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ICOM recently introduced the revolutionary 
new IC-2 1 1  4 MEG A11 Mode transceiver with 
dual tracking, optically coupled VFO's: just 
the first of a great new wave of ICOM LSI 
synthesized radios. And now the IC-211 is 
joined by the amazing IC-245 mobile trans- 
ceiver. Together they herald the beginning of 
the ICOM VFO Revolution. 

ICOM DEVELOPED PHASE LOCKED 
LOOP CMOS LSI 
To facilitate the advancement of the phase 
locked loop concept which has been nurtured 
by ICOM's forward looking engineers, ICOM 
has designed an IC to provide these functions 
in a single LSI integrated circuit. 
The circuitry of this chip contains all of the 
command registers and up down counters and 
the divide-by-n counter needed to make the 
ICOM "digital perfection" a reality. 

This chip also contains the phase detector 
and memory system which provides the dual 
VFO function. In addition, there are provi- 
sions to cause the step rate to increase to 
5KHz or lOKHz from 100 Hz and another 
which causes the reading to "freeze" and not 

change with the dial setting. And yet another 
provides pulses to both sets of counters to 
allow them to track while staying offset by the 
set amount. 

Also, included is the circuitry which makes 
the 100 Hz steps possible with a 10 KHz refer- 
ence. This circuitry is so unique ICOM has a 
Japanese patent pending. 

THE BEGINNING OF THE lCOM VFO REVOLUTION! 

. . . . . . . . . . . . . . . . . . . . .  The IC-245 . .  $ 4 9 9 . 0 0  
The IC-211. . . . . . . . . . . . . . . . . . . . . . .  $ 7 4 9 . 0 0  

Available at Henry Radio. Please call, write or come in. 

11240 W. Olympic Blvd., Los Angeles. Calif. 90064 2131477.6701 
931 N. Euclid, Anaheim, Calif. 92801 7141772.9200 
Butler, Missouri 64730 8161679-3127 

m a s l y r c t o a * r s r i ( M n o t i w .  





NEW LOW 
PRICE 

$1195.00 

The H A L  ST-6000 demodulator lishing different tone pairs. You can of codes, including Baudot. ASCII 
/keyer and the DS-3000 and DS-4000 select AM or hard-limiting F M  modes and Morse. The powerful, program- 
KSR/RO series of communications of operation toaccommodate differ- mable 8080A microprocessor is in- 
terminals are designed to  give you ent operating conditions. An internal cludedin the circuitry to assure maxi- 
superlative 'lTY performance today monitor scope (shown on  model mumflexibilityforyourpresentneeds 
-and in the future. DS series termi- above) allows fast, accurate tuning. -and forthe future.The KSR models 
nals, for example, are re-program- The ST-6000 has an outstandingly offer you full editing capability. The 
mabie, assuring you freedom from high dynamic range o f  operation. video display is a converlient 16-line 
obsolescence.Sophisticated systems Data 110 can be RS-232C. MIL-188C f ~ r m a t ,  of 72 characters Per line. 
all, these HAL products are attrac- or current loo . These are some of the highlights. 
tively priced-for industry, govern-   he Ds-30Ofand DSJIOOOseries of The full range of features and speci- 
nlent and serious amateur rad io KSRand RO terminals provide silent, fications for the ST-6000 and the DS 
operators. reliable, all-electronicTTY transmis- series of KSR and RO terminals 

The H A L  ST-6000 operates a t  sionandreception.or read-only (RO) is covered i n  comprehensive data 
standard shifts o f  850. 425, and operation of different combinations sheetsavailabieon request.Write for 
170 Hz. The tone keyer is crystal- them now-and tune in to  the most 
controlled. Loop supply is internal. sophisticated TTY operation you can 
Active filtersallowflexibilityin estab- have today ... or in  the future. 

HAL Communications Corp., Box 365,807 E. Green Street 
Urbana, Illinois 61801 Telephone: (217) 367-7373 
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This year marks the 40th anniversary of the invention of the klystron in a basement laboratory a t  Stanford 
University in California - an event that marked the beginning of the practical use of microwaves. Feeble 
amounts of microwave power had been generated in the laboratory in the 1920s, but long-range microwave 
communications systems and radar required much more. By 1935 radar was already installed on nav'al vessels, 
and the Signal Corps was developing the 270 system which detected the Japanese attack force a t  Pearl Harbor 
in 1941, but the equipment was range limited and suffered from poor resolution. Microwaves seemed to be the 
answer, but how to produce them was a question which remained to be answered. 

Russell Varian conceived the klystron - the first practical microwave generator. Dr. William Hansen, a 
physics professor a t  Stanford who was working on an oscillator for a linear accelerator, calculated the formulas 
for its design. In August, 1937, Sigurd Varian finished assembling the first tube, and the trio watched in 
amazement as the very first surge of voltage set it generating waves as short as 10 cm (3000 MHz), one-tenth 
the length of the shortest radio waves then used outside the laboratory. To demonstrate their success they 
made a dipole from two short pieces of wire and soldered it to the base of a flashlight bulb -when they held 
the dipole in the path of the tube's output, the bulb glowed brightly. The first klystron was delivering a watt 
of power! 

This was one of the first cases in the history of technology develooment where a device based on 
calculations worked the first time i t  was turned on. The achievement was widely acclaimed in the scientific 
press, and broad uses were forecast for its future. The Sperry Gyroscope Company moved quickly to back the 
development of the klystron for high-resolution radar systems, the Bell Telephone Company saw it as the heart 
of a transcontinental relay network, and others considered i t  for coast-to-coast television transmission. The 
rest is history - a $100 investment in 1937 spawned a whole new industry which now has sales measured in 
the billions of dollars. 

Before the war, Amateurs gave little thought to the frequencies above 400 MHz because there was nothing 
in the way of practical equipment available, but when the Amateur microwave bands were made available on 
November 15th. 1945, it was a different story - military surplus klystrons were inexpensive and many 
Amateurs had been exposed to the microwave art during the war. Rube Merchant, W2GLF, and Art Harrison, 
WGBMS, were the first to use the new medium when they put 2K23 klystrons and crystal mixers to work on 
the 5300-MHz band for communications over a 5-mile path on Long Island. In early May, 1946, W1 LZV and 
W2JN worked over a 2-mile path in New Jersey on 10 GHz, and later that month WlNVL and W9SAD in 
Schnectady were the first Amateurs on 21 GHz - best DX was 800 feet! It was to be another year before 
3300 MHz was opened for the first time, and then only because W6IFE built two complete stations and had 
W6IZM operate one of them. 

In the mid 1950s members of the San Bernadino Microwave Society developed the polaplexer system and 
proceeded to break most of the microwave distance records. They later phase locked the klystron to a crystal 
reference to increase range, but little has happened in the past ten years. Some microwave enthusiasts have 
replaced their bulky vacuum-tube power supplies, modulators, and receivers with solid-state gear, but klystrons 
still provide the output power when modern solid-state sources could do the same job with a lot less hassle. 
Although Amateurs in England have been using Gunn diodes on 10 GHz for several years, for some reason the 
idea has never caught on in America. Device availability is certainly not the problem - Amateurs have shown 
time and time again that they can obtain hard-to-get components i f  they really put their minds to it 
(remember the parametric amplifier, 432-MHz varactor multipliers, and low-noise transistors for 2304 MHz). 

I think it's time for Amateur microwavers to take a close look a t  their klystron systems and consider the 
solid-state alternatives. Gunn diodes are being manufactured by the thousands for 10.525-GHz speed radar 
systems so cost is low, and Microwave Associates has recently introduced a 20 mW Gunnplexer for transceive 
operation on the 10-GHz Amateur band (see page 86). In light of WARC 79 we need a good deal more activity 
on the Amateur microwave bands - perhaps the new Gunnplexer will provide the impetus amateurs need to 
try this part of the spectrum. 

