONTEST LOG 
This d~sk conlalns lour dltferent conlesl rograms ARRL 
Sweepslake? held Day. Universal WW dbnlesl log plus a 
dupe checklnq roullne Each program IS des~gned lor real 
ltme use II aulomallcally enters dale, lame band and 
serial number lor each contact A 24-hour clock IS 
d~splayed a1 lhe lop of th? VDT scrren When the conlesl 
IS over the progrdm will print your results Itstlng all duped 
and scored contact? In serlal sequence w~th all the 
necessary ~nlormallon as well as compleled score at Ihe 
bottom of the page 

HO-CL (For C-64) $24.95 

r 

lronrc clrculls It IS pantcularly helpful In frequency domaln 
analysts 01 RF and mtcrowave clrcults To use STAR you 
lnpul clrcull ~nlormal~on by comporlenl Inductors 
resistors capactlors Iranstormers transmtsrton Ilnes. iwo 
port dala and several two port rnanrpulat~on~ STAR will 
lhen qtve you S paramrler dala lor rach requested Ire 
ottency In 1.lbular or plot form YOU can alco use STAR lo 
Optlmlle cornponent values lor maxlmum clrcurt perfor 
mance Thrs program IS deflnltely no1 lor eleclronrc begln- 
nrrs Eng~nrers and senous hams however will 11nd STAR 
lo be an lnvaluablr des~gn tool 

'RR-IBM program fo r  IBM $99 
I IRR-C-64 proqram for Commodore C-64 $99 
L IRR-AP p rog ram fo r  Apple II $89 
L IRR-KP proqram for KayPro \&Y9 -- ~ f w .  "' [f 
COMPUTERIZED DX EDGE $FASTER 5 
Generate your own Greyline d i s ~ l a y . ~ i i , V E ~ ~ l f J ~  .\- 
Xantw nas adapted Ihmr besl setlng OX EO.~, 1 . r .  um 
PIJIPI *orld atld I comes a1 a v ~ r v  reasondr t 111 t I n s  
colnpuler zwf oprrat nq ald bnnq5 tnlo your 'lam wac* the 
ah Illy to In')* and ptPdlct wherl anfl whefe IJX IS qo no 10 
aDveat YInrn y112 arr w n g  1111. proqrdt!l the culnjljtrt 
H a~lomal~caIIv upfldle !he ln'ormaloo!l as Ine sun pto. 
gresses acrr8ss the face 01 the Eanh To nlake Ihe cam- 
puterlled OX ldqe even easler lo use. Ihe drsplay IS keyed 
to Ihe DXCL llsl and the 40 CO zones Dlsk and documen- 
latton are ~us l  534 95 Thls IS somelhtna vou've GOT lo 

auromaac or manually entered hme and dale. band and 
mode as well as name and OTH Conlender will also pril 
OSL's. mall labels and conlesl dupe sheets. The Conten 
USA-CA (Ihrer dlsksl IS a Worked All County data base 
that saves trnte and hassle and a Iremendous amounl 01 
paperwork 
CT-C 

Basic Conlender (C-64) 1 dek 
CT-CUSA 

Cortlender Plus USA.CA fC.M) 3 dlsks 

R r P l  MAILBOX MSO 
for Vic 20 and C-64 Computers 

Here's a super user frlendlq software package lhat turns 
Commodore home compuler tnlo a powerlul. easy-to.uu 
message handl~ng system Messages can be slored. reac 
or deleted by ellher lncomlng RTlY s~gnals or by using I 
computer's keyhoaid tach message IS llsted In a dlrech 
by llie name, along wlth date and tlme 01 message lntt~a 
llon The Bas~ciAssembly language software combtnes hl 
Speed wtth user lr~endly leatures and tully controls your 
Iransmlner and recelver wllh aulomatlc ~dentlflcal~on, an 
oprtonal special messaqe and automatlc Iransmtsslon 01 
dale and ltme dur~nq MSO use You can also use lhls pl 
gram lo operale d~r rc l  R l lY  and 60. 67. i 5  or 1W wpn 
Baudot or 110 baud ASCII Vlc 20 needs 24h of rnemofy 
USP I ~ I S  program 
VC-CP Use w ~ t h  AEA CP1 interface & eauiv. $79. 

SUPER LOG have1 19% VC-MF Use wl lh MFJ ~nterface & equlv $79. 

Super loo alves you all Ihe advantaaes 01 a comuutenzed 
XN-CM (For Commodore C-64) $34.95 VC-KT Use w ~ t h  Kantron~cs Interface 8 equlv $89. 

dala base i ~ t h o u l  s~gnrftcanlly chanqlng the lradlltonal log 
lormal For conteslers Super Log can be conl~qured lo 
ellher manually or aulomat~cally enler senal number as well 
a? llme 01 conlacl Make an error and you can easlly go 
back and edrl the entry Super Log also allows you to prlnl 
out ellher selecled contents or the whole lop Will prrnl 
OSLs Easy lo mod~ty 
I 'HO-SL (For C-64) 519.95 

PROPAGATION CHART 
Invaluable addlllon to any Hamshack The Propagahon 
Chart allows you to determlnr Ihe maxlmum usable fre- 
ouenc lMUFl and the opllmum lrequency (FOT) between 
your JTH and any spol on the globe You can gel erther a 
screen display a pr~nled tabular ltst over several day? or a 
prtnled graph of MUF and FOT You also get automatlc 
heam head~ngs and dtslance to me OX slallon Covers 
160 10 meters and Ihe new WARC bands 
I HO-PC (For C-64) $16.95 

RF NOTES - , John S l r n , ,  ,I 
Herc s an casy way to et answers tor onen asked elec- 
trortlcs questions RF N ~ T E S  conlains programs wrinen by 
broadcast enqrneers lhat answer dB conversion. lo convert 
voltage, currenl or power levels lo dB, dBm conven~ons, 
convens vollaqes or power levels lo dBm and dBm lo 
voltage or power: VSWR calculal~ons, calculates VSWR and 
return loss when both reflecled and lncldent powers are 
known. Frlrer deugn, 14 drflerenl frller conl~gurat!ons In. 
clurltng schpmattcs (6 low pass, 4 hlgh pass. 2 band pass 
and 2 band elrmlnalton clrcullsl. Basrc M~croslnp and basrc 
Stnp Ilne desrqn, and resonanl c~rcu~ls, desrgn parallel and 
Serles resonant crrcutts. PI. capacllve Impedance dlvlder 
and ~nducllvp lmpedence dlvtder Thts d~sh IS an invaluable 
relerence lor all Radto Amaleurs. 
E-RF ( IBM PC only) $59.95 

AMPRO SOFTWARE 
FOR THE IBM PC 

Edllad by E.B. Rough. KWGX 
Pmgrammlng by Ron Nod. NUKP 

These lour programs have been wrlnen with the Aclive 
Amateur In mlnd and are destgned lo greally si lily 
record keeprng chores You simple enter basic 2 0  dala: 
call, prettx, counlry, state, or lone. dale. RST and mode 
The program lhen adds me conlact lo the dlsk data base 
YOU can revtew your current status 01 stations worked. 
contirmed or ver~l~ed a1 a glance You can also prtnl up ; 
"msh Itsl" lo gave to your lrtends who are helplng you 
find those mtsslng slatlons. The OXCC and 5 band DXCC 
llsls are currenl throlrqh January I. 1985 and can be ear 
updated should any now counlrles be added These pro- 
grams are a great value al a good prlce and represen1 a 
major tlme saver 
AMP-OXCC flBM PC onlv) S29.J , , 

CONTENDER II LOGGING DATABASE DXCC p r o g r a m  

STAR 1.0 (Commodore C-64) AMP-5CC ( IBM PC only) $29.! 

DESIGN PROGRAM @ Th~s Comtnr%dore C.M program will meet just about every 5 Band DXCC Program 
logq~nq neert you can rmaglne It can be used as a contest AMP-WAZ ( IBM PC only) 
log, general 1r1q or dupe checker and can be used lor all 

$29.! 
by Randall Rhea band WAS. WAZ or DXCC The storage disk holds up lo 'Ones 

STAR. S.paranictrt Two pan Analys~s Routine. is a profes- 2.000 exchanqes and can be edited and updaled simply A M P - W A S  ( IBM PC only) $29.! 
stonal enq~neer~nl] program deslgned to help anaiyze elec- and CaStly Sarh enlry contains callstqn, stgnal reports. ARRL Worked All States 



:OMMODORE 64 USER'S GUIDE 
by Commodore Engineers 

his beginner's book gives you hands-on ~nstructions on 
ow to set up and use your brand new C-64 computer. 
earn how to do color animation, generate music or 
pecialized sound effects and Interface the computer with 
eripheral equipment. Just about every quest~on a beginner 
ould ask is answered in th~s useful text. (Q1982. 
66 pages. 
122010 Softbound $12.95 

