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MFJ RT / ASCII 1 c 
COMPUTER !INTERFACE 
Lets you send and receive computerized RTTYI ASCII ICW. Copies all 
shifts and all speeds. Copies on both mark and space. Sharp 8 Pole active 
filter for 170 Hz  shift and C W. Plugs between your rig and VIC-20, Apple, 
TRS-80C, Atari, TI-99, Commodore 64 or most other personal computers. 
Uses Kantronics software and most other RTTYICW software. 

Copies on both mark and space tones. 
Plugs between rig and VIC-20, Apple, 
TRS- BOC, A tari, TI-99, Commodore 
64 and most other personal computers. 

- 

Uses Kantronics software and most 
other RTTY/CW software. 

Thls new MFJ-1224 RTTY/ASCII/CW Computer 
lnterfam lets you use your personal computer as a 
computerized full featured RTTY/ASCII/CW station 
for sending and receiving. 

I t  plugs between your rig and your VIC-20. Apple. 
TRS-BOC, Ahri,  TI-99, Commodore 64, and most 
other personal computers. 

I t  usst the Kantronlcr cottmm which features split 
screen display, 1024 character type ahead buffer, 10 
message ports (255 characters each), status display. 
CW-ID from keyboard, Centronic type printer 
compatibility, CW sendheceive 5-99 WPM, RTTY 
send/receive 60. 67, 75,. 100 WPM. ASCII send/ 
receive 110, 300 baud plus more. 

You can also ure most other RTTY/CW roftmm 
with nearly any personal computer. 

A 2 LED tunlng Indicator system makes tuning 
fast, easy and positive. You can distinguish between 
RTTY/CW without even hearing it. 
Om tuned In, the interface allows you to copy any 

shlft (170, 425. 850 Hzand all shlfts between and be- 
yond) and any speed (5 to 100 WPM on RTTY/CW 
and up to 300 baud on ASCII). 

Coplw on bath mark and s y m ,  not mark only or 
space only. If either the mark or space is lost the 
MFJ-1224 maintains copy on the remaining tone. 
This greatly improvescopy under adverse conditions. 

A sharp8 pale actlw filter for 170 Hz shift and CW 
allows good copy under crowded, fading and weak 
signal conditions. Uses FET input op-amps. 

An automatic noise llmlter helps suppress Static 

crashes for better copy. 
A Normal/Rewne ml tch  ellmlnatet retunlng 

while stepping thru various RTTY speeds and shifts. 
The demodulator will even maintain copy on a 

slightly drifting signal. 
A +250 VDC loop output is available to drive your 

RTTY machine. Has convenient speaker output jack. 
Phase continuous AFSK transmitter tonst are 

generated by a clean, stable Exar 2206 function gen- 
erator. Standard space tones of 2125 Hz and mark 
tones of 2295 and 2975 Hz are generated. A set of 
microphone lines is provided for AFSK out, AFSK 
ground. PTT out and PTT ground. 

FSK keylng is provided for transceivers with FSK. 
Hlgh vrltage grid block and dlrsct outputs are 

provided for CW keying of your transmitter. A CW 
transmit LED provides visual indication of CW trans- 
mission. There is also an external hand key or 
electronic kever input iack. 

In addltfonto the ~antronlcs compatible socket, an 
exclusive general purpose socket allows interfacing to 
nearly an; personal computer with most appropriate 
software. The following TTL compatible lines are 
available: 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. 

For example, you can use Galfo software with 
Apple computers, or RAK software with VIC-20's. 
Some computers wlth some software may require 
some external components. 

DC voltages are IC regulated to provide stable 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO 
OBLIGATION. IF NOT DELIGHTED, RETURN WITH- 
INXI DAYS FOR PROMPT REFUND (LESSSHIPPING). 

One year umondltlonal guarantee Made in USA. 
Add $4 00 each shipping/handling Call orwrlta 

for f m  catalog, over im products. i. MFJ ENTERPRISES. INC. 
Box 494, Mlrslsslppl State, MS 39762 

AFSK tones and RTTY/ASCIi/CW reception. 
Alumlnum cabinet. Brushed aluminum front panel. 

&l%x6 inches. Uses 12-15 VDC or 110 VAC with op- 
tional adapter. MFJ-1312, $9.95. 

RTl'Y/ASCII/CW Receive Only 
SWL Comprter Interface 

i -r 
MFJ-1225 

Use your personal computer to receive commercial, 
mllitary and amateur RTTY/ASCII/CW traffic. 

The MFJ-1225 automatically copies all shifts (850. 
425, 170 Hz shift and all others) and all speeds. 

I t  plugs between your receiver and VIC-20. Apple. 
TRS-EOC, Atari. TI-99. Commodore 64and most other 
personal computers. 

It uses Kantronics software which features CW re- 
ceive 5-99 WPM, RTTY receive 60,67.75,100 WPM, 
and ASCll receive 110. 300 baud, plus more. 

An automatic noise limiter helps suppress statlc 
crashes for better copy, while a simple 2 LED tuning 
indicator system makes tuning fast, easy and positive. 

In addition to the Kantronics compatible socket, a 
general purpose socket provides RTTY out. RTTY In- 
verted out, CW out, CW inverted out, ground and 
+5VDC for interfacing to nearly any personal 
computer with most appropriate software. 

Audio In. speaker out jacks. 4'/2x1 %x4% in. 12-15 
VDC or 110 VAC with adaDter. MFJ-1312, Q.95. 

TOORDERORFORYOURNEAREST 
DEALER, CALL TOLL-FREE 
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QSK, dual NB, 2 VFO's, general coverage receiver. 
," 

f ' f .\. Automatic antenna tuner, built-in. Fluorescent tube digital display. 
F (~o\.c.rs t\~n;lt(.~tr l~:ttid% 80-10 111rtt.r~. Six t l ~ ~ i t  r ~ . ; t t l o ~ ~ l  lo I 0 0  IIz ( 1 0  I l l  rnotli 

w irlcluding thr  ncut \VAIIC' I~;intls. Tuning f i : t l i l ( ~ l ,  pItt\ clicit;~lin~(l s ~ I I ) . \ I ~ ; I I I ~  iritli 

The TS-930s i s  a superlative, high per- 
formance, all-solid state, HF transceiver 
keyed to the exacting requirements of the 
DX and contest operator. It covers all 
Amateur bands from 160 through 10 
meters, and incorporates a 150 kHz to  
30 MHz general coverage receiver having 
an excellent dynamic range. 
Among its other important features are. 
SSB slope tuning, CW VBT, IF notch filter, 
CW pitch control, dual digital VFO's, CW 
full break-in. automatic antenna tuner, 
and a higher voltage operated solid state 
final amplifier. It is available with or 
without the AT-930 automatic antenna 
tuner built-in. 

Tk!q,??s: 
160-10 Meters, with 150 kHz-30 MHz 
general coverage receiver. 
( ' ov r r s  all Arn;ttc.ur frc.cluc.ncies from 160-10 
meters, including new WAIiC hands. o n  
SSI3. CW. FSK. and AM. Fraturrs  I50 kHz- 
30 MHz general coverage rc5ceiver. Separat r  
Amateur band access koys allow speedv 
band selection. UP/DOWN bandswitch in 
I-MIlx steps. A new. innovativts. qu:~druple 
'UP" conversion. digilal PLL svnttirsized 
circuit provides supcrior frequency accuracy 
and  stabilitv. plus greallv enhanced 
splprtivitv 

ran<(. ;~~tlonialic-;~lly prc-sclrctrd \\.it11 1);trid 
sc.lcv.tion lo r~~irlitnizc tuning tirnr. "i'iU'f0- 
Ti IIIlJ' sa i tch  on liont panc-l. 
Dual digital VFO's. 
10-1 Iz stvl) du;ll tiigital VFO's include hand 
inform;~tion. Each W O  tunes continuously 
from hand to I):trld. A largr, heavy. l l y w h ~ r l  
typr knob is used for improved tuning case.  
T.'. Stst switch itllows fast transmit 
f r rq~ t rn rv  setting for split-frcqurncy opera- 
tions. A-11 s\vilc.h for equalizing one VI'O 
frequency to th r  other. \TC) '1-ock" s\vitch 
providrd. RIT control for 29 .9  kHz. 
Eight memory channels. 
St~)rc.s I ~ o t h  f'rcaclrtrnc.y and hand informa- 
t i o ~ ~ .  VFO-MEMO switrh allows use of each 
nlrrnory a s  an  indeprndent VFO. (the 
original memory frrquency can be recalled 
at will), o r  ;as :I fixed frequrncy. Internal 
R a t t e ~  memonr  back-up. rstimated 1 year 
lift,. (Rattrrlrs not Kenwood supplied). 
Dual mode noise blanker ("pulse" 
or "woodpecker"1. 
NB-1, wit11 ttirc.st~old control. for pulse-type 
noise. NI3-2 for longer duration 
"woodpccker' type noise. 
SSB IF slope tuning. 
Allows ind(.pend(.nt adjustment of the low 
;~ricl/or hiqli frrclrlency slope of the IF pass- 
band. for Iwst interference rejection. HIGH/ 

20-kl l~stc.l>s. Sc.l>;tr:~tr I\r(> dieit indication 
01 I<I.I' frccl~trnc,y shill. 111 ('\\' nlodv. dis- 
~ I I ; I ~  intlic.;tlcs I l ~ c .  ;tc.tu;tl c,:irric.r frc~cl~tc'ncy 
of rrcc.ivc.tl ;IS wrll ;IS 11-;in.;mittrd sicn;ils. 
RF speech processor. 
I<' c l ~ p p r r  tvpr proc.c*ssor providrs higher 
;tvrr;lgv -t;llk-pnu.rr." improvrd intrlli~ihility 
One year limited warranty on parts 
and labor. 

Other features: 
551% r~tonilor circuit, 3 s l r p  l?F atlennator. 
VUX.  itntl IOO-kl lz .m:~rk(.r. 

Optional accessories: 
' 12'1'-9:30 ;~tttonl;ttic ;tntrnna tuner. 

SI'-9:%0 rx t r rn ;~ l  sptb;~kcr ~71th selrrtable 
audio llltrrs. 
YG-455C'-1 (500 1Iz) o r  YG-455CN-1 (250 Hz' 
plrrg-it1 CW filters for 455-kI lz IF. 
YK-8HC-I I500 Ilzl CW plug-in filter for 
H.83-MHz I17. 
YK-RPA-I ((3 ktlzl AM plug-in filter for 
8.83-MFlz IF. 
SO-1 commercial stability TCXO (tempera- 
ture con~prnsa t rd  cryst:tl oscillator). 
liequires modifications. 
MC-60A dt*luxr drsk  microphone with 
UI'IIIOWN switch, pre-amplifier. R-pin plug. 
T1,922A llnear amplifier Inot for CW QSK). 
SM-220 st;ttion monitor (not forpan-adapte, 
HS-6, IfS-5. IIS-4. headphones. . . . . - . . . . . . . 

~ x c e l l e d t  receiver dynamic range. LOW cut control rotation noCaffected IJV 
)iecei\.rr two-tonr dyn;tn~ic rangc, 100 dB selectlnd USB o r  modes. More information on  the TS-930s  is 
tvnic-:at 170 meters. 50-kllz suac-il~cf. 5 0 0  Hz CW VBT and pitch controls. available from all authorized dralers of 
-, r...-. .-- . . . - .~ ~~. - r - ~ -  n. ~ ~ 

(':w bandwidth, a t  sensitivity o f0 .25  pv. CW Viiria1)lr Ij:~ntlwidth Tunlng Trio-Kenwood (:ommnnir;~tions. 1111 W 
SIN 10 d13). provides the ultimatc in rejrc- control tuncs  out interfring signals. CW Walnut Strret. Compton. ~' :~lifornia 90; 

tton of lM distortion. pitch controls shifts IF pa%!t~and and  simul- 
All solid state. 28 volt operated h a 1  tanrously changrs  the pitch of the beat 
amplifier. frequency. A 'N.rrrowlWtde" filter selector KE' "G/oOp 
'1 hc. I~tral ampliner operates on 28 VDC for switch is providrd. 
lowest IM distorlion. Power input rated a t  IF notch filter. pacf'sr eilr radro 

250 W o n  SSB, CW. and   and at  80 W 
on  AM. Flnal amplifier protection circuits 
with cooling fan. SWR/Power meter built-In. 
CW fall break-in. 
CW fill1 break-in circuit uses CMOS logic IC 
plus reed relay for smooth, quiet operation. 

100 kl1z IF' notch circuit gives deep. 
sharp.  notch. better than -40 dB. 
Audio filter built-in. 
Turle;lblc.. peak type audlo filter for CW. 
AC power supply built-in. 
120. 220. o r  240 VAC. SI 

Switchable to-semi-break-in: l owra te s  on  A(: only). 
are sub/ec~ tlce or obllg 
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When two recent American Everest ex- mum stress points allow 180 degree bends 
peditions mounted the Larsen* KUlduckiem in all directions. And not one, but two 

antenna on their radios, i t  wasn'tjust be- layers of low dielectric loss, heat-shrinkable 
cause i t  was there. I t  was because they tubing protect the element, while a top 
knew Larsen performance and reliability coat of PVC provides a sleek finish. 

would be there when needed the most- You can expect more from our service 
even at the top of the world. too. Our prompt delivery, personal atten- 

Extreme altitude, sub-zero tempera- tion and no nonsense warranty back you 
We5 and unpredictable conditions de- up every step of the way. 
mand more than most antennas give in a So whether you're leading an expedi- 
lifetime. For Larsen Kulduckie antennas, i t 3  tion up the face of Everest, or just hiking 

all in a da yS work through the back country, Larsen Kulduc- 
We design our portable antennas to kie portable antennas will keep you on top 

give more than what's expected. Copper of the situation with peak performance. 
plated radiating elements turn power into We'd be glad to show you how they'll work 
stronger communications-not heat. for you. 
Double-soldered connections at maxi- Write for our free amateur catalog. 

LARSENIS ON TOP 

IN USA L < I .  v '1 t , i I ,  1 I i ii ' 1 '  I N E 'li7fh Ave PO Box 1799 Vancouver WA 986681206 573-2722 
A World Of D~fference 17 i r  x 152 813 L A H ~ F Y  EL(, VANC 
in Performance IN CANADA: Canad~an Larsen Electron~cs. Ltd 283 E 11th Ave Un~t 101 Vancouver 8 C V5T 

2C4 604-872 8517 Telex 04-54666 CDN LARSEN VCR 



a personal phone call 
I f  I could pick up the phone and call you right now, I'd ask each one of you personally how you feel about ham 
radio magazine. 

Something akin to this actually happened at Dayton this year, when more than 400 readers took the time to express 
their views, needs, and concerns to me at our booth. But this number - impressive as it is - represents less than one 
percent of our subscribers. . . and we need to hear from the other ninety-nine percent. 

Since I can't call each one of you personally, I'm doing the next best thing: asking you to take advantage of the 
survey form printed on this page and the next, and let us know, very clearly, how you feel about ham radio. 

I see this magazine (and all magazines, for that matter) as a conduit of thoughts - a communications channel. 
Editors are in a privileged situation. Information arrives from all directions, and can be directed, stopped or modified. 
Add to that an editor's own personal interests and inclinations and one can see that the different directions a 
magazine can take are many. But my desire is to provide material that you want to read and use. 

Because Radio Amateurs are such a diverse group, I fully expect to hear completely opposing viewpoints expressed 
with fervent conviction. The majority will rule, of course. But the minority will be heard. And we'll do what we can to 
try to meet their needs, too, without compromising our primary mission, which is to provide the Amateur community 
with the most useful and informative technical material in the Amateur Radio publishing field. 

We all have vested interests in this wonderful hobby; each and every one of us, at one time or another, has expressed 
our views privately or in the presence of 1arge.groups. All I'm asking is for you to do the same now in responding to the 
questions that follow. 

Many of the questions, you'll notice, have been asked before in other surveys. We have to ask them again because 
an accurate, up-to-date reader profile helps us make the short and long-term decisions that result in a magazine that 
suits your interests as closely as possible. Some questions ask you to rate the magazine by itself and in comparison to 
others in the field. (Besides being curious, we at ham radio prefer to work with fact rather than fiction.) Other ques- 
tions attempt to determine, very specifically, your present and future needs. We're only human. Maybe we've left out 
an area or two you would like to see discussed. Write it down! 

What is at stake are your needs. Correspondence and communications - dozens of letters and phone calls each 
day - coupled with our best intentions and understanding indicate that ham radio should continue to provide a 
technically sophisticated subject menu. With your help we'll be able to vary your diet, make it fuller and more satisfy- 
ing. Don't stop now - take pen in hand and as neatly as possible (please think of our poor compilers) respond to the 
survey questions. Allof your opinions are wanted and needed. Thank you. 

Rich Rosen, KZRR 
Editor-in-Chief 

1983 reader survey 
Please reply to the questions below and return this page (or a photocopy) to READER SURVEY, 
Ham Radio Magazine, Greenville, New Hampshire 03048 by November 1,1983. 

ABOUT YOUR AMATEUR INTERESTS 
a. Class of license held 

Check here if no license held 
b. Number of years licensed 
c. In which modes do you operate? (Check all that apply) 

Exclusively More than Less than Never 
M% !a% -- . - -- .- 

CW 
SSBIAM 
A5 
RTTY 
Ch" . ... I 1 I I 

Packet I I I 
Other 1 

- .. I 

microwave I 1 I I 

d. What frequency ranges do you work? (Check all that 
apply.) 

Exclusively More than Less than Never 
50% 50% 

e. How much of your equipment do you build? 
1 0 0 %  7 5 %  5 0 %  25%- 
Less than 2 5 %  None- 

I-f (1750 meters) 
m-f 1160 meters) 
h-f 
vhf 
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f. When you build equipment, do you prefer to build: 

from a kit- from "scratchM- 

g. What was the most complex piece of equipment 
you've built in the last 5 years? 

h. How many hours a week do you spend on Amateur 
Radio operation and activities? 

i. About how much do you spend each year on Amateur 
equipment? 

$1 0 0 - $ 5 0 0  $5004 1 0 0 0  $1000-$2000- 
$ 2 0 0 0 - $ 4 0 0 0  $4000 + 

j. From what source do you obtain your books about 
Amateur Radio? 

d e a l e r  Ham Radio's Bookstore- 
other mail o r d e r  at shows- 

k. Do you own a personal computer? 
Y e s  No- 
If "yes," what kind? 
If "no" do you: 

Plan to purchase within one year - 
Do not plan to purchase 

ABOUT HAM RADIO MAGAZINE 
a. From the following list, please choose the five areas of interest you would most like to see addressed in ham radio 

magazine on a regular basis. Enter your choices, in order of preference (favorite first) in the spaces below: 

antennas 
awards 
book reviews 
computers and Amateur Radio 
construction (simple) 
construction (intermediate) 
construction (advanced) 
contests 
DX 
FCC news 

new product announcements 
News in Amateur Radio and 

current events 
opinion 
operating events 
product reviews 
Questions and Answers 
radio history 
receivers 
satellites 

future technology social events 
interviews speech synthesis 
international Amateur Radio journals surplus (conversions) 
license upgrading 

test equipment (to build) 
test equipment (to buy) 
test equipment (to use) 
theory (simple) 
theory (intermediate) 
theory (advanced) 
other (please specify) 

To which Amateur Radio publications do you subscribe? 
ham radio QST C L  73 Other 

Of the publications listed above, which one suits your needs best? 
In general, how do you feel about ham radio magazine? 

best in the field better than most satisfactory unsatisfactory 
In regard to technical content only, do you feel ham radio magazine is: 

about right too technical not technical enough 
In regard to clarity and readability, do you find ham radio magazine: 

well-designed and edited, easy to read satisfactory needlessly complex 
In general, do you feel that the articles in ham radio are: 

about right too long too short 
Have you ever purchased Amateur equipment as a result of reading about it in ham radio advertising? 

Yes N o 
Have you ever purchased Amateur equipment'as a result of reading about it in ham radio editorial content? 

Yes N o 
Have you ever purchased commercialor industrialequipment as a result of reading about it in ham radio advertising? 

Yes N o 
k. Would you be interested in reading about current developments in commercialor industrial radio equipment in the pages 

of ham radio? Yes N o 
I. Looking back over the past three~months (June, July, August) what one article or feature in ham radio did you most 

enjoy? 
Which article or feature did you least enjoy? 

m. If you could tell the editors of ham radio how the magazine could be improved, what would you say? 

ABOUT YOU 
a. Yourage: 
b. Occupation: 
c. Income Range (check one): Below $7500- $7500-$12,999__ $13,000-$19,999- 

$ 2 0 , 0 0 0 - $ 2 9 , 9 9 9  $ 3 0 , 0 0 0 - $ 4 9 , 9 9 9  $50,000 + 
Thank you for taking the time to complete this survey. 
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COMMUNICATORS AND 
RADIO OPERATORS 

_i 

The Central Intelligence Agency has 
excellent career opportunities for indi- 
viduals with experience in HF radio, U.S. citizen (self and spouse); high 
Morse intercept, satellite communica- school graduate or GED; availability 
tions, or radio-teletype operations. If for extensive overseas service. Must 
you are looking for the challenge of a meet security and medical standards. 
CIA career. . . you could join a very Civil Service status not required. 
select group of dedicated men and Starting salaries $15,398-$18,215 
women who use their professional depending on qualifications, plus sub- 
skills in unique and rewarding assign- stantial overseas benefits. 
ments throughout the world. 

Attention Military Personnel: 
Apply now if you are scheduled for 
separation within the next six months. 

Applicants should have experience as 
communicators, telecommunications 
specialists, radiomen, Morse intercept Send resume to: 
operators, or be radio amateurs with Personnel Representative (JV) 
general license or higher. Morse code P.O. Box 1925 
ability at 12 gpm is preferred; other Washington, D.C. 20013 
applicants will be tested for 
Morse aptitude. Minimum 
touch typing speed of TEXAS RESIDENTS: 
30 wpm is required. CIA recruiters will be at 

the ARRL "Corn-Vention" in 
Houston October 7-9, 1983. 

Central Intelligence Agency 
An Equal Opportunity Employer 

Personal Qualifications: 

More Details? CHECK-OFF Page 110 September 1983 9 



1500 WATTS PEAK OUTPUT WILL BE THE NEW LEGAL LIMIT for U.S. Amateurs effective August 
29. Acting on PR Docket 82-624, the Commissioners agreed on the new output limits for both 
SSB and CW July 18. 200 watts out will be the new limit for Novice bands, but 30 meters is 
still 250 watts input. In addition, AM users will be "grandfathered" use of 1000 watts DC 
carrier input until June, 1990, as the new limit represents a power decrease for them. At 
the same time,the FCC deleted the requirement for each Amateur to have instrumentation to 
assure compliance with the rules on power limits-but individual operators better be sure 
they're operating within the limits should the FCC decide to inspect their stations1 

Next ~ajor ~ e w  Issue Like1 To A pear On The Commission's A ehda is "broadcasting," 
specifically the endless feudfng thzt occurs between participa:ts in some Amateur nets and 
individual operators. Expect the subject to surface as a Notice of Inquiry this fall. 

OSCAR 10's NOT-QUITE-AS-PLANNED INITIAL ORBIT apparently resulted from an after-separa- 
tion collision with the launch vehicle's third stage. Su~~ortine indications include telem- 
etry data from vibration sensors and an apparent cKange in'the radiation pattern of OSCAR 
10's 2-meter antenna, a change that could have resulted from collision damage. 

The Important ~ a m a ~ e  Was ;?o The Kick Motor, Which Fired OK for the firstuburn but did not 
respond to final burn commands July 25. Though this leaves the orbit significantly off nom- 
inal, its final 3951 bv 35505 km elliotical ~ a t h  will still ~rovide lone o~enines for users 
throughout the world.  he fact that   SCAR 10 is up and fulli operational keflezts tremen- 
dous credit on its designers, builders and controllers. Just getting a satellite as sophis- 
ticated as OSCAR 10 up and operating is a challenge to the most experienced professionals, 
and for a group of "Amateurs" to accomplish the feat despite a potentially catastrophic 
accident is almost beyond belief! Congratulations to AMSAT's "Amateurs!" 

OSCAR 10's Transponders Should Be Turned On for users by sometime in mid August. 

SUPPORT FOR CONTINUING CW LICENSE REQUIREMENTS HAS COME from an unexpected source, the 
U.S. Air Force, which has advised the FCC it's reinstatine Morse ~roficiencv for its radio 
operator training course. This probably means that a no-code ~mateur licensee would not 
be eligible for Air Force MARS without demonstrating CW abilitv. 

Senator Barry Goldwater Has Strongly Restated g is ~ ~ ~ o s i t i o ~  to "No-Code" in a "Dear Mark" 
letter to FCC Chairman Mark Fowler. In it he says "I completely support (the ARRL's) Com- 
ments" against no-code, and says he believes it would be "a grave mistake to remove the code 
as a license requirement . . . . "  The OCWA also filed strone comments against no-code. 

A Decision 0n No-Code Appears ~ i c e l ~  By Year's End, b;t at this time no one seems to 
want to make odds as to which way it will go. 

"AMATEUR RADIO'S NEWEST FRONTIER," THE NEW AMATEUR RADIO VIDEOTAPE production, is well 
on its way to release. NBC's Roy Neal, K6DUE, and Westlink's WA6ITF did the taping in mid- 
July at the ARRL, FCC, AMSAT's Goddard facilities, and with NASA in both Huntsville and 
Houston. Editing and dubbing were completed July 24, and the new 16-minute Amateur Radio 
promotional piece should be available about September 1 on VHS and 314-inch tape. 

THE FCC'S NEW "NO-MAILBACK" NOVICE EXAMS MUST CONSIST of one, two, or three questions 
from each of 20 FCC-provided groups of 10 questions each. The answers are not included, 
perhaps because the examiner, as a higher class licensee, should already know what the 
correct answer--or sometimes answers--is. In addition, it might also give a better op- 
portunity for the examiner to determine if the applicant really knows what he should or 
is simply parroting back answers from a "study guide." 

A Copy Of The FCC's List Of 200 Questions and details on how to administer the new 
N o v i c e  a business size (7110) SASE. 

W5LFL's OPERATION FROM THE SPACE SHUTTLE IS STILL ON SCHEDULE for the end of September. 
The ARRL is still trying to arrange for a "900" information line to be operational about 
a week before launch. Information on that line is to be updated frequently, particularly 
if it pertains to W5LFL1s on-the-air activities. 

145.55 MHz Should Be W5LFL's Prime Transmit Fre uenc , with several alternates to be 
announced shortly before launch along with about 2: reciive channels. 

"SUPER STRICT" INTERPRETATIONS OF THE FCC'S "BUSINESS COMMUNICATIONS" action that was 
announce in ast mont s ressto were not w at t e omission inten ed. The FCC's action 
actuallvdchan:ed 1 i t t l ; ' i J d e s .  but washsimo:v :cant to be a re:reanization and clar- 
ificatibn of cusiness communications~related items already there. 

- 
Public Service T e 0 erations Such As Parade or walkathon coordination and the Eye Bank 

Net are still permiz:ed.P Amateur-related operations such as Hamfest "Talk-Ins" and even 
on-the-air swap nets are also still legitimate. In its release, the FCC stated: "The 
Order was not intended to impose any new restrictions or to cut back on what Amateurs have 
legitimately been doing all along. What was intended was to alert the Amateur community to 
the fact that the Amateur Radio Service should not be used in lieu of other radio services 
for the transmission of business messages." 

Catal sts For The FCC's Action Were Two Recent West Coast E isodes, one in which a 
"citizen:' posse" began using a local repeater as an auxiliaryPpolice communications chan- 
nel. In the other a government facility wanted its employees with Amateur licenses to 
patrol its fences and gates while using 2 meters for coordination. 

PRIVATE RADIO BUREAU CHIEF JIM McKINNEY HAS RESIGNED to become Chief of the FCC's Mass 
~edia Bureau. Jim, who's long been a knowledgeable supporter of the Amateur Service, is 
replaced by Private Radio Bureau Deputy Chief Bob Foosaner. 
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You can DX and receive weather 
charts from around the world. Only $995 for the complete 

Tune in on free, worldwide government weather services. ALDEN Weather Chart Recorder Kit. 
Some transmitting sites even send weather satellite cloud To order, fill out and mail the coupon below. For 
cover pictures! cash orders enclose a check or money order for $995. 

Add $5 for shipping and handling in the U.S. and Canada, 
plus applicable sales tax for CA, CO, CT, IA, MA, NY, WI. 

You've heard those curious facsimile (Export price is $1250 F.O.B. Westborough, MA. Specify 
sounds while tuning through the 50 or 60 HZ.) TO use your Mastercard or Visa by phone, 

bands- now capture these signals call (61 7) 366-8851. 

on paper! . 
~ssemble ALDEN'S new radiofacsimile Weather Chart 

Recorder Kit, hook it up to a stable HF general-coverage 
receiver, and you're on your way to enjoying a new hobby 
activity with many practical applications. Amateurs, pilots, 
and educators can now receive the same graphic printouts 
of high-quality, detailed weather charts and oceanographic 
data used by commercial and government personnel. 

Easy to assemble- Backed by the 
ALDEN name. 

For over 40 years, ALDEN has led the way in the design 
and manufacture of the finest weather facsimile recording 
systems delivered to customers worldwide. This recorder 
kit includes pre-assembled and tested circuit boards and 
mechanical assemblies. All fit together in a durable, attrac- 
tive case that adds the finishing professional touch. 

Buy in kit form and save $1,000! 
You do the final assembly. You save $1,000. Complete, 

easy-to-follow illustrated instructions for assembly, 
checkout, and operation. And ALDEN backs these kits 
with a one-year limited warranty on all parts. 

ALDENELECTRONICS 
Washington Street, Westborough, MA 01581 
~ l l l l l l l l l l l l w m m - - l I I I l - m - m m I ) -  

I 
1 
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I 
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I 
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5 
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I I 
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chain. The swept oscillator is con- 
nected to the LO port of the receiv- 
er's internal mixer stage in place of 
the internal tuneable LO; and the i-f 
output is picked off after, rather than 
before, the receiver's high selectivity 
filter. 

Before this arrangement, the exter- 
nal circuits which comprise the pano- 
ramic adapter consist only of: (1) a 
sweep oscillator, (2) a new "local os- 

PEP talk 
Dear HR: 

The article by VK3AFQ (ham radio, 
June, 19831, demonstrates one of the 
fallacies of defining the legal power 
limit in terms of PEP output. The 
metering device described, like the 
commercially available in-line "watt- 
meters," is designed to work with a 
50-ohm non-reactive load. Not all 
Amateur stations are equipped with 

Wf cillator" for the receiver having the 

. . .  

suitable transmatches to arrive at a 
perfectly matched line at all frequen- 
cies within a band - let alone home- 
brew rigs designed to work into bal- 
anced feedline or oddball impe- 
dances. 

Nor is the statement by Rich 
Rosen, Editor-in-Chief, that the FCC 
proposal would increase our power to 
1500 PEP output, strictly true. Under 
present rules there is no limit to trans- 
mitted PEP, but practically, the limit 
is at least 3000 watts (one kilowatt in- 
put, plate-modulated a-m phone). 
The power limit for CW, fm, RTTY, 
and SSTV would be doubled, while 
the limit for SSB would remain essen- 
tially unchanged. 

Actually, PEP is useful as an equip- 
ment design parameter, but is quite 
irrelevant to the purpose behind the 
le al power limit. It is mean, or aver- 8 
age, output power that determines the 
effective field strength of a signal, not 
the power developed on occasional 
voice peaks. I believe that if the FCC 
goes ahead and replaces the relatively 
simple input power limit with some- 
thing as complicated to measure as 
PEP output, the practical effect will 
be the elimination of a power limit al- 

together. Many otherwise law-abid- 
ing Amateurs will rationalize illegal 
power by claiming to lack the facili- 
ties to make the necessary measure- 
ments to comply voluntarily under 
the new rules. The FCC simply does 
not have the facilities to routinely in- 
spect Amateur Radio stations for 
transmitter power.* 

Donald Chester, K4KYV 
Woodlawn, Tennessee 

'It's now official - see presstop for details. 

simpler "panadaptor" 
Dear HR: 

I've been an hr subscriber since 
April, 1972, and I can't remember an 
issue in which I've found more first 
class technical articles than your Feb- 
ruary, 1983, number. Congratula- 
tions! 

Rick Ferranti's "Design Notes on a 
Panoramic AdapterISpectrum Ana- 
lyzer" was particularly interesting. As 
someone who has worked with a sim- 
ilar homebrew project, I'd like to offer 
a couple of additional notes. 

If you have a receiver with a nar- 
rowband CW filter and you don't 
mind poking a few holes in the cabi- 
net, it may be possible to simplify the 
panoramic adaptor and reduce the 
parts count by using the receiver's in- 
ternal mixer, i-f amplifier chain, and 
filter. This technique involves substi- 
tuting an external swept oscillator for 
the tunable local oscillator of the re- 
ceiver and substituting the detector 
and video amplifier of the spectrum 
analyzer (Ferranti's fig. 11) for the re- 
ceiver's product detector and audio 

same tuning range as the receiver's 
own LO but which can be swept in 
frequency by the sawtooth output of 
the sweep oscillator, (3) the detec- 
tor/video amplifier, and (4) the oscil- 
loscope used to display the signal. 
For this circuit to function properly, 
both the tuneable local oscillator and 
the AGC bus of the receiver must be 
disabled. The receiver's mixer and i-f 
amplifiers should have wide dynamic 
range for best results. Sweep speeds 
ranaing from 50 to 2000 miliseconds 
are desirable to avoid ringing effects, 
and these are practical if a long per- 
sistence (P7) CRT is used for the dis- 
play. Finally, it should be noted that 
this technique is suitable only for re- 
ceivers that have the same tuneable 
LO tuning range on each band; but 
this is true of most modern receivers 
that use a crystal-controlled first con- 
verter stage. 

Ferranti's design has the advantage 
of making it possible to sweep across 
a wide band of frequencies, regard- 
less of the i-f and LO frequencies of 
the receiver with which it is used. 
Using the scheme I recommend, this 
performance is harder to obtain. 

If the highest LO frequency is less 
than 3 or 4 MHz (this would be true of 
most "Collins type" receivers using 
455 or 500 kHz mechanical filters), 
there is a simple solution, using the 
Exar XR-205 "Monolithic Waveform 
Generator" chip as a swept LO. This 
chip has a guaranteed sine wave out- 
put of at least 2 MHz, and individual 
chips will run as high as 4 MHz. The 
frequency can be swept over a wide 
range, and the sweep is extremely 
linear with applied voltage. 
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Where the operating frequency of 
the LO is higher but still too low to 
permit the oscillator to be swept by a 
voltage-variable capacitor of reason- 
able size, some form of heterodyne 
scheme is a must. Ferranti's 32.82 
MHz VCO (fig. 5) can be used, mixed 
with the output of a fixed crystal 0s- 
cillator. After passing the difference 
frequency through a lowpass filter, 
the resultant would be injected at the 
LO port of the receiver's mixer stage. 
Even with this added complication, 
the recommended circuit will have a 
far lower parts count than Ferranti's 
double conversion technique, and 
there should be fewer critical adjust- 
ments. 

Miles B. Anderson, K2CBY 
Sag Harbor, New York 

more 10-meter beacons 
Dear HR: 

A 10-meter beacon, using callsign 
KA1 Y El  B, transmits from Connecti- 
cut on 28.284 MHz. It sends a 30-sec- 
ond carrier followed by "KAIYEIB 
SE CT" and operates continuously at 
a 4 watt output level to a vertical 
antenna. 

The May, 1983, issue of Practical 
Wireless lists 19 worldwide beacons. 
A list of active beacons is maintained 
by Willi, HBSAVE. He would appreci- 
ate information from any groups or 
individuals either operating or plan- 
ning to operate a 10-meter beacon. 
There is a limited amount of space al- 
located for beacon operation on 10 
meters here in the States, so some 
prior listening and coordination is 
highly recommended before acti- 
vating a beacon. 

I am willing to act as a clearing- 
house for U.S. beacon information 
and activities. If anyone is planning to 
put a 10-meter beacon on the air, or 
knows about any other beacons ac- 
tive or planned for the U.S., I would 
appreciate hearing about it. 

W. Keith Hibbert, KAlYE 
25 Hillcrest Road 

Niantic, Connecticut 06357 
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linear translators 

Narrowband technology and 
linear systems show advantages 

over conventional fm designs 

Narrowband techniques on VHF, namely SSB 
and CW, have attracted increasing interest among 
Amateurs over the past few years. While fm and re- 
peaters provide excellent service to thousands of 
hams, it is apparent in heavily-populated areas that 
we cannot go on forever with modes requiring 30 to 
40 kHz per QSO (the spectrum needed for a repeater 
input and output). Several solutions to this problem 
have been proposed, including single-sideband fm, 
spread-spectrum techniques, and, more recently, 
ACSB.' With a 3: 1 to 4: 1 advantage of SSB over fm 
a 3 MHz repeater pair could support as many as 300 
repeater channels using SSB-based techniques. Use 
of these narrower modes places a new requirement 
on the "repeatering" techniques which are nicely 
met by LTs or linear translators. 

what is a linear translator? 
A linear translator (LT) is a multi-mode repeater - 

with several important differences from fm repeat- 
ers.(a) The basic difference between a translator and 
a repeater is in detection (fig. 1). A repeater detects 
an incoming signal and then uses the resulting audio 
(or video) to remodulate a transmitter. A translator 
merely converts the signal to a convenient i-f fre- 
quency, amplifies it, and re-converts it to the desired 
output frequency without ever detecting the signal; 
that is, the entire system operates at rf frequencies 
rather than remodulating a transmitter with detected 
audio or video. All rf stages in a linear translator must 
operate in their linear region. No limiting or logarith- 
mic processing can be applied. In this way it differs 
from the fm broadcasting translators used in fringe 
areas to improve weak signal reception. 

A repeater can receive only one frequency and one 
mode at a time, and retransmit what it hears via only 
one mode. A translator does basically the same thing 
but it does it at rf, so that if its i-fs are linear, any 
mode or signal inserted at the input is reproduced at 
the output. Even multiple signals at the input will be 
reproduced at the output. 

By James Eagleson, WBGJNN, 280 Manfre 
Road, Watsonville, California 95076 
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B A S I C  R E P E A T E R  1FM OR S S B J  

1144 5 M H z J  110.7 M H z )  1AUOIoJ 1145.1 M H z )  1145.1 M H z )  

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

110 7  M H z )  1145 1  M H z )  1145.1 M H z )  

fig. 1. Block diagrams of a repeater and a linear 
translator. 

history of LTs 
In early 1980, two linear translators were placed in- 

to operation in the San Francisco Bay area. 
One machine, built by Narrow Band Communica- 

tors, Inc. (NBC, Inc.),(b) is an in-band translator 
using a standard 600 kHz split. It incorporates two in- 
dependently AGC'd 10-kHz-wide i-fs and can sup- 
port as many as four SSB QSOs with minimal inter- 
ference or two, low-deviation fm QSOs. 

The other LT, built by Project OSCAR in coopera- 
t ion wi th  the Bay Area Two Twenty Group 
(BATTG),(c) uses an input of 1296.3 MHz and an out- 
put of 1269.3 MHz. Its i-f bandwidth is 30 kHz. Its 
proposed uses as an SDLT (Satellite Development 
Linear Translator) are: 
. . . to act as a regional "repeater." 
. . . to provide net and bulletin services. 
... to provide a source of 1269 MHz signal for 

OSCAR, Phase Ill, mode L (24 cml436 MHz) 
operation. 

... to provide multiple-channel capability for SSTV, 
Packet Radio and RTTY users. 

. . . to provide experimental data needed to build sat- 
ellite interties, i.e. interlink translators between 
satellites. 

. .. to provide an economical means of accessing the 
proposed commercial geosynchronous satellite 
with an amateur channel add-on. 

. . . to provide intralinterstate network interties via 
unused LT channels. 

comparing linear translators 
and fm repeaters 

A linear translator provides all the same functions 
normally provided by an fm repeater. These include 

extending the coverage of mobile transceivers; ex- 
tending the coverage of stations with low power, 
poor locations, or limited antennas; providing a fixed 
monitoring frequency; and making available a known 
frequency, power level, and location useful for sta- 
tion evaluation. Additionally, a translator can provide 
multi-mode operation; multi-station operation; CW 
(A1 ); and telemetry, remote sensing, and codestore 
(mailbox or bulletin) capabilities, all independent of 
main channel use. With narrowband techniques, 
both voice and data channels can use an LT simulta- 
neously with only moderate interference. 

Although the basic difference between repeaters 
and LTs is in detection, some operational differences 
also exist. First, a linear translator does not produce a 
squelch Pail. Also any frequency variations by the in- 
coming signals will also appear at the output - with 
the same variation. While the noise output of a linear 
translator is 10-20 dB less than that of an unsquelched 
fm repeater, its noise floor may be detected by sta- 
tions close in unless some form of squelch or COR 
system is used. Another difference is that fringe-area 
stations may not be able to hear other fringe-area 
stations, even though all stations local to the LT will 
easily hear and be able to work both (fig. 2). 

LT design approaches 
SSB translator. Sensitivity: 6-9 dB improvement 

-1Od.5 T O  -20d.5 
I / I O T H  T O  1 / 1 0 0 T H  

OF F U L L  POWER 

AGC TO -1Od.5 
-1OdB T O  F U L L  

fig. 2. Linear translator coverage diagram. All stations 
in Region A can hear and work all stations using the LT; 
stations in Region B can work and hear all but Region C 
stations; stations in Region C can only work and be 
heard by Region A stations. 
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over an fm repeater;(d) Power output: 200 watts PEP 
at altitudes limited to 100-watt carrier power on fm; 
Range: advantage is 1.4:l over equivalent fm re- 
peater. Using signal-to-noise-ratio enhancement 
techniques such as ACSB can make this as much as 
2: 1 . (e) 

b 

Shared-channel translator. In this system, all sta- 
tions share one "channel" and derived ALC or AGC 
is a function of the output of the entire passband (see 
fig. 3). While this technique has the advantage of 
simplicity and works reasonably well for satellite 
translators, in which there are only small relative 
power or range differences between stations, the 
system is not well suited for land-based use. Several 
problems exist when using the shared-channel 
translator with terrestrial LTs that do not occur with 
multi-i-f LTs. 

Selectivity is one of the problems. A 20-kHz i-f fil- 
ter with a 2: 1 shape factor is 40 kHz wide at its - 60- 
dB points. On the other hand, two side-by-side 10- 
kHz filters are 30 kHz wide at the -60 dB points, 
since each filter is narrower to start with (fig. 4). 

Strong signals can desensitize the gain stages in 
this system and a form of squelch or COR (carrier- 
operated relay) is needed to reduce or eliminate the 
LT's noise output when it is not in use. With the 
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single 20-kHz-passband kind of system, the sensitivi- 
ty of this COR is 3 dB worse than that of a system us- 
ing two 10 kHz i-fs.(f) 

The ARTOB LT. A third method, suggested by Ital- 
ian ARTOB  experimenter^,^ uses multiple i-fs for in- 
dependent AGC control of smaller portions of a satel- 
lite's total passband. This prevents any one station 
from creating interference on other segments of the 
passband. The Italian system uses three 30-kHz i-fs 
yielding a total passband width of 90 kHz. The in- 
band, Zmeter NBC translator uses a slightly different 
approach, with two 10-kHz i-fs plus one 3-kHz 
"single channel" i-f. AMSAT Canada, in their SYN- 
CART proposal,(g) suggests using one 100-kHz gen- 
eral-purpose i-f flanked by two 10-kHz, special- 
service i-fs (one for data and one for bulletin, net, 
and special uses). All of these systems were developed 
about the same time to meet specific requirements. 