Jim Fisk, W l  HR 
editor-in-chief 

4 march 1977 



THE NEW lCOM 4 MEG, MULTI-MODE, 2 METER RADIO 

ICOM introduces the first of a great new wave of amateul laulua, W I L I I  I ICW 3 ~ ~ 1 1 1  IS, 

new versatility, new integration of functions. You've never before laid eyes on a 
radio like the IC-211, but you'll recognize what you've got when you first turn the 
single-knob frequency control on this compact new model. The IG211 is fully 
synthesized in 100 Hz or 5 KHz steps, with dual tracking, optically coupled VFO's 
displayed by seven-segment LED readouts, providing any split. The IC-211 rolls 
through 4 megahertz as easily as  a breaker through the surf. With its unique ICOM 
developed LSI synthesizer, the IG211 is now the best "do everything" radio for 2 
meters, with FM, USB, LSB and CW operation. 

The IC-211 is so new that your local dealer is still playing with his demo. Just 
hang in there and you can grab this new leader for yourself. ICOM's new wave is 
rolling in. 

Fmqumcy covw8ge: 144 to 148 Mhz S.ktMty: SSB* 2.4 KHz or less at -6Odb Pam Sup* Internal. 1 1 N  AC a 13.8'4 DC 
Synthesizer: LSI based 100 Hz or 5 KHz PU, FM f 16 KHz or less at -60db Power Output 10W PEP (SSB) TOW CW. FM) 

usrng advanced technrques SedtlvlIy: SSB 0.25 uv lOdb SINAD Size: I 1  lmm " x 241mm W x 2bmm b 
Modes: SSB (A3J). FM (F3). CW (Al) FM 0.4 uv for 20db 0 S Weight: 6 8 kg 

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA 
SUI~P 3 Su~te 307 7087 V~clorra Drlve 
13256 Northrup Way 3331 Towerwood Drlve Vancouver B C V5P 3Y9 
Believue. Wash. 98005 Dallas. Texas 75234 Canada 
(206) 747-9020 (21 4) 620-2780 (604) 321-1833 
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WARC ADVISORY COINITTEE FOR AMATEUR RADIO met January 25 and prepared new and 
strengthened supporting arguments for new HF bands at 10, 18, and 24 MHz. Even though 
the FCC's Notice of Inquiry had not included those previously-requested bands, the 
group felt they were important enough that another strong plea was called for. 

The Committee Endorsed, for the most part, the remaining Amateur assignments pro- 
posed in the Notice of Inquiry. The 15-meter shift down to 20.7 MHz was one notable 
exception, but this appears to have been worked out with the Maritime group to put the 
band back where it presently is. 

Considerable Discussion took place concerning the microwave assignments, and a 
strong recommendation emerged urging restoration of 48-50 GHz (or a comparable slot) 
to the proposed Amateur spectrum. 

THE AMATEUR RADIO MANUFACTURER'S ASSOCIATION is the name chosen for a self-governing 
body of radio equipment manufacturers formed at SAROC this January for the purpose of 
promoting Amateur Radio, promoting high ethical standards among its membership and 
throughout the industry, encouraging legislation and rule-making favorable to Amateur 
Radio, and supporting its members' activities through market research. 

ARMA's Formation Came About through a Dentron-sponsored meeting of linear amplifier 
manufacturers who initially met to discuss the linear amplifier issue. Finding that 
it had greater potential then the single issue originally addressed, ARMA elected 
Dennis Had of Dentron as its President and began making ~ l a n s  for meetings with members 

u 

of Congress, representatives of the FCC, and other government officials. 
This Broad-Based Trade Group invites membership applications from manufacturers and 

importers marketing in the U.S.. as well as su~~liers. ~ublishers. associations. and 
, . 

others interested In furthering' the group's aims. 
ARMA's Recent Washington Trip was rated "highly successful" by both the visitors 

and those they came to see. The group sat down with all three FCC Commissioners they 
had appointments with and the Commissioners welcomed the ARMA delegation as representa- 
tives of the legitimate Amateur industry and expressed concern for that industry, the 
small businesses involved in it, and - last but not least - for the Amateur fraternity 

Senator Barry Goldwater - K7UGA - spent a good deal of time with the ARMA repre- 
sentatives. The visitors also held highly informative meetings with Ray Spence, Bob 
Luff, and other key FCC personnel during their two day stay. 

"PERSONAL RADIO DIVISION" is the new handle adopted by FCC's Amateur and Citizens 
Division. The name change is ust a name change, though it could eventually reflect 
future concern with other genehpublic radio such as marine and aircraft, 

PERSONAL DELIVERY OF AMATEUR APPLICATIONS to Gettysburg gives the applicant no 
advanta e and can tie up FCC personnel who could otherwise be working on the Amateur 
d a c k l o g .  

Applications For 1x2 Callsigns May Be Submitted before the official acceptance date 
to insure they'll receive prime consideration. For example, Extras licensed before 
July 1, 1976 could mail their applications any time after March 15 to be sure they'd 
reach Gettysburg before the April 1 acceptance. 

"INSTANT UPGRADE" will finally become a reality and give the Amateur who success- 
fully passes an exam at an FCC Field Office his new privileges immediately. The tem- 
porary authority is to be issued on the spot by the examininq Field Office, and will 
be good for 90 days or until an upgraded license is issued. It will require the user 
to indicate his "interim" status with a special identifier, added to his call when 
he's using his newly won privileges, will probably go into effect in the next few months 

ALTHOUGH SETTLEMENT OF THE 900 MHZ VS 220 MHz issue for Class E Land Mobile (CB) 
may still be months away, more and more indicators seem to be pointing to 900 MHz. 
It's also becoming apparent that the FCC may no longer look with favor on the place- 
ment of Amateur and CB Personal Radio Services adjacent to one another, wherever 
the frequency assignments may be located. 

OSCAR 6's TELEMETRY indicates a battery cell has failed, and there's fear other 
cells may be close to failure after more than three years in space. With rumors going 
around that LANDSAT (and OSCAR 8) won't be launched until the year's end, OSCAR users 
must be especially gentle with both the ailing Amateur Radio birds. 

VHF/UHF ADVISORY COMIjITTEE was established by the ARRL Board of Directors at their 
January meeting in West Hartford. The new VUAC is to work on spectrum utilization, 
ATV, Satellite and EME communications, work closely with the VRAC. 

First Formal Assignment for the VUAC is a 1215 MHz bandplan. 
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IN CANADI: 

L L-- 
SCOtCOMM -0 LTD. - 4643 kvorqua Uvd - Chomoday, Laval. Quaboc 

WORLDWIDL 
P.O. BOX 4 8 6 0 ,  MANCHESTIR, N. H. 03108  

MAONUS - 1711 North Uncoln Avo. - Chicago, Ill., U. S. A. 60619 I I 



sNE6K 9 :$; ~~~A~~ ypEJt SSTPRd ~ T / : ~ ~ ~ ~ s  ~ e t ' i n  onthe Homebrew R e v i v a l  using the Modular Approach 
C o I I  o r  w r i t e  t o d o y  f o r  y o u r  FREE c o p y .  Projects FeaturedinHom Radio Articles by WA2GCF 

I PREVIEW! M e o n w h i l e ,  h e r e ' s  0 q u i c k  l o o k  o t  some 

I o f  t h e  f o r c i n a t l n g  p r o j e c t s  y o u ' l l  f i n d .  HAMTRONICS. INC. 
EVER WISH YOUR RECEIVER 

COULD HEAR THE WEAK ONES? 
A l m o s t  e v e r y  o m o t e u r  o n d  c o m m r r c i o l  
V H F / U H F  r e c e i v e r  c a n  b e  more  l e n s -  
i t i v e  w i t h  t h e r e  p o p v l o r  p reamps .  
O v e r  7 0 0 0  i n  use t h r o u g h o u t  t h e  w o r l d .  

