
b SUMMER SPECIAL- - CONSTRUCTION: junk-box ingenuity 
building better boxes imprvving ALC make your own 

focus 
sir-wound coils cooling sembnductors ALSO: us;na 

o lrayline - with or without computer a 50 MHz 
t w t m n ~ w  VIton/Greenblum Yagi WfJR on f ibrs  W6SAI's  h 
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Now ICOM offers the best 
Dices in compact 2-meter FM 
,biles...the IC-27H 45-watt com- 
ct (15/s"H x 5%"W x P3/a"D) and 
I IC-27A 25-wall super com- 
ct mobile. The IC-27A and 
27H are the smallest full- 
~tured 2-meter mobile trans- 
lvers available. and feature an 
srnal spea ,y installa- 
n. For the i )rtable 
tion, the IC IHz and 
47A 440Ml :om~act 

n- inri4r  T c q n ,  Riorih/ may be 
selected to be either a memory 
channel or a VFO channel. By 
using sampling techniques, the 
operator can determine if a fre- 
quency of interest is free or busy. 

chc 
mc 
pa 
the 

C a a  @be IC-77A 1.4 compact 
moblle transceivers at your locc 
ICOM dealer For superb petforr 
once, rellab~lity, and the ultlma 
in a VHF mob~le rad~o, your only 
chotce 1s an ICOM 

intc 
ti01 
sta 
IC- 
mc 

ker for eas 
~ltimate pc 
:-37A 220W 
+Z 25 watt c - . - -  - ~ . . .  )biles are also ava~~able.' 

The IC-25A 2-m 

able to store receive frequency. 
transmit offset, offset direction, 
and PL tone. Memories are 
backed up by a lithium backup 
battery, which will store memories 
for up to seven years. 

32 PL Freauencles. The 
IC-27A and IC-27H come com- 
plete with 32 PL frequenciesready 
to go and are controlled from the 
front panel knob. Each PL fre- 
quency may be selected by the 
main tuning knob and stcfed into 
memory for easy access along 
with frequency and offset. 

~ 

25watt mobile and ~ t s  45-watt 
companion, the IC-25H are 
also available. 

Speech Synthesizer. As an 
added plus, the IC-27A/H features 
an optional speech synthesizer to 
verbally announce the receiver 
frequency of the transceiver 
throuah the simDle touch 

45 Walk. lhe IC-27H provides 
watts ot output power, while 
t IC-27A provides 25 watts of 
tput power. 

45 
the 
oui 

9 Memories. The IC-27A and 
IC-27H have nlne memories ava~l- 

! 7A 
Yatts 

I 
. u . 

Also Available: IC37A 220MHz 
and I G ~ ~ A  UOMHZ Compact Mobiles The World spkIl 
ICOM Amerlca, Inc ,2112-1 16th Ave NE. Bellevue. WA 98004 / 3331 Towerwood Dr~ve. Suite 307, Dallas. 

All stated s~~f~cotionsareapproxrmat~ond subject to chon(~P wtthout not~re or obllgot~on All ICOM rod~osexceed FCC regulal~ons llmlting spurlous emlsslc 



hat To 
m k  For In A 
hone Patch 
IP best way to decide 
bat patch is right for you 
to first decide what a 

tch should do. A patch 
nuld: 

Sive complete control to 
,he mobile, allowing full 
weak in operation. 

Not interfere with the 
iormal operation of your 
Dase station. I t  should 
not require you to con- 
nect and disconnect cab- 
les (or flip switches!) 
every time you wish to 
use your radio as a nor- 
mal base station. 

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

You should be able to 
hear your base station 
speaker with the patch 
installed. Remember. you 
have a base station be- 
cause there are mobiles. 
ONE OF THEM MIGHT 
NEED HELP. 

7he patch should have 
standard features at 
no extra cost. These 
should include program- 
mable toll restrict (dip 
switches), tone or rotary 
dialing, programmable 
p a t c h  a n d  a c t i v i t y  
timers. and front panel 
indicators of channel and 
patch status. 

ONLY SWART PA- 
HAS ALL OF THE 
ABOVE. 

low Mobile 
bperators Can 
njoy An 
iffordable 
'ersonal Phone 
latch. . . 
1Yitlioi1t an expensive 
repeater. 
Using anv FM tranceiver 
as a base station. 
The secret is a SIMPLEX 
autopatch. The SMART 
PATCH. 
IMART PATCH 
B Easy To Install 
) install SMART PATCH, 
Bnnect the multicolored 
Bmputer style rihhon cable 
I n ~ i c  audio, receiver 
 scrimi in at or. PTT. and 
Jwer. A modular phone 
3rd is provided for con- 
ertion to vour phone sys- 
,m. Sound simple? . . . 
- IS! 

Communications Electronics Svecialties. Inc. 

How To Use 
SMART PATCH 
Plnc~ng n call is simple. 
Send your access code 
from your mobile (exam- 
ple: '73). This brings up 
the Patch and you will 
hear dial tone transmitted 
from your base station. 
Since SMART PATCH is 
checking about once per 
second to see if you want 
to dial, al l  you have to do 
is key your transmitter. 
then dial the phone num- 
ber. You will now hear 
the phone ring and sol.-e- 
one answer. Since the en- 
hanced control system of 
SMART PATCH is con- 
stantlv checking to see i f  
you wish to talk, you need 
to simply k w  your trans- 
mitter and then talk. 
Tha t ' ~  right. you simply 
key vour transmitter to 
interrupt the phone line. 
The base station auto- 
matically stops transmit- 
ting after you key your 
mic. SMART PATCH does 
not require any special 
tone equipment to control 
your base station. It sam- 
ples very high frequrncy 
noise present at vour 
receivers discriminator to 
determine if a mobile is 
present. No words or svlla- 
bles are ever lost. 

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

Mobile (or remote base) 
to phone line via Simplex 
hase. (see fig 1 .) 

Mobile to Mohile via in- 
terconnected hase sta- 
tions for extended range. 
(see fig. 2.) 

Trlephone line to mobile 
(or remote hase). 

SMART PATCH uses 
SIMPLEX RASE STA- 
TION EQCJIPMENT. lJse 
your ordina y base sta- 
tion. SMART PATCH 
does this without inter- 
fering with the normal 
use of your radio. 

WARRANTY? 
Yf 5 .  180 days of warran- 
ty protection. You simply 
can't go wrong. 
An FCC tvpe accepted 
coupler is nvailable for 
SMART PATCH. 

i ? 0 .  t3ox 2930. Winter Park. l'loridi~ 32790 
Telephone: (305) 645-0474 Or call toll-free (800)327-9956 
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Mason Logan, K4MT 

. . . with a little help 
from our friends Forrest Gehrke. K2BT 

We hate to  admit it, but we don't know everything there is to know about Amateur Radio. What's more, the field is so 
vast, and expanding so quickly, that we can't even hope to know it all. We try - but there are times when our individual 
and collective wisdom fails and we have to turn to others for help. Perhaps the subject at hand is an idea so new that we 
need to learn more about it ourselves. Or perhaps all we need is confirmation of our opinion that an idea may be unworkable 
because of some flaw in the concept or method proposed. 

When we need a knowledgeable friend to turn to - to review a questionable manuscript, or to clarify, confirm, or correct 
some detail or theory or practice - we turn to one of the four distinguished members of ham radio's editorial board. We 
look to them for two things: first, for their expertise in their specific areas of knowledge and experience; and second, for 
their unique perspective on Amateur Radio. Spanning the past and present, with an eye on the future of Amateur Radio, 
these gentlemen give us a perspective that's easy to lose sight of in the day-to-day business of making sure your copy of 
ham radio arrives each month. 

While we'd like to introduce each one of the members of our editorial board to you personally, that's obviously impossible. 
So we'll do the next best thing and introduce them to you in print. 

Ed Wetherhold, W3NQN. first encountered Amateur Radio in 1947 while in training as an Air Force radio technician. 
A buddy in the barracks had set up a station next to his bunk. Ed was "hooked." He went on to study Radio Engineering 
at Tri-State University in Angola, Indiana, and graduated in 1956. Since 1962 he's been with Honeywell in Annapolis, Maryland, 
where he's responsible for testing communications systems. In addition, he distributes surplus 44- and 88-mH toroidal induc- 
tors in the United States and in the U.K. to facilitate easy assembly of his filter designs, and writes extensively in the interna- 
tional Amateur press. Ed also serves as technical advisor to the ARRL in the area of his specific interest, passive LC filters. 

While Ed found Amateur Radio, Amateur Radio "found" Forrest Gehrke, K2BT. At 10, he was building one-tube 
regenerative broadcast band receivers, using UV-199's and 201A's. One day he inadvertently omitted some turns around 
the oatmeal box, and some fascinating activity on the 160-meter band spilled into his earphones. First licensed as W9WJD 
in 1936, Forrest says he was "bitten by the DX bug shortly afterward when, during sunspot peak openings, you could work 
the world on 10 meters with no discernible power output." He earned an E.E. degree from the University of Wisconsin and 
spent 30 years trying to "push the state of the art" in electron tubes. By the early 19601s, he was working in the development 
of a 10 GHz solid-state power source for the MoonLander's retro-rocket landing control radar. He now wotks in the data 
communications industry, developing packet networks that communicate at 56K bits per second. 

World War II, marriage, and sharing in the raising of eight children caused what K2BT calls "slight intermission" in Amateur 
Radio activities until 1968, when he resumed the push for DXCC he'd begun in 1939. He reached 5BDXCC in 1974, Honor 
Roll in 1978, and is currently aiming for Honor Roll Status solely in the 80-meter band. His special interest: antennas. 

Mason Logan, K4MT, studied physics at CalTech and Columbia and worked with Bell Telephone Laboratories for 50 
years. His early work was in telephone transmission and signalling research; later he designed circuits for underwater acoustic 
and magnetic proximity fuzes, high-loop gain negative feedback amplifiers, and servomechanism circuits for the develop- 
ment model of the NtKEFguided missile analog computer. 

Now and then a problem will come along that demands a theoretical solution. If it pertains to any aspect of electromagnetics, 
we turn to Bob Lewis, WZEBS. Bob started out in Amateur Radio in 1921 (as did K4MT) when he was a 13-year old Boy 
Scout leafing through the pages of his handbook in search of another merit badge to win. The "Wireless" badge caught 
his eye and he ran to the store for some oatmeal - not for the cereal, or course, but for the box that it came in. Finally 
licensed in the early 1930's. he attended Virginia Military Institute and graduated from the University of Pennsylvania. Graduate 
study - including an M.B.A. - followed. 

Bob worked in research at RCA from 1932 through 1939, when he left to join the research team at CBS. (While at RCA, 
incidentally, he worked in the design of the television transmitting antennas atop the Chrysler Building in New York City.) 
He served overseas during World War II, working in radar countermeasures, with the office of Scientific Research and Develop- 
ment. After the war he returned to CBS and then went to Federal Telegraph and Radio. After ITT bought Federal, he joined 
the ITT research group in Nutley, New Jersey. He joined a small group of friends and colleagues in Prodelin, Inc., and spent 
the following 20+ years, until retirement, working in the development of transmission lines and antennas. 

Over the coming months we'll be looking to expand the editorial review board to include others of similar standing, but 
with different areas of expertise. If you have an area of special interest and achievement in Amateur Radio - and aren't 
too modest to admit it - get in touch with us. You don't have to be one of the Founding Fathers of Amateur Radio; if 
you "know your stuff," and want to play a meaningful role in the production of a high-quality technical publication, let us 
know. We'd like to know you. 

Dorothy Rosa. KAILBO 
Assistant Editor 
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Free MFJ RTTY /ASCII /CW software for VIC-20 or C-64 with purchase of 
MFJ-1224, MFJ-1225 or MFJ-1228 from MFJ. Sendlreceive Baudot, 
ASCII, C W. Type ahead buffer. 24 hour clock. Supports VIC printer. Menu 
Driven. MFJ-1224 / 1225 cable. On tape. Available separately for $29.95. 

RTTY /A 
AMTOR 
INTERF, 
C 

- - - -  

~ ~ C O M P U T E R  INTERFACE I 
Lets vou send and receive COIll~uteriZed RTTY /ASCII/AMTOR/CW. Codes . --- 

DGE 
3 
C-64 M 

all shifts and all speeds. Copiei on both mark and space. Sharp 8 pole adtiwe 
filter for 170 H z  shift and CW. Plugs between your rig and VIC-20, Apple, 
TRS-80C, Atari, TI-99, Commadare 64 or other personal computers. Uses 
MFJ, Kantronics, AEA software and other RTTYICW software. I VIc-20/(- - ..lFJ-12ZU 

 FREE MFJ RTTY IASCItlCW S a f t m  
INCLUDES MFJ-1228,SOFTWARE ON TAPE. ADD 
VIC-20 OR C-64 AND RIG TO ENJOY COMPUTER- 
IZED RTTY/ASCII/CW. OROER MFJ-l228/MFJ- 

Most wnatlle RTTY/ ASCII/AMTOR/CW Inter 

MFI RTTY C'N I 
, , , , , COMPL'IZR INTERFACE 

e\r .m. 1w I f "  l 
face mrttldge available for VIC-20 and Commodore 
64 Glves you more features, more performance, 
more value for er interface 
cartridge avail; 

Same lnterh 
Commodore 64 

Choose fmm moo vanmy or M I  I rlASCII/CW. 
even AMTOR software. Not married to 01 
software package. Use MFJ. Kantronlcs 
other software cartridge, tape or disk. 

850 Hz and 170 Hz shifts on recelve m 
Has mark and s p w  outpula for scope LUIIIIIV. 

Normal/Rsvma mltch eilmlnates retunlng. 
True dual channel mark and t p w  lctlvr nlbm and 

automatic threshold correction gives good copy when 
one tone is obliterated by ORM or selective fadlng. 

Easy, pwltlve tunlng with twln LED Indlcators. 
Narrow WIO Hz active CW filter. Automatlc PTT. 
Exar 2206 sine generator for AFSK output. 
Shlelded XCVR AFSWPTT lntrrhcr a b l e  prWld4 

ed Plus or mlnus CW keyed output. FSK out. 
P o w a d  by computer (few ma.), no power adapter 

to buy or extra wire to dangle or plck uphadlate RFI. 
Glass epaxy PCB.Alumlnum enclosure. 4Yzx4Yzxl". 

UNIVERSAL SWL RECEIVE 
ONLY COMPUTER INTERFACE 
FOR RTTY 1 ASCIIIAMTORICW 

your money 
ible. 
m rarmdgc H 
. Plugs into I 
. ...A. ..->-I 

than any 0th - ~ - -  - - - -  

COMPLETE PACKAGE INCLUDES MFJ-1224, SOFTWARE ON TAPE, 
CABLES. YOU NEED ONLY VIC-20 OR C-64 AND RIG TO ENJOY COW 
PUTERIZED RTTY/ASCII/CW. OROER MFJ-1224/MFJ-1264 FOR VIC-20. 
MFJ-1224/MFJ-1265 FOR C-64. $9gg5 
New MFJ-1224 RTTY/ASCII/AMTOR/CW Corn Automatlc tracklng copies drifting signal. 

VIC-20 and w k s  for both 
~ser's port. 
L. -a r,T,..,. 

ne on-board 
, AEA plus puler Interface lets you use your personal computer 

as a computerized full featured RTTY/ASCIi/ 
AMTOR/CW station for sending and receivlng. Plugs 
between rig and ViC-20, Apple, TRS-BOC. Atari. 
TI-99. Commodore 64 and most others. 

Use MFJ sottware for VIC-20. Commodore 64 and 
Kantronics for Apple, TRS-BOC. Atari, TI-99 and 
most other software for RTTY/ASCII/AMTOR/CW. 

Eeay, porltlva tunlng wlth twin LEO Indicators. 
Copy m y  shift (170,425,850 Hz and all other shifts) 

and any speed (5-100 WPM RTTY/CWand up to 300 
baud ASCII). 

Coplm on bath mark a d  iprer, not mark only or 
space only, to improve copy under adverse condltlons. 

Sharp 8 pole 170 Hz shWCW fllhr glves 
good copy under crowded, fading and weak Signal 
conditions. Automatic noise limlter suppress static 
crashes for better copy. 

Normal/Rweru swltch eliminates retunlng. +250 
VDC loop output drives RTTY machine. Speaker jack. 

Exar 2ZM slne generator glves phase continuous 
AFSK tones. Standard 2125 Hz mark and 2295/2975 
Hz space. Microphone line: AFSK out. AFSK ground, 
PTT out and PTT ground. 

FSK keylng output. Plus and minus CW keylng. 
CW transmit LED. External CW key jack. 

Kantmnles mmpatlble socket. 
Excluslve general purpote lodcrt allows interfac- 

ing to nearly any personal computer wlth most appro- 
priate software. Available TTL Ilnes: RTTY demod 
out. CW demod out. CW-ID Input. +5 VDC, ground. 
All signal lines are buffered and can be Inverted 
using an internal DIP switch. 

Use Galfo software with Apple, RAK with VIC-20. 
Kantronlcs wlth TRS-80C. TI-99. N4EU with TRS-80 
Ill. iV. Some computers with some software may re- 
quire some external components. 

Metal cabinet. Brushed alum. from. 8xl%x6 in. 
12-15 VDC or IlOVAC with adapter. MFJ-1312.69.95. 

MFJ-1223, $29.1. RS2S lu MFJ-1224. 

~d transmit. 
4.. ^I"^ 

SUPER RTTY FILTER CW INTERFACE CARTRIDGE 
FOR VIC-20 / C-64 

- Hlnh p o r t o m  CW 

\ Inbrfaea cartrldge Gives 
I* excellent performance 

$ 39 M F J - ~ ~  under weak, crowded, noisy 
mndltlons. Works for both VIC-20 and Commodore 

E MFJ R T T Y I A S C I I I C W  M w a r e  
TAPE AND CABLE FOR VlC-Rl  OR C-M ORDER MFJ-12251 
MFJ-1261 FOR VlC-Rl  OR MFJ-lZS/MFJ-1265 FOR CU. 

Use your personal computer and communications 
recelver to recelve commercial, military and amateur 
RTTY/ASCII/AMTOR/CW traffic. 

Plugs M w m n  n c r l w r  a d  VIC-20. Apple. TRS- 
BOC, Atari. TI-99, Commodore 64 and most other 
personal computers. Requires appropriate software. 

Use MFJ, kantronlcs. AEA and other RTlY/ 
ASCII/AMTOR/CW software. 

Copla all i h l tb  a d  all iw. Twln LED lndlcatas 
makes tuning easy, positive. Normal/Rsverse swltch 
ellminates tuning for Inverted RTTY. Speaker out 
jack. Includes cable to Interfaca MFJ-1224 to VIC-20 

flltsr greatly 
Improves copy under 
crowded, fading and weak slgnal condltlons.lmproves 
m y  RTTY receivlng system. 8 pale bandpass active 
filter for 170 Hz shift (2125/2295 Hz mark/spaca). 200 
or 400 Hz bandwidths. Automatlc nolse Ilmiter. Audio 
in, speaker out jacks. On/off/bypass switch. "ON" 
LED. 12 VDC or 110 VAC with optlonal AC adapter, 
MFJ-1312. $9.95. 34x1 Inch aluminum cabinet. 

or Commodore 64.4%xl %x4% Inches. 12-15 VDC Or 
110 VAC wlth optional adapter. MFJ-1312. $9.95. 

64. Plugs Into user's port. 
4 pole im HZ m n w d n ,  rcltrr nw. two HZ 

center frequency. 3 pole active lowpass post detedlon 
filter. Exclusive automatic tracking comparator. 

Plul and mlnus CW krylng. Audio In, speaker out 
jacks. Powered by computer 

Includes Basic llsting of CW transmit/receive pro- 
gram. Available on cassette tape, MFJ-1252(VIC-20) 
or MFJ-1253(C-64).$4.95 and on software cartridge. 
MFJ-1254(VIC-20) or MFJ-1255(C-64).$19.95. 

You can also use Kantronlcs. AEA ather software. 
Also copy RTTY wlth single tone detection. 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO 
OBUOATION. IF NOT DEUGHTED. RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND (LESSSHIPPING). 

One year uncondltbul guarantee Made in USA. 
Add $4.00 each shipping/handling Cellotrrltr MFJ ENTERPRISES. INC. 

lu hr atabg. mr 100 productl. Box 494. Mississippi State, MS 39752 

TOORDER011FORYOURNEARESt 
DEALER. CAU TOU-FREE 

800-647-1800. Cali W-323-5069 
in Miss. ana outslde continental USA 
Telex 53-4590 MF J STKV 

More Details? CHECK-OFF Page 140 f l  153 August 1984 7 



THE MOST AFFORDABLE 
0.- - - 0*rl-.- ,-., /' ~ r r - - =  -+ 

REPEATER 
, 

ALSO HAS THE MOST IMPRESSIVE . 
PERFORMANCE FEATURES I ' 

I 
(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) ------------ 

JUST LOOK AT THESE PRICES! 

Band Klt  WlredlTesM - 
lOM,6M,2M,220 $680 $880 

440 $780 $980 

Both kit and wired Units ere wmplek, with ell psrls modules, herdwere, end crystals 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also evsllebb lor remote site Ilnklng, cmesbend, end remore base. 

FEATURES: 
SENSITIVITY SECOND TO NONE; TYPICALLY 
0.1 5 uV ON VHF, 0.3 uV ON UHF. 

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

OTHER GREAT RECEIVER FEATURES: FLUTTER- 
PROOF SOUELCH. AFC TO COMPENSATE FOR 
OFF-FREO TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

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

I HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES / RECEIVER MODULES 

1 R144 Shown 

R144lR220 FM RCVRSfor 2M or 220 MHz. 
0.1 5uV sens.; 8 pole xtal filter & ceramic filter 
in i-f, helical resonatorfront end for exceptional 
selectivity, more than -1 00 dB at f 12 kHz, 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

R451 FM RCVR Same but for uhf. Tuned line / front end. 0.3 uV sens. Kit only $138. 

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

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

I commercial bands. As above, but wlo AFC or 
hel. res. Kits only $1 18. I T451 UHF FM EXCITER 2to3 Wattson450 
Also avail wl4 pole filter, only $98lkit. ham band or adjacent freq. Kit only $78. 

A1 6 RFTIGHT BOX Deepdrawn alum. case 
with tight coverand no seams. 7 x8  x 2 inches. 
Designed especially for repeaters. $20. 

I RllOVHFAM RECEIVER kit forVHFaircrafl 
band or ham bands. Only $98. 

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

HELICAL RESONATOR FILTERS avallablc 
separately on pcb wlconnectors. 

VHF8 UHF LINEAR AMPLIFIERS. Use on 
either FM or SSB. Power levels from 10 to 45 
Watts to go with exciters& xmtg converters. 
Several models. Kits from $78. 

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

COR -2 KIT With audio mixer, local speake 
amplifier. tail 8 time-out timers. Only $38. 

COR-3 KIT as above, but with "courtes! 
beep". Only $58. 

CWlD KlTS 158 bits, field programmable 
clean audio, rugged TTL logic. Kit only $68 

DTMF DECODERICONTROLLER KlTS 
Control 2 separate onloff functions wit1 
touchtones", e.g., repeater and autopatch 
Use with main or aux. receiver or with Auto 
patch. Only $90 

AUTOPATCH KITS. Provide repeater auto 
patch, reverse patch, phone line remotc 
control of repeater, secondary control v i ~  
repeater receiver. Many other features 
Only $90. Requires DTMF Module. 

NEW - SIMPLEX AUTOPATCF 
Use w~ th  any transceiver. System include 
DTMF & Autopatch modules above and net 
Timing module to providesimplexautopatcl 
and reverse autopatch. Complete patcl 
system only $200/kit. Call or write for details 
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I tiatntronics Breaks 
the Price Barrier! 

C j t .3E- - 
, No Need to Pay= toS125 

for a GaAs FET Preamp. 
FEATURES: 
*Very Low Noise: 0.7 dB VHF, 0.8 dB UHF 
H i g h  Gain: 18 to28 dB, Depending on Freq. 

Wide Dynamic Range foroverload Resistance 
Latest Dual-gate GaAs FET, Stableover Wide 
Range of Conditions 
Rugged, Diode-protected Transistors 
Easy to Tune 
Operates on Standard 12 to 14 Vdc Supply 
Can be Tower Mounted 

MODEL . TUNES RANGE PRICE 

26-30 MHz 
46-56 MHz 

137-1 50 MHz 
210-230 MHz 
400-470 MHz 

30-46 MHz 
150-172 MHz 

For SSB. CW, ATV. FM. 18tc. \Vhy pay b ~ g  
bucks lor a mult~ mode r ~ g  for each band? Can 
be linked with receiveconverters for transceive. 
2 Watts o u t ~ u t  vhf, 1 Watt uhf. 

Exciter Antenna 
Input Range Output 

For VHF. 26-30 144.146 

Model XV2 
26-29 145-146 
28-30 50-52 

Kit $79 27-27.4 144-144.4 
Wired $149 28-30 220-222' 
(Specify band) 50-54 220-224 

144-146 50-52 

I 50-54 144-148 
Models to cover every practical rf & if range to 144-1 46 26-30 
listen to SSB. FM. ATV, etc. NF = 2 dB or less. 

Antenna Receiver 
lnput Range Output 

VHF MODELS 28-32 144-148 
50-52 28-30 

Kit with Case $49 50-54 144-1 48 
Less Case $39 144-146 28-30 
Wired $69 145-147 28-30 

144-1 44.4 27-27.4 
146-148 28-30 
144-146 50-54 
220-222 28-30 
220-224 144-1 48 
222-226 144-148 
220-224 50-54 
222-224 28-30 

28-30 432434 
For UHF. 28-30 435437 
Model XV4 50-54 432-436 
Kit $99 61.25 439.25 
wired $1 69 144-148 432-436. 

'Add $20 for 2M input 

- 'S.' 

UHF MODELS 432-434 28-30 
435-437 28-30 

Kit with Case $59 432-436 144-148 
Less Case $49 432-436 50-54 

439 25 Our trndlt~onal preamps, proven ~n years of Wired $75 61.25 
service Over 20.000 In use throughout the 
world. Tuneable over narrow range. Spec~fy LoOK AT THESE 

AlTRACTlVE CURVES! 
on any scanner. Wired/tested Only $88. 

Typicel Selecltvily C w s  
FM-5 PC Board Kit -ONLY $1 78 at Receiven and 

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

Model Tuning Range - Price 

HRA-144 143-150 MHz $49 
HRA-220 213-233 MHz $49 
HRA-432 420-450 MHz $59 
HRA-( ) 150-1 74MHz $69 
HRA-( ) 450-470 MHz $79 

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

Cab~net Kit, complete 
with speaker, knobs. 
connectors, hardware. 
Only $60. 

While supply 
lasts, get $60 

cabinet kit free when 
vou buv an FM-5 Transceiver kit. 

IMPORTANT REASONS WHY 
YOU SHOULD BUY FROM THE 
VALUE LEADER: 
1. Largest selection of &f and uhf kits 

in the world. 

Exceptional quality and low prices due 
to large wlume. 

Fast deliwry; mostkits shippedsame day. 

Complete. professional instruction 
manuals 

Prompt factory service amtlable and 
free phone consultation. 

In business 2 1 yeers. 

Sell more repeater modules than a// r where else csn you set a complete transceiver I other mlrs. and have lor p a n .  Can giw 
for only $1 78 quality features lor much lower cost. 

More Details? CHECK-OFF Page 140 7 141 August 1984 9 



SOME COMMERCIAL INCJRSION INTO THE AMATEUR 220-225 MHz BAND is still very possible, 
according to informed observers of the Washington and Land Mobile scene. Despite 
strong denials at high FCC levels, there's an'-oagoing belief in some circles that at 
least a portion of the band (some say as much as half!) could be reallocated to Land 
Mobile in the near future. If so, it would likely go for a narrowband technology 
such as ACSB. 

A Proposal To Permit Novice Phone Operation On 220 MHz has been submitted to the FCC 
by WA2MCT and WD5DON as a Petition for Rulemaking. Opposition to their proposal since 
it was first suggested has bezn very strong, both at the Dayton Hamvention 220 MHz Forum 
and in letters to "220 Notes. K9XI's national 220 MHz Newsletter. 

In An Unrelated Move, A 224.750 MHz Experimental License has been granted to the 
University of Illinois' Wallops Island. Virginia, test facility "to support research in . . 
ionospheric radio propagation- required. by U ~ S .  ~overnment contkact . "  

420-430 MHZ IS NO LONGER AVAILABLE TO U.S. AMATEURS located within 75 miles of the 
Canadian border. The ball results from Canada's decision several years ago to allocate the 
bottom 10 MHz of the 70-cm band to land mobile, and a consequent agreement between its DOC 
and the FCC to protect Canadian land mobile users from possible U.S. Amateur interference. 
Though the protection band, which actually exceeds 75 miles in some areas. has theoreti- 
cally been in effect for some time, the F ~ C  has not yet begun to actively'enforce it. 

Included In The Protection Band Are Such Major U.S. Cities as Seattle and Duluth, most 
of Michigan (including Detroit). Toledo. Cleveland. Erie. at least half of the states of 
New YorkT Vermont. ana New ~am~shire. and most of Maine. 'includine Baneor! A 75-mile band " - - 

of protection also extends along the Alaska-Canada border, encornpissing Juneau and Ketchikan. 
U.S. Land Mobile Stations Using Frequencies Betvetin 30 And 470 MHz In The Protected Areas 

are also affected, but can receive clearance for licensing on a non-interfering basis. U.S. 
land mobile stations with an ERP under five watts do not reauire anv Canadian coordination. 
However, there is no such leeway for Amateur operations along the borders. 

Unusual Si nals Ma Be Encountered In The 70-cm Band By Amateurs in much of New York, 
New Jersey, akd Penns;lvania in comTng months. Grumman ~ e r o s ~ s a s  received an FCC ex~eri- 
mental license to ope;ate on various Trequencies between 424 and 446 MHz within a 150-miie 
radius of Binghamton, New York, in connection with work on the E-2C system. 

A THIRD AMATEUR HAS BEEN NAMEDZBECOME AN ASTRONAUT BY NASA. Ron Parise, WA4SIR, a 
scientist employed by NASA at Greenbelt, Maryland, is scheduled to make his first trip on 
the Space Shuttle in 1986. He joins W5LFL, who conducted the first Amateur operation from 
space late last year, and w~ORE. who's UD for his first Shuttle trip next s~rine. - 

Amateur operation During WOORE ' s ~lpcoming Shuttle Flight has bee; formaliy proposed by 
the ARRL and AMSAT. In their joint proposal the two groups stated their goal was to involve 
as many Amateurs as possible, particularly through scEool-and club stations. In addition to 
2-meter EM such as W5LFL used, a 10-meter downlink for 2-meter audio and SSTV pictures from 
the Shuttle has also been suggested. NASA's decision is expected soon. 

SIMPLEX AUTOPATCHES MUST HAVE A SEPARATE CONTROL MEANS ON ANY AMATEUR BAND, not just below 
220.5 MHz. Confusion arose with the- ARRL Executive Committee's recent adoption of a reauire- 
ment that all ads for simplex autopatch devices state ;heir use is not- permitted " .  :.in the 
2-meter band, or on any other frequency below 220.5 MHz . . .  without a separate control link. 
The FCC requires positive transmitter control on all Amateur frequencies-not just 2 meters- 
but feels the real issue is whether the simplex autopatch is really "Amateur Radio" rather 
than how existing rules can be bent to fit its operation. 

VOLUNTEER EXAMINER COORDINATORS HAVE NOW BEEN ACCEPTED IN ALL AREAS, with the appoint- 
m e n t ~ ~  Re ort xt;r Publisher, Fred Maia, as a VEC or a istricts. The Zero 
D i s t r i c t h a :  a risident" VEC. the PHD Radio Clubffromlhi::oiri; until Maia's 
acceptance, the First District was the last still lack in^ a VEC. 

ARRL A lied To Become A-VEC In All 13 Areas June 27. In their 1-1/2 page proposal, 
down*from an earlier 10-80 page draft. the Leagu; still remained adamant that its 
active participation wouldn't begin-until the FCC authorized collection of exam fees. How- 
ever, it still looks very likely that the fee proposal will be adopted in some form before 
the FCC's summer recess begins August 1. The height of the "Chinese wall" between the 
League's publishing business and its VEC organization is still a likely problem area. 

Well Over 1000 Exams Have Now Been Given Under VEC Direction, and the program seems to be 
working quite well in most areas. Most VECs expect to be ready to give Advanced and Extra 
Class exams by the end of July, and the Second District VEC, Metroplex, will be giving Novice 
through Extra Exams at the ARRL National Convention in New York July 21-22. 

ARRL'S PETITION TO-HAVE CABLE TV KEPT OFF THE AMATEUR BANDS has been rejected by the FCC. 
However, in their rejection the Commissioners put the cable TV industry firmly on notice that 
it has an obligation to prevent and remedy leakage problems, to all services. 
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Ham Radio's 
BOOK STORE 

I BUILDERSy SPECIAL 
CMOS COOKBOOK IC OP AMP COOKBOOK 

by Don Lancaster by Walter Jung 
CMOS is today's state-of-the-art! It's low cost. 
widely available and uses an absolute minimum of 
power. It's also fun to work with and very easy to 
use. The CMOS Cookbook is written to help you 
use CMOS and is chock-full of practical circuits 
and does not dwell on math or heavy theory. Eight 
chapters cover just about every aspect of CMOS 
usage. Projects Include high-performance op-amps. 

typewriter, digital instruments, music synthe- 
slzers. vldeo games and more. 01977.  1st edi- 
tion, 414 pages. 
021398 Soff bound $13.95 

This second edition is broadly updated in terms of 
device coverage. I t  includes the latest in state-of- 
the-art developments such as J Fet and MosFet in 
both single and multiple formats. This cookbook is 
edited into three basic parts. Part I introduces the 
IC op amp and discusses general considerations. 
Part II covers practical circuit applications. Part Ill 
is an appendix consisting of manufacturers and 
data sheets and other pertinent information. With 
the same clear, easy-to-read format of the flrst 
edition, you'll find the wealth of information, as 
well as over 200 practical circuit application's, to 
be invaluable. @1980, 2nd editlon, 480 pages. 
021695 Softbound $15.95 

MODERN DICTIONARY OF 
ELECTRONICS - 6th Edition 

by Rudolf Graf 
This book should be in every ham's library. I t  has 
over 20,000 terms unique to electronics and other 
closely related fields. 3000 additions to the 5th 
edition and twice the size of the 1st edition! From 
A or angstrom to zoom lens, you'll find it in this 
u~dated dicttonaw. 6th edltlon. 61984.  1152 
pages. 
~ 1 2 2 0 4 1  Hardbound $39.95 

TTL COOKBOOK 
by Don Lancaster 

Despite the advent of CMOS, there is still plenty of 
design work being done with TTL circuitry. This 
book gives you a broad overview of exactly what 
TTL is, how it works and is full of desion ideas 
and practical clrcults. Some areas that Feceyveat- 
tenrion are, fllo-floos, clockea IOOIC. counrers and 
counting techniques, noise generators and much 
more. You also yet a complete discussion of prac- 
tical TTL applications including digital counter, 
events counter, stopwatch and voltmeter to name 
just a few. 01974,  1st edition, 333 pages. 
021035 Softbound $12.95 

ACTIVE FILTER COOKBOOK 
by Don tancaster 

Active filters are unique combinations of ,integrated 
circuits, resistors and capacltors They glve excel- 
lent performance from sub-audlble to ultrasonic 
frequencies. And they are relative1 low in cost, 
simple to design and construct. ~ { i s  book is writ- 
ten for the user and will help you tallor filters to 
specific needs or applications. Ten chapters are 
full of helpful information and are illustrated wlth 
plenty of drawings and circuits. t11975, 1st edi- 
tion, 240 pages. 
021168 Softbound $14.95 

DESIGN OF OP AMP CIRCUITS 
by Howard Berlin, W3HB 

SOLID STATE CIRCUIT FILES 
Op amps are a versatile and inexpensive integrated 

by Ed Noll, W3FQJ 
circuit. They can be used for linear amplifiers, dif- These two volumes are full of interesting circuits. 
ferentlators. Integrators, voltage and current con- Volume 1 covers in three major sections; bipolar 
verters, comparators, rectifiers, oscillators and transistors, field effect transistors and linear inte- 
more. The text includes 37 different uses and ap- grated circuits. Volume 2 has two major sections; 
plications for op-amps. Ten complete chapters transistor logic digital circuits and CMOS circuit 
detail just about every facet of the op-amp in an design. Over 60 basic and more advanced circuits 
easy-to-read format. Beginners will find this book allow for experimentation and study. Wherever 
helpful in understanding exactly how an op-amp possible, low cost devices are used to facilitate 
works. 1st edition. 01977.  221 pages. breadboarding. Ideal for schools or home study. 

021537 Both editions 01980. 1st edition. $11'95 Vol. 1 Bipolar Transistor FET and Linear IC 

DESIGN OF ACTIVE FILTERS 
WITH EXPERIMENTS 

by Howard Berlin, W3HB 
Here's an excellent introduction to the theory, im- 
plementation and design of active filters us~ng the 
741 op-amp. Thls book starts the reader wlth an 
introduction to the 741 op-amp and then pro- 
gresses to filter design basics. Also covered are 
first order low and high pass filters, second order 
voltage controlled voltage source filters, second 
order multtple feedback fllters and more. Through- 
out the book, experiments are $ven to enable you 
to gain first hand experience on just how each fil- 
ter operates. Great for all levels of electronic inter- 
est. 1st edition. 01977.  239 pages. 
0 2 1  539 Softbound $10.95 

021753 $8.95 
Vol. 2 TTL and CMOS Circuits 

021754 $8.95 

MICROPROCESSOR CIRCUITS 
by Ed Noll, W3FQJ 

Volume 1 presents baslc concepts an0 lunoamen- 
tal circults of microorocessor svstems. Volume 2 
presents m~croprocessor I10 clfcu~ts and program- 
mable controllers Each volume IS written and 
edlted in an uncom~llcated manner By uslna the 
experience garned Ifom these books, the reaoer 
can orooress to hlaher levels of comDuter com- 
plexity i i t h  a minimum of problems.'Every at- 
tempt is made to keep costs down so that experi- 
mentation is facilitated. Both books. 1st edition, 
01983.  
Vol 1 Fundamentals & Microcontrollers 

021877 $9.95 
Vol 2 110 Interfacing and Programmable 

DESIGN OF PHASE LOCKED Controllers 021977 $9.95 
L ~ ~ P ~ C I R C U I T ~  WITH 
EXPERIMENTS 

by Howard Berlin, W3HB 
Due to prohibitive costs, the, phase loop circuit did 
not become widely used untll the development of 
the monolithic lC and the Incorporation of c o m  
plete PLL circuitry lns~de these solid state devlces. 
This book sefves as an introduction to the theory, 
design and implementation of PLL using a variety 
of TTL and CMOS devices. Opening with an intro- 
duction of PLL, this book covers in a basic build- 
ing block approach, the phase detector, voltage 
controlled oscillator and the loop filter. Appendices 
include manufacturers design information and de- 
scription of breadboarding techniques. Experiments 
are included to ensure the reader fully understands 
PLL design nuances 1st ed~tion, 01978,  255 
pages. 
1121545 Softbound $10.95 

ELECTRONIC PROTOTYPE 
CONSTRUCTION 

by Stephen D. Kasten 
Here's a great book for either the beginner looking 
to try electronic prototyping for the first time or 
the expert looking for a handy reference guide. 
Areas covered include wire wrap and related tech- 
iques such as solder pad and perf. board asembly. 
When rough schematics are converted to PC 
boards, this book will help you through all the pit- 
falls of PC board design. It will also give you 
handy tips,on how to make PC boards simply, 
with a minimum of fuss. Flnally, when the project 
is nearing completion, you must consider packag- 
ing or how to put i t  all together In an attractive 
but functional package. Great reference book! 1st 
edition. 01983,  399 pages. 
021895 Softbound $17.95 

PLEASE ADD $2.50 FOR SHIPPING AND HANDLING fl 140 
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a 3CX800A7 linear amplifier 
1500 watts out 

on 10-1 60 meters, 
using a pair of 
EIMAC's new 

compact tubes 

It took me about thirty seconds to accept ham 
radio's invitation to design and build a new high- 
frequency linear amplifier centered around EIMAC's 
new 3CX800A7 triode. I decided immediately that the 
design should capitalize on the small size of the tubes, 
cover the 10 through 160 meter bands, and be capable 
of meeting the new 1500 watt output power limit on 
a continuous basis. In other words, I wanted a small 
desk-top amplifier that "growled." My approach to the 
project was similar to the modular technique described 
in my previous ham radio article1 and to the structured 
approach to equipment design outlined earlier in QST.2 

In this article, I have made a special effort to pro- 
vide the detail necessary to allow readers to easily 
duplicate my efforts. I have provided detailed layouts 
of the circuit boards and tried to identify sources for 
the parts where available. Readers who duplicate the 
design exactly should experience few problems. 

Some unusual parts - a 500 pFl3000 volt vacuum 
variable capacitor and an RF vacuum relay - for ex- 
ample - are used. In each case, effort has been made 
to identify these parts and suggest alternative com- 
ponents that are more readily available. 

I have also included construction details for a rnatch- 
ing high voltage power supply. Remember that a well- 
regulated power supply is one key to making an am- 
plifier perform well. 

RF deck circuit design 
The amplifier is designed around a pair of ElMAC 

3CX800A7 high-mu power triodes that are capable of 
15 dB gain. The tubes are very compact, measuring 
only 2-1 /2 inches (6.35 cm) high and 2-1 /2 inches in 
diameter. A matching socket, chimney, and plate 
connector are also available. 

The amplifier uses a tuned input network (fig. 1) 
ganged to the main band switch to minimize distortion 
products and provide a good match to the exciter. 
Maximum SWR presented to the exciter is 1.3:1. 
Because of the high gain of the tubes (i.e. 15 dB) 
only about 60 watts is needed to drive the amplifier 
to the new 1500 watt output power limit. Therefore, 
a very effective ALC circuit (see fig. 2) also has been 
included to control drive power. (See ALC module PC 
board and component layout.) 

Output matching is accomplished using a Pi-L cir- 
cuit designed for a Q of 12. Toroids in both the input 
and output circuit have been used for compactness. 

Also included is a very effective grid trip circuit that 
latches the amplifier out of operation should the grid 
current exceed 90 milliamperes (45 milliamperes per 
tube). This feature provides positive protection for the 
tubes against excessive grid current. This is especial- 
ly important with these tubes since the grids are 
capable of dissipating only 4.0 watts. If the protec- 
tive circuit does trip, it can be reset by pushing a front 
panel mounted switch. However, the reason it tripped 

By Jerry L. Pittenger, K8RA, 2165 Sumac Loop 
South, Columbus, Ohio 43229 
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SECTION A-A  

Top view of amplifier: Note shield for filament transformer; 
finger stock isolates meter compartment from main RF com- 
partment. 

in the first place should be determined before resetting 
the switch. 

Additional protective devices include a solid-state 
time delay circuit that prevents operation of the ampli- 
fier for approximately 3 minutes until the indirectly 
heated cathodes of the tubes are properly conditioned. 
The HV can not be turned on during this period. After 
warm-up, a relay actuates that allows the amplifier to 
be keyed up by the exciter and also sends AC power 
to the HV power supply to allow HV to be applied to 
the plates ,of the tubes. 

A regulated 26 VDC power supply has been included 
to provide power for meter and switch pilot lights and 
relay control. The supply is regulated to avoid pilot 
light dimming under varying current Loads. 

amplifier control circuitry 
The control circuitry for this amplifier is quite sim- 

ple. 110 VAC enters the RF deekcontrol oircuit (fig. 
3) from the HV power supply. When the front panel 
FIL power switch is actuated, AC power is applied to 
the blower, filament transformer and 26 VDC regulated 
power supply module. (See PC board and component 

sr layout.) The 26 VDC supply, in turn, applies power 
- to the timing module, which starts the three minute 

P1! a! warm-up cycle. When the warm-up cycle is over, the 
meter lights come on indicating that the amplifier is 

- ready to operate. Note, actuating the front panel " H V  
power switch will not send power to the HV power I '; supply until the 3-minute warm-up cycle has 
completed. 

The 26 VDC power supply uses an LM317 voltage 
f regulator which can malfunction in the presence of 
rr strong RF fields. Consequently good design practices 

require careful placement. In this design, the 26 VDC 

Mounting details for 3CX800A7. Sockets and chimneys a h l -  supply is located up in the front meter compartment 
able from EIMAC. far away from RF. 
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CONTROL CABLE 

PZ B - L I N E  
P 7  HIGH VOLTAGE METER INPUT 

fig. 1. 3CX800A7 RF deck schematic. 

( F I G  11 
R F 

ALC ADJUST 

Exoept as lndtcaled, decimal 
valuer 0)  ~ a p 5 c l l a n ~ e  are In micro. 
bnds LF]; orharr an In plcokr. 
ads IpFk r#slrtanc.r are m ohms. 
k = ?.OW M = 1.WO.W 

fig. 2. ALC module schematic. 

Under normal operation, a pair of tubes draws about 
30 mils. Therefore, I have the circuit adjusted to trip 
at 90 mils of grid current. When the circuit trips, relay 
RL3 (see fig. 1) is actuated which breaks the VOX line, 
thus deactivating the amplifier and lighting the "grid 
trip reset" push button on the front panel of the am- 
plifier. It is necessary to push the RESET button to 
put the amplifier back into operation. Of course, one 
should determine why the amplifier exceeded 90 mils 
before resetting. 

The circuit is actually quite simple. As grid current 
flows through R1, a voltage is developed across the 
resistor. The grid trip actuates when transistor Q1 is 
turned on (approximately 0.6 volts appears on the 
base). For example, if the base of Q1 were tied directly 
to R1, 60 milliamperes would generate 0.6 volt 

grid-trip protection circuit ( E  = I R  = 0.060 x 10 = 0.6 volts). But this current 
A grid trip module has been included to disable the is too low in normal operation to trip the grid current 

amplifier should the grid current rise to levels protection circuit. Therefore, a voltage divider is 
dangerous to the tubes. A pair of 3CX800A7s is rated needed if a current different than 60 milliamperes is 
for a maximum grid current of 120 milliamperes (mils). desired to actuate the grid trip. This voltage divider 
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RFC 

is created with the trim pot R2, which can be used 
to adjust the level at which the circuit trips (Q1 is 
turned on). 

If 0 1  turns on, relay RL3 actuates, grounding the 
relay coil and taking the load off transistor 01. If this 
feature were not provided, the transistor would start 
gating the amplifier on and off. Therefore, it is essen- 
tial to latch the grid trip relay closed. When RL3 is 
closed another set of contacts breaks the VOX line, 

I S I A  (FILJ 

R z m n  
NETWORK 

TO RLS 
(F IG 4 1 

1 ko;:; TO 

TIMING 

All circuit boards are made from glass epoxy boards and laid 
out using dry transfers from Radio Shack. (Letter codes refer 
to ready-to-use PC board artwork printed on page 139.) 

disabling the amplifier. Another set of contacts applies 
power to the grid trip reset pilot light on the front panel 
indicating to the operator what has happened. Pushing 
the reset button on the front panel breaks the coil line, 
which in turn unlatches relay RL3 and puts the ampli- 
fier back into normal operation. (See grid trip module 
PC board and component layout.) 