:OMMODORE 64 PROGRAMMER'S 
IEFERENCE GUIDE 
his programmer's guide will give you all the handy hints 
nd tips that will let, you get full value from your C-64. For 
i e  beginner, compl~cated top~cs are taken step-by-step, 
11th plenty of sample programs and complete deta~led ex- 
tlanations. Advanced users will find plenty of pretested and 
ebugged programs. 1st edition. 486 pages. 
122056 Softbound $19.95 

:OMMODORE C-64 STARTER BOOK 
by Jan and Christopher Titus 
and David Larsen 

-his book is designed to get the new C-64 owner up and 
unning with the mlnlmum of fuss and hassle, Each 
:hapter is packed with experiments and exercises designed 
o build competence in the user. Full of simple to load and 
rse programs written with the beginner's need in mind. 
31984, 384 pages. 
7 22293 Softbound $17.95 

IEPAIR AND TROUBLESHOOTING GUIDES 
X 4 ,  IBM-PC AND APPLE II 

by Robert C. Brenner 
f you've been taking care of your ham gear, there's cer- 
ainly no reason why you can't do much of your own 
nicrocomputer servicing. These handy guides give you a 
eal headstart in taking,on your :'microM when,problems 
irise. Troubleshoot!ng 1s clearly ~Vustrated by s~mple flow 
;harts that are des~gned to pinpo~nt fa~lures a$ correct 
hem. There IS also an Advanced Troubleshoot~ng chapter 
or more complicated systems failures. Clear easy-to-read 
ext and olentv of illustrations. 
122363 commodore C-64 01985 $18.95 
122353 Apple II Plusllle 01984 $19.95 
122358 IBM-PC 01985 $18.95 

CIRCUIT DESIGN PROGRAMS 
FOR THE APPLE II 

by Howard Berlin, W3HB 
Use your Apple to help design electronic circuits. This book 
is a series of engineering programs written in Applesoff 
that give you various "what happens if" and "what's 
needed when" as they apply to a number of engineering 
questions. fly using the computer you can change various 
circuit components and tell exactly how the circuit will per- 
form without going through extensive manual calculations. 
01982, 132 pages. 
El21863 Softbound $15.95 

APPLE Ile PROGRAMMER'S GUIDE 
by David Heigerman 

This book zeros in on how to program the popular Apple 
Ile home computer in both BASIC and assembly language. 
Chock full of helpful facts, applications, ideas, suggestions 
and technical information in one simple easy-to-use 
reference manual. You also get a number of short applica- 
tion and demonstration programs in BASIC and assembly 
language. 01984, 416 pages. 
11 22299 Softbound $19.95 

APPLE PROGRAMMER'S HANDBOOK 
by Paul Irwin 

Get the most of your Apple computer by learning assembly 
langua e programmlng Assembly language programs run 
much ?aster than bas~c oroorams and can oe des~aned lor 
maximum effectiveness wit6 min~mum comprom~se. Plenty 
of stock routines are included, organized by topic and 
detailed memory map. Th~s 408-page book w~l l  answer just 
about all your questions on assembly language pro- 
gramming. 01984, 480 pages. 
L122175 Softbound $22.95 

COMPUTER DICTIONARY AND HANDBOOK 
by Sippl 

More than 22,000 definitions, acronyms, ,and abbreviations 
as well as 14 ~nformat~on packed append~xes make this an 
~nvaluable reference book for all levels of computer users. 
Operational control, storage devices, and time sharing are 
just a few of the subjects extensively covered in this im- 
portant volume. 01980, 928 pages. 
1121632 SAVE $5 Softbound $29.95 

VIC 20  PROGRAMMER'S REFERENCE GUIDE 
To get the Vic to perform for you, you have to know how 
to program. The book is divided into four sections: BASIC 
Programming. Machine Language Programming, Inputlout- 
put lnterfac~ng and Programming ,Graph~cs and Sound. 
Each chapter is fully ~llustrated w~th  sample programs and 
has plenty of "how to" explanations. 1st edition. 01982. 
289 pages. 
n21948 Softbound $16.95 

THE 68000 PRINCIPLES AND PROGRAMMING 
by Leo Scanlon 

Motorola's 68000 is the first 16 bit l p  to have a 32 bit in- 
ternal architecture. This book covers CPU information that 
IS needed for all microcomputer professionals and hobby- 
ists alike. Also includes information on Motorola's cross- 
macro assembler, a 68000 instruction set, printouts and 
interfacing. 01981, 240 pages. 
U21853 Softbound $15.95 

2-80 MICROPROCESSOR PROGRAMMING 
AND INTERFACING 

by Nichols and Rony 
This is the easy way for novices and experts to learn how 
to write and design programs for the popular 2-80 micro- 
processor. Book 1 focuses on fundamentals and use of the 
Z-80 while Book 2 explores special Interest top~cs In great 
depth. 01979. 
El21609 Book 1 Softbound $12.95 
n21610 Book 2 Softbound $16.95 
UBuy BOTH Special $24.95 

SAVE $4.95 

MICRO COOKBOOK Vol. 1 and 2 
bv Don Lancaster 

Learning to use a PC can be a real challenge. However. 
Don Lancaster has tried to filter out all the gobbledygook 
and make it as easy as can be. Volume 1 features down- 
to-earth coverage of fundamentals, number systems, hard- 
ware and softwire log~c, mainstream codes and standards. 
electron~c memorv and memorv dev~ces and other aoollca- 
ions.-volume 2 iovers address space, addressing, system 
architecture, machrne code programmlng, 110 and helpful 
suggestions to common problems. 
021828 Volume 1 01982 $15.95 
u21829 Volume 2 01983 $15.95 
OBuy BOTH Special $26.95 

SAVE $4.95 

ORDER FORM 
Varne - 
4 d d r e s s  
S i ty  S t a t e -  Z i p  

I C h e c k  o r  M o n e y  O r d e r  E n c l o s e d  
I V I S A  I I M a s t e r c a r d  
C a r d  # - - E x p i r e s  - 
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SATELLITE TELEVISION RECEIVER 
SEMlKlT 

C C  ., 
rd 
/' 

m 
.uT-i - r 5:- 3 A '- .+ r- .- - .I .- , . . ... . ~ 

with 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 $300.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 Nickel. San Pablo. CA 94806 fl 179 Tel. 415-724-0587 * BEAM ANTENNA HANDBOOK 

by Bill Orr. WSSAI and Stu Cowan. W2LX 
The Beam Antenna ti,~~idbook, first published in 1955. 
has been completely rev~sed and updated w~th the latest 
inlormat~on on Beam Antenna deslgn Computer deslgned 
Yagis qlve maxlrinum qaln In mlnlmum space New 111fo 

on Yagl HF and VHF beams and dlmens~ons on beams for 10, 18 and 24 
MHz WARC bands. Everyth~ng you need lo know about beam deslgn. con- 
struction and operation 204 ~llustratlons 268 pages 1st ed~t~on. '1985 
LLIRP-BA Softbound 59.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr. W6SAI 
Learn how to bu~ld slrnple. economical wire antennas. Apartment dwellen take 
note1 Fool your landlord and your neighbors wlth some of the "invisible" anten- 
nas found here Well diagrammed 192 pages ' ,1972 2nd edinon 
URP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAl and Stuarl Cowan, WZLX 
Contains lots ol well llluslraled conslructlon projects lor verttcal, long wlre, and 
HFNHF beam antennas. There IS an horiest ludg~rnenl of alltenria galn Ilgures. 
inlormat~on on the besl and worst antenna locations and heights. a long look at 
thequad vs Ihe yagl antenna, ~nformatlon on baluns and how to use Ihem, and 
new ~nlormat~on on the popular Sloper and Delta Loop antennas. The text 1s bas- 
ed on proven data plus practical. on-the-a~r experience. 190 pages. ', 1978 l s l  
edinon 
I-IRP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill On. W6SAl- New 3rd Edition 
Includes NEW data for WARC bands 
The cub~cal quad antenna IS Considered by tniany to be lhe besl DX antenna 
because of 11s simple. l~ghhve~ght deslgn and hlgh performance. You'll find quad 
des~gns lor everything from the slngle element to the multi.element monster 
quad There's a wealth ol  data on conslrucllon, leedlng, tunlng, and mountlng 
quad anlennas 112 pages 1982 3rd ed~t~on 
I !RP-CQ Softbound $6.95 

Please add $1 Mlor one book, $2 50 lor two or more books lo cover shlpplng and handl8nq 

Ham Radio's Bookstore Greenville, NH 03048  

Name 

Call Sign 

Address 

City State 

Zip Phone 

Date 

Signature 

Tell 'em vou saw it in HAM RADIO! 





Ham Radio's guide to help you find your lo( ,l%iH- 
California 

- 

C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu. 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

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 

I 819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Paciflc area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

I 111in0is 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-530 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-300 Sat. 

Indiana 
THE HAM STATION 
808 NORTH MAlN STREET 
EVANSVILLE. IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain. MFJ, Azden, Kantronics, 
Santec and others. 