I 
P8 KIT 57.95 

Available for 

20-190 MHz 

I Easy -to-tune corcode circuit 
20-30 dB gain; 2.5 dB n o i u  figure 

I , Fits i n  tmnrceiven, only 1/2 x 2-3/8" 

P9 KIT 59.95 

Ava~lablc for 

-- i 26-230 MHz 
I 

I . 2-%loge common gote fet ckt 
20-30 dB goin; 2 dB n o i u  figure 

1 . Compact - 1-1/2 x 3" 
I Cmx connectors d diode protection 
I 

I PI5 KIT 515.95 ! P35 W/T 534.95 

Avoiloble for 
1 any bond 
1 380-520 MHz 
1 --- 

I . 2 common gate fet's 
20 dB goin; 4.5 dB noise 

1 . Greot io r  otv, rrb, fm 

VHF/UHF FM RCVR KlTS 
M O R E  FOR Y O U R  M O N E Y  
C O M M E R C I A L  TYPE D E S I G N  
I D E A L  FOR REPEATERS, M O N I T O R S ,  
L I N K S ,  O R  R A C K  M T D  RECEIVERS 
M A K E  Y O U R  O W N  2 M  F M  T R U N K  
M O U N T E D  TRANSCEIVER 

1 FM TRANSMITTER KlTS 
FOP REPLATIR , L l l i K S ,  O i l  JUST 
A GREAT S O U N D I N G  P E R S O N A L  R I G  [ 
RATED FOR C O N T I N U O U S  DUTY I 
A P P L I C A T I O N  N O T E S  A V A I L A B L E  
SEE FEATURE ART ICLE  I N  A U G  ' 7 6  HR I 
F U L L Y  SHIELDED P R O F E S S I O N A L  ! 
D E S I G N  
I N D I V I D U A L  VERNIER FREQ C O N T R O L S  
C O M P A N I O N  C A B I N E T S  A V A I L A B L E  

. - 
w 

120 Tvipler/Driver Module Kil, 1% mW 2M input, 
................. i 

200 mW 4% MHz output.. 119.95 ( 

1 

v t i r  r . ' i 2 i ~ i  I C  K A N Y  HAblO 28-. '40 M H z  

R60-( ), 0.5-luV sen,, incl VHF Converter and IF/ 
Audio Boards.. ........................... S64.95 

R69-( ), 0.2-0.4uV senr, incl P9 Preomp, VHF Conv, 
and IF/Audio bod, ...................... 569.95 

R40 10.7 MHz IFIAudio bod alone.. ........ 539.95 

UHF  M O D E L S  FOR A N Y  B A N D  3 8 0 - 5 2 0  M H Z  

R60-4%. 5-10 UV economy rcvr, incl UHF Conv 8 IF/ 
Audio Bmrdl only.. ........................ 559.95 

R80-450, 2-5 uV sen5 monitor rcvr, incl UHF Conv, VHF 
............... Conv, and IF/Audio Boards.. .584.95 

2 0 0  MY. E X C ~ T ~ E  N O [ ) U L E  1.17s I 
740-1 1 Eleven Chonnel Exciter for 2M. 6M. or 220 

MHz.. ............................... .S39.95 
740-1 A, Above but only One Channel.. ... .SR4.95 I 

I 
.f' * 'C I 

I 
I 

- .  
R95-450, 0.4-luV uns rcvr, incl PI5 Preamp, UHF 

Con", VHF C a r ,  ond ./Audio bord.. ...... 594.95 I 7 ~ ~ ~ ~ f 1 7 7 ~ 7 ~ ? r f  
1 
! 

ACCESSORIES  RF POWER A t  l i t i  i ' N O D U L E S  
A13-45A Sir Chonncl Adopter.. ............... 513.95 
AS-I0 Sconner Adapter ( u e  w/ony receiver). ... 510.95 lUNING VS'vR I5O 1 
TI5 Receiver Alignment Orcillotor ............. 515.95 780-150, 140-175 MHz, 20-25W output, Wired .,nd .......... A40 10.7 MHz Cryrtol Filter Modula. 534.95 Tested, simply connect y w r  cobler ....... 579.95 1 
CRYSTALS M'e stock common frsq) ............. 1 5.M 180-4%. 430-470 M H ~ .  13-15W. W/T. ..... 579.95 1 

1 TEST PROBE KITS 

I C o n t a i n  p r o b e ,  g r o u n d  c l i p ,  c a b l e ,  a n d  
a l l  c o m p o n e n t s  e x c e p t  p l u g  t o  m a t e  w i t h  I y o u r  t e s t  e q u i p m e n t .  

1 TE-3 RF Detector Probe for V N M ,  gwd from 100 kHz 

i to over 5M) MHz 
TE-4 Direct probe for oc/ohms, etc. 
TE-5 DC probe w/rer for I I meg input vivm 
TE-6 Blocking copocitor pmbe for counter, r ig  gen I TE-7 Widebond Detector p r d x  for scopes 

I 

i 
I TI30 PA/Prearnpfor 2M H T i  

-- 
UUI 180 RF Power Module and P8 1 Preomp 
Automatic diode switching 

i Any HT up to 6W wtput 
Provides 20W wtput  cm xmit 
20 dB Prea_mp on receive 

I 
I W i n d  and Terted only $129.95 

1 Alro 0 ~ i l  less pnomp 5109.95 

I Receive of amplifier and .... I speaker option. 519.95 

VHF and UHF Converters - + 

ANTENNASo o o o o i I 
\*.e liave in-der,th t o c k ~  of CUSHCRAFT, LARSEN, and 1 
HY-GAIN ontrnnol for IMMEDIATE DELIVERY. pop- 

Low Noire FET ular items like Ringor, Beams, Mognet Mount W i p l ,  
Fmnt End Rubber Duckier, 10-8OM Verticolr, Tribonderr, Doublet 

Inrulotorr, Bolunr, ond Lightning Arresters. 
Cmx Connectors CALL or WRITE NOW1 We'll be glad to odvire you or 

i 
Lcw Power Dmin rend you FREE cotalogr. No  Obligation, of cwrw! 
Clyrtolr Avail for any 2' 

OTHER ITEMS I N  STOCK 

M O D E L  C 2 5  V H F  C o b 1  1 TLR K I T  ihown)S25.95 

Models for ZM, 6M, IOM, 270 MHz, oircroft, com'l, etc. 
Sbblc carcode rf stage 0.3-0.5 uV sensitivity 10-20 

dBgain C m p c t  2-1/2 x 4-1/2" pcb Any i-f 10-50Mhr 

M O D E L  U 2 0 - 4 5 0  UHF  CONVERTER ...... 119.95 

For 432 MHz srb or otv, 450 MHz fm, oircmft or com'l, etc. 
Economy Converter U u  with PI5 Prmmp for Optimum 

Inexpensive OC Power Supplies 

A greot new line of power 
supplier to opsmte l2Vdc 
geor i n  the shock or shop! 
A l l  hove low ripple, good 
regulation, ond ovcrlmd 
protection. And they ore 
a l l  I N  STOCK for IMMED- 
IATE DELIVERY, and they 
ore a l l  WIRED and TESTED. 