I have~sed this circuit in several different amplifiers. 
It is a good addition to any amplifier that you might 
build considering the high price of tubes. 

--)MODULE 
(FIG 4 ) 

T I  

0 ]lIE::v 

solid-state timing module 
The 3-minute timing circuit used to insure proper 

conditioning of the 3CX800A7s cathodes is shown in 
fig. 4. When the 26 VDC power supply comes on, cur- 
rent begins to flow through the 5.5M resistor R1, 

RFC - - 
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ALC module (component view). 

charging the 22 pF capacitor, C1. As C1 charges, the 
voltage is applied to the base of a Darlington configu- 
ration (Q1 and 02) which forms an emitter follower 
circuit. Therefore, the emitter of the Darlington follows 
the voltage charge on capacitor C1. The Darlington 
is necessary to present a high impedance to C1 which 
would otherwise drain through the transistor. Relay 
RL5 is a 12 VDC relay that actuates at approximately 
8.1 volts. Therefore when the voltage on C1 causes 
the emitter of 02 to reach 8.1 volts, relay RL5 actuates 
allowing amplifier operation. Of course, this takes ap- 
proximately 3 minutes. 

Relay RL5 is a 4PDT relay. Two poles are wired in 
parallel and apply power to the HV power switch 
located on the front panel. Therefore, the HV power 
supply cannot be turned on during the warm-up 
period. Another set of contacts on RL5 is used to con- 
nect a 3-megohm resistor to C1 to discharge the 
capacitor thus resetting the timer module. This is a 
protective circuit to insure that a 3-minute warm-up 
cycle occurs should the amplifier be turned off for a 
short time and then turned back on. The fourth set 
of contacts serves three purposes. First, the meter 
lights come on, indicating an amplifier-ready condi- 
tion. Second, 26 VDC is sent to the hot side of relay 
RL5 in the timing module itself thus latching the relay. , 
This takes the power load off the Darlington and allows 
the reset function discussed above. Diode CR2 pre- 
vents the voltage on the VOX line to rise with the emit- 
ter on 02. Third, 26 VDC is sent to the VOX line to 
allow the amplifier to be keyed up. 

Note that it is extremely important to get a high 
impedance Darlington with very low leakage current 
to make this circuit work properly. I originally tried 
three different single package Darlingtons with no 
success. The transistors used are readily available 
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26 VDC regulated power supply (component view). 
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fig. 4. Solid-state time delay schematic. 



from Radio Shack and I recommend you use these ex- 
act components. (See timer module PC board and 
component layout.) 

operating bias circuit 
Operating bias is generated through use of a high- 

power 2N3055 NPN tr,ansistor ((32) which is biased by 
a 1-watt zener diode to function as a high power zener 
(see fig. 1). This circuit includes readily available com- 
ponents and provides an easy way to adjust the bias 
voltage merely by changing the 1-watt zener diode be- 
tween the base and collector of the 2N3055. This am- 
plifier is biased with 8.2 volts which results in a 40 milli- 
ampere zero signal resting plate current. 

This circuit is much easier to work with than the 
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Filament voltage meter module (component view). 

- 
JUMPER I ",":5"ETY: 

- 

I - 
vex I L I N E  

I G I 1 0  - T R I P  

I 

more conventional 50-watt zener diodes. Here in the 
Midwest the 50 watt TO3 case zeners are very expen- 
sive special order items. 

The bias circuit also has a 1.5 amp fuse to protect 
against excessive current. The current flowing through 
this circuit is the sum of the plate and grid current 
drawn by the tubes. 

In the standby mode, the amplifier is biased to cut 
off (i.e. zero static plate current) by voltage generated 
by the current flow through the 39K resistor, R4. The 
resistor is shorted in the transmit mode by a set of con- 
tacts on the RF input relay RL1. 

The bias circuit in the amplifier has been constructed 
as a single module. The module is located on the side 
wall of the cabinet next to the tube sockets and RF 
choke RFC5. (See bias module PC board and compo- 
nent layout.) 
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metering circuits 

- +26VOC 

- GRID 
METER 

Metering is provided for plate current, grid current, 
high voltage, and filament voltage'. 

Plate current is monitored at all times. This meter 
is in series with the B - lead. 

The other metered values are selected on the multi- 
meter. The meter can be anything from a 100 micro- 
ampere meter to a 5 milliampere meter full scale. You 
can make any of the meters work by choosing the 
proper calibration resistor. I used a 1 mA movement. 

Grid current is measured,by monitoring the voltage 
across the 10-ohm resistor (R1) through which grid 
current is drawn (refer to the discussion on the grid- 
trip module). Trimpot R3 is used to calibrate the meter 
to read full scale when 100 milliamperes is drawn 
through R1. 

High voltage is measured by monitoring a low 
voltage value developed by a voltage divider in the 
power supply. This voltage should be kept very low 
since it is sent through the control cable that connects 
the amplifier to the power supply. 

Filament voltage is very simple to monitor (see fig. 
5) and often an ignored value in amplifier designs. A 
filament voltage that is too high can lead to premature 
tube failure. The meter has been calibrated from 10 
to 15 volts. A 9.1 volt zener diode and a silicon diode 
are used to convert the AC filament voltage to DC and 
allow the bottom scale on the meter to be approx- 
imately 10 volts. No current flows in the metering cir- 
cuit until the voltage across the zener diode exceeds 
10 volts. (See filament voltage metering PC board and 
component layout. 

Labeling the meters takes a lot of patience but 
really contributes to the appearance of the amplifier. 
It is necessary to choose a meter with an analog scale 
that has the correct number of divisions. However, the 
meter ,labeling makes no difference. In  a very clean 
environment, remove the meter plate from the meter. 

Grid trip module (component view). 
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Timer module lcomponent view). 
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fig. 5.  Filament voltage metering circuit. 

Any markings on the meter can be removed with a 
pencil eraser. Rub lightly, but be persistent. The 
markings will come off the face leaving a clean sur- 
face to which the number and letter markings can be 
applied. I use dry transfer lettering to mark the meter 
plates to reflect the scales I want to read. Dry transfers 

are now available from Radio Shack but the letters 
may be too large for small meters. Varied assortments 
of smaller letters are available from most art supply 
stores. 

RF relay sequencing 
It is important to properly sequence the input RF 

relay (RLI) and the high power output vacuum relay 
(RL2) to insure that the antenna is always connected 
to the amplifier before RF drive power is applied. This 

100°F + 
5 0 V  - - T O  

GRID T R I P  
I 5 0  R L 1  R E L A l  
ZW R L 3  

( F I G .  I )  
Except as indtcalsd, decimal 
values of capaellancs an, in micro- 
farads (SF]; olherr are in pleofar. 
ads (pF1; rsrislanses .re in ohms. 
k = 1.000 M = l.OOO,WO 

t P 6 V D C  

,tern dercrlpl ion FROM R L 5  
CRI.2 lo00 PIVf2.5A (Radla Shach X276-1114) (FIG 4 )  
CR3 red LED - Iron1 panel INfOUT lndtcalor 
P I  RCA pluglrear panel 
RLl  4 PDT Poller 6 Brumbeld KHU17Dllf24 VDC cod (Newark) 
RL2 SPOT vacuum relay. 26 VDC coil (Hamfesl) 

afternate - Porler 6 Brvmlield KUPSD15f24VDC coll (Newark) 

fig. 6. RF relay sequencing circuit. 
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Bias module (component view]. 
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OVER A 114 WAVE WET NOODLE! ppp 

It sounds rld~culous doesn't 117 Amateur 
Rad~o advertlslng IS not exempt from exag- 
geratlon When facts are distorted by fabrlca- 
t~on you may be Induced to buy a product that 
ult~mately IS incapable of meetlng the perfor- 
mance clalmed by the manufacturer Caveat 
Emptor (buyer beware)l 

The AEA lso~ole~" antenna has 3 dB galn 
over a d~pole In free space Thls IS an honest 
and supportable c lam Yet other manufac- 
turers clalm as much as a 7 db gain for the~r 
antennas uslng no reference standard or a 
114 wave antenna as reference The 114 wave 
1s not a recognized reference used by 
reputable antenna engineers because ~t IS 

most dlfflcult to properly decouple In a 
repeatable fashlon 

The IsoPole antennas offer the maximum 

B ain attainable for the length of antenna 
hls IS a bold statement and one we know we 

can stand behlndl 

copy of "Facts About Proper VHF Vertlcal 
Antenna Design" by Professor D.K.  
Reynolds. K7DBA You'll be glad you did. 

In the meanllme, we would l~ke to expose 
you to some of the comments we have 
recelved from customers that are uslng the 
IsoPoie 

Seattle, WA - Compact & easy to install. 
quality & keeps XYL happy -looks goodl 1 

Half Moon Bay, CA - Found repeaters I on- 
ly heard about before from my OTH - Ex- 
cellent Amazed at light weight and low cost ... 
Sturgis, SD - The lsopole Antenna has ex- 
ceeded my expectations. 
Lumb6rton. NC - You really do what you 
say! The best 2 mtr. antenna I have ever own- 
ed! 
La Habra, CA - Hooked up today, and it was 
a perfect match throughout the entlre band 
For the monev, you can not qo wronq 

Loris, SC - I m a commercial radlo 
salesman, and the lsopole IS THE antenna I 
recommend 
Seattle, WA - Works well - excellent Had 
(R R ) at 80 Wlth the lsopole at 20 ft I now 
hear repeaters and slmplex I never heard 
w~ th  (R R ) The lsopole will soon be at 80 
Freehold, NJ - It IS everything your ad says 
and more 
Great Neck, NY - Amaz~ng d~fference bet- 
ween (R R ) 10 db or better ralse rept never 
heard before - SUPER, 73 and thanks 
Richfield, OH - Works extremely well 
broke a repeater at 100 ml uslng 150 mw 1 

Vernon, TX - (The dealer) sa~d the antenna 
WAS THE BEST ON MARKET and I AGREE1 It 
IS AN EXCELLENT antenna & works to specs 
-Thanks 

Prices and Specifications subject to 
change without notice or obligation. 

For any llnear array antenna to outperform AK - a 'Ine antenna, working bet- 

the lgopole by 3 db or more on-the-horlzon ter than the element yagl It replaced 

galn, ~t would have to be at least 20 feet long1 Sacramento, CA - Assembly was 
Anythlng less and you can bet that advertls- remarkably easy. I needed an efflclent, low 
Ing decept~on IS belng used plof~le antenna a your product tit the b11t to a AEA 

Before you buy a vHF or UHF base stat~on Warsaw, IND - AMAZED1 I 1 Antenna Brin s YOU the 
antenna, get some good honest facts about ground mounted on requ~red mast & outper- 
VHF antenna deslgn Send tor your FREE tormrng a (R R )  at 55 on top of tower Brea 1 through! 

Henry Radlo stocks and dlsplays the most complete llne of RTTY AMTOR prlnters and peripherals all ava~lable for hands on vlewlng Veterans In RTT' 
George Sanso (AB6A) and Boyd Crawford (K6RD) have set up a comprehensive d~splay of RTTY AND AMTOR sendlng and recelvlng unlts that areactuall 
'on  the alr Stop by 11 you re In the area or call or wrlte for literature and lnformatlon Henry Rad~o IS a spec~allst In all types of teletype equipment ~nclud~n 
commerc~al appl~catlons 

Hefly RaiIio 2050 S. BUNDY DRIVE 
LOS ANGELES, CA 9002) 
(213) 820-1234 

./ I d *  
TOLL FREE OUTSIDE CALIF (800) 421-663 

r ..." 
931 N. Euclid. Anaheim, CA  92801 (714) 772-9200 Butler, MO 64730 (816) 679-312 
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is accomplished by closing the output relay RL2 slight- 
ly before the input relay RL1. 

The Rl-C1 combination, shown in fig. 6, causes RF 
relay RL1 operation to be delayed with respect to RL2. 

I checked the timing by applying a small voltage 
across the contacts of both RL1 and RL2 and watching 
the voltages on the scope as the amplifier was keyed 
up. The output relay'RL2 closes approximately 25 
milliseconds before the input relay RL1. The timing 
constant provided by R1-C1 is subject to change de- 
pending upon the type of relays used for RL1 and RL2. 

lead filtering 
All control and power leads entering or leaving the 

RF deck are filtered. This is accomplished through the 
use of small coils made by winding 10 turns on a 
114-inch (6.35 mm) diameter ferrite rod. A bypass 
capacitor is included on each coil to ground. Locate 
each filter as close to the rear panel as possible. 

Also, feedthrough capacitors are used to filter all 
leads from the under chassis RF section of the ampli- 
fier to the front section meter compartment (see bot- 
tom view of the amplifier). All circuits that are sensi- 
tive to RF are mounted in this front compartment. 

Pi-L tank circuit design 
The tank circuit uses the popular Pi-L design for two 

reasons. First, a Pi-L gives approximately 15 dB 
better attenuation of the second harmonic over a more 
conventional Pi design. Secondly, a Pi-L allows use 
of a lower value plate tuning capacitor for the circuit. 

The design parameters for the Pi-L circuit are pro- 
vided in table 1 (see also reference 3). The values 
shown in table 1 are for a plate impedance of 1200 
ohms. 

plate impedance 
= plate volrage/(l.57 . plate current) 
= 2.?50/(1.57 . 1.2) = 1194.3 

Because of a limitation of 500 pF for the plate tuning 
capacitor C1, the design for 160 meters is for a plate 
impedance of 2500 ohms. This translates to 570 mA 
plate current at 2250 volts or 1289 watts input. This 
provides about 700 watts output. I felt that this was 
sufficient power. If full power is desired on 160, some 
method of adding additional capacitance is needed. 

Several coils are required to obtain the desired in- 
ductance. Specifications for these coils are contained 
in table 1. Note that the 160 meter and L coils are 
wound as toroids for compactness. Also, the self- 
shielding characteristics of the toroids help especially 
in isolating the L coil from the rest of the tank circuit. 

It has become apparent to me that the one place 
most Amateurs feel uncomfortable is designing and 
installing the tank circuit in an amplifier. There always 
seems to be uncertainty about where to tap the coils 
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to achieve the desired design no matter how many 
times you do it. 

I first use a Heathkit impedance bridge to determine 
the approximate capacitance at various settings of the 
tuning knobs. I then take a high-tolerance fixed 
capaciror and connect it in parallel with the tank 
circuit at different points to determine approximate in- 
ductances of the coil set. This is done with the coil 
set in place in the amplifier, but with the plate and load 
tuning capacitors disconnected. The tubes are also re- 

Rear view of amplifier shows Dayton 4COW blower. 

table 1. Pi-L tank circuit values. 

FIMHz) C1 C2 L1 U Q 

1 .8* 462 2121 22.02 8.90 13.1 
3.5 469 1443 625  4.45 13.4 
7.0 e235 656 3.23 2.44 12.4 

14.0 116 320 1.65 1.24 12.2 
21.0 77 213 1.10 0.83 12.2 
29.7 54 146 0.80 0.68 12.0 

'R, = 2500 ohms I = 570 mA or 1289 watts input 

(1200 ohms for all other frequencies) 

Coil description: 

28 MHz - 3/16 inch tubing: 3-112 turns with 
1.314 inch diameter 

21 to 3.5 MHz - 3/16 inch tubing; 14 turns with 
2.314 inch diameter 

taps: 21 MHz - 1-112 turns 
14 MHz - 3-112 turns 
7 MHz - 7-112 turns 

3.5 MHz - 13.112 turns 

1.8 MHz - toroid; 3 x TX)O-2s covered with 
fiberglass tape; 26 turns 

L-coil 

28 to 21 MHz - No. 12 tinned wire; 1.118 inch diameter, 5 turns 

taps: 28 MHz - 3 turns 
21 MHz - 5 turns 

14 to 1.8 MHz - toroid; 2 x T200-2s covered with 
fiberglass tape; 17 turns 

taps: 14 MHz - 2 turns 
7 MHz - 6 turns 

3.5 MHz - 9 turns 
1.8 MHz - 17 turns 





Attention 
Moonbouncers 

and Satellite Communications Enthusiasts 
Introducing New Ultra High 
Performance Antennas 
from KLM Electronics, Inc. 

KLM Electronics is fueling the Moonbounce and Oscar 10 
revolution with Antenna Equipment that delivers truly. 
gut-of-This-World performance. 

For the Moonbouncer. our  New 2M-16LBX is designed 
to be the highest gain 2 meter antenna available on  the mar- 
ket today by more than a full db. making the 2M-16LBX an 
outstanding performer as  a single antenna or in Moon- 
bounce (EME)  arrays. 

The New 432-30LBX follows the same pattern a s  the 
2M-16LBX. and soon will become the industry's standard 
of comparison. 

Featuring straight forward construction, and an innova- 
tive tapered boom that greatly reduces windload and adds 
strength and durability. Virtually unbreakable, insulated. 
31 16" rod parasitic elements are anchored through the boom 
to insure years of trouble-free performance. 

For the satellite enthusiasts. the 2M-22C high gain 2 
meter. circular polarized antenna. features the same rugged 
construction and total flexibility as  our  very popular 
2M-14C with a 2db increase in gain. 

Four o r  more 2M-22Cs make an excellent array for 
Moonbounce (EME)  by eliminating Faraday fading. 

Fiberglass/aluminum stacking frames are  available a s  
well as  2 and 4 port power dividers and phasing harnesses 
to optimize the performance of these type arrays. 
Watch for our new elevation drive system coming soon. 

2M-22C 
BANDWIDTH ................................. 144-148 MHz 

*GAIN .............................................. 13 dBdc 
BEAMWIDTH ................................ (E) 32'. (H) 32" 
FEED I M P . .  .. :. .............................. 50 ohms unbal. 
BALUN ........................................ (2) 4:l coaxial 
BOOM LENGTH .......................... 19 ft. 1 in. (tapered) 
VSWR ................................................. 1.5:l 
WINDLOAD ................................. 1.85 sq. ft. max. 
ELLIPTICITY ................................. -. 1.5 dB max. 
CIRCULARITY SWITCHER ..................... CS-3 included 
WT. (Ibs.) ............................................ 11 lbs. 

2M-161,HX 
BANDWIDTH ................................. 144- 146 MHz 

.................................... *GAIN (144 MHz) 14.5 dBd 
................................ BEAMWIDTH (E) 26'. (H) 29 

.................................. FEED I M P . .  50 ohms unbal. 
................................ BALUN 4:l coaxial. 2 KWPEP 

. . . . . . . . . . . . . . . . . . . . . . . . . .  ROOM LENGTH 28 ft. I in. (tapered) 
VSWR ................................................. 1.5:l 
WINDLOAD ................ (H) 1.75 sq. ft. (V) 2.44 sq. ft. max. 
WT. (Ibs.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 Ibs. 
TURNING RADIUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IS ft. 5 in. 

432-30LBX 
BANDWIDTH.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  430-440 MHz 

+GAIN .............................................. 17.3dBd 
BEAMWIDTH ................................ (E) 19". (H) 2 0  
FEED I M P . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 ohms unbal. 
BALUN ............................................. included 
ROOM LENGTH ................................. 21 ft. 11 in. 

.................... FIB ................... 20 dB FIS 30 dB 
VSWR. .  ............................................... 1.5:l 
WINDLOAD ................................ 1.71 sq. ft. (max.) 
TURNING RADIUS ............................... 12 ft. 4 in. 
WT. (Ibs.) ............................................. 9 Ibs. 

See the complete line of KLM antennas and equipment at 
your local dealer, or write for our catalog. 

*To prov~de a more accurate and constslanl galn figure. perlormance of l h ~ s  KLM 
antenna has been carefully measured and correlated In accordance wlth Natlonal 
Bureau of Standards Note #M)8 Thls galn l~gure may appear sornewhal Conservallve 
when compared wtlh others commonly found In convent~onal Industry Illeralure and 
based on older, less exacllnq rallnq rnelhods 

ekctronics, inc. 
P.O. Box 816 

Morgan Hill, CA 95037 
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table 2. RF input network. 

No. of turns 
FfMHz) Cl* C2' LtrH) (No. 20 wirelt 

1.8 17M) 642 2.75 22 
3.7 827 312 1.34 15 
7.1 428 162 0.69 11 

14.1 216 82 0.35 8 
21.2 144 55 0.23 6 
28.5 107 41 0.17 5 

'Use standard values near these theoretical values. Anything close 
to table values is OK since the Q is so low. 
tCoils wound on T68-2 toroid cores. Q = 1 .  

The coils are wound on T68-2 toroid cores. Input im- 
pedance for a pair of 3CX800A7s is approximately 29 
ohms. The input network is important not only for im- 
pedance matching for the exciter but also to minimize 
distortion products. 

Fine tuning of the networks can be accomplished 
by either spreading or compressing the coil turns on 
each core for minimum SWR on each band, respec- 
tively. Exact replication of the network from table 2 

RF input (component view). 

may still require some small adjustment due to varia- 
tions in component tolerances and differences in 
physical layout. 

The network is built as a module on a separate PC 
board. A board layout has been provided. 

cooling 
Sufficient cooling is essential in any high power 

am~l i f ie r .~  The 3CX800A7s require forced-air cooling 
to maintain the anodes and seals of the tubes at safe 
operating temperatures. 

The specifications for cooling are summarized as 
follows: 

5000 feet above sea level 
dissipation flow rate water pressure 

(watts) fcfml finches) 

400 7 0.10 
600 14 0.23 
800 23 0.57 

Refer to the 3CX800A7 technical sheet4 for more in- 
formation on cooling at different altitudes. 

The blower used in this amplifier is a Dayton model 
4 0 4  which is capable of supplying 45 cfm at 0.4 inch 
static pressure. The operating speed of the blower is 
2880 RPM, which is slow enough to assure relatively 
quiet operation. 

To obtain the legal 1500 watts output requires that 
the amplifier run at approximately 2500 watts input 
assuming 60 percent efficiency. This means that the 
amplifier is dissipating about 1000 watts which is well 
below the capabilities of the tubes. 

The blower mounts on the rear panel of the amplifier 
and blows air into a pressurized chassis. The air vents 
up through the tube anodes and out the top of the 
cabinet. I plan to eventually make a duct flange to 
mount in place of the blower on the rear panel and 
remote the blower where it can not be heard. Flexible 
hose will duct the air from the remote blower to the 
amplifier. 

high-voltage power supply 
One key to optimal performance of any amplifier is 

the power supply. It takes a supply that not only holds 
regulation under maximum current draw but also can 
supply the needed current. This translates to a quali- 
ty transformer and plenty of filter capacitance. This 
is the area in which many commercial amplifiers fall 
short. 

The circuit for the power supply is shown in fig. 7. 
The supply operates off of 240 VAC and incorporates 
a step-start circuit. When the HV switch is pushed on 
the front panel of the amplifier (assuming the warmup 
time delay has expired), 110 VAC is returned to the 
power supply to actuate the mercury plunger relay, 
RL1. This sends 240 VAC to the HV transformer 
through the dropping resistors R1 and R2. This avoids 
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Custom plate and filament transformer, 53-pF filter capacitor. 
(Available from Peter Dahl Co., Inc.) 

ditions, the supply provides 2520 volts. Under a load 
of 1.2 amperes, the transformer output voltage drops 
to about 2300 volts! If you want the most out of an 
amplifier like this one, you need a power supply with 
a transformer of this high quality. 

Peter Dahl also stocks a filament transformer for a 
pair of the 3CX800A7s (13.6 volts at 3.0 amperes). 
Both the filiment transformer and the plate transformer 
are well worth the investment. At the time of this 
writing, Peter Dahl also stocked the 53 pF filter 

2500-volt high-voltage power supply. Cabinet is constructed capacitors rated at 5 kv. 
from 118-inch aluminum panels joined with 112-inch angle 
stock. concluding remarks 

a current surge in the supply to charge the 53 pF filter 
capacitor, C1. A surge could damage the diode bank. 
After approximately 2 seconds, relays RL2 and RL3 
actuate to short out resistors R1 and R2 thus turning 
the HV supply on to maximum voltage. 

The 2-second delay is accomplished by the time 
constant set up by R3 and C1. 110 VAC is rectified 
using diode CR5 and proceeds to charge capacitor C1. 
When the DC voltage on C1 reaches approximately 
60 VDC, the DC relays RL2 and RL3 close (relays RL2 
and RL3 have 90 VDC coils). This takes about 2 
seconds. 

Metering is accomplished across the voltage di- 
vider created by the 103K bleeder resistors and the 
pair of 225 ohm resistors. This drops the voltage in 
the control cable to the amplifier to approximately 
5.5 volts. A voltmeter is also included in both the RF 
deck and power supply cabinets. Note that the meter 
calibration pots must be adjusted together since they 
affect one another. 

The plate transformer used in the HV power supply 
was supplied by the Peter Dahl transformer company. 
A 2.8 kVA CCS hypersil unit is designed specifically 
for a pair of 3CX800A7s; the unit, now a stock item, 
is available at a reasonable price. Under no-load con- 

Building around the 3CX800A7s is a real pleasure. 
Their compactness and low voltage requirements open 
up a wide range of projects for compact amplifiers that 
do not have to sacrifice power capability. The thing 
that makes the tubes unique is that they are designed 
for full power operation up to at least 350 MHz. 

My thanks to those who contributed so much to this 
project: Rich Rosen, K2RR, Bill Orr, WGSAI, Dan Red- 
man, K8DR, and Peter Dahl. And last and most im- 
portant, Jim Garland, W8ZR, who taught me how to 
build. 
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10 
Dual Axis Rotor 

As a leading manufacturer of precision motor drive systems, we,be- 
lieve the newly developed DRIO is the finest dual drive system for 
satellite antennas. To provide you the highest level of performance 
and convenience, the DRIO Dual Axis Rotor features: 

COMPACT CONTROL UNIT WITH SELF CONTAINED AC POWER SUPPLY 
SINGLE DUAL SCALE METER (AZIMUTH/ELEVATION) 
SINGLE 8 WIRE CONTROL CABLE (BELDEN TYPE) 
STANDARD TOWER TOP MOUNTING 
ACCEPTS 1V2 INCH ANTENNA BOOM 
SERVICEABLE WITHOUT ANTENNA REMOVAL 
DYNETIC SYSTEMS' HIGH TORQUE, PRECISION GEARMOTORS 

LIST PRICE LESS THAN TWO CONVENTIONAL ROTORS 
AVAILABLE FOR AUGUST DELIVERY 

Our DRIO will out-perform any combination of conventional rotors 
Popularly used, and is supplied ready to mount, including the rotor, 
control unit, and all stainless steel mounting hardware. (less cable) 

ring informati 
wlvlauals ana aealers call or w 

TEA& 
IY I Z B  INUUSI RIAL BOULEVARD 

512. 1-43 ELK RIVER, MN 5 5 3 3 ~  



junk-box ingenuity: 
how to buy, use, and recycle 

surplus electronic parts 

Don't throw away 

resistors and capacitors 
- cook them 

At one time, a well-stocked junk-box was a ham's 
pride and joy. Parts scavenged from discarded televi- 
sions, radios, and record players could be used to build 
anything from test equipment to transceivers. Using 
vacuum tubes, 112 watt 10 and 20 percent resistors, 
ceramic disk and dipped mylar capacitors, almost any 
circuit could be built for use up through 450 MHz. 

Today's junk boxes are different; chances are they 
contain odd parts from scavenged surplus boards or 
parts bought by mail or as assortments at hamfests. 
They contain various types of semiconductors, 5 per- 
cent tolerance resistors, electrolytic and tantalum 
capacitors, as well as the old stand-by ceramic disks. 

Despite the differences in content, all junk boxes 
are alike in one regard: by definition, they are where 
parts are stored for long periods until used. Storage 
takes a toll on electronic components, although much 
of it is reversible; before examining this, let's consider 
the parts themselves. 

The average ham always seems to be looking to buy 
new, prime, MIL-spec parts at hamfest prices. Unfor- 
tunately such parts are usually not available to the 
small buyer at any price, although some manufacturers 
will sell directly to individuals. As a result we buy 
blister-packed parts at Radio Shack, or by mail from 
any number of suppliers. While nearly all of these 
dealers are reputable, the parts you get may not always 
be exactly what you originally had in mind. 

what is "surplus"? 
Consider, for example, the origin of parts termed 

"surplus." Sometimes a company accidentally over- 
purchases some new parts and instead of paying a re- 
stocking charge, elects to sell them to a surplus agent; 
these are the parts you want. Sometimes a manufac- 

turer discovers that a part from one company - often 
a semiconductor - works in their circuit, while 
another company's equivalent doesn't. If no other use 
for them can be found, they will either be thrown away 
or sold as surplus. (Since the fault lies within the 
idiosyncracy of the design, the parts are usually not 
returnable. ) These may also be goodparts. An impor- 
tant point to remember is that most large buyers of 
parts have sufficiently amicable relations with their 

, suppliers to return good parts for credit. 
There's another end of this spectrum: from time to 

time a manufacturer buys parts that don't meet 
specifications, but can't be returned for some reason. 
These will occasionally end up on the surplus market. 
A component manufacturer, for example, may pro- 
duce a run of products that is not in "spec." While 
these are most frequently discarded (although garbage 
cans are sometimes raided) they may be sold to the 
surplus market. It has even happened that manufac- 
turing runs of semiconductors have been stolen before 
testing and culling of rejects can be completed; ob- 
viously, you don't want these parts. 

The surplus boards on the market are of a few basic 
types: 

those that have lived out their expected life and are 
now experiencing a high failure rate; 

( boards made obsolete by a change in design; 
seriously damaged and therefore non-repairable 

boards (damage can include degradation of critical 
areas, such as gold fingers; submersion in a solder 
wave; cuts from a mass lead trimmer; or other actions 
rendering the board electrically unfixable); 

I boards simply overbuilt by a company; now and 
then a manufacturer will sell boards from inventory to 
raise some cash. 

While surplus boards should not be expected to per- 
form their original design functions, chances are that 
most of the components on all but the first type listed 
are usable. Even the unfixable boards rarely have more 
than a few bad components. 

By Bob Lombardi, WB4EHS, 1874 Palmer Drive, 
Melbourne, Florida 32935 
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In general, then, there's no telling where "grab-bag" 
parts come from. They might be old or new, merely 
extras, or genuine junk. Given the diversity of parts 
from so many varied sources, it's no wonder that we 
occasionally build a project and find that it's a bad 
component that keeps it from working. 

Take a clue from industry, then, and test your parts 
before using them. For ICs this may be impractical, 
but for many types of transistors, diodes, and, of 
course, resistors, capacitors, and coils, it is entirely 
reasonable. 

are they out of spec? 
Chances are that if you took out a DVM and tested 

every one of your * 5 percent carbon composition 
resistors, you'd find plenty of them out of tolerance. 
In particular, they'd all be on the high side of their 
marked value, perhaps as much as 7 to 10 percent 
above it. Don't throw them out. 

The reason for these high values is something I 
alluded to earlier: improper storage. Carbon composi- 
tion resistors are essentially carbon and impurities 
mixed into a binder and molded into shape. The re- 
sultant mixture is hygroscopic - that is, it absorbs 
moisture, which raises the resistance value. This 
phenomenon is entirely reversible, if the pans have not 
been over a flow solder (or through any other high 
temperature operation) while loaded with moisture. 

The importance of this consideration depends on 
the intended use. With the exception of precise RC 
timing circuits, digital circuits are quite forgiving of 
resistor values. Analog circuits can be fussier, especial- 
ly those (such as audio filters) requiring balanced pans 
or matched values. Most other circuits are less parti- 
cular. In designing homebrew circuits, you frequent- 
ly make up for these parts by various means, making 
the actual value, even if it is "wrong," the design 
value! 

If you need to reverse the problem - i.e., lower the 
values - heat the parts to about 200 degrees F (93.3 
degrees C) for a period of time appropriate to the size 
of the part: 25 hours for 1/8 watt, 50 hours for 1 /4  
watt, 75 hours for 1 /2 watt, 130 hours for 1 watt and 
larger. If running your oven at 200 degrees for 50 hours 
or more is inconvenient or too expensive, you can con- 
struct a plywood box, line it with fireproof insulation, 
and add a light bulb or two for temperature control. 
Some experimenting is necessary for a controlled tem- 
perature, but I've seen similar boxes used by small 
companies for many purposes. 

If you can't control the temperature accurately, err 
on the side of too cool rather than too hot; water- 
logged parts heated beyond the boiling point of water 
will explode like popcorn. Using lower temperatures 
will necessitate leaving the parts in longer; just how 
long can be determined by removing parts from time 
to time and checking values. 

handling capacitors 
Manufacturers of ceramic capacitors also recom- 

mend a heat soak of a day or two at 200 degrees F 
prior to critical value measurement, although I've never 
seen a problem with this in industry. One manufac- 
turer recommends heat soaking at 125 degrees C for 
4 hours or 150 degrees C for 112 hour. This "de-ages" 
the part to its original value and effectively begins its 
life anew. 

Electrolytic capacitors deform with time as a result 
of a breakdown of the dielectric layer, and should be 
reformed before use. This is done by applying the rated 
voltage to the part for 30 minutes through a current- 
limiting resistor; 1 K ohm is adequate for up-to 100 
VDC capacitors. Let the part "rest" for a day at room 
temperature. 

The small aluminum electrolytic capacitors popular 
today may not be much of a bargain if garnered from 
surplus boards. There are two reasons for this: first, 
they have a rated life of only 3 to 5 years, if run con- 
stantly; second, cleaning these capacitors in hot vapor 
degreasers will cause premature failure if the parts are 
not sealed with epoxy over the rubber seal plug on the 
cap. Of course, because you never know how used 
parts were handled, you'll have to decide whether to 
use them or not. 

Tantalum, silver mica, polyfilm, and most other 
capacitors tend to be more stable in storage if their 
hermeticity is good. In general, if a capacitor is so 
damaged that the plates are visible, it should be 
thrown out. Minor chips and cracks may not matter; 
obviously no electrolytic should be used if its case is 
punctured or badly dented. 

active devices require 
special handling 

Transistors, diodes, and ICs in epoxy packages are 
quite rugged, but only if the seals are good. Beware 
of cefamic or glass packages, which can have hairline 
cracks. 

Enough has been written about static damage that 
all hams should be aware of it. But less widely known 
is electrical overstress (EOS) due to a static field, rather 
than a discharge. This causes operation to degrade 
gradually, resulting in "flaky" operation (subtle 
timing errors that occur intermittently, some "soft" 
RAM failures, and so on) until the system degrades 
to failure. The only solution to this problem is pre- 
vention; with parts bought from anyone other than the 
manufacturer, there can be no guarantee that electri- 
cal overstress has not occurred. 

By the way, don't think that this problem is only 
found in CMOS or MOSFETs. All semiconductor 
families, including bipolar, have been shown to be 
degradable by low-level fields of less than 1000 volts. 
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DMM that measures dc and ac voltage and current, and 
two- or four-wire resistance with basic 0.007% accuracy. And, 
when needed, electronic calibration (no pots to adjust) is easy. 
You can even order a battery pack ($125*) for full portability. 

Order this outstanding bench DMM today and we'll also 
send you information on how to integrate it into your own low- 
cost measurement system. Call your local HP sales office 
listed in the telephone directory white pages. Ask for the elec- 
tronic instruments department. 

.II.S.A, price only. 

HEWLETT 
PACKARD 

ATV TRANSMITTER/CONVERTER 

ALL YOU NEED IN ONE BOX I 

OVER 10 WAlTS PEP OUTPUT. Crystal controlled continuous 
duty Iransmltter Spec~fy  439 25. 434 0 426 25 standard or other 
70 cm frequency 2 freq optlon add $26 

BASE. MOBILE, or PORTABLE. Use the bulltln AC supply or 
external 13 8 vdc Do  parades. Marathons. CAP searches etc 

TWO VIDEO AND AUDIO INPUTS for camera. TVRO. VCR, or 
computer W ~ d e  bandw~dth for broadcast quality color v ~ d e o  and 
computer graph~cs Standard broadcast subcarr~er sound whlch 1s 
heard thru the TV speaker. 

RECEIVE ON YOUR STANDARDNSET tuned to channel 3 or 4 
Sens~tlve varlcap tuned N C - 2 L  downconverter covers slmplex and 
repeater freq. over the whole 420-450 mHz 70 cm amateur band 

ATTRACTIVE 10.5 x 3 x 9 CABINET. I 
CALL OR WRITE FOR OUR CATALOG or more lnformatlon on 
ATV antennas. lransmlt modules. cameras, elc or who 15 on tn your area 
See chapter 14 1984 ARRL Handbook 

TERMS Vlsa. Mastercard. or cash only UPS CODs by lelephonr or mall 
Postal money ordkrsandtelephoneordersusually sh~pped w~thln 2 days All 
other checks must clear beforesh~pment Transmltllng equlpnlenl soldonly 
lo Ilcenskd amateurs verlllable In the 1984 call book 

(81 8) 447-4565 m-f 8am-6pm pst. 
@ la31 P.C. ELECTRONICS ,,,, pa,,on ,., 

T o m  W6ORG Maryann WBGYSS Arcadla CA 91 006 

(Actually, once you've read some of the literature 
available on this topic, you begin to not want to 
handle semiconductors unless you've strapped your- 
self to a conductive table top with No. 2 battery 
cables.) 

If you've measured parts and found them to be well 
out of spec, it may pay to consider the accuracy of 
your measuring device. Your meter (DVM, cap meter, 
LCR bridge, or other instrument) also has accuracy 
tolerances, and they can overlap with the part being 
measured. If your meter is rated + 3  percent, for 
example, and is running at the high end of its toler- 
ance, any parts that are only 2 percent higher than 
their rated value will appear to be 5 percent above, 
and thereby possibly out of spec. It's no wonder that 
calibration is so highly stressed in high quality 
operations! 

Yet another factor is test method. Consider a 
common case: that hypothetical DVM you're using 
probably applies about 1 to 1.5 volts to a resistor dur- 
ing ohm measurement, and reads the current flowing 
in the circuit. With low value parts, such as those of 
10K or less, this is fine; assuming 1.5 volts, the cur- 
rent being measured is 150 microamperes. With parts 
over 100K, say 1 megohm, the current is 1.5 micro- 
ampere; this is somewhat harder to measure accurate- 
ly, especially the detection of small differences in cur- 
rent. This is one reason why exacting specifications 
for resistor tests call out higher voltages for measur- 
ing larger value resistors. 

Although this article might seem to emphasize prob- 
lems - first telling you to measure your parts, then 
urging you to doubt your results - that's not at all 
my point; what I'm suggesting is that in order to buy 
parts int~lligentfy, it helps to know where they came 
from and what to do with them when problems arise. 

It seems strange to me that homebrewing should 
be on the decline today; this should be a "Golden 
Age" of homebrewing if there ever was one! Why? 
Just look at what's available! ICs that perform all 
manner of digital and analog functions are at our 
disposal, and most are quite cheap. Using reasonable 
parts counts, we can build circuits capable of perform- 
ance that was no more than the stuff of dreams in the 
1950s and 1960s; in the 50s, who woulcfhave dreamed 
of a 3-terminal voltage regulator! We can even build 
things more cheaply today than we could then; just 
look at old issues of the several Amateur Radio 
magazines, and you'll find that the dollar prices of gear 
are essentially the same now as they were in the 
mid-1960s; taking inflation into account, prices have 
come down considerably, while performance has gone 
UP.  

Keep a well-stocked junk-box, know what's in it, 
and do your part in restoring the Golden Age of 
homebrewed gear! 

ham radio 



SWl  info 
BEGINNER'S RTTY HANDBOOK 

by the Editor, RTTY Journal 
More than 85 pages of lam-packed ~nlormat~on. 
technical d~scuss~ons and ~llustrat~ons for the Rad~o 
Amateur startlng RTTY operatlon. Th~s handbook 
covers RTTY theory, applicat~ons and operatlon 
Includes dlscusslon of bas~cs (murray code. pul- 
sing. AFSK keylng, demodulat~on methods. 
mechanical equlpment descr~ptlons, loop supplies. 
keylng clrcults, and test methods), mach~ne ~nslal- 
latlon and Interconnections, adjustment and call 
bration, prlnter parts repalr and replacement: HF 
transceiver hook-ups. auto-start. RTTY art, RTTY 
equ~pment supply sources. A valuable resource for 
any level of RTTY interest .<)I982 2nd Ed~t~on 
ilRJ-BH Softbound $8.00 

WORLD PRESS SERVICES 
by Thomas Harrington 

Tunlng In to the d~fferent press servlces IS the 
best way to keep abreast of all the latest news 
developments Hundreds of news service teletype 
statlons operate around the clock from all parts of 
the world Stat~ons are lhsted by tlme and frequen- 
cy for easy locatlng Also glves you plenty of help 
ful hlnts an the Ins and outs o!, RTTY equlpment 
and other 'tricks of the trade (01983 4th 
ed~t~on 
uUE-PS Softbound $8.95 

GUIDE TO UTILITY STATIONS 
- 3-30 MHz 
8 000 frequenc~es 4 000 dliferent call slgns tabu 
lated In an easy to use formal The tlrsl part o l  
thls book IS arranged In an ascending frequency 
order startlng at 3 MHz Part two IS a complete 
l~stlng of abbrev~at~ons commonly used Part three 
IS compr~sed of one of the most up to date call 
slgn lhstlngs along w~ th  common lrequencles 
There also 1s a complete lhstlng of both  aeronaut^ 
cal and Marltlme Mob~le Servlce frequencies 
(~)1983 1st ed~t~on 
LIUE-CS Softbound $12.95 

RADIO TELETYPE PRESS 
BROADCASTS 

Edited by Michiel Schaay 
A convenient easy to use llst~ng of 1500 press 
broadcasts In all languages Th~s book IS d~v~ded 
Into two sectlons to enhance usab~l~ty Part one 1s 
a time order list of Engllsh French German 
Spanlsh and Portuguese news bullet~ns Part two 
contalns a detalled tlme and frequency schedule 
for 56 d~nerent news agencles around the world as 
well as addresses Fore~gn news agencles often 
orov~de an lnterestlno d~lferent slant to the 
horla's nens 16lerl;nq to lhem can Drov nz d 
.111qlre nsgrlt to tnr \late-of-tne &or d s atla r i  

IOR? 