Massachusetts 
~ - 

James Millen Components by 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, bindng posts, capacitors, con- 
densers, chokes, coils, ceramics. H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
6 1 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 481 50 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WDBAHO 

I 

Nevada 
- -  

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-530, Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu bealer 

NEW YORK 
ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 

, Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
91 5 NORTH MAlN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

I I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radjo now for complete details. 
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rateur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321 -3594 
Hours M-F 9-5:30, Sat. 9-3 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
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 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
1 I12  GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, Beckman, 
Larsen, Hustler, Astron, Belden, 
Antenna Specialists, WZAUIW2VS, 
AEA, B&W, Amphenol, Saxton, J.W. 
MillerIDaiwa, Vibroplex. 

THE VHF SHOP 
16 S. MOUNTAIN BLVD., RTE. 309 
MOUNTAINTOP, PA 18707 
71 7-474-9399 
Lunar, Microwave Modules, ARCOS, 
Astron. KLM, Tama. Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TEXAS 77004 
7 13-520-7300 
1 (800) 231-3057 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5~30 
Sat 9-3 

AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO, IL 60618 

31 2-975-1 290 

ELECTRONIC COMPONENTS & SUPPLIES 
RF CONNECTORS IDC CONNECTORS 
UG CONNECTORS 0-SIJBMINIATURE 
AUDIO CONNECTORS TEST EQUIP 

LINEAR IC S TRANSISTORS 
DIGITAL IC S DIODES . TRANSFORMERS rRlM CAPS 

METERS RELAYS 
COMPUTER CABLES SWITCHES 
DISKETTES 1 0 C ) L  S 

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

HAZER YOUR ROHN 25 G Tower 
Antenna and rotator mount  o n  HAZER. 
complete system trams tower In vertlcle 
uprlght posltlon 
Safety lock system o n  HAZER operates 
whlle r a ~ s ~ n g - l o w e r ~ n g  B normal posltlon 
Never can fall 
W e ~ g h t  transferred d~ rec t l y  to tower W ~ n c h  
cable used only for ralslng & l ower~ng  Easy 
t o  Install and use 
W ~ l l  support most antenna arrays 
H l g h  q u a l ~ t y  m a t e r ~ a l s  8 work -  
mansh~p  
Safe ty  - speed - convenience - 
smooth travel 
Complete k ~ t  for 50 or less tower 
Includes w ~ n c h ,  cable hardware and 
lnstructlons 

Hazer2 Heavy duly alunl 12sq 11 load929700ppd 
Hazer 3 Standard alum 8 sq ft load 213 00 ppd 
Hazer 4 Heavy galv sleet 16 sq I t  load 218m ppd 
Ball thrust bear~nq T B  25 for any of above42 50 ppd 

As an alternative purchase a M a r t ~ n  
M-13 or M-18 a lum~num tower engl- 
neered s p e c ~ f ~ c a l l y  fo r  the HAZER 
system 

GLEN MARTIN ENGINEERING INC. 
P 0 BOX H 253 Bomville. Mo 65233 

816-882-2734 ,, 183 

r--------- 1 

INVENTORY REDUCIlON SALE 

Sale 
8 00 

10 foot shisldad Ssriel Cable 10.00 I 15 fool shielded Serial Cable 15.00 

P.D.J. Program Manual I ForCOMMODORE64 or VlC-20 softwave vol~~rnes 1 t h m  12 only I 
$5 wlthpurchaseol5 or lesscollect~ons $3 w~thpurcharsof5- 9 1 c o l l e c t ~ o n ~  Free wtth  purchase of 10 or more collect~on~ 

,L,rnl, ona free oar iur<omell 

COMAL STARTER PAK Reg $35 
I 

** HEADCWPS- forgourm *f ( Spec~fy Boom Mlke or Speaker M!ke version only $15  each ( 
Sh,pp* wd n.nd1mp ChaqW. 

US4Ca~dm.n Add $3. Faaipn Ordrm Md $6 U S Funds Only 

FOR A CATAUW; 10 urn IS sless -!I wrm ~ormgs ot 
all cdl.nm. helpmg hot. and 21 k~ -r .m s d  $1 W U.S / 
$200 Fonbn Camlo. request w W  p.-t mll b. s m  buk 
mall (3-8 w*' U.S arM 

*PUBLIC DOMAIN"". INc 1 
5025 S Ranaellne Rd.. W Milton. OH 45383 I 

1 10.00 a.m. -"5:00 p.m. EST - Mon t h r u  Fro 
(51 3) 698-5638 or (51 31 339-1 725 H 184 ! 

- - - - d  

FRESH STOCK - NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2.30 MHz 12V (* =28V) 
PIN Rating Each Match Pr. 

MRF106 20W $14.50 532.00 
MRF412,IA 8OW 18.00 45.00 
MRF421 l00W 25.00 56.00 
MRF421C 110W - 60.00 
MRF422' 150W 38.00 82.00 
MRF426,IA' 25W 18.00 42.00 
MRF428. 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
M RF435' 150W 42.00 90.00 
MRFU9,IA 30W 12.50 30.00 
MRF450,IA SOW 14.00 31.00 
MRF453,IA 60W 15.00 35.00 
MRF454,IA 80W 16.00 36.00 
MRF455.IA 60W 12.00 28.00 
MRF458 BOW 20.00 46.00 
MRF46O 60W 18.00 42.00 
MRF464' 80W 25.00 80.00 
MRF466' 40W 18.75 46.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRNS2 90W 18.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3662 l lOW 28.00 60.00 
SF3775 75W 15.50 34.00 
SRF3795 65W 16.50 37.00 
CD2545 SOW 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 50W 15.00 36.00 

Selected High Gain Matched Quads Available 

VHFIUHF TRANSISTORS 
Rating MHz Net Ea. Match Pr. 

MRF212 10W 136-174 $16.00 - 
MRF221 15W 136.174 10.00 - 
MRF222 25W 136-174 14.00 - 
MRF224 40W 136.174 13.50 32.00 
MRF231 3.5W 66.88 10.00 - 
MRF234 25W 66-88 15.00 39.00 
MRF237 4W 136-174 3.00 - 
MRF238 30W 136-174 12.00 - 
MRF239 30W 136.174 15.00 - 
MRF240 40W 136-174 18.00 - 
MRF245 80W 136.174 28.00 65.00 
MRF247 75W 136.174 27.00 63.00 
MRF250 50W 27.174 20.00 46.00 
MRF260 5W 136.174 7.00 - 
MRF261 10W 136-174 9.00 - 
MRF262 15W 136.174 9.00 - 
MRF264 30W 136.174 13.00 - 
MRF807 1.75W 136.174 3.00 - 
MRF641 15W 407.511 22.00 - 
MRF644 25W 407.512 24.00 54.00 
MRF646 40W 407-512 28.50 59.00 
MRF648 80W 407.512 33.00 69.00 
2N3866' 1W 30-200 1.25 - 
2NU27 1W 136-174 1.25 - 
2N5591 25W 136.174 13.50 34.00 
2N5642' 20W 30-200 13.75 34.50 
2N5945 4W 407.512 10.00 - 
2N5946 10W 407.512 f2.00 - 
2 N W 0  4W 138-174 6.25 - 
2N8081 15W 136-174 7.50 - 
2N8082 25W 136.174 8.90 - 
2N6083 30W 136.174 9.30 24.00 
2 N W  40W 136.174 11.75 28.50 

TMOS FET 
MRF134' 5W 2.200 $10.50 - 
MRF137' 30W 2.200 22.50 - 
MRF138" 30W 1.5.150 35.00 - 
MRF15O" 150W 1.5-150 80.00 - 
MRF172' 80 2.200 65.00 - 

Selected, matched finals for Kenwood. Yaesu. 
Icom, Atlas, etc. Technrcal assistance and cross- 
reference information on CD. PT, RF, SRF, SD PINS. 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC 

INFORMATION Am) CALIF. ORDERS: (819) 744.0728 
OUTSIDE CALIF. ORDER DESK: 8004544927 

H 185 
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RATES Noncommercial ads lot per word; 
commerc ia l  ads 60C per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
gan izat ions receive one f ree Flea Market ad 
(sub jec t  t o  our ed i t ing)  on a space available 
basis on ly .  Repea t  insertions of hamfest ads 
pay t h e  non-commercial rate. 

C O P Y  No special layout or arrangements 
available. Material- should be typewritten or 
clearly printed (not all capitals) and must in- 
clude ful l  name and address. We reserve the 
right to reject unsuitable copy. Ham RMio can- 
n o t  c h e c k  each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness o f  material l imi ted t o  corrected ad 
in next available issue. 

DEADLINE 15th of  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio ,  Greenville, N.' H. 03048. 

CX7 REPAIRS. 415-549-9210. 

LETTERING and text for QSL pasteup and label usage. Stamp 
brings circular. Labelcraft, PO Box 412. W. Sand Lake. NY 
12196. 

HOUSE READY FOR HAM. Beaut~ful mountain top all brick 
4 bedroom. 3 full bath home and radio site on one acre land- 
scaped, private, wlth huge inground pool. Located 55 miles 
from Wash~ngton, DC and 60 miles from Baltimore, easy com- 
mute by Amtrack or van pools. Extremely energy ellicient brick 
home, full basement and other extra rooms, radio room. All 
cable, pdes. antennas, fire alarm system and intercom system 
stay. Must see to fully appreciate. Call or write to receive free 
written details of all features. $250.000. (301) 371-7521. John 
Murray. Box 290. Jefferson. Maryland 21755. 