MODEL PRlCE INTERMITTENT CE 

12CB4 129.95 2.5A 1.5A 
103R 39.95 4A 2.5A 
104R 49.95 6A 4A 
108RA 79.95 12A 8A 
108RM' 99.95 I2A 8A 
I WR' 149.95 2 5A I OA 

*Indicotcr model which hor ponal meter($) 

Cmx b b l e  - RG-8 Fmm d miniature RG-174/u 
Connecton ond Adapters; uhf, bnc, F, etc. 
New Hy-Gain vhf/vhf scanner w/ priority d WX alert 
Hy-Goin Hondhcld 2M Rig ond HF Tronrceiwn 
P45 VHF Preomp i n  Die Cart Box w/ BNC's S44.95 
PI3 VHF Mult icwpler Kit  - Pccamp to 2 rcvrr 512.95 
ASIOUV vhf/uhf TV Preamp, 115 Voc, W/T 639.95 
185 VHF FM Sigml Generator Kit  SLU.95 
AA-I0 2W IC Audio Amplifier Kit  510.95 

HOW TO ORDER: 
.CALL OR WRITE NOW FOR ! 

CATALOG OR TO PLACE YOUR ORE 

PHONE 716-643-9254 9AM-9PM E.! 
Use  y o u r  c r e d i t  c a r d  o r  C.C 

SAME D A Y  SERVICE 

:REE - 
IER! 

When ordering, specify opemting f r r q n  
other pertinent informotion. 
Add 11.00 for h ipp ing ond hondling UPS or PP. 
Add 52.03 for o i r  porcel port or blue l o b 1  UPS. 
NYS msidants, pleore odd sales tax. 

1.D. 

bncies ond 
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RECONSIDER THE 
I You probably have considered purchasing an all-mode, 2-meter transceiver, but 

I figured that you couldn't afford one. Figure again! Kenwood has lowered the price 

1 of the fabulousTS-7OOA, making it much easier to get on the 2-meter band with a 
I 
I 
I 

top quality & - m o d e  VHF system. At its new low prlce, the TS-700A IS certainly the 
"Pacesetter" in both price and performance. And it's ready for immediate delivery 

1 
I . . . in fact, your dealer probably has them in stock right now. There's a lot of excite- 

ment on 2 meters. . . not only on FM, but SSB and CW too. 
Check with your nearest authorized Kenwood dealer for the TS- 700A's new low price. 

I 

Operates all modes SSB (upper & lower), Your recelve frequency and the radio does These fine accessories are 
FM, AM, and CW the rest Stmplex repeater reverse also available for us8 with . Completely solid state clrcultry provides ' Or do the same thing by plugglng a single ~ourTS-700A- 

stable, long lasting, trouble-free operatton crystal Into one of the crystal ~osl t ions for 
your favortte channel 
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i-f amplifier design 

Further comments 

by a 
recognized authority 

on the optimum design 
of shortwave receivers 

Many articles have been published during the past few 
years on receiver design with emphasis on the front end, 
but few efforts have been made to exploit the possibili- 
t ies of good i-f amplifier design. Such design involves 
several areas: proper i-f selectivity, low distortion, a-m 
and ssb detectors, agc control, and noise blankers. This 
artic1.e presents some methods of designing these circuits 
to obtain a high-performance i-f system. 

noise blankers 
Very few noise-blanker circuits for multipurpose 

applications have been published. Probably the best 
noise blanker ever built is the circuit used in the Collins 
KWM2; however, since this design is  based on tubes, it's 
no longer considered within the state of the art. While 
the principle of the Collins noise blanker avoids difficul- 
ties of crystal-filter ringing, it does produce some distor- 
tion because of the circuit used for gating in the i-f path. 

The principle of the Collins noise blanker i s  based on 

the idea that noise pulses originating either from ignition 
or other man-made noise are of fairly short duration and 
therefme, have enough energy, even at frequencies above 
30 M Hz, to produce radio-frequency interference. 
Collins uses a multistage 40-MHz amplifier that brings 
the noise pulses up to a suitable level for detection in a 
peak detector, and the d~~voltage thus derived isused to 
disable the receiver r f  front end and i-f, including the i-f 

+12V ON 
OV OFF  

fig. 1. R f  noise limiter with self-adjusting action. 

filters, during the detection of the pulses. Since some of 
the pulses do not have a rectangular response, the gate 
circuit for switching remains for a few milliseconds in a 
state between on and off, during which most of the 
noticeable intermodulation occurs. 

Noise b.1 ankers in present amateur transceivers 
measure the noise pulses in the i-f bandwidth, and rf 
signals, such as CW.key clicks, can't be distinguished by 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, Up- 
per Saddle River, New Jersey 07458 
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the circuit from other interference. Therefore all these The TCA440 IC, to the best of my knowledge, has no 
circuits suffer from added distortion. equivalent American replacement. It contains a complete 

Fig. 1 shows a noise blanker published in the ARRL a-m receiver. Because of the wideband application, oscil- 
Handbook, which is supposedly derived from TV lator stability i s  no problem, and a fairly simple single- 
receivers and suppresses only certain types of noise conversion receiver can be built to convert the arbitrarily 
pulses. A detailed discussion of this circuit i s  found in chosen input frequency of 50 MHz to a 2-MHz i-f, where 

NOISE 
AMPLIFIER 

4 0 6 7 3  

FROM 

PULSE 
DETECTOR 

Y P F -  I09 

TO DRAIN OF 
FIRST I - F  

? 

fig. 2. Schematic of a noise-blanker that derives its information from the I-f path. 

reference 1. Fig. 2 shows the principle of an i-f noise 
blanker that derives i t s  information from the i-f path. 
This circuit, in my opinion, however, i s  only a compro- 
mise; however, it is found very often. Fig. 3 shows a 
circuit that takes advantage of the idea on which the 
Collins noise blanker is based and has the additional 
feature that it can also be used on the 160-meter band 
for suppressing Loran pulses. I t s  design is based on a 
suggestion by Siemens, who are the makers of the IC 
used in this circuit. 

the noise pulses are then amplified to a suitable level for 
detection. In addition, a 2-MHz input is  provided, which 
can be used when operating in the 160-meter band. 

The IC output, which can be monitored by a special 
test output, is fed into a limiter and amplifier using an 
fet and a bipolar transistor. The TTL output is then fed 
into a 74LS122 IC for pulse processing, and a TTL-level 
noise-blanking output is available. 

This circuit has substantial advantage over the Collins 
noise blanker but does not solve the problem of suitable 

4 7 0  12k IOk 8 2 k  

14 I 0  

T C A 4 4 0  (SIEMENS) 

7 2 - I N 4 1 4 8  

6 

,--. 
2 2 ° F  

4 7 n ~ x  

9 

74LSI2.2 

6 

AUDIO 
TEST POINT 

fig. 3. Noise-blanking receiver for high-performance operation. Design is based on a suggestion by  Siemens, who makes the TCA440 IC. 
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gating. Fig. 4 shows an rf input stage described earlier,* 
which has a suitable push-pull arrangement that accepts 
these blanking pulses without producing the distortion 
found in most circuits. A similar gating circuit had been 
proposed by Swan in their SS200 series; however, since 
the noise-blanker circuit was extremely critical, i t  did 
not operate too successfully. 

input selectivity 

For reasons explained in reference 2, selectivity 
should be used immediately following the first mixer to 
prevent overload of a possible second mixer and to avoid 
spurious signals. General-coverage receivers require the 
first i-f to be higher in frequency than the highest 
frequency of reception, and i-fs between 30 and 120 
MHz have been used. As discussed in reference 2, the 
selectivity is provided by vhf crystal filters, which have 
4-8 poles and are commonly called cross-modulation 
filters. They are available either in discrete components 
or as monolithic filters. Probably the most popular i s  the 
75-MHz monolithic filter made by Piezo Technology in 
Florida. 