A L C  
SYSTEM 

0 
fig. 3. Shared channel block diagram and spectrum re- 
quirements. 
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fig. 4. Spectrum allocations for a shared channel, two 
channel and multi-channel system. 
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NCG WORLD BAND COMMUNICATIONS 
Just 

Slightly 
Ahead 

15M 16011 OM 
Tested and Proven 15 Meter Mobile Transceiver USB and ALL NEW, with the features you have been waiting for 

C W HF 160-10 meters SOLID STATE Transceiver 200 watt PEP 

Power-High 10 watts, Low 2 watts All 9 HF Bands ready to go 
VFO Tuning, Noise Blanker ACIDC Power supply built in 
Fine Tune a 1 kHz 3-Step Tuning 1 kHzllOOHzl25Hz 

.Digital Frequency Counter 4 memories, Auto Scan 
13.8 VDC @ 3A Neg. Ground Automatic Up/Down Tuning Advanced Systems 
9.5" L x 9" W x 2.5" H Dual VFO, Solid Stateddjustment Free, IF Tuning, IF 
All this PLUS the freedom of DXing Offset 

Regular Price: $305.00 
Noise Blanker, Mic. Compressor 
VOX, CW Side tone, AC 120V DC 13.8 RTTY-Fax operation 

SPECIAL PRICE: NOW $279.00 USE-LSB CW (Narrow CW filter optional). 
Regular Price: $1075.00 

SPECIAL PRICE: NOW $949.50 
1275 North Grove Street 
Anaheim, CA 92806 Mail Order COD 

Visa Master Charge 
(71 4) 630.4541 Cable: NAT C O L G U  

Prices and specifications subject to change without notice or obligation 
Calif. Res. add Sales Tax J 169 - 
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PROGRAMMABLE 
HUSTLER ANTENNAS CTCSS ENCODERIDECODER 

SF2 - "Buck Buster" 5/8" Wave 
2 Meter Antenna w i 3 i 8  x 24" 
Threaded Base - 
3dB gain , $895 

HOT - EASY ON/OFF 
TRUNK MOUNT 

with 318 x 24" S w ~ v e l  Ball 
for CG144 & SF-2 3 $ 1 4 9 5  

CG144 
5,268 gain $ 2 3 9 5  
Collinear 
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Threaded Base 
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67144 - 7dB 
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Grade ~ a s e  $9800 
Antenna 

And many other Hustler Antennas & Mounts 
. . . . . . . . . . . . . . . . .  BBL144 . . . . . . . . . . . . . . . . . .  2595 MRK-1.. 1315 

. . . . . . . . . . . . . . . . . . . .  BBLT144 . . . . . . . . . . . . . . . . .  3S00 SFM 24" 
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HLM . . . . . . . . . . . . . . . . . . . .  1 3 9 V H T - 1  . . . . . . . . . . . . . . . . . . .  .ag5 
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VHFIUHF & COMMERCIAL LINE 
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BROOKLYN. N.Y. 11235 
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(800) 221 4860 

COMMUNICATIONS, INC. TELEX: 235125 f l  122 
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IMMEDIATE DELIVERY AVAILABLE 
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(800) 828-6884 

NY: (800) 462-7242 
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advantages of multiple i-fs 
With the use of multiple i-fs, any i-f can be turned 

on or off at any time to help control interference, re- 
duce noise from unused channels, or to allow re-use 
of the edge of one LT by the edge channel of an adja- 
cent one. Out-of-channel noise and i-f-caused distor- 
tion products can be more closely controlled by the 
use of multiple, narrow i-fs. A 20-kHz-wide LT using 
five 3-kHz-wide i-fs has a -60 dB bandwidth of 24 
kHz; by contrast, a single i-f system has a -60 dB 
width of 40 kHz. 

Under low-use conditions, when the number of 
stations is fewer than ten (the normal situation on a 
20-kHz-wide LT), better control of AGC pumping by 
strong stations can be maintained. With a multiple 3 
kHz channelized LT all stations can provide full out- 
put regardless of the ratio of the strongest to weak- 
est station. Intermodulation-related interference be- 
tween the various channels can still occur, but even 
this is improved by the multiple i-f technique. 

A multiple i-f channel system can dedicate specific 
channels for special uses. SYNCART has a hard-lim- 
iting fm-AFSK (ASCII) 15 kHz channel for data trans- 
mission, a general-purpose, 100 kHz-wide channel 
for operation similar to present OSCAR satellites, a 
special 100-kHz i-f for RTTY, SSTV, and ASCII nar- 
rowband techniques, and a reserved 15-kHz i-f for 
educational, bulletin, net, and emergency uses (fig. 
5). Terrestrial LTs could have I-kHz i-fs for CWIFSK, 
3-kHz i-fs for SSB, 10-kHz i-fs for fm or shared SSB, 
or some combination providing multiple uses. 

system design 
Design considerations for a linear translator are 

somewhat different from those for an fm repeater.(h) 
For one thing, many integrated circuits, such as the 
CA 3089 or MC 1357, are not available for linear 
receivers. 

The general scarcity of knowledge about LTs is re- 
flected in the lack of surplus or commercial linear 
translators, the unavailability of step-by-step LT re- 
peater handbooks, and the absence of experienced 
commercial LT users. Even AMSAT, probably the 
most experienced developer of LTs for the OSCAR 
satellites, has not published much on their design 
and construction. 

building a linear translator 
The power amplifier. Multi-station LT operation re- 
quires better than average linearity in the PA stages, 
with greater than 40 dB third-order IM distortion the 
goal. A maximum output of 100 watts from the am- 
plifier, using two 80-watt stages, should produce an 
amplifier capable of meeting the design goal. The 

addition of a 3 dB or higher gain antenna brings the 
ERP level up to 200 watts. 

P A  
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Transmit chain. An output power level of 100 watts 
helps define the gain required between the transmit 
up converter and the output port (fig. 6). Using a 
high-level, double-balanced, diode-ring mixer - 
such as the Mini-Circuits SRA-IH, the Cimmaron 
CM-1 H, or equivalent - IM3 products should be 40 
dB below each output tone at an input signal level of 
0 dBm PEP. This translates to an output level of 
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fig. 5. OSCAR transponder and ARTOB, SYNCART. 
and NBC linear translator block diagrams indicating i-f 
channel spectrum allocations. 
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At last; A video-taped step-by-step Ham 
Radio theory course yrw can understand. 

The Larry Home N2NY Ham Master- 
Tapes series is a proven, highly 
effective video teaching technique 
expertly taped and edited by New 
York's leading professionals in studio 
and field videotape production. 

' Everyone involved in these videotape 
courses is also an active licensed 
amateur. The graphics highlight 
important details in the live video. 
Practical working examples of every 
ham radio component, device or 
system covered in the FCC study 
guide can be easily understood. 

Schools or clubs, until now, were not 
able to ~ rov ide  workinc models of 

The N2NY Ham MasterTapes pro- 
vide the kind of basic understanding 
of concepts that build a foundation of 
theory background not only for 
passing the FCC tests, but also to 
stimulate the young beginner's 
interest in electronics. People who 
enter a career in electronics, commu- 
nications, computers or robotics 
motivated by their Amateur radio 
experience provide leadership in the 
future of our country. The Ham 
MasterTapes will be used to help 

strate knowledge of operating skills, 
customs and techniques, he must also 
acquire a technical background on 
more kinds of communication 
systems than a working engineer 
might encounter in his lifetime. 

These sixteen %-hour programs 
completely cover all the material 
needed to understand Novice and 
Tech/General Theory and operations. 
The courses are written to include the 
new 200-question FCC syllabus used 
beginning September. 1983. 

teach beeinners theorv and o~erating ~h - 
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thought out demonstrations on'video- 
tape also eliminate worrying about 
getting tricky gadgets to work on 
command in front of an information- 
hungry class of prospective novices 
or techs. 

hobby has badly needed better, 
clearer, high-tech teaching aids to 
help newcomers get into our wonder- 
ful world of Amateur Radio. Not only 
does the beginner have to demon- 

Only S 199.95. Order direct and 
specify Beta or VHS format. Call or 
write: Larry Horne, N2NY or Virginia 
Hamilton, KA2RQJ at Ham Master- 
Tapes, 295 Park Avenue South, New 
York, NY 10010. 212-673-0680. 
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approximately - 7 dBm PEP from the mixer (normal 
losses) with another 1 dB lost in the image bandpass 
filter. The resultant input to our transmit PA amplifi- 
ers is - 8 dBm PEP. An output level of + 50 dBm re- 
quires + 50 - ( - 8) or 58 dB gain for achieving our 
goal. Fig. 7 can be used to work with different power 
levels. 

I do not recommend using lower cost double bal- 
anced mixers for the upconverter. A 10 to 25 watt 
system might be able to make use of them, but the 
spurious-free output of the high-level mixers is easier 
to filter than that of the "standard level" units. The 
addition of a local oscillator buffer helps drive the 
high-level mixer LO ports to + 17 dBm. If standard 
level mixers are used, all ports must be terminated in 
50 ohms at all rf, i-f, LO, harmonic, and image fre- 
quencies. Not doing so can affect linearity and spuri- 
ous content significantly. 

The front end. Next in importance to the transmit 
chain is the front end of the LT. Too much gain can 
produce intermodulation products, desensitization, 
crossmodulation products, and other related prob- 
lems. Too little gain reduces sensitivity for weak-sig- 
nal reception (poor noise figure) and makes the 
choice of i-f gain more critical. The best choice for a 
mixer for the receive converter (down converter) is 
the double-balanced, diode-ring mixer. Although its 
inherent loss worsens the front end gain, other kinds 
of mixers (especially the bipolar) provide gain at the 
expense of poorer noise figure performance (10 dB 
typical versus 6.5 dB for a double balanced mixer), 
poorer IM, desense, or crossmod, or poorer port-to- 
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DOUBLE- 
BALANCED 

M I X E R  

I - F  INPUT 

L - 0  OUTPUT 

L OUTPUT 
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10 W 2N6081, MRF 239, MRF 240 
25 W MRF240. 8.40 12 
50 W MRF 240. B 10 12 

700 W OX 25011ub~) 

fig. 6. Block diagram of a linear translator transmit 
chain. Recommended active devices are listed for each 
power level. 
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fig. 7. Chart detailing PA gain requirements versus 
desired output power levels. 

- 
port i~olat ion.~ The best compromise seems to be a 
good low-noise preamp followed by a good double 
balanced mixer feeding an i-f amplifier with a 2-4 dB 
noise figure. 

The preamp's gain should not exceed 25-30 dB, 
and it should have a noise figure of less than 2.5 dB. 
This is easily obtained with single-stage GaAs FETs 
with noise figures under 1.0 dB. The J-310 and U-310 
JFETs can also be used in two-stage preamps yield- 
ing a 1.8-2.2 dB noise figure with 25 dB gain. An- 
other good choice is the CP-640 or 643. These units 
can give reasonable noise figure and excellent high- 
level performance at higher voltages. The older FETs 
(such as the MPF-102 and 40673) should be avoided 
because they do not provide the IMD, crossmod, and 
desense performance required for LT service. 

A word of caution concerning GaAs FETs. Though 
they provide excellent performance with less than 0.5 
dB noise figure and better than 100 milliwatts 1 dB 
compression point performance on 2 meters, they 
can be destroyed by improper handling. Oscillations 
resulting from improper terminations, insertion into 
systems not having adequate TXIRX isolation in the 
duplexer system, and static discharges (even when 
the device is not turned on) can all cause failure. 
Careful handling is necessary .' 
Noise floor output. The noise floor is the amplified 
output of the noise generated in the front end and i-f 
amplifier stages. In an fm repeater this noise is equal 
to the output of any station received by the system 
but it is squelched off when no signal is present and 
masked by signals when they are there. In an LT, the 
noise output depends on the gain of the system, 
overall noise figure, and the amount of external noise 
amplified by the system. Since it's not desirable for a 
repeater to transmit constant noise, some control is 
needed. 

For high-altitude, balloon-borne LTs like the AR- 
TOB experiments, or for orbiting LTs such as the 
OSCARs and RS, no COR or squelch is required. 
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Everyone is far enough from the LTs so that by set- 
ting the noise output at about 30 dB below the maxi- 
mum LT output level no one complains about the 
passband noise - even though it is transmitted con- 
tinuously. 

The terrestrial situation is different. Stations may 
be within one or one hundred miles of an LT, and a 
40-dB stronger signal is received at the closer loca- 
tion. At this close station, the noise output of the LT 
will be heard quite clearly. The answer, of course, is 
squelch or COR. For the NBC machine we chose to 
operate the PA systems using COR. Single-channel 
or multiple-channel systems could use squelch on 
each channel. 

Noise floor versus full output level. A 30-dB full- 
output to noise-output ratio has been adopted by the 
ARTOB and OSCAR LTs. Will that suffice for a ter- 
restrial LT? There are several arguments for and 
against it. 

The argument for it is that, almost universally, the 
typical ham operator begins to feel that a signal is 
strong when it approaches a 30 dB signal-to-noise 
ratio (SNR). While we rarely obtain 30 dB SNR on 
the hf bands (at least signal-to-interference levels are 
more typically in the 5-15 dB range), if there is only 
noise behind the signal, 25-30 dB SNR is where most 
of us would start calling it S-8 or S-9. 

On the other hand, weaker stations using a system 
set with the AGC 30 dB above the noise floor are 
clearly at a disadvantage. A signal arriving at 10-15 
dB above the noise floor, for example, would have an 
output 15-20 dB below the typical strong signal. This 
means that fringe area stations could access the LT 
and work stations local to the machine, but would 
not be heard by another station in their own area or 
in some other fringe area of the LT. 

It is my opinion that an LT using COR or squelch or 
both can provide more gain so that weaker signals 
will be more intelligible. The additional noise will be 
squelched off when the LT is not in use and stronger 
stations will reduce the gain through AGC action 
thus reducing the background noise, with a subse- 
quent improvement in SNR. This can be especially 
helpful in single- or multi-channel systems where 
AGC pumping of one signal by another signal is less 
of a factor. 

Recommendations. SSB repeater: AGC at 12-15 
dB above noise floor; Multi i - f  LT: AGC at 18-25 dB 
above noise floor. Certain i-fs, especially narrower, 
single-station ones, can have a 1-3 dB higher AGC 
setting. Shared channel: AGC at 25-30 dB above 
noise floor. 

Measurements are made using 2.4-k~z instrumen- 
tation or receiver bandwidth. Noise output is directly 
related to the noise bandwidth by this formula: dB 

change = 10 log BI /B2 .  Consequently, if a wideband 
output meter is placed on an LT with a 30 dB SNR in 
a 2.4-kHz bandwidth, the meter would see only a 20 
dB SNR (if the LT's entire passband is 24 kHz wide). 

i-f amplifier gain. The i-f amplifier must provide 
enough gain to bring the equivalent noise input of 
the preamplconverter up to a level that is 30 dB 
below the desired maximum output level (AGC maxi- 
mum level). This assumes, of course, that our design 
goal is 30 dB AGC to noise output ratio. We've previ- 
ously shown that the front-end gain consists of 2530 
dB preamp gain with a mixing loss of about 7 dB, 
leaving a front-end (down converter) gain of about 
18-23 dB. For our purposes, we will assume 20 dB. 

An additional factor must be considered. All pre- 
amps internally generate their own noise. Noise fig- 
ure is the ratio of a preamp's actual noise output rela- 
tive to what its output should be if it did not add any 
noise of its own to the system. In other words, while 
a perfect 10-dB gain preamp would give - 140 dBm 
+ 10 dB or - 130 dBm noise output, a typical low 
noise figure preamp would actually give about 2 dB 
more noise output, that is, - 128 dBm. Consequent- 
ly, a signal arriving only 10 dB above Johnson-Kelvin 
noise yields a 10 dB SNR with our perfect preamp, 
but only 8 dB SNR in our practical preamp. 

The formula for determining the Equivalent Noise 
Input (Nequiu) of any receiver is: 

Nequiu = - 174 dBm + 10 log BH, + N F ~ B  

For our LT system, assuming a system noise figure of 
3 dB and a bandwidth of 2400 Hz, NeqUm is: 

For a noise output 30 dB below full output, our out- 
put noise level is: 

Nouf = Poutm, - SNR~esired 

Since we've settled on 30 dB for this case, and 
we've determined that 0 dBm is our Poutm, i-f noise 
output is: 

NOut = OdBm - 30 dB = - 30dBm 

The required i-f gain to achieve this noise output is: 

For our example: 

G,.f = - 30 dBm - (- 137 dBm + 20 dB) 

too much gain 
Just as we've previously indicated that 60 dB or 

more gain in the PA stages begins to get difficult to 
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fig. 8. Nomograph illustrating the relationships be- 
tween front-end, i-f gain requirements and desired 
signal to noise ratio. 

control, gain exceeding 75-85 dB also begins to get 
unmanageable at most i-fs. This is why most fm 
radios use two i-fs, 10.7 MHz and 455 kHz, before 
detection. The amount of gain required to provide 
good fm limiting (about 90 - 100 dB at i-fs), exceeds 
the gain practical on any one given frequency. The 
same technique is applied to the LT design, that of 
splitting up the gain-producing stages at two differ- 
ent frequencies. 

With a practical limit of 85 dB on any given fre- 
quency, a translator that uses a single i-f can set the 
noise floor no higher than about - 30 dBm, or about 
30 dB below full output. This gain is reasonable for 
multi-i-f or broadband single-i-f systems (assuming 
care is taken in shielding and layout), but cannot be 
pushed further for a repeater-type system (fig. 8). 

a different approach 
An approach I've wanted to try but have not yet 

had the opportunity to get to is the use of two lower 
gain i-fs on frequencies separated by the TXIRX off- 
set split. The signal would be converted to 10.7 MHz, 
amplified by a factor of 50 dB, converted to 11.3 
MHz (600 kHz up), amplified another 50 dB, and then 
converted to the output frequency. 

This has two advantages. The same local oscillator 
can be used for both receive and transmit conver- 
sion, since the transmit i-f is already 600 kHz above 
the receive i-f. Also, improved frequency stability can 

be achieved using a subharmonic output from a 
stable oscillator. This means that any receiver LO 
drift is tracked precisely by the transmit LO (which is 
the same in this case), and drift of the i-f to i-f con- 
verter oscillator is divided by the same ratio used to 
obtain the 600-kHz injection signal. Example: 

144.510MHz - 133.81OMHz = 10.700MHz 
10.700 MHz + 0.600 MHz = 11.300 MHz 
11.300MHz + 133.81OMHz = 145.11OMHz 

The 600 kHz can be derived from a 4.8-MHz crystal 
(divide by 8). Its drift at 4.8 MHz will likely be less 
than 100 Hz over moderate temperature excursions, 
thus the 600 kHz will drift only 10018 Hz, or 12.5 Hz. 

clamping the offset to 600 kHz 
For in-band translators or SSB repeaters using 

normal offsets (600 kHz on 2 meters, 1.6 MHz on 
220, and so forth), the one-frequency i-f scheme pre- 
sents a slight problem in another area. If the offset i- 
fs are not used, the drift between the upconverter 
and downconverter LOs can be as high as 200-400 
Hz. This is unacceptable on SSB. 

NBC's solution was simple. The receiver's LO was 
made into a VCO (voltage-controlled oscillator) and 
slaved to the transmit LO after both were divided 
down to 600 kHz. Using this phase-locked loop (PLL) 
provides for nearly perfect 600-kHz offset with an er- 
ror only as large as the drift of the 600-kHz reference 
oscillator divided by whatever divide ratio one is us- 
ing. In fact, the NBC system uses a standard 10.240- 
MHz reference oscillator (as used in many CB sets 
and ham rigs), dividing everything down to a stan- 
dard 10-kHz reference frequency using standard, 
well-proven CB-type PLL circuitry and parts. Thus 
our TXIRX offset accuracy is 10.24010.600 MHz, or 
seventeen times better than that of the 10.240 MHz 
oscillator. Since this may drift less than 100 Hz under 
normal temperature conditions, our offset drift will 
typically run less than 100117, or about 6 Hz (fig. 
9A.B). 

other problems 
LTs have a new set of problems not generally seen 

on fm repeaters. The first problem is impulse noise. 
While an fm repeater in the presence of noise 
squelches more tightly, an LT will break squelch and 
retransmit that noise with the degree of fidelity its i-f 
selectivity allows. There are two methods of prevent- 
ing this: 1. use a more sophisticated squelch system 
than the usual level detector, or 2. prevent noise 
from getting to the detector by using an effective 
form of noise blanking. 

Single-channel systems (SSB repeaters, multiple- 
single channel systems) could use the ratio squelch 
systems developed by Kahn some years ago (fig. 
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10A and B). This device is sensitive to voice charac- 
teristics and triggers a squelch detector driven from 
an audio (or i-f) ratio detector or discriminator. 

Single-channel systems can also use sub-audible 
carriers for COR (fig. 10C) or squelch triggering. If 
each station transmits a carrier, say, within + 100 Hz 
of the frequency where the COR or squelch is tuned 
(whether an audio detector or narrowband 300-Hz i-f 
filter is used really doesn't matter), only signals at 
that frequency trigger the system. Noise, being 

(10 7 M H r )  

RX VCO L 0 

134 420 M H z  
- 133 820 MHz 

0 600 M f i r  

0 
fig. 9. (A1 NBC linear translator's solution to the drift 
problem uses the receiver's LO, a VCO slaved to the 
transmit LO through a phase-locked-loop. (El NBC lin- 
ear translator using an alternate PLL system with a 
10.240 MHz reference oscillator. 

broadband, needs to be much stronger to trigger the 
system. 

If the entire passband of the LT is converted to 
audio frequencies, a series of af filters driving individ- 
ual detectors can be used to cover the entire pass- 
band in 1-kHz steps (fig. 10D). If any one detector is 
triggered by audio in its frequency range, it will turn 
on the LT. The 1-kHz selectivity still provides some 
discrimination against triggering on noise by reduc- 
ing it by 4 dB. Additionally, this provides greater sen- 
sitivity to weaker desired signals in the smaller band- 
widths. 

Another system uses two detectors with a com- 
parator so that one averages noise, pulses, or signals 
present and the other sees the peak value (fig. 10E). 
CW, SSB, or fm have a fairly low peak to average 
ratio, so that if the comparator's gate signals were 
set to trigger only on signals whose peak to average 
value was less than 4:1, most pulse-type noise would 
not trigger it, since its peak to average is typically 
much higher than 4: 1. 

None of the above systems have been tried on the 
NBC LT. Reports on your experiments would be 
appreciated. We have chosen merely to monitor the 
system and reduce i-f gain when noise becomes a 
problem. This isn't elegant, but it works! 

Noise blankers present a particular problem in LT 
service. While it is not difficult to  produce a noise 
gate and the associated detector scheme, it is diffi- 
cult to  operate any NB system in a full-duplex sys- 
tem. The transmitter signal is usually strong enough, 
even after a duplexer, to cross-modulate the noise 
blanker. 

Here are a few suggestions for resolving the noise 
blanker problem. The first is to detect and trigger on 
out-of-band noise pulses. Collins has used this tech- 
nique for years and many CB sets have NBs tuned at 
24 MHz rather than 27 MHz so that stronger signals 
aren't detected in the pulse detector circuit, causing 
crossmodulation products in the system. For 2 
meters or other VHF/UHF frequencies one can tune 
just below or just above the band to find a 100-200 
kHz range that is free of strong signals, convert it to  
an appropriate i-f, then build the pulse detector 
around that. A notch filter at the output frequency of 
the LT might also be required to protect the NB 
downconverter. 

A more standard i-f-type noise blanker immediate- 
ly following the downconverter of the LT could be 
used if run through a 30-kHz crystal filter to remove 
the output and strong adjacent signals. This will not 
be quite as effective due to the narrow bandwidth 
(pulses will tend to ring and broaden), but is used 
effectively in many 2-meter SSB rigs. Strong signals 
on immediately adjacent channels ( f 20-30 kHz) may 
also cause some problems. Use of a 40-60 kHz filter 
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might improve pulse sensitivity giving better blank- 
ing, but would increase the risk of adjacent channel 
crossmodulation. 

With either technique some further crossmodula- 
tion protection can be obtained by using an averag- 
ing AGC having a slow attack and release character- 
istic. This will clamp CW, a-m, or fm signals (includ- 
ing SSB) when they start approaching the crossmod- 
ulation level, but will not clamp fully on quicker noise 
pulses. This technique is used quite effectively on 
many h-f ham rigs, but can be difficult to set up pro- 
perly (as can be seen by other hf rigs having similar 
noise blankers that don't work). Fortunately, we are 
working with a single band and only a few kinds of 
noise on VHF, so that level setting of the AGC and its 
attacklrelease characteristic is not as critical. 

I should point out that the reduction of gain which 
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prevents crossmodulation of the noise blanker by sig- 
nals will also reduce sensitivity to noise pulses so that 
such signals will at some point, in essence, turn off 
the blanker. 

For the NBC translator we use an attenuator in 
front of the i-f amplifier to reduce the overall gain 
(prior to AGC) so that the normal noise floor and ex- 
ternal interference are both dropped below COR 
threshold. This also reduces weaker station levels, 
but without some kind of noise blanker those sta- 
tions can't be copied anyway. The argument in favor 
of the use of a noise blanker in spite of these techni- 
cal problems is that they extend the weak signal 
capability of the LT by 6-12 dB in typical environ- 
ments. Mountain-top locations may be quiet 
enough, however, to obviate the need for a blanker. 

A comment on i-f clean-up filters should be inter- 
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jected here. Unlike repeaters whose bandwidth is 
automatically limited by de-emphasis and modulator 
bandwidth, an LT passes all i-f generated noise to the 
output frequency. Since the crystal filter is normally 
placed at the very front of the i-f strip to provide best 
IMD/selectivity performance, it does not limit the 
output of noise from any of the following i-f stages. 
The only selectivity limiting noise output from the i-f 
stages is provided by the interstage transformers and 
tuned circuits. At 10.7 MHz we see a noise band- 
width of about 120-250 kHz at the 3 dB points and 
only about 30 dB down at the 500-1000 kHz points. 
Needless to say, this is unacceptable at the output of 
the LT. 

Fig. 11 illustrates several ways to improve this situ- 
ation. The best (and most expensive) is to use an in- 
put and output filter on each i-f so that the noise out- 
put is essentially limited to the bandwidth of each i-f. 
A good compromise, though not best in terms of 
adjacent-channel and front-end and IM considera- 
tions, is to use a single filter as wide as all i-fs com- 
bined in front of the first couple of i-f stages, then 
split (or convert) the signal to individual i-f amplifiers 

each having individual filters. This controls the chan- 
nel to channel IMD and noise outputs. Only noise 
from active channels can reach the upconverter and 
PA stages. Additionally, IMD products created in the 
first i-f will not spill over into the second i-f, and the 
output clean-up filter of i-f number 1 will not allow 
IMD products outside of its passband to be passed to 
the upconverter. 

In areas of high signal congestion, better selectivi- 
ty at the input may be more desirable. In this case, fil- 
ters are placed at the input of each i-f with one clean- 
up filter at the output-combining point of the system. 
This causes broader i-f noise and IMD output and 
loses some of the advantages of shutting off unused 
i-fs to reduce output bandwidth. 

Last, unlike fm repeaters, an LT will likely see posi- 
tive feedback or regeneration when there is insuffi- 
cient TXIRX isolation because of poor shielding, fil- 
tering, or inadequate duplexers. This shows up as 
what most people would term distortion, though it is 
really regeneration or noise pumping. Oscillations 
can also occur. Squelch and COR setting can also be 
aggravated as can the ratio of AGC to noise floor. 
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summary 
Current exploration of narrowband modes by the 

FCC, coupled with our understanding of the band- 
width, DX, and multipath advantages of SSB, now 
make the time right for hams, as the most experi- 
enced users of VHFIUHF SSB, to contribute once 
more to experimentation and expansion of the state- 
of-the-art. Building an LT is, at least, challenging, 
and, at most, could help develop a new technology. 

I would be happy to assist anyone wishing to build 
an LT. For a complete set of schematics of the NBC 
LT, send $1.50 and a large SASE directly to me. I'll 
also respond to questions; just enclose an SASE with 
all inquiries. 

notes 
(a) FCC practice in fm and TV broadcasting is to  give the name 
"translators" to stations that receive signals and change them to another 
frequency to extend coverage. AMSAT and many satellite agencies tend to 
use the term "transponder." My feeling is that after many years of such use 
in aviation, "transponder" has come to mean a device that returns a 
specifically coded signal when interrogated by a radar pulse; a "translator" 
merely translates, with no other modification or detection, an incoming 
signal from one frequency to another. 

(b) The two meter, in-band Linear Translator is located in Twaine Harte, 
California and provides 50 watts ERP at 144,521145.12 MHz in keeping with 
suggested ARRL Two Meter Band Planning. Information can be obtained 
by writing Neil Lewis, WBGVIV, 8119 Phaeton Drive, Oakland, California 
94605. For specific technical information, contact the author. (SASE re- 
quested in either case.) 

(cl This machine was taken off the air in 1981 for modifications and has 
been overhauled to act as a development LT for Project OSCAR'S SYN- 
CART satellite project. It should be back on the air by the time this is 
published, with input at 1296.3 MHz and 145.7 MHz with output at 435.415 
MHz. Inquiries concerning it should be addressed to Project OSCAR, c/o 
the author at his home address. (SASE required.) 

(dl Fm receiver selectivity = 18 kHz, typical SSB receiver selectivity = 2.4 
kHz. typical SNR improvement (SSB over fml = 10 log 1812.4 = 9dB. 

(el Note the 9-dB bandwidth advantage (particularly below threshold for 
fml coupled with the additional 6 to 18 dB SNR improvement given by use 
of ACSB. This offsets most, if not all, of fm's noise-limiting capability. 

(1) Sensitivity improvement = 10 log 20110 = 3 dB. 

(gl This proposal has been reworked recently by AMSAT Canada and Pro- 
ject OSCAR. The original host launch was cancelled due to delays in the 
Space Shuttle program. Two possible upcoming launches will not allow 
time for a SYNCART-style transponder to be developed. Work continues, 
however, on SYNCART development for possible later launches. 

(hl This section, although describing an LT design, can be used to improve 
fm repeater designs. 
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amplifier power supply 

An improved method 
of providing dc voltages 
to GaAs FET amplifiers 

It has long been recognized that certain semicon- 
ductor devices require a pair of voltages of opposite 
polarity for proper operation. Amateurs have begun 
using one of these devices, the gallium-arsenide 
field-effect transistor (GaAs FET), in low-noise pre- 
amplifiers on the bands above 100 MHz. But the (N- 
channel) GaAs FET requires that a negative voltage 
always be present between its gate and source leads 
whenever a positive voltage is present between the 
drain and source leads of the same device. Failure to 
provide the negative gate-source voltage ( - Vgs) be- 
fore the positive drain voltage ( +Vds) is provided 
leads to the destruction of the device. 

single dc lead 
The problem of providing gate-source bias voltage 

at a time no later than the drain-source voltage is pro- 
vided, is rather easily solved if both positive and neg- 

ative voltages are available for the amplifier. How- 
ever, because full advantage of the low noise-figure 
of a GaAs FET preamplifier is obtained only if the am- 
plifier is mounted at the antenna feed, it is often un- 
desirable to provide three dc wires ( +  voltage, - 
voltage, and ground) to the antenna-mounted pre- 
amplifier. A preamplifier can be operated with a sin- 
gle positive voltage if some form of self-biasing con- 
figuration is used. Typically, self-bias is provided by a 
resistor from the device source lead to ground; how- 
ever, a very low-loss bypass capacitor must parallel 
the source resistor to effectively place the device 
source lead at rf ground potential. The bypass capac- 
itor is generally of the chip capacitor type, and may 
often be self-resonant at the Amateur band of inter- 
est.' However, as the frequency of use is increased 
to beyond about 3 GHz, even the best available by- 
pass capacitors add undesired reactance; the GaAs 
FET device is best operated with the source lead con- 
nected directly to the circuit ground. When this con- 
nection is made, the pair of opposite-polarity volt- 
ages are again required, and the problems of power 
supply sequencing and number of supply wires are 
again encountered. Because it is very desirable to 
provide a single voltage, generally of positive polari- 

By Geoffrey H. Krauss, WAZGFP, 16 Riviera 
Drive, Latham, New York 121 10 
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POLARITY  

ty, along the inner conductor of the coaxial cable to 
the preamplifier output, with the coaxial cable outer 
shield providing its normal ground connection, some 
form of power supply at the preamplifier is neces- 
sary to provide both polarities of voltage in proper 
sequence. 

My fail-safe power supply (fig. 1) was developed 
to solve this problem (and was subsequently found 
to be novel enough to be granted a patent in the 
United States). It is, in some ways, very much similar 
to the power supply described by Norman Foot, 
WASHUV, in an earlier issue of this maga~ ine .~  My 
patented circuit has several features worth consider- 
ation by anyone planning to power a GaAs FET pre- 
amplifier from a single polarity voltage supply. 

I N P U T  - 

GaAs requirements 
Consider first the voltage and current requirements 

of a typical (low-noise) GaAs FET device: Vg, usually 
must never exceed - 6  volts, at a very small current 
(generally less than 1 microampere); Vds is generally 
about + 3 volts at about 10 milliamperes in operation 
and must generally never exceed + 6 volts or a maxi- 
mum current of 50-100 milliamperes. It is important 
to reduce the supply voltage to a voltage no greater 
than the 6-volt maximum voltage, as soon as possi- 
ble in any proposed power supply. This maximum 
voltage V,,, is provided by an input polarity regula- 
tor, utilizing a 78L05 integrated circuit. The input po- 
larity regulator is itself protected from receiving an in- 
put voltage of improper polarity by the use of a so- 
called "idiot diode", CR1. An input capacitor, C1, is 
used to prevent input voltage surges when the power 
supply is in the presence of a larger rf field (as may 
occur with the power supply at the antenna). The in- 
put polarity regulator device U1 is suitably bypassed 

P O L A R l T "  
4 

C O N V E R T E R  
POLARITY  

VOLTAGE 

a 

and is protected from reverse voltages, during 
power-down, by diode CR2. The net result is a posi- 
tive voltage at test point TP1 which is less than the 
maximum safe drain voltage, provided at a very early 
point in the power supply, and protected against 
both reverse-polarity and overvoltage faults by di- 
odes CR1 and CR2. 

The positive voltage is converted to a negative 
voltage in a polarity converter using a relatively new 
integrated circuit, Up, the ICL7660 from Intersil, Inc. 
The ICL7660 requires only two associated compo- 
nents, the pair of 10 pF capacitors Cq and C5, in order 
to generate a negative voltage at test point TP2 of 
about -4.5 volts. While I have tried the polarity con- 
verter circuit using a 555 timer integrated circuit, as 
suggested by WASHUV (and the 555 timer circuit 
does work as intended), the three-component circuit 
of f ig. 2 is somewhat simpler, more compact, and 
more reliable. The negative output voltage is of al- 
most the same magnitude as the positive input volt- 
age and requires neither a voltage doubler nor opera- 
ting voltages greater than the maximum voltage of 
the GaAs FET, a preferred feature in case of compo- 
nent failure in the polarity converter. 

Because the amplifier noise figure and, to a some- 
what lesser extent, the amplifier gain are directly 
related to the device drain current Id (set by the gate 
voltage Vgs), the converted-polarity voltage must be 
highly regulated. The converted polarity regulator 
uses a series resistor, R1, and a zener diode, CR4, to  
provide this regulated voltage; -3.3 Vdc is provided 
at test point TP3. The zener diode CR4 also prevents 
a positive voltage from ever appearing at the device 
gate. CR4 is shunted by filter capacitor C6 to remove 
any noise components generated by the zener. The 
regulated negative voltage appears across potenti- 
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ometer Rp, which is adjusted to set the amplifier 
device voltage - Vg, 

I T P I  T P 3  
CRP 0 I C. 10°F 

I I 

failure mode protection 

+ I 5  VDC 

The input-regulated voltage V,,, and the convert- 
ed-polarity regulated voltage at test point TP3 are 
used in an original-polarity fail-safe voltage generator 
subcircuit to  provide a positive voltage for the ampli- 
fier device drain circuit only if the negative amplifier 
device gate voltage is present. Reason dictates that a 
switch, transistor Q1, is open until the negative volt- 
age at TP3 is present; that is, when the 0,-Q3 circuit 
of fig. 2 fails in an open condition, with voltage and 
current not supplied to the subsequent original-polar- 
ity regulator subcircuit, which uses zener diode CR6. 
Compare this approach to that of the crowbarlregu- 
lator U2 circuit discussed in WA9HUV's article, in 
which failure of the crowbar circuit no longer reduces 
positive regulator Uq input and thereby allows posi- 
tive drain voltage to continue to be supplied to the 
amplifier device. My original-polarity fail-safe genera- 
tor uses a Schmitt-trigger circuit (transistors Q2 and 
Q3, zener diode CR5 and resistors R5-R8). The 
switching input voltage of the trigger is determined 
by the setting of potentiometer Rg, and operates as 
follows: if the proper -3.3 Vdc is present at TP3, 

then the voltage at trigger input test point TP5 can be 
adjusted to be sufficiently close to the zener voltage 
of diode CR5, so that transistor Q3 is cut off. The 
voltage at the base of transistor Q2 is then greater 
than the voltage across zener diode CR5, and transis- 
tor Qp is saturated, turning on transistor Q1 and al- 
lowing a current, set by resistor R4, to flow into zener 
diode CR6. This provides a regulated +3.3 volts at 
positive regulator test point TP6. If the negative volt- 
age at test point TP3 decreases, for any reason, by 
an amount determined by the setting of potentiome- 
ter R9, the voltage at test point TP5 increases (be- 
comes more positive) by an amount adjusted to raise 
the base of transistor 0 3  above the voltage of zener 
diode CR5. Transistor 0 3  switches into saturation 
and transistor Q2 switches into the cut-off condition, 
cutting off current flow through transistor Ql  and 
reducing the voltage at positive regulator test point 
TP6 toward zero. 

Resistor R1 can be selected, in the 100-500 ohm 
range, to cause one of two results to occur when the 
fault condition causing the negative regulator test 
point TP3 voltage to be less than the design value is 
cleared. For lower values of resistor R1, clearing of a 
fault (such as a short across zener diode CR4) causes 
the trigger to reset and the circuit to return to normal 
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operating condition. For higher values of resistor R1, 
clearing of a fault and return of the TP3 voltage to 
about - 3.3 Vdc can cause the positive drain voltage 
to remain at about 0 volts until the main input power 
is removed and reapplied. This latter condition, 
somewhat dependent upon the setting of potentiom- 
eter Rg, is observable if the total current into the 
power supply is monitored. It can be useful in provid- 
ing an automatic fault alarm, even while the device is 
being protected by the application of a safe negative 
Vgs and simultaneous removal of Vds. 

The amplifier device drain voltage Vds is set by po- 
tentiometer R11 in conjunction with fixed resistor 
R12. Typically, the drain voltage Vds has an effect 
upon the amplifier noise figure and gain, although 
this effect is somewhat less than the effect of varying 
the device drain current, which is varied by adjust- 
ment of the gate voltage - Vgs at potentiometer R2. 

One problem which will be encountered, but was 
not addressed in WA9HUV1s article, is the possibility 
of voltage spikes occurring at the oscillation frequen- 
cy of the polarity converter subcircuit. These spikes 
are generated by the squarewave switching inherent 
in either the 555 timer or ICL7660 converter integra- 
ted circuits. The first step necessary to prevent these 
spikes from showing up at either the amplifier - Vgs 

/ TP4  I TPo 

input at test point TPa, or the drain voltage + Vds in- 
put test point TPb, is to build the power supply in a 
separate shielded box mounted next to the preampli- 
fier shielded box. The negative and positive voltages 
are then run through short, shielded wires to the pre- 
amplifier input feed-through capacitors FT. As a sec- 
ond step, the converter "hash" is suppressed by a 
T-section lowpass filter (L1, C8 and Cg or Lg, C12 and 
C13) placed after adjustment potentiometers Rg and 
R1 l .  Ideally, each of the filters should be in its own lit- 
tle shielded enclosure within the main power supply 
shield enclosure. 

The additional circuit of diode CR3 and capacitor 
C7 is an added protective measure. During normal 
operation the voltage drop across diode CR3 will pro- 
vide a maximum gate voltage of slightly less negative 
magnitude than the Zener voltage of diode CR4. The 
voltage drop across diode CR3 is substantially 
constant and the initial setting adjustment of poten- 
tiometer Rg takes this voltage drop into account. 
However, during power supply turn-off, under either 
normal operation or because of a decrease in the 
voltage at TP3, the previously-charged storage 
capacitor, C7, maintains a sufficiently negative volt- 
age at the gate output to prevent destruction of the 
protected device while the voltage at the drain con- 
nection rapidly falls to zero. Typically, drain voltage 
will fall to zero in under ten milliseconds, while the 
voltage at gate test point TP4 requires about one sec- 
ond to fall to zero magnitude, providing an additional 
degree of GaAs FET protection. 

I 
I 
I 
I 
I 

circuit test 
The circuit test should be carried out before the 

power supply is connected to the companion pream- 
plifier, A dc load resistor, RL, is connected to ap- 
proximate the desired amplifier device drain load. For 
a typical 3.0 Vdc drain voltage at a typical 10 milliam- 
pere drain current. R L  is a 300 ohm, 118-watt resis- 
tor. Since the amplifier device gate electrode does 
not draw any appreciable current, the gate end of 
series-protection resistor Rg is left open. 

Apply a positive voltage in the 8 to 15-volt dc range 
to the power supply input and check for the follow- 
ing voltages, using a voltmeter with at least 20K ohm 
resistance (all voltages are f 10 percent): + 5.0 Vdc 
at TPI; about -4.5 Vdc at TP2; and -3.3 Vdc at 
TP3. The voltages at TP4 and TPa should be variable 
from zero to about - 2.8 Vdc, which is less than the 
voltage at TP3 because of the drop in diode CR3. 

The positive-polarity portion of the power supply is 
tested by adjusting potentiometer R9 until a 3.3-volt 
dc level appears at TP6. The operation of the fail-safe 
generator subcircuit is tested by temporarily placing 
a short circuit from TP3 to ground and noting that 
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the voltage at TP6 falls to zero. Some adjustment of 
potentiometer Rg, while monitoring the TP5 voltage, 
may be required to obtain the proper operation of the 
trigger circuit. Potentiometer R l l  is then adjusted for 
the desired target drain voltage at TPb, with the 
dummy drain resistance, RL, connected. 

As a final check before connecting the power sup- 
ply to the amplifier, monitor the TPa and TPb volt- 
ages with an oscilloscope (preferably starting at one 
volt per division and working down to the greatest 
sensitivity possible) and look for spikes in the kHz 
repetition frequency range. If such spikes should be 
found, increased values of the lowpass filter com- 
ponents may be necessary. 

applications 
The fail-safe preamplifier power supply has been 

used with, among other circuits, a *-network in- 
putloutput preamplifier for 1296 MHz.3 A number of 
different GaAs FET devices were tested; optimum 
noise performance could be obtained by varying the 
potentiometers R2 and R1 1 in a noise-figure measure- 
ment test setup. The same devices in the same pre- 
amplifiers were also tested with a source-resistance- 
biasing scheme; a small but discernable increase in 
noise figure was found above the case where the de- 
vice source leads were directly grounded and the fail- 
safe power supply used. 

A very-low-noise receiver was built at 3456 MHz, 
using a simple single-balanced mixer4 built on G-10 
printed circuit board stock and garden-variety mixer 
diodes (HP2810). While the use of G-10 board is not 
recommended at this frequency, and resulted in a 
mixer conversion loss of about 13 dB (and a noise fig- 
ure estimated at about 15 dB), a two-stage GaAs FET 
preamplifier with 29 dB of gain completely overcame 
the mixer noise. The preamplifier is almost identical 
to a well-known TVRO ~reampli f ier,~ with the excep- 

mixer) gain is about 16 dB, with a total noise figure of 
about 1.1 dB. This illustrates that the poor mixer 
specs are, in fact, overcome by the superior gain of 
the preamplifier. 

conclusion 
A power supply circuit requiring only a single 

polarity of input voltage, yet offering a high degree of 
fail-safe protection for GaAs FET amplifiers - espe- 
cially for the microwave Amateur bands - is now 
available. Any questions addressed to the author 
accompanied by an SASE will be answered. 

license grant 
United States patent laws prevent anyone, unless 

specifically licensed by the patent owner, from 
''making, using or selling" any circuit covered by the 
claims of my U. S. patent 4,320,44Z this includes the 
circuit of fig. 2 as well as the circuit used in reference 
2. The patent owner, being the author of this article, 
therefore expressedly grants a non-assignable license 
to any licensed Amateur Radio operator in the United 
States of America, to make and use the fail-safe 
amplifier power supply covered by the claims of U. S. 
L etters Patent 4,320,447 for use with amplifiers oper- 
ating only in the authorized U.S. Amateur Radio 
bands and only for Amateur Radio activity. This 
limited license cannot be sub-licensed. Use of the cir- 
cuit covered by the claims of patent 4,320,447 with 
amplifiers operating on non-Amateur bands or for 
non-Amateur use, or the sale of the circuit for any 
use, are all expressedly excluded from this license; 
grants and terms of such licenses can be discussed 
directly with the patent owner. 
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THE SANTEC TRIO 
144,440, and now 220 MHz! 
The Santec ST series of  handheld trans- 
ceivers is n o w  complete1 With the intro- 
duction o f  the n e w  ST-22OIpP which 
covers 220.000 - 224.995 MHz in 5 kHz 
steps, Santec brings its unparalleled tech- 
nology and quality t o  a third complete 
band. N o w  you can get it right on  three 
bands with Santec. 

All of  the little Santec ST radios are identi- 
cal in form and features, varying only in 
power output and individual band charac- 
teristics. All share: 10 memories with stored 
offsets; priority memory scan; 24 hr. format 
clock; three output power levels; w ide 
band operation; l o w  "quiet time" standby 
drain; three modes of  bandscan; and a full 
t w o  year extended service plan. N o w  
there are three great handhelds which get 
it right the Santec way1 
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1'- 
"satellite w 
Basics" VHS video tape 
Now you can use your VCR to learn an 
about satellite TV! This full color VHS 
v~deo cassette covers the principles of 
satellite TV, equipment and programming. 
Running time: 12 min. 

I 

I 

~ 

49-95 LI.1 Pr(a 70.05 
Ihm No. WLWI 

Add 1.40 mhlpplng L hmndllng 

L 

Complete I 0  ft. satellite 
TV  system now $1395.' 

Ll8l Prlw 2595.00 Itom No. SAT44321C 
Shlppmd Motor Fnlght Colloct 

10 FOOT PARABOLIC 

What the system will do: 
Receives up to 60 channels of TV direct from satellites to 
your home receiver. Movies, sporting events. religious pro- 
grams. other TV stations and much more. 