I IU~:PB Softbound 512.95 

SHORTWAVE PROPAGATION 
HANDBOOK 

Edited bv Georae Jacobs. WJASK. 
and  hei id ore j. Cohen, N4XX 

For many hams rad~o wave propagatlon IS st111 a 
mystery Real~z~ng th~s the authors have prepared 
a slmolll~ed text that could be understood bv 
hams' swl s and englneers al~ke Stress has'been 
gtven to slmpllfled explanat~ons and charts The 
authors also deta~l a s lm~l t f~ed method of do 11- 
yoursell propagatlon forecasting To asslst your 
forecast~ng efforts the book contalns a complete 
lhstlng of the 12 month smoothed sunspot num 
bers since 1749 Jaln those who know how to 
pred~ct when the bands w~l l  open to speclf~c areas 
of the world I 1982 
I ICQ-PH $8.95 

7 SATELLITE - 
INTRODUCTION TO SATELLITE TV 

by Chris Bowick, WD4C and Tim 
Kearney, NZ40 

Forty years ago the most sophlstlcated piece of electronlcs 
In the average home was an AM rad~o Today many 
homes are sel up w~ th  stale of the art receivers des~gned 
to pluck s~gnals from satellltes orbltlng 23 000 mlles In 
space Instead of gettlng Into a nuts and bolts approach to 
TVRO th~s book glves you a broad overvlew of TVRO In 
general w~ th  emphasls on home use Chapter 1 covers 
TVRO background and glves a generaked explanation of 
what TVRO IS all about Chapters 2 4 give you a broad 
overvlew of the equ~pment used to transmlt and recelve 
TVRO signals Three append~ces also cover DBS locating 
satell~tes and a glossary of TVRO terms 1st ed~t~on 

1983 142 pages 
I 121978 Softbound $9.95 

THE SATELLITE TV HANDBOOK 
by Anthony T. Easton 

Answers virtually any questlon you m~ght have on satellite 
TV This new book glves you a complete overvlew of the 
Satell~te service how satellltes work what programming IS 
avallable who operates the varlous satell~tes networks and 
Statlons how to engtneer and Install a system, and the 
legal background of TVRO For the homebrewer there IS 
a sectlon on bulldlng your own TV dlsh and receiver lor 
around $600 You also get a sectlon about the non tele 
vlslon servlces from satell~tes - rad~o feeds teletext 
newswlre and ~nformat~on on OXlng ~nternatlonal satellltes 

c 11983 
439 pages f~rst ed~tlon 
1722055 Softbound $16.95 

VHF-UHF MANUAL 
by G.R. Jessop, G6JP 

Thls revlsed 41h edlt~on IS lam packed w~ th  clrcults anten 
nas converters cavlly ampllflers and much much more 
Practical theory and construct~on prolects cover from 70 
MHz to 24 GHz The chapter on M~crowaves has been ex 
panded to 83 stale o l  the art pages Hecelver and transmlt 
ters for all VHF and UHF bands are covered In 181 pages 
The balance of th~s book contalns lnformatlon on propaga 
tlon tuned clrcults space communlcatlons IllterS test 
equlpment antennas plus a handy easy to use data sec 
tlon Equ~pment des~gned tor the Br~t~sh 4 meter band can 
be adapted fa~rly eas~ly to the U S 6 meter allocation 

1983 512 pages 4th edltlon 
I IRS-VH Hardbound $17.50 

INTRODUCTION TO AND THE 
OPERATION OF AMTOR 

by Phil Anderson, WOXl 
Heres a great new book to answer all of yaur questions 
about AMTOR Amateur Teletype Over Radlo - I t s  the 
error lree made of Amateur communlcatlon AMTOR 1s a 
spec~al form 01 RTTY rad~o teletype that uses a seven blt 
code and a speclal operdtlng procedure TOR Teletype 
Over Rad~o was f~rst developed for sh~p to shore communl 
cations where rellablllty 1s an absolute must AMTOR allows 
hams to take advantage of thls unlque technology and 
benel~t from rel~able nearly 100% error free communlca 
tion Phll Anderson glvey you an easy la read descr~ptlon 
of the baslcs of AMTOR how to set up a stallon equip 
men1 operatlng procedures software and theory of opera 
tlon From there 11 s up to you to get your very own 
AMTOR stallon up and running Thls 1s the only book of 11s 
k~nd available today 1983 1st ed~t~on 36 pages 
r (KT-AM7 Softbound $3,95 

WlNDlSOLAR ENERGY FOR RADIO 
COMMUNICATIONS AND LOW 
POWER ELECTRICAL SYSTEMS 

by Edward M. Noll, W3FQJ 
Author Nall s book 1s your flrst step towards rnergy  ride 
pendence Chapter 1 covers solar energy and photovolta~~. 
converters Chapter 2 trlls how to convert wlnd power Into 
energy Chapter 3 deals wlth the systems requlred to store 
the power and how to convert 11 to 110 volts AC Chapter 
4 discusses how the author has used solar power to run a 
QRP Amateur stallon arid varlous other lnterestlng appllca 
tlons Finally Chapter 5 deals wlth the larger practical ap 
pllcat~ons that we may see as future power sources Take 
advantage of cheap natural power sources and put them to 
work (.)I981 2nd ed~t~on. 264 pages 
1 121827 Softbound $12.95 - 

ham P l e a s e  a d d  $2.50 for s h i p p i n g  and h a n d l i n g .  

r a d i o m s g a z ~ ~ B O O K S T O R E  

OFFICIAL ARRL CALL DIRECTORY 
1984-85 
Brand new, chockfull o l  all the latest callslgns and ad- 
dresses from the FCC flles and comp~led by Buckmaster 
Publlshlng 1090 pages of addresses are l~sted alphabetical- 
ly by calls~gn for easy reference and locat~on Pr~nted on 
easy to-read stock Thls IS a book you should have In your 
ham shack ~ ~ 1 9 8 4 .  1090 pages 
[ IAR-CD84 Softbound $18.75 

($15 75 + $3 00 shlpp~ng) 

IC VOLTAGE REGULATOR 
SOURCEBOOK WITH EXPERIMENTS 

by Vaughn Martin 
Power suppl~es have changed qulte a b ~ t  slnce the days of 
mercury vapor tubes Thls new book was wrltten to ~ntro 
duce you to modern IC voltage regulators In depth cover 
age lncludes transformers rect~hers, fllters and semlcon- 
ductors w~ th  speclal attent~on to temperature compensated 
Zener dlodes bandgap relerences avalanche dlodes and 
voltage and current dtfferenclng op-amps You also get 
plenty of pract~cal projects and experiments Invaluable as 
a source book lor hobbyists and experimenters as well as 
profess~anal technlclans and electronlcs englneers (~11983 
1st ed~tlon, 245 pages 
[ IT-1557 Softbound $11.50 

NORTH AMERICAN RADIO AND 
TELEVISION STATION GUIDE 
Here 11 1s Brand new and completely up-to-date Thls book 
IS a comprehens~ve lhstlng of all rad~o and televlslon sta- 
tlons In the US. Canada Mexlco and the West lnd~es 14th 
ed~tlon 1984 
r 122296 Softbound $9.95 

2ND OP 
by Jim Rafferty, N6RJ 

The 2nd Op 1s an lndlspensable operatlng a ~ d  for all Radlo 
Amateurs Glves you at the twist ot a d~al pref~xes In use 
continent zone country beam headlng tlme dlfterent~al 
postal rates OSO and QSL records and the offlc~al ITU pre 
f ~ x  lhst Every ham needs a 2nd Op Order yours today 

1981 NGRJ s 1st Edltlon S , , ~ ~  I IHR-OP 32 $4.95 

RADIOS THAT WORK FOR FREE 
by K. F. Edwards 

It s not often that you can get someth~ng for nothlng In 
thls world Thls book will tell you how to come as close to 
11 as posslble Radlos that Work for Free' tells you how 
to bulld several clrcults each of wh~ch wlll prov~de you 
w~ th  muslc news and enterta~nment wh~le uslng only the 
Intercepted power of the stat~on ~tself The parts used are 
lnexpenslve or ~f you are a good scrounger and salvage 
expert you II llnd most of the parts lor free lust as the 
s~gnals are Oescrlpt~ons are amazingly complete More 
than lust a t r~p Into nostalg~a the book IS a lesson In bas~c 
rad~o prlnclples and techn~ques - and you can dance to 
the results 137 pages 1977 
1 IHO-RWF Spiralbound $5.00 

BASEBALL CAP 
How about an attractive BASEBALL style cap that has 
name and call on 11 It gives a jaunty alr when worn at 
Hamfests and 11 IS a oreat helD for fr~ends who have never 
rnpt In $not names and calls ior easv recoonlllon Great for 
blGhda6 annlversarles spec~al day; whaiever occaslon 
Hats come In the following colors GOLD BLUE RED 
KELLY GREEN Please send call and name (max~nium 6 
letters per Ihne) 
I IUFBC-81 $6.00 
f i  ($5 00 + $1 00 Shlpplng) 

I.D. BADGES u' 
No ham should be w~thout an I D badge It s lust the th~ng 
for club meetlngs conventions and get togethers and you 
have a w~de cholce of colors Have yaur name and call en 
graved In e~ther standard or scr~pt type on one of these 
plastic laminated I D badges Ava~lable In the follow~ng 
color comb~nat~ons (badgellelter~ng) wh~telred wood 
gralnlwhlte bluelwh~te, whltelblack yellowlblue redlwhlte 
greenlwhlte metall~c goldlblack metalllc s~lverlblack 
I lUlD Engraved f 0 Badge $2.50 

GREENVILLE, NH 03048 (603) 878-1441 



ENGINEERING 
MAKES THE DIFFERENCE 

Production Expertise And Service Integrity 
Form The ~oundation For Your Long-Term Satisfaction 

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

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

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

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

Mindful of the fact that many of our customers are new to RTTY, Al made the CP-I  tuning as forgiving as possible, while 
providing the most critical operator a piece of equipment in which he could he proud. Even old "pro's" are surprised at the 
poor signal conditions under which the CP- 1 will still provide good copy. 

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

MIDWEST AMATEUR RADIO SUPPLY 
3456 Fremont Avenue, North 

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

For service call: (612) 521-4662 
For orders call: 1-800-328-6365 

AEA Brings you the 
Breakthrough! 

- 
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constructing air-wound coils 
Build your own 

for high Q, low cost 

For th8 lack o f  a proper coil, a project such as an 
amplifier, tuner, or antenna, may be slowed down or 
stopped. If your local supply house doesn't stock coils 
and if you don't want to order by mail, you can wind 
your own. 

Using this simple technique, professional looking air 
inductances (fig. 1) 2 to 4 inches (5 to 10 cm) in 
diameter with wire sizes No. 8 to No. 16, can be 
fabricated, at a cost of no more than about 25 per- 
cent of commercial coils. 

easily obtained materials 
This method is based on the use of a wood cylinder 

commonly called a mandrel (fig. 2). Fig. 3 shows the 
dimensions of wood blocks which will produce a man- 
drel to fabricate 3-inch (7.6 cm) diameter coils. I have 
three such mandrels, 2, 2-112, and 3 inches (5, 6.4, 
and 7.6 cm) in diameter. This selection accommodates 
all my coil needs. Fig. 4 shows the dimensions of a 
3-inch (7.6 cm) diameter mandrel, in finished form. 

Several choices of wire are appropriate. You can use 
the bare, soft copper wire (grounding wire) available 
in many sizes at building supply houses, or plastic 
covered solid wire stripped of its insulation. Enameled 
wire works well, but may present a problem if you in- 
tend to solder taps on the coil; the enameled insula- 
tion is difficult to scrape off. Tinned copper makes 
especially good looking coils, but while it's easy to 
solder, it may be difficult to obtain. 

The coil supports are glass epoxy board cut into 
strips 12 inches (30 cm) long, 112-inch wide (13 mm) 

fig. 1. Finished coil on mandrel. 

by 1116-inch (1.6 mm) thick. I use discarded printed 
circuit board material, which can be cut easily with 
a hack saw. Just insert the blade of a knife under the 
copper foil and peel it off. Any remaining holes in the 
board will be filled with epoxy cement. 

Sand one side of the PC board strips to remove the 
glaze and improve the bond between the cement and 
board. Do not use plexiglass or equivalent, which will 
deteriorate with exposure to heat or sunlight. 

Other materials needed are 5-minute epoxy cement, 
kitchen type wax paper, some wood screws, a few 
rubber bands, and twine or plastic covered hook-up 
wire, the diameter of which will determine the wire 
spacing. 

fabricating the mandrel 
Fig. 3 shows two blocks of wood held together with 

wood screws. The screw heads are counterbored 
deeply enough to prevent interference with the 
turning operation on the lathe. Place the assembled 
block in a metal or wood turning lathe on the indicated 
centers. Shape this assembly into a tapered cylinder 
- while the tapered dimensions are not critical, taper- 
ing is necessary - per fig. 4. This is a simple job. If 
you don't have a lathe, a friend with a lathe should 
be willing to do this for you. 

Grooves are cut using a table saw with a dado cut- 
ter of correct width. The insulating strips must fit 
loosely in these grooves; observe the tolerances shown 
in fig. 4. Grooves can also be cut with an ordinary 
blade on the circular saw by setting the blade to the 
proper depth. Cut one blade width at a time, rotating 
the mandrel to widen the groove progressively until 
it is wide enough. Because of the limited space 
available on its circumference, a 2-inch (5 cm) diameter 
mandrel can have only three grooves. These cannot 
cross the diagonal split; if they did, the mandrel would 
not slide apart. The finished mandrel is a cylinder split 
diagonally and tapered from one end to the other. It 
will slide apart freely after the coil has been wound 
and cemented. 

winding the coil 
Take the mandrel apart and insert three layers of 

wax paper between the two halves. This paper will 
allow the mandrel to slide apart easily. Put the man- 

By Paul A. Johnson, W K B E ,  10817 Brookside 
Drive, Sun City, Arizona 85351 
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fig. 2. Finished coil with the mandrel removed and dis- 
assembled. 

drel together with the screws and cover it with wax 
paper, allowing an overlap of about 1.5 inches (3.8 
cm). Lay the glass epoxy strips (or cut epoxy board 
strips) in each groove, sanded side up, over the wax 
paper; they should fit in the grooves loosely, with play 
in the width as well as depth. Slip several tight rubber 
bands over the mandrel to keep the wax paper and 
strips in place. Center the strips and paper on the man- 
drel lengthwise. 

Calculate the length of wire and twine needed to 
wind a 12-inch (30 cm) long coil by multiplying the 
number of turns you need times circumference of the 
mandrel. While you may not need this much coil, the 
leftover stock can be used for your next project and 
it's better to cut a piece too long than too short. 
Anchor one end of the wire securely, working out- 
doors if necessary for sufficient work space. Stretch 
the wire to remove all bends and kinks, then polish 
the wire with sandpaper for an attractive appearance. 
The epoxy.cement will adhere better to the polished 
wire than to unpolished wire, and if you have to tap 
the coil, soldering will be easier. 

Bend a hook in the free end of the stretched wire 
and fasten this hook to the wood mandrel, about 1.5 
inches (3.8 cm) from one end with a wood screw. Lay 
out a length of twine the same length as the copper 
wire. Then wind the wire and twine on the mandrel 
tightly, parallel, removing the rubber bands as the 
winding progresses. The wound wire will hold the wax 
paper and strips in place. Wind the wire and twine 
tightly against each other to insure accurate spacing. 

After the wire and twine are completely wound, 
fasten the wire to the mandrel with another wood 
screw, and remove the twine. Mix and apply only 
enough 2-part epoxy cement to cover one insulating 
strip sparingly, with no excess cement on the wax 
paper. If you've maintained the proper clearances on 
the wood mandrel, the insulating strip should move 
freely under the wire. Slide the strip back and forth, 

CWNTER.B)RED HOLE 

I I 

DIMENSIONS ff WOOD BWCKS HELD KOETHER WITH W W O  SCREW 
PRIOR TO TURNING 

fig. 3. Wood blocks before turning. Offset turning centers 
are necessary to obtain a tapered split. 

3.1116" 4 1/16" 4 p O V E S  
- 0" 3/52 DFEP. IMI WDE 

(77.8mm 4 1 . 6  mm) 
f 2 4 m m w ~ p 1  m . 5 m  rnml 
WESF GROO-S CAN BE CUT - O m m l  LARGER BUT UJT SMALLER 

AN0 PLACEMENT 
OlKNSlQNS OC RYSHEO MANDREL W ~ R ~ O ~ E S  
FOR A 3 f 7 6 m 1  UACOIL 

fig. 4. After the lathe turning operation, the mandrel is 
round and slightly tapered. 

distributing the cement evenly between the wire and 
strip. Let it set for 5 minutes. Cement the other strips 
at 5-minute intervals. When cementing is complete, 
set the project aside overnight to allow'the cement to 
harden completely. 

removing the mandrel 
Remove all wood screws anchoring the wire and 

holding the mandrel together. Place the mandrel verti- 
cally, larger end down, on the edge of a table. (The 
table should support the mandrel only up to the edge 
of the split.) Hit the smaller diameter split end with 
a block of wood. The mandrel will then slide apart easi- 
ly. You now have a finished coil. 

the end product 
If you feel the finished coil needs more support, 

another layer of epoxy cement can be applied to each 
strip. I cement another strip on the coil for mounting 
purposes; this also makes a structurally stronger coil. 
In addition to strength and stability, this home-built 
coil offers high Q dissipating very little power even at 
the kilowatt power level. I have used coils built by this 
method in my trapped dipoles, antenna tuner, and final 
amplifier, with great success. 

ham radio 
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DRAKE MN75 
ANTENNA TUNER 

The Drake MN75 matching network will optimize your system performance with a 
surprising range of features and flexibility. From 1.8 to 30MHz., the MN75 matches 
balanced lines, coaxial lines, or random wires. (Optional 8-1000 balun required for 
balanced lines.) RF output and VSWR readings are available at the push of a 
button. The rugged MN75 is rated at 200 watts continuous duty and features 
antenna switching as well as bypass capability. Get maximum power to your 
antenna system with the Drake MN75. 

DRAKE SP75 DRAKE CW75 
SPEECH PROCESSOR ELECTRONIC KEYER 
The Drake SP75 Speech 
Processor packs the punch it 
takes to be heard! The SP75 is an 
RF type speech processor 
designed to give your signal that 
needed boost when the going 
gets tough. Connect the SP75 
between your microphone and 
your Drake TR7 or TR5 - that's 
all! Front panel switching gives 
you a bypass option as well as 
phone patch or tape player input. 
Special muting circuitry even 
allows you to operate VOX while 
using the SP75. The clipping level 

A nenonsense keyer for the '80's: 
the Drake CW75. Smooth iambic 
keying (grid block or direct) is at 
your fingertips with either a 
squeeze key, semi-automatic 
"bug': or straight key. 5 to 50 
WPM capability with front panel 
speed control. Built-in side tone 
monitor with volume control. 
Operates from an external 7 to 14 
volt supply or a nine volt optional 
internal battery. 

is adjustable and the LED 
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improving amplifier ALC circuits: 
part 1 

Grid current derived ALC 
helps upgrade 

AB2 amplifier performance 

Part One of this article examines current ALC techniques and illus- 
trates methods of improvement. Pan Two details several modifica- 
tions lincluding ALC) for input matching and tube protection in the 
compact MLA-2500 amplifier. Editor 

Although modern exciters contain adequate ALC 
circuits, modern AB2 amplifiers lack truly automatic 
practical circuits. In this article, several approaches to 
amplifier-developed ALC are examined and a practical 
circuit is developed, using a grid current derived sam- 
ple. This circuit is used in a Dentron MLA-2500 to pro- 
tect the 8875 tubes from overdrive and grid destruc- 
tion. Adaptability to other tube types is also discussed. 

One of the most important assets of a modern ex- 
citer is an ALC circuit that prevents overdrive of the 
exciter's final and intermediate stage amplifiers. Con- 
trolling the drive - or load - helps preserve spec- 
trum space as well as the exciter's output devices. 

A1.r OUT 

RF IN 

fig. 1. Typical HF amplifier ALC circuit. 

Few, if any, modern exciters lack ALC. Forward 
power, reflected power, final amplifier current, fre- 
quency and other parameters are used to set a power 
output level at which the exciter can operate without 
distortion or destruction. It is also true that few -- if 
any - modern linear amplifiers have a satisfactory 
ALC circuit to  prevent overdrive from occurring. This 
is so even though it is as important to control drive 
to an external amplifier as i t  is to control the drive to 
an exciter's final stage. 

The term ALC is derived from early Collins nomen- 
clature: Automatic Load Control. Many amplifiers in- 
clude a circuit such as that shown in fig. 1. This cir- 
cuit is clearly not automatic, but is based solely on RF 
input voltage. Such circuits offer protection from over- 
drive only when adjusted for each set of operating con- 

I ditions on each band; they also offer no amplifier tube 
I protection. Two important exceptions to the rule are ' amplifiers that do protect themselves from overdrive 

and consequent destruction when connected to the 
exciter's ALC: the Collins 30s-1 and the E.T.O. 
Alpha 77. 

30s-1 ALC circuit 
An example of true ALC is the circuit used in the 

Collins 30s-1 amplifier (fig. 2). The 30s-1 is an AB1 
amplifier; any grid current automatically indicates an 
overdrive condition. A 10K: 10K transformer provides 
DC isolation between the ALC and grid circuits. In 
SSB service, an AC voltage is developed across the 
primary and secondary of the ALC transformer pro- 
portional to the grid current that flows at the audio 
frequency (rate) of the incoming signal. A substantial 
amount of control voltage is available for small values 
of grid current by using a voltage doubler circuit to  
rectify the AC voltage present across the secondary 
of the transformer. Sensing grid current variations is 
an effective way of preventing overdrive and distor- 

By J. Fred Riley, WA8AJN, 1721 Poplar Street, 
Kenova, West Virginia 25530 
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tion in this amplifier. The particular sensitivity of the 
circuit is achieved by the 10 kilohm impedance of the 
grid transformer. This high impedance in series with 
the grid can cause problems if the ALC voltage is not 
returned to the ALC buss in the exciter. Anyone who 
has ever heard a 30s-1 being used without the ALC 
interconnected can testify to the extraordinary band- 
width that results from even minimum overdrive when 
the grid voltage is subject to dynamic instability. 

The 30s-1 circuit is not adaptable to most modern 
amplifiers in Amateur use. The most common circuits 
use zero-bias tubes operated in Class AB2. Significant 
values of grid current are necessary and normal. But 
there is an important analogy: just as the onset of grid 
current signals an overdrive condition in an AB1 
amplifier, certain fixed amounts of grid current can 
signal overdrive or dangerous drive levels in an AB2 
amplifier. It is quite possible to destroy a grid by apply- 
ing drive without plate voltage being present. As the 
price of tubes soars, protective circuitry based on grid 
current seems a necessary adjunct for tube preserva- 
tion alone even without consideration of performance. 

E.T.O." uses this type of circuit. The Alpha 77 is 
a modern AB2 amplifier that has an ALC circuit de- 
signed to positively limit the 8877 grid current to 
150-200 milliamperes (see fig. 3). Grid current is 
sensed, amplified, and inverted by the 0204, 0205 cir- 
cuitry. In operation the negative ALC output voltage 
serves to limit the grid current to a preset, nondestruc- 
tive limit even under conditions of mistuning, or worse, 
no plate voltage. In normal operation 150 milliamperes 
of grid current represents the upper limit of the tube's 
linear range. 

r, 

fig. 2. AB, ALC circuit used in the Collins 30s-1. 

modifying an older ALC circuit 
The MLA-2500 amplifier ALC circuit shown in fig. 

1 is representative of the majority of ALC circuits used 
in other amplifiers. The lack of protection for the grids 
of the 8875 tubes offers an opportunity to adapt a cir- 
cuit that protects against overdrive and potential tube 

+ 

RFWT 

&LC m 

fig. 4. Comparator-type ALC circuit derived from the Cob 
lins 30s-1 tuning and loading comparator circuit. 

r 

8877 

destruction. An added incentive is the fact that it costs 
as much to replace the final tubes in an MLA-2500 as 
to buy a used amplifier. 

The first circuit I experimented with was based on 
the tuning and loading circuit of the 30s-1. Fig. 4 
shows the comparator circuit which samples both in- 
put and output RF voltages to detect nonlinearity re- 
sulting from any cause. The use of DC amplifiers to 
generate a negative going ALC voltage when the com- 
parator output voltage departs from its null seemed 
initially to be a satisfactory solution. In practice it 
failed. The impedance is fairly high and stray capaci- 
tance and inductance effects were different on each 
band. In addition, the circuit required correction to pro- 
vide protection when the mode of operation was 
changed from SSB to CW which increased circuit 
complexity substantially. Disabling the circuit was also 
necessary in order to initially tune up. I soon aban- 
doned this approach. 

r - - ; h  

'Ehrhorn Technological Operations, Canon City, Colorado. 
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fig. 3. AB2 grid-current-derived ALC circuit used in the 
E.T.O. Alpha 77 amplifier. 
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fig. 5. Final circuit as installed in Dentron MLA-2500. 

a working MLA-2500 ALC circuit 
Fig. 5 shows the final circuit that was developed 

for the MLA-2500. It operates solely through the sen- 
sing and control of grid current. I had observed non- 
linearity in several different sets of tubes at more than 
55-60 mA of grid current. After reviewing the tube 
specification sheets it soon became apparent that I 
could prevent overdrive and tube destruction by simply 
limiting exciter drive to 60 mA grid current under all 
conditions. The key to the circuit was a simple change 
in the value of the grid shunt. The new value was 
chosen to develop 0.6 VDC at 60 mA grid current, i.e., 
10 ohms. A series multiplier resistor had to be added 
to the metering line. By using a I-kilohm meter multi- 
plier, full scale grid current was changed from 1 
ampere to 100 mA. I modified the existing MLA-2500 
ALC and power supply boards taking advantage of ex- 
isting parts and wiring. Fig. 6 shows the construction 
technique used for the remaining components added. 
Fig. 7 shows the actual installation in the MLA-2500. 
The open area beneath the meterlfunction switches 
offered enough space to mount the component strips. 
After installing the ALC circuit and conecting it to the 
exciter, the grid current could not be driven past 60 
mA. Combined with the visual warning of the front 
panel-mounted transmit lamp, X-2, and the increased 
sensitivity of the grid current meter the circuit offers 
positive protection. Now, if the supply voltage is ac- 
cidentally left in the CW position I no longer see the 
high grid current that previously occurred. It is also 
now practically impossible to overdrive the amplifier 
in the SSB mode. Loading the amplifier too lightly 
results in excess grid current which reduces the drive 
and prevents flat-topping; the load is automatically 
controlled. It is truly an ALC circuit. 

adapting to other amplifiers 
Other tube circuits operating in AB2 can also benefit 

from the addition of this circuit. 3-500, 813, and 81 1 

users can all probably point to some finite value of 
grid current in their amplifiers which represents an 
overdrive condition: for example, my 3CV1500A7 
(3CX1000A) begins to distort above 325 mA. The cir- 
cuit is adapted to other amplifiers by simply choosing 
a value of grid shunt so that the desired maximum grid 
current develops 0.6 VDC. The circuit I developed is 
useful where the grid voltage sample is negative; the 
E.T.O. circuit could be used where the sample is posi- 
tive. In either case the addition of a grid-current- 
derived ALC circuit represents the addition of an ex- 
tremely useful operating adjunct. By using multiple 
isolation transistors, as shown in fig. 8, other 
parameters can be used to limit exciter drive. I have 
not found such circuits necessary with the 8875s, 
however. (A more extensive set of construction notes 

fig. 6. Terminal strip construction technique used for grid- 
current-derived ALC circuit in MLA-2500. 

fig. 7. Final installation of ALC circuit in MLA-2500. 
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MODEL 
XF-9A 
XF.98 
XF.9001 
XF.9B-02 
XF.96-10 
XF.9C 
XF.90 
XF.9E 
XF-9M 
XF-9NB 
XF-9P 
XF910 

MHz CRYSTAL FIL 
Ap II Ban& 
mt?o. width 
SSB 2.4 kHz 
SS B 2.4 kHz 
LSB 2.4 kHz 
US0 2.4 kHz 
SSB 2.4 kHz 
AM 3.75 kHz 
AM 5.0 kHz 
FM 12.0 kHz 
CW 500 Hz 
CW 500 Hz 
cw 250 Hz 

IF notse 15 kHz 

'ERS 

10.7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 8 567.30 
XF107.B NBFM 15 kHz 8 67.30 
XF107-C WBFM 30 kHz 8 67.30 
XF107.D WBFM 36 kHz 8 67.30 
XF107-E PixIDala 40 kHz 8 67.30 

~ - -  

Export Inquiries Invited. Shipping 53.50 

MICROWAVE MODULES VHF 6 UHF EQUlPMENTS 
Use your existing HF or 2M rig on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $249.95 
1296 MHz GaAsFET MMk1296-144G 149.95 
4321435 MMc432-2WS) 74.95 
43SATV MMc43SCh x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144-28 54.95 
Options: Low NF(2.0dB max.. 1.25dB max.), other bands h IF'S available 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output. 2M in MMtl296-1444 $299 95 
43Z435 10 W output. 10M In MMt432-2WS) 259 95 
144 MHz 10 W output. 10M in MMt144-28 169 95 
Other bands h IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output UT1296BL ASK 
43Z435 100 W output MML432-100 369.95 

50 W output MML432-50s 199 95 
30 W output MML432-30-LS 179.95 

144 MHz 100 W output MMLt44-100-LS 249 95 
50 W Output MMLl44-50-S 199 95 
30 W output MML144-30LS 109 95 
25 W output MML144-25 99 95 

All models include VOX TIR switching. 
"L" models 1 or 3W drive, others 10W drive. 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420-450 MHz MULTIBEAMS 
48 Element 70IMBM48 15.7dBd 
88 Element 701MBM88 18.5dBd @ $::.:: 

144.148 MHz J-SLOTS 
6 over 8 Hor. pol DBl2M 12.3 dBd $63.40 
8 by 8 Vert, pol DBIPM-vert 12.3 dBd ASK 
10 + 10 Tw~st lOXYl2M 11.3 dBd 79 95 

UHF LOOP YAGlS 
1250.1350 MHz 29 loops 1 m L Y  20dBi $44.95 
16501750 MHz29 Imps 1691-LY 20dBi 55.95 
Order LOOP-Yaai connector extra: Type N 514.95, SMA 55.95 . - 

send 4, (2 stamps) for lufl deta~is of ail your VHF L UHF equip. (7 men1 and KVG crystal product requlrernenls - 
" + 

(61 7) 26 
SPEC 

-Ae--. 

- 
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ON FRCUT PANEL 

Sh- NEW OUVTS TO m W D E  Obr 41 DESIRED CURRENT LINT 
M-NEW*IETERHVLTlPLlERS TOPHMDE DESIRED M T E R  RANGE 

WITH NEW SHUNT. Sh 

fig. 8. The ALC circuit can also be used to protect other 
circuit elements, e.g., plate current. 

and an input matching circuit follows in Part Two of 
this article. - Editor.) 
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fig. 1. Interior view of box built for a wideband RF amplifier. 
(See ham radio, March 1984. pages 12-28.) 

build a better box 

How to modify 

pre-built enclosures 

for RF-tight design 

Sometimes it seems that packaging a project is 
more difficult than building the actual project itself. 
In packaging a complete project, building the right box 
is critical, because if the packaging is not done well, 
the device inside may not work properly. 

Commercially available die-cast boxes - you know, 
the ones that seem to be just about perfect for many 
things, but are never quite right for anything - 
appear, at first glance, to be ideal for small RF 
enclosures. There is no convenient way to mount 
anything in these. If you try to mount your neat, low 
noise, wideband amplifier in one of these boxes with 
a few standoffs to the bottom, you quickly find that 
your mounted amplifier has become an oscillator and 
now generates a considerable amount of output with 
no input. 

If pre-manufactured boxes are to be used success- 
fully for RF enclosures, particularly above several 
hundred megahertz, they must be modified first, with 
a solid, well defined grounding configuration to tight- 
ly couple the box to the circuit ground. The mechanical 
assembly described and illustrated in this article, 

though not particularly simple, provides an excellent 
packaging configuration for small RF projects through 
L-band. Its fabrication should be well within the 
capability of most Amateurs (no machine shop is re- 
quired) and result in a much more successful and 
professional-looking project than any collection of 
coffee cans, PC board pieces and shim stock, however 
skillfully assembled. 

Fig. 1 shows what your finished project should look 
like using this method. 

drilling patterns 
I used a Pomona 2901 diecast box for this article, 

but similar products can be adapted with equal suc- 
cess. The overall assembly is shown in fig. 2. From 
that you can see the relative mounting positions of the 
eight mounting blocks and RF connectors. The details 
of the box modifications are shown in fig. 3. All holes 
must be positioned with reasonable accuracy. The best 
way to accomplish this manually is with a precision 
steel rule calibrated in tenths or hundreths of an inch. 
This should be available from almost any hardware 
store or machine tool supply store. Because the die- 
cast boxes vary somewhat in size, the holes in fig. 3 
are dimensioned from the side center lines. Experience 
has shown that dimensioning from one end can lead 
to problems with fitting parts. Before drilling, be sure 
to centerpunch all holes to prevent the drill from 
"walking." 

By Michael Gruchalla, 2450 Alamo Avenue, 
S.E., P.O. Box 9100, Albuquerque, New Mexico 
871 19 
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fig. 2. Assembly drawing of RF enclosure. 

A number of different filters may be used. If you Don't try to use solder-in filters; the box alloy is very 
use other than the one listed, be sure to drill and tap difficult to  solder. The various screw-mounted filters 
the filter mounting hole to fit your particular filter. are your best choice. You'll also notice that one RF 

connector is centered and the other offset in the cor- 
responding ends. This is a convenient layout, but be 
creative and mount the connectors where best suited 
to your project. 

treating the surface 
The paint must be removed from the inside of the 

box where the mounting blocks are to be installed. The 
paint in these boxes is tenacious; the easiest method 
of removal is with a small sandblaster. But if you don't 
have a sandblaster in your work room the next best 
thing is sandpaper. A little work with about 120 grit 
wet-or-dry should do the trick. Use plenty of water 
to keep the paper from loading. (If you use regular 
sandpaper, don't use water - you'll end up with a 
handful of wet sand and soggy paper.) 

An unpainted box such as the Pomona 2906 can 
also be used, but then you'll have to prepare the sur- 

C 

fig. 3. RF enclosure drilling pattern. 
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SIDE V I E W  

fig. 4. Board outline drawing indicates hole and cutout patterns. 

face and paint the finished unit for an attractive "pro- 
fessional" look. This can be tricky; the bare cast box 
requires considerable effort if you're determined to 
produce a visually appealing product. All things con- 
sidered, I think the painted box - with interior paint 
removed - is the easier t o  use. 

interior details 
Once you have all the holes drilled in the box and 

the paint is removed, you have to make all those little 
pieces that fit inside the box behind the holes. This 
is a tedious task, but with a little care and patience, 
good results can be expected. The details of the six 
side blocks and the two end blocks are shown in fig. 
5. The 2-56 tapped holes are quite small, so you must 
be very careful when drilling and tapping - particularly 
in tapping. Use plenty of oil for both drilling and tap- 
ping, and be sure to back the tap out often to prevent 
jamming. 

component assembly 
After all the interior pieces are completed, the box 

is ready for assembly. For a little more professional 
appearance, use flat washers with all the screws, but 

be sure to mount the filter without a washer. On some 
filters, the thread is long enough to accept a nut on 
the inside of the box to lock the filter in place. You 
may have a problem purchasing the ground terminal 
specified in small quantities; if a suitable terminal can- 
not be found, a 314-inch, 4-40 screw and nut may be 
used. Place the nut about half way up the screw, drive 
the screw into the ground terminal location about 1 /4  
inch, and tighten the nut. Use a plated brass or steel 
screw to make soldering easier. 

The finished box is now ready to have something 
put in it. What you install is up to you, but be sure 
your board is tailored to fit the box and mounting 
blocks. An outline drawing of the cutout and mount- 
ing details of the board is shown in fig. 4. This should 
help you in getting a board cut to fit the box. Be careful 
not to run any wiring or conductors within about 5/16 
inch of the board edges, since that's where the mount- 
ing blocks attach. 

This versatile packaging technique adapts easily to 
other boxes. When carefully done, it results in a 
professional-looking enclosure providing the strong 
electrical bond between the board ground plane and 
the box in critical RF circuits. I've used this assembly 
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fig. 5. Side mounting block drilling details. 

with excellent results for applications in excess of 1500 
MHz; good luck on your future projects. 

ham radio 

r SHORT CIRCUIT HOTLINE - 
Building a current ham radio project? Call the 

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

(See "Publisher's Log," April, 1984, page 6, for 
details.) 

603- 878- 1441 
H 143 
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Po O* Box 280298 Dallas, Texas 75228 rB M 16 R 0 (2141 271-5546 I..w~~ 
1 Big Computer Mfg. Makes $900,000 Goof!! 

COMPUTER/DtSK DRIVE 
SWITCHING POWER SUPPLY 

ORIGINALLY DESIGNED TO RUN A 2-80 

I A BASED SINGLE BOARD COMPUTER 
I WITH TWO 5-114 IN. DISK DRIVES AND 

CRT MONITOR. 

1 

BRAND NEW: UNUSED! 
$3 7 5 0 E A  

ADD $1.50 PER UNIT FOR UPS 

SPECS: + 5VDC 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 

HIGH EFFICIENCY SWITCHER MFG. 
BY CAL. DC IN 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 
2-80 Computer, guess what the Big Boss found in the back warehouse; 
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: Orders over S50add 85C insurance. No COD. Tex. Res. Add 6'10 SalesTax. Subiect to orior sale. Foreian orders: US funds onlv. We cannot ship - 
to Mexico. Foreign countries other than Canada add $6 per board shipping. 
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I 280" SINGLE BOARD COMPUTER! 
64K RAM - 80 x 24 VIDEO DISPLAY - FLOPPY DISK CONTROLLER 

RUNS CP/M* 2.2! I 
71 

BUY 6 FOR $165! 

$29.95 
(BLANK BOARD WITH - - 

DATA AND ROM'S.) 

PROCESSED ON A STRICT, 
FIRST COME, FIRST SERVED 

UNBELIEVABLE LOW PRICE!!! 
GIANT COMPUTER MANUFACTURER'S SURPLUS! 

Recently Xerox Corp. changed designs on 
their popular 820' computer. These prime, 
new, 820-1 PC boards were declared as 
surplus and sold. Their loss is your galnl These WE'VE COT EM! 
boards are 4 layers for lower noise, are solder 
masked, and have a silk screened component 
legend. They are absolutely some of the best 
quality PC boards we have seen, and all have 

HALF SIZE DRIVES 
passed final vendor QC. Please note, however, 40 Track per slde 
these surplus boards were sold by Xerox to us 
on an AS IS basis and they wlll not warranty 
nor support this part. Same as SA455 

We provide complete schematics, ROWS, Latest head 6 
and parts Ilsts. If you are an EXPERIENCED drfve technology 

computer hacker, this board Is for you! Fast access time 
Remember, these are prime, unused PC 

Two of These Half S l n  Drfm wlll 
boards! But since we have no control over the FII In th. ~ m m  spew ms 1 FUII Size ~rl-1 
quality of parts used to populate the blank 
board, we must sell these boards as is, without $179.00 per drive 
warranty. You will have todo any debugging, If Compn .I UP ID $149 .a 

necessary, yourself!. 

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada) 

'CP/M TY OF DIOWAL RESEARCH INC. (CALIF.) SZO TY Of XEROX CORP. 230 TM Of ZlLOa 
r 

TERMS: Orders over S SO add 8% insurance. No COD. Tex. Rer. Add 6% Sales Tax. Subject to pnor sale. Foreign orden: US funds only. Wecannot ship 
o Mexko. Forelgn countrler other than C.n.6 add $6 per board shlpplng. 
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cooling semiconductors 
part 2: 

blowers and 

Heatsinks aren't 
the only way 

to dissipate 
excess heat 

This article has been adapted, with permission, from IC Voltage Reg- 
ulator Sourcebook with Experiments, by Vaughn D. Martin, published 
by TAB Books, Inc., and available from Ham Radio's Bookstore, 
Greenville, New Hampshire 03048 ($14 postpaid). 1 

In Part One of this series we discussed the design 
and use of heatsinks in cooling electronic equipment. 
In this part, we'll examine the several other means by 
which excess heat can be prevented, monitored, and 
dissipated. 

While heat sinks are without doubt the most familiar 
means of moving heat away from electronic equip- 
ment, they can be of limited use if the ambient tem- 
perature itself is high, or if the area surrounding the 
unit remains warm because heat is not evacuated 
quickly enough. If, for example, a power supply were 
enclosed in a poorly ventilated cabinet, a heat sink 
would be of little or no use; in such a situation, a fan 
or blower would be more effective. 

While similar to heat sinks in principle, fans and 
blowers are significantly different in application and 
design. Fans (see fig. 1) generally employ propeller- 
like blades to move large volumes of low-pressure air. 
Blowers, on the other hand, usually consist of a re- 
volving wheel that displaces air; they are therefore 
more efficient while operating near their maximum 
(non-moving) pressure (see fig. 2). 

In cooling a poorly ventilated cabinet, pressuriza- 
tion of the enclosure by pumping filtered air in is vastly 
preferable to drawing air out because air pulled into 

fans 

the cabinet may contain particulate matter whose pres- 
ence, over time, can compound the problem of tem- 
perature control by collecting in cabinet openings, 
such as those between panels or around doors, and 
blocking the exit of air. 

, Of the four methods of cooling electronic equipment 
housed in cabinets - forced-convection filtered air, 

1 air-to-air heat exchangers, air-to-water heat ex- 
' changers, and specially packaged air conditioning units 

- only the first (see fig. 3) is appropriate for Amateur 
Radio applications. 

forced-air cooling 
In designing the forced-convection filtered air-cool- 

ing of the interior of an equipment cabinet, five design 
guidelines should be followed: first, there should be 
no constrictions; the cross-sectional area of the air cur- 
rent should be at least as large as the intake. Second, 
the exhaust area must be located downstream from 
the heat-producing elements. Third, baffles work best 
when used to channel a small volume of air across an 
exceedingly hot component at a high velocity. Fourth, 
ducts may be used to maintain a more even cooling 
effect throughout the cabinet. If maintenance of an 
even temperature from the top to bottom of the cab- 
inet is important, ducts should be located along the 
sides of the cabinet. 

Finally, because blowers and especially fans can 
cause vibration, it's important that neoprene vibration 
isolators or similar devices be built into the fan if this 
is a concern. If you decide to use a fan, using the fol- 
lowing two formulas will enable you to determine the 
required fan size: 

volume of air - - 3. I7 x power x -- 1.25 
at inlet 7- f O F )  

- - 1.76 x power x 1.25 
7- ("C) 

By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 
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fig. 1. A typical fan used for ventilation purposes. (Photo 
courtesy McLean Engineering, Inc.) 

The power to be dissipated is expressed in watts; 
the temperature is the average temperature rise within 
the cabinet, expressed in the first equation as degrees 
Fahrenheit and in the second equation as degrees Cel- 
sius. These two formulas as well as the nomograph 
shown in fig. 4 have a built-in safety factor of 25 per- 
cent (note the 1.25 for 125 percent). If only a quick 
approximation is required, the nomograph may be 
used. 

Let's work through a typical design example, assum- 
ing we are designing for a typical cabinet and using 
both the formula and the nomograph. Let's strike a 
line through the nomograph and see how close it 
comes to the exact calculated value. 

Assume we have exactly 200 watts of power to be 
dissipated and can accept only a 10°F rise in temper- 
ature within the cabinet. The first equation for degrees 
Fahrenheit yields [(3.17)(200 wat!s)(1.25)]/10 = 79.25 
cubic feet per minute. Note in fig. 4 that the nomo- 
graph indicates approximately 80 cubic feet per minute 
- very close to 79.25, the value derived by actual cal- 
culation. 

thermoelectric devices 

In addition to forced air venting, thermoelectric de- 
vices such as Peltier and Thomson-Joule devices may 
be used to pull heat away from a specific small area 
in the cabinet or a critical semiconductor that must 
remain cool. 

Four basic physical phenomena are associated with 
thermoelectric devices: 

The Seebeck effect is the EMF that exists when two 
dissimilar conductors are connected and have their 
junctions maintained at different temperatures. This 
is the basis of thermocouples. 

The Thomson effect is the heating or cooling effect 
that takes place in a homogeneous conductor when 
an electric current passes in the direction of the temp- 
erature gradient. 

The Joule effect occurs when an electric current 

fig. 2. A typical blower along with a housing for blowers. 
(Photo courtesy McLean Engineering, Inc.) 

passes through a conductor (which is isothermal or 
maintains the same temperature throughout) and gen- 
erates heat - this is called "Joule heat." 

Hval Irhtd and 

t I ~ m l ~ ~ ~ ~ ~ I  nlr <all 

The Peltier effect, named in honor of Jean C.A. 
Peltier, who in 1834 discovered that the passing of 
electric current through the junction of two dissimilar 
materials causes a cooling effect when passed in one 
direction and a heating effect when the direction of 
current flow is reversed. 

\nih~enl 
nlr ~n 

\ 
\ 
\ 

The Seebeck, Peltier, and Thomson effects are all 
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fig. 3. An illustration depicting forced-convention filtered 
air cooling. This technique uses ambient air to cool elec- 
tronic control equipment. Incoming air is filtered before 
being blown throughout the equipment cabinet. 
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reversible phenomena. The Peltier effect is the one rn r" - 

most usefvl in power supply design because of its abil- 
ity to literally draw heat away from a semiconductor, 

m - 
although the Thomson effect also has some limited 
applications in these areas and will be discussed 
shortly. . . .--- 

Peltier cooling devices (fig. 5) may be attached di- -u 

rectly to surfaces of heat-producing semiconductors. 
- 

The effect of heat being drawn away in proportion to 
the current passing through the cooling device is what 
makes this device so effective, if somewhat expensive; 

- 
a device large enough to handle a TO-3 power tran- 
sistor is priced at about $15.00. fig. 5. A Pettier cooling device (2 views). 

Another interesting thermoelectric device is the 
Joule-Thomson cooler, as shown in fig. 6. Described 
by'its manufacturer as a "micro-miniature refrigera- 
tor," it cools a wide range of IR (infrared) and 
millimeter wave detectors down to n°K ,  or Kelvin, 
which is the temperature of liquid nitrogen (N2). Zero 
degrees Kelvin is absolute zero (where all molecular 
motion stops); this is equal to -273.15OC or 
- 459.67OF. (One degree Kelvin equals in magnitude 
one degree Celsius, so to convert Kelvin to Celsius, 
just subtract 273.15 degrees from it. So 
n ° K  = 77 - 273.15 = - 196.15OC or - 321.07OF.) 

fig. 6. A Joule-Thompson cooler. (Photo courtesy MMR. Inc.) 

TEMPERATrnE 
RISE 

OC OF 

-- 100 

These 1.5 cm (0.6 inch) in diameter devices can cool 
some detectors to 80°K ( - 193.15°C) in just one 
second. 

5 0 - -  
AIR FLOW 

CUBIC FT./ MIN. 40-- 
+25% SAFETY 35-- 

FACTOR INCLUDED POWER TO 3 0 -  

- 150 BE DISSIPATED 25-- 

piezoelectric fan 

90 - 8 0  
7 0  
6 0  
50 

Another interesting cooling deviceis the piezoelec- 
trically drivenen designed for PC board use. Manufac- 
tured by PiemTlectric Products," this device (fig. 7 )  

'Piezo Electric Products, 212 Durham Avenue, Metuchen, New Jersey 08840. 

IN WATTS - 4 0  - IkW 2 0 -  
- 100 - 8 0 0  - 3 0  

- 5 0 0  1 5 - -  
25 

- 2 0  

- 4 0  

- 3 0  
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- 2 5  

- 2 0  

- 15 

- 10 

- 4 0  4 - 3 0  

- 2 0  

- 10 2 - 
- 5 

-- 7 
- 6 

-- 5 

- 4 

- 3 

- 7 

I - - 2 

fig. 4. A nomogram .for determining air f l ow require- 
ments. 
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fig.7. A piezoelectric fan. (Photo courtesy Piezo Electric Prod- 
ucts, Inc.) 

is available in either 50 or 60 Hz at 120 or 240 VAC. 
Used for spot cooling, it consumes about 1.115 of the 
power of a fan, yet accomplishes the same cooling 
effect. Its reliability is very high because of flexible 
metal strap blades laminated to thin-sheet piezoceram- 
ic elements. The mechanical vibrations that result 
when an AC voltage is applied across the piezoelec- 
tric element in the bender assembly cause the attached 
plastic blades to flap. This principle is illustrated in fig. 
8. The highly "focused" air streams are responsible 
for the unit's exceptional efficiency; the fan moves 20 
cubic feetlminute of air while using just 0.36 watts. 

the heat pipe 
In size, heat pipes range from very small - about 

the size of a pipe cleaner (fig. 9) - to very large, as 
in furnace linings and factory smokestacks. The heat 
pipe's claim to fame is its unique ability to equally and 
uniformly distribute heat and thus equalize the differ- 
ences between the hottest and coolest objects (usually 
ICs and ambrent air, respectively). The smallest heat 
pipes fit nicely beneath and between the two adjacent 
rows of IC pins. 

Heat pipes are metallic, sealed, self-contained units 
(fig. 10) with a thin outer wall or shell of copper which 
surrounds an internal wick saturated with a working 
fluid. As one end of the heat pipe (the evaporator end) 
is heated, the fluid within vaporizes and travels to the 
other end (the condenser end). As the vapor con- 
denses, heat is given off and the vaporized liquid con- 
denses and travels back, via capillary action, to the 
evaporator end. The end result is an efficient self-con- 
tained heat exchange system with the following ad- 
vantages: 

The ability to transfer over 1000 times more heat than 

l 
a copper rod of the same size and weight. 

Virtually absolutely uniform heat transfer and distri- 
bution throughout the heat pipe with less than 0.1 de- 

ELECTRODE0 CERAMIC 

METAL SHEET 

WHEN VOLTAOE IS APPLIED. A BILAMINATE BENDER 
DEFLECTS AS ONE CERAMIC SHEET EXPANDS WHILE 
THE OTHER CONTRACTS. 

fig. 8. An illustration of the principle behind the piezo- 
electric fan. 

fig. 9. Typical small heat pipes. (Photo courtesy Noren Prod- 
ucts, Inc.) 

gree C drop or heat gradient from one end of the pipe 
to the other. 

Lightweight and compact. 

No moving parts, no maintenance or external power 
required. 

No noise - either electrical or audible. 

Capability of being fused to an existing heat sink 
(fig. 11). 