Because of the losses of this filter, the stage 
immediately following the filter must have an extremely 
low noise figure and simultaneously a high intercept 
point. A good choice for this requirement is the circuit 
shown in fig. 5, which uses a neutralized field-effect 
transistor to obtain stability and low noise figure 
through rf feedback. Such a stage has about 10 dB gain. 
A second i-f stage with presettable gain can be used 
ahead of the second mixer. Because of the voltage step- 
down transformer, overall gain is kept very low: however 
a large, highly distortion-free agc range is possible. 

The main selectivity is always achieved at lower fre- 
quencies. While the commonly used frequency for 
vhfluhf receivers is 21.4 MHz, most attempts to make 

O - 3 O M l l r  
S O  OHM 

ssb or CW filters at these high frequencies have failed. 
For CW and ssb, crystal filters are available at frequen- 
cies of 10.7 MHz, 9 MHz, 8.8 MHz, 5.5 MHz, and 1.6 
MHz, while the intermediate frequencies of 525 kHz, 
455 kHz, 200 kHz, and 100 kHz take advantage of 
available mechanical filters. Some receivers still use LC 
filters at 50 or 30 kHz, but the shape factors obtainable 
are not very impressive. 
Variable-bandwidth system. In military receivers that 
require a substantial number of bandwidths, seven or 
more individual filters may be required, which makes the 
i-f portion both bulky and expensive. To overcome this 
problem a double mixing scheme, as briefly discussed in 
reference 2, permits quasi-continuous selection of band- 
widths between 75 Hz and 6 kHz at a constant shape 
factor of 1 : 1.6, independent of the bandwidth setting. 
Fig. 6 is a selectivity curve of a filter that provides 
quasi-continuous selection of i-f bandwidths. 

An additional advantage of this system is that ringing 
from mechanical or crystal filters of very narrow band- 
widths is dramatically reduced. The filter is  based on a) a 
dual-mixing system using four mixers and two ganged 
local oscillators to vary bandwidths, and b) two high- 
grade 30-kHz lowpass filters to provide the steep slopes. 
Fig. 7 shows the block diagram of this circuit. 

By correct choice of oscillator frequencies and, in one 
case, the use of sideband inversion, the two sidebands of 
the incoming i-f signal can be shifted toward or away 
from the sharp cutoff characteristics of two identical 
30-kHz lowpass filters. After the two sharp edges have 
been imposed on the i-f signal, it is then converted back 
to the original i-f center frequency, which is 300 kHz. In 
effect, a variable bandpass filter i s  synchronized with 
two fixed lowpass filters. The basic relationship between 
the oscillator frequency, intermediate frequency, low- 
pass frequencies, and the bandwidths are: 

fig. 4. Rf-input stage for a high-performance receiver. Push-pull arrangement accepts blanking pulses without producing the distortion 
found in most circuits. 
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( P I E 2 0  TECHNOLOGYI 
4 1 7 1 F  

1  7 8 p H  

C R Y S T A L  
F I L T E R  

fig. 5. Low-noise neutralized input stage * 9 z 4  FOR C P 6 4 3  
w i t h  crystal-filter matching and an N 1  

output stage for i-fs in the vhf range. The 
filter is by Piezo Technology Co. 

fi =fi-f - fs + f b  

f2 =fi-.f +f, - f b  
where 

fi-f = the intermediate frequency 

fx = the cutoff frequency of the lowpass filter 

*fb =the required filter bandwidth 

fl =the first oscillator frequency 

f2 = the second oscillator frequency 

As the oscillator frequencies change (in opposite direc- 
tions), the filter bandwidth narrows. By independent 
adjustment of the oscillator frequencies, various asym- 
metrical filter characteristics can be set up. 

The advantages of this quite complex filter derive 
from the fact that i t  is possible to build high-grade 
lowpass filters at 30 kHz using crystals for improving the 
selectivity; therefore, they have an almost ideal slope 
characteristic. This slope i s  almost exactly the same for 
all bandwidths. The advantage of being able to select the 
optimum bandwidth for all signal conditions does not 
have to be stressed. 

Bandpass tuning. A technique that has become quite 
popular is "bandpass tuning." This method of shifting 
the i-f bandwidth toward the carrier center frequency 
was first used by Collins. I t  should not, however, be 
confused with the technique described above to achieve 
a variable bandwidth, since the absolute bandwidth 
remains the same. 

The bandpass tuning cannot improve the selectivity, 
although i t  sometimes appears as if this happens because 
the audio pitch has changed and sometimes the filter 
center frequency is moved into the opposite sideband. 
This popular technique is used mainly in receivers where 

the designer wants to avoid the expense of crystal filters 
with better skirt selectivity. Bandpass tuning as presently 
used does not only leave the selectivity the same as i t  
was before, but because of the additional oscillators 
required, receiver performance is degraded. The addi- 
tional mixing stages make the receiver more vulnerable 
to overload, and the limited amount of  shielding does 
not suppress oscillator harmonics sufficiently, so that an 
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fig. 6. Frequency response of a quasi-continuous-bandwidth i-f 
system. 
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enormous amount of birdies are produced. An example 
for these tradeoffs is the otherwise very good R4C 
receiver made by Drake. 

The use of the R4C on 10 meters, together with 
converters for 2 meters and higher frequencies, is very 
limited because of the large number of in-band birdies. 
Fig. 8 shows a typical scheme to obtain bandpass tuning. 
This scheme is designed so i t  can work with a trans- 
ceiver, as mentioned in my article3 on various synthe- 

LSB / USB U S 8  / LSB 

OSCILLATOR 

( 2 7 0 - 2 7 6 1  

3 O O k H z  3 O O k H z  3OkHr 3 0 0 k H z  

OSCILLATOR 

1 3 3 0 - 3 2 . 1  

I 

- 

fig. 7. Block diagram of  a variable bandwidth i-f system. 

BANDPASS 
F I L T E R  
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DC-INPUT 
BAND WIDTH 

fig. 9. Crystal notch filter for frequencies between 5-20 MHz. A half-lattice network with phasing capacitor forms the basis for this circuit. 

sizer techniques. Because of the frequency differences 
used in this case, the amount of spurious response is  
small. 

While the Drake receiver has comparatively little 
shielding, the Signal-1 CX7, with a much more complex 
local oscillator, avoids some of the spurious response by 
selecting more suitable auxiliary frequencies. However, 
the two units should not be compared because the CX7 
uses a 42-MHz i-f, which creates other problems. 

For CW and ssb reception, notch filters can be a 
tremendous help. While earlier receivers used notch 
filters at very low frequencies; e.g., 30 kHz, hardly any 
receivers at the new standard i-fs between 5 and 20 MHz 
are equipped with such a device. The solution to this 
problem is the design of a crystal notch filter. 

Fig. 9 shows the circuit of a notch filter that can be 
added to practically all receivers. In designing the filter i t  
is important to make the 3 dB bandwidth slightly wider 
than the bandwidth of the preceding ssb filter, since 

only the nulling effect (parallel-resonant mode of the 
crystal filter) is used. 

The 3-dB bandwidth is determined primarily by the 
470-ohm resistor in parallel with L1. I f  the resistor is 
made smaller the bandwidth decreases, and i f  the resistor 
i s  made larger, the bandwidth increases but the notch 
depth becomes less. For proper termination and loss 
compensation, the circuit is built around the CA3086 
IC, using two differential amplifiers. The series-resonant 
frequency of the crystal must be at the center frequency 
of the i-f. The circuit will work well at any i-f between 5 
- 20 MHz. It should, however, be pointed out that the 
half-lattice filter has a very poor slope characteristic and 
must be used in conjunction with a normal filter for ssb. 
A separate filter for CW should be used also. The notch 
depth is about 1 Hz wide. This filter arrangement, which 
costs less than bandpass tuning, provides added 
selectivity, which bandpass tuning does not, and is of 
much greater value. 