What the system Includes : 
1. A 10 foot parabolic antenna made ,of reflective metal 
bonded with fiberglass. Weather-resistant and vktually 
maintenance-free. Comes in 4 sections. 
2. Polar mount. Includes azimuth and elevation adjustments 
for precise satellite-to-satellite backing. 
3. LNA mount complete with rotor. Enables LNA to be 
remotely positioned for horizontal or vertical polarity. Con- 
trol console included. Extension tubes, extra. 
4. KLM Sky Eye V satellite receiver. Features the latest in 5- 
single conversion electronics, a large signal strength 
meter, video invert and variable audio subcarrier tuning 
(5.5-7.5 MHz). Remotely powered downconverter includ- 
ed for mounting near the LNA and dish antenna. Optional 
RF modulator available. 
5. Amplica low noise amplifier. Rated at 1 20° K, uncoded. 
Takes the weak s~gnals reflected from the dish and brings 
them up to a level usable by the downconverter. Uses 
GaAs FET transistors for maximum performance. Powered 
through the coax feed line. Cast aluminum, weatherproof 
housing. 
6. Scalor feed hom. Provides 0.5 dB gain improvement 
over conventionel rectangular types. Virtually eliminates 
system noise. 

"The 
World of 
Satelllte 
Televlslon" 
The handbook that provides all the infw- 
mation you'll need to selecting, installing 
and troubleshooting a satellite TV system. 
Explains what's up there to see and how 
to find it. 

8-95 Imw.mocrrmmu, 
Add 1.40 .hlgp(ng L Iundllng 

"Bulld a 
Personal , , - 

Earth 
Statlon for 
Worldwide 
Satelllte 
TV Rece~tlon" 
Shows how to select a site for your 
system, choose equipment. as well as 
how to build one from scratch. Also 
features programming information. 
Thorough and well illustrated. 

9-95 Ibm m. BoOTAB140S 
Add 1.40 dlpplng L Iundllng 

MAIL ORDERS: 2700 CRESTWOOD BLVD. BIRMINGHAM, AL. 35210@SHOWROOM: 3131 4TH AVENUE SOUTH, BIRMINGHAM. AL. 35233 
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I Super buys from Long s. 1 

Commodore 64 personal computer 
This Commodore gives you more power and more capabilltles Commodore VIC-1701 13 inch color m0nlt0r 
tharl any other home computer. It has 64K memory, full size Full color, 13 inch monitor designed for use with the Com- 
typewriter-style keyboard and built-in BASIC language. Use it modore 64. WC-20 and most other personal computers. Of- 
for business applications, education, or entertain the whole fers 320 lines of resolution for sharp displays. Built-in amplifier 
family with exciting v~deo games. and speaker. Direct videolaudio inputs. 

249.00 LI.1 P h  595.00 I1.m No. C o w 4  299.00 nm NO. COMVICI 701 
Add 3.74 ahlpplng L handllng Add 8.03 ahlpplng L handllng 

display. i t  covers 142-1 49 ~ ~ z a n d  may be pr&&mmed to7scan oniy a poition of 
the 2 meter band. Also included is a 16-key autopatch mic with upldown control ~1st W. 388.96 11.m NO. KEWTY201 
and a high quality external speaker. Power requirement: 13.8V DC. ~ d d  2.08 ahlpplng L handllng 

Call 
la Free lm8O0m 633 3410 

IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY 
More Details? CHECK-OFF Page 110 fl  161 September 1983 39 



.,. ,... Y 2-4. ("' $399 
6 - * High resolution and color video 

* 10 watts output 
* Broadcast standard sound 

TC-1 
Connect to the antenna term~nals of any TV set, add a good TVC-4 

TXA5-4 Exc~tertModuiator . . $85.00 ppd. • FMAS Audlo Subcarr~er Generator 529 00 ppd 
W r t . ~ !  an0 lr i lrf l  nloi!trl(' at2>$qnel: ' Orlvr i A C ,  11 n.It1 I , I t y , ,  :.: 8 1 , ' :  i t l t . ,  ,+, ' ,I<. : I,d(t..:L.i ,I #(I,. 

111\e,~t di~l~li l~er The 100 M' l?  crystdl destqn rpcus r'.lr dl .: ', r:tli P u t \  oirt ' i' p II lo  ewe I r k ;  HequirF5 
low 2 m ~ k ?  1% l o  h0O It and 1,' lo 18 VL)L (rr 2: 1114 

Works wIn any Ir.~n~m~tter wlln > MHz v~oeo hand- 
wlaltl 

$45.00 ppd. PA5 10 Watt ATV Power Amplilier . $89.00 ppd. 
Itle PA', w111 put OUI IU walls HMS power oil synL. l~ps 
wlten flclven w ~ l t i  80 niw by the I XAL, excller 50 ohms 
111 and out plur Dallow~dlh lor ltle whole Darld wlth good 
llneartly lor color and sound Requ~res 13 8 VDC fey 01 
3 amps 

Call or write for our complete catalog of specifications, station setup diagrams, 
NF) an1 rnounl and optlonal accessories whlch Include: antennas, modulators, test generators, 

cameras and much. much more. See Ch. 14 1983 ARRL Handhonk . - - - - . . . 
Let P.C. put you on the air and SAVE! TERMS: VISA or MASTERCARD by telephone or mail, or check or money order by 

mall All prlces are delivered In USA. Charge orders normally shipped withln 24 

All four modules - hours. Personal checks must clear Ilrst. 
(21 3) 447-4565 

Complete System price $235.00 
SAVE $27.00 over price if purchased individually 

P.C. ELECTRON ICS 2522 paxson ~ a n e  
Tom WGORG Maryann WBGYSS Arcadia, California 91006 

ONLY Vector kits contain: 
l Positive photo-resist coated AND uncoated copper laminate-no 

messy photo-reversal-no spaying, dipping, or baking. 
@ 4  ty pes of art a~ds: rub transfers, ink, tape, cut and p0f~l-use 1 or all. 

1 :1 circuit art rub transfers-lC sets, pads, lines, connectors, 
symbols. letters, and numbers. 

Everything included-just add water md sunlampa bn@t sunshine. 
I Liquid etchant and developer-no dry chemical mixing problems. I 

Process choices-make circuit on copper and etch for 1 card. 
Make circuit on film, expose, develop and etch for 1 or many cards I 

oper - 1 , 
hant - 

SXA-1 k11 makes 7 PC cards 146.41 J 2 X . l  starter MII mmkes 2 u r n s  s11.24 / If not avaltable laal ly  railory w i n - ~ n r l u a e  r3.00 snlppln~, US.  in!, 
RIRI subtect I D  cnanpe wltnout nollce I 

510171 

Vector Electronlc Co.. 12460 Gladstone Av.. Sylrnar. CA 91 342 

fl 193 
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I.D. BADGES 
No ham should be w~thoul an I D badge 
It s lust the lhlng lor club meet~ngs, con- 
ventions dnd get-togelhers, and you have 
a w~de cholce ol colors Have your name 
and call engraved In e~ther standard or 
scrlpt type on one ol these plastic laml- 
nated I D badaes Wear 11 w ~ t h  orldel 
Ava~lable In the tollow~ng color comblna- 
l~ons (badge/lelter~ng) whllelred, woodgra~nlwh~te, bluetwhite. 
wh~te/black, yellow/blue, redlwh~te, greenlwh~te, metallic goldtblack. 
metall~c s~lverlblack. 

UlD Engraved i D. Badge $2.50 

HERE'S A GIFT IDEA! 
HOW about an attracllve BASE- 
BALL style cap that has name 
and call on 11 It 's Ihe perfect 
way to keep eyes shaded durlng 
Fleld Day. 11 gives a jaunty alr 
when worn at Hamlests and 11 IS 
a great help lor lr~ends who have 
never met to spot names and 
calls lor easv recoanlllon Great 
tor b~rthdays'. annGersarles, spe- 

cial days, whatever occaslon you want 11 lo be Hats come In the lollow~ng 
colors GOLD. BLUE. RED. KELLY GREEN Please send call and name Imax- 
lmum 6 letters per Ilne) 
OUFBC-81 $5.00 

REGULAR PRICE HAT AND BADGE $7.50 + SHIPPING 

SPECIAL $6.49 
SAVE $1.00 

Please  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  hand l ing .  

H A M  RADIO'S BOOKSTORE 
GREENVILLE, N H  03048 / 142 

(603) 878-1 441 



ham radio 
Just about the time you are reading 
this column, the summer static level 
should be dropping off and the low 
frequency DX bands should be com- 
ing back to life. Low frequency DX 
conditions should improve during the 
next few years as the sunspot count 
continues to drop. This means that 
the 160 meter band will be a good 
performer for a number of years. 
Some Amateurs have stuck to 160 
meters, year in and year out, but 
many of the newer Amateurs are not 
yet aware of the DX possibilities of 
this band. 

A majority of the new transceivers 
have incorporated the 160 meter 
band and the 1983-84 winter season 
promises to be a good one for this 
venerable Amateur band, with a high 
level of activity. 

the 1983184 DX season 
on 160 meters 

The number .one DX operator on 
160 meters is Stew Perry, WlBB, 
who has been active in that portion of 
the spectrum since 1920! (See figs. 1 

fig. 1. Stew Perry, WlBB, on the alert for 
160 meter DX in 1920. Transmitter is a 
single tube oscillator, modulated for a-m 
phone. Running 35 watts, Stew quickly 
discovered the thrill of working DX. 

fig. 2. The 160-meter flat-top antenna of 
WlBB in 1920. This was a Marconi affair, 
working against a good ground. Even in 
the 1920's. Steve was an old-timer, since 
he'd been licensed since 1912. (He's now 
celebrating his 71st year on the air!) 

and 2.) 1 asked Stew what he thought 
about the forthcoming season and 
this is what he said: 

While I've not been very active 
recently, I've made a few good con- 
tacts this year (4X4NJ-Israel, 
PYlARS-Brazil, and others). I think 
conditions seem quite sound and feel 
"right" for a good season. In spite of 
some changes, it still is the "gentle- 
man's band", where folks are friendly 
and cooperative, without so much 
push and shove! 

By its nature, you're forced to 
work DX the hard way, at all hours of 
the day and night for world cover- 

age. Sunset and sunrise (local time) 
are excellent periods, full of good DX 
surprises. 

As far as antennas for the "top 
band," the best receiving and 
transmitting antennas are required 
for top results, but you will be sur- 
prised what can be done with a sim- 
ple inverted-L Marconi, or a Sloper 
with a good ground system. 

Come on down to 160 and meet 
some fine guys. 

FCC rules and regulations 
A collection of the FCC rules and 

regulations governing ham radio fills 
a thick notebook! Is it all worth the ef- 
fort? Let's return again to the simple 
regulations of the Federal Radio 
Commission of 1927 (fig.3). Think of 
how many problems these simple 
rules would solve. As a famous phi- 
losopher once said, "I have seen the 
past, and it works!" ' 

horizontal versus 
vertical antennas 

I am still getting mail on my com- 
ments concerning horizontal versus 
vertical polarization for simple high 
frequency antennas (October, 1982, 
and April, 1983). A recent letter from 
my friend Win Wagener, WGVQD, 
says, in part: 

Too many people discuss the pros 
and cons of polarization without a 
good understanding of what is in- 
volved. It is not a simple question of 
which is better, a vertical or a hori- 
zontal antenna; but a need to consid- 
er the full environment of the anten- 
na system. 

Too many articles on the effect of 
the surface of the earth in the vicinity 
of an antenna assume a perfectly 
conducting and flat surface for the 
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Ootobw 18, 1987. 

Buprrvisorr of Radio and Others Conoorn~dt 

For your information and guidanoe the Federal Radio Commission has 
established the following regulations governing the lioonsing and operation 
of amatour radio stationar 

illmatour radio atatione are authorized for aommunication only with s101- 
i l a r l ~  liaansed stations and on wavelengths or frequenoiea within the t o l l o r  
ing band8 r 

lilocyolee Meters Kilooyclet~ Yetors 
401,000 to 400,000 0.7477 to 0.7496 8,000 to 7 000 37.8 to 4E.8 
64,000 to 66,000 4.69 t o  6.36 4 + 0 0 0 t 0 3 , 6 0 0  76.0t0 88.7 
16,000 to 14,000 18.7 to 21.4 ZlOOO to 1,500 150.0 to 200.0 

and st all tlmee unleso interference is caused with other radio oervicer, in 
which event a silent period must be observed between the hours of 8 ~ 0 0  p. m. 
and 10830 p. me, looal tima and on Bundays during loaal ahurah servioes. 

Amateur radio telephone operation wtll be pemitted only in the follow- 
ing bend6 t 

I(llo0~01~s Meters 
64,000 to B6,000 4.69 to 6.88 
14,000 to 14,000 20.68 to 21.4 
e,ooo to 1,580 160 to 190 

Spark transmitters will not be authorized for amateur use. 

Amateur stations must use circuits loosely coupled to the radiating 
system or deviora that will produoe equivalent effects to minimiso key iar 
p~ct8, hnmonias and plate supply modulations. ConducL,ive coupling, even 
though loose, will NOT be permitted, but this restrlotion shall not apply 
against the employment of transmieston line feeder systemo to Hertzian 
an9,nnaa. 

Amateur ststions are not permitted to communicate with commeroial or 
govorment stations unlese authorized by the licensing authority exoept in 
an emdryencv or for testing purposes. This restriction doae not apply to 
aomunicatlon with small pleasure oraft such as yaohte and motor boatn hold- 
ing limited oomrnercial station liobnses whiah may have difficulty in eetab- 
lishing communication with oommercial or government statlane. 

Amateur stations are not authorize< to broadchat news, musio. leoturor, 
sermons or any other form of entertainment. 

No person shall operato an amateur station except under and in accord- 
ance with at operator's license i s ~ u e d  to him by the Secretary of Commerce. 

W. D. TlWUEJL. 

rk Chief, Radio Divf sion. 
fig. 3. Early FCC regulations were simple, straightforward. 
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mathematical calculations. Unless 
the antenna is located above salt 
water (bay, tidal land, or ocean), 
which gives a flat, low-loss surface, 
the real earth is usually quite differ- 
ent and does not meet this require- 
ment. 

Calculations for the radiation in- 
tensity at different vertical angles 
from an antenna are based on com- 
bining the direct radiation from the 
antenna at a particular wave angle 
with the wave reflected from the 
ground. Wave reflection takes place 
at a distance from the antenna which 
varies with the particular angle of 
elevation being studied. For a high 
angle the reflection area is near the 
antenna, but for low angles the area 
of reflection is more remote, and for 
nearzero takeoff, that area is many 
wavelengths from the antenna. 

For vertical polarization at low 

angles, the absorption of energy by 
the earth increases with ground loss 
for some distance from the antenna. 
There is considerably less ground 
loss upon reflection when antenna 
polarization is horizontal. 

In addition to the need in real life 
to  consider the effect of ground loss, 
the surface of the earth is often not 
flat, but hilly out to a thousand feet 
or so from an antenna. This must be 
taken into consideration. If, for in- 
stance, the radiation from an anten- 
na system fifty feet above a flat sur- 
face is desired at an angle of five 
degrees elevation, the earth surface 
involved in the reflection area is five 
hundred to six hundred feet away 
from the antenna. If  the ground 
slopes away from the antenna, the 
reflection area is closer and if the 
ground rises, the area is further 
away. 

In my case, near the top of a ridge 
with thin topsoil and shale below, 
slopers and phased verticals seemed 
always below the performance of a 
halfwave horizontal antenna. 

Win brings up a good point. Anten- 
na reflection drawings in handbooks 
and articles are comforting, but they 
assume a perfectly conducting 
ground surface. In actuality, the "lay 
of the land" within five hundred feet, 
or more, of your antenna determines 
the actual reflection pattern. 

Many Amateurs, surrounded by 
other people's houses, telephone and 
utility wires, and television antennas, 
can only guess at the angle of takeoff- 
of their signal as the reflecting ground 
surface is obscured. So don't take 

-+( p 12.5 Dia 

Dimensions In mm I 
fig. 4. The unusual 2 meter Yagi beam designed by GGAFJ. Note that the driven element is folded back upon itself at the tips. 
Does this provide a good match for the 50 ohm transmission line? Try it and see! (Dimensions are in millimeters.) Illustration 
from Practical Wireless. 

September 1983 43 



Zenith Tuners 
9-151-03C 

In Stock $79.95 

FV3 Restorer 
P.C. Board 

In Stock $30.00 

Deluxe Aluminum 
Cabinet 
$24.95 

I Also available for restorer IC chips, power supply kit, coils, 
and edge connectors. 
To order call 1-800-433-5169 Information 1-81 7-460.7071 

I P. 8. Radio Service 
1950 E. Park Row 

Arlington, Tx. 7601 0 
We accept Visa, Mastercard and COD. 

I Orah? T l i  >2 Ldlayell~ HA 14F 
f Or Clrake TH 33 rec  only M4dland 13 Y)S 

Drake TR 72 Midland 13500 

1 IF YOUR RADIO IS A NEW MODEL - PLEASF INOUIRE FOR 

F HFOUENCIF5 LIYE STOCK 

6.017 6.257 6.66R 7.787 
6.61R 6.85R 0.68T 7.18R 

ReqrncyHRlMS 6 077  6.287 6 . 6 8 R  7.81T 
H e a l h k ~ l H W M ?  6.61R 6.88R 6.947 7.21 R 
S r r s  3573 6 1 0 1  6.317 7.607 7. 4 7  
s l n n d a r d l ~  6 7 0 R  6.91 R 7.00R 
T r r n p o  FMH ::::A ::::A ::::& 7.17R 
Tr,olKenwMd TI32700 
TrlNK~nw~~dTR7~110 ::933: ::60:: 
Y a w  FT M?R 7.937 

6.46. 7 . 7 1 ~  7.961 
PRICING AND DELIVERY 6.521 7 . 1 2 R  T::;? 

7 3 4 R  

I ANY TWO METER FREQUENCY OR RADIO CRYSTALS ARE $3.95 EA. 
NOT LISTED CAN BE SPECIAL ORDERED IF RADIO AND FREQUENCY 

FOR $5.00 IS LISTED IN AD 

WE A L S O  S U P P L Y  MICRO-PROCESSOR C R Y S T A L S  
PHONE ORDERS ACCEPTED 

(617) 294 - 1553 
CRYSTAL CO. " l o *  MON.-FRI. - 5:30 P.M.-9:oo P.M. - check, money order. Masler Charge or Visa Orders prepa~d 

P EMBRO K E, MA. 02359 & are shlpped postage pad Crynfals are guaranteed tor l ~ l e  

2-12 MHz USB I TRANSCEIVER I 
I RT-671/PRC-47 T R A N S C E I V E R  - I 

2-12 Mh2 USE 
(vmcelCW + 800 
HZ) In 100 Kh7 
steps. 20 or 100 
wans PEP. Par- 
t~ally transistor- 
lzed Collins-de- 
slgned set uses PL I i i W 4  lunrl I I  i ' h  l+qulres 
ellher 24 VDC 20 amps or 115 VAC 400 Hz  ower 
7x21 l h ~ 1 3 ~ h " .  45 Ibs sh Used-reparable 9375: 
W~th H-33 handset and AS-1320 lo wlre antenna $395. 
Manual, partlal reproduction 917 w/set purl l idse. 

PRC-47 ACCESSORY PACK, translt case wtth 
15  ' whip. speaker. headset, key, backpack harness. 
etc. 95 Ibs sh w! $55 w ~ t h  RT-671 purchase. 
Prices F.O.B. Lima. 0.  VISA. MASTERCARO Accaptsd. 
Allow for Shipping Send lor New FREE CATALOG '83 

Address Oept. HR . Phone: 419/227-6573 

FM 10 lnclu ,< \ + I r ,I I led aluminum 
chassis the deluxe ( YHFftNI 1 , t { y  (,]I( Lt3 board True 
FM dlscrlmln.llor k ~ t  crystal lacks pot5 hardware and a 
thorough lnslructlon manual 

HAMFEST SPECIAL '33.00 
Same as above, less c h a s s t s ,  hardware 

DISCRIMINATOR/DEVIATION KIT '12.95 
TEN METER FM HANDBOOK '4.95 , @ HElLSOUND,LTD. 

M a r ~ s s a .  IL 62257 
1 k ( h r k b o ~ a b b b 0 ~ ~ '  

I 
1 808 N. M a i n  S t ree t  E v ~ n s v i l l e ,  IN 477l1 

NEW FROM ICOM 
IC-751 

Full featured, all ,011d s1,ale Cornpet~t~on Grade 
Transceiver Transm~tter covprs all ham bands plus 
three new WARC bands H~cetver covers 100 kHz 
through 30 MHz too1 

Receiver: Senslttv~ty 2SrV lor 10 dB S/N.  J-FET 
DRM. 105 dB dynam~c range. 70 4 MHz 1st IF 
ellm~nates spurs 9 MHz 2nd IF features h ~ g h  
galn and PBT. IF notch, adjustable AGC and nolse 
blanker (for woodpecker loo) are lust a few of the 
features 

Transmitter: 200 wa l l s  PEP input SSB/CW. 
2SC2097 lrans~stors teature hlgh re l~ab~ l~ ty  in low 
IMD, -32  dB @ IOOW Internal coollng tan stan. 
dard. XI1 and h ~ g h  performance speech processor 
and much more 

And thsrs's own more: Dual VFO's, 32 memorles wlth Ilthium 
ballery lor seven year memory retention. scanning. FM 
board, wlde selectton 01 lllters 

This IS I value packsd unn. Call or wrnr todq lor men Infa. 
r /  143 I I 

For Olscount Prices on lcom radios or accsssorlss 
call Oan or Rick Mon.-Frl. 9-6 PM, Sal. 9-3 PM at 

GOT SOMETHING TO SELL? 
Try a classified ad in Amateur 
Radio's #1 magazine, ham radio. 

Non-commercial ads $.I0 per 
word. Commercial ads $.60 per 
word. No agency discounts al- 
lowed. 15% discount allowed 
for ads run 6 consecutive 
months without change. 33% 
discount allowed for ads run 12 
months without change. Pay- 
able in advance. Deadline 15th 
of 2nd prior month. 

From something simple to 
something exotic, ham radio 
readers are interested. And re- 
sults prove that they BUY! 

Send your ad in today. Send 
payment with order or give us 
your MasterCard or VISA and 
we'll charge your account for 
you. 
Name 

Address 

City 

State Zip 

Card Number 
MasterCard VISA 

Expires 1 HAM RADIO MAGAZINE 
Greenville, NH 03048 



the patterns seriously. In most cases, 
the higher the antenna, the better the 
DX results. And that's probably due 
less to the reflection angle of takeoff 
than to elevating the antenna above 
nearby conducting structures! 

the G6AFJ beam antenna 
for 2 meters 

Is someone pulling my leg? Or does 
it really work? (See fig.4.) This is re- 
produced from the February issue of 
Practical Wireless, a well-known Brit- 
ish publication. (Antenna dimensions 
are given in millimeters.) The note- 
worthy aspect of this three-element 
Yagi for 144 MHz is the unusual 
driven element, with its tips folded 
back upon themselves, presumably 
to provide a match to the 50-ohm 
line. G6AFJ says "the antenna can be 
tuned by altering the position of the 
bends in the folded elements to vary 
the gap." 

The driven element is made of "car 
brake pipe," a substance that is un- 
known to me, but I would assume 
that it is thin-wall copper tubing. It 
appears to be about 3/16 of an inch 
(5 mm) in diameter. 

In any event, the antenna is simple 
to make, and if any readers try out 
the idea, I'd like to hear about the 
results. 

trick. Advancement of time as shown 
on the "minute" LED is performed 
when the clock is turned on. For 
some obscure reason (don't ask me 
why) there is a built-in 30 second 
time-shift in the clock. The trick is to 
plug the clock into your power recep- 
tacle exactly 30 seconds after a WWV 
minute tone. If you do this, then 
when you set the clock to WWV the 
LED will advance exactly on the min- 
ute tone of WWV. Once you accom- 
plish this simple feat, the little clock 

r"l[+] 

design uses an open wire stub plus a 
length of coaxial line. An antenna 
tuning unit is used in the station, as 
the SWR on the coaxial line can be 
quite high at certain frequencies. 

A second feed system is to extend 
the open wire line directly into the 
station, and use a balanced antenna 
tuner at this point. 

The G5RV feeders can be connec- 
ted in parallel at the bottom of the 
stub and the antenna operated 
against ground as a top-loaded verti- 

runs right along with WWV UCT cal on 160 meters. Some hams have 
inexpensive station clock time. even used it on 6 and 2 meters by us- 

- -- 

INSULATOR I T Y P I  

--OPEN W I R E  LINE 

- 

Would you like a small, accurate 
station clock that you can set to 
WWV and buy for less than $15.007 1 
found one at my local hardware 
store. (I also found the same item for 
sale in several drug stores.) I am talk- 
ing about the Timex model 5204-412 
digital clock that sells for $9 to 
$14. This compact clock has a 
large red LED display of hours and 
minutes, plus an indicator of "a.m." 
and "p.m." It also has an alarm which 
is handy for keeping to schedules. 

The instruction manual tells every- 
thing about the clock except how to 
set it to WWV, so the "minute" LED 
advances exactly on the proper 
WWV time-tick. Once you know how 
to do it (and I found out by experi- 
mentation), it is easy to lock the clock 
within a second of WWV. Here's the 

X X 

fig. 5. The G5RV multiband antenna. This simple device has been operated on all 
Amateur bands between 160 and 2 meters1 One version of the antenna connects a 
50 ohm coaxial line at points X-X and uses an antenna matching unit at the station 
to reduce the SWR on the line to a low value suitable for the transmitter. Another ver- 
sion extends the open wire line to the transmitter and uses a balanced antenna tuner 
to match to the transmitters coaxial output. 

--\\ 
34'  

10 3 M  

L= 

the GSRV "all band" 
antenna 

Have you ever noticed the antenna 
description on an overseas QSL card 
was the "G5RV antenna?" Little- 
known in W-land, the G5RV is a pop- 
ular multiband wire antenna used by 
many overseas operators. Popular- 
ized by Louis Varney, G5RV, the 
basic antenna is shown in fig. 5. 

A 102 foot long flat-top is used, fed 
at the center with a length of open 
wire transmission line. The antenna 
operates as a shortened dipole on 80 
meters, an extended dipole on 40 me- 
ters, nearly three 1 12 wavelengths on 
20 meters, and as a center-fed long 
wire on 15 and 10 meters. 

There are many methods of feed- 
ing the G5RV antenna. The original 

- 
- 

ing a VHF antenna matching unit at 
the station! 

My preference is to run open wire 
line from the antenna directly to an 
antenna tuner in the station. (Saxton 
makes heavy-duty open wire line, I 
believe.) For low power (a hundred 
watts or so), TV-type twin lead may 
be substituted for the open wire line. 

moonbounce revisited 
The popular brochure "All You 

Want to Know About Moonbounce 
(EME) Transmission" has been 
reprinted and is once again available. 
If you wish a copy, send four 20C 
stamps, or four IRCs, to me at the 
following address: Eimac Division of 
Varian, 301 Industrial Way, San 
Carlos, California 94070. 

ham radio 
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New low-noise microwave trans~stors make 
preamps in the 0.9 to 1.0 dB noise flgure 
range possible without the frag~lcty and power 
supply problems of gas-fet's. Units furnished 
wired and tuned to ham band. Can be easily 
retuned to nearby freq. 

Tunable 
Model Freq RanQe Noise Flpure Price Gain 
LNA28 2060 0.9 dB 20dB $39.95 
LNA50 40-70 0.9 dB 2068 $39.95 
LNA144 120-180 l.OdB l8dB 539.95 
LNA 220 180-250 1.0 dB 17 dB $39.95 
LNA432 380670 1.0dB 18dB $44.95 

Our traditional preamps, proven in years of 
service. Over 20,000 in use throughout the 
world. Tuneable over narrow range. Specify 
exact freq. band needed. Gain 16-20 dB. NF = 
2 dBorless. VHFunitsavailable27 to300 MHz. 
UHF units available 300 to 650 MHz. 

, P30K. VHF Kit less case $14.95 
1 P30C, VHF Kit with case $20.95 

P30W, VHF Wirednested $29.95 
P432K, UHF Kit less case $18.95 
P432C. UHF Kit with case $24.95 
P432W, UHF Wirednested $33.95 

I Our lab has developed a new llne of lownoise 

Models to cover every practical rf 8 if range to 
listen to SSB, FM, ATV, etc. NF = 2 dB or less. 

Antenna Receiver 
Input Range Output 

VHF MODELS 28-32 144-1 48 
50-52 28-30 

Kit $44.95 50-54 144-148 
Less Case 839.95 ;$??;$ 28-30 
Wired $59.95 28-30 

144-144.4 27-27.4 
146-1 48 28-30 
144-148 50-54 
220-222 28-30 
220-224 144-1 48 
222-226 144-148 
220-224 50-54 
222-224 28-30 

UHF MODELS 432434 28-30 
435-437 28-30 

Kit $54.95 432-438 144-1 48 
Less Case $49.95 432-436 50-54 
Wired $74.95 439.25 61.25 

SCANNER CONVERTERS Copy 72-76,135- 
144,240-270,400-420, or 806-894 MHz bands 

For SSB, CW. ATV. FM. etc. Why pay b ~ g  
bucks for a multi mode rig for each band' Can 
be liriked with receive converters for 
transceive. 2 watts output. 

Exciter Antenna 
Input Range Output 

For VHF, 28-30 144-146 
28-29 145-146 

Model XV2 28-30 50-52 
Kit $79.95 27-27.4 144-144.4 
Wired $1 19.95 28-30 220-222' 

50-54 (Specify band) 44-146 220-224 
50-52 

50-54 144-148 
144-148 28-30 

28-30 432634 
For UHF. 28-30 435-437 
Model XV4 50-54 432-436 
Kit $99.95 61.25 439.25 
wired $1 49.95 144-148 432-438. 

*Add $20 for 2M input 

VHF & UHF LINEAR AMPLIFIERS. Use with 
above. Power levels from 10 to 45 Watts. 
Kits from $69.95. I 

on any scanner. Wiredltested Only $79.95. 

LOOK AT THESE 
ATTRACTIVE CURVES! I 

slmiiartotheLNAseriesandthesharpselectivity Cabinet Kit, cc 
of a 3 or 4 section helical resonator provides with speaker, knobs. 
Increased sensitivity while reducing intermod connectors, hardwar 
and cross-band interference in critical appli- Only $59.95 
cations. See selectivity curves at right. Noisc 
figure = 1 to 1.2 dB. Gain = 12 to 15 dB. 

WfL T u n i ~  R a w  Price - 
HRA-144 143-150 MHz $49.95 

IY ,U ,- ,w ..I (,, a, .I. t I  IY  

R144 6 R220 Fmnt EndaHRA 1441220.1 HRF-1U/220 

R451 Recelvar Front End 

Typical Selacflkffy CMves 
01 Recelven and 

Helical Resonators 

I for only $159.957 I HRA-432. HRF-432 
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For years, Hamtronics @ n 
s have been used by 

I .-? 

turers to make repeaters. Now, in t' 

m i. 
quality and superb value, we are proud 

to offer a complete repeater package. m 

------- 
FEATURES: 
a SENSITIVITY SECOND TO NONE; TYPICALLY 

0.1 5 uV ON VHF. 0.3 uV ON UHF. 

a SELECTIVITY THAT CAN'T BE BEAT1 BOTH 
WlredKeuted 8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 

GREATER THAN 100 dB AT + 1 2KHZ. HELICAL 
6M,2M,220 $595 $745 RESONATOR FRONT ENDS. SEE R144. R220. 

440 $645 $795 AND R451 SPECS IN RECEIVER AD BELOW 

BoUt kH and &red units am complete with allpsrls, modules, hardwsm, and crysla1.s ' OTHER GREAT FEATURES: FLUTTER- 
PROOF SQUELCH, AFC TO COMPENSATE FOR 

CALL OR WRITE FOR COMPLETE DETAILS. OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL 

Also amrlable lor remote sHa l ink ing /cdand 6 10M CLEAN. EASY-TUNETRANSMITTER; UPTO 20 WATTS OUT. 

HRF-144 for 143-150 MHz $34.95 
HRF-220 for 21 3-233 MHz $34.95 

I HRF-432 for 420-450 MHz $44.95 

L .  (See selechvfry curres af leff ) 

R144 Shown 

a R144lR220 FM RCVRS for2M or 220 MHz. 
0.1 5UVsens,: 8 DOIP w i n 1  filtnrR ~nrmrnicfi l t~r 
in I-f, helical reson;.,. . . ,. .. -. 
selectivity (curves at left). A 

a ti431 tm HLVH aame Durr 
front end, 0.3 uV ---- Y" 

a R76 FM RCVR tor IUM, I 

a 151 VHF FM EXCITER for 10M. 6M, 2M. 
220 MHz or adjacent bands. 2 Wattscontin- 
uous. Kits only $59.95 

I I patch. Only $89.95. I a VHFLL UHF LINEARAMPLIFIERS. Useon 

I I I 
. . . . - - . . . -. . - -. -. . - . . . . . -. . . -. . - . - - . - . . R1 OVHFAM kitforVHFaircraft 

a AUTOPATCH KITS. Provide repeater auto- either FM or SSB. Power levelsfrorn 10 to45 
patch, reverse patch, phone line remote Watts to go with exciters 8 xrntg converters. 

band or ham bands. Only $84.95 control of reoeater, secondaw control via Kits from $69.95. 
a RllO UHF AM RECEIVER for UHF uses. repeater receiver. Many other features. 

including special 259 MHz model to hear Only $89.95. Requires DTMF Module. 
SPACE SHUlTLE. Kit $94.95 a A1 6 RFTIGHT BOX Deepdrawn alum. case 

with t~ght cover and nosearns. 7 x8 x 2 inches. 
Only $18.00. 

v 

More Details? CHECK-OFF Page 110 f l  144 September 1983 47 



rf synthesizers 
for hf communications: 

part 2 

Understanding the 
phase-locked loop 

Part one described the functional blocks of a PLL 
synthesizer and loop operation and presented a sim- 
ple approach to PLL synthesizer design. This part de- 
tails the loop components with an analysis that 
points out aspects critical to an understanding of the 
loop. The open loop performance is then examined in 
terms of its individual sections which leads to a com- 
parison of open and closed loop operation. Finally, 
phase noise basics are discussed, showing the ef- 
fects of a PLL on closed loop VCO phase noise. 

VCO operation 
VCO gain defined by Kvco = Afvco/AC;, indi- 

cates the dependency of VCO frequency on a tune or 
control voltage. However, a VCO when used in a 
phase locked loop incorporates a phase not a fre- 
quency detector. Therefore the effect of A V ,  on VCO 
phase, relative to the reference oscillator phase 
( fRE~) ,  is seen as a system integration. 

Fig. 1A shows a perfectly stable reference oscilla- 
tor at a frequency of f R E ~ ,  and a VCO that has a 
Kvco = 1 MHz/volt. The phase detector is a perfect 

'-@ vpD 'rE 'I. vpD 

f ," 1," 

0 0 
fig. 1. Circuit block arrangement to show combined 
VCO-phase detector response to a voltage step and 
swept frequency on V,. 

phase detector with an input range of zero degrees to 

infinity and a KG = 1 volt . If fREF and fvco 
10 degrees 

equal exactly 5 MHz, and are in phase, then the 
phase detector output will be 0 volts. 

At t = 0 a plus 1 volt applied to the VCO tune line 
causes an instantaneous 1 MHz jump in VCO fre- 
quency. 100 nanoseconds after voltage is applied the 
phase difference between  REF and fvco is: 

I9 = 360°t(Af) 
I9 = 360' (1 00 ns)(l MHz) = 36' 

At 1 ps, 19 = 360°, at 10 ps it becomes 3600°, or in 
other words, a linear accumulation in phase differ- 
ence. The output of the phase detector is a ramp go- 
ing from zero volts towards infinity, as shown in fig. 
2A. The VCO can be considered a perfect integrator. 

t a v~~~ 
fro  1 4  LOG f,- 

0 0 

fig. 2. Step and swept frequency response of VCO- 
phase detector combination. 

L 

Since 8, and therefore VpD, are a function of time 
and Vt, they must also be a function of signal fre- 
quency and amplitude at Vt. 

Fig. 16, is similar to fig. 1A except that in fig. 16, 
the tune line is connected to a swept frequency sine- 
wave source with fixed amplitude (in this case 1 volt 
P-PI. Plotting the ratio Vt/Vpo versus f~ ( fig. 26) 

- 

By Craig Corsetto, WAGOAA, 4312 Marlowe 
Drive, San Jose, California 95124 
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shows a 6 dB/octave slope and crosses unity 
(6 = VpD) at a frequency: 

fB = (1 MHz/lolt) ( I .  73v/RAD) 
2* 

Besides having a frequency response similar to a 
perfect integrator, it also has a constant 90 degree 
phase lag when comparing VPD to Vt . This can be 
seen by using fig. 1B and fig. 3. At time A the volt- 
age on Vt is zero volts (fvco in phase with f ~ ~ ~ ) .  

v'  A +lv+- - 1 v  0 

9 0 .  

I I 
I 

VPO In: 
OV A 1 4  

fig. 3. Plot of V, and Vp, showing 90 degree phase 
lag due to integration of phase difference between 

fvcoand  REP 
- 

Therefore, VpD = 0 volts. AS voltage Vt approaches 
+ 1 volt at time B, fvco becomes greater than fREF SO 

the phase difference at the phase detector accumu- 
lates causing V ~ D  to rise. Between time B and C the 
voltage on the VCO tune line decreases, but because 
fvco is still greater than  REF the accumulated phase 
difference continues to increase, only at a decreasing 
rate. A plot of both VpD and Vt over 360 degrees 
shows that VPD lags Vt by 90 degrees. 

r f i  Ae PO 

fig. 4. Breaking a simple loop to examine open loop 
properties. 

open loop properties 
Gain, frequency, and phase are open loop charac- 

teristics as shown in fig. 4. The total gain, Kt, is 

This means that with a phase difference at the input 
of the phase detector (AdpD) there is a frequency 
change of the VCO frequency (Af vco), or: 

- - Af vco 
A ~ P D  

frequency divider 
Adding a frequency divider (fig. 5) with gain term, 

KN, changes the open loop gain equation to: 

OUT 

I N  

fig. 5. Open loop with divide by N. 

Plotting Kt as a function of f~ gives a plot similar to 
that of fig. 28 except unity open loop gain occurs 
when: 

f~ = 
K+ K vco KN 

27r 

loop filter 
Because of the more complex gain and phase ver- 

sus frequency characteristics of the loop filter, KF, it 
is examined separately, and then added to the loop. 

Use of a simple loop filter (fig. 6) provides the gain 
and phase plots (fig. 7). Gain equals unity when: 

PUASE 
DETECTOR 

VCO 

fig. 6. Simple op-amp integrator as a loop filter. 
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AVOL- 

PHASE LAG 

> 

m - 

fig. 7. Amplitude and phase plot of simple loop filter in 
fig. 6. 

R 2  ... 

fig. 8. Adding resistor R2 to integrator for better con- 
trol of gain and phase. 

f 1 

P H A S E  

O d B  -- 
lop f--+ 

f l  ' ~ P / * V O L  

f --.-!- 
2 - 2 " R I  C I  

f, : -- 
2 n R 2 C I  

fig. 9. Amplitude and phase plot of loop filter in fig. 8. 

t 

10 K F  Kvco KN 

Kino X F ~ V C O K N  

fig. 10. Open loop with loop filter. 

J 

The phase will lag by 90 degrees from approximately 
f l  to fp. 

To have more control over gain and phase, 
another resistor, R2, is added to the loop filter (fig. 
8). The effects of R2 are seen in fig. 9. 

open loop phase 
By adding KF to K6 KVCo KN, (fig. 10) the final 

open loop characteristics are determined. This is ac- 
complished by plotting KF and K6 Kvco KN separate- 
ly on log-log paper and then adding the gains in dB 
together (fig. 11 1. 

- 
m 
D - 
5 
< C1 

m 

0 - 

log FREQUENCY 

fig. 11. Plotting KF separately from K, Kvco K, and 
then adding them to show combined frequency and 
phase characteristics. 

The plot of phase shows the additive phase lags of 
both the loop filter and the VCO. Though the phase 
lag from the VCO is constant, the loop filter will start 
to reduce its own phase lag at: 

About one decade of frequency past fZ the loop 
filter phase lag will be close to zero. 

closing the loop 
Finally, closing the loop gives an essentially flat re- 

sponse from dc to frequency f ~ ,  which is the fre- 
quency where the open loop gain equals unity (fig. 
12). From frequency fp and higher the closed loop 
gain follows the open loop gain. fp is defined as the 
closed loop 3 dB bandwidth. 

Since the PLL uses negative feedback, 180 de- 
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CONNECTORS MADE IN USA 
Amphenol PL 259 79' 
PL 254 push-on adapter shell 101S3 89 
PL.259 andlor SO 239 10155 89 
Double Male Connector $1 79 
PL 258 Double Female Connector 98' 
PL.259 s~lver Tellon Klngs $1 59 ea 
Reducer UG 175 or 176 l O l $ l  99 
UG 255 (PL 259 to BNC) $3 50 
Elbow (M359) UHF Elbow $1 79 
F59A (TV type) 10/$1 99 
UG 91 D lU Type N Male tor RGB Amphenol $3 00 
UG B B C ~ U  BNC Male lor RG 58 Amphenol $1 25 
UG 273 BNC PL259 Amphenol $3 00 
3/16 Inch Mlke Plug lor Coll~ns etc (cutoll) $1 25 

shlmln. Call or wrlte for Free Catalog 
a b i e  -- uoo 1st loon., a s o  ~h loo n. 1 Connectors - add 10%. t3.00mlnlmum. 
Orden under $20 add $2 addltlonal plus shlpplng. 

1 COD add $2.00. Florlda Residents add 5%. ' NEMAL ELECTRONICS i Dept.H.1327N.E.119St.,N.Miami,FL33161 1 
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however, w, is used only as an intermediate answer 
in calculations. 

I L 

K v c o  

' v c o ,  

phase noise 
Phase noise is random phase fluctuations of a sig- 

nal. Typically hard to see on an oscilloscope except 
in severe cases, phase noise is more often examined 
on a high-resolution spectrum analyzer as shown in 
fig. 13. Since an identical noise component exists on 
either side of the carrier, usually only a one-sided 
spectrum, SSB, is shown on phase noise plots (fig. 
14). Noise power is usually normalized to a 1 Hz 
bandwidth. 

PI< 
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o d e -  

b 
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'\ OPEN LOOP 

\J 
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CLOSED LOOP 

4 '-. f8 

'"7 - 
* 

grees of constant phase shift is required in the loop. 
This is usually obtained through proper selection of 
phase detector inputs. However, since both the loop 
filter and the VCO introduce phase lag, and if the ac- 
cumulated lag becomes 360 degrees before the fre- 
quency where unity (open loop) gain occurs, fp, the 
loop will oscillate. Since the phase detector intro- 
duces a constant 180 degrees, and the VCO a con- 
stant 90 degrees, the loop filter must introduce less 
than 90 degrees phase shift atfp. The closer the loop 
filter comes to 90 degrees the more the loop will be 
inclined to ring to the point where it finally oscillates. 

The distance the total loop phase lag is from 360 
degrees at frequency fp is called phase margin with 
zero being the smallest distance and 90 degrees the 
maximum. The damping factor, t ,  is related to phase 
margin by: 

Fig. 14 shows a typical noise spectrum of an oscil- 
lator. The phase noise will start to rise from the oscil- 

phase margin = 90' - tan - 7 lator noise floor at a 20 dB/decade slope at: 

fig. 12. Open and closed loop responses of a simple 
loop. (Oscillator fM is the modulating fVCOl. Both 
KvCOl and KVCOZ are equal.) 

t 
P 

L 
L 
D - 

OSCILLATOR 

I O ~  O F F S E ~  FREOUENCY 

fig. 14. SSB plot of phase noise on a carrier using 
log-log scales showing effects of resonator Q and I/f 
noise. 

PERFECT C A ~ R I E R  

CARRIER PLUS 

f2 = f s c  
The loop natural frequency, w, (= 2 1  fd, some- 

times called the loop resonant frequency, is the fre- 
2 4  

quency the loop would oscillate at if [ = 0 (no where Q is the loaded resonator Q of the oscillator. 
damping). While w, has limited importance in basic 
PLL synthesizer design, it is Very important in other *William F. Egen. Frequency Synthesis by Phase lock, John Wiley 8 
PLL uses such as PLL demodulators. In this article, Sons, 1980, page 46. 

FREOUENCY -+ 

fig. 13. Oscillator phase noise as seen on a spectrum 
analyzer. 

+ 
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FREE! 
RADIO AMATEURS 

WORLD ATLAS 
with purchase of famous 

CALLBOOK 
MAP LIBRARY! 

