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TEMPO 

MORE POWER / 2s OR S ~ W A T T S  OUTPUT SELECTABLE 

REMOTE TUNING / ON M l c R o P H o N E  

N E W  LOWER PRICE / NOW ONLY ~399 .00  

SIDEBAND OPERATION WITH SSB/ONE ADAPTER / M A R S  
OPERATION CAPABILITY/ 5 KHz NUMERICAL LED 

VHFlOne Plus is a VHFI FM transceiver for dependable communication on the 2 meter 
amateur band Full 2 meter coverage, 144 to 148 MHz for both transmit and receive Full phase lock 
synthesized (PLL) Automatic repeater split-selectable up or down Two built-in programmable 
channels All solid state 800 selectable receive frequencies with simplex and +600 KHz transmit 
frequencies for each receive channel. 'Adjustable internally 3 to 15 watts 

TEMPO FMH-2, FMH-5 & -1 6\ FMH-42IUHF) 

out over 100 Watts 
; 0 AA batteries or 
10 AA NI-cads!' 

FCC Type accepted models 
ava~lable 

TEMPO TEMPO 
VHF & UHF AMPLIFIERS POCKET 

VHF (1 35 to 175 MHz) 
Dr~ve Power Output Model No. Prlce 

RECEIVERS 
- 

2W 130W 
10W 130W 
30W 130W 

7W BOW 
l o w  80W 
30W 8OW 

UHF 1400 to 
D r ~ v e  Power Outpu 

2W 70W 
1OW 70W 
30W 70W 

512 MHz) 
t Model No. Prlce 

70D02  5270 
70D10  $250 
70D30 5210 

MS-2, 4 channel scan- 
ning receiver for VHF 
high band, smallest unit 
on the market. MR-2 
same size as MS-2 but 
has manual selection of 
12 channels. VHF high 
band. MR-3, miniature 
2-channel VHF high 
band monitor or paging 

2 w  4 0 w  40D02  5180 receiver. MR-3U, single channel on 
1OW 40W 40D10 S145 

2 W 10W 10D02  5125 
the 400to512 UHF band. All are 

FCC Type accepted models available 
low priced and dependable. 

Sold at Tempo dealers throughout the U.S. and abroad. Please call or write 
for further information. P r ~ c e s  sub jec t  to change wlthout notice 

11240 W Olymplc Blvd , Los Angeles 
Call1 90064 

Butler M~ssourt 64730 
931 N Euclld Anahelm Call1 92801 7141772-9200 

8161679-3127 



OBJECTIVE: To design a no-compromise H F  no-tune band change. Built-in regulated power sup- 

transceiver for the beginning Ham or Old Timer and ply. Overload protection. Linear crystal mixed VFO. 

a t  an economical, affordable price. Direct frequency readout. Offset receiver tuning, 

CRITERIA: CW transmit, cw and ssb receive. defeatable. Built-in speaker. Sensitive receiver sec- 

Full break-in. 70 watts input. Full band coverage tion. High selectivity - three position. Sidetone with 

80-15 meters, 1 MHz on 10. All solid state. Instant, adjustable level. Full line of matching accessories. 

THE RESULT.. . TEN TEC & ~ M P ~ / ~ I  
The Centuryl21 was designed and tooled from scratch for high 
performance cw. A unique Double Direct Conversion receiver 
performs as well as the conventional superhet. Broadband 
transmitter with instant break-in is a highly desired luxury. 
Accessory keyer and crystal calibrator available now, with ad- 
ditional accessories to follow. And . . .  
THE AFFORDABLE PRICE: U - 

For further information, write: 
Century/21, Model 570 .................. $289.00 
Century Keyer, Model 670 ............ 29.00 TEN -TEC , INC. 
Century Calibrator, Model 276 ...... 29.00 1nr SEvIERvILLE,  EXPORT 5715 LINCOLN T E N N E S S E E  A'JE CHICAGO, ILL 37862 60646 



 his NEW MFJ Deluxe Keyer at $69.95 . 8 . ' 
gives you more features per dollar than any other keyer available. 

_ ____----- 

new MFJ Deluxe Keyer glves you more leatures per tone, volume, lunct~on sw~tch Smooth hea r  speed and handltnq 
dollar than any other keyer ava~lable control 8 to 50 WPM Try 11-no obl~gation. If not del~ghted, return 11 wlth 

Sends iamkc, automatic, semi automatic, manual Wecght Cotltrd lets you adlust dot dash space I~I 30 days lor ,+ rflund (less shlpplng) T ~ I S  keyer IS 

Use squeeze scngle lever or stralght key ratlo rnakes your slgnal dlstlnctlve to penetrate thru uncond~t~onally guaranteed lor one year 

bmbtc squeeze key operation wlth dot and dash heavy OHM lor DX To order, slmply call us toll-free 800-547-8660 
Insertion lets you form characters with mlnlmal wrist Tone control. Room fllllng volume Bu~lt In speaker and charge 11 on your BankAm~rlcard or Master 

movement for cornlortable. lat~que free sendlng Ideal lor L'f4s5r00m leaching Charge or ma11 us an order w ~ t h  a check or money 
Funclon swltch selects off. on. seml automattcl order lor $69 95 plus $2 00 sh~pp~nglhandl~ng lor 

Semi-automatic "bug" oprrahon prov~des automat~c manual tune Tune keys xmtr for tuning the MFJ 8043 keyer andlor $29 95 pluz $2 00 shlp 
dot' and manual a manual stralqht key Completely portable. Take It anywhere Operates plnglhandllng for the squeeze key 

safely key transmitter Or Improve 'Ist up to '4 ye,ir on 4 C cells M~n~ature phone lack for Don't walt any longer lo enjoy the pleasures of the 
Dot memory, self completing dots and dashes, power (3 to 5 V ~ ~ )  new MFJ Ueluxe Keyer Order today 

lam proof spaclog and instant start for accurate and kaumu l  Ten ~ e c  enclosun. Eggshell white, 
preclse CW walnut 51des Compact 6 x 6 ~ 2  ~nches 

Totally RF @. NO problems. whatever Thne conductor quarter Inch phone lack lor key. 
CALL TOLL FREE 

Ultra-nhable solid-state keying. Keys virtually any phono jack< lor key~ng outputs 
hansmltter qrld block, -300V max , 10 ma, max . Ophonal squeeze key. Dot and dash paddles have 

800-647-8660 
cathode and sol~d state transm~tters + 300V rnax , fully ,~dlu\tat~lf tenslon and spaclng lor the exact 
200 ma, max "feel vnu l ~ke  Heavy base wllh non sltp rubber feet 

This NEW MFJ Super Antenna Tuner. . . 
matches everything from 160 thru 10 Meters: dipoles, inverted vees, 
random wires, verticals, mobile whips, beams, balance lines, coax lines. 

95 

With the NEW MFJ Super Antenna Tuner you It travels well, too. Its ultra compacl slze 5 x 2 ~ 6  11 w~thln 30 days lor a refund (less shlpplng) Thls 
can run your full transceiver power output - up to Inches 111s ea51ly In a small corner of your su~tcase tuner IS uncond~tlonally guaranteed for one year 
200 watts RF power output - and match your The secret of this tiny, powerful tuner IS a w~de  To order, s~mply call us toll-free 800-647-8660 
transmltter to any feedllne from 160 thru 10 Meters range 12 poslt~on var~able lnductor made from two and charge 11 on your BankAmerlcard or Master 
whether you have coax cable, balance Ilne, or stacked torold cores and h~qh  qual~ty capacitors Charge or mall us an order w ~ t h  a check or money 
random wlre manufactured espec~ally lor MFJ For balanced order lor $69 95 plus $2 00 sh~pplnglhandllng for 

You can tune out the SWR on your dipole, llnes a 1 4 (unbalanced to balanced) balun 1s the MFJ 16010ST Super Antenna Tuner 
~nverted vee, random wlre, vert~cal, mob~le whlp, bull1 ~n Made ~n U S A by MFJ knterpr~ses Don't wall any longer to tune out that SWR and 
beam, quad, or whatever you have This beautiful little tuner IS housed ln a deluxe enloy solld OSO s Order today 

You can even operate all bands w ~ t h  lust one eggshell wh~te  Ten Tec enclosure w ~ t h  walnut 
exlstlng antenna No need to put up separate graln z~dez 
antennas for each band SO-239 coax connecton are prov~ded lor 

MFJ ENTERPRISES 
Incease the usable bandwidth of your mobile transmltter Input and coax led antennas O~al l ty  O- 494 

w h ~ p  by tunlng out the SWR from Inside your car. llve way blndlng posts are used lor the balance MISSISSIPPI STATE, MS. 39762 
Works great w ~ t h  all sol~d state rlgs ( I~ke the Atlas) llne Inputs (2)- random wire Input (1). and g r w d  (1) 

nd with all tube type rlgs ~ r y  ~t - no obl~gation. II not dellqhted, return CALL TOLL FREE. .8OO-647-8660 
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look 

As more and more amateurs switch to factory-made gear, and as industry uses more ICs and dis- 
posable plug-in modules, the life of the dyed-in-the-wool ham homebrewer gets tougher and 
tougher. If you've recently tried any of the construction articles in the amateur magazines, you are 
already well acquainted with the hassle involved in obtaining a few needed components. 

At one time you could drop in at your local corner radio store with a list of parts and the man be- 
hind the counter would fill your order. But that was when the vacuum tubes, resistors, and capaci- 
tors in your ham gear were the same as those in the family radio. It's not the same anymore - now 
the transistors and ICs in the radios and television sets are designed specifically for that purpose and 
have operating characteristics that are of little use elsewhere. There are exceptions, but they are few 
and far between. 

Another problem that faces the serious home builder is the tremendous variety of transistors and 
ICs available from different manufacturers. Although some types of devices are made by more than 
one company, in most cases the semiconductor manufacturers crank out devices that are completely 
different from those-of their competitors. And to add insult to injury, the same device may carry a 
dozen different part numbers: a 2N number, a replacement number, plus special numbers for units 
sold in large quantities to equipment manufacturers. 

There is only one way to combat this lunacy: arm yourself with a good semiconductor cross- 
reference guide and a wide selection of electronic parts catalogs. Tops on the list of replacement 
guides is Howard Sams' Transistor Substitution Handbook available from Ham Radio's Communica- 
tions Bookstore. This handy little paper back, which is updated every year, covers practically every 
transistor ever made, from 2N34 to 2N6500, with recommended substitutes. It also covers devices 
from Japan and Europe, as well as replacement types manufactured by Delco, General Electric, 
International Rectifier, Motorola, RCA, Semitronics, Sylvania, and Workman. Most of these manu- 
facturers also publish replacement guides, available for the asking from their authorized distributors. 

If you live in a large metropolitan area, chances are that there is an industrial electronics supply 
house that can fill your parts needs. Many of these firms don't advertise because they are not par- 
ticularly interested in small quantity sales, but if you show up at their office, they will sell you the 
parts. If you want to find them, pick up your telephone directory and check the Yellow Pages: look 
under "Electronic Equipment and Supplies." 

If you live out in the sticks, the problem is more difficult, unless you can get into the city. If you 
can't, you must purchase your components through the mail. Allied Electronics is the best bet in this 
case and you can get a catalog from any Radio Shack store. Be sure to get their industrial catalog 
though - the more common entertainment catalog is devoted primarily to CB and hi-fi and lists few 
electronic parts for amateur communications equipment. 

Jim Fisk, W1HR 
editor-in-chief 
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That's all. Folks! 
All you need for All Mode ~obTle, that is. 
All Mode Mobile is now yours in a superior ICOM radio that is a generation ahead of 
all others. The new, fully synthesized IC-245/SSB puts you into FM, SSB and CW 
operation with a very compact dash-mounted transceiver like none you've ever seen. 

Variable offset: Any offset from 10 FM stability on SSB and CW: 
KHz through 4 MHz in multiples of The IC-245/SSB synthesis of 100 
10 KHz can be programed with the Hz steps make mobile SSB as  stable 
LSI Synthesizer. as  FM. This extended range of oper- 
Remote programing: The IC- ation is attracting many FM'ers who 
245/SSB LSI chip provides for the have been operating on the direct 
input of programing digits from a channels and have discovered SSB. 
remote key pad which can be com- The IC-245/SSB is the very best and 
bined with Touch Tone* circuitry to most versatile mobile radio made: 
provide simultaneous remote pro - that's all. For more information and 
gram and tone. Computer control your own hands-on demonstration see 
from a PIA interface is also possible. your ICOM dealer. When you mount 

*a registered trademark ot ATBT. your IC-245/SSB you'll have all you 
SCECWlCAID116 

need for AII Mode Mobile. 

' . * l> f l , ,TY  

I ' + . . " l . X .  -, 
I,,,. ,, 

.,.U"II~UIU, 
,.",la<" 

1,.81,,," 
'Im."vl*K.h~.V) 
A l r , N l l f w O (  I D  
T< .%X . , I r n < S % .  

ICOM WEST. INC. ICOM EAST, INC. ICOM CANADA 
Suhe 3 S L I I ! ~  307 7087 V~clor~a D ~ v e  
13256 Norlhrup Way 3331 Towerwood Dr~ve Vancouver R C V5P 3Y9 
Bellevue. Wash. 98005 Dallas. Texas 75234 Canada 
(206) 747-9020 (21 4) 620-2780 (604) 321-1833 
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IMMINENT COMMUNICATOR LICENSE a c t i o n  i s  be ing  rumored by s e v e r a l  i n d u s t r y  sou rces .  
~ e p z t i n g  Chairman Dick Wiley ' s  suppor t  of  t h e  Communicator concept  and h i s  r epo r t ed  
d e s i r e  t o  s e e  i t  r e a l i z e d  be fo re  he  s t e p s  down i s  one very  s t r o n g  agrument; i t s  prob- 
a b l e  impact on t h e  Pe r sona l  Radio ~ i v i s i o n ' s  budget ,  which w i l l  be reviewed s h o r t l y  
a long w i t h  nex t  y e a r ' s  proposed budget ,  i s  ano the r .  

I t  Appears Very L ike ly  t h a t  t h e  Communicator l i c e n s e  w i l l  s e e  some s o r t  o f  o f f i c i a l  
review w i t h i n  t h e  next  few weeks o r  s o .  What w i l l  come ou t  of  t h a t  rev iew i s  ano the r  
q u e s t i o n .  

EXISTING AMATEUR TRANSMITTERS WERE "GRANDFATHERED" June 2nd by an FCC mod i f i ca t ion  
t o  t h e  f i r s t  Report and Order on Docket 20777 t h a t  had become e f f e c t i v e  A p r i l  15 .  
Under t h e  modif ' icat ion a l l  Amateur t r a n s m i t t e r s  and t r a n s c e i v e r s  (but  not '  a m p l i f i e r s )  
manufactured be fo re  A p r i l  15 a r e  permanently exempted from t h e  Report and Order ' s  ha r -  
monic and spu r ious  s p e c i f i c a t i o n s .  A l l  Amateur equipment made a f t e r  A p r i l  1 5  must meet 
t he  new s p e c s ,  of cou r se ,  but  e x i s t i n g  new equipment made be fo re  t h a t  d a t e  can be mar- 
ke t ed  u n t i l  January l ,  1978. I n d i v i d u a l  Amateurs, however, a r e  s t i l l  r e s p o n s i b l e  f o r  
meeting t h e  40-dB harmonic and spu r ious  s p e c i f i c a t i o n s  of t h e  FCC's f i r s t  Report and 
Order on Docket 20777 i n  t h e  ope ra t ion  of  t h e i r  own s t a t i o n s ,  even though t h e  equip- 
ment i t s e l f  has  been g randfa the red .  The FCC's June 2nd r e l a x a t i o n  a p p l i e d  on ly  t o  t h e  
s a l e  of  non-complying equipment, and u s e r s  a r e  s t i l l  expected t o  u se  i t  i n  such a  way 
(wi th  a p p r o p r i a t e  f i l t e r s  o r  an antenna tune r )  t h a t  t h e i r  s t a t i o n s  meet t h e  t i g h t e r  
requi rement .  O f f i c i a l l y ,  t h e  r e l a x a t i o n  became e f f e c t i v e  J u l y  1 8 t h .  

UNRETURNED NOVICE EXAMS a r e  s t i l l  a  b i g  problem wi th  t h e  FCC i n  Gettysburg d e s p i t e  
t h e  dropping of mult iple-exam ma i l i ngs .  Volunteer  examiners have a  major r e s p o n s i b i l -  
i t y  t o  s e e  t h a t  a  Novice exam, whether o r  no t  t h e  a p p l i c a n t  a c t u a l l y  t akes  i t ,  i s  
r e t u r n e d  t o  Get tysburg  on t ime .  F a i l u r e  t o  do so  can j eopa rd i ze  t he  vo lun tee r  examin- 
e r ' s  own l i c e n s e ,  and con t inua t ion  of t h e  p r e s e n t  "unacceptable" number of unre turned 
exams could  t r i g g e r  d r a s t i c  changes i n  Novice l i cens ing1  

GETTYSBURG RECEIVED A REPRIEVE when a  r a d i c a l  p e r s o n y l  c u t  scheduled  f o r  June 1 0 t h  
d i d n ' t  come o f t .  Best  news ok a11 i s  t h a t  t h e  previous  temporary" p o s i t i o n s  t h e  
people  l eav ing  had h e l d  a r e  t o  be made permanent, and those  people  who have been f i l l i n g  
t h e  s l o t s  s o  w e l l ,  w i l l  be s t a y i n g  i n  t h e i r  jobs  and working i n t o  permanent s t a t u s .  

The Reprieve Doesn ' t  so lve  a l l  of  Ge t ty sbu rg ' s  problems,  however. The Amateur work- 
l oad  cont inues  t o  i n c r e a s e ,  and an e s t ima ted  10-20 a d d i t i o n a l  people  a r e  going t o  be  
needed i f  t h e  f a c i l i t y  i s  t o  keep working smoothly. 

"GUILTY ON TWO COUNTS" was the  v e r d i c t  t h e  j u r y  handed down June 6 t h  i n  t h e  t r i a l  
of FCC S p e c i a l  Licens ing  Chief Richard Z i e g l e r  ( J u l  P r e s s t o  ) .  One of t h e  o r i g i n a l  
f o u r  counts  of b r i b e r y  f o r  t h e  i s suance  of spec ida teur  c:llsigns was dropped and 
t h e  j u r y  f a i l e d  t o  r each  a  dec i s ion  on t h e  second dur ing  t h e  two-day t r i a l .  

18-YEAR-OLD GENERAL CLASS, o r  h i g h e r ,  Amateur l i c e n s e  ho lde r s  were pe rmi t t ed  t o  
admin i s t e r  Novice exams, e f f e c t i v e  June  1 3 t h .  The amendment t o  S e c t i o n  97.28(b) of 
t he  r u l e s  came about a s  a  r e s u l t  of a  P e t i t i o n  f o r  Rule Making f i l e d  by WB4EKC. 

A NEWLY-UPDATED EDITION of  t h e  FCC's Amateur Radio Rules ,  i nc lud ing  a l l  P a r t  97  
changes through March 7 ,  i s  now a v a i l a b l e  from the  Super in tendent  of  Documents, U.S. 
Government P r i n t i n g  O f f i c e ,  Washington D.C. 20402. I t ' s  s t o c k  number 004-000-00338-1 
and pos tpa id  p r i c e  i s  $1.30.  

EXTENSIVE ELECTRONIC CONTROLS used i n  1977 au tos  a r e  caus ing  RFI problems - a r e -  
cen t  I l l i n o i s  B e l l  n o t i c e  warned t h a t  t h e  " c r u i s e  con t ro l "  i n  1977 C a d i l l a c s  (and u re -  
sumedly o t h e r  GM c a r s )  i s  s e n s i t i v e  t o  s t r o n g  RF f i e l d s ,  which could  cause  sudden speed 
up o r  slow down. Some e l e c t r o n i c  s k i d  c o n t r o l  braking  systems have locked up from RFI, 
and complete engine  f a i l u r e  i n  f u e l - i n j e c t e d  engines  has  been r e p o r t e d  by two-meter 
u s e r s .  

A BOOKLET PROMOTING CANADIAN Amateur Radio has  been pub l i shed  by t h e  Radio Soc ie ty  
of  On ta r io ,  Inc .  The very  a t t r a c t i v e  p u b l i c a t i o n  i s  a v a i l a b l e  f r e e  t o  Canadian c lubs  
o r  groups wishing  t o  use  i t  - an SASE t o  RSO, Box 334,  S t a t i o n  U ,  Toronto ,  On ta r io  
M8Z 5P7 w i l l  b r i n g  a  sample and o r d e r i n g  in fo rma t ion .  

COMPUTER VOICE GENERATOR shown a t  t he  Dayton Hamvention i s  be ing  used on 6 meters  
by WB4IVG i n  Dal ton ,  Georgia.  K l Z Z  was " i t s "  f i r s t  c o n t a c t .  
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Amplifier in actual operation. 2100 Enterprise Parkway 
Twinsburg, Ohio 44087 

Radio Co.. Inc. (216) 425-3173 



SPEC 

CATIC 

ENGI 

W H O  ELSE BUT KENWOOD CARES ENOUGH TO OFFER FINE AMATEUR RADIO GEAR I N  ALL THREE SEGI 

OF THE RF SPECTRUM . . HF, VHF, AND N O W  UHF. EQUIPMENT FOR THE NOVICE JUST COMING UP FROM 

THE EXTRA CLASS "OLD TIMER", PORTABLE, MOBILE OR BASE STATION. 2 METER OR 6 METER OR EVE 

IAL INTEREST OPERATOR W H O  WANTS A ' KENWOOD" QUALITY 4 5 0  M H z  RIG LIKE THE TR-8300 '  I 

)N  TO DESIGNING AND BUILDING THE VERY FINEST EQUIPMENT POSSIBLE . A DEDICATION TO INNO' 

WENTS 

CB T.0 

i N  THE 

NEERING BACKED BY A SOLID SERVICE POLICY.  . . A DEDICATI - .  . . - 
GIVING YOU MORE SATISFACTION FOR EVERY DOLLAR YOU SPEND. .  . W H O  

ELSE BUT KENWOOD * * * * * * T H E  PACESETTER IN AMATEUR RADIO. - 
'THE T R - 8 3 0 0  IS  KENWOOD'S NEWEST OFFERING A 450  MH7 MOBILE/BASE STATION RUNNING 1 0  WATTS 

W I T H  22 CHANNEL CAPABILITY. 

4 DEDI- 

VATIVE 

nN TO 



3 C L  

WO 

ANI 

HOUGH EVERY KENWOOD PRODUCI L I N ~  IS CAREFULLY MANUFACTURED, FACTORY TESTED AND TESTED AG 
I N  ARRIVAL I N  OUR CALIFORNIA FACILITY, A UNIT MAY NEED SERVICE AT SOME FUTURE DATE. I N  ORDEF 

IRANTEE THE BEST LOCAL SERVICE NATIONWIDE, KENWOOD HAS CAREFULLY SCREENED AND CHOSE 

ECT GROUP OF DEALERS WHOSE SALES AND SERVICE PERSONNEL ARE THOROUGHLY FAMILIAR WlTH K 

OD PRODUCTS, WHO STOCK THE CORRECT PARTS, WHO ARE KEPT UP TO DATE ON SERVICING T 

)WHO, OF COURSE, HAVE THE SOLID BACKING OF KENWOOD'S FACTORY TRAINED STAFF. 

IEN YOU BUY YOUR KENWOOD PRODUCT FROM AN AUTHORIZED KENWOOD DEALER YOU CAN BUY WlTH 

JFIDENCE. 

FLORIDA M-E NEW YORK SOUTH CAROUNA 
FOLLOWING 

Amateur Electronic Supply Craig COmpny Adirondack Radio Supply Accutek, Inc. 
IS A LIST OF 62  1 Commonwealth Route 1 By-Pass South 185 West M a ~ n  St. 420  Laurens Rd. 

AUTHORIZED Orlando. FL 32803 K~ttery, ME 03904 Arnsterdsm. NY 12012 Greenv~lle. SC 29607 

DEALERS. Amateur Radio Center MARYLAND 
Harrison Radio Corporation SOUTH DAKOTA 

2805 N.E Second Ave. 
(As of M& 31. 1977) Electronic International Service : ~ ~ ~ $ $ ~ ~  L,I,, NY 1735  Burghardt Amateur Cenl 

M lam~.  FL 33137 1 1  305 Elk~n St 124 F~rst Ave. h 'N. 
Grice Electronics Wheaton. MD 20902 NORTH CAROLINA Watertown. SD 57201 

ARIZONA 
320 East Gregory St. 
Pensacola. FL 32501 

Power Communications' 
601 2 North 27th Ave HAWAII 

Phoen~x. AZ 8501 7 Lafayene Radio Company 
1 1  1 1  Mc Cully St. 

ALABAMA Honolulu. HI 96814 
Long's Electronics 
3521 10th Ave. North ILLINOIS 
Blrrn,ngham, AL 35234 Erickson Communications 

5935 North Milwaukee Ave. 
CALIFORNIA Ch~cago. IL 60646 
Gary Radio Klaus Radio. Inc. 
81 99 Clalremont Mesa Blvd 8400  North P~oneer Parkway 
San D~ego. CA 921 12 Peor~a IL filfil4 
Ham Radio Outlet  
999 Howard Ave. 
Burl~ngame. CA 94010 
Ham Radio Outlet  
1 3 7 54 V~ctory Blvd 
Van Nuys. CA 91401 
Henry Radio, Inc. 
1 1  240 West Olympic Blvd 
Los Angeles. CA 90064 
Henry Radio, Inc. 
931 North Euclld 
Anahelm. CA 92801 
Webster Radio 
2602 East Ashlan 
Fresno. CA 93726 

COLORADO 
C W  Electronics 
1401 Blake St 
Denver. CO 80202 

INDIANA 
Graham Electronics 
133 South Pennsylvania 
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direct output 
two-meter 

synthesizer 

New techniques 

permit the construction 
of a synthesized vhf transmitter 

which does not require 

frequency multiplication 

This article will describe a unique, to amateur 
radio, method of building a two-meter synthesizer. 
Rather than function as a replacement for a crystal, 
direct synthesis generates the desired frequency 
without multiplication. Using ECL, TTL, and CMOS 
integrated circuits, the com~leted rransmitter will 
produce 800 individual frequencies spaced every 5 
kHz between 144 and 147.995 MHz. In addition, a 
local oscillator output, 10.7 MHz above the trans- 
mitter, can be used for receiver injection. With a 
phase-locked loop (PLL) ultimately controlling the 
vco (voltage-controlled-oscillator), the frequency 
accuracy is determined by a single crystal. 

Contrary to some synthesizer designs, the receive 
and transmit frequencies in this unit are totally in- 
dependent. This eliminates problems when odd fre- 
quency splits are encountered. Also, the two fre- 
quencies are available as BCD data for further pro- 
cessing or for a convenient readout rather than the 
thumbwheel switches. Again, another step into the 
realm of microprocessor-controlled equipment! The 

total cost for this 15-milliwatt exciter and local 
oscillator is approximately 100 dollars. 

frequency generation 
The two-meter fm frequencies are all multiples of 

5 kilohertz; therefore, with an accurately generated 
5-kHz reference frequency, each channel can be pro- 
duced through multiplication by using the proper in- 
teger (fig. 1). However, there are inherent prob- 
lems in this scheme, primarily because no easily pro- 
grammed frequency multipliers are available. On the 
other hand, programmable dividers do exist. By in- 
serting the correct number of dividers (counters) into 
a feedback loop as shown in fig. 2, we have effec- 
tively created a frequency multiplier; this is the begin- 
ning of our PLL. Unfortunately, this method has 
several problems. For the output to be exactly on fre- 
quency, the difference detector must be driven to 
zero. Therefore, the detector must not have any off- 
set; in addition, the error amplifier should have infi- 
nite gain. To overcome these problems, a PLL 
uses the phase of the vco as the controlling factor 
rather than its frequency. The phase detector will be 
discussed in more detail later. 

There are two special problems in PLL frequency 
synthesis. Extreme care must be taken in the design 
to prevent the radiation of excessive sidebands and 
spurious outputs. The reference sidebands are 
caused by the vco being modulated at the sampling 
rate of the phase.deteetor. The more difficult (to con- 
trol) spurious outputs are caused by close physical 
proximity to the digital logic. Also, the spurs can 
cause birdies in a companion receiver. Proper me- 
chanical design, however, has reduced the levels to 
- 55 dB and - 90 dB, respectively. 

programmable divider and prescaler 
Unfortunately, since we are working with a closed 

loop system, any problems in one area are reflected 
in other portions of the circuit. Consider the final out- 
put signal; there should be a minimum of buzz or 
hum associated with the signal. Also, the transient 
response (time to settle after a channel change) 
should be small. These problems can be reduced by 

'By Jerry Pulice, WB2CPA. 143 Gibson Ave- 
nue, Staten Island, New York 10308 
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OSCILLATOR MULTIPLIER 0-T- F0"-146"~ 

N.29386 

fig. 1. Block diagram of a basic frequency synthesizer that uses in- 
teger multipliers to generate the output frequency. 

using a high performance loop to control the vco. As 
an example consider the PLL shown in fig. 3. With 
the vco prescaled by a factor of 20, the output fre- 
quency is determined by 

Four= 20(N)(O. 005 MHz) (1) 

Therefore, the minimum channel spacing will be 100 
kHz instead of 5 kHz. To regain the original channel 
spacing, it would be necessary to divide the refer- 
ence by a factor of 20. With a low reference frequen- 
cy (250 Hz), the vco must have exceptional stability 

fig. 2. This system eliminates the multipliers and uses more com- 
monly available dividers to generate the required integer. 

since it can only be corrected 250 times per second. 
From these facts it can be seen that for best loop per- 
formance the digital logic should operate at the high- 
est possible frequency. 

TTL logic cannot operate directly at 144 MHz, and 
prescaling by at least 10 is required for any two-meter 
synthesizer. Conventional designs call for a program- 
mable divider that can be preset to some number 
other than zero to modify the count length. Regard- 
less of the counters toggle speed, this method will 
limit the upper frequency to approximately 15 MHz 
because not enough time elapses during one clock 
cycle to guarantee presetting the counters. It would 
appear that these problems would require the 
reference frequency to be lowered regardless of the 
loop considerations. However, return to eq. 1, which 
is one step beyond the basic form 

Four= (N)(M)(O. 005 MHz) (2) 

where N = integer number 
M = prescale factor 

Rearranging eq. 2 yields 

N =  Four (3) 
(M)(O. 005 M H z )  

Where N is now the number of divisions required by 
the prescaler and reference frequency. With a pre- 

scaler that divides by 20, N would be 1440 divisions 
at 144 MHz. 

Now, consider a prescaler that can divide by not 
only M, but M +  I .  To maintain the same output fre- 
quency, eq. 2 must be rewritten to account for M 
and M + l :  

F o ~ , ~ = [ M ( N -  A ) +  ( M +  1)(A)](O.005 MHz) (4) 

where N = t o t a l  number of divisions (integer 
number) 
M = prescale factor 
A = number of divisions at 1M + I 

or 144MHz=[20(1440-0)+21(0) ] (0 .005MHz)  

Reducing eq. 4 to  real components shows that a 
relatively slow counter (divider) can be used to con- 
trol a fast two-mode (modulus) prescaler. In other 
words, the slow counter tells the prescaler to divide 
by twenty 1440 times and by 21 zero times. This 
technique is called pulse swallowing. 

If one division though is by 21 instead of 20, eq. 4 
produces 

[20(1440 - 1) + 21 (I)]  (0.005 MHz) = 144.005 MHz 

Therefore, for each division by 21, the vco frequency 
is raised 5 kHz. This relationship will continue each 
time the integer number is changed, producing chan- 
nels that are separated by 5 kHz. The use of pulse- 
swallowing techniques overcomes the problems of 
vco and reference frequency, permitting the design 
of a vhf synthesizer with a channel spacing equal to 
the reference frequency. 

divider details 
As shown in fig. 4, the programmable divider is 

As shown on this spectrum analyzer photograph, the output is very 
clean from 0 to 200 MHz. The signal frequency is 146 MHz. The low- 
frequency noise is being generated by the rf amplifier on the rf 
board. 
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each time it's enabled, generate seven pulses. The 
Spectrum analyzer presentation of the final output. The signal is 10242 bit from the binary counters is used to enable 
centered at 146 MHz. The left and right edges represent 1&.5 end the multiplier. After 64 clock pulses EN OUT ~ O ~ S ~ O W ,  
148.5 MHz, respectively. The base line is approximately 80 dB down 
from the full output. stopping the multiplier at 10882. The rate pulses from 

U4 are temporarily held in a 0-type flip-flop, U2. 
split into a two modulus prescaler and a low-speed 
main counter. In conjunction with the 7474 flip-flop, 
the prescaler will divide by either 20 or 21, depending 
upon the level on the 95H90s SWALLOW ENABLE 
line. If this line is held high, one output will occur for 
each 21 input pulses. If the line is low, the output will 
be 1 pulse for each 20 input pulses. This output from 
the prescaler section then drives three synchronous- 
binary 4-bit counters arranged as a 12-bit binary 
divider. In transmit the counters are reset by U15 at 
147g2 and in receive at 15862 by U14. The initial input 
frequency is converted by the 7483s into data that 
presets the binary counters between 0 and 39. 
Assuming a transmit condition, the 14792 count is 
shortened by the amount of preset, 0 to 39. The out- 
put of the counter will then occur at 14792 to 14402 
representing 147.9XX to 144.OXX (eq. 2). It's now 
possible to generate any multiple of 100 kHz between 
the two frequency extremes. 

Bit 10242 (pin 12 U13) goes high once per count 
cycle and is used as the &kHz output to feed the 
phase detector. This pulse is much wider than the 5- 
kHz pulse at pin 9 of the binary counters and will 

When released, these pulses are synced with the 
next clock pulse and also stretched into a full clock 
period for the SWALLOW ENABLE line. U2 is only en- 
abled between counts 10242 and 10882, the same as 
the rate multiplier. The RS flip-flop (U3) controls U2. 
A timing diagram is shown in fig. 5. The use of hard- 
wired BCD data from the thumbwheel switches 
prevents the rate multiplier from generating more 
than 19 pulses for the prescaler. 

voltage controlled oscillator 
One of the main criteria for vco design is that it 

be stable by itself. This synthesizer uses the Motorola 
MC1648 ECL logic oscillator (fig. 6).  Of its many fea- 
tures, most important is its use of an external LC net- 
work as the frequency determining element. This 
type oscillator has less phase jitter than the RC 

switching oscillators (NE566 or MC4024). 
The tank circuit consists of a Motorola MV1091209 

varactor diode and a tuned line made from 3 inches 
(7.6mm) of miniature Teflon coax (RG-17U). This 
combination is extremely effective in combating the 
microphonics that plague other configurations. You 

fig. 3. Block diagram of the basic phase locked loop system. With a vco that runs greater than about 50 MHz, a prescaler is required for the loop. 
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OUTPUT 
TO 

@ DETECTOR 

GROVHD +5Y -- z / l h 3 ,  741$7 PIN B PIN 16 

74CQ. 7 W .  7474 PIN 7 PIN I4 

T T T  T 7403 UN 10 PIN 5 

b~00-A 95H90 HAS POWER APPLIED 

fig. 4. Schematic diagram of the digital board. The prescaler section contains the %ti90 and the dual-D flip-flop. Pin 2. SWALLOW ENABLE, controls 
whether the prescaler is in the divide by 20 or 21 mode. The 0.001 IIF capacitor connected to pin 5 of U1 should be mounted close to the IC. The 
Vcc line requires bypassing with severel values of capacitors to eliminate any switching transients from appearing on the line. Low-power 
Schottky 1Cs have been tested, and are recommended for replacement of the 741611163,7483,74151,7430, and 7474. When transmitting. the line 
marked TX should be grounded. 

can substitute any combination which will tune from 
144 to 159 MHz with a tuning voltage of not less than 
2.5 volts nor more than 10.5 volts. 

The MC1648 drives three rf amplifiers in parallel. 
Each stage is untuned and delivers at least 20 milli- 
watts into a 50-ohm load. Even though hand-wound 
transmission line transformers are used, the lack of 
tuning makes the boards less prone to parasitics. 
One output drives the digital logic, another is used 
for the receiver local oscillator, and the last drives 
the transmitter. In this case, the "transmitter" is 
nothing more than additional power amplifiers. 

A CMOS CD4046 is used as a frequencylphase 

detector. During a channel change, it departs from 
true phase lock and forces the vco to slew back to 
the correct frequency. When this point has been 
reached, the CD4046's output becomes a series of 
pulses with a duty cycle that is proportional to the 
phase difference. As soon as the phase difference 
also reaches zero, the output from the CD4046 enters 
a third state that effectively disconnects it from the 
loop amplifier. When correction is needed, the detec- 
tor switches into the appropriate state. 

The advantages of the C D W  over a simple phase 
detector are many. Among these are the faster re- 
sponse to large channel changes and also lower 
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reference frequency sidebands in the rf output. A 
simple digital phase detector has a square-wave out- 
put with a 50 per cent duty cycle when locked. This 
represents no dc output so no further frequency 
change is required. However, there is a large ac out- 
put at the reference frequency which can be difficult 
to remove. In the design presented here, a locked 
condition is signalled by an open circuit from the 
detector which considerably simplifies the loop 
amplifier design. In practice the phase detector can- 
not operate at a zero phase difference and it has been 
set to produce an output pulse of approximately 5 
per cent duty cycle. 

The CD4046 drives a loop amplifier consisting of a 
MC1458V dual-operational amplifier. Despite what 
some articles on PLL would lead you to believe, more 
than just a lowpass filter is needed for optimum re- 
sults. The first op amp could be classed as an inte- 
grator, but it also provides three time constants 
which insure stability of the loop. The second op 
amp is a simple 12 dB/octave lowpass filter which 
reduces the 5-kHz ripple on the tuning voltage. The 
simpler approach of using a lowpass filter versus a 
notch filter is justified since the performance im- 
provement is very small. 

The 5-kHz reference frequency is generated by the 
CMOS CD4060. This IC contains a 14-stage binary 
divider and three inverters for use as a crystal oscil- 
lator. The only other parts required are a parallel- 
resonant crystal and a few resistors and capacitors. 
The trimmer adjusts the crystal exactly to frequency 
and sets the final output accuracy. 

audio 
To produce direct fm, the audio is summed with 

Thi6 spectrum analyzer photograph shows the output within 50 
kHz of the center frequency. The &kHz sidebands can be seen to 
be S4 dB down from full output. 

the tuning voltage after the op amps. The following 
requirements should be adhered to: 

1. Audio compression and/or limiting should be used 
to hold constant deviation level. 

2. Employ rapid rolloff past 3500 Hz to keep the 
radiated bandwidth narrow. 

VCO 
OUT 144-ISBMHz 

PRESCALER 
OUT 

PULSES RATE 1 
BIT 

1 0 2 4  -RATE MULT ( 7 4 9 7 )  
ENABLED 

fig. 5. Programmable divider timing diagram. This diagram rep- 
resents a frequency of 14X.Xl0 MHz. 

DFLIP-FLOP 
OUTPUT 

(SWALLOY 

3. Use standard 75 psec pre-emphasis (fig. 7). This 
is direct fm and the audio will sound muffled if pre- 
emphasis is not included. The pre-emphasis should 
be applied after the clipping and filtering. There 
should be 1 volt p-p available after preconditioning 
the audio. As a warning, the vco has a sensitivity of 
5 MHzIvolt. Therefore, it only takes 1 mV of noise in 
the system to make this synthesizer useless in a nar- 
rowband fm system. Ground noise, loops, and prox- 
imity to other systems can also cause problems. The 
vco assembly must be housed in a completely sealed 
metal box. Diecast aluminum boxes are the best. 
Attempts at ultimate miniaturization will only pro- 
duce 5 kHz whine, and possibly 60 Hz hum on the 
signal. 

n n 

circuit board checkout 

ENABLE) 

Digital card. The initial testing of the digital board 
can be done at a frequency that will allow the pulses 
to be seen without relying on a high performance 
oscilloscope. An approximately 0.8 V p-p, 10-MHz 
signal should be injected into pin 1 of the 95H90. 
With power applied, the prescaler will run warm and 
total current drain will be about 600 mA for standard 
TTL. The complementary output pins, eight and 
nine, of the 95H90 should show an ECL level square- 
wave (3.3V to 4.1 V). The waveform will alternate be- 
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tween one tenth and one eleventh of the input fre- 
quency, which will cause blurring of the oscilloscope 
display. With the rest of the prescaler section work- 
ing properly, the binary counters (U11 -U13) will have 
a clock input on pin 2 that alternates between 1 /20 
and 1121 of the input signal. If multiples of 100 kHz 
are selected, the input to the binary counters will be 
1/20 of the input frequency; otherwise blurring will 
occur. 

When it has been confirmed that the prescaler is 
functioning properly, the divide by M +  I function 
can be disabled by applying 5 volts to pin 3 of the 
95H90. If gates U14 and U15 are operating correctly, 
a narrow negative-going pulse will appear on pin 9 of 

the binary counters. This pulse is used to load the bi- 
nary counters after each cycle has been completed, 
147g2 for transmit and 15862 for receive. The ratio of 
the pulses at pins 2 and 9 of U11-U13 will correspond 
to the channel selected, 1440 to 1479. If the transmit 
line is high, 107 will be added to the ratios. This pro- 
cess can be extended to the entire programmable 
counter. With the 95H90 input as B and the pulses at 
pin 9 of the counters A, the ratios will be: 

144.00 MHz Transmit B / A  - 28800 
144.005 MHz Transmit B IA  - 28801 
146.940 MHz Transmit B /A  - 29388 
146.940 MHz Receive B/A - 31528 
147.995MHzReceive BIA-31739 

+ l Z V -  15V 

2 7 0  

0 INTEGRATOR TEST POINT 

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

+ l l V  

4 - I 3  -- \ 

9 - \ RF TRbNSISTORS 2N2857.  2N918,ETC IMAY SUCISTITUTEI 

10k ) 
\ - - - - - - - - - - - - - - - - - - - - - - 

U 1 6  U17 1 
8 4060 4046 SHIELD + I 

8 

A- 
IWPPER G 101 1 

I 
U 

iOOmb , 12" 8 U L e  
I 
I RF TRANSFWMER 

I 
SILICON I 

I 
I 

6 - 7  TURNS I NO 2 8  
TWISTED W I R  

2 2 "  
ON 725-12  
CORE 

HOUYNG WALL 

b 
B 

TT Pill ZF B (SOLDER) 

fig. 8. Schematic diagram of the rf circuitry for the synthesizer. All resistors are % watt: the electrolytics are dipped radial lead tantelums. The 
coax line can be replaced with 3 turns of number 22 AWG (O.6mml wire. I t  should initially be wound to be %-inch (0.6mml in diameter. The final 
configuration will be dictated by the required tuning voltage vs tuning range. The rf transformers are 8 to 7 turns of number 28 AWG (0.3mmI 
twisted pair wound on a T25-12 core. The 2.2k resistors across the transformers are soldered on the back of the printed circuit board. 
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Rf Board. With power applied to the board from a 
12-15 volt supply, the current drawn should be 60;75 
mA. Check for the desired voltages on U16-U19 as 
shown on fig. 6. Testing of the vco and associated 
amplifiers will start at the vco and work back to the 
crystal oscillator. I recommend the Motorola MV1091 
209 varactor diode because of its wide AC range. 
This allows the vco to tune from 144 to 159 MHz with 
an input voltage of 2.5 to 10.5 volts. For test pur- 
poses only, the voltage can be supplied by a small 
adjustable supply connected to the test point just 
prior to the second op amp. Since the op amp has 
unity gain, correct operation of the vco can be deter- 
mined from this point. 

The integrator, first half of the MC1458, can be 
tested by grounding its inverting input. The vco 
should swing to at least 159 MHz when the junction 
of the two 22k resistors (integrator test point) is 
grounded. Conversely, it should move to below 144 
MHz when 5 volts is applied to the same point. 

At pin 4 of U16 there should be a 40-kHz square 
wave that can be used to set the crystal on frequen- 
cy. By using the 125th harmonic of the 40-kHz signal, - 

the crystal can be zero beated against the 5-MHz 
WWV frequency standard. The phase detector re- 
quires a 5-kHz input that is TTL compatible. 

To test the phase detector, connect an NE555, 
or similar, oscillator to the 5-kHz pulse input on the 
rf board. With a pulse frequency less than 5 kHz, 
the vco should be driven to its lower frequency 
limit. If the pulse frequency is decreased below 5 
kHz, the vco should swing to its upper limit. A t  this 
point the boards can be connected together forming 
an almost complete synthesizer. 

AUDIO IN  T O  SYNTHESIZER 

fig. 7. Schematic diagram of a standard 75 ,rsec pre-emphasis net- 
work. 

Switches. Due to the method of generating the cor- 
rect presets for the binary counters and inputs to 
the rate muhiplier, two forms of input data were 
used, BCD and FD. The information for the 10-kHz 
frequencies is in the normal BCD form, while that for 
the 100 kHz and MHz is BCD. Using the basic 
premise that an open on a line is equivalent to a 
digital 1 (high) the appropriate switches can be 
selected. I t  should be remembered that a ED 
switch, not a BCD switch, produces four open 
circuits for a BCD zero. Regardless of the switch type 
you select, to use the switch in its true form connect 

the common terminal to ground and pull the four 
outputs to 5 volts through 4 to 10-kilohm resistors. 
To complement the switch, connect the common 
lead to 5 volts and pull each output to ground 
through 270-ohm resistors. Table 1 shows the cor- 
rect BCD input information. To add 5 kHz to the out- 
put frequency, the 5-kHz line should be taken high 
(1). 

The complete synthesizer can now be tested. The 
appropriate inputs and outputs on the two boards 
can be connected with lengths of either miniature 
coax or twisted-pair cable. A small 12-volt lamp can 

table 1. Synthesizer truth table 

1 MHz B  A  100 kHz 
144 0 0  0.0 
145 0  1  0.1 
146 1 0  0.2 
147 1 1  0.3 

0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

D C B A  
1 1  1 1  
1 1 1 0  
1 1 0 1  
1 1  0 0  
1 0 1 1  
1 0 1 0  
1 0 0 1  
1 0 0 0  
0 1  1 1  
0 1 1 0  

10 kHz 
0  0  
0  1  
0  2  
0  3 
0  4 
0  5  
0  6 
0  7 
0  8  
0  9  

D C B A  
0 0 0 0  
0 0 0 1  
0 0 1 0  
0 0 1  1  
0 1 0 0  
0 1 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 0  
1 0 0 1  

be attached to the LOCK DETECT terminals. Since 
this is only a test, the output will not be very clean 
and the signal should not be put on the air. Connect 
one rf output to a frequency counter and terminate 
the third in 50 ohms. When power is applied to both 
boards the lamp should flash once and the synthe- 
sizer should be on the correct frequency. If the syn- 
thesizer does not lock at all, the lamp will remain lit. 

troubleshooting 
If there are problems, a return to the circuit board 

checkout phase might be appropriate. Remember 
that this is a feedback system and trouble in one sec- 
tion can cause apparent difficulty in another. A good 
way to troubleshoot the unit is to clamp the tuning 
voltage at some fixed value from an external power 
supply. If the vco will not tune within the desired 
range, lock cannot be achieved. 

A more subtle problem is a locked synthesizer but 
with the output on the wrong frequency. The cause 
of this problem will be found on the digital board, as- 
suming the initial 5-kHz signal is correct. Make sure 
that the components are soldered on each side of 
the printed-circuit board. Unless plated-through 
holes are used, it may be difficult to solder sockets 
on both sides of the board. One solution is to use 
Molex pins, another is to mount the sockets over 
spacers. If the synthesizer is still off frequency, 
observe the pattern of the errors. 

1. No channel spacing less than 100 kHz. This means 
that the divide by 21 function of the prescaler is not 
being enabled. Start at pin 2 of the 95H90 and work 
back to pin 6 of the rate multiplier (U4). 
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fig. 8. Circuit-board layout for the digital board. The top diagram shows the foil pattern for the 
top of the board, while the other side of the board is shown at the bottom. 
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2. Constantly high frequencies. The divide by 21 fea- 
ture is being enabled too long. 

3. Constant error in hundreds of kHz could mean that 
a 7483 full adder is faulty. They convert the BCD 
data into a binary code. 

4. An output that is correct only on alternating binary 
increments means that a bit has been dropped be- 
tween the 7483s and the preset inputs of the coun- 
ters. For example, 144.000 to 144.200 is correct, 
144.200 to 144.400 is wrong, and 144.400 to 144.600 
is correct, etc. 

5. If one of the 7430s (U14 or U15) is bad, either all 
thii transmit or all the receive channels will be off. 

Substitution is the best method of checking the ICs. 
YOU can save enormous amounts of time by mount- 
ing them in sockets, except the MC1648 and 95H90. 
If you don't have adequate test equipment, use a sig- 
nal generator at a lower frequency to test the digital 
board. 

synthesizer related problems 
With the techniques used to generate this type of 

synthesized equipment, there can be many problems 

that are system oriented. Some areas may require a 
look at the overall performance before the basic 
problem can be solved. 

1. Sidebands at the TTL clock rate are caused by in- 
sufficient isolation between the circuit boards. If 
these sidebands are radiated by your transmitter, 
they are illegal; they will appear at the output fre- 
quency divided by 20, 144.00+ 7.2 MHz, f 14.4 MHz 
f 21.6 MHz, etc. The general cure for this type of 
problem is to put the rf board into a sealed metal box 
(leads that enter the box should go through 0.001 [IF 
feedthrough capacitors). 