PROGRAMMED EPROMSLPROMS: 82S231123,82S126/129 
fusable link $6.00 each; 2708. 2716 (+  Sv), 2732 (+  5v) 
EPROMS $9.00 each postpaid. Send coding list, hexadecimal 
format to Douglas Hall, 6434 Melia Street, Springfield. VA 
22150. 

CUSTOM MADE embroidered patches. Any size, shape. 
colors. Five patch minimum. Free sample, prices and order- 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radm Auana Canada 
Karl" Ueber Send orders lo 
Pmllach 2454 Ham Radlo Magazlne 
0 7850 Loerrach Greenv~lle NH 03048 USA 
West Germany Prtces ~n Canadla" funds 
Ham Radlo Belglum 

I yr $29 95 2 yrs $51 30 

Stereohouse 
3 y r ~  $75 40 

Brusoelss4eenweg 416 
89218 Gent Ham Rad~o llaly 

Belgwrn Vla Pardenone 17 
120132 Mllana 

Ham Rad~o Holland Italy 
PoSlbu~ 413 
NL 7800 Ar Emmen Ham Radio Sw81zerland 
Holland Karr  Uebef 

Ham  adl lo ~ u r o p e  
Poslfach 2454 
0 7850 Loerracn 

Box 2084 West Germany 
S 194 02 Uppland~ Varby 
Sweden Ham Radra England 

Ham Radlo Francs clo A S G 8 

SM Electron8c Alma House 
20 bns Aue des Clar8ons Clanborne Road 
F 8SWO Auxerre Palters Bar 

France Hens EN6 3JW 
England 

Ham Radm Germany 
Karin Ueber ~ol land Radlo 
Posllach 2454 
0 7850 Latrrach 

143 Greenway 
Greeoslde Johannesburg 

Wesl Germany Republ~c 01 South Alnca 

ing inforrnation. Hein Specialties, Inc., Dept. 301, 4202 N. 
Drake. Ch~cago, IL 60618. 

RECLAIM SILVER from electronics scrap! Write RALTEC. 
25884F Highland, Cleveland, OH 44143 

VIC-20 phone patch. Bu~ld your own simplex autopatch for 
less than $50 using your own transceiver and VIC-20 or Com- 
modore 64 For fulidocumentat~on and program CaSSene tape. 
send $20 to KIE Enlerorlses. PO Box 72. Running Spr~ngs, 

COMPUTERIZE YOUR IC720. Keyboard frequency entry. 64 
memories, scanning, (frequency, memory, and mode), many 
more features ~ e ~ i l r e s  no Interface just cable - d~rect~ons 
~ncluded For Commodore 64 Cassette $14 75. dlsk St6 75. 
ppd Cables also available. David Oliver, WSODK. Rt. 2. Box 
75A, Shevlin. MN 56676. 

.--- .- 

CUSTOM EMBROIDERED Emblems -Cloisonne' enameled 
ptns, yodr des~gn, low mtnlmum, excellent quallty, lree booklet 
A T Palch Co . Dept 65. L~nleton. NH 03561 (603) 444-3423 

HAMSWAP Newsletter. Send us your Free Ad. Include 
phone. BuylSelllTrade. Subscriber equipment discounts. 12 
nssues $9 00. Hamswap, PO Box 4201 71, Sacramento. CA 
95842. 

SELL Cable TV descramblers, converters, remote luners. 
Dealers wanted. Part or full time. Work from home. No ex- 
perience necessary. Full details. P.G. Video Corp.. 61 Gatchell 
St.. Depl. HR. Buffalo. NY 14212 

OLD RADIO transcription discs wanted. Any size, speed. 
W7FIZ. Box 724 HR, Redmond. WA 980730724. 

ANTIQUE RADIOS, schematics, tubes and literature. Send 
SASE to VRS(HR), 376 Cilley Rd.. Manchester, NH 03103 fol 
large list. 

FOR SALE: Heath HW-1OlIP.S. $225, HBO descrambler filter 
schematic $2.00 SASE to J.C , PO Box 6349, Evansville, IN 
47712. 

WINDMILL 6 TOWER: 1978 Dunl~te 2000 watt windmill. 110' 
Rohn 45G tower w~th new concrete anchors. I IOV - 220 amp 
banery bank, converter, loading switch. Complete system only. 
$4.995.00 (518) 623-9951. Box 196. HCR-01 . Warrensburg, 
NY 12885. 

TRS-80 MoQeI IIIIIIIV owners. HF antenna design program 
calculated dimens~ons for dipole, Yagi, and quad antennas. 
$14.95 (cassette) + $2.00 sBh to Cynwyn. Dept. H, 4791 
Broadway. Suite 2F, New York. NH 10034. 

SIGNAL GENERATORS: URM-250. 10 kHz lhru 50 MHz 
$245.00: URM-266.4 MHz thru 405 MHz $245.00; HP614A. 
900 MHz thru 2100 MHz $345.00; HP618B,3.8 GHz thru 7.6 
GHz $375.00; HP608C 10 MHz thru 480 MHz $345.00; 
TS-5IOIU. 10 MHz to 420 MHz$295.00. all labcaliiated. have 
gooa stock so order today We accept MIC. VISA, or check. 
FOB Ono lmmed~ate shloment Phone Bill Steo 704-524-7519, 
slip ~iectronics company, Highway 441. dtto. NC 28763. 

MILITARY RADIOS: CPRC-26 Manpack Radio (described In 
March 1985 Ham Radio). Transceives 46-54 MHz. with bat- 
tery box, antenna. crystal. handset: $22.50 apiece. $42.501 
pair, good condition. R-390A Receiver. 5-32 MHz all modes. 
4 mechanical filters, meters sealed (government removed, 
operation unallected) $1 75 comple~checked, spalr pans unlt 
180% comolele. mlsslna PTOIIFI $65 Info SASE CPRC-26 
add $4/un1l shipping."~-390~' shipping charges collect. 
Baytronics, Dept. HR. Box 591, Sandusky. Ohio 44870. 
4 19-627-0460 evenings. 

FOR SALE: Hallicrafters SX-100 communications receiver. 
Antque collectors item. Good condition. $139 or best offer. 
Gerry Nemeh. W4NEX. 8202 Beechwood Drive, Lynchburg. 
VA 24502. (804) 239-7789. 

-- 
3-50028 @ $70.00 each, new, 50 year collection tubes. Ad- 
vise requirements. W5QJT, PO Box 13151, El Paso. TX (915) 
532-2509 

MINT ROBOT 400. First sync modification. Instruction book 
and original box. I ship $275 firm. Jim Valentino. KW2W. PO 
Box 438. Mastic Beach, NY 11951. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce. 5521 Birkdale Way, San Diego. CA 92117. 
SASE brings information. 

CHASSIS and cabinet kits. SASE K3IWK. 

IMRA, International Mission Radio Association, helps mission- 
aries. Equipment loaned. Weekday net. 14.280 MHz. 2-3 PM 
Eastern. Elght hundred Amateurs in 40 countries. Brother 
Frey. 1 Pryer Manor Road. Larchmont. NY 10538. -- 
ELECTRON TUBES: Receiving, transmitting, microwave. . . 
all types available. Large stock. Next day delivery, most cases. 
Daily Electronics, PO Box 5029, Compton, CA 09224 (213) 
774-1255. -- 
RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY. Cardiff. CA 92007. 

HOW TO CONVERT any cassette tape player to a message 
sender and automatic lDer for repeater or base station. For 
complete plans send $5.00 plus 22E stamps to: Jesse 
Hernandez, Box 322, Memphis. TX 79245 WBSMVP. 

.- 

NEEDED: Schematic and alignment procedure for Swan 
700CX Xcvr. Paul Miliore. AK2X. 1102 Drummond Ave., 
Asbury Park, NJ 07712. 

CABLE TV EQUIPMENT. Jerrold, Hamlin, Zenith - many 
others. Faclory Unitsllowest dealer prices. Complete illustrated 
catalog $2.00. Pacific Cable Co., Inc.. 7325Ih Reseda Blvd.. 
Dept. 1004, Reseda. CA 91335. (818) 716-5914. 

WANTED: Xtal 6M-FM transceiver (Regency, Genave, com- 
mercial, etc.). Slate asking price, condition, specifications. 
Barry Omitz, WA4VZQ. 4740 Edens View Road, Kingsport. 
TN 37664. 

Coming Events 
ACTIVITIES 
"Places to go ..." 

KENTUCKY: The Central Kentucky ARRL Hamfest, spon- 
sored by the Bluegrass ARS, Sunday. August 11, 8 AM to 5 
PM. Scott County HS. Longlick Road and US 25. Georgetown. 
Tech forums, license exams, awards and exhibits. Air condi- 
tioned facilities. Free outdoor flea market space. Tickets $3.50 
advance and $4.00 al gate. Talk in on 76/16. For information 
or tickets SASE to Scott Hackney, KI4LE, 629 Craig Lane, 
Georgetown. KY 40324. 