-I>.- ----- +*:\ $7 &* 
, 

3different maps in 4 colors % 

20pape. lull color Atlas 

Here's an offer you can't refusel You 
recelve three. ~nformat~on-packed. Ama- 
teur Callbook maps, folded, plus the 
World Atlas for only $4.50 plus $1.50 
shlpplng and handl~ng If purchased 
separately, total value of map/atlas offer 
would be $7.50 plus shlpplng You save 
$3.00 and get these invaluable radio 
amateur alds' 

1. Prefix Map of the World, folded 
World-wlde preflxes Shows 40-zone 
map on one s~de.  90-zone map on the 
other Slze 40 " x 28 " 

2. Map of North America, folded 
Includes Central Amerlca and Carib- 

bean to the Equator Shows call 
areas, zone bounda rles, pref~xes, etc. 
S ~ z e  30 " x 25 " 

3. Great Circle Chart of World, folded 
Centered on 4 0  O N ,  100" W Shows 
cities, lat~tude, long~tude, great clrcle 
bearlngs and morel Slze 30 " x 25 " 

Plus special FREE bonus! 
The Callbook's .own Radio Amateur 
World Atlas, FREE wlth the purchase of 
the 3 maps. Contalns eleven full color 
maps of the world, looklng at thlngs from 
the radlo amateurs polnt of vlew 

Callbook Map L~brary $4.50 
Shlpplng 1.50 - 

Total $6 00 

Special Offer! 
Amateur Radio 
Emblem Patch 

only $2.50 prepaid 
Pegasus on blue lteld, red lettering 3 "  w~de x 
3 .  hlgh Great on jackets and caps Sorry no call 
letters ORDER TODAY! 

Order lrom your lavor~le eleclronlcs dealer or dtrect lrom the 
publ~sher All dlrecl orders add $1 50 lor shlpplng IlllnOlS 
rescaents add 5% Sales Tax r /  177 

RADIO AMATEUR callbook mc. 
De 1.F 
92!~hewood Drive 
Lake Bluff, lL 60044 

I 

r /  167 

6 U P  YOUR ERP*-1 

PART NO 
194-214 
194.254 
194.814 
194.854 
194-944 
195-9 14 
196-2 14 
196-244 

For HT owners operatln ~nslde a veh~cle and wanting 
Increased T,R range. RF I~ODUCTS has the low cost 
solut~on 

Remove your BNC antenna from the HT and mount on 
the RF PRODUCTS BNC magnet mount, Install the magnet 
mount on the roof topandconnect the BNCco-ax connector 

The magnet mount (part no 199-445) has 10 feet of small 
(5132") co.ax wtth BNC connector attached and IS prlced at 
$15 95 (~ncludlng sh~pptng by UPS to 48 states) 
TO ORDER. send $15.95 money order or cashlen check only 

Fla. residents add 5% tax, for alr UPS add $1.50 

, f LOW COST ACCESSORY ANTENNAS 
DESCRIPTION 

' 2M helical full lenoth BNC connector 
2~ helical stubbyiype BNC connector 
1 'cM hel~cal full length BNC connector 
1 '/4M heltcal stubby type BNC connector 
'AM helical stubby type BNC connector 
JAM flexible '/a wave BNC connector 
2M telescopic '14 wave BNC connector 
2M-3/~M whip '/a wave BNC connector 

PRICE 
$7.95 
8.95 
7.95 
8.95 
8.95 
7.95 
6.95 
7.95 r /  176 
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NO FRILLS - JUST LOW PRICES 
KENWOOD 

TS 430 TR 2500 TW 4000 
HF $Call 2m 285.00 UHFIVHF $Call 

YAESU 
..I W 

m w m  
FT 980 v 2AT IC-7 5 1 

HF $Call 2M $219 HF $Call 

I We also carry computer hardware/software I 
EPSON RX-80 $395.00 GEMINI-1 5 $495.00 
EPSON FX-80 565.00 C. ltoh 85 10 495.00 

For information on our other lines. . . 
CALL TOLL FREE 

1-800-433-3203 

Iron Powder and Ferrite 

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

Small Orders Welcome 
Free 'Tech-Da ta' Flyer 

*M'D?,N& Since1963 

12033 Otsego Street, North ~oll~wood>alif. 91607 

I In Gerrruny Etektronaladen. Wtlhelm - MCIIICS Slr 88 4930 Dctmold 18 West Germany 
In Jagln T~yomuta Elcclronlcs Comglny. Ltd . 7-9. 2.Chome Sota.~anda Ch1yoda.K~ Tokyo. J a ~ a n  

FREE CATALOG 
HARDTO-FiND PREUSlON TOOLS 

Ltrlr more than m00 Items pllrn twerzeo. 
unrv rnlpprr vacuum liyrlumr relay tools op 
nral equlpmen Iml kr\ and cages Send la 

- 
C u s t o m  M a r l ~ n g  L ~ s f s  on Labe lsJ  

Amateur Radio Operator NAMES 

I 
Custcrm lrsls rornplled t r )  yodr suer ~ t i r  dI8ons 

Geographic by ZIP andlor State 
By Llcense Issue or Explratcon Date 
On Labels ot Your C h o ~ c e  

Total List: 415.000 Price: S25IThousand 
Cal l  203: 438-3433 f o r  m o r e  ~ n f o r r n a l ~ o n  

Buckmaster Publishing 
70 Flnr~da H ~ l l  R(1 Rldo6>11eld CT 06877 

54 September 1983 

SAY 

YOU SAW 
IT IN 

ham radio! 

~WRON ANTENNAS 
THE BEST THINGS 

come in little packages ... 
FOR 80-40-20-1 5 METERS 

. / I  

*NEW LOCATION !!Re+ 
9 

i 

if\\ . 
rrecua nu nADlALS OR 

MATCHING DEVICES 

ISOTRON 80 ISOTRON 40 ISOTRON 20 ISOTRON I5 
54 IN HlGH 31 IN HlGH 1 7  IN HlGH 181N HlGH 
$63 95 $52 95 549 95 $32 95 

BIG ON PERFORMANCE 
SMALL ON SPACE 

*BILALCOMPANY 
(918) 253-4094 

STAR ROUTE 2 EUCHA, OK 74342 

I M O R S E  CODE, BREAKING 1 
by Phil Anderson, WQXl I THE 

Learning the Morse Code does not have to 
be the painful experience many folks make it 
out to be. T h ~ s  little booklet is chockfull of 
helpful and highly recommended hints and 
tips on how to learn the Morse Code. Uses 
the htgh/low method to elminate the dread- 
ed 10 wpm plateau. Q1982. 1st edition. 

OPA-MC Softbound $1.50 each 
Please add $1 00 lor sh~pplng and handllng 

H A M  RADIO'S  BOOKSTORE 1 
Greenville, NH 03048 

THE PRACTICAL HANDBOOK 
OF AMATEUR RADIO FM & 
REPEATERS 

by Bill Pasternak, WAGITF 
Comprehens~ve handmk covers just about m r y  facet 
ol FM operation In a slmple easy to understand man- 
ner 45 chapters pul all klnds of FM and Repealer 
toplcs wlthln easy reach You get a solid background 
In FM theory control devlces tor repealers how lo 
build a repeater ATV and RTTY appl~catlon Ideas and 
more Th~s huge, tact.ftlled repeater boak 1s a must 
tor anyone Interested tn FM communication ' 1980. 
536 pages 1st eaitlon 
OT-1212 Softbound 512.95 
Please add $1 00 for sh~pplng and handl~ng 

H A M  RADIO'S  BOOKSTORE 
Greenvills, NH 03048 



At small frequency offsets from the carrier the noise 
rises with a 30 dB1decade slope due to additive l l f  
noise generated by the oscillator active device. 

In high performance receivers not only are synthe- 
sizers required to assume crystal-like frequency sta- 
bility but crystal-like phase noise performances as 
well. PLL frequency synthesizers have the unique 
ability to improve oscillator (LC, RC, etc.) phase 
noise performance approaching that of the reference 
oscillator (typically crystal). 

OPEN LOOP VCO PHASE NOISE 

- 4 0  -- C L O S E 0  LOOP PHASE NOISE 

-110 -- 

l o o H z  lkHz l o k H z  IOOkHz l M H l  

log O F F S E T  FREQUENCY 

fig. 15. SSB phase noise plot comparing closed and 
open loop VCO phase noise and the effect of N. 

Fig. 15 shows an open loop phase noise plot of a 
VCO. Also shown is what might be the phase noise 
of a crystal controlled reference oscillator. When the 
VCO is incorporated in a PLL and the loop is closed 
the VCO achieves improved phase noise perform- 
ance within the bandwidth of the loop, and assumes 
its normal open loop phase noise response outside 
the loop bandwidth. However, the phase noise 
within the loop bandwidth is largely determined by 
the value of N and the phase noise of fREF This can 
be illustrated by a simple loop where the divider 
equals one, and the reference oscillator suddenly in- 
curs a short term shift in frequency (phase noise). 
The phase detector senses this and generates a volt- 
age to adjust the VCO frequency to the new refer- 
ence oscillator frequency. 

When the programable divider value, N, is greater 
than one, then in order for the phase detector to see 
zero phase difference at its inputs, after the same 
short term shift in f R E ~ ,  the VCO must change to a 
frequency N times the change in  REF. Therefore the 
effect of N on VCO phase noise, within the loop 
bandwidth, is to multiply it by N, showing up on 
phase noise plot as a 20 log N more phase noise than 
the reference oscillator. This effect of N on phase 

noise can be a determining factor when selecting the 
optimum loop bandwidth (see fig. 151. 

Often in medium performance receivers it is accep- 
table just to have the local oscillators meet the phase 
noise performance of the VCO. It happens that this 
can simplify the synthesizer design, allowing N to be 
large and fp small for optimum phase noise perform- 
ance, instead of using a more complex design in 
order to keep N small and loop bandwidth wide for 
improved phase noise performance. Problems en- 
countered in using the simpler loop is an increase in 
lock time (due to the narrower loop bandwidth) and 
increasing difficulty in reducing reference feed- 
through due to f p  approaching   REF. 

For increased synthesizer phase noise perform- 
ance without too high a lock time and reference feed- 
through, a more complex loop structure is required. 
Figs. 17-19 show more complex loops, with the sim- 
ple loop in fig. 16 as a reference, while fig. 20 plots 
their approximate relative phase noise performance. 

The loop in fig. 17 requires closer attention. This 
loop used in-loop mixing to reduce the required size 
of N. With N reduced the phase noise within the loop 
bandwidth decreases and the optimum value of loop 
bandwidth increases, decreasing lock time. More im- 
portantly, the local oscillator used in the in-loop mix- 

lkHz - 2 1 - 2 1  5 
MHz 
I k H l  
S T E P S  

fig. 16. Simple frequency synthesizer to be compared 
against those in fig. 17-19. 

1 kHz 2 1 - 2 1 . 5  
M H z  
1kH1 
S T E P S  

- 1 0 0 0 - 1 5 0 0  

fig. 17. More complex synthesizer to reduce value of 
Nand therefore phase noise within fp. 
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I0 
k H z  

-1000- I500 

fig. 18. A synthesizer similar to than in fig. 17 only 
using a 110 on the VCO output to reduce frequency 
by 10 and phase noise by 20 log 10. 

I00 
kHz 

10 
kHz 200-200.090 

w 

fig. 19. Using another synthesizer for in-loop mixing 
to help improve phase noise performance. Using 
various adaptations of this can help keep lock time 
short and phase noise low. 

ing can be a VFO, VCO, VCXO, or even another syn- 
thesizer (fig. 19) for finer frequency steps. Some 
Amateur radio transceivers use this technique by let- 

ting the synthesizer step in 1 kHz increments by 
changing N and then step in 100 Hz increments by 
tuning the VCXO local oscillator using a DAC (Digital 
to Analog Converter). 

VCO phase noise and Kvco 
In real synthesizers the phase noise is more than 

expected due to additive noise generated by both ac- 

* 

-40 -- 

FIGURE I7 

a= 

- 100 -- 

-120 -- 

-140 7 _t____( 
I 10 100 I )In, lOkHl 

fig. 20. Relative phase noise plot of synthesizer in 
figs. 16-19; 

tive and passive devices modulating the VCO. There- 
fore, for best performance, choose the components 
used in the synthesizer wisely, especially those in and 
around the VCO and loop filter. 

The effects of noise and spurious signals on the 
VCO tune line can be ppproximated if the modulation 
index caused by these is known to be small. 

where P,, = SSB noise power in a 1 Hz bandwidth, 
or spur power, in dBc 

V,  = RMS noise, or signal voltage on VCO 
tune line 

fM =frequency of noise or signal on VCO 
tune line 

For example a VCO with a K v c o  = 628.3 (103) has 
100 ,uv IRMS) of spurious signal at 1 kHz on its VCO 
tune line. This spurious signal appears as 1 kHz side- 
bands with a sideband spur power of: 
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frequency division 
and phase noise 

External to the phase locked loop, synthesizer 
phase noise can be reduced through the use of fre- 
quency division by 20 log N if a reduction of frequen- 
cy 'by N is acceptable. This is quite common in com- 
mercial synthesizers and is shown in figs. 18 and 19. 

As is always the case, using this technique to re- 
duce phase noise has its limits, in this case the noise 
floor of the digital divider. 

For MOS, TTL, and ECL devices, the noise floors 
are typically - 120 to - 140 dBc -, MOS devices 
having poorer noise performance than TTL and ECL. 

In the third and final part of this series, two techni- 
aues for designing a 5.000-5.500 MHz synthesizer - 
as well as trade-offs common in PLL design circuits 
- will be discussed. 
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A new challenge in the amateur radio world.. . r- Introducing 2m & 6m ssB/cw QRP Transceiver kit . . . 

MX 2 (144 MHz band) and MX-62 (50 MHz band) SSB/CW ORP.. . 
T r a n s c e i v e r  o f f e r s  t h e  u s e r  u n l i m i t e d  c h a l l e n g e s  i n  ORP. It 
c r e a t e s  a n e w  d i m e n s i o n  i n  a m a t e u r  r a d i o  o p e r a t i o n  a n d  l o t s  o f  
f u n  t o  p l a y  w i t h .  T h e  m a j o r  c i r c u i t s  a r e  f a c t o r y  a s s e m b l e d  a n d  
t e s t e d  t o  i n s u r e  s u p e r i o r  p e r f o r m a n c e .  J u s t  s o l d e r  a f e w  
w i r e s  t o  s w i t c h e s  a n d  c o n n e c t o r s  a n d  y o u  a r e  i n  o p e r a t i o n .  N o  
s p e c i a l  t o o l s  a r e  n e e d e d ,  o n l y  a b o u t  o n e  h o u r  o f  y o u r  t i m e  
a s s e m b l i n g ,  a n d  y o u  a r e  r e a d y  t o  c h a l l e n g e  t h e  a m a t e u r  w o r l d . .  . 

FEATURES 
2 0 0 m W  f o r  M X - 2  a n d  2 5 0 m W  f o r  M X - 6 Z  
M O S  F E T  r e c e i v e r  f r o n t - e n d  
N o ~ s e  b l a n k e r  b u ~ l t  ~n 
S i n g l e  c o n v e r s i o n  r e c e i v e r  

m B u i l t - i n  C W  k e y e r  
V X O  c o n t r o l l e d  ( + 5 0 k H z  p e r  c h a n n e l )  
E x t e r n a l  m ~ c r o p h o n e  a n d  s p e a k e r  j a c k s  
H i g h  q u a l i t y  c r y s t a l  f i l t e r  ( 7 . 8 M H z )  
P r o v i s i o n  f o r  e x t e r n a l  D C  o p e r a t i o n  

m 6 x AAA d r y - c e l l  o r  9 V  t r a n s i s t o r  b a t t e r y  

SPECIFICATIONS 
M o d e l  M X - 2  1 4 4 M H z  b a n d  S S E / C W  
T r a n s c e ~ v e r  
M o d e l  M X - 6 2  5 0 M H z  b a n d  S S B / C W  
T r a n s c e ~ v e r  
O p e r a t i n g  M o d e :  A3J ( U S E ) .  A1 ( C W )  
M a x i m u m  O u t p u t  P o w e r :  2 0 0 m W  
( M X - 2 ) ,  2 5 0 m W  ( M X - 6 Z )  
S p u r i o u s  O u t p u t :  G r e a t e r  t h a n  4 0 d B  
d o w n  
S i d e b a n d  S u p p r e s s i o n :  G r e a t e r  t h a n  
4 0 d B  
R e c e i v e r  S e n s i t i v i t y :  L e s s  t h a n  0 . 5 u V  
f o r  1 5 d B  S / N  
F r e q u e n c y  T u n i n g  R a n g e :  M a x i m u m  
+ 5 0 k H z  p e r  c h a n n e l  
N o .  o f  C h a n n e l s :  2 

$129.95 semi-knock-down kit with c h a n n e l  
crystal ( o n e  channel) and a s s e m b l y  instructions. 

O r d e r  thay ' d i r e @  or from HENRY RADIO (800) 421-6631. To o r d e r  direct include 
$3.00 s h ~ p p i n g / h a n d l i n g .  From C a l i f o r n ~ a  a d d  sales tax VISA/MC orders welcome. 
W e  will D a v  s h ~ o o i n o / h a n d l i n a  charoe f o r  a l l  p r e p a i d  o r d e r s .  NO C.O.D. PLEASE. 

MODEL 
SGlOOO 

MADE l n  $349 95 
USA plus shtpptng 

Covers100  to  1 bL,  h ' ~ i  1 1  I i t i /  teps  w t t h  t h u m b -  
whee l  d ~ a l  * A c c u r d q  I par t  per 10 m ~ l l t o n  a t  a l l  f re -  
quenctes In te rna l  F M adjustable f rom 0 to  1 0 0  kHz 
a t  a 1 kHz rate S p u r s  a n d  nolse at least 60 d B  b e  
l o w  carr ler  RF ou tpu t  ad lus tab le  f rom 5 - 5 0 0  rnV at 
5 0  o h m s  Operates o n  1 2  Vdc  @ 1 1 2  A m p  A v a ~ l -  
able for  ~ r n m e d ~ a t e  del lvery $349 9 5  p l u s  s h ~ p p l n g  

A d d - o n  Accessor tes  a v a ~ l a b l e  t o  e x t e n d  f r e q  
ranqe  a d d  ~ n f t n ~ t e  resolut ton voice a n d  sub-audible 
tones. A M ,  prects lon 1 2 0  d B  ca l lb ra led  at tenuator 

Call tor  details Dealers wan ted  w o r l d w ~ d e  

VANGUARD LABS 
196.23 Jamaica Ava., Hollis. NY 11423 

Phone: (212) 466.2720 I/ 192 

nrorcn HI 0 T I,' I M< d r l s - A L L  .?,I ."".ortin. - Grounc, 
or  roof moon1 F I I  S T R I  N G T H  F I R E R L L A S S  TUBINL 
OVER - A L L  N O  W O F R I  Y LUMPY T R A P S  - N O  U N -  
SIGHTLY CLAMPS n r r  r d  - S t z r  I 114 10 t h e  r a y  uD - 
T r a p s  Nddcn htrkie Y <  11 csn use R In a 1 I t  s o  B.rkv.rdt 
FOR APARTMENTS. MOBILE HOMES - CONDOS r r c  
where mlnlmum ID.CC and nee1 .ppeYance Is M A N O -  I l l  - - -  
ATORYI tnsr.nl "Drlrs In"pmund mounr (Included) Use r n l t  
or utthout r.dbC (tnc*ldefl) (Al l  .nmtc roof mount - Eslr.) 
COMPLETELY PRETUNE D -  NO ADJUSTMENTS NEED- 
ED EVER1 NO TUNER NEEDED FOR MOST T R A N S -  
CIEVERS I Use - RGBU I - c d l n e .  mny lcnqh l 2000 W a l l  
PEP, tn~ut p w n .  S~IVDCII - PREPAID IN USA. Alssrnbla. 
tn 10 mm. ushp only s c r c r d r l v e r  WEATHERPAOOFI 

I II SEND FULL PRICE FOR PP OEL IN USA (Cmn-da h 
510.00 e x t n  for oost.ge. ct-1 Custom. )or ordw ushg 

VISA. MASTER CARD or AMER- EXP. Ph 1-308-  
23A.i171 9AM-6PM weokd.rs. We shim In 2-3 I 
money back td.1 Free In1 

CATCH 1 0  METER FEVER 
with a 

MONGOOSE 2000 

NOW 
$229.95 

200 CHANNEL 10 M E T E R  
ALL MODE T R A N S C E I V E R  

The Mongoose InLorpor,+trs Ih r  lalesl leChilOlOqy lor loday s 
htqh lech slandarO( The Mongoose a150 tealures a manual 
011 set lor worklnq repeater stations 

Sp~clflcstlona 

ener l l  
Frequency composlllon PLL synlhestzer 
Frequency ranqe 28 000 MHz to 30 000 MHz 
ChdnllelS 200 
Frequency space 10 kHz 
Em~::~on AMIFMIUSBILSBICW 
Power source 1.3 8 V DC 
Ruslvar 
Senstl~vtly AM - 1 mtcro V @ 10 d B S I N  

FM - 1 mtcro V @f 20 dB S I N  
SSfllCW - 0 5 n1cr0.V @ 20 dB S I N  

Select~vtly 60 dfl 
Audio Oulpul 2 W M 8 Ohm 
F ~ n e  Tune range t 800 Hz 
Course Tune range + 5 k H z  
Squelch ranqe 0 5 lo 300 mlcro V 
Inlermed~ale treq AMIFM - 10 695 MHz1455 kHz 

SSRICW - 10 695 MHz 
Trantmlnsr 
RF power output High MI3 Low 

SSBICW I? W 8 W 2 W 
AM 7 5 W  4 W  1 W  
FM t o w  7 W  2 W  

SSB generalton Double balanced modulalor wtlh crystal 
lathce Ill lei 

Coarse Tune ranqe + 5 kHz 

Make Cheek or Mone Order a able to: 
COIN INT~L., IWC. 

7861 S W 53RD AVE.. MIAMI. FL 33143 
(305) 593-9300 

1- Don't delay - order today1 
"10% 011 w~ l t r  Ourchase 01 ? o r  more unlls 

Prtces and rpectl~cat~ons sublecl l o  change w~thoul nollCe 
Dealer tnqutrtes tnvtled 

Florida R e s t d e n t s  please add 5% sales tax 
Allow 68 weeks for deltvery I/ 123 

3 9 1-1 RATED I AMP AT 2U '40. 
6 KEY ASSEMBLY HIGHLY S E N S I T I V E  T T L  

DIRECT DRIVE POSSIBLE I ,- ::& I OPERATES FROM 4 3  TO 
6 V COIL RES 720 OHM I 

$1 50 EACH 
I 0  FOR $13 50 

NEON INDICATOR RATED CONTACT S P N C 
110 V I 1 W MOUNTS IN 
5 16 HOLE RED LENS ENERGIZE COIL TO 

7% EACH h'fl OPEN CONTACT 
10 FOR 1 7  00 COIL 13 voc aw 

MINIATURE i-LE SWITCHES 
ALL ARE RATED 5 AMPS (Zb 125 VAC 

S.P.D.T. 
(on-on) ( o n - o f f - o n )  

$1 m E A C ~  $1 m rrcn 
7% EACH 

S.P.D.T. 

. ,. .-." e 
V L  ~ ~ T L C  *I  S1 W EACW 1 I g F -  - el., lo sgmB 11 J' :i-~:~s'%m'~ B'I 

w> 0.01. AR- 9 K o m e y  Ne. 88847 



1 O=G Hz weat her radar 

A unique application 
for a 

Gunnplexer transceiver 

Commercial weather radar systems have be- 
come quite popular in recent years and have proven 
their true life-saving ability. And over and above their 
use during dangerous storms, they have now be- 
come almost a part of our daily lives. The only draw- 
backs to these commercial radar systems are their in- 
ability to scan a small area (such as an individual's 
neighborhood), and the fact that commercial radar 
scans are generally made available only at fixed 
times. 

To overcome these limitations, I have designed a 
mini weather radar system which is both inexpensive 
and easy to build. A short scanning range was my 
only criterion. Guidelines are provided for those inter- 
ested in pursuing and refining this unique concept. 

This mini weather radar is based on two simple 
facts: a radio signal travels one mile in 5.4 microsec- 
onds; and an electron beam can be timed to travel 
across a CRT's screen at a predetermined rate. If a 
radio wave leaves a transmitting antenna at the same 
time that a horizontal line begins on the left side of a 

CRT display, that radio wave will travel approximate- 
ly 12.1 miles in the 63 microseconds it typically takes 
for one scan of a horizontal line in conventional TV. 

I operation 
The first version of this unit is shown in fig. 1. An 

oscilloscope with horizontal trigger output is used 
with a 10-GHz Gunnplexer, an NE555 pulse modulat- 
ing circuit, and a high gain amplifier to produce a dis- 
tance-and-azimuth Amateur weather radar. The 
Gunnplexer's mixer uses the unit's constantly trans- 
mitted signal for a local oscillator, eliminating the 
need for a T/R device. A horizontal scan-initiating 
sync pulse from the oscilloscope's horizontal trigger 
output is used to key the NE555 oscillator, which be- 
comes the modulating signal for the Gunnplexer's 
varactor input. 

The Gunnplexer transmits its signal toward a dis- 
tant object, such as heavy storm clouds, and its re- 
flection is then received. The return signal hetero- 
dynes in the Gunnplexer's mixer, the output of which 
drives a high-gain amplifier. The amplified echoes are 
then fed to the oscilloscope's vertical input for dis- 
play. Since the scan started during the pulse-trans- 
mission time, its round-trip delay time is indicated in 
fig. 2 as displacement on the screen. 

The Gunnplexer's modulating frequency should be 
between 200 kHz and 1 MHz. This frequency deter- 

By Dave Ingram, K4TWJ, Route 11, Box 499 
#I201 South, Birmingham, Alabama 35210 
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BREAK HERE FOR 
TRIANGULAR SWEEP INPUT 
AS DISCUSSED IN TEXT 

FROM HORIZONTAL 
TRIGGER IN SCOPE ,# 

fig. 1. Arrangement of the first-generation Amateur 
weather radar. using an oscilloscope for generating 
timing pulses and displaying returned echoes. 

mines the exact pulse width. Using the formula F = 

l / T ,  a 200-kHz modulating frequency translates into 
approximately 5 microseconds: approximately one 
mile on the screen's display. A 1-MHz modulating 
signal encompasses approximately 1 microsecond 
(1/5 mile) on the screen. Although the Gunnplexer 
transmits a carrier continuously, only the brief modu- 
lating pulse causes indications on the CRT display. 
This unit will provide distance indications and infor- 
mation on the density of rain clouds, but it does not 
provide information on the direction of storm clouds. 
This shortcoming does not usually pose a problem. 

refinements 
The second version of this weather radar uses an 

NE555 triangular wave generator and adds a modi- 
fied oscillating house fan motor to make possible di- 
rectional (azimuthal) readings. An outline of this 
arrangement is shown in fig. 3. The fan motor 
causes side-to-side movement of the remote Gunn- 
plexer, while a microswitch at one end of the sweep 
provides synchronizing pulses for the NE555. The 
output from the triangular wave circuit is applied to 
the oscilloscope's vertical input; the high-gain ampli- 
fier's output is applied to the intensity (2)  input of the 
oscilloscope. The oscilloscope is adjusted for a dark 
screen until an intensity-modulating echo is received. 
Range markers can be added to this system with an- 
other NE555 circuit, or can simply be drawn on the 
screen with a washable-ink felt pen. I also suggest 

62 September 1983 

that you replace the oscilloscope's P-1 phosphor 
cathode ray tube with a long-persistence-display P-7 
equivalent tube. 

During operation, horizontal sweep pulses from 
the oscilloscope trigger the NE555 modulation cir- 
cuit, while vertical sweep is provided by the fan- 
motor-synchronized triangular wave generator. The 
Gunnplexer transmits a 200-kHz-modulated 10-GHz 
signal which is reflected according to cloud density 
and displayed on the screen. Horizontal displace- 
ment on the CRT indicates distance, and vertical 
height (with respect to the base line) indicates di- 
rection. 

The received echoes are heterodyned with the 
Gunnplexer's carrier, amplified, and applied to either 
the oscilloscope's Z modulation port or vertical input 
(depending on the particular version of weather radar 
you build). Although a low-power 10-GHz Gunnplexer 
can transmit and receive over line-of-sight distances 

2 TO 4 -  MILE RANGE 

TRANSMITTED DISTANCE (MlLESl  

TH IS  T IME  

I 
63 

MICROSECONDS 
. 

fig. 2. Visual display obtained with first-generation 
Amateur weather radar. The 10-GHz Gunnplexer trans- 
mits a modulation pulse at the same time a scan line 
begins on screen at left. The time periods shown pro- 
vide a range of approximately 6 miles. 

EXTERNAL 
SYNCHRONIZING 

PULSE INPUT 4 

lFROM FAN TO OSCILLOSCOPE 

SWITCH)  IREDIRECT ECHOES 

FROM GUNNPLEXER 
TO Z INPUT OF 
OSClLLOSCOPEl 

TRIANGULAR 
WAVE AMPLITUDE 

fig. 3. Triangular wave generator for vertical deflection 
in synchronizetion with Gunnplexer movement, as de- 
scribed in text. Circuit insertion point is shown in fig. 1. 



in excess of 20 miles, I suggest that you limit its 
range in this application to less than 12 miles (a num- 
ber chosen because of the oscilloscope's horizontal 
scan rate and the frequency of the Gunnplexer's 
modulator). This safety margin ensures reliable oper- 
ation and permits accurate interpretation of the dis- 
played information. 

a third mini radar 
A third version of the mini weather radar is being 

developed now, and its capabilities look promising. 
This system employs a used black-and-white TV set 
rather than an oscilloscope, using the TV circuits to 
generate precisely timed transmitter pulses and to 
display the reflected signals. Since the set's tuner 
and i-f stages are bypassed, with the radar informa- 
tion applied directly to the video amplifier section, 
usable TVs could be picked up inexpensively at TV 
repair shops. 

An outline of the system is illustrated in fig. 4. Nar- 
row-width (and highly accurate) horizontal AFC 
pulses obtained from one of the low-voltage wind- 
ings on the TV's horizontal output transformer trig- 
ger the Gunnplexer's NE555 modulator. This 
arrangement establishes radar timing while maintain- 
ing horizontal line sync in the television. A single- 
shot multivibrator or Schmitt trigger proves useful 
for buffering flyback pulses. Alternatively, a drop- 
ping resistor may be placed in the keyed AGC line for 
lowering that voltage to approximately 5 volts. A 
schematic diagram of the TV is needed for locating 
the keyed AGC line and determining its voltage level 
(don't "hunt around" in the horizontal output sec- 
tion: HIGH VOLTAGE!). The desired modulator-key- 
ing line is usually found connected to the AFC's dis- 
criminator diodes. You will also see a "second line" 
carrying sync pulses from the sync separator stage in 
the AFC's discriminator. That guidepost will help you 
locate the desired AGC keying takeoff point. 

Output from the Gunnplexer's modulator is applied 
to that unit's varactor. The returned echoes are am- 
plified to approximately 4 volts by a wideband ampli- 
fier similar to a single video stage in a television set, 
and applied to the TV's video amplifier section (a 
suitable injection point for this signal is quite often 
between the contrast control wiper and ground. If an 
acldc TV is used, be sure this point is not hot). The 
resultant echoes are displayed as intensity variations 
on the screen, with distance and timing calibrations 
provided by techniques similar to those in the second 
unit, described earlier. The next step in this system's 
development will include electronically sweeping the 
10-GHz radar signal in sync with the TV's 60-Hz verti- 
cal scan rate. An illustration of the resultant display is 
seen in fig. 5. 

A fourth generation Amateur weather radar is 
presently on the drawing board, and this version 

eds (pFJ; r . r l r l~ncrr  .re In ohms. 
k = 1,OW M = 1.W0.000 

CONTROL IN FLYBACK I 

V I E W I N G  T V  TRANSFORMER 
O N  T V  S E T )  

I F R O M  S Y N C  HORIZONTAL 

I S E P A R A T O R  
OUTPUT 

fig. 4. The third-version Amateur weather radar uses a 
modified television set for timing and display of target 
information. 

RANGE ___, 
IN MILES 

DIRECTION SO Hz 
( F R O M  

C E N T E R )  SCAN 

I 
- 1 5 . 7 5 0  HI 

HORIZONTAL SCAN - 
fig. 5. Display of sector scan as accomplished by ver- 
sion-three Amateur weather radar. A modified TV set is 
employed. 

holds some truly exciting possibilities. Basically, this 
system employs an inexpensive home computer, 
such as the Apple II or TRS 80C, for generating all 
the required timing pulses and for creating a color- 
level display similar to that of commercial units. 
Since these microcomputers are easily programmed 
for various timing ranges and color presentations, 
they are quite useful for Amateur radar work. The in- 
tegration of A-to-D and D-to-A converters in these 
units makes computer interfacing relatively simple. 

Alden E l e c t r o n i c s  ( W a s h i n g t o n  S t r e e t ,  W e s t b o r o u g h ,  M a s s a c h u s e t t s  

01581J m a n u f a c t u r e s  a w e a t h e r  c h a r t  r e c o r d e r  (Model 9321J, available in 
a s s e m b l e d  o r  kit f o r m ,  t h a t  displays data g e n e r a t e d  b y  NOAA and o t h e r  

s o u r c e s .  - Editor 
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8T28 1.95 4164 150ns CALL 
.95 

16 K APPLE*II 8131 .95 RESISTORS 
.95 'A WATT5% CARBON FILM 

ALL STANDARD VALUES 
6500 

.95 
FROM 1 OHM TO 10 MGE OHM 

1 MHz 
2.90 

SO PCS. SAME VALUE ,0200 6502 5.25 
DP8304 2.25 €604 6.85 

100PCS. SAME VALUE ,0150 

RAM CARD DS8835 1.89 6505 7.60 
1000 PCS. SAMEVALUE ,0125 DS8836 .99 6507 9.85 

6520 3.95 
€622 4.95 

APPLE ROM SET 
5.95 

16.95 

14.00 1 > 10.95 

BARE BOARD 8 . s  
RW3A 9.95 

AUTOSTART ROM 
11.90 

42.50 1 27.90 

ASSEMBLED 
11.90 

3495 3 MHz 
'ADcIIc.  8s d t radernark  o f  AUDIC C')l!lputcr. Inc .  11.90 

UARTS 
AY3-1014 
AY51013 
AY5lOl5 
TRI602 

-VIEWMAX 80- 
lM6402 
lM6403 

A Full Function APPLE 
1 ~ ~ 8 2 5 0  10.49 80-Column JOYSTICKS 

LEDS 
Jumbo Red loll.00 card for Apple II 
JumboGreen 611.00 

29.95 
JumboYellow 611.00 $1 49" 

CALL 



t 

A PPLE*II USERS 
DISK DRIVE! 

Includes metal cabinet 
Color matches Apple 

225.95 35 trackslsingle side 
Includes cable 
Usewith Apple ll controller 

, CONTROLLER CARD . . . .79-95 

WIREWRAP CARDS 
FR-4 Epoxy Glass Laminate With Gold-Plated Contact Fingers 

S-100 BUSS GENERAL PURPOSE 
P100-1 Bare- No Foil Pads. . . .15W 22/44 PIN (.156" SPACING) 

22.90 : ~ ~ ~ & ? ! ~ ~ ~ ~ ~ ,  : : : : : P441.3 Vertical BUSS.4.5' x 6". 13.80 
~100.4 Single Foil Pads per Hole23.90 P442-3 Vertical BUSS, 4.5" x 9" 14-80 

APPLE 36172 PIN \I " SPACING] 
p m . 1  Bare-No Foil Pads . . . . .15.90 P721-3 Vertical USS,4.5" x 6".  3-90 
Pm.3 Horizontal BUSS . . . . , .22.90 P722.3 Vertical BUSS,4bn x 9".  14.80 
p m . 4  SingIeFoilPadsperHoleZW , I ( EPROM ERASERS I I 

HOLDS 15 EPflOMS LINEAR 
ERASES IN 20 MINUTES LM~OI .32 ~ ~ 7 4 1  2 9  

LM30B .75 LM747 .75 

59.95 LM309K 1.25 LM748 .49 
LM311 ATHANA OR NASHUA .64 LM1310 2.45 

1.65 MC1230 1.30 
LM317K 1.70 MC1350 1.25 
LM318 SSSD . . . . . . . . .  18.95 ,,,, 1.49 MC1358 1 .69 

3.75 LM1414 1.40 
25 MHz ZBOA-DMA 21.95 ~ ~ 3 2 4  .59 ~ ~ 1 4 5 8  .55 

ZBOCPU 3.35 ZBOA-DART 15.95 SSDD . . . . . . . . .22.95 L M X ~ ~ K  3.90 LM1488 .05 
ZaOPIO ZBOASlOlO 20.95 LM339 .79 LM1489 .65 
ZBOCTC ZBOASIOH 20.95 DSDD . . . . . . . . .  27.95 ~ ~ 3 7 7  ,,, 2.25 LMlsOO 2.45 
~ D M A  1% z 80 ~ . S I O I ~  20.95 1.25 LM1889 2.45 
ZaODART 14.98 ZBOA-S1019 16.95 LM306 l .W .38 LM3800 LM3908 .59 
~ S I O I O  16.95 .95 
ZBOSIOH 16.95 .65 LM3914 
280S1012 16.95 ZBORCPU 14.95 .95 LM3915 
m s l o n  16.95 SERIES m s p l o  12.95 1.45 ~ ~ 3 9 1 6  

ZBDBCTC 12.95 .99 75451 
.49 75452 
.95 75453 

2.69 14.31818 
2.69 15.0 
2.69 16.0 
2.69 17.430 
2.69 16.0 
2.69 16.432 

5'14'' FLOPPY DISKS 
CONNECTORS 

RS232 Male 
RS232 Female 



ROHN. 
"FOLD-OVER" 

TOWERS 
EASE OF INSTALLATION 

ROHN "Fold-Over" Towers are quickly and 
easily Installed. The "Fold-Over" is safe 
and easy to service. 

ADAPTABILITY 
ROHN has several sizes to lit your applica- 
tions or you can purchase the "Fold-Over" 
components to convert your ROHN lower 
into a "Fold-Over". 

HOT DIP GALVANIZED 
All ROHN lowers are hot dip galvanlzsd 
after labrication. 

REPUTATION 
ROHN Is one of the larding lower manufac- 
turers. with over 25 pars of experience. 

Wrlle today for complets details. 

HAMPAK-64" 
FOR 

-commodore 64 G 
Instant, accurate beam headings 
based on your QTH 

Instant call prefix identification 

"Electronics M a t h  assistant 

No printer required 

The original HAM-PAK allowed 
owners of disk-based TRS-80 systems 
to obtain instant Great Circle bearings 
from their QTH to nearly 300 call areas. 
It allowed them to easily handle some of 
the trickier math formulas encountered in 
radio work 

NOW, this same power comes to all of 
you cassette-based commodore 64 
owners! And the best part is the price: 

introductory offer 
6B5 expires October 15. 1983 

8 1 9 9 6  after October 15, 1983 

. . . and we pay the postage! 
(Checks or money orders. No COD'S please.) 
The orlginal HAM-PAK is still only $29.95 

~ U N O E R U N O  =OFTWARE 
39256 Sunder lend  D r w e  
Mc.  Clernsns.  MI 48004 f l  18 

AMATEUR 

DIRECTORY 
I THE BARGAIN AT $ 

A no frills directory of over 
415,000 U.S. Radio Amateurs. 
81/2 x11, easy to read format. 
Completely updated. 

Also available for the 
first time ever- 
(Alphabellcally arranged-Sold separately) 

Geographical lndex 
by  State. C~cy and  Street No.  a n d  Ca l l  

Name lndex 
by  Name and  Cal l  

Order ing Information: 
Directory-$14.95 
Geographical Index-$25.00 
Name Index-$25.00 

Add $3.00 Shipping to all orders. 

Dealer /C lub  Inqulriea W~ICO~O 
Send your o rder -enc los~ng  check  o r  
money order i n  U.S. dol lars to :  

I Buckmaster Publishing 
70 F l n r ~ d a  H ~ l l  R o a d  I 

WANTED 
HIGHEST PRICES PAID FOR: 

HARRIS RF-301 
& 

ASSOCIATED EQUIPMENT 

CALL COLLECT: 

LIBERTY ELECTRONICS, INC. 

(21 2) 925-6048 
@ 160 

SURGE PROTECTION 
PLUS MASTER CONTROL 
for all your equipment 

Modern wild state clrcultry IS vulne.ablr to tran- 
sient currents that can come from distdnt Ilght- 
nlng and surges from household appllarices Alpha 
Delta's Master AC Control ci~ps off those harmful 
surges before they reach your valuable eiectronlc 
equipment MACC also glves you 8 grounded. 7 
Swltchable and Ilghted, one contlnuous~on outlets: 
Master on/of f  swltch too Tested t o  iEEE pulse 
standards: rated 15 A. 125 VAC. 60 Hz. 1875 
watts continuous. 0 
GET MACC PROTECTION TODAY -  IS.^ TOMORROW COULD BRING DISASTER 
See your local Alpha Delta dealer today or order 
dtrect 579.95 + 54 pastage handling. 

I P.O. B o x  571. Centeru~lle. Ohlo 45459 
(51 3) 435-4772 r /  107 

PITTSBURG, KS 66762 
PH. 316-231-8171 
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installing effective 
ground systems 

A few hours' work 
improves signal, 

reduces RFI 

Many Amateurs strive for maximum efficiency 
from their antennas yet fail to give the same consid- 
eration to their ground systems. All too often their 
ground consists of a metal rod or pipe driven into the 
soil at some convenient point. Any handy piece of 
wire is run between it and the rig. Many times, the 
transceiver or transmitter is the only piece of equip- 
ment connected to the ground. While this type of 
wiring practice may be satisfactory for ac or dc, it is 
totally ineffective at radio frequencies. 

Poor grounding can worsen TVI and RFI, reduce 
the effectiveness of the shielding in your rig and 
allow rf feedback into various pieces of equipment. 
Good grounding can noticeably enhance the per- 
formance of antennas on 160,80; and 40 meters. 

There are two phases in the establishment of an ef- 
fective ground system. The first involves properly 
bonding together all equipment in the shack. The 
second entails the construction of a low resistance 
earth ground. 

what should be bonded? 
All pieces of equipment in the shack should be cor- 

rectly bonded together. This includes transceivers, 
transmitters, receivers, power supplies, keyers, an- 
tenna tuners, etc. Unlike dc or ac, all current flow is 
at or near the surface of a conductor at radio fre- 
quencies. Thus, the ideal bonding material should 
have a large surface area to present the least imped- 
ance to the flow of rf currents. The best and most ex- 
pensive conductors are braided copper strap and 
flashing copper, which both possess large surface 
areas. No. 6 gauge copper wire, normally used for 
grounding, has less surface area than the shield of 
RG-58 coaxial cable. In addition to being expensive, 
large gauge solid copper wire is very stiff, making it 
difficult to use. 

A less expensive substitute for copper flashing or 
braided copper strap is the shield of RG-8 coaxial 
cable. It isn't necessary to use new cable. If you re- 
place your coaxial cable every three to five years, as 
do most hams, the cable you replace will probably be 
adequate for grounding purposes. 

A ground bus using the entire cable is shown in 
fig. 1. It is not necessary to pull the shield off the co- 
axial (a nearly impossible task). The center conductor 
is not used in order to avoid making the cable self- 
resonant. In the installation shown in fig. 1, short 
lengths of RG-58 cable were used to make connec- 
tions to individual pieces of equipment. Again, only 
the shield was used. To facilitate connection, the 
center conductor and insulation were cut to allow 2 
inches of free shield at each end. The RG-8 bus was 
stapled across the back of the desk to place it as 
close as possible to the equipment. 

( cold water pipe 
Amateurs are often advised to ground their equip- 

ment to the nearest cold water pipe. But this is im- 
possible if the pipe is plastic or corroded metal. Even 
with copper pipe, these makeshift grounds may be 
difficult or impossible to reach - unless you operate 
from the kitchen, bathroom, or laundry room. The 
use of water pipe instead of a good earth ground is 
justified only if you live above the first floor of an 
apartment building. 

1 achieving good earth grounds 
The construction of a good earth ground, while 

not difficult, involves more than driving a metal rod 
into the lawn. The soil into which the ground rod is 
driven should present minimum resistance to the 
flow of electric currents. When completely dry, most 
soils are non-conductors. Pure water is a very poor 
conductor. The basic electrical conductivity of a soil 
is the result of electron transfer through electrolytes 
dissolved in the water present in that soil. However, 
there are many factors that can affect this basic con- 
ductivity. 

By Bradley Wells, KR7L, 5053 37th Avenue, 
S.W., Seattle, Washington 98126 
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R G - I 8  PREPARATION 

AROUND R G - 8  SHlELO AN0 
FLOW SOLOER OVER 
8OTH S H I E L D S  

fig. 1. Using RG-8 coaxial cable as a ground bus. 

conductivity 
material (millimhos/meter) 

poor soil 1-5 
average soil 10-15 
very good soil 100 
water 10-15 
salt water 5000 

fig. 2. Soil conductivity chart. 