2. This synthesizer delivers 10 kHz p-p deviation with 
less than 0.2 volt input so it will be prone to over- 
modulation. The deviation can be set quite easily 
if you make use of the synthesized local-oscillator 
output. With this output connected to a receiver, 
modulate the synthesizer until the audio level is the 
same as a local repeater. It doesn't matter to the 
discriminator whether its's the actual incoming signal 
that is being modulated or the local oscillator. For 
normal operation though, use a relay contact to short 
out the audio line during receive periods. Otherwise, 
audio feedback will occur. 
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fig. 9. Component placement for the digital board 

18 a august 1977 



fig. 10. Circuit-board layout for the rf board. The top of the board is shown at the left and the bottom at the right. 

3. Sidebands at 5 kHz cause annoying whine in your 
receiver and wil l  be transmitted as well. Any 
sidebands experienced are caused by the physical 
placement of the rf board. Also, the shield between 
the portions of the board must be in place. This can 
be made from a piece of double-sided printed-circuit 
board. The output of the digital board must enter 
the enclosure through the resistor and capacitor 
combinatigns shown on the schematic diagram 
(fig. 4 ) .  

4. Receiver birdies are possible if the programmable 
divider is not shielded. Microphonics are not a prob- 
lem and the enclosure does not have to be some type 
of sealed box. To avoid the problem of many feed- 
through capacitors for the digital switches, I suggest 

that you mount the switches inside this box. 
If you follow the previous suggestions, a clean 

transmitter should be no problem. I use four amplifier 
stages to directly increase the output to 40 watts. 
The LOCK DETECT output should be used to prevent 
keying the transmitter if the synthesizer is 
running wild. 

receiver interfacing 
To be entirely free of birdies, on-channel spurious 
radiations must be on the order of 100 dB below the 
local-oscillator level. Achieving this requires constant 
attention to small1 details such as shielding, removal 
of ground loops, and maintaining isolation. Certain 
receiver designs can give you perhaps 20 dB margin 
against such birdies (this assumes the birdies are 
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fig. 11. Perts placement diagram for the rf board. The resistor across the toroids is mounted on the rear of the board. 
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produced by the local oscillator and not radiated into 
the frontend). 

A product or balanced mixer has the ability to re- 
ject certain forms of noise near the local-oscillator 
frequency. If you are contemplating the design of a 
companion receiver, think twice before going with 
the now standard dual-gate MOSFET mixer. A better 
choice might be a JFET mixer using a device such as 
the high I,,, U310. A single-balanced mixer with this 
transistor will have a wider dynamic range as well as 
significant local-oscillator noise rejection. These 
items are important when operating in urban areas, 
or when trying to achieve 0.2 pV sensitivity on all 
channels. 

No matter what first mixer configurations you 
select, two old design rules still apply. 

* 
27f 

1. Set your mixer so that conversion gain does not 

DIGITAL BOARD 

.I1 +12-ISV SOLDERCASE LEAD TO GROUND PLANE 
INPUT 

will have a severely degraded mixer noise figure. This 
applies more to single-ended mixers. Such a mixer 
acts as a high-gain amplifier to i-f frequency signals 
injected into either input. The solution is a highpass 
filter or, preferrably, a tuned circuit with a moderate 
loaded Q in the injection line. The tuned circuit 

increase if you raise the local-oscillator power. If it 
does, the local-oscillator port is not saturated and the Photogmph of the completed synthesizer. The rf circuitry is housed 

in the cast aluminum box on the right. The digital portion of the 
receiver will be overly sensitive to birdies and noise synthesizer is on the left. 

from the synthesizer 

2. The input ports of the first mixer should see only serves the dual purpose of voltage transformation as 
the minimum necessary bandwidth. If you don't well which can be useful in gate-driven fet mixers. 
filter the i-f output, you'll have no selectivity, obvi- The previous comments should enable you to build 
ously. Image and intermod problems will occur if the a transceiver equal in all respects, except one, to a 
rf input isn't filtered. This includes both sides of the crystal-controlled unit. The final problem area is 
rf amplifier. If the local oscillator isn't filtered, you ultimate receiver selectivity. The noise sidebands of 
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the MC1648 do not fall off quite as fast as those of a 
well designed discrete vco. The difference is slight 
and transmitter performance is uneffected. Residual 
audio fm measures less than 100 cps in this design. 
However, adjacent channel rejection in the receiver 
will be degraded. In normal operation, crvstal- 
controlled equipment would be able to maintain DX 
communications within 10 kHz of a repeater channel. 
This design will require a spacing of about 15 kHz 
from the active channel. The difference is not notice- 
able unless your receiver has a good quality i-f filter 
and the shielding necessary to make full use of it. 
Also, you'd have to check closely to notice the diffe- 
rence. It is worth mentioning that Heathkit chose the 
same vco for their down-converting multiple-crystal 
synthesizer; they were able to attain a 30-kHz selec- 
tivity of 60 dB minimum. 

convenience options 
Because the synthesizer has the BCD frequency 

data available at all times, some other type of display 
can be connected. It would be much easier to see a 
seven-segment display in the dark than the thumb- 

wheel switches. In fact, you do not need switches at 
all. The channel information could be generated by a 
circuit that would scan a frequency range until a 
signal is detected. The combinations are almost end- 
less. Remember though, both BCD and BCD data is 
required. 

conclusions 
I hope that this article has removed some of the air 

of black magic that seems to have been associated 
with frequency synthesizers in the past. Unlike other 
articles, this one was concerned with how to get the 
radio to work, what you can expect to go wrong with 
it, and what you can do about it. Most of the litera- 
ture on synthesizers has been an endless tirade about 
Laplace transforms and loop stability. These are im- 
portant, but a critically damped response and the as- 
sociated theoretical model by themselves only make 
a good BSEE senior term paper. This unit has been 
on the air for a year at WB2CPA, and successful 
duplication should not pose a problem to a rea- 
sonably competent amateur. 
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how to design 
Yagi antennas 

Discussion of a new 
Yagi design method, 

developed at the 
National Bureau of Standards, 

which allows you 
to design Yagis 

for your own 
operating requirements 

with optimized, 
reproducible gain characteristics 

Have you ever wondered how to design a really 
good Yagi for your own requirements rather than 
just guessing, or using an existing design? If so, this 
article should be just what you are looking for. By 
using the information presented here you can design 
your own optimum Yagi for any frequency, from hf 
through uhf, with boomsup to4.2 wavelengths long. 

Up until now, there has been little design informa- 
tion for Yagi antennas in the amateur literature. 
Kmosko and Johnson1 designed a 13-element Yagi 
at 144 MHz but gave information only on that 
specific model. Greenblum* provided ranges of de- 
sign values but was not specific as to exact sizes. 
The tables from Greenblum's article have appeared in 
recent ARRL VHF Handbooks and Antenna Hand- 
books, and several amateurs have reported good cor- 
relation using the mean values specified. Recent arti- 
cles in the professional journals (such as the IEEE 
Professional Group on Antennas and Propagation, 
and others) have published computer-aided designs, 
but specific cook-book information is not available. 

Now, for the first time, a straightforward approach 
to  Yagi designs of various sizes and gains is 

1 available.3 It is the result of an exhaustive study by 
the National Bureau of Standards in the early 1950s 
to explore all the major antenna types IYagis, corner 
reflectors, rhombics, etc.) suitable for use on vhf 

By Joseph H. Reisert, Jr., W1JR. 17 Mans- 
field Drive, Chelmsford, Massachusetts 01824 
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The heart of any Yagi design is the director. Exten- 
sive tests have shown that the diameter, length, and 

O-O-O-~- 
spacings are all interrelated. Also, it should be 

/ pointed out that these parameters become increas- 

/ / O  

ingly critical as the number of directors (and hence 
the boomlength) increase. 

NBS tested various director lengths using spacings 
of 0.01 to 0.40X on booms to 10A long. Plots of these 

rsl combinations show that there are optimum spacings 

r" 7 OE -FLEcToR 

for maximum gain. As the boomlength is increased, 

2 A  
the optimum director spacing also increases. In addi- 
tion, the gain of the antenna can be further increased 

7 H 5 5  if the length of each director is carefully chosen. It is 
noted that the diameter of the element affects its 

05 20 25 30 351 

SPACING,S, OF REFLECTOR BEHIND DRIVEN ELEMENT 

fig. 1. Gain in dB of a driven element and reflector for different 
spacings between elements. 

ionospheric scatter. The NBS report tabulates all the 
design information necessary to construct six dif- 
ferent boomlength Yagis (this portion of the project 
took nine man years to complete). The only known 
amateur use of these data are the W0EYE 432-MHz 
Yagi4 and several unpublished Yagi designs by 
W0PW (ex WOEYE) and W1 JR.  

This NBS report shows the interrelationship be- 
tween director and reflector diameters, lengths, and 
spacings, as well as the effects of a metal supporting 
boom. Optimum designs and gains for various boom- 
lengths from 0.4 to 4.2 wavelengths are shown along 
with nomographs for designing a Yagi for your own 
operating requirements. Those readers who are in- 
terested in all the specifics will find the NBS publica- 
tion invaluable. This article will highlight the results 
and present all the information necessary to design 
such Yagis; several working design examples will 
also be discussed. 

length, thicker directors being shorter than thinner 
ones. A comparison of maximum gain versus 
boomlength for uniform and optimized length direc- 
tors is shown in fig. 3. Those readers desiring fur- 
ther information are referred to NBS Technical Note 
688.3 

A set of optimum director and reflector lengths 
normalized to  0.0085X diameter elements is 

table 1. Optimized lengths of parasitic elements for Yagi antennas 
of six different lengths (reflector spaced 0.2A behind driven element. 
element diameter 0.0085AI. 

Length of Yagi in Wavelengths 
0.4 0.8 1 20 2.2 3.2 4.2 

Length of 
Reflector, X 

1 st 

2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 

10th 
11th 
12th 
13th 
14th 
15th 

reflectors S p a c i n g  b e -  
t w e e n  d i r e c -  0.20 0.20 0.25 0.20 0.20 0.308 

During the NBS investigation into optimum Yagi tors, in A 
design, various reflector lengths and spacings were 
tried on a two-element Yagi. As can be seen from 
fig. 1, maximum gain is 2.6 dBd, peaking broadly at 
0.2X behind the driven element. Hence, all the Yagi 
designs presented here are optimized using this 
reflector spacing. 

The NBS engineers tried various other reflector 
configurations in order to realize any possible in- 
crease in gain. The trigonal configuration shown in 
fig. 2 yielded the maximum increase, 0.75 dB over a 
single reflector, when tested on a Yagi 4.2A long. It 
should be applicable to the other designs and may be 
desirable if high front-to-back ratios are desired. 

Gain relative to  
ha l f -wave  di- 7.1 9.2 10.2 12.25 13.4 14.2 
pole, dB 

Design curve 
(seefig.4) ( A )  ( C )  (C)  ( B )  iC )  (D) 

presented in table 1. These data, with respective 
gains noted, yield optimum performance for the six 
boomlengths which are shown. If a different element 
diameter is desired (isn't that always the case?), the 
elements can be scaled by using the nomograph in 
fig. 4. Element diameters from 0.001 to 0.04X can be 
easily scaled as will be discussed later. 
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REFLECTOR LENGTHS -- 
L R I  : LRP . 0 455k 
L R 3  ; 0 4 1 3 1  

fig. 2. Trigonal reflector arrangement [three reflector elements), 
when used with 4.2A Yagi, provides 0.75 dB increase in gain (lengths 
not corrected for boom thickness). 

The element data presented in the NBS report is 
based on an air boom which, in the original tests, 
was simulated by a triangular plexiglass structure. 
After optimization was completed, various booms 
and materials were tested to check the effects of the 
test boom. All measurements verified that the 
designs tested on plexiglass were optimum in an air 
dielectric. However, attempts to repeat these results 
using wooden booms were dismal. According to 
Peter Viezbickie, the author of the NBS report, 
changes in moisture and directivity due to the 
wooden booms made repeatability almost impossible 
despite various coatings applied to the wood. 

Metal-boom Yagis were entirely repeatable if the 
elements were lengthened to compensate for the 
boom structure. At first glance, it may seem that a 
constant factor could apply. However, tests con- 
ducted by NBS showed that small diameter booms 
(with respect to wavelength) had less effect on ele- 
ment lengths than larger booms. These data are plot- 
ted on fig. 5 for boom diameters up to 0.041. Tests 
also showed that, for correction purposes, the effect 
of square and round booms were identical. 

feed systems 
Detailed feed systems are not discussed in the 

report. On most tests, a folded dipole using a 4 : l  
half-wavelength coaxial balun was followed by a stub 
tuner. However, any of the usual feed systems can 
be used.5 Reference 6 describes how to test these 
matching systems. 

patterns 
Finally, the NBS report shows radiation patterns 

for the E and il planes. For the sake of brevity, only 
the patternsfor the 1.2X and 4.2X Yagis are presented 
in this article (see figs. 6 and 7 ) .  You will note the 
symmetrical pattern, the low side lobes, and the high 

front-to-back ratio, all characteristics of a well- 
designed Yagi antenna. 

Tests made by W6FZJ and W0EYE on a 15- 
element, 4.2X Yagi for 432 MHz, designed with the 
method described in this article, showed that the 
antenna had about 1% vswr and 1-dB gain band- 
width, slewed to the low-frequency side of the center 
design frequency; performance above the center fre- 
quency fell off quite rapidly. It is estimated that the 
gain and vswr bandwidth for the 1.2X Yagi is about 
2%. It should be pointed out that the bandwidth of a 
Yagi is quite often limited by the matching and feed 
system, not by the basic Yagi design. In this respect 
most amateur beams use narrowband feed systems 
compared with Yagis designed for use in commercial 
service. 

designing a yagi antenna 
We will now proceed to design a 1.2X Yagi for 50.1 

MHz, a 2.2X Yagi for 205 MHz, and a 4.2X Yagi for 

DIRECTOR LENGTHS OPTIMIZED 
I FOR MAXIMUM GAIN (SEE TABLE 11 

@ DIRECTORS OF OPTIMUM UNIFORM LENGTH 

OVERALL LENGTH , I N  WAVELENGTHS,OF DIFFERENT YAGlS 

fig. 3. Gain comparison of different length Yagis, showing the rela- 
tionship between directors optimized in length to yield maximum 
gain. and directors of optimum uniform length. ,V is the number of 
directors; S is the spacing between directors (reflector spaced 
O.ZA on all antennas). 

432 MHz to demonstrate how the NBS design 
material can be used. I actually built and tested each 
of these designs to verify the validity of the design 
data. In all cases the performance of the finished 
antennas matched the results reported by NBS. 

The first step in any design is to choose the desired 
gain, compare it with the designs in table 1, and see 
if the stated boomlength is within the desired range. 
Next, the element diameter should be chosen to fall 
within the specified ranges (0.001 to 0.04X) on the 
design nomograph, fig. 4. Finally, the boom or sup- 
porting structure should be chosen. 
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fig. 5. Graph showing the effect of a supporting metnl boom on the length of the parasitic elements. 

Example 1. It is desired to build a 6-meter Yagi with 
L = ( 10.2 dBd gain, using 0.5 inch (13mm) diameter ele- 

inches) 
F 

ments mounted on insulating blocks above a 1.5 inch 
(38mm) diameter boom. This is the 1.2A design in 

29980 L = -- - - (cm) 
table 1. F 

The formula for wavelength is where L = length 
F=frequency in MHz 

0 
-3 

-10 

m 
9 

g -20 
0 a 
W 

-30 
W 
N 

S -40 
0 

-50 

-60 
180. 1.50. 120. 90' 60. 30. 0. 30. 60. 90' 120. 1.50' 180' 

AZIMUTHAL ANGLE,DEGREES 

fig. 6. Radiation patterns of a 6-element, 1.2X long Yagi, built with 
the dimensions shown in table 1. Beamwidth of the E plane is 40 de- 
grees; If  plane beamwidth is42 degrees. 

Frequency 50.1 MHz 
Wavelength 235.6 inches (5.98 

meters) 
Element diameter 
IdJX) 0.0021A 
Reflector spacing 47 inches or 120 cm 

(0.2A) 
Director spacings 59 inches or 150 cm 

(0.25X) 
Boom diameter -not important, dis- 

cussed later 
Overall length 283 inches (approxi- 

mately 24 feet) or 7.2 
meters (1.2A) 

1. Plot the lengths of the parasitic elements for the 
1.2A design from table 1 on the design nomograph 
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fig. 7. Radiation patterns of a 15-element, 4.2X long Yagi. Beam- 
width of the E plane is 26 degrees; H plane beamwidth is 29 
degrees. 

(see fig. 8) for parasitic elements with a diameter, 
d/X = 0.0085X. 

2. However, our element diameters are 0.0021X so 
the element lengths must be adjusted. Draw a ver- 
tical line from 0.0021X on the horizontal axis on the 
nomograph. This intersects the compensated 
lengths for the reflector and directors 1 and 4: 

3. Using a pair of dividers (or a compass), measure 
the distance between director 1 ( D l )  and director 2 
(D2) determined in step 1. Transpose this distance 
from the point established in step 2 to  the left along 
the 1.2X Yagi curve to 0.0021X to determine the com- 
pensated length for directors 2 and 3: 

LD2' = LD3' = 0.446X 

001 DO2 003 005 02 03 04 05 
ELEMENT DIAMETER TO WAVELENGTH RATIO, d/A 

fig. 8. Use of the Yagi design curves (fig. 4) to determine the element 
lengths for a 6-element. 50.1-MHz Yagi on a boom 1.2h long (see 
example 1 in text). 

When I built this antenna I decided to use large ele- 
ment insulating blocks which I purchased from Swan 
Antennas (now KLM). Therefore, it wasn't necessary 
to put the elements through the boom. Since the 
wavelength is long with respect to the chosen boom 
diameter, I didn't feel that any boom correction was 
necessary. This was verified by subsequent tests. 
When the boom diameter represents a substantial 
portion of the operating wavelength, however, a cor- 
rection for the boom diameter is required; this will be 
discussed in example 3. 

The reflector and director lengths for the 50.1-MHz 
Yagi are as follows: 

Reflector 0.488X= 115 inches (2.92m) 
Director 1 0.451X= 106.25 inches (2.70m) 
Director 2 0.446X = 105.06 inches (2.67m1 
Director 3 0.446X= 105.06 inches (2.67m) 
Director 4 0.451X= 106.25 inches (2.70m) 

The approximate length of the driven element can be 
calculated from 

5500 L =  -- 
F (inches) 

where L = length 
F=frequency in MHz 

Therefore, at 50.1 MHz, the length of the driven ele- 
ment is 109.75 inches or 2.79 meters. For simplicity I 
decided to use a gamma match and to attach the 
driven element to the boom with a U bolt. During the 
matching adjustments the driven element was short- 

u-eOLT -YL:ky t &g$yN"G" 
BLOCK 

fig. 9. Layout of a 6-element Yagi tor 50.1 MHz on a 1.2X boom. All 
elements are K inch (13mml OD aluminum tubing, mounted on 
insulating blocks attached to a 1% inch 138mml OD aluminum 
boom. The gamma capacitor is approximately 12 inches 130cml of 
FIG-8/U coaxial cable with the outer jacket and shield removed. 
then inserted in a 316-inch (IOmm) diameter tube. 
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fig. 10. Use of the Yagi design curves Ifig. 4) to determine the para- 
sitic element lengths for a 12-element 205.25-MHz Yagi on a boom 
2.2A long lexample 2). 

ened to 108 inches (2.74m) for optimum vswr (the 
length of the driven element is not critical for maxi- 
mum gain, as will be discussed later). 

The completed 6-meter Yagi is shown in fig. 9. 
On-the-air receiving tests at W1 JR have shown the 3 
dB beamwidth to be between 4 - 4 5  degrees, while all 
sidelobes were at least 15 dB down; the front-to- 
back ratio was 18 dB. This agrees closely with the 
published NBS data. 

Example 2. During the summer of 1973, when I was 
WGFZJ, transpacific tests to Hawaii were conducted 
on 220 and 432 MHz. Television video carriers seem- 
ed like a good propagation indicator so I designed a 
converter for Channel 12 on Mt. Haleakela on Maui. 
Since I had no good designs for a moderate gain Yagi 

with low sidelobes (to discriminate against Channel 
12 TV stations in California), I chose the NBS 2.2X 
Yagi design using 318 inch ( Icm) diameter elements. 

Frequency 205.25 MHz 
Wavelength 57.5 inches (1.46 meters) 
Element diameter 
(d/X) 0.0065X 
Reflector spacings 11.5 inches or 29.2 cm 

(0.2X) 
Director spacings 11.5 inches or 29.2cm 

(0.2X) 
Boom diameter not important, discussed 

later 
OvcJrall length 126.5 inches or 3.21 

meters (2.2X) 

1. Plot the director element lengths for the 2.2X Yagi 
design from table 1 on the design nomograph (see 
fig. 10) for d/X = 0.0085. 

LR = 0.482X 
L D ~  = 0.432X 
LD2=o.415X 
LD3= LD10=0.47h 
L D ~ =  LDg = 0.398X 
L D ~  through L~8=0.390X 

2. Since the chosen element diameters are 0.0065X. 
draw a vertical line from 0.0065X on the horizontal on 
the nomograph. This intersects the compensated 
length for the reflector and the first detector: 

LR, = 0 .483  
LD, = 0.4375X 

3. Using a pair of dividers, measure the distance be- 

SPACING = 0 2 ) r . l l  I/2" (29 CMI 

DELTA 

BALUN 

121 CMJ 2 0 0  O H M  DELTA 
fig. 11. Layout of a 12-element Yagi for 205.25 MHz. All elements are 318 inch 
IlOmm) OD aluminum tubing, mounted on insulating blocks attached to the 1 
inch (13mm) OD aluminum boom. A delta match and 4 : l  balun are used to feed 

U 
1 5 2  CMI this antenna. 
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tween director 1 (D l  and director 2 (D2) determined 
in step 2. Transpose this distance from the point 
established in step 2 to the left along the 2.2X curve 
to determine the compensated length of director 2 
(Lo, = 0.421X). Now span the distance between 
directors 1 and 3 (D l  and D3) with the dividers, and 
move this dimension along the curve, making sure to 
reference D l '  (at the 0.0065 line). Follow this same 
procedure until all directors have been scaled. The 
remaining director lengths are as follows: 

As in the case of the &meter Yagi, 1 decided to use 
element insulators which I purchased from KLM 
Electronics. Since the elements are mounted well 
above the boom, an element correction factor was 
not applied. The reflector and director lengths for 
the 205.25 MHz Yagi are as follows: 

Reflector 0.483 = 27-13/16 inches (70.6cm) 
Director 1 0.4375X= 25-1 18 inches (63.9cm) 
Director 2 0.421X= 24-3/16 inches (61.5 cm) 
Directors 3 and 10 0.414X = 23-314 inches (60.5cm) 
Directors 4 and 9 0.405X = 23-1 14 inches (59.2cm) 
Directors 5 - 8 0.398X = 22-718 inches (58.lcm) 

You will note that these lengths have been slightly 
rounded off. The NBS report states that tolerances 
of 0.003X should be maintained (0.173 inch or 4.4mm 
at 205.25 MHz). Furthermore, tests made by WBEYE 
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fig. 12. Use of the Yagi design curves (fig. 4) to determine the para- 
sitic element lengths for a 15-element Yagi for 432 MHz; boom is 
4.2A long (example 3). 

and W6FZJ in 1973 clearly showed that the gain and 
radiation pattern of a Yagi antenna degrades quite 
rapidly on the high side of the design frequency, but 
much more slowly on the low side. Therefore, if you 
must round off to a standard dimension, it is better to 

flg. 13. Supporting boom correction factor for the 15-element 432- 
MHz Yagi. Boom diameter is 0.027SA (3/4 inch or 1.9cm at 432 MHzl; 
length of each parasitic element muf be increased to O.ZA. 

cut the director elements slightly shorter - not 
longer. Reflector length, on the other hand, should 
be rounded off on the long side. The element lengths 
for the Channel 12 Yagi were shortened to the 
nearest 1 116 inch, or only about 0.001X. 

For simplicity I decided to use a delta matching 
system and a 4:1 balun on this antenna. The driven 
element length was calculated using eq. 3. During 
final tests using the procedures outlined in reference 
6 the driven element was extended slightly to obtain 
a 1:1 vswr. The length of the driven element is not 
a critical factor as long as the driven element is al- 
ways shorter than the reflector. 

The final design for the 205.25-MHz Yagi is shown 
in fig. 11. The desired discrimination to other Chan- 
nel 12 television stations was achieved. This antenna 
is now in use at W1JR for indicating tropo, meteor 
shower, and aurora openings. 

Example 3. The transpacific tropo tests mentioned 
in the previous example required an easily transport- 
able antenna for the 432-MHz system to be installed 
at KH6BZF1s station in Hawaii. I decided to use four 
4.2X Yagis similar to the WBEYE type4 and stack 
them accordingly. The humidity and salt air are high 
in Hawaii so the elements were mounted through the 
boom using knurled 3132-inch (2.4mm) diameter 
brass rods; this is similar to the method used on the 
W6FZJ extended, expanded collinear array described 
in QST.7 

For the sake of brevity, steps 1, 2, and 3 will not 
be repeated here. However, the marked up nomo- 
graph for the 4.2X 432-MHz Yagi is shown in fig. 13; 

Since I decided to mount the elements through a 
metal boom, the elements must be lengthened to 
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fig. 14. Layout of the 15-element 432-MHz Yagi on a 4.2X boom. All elements are 3/32 inch 12.4mm) OD brass rod: elements are knurled and tapped 
into under-size holes in the 314 inch 11.9mml aluminum boom. Element spacing of all directors is 8-7/16 inches (21.4cm): reflector is 5% inches 
(14cm) behind the driven element. Details of the delta matching system and 4:l balun are also shown. 

compensate for the shortening effect of the boom. 

Frequency 432 MHz 
Wavelength 27.32 inches (69.40 cm) 
Element diameter (d/X) 0.00343X 
Reflector spacing 5-112 inches or 13.9cm 

(0.2X) 
Director spacing 8-71 16 inches or 21.4 cm 

(0.308X) 
Boom diameter 3 1 4  i n c h  o r  1 . 9 c m  

(0.0275A) 
Overall length 115 inches or 2.915 

meters (4.2X) 

LR, = 0.480h 
L D ~ '  = LD2' = 0.441X 
LD3' =0.438X 
LD4' = 0.428X 
LD5' = 0.425h 
LD6' = 0.421X 
LD7' =0.417h 

Log, through LD13' = 0.414X 

Reflector 
Directors .l and 2 
Director 3 

Director 4 
Director 5 

Director 6 
Director 7 

Directors 8 - 13 

To determine the corrected element length, first con- 
vert the boom diameter (314 inch or 1.9cm in this 
case) to wavelength (dlX) or approximately 0.0275X. 
Draw a vertical line from 0.027% on the boom cor- 
rection nomograph (see fig. 13) to the DATA line. 
Move to left-hand axis and read the correction factor; 
0.02X for this antenna. Add this length correction 
factor to all elements as shown below. 

Note that all the director lengths have been round- 
ed off to the short side, as in example 2. The driven 
element length was calculated with eq. 3, but a bet- 
ter match was obtained when i t  was extended to 
13% inches (34.3cm); a delta match with a 4:1 balun 
was used. The final design for the 432-MHz Yagi is 
shown in fig. 14. 

This antenna stacks well at 1.6X in the H plane, 
and 1.8X in E plane. As tested at NBS, this quad Yagi 
array yielded 19.6 dBd. A one-way 432-MHz contact 
was attained between KH6BZF and W6FZJ in July, 
1973 (don't ask me why it wasn't two-way because 
I'll cry loudly). During October, 1973, using only 200 

13-11 I16 inches 
12-19/32 inches 
12-1 I 2  inches 

12-1 14 inches 
12-5132 inches 

12-1 132 inches 
11-15/16 inches 

11 -27132 inches 
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watts and this array, EME signals from KHGBZF were 
copied and identified at W6FZJ. KHGBZF now uses 
this setup on Oscar 7, Mode €3. 

This article has presented a new and relatively 
precise way to consistently design and build Yagi 
antennas with optimum, reproducible gain character- 
istics - selecting a boomlength to suit your own re- 
quirements. Three design examples have shown Yagi 
antennas with demonstrated performance. If con- 
struction tolerances are held to 0.003X maximum 
10.001X preferred), you should be able to design your 
own Yagis with the same excellent results. As 
pointed out earlier, director elements should be 
Slightly shortened, while reflectors should be length- 
ened when rounding off the calculated dimensions. 

Before actually starting to build a given design, 
double check your mathematics and scaling; it will 
pay off a 100-fold in time saved (and frustration). In 
those cases where the numbers in table 1 do not 
agree exactly for the first director, reference at 
0.0085 ( d l A )  on the chart. The feed methods are not 
critical, and attention to the details outlined in refer- 
ences 5 and 6 should fill any voids in this article. 

In closing, I would especially like to thank Don Hil- 
liard, WBPW (ex WBEYE), who first introduced me to 
this information, and to Peter Viezbickie who, after 
much prodding by Don and myself, finally published 
this wealth of information. Now you, too, can be an 
expert in designing your own Yagi antennas. 
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I the future of the 
amateur satellite service 
During Phase I l l  of 

the amateur satellite program 

AMSAT will place advanced 

communications satellites 

in high-altitude orbits 
which will allow 

long-range communications 

for up to 15 hours per day. 
This article discusses 

the capabilities 
of those satellites, 

and the financial support 

required from the 

amateur community 

Amateur radio stands on the threshold of the most 
exciting and comprehensive change in its history, a 
change more revolutionary than that from spark to 
CW, or a-m to ssb, or the advent of vhf-fm repeaters. 
The Phase Ill Amateur Satellite Program, about 
which you'll be reading a great deal in the coming 
months, sounds more like science fiction than fact. 
However, in the past few years the facts have 
become increasingly clear: amateurs are already in 
command of the technology needed to produce a 
cost-effective satellite system - a system, not just a 
single satellite, capable of greatly enhancing the 
reliability of long-distance communications while 
simultaneously reducing the cost of the average 
amateur radio station. 

One day, probably in late 1979, the first amateur 
Phase Ill satellite will be launched, and a new era in 
amateur communications will begin. It's possible that 
within ten years from today the majority of long- 
distance communications (over 50 miles or 80 km) by 
amateurs interested in DX, contests, traffic handling, 
and casual rag chewing will be by satellite. As a 
result, crowding of the high-frequency bands may be 
significantly reduced, even with a rapidly increasing 
amateur population. 

Using satellite relays for global radio communica- 
tions was first proposed by Arthur C. Clarke in the 
British journal Wireless World in 1945. Approxi- 
mately 20 years later (March 9, 1965) the first active 
communications satellite, OSCAR 3, was launched. It 
may be hard to believe, but radio amateurs were 
communicating through OSCAR 3 months before the 
first commercial communications satellite, Early Bird 
(Intelsat I), was placed into orbit. Yet today, 12 years 
later, while satellites are carrying approximately two- 
thirds of all commercial transoceanic communica- 
tions,' amateurs are still relying almost entirely on 
erratic high-frequency circuits for distant contacts. 

Long-distance propagation on the high-frequency 
bands depends on signals being reflected by the 
ionosphere. A much more reliable communications 
system results when a satellite is substituted for the 
somewhat erratic ionosphere, and vhf or uhf bands 
are used for the radio links. You don't need to know 
much about the workings of the ionosphere to use 
the high-frequency bands; surprisingly, you don't 
need to know much about satellites to enjoy the ad- 
vantages of this new mode of communications. 

The satellite subsystem of primary interest to radio 
amateurs is the transponder, the electronic package 
which receives signals from stations on the ground 
and then retransmits them, on a different frequency 
with great amplification, back to earth. Although 
transponders are somewhat similar to 2-meter fm 
repeaters, there are significant differences: the linear 
transponders used on AMSAT satellites work equally 
wel l  wi th ssb and C W  signals, and they can 
simultaneously handle a large number of users. 

To appreciate the communications capabilities 
which high-altitude spacecraft will provide we can 

By Martin Davidoff, Ph.D., K2UBC. 13803 
Manor Glen Road, Baldwin, Maryland 21013 
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compare communications links involving Phase Ill 
(high-altitude) satellites, Phase 11 (low-altitude) 
satellites such as OSCAR 6 and OSCAR 7 which are 
currently in orbit, and the 20-meter band. The com- 
parison will consider a number of characteristics of 
specific interest t o  radio amateurs using these 
systems. 

1. Daily access time. How many hours each day 
does the user have access to the satellite? 

2. Maximum communications range. What is 
the maximum terrestial distance over which 
two stations can communicate? 

3. Communications performance. How strong - and intelligible are received signals? Can open- 
ings over specific paths be predicted reliably? 

4. Communications capacity. How many 
stations can use the satellite at the same time? 

5. Frequencies. What frequency bands will 
Phase Ill satellites use? 

6. Tracking techniques and operating 
schedules. Will the paper work involved in 
tracking and checking operating schedules be 
complicated and laborious? 

7. Ground-station equipment. How much 
transmitter power and how large an antenna 
will be needed? Will commercial or surplus 
equipment be available for a moderate cost 
ground station? 

8. Antenna aiming. Will the direction in which 
the antenna is pointed have to be continually 
adjusted while operating? 

9. Miscellaneous. How will factors such as 
satellite lifetime, signal time delay, lack of skip 
zone, Doppler shift, and crowding affect users? 

10. Financing the Phase Ill program. Can 
amateurs afford the Phase Ill program? 

daily access time 
The average amount of time that a satellite will be 

This article focuses on the potential impact of the amateur 
satellite program on amateur radio over the next ten years. 
The author, Dr. Martin Davidoff, KZUBC, is an assistant 
professor of mathematics at a community college in 
Maryland where he directs a National Science Foundation 
project involving satellites and college level science in- 
struction. In conjunction with the NSF project, he recently 
authored a textbook featuring the AMSAT-OSCAR series 
of satellites, Using Satellites in the Classroom: A Guide for 
Science Educators. K2UBC obtained his doctorate in 
Physics from Syracuse University in 1974 and has held an 
amateur license since 1956. Editor. 

fig. 1. Photograph of Satel/able styla tracking nomograph for ellip- 
tical orbit of the type used by the Phase Ill-A spacecraft. 

within range of a specific ground station each day 
(daily access time) is determined solely by the ground 
station's latitude. The first Phase Ill satellite will be 
injected into an orbit that initially places i t  within 
range of ground stations at mid-northern latitudes 
(this includes most of the United States) for about 15 
hours each day, and within range of ground stations 
at mid-southern latitudes for about 5 hours each day. 
The first Phase Ill satellite will therefore provide 
northern hemisphere amateurs with as much access 
time as ten optimally spaced OSCAR 7 satellites! Can 
you recall the last time that 20 meters was open 15 
hours per day on a regular basis? 

As the years pass, ground stations will find that 
their average daily access time will change. By 1985 
the first Phase Ill satellite will only be within range of 
northern hemisphere stations about 5 hours each day 
while southern hemisphere stations will have about 
15 hours of access time each day. But don't despair, 
AMSAT is capable of producing two additional Phase 
Ill spacecraft before 1985. If these spacecraft are in- 
serted into orbits similar to that of the first Phase Ill 
spacecraft, ground stations anywhere on earth will 
have access to at least one Phase Ill satellite for 
about 20 hours each day. 

maximum communications range 
Phase II satellites provide a maximum com- 

munications range of about 5000 miles ~8OOOkm). 
While this is adequate for Worked All States and 
DXCC, it's not very satisfactory by high-frequency 
standards. Phase Ill satellites will enable amateurs to 
communicate over a much greater distance - up to 
about 1 1200 miles or 18000 km - leaving only a very 
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small region at the opposite side of the earth out of 
range. The 20-meter band will continue to reward its 
followers with somewhat unpredictable openings to 
all parts of the globe. 

If you've had the opportunity of listening to ssb 
stations using the 4321146-MHz transponder on 
OSCAR 7, you know that satellites are capable of pro- 
viding telephone quality links. The 20-meter band 
can provide similar performance, albeit in a some- 

fig. 2. Relative eltltudm of Phase II wtellitm, Phase Ill setellitm, 
and the ionosphere - shown approximately to scale. Drawing does 
not take inclinetion of orbin into account. 

what erratic manner. As an example, assume it's 
August, 1977, and you're interested in the Denver- 
Frankfurt path during January, 1978. The best 
prediction high frequency propagation experts can 
offer is that 20 meters will probably be open over the 
path of interest sometime between 1600 and 1800 
UTC on about 15 days during January. If the first 
Phase Ill satellite was in orbit at this time, you could 
predict with better than 99% certainty, that the 
Denver-Frankfurt circuit would be open for several 
hours every day in January during time slots 
specified almost to the minute. 

The advantages of a Phase Ill satellite for pre- 
arranged point-to-point schedules are even more im- 

pressive when you consider a three-way contact be- 
tween, for example, New York, London and Tokyo. 
Satellites will make such contacts possible daily with 
clocklike regularity. What are the odds of being able 
to accomplish this on 20-meters? 

The received signal strengths observed by stations 
communicating through a high-altitude satellite will 
be largely independent of the distance between the 
stations. This results from the fact that the earth- 
satellite-earth distance and path loss are, for all prac- 
tical purposes, constant regardless of how far apart 
the two ground stations might be. Since distance 
doesn't count, a station across town and one nearly 
halfway around the globe will produce similar signals 
if they are using similar equipment. In fact, listening 
to  your own signal being returned from the 
transponder will indicate quite accurately how you 
sound to any station within range of the satellite. 

communications capacity 
The first Phase Ill satellite will provide a band of 

frequencies, nominally 150 kHz wide, capable of 
handling hundreds of simultaneous conversations. 
All users will be sharing the 50-watt satellite 
transmitter. Therefore, ssb and CW will be the prefer- 
red modes because they efficiently use the available 
satellite power. The satellite transponders will also be 
able to handle slow-scan TV, RTTY, and fm. But 
these modes should only be used in emergencies, or 
for special experiments coordinated with AMSAT, 
because they use a disproportionate amount of 
satellite transmitter power and, in the case of fm, ex- 
cessive bandwidth. 

A recent cost-effectiveness study suggests that 
crowding will not become a serious problem with the 
first Phase Ill spacecraft until 30,000 users are equip- 
ped to transmit on the uplink frequency.;! To prevent 
crowding problems AMSAT plans an ongoing Phase 
Ill construction program which is designed to keep 
pace with a rapidly increasing user population. Plac- 
ing an additional satellite in orbit every 24 months ap- 
pears to be a realistic goal. 

frequencies 
The first Phase Ill satellite will include two 

transponders. Therefore, even if one transponder 
fails, the satellite will still be available for communica- 
tion on a full-time basis. I f  possible, the two 
transponders on the first Phase Ill spacecraft will use 
reciprocal frequency combinations: one transponder 
will receive on 435 MHz and transmit on 146 MHz, 
the other will receive on 146 MHz and transmit on 435 
MHz. Users will be able to compare the performance 
of both transponders and express their preferences 
for scheduling and for future satellites. 

The amateur satellite program will continue to rely 
heavily on the 146-MHz and 435-MHz bands 
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throughout the 1980s. In the mid or late 1980s Phase 
Ill satellites are likely to include links at even higher 
frequencies such as the 920 MHz (32cm) and 2.3 GHz 
(13cm) bands; specific plans must await the outcome 
of the 1979 World Administrative Radio Conference. 

Low-altitude (Phase I l l  satellites may continue to 
use 10 meter downlinks, a band which is not suitable 
for Phase Ill. Readers interested in the factors in- 
volved in selecting frequencies for amateur satellite 
systems are referred to the excellent paper by Ray 
Soifer, W2RS.3 

tracking techniques and operating 
schedules 

You may be pleasantly surprised to learn that you 
won't need to know anything about tracking to use a 
Phase Ill satellite. After the first Phase Ill spacecraft 
is in orbit, you'll be able to turn on your receiver (with 
an omni-directidnal antenna connected) and check 
to see whether or not the band is open (satellite 
within range) by simply tuning for signals. About 
65% of the time stations in mid-northern latitudes 
(most of the United States) will find that they're in 
luck - signals will be present. If a second Phase Ill 
spacecraft is launched into a similar orbit, the 
probability of finding the band open will be about 
90%. When the band is open, you'll switch to a beam 
antenna and home in on the satellite by peaking your 
S-meter on a beacon signal. The same antenna set- 
ting will work for all stations received via the satellite. 
Peaking the antenna every 15 minutes should be 
more than sufficient. 

While the casual user can get away without any 
knowledge of tracking, some tracking skill (like a little 
insight into 20-meter propagation) wil l pay big 
dividends by enabling you to predict specific open- 
ings, to rare countries. 

Many radio amateurs think that satellite tracking is 
very difficult and requires a strong mathematical ap- 
titude. This just isn't true. Tracking is a simple, 
mechanical skill that takes only a few minutes to 
learn, and the only math needed is basic arithmetic. 
The ability to predict 20-meter propagation stands 
in sharp contrast; it's an impressive skill which re- 
q u i r e s  a g r e a t  d e a l  o f  k n o w l e d g e  a n d  
experience. 

Most  tracking methods use some sort of 
nomograph which usually consists of a map and 
transparent overlay. Until recently everyone had to 
build their own tracking nomograph from scratch - 
a straightforward but tedious job which is no longer 
necessary since excellent commercial tracking aids 
are now available.4 With minor modifications the 
basic tracking techniques and nomographs used with 
OSCAR 6 and 7 will also work for the radically dif- 
ferent orbits which early Phase Ill spacecraft will in- 
troduce. In fact, these same nomographs were ac- 

tually used t o  evaluate the communications 
capabilities provided by the various orbits considered 
for Phase Ill. Construction details for Phase Ill track- 
ing nomographs will be published in the near future. 

In the past, OSCAR 6 and 7 users have sometimes 
complained about the bookkeeping involved in deter- 
mining which OSCAR 6 orbits are available for general 
use and which OSCAR 7 transponder is scheduled to 
operate. The latest W6PAJ orbit calendars eliminates 
most of the bookkeeping drudgery by clearly listing 
the times and operating status for every OSCAR 6 and 
OSCAR 7 orbit during 1977. AMSAT will have a great 
deal of flexibility in scheduling future Phase Il l 
satellites because they will be controlled by onboard 
microcomputers that can be programmed by suitably 
equipped ground stations. User convenience will be 
the primary consideration when satellite schedules 
are chosen so bookkeeping requirements should be 
minimal. Tracking nomographs and orbit calendars 
will be made available for Phase Ill satellites soon 
after they're in orbit. 

ground station equipment 

Receiving. Ground stations working with Phase Ill 
satellites will need a good ssb/CW receiver capable 
of tuning a few hundred kHz around 146 MHz and/or 
435 MHz. 

Transmitting. A CW or ssb transmitter with about 
50 watts output at 146 or435 MHz will be required for 
the uplink. 

Antennas. Ground station communication via the 
Phase Ill satellite will usually require moderate gain 
(10-15 dBi) beam antennas for receiving and trans- 
mitting. A typical antenna array may consist of two 
or more Yagis mounted on a common mast using a 
single set of azimuth and elevation rotators. The en- 
tire structure can be smaller and lighter than the 
average three-element beam used on 20 meters. 

The selected antenna site should place the anten- 
na clear of surrounding objects and relatively close to 
the operating position since feedline losses are an im- 
portant consideration at 146 and 435 MHz. As a 
result, a chimney mount will often be as effective as 
a large tower. Neighbors (and zoning committees) 
will probably be unable to distinguish between a 
roof-mounted Yagi array for satellite work and a large 
television antenna! 

Although beam antennas will usually be required 
for reliable communications, simple omnidirectional 
antennas will also be useful at times. For example, an 
omnidirectional receiving antenna can be used dur- 
ing the entire orbit to determine whether the satellite 
is within range. In addition, omnidirectional transmit- 
ting and receiving antennas will sometimes be conve- 
nient for communication when the satellite altitude 
is relatively low (less than 15% of each orbit). 
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General. The satellite ground station that you put 
together will no doubt depend on the size of your 
pocketbook, the equipment you already own, the 
amount of time you have to devote to the project, 
and the transponder frequency. 

Here are some options that you may want to con- 
sider. If you presently own a good high-frequency 
receiver, a top-line vhf or uhf converter will provide 
you with a state-of-the-art receiving setup. For trans- 
mitting, the 10-watt multimode or ssb/CW trans- 
ceivers currently available for 2 meters and 70 cm 
look like a good choice. A linear amplifier with 6-10 
dB of gain will keep the transmitting antenna re- 
quirements within modest limits. 

Numerous pieces of commercial equipment 
suitable for satellite work (converters, transmitters, 
antennas) are currently available off the shelf; I'm not 
speculating as to what the future may offer. If you 
have some time and a little technical knowhow, 
you'll be able to put together a relatively inexpensive 
station using a surplus fm strip as a C W  transmitter 
and homebrew helix antennas. In any event, if you're 
currently thinking of investing in a vhf or uhf fm 
transceiver or amplifier, consider paying a little extra 
to obtain a rig with ssb/CW capabilities and purchas- 
ing an amplifier that can be run in the linear mode 
for ssb. 

Let's look at the equipment procurement problem 
from a different perspective by putting ourselves in 
the shoes of a newcomer to amateur radio five years 
from now (1982). If the newcomer intends to stick 
with the hobby for quite a few years and wants to set 
up a first-class station for local and DX work with 
new, off-the-shelf equipment what are the options? 

Option A 
Synthesized 2-meter fm transceiver 
Separate transmitter and receiver for high- 
frequency bands 

Kilowatt high-frequency amplifier 

50-foot (80m) tower and triband Yagi 

Option B 
10-watt multimode 2-meter transceiver 

10-watt multimode 70-cm transceiver 

50-watt, 2-meter and 70-cm linear amplifiers 

Modest roof-mounted antenna array 

While each of these options will provide roughly 
equivalent capabilities, Option B, which depends on 
satellites for long-distance work, costs approximately 
half as much as Option A.  Since prices for vhf and 
uhf ssb/CW gear are likely to decrease when a big 
new market opens up, the financial advantage of Op- 
tion B is likely to increase. 

The first Phase Ill satellite will be a moving target. 
The question that concerns radio amateurs is: How 
difficult will i t  be to track this satellite with a 
moderate gain beam? In other words, how frequently 
will the ground station operator be required to adjust 
the azimuth and elevation controls? The answer 
depends on a number of factors including: satellite 
orbit characteristics, location of the ground station 
with respect to the satellite, and the beamwidth of 
the antenna. 

An analysis of the problem, taking these factors in- 
to account, shows that a ground station using a 
moderate gain beam will, on the average, need to ad- 
just azimuth and elevation controls about once every 
15 minutes during most of the orbit. However, there 
will be times while the satellite is near the low point 
on its orbit (perigee) when almost continual adjust- 
ment of beam elevation and azimuth will be required. 
Since signals will be very strong near perigee, ground 
stations will find it convenient to switch from beams 
to simple fixed omnidirectional antennas during this 
relatively short period of time. 

Let's compare the dynamic antenna aiming re- 
quirements for Phase Ill, as just outlined, to re- 
quirements for Phase II satellites and the 20-meter 
band. Radio amateurs who have been using low or 
moderate gain beams to access OSCAR 6 and OSCAR 
7 will find that they'll be able to pay far less attention 
to azimuth and elevation controls when they com- 
municate via a Phase Ill satellite. Operators familiar 
with 20 meters will probably also be pleased to 
observe how a single antenna setting will work for all 
stations using the satellite; there's no need to 
repeatedly adjust the antenna for each weak DX 
signal. 

AMSAT hopes that some future Phase Ill satellites 
may be placed in geostationary (or nearly geosta- 
tionary) orbits.6 A satellite in a geostationary orbit 
will appear to remain fixed directly above a spot on 
the earth's equator; a satellite in a nearly geosta- 
tionary orbit will appear to drift slowly in longitude 
while remaining directly above the equator. Ground 
stations using these satellites will only need to adjust 
azimuth and elevation controls when switching from 
one satellite to another or when turning on the 
ground station after it's been off for a day or longer. 

miscellaneous 
Lifetime. Satellite lifetime concerns radio amateurs 
for several reasons. First, lifetime affects the yearly 
cost of the satellite. This subject will be covered in 
detail in the next section. Second, lifetime affects the 
long-term reliability of a satellite communications 
system. If a system depends on a single satellite, 
satellite failure shuts down the svstem. Potential 
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users of a system based on a single satellite are 
naturally hesitant about investing time, energy, and 
money in a ground station that might suddenly have 
no function. Although the long lifetimes of OSCAR 6 
and OSCAR 7 have alleviated this concern to some 
extent, the real solution is to produce a multiple 
satellite system so that the failure of a single satellite 
causes users only minor inconvenience. The term 
Phase Ill connotes just such a system. For this 
reason amateurs building ground stations for Phase 
Ill need not worry about their station suddenly 
becoming useless. 

Let's look briefly at some of the plans for imple- 
-meriting the Phase Ill system. Experience with Phase 
II has shown that it's reasonable to expect opera- 
tional lifetimes of five years for Phase Ill satellites. 
During the five year period following the launch of 
the first Phase 111 satellite, additional spacecraft will 
be placed into orbit; a new satellite every two years is 
a realistic goal for the 1977-1985 time frame. By 1984 
the system should average three or more Phase Ill 
spacecraft in orbit and operating at any given time. 

In the past amateurs thought that a satellite's 
useful life ended when it ceased to function. In the 
future AMSAT might decide to retire an old operating 
spacecraft from service in order to replace i t  with a 
new, more powerful model before total failure occurs 

Time delay. Time delays from 10 to 300 milliseconds 
on the earth-satellite-earth path will make continuous 
monitoring of your own downlink distracting - to 
say the least. This is just one illustration of the many 
subtle differences between terrestial and satellite 
communications systems which amateurs will en- 
counter in the future. 