S Y N T H E S I Z E R  4 1 - 7 1  M H z  0 

A N T E N N A  
I - 3 O M H z  

PRODUCT 
CRYSTAL F I L T E R  C R I S T A L  F I L T E R  DETECTOR 

R E F E R E N C E  L7 
- 

5 0  M H z  
C R Y S T A L  

F l  LTER 

-14- n -14- n U- A U D I O  

V A R I A B L E  

9 - M H z  B F O  
(RECEIVE)  

T 41 M H z ? 3 K H r  9 M H z  smb I C W  

T R A N S M I T T E R  
S Y N T H E S I Z E R  

fig. 8. Bandpass-tuning system for a transceiver. 
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fig. 10. Schematic of the Plessey SL610/11/12 IC. Device i s  useful for forward agc but requires a high load impedance to avoid distortion. 
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HPZBOO 
S M E T E R  

+ 12v H P Z a 0 0  + A G C  TO R - F  G A I N  

I - F / R - F  GAIN 
I M A N U A L )  

fig. 12. I-f amplifier strip with tuned circuits using Motorola MC1590 ICs. Circuits can be used for any frequency between 0.1-30 MHz. 

CRYSTAL 
F I L T E R S  

O P F  HPZBOO 

fig. 13. Complete i-f strip for a-m, ssb, or CW using discrete transistors. Forward 
agc is used for an ultralinear S-meter. The agc input I S  connected to  either the 
ssb/CW agc output or the a-m agc output by the mode switch. 6 5 
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Depending on the application, the i-f stage following 
the main selectivity circuits can be built in various ways. 
General-coverage receivers. General-coverage receivers 
differ from amateur-band-only receivers mainly by the 
requirement for high-performance a-m and fm detectors. 
Amateur-band-only receivers are tailored more for ssb 
and CW reception. The otherwise very interesting Plessey 
SL6OO-series IC, for example, is not suited for high- 
performance a-m reception because the wideband noise 
generated by two or more cascaded SL612s would 

fig. 14. High-performance a-m 
detector for higher frequencies. 
Less than 1% distortion is claimed 
at 99% modulation. 

I - F  
INPUT 

A fast attack time is somewhat difficult to obtain 
because of the limited bandwidth of the agc system. 
Before going into further details, i t  is important to take 
a look at the transistors and integrated circuits available 
for i-f stages. 

In the past, the most common mistake in designing 
receivers was to  use very little i-f gain for obvious 
reasons. In moderately priced receivers, which do not 
use extensive shielding, i t  is not easy to have i-f gain. 
Transistor circuits in this respect offer a distinct 

demand very high selectivity; i.e., an expensive crystal 
filter. Otherwise, no suitable signal-to-noise ratio is 
obtainable. 

Amateur receivers. Amateur receivers in many cases use 
audio-derived agc to  save costs. Audio-derived agc, which 
is  not found in commercial or military receivers, has two 
significant drawbacks: 

1. lnband intermodulation distortion is produced, which 
cannot be tolerated for many receiver uses. 

2. When an a-m station carrier i s  not modulated, the agc 
will pump and create heavy distortion. 

advantage over vacuum-tube circuits since the former 
can be designed with low impedances. Also, because the 
feedback capacitors, which are mostly determined by 
the circuit layout, are more or less the same, transistor 
stages permit higher gain. Some receiver designers still 
use discrete transistors, because they already have them, 
which tends to complicate the design. 

Forward agc. Very few transistors are suitable for for- 
ward agc characteristics. A better way of doing this i s  to 
use differential amplifiers for agc. The RCA CA3028 is a 
suitable choice. 

A somewhat more convenient way is  to use ICs 

56 .-- -. 
2 N 4 3 9 2  

X F 9 E  o--- FILTER 

fig. 15. Narrowband frn detector including agc and squelch circuits. 
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i O O O p F  

D I S T O R T I O N  < I %  F O R  t 2 k H z  D E V I A T I O N  
O i S T O R T I O N  < 5 %  F O R  + 5 k H z  D E V I A T I O N  
D I S T O R T I O N  < 10'A FOR ? IOkHz D E V I A T I O N  

fig. 16. High-performance cyrstal discriminator. Bandwidth is 
f3.0 kHz  with less than 10% distortion for f 10  kHz  deviation. 
Slew rate i s  -75 m V  per kHz.  Crystal Y1 is series resonant at 

10.7 MHz .  

s,pecifically designed for this purpose, such as the Plesssy 
SL600 series or the Motorola MC1349/50. To under- 
stand the inherent advantages of these devices, let's take 
a look at their schematics. Fig. 10 shows the circuit of 
the SL610/13/12, and fig. 11 shows the MC1349 IC. 
The:basic differences between them are: 

1. The SL610 is a single-ended arrangement, which 
requires few external components, while the Motorola 
MC1349150 series use a push-pull arrangement, which 
has somewhat wider applications and better dynamic 
range. 

2. Because of the open collector, the MC1349 can b e  
used very conveniently in narrowband applications, i.e., 
where a-m reception is required, and still can be used 
with good gain at medium output impedances. 

3. The SL600 series requires fairly high load impedances 
to avoid instability. Cascading more than two of them 
can become quite exciting! 

National Semiconductor offers the 300 series IC for 
linear operation, but these amplifiers include too many 
functions and don't leave the designer much choice for 
op t imum c i rcu i t  design. I n  my  opinion, the 
MC1349/50-series IC is the best choice, unless the full 
military temperature range is required or steady levels 
are available. In this case, the SL600 series ICs are 
favored. 

Fig. 12 shows a typical multipurpose i-f amplifier 
operating around 9 MHz, using two of the Motorola ICs 
with suitable agc distribution and output selectivity. If 
only ssb operation i s  desired, the tuned circuit can be 
replaced by 1 k resistors. 

Fig. 13 shows a somewhat less expensive i-f amplifier 
with low-cost discrete transistors as used in some 
European TV receivers. Forward agc is used. 

demodulators 
General-coverage receivers require a-m, ssb1CW and 

also fm detectors. The fm detector is required because 
29.7 - 30 MHz is a popular NATO frequency range 
where portable fm units are being used. 

A-rn detectors. Although the a-m detector may not be all 
that important for most amateur purposes, I believe 

everyone should have a general-coverage receiver for a-m 
reception of foreign news services, which can be most 
interesting. If this is done with the usual ssb detector, 
the long-term stability requirements of the local oscilla- 
tor and bfo are fairly high, because the carrier will 
otherwise introduce distortion. 

High-quality a-m detection is very expensive because 
the rf level must be several times the diode threshold 
voltage to avoid distortion. On the other hand, this 
means that the i-f gain must be so high that a certain 
m in imum amount  o f  shielding, even with low- 
impedance, wideband circuits, becomes vital. A t  lower 
frequencies (either the 20 - 30 kHz range or the 100 - 
500 kHz range) this is quite easily accomplished, because 
the amount of feedback is negligible. At higher fre- 
quencies, because of instability problems, special circuits 
should be used, which on the one hand accept very little 
rf drive and on the other exhibit extremely low 
distortion. 

Probably the best circuit for this requirement is 
shown in fig. 14. This detector is basically an emitter 
follower with extremely little forward bias, which barely 
compensates the threshold voltage of the transistor. 
Because o f  temperature d r i f t ,  a temperature- 
compensating diode is required. Although i t  has no gain, 
this circuit exhibits less than 1 .per cent distortion even 
up to 99 per cent modulation, and is commonly called a 
class-D detector. 