PENNSYLVANIA: The Tioga County Amateur Radio Club's 
9th annual Hamfest. Sunday. August 18, Island Park. 
Blossburg. 9 AM to 5 PM. VE's will give walk-in exams. For 
information write TCARC, PO Box 56, Mansfield, PA 16933. 
Flea market, dealers, park and pool, snack bar. Admission 
$3.00. Spouse and klds free. Talk in on 146-19179, 146-52152 
and CB. For information: Ourwood Learn. WB3DKZ, 11 Bryden 
Streel. WeUsboro. PA 18901. (717) 724-5613. 

TEXAS: The Aust~n ARC and the Austin Repeater Associa- 
tlon In coniunctlon with the Texas VHF.FM Socletv announces 
the third annual Austin Summerfest, August 2.3 and 4. Austin 
Marriott Hotel, 1-35 and US 290, Austin. Seminars. QCWA 
hospitality suite, dealer displays. FCC exams for all classes 
Saturday. Ladie's programs. Austin's "Aquafest" is this Same 
weekend and will provide additional entertainment. Registra- 
tion $5 advance, $7 at the door. Persons under 18 admined 
free. Swapfest tables available starting 6 AM Saturday al$1 
per table. limit two. Talk in on WA5YANIR 146.34194. For more 
information: Austin Summerfest. PO Box 13473. Austin. TX 
7871 1. 

PENNSYLANIA: The 48th annual South Hills Brasspounders 
and Modulators Hamfest, August 4, 9 AM to 4 PM. South 
Campus. Community College 2 AUegheny County. Pisburgh 
Tickets 93 each 2/55. Oscar. R l T  and oacket rad~o forums 
 lea-market. Talk inon 146:13/73 and i46.52 simplex. For 
more inforrnation: Bill Gardiner, 4756 Child Driie. Pittsburgh. 
PA 15236. 

INDIANA: The annual Bloomington Hamfest. Sunday. 
September 1, 147.181.78 repeater site, Vernal Pike off SR 37 
bypass. 8 AM to 2 PM. Admission $2.00. Food concession. 
No charge for setups, bring your own tables. For more infor- 
mation: Bob Myers, KSKTH. 306 S. Fairview Street, Bloom- 
ington, IN 47401. SASE or dall (812) 332-1 105. - 
INDIANA. The 8th annual Grant County Amateur Radio Club 
Hamfest, Sunday. August 11.4H Fairgrounds, Marion. Doors 
open 8 AM. Refreshments, free parking, license exams. Table 
reservations $2/8' table. Donation $2.00 advance. $3.00 gate. 
For more information SASE lo W89EAP. Brooks Clark. 2202 
South Boots Street, Marion. IN 46953. 
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WASHINGTON: Tacoma Hamfair, sponsored by the Radio 
Club of Tacoma. August 17 and 18. Pacific Lutheran Univer- 
sity. Tacoma. Tech seminars, forums, travelogs and more. 
Large flea market. License exams. send 610 to W7BUN. 
Registration $5.00. Dinner $8 00. Flea market table $15/day; 
$2012 days includes one registration. Register w~th Grace 
Tietzel, AD7S. PO Box 45079. Tacoma, WA 98445 or call Eva 
Anderson. WB7QNS. (206) 564-8347. 

OHIO: 43rd annual Flndlay Hamfest sponsored by the Findlay 
Radio Club at the Hancock County Fairgounds. Sunday, 
September 8. 630 AM to 5 PM. Advance tickets $3 00 by 
September I .  At the door $4.00. Tables $6.00 each. Outdoor 
flea market spaces $3.00 each. Talk In on 147.75115 For more 
lnformatlon write Findlay Radlo Club. PO Box 587. Findtay. 
Ohio 45839. 

MISSOURI: The St. Charles Amateur Radio Club's Hamfest 
'85, August 25. St. Charles City Hall complex, 200 North 2nd 
Street. St. Charles. Giant flea market, commercial vendors. 
XYL programs, FCC exams, food available. All under cover. 
Parktng $1.00, tickets $1.00 advance; $1.50 door. Talk in on 
146.07167 and 146.52. Tickets from WDOCZE, 121 Barkwwd 
Trail, St. Charles, MO 63303. 

CALIFORNIA: Valley of the Moon Amateur Radio Club's fifth 
annual "Ham" breakfast and swapmeet. Sunday. Auaust 11, 
Sonoma Community Center. 276 iast  Napa street, &noma. 
9 AM to 4 PM. Breakfast 9 to 11 :30 AM. Sausage. eggs. pan- 
cakes. 'talers, 0.1. and coffee, all you can eat for $5.00! Swap 
taMes selup starts 8 AM. spaces $5.00 each. Bener bring your 
own lables. Open auction at 1 PM. Surrounding points of in- 
terest for the whole familv. Admission $1.00. For reservations 

INDIANA: The Tippecanoe Amateur Radlo Association's 14th 
annual Hamfest, Sunday. August 18. Tippecanoe County Fair- 
grounds, Teal Road and 18th Street. Lafayene. Grounds open 
7 AM. Tickets $3.00. Large flea market, dealers, refreshments 
and fun. Talk In on 13/73 or 52. For tickets or lnformation: 
Lafayene Hamfest, Route 1. Box 63. West Pomt, IN 47992. 

ILLINOIS: Bolingbrook Amateur Radio Society's 0.A.R.S 
Hamfest '85. Sunday. September 8. Santa Fe Park, 91st and 
Wolf Road. Willow Springs. Advanced registration $2.00. $3.00 
al the gate. Talk in on 147.33193 and 146.52. For information: 
Ed Weinstein. WD9AYR. 751 1 Walnut Ave.. Woodridge, IL 
6051 7. (31 2) 985-0527 

-- 

MICHIGAN: The Grand Rap~ds Amateur Radio Assoc~atlon's 
annual Swap and Shop. Saturday, September 21. Hudson- 
ville Fairgrounds. Dealers, indoor sales area, outdoor trunk 
swap, concession. Gates open 8 AM. Talk in on 146.16176, 
For information: Grand Rapids ARA. PO Box 1248, Grand 
Rapids. MI 49501. 

-- 

PENNSYLVANIA: The Skyview Rad~o Soc~ety's annual 
Hamfest, Sunday. September 16, Clu Grounds, Turkey Rldge 
Rd., New Kensington. Noon to 4 PM. Registration $2.00. 
Vendors $4.00 Talk in on 146.04-.64 and 52 

PENNSYLVANIA: The Central Pennsylvania Repeater 
Association's 12th annual HamfesVComputerfesl, August 25. 
adjacent to Hersheypark. Chocolate Town. USA. Registration 
$3.00. Children 12 and under free. Special reduced admis- 
sion to Hersheypark for registrants and families Large indoor 
dealer and flea market. Large outdwr tailgate area. Food and 
refreshments. Talk in on 145.47 repeater or 146.52 simplex 

$5.00lreservations. Talk in on 146.22-82. For information and 
reservations: Joe Mayer. KB9GS. 613 E Kelly. Box 356. 
Westville, IL (217) 267-2946. 

OPERATING EVENTS 
"Things to do ..." 

Riding Radio Operators - Amateur Radio Motorcycle Club 
Net meets everv Thursdav nloht a1 0300 UTC a1 3888 kHz 
standard tlme a h  7237 5  HZ iayllght savlng tlme An eastern 
USA group meets one hour earlter at 3888 kHz year-round 
Send busmess SASE to AGON Gary McDuffle. Rt 1. Box 464. 
Bayard, NE 69334 and ask for net lnformat~on 

September 4: Howdy Days. Eligibility - all llcensed women 
operators throughout.the world. Operations - all bands and 
modes. No cross band. Station counted only once. Exchange 
- YLRL member or non YLRL member. Score 2 points for 
each YLRL member worked and 1 for non YLRL member. All 
logs must show YLRL membership or not, score and must 
be received by October 4. 1985. Send lo  Marly Silver. NY4H, 
31 18 Eton Road. Raleigh, NC 27608. 