Each time amateurs have introduced new com- 
munications systems (ssb in the 1950s, for example, 
or f m  repeaters in the 1960s). they've had to develop 
new operating procedures. Satellite systems will also 
require such innovations. One way to compensate 
for the time delays encountered while using high- 
altitude satellites might be to set the hang time on 
the vox or CW break-in system to 300 milliseconds 
and pause periodically for a second or two to enable 
the other party to break in. 

probably noticed the pronounced downward shift in 
frequency that signals exhibit during nearby passes. 
A similar downward shift in frequency can be ob- 
served when a train passes with its whistle blowing. 
In both cases the frequency shift (called Doppler 
shift) is observed even though the source frequency 
is constant. The magnitude of the Doppler shift 
which amateurs encounter during satellite com- 

Sketch of AMSAT-Phase Ill-A s~acecraft. 

munications depends on the relative velocity be- 
tween satellite and ground station and the frequency 
being used - higher relative velocities and higher 
frequencies produce greater shifts. 

Single-sideband communication is especially sen- 
sitive to Doppler shift since frequency changes of a 
few hundred cycles can make an ssb signal unin- 
telligible. The largest Doppler shift that amateur radio 
operators have so far encountered during two-way 
communications occurs when OSCAR 7 passes 
directly overhead with the 432/146 MHz transponder 
in use. Under these conditions the Doppler shift is 
annoying, but ssb stations are able to compensate by 
frequent receiver tuning. 

The first Phase Ill satellite will be moving slowly 

No skip zone. Satellite communication systems do (relative to the surface of the earth) most of the time. 

not exhibit skip zones. Consequently, it's easy to tell During this portion of the orbit, Doppler shift will be 

if a frequency is being used and a lot of unintentional smaller than observed with Phase II spacecraft which 

interference can be avoided. In addition, round-table wSe the Same transponder frequency combinations. 
and net operation will be greatly facilitated since all However, there will be a small segment of each orbit, 

users will hear each other. No problems to cure here amounting less than of the period* when 

- just a big bonus for satellite operators. Doppler shift may be annoying, although ssb com- 
munications should still be possible. 

Doppler shift. Anyone who has listened to signals Later Phase Ill satellites may be placed in geosta- 
from a low-altitude satellite such as OSCAR 6 or 7 has tionary orbits. Since these satellites will appear to re- 
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main fixed in space (no relative motion between 
satellite and ground station), no Doppler shift will be 
observed. In sum, Doppler shift will be of minor con- 
cern only with early Phase Ill satellites and of no con- 
cern with geostationary Phase Ill satellites. 
Crowding. I t  has been estimated that the first Phase 
Ill satellite can accommodate 30,000 users equipped 
to transmit on the uplink bands. The estimate is 
based on ssb stations using 100 kHz and CW stations 
using 50 kHz of the transponder. If crowding be- 
comes a problem before the follow-on Phase Ill 
spacecraft is launched, users have several options. 
Many may shift from ssb to CW to accommodate 
more stations in a given bandwidth. However, the 
opposite strategy, switching from CW to ssb, may 
actually be more effective in reducing crowding pro- 
blems because a station can pass a given amount of 
information in a much shorter time period with ssb 
than with CW, while using less total spacecraft 
energy. This strategy would work only if amateurs 
limit themselves to essential information - a ques- 
tionable objective. 

Crowding effects can also be minimized by in- 
creasing the amount of roundtable and net opera- 
tion. Phase Ill satellites are especially suitable for 
such use since there will not be any skip zone, and 
Doppler shift will be minimal. In any event, it should 
be evident that a number of viable options exist in 
response to any crowding problems that may tem- 
porarily occur. I have no doubt that amateurs who 
were raised on the 40- and 80-meter Novice bands 
will be able to devise satisfactory solutions. 

financing 
Phase Ill will become a reality only if the interna- 

tional amateur community is willing and able to 
financially support the program. While large dona- 
tions from individuals, corporations, and foundations 
are needed to produce the first Phase Ill spacecraft, a 
long-term Phase Ill program depends on small dona- 
tions from a very wide base of support in the amateur 
community. 

An educated guess places the procurement cost 
for a commercially built Phase Ill satellite in excess of 
five million dollars. An early AMSAT estimate pegs 
the cost of the first Phase Ill satellite at two-hundred 
thousand dollars, a considerably smaller but still im- 
posing figure. A much more meaningful number is 
the cost per year of service. Experience has shown 
that it's reasonable to expect an operational lifetime 
of five years for a Phase Ill spacecraft, so the cost 
per year of service for the first Phase Ill satellite is ex- 
pected to be less than $45,000. 

Let's look at this figure more closely. When the 
number of amateur radio operators equipped for the 

uplink reaches 15,000 (half the estimated spacecraft 
capacity), the yearly cost per user will be less than 
three dollars! This means that when A M S A T  
membership reaches 50% of user capacity, the cur- 
rent $10 AMSAT membership fee* should be able to 
support an expanding program of satellite construc- 
tion and provide for membership services, educa- 
tional programs, and the AMSAT Newsletter. 
However, AMSAT satellites will always be free access 
and available to anyone licensed to operate on the 
uplink frequencies. Readers interested in cost 
breakdowns for the first Phase Ill satellite should 
read the current series in QST by Jan King, space- 
craft project manager. 

general comments 
Phase Ill satellites have been compared to Phase II 

satellites and 20 meters throughout this article. The 
points of comparison were chosen to illustrate Phase 
I11 satellite capabilities in familiar terms. As a result 
many of the unique and desirable characteristics of 
Phase I1 satellites and 20 meters have been ignored. I 
will now briefly discuss some of these features. 

The 20-meter band will certainly remain a favorite 
of amateurs for a number of reasons. It's prob- 
abilistic nature is actually a very appealing 
characteristic - a skilled, knowledgeable, patient 
operator with a simple low-power 20-meter station 
will eventually be rewarded with exciting openings to 
the entire world. In addition, RTTY and sstv buffs can 
use 20 meters for hour after hour without ever worry- 
ing about using an unfair amount of satellite power. 

Low-altitude satellites can be used by very simple 
ground stations. Contacts through Phase II satellites 
have been made with as little as 100 milliwatts, and 
numerous amateurs have had contacts using less 
than 1 watt of transmitter power; it is therefore possi- 
ble to communicate through low-altitude satellites 
using small hand-held portable units. Low-altitude 
satellites can also be used in a broadcast mode, for 
example, to carry a single bulletin to the entire United 
States via 2-meter fm. Because of these features AM- 
SAT will launch another Phase II satellite in late 1977 
and continue the Phase II program through the 
1980s. If you haven't already done so, try your hand 
at using the low-altitude satellites currently in orbit; 
they can provide a great deal of fun and excitement. 

I think it's clear that Phase Ill will add a new dimen- 
sion to amateur radio by augmenting the existing 
long-distance communication modes, not  by 
replacing them. 

'Regular AMSAT membership is $10 per year; life membership is 
$100. Write to AMSAT, Post Office Box 27, Washington, DC, 
20044. 
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With the uncertain outcome of amateur frequency 
allocations at the World Administrative Radio Con- 
ference in 1979, and the rapidly increasing amateur 
population in the United States and abroad, the 
question is no longer "Can we afford to go ahead 
with the Phase Ill project?" The question is, "Can we 
afford not to go ahead with the Phase Ill project?" 

The European Space Agency has selected the first 
AMSAT Phase Ill satellite for a late 1979 launch. The 
selection was a significant honor for the AMSAT 
team, but satellite construction can proceed on 
schedule only if AMSAT can obtain adequate funds. 
The money needed can be raised if amateurs are will- 

" ing to demonstrate their commitment to the Phase Ill 
satellite program by joining AMSAT now, before the 
first Phase Ill satellite is launched. 

Individuals who would like to make a more sub- 
stantial contribution are encouraged to do so by 
donating money - contributions are tax deductible 
under section 170 of the IRS codes and/or donating 
time - volunteers are needed for a myriad of Phase 
Ill related activities (and you don't have to live in 
the greater Washington, D.C. area to participate). 

Ten years from today amateurs will probably look 
back at the years 1977-1981, bracketing the launch of 
the first Phase Ill satellite, as one of the most exciting 
periods in the histoory of amateur radio. Take part in 
making history and enjoy it as it happens; invest 
yourself in the future of amateur radio. 
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homebrew 
Touch-Tone encoder 

Details for building 
a simple encoder 

designed around 
the 555 timer IC 

For those w h o  l ike t o  make their own Touch- 
Tonet encoders, a cursory review of the amateur 
radio literature shows several reliable circuits. Sev- 
eral are built around the Western Electric Model 35 
pad.1-4 Another encoder used a pair of 565 IC vol- 
tage-controlled oscillators,4 while others have used 
the recently developed MC14410 cmos encoder.5.6 
However, to my knowledge, no encoder has been 
built or described using the type 555 IC timer. 

This article is the result of the challenge to design 
and build a simple Touch-Tone encoder wi th 
automatic PTT control using the 555 timer. 

design 
For a 12-button pad, Touch-Tone information is 

encoded in pairs using two of seven possible fre- 
quency tones. As shown in table 1, these seven 

tTouch-Tone is the registered trademark of the American 
Telephone and Telegraph Company. 

tones are divided into a "low" group (rows) of 697, 
770, 852, and 941 Hz; and the "high" group (col- 
umns) of 1209, 1336, and 1477 Hz. 

To generate the required Touch- Tone codes, two 
555 timers are required, each connected as an 
astable multivibrator with an output frequency 
given by 

R A  is the resistance between the timer discharge out- 
put and + Vcc, and R B  is the resistance between the 
threshold input and discharge output. As shown in 
fig. 1, RA is replaced by a resistive divider string for 
both the low- and high-tone oscillators. 

table 1. Frequencies used in the Touch-Tone signaling system. 

high-tone group 

low-tone group 1209 Hz 1336 Hz 1477 Hz 

697 H z  1 2 3 
770 H z  4 5 6 
852 H z  7 8 9 

For the low tone oscillator, U1, letting 
R A =  R1= 4.3k ohms, C = 0.047 pF, and f=  941 Hz, 
solving for R B  yields 14,164 ohms. To gknerate the 
next lower tone (852 Hz), R A  is now equal to R1 + 
R2, so that R2= 3.3k ohms. For the 770-Hz tone, R A  
now equals R1 + R2 + R3, giving R3 = 3.9k ohms. In a 
like manner, R4= 4.3k ohms. 

The high-tone oscillator U2, is designed in a similar 
manner. Starting with the 1477-Hz tone, letting 
R5=RT4 =3.9k ohms and C=0.047 pF, R6=2.2k 
ohms and R 7  = 2.4k ohms. 

For both oscillators the outputs are taken from the 

iy Howard M. Berlin, W3HB, 2 Colony Boule- 
vard, Apartment 123, Wilmington, Delaware 
19802 
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fig. 2. Type 566 timer output waveforms. When connected as an 
estable multivibrator upper trace is obtained from pins 2 and 6;  
lower trace from pin 3. 

timer discharge junction and trigger pins (pins 2 and 
61, which produce a pseudo-triangular waveform 
between 113 and 213 Vcc (fig. 2). A 741C op-amp, 
U3, adds the output,of both oscillators, shown in fig. 
3, and is coupled to a 10-k ohm pot, which is an 
output-level control. 

The automatic PTT control consists of another 555 
timer, U4, connected as a 1-second one-shot and 
relay K1. 

components 
For good thermal stability the 0.047-pF capacitors 

should be either tantalum or mylar, and resistors 

fig. 3. Addition to the low-tone oscillator (top trace) and the high- 
tone oscillator (center trace) to give a two-tone output signal when 
the digit 2 is pressed. 

R1-R9 should be 1 %. Several manufacturers current- 
ly advertise a 4x3 pad similar to the Chomerics type 
ER-21623. R10 and R11 are 10-turn pots. If desired, a 
type 556 dual timer can replace U1 and U2. Fig. 4 
compares the pin connections to of the'555 and 556 
timers. 

adjustment 
Start by pressing the * key and adjust R10 so that 

the low-group oscillator reads 941 Hz at pin 3 of U1. 
Consequently, frequencies of 852, 770, and 697 Hz 
should be obtained to within 2% when the numbers 
7,4, and 1 are respectively pressed. For fhehigh tone 

'A 
fig. 1. Touch-Tone encoder schematic using the type 556 IC timer with high and low tones. Automatic PTT control is also included. 
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fig. 4. Pin-connection comparison for the type666 and 666 timers. 

group, press the # key and a d j u s t  R11 so that the 
oscillator reads 1477 Hz at pin 3 of U2. Consequently, 
frequencies of 1336 and 1209 Hz should be obtained 

-to within 2% when the 0 and keys are pressed. 

fig. 5. Comparison of two-tone output obtained from the 565 timer 
encoder (upper trace) with Western Electric Model 35 pad (lower 
trace) for the digit 1. 

A comparison of the digit 1 generated by a Model 
35 pad and the 555 encoder is shown in fig. 5. 

For proper operation output-level control R12 
should be set against a deviation meter; otherwise 
on-the-air testing will be required to set the output 
level. 
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f requency-marker standard 
using CMOS logic 

Low power consumption 
and fast 

switching speeds 
through the hf bands 

are featured 
in this circuit 

A few frequency-marker standards have ap- 
peared in the amateur literature, but most use linear 
ICs or TTL logic. The frequency standard described 
here uses CMOS CD4000-series logic elements, 
which result in reduced power consumption but 
switch fast enough to allow sufficient switching 
speed and harmonic energy throughout the hf bands 
for good response. 

circuit description 
The divider arrangement is shown in fig. 1, in 

which a 400-kHz crystal-reference frequency is used. 
A 1-MHz reference would be better; however, the 
400-kHz frequency was chosen because of 
available parts. 

The oscillator is somewhat different than others 
using logic elements,' such as that using TTL ICs.2 
Resistor R1 keeps the input of the first NOR gate, 
U l A ,  stable; otherwise the oscillator refuses to 
oscillate at the crystal frequency. Resistor R2 is not 
critical and can be any value between 1 and 20 

megohms. It should be close to 10 megohms if 
temperature extremes are experienced.' Resistor R3 
provides load isolation between Y1 and the NOR- 
gate output. RC network C2, R3, R2, C1 forms a 
feedback arrangement similar to that recommended 
by reference 1, wherein C2 can be adjusted to vary 
crystal frequency to zero-beat with WWV or CHU. 
Capacitor C1 is used for crystal loading and centering 
of the crystal-frequency range. 

Buffer NOR gate U1 B isolates the crystal oscillator 
from the following divider chain, U2-U6. U2A-U3B 
are a divide-by-4 circuit in which the logic elements 
are JK flip-flops connected as D flip-flops (D flip- 
flops could be used here). 

Calibration markers were desired at 200, 100, 50, 
25, 10 and 5 kHz. This means that some additional 
dividing was necessary along with the following flip- 
flops to allow the desired symmetrical waveshape, 
since any feed back-type counter-divider produces 
an unsymmetrical waveform output. Therefore, U4 
was chosen as a divide-by-N counter IC, and the 
latch arrangement of U5 was used to reset the 
selected divide-by-5 logic. 

The 100-kHz output was first divided by 5, 
which was then divided by 2 to provide the sym- 
metrical 10-kHz output; this output was then divided 
by 2 to provide 5-kHz. A switch, S1, and a final buf- 
fer, U1 C, were used between selected output and 
the output coupling point. (A small 100-pF capacitor 
can be used for output coupling.) 

construction 
The photo shows component layout. I used perf 

board with straight pin-to-pin wiring. If you wish to 
use a PC board, one could be easily designed. 
Nothing is critical about parts layout; however, short 
leads should be used in the oscillator circuit to 
preclude problems with stray capacitance. 

- 
By Fred M. Griffee, W41YB, 8809 Stark Road, 
Annandale, Virginia 22003 
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fig. 1. The CMOS 1C frequency-standard schematic. Type JK flip-flops connected in a D configuration are used in the divide-by4 circuit (U2A- 
U38). Type D flip-flops could be used here. 

This CMOS crystal -frequency marker standard is a 
big improvement over the standard once used 
and consumes only 2.8 milliamperes at 9 volts, or 
25.2 milliwatts. A 9-volt transistor radio battery 
power source was used and will probably last close 
to its shelf life. The frequency standard works fine 
through 10 meters. However, no equipment was 
available to check it through uhf, so I don't know 
whether sufficient energy will be present at these fre- 
quencies. The switching speed appears to be ade- 
quate, however. 

Incidentally, a DT-cut crystal should be used for 
minimum temperature effects and frequency drift 
problems, since this type cut has much less frequen- 
cy variation due to nearby heat sources. 
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TOP NOTCH RIG PERFORMANCE 

FROM THIS SHOWCASE 
OF SWAN METERS. 

Swan precision meters are designed 
and built to help you make sure you're 
putting out all the watts your rig 
can deliver. 

And swan meters are priced 
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your antenna pattern right f rom 1.7 t o  55 MHz. Precision PC at a remarkably low price. Rear mounted coax 
by measuring relative board directional coupler makes it connectors for easy, neat installation. Capable 
radiated power. A one-two a solid value at  a rock-bottom price. handling 1000-watt Signals on frequencies fro 
power punch at  a knockout SWR-3 Pocket SWR Meter . . .S12.95 3.5 t o  150 MHz. With low insertion loss, it's gre 
price. FS-2 SWR and Field for mobile operations, too. SWR-IA ~e la t i ve  
Strength Meter . . . .S15.95 power Meter and SWR Bridge. . . . . . $25.95 



All-the-law-allows in-line wattmeter. This wattmeter tells the t ru th  about SSB. True peak envelope 
With three scales t o  2000 watts, new flat- power of your voice modulated signal is what you want t o  know 
frequency-response directional coupler for most about your SSB transmission, and that's where our 

5 

maximum accuracy and a price. WM3000 shines. Flat response forward or reflected power from 
anybody can afford, this meter has 3.5 t o  30 MHz on scales t o  2000 watts in RMS or PEAK at  the f l i ~  
become an amateur radio standard. of  a switch. WM3000 PeakIRMS Wattmeter . . . . . . . . . . . .s79.95 
3.5 t o  30 MHz with expanded range 
SWR scale. 
WM2000 in-line wattmeter. . 559.95 

it is. This little unit is so compact it 
could measure relative radiated 
power in your pocket. Telescoping 
antenna and a frequency range of 
1.5 MHz all the Way t o  200 MHz. 
FS-1 Field Strength Meter. . . . .S10.95 

Use this meter for output power 
measurement and troubleshooting, 
too. Better than 10% full scale 
accuracy from 2 t o  30 MHz, and 
you can go t o  50 MHZ with onhl 
slightly reduced accuracy. Four 
scales t o  1500 watts and selector 
for forward or reflected power. 
WMl5OO In-Line Wattmeter. . S74.95 

Put your frequency up in lights. Perfect tuning and matching don't mean a thing if you're not on frequency. 
This counter tells the story on big, bright 5-digit LED display. Reads t o  2100 Hz or 2-l KHz between 5 KHz and 
40 MHz. Signal levels t o  50 millivolts so you can use as a test mc luency counter . . . . . $169.9: ?ter, too. i 



audio-f requency 
speech processor 

Design and 
construction of a 

logarithmic limiting type 
speech processor 

featuring pA741 ICs 

An easy way to improve ssb-transmitter per- 
formance is to use a well-designed speech processor 
between microphone and transmitter. Such a pro- 
cessor, if properly adjusted, will make a noticeable 
improvement in your transmitter speech readability. 
Contrary to current rumors, poor audio quality and 
increased bandwidth are not inherent in a good 
design. 

Audio-signal conditioning requires no transmitter 
modifications with ?he exception of a cooling fan to 
protect components because of the increase in aver- 
age power input to the final amplifier. Such a fan 
may be mounted externally if needed. 

The speech processor described here is of the 

1 logarithmic type' and is easy to adjust and use. 
When used with my SB-401, this speech processor 
resulted in a signal-strength increase at the receiv- 
ing end of at least two S-units. I've yet to get a re- 
port of poor audio quality or splatter, even from op- 
erators using monitor scopes. As a result, I use the 
processor at all times. 

1 response 
Much has appeared in the amateur literature re- 

garding the ideal response of speech processors. 
For example, reference 2 states that, "The only way 
to accurately evaluate the actual improvement of- 

I 
FREOUENCY I&) 

fig. 1. Speech-processor response below clipping level. Vin =0.054 
volt p-p: Vout = 0.m volt p-p at 0 dB; Generator Zout = 50 ohms: 
Zload = lmegohm. 

By Frank C. Getz, K3PDW, 685 Farnum Road, 
Media, Pennsylvania 19063 
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fig. 3. Speech-processor schematic. Numbering for 14-pin DIPS is shown. 

U I , U ~ . U ~  pA741 operational amplifier (use mini-dipfor PC board) U2 limits because the nonlinear resistance character- 
SWl 4 pdt rotary switch 
C 1 220 pF. 50 WVdc disc ceramic 

C2.C7.C8.C9 0.1 ,if, 50 WVdc mylar 
C3.C4 0.05pf. 50WVdc. 5% mylar 
C5 0.02 /if, 50WVdc. 5% mylar 
C6 0.001 /if. 50WVdc. 5% mylar 
C10 0.005 /if. 50WVdc mylar 
CRl.CR2 1 N914 diodes 

istics of CR1 and CR2 supply increasingly heavier 
negative feedback as U2 output amplitude increases, 
which provides a logarithmic response. Limiting is 
soft and is similar to that of a compressor followed by 
a hard limiter. R8 eliminates any dc offset in U2 out- 
put due to input bias current. R9, R10, R11, and C5, 

R3, R4 15k or 10k linear pot, composition type C6. and U3 form a low~ass active filter, which at- 
All other 
resistors 114 watt, 5% 
SW1 4 pole, 2 position 

tenuates frequencies above 2.8 kHz that may be 
generated in the clipping process. R13 provides out- 
put level adjustment, so that the transmitter drive- 

fered bv a s~eech  Drocessor is to measure the Intel- , . 
ligibility Threshold Improvement (ITI)." After much 
experimentation, 1 found the frequency response of FILTER 

fig. 1 to be a good compromise between maximum 
readibility and good audio quality. The audio band 
width is sufficiently limited without impairing voice LIMITER 

quality. 
fig. 2. Block diagram of the logarithmic speech processor. 

circuit description 
Fig. 2 shows the block diagram for the processor. 

The schematic is shown in fig. 3. R lCl  forms an rf 
filter to prevent rf on the microphone cable from get- 
ting into the processor. C2R2 gives some highpass 
filtering action. R2 provides bias to the noninverting 
input of U1, and combined with the input impedance 
of U1, will provide sufficient load to a crystal or ce 
ramic microphone to attenuate low-frequency com- 
ponents and reduce harmonic distortion produced by 
very-low-frequency energy entering the microphone. 

U1 is an adjustable gain-preamplifier, which over- 
comes losses in the highpass filter (C3, C4, and R5) 
and sets the input level to U2, the limiting amplifier. 

level control doesn't have to be changed when the 
processor is switched in or out. 

construction 

Wiring and component values with the possible 
exception of the resistors and capacitors that com- 
prise the high- and lowpass filters are not particu- 
larly critical. The usual precautions applicable to 
audio circuitry should be observed. 

The original version was wired on a small PC board 
intended for breadboarding DIP integrated circuits. It 
was then mounted along with two standard alkaline 
transistor radio batteries, in a 3 x 4 x 5-inch (77x102~ 
128mm) aluminum box with plenty of room to spare. 
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fig. 4. PC board layout, foil side. 

fig. 5. Component side of the PC board showing parts placement. 

A PC board layout is shown in figs. 4 and 5." 1 
used IC sockets in my original unit, but these are not 
absolutely necessary. 

The alkaline batteries should be good for about a 
year of normal operation, but an ac power supply 
could be substituted if precautions are taken to mini- 
mize ac hum, which would be particularly trouble- 
some if introduced at this level. 

I mounted two double-pin audio connectors of the 
same type used for the transmitter microphone con- 
nector on the rear of my processor. These are the in- 
put and output connectors and permit easy insertion 
and removal of the processor. The cable between 
processor and transmitter is of the same type as used 
on the microphone and is terminated at each end 
with a connector identical to that used on the 
microphone. (Don't forget to carry any PTT lines 
directly through the unit.) 

'A printed-circuit board is available from the author for $4.95 
and a self-addressed stamped envelope. 

Although holders are available for 9-volt batteries, 
I found that the heavy flat plastic wire ties used by 
electricians to bundle conductors make a very secure 
mounting. Make sure to use the type with a mount- 
ing hole molded in one end. Standard battery clips 
were used for the electrical connections. 

operation 
Operation is simple. Once the settings of R 3  and 

R 1 3  have been established, the on-off switch is the 
only control used. I used screwdriver-adjust pots in 
my unit. 

The transmitter should be tuned in the normal 
fashion with the processor switched out. The 
transmitter microphone gain control should be set at 
the proper level, using a monitor scope or the 
transmitter's ALC indicator according to the instruc- 
tion manual. Turn limiting control R 3  about one-half 
turn clockwise, switch in the processor, and adjust 
output control R 1 3  for the same ALC indication or 
peak-monitor-scope deflection that was obtained 
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without the processor. On-the-air reports can then 
be used to determine the optimum settirig of R3. 

After adjusting R3, always recheck the setting of 
R13. Use discretion in adjusting R3. Extreme limiting 
should be avoided if the best combination of signal 
strength and audio quality is to be attained. 

A too-high setting of R3 will also cause normal 
background noise to become objectionable as the 
audio gain for low-level signals is increased. Conse- 
quently, the processor can be used most effectively 
in a quiet, echo-free environment. 

The use of this speech processor will increase the 
average power input to the final amplifier and cause 
some increase in final-amplifier -tube dissipation. To 

Breakaway section showing wiring and underchassis layout. 

extend tube life, 1 added a small cooling fan. The fan 
I used is of the axial type. It is rectangular, about 5 
inches (128mm) on a side and about 1 % inches 
(38.25mm) thick, with mounting holes in each cor- 
ner. I fastened four small rubber feet at the mounting 
holes and placed the fan on top of the perforated lid 
of the transmitter, directly above the final tubes, so 
that the fan draws air from inside the cabinet. I 
decreased the air flow and noise level of the fan, both 
of which were excessive, by installing a resistor of 
about 375 ohms in series with the fan motor, which 
resulted in a quiet cooling system. 

Performance over a 12-month period has been ex- 
cellent. The increased range and number of solid ssb 
contacts have more than justified the modest invest- 
ment in time and material for the speech processor. 

references 
1. Bob Myers. WIFBY, "A Quasi-Logarithmic Analog Ampli- 
tude Limiter With Frequency-Domain Processing," QST, August, 
1974, page 22. 
2. Gene Nurkka, VKSGN, "Integrated-Circuit Single-Sideband 
Speech Processor," ham radio, December, 1971, page 31. 
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Ecorro-kne 
Quality for an Economy PI 
Solid State Construction 
Linear Switch (FMISSB) 
Broad Band 

I Madel Input Output Typical Frequency Price 111 

Now get TPL COMMUNICATIONS quallty and 
rellablllty at an economy prtce The solld state construc- 
tton, featuring magnetically coupled transistors and a 
float~ng ground, glves you an electrontcally protected 
ampltfler that should last and last 

The Llnear Blas Swltch allows you to operate on elther 
FM or SSB The 702 and 7028 are exceptionally well 
sulted for 2-meter SSB Typlcal power output levels as 
h~gh  as lOOW PEP can be achleved wlth the proper dr~ve 

The broad band frequency range means that your 
ampllfler 1s lmmedlately ready to use No tunlng IS 

requlred for the entlre 2-meter band and adjacent MARS 
channels on TPL s new Econo-Line 

See these great new addlt~ons to the TPL COM- 
MUNICATIONS product llne at your favorlte radlo dealer 

Call or wnle for pnces and fnfor- 
maDon on TPl's complete 11ne of  
amateur and commerc~al amphhers 

COMMUNlCAT,ONS INC. 
1324 W. 135TH ST., GARDENA, CA 90247*(213) 538-9814 

bnoda: A . C . S i m d s  8 Sons Ltd. 285 Yorklmd Blvd., Witlowdole, bntaioM2J 1% 
E- : EMEC Inc., 2350 South 30ti Avenue, Hollmdole, Flo. 33009 
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I SPEND 8 FABULOUS DAYS IN  EXCITING HAWAII ON SAROC'S HAWAII WEEK I 

Your holiday includes: 
Attendance at SAROC Hawaiian Convention, Saturday and Sunday, November 5 and 6. 
Seven nights at the fabulous HYATT KUiLlMA RESORT HOTEL and COUNTRY CLUB on 
Oahu's North Shore. 
Roundtrip air transportation, double occupancy in hotel room and SAROC Advance 
Registration just $350 per person. Limit 2 pieces of luggage per person. Tax and gratuity 
included. 
Departs Los Angeies, November 1,1977 - Returns November 8,1977. (United Airlines 
OTC Flight) 
Optional plan: $360 per person departing from and returning to Las Vegas via United. 
$100 deposit immediately, full payment by September 15,1977. 
SAROC Advance Registration $3.00, with Saturday Banquet $11 per person. 

Write for further details 

I BOX 945, BOULDER CITY, NEVADA 89005 I 
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We've just made the impossible ... 
a professional 3% digit DMM Kit for less than $60. 

The Sabtronics Model 2000 is an impossible $59.95! 
And that price still includes phenomenal accuracy, range 
and professional features. 

This all-new benchlportable multimeter, reading to 
r 1999, has a basic accuracy of 0.1% a 1 digit, and has 
five functions giving 28 ranges. 100% overrange and 
overload protection. So you know it's no toy! 

Besides, what toys are as automatic as the 2000? With 
automatic overrange indication, automatic polarity, 
even automatic zeroing! 

Yet the 2000 is easy to assemble. We send you all the 
parts you need, even the high-impact case. We also send 
you clear, step-by-step assembly instructions. 

So you end up with a professional quality 3'/2 digit 
DMM for the unheard-of price of less than $60. From 
Sabtronics, specialists in digital technology. And 
manufacturers of the impossible. 

Order yours today! 

sabtronics E - - 
INTERNATIONAL INC w 

B o x  64683 Oelles. Texas 75206 (21 41 369-731 0 

GUARANTEE: 
Our guarantee to you; examine the 2000 
DMM kit for 10 days. If you're not satisfied, 
return it unassembled for a full refund of 
purchase price. 

SPECIFICATIONS: 
DC volts in 5 ranges: 100pV to 1000V. 
AC volts in 5 ranges: 100pV to 1000V. 
DC current In 6 ranges: 10nA to 2A. 
AC current In 6 ranges: 10nA to 2A. 
Resistance in 6 ranges: I f 1  to 20MR 
Input Impedance: 10MR 
Display: 9mm (.36") LED. 
Power requ~rements: 4.5 VDC to 6.5 VDC 
(4 "C" cells-not included). 
hze: 8"W x 6.5"D x 3 . 0 " ~  
(203W x 165D x 76H mm). 

I To: Sabtronics International, Inc. I 
I P.O. Box 64683, Dallas, TX 75206 HR I 
I Please send me - Sabtronlcs Model 2000 DMM klt(s) at I 

S59.95each. subtotal I 
I Shipping and Handling, 35.00 per unit' 

I 
subtotal I 

I Texas Residents Add Sales Tax 
TOTAL enclosed 

I 
I I 

I Name 
I 
I 

I Street Address I 
I I 
I city I 
I I State ZIP 

I 'USA only. Canada. 58.50. All Other Countrles. $10.00. I 
L l ~ ~ l l I I l I l l ~ l l l ~ ~ ~ ~ ~ ~ ~ ~  



low-cost 
microwave spectrum analyzer 

How to put together 
a microwave 

spectrum analyzer 
from surplus 

odds and ends - 
the completed unit 

covers dc to 2 GHz 

M y  ongoing efforts to develop low-cost modules 
for the 1296-MHz band have often required the use 
of a spectrum analyzer for monitoring (and mini- 
mizing) harmonic and spurious frequency com- 
ponents. Numerous excursions through the local 
surplus test equipment emporiums revealed that an 
acceptable instrument could cost several thousand 
dollars - well beyond the budget of the most 
dedicated experimenter. While searching for the 
unbeatable surplus buy which never materialized, I 
noticed the ready availability and comparatively low 
cost of a wide variety of S-band (2-4 GHz) test in- 
struments and components. It occurred to me that a 
microwave spectrum analyzer could be put together 
from these available parts at a considerable savings. 
This article documents the design, construction, 
operation, and performance limitations of the 
resulting microwave spectrum analyzer. While I 
doubt that any reader will want to duplicate my 
design in its entirety, I hope this article will provide 

guidance and encouragement to anyone attempting 
a similar project. 

performance requirements 
The operation of any spectrum analyzer can be 

characterized in terms of its frequency coverage, 
dispersion, dynamic range, sensitivity, and resolu- 
tion. TO display frequency components well into the 
microwave region, I designed my spectrum analyzer 
to cover dc to at least 2 GHz. The same design 
strategy could be easily applied to other frequency 
bands. In fact, the upper frequency limit of this 
analyzer was later extended to 2.5 GHz, as discussed 
later. 

Dispersion describes the ability of a spectrum 
analyzer to display a broad slice of the frequency 
spectrum in a single sweep. Many of the low-cost 
analyzers on the surplus market display only a few 
MHz at a time. Such narrow-dispersion spectrum 
analyzers are useful as panadaptors, which display all 
signals within several hundred kHz of a specified 
operating frequency, but when tuning a microwave 
local-oscillator chain, monitoring mixer image 
response, or measuring transmitter harmonic con- 
tent, it is often desirable to display a band several 
hundred (or even thousand) MHz wide. The spec- 
trum analyzer shown here can display the spectrum 
from dc to 2 GHz in a single sweep. Since it's often 
desirable to narrow this sweep for a closer look at a 
particular signal, variable dispersion capabilities are 
included in the design. 

Sensitivity and dynamic range define the minimum 
and maximum signal amplitudes which an analyzer 
can display without distortion. In accordance with 
good engineering practice, I try to suppr-ss all 
transmitted spurious products by 50 dB or more. To 
accurately measure this performance, the spectrum 
analyzer requires at least 50 dB of dynamic range. As 

Ey H. Paul Shuch, WAGUAM, Microcomm, 
14908 Sandy Lane, San Jose, California 95124 
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for maximum input level, I often want to display a with this design, I can resolve frequency components 
+ 10 dBm (10 mW) signal (this is the local-oscillator to within about 2 MHz. 
injection level required of many balanced mixers). As most amateurs know, a general-coverage corn- 
Thus, 50 dB dynamic range with a + 10 dBm max- munications receiver can be used as a rudimentary 
imum input level yields an ultimate sensitivity require- high-frequency spectrum analyzer. With an input 

UPCONVERTER ASSEMBLY 

I t 
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fig. 1. Block diagram of the microwave spectrum analyzer. Most components were purchased on the surplus market. The swept local oscillator. 
the key to the analyzer. is a surplus 2-4 GHz backward-wave oscillator. The display is an ordinary oscilloscope with dc coupling and provisions 
for external sweep. 

ment of - 40 dBm, or 0.1 pW. Greater sensitivity (a 
lower minimum discernible signal) could have been 
obtained, but only at the expense of dynamic range. 

The objective of any spectrum analyzer is to 
display the various components of a complex 
waveform in the frequency domain. The closer the 
frequencies of any two components, the more dif- 
ficult it is to separate them on the spectral display. 
Resolution relates to the minimum frequency separa- 
tion between two signals of equal amplitude which 
will still permit the operator to discern two separate 
frequency components on the display. 

Resolution can be approximated as twice the i-f 
bandwidth of the analyzer system. Generally, the ob- 
jectives of wide dispersion and narrow resolution are 
mutually exclusive. When measuring transmitter 
audio intermodulation products with a two-tone test, 
for example, a resolution of a few hundred Hz is re- 
quired, and dispersion is likely to be several tens of 
kHz. When viewing harmonics of a 100-MHz 
oscillator, on the other hand, 2-GHz dispersion may 
be required, but a resolution of several tens of MHz is 
acceptable. 

Resolution is primarily a function of i-f bandwidth, 
which for my analyzer is fixed at 1 MHz. Therefore, 

signal applied to the antenna terminals, the receiver 
is manually tuned through its frequency range 
(dispersion). Frequency components are detected 
and displayed (perhaps with the receiver's S-meter). 
Resolution is a function of the i-f bandwidth, which is 
probably a few kHz. Sensitivity is a function of the 
receiver's noise floor, and dynamic range is limited 
by the receiver's agc and overload characteristics. 
Obviously, wide dispersion measurements require 
considerable operator intervention, in the form of 
tuning. Gain variations of the receiver from band to 
band will limit the accuracy of its amplitude indica- 
tion. Additionally, any nonlinearity in the receiver's 
agc circuit may prevent accurate amplitude measure- 
ment across the receiver's entire dynamic range. 
Also, the receiver's image and spurious rejection may 
be insufficient to eliminate false indications. 

Ideally, a workable spectrum analyzer should be a 
superheterodyne receiver in which these shortcom- 
ings are minimized. Frequency tuning should be both 
automatic and rapid. Instead of an S-meter, 
amplitude is displayed on an oscilloscope. If the 
scope's horizontal deflection is slaved t o  the 
receiver's tuning mechanism, the result is a display in 
the frequency domain. Dynamic range must be max- 
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Front panel of the microwave spectrum analyzer showing the oper- 
ating controls. The variable i-f attenuator lupper left). although csli- 
brated in 6 dB steps. permits amplitude comparison of signals dis- 
played on the oscilloscope. The i-f bandpass filter (center) sets the 
frequency coverage of the analyzer, as discussed in the text. 

imized, and spurious/image responses eliminated, to 
the greatest possible extent. 

Many of the objectives discussed previously are 
met in the design shown in fig. 1, a wide dynamic 
range microwave receiver with an electronically 
tuned local oscillator and ample image rejection. It in- 
cludes a 2-GHz i-f amplifier with variable gain and fix- 
ed bandwidth, and a sensitive detector for driving an 
oscilloscope. Unlike conventional receivers, this 
design up-converts the incoming signal to an i-f in 
the microwave region. Although this approach com- 
plicates i-f design, it permits wide dispersion tuning. 
It also improves separation of the rf  and image 
signals so a simple lowpass filter can be used to 
eliminate image responses. 

The microwave spectrum analyzer is divided into 
three separate sub-systems: the local oscillator, 
unity-gain upconverter, and display sections. 

local oscillator 

Alfred 622BK sweep oscillator, but any similar 
generator should work satisfactorily. These sweep 
generators consist of a voltage-controlled oscillator , 
typically a backward wave oscillator or BWO (a 
microwave oscillator built around a device similar to a 
traveling wave tube), power supplies, a sawtooth 
generator for developing a constantly varying vco 
control voltage, and leveling circuitry to maintain 
constant output across the band. Start and stop fre- 
quency adjustments permit the oscillator to sweep 
all, or any portion of, the 2 to 4 GHz band. Leveled 
output power is typically 10 to 30 milliwatts. 

Many companies are currently retiring their BWO 
sweep generators in favor of wideband, solid-state 
units, so quite a few BWO generators have recently 
appeared on the surplus market at prices ranging 
from $200 to $400 or so. Since this is the most costly 
component of the microwave spectrum analyzer, 
make sure the unit you buy is in good operating con- 
dition. Reputable electronics surplus dealers will 
often let you power up an instrument and make a few 
measurements prior to purchase. A practical test re- 
quires the use of a microwave power meter 
(bolometer bridge or equivalent) to observe output 
power in the leveled CW mode as the generator is 
manually tuned across the band. Although a few dB 
variation is acceptable, dead spots or severe power 
drop-off at the high end of the band indicates a fail- 
ing BWO. A good, used BWO should provide years 
of reliable life in intermittent amateur service. 

Central to the design of this spectrum analyzer was 
Interior of the spectrum analyzer converter section showing the 

the availability, on the surplus market, of a leveled, double-balanced mixer and attenuation pads, input filter. i-f filter. 
swept signal source covering 2 to 4 GHz. I used an and variable i-f attenuator. 
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fig. 2. Power levels in the upconverter used with the microwave spectrum analyzer lwith the variable ettenuator set at 0 dB, which results in unity 
conversion gain). 

As can be seen in the block diagram, fig. 1, the 
spectrum analyzer converter assembly consists of an 
input lowpass filter, an S-band double-balanced mix- 
er, some attenuator pads, a high-Q i-f filter, a 
variable i-f attenuator, and sufficient i-f amplification 
to bring maximum conversion gain to unity. The i-f 
detector and its video load, though installed in the 
converter assembly, are discussed later with the 
display. 

The characteristics of the balanced mimer, more 
than any other component, establish the linearity and 
dynamic range of the analyzer. I used a Relcom M I  F 
mixer which I found on the surplus market for $35 
(the mixer retails for about $200). The rated frequen- 
cy response of this mixer is dc-2 GHz at the i-f port, 
and 2-4 GHz at the rf and LO ports. Note that the in- 
coming signal is applied to the i-f port; the rf port 
drives the i-f system. Thus, all ports are operated 
withinn their specified frequency ranges. 

With the 10 mW of local-oscillator injection applied 
to the mixer from the sweep generator, the mixer's 
conversion efficiency is compressed by 1 dB at an in- 
put signal level of 1 mW. Since I wanted to analyze a 
10 mW signal on the spectrum analyzer without ex- 
ceeding 1 dB compression, it was necessary to place 
a 10 dB attenuation pad ahead of the mixer's input 
(i-f port). This pad also assures proper impedance 
termination for the mixer, as does the 6 dB at- 
tenuator at the output (rf port). Fixed attenuators for 
dc to 2 GHz are available to the surplus bargain 
hunter for as little as $5.00, or may be purchased new 
for $15 to $20. 

With 2 GHz i-f, and a swept LO covering 2 to 4 
GHz, the mixer will respond to signals in the dc-2 

siderable confusion on the display. Thus an input 
lowpass filter was installed in the system to block all 
signals above 3 GHz from entering the mixer. I used a 
MicrolabIFXR LA30N filter which I salvaged from 
another piece of equipment. Although the filter 
originally cost $40, similar devices are available 
through surplus outlets for $5 to $10. 

GHz region, as well as in the 4-6 G H ~  image band. Spectrum analyzer i-f section. The three 2-GHz amplifiers are at the 
Any components in the image band will cause con- bottom. Diode detector is at upper left. 
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The i-f bandwidth of this analyzer is established by filter to vary i-f gain . The attenuator I used was also 
a high-O tunable coaxial or cavity filter which is tun- salvaged from the TS-406 noise generator, but any 
ed to 2 GHz. I used the filter from a surplus TS-406 continuously variable or step attenuator rated to 2 
noise generator, but any cavity with a O of 1000 or GHz is acceptable - TO dB steps will allow coarse 
greater should be acceptable. It's also possible to use system gain control; if 1 dB resolution is included, 

Example of spectral impurity. as displayed on the microwave spectrum analyzer. Presence of harmonic. subharmonic, and spurious signals 

shown in A is the result of an overdriven uhf amplifier. The same amplifier, with drive reduced to the rated level. is shown at 6: the one spurious 

component Is down by more than 20 dB. Display is from dc t o 2  GHz. 

a transmission-mode cavity wavemeter as an i-f filter. 
These widely available devices have a loaded O of 
several thousand, and exhibit only a few dB of inser- 
tion loss at resonance. Note that an absorption-type 
wavemeter is not acceptable because the filter must 
pass maximum signal to  the i-f amplifiers at 
resonance. 

A 50 dB variable attenuator was installed after the 

the attenuator can also be used for accurate signal 
level comparison. This is accomplished by viewing 
one signal component, setting a convenient refer- 
ence level on the display, varying the attenuator for a 
like indication on the other signal component, and 
noting the change in attenuatorsettings. 

Considerable i-f gain is required to achieve the 
desired sensitivity. I cascaded three stages of the 
Microcomm PA-13 buffer amplifier." These 
microstripline amplifier modules offer 10 dB of gain 
per stage across the 2.0-2.3 GHz band, and are 
biased for 30 mW output at 1 dB gain compression. 
Since i-f noise figure is not a limiting factor so far as 
system sensitivity is concerned, any available wide 
dynamic range amplifier for 2 GHz may be used. 

display 
The local-oscillator signal for the spectrum 

analyzer is swept by a sawtooth waveform; 
therefore, displaying a signal in the frequency do- 
main is simply a matter of detecting the output signal 
from the i-f amplifiers, applying the recovered video 
to the vertical deflection amplifier of an oscilloscope, 
and applying the sawtooth output voltage from the 
sweep generator to the oscilloscope's horizontal 
axis. Since a relatively slow sweep rate is used, the 

Microstripline side of the 2-GHz amplifier (Microcomm PA-13). 'Available for $64.95 per stage {plus postage and handling) from 
Three of these units provide 30 dB gain at 2 GHz. Microcomrn, 14908 Sandy Lane, San Jose, California 95124. 
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Output of a local-oscillator chain for a 1296-MHz converter. At A the i-f gain of the spectrum analyzer has bean increased to show the spurious 
signals, which are 30 dB below the desired signal. The display at B shows the output of the same local oscillator after it  has passed through a 3- 
pole bandpass filtar. Although the filter has attenuated the desired signal by 1 dB, all spurious signals are down more than 50 dB. 

frequency response of the oscilloscope is unimpor- 
tant. Virtually any scope with dc coupling and provi- 
sions for external sweep may be used. 

The dynamic range of the detector which follows 
the i-f amplifiers is of major concern. Fig . 2 shows 
the nominal gain or loss of each element of the 
analyzer upconverter, as well as maximum and 
minimum signal levels present at each stage with 
zero i-f attenuation (maximum sensitivity). Since the 
upconverter is operated at unity gain, the power 
available to the detector will vary from + 10 to -40 
dBm. Thus the diode's tangential sensitivity must be 
considerably below - 40 dBm, and the diode's 
saturation point above + 10 dBm, for a usable 
display. Although I know of no diode whose transfer 
characteristics are uniform over so wide a range, the 
1 N21 family of point-contact diodes are acceptable 
within certain limitations (discussed later). 

Diode dynamic range is enhanced by the optimum 
terminating impedance, which may vary between 
1000 ohms and 10 kilohms or so. The input im- 
pedance of an oscilloscope's vertical deflection 
amplifier is typically 1 megohm; thus, to assure pro- 
per termination for the diode, a loading resistor is re- 
quired, as shown in fig. 1. Since terminating the 
diode's video port degrades the amplitude of the 
recovered video, increased oscilloscope vertical sen- 
sitivity is required. On my analyzer, a 7.5k ohm video 
load, in conjunction with a vertical sensitivity of 10 
mV/cm, provides an acceptable display. 

Note that the vertical display of the spectrum 
analyzer is approximately linear, not logarithmic. 
Therefore, it is possible to view only about 25 dB of 

amplitude range at once, and only with extremely 
limited amplitude resolution. However, by using the 
i-f attenuator to establish reference levels as de- 
scribed previously, the entire 50 dB of usable 

INPUT POWER / dBmJ 

fig. 3. Transfer characteristics of a typical microwave diode detec- 
tor using a point-contact diode. 
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dynamic range can be put to use. Future plans in- converter image response, and transmitter inter- 
clude capability for a logarithmic display, as outlined modulation products. 
toward the end of this article. 

I built the entire upconverter module in the case of 
a surplus noise generator (the filter and attenuator of 
which formed key i-f elements in my system). As can 
be seen in the photographs, the i-f amplifiers are 
mounted on standoffs inside the main chassis, and 
connected with UT-141 semi-rigid coaxial cable. If 

VERTICAL SENSITIVITI . 10 mvmm 

I F  ATTENUATION : 0 d B  

a 

improving sensitivity 
One of my primary design objectives was the abili- 

ty of the analyzer to handle relatively large ( + 10 
dBm) input signals without overloading. The input 
pad shown in fig. 1, although it prevents mixer 
overload at these signal levels, obviously limits the 

VERTICAL SENSITIVITY = 200 m u k m  

IF ATTENUATION : 0 d B  

fig. 4. Approximate vertical scale calibration of the analyzer display (no video processing). Note the excellent linearity at high power levels, and 
the compressed display when the detector diode is operated in the square-law region. 

flexible coax is used, I recommend RG-142BlU. This 
%-inch (6.5mm) cable is double-shielded, silver 
plated, has a Teflon dielectric, and accepts clamp- 
type SMA plugs of the low-cost E. F. Johnson JCM 
series. 

If desired, the i-f amplifiers may be mounted in 
Pomona 3601 die-cast aluminum boxes. These boxes 
present a neat appearance and afford somewhat bet- 
ter shielding than the standoff approach I used. 

The various components of the upconverter 
assembly sport a variety of connectors; between- 
series adapters are required to interface types N, 
SMA, and TNC receptacles. 

operation and applications 
A recent article discussed a variety of spectrum 

analyzer applications of interest to amateurs.' For 
additional information, Hewlett-Packard has pub- 
lished two application notes which discuss both the 
procedures and the theory of spectrum analysis.2.3 

The accompanying photographs show the displays 
obtained with this analyzer when measuring LO har- 
monic content, balanced mixer carrier rejection , 

ultimate sensitivity of the system. Additional i-f 
amplification would enhance the ability of the 
analyzer to display very small signals - but then the 
detector diode would saturate at high input signals. 

Where both increased sensitivity and large-signal 
handling capability are required, it's necessary to 
replace the 10 dB input pad with an appropriate step 
attenuator (and possibly adding additional i-f stages). 
One candidate for the input attenuator is the Kay 520 
which offers 10 dB steps to 70 dB and is flat to 2 
GHz. This unit is priced under $100 , but  like 
everything else in my spectrum analyzer, units are 
often available through surplus sources at con- 
siderable savings. 