Ssb and CW detectors, often called product detectors, 
are mixers in which the suppressed carrier is reinserted. 
This carrier is very close, if not equal to, the i-f center 
frequency, which can create a problem. I f  the rf feed- 
back in the i-f system is too high, radiation into the first 
i-f stage can cause instability and inband distortion. The 
best way of determining whether this problem occurs is 
to check the product-detector stage dc levels to ascertain 
whether any dc voltage offsets occur. Many good circuits 

I N P U T  
E N V E L O P E  

SPEECH 
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fig. 17. Agc characteristic and pulse performance of the Plessey 
SL621 agc generator. 
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fig. 18. I-f arrangement using the Plessey SLGOO-series ICs. 

are available for use as product detectors; often fancy 
names are used for these mixers. 

The product detector is essentially a high-level mixer 
in which rf signals of 5 mV and higher are converted into 
audio signals. Lower values of rf are not recommended, 
because the signal-to-noise ratio then becomes problem- 
atic. Despite comments made by various authors, i t  is 
not necessary to use a four-diode ring modulator, which 
requires fairly high bfo signals. A popular solution is to 
use dual-gate mosfets or the Motorola MC1496 
integrated-circuit mixer. 

The dual-gate mosfet, because i t  is not a balanced or 
double-balanced switch, has no noise sideband cancella- 
tion and still requires fairly high bfo signals, while the 
MC1496, to  operate successfully, requires an unjustified 
amount of external circuitry. 

In my opinion, the only good choice is either the 
Plessey SL640 or SL641, which require few external 
components. Fifty mV of local-oscillator drive is suf- 
ficient for low-distortion detection, and the inter- 
modulat ion distortion figures are extremely low. 
Detailed information on the Plessey ICs and their appli- 
cation are found in reference 4. 
Fm detectors. Very few good fm detectors with little 
compromise are available. However, the RCA CA3089E 
is  a unique device. It is ideally suited for amateur 
purposes because i t  offers not only excellent fm 
detection, high audio output, and squelch operation, but 

also offers a field-strength indication. The CA3089E can 
be used for narrowband as well as wideband fm with 
very low distortion, and it has been used very often. Fig. 
15 shows a recommended circuit using this IC for 
narrowband fm detection. 
Crystal discriminators. In general it is not so easy to 
design low-distortion crystal discriminators, and most of 
the application data i s  not complete. Fig. 16 shows a 
proven circuit that has +30 kHz bandwidth. The output 
i s  -75 mV/kHz and distortion i s  less than 10 per cent for 
+ I 0  kHz deviation. The crystal parameters are significant 
in this particular circuit, which should be terminated 
with a load greater than 100k. 

Depending on the i-f, the crystal series-resonant 
frequency may vary: however, the following dynamic 
values should be obtained: 

Series resistor, R, = 16 ohms 

Series capacitance, C, = 0.015 pF 

Crystal capacitance, C ,  = 4 pF 

The drive impedance should be 500 ohms with 30 pF in 
parallel. 

agc stages 
Very often amateur receivers use audio-derived agc. I 

am not very much in favor of this method because of 
heavy agc pumping on a-m signals. However, it i s  a 
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convenient way of deriving agc. The overall i-f gain system known as hang agc. In this system the agc values 
doesn't have to be very high, since about 14 mV of rf change for a given amount of time to compensate for 
energy will be converted into audio voltage by the noise bursts; thus short pauses in the signal are smoothed 
product detector, which can be used to derive the agc out. Once transmission of the signal ceases, the receiver 

I-F INPUl 

+12v 

I - M  O U T P U T  

I G C  
O U T P U T  

fig. 20. Rf-derived agc system for a high-performance, general-coverage receiver. Transistors Q1. 9 2 ,  9 3 ,  Q4 are in the R C A  CA3086 IC. 

voltage. Regardless of how the agc voltage is derived, the 
time constants must be considered carefully. 

For ssb and CW reception a fairly fast attack time (of 
the order of 2 ms) i s  desirable. A faster attack time has 
the disadvantage that the peak value of all noise pulses is 
rectified, thus blocking the receiver. A long attack time: 
i.e., 20 ms and higher, results in unpleasant noise bursts, 
and some time is required before agc overshoot settles. 
Hang agc. In earlier receiver designs agc decay time 
depended on the discharge of a capacitor, so that a long 
recovery time was required for the receiver to  regain its 
sensitivity and selectivity. Modern circuits now use a 

agc voltage decreases very rapidly; therefore the receiver 
regains its full sensitivity and selectivity within a very 
short time. 

A novel approach to the hang agc circuit was made by 
Plessey in their SL621 agc generator, although this 
circuit uses audio-derived agc. Fig. 17 shows the 
response of this detector; the schematic is shown in fig. 
18. The circuit consists of an audio amplifier and two 
peak detectors with two different time constants which, 
within certain limits, permit you to select the desired 
attack, hold, and decay time. 

Unfortunately, in this particular circuit it is not 

A G C  

SL640 

fig. 19. Audio-derived, dual-time-constant agc system/i-f amplifier in which attack, hold, and decay time can be Set 
Independently. 
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possible to reduce the attack time below 20 ms. There- 
fore a similar circuit was developed where all three time 
constants could be chosen independently. Credit for this 
circuit should be given to Wes Haywardn5 although he 
uses split operation whereby part of the agc voltage i s  
derived from the i-f signal and part from the af signal. 
The circuit shown in fig. 19 i s  fully audio-derived and is 
suggested for those who are interested only in a simple 
ssb/CW receiver. 

The emitter-follower is  responsible for the fast attack 
time. The high impedance input of the fet, together with 
the I-pF capacitor and 10-megohm time constant, gives 
a 10-second maximum hold time. However, the actual 
hold time is  determined by the auxiliary pnp circuit, 
which is  activated after the signal disappears and which 
determines the actual hold and decay time. 

agc for a-m 
For a-m detection, a dc voltage is  available from the 

class-D detector described earlier. With the aid of opera- 
tional amplifiers it can be brought to the required level 
and polarity. A suitable general-purpose agc detector for 
a-m and ssb/CW is  shown in fig. 20 using the same 
principle. 

Fm receivers do not need agc, although to avoid 
severe saturation of the i-f amplifier, which results in 
nonlinear phase shifts that unfortunately then become 

fig. 21. Audio noise limiter with low distortion. 

an fm-detectable signal, a certain amount of agc can be 
derived from the fm detector described earlier. 

audio stages 
Although not considered as part of the receiver i-f 

system, the audio stages deserve some mention when 
considering overall receiver design. Described below are 
two methods of enhancing receiver performance in terms 
of noise limiting and selectivity in the audio section. 

Noise limiter. Noise pulses measured immediately after 
the first mixer can be as high as 100 times the level of 
the desired signal. The crystal filter reduces the ampli- 
tude of these pulses but introduces a delay, which causes 
ringing, or overshoot. Audio noise limiters, in my 
opinion, are generally worthless. However, there is  one 
circuit that i s  fairly efficient. Fig. 21 shows the circuit, 

which I have not yet seen in the American literature. I t s  
basic principle is similar to that of the delay line. The 
voltage developed across the voltage divider at the 
germanium-diode output i s  instantaneous, while the dc 

fig. 22. Bandpass-type active filter with 800-Hz center frequen- 
cy. Circuit features adjustable bandwidth and noise-limiting 
capability. 

voltage at the output of the circuit is delayed. If no 
pulses are present, and the 0.1-pF capacitor is not a t  
ground potential, the silicon diode will have a floating 
voltage potential and will not be activated. Heavy 
positive pulses will charge the 0.1 pF capacitor and the 
silicon diode will short circuit the audio voltage. Nega- 
tive pulses will disable the germanium diode directly. 
Therefore, a noise blanker at audio level in both direc- 
tions i s  obtained. 

Audio selectivity. Additional selectivity can be obtained 
with suitable audio stages. A common way of doing this 
is to use active filters. Either lowpass or bandpass 
arrangements can be used. It is very important to use a 
design in which the three parameters can be chosen 
independently: gain, bandwidth, and operating frequen- 
cy. When not properly designed, these circuits act like a 
Q multiplier, which has a sharp, needle-like frequency 
response and little skirt selectivity. 