If, for example, you had an LED display comPosed of 
a row of adjacent DIPS, and very poor or no ventila- 
tion, as in fig. 12, you wouldn't be able to use a slip- 
on DIP heat sink such as the one shown in fig. 13; 
slipping this heat sink over the DIP displays would ob- 
scure the front of the display, rendering it useless. In 
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HEAT OUT 

CONDENSEl SECTION 

fig. 10. An illustration :of .the heat pipe's operating 
principle. 

applications such as this, a heat pipe is ideal. When 
it's necessary to vent heat away after it has been trans- 
ferred and evenly distributed, a radiator, as shown in 
fig. 14, may be attached to the heat pipe. 

monitoring temperature 

After heat sinks, heat pipes, and either a fan and/or 
a Peltier or Thomson-Joule device are added, the tem- 
perature should be within acceptable limits, and tem- 
perature monitoring should begin. A number of com- 
panies manufacture a crayon-like pen that can be used 
to apply a heat-sensitive substance to the surface of 
a semiconductor whose temperature is to be moni- 
tored {fig. 15). There are also TO-3, TO-66, and DIP 
stick-on temperature indicators (fig. 16) and other 
heat-sensitive products such as paints and tablets (fig. 
17) that change colors in direct relation to the tem- 
perature they monitor; as the temperature changes, 
so does the color of the temperature indicator. These 
indicators are available in two types. The more tradi- 
tional throwaway types change color as temperature 
rises, but if the temperature falls again, cannot change 
back to a color corresponding to this lower tempera- 
ture. This unfortunate "ratchet" effect can be avoid- 
ed by use of an LCD temperature indicator. Instead 
of the more traditional nematic crystals, these indica- 
tors use cholesteric crystals - produced in the cho- 
lesterol in lambs wool and cuttlefish1 - and cost about 
four dollars each, feature as many as seven colors, and 
have 5-degree C temperature increments as standard. 
There are larger indicators based on the same prin- 
ciple that can cover whole power supplies or entire 
printed circuit boards. 

protection devices 

In order for overheating to be controlled, it must first 
be sensed. The visual methods just described (shown 
in fig. 15 through 17) are one form of indicator; how- 
ever, in unattended applications, electrical parameters, 
as well as heat, must be sensed and controlled. In a 
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typical power supply, thereis a fuse at the transformer, 
but other protection can be provided for individual 
component parts within the system. 

A PTC (positive temperature coefficient) thermistor 
can help. These devices are very inexpensive - about 
$1 - and are two-lead devices that sense ambient heat 
by having the body or encapsulating cover experience 
heating, causing its resistance to rise by an order of 
magnitude (a factor of ten) for each 10 degree C rise 
in temperature above its trip poirtt. This trip point is 
different per unit and can be specified, but a typical 
trip point is about 100 degrees C. Once this elevated 

COMPONENT SURFACE 

MINI-FLAT - 

WITH 90" BEND 

fig. 11. Various schemes of fusing heat pipes into existing 
heat sinks to increase their effectiveness. 



I AMP Connector I 

MOLEX Connector 

3M Connector 
*I 

RICHCO Clreult Board 

fig. 12. An ideal candidate for a heat pipe application, a poorly vented LED display. 

fig. 13. A DIP slip-on heat sink, unfortunately not useful in 
an application such as with the display in fig. 12. (Photo 
courtesy Aavid Engineering, Inc.1 

fig. 14. A "radiator" attached to a heat pipe for more effec- 
tive heat radiation. (Photo courtesy Noren Products, Inc.) 

fig. 15. Heat sensitive crayons used to visually detect tem- 
perature changes. (Photo courtesy Tempil Division, Big Three 
Industries, Inc.) 

temperature is reached, though, automatic reset by 
merely removing power to the PTC thermistor is not 
possible. An actual cooling of the PTC thermistor to 
below its trip temperature must first occur before re- 
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fig. 16. Heat sensitive sticky backed peel-off temperature 
indicators. 

25 50 5 100 1 5  150 175 
' I 'OC 

fig. 18. A graph showing how a PTC (positive tempera- 
ture coefficient thermistor) can overcome the effects of 
internal device heat generation. This graph demonstrates 
the sensitivity of resistance of PTC material to applied 
voltage. 

fans can be selected and sized to maintain specified 
temperature rises for a given power dissipation require- 
ment. On a smaller scale, thermoelectric devices ex- 
hibiting the Seebeck, Thomson, Joule, or Peltier effect 
can be used to cool individual semiconductors. Heat 
pipes are also very effective in uniformly transferring 
heat from one location to another. The effectiveness 
of these devices can be determined by using temper- 
ature indicators in the form of stick-ons or paints. 
Overheating protection devices that generate voltages 

fig. 17. A whole product line of visual temperature indicators. in a feedback loop can be used to reduce the original 
(Photo courtesy Omega Engineering, Inc.) cause of heat buildup. 

setting is possible. The internal heating effect of the 
thermistor itself is inadequate to cause it to reach the 
trip temperature. This allows internal heating to have 
only a very small effect on the resistance of this heat 
sensitive resistor. It also allows the surface that is pro- 
ducing heat, usually flush with the PTC thermistor, 
to control the device's resistance. Fig. 18 is a graph 
showing how this internal heating effect is minimized 
by a PTC. 

summary 
Though useful for the applications intended, heat 

sinks are not the only means of dissipating heat, 
especially within an equipment cabinet. Blowers and 

reference 
1. Vaughn D. Martin, "LCD Primer," CO. April, 1983, page 45. 
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\ /m Announces: 
A User-Friendly Software Package 
Designed For Easy Operation of Morse, 
Baudot, ASCII, and AMTOR. A Feature- 

MBII -TORTM 
Packed Program Called: 

MAIN MENU SCREEN Now Available for the Commodore 64 Computer in Two Versions. 
MBA-TOR 64 Software Package Only, at $119.95 Suggested Retail. 

hh:mm:ss MAP-64/2 Software with Self-contained Interface $239.95 Retail. 
M BA-TOR lM 

COPYRIGHT 1984 BY AEA 

SELECT: 
M. MORSE 
A. ASCII 
R. RTTY 
T. AMTOR 
U. AUTO AMTOR 
X. AUTO CALL 
C. COMMANDS 
0. OPTIONS 

Just Look At Some Of The Features: 

--* CW receive and transmit at 5 to 99 wpm, auto speed track on receive. 
--+ 8 bit ASCII, receive and transmit at 110, 150 or 300 baud. - 5 bit Baudot, receive and transmit at 60, 67, 75, 100 or 132 wpm. 
---t TOR, receive and transmit ARQ (Mode A) or FEC (Mode B) and listen. 
--+ Beacon and WRU system, includes QRG check before XMT, won't QRM. - Message forwarding system, AUTO-AMTOR still functions in this mode. 
---+ Selects command menu. - Selects options menu. 

c + Complete precompose split-screen display with status information. 
OPTIONS MENU SCREEN + Complete printer control including SELCALL/WRU printer control. 

c hh:mm:ss \ 
I. CALLSIGN ?????? 
S. SELCALL ???? 
T. ARQTIMEOUT 30 
U. USOS 0 N 
M. MORSE FlLL(BT) OFF 
R. RTTYSYNC(NUL) OFF 
A. AUDIO FEEDBACK OFF 
C. AUTOCR 0 N 
L. AUTO LF 0 N 
B. BEACON RECORD OFF 
W. WRAP-AROUND ON 
K. CW BREAK-IN OFF 

, 0. OUTPUTMODE WORD 

24-hour clock, shows time in hours, minutes and seconds. 
Allows entry of your callsign for auto operations. 
Derived from your callsign automatically, can be changed. 
Sets ARQ phasing calls from 1 to 99 seconds. 
Unshift on space, toggles on or off. 
Transmits Morse idle character during breaks in  KB activity. 
Transmits RTTY idle character during breaks in  KB activity. 
Sends short beep through your audio as any key is depressed. 
Sends carriage return the first space after 65 characters. 
Sends a line feed after each carriage return. 
Allows the beacon to be recorded to the QSO buffer for logging. 
Sends CR/LF if there is a space in  the last 5 positions on the line. 
Automatic transmitheceive switching during QSO. 
Transmit in word mode (text sent on space) or character mode. 

COMMAND MENU SCREEN + Break-in buffer on all modes, toggle QSO buffer on or off. 
+ CW speed lock and Farnsworth low-speed CW. 

hh:mm:ss + 10 soft-partitionedTH message buffers plus direct from disk or tape. 

L. LOAD 
E. EDIT 
M. MOVE 
S. SAVE 
X. SET XMT BUFFER SIZE 
C. SET COLOR 
T. SET TIME 

Allows loading of message or QSO buffers from disk or cassette. 
Word processor type edit functions on message and QSO buffers. 
Allows transmission of QSO buffer without disk or cassette systems. 
Allows you to save message and QSO buffers to disk or cassette. 
Set the transmit pre-type buffer to any size you like. 
Chose between any of 16  colors for character, screen or border. 
Lets you set the time of day clock. 

+ Insert QSO station's call into any buffer while still copying. 
+ Includes a complete manual, keyboard overlays and cables for 

the AEA Computer PatchTM or MicropatchTM Interface. 
+ For more information call AEA, or see your AEA Dealer. 

C & A ROBERTS, INC. J 124 

\ 1851 1 H a w t h o r n e  Blvd., To r rance ,  CA 90504  AEA Brings you the 
21 3-370-7451 2 4  Hours call 21 3-834-5868 Breakthrough! 

More Details? CHECK-OFF Page 140 August 1984 61 



BODY BEATS 
OUR 

PRICES!!! 
5 ,... s / $35.00 per 

- - month 

nothing down 
FINANCING 
AVAILABLE 

FILTERS - BLANKERS 
AND CONVERTERS 
FOR THE SERIOUS 

AMATEUR 

I DISTRIBUTED EXCLUSIVELY BY 

HOBBY KITSB 
EXPERIMENT - LEARN ELECTRONICS 

BUILD AND DESIGN YOUR OWN AM.FM, CW. 
OR SSB RECEIVERS,TRANSM,ITTERS AND ETC. 

WITH OUR MINI-LINEAR CIRCUIT KITS 
All kits Come Complete W~th Etched and Dr~lled C~rcu~t Boards 

and All Pans Needed To Funct~on As Descr~bed 
AFA-1 AUDIO AMP. LM 380 1 2 h a n s 4  16O~MClu lou l  $4.95 
AFP-1 AUDIO PREAMP. Dua,AuOmo ~ r e a r n ~  - fur Mdce EIC $3.95 
BMD-1 BAL. MIX. LM 14% Mtier - S B Mwulator Tuned Sulput $9.95 
DET-1 AM DET. AW Envelope Deteclor w i ~ n  AGC OUIPUI $3.95 
DET-2 FM DET. LM3065FM Oeleclor 1455 KHZar 4 11 MHZ) $7.95 
DET-3 SSB DET. LM 1496 SSB Deleclor (NeWs OSC- I or OSC-41 

DET-4 DETECTOR CW/SSB uslng a dual gate FET trans~stor 

IFA-1 IF AMP. CA 3028 30 DB Gmn. Oplqonal AGC ,455 KHz 01 9- 11 MHz) 

FLS-9 SSB FILTER 9MHZ12 I KHZ BW wt~h USE XAL t o r m c -  I 

IFA-2 IF AMP. CA 3028 30 08 Garn I - 100 MHZ Ootowlat AGC 

MBA-1 FREQ. MULT. Tunea OUIDUI ~ u w e r - ~ u n  .Arnol~l8er To250 MHZ 

OSC-1 CRYSTAL OSC. IOO KHZ - 20 MHZ NOI Tuned 

OSC-2 CRYSTAL OSC. o~ IE .MOMHZ~Y~~OOUIDUI  

PSV-1 POWER SUPPLY LM 723 With Pass Transelor. 3 ampsrnar 

PLL-2 TONE DETECTOR LM567 PLL TwleDeteclor 

RF/MIX-1 RF-AMP/MIXER CA3028 - Tuned RF AMPlMorsr I.~WMHZ $7.95 
RFIMIX-2 RF-AMP/MIXER 3N2M TunedflF AM/M,xer t -2MMHZ $7.95 
VCO-3 VARIABLE HI STAB-OSC. Varactor tuned 400 to 600 ~ h ~ o u t p u t  $7.95 
VCO-4 VARIABLE HI STAB OSC. Varwtn tuned. 3 to 20 Mhrout~ut $7.95 
Add $2.00 For Sh~pping & Handling - Send For FREE Brochure 

SEND $2 00 FOR FULL MANUAL WITH CIRCUIT DIAGRAMSAND 
TYPICAL RECEIVER AND TRANSMITTER HOOK.UPS 

MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
r ."" 1 I P.O. BOX 717. HIALEAH. FLA. 33011 i/ 164 I 
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summer noise 
Summertime DX really isn't too bad 

on the higher frequency bands, 6-30 
meters. Between sporadic-E short-skip 
openings near noontime and the bands 
staying open longer, enough DX fun 
is still available to keep us happy all day 
and well into the evening. The bands 
hardest hit by summertime problems 
are 80 and 160 meters of the lower- 
frequency bands. Their problem is 
summer thunderstorm noise - QRN. 

Thunderstorm noise propagated 
from the equatorial regions increases 
the overall average noise level of the 
lower-frequency HF bands. At any 
given moment, 3600 storms are in 
progress around the world. That's a lot 
of QRN! Some, of course, are inevita- 
bly nearby. 

Air-mass thunderstorms, which form 
only over land, build up from the hot 
summer sun's heating the ground and 
the air above .it. They form in the 
afternoon if the humidity is above 50 
percent, and last into the night be- 
fore cooling off enough to dissipate. 
Unlike spring and fall frontal passage 
thunderstorms, which simply pass by 
your QTH, air-mass thunderstorms 
stay around for days until they release 
their moisture in the form of rain. 
During the evening DXing hours, the 
air-mass thunderstorm QRN more or 
less limits the usefulness of these 
band's signals to local ragchewing, 
and rule out weak-signal DX. 

FOR ECASTER 
Garth Stonehocker, 

So how do you get some DXing in 
on these bands? Most operators 
switch operating hours, giving up 
evenings in favor of the pre-dawn 
hours of early morning. By this time, 
the thunderstorms have dissipated lo- 
cally and are dissipating on paths to 
the west. This is a cool,comfortable 
time of the day to be up and around. 
Good luck, early bird! 

last-minute forecast 
August is the last full month of 

summertime DX conditions, character- 
ized mainly by sporadic-E short skip 
and longer daylight for high-frequency 
band DX operating. These higher fre- 
quencies are forecast to be best dur- 
ing the first two weeks of the month 
because of an expected high solar flux. 
The lower frequency bands, 30-160 
meters, should improve during the last 
two weeks of the month because of 
lower noise and lower absorption of 
the signal's energy. This trend will be- 
come even more apparent next month. 

The moon's perigee will occur on 
the 27th, witha full moon on the 1 l th. 
The Perseids meteor shower occurs 
from the 10th to 14th, with its maxi- 
mum on the 1 I th and 12th, with better 
than fifty meteors per hour. This is an 
excellent shower. 

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, fifteen, twenty, and thirty meters 
will support DX propagation from most 
areas of the world during daylight and 
into the evening with long-skip out to 
2000 miles (3500 km) per hop. Sporad- 
ic-E short skip will also be available 
on many days for several hours near 
local noon. The direction of propaga- 
tion will follow the sun across the sky: 
morning to the east, south at midday, 
and toward the west in the evening. 
Daylight is still long, providing many 
hours of good DXing. 

Thirty, forty, eighty, and one-sixty 
meters are the nighttime DXer's 
bands. On many #nights 30 and 40 
meters will be the only usable bands 
because of thunderstorm QRN. Try 
the pre-dawn hours for less QRN. The 
direction of propagation follows the 
darkness path across the sky: evening 
to the east, south around midnight, 
and toward the west in the pre-dawn 
hours. Distances will decrease to 1000 
miles (1600 km) for skip on these 
bands. Sporadic-E openings will be 
most frequently observed around sun- 
rise and sunset. These may be the 
only signals getting through the noise 
in the evening. 

ham radio 
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. YOU GET MORE "BANG FOR YOUR BUCK" 
AT TNT RADIO SALES! 

I Kenwood I Mirage I MFJ I Welz 
I lcom I'KLM I Astron I Azden 
I Bencher I Telex Hygain I AlphalDelta I Santec 
I AEA I Nye Viking I Bearcat I KDK 

1 I Kantronics I Larsen I Regency I Ameritron 

I AugustlSeptember Special-BUTTERNUT HF6V $107.00 
SALES AND SERVICE AT PRICES YOU CAN AFFORD! I 

I CALL OUR WATS LINE FOR LOW LOW PRICES! I 
I VISA/MASTER CARD S.A.S.E. FOR OUR 

FREE SHIPPING "BENCH-TESTED" MONDAY - SATURDAY 

ON MOST RIGS FOR CASH! USED EQUIPMENT LISTING 9 AM to 6 PM CENTRAL TIME I 

TROUBLESHOOTING 
MICROPROCESSOR-BASED 

EQUIPMENT 
AND 

DIGITAL DEVICES 
Attend this *highly acclaimed seminar and 
master the essentials of microprocessor main- 
tenance. Ga~n a flrm understanding of micre 
processor fundamentals and learn specialized 
troubleshooting techn~ques. $695.00 

1984 FAU/WIIITER SCHEWLL 
Wash~ngton, DC - September 11-14 
Boston - September 18-21 
Phoen~x - October 9-12 
Los Angeles - October 16-19 
Atlanta - November 6-9 
M~ami - November 13-16 

*References prov~ded upon request. 
MICRO SYSTEMS INSTITUTE 

Garnett. Kansas 66032 
(913) 898-3265 1, 

RADIO EXPO 84 
HAMFEST 

sponsored by 

Chicago FM Club 

September 22 & 23 
Lake County Fairgrounds 
Grayslake, IL Rts. 45 & 120 

Giant Outdoor Flea Market 
Resewed Indoor Tables - $5.00 ealday 

Major Manufacturers Exhibits 
Tech talks - Seminars - Ladies' Programs 

Tickets good for both days 
$3.00 advance - $4.00 at gate 

SASE to RADIO EXPO 84 
BOX 1532 

Evanston, IL 60204 
(31 2) 582-6923 

SAY ham 
YOU S A W r a d j o  

IT IN n m m z k n , W  

NEW FROM I 
your one stop coax supplier! I 

HARDLINE 
Two styles, two sizes lor all ~nt t r l lat lon nseds 
Alumhum Outer Conductor with Polyafhflsns Jacket 
112 mnch loss 48 dRllW I1 0 330 MHz 

3 68 dl11100 I1 1,r 1lMXl MHz $1 25/11 
718 mnch lo= 28 dR11W 11 (ry 30 MHz 

2 54 ~RIIW n civ rono MHZ 53 25/11 . C m e d  Capper Oulsr CMIductor wHh P a M m  
Jacket 
112 ~nch loss 24 dB1100 11 @ 30 MHz 
(FLC12 W) 2 78 dB1100 I1 60 1OOO MHz $1 59ln 

718 mnch loss 13 dB1100 H (rr 30 MHz 
(FLC12 78J) 1 3 dB1100 11 crl' 1OOO MHz $3 921n 

COMPARE RG 213 1 25 dB1100 Q, 30 MHz 
8 5 dB1100 hx IOOO MHz 1 

HARDLINE CONNECTORS 
112 mnch alurntnurn UHF WF $19 W Type N MIF $22 00 
718 mnch alurn~num UHF MIF $49 00 Type N MIF W9 00 
112 mnch copper UHF MIF $22 00 Type N M d  $22 00 
718 mnch copper UHF MIF $49 00 Type N MIF $49 W 

C a l l  or write f o r  Free C a t a l o g  

Orders under $20 add S2 addltlonalplua ahlpplng. 
COD add 52.00. Florida Residents add 5%. I 
NEMAL ELECTRONICS 
Depl. H. 12240 N.E. 14th A v r ,  N. Miami, FL 33161 

Telephone: (305) 093.3924 I 
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brodmn Distributor 

A ST R 0 N 2852 Walnut Am, Unit E h s t ~ m  Industries, ~ t d .  
Tustin, CA 92680 451 1 chess~ood [k. 

c 0 R PORAT ION (714) 832-7770 Downsview, Ontario, Canada M3J 2V6 
(41 6) 638-7995 

66 5 August 1984 v 115 Tell 'em you saw it in HAM R A D I O !  

RS a d  VS SERIES 
PERFORMANCE SPECIFICATIONS 

ICALLY REGULATED INPUT VOLTAGE: 105 - 125 VAC 
MlTlNG Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC * 0.05 volts 
continuous shofted output. (Internally Adjustable: 11-15 VDC) 

5'h , 19 12'h 

5% - 19 > 12% 

Switchable volt and Amp meter 

MODEL @it. 

MODEL VS-EOM 

RS-S SERIES 

MODEL U S - I P S  

Built in speaker 
Continous ICS* Size (IN) Shipping 

MODEL Dub (Amps) Amps H x W x O  Wl (Ibs) 
RS-7S 5 7 4 x  7% x 10% 10 
RS.lOS 7.5 10 4  x  7% x  10% 12 
RS-lOL(For LTR) 7.5 10 4 . 9 . 1 3  13 
RS-12s 9  12 4 X x 8 x 9  13 
RS-20s 16 20 5 x 9 ~  10% 18 



I THECHAMP \ 
FRESH STOCK - NOT SURPLUS 

BIRD MODEL 4304 

NO ELEMENTS 
25-1000 MHz 

RF SAMPLING PORT 

115 BELLARMINE 
ROCHESTER, MI  48063 

313-375-0420 

CALL TOLL FREE 

800-521-2333 
800-482-3610 

STATE OF 
THE ART 

The 1984 Edition of The Radio 
Amateur's Handbook carries on 
the tradition of the previous edi- 
tions by presenting 640 pages of 
comprehensive information forthe 
radio amateur, engineer, tech- 
nician and student. Paper edition: 
$12 in the U.S., $13 in Canada, 
$14.50 elsewhere. Cloth: $17.75 in 
the U.S., $20 elsewhere. In 
U.S. funds. 

r /  113 
More Details? CHECK-OFF Page 1, 

TE5TED - FULLY GUARANTEED 

PIN 
MRF408 
MRF412 
MRF412A 
MRF421 
MRF421C 
MRF422' 
MRF426' 
MRF426A0 
MRF433 
MRF435' 
MRF449 
MRF449A 
MRF450 
MRF450A 
MRF453 
MRF453A 
MRF454 
MRF454A 
MRF455 
MRF455A 
MRF458 
MRF460 
MRF475 
MRF476 
MRF477 
MRF479 
MRF485. 
MRF492 
SRF2072 
CD2545 

S(.I+.I led 

2-3OMHz 12V (* = 28V) 
Rat~ng Ea 

20W $14.50 
BOW 18.00 
80W 18.00 

lOOW 25.00 
l l O W  27.00 
1 SOW 38.00 

25W 17.00 
25W 17.00 
13W 14.50 

150W 42.00 
30W 12.00 
30W 11 .OO 
sow 12.00 
sow 12.00 
60W 15.00 
60W 15.00 
BOW 16.00 
BOW 16.00 
60W 12.00 
60W 12.00 
BOW 18.00 
60W 16.50 
12W 3.00 

3W 2.50 
40W 13.00 
15W 10.00 
15W 6.00 
90W 18.00 
75W 15.00 
SOW 24.00 

I H~gh G,i,ri Matched Ou;itls P 

VHF TRANSISTORS 
Ratlng t a  

15W $1 0.00 
12W 12.00 
40W 13.50 
3.5W 10.00 
25W 15.00 

1 W 2.50 
30W 12.00 
30W 15.00 
40W 16.00 
80W 25.00 
80W 25.00 

5 W 6.00 
30W 13.00 
70W 18.00 

1.8W 2.60 
0.5W 9.00 
15W 18.00 
25W 23.00 
40W 24.00 
60W 29.50 
80W 29.50 

125W 37.00 
1 W 1.25 
4W 10.00 

low 12.00 
4 W 6.00 

15W 7.00 
25W 9.00 
30W 9.50 
40W 12.00 

TMOS FET 
30W $22.50 
30W 35.00 

150W 92.00 
150W 80.00 
80W 65.00 

125W 88.00 

Match Pr 
$32.00 

40.00 
40.00 
54.00 
58.00 
82.00 
40.00 
40.00 
32.00 
90.00 
27.00 
25.00 
27.00 
27.00 
33.00 
33.00 
35.00 
35.00 
27.00 
27.00 
40.00 
36.00 

9.00 

Technrcal Assrstance & cross-reference 
rnlormat~on on CD. PT, RF. SRF. SD PINS 
Call Eng~neermg Dept (61 9) 744-0728 

RF Parts Catalog Available r /  197 
OEM & Ouant~ty D~scounts 

Mtnlrnurn Order $20 Add $3 50 Sh~pplng 
WE SHIP SAME DAY C.O.D.IVISAIMC 

, ORDERS ONLY: 800-854-1 927 

r /  165 
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Kantronics Interface II 
The Interface For 

Apple, A tar;, TF-99/4A, TRS-POC, 
VRC-20, i 

1 

Commodore 64 
LUI nputexs 

Suggested Retail Price 269.95 - . . - -- 



Kantronics UTU 

Suggested Retail Price 199.95 

For more information contact an Authorized Kantronics Dealer, 

or write: WKantronicS 
1202 E. zw Street 

f l1Q Lawrence,Wmas66WO 



I 

ANTENNA SALE 

1 HY-GAIN HY-GAIN TOWERS CUSHCRAFT 

TH3RJS $169 HG37SS $629 A-3 $209 BC 350 $375.00 

1 ::::;:," $355 HG5OMT2 $739 A-4 $279 BC 300 $339.00 
$410 HG52SS $899 40-2CD $279 BC 20120 $279.00 

EXPLORER 14 $269 HG54HD $1 449 R-3 $265 BC 210XL $219.00 
I I 14AVQB $59 HG7OHD $2269 AV5 $98 BC 200 $169.00 

I l8AVTMlBS $95 32-19 $9 1 BC 180 S 159.00 
I v2s  $37 KLM 2 1 4 ~ - F B  $77 BC 260 $249.00 

v 3  
s40 KT34A $329 ARX-26 $37 BC 100 $279.00 

v4  
s49 KT34XA $479 A144-11 $46 BC WA $34.95 1 66.5 
'log 40M-2 $290 'CP2100 $279.00 1 CD45 11 

2M-13LBA $71 LARSEN C A L L m  ALL SOFTWARE $39.95 
I HAM l V  

T2X 
'lg9 2M.14C $85 
s245 435.18C 

' ALLIANCE HD73 $99 432-16LB 
:59 65 HUSTLER CALL 

BUTTERNUT AEA CALL 
HF6V Call "TOLL FREF' For All Antennae 8 Accomeodea A 

V ~ I +  Ham Tube 
Headquarters 1 

Call  Toll Free 800-221 -0860 1 
Tubes 

3-4002 .................. .$85.00 7360 ..................... .$10.00 
.................. ................... 3-5002.. .85.00 7735A.. .27.50 

4-400A ...................... 80.00 81 22 ...................... 105.00 
4CX25OB ................. 50.00 8156 ........................ 12.50 

........................ 5728 ........................ 48.50 8643 82.50 
811A ........................ 12.00 8844 ........................ 26.50 

...................... 81 3 ........................ ..30.00 8873 175.00 
61468 ........................ 6.50 8874 ...................... 185.00 

....................... ..................... 6360.. .4.25 8877 .500.00 
........................ 68838 ........................ 6.75 8908 12.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off list 

Semiconductors 
MRF 245lSD1416 ..$30.00 MRF 644lSD1088 .... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 750 

I.D. BADGES 
No ham should be without an I D badge 
It s lust the thlng lor club meetlngs con- 
ventlons, and get-togethers, and you have 
a w ~ d e  cho~ce of colors Have your name 
and call engraved In e~ther standard or 
script type on one of these plastic lamt- 
nated I D badoes Wear 11 w ~ t h  orldel 
Available In the lol low~ng color comblna- 
tions (badge/letterlng) wh~tel red,  woodgra~nlwh~te, bluelwh~te. 
whitelblack, yellowlblue, redlwhlte, greenlwhite, metalllc goldlblack. 
metalllc sllverlblack 
OUlD Engraved I D Badge $2.50 i 

HERE'S A GIFT IDEA! 
How about an attractive BASE- 
BALL style cap that has name 
and call on 11 It s the perlect 
way to keep eyes shaded durlng 
F~eld Day. 11 glves a jaunty alr 
when worn at Hamlests and it IS 
a great help lor lrlends who have 
never met to spot names and 
calls for easv recoanltion Great 
for birthdays, anniversaries, spe- 

cial days, whatever occasion you want it to be. Hats come In the follow~ng 
colors: GOLD. BLUE. RED. KELLY GREEN. Please send call and name (max- 
imum 6 letters per Ilne) 
OUFBC-81 $5.00 

REGULAR PRICE HAT AND BADGE $7.50 + SHIPPING 

SPECIAL $6.49 
SA YE $1.00 

P l e a s e  e n c l o s e  $1 t o  c o v e r  s h i p p i n g  a n d  handling. 

HAM RADIO'S BOOKSTORE 
GREENVILLE, N H  03048 

(603) 8781 441 



Moc(r.1 HF6V Cornlllelrlv nkrl(>rrlill#c I!ilntiswllc'l~lng 

8 0  111rr~8qh 10  plus 30 meters O u r ~ , ~ r ( o r m s  a11 4 and 
5 l , . , r ~ l  t rap von,rnls 01 cnmparabl- s v r  Thntlsands 
,n  L J W  w v r k j w d r  SIWP DI ICC~IW~ 8 1  1 1 6 0  w l e r  
oprqnrn ,~v i l~ lab le  n o w  rrlrof!r kols l o r  remajnlng W A R C  
hildut.. rr,mwrq soon Hwght  2 6  ( V 7  8 rnelers qclvlny 
MI I,,( ltz<rrd 011 1n051 ~nste l la t~ons 

M&,.I ~ M C V  Tron,lx,ne ' orr,ntdtrecrbonal collonrar 

y a m  v ~ r t , c a l  lor 2  meters travtng the sanle qnln as 
~OLIIIII. % A  type- bu t  the pillrntc*d t r n m t x m r  

ph~q,,l~l ~ ~ ~ t ~ ~ t l  a l l 0 ~ 5  1110 radna101 Io fen la tn  t~n l l roken 
t , ~  ~~Y.LJI.*ICI~S lor n l a i l m u t n  sIreng11~ In h lnh  w m d s  Ncr 
n,~s l,~,r,ntrr 5 d r l l q h ~  conqlrrncllon end adlustal>lr 

qornfrl,3 mnrct, lor ro rnp le l r  0 C groundlr l l l  orld 
lowc.<r ,mssohlr S W R  Helrllxt 9 8 1117 9 8  rrlr1tlr.i 

All DuTTERNLrT ANTENNAS use sraln1es.i 5lPrl  
I la rdwme and a r r  nuwran1er.d t o r  R lu l l  year Fcrr 1~8nhrr 
~t, lorr~r.~~torr or? trlnse .~ndcxher BUTTERNUT nrcxlucts 
w r l l r  f<,r our FREE CATALOG' 

BUTTERNUT I ELECTRONICS 
4115 E. MARKET STREET I 

I LOCKHART, TX 78644 I 

From QRP to SSB, Heath leads the way 
with high tech products 

HW-9 Deluxe QRP CW Transcelver 
covers CW In 80,40,20 and 15 
meters, expandable to 30,17,12 
and 10 meter bands 
SS-9000 m~croprocessor-based, 
solld-state Deluxe HF Trans- 
celver wlth nlne band operation 

HD-8999 Ultrapro " CW mlcro- 
controlled keyboard Send letter 
perfect code at up to 99 WPM 
HW-5400 Synthesized HF SSB1 
CW Transcelver Our lowest cost, 
hlgh tech transcelver 
HL-2200 2kW Llnear Ampllfler 
The lowest cost-per-watt In 2k 

------ 
Plus dozens of other hlgh tech 
amateur products and , 

HW-5400 accessories 

See our complete amateur 
radio line including the new 
Tunable Active Audio Filter, 
RTTY Terminal Interface, 
Smart Outlet Box and more. 

------------- 
Get more information in the 

Over 50 value- 
priced products for 

the well-equ~pped I Please send me the new 
hamshack. See 

More Details? CHECK-OFF Page 140 
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CRANKUP SALE! These rugged crankup tow. 

Al l  M o d e l s  S h ~ p p e d  em n o w  avai lable f r om Texas 
ELECTRONICS CO. 

Towers1 A l l  models  aval labla 

Check t hese  features 

l owe rs  are sh lpped d l rec t ly  
f r om thaTr1.E~ factory t o  you! A u t o m a t ~ c  Band S w ~ t c h ~ n  

Comp le te  w l l h  base  a n d  Check these features: (160110 m e t e r s )  w ~ t h  o p t l o n a ?  

A l l  s tea l  construction 

D E L I V E R Y  R LOOK a t  very 

~od.l n.(gh~  LO.^  PI^. N e w  M o d e l  T B R - 1 6 O H D  ( H l g h  
HG37SS 37 11 9 sq 11 $ l ? g  Tota l ly  self-aupport lng-no P o w e r  1 6 0  m e t e r  Base 
HG52SS 52 11 9~ 11 $ 1 ~ 9  R e s o n a t o r )  $49 00 

Model R M K - 1 1  ( r o o f  m o u n t  klt 
HGYHD Y 11 tesq ~t 11629 w l t h  m u l t ~ b a n d  rad~al  k l t  $3900. 

M o d e l  S T R - 2  ( S t u h T u n e d  R a d ~ a l  
WT01 51011 2 0 5 1 1 9 0 S q I 1 $ 1 1 5 4 $ 9 9 9  
LM354 54 0 f1 21 0 11 16 sq 11 $2010 $1599 

Up10600 nvia UPS ROHN GUYED TOWERS 
A3 3 el Tr~bander S219 A4 4 el Tnbander 1289 
~3 2011511orn1r ~ n f z 7 9  A7431A7444Omlr KIT 175 10 n Stack Sections 

20G $37 50 256 $46 50 
MINI-PRODUCTS HO-1 45G $107 50 55G $127 50 

LIST 5182.50 SALE 5159 

and Guys a! Hlnge R Apex 

$339 1 TOWERIGUY HARDWARE 

1489 3116'~HS Guywlre (3990 ~b rallng) 13/11 
$469 114 'EHS Guywlre (6000 ~b rattng) $ 16/11 

79 5/32' 7 x 7 Alrcrall Cpble (2700 1b rallng) $ 12/11 

$309 3/16'CCM CableClamp(3I16~or 5/32'Cable) $ 35 

$439 114 .CCM Cable Clamp ( 1 14 *Cable) $ 45 

$649 114'T~Thimble(f1lsaI I~1zes) 5 30 
$689 3/8EE (318- Eye 8 Eye Turnbuckle) $5 95 
s439 3/BeEJ (318'Eyek Jaw Turnbuckle) $6 95 
$259 112.EE (1/2'Eye 8EyeTurnbuckle) $8 95 
5639 112'EJ (112'EyekJawTurnbuckle) $9 95 

205BAS 5-el 20 mlr Beam $344 2m I 3LBA 13 el 2 mlr Beam $1 99 

l55BAS 5-el 15 mlr Beam $199 2m 14C 14 el 2 mlr Salelltle Anlenna 
IOSBAS 5-el 10-mlr Beam $179 435 18C 435 MHz Salelllle Antenna 

--- 
ANTENNA WIRE & ACCESSORIES 
14 Ga Slranded Copperweld 
450 Ohm H D Lone 
18 Ga Copperweld Cml 
H o End Insulators 
Van Gorden 1 1 Balun 
Van Gorden Cenler lnsulalor 

HUSTLER 
481 v 40 10 mtr ~ e r t  $89 5BTV 80 10 mtr  en $109 M O S L m  
G6 1448 2 mlr Base $89 G7 144 2-mlr Base $119 Pro377-elTrlbandBeam $469 

$279 SOUTH RIVER ROOF TRIPODS 
Hsavy Duly Steel Masls 2 In 00 - Galvanlzad Flnlsh 

M O ~ I ~  Rl80nltWl lorn 151. 12om 40m 175111 CL 33e-elTrlbandBeam 
~ O O W  Slandaro ' $ I ?  $17 sic ,  I $18 $22 TA-333-elTrlbandBeam $249 HDT 3 3 f l  T~IPM St9 HDT.5 5 fi S29 ,Lw ~ K W  Super $18 $20 $72 $76 $36 TA-33JR3-dTrlband Beam $189 HDT.10 10 fl T r l W  149 HOT-IS 15 fi T r l W  $69 18 wall $39 $109 
Bumel  Mounls - S~rlnas Foldma Masls ~n Slockl TA40KR40mlrKlllorTA33 l9 Heaw DuWTrlwdslncludsmla hdw-UPSShl~~able 25 ln Wall $69 $ 129 S189 $249 

Telephone ITEXASTOWERS .1,,22.,,0, 
Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am 5pm 
1108 Summit Ave., Suite 4 Plano, Texas 75074 Sat: 9am - lpm I 

- - -  
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I 
KENWOOD 4r/ 

4". 0. 

NEW ST112pP 61 I ., * * t  2M HT 
I - - 

ICOM IC.751A LIST PRICE $1399 TS.930S LIST PRICE $1799 FT.757GX LIST PRICE $829 3.5WllWIO 1W 
- 

CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! 142-149 995 MHz la 

I 
LCD Display 8i 
Programmable 
PL Option 

List 339.95 11::: -, 1 

SALE $299.95! 
lCOM lC-745 LIST PRICE 5999 TS.430S LIST PRICE $899.95 n.726R LIST PRICE $829 
CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! CALL FOR SPECIAL SALE PRICE! ST144pP. . . . . . . . . . . .  $259.95 

. . . . . . . . . . .  ST222rP. .CALL! 
NEW 2 METER . . . . . . . . . .  TOP OF THE LINE H I  FT-208R 2M HT ST442pP.. .CALL! 

SANTEC Accessories 
. . . .  SM3 Speaker Mic. .$34.95 

10 M e r n o r ~ e s  . .  
O l l s e t  S l o r a g e  

ST-LC Leathercase. .$34.95 
L t l h l u m  M e m o r y  Backup . Bu#l l  In 16 Kev 

13 RVDC O p e r a l l o n '  A U I O P ~ I C ~  EncWet ST-500 NiCad Baltery . . $29.95 . Slctlr Loch Ballerv Pack STdQC Base Charger. . $69.95 

HL.30V Reg. 569.95 
SALE $59.95 

HL-82V. 5139.95 HL-SOU . $329.95 

CRI-100 List $249 SALE $229.95! 
CRI.200 List $299 SALE S269.95! 

m m m  '@ * m m  

'Sale Prices Too Low To Print- 
CALL & SAVE $$! CT2700rK02lW $94995 S15MM 121995 

The I f~bfh~ Rq. Sl69.OS S& $129.95 
The Intartace I1 Rep. $759.95 Wa $259.95 

Ym.l 0.nd Pfa lnwl Output 

823 ZM N,I 2W .WW 5 A  S i ' l  
R215 IU Y r 5  2\V lSnW 21A I25U 
BqOh I M  rr5 +OW BOW 10A $159 
B1016 l M  l-s 10W 1hOW ?OA $249 
B3l l lh  1M Yr- 30W lWIW I7A SIW 
C77 ??0 NI, 2W 20W i A  $ 1') 
CtM 7?O Ve5 TOW MIW 101 $119 
ClOl? 2211 Y r %  10W I20W 70A $259 
024 1140 Nr ,  7W (CIW 84 $119 
Dl01ON 440 No 10W 1WW ?(I& S2Rq 

Telephone - TF! TEXAS TOWERS (214)422-7306 
1- Div. of Texas RF Distributors Inc. 1108 Summit Ave., Suite 4 Plsno, Texas 75074 

Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM 

More Details? CHECK-OFF Page 140 
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Reeelre 
Only 
PSBVD 
Pr,OVD 
P ,OVDG 
F'144VD 
Pl44VDA 
Pl44VDG 
P220VD 
P.','OVDA 
P.','OVDG 
F'4 i2VD 
P4 i2VDA 
Pn l?VDG 

Fmq. 
Range 
(MHz) 
28.30 
50-54 
50.54 

144-148 
144.148 
144-148 
220-225 
220.225 
220.225 
420-450 
4'20-450 
420-450 

lnllne (ff swllched) 
SP28VD 
SPWVD 
SPSOVDG 
Sl'144VD 
SP144VDA 
,1'144VDG 
:,r'220VD 
SP220VDA 
:;I'?%OVDG 
Xl'432VD 
L:i'432VDA 
hl'4.j7VDG 

N.F. 
(dB1 

< 1.1 
<1.3 
<0.5 
<1.5 
<1.0 
<0.5 
< 1.8 
< 1.2 
<0.5 
< l .8  
<1.1 
<0.5 

1 dB 
Cornp. 
(dBm1 

0 
0 

+ 12 
0 
0 

+ 12 
0 
0 

+ 12 
- 20 - 20 
+ 12 

Devlca 
Type 

DG F ET 
DGFET 

GaAsFET 
DG F ET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Elpolar 
B~polar 

GaAsFET 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
B~polar 
Dlpolar 

GaAsFET 

Evrry pnsmpllflw Is peclalon a l lgnd on ARR's Hewloti ~acksrd  H P B B M P W A  stateof.ths-erl no lw flgufa 
meter. RX only pmarn Ilflarr ere for recelve ep llcellons only. lnllne preamplltlera am ff swltched (for use 
wlth transceivers) anthandle 25 watts trensmlter power. Mount lnllne reampllflera between tranecalvar 
and power amplifier lor hlgh power appllcatlons. Other amateur, commerclafand speclal amplltlen available 

In tha l.4WO MHz rsnoa. PlesseKlude 52 sh lo~ lno In 
U S  a n d ~ a n s d a .  ~&nect lcu l  residents add 7 

Rdvancid tries sales tax. add c loo/.. o D orders Order add your SL ARR Alr mail Q X  to only lore@ or lnhns coun. 

Receiver preamplltler today and slnll hearlng Ilks never before1 

Research 
Box 1242 Burlington, CT 06013 203 582-940! ZM 

SEMICONDUCTORS: P.C. BOARDS FOR MOTOROLA BULLETINS 
MRF-208 . . . . .  17.00 MHW-252 .... . . . . . .  53.00 AN-762 ..... 14 00 
MRF-240 ......... 18.40 MHW-710-1 . . . . . .  61 .OO EB-27A ............. 14.00 AN-791 ............... 10.00 
MRF-247 ........... 34 80 MPSH-81 ................ 50 EB-63 ................. 14.00 EB-67 ............... 14.00 
MRF-309. ......... 33.80 MV2205 .. . . . . . . . . . . . .  58 KEMET CHIP CAPACITORS. 56 pf. 82 pf. 
MRF-422 .......... 41.40 78LO8CP ................ 50 100 pf. 390 pf. 470 pf . . . . . . . . . . . . . . . . . . . . .  50 ea. 
MRF-454 ........... 20.00 2N4401 ................ .75 680 pf, 1000 pf . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 ea. 
MRF-901 ........... 1.75 2N5190 ................ 1.50 5600 pf. 6800 pf, . l  pf ...................... ..1 .OO ea. 
SBL-1 Double-Balance Mixer ...................... .6 50 .33 . . . . . . . .  1 90 ea 68 ............. 3.90 ea. 

CAMBION RF CHOKES: .15 ph. .22 ph. .33 ,,h. 4.7 ph. 10 ph ........................................... 1.20 ea. 
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS: AN-762, €6-27A. €6.63 
UNDERWOODISEMCO METAL-CLAD MICA CAPACITORS: 5pf. 10pf. 15pf. 25pf. 30pf. 
40pf. 56pf. 60pf. 68pf. 80pf. 91pf. lOOpI, 200pf. 250pl. 390pf. 470pf. lOOOpf 

We also carry a line of VHF. UHF amplifiers and ATV equipment. 
Call or write for our free catalog. ~r 129 - Communication - mI Concepts Inc. 

2648 North Araqon Ave.. Dayton. Ohlo 45420.(513) 296-1417 

DIGITAL 
- 7  - 

,/ 175 
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RTTY TODAY 
MODERN GUIDE TO 
AMATEUR RADIOTELETYPE 
by Dave Ingram, K4TWJ 
This brand new book is the only RTTY handbook available that covers 
all facets of RVY operation from the "green key" generation to per- 
sonal computers. Author Dave Ingram. K4TWJ. noted RTTY enthuslast. 
writes in a personable. easy-to-understand style that will appeal to all 
levels of RTTY Interest. R l W  TODAY IS fully ~llustrated w~th photos. 
diagrams. RTTY station set ups and equipment to help ensure full under- 
stand~ng of the mater~al. 11 chaplers cover, an overview of RrrY opera. 
tion, operating parameters, home computers, equtpment you can bulld. 
dedicated systems and complete chapters on RTPl SWLing wlth 
frequenc~es, codes and other helpful h~nts and tips. Old time RrrY users 
and novices al~ke will find thls book extremely useful. , 81984. 
95 illustrations. 1st edition. 8% x 11 

Order yours today $89 5 
plus 51 75 shipping 

UNIVERSAL ELECTRONICS 
4555 Groves Rd. Suite 3 Columbus, OH 43232 

(614) 866-4605 
Dealer lnqulries Invited H 191 

( ! , q g o r y ,  p v ~ , ~ ~ / t ~ ?  1 I I \ ! \  o r 1  1 <3'lel?' 

Amateur Radio Operator NAMES 
Ci r r l om  l ~ s l s  nrnn~lecf ' 0  your w e c  I rd l~ons  

Geographic by ZIP and/or State 
By Llcense Issue or Explrat~on Dale 
On Labels ol Your Cho~ce 

Tolal List: 435.000 Price: SZSIThousand 
Buckmaster Publishing , 123 

Whitehall 
Mtneral VA 23117 U S  A (703) 894 5m 
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fundamentals 
grayline propagation 

Signals don't 
always follow 

"normal'' paths 

The decline of the sunspot cycle has been accom- 
panied by a corresponding decrease in DX opportuni- 
ties on the higher frequency bands. Ten meters is 
becoming very sporadic in nature, as F-layer path 
openings continue to decrease in both number and 
duration. Within a few years, at the bottom of the solar 
cycle, the only activity remaining on 10 meters will be 
via sporadic-E propagation. The 15-meter band is not 
much better; as 10 meters goes downhill, so goes 15: 
this band will also continue to decline, offering fewer 
and poorer openings of much shorter duration. 

As the levels of solar flux continue to drop, there 
will be an increasing number of days when the only 
(high HF band) activity will be found on 20 meters. 
Even this band won't offer the same quality openings 
of several years past. During many of the years to 
come, it will be a strictly daylight DX band with only 
scattered openings to various parts of the world. 

With the knowledge that much of the DX has mi- 
grated to 40 and 80 meters, and believing that high 
power is required on these bands, many Amateurs feel 
that there's no place left for the "barefoot" DXer. After 
all, even though the low power operator can com- 
pensate for the lack of a kilowatt with a good beam 
and tower combination on the higher frequency 
bands, how many of us have the money and/or 
acreage for beams or phased arrays on 80 or 40 
meters? Today, many low power operators will 
attempt to work DX on these bands only during con- 
tests, believing that their signals will never be heard 
at any other time. 

try grayline 
Is there really no place left for the "barefoot" DXer? 

Of course not: nature has provided us with a mode 
of propagation on these low bands that will allow DX 
operation without the use of maximum power or costly 
low-band directive arrays. This type of propagation -- 
called "grayline" or "shadow edge" propagation -- 
takes place along that line dividing the daylight and 
darkness hemispheres of the planet, functions on both 
80 and 40 meters, and offers outstanding conditions 
during all phases of the sunspot cycle. What's more, 
it's at its best during the years of low solar activity! 

The line that divides the region of the Earth in day- 
light from the nighttime side is called the terminator. 
The terminator is not a distinct division, but instead 
a gray, "twilight" band approximately 1000 miles in 
width and stretching completely around the Earth. The 
time at any point along this band will be that of local 
sunrise or local sunset. 