Note that no variation in input attenuation or i-f 
gain can increase the dynamic range of this analyzer 
beyond 50 dB or so. Therefore, it is essential that the 
operator select input attenuation which is ap- 
propriate for the anticipated signal level. In short, in- 
put attenuation should be such that the signal ap- 
plied to the mixer does not exceed 1 mW, and that to 
the detector remains below 30 mW. A simple 
operating check involves increasing the input at- 
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As a transmitting mixer's i f port is overdriven. ~ntermodulation 
products at LO t 2i-f become more pronounced. and the amplitude 
of signals at LO + 3i-f begins to increase. This display also shows 
the second harmonic of the i.f injection signal lat the left) 

tenuation by 10 dB while decreasing i-f attenuation 
by the same amount. An increase in the apparent 
amplitude of the displayed signal indicates that the 
mixer was being over-driven. 

expanding frequency coverage 
Recently I became involved in designing amplifier, 

mixer and LO modules for 2304 MHz, and wanted to 
extend the upper frequency limit of this spectrum 
analyzer. This could be accomplished by varying 
either the swept LO frequency or the i-f frequency, 
or both. Since the LO frequency range is limited by 
the coverage of the available sweep generator, I 
chose to change the i-f frequency. 

With a 2 to 4 GHz swept LO, frequency coverage 
from 500 MHz to 2.5 GHz could be obtained by modi- 
fying the analyzer's i-f to 1.5 GHz. However, this ex- 
ceeds the rated frequency range of the mixer's rf and 
i-f ports. Fortunately, the frequency response of the 
i-f port of the mixer I used exceeded the specified 2 
GHz. At 2.5 GHz input, vswr is degraded somewhat, 
but the use of the 10 dB input pad effectively masks 
this mismatch. As for the frequency response of the 
mixer's rf port (used to develop i-f output), reducing 
the i-f frequency to 1.5 GHz degrades conversion ef- 
ficiency by several dB. The i-f is fixed, however, so 
this degradation applies equally to all input signals, 
and no system linearity is sacrificed. 

I originally planned to switch in a separate i-f 
system for high band (0.5-2.5 GHz) coverage, but I 
discovered that the PA-13 i-f amplifiers were suffi- 
ciently broadband that they have usable gain at 1.5 
GHz. Since the cavity filter used to establish i-f band- 
width is tunable, setting the spectrum analyzer up for 
high-band coverage is simply a matter of retuning the 
i-f filter to 1.5 GHz. In this mode, overall analyzer 

sensitivity is degraded by about 10 dB, but it is still 
adequate for many applications. 

With a 1.5 GHz i-f, the input signal range extends 
from 500 MHz to 2.5 GHz, and the image band from 
3.5 to 5.5 GHz; therefore, the existing 3-GHz lowpass 
fi lter provides ample image rejection without 
degrading input frequency coverage. 

detector limitations 
In normal operation (fig. 2) the diode detector 

sees a power level from - 40 to t 10 dBm. Fig. 3 
shows the transfer characteristics of a typ~ca l  
microwave detector diode over this range. It can be 
seen that the diode is being driven from its square- 
law region into its linear region. Thus, at high signal 
levels, 10 dB of signal change results in approximate- 
ly a 10 dB change in recovered video amplitude; at 
lower power levels a 10 dB input signal variation 
may change video amplitude by up to 20 dB. Ob- 
viously, the linearity of the display is marginal, at 
best, and usable dynamic range is restricted to 
about 25 dB unless the operator varies i-f gain, or 
vertical sensitivity or both. 

H e w l e t t - P a c k a r d  i n t r o d u c e d  a series o f  
oscilloscope overlays for interpreting non-linear 

Properly driven 1296-MHz transmit mixer, at the output of a 3-pole 
bandpass filter. The image, i-1, and LO signals are all 40 dB down; 
intermodulation products are more than 50 dB down. The small pip 
at the left side of the trece is the bandedge marker and represents 
zero frequency: it  is produced when the LO sweeps through the i.1 
filter. 

(more properly, non-logarithmic) swept  display^.^ A 
similar set of overlays, which I have derived for my 
spectrum analyzer, is shown in fig. 4 .  Although 
this calibration data is valid only for my analyzer, a 
similar vertical axis can be derived for any spectrum 
display. All you have to do is apply an input signal of 
known amplitude through an accurate step at- 
tenuator. By varying the attenuation and noting the 
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displayed amplitude, calibration lines can be grease- 
penciled directly on to the face of the CRT. 

The utility of this spectrum analyzer would be 
greatly enhanced if i t  were possible to display 
simultaneously all signals between - 40 and + 10 
dBm. If you want to view the entire 50 dB dynamic 
range without adjusting reference levels with the i-f 
attenuator or-varying vertical sensitivity, i t  will be 
necessary to apply the output of the detector into a 
compression video amplifier. 

There are several integrated circuits available 
which provide logarithmic video amplification; with a 
logarithmic amplifier a display such as that shown in 
fig. 5 can be obtained. Note that below about - 10 
dBm, the display approaches a uniform 5 dB per cen- 
timeter deflection. However, the transition from 
square-law to linear detection results in severe scale 
compression at higher power levels. 

An ideal spectrum analyzer display should have 
vertical response similar to that shown in fig. 6. 
Although I have not yet been able to achieve this per- 
formance, it should be possible by developing a 
logarithmic video amplifier which makes its transition 
to linear response above a selected input level. 

An  approach used successfully by Pacific 
Measurements in their logarithmic power meters in- 
volves an operational amplifier in which the feedback 
resistance is a nonlinear element (a semiconductor 
junction). As the junction potential of this feedback 
path is exceeded, the gain curve of the op amp 
changes. The result is an amplifier which makes its 

VERTICAL SENSIT IV ITY = 4 0  mvlcrn  

I F  ATTENUATION ' 0 dB 

fig. 5. Typical vertical scale calibration of a spectrum analyzer with 
e logarithmic video amplifier. In this case display linearity is good 
at lower input signal levels, but compresses rapidly as the detector 
diode enters the linear region. 

transition from logarithmic to linear response at 
selected power level. Perhaps some reader will be 
able to contribute a similar circuit for appropriately 
shaping the video output of the spectrum analyzer's 
diode detector. What is needed is a display whose 

fig. 6. Ideal vertical response for a spectrum analyzer. This response 
requires a video amplifier with a logarithmic compression curve be- 
low an input of 200 mV, and linear response above 400 mV. 

amplitude is graduated at 5 dB per centimeter, over 
the entire dynamic range of the system. This 
modification would significantly enhance both 
measurement accuracy and ease of operation. 
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There are a number of good 2 meter FM transceiverson the market. You may already own one. 
But, even if you do. we suggest that you put your radio to this test. And, if you're thinking of buying 
one, this test should be a helpful guide. 

N O  YES 
Is it P L L  s y n t h e s i z e d ?  0 
Does it h a v e  100 c h a n n e l s  (88 p r e - p r o g r a m m e d ) ?  
D o e s  it h a v e  12 e x t r a  d i o d e  p r o g r a m m a b l e  c h a n n e l s ?  0 
D o e s  it h a v e  s i n g l e  knob c h a n n e l  s e l e c t i o n ?  
Does it h a v e  a L E D  d i g i t a l  f r e q u e n c y  d i s p l a y ?  
D o s  it h a v e  a p o w e r e d  tone pad c o n n e c t i o n ?  
D o e s  the receiver have helical r e s o n a t o r s ?  

If your answer is NO to any of these, the TR-7500 is the radio that you should own. And, 
in addition to these important features, you get proven Kenwood quality,value and service. 

Frequency Range: 146.01 to 147.99 MHz 
Mode: FM 
No. of Channels: 1M) 
Operating Temperature: -20 to 

+ 50 degrees C 
Power Voltage: 11.5 to 16.OV DC (13.8V 

OC nomlnal) 

Grounding Polarity: Negatlve ground 
Antenna Impedance: 50 Ohms 

Current d w n :  Less than 0.5A i n  receive 
w ~ t h  no Input slgnal 
Less than 3A In transmit 
(HI) Less than 1.M In 
transm~t (LOW) 
(at 13.8V OC) 

Dimensions: 172 mm (6-314") wide 
250 m m  (9-7/8") deep 
75 mm (2-15116") h ~ g h  

Welght: Approximately 2.2 kg (4.8 Ibs.) 
TRANSMIT SECTION 
RF Output Power: Hlgh: 10 Wans 

Low: 1 Watt 
(approx~mately) 

Modulal~on: Variable reactance 
frequency sh~ f t  

Frequency Deviat~on: * 5 KHz 
Spurious Rad~atron: Better than -60dB 

Tone Pad Input 
Impedance: 600 Ohms 
Mtcrophone: Dynamlc mtcrophone with PTT 

sw~lch. 500 Ohms 
RECEIVE SECTION 
Rece~ve System: Double conversion 

superheterodyne 
Intermediate Frequency: 1st IF: 10.7 MHz 

2nd IF: 455 kHz 
Sensitivity: Better than 0.4 uV for 20dB 

qu~etlng Better than 
1 uV lor 30dB SIN 

Squelch Senslllv~ly: Better than 0.25 uV 
Selectlv~ty: 1ZkHz at -6dB down 

40 kHz at -70dB down 
Image Relect~on: Better than -70dB 
Spurtous Interference: Better than -60dB 
Aud~o Output: More than 1.5 watts across 

8 Ohms load 105 dlstort~on 
lntermodulat~on: Better than 66dB 

T R I O - K E N W O O D  C O M M U N I C A T I O N S  INC.  1111 W E S T  W A L N U T / C O M P T O N .  C A  90220 



NEW STANDARD IN 
ECONOMY TRANSCEIVEn3 

The NEW TS-520s combines all of the fine, field-proven characteristics of the original TS-520 together 
with many of the ideas, comments, and suggestions for improvement from amateurs 

worldwide. Kenwood's ultimate objectives. . . to make quality equipment available at reasonable prices. 

FULL COVERAGE TRANSCEIVER easy and accurate adjustment of the AC POWER SlJPPLY 
The new TS-520s provides ful l  cover- plate control during tune-up. The TS-520s is completely self-con- 
age on  all amateur bands from 1.8 to 
2 9 . 7  MHz. Kenwood gives you 1 6 0  
meter capability, W W V  on 1 5 . 0 0 0  
MHz., and an auxiliary band position 
for maximum flexibility. And with the 
addition of the TV-502 and TV-506 
transverters, your TS-520s  can cover 
160  meters to 2 meters on SSB and CW. 
DIGI'AL DISPLAY DG 5 inr,l~nni 

The new Kenwood DG-5 provides easy, 
accurate readout of your operating fre- 
quency while transmitting and receiving. 
OUTSTANDING RECEIVER 
SENCITIVITY AND MlhllrJlUM 
C 9 O ' ; S  MODULATIOV 
The new TS-520s incorporates a 3SK- 
3 5  dual gate MOSFET for outstanding 
cross modulation and spurious response 
characteristics. The 3SK35 has a low 
noise figure (3.5 dB typ.) and high gain 
(1 8 dB typ.) for excellent sensitivity. 
NEW IMPROVED S P E E C H  
F'!?uCF';S(3R 

A new aud~o compression amplifier gives 
you extra punch In  the pile ups and 
when the golng gets rough. 
VFR l \ ' lER  TUYlbiG FOP 'INAL 
PL41'  COhlTt'CIL 

A new vernier tuning mechanism allows 

FINAL AMPLIFIER 
The new TS-520s is completely solid 
state except for the driver (12BY7A) 
and the final tubes. Rather than substi- 
tute TV sweep tubes as final amplifier 
tubes in  a state of the art amateur trans- 
ceiver, Kenwood has employed two 
husky S-2001A (equivalent to  61468) 
tubes. These rugged, time-proven tubes 
are known for their long life and superb 
linearity. 

HIGHLY EFFECTIVE NOISE 
BLANKER 
An effective noise blanking circuit 
developed by Kenwood that virtually 
eliminhtes ignition noise is built-in to  
the TS-520s. 
RF ATTENUATOR 
The new TS-520s has a built-in 2 0  dB 
attentuator that can be activated by a 
push button switch conveniently located 
on the front panel. 
VFO-520 - NEW I?E.MOTF: VFO 
The VFO-520 remote VFO has been 
designed to match the styling of the 
TS-520s and provide maximum oper- 
at ing flexibility on the band selected 
on your TS-520s. 

tained with a rugged AC power supply 
built-in. The addition of the DS-1A DC- 
DC converter (option) allows for mobile 
operation of the TS-520s. 
EASY CONNFCTlON PtiONE PATCH 

The T S - 5 2 0 s  has 2 convenient RCA 
phono jacks on the rear panel for PHONE 
PATCH I N  and PHONE PATCH OUT. 
CW-520 -CV\' FILTER (OPTIORI) 

The CW-520 5 0 0  Hz filter can be easily 
installed and wi l l  provide improved 
operation on CW. 
ARflPLlFlFD TYPE AGC CIRCUIT 
The AGC circuit has 3 positions (OFF, 
FAST, SLOW) to enable the TS-520s  
to  be operated in  the opt imum condi- 
t ion at all times whether operating CW 
or SSB. 

The TS-520s retains all of the features 
of the original TS-520 that made i t  tops 
i n  its class: RIT control 8-pole crystal 
filter Built-in 2 5  KHz calibrator Front 
panel carrier level control Semi-break- 
in  CWwith sidetone *VOX/PTT/MOX 
TUNE position for low power tune up 

Built-in speaker Built-in Cooling Fan 
Provisions for 4 fixed frequency chan- 

nels Heater switch. 



Amateur Bands 160 10 meters 
plus WWV (recelve only) 

Modes USB. LSB, CW 
Antenna Impedance 50 75 Ohms 
Frequency Stabll~ty W~thln -t_ 1 

kHz durlng one hour after one 
mlnute 01 warm up, and wtth~n 
100 Hz durlng any 30 m~nute 
per~od thereafter 

Tubes & Sem~conductors 
Tubes 3 
(S2001A x 2.12BY7A) 
Trans~stors 52 
FETs 19 
D~odes 101 

Power Requirements 120/220 V 
AC. 50160 Hz. 13 8 V DC 
(w~th opt~onal DS 1A) 

Power Consumpt~on Transmlt 
280 Watts Rece~ve 26 Watts 
( w ~ t h  heater 011) 

Dlmens~on 333(13'6) W x 153 (6 0) 
H x 315(13 (13 3/16) 0 mm(lnch) 

We~ght 16 0 kg(35 2 Ibs) 
TRANSMITTER 
RF lnput Power SSB 200 Watts 

PEP CW 160 Watts DC 
Carr~er Suppress~on Better than 

-40 dB 
S~deband Suppress~on Better 

than -50 dB 
Spurlous Rad~at~on Better than 

40 dB 
M~crophone Impedance 50k Ohms 
AF Response 400 to 2 600 Hz 

RECEIVER 
Sens~tiv~ty: 0.25 uV lor 10 dB 

(S+N)/N 
Setectlv~ty: SSB:2.4 kHz/-6 dB. 

4 4 kHz/-60 dB 
Selectlv~ty: CW: 0.5 kHz/-6 dB. 

1.5 kHz/-60 dB (with optronal 
CW.520 filter) 

Image Ratio: Better than 50 dB 
IF Reject~on: Better than 50 dB 
AF Output Power: 1.0 Watt (8 

Ohm load, w ~ t h  less than 10% 
dlstortton) 

AF Output Impedance: 4 to 16 
Ohms 

DG-5 
SPECtFlCATlONS 
Measuring Range: 100 Hz to 

40 MHz 
lnput Impedance: 5 k Ohms 
Gate Tlme: 0.1 Sec. 
lnput Sensitlv~ty: 100 Hz to 40 

MHz.. ,200 mV rms or over. 10 
kHz to 10 MHz.. SO mV or over 

Measuring Accuracy: Internal t~me 
base accuracy %0.1 count 

Time Base: 10 MHz 
Operating Temperature: -10" to 

50" C/14" 122" F 
Power Requirement: Supplied 

from TS.520S or 12 l o  16 VDC 
(nomlnat 13 8 VDC) 

D~mens~ons: 167(6.9/16) W x 
43(1.11/16) H x 268(10.9/16) 0 
mm(lnch) 

Weight: 1.3 kg(2.9 Ibs) 

95-5 
(optional) 

The luxury of dig~tal readout is ava~labte on the TS-520s by connecting the 
new DG-5 readout (option). More than just the average readout clrcult, this 
counter mixes the carrier. VFO, and heterodyne frequencies to give you your 
exact frequency. This handsomely-styled accessory can be set almost any- 
place in your shack for easy to read operation.. . or set it on the dashboard 
during mobile operation for safety and convenience. Six bold digits display 
your operating frequency while you transmit and receive. Complete with DH 
(display hold) switch for frequency memory and 2 position intensity selector. 
The DG-5 can also be used as a normal frequency counter up to 40 MHz at 
the touch of a switch. (Input cable provided.) 
NOTE: TS-520 owners can use the DG-5 with a DK-520 adapter kit. 

TRIO-KENWOOD COMMUNICATIONS INC. 11 11 WEST WALNUT/COMPTON. CA 90220 



We told you that the TS-820 would be the best. In little more than a year our promise 
has become a fact. Now, in response to hundreds of requests from amateurs, Kenwood 
offers the TS-820s'. . .the same superb transceiver, but with the digital readout factory 
installed. The worldwide demand for the TS-820 far exceeded our initial production plans. 
However, production capacity has been substantially increased and our objective is to 
make the TS-820s more readily available to you. As an owner of this beautiful rig, you will 
have at your fingertips the combination of controls and features that even under the 
toughest operating conditions make the TS-820s the Pacesetter that it is. - 
Follow~ng are a few of the TS- compression uslng a true RF IF SHIFT The IF SHIFT control 

f$?afUreS 8 2 0 5  many excltmg features compressor as opposed to an AF varles the IF passband wlthout 
cl~pper Amount of compresslon 1s changtng the recelve frequency 

SPEECH PROCESSOR An RF adjustable to the des~red level by a Enables the operator to  el lm~nate 
clrcult prov~des qulck time constant convenient front panel control unwanted s~gnals by movlng them 

out of the passband of the ;ecelver 
Thls feature alone makes the TS- 
8 2 0 s  a pacesetter 

PLL The TS-820s employs the 
latest phase lock loop c~rcultry The 
slngle conversion recelver sectlon 
performance offers superb protection 
agalnst unwanted cross-modulation 
And now. PLL allows the frequency 
to remaln the same when sw~tchlng 
sidebands (USB. LSB. CW) and 
el~mlnates hav~ng to recallbrate 
each tlme 
DIGITAL READOUT The d lg~ta l  
counter d~splay IS employed as an 
~ntegral part of the VFO readout 
system Counter mlxes the carrler. 
VFO. and flrst heterodyne frequen- 
cles t o  glve exact frequency Fig- 
ures the frequency down to 1 0  Hz 
and d~gl ta l  dlsplay reads out t o  

100  Hz Both recelve and transmlt 
frequenc~es are displayed In easy to 
read. Kenwood Blue dlglts. 

FREQUENCY RANGE: 1.8-29.7 MHz 
(160 - 10 meters) 

MODES: use. LSB. CW. FSK 
INPUT POWER. 200W PEP on SSB 

160 W DC on CW 
100 W DC on FSK 

ANTENNA IMPEDANCE, 50-75 Ohms. 
unbalamed 

CARRIER SUPPRESSION: Bener than -40 dB 
SIDEBAND SUPPRESSION Better than -50 dB 
SPURIOUS RADIATION Greater lhan -60 dB 

(Harmonbcs more lhan -40 dB) 
RECEIVER SENSITIVITY Beller than 0 25uV 

RECEIVER SELECTIVITY 
SSB 2 4 kHz 1.6 dB) 

4 a k ~ ,  ,.fin ~(RI - -- --, 
CW' 0 5 k H z  I 6  dB1 

1 8 k H z  I 60 dB) 
' 1 ~ 1 t h  optlonal CW l8ller lnstalled) 

IMAGE RATIO 150-15 rnelers Better than 
60 dB I0 rnelers Beller lhan 50 dB 

IF REJECTION Beller than 80 dB 
POWER REOUIREMENTS lZOl2ZO VAC. 

Mi60 HZ, I 3  8 VOC l w l l h  optlonal 
DS-I A DC-OC converter) 
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DIMENSIONS 13.118' w x 6'' n 
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SP-520 
Although the TS-820s has a built-in 
speaker, the addillon of the SP-520 
provides improved tonal quality. A perfect 
match In both des~gn and performance. 
N - 5 0 2  
The N - 5 0 2  transvener puts you on 2- 
meters the easy way. Operates in the 
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a 145.0-146.0 MHz optlon. Completely 
compat~ble with the TS-820S, the TS- 
520s and most any HF tranxelver. 

VFO-820 TV-506 
Functton sw~tch ~rovides anv comb~na- Similar to the N - 5 0 2  except that it 
tlon of transm~t/rece~ve/transce~ve w ~ t h  Opens up the 6-meter band (50 0-54 0 
the TS-820s. Both are equlpped w ~ t h  MHz) to your HF rlg 
VFO lndlcators showlng whlch VFO 'The TS-820 and DG-1 are st111 avall- 
IS ~n use able separately 



serial converter 
for 8-level 

teleprinters 

This converter 
translates Baudot to ASCll 

and ASCll to Baudot 
using readily available ICs 

- recommended for 
the experienced amateur only 

A t  the outset I'd l ike t o  stress that this is a project 
for the experienced amateur with the technical 
know-how to connect the converter described to 
appropriate points in his demodulator or fsk circuit. 

The heart of the converter is the universal asyn- 
chronous receiverltransmitter (UARIT), a 40-pin IC 
that contains both an independent, 8-bit asyn- 
chronous, digital-data receiver, and an 8-bit asyn- 
chronous, digital-data transmitter. The UARIT has 
been described earlier in ham radio. 1.2 

Parts layout and wiring of the converter is quite a 
task in itself. Sockets are mandatory for the ICs as 
some are MOS devices, which are sensitive to 
ungrounded soldering irons. Fairly heavy bus wire is 
necessary for ground (common) and +5-volt leads. 
Also, liberal use of 0.01-pF ceramic disc capacitors 
(not shown in the schematic) is required to bypass 
+ 5, and - 12 volt circuits. 

All NAND gates used as inverters can be replaced 
by hex inverters to reduce component count. Type 
74121s can be replaced by 74123s except where both 
A inputs are used. 

Those readers interested only in receiving RTTY 
with an &level machine can save much time and 
money by deleting the connections (except for 
grounds and clock inputs) to the much more com- 
plex ASCII-to-Baudot section, which is shown below 
the dashed lines of both UARITs in fig. 1. 

The cost for the complete converter should be well 
below $100; possibly around $50. The 8223 proms 
can be replaced with 82S23s, which are currently on 
the market for about $3 each. The UARIT ICs can be 
replaced with the GI AY-5-1013A, which is less ex- 
pensive, about $6.50. The 3351 fifo devices can be 
obtained for about $14 through WGKS, as mentioned 
in the RTTY Journal. The other chips are standard 
devices and are available for about 50 cents or so. 

Baudot-to-ASCIIIASCII-to-Baudot converters 
have been described in other publications but were 
not directly compatible with RTTY, which is a serial 
system, and didn't take advantage of the UARITs. 

1 circuit description 

The converter schematic is shown in fig. 1. The 
serial 5-bit Baudot signal at TTL level enters U1 at pin 
20 and appears in parallel form at pins 8 through 12. 
ICs U2, U3 sense whether letters or figures have 
been sent and set R /S  flip-flop U4 to enable either 
U5 or U6, which translate the 5-bit Baudot code to 7- 
bit ASCll code; this translation appears at U6 pins 1 
through 7. (The no. 8 bit is a parity bit, which is used 
with computers, and is unnecessary for amateur 
RTTY. I have modified my model 35ASR so that the 
no. 8 bit is always a zero.) 

Output from U6 is applied to UARIT U7 and ap- 
pears in serial form at pin 25, which is connected 
through driver 01 to  a 4N33 opto-isolator, U8. 
Another 4N33, U9, is connected in series with U8, 
whose output with that of U8 is inserted into the 
loop of a model 33 or 35 ASR. This circuit keeps 
modifications of the ASCll machine to a minimum. 

The signal originating from either the keyboard or 
tape reader of the ASCl machine is connected to the 
input of the second 4N33, U9, and its output serially 
feeds into U7-20. This data appears in parallel form at 
U7 pins 12 through 19. 

Because there are no LTRS or FIGS in the ASCII 
code, these characters must be generated. For this 
reason the 6th and 7th ASCll bit, which appear at 
pins 7 and 6 respectively to U7, are sensed by 7474 
flip-flop U10. In combination with 7474 flip-flop U11, 
U10 wil l  disable the 8223 proms U12, U13 
temporarily. 

By Eric Kirchner, VEBCTP, Ontario Science 
Center, Don Mills, Ontario, Canada 
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. A FIFO EMPTY 
+12v 

fig. 1. Schematic of the serial Baudot-to-ASCII-to-Baudot converter for model 33and 35 ASR machines. 
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table 1. Program for8223 prom. Baudot-to-ASCII letters lU5). 

Word A 4 3 2 1 0  Symbol 8 0 1 2 3 4 5 6 7  
0  0  0  0  0  0  Blank 0  0  0  0  0  0  0  0  
1  1 0 0 0 0  T 0 0 1 0 1 0 1 0  
2  0 1 0 0 0  C  R  1 0 1  1 0 0 0 0  
3  1 1  0 0 0  0 1 1 1 1 0 0 1 0  
4 0 0 1 0 0  Space 0 0 0 0 0 1 0 0  
5  1 0 1 0 0  ti 0 0 0 1 0 0 1 0  
6  0 1 1 0 0  N 0 1 1 1 0 0 1 0  
7  1 1  1 0 0  M 1 0 1 1 0 0 1 0  
8 0 0 0 1 0  LF 0  1 0  1 0 0 0 0  
9  1 0 0 1 0  L 0 0 1  1 0 0 1 0  

10 0 1 0 1 0  R 0 1 0 0 1 0 1 0  
11 1 1 0 1 0  G 1 1  1 0 0 0 1 0  
12 0 0 1 1 0  I 1 0 0 1 0 0 1 0  
13 1 0 1 1 0  P 0 0 0 0 1 0 1 0  
14 0 1 1 1 0  C 1 1 0 0 0 0 1 0  
15 1 1 1 1 0  V 0 1 1 0 1 0 1 0  
16 0 0 0 0 1  E 1 0 1 0 0 0 1 0  
17 1 0 0 0 1  Z 0 1 0 1 1 0 1 0  
18 0 1 0 0 1  D 0 0 1 0 0 0 1 0  
19 1 1 0 0 1  8 0 1 0 0 0 0 1 0  
20 0 0 1 0 1  S 1 1 0 0 1 0 1 0  
21 1 0 1 0 1  Y 1 0 0 1 1 0 1 0  
22 0 1 1 0 1  F 0 1 1 0 0 0 1 0  
23 1 1 1 0 1  X 0 0 0 1 1 0 1 0  
24 0 0 0 1  1  A 1 0 0 0 0 0 1 0  
25 1 0 0 1  1  W 1 1 1 0 1 0 1 0  
26 0 1 0 1 1  J 0 1 0 1 0 0 1 0  
27 1 1 0 1 1  FIGS 0 0 0 1  1 0 0 0  
28 0 0 1  1 1  U 1 0 1 0 1 0 1 0  
29 1 0 1 1 1  Q 1 0 0 0 1 0 1 0  
30 0 1  1 1  1  K 1 1 0 1 0 0 1 0  
31 1  1  1  1  1  LTRS(delete1 1  1  1  1  1  1  1  0  

table 2. Program for 8223 prom, Baudot-to-ASCII figures fU61. 
Word A 4 3 2 1 0  Symbol 8 0 1  2 3 4 5 6 7  

0  0 0 0 0 0  Blank 0 0 0 0 0 0 0 0  
1  1 0 0 0 0  5  1 0 1 0 1 1 0 0  
2  0 1 0 0 0  CR 1 0 1  1 0 0 0 0  
3  1 1 0 0 0  9 1 0 0 1  1 1 0 0  
4 0 0 1 0 0  Space 0 0 0 0 0 1 0 0  
5  1 0 1 0 0  # 1 1 0 0 0 1 0 0  
6  0 1 1 0 0  0 0 1 1 0 1 0 0  
7 1 1 1 0 0  0 1  1 1 0 1 0 0  

8 0 0 0 1 0  LF 0 1 0 1 0 0 0 0  
9 1 0 0 1 0  ) 1 0 0 1 0 1 0 0  

10 0 1 0 1 0  4 0 0 1 0 1 1 0 0  
11 1 1 0 1 0  & 0 1  1 0 0 1 0 0  
12 0 0 1  1 0  8 0 0 0 1 1 1 0 0  
13 1 0 1 1 0  0 0 0 0 0 1  1 0 0  
14 0 1 1 1 0  0 1 0 1 1 1 0 0  
15 1 1 1 1 0  1 1 0 1 1 1 0 0  
16 0 0 0 0 1  3 1 1 0 0 1  1 0 0  
17 1 0 0 0 1  0 1 0 0 0 1 0 0  
18 0 1 0 0 1  $ 0 0 1 0 0 1 0 0  
19 1 1 0 0 1  ? 1 1 1 1 1 1 0 0  
20 0 0 1 0 1  Bell 1 1  1 0 0 0 0 0  
21 1 0 1 0 1  6  0 1 1 0 1 1 0 0  
22 0 1 1 0 1  ! 1 0 0 0 0 1 0 0  
23 1 1 1 0 1  1 1 1 1 1 0 1 0 0  
24 0 0 0 1  1  1 0 1 1 0 1 0 0  
25 1 0 0 1  1  2 0 1 0 0 1  1 0 0  
26 0 1 0 1 1  1  1 1  1 0 0 1 0 0  
27 1 1 0 1 1  FIGS 0 0 0 1  1 0 0 0  
28 0 0 1  1 1  7 1 1 1 0 1 1 0 0  
29 1 0 1 1 1  ! 1 0 0 0 1  1 0 0  
30 0 1 1 1 1  I 0 0 0 1 0 1 0 0  
3  1  1 1 1 1 1  LTRS 1 1 1 1 1 1 1 0  

If a I.TRS character must be inserted into the text, 
transistor 02, a 2N3641, will be nonconducting so 
that all bits on the left-hand side of proms U12, U13 
will be high, signifying the I.TR.5 code. If a FIGS 
character must be inserted into text, Q2 will con- 
duct, making the center bit a zero, which signifies 
the FIGS code. 

The ASCll bits are applied to the address lines of 
8223 proms U12, U13. Here the ASCll code is 
translated into the corresponding Baudot code; this 
data is fed into the two 3351 fifos, U14 and U15. A 
"data available" pulse at U7-19, delayed by the two 
74121 one-shots (U16, U17), appears at the "shift- 
in" pin of U14 (pin 17). The Baudot characters are 
thus loaded into the fifo memory. 

The fifo memories are necessary because the in- 
formation from the ASCll machine is fed in at 100 
wpm, while the Baudot output from UAR/T U1 is at 
60 wpm. When typing, the ASCll speed will exceed 
60 wpm only occasionally. However, when the ASCll 
tape reader runs, the memory will eventually be- 
come fully loaded. Because the two fifos can store 
only 80 characters, the tape reader control circuit, 
consisting of up-down counter U18, U19, will 
interrupt current to the tape-reader clutch, holding 
it until the fifo memory is again empty. 

The parallel data at fifo U15 output is applied to 
UARIT U1 and appears in serial form at TTL level at 
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U1-25. This signal can be used to key an afsk 
generator, as described below. 

The 555 clocks, U20, U21, will be stable if high- 
grade components are used. Crystal stability is nice 
but unncecessary. Precise resistance values have not 
been given as they may differ from case-to-case, 
but they can be easily determined with a frequency 
counter. 

Because the equivalent Baudot character for the 
'ASCII space signal is contained in the ASCII-to- 
Baudot FIGS prom, a space signal between words is 
always preceded and followed by a 1,TRS and FIGS 
signal. This is undesirable because t w o  extra 
characters will be sent, which are unnecessary. This 
problem can be resolved by TTL IC U22 which steers 
UlO (fig. 1).  

Note that when using the converter with an fsk 
demoodulator it may be necessary to insert a level 
changer, inverter, or both between the demodulator 
and U1-20. The data must enter this point at TTL 
level. The Baudot speed switch (fig. 1) allows you to 
copy signals at speeds other than the amateur speed 
of 60 wpm. 

Pin numbers for the gates in fig. 1 (type 7400s) 
have not been given as a new layout will be made for 
the final version. Except for the proms, the ICs in the 
Baudot to ASCll section are CMOS devices. These 
happened to be available, so they were used. The cir- 



table 3. Program for 8223 prom, 

Word A 4 3 2 1 0  
0  0 0 0 0 0  
1 0 0 0 0 1  
2  ~ 0 0 0 1 0  
3  0 0 0 1  1 
4 0 0 1 0 0  
5  0 0 1 0 1  
6  0 0 1  1 0  
7  0 0 1 1 1  
8  0 1 0 0 0  
9 0 1 0 0 1  
10 0 1 0 1 0  
1 1  0 1 0 1 1  
12 0 1  1 0 0  
13 0 1 1 0 0  
14 0 1 1 1 0  
15 0 1  1 1  1 
16 1 0 0 0 0  
17 1 0 0 0 1  
18 1 0 0 1 0  
19 1 0 0 1 1  
20 1 0 1 0 0  
21 1 0 1 0 1  
22 1 0 1 1 0  
23 1 0 1 1 1  
24 1 1 0 0 0  
25 1 1 0 0 1  
26 1 1 0 1 0  
27 1 1 0 1 1  
28 1 1 1 0 0  
29 1 1 1 0 1  
30 1 1 1 1 0  
31 1 1 1 1 1  

ASCII-to-Baudot letters (U13). 

Symbol B  0 1  2 3 4 5 6 7  
Null 0  0  0  0  0  0  0  0  
A 1 1 0 0 0 0 0 0  
I3 1 0 0 1  1 0 0 0  
C 0 1  1 1 0 0 0 0  
D 1 0 0 1 0 0 0 0  
E 1 0 0 0 0 0 0 0  
F 1 0 1  1 0 0 0 0  
G 0 1 0 1 1 0 0 0  
H 0 0 1 0 1 0 0 0  
I 0 1  1 0 0 0 0 0  
J 1 1 0 1 0 0 0 0  
K 1 1  1 1 0 0 0 0  
L 0 1 0 0 1 0 0 0  
M 0 0 1  1 1 0 0 0  
N 0 0 1  1 0 0 0 0  
0 0 0 0 1  1 0 0 0  
P 0 1 1 0 1 0 0 0  
Q 1 1  1 0 1 0 0 0  
R 0 1 0 1 0 0 0 0  
S 1 0 1 0 0 0 0 0  
T 0 0 0 0 1 0 0 0  
U 1 1  1 0 0 0 0 0  
v 0 1  1 1  1 0 0 0  
W 1 1 0 0 1 0 0 0  
X 1 0 1  1 1 0 0 0  
Y 1 0 1 0 1 0 0 0  
z 1 0 0 0 1 0 0 0  

Null 0  0  0  0  0  0  0  0  
Null 0  0  0  0  0  0  0  0  
CR 0 0 0 1 0 0 0 0  
LF 0 1 0 0 0 0 0 0  

Null 0 0 0 0 0 0 0 0  

cuit should work just as well with TTL devices. Fig. 2 
shows socket connections for the devices. 

The circuit in fig. 3 makes programming a cinch as 
the burn-out time is automatically determined by the 
74121 one-shot, U1. The time is fixed at 150 
milliseconds. Programming must be done carefully, 
while you're wide awake, or mistakes are bound to 
occur! The +15 and +5-volt leads must be con- 
nected to a regulated power supply that provides at 
least 1 ampere. Proceed as follows: 

1. With the power supply shut off, insert the.8223 to 
be programmed into its socket. 

2. Set S2B to BURN. 

3. Set address switches S3-S7 and output switch S8 
according to the program pattern for the first bit. 

4. Switch on the power supply and depress S1. 

5. Set S3-S7 and S8 to the next bit and depress S1. 
Continue this procedure, bit-by-bit, until the entire 
pattern is programmed into the chip. You can test 
the programming by setting S2 to TEST. Go through 
the entire pattern again, using switches S3-S7 and 
S8. The LED will illuminate for a 1 and remain dark 
for a zero. If the test yields the desired pattern your 
8223 is ready for use. 

Four 8223s are necessary for the Baudot-to-ASCII 
conversion and vice versa. For more information on 

table 4. Program for 8223 prom. ASCII-to-Baudot letters IU12). 

Word A 4 3 2 1 0  Symbol 8 0 1 2 3 4 5 6 7  
0  0  0  0  0  0  Space 0 0 1 0 0 0 0 0  
1 0 0 0 0 1  ! 1 0 1  1 0 0 0 0  
2  0 0 0 1 0  1 0 0 0 1 0 0 0  
3  0 0 0 1  1 # 0 0 1 0 1 0 0 0  
4 0 0 1 0 0  $ 1 0 0 1 0 0 0 0  
5  0 0 1 0 1  Null 0 0 0 0 0 0 0 0  
6  0 0 1 1 0  Et 0 1 0 1 1 0 0 0  
7  0 0 1 1 1  1 1 0 1 0 0 0 0  
8  0 1 0 0 0  ( 1 1  1 1 0 0 0 0  
9  0 1 0 0 1  1 0 1 0 0 1 0 0 0  
10 0 1 0 1 0  Null 0  0  0  0  0  0  0  0  
1 1  0 1 0 1 1  Null 0  0  0  0  0  0  0  0  
12 0 7 1 0 0  0 0 1  1 0 0 0 0  
13 0 1 1 0 1  1 1 0 0 0 0 0 0  
14 0 1 1 1 0  0 0 1  1 1 0 0 0  
15 0 1  1 1  1 I 1 0 1  1 1 0 0 0  
16 1 0 0 0 0  0 0 1 1 0 1 0 0 0  
17 1 0 0 0 1  1 1 1  1 0 1 0 0 0  
18 1 0 0 1 0  2  1 1 0 0 1 0 0 0  
19 1 0 0 1  1 3  1 0 0 0 0 0 0 0  
20 1 0 1 0 0  4  0 1 0 1 0 0 0 0  
2  1 1 0 1 0 1  5  0 0 0 0 1 0 0 0  
22 1 0 1 1 0  6  1 0 1 0 1 0 0 0  
23 1 0 1  1 1  7  1 1  1 0 0 1 0 0  
24 1 1 0 0 0  8  0 1  1 0 0 0 0 0  
25 1 1 0 0 1  9  0 0 0 1  1 0 0 0  
26 1 1 0 1 0  0 1  1 1 0 0 0 0  
27 1 1 0 1 1  0 1  1 1  1 0 0 0  
28 1 1  1 0 0  Null 0 0 0 0 0 0 0 0  
29 1 1 1 0 1  Null 0 0 0 0 0 0 0 %  
30 1 1 1 1 0  Null 0 0 0 0 0 0 0 0  
31 1 1  1 1  1 LTRS I 0 0 1  1 0 0 0  

the makeup of the programming pattern, see 
reference 3. An article describing a memory for 
automatic CW identificaton using an 8223 prom can 
be found in reference 4. 

In tables 1-4 you'll find one program for each of 
the four proms used in the code converter. The A 
column determines the prom address line switch 
positions, while the 8 column determines the switch 
positions of the prom outputs. 

example 
To program the letter Y into the prom that trans- 

lates Baudot to ASCII letters (table 11, proceed as 
follows: 

1. Set switches S2A-B to TEST and set the prom 
output line-selector switch, S8, to BO. 

2. Look up the letter Yon the program (table 1). 

3. Set the address line switches, S3-S7 (fig. 3) 
according to the information in the table: A4 = high; 
A3 = low; A2 = high; A1 = low; and A0 = high - 
i.e., 10101. (Low is ground and high is +5 volts.) 

4. Set switches 2A-B to BURN. 

5 .  Set the prom output line s w i t ~ h  to 60 (a 1 in this 
case), then depress switches SIA-B. 

6. Advance the output line selector switch to 83, 
picking up another 1. 
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FIFO 3351 

TOP VIEW 

fig. 2. Socket connections (top view) for the devices used in the 
converter. 

7. Press switches Sl A-B again. 

8. Repeat the procedure at 84 and B6, picking up a 1 
in each case. 

9. Set switches S2A-B to TEST. With 58 in BO, 83, 
64, and B6 positions, the LED should light, in- 
dicating a 1; in positions BI ,  82, B5, and B7 i t should 
remain dark, indicating a low, or zero. Should one of 
the prom fuses refuse to open at the first attempt at 
testing, try burning it repeatedly. 

Start the programming from the top of the table 
and work down,. When you have one prom fully pro- 
grammed, go through the check procedure with 
switches S2A-B in the TEST position to verify that 
the fuses have opened according to the program in 
use. If the prom checks out okay, mark it for 
identification. 

Type 82S23 proms are presently offered on the 
surplus market at a reasonable price. These can also 
be used, but to program these devices the 390-ohm 
%-watt resistor at the top contact of S2A (fig. 3) 
must be changed to 4.7 ohms %-watt, and the +15- 
volt supply must be increased to 16 volts. 

In reference 5, 1 pointed out the importance of 
phase-continuous frequency shift to  prevent tran- 
sients, which can cause interference on adjacent 
channels. I described a rather commplex circuit of an 
afsk generator that featured phase continuity of the 
sine-wave output when keyed. 

I n  the meantime integrated circuits have 
appeared on the market especially designed for 
waveform generation. One of these, the EXAR 
XR-2206 CP, is particularly interesting for RTTY. Pin 
9 of this IC can be directly connected to pin 25 of U1, 
fig. 1, of the Baudot-to-ASCIIIASCII-to-Baudot 
converter. The output at pin 2 of the XR-2206 can 
then be used to modulate an ssb transmitter or 
transceiver with a phase-continuous afsk signal. 

The afsk circuit (fig. 4) is extremely simple. The 
sine-wave frequency is determined by the value of C1 
and the total resistance connected to either pin 7 or 8 
of the XR-2206. When pin 9 is high pin 7 is active; 
when pin 9 is low pin 8 is active. 

SIB 
N W M  - 
ALLY 
CLOKD 

01 TI1NTALUM f 5V 

ADDRESS 

o =  h 
i:+5V 

NOTE FOR 8 2 5 2 3  CHANGE R I  - TO 4 7 OHMS,  112W 

fig. 3. Circuit for programming the 8223 proms. 

For excellent frequency stability, C1 should be 
a polystyrene (Phillips 295 AAIC 8K2) or a Mylar 
capacitor. The frequency-determining resistors 
should be carbon film; or better yet, metal film types. 
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fig. 4. AFSK generator. Phase-continuous frequency shift is 
featured to prevent out-of-band transients. Sine-wave frequenzy 
is determined by C1 and the total resistance connected to either pin 
7 or 8 of the XR2206. 

The afsk-generator audio frequencies of 1620 and 
1450 Hz were chosen to put the second harmonic 
outside the passband of modern ssb equipment and 
to eliminate the need for special carrier-frequency 
crystals in such equipment. 

The overall converter system can be tested by 
feeding data from a Baudot keyboard or tape reader 
to U1-20 (fig. 1). As the output and input of U7 are a 
closed loop through the two 4N33 optoisolators, U8 
and U9, the data is fed back to U1, and its output at 
pin 25 can be used to operate the printer magnets of 
the Baudot machine through a suitable driver. In this 
case, the Baudot data is converted to ASCII, then 
back to Baudot. The only character not translated 
from ASCII to Baudot is the bell signal. With addi- 
tional gates this could be accomplished, but I felt 
that the additional complexity was unjustified. 
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input are all made automatically. 

But don't let its finger tip size fool you. The Atlas 210x/ 
215x transceivers are packed full of the most advanced, 
state of the art engineering, and provide unequaled per- 
formance in both transmit and receive modes. 

Model 21 Ox or 21 5x Transce~ver $679. 
(W~th noise blanker installed add $40) 
Plug-in Mobile Kit $ 48. 
Portable AC Supply 110/220V $1 00. 
AC Console 11 0/220V $1 49. 
(With VOX and semi-CW installed add $46) 
10XB Crystal Osc. less crystals $ 59. 

41 7 Via Del Monte. Oceanside. CA 92054 
Phone (71 4) 433-1 983 

Special Customer Service Direct Line For complete details see your Atlas dealer, or drop us a 
(71 4)  433-9591 card and we'll mail you a brochure with dealer list. 
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admittance, 
impedance 
and circuit analysis 

A c i rcu i t  with impedances seems very compli- 
cated to those lacking experience in circuit analysis. 
Throw in names like admittance, conductance, or 
susceptance, and circuit analysis seems to  take on a 
certain mystique beyond the average amateur. Many 
texts present such a bewildering array of symbols 
and mathematical operators that analysis seems 
hopeless unless you have a computer. Wrong - all 
you need is paper, pencil, and a pocket calculator. 

Impedance, admittance, and complex numbers are 
really simple expressions with a few extra rules. Once 
you know them and how to set up an analysis 
"model," the rest is just careful number manipula- 
tion. Presented here are the basics, how to handle 
them, and simple circuit modeling for the majority of  
transmitter and receiver circuits. 

If the names and expressions are unfamiliar, just 
read and study slowly. They will become familiar 
with a little practice. 

the rectangular form 
The two  forms of expressing impedance or admit- 

tance are rectangular and polar. Fig. 1 shows the rec- 
tangular fo rm w i t h  the expressions and circuit 
symbols in columns for impedance, Z, and admit- 
tance, Y. 

Any  L C R ( inductance,  capacitance, and 
resistance) combination can be shown as either an 
impedance or an admittance because each is the 
inverse of the other. Common use has a series com- 
bination given as impedance, a parallel combination 
as admittance. Opposite expressions are shown 
later. 

If you are unfamiliar with complex number nota- 
tion, pay attention to  the 1 symbol. The 1, also called 
the /-operator, denotes everything to  the right of i t  as 
imaginary. This is in the mathematical sense since 
1 = tq an imaginary number. A complex number 
has a real part (the resistance, R, or conductance, G) 
and an imaginary part (the reactance, X, or suscep- 
tance, R ) .  Ordinary math rules apply only to  the real 
part or the imaginary part. Rules for handling both at 
the same time are given later. 

Values of impedance, resistance, and reactance 
are given in familiar ohms values. Values of admit- 
tance, conductance, and susceptance are given in 
mhos. Some time ago the inverse spelling was ap 

I plied because admittance is the inverse o f  im-  
pedance. If R = 10 ohms, then G = - 0.1 mho. 

1 reactance and susceptance 
Both are frequency sensitive; that is, their ohm 

and mho  values vary w i t h  f requency.  Th is  is 
shown by  

X I =  w L  BI,= - l / w L  
X c =  - 1/wC Bc= wC 

1 with L in henries, C in farads, and 

where f is in hertz (radian frequency). The subscript 
refers to inductance or capacitance. Total reactance 
or susceptance is expressed without a subscript as 

I 
X = w L -  ( I / w C )  
B =  wC-  ( I i w L )  

Note especially that signs are shown; this must be 
followed in reactance and susceptance calculation. 

1 Remember the resonance condition where inductive 
and capacitive reactance (or susceptance) cancels. 

( Imaginary pans can be stated in opposite terms: 

Note the signs. Reactance and susceptance are 
related by negative inversions while resistance and 
conductance are related by positive inversions. Real 
and imaginary parts are handled separately andd the 
part relationships are different but admittance is still 
the inverse of impedance and vice-versa. Y and Z are 
complex numbers of different rules while R ,  X ,  (; 
and R are simple numbers with ordinary rules." 

Most modern hand-held calculators have a pi- 
constant key and at least one memory register. 
Storing the radian frequency (27rl) in memory allows 
rapid calculation of X or B values. For rf circuits, 
entering scaled values of megahertz, microhenries, 

I 'A good algebra text will show the proof and following rules for 
those readers desiring more information. 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 
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or microfarads saves using the exponent key or in- 
puting lots of zeros. 

With complex numbers ( a +  jb) and ( c + j d ) ,  the 
rules are: 

(a+ jb)+ (c+.jd) = (a+ c) +j (b+ d )  

(a + jb) - (c +.jd) = (a - c) + j (b  - d )  

Notice the expression statements on each side. On 
the left there are two complex numbers indicated by 
the parenthesis. The right side shows that each part 
of the complex answer has at least two terms. The 
j-operator designates the entire b, d term group as 
imaginary. 

The addition rule is useful for expressing a com- 
bination LCR circuit as one impedance if all com- 
ponents are in series. Suppose the inductor has 
winding resistance. The total resistance is the sum of 
R and winding resistance. The inductive reactance 
adds to capacitive reactance and each could be in the 
two impedances or combined in one of them. Any 
number of combinations, including parallels, can be 
added to give one real part and one imaginary part. 
Remember to keep the parts separate, observe signs, 
use admittance for parallel combinations, and im- 
pedance for series combinations. 