Soil type has an important effect on local ground 
resistance as shown in fig. 2 and 3. Commercial 
broadcast stations require excellent ground systems 
for their vertical antennas. This is why they show a 
marked preference for low swamps over rocky 
mountain tops. Soil particle size and density influ- 
ence conductivity, which explains the differing resis- 
tances between clay and sandy gravel. A fact to con- 
sider in locating your own earth ground is that soil 
type can change over very short distances, both ver- 
tically and horizontally. The flowerbed may look like 
a good place for a ground rod, but it won't be if the 
topsoil is resting on gravel or rock. 

The moisture content and concentration of dis- 
solved salts markedly affect soil resistance (see figs. 
4 and 5). There is a direct correlation between in- 
creased soil moisture and lowered resistance. The 
same effect is noted with respect to dissolved salts in 
the soil. Little information is available on the changes 
of soil conductivity with respect to different types of 
salts. The importance of soil moisture and salt con- 
centration cannot be overemphasized. Salts disasso- 
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ciate into the ions involved in electron current flow; 
water provides the medium to facilitate easy flow of 
these ions through the soil. 

Two other interrelated factors affect soil conduc- 
tivity. As shown in figs. 6 and 7, soil resistance rises 
quickly as the temperature drops. Soil conductivity is 
lowest during the winter months and highest in sum- 
mer. However, these temperature and climatic ef- 
fects become less noticeable with increasing depth in 
the soil. Those of you living in cold climates will 
notice the large jump in soil resistance as the soil 
freezes. This is due to ions being trapped in the 
crystalline structure of the ice. Maintaining a low 
ground resistance during winter months means driv- 
ing your ground rods well below the frost line. 

I O M E G  

I  M E G  

l o o k  

10k 

3 
1 r 

1 0 0 0  
W 

C 
2 
2 l o o - -  

- 

-- 

-- 

-- 

-- 

- 

5 r r - -  
Ln - 
V) 

C 

0 0  

I N C R E A S I N G  P A R T I C L E  S I Z E  d 

fig. 3. Resistance values of various soils. 
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fig. 4. Effects of moisture in sandy loam soil. 



First 
North American Availability 

- Mid - July - 
- PLACE YOUR ORDER NOW - 

I Exclusive Distributors in North America Call - 

The VHF Shop 
Box 349 R.D. 4 
Mountain Top, PA. 
(7 1 7) 868-6565 
K3MKZ 
M-F after 6:00 p.m. EST 
Weekends anytime 

Nampa Satellite Systems 
312 12th Ave. So. 

Nampa , Idaho 83651 
1 -800-654-0795 
KI7D - W86TOC 

M-S 8:00 a.m. - 6:00 p.m. MST 

2 METER ANTENNAS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4144A - 4 elem - 3.5' boom length Call 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10144A- loelem-2.2 yagi $64.95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10X144A - 10 elem - 2.2 Twist yagi $79.95 

15144A - Equal in gain to ANY commercial antenna in the 3.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  boom size - weighs 11 Ibs. 4 2  sq. ft. surface area .$79.95 

15X144A - Same gain in each plane as 15144A but a 3.1 Twist yagi 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  weiqhs only 12 Ibs. - surface area 2.5 feet $99.95 

ALL ANTENNAS ARE SUPPLIED WITH "N" CONNECTORS 

432 ANTENNAS 
17432AN - 17 elern yagi, Boom length 8.12 feet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $54.95 

I Spec~flcatlonr VHF mntenms: 

I Antenna 

No Elements 
Galn 
Front 1 Back 
Front /Side 
SW R 
Aperture Angle E 
Aperture Angle H 
Impedance 
Mast Dlameter 
Boom Lenght 
Surface Area 
We~ght 
Boom 

4 10 2x10 15 2x15 
BdBd 11.4dBd 11.4dBd 14dBd 14dBd 
20 dB 25 dB 

> 40 dB ------ ----- --- 5 1 . 5  / 1 
2 x  29' 2 x  18' 2 x  18 2 x 15' 2 x  15' 
2x46 '  2 x 2 4 '  2x24 '  2x16 '  2 x 1 6 '  

- -. - .- 50 ohm --------- 
-- 5 o m m - -  - -  . ~ 

1.1 m 4.5 m 4.55 m 6.45 m 6.5 m 
0.03 m2 0.12 m2 0.16 m2 0.18 m2 0.23 m2 
1 K g  3 K g  3.4 K g  5 K g  5.5 K g  

3 sectlons 3 sections 4 sections 4 ~ u t i o n s  

N type connector may be supplied upon request. SO 239-type connector IS 

del~vered as standard on all antennas. 

Element to bwm rnountrng o f  CUE DEE Drrver element for 144 MHZ wrth pre.tuned 
VHF/UHF yagr antennas gamma match - 
SWR of CUE DEE 15144A and 15X144A 15144A. 15 el. long yagi 144MHz. 

-- - - 

More Details? CHECK-OFF Page 110 September 1983 rCls 69 
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fig. 6. Temperature effects on sandy loam. 
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chemical treatment 

!? 

W C 

Chemical treatment of the soil around a ground 
rod will increase the effectiveness of your ground 
system.' Rock salt, copper sulphate or magnesium 
sulphate (commonly known as Epsom salt) will inject 
large quantities of ions into the soil increasing its 
conductivity while reducing seasonal variation. How- 
ever, these salts will gradually be washed away by 
rain and groundwater. They should be replaced every 
one to three years depending on climate and soil 
type. Rock salt is the most readily available and least 
expensive. Magnesium sulphate (Epsom salt) is 
available at any drugstore. Copper sulphate is the 
most effective but the most expensive. 

1 

ground rods 

0 0 1  1 0  1 0 0  2 0 0  

ADDED SALT - % BY WEIGHT 

fig. 5. Effects of dissolved salts in sandy loam soil. 

Copper pipe makes the best ground rod, but unfor- 
tunately, it's expensive and too soft to be driven into 
the ground. The best practical rods are made of steel 
plated with copper to decrease resistance. These are 
available through most Amateur Radio outlets. 
Remember that the length of a ground rod is more 
important than its diameter. Doubling its length will 

*Use extrerr,~ caution in applying chemicals that may pollute ground 
water, wells, or soil. Editor. 
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cut resistance by 40 percent, while doubling the di- 
ameter will result in only a 10 percent reduction. 

Spaced rods provide large reductions in the resis- 
tance of your earth ground system as shown in fig. 
8. Ground rods should be separated from each other 
by a distance equal to their length. This reduction of 
resistance is not proportional to the number of rods in 
the system. Three rods spaced 15 to 25 feet apart will 
provide an optimal ground for all Amateur stations. 

A typical ground rod set-up is shown in fig. 9. This 
is most effective since the chemical salts are distrib- 
uted through a large volume of soil. Unfortunately, 
these salts are toxic to vegetation and can leave a 
ring of bare soil around each rod. 

An alternate installation method for ground rods 
is shown in fig. 10. This was used for my station 
since I have a small city lot and all the good loca- 
tions for driving ground rods seemed to be covered 
with petunias. All excavation was done with a 
post-hole digger to minimize damage to the flower 
beds. While not quite as effective as the method in 
fig. 9, it allows much greater latitude in the place- 
ment of your ground rods. 

0 

? C 

I 
5 6 7 8 9 1 0 1 1 1 2 1 2 3 4 5 6 7 8 9  

M O N T H S  O F  T H E  Y E A R  

fig. 7. Seasonal variation of ground resistance. 

1 0  - 
W 

2 0  FOOT ( 6  / M I  

4 0  FOOT 112 P M I  

1 2 5 4 5 6 7 8 9 1 0  
NUMBER O F  RODS 

fig. 8. Resistance reduction of multiple rod ground 
over single rod ground. 



RCULAR TRENCH 
-18" 130-45cmJ WIDE 
"i30cml DEEP 

SALT 
MIX 

UNDISTURBED 
EARTH 

c 8 FOOT (2.4 M )  QROUND ROD 

fig. 9. Typical ground rod set-up. 

I 

-- - 
- 

- - - -- 

50-50 MIX OF 
SOIL AND CHEMlCdL 

I- 
8 FOOT I2 4 M l  
GROUND ROD 

fig. 10. Ground rod with treated soil for confined 
areas. 

The proper construction of a low resistance 
earth ground system is a relatively simple task. It 
can eliminate the problem of "rf in the shack," 
reduce your TVI potential, and improve the per- 
formance of low band antennas - not a bad trade- 
off for several hours of work. 
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locate orbiting satellites 
The motion of satellites 

around the earth 
is explained to help you 

find and use 
Amateur satellites 

For the beginning satellite chaser, probably the 
most perplexing question is, how do I find out when I 
can hear it? Although there are now numerous ways 
of finding the answer to that question, the newcomer 
- and possibly some old-timers - will find it very 
helpful to understand the spatial relationships that 
exist between satellites and the earth. With the aid of 
a simple globe of the earth and some basic informa- 
tion on satellite behavior, a clearer picture of how to 
find satellites emerges. 

Look at a globe of the earth and visualize it divided 
exactly in half by a flat planar surface. Imagine this 
plane at a slight angle to the polar axis, so that it 
passes to one side of the north pole and to the other 
side of the south pole. Now consider this plane to be 
stationary, with the earth rotating freely through it. 
Note that twice during each rotation each point on 
the earth's surface passes through this plane - ex- 
cept for small regions near each pole. At each pas- 
sage the plane will appear to approach the earth- 
bound observer from the east and disappear to the 
west, just like the sun and moon. 

satellite paths 
What does this have to do with satellites? Satel- 

lites travel around the earth in a path that stays on a 
flat plane of this kind, and the planes of the various 
satellites are completely independent of one another. 
Much of the apparent movement of the satellites is 
merely the movement of the earthbound observer 

being carried toward and away from the orbital 
plane. 

The problem of discovering when a given satellite 
comes within useful distance is then really the prob- 
lem of finding out where the orbital plane is when the 
satellite is near your latitude. Since this information is 
different for every station, a convention is used that 
identifies the time and location of the satellite's equa- 
torial crossing. From that information you can derive 
the specific data you need for your own location. 

A satellite circling the earth in the orbit previously 
described crosses the equator twice during each rev- 
olution around the earth. The convention for refer- 
ence data identifies only the northbound equator 
crossing. Information on the longitude and time of 
the first northbound equatorial crossing for the UCT 
(Greenwich) day is published and broadcast by 
ARRL, AMSAT, and others. In addition to this infor- 
mation, we must also know certain other facts about 
the satellite's orbit. The time it takes a satellite to 
revolve exactly once around the earth is called its 
period. The angular distance, measured at the equa- 
tor, between successive northbound equator cross- 
ings is called the increment; measured in degrees of 
longitude, and mainly related to the earth's rotation. 
It is also important to know the inclination angle, the 
angle between the orbital plane and a plane through 
the earth's equator. All these orbital characteristics 
are unique to each satellite and are published in vari- 
ous Amateur magazines. 

For the ham who really wants to get serious about 
tracking satellites, there is another item of informa- 
tion I can recommend. That is something that's not 
published but must be calculated by the individual for 
his own location. I have called it the index point, and 
I define it as the longitude of the intersection of the 
orbital plane with the equator that causes the satellite 
to pass directly overhead. These index points are dif- 
ferent for each satellite, and, in fact, there will be 
two: one for northbound satellite movements 
(ascending orbits) and one for southbound move- 

By John L. Hill, WBZWW, 2838 Lake Boule- 
vard, North St. Paul, Minnesota 55109 
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RS WINDOW 

A S C E N D I N G  O R B I T S  D E S C E N D I N G  O R B I T S  

The ''wtndows": SdtelBles w111 peSS wzthrn range of your stallon they cross the 
equ(ltor rnrlds your w#ndow. Pomlr A and B marl the center of the wlndows lor 
RS bllds. points C and 0 for OSCAR 8. Northbound equator crosrlngr will be far 
Iher west from pamlr 0 and 6, whwh mark the window centers for southbound 
cmsangs by 180 degrees mrnor % ,ncramant. At statmns @at& on the wus- 
lor, the wmdow wtdthr are 75 degrees for RS blrds and 58 degrees for OSCAR 8. 
FO1 Stat~on locattons al  other Ialttudss, the wtndow will widen by the rscrprocal of 
Ihe eas,ns 01 Ihs rtatlon latitude (up to about 50 degrees srths, north or south). 
NOTE: Stilltons 10 the southern hsmrrphers should invert this ftgure and tnler 
change the t e n s  "sscondmg" and "dercsndlng." 

fig. 1. "Window" determination for OSCAR 8 and RS 
satellites. 

ments (descending orbits). Let's take a closer look at 
these index points. 

If the orbital plane had an inclination angle of 90 
degrees (perpendicular to the equator), one might 
predict that the index point would have the same lon- 
gitude as the ground station. That is not quite true, 
however, because it takes time for the satellite to 
move from the equator to the station and the rotation 
of the earth during this interval has moved the station 
eastward by one degree longitude for each four min- 
utes. Thus the orbital plane must be positioned east 
of the station longitude to accommodate this fact. 

Since the inclination angle of the orbital plane is 
not 90 degrees for any of the satellites now in orbit, 
there will be a difference between the longitude of 
the equator crossing point and the ground station be- 
cause of this "leaning" of the plane. An effective 
way to visualize this is to stretch a rubber band 
around the globe, making a great circle. Position this 
great circle so that it passes through the ground sta- 
tion location, and make the northernmost and south- 
ernmost points tangent to latitude parallels equal to 
the inclination angle. For OSCAR 8 this angle is 99 
degrees, so the great circle will come tangent to 81 
degrees, passing to the left of the north pole (as you 
view your station's location) and to the right of the 
south pole. For the Russian satellites (RS-3 through 
RS-8) the inclination angle is 83 degrees, which 
makes the tangency points nearly the same, but on 
opposite sides of the earth's poles. 

With the assistance of this great circle it's apparent 
that for inclination angles of less than 90 degrees, the 
plane crosses the equator slightly west of the ground 
station's longitude; for inclination angles greater 
than 90 degrees, it crosses slightly east. The contri- 
bution to the displacement due to the earth's move- 
ment is always toward the east; thus these two 
effects almost cancel one another for the RS birds. 
They add for OSCAR 8. 

For ground stations with latitudes of not greater 
than about 60 percent of the inclined orbital plane's 
northernmost (or southernmost) latitude, it's possi- 
ble to calculate the location of the index points with- 
out resorting to spherical geometry and still get accu- 
rate enough results for Amateur communications. 
For example, consider a ground station at 40 degrees 
north latitude and 80 degrees west longitude. And let 
us use the data for the RS-8 satellite, because it pro- 
vides some easily understood calculations (see fig. 
1). RS-8 has a period of just under two hours, an in- 
crement of almost exactly 30 degrees of longitude, 
and an inclination angle of 83 degrees. Its height 
above the earth's surface is 1680 kilometers, a value 
we will also need. 

The first value we will need to derive is the dis- 
placement caused by the earth's rotation. Since the 
satellite travels at a velocity of 3 degrees per minute, 
it will take 13.3 minutes for it to travel north from the 
equator to the station's latitude. Meanwhile, the 
earth turned 3.33 degrees ( 13.3 divided by 4). 

The inclination factor is the latitude multiplied by 
the cosine of the inclination angle. That is 4.9 de- 
grees, but since it's west and the 3.33 degrees is 
east, they partially cancel, making the index point 
81.47 degrees west longitude. The significance of 
this is that every orbit of RS-8 that ascends across 
the equator at 81.5 degrees will pass over the ground 
station 13.3 minutes later. 

A similar index point can be found for satellite 
passes which ascend on the other side of the earth 
and descend over the station. The arithmetic for de- 
termining this index point has almost all been done, 
since the satellite now passes the station before it 
reaches the equator by 13.3 minutes. Both the previ- 
ous displacements change direction, and the equator 
crossing on descent becomes 78.5 degrees west. 

It's more useful to learn where the ascending 
equator crossing must be to produce the desired de- 
scending longitude. One might expect it to be exactly 
opposite (i.e. 180°), however, that is not correct 
since the earth has been turning during the interven- 
ing half-orbit. Therefore, the required longitude of 
ascension will be east of a point opposite by an 
amount proportional to the time required for this 
half-orbit transit. Since all satellite locations are ex- 
pressed in longitude degrees west of zero, this point 
is most easily obtained by adding 180 degrees minus 
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- SPECIAL OFFER TO LICENSED HAMS - 

Are you interested in Satellite Television? 
Then why not read Satellite TV Magazine? 

Believe me - this is the number 1 
Satellite TV Publication! 

Now ... as a special dffer to licensed amateurs only - we 
will send you a sample copy of Satellite TV Magazine for 
only$l.00* (Reg.$2.95) and offer you an annual subscrip- 
tion for only $24.95* (Reg. $29.95). 

174.31 0 MHz and hear what the other HAMS are saying about Satellite TV Magazine. 
Chris J. Schultheiss VE-2FRJ 

Just give us your name and QTH Editor & Publisher __-.__-------------------------------------- 

Please Enclose Check or Money Order or if you prefer we accept Visam & Mastercardo. 

Card Number Exp. Date 
Satellite TV Magazine 

*All Prices in US Funds. P.0. BOX 2384 

STRIPLINE 
POWER AMPLIFIER KITS 

50,144,220 AND 432 MHz. 

. I  . - ; *7 - -  " ---- 

Perfect for EME, aurora, meteor and tropo scatter, 
and other specialized communications modes. 

These high performance state-of-the-art amplifiers come 
in two basic models: 500 watts output using either the 
4CX250 family or 8730 tetrode tubes. 1000 watts output 
using 8874 triode tubes. The ampl~f~er is 12" x 8" x 6" 
and we~ghs just 14 Ibs. excluding cooling blower. 

Power supply kits for both triode and tetrode models 
available in kit form. Rated outputs are 2,000 VDC Q 500 
ma; 7.6 VAC Q 6A for filament voltages; for tetrode 
models 300 VDC regulated at 40 mA screen and - 120 
VDC bias supply voltage. Power supply IS 12" x 8" x 6"  
and weighs 37 Ibs. Full line of accessories, rack or cabi- 
net mounts, manufactured and k ~ t  opttons available. 
Contact factory for detalls. 

Each kit comes with fully illustrated, easy-to-read in- 
structions. Factory back-up assistance is available from 
trained technicians. 

CALL FOR PRICING 

by B~ll  Orr,  W6SAI 
Recommended readlng Conimonly asked questions l ~ k e  What IS the best 
element spacing? Can dllferent yagl antennas be stacked wfthout loslng 
performance? Do monoband beams outperform trlbanders?'Lots of construc- 
tlon projects. d~agrams and photos 198 pages (r 1977 1st ed~tlon 
ORP-BA Softbound $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr, W6SAI 
Learn how to bu~ ld  slmple economical wlre antennas Apartment dwellers 
take note! Fool vour landlord and your ne~ghbors w ~ t h  some ot the Invls- 
~ble"  antennas found here Well diagramed 192 pages fi 11972 
ORP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I .  Orr, WGSAI and Stuart Cowan, W2LX 
Contains lots of well illustrated constructlon prolects for vertical, long wlre. 
and H F / V H F  beam antennas There IS an honest judgment of antenna galn 
f~gures, ~nformat~on on the best and worst antenna locat~ons and helghts, a 
long look at the quad vs the yagl antenna. fnformat~on on baluns and how 
l o  use them, and new ~nformat~on on the popular Sloper and Delta Loop 
antennas The text IS based on proven data plus pract~cal, on the-a~r experl. 
ence The Radio Amateur Antenna Handbook will make a valuable and often 
consulfed reference 190 pages 1978 
ORP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI 
The cub~cal quad antenna 1s considered by many to be the best DX anlenna 
because of 11s simple, l~ghtwefght des~gn and hlgh performance You II tlnd 
quad des~gns for everything from the slngle element to the multi-element 
monster quad, plus a new h~gher galn expanded quad (X-0) des~gn 
There s a wealth of supplementary data on constructlon, leedlng tuntng. 
and mounting quad antennas 11 2 pages 'c 1977 
U RP-CO Softbound $6.95 

Please add $1 .OO to cover sh~pplng and handtlng 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 



one-half the increment. (Should the result be greater 
than 360 degrees, the correct value is obtained by 
subtracting 360.) For the example we've been using, 
this ascending crossing will be at 243.5 degrees west. 
It's useful to note that the 'bird' will arrive over the 
station 46.5 minutes after this crossing: one-half the 
period minus the time from the station to the 
equator. 

So much for passes which are overhead. But what 
about the ones that come by without being that high 
in the sky? To find out when and where these occur, 
we must take up the question of range. When the 
satellite is just on our horizon (unless the horizon is 
obscured by a mountain or building) the ground sta- 
tion is at the 90-degree corner of a right triangle, the 
other two corners of which are the center of the 
earth and the satellite. The useful information to be 
drawn from this triangle is the angle between the 
lines joining the center of the earth with the other 
two corners. This angle defines the maximum range 
at which the satellite is visible on the horizon, and its 
value can be used to calculate the equator crossing 
longitudes of orbits that will carry the satellite inside 
a "range circle" that's centered on the ground sta- 
tion and has a radius of that dimension. 

If the ground station were on the equator, we 
could merely add and subtract the range angle to the 
index points to derive the "window" through which 
every satellite would have to pass to come into 
ground station range. For ground stations off the 
equator - at latitudes greater than zero - the range 
window widens. Without getting into complicated 
spherical geometry, it's possible to estimate the 
width between eastern and western equator cross- 
ings at the range limits by dividing the range angle by 
the cosine of the station latitude, and adding and 
subtracting the resulting value to the previously cal- 
culated index points. 

Using the RS-8 satellite and the ground station of 
the earlier example, the range angle is 37.7 degrees." 
Dividing this by the cosine of 40 degrees widens this 
angle to 49.2 degrees. Adding and subtracting this 
gives limits of 32.3 degrees and 130.7 degrees, and 
provides a fair approximation of where ascending 
equator crossings will bring the satellite within range 
of this ground station. The same operation on the 
other index point gives a set of limits for descending 
orbits in terms of the longitude of ascension. For this 
station they are 194.3 degrees and 292.7 degrees 
west longitude. 

The true boundaries of equator crossings are 
slightly beyond these calculated values, but the 

'The angle is equal to arc cosine [ R / ( R  + H ) ] ,  where R = 6371 km and H 
= 1680km. 

mathematics becomes too involved to make their de- 
termination worthwhile. Also, this simple scheme 
develops gross inaccuracies as the location of the 
ground station exceeds latitudes greater than about 
60 percent of the maximum satellite latitude. Sta- 
tions in higher latitudes need to use a different 
approach. 

which satellites are in range? 
Having established the edges of our own personal 

index windows, we now need a list of all the satellite 
equator crossings to see which of them will be in 
range. Lists showing all equator crossing longitudes 
and times for ascending orbits are available, but they 
are predictions, made months into the future, and 
tend to require corrections when the actual date 
arrives. Here is a simple technique, using an ordinary 
pocket calculator, for getting the same information 
from more correct reference orbit data broadcasts by 
W l  AW and the AMSAT nets. If your calculator has a 
memory capable of storing an eight-digit constant, it 
can handle this procedure. 

The idea is to combine the two values - time and 
longitude - into a single multiple digit value that can 
be repeatedly added to the initial reference data to 
yield successive orbital data. Again using data for 
RS-8, the satellite has a period of 119.7 minutes and 
an increment of 30.07 degrees. Combine these two 
values into a single expression and enter it into the 
calculator's memory. Make this value 199.70301 
(why it's not 119.70301 will be explained later - see 
calculator values). Note that the increment has 
been rounded off to stay within eight digits. 

Assuming that the reference data for RS-8 this day 
is 00:42:36 (hours:minutes:seconds) at longitude 
260.4 degrees west, enter these two items as a single 
value (42.62604) and add the constant to get 
242.32905. This can be mentally separated to be 2 
hours, 42.3 minutes at longitude 290.5. Add the con- 
stant again and get 442.03206, 4 hours, 42.0 minutes 
at 320.6 degrees longitude. Add the constant once 
more and get 6 hours, 41.7 minutes at 350.7 degrees 
west longitude. The next addition comes to 841 4808,  
but since the longitude portion exceeds 360 degrees, 
merely subtract 0.036 and you find that this orbit 
ascends the equator at 8 hours, 41.4 minutes at 20.8 
degrees west. You can continue to develop data for 
each successive orbit. Should the minutes value of 
the time come out between 60 and 99, merely sub- 
tract 40.0 and you have a correct value and can con- 
tinue. In fact, you can even subtract 2400.0 when the 
time exceeds 2359 and continue on into the next day 
if you don't have new reference data for that day. If 
you go on too far, of course, the inaccuracies of 
rounding will build up. 
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HOBBY KITS@ 
EXPERIMENT - LEARN ELECTRONICS 

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

WITH OUR MINI-LINEAR CIRCUIT KITS 
All  k l ts C o m e  Comple te  Wl th  Etched a n d  D r ~ l l e d  Clrcul t  Boa rds  

a n d  All Parts N e e d e d  T o  Funct lon A s  Described 

AFA-1 AUDIO AMP. LM 380 I 2Wam4 16OHMOutpul $4.95 
AFP-1 AUDIO PREAMP. 0ua1 ~ u d l o  preamp- For Make ~ t c  $3.95 
BMD-1 BAL. MIX. LM 1496Mtxer - S  B Modulator ~ u n e d  output $9.95 
DET-1 AM DET. Am Envelope Detector w~th AGC output $3.95 
DET-2 FM DET. LM 3065 FM Detector (455 KHZ or 4 I 1 MHZ) $7.95 
DET-3 SSB DET. LM 1496 SSB Detector (Needs osc t or osc 4) $9.95 
IFA-1 IF AMP. CA 3028 30 DB Gain Opttonal AGC (455 ~ n Z o r 9 - 1  I MHZ) $6.95 
FLS-9 SSB FILTER 9 MHZIZ 1 KHZ BW w~th USB XALfor OSC 1 $49.95 
IFA-2 IF AMP. CA302830 0 %  Galn 1 100 MHZOpttonal AGC $6.95 
MBA-1 FREQ. MULT Tuned output BUM< Mun Ampl~tler TO 2% MHz $5.95 
OSC-1 CRYSTAL OSC. 100 KHz - 20 Mnz Not Tunedi~ess XAI, $3.95 
OSC-2 CRYSTAL OSC. OV I 8  200 MtiZ Tuned OutputlLess XAL, $4.95 
OSC-3 VARIABLE FREQ OSC varactor Tuned 455KHZ + 10% run ng $5.95 
OSC-4 VARIABLE FRFY OSC varactor Tuned 4-1 1 MHZ $5.95 

Cenlel Freg t 10% Tunng 

PSV-1 POWER SUPPLY LM 723 W~th Passlrans~stor 3 amps max $7.95 
ADJ 4 18 Vo15 

PLL-2 TONE DETECTOR LM567 PLL Tone Detector I T W O F O ~  roucn ~ane1$5.95 
RF/MIX-2 RF-AMP/MIXER 3N2W Tuned RF AMlMtxer I - 2% MHz $7.95 

loplmona AGC) 

MANY OTHER MODULES AVAILABLE 
SEND $2 00 FOR FULL CATALOG COMPLETE SET OF MODULES TO BUILD A 

WITH CIRCUIT DIAQRAMS AND I-WATT SSBlCW MONO-BAND TRANSCEIVER 

TYPICAL RECEIVER AND LESS CASE. CONTROLS PWR SUPPLY 

TRANSMITTER HOOK-UPS (12 VOC) SPK AND MIKE 

$1 49.95 (SpeclW Band) 

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

Computer Program 
Books for Beginners 

Color Computer 
101 Color Computer Programming Tips & Tricks, learn-by-dolng 
lns t ruc tms,  hlnts, secrets shortcuts, technlques, ~nslghts, for 
TRS-80 Color Computer 128 pages $7.95 
55 Color Computer Programs for Home, School & Office, practical 
ready-to-run software wlth colorful graphlcs for TRS-80 Color 
Computer 128 pages $9.95 
55 MORE Color Computer Programs for Home, School 6 Office, 
sourcebook of useful type-ln-and-run software wlth excltlng 
graph~cs, for TRS-80 Color Computer 11 2 pages $9.95 

Pocket Computer 
Pocket Computer Programming Made Easy, new fast ' n  easy way 
to learn BASIC, make your computer work for you For TRS-80, 
Sharp Caslo pocket computers 128 pages $8.95 
101 Pocket Computer Programming Tips & Tricks, secrets, hlnts, 
shortcuts, technlques from a master programmer 128 pages 

$7.95 
50 Programs ~n BASIC for Home, School & Office, sourcebook of 

tested ready-to-type-ln-and-run software for TRS-80 and Sharp 
pocket computers 96 pages $9.95 
50 MORE Programs in BASIC for Home, School & Office, Ideal 
source for lots more useful software for TRS-80 and Sharp pocket 
computers 96 pages $9.95 
P l e a s e  add $2.00 f o r  shipping and handling. 
A l l o w  2-4 weeks for d e l i v e r y  

SEND TO: HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 
(603) 878-1441 

By comparing the longitudes of equator crossings 
with the limits you have computed for your two index 
windows, you can select those which will pass within 
the range of your station and establish the time that 
each will pass your latitude. The elapsed time from 
equator crossing to arrival at your latitude will be the 
same whether the equator crossing is such that the 
bird passes overhead or only out near the limits of 
your range. When the pass is directly overhead, you 
can expect the duration of visibility to be twice the 
range (degrees) divided by the velocity (degrees per 
minute). For OSCAR 8 this is 16.7 minutes (2 x 29.1 
t 3.49). For the RS birds this duration is 25 minutes 
(2 x 37.7 + 3.0). When the pass is halfway between 
the station and the range limit, the duration is 85 per- 
cent of the overhead value; at the range limit, it may 
be only a minute or less. 

A helpful exercise in developing your understand- 
ing of how the satellite moves through any portion of 
your range circle is to place your great circle marker 
on your globe at various longitudes within the index 
window and note the path it defines as it comes into 
and leaves your range circle. For stations in the 
Northern Hemisphere this track causes the RS birds 
to depart off to the northeast on ascending orbits 
and to arrive from the northwest on descending or- 
bits. For OSCAR 8 the opposite relationship results 
from the difference in inclination angle, its having an 
angle of inclination 9 degrees greater than 90, while 
the Russian orbits are 7 degrees less than 90 (see fig. 
1). By attaching a length of string to your globe at 
the station location and tying a knot at a distance 
representing the range limit, you can obtain an excel- 
lent graphical representation of your range limit. 
Note that the length to the knot can be measured in 
either latitude degrees or in longitude degrees at the 
equator. 

calculator values 
By making the constant for the period and incre- 

ment that value given earlier, you are simultaneously 
adding two hours and subtracting a few minutes to 
the mixed hours and minutes expression. Occasion- 
ally, when the minutes value is small, the result 
comes out a few minutes less than 99 when it should 
be the same number of minutes less than 59. Sub- 
tracting 40 minutes fixes it up. 

No doubt a home computer with satellite locating 
programs can provide more exact information, but 
satisfactory operation can be achieved using the sim- 
ple methods described here. For almost ten years I 
have tracked the satellites - and had hundreds of 
QSOs - using only my globe, a rubber band, some 
string, and a hand calculator. 

ham radio 
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ELECTRONICS 

NUTS & VOLTS 

RADIO EXPO 
sponsored by 

Chicago FM Club 

September 24 & 25 
Lake County Fairgrounds 

Grayslake, Illinois 
E*bits 

98% Manutact\\'" 
M o t  - Seminars. bdiss'  programs 

Tech talks 
Tickets good for both days 

$3.00 advance - $4.00 at gate 

SASE TO 
RADIO EXPO '83 

Box 1532 
Evanston, lL 60204 

(31 2) 582-6923 

ArnNTION 
DEALERS! 
Interested in 

making a PROFIT? 

Sell our magazine in 
your store with 

100% Return Privileges 
Rose will tell 
YOU how - 

CALL 1-603-878-1441 

The Ham Radio 
Publishing Group 

Greenville, NH 03048 

Mtx1t.l MFBV Cll#o~818*ta.lv ,wtornalcC t ~ a ~ ~ t 5 w a f ~ h l l l q  
HI3 11wous(~h 10  PIUS 30 TVIC!$.I\ O ~ ~ l ~ ~ e d o m s a I I  4. awi 
C) Lt r8r>t i  11~1) vvnar-als nl rl ,rnpntnblP snre Tlrotrsends 
,I, ,,SP worldwldc. sanc:~ I l ~ c r m t w r  8 11 1M3 meter 
01n11111 avd!ldhlr <,OW ,r1rr,tlt klls for rematntng WAHC 
h+rntts cr,n,jng s m r ~  Hc.#qht 26 It 7 8 meters gvvtryl 
not requmxl ~n m<l.it tnstallnt~ons 

M ~ P I  ZMCV Trotrttx>nn ' mn~d~rect~onslcoll tnaer 
c~nw) vrnlcal tor 2'nr,ters ~RVI IW The same galn as 
r louhlr%Y lylwQ tsut the patented trornlMne 

~>I,aslng s % : l ~ ~  alll ,ws rt lr  rndmtor l o  remsm unhrcken 
1,v ~nsrrlnlr,rs for rr,;, l lmurrl alrerglh In hlgh wtnds No  

0015 plumber s (lrlrrll,t ~-nnstrucf8on and ndtustnble 
cl.+rnn>n match Icir .'ant,lere D C grounding and 
Ik)we51 y ~ s r t > l p  SWR Hl-8clhl 9 8 N 2  98 nrD1rtJ 

Model 2MCv 5 5c4prr Trombonn ' Somn 
bbh''-4 a d ~ a l ~ w ~  fnaturm 05 thp besnc ZMCV but a 
;NG.#Jilull w ~ v r l r r ~ l t h  tnller wl lh  addkl8ohnl 

T r ~ r n l ~ l n ~  - l)t11ts!nq ~p~,IoDn lor nddlt lon~l 
'l-l\,<+ s.,,l Hc#ol>t 1 5  15 IV4 8 meters 

A new publication from the 
league which lists in callsign 
order the addresses of all FCC 
licensed radio amateurs in the 
United States and possessions. 
It also includes a separate list- 
ing of all club stations. 

owu $1 5'%osTPnla 
($19.75 in Canada and Elsewhere 
including shipping by surface mail) 

, - - - - - - - - - - - - - - - -  

Enclosed is $ - in U.S. funds 
or charge - MASTERCARD 
V I S A  - American 
Express for copies 
of the ARRL Amateur Radio Call 
Directory(s). 

Name Call 

Address 

City StateIProv 

ZipIPostal Code or Country 

1 Charge Number 

Good from - to - 
Signature 

All BUTTERNUT ANTENNAS use staonfes9 61881 
hnrdw.Ir.2 and are c ~ ~ n m n l r n d  lor r lull year For tunher 
l n l ~ r m a ~ ~ o r r  on the-r rind r.fher BUTTERNUT products 
wrtte lor our FREE CATALOG' 

BUTTERNUT 
ELECTRONICS 

405 E. MARKET STREET 

I 
LOCKHART, TX 78644 

r /  110 
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THE AFFORDABLE REPEATER 
FROM THE MANUFACTURER OF COMMERCIAL & 
MILITARY EQUIPMENT MADE IN USA AT OUR 

MIAMI, FLORIDA PLANT 
* m+q $6 FEATURES: 9 9. Basic price 

* a Several Frequency Ranges -- 
30-50 MHz, 132-172 MHz, 

OPTIONS 
200-240 MHz, 380-480 MHz. 

a Sensitivity .3 Microvolt 12 DB SIN 
a Helical Filter Installed $65.00. a Power Output 30 Watts. 

8 Pole Filter Installed $20.00. 
a Cooling Fan Installed $30.00. a Four Pole IF Filter. 

a Duplexer a Complete separate transmitter 
a Deluxe Cabinets and Receiver 
a Timer 
a Tone Panel a 13.6 VDC or 1151220 UAC 

Power Supply. 
a 19" Rack Mounting. 

OTHER PRODUCTS 

a Simplex and Full Duplex PAYMENT TERMS: 

a VHFIUHF Mobiles and Bases Domestic Orders 50% with order 
a Rural Radio Telephone 50% C.O.D. 
a Auto Patch Foreign Orders Letter of Credit 
a HF SSB Transceiver or Advance Payment. 
a Catalogues available upon request Allow 2 to 6 weeks for delivery. 

DEALER INQUIRIES INVITED 
ITS International Telecommunications Systems Florida Inc. 

8416 N.W. 61  ST. / M I A M I .  F L O R I D A  33166 
T E L :  (305)  593-0214 / T E L E X :  525834 

v 

Organlxe your shack with a 
CLUTTERFREE MODULAR 

CONSOLES 
Prices start at $169.92 

9 Models to choose from 
-Large, 42" H X 57" W X 30" D 

Strong groove - construction 
*Mar-resistant wood grain finish 
*Options, drawers & face plate 

For ham or home computer 
*Visa and Master Charge 

CLUTTERFREE 
MODULAR 
CONSOLES 
P.O. Box 5103 Tacoma, W A .  OM05 
(206) 272 0713 / 124 
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Expose Your 
Recruitment Ads 

to the most 
Technical 

Audience of Radio 
Hams Available 

Here's how 

Are you looking for a tech- 
nically qualified person and 
find that few are available 
locally? Broaden your 
search by running an ad in 
HAM RADIO Magazine. 
HAM RADIO'S readers are 
the most technically qual- 
ified. Over 60% are active- 
ly involved in one or more 
areas of the electronics in- 

I f  posslt~~e e l  kriow lour to s ~ x  weeks 
before you move and we will make sure 
your HAM RADIO Magaz~ne arrlves on 
schedule Just remove the malllng label 
from thts magazlne and aff~x below 
Then com~lete your new address (or any 
other corr'ect~ons) In the space prov~ded 
and we'll take care of the rest. 

ham AIIOW 4-6 weeks for 

ridin Maaaz~ne correction. 

~ reenv l l i e .  NH 03048 

Thanks for helping us to serve you better. r--1 r - -  
1 1 / 1 1  L-J 

1 i LABEL 

I / I I HERE )r 

running an ad in HAM 
RADIO Magazine. 

National coverage at 
an affordable price 
Specially segmented 
audience 
Active Hams who do 
more than just read 
about electronics - 
they participate in it 

Call today for more infor- 
mation about placing an ad 
in HAM RADIO. Get the 
person you want! 

CALL TODAY 
(603) 878-1441 

Ham Radio 
Box 0 

Greenville, NH 03048 

Tell 'em you saw it in HAM RADIO! 



RADIO 
DIRECTION FINDER 

The SuperDF 

Inexpensive kit and assembled units for use 
with Hand-Held, Mobile, or Base Station. 
100 to 260 MHz or 200 to 550 MHz with 
one antenna. Non-ambiguous. NO 
overloading. Use with unmodified HT, 
scanner. or transceiver. KO attenuator or 
"S" meter needed. Can DF signals below 
the noise. Averages out local reflections 
while mobile-in-motion. Used by FCC, 
US  .krmy, State of California, Coast Guard 
Aux. Prices start at S125. For details 
send S.4SE to; B31G Engineering. 9935 
Garibaldi .4ve, Temple City, Cal, 91780 
fl 116 

FCC changes make obtaining a High-level 
Radio Telephone License much easier now. 
Elminate 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 section cover- 
ing Radar Endorsement. 
A small investment for a high-paying career in 
electronics. 

$19.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville, N. C. 28793 
r /  183 

I Fiendishlv I 
ingenious 
devices! 

I Free catalog of "Hard-to-Find Tools" I 
Most 01 the tools YOU llnd In a 

haldware store are made wlth 
ordlndry qual~ty lor dolng ordl 
nary lobs Brookstone s tamous 
Hard to Flnd Tools are extraor 

dlnary In thelr crattsmansh~p and 
u l ~ l ~ l y  made l o  do Ihe lob rlghl 
And everylhlng we Fell 1s g w r -  
an- lor Ine. Send lor your 
IIP? Ldlalog today' 

L\HIRD-TO'.'~-~------,J 
I Send m Brmksloner FREE 58prps mlog : 
: Name 

I 

: Address I 

: ClIY I 

i S I ~ I ~  ZIP I 
I 

I 
a Brookstone I 

I i 51 1 . I #,I(' I f :I1 1. ,: a 
I Pelrl;)  lrouqh ,,I u. ~ , w  I l<t l l r t  $4'18 (/ 119 : 
LI-IIIII--III~~IIII-l 

RTTY 
Full featured RTTY to 300 baud 
plus CW term~nal unit. 
3 Shifts, active filters, remote 
control, xtal AFSK. FSK, plus 
much more. 
Suggested retail price. . $499.95 

TU-170A 
Single shift RTTY terminal unit. 
Xtol AFSK. FSK, active-filters and 
more. 

Kit $189.95 
wired 5289.95 mmv 

TU-170 
Single shift RTTY terminal unit. 
Low cost. AFSK. active-filters. 

$149.95 
(Kit only) 

\- Z[ -- 
- 

TRS-80' RTTYlCW 
ROM-116 Interface for model 1. 111, 
IV (16K MIN). All standard Baudot 
& ASCII rates to 1200 baud. Text 
editing, auto CWIID, split screen. 
RTTY art. & much more. Proven 
reliable & available on tape or 
disk. Disk MAILBOX software 
available too. Call or write for 
more details & special prices. 

'Trademark of TANDY CORP. 

SALES ONLY 

1-800-HAM-RTTY 
Flesher Corporation 

P O  BOX 976 
TOPEKA, KS. 66601 

~ual-&pose power 
amplifier-s for . 

HT and XCVR! - 

a 1-10 Watts Input 
a All-mode operation 

a 5 year warranty 
model: 
BlOl6-c2-meterS) - 
1 W Inz35W-Out - 
2W-lnA90W-Out - 

JOW In = 160W-Out 
with RX   ream^! 

with RX preamp! 
5199.95 

- D1010_(43045O-MH~)- 
1 W j n ~ 2 0 W  Out 
2W In = 45W Out - 
1 Ow-rz 1 0 o ~ ~ O u t  - - 

s3 19.95 

There's more, and 
WATT/SWR Meters, too! 
See your nearest Dealer 

J 1 6 7  
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I 
The LJMZRK decoder kit converts your receiver into a 
special recelver or conlrol. When a user-selecled time- 
tone combtnation 18 received. the oulput provides a relay 
control for activating speakers or other devices. I 
I INPUT: Audio lrom transceiver. scanner. etc. 

OUTPUT: SPST (N.O.) relay. I 
FEATURES: Slngte or dual l o n n  .dlustable over the 16 
dlgil Touch Tone range Adjustable response time 
Relay output Manual or auto reset Single tone ON 
Ialching with dlllerent single lone reset OFF Operates 
on 12VDC Interlacing of multiple boards lor  multi-dlgil 
sequential wtlvation and resel. 

APPLICATIONS: C a l l - u p s y s l ~  Ropealw orcommer- 
EIC. limtted only to your im8ginallon I 

Actual SI!P 3 x 3  S h i ~ w ~ i  AtrPmt~lcl l  

LJW2RK duoder  klt Includes all component, rel8y. and 
P.C. Board.. . . $15 plus $1.50 shlpplng. 

WM2RC enclosure kI I  Includ.. molded c w .  speak*r. 
Input -Me. . . .SS plus $1.50 shipping. 

For in lomal lon and l o  order writ.: 

THE METHENY CORPORATION 
204 Sunrise Drive. Madison. IN 47250 

v Electronic 

I Supermarket 
Barry is New York City's largest 
stocking Ham ~ea l -e r .  ~ r o m  
accessories to transceivers - 
Barry has it all. Barry also carries 
commercial and business band 
radio equipment and systems. 

When in town, come on down. 
Barry is easy to get to by either 
subway or bus. Don't pay uptown 
prices! 

Barry is also as close as your 
phone or telex machine. Contact 
us today for the best buys in 
Amateur Radio. 

BARRY ELECTRONICS CORP. 
512 BROADWAY 
NEW YORK CITY. NY  10012. 
21 2-925-7000 TELEX 12-7670 

OPEN 7 DAYSA WEEK. 
Monday.Friday 9 t o  6:30 PM 

Saturday & Sunday 10 t o  5 P M  

Base plates, flat roof mounts, hinged bases, hinged sections, etc.. are not 
intended to support the weight of a single man. Accidents have occurred 
because individuals assume situations are safe when they are not. / I \  
Installation anb dismantling of towers is dangerous and temporary 
guys of sufficient strength and size should be used at all times 
when individuals are climbing towers dur~ng all types o f  installa- 
tions or dismantlings. Temporary guys should be used on the 
first 10' or tower during erection or dismantling. Dismantling 
can even be more dangerous since the condition of the 
tower, guys, anchors, and/or roof in many cases is 
unknown. 

The dismantling of some towers should be done 
with the use of a crane in order to minimize the 
possibility of member. guy wire, anchor, or base 
failures. Used towers In many ares are not ae 
lnexpenelve as you may think If you are Injured 
or killed. 

Get professional, experienced help and 
read your Rohn catalog or other tower 
manufacturers' catalogs before erecting 
or dismantling any tower. A consultation 
with your local, professional tower 
erector would be very inexpensive 
insurance. 

D~vcston ol UNR. Inc 
6718 West Plnnk Road 
Peoria Illmots 61601 

C C a B L E  CONVERTER S C a L E  
............................................ 