As shown in fig. 1, the position of the terminator 
changes as the position of the Earth changes with 
respect to the Sun. (This familiar phenomenon causes 
the change in seasons of the year and is due entirely 
to the tilt of the Earth's rotational axis. Since this axis 
is not perpendicular to the plane of the ecliptic, but 
rather tilted 23 degrees, 27 minutes, the terminator 
swings back and forth through an arc of just under 
47 degrees during the course of a year. The northerly 
and southerly limits of this motion are delineated by 
the Antarctic and Arctic circles, respectively.) 

The absorptive and refractive characteristics of the 
ionosphere are directly related to the angle of solar 
radiation. Normally, the higher this angle (the more 
nearly the Sun is to vertical), the more enhanced these 
characteristics become. Conversely,' at very low angles 
of radiation, the absorption characteristics change 
much more quickly than do the refractive characteris- 

By Bradley Wells, KR'IL, 5053 37th Avenue, 
S.W., Seattle, Washington 98126 
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effective absorber of radio frequency energy within the 
frequency range of 300 kHz to approximately 10 MHz. 
While the F-layer is capable of refracting radio signals 
within this range of frequencies, the high levels of ab- 
sorption.within the D-layer prevent these signals from 
reaching the F-layer. This explains why the 160, 80, 
and 40-meter bands are essentially nighttime bands ex- 
cept for local or regional communications. 

ILIQHT SMNALS 
' w f A m 7 M H z \ . , , , / , , / / /  

SUNLIGHT . 

49%r" 

* @ SUNLIGHT DECEMBER 23 

4%%@p 

fig. 1. Motion of the terminator with the changing 
seasons. 

fig. 2. The mechanics of grayline propagation viewed at 
right angles to the Earth's terminator. 

visualizing grayline 
To visualize how grayline propagation works, ex- 

amine station "A" in fig. 2. Located in the daylight 
hemisphere, its 40-meter signal is severely attenuated 
as it passes through the D-layer. That signal which re- 
mains is refracted by the F-layer, only to be further 
attenuated as it passes through the D-layer on its 
return path. Some RF energy will, in fact, reach the 
surface, but it will be well below the threshold of 
detectability in Amateur receivers. The only way to 
avoid this dilemma would be to increase power to 
levels well above those allowed in the Amateur 
service or to increase integration time of receiver 
detection systems well beyond that which is required 
for either CW or SSB. 

Station "C," in fig. 2, suffers from the opposite 
problem. The D-layer is nonexistent due to the lack of 
solar radiation, but because of changes in the F-layer, 
the MUF (Maximum Usable Frequency) has dropped 

tics. Thus, the ionosphere in the twilight regions of 
Earth is in a state of flux and rapidly changing condi- 
tions prevail. 

Because of the rapidly shifting properties of the 
ionosphere within this region, propagation of certain 
frequencies along the terminator is extremely efficient. 
Fig. 2 represents a cross-sectional view of the ter- 
minator and the ionosphere in and around this region. 
Within the daylight hemisphere, both the D-layer and 
F-layer are near their peak levels of ionization. High 
levels of ionization cause the D-layer to become an 

below 7 MHz. As a consequence, the 40-meter signal 

I 1 radiated by station "C" penetrates the ionosphere and 
is lost. 

Now look at station "B," located in the terminator 
region on the Earth's surface. Signals radiated toward 
the daylight region are as severely attenuated as those 
of station "A," while the signals radiated toward the 
nighttime region pass through the ionosphere, as are 
those of station "C." It would seem that station "B" 
is in no more a favored position than those other two 
stations. Fig. 3 illustrates what would happen in 
actual operation. Signals radiated parallel to  the ter- 
minator are propagated for long distances with little 
attenuation. 

Because the terminator, shown in fig. 3, extends 
completely around the Earth, it is possible to work into 
any area of the world within this region. This situa- 
tion is most noticeable on 80 and 40 meters and, to 
a lesser degree, on 20,30, and 160 meters. Since these 
low-band signals suffer little attenuation on this path, 
long distance communications are possible with low 
power levels and ordinary non-directional antennas, 
such as dipoles and verticals. 

There are, unfortunately, some areas of the world 
you'll never be able to work using grayline; this is 
because any two selected areas on the surface of the 
Earth do not necessarily share a common terminator. 
If the Earth's rotational axis were tilted 45 degrees from 
the plane of the ecliptic, then, at some time or other 
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40 METER SIGNALS TRANSMITTED 
PARALLEL TO TERMINATOR ARE 
REFRACTED BY F-LAYER AND 
SUFFER NO ATTENUATION 
BY THE D-LAYER 

fig. 3. Radio wave propagation along the terminator. 

during the year, your QTH would be on the terminator 
with every other spot on the Earth's surface. In addi- 
tion, the position of the terminator and hence the path 
of grayline propagation is not stationary, but instead 
moves with the changing seasons because of the year- 
ly movement of the Earth's rotational axis with respect 
to the Sun. 

Two other factors enter into grayline DXing. Re- 
member that local time will vary all along the length 
of the terminator. Since most Amateurs are more 
active in the local afternoon and early evening, rather 
than at dawn, time your operating to coincide with 
that time when they are most active. Thus, to work 
hams on the other side of the world with this mode, 
the best time would be between 30 minutes before to 
30 minutes after your local sunrise. In addition, re- 
member that the position of the terminator at sunrise 
is not the same as its position at sunset, local time. 

Figs. 4, 5, and 6 show the positions of the ter- 
minator at various times throughout the year. Notice 
that the only time the sunrise and sunset paths coin- 
cide is twice a year, during the spring and fall 
equinoxes. The information shown in these three 
charts is valid only for a station located in the Pacific 
Northwest and will be different for stations located 
elsewhere.* It is apparent that a station in Seattle 
could work half of Africa, Europe, much of Asia, parts 
of South America, and much of the South Pacific dur- 
ing the course of a year using grayline propagation on 
80 and 40 meters. 

determining grayline paths 
There are several methods used to determine 

grayline paths for your location. The easiest, but most 
cumbersome, involves the use of a globe and a piece 
of thin cardboard. Any globe will do, even the type 
sold as piggybanks in the local five-and-dime. Cut a 

circular hole in the center of the cardboard just big 
enough to allow it to slip over the globe. It can then 
be positioned on the globe to represent the grayline 
path during any particular day of the year. This method 
can also be used to determine the grayline path for 

I MARCH 23 AM/PM 
Y S E P T .  23 A M / P M  

fig. 4. Grayline paths during the equinoxes. (Azimuthal- 
equidistant maps prepa~ed by Bill Johnston, N5KR.) 

fig. 5. Grayline paths during several non-equinox periods. 
(Azimuthal-equidistant maps prepared by Bill Johnston, 
N5KR.l 

"Custom-made azimuthal-equidistant (great circle) maps centered on your 
own location are available from Bill Johnston, N5KR. 1808 Pomona Drive, 
Las Cruces, New Mexico 88001. 
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fig. 6. Grayline paths during the longest and shortest days 
of the year. (Azimuthal-equidistant maps prepared by Bill 
Johnston, NSKR.) 

selected times during the year and plot the results on 
a map as was done in figs. 4, 5, and 6. (These base 
maps are available through a number of sources, most 
of which advertise in the various Amateur magazines.) 
By taking the time to devise three sets of maps, the 
approximate grayline path for any day of the year can 
be quickly and easily determined. 

Perhaps the most convenient method of figuring 
grayline paths is through the use of "The DX Edge," 
slide rule-type device with a map of the world printed 
on one side and equipped with a series of overlays 
representing the grayline paths for each month of the 
year.*By sliding the appropriate overlay back and forth 
along the map, the path of the terminator across the 
Earth's surface is easily determined. 

Regardless of the method used, figuring and using 
grayline propagation paths will enhance your ability 
to work low-band DX. Of course, the old adage "The 
higher the antenna, the better" is still true. But the 
fact that you don't have a directional antenna array 
or a 2000 watt amplifier is no excuse for not snagging 
the rare ones. Patience, perserverance, and a knowl- 
edge of grayline propagation will catch all the 80 and 
40-meter DX you can handle, and you won't have to 
stay up until two o'clock in the morning to do it. 
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ham radio 
"DX Edge is available from Ham Radio's Bookstore, Greenville, New Hamp- 
shire 03048 ($16.95 plus $1.50 postage and handling). 
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DXing by computer 
Program determines 

grayline, distancelazimuth, 

and MUFIFOT 

You're an avid contester who needs an elusive KX6 
multiplier on 10 and 15 meters during the VK/ZL con- 
test in October; when should you spend time looking 
for this rare prefix? Or perhaps you don't care too 
much about DXing, but are interested in talking with 
a friend in Pakistan; which band and at what time 
should you expect propagation to be at its best? Or 
maybe you've heard about grayline propagation, but 
don't know how to tell what countries are on the gray- 
line or when to try to make contact with them. What's 
the beam heading to South Africa? How far is the long 
path distance? If you do make contact with your friend 
in Australia, how good will the band conditions be? 
Should you use CW or SSB? It's questions such as 
these that suggest that the only way to manage the 
variety and volume of information available to Ama- 
teurs is by computer. 

The user-friendly program described in this article 
consolidates the best features of many programs al- 
ready on the market. It makes available, for the first 
time, a means of accurately determining the sunrise 
and sunset grayline for any location on the earth and 
for any desired day during a year. 

A summary of the program's features is shown 
below, and a short discussion of the outputs follows. 

In addition, several examples of how to use the pro- 
gram are demonstrated by answering some of the 
questions raised at the beginning of the article. 

User inputs (data entered) include the date, base 
location, the name of any of 433 target locations 
(countries, states, or provinces), DX location (target), 
10.7 cm solar flux, geomagnetic A factor, and the 
grayline desired and its width. 

Printed program outputs include the grayline out- 
put and screen output. Computer inputs include the 
following: 

Base sunrise/sunset times. This is normally the 
user's operating location sunrise/sunset times given 
in UTC, or more popularly, GMT. The algorithm used 
to calculate the sunrise and sunset times has been ex- 
tensively compared to world and nautical almanacs 
and no error greater than 1 minute has been found. 

Target sunrise/sunset times. If the target selected 
is a single point - that is, one specific location - the 
output will give only the target average sunrise/sunset 
time. If you have chosen a country for your target loca- 
tion, and the country is large enough to have signifi- 
cantly different sunrise/sunset times, then the output 
will include a minimum and maximum sunrise and sun- 
set time. This output can be used to determine the 
coincident darkness and daylight between you and the 
desired target. In general, look for 10 and 15-meter 
openings during daylight coincidences (except in years 
of very high sunspot activity). Look for openings on 

By Van Brollini, NSGN, 5861 Bridle Way, San 
Jose, California 95123, and Walter Buchanan, 
6569 Belbrook Court, San Jose, California 95120 
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40, 80, and 160 meters during darkness coincidences. 
Twenty meters is normally open most days and near- 
ly through the night to some areas of the world. 

Long/short path output. The program computes the 
long path and short path great circle distance in 
nautical miles ( 7  nauticalmile = 1.15statute miles = 

1.85 kilometers) and also computes the long and short 
path compass beam headings between the user's op- 
erating location and the desired target location. 

Sunspot numberlquality factor. The program 
determines the sunspot number based on the 10.7 cm 
solar flux. The quality factor comes from the August, 
1982, issue of ham radio and is an empirical means 
of describing the quality of a QSO, with 0 being poor 
and 9 being very good.' 

MUFIFOT. The MUF or Maximum Usable Frequen- 
cy is a definite boundary that the HF user cannot over- 
come with power, antenna, or other mechanical 
means. The MUF is the range of frequencies that can 
be used before radio waves penetrate the F layer and 
not return to earth. Because o f  minimum signal ab- 
sorption at this frequency, the MUFgives the greatest 
signal strength at the receiving point for a given trans- 
mittedpower. Fifty percent of the month the highest 
propagated frequency achieves this value - MUF. 
Ninety percent of the month, the highest propagated 
frequency will achieve the value known as FOT (Fre- 
quency of Optimum Transmission). FOT is also includ- 
ed in the program and uses the same algorithm as was 
used to do MUF. This section of the program makes 
use of information provided by Robert Rose, KGGKU, 
on MINIMUF.2 

Grayline. Observation has shown that enhanced con- 
ditions for working DX often occur at sunrise and 
sunset. This is particularly true when both the base 
location and the desired target location are undergo- 
ing sunrise or sunset at the same time. This section 
of the program provides an easy means of determin- 
ing who else in the world is experiencing sunrise or 
sunset at the same time that you are. The grayline is 
the great circle path that describes the line drawn on 
the earth that separates the half that is in daylight from 
the half in darkness. The width of the grayline is a 
variable that is determined by the user; for most ap- 
plications, a time window of % hour is sufficient 
to determine which countries can be found. This cor- 
responds to a grayline width of 15 degrees. 

The two questions that are answered by this part 
of the program are first, for any day, when will my 
sunriseJsunset occur? And second, what will be the 
bearing of the grayline, and what targets will lie 
along it? 

table 1. Program output display showing information 
and format available. 

111 JAN 1 PATH 
LAT LONG SHORT LONG 

121 BASE 00:OO 000:OO DlST 0 21600 
I31 TGT 00:OO 000:OO HEAD 0 180 

SUNRISE SUNSET 
BASE 05: 59 18:07 141 GEO-MAG 0 
TGT-AVE 05:59 18:07 141 10.7cm64 
TGT-MIN SUNSPOT 0 
TGT-MAX Q-FACT 4.1 

151 MAXIMUM USABLE FREQUENCY (FOT 161) 
00 05 10 15 20 
0 1 06 11 16 21 
02 07 12 17 22 
03 08 13 18 23 
04 09 14 19 24 

- I I ~ T E R  1-6, (GI-LINE, (PIRlNT I 

I 

As you can see from the list above, the number of 
inputs needed is really very small and readily available 
from just a few sources. Using any world atlas, the 
latitude and longitude of the base location -- this is 
where you are - can be determined. Again, using the 
world atlas, any specific target location - this is where 
you want to go - can be obtained. The data base of 
433 unique radio locations stored in the program 
eliminates the need to know or look up the latitude 
or longitude of a specific country; all you need to know 
is the name of the country. The 10.7 cm solar flux and 
the geomagnetic A index can be obtained from WWV. 
Listen to any of the assigned frequencies you are able 
to receive, (2.5, 5, 10, 3 5 and 20 MHz) at 18 minutes 
past the hour or use the hotline telephone number 
(303-497-3235). The program uses the 10.7 cm flux to 
calculate the sunspot number, and the geomagnetic 
A index to determine the quality factor. The two final 
items that the program needs are the date for which 
you wish to calculate the program outputs, and the 
width of the grayline. 

using the program 
After the program is loaded, the monitor will display 

information similar to that shown in table 1. Three 
distinct sections are seen on the screen and in table 
1: data, coordinates, distances and headings; sunrise, 
sunset, and the geophysical information; and MUF 
and FOT. The numbers in brackets indicate where the 
user must input data to the program. All input routines 
are user-friendly and have built-in error detection to 
prevent data that is out of range: for example, 
February 31 or a 10.7 cm solar flux of 0 (minimum solar 
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I table 2. Kansas to Marshall Island path parameters. I I table 3 Kansas to Pakistan path parameters. I I OCT 15 
PATH 

LAT LONG SHORT LONG 
BASE 37:W 100:00 DlST 4802 16798 

HEAD 275 95 
TARGFT NAME: MARSHALL ISLANDS 
TARGET PREFIX: KX 

SUNRISE SUNSET 
BASE 12:46 00:06 GEO-MAG 8.0 
TGT-AVE 18:08 06:04 10.7 cm 133.0 
TGT-MIN 18:08 06:M SUNSPOT 86 
TGT-MAX 18:08 06:04 Q-FACT 4.9 

MAXIMUM USABLE FREQUENCY 
0 30.9 5 16.8 10 13.1 15 14.4 20 29.0 
1 28.6 6 15.7 1 1  12.7 16 13.7 21 31.1 
2 25.0 7 14.9 12 12.4 17 17.6 22 32.6 
3 19.5 8 14.1 13 12.2 18 22.7 23 32.4 
4 18.0 9 13.6 14 15.1 19 26.3 24 30.9 

FREQUENCY OF OPTIMUM TRANSMISSION 
0 26.2 5 14.2 10 11.1 15 12.2 20 24.7 
1 24.3 6 13.4 1 1  10.8 16 11.7 21 26.4 
2 21.3 7 12.6 12 10.6 17 14.9 22 27.7 
3 16.6 8 12.0 13 10.4 18 19.3 23 27.5 
4 15.3 9 11.5 14 12.8 19 22.4 24 26.2 

flux is 63.75). The ability to perform a screen dump 
to get hard copy is also available, and that format will 
be used to answer some of the questions raised at the 
beginning of the article. 

Kansas to Marshall Islands 
Suppose you're a top Kansas contester who needs 

that KX6 prefix on 10 and 15 meters for the VKIZL 
contest during the middle of October. You've deter- 
mined that the geomagnetic A index is presently 8 and 
the 10.7 cm flux is 133. When do you look for that 
rare one? Once the coordinates, date, country, and 
the geophysical information have been entered, the 
computer will give the information shown in table 2. 

The first thing to note is that the great circle distance 
is less than 6000 miles. Since this is within the 250 to 
6000 mile range in which the MUF algorithm is most 
accurate, you can feel fairly comfortable about using 
the MUFIFOT data. By examining the MUF, you can 
see that the best time to start looking for a 15-meter 
path is approximately 1800 GMT, which corresponds 
to the KX6 sunrise. Looking for the KX6 on 10 meters, 
you should wait about two hours, according to the 
MUF. Because the FOT shows that 10 meters might 
not be too dependable, spending more time on 15 
meters could prove more fruitful; you would probably 
look for KX6 on 15 first. If you got him, you'd then 
look for him on 10. 

APR 15 

LAT LONG 
BASE 37:OO 100:OO DlST 

HEAD 
TARGET NAME: PAKISTAN 
TARGET PREFIX: AP 

SUNRISE SUNSET 
BASE 12:08 01:13 
TGT-AVE 01:03 13:55 
TGT~MIN 00:25 13:28 
TGT- MAX 01 :33 14:22 

PATH 
SHORT LONG 
6723 14877 

1 1  191 

GEO-MAG 8.0 
10.7 crn 133.0 
SUNSPOT 86 
Q-FACT 4.9 

FREQUENCY OF OPTIMUM TRANSMISSION 
0 7.7 5 7.6 10 8.6 15 12.6 20 7.8 
110.5 6 7.1 1 1  1 1 . 1  16 11.1 21 7.3 
2 11.4 7 6.7 12 12.4 17 9.9 22 6.8 
3 9.3 8 6.4 13 13.4 18 9.1 23 6.5 
4 8.1 9 6.1 14 13.7 19 8.4 24 7.7 

' 

Kansas to Pakistan 
Once you've received the greatest number of points 

ever accumulated in the VKIZL contest, you decide 
that it would be good to talk to your friend in Pakistan. 
Assuming that the 10.7 cm flux and the A index have 
not changed, you have all the information you need 
to use the program. After inputting the needed data, 
the computer calculates the information shown in 
table 3. 

Using table 3, the first thing you'll note is that the 
great circle distance is greater than 6000 miles, so 
you'll use the MUF and FOT data with caution. You'll 
see with some surprise that there is an overlap be- 
tween your sunrise and sunset in Pakistan. Knowing 
that the best chance for a long path contact is when 
your sunset occurs slightly before sunrise in Pakistan, 
you see that you have a 20-minute window (01:13 - 
01:33) for a possible try at that time. There are two 
peaks in the MUF; you're going to try them both to 
maximize your chances of hooking up with your friend. 
You'll also try 30 meters between 0100 and 0300 GMT 
and try 20 meters between 1200 and 1500 GMT. 

Texas grayline determination 
What grayline locations are available to a station in 

Texas during sunrise? Once you've entered your base 
coordinates and the date, the computer will provide 
the data listed in table 4. 

MAXIMUM USABLE FREQUENCY 
0 9.0 5 8.9 10 10.2 15 14.9 20 9.1 
1 12.3 6 8.3 1 1  13.1 16 13.0 21 8.5 
2 13.5 7 7.9 12 14.6 17 11.7 22 8.0 
3 10.9 8 7.5 13 15.7 18 10.7 23 7.6 
4 9.6 9 7.2 14 16.1 19 9.9 24 9.0 
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table 4. Grayline countries available to Texas at sunrise on November 15. Base latitude is 030:OO. The longitude is 097:00. 
Sunrise is at 12:52. and sunset is at 23:33. The grayline headings are 201 and 021. For a grayline width of 16.00 degrees, 
these are the "gray" countries. 

COUNTRY PREFIX SSISR DISTANCE HEADING 

AFGANISTAN YA SS 14694 195 

t L A 8 A M A  W5-AL SR 553 75 

ALAND ISLAND OH0 SS 17021 207 
ARKANSAS W5~AR SR 383 37 
ASIATIC R.S.F.S R. UA9-0 SS 16289 162 
AZERBAIJAN UD6 SS 15430 207 
CASEY STATION VKO SS 13175 17 
CHAGOS ISLANDS VQ9 SS 12291 204 
CLIPPERTON ISLAND FO8 SR 1433 216 
COLORADO WO-CO SR 699 323 
DENMARK OZ SS 17179 214 
DUMONT D'URAVILLE STATION FB8Y SS 13792 25 
EASTER ISLAND CEOA SR 3492 193 
ESTONIA UR2 SS 16842 206 
EUROPEAN R.S.F.S.R. UA2 SS 15906 206 
FINLAND OH SS 1 7060 203 
FLORIDA W4- F L SR 744 96 
GEORGIA W4-GA SR 688 72 
GEORGIA (USSR) U F6 SS 15666 209 
GREENLAND OX~XP SR 3107 19 
ICELAND TF SR 3495 29 
ILLINOIS W 9 ~ l L  SR 717 31 
INDIA VU SS 13981 178 
INDIANA W9 IN SR 797 38 
IOWA WO~lA S R 732 10 
IRAN EP SS 14930 206 
JAN MAYEN JX SS 17912 202 
KANSAS WO KS S R 490 349 
KARELO~FINNISH REPUBLIC UN1 SS 16955 199 
KAZAKH U L7 SS 15500 191 
KENTUCKY W4-KY SR 720 51 
LABRADOR V02 SR 2077 36 
LACCADIVE ISLANDS VU7 SS 13262 194 
LATVIA Ua2 SS 16797 208 
LENINGRADSKAYA STATION UA 1 SS 14253 24 
LOUISIANA W5-LA SR 21 5 73 
MALDIVE ISLANDS 8Q~VS9 SS 13035 197 
MANITOBA V €4 SR 1440 1 
MARKET REEF OJO SS 17034 206 
McMClRDO KC4 SS 14369 14 
MEXICO XE S R 604 208 
MICHIGAN W8 MI SR 990 29 
MINNESOTA WO M N  SR 915 9 
MISSISSIPPI W5-MS SR 428 72 
MISSOURI WO MO SR 514 20 
NEBRASKA WO~NE SR 671 350 
NEW MEXICO W5-NM SR 517 300 
NEW YORK W2-NY SR 1329 48 
NORTH CAROLINA W4~NC SR 987 64 
NORTH DAKOTA WO-ND SR 1033 352 
NORTHWEST TERRITORIES VE8 SR 2255 353 
NORWAY LA SS 17379 209 
OHIO W8-OH SR 91 1 45 
OKLAHOMA W5-OK SR 243 351 
OMAN A4X SS 14155 210 
ONTARIO VE3 SR 1273 23 
PAKISTAN AP SS 14502 195 
PENNSYLVANIA W3-PA SR 1151 50 
QUEBEC VE2 SR 1666 31 
SCOTT STATION ZL5 SS 14369 14 
SOUTH DAKOTA WO-SD S R 856 350 
SVALBARD JW SS 18119 194 
SWEDEN SK SS 17166 207 
TADZHIK UJ8 SS 14938 190 
TENNESSEE W4-TN SR 647 53 
TEXAS W5-TX SR 184 312 
TURKOMAN UH8 SS 15180 201 
UKRAINE UB5 SS 16268 21 1 
UNITED ARAB EMIRATES A6X SS 14393 21 1 
UZBEK U18 SS 15364 203 
VIRGINIA W4-VA SR 927 55 
WHITE R.S.S.R. UC2 SS 16546 210 
WISCONSIN W9-WI SR 907 20 
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table 5. List of long path countries from Texas at sunrise 
on November 15. (These countries meet the additional 
criterion that Texas sunrise occurs after their sunset.) 

AFGHANISTAN 
EUROPEAN R.S.F.S.R. 
FINLAND 
IRAN 
KARELO-FINNISH REPUBLIC 
KAZAKH 
NORWAY 
PAKISTAN 
SWEDEN 
TURKOMAN 
UZBEK 

Assume that you're interested in working only long 
path this morning. If you know that the best chance 
for a long path QSO occurs between the distant sta- 
tion's sunset and your sunrise, use the program to 
determine which of the countries listed in table 4 meet 
that condition. These countries are listed in table 5. 
The value given in the HEADING column is the long 
path direction to the particular country. The program 
gives long path when the sunrise or sunset of the dis- 
tant QTH is opposite yours. 

do it yourself? 
This program is available for purchase in two ver- 

sions (one with the grayline feature, DX1, and one 
without the grayline feature, DX21, each configured 
for any 64k Apple with a disk drive and 16K expander 
(a printer is optional; if you have one, be sure to plug 
it into slot No. 1). Purchase information, as well as 
information describing computer services available to 
owners of computers other than the Apple, is provid- 
ed at the end of this article. 

It took the two of us nine months to develop and 
debug this program. But if you'd like to try writing your 
own, here's what you'll need to know. Almost all the 
information any DX or SWL operator needs for effec- 
tive operation is available in standard sources and can 
be written into a single program. You'll need a variety 
of resources - a thorough understanding of program- 
ming your computer - but it can be done. 

Basic sources of data include a DX country list and 
for each country given, the appropriate coordinates; 

developing the data base 

From the beginning it was clear that the program 
would have to have a world data base that was always 
in memory. This would allow the other sections of the 
program using the data base to run at a higher speed, 
and eliminate the need for disk access, which would 
slow the program down. The program would also have 
to be done in a language that would allow the source 
code to be compiled; wechose Pascal, which allowed 
a structured approach to be followed and made "mod- 
ular code development" possible. By using Pascal, we 
could write, debug, and compile each module sepa- 
rately. The program would also have to integrate the 
various data in such a way that would allow the pro- 
gram to be easy to use - i.e., "user friendly." It would 
have to "fit" into a 64k App1e.t 

The most challenging part of designing this program 
was the development of the grayline featu~e; this is 
the area we'll discuss here in the greatest depth. The 
other sections of the program will be summarized, with 
the sources or the equations used to develop them 
shown in appendix A. 

Using the equations shown in appendix A, you can 
write your own version of the program. The version 
o f  the program shown in the examples in this article 
has been copyrighted; however, all pertinent informa- 
tion is shown here for the benefit of ham radio's read- 
ers who wish to experiment with developing their own 
programs. 

Our final world data base consists of 433 countries, 
states, and provinces, as well as prefixes and an aver- 
age of three points per country for doingthe grayline 
determination. A complete 15-page listing of the world 
data base will be provided for a 8 % x 11 SASE and 
$3.00 to help defray the cost of photocopying. (Send 
requests directly to author.) 

The final program consists of 1600 lines of code or 
about 26 sheets of paper requiring 61,440 bytes of stor- 
age before compilation. After the data is compiled, an 
additional 21,504 bytes are needed for storage. Again, 
note that a large portion of this program. is designed 
to produce "friendly" input and output routines; this 
results in a great deal of software "overhead." 

The data base required 71,440 bytesof disk storage 
- more than our machine's memory could accommo- 
date. By applying a "compaction scheme," we were 
able to reduce the number of bytes required to 19,456. 

. .  . 

you'll also need a MUF summary, beam headings, 
Great Circle Distances, Sunrise and Sunset times, and determining grayline 
a list of grayline countries. The grayline list can be gen- The grayline is the Great Circle path that defines or 
erated using a variety of techniques, including calcu- 

" D X  Edge is available from Ham Radio's Bookstore. Greenville, New Hamp- lation from sunrise/sunset times and longitude3 or a 
shire 03048 ,$16,95 postage and handling,, 

slide rule-like product, DX Edge;* what makes this pro- 
t A  f6k extender card must be added for the version of the program repro- gram ur'ique is the data but it is duced here and the purchased program as well. The cost of a 16k card is 

assembled and made useful. approximately $25.00. 
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separates the regions of the world that are in daylight 
and darkness. Each location on the globe has two 
graylines each day; one at sunrise and the other at sun- 
set. In order to accurately determine the grayline, 
an accurate equation for sunrise is necessary. Part of 
the sunrise/sunset equation is the declination of the 
sun; the equation that describes sunrise time and sun- 
set time and declination of the sun are shown in 
appendix A. 

In order to determine whether or not a particular 
country is on the grayline, a comparison must first be 
made between the sunrise/sunset of the desired loca- 
tion and the desired country. But which coordinates 
should be used to describe the location of a country? 
Consider, for example, the USSR. This country has 
several different radio prefixes within it and spans 
thousands of miles. It's obvious, then, that any "aver- 
age" of the latitude and longitude would be grossly 
incorrect in describing the USSR. If the country se- 
lected were Andorra, then this means of describing 
the country would be fully acceptable. So what's the 
best way to describe each country? Each country must 
be described (i.e., digitized with a sufficient number 
of points) in such a manner that during the year all 
minimum and maximum sunrise/sunset points will 
have been obtained. 

By trial and error, the following approach has been 
successful in limiting the total number of data points 
necessary to describe each country. 

In the rough outline drawing of the state of Califor- 
nia (fig. 11, the extreme points of the state are em- 
phasized. These are the points that were assumed to 
be the minimum number necessary to describe Califor- 
nia as far as differences in sunrise and sunset time are 
concerned. 

All of the points on the outline of the state were pro- 
grammed into the sunrise and sunset equations shown 
in the appendix along with intermediate points to con- 
firm that they were, in fact, sufficient to describe a 
"radio country." This approach was determined to be 
valid. (While the simple drawing shown in fig. 1 is far 
less complex than a sketch of the USSR - with its 
many prefixes - would be, for example, it should be 
easy to imagine what the final "radio country" sketch 
of such a vast area would look like.) 

This approach was used for every country in the DX 
Callbook, for each one of the United States, for all 
provinces of Canada, and for any new country that 
could be found at the time the program was devel- 
oped. Once the world data base was developed, a sec- 
ond data base was extracted from it and used to cal- 
culate beam headings and Great Circle distances. This 
second data base is essentially the average of all the 
given points that describe each country. In fig. 1, point 
E represents the average. 

Readers who want to generate their own data base 

fig. 1. Calculation of sunrise and sunset times begins with 
a rough sketch of area to be identified. 

can produce the best result if they use a computer that 
automatically digitizes each country and then com- 
putes sunrise and sunset times throughout the year. 

using the data base 
If the sunset or sunrise time is accurately known for 

your location, then it's easy to determine the coun- 
tries that lie on the grayline. Calculate the sunrise and 
sunset times for each of the points of a particular coun- 
try. Since the time that the grayline occurs is identi- 
cal for all the points along it, compare each of the cal- 
culated times in the countries of interest to the time 
at your base location. If the difference in time is within 
the range of time desired - typically + 1 12 hour, or 
if the base sunriselsunset lies between the minimum 
and maximum riselset times, then that particular 
country is on the grayline. 

When printing out the grayline, the subroutines for 
heading and distance are also used as an aid in deter- 
mining long and short path propagation. The beam 
heading for grayline can be determined by first using 
the equation of time rewritten to solve for longitude. 
The latitude used is arbitrarily chosen to be the target 
latitude + or - 25 degrees. Once the longitude is 
found, the equation for beam heading is employed by 
using your base location and the arbitrarily chosen lat- 
itude and computed longitude. This will then be the 
grayline heading. To output long path distance, just 
subtract the short-path distance computed by the 
equation in appendix A from 21600. The final item of 

August 1984 89 



Name 

Call Sign 

Address 

City State 

Zip Phone 

Date 

Signature 
r /  131 

interest that can be extracted from the data base is 
whether the country that is on the grayline is going 
through sunrise or sunset. Keep track of which time 
equation was used to match your base location time 
- sunrise or sunset - and make note of which one 
it was when printing out your listing. A brief excerpt 
from the program manual will show why this informa- 
tion is important to you: 

Daylight overlap. Compare your sunrise with the tar- 
get sunset(s1. The time span beween could be good 
for daylight openings. 

Daylight openings. Try 10 or 15 meters, except when 
the sunspot number is high. 

Darkness overlap. Compare your sunset with the 
target sunrise(s). The time span could be good for 
darkness openings. 

Darkness openings. Try 30, 40, 80, 160 meters. 

Long-path openings. Base sunset occurs before tar- 
get sunrise; base sunrise occurs after target sunset; 
use long-path heading. 

Grayline openings. Eastern paths: look before sun- 
rise; western paths: look after your sunrise; use gray- 
line heading. 

conclusion 
With the writing of this program, we have attempted 

to combine a variety of aids for the Novice or exper- 
ienced operator that will free up his or her schedule 
for more time on the air. For the first time, an accurate 
computerized grayline that leaves no doubt as to what 
country lies on the grayline and what time to operate 
is available. (This program will not help predict those 
cases in which what appears to be grayline propaga- 
tion is occurring, but is one hour too early.) Propaga- 
tion modes are varied and many; this program serves 
as a predictive tool to the ham operator and SWLer 
alike in providing assistance for some, but not all, 
modes of propagation. 
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Add $5 for shipping and handling 
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Call for an appointment or send resume with 
salary history. 
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ham radio 
As of this writing (mid-June) it 
looks as if the FCC is slowly moving 
toward the possible release of addi- 
tional frequencies for Amateur Radio, 
as authorized by the 1979 World Ad- 
ministrative Radio Conference. A good 
guess is that the so-called 24-MHz 
band may be released on Special Tem- 
porary Authority in the near future. 

Interest in the new bands has re- 
ceived a boost because of the ARRL 
Antenna Design Competition, an- 
nounced this past spring.' The goal of 
the contest is to provide new antenna 
designs that can be constructed at 
home and will cover as many of the 

table 1. Most antennas built for the de- 
sign frequency specified will work well 
over the whole Amateur band. Two de- 
sign frequencies are chosen for 10 
meters. one for operation at the low fre- 
quency end of the band and one for 
operation at the high frequency end. 

band design frequency 
(MHz) (MHz) 

10.100-10.150 10.12 
14.000-14.350 14.17 
78.068-78.768 18.11 
21.000-21.450 21.22 
24.890-24.990 24.94 
28.000-29.700 28.60 (low) 

29.20 (high) 

WARC-79 bands as possible. The two 
entry categories include a five-band 
design that will cover all Amateur 
bands between 14 and 30 MHz and a 
six-band design that adds the 10-MHz 
band. (Details are listed in table 1; a 
"design frequency" indicating the mid- 
point of each band is also listed.) 

the "multiband" antenna 
The problem of designing a single 

antenna that covers the frequency 
range of 14 to 30 MHz (or 10 to 30 

MHz, as the case may be) is an inter- 
esting one. No doubt many fascinating 
antenna designs will surface during the 
next few months. One basic choice 
that must be made is whether the an- 
tenna designed will be a wideband 
type that covers the entire frequency 
span, or a type that functions only over 
the bands in question. Let's look at the 
wideband concept first. 

For this discussion, a wideband an- 
tenna is defined as one that has rela- 
tively constant gain, polarization, and 

fig. 1. A terminated rhombic antenna for the frequency range of 14 to 30 MHz. Anten- 
na is terminated with a noninductive resistor capable of dissipating about half the 
transmitter average power output. (Design taken from The ARRL Antenna Book, 14th 
Edition, Chapter 7, fig. 16.) 
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mpedance characteristics over the 
~perating range. 

One of the earliest wideband gain 
antennas is the terminated rhombic2 
shown in fig. 1. This antenna works 
  ell over a 2-to-1 frequency range, 
~rovides good front-to-back ratio and 
:an exhibit as high as 14 dB gain over 
3 dipole, providing the leg-length of 
:he array is long enough. The front-to- 
lack ratio is achieved by choice of leg 
ength and the use of a terminating re- 
;istor, at the far end of the array, 
rvhich absorbs reflected power. Be- 
:ause the feedpoint resistance is about 
'50 to800 ohms, an impedance match- 
ng transformer is required to match 
he antenna illustrated in fig. 1 to  a 
i0-ohm transmission line. 

Other varieties of traveling-wave an- 
ennas, such as the terminated V-an- 
enna, exist, but their main disadvan- 
age is their large size and the corre- 
,pending amount of real estate they 
equire. 

,he log-periodic array 
Two relatively new types of wide- 

land antennas, the equiangular anten- 
la and the log-periodic antenna, are 
nore practical for Amateur service. 

The equiangular antenna evolved 
?om the observation that the proper- 
es of an antenna (impedance and pat- 
3rn) are determined by its shape and 
imensions with respect to operating 
lavelength. When the antenna is 
caled, its properties are independent 
f frequency, provided its form is spec- 
ied only by angles and not by any par- 
cular dimension. A two-arm equian- 
ular spiral antenna, shown in fig. 2, 
; an example of this design. 
This antenna is a variation of the di- 

ole, where the two halves have been 
~ i s t e d  into a pair of equiangular arms. 
he antenna is fed by a balanced line 
t the center point. High frequency 
utoff is determined by antenna con- 
guration near the feedpoint; low fre- 
uency cutoff is determined by the 
uter circumference of the spiral, in- 
icated by the dashed line. Feedpoint 
sistance of the antenna is quite high, 
eing of the order of 120 to 180 ohms, 
spending upon antenna size and de- 

I fig. 2. The two-arm equiangular dipole 
antenna is fed with a balanced line at 
F-F. The feedpoint impedance is relative- 
ly independent of frequency over opera- 
ting range. Low frequency operating 
limit is defined by the circumference of 
antenna, indicated by the dashed line. 
(Drawing adapted from Jasik2.) 

sign. Frequency spans as great as 
10-to-1 have been achieved in practice 
with this antenna type. 

A second wideband antenna design, 
with which most Amateurs are famil- 
iar, is the ~o~-~er i 'od ic  antenna (fig. 3).* 
The geometry of this antenna design 
is chosen so that the electrical proper- 
ties repeat periodically with the loga- 
rithm of frequency. The basic trape- 
zoidal-tooth log periodic structure is 
shown in the illustration. 

The design can be further simplified 
if the structure is replaced by dipole 
elements (fig. 4). This log-periodic di- 
pole antenna is a popular design for lV 
and FM receiving antennas, and ver- 
sions of this antenna are often used by 
Amateurs on the VHF bands. The fre- 
quency limits of this antenna are those 
at which the outer elements are about 
one-half wavelength long. 

The dipoles are fed at the center 
from a parallel wire transmission line 
in such fashion that successive dipoles 
have 180-degree phase reversal be- 
tween them. A broadband structure is 
formed, with most of the radiation 
coming from the section containing 
elements approximately half a wave- 
length long at the operating frequen- 
cy. Gain and bandwidth bear a definite 
relationship to the length and included 
angle of the antenna. 

Unfortunately, at any given frequen- 
cy in the operating passband, some of 
the elements in this array are inactive; 
the active element area moves along 
the structure as the frequency of oper- 
ation is changed. A t  the lowest oper- 
ating frequency, the longest elements 
have the most current in them and, as 
operating frequency is raised, the ten- 

ter elements become active and have 
the greatest current in them. At the 
upper frequency of operation, the 
shortest elements have the greatest 
current in them, with the longer ele- 
ments relatively inactive. Thus a log- 
periodic dipole beam antenna must be 
considerably longer than a parasitic 
Yagi antenna of equivalent gain. 

fig. 3. The geometry of the planar, log- 
periodic dipole antenna repeats periodi- 
cally withthe logarithm of the frequency. 

fig. 4. The log-periodic dipole array. in 
which linear elements replacethe "teeth" 
of the antenna shown in fig. 3. This 
structure forms a beam antenna. 

'Designed by KLM Electronics. Morgan Hill, Califor- 
nia 95037. 
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fig. 5. the KLM 13-30 LPY array covers 13-30 MHz with an average power gain of 5 dB 
over a dipole. The average front-to-back ratio is 15 dB. The array uses a single parasitic 
element. 

the log-periodic Yagi 
An interesting version of the log- 

periodic design is the log-periodic Yagi 
(LPY) antenna (fig. 5). This passband 
array provides higher gain per unit of 
length than the original designs, mak- 
ing use of a log-periodic dipole struc- 
ture having the frequency character- 
istics of a bandpass filter. One or more 
parasitic elements are used to boost 
the gain of the log-periodic structure. 
Trimming the parasitics to specific fre- 
quencies can enhance the gain of the 
array at these frequencies at the ex- 
pense of gain loss at other frequencies. 
Thus, an LPY antenna can be de- 
signed for maximum performance in 
closely adjacent Amateur bands (14, 
18, 21, and 24 MHz, for example). 

Other interesting wideband anten- 
nas exist but are not practical for use 
in the HF spectrum because of their 
size. 

narrowband tuned antennas 
The easiest way to get on one of the 

proposed new HF Amateur bands is to 
use a dipole cut to the midpoint of the 
band. A more useful antenna is a half- 
wave wire cut to the lowest band (for 
example, 10 MHz) and fed at the cen- 
ter with an open wire transmission line 
and an antenna tuner (fig. 6). 

This is a very simple antenna and, 
when properly built and tuned, will 
cover all Amateur bands between 10 
and 29.7 MHz. In fact, if the tuner is 
flexible enough, this antenna can also 
be used for the 40 and 80-meter bands, 
thus making a true "all-band" HF 
antenna. 

At my station, I have an old John- 
son Kilowatt "Matchbox" tuner that I 
picked up at a flea market. No longer 
made, this useful device will match al- 
most anything at any frequency in the 
HF region. With this, or an equivalent 

tuner, the center-fed antenna dimen 
sions are not critical at all because thc 
tuner makes up for variation in anten 
na and feeder length. If difficulty i 
experienced in loading up a particula 
combination of f lat-toplfeede 
lengths, adding or subtracting a foo 
or two of feeder length will usual1 
cure the problem. 

parallel-connected dipoles 
A simple rnultiband antenna used i 

the HF region consists of two or mor 
dipoles connected in parallel at th 
feedpoint. The ends of the dipoles ar 
separated a foot or two. This arrangc 
ment works well when the bands ar 
harmonically related (7, 14, and 2 
MHz, for example), but problems aris 
when the principle is applied to th 
new HF bands. Dipoles for 18 and 2 
MHz, for example, when paralleled i 
this fashion do not seem to perforr 
properly. The 18-MHz dipole is una 
fected, but the 24-MHz dipole is con 
pletely detuned and will not perform, 
all! Other combinations have not be6 
tried, to my knowledge, but perha~ 
one of ham radio's readers will try di 
ferent combinations, such as 10 and ' 
MHz, or 14 and 24 MHz. I think t k  
parallel-dipole approach has merit, bl 
I haven't hit upon the lucky combin 
tion that works for the new bands 

the multiband loop antenn 
One interesting antenna that v i  

cover five or six bands when used wi 
an open wire line and tuner is t l  
quarter-wave loop antenna Ifig. 1 
With each side cut to 24 feet 6 inch1 
(7.47 meters), the loop will cover 
bands from 10 MHz up through 
meters. Most loops of this type a 
mounted in the vertical plane and fc 
at the bottom to provide horizontal p 
larization. Some experimenters ha 
had luck with this loop mounted in t~ 
horizontal plane, about 30 to 40 f f  
above the ground. Horizontal polarii 
tion is still provided. 

If operation is desired only on 
MHz and up, the sides of the loop c 
be reduced to 13 feet 9 inches ( L  

meters). 
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fig. 6. The 10 M H z  dipole fed with 
random-length open wire line provides 
operation on all bands between 10 and 
30 M H z  if proper tuning unit is used. 

the trap dipole 
The trap dipole (fig. 8) makes use 

of the high impedance of a parallel res- 
onant circuit to isolate or decouple un- 
wanted tip portions of the antenna. 
The inner set of traps is placed in the 
element to isolate the center portion 
for operation on the highest frequen- 
cy band (fl). A second set of traps 
may be placed somewhat farther out 
along the element to isolate a longer 
portion, with the first set of traps be- 
coming part of the antenna element at 
the lower operating frequency (f2). 
Trap dipole antennas have been built 
with eight traps to allow operation on 
four Amateur bands. Trap design is 
straightforward, but determining the 
length of the tip sections, and the wire 
length between the traps is usually 
done on a cut-and-try basis." 

An approximate system for mathe- 
matically determining the length of the 
tip sections has been described in the 
Amateur l i terat~re.~ 

trap construction 
Traps can be built either with dis- 

crete components (inductors and ca- 
pacitors) or by using a length of coax- 
ial line as a combined inductor and 

*An article on a computer-aided design for a trap 
antenna is scheduled for publication in October. - 
Editor 

COAX TO TRANSMITTER 

fig. 7. A simple quad-type loop antenna 
that will cover all bands from 30 through 
6 meters. Open-wire line and antenna 
tuner provide balanced feed from a 
coaxial system. 

F-a TRAP F F TRAP 

fig. 8. Trap dipole employs electrical 
"switches" to connect and disconnect 
antenna tips automatically for operation 
at frequencies f l  and f2. 

capacitor. Gary O'Neil, N3G0, de- 
scribed an interesting coaxial cable 
trap in ham radio, just a few years 
ago.4 While his design provided some- 
what better operational bandwidth 
than the conventional trap design, un- 
fortunately, any form of trap made of 
coaxial cable is very difficult to accu- 
rately adjust to frequency because any 
variation in the spacing of the coiled 

cable can change the resonant fre- 
quency of the trap many hundreds of 
kilohertz. Trap construction and ad- 
justment become quite a problem. 

The trap made up of a capacitor and 
a separate inductor is easier to adjust 
to frequency, which is usually chosen 
as the midpoint of the band. A fixed, 
high voltage capacitor is commonly 
used; one popular unit is a 25 pF, 5 kV 
ceramic type." Frequency can be ad- 
justed by pruning the parallel-con- 
nected coil. Many Amateurs use pre- 
wound, spaced air inductors mounted 
on four plastic strips. One type of coil, 
the "miniductor" manufactured by 
Barker & Williamson Co., is suitable 
for this purpose. t 

Unfortunately a trap made up of an 
air coil and a ceramic capacitor must 
be protected from the weather. Water 
can damage the capacitor, and ultra- 
violet light from the sun can quickly 
ruin the plastic strips supporting the 
coil! Solving these problems is not an 
easy task, and any ideas supplied by 
the readers as to the design of a 
weatherproof trap assembly would be 
appreciated. 

practical two-band dipole 
for 18 and 24 MHz 

Here's a simple antenna you can 
build in anticipation of the happy day 
when the 18 and 24-MHz bands are 
made available to Radio Amateurs for 
general communication. Important an- 
tenna dimensions are shown in fig. 9. 
The traps are made of a coil-capacitor 
combination, as discussed previously, 
and mounted to a small ceramic insu- 
lator which serves to take the pull of 
the antenna. 