Z Magnitude 
Y Magnitude 

table 1. Keyboard steps, HP-35 calculator impedance/admittance 
conversion 

Stack Registers 
Keyboard x y z t Display. (remarks) 

Input R R 
1 S T 0  R (hold A ~n memory) 

InputX X 
2 ENTER X X 
3 ENTER X X X (fill stack wlth X) 
4 x x 2 x  
5 RCL R x2 X 
6 RCL R R x2 X 
7 X FI2 x2 X 
8 + ~ a ~ 2  X 

9 .JC Mag X 
10 l l x  1/M X 
11 xy X 11M 
12 RCL R X l / M  
13 - X I R  1 iM 
14 arc 
15 tan pha l / M  Z phase angle 
16 CHS -pha l / M  Y phase angle 
17 S T 0  (hold angle In memory) 
18 R I  11M 
19 ENTER l l M  1iM 
20 ENTER l / M  1/M 1/M (fill stack wlth Y 

magn~tude) 
21 RCL -pha l / M  11M 1/M 
22 cos Cos l1M l l M  l l M  
23 X G 1IM 1IM conductance 
24 x-y 11M G 1lM 
25 RCL p h a  l l M  G l l M  
26 sun Sin l / M  G ? / M  I 
27 X B G 11M susceptance 

. - - - - - - - - 

28 l ' x  116 G 
29 CHS Xp G parallel reactance 

30 x-y G Xp 
31 l l x  Rp Xp parallel resistance 

The sign in front of the j-operator can take the sign 
of the imaginary part. This is strictly a sign and does 
not mean the parts of one complex number add or 
subtract. The subtraction rule will be useful in im- 
pedance matching to be discussed later. 

why admittance? 
There are as many parallel combinations of com- 

fig. 1. Rectangular form of impedanceand admittance. 

ponents as there are those in series. Any circuit to be 
analyzed should be separated into branches of com- 
ponent combinations in series or parallel. Each 
branch is then expressed as an admittance or 
impedance having only two connections or nodes. 
The easiest form of expressing a parallel combination 
is admittance since all real parts and all imaginary 
parts add. 

In fact, you have probably been using admittance 
without realizing it. The familiar parallel resistance 
formula 

was derived from the basic expression 

Invert the basic expression and you will find the sum 
of conductances ( l / R )  equals total conductance. 

multiplying and dividing 
complex numbers 
These will be used in solving the circuit or con- 

verting admittance to impedance and vice-versa. The 
rules are: 

(a + jb) x (c + jd) = (ac - bd) + j(ad + bc) 
- - - - 

( a  + i b )  = ( a c  + b d )  (bc - a d )  
( c + j d )  ( t C 2  + d 2 ) 1  + j  l (C2 + d 2 ) I  

L -I L -I 

' i no( , r s ion) l / (~  + j b )  = ( a / ( n 2  + b 2 ) ]  - j ( b l ( a 2  + b 2 ) )  

These rules are hard to work with, even with a 
calculator. There is an easier way by using the polar 
form equivalents shown in fig. 2. The angle symbol 
is as important as the j-operator: All terms to the 
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right of the angle symbol are, appropriately, angles; 
terms to the left are magnitudes. 

( A L  $) x ( B L  8 )  = ( A  x B )  L ($ + 8 )  

(in version) 1 - l - ~  - @ 
A 7-6- il 

Magnitudes operate algebraically just like the polar 
expression, but angles add or subtract. Again, the 

RE 

VECTOR RELATIONSHIP 

fig. 2. Comparison of the rectangular and polar form. 

parts are different from the whole. A calculator with 
t r ig  functions is preferred; one wi th bui l t- in 
polarlrectangular conversion is even better. 

polar form 
Y and Z can be expressed equally well this way. 

This has the advantage of showing magnitude and 
phase angle as shown by the little vector diagram of 
fig. 2. Voltage and current in a complex circuit will 
also be complex quantities. The ac or rf voltage you 
measure in a circuit is the magnitude. Phase angle is 
also measurable although the instruments cost more. 
Some r f  bridges read directly in polar form. 

Both forms are needed in circuit analysis. Rec- 
tangular form can be used in calculating circuit 
branch values while the polar form is used for voltage 
response and as an intermediate step in conversion. 
Input impedance or admittance can be expressed in 
either form. The angle is a signed number but the 
magnitude is always a positive number. 

form conversion by calculator 
All of the expressions and forms necessary for cir- 

cuit analysis have now been presented. Before going 
into the analysis setup it is useful to observe conver- 
sion of impedance to admittance with the aid of 
rectangular/polar form changes. The program steps 
in table 1 apply to the older HP-35 model or any 
other RPNIStack machine that does not have polar1 
rectangular conversion functions. 

This form conversion is basic to the ladder network 
solution to be presented later. Calculators with built- 

in functions can use part of this step sequence, either 
manually or automatically with a programmable 
version. 

Steps 4 through 15 change rectangular impedance 
to polar impedance. Step 10 finds the polar admit- 
tance magnitude; its location in the sequence is 
arbitrary and could be placed after step 18. Step 16 
finds the polar admittance angle. 

Steps 17 to  20 set up the registers for polar to rec- 
tangular conversion - the remaining steps per- 
form it. The magnitude inversion and angle sign 
change has already done conversion of impedance to 
admittance. Polarlrectangular identities are the same 
for impedance and admittance. 

Steps 28 to 31 are used only to show how parallel 
resistance and reactance are derived from the main 
program. There are simpler ways to derive the paral- 
lel equivalents from series components. You are 
invited to try out the simpler way from the formulas 
given. If you succeed, you have already begun pro- 
gramming. 

Steps 1 to  27 will convert admittance to im- 
pedance without changing any steps. To prove this 
to yourself, just change the terms and expressions 
in the register and remarks columns. 

As an example, Z = 4 + j 3  ohms converts t o  
Y = 0.16 - jO. 12 mhos. The parallel reactance equiva- 
lent is 8.33 ohms, resistance equivalent is 6.25 ohms. 

the analysis model 
The term model simply means the branches con- 

nected at nodes. A reduction to this structure is done 
to simplify overall calculations calculation time and 
effort. The basic pi structure in fig. 3 can be used 
with almost every circuit and is expandable to a lad- 
der structure. 

SINCE s;iZ AND I. IUO' L I I 

a,  * z , M  

SUBSTlTUilNG " = 2, .  'Y IL 

bND AND 

z - !/",N Y Y Z  1/ZSL 

fig. 3. Basic model structure of the familiar pi network. 

The model is allowed only one signal source, a cur- 
rent of 1.0 ampere with no phase angle. Any 
source admittance must be included as part of Y,.  A 
unity current source allows each output voltage, r,, 
to be relative and the solution to be dependent 
solely on impedances and admittances in the model. 
This is the simplest method and applies well to calcu- 
lator solution. 

It may seem that a relative e ,  solution is unrealistic 
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but this is only partly true. Networks such as filters 
are almost always described in relative terms. As an 
example, an i-f amplifier can be modeled as several 
individual blocks with individual block model re- 
sponse summed for overall response. The actual en 

can be found by multiplying relative e ,  by the actual 
input current. 

Most of us think of an amplifier stage as output vs 
input. For the model the transistor or tube must be 
split into the input impedance and the output admit- 
tance with a current source that is dependent on in- 
put signal. Most data sheets on transistors and tubes 
are oriented to this form. 

Most of us also think of an amplifier output in 
terms of voltage. Since voltage is easiest to measure, 
it is easy to neglect current. All transistor collectors 
and pentode tube plates are really current sources 
with an output admittance (h,, for common emitter, 
l / fp  for pentodes). Measured output voltage is the 
product of the current source and the total load im- 
pedance, including output admittance of the device. 
The scarcity of ac current measuring instruments has 
misled a lot of us in understanding actual circuit 
operation. 

The basic pi model can be thought of as the 
coupling circuit between two amplifiers. The output 
admittance of the first becomes part of Y,,, and the 
input impedance of the second becomes part of ZI,. 
The current flowing into the second state input can 
be found relative to unity (the model input current) 
because the output voltage is known. 

You can use Ohm's law with complex quantities. 
The difference from dc is that current and voltage 
have both magnitude and phase angle. The rectan- 
gular form also applies, but the polar form is more 
convenient since an ac voltmeter measures magni- 
tude. An oscilloscope will display voltage phase 
angle but that is dependent on the scope sweep trig- 
gering point; a dual-trace scope shows relative vol- 
tage phase. 

Note the progression of .? and Y looking towards 
the load in fig. 3. This is important to the model ex- 
tension following. 

extending the model 
for ladder networks 
A ladder configuration is a shunt-series-shunt 

sequence - a five-branch model is shown in fig. 4. 
Again, the current source is unity and en is relative 
and solved directly from impedances and admit- 
tances. This model is well suited to filter analysis. 

Output voltage solution is self-explanatory but 
note the progression of YIP to Z45.* Y12 is the in- 
verted sum of Z d  and Z L ;  ZZ3 is the inverted sum of Y, 
and YIP, and so on. Each Y or Z is the total, looking 
towards the load, of the model Y and Z at each node. 
Zq5 is the total input impedance; the network input 

admittance is found by subtracting source admit- 
tance from Yq5(l /Z45). 

So far, circuit analysis seems complicated and a lot 
of work. Here is where the calculator comes in handy 
and i t  is useful t o  recall the form-conversion 
calculator steps in table 1. Let's assume that all 
shunt branches have been precalculated for admit- 
tance and all series branches in impedance. 

Enter YI, and begin the conversion. Pause when 
you reach the magnitude and angle of ZI. and write 
down the polar values. By step 27 the rectangular 

"< i / Z c  

Yo : I  / I  
1 :, o,oe f 

Ifli i l f Z d  + zi J 

IDENTITIES 

z*,. l / l l c  . Yi2 J 

I 
Y,4: " I z b  . Zn,J 

z4,- " l Y a  Y,.J 

I 

-. I em eo = y3. z2, r,2 ZL 
r ~ 2 z ~  1 7 *JI '23 

I BUT 
I 

AND 
I 

AND WBSTlTUilNG e, . Z4$ SINCE i .  i 0 L 0-  OR UNITY, 

fig. 4. Five-branch ladder network, showing derivation of circuit 
quantities. A hand-held calculator is very useful in solving problems 
of this type. 

form of ZI. is reached and the real and imaginary 
parts of Zd are added. Go back to the beginning and 
start the conversion for YI2; the calculator's stack 
already has the entry so it is just a matter of storing 
the real part in memory and the imaginary part in the 
stack. Pause at the polar form of Y12 and write down 
the values. At the end of the second run add the 
precalculated Y, parts to parts of YIP and return to 
the beginning. Continue the repetition, writing down 
each numbered-subscript polar value, until the input 
branch has been reached. 

Solution of e,  is made by multiplying all tabulated 
magnitudes and adding all tabulated angles. This is 
the same as the last e ,  expression in fig. 4 and polar 
multiplication rules are used. Network input impe- 
dance can be found by subtracting source admit- 
tance using rectangular form rules and converting. 

Six-digit accuracy of precalculation and tabulation 
is more than sufficient for most purposes; angle tab- 
ulation can be rounded to three fractions using de- 
grees, four with radians. If a mistake is made in step- 
ping through the sequence, just begin in mid- 

'Amateurs who are not familiar with networks are often confused 
by the numeric subscripts which are used. The designator YI2, for 
example, refers to the admittance looking into sections 1 and 2 of 
the network; likewise, Z45 refers to the impedance looking into 
sections 4 and 5 of the network (see fig. 4). In filters, capacitors 
and inductors are often designated in the same manner - in terms 
of their relative positions within the filter network. 
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sequence by clearing registers and entering the last 
tabulated polar value; just make certain that 
magnitude and angle are positioned correctly. 

The repetitive sequence or iteration is well suited 
to a programmable calculator. If it has a larger 
memory, the partial products of c.,, can be ac- 
cumulated automatically. 

modifying a model with branches that 
jump adjacent nodes 

Fig. 5 shows this condition and defeats the ladder 
configuration. Fig . 5 also shows how a model sub- 
section can be transformed by the delta-to-tee 
method, yielding a result that fits the ladder. Trans- 
formation must be done with precalculated values. 

A delta sub-section that is pure resistance requires 
transformation only once. Any other condition re- 
quires a transform at every solution frequency. The 
resulting tee values become the new precalculated 
values for solution iteration. 

Similar transformations can be made for tee-to- 
delta and lattice networks. Most engineering hand- 
books contain the transform equations, usually 
given as impedances, but the equations work just as 
well with admittances. It is worthwhile to study the 
circuit to be modified and arrange the branches for 
the least amount of transformation. 

Pi networks are good examples and published 
design data can be used as a starting point. Unfor- 
tunately, most designs assume only a resistive load 
while an actual load such as an antenna will vary con- 
siderably. The object of impedance matching is to 
make the real part of the matched load equal to the 
source, and reduce the imaginary part to zero. 

Let's take the case of matching an antenna over a 
few frequencies with a pi network. The basic design 
data is available and the components can be modeled 
as in fig. 3. The approximate antenna impedance 
data is known either by measurement or from hand- 
book data. Will the network components do the job? 

A way to find out is to solve only for Z,, omitting 
source admittance and susceptance of the first- 
branch network componentt (usually a variable capa- 
citor). The rectangular form of Z,, is a bit better for 
solution. 

Tabulate the results at each frequency and anten- 
na impedance expected and examine the imaginary 
part sign. If the sign does not change, the input 
component can be reactive and the value can be cal- 
culated by the opposite-sign reactance. The imagi- 
nary part must go to zero when the component is in- 
cluded in the model. Value range variation can also 
be seen; make certain that this can be realized 
in practice. 

An imaginary-part sign change means that another 
component value must change. The most common 

ORIGINAL MODEL 

2 ,  = IZA Z B l / Z D  
DELTA SUBSECTION 

do 
TEE SUBSECTION EOUIVALENT 

#-+-m-$-3 ZE 

TRANSFORMED MODEL 

fig. 5. Model transformation. Here the delta subsection (consisting 
of ZA, ZB, and ZC) is transformed into an equivalent tee section. 
The tee section is then added to ZG, ZL, and ZO to yield the trans- 
formed model. 

pi network uses a variable capacitor at each end with 
a fixed series inductor. If this is the circuit, try varying 
the other capacitor, solving again and inspecting the 
signs. 

The real part of Z,, should be reasonably close to 
the required resistive value for best power transfer. 
The difference depends on the type of source. A 20 
to 30 per cent variation is probably good enough in 
most cases. If this part is not close, another compo- 
nent value must be changed. After a few changes 
you will be able to tell which way to change and you 
can zero in on the correct set of values. The best effi- 
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the famous 
ciency occurs with source impedance equal to  
matched load impedance. 

Other networks can be designed from the efficien- 
cy rule and reducing reactance to zero. Some careful 
study and algebra will result in a matching formula. 
Impedance or admittance - as a quantity - obeys 
algebraic rules. The only difference is that real and 
imaginary parts must be handled by the rules given. 

circuits with more than one load 
Suppose you have a circuit model like fig. 4 and 

there are two Zd and two Zt branches in separate 
paths. Solve Y I 1  for the second path and record it. 
Solve the first path as before except the second 

-path's Ylq is also added to Y, plus Y12 of the first 
path. 223 is the total impedance of both paths. 

The second path e, is found from Z45, Y34, 223 
recorded in solving the first path and' Y12 and ZL of 
the second path. This can be extended to longer 
paths with different lengths provided that the 
common-node impedance value is the total im- 
pedance of all paths. 

bilaterality 
All illustrations have shown the source at left, load 

at right. This conforms to conventional left-to-right 
flow but doesn't mean the schematic must be inter- 
preted this way. Many schematics are drawn dif- 
ferently, so take care in forming the model - proper- 
ly locate the source and load. 

O equivalents 
Every coil and capacitor is lossy. To properly 

analyze a filter this loss must be modeled as 
resistance or conductance in the proper branches. 
General values are X/Q for impedance and a series 
resistance, B/Q for admittance and a parallel con- 
ductance. Add losses in LC branches. 

Some simplification is possible. Q is fairly constant 
over an octave of frequency. A fixed R or G value 
can be used for resonant circuits and filters. The 
fixed value would be obtained at the center frequen- 
cy or cutoff frequency for highpass and lowpass 
filters. 

other analysis methods 
Most circuit theory texts have them. The inex- 

perienced should be cautious since the math is high 
level, usually involved with matrices or transfer func- 
tions. A matrix is best solved on a computer. The 
other methods are more versatile, but not more ac- 
curate. The ladder form given here will fit a manual 
or programmable pocket calculator better. It will 
not solve all circuits, but most of them. Programs 
'for the HP-25 will be given in a future article. 
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f NOTICE: 73 MAGAZINE prtnted an untrue report In the June. 1977. Issue regardlng the KOK FM144 
They are now prtntlng a retraction regardlng thts untrue report The FM144 does not need tuning lo 
cover the full 5 MHz range 

NEW! FM144=10SXRII 
MHz-LED digital readout PLUS MARS-CAP.::: 
All Solid State-PLL digital synthesized - No Crystals to buy! 5KHz steps - 144-149 

5MHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4MHz - 
400 to 800 Channels) Priority Channel Audio Output 4 Watts 15 Watts Output 

Unequaled Receiver Sensitivity and Selectivity - 15 POLE FILTER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END - COMPARE!! 

Superb Engineering and Superior Commercial Avionics Grade Quality and Con- 
struction Second to None at ANY PRICE. 

' FREQUENCY RANGE: Recelve: 144.00 to MONITOR LAMPS: 2 LED'S on front panel 
148.995 MHz. 5 KHz steps (1000 channels). indicate (1) incoming signal-channel busy. and 
Transmlt 144.00 to 148.995 MHz, 5 KHz steps (2) un-lock condltton of phase locked loop. 
(1000 channels) + MARSCAP., DUPLEX FREQUENCY OFFSET: 600KHz plus or ' FULL Six easy to read LED minus, 5KHz steps. Plus slmplex, any frequency. 
digtts provlde direct frequency readout assuring . GRADE CONSTRUC- accurate and slmple selection of operating 
frequency. 
AIRCRAFT TYPE FREQUENCY SELECTOR: Large 
and small coaxially mounted knobs select ' 
lOOKHz and lOKHz steps respectively. Switches 
click-stopped with a home position facilitate ' 
frequency changing without need to view LED'S 
while driving and provides the sightless amateur 
with full Braille dial as standard equipment. 

*FULL AUTOMATIC TUNING OF RECEIVER ' 
FRONT END: DC output of PLL fed to varactor 
dtodes in all front end R-F tuned circuits orovides 
full sensitivity and optimum intermddu~ation 
rejection over the entire band. No other amateur 
unit at any price hasthis feature which is found In 
only the most sophisticated and expensive 
aircraft and commercial transceivers. 
TRUE FM: Not phase modulation - for superb 
emphasized hi-fi audio quality second to none. 
FULLY REGULATED INTEGRAL POWER 
SUPPLIES: Operating volgate for all circuits. I.e., 
12v, 9v and 5v have independently regulated 
supplies. 12v regulator effective in  keeplng 
engine alternator noises out and protects final 

protected-short or open SWR. 
PRIORITY CHANNEL: Instant selection by front 
panel switch. Dlode matrlx may be owner re- 
programmed to any frequency (146.52 
provided). 
DUAL METER: Provides "S" reading on receive 
and power out on transmit. 
OTHER FEATURES: 
Dynamic microphone, mobile mount, external 
speaker jack, and much, much more. Slze: 2% x 
6% x 7%. All cords, plugs, fuses, mobile mount. 
microphone hanger, etc.. included. Weight 5 Ibs. 

SUMN 
FM 

5 

VAI 

transistor from overload. NEW! 6 METER FM50-10SXRII fi 
Same specifications as above except transmit/rece~ve: 51.00 53 995 MHz 600 c h a n n ~  

I r 

Touch.Tone 

MODEL FMTP-1 
. . . $59.00 

Regulated AC/PS 
Model FMPS4R . . . $49.00 -- 

Manulactured bv one 01 the world's most distinauished Avionics manufacturers. Kyokuto Denshi Kaisha. Ltd. m! ~ ' 

- 
First in the world with an all solid state 2 meter FM transceiver. 

Reonat a Sawice 

e, - AMATEUR-WHOLESALE ELECTRONICS 5;;~i;~;;~;;~;;~:=;;~ 
8817 S.W. 129th Terrace, Miami, Florida 33176 Coionia. N.J. 

Telephone (305) 233-3631 Telex: 51-5628 PLEASE ORDER FROM YOUR LOCAL WeS"COnsUm" Seattie. Wash. Communlca"ons~lnc~ 

DEALER OR DIRECT IF UNAVAILABLE. E!! 1 
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- RTTY & SSTV. 
TWO ElMAC 3-5002 CONSERVATIVELY RATED FINALS 

UNPLUG BOARD AND SEND TO US. 

NO OTHER UNIT AT ANY PRICE! 
INTRODUCTORY PRICE $199 
D e v ~ a t ~ o n / M o d u l a t ~ o n  Meter - FM: 0-20 KHz. 

ALSO MODEL AF-251LW 
WITH B U I L T  IN 1 2 5 W A T T  
C A L I B R A T E D  W A T T  
METER P. D U M M Y  LOAD 
PRICE $289. PLEASE 

H E A V Y  D U T Y  C H A S S I S  AND CABINET C O N S T R U C T I O N  

FM5C 1 Scanner IorKDKFM 

SPECIAL SALE 
144 and 7400 Scanner ll fw 
Trm K e n w w d  TR 7400A 

Ful lscan 146and 147MHz 
consecuttvelv of I MHz. or 
any MHz range*SCanrate I 
M H z / 2  seconds adlusta 
b l r )  Conlrols Scan,'Hold. 
Ldlch/Delay. 600 KHzofhe t  
(off, up. down) p w r a r n  L 
MHz Slrnple bnstallat~on 

25 wdtts ou tpu t  
600 k H z  a n d  1 
M H z  oHsets bul l1 

iMlP I touch Ions Pad 
IMIP i Iouch lone Pad wllh 10 Nurnbet 

P!o(faaahle Mrmwv 
iMMC I Mtcrophone wlh Bull1 In 

Touch lone Pad 
FMTD I Pwalr Call O~rodrr lo1 usr *nth and 

SC 124 Audlblr lone incode# D ~ o d r r  
FMSC I Scanner - Random Any Rangc 

FMOI ! * I MHI o n ~ t  Optmn K1t 
(Na Cfyslals To Bur) 

IMTt I Sub AuO8blr lonp \ 100 HI 
Adlu~ldhl~ 61 ?01 I l l 1  

(MA1 I 1. War? i'orlabln Anlrnna lor Hotel 



and HF too .- . . I 
Summer Specials On 

HAND HELDS 

Standard 
Wilson 
Plus Antennas 
All Other Accessories 

In Stock! 
Call or Write tor 
Erickson's Deal 

Ameco ASP Atlas 
Belden Bird l CDE 
CES* Collins l Cushcraft 

l Dentron Drake HAL 
Hy-Gain l Icom KLM 

l Kenwood Larsen M FJ 
Midland Mosley NPC 
Newtronics l Nye 
Regency l Shure Swan 

l Standard TPL Tempo 
Ten-Tec* WilsonmYaesu 

An Excellent Selection of ~ i n e  
Used Equipment Always in Stock 

Hours: 9:30-9 Mon. & Thun, 
980-5:30 Tues, Wed. & Fri. 9-3 Sat. 

COMMUNICATIONS 
5935 N. Milwaukee Ave. 
Chtcago, IL 60646 

Handymen! Hobbyists! 
DO-IT-VOURSELFERS! L--i/ 
Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing - a radio. TV, model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. -Save money - repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class" - use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 

Lkj KESTER SOLDER 
\ Litton 4 2 0 1  WRIGHTWOOD AVENUEICHICAGO,  I L L I N O I S  6 0 6 3 9  

1 ALUMA ;i!$&Jl I 10% OF THOUSANDS 
I OF CRYSTALS 
I IN STOCK! 

H 2 5 C  CASE 

I m m d a h  d.Evar). on m a t  hqum&S! 
O T H E R S  A R E  SPECIAL ORDER 

I CRYSTAL BANKING SERVICE 
P.O. BOX 683 

LYNNFIELD, MASSACHUS€lTS 
01940 
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NEW FROM HY-GAIN 
2-METER BEAMS THAT 

LAST LONGER WORK HARDER, 
AND COST LESS. 

Introducing a whole new vertically or horizontally po- 
generation of Hy-Gain 2-Meter larized. And all are constructed 

beams. of the finest aluminum and 

Completely redesigned for 
ZM I hardware. 

* greater strength and corro- Hy-Gain 21 4 14element 

sion resistance. So they last close spaced beam with ex- 

longer. tremely hlgh forward gain and 
narrow beam width. $26.95 

Newly engineered for Also available w~th 8- 
greater performance and max- element optimum spacing, 

imum efficiency. So they Hy-Gain 208. $19.95 
work harder, your transceiver Hy-Gain 205 5-element 

works better. optimum spaced end mount 
And built better. So you beam with high forward gain 

pay less for the performance and broad frequency 
you want. response. $1 6.95 

Also available with 3 ele- 
Our new 2-Meter beams ments, Hy-Gain 203. $12.95 

give you the kind of perfor- See the new generation of 
mance you expect from the Hy-Gain 2-Meter beams at 

world's largest manufacturer your amateur radio dealer. 
of quality antennas. Yet, thanks Or write Hy-Gain; 8601 North- 

to Hy-Gain technology, they east Highway Six; Lincoln, 
weigh less, have lower wind NE 68505. 

loading and are UPS shippable. 

They use an exclusive new 
element to boom mounting 

w n e  
system that's mechanically wE~P#)PUET1U0116, 

Hy-Ga~n reserves the rght to change 
stronger and electrically prlces, desgns andior spectficat~ons 

more efficient. All can be at any tlrne WI~I-OU~ nowe 

SPECIFICATIONS 
Mechanical 
Boom length 
Longest element 
Turning radius 
Wind survival 
Mast diameter 
Boom diameter 
Wind load area 
Net weight 
Electrical 
Forward gain 
Front-to-back ratio 
Maximum SWR 
Band width 
Maximum power 
Impedance wlbalun 
1/7 power beam width 

C - 
Stacking distance P 

186" 
39'/2" 
95" 
80 mph 
1 1/4-1$9" 0.D. 
1 l/4" O.D. 
1.65 ft2 max. 
5.5 Ibs 

13.0 dBd' 
20 dB 
2: 1 
2 MHz 
2501500 PEP 
52 ohms 
35" vertical 
35" horizontal 
82" min. 

148 Y4" 

40'/4" 
75 '/a" 
80 mph 
1 l/4-1 %I" 0.D. 
1 '/4" O.D. 
1.26 ft2 ma%. 
4.1 Ibs 

1 1  .a dBd' 
20 dB 
2: 1 
2 MHz 
2501500 PEP 
52 ohms 
43" vertical 
36" horizontal 
82" min. 

75" 
39 Sg" 
73" 
80 mph 
Ilk-1%" O.D. 
1 l/4" O.D. 
.740 ft2 max. 
2.9 Ibs 

9.1 dBd' 
20 dB 
2: 1 
4 MHz 
2501500 PEP 
52 ohms 
60" vertical 
45" horizontal 
82" min. 

43'/2" 
40'/4" 
43l/2" 
80 mph 
1 '/4-1%" 0.0. 
1 l/4" O.D. 
.496 ft2 max. 
2.2 Ibs 

6.1 dBd' 
20 dB 
2:l 
4 MHz 
2501500 PEP 
52 ohms 
95" vertical 
60" horizontal 
82" min. 

'Hy-Gain antennas an, gain rated againsl a standard d i i  antenna (dM) instead of a theoretical isotmplc source (dm. This is a mom honest and 
maliscic means of comparing fornard gain. 
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Wired anc 
K-1 elerne 

1 tested, c 
!nt 

with 

V&Y.Y~ commun~oor~onr rpcolor~ 
). BOX 153 
ILIFORNIA ! 
6) 998-3021 

P. c 
BREA, CA 

(714 

K-1 FIELD REPLACEABLE 
I, FREQUI 
IINING E 

$3.00 

FNCY 
LEMENTS 
1 each 
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OX OSCILLATOR 

OF-1 OSCILLAK) 
Resistor/capacitor circuit provides 
osc over a range of freq .with the 

Specify when ordering. Specify when ordering. 

9 Li .02% Cali bration Tolerance 
b 

EXPERJMENTER CRYSTALS 
(HC 6/U Holder) 

Cat. No. Specifications n 
031080 3 to 20 MHz - for use in OX OSC Lo 

Specify when ordering $4.95 ea. 
031081 20 to 60 MHz - For use in OX OSC Hi 

Specify when ordering $4.95 ea. 
031300 3 to 20 MHz - For use in OF-1L OSC 

Specify when ordering $4.25 ea. 
031310 20 to 60 MHz - For use in OF-1H OSC 

Specify when ordering. $4.25 ea. 

Shipping and postage (inside U.S., Canada and Mexico only) 
will be prepaid by International. Prices quoted for U.S., 
Canada and Mexico orders only. Orders for shipment to other 

countries will be quoted on request. Address orders to: 
M/S Dept., P.O. Box 32497. 

Oklahoma City, Oklahoma 73132. 

International Crystal Mfg. Co., Inc. 
10 North Lee 

Oklahoma City, Oklahoma 731 02 
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products 
parabolic dish 
ref lector kit 

Moonbouncers, radio astrono- 
mers, TV DXers, and others who 
have needed a parabolic dish antenna 
at a reasonable price will like the 
Paraframe - a rigid, accurate, 
parabolic antenna framework kit  
which one person can easily assem- 
ble with ordinary hand tools. The 
Paraframe design permits the reflec- 
tor to be fine-focused for peak per- 
formance, yet the weight is low, 
while strength is high. 

Prestressed Paraframes are made 
of wood, and the ribs are furnished 
with two coats of premium-quality 
latex exterior sealer-primer, followed 
by two coats of premium quality latex 
exterior paint in a neutral gray. Other 
colors are available upon request. 

The Paraframe's price is such that 
you can build a parabolic reflector for 
less than one-third the cost of a 
similar antenna of equivalent aper- 
ture. For example, the SD12 is a 12- 
foot (3.66-meter) design with a focal 
length/diameter ( / / d l  ratio of 0.5. 
Sixteen prestressed ribs provide suffi- 
cient rigidity for useful work at 2300 
MHz in a 40-mph (65-kmh) wind. The 
ribs will accept 7/16 inch ( I lmm)  
staples for attaching the aluminum 
window-screen reflector material. 
Model SD16 has a sixteen foot (4.88 
meter) diameter and 20 ribs; model 
SD20 has a twenty-foot (6.1 meter) 
diameter and 24 ribs. 

A complete selection of expanded 

and perforated aluminum covering 
material, together with low-loss coax- 
ial cable suitable for uhf purposes, is 
available from the Paraframe kit 
supplier. 

The model SD12 is priced at $690 
(shipping weight is 140 pounds or 64 
kg); model SD16 is $1120 (shipping 
weight is 230 pounds or 104 kg); and 
model SD20 is priced at $1680 (ship- 
ping weight 400 pounds or 181 kg). 
Shipping cost will be approximately 
$25 per cwt  (45kg1, maximum, 
anywhere in the continental United 
States. Terms are 50% of the pur- 
chase price with the order, the 
balance COD. Illinois residents are 
asked to include 5% sales tax. 

For a complete description and il- 
lustrated brochure, write to James K. 
Vines, 611 Farmview Road, Park 
Forest South, Illinois 60466, or call 
(312) 534-0889 after 7 PM CDT. 

rf hybrid 
amplifiers 

TRW RF Semiconductors has in- 
troduced an rf-hybrid gain block 
which will meet or exceed the most 
demanding requirements of i-f 
amplification in advanced microwave 
radio relay system applications. 

The amplif ier, designated 
CA2875/2875R, has a noise figure of 

typically 4 dB and a third-order in- 
tercept of +42 dBm. Requiring a 15 
to 24 volt power supply, the CA2875 
is suitable for positive power supply 
polarity while the CA2875R will ac- 
commodate a negative supply 
polarity. 

Other parameters of the hybrid 
amplifier include a return loss of 
greater than 30 dB at both the input 
and output ports, phase linearity from 
30 to 110 MHz and wide dynamic 
range. These i-f gain/blocks have a 
center frequency of 70 MHz as well as 
a nominal gain of 17.5 dB and an 
operating temperature range of 
- 4O0C to + 100°C. 

In quantities of 100 pieces, the 
CA2875/2875R is priced at $31.50. 
For more information contact Warren 
Gould at (213) 679-4561 or TRW RF 
Semiconductors, 14520 Aviation 
Boulevard, Lawndale, California. 

equipment directory 
Have you ever searched through a 

pile of magazines, a loose-leaf collec- 
tion of product releases, or a collec- 
tion of dog-eared catalogs looking for 
a particular antenna, the specs on a 
new transceiver, or the nearest 
distributor-dealer for a certain brand 
of amateur equipment, only to give 
up in frustration? 

Well, you don't have to repeat that 
futile exercise this year. The new 
1977 Amateur Radio Equipment 
Directory, published by Kengore Cor- 
poration, got it all together just for 
you. Here is a comprehensive catalog 
of amateur equipment, complete with 
the names and addresses of manu- 
facturers and distributors, together 
with product photographs, specifica- 
tions, and prices, conveniently and 
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attractively bound between soft 
covers for your reference library. 

Not every last item made by every 
manufacturer is listed, nor do the 
prices reflect recent price increases, 
but the catalog lists telephone 
numbers where you can get the 
latest, correct information. In spite of 
these minor (and expected) short- 
comings, you'll have to look a long 
time before finding anything nearly as 
useful or informative. For your copy, 
send $2.95 to Kengore Corporation, 9 
James Avenue, Kendall Park, New 
Jersey 08824. 

70-watt two-meter 
amplifier 

A new 70-watt, four-mode, two- 
meter amplifier has been introduced 
by VHF Engineering. This new 
amplifier, the Blue Line BLC 10170, is 
designed to be used with the popular 
10-watt fm transceivers and multi- 
mode transceivers in the 5-15 watt 
class; it will deliver 70 watts output in 
both the class C or linear mode. An 
additional model, the Blue Line BLC 
2/70, offers the same features as the 
BLC 10170 but will operate with 
transceivers or transmitters in the 1 or 
2 watt class. 

The VHF Engineering Blue Line 
series of amplifiers have been 
designed for reliability and long life 
and feature unique broadband, strip- 
line designs which require no tuning 
or adjustment during their lifetime. 
Automatic sensing and relay switch- 
ing are provided to automatically 
switch the amplifier into the circuit 
when drive is applied in the class C 
(frn) or linear Issb) modes. The ampli- 
fiers offer high efficiency and intro- 
duce a receive insertion loss of less 
than 1 dB. They are designed for 

*Three 
inhns 

Hy-Gain ' 

CORPO 

'enna foy 
1 

+. . _.4. .., T . 
MARS 

&& .'" 

ESTED 3 
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Just listen on VHF or UHF. Before long you'll discover that 
the guy w i th  the full quieting signal, the readable signal, the 
one that gets through best usually says: ". . . and I'm using 
a Larsen Ki i l rod Antenna." 

This i s  the antenna designed, built and ruggedly tested in 
the commercial two-way field. It's the fastest growing make 
in this toughest of proving grounds. Now available for a l l  
Amateur frequencies in 5 different easy-on permanent 
mounts and al l  popular temporary types. 

Make your antenna a Larsen KBlrod and you'll have that 
signal difference too. Also good looks, rugged dependability 
and lowest SWR for additional pluses. 

FREE: Complete details on all Kiilrod Amateur Antennas. 
We'll send this catalog along with names of nearest stoclung 
dealers so you can get the full quieting "difference" slgnal. 

" Kulrod In a remutered trademark of Lsrsen Elwtron~rs 

@sen nntennns 
11611 N E 50th Ave P 0 Hox 1686 Vancouver, WA 986633 Phone 206167.3-2722 

In Canada wrlte to Canad~an Larsen Electron~cs, Ltd 
1340 Clark Dr~ve  Vancouver, H C V6L 3K9 Phone 6041254-4936 

12-14 Vdc operation in base station or 
mobile service. 

The BLC 10170 sells for $139.95 
and the BLC 2/70 sells for $159.95. 
These new four-mode amplifiers are 
available from dealers nationwide or 
from VHF Engineering, 320 Water 
Street, Binghamton, New York 
13902, as wired and tested units. 

new antennas from 
cubic corporation 
7 .  - 

A series of new amateur radio 
antennas, including four beam, two 
mobile, and one trap vertical model, 
are available now from Swan Elec- 
tronics, a subsidiary of Cubic Cor- 
poration. The fixed antennas include 
the TB-4HA, a triband beam for 
$259.95, featuring four working 
elements on 10, 15, and 20 meters; 
the 24-foot boom permits optimum 
spacing for maximum forward gain 
and front-to-back ratio. 

Also available are the. TB3HA, a 
triband beam for $199.95 which 
features three working elements on 
10, 15, and 20 meters with a 16-foot 
boom; and the TB-2A, a triband 
beam for $129.95 which features two 
working elements on 10, 15, and 20 
meters. The ME-40H, a new heavy- 
duty two-element, 40-meter beam is 
priced at $199.95, and features two 
working elements on a 15.75-foot 
steel boom. All Swan beam antennas 
are rated for 2000 watts PEP and are 
designed for a vswr of 1.5: 1 or better 
at resonance. 

The deluxe mobile models include 
a five-band mobile 45 antenna which 
features all band manual switching 
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for 10, 15, 20, 40 and 75 meters, a 
High-Q tapped coil, eight positive 
stop manual positions with gold- 
plated contacts, featuring a base sec- 
tion, mobile coil and 6-foot whip top 
section. It is power rated at 2000 
watts PEP; cost is $1 19.95. 

The new Swan 742 tri-band anten- 
na, priced at $109.95, which, once 
adjusted to  desired operating fre- 
quency for 20, 40, and 75 meters, 
requires no further adjustment. It is 
power rated at 500 watts PEP. 

The Golden Swan Trap Vertical 
antenna, Model 1040V, an omni- 
directional, low radiation angle unit 
designed for 52 ohm coaxial feedline 
is priced at $122.95. Power rated at 
2000 watts PEP, it measures 21 feet 
high and covers 20, 15, 20, and 40 
meters. A 75-meter add-on kit is 
available for $39.95. 

Accessories include a Kwik-on 
connector for easy installation and 
removal of the mobile antenna for 
$7.95; an MMBX mobile impedance 
in-line, low loss match box, $23.95; 
and WM 3000 in-line peak reading 
wattmeter for $79.95. 

For further information about pro- 
ducts and prices, contact Swan Elec- 
tronics, 305 Airport Road, Oceanside, 
California 92054. 

10-500 kHz vlf converter 

Palomar Engineers has introduced 
a new vlf converter which converts 
signals in the 10-500 kHz vlf band to 
the amateur 80-meter band so they 
can be heard on an ordinary short- 
wave receiver. The converter pro- 
vides reception of the 1750-meter 
band at 160-190 kHz where transmit- 
ters of one-watt power can be 
operated without FCC license. It also 
covers the navigation radio-beacon 

INTRODUCES THE 
VERSATILE 

@ More Channels ... at the flip of a switch 
Unlock the unique mode switch and 12 channels 
become 144 

@ More Sensitivity, Less Interference. 
.25 pV Sensitindity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

@ More Power Out 
35 watts nominal with a minimum of 30 watts 
across the band 

. . . for a lot less 

Amateur Net 

INC. 7707 Records Street 
Indianapolis, Indiana 46226 

THE FM LEADER 
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130WATTS 143-149MHz 
Designed for Base Station 
and Repeater Operation 

*AM-FM-CW-SSB 
*Continuous Duty 
* + 13V Accessory Socket 
* 1 151230V Operation 
*T/R Switch 

* Fully Protected 
1 W input, 70W output, Model V71- $329 

15W input, 70W output, Model V70 - $298 
25W input, 130W output, Model V130 - $389 

I - =- R F  POWER LABS, INC. I e$ 11013118th Place N.E. Kirkland. Washington 98033 
Telephone: (206) 822-1251 TELEX No. 32-1042 I 

band, standard frequency broad- 
casts, ship-to-shore communica- 
tions, long-range navy transmitters, 
and the European low-frequency 
broadcast band. 

The Palomar converter is simple to 
use and has no tuning adjustments. 
Tuning of vlf signals is done by the 
associated receiver which picks up 
10-kHz signals at 3510 kHz, 100-kHz 
signals at 3600 kHz, and 500-kHz 
signals at 4000 kHz. The converter 
features crystal control for accurate 
frequency conversion, a low noise r f  
amplifier for high sensitivity, and a 
multi-pole filter to reject broadcast 
and shortwave interference. Price is 
$55.00 postpaid in the United States 
and Canada. For more information 
write to  Palomar Engineers, Post 
Office Box 455, Escondido, California 
92025. 

co-resident 8080 
editorlassembler 

Tychon has announced its co- 
resident editorlassembler (TEA) for 
8080 systems. Requiring only 5k of 
memory (RIW or PROM) it is com- 
pletely I10 independent and relies 
upon its own I10 software or the I10 
routines already available in a user's 
system. The Tychon Edi tor1 
Assembler accepts both octal and 
hexadecimal values throughout the 
program and the program listings 
may be in either octal or hexadecimal 
form. The switch between octal and 
hex is made at any time using 
keyboard commands. The TEA 
package is the only editorlassernbler 
available which allows the user to 
easily change the numbering system 
used. The editorlassembler is 
relocatable using a special relocator 
within the program which will place 
TEA anywhere in the 8080's memory 
space. The program is available in 
1702A or 2708 PROMS and on paper 
tape. Listings are also available. 
Prices start at $35 for a paper tape 
version plus the User's Manual. For 
further information contact Tychon, 
Inc., Blacksburg, Virginia 24060. 
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PARABOLIC 
ANTENNA 

FRAMEWORKS 

FOR.. . 
EME TV DXlng 
Radio Astronomy 
Experimenting 
Student projects 

Apertures available - 
12', 16', 20' TBA: 24' 

With PARAFRAME you can build 
a complete 20' parabolic 
antenna for $1300. With 
interchangeable feeds you can 
have several antennas for the 
price of one. 

JAMES K. VINES 
611 Farmvlew Rd. 

Park Forest South, IL 
60486 

(31 2) 534-0889 
after 7 PM CDT 

I 1 

fiest for resonani 

I resistance 
with an omega-t 
antenna noise I 

I The Omeaa-1 Nolse Eirldae 1s an cnexDensjve and 

I ~lex~blele~t~ngdev~cethaicanellect~vel~meas~re 
anlenna resonant lrequency an0 ~mpedance Th~s 
un1at.e olece 01 lesl eautornenl does tne work 01 I 

I more expensave dev~ces by uslng an exlstlng 
recelver for a brldge detector There IS no longer 
a need lor power loss because of ~mpedance 
mlsmalch Get more deta~ls or order now1 I 

I Model  TE7-01 tor 1-1 00 M H z  Range $29.95 
Mode l  TE7-02 lor 1-300 MHz  Range $39.95 I 
=LECTROSPACE - SVSTEM~.  INC 

320 TERRACE VILLAGE 
RICHARDSON, TEXAS 75080 
TELEPHONE (214) 231-9303 

Soldat Amateur Radro Dealers 
or Direct lrom Electrospace Systems. Inc. 

GET TO 
THE TOP 

FAST! 
NOW YOU CAN CHANGE, 
ADJUST OR JUST PLAIN WORK 
ONYOUR ANTENNAAND 
NEVER LEAVE THE GROUND! 

Rohn manufactures towers that 
are designed and engineered 
to do specific jobs and that is 
why we have the FOLD-OVER 
TOWER.. . designed for the 
amateur. When you need to 
"get at" your antenna just turn 
the handle and there it is. Rohn 
"fold-over" towers offer unbeat- 
able safety. These towers let 
you work completely on the 
ground for antenna and rotator 
installation and servicing. This 
eliminates the hazard of climb- 
ing the tower and trying to 
work at heights that could 
mean serious injury in a fall. 
So use the tower that reduces 
the risks o f  physical danger 
to an absolute minimum.. .the 
Rohn "fold-over"! 