- M U  FV-23 - 2 6  C-L U I W  
REMOTE CONTROL - VHF-MID-- 
S U P E R B A N D - R E O S 3 9 . 9 S - N Y  -49.95 

JERROLD JSY-JDIC - 3 6  C-L 
WITH I N  BIYlD W T E D  SVNC 
DECODER - REO S209 .95  - NOW - 149- 9s 

J-D 5 8 - 3  - I N  BIY(D W E D  
WITED SVNC ~ E c o D E R  - USE WITH 
W V  CONVERTER WITH OUTPUT ON 
C H M L  3 - REG S149 .75  - NOU -99- 95 

U.F B W Y  C M R T E R  - CaYVERTS 
MIDBRND RND SUPER- 
TO UHF - REB S39 .95  - U 3 W  -26- 95 

SEND S1.0. (REFUNCABLE) F a )  CI)T(Ym 

ADD S4.23 S H I W I N O I W M I N G  
FOR E(ICH U N I T  ORDERED 

NVS LDD S L E 5  TRX -C.O.D.'S CU 

2 4  YOUR ORDER L I N E  
(be71 962-7313  

ORDER DIRECT F m  - 
TAYCO CO~~UNICATIONS 
R 3 - 1 4 M  NARWMs CREEK RLWD 
C m f f f i ,  N U  VORK 1 4 9 3 0  

fl 185 

- . - . - . , . 
I ~ I X ~ I I  ( ,nulni 111111 0 2  100 I V L  PUIAHOTUR I 
LDNlROL 1 I A U M ANltNNA rRI PO0 PULARMOllNT 125 
CARL1 PACKAGE JUMPER BALUN 

ONLY $2195 00 
SYSTEM B 
SAT TEC R-5000. OfXCEL 100° L NA. MOOULATOR. 
POLAROTOA I. CONTROL. 8' SPUN ALUMINUM ANTENNA. 
POLAR MOUNT. 125' CABLE PACKAGE. JUMPERS. BALUN 

ONLY $1395.00 

OTHER SYSTEMS AN0 COMPONFNTS AVAIURLt AT OUAVtRVlOW 
PRICtS' INSTALLATION VlOfOlAPE RENTAL SfRVlCt IMMfOlATt 
SHIPMENT ALL 0RUtRS fRFlGHT~P0STAGF COLLtCl PRlCfS 
SUBJfCT TO CHANGI WlTHOllT NOTlCf 

: Cl YES. I AM KNOWLEDGEABLE ABOUT : 
1 SATELLITE T V . I'VE COMPARED HARDWARE I 

: AND PRICES AND AM VERY IMPRESSED : WITH YOUR OFFER1 PLEASE SEND ME 
: 0 SYSTEM A fl SYSTEM B n FREE PRICE LIST j 

; MYNAME IS __--__. : 
1 MY ADDRESS IS i CITY - S T A T E Z I P - -  : 
I TELEPHONE N U M B E R D A T E - _ _  : 
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working W5LFL from space 
All you'll need is ten watts and an antenna 

- and lots of luck. 

So you want to work an astronaut from space? 
You'll have your chance when Dr. Owen Garriott, 
W5LFL, begins transmitting from the space shuttle 
Columbia on the third day of the nine-day mission 
scheduled for launch September 30. 

Details of the flight plan, are still being worked out. 
As of this writing, transmission is expected to be 
within the range of 145.51 to 145.77 MHz, with 
145.55 the primary channel (downlink). Using split 
operation, W5LFL will listen between 144.91 and 
145.09 MHz, stepping in 20 kHz increments. (Stay 
tuned to AMSAT nets and W l A W  for specifics. 
Newsletters will also provide details as the launch 
date approaches.) 

NASA has mapped out a flight path that takes the 
Columbia over the most heavily populated areas of 
the earth. In ascending orbit, the ship will appear 
over the southwest horizon of the United States and 
follow a gentle curve towards the northeast, its path 
dividing the contiguous United States into four areas 
corresponding roughly to the time zones. Tracking 
data is being compiled for release by AMSAT. 

Flying at 17,000 miles per hour at an altitude of 
approximately 200 statute miles, Garriott will have 
line-of-sight for about 1,000 miles. He'll be radio- 
visible for a maximum of eight minutes over any 
given point. 

Based on experience with OSCAR, AMSAT tells 
us we can expect to receive full quieting signals while 
the ship is passing overhead - even on a hand-held 
radio with a rubber-duckie antenna. Transmission 
may not be as simple; you'll need ten watts and a 
gain antenna - and lots of luck - to stand a chance 
of being herad by W5LFL. 
ing heard by W5LFL. 

Garriott will operate from the aft flight deck of the 

Columbia, using a specially-built transceiver 
operating at 5 watts. His split-ring antenna, housed 
in a window overlooking the European-built Space 
Lab, will give him line-of-sight perspective to earth 
during most of the flight. 

Astronauts work a schedule of twelve hours on, 
twelve hours off. Garriott has NASA's OK to operate 
up to one hour per day during his free time, most 
likely on either end of his eight-hour sleep; he'll tell 
Mission Control when he's ready to operate. Club 
stations at each NASA site will pass the word to 
other Amateurs; those of us on earth can expect 
about 35 to 40 minutes' notice. 

Once he begins operating, Garriott will transmit on 
the even minutes and listen on the odd minutes. Dur- 
ing transmission, he'll state his location, then identify 
call areas for which he'll be standing by, and finally 
begin acknowledging calls he's been able to log. 

NASA recommends that amateurs wishing to con- 
tact W5LFL transmit only their calls during the odd 
minutes. Just fifteen to twenty orbits at most are ex- 
pected to be effective, and on each pass, no more 
than a few dozen earth stations can be worked. If 
you call but are not acknowledged, don't Q ,e up 
hope: Garriott will tape record all Amateur activity 
and the resulting tapes will be used as a log for 
QSLing after completion of the mission. (Attention 
DX'ers: W5LFL does not count as another country!) 

September is a good time to clean up that 2-meter 
equipment. So clean it up, follow the news closely, 
and get ready to make history . . . as one of the lucky 
ones to make contact with "W5LFL from Columbia" 
this fall. 

ham radio 

by Roy Neal, KGDUE, Senior Correspondent, 
NBC Network News. 
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I 1 TOWERS 
fi by ALUMA 

HIGHEST QUALITY 
ALUMINUM 81 STEEL 

SOFI Alum TELESCOPING (CRANK-UP) 
Crank.Up GUYED (STACK-UP) 

TILT-OVER MODELS 
Easy to install. Low Prices. 

Crank-uos to 100 It. 

UOb,,.. r,.,,,.r 7 ° F  
y 

40' Steel 
Crank-Uo 

Model SHO-4t 

.:; 
$1 
!i Pi. ,.. 
LZ 

Handbook 
by Bill Orr 

NEW 22nd EDITION 

The Radio Handbook 
has been a best seller for 
over 45 years. This 
brand-new edition covers 
in complete detail all of 
the latest state-of-the-art 
advances in electronics. 
Hams and engineers alike 

For superlor perlormance at lower cost, use 
top-rated 8-pole Fox Tango crystal filters to fill 
the optlonal spots in your rig. For example, 
our 1800 Hz FT2808 equivalent of the YK88SN 
has a 6016dB shape factor of 1.7 compared 
with 2.0. a price of $55 vs $63, and squarer 
shoulders at the top with steeper skins all the 
way down to more than - 80dB. 
For more pleasant audio use our 2100 Hz for 
SSB andlor our 6000 Hz for AM. For CW. our 
400 Hz unit is better than the YK88C, while our 
250 Hz is sharper than the YK88CN. The more 
you buy, the more you save! 

BIGGER IS BETTER! 
Fox Tango filters are better because of their 
discrete crystal (not monolithic) construction. 
This makes them slightly larger than YK filters 
so they are patched into the circuit with short 
lengths of coax. Installation is easy - no drill- 
ing or circuit changes. Order with confidence. 

INTRODUCTORY PRICES - Complete Klt 
Any ONE filter.. . . . . . . . . . . . . . . . . $55 
Any TWO filters.. . . . . . SlW(SaveS10) 
Any 7HREEfiltem.. . . . $145(SaveS20) 

Includes all needed cables, parts, detailed In- 
structions. Specify the type(s) desired. 
AM - FT2811(6000 Hz Bandwidth) 
CW - FT2801 (250 HZ); FT2802 (400 HZ) 
SSB - FT2808(1800 Hz); FT2809 (2100 HZ) 
Shlpping $3 per order. ($5 atr) FL Sales Tax 5% 

ONE YEAR WARRANTY 
GO FOX.TANG0-TO BE SURE! 

Order by Mail or Telephone. 
AUTHORIZEDEUROPEANAGENTS ET Scand~nav~a 3200. Sandellord. MICROTEC NORWAY Makedien 28 

/ 138 Other INGOIMPEX. Postfach 2449 
D-8070. Ingoistadt. W. GERMANY 

full of projects from sim- 
ple test equipment to 
complex receivers and 
amplifiers. Chapters in- 
clude an explanation of 
Amateur Radio commu- 
nications, electronic and 
electrical theory, tubes 
and semiconductor de- 
vices; a special chapter 
on RFI and more . . . 
This invaluable book is a 
must for every ham- 
shack. Order yours 
today and save. 1 136 
pages. 01982 0 2  1874 

w 
SPECIAL $29.95 

Please add S2.m for sh~pptng and handling. 

r /  170 
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technical forum 
Have a technical question? Ask your fellow Amateurs through Technical Forum. You'll reach knowledgeable readers ready to help you find the answer 
you're looking for. Have an answer? Send it in. Every month we'll award a specially selected book from Ham Radio's Bookstore to the writer of the best 
response to a question previously posed in this column. Address your questions and answers (typewritten, if possible) to Technical Forum, ham radio 
magazine, Greenville, New Hampshire 03048. 

efficient matching 
Joe Czerniak, W8NWU, asked for 

"the most efficient way" of feeding a 
432 MHz helical antenna with 70 ohm 
cable from a 50 ohm source (Techni- 
cal Forum, March, 1983). 1 assume 
that by "most efficient way" he 
meant the way resulting in the least 
power loss, not the way representing 
the best possible ratio between per- 
sonal effort extended and the result 
achieved. 

It seems to me that with the system 
having a relatively narrow bandwidth, 
then if effort is not a consideration, a 
114 wave section of air-spaced coax- 
ial should be constructed to match 
the unbalanced 140 ohm antenna to 
the unbalanced line. This should be 
constructed in the form of a trough, 
using the jacket of the 70 ohm cable 
as the outer strips to avoid having a 
connector (fig. 1A). The impedance 
of the trough section should be 99 
ohms (the square root of the product 
of 140 and 70). 

At the equipment end, the match- 
ing is best done in the converter, by 
arranging it to match directly to a 70 
ohm feedline. 

A ' 4  AT 99 OHMS TROUGH 

@ &=- 
0 

fig. 1. Two methods of matching to a 
140-ohm impedance helical: (A) Using a 
quarter-wave 99 ohm trough, (B) Using 
successive sections of quarter-wave 
lines (70 to 50 ohms, respectively). 

A more conventional way, using 
the connectors (while acknowledging 
their possible future problems), 
would be to match the antenna to the 
cable with two successive 114-wave 
sections (fig. 16). It is a fortunate co- 
incidence that a section of 70-ohm 
coaxial would transform from 140 to 
35 (70 is the square root of the prod- 
uct of 140 and 35) and a section of 50 
ohm coaxial would transform from 35 
to 70 (50 is the square root of the 
product of 35 and 70). If the helical 
were a balanced antenna it would be 
interesting to note that a 140lbal- 
anced to 35lunbalanced balun could 
be built from the same cable used for 
the feedline. 

If the idea of changing the convert- 
er input is not acceptable, a pair of 
nonsynchronous sections, one of 50 
ohms and the other of 70 ohms, as 
described by K l X X  in ham radio 
(September, 1978) would be nice. In 
the same issue, W7VK shows how to 
put a standard connector on the 
hardline cable. - Bob Eldridge, 
VE7BS 

rain static resolved 
HB9FU's letter in July, 1983, Tech- 

nical Forum recalls difficulty of recep- 
tion of radio signals aboard aircraft 
flying through rainstorms. About 
1948 an "anti-precipitation static" 
(APS) wire system began to appear 
on aircraft. 

The wire for the antenna was sin- 
gle-strand copperweld covered with a 
tough insulation, much like the die- 
lectric in RG-59/U. (In fact, take the 
outer cover and braid off RG-59lU 
and you have APS wire.) 

While the system on aircraft uses 

special nylon insulators to grip the 
wire or to tap off in a "Tee," the main 
idea is that no rain be allowed to get 
to the wire conductor. Simply stated, 
the conductor(sl are totally encap- 
sulated. 

The static is apparently caused by 
the charge a wire antenna picks up 
and the changing charges as the rain 
drips off. 

If HB9FU can get to an airport and 
see a high-frequency antenna on an 
overseas aircraft, he'll get the picture 
- maybe he can also find out where 
he can obtain that kind of wire and in- 
sulators. 

Anyway, as long as no part of the 
conductor is exposed, APS will al- 
most totally disappear. - Dave 
Walsh, W1 FYX 

LED puzzle 
Can anyone tell me what's wrong 

with the first LED in my Kenwood 
TS590SE1s digital display. It reads 7 
on 80 to 40,2 on 20 and WWV, and 3 
on 15 or 10. Can you help? - John 
E. Dunn, WBSJKV. 

"hidden" antenna 
I would like to correspond with 

anyone who has used, or is success- 
fully using a "hidden antenna." - 

Michael H. Landwehr, KE7T, P.O. 
Box 4502 Huachuca City, Arizona 
85616. 

Heath HX1681 
I want t o  modulate my Heath 

HX1681 CW transmitter. Is a kit (or 
circuit) available? - Robert Miller, 
W U W O  
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Garth Stonehocker, K0RYW 

FORECASTER 
last-minute forecast been reached where it levels off'be- 

The forecast for September em- 
phasizes the end of summertime DX 
conditions with its longer daylight 
hours, increased short-skip openings 
during the sporadic-E season, and 
evening thunderstorm QRN. Fall DX 
conditions are quite different. 

In the band-by-band summary 
below look for geomagnetic-iono- 
spheric disturbances to  increase 
(especially during 1983 and 1984); 
transequatorial openings to begin 
again; transpolar openings (gray-line 
DX) to occur near twilight; maximum 
usable frequencies to increase; and 
thunderstorm activity to change from 
airmass to frontal, with related QRN 

fore descending at a more leisurely 
rate to the minimum years of 1985 
and 1986. The plateau is at approxi- 
mately a SSN of 62 or flux value of 
110. It is expected to remain constant 
through the winter months before de- 
creasing again. 

In July I mentioned that the critical 
frequency, foF2, the main variable of 
the maximum usable frequency 
(MUF), was nearly a linear function of 
SSN or radio flux and gave three rep- 
resentative values at mid-latitude. 
The foF2 (MUF equals approximately 
2.5 x foF2) variation is 0.0485 MHz 
per SSN value or 0.0557 MHz per flux 
value, 4. The equations are: 

Twenty meters will be the main day- 
time DX band, as it is almost always 
open to some part of the world. It 
opens to the east as the sun rises and 
extends into the late evening hours to 
the west. Geomagnetic disturbances 
do not affect this band as much as 10 
and 15 meters, but look for unusual 
transequatorial DX of 5,000 to 7,000 
miles (8,000 to 11,200 km). These 
paths may be possible in the late 
evening hours during some of these 
unusual conditions. 

Thirty meters is a day and night band. 
The day portion should be like 20 
meters except that signal strengths 
may decrease during some middays. 
Days of decreasing strength are rela- 
ted to those having high solar flux 
values. This band can also be used 
well into the night, and often through 
the night; nights in which this doesn't 
hold true will most likely be those that 
follow very high solar flux days. The 
questionable periods are usually the 

changes. Accompanying these foF2 = 0.0475 SSN + 5.25 hour or so before dawn. The work- 
changes, the lower hf bands (30, 40, f0F2 = 0.0557 4 + 1.8 able distance may be expected to be 
80, and 160 meters) are forecast to be greater than 80 meter DX at night and 
best during the first two weeks of the where SSN is the 12 month smoothed less than 20 during the day. 
month. Then the higher bands (30, 
20, 15, and 10 meters) are expected 
to take over, providing excellent con- 
ditions considering this point in the 
11-year sunspot cycle. Disturbed 
geomagneticionospheric conditions 
are probable on September 2-5th, 10- 
13th, 16-19th, and 23-25th. 

The full moon will occur on Sep- 
tember 22nd and its perigee on the 
6th. The autumnal equinox will be on 
the 23rd at 1442 UT. No significant 
meteor showers are expected in 
September. 

solar cycle 
It's time to check the decline of this 

solar cycle. April 1982's lower solar 
flux and sunspot number (SSN) 
values confirmed that the gradual 
downward trend of the cycle from the 
peak had begun (in February for SSN 
and April for solar flux). In September 
1982 the SSN was recorded at 100.6. 
At present (June, 1983) a plateau has 

sunspot number and 4 is the monthly 
mean solar flux. The 2.5 (in the 
parentheses) is the MUF factor, a 
geometric angular relationship form- 
ed by the distance between the trans- 
mitter and the receiver and the height 
of the ionosphere. 

Daily foF2 show greater variation 
with daily solar flux values or five-day 
running mean SSN. These relation- 
ships will be provided in a future 
column. 

band-by-band summary 
Ten and fifteen meters will be open to 
many areas of the world from morn- 
ing until early evening hours many - - 
days. Geomagnetic disturbances will 
limit the number of signals heard, but 
listen carefully-they can be from 
very unusual places, particularly one- 
long-hop transequatorial DX. Fifteen 
meters should stay open later in the 
day than 10 meters. Operate 10 first 
and then move down to 15. 

Forty and eighty meters will exhibit 
short skip conditions during daylight 
hours and lengthen after dark. The 
bands will open for DX to the east 
just before your sunset, swing more 
to the south toward Latin America 
about midnight, and end up in Pacific 
areas during the hour or so before 
dawn. On some nights these bands 
will have low QRN similar to the win- 
ter DX season conditions. Coastal 
regions usually have the edge for 
working rare DX on these bands. 
Look for transpolar openings on 
these bands. (See ham radio, Sep- 
tember, 1982, p. 56.) 

One sixty meters will probably have 
many nights that will remind you of 
last summer's noise. However, useful 
nighttime conditions aren't too far 
off. Propagation on 160 meters will 
approximate a shortened 80-meter 
condition. 

ham radio 
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r Free Tool Catalog 1 

Thousands of hard-to-find 
products for building, lesting, and repairing 
electronics. Everything is easy to order by 
phone or mail. ready for Immediate delivery. 
Contact East-Dept. 0218 
7 Cypress Drive, Burllngton, MA 01803 
In a hurry to recelve your catalog? 
Csll(617j 2 7 2 - M I * .  

J 128 

......................... 
$ QUALITY MICROWAVE TV SYSTEMS ......................... 
2 Complete Systems From S6g95 2 

z Antennas 

3 Galaxy 
* Electronics z 6007 N. 61 st Ave. 

Glendale. Az. z 85301 
* 1-602-247-1 151 
2 1-800-247-1 151 

* 
STAR l+ 

7 

COO'S / Dealers Wanted 
STAR I1 

* ......................... 
fl 139 

1296 & PHASE 111 
M A K l  U N  1200 - $49gS5 
2M or 6M I.F. / 3 W A T T S  

MICROWAVE MODULES 
432 1 PHASE Ill UNITS 

$269.95 

J-BEAM 1 LOOP YAClS 
AND ACCESSORIES 

SEE US IN HOUSTON 

5717 NE 56th, SEATTLE, WA 
206-382-2132 1 98105 

UHF/VHF BOOK 
SPECIAL OFFER 

THE UHF COMPENDIUM 
by K .  Weiner, DJ9HO 

Th~s 413 page book IS an absolute must for 
every VHF and UHF enthuslast Spec~al empha- 
51s has been placed on state-of-the-art tech- 
nlques Author We~ner fully descr~bes lest 
equipment, alignment tools, power measuring 
equ~pmenl and other handy gadgets All of the 
projects and deslgns have been tested and pro- 
ven and are not eng~neer's plpe dreams Anten- 
nas are also fully covered w ~ t h  a number of 
easy-to-bu~ld deslgns as well as large mega-ele- 
ment arrays 1980 
'-1 KW-UHF Softbound $23.75 

'i -/------ 
VHF HANDBOOK 

by W9EGQ and WGSAI 
New 3rd Ed~t~on conta~ns all the latest ~nforma- 
t~on for VHF operation Antenna deslgn and con- 
structlon lrom 50-432 MHz IS fully covered wlth 
proven pract~cal des~gn ~nformatlon You also 
get a complete rundown on FM theory, deslgn 
and plenty of helpful hlnts and t~ps  In the con- 
struct~on sectlon the authors detatl how to 
build low nolse. hlgh perlormance converters. 
transceivers. ampl~l~ers and plenty of other 
pleces of lnterest~ng equlpmenl Th~s book IS a 
must for both the beglnner and expert In VHF 
communlcatlons 1974 336 pages. 3rd 
edlt~on. 
GAP-VH Softbound $1 1.95 

VHF/UHF BOOK SPECIAL OFFER 
Buy 'em separately $35.90 

SPECIAL PRICE $29.95 
SAVE $5.95 

Please .itto S2 50 lor sliipplng 

HAM RADIO'S BOOKSTORE 
Greenville, NH 03048 
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I BASIC PROGRAM MANUAL 

I FOR AMATEURS 
Programs Oes~gn: Quads, beams, lrap dipoles, 
antenna wind load. I~l lers, pads. slripllnes, op 
amps. microwave. RF co~ls, calc. Ohms law. 
L. C, power. log OSO's, global dislancss and 
much more. 1 All FOR $9.95 (INCLUDES SHIPPING 

AND HANOLIN6I 

YAESU FT-207R OWNERS 
AUTOMATIC 

SCAN MODULE 
1 5 r n i n u t e s  t o i n s t a l l ;  s c a n  re- 
s t a r t s  w h e n  c a r r i e r  d r o p s  o f f ;  
b u s y  s w i t c h  c o n t r o l s  au to -  
m a t i c  s c a n  on-of f ;  i n c l u d e s  
m o d u l e  a n d  i n s t r u c t l o n s .  
Modd AS.1 $25.00 

BATTERY SAVER KIT 
Model BS-1 $14.95 

j batteries due t o  memory backup 

I 
a 30% less power drain when squelched 
a Simple t o  ~nsta l l ,  step-by-step ~nstruct ions and 

parts ~nc luded  
4 mA memory backup reduced t o  500 rA 
45 mA receiver draln reduced t o  30 mA ,/ i Rd 

TUNE IN THE WORLD 
OF HAM-TV! 

Amarrvr Radm nprrsrur. nn thr I ~ l H I I ' %  arc dluovrrln# rhr 
Iaurnatln~ ' Wcnrld of Amrrcur Trlrvaroctn' Rr 18 Fzv )rm n '  
( t \ lV ) .  \lox ban lV ( S S l Y l  Fxr~mrlr IFAS) or r,mrwhcrr 
on hctrcm. Vmclru <ummunl<rcoon$ modes arc EmWtnK ar m 
rrcunng pate' 
Nrw aduancrmmrr u r  caknn~ ptacr tn Hn#h-Rrwrlutmnl(:olor 
\ 1 V  and ~ h r  uw nf prxsnal  cornputcrr lo, A l V  ~rapho'r. 
S\TV - t A X  R T n '  <ommun<ratwnr lntrrrr l  IS rrrn pn,*lnl 
~n MI( ROWA\'C and n ' R 0  rppll#ata,n< 
A5 A l V  MA(;A%INFTN h u  wpp,rrrd thrw mcdrr 1 8 1  

A m ,  p l  *mu", ' , , , , ,  " 1 ClVCl I' 
rran' Ancl  row. undrr #umclanur ol  ~ h r  IISITFD STAlTS A n '  
\l )(.l$lY HAM- lV wmll con!tnur ,<I #row raptdlv I~ICICIIC~' 
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This tower is ready for found a 118" clearance on the 
shipment to one of our 
customers, or is it? 
If we were an 
ordinary tower 
company, this 
tower would 
have already 
been sent. 

We are not 
an ordinary 
tower company 
and that is knows that 
why this tower 
did not go tion you estab- 
out. lish in an industry 

We have the best is what will make 
quality control in the or break his com- 
business and we are pany. That is why 
not afraid to say so. That Tri-Ex has been in bus- 
is why when John Pasillas lness continually since 1955. 

/ \ 

When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met ASTM standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 

When it goes to shipping, John is ready. 

\ 

When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 
Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 
Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 
Sky needle, Clementower 
37 feet to 180 feet & higher 

1 

Introducing Tri-Ex's new DX-86 
- 86 feet tall, 25 square feet in 
a 50 mph wind. 
Call you local dealer for details. 

FOR ADDITIONAL INFORMATION WRITE TO: 

%* TOWER 

CORPORATION 
7182 Rasrnussan Avo. 
V~salia, Calif 93291 

P.0. Box 5009 
Visalia, California 93278 

(209) 651 -21 71 
fl1u 
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THSMK-2 broadband 
thunderbird 

Over the past three years I have been using 
the Hy-Gain TH5DX triband beam. The per- 
formance overall has been excellent with no 
problems experienced. I had no intention of re- 
placing the antenna - that is until Alan Cap- 
Ian, WIRIC, of Hy-Gain called and told me 
about a new version of the TH5 they were get- 
ting ready for release. The new antenna is 
called the TH5MK-2 and is based upon a dual- 
driven element design. This design facilitates 
operation from band edge to edge with low 
SWR and high performance. 

For years, broadbanding antennas was not 
as important as it is now. But today's solid- 
state radios and amplifiers are much more sen- 
sitive to antenna mismatches. To achieve max- 
imum equipment performance, it is imperative 
to keep VSWR levels below 2 to 1. Otherwise, 
protective circuits will start shutting the power 
amplifier down. Another limitation of older an- 
tenna designs is that the user usually had to 
make a choice of either CW or SSB subbands 
when assembling the antenna. Hy-Gain's solu- 
tion for broadbanding was the TH5MK-2 - 
And, its's quite a solution. 

construction 

My first feeling upon opening the two ship- 

much for my advice about reading the 
manual!) 

One place where I did divert (again, not fol- 
lowing my own recommendation . . . )  from Hy- 
Gain's instructions was in the assembly of the 
elements. Hy-Gain suggests that you first build 
the boom and then assemble the elements on 
the boom. Not having the time on weekends to 
sit down and assemble the antenna from start 
to finish, I decided to assemble the elements 
first and then mate them to the boom. This 
allowed me to put the antenna together over 
several evenings. Other than investing a bit of 
extra diligence, I didn't have any additional 
problems using this method. I also didn't have 
to worry about losing element parts. It took 
less than two hours to mate all the elements to 
the boom assembly and assemble the beta 
match. 

meters. A big plus for the MK-2 is that all hard- 
ware is stainless instead of plated steel. This 
eliminates (or reduces) the problem of hard- 
ware oxidization. Hy-Gain also supplies a BN86 
balun with the antenna. The TH5MK-2 weighs 
57 pounds and has a wind surface area of 7.4 
square feet and is designed to survive a 100 
mph maximum wind. Each band has one direc- 
tor and one reflector, as well as the two driven 
elements. The boom is 19 feet long (one foot 
longer than the TH5DX) and the longest ele- 
ment is 31 feet 6 inches. Hy-Gain rates the an- 
tenna at 7.8 dBi gain for 20 meters, 8 dBi for 15 
meters, and 9 dBi for 10 meters. Since the an- 
tenna employs a Beta match and balun, the an- 
tenna is at dc ground for lightning protection. 
For more information contact Hy-Gain, 9100 
Aldrich Avenue, Minneapolis, Minnesota 
55420. NlACH 

ping boxes was that I was looking at a hard- 
ware store's inventory. I was overwhelmed by 
a lot of parts. Before you touch anything, grab 
the instruction manual and read it thoroughly. 
Hy-Gain has carefully researched instruction 
manuals and found that when owners read 
through the instructions several times, assem- 
bly problems are drastically reduced. This is a 
sound recommendation that should be ad- 
hered to - without exception. Hy-Gain went 
to quite a bit of time and expense to write an 
accurate and precise instruction manual. You'll 
save yourself time and hassle if you're familiar 
with the instructions before you start. 

Parts are in poly bags so it will also be worth 
your time to segregate all the different clamps, 
bolts, nuts, screws, and tubing prior to putting 
the antenna together. This saved me time and 
eliminated frantic searching while putting the 
antenna together. One word of warning. Make 
sure you carefully measure tubing lengths as 
you assemble the elements. (I didn't. Well, so 

fig. 1. VSWR on 10, 15, and 20 meters 
(Hy-Gain TH5MK-21. 

performance 

Initial results have been most favorable with 
the new TH5MK-2. Not being a "hot and 
heavy" high band DXer, I can't give a day-by- 
day summary of its performance. However, in 
casual DXing and in several contests, it has 
performed admirably well. In comparing the 
TH5MK-2 to my TH5DX, my gut feeling is that 
the TH5MK-2 has a slight edge. The big plus, 
however, is that the MK-2 operates efficiently 
from band edge to band edge. 

specifications 

The TH5MK-2 is a five-element broadband 
antenna designed to operate on 20, 15, and 10 

Triplett model 3500 
The Model 3500 is a compact, portable auto- 

range manual digital multimeter designed to be 
easy to operate and read and also be able to 
withstand rough handling. The autorange fea- 
ture eliminates the need for manual selection of 
range; you can select the ranges manually if 
you desire. All measurements except 10 am- 
peres are made from two jacks, eliminating the 
need to switch test leads as different ranges 
are selected. The Model 3500 is fully overload- 
protected with a special 0.3A1250V and 
2A1600V fuse arrangement. 

The Model 3500 measures acldc volts, 
acldc current and high or low power ohms. 
Accuracy is guaranteed for one year. Protec- 
tion from overload is up to 1000 Vdc and 750 
Vac without fuseblow. The 3500 also features a 
tilt stand to facilitate greater visibility on the 
test bench. The case is ribbed to provide a 
stable, non-slip grip for the user. Battery life is 
approximately one year in occasional service 
but less in daily use. The low-battery indicator 
will alert the user when battery life remaining 
falls to approximately 50 hours. 

We found the Triplett Model 3500 simple to 
use, handy to have, and rugged enough to 
stand up well in most ham shacks. Its large 
LCD display is readable under a variety of light- 
ing conditions. Packaged in a high-impact plas- 
tic case, the Model 3500 measures 3-1 12 x 6 
x 1-518 inches (88 x 155 x 34 mm). It weighs 
12.5 ounces (0.35 kg) with battery installed. 
The suggested retail price ($140) includes the 
unit itself, 36 inch test leads with alligator clips, 
and two 1-l /2 volt batteries. Contact your Local 
distributor or Triplett Corp., One Triplett Drive, 
Bluffton, Ohio 45817 for further information. 
RS#301 

Nl ACH 
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1.2 GHz mobile transceiver 
and receiver 

ICOM's new IC-120 is a 1.2 GHz fm mobile 
transceiver, covering 1260 to 1300 MHz. This 
unit is styled similarly and has features similar 
to the IC-15AlH series of 2-meter transceivers, 
and has many equivalent features. Duplex split 
is variable, but is initiated at 20 MHz when the 
unit is first turned on. Duplex up and down as 
well as scanning features are offered. Power 
output is 1 watt. ICOM is the first to offer a full- 
featured mobile transceiver for this mostly un- 
used band. 

Gould Defense Electronics Division has an outstanding 
reputation in the field of sonar, seismic systems, and 
marine instruments for military and commercial 
applications. We have a strong engineering department 
performing research, design, and development in 
communication systems. We are seeking a project 
enaineer with a svstems enaineerina backaround to 

1 In order to qualify for consideration, you must have a I 

I and communication systems up to 1 GHz. Ability to 
define problems and contribute creative solution 
concepts is essential. Familiarity with DOD acquisition I 
input and guidance to the project team during analysis, I im~lementation. and testina of the antenna svstem I 

I project team f rom a schedule and manpower 
perspective. I 

I If you meet the qualifications stated above and are ready 1 
To complement ICOM's entry into the 1.2 

GHz Amateur band with its IC-120 mobile 
transceiver, ICOM has also announced the re- 
lease of a 1.2 GHz repeater with a power out- 
put of 10 watts, CTCSS capability, IDER, and 
DTMF control. ~ h e ' ~ ~ 1 2 1 0  is synthesized to 
be complementary to the IC-120 transceiver. 
and has a duplex split of 20 MHz. 

For further information, contact ICOM 
America, Inc., 2112-116th Ave., NE, Bellevue, 
Washington 98004. RS#302 

programmable linear 
amplifier 

The ETO Alpha 85 features a microprocessor 
control circuit that eliminates manual tune-up 
and ensures maximum output and perform- 
ance. Using the new Eimac 3CX800AF ceramic 
metal triodes, the Alpha 85 is designed to cover 
1.8-2 and 3-22 MHz and is rated at 1500 watts 
PEP rf output SSB, 1500 watts CW and 1000 
watts RTTY and SSTV. (Export and govern- 
ment models tune to 30 MHz. U.S. licensed 
Amateurs can modify their unit to tune to 29.7 
MHz.) 

I Gould offers an excellent work environment and very 
competitive benefits. For confidential consideration, 
 lease send resume and salarv reauirements to: I 

1 ~ q u a l  Opportunity Employer MIF. 
- 

Office Hours: Mon-Thurs 8-5 MST. 

STAINLESS STEEL WHIP - FIBERGLASS LOADING COIL 
- PATENT APPLIED NO COILS TO CHANGE ANTECK9 - LESS THAN 1 5 VSWR (ENTIRE I N C m m  TUNING RANGE) -.-__ . 

TUNE 3 2 TO 30 MHz FROM THE OPERATORS POSITION 
- FAST AND SLOW SCAN RATES 

'-3 

The Model MT.tRT mabile antenna tunes 3 2 l o  30 MHz lncluslve 750 watts CW 1500 watts PEP lor hams mllltary 
MARS CAP and comrnerctal servlce Center loaded lor h~gh efllclency Enables tuntng lo exact resonance to wanled 
lrequency ~ l l o w s  full oulput lrom sol~d slate 11nals No worry about reduced output from shul down clrcutts Outpul 1s un 
allected by molzture and the elements Tuned by a control box al the operalor s posltlon Mas1 sectlon conlalns a double 
acllon hydraultc cyllnder drlven by Iwo mln~ature hydraul~c pumps and 12 volt DC molors lor posltlve COnlrOl No creeplng 
durlng operatlon or m m l e  motlon Can be rrmoted up to 500 11 lrorn anlenna 

MT 1RT (remote tuned) 5279 95 11 00 UPS shlpplng 
MT tRTR(retrok~llor MT 1)$12995 6 00 UPS sh~pplng 
MT 1 (manual lunedl%l49 95 9 00 UPS ShlDPlng 
MT lA(rnar1ne manual tuned)St99 95 9 00 UPS ShlDDlng 

ANTECK, I NC. Route 1, Box 41 5 
c/ 112 

DEALER INQUIRIES INVITED 
Hansen, Idaho 83334 208-423-4100 
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I W V  I 

for 80, 
meter! 

lel AV- 
[RAP Vtnr IGAL 

20. 15. 10 I 
Only 25 ft. high. 

Three parallel 
vertical elements. 

Rugged steel 

Direct feed with 
52 o h m  c o a x  low 

Brood band. 

Capacity loaded  
top and sides. 

Only one coil, high 
in 80 M element. 

Also available for 
commercial 

UPS SHlI 
& HA,! 

Radial 
n tor AV-2! 
no. Four .. . 
re reromrl 
ch of the 
k $19.50 

BARE&R & WILwAlrSOH 
Quatny Cornrnuncatkm Roducts Since 1932 
At your DHmbUlon wnte OT cal l  
10 C a w 1  Street Mstol PA 1 W 7  
(215) 788-5561 I 

products 

The microprocessor is factory-programmed 
to tune each Amateur band except for 10 
meters. Five band-segment pushbuttons can 
be field programmed to any frequency for rapid 
band changes and ease of use. The unit can 
also be manually tuned. To ensure maximum 
output on all high-frequency bands, a tuned in- 
put circuit has been incorporated. 

The Alpha 85 measures 7-1 12 x 17-1/10 x 
17 inches and weighs 60 pounds. 

For more information, contact Ehrhorn 
Technological Operations, Inc., Canon City, 
Colorado 81212. 

handheld transceiver 
The new 2-meter handheld transceiver, 

model 2591, from Ten-Tec was designed in col- 
laboration with Motorola. Its advanced rnicro- 
processor provides features that include a key 
pad, ten memories, memory scan, and pro- 
grammable band scan. Any section of band 
within user-selected upper and lower limits 
may be scanned in steps of 5, 10, 15.25. or 30 
kHz. Either step size, upper limit or lower limit 
can be changed independently without com- 
plete reprogramming. User selectable HOLD or 
SKIP is also included. Manual scan is possible 
- up or down in 5 kHz steps. 

A new memory lockout feature allows the 
scanner to temporarily bypass channels while 
retaining memory and provides quick lockout 
of busy frequencies yet returns to normal oper- 
ation on command. 

Other features include selectable power level 
and extended frequency coverage from 
143.500 to 148.995 MHz. A dual function LED 
shows battery status and indicates transmit 
mode. A quick-release Ni-Cad pack provides 
heavy duty 450 mAH rating at 8.4 volts. Stan- 
dard accessories include rubber flex antenna 
with BNC connector and wall charger. 

The price of Model 2591 is $319.00. 
For more information, contact Ten-Tec, 

Inc., Seviewille, Tennessee 37863. 

computer patchTM interface 
Now you can convert your personal comput- 

er and transceiver into a full-function RTTY 
station with the new CP-1 Computer PatchTM 
interface by AEA and appropriate AEA soft- 
ware and cabling. Software packages include 
split screen operation and large type-ahead and 
message (brag) buffers at all the common 
RTTY and CW speeds. No computer program- 
ming knowledge is required to use the CP-1. 

The CP-1 demodulator is said to provide im- 
proved performance compared to single chan- 
nel RTTY detectors. An easy-to-use AEA 

COMPONENTS 
- Amphenol connectors 

BLW co~ls rwtlches antennas 
Hammond and LMB enclosures 

I Jackson dials and dr~ves Iambic paddles 
I J W M~llsr parts Wtre and cable 

Knobs and shall couplers 
Mtllen components 

I Mullron~cs roller ~nduclors 
Padders and trunmar capacilorr 
Restslors capacttors. tnductors 
Torotds, corns beads. baluns 
Transmllt~nglRecetv~ng Capacitors 

I Alr Variables Cardwell - E F Johnson 
Hammarlund - Mtllen 

I Dwrknob Centralab - Jennlngs 

PROJECT PACKS 
OlrP(1 1101'1 tnqiano i, tlulrfl 8n Radio 8 Eleclronlc World 

GaAs FET 2 Meter Mast Head Re-Ampliflsr 123 50 
2 Meter Re-Ampllller 6 50 
2 Meter Converter 37 50 
UHF (70 cml Prs-Amplil~er 9 50 
UHF (70 cm) Converter 38 50 
UHF (70 cm) to VHF (TY)  Converter 60 SO 
23 cm Converter 43 50 
Alt Band Rece~ver 162 00 
FET DIP Osctllalor 52 50 

OTHER KITS 
CPPI Code Practlce ProcessorlElectronlc Keysr 47 0 0  
General Coverage lor Drake A4C. B A Recetvers 

I Spl~l  Band Speech Rocessor 69 95 
Smart Squelch 49 95 

I R X Notse Brldge 33 45 
L Meler 25 50 
40 Meler ORP Trlnsce~er 101 95 

intpp~nq & Handllng 57 50 ' 

1983 Catalog 50 cents 

- - 

Box 41 1 H,  ~ r e e n v ~ i e ,  NH 03048 
(603) 878-1 033 

v each 

r 

$1 9.95 each 

3 for '49.95 
Please add $2.50 for 

shipping and handling 

QUANTITIES LIMITED 
CALL TODAY 

Yrs. Avail. 

H A M  RADIO'S BOOKSTORE 

/ 117 
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Stuck with a problem? 
Our TE-12P Encoder might be just the solution to pull 

you out of a sticky situation. Need a different CTCSS 
tone 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 
Iday 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, +.l Hz maximum -40°C to +85'C 
Frequencies to 250 Hz available on special order. 
Continuous tone 

TEST-TONES: TOUCH-TONES: BURST TONES: 
800 697 1209 1800 1850 2150 2400 
1000 770 1336 1650 1900 2200 2450 
1500 852 1477 1700 1950 2250 2500 
21 75 941 1633 1750 2000 2300 2550 
2805 Is00 2100 2350 

Frequency accuracy, k1 Hz maximum -40'C to +85'C 
Tone length approximately 300 ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

426 West Taft Avenue, Orange, California 92667 
(800) 85445471Calif ornia: (714) 998-3021 

m5n 



New DTMF Receiver Kit turns 
 hones into control devices. 

w i t h  Teltone's TRK-956 k ~ t ,  you get all the 
parts necessary to breadboard a central 
office quality DTMF detection system for 
only $22.75. That's the lowest installed 
cost for a DTMF system. All you provide 
is 5V dc. For decoding DTMF signals from 
telephone lines, radios, and tape players, 
use the TRK-956. To order call: 
(800) 227-3800 ext 1 130. 
[In CA, (800) 792-0990 ext 1130.1 

vzKsQcs  r /  186 

EGO MOBILE WITH YOUR H.T.! 3 
C Model I-lcom IC.2M. Etc. + 
C Model K.1 lor TR-2500 + 

-sl~des on bottom of radio + 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + 

C Guaranteed! '! * 
I, 

u Model K-TR.2400: + + -powered thru battery plug + 

Model N-FT 208R + 
Model T-Slmple mod tor Tempo + 

C and all Santec * 
1 * 
C 
C 

Modal Y - FT.207R. Wilson : 
-111s mto battery compartment * 

C 'A  unlque battery ellmlnator' : 
?! HAND1 TEK Reaulator allows IC 11 constant hand hetdoperatlon % 

lrom auto DC or base supply * 
w ~ t h  no n ~ c a d  dram and 
WITHOUT RADIO MODlFlCA + 
TION' $24 95 PPD In USA * 
Calit. add S1.M Sales Tar. 2 * T 

4 r /  145 V 
C HANDI.TEK 1) 

P.O. BOX 2205. LA PUENTE. CA 01740 * 
a + 

CB TO TEN METER 
CONVERSION KlTS 

KlTS for AM-SSB-FM 40 Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in- 
stallation with m~nimum time and equip- 
ment 
BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 
PRICES Low cost prices range from 
$8.00 to $50.00 

All kits are in  stock Including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 
Sandwich, Ma. 02563-0183 

(6 1 7) 880-4302 r /  152 

products 

magic-eye bargraph tuning indicator gives the 
closest thing to scope tuning, but separate 
MarkISpace scope output jacks are also pro- 
vided. A state-of-the-art multi-usage active fil- 
ter is incorporated offering pre- and post-lim- 
ited filtering. Floating comparator (automatic 
threshold) circuits give the best possible copy 
under fading and weak signal conditions. 

Additionally, the CP-1 offers a variable re- 
ceiver shift capability for any shift from 100 to 
1000 with a NORMAL/REVERSE tone selector 
switch on the front panel. 

A function generator chip is utilized for 
clean, stable sine wave AFSK tone output to 
the transmitter. Both plus ( + ) and minus I - ) 
keyed output jacks are provided for CW keying 
of virtually any popular transceiver. Automatic 
transmit/receive switching is available under 
computer control or from a front panel manual 
transmit button. Output and computer control 
signals are available in the usual TTL levels (or 
RS-232 format with an optional low-cost RS- 
232 kit). 

For complete information, contact Ad- 
vanced Electronic Applications, Inc., P.O. Box 
C-2160, Lynnwood, Washington 98036. 
R S #304 

low-cost repeater control 
The RC-85 low-cost repeater controller 

board from Advanced Computer Controls, 
Inc., is a scaled-down, simplified version of the 
RC-850 controller. The microcomputer-based 
control board offers built-in speech synthesis, 
Touch-Tone remote programming, and a full- 
featured autopatch at a cost comparable to a 
collection of "dumb" repeater control boards. 
It provides the complete interface between the 
repeater's receiver and transmitter. 

The autopatch features autodial, long dis- 
tance protection, optional phone number read- 
back, DTMF or dial pulse regeneration, and 
reverse patch. 

Some operating parameters of the RC-85 
control board may be changed remotely with 
Touch-Tone commands, including ID and tail 
messages (with its built-in Touch-Tone acti- 
vated message editor), command codes, and 
autodial numbers. Storage is in write-protected 
RAM. An optional fully documented Personal- 
ity EPROM allows the repeater owner to define 
a backup set of parameters independent of the 
firmware for use in case power is lost. Built-in 
diode switching allows easy battery backup. 

High quality, natural sounding speech syn- 
thesis, including a portion of ACC's custom re- 
peater vocabulary, is built in. Together with the 
control board's Touch-Tone activated message 
editor, ID and tail messages can be made in- 
formative, reminding users of nets, meetings, 

and special events, or informing users of re- 
peater status. An alarm logic input provides the 
repeater owner with a site alarm to enhance se- 
curity of the installation. The RC-85 uses 
CMOS circuitry (no TTL) for low-power con- 
sumption from a single + 12 volt supply. All ICs 
are socketed in high reliability machine contact 
sockets. The control board is a compact 6" x 
9" for easy integration into any repeater. The 
price is $849. 