August 18: The DuPage Amateur Radlo Club will operate 
special event station W9DUP from the War Museum sub- 
marine, U.S.S. Sllversides, Navy P~er in Chicago. 13002 
August 18 to 02002 August 19. For a speclal submarine QSL 
card. SASE to W9DUP. PO Box 71. Clarendon Hills. IL 60514. 

or more lnformat~on Darrel Jones. WDGBOR. 358 Patten St . WAJKXG For lnformatlon Paul W McDonnell. NJBKl (717) ~ ~ g u s t  I?. 26th annual New Jersey QSO Party 2000 UTC 
Sonoma. CA 95476 (707) 996-4494 697-1880, noon lo 8 PM Saturdav Auaust17 to 0700 UTC Sundav. Auaust18 and from 

VERMONT: The annual BARC lnternatronal Hamfest. August 
10 and 11. Old Lantern Campgrounds, Charlotte. $4.00 bolh 
days. Children under 12 free. Outdoor flea market space 
$2.00. Indoors $5.00. RC model airplane show. CAN-AM tug- 
+war. Talk in on 34/94, 01161 and 52. Queries to Roger. 
WAlOZE; flea market info Bob, W1DQO. Both at Box 312. 
Burlington. VT 05402. - 

PENNSYLVANIA: The Uniontown Amateur Rad~o Club 
(W3PIE) will hold its 36th annual Gabfest.Saturday, September 
7. Club grounds. Old Pittsburgh Road. Uniontown. Registra- 
tion $3.00 or 21S5.00. Free Parking - Free Coffee - Free 
Swap 8 Shop with registration. Talk in on 147.645-,045 8 
144.57-.17. For information: John Cermak,WBSDOD, U.A.R.C. 
Gabfest Commitlee, PO Box 433, Republ~c, PA 15475 (412) 
246-2870. - - -  

ILLINOIS: The Shawnee Amateur Radio Association is sDon- - 
soring SARA Hamfest '85 Sunday. September 8. ~ o h n  A. 
Logan College Gym, Highway 13 near Carterville. New equip 
ment and computers, ladies' activities, displays, flea market, 
crafts. All inside. FCC exams Sunday AM. Lunch available. 
Admiss~on $3.00. Talk in on 146.251.85, 146.52 simplex. 3.925 
MHz. For information: Shawnee ARA. 502 West Kenicott. 
Carbondale. IL 62901 (618) 457-7586. 

1985 BLOSSOMLAND BLAST, Sunday, October 6, 1985 
Write "BLAST". PO Box 175. St. Joseph, MI 49085. 

MAINE: The 1985 Windsor Hamfest, Saturday. September 7. 
Windsor Fairgrounds. Flea market, programs, speakers, dis- 
tributors, and the traditional Saturday bean and casserole sup 
per. Gate donation $1.00. Camping $3.00 per night: $5.001 
2 nights. Talk in on 146.22182 repeater. For information: Ron 
Dishman, N1CMZ. 37 Marlboro Avenue. Augusta, ME 04330. 
(207) 623-8351 -- 
NEW JERSEY: The Remapd Mountain ARC, WAZSNA, 
presents its 9th annual flea market. August 17. Oakland 
American Legion Hall. 65 Oak Street. Oakland, 20 miles from 
GW b r i i .  Admission $1.00. Non-ham family members free. 
Indoor tables $6.50. Tailgating $3.00. Talk in on 147 491146.49 
and 52. For information: Tom Risseeuw. NBAAZ, 63 Page 
Drive. Oakland. NJ 07436. Tel. 337-8389 after 6 PM. 

WISCONSIN: Green Bay Mike 8 Key Club's Summer 
Swapfest. Saturday. August 17. Ashwaubenon Community 
Center, Anderson Drive across from Baypark Square Mall. 
Free admission and parking. Doors open 8 AM. Sellers 7 AM. 
Buy, sell, trade. Reserved 8'tables$5.00. Limit 4. SASE with 
check to Green Bay Mike 8 Key Club, Bill Johnson. NSCNO, 
2177 Orrie Lane. Green Bay, WI 54304. (414) 494-8948. 

MISSOURI: The Ozarks Amateur Radio Society's 4th annual 
Congress 8 Swapfest, Sunday. September 8. City Park, Jct. 
Of US 60 and Highway 37, Monen. Swapfest 11 :00 AM. Buffet 
dinner 1:00 PM. No tickets necessary. All Amateurs and 
families welcome. Talk in on 146.371.97. 146.52 and 7.250 
MHz. For information: Ozarks Amateur Radio Society, Box 
327, Aurora, MO 65605. (417) 678-5330. 

GEORGIA: Augusta Hamfest. September 15. Dealers and 
tailgaters welcome. Food and drinks available. ARRLNEC 
exams 8 AM. Tickets $1.00. 8/$5. 13/$10. Talk in on 34/94. 
SASE to Bill Hardin. 4430 Forrest Drive. Martinez. GA 30907. 
(404) 863-4360. 

VIRGINIANEST VIRGINIA: The Bluefield Hamfest, spon- 
sored by the East River Amateur Radio Club, will be held 
Sunday. August 25. Brushfork Armory Clvic Center. 1 mile 
north of Bluefield. WV. 9 AM to 3 PM. Admission $4.00. 
Children under 12 free. Large indoor flea market, satelliteTV 
and various specialty dealers. Paved parking, food on site. 
other activities. Walk in license exams 9 AM. Bring copy of 
license and completed 610 Form. $4.00 fee. Talk in on 
144.891145.49 and 146.52. For ~nformation: Jim Perdue, 
KCBNG, Rl. 5, Box 457, Bluefield. WV 24701. 

NEW YORK: The Putnam Emergency Amateur League 
(PEARL) will have its annual Electronics Extravaganza. August 
17,9 AM to 4 PM. J.F. Kennedy Elementary Schwl. Brewster. 
Admission $2.00. Tables $5.00. Walk in VEC exams. For table 
reservations and information: R. Dillion, NZEFA, RFD 7, Noel 
Court. Brewster, NY 10509. Talk in on 144.5351145.135. 

ALABAMA: The Huntsville Hamfest. Saturday and Sunday, 
August 17 and 18. Von Braun Civic Center in Huntsville. Free 
admission. Exhibits, forums, air-conditioned indoor flea market 
and non ham activities Walk in FCC exams 9 AM Saturday, 
August 17. Family lours of the Alabama Space 8 Rocket 
Center available. Some camp sites wlth hookups available, 
first come, lirst served. Reserved flea market tables $5lday. 
For more information: Huntsville Hamfest. 2804 S. Memorial 
Parkway. Huntsville. AL 35801. 

PENNSYLVANIA: The Mid Atantic Amateur Radio Club's 
annual Hamfest. Sunday. August 11, 9 AM to 4 PM, rain or 
shine, Bucks County Drive-In Theater, Rt. 61 1, Warrington. 
Admission $3.00 + $2.00 for tailgating. Setup starts 8-AM. 
Brlna vour own table. Plentv of oarkina, refreshments. Talk 
in on 'WB~JOEIR, 147.661.'06 or 14652. For information: 
MARC. PO Box 352. Villanova, PA 19085 or call Bob. 
WA3PZ0 (21 5) 449-9727. 

ARKANSAS: The 16th annual Queen Wilhelmlna Hamfest. 
Queen Wilhelmina State Park, September 7 and 8. This beauti- 
ful state park facility on top of Rich Mountain near Mena, offers 
family fun and relaxation. Free admission, dealer display. 
Saturday night banquet. $7.00, camping, tailgating, flea 
market, miniature golf, wild life zoo, new playground, miniature 
train ride, ladies' tour. Talk in on 146.191.79. For information: 
John Harris. KC5XK. 5018 S. 9th, Ft. Smith AR 72903. 

ILLINOIS: Vermilion County Hamfest. August 25, W9MJL 
Clubhouse, Harrison Park West. Danville. Donation $1.50 at 
gate; $1.00 advance. Saturday evening steak cookout. 

1300 UTC sinday, August 18 to 0200 ~;TC h;londay. August 
19 Phone and CW are considered same contest but separate 
bands. Station may be contacted once on each band. Sug- 
gest phone activity on even hours; 15 meters on odd hours. 
Exchange QSO number, RST, and QTH. NJ stations send 
county for QTH. Send logs and comments to: Englewood 
Amateur Radio Association. PO Box 528. Englewood, NJ 
07631-0528. Include XI0 SASE for results. 
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surface-mounted 
components 
improve circuit designs 

The traditional approach to printed 
circuit board design has been to lay out 
the board so that component leads go 
through holes in the board and are sol- 
dered to pads on one or both sides of 
the board. A technique first developed 
in the mid-19701s, using Surface 
Mounted Components (SMCs), has 
finally caught on, and achieves 
dramatic improvement over standard 
PCB designs. In the new approach, 
the PCB is designed for the same func- 
tional application, but the components 
are all mounted directly on the surface 
of the circuit paths themselves - no 
holes! All of the components are 
designed with short, flat leads that are 
flush with the PC path. This technique 
is particularly useful for RF circuits 
because lead lengths are dramatically 
shortened, thereby reducing parasitic 
inductance and capacitance, and im- 
proving EM1 1 RFI problems. Proper 
design of the components can main- 
tain the impedance integrity of stripline 
designs right into the active region of 
the component. Circuits using this ap- 
proach at 1200 to 1500 MHz give per- 
formance nearly as good as their low 
frequency counterparts. Let's hope 
that this attracts some real attention to 
the development of more equipment 
for the 1200 MHz Amateur band! Addi- 
tionally, manufacturing costs are sig- 
nificantly reduced and reliability is im- 
proved. Circuit densities can be in- 
creased by 30 to 50 percent, resulting 
in considerable reduction in size, for 
use in complex equipment. The techni- 
que is particularly well suited to full 
automated production, and high vol- 
ume producers such as the audio and 
TV industry are now regularly deliver- 
ing products incorporating this ap- 
proach. We should see the first uses 

of this improved technique in Amateur 
equipment in the immediate future. 

computer-aided everything 
The flood of information that seems 

to fill everyone's mailbox these days in- 
cludes an increasing amount of data 
promoting the ways in which a com- 
puter can make each of our personal 
endeavors a snap. Productivity is the 
magic word, but much of what's of- 
fered seems to actually add complexity 
to such nominally simple tasks as 
home budget management. 