Before the traps are installed, they 
must be frequency-checked with a dip 
oscillator and a calibrated receiver. 
Place the trap in an area free of near- 
by metallic objects and loosely couple 
the dip oscillator to it. When reso- 

'The popular Centralab type 850 capacitors are no 
longer made by this company. I understand an equiv- 
alent type is manufactured by Jennings Radio Co., 970 
McLaughlin Avenue, San Jose, California 95122, and 
also by High Energy Corp., Lower Valley Road, Parkes- 
burgh. Pennsylvania 19365. 

tBarker b Williamson Co., 10 Canal Street, Bristol. 
Pennsylvania 19007 
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C TO 

I :z$j 5kV ] RESONANT TO 24 9 MHz BALUN 

( fig. 9. Trap dipole antenna for the 18 and 24 MHz bands. The trap is held in position / 
by a 4-inch long ceramic insulator. The antenna is fed from a 1-to-1 balun and 50-ohm 
coaxial line. 

nance is indicated, note the frequen- 
cy of the oscillator on the nearby re- 
ceiver. The traps should show reso- 
nance within f 100 kHz of 24.9 MHz. 
One end turn on each trap should be 
broken free of the coil bars so that it 
can be moved about to set the exact 
resonant point of the trap. You'll find 
that when you attach the trap across 
the supporting insulator, the resonant 
frequency will drop a bit because of 
the capacitance across the insulator. 
It's best to shoot for a resonant trap 
frequency about 24.9 MHz; the insu- 
lator capacitance will then place your 
trap "right on the nose. " You can also 
run your checks after assembly - take 
your choice. 

The length of the other tip sections 
is critical for proper operation on 18 
MHz. Varying the tip length by as lit- 
tle as one inch per end will change the 
resonant frequency about 150 kHz. 
Since the band is only 100 kHz wide, 
this means tip dimensions are critical 
to about an inch to establish antenna 
resonance within the band. 

The tip dimensions shown in fig. 1 
are quite accurate. If you want to fre- 
quency-check the whole antenna, sus- 
pend it in the air, in the clear, about 
six feet above the ground. Place a 
112-turn inductor across the center in- 
sulator, and measure the 18 and 24 
MHz frequencies of the complete an- 

plenty of extra wire in case I had to 
lengthen the tip sections. Once I 
reached the correct length, I cut off 
the excess wire. 

After some minor adjustments were 
made I found out that removing one 
inch at each end of the center dipole 
raised the resonant frequency of the 
antenna 100 kHz/inch at 24.9 MHz. 
(Since the length of the 24.9 MHz di- 
pole affects the resonant frequency of 
the 18.1 MHz dipole, pruning the 24.9 
MHz dipole must be done before the 
tip sections are adjusted.) 

When the antenna was completely 
tuned, i t  was hauled up my tower and 
anchored at the 45-foot level, with the 
ends dropping down to the 25-foot 
level and tied to two nearby trees. 
SWR measurements revealed that the 
maximum figure on either range was 
under 1.3-to-1, with near-unity SWR 
at the design frequency on each band. 

Note: More information on multi- 
band antennas and trap antennas can 
be found in the 22nd edition of Radio 
Handbook, available from Ham 
Radio's Bookstore, Green ville, NH 
03048, at $2 7.95, postpaid. 
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Tech Notes 
ALPHA DELTA ANTENNA 
and 
AC LINE PROTECTORS - 
the inside story 

Who Needs Them 
Do They Really Work 
Why Are There Several 
Different Models 

Who Needs Them 
Lightning is the most common cause of 

component damage. However, we occa- 
sionally run into those who say "I've never 
been hit by lightning" or "I live on the West 
Coast and we don't have much lightning." 
Don't be fooled. There are demons lurking 
everywhere from your AC line to antenna 
that can damage your gear. Before expos- 
ing those, let's look at data about 
thunderstorms. 

On average, the number of annual days 
with thunderstorms per area are approxi- 
mately: West Coast, 5; Southwest, 20 to 40; 
Texas, 40 to 70; Midwest, 40 to 50; East 
Coast, 30 to 50; South, 50 to 70; and Flor- 
ida, up to loo! Really, no matter where you 
live, you should be aware and protected 
from the potential for lightning-induced 
damage. 

Now, what about what you can't see that 
does damage equipment? Dry desert winds 
in the Southwest and West Coast, wind 
driven snow and summer cloud buildup are 
all generators of enormous amounts of 
static electricity. Static-induced voltages 
from any one of these conditions can build 
up levels of 3 kV or more! If you've ever had 
the occasion to watch the static discharge 
jumping from the end of a long wire hang- 
ing near a chassis, you'll know what we 
mean. 

What's worse, this type of damage is no1 
always catastrophic. Semiconductors can 
suffer junction damage and will degrade 
over a period of weeks or months, causinG 
subtle system problems and a gradual loss 
of sensitivity. 

In the case of AC line protection, semi. 
conductors are known to be damaged b) 
transients caused by AC motors startinc 
and switches, surges from power companl 
"brown-outs" and poor regulation and ever 
the effects of fluoresent lighting. If you have 
had the chance to see a graphic printou 
from an AC wall socket analyzer, yo1 
wouldn't plug anything in again that wa: 
unprotected. 

So who needs Alpha Delta? Everyone 
Regardless of season or geographic 
location. 



Alpha Delta Transi-TrapTM ceramic gas tube protectors do pro- 
vide effective protection because they were designed and tested 
to be used with the most sensitive semiconductors. They do this 
because they fire fast enough, (less than 100 nanoseconds), and 
at a low enough level to effectively by-pass the typical range of 
induced currents and voltages. Standard air-gap devices cannot 
reach this performance level due to variations in atmospheric con- 
ditions that will effect conduction of the static charge to ground. 

In addition, Transi-TrapTM protectors are the only devices in 
the industry employing a combination of "fail-safe" isolated 
ground design and a field replaceable ARC-PLUGTM cartridge. 
Isolated ground prevents the ARC discharge from flowing to the 
equipment chassis via the coax shield. "Fail-safe" means the 
ARC-PLUG cartridge is designed to fail "shorted" instead of 
"open" in the event of a heavy discharge in excess of its rating. 
In this event, the equipment is still protected until the cartridge 
is replaced. Replacement is indicated by a "dead" receiver and 
high VSWR during tune-up. 

Competitve air-gap devices suffer electrode disintegration and 
fail "open." You will lose your protection and you don't even know 
it! One competitive gas tube device is designed to melt its solder 
connections and fail "open" in the event of heavy current flow. 
The protection is gone, the element is non-replaceable and you 
still don't know it! 

Transi-TrapTM protectors have been thoroughly tested by in- 
dependent government and military test labs, and have been 
ordered for use around the world in a number of government and 
military programs. An Avionics user recently reported that since 
installing Transi-TrapTM devices, there has been no loss of com- 
munications due to induced transients. A leading designer of qual- 
ity HF and VHF antennas, Butternut Electronics, suggests the 
use of Transi-Trap protectors in their literature. 

A major computer manufacturer has selected MACC Master 
AC Control Consoles to protect their own systems from AC line 
transient related damage. This was done after extensive testing 
of all devices presently available. 

Why Are There Several Different Models 
We offer a choice of models to provide the most effective 

cost/powerlfrequencylconnector combination. 

STEP # I :  Select your power range. The 200-watt models are the 
most sensitive to transient pulses and are the best choice for 
receivers and transceivers. The 2 kW models are designed for 
overall station protection and for linear amplifiers. 

STEP #2: Select your frequency range. The UHF "T" connector 
models (LT, HT) offer low insertion loss protection through 148 
MHz. The lowest-loss devices are the R-T and HV (typically 
0.1 dB at 500 MHz) with UHF-type connectors. The R-T and 
HV models utilizing type "N" or "BNC" connectors offer even 
less loss through 1000 MHz! They are perfect for cellular radio 
and STL operation in the 800 and 900 MHz ranges. 

Models available are: 
Model LT: UHF "T" type, 200 W, through 148 MHz ......... 19.95 
Model HT: UHF "T" type, 2 kW, through 148 MHz ....... . . . .24.95 
Model R-T: UHF connectors, 200 W, through 500 MHz ..... . .29.95 

Do They Really Work Model HV: UHF connectors, 2 kW, through 500 MHz ......... 32.95 
First, let's settle one issue. Most storm damage comes from Model R-TIN: N connectors, 200 W, through 1000 MHz ......... 32.95 

either voltage induced into the antenna from a near-hit lightning Model HVIN: N connectors, 2 kW, through 1000 MHz ........... 35.95 
strike (as much as a mile away) or static buildup. No manufac- 
turer claims their device will protect you from a direct lightning (BNC connectors also available) 

hit. That's because there is no standard by which to describe one. The surge protected MACC models are: Model MACC - 8 outlets, and master 
Some hits can generate currents of over 100,000 amperes. These switch control 79.95. MACC-4, same as above but with 4 outlets 59.95. 
might even destroy a house! Others are in the range of hundreds ACTT - wall socket direct plug-in with 2 outlets 29.95. 
Of amperes and may be satisfactorily by-passed ground through Alpha Delta Transi-Trap antenna line protectors and MACC Master AC Control Con- 
a lightning protector. soles provide more than near-hit lightning protection. They will give you protection 

Since the chances for damage from induced @on-direct hit) to cover all forms of static and transient surges from your antenna to your power 
sources are several thousand times greater than direct hits, an ltne - at an attractive price. 
effective protector has a definite place in a c~mmunications Available from your local Alpha Delta dealer or direct plus shipping $2 Transi-TrapsTM. 
system. $4 MACC. 

ALmAWL WMICATIWS. mc. 
P.O. Box 571. Centervl l le, Oh lo  45459 (513) 435-4772 
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applied Yagi antenna design 
part 4: 

a 50-MHz TiltonIGreenblum design 

Computer model 
analyzes, updates 

an atypical 
Yagi design 

Of the four VHFIUHF bands discussed in this series, 
50 MHz is the most difficult mechanically. Where the 
other bands' Yagis are able to employ welding rods 
for the driven and parasitic elements, 50 MHz requires 
tubing of at least 0.5 inches (1.27 cm) in diameter. For- 
tunately, long enough single lengths of tubing are 
available so the builder can avoid the additional 
calculations needed to compensate for telescopic 
elements.' While element mounting may require 
methods that have some effect on element lengths, 
these effects are known quantities, and of relatively 
minor consequen~e.~ 

Because the NBS 1.2 wavelength design is often 
the practical limit, long-boom Yagis are not common 
on 50 MHz. Larger Yagis would be difficult t o  impos- 
sible for most 50 MHz operators; stacking would 
present even more difficulties. In effect, 50 MHz 
presents the VHF operator many of the antenna prob- 
lems normally associated with the HF bands. 

selecting a 50 MHz design 
Lawson demonstrated that the simple Yagi per- 

table 1. The baselined 50.25 MHz Yagi with parasitic 
element lengths supplied during iterationband the 
driven element fixed at the non-reactive length of 
112.545495 inches. 

element cumulative cumulative 
element spacing spacing spacing 

name (inches) (inches) (wavelengths1 

reflector 0.000 0.000 0.0000 
driven 44.000 44.000 0.1873 
director 1 33.000 77.000 0.3278 
director 2 37.500 114.500 0.4875 
director 3 45.500 163.000 0.6940 

I director 4 57.250 220.250 0.9377 
director 5 66.125 286.375 1.2192 

formed almost as well as any other antenna in the 
lengths feasible on 50 MHz.3 Any significant improve- 
ment would have to be derived from an unequal spac- 
ing approach for the parasitic elements. Tilton pre- 
sented one such design, and since its initial publica- 
tion 27 years ago, it has become a standard of com- 
parison, even being adopted by a commercial anten- 
na man~facturer .~ As is true of Tilton's other fine an- 
tennas, his six-element 50 MHz classic is based on the 
Greenblum design data. 

Simply adding another director to Tilton's antenna 
for iteration purposes would result in a higher calcu- 
lated gain and hopefully in a better overall pattern. But 
as is evident from examining Greenblum's data, there 
is a difference between an optimized seven-element 
Yagi and a six-element Yagi with an added element. 

Tilton experimented with Greenblum Yagis of up to 
eleven elements. Of these Yagis, a seven-element 220 
MHz design was publ i~hed.~ The design frequency ap- 
pears to be 221.5 MHz, and a non-conductive boom 
is used. Scaling to the 50 MHz band is easily ac- 
complished, permitting the iteration process to begin. 
A design frequency of 50.25 MHz was selected since 
a Yagi centered on this frequency can easily provide 
good performance across the weak signal area. 
Table 1 presents spacing data for this Yagi; column 
two of that table contains the inter-element spacings 
that were calculated from those given for the 220-MHz 
design. The former Yagi.:s spacings were stated in 
inches and were converted to wavelengths at 221.5 
MHz. These wavelengths were converted to the com- 
parable number of inches at 50.25 MHz. For the 
builder's convenience, the 50.25 MHz spacings were 
rounded to the nearest 0.125 inch. Column three of 
table 1 showsthe cumulative addition of the spacings 
in column two, and column four is the restatement 
of column three in wavelengths at 50.25 MHz. All ele- 
ment diameters are 0.5 inches, as used in Tilton's 
classic. Some builders may want to use 0.75-inch 
tubing as is done in The Radio Amateur's Handbook 
for the NBS Yagi of this same boom length.6 

iterating the 50-MHz Yagis 
Reflector and director lengths were incremented in 

By Stanley Jaffin, WB3BGU, 800 Stonington 
Road, Silver Spring, Maryland 20902 
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table 2. A comparison of optimized 50.25 MHz Yagis for each of six different director tapering approaches. 

optimized 
performance 

taper parameter 

0.000 gain 
FIB 

0.125 gain 
FIB 

0.250 gain 
FIB 

0.500 gain 
FIB 

1.000 gain 
F I  B 

1.500 gain 
FIB 

parasitic element length 
in inches 

ref lector director 1 

116.000 105.750 
115.500 103.000 
116.000 106.000 
115.750 103.250 
116.000 106.500 
115.750 103.500 
116.000 107.000 
116.000 104.000 
116.000 107.750 
117.000 104.250 
116.250 108.500 
117.500 104.750 

gain 
(dBil 
12.493 
12.066 
12.481 
12.066 
12.469 
12.063 
12.441 
12.057 
12.375 
11.884 
12.301 
11.769 

FIB 
(dB1 

15.192 
49.580 
15.624 
50.774 
15.109 
59.342 
15.843 
52.097 
17.878 
60.431 
19.108 
42.259 

table 3. Optimized gain iteration for a taper of 0.000 with 
a reflector length of 116.00 inches. 

director 1 gain FIB 
(inches) (dBi) (dB) 
102.00 11.859 30.072 
102.25 11.193 32.852 
102.50 11.967 36.683 
102.75 12.020 39.984 
103.00 12.074 36.812 
103.25 12.127 32.401 
103.50 12.179 29.056 
103.75 12.229 26.464 
104.00 12.278 24.352 
104.25 12.325 22.564 
104.50 12.366 21.007 
104.75 12.405 19.623 
105.00 12.438 18.372 
105.25 12.464 17.228 
105.50 12.483 16.173 
105.75 12.493 15.192 
106.00 12.492 14.276 
106.25 12.479 13.417 
106.50 12.453 12.610 
106.75 12.41 1 11.852 
107.00 12.352 11.140 
107.25 12.276 10.473 
107.50 12.183 9.852 
107.75 12.072 9.280 
108.00 11.944 8.759 
108.25 1 1.802 8.296 
108.50 11.648 7.899 
108.75 11.486 7.580 
109.00 11.320 7.358 
109.25 11.154 7.261 
109.50 10.989 7.332 
109.75 10.822 7.646 
110.00 10.633 8.340 

table4. Optimized FIB iteration for a taper of 0.000 with 
a reflector length of 115.50 inches. 

director 1 gain F/B 
(inches) IdBi) (dB) 
102.00 11.856 27.029 
102.25 11.909 29.117 
102.50 11.961 32.046 
102.75 12.014 36.815 
103.00 12.066 49.580 
103.25 12.118 41.466 
103.50 12.169 33.637 
103.75 12.218 29.414 
104.00 12.266 26.457 
104.25 12.312 24.152 
104.50 12.354 22.247 
104.75 12.393 20.612 
105.00 12.427 19.172 
105.25 12.454 17.881 
105.50 12.475 16.708 
105.75 12.486 15.631 
106.00 12.488 14.634 
106.25 12.478 13.707 
106.50 12.454 12.841 
106.75 12.416 12.032 
107.00 12.362 11.275 
107.25 12.290 10.570 
107.50 12.201 9.915 
107.75 12.093 9.312 
108.00 11.969 8.764 
108.25 11.829 8.277 
108.50 1 1.676 7.859 
108.75 11.513 7.522 
109.00 11.344 7.285 
109.25 11.172 7.175 
109.50 10.998 7.236 
109.75 10.818 7.542 
110.00 10.613 8.231 

J 

0.25 inch steps, and element tapering was initially in- and 0.25 inch. All of these results are summarized in 
cremented in 0.5 inch steps. As a result of obtaining table 2. A zero taper clearly gives the highest 
what appeared to be strange results for Greenblum calculated gain figures, even though Greenblum Yagis 
Yagis, iterations were also made for tapers of 0.125 usually require some degree of parasitic element 
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fig. 1. Zero taper gain optimized E-plane plot. 

table 5. Frequency response parameters for the gain 
optimized Yagi with a 0.000 taper. 

frequency gain FIB 
(MHz) IdBi) (dB) 

47.25 9.477 7.003 
47.75 10.299 9.345 
48.25 10.987 12.406 
48.75 11.542 16.781 
49.25 11.993 23.899 
49.75 12.337 22.019 
50.25 12.493 15.192 
50.75 12.314 1 1.005 
51.25 11.746 8.321 
51.75 1 1.083 7.181 
52.25 10.671 9.386 
52.75 3.191 - 0.549 
53.25 - 8.390 - 14.057 

I 

tapering.' The zero taper FIB optimized Yagi, while 
not possessing the maximum calculated F/B, does 
have an outstanding FIB that is clearly representative 
of the F/B optimized Yagis. 

Table 3 presents the iterations that identified the 
optimized gain of 12.493 dBi. Table 4 presents the 
iterations that identified the optimized FIB of 49.580 
dB. Tables 5 and 6 present these antenna's respec- 
tive frequency performance parameters, in 500 kHz in- 
crements across a 6 MHz bandwidth.The gain opti- 

DEGREES 

FREQUENCY ' 50  250 D I R  I i 103 0 0 0 0  

E L  NUM = 7 T A P E R  = 0 0 0 0 0  

E L  DlAM : 0 5 0 0 0 0  F G A I N  = 12 065  

R E F  ' 115 5 0 0 0  FB : 4 9  5 8 0  

fig. 2. Zero taper FIB optimized E-plane plot. 

table 6. Frequency response parameters for the FIB op- 
timized Yagi with a 0.000 taper. 

frequency gain FIB 
(MHz) (dBi) (dB) 

47.25 8.775 5.016 
47.75 9.672 6.858 
48.25 10.431 9.105 
48.75 11.014 1 1 374 
49.25 1 1.449 15.540 
49.75 1 1.787 21.460 
50.25 12.066 49.580 
50.75 12.282 21.748 
51.25 12.378 15.236 
51.75 12.247 11.331 
52.25 11.816 8.631 
52.75 11.204 6.984 
53.25 10.835 7.071 

mized antenna shows a clear peak at 50.25 MHz. The 
FIB optimized antenna also shows a peak in the op- 
timized parameter at 50.25 MHz, almost to the point 
of being of the single frequency vectorial cancellation 
type of FIB. Figs. 1 and 2 display these antennas' 
respective E-plane plots. 

The comparison between these two Yagis serves to 
emphasize the superiority of the FIB antenna. This is 
the Yagi with the obviously more clearly defined main 
k b e  and the reduced-amplitude minor lobes. With the 
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FREOUENCY : 1 0  0 0 0  OIR 1 : 1 0 3 . 0 0 0 0  
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I fig. 3. FIB optimized Yagi at 50.00 MHz. I 
exceptions of a slightly narrower main lobe and addi- 
tional unwanted signal attenuation between 132 and 
158 degrees, the gain optimized Yagi is a second 
choice. While unwanted signals are rarely an exact 180 
degrees away from desired signals, a 15 dB FIB is 
more or less marginal for a Yagi of this length. 
However, the adequacy of this F/B ratio is really a 
function of band activity and operator preference. 

A final question, addressing the bandwidth over 
which the FIB optimized antenna's FIB ratio and 
general pattern can be realized, remains. Table 7 
presents this Yagi's performance parameters as 
calculated from 50.0 MHz to 50.5 MHz, in 50 kHz in- 
crements. Figs. 3 through 13 contain the E-plane plots 
that correspond to each 50 kHz increment, with that 
for 50.25 MHz being repeated for purposes of clarity. 
Over the frequency range of interest to weak signal 
operators, calculated F/B begins at 31 .I68 dB, peaks 
at 49.580 dB, and drops to 33.170 dB. Calculated gain 
begins at 11.988 dBi and rises to 12.139 dBi. These 
figures serve a second purpose, as they provide a 
study in the effects of slight variances in frequency 
response on the performance criteria on which a given 
Yagi was optimized. It is interesting to note the 
emergence of another minor lobe starting at 50.3 MHz. 

A comparison with the NBS 1.2 wavelength Yagi 
proves the value of either of the optimized Tilton/ 
Greenblum designs. While only 0.0192 wavelengths 

FREOUENCY ' 5 0 0 5 0  OIR I : 1 0 3  0 0 0 0  

EL NUM : 7 TAPER : 0 0 0 0 0  

EL DIAM : 0 5 0 0 0 0  F GAIN 1 1 . 9 6 1  

REF : 1 1 5 . . 5 0 0 0  F B  : 2 8  924 

I fig. 4. F IB  optimized Yagi at 50.05 MHz.  I 

DEGREES 

FREQUENCY ' SO 1 0 0  OIR I = 1 0 3  0 0 0 0  

EL NUN 2 7 TAPER ' 0 0 0 0 0  

EL OlAM - 0 5 0 0 0 0  F GAIN : I1 9 6 6  

R E F  = 115 5 0 0 0  FB = 31 1 6 6  

fig. 5. FIB optimized Yagi at 50.10 MHz. 
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FREQUENCY ' 5 0  1 5 0  

E L  NUM : 7 

EL DIAM Z 0 5 0 0 0 0  

REF = 115 5 0 0 0  

OEGREES 

OIR I  = 103 0 0 0 0  

TAPER : 0 0 0 0 0  

F BAlN : 12 0 1 4  

FB : 3 4  2 0 7  

I fig. 6. F/B optimized Yagi at 50.15 MHz.  1 
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TAPER : 0 0 0 0 0  
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OEGREES 

FREOUENCY : 5 0 2 0 0  OIR I  103 0 0 0 0  

E L  NUM : 7 TAPER ‘ 0 0 0 0 0  

EL OIAM 0 5 0 0 0 0  F GAIN : 12 0 4 0  

R E F  : I 1 5  S O 0 0  F B  : 18 914 

fig. 7 .  FIB optimized Yagi at 50.20 MHz.  

fig. 8. FIB optimized Yagi at 50.25 MHz. 

DEGREES 1 I OEGREES 1 
FREQUENCY ' SO 3 0 0  O I R  I = I 0 3  0 0 0 0  

EL NUM : 7 T A P E R  : 0 0 0 0 0  

E L  O l A M  ' 0 5 0 0 0 0  F G A I N  : 12 0 9 1  

REF ' 115 5 0 0 0  FB i 4 5  266 

fig. 9. FIB optimized Yagi at 50.30 MHz.  

-- - 
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FREQUENCY : 5 0 3 5 0  

EL NUM = 7 

EL OIAM = 0 5 0 0 0 0  

REF : 115 5 0 0 0  

DIR I  = I 0 3  0 0 0 0  

TAPER : 0 0 0 0 0  

F GAlN : 12 115 

F B  : 3 7  3 0 4  

OEGREES 

fig. 10. FIB optimized Yagi at 50.35 MHz. I 

i OEGREES 

FREOUENCV : 5 0  4 5 0  

E L  NUM : 7 

EL O l l M  = 0 5 0 0 0 0  

REF : 115 5 0 0 0  

OIR I : 1 0 3  0 0 0 0  

TAPER 0 0 0 0 0  

F GAIN I I 2  162 

F B  . 3 0  363 

fig. 12. FIB optimized Yagi at 50.45 MHz.  I 

FREQUENCY : 5 0 4 0 0  OIR I : 103 0 0 0 0  

EL NUM : 7 TAPER ; 0 0 0 0 0  

EL OIAM : 0 5 0 0 0 0  F GAIN = 12 1 3 9  

REF : 115 5 0 0 0  FB : 3 3  1 7 0  

fig. 11. FIB optimized Yagi at 50.40 MHz. 
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fig. 13. FIB optimized Yagi at 50.50 MHz. 
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table 7. Detailed performance parameters for the FIB 
optimized Yagi with a 0.000 taper. 

frequency gain F/ B 
(MHz) (dBi) (dB) 

50.00 1 1.933 27.145 
50.05 11.961 28.924 
50.10 11.988 31.168 
50.15 12.014 34.207 
50.20 12.040 38.924 
50.25 12.066 49.580 
50.30 12.091 45.266 
50.35 12.115 37.304 
50.40 12.139 33.170 
50.45 12.162 30.363 
50.50 12.184 28.233 

longer, these Yagis provide far more additional gain 
than this miniscule difference in boom length can ex- 
plain. The model calculates 11.80 dBi gain for the NBS 
Yagi, as compared to 12.493 dBi for the gain optimized 
Tilton antenna, and 12.066 dBi for the FIB optimized 
Tilton antenna.s With approximately 19 dB of FIB, the 
NBS Yagi is superior to the gain optimized Tilton Yagi, 
but falls far short of the FIB optimized Tilton YagLg 
It should be noted that FIB was never a design crite- 
rion for any of the NBS Yagis. In conclusion it can 
be stated that as a result of the calculated perform- 
ances of either of these two Tilton/Greenblum Yagis, 
either is preferable to the 1.2 wavelength NBS Yagi. 
The FIB optimized Yagi is the more preferable of the 
pair. The additional director on what is substantially 
the same boom length, provides a significant increase 
in performance. 

Next month's installment addresses the general sub- 
ject of Yagi performance optimization. In addition to 
discussing approaches taken by authors in the engi- 
neering literature, specific examples of techniques 
from the Amateur Radio literature will be modeled and 
iterated. 
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Attention HFer's - Don't skip Joe's column this 
month. The principles he discusses apply to other fre- 
quency ranges as well. - Editor 

the VHF/UHF primer: ~ l t h o u g h  most Amateurs seem to filter basics 
an introduction to filters 
Filters seem t o  be one o f  the  least 
understood subjects in Amateur 
Radio despite the fact that numerous 
articles have been written on the sub- 
ject. Have you ever heard an Amateur 
say, "I have this great 2-meter filter 
with only a 1-MHz bandwidth" (while 
failing to note or be aware of the fact 
that the insertion loss of the filter is 3 
dB) or worse, say "I have this 70-cm 
(432 MHz) filter with only 0.15 dB 
loss," forgetting to mention that the 
bandwidth of the filter is 100 MHz! 

understand the difference between the 
categories of filters, described later in 
this column, they seldom understand 
how filters work. Sometimes they fail 
to recognize the interrelationship be- 
tween bandwidth, insertion loss, and 
out-of-band attenuation, and what the 
best design for an application may be 
or how one goes about designing and 
building a filter. Although space 
doesn't permit presentation of a de- 
tailed design compendium, some de- 
signs and guidance will be provided in 
this and future columns. 

0 

1 

P 
m D 

i 
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-6- P I  

FREOUENCY IN MHz 

I fig. 1. Insertion loss and VSWR of a 70-cm cavity filter. 1 

Filters can be classified according to 
two general types: absorptive and re- 
flective, with absorptive filters the less 
common type. Absorptive filters ac- 
cept all frequencies received. The de- 
sired frequency or frequencies are 
passed through to the output, while 
the undesired frequencies are directed 
to either a built-in or external load 
where they are dissipated. An exam- 
ple of an absorptive filter is the diplex- 
er for terminating a double balanced 
mixer recommended in a previous col- 
umn.' The better homebrew TVI low- 
pass filters are absorptive  filter^.^ The 
advantage of this type of filter is that 
the source or transmitter always sees 
a good VSWR almost regardless of 
frequency, harmonics, etc.; its disad- 
vantages lie in the fact that the filter 
is usually twice as complex and re- 
quires an extra termination. 

The most common type of filter is 
the reflective type, which allows the 
desired signals to pass through from 
the input or source to the output, but 
reflects the undesired frequencies back 
to the source. A good analogy to this 
type of filter is the typical Amateur 
Radio antenna system. The resonant 
(or bandpass) frequency of the anten- 
na has, if properly matched, a lorn 
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fig. 2. Basic categories of reflecting type filters in the frequency domain, illustrating 
typical simple and more complex circuits as well as frequency responses. Dotted 
responses represent simple filters, while solid lines indicate more complex filters. 

VSWR, and radiates power into space. 
Frequencies off resonance are usually 
reflected back to the transmitter in the 
form of a high VSWR. 

Fig. 1 illustrates this characteristic. 
A typical frequency versus input to 
output amplitude response and VSWR 
for a 70-cm reflective type bandpass 
filter is shown.3 Note that the insertion 
loss, as expected, increases on either 
side of the center frequency, F,. 
Note, too, that the VSWR rapidly in- 
creases on either side of F, in a similar 
manner, and is approximately 6:l at 
the half power or 3 dB down cutoff fre- 
quencies, F,, and Fc2. 

filter categories 
Within each of the two filter types, 

absorptive and reflective, there are 
four basic categories: low-pass, high- 
pass, bandpass, and band reject or 
band stop. Each has a specific pass- 
band in which the insertion loss is low 
and a cutoff frequency (or frequencies) 
where the output is one half or 3 dB 
lower than the power in the desired 
passband. Sometimes filters consist of 
a combination of two or more of these 
categories. For instance, a low-pass 
and a high-pass filter may be connect- 
ed in cascade to form a bandpass filter. 

Low-pass filters have low loss up to 

the cutoff frequency and high insertion 
loss above this frequency (fig. 2A). 
They are most often used on the out- 
put of oscillators and transmitters to 
prevent harmonics from being radi- 
ated. (Typical low-pass filter schemat- 
ics are also shown.) As the number of 
elements in the filter is increased, the 
passband insertion loss and the stop 
band attenuation increase. Also the 
passband insertion loss approaching 
cutoff is less as shown. 

High-pass filters have high insertion 
loss below and low loss above the cut- 
off frequency (fig. 28). They are most 
often used to prevent lower frequen- 
cy transmitters from saturating the 
front end of a receiver. A common ap- 
plication involves using the filter on TV 
set inputs to prevent fundamental 
overload and on the input of an HF re- 
ceiver to prevent overload from high 
power broadcast band transmitters. As 
the number of elements in the filter in- 
creases, the passband insertion loss 
and the stop band rejection increase, 
while the passband insertion loss ap- 
proaching the cutoff frequency is less 
as shown in fig. 28.  

Bandpass filters have low insertion 
loss between two cutoff frequencies 
and high loss above and below the cut- 
off frequencies (fig. 2C). They are 

probably the most common form of fil- 
ter used by VH F/ UH F Radio Amateurs 
and can be considered as a combina- 
tion of a low-pass and a high-pass fil- 
ter. They are most often used as front- 
end filters to reject out-of-band signals 
that may overload a receiver. As the 
number of sections increases, the 
passband insertion loss and the stop 
band rejection increase, but the pass- 
band insertion loss is also less as you 
approach the cutoff frequency. 

Band reject or band-stop filters have 
high insertion loss at a specific fre- 
quency or band of frequencies but low 
loss on all other frequencies (fig. 20). 
They are used to eliminate discrete fre- 
quencies such as an IF image, a bird- 
ie, or local transmitter. For increased 
rejection, the number of sections must 
be increased. 

filter parameters 

The most important filter parameters 
are usually bandwidth and insertion 
loss. Secondary considerations are 
VSWR, passband ripple, out-of-band 
rejection, and shape factor. These pa- 
rameters are all interrelated. 

Insertion loss is especially important 
when a filter is at the input of a low- 
noise receiver because filter insertion 
loss at this location increases the noise 
figure by the same amount. If a filter 
follows a transmitter, the output 
power will be reduced by the amount 
of the insertion loss and if the filter is 
too lossy, it may break down or be de- 
stroyed when subjected to high power. 
Generally speaking, insertion loss in- 
creases if either the filter bandwidth is 
decreased, the number of sections in 
the filter is increased or the unloaded 
Q, Q,, of the inductors is low (more 
on this later in this column). 

Bandwidth is very important be- 
cause it defines the operational fre- 
quency range over which signals will 
not be attenuated more than 3 dB. 
Bandwidth should never be any less 
than necessary, since narrow band- 
width usually goes hand-in-hand with 
higher passband insertion loss and 
more critical tuning. 

VSWR is usually low at the center 
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frequency of a well designed and built 
reflective type bandpass filter and 
climbs abruptly near the cutoff fre- 
quency going toward infinity in the re- 
jection band (fig. 1). VSWR will also 
be low in the passband of other cate- 
gories of filters (to be discussed later 
in this article) but will increase abruptly 
as the cutoff frequency is approached. 
If a low VSWR is desired over a wide 
band, either the bandwidth of the filter 
must be increased or additional filter 
sections added. 

Passband ripple is a function of the 
design parameters, the insertion loss 
and how well the filter is tuned and 
built. Remember that at each point 
where there is ripple, the input VSWR 
will increase or decrease accordingly. 
Ripple is associated with certain 
classes of filters as shall be discussed 
shortly. 

Out-of-band rejection is a function 
of the design parameters, the band- 
width, the types of components used 
in the filter, construction, and align- 
ment; but most importantly, it is pri- 
marily determined by the number of 
elernents or tuned sections in the filter. 
If a low out-of-band rejection filter is 
used, it could mean overload to a low- 
noise receiver or harmonics radiation 
from a transmitter. Sometimes the 
bandwidth cannot be sufficiently re- 
duced, and the number of sections in 
the filter must be increased to ade- 
quately attenuate out-of-band signals. 
As mentioned earlier, when the num- 
ber of sections in the filter is increased, 
so is the insertion loss. Consequently, 
to increase out-of-band rejection, the 
filter complexity will usually increase. 

Similarly, the shape factor of a filter 
is a direct function of the number of 
elements or tuned sections in a filter 
as well as the design parameters. 
VHF/UHF filters usually do not ap- 
proach rectangular shape factors like 
IF filters because losses and the com- 
plexity of the filter would be difficult 
to work with at these frequencies. 
Hence, if good shape factor is re- 
quired, the desired frequency range is 
usually converted to a lower frequen- 
cy where insertion loss and compo- 
nents do not provide such a constraint. 

i B" T T  O H  " ; \  
SLOPE APPROXIMATELY 
LdB/OCTAVE PER 
ELEMENT 

C 
t- < 

1 1 
0 FREOUENCY 

-- 
0 FREQUENCY 

1C) CAUER OR ELLIPTICDL 

C IOdB/CCTAVE PER ELEMENT 

CUTOFF R E l O N  

0 F.QEOU.€NCY 

fig. 3. Typical amplitude and frequency responses of the different classes of low-pass 
filters. 

filter classes 

Frequency domain filters are the 
most commonly used "LC" filters. The 
three classes most often used are the 
Butterworth (or maximally flat), the 
Chebyshev, and the Cauer (or elliptical 
function). Each has specific character- 
istics defined by the design equations 
used to determine the component 
values and the tuning of the filter. 

The most common filter, the Butter- 
worth, or maximally flat filter, has been 
around for a long time. Its main advan- 
tages are that it has low insertion loss, 
low VSWR, a flat passband response 
and standard design tables are avail- 

Designs using normalized 
tables from these references are based 
on the 3 dB cutoff frequency. The dis- 
advantage of the Butterworth filter is 
that its attenuation is only moderate 
out-of-band. A typical low-pass But- 
terworth filter response is shown in 
fig. 3A. Note that the attenuation in 
the stop band increases approximate- 
ly 6 dB per octave (2 times the fre- 
quency) per filter element. 

Chebyshev filters are a result of the 
development of modern filter theory. 
They are most often used when steep- 
er stop band attenuation (than Butter- 
worths can provide) is required. For 
example, the stop band attenuation for 

a properly designed Chebyshev filter 
may increase (depending on passband 
ripple selected) to approximately 9 dB 
per octave per element, up to 3 dB 
more than a Butterworth design. The 
principal drawback of a Chebyshev fil- 
ter design is that it has ripples in the 
passband. The greater the desired at- 
tenuation out-of-band per number of 
elements in the filter, the more the rip- 
ple in band. As a point of interest, 
when the passband ripple goes to 0 
dB, the design goes from Chebyshev 
to Butterworth. Design tables in refer- 
ences 4, 5, 6, and 7 are available. Be- 
ware, however; some authors specify 
the cutoff frequency as the 3 dB down 
bandwidth,= while others specify the 
cutoff frequency as the limit where the 
ripple bandwidth is ~onstant.~,' A 
typical Chebyshev low-pass filter fre- 
quency response is shown in fig. 3B. 

Cauer, or elliptical function filters, 
are also a result of the development of 
modern filter theory. Similar to the 
Chebyshev, they have resonant cir- 
cuits that are used to produce notches 
in the stopband and are most often 
used when very steep attenuation is re- 
quired just outside of the passband, 
particularly when you want to notch a 
specific frequency or frequencies. 
Other applications include designs thal 
require only a finite amount of stop 
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band attenuation. The passband ripple 
is similar to Chebyshev designs. How- 
ever, in the stop band, they also have 
ripple and reach only a minimum level 
of out-of-band rejection determined by 
the design parameters and filter align- 
ment. Elliptical function filters also re- 
quire extra tuning elements and pos- 
sibly some peculiar component values. 
Hence, they are usually only used at 
audio through HF. A typical low-pass 
elliptical function filter response is 
shown in fig. 3C. 

physical characteristics 
Filters are made in many shapes and 

sizes. As discussed earlier, when the 
desired stop band rejection increases, 
the number of components and sec- 
tions in the filter must increase. At 
lower frequencies (audio and HF), dis- 
crete components such as disc capac- 
itors and inductors are usually used. 
However, as the frequency increases 
into the VHFIUHF range, other types 
of components such as air variables 
and rods for inductors are used. Also, 
at VHFIUHF, filters may take on other 
physical structures such as cavity, 
microstrip, stripline, combline, inter- 
digital, or helical. 

A cavi ty  fi l ter, especially the 
quarter-wave type (fig. 4A) is quite 
common at UHF, is basically an enclo- 
sure, usually a cylinder, with a rod typ- 
ically close to a quarter-wave in length 
down the center of the enclosure that 
takes the place of a discrete inductor. 
By making the rod shorter or longer, 
it can be resonated, if desired, with- 
out a tuning capacitor. This is often re- 
ferred to in the microwave community 
as the TEM (Transverse Electromag- 
netic) mode. However, the rod is often 
shortened slightly and tuned with a 
capacitor, typically two metal plates 
whose spacing can be varied, at the 
top of the rod to facilitate "tweaking" 
the filter to frequency. Cavities have 
low loss if they are large in diameter 
(between 0.05 and 0.33 A), close to 77 
ohms in impedance (3.6:l ratio be- 
tween the inside diameter of cavity and 
the outside diameter of the rod), have 
good conductivity particularly at the 
high current point at the base of the 

rod, and especially if they are silver 
plated internally. 

However most people ignore or are 
not aware of the fact that a quarter- 
wave cavity filter is also resonant at 
several other frequencies in addition to 
the design frequency. If the filter is 
tuned mainly by adjusting the length 
of the rod, the other resonances will 
be close to 3, 5, 7 letc.) times the de- 
sign frequency. Hence they are not 
good harmonic filters! These other res- 
onances can be pushed higher and 
placed above the harmonic by fore- 
shortening the quarter-wave rod and 
using capacitance tuning as just 
described. The shorter the rod, the 
higher the frequency of the other 
resonances. 

Another favorite Amateur filter con- 
figuration is the "half-wave" type 
(fig. 4B). Basically composed of two 
quarter-wave filters in tandem, its chief 
advantages are its requirement of only 
one tuning capacitor and its very sym- 
metrical out-of-band rejection (more 
on this later in this article). The induc- 
tor can even take the form of a flat 
strip, thus yielding a mechanical ad- 
vantage in some situations, since the 
input and output are at different ends 
of the filter. 

Interdigital f i l ters are very com- 
mon especially at UHF and 
They get their name from their physi- 
cal appearance - they look like fingers 
joined (or interdigitated) together (fig. 
4C). The rods are nearly a quarter- 
wave long, and ground is alternated 
from side to side. The spacing be- 
tween resonators, the rod diameters, 
and the thickness of the structure are 
the major factors in determining band- 
width. Because the open ends have 
some fringing capacitance, it is best to 
shorten the rods slightly and add a 
small tweaker such as a silver-plated 
screw. This type of filter, properly con- 
structed, usually has low passband in- 
sertion loss and is easily duplicated. I t  
is readily scaled in frequency by keep- 
ing the thickness, rod diameter, and 
spacing constant, and just changing 
the length. The new frequency will 
have the same percentage bandwidth 
as the original frequency. This type of 

filter is usually large and also suffers 
from the overtone problems as men- 
tioned above with the quarter-wave 
cavity type filter. 

Combline fi lters - so named be- 
cause they look like the teeth of a 
metal comb - are very common in the 
industry, (f ig. 4D). Their rods or res- 
onators are usually about one-eighth 
wave long (in contrast to the quarter- 
wave interdigital type). These filters 
are usually used where space is at a 
premium. Frequently the resonators 
are close together, and partitions or 
walls are placed between them, with 
the height of the partitions determining 
the coupling and hence overall filter 
bandwidth. The advantage of this type 
of filter configuration is that if the res- 
onators are kept short, the response to 
overtones (as discussed above) will be 
much higher in frequency and may not 
be detrimental, as in the case of the 
interdigital type. One advantage or dis- 
advantage, depending on your point of 
view, is that tuning capacitors are 
required. 

Microstr ip and stripline tech- 
niques are often used, especially when 
designing combline and interdigital fil- 
ters. The spacings and impedances are 
set for the desired filter response. 
Losses in this type of construction are 
frequently higher than those using res- 
onators etc. but this type of structure 
is usually reproducible. 

Let us not forget helical resonator 
filters,lO,ll which resemble a large 
coil, usually with large diameter wire 
wound like a helix antenna (fig. 4E). 
Placed in a structure similar to the cavi- 
ty filter, a helical resonator filter is 
usually used when relatively high in- 
ductance and low passband insertion 
loss are required, especially on the 
VHF and lower UHF frequencies. 

filter anomalies 
Several things must be understooc 

before filter design can begin. It ir 
assumed at the outset that all formula! 
used and the computed values are cor 
rect; the principal filter design prob 
lems occur with the values of the com 
ponents and the types of component: 
selected. Components are usuallf 
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chosen using standard design equa- 
tions or normalized  table^.^-^,'^ I t  
would be very difficult to  build a filter 
if the component values were not stan- 
dard or readily available. Therefore, it 
is usually preferable to make some of 
the components variable, especially in 
bandpass filters. I prefer to use variable 
capacitors instead of variable inductors 
because they usually have higher Q, 
and are easier to tune. 

If insertion loss is important, and/or 
if the bandwidth of the filter is narrow, 
the components chosen must have 
high Q, at the filter frequency. Air 
variables or small tuners made from 
plated screws are usually preferred at 
VHF/UHF frequencies. Inductance in 
series with the capacitor may cause 
loss or distortion such as a decrease 
in attenuation at some frequency or 
frequencies in the rejection band. 

However, the greatest filter loss 
usually occurs in the inductors. The 
Q, of an inductor should be as high as 
possible. For reference, I have shown 
some typical values of Q, in table 1. 
This table is by no means complete, 
but can be used as a guide. Note that 
most discrete inductors have only 
moderate Q, while cavities and heli- 
c a l ~  are high. 

To determine the loss of an induc- 
tor in a bandpass filter, it is first nec- 
essary to determine the loaded Q, 
"QR " of the filter as follows: 

where F, is the center frequency, Fcl 
is the lower cutoff ( - 3 dB) frequency 
end Fd is the upper cutoff frequency 
311 in the same units. For example, the 
Filter in fig. 1 has a center frequency 
~f 432 MHz and upper and lower cut- 
~ f f  frequencies of approximately 440 
3nd 423 MHz respectively. Therefore: 

The loss in a filter is directly related to 
he ratio of the Q, and Q of the fil- 
er as shown in eq. 2: 

insertion loss (dB) = 

10 loglo (I - Q /Q J2 (2) 

%A/z  
f- --7 

18) k/.? FILTER 
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fig. 4. Typical filter geometries. 

table 1. Typical Q,, versus frequency for some commonly used inductors. 

frequency range (MHz) typical unloaded Q 
inductor type 

toroid 1- 100 50- 200 
0.25" (6.35 mm) diameter coil 50- 500 300- 400 
0.5" (12.7 mm) diameter coil 50- 300 400- 500 
microstrip (on G-10 PC board) 400-2300 175- 420 
microstrip (on PTFE fiberglass) 400-2300 200- 775 
1 " (25.4 mm) diameter 77-ohm cavity 300- 1000 500- 1000 
3" (76.2 mm) diameter 77-ohm cavity 100- 500 1000- 1500 
1 " (25.4 mm) helical resonator 100- 500 500- 1000 

For the sake of simplicity, I have drawn 
a graph for the most common ratios 
of Q,/Q p, in fig. 5. If the same ex- 
ample is used from fig. 1, and the Q, 
of the inductor is approximately 1000 
(from table I) ,  the Q,/Q,< ratio is 
39.37, and the insertion loss of this fil- 
ter will be approximately 0.22 dB. Now 
if the inductor had a Q, of only 300, 

the Q,,/Q ratio would be 11.8, and 
the loss would rise to approximately 
0.77 dB - a huge increase! This ex- 
ample shows why cavities are pre- 
ferred at VHF/UHF frequencies. 

Before leaving this subject, it might 
be wise to explain how insertion loss 
can be determined in a multi-section 
filter. Cohn provides an equation to 
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determine this loss.13 I have simplified 
his formula and listed the values or 
"K" factor necessary to determine the 
loss for common two through seven- 
section Butterworth bandpass type fil- 
ters. 0l.her types of filters may have 
slightly higher insertion losses. To ob- 
tain the loss of a multi-section band- 
pass filter, use the following equation: 

total insertion loss (dB) = 

K(Q Q /Qu)  (3) 

where K is the number from table 2 
for the number of sections in the filter 
and Qy, and Q, are as determined 
above. For example, if the filter in fig. 
1 had 3 sections but the same Q, 
(1000) and Q, (25.41, the insertion 
loss would be approximately 0.441 dB, 
much greater than the single section. 
If the 0, were only 300, the insertion 
loss would climb to 1.47 dB. Hence, 
you are trading insertion loss for bet- 
ter out-of-band rejection - not always 
a bad compromise! 