For more information, contact Ed Ingber, 
WAGAXX, at Advanced Computer Controls, 
Inc., 10816 Northridge Square, Cupertino, Cal- 
ifornia 95014. RS#305 

dual band radio 
Trio-Kenwood has recently announced a 

new model, the TS-780 All-Mode "Dual-Band- 
er," a combination of 2-mJ70-cm 1144-148 
MHz1430-440 MHz) radio designed to meet the 
needs of the Amateur Radio enthusiast active 
on both bands. Important features included in 
the TS-780 are USB, LSB, CW, and FM opera- 
tion, dual digital VFO's, cross-frequency oper- 
ating capability, 10 memories that store fre- 
quency and band data, internal battery mem- 
ory back-up, band scan, memory scan, i-f shift, 
fluorescent tube digital display, 2-m offset 
switch, and 10 watts of rf output. VOX and 

CW semi break-in are built in. An optional 
TU4C two frequency tone encoder unit is 
available. 

Additional information is available from Trio- 
Kenwood Communications, 11 11 West Walnut 
Street, Compton, California 90220. RSX306 
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what the off WIDE F k t u u t n r ; ~  cUVERA1 GE: PCS-4 
~ 3 -  . . - L O -  

no matter set. .-- --....- 
rarlon. 
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LAY: 
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eps of )ewer ou tp~  
IDTRANS\ 
en a channc 
tting. 

It. 
IITINDICA' 
?I is busy ar 

TORS: 
Id CAPIMARS BUILT IN: PCS-4000 include: 

ane of CAP and MARS freauencies. 
; cover. Br~ght LEDs show wh 

when you are transmt 
-7-  - - - ~ 

TINYS1ZE:Only 21- FULL 16-KEY TOUCHTONE" PAD: Keybo; 

MICROCOMPUTEI functions ; 
of technology! in PCS-48 
UP TO 8 NONSTANUAMU a r ~ l T S :  Ultimz . PL TONE 

satil~ty. COMPARE! are fully ad 
16-CHANNEL MEMORY IN T\I 
BANKS: Retains frequency an1 TRUE FM 

or plus minus offsets. Standard inlelligib~l~l 
for PCS-4000,1.6 MHz for PCS-4zuu. :,MI HlGHlLOW POWER OUTPUT: 25 or 5 wat$ 
PCS-4300.1 MHz for PCS-4500. and 100 1 selectable ~n PCS-4000; 10 or 1 watt selecta 
PCS-4800. PCS-4200. PCS-4300, PCS-4500, and PCS 

DUAL MEMORY SCAN: Scan memory ba 
Transrn~tter power 1s fully adjustable. 

e~ther separately or together. COMPARE! SUPERIOR RECEIVER: Sensitivity is 0.2 u' 

• TWO RANGES OF PROGRAMMABLE BAND better for 20-dB qucet~ng. Circu~ts are design1 

SCANNING: Llmlts are reset, scan the two manufactured to rigorous spectflcations fore 
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flea ~t market 
RATES Noncommercial ads 109 per 

word; commercial ads 6 0 ~  per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one f r e e  Flea Market 
ad ( s u b j e c t  to our editing) on a space avail- 
able basis only. Repeat insertions o f  ham- 
fest ads pay the non-commercial rate. 

COPY No special layout or arrange- 
ments ava i lab le .  Material should be type- 
written or clearly printed (not all capitals) 
and must include full name and address. 
We reserve the right to reject unsuitable 
copy. Ham Radlo cannot check each 
advertiser and thus cannot be held respon- 
sible for claims made. Liability f o r  correct- 
ness of material limited to corrected ad in 
next available issue. 

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

QSL CARDS 
QSLs & RUBBER STAMPS - Top Quality! Card Samples 
and Stamp Info - 50u - Ebbert Graphics 5R. Box 70, 
Westewllle, Ohio 43081. 

TRAVEL.PAK QSL KIT - Converts post cards, photos to 
QSLs. Stamp brlngs clrcular. Samco, Box 203-c, Wynant- 
skill, New York 12198. 

DISTINCTIVE QSL's - Largest selection, lowest prices, 
top quallty photo and completely customized cards. 
Make your QSL's truly unique at the same cost as a stan- 
dard card, and get a better return rate! Free samples, cat- 
alogue. Stamps appreciated. Stu K2RPZ Prlnt, P.O. Box 
412, Rocky Point, NY 11778(516) 744-6260. 

- 

QSL CARDS: $17.501500 ppd. Free catalog. Bowman 
Printing, 743 Haward, St. Louis, MO63130. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Auslrla Ham Rad8o Holland 
Karl" Ueber 
Postfsch 2454 

Postbus 413 
NL-7BW Ar Emmen 

0-7850 Loerrsch Holland 
West Germany 

Ham Rsdx Balgtum 
Stereohouse Ham Rad~o Italy 
Brusaalsestasnwsp 418 Vm Pordanone 17 
6.9218 Gent 1-20132 Mllano 
Betglum Italy 

Ham Radio Canada 
BOX 4W. Godorich 

Ham Radlo Swltzetland Ontario, Canada N7A 4C7 Ueber 

Ham Radio Europe Posllach 2454 
Box 2 W  0-78M Loarrach 
5.19402 Upplands Vasby West Germany 
Sweden 

Ham Radm France 
SM Electronic 

Ham Radao UK 

20 bis. Avedes Clarions 
P 0. BOX 63, Harrow 

F.88000 Auxerre 
Mlddleliex HA3BHS 

Francs 
Enpland 

Ham Radlo Germany 
Karl" Uebar Holland Radla 
Posllach 2454 143Grsenway 
0-7850 Loerrach Greenside, Johannesburp 
West Germany Rep~bllc 01 South Africa 

CABLE TV EQUIPMENT, Channel 3 or 4 notch filter 
$20.00. Information $1.00. Goldcoast, P.O. Box 63/6025G, 
Margate. FL 33063. (305) 752-9202. 

SATELLITE, Microwave, video, audio components and 
equipment. Send $1 for 1963 catalog. DSCo, Department 
C. 3110 Evelyn Street, Rosevllle, MN 55113. - 
KLM PA15.80BL 2 meter amplifier. 10W-lnl8OW-out, mul- 
tlmode, mint condx. $100. MO, bank check. Rich Tash. 
ner, N2EO,163.3421 Road, Whitestone, NY 11357. 

CHASSIS and cabinet kits. SASE K31WK. 

TENNATEST - Antenna noise bridge - out-performs 
others, accurate, costs less, satisfaction guaranteed. 
Send stamp for details. WBURR, 1025A Wildwood Road, 
Qulncy, MI 49082. 

ELECTRON TUBES: Receiving, transmitting, microwave 
. . . all types available. Large stock. Next day delivery 
most cases. Dally Electronics. 14126 Willow Lane. West- 
minster, CA 92683. (714) 894.1368. 

LINEAR GANTT - A new scheduling tool for project en- 
gineers and the like. Written in BASIC and easy to use. 
Send $9.95 to Howe Associates, 3223 Stlmson Way, San 
Jose. CA 95135. - 
BUY SELL TRADE - Next 6 issues $2.00. WA40SR's 
Rigs 8 Stuff, Box 973.H, Mobile, AL36601. 

VLF-LF preamps, coupler, Loran-C boards. SASE. Bur- 
hans Electronlcs, 161 Grosvenor St., Athens, Ohio 
45701. 

WANTED: Kenwood TS.700SP transceiver and 
MARS-7800 adapter. C. T. Huth, 146 Schonhardt, Tiffin, 
OH 44883. - 
ROHN TOWERS - Wholesale direct to users. All prod- 
ucts available. Write or call for price list. Also we are 
wholesale distributors for Antenna Specialists, Regen- 
cy, Hy-Gain and Wilson. Hill Radlo, P.O. Box 1405, 2503 
G.E. Road, Bloomlngton, IL61701-0887.(308)663-2141. 

PRE.1048 TELEVISION SETS wanted for substantial 
cash. Finder's fee pald for leads. Also Interested In spin. 
nlng disc, mirror in-the-lid, early color sets, 9AP4 picture 
tubes. Arnold Chase, 9 Rushleigh Road, West Hartford, 
Conn. 061 17 (203) 521.5260. - 
FOR SALE: Heathklt DX-100 (160110 meters), $75.00. 
Technical material GPR-90. General coverage receiver, 
$150.00. Natlonal NCX-5 transceiver wlth remote VFO, 
power supplylspeaker and Heath moblle power supply 
$375.00. All wlth manuals. K3UW0, Route 1, Box 201.A. 
Bridgewater, VA 22812. (703) 828-3723. - 
MUSEUM now open for radio hlstorlans and collectors. 
Free admission. Old time Amateur (W2AN) and commer- 
cial station exhibits, 1925 replica store and telegraph 
displays. 15,000 items. Wrlte A.W.A. for details: Bruce 
Kelley, W2ICE. Holcomb, NY 14469. 

LOW VOLTAQE POWER SUPPLIES: Y12V at 2A each. 
Ideal for IC's. $45.00 - Hollan Electronics, P.O. Box 
18632, Austin, TX 78760. 

MOBILE IQNITION SHIELDING. Estes Engineering, 930 
Marine Dr.. Port Angeles, WA 98362. 

OLD TIMERS: Collector looking for old bugs and Spark 
keys. Vlbroplex, McElroy, Marconi, DeForest, etc. K5RW. 
Neal McEwen. 1128 Midway, Richardson, TX 75081. 

CABLE CONVERTERS, decoders. Catalog $1 refundable. 
APS, POB 263 HR, Newport, RI 02840. 

IBM-PC RTTY 6 ASCII. SASE for full details. E. Alllne, 
NESS, 773 Rosa, Metalrle, LA 70005. 

HAM HOLIDAY Srl Lanka. Wrlte to Spangles Travels, 84 
Templers Road, Mount Lavlnla, Srl Lanka. Enclose 5 
IRCs. 

SELL COLLECTION of 40 years receiving tubes only one 
dollar each. Drake R4C $275, T4XC $275 plus DC4 P.S. 
MS4 Speaker $25. Drake 1A $100. Wanted machinist 
tools from retired machlnlsts. Reasonable. WBQJT, 314 
N. Resler Drive, El Paso, TX 79912. (915) 581-2017. 

RTTY.EXCLUSIVELY for the Amateur Teleprinter. One 
year $7.00. Beginners RTTY Handbook $8.00 Includes 
journal Index. PO Box RY. Cardiff, CA92007. 

8 NEW CHAPARRAL "Super" feed horns $20 each, 9 
new regular clrcular feed horns $6 each, Force AMU- 
150T 2 ch. UHF moblle wlth factory CTCSS, adjustable 

$250. Heath IG.102 signal generator, new tubeslclean 
$40. GE 4ER25C2 VHF Rx $25. (2) GE 4EP3A1 rack mount 
power supplies $30 each. RCA senior volt ohmyst $35. 
Dave Fant, Rt. 2, Box 381, Ozark, Arkansas 72949. (501) 
667-4743. 

APPLE COMPUTER OWNERS - Announcing "The Log- 
ger" - Averysophistlcated, full-featured disk-based log 
book for ham radio operators. "The Logger" manages 
over 1900 log entries per standard DOS 3.3 diskette with 
sixteen separate functions Including personalized QSL 
cards for less than 2 cents each! Unlocked program disk- 
ette and User's Guide $35. pd. U. S. Large SASE for 
more Information. Bob Jackson, Dept. HR. Box 57304, 
Webster, TX 77596. 

RS3OYU AND FERRITE BEADS for W2DU' balun (QST 
March '83) HF $8, VHF $6 ppd. CopperweldyM 30% . 18 
ga 3u, 14 ga 66. All Amateur wire and cable (Belden 8 
generic); Larsen, Unadllla. Janel, custom QSL's, crys- 
tals. All from Certified Communications, "the CB to 10 
meter people", 4138 S. Ferris, Fremont, MI 49412. 

HALLICRAFTERS S$S Ser~ous collector needs Hallicraft- 
er and other Ham eauiDment manufactured before 1940 
for restoration and eventual museum exhibit. Need Halli- 
crafters, Natlonal. Hammarlund. Patterson, RCA, RME, 
Grebe, etc. Condition not Important. Also need QST 
mags Vols. I 8 I1 and old tubes. All letters answered. 
Write Dave Medley, WASYXA, 6621 Duffield Drive, Dai- 
las, Texas 75248. 

DRAKE R.4C. FL1500, FL500, 10.0-10.5 MHz xtal. Excel- 
lent, UPS prepaid. $325. W7BDO. - 
WANTED: Schematlcs.Rider, Sams or other early publl- 
cations. Scaramella, P.O. Box 1, Woonsocket, RI 
02895-0001. 

WANTED, MILITARY SURPLUS RADIOS. We need Col. 
llns 618T, ARC-94, ARC.102, 718F.112, MRC-95, MRC-108, 
RT-9801GRC-171, RT-712iARC-105, RT.604AIAPN-171, 
ARC-114, ARC-115, RT-823lARC-131 or FM.622, RT.8571 
ARC-134 or Wllcox 807A. ARC.159, ARC.164, RT-8591 
APX-72, APN-153. Antenna Couplers 490T, CU.l658A, 
CU-12391ARC-105, CU-1869A, ARC-105, Sperry Rand 
3226A1, 322601, 4908-1, 690D1. Top dollar pald or trade 
for new amateur gear. Wrlte or phone Bill Slep, 
704-524-7519, Slep Electronlcs Company, Hwy. 441, Otto, 
NC 28763. 

WANTED: Cash pald for used Speed Radar equipment. 
Wrlte or call: Brian R. Esterman, PO Box 8141, North- 
field, llllnols 80093. (312) 251-8901. - 
COLOR COMPUTER OWNERS - Free hardware and 
software catalog. Spectrum Projects, 93-15 86 Drlve. 
Woodhaven. NY 11421. 

WANTED: Early Halllcrafter "Skyrlders" and "Super Sky- 
rlders" wlth silver panels, also "Skyrider Commercial", 
early transmitters such as HT.1, HT.2. HT-8, and other 
Halllcrafter gear, parts, accessories, manuals. Chuck 
Dachls, WDSEOG, The Halllcrafter Collector, 4500 Rus- 
sell Drlve, Austln, Texas 78745. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Blrkdale Way, San Dlego, CA 92117. 
SASE brlngs Information. - 
RADIO WEST1 High quallty coverage communications 
receivers wlth Collins filters and other DX modiflca- 
tlons! Catalog 500 (refundable). Radlo West, 3417 Purer 
Rd., Dept HR, Escondldo, CA 92025(819) 741-2891. 

VERY In-tarast-lngl Next 4 Issues $2. Ham Trader 
"Yellow Sheets", POB356, Wheaton, IL80189. 

SUPER CQWW CONTEST programs. TRS-80 Model I, 
Ill. (IV In Ill mode) Completely machine language. Logs 
3200+ contacts per band. Automatlc ldentlflcatlon of 
country and zone from call letters. Dupe Speed 12000+ 
contacts per second. Screen displays zones still need- 
ed, total points, zones, countries, etc. Automatlc cw gen- 
erator wlth 2 buffers. Log Prlnt program prepares logs 
and dupe sheets. $39.95 Log Preparation program for 
hand logs. Similar features to above. $29.95 Free fact 
sheet and sample prlntouts. K4SB, 3490 Velma Dr., Pow- 
der Springs. Georgia. 30073. 

VARIABLE VOLTAQE SUPPLY, 0-25V, 3A. Kit $50, 
Assembled $05. (+$3.00 shipping.) Hollan Electronlcs, 
P.O. Box 18832, Austln, TX 78760. 

CUSTOM PIC BOARDS. Send schematic for quotes. 1-4 
transistors andlor IC's, $15 single board. Orders of 1-10 
please enclose payment. Hollan Electronics, P.O. Box 
18632, Austln, TX 78780. 

September 1983 95 



flea market 

Coming Events 
ACTIVITIES 
"Places to go ..." 

CALIFORNIA: Sonoma County Radlo Amateurs giant ln- 
door flea market, Saturday, September 17,9 AM to 3 PM, 
Sebastopol Communlty Center, 390 Morris St., Sebasts 
pol, 5 mlles west of Santa Rosa. Free admission and 
parklng. lndoor flea market space $3($6 with table) at the 
door. Advance $2.50 and $5. Vendor set up 6 AM. Radio 
clinic, refreshments, auction in atternoon. Talk in on 
146.13/73. For tlckets and informatlon: SCRA, Box 116, 
Santa Rosa. CA 95404. 

CONNECTICUT: The Natchaug ARA will hold a giant flea 
market. Sundav. September 25.9 AM to 4 PM. Elks Home 
off ~ t .  32, wi~~imantlc.  Indoorloutdoor, rain or shlne. 
Dealers set up 8 AM. Refreshments, free parking. Tabies 
$5 advance, $7 at door. Admlsslon $2.00. Under 16 free. 
For lnformatlon: Edward C. Sadeskl, KAlHR. 49 Circle 
Drlve. Wllllmantlc. CT 08226. (203) 423-7137; or Clifton 
Pease, KAIHYW, 288 Main Street, Wllllmantic, CT 06226, 
(203) 4551432 after 4 PM. - 
COLORADO: The Boulder Amateur Radlo Club's "Barc- 
fest", September 25, National Guard Armory, 4750 N. 
Broadway. Boulder, 9 AM to 3 PM. Admlsslon $3.00 per 
person or $3.00 per family. Free parklng. Refreshments. 
Talk In on 146.10170 and 146.52 slmplex. For informatlon: 
Tim Groat, KRW, 1000 East 10th Avenue, Broomfield, 
CO 80020. (303) 4663733. 

FLORIDA: The Platinum Coast Amateur Radlo Soclety's 
16th annual Hamfest and lndoor swapand-shop, Sep 
tember 10.11, Melbourne Auditorium, Melbourne. Admls- 
slon $3.00 advance. $4.00 door. Swap tables and tailgat- 
ing space available. Free parking. Awards, forums and 
meetings. Talk in on ,251.85 and ,521.52. For reservations, 
tables and Informatlon: PCARS. P.O. Box 1004. Mei- 
bourne. FL 32901. 

GEORGIA: The 10th annual Lanlerland ARC Hamfest, 
September 25, 9 AM, Holiday Hall, Holiday Inn, Galnes- 
vilie. Free tables and Inside display for dealers. Large 
flea market, boat anchor auction. Freeadmission. Talk in 
on 146.071.67. For information: Phil Loveless, KCOUC, 
3574 Thompson Bend, Gainesville. GA 30506. (404) 
532-9160. 

IOWA: The 9th annual Cedar Valley ARC Harnfest, Sun- 
day, October 2. Doors open 7 AM, Hawkeye Downs Exhi- 
bition Building, Cedar Rapids. Tickets $2.00 advance, 
$3.00 door. First table $5.00 others $7.00. Overnlght 
camping area, picnic faclllties, airport nearby. Collins 
surplus store will be open 9 AM to 2 PM. Talk in on 
146.16-.76, .52, 223.34-.94. For tlckets and informatlon: 
CVARC Hamfest. P.O. Box 994. Cedar Rapids, IA 52406. 

ILLINOIS: The Sangamon County Fair and Agricultural 
Association's 6th annual New Berlin Hamfest, Sunday. 
September 25. Sangamon County Fairgrounds, New Ber- 
lin, rain or shine. Camping available. A model railroad 
train meet will also be held that day. For details: K9QFR. 
Box 2, Pleasant Plains. lL62677. 

ILLINOIS: The Peorla Area ARC Superfest '63, Septem- 
ber 17 and 18, Exposition Gardens, W. Northmoor Road, 
Peorla. Gate opens 6 AM. Commercial building 9 AM. Ad- 
mlsslon $3.00 advance, $4.00 gate. Amateur Radlo and 
computer dlsplays, huge free flea market, free transpor- 
tation to Northwoods Mall on Sunday. Camping faclllties 
on grounds.Talk in on 146.16176. W9UVI. For informatlon 
and reservations SASE to: Superfest '63. 5608 N. An- 
dover Ct.. Peoria, IL 61615. 

KANSAS: The Sandhills ARC's annual Eye-Ball QSO 
Party, September 25, Flnney County Falrgrounds. Gar- 
den Clty. Doors open 9 AM. For information SASE to 
S.H.A.R.C., P.O. Box 611, Garden City, KS 67646. 

INDIANA: The 4th annual Grant County ARC Hamtest, 
Saturday, Septmeber 10, McCarthy Hall, St. Paul's Cath- 
olic Church. Marion. Doors open 6 AM. Donation $2.00 
advance, $3.00 gate. Table reservations $2.00 per 6 ft. 
table. Refreshments, free parking. Talk in on 146.19179or 
146.52 simplex. For informatlonltickets SASE lo: 
KASDLJ, Jerry Richards, P.O. Box 1146, Marion, IN 
46952. - 
MARYLAND: The Columbia Amateur Radio Assocla- 
tion's 7th annual Hamfest, Sunday, October 23, 8 AM to 
3:30 PM, Howard County Falrgrounds, 15 mlles west of 

Baltlmore. Admisslon $3.00. lndoor tallgatlng and tables 
$6.00 addltlonal. Outdoor tallgatlng $3.00 addltlonal. 
Talk In on 147.739135, 146.52152. For reservations and 
lnformatlon: Ed Wallace, KJEF, 9905 Carlllon Drlve, Elll- 
cott Clty, MD21043. - 
MASSACHUSETTS: The 1979 ARA'sannual fall flea mar- 
ket, Sunday, October 16, 11 AM to 4 PM, Beachmont 
VFW Post, 150 Bennington St., Revere. Sellers 10 AM. 
Admlssion $1.00. Sellers tables $6.00 advance, 58.00 at 
door If available. Talk In on 1979 and 52 direct. For table 
resewations send check to 19-79 Amateur Radlo Associ- 
ation, P.O. Box 171,Chelsea, MA02150. - 
MICHIGAN: The Grand Raplds ARA's annual Swap and 
Shop. Saturday, September 17, Hudsonvllle Falrgrounds. 
Dealers. Refreshments. lndoor sales area and outdoor 
trunk swap area. Gates open 6 AM. Talk In on 146.16176. 
For informatlon: Grand Rapids ARA, P.O. Box 1246, 
Grand Raplds, MI 49501. 

MICHIGAN: The L'Anse Creuse Amateur Radio Club's 
11th annual Swap and Shop, Sunday, September 18, 9 
AM to 3 PM, L'Anse Creuse High School on Relmold. Ad- 
mission $1.00 advance, S2.W at door. Good food, free 
parking. Talk In on 147.691.09 and 146.52. For Information 
and tables SASE to William Chesney. NBCVC, 215 Ellza. 
beth @ Mt. Clemens. MI 46043.(313)463-1412. - 
NEW ENGLAND: The Hosstraders will hold their annual 
autumn swapfest, Saturday, October 6, raln or shine, 
Deerfield, New Hampshire, Falrgrounds. Admlssion 
$1.00, tallgatlng included. Friday night camplng for self- 
contained rigs, after 4 PM. Profits benefit Shrlners' 00s. 
ton Burns Hospital. Last May's donation $2,702.00. For 
informatlonlmap SASE to Norm, WAlIVB, RFD Box 57, 
West Baldwln, ME 04091; or Joe. KIRQG. Star Rt. Box 56, 
Bucksport. ME 04416; or Bob. WlGWU, 105 Walton Rd., 
Seabrwk, NH 03874. - 
NEW JERSEY: The De Vry Technlcal Institute ARC's an- 
nual flea market, October 1, 9 AM to 4 PM, school park- 
ing lot at 479 Green Street, Woodbridge. Buyers free ad- 
mission. Sellers $3.00. No eiectriclty. For lnformatlon 
contact WB2JKU. 

P 

NEW HAMPSHIRE: The Connecticut Valley FM Assocla- 
tion's 6th annual Hamfest and Flea Market, September 
25. 9 AM to 5 PM. King Ridge Ski Area. Sutton. raln or 
shine. Admlsslon $2.00. Dealers and flea markateers 
$5.00. Refreshments available. Overnlght camplng for 
self-contained RV's. No hookups. Talk in on 146.16176 or 
146.52 slmplex. - 
NEW YORK: The Yonkers electronics fair and giant flea 
market, Sunday, October 2, 9 AM to 4 PM, Yonkers Mu- 
nicipal Parking Garage, Corner of Nepperhan Avenue 
and New Main Street. Rain or shlne. Live demonstra- 
tions, Amateur Radlo, computers, electric car, satellite 
TV, SSTV, HI-Filaudlo. Refreshments, free parklng. Un- 
limited free coffee all day. Admission $2.00, children 
under 12 free. Sellers $6.00 per space, bring tables. 
Sponsored by the Yonkers ARC. For information (914) 
969- 1053. - 
NEW YORK: The Radlo Amateurs of Greater Syracuse, 
RAGS, annual Hamfest and Computer Display, Saturday, 
October 1,9 AM to 6 PM, Art and Home Center, New York 
State Fairgrounds, Syracuse. Commercial exhibitors, 
large indoorloutdoor flea market, tech talks, ARRL 
booth, contests and entertainment. Refreshments. Ad- 
mission $3.00. Talk in on 90130, 31191 and 52 simplex. For 
information: RAGS, Box 88, Liverpool, NY 13088. - 
NEW YORK: The Elmira International Hamfest, Septem- 
ber 24, Chemung County Fairgrounds, gates open 6 AM. 
Free flea market, dealers, tech talks. Refreshments avall- 
able. Talk In on 147.96136, 146.10170 and 148.52152. Ad- 
vance tickets $2.00 from John Breese, 340 West Avenue, 
Horseheads, NY 14645. Tickets at gate $3.00. - 
NEW YORK: Seaway Valley Hamfest, Saturday, Septem- 
ber 10,9 AM to 4 PM, Louisv~iie Firemen's Arena, Louls- 
vilie. ARRL forum, tech programs, demos, entertain- 
ment, flea market, snack bar. Tickets $3.00 at door, $2.50 
advance. For informationltickets: SASE to Lois lerlan, 
WAZRXO, 725 Proctor Avenue, Ogdensburg, NY 13669. 
(U.S. fundsonly please). - 
NEW JERSEY: The South Jersey Radio Association's 
35th annual Hamfest, September 16, Pennsauken Sr. 
High School, Hyiton Road, Pennsauken. 6 AM to 4 PM. 
Advance tlckets $2.50. $3.50 at gate. Tailgaters $5.00. Re- 
freshments available. Talk in 22182 and 52. For informa- 
tion: Fred Holler, WZEKB, 346 Bortons Mill Road, Cherry 
Hill, NJ 06002. (609) 7950577. 

OHIO: The Cleveland Hamfest and ARRL Great Lakes 
Division Convention, Saturday, September 24, banquet. 
Sunday, September 25. Hamfest, 6 AM to 5 PM. NEW LO- 
CATION: Cleveiand Aviation High School, North Margl- 
nal Road, Cleveland. Exh~b~ts, refreshments, overnight 
parking available. Flea market open 6 AM, $2.00 per 
space. General admission $3.00. Talk in on 146.52, 
WBQV. For advance tickets send check or MO for $2.50 

before August 31 to: Cleveland Hamfest Associetlon, 
P.O. 60x93077, Cleveland, OH 44101. 

WASHINOTON: Tho Walla Walla Valley Radio Amateur 
Club's 37th annual Hamfest, September 24 and 25, MII- 
ton.Freewater, Oregon Communlty Bulldlng. Doom o w n  
830 AM. Swap shop, crafts, Tesla coil and spark gap 
demo. Antique, homebrew contests. Bazaar Sunday. Pot- 
luck dinner Sunday noon. For informatlon: W70P, P.O. 
Box 321, Walla Walla, WA 89362. 

PENNSYLVANIA: 1883 A-5 MagazlnelUSATVS 4th annual 
fall A N  Conference, September 2525, to be held con- 
current wlth York, PA Hamfest. Seminars Frlday 810:30 
PM. Saturday 9AM to I 0  PM wlth banquet. Sunday 7 AM 
to noon. F S N  and S S N  to be fully covered with excei- 
lent speakers. SASE to W3SST or A N  Magazine, P.O. 
Box H, Lowden, IA 52255. 

PENNSYLVANIA: The Skyvlew Radlo Soclety's annual 
Hamfest, Sunday, September 16, noon to 4 PM, club 
grounds on Turkey Rldge Road, New Kensington. Talk In 
on 04-64 and 52 slmplex. Registration fee $2.00. Vendors 
$4.00. - 
PENNSYLVANIA: The Pack Rats (MI. Airy VHF ARC) In- 
vites all Amateurs and friends to the 7th annual Mld- 
Atlantic VHF Conference, Saturday. October 1, Warring- 
ton Motor Lodge, Route 611, Warrlngton; and Sunday, 
October 2, Hamarama, Bucks County Drlve-In Theater, 
Route 611, Warrlngton. Flea market admlsslon $3.00. 
Selling space $5.00 each. Bring own tables. Gates open 
730 AM. Rain or shlne. Advance reglstratlon 54.00 for 
conference and Hamarama. Send to Hamarama '83. P.O. 
Box 311, Southampton, PA 18986 or Lee A. Cohen, 
KJMXM, (215) 635-4942. - 
SOUTH CAROLINA: 32nd annual Rock Hlll Hamfest, 
October 2. For Informatlon: YCARS. Box 4141CRS. Rock 
HIII, SC 29730. - 
SOUTH DAKOTA: The ARRL Dakota Dlvlslon Conven- 
tion, September 23-25, Howard Johnson Motor Lodge, 
Sloux Fails. Friday evening reglstratlon and entertaln- 
ment. Saturday forums, exhibits, flea market, contests, 
luncheon. ARRL forum lead by Vlc Clark, President. Sun- 
day 2 meter transmitter hunt. Conventlon pre-reglatra- 
tlon prior to September 1 Is $5.00. $6.00 at door. Conven- 
tion and banquet $15, $16 at door. Banquet only $10. Talk 
in on 16176 and 52152. For Informatlon, Sloux Falls ARC, 
P.O. Box 91. Sioux Falls, SD57101. - 
RADIO EXPO: Sponsored by the Chicago FM Club. Sat- 
urday and Sunday, September 24 and 25, Lake County 
Falrgrounds, Routes 120 and 45, Grayslake, Illinois. Flea 
market opens 6 AM. Exhibits open 9 AM. lndoor flea mar- 
ket tables available at $5.00 per day. Tickets $3.00 ad- 
vance, $4.00 at gate, good tor both days. Seminars, tech 
talks, ladles' programs. Talk in on 146.16176, 146.52 and 
222.Y224.10. For lnformatlon: SASE to Radlo Expo 83, 
Box 1532, Evanston. IL 60204 or (312) 562-6923. 

TENNESSEE: The Mernphls Hamfest, Saturday and Sun- 
day, October 6 and 9, Mernphls Falrgrounds, Mid South 
Bulldlng. Radlo and computer dlsplays and forums. Hos- 
pitality party Saturday night. Dealer and flea market set. 
up Friday evening tll 9 PM. Tables on site. Talk In on 
28/88 and 34/94. For lnformationlresewatlons: Clayton 
Eiam, K4FZJ. 28 No. Cooper, Memphis. TN 38104. (901) 
274-4416 days or (901) 743-6714 evenings. - 
TEXAS: The Wichita ARSs second annual Hamfest. Sep- 
tember 24 and 25, National Guard Armory, Wichita Falls. 
Saturday 6 AM to 6 PM. Sunday 8 AM to 2 PM. Dealer dls- 
plays, computers, large inside flea market, refresh. 
ments, tree RV parklng no hookups. Nearby shopping 
malls. Air Force MARS, QCWA meeting and more. Pre- 
registration by September 21, 54.00.55.00at door. Talk in 
on 146.34194 and 147.75115. For Informatlonltlckets: 
WARS HAMFEST, P.O. BOX 4363, Wichita Falls, TX 
76308. 

VIRGINIA: The 8th annual Tidewater Amateur Radlo 
Hamfest, Computer Conventlon, Electronic Flea Market, 
Saturday and Sunday, October 6 and 9, Vlrglnla Beach 
Paviilion, 9 AM to 5 PM. $4.00 admission good for both 
days. Flea market tables $5.00 one day, 58.00 both days. 
Dealers, displays, forums, computers, satellite equip- 
ment. Beautiful Virginla Beach nearby. Visit Norfolk 
Waterfront Festival Marketplace. For informatlonltick- 
ets: Jim Harrison, N4NV, 1234 Little Bay, Norfolk, VA 
23503. (604) 567-1695. 

WISCONSIN: The St. Crolx Valley Repeater Associa- 
tion's 7th annual Hamfest, Saturday, September 24, 9 
AM to 2 PM. American Legion Hall. Baldwln. Admlssion 
$2.00. Talk In on 147.931.33 and 146.52 slmplex. For infor. 
rnation: Bruce Olson. N9BLU. Box 91, St. Croix Falls, Wi 
54024. - 
OHIO: Lima Hamfest, Allen County Fairgrounds, Octo- 
ber 9. Gates open 6 AM. Advanced tickets $3.00; at gate 
$3.50. Tables $6.00 each; half tables $3.50. For Informa. 
tionlreservations: N.O.A.R.C., Box 211, Lima, Ohio 
45602. 
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Massachusetts 
TEL.COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3040 
61 7-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Minnesota 

MIDWEST AMATEUR RADIO SUPPLY 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521-4662 
It's service after the sale that counts. 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800)634-6227 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

New Jersey 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201-256-8555 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke 8 Beckrnan 
Instruments, etc. 

TOO! 

California 
C & A  ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
714-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
619-463-1886 San Diego 
800-882-1 343 Trades 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 
Habla Espanol 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Azden, Icom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shop- 
ping at prices you can afford. 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, DenTron, Yaesu, 
Azden, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 

YOU Dealers: c ontact Ham Radio now for complete details. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADlO 
1590 US HIGHWAY 19SO. 
CLEARWATER, FL 33516 
813-535-1416 
Your complete Amateur Radio and 
Computer Store. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5 81 
Outside Illinois - 80 d -621-5802 
Hours: 9:30-530 Mon, Tu, Wed 8 Fri; 
9:30-8:00 Thurs; 9:W-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on  en-~ec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381-5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Kentucky 
L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20707 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, Microlog, AEA, Ameritron. 
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Pennsylvania New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
21 2-599-2630 
Drake, Kenwood, Y ~ ~ s u ,  
Ten-Tec, DenTron, Hy-Gain, 
Mosley in stock. 

HARRISON RADIO CORP. 
20 SMITH STREET 
FARMINGDALE. NY 11735 
51 6-293-7990 
"Ham Headquarters USA" since 
1925. Call toll free 800-645-9187. 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 30 Years. 

am~lif ier LORUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, Beckman, 
Fluke, Larsen, Hustler, Astron, 
Antenna Specialists, W2AUMI2VS, 
AEA, B&W, CDE, Sony, Vibroplex. 

alsc 
THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 
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RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (31 5) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Bob WA2MSH. 
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Ohio MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

dio 

I 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
216-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 

UNIVERSAL AMATEUR RADIO, INC. 

i nc re 

Only 

t the price of ar 
ifier alone! An 

Virginia Order .. - 
ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

1. call tor t - t ree 

-800-USA-MAD 

ge VISA, MC or 
k, money order 
$3.00 for shippi 

1280 AlDA DRIVE 
REV NOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood and all other 
Ham gear. Authorized sales and ser- 
vice. Shortwave headquarters. Near 
1-270 and airport. 
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na; - - 
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add 3 
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b4.50 sa Wisconsin 
Oklahoma 

DERRICK ELECTRONICS, INC. 
714 W. KENOSHA - P.O. BOX A 
BROKEN ARROW, OK 74012 
Your Discount Ham equipment dealer 
in Broken Arrow. Oklahoma 
1-800-331-3688 or 
1-978-251-9923 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 

PRODU 
6 

. Pro! 

ICTS CORPOR, 
5 East Palatlne Road 
spect He~ghts. IL 60C 
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MHXL PUO140H TcF m r  lmut l m t t r  nt 144 to lWi2 a1ta11 l m t t s  U.5vdc ot IFDIPS. 

SKI 9 WI ttl tbto M Hmrd ( h l v  $19 9 

GENEVA CALCULATOR WATCH 

T h i s  a t t r a c t i v e  watch has  t h e  fo l lowing  modes: 
Normal Time S e t t i n g .  

-- *- --?- 

Calendar  S e t t i n g .  
Da i ly  Alarm Time S e t t i n g .  
Weekly Alarm Time S e t t i n g .  
Chronograph. 
C a l c u l a t o r .  C 
Featured i n  Black P l a s t i c  $18.99 o r  Featured i n  S t a i n l e s s  S t e e l  $29.99 

SILICON DIODES FEED THRU SOLDER RF CAPACTORS 

MR751 IOOvdc 6Amps 10/$5.00 100/$38.00 470pf +-20% 
MR510 IOOOvdc 3Amps 10/$3.75 100/$24.00 
HEP 170 l OOOvdc 2Amps 20/$2.00 100/$15.00 5/$1.00 o r  100/$15.00 o r  
IN3209 l OOvdc 15Amps $2.00 101 $15.00 lOOO/$lOO.OO 
BYX211200 200vdc 25Amps $2.00 101 $15.00 
IN2138A 600vdc 60Amps $5.00 101 $40.00 1000pf /.001uf +-lo% 
DS85-04C 4OOvdc 80Amps $10.00 101 $80.00 
IN3269 6OOvdc l60Amps $15.00 10/$120.00 4/$1.00 o r  100/$20.00 o r  
275241 300vdc 250Amps $20.00 10/$175.00 1000/$150.00 
7-5754 300vdc 4OOAmps $30.00 10/$250.00 

' RCD- 15 15KVDC 20ma. $3.00 101 $20.00 
SMFR2OK 2OKVDC 20ma. $4.00 101 $30.00 

E PROMS 

IN4148 s i g n a l  30/$1.00 1001 $3.00 
2708 1024x1 $2.00 each 

FAIRCHILD 4116 16K DYNAMIC RAMS 200ns. P a r t  11 16K75 2716 2048x8 $4.00 each 

25 For $25.00 o r  100 For $90.00 o r  1000 For $750.00 27L32125L32 510.00 each 

HEWLETT PACKARD MICROWAVE DIODES 

IN5711 (5082-2800) Schot tky B a r r i e r  ~ i o h e s  $1.00 o r  10 f o r  $ 8.50 
115712 (5082-2810) $1.50 o r  10 f o r  $10.00 
IN6263 (HSCH-1001) $ .75 o r  10 f o r  $ 5.00 
5082-2835 $1.50 o r  10 f o r  $10.00 
5082-2805 Quad Matched " per  s e t  $5.00 o r  10 f o r  $40.00 

For information: 602-242-891 6 
Tdl Free Number 
800.52841 80 ~ Y Z  eleetroqps . AII parts -a. be new or 

(For orders only) surplus, and parts may be 
substituted w~th comparable parts 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE ~f we are out of stock of an Item 

i 
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"MIXERS" 
NATKINS JOHNSON WJ-M6 Double Balanced Mixer  

LO and RF 0.2 t o  300MHz I F  DC t o  300MHz $21.00 
Convers ion Loss (SSB) 6.5dB Max. 1 t o  50MHz 

8.5dB Max. .2 t o  300MHz WITH DATA SHEET 
No ise  F i gu re  (SSB) same as above 

8.5dB Max. 50 t o  300MHz 
Conversion Compression .3dB Typ. 

NEC (NIPPON ELECTRIC CO. LTD. NE57835/2SC2150 - Microwave T r a n s i s t o r  

NF Min F=2GHz dB 2.4 Typ. MAG F=2GHz dB 12 Typ. 
F=3GHz dB 3.4 Typ. F=3GHz dB 9 Typ. 
F=4GHz dB 4.3 Typ. i=4GHz dB 6.5 Typ. 

F t  Gain Bandwidth Product  a t  Vce=8v, Ic=lOma. GHz 4 Min. 6 Typ. 
Vcbo 25v Vceo l l v  Vebo 3v I c  50ma.Pt .  25Omw 

UNELCO RF Power and Linear Amplifier Capacitors 

These are the farmus capacitors used by a l l  the RF Power and Linear Amplifier 
manufacturers, and described in the RF Data Book. 

5pf lop f 18pf 30pf 43pf lOOpf 200pf 1 t o  l 0 p c s .  S1.00 ea 
5. lpf 12pf 22pf 32pf 51pf llOpf 22Wf 11 t o  50pcs. $ . 9 0  ea 
6.8pf 13pf 25pf 33pf 6 0 ~ f  120pf 47Opf 51 up p c s .  $ . 8 0  ea 
7 ~ f  14pf 27pf 34pf 13Opf 5r30pf 
8.2pf 15pf 27.5pf 4Opf 80Df 82pf 14Opf 100i)pf 

NIPPON ELECTRIC COMPANY TUNNEL DIODES 

Peak P t .  Cu r ren t  ma. I P 
V a l l e y  P t .  Cu r ren t  ma. I v 
Peak Pt .  Vo l t age  mv. VP 
P ro j ec ted  Peak P t .  Vo l tage  mv. Vpp V f = I p  
Se r i es  Res. Ohms r S 
Terminal  Cap. p f .  C t 
V a l l e y  P t .  Vo l tage  mv. V V 

MODEL 152199 
91nin. 10Typ. l lmax .  
1.2Typ. 1.5max. 
95Typ. 120max. 
480min. 550Typ. 630max 
2.5Typ. 4max. 
1.7Typ. 2max. 
370Typ. 

1S2200 $7.50 

9min. 10Typ. l lmax.  
1.2Typ. 1.5max. 
75Typ. 90max. 
440mi n . 520Typ. 600max. 
2Typ. 3max. 
5Typ. 8max. 
350Typ. 

FAIRCH ILD / DUMONT Osci l 1 oscope  Probes  Model 42908 

I n p u t  Impedance 10 meg., I n p u t  Capac i t y  6.5 t o  12pf. ,  D i v i s i o n  R a t i o  ( V o l t s / D i v  Fac to r )  
10:1, Cable Leng th  4Ft .  , Frequency Range Over 100MHz. 
These Probes w i l l  work on a l l  Tek t r on i x ,  Hew le t t  Packard, and o t h e r  Osc i l l oscopes .  

PRICE $45.30 

MOTOROLA RF DATA BOOK 

L i s t s a l l  Mo to ro l a  RF T r a n s i s t o r s  / RF Power Amp1 i f i e r s ,  Varac to r  Diodes and much much 
more. 