This is not the case with computer- 
aided engineering, design, and manu- 
facturing - CAE, CAD, CAM as 
they're called. Each of these tasks nor- 
mally involves thousands of steps, 
each of which must be executed ex- 
actly, in complete compliance with 
design rules, and in concert with other 
phases of the process. All must be 
organized so that the final product is 
technically and physically correct, and 
on time. Modern product development 
cycles are frequently so short that 
there would be no way to do all the 
necessary steps by hand. 

Take the example of designing a 
new computer chip. Such a chip may 
have a complex architecture, and 30 to 
40 thousand active elements. By using 
computer-aided techniques, the 
design rules for circuit interconnects, 
layout, propagation delays, etc., can 
all be simultaneously considered every 
time a single change is made. A CAE 
tool called a "silicon compiler" actually 
contains the design rules for making 
the IC masks stored in computer mem- 
ories. As the system architect and 
design engineer work on the chip's 
functional characteristics, the silicon 
compiler automatically includes the 
necessary semiconductors, routings, 
chip real-estate and thermal character- 
istics in the final design. Using these 
techniques, three employees of a 
major computer manufacturer were 

able to design a 32-bit minicomputer 
chip set (including nearly 40,000 tran- 
sistors) in less than a year. 

It's been estimated that there are 
fewer than 5000 integrated circuit 
designers in the entire world. With the 
design tools offered by CAE and CAD 
systems, at least half of all electronic 
engineers could participate directly in 
the design of semi-custom ICs. 

The prospects for even more dra- 
matic advances in electronics are thus 
enhanced by the broad participation of 
another half-million or so engineers 
whose creativity is now frustrated. 

microwaves cook rocks 
The success of commerciZd mining 

operations depends on assessing the 
extent to which rocks bearing suffi- 
cient quantities of desired material can 
be processed. Therefore, the quantity 
of desired ore per ton of rock is an im- 
portant measure of the ultimate finan- 
cial value of the process. Because one 
of the major problems in ore process- 
ing is keeping impurities out of the 
desired product, complex - and 
therefore expensive - steps must be 
taken to resolve these problems. 

A new technique developed by a 
Colorado company may represent a 
major breakthrough in this field. 
Recognizing that each element has an 
atomic structure that can be excited by 
external energy sources, the company 
has devised a technique for illuminat- 
ing rocks containing various elements 
with microwave energy matched to 
the resonant frequency of the element. 
The result is an ability to selectively 
melt desired material and leave sur- 
rounding material and impurities 
"cool" and undisturbed. Although the 
energy expenditurelrecovery ratio is 
not obvious, the technique merits 
watching as yet one more example of 
RF in the "workhorse" environment. 

ham radio 
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Dlscrete HT cornrnunlcatlons I a a v ~  you wfth bath 
hands tree . 
Allows voice commun ldona  In nolsy e n v l r o n m t s  . 
Our rresrtalk Interfaces wfth almost all WE. whlch 
have external speaker rnlcrophone output jacks . 
Custom hybrid circuit  
Low power consumption . Transmits at 5mA and Ions 
than 10uA when receiving . 
One year warranty . 

Dealer inquiries are invited . 

$99.95 includes IECS-200 control unit . Ear transducer. 
9V battery. 6-pin output connector and lnstruclion sheet . 
(Add 6% sales tax for California residents.) 

Custom made interface cable for TEMPO S1S and all ICOM 
HTs are available at $19.95 

AMECO / 

STUDY GUIDES 
ice, General, Advanced and Extra 

AMECO study guides are taken from the FCC Amateur Exam syllabus . PR 1035A and have 
answers keyed to the ARRL's recently released study material . These study guides are com- 
patable with ARRL and all other VEC exams . While nothing can guarantee that you will 
pass . AMECO study guides will make sure that you are fully prepared and ready-to-go when 
you sit for the exam . 
Each study guide has been written in a clear. precise easy-to-read format . Each question 
is fully explained . For subjects that need a more complete explanation. AMECO has cross 
referenced the Novice and General Class study guides with AMECO's AMATEUR RADIO 
THEORY COURSE . 102.01 . 
27-01 Novice Class Softbound $2.25 
12-01 General Class Softbound 54.95 
26-01 Advanced Class Softbound $4.95 
17-01 Extra Class Softbound $4.95 

1 23-01 Novice Class Theory Course Softbound $3.75 
10261 Amateur Radio Theory Course Softbound $6.95 
Order today1 Get yourself ready to upgrade with AMECO Study guides . 

Please enclose S.3 50 per order lor sh~pp~ng and handling 

ha; 
r a d i ~ - ~ ~ ~  
GREENVILLE . NH 03048 

BOOKSrORE 
(603) 878-1441 

ANTENNA SALE 
HYGAIN TOWERS 
HG37SS . . . . . . . . . . . . . . . . .  799 00 

. . . . . . . . . . . . . . . . . .  HG52SS 1195.00 
HG54HD . . . . . . . . . . . . . . . . . .  1799.00 
HG70HD . . . . . . . . . . . . . . . . . .  2799 00 

CUSHCRAFT 
A3 199.00 
A4 . . . . . . . . . . . . . . . . . . . . . . . . .  27500 
R3 255.00 
40-CD2 . . . . . . . . . . . . . . . . . . . .  275.00 
AV5 . . . . . . . . . . . . . . . . . . . . . . .  9600 
32-19 . . . . . . . . . . . . . . . . . . . . . .  8900 
215WB 75.00 
ARXPB . . . . . . . . . . . . . . . . . . . .  3500 
A144-11 . . . . . . . . . . . . . . . . . . . .  46.00 
A144-201 . . . . . . . . . . . . .  .. .. 69.00 
4248 . . . . . . . . . . . . . . . . . . . . . .  7500 
AOP.1 137.00 

KLM 
KT34A ..................... 329.00 
KT34XA . . . . . . . . . . . . . . . . . . .  475.00 
432-2OLBX . . . . . . . . . . . . . . . . .  64.00 

HYGAIN 
TH3JR . . . . . . . . . . . . . . . . . . . .  185 00 
TH7 459.00 
EX 14 . . . . . . . . . . . . . . . . . . . . . .  289.00 
14AVO ................ .. .. 69.00 
l8AVT 102.00 

HUSTLER 
25% OFF ALL MOBILE 
68TV . . . . . . . . . . . . . . . . . . . . . .  125.00 

AEA 
144SR ..................... 42.00 

BUTTERNUT 
HF6V . . . . . . . . . . . . . . . . . . . . . .  110.00 
HF2V .. . . . . . . . . . . . . . . . . . . . .  110 00 

RG213U $.26/foot 

ROTATORS 
CD45 . . . . . . . . . . . . . . . . . . . . . .  139.00 
HAM IV . . . . . . . . . . . . . . . . . . . .  228.00 
T2X ....................... 275.00 

. . . . . . . . . . . . . . . .  AVANT1 2M 29.95 
HI.0 BALUN 9.95 

KENPRO 
.. . . . . . . . . . . . . . . . . . . .  KR4M) 119.00 

KR500 . . . . . . . . . . . . . . . . . . . . .  149 00 
KR600 ..................... 199 00 
KR5400 249.00 

More Details? CHECK-OFF Page 126 





ALL MODE MOBILE TELEPHONE INTERFACE 
Automatic Vox Phone Patch System 

DTMF TELEPHONE 
TYPE SPEAKER1 
MICROPHONE 

3OTLINE-007 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM- 
iquelched SideBand mode. No modifications to the transceiver, just connect to the external speaker, microphone and phone line. 
JOX operation both transmit and receive. Selectable tone or rotary dialing. Repeater pickup operational also. 

' Programmable access code * Programmable CW ID * 3 or 12 minute timer 
' Adjustable VOX both transceiver * Adjustable microphone * Dial restrict switch 

and phone line. and line gain * Ringback (reverse patch) 
' Will not transmit when frequency * Microphone jack for * Accepts speed dialing 

is busy, 7 second clear time base operation * Operates on 1 15/220 VAC. 12 VDC 

QO EXTRAS TO PURCHASE FOR OPERATION, TRANSCEIVER AND PHONE LINE CONNECT TIME 30 MINUTES. 
N.C.O. SO. 

EXCLUSIVE IMPORT DISTRIBUTOR 

1275 N. Grove Street 
Anaheim. California 92806 

NOTE: Prices and specifications subject to change 
without notice or obligation 

u'! OF SPECIALIZED 
L AI COMMUNICATIONS! 
Thousands of "Ham Radio" Now published "monthly" 10 l lmes 

operators across the country per year, SPEC-COMru readers are kepl 
are  enjoying "Specialized u p l o d a l e  in a world of last moving 
Communicat ions"  modes. modern technology. 
Whether it's FSTV, SSTV. FAX, Why not give us a try? Back issue 
OSCAR, EME, RTTY, PACKET Samples are available for just 52.00 ppd. 