Like other Rohn big communi- 
cation towers, they're hot dip 
galvanized after fabrication to 
provide a maintenance free, 
long lived and attractive instal- 
lation. Rohn towers are known 
and used throughout the world 
. . . for almost a quarter cen- 
tury.. . in most every type of 
operation. You'll be in good 
company. Why not check with 
your distributor today? 

antenna support near  power  lines- 
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KIT $1195 
ADVA ASSEMBLED $17.95 

ADD $1.25 FOR 
POSTAGEIHANDLING 

I VARIABLE POWER SUPPLY 
Continuously Variable from 2V to over 15V 
Short-Circuit Proof 
Typical Regulation of 0.1% 
Electronic Current Limiting a t  300mA 
Very Low Output Ripple 
Fiberglass PC Board Mounts All Components 
Assemble in about One Hour 
Makes a Great Bench or Lab Power Supply 
Includes All Components except Case and Meters 

*d 83, .,me 
~ r n u S r d - m m a n a d . I I u s ~ n h l - i t h o r * ~ . ~ i m a . r n m . * c o u ~  BOX 4181 0, WOODSIDE, CA 94062 
0- U..m 11.- On Lnll $1 m hndlll -Con vd* 110 Olll r u  
d.nl..dtmU*.l- T D ~ ~ ~ , ~ ~ ~ ~  -m61-e~a m(nlbm.r. Tel. (4 15) 85 1 0455 