PRICE $7.50 
For information: 602-242-8916 

Toll Free Number 
800-528-0180 
(For orders only) - A I I  parts may be new or 

surplus, and parts may be  
substituted wlth comparable parts 

we are out ol stock an item,w PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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RF TRANSISTORS, MICROWAVE DIODES 
PART PRICE - 
182 199 $ 7.50 
IS2200 7.50 
2N1561 25.00 
2N 1562 25.00 
2N2857 1.55 
2N2857JAN 2.55 
2N2876 11.00 
2N2947 18.35 
2N2948 15.50 
2N2949 3.90 
2N2950 4.60 
2N3375 8.00 
2N3553 1.57 
2N3632 13.80 
2N 38 18 5.00 
2N3866 1.30 
2N3924 3.35 
2N3927 17.75 
2N39 50 25.00 
2N4072 1.80 
2N4127 21.00 
2N4427 1 .30 
2N4428 1.85 
2N4957 3 .45 
2N4958 2.90 
2N4959 2.30 
2N5090 13.90 
2N5108 4.00 
2N5109 1.70 
2N 5 160 3.45 
2N5177 21.62 
2N5179 1.00 
2N5583 4.00 
2N5589 8.65 
2N5590 10.35 
2N5591 13.80 
2N5635 10.95 
2N5637 15.50 
2N564 1 9 .20 
2N5642 10.95 
2N5643 15.50 
2N5645 13.80 
2N5646 20.70 
2N 569 1 18.00 
2N5764 27.00 
2N5836 5.45 
2N5842 8.00 
285849 20.00 
2N5913 3.25 
2N5922 10.00 
2N5923 25.00 
2N5941 23.00 
2N5942 40.00 
2N5944 9.20 
2N 594 5 11.50 
2N5946 19.00 
2N6080 9.20 
2N608 1 10.35 
2N6082 11.50 

Toll F m  Number 
800-528-01 80 
(For orders only) 

PART - 
2N6083 

PRICE 
$ 13.25 

PART PRICE - 
CA2612 (TRW) $ 25.00 

2N6084 15.00 CA2674 (TRW) 25.00 
2N6094 IM9622 11.00 CA2881-1 (TRW) 25.00 
2N6095 lM9623 12.00 CA4101 (TRW) 25.00 
2N6096 lM9624 15.50 CA4201 (TRW) 25.00 
2N6097 17.25 CA4600 (TRW) 25.00 
2N6136 21.85 CD 1889 20.00 
2N6166 40.25 CD2 54 5 20.00 
2N6201 50.00 CMD5 14AB 20.00 
2N6459 18.00 D4959 10.00 
2N6603 12.00 D4987M 20.00 
2N6680 80.00 D5147D 10.00 
2SC756A 7.50 D5506 10.00 
292781 2.80 D582 7AM 20.00 
2SC1018 1.00 DMD6022 30.00 
2SC1042 12.00 DMS-2A-2 50 40.00 
2SC1070 2.50 HEP 7 6 4.95 
2SC1239 2.50 HEPS3002 11.30 
2SC1251 12.00 HEPS3003 30.00 
2SC1306 2.90 HEPS3005 10.00 
2SC1307 5.50 HEPS3006 19.90 
2SC1760 1.50 HEPS3007 25.00 
2SC1970 2.50 HEPS3010 11.34 
2SC2 166 5.50 HTEF2204 H.P. 112.00 
8B1087 (M.A.) 25.00 5082-0112 H.P. 14.20 
A50-12 20.00 5082-0253 H.  P. 105.00 
A2 8 3B 5.00 5082-0320 H.P. 58.00 
ALD4200N (AVANTEK) 395.00 5082-0386 H.P. POR 
AM123 97.35 5082-0401 H.P. POR 
AM688 100.00 5082-0438 H.P. POR 
BBlO5B .52 5082-1028 H.P. POR 
BD414JFBD4 (G.E.) 10.00 5082-2711 H.P. 23.15 
BFQ85 1.50 5082-3080 H .  P. 2.00 
BFR90 1.30 5082-3188 H.P. 1.00 
BFR9 1 1.65 5082-6459 H.P. POR 
BFW92 1.50 5082-8323 H.P. POR 
BFX89 1.00 35826E H.P. POR 
BFY 90 1.00 35831E H.P. 29.99 
BGY54 25.00 35853E H.P. 71.50 
BGY 55 25.00 35854E H.P. 75.00 
BGY 74 25.00 HPA0241 H.P. 75.60 
BGY 75 25.00 HXTR3101 H.P. 7.00 
BL161 10.00 HXTR3102 H . P .  8. 7 5  
BLX67 11.00 HXTR6101/2N6617 H.P. 55.00 
BLY 568CF 25.00 HXTR6104 H.P. 68.00 
BLY87 13.00 HXTR6105 H.P. 31.00 
BLY 88 14.00 HXTR6106 H.P. 33.00 
BLY89 15.00 QSCH1995 H.P. POR 
BLY90 20.00 502000 TRW 10.00 
BLY 35 1 10.00 502001 TRW 25.00 
C4005 20.00 504045 TRW 25.00 
CA402 (TRW) 25.00 K 3A 10.00 
CA405 (TRW) 25.00 MA450A 10.00 
CA612B (TRW) 25.00 MA41487 POR 
CA2100 (TRW) 25.00 MA41765 POR 
CA2113 (TRW) 25.00 MA43589 POR 
CA2200 (TRW) 25.00 MA43636 POR 
CA2213 (TRW) 25.00 MA47044 P OR 
CA2418 (TRW) 25.00 MA47651 25.50 

For information: 602-242-8916 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
"All parts may be new or 

surplus, and parts may be 
Substituted with comparable parts 
if we are out of stock of an item." 
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PART 

GaAs, TUNNEL DIODES, ETC. 
PRICE PART PRICE PART - - PRICE 

MA47100 $ 7 0  5 MRF503 $ 6.00 PT4186B $ POR 
MA47202 30.80 MRF504 7.00 PT4209 P OR 
MA47771 POR MRF509 5.00 PT4209C POR 
MA47852 POR MRF511 8.65 PT4566 POR 
MA49558 POR MRF605 20.00 PT4570 POR 
MB402 1 POR MRF629 3.47 PT4571 POR 
MBD101 1.00 MRF644 23.00 PT4571A POR 
MD0513 P OR MRF816 15.00 PT4577 POR 
MHW1171 42.50 MRF82 3 20.00 PT4590 POR 
MHWl182 48.60 MRF901 3.00 PT4612 POR 
MHW4171 49.35 MRF8004 2.10 PT4628 POR 
MHW4172 51.90 MS261F POR PT4640 POR 
MHW4342 68.75 MT4150 Fair. P OR PT4642 POR 
MLP102 25.00 MT5126 Fair. POR PT5632 POR 
MM1500 32.32 MT5481 Fair. POR PT5749 POR 
MM1550 POR MT5482 Fair. POR PT6612 POR 
MM1552 50.00 MT5483 Fair. POR PT6626 POR 
MM1553 50.00 MT5596 Fair. POR PT6709 POR 
MM1614 10.00 MT5764 Fair. P OR PT6720 POR 
MM2608 5.00 MT8762 Fair. POR PT8510 POR 
MM3375A 11.50 MV109 .77 PT8524 POR 
MM4429 10.00 MV1401 8.75 PT8609 POR 
MM8000 1.15 MV1624 1.42 PT8633 POR 
MM8006 2.30 MV1805 15.00 PT8639 POR 
M0277L POR MV1808 10.00 PT8659 POR 
M0283L POR MV1817B 10.00 PT8679 P OR 
M03757 POR MV1863B 10.00 PT8708 POR 
MP 102 POR MV 1864A 10.00 PT8709 POR 
MPN3202 10.00 MV1864B 10.00 PT8727 POR 
MPN3401 .52 MV 1864D 10.00 PT8731 POR 
MPN3412 1.00 MV1868D 10.00 PT8742 POR 
MPSU31 1.01 MV2101 .90 PT8787 POR 
MRA2023- 1.5 TRW 42.50 MV2111 .90 PT9790 41.70 
MRF212/208 16.10 MV2115 1.55 PT31962 POR 
MRF223 13.25 MV2201 .53 PT31963 POR 
MRF224 15.50 MV2203 .53 PT31983 P OR 
MRF237 3. 15 MV2209 2.00 PTX6680 POR 
~ ~ ~ 2 3 8  12.65 MV2215 2.00 RAY - 3 24.99 
MRF243 25.00 MWAllO 7.45 4008 1 POR 
MRF245 34.50 MWA120 7.80 40281 POR 
MRF247 34.50 MWA130 8.25 40282 POR 
MRF 304 43.45 MWA210 7.80 40290 POR 
MRF315 23.00 MWA220 8.25 RE1 10 25.00 
MRF420 20.00 MWA230 8.65 SCA3522 POR 
MRF42 1 36.80 MWA310 8.25 SCA3523 POR 
MRF422 41.40 MWA320 8.65 SD1065 POR 
MRF427 16.10 MWA330 9.50 SS43 POR 
MRF428 46.00 NEC57835 5.30 TP1014 POR 
MRF450/A 13.80 ON382 5.00 TP1028 P OR 
MRF453/A 17.25 PPT515-20-3 POR TRW- 3 POR 
~ ~ ~ 4 5 4 1 ~  19.90 PRT8637 POR UT0504 Avantek 70.00 
MRF455/A 16.00 PSCQ2-160 POR UT0511 Avantek 715.00 
MRF458 19.90 PT3190 POR V15 4.00 
MRF463 25.00 PT3194 POR V33B 4.00 
MRF472 1.00 PT3195 POR V 1 OOB 4.00 
MRF475 2.90 PT3537 POR VAB801EC 25.00 
MRF477 11.50 PT4166E POR VAB804EC 25.00 
MRF502 1.04 PT4176D POR VAS2 1AN20 25.00 

For information: 602-242-8916 
Toll Free Number - A ! I  parts may be new or 

800-528-01 80 surplus, and parts may b e  
substituted w ~ t h  comparable parts 

( F ~ ~  Orders only) 11 we are out of stock of an item." 

JVlw electroqp~ 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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1 
LOAXIAL RELAY SWITCHbS Si'D1- -- 

E l e c t r o n i c  S p e c i a l t y  Co./Raven E l e c t r o n i c s  FSN 5985-556-9683 $49.00 
P a r t  1 25N28 P a r t  I1 bU-01 
26Vdc Type N Connector .  DC t o  1 GHz. 

Amphenol FXR FXR 
P a r t  H 316-10102-8 P a r t  # 300-11182 P a r t  1 300-11173 
115Vac Type BNC DC t o  3 GHz. 120Vac Type BNC DC t o  4 GHz. l2OVac Type BNC Same 

FSN 5985-543-1225 FSN 5985-543-1850 

$29.99 $39.99 $39.99 

-1 

T 2 ,",. L.> I t &  4 p d '  

- i U, ,,I ** 
- 1 1  7' 1 
I. 1.T bc  

. % . \ 
\=  

I ' -  'a i 

BNC To Banana P lug  Coax Cab le  RG-58 36 inch  o r  BNC t o  N Coax Cable  RC-58 36 inch .  

$7.99 o r  2 For  $13.99 o r  10 For $50.00 $8.99 o r  2 For $15.99 o r  10 For $60.00 

SOLID STATE RELAYS 

PbB Model ECTlDB72 5vdc t u r n  on 120vac c o n t a c t  a t  7amps o r  20amps on a 
1O"x 10"x . I 2 4  aluminum. Hea t s ink  wi th  

PRICE EACH $5.00 s i l i c o n  g rease .  

D i g i s i g ,  Inc .  Model ECS-215 5vdc t u r n  on 240vac c o n t a c t  lbamps o r  4Oamps on a 
1O"x 10"x . 124 aluminum. I t ea t s ink  wi th  

PRICE EACH $7.50 s i l i c o n  g rease .  

Cr igshy lRar ton  Model CB7400 5vdc t u r n  on 240vac c o n t a c t  a t  15amps o r  40amps on a 
10"x 10"x .124 aluminum. l i ea t s ink  wi th  

PRICE EACH $7.50 s i l i c o n  g rease .  

NOTE: *** I tems may b e  s u b s t i t u t e d  w i t h  o t h e r  b rands  o r  e q u i v a l e n t  model numbers. *** 

For information: 602-242-8916 
All  parts may be new or 

surplus and parts may be 1011 Frw Numbar 
substlluted w~th comparable parts 
11 we are out of stock of an Item 

800-528-01 80 
(For orden only) 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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RECALL PHONE MEMORY TELEPHONE WITH 24 NUMBER AUTO DIALER 

The Recall Phone Telephone employs the latest state of art 
communications technology.It is a combination telephone 
and automatic dialer that uses premium-quality,solid-state 
circuitry to assure high-reliability performance in personal 
or business applications. $49.99 

ARON ALPHA RAPID BONDING CLUE 

Super Glue {ICE-486 high strength 
rapid bonding adhesive.Alpha 
Cyanoacrylate.Set-Time 20 to 40 
sec..0.7fl.oz.(20gm.) 

$2.00 

Thia pad contains all the electronics to Perfect for those unscrambler projects. 
produce standard touch-tone tones. New New with data. 

TOUCH TONE PAD 

with data. 

MITSUMI UHFIVHF VARACTOR TUNER MODEL UVElA 

$2,05 or 10/$15,00 
For information: 602-242-8916 

$9.99 or 10/$89.99 1 $19.99 or 10/$149.99 

INTEGRATED CIRCUIT. 1 to 10 llup 

MC1372P Color TV Video Modulator Circuit. $ 4.42 $2.95 
MC1358P IF Amp.,Limiter,FM Detector,Audio Driver,Electronic Attenuator. 5.00 4.00 
MC1350P IF Amplifier 1.50 1.25 
MC1330AlP Low Level Video Detector 1.50 1.15 
MC1310P FM Stereo Demodulator 4.29 3.30 
MC1496P Balanced Modulator/Demodulator 1.50 1.25 
LM565N Phase Locked Loop 2.50 2.00 
LM380N14 2Watt Audio Power Amplifier 1.56 1.25 
LM1889N TV Video Modulator 5.00 4.00. 
NE564N Phase Locked Loop 10.00 8.00 
NE561N Phase Locked Loop 10.00 8.00 

FERRANTI ELECTRONICS AM RADIO RECEIVER MODEL ZN414 INTEGRATED CIRCUIT. 
~eaiures : 

1.2 to 1.6 volt operating range..Less than 0.5ma current consumption. 150KHz to 3MHz 
Frequency range.,Easy to assemble,no alignment necessary. Effective and variable ACC action.. 
Will drive an earphone direct. Excellent audio quality..Typical power gain of 72dB.,TO-18 
package. With data. $2.99 or 10 For $24.99 

'All parts may be new or Toll Free Number flyz e~ectroqacs sur~lus subslltuted andpa"' w~th comparable parts be 
800-52841 80 

II we are out of stock ol an Item ' (For orders only) 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

NI CAD RECHARGEABLE BATTERIES 

AA Battery Pack of 6 These are Factory 
New. $5.00 

SUB C Pack of 10 2.5AmpIHr. $10.00 

Gates Rechargeable Battery Packs 

l2vdc at 2.SAmp/Hr. $11.99 
12vdc at 5AmpIHr. $15.99 

More Details? CHECK-OFF Page 110 

KITOROLA MRF559 RF TRANSISTOR 
hfe Mnin Wtyp 20Cm3x. 
ft 3om-l~ 
gain 8db nin 9 , 5 t ~ ~  at 87a;hz 

l3db tw at Sl2rt-1~ 
output Power ,Swatts at 12.5vdc 
at 87tht-1~~ 
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1 

"SOCKETS AND CHIMNEYS" 
EIMAC TUBE SOCKETS AND CHIMNEYS 

SKllO Socket $POR 
SK300A Socket For 4CX5000A,R,J, 4CX10,000D, 4CX15,000A,J $520.00 
SK400 Socket For 4-125A,250A,400A.400C,4PR125A,400A,4-500A,5-5OOA 260.00 
SK406 Chimney For 4-250A,400A,400C,4PR400A 74.00 
SK4 16 Chimney For 3-4002 36.00 
SK500 Socket For 4-1000A/4PR1000A/B 390.00 
SK600 Socket For 4CX250B,BC,FG,R,4CX350A,F,FJ 51.00 
SK602 Socket For 4CX250B,BC,FG,R,4CX350A,F,FJ 73.00 
SK606 Chimney For 4CX250B,BC,FG,R,4CX350A,F,FJ 11.00 
SK607 Socket For 4CX6003,JA 60.00 
SK6lO Socket For 4CX600J,JA 60.00 
SK620 Socket For 4CX600J,JA 66.00 
SK626 Chimney For 4CX600J,JA 10.00 
SK630 Socket For 4CX600J,JA 66.00 
SK636B Chimney For 4CX600J,JA 34.00 
SK640 Socket For 4CX600J,JA 36.00 
SK646 Chimney For 4CX600J.JA 71.00 
SK700 Socket For 4CX300A,Y,4CX125C,F 225.00 
SK7 11A Socket For 4CX300A,Y,4CX125C,F 225.00 
SK740 Socket For 4CX300A,Y,4CX125C,F 86.00 
SK770 Socket For 4CX300A,Y,4CX125C,F 86.00 
SK800A Socket For 4CXlOOOA,4CX1500B 225.00 
SK806 Chimney For 4CXlOOOA,4CX1500B 40.00 
SK810 Socket For 4CXlOOOA,4CX1500B 225.00 
SK900 Socket For 4X500A 300.00 
SK906 Chimney For 4X500A 57.00 
SK1420 Socket For 5CX3000A 650.00 
SK1490 Socket For 4CV8000A 585.00 

JOHNSON TUBE SOCKETS AND CHIMNEYS 

124-Lll/SK606 Chimney For 4CX250B,BC,FG,R. 4CX350A,F,FJ $ 10.00 
122-0275-001 Socket For 3-5002, 4-125A, 250A, 400A, 4-500A, 5-500A (pair) 15.00 
124-0113-00 Capacitor Ring 15.00 
124-116/SK630A Socket For 4CX250B,BC,FG,R, /4CX350A,F,FJ 55.00 
124-115-2lSK620A Socket For 4CX250B,BC,FG,R, /4CX350A,F,FJ 55.00 

813 Tube Socket 20.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHIP CAPACITORS 

.8pf lOpf lOOpf* 430pf 
lpf 12pf 1 lOpf 470pf 
l.lpf 15pf 120pf 510pf 
1.4pf 18pf 130pf 560pf 
1.5pf 20pf 150pf 620pf 

TUBE CAPS (Plate) 

HR1, 4 $11.00 
HR2,3, 6 & 7 13.00 
HR5. 8 14.00 
HR9 17.00 
HRlO 20.00 

1.8pf 22pf 160pf 680pf 
2.2pf 24pf 180pf 820pf 
2.7pf 27pf 200pf 1000pf/.001uf* 
3.3pf 33pf 220pf* 1800pf1. ooiauf 
3.6pf 39pf 240pf 2700pfl. 0027uf 
3.9pf 47pf 270pf lO.OOOpf/.Oluf 
4.7pf 51pf 300pf 12,0OOpf/.012uf 
5.6pf 56pf 330pf 15,00Opf/.015uf 
6.8pf 68pf 360pf 18,00Opf/.018uf 
8.2pf 82pf 390pf 

PRICES: 1 to 10 - .99t 101 to 1000 .60C * IS A SPECIAL PRICE: 10 for $7.50 
11 to 50 - .906 1001 & UP .356 100 for $65.00 
51 to 100 - .80t 1000 for $350.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
WATKINS JOHNSON WJ-V907: Voltage Controlled Microwave Oscillator $110.00 

Frequency range 3.6 to 4.2GHz, Power ouput, Min. lOdBm typical, 8dBm Guaranteed. 
Spurious output suppression Harmonic (nfo). min. 20dB typical, In-Band Non-Harmonic, min. 
60dB typical, Residual FM, pk to pk, Max. 5KHz, pushing factor, Max. 8KHz/V, Pulling figure 
(1.5:l VSWR), Max. 60MHz, Tuning voltage range +1 to +15volts, Tuning current, Max. -0.ld. 
modulation sensitivity range, Max. 120 to 30MHz/V, Input capacitance, Max. 100pf. O~cillator 
Bias +15 +-0.05 volts O 55mA, Max. 

For information: 602-242-8916 
''All parts may be new or To" Free Number surplus. and parts may be gM-2 electroqps 

800-528-01 80 substituted w~th comparable parts 
~f we Are out of stock of an Item " 

(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 



TUBES 
TYPE - 
2C3917289 
2E26 
2K28 
3- 5002 
3- 10002/8164 
3B281866A 
3CX4OOU7/8961 
3CX1000A718283 
3CX3OOOF1/8239 
3CW30000H7 
3X2500A3 
3X3000F1 
4-65Al8165 
4-125A/4021 
4-250A/5022 
4-400Al8438 
4-4OOB/7527 
4-4OOCl6775 
4-1000A/8166 
4CX250B17203 
4CX250FG/8621 
4CX250K18245 
4CX250R/7580W 
4CX300A/8167 
4CX350A/8321 
4CX35OF/8322 
4CX350FJ/8904 
4CX600J/8809 
4CX1000A/8168 
4CX1000Al8168 
4CX1500B/8660 
4CX5000A/8170 
4CX10000D/8171 
4CX15000A/8281 
4CW8OOF 
4032 
4E27A/5-1258 
4PR60A 
4PR60B 
4PR65A/8187 
4PR1000A/8189 
4X150A17034 
4X150017609 
4x2508 
4X250F 
4X500A 
5CX1500A 
KT88 
4168 
416C 
572B/T160L 
59213- 200A3 
807 
81  1 A  
812A 
8 13 

PRICE - 
S 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 

NOTE * = USE0 TUBE 

TYPE - 
1182/4600A 
4600A 
4624 
4657 
4662 
4665 
4687 
5675 
572 1 
5768 
5819 
5836 
5837 
586 1 
5867A 
5868lAX9902 
5876lA 
588116L6 
5893 
5894lA 
5894818737 
5946 
6083lAZ9909 
614616146A 
6146Bl8298 
6146W/7212 
6156 
6159 
6159B 
6161 
6280 
6291 
6293 
6326 
6360/A 
6399 
6550A 
6883Bl8032A18552 
6897 
6907 
6922161358 
6939 
7094 
7117 
7203 

NOTE P.O.R. = PRICE I 

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 
10.50 
17.95 

110.00 
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* 
300.00* 
135.00 
34.00 

P.O.R. 
13.50 
85.00 

2.50 
95.00 
36.00 

IN REQUEST 

TYPE - 
ML7815AL 
7843 
7854 
ML7855KAL 
7 984 
8072 
8106 
8117A 
8121 
8122 
8134 
8156 
8233 
8236 

8462 
8505A 
8533W 
8560/A 
8560AS 
8608 
8624 
8637 
8643 
8647 
8683 
8877 
8908 
8950 
8930 
6L6 Metal  
6L6GC 
6CA71EL34 
6CL6 
6DJ8 
6DQ5 
6GF5 
6GJ5A 
6GK6 
6HB5 
6HF5 
6JG6A 
6JM6 
6JN6 
6JS6C 
6KN6 
6KD6 
6LF6 
6LQ6 G.E. 
6LQ616MJ6 Sy lvan ia  
6ME6 
12AT7 
12AX7 
12BY7 
12JB6A 

PRICE - 
$ 60.00 

107.00 
130.00 
125.00 

14.95 
84.00 

5.00 
225.00 
110.00 
110.00 
470.00 

12.00 
60.00 
35.00 

500.00 
35.00 

130.00 
95.00 

136.00 
75.00 

100.00 
38.00 

100.00 
70.00 
83.00 

168.00 
95.00 

465.00 
13.00 
13.00 

137.00 
25.00 

5.03 
5.38 
3.50 
2.50 
6.58 
5.85 
6.20 
6.00 
6.00 
8.73 
6.28 
6.00 
6.00 
7.25 
5.05 
8.25 
7.00 
7.00 
9.00 
8.90 
3.50 
3.00 
5.00 
6.50 

"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 information: 602-242-8916 
Toll Free Number - A I I  parts may be new or 

800-528-01 80 
surplus, and parts may be 
substituted with comparable parts 
~f we are out of stock of an ltem." (For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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. 
"FILTERS" 

COLLINS Mechanical F i  1 t e r  #526-9724-010 FIODEL F455Z32F 

455HZ at 3.2KHz wide. May be other d e l s  but equivalent. May be used or new, $15.99 

ATLAS Crystal  F i  1 t e r s  
5.595-2. 7/8/LSB, 5.595-2.7/LSB 
8 pole 2.7KHz wide Upper sidebard. Impedence 800oh 15pf In/8000h Opf out. 19.99 

5.595-2.7/8/U, 5.595-2.7/USB 
8 pole 2.7- wide Vpper sideband. Impedence 8000h 15pf In/8000W Opf out. 19.99 
5.595-.500/4, 5.595-.500/4/CW 
4 pole 500 cycles wide CW. Iqxdance 8000h 15pf In/8000hs Opf out. 19.99 

9.0USB/CW 
6 pole 2.7KHz wide at 6dB. Impedance 6800h 7pf In/3000h 8pf out. CW-1599Hz 19.99 

KOKUSAI ELECTRIC CO, Mechanical F i l t e r  #HF-455-ZL/ZU-21H 
455KHz at Center Frequency of 453.5KC. Carrier kequency of 455KHz 2.36KC Bandwidth. 
Upper sideband. (ZU) 19.99 
LDwer sidebard. (ZL) 19.99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRYSTAL FILTERS 
NIKKO FX-078OOC 7.81% $10.00 
TEW FEC-103-2 10.6935MH~ 10.00 
SDK SCH-113A 11.2735MHz 10.00 
TAMA TF-3lH250 CE' 3179.3KHz 19.99 
TYCO/CD 001019880 10.7MHz 2ple 15KHz bandwidth 5.00 
N3lDROL.A 4884863B01 11.7MHz %pole 15KHz bandwidth 5.00 
ETI 535K 12MHz 2ple 15KHz bandwidth 5.00 
PTI 5426C 21.4MHz 2ple 15KHz bandwidth 5.00 
PTI 1479 10.7MHz 8ple bardwidth 7.5KHz at 3dB, SKHz at 6dB 20.00 
(ZCMTCH A10300 45MHz 2ple 15KHz bandwid+-h 6.00 
FRC ERXF-15700 20.6MHz 36KHz wide 10.00 
FILTEIM 2131 CF 7.825MHz 10.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CERAPI I C F I LTERS 
AXEL 4F449 12.6KC Bandpass Filter 3dB bandwidth 1.6KHz frcm 11.8-13.4KHz 10.00 
W T E  TO-0I.A 455KHzt2KHz bandwidth 4-7% at 3dB 5.00 

XF4-12D36A 455RIztlXHz bandwidth 6dB m i n  12KH2, 60dB mix 36KHz 10.00 
MURATA BET34 5 5B 455KIIz 2.50 

BFB455L 4 55KHz 3.50 
CTM455E 455KHz t5.5KHz at MB , t8KIIz at 6dB , t16KHz at 50dB 6.65 
(TM455D 455KHz t7KHz at 333 , t1OKHz at 6dB , t20KHz at 50dB 6.65 
CFR455E 455KHz t5.5KHz at 3dB , t8KHz at 6dB , t16KHz at 60dB 8.00 
CFU455B 455KHz t2KHz bandwidth i-ISKHz at 6dB, t30KHz at 4033 2.90 
CN455C 455KH~ t2KHz bardwidth +12.5KH~ at 6dB , t24KH~ at 40dB 2.90 
CFU4 5% 455KHz t m z  bardwidth t4.5KHz at 6dB , t1OKHz at 40dB 2.90 
CFU4 55H 455KHz t N z  bandwidth i-3KIlz at 6dR , t9KHz at 40dB 2.90 
CN455I 455KHz tlKHz bandwidth t2KHz at 6dB , t6KHz at 4033 2.90 
CFW455D 455KHz i-1OKHz at 6dB , t20KHz at 40dB 2.90 
(IEW455H 455KHz t3KHz at 633 , t 9 m z  at 40dR 2.90 
SFB4 55D 455KH~ 2.50 
SFDQ55D 455KHz t2KHz , MB bandwidth 4.5KHz tlKHz 5.00 
SFE10.7MA 10.7MHz 280KHz t50KHz at 3% , 650KHz at 20dB 2.50 
SFE10.7MS 10,7MHz 230KHz t50KHz at 3dB , 570KHz at 2WB 2.50 
SFG10.7MA 10.7MHz 10.00 

NIPPON LF-B4/CN4551 455KHz tlXHz 2.90 
LF-B6/CFU455H 455KHz tlKHz 2.90 
IP-B8 455KHz 2.90 
we18 455KHz 10.00 

' IDKIN CF455q/BF0455K 455KHz t2KHz 5.00 
MATSUSHIRA EFC-Id 55K 455KH~ 7.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPECTRA PHYSICS I N C ,  Model 088 HeNe LASER TUBES 
POIER CUTPUT 1.6PW. BEAM DIA. . 7 m  BEAM DIR. 2.7hIR 8KV STARTING VOLTAGE IX: 
68K OHM 1~Tl' BALZAST lOOOVDC t 1 O m  A t  3.7m $59.99 

ROTRON MUFFIN FANS Model MARK4/MU2A1 
115 VAC 14W\TlS 50/60BS IMPFDENCE PR0TECTED.F 8 8 m  at 50CPS 
~OSCFM at 6 m s  THESE ARE NEW For information: 602-242-8916 $ 7.99 

Toll Free Number ' A , ,  parts may be new or 

800-528-0180 surplus, and parts may be 
substltuled wlth corngarable parts 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE (For orders only) It we are Out Of Of an Item 

f 
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HEWLETT PACKARD SIGNAL GENERATORS 

606A 5 0 ~ ~ 2  t o  65MHz l n  6 bands * - 1 2 . 0 u t ~ u t  l e v e l  o a ~ u s t o b l e  0 . 1 ~ ~  6168 Same as  above b u t  l a t e r  model. 1 600.00 
t o  3V I n t o  1 0  o h n s . B u ~ l t - I n  c r v s t o l  c011bro to r .400  -1000H: 
m d u l a t l o n .  1 650.00 6188 3 .a  t o  7.6GHz ronge.wl lh calibrated o u t ~ u t  ond selection o f  600,00 

pulse-FM Or souore wave m d u l o t l o n .  
606B Sane as  above b u t  has freauencv c o n t r o l  f e a t u r e  t o  a l l o w  

b o e r o t l o n  with HP 87004 Svnchron lze r .  11100.00 bldC Sane as  above b v t  l a t e r  model. 12200.00 1 608C l0MHz t o  4lOMili,0-luV-lV I n t o  50 0h~~,AM,Cbl,Or o u l ~ e  mod- G2UA 7 t o  l lGHz r a n w , w l t h  c a l l b r o t e d  ou tou t  and selection o f  $ 750.00 
u l o t l o n ,  c a l l b r a l e d  o t t e n u o t o r .  s 500.00 ~ u l s e - F E  o r  s w o r e  wave mod l l l o l l on .  I 
loMHz t o  420MHz. 0.1uV-0.W I n t o  50 ohms.+-0.5: accurocv. 
b u l l t - I n  c r y s t a l  c o I l b r a t o r ,  AM-CY o r  ~ u l s e  Outout.  1 375.00 

I m r o v e d  v e r s i o n  o f  p o w l o r  6 0 e C . U ~  t o  1~ o u t ~ u t . l m r o v e d  
~ t ~ b l l l t ~ , l ~ ~  r e s l u u o l  FM. 11450.00 

~ O M H Z  t o  455MHZ I n  5 bands +-I: f reauencv occurac W I  t h  
b u l ~ t - I n  c r y s t a l  c o l l b r a t 0 r . C o n  be used w ~ t h  HP ~ ' # Q S A  
Synchron lze r .  Outout con t lnuous lv  Od ius lob le  f r m  . l u V  t o  . j v  l n r o  50 ohms. s1ior1.00 

450-1230MHZ ,O.lUV-U.5V I n t o  50 0hmS.cOllbrOted OutDUt. s 

900-2100MHz w l t h  m n v  f e a t u r e s  l n c l u d l n g  c a l l b r a t e d  o u t ~ t ~ t  
urld 011 m d u l a t l o n  c h a r o c l e r l ~ t I c s .  1 

D l r e c t  reoa lno  and d i r e c t  c o n t r o l  f r m  1.8 t o  4.2GHz. The 
H.P.616A f e a t u r e s  +-1.5dE c u l l b r o t e d  ou tou t  accurocv f rom 
-3127dm t o  -dRm.The o u t ~ u t  1s d l r e c t l v  c a l l b r a l e u  I n  micro- 
v o l t s  and d m  w l t n  con t l r i uous  m n l t o r l n  SlmDlra o w r a t i o n  
f reauency d l o d  accurocv 1s +-I: and s t o % i ~ l t y  e x c w d s  0 . 0 0 5 ~ -  
/ i change I n  onlblel l l  t e m w r o t u r e .  COllDrOted o t t ~ r ~ i ~ o t o r  1 8  
w l t h l n  *-1.5dB over e n t l r e  ou tou t  bond. 50 o m  Imaedonce u n l t  
tias I n t e r n a l  Dulse m d u l o t l o n  n ~ t h  reo  r o t e  vOrlOblP f r u n  40 
t{: t o  4KtIz,var loble D u l s e w l O t h ~ l  t o  l i l usec iand  v o r l l l b l e  o u l s e  
d e l a  ( 3  t o  r f l 0 u s ? c l . i x t ~ r n o l  m d u l o t l r l o  InDuts l i i c reos  v r r -  
qn t IY11v .  1 

UJM LNIOlLlTORlES THS-2 FWlCCM WSn. 
ttlese lPrxlsers care w ~ t t i  m t u  t o  tmk lo r o  u ICW ro31os mu m v  o t l w r  e a u l m m t .  

%r fec t  f o r  A l r o l m s  . H e l l c m t e r s  . Ph311e W l o s  . or Jtrst t W  T e l R l m e .  

TIw Are F a t o w  Ncw In Sealed Raws. L lm l ted  S t m l v  Cnlv %9.% 

EMC- 10 

HF-105F 

Same a s  o m v e  bu t  l a t e r  m u e l .  12200.00 

10 t o  15GHZ,lGlM OUtDUl Dower w l t h  ~ 0 l l b r O t e d  OUtDUt and 
14200,00 ou lse -sauore  wove o r  FM modu la t lon .  

s n c h r o n l z e r  used w ~ t n  6060,608F.The svncnron lze r  IS a 
oKose- lock f reauency s l o b l l l z e r  w h ~ c h  o rov ldes  c r  s t o l -  
o ~ c ~ l l o t o r  f reauenc s t o b l l l t v  l o  430MHz I n  the  6 8 8 ~  s l  n 0 l  
generotor.Phase 1 ~ ~ i 5 ~ ~  e l i m l n o t e s  microDnonlcs anij a r ~ ? t  
resulting I n  e x c e l l e n t  f reauencv s t o b l l l t v . T h e  870XA Inc ludes  
a v e r n i e r  whlch con tune the  re fe rence  o s c l l l o t o r  uver o ranoe 
o f  +-0.251 o e r m l c t l n g  freauency s e t t u b l l  l t v  l o  2 Dor ts  I n  10 
t o  the  seventh.Provlde5 a v e r v  s t a b l r  s l q n o l  t h a t  s o t l s f l e s  
monv c r l t l c o l  a o ~ l ~ c a t ~ o n s .  

( w ~ t h  HP 6068 o r  608Fl : ( U l t h O u t l  

ELEClROMETRlCS EMC-10 RFl lEMl RECEIVER 
Low freouencv ana lyzer  c o v e r l n q  20Hz t o  5OKHz freouencv 
r0nge.Lxtendable t o  500 KHz I n  wldeband mode. 12500.00 

EmDlre Devlces F l e l d  I n t e n s l t r  Meter.  
HOS I I F - ~ O ~ / I A , N F - ~ ~ ~ / T X . N F - ~ O J / T ~ , N F - ~ ~ ~ / T ~ , N F - ~ O ~ / T ~ ,  
Covers 14KHz t o  100OMHz. %2100.00 

ALL EOUIPMENT CARRY A 30 DAY GUARANTEE. 

EOUIPRNT I S  NOT CALIBRATED. 

OIIDERINQ INSTRUCTIONS 
DEFECTIVE MATERIAL: All cla8ms lor dslecl#ve malarial musl bs made wilhln s~r l y  {MI) aays aller rscetL ol  
pmtcel All clmms musl mclvda In. aslacl~rs malartal llor lesttng p u r ~ ~ r e s l .  our ~nrotce numDcr. and In. dale 
01 pu~ch.se All relutns must Dc packed Dromrly or 11 wall rood all warranlbes 
DELIVERV. Orders are normally s n t p w  waln~n 48 hours alter racenpl 01 cuslaer 's Ordar If 0  an mas l o b .  
barkornersd lhe cuslomer IS nottlma Our normal s n ~ ~ p ~ n g  matnoa cr "80 Flral Class Ma11 of UPSaewndlng on 
s ~ z e  ana wenghl 01 lnc package On lest wufpmenl 11 IS by Afr only. FOB sntpptnp potnl 
FOREION ORDERS: All lorscpn olderr must b. orspa#d wtlh camoat's cnscr or momv oras, made oul 6n U S 
Funds We are lorry but C 0 0 0s no1 .v.~l.ble to lorsnpn countrte, and Leltarr o l  Crsdal are no1 an scc.~l.bD 
lorm o l  payment allher Furtner onlormatmn $5 auatlable on requell 
HOURS: Monday lnru Salurdmy 8 30 m lo 5 W 0 m 
INSURANCE: ~1e.8. onclude m lor each ada~l,on.l srw w ova, SIW M unatad Parcel only 
ORDER FORMS: New Wdar lorms are lnclvdea w l h  aacn Otaar lor youf conrenlence Aadlt~onml lorms ore 
ave~~able on request 
POSTAOE: Mnnomum shtpptnp and hondlmp ~n Iha US. Can.0. and Mezcco 8s $2 513.14 other counlrtes 1915 W 
00 lora,gn otaers include x)% sm~pp~np and nmnaltng 
PREPAID ORDERS: Omler musl M occompmntM by a check 
PRICES. PIIC~S ~UII.CI IO cnonp. wtlnoul no~lce 
RESTOCK CMAROE: 11 parts .,a t.lurn.d ID MHZ E l ~ l r ~ n k c s  due ID cuslomer arcor. CUSIOM, we11 Dc Mld  
r e a ~ o n s ~ b l ~  lor .I( sslra Iws. w811 ~ .cnorged  r 15% teslockong I w .  woln Ina,emalnasl ~ncrsdol only A l l  relurns 
myst n.re appraral 
m ~ t S  TAX: Arizona mu l l  add 5% u l o s  I... unless a sqpnsd Arlzono r0smlo I*. Cora 18 currently on 11Ir wlln 
MHZ EI.CIIOIIICS AII ornets pmcw by p rsonsou ls~dso~ ~ t ~ z o n . .  bul aeI~.e,w 10 prsons on Armone ore sub 
I ~ C I  10 Ine 5% solas 1.. 

SHOlTAOE 01 DAMAOE AII cl.lmr lor 1horlogn or d.mogas mu11 m maam wslhon 5 days rllor IUOIDI ol 
pates C ms musf nc~..d. our .nroc. nbmwr ..a Ina dole ol  pulcho~e Cdslomoll wh chd0 no1 nollfy u0 

on," tn s !,ma DO, oa WICI D. nola ,.~pon.,b~~ lot the re otaw as *e w 8 con8,a.r In. araev comoI.1. 

OUR (YD NUMBER IS STRICTLV FOR ORDERS ONLY 
NO INFORMATION WILL BE GIVEN 2 8W52801W 

TERMS DOMESTIC Pcs~ald. C 0 D 01 Cradll Car0 
FOREIGN PvepamO only. U 5 Fund,-money older ot ca~ncer 3 check only 

C.O.D.: Accaplabla oy talepnons or molt Payment lrom cuslomer w8II Dc by cam. money order or camlat's 
cneck We are s011y but wecannol ~ C C ~ D I  pet10n.I checks lo, C 0 D I 
CONFIRMINO ORDERS. we would prsls, 1n.1 canlctm~ngorasrs no1 bssanl allat Islephone order hasteen 
placed I! company policy nessss~l.tes a conl8rmlng osdo8 please m u *  CONFIRMING" Wldlyon Iheorder 
11 problems or oup~~catc sntpmanls occur due 10 an order which IS no1 prapsely marked, customers will Dc 
neld respons~ble 10, any cn8,pes ~ncur~sd. plus a 15% resloch chafge on rclurned Darlr 
CREDIT CARDS. WE ACCEPT UUlElCARD VISA AND AUERICAY EXPRESS 

DATA SnEnS. when we nova a.Ia snssts ~n $lock on acrbcs, we ao sup~ ly  lnsm wllh Iha o*ae, 

0 2 1 ? U 1 8  
2qII Z U L B A S K  ROAD 

PHOENIX. ARIZONA 85050(5 

To l l  F m  Number 
800.5184180 
(For d o n  only) 

" A l l  p a r t s  m a y  b e  n e w  o r  
s u r p l u s ,  a n d  p a r t s  m a y  b e  
s u b s t ~ t u t e d  w ~ t h  c o m p a r a b l e  p a r t s  
II w e  a r e  o u t  o f  $ l o c k  o f  a n  t t e m  For information: 602-242-8916 

I 
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Reader Service 

For literature or more information, circle 
the appropriate number on this card, affix 
postage and send to us. We'll hustle your 
name and address to the companies you're 
interested in. 

Limit 15 inquiries per request. 

NAME C A L L  

CITY STATE ZIP 
Please use before October 31, 1983 September 1963 
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- * * .  . -  

COMPARE TENNESSEE TECHNOLOGY WITH 
THE OTHERS.. . 
Do their handhelds have memory lockout? 

Exclusive memorv lockout on the TES-TEC 2591 
allows scanner to temporanly bypass channels for 

qulck lockout of busy frequenaa yet retaln them In 
memoy for normal operahon on demand 

Do theirs store transmit offset? 
The 10 memones of the 2591 allow stored offset 

for easlest operation And memory channel O 
I accepts any non-standard offset 

Do theirs offer selectable SKlP or HOLD? 
When scannlng wth the 2591. choose HOLD to stop 

and stay on a busy frequency Choose SKlP to stop 
for several seconds and conbnue 

Do theirs offer modifiable Band Scan without 
complete reprogramming? 

W~th the 2591 you can scan any sechon of the band 
wth user deflned upper and lower l~m~ts In steps of 5. 

10, 15,25, or 30 kHz Change step slze, upper and 
lower limits independently Manual Scan also, up or down, 

in 5 kHz steps 
Do theirs have Quick-Release NI-CAD Battery Pack? 
The 2591 battery pack sl~des off easily, yet IS secure In use, 

has a heavy duty 450 mAH rating at 8 4v. and the 2591 has 
capacitive memoy retenhon to permit pack changng without 

reprogramming. 
THE TEN-TEC 2591 HAS ALLTHE RIGHT FEATURES .. . 

Memory Scanner scans only programmed channels and has user 
selectable HOLD or SKIP Selectable 2.5 Watts or 300 Milliwatts 

power, top panel switched Extended Frequency Coverage-143.5 to 
148.995 MHz. Covers full Amateur Band plus some CAP and MARS 

frequenaes. 6Digit LCD Readout with Switchable Back Light --large. 
easy-to-read dgts, selectable for frequency or memoy channel number 
Key-Pad Frequency and Function Control - 16 key dual tone encoder 

Dual Function LED-shows battery status and transmit mode Uedret 
Microphone plus separate speaker for superior audio. Compact, Lightweight. 

1 ,  Complete-eas to handle and rugged. Standard equipment includes flexible IY antenna with NC connector, AC charger, belt clip, connectors for mike and 
speaker  Options indude: adaptor pack for +12 VDC mobile operation, speaker/ 

mike, 25 watt power amplifier, leather case, desk charger, subaudible tone module, 
I 1 1  1 '  and spare NI-CAD pack. 

DESIGNED AND MANUFACTURED IN TENNESSEE and it carries the famous 
TEN-TEC 1 year wananty See your dealer for the best in 2 meter FM-the TENTEC 2591. 

Or write for information to TEN-TEC, Inc., Sevierville, TN 37862. 
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This exciting new tribander sets the pace for dependable performance 
with its two in one trap design - and the solid construction you've come to 
expect from Hustler. In fact, its durable design is partially based on 
concepts used in the time-tested and world-renowned Hustler 4-Band Trap 
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The New Yaesu FT-726R Tribander is the world's first multiband, multimode Amateur transceiver capable of 
full duplex operation. Whether you're interested in OSCAR, moonbounce, or terrestrial repeaters, you owe 
yourself a look at this one-of-a-kind technological wonder! 

M~ll!ibancl Capabilitv 
Factory equipped for 2 meter operation, the FT-726R is a three-band unit capable of operation on 10 meters. 6 meters, and/or two segments of 
the 70 cm band (430-440 or 440-450 MHz), using optional modules. The appropriate repeater shift is automatically programmed for each 
module. Other bands pending. 

Ac'vanced Microprocessor Control 
Powered by an 8-bit Central Processing Unit, the ten-channel memory of the FT-726R stores both frequency and mode, with pushbutton transfer 
capability to either of two VFO registers. The synthesized VFO tunes in 20 Hz steps on SSB/CW, w~th selectable steps on FM. Scannlng of the 
band or memories is provided. 

Full Duplpx Option 
The optional SU-726 module provides a second, parallel IF strip, thereby allowing full duplex crossband satellite work. Either the transmit or 
receive frequency may be varied durlng transmission, for quick zero-beat on another station or for tracking Doppler shift. 

Hioh Perf~rrnance Features 
Borrowing heavily from Yaesu's HF transceiver experience, the FT-726R comes equipped with a speech processor, variable receiver bandwidth, 
IF shift, all-mode squelch, receiver audio tone control, and an IF noise blanker. When the optional XF-455MC CW filter is installed, CW Wide/ 
Narrow selection is provided. Conven~ent rear panel connections allow quick interface to your station aud~o, linear amplifier, and control Itnes. 

Leading the way into the space age of Ham communications, Yaesu's FT-726R is the first VHF/UHF base station 
built around modern-day requirements. If you're tired of piecing together converters, transmitter strips, and relays, 
ask your Authorized Yaesu Dealer for a demonstration of the exciting new FT-726R, the rig that will expand your DX 
horizons ! 

Price And Specifications Subject To 
Change Without Notice Or Obligation 

The rad;o. ,. j 

YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (21 3) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 4501 1 (51 3) 874-31 00 
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SI'-430 exlrrnal  speaker. 
MR-430 nlohilt. rnr~untinq hrarkct. 
/\T-130 colicpact ;lntrlil~ic turlrr. 
80-10 nn irtc.1. \4'AI*C. 
FM-430 FM ~ l n i l .  
YK-88(: (500  I Iz) or YK-8P lzl 
CtV liltrrs. 

Narrow-wide filter selection 
NAI<-WII)F: swilc511 fi)r 11.' fillc.r s r l r r t lon  o n  
SSII. C'tV, o r  AM. wl~rrc ol)tional filtrrs arc- 
irlst:~llrcl. (2.4 kllz IF- filtrr b11i11-in.] 

eech proc 
pro\'c% in18 
Ik-po\vt.r: 

tessor built-in 
rllil(il~ili1y. incrrasrs  average 

aorescent 
l i c , ; ~ l c . s  li-c5c 
)(iiliichlr). 

tube digit 
qlfiwcy 1 1 )  

tal displaj 
I00 I I L  110 

low- - 

AM filter. 
WN hand I 

desk mirr  
.h. 

MC-60A drluxe 
I solid-state techno UP/I)OWN switc 
> \ I (  r-;~tetl 2 5 0  W 1'111' 0 1 1  SSB, 2 0 0  W , MC-80 Ul,,DOWN desk microphone, 
' o n  ('W. 120 W o n  k 3 l  Iontionall. 60 W 

In[ 
I)(. 

1. 011 
fin 
12( 
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