Insertion loss has one other detri- 
mental effect. Since the insertion loss 

table 2. Approximate insertion loss in a 
multi-section Butterworth bandpass fil- 
ter can be determined by using this in- 
formation in conjunction with eq. 3. 

number of sections K factor 

2 12.28 
3 17.36 
4 22.70 
5 28.10 
6 33.55 
7 39.10 

as you pass through the filter is cum- 
ulative, the amount of energy reaching 
each successive section in the filter is 
less. As a result, if the insertion loss 
of a filter is high, the bandwidth of the 
filter and its ripple characteristics may 
change from those predicted or calcu- 
lated. Hence it is best to design a filter 
with slightly wider bandwidth than re- 
quired because losses reduce band- 
width when the filter is finally tuned to 
frequency. 

Other anomalies depend on the top- 

ography chosen. For instance, if the 
coupling into and out of a bandpass fil- 
ter is capacitive, the filter will acquire 
a high-pass characteristic in the rejec- 
tion band. Inductive coupling, a low- 
pass characteristic, may also occur. A 
combination of the two will yield a 
more symmetrical rejection band. This 
is illustrated in fig. 6. 

Finally, input or output VSWR due 
to component selection, tuning, or 
loading will cause increased insertion 
loss, asymmetry in the pass or reject 
band and/or ripple in the passband. In 
this regard, bandpass filters with single 
sections are preferred, especially when 
they are placed ahead of a low-noise 
preamplifier since the point of mini- 
mum insertion will usually fall at the 
center of the band. Hence, if there is 
a severe mismatch (typical of low- 
noise amplifiers) the chances are that 
the minimum ripple will remain at the 
center frequency. To a somewhat less- 
er degree, 3 or 5-section filters are also 
preferred over 2 and 4-section filters 
for the same reason. 

designing filters 
Low and high-pass filter designs are 

available in references 4 through 7 and 
also in 12. Band reject or band stop fil- 
ters, primarily used in diplexers for FM 
repeaters where very high attenuation 
is needed between two close f requen- 
ciesl4 are documented in references 4 
and 5. My favorite bandpass filter de- 
sign procedures are found in Zverev's 
book (reference 5). Some selected 
Chebyshev bandpass filter designs can 
be found in Anderson's ham radio ar- 
ticle of June, 1977.15 Design programs 
for many of these filters are now 
available for computer-oriented1= 
Amateurs. 

Bandpass filters seem to be the 
most widely used by VHFIUHFers, es- 
pecially in receivers, transmitters, anc 
ahead of preamplifiers. Hence I haw 
dedicated the major part of this col. 
umn to that subject and direct you t c  
the applicable reference for the othe~ 
categories of filters because they arf 
usually easier to design. However 
many of the suggestions in this columr 
apply to filters of any category. 
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15. Leonard H. Anderson, "Top-Coupled Bandpess 
Filter, a Chebyshev Design," ham radio, June, 1977, 
page 34. 
16. "RF Computer-Aided-Design Package," Heath 
User's Group. 885-8020(-37) CP/M. 
77. Milton Dishal, "Alignment and Adjustment of Syn 
chronously Tuned Multiple-Resonant-Circuit Filters." 
Proceedings of the IRE, November, 1951, page 1448. 

important VHFIUHF events 
in August, 1984 
August 5-6: ARRL UHF Contest 
August 11.  1945 UTC, predicted peak of 

Perselds meteor shower 

August 28: M o o n  at per~qee 

I 

ham radio 
fig. 6. The frequency response of a 500-MHz cavity filter depends on coupling technique. 

short circuit 
adjusting and measuring 
performance 

This is really a subject for a whole 
column in itself Remembering what 
has been said so far, the simple single- 
section filters (such as quarter-wave 
cavity) can usually be adjusted to fre- 
quency simply by placing a good low 
VSWR 50-ohm termination on the out- 
put of the filter and tuning for mini- 
n u m  VSWR. Multi-section filters 
~sually require some sort of sweep set- 
~p with detectors. A typical procedure 
s to first align the filter for approx- 
mately the amplitude response ex- 
~ected. Then the final testing and 
dignment is performed by observing 
JSWR over the entire bandwidth. 

Dishal used a slightly different meth- 
)d, in which he adjusted a slotted line 
and successively either shorted or 
~pened each section of the filter as it 
vas adjusted." Suffice it to say that 
he proper alignment of a multi-section 
ilter requires both excellent test equip- 
nent and the skill to recognize what 
s taking place. 

It is important to recognize the dif- 
erent electrical and physical properties 
i order to chose or understand what 
ilter is the type required for a specific 
pplication before designing or build- 
i g  it. It is also nice to at least know 
ne difference between a Butterworth, 
:hebyshev, or Cauer filter, and 

whether it is a low-pass, high-pass, 
band stop or bandpass type. Hopeful- 
ly this article has provided sufficient in- 
formation to make this possible. 
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digital audio filter 
In WI0ER's "A Digital Audio Filter 

for CW and RTTY" (August, 1983, 
page 61 1, U4 and U5 should be labeled 
LF356N. not LF365N. 
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products 

touch-tone decoder 
Connect Systems, Inc., has introduced a new 

16-function touch-tone decoder board. Desig- 
nated model CS-16, the decoder will securely 
control virtually any apparatus via radio or wire- 
line. The CS-16 is especially useful for control- 
ling various repeater on/off functions. 

A unique feature of the CS-16 is dual pass- 
word control. Two separately user-program- 
mable three-digit passwords create heirarchy 
control capability. The primary control password 
can access all 16 of the available functions. The 
secondary password, however, can access only 
8 of the 16 functions. A special primary password 
command, capable of enabling or disabling sec- 
ondary password access, is available. The CS-16 
provides such a high degree of multi-level secur- 
ity that control can be accomplished directly on 
voice channels, thus eliminating the need for 
separate control frequencies. 

The CS-16 provides 16 independently control- 
lable onloff latched functions. Each function is 
provided with an open collector and 5-volt 
CMOS logic output. A strobe output is also avail- 
able in open collector and logic format. This out- 
put can be used to gate repeater audio so that 
DTMF control commands are not retransmitted. 

A power-up reset feature causes all outputs 

to be in the "off" state after application of 
power. An audio pre-amp with level control per- 
mits the crystal controlled tone decoder to oper- 
ate over the wide input range of 10 p . ~  to 2 volts. 
A strobe LED lights when any of the 16 buttons 
on a pad is pressed. (The CS-16 can also be used 
with 12 button pads). An on-board voltage reg- 
ulator permits operation with a 10-25 VDC power 
source. The CS-16 incorporates reverse polar- 
ity protection and draws less than 20 mA from 
the supply. 

For more information, contact Connect Sys- 
tems, Inc., 23731 Madison Street, Torrance, Cal- 
ifornia 90505. 

Circle 1301 on Reader Service Card. 

extended warranty on 
satellite TV equipment 

The R.L. Drake Company has announced that 
it has extended the limited warranty on the new 
Drake ESR-240 satellite earth station receiver and 
all other Drake satellite television equipment from 
one year on parts and 90 days on labor to one 
year for both parts and labor because no prob- 
lems have been experiened with the new re- 
ceiver's state-of-the-art infrared tuning feature. 

For further information, contact R.L. Drake 
Company, 540 Richard Street. Miamisburg, Ohio 
45342. 

two new mobiles from ICOM 
ICOM has added two more transceivers to its 

line of ultra-compact mobiles: the IC-27H 45wan 
2-meter mobile and the IC-47A 25wan 440 MHz 
mobile. 

Standard features of the IC-27H include 45 
watts output, compact size (1-518'' high x 
5-1/2" wide x 9-3/8"deep), a built-in internal 
speaker for easy mounting, nine full-function 
memories, 32 built-in PL frequencies, profession- 
al communications design and styling, and an 
IC-HM23 DTMF microphone with upldown but- 
tons. Scanning functions include memory scan, 
band scan, and priority scan. An internal lithium 
memory battery backup maintains memories for 
up to five years. 

The features of the IC-47A are similar to those 
of the IC-27H. with the exception of 25-watt 
operation and somewhat smaller size. 

Both units include the IC-MB27 mobile mount. 
A variety of options, including an IC-UT16 
speech synthesizer and IC-SP4 and SP5 exter- 
nal speakers, are available for both units. The 
IC-27H is priced at $409; the IC-47A. at $469. 

For further details, contact ICOM America, 
Inc., 2112 116th Avenue, N.E., Bellevue, Wash- 
ington 98004. 

Circle 1302 on Reader Service Card. 

desoldering pump 
A compact spring-powered desoldering pum( 

has been introduced by the Ungar Division o 
Eldon Industries, Inc. 

The Ungar 7870 desoldering pump can bc 
operated with one hand, leaving the other fret 
to hold the soldering iron. A spring-loaded pistor 

is set with the thumb and released by pushbul 
ton. The vacuum created by a piston stroke c 
less than two inches instantly removes molte 
solder. The thumb tap is recessed into the har 
dle to prevent eye injury doing close-toleranc 
desoldering, and a plated interior rod cleans th 
tip each time the pump is used. 

Further information is available from Unga~ 
P.O. Box 6005, Compton, California 90220. 

Circle 1304 on deader Service Card. 

new terminal 
Robot's new 800C specialty mode terminal 

an improved version of their Model 8M3 "supe 
terminal," provides Amateur Radio operators a1 
all-in-one package with display, storage, an1 
automatic operation for the transmission ant 
reception of RTTY and Morse code signals. ) 
major feature of the 800 is its built-in demodu 
lator, which uses separate active discriminatc 
filters for the demodulation of the RTTY signa 

Key features of the new 800C terminal includ 
a 1023 character transmit buffer, ten 64-charac 
ter message memories with soft partitioning, a 
RS-232 serial and Centronics parallel printer inte~ 
face, color SSTV graphics capability with eigt 
graphics memories (when used with Robot' 
new color scan converters), and battery bacC 
up on all memories. These new features are als 
available in a retrofit kit for existing model 800! 

For more information, contact Robot Rc 
search, Inc.. 7591 Convoy Court, San Diegc 
California 921 11. 

Circle IJN on Reader Service Card. 
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REVIEW 
Mini Jini Record Keeper 

Mini Jini Record Keeper from Jini Micro Sys- 
tems is a powerful, yet easy-to-learn, plug-in 
data-base manager for both the VIC-20 and 
Commodore 64. (The term "data base" is synon- 
ymous with "file cabinet," updated to take ad- 
vantage of the latest in computer technology.) 

In the hamshack we store important informa- 
tion in a number of different and sometimes dis- 
organized ways: in logbooks, cardboard boxes. 
and drawers. This can all add up to a disorgan- 
ized and difficult-to-use system of data man- 
agement. 

Mini Jini was originally developed for the PET 
line of Commodore computers as the JinSam 
8.2 Data Manager. This software has been used 
extensively throughout the business world be- 
cause of its powerful record keeping capabilities 
and its easy-to-use design. 

NASA, for example, has made extensive use 
of JinSam in its management of landing site fa- 
cilities for the space shuttle program. Space 
shuttles have two main landing sites: one at 
Cape Canaveral in Florida and the other in Cali- 
fornia at Edwards Air Force Base. Because of 
the possibility of problems that might preclude 
landing at either of these sites, NASA has des- 
ignated five additional sites around the world. 
In order to be ready to use any one of these, and 
to hold costs down, NASA's contingency plan 
specifies that in the event of an unscheduled 
landing at any alternate site, equipment would 
be shipped to the landing site from a central loca- 
tion. Obviously, manual file maintenance of such 
an elaborate system would be costly and cum- 
bersome. Using their Commodore CBM and the 
JinSam 8.2, NASA's records now contain fields 
!i.e., files) for equipment nomenclature, serial 
?umber, and present location. In just a few min- 
Jtes, NASA personnel can do full file searches 
:o produce organized shipping lists of equipment 
for each or all landing sites. 

Since the developers of the JinSam 8.2. Jim 
~ n d  Nancy Iscaro, are both hams. it was only 
B matter of time before they turned their atten 
[ion to using JinSam for Amateur Radio pur- 
oses. Not~ng that both the Commodore 64 and t IC-20 are quite popular in the Amateur Radio 

'held, the lscaros set about the task of convert- 
ng JinSarn to a usable format for the C-64 and 
/IC-20. The result was Mini Jini. Of tremendous 
/Iterest is that this program is not limited to Ama- 
eur Radio use. but can be used to store a variety 
bf busmess, household, or personal information. 
:or the Radio Amateur, Mini Jini can be used 

to log OSOs, print QSL labels, inventory equip- 
ment, keep contest logs, organize magazine files, 
and catalog foreign phrases, to name just a few 
of its many uses. 

Mini Jini comes in a manufactured board that 
is inserted into either the VIC-20 or C-64 cartridge 
slot. With a stock (unexpandedl VIC-20, you can 
store up to 50 full records of 250 characters each. 
With a 24K memory expander added, the VIC-20 
can handle up to 500 records in memory. The 
C-64 will hold up to 750 records. For permanent 
file storage, it's necessary to add either a disk 
drive or cassette recorder. 

The well written and informative instruction 
book makes data entry easy. Mini Jini's manual 
should answer just about any question you may 
have; it's also full of helpful hints and tips on 
how to get the most of Mini Jini's capabilities. 

In the ham shack, computers are no longer 
a luxury. In fact, after seeing how many VIC-20 
and Commodore owners responded to our read- 
er survey (see September. 1983, for thesurvey, 
and January. 1984, for our editorial response), 
it's hard to imagine that there's anyone who 
doesn't have a computer to use! Record keep- 
ing with computers can be a real plus when 
you're contesting. QSLing, or organizing your 
collection of magazine articles. Mini Jini will do 
it for you with a minimum of fuss and hassle. 

For more information, contact Jini Micro-Sys- 
terns. Box 274 Kingsbridge Street. Riverdale, 
New York 10463. 

Circle 1305 on Reader Service Card. 
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power and power supply 
The Spectrum SCAl00V is a new 150-watt 

repeaterlbase station amplifier that operates in 
the 136-174 MHz range. Its unique heatsink and 
high efficiency cooling system design allow cool 
operation even under continuous duty conditions 
in a hot environment. The "behind the panel" 
heatsink permits use in a locking front door cab- 
inet without loss of cooling effectiveness. It also 
features automatic hlgh.VSWR shutdown/ 
"bypass" with 4X auto-reset circuit and auto- 
matic amp bypass (if the power supply should 
fail or if the amp should overheat), as well as 
unusually tight RF shielding and heavy-duty con- 
struction. A 100-watt UHF version is also avail- 
able. 

ldel A\ 
I . -  TRAP - . 

Only 25 n h ~ g h  

Three parallel 
vertical elements. 

Rugged steel 
tub~ng .  

Direct feed with 
52 o h m  coax low 
SWR. 

Broad band. 

Capacity loaded. 
top a n d  sides. 

Only one coll, high 
in 80 M element. 

Also available for 
commercial 
freauencies. 

e m  for AV 
enna. Foul 
tiwire rod1 

I are  resor 
each of tt 
~ds. $19.50 

I UIrl. 

ACERS 
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1984 
CALLBOOKS 

Order today! 
1984 

RADIO AMATEUR CALLBOOKS 

Known throughout the world for accuracy 
:he 1984 Callbooks are a better value than 
?ver before. The U.S. Callbook contains ovel 
133,000 listings; the Foreign Callbook ha! 
Jver 413,000. More than 100.000 changes 
lave been made In each edition since lasl 
{ear. Special features Include call changes 
jllent Keys, census of amateur licenses 
~or ld -w ide QSL bureaus, lnternatlonal 
Jostal rates, prefixes o f  the world,and much 
more. You can't beat this value! Order you1 
1984 Callbooks now. 

Each Shipping T@~I  

1U.S. Callbook $19.95 $3.05 $23.00 

3 Foreign Callbook 18.95 3.05 22.00 

3rder both books at the same time fol  
$41.95 including shipping withln the USA 

3rder from your dealer or directly from the 
~ublisher. Foreign residents add $4.55 fol 
ihipplng. Illinois residents add 5% sales tax 

Keep your 1984 Callbooks up to date 
The U.S. and Forelgn Supplements contalr 
a l l  activity for the previous three month! 
Including new licenses. Available from thc 
publisher In sets of three (March 1, June 1 
and September 1 )  for only $12.00 per se. 
including shipping. Specify U.S. or Forelgr 
Supplements when ordering. lllinols res 
ldents add 5% sales tax. Offer void afte 
November 1, 1984. 

f l  178 
RADIO AMATEUR callbook Nc. 

nept. F 
925 Sherwood Dr., Box 247 
~ a k e  Bluff. lL 60044. USA 
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EGBERT I[+ 
RlTY - CW - XFER 

for t h e  Apple 11. II+. I l e  
Transmit 8 Rece~ve with Software Only 

NO TU REQUtRED 
The Egbert ][+ has RlTY/CW/XFER 
on the same d~sk! and features: Split 
screen operation, type ahead buffer, se- 
lectable mark, space, shift and speed. 
change modes and speeds from menu. 
mailbox with selective call and save to 
disk. Provisions for up to 9 canned 
messages on each data disk, and much 
more. 

FOR MORE INFO.ORORDER.CALLOR 
WRITE: 

W.H. NAIL COMPANY 
275 Lodgev~ew D~IVA 
Oroville. Ca. 95965 

M/C (91 6) 589-2043 VISA 

Egbertll+ =69.95 includes program. back up8 
documentation. USA Residenls add (52.50 for 
shlpplng All othersadd S6 00 Ca Res add64 
sales t a x  f l  169 
INCLUDE CALL SIGN WlTH ORDER! 

:GO MOBILE WlTH YOUR H.T.! 3 
Model I-lcom IC.2AfT. Etc. + 
Model K.1 lor TR.2500 + 
-slides on bottom ol radio * 

C + ................................................ 
C + - Guaranteed! + L,,& ................................................ * * 
C Model K-TR.2400. + 
4 -powered lhru battery plug r) 

Model N-FT-208R * 

4 l fjJ Now FOR and FT.208R al l  Santec 6 TR.2500 * 4 + 
Model 1-Stmple mod lor Tempo + 

.............................................. * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 5 * 

4 
4 

Model Y - FT.207R. Wilson $ 
4 -11ts ~nto battery compartment * 
4 .A unlque battery ellmlnator' * 
4 HANDI.TEK Regulator allows $ ' D$ constant hand.held operatton * 

lrom auto OC or base supply * 
wtlh no nlcad drain and $ 

4 
4 WITHOUT RADIO MOOIFICA. * 
4 TION' $24.95 PPD ~n USA. * 
4 Calif. add $1.50 Sales Tar. * 
C fl 142 * 
4 * 
c HANDI-TEK * 

P.O. BOX 556, DEER HAVEN, CA 92372 $ 
............................. 

1296 & PHASE !!I 
MAKl UTV 1200 - $499'' 
MAKl20W AMP -- - $430°0 - 

KT 200 ET 

0-10 TRACKING PROG. 
TIMEX I ZX - 16K 

Vic-~asic $1 2.95 
Also Avai l .  w/RS & STS 

SASE for full details on the 
T imex  I Z X  AUTOTRAK ROTOR 

CONTROLLER 
- 

sPEemlMWPST 
5717 NE 56th, SEATTLE, WA 98105 

206-641-7461 184 
L 

products 
The companion power supply for tt 

SCAlOOV amplifier, the SCP30, may also I 
used for any type of high-power amplifier, sc 
vice bench, or industrial application requiring 
very heavy duty supply. Its output is 13.6 VO 
at 25 amperes, continuous, 30 amperes inte 
mittent. 

For further details, contact Spectrum Cor 
munications Corp., 1055 West Germantow 
Parkway. Norristown, Pennsylvania 19401-961 

Circle 8306 on Reader Service Card. 

break-in adapter 
Design Electronics Ohio has introduced its f 

break-in amplifier adapter, the QSK-1500. C 
signed to mate currently available full break- 
radios - such as a//Ten-Tec units, the Kenwo, 
TS930, Drake TR-5, the Yaesu FTI, FT980, a1 
FT757, and the ICOM751 - to either commc 
cia1 or homebrew linear amplifiers. Installatic 
of the QSK-1500 requires no internal modific 
tions to  most transceivers or amplifiers; a min 
modification is necessary with Ten-Tec units I 
SSB. 

While the QSK-1500 was designed primar 
with the CW operator in mind, it will also fun 
tion on SSB and RTTY. High power Amtor 
now also possible with this unit. 

The QSK-1500 uses ultra high speed PIN diol 
switching and has no clicking or annoying rela) 
The unit is designed to handle 1500 watts RF in 
a 50-ohm load at 40 WPM. Insertion loss is le 
than 0.6 dB on receive. Maximum receiver l i~  
voltage is 3800 mV before the protective circi 
is activated. An in-line fuse lamp will trip out 
7.5 watts RF. ~o'ntrol  lines for keyer must be f 
positive, cathode keying lines only. Amplifi 
switch time is less than 800 microseconds. TI 
units measure 3 x 6.25 x 3.75 inches (7.6 
15.9 x 9.5 cml control, and 3.2 x 6.6 x 9.: 
inches (8.1 x 16.8 x 23.5 cm) RF unit, ar 
weigh 5 and 4 pounds 11 1 kg and 8.8 kg) respe 
tively. The unit is available for $279 from eith 
Universal Amateur Radio, Inc., 1280 Aida Driv 
Reynoldsburg. Ohio 43068, or DEO, 4925 S 
Hamilton Drive., Grovesport, Ohio 43125. 

Circle 1307 on Reader Service Card. 

new 40-meter antenna 
Telex/Hy-Gain has introduced the "Disco 

erer," a new series of 40-meter antennas devc 
oped for high-performance operations in r 
sponse to  the effects of declining sunspot a 
tivity on the 10-20 meter bands. 

The new series consists of several configur 
tions. The Discoverer 7-1 is a 45foot 113.7 metr 
rotatable dipole that can be added to many e 
isting beam antenna installations and tuned 
either 30 or 40 meters. 

The Discoverer 7-2, a two-element beam wi  



3 wind load of only 6 square feet 10.56 meter2), 
%quires only a 25foot (7.6 meter) turning radius. 
n addition to high forward gain and front-to- 
3ack ratio, it maintains a broad bandwidth in ex- 
:ess of 190 kHz with SWR below 2:l. 

The Discoverer 7-2 can be further enhanced 
~ i t h  the addition of a Director Kit, thereby 
:resting a three-element beam. This almost 
loubies the front-to-back ratio and forward gain, 
vhich in turn almost doubles the E.R.P. of the 
wo-element version. All this fits on a =foot 
10.7 meter) boom. The relatively compact array 
loes not require a heavy-duty tower, but can be 
afely installed on a less expensive medium-duty 
ower such as the Hy-Gain HG52SS. 

The suggested list price for the Discoverer 7-1 
s $195.00. The Discoverer 7-2 and the Director 
(it are listed at $435.00 and $272.00 respectively. 

For more information, contact Telex Commu- 
iications, 9600 Aldrich Avenue South, Minne- 
  pol is, Minnesota 55420. 

HY-GAIN EXPLORER-I4 - $264.95 HY-GAIN TH7DXS - $399.95 
CUSHCRAFT A3 - $202..00 CUSHCRA FT R3 - $2-%. 95 

R ~ E R N U T  H F ~ V  - $1 06.00 
r f A m s s o n e s  in stock) 

A4 L64.95 617-8 
A743 67.95 32-19 
A744 67.95 2148 
R3 254.95 220B 88.00 
AV3 49.95 410B 54.95 

AV4 AVS 87.95 95.00 
StacWnr 424B & Olpd 74.95 WLI! ? 

- - 
40-ZCD 269.95 

TH7DXS S399.95 
THSMk2S 349.95 I8AVT/W&S SR9.95 .- 'h' ROTORS. 

'. f f r  
Explorer-14 264.95 I4AVQ/WB-S 61.95 \<F>= W.95 

Battery ManagerTM 
Designed with the communications specialist 

n mind, the Battery ~ a n a ~ e r ~ ~  from URDC 
deasurements, Inc., analyzes and conditions all 
:ommon types of 2-way radio NlCAD batteries 
or optimum field performance and extended life. 

The unit is specifically designed to combat 
'Memory Effect" - the premature loss of power 
rom a battery that's just been fully charged. 
Zaused by repetitive shallow discharging fol- 
>wed by repeated overcharging, Memory Effect 
educes reliability in the field and plays havoc 
vith banery replacement schedules. 

With the Battery ~ a n a g e r ~ ~ ,  batteries that 
lave been discarded as "not usable" can often 
le reconditioned and returned to service, and 
he life of batteries currently in use can be 
xtended. 

Banery ~ a n a ~ e r ~ ~  operates on 1 lOV, 60 Hz 
nd can be adapted at the factory for use on 20V. 
0 Hz. Its maximum power consumption is 150 
vans. 

For more information, contact URDC Meas- 
rements, Inc., P.O. Box 880, West Jordan, 
ltah 84084. 
Circle 1308 on Reader SerVice Card. 

QK-710 add-on 74.95 I ZAVQ-s 44.95 '\ C I H S I I  119.95 
392s Conv. Kil 129.95 I4RMQ -34.95 a HAM-IV 192.9 
204BAS 224.95 IRHTS 395.00 239.00 
2DSHAS 299.95 V?S 36.95 z?R-300 4W.00 

WIRE & CABLE (Coax quality guaranteed. 958-plus sh~eldlng) 

RG-2 I 3 / U  S0.29/R. Rotor cable-standard 4-50 ohm line S.O9/fI. 
RG-RIU 0.2R/h. (6-22.2-18) O.I8/H. 14 ga. coppenveld 
RG-RIU foam 027/R. Rotor cahle-hvy. duty (solid) O.lO/ft. 
RG-RX O.IS/ft. (6-18.2-16) OJZ/R. I 2  pa. coppnveld 

6unarco-~ohn 
We & 2%. 45G. HRX. & HDBX towers. 

All .irccsu)nrs avallahle. FOLD-OVER 
towerr rh~pped freight pre-paid to your QTH! 

(solid) O.l2/fI. 

Let us h~tl  ~ h c  w l l -uppn ing 
crank-up toucr ~ r l  vvur cho~ce with 

the acce\u+rlc\ you wlect. 

HG-37x5 S625.00 

HG-7OHD 2.300.00 

2SG S46'sect. HEX48 5250.00 
45G 109/ml. HBXS6 320.00 

~ O L w V E R S :  HDRX40 2.30.00 
Get our quote HDRX48 315.00 

IB & save' S h ~ p ~ d  fre~ghl pal*. Onlcr tower with H\-( ia~n 
anlcnna. rotor & other accessorw. Rece~vc free 

shlpplng on all. 

A rower is a major inwsrmenr of rime, money, and sweat. To he certain you Rer whar,wu 
wanr and need to complere your insrallarion. f b t  rime around, we sugResryou write us wirh 
your iremized needs and Rer our m n  proposal. A few extra days now ran saw weeks of 
frusrrarion and waitinn later. 

Pncn suhjccl lo chanpc w~lhout 
nnlocc or chl~palton Monnruna 
rredcne add 67 lax Sh~pptnp not 
tncluled rxccpt 8% I~ILI IC~ 

St. Cloud, Minnesota 56301 
/ 176 

(612) 255-0855 k! 
@ 

New CMOS DTMF Chip Kit 
Teltone's TRK-957 Kit makes ~t easler and 
less expenslve lo breadboard a low-power, 
central offlce qual~ty DTMF detect~on system 
All you need IS a power source from 5 to 12 
VDC The sensltlvlty, w~de dynamlc range. 
nose ~mmun~ty, and low-power consumption 
make the TRK-957 Ideal for telephone 
sw~tchtng, computer, and remote control 
appltcat~ons The TRK-957 DTMF Kit 1s only 
$24 75 To order call 

(800) 227-3800, ext. 1130. 

ICELTONE' r /  189 

rr 
rcular LED 
splay 

* Cil 
Di! 

,ppler Direc 
nding . n---: ..-, 8 

Fil * NO necelvel * Mobile or Fir * Kits or 
Assembled U + 135-165 MHz 
Standard Ral 

A Optional Digil 
Display 
Optional Serii 
Interface 
19 VDC Operation 

Day Warranty 

MUUJ 

red 

n I L  

* w  
1 receiver i converts a1 

I..... ;me.. -,.. New Technol~, Ipacet I ny VHF Fk nto an advanced 
Doppler Direct~on Finder. Simply piuy Ir;ceiver's an,,, ,, nluu external speaker 
jack! idirectiona 
sign i $270. Ass 
writt prices. 

DOPPLER SYSTEM-, >cottsaa,e, , as,,, 

s. Use any 
al detectio8 
? for full dc 

four omnl 
n. Kits from 
atails and 

l antennas 
embled un 

i. Low nois 
its and ant1 

ie, high set 
ennas also 

isitivity f o ~  
available. I 

weak 
Call or 

- ----  ter Oak, . - 554 IS. , 0 E. Char 
. .  . . . 
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RF TRANSISTORS, MICROWAVE DIODES 
PRICE - 

$ 25.00 
25.00 
25.00 

1.55 
4.10 
4.10 

13.50 
18.35 
13.00 
15.50 
17.10 
1.55 

15.50 
11.00 
5.00 
1.30 
2.20 
3.35 

17.25 
25.00 
11.00 
14.00 
1.80 
4.53 

21.00 
1.30 
1.85 

11.80 
3.45 

m3005  
Dfxcel GaAs FET 
DX13501A-P100F 
%itsu GaAs FEl 
FSX52WF 

Hewlett Packard - 
mr2204 
35R21E 

PRICE - 
$ 2.00 

20.00 
1.50 
4.00 

36.00 
40.00 
2.50 
4.00 
5.50 

32.00 
47. 00 
25.00 
10.00 
5.00 
6.00 
2.50 
2.50 
2.50 
2.50 
1.00 
1.65 
2.50 
2.50 
2.50 
2.50 
1.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.,% 
1.00 
2.50 
2.50 
2.50 
2.50 
1.00 

15.24 
15.24 
22.21 
8.94 

13.08 
21.30 
10.00 
30.00 
25.00 
20.00 
20.00 
18.00 
25.00 

100.00 

49.30 

58.00 
2.50 
4.95 

11.40 
30.00 
10.00 
19.90 
25.00 
11.34 

112.00 
38.00 
32.00 
32.00 
30.00 
30.00 
50.00 
50.00 
71.50 
75.00 
44.00 
7.00 
8.75 

30.00 
68.00 
31.00 
33.00 

.70 

10.00 
25.00 
25.00 

8.50 
11.95 

7YPE -- PRICE 

MI 134 $ 16.90 
w579 7.95 
El588 7.50 
MI1622 7.95 
KG23 9.95 
UE24 11.95 
MCE25 17.95 
UE30 18.00 
M!J740 29 90 
Kg741 29.90 
W755 19.50 
M9848 37.00 
M9850 16.90 
M9851 20.00 
W 8 7  5.25 
MEL80091 25.00 
MM1550 10.00 
MM1552 50.00 
MM1553 50.00 
MM1614 10.00 
MM1943JZN4072 1.80 
MM2608 5.00 
MM3375A 17.10 
MM4429 10.00 
MM8000 1.15 
MUBOO6 2.30 
MM8011 25.00 
M!=IPF102 .45 
MPSU31 1.01 
hW023-1.5 42.50 
MRn08 16.10 
MRF212 16.10 
m 2 3  13.25 
m 2 4  15.50 
m 3 1  10.92 
-32 12.07 
m 3 3  u . 6 5  
m 3 7  3.15 
MRn38 13.80 
m 3 9  17.25 
m 4 5  35.65 
MRF247 35.65 
MRF304 43.45 
MRF309 33.81 
MRF314 28.52 
MRF315 28.86 
hIRF316 WR 
MRF317 63.94 
MRF420 20.00 
MRF421 36.80 
MRF422A 41.40 
MRF427 17.25 
MRF428 46.00 
MRF433 12.07 
MRF449/A 12.65 
MRF450/A 14.37 
MRF453/A 18.40 
MRF454/A 20.12 
MRF455JA 16.00 
MFiF458 20.70 
MRF463 25.00 
MRF472 1.00 
MRF475 3.10 
MRF476 2.00 
MRF477 14.95 
MRF492 23.00 
MRF502 1.04 
MRF503 6.00 
MRF504 7.00 
MRF509 5.00 
MRF511 10.69 
MRF515 2.00 
MRF517 2.00 
MRF559 2.05 
MRF605 20.00 
W 1 8  25.00 
~ ~ ~ x i 2 8  8.65 
MRF629 3.45 
MtUW4 27.60 
MRF646 29.90 
MRF816 15.00 
MRF823 20.00 
MRFS01 (3)  Lead 1.00 
MRFS01(4)Lead 2.00 
MRF904 2.30 
MRFS11 3.00 
MRF961 2.30 
MRF8004 2.10 
MS26lF FQH 
hlX1720-12 225.00 

PRICE -. 

$125. 00 
225.(K) 
40. [X) 

200. [Kl 
50.00 
50. (X) 

50.00 
40.00 
40.00 
40.lH 
40.00 
50.00 

100.00 
14. 40 
FQR 
99.00 
95.00 
Fm 
2.50 

mR 
POH 
5.70 
2.50 

FOR 
FQR 
FOR 
m 
7.80 

FOR 
Fm 
port 
FOR 

45 FOH 
24.60 

7.50 
PMI 
FOR 
WR 
m 
FOR 
FOR 
4.70 

FOR 
m 
m 
Fim 
m 
WR 
WR 
la 
m 
H)R 
FOR 
HR 
P(X1 
213.00 
m 
19.10 
FOR 
16.50 
32.70 
56.00 
POR 
WR 
mR 

40280 
40281 
40282 
40290 
40292 
40294 
40341 
40608 
40894 
40977 
62800A 
RE3754 
RE3789 
RFllO 
S50-12 
S3006 
S3031 
SCA3522 
SCA3523 
PRICE ON 

Toll Free Numbr ',I, parts may be new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus, and parts may be  
subst~tuted with comparable parts 

(For orders only) ~f we are out of stock of an Item " 

For information call: (602) 242.3037 
I 
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GaAs, TUNNEL DIODES, ETC. 

SD1561 
SF4557 h t  . 
SKW8 RCA 
SK3177 RCA 
St37714 hkjt. 
SRF750 hbt. 
SRFlOlR k t .  
s m 1 1 7  ~ o t .  
mF-2356 kt. 
S 3 7 8  Mot. 
SF2584 Mot. 
SRF2821 Mot. 
SRFZ857 Mot. 
TA.8894 RCA 

18.00 
18. 00 
PCR TIS189/hIRW6 

w312 
PI014  IRW 
W1028 I R W  

458-949 Mot :~ ,mn .  
TWFZ201 H.P. 
62803 RCA 
TA7205/2N5921 
TA7487/2N5920 
TA7995/2N6267 
SRn092 Mot.  
w 4 7 9  

We Can C r o s s  Fkference Most RF Transistors, Dlwj.?s, Hybl'ld Kndules And Any Other Tyw Of Semiconductor. 
.......................................................................................................................... 

UIoDES (1UI C A R R I E H , M I ~ A V I ; , I ' I N , ~ , ~ , V M ( A ~ , G U N N )  

N 2  1 $ 3.40 IN2 18 $ 3.40 LN2 lBR $ 3.40 m 1 C  $ 3.40 
UalD 4.00 lN2 1DR 4.00 lPf2 1FR 6.00 lN21RF 5.00 
lNZ1Wk; 5.80 lN21K 5.80 1 ~ 2 2  5.00 m 3 A  10.00 
UD3B 3.40 lN2X 3.10 lNZ3CK 3.40 ~ 4 2 3 ~  4.95 
lNZ3M1 4.00 ~ 2 3 ~  5.00 W25 7.50 m5AR 18.00 
lNZ8W; 10.00 IN29 10.00 W32 20.00 lN53A 55.50 
IN76 26.00 lN76R :!8.00 lN78 26.00 m 7 8 ~  20.00 

4.00 
15.00 
16.00 
14.00 
15.00 
4.25 
4.25 
4.25 
1.00 
1.00 

65.00 
1.00 
FOR 
m 
POR 
m 

31.35 
50.00 

105.00 
PCR 

2.00 
11.00 
10.00 
10.00 
11.00 
4.25 
4.25 
5.50 
2.00 

15.00 
65.00 
15.00 

FOR 
m 
rm 
m 

37.40 
125. (XI 
58.00 
m 

m3733 
lN4785 
lN514lAjB 
1N5145AjB 
lN5167 
lN5711 JAN 

lW263 
XB1087/48Wi9558 
8810% 
MIX0 Aloha 

IS2199 
8D3020 
BD414JE3X C.E. 

1S2200 
A2Xll6M Aertcc 

CMU514AB C.M.  
M900 Alpha 
ffi147U Alpa 
LME022 Alpha 
K1602-89 GHZ 
W3208-40 W 
KP50RZ-0941 
HP5082-03% 

W159 Alpha 
M987M Alpha 
D55W Alpha 
DFZ005-1 Cn~m 
GC2531-88 GtR 

M959 Alpha 
U5503 Alpha 
IXiTE460A A11,lra 
CL160740 GIG! 
GC17044 CW. 
KP5082-0291 
HP5082-M01 

IUR HP5082-2254 PW( HP5082-2302 10.70 
POR HP5082-2711 23.15 185082-2727 K I R  

, I5 HP50R2-2835 1.00 HP5082-2884 FOR 
:ffi.00 HP5082-3080 2.00 HW082-3188 1.00 

FUR HP5W24d62 POR HPKl824RR8 W H  
FOR K3A krntnm 7.00 MA450A TOR 
RWI MA4 1487 €OR MA41765 POR 

48.00 MA435811 PCA MA43622 KIR 
27.00 MA47U14 POR MA47051 25.50 
:i0. 80 MA47771 POR hL447838' FOR 
Z17.95 MA495?A I'CA MA86731 125.00 

m3) IS  ~ 1 -  *+** . ** . . .w******** t t t t t t * t~*~t t* t t * t * t **********  

For information call: (602) 242-3037 

1 . X  HP50R2-6459 
POH HP5082-8323 
m M A 4 m  
IOR hl.443004 
IOR hU1451M 
3.05 MA47202 
m LIA49 1% 

LIMES UAILY SO CALL IF IF TI& I'm YOU 

Toll Free Number - A I I  parts may be new or 

800-528-01 80 surplus, and parts may be 
substituted wlth comparable parts 

( F ~ ~  orders only) if we are out of stock of an item." 

electroqpgj 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

I 

More Details? CHECK-OFF Page 140 August 1984 125 



(;[!AXIAL RI.;IAY S-W1TCIlP:S SI'D;l; 

Electronic Specialty Co./Raven Electronics FSN 5985-556-9683 $49.00 
Part 11 25N28 Part II SU-01 

Amphenol FXR FXR 
Part # 316-10102-8 Part # 300-11182 Part # 300-11173 
115Vac Type BNC DC to 3 CHz. IZOVac Type BNC DC to 4 GHz. l2OVac Type BNC Same 

FSN 5985-543-1225 FSN 5985-543- 1850 

BNC To Banana Plug Coax Cable RC-58 36 inch or BNC to N Coax Cable RG-58 36 inch. 

$7.99 or 2 For $13.99 or LO For $50.00 $8.99 or 2 For $15.99 or 10 For $60.00 

SOLID STATE RELAYS 

PbB Model ECTlDB72 

PRICE EACH $5.00 

5vdc turn on 120vac contact at 7amps or 20amps on a 
10"x 1O"x . 124 aluminum. Heatsink with 
silicon grease. 

Digisig. Inc. Model ECS-215 5vdc turn on 240vac contact 14amps or 40amps on a 
10"x 10"x .I24 aluminum. Heatsink with 

PRICE M C H  $7.50 silicon grease. 

\ 

GrigsbylBarton Model GB7400 5vdc turn on 240vac contact at 15amps or bOamps on a 
10"x 10"x .I24 aluminum. Heatsink with 

PRICE EACH $7.50 silicon grease. 

NOTE: *** Items may be substituted with other brands or equivalent model numbers. *** 
For information call: (602) 242-3037 

"All parts may be new or aw clcctmo~c. 

surplus, and parts may be TOM F ~ w  Numbor 
substlluted w~th comparable parts 
~f we are out of stock of an Item." 800-528-01 80 

(For orden only) 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

h 
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TYPE --- -~ 

2C39/?289 
2E26 
2K28 

PRICE - 
$ 34.00 

7.95 
200.00 
102.00 
400.00 

9.50 
255.00 
526.00 
567.00 

1700.00 
473.00 
567.00 

69.00 
79.00 
98.00 
98.00 

110.00 
110.00 
444.00 

54.00 
75.00 

125.00 
90.00 

170.00 
110.00 
115.00 
140.00 
835.00 
242.50* 
485.00 
555.00 

1100.00 
1255.00 
1500.00 
710.00 
240.00 
240.00 
200.00 
345.00 
175.00 
590.00 

60.00 
95.00 
45.00 
45.00 

412.00 
660.00 

27.50 
45.00 
62.50 
49.95 

211.00 
8.50 

15.00 
29.00 
50.00 

TUBES 
TYPE PRICE 

$500.00 
500.00 
310.00 
84.00 

100.00 
500.00 
P.O.R. 

42.00 
250.00 
125.00 
119.00 
232.50 
232.50 
140.00 
185.00 
270.00 

42.00 
8.00 

60.00 
54.00 
54.00 

395.00 
95.00 

8.50 

13.85 
23.50 

325.00 
42.50 

180.00 
24.00 

P.O.R. 
5.75 

540.00 
10.00 
10.00 

160.00 
79.00 

5.00 
22.00 

250.00 
38.50 

P.O.R. 
100.00 
300.00* 
300. OO* 
135.00 
34.00 

P.O.R. 
13.50 
85.00 

2.50 
95.00 
36.00 

TYPE 
ML7815AL 
7843 
7854 
ML7855KAL 
7984 
807 2 
8106 
81  17A 
8121 
8122 
8134 
8156 
8233 
8236 
8295/PL172 
8 4.5 8 
8462 
8505A 
85331.1 
8560lA 
8560AS 
8608 
8624 
8637 
8643 
8647 
8683 
8877 
8908 
8950 
8930 
6L6 Metal  
6L6GC 
6CA7lEL34 
6CL6 
6DJ8 
6DQ5 
6GF5 
6GJ5A 
6GK6 
6HB5 
6HF5 
6JG6A 
6JM6 
6JN6 
6JS6C 
6KN6 
6KD6 
6LF6 
6LQ6 G. E. 
6LQ616MJ6 Sy lvan ia  
6ME 6 

I NOTE * = USED TUBE NOTE P.O.R. = PRICE ON REQUEST 

I "ALL PARTS MAY BE NEW, 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 CHANGE WITHOUT NOTICE. 

For inionnation call: (602) 242-3037 I 
Toll Free Number c 8 ~ ~ ~  parts may be new or 

800-528-01 80 
surplus, and parts may be 
substituted w~ th  comparable parts 
if we are out of stock of an item." (For orders-. only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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HEWLETT PACKARD SIGNAL GENERATORS 
h06A 50KHz t o  65nHz I n  6 bonds +- lz ,Out~ut  leve l  ~ d l u ~ t ~ b l e  0.luV b168 Some os ubovr but l u ~ e r  model. S hi11l.Dii 

t o  3V l n t o  10 ohms.Bullt-In c r vs to l  col1brotor.400 -100OHz 
modulo1 10n. S 650.00 6188 3.8 t o  7.6GHz ronge,wi t h  co l  IbrOted o u t ~ u t  and se lect lon of 

~u l se -FM or souare rmve m d u l o t ~ o n .  s 600.00 
6068 Sane 0s obove but has f reowncv cont ro l  feoture l o  01 low 

o ~ e r o t l o n  w l t h  HP 8708A Svnchronlzer. S1100.00 618C Sane as obove but l o t e r  model. $2200. 00 

608C 10Mnz t o  ~~OMHZ.O-IUV-IV I n to  50 ahms.AM.Cu,or pulse mod- 620A 7 t o  llGHz range,wlth co l l b ro ted  outout ond selection of 
% ,50.00 u lo t lon.  COllbrOted ottenuotor. 1 500.00 ~u lse-FM o r  sauore wave mdu la t l on .  

60801 IOMHZ t o  420flHz 0 l uv -o  'A In to  50 ohms,+-0.5: accuracv. 6208 Sane os above but l o t e r  model. s2200.00 
TS~~ IO  b u ~ ~ t - i n  c r vs to i  c i l l b r o i o r ,  AM-cw or pulse o u t ~ u t .  s 375.00 

626A 10 t o  1SGHz.lOm o u t ~ u t  Dower wl th  co l  lb ro ted o u t ~ u t  and 
~ 4 2 0 0 ~ 0 0  608E Imroved verslon o f  eopulor 608C.U~ to  1V o u t ~ u t ,  lmroved oulse-souore wave or FM mdu la t l on .  

stab11 ltv,low resldual FM. S1450.00 
8708A S nchronlzer used wi th  6068 608F The svnchronlzer I s  o 

60aF X+~HZ to  4 5 5 ~ ~ 2  I n  5 bonds '-1' frequency occuroc w ~ t h  pKose-lock freauencv s t o b l l i z e r  t i h ~ c h  provldes c r  s t01 
built-In c rvs ta l  c o l l b r o t o r . c a ~  be used w ~ t h  HP 8!08~ osci I l o t o r  freouenc stab1 11tv  t o  U O M H ~  i n  the 6 x 8 ~  s i  no1 
S nchronlzer. O u t ~ u t  contlnuouslv od~us tob le  f r an  . luV t o  generator.Phose locl[lng el lmlnotes mlcro~honlcs  arld d r l ? t  
.!Y I n t o  50 ohms. s1100.00 resulting I n  excel lent  freauencv s tob l  l l lv.The 870W includes 

o vernler whlch con tune the reference Oscillator over a range 
612A 450-1230MHz , o . ~ u v - 0 . 5 ~  I n to  50 ohms.collbr0ted output. S 750.00 a1 '-0 15% ~ e r m l t t  lng frequency set tob l  l I tv  t o  2 oar ts  i n  10 

t o  the'seventh.Provldes o very s t o b ~ p  sl i lnal that sa t i s f i es  
6l4A 9 0 0 - 2 1 0 0 ~ ~ ~  wl th  mmv features l n c l u d l n ~  ca l lh ro ted o ~ ~ t o u t  m n y  c r l t l c o l  o ~ ~ l l c o t l o n s .  

ond o l l  mdu lo t l on  chorocter ls t lcs .  S 500.00 l ~ l t n n P 6 f f i B o r 6 0 8 F )  :::$:!$ IWllhOut 1 
616A/ Dl rec t  reodlna and d i r ec t  cont ro l  from 1 8 t o  4.2GHz The 
1 ~ 4 0 3  n.p .616~ features + - 1 . 5 d ~  calibrated outbut o c c u r o c v ' ~ r m  EMC-10 ELECIRWTRICS E~C-10 RFIIEMI RECEIVER 

-3127dRm to  -dBm.lhe o u t ~ u t  I S  d l r e c t l v  co l lb ro ted I n  mlcro- LOW f reawncv onolvzer covering 20Hz t o  50KHz freouencv 
v o l t s  and a h  u ~ t h  conttnuous m n l t o r l n  S l m l r  o w r o t ~ o n  ronge.txtendoble t o  500 KHz ~n wldeband mode. s2500.00 
freouencv dl00 accurocv 1s +-I: ond s t o % i ~ l t v  exceeds O.005I- 
I c chonge ~n & lent  t m r o t u r e .  Calibrated ot ter~uotor  1s NF-105F E m l r e  Devlces F l e l d  l n t ens l t  W t e r  
w ~ t n ~ r i  + - i . i a a  over en t t r e  output bond. 50 o l n  Imnedonce u n l t  ~ o s  ~ ~ - 1 0 5 / ~ ~ . ~ ~ - 1 0 5 / 1 ~ , ~ ~ - 1 0 ~ / ~ 1 , ~ ~ ~ 1 0 5 / ~ 2 , - 1 0 5 / 3 .  s2100,00 
has Intern01 pulse modulOtlOn wl th  reo ro te  v o r l o ~ l e  f r m  40 Covers 14KHz t o  1000MHz. 
HZ t o  4KHz m r l o b l e  o ~ ~ l s e w ~ d t h ~ l  t o  IOuseclond vor lob le  oulse 
deloyl3 to'300uscc).~xterr lol  modulo t ln~ l  tnDuts Ir lcrros ver- 
SOt I I I tV .  S 375.00 

ALL EQUIPMENT CARRY A 30 DAY GUARANTEE. 