-- - - - 

OTHER ADVA KITS: 
L W ~ C  w~( l r  KIT u,, *tn CMOS TTI nly. RTL HTL HINIL ma MM IC., 
Bull, m C . l n b n  q.mw d",," l..l"l .n( am,,* h.*.rn,* .I.. nl,,omnlru,, 
vnb. rnl "ul LEO #.mu, &PI.*. I" n.W" w r  .", 010 *dl O*L*  $ 7 8 5  
FOXED RCGULITSO SUPPLY x t n  9norl.,,~,t mmt .,th thlnvl rucl.nc 
~~~t~~ bmwt ,.n .I.I wmon r.pu~. tm .t 05% m*. H.I for 

pOC~s  AV.II.LI. 1- sv e mmr ov e mmr, nv e mmr. t,v. r-r. vsv r 
-A b c l v  m18.p h n o l d r l m  

rn- -qou-n. ril. ,mava .,I -nnol. -41.. d.er*d .na.una am nnra  
,,w,,, PC wd, - vw, ,n,do m, mrlud.aa m,er, 11 ,,, 
mto .,3 w ~ i m  

1YLII NOllfREE DATA SWEETS Whd *.ill m m  nnn. ##a, this d CREE [m 

RIOU6ST 111 0. *4 rlfn r r r  ad., .I $5 or mom l4S hl 0. A m  or m Elm 
F t T u w 4 t h n r r n b . o l S f O w ~ .  g a l m h d p n r s o  3'11177 01.Irral.mp. orhl 
ORDtR TODA" AII lln, Wb"" I. 0.m "l. m Cmm "3"I.C. I. d m  * I t m l  rnlirr 

A,, - u,*u, n,. 1- bnnws. ,...a 
WRITS ron FREE u r ~ ~ f f i  #?(I ot*rm.. 0- 3w m-ntuta, s r r n  ~n s l rxr  

1 6 METER FmMm SPECIALS I 

- -- 

MORE SPECIALS: dF 
RC4195DN '15V a M m A  VOLTAGE REGULATOR IC Very aasv to 

a H'*hl" Rwla'* Suppb lor OP mc. 
Rew*eI  Only "nr=wlatal DC 118-30VI and h y ~ ' s  capac'tor'. 
W1lh DataS)V.'*nd khsnu'rcs. 8 p8n 51 25 

LM741 FREO COMPENSATED OPAMP. i1A741.MC1741.0'c.mDlP 5's1 
MC1458 DUAL 741 OP AMP mOlP 3lSl 
RC455R DUAL 741 OP AMP ml)lP 3/51 
2N3904 NPN TRANSISTOR AMPLlFlERlSWlTCH toSOmA ,:1W 6 6 1  
z E N t R S ~ S * c D r ~  Vo''* 3. 9. 3. 5.1. 4WmW 

9 1. 10. 12. 15. 16, 18.20.22.24. 27. or 33V l'lml 1 Watt 3/17 00 

MONEY-BACK GUARANTEE 
A L L  TESTED AND GUARANTEED 

G.E. MAIE13. 40-50 
MHz, 6/12 volt, 30 watts, 
vibrator power supply, 
transmitter narrow band. 
receiver wide band. A 
complete unit, not oper- W 14". H 6%", D 15" 

ationally checked-out, less accessories, $ 
shipp~ng weight 45 Ibs. .................. 280° 
MOTOROLA T51G series, 40-50 MHz, 6/12 volt, 50 
watts, vibrator power supply, transmitter narrow 
band. receiver wide band. A complete unit, not 

operationally checked- 
out, less accessories, 
shipping weight 60 Ibs. 

$1 80° 

FREE ~ ~ ~ i ~ s ~ k . +  
W I T H  M A N Y  I T E M S .  

ZINERS b ZN~OT 
RLCTIFIERS >*?!I 
INa56lo Inl " 7 I O  
IN151 IN918 
114111. 111113 
IN416 1 N t ) l l  
IW14I I .  7Nt8W 
11111 11111qI 
I V W V  nn117wne 
INqI1I .  ,m,>N7771 
IN116 7N1>12L' 
> W 1 I H (  I n1  lN2111 
1N11W 1/51 1171M1. 
1*1001. 121, l*,LI11 
1Wn12 I7Tl )*>"(I5 
1Na1101 1211 111101A 
I "4UO4  I I1I  ,">"('I. 
1H11101 IO,I1 2 H I 5 I I  
IM.lOD6 ID'S? 7Nllhl 
I W l i l U I  1051 1t4111* 
I*. , , , ,  , ,st  >WL\c.5,. 
,u.,,,.. 2, %! Z N J > , 6 ,  
1N11101. 1N11111 
,14111 ,*,Ll@l( 

1111111 1. 
ZNlbYO 

VARACTORS 2wlhrl n 
1*sinm. 7*l'* 
l"sl.4 2U11?, 
0% lUU* U ,*,Ill 
I 7 4 I I Y Y I  11 1131111 
YYIIOI.  I, ,*,sw 
MY112 1 W 1 1 6 1  W 
YY16Ml. l N J W  
Y V l l Y  2N1919 

. M Y I I I I .  
M",,,, = :::::: 
1 1 7 ? 0 1  1. 1 "",,I, t U I Y l D  

~ O R S  TRANSISTORS LINEAR IC'~ 
361 1NW31 211 lMYOX 5 $f 75 

W l l  2llYID 1 %I tYl6MI 4 115 
1/51 L S 4 I  L O O  L Y I D I  6 I75 
IISI cm50. 1500 L U I ~ O I  12 I 15 
551 CmII L 00 LUilOl 15 I71 
l r s !  r100 $,$I LH7IOI 16 I 1 1  
1,Sl L l O l  I S 1  LUlrhM'  55 
4 l S l  f101 13 ,  tUl7i" 250 
1Rl l t l l5  l f l  lHllllM In 

W 7 l  U l ~ l n l . .  I,sl " f I 5 S Y .  LII 
2QIHItIM M f l l C a  a90 
st MIIII~ IISI IM,V!CW n 

211 UPPIIS 1st lM)09CM 29 
11 ,11001 ;LVI I I *  1/51 

890 5'1002 411 LV12JM' 111 
21, SL?"(l l  .IS, LU1IUM st w 

WIO $12001 I I I  IM IOLM 1-1 
11101111. LVIIICI' 4'11 

I4"LI O I I  1 DO 

211 ,LINIARIC'S I c I I P I Y L '  2% 
f l  50,LUImH f7m 11411S0#' 111 

1 9 0  ,U,O,." 27 nc4195rn- 21s 
X'S# LUIO!H 21 LUI>UCI 2m 

W l l L U I O I m  11 91111110M 11 

-- I *SUPER SPECIALS: J 

IN914 lWV/ lOmA Dmda 2061  I MPFIOZ ZWMHr RF Amp 
l N 4 W l  1WVIlA R.! 15/$1 , 40673 MOSFET RF Amp 
lN415430V IN914 25tS1 LM324 O u d  741 0 p A m p  .(H 
BR 1 50V ",A BrldC R r  4iS1 ' LM376 Pol Volt R m  mOIP .55 
2N2222A NPN T,nnrnor 6/51 1 Ntb55 Tnmn ",DIP -,re. 

I 2N2107 PNP Tran%tnor 6/51 1 LM723 2 31V Req P 'O  ;;:; I ,.. 
213055 Power Xnlor 10A 69 LM741 Comp 01, Amp mDIP 4151 

I2N3qO4 NPN Amy/% ,>lI 6.1 LM1458 0u.I 741 mDIP 3/51 1 
2N3')116 PNP Awn/% . l l W  6'Sl CA3086 5 Trans Arr-.. "'O LC 

RF391 RF Pour, Amp Trens8nor 10 25W C 3 W H z  TO 3 
555X Tmar 1"s lhr  Dotlaant plnout trow 555 Iw/d.lal 3/51 

RC4195TK Dual T~.chong Rcyvlntot .15V O lWmA I T 0  681 52 25 
8038 Wauelorm Gsnarslor W n s  With Clrrults & Date $3 75 

m7-rm: --- NOW! r + 

O U R  N E W  UNIVERSAL 

PORTA-PAK 
M A K E S  A L M O S T  ANY F M 
O R  A M  R A D I O  PORTABLE 

Thls llttle euy thlnks thal (he new U n ~ m w l  Porta Pak a nal l r  Ihe war lo  80 lo, a portable power raurce 01 
c o u n  he can t eapreu h~msell In m d s  w, p u  will 1st  h m  lo lake my word lor 11 Dartd IS another of our more 

teen1 and great new producls Hc IS probably one o l  our better ellofts Oavld IS lust 13 weeks old and prcoccupled 

with the mo~e ~mportanl t h m r  Ilk eal~np and sleep~ng ro my lnterpretat!on ol h ~ s  thoughts may nOl bc 
alto gel he^ CO~IKI 

The Un~w~sal  Pwla Pak a dcsogncd lo 111 anflhlng fmm a 5 wan CB to a 25wan commcrc~al 2 way radw The 

Universal Porta PaL. come  In two versions o m  a a 4 5 I M P  HR unll that w ~ l l  recharge In 13 lo I 6  hours and the 

other 1s a 9 AMP HR unlt thal ruha rpn  In 28 lo 30 hours 

The Un~wrsal Potla Pak c o r n  complclc w ~ t h  a hell arc mlded alum~num case a bl cell bancq and a vluK 

In charier The Porta Pak c l rc  IS llnlshed In a b l ~ k  wrtnhle and baked lo Insure ourab~llty Our new Unlwrv l  

Porta Pak can be anached In several wae deptndlnp upon the type 01 sen~ce lo whlch 11 WIII k put for ~ntermtnant 

or tempolaq portable servlce elastic bands arc prmvded for more permanent duh  as a portable pop rlwls Or a 

slide mount may k used 

Our wq  popular custom models a n  91ll mallable lor those ol p u  who haw the kllowtng fadlor Rqency BTH 

BTL HRZ HR6 M~cmcom Aquapham MT75 or MI15 knave Bustneu Amateur and Mar~ne ICOM 230 22 22s 

30A Midland 13 500 and 13 509 Heathkll HW202 and HWZO36 and Standard SR C806 SR C826MA 

Porta Pakstafted out as a r e q  versal~le acctswq lor Ihe am8tcur but now the word IS out and as a rcsull 85% 

ol oul sales are now to Ihc busmess fadlo enlces Among cnthus~ast~c users 01 the Pofta Pak arc the C A f' 
ambulance wn~ces llre departments Red Cvm d~saster lcams towtng sentcn and pr~rate surw~lance OrKantiatlOnS 

The Porta Pak and VHi Marme radlo haw pror~dcd small craft wlth !ellable commurl~cat~ons where 11 was Im 

practral a short lame ago 

&sure to stale the make and &el ol p u t  t ranxc~wr when orderlng and a cuslom model wlll k plovlded 

11 one IS made lor 11 The regular mob~le mount holes arc urcd to attach Ihe custom models No mod~t~calton of lour 

fad10 B n K N U R  

4 5 AMP HR Deluxe Porta Pak Universal or Curlom Case 161 50 plus $1 75 shlpplng 

I W 15", H 6", D 18" I 1 9 AMP HR Supel Porta Pak. Un~versal or Custom Case $88 00 plus 12 75 shlpp~ng I 
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Proposed bands for tomorrow? 

dBDIOdFIDI kHz 

Drake F S 4  Solid State Synthesrzer 
shown with Drake R4C.  MS4 and T-4XC 

Drake is ready 
for 1979 TODAY! 

a NEW and EXPANDED amateur 
bands will be proposed at the 1979 
World Administrative Radio 
Conference! 

a If you have the Drake 4-Line, you 
are ready NOW for any of these hf 
frequencies by using either the 
Drake FS-4 solid state general 
coverage synthesizer or Drake 
selectable range crystals. 

a Drake 4-Line equipment is 
designed for you to use - without 
fear of obsolescence - year after 
year after year. 

Drake 4-Line gear is already designed to give you coverage of any 
of the proposed new amateur band expansions in the hf range. 

You can have them all, and everything in between, with the Drake 
FS-4 solid state synthesizer. It's ready to go with the R-4 seriesIT-4X 
series without modification. You can transceive as is or run split 
frequency with the Drake 1524 adapter. 

You can adapt the Drake SPR4 solid state receiver to use with the 
FS-4 by ordering interface kit 1523. The SPR-4 receiver will even 
cover the proposed new 1600 meter band at 160 kHz. If you do not 
wish to use the FS-4, you may select any of the specific new ranges 
with front panel selectable range crystals. There are 15 extra 
ranges on the R-4C, and four on the T-4XC. 

Also consider the Drake L-46 linear amplifier-full power 2 kW 
PEP, ssb and 1000 W-dc cw, full rated for RTTY, offering full 
operator convenience with front panel by-pass switch and built-in 
precision high power wattmeter. >-, , 

R. L. DRAKE COMPANY 
Will your gear 

st i l l  score in 1979? 

540 Richard Street, Miamisburg, Ohio 45342 Phone (513) 866-2421 Telex 288-01 7 & 
Western Sales and Service Center. 2020 Western Street, Las Vegas. Nevada 89102 7021382-9470 



a  N E W  an tenna  p r i n c i p l e  
PROVEN I N  W I N G  TESTS AND MANY YEARS QN THE AIR AT WgMBH - KBAST - K8VRM 

B E A M  
A N T E N N A  

only 27 inches high 
by 22 inches wide 

A COMPLETEL Y NEW ANTENNA 
Here is  an  ultra corn act beam antenna which can be tuned t o  any frequency between 7.0 and 14.5 
MHz. Weighing on1 f 8  Ibs. this antenna may not outperform e ful l  sired beam but it sure wil l  givs 
you your share of g~ and stateside contacts. Will handle 1 KW over a 100 kHz bandwidth. 

Fully weather proof HI-Q, attenuates harmonics 
Mounts easily on TV masting Comes assembled & tested KITS 1040 $94.50 
Fieure 8 pattern 

L I ~ L E  GIANT MODEL IOOXIO $149.50 
Other models available for 10. 15 & 2 0  meters Add $3 trans. 

L i t t le  Giant Antenna Labs, Box 245, Vaughnsville, Ohio 45893 
Subsidiary "Apollo Products" Village-Twig Ca 

419-646-3495 

I Spinner Handle Available 
Case: 2x4"; shaft X"x3" 

Model TC2: Skir t  2-118"; 
Knob 1-518" 

:fE 2 - U.BO Model TC3: Skir t  3"; 
Knob 2-3/8" 

1 

I TEXAS I N S T R U M E N T S  
I N C O R P O R A T E D  

Electronic 
Calculators 

TI-30-SP $18.95 

Ti-1750 21.95 

TI-5015 

TI-50501 

TI-5040 

Ti-5100 

816. Anal. 

SR-40 

SR-51-11 

SR-57 

SR-58 

SR.59 - 
PC-100A 149.95 

Software 29.95 

Texas Instruments Microelectronic 
Digital Watches from $9.95 (TI-503) 

Hewlett-Packard Calculators 
10% discount from list. 

Add $2 per unit for shipping. CA shipmenls add 
6% sales tax. Send cashiers chcck or money order 
for immediate delivery (personal checks must clear). 
Most items shipped from s l ~ k  within 48 hours. 

The Calculator Shop 
1160 Marsh Street 

San Luis Obispo, CA 93401 
(805) 544-1432 
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SPECSCA N-S Programmable Scanner 
.. . The ONLY Digital Scanner made for the IC-22s. It adds a whole new 
dimension to  2M FM. If any other accessory can make your IC-22s as ver- 
satile as the SPECSCAN-S does, Buy It! 

.Scans the entire 146-147 MHz Band In 15 kHz steps. aute  
matlcally, or manually 
Exclusive VARI.SCAN~~ control allows tull control of scan 
rate In either dlrectlon! 
Full compatlblllty with tho duplex mode. 
Uses state of the art CMOS loglc. 
Low power consumption. Less than 500 Ma. 
RF Immune. Unaffected by nearby equipment and In hlg 
RF areas. 
Large LED dlsplay lets you s w  every channel at a glance. 
Manual mode feature lets you scan past any portion of the 
band and manually select a deslred channel. 
Can be used as a remote unlt wlth the radio hldden under 
the seat, etc. 
Easy Installation. Uses only one matrix posltlon Ieavlng the 
other 21 useable for manual progmmmlng. 
Automatically reads out your other 21 channels when they 
are used. 
Plugs Into 9 pln accessory socket. 
Adjustable scan delay feature. 

SPECIAL PACKAGE P 

I 4 9 ! 2 t e u r  Net 

BRAND N E W  IC  2 2 S A N D  
SPECSCAN DIGITAL SCAHN 

ONLY 

DIGITRAN KEYBOARD QUALI-COMP SWR/FS METERS ' M o d e l  1 2 0  3 Model 1 1 0  

12 Key 

$8.00 
16 Key 

$10.00 
This very popular item at the 1976 Dayton Model 110 SWRlPowedFleld Strength Meter. Shows SWR from 
NOW OFFERED TO YOU at these low prices. Incorporates 1:l to 3:l. RF power from 0-10 watts and 0-100 watts. Accuracy: 
the ideal "tactile feel" leavlng no doubt that contact has been SWR, 5%; Power. 10%. Frequency range: 1.5 to 144 MHz. Im- 
made. These NEW keyboards, manufactured by THE DIGI- pedance: 52 ohms. Has 100 microamp DC meter. 5" bar antenna. 
TRAN COMPANY, are furnished with instructions for com- SO-239 connector. . . . . . . . . . . . . . . . . . . . . . $24.95 plus shipping 
bining with a MOSTEK or MOTOROLA chip and a crystal (plus 

Model 120 SWR,Fleld Stmngth Meter. SWR from several small components) to become a Tone Encoder. 
12 Key (20f 7 Matrix)2" x2.7" xY16". . . . . . . $8.00 piusshipping 

to 3:l with 5% accuracy. Has 300 microamp DC meter, 5" bar an- 

16 Key (2 of Matrix) 2,5" 2,7" gle" , , , , *lo.00 shipping tenna, 52-ohm impedance . . . . . . . . . . . . . . . $ 19.95 plus shipping 

IT'S NOT TOO LATE TO SEND FOR YOUR 
1977 BUYER'S GUIDE. 44 PAGES OF 
AMATEUR GOODIES. 

SEE US AT HAMFESTERS HAMFEST . . . 
SANTA FE PARK, IL - AUGUST 14; DES 
MOINES HAMFEST . . . DES MOINES, IA - 
AUGUST 21. 

SPECTRONICS, INC. HOURS 
1009 GARFIELD 

STORE HOURS: 

Mon-Thurs 9:30-6!00, Fri. 9:30-8:00 
OAK PARK. IL. 60304 Sat. 9:30-3:00. Closed Sun. & Holidays. 

31 2-848-6777 - 
TELEX 72:8310 D! 
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presents 

ATLAS 210x/215x 

NEW! Drake 
ENCODER MlKE 
NOW I N  STOCK. 

I DRAKE TR-4CW I 

\ DRAKE F S 4  SYNTHESIZER 

WE CARRY A FULL LINE OF ANTENNAS, ROTATORS AND TOWERS. 
ARRL PUBLICATIONS AND CODE PRACTICE TAPES. 
HY-GAIN MARINE VHF TRANSCEIVER I N  STOCK. 

Qualified service and repair facilities on  premises. Call for info. 

TUBES AVAILABLE 
COMPLETE YAESU. KLM. KENWOOD, DRAKE. ICOM. TEMPO. SHURE. 
TURNER ASTATIC. HYGAIN. LARSEN. KDK. WILSON, ATLAS, SWAN, &h&h[omA'ccl B I R D  MINIPRODUCTS COLLINS. STANDARD, ETC. IN  STOCK. 

OPEN DAILY 9-5; SATURDAY 10-3 
MAIL  ALL  ORDERS TO: BARRY ELECTRONICS CORPORATION 

512 BROADWAY, NEW YORK CITY. NEW YORK 10012 

THE NAME THAT'S KNOWN AROUND THE WORLD BARRY INTERNATIONAL TELEX 12-7670 
212-925-7000 

INS VOICE QUALIlY 

EXCELLENT FOR 

NO ADDITIONAL ADJUST- 
MENTS - MIKE GAIN ADJUST!$ 
CLIPPING LEVEL 

Yw LI 56 F f q u e n c ~ n  Install the VIP-60 switch in place of the original 22 
UNIQUE PLUG-IN UNIT-NO 

PlbPfqfammed In the ConwRion: 

lR,Ol la,82 147.15 ::::{ channel switch in your IC-22s and you'll have the MODIFICATIONS REQUIRED 

1 a . w  146.37 146.85 147.18 147.72 56 pre-programmed frequencies listed plus any :::;: tz::: t::::: t::::: :::::: four additional frequencies you wish to program 
i # . i 3  146.61 146.94 147.27 147.81 for yourself. Add 15 kHz splits with split option. 
146.16 146.64 146.97 147.30 147.84 
146.19 146.61 1 4 1 , ~  147.33 147.87 Fast, simple and clean conversion 
146.22 11.70 147.03 147.36 147.30 makes a fine transceiver even better 
146.25 146.73 147.06 147.39 147.93 
146.21 146.76 147.09 147.60 147.96 
146.31 146.79 147.12 147.63 147.99 P.O. 80x339  - BARTLETT. ILLINOIS 60103 (312) 741-8820 ~~~~~~~~~~~~_~~~~~~~~~~~~~~~ Models Now Available 

Collins 32S, KWM-2 ...... $ 98.50 ea. 
Valley Instrument Products BAU""Y'"'CA"o Ship - . Y I P ~ O  C O ~ M ~ M I  LII(S) at SZS.W =)I PIUI Drake TR-3, TR.4, TR-6, TR-4C, 
P.O. Box 339. Bartlelt. IL 60103 m 

$1.00 p x b n g  and dipp~ng.  Include IS L H ~  optlom(s) T-4. T-4X, T-4XB, T4XC $128.50 ea. 
a1 13.00 each. No C0.D 'I. PLtASt. Postpaid - Calif. Res~dents  

N . I ~  Call IIII~~.,I,, I ~ ~ I , ? ) . ~ I ~  d d  [I \air,, !ill add 6% Tax 

I-I( w c x  m n~one) O ~ ~ P Z  105 I mrlovd ( I Watch f o r  o ther  models later! I 
Cllv - Chargp mr VICA IlnnMmerlrarb H 

Slate OP .- . . - Card elplrer !,ryna!uw . 
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RATES Non-commercial ads I& per 
word; commercial ads 60a per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser- 
tions of h a m f e s t  ads pay the non- 
commercial rate. 

COPY No special  layout or ar- 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radlo cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor- 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

YAESU FTdx 560 Transceiver: 80-10M, 550 Watts 
SSBlCW with matching speaker, CW filter, new and 
spare flnals, manual. Mint conditlon. Ship in original car- 
ton. $415 F.O.B. Jordan, 1012 Olmo, San Jose, CA 95129. 

HAM RADIO HORIZONS, a super new megazlne for the 
Beginner, the Novlce and anyone interested in Amateur 
Radio.. . What it's all about. How toget started. The fun 
of ham radio. It's all here and just $10.00 per year. 
HURRY! HURRY! Ham Radlo HORIZONS. Greenvllle, NH 
03048. 

WANTED: Preamps (Janel) 144PB. 432PA. W6R92, 1330 
Curtis, Berkeley. CA94702. 

OSL CARDS, $101500, postage paid. lncludes ail perti- 
nent data. Bowman Printing Service. 743 Harvard, St. 
Louis, Mo. 63130. 

QRP TRANSMATCH with Preamp for HW7 Ten-Tec. 
Send stamp for details to Peter Meacham Assoclates, 19 
Lorreta Road, Waltham Mass. 02154. 

VARIABLE AND TRIMMER CAPACITORS - RF chokes 
- Mlnlductors; stocked for Immediate shipment. First 
class stamp for flyer. D 6. V Radio Parts, Rt12, 12805 W. 
Sarle. Freeland, Michigan 48823. - 
CANADIANS 1,000,000 surplus parts. Bargains 
galore. Free catalog. Etco.HR. Box 741, Montreal, 
H3c 2v2. 

PRESCALER BOARD for 650 MHz llC90. lncludes In. 
structions and parts source, 3.00. Also CSJ counter 
boards 15.00 (see 76 ads). RTC Electronics, P.O. Box 
2514. Lincoln, Nebr. 68502. 

DISCOUNTS - KLM. Larsen. Brimstone, Stereo 
Systems, Police Monitors, etc. Catalog available. 
BankAmericard 6. Mastercharge. 201-962-4695 Narwid 
E lec t ron ics .  61 Be l lo t  Road, Rlngwood, N.J. 
07456. 

TRANSMITTING TUBES, HV and filament xfmrs, rotary 
inductors, transmitting capacitors. Send stamp for flyer. 
T.S. Marinich Electronics, 102 Bell St.. Weirton. W. Va. 
26062. 

ALL TYPES ELECTRONICS supplies and kits, just 
released, 8 digit, 500 MHz counter kit, all parts. case 
169.95, specials include TO-3 heatsinks 1.50 555V, 723N 
31.25 FND-359 750, all new parts, you'll appreciate our 
serivce, write for flyer, Chemlab-MMC, Box 41472H. 
Chicago, 11.60641. 

PORTAPAK the accessory that makes your mobile real- 
ly portable. $67.50 and $88.00. Dealer inquires in- 
vited. P.O. Box 67, Somers, Wlsc. 53171. 

SELL QREENLEE CHASSIS PUNCH'S, a few used one to 
five times rest are new. 112. W6,  98, 11116.34, 1316, 718. 
15/16, 1, 1-1H6, 1-118, 1-3/16, 1-112. 1-518, 2-112, 2-Y4. 
2.25132. Sold.as one iot at $45.00. Local buy $40.00 T.G. 
North. 2016 N. Adams St., Arlington, Virginia 22201. 

RADIO MUSEUM now open. Free Admission. 15.000 
pieces of equipment from 1850 telegraph instruments to 
amateur and commercial transmitters of the 1920's. 
Amateur station WZAN. Write for information. Antlque 
Wireless Assn., Main St.. Holcomb, N. Y. 14469. 

47 MFD 4500 VDC OIL CAPACITOR. Ideal for linears or 
laser discharge cap. NEW. $30 - 21555.00. 30 Ibs. 
Transmitter Air Variable Capacitor. 55 to 500 MMF. Spac- 
ing .219. NEW. $8.95. 14 Ibs. Please Include shipping 
charge. R. W. Electronics, Inc.. 3203 N. Western Avenue. 
Chicago. IL. 60618.312-248-2480. 

- 

QSL - BROWNIE W3CJI - 30358 Lehigh. Allentown, 
Pa. 18103. Samples with cut catalog 506. 

MOVING: Six meter, teletype, test gear. Miscellaneous 
meters, tubes. Too much to list. SASE. WlJTL. P.O. Box 
297. Leominster. Mass. 01453. 

NEW CVaractor, 3-transistor UHF N tuner. Tunes thru 
440 MHz for A N  or repeater applications. $7.95 ppd. 
Workshop, Box 393H. Bethpage, NY 11714. 

TRAVEL PAK QSL KIT - Send call and 250; receive your 
call sample kit in return. Samco, Box 203. Wynantsklll, 
N.Y. 12198. 

STOP LOOKING For a good deal on amateur radio equip- 
ment - you've found It here - at your amateur radlo 
headquarters in the heart of the Midwest. We are factory 
authorized dealers for Kenwood, Drake. Collins, ICOM, 
Ten-Tec, Atlas, Regency, Tempo. Swan, Midland, Alpha, 
Standard, Dentron, HyGain, Mosley. Cushcraft, and 
CDE, plus accessories. Thousands of thrifty hams from 
coast to coast already know us and we invite you to join 
them by writing or calling us today for our low quote and 
trying our personal and friendly Hoosier service. 
HOOSIER ELECTRONICS, P. 0. Box 2001. Terre Haute. 
Indiana 47802. (812).238-1456. 

BUY - SELL - TRADE - write for free mailer. Glve 
name address and call letters. Complete stock of major 
brands new and recondltioned equipment. Call for best 
deals. We buy Collins.Drake-Swan Etc. SSB 6. FM. 
Associated Radlo, 8012 Conser, Overland Park. Ks. 
66204.913-381.5901. 

MOTOROLA HT220, HT200, and Pageboy service and 
rnodlflcations performed at reasonable rates. WA4FRV 
(804) 320-4439. evenings. 

RF GENERATOR BLK 2050, one month old, warranty 
card. $80 General Radio precision variable. 1000 pf, cast 
housing, 50:l gear drive, superb dial, $45. Stephen 
Johnson, 2011 Ferry Ave., Apt. 1.12, Camden, NJ 08104. 

WANTED: Collins 455 Kc mechanical filters. Stephen 
Johnson, 2011 Ferry Ave., Apt. 1-12, Camden, NJ 08104. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
5.50. Walter. 2697 Nickel. San Pablo, Ca. 94806. 

THE BEST HANDBOOK In Amateur Radio. The Radio 
Communication Handbook from the RSGB in 2 volumes 
$31.90 from ham radio's Communlcatlons Bookstore, 
Greenvilie, NH 03048. 

- 

HTl00 Motorola wanted. Also pre 1935 QST's. A1 Blank 
WlBL, 272 Pine St., Brlstol, Ct. 06010. 

TRANSMITTER TECHNICIANS - Voice of America has 
opportunltles for qualified technicians at VOA stations 
in California, North Carolina, and Ohio. Duties include 
operationslmalntenance of high power shortwave 
transmitters and related facil it ies on shift basis. 
Minimum qualifications: 3-years broadcast chief 
engineer 5 to 50 KW, or 3-years supervisor of opera- 
tionslmaintenance high power military transmitting 
plant, or equivalent. U.S. citizenship required. Salary 
$15.19,000. Submlt standard government application 
form. SF-171 to: VOA Personnel Office. Code 05-77. 330 
Independence Avenue, S.W., Washington, D.C. 20547. 
AN EQUALOPPORTUNITY EMPLOYER. 

RIDER'S RADIO volumes 4 to 22; fair to new conditlon. 
Sams Photofacts, 200 duplicate sets. Will swap for 
RADEX magazines. WRTHs, Broadcasting Yearbooks. 
EKKO stamp material and other radlo literature. Also 
have thousands duplicate magazines to swap for my 
needs. Donald Erickson. 605SH Essex Street. Riverside, 
California92504 714-687-5910. 

POWER SUPPLIES - Brand New 2.5 amp. Less 
regulator circuit. You add. With circuit plans. $13 PP. 
Telstar Ent., E. 16109 Longfellow, Spokane. WA 99216. 

NEW NEW 
NEW 

Exciting Products 

DATA SIGNAL 
AND 

DIGITRAN KEY BOARDS 
Style A Style B Style C m~~ 7 8 s 

*oar 
3 6 9 1  

* 0 #  

2%" x 3" 1%" x 2%" 2%" x 1%" 

Style D Style F Style G 

2% x 21h " 2. x 2 11/16" 2%'' x 2 11/16" 

SUB-MINIATURE 
TOUCH TONE ENCODERS 

MODEL SME - Smallest available Touch 
Tone Encoder. Thin, only .05" thick, key- 
board mounts directly t o  front a f  hand- 
held portable, while sub-miniature tone 
module f i ts inside. This keyboard allows 
use o f  battery chargers. Price $34.50, w i th  
your choice o f  keyboards. 

MODEL DTM - Completely self-contained 
miniature encoder f o r  hand-held port- 
ables. Only 5/16' thick. Three wire con- 
nection. Automatic PTT keying optional. 
With your choice of keyboards. Price: 
DTM - $49.50, DTM/PTT - $59.50. 

TOUCH TONE ENCODER 
WITH AUTOMATIC DIALER 

MODEL 204 - Completely self-contained 
12-digit Touch Tone Encoder with one 
automatic telephone number. Only 5/16" 
thick, f o r  use on  hand-held portables. 
Price $89.50 wi th  your choice of keyboard. 

MODEL 205 - l d d i g i t  keyboard allows 
for 12-digit manual encoding with auto- 
matic pushbutton keying of u p  t o  four  
telephone numbers. For hand-held port- 
able operation. Price $109.50, Styles D 
and G keyboards only. 

DO-IT-YOURSELF KITS 
Or, if you prefer, a l l  components neces- 
sary t o  bui ld your own encoder may be 
purchased "ala carte". 

.................. Your choice of any keyboard $8.50 
Digi tal  T.T. Encoder IC  14410 ............... $9.50 
1 MHz ULTRA SMALL Crystal ............... $5.95 
P. C. Board 0.8" x 1.2" and a l l  resistors 

and capacitors .............................................. $3.50 

a DATA SIGNAL, INC. 
2403 Commerce Lane 
Albany, GA 31707 
912-883.4703 
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flea market ALOELCO s~.l.co,ouc~o~ SURRMARKET 

T h e  Worlcl's Greatest 
Sending Device 

Adjustable to Any 
Desired Speed 

., Now available from Palomar  
Engineers - t h e  n e w  Elec t ron ic  
I C  K E Y E R .  H igh l y  p r i zed  b y  
professional operators  because it 
is EASIER,  QUICKER,  and 
M O R E  A C C U R A T E .  

I t  t ransmi ts  with amazing ease 
C L E A R ,  C L E A N - C U T  signals a t  
any desired speed. Saves t h e  
arm. Prevents cramp, and  
enables anyone to send with t h e  
ski l l  of a n  expert .  

S P E C I A L  I . R A D I O M O D E L  

Equ ipped  with large specially 
const ruc ted con tac t  points.  
Keys any amateur  t ransmi t ter  
with ease. Sends Manual,  
S e m i - A u t o m a t i c ,  F u l l  
Automat ic ,  D o t  Memory ,  
Squeeze, and  Iambic  - M O R E  
F E A T U R E S  than  any  o the r  
keyer. Has built-in sidetone, 
speaker, speed and  vo lume 
c o n t r o l s .  B A T T E R Y  
O P E R A T E D .  heavy shielded 
die-cast me ta l  case. F U L L Y  
A D J U S T A B L E  con tac t  spactng 
and padd le  tension. T h e  per fec t  
padd le  t o u c h  will A M A Z E  you.  

Every  amateur  a n d  licensed 
operator  shou ld  know how to 
send w i t h  t he  I C  K E Y E R .  
E A S Y  TO L E A R N .  Sent  
anywhere on receipt of pr ice. 
Free b rochu re  sent on request. 

Send check or m o n e y  order.  
IC K E Y E R  $97.50 postpa id  in 
U.S. and  Canada. IC K E Y E R  
LESS P A D D L E  and  n o n s k i d  
base $67.50. A d d  6% sales tax  
in Cal i fornia. 

I t a l y  w r i t e  i2VTT. P.O. B o x  
37, 22063 Cantu. 

F u l l y  guaranteed b y  t h e  
world 's oldest manufacturer  o f  
e l ec t ron i c  keys. O R D E R  
Y O U R S  N O W !  

102 august 1977 

MOBILE IGNITION SHIELDING prov~rlps more ranqe 
w ~ t h  no not<+ Ava~lahlr most r ng~n rs  Many other sup. 
presslon accessortes Llterature. Estes Englneer~ng. 930 
Mar~ne Dr .  Port Angeles. WA 93862 

TRANSISTORS. IC's. Communications - CB "Buy 
Dependability" at Low Costs. Send for your dealer con. 
fldentlal prlce list. B1D Enterprizes. Box 32. Depl. 2 MI. 
Jewett. PA 16740 

TELETYPE EQUIPMENT for beginners and experienced 
operators RTTY machines. parts. supplies. Beginner's 
spectal. Model 15 Printer and demodulator $13900 
Dozen black rlbbons 56.50: case 40 rolls 11/16 perf. tape 
$17 50 FOB. Allant~c Surplus Sales. 3730 Nautilus Ave . 
Brooklyn. N Y 1 I224 Tel: (2121 372-0349 

- - 

SWTP AC30 cassette interface, excellent in performance 
and appearance. with manual. $60 postpaid. Model 19/14 
TELETYPE with prtnter. keyboard, tape distributor, typ. 
ing reperlorater. power supply, table, manuals - all 
working, many pleces nearly new $100, will deliver 
wlthin 150 mlles Robert Boyd. Woodlawn Avenue. Ken. 
nebunkport. Maine 04046. 

MOBILE BONDING STRAPS under 506 each. Llterature. 
Estes Engineering. 930 Marine Drive. Port Angeles. 
Wash 98362 

-- 

CASH for any Collins unit. 618T. 490T. modules. parls. 
accessories. Air Ground Electronics. P. 0 .  Box 416. 
Kearny. N. J. 07032. 

ELECTRONIC COMPONENTS. Kits. Transistors. IC's. 
Send stamp lor catalog. Electronics Hobbies. 3421 S.E. 
Hawthorne Rd.. Ga~nesville. Fla. 32601. 

RF DEVICES 
7Nlll', I* 4CXl MHI 
7N.IRllli l lV  4(X) MH, 
?N!!!,H'I 3W I15 Mlt, 
?NSC,911 1OW 115 HH, 
?N!>',(l 1 75W 115 MH? 
?SC'.l 7 
7SC1776 
7\C 1306 

5 50 7N60R04W 175 MH, 
9V 7N6WII l!rW 115 Mtlr 

4 15 7NGlIH7 25W 175 Mblr 
7 811 7N6iW BOW 175 Ml l r  

1095 7Nl,llH4 40W I I 5  MII, 
3 95 2%: 1 107 
1 7 5  7N4411 
4 DO ?N!r109 

NOW NEW IMPROVED DIGITAL ALARM CLOCK KIT Houts 
M m ~ l r n  . k o n d s  d \ ~ g ~ l a y e ~ I  M %I. AI(I (1 5 F~mr<hmlit 7 Swmml 
O*rolay LFnS I 7  hour Inrm.1 74 hnv! a la rm w ~ l h  ~ni*l#r lpatur. 

1~1ur rlaraml rlm? ~ndlrato, at!d trerr* l r a t u r r  El@>l - ol 
~,~rtormrh aod ~nslrurv~on~ NFW on lward muer trrrtrlwmrr a m  
ctrcuattv 10, o~l80aaI  llmr 1s.u. wtth rsmttlal*d wrul cqraln <ah<wl 

273 95 .~. ~. 
12124 Haur Clack K81 Sex l uy  5 LEDS frerrr Ira!u,r wmth $mmolalea 
w-l cah~net 573 95 

6dtg1l. 40MHr FREWENCY COUNTER K I T  *nth m-v 9 12 
roll DC. Wol acranarr ubr comolrln ~ 0 t h  I I O V  AC pluy $0 and 2 
r 4'." x 6" cahanrl ONLY 
A$umNed Un81 Ccwntrl.lr $140 95 

100' r O " U I I 1  I,..\,.*. . , I ,  

VARIABLE POWER SUPPLY KITS rm M ~ .  5 15 vnc ssss 
1728 VDC 1695 81 c.rlrl 1*1 a,m1, arUWIR9 

ZENERS 
1N14Gto IN7594WMwca 25 IN477810 1N47M 1 w 7R 
?N)R16 RCA RF ST0 95 CA 3078A 011 Am" 51 50 
MIX(Al4 90 BOBOA 51995 
7N 1055 '19 LM704K Volt R q  1 10 
MPI I07 F E T  55 2N5401 
J N I W  o# 7N'IROG 101~114 71Ll,71 

95 

M I  10ri5 
8 la# 1 1 7  50 

70 INRI03 63 
MJf I4O 12N5G551 :; 5; 7 Amp 1000 Volt R q  10 $1 W 4M>I1 RCA F E T  
74 1 or 1Wl Ptr? DIP 25 2Nb103 16 Amp lo  270 90 
555 T ~ m r t  15 LM709or LM741 MI,) Dm 45 
VHF Fr r rc l r  Bead, 15'11 00 LM741Cor TOSOP Amp 45 
nxl vt.lr ~s A~I ,  C O ~ Y  51 15" 14 0' 18 Pin IC Sochelt  'I0 
IN414 IN4148 15 I DU MP5A 13 ISPS'JIOOI 80 
IN'U INM INM 10101 99 We haw 7400 scn~cs I0 

stamp 10, ~.ldlCq 
Add 5'1, lor 4,pp,m# M,n wdnr f I0 W O r l  ol USA a d  Cntrlrsd 

FERRITE BEADS: wlspecificalion and application sheet. Chak w ~ o o c v  order fnc~t,de m r r w  
lOl$I 00 Assorted PC oots - YS1 00 M~n~ature mlca trim- 
mers. 340 pf.. 5/$1.00.'~ostpa1d. Includes latest catalog. 
Stamp for catalog alone. CPO Surplus. Box 189. Braln- 
tree. MA 02184. 

THE "CADILLAC" of OSL'sl New! Samples: 51.00 
(Refundable) - MAC'S SHACK; Box W1171-D: Garland. 
Texas 75040. 

-- 
22RlH Babylon Tnpk., Merr~ck. NY 11566 

15161 378 4555 
FREE Catalog Solar Cells. Nicads. Kits. Calculators. 
Digltal Watch Modules. Ultrasonics. Strobes. LEDS. 
Transistors. IC's, Unique Componenls. Chaney's. Box 
27038. Denver Colo 80227. 

-- 

MODERN CODE PRACTICE. 0.22wpm on four 60 min. 
cassettes. $10 Royal. P. 0 Box 2174. Sandusky. Ohio 
44870 

TECH MANUALS lor Govt, surplus gear - $6.50 each: 
SP.600JX. URM.25D. 0s-8AIU. TS-17YUR Thousands 
more available Send 5 k  (coin) for 22.page list. W31HD. 
7218 Roanne Drive. Washington. DC 20021 

- - -  

EXCLUSIVELY HAM TELETYPE 23rd year. RTTY Journal. 
articles. news. DX. VHF, classilled ads. Sample 350. 
$3 50 per year 1155 Arden Drlve. Enclnltas. Callf. 92024 

FIGHT NI with the RSO Low Pass Fllter. For brochure 
wrlte: Taylor Communications Manufacturing Company. 
Box 126. Aglncoun. Ontano. Canada. MIS 3B4 

RUBBER STAMP. namelcalllOTH $2.50 ppd (CA 
residents add tax) LWM Press. Box 22161. San Diego. 
CA 921 22 

. - 

TELETYPEWRITER PARTS, gears, manuals, supplies. 
tape, torolds SASE 11~1. Typelronics. Box 8873. Ft. 
Lauderdale. FL 33310 Buy parts. late machines. 

WHAT'S GNU WITH LsRue? Factoryauthorized dealer 
lor. ICOM. Regency. Standard. Cushcraft and CES 
Tough.Tone pads Also stock Antenna Speclallsts 2. 
meter 5J8 wave moblle antennas and Bomar 2-meter 
crystals tor the above radlos. Mastercharge and 
BankAmerlcard accepted For the greatest deal call or 
write LaRue Electronics. 1112 Grandv~ew St.. Scranton. 
Pennsylvan~a 18509. (717) 343.2124. 

-. 

VERY in.ler.est.tng1 Nexl 4 issues $1 "Ham Trader 
Yellow Sheets." Sycamore. IL M178. 

Coming Events 
FLINT. MICHIGAN. Greater Genesee Valley A R C swap 
8 shop Sunday September 11. 1977. 8 to 4 pm at 
Southwestern Hlgh School in Flint. Michigan Tlckets 
are $1 00 In advance. $1.50 at the door Large tables at 
reasonable prlce for sellers No Trunk Sales. Talk.in on 
31191 and 52 Simplex For advances tickets. table reser. 
vatron, and addttlonal inlormat~on. contact Jack Walters 
WABUXN. 1315 Butcher Road, Fenton. M~chigan 48430. 

with 
JAN QUARTZ CRYSTALS 

for 
CB Synthesized CB Standard 

General Communications 
Industry Two-Meter 
Monitor Scanners 

Marine VHF Amateur Bands 

Dependable USA Mfg. for 
Frequency Control 
Frequency Stability 
High Performance 

Wrtle or phone lor more dela#ls Send r b  Ior our Iarasr c#Ialog 

2400 Crystal Drlve 
Ft. Myers, Florlda 33901 - all Phones (813) 936-2397 

I I 
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A Message from Art . . . 
About AGL 

A , , . .  l . 2s .I r o m l . a r a c  l r , * , l ,  r.#.k ,.%n,,.lr,., v l l  h an , . I * !  f.l?ihl(,l l- 

,.,I ..I,<>>,* < , I V , P . C ,  c,.>r !ha. I ,-*, s..,,., .'. "f, 

.'.n .I..ltv..r . It  I h r  rn,>.ll ""rnl".',, ,r. 1 I I t . . .  

8v , . r><,n , ,  . 4 t  A . , ; . l .  t s  .I lx,.r.n%a.,l !>3r r , ! , , , r d t r . r  w ! P t \  ,I s * r , , w 7  

I,, 4 ,  , I , .  A .  ,r nr.,, ".l'V. , . ,1. ,1.111- 

~y m..t r m i  I,IIP..,! r ~ t r  nl ,r t  ; . , u  r l  ~rrm' . .* , r  f r , r  th r  I~.'.? ma">'  

y r r l s .  I Y < ~  r n u l ~ l  r . l l h % . I  n l , l  # ! l r ' u r %  Iliu n.lr.8 

I,.. t, , ,",  r.. I,,, vr .  ,r-ri,r.,l . , . . .! r . : , . .  r ! ,h.. m , . r t  c O r 1  i r t *  I l i~v,.n- 

t , . r  n..r, ,,! ,v Iv~. t  r< \n I , - *  xn r b , ,  .. 8 u ? k > w , < t  . !<+,',.%, c , > v L , ~ n w i  v *.,,? . w !  ? h  

,,,,, . , 1 1 ,  . i , , l l F  a,,,, ha<" ,ill . i l : l , / ( l . . n , .  . r , . . , , r ,  a I . i , - ,nr?q  ? I n ,  r. 

Itopv yclu r t  11 I t k r  d o l n ~ 8  tlusll;<,' lr u l l l , .  

n y  ctm. w,,y, 3 ,  yr ,u  I th?. 9 ,  ' "h<-c%v Vr,wl?" ,,n <, , : , l#r ,P<.r>? , \.,,,a 

.a,,, m<>,s. t t , . . r>  w,.IC,~"<.. 1,s 1 . ,< - .  , W" *":",,r,%,7" , ? .  

t . tnl i  t n  rnrt srr !or yours*! ! .  n r r  q r , i r q  r c .  ! z i .  & . ' . . I  

A r t  l I ~ ~ ~ ~ l , ~ ~ l d ~ r .  XOTI: 
Y l r c  ,'r*"rdcrl 

CALL US TODA Y TOLL FREE A T 7-8OY7-527-7478 
CALL 214-241-641 4 (in Texas) 

LARRY WA5WWH GORDON NSAU MIKE WASUOB MIKE WBSACM TOM K5TM BOB W X C  

(AGL £~ectronics> 
3068 FOREST LANE, SUITE 309 DALLAS, TEXAS 75234 
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New! Broadband antenna - matching. 
For all verticals and mo- 
bile whip antennas. 
Smaller size and higher 
efficiency. Only 3 l h "  

diameter for full 5-Kw 
PEP capability. 

Here is the answer to the match- 
ing problem for vertical antennas 
and mobile whips. A broadband 
t r a n s f o r m e r  that matches your 
50 ohm transmitter to 32, 28, 22, 
18, 12, 8, or 5 ohms. Plenty of 
taps to match any vertical or whip. 

And with no tuning or other ad- 
j u s t m e n t .  The R F  Transformer is 
completely broadband 1-30 MHz 
(1-10 MHz on three lowest taps ) .  

So when you change f r e q u e n c y  

within a band you need only re- 
tune the antenna to resonance; 
not fiddle with a matching net- 
work. 
Also, more power goes to your 
antenna. The RF Transformer is 
more efficient than a matching 
network or tuner-less than 0.1 1 db loss. 
As always, when you buy Palomar 
Engineers you get the best: large 
f e r r i t e  toroid core, teflon insu- 
lated wire, sealed epoxy-encap- 
sulated weatherproof construc- 
tion, stainless steel mounting 
hardware, full 2000 watt CW 
(5-Kw PEP) capability. 

I Send for free brochure. 

1 Improve your station. Simplify 
I your tuneup. Get better results 
1 wi th the new Palomar Engineers 
1 RF Transformer. 

Order direct. $42.50 postpaid U.S. 
and Canada. California residents 
add sales tax. 

flea market 
MEMPHIS IS BEAUTIFUL IN OCTOBER! The Memphis 
ARRL.sponsored Hamfest, bigger and better than the 
4.5M) who attended last year. will be held at State 
Technical Institute, Interstate 40 at Macon Road, on 
Saturday and Sunday October 1 and 2. Demonstrations. 
d~splays. MARS meetings. flea market, ladies flea 
market, too! Hospitality room, informal dinners. XYL 
entertainment, many outstanding prizes. Dealers and 
Distributors welcome. Contact Harry Simpson W4SCF. 
PO Box 27015, Memphls. TN 38127 for further infor- 
mation. - 
B m E R  THAN EVER - 1S77 EDITION Golden Spread 
Hamfest and Flea Market- Holidav Inn West Amarillo. 
Texas Aug. 12, 13 8 14. Six big tech sessions. Commer- 
cial exhibits. Family recreation. Two Hospitality Hours. 
Big pre.registration prize and super Grand Prize, others. 
53.00 advance. 54.00 at door. For Info. pre-registration 
packet. P.O. Box 10221. Amarlllo. Texas 79106. 

-- 

THE LaPORTE COUNTY Summer Electronic Swapfest 
wi l l  be on Sunday. August 28th at the County 
Fairgrounds In LaPorte. Indiana. 50 miles Southeast of 
Chicago. Paved Midway and Indoor booths available at 
no charge. Good food and cold drink available. Talk-in on 
37-97. 01-61, or 52 simplex. Tickets $2.00 at the gate. In- 
formation from P 0 .  Box 30. LaPorle. IN 46350. 

MELBOURNE. FLORIDA, SEPTEMBER 10.11. The 12th 
Annual Melbourne Hamfest will be held Saturday and 
Sunday. from 9 a.m. to 5 p.m. each day in the aircondi. 
tioned Melbourne Clvic Auditorium located on Hibiscus 
Boulevard. Donation is $2.50 per person. Full program in- 
cludes forums, meetings. auction, swap tables, commer- 
cia1 exhibits. awards. prizes, etc. Contact K4HPT. 2749 
Herford Road. Melbourne. FL 32935 for swap table reser- 
vations. FCC exams on Saturday, donation not needed 
lor exams. Form 610 must be f~ led with FCC. Room 919. 
51 S.W. First Avenue. Miami. FL 33130, not later than 
August 31. 1977. Hamfest talk.in on 25185 end 52152. 
Sponsored by Platinum Coast Amateur Radio Society. 
For more info write P.O. Box 1004. Melbourne. FL 32901. - 
MONTREAL HAMFEST '77. August 6 L 7,9 AM to 6 PM. 
St. Lamberl Arena. 

BARC International Fleld Day. Burlington. VT. August 
13-14 at the Old Lantern (same location as last year). 
Starts at 7AM Saturday and closes 5PM Sunday. This 
year's hamfest is dedicated to the memory of KlURQ. 
Camping at slte, flea market both days, early bird 
registration 53.00 ($3.50 at door). Talk.ln on 01-61. Write 
Burlington Amateur Radio Club. PO. Box 312. Bur- 
lington. VT 05401 for information and advance tickets. 

FLORIDA: The BOLD CITY HAMFEST sponsored by the 
Jacksonville Range Associat~on will be held at the 
Jacksonville Beach Aud~torlum AUGUST B7 Vacation 
i t  our Hamfest - 'FLORIDA'S FRIENDLIEST' . . .  Visit 
our special 'SOLAR' and 'ORPp' forums. Send request 
for information and tables to HAMFEST COOR- 
DINATOR. Jacksonville Range Association. P.O. BOX 
10623. Jacksonville. FL 32207.. . For Motel reservations 
call RAMAOA INN toll free 1-800228.2828. 

MICROCOMPUTER INTERFACINO Workshop. 
September 15.16.17. 1977. A threaday workshop based 
on the popular 8OeO microprocessor. Over 20 operating 
8080 computers are available for particlpanl use. This 
session will be held at the VPI L SU Extension Center in 
Reston. VA (Dulles Airport). For more information con- 
tact Dr. Norris Bell, V.P.I. and S.U.. Blacksburg. Virginia 
24061. (703) 9516328. 

DIGITAL ELECTRONICS for Automation Workshop. 
September 13. 14. 1977. A two-day workshop based on 
the small scale and medium scale TTL integraded cir- 
cutts. Many hours of laboratory time with indepth lec- 
tures. This session will be held at the VPI (L SU Exlen- 
sion Center in Reston. Va. (Dulles Airport). For more in- 
formation contact Dr. Norris Bell, V.P.I. and S.U.. 
Blacksburg. Virginia 24061. (703)9516328. 

HAMFESTERS 43rd Annual Picnic and Hamfest. Sunday 
August 14. 1977. Santa Fe Park. 91st and Wolf Road. 
Willow Springs, Illinois. Southwest of Chicago. Exhibits 
for OM'S and XYL's. Famous Swappers Row. Tickets at 
gate 52.00. advance 51.50. For advance tickets send 
check or money order to Bob Hayes WBKXW. 18931 
Cedar Ave.. Country Club Hills. 111.60477. 

SARA HAMFEST Desoto. Illlnois. August 22. 1977. 
Prizes, food, auction, no charge for flea merchants write: 
Nick Koenlngstein. 2009 Gray Dr.. Carbondale. 111.62901. 

SOUTH DAKOTA. Signal Hill A.R.C. of the Northern 
Black Hills area Ham Fles Market 10:W AM to 6:M) PM 
August 20. 1977 at the South Sturgis Church of Christ. 
Sturgis, South Dakota. Talk.in on 52152. For further in- 
formation contact: Dennis Painter WBIFYG , Box 759. 
Sturgis, South Dakota 57785. Phone 805-347.3087. 

Have you had rotator damage? Removed the 
rotator? Been o f f  the air? Waited for parts? No 
morel AUTOBRAK is a complete conversion k ~ t .  
including punched and finished cabinet for all 
HAM-M series 1, 2, and 3, rotator control units. 

A U T O B R ~ K  reduces the inherent problem of  
damaged rotator componentsdue to instant brake 
engagement. AUTOBRAK allows the antenna 
array t o  come t o  a coasting stop before brake 
engagement, thereby reducing stress on rotator 
components. 

Other features include Zener regulated meter 

TEST EQU I PMENT 
All cqu~pmcnl l~stcd IS operat~onal and un 

conci~t~onally quarantecd Moncy back 11 not 
Sat~Si~rd - equlpmrnl belnq rclurned must be 
sh~ppea prepand include chrck or monry 0rdc.r 
with order. P r~c rs  ~nclude UPS or motor i r rmhl  
chdrqc!s. 

. . .  BOONTON l9OA Q m t r  30 2 0 O m H ~  $425 
BOONTON 202E A M  F M  s ig  gen 

. . . . . . . . . . . . . . . . . . . . . . . . .  54 216mHz 425 
. . . . . . .  D E  I T D U  4 30mHz v ideod isp lay  55 
. . . . .  GRlOOlA L F  s ig  gen5kHz 5OmHz 385 

HPIOOER F r e q  stand .05 pa r t s /m i l  
. . . . .  Outputs 10,100Hz; 1,100,100kHz 155 

HP1600(USMlO5) 15mHz scopew i th  
. . . . .  r e g  horiz, dua l  t r aceve r t  p lugs 375 

HP166B(M i l lDe lay  sweep tor above . . 130 
HP170A(USM140) 30mHZ scopewi th  

. . . . .  r e q  horiz, dua l  t race ver t  p lugs 475 
HP175A 5OmHz s c o p e w ~ t h  r e s  

. . . . . . . . .  horiz, dua l  t race ver t  p lugs 565 
HP l85A  Sampl ing scope to  1 gHz 

. . . . . . . . . . . . .  1860 xs t r  r lse  t i m e  plu-g 585 
. . . . .  HP202B L F  Osc .5Hz 50kHz 10vout 75 
. . . .  HP205AG L a b  audio gen .02 2OkHz 195 

. . . . . . .  HP212A Pulsegen .06 SkHzPRR 65 
HP524D F r e q  counter b a s ~ c  range 

. . . .  10Hz IOmHz extends w/p lug ins  195 
HPS400 Transosc to 12.4gHz for 

. . . . . . . . .  use w / H  P524 tyoe counters 145 
. . . . . . .  HP616 Sig gen 1.8 4gHz F M  CW 365 

H P686 Sweep gen 8.2 12.4qHz sweep 
. . . . . . . . . . . . . . .  range4.4mHz 4.4gHz 495 

. . .  HP803A V H F  Ant  br1dge50 500mHz 135 
SOL ITRON 200A SCR tester - a l l  

. . . . . . . . . . .  funct ionsw/scopeoutput  135 
. . . . . . . .  T e k l 8 l  T i m e  m a r k  scope cal ib.  55 

. . .  Tekl9O Sig gen(const a m p l )  50mHz 125 
Tek536 11mHz X Y scope - uses 

. . . . . . . . . . .  two  let ter series p luq  ins 295 
Tek565 Dua l  beam lOmHz scope 

. . . . . . . . . . . . . .  less p lug  ins (3  s e r ~ e s )  625 
. . . . . . . . . .  TS505 Std V T V M  ( r t  500mHz) 65 

For complrte list 01 all test CqulpmCnl 
Send Stamped. sr l l  addreSSCd envelope 

GRAY Electronics 
P.O.Box 941, Monroe, M i c h .  48161 

Spcc~allzsnq In usrd test rqu~pment 
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All t h e  popu la r  sizes a n d  mixes. 
Fast Service. Same d a y  sh ipment  
via f i rs t  class m a i l  or air. 4 N o  m i n i m u m  order. 

I R O N  POWDER TOROIDS: 

TO ORDER: Spec i fy  both co re  size 
and m i x  f o r  toroids. Pack ing a n d  
sh ipp ing 50 cents pe r  order  U S A  and  
Canada. Ca l i fo rn ians a d d  6% sales 

flea: market 
NEW ORLEANS HAMFESTICOMPUTERFEST at the 
Hllton Inn In Kenner. LA September 24 8 25 Informatton 
on t~ckets, room reservations and etc. will be furnished 
upon request by contacting the New Orleans 
HamfestlCompulerfest; PO Box 10111, Jefferson. LA 
70181. 

ALL SAINTS AMATEUR RADIO GROUP invites you to 
Hamfest '77 In Saint Andrews.By-The-Sea at the Algon. 
quin Hotel. September 2. 3. 8 4. St. Andrews. New 
Brunswick Is a very popular resort area on the border 
between Malne and New Brunswick with many attrac- 
tions lor the whole family. We have been fortunate too& 
tam the famous Algonquln Hotel for our Hamfest head- 
quarters. Full info from Barb Sheppard, secretary. RR 
3258. Rothesay NB Canada EOG 2WO. 

WARREN. OHIO. HAMFEST - August 21. 1977. Moved 
again! Trumbull K.S.U Branch Campus on Route 45 at 
Warren Outerbelt. Best site in our 20 years. Bigger flea 
market; all close-in parking; parks 8 lakes nearby. 
Displays; talk.in: $2 door prize registration. Arrowsigns 
lead from 1-80; 1-90; Ohio 5; 11; 45. Details? OSL: 
Hamfest. Box 809. Warren. Qhio 44483. 

- 

LAFAYETTE, INDIANA HAMFEST. Sunday. August 21. 
1977 at Tippecanoe County Fairgrounds located at 18th 
St. 8 Teal Rd.. (Indiana Highway) in Lafayette. 55 miles 
northwest of Indianapoils off 165. Send check or money 
order with SASEto WA98ZDI. Bill Bayley. 1021 Beck La.. 
Lafayette. IN 47905for tickets by mail. 

"GREATER LOUISVILLE HAMFEST is Sunday Sept. 25. 
1977 at Kentucky State Fairgrounds with exits off either 
1-65 or 1-264. lndoor exhibitors area and Flea Market air 
conditioned. Also an outdoor flea market. Ladies Blngo. 
Meetings and Forums. refreshments available. Admis- 
sion is $2.00 adults. 12 and under free. Flea market 
venders pay admission prlce plus 52.00 per space indoor 
or $1.00 per space outdoor. For more info or motellcamp 
ing contact Denny Schnurr. K4GOU 2415 Concord Dr.. 
Louisville. Ky. 40217 (502634-06191." 

-- 

35TH ANNUAL FINDLAY HAMFEST. Riverside Park. 
Findlay. Ohio September 11. Advance tickets are $1.50 
and $1.00 at the gate. For tickets and additional informa- 
tion send S.A.S.E to Clark Foltz, WBUN. 122 W. Hobart. 
Findlay. Ohio45840. 

THE OLD PUEBLO RADIO CLUB (W7GV) of Tucson. 
Arizona will conduct a world-wide contest over Labor 
Day weekend 1977. Permission has been granted for the 
club tooperate lrom the South Rim of the Grand Canyon 
on September 2. 3. and 4. 1977. The 80. 40. 20. and 1 5  
meter bands - SSB and CW - wlll be used. For addi. 
tional informatlon, contact Ian W. Thomson. W7BON. 
P.O. Box 6497. Tucson. AZ 85733. 

-- 

HAMFEST Zero.Beaters ARC Sunday. August 7. 1977, 
Washington. MO City Park - 10 AM. Write Box 24. Dut- 
zow. MO 63342. Flea Market. Army Mars Meetlng. Prizes, 
Bingo. Cake Walk. Candy Scramble. fun for whole family. 

- 

L'ANSE CREUSE ARC Swap and Shop. Sunday 
September 18. 1977. 9 am to 3 pm, at the L'Anse Creuse 
High School. Mt. Ciemens. Michigan. Tickets $1.00 in ad. 
vance. $1.50 at the door. Talk.in 146.52. 148.94. Tickets 
and informatlon from Harold Price. WBBOFR. 32111 
Harper St.. Ctair Shores. Mich 48082. 

- 

SANQAMON VALLEY Radio Club Second Annual 
Hamfest on Sunday. September 25th. at the Sangamon 
County   air grounds. New Berlin. Illinois. 16 miles west 
of  Springfield. indoor display area and covered pavilion. 
Exhibits, food and ladies activities. Overnite camping! 
Tickets: 51 advance. $1.50 at gate. First Prize - Wilson 
HT. Talk-ln: 146.281.88 and .52 MHz. Information: WB9- 
OWR. Carole Churchill. 622 Magnolia. Rochester. IL. 
62626. 

CINCINNATI HAMFEST: 4131 Annual - Sunday 
September 18. 1977 at the improved Stricker's Grove on 
State Route 128. one mile west of Ross (Venice) Ohio. 
Flea Market. Contests. Model Aircraft Flying. Food and 
Beverages all day. Advance Ticket Sales $7.50 - Tickets 
at the Gate $8.00 - covers everything. For further in- 
formation: Lillian Abbott KBCKI. 1424 Maln Street. Cin. 
clnnati Ohio 45210. 

THE GRAND RAPlDS4mateur Radio Club wlll hold its 
annual SwapN.Shop Satcrday. September 17 from 8 
a.m. to 4 p.m. at the Hudsonville Fairgrounds in Hud- 
sonvllle. Michigan. 12 miles southwest of Grand Rapids 
on M-21. Talk.in on 146.52 and 161.76. $2 donation at the 
gate with plenty of refreshments and free tables 
available. - 
MT. BEACON Amateur Radio Club 4th Annual Hamfest 
Saturday. August 6th. 9 AM to 5 PM at Stewart Field. 
Newburgh. N. Y.. Inside Hanger. Flea Market 8 Auction. 
Talk.in on 37/07 and 16/78. Rain or shine. Plenty of free 
parking. Admission. $1; Tallgatlng. $1: under 12 free. 

Armchair Copy 

Shortwave Listening 
Our ONLY occupation I S  

supplying everything you 
need to tune the mediumwave 
and shortwave bands-and 
identify what you hear. Our 
NEW mini-catalog details 
Rarlow Wadley, Drake and 
Yaesu receivers, WORLD 
RADIO TV HANDBOOK, logs, 
receiving antennas & tuners, 
calibrators, FM or TV guides, 
AM pattern maps, QSL 
albums, ITU publications, 
RTTY displays, CONFIDEN- 
TIAL FREQUENCY LIST, 
clocks and all SWL books. 

GILFER ASSOCIATES, INC 
P.O. Box 239, Park Ridge, NJ 07656 

i GREENE center lnsu la tor  BALUN 
. "Why not the very best 

for you"! 

11 - .. ,, .roc.ure ,... 
. I  

CREENE INSULATOR 

II 
44 Mtnisterlal Branch. Bedford 

N u nw-17 I 
- PCB - PCB - PCB - PCB - PCB - PCB - 

m -. X 
2 ; m-:,-- ETCH-IT-YOURSELF m 
I , --; :'..' . - \ -."' '- I 
* I Printed Circuit 

Kit 
m 
I 

0 0 
P 

2 NOW YOU CAN desinn and IJ rOd~ce "our - ., 5 own pr lnted clrcui t  -boards.' E 
p IT'S EASY. Photo positive method. N o  , 
; darkroom required. o 

LESS THAN 2 HOURS t o  produce a p.c. % 
board d ~ r e c t  f rom magazine article. 

I KIT INCLUDES mater ials t o  make 4 p.c. I 
$ boards dlrect f r om magazine article. 3 
a Add $1 f o r  COD. S.A.S.E. f o r  details. m 

EXCEL CIRCUITS ca. I 
4412 Fernlee 313-5494440 $ 

2 Royal Oak. M I  48073 m 
- PCB - PCB - PCB - PCB - PCB - PCB - 
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BOOKS BY PHONE 
CALL TOLL FREE 

800-258-5353 
Almost all popular 

Amateur Radio Books 
available for immediate 

shipment. 

HAM RADIO 
GREENVILLE. NH 03048 

. 
Foreign Subscription Agents 

for Ham Radio Magazine 
Ham W l o  Austria Ham Radlo Holland 
Karin Uebar MRL ECtronlCD 
PO3ttsch 2454 Po(ltbu3 88 
D-78YI Loenach NL 2m4 mill 
Wel l  Germany Holllnd 

Ham Radlo Belglum 
Stereohouse 
Bfusselssstwnww 416 

Ham Radlo Italy 

8-9218 Gent 
STE. Vla Manlago 15 

Belptum 
I - M I  34 MIIano 
1ta1v 

Ham Radlo C.nada 
B o x  114, W e r l c h  
Onlarto. Canada NTA 3V5 Ham Radlo S ~ l r m l a n d  

((.,In Uabar 

Ham Rsdlo Europe Poatlach 2454 
Box 444 D-7850 Lwnach 

5-194 M Upplands Vasby We51 Germany 

Sweden 

nam Radlo Fra- Ham WM UK 
Chrlsllam Mlchel P 0 801 w. H."OW 
F89117 Parly Mlddlasx HAJBHS. 
France England 

Ham RadloOemuny 
Uarm Uebsr Holland FWlo 
Postlach 2454 I43Grsanway 
0.7850 Loerrach Grsansbde. Johmesburp 
West Germany Republc 01 South AIrlca 

The HAL ST3000 sets the pace for a n  economical 
demodulator/keyer for radio-teletype (RTTY). All the fea- 
tures you need for reception and transmission of HF and 
VHF RTTY are  here. 

The demodulator features a hard-limiting front end, 
active filter discriminator, and active detector circuitry for 
wide dynamic range. Autostart and motor control circuitry 
make for easy VHF and HF autostart operation. 

Convenient front panel switches are provided for 850 
and 170 Hz shift, normal o r  reverse sense, autostart on/off, 
print - line o r  local, and power on/off. 425 Hz press 
transmissions may also be copied with the ST-5000. High 
voltage 60 ma. loop output a s  well a s  low level RS-232 
compatible output are  provided by the demodulator. 

The audio keyer section of the ST-5000 generates 
stable, phasecoherent audio tones. Transmission is a 
simple matter of applying these tones to  your HF SSB or  
VHF FM transmitter. 

The ST-5000 is housed in an  attractive blue and beige 
cabinet and is backed by the HAL Communications one 
year warranty. 

For complete specs on the HAL ST-5000, write o r  call 
HAL today. $275.00 

HAL Communications Corp., Box 365,807 E. Green St. 
Urbana, Illinois 61801 Telephone (217) 367-7373 

*** PACKAGE DEALS *** 
11. Buy a n  IC-245 at the r e g u l a r  price 

F and g e t  t h e  TOUCH TONE HAND- 
R SET FREE. 
E 10-245 Ready toGo . . . . . . .$499.00 
E 

12. HANDSET ONLY . . . . . . . . . . .$79.M) 
Requ~res wlrlng accessory socket 
on 10-245 8 10-22s. 

13. TOUCH TONE HANDSET w l t h  

I C - 2 2 s  . . . . . . . . . . . . . . . . $299.00 
H a n d s e t  . . . . . . . . . . . . . . . . . . .30.00 
You pay only. . . . . . . . . . .$329.00 
Ready to go 

Irnmed~ate D e l i v e r y  From Stock. 

Write or call f o r  specla1 prices on ICOM 
Gear without Touch Tone Handsets. 

Add $5 00 for Base Recept~cle 

C * * 24-hour Message Recorder c * 801-486-7784 * * * 
t UTAH FM SALES, INC. t * 1588 MAJOR STREET c * * 
c SUITE #202 8 

SALT LAKE CITY. UTAH 84115 i 
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COMPACT POWER! 

KLM 
ANTENNAS 

VHF 
UHF 

Excellent mechanical 
designs feature multiple 
driven elements and 
optimized spacing for 
wide band operation 
with low VSWR, clean 
patterns, maximum 
power gains. 

3MPACT 

144 MHz. 
8 models: 

4,7.8,9.11,12,14.16 
element yagis. Also 6 meter beam. 144 and 432 MHz 

12 and 16 element circularly arrays. KR-400 and KR-500 rotators. 

polarized types. 

both 12' ~ ~ ~ r ~ s .  Also 6 arranged for either horizontal or vertical 
element, rear mountable polarization. A 16 element long boom type 

(420-470MHz) and 14 el. for (optimized for 432MHz. 22 MHz), really 
center or end mounting, pours out the power! Four or eight are 

horizontal or vertical often stacked for EME or DX using effi- 

ANTENNA COUPLERSIPOWER DIVIDERS 
A broad-band antenna to meet every need; each with contest 
winning gain and flat VSWR across the entire amateur band. Several broad band models are available for stacking VHF or UHF beams. 

For serious moon bounce (EME) and tropho work. "stack" These replace two, quarter wave matching cables, barrels and " T  needed to 

'em, using available KLM baluns and couplers. Built interconnect two or four antennas. Phasing and match to 50 ohm line is 

tough. . . with weather resistant 6063-T832 alumi- automatic. Will handle 2KW p.e.p. with ease. 

num . . . stainless steel hardware. 

50 MHz. 3models: 
5.8 and 11 elements. 1 

All three antennas 
are L/ P types. 

Each exhibits broad band charac- 
teristics (50-51 or 50-52 MHz) and 
low VSWR without tuning. Beams 
are durably constructed with 
6063-T832 aluminum stainless 
steel hardware, low loss insulation. 

Also 3.5, 7,14, 21.28 MHz ham antennas and a full 

line of commercial log-periodic types. 

STACKING FRAMES. 
" H  frames suitable for antenna stacking are available on special order. See 
top photograph for a typical installation. 

ELEVATION ROTATOR AZIMUTH 
KR-500 ROTATOR 6? 

Provides 18W boom rotation. 
Heavy duty (used on array 11- 
lustrated). Rotat~on. 180"Il 
mln. Motor disc brake holds 
to 1750 ~nchlpounds. Holds 
booms 1.25 to 1 625D. masts 
to 1.5-2.5"D. Weather resist- 
ant. Attractive dlrectlon 1nd1- 
cator. 1 1 5VAC. 

Medlum duly supports 400 
Ibs Ideal for long boomers. HF 
trl-banders, used In array 
shown Motor dlsc brake holds 
lo 1750 ~nch-pounds Has llmlt 
swltches Rotation. 360 '1 mln 
Accommodates 1 5-2 5 D 
masts D~rect~on lnd~calor 
115VAC 50160 Hz 

At your dealer. Write for catalog. 

E M e l e c t r o n i c s .  inc. 
17025 Laurel Road. Morgan Hill. CA 95037 

HEAVY-DUTY 
ROTATOR 

Use for high 
torque, heavy 
systems. 
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LUNAR 
proudly announces a NEW 2-Meter AMPLIFIER/PREAMPLIFIER 

the 2MIO-80P 
The Marriage Between Power Amplifiers and Receiving Preamplifiers is Finally Consummated! Lunar 
Offers an SCS 2M10-80L Power Amp and an "Anglelinear" 144W Preamp in a Single, Functionally- 
Designed Package that Combines Two Superior Products Into One! 

Features: 
+Ten watts input - eighty watts output 
+Harmonic reduction exceeds -60 dB to meet FCC RCLO 

20777 Specifications 
+Variable T-R Delay for CWlSSB 
+ Functionally-Designed Extrusion Includes Mounting Lip 

I + Preamplifier Selectable independently of Power Amplifier 
+Automatic T-R Switching of Amp CL Preamp 
+ Preamp gain: Nominally 11 dB 

Noise Figure: Nominally 2.5 dB 
(Including Relay Losses) 

+ Remote Control Head Available Separately 

Introductory Price: . . . . . . . . . . . Lunar Model 2M10-80P . . . . . . . . . . . $1 89.95 
Please add $3.00 shlpping and handllng 

Also Fmm Lunar 
Available Now: Complete Llne of Separate Preamplifiers 

50.450 MHz 
Coming Soon: Complete Llne of 50.450 MHz AmplPreamp 

Comblnatlons 
Proamps Through 2.5 GHz 
Transverter Systems 50 MHz-2.5 GHz 
Converters and Filters 26 MHz-2.5 GHz 

Callfornla residents add 6%. Order today at your dealer or direct from: 

STEP UP TO TELREX 
WITH A 

TELREX "BALUN" FED-"INVERTED-VEE" KIT 

THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 

Telrex "Monarch" (Trapped) I.V. Kit 

Duo-Band / 4  KWP I.V. Kit  $63.50 

Port Paid Continental U.S. 

Optimum, full-size doublet performance, independent of ground conditions! "Balanced- 
Pattern", low radiation angle, high signal to noise, and signal to performance ratio! 
Minimal support costs, (existing tower, house, tree). A technician can resonate a 
Telrex "Inverted-Vee" to frequency within the hour! Minimal SIWIR is possible if 
installed and resonated to frequency as directed! Pattern primarily low-angle, Omni- 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 
Complete simplified installation and resonating to frequency instructions supplied with 
each kit. __-. --. 
For technical data and prices on complete 

Telrex line, write for Catalog PL 7 (HRH) \st",! 

IF WE WERE YOU 

MODEL 6154 TERMALINER) 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTION 

AUTHORIZED 

,+BiRjl DISTRIBUTOR 
WEBSTER COMMUNICATIONS 

115 BELLARMINE 
ROCHESTER, MI 48063 

313-375-0420 
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DIGITAL CLOCK 

6 digits - 12/24 hour Transmit up to 
300' to anv FM 
broadcast radio. 

and super instructions. You get all parts - no extras are 
ges our competitors offer! Colors available: gold, black, 
4.25" x 1.5" x 1.5". 

ton touchtone 

A great attention getter which alter- 
nately flashes 2 Jumbo LEDs. Use for 

6 Digits. .5" High LED 12/24 Hour Format 
Calendar shows mo./day Snooze button 

NPN 2N39W type 

7490A .55 UJT 2N2646 type 
2N3055 NPN Power 

+5 volts at 1 Amp. 50 mV load regulation 

Lowcurrenl (2.5rna) 
-Operate c l a k s  4n 

cav. boat. plane 

7475 latch 
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POWER POWER WIRED A N D  

M O D E L  B A N D  EMISSION INPUT OUTPUT TESTED PRICE 

BLC 10/70 144  MHz CW-FM-SSB/AM 1 OW 70W 139.95 
B L C  2/70 1 4 4  MHz CW-F M-SSB/AM 2W 70W 159.95 
BLC 10/150 1 4 4  MHz CW-FM-SSB/AM 1 OW 150W 259.95 
BLC 30/150 144  MHz CW-FM-SSB/AM 30W 150W 239.95 

B L D  2/60 220  MHz CW-FM-SSB/AM 2W 60W 159.95 
B L D  10/60 220  MHz CW-FM-SSB/AM 1 OW 60W 139.95 

B L D  10/120 220  MHz CW-FM-SSB/AM 1 OW 120W 259.95 
BLE 10/40 420  MHz CW-F M-SSB/AM 1 OW 40W 139.95 
BLE 2/40 420  MHz CW-F M-SSB/AM 2W 40W 159.95 

BLE 30/80 420  MHz CW-FM-SSB/AM 30W 80W 259.95 
BLE 10/B0 420  MHz CW-FM-SSB/AM 1 OW 80W 289.95 

Don't sacrifice maximum power output and high efficiency for 
linearazation. The BLUE L lNE offers you the best o f  both 
designs. The BLUE L lNE amplifiers are engineered using the 
latest state of the art stripline technology. This design tech- 
nology means efficient broad band output wi th a very high 
degree o f  mechanical stability. 

bh engd~ef'dng is the only name you have t; 
remember when it comes t o  VHF or UHF amplifiers, just 
look at the variety available. 

FEATURES 

High efficiency means low current 
drain. 
Broad band design (no tuning). 
Direct 1 2  vol t  DC operation. 
Indicator lamps fo r  On/Off and 
FM/SSB. 
Relay switching (allows you t o  

I p u t  empllfier i n  o r  o u t  of circuit  
a t  the f l i p  of a switch). 
lnsertlon loss o f  105) than 1 dB. 
One year l imited warranty o n  

Don't forget our  popular PA-2501 and PA-4010 at $74.95 (wired and tested) $59.95 (K i t )  parts and labor. 

Export  prlces are s l~ght ly  h~gher. Prlces subject t o  change. 

Yht engineering , 3 2 0  .... 13901 
BANKAMERICAR~ 

I I 0 I 1  1 1  1  ( l o  ( 0 1  Phone 607-723-9574 

LOOK A T  THESE POWER SUPPLIES! 
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PS-3012 COMMERCIAL 

Recommended for: 
B L C  3/150 
B LC 30/150 
B L D  10/120 

Output  Voltage: Adjustable, 11-15 V D C  
Output  Current: 3 0  amps (50% d u t y  cycle) 
Regulation: Better than 2 percent 
Output  Ripple: 50MV pk-pk max imum 