1 or COMPUTERS, today's ~ ~ d i o  (Master Article indexes add $1.00). 
Amateur Is a highly skilled Special Six Month Trial Subscription 
Communications Specialist! -S10.00. U.S.ICanadalMexico Annual 

Subscripllon 520.00. (Foreign Subscr ip 
Prov id ing ful l .  In -depth tions slightly higher). 

coverage o l  these modes i s  our 
business and we've been d e  
Ing il now for over 19 years! 
And now we're expanding! 

SPEC-COMN 
Amateur Radio Specialized 

Communication Journal 
l a r  RrrldCnlr Murl P.O. Box H 
A~ I.,. S ~ R I  la. Lowden, Iowa 52255 
4% Lalea To * I 1  
C b r ~ c  Cala OlPrlr 

13191 944-7669 (Membership Services) 

\ r 191 

DELUXE CENTCR CONNECTOR 
r r i O R l i ~ . l  8.1 ... ' . .....I,,, 

, :!,It, ,,(I ?I" I,,,, ,vt,,a, I,, 

k t  lsnw5 lem lbr lvr . r  . I: "li,,l..!,.ly LI..,ll.,, ,,,.,,,'!,.:,,, 1,.1 . i I.,, 1.l,)l.i,,<,l ,,,,,, ll,lll.l,.. . l.nm1191.11 1 , )  , ,11, 

Id18 ,,,,,,",~,< .>o 7<,,6*,s,r," 
,.,,,t,,,r,,,w,, , , , a  I ,,,PO 
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The Nicest 
Things Come \ 

In Small 
Packages. 
The SS-32HB is a new hyhrld huh-audible 
encoder plucked from Commun~cations Special- 
ists' Hothouse. I t  has grown through a cross of 
the time tested SS-32, the subminiature SS-32M 

$29.95 each 

and space age micro circuitry. This program- 
mable 32 tone encoder measures a scant . 5  x 1.0 
x . I5  inches: no small wonder it allows the addi- J 193 
tion of continuous tone control to a bunch of 
hand held transceivers that lack space. 

#COMMUN/CATiO/US 
Why not snip your problems in the bud. with SPEG/Ah/ST' 

420 \i 1 . 1 1 1  .\\.s.. ( l r ,~nrc .  (':I Y2hhS-J?U(> 
our fast. one day delivcry and attractive one year I I - I  1'4S t71J)07J-iJ?(l 

m! - 
VIY 

warranty. Entire I1.S.A. 1-800-854-0537 - 



Presenting two small cases 
for a lot of mobile power. 

You won't firid a 45-w<ltt, 2-meter- 
FM moblle ~rtg that's b ~ i ~ l t  smaller-thdn 
the YIPSLI FT-ZDRH 

Nor- wrll you find ,I dual-band FM 
mobllr Iti,it offtm the crossband 
full-duplcx c<ip,lt~~lity found In the 
L5-wrllt nesu IT-2XX)RH. 

It shouldn't be sur-pr-lslng WFvr 
been tomlng up wtth a lot of inno- 
v<jtlve concepts lately 

The FT-2BRH measul-es lust 

tr-,~nmlt and r~ecevt7 In tr-ue tele- 
phone style 

Once ~ n s t ~ ~ l l e ~ l  yqu'll find t t i ~  
FT-270RH and the fT-2703RH t~p~, i l l y  
s~mple to opelate just turn the I-IR 

on, dlal up a fr7-quwcy sel~ct offsri 01- 

cluplex spl~t, and you'rc on the .ur: 
Each rig prve5 you 10 mrmor-lrs 

fo~ stor-tng your- favor-~te fr~q~~encres 
Dual VFO c~p.lb~lhty A clem unclut- 
terwd LCD display 11-)1- easy rradout 

2-ma * t i t -  .lnd 441) MHz opel;itlng 
ft-~qu~:nc~~s 

Also. tone encod? .ind c>ncode 
decode c.ip,lbiltty I? pr.i:~t;t;lmmahle 
[I-0111 the f~nnt pcinc.l ur,lriq an opt~ondl 
plug-~n bo,rrd. 

So when you nerd .I lot of powr21- 
In ,i compact mc,bllt~ 1;1ri1o, d~scover 
Y~lr,ll'i FT-2MRH .lnd FT-ZXDKH 
Theft% n o t h ~ n ~  (:,I,(. Ilk,, tticm on 
rhr r v , ~  

2 x 6 x 7 ~ n c h ~ s  ~onven~entl; fitting Push-bunon I~rnp; thr-ouih the bnnd 
~ts htgh-POWPI punch into m ~ n y  In 1 MHz >tep< Band scanning w ~ t h  
c,mall spaces of your- cal Places where prognmmable up[)cl and lower ltmlts Y!i!!isu 
:~thel- 45-watt mob~les just won't fit And pr-lot-lty chanrirl operatton 

The FT-2703RH IS small too 
Yaesu Electronics Corporation 

You don't even have to take your ,,. ,$,:! . ,  , ,,: , , !, ,, , , ., ', 1;:j 
Smaller- than other- dual-banden But eyes off the tojd to detP1-m~rie your (.:I;, t,:,j..l, . , 
wlth one b ~ g  dlffcrence: a "DUP" oper(3trng freq~~en( y and memory Cincinnati Ce&r 
button Push ~ t .  ,lnd yc~u'i-e operating chnnnel An optlorla1 volce synthes~zel- ,,, , j , ,  G ~ , ,  , L 1 ,, ,", , r ,  4 qy), ,  
full duplex. 2 met~r.s on oneVFO. announces them t~oth at the pu5h ( I , I ~ )  ~ i 4 - j i ~ t o  
449 MHL or1 [lie other: Edcril ,it B of ,I button on the nitcluplhone T h r  Prices and specifications sublect to change 
watts So you c~in srmultaneously FT-2703RH annouiices both yo~lr- w~thout norlce. v 194 



IC-Q/Afl, 
L n, -i/L 

The new TS-940s is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. 

. ! I '  , '  ~ L I . ,  c,;c.'!. ~ 7 , , r ; r ; r 7 , , ~ f ~ f ,  

SLIIJC:~ c?ll~c:~r!ril I:~JIIIIII~ :;ysIt?111 u?;~ncl 
sprztal ;III tlucltng works w ~ l t ~  thc'InIr;.r 
nal hc::lvy-(l~rty power s i ~ {~ l ) l y  lo ,~llow 
r:onttniroiis trnnsnltsslori ;II full [.,uwer 
outpul lor l~~?riotl!; c'xct?r?rl~ng c~ric t ~ n i ~ r  

" L<,,v !,,~fl,:,:, ;: $ 4 ,  t - > ! , : . * . c  

Krnwi I' 111's irnlclile lr:tnsni~tlcr dcs~cjn 
c l ~ ~ l ~ v r r s  lop "qu;~ltty Kenworxt" ;ourid . K r , , ! ~ , ,  I <  ,;q!r..; i r ,  (.,.,. r > ~ : .  , 1 .  - . .  
Ol~eriil~rrtq Ireq~rcnc~c!s nlay be dlrec:lly 
erntc?rrtt ~ r ~ t o  tht? TS-940s w~lhoul Lrslrlg 
th+. VFO knob. . ' I , ,  , . . . ,  . . , I . > -  . 

Exclu:.~ul~ mulll-lunct~on 
LCD wl>-r l~splay panel 
show: (:W VBT. 558 slope 
tuillnr;, .is well as l r r ? ~  
querlc y, Itmi.. arid AT-940 
itntcnri,~ tuner stat~rs. 
~ r : r <  .~.,+,:II.,~, 1 , .  +:ilr;.'., 
Ri.r~iov~r "rol:en ORM" w~ th  
t t l i ?  Sfif3 slept: Iun~nc). CW 
VET, riol~:li l~lter. AF tune. 
; I I I~ CW pltch controls. . 8.; i  ' ,. ! - " 8  i,:.,. 

AT 5140 lull r;lngc: ( 1  60- 10 r i l )  aut!xnat 
arllrrin;~ 1urnc.r i F '  9.10 ~'xlern:il 
speaker wtlt~ ;rutt~o f~lte:r~r-~!] YG-455C- 
i5110 H / I  YC;.155CNl H/).  
YK-8RC-1 (500 t i / )  CW 11Ilr:rs; 
YK-8HA~1 (ii kH71  AM I~l t t~r *VS-1 volce 
synlti~;sl/cr S O - 1  1ernpc~r:ilure 

~:ornpc?ns;~l~!d crysl;il 
oscillator EAC-42s UP; 
DCIWN tiari~l 1111c 

hlC 60A. PAC-80, MC-85 
dcluxt: t i ; ~ s i~  stnl~ori rnlcs 

P C ~ l A  phc~ne patch 
TL- 92:?A linear an~pl~fler 
SM-??G stallon rnonllor 
RS-8 pan d~splay 
SW-?OOA and 

SW-2OOO SWR anrl 
llLIWl~!t l l l e l ~ l 5  
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