EQUIPMENT IS NOT CALIBWIED. 

~ ~ ~ * ~ . D W E S T ~ C . R O . W . C O O . O I C ~ & M  
FWEKJH: P w l d  ah. U S FunO.. Yq On*r. OI -1 h.oL Dlh. 

C1D: W s b l s  bl I d e m  rr mUl P.mm Imm c u m m  dl1 b W Cnh. 
M r a u n m c . c ~ p r a a u l n a C ~ f ~ ~ C O D ~ s . C O . ~ -  

m w n t v l N O M ( l E g : W ~ * r * r ( d p . ( r I M l c m ( l M  ~ m b - . H r a 1 H 4 m ( I b r W D . n L . a d I I ~  

E%:w~:l:z %?:r12, p&%:*z?,2%~:;~ Y&~A~%:;~%:&Y~:~?~E~:E 
r m s t a *  c h . ~  on !M r s l w M  wns 

ClEm CARD8 Wa am mr wing Y*BlER*RD.VIIU AND AMERlCAN =CAE85 

m T ~ w s m W 1 * n w - ~ t ~ v * . ( s l o . w m ~ w d l t u o h t h n r ( t n m O l d * .  

OE~E& ~ ~ l r n u m  AII aa im 101 mew -.IUU MI m M dtwn X) mvs mar nap ,  d IW mnmt All s w m  
mml ~nclvds ~h. ( b ( ~ t l n  mledal iiu l . m q  vspms .- d ou I-.M. wwn ~uIIOIU~IK~ nmb.rrNOl mu1 b 

Urn U\PI)R/\TMIIES THS-2 F L M l W l  WUEl. mtaann orta to solmnp t h  msnh.rm.a brl, $0 ur kg. u n  r m a l n d  8 callrq W?I 1 r 2 d ~ l b  a v n ~ i q  tm a mica 
om 10 u a n u t ~ t m o r  rnnantia ra am "rum to r w r e  a tmsw c m t l  an ~tms rnncn ran been ~ * h w  too(  Im* DIIl 
a ~ ~ a a t  any AII ~w,u*n 81-s muat ~a wcksd p-tr o( ,I  .II I.n.nfInr W. do mt .as- r a ~ " ~ b l l l ~  la ~ C P  

these M s e t s  cam wlth m I a  t o  h33k U) to  a IClTl m31m tnd m v  OIher a u t m t .  w ~ a r n ~ ~ m ~ ' w = ~ * ~ w ~ ~ n c v r ~ ~  

Perfect for  A~ ro lmes  , He l~cmte rs  . W01 le  W I ~  . or Just the T&Wre. E~Fz~,sE,Y~~Y~~~ ,t":,~s ZR 
us## d n r d y  on sue a fh. rao#!l 01 Ih. c4~k.0. T l l  E w -  IS *hlpO.d mly 4 a11 .ml rn 1rW0"l callcl. un- W U  

These Are F t r t o r y  NRI I n  Sealed Paxes. Llnllted S m l v  Ol lv  $9.95 . r lapnr*",r  ham M" m.* .m .- 
~ ? ~ ~ O ~ a ~ d ? ~ ~  ~ Y A Y ~ % ~ ~ ? ~ % ~ ~ ~ ~  ~%?#%~%~aHe~?s: ss?F2G 
~nlOlmat~~Y) lb arallabM m Ilqus%t 

l4OuRJ-UMd.~lnrvFM.vO!n.m l o 5 m ~ m  5.tudmka.m 1o4mpm 
INSUMNCE: PW. ~nclud. 2% tor rsh m1mm1 slmm a rtmm UPS ONLY AII fnua &.or N. mom lhu UPS 
rn* 11 rar wsh to ham 11 s n l m  lhmw !h 0 . 1  I .  a ~ m ' l r  mnn I. .rmlwl lo IW 8nlwna MWIW In 

.",a%e 

~ N A C M W m ' H H ~ l h . I w d o n d l U U m n . C c M *  

ORDER F O I ~  ~ . r  ~ r b  1- am lnslud~ dlh .rll oc6m lo1 wr ~ 1 1 - 1  (m I- 8m -1- m 
rwLas1 

PARTS We resarn Ih. rl@l to sufmlltute or rsplace any Item wlth a part of equal or cornparable 
S,mc~IIClltlon. 

POSTAOE Mlnlmumshlppl and handllw In the U.S., C.n.6.. and Mmlco IsS3.00 lor OWndshlF 
ments all other wuntrles Is%.W. Alr rates are avallabls al Ihs tlma of your order. All fwelpn ordam o lease' lnclude 25% of the ordered amun l  lor shtpplnp and handllnp. C.00 '5  are shlppsd AIR 
ONLY 

PREPAID ORDERS: Or&m must be acwmpanled by a check. 

PRICES: Rlca) are s u W t  l o  change wlfhoul notlm. 

PURCHASE ORMRB We accspl purchase or* only they are a~ornpanled by a check. 

RESTOCK CHARGES; If parts ere relumsd l o  MHz ELECTRONICS INC. dw l o  cuslonmr enw. Ihe 
cuslomer will be held rasponslble lor all fees ~murred and wlli be c h a r m  a 15% RESTOCK 
CHARGE wllh the remainder in CREDIT ONLY Th.9 lollowlnp must ucmpany  any return; A copy of 
our lnvolce relurn eulhwtrallon number whlch must be oblalned lor to shlppln~ the mchandlse 
back ~etu;ns musl be done wfthtn 10 DAYS of receipt of parcel glum authartzellon numbers Can 
be obtatned by calling (6021 2428916 or noflty~ng us by posl card Relutn authort2atlons will not be 
glwn out on our BW number 

SALES T M :  ARIZONA resldmta must add 6.h sales lax unless a 31 ned ARIZONA resale tax card 
is currently on llle with us All ciders placed by per(l(miwtsld0 of XRIZONA, bul dellveted lo  per 
sons 8" ARIZONA are subject l o  the 6% sales tax. 

SHORTAOE OR DAMAOE All clalms lor shortapes or damapes must be mads wlfhln 5 DAYS of 
recelpt of parcel. Claims musl Include a copy of w r  Invoice. a l o n ~  wlth a relurn aulhorlzallon 
number whlch can be abtalned by conlacllng us alf60a 2426916 or sendin a post card Aulhortza. 
lions cannor be on our RM) number. All Items must be properly peclled l ~ l l s m s  are not properly 
y k e d  make sure lo  conlact the carrler so lhal they can come w t  and Enspec1 Ihe packape before 
I 1% returned tous. Customers whochdonat rwtlly us wllhln lhls time pert& wlll be held reswnslble 
for the entlre order as we wllt cons!dsr the order cwnplele. 

OUR 8M) NUMBER IS STRICTLY FOR ORDERS ONLY (EOOl5280180. INFORMATION CALLS ARE 
TAKEN ON 1602) 2428916 or f602) 2425037 

=A 
Toll F m  Numbor 

# ' A l l  p a r t s  m a y  b e  n e w  o r  800.52841 80 
s u r p l u s ,  a n d  p a r t s  m a y  b e  
s ~ b s t i t u t e d  wi th  comparable parts 

(For orden only) 

2111 W. CAMELBACK ROAD 
i f  we are out  of stock o f  a n  item." For information call: (602) 242-3037 

PHOENIX, ARIZONA 85015 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
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ultimate In two- 
munications, ICOM 

lresenrs me IC-271H transceiver 
ith a high dynamic range 
Keiver and a 100 watt 
ansmitter. Operating from the 
,-PSJO, IC-PSIS, or the Internal 
:-PS35 (optional), the IC-271H 
)rings all the advanced 
rnctions of the latest CW 
ontrolled radios to your shack. 

400 W m .  NOW a two- 
ieter base station with- 100 
~atts of Internal power! The IC- 
71H provides all the power 
?quired for operation from 
?mote places to repeaters, or 

Subaudlbla Tonas. 
Included as a standard feature 
are 32 built-in subaudible tones 
which are easily selected by ro- 
tating the main tun~ng knob. R 
tones may be stored into memow. 

32 FulCFunctlen Mamorfes. 
Each tunable memow holds 
frequency, offset, offset direction. 
mode and subaudible tone. 
Each parameter is selected by 
rotating the main tuning knob in 
conjunction with the switches on 
the front panel. 

P U  Locked at 1OHt. An 
extremely low-noise, professional 
receiver and a good signal-to- 
noise ratio PLL allows the IC- 
271H1s synthesizer to lock to 10Hz 
providing receiver performance 
unparalleled by any other VHF 
receiver. 

R m  
high-visi b 
gives eas 
. - z .  -. . ... 

olor displc 
j1splay of ( 

L .  a - .  - 

escsnt Dlsptay. ICOM'S 
ly 
311 

lnrorrnarlon necessary ror logging 
a contact. Frequency, mode. 
duplex. offset direction, RIT fre- 
quency, memory channel and R 
tone can be displayed. 

Scanning. The IC-271H can 
scan memories and programmed 
sections of the band or modes. 
Mode-S scan can be used to 
scan only memories with a par- 
ticular mode or lock out fre- 
quencies continuously busy so 
the receiver will not stop at that 
memory channel while scanning. 

0 t h ~  SIandard haturn. 
To facilitate the operation of the 
IC-271H. ICOM has incorporated 
a duplex check switch, all-mode 
squelch, receive audio tone 
control. Smeter, center meter. 
seven-year lithium battery 
memory backup, accesson/ 
connector and microphone. 

Oplhal kahrrn. IC-271H 
options are: switchable 
preamplifier, CTCSS 
encoder/decoder (encoder is 
standard). computer interface 
and voice synthesizer. 

SlZe. Only 1 1 ' 4  ~nches wide 
by 4 Inches h~gh, the IC-271H IS 
styled to look good and engl- 
neered for ease of operat~on 

The lO271A. The IC-271A 
with 25 watt output is available 
and has the same features as 
the IC-271H. plus an optional 
IC-PS25 internal power supply to 
make it a compact, go- 
anywhere two-meter base 
station. See the IC-271A(H) and 
other fine ICOM equipment at 
your ICOM dealer today. 

The World Svstem 
d 

16th Ave NE. Bellewe, WA 98004(206)4546155 / 3331 T c w w m d  Drive. Suire 307, Dallas. TX 75234(214)620-2780 
~mofe ond w b w  lo chonge wi~hwf nonce or obl~gonon All ICOM rodla rgnlficanrb exceed FCC requlonm l~mlnng spriom emlwm 27 i Hi083-1 
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I AMSG S ~ g n a l  
M a n u a l  tur i l r ig 8-30 
VDC ~ n ~ u t  Dower  
I t o  7 v o ~ i  ( excep t  %&iT? 

g rea te r  t h a n  6 vo l t  fo r  -7) 
ou tpu t  t o  t u n e d  50 ohm detec tor  

Eleclrlcsl 
RMSG Freq (GHZ) Tune (MHZ) Prlce 

I R M V O  V o t a g e  Tuned O s c i l l a t o r s  
1 2  V b ~ a s  - 1  t o  -12 V. t un lng  1" X 
1 '/2" 
RMvoPCFrw. (GHZ) Price I 
ROENSCH MICROWAVE 
R R 1. Box 1566. PH 816-963.2550 
BROOKFIELD. MISSOURI 64628 

MODEL 
SG-100E 

MADE IN 5399.95 
USA plus shipping 

Covers 100 MHz to 185 MHz in 1 kHz 
steps with thumbwheel dial Accuracy 
+/- 1 part per 10 million at all frequen- 
cies Internal FM adjustable from 0 to 100 
kHz at a 1 kHz rate External FM input ac- 
cepts tones or voice Spurs and noise at 
least 60 dB below carrier Output adjust- 
able from 5-500 mV at 50 Ohms * Oper- 
ates on 12 Vdc @ 1/2 Amp Available for 
immediate delivery $399.95 plus ship- 
ping * Add-on accessories available to ex- 
tend freq range, add infinite resolution. AM. 
and a precision 120 dB attenuator Call 
or write for details Phone in your order 
for fast COD shipment. 

VANGUARDLABS 
196-23 Jamaica Ave.. Hollis. NY 11423 

Phone: 1212) 468-2720 1/ 193 

ATTENTION 
DEALERS! 
Interested in 

making a PROFIT? 

Sell our magazine in 
your store with 

100°h Return Privileges 
Rose will te l l  
YOU how - 

CALL 1-603-878- 1441 

The Ham Radio 
Publishing Group 

Greenville, NH 03048 

FCC changes make ob ta~n~ng  a High-level 
Radio Telephone Llcense much easier now. 
Eliminate unnecessary study with our short- 
cuts and easy to lollow study material. Obtain- 
ing the General Radio Telephone License can 
be a snap! Sample exams, also sect~on cover- 
ing Radar Endorsement. 
A small investment for a high-paying career i n  
electronics. 

$1 9.95 ppd. 
S a t i s f a c t i o n  G u a r a n t e e d  

SPI-RO DISTRIBUTING 
P.O. Box 1538 / 1s 

Hendersonville, N. C. 28793 e, We now mept MC and VISA & 
Glvs card #, alp. dale, and donalum 

'ell 'em you saw it in HAM RADIO! 



Stuck with a problem? 
Our TE-12P Encoder might be just the solution to pull 

you out of a sticky situation. Need a different CTCSS 
tone for each channel in a multi-channel Public Safety 
System? How about customer access to multiple re- 
peater sites on the same channel? Or use it to generate 
any of the twelve tones for EMS use. Also, it can be used 
to access Amateur repeaters or just as a piece of ver- 
satile test equipment. Any of the CTCSS tones may be 
accessed with the TE-12PA, any of the audible frequen- 
cies with the TE-12PB. Just set adip switch, no test 
equipment is required. As usual, we're a stickler for 
lday delivery with a full 1 year warranty. 

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

Frequency accuracy, 2.1 Hz maximum -40°C to +85"C 
Frequencies to 250 Hz available on special order. 
Continuous tone 

TE-12PB 

TEST-TONES: TOUCH-TONES: BURST TONES: 
600 697 1209 1600 1850 2150 2400 
lo00 770 1336 1650 1900 2200 2450 
1500 852 1477 1700 1950 2250 2500 
21 75 941 1633 1750 2000 2300 2550 
2805 1800 2100 2350 

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

$89.95 

* &; COMMUNICATIONS SPECIALISTS 
426 West Taft Avenue, Orange, California 92667 
(800) 854-0547lCalifornia: (714) 998-3021 



And you can see it-in color-again and again 
when you own the NPNY Ham MasterTapes. 

Ever see a cap discharge in slow motion? You will on The N2NY Ham MasterTapes give you a basic 
Ham MasterTapes. Ham MasterTapes can perform the grasp of concepts that build theory background-not 
dozens of complicated demonstrations necessary for a only for passing the FCC tests, but for understanding 
beginner's understanding of Ham Radio Theory. electronics. 

Finally, a step-by-step course in Ham Radio Theory The hobby has long needed better, clearer, high- 
is available on color videotape. The Larry Horne N2NY tech teaching aids to help newcomers into our wonder- 
Ham MasterTapes video course is a unique, effective ful world of Ham Radio. 
teaching technique expertly produced by New York's These six-hour tapes cover completely all the ma- 
leading professionals in studio and field videotape. terial needed to understand Novice and TechIGeneral 

Video Graphics highlight important details. Theory and operations, and include the new 200-ques- 
Carefully worked-out demonstrations on video avoid tion FCC syllabus used beginning ~eptember 1983. 

the problem of getting complex gadgets to work on Only $199.95. Order direct and specify Beta or VHS 
command in front of a class. format. Call or write: Larry Horne, N2NY 

Working examples of every ham 
radio component, device, or system Ham MasterTapes 
covered in the FCC guide can be 136 East 37st Street 
clearly understood. New York, N. Y: 10016 212-673-0680. 
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Chances are you have spent a couple 
thousand dollars on setting up a comput- 
er system that gets a lot of your work 
done. But sometimes it gets to be work 

I know that when I have to move two pro- 
gram manuals and a pencil holder to boot 
up the disk drive, it is work. When there 
is an unlabeled floppy (that I am going to 
identify some day) on top of the monitor 
and the business check- 
book is on top of the printer 
. . . and I will remember (I 
hope) before the next "re- 
port" comes through . . . 

MICRO-OFFICE 
WORK CENTER 

I found the annoyance of my own "corn- biggest and best surprise is the low, low price plus shipping charges if you return 
puter clutter" was wen worse than the prlcefor such good quality. the workcenter within 30 days for any rea- 
extra work the disorder created. And that Here is what you get-all for only $249.50 son whatsoever. In addition, the product 
is when I started looking for some practl- plus shipping. is warrantled for any defects in materials 
cal furniture for my computer set up. Since Marqesistant work surface, Your choice or C O ~ S ~ ~ U C ~ I O ~  for a full year from date of 
I had already spent a lot of money On the of oak or walnut grained. Work surface purchase. This is a no-risk investment in 
system itself, I was dismayed when height is adjustable to your keyboard, your your own productivity and work efficiency 
I found out how much it would cost to get chair, your height, that will pay off for years to come-even 

if you do not yet have a microcomputer of a desk Or even a data table . Two shelves plus work surface exten- your own. for my equipment. $400 . . . $500. . . even 
more for a sleasy unit that looked like junk! der. Both shelves tilt to lock in position so 

In fact, it was junk! And it took a long time that monitor faces you-in a position that Take your choice for your own work 

for me to find something that was really does away with screen glare squinting and center decor: 

worth the money. . . and more. 
neck craning forever. Retainer bar keeps Order &inch unit in walnut, #2KPO-945, 
equipment from sliding off shelf. Snap-in or in oak, #2~p0-947, Only $249.50 for A lot of my working day is spent with my bookends hold reference manuals and each unit plus $20.00 shipping charge. computer, and I will bet a lot of your time programs. 

is too. So I figure a "home" for my sys- On orders for two or more un~ts at the 

tem-a housing that is good looking as 
Strong, sturdy and steady. All-steel same time, shipping charge applies to only 

well as efficient to work at-will pay off 
welded frame construction is concealed the first unit ordered. Shipment made 

two ways: 
by top-quality wood grain surfaces with UPS, so we cannot ship to post office 
finished trim. Adjustable floor levelers in- box. Illinois residents please add $15 per 

Less work: an efficient and orderly lay- cluded. The work center is really a piece unit sales tax. Please allow 10 extra days 
out will save me time and energy. of fine furn~ture. for personal checks to clear. Sorry-at 

2. P~rsonal satisfaction: good quality fur- . There is no risk in buying from us either. these special offer prices We Cannot ship 
nishings look better; they just plain fee1 We will make a full refund of purchase c.0.d. or bill direct. 
better to work at too. 

So imagine how good I felt to find the CAU TOU FREE TODAY WHILE SUPPLIES LAST: 1g00/323-8064. 
"Micro-Office" Work Center! These are In Illinois call 1-3121251-5699. Or mail check with order to: 
fine pieces of computer system furniture 
that make my office-at-home as pleasant 
a place to work as it ought to be. And the 

Micro-Mart Distributors 
Dept. HR 1131 Central Street Wilmette, lL60091 

More Details? CHECK-OFF Page 140 August 1984 133 



Ham Radio's guide to help you find your lo( A%& 
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 
714-822-771 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 88 1 
Call today. Friendly one-stop shopping 
at prices you can afford. 
-- - - 

Delaware 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
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 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Sewing Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-530 Mon. Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAlN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kentucky 
1 L & S RADIO 

307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 

1 502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 1 Massachusetts 

Michigan 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-3 1 1 4 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

NEW YORK 

ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
Delaware's Friendliest Ham Store. 

BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 

' 21 2-925-7000 
I New York City's Largest Full Service 
1 Ham and Commercial Radio Store. 

I I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comdete details. 

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 
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TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

VHF COMMUNICATIONS 
915 NORTH MAlN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 
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' 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 AIDADRIVE 
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 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird. Cushcraft, Beckman, 
Larsen, Hustler. Astron. Belden, 
Antenna Specialists. W2AUNV2VS, 
AEA, B&W, Amphenol, Saxton. J.W. 
MillerlDaiwa, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave ~od;les, ARCOS. 
Astron. KLM. Tama, Tonna-F9FT, 
UHF UnitslParabolic. Santec. Tokyo 
Hy-Power. Dentron. Mirage. 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5~30 
Sat 9-3 

d 

RTTY BOOKS 
RTTY TODAY 
A Modem Guide to Amateur Radio 
Teletype 

by Dave Ingram, K4TWJ 
Brand New and Fully up-to-date. Dave lngram is a 
noted RTTY enthuslast. His clear, concise writing 
style and a wealth of illustrations, diagrams and 
photos, make R l l Y  as easy as 1-2.31 Extens~ve 
coverage IS given to using home computers for 
RTTY. Eleven chapters start WIM an overvlew of 
RTTY operation, then give you coverage of oper- 
ating parameters, computers, equipment you can 
butld, ded~cated systems and fourchapters on 
RTTY SWL'ing info. 135 pages * 1984 1st 
edlt~on. 
L!UE-AR Softbound $8.95 

WORLD PRESS SERVICES 
by Thomas Harrington 

Tuning In to the d~fferent press services is Me 
best way to keep abreast of all the latest news 
developments Hundreds of news service teletype 
stattons operate around the clock from all parts of 
the world Stat~ons are listed by time and frequen- 
cy for easy locaftng. Also glves you plenty of help- 
ful hlnts on the Ins and outs of RTTY equ~pment 
and other "tr~cks of the trade." 1983. 4th 
edttion 
r~ UE-PS Softbound $8.95 

WORLD UTILITY FREQUENCY 
and CALL SIGN GUIDE 
- 3-30 MHz 
8,000 frequenc~es. 4.000 d~fferent call signs. tabu- 
lated in an easy-to-use format. The first part of 
th~s book IS arranged In an ascending frequency 
order startlng at 3 MHz. Part two IS a complete 
listtng of abbreviat~ons commonly used Part three 
is comprised of one of the most up-to-date call 
srgn llsllngs along with common frequenc~es 
There also IS a complete llstirig of both Aeronauti- 
cal and Marltime Mob~le Serv~ce frequenc~es. 
Casual SWLing or looklng for lnformat~on from 
certaln spec~flc sources,, thls book should be in 
your personal library ,1983, 1st edltton. 
IJUE-CS Soflbound $12.95 

RADIO TELETYPE PRESS 
BROADCASTS 

Edited by Michiel Schaay 
A convenient, easy-to-use llsting of 1500 press 
broadcasts 111 all languages. Thls book IS div~ded 
into two sections to enhance usab~ltly. Part one is 
a tlme order l~st of Engl~sh. French. German. 
Spanlsh and Portuguese news bulletins Part two 
contalns a detatled ttme and frequency schedule 
for 56 diflerent news agencles around the world as 
well as addresses. Fore~gn news agencles often 
provide an Interesting. d~fferent slant to the 
world's news. Ltstenlng to them can prov~de a 
unlque ins~ght to the slate-of-the-world's affairs. 

1983. 
UUE-PB Softbound $12.95 

Order any two books 
and deduct 10010 from total 

(Shipping not included) 

Please add $2.50 
U.S. only shipping and handling. 
Foreign orders FOB Greenville. 

Ham Radio's Bookstore 
Greenville, NH 03048 
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flea market 
RATES Noncommercial ads 1 0 Q  per word; 

commercial ads 60e p e r  word both payable 
in advance. No cash discounts or agency com- 
miss~ons allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  or- 
ganizations receive one f r e e  Flea M a r k e t  ad 
( s u b j e c t  to our e d i t i n g )  on a space available 
basis only. Repeat ~nsertions of h a m f e s t  ads 
pay t h e  non-commercial ra te .  

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and m u s t  in- 
clude f u l l  name and address. We reserve the 
r i g h t  to re jec t  unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible f o r  claims made. L i a b i l i t y  f o r  

c o r r e c t n e s s  of material limited to corrected ad 
in n e x t  available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market. Ham 
Radio, G r e e n v i l l e ,  N. H. 03048. 

QSLa 6 RUBBER STAMPS -- Top Oualtty' Card Samples 
and Stamp Info - 50C - Ebben Graphlcs 5R. Box 70. Wester- 
vllle. Ohlo 43081 

--- - 

"KTSS" Super DX sloper 80-1OM only $59 95 "KT5B" Multl- 
band dtpole 160-10M only $59 95 2.KW roller ~nductor (28uh) 
$47 50 Weather boot k ~ t  (PL-259) $8 95 pp Much more' Info 
avallable K~lo-Tec. PO Box 1001. Oakvfew. CA 93022 Tel. 
805-646-9645 

- - 

WANTED: Old RCA. Western Electric, tubes. speakers. amps 
(71 3) 728-4343. Corb. 11 122 Atwell. Houston. Texas 77096 

CUSTOM EMBROIDERED EMBLEMS - Enameled plns, your 
devgn low mlnlmum, excellent qual~ty, low prlces free book 
let A T  Patch Co Dept 65. L~ttleton. NH 03561 (603) 
444-3423 

TRAVEL-PAK QSL KIT - Converts post cards, photos to 
QSLs Stamp brhlgs clrcular Samco, Box 203-c. Wynantsklll. 
New York 12198 

NH ALL-BAND OTH. South slopelretreat, Crotched Mountatn. 
Greenf~eld 4 room lodge. separate bunkhouse. 920' eleva 
tton. 1200' from hlghway and power matns. paved access. 
prlvacy. 59 acres $95,000 Clarence Farr (W1 WMK) Broker. 
Greenf~eld. NH 03047 (603) 547-2053 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham RadlD Auslrla Ham Radio Holland 
~ a a n  Ueoer P O S ~ ~ U S  413 
Posllach 7454 
0 7850 Loerrach 

NL 7800 Ar Emmen 
halland 

We$! Germany 

uam Radio Belg8um earn  adl lo llaly 
Slereohouse Vta Potdenone r 7 
8~ussel~e~leenwe~ 416 120132 Mllano 
B 9218 Genl Italy 
Belgium 

nam Radio Canada 
Box 400 Godench 

Ham Radlo Sw~lzerland 

Ontarlo Canada N7A 4C7 
Karl" Ueber 
PoStlaCh 2454 

nam Badlo Europe 
D 7850 Loerrach 

Box 2084 
Wesl Germany 

S I 9 d  D2 Upplands Varby 
Sweden earn Radm Englana 

~ a m  Radlo France 
d o  R S G B 

SM Eleclron~ 
~ l m a  House 

20 bns ~ v e  des Clarions 
CranMme Road 

F 890W Auxerre 
Palters Bar 

France 
Herls EN6 3JW 
England 

Ham Rado Germany 
Karin Ueber nolland Radlo 
Pmtfacn 2454 
D 7850 Lnerr?.cn 

143 Greenway 
West Germany 

Greenslde Johannesburg 
Republ~c 01 South Alrsca 

RADIO ITEMS before 1930 wanted Buying baltery operated 
rad~os, horn and cone speakers, rad~o tubes and parts, rad~o 
ltteralure - books, catalogs, magazines, radio advertis~ng 
slgnr., posters Gary Schnelder. 6848 Commonwealth Btvd . 
Parnia Helghts, Ohlo 44130 

QSL CARDS: $1 5 501500, Ppd Free catalog Bowman Prlnt- 
Ing, 743 Harvard, St LOUIS. MO 63130 

DIGITAL AUTOMATIC DISPLAYS for FT-101's TS-520's, and 
most others SIX 112" dlglts Wr~te for tnformat~on Grand Sys- 
tems, P 0 Box 2171, Blame. Washlngton 98230 (604) 
530-455 1 

SELL 40 year collect~on recelvlng tubes - dollar each 
Anttque molded mtca lransmltltng capacttors, all slzes volt 
ages Wanted to buy, mach~ntsl toots from rettred toolmaker 
W5OJT PO Box 13151. El Paso TX 79913 

RUBBER STAMPS: 3 llnes $4 50 PPD Send check or MO 
to G L Plerce, 5521 Blrkdale Way San Dlego CA 921 17 
SASE brlngs ~nformatton 

FREE catalog on new 8 used compulers, hardware, key- 
boards, tapes, multlplexers. CRrs. etr IN-X-Sales. Dept 5. 
Box 45, Tllton. NH 03276 (603) 286-3082 

' THE SWAP LIST" has bargalns galore Subscribe now1 6 
months for $4 W 1 year only 96 50 The Swap Llst Box 988 H 
Evergreen CO 80439 

ROM-116 lor TRS 80 RTTY w~th 5 program tapes and lnstruc 
tlon manuals 1 3 verslon $XJO or best offer Ken Eaton 6418 
W 78th St Pralrle Village Kansas 66204 

HAM RADIO MAGAZINE Collect~on. Bound volumes 1969. 
1970. 1971. 1972. 1973. 1974. 1975 In HR blnders 1976. 
1977. 1978.1979 Loose coples 1980, 1981, 1982. 1983 Best 
offer for lot W4UCH, P 0. Box 1065, Chautauqua. NY 14722 
(716) 753-2654 

- - -~ 

FOR SALE: Swan 350 transcetver wlps $250 SA2040 antenna 
tuner $125. QF-IA audlo filler $50 Kantronlcs CWIRTTY In- 
terlace for Vc-20 wtth programs board + cables $135 Ship- 
ping Included. Send money order Package prlce $500 Wrlte 
Jtnt Howell, KA4EBW. 18 Dan St , Salisbury, NC 28144 (704) 
637-031 3 evenings. - -~ - 

REPAIR, ALIGNMENT, cal~brat~on Collins wrltten esllmates 
$25. non Collins $50 KlMAN (207) 495-2215 

- - 

MICROWAVE MIXERS. Two new Watklns-Johnson M77C X- 
band DBM's $125 each SMA or mlcrostrlp Low nolse, h~gh  
lsolatlon Cost $382 each John Psrllck, 7435 Brunswlck, 
Brooklyn Park, MN 55443 

CHASSIS and cablnet klts SASE K3lWK - - 

NATIONAL RADIO CO equipment manuals prlce llsl SASE 
Dust covers. NCX 3 or NCX 5 plus NCX A. palr $8.95 PP Max- 
lmlllan Fuchs, 11 Plymouth Lane, Swampscott, MA 01907 - - 

ELECTRON TUBES: Recelvlng. transmlttlng, microwave 
all types avallable Large stock Next day dellvery most 

cases Dally Eleclron~cs, 14126 W~llow Lane. Westmmster. CA 
92683 (714) 894-1 368 

- -  - 

HAM TRADER WEST "Pink Sheets" 25 cents a word for sub- 
scrlbers. $9 a year bimonthly. Canad~ans send U.S funds. 
posted same day as U S from Canada. Others 50 Cents a 
word, commerc~al 75 cents a word. Name address and phone 
free Ham Trader West. Box 202. Lynden, Washlngton 98264 

- ~- 

WANTED: Cash pald for used speed radar equtpmenl Wrlte 
or call- Br~an R Esterman. PO Box 8141. Northf~eld. llllnols 
60093 (312) 251-8901 

SSSS SUPER SAVINGS on e l e c t r o n ~ ~ ~  pans, components. 
supplies, and computer accessorles. Free 40-page catalog for 
SASE Get on our mailing Ilst. BCD Electro. PO Box 8301 19. 
Richardson, TX 75083 Or call (214) 690-1102. 

- ~ ~- 

WANTED: Old rnmophones, remote mrxers other mic related 
Items All pre-1935 Box Paquelte. I07  E Nattonal Avenue, 
M~lwaukee. WI 53204 -- 
DELTA LOOP BOOM for 10-20 meters Llghtwelght. strong. 
quality boom wlth element brackets atlached Element klts 
ava~lable, or make up your own Full detalls D.L. Manufac- 
turtng, 485 Flnh Avenue, 11042, New York, NY 10017. 

-- 

STERLING SILVER callslgn jewelry pln or tack; $11 95, 
alligator tle cllp; $19.95. all ppd Info-SASE. Tom's Sliver. PO 
Box 3758, Manchester. NH 03105. 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog 
Walter. 2697 Nickel. San Pablo. CA 94806. 

FOX-TANGO Newsletters -- Stnce 1972 Ihe pnme source 
of modlf~cat~ons Improvements, and repalr ol Yaesu gear free 
lo Club members Calendar year dues stlll only $8 U S $9 
Canada $12 elsewhere Includes flve year cumulative Index 
by model numbers, or send $1 for Index and sample Newslet 
ter Fox Tango Club Box 15944, W Palm Beach FL 33416 

-- - 
RTTY-EXCLUSIVELY for the Amaleur Teleprinter One year 
$7 00 Beginners RTTY Handbook $8 00 Includes fournal 
Index P 0 Box RY Cardln CA 92007 

IMRA lnternat~onal Mlss~on Rad~o Assn helps mlssloners - 
equlpmenl loaned. weekday net. 14 280 MHz. 2-3 PM Eastern 
Br Frey. 1 Pryer Manor Rd . Larchmont, NY 10538 

- -- 

"HAMS FOR CHRIST." Reach other Hams w~th agospel lracl 
sure to please Clyde Stanf~eld. WAGHEG, 1570 N Albr~ghl. 
Upland. CA 91786 

- - 

TENNATEST - Anlenna noose br~dge - out-perlorms others. 
accurate, costs less, satlsfactlon guaranteed. $41 00. Send 
stamp for detatls. WBURR. 1025 Wildwood Road, Oulncy, MI 
49082 

- 

WANTED: Early Hall~cralter "Skyrlders" and "Super Sky- 
rlders" w~th silver panels, also "Skyrlder Commerclal", early 
transmitters such as HT-I, HT-2, HT-8, and other Hall~crafter 
gear, paris, accessorles, manuals. Chuck Dachcs, WOSEOG. 
The Halllcrafter Collector. 4500 Russell Drlve. Ausl~n. Texas 
78745. 

VERY in-ter-est-ing! Next 4 Issues $2 Ham Trader "Yellow 
Sheets". POB356. Wheaton, IL 60189 

-- - 

FOR SALE: B&K model E-200D RF stgnal generator $280 00: 
electronic navlgatlon model 310L 25OkH-I10 MHz RF llnear 
amplifier $500.00: Leader model LSG-231 FM stereo s~gnal 
generator $300 00: Eico model 150 solid state slgnal [racer 
$100 00: Lafayette Plp-Speak stereo speakers $50 00. Leader 
VLM model LP-700 20k ohm per volt $40 00; Mlnolta SAT-200 
35mm camera wlth UV filter, 50mm lens and case $125 00, 
RF Power Labs model V350 2 meter 350W h e a r  amp w~th 
fan cool $800.00; Monroe s~mplex autopatch. commerctal 
quallty, wlth varlous remote functions wlth Yaesu CPU-2500 
2 meter memorizer rad~o $1250 00. TR-110 B8K lsopack (so- 
lator transformer $100 00 Mitchell Rakoff. 114-41 Queens 
Blvd . Su~te 148. Forest Hllls. NY 11375 (212) 591-0002 

Coming Events 
ACTIVITIES 
"Places to go ..." 

ALABAMA: The Huntsville Hamfest. Saturday and Sunday, 
August 18 and 19. Von Braun Ctvic Center. Hunlsvllle No ad- 
mlsslon charge Exh~b~ts. forums, alr-conditioned indoor flea 
market and non-ham activltles Tours of the Alabama Space 
8 Rocket Center available. A I~m~ted  number of camp sltes 
wtth hookups at VBCC Reserved flea market tables ava~lable 
$4lday Talk In on 34/94. For lnformatlon: Huntsville Hamfest. 
2804 S Memorlal Parkway. Huntsville, AL 35801 

- 

WYOMING: The fltfh annual H~gh Plalns Ham Roundup, spon- 
sored by the Northern Colorado ARC, Unlverslty of Wyomlng 
ARC and Shy-Wy ARC. September 7.8 and 9, Medlc~ne Bow 
Nattonal Forest, Yellow Pine Campground, 35 miles west of 
Cheyenne Campflre cookout and br~"~-~our-own covered dlsh 
suooer Saturdav wllh slnoalona muslc and entertalnmenl bv 
reilbna~ talent ~arbequedhamiurgers and refreshments pro- 
v~ded by the committee G~ant tallgate swapfest, transmitter 
hunt and technical displays. No regislrat~on fee Modest Foresl 
Servlce charge for campers Talk in on 22182 and 25185 For 
~nformat~on W7CGK. 1321 E. 22 Street. Cheyenne, WY 
82001 

-- 

RADIO EXPO '84 sponsored by the Chlcago FM Club, Satur. 
day and Sunday. Seplember 22 and 23. Lake County Fair- 
grounds. At. 120 8 45. Grayslake. IL. Major manufacturers 
and glgantlc outdoor flea market Flea market opens 8 AM 
Exh~b~ts 9 AM Free parklng and overn~ght camplng Reservec 
tndoor flea market $%day Ttckets $3 00 advance. $4 00 a' 
gate, good for both days Seminars, technical talks and ladies 
programs. Talk In on 146.16176. SASE to Rad~o Expo '84. Bo) 
1532. Evanston, IL 60204 or (312) 582-6923 

FLORIDA: The Platlnum Coast Amateur Radio Soc~ety'! 
annual Hamfest. September 8 and 9. Melbourne Aud~torlum 
Melbourne Swap tables, meetings, forums, awards. tallgating 
For lnformatlon or reservatlons: PCARS. PO Box 1004. Mel 
bourne, FL 32901 

ONTARIO. CANADA: The Radlo Society of Onlar~o's 1611 
annual Convent~on, October 5 6 and 7. West~n Hotel. Ottawa 
Frtday nlght eyeball and dance Saturday and Sunday tech 
nlcal sessions, demonstrat~ons and commerc~al exh~b~ts Sal 
urday n~ght banquet and dance For ~nformatlon AS0 Con 
ventlon Committee. PO Box 15808 Statlon "F" Ottawa 
Ontarlo K2C 357 

PENNSYLVANIA: The 47th annual South Hllls Brasspounder 
and Modulators Hamfest August 5,9 AM to 4 PM. South Can 
pus of the Communtty College of Allegheny County P~tts 
burgh Tlckets $3 each or 21$5 lndoorloutdoor flea markr 
space avallable Food and reheshments ava~lable Free par1 
Ing Talk In on 146 13173 and 146 52 slmplex For ~nform: 
tlon Jack B Wood 448 Jenne Or. Plttsburgh. PA 15236 

PENNSYLVANIA: Change of locallon for the Mld-Atlant~c ARI 
Hamfest. Augusl 12 (See announcement In July HR ) It WI 

be held at the Bucks County Orlve-tn, Route 61 1. Warrlngtor 
- -- 

MINNESOTA: The St Cloud Amateur Radlo Clubs annu- 
Hamfest. Sunday. August 12.8 AM lo  4 PM. Sauk Rap~ds MI 
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Get Your Best Deal . r Then CALL US. .  . TOLL FREE! 
1 -8 0 0 rn 2 3 8 16 1 6 8 (1. Tennessee, call 901-683-9125) 

WE 
TRADE! 

AUTHORIZED DEALER FOR: Kenwood, ICOM, 
Drake, Ten-Tec, Santec, MFJ, Astron, AEA, Mirage, 
B&W, Hustler, Cushcraft, Larsen, Hy-Gain, and 
others.. . . PLUS CURRENT USED GEAR 

it's the service 
that counts! 

Ham Operator! Ask for 
MARSHALL, KU40, or BILL, W4TNP 

Call us for a 
free appraisal! 

Store Hours: Memphis Amateur Monday-Friday,9t05, 
Saturday 9 to 12 
(Central Time) Electronics, Inc. 

1465 Wells Station Rd., Memphis, TN 38108 

IIXClTlNG NEW PROGRAM 
To TRAIN You 

W i t h . .  . S O U N D . .  .Tolncrease 

Your Code Speed To Any Level!! 
Unique method helps you copy fast 

and casy. 

Cawrtl%t~lrr Pr-raarr kn I R M  PC and itll r~~n~(ulshlrs 

Compl~le Mcnu nnd Six Pfogranis 

. . . . $19.95 
Or. 

Coucltc Tap5 (Sel d 7hre 60 Min TapcsI. 

. . . . s 1 9 . 9 5  

Send Money Order lo avoid C.O.D. charges- 

PM- 100 Software Group 
do  Clearwaler Computer Center Inc. 

3447 U.S. 19 N. 
Clearwaler. FL 33519 

(81 3) 7858022 
KB4AAX 
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SAY YOU SAW IT 
IN 

HAM RADIO 
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8 Bias module 

c ALC module 

9 RF input 

- - - Timer module 

Filament voltage meter module 

D Grid trip module 

26 VDC regulated power supply 
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Take home 
a world 

$85' gets you a technical knockout. 
The Fluke 70 Series. 

Winners of the digital vs. analog battle. 
S~nce their debut, they've become 

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

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

Each comes with a 3-year warranty, 2.000+ 
hour battery life, and instant autoranging. 

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

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

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

For your nearest distributor or a free 
brochure, call toll-free anytime 
1-800-227-3800, EX!. 229. From outside the 
U S  . call 1-402-496-1350. Ext 229 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73 FLUKE 75 FLUKE 77 
< .  

Cwy~tqhl c 1W John FI~ jkp  MI0 CI. lnr All r1~h1s 1w8t 41' hX 4'01 70 



FT-77The  Ria for All Seasons! 
Answering the call for an HF rig that goes everywhere, sounds great, and is 
cost-effective, Yaesu proudly introduces the FT-77 Compact HF Transceiver System. 

Computerized Design and Manufacture 
The FT-77 design engineers utilized the latest computerized circuit board layout methods, resulting in a 
compact, reliable transceiver with maximum utilization of available space. Automated insertion techniques are 
used in assembly, providing improved reliability and quality control over earlier desi~ns. 

Operating Versatility 
The FT-77 is equipped for operation on all amateur bands between 3.5 and 29.7 MHz, including the three new 
WARC bands. Fully operational on SSB and CW, the FT-77 includes a dual width noise blanker (designed to 
minimize the "Woodpecker" or ignition noise), full SWR metering, R.I.T., and optional CW filter with wide/ 
narrow selection. The optional FM-77 permits operation on the FM mode, with front panel squelch sensitivity 
control. 

Expandable Station Concept 
Ideal for mobile operation because of its compact size and light weight, the FT-77 forms the nucleus of a 
versatile base station. Available as options for the FT-77 are the FP-700 AC Power Supply, FV-700DM 
Synthesized External VFO and Memory System, Fn/-707 VHF/UHF Transverter, and FC-700 Antenna 
Coupler, providing top performance at an extraordinarily low price. 

Best of All, It's a Yaesu! 
With the most experience in transceiver design and manufacture, the Yaesu trademark is your guarantee of 
quality and durability. We've got all-new technology and an all-new warranty policy to back it up. 

See the FT-77 and the all new line of Yaesu HF, VHF, and UHF transceivers, receivers 
and accessories at your Yaesu Dealer today! It's time you tried a Yaesu! 

Price And Specifications Subject To 
Change Without Notice Or Obligation 

The radio. 
YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 4501 1 (513) 874-3100 



pacesetter in amateur radio 

TR-7950, watts to see! 

The TR-795017930 has become the 
unanimous choice of the 2 meter 
FM operator! It stands alone rn fea- 
tures, performance and reliability, 
with no other rig even close! 
" The TR-795017930 features a 
large L.C.D. display that IS easy to 
read in direct sunlight and is back 
lighted for comfortable night-time 
viewing. It displays TRANSIREC fre- 

knob. When the memory selector 
knob is rotated in either direction to 
channel 1. an audible "beep" sounds. 

Wlth 45 big watts, the TR-7950 
is the most powerful 2 meter FM rig 
you can buy. The TR-7930 with a 
modest 25 watts is also available. 
A HllLOW power switch allows 
power reduction to approx. 5 watts. 

Other key features include: 
Programmable band-scan width, 
Center stop during band-scan, with 
indicator. Scan stops on busy 

"0s "  key to allow manual changes 
in offset. The keyboard functions as 
a 16-key autopatch encoder during 
transmit. Frequency coverage is 
142.000-148.995 MHz, and it has a 
repeater reverse switch and mobile 
mounting bracket. All thkse features 
are available in one compact, 
lightweight rig. 

Yes, Kenwood is on top with the 
TR-7950! Its field proven reliability 
and matchless performance makes the 
TR-7950 the rig of tomorrow, today!! 

quencies, memory channel, repeater channel and resume scan is auto- 
offset (+,S. -1, sub-tone number matic (time 5 sec. adjustable) or TI?-7950 optlonal accessories: 

(F-0, 1, 2, 3) tone, scan, and memory carrier operated. A scan delay of TU-79, three frequency tone unit, . 
scan lock-out. It includes an LED approx. 1.5 sec. is built-in. Scanning KPS-12 fixed-station power supply 
SlRF bar meter, and LED indicators can also be accomplished with (79501, KPS-7A fixed-station power 
for reverse, center TUNING, PRIORITY UPIDOWN microphone or "SC" key supply (7930), SP-40 mobile speaker, 
and ON AIR. The 21 multi-function on front panel. Programmable priority SP-50 mobile speaker, MC-55 mobile 
memory channels store frequency, alert can be set into any of 21 microphone with time-out timer, 
repeater offset, and optional sub-tone memory channels. With Alert switch MC-46 16-key autopatch UPIDOWN 
channels. Memories 1 through 15 "ON; a dual "beep" sounds when mic. SW-100AIB power meters, 
are for simplex or +600 Hz offset. signal is present. The microprocessor PG-3A noise filter. 
Memory pairs 16117 and 18/19 are is pre-programmed for simplex or More information on the 
paired for non-standard repeater k 6 0 0  kHz offset in accordance TR-795017930 is available from 
offset. Memories "A" and "B" set with the * meter band plan* with an authorized dealers of Trio-Kenwood 
upper and lower scan limits, or are Communications, 111 1 West Walnut 
for simplex or +600 kHz offset. In Street, Compton. CA 90220. 
MEMORY mode, a circle of light 
appears around the memory selector 

Specificahons and prices are sublecl lo 
change w~rhoul norice or obligation. 
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