Temperature Range: 0°-60° C operating 
Overvoltage Protection: Bui l t  I n  OVP 

crowbar 
Overcurrent Protection: Foldback current 

l imi t ing a t  3 0  amps 
Short Circuit  Current: 2 amps maximum 
Inpu t  Voltage: 105-1 2 0  o r  208-230 at 

5 0 6 0 H z  
Size: 13-1 /4" L x 7-1 /8" W x 6-5/8" H 
Weight: 2 5  Ibs. 
Finish: Black anodized a lur .~ lnum 

PS-3012 Wired & tested . . . t239.W 

Over-voltage protection crowbar. 
Electrostatic shield for  added transient surge protection. 
A foldback ou tpu t  l imiter operates for  loads outside of the  operating range. 
Isolation f r o m  ground. The circuit  is Isolated f r o m  the case and ground. 
1 15/220 vol t  Inpu t  - 50/60 cycle. 
Units are factory wired for  11 5 vol t  AC, 50/60 cycle power. 
A simple jumper w i l l  reconfigure the input  f o r  2 2 0  v o l t  AC. 50/60 cycles. 
Temperature range - operating: O0 t o  +550 C. 
Black anodized a luminum finish. 

PS-25M WITH CURRENT METERS 
c- 

I * 
* 
4 

L 

.. -._ 

Recommended for: 
B L C  10/70 B L D  2/60 B L E  30/80 
BLC 2/70 B L D  10/60 BLE 10/80 
Voltage Output: adjustable between 1 0 1 5 V  
Load Regulation: 2% f r o m  n o  load t o  20  a 
Current Output: 

25  amps intermi t tent  (50% d u t y  cycle) 
Ripple: 5 0  m V  e t  2 0  amps 
Weight: 22-1/2 pounds 
Size. 12-1/4" x 6-3/4" x 7-1/2" 

PS-25M Kit . . . . . . . . . $149.95 
PS-25M Wired & tested . $169.95 

PS-15C LOW COST 

Recommended for: 
B L E  10/40 BLE 2/40 

Voltage Output: adjustable between 12-14V 
Load Regulation: 2% f r o m  n o  load t o  

1 0  amps 
Current Output: 

1 5  amps intermi t tent  (5096 d u t y  cycle) 
Ripple: 5 0  m V  a t  1 0  amps 
Weight: 1 3  pounds 
Size: 11-1/4" x 5-1/2" x 4 3 / 4 "  

PS-15C Kit  . . . . . . . . . $79.95 
PS-15C Wired & tested . $94.95 



STEP UP TO TELREX 
Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

r 
ILLUSTRATION BALUN 

MONARCH 
TBSEM/4KWP 

\ 
%h, 

ILLUSTRATION TRAP 

By the only lest that means anything . 
on the air comparison . . . this array con- 
t~nues to outperform all competlt~on . 
and has decades. why For techn~cal  data and prlces on com- 
. . . Telrex uses a unique trap design plete Telrex I~ne, wrlte for Catalog PL 7 
emolov~na 20 H a  7500V ceramic con- -. 
dense;s pkr antenna. Telrex uses 3 optl- C ~ Y ~ N I U I O M  
mum-spaced, opt~mum-tuned reflectors 
to  prov~de maxlmum galn and true F /B  (++&/reX SINLI I+,I 

Ws 

Tri-band performance. -_- A p a < .  *, , w 5 r ,  o , j l  ,, , A  

PRE-AMP 
. -~ - - 

. - -< -1 

"4 - 
t 

HIGH GAIN LOW NOISE 

35dB power gain. 2.5.3.0 dB N.F. at 150 

MHz 2 stage. R.F. protected, dual-gate 

MOSFETS. Manual gain control and pro. 

vision for AGC. 4%" x 1%" x 1%" alum- 

inum case with power switch and choice 

of BNC or RCA phono connectors (be 

sure to specify). Available factory tuned 

to the frequency of your choice from 5 

MHz to 250 MHz with approximately 3% 

bandwidth. Up to 10% B.W. available on 

special order. 

N. Y. State residents add sales tax. 

Model 201 prico: 5250 MHz $29.95 

Vanguard 
Labs 

196-23 JAMAICA AVE. 

HOLLIS. N. Y. 11423 

Fully I.I~I~~c, both DIT  1C OAH paddlr n~rrnories, 
sell conlplrt~ng ch,aractrrs, .Iktloniat~r rp,arlng & 
weight~ng, ~tdt'tone o~tlpl~t, transtslor~zrd output 
that keys gr~d block or cathode keyed rlgs speed 
from 5 la 40+ wpm. The Paddles are on A beau- 
tiful finished wood base. 

Kit $39.75 with Paddles $65.00 
Assembled $56.95 with Paddles $80.00 

DAYTRONlCS P. 0. Box 426 

1 COMPANY ~g:(~k~::!784 

I COLLINS & MORE I 
Collins 5151 Receiver $1450.00 
Collins 75S3B. Ham rcvr $825.00 
Collins 75S3B, late, round $950.00 
Collins 31284. Exc. cond. $235.00 
Collins KWM-2 transcvr. V.G. $850.00 
Collins CP- I ,  crystal Pack $225.00 
Coll~ns 3233 Ham Xmtr. $895.00 
Measurements 658. LF sig. gen. $395.00 
Henry 4K linear amp.. exc. $1250.00 
Nems-Clark 1302A. 55-260 MHz rcvr. 

$395.00 
Yaesu FT401B. orig. box, etc. $545.00 

We stock good, used equipment from Collins, 
Drake, Heath and other manufacturers. Hundreds 
of test items also avatlable. Call for specific re- 
quirements, or write for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201-9984256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON. N. J. 07032 

DICK ORLANDO, FLA. BOB 
K4RYR W4YYS 

KLM HY-GAIN CUSHCRAFT 
MINI-PRODUCTS SHURE 

ASTATIC BEARCAT-210 and   ore! 

I LAFAYETTE RADIO ELECTRONICS I 
1811 HWY 17-92, MAITLAND, FL. 32751 

YvYlllWl 

305-831-2271 e 
I ONE FEEDLINE FOR TWO ANTENNAS? 

CHANGE ARRAY DIRECTION REMOTELY? 
YES! with INLINE "wireless" controlled 

weatherproof coaxial relays 
A ConxIaI coupler at the radlo controls a weatherproof remote relay on the 
tower or pole vla any length coaxlal cable, vert~cal to horlzontal-omni to 
diredional-change bands-a must for satellite work-and morel1 
In world wide use 

Type 103- 20 to 470 MHz-5OOW PEP- $41.95 
Type 105- 1.5 to 180 MHz-2500W PEP- 51.95 
Type 101- .1 to 550 MHz-2000W PEP- 29.95 

(Not coax cable controlled) 

Speclal Types-On Order 
It not stocked by your dealer order drrect -*-- 

Shrpped tree via UPS in USA 
VISTA-MASTERCHARGE 

INLINE INSTRUMENTS. INC. 

p 4 , r J j  . - 7  511""s L cmllol 

Box 473. Hooksett. N H 03106 (603) 622-0240 - 
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SPECIALS FROM electroqps 
Fairchi ld VHF Prescaler Chips 
llCOlFC High Speed Dual 5-4 Input no/nor 
11C05DC 

15.40 
1 GHz Counter Divide by 4 

llCO5DM 1 GHz Counter Divide by 4 
74.35 

110.50 
llCO6DC UHF Prescaler 750 MHz D Type flip/flop 12.30 
llC24DC Dual TTL VCM same as MC4024P 2.60 
llC44DC Phase Freq. Detector same as MC4044P 2.60 
llC58DC ECL VCM 4.53 
11C7ODC 600 MHz flip/flop with reset 
11C83DC 1 GHz 248/256 Prescaler 

12.30 

11C9ODC 650 MHz Prescaler Divide by 10/11 29.20 
11C9ODM same as above except Mil. version i53: 
l lC9lDC 605 MHz Prcscaler Divide by 5/6 
11C91DM same as above except Mil. version 

l6.00 

95H90DC 350 MHz Prescaler Divide by 10/11 
24.00 

95H90DM same as above except Mil. version 9.50 
95H91DC 350 MHz Ptescaler Divide by 5/6 

16.50 

95H91DM 
9.50 

same as above except Mil. version 
Batter iss 

16'50 

Gel-Cell 12 volts at 1.5 Amp Hr. #GC-1215 f19.95 
Crystals JUST These radios have just been 
1.000000 MHz 4.95 pulled out of service. Set up for approx. 150 MHz. 
5.000000 MHz 4.95 Clean. All tubes included. No acccssories. Prices 
3579.545 KC 2.95 FOB Phoenix. 
10 MHz $4.95 Motorola U43 GGT $49.95 

GE TPL $99.95 
GE MT-33 $39.95 
GRClO Radio k t  $169.95 

I.C.@s 

I MuRata 10.7 MHz Ceramic Filters 
82238 $3.00 #SFW-10.7MA $3.95 10.7 Narrow Band Crystal Filters 
2102 $1.99 Type 2194F $7.95 each 

Johanson a n d  Johnson Ferr i te Beads 
T r i m m e r  Capaci tors 12 for .99 or 
1 to 14 pf. 51.95 
1 to 20 pf. 

120 for 9.99 
$1.95 

FET's 
213070 1.50 215460 .90 MFE3002 
2N3436 2.25 2N5465 

3.35 
1.35 MPF102 

2N3458 
.45 

1.30 2N5565 
2N3821 

5.45 MPFl2l  1.50 
1.60 3N126 

2N3822 
3.00 MPF4391 .80 

1.50 MFE2000 
2N4351 

.90 U1282 
2.85 MFE2001 1.00 MMF5 : 

2N4416 1.05 MFE2008 4.20 40673 1.39 
2N4875 1.75 MFE2009 4.80 40674 1.49 

TUBES 
2E26 5.00 5728/T160L 25.00 7377 
3828 

40.00 
4.00 8 l l A  9.95 8156 3.95 

4X150A 15.00 931A 11.95 8908 9.95 
4X150G 18.00 5849 32.00 8950 5.50 
4CX25OB 24.00 61.96 29.95 4.50 4-400A 
4CX350A/8321 35.00 6146A 5.25 4-25OA 
4CX15000A 150.00 61468/8298A 6.25 4-125A ::::: 
DX415 25.00 6360 7.95 4-65A 15.95 

6907 35.00 

RF TRANSISTORS E. F. Johnson Vair. Capaci tors 

2N1561 
189-1-4 1.2 to 4.2 pf .99 

15.00 2N3927 4.90 I 189-504-4 1.5 to 5 pf .99 
11.50 2N5641 

211562 
189-4-5 1.5 to 9.1 pf .99 189-355-5 1.7 to 11 <: pf 1.39 

15.00 2U3948 
2N1692 

2.00 2N5643 20.70 189-5-8 1.7 to 11 pf .99 
15.00 2N3950 26.25 2N5764 189-352-5 1.3 10 5.4 " pf 1.39 

27.00 189-6.8 1.8 to 13 pf .99 .. - 
211693 15.00 2N3961 6.60 2N5841 " - Differential 

2N2631 
11.00 

4.20 2N4072 1.70 2N5842/MM1607 19.50 
2N2857 1.80 2N4073 
2N2876 

2.00 2N5849/MM1622 19.50 jUST ARRIVED ! 
12.35 2N4135 

2N2880 
2.00 2N5862 50.00 Wilcox/Sperry C i rcu i t  Boards: 

25.00 2N4427 
212927 

1.24 2N5942 49.50 #118273/6118273 This board has many valuable parts including the following: 
7.00 2N4430 20.00 2N5922 

212947 
10.00 1 each crystal 9.700000Mc 1 each 2N5486 

17.25 2N4440 8.60 216080 5.45 9.800000Mc 5 each 2N5208 
2N2948 15.50 2N4957 6.30 2N6081 8.60 
2N2949 3.90 215070 

9.900000Mc 4 each 2N4126 
13.80 2N6082 

2N2950 
11.25 

5.00 215090 
92.734000Mc 4 tach 2N3563 

6.90 ZN6083 12.95 
213287 4.30 2N5108 3.90 2N6084 14.95 93.535000M: 93.134hOOMc 3 2 each each 2N4259 # I89  - 4 - 5 1  cap 1.5 to 9.1 pf 
2N3300 1.05 2N5109 1.55 ZN6166 36.80 
213302 

93.935300Mc and about 100 more capacitors, resistors, coils 
1.05 2N5177/MRF5177 20.00 MRF8004 

2N3307 
1.90 

10.50 215179 
94.335500Mc etc. Only $19.95 

.68 HEPSy014/76 4.95 
2N3309 3.90 215184 HEPS3002 
2N3375/MM3375 7.00 215216 47.50 HEPS3003 #118821/6118821 This board has  m a n y  valuable par ts  inc lud ing  t h e  
213553 1.80 215583 5.60 HEPS3005 : following: 4 each 16 pin dip sockets 
2N3571 4.10 215589 4.60 HEPS3006 19.90 7490 1 7474 
2N3818 6.00 2N5590 6.30 HEPS3007 24.95 74123 1 7400 
213824 3.20 215591 10.35 HEPS3008 2.18 MIX300 1 DM8820 

1 2N3866 1.09 2N5635 4.95 HEPS3010 7405 1 2N4401 
2NU166 JAN 4.14 2N5636 and about 35 more capacitors, ressstors, crystals, connector 11.95 RCA TA7994 50.00 Only $4.95 
2N3866 JAN TX 4.85 2N5637 20.70 RCA 40290 
2N3925 6.00 2N5643 20.70 2'48 #118376/6118376 This board  has  m a n y  valuable par ts  inc lud ing  t h e  

following: 
We a lso  have t h e  fo l low ing  Wilcox/Soerry c i rcu: t  boards  in stock. 4 each MC1213 3 2N3553 
#118788/6118788 #118374/6118374 #117867/6117867 1 MC1234 1 IN4004 
#117198/6117198 #117535/6117535 4 MC724/824 and about 38 more capacitors resistors 
#118817/6118817 #117752/6117752 5 MC790/890 coils, connectors bn~y f8.96 

2543 N. 32nd STREET 
PHOENIX, ARIZONA 85008 

[a pE& 
PH. 602-957-0786 NO C.O.D. 

Motorola MCl4410CP CMOS t o n s  Generator uses 1 MHz Crystal to 
produce standard dual frequency telephone dialing signal. Directly compatible with 
our 12 key Chomeric pads. Kit includes the following. 

1 MC14410CP 
1 1 MHz Crystal 
1 Printed Circuit Board (From Ham Radio Sept. 1975) 
And all other parts for assembly. NOTE: Touch Tone Pad not included! $15.70 
Fairchi ld 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35 
MHz Counter to 350 MHz. Kit includes the following. 
1 95H90DC 

1 2N5179 
2 UG-86/11 BNCfs 
1 Printed Circuit Board 
And all other parts for assembly. 

$29.95 
Fairchi ld l l C 9 O D C  Prescaler divide by 10 to 650 MHz. Will take any 65 
MHz Counter to 650 MHz or with a 82590 i t  will divide by 10/100 to 650 MHz. 
This will take a 6.5 MHz counter to 650 MHz. Kit includes the following. 
1 11C9ODC 
1 2N5179 
2 UG-88/U 
1 MC7805CP 1 Printed Circuit Board and all other parts for assembly. 
1 Bridge 82590 add $5.70 to total. 

$59.95 
Fairchi ld 3817 Clock K i t  from Ham Radio, Feb. 1976, Pg. 26 - All parts 
includcd except transformer and case. 12 hour $24.95 24 hour $29.95 

TRANSFORMERS 
6 . 3 ~ ~ 1  at 6 amps 3.56 
6 . 5 ~  to 40v at 750 ma. 3.53 

F-92A 6 . 5 ~  to 40v at 1 amp 4.59 
N-51X Isolation l l5vac at 35va. 2.80 
Model D-2 6 . 5 ~  at 3.3 amps 4.95 

6 . 5 ~  at 3.3 amps 
BE-12433-001 30v at 15 ma. .49 
BGH-9 6.3vct at 10 amps. 6.95 
F-1072 12V @ 4A or 24 V @ 2A 7.80 
P6377 12v @ 4a or 24v @ 2a 6.31 
P6378 12v @ 8a or 24v @ 4a 10.31 
P8196 80vct @ 1.2a 6.28 

N e w  Motorola Carbon Micro- 
phone Mode l  P-7255A. 
 hi^ unit is a nnoise Cancelling,, palm 
typt microphone. These mikes corn 
with or without cables. Price without 
$19.95 - with $29.95. 

- -  . 

FANS 
Pamotor Fans, Model 4500C 117 
VAC, 60 Hz, 19 w. $7,95 

DIODES 
IN270 Germanium Diodes $7.95/c 
HEP170, 2.5A, 1000 PIV $4.95/20 
Semtech SFMS 20K, ZOKV, 10 ma 
fast ncovery $1.26 cs: 

H.P. 612A UHF Signal Generator, 
450 MHz to 1230 MHz $900.00 
H.P. 6248 Microwave test set, 6565 
MHz to 7175 MHz $900.00 
Beckman "Eput" meter and Hetero- 
dyne Plug-in/Freq. meter D.C. to 
1 GHz. $900.00 
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lo wa 
BOB SMITH ELECTRONICS 
12 SOUTH 21ST STREET 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

Maryland 
COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 
New & Used Amateur Equipment. 
Wilson,  en-T~C, R. L. Drake 

Massachusetts 
TUFTS RADlO ELECTRONICS 
386 MAIN STREET 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
RADlO SUPPLY & ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
313-435-5660 
10001 Chalmers, Detro~t, MI  
48213, 313-371 -9050. 

Minneso fa 
ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

Missouri 
HAM RADIO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In This Issue. 

. 

Alabama 

LONG'S ELECTRONICS 
3521 TENTH AVE. NORTH 
BIRMINGHAM, AL 35234 
800633-341 0 
Call us Toll Free t o  place your order 

Arizona 
MASTERS COMMUNICATIONS 
7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 
Rohn tower distributor, Atlas, 
~com, Tempo, HyGain & service. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-8990 
Arizona's #1 Ham Store. 

California 
C & A ELECTRONICS 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
~ o t  the biggest, but the best - 
since 1962. 

CARSON ELECTRONICS 
12010 EAST CARSON ST. 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in ICOM 
communications equipment. 

COMMUNICATIONS CENTER 
705 AMAWR STREET 
VALLEJO, CA 94590 
707-642-7223 
Who else has a Spectrum 
Analyzer? 

HAM RADlO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
41 5-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE. CA 95128 
408-998-5900 
Sewing the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
7 14-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

Colorado 
C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham radio distributor. 

Florida 
CENTRAL EQUIPMENT CO. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL. 33160 
305-932-1818 
Specializing in Amateur, CB 
& Marine Equipment. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Illnois 
ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
Hours: 9:30-9 Mon. & Thurs. 9:30-5 
Tues., Wed., Fri. 9-3 Sat. 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691 -4840 
Let us quote Your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
3 12-848-6777 
Chicagoland's Amateur Radio 
leader. 

Indiana 
HOOSIER ELECTRONICS 
P. 0. BOX 2001 
TERRE HAUTE, IN  47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadow Shopping Center. 
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Tennessee 
J-TRON ELECTRONICS 
505 MEMORIAL BLVD. 
SPRINGFIELD, TN 37172 
615-384-3501 
Ten-Tec dealer - call or 
write for best trade. 

Texas 

AGL ELECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241-6414 
Having trouble finding equipment? 
Come on in today! 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Virginia 

ARCADE ELECTRONICS 
7048 COLUMBIA PIKE 
ANNANDALE, VA 22003 
703-256-4610 
Sewing Maryland, D.C., and Virginia 
area since 1962. 

Wisconsin 

AMATEUR 
ELECTRONIC SUPPLY, INC. 

4828 WEST FOND du LAC AVENUE 
MILWAUKEE, W1 53216 
414-442-4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat, 9-3. 

Washington 
AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 
First in Ham Radio in Washington 
Northwest Bird Distributor 

Wyoming 

DENCO COMMUNICATIONS CENTER 
1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234-9197 
Sales, Service t o  Wyoming 
and the Northern Rockies. 

I 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
3 14-96 1-9990 
At Midcom you can try before you 
buy! 

Nebraska 
COMMUNICATIONS CENTER, INC. 
2226 NORTH 48  ST. 
LINCOLN, NE 68504 
800-228-4097 
Yaesu, Drake, Tempo, Swan, 

i HyGain - call Toll Free 

New Hampshire 
EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
lcom & Yaesu dealer. 
We service what we sell. 

New Jersey 
ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

New Mexico 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, Dentron, 
Tempo, Atlas, Wilson, Cushcraft 

New York 
ADIRONDACK RADIO SUPPLY, INC. 
185 W. MAIN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. 

CFP COMMUNICATIONS 
211 NORTH MAIN STREET 
HORSEHEADS, NY 12010 
607-739-0187 
Jim Beckett, WA2KTJ, Manager 
Bryant Hozempa, WB2LVW, Sales 

GRAND CENTRAL RADIO 
124 EAST 44  STREET 
NEW YORK, NY 10017 
2 12-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

HARRISON 
"HAM HEADQUARTERS, USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 
Since 1925 . . . Service, Satisfaction. 
Savings. Try Us! 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
3 15-337-2622 
New & used ham equipment. 
See Warren K21XN or Joe WB2GJR 

Ohio 
UNIVERSAL SERVICE 
114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221 -2335 
Give U.S. a try when ready t o  buy. 

Oklahoma 
RADIO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
68  N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Communications specialists. 
Sales and service. 

HAMTRONICS, DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 

South Carolina 
AMATEUR RADIO ELECTRONICS 
100 STATE ST. 
WEST COLUMBIA, SC 29169 
803-796-7957 
Featuring Swan Equipment 



AUDIBLE CONTINUITY TESTER 

. Completsly Electronic 
100% Solid Slate 

Somulaled LED winping pendulum with 
ryncronized t~ck.lock sound. 
Chimer the hour (8s 3 l i m n  lor  3 . Adiu~~eb le  V O I U ~  tone end sustain 
on lhe chime. 

Two 6 60 w.11 healrinks 
lorrner & rpesk-r. 10 amor conlinuous. 15 .mm wlth Ian 

Al l  ~ I S I O R .  QPI. .1C. 

This quality tims pi- 
will catch the eye of every- 
body who walks into y w r  
hwsel I t  will lm the most 
unique i(em on your 
mantle or bookshelf. 

MINI GRANDFATHER 

m o * .  bNdfuldLIhnd 4 
CLOCK KIT 

The OVP.1 is an overvoltage protection circuit designed to protect your expensive gear 
C.Y I n  dhr r)l or r d n u t  r i I h  front 
ruby f i l t l .  D.JC*d .nd cut smcillc- i f  the series pass regulators short or unauthorized hands tamper with the voltage setting 
ally 1-1 th. mini wmndfahr cl-k kit. on a variable supply. Set the OVP.1 for 1 or 2 volts over the normal operation voltvp 

UnfbIr)l*d C a  - $14.95 
Flnhhed C.w - $18.60 

PIWU $pccilv IVPC 01 wood d l i m d ,  
h s e  Is rhippsd unarsemblad. 

NTENNA CONNECTOR 
HYE QUE lHP l l  d-crolc connrrlor 
ha\ t o . *  5 0  1'3 501 k r f  ,nta 
&!la<% r n n z  PL ItIIed >',I pl?.tnc IIIU(: on b ~ r l y  l r r d l t n ~  10 accept n , , ~  
r a p  k c e m  coal fllllnps drv In%frbr 
lonns ~ t l c l u d m  ~ u a ~ ~ n t e e d  AI your 
<Ir.aICrr oe $3 95 postp.#d Corn 
u.*naan mrvlntorr 2($ 99 

BUDWIG MFG. CO. PO  or 97". Ramona. CA 92065 

b 

K-ENTERP'RISE- . 
Frequency Cc Pown 
Prrscalers Ampli 
Marker & Pc FWU 

Gencratw! Sta 
Write for F m  Catatop 

.W. of town) Fairland, i 
Phonc: 918-675-3752 

POWER TRANSISTORS FOR AMATEUR USE 
JlOl UNDERWOOD CAPACITORS 



a Booming 25 watts output power 
@ 14v DC input 

a Separate controls for independent trans- 
mit and receive frequency selection 
Switch for lock-in of pre-selected fre- 
quency pairs allows one-knob operation 

a Supersensitive dual-gate MOS FET in 
receiver head end 

a Backlighted for night operation 
a Factory-installed, front panel mount 12 

digit, alpha-numeric tone encoder 

Features Like These Make Genave 
- The FM Transceiver For You! 

The GTX-200T is only one of the superior 2-meter 
transceivers in Genave's complete line of American- 
made amateur radios. 

All Genave gear is carefully handcrafted under the 
strictest quality control conditions in a facility in- 
spected and approved by an agency of the federal 
government for the production of precision aircraft 
navigation and communication equipment. 

Each Genave unit has 10.7 MHz first IF and 455 
KHz second IFfilters for high selectivity, w ~ t h  RF out- 
put stages VSWR protected. In addition, Genave 
units are unusually lightweight, with fully transis- 
torized integrated circuitry. 

Standard features include netting trimmers for each 
transmit crystal and single circuit board designs 
which permit easy modifications. 

And, all Genave amateur FM transceivers are an So, take a good look at the GTX-200T and other 
unprecedented value because you order factory Genave amateur gear. Then fill out the coupon be- 
direct eliminating middlemen profits! low-better yet, call collect: 317+546-7959, today! 

r I GTX-1 I 
~ $ 2 4 9 ~ ~  I 

I 
GTX-2 GTX-200 GTX-SOOT GTX-10s 

I 
GTX-11 I 

I 2  mete! FM, 10 channels. 25 2 meter, F M ,  100 channel 2 meter FM, 100 ~hannel 2 meter FM. 10 channels, I watts wtth pushbutton freguen- combtnatlons, 25 watts (Incl. comb~nattons, factnry-~nstalled 10 watts (Xtals not in- 
cy selector (tncl. 146.94 MHz) 146.94 MHZ) front panel mount 12 digit al- cluded) 

pha-namer~t tone encoder. 
0'29995 1 

I $18995 q $19995 I 
I q $24995 q $14995 tyd;;;;: ;T;e;;r;: ;;:;;n; I 

Stalled inne encooer 

Phone-in orders accepted 
317/546-1111 

Name 

I Address City I 
\ State & Zip Amateur Call - ) 

Payment by: 
Certified CheckIMoney Order Personal Check 
C.O.D. Include 20% down 

Note: Orders accompanied by personal checks will require about 
two weeks to process. 
20°J0 down payment enclosed. Charge balance to: 

CJ BankAmericard C Expires 

Master Charge C Expires 

Interbank C Expires 

IN residents add 4% sales tax: $ 
All orders shipped post-paid within continental U.S. 

Add $4 per radio for Shipping. Handling & Crystal Netting 

7 

ACCESSORIES 
[7 Ringo Ranger ARX-2 6 db 2-M Base Antenna ...... $34.95 
[7 Lambda14 2-M and 6-M Trunk Antenna ............... $29.95 
[7 TE-l Tone Encoder Pad ............................... .$59.95 

. . . . . . . . . . . . . . . . . . . . . . .  [7 TE-ll Tone Encoder Pad $29.95 
PS-1 Regulated AC Power Supply for use with all 
makes of transceivers 14 VDC-7 amp ............... ,569.95 

and the following standard crystals 
@ $4.50 each . . . . . . . . . . . . . . . . . .  ..... ..$ 

Nan-standard crystals 
............................................ @ $6.50 each: $ 

ACCESSORIES FOR GTX-1 and GTX-IT 
PSI-18 Optional Nicad battery pack ................. $29.95 

........ PS-2 Charger for GTX-I(T) battery pack ..$39.95 
[7 6LC-1 Leather carrying case . . . . . . . . . . . . . . . . . . . .  .$12.95 

.......... TE-Il l  Tone Encoder (for use with GTX-I) $49.95 



BI-SYN.FILTER-TONE-TAG 
See HR mogorine orticler on Nov '75 and '76 

,inow"l 51"'he.1..r-f~~'" 
W ~ t h  T ~ ~ - ~ ~  6-7 

Model 1100 - 13 IC  op amps, 4 tronristorr. 10 diode, 
on 4 PC bmrds. 3 X 6 3/8 X 0 inches deep 

TONE-TAG provides you with on excellent method for 
fighting QRM --any CW rignol tuned to produce o 
750 + 50 HI beotnote is modulated by o tone that is 
derived and pmcnsed from the rignol itself. Signal3 
above and below the TONE-TAG badwidth  rcmoin 

o u d u l a t . d ,  thw r e a d ~ b i l i t ~  is greatly enhanced. 
At the some time, the BINAURAL SYNTHESIZER chon- 
*cis signals ~ b o v e  and below the 750 Hz cross-over 
frequency to the right and left rpociolly (stereoheal- 
re,, or speakem are wed). Finally, to make a triple- 
heoder, o 4 pole, 150 Hz pre-filter with continuously 
ediu%loble skirts is included 

THREE TECHNIQUES ARE SELECTING FOR YOU1 

. . . AND NOW - 

Bin0 r j  ,W,I, 7 W l P U I  101 2:; 
- 

"IO* 

Z -C 

Model 7 W  - 7 IC op amp., 6 diodes on 2 PC boordr 
2 7/8 X 4 X 2 inches deep 

Connection to your receiver', heodphonc or speaker jock 
(monourol) i r  011 that is required for signal input. Tens 
to hundreds of millivoltr of oudio rignol i s  all  tho1 i, re- 
quired. Symmetrical limiting tokes place on signal, above 
onm ina l  I volt input. 

Modcl 1100 svpplies outputs for stereo speakers - 1/2 
Wott PEP p r  channel ond o jock at reduced power for 
rtcreo heedsets. Models 400 ond 7M) provide outputs 
that con drive standord stereo headsets directly - 
or odd anpl i f ieo to d r i ~ e  speaken. 

PHONE MEN - the stereo system ond variable skirt con- 
trol work well  on voice. To borrow a phrase: I t  hm 
presence1 

Modcl 400 - The originol Binaural Synlhesizer 
uses 2 each 9 volt botterin $29.95 ppd 

Model 700 - Binoutol Synthesizer with TONE-TAG 
we, 2 each 9 volt botterier 144. W ppd 

Modcl 1100 - Binaural Synthrizer-Filter with TONE- 
TAG wcr  8 ecmmico l  "DM cells - 

Lesr botterier 196.00 ppd 

An economy AC  tio on tho1 uses o wall rroniformer plus 
o voltoge regulot,, infernal to the Modcl is ovoiloble 
for any of the models listed - d d  110.00 

We st i l l  supply PC Boodr plain w orrsmbled. Write 
for brochres and list 

Colifornio residents add state lox 

Guarantee? Out self esteem demand, your rolirfoclion 
- The very best 

HllDRETH ENGINEERING 
BOX 60003 Sunnyvale CA 

94088 (408) 245 3279 

/ CFP . . . FOR ALL YOUR AMATEUR NEEDS 1 

FAST SCAN AMATEUR TELEVISION E(1UIPMENT 
SOLID STATE v] 
BROADCAST QUALITY 
PERFORMANCE AX-10 TRANSMllTER 

FOR TECHNICAL DATA 
AND PRICING, 

L-1 
-- 

WRITE TO: AM-IA RCVR MODEM 

APTRON LABORATORIES BOX 323. BLOOMINGTON, IN 47401 

i 

D lG ITAL TONE ENCODERS 
C R Y '  *I CIINTJIILLED n i r i i n l  I * , T E G , A ~ I  1 I 11 111 

OlGITRAN KEYBOARD FOR HI-KEL AND hPCAT iFEL 

CONNECTS DIRECTLY TO YOUR BATTERY AND MIKE 
WITH NO STANDRY POWER DRAIN 

NO NFEO TO HUNT FOR TRANSMIT POWER ETC 

HT 220  ENCODER FRONTS 
FULLY A ,fltRLEII ArlIl TESTII 'I'll ENrli 12 I '  'ITS 
JUST A ~ I I  vrltlR wlv i .  SPCAVI R .  :.In H A P V ~ : ~  

NO EXTRA WIRING TO THE RADIO CHASSIS 

B 
PRICES 

HT-270 1 Il'ilS 

TONE ENCODER PADS 4soMHz 5U $84 50 

1 11 ' I Y C  I!l!,ll jUALl'r I JSEP 1'1 ll IK HT-220 A1 L OTHERS $74 SO 
F P O N I '  WND DtSCRlPTlON OF YOUR 

RAOln WITH ORDfR 

TONE ENTOD[R PA05 

WATCH OUR AD FOR NEW PRODUCT B K PRODUCTS 
ASSFMBLFO AND TFZTlD 5 4 5  00 

ANNOUNCEVENTS K I T  539 50 
P O  101 391 

GROUP DISCOUNTS A R C  RVAILARLF wmou CITY CA 90710 C A I  iir5 nnn 6 t a x  

I 

ATLAS DRAKE I 
CUSHCRAFT TEMW j 

I 
CIR (ASTRO 200) TEN TEC 

DENTRON YAESU* j 
Transmitter sales to ! 

I 
I 

We have the worlds largest selec- 
tion of synthes~zers for receivers, 
transmitters and transceivers. For 
complete details see our 113 page 

I licensed amateurs only I 

I TRITON IV DIGITAL I 

I -REMEMBER, YOUR DEALER IS RESPONSIBLE FOR WARRANTY REPAIRS DURING WARRANTY PERIOD. 
I 
I 

I Mail Orders acce~ted. N. Y. residents add sales tarc SASE will get our list of used Amateur j 

SST T-1 RANDOM WIRE ANTENNA TUNER 
AII btr I o p r a l  nn l lb l l  10 m r l ? l s l  wlth 
mMI any rOMom Ienqlh w f e  >lW wnlt 
O Y O P Y ~  - c a h l o l ?  I&.! 10, oortaMe 
of horn. m,r,.on T~~~~ lMUClol IOI 

rmoII sl#. I r 4 I t4  m 1318 Bulls an n a n  
tune up mM,r.lor SO 339 <-. cnnnr,o. 

-v;r 
Guaranrmd lor I vr I0 day trau CDmprt 1 
.s* to "" ."I" $7995 pnlWld IAdd 

Saln Tax tnC.141 1 13131 376 -87 

SST ~LFCTRONICS P O  BOX I LAWNDALE CA 90260 

I ~ i u i ~ m e n t .  I 
Store Hours 

I WANTED: GoOD c F p COMMUN~CAT~ONS TU.S. to fii. I" p.m. i 
I CLEAN TRADES! Sat. 10-4 p.m. ! - - 

I I 
I 

t 
I WA2KTJ 211 NORTH MAIN STREET Hamlest Frl. & Sat. weekends subject t o  

1 
I I 

I WB2LVW 
HORSEHEADS. N. Y. 14845 

PHONE: 607-739-0187 Closed Sun. & Mon. 
I 

:--------------------------------------------------------------------------1 

ad in the April 1976 issue of this 
magazine or call or write for addi- 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

NEW ELECTRONIC PARTS 
Reur10r5 MPIPIS Lt IJ IIIIIIIIVI FUIPI 
Capawlom Swltcha Pnolo Boardr IC sochrts 
Dooda DOZY Boxes Mod U L ~ E  Tat  Claps 
Trornpotr Transarton Hardware And much more 

SASE brtngr our n ~ w  parts calaloq 

Nu Data Electronics 
, 0aw  1mamsou st I O ~ ~ I  P ~ O ~ P I C I  111110*s * 0 0 ~ 1  



TRANSISTORS, LEDS, etc. 
2N2222 NPN .15 
2N2907 PNP .15 
2N3740 PNP 1A 60v .25 
2N3906 PNP .10 
2N3054 NPN .35 
2N3055 NPN 15A 60v .50 
TIP125 PNP Darlington .35 
LED Green, Red, Clear .15 
D.L.747 7 seg 518" high com-anode 1.95 
XAN72 7 seg corn-anode 1.50 
FND 359 Red 7 seg corn-cathode 1.25 

DIOOESIZENERS 
IN914 1 OOv lOmA .06 
1 N4004 400v 1 A .08 
1 N4005 600v 1 A .08 
IN4007 1000v 1 A .15 
1 N4148 7 5v lOmA .03 
1 N753A 6 .2~  z -25 
1 N758A 1 Ov z .25 
1 N759A 1 2v z .25 
1 N4733 5.lv z .25 
1 N5243 1 3v z .25 
1 N5244B 14v z .25 
1 N5245B 15v z .25 

SOCKETSIBRIDGES 
8-pin pcb .25 ww .45 

14-pin pcb -25 ww .40 
16-pin pcb .25 ww .40 . 
18-pin pcb .25 ww .75 
22-pin pcb .45 ww 1.25 
24-pin pcb .35 ww 1.25 
28-pin pcb .35 ww 1.45 
40-pin pcb .50 ww 1.95 

Molex pins .O1 To-3 Sockets .25 

Bridge loO-prv la20 
25 Amp Bridge 2OCbprv 1.95 

C MOS 
4000 .15 
400 1 .20 
4002 .20 
4004 3.95 
4006 1.20 
4007 .35 
4008 1.20 
4009 .30 
401 0 .45 
401 1 .20 
401 2 .20 
401 3 .40 
4014 1.1 0 
401 5 .95 
4016 .35 
401 7 1.10 
401 8 1.10 
401 9 .70 
4020 .85 
4021 1.35 
4022 .95 
4023 .25 
4024 .75 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 -35 
4033 1.95 
4034 2.45 
4035 1.25 
4040 1.35 
404 1 .69 
4042 .95 
4043 1.25 
4044 .95 
4046 1.50 
4049 .80 
4050 .60 
4066 1.35 
4069 .40 
4071 .35 
4082 .45 

9000 SERIES 

7400 .15 
7401 .15 
7402 .20 
7403 -20 
7404 .15 
7405 .25 
7406 .35 
7407 .55 
7408 .25 
7409 .15 
741 0 .10 
741 1 .25 
741 2 .30 
7413 .45 
7474 1.10 
7416 .25 
741 7 .40 
7420 .15 
7426 .30 
7427 .45 
7430 .15 
7432 .30 
7437 .35 
7438 .35 
7440 .25 
7441 1.15 
7442 .55 
7443 .85 
7444 .45 
7445 .80 
7446 .95 
7447 .95 
7448 .95 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .45 

9301 .85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 

MEMORY CLOCKS 
7481 88 (8223) 3.00 
1702A 7.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 
2102L-1 1.95 
TMS6Ol 1 NC 6.95 
8080AD 15.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
21 078-4 4.95 

7473 .25 
7474 .35 
7475 .35 
7476 .30 
74 80 .55 
7481 .75 
7483 .95 
7485 .95 
7486 .30 
74 89 1.35 
7490 .55 
7491 .95 
7492 .95 
7493 .40 
74 94 1.25 
7495 .60 
7496 .80 

74100 1.85 
741 07 .35 
74121 .35 
74122 .55 
741 23 .55 
74125 .45 
741 26 .35 
74132 1.35 
74141 1.00 
74150 1.00 
741 51 .75 
741 53 .95 
741 54 1.05 
74156 1.15 
741 57 .65 
741 61 .85 
74163 .95 
74164 
74165 1.50 
74166 1.35 
741 75 .80 

745133 .45 
74S140 .75 
74S151 .35 
7481 53 .35 
74S157 .80 
7481 58 .35 
746194 1.05 
7462571 8123) -25 

74 LSOO .45 
74 LSO 1 -45 
74 LS02 .45 
74 LS04 $45 
74LS05 .55 
74 LS08 .45 
74LS09 .45 
74LS10 .45 
74LS11 .45 
74LS20 .40 
74LS21 .25 
74LS22 .25 
74 LS32 .40 
74LS37 .40 
74 LS40 .55 
74 LS42 1.75 
74LS51 .65 
74 LS74 .75 
74 LS86 .75 
74 LS90 1.30 
74LS93 1 .OO 
74LS107 .95 
74LS123 1.00 
74LS151 .75 
74LS153 1.20 
74LS157 .85 
74 LS164 1.90 
74 LS367 .85 
74 LS368 .70 

T T L -  
74176 1.25 
741 80 .85 
74181 2.75 
74182 .95 
74190 1.75 
74191 1.35 
74192 1.65 
74 193 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
75110 .35 
75491 .50 
75492 .50 

74H00 .25 
74 H0 1 .25 
74H04 .25 
74H05 .25 
74H08 .35 
74H10 .35 
74H11 .25 
74H15 .30 
74H20 .30 
74H21 .25 
74H22 .40 
74H30 .25 
74H40 .25 
74H50 .25 
74H51 .25 
74 H 52 . I  5 
74H53J .25 
74H55 .25 

1 

LINEARS, 

74H72 .55 
74H101 .75 
74H103 .75 
74H106 .95 

74L00 .35 
74L02 .35 
74 LO3 .30 
74 LO4 .35 
74 L10 .35 
74 L20 .35 
74L30 .45 
74L47 1.95 
74L51 .45 
74 L55 .65 
74L72 .45 
74L73 .40 
74L74 .45 
74L75 .55 
74 L93 .55 
74L123 .55 

74SOO .55 
74802 .55 
74S03 .40 
74S04 .35 
74S05 .35 
74808 .35 
74S10 .35 
74Sll .35 
74820 .35 
74640 .25 
74S50 .25 
74851 .45 
74864 .25 
74874 .40 
74S112 .90 
74S114 1.30 

REGULATORS, etc. 
LM723 .50 
LM725 1.75 
LM739 1.50 
LM741 8-14 .20 
LM747 1.10 
LM 1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 
SN72720 1.35 
~ ~ 7 2 8 2 0  1.35 

LM340T-24 .95 
LM340K-12 2.15 
LM340K-15 1.25 
LM340K-18 1.25 
LM340K-24 .95 
LM373 2.95 
LM380 .95 
LM70918.14 PIN) .25 
LM711 .45 

' 

8266 .35 
8836 .95 
MCT2 .95 
8038 3.95 
LM201 .75 
LM301 .25 
LM308 ( M I ~ I )  .75 
LM309H .65 
LM309K(340~-5).85 
LM310 1.15 
LM311 D(Mln1) .75 
LM318 ( M I ~ I )  .65 . 

INTEGRATED CIRCUITS UNLIMITED 
7889 Clairemon? Mesa Blvd. San Diego, CA 92111 (714) 278-4394 

All orders shipped prepaid No minimum 
Open accounts invited COD orders accepted 

D~scounts available a t  OEM Quant~ties 
California Residents add 6% Sales Tax 

24 Hour Phone (714) 278-4394 Mastercharge I BankAmericard 

LM320K5 (79051 1.65 
LM320K12 1.65 
LM320T12 1.25 
LM 320T 1 5 1.65 
LM339 .95 
7805 (340T-5) .95 
LM340T-12 1.00 
LM340T- 15 1 .OO 
LM340T-18 1 .OO 



COAX TOGGLE SWITCH 3 0 

Patent Pending . ohms A 3 0 $3995 W SPDT,DPDT 0 5 
0 111 Power 1 KW 0 . 
0 9 0 "  All Brass 
0 v I I x A \ X ,  ISC. Construction 0 
4 0 

5701 N.W. 31st AVENUE 0 
0 FT. LAUDERDALE, Insulated 0 
0 F LO R l DA 33309 0 
0 Captivated 0 
I Internal / v 

I Distributor In quiries Contacts i 
; Invited 0 
0 Mode' SW3000 Available in 4 

UHF, BNC,N, 4 : Mail Orders Accepted - Add 7% for Postage F, all series 0 

All f~lters c a i t a ~ n  spec~ally-treated hgh-Q crystals 

600 Hz 6-Pole First-IF Filter for Drake R-4C 

..,tc- to ph- C.P*~IUI.. CF sm 6 $75 m R*." .-tom b o  $B m 

125 Hz 8-Pole Second-IF Filter for Drake R-4C Denver. Colo. 80210 
Sh.rp.l ..dl.W' Ya H I  .l bCdM Cub ORU 14.1 $0, 01 r*l conkll 4 

u.r.&*a -r cro-d.d m e  radnlonn DO.. e a t  no u d l o  nttn m do Yore 
-lo.. t h m  a d *  IIII-VS PUSS H ~ ~ ~ I V D I Y  m rcc UIUI. . ~ d b  to!t.r. r r . o m  

Crystal Controlled-D~gitally POSTPAID 

Synthesized Tones IN U.S.A 

Strapping for Hi-LOW Z Output TEXAS RESIDENTS 
ADD 5 %  SALES TAX 

Internal 5 V. Regulator CHECK OR M.O. 
Supply Voltage Range 7 to 24 V. 
RFI Suppress~on 
Velcro and Case Included 
Sue 2.80 - 2.00 - 0.60 Inches 

IC-22s 
141, MHz i h4 111 W 

TRANSLEIVEli 

IC-245 
146 MHz FM 10 W 

TRANSCFIVER 

IMMEDIATE DELIVERY 
SHIPPING PREPAID IN USA 

MASTERS ';%"2:~ 
COMMUNICATIONS 

7025 N. 57th DR. 
GLENDALE, AZ 85301 

PHONE 
B".L" 602-939-8356 4i!!iB 

I SCANNER RECEIVERS I 
At Discount Prices 

< ,, (J, ' IN\ <t , < 0 ,  , 1 , c  

Bearcat 101 $256 82 Regency Whammo 10 $242 05 
Bearcat 210 1256 82 SEE Opllscan $278 41 
Tenneloc MCPI 1313 35 Regency A~rcrsfl $118 52 

add 54 00 AMERICAN WHOLESALE 
ShlPDlnO P 0 Bnx 1 i S S  Lrnnnx 1 dltlnrnla 90304 

I Space b u r s  nlort, ,and [,a\,> riiore H~qh -  
esl prlces ever on U S M ~ l ~ t a r y  sur- 
nlus esnec~allv on C O I I I ~ S  eaulurnent I 

I or parts We pay l re~ght  Call collect 
now for our h ~ g h  oller 201 440-8787 

SPACE ELECTRONICS CO. 
d ~ v  o l  M ~ l ~ t a r y  E lec t ron~cs  Gorp I 

35 Ruta Court. S. Hackensack. N J 07606 

I GROWING HAM DEALER 1 

FT-IOlE TRITON I V  
Featuring - Yaesu. Atlas. Dentron. Ten- 
Tec. Swan. Regency. Standard. Tempo. 
KLM. Hy.Gain. Mosley, and Larsen. I 
We semlce everything we-se l l !  Write or call for 
quote. YOU WON'T BE DISAPPOINTED. 

We are just a few minutes off the 
NYS Thruway (1-90) - E x i l  32. 
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March 1968 (first issue) June 1973 September 1975 
FEATURING: 5-band SSB exciter, IC- FEATURING: Digital RTTY autostart, f m  FEATURING: Inductively-tuned six-meter 
regulated power supply. Remotely-tuned repeater installation, micropower receiver, kilowatt, RTTY terminal unit, SSB speech 
10.meter beam. Transistor curve tracer, broadband amplifiers, logic oscillators. splatter, 432 MHz power amplifier, Hand- 
Doublebalanced mixers. held touch.tone, VHF mobile antenna. 

July 1973 
May 1969 FEATURING: SSTV test generator, carrier October 1975 
FEATURING: Potpourri Of integrated-cir- operated relay. VHF receiver, two.meter FEATURING: Special receiver issue, Re- 
cuit applications FM repeater receiver frequency synthesizer, antenna matching. ceiver sensitivity and dynamlc range, 
performance, R T ~ Y  converter, IC noise High dynamic range receiver input stages, 
blanker. The ionospheric e-layer. December 1973 High-frequency communications receiver. 

August 1969 FEATURING: Two-meter power amplifier, Pre-amplifier for satellite communications. 
AFSK generator, VHF cavity filter, Band- Crystal discriminator. 

FEATURING: Homebrew Parabolic Ref!ec- pass filter design, ~ i ~ h . ~ ~ i ~  wire antenna, 
tor Solid-state Q-5er. Frequency callbrator 
wiih mos IC's. New multiband quad an- January 1974 

November 1975 
tenna, Troubleshooting with a scope. FEATURING: High.performance VHF FM 

FEATURING: CW memory for RTTY ident- receiver, RTTY line-end indicator, Tunable 
September 1969 ification, Linear amplifier, IC logic fami- audio filter, SSTV preamplifier. Binaural 

FEATURING: FM !echniques and practices, lies. FM transceiver. Heatsink design. CW reception. Master frequency oscillator. 

IC power supplies, 1296-MHz varactor ~ ~ ~ i l  1974 
tripler, Tunable bandpass filters, Amateur December 1975 
microwave standards. FEATURING: Communications techniques FEATURING: s.line frequency synthesizer, 

for Oscar 7, Active filter design. Telefax 
October 1969 conversion, FM receivers, Wideband a m p  Introduction to microprocessors. 1296- 

MHz bandpass filters, UHF frequency 
F E A T ~ ~ I N ~ :  Hot Carrier Diodes, Low- lifier, Antenna radiation patterns. scaler. Cumulative index. 
cost linear IC's. Diversity antennas, solid- 
state 432-MHz exciter. Tropospheric-duct 

FEATURING: 5th annual antenna issue 
January 1976 

communications. 
Log periodics, Parabolic antennas, An: FEATURING: 50.MHz frequency counter. 

November 1969 tennas for satellite communications, microprocessors, wideband linear ampli- 

FEATURING: oq . . . theory, Ground systems, Antenna measurements. fier, 432.MHz Yagi, audio power ICs. 

tion & appllcatlon, WWV receiver, Multl- 
band antenna, Electronic key, Six-meter August 1974 June 1976 
collinear. FEATURING: High-power solid-state linear FEATURING: Survey of FM detectors. 

power amplifier, Wind loading on antenna audio speech processing techniques. SSB 
June 1970 structures, VHF FM scanners, SSB trans. linearity meter, receiver troubleshooting 
FEATURING: Communication experiments ceivers, Variable-speed RTTY. and microprocessors. 
with light emitting dlodes, FM modula- 
tion standards, Designing phase-shift net- February 1975 July 1976 
works, Transistor frequency multipliers, FEATURING: 2 3 0 4 . ~ ~ 2  power amplifier, FEATURING! Frequency synthesizer de- 
RTTY frequency-shift meter. Bandpass filter design, Speech proces. sign. WWV receiver, transistor tester. 

October 1970 sing RTTY terminal unit, GHz frequency VHF/UHF antenna matching techniques, 
scalers. carrier operated relay. 

FEATURING: An SWR meter for accurate 
RF power measurements, Direct-conversion April 1975 September 1976 
receiver. IC voltage regulators. 432 MHz FEATURING: Integrated-circuit electronic FEATURING: Digital frequency readout, 
converter, Introduction to thyristors. keyer, 1296 MHZ preamplifiers,  ouch- morse keyboard, UHF dummy load, audio 

December 1970 tone encoder, Capacitance meter, Wide. frequencysh~ft keyer, troubleshooting sol- 
band RF amplifier. id-state. 

FEATURING: SSB generator. RF interfer- 
ence. Antenna bridge, QRP transmitter, June 1975 October 1976 
AFSK oscillator. FEATURING: A phasing.type single.side. FEATURING: High-frequency receiver de- 

June 1971 band transmitter, Slim-line touch.tone, Sign. multiband HF converter, microwave 
UHF prescaler, Crystal oscillators, Noise- amplifier design, two-channel VHF-FM re- 

FEATURING: A practical approach to 432- figure measurements, ceiver, four-band VHF converter. 
MHz SSB, FM carrier-operated relay. 
Audio agc systems, Practical IC'S, L o w  July 1975 November 1976 
noise 1296-MHz preamp. FEATURING: UHF double-balanced mixers, FEATURING: Low-frequency receiving con- 

June 1972 Tone encoder. Cubical quad antenna, ATV verter, RTTY test-message generator, 
sync generators, 432 MHz converters, crystal-filter design, servicing power 

FEATURING: 5 Band solid-state commun sweepstakes winners. supplies. 
ications receiver, FM repeater control. 
SSTV synch generator, microwave experi- August 1975 
meriting. 

December 1976 
FEATURING: 500 watt power amplifier FEATURING: High-frequency communica- 

October 1972 for 160 meters, FM alignment techniques, tions receiver, loop antennas, broadband 
Programmable keyer memory. Solid-state mospower amplifier, ASCII-to-Morse code 

FEATURING: channel spectrum analy- 432 MHz linear amplifier. Adjustable IC translator. CUMULATIVE INDEX, first 
zer. HF frequency synthesizer, all-band 
dipole. 160 meter vert~cal. multi-function ''Itage regulators' issue thru 1976. 

IC's. 

! ham February 1973 March 1968 (first issue) 
FEATURING: Communications receiver 
design, rf speech clipper. f m  receiver ! radio May 1969 May 1974 

August 1969 August 1974 scanner, Plessey SL600 integrated cir- I 
cuits, solid-state noise blanker. I GREENVILLE, N H  03048 September 1969 February 1975 1 
March 1973 October 1969 April 1975 1 There's no place like a good collec- November 1969 June 1975 

I 
I 

FEATURING: Solid-state 80-meter trans- 
ceiver, reciprocating detector recelver. ; tion of HAM RADIO back issues to June 1970 

I 

July 1975 
I 

AFSK generator, electronic keyers, mobile I find answers you're looking for. GO October 1970 August 1975 
I 
I 

touch-tone. I 
I over the list above and find the December 1970 September 1975 1 

HAM RADIO BINDERS I ones you need. June 1971 October 1975 I 

Collectors items deserve the best protec- I June 1972 November 1975 1 
tion you can give them, and we know of I for October 1972 fl December 1975 1 
no better than our handsome Ham Radio I Enclosed is February 1973 IJ January 1976 1 
Binders. Bound in  washable buckram and I the items I have checked. 

March 1973 June 1976 supplied with year labels to ~dent l fy  each I 
I 
I 

volume. Each binder holds 12 ~ssues. I June 1973 July 1976 I 

Large Size Only $5.95 each 1 Name July 1973 September 1976 1 
3 for $15.95 1 December 1973 October 1976 1 

I Call January 1974 November 1976 1 
HAM RADIO BOUND VOLUMES I 

I April 1974 December 1976 1 
Here is a handsome addition to your li- 1 ~ d d ~ ~ ~ ~  I 
brary. Twelve issues (a ful l  year) of Ham I Just $1.50 each ppd. I 

3 for $3.95 Radio bound into a rugged, good looking 
hard cover book. Certainly the most d e  I 
luxe way to collect Ham Radio and per- I 
haps the only way to  acquire some out I 
of print back issues. Years 1972, 1973. I City -Binders $5.95 each 3 for $15.95 
1974. 1975 and 1976 available. I 

$19.95 each or All Five $85.00 j state 
I 
I 

Zip -Bound Volumes $ 19.95 Specify yearb) 
I 
1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - :  
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NEW - 2027 
DUAL ENCODER 

The 2027 dual encoder has both Touch. 
Tone and SubAud~ble tone on one small 
board. Slrnple lnstallat~on In most rad~os 
requlres only three connectlons ground. 
plus VDC and tone output. The encoder 
Itself s l ~ p s  over the plns of e~ther  a 12- 
key or 16.key DlGlTRANn) keyboard 
The 2027 also offers: - lndiv~dual tone level controls - power by 9-16 VDC. unregulated - replaceable plug-ln tone elements - EIA tone frequencies from 67.0 Hz 

to 203.5 Hz. Other EIA frequencies 
available on spec~al order. - reverse polarlty protected 

Priced at: 
$71.96 for 2027A, 12.key keyboard 
$78.95 for 20278, 16-key keyboard 

TG 1A TG.3A 

IMPROVED - the TG-1A and TG9A 
Both have s a m e  features as before, 
but w ~ t h  ~rnproved output and small- 
er output level control, and, best of 
all, st111 the same prlce. 
TG-1A $24.95 TG-3A $56.95 
Extra tone elements $3.00 each. 
All encoders  are w~red & tested. 
S~zes: TG-1A - 1.0 x 1.2" x 0.6" 

TG-3A - 1.6" x 2.0" x 0.6" 

COMING SOON - 
a CTCSS encoderdecoder 

Also, st111 ava~lable, the Trans Cam IC-22s 

ORDER FROM 

- h " S @ L T  
P. 0. BOX 120 

ADDISON, ILL. 60101 
Ill. res~dents add 5% sales tax 

, 

5 BAND OPERATION - FOR ALL AMATEUR HF 
ONLY ONE N E A T  SMALL TRANSMITTERS GUARAN- 
ANTENNA. FOR CONG- TEED FOR 1,000 WATTS I ESTED HOUSING AND POWER. LIGHT. NEAT 
APARTMENT DWELLERS1 WEATHERPROOF. I 
Complet. .. shown total length l02ft. wllh 9011. of 52 ohm 
RG58U soax .nd PL259 connector. HI-Impact molded reso- 
n.nt 1,aps. (wt. 3 ox.  1''" 5" long) You )us1 tune t o  doslrod 
bmnd for excellent rop-rts! Excellent for ALL  world - wldr 
rscslvsrs and .m.lau. transmitter.. For NOVICE AND ALL 
CLASS AMATEURSINOEXTRA TUNERS OR GADGETS 
NEEDED1 E11mln.tos 5 ssp.,.te .ntsnn.s wnh excel lent  
perform.nse guaranteed. Can be used .s Inverted V. NO 
HAYWIRE HOUSE APPEARANCE1 EASY INSTALLATION1 

80-40-20-15-10 molar bands. Complete . . . . . . . . S34.95 
40-20-15-10 mote, bsnd.. 54-11, ant. . . . . . . . . . . S33.95 
20-15-10 metor bands. 24-11, ant.. . . . . . . . . . . . S32.95 
SEND ONLY 53.00 fe.sh. ek.. mo3 and pay postman balance 
COD plus post.ge on arrlv.1 or send full erlsa lor DO. dcl. 
BankAmollsard- - - M..tsr Charge - - - Ph 308-236-5333 
Free  Info. ~r.ll.bla only from. WESTERN ELECTRONICS 
Ospt. AH-  8 Ka.msy. Nebrasks. 68847 

.&a 5 w  Automat~c memory 
Use w~lh TTL/DTIJMOS/CMOS - a M.O. Detects < 16 nsec pulses 
Assembled and tested 

I 
(R'r 11 I 1-1 I Bearcat 1- 1 1-1 Scanner I 

I 
1 The $289. Br, 1rca1210 super 5ynlhrslred receiver I I 
I scans and searches 32-50 146-174 B 

I 416-512 MHz w~lhout expenslve crystals 
Order now on our 24 hour loll-free cred~l 

I 
I card order l ~ n r  800-521-4414 In M~ch~gan 

and ouls~de the U S call 313-994-4441 Add 

I 
I $5 00 lor sh~pp~ng In U S or $8 00 for alr 

I 
I UPS lo west coast Charqe cards or money 1 

orders only Fore~gn orders ~nv~ ted  For 

I add~l~onal ~nlormal~cn wrlle Communl- 1 
callons Electronics P 0 Box 1002 Depl 

I 21 Ann Arbor M~ch~oan 48106 I 
COMMUNICATIONS ELECTRONICS I 

I fl P.O. BOX 1002 DEPT. 24 -= I  
ANN ARBOR, MICHIGAN 48106 CTM - I I 

YOUR BEST BUY IN KITS 
ANALOG-DIGI-LAB FREQUENCY 
Features 3 Regulated COUNTER 
power Supplies. 3 Out. 
put wave forms, digi- 

7 Digit 0-300 MHz Freq. Counter ............ $99.00 

tal level switches. no 
7 Digit 0-500 MHz Freq. Counter ......... ..S139.00 

bounce pulser switches, 8 Digit 0-30 MHz Counter with options $ 109.00 

LEDs with drivers, Super strip, 0-300 MHz Prescaler for 8 Digit Counter $19.95 
~ ~ ~ i l ~  constructed. ~ ~ ~ i ~ ~ ~ d  by RETS 0-300 MHz Prescaler with Preamp .. ... ... $29.95 
Electron~c Schools. 0-600 MHz Prescaler for 8 Digit Counter $39.95 

Now only $139.00 Cabinet accessory package available for al l  of - the above . . . . .. $24.95 
Clock Kit ( c~mp le te  less case) .......f12.95 Anyone of the above kits available praassem- Clock Cabinet . .......... -..-...- . - - -. .... 16.50 bled for an $ 50.00. ~ 1 1 0 ~  3-4 weeks 

or $4.50 with purchase of clock kit. on assembled units. 
Please add $ 1.00 Shipping/Handling on any order under $15.00 

Send SASE for flyer. Featuring Electronic components and kits available. 

HAL-TRONlX 
P. 0. BOX 1101 Southgate, Mich.  48195 (313) 285-1782 



Drive Pomr 20 W PEP max 

The EDL144 amplifier con- 
tans a high power transmtt 
linear amplifier (5894 PA) 
and power supply (115~)  to- 
gether wilh a low noise re- 

CRYSTAL FILTERS and DISCRIMINATORS Drive Power 10 w PEP max 
Oulput Pomr 50 W PEP max 

ing power supply (115~).  The 

9.0 MHz CRYSTALS (Hc25/u) 
XF900 9000.0 kHz Carr ier  
XF901 8998.5 kHz USE 
XF902 9001.5 kHz LSB 
XF903 8999.0 kHz BFO 
F-05 Hc25/u Socket Chassis 
F-06 Hc25/u Socket P.C. Board  .50 
ALSO AVAILABLE FROM KVG 
10.7 MHz CRYSTAL FILTERS style converter mounted in- 
OSCILLATOR CRYSTALS 50 kHz T O  150 MHz side the cabinet. 

Wri te f o r  Detai ls EDT50-28 

VARACTOR TRtPLERS 

An external power supply is - required. 

Sh ipp ing  Via UPS. A t  Cost. 

MMv432 30 W $65.95 

MMv432M 50 W 79.95 144-148 MHz 
MMv432H 70 W 115.50 

MMv1296 20 W 77.50 Gain 9.560 in each plane, 500 feed. 
MMv1296H 35 W 89.95 For OSCAR communications add 

Circular polar~zation harness, PMH/2C $9.70 
Also available for 2 meters: 

426450 MHz 

+15.7 dBd. Feed 50Q coaxlal. 
e l  70/MBM48 S47.95 

iternational, Inc. 

m m 1 1 m 1 1 1 1 1  
m m  Available directly 

plug it i n  like a key KEY BOARD I I from the factory for 

and send perfectly m TO only $225 plus post- 
t imed Morse code as age & handling. Mas- 

easily as typing a let- MORSE CODE = tercharge or ,an,,- 
ter. Sidetone and - mericard accepted. 
buffer register make Call or write t o  order 
i t  simple t o  send at or request complete 

the speed you select. A'RO N 1 C S specifications and 
options. 

BOX 77, ESCONDIDO, CA 92025 
(714) 745-1971 
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Ad~er'sers v' 
check-off 

... for literature, in a hurry - we'll 
rush your name to the companies 
whase names you "check-off" 
Place your check mark i n  the space etween 
name and number. Ex: Ham Radio 2 2 3 4  

INDEX 
AGL - 558 Jan - 067 
Adva - 265 K-Enterprises - 071 
Advanced KE Electronics - 072 

Micro. - 610 KLM - 073 
Aldelco - 347 Kampp _i 613 
Aluma Tower 589 Kenwood 
Ama. w h o l e s a l e  

Elect. - 003 
~ h e r i c a n  - 554 
Apollo .- 011 
Aptron - 380 
Atlas - 198 
Atronics - 382 
RK Products 463 
Barry * 
Bauman - 017 
Budwig 233 
Bullet - 328 
CFP 022 
Calculator Shop ' 
Cleng 465 
Comm. Elect. - 489 
Comm. Spec. - 330 
Computer Rm 502 
Crystal Banking 

Service 573 
Cushcraft - 035 
DX Engineering -- 222 
Dames Comm. 551 
Dames 324 
Data Signal -- 270 
Daytronics - 612 
Dentron 259 
Drake 039 
E. T. 0. 
Elect. Dist. . 044 
Electrospace -_ 407 
Erickson A 047 
Excel Circuits - 535 
Genave - 168 
G~ l fe r  - 207 
Gray - 055 
Greene 440 - 
Gregory 201 
Hal - 057 
Hal.Tronix 254 
Ham Center - 491 
Ham Radio - 150 
Hamtronics - 246 
Heath - 060 
Henry - 062 
Hildreth 283 
Hy.Gain - 064 
lcom - 065 
lnllne Instru. - 591 
Int. Circuits - 518 

Kester Solder - 492 
Klaus - 430 
Lafayette 598 
Larsen - 078 
Llttle Giant - 011 
L o g ~ c  Systems - 493 
Long's _ - 468 
Lunar - 577 
Lyle 373 
MFJ 082 
MHz - 415 
Madison ' 
Masters - 555 
NuData 455 
O~toelectronics - 352 

Palomar 093 - 
Partrtdge - 439 
Plpo - 481 
Poly Paks -_ 096 
Porta Pak 274 
RF Power Labs 602 
Radio World _ . 592 
Ramsey - 442 
Regency - 102 
Rohn 410 
SST - 375 
Sabtronics - 593 
SAROC 
Savoy - 105 
Sherwood - 435 
Space -- 107 
Spectronics - 191 
Spectrum Int. 108 
Swan - 111 
TPL - 240 
Tee/Ax _- 615 
Telrex 377 
Ten-Tec 
Trans Com - 552 
Tri-Ex A 116 
Utah FM Sales - 445 
VHF Eng. - 121 
Valley Instru. - 583 
Vanguard 
Varian - 043 
Webster Comm. - 423 
Webster Radio - 255 
Weinschenker - 122 
Western Elect. - 601 

Int'l Xtal --066 Yaesu 127 
James - 333 

*Please contact this advertiser directly. 

Limit 15 inqrrirfes per req~test. 

August 1977 
Please use before September 30, 1977 

Tear off and mail  t o  

HAM RADIO MAGAZINE - "check off" 
Greenville. N. H. 03048 

............................ NAME ........................ ... 

CALL 

STREET 

CITY.. ............................................................ " ....-. " .... "." 

STATE . .ZIP 

AGL Electronics ............................................. 103 
Adva Electronics ........................................................... 94 
Advanced Microcomputer Products ................. 99 

............. .............................................. BK Products -. 120 
Barry ............................................................... 98 

........................ R. H. Bauman 96 

........................................ Crystal Banking Service 84 
Cushcraft . .. ............................................................... 75 

General A v ~ a  
Gllfer Assocl 

............................................................ Grav Electronics 104 

........................................................... ~ r e k n e  Insulator 106 
.......................................................... Gregory Electronics 94 

.................................. Hal Communications Corp. 108 
Hal-Tronix . . . .  124 

.............................................. Ham Radio Center 31, 81 
Ham Radio Magazine ..................................................... 73 

................................. Hamtronics. Inc. .... 127 

..................................................................... KE Electronics 112 
.................................................... KLM Electronics Inc. 109 

............................................. K a m ~ o  Electronics. Inc. 104 
~rio.i(enwood 

Communications. Inc. 8. 9. 63. 64. 65. 66 .- - ~ ~ . . . . .  
....................................................................... Kester Solder 84 

...................................................................... Klaus Radio 112 
................................. Lafayette Radio Electronics 114 

Larsen Ante 90 
Little Giant 96 

24 
28 
10 

................................................................. Lyle Products 118 
..................................................................... MFJ Enterprises 2 
.............................................................. MHz Electronics 115 

..................................... Madison Electronic Supply 51 
......................................... Masters Communications 122 

NuData Electro 20 
Optoelectronics 07 
Paraf rame 93 
Palomar E 06 
Partridge ( 12 

............................................... Pioo ~6mmun ica t i ons  126 
...................................................................... ~ d l v  Paks 100 

~ o r i a  ~ a k  94 
RF Power 92 
Radio Wor 22 
Ramsey El 11 
Reaencv Electron 9 1 - - 
Rohn ................................................................................... 93 
SST Electronics 120 

................................. Sabtronics International, I~c .  53 

TPL Communications 51 
. ..... Tee/Ax. Inc. 122 

....... ................................................. Telrex Labs .. 110, 114 
....................................................................................... Ten-Tec 1 

Trans Corn 124 
Tri-Ex Tower Corp. ........................................................ 89 

............................................................... Utah FM Sales 108 
VHF Engineering. Div. of Brownian .................. 113 
Valley Instrument Products ..................................... 98 

. . . . . . . . . . . . . . . . . . . . . .  Vaneuard Labs 114. 120 
~ a r z n .  Etmac Divlsion Cover IV 
Webster Commun~cat~ons 110 
Webster Radlo 118 

....................................................................... Weinschenker 112 
.................................... Western Electronics .... 124 

.............................. Yaesu Electronics Corp. Cover Ill 
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VHF MODELS FOR ANY BAND 28240 MHz 
T40-11 Eleven Channel Exciter for 2M, 

6M, or 220 MHz.. ........... $39.95 R60-( ), 0.5-1 uV rens, incl VHF Converter .......... ... T40-1 One Channel Exciter.. 34.95 and IF/Audio Boords.. W . 9 5  
R69-( ), 0.2-0.4 uV sens, incl P9 Preamp, ... VHF Converter, and IF/Audio $69.95 

.......... gladly order specials). 55.50 
83-190 MHz 
220-230 MHz 
Give exact freq. 

RF POWER AMPLIFIER MODULES 

a N O  TUNING aVSWR PROTECTED 
a 150 MW DRIVE a COMPLETELY STABLE 

180-150, 140-175 MHz.20-25W output, 
wired and tested, simply connect your 
cables.. .................... $79.95 

26-88 MHz 
88-172 MHz 
172-230 MHz 
Give exact fraq. 

REQUEST CATALOG FOR MORE DETAILS 
- 

14AVQ 10-40MVertical 
TE-3 RF Detector Probe for VlVM, good l8AVT 10-80M Vertical 

a Available for from 100 kHz to over 500 MHz 
TE-4 Direct Probe for ac/ohms, etc. TH3-MK3 Tribonder 

TH3-JR Tribonder 

Low noire FET 

a Al l  common i - f ' s  
a Great for OSCAR I We have a large stock of these popular whips. 
a Low power drain Pick the mount and whip which are right for 

p u J  Al l  whips and mounts are interchange- 
able. Request catalog for more information. 

Models for 2M, 6M, 10M, 220 MHz, oir- 
craft, com'l, etc. Stable cascode rf stage Q 1/4 wave whip 144-459 MHz 2.65 IF Y O U ' V E  HEARD THE NEW 

a 0.3-0.5 uV sensitivity a 10-20 dB gain 
H Y - G A I N  2 M  HT, Y O U  ALREADY 

a Compact 2-1/2 x 4-1/2" pcb a Any if MM-LM-K Magnet .Mount.. ....... 114.60 K N O W  I T ' S  F A N T A S T I C !  WE 

10-50 MHz a Featured in HR mag article LM-K 3/4" Blind Hole Mount.. 6.35 
HAVE THEM I N  STOCK COMPLETE 

...... GC-LM-K Gutter Clip Mount 14.60 Urnso UHF s19'95 TM-LM-K Trunk Lip Mount.. ...... 14.05 

AMB-K Trunk Gutter Mount.. ... 9.10 a For 432-435 MHz ssb, otv, OSCAR, 450 
MHz fm, aircroft, com'l, etc. a Economy 
converter a Use with PI5 Preamp for optimum Model Price lnterrn~ttent Cant 
performance a Any if 10-160 MHz 

$29.95 2.5A 1.5A 
39.95 4A 2.5A 

C O R P O R A T I O N  104R 49.95 6A 4A 
XTAL (aither d above) $5.50 lO8RA 79.95 12A 8A 

We hove large stock of populor antennas. .108RM* 99.95 12A 8A 
Call or write for quote or more informotion. 109R 149.95 25A 10A 

*Ind~cales model which has panel meter(s) 

R 
it YUUH UHUtH! 

PHONE 716-663-9254.9AM-9PM EST D 

a 
182H BELMONT RD., ROCHESTER, NY 14612 

Use you1 
Specify ( 

3 WRITE k -- .,-. .- 

' credit cal 
3perating 

FREE CA' 

.d or C.0.t 
freq l Add 

TALOG 01 

.I' " 
MIL?. 

ng and ha1 
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DENTRON MLA-2500 linear amplifier DENTRON MT-3000A antenna tuner 
Contunuous duty power supply 160 thru 10 meter coverage 160 thru 10 meter coverage Handles a full 3KW PEP 

2000 + watts PEP input on SSB 1000 watts DC input on CW, Continuous tuning 1.8- 30 mc Built-in dual watt meters* Built- 
RTTY, SSTV * Two external-anode ceramic/metal triodes in 50 ohm dummy load for proper exciter adjustment * Antenna 
operating in grounded grid Covers MARS w/o modifications selector switch enables you to by-pass the tuner direct or select 
50 ohm input/output impedance Built-in RF watt meter. the dummy load or 5 other antenna systems. 

799.50 is list price. Call Toll-Free for quote. 349.50 is list 

a OVER 
5 0 OIo I OFF! 

\ 

YAESU FT-101 E 
transceiver 

SOII~-state construction 160 thru ELECTRO-VOICE 
10 meter coverage Built-in AC B DC 
power supplies Built-in RF speech 
processor 260 watts PEP. SSB, 180 
watts CW B 80 watts AM Solid-state 
VFO Built-in VOX Auto break-in 
CW w/sidetone Built-in WWV/JJY 
reception High-0, permeability tun- 
ed, RF stages. 

71 9 push-to-talk mike 
The 719 has 2 talk sw~tch positions 
(push-to-talk B grip-to-talk) Fre- 
quency response: 80 to 7000 Hz 
Generating element: ceramic Out- 
put impedance: High Z * Polar 
pattern: omnidirectional. 

price. Call Toll-Free for quote. 

DENTRON all band 
doublet antenna 
This all band doublet or inverted 
antenna covers 160 thru 10 meters. 
Has total length of 130 ft. of 14 ga. 
stranded copper wire. The doublet is 
tuned & center fed thru 100 ft. of 470 
ohm PVC covered transmission line. 
Assembly is complete. 

1 729.00 is list price. Call for quote. 1 19.00 List price is 45.00. 1 24.50 is Long's low price. I 
Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call: 1-800-292-8668 in 

Alabama for our low price quote. Hours: 9:00 a.m. ti1 5:30 p.m., Monday thru Friday. 
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AM ENERGY (CONSERVATION SUGGESTldBM 
FROM YAES 

Analoo Dial-20 Watts PEP I 

FL-110 Broadbanded Solid State Linear 
200 Watts Output-Power When You Need It 

CUT YOUR ELECTRICITY BILL! 
FT-301 SD 

Digital Dial-20 Watts PEP 
Do your part in Uncle Sam's energy conservation 
program. Obey FCC rules that tell you not to run 
more power than is needed. But when the going 

gets tough, switch in the linear! 

Yaesu's Deluxe Accessories Complete Your Station 

Shown above: Deluxe Power SupplyISpeakerlDigital Clock and Programmable CW Identifier 
FT-301SD Transceiver External VFO Monitorscope 

For a copy of our latest catalog, send your 
name, address, zip code and ham call sign. 

YAESU 

V 

YAESU ELECTRONICS CORP.. 15954 Downey Ave.. Paramount. CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 





'end for your copy of the 
I 

lorld's largest catalog of 
uality kit-form electronic 
roduci 

Yes! Please rush me my 
personal copy of the NEW 
Heathkit Catalog. 

8 - I am not on your m a ~ l ~ n g  l ist 

Take your pick 
,f nearly 400 fun-to-build an 

,,,,tical money-saving kits - al 
backed by Heath - . . 
in better electronic 

gmEEF lllllN I;.IU 

leader 
nce 194 

# 1 Name 

1 I state 

Dept. 122-32 
PC-124 

d 



Get your very own copy of the latest 

I MAIL-ORDER KIT CATALOG 

Kits for almost 
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