One way out is to cascade some lowpass filters; how- 
ever, the signal-to-noise ratio can be degraded. Fig. 21 
shows an active bandpass filter I've used in the past. I t  is 
very well suited for CW reception, and the two back-to- 
back diodes act as a very convenient noise limiter. 
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improved 
digital afsk 

An answer to 

the need for I 
high-quality 1 

peripheral equipment 1 
in amateur RTTY and 1 

remote computer 1 
applications I 

For many years the biggest problem for RTTY enthu- 
siasts has beer1 in mating teleprinter units to amateur 
equipment. As far as the receiving converter or TU is 
concerned, much effort has been expended to maximize 
performance, since the result of such effort is obvious. 
The transmitting converter, or afsk, however, has been 
generally neglected. Few really new designs have been 
developed since the inception of RTTY in the 1940s. 
and practically all have suffered from shift clicks, shift 
bounce, slow shift, instability, loop noise, and voltage 
sensitivity. Anyone who has built and attempted to use a 
phase-shift type afskl is well aware of these problems. 
Some attempts have been made to incorporate digital 
i n n o v a t i ~ n s , ~ ~ ~ * ~ ~ ~  but these still had some drawbacks. 
Invariably, parts count and current drain were high, 
multiple power supplies were needed, portions of the 
design were redundant, and others neglected or omitted. 
The design presented here is an attempt to correct these 
shortcomings. 

This article offers improved quality in RTTY hard- 
ware for amateur use. Also, with the expansion in data 
communication and computer experimentation, much 
need exists for high-quality interface equipment. The 
circuit described here is also designed to accommodate 
tone frequencies used in remote computer applications. 

objectives 

The design criteria to be met by this circuit are: 

1. Minimize the number of special or critical 
components. 

2. Maximize stability and eliminate the need for 
sophisticated equipment for setup and test. 

3. Minimize distortion and switching transients. 

4. Incorporate a keyboard debounce circuit to reduce 
mechanically induced noise. 

5. Produce sine-wave output at moderately low 
impedance and at reasonably high level. 

6.  Operate from a single unregulated power supply at 
low current. 

7. Obtain complete electrical isolation of afsk from the 
loop to minimize ground-path noise coupling. 

8. Minimize adjustments for balance and level. 

9. Make loop connections polarity insensitive. 

To see how these objectives have been met, and to 
understand the operation of the circuit, refer to fig. 1 
while following the technical description. 

technical description 

U1 C and U1 D are two independent continuous-duty, 
Pierce-type, crystal oscillators running at 2048 (or 4096 
fo r  1070-1 270-Hz data shift) times the desired 
mark and space frequencies respectively. R1 and R2 set 
the dc bias on the gates. The unused inputs are tied to 
Vcc/Vdd through R3 and R4 to ensure logic 1 on the 
inputs. C1 and C2 ensure reliable oscillator start up. The 
outputs of these oscillators are buffered by U1A and 
U1B and are fed to the selector gate, U2. Both 
oscillators run continuously to eliminate startup delay. 
The U2A output is either the mark or space harmonic as 
determined by the state of U3. If U3, pin 3, is high (loop 
closed, loop current flowing) then U2C is enabled, gating 
the mark tone harmonic. If the loop opens, U3, pin 3, 
will be low, enabling the space harmonic through U2D. 
(The action of U3 will be described later). A maximum 
of one cycle of distortion is introduced by this switching 
action, but this distortion appears at 2048 (or 4096 for 
1070-1270-Hz data shift) times the mark or space 
frequency, and thus only contributes about 0.05 per 
cent maximum distortion to the output tone shift. 

U2A output is fed through an eleven- or twelve-stage 
ripple counter, U4, whose output is a symmetrical 
square wave a t  the desired mark or space frequency. A 
CD4020 14-stage divider is used, but the Q10 or Q11 
output is used to allow oscillator operation near the 
frequency of maximum stability. The divider output is 
fed through a single second-order active bandpass filter, 
U5, whose Q is set at about ten, gain at about 0.2, and 
center frequency between the desired mark and space 

John L. Alford, WA4VOS, 10000 Midlothian 
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table 1. Changes required to the schematic for ope~ating frequencies other than standard mark and space. 
Y 1 Y 2 R 5  R6 R 7 mark space 

jumper. afsk use (MHz) IMHd (ohms) (ohms) (ohms) (Hz) (HZ) 
15-A RTTY 4.352 4.700 270k 120k 1 k 2125 2295 

15-A ASCII comp 4.557 4.147 270k 120k 1 k 2225 2025 

1-A ASCII term 5.202 4.383 6.8k 27k 250 1270 1070 

all resistorr1/4 watt 10% nominal. 

bandpa55 amplifier formulas: 

select C3 and C4 to be 0.01 UF, then 

where Q = 10, A = desired gain. and fo = desired center frequency. The value of R6 should be chosen to allow 
variation over the desired range; e.g., if R6  is calculated at, say, 300 ohms for a given center frequency, then a 
500-ohm ~ o t  should be used. 

frequencies. R6 is adjusted to  slew the filter center 
frequency, thus balancing the audio level of the mark 
and space tones. R10 is  the audio output level adjust- 
ment. C3 and C4 are the only critical components in the 
system and should be stable with respect to temperature 
over the range anticipated in use. Mylar or polystyrene 
types are suggested, but disc ceramics may be used if 
environmental conditions are stable. 

Note that Uj5 is operated single ended; that is, with 
only one power-supply polarity. This i s  accomplished by 
biasing the noninverting input at 0.5 Vc,/Vdd with the 

network composed of R8, R9 and C6. C6 ensures a 
noise-free reference point. Because of the low-gain, 
moderate-Q characteristics incorporated in the filter, 
ringing is minimized and distortion to the switching rate 
i s  undetectable with the TU used for measurements. 

Because of the imperfection of many surplus key- 
boards, debounce was incorporated in U3. Optical isola- 
tion with bridge input of the loop to the afsk was also 
incorporated to eliminate noise coupling and polarity 
sensitivity. 

The operation of U3 and its components is as 

US 
\tc? OPTO-ISOLATOR 

fig. 1. Schematic of the improved afsk design. 
Minimum parts and maximum circuit flexibility 
are featured. 

1 0 - 2 0  VDC v ~ ~ ' v ~ o  
B VOC NOM 

NOTES 1 C9-CIZ ARE DISTRIBUTED Vcc/Voo WYPASES 
2 JUMPER POSITION DETERMINED BY DESIRED 

OUTPUT FREOUENCY-SEE TEXT AND TABLE I 
3 CONNECTOR PINOUT CONFORMS TO D T - 6 0 0  

WHERE PRACTICAL 
4 D/AFSK-100 BOAR0 COMPRISES T W  COMPLETE 

AFSKS PINOUT ON ICr IS THE SAME FOR 
EACH AFSK 

5 PlNWT FOR SECOND AFSK 12. 13 LOOP INPUT 
19 AUDIO OUTPUT 
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follows: Assuming the loop is closed, isolator transistor 
01 is saturated, and C7 is discharged through R12. When 
the loop opens, C7 charges through CR1 and R11.  Since 
CR 1 and Q1  have similar junction characteristics, charge 
and discharge times will be essentially identical with no 
contact bounce. I f  bounce on loop closure occurs dis- 
charge time will extend; if i t  occurs on opening charge 
time will extend. 

U3 is connected as a Schmidt trigger whose trigger 

table 2. Parts list. A ready-to-use PC board with assembly and 
troubleshooting information is available (see text). 

Y1, Y2 EX grade, 32 pF series resonant. See table 1 

U1. U2 CD4011AE or equivalent cmos quad 2-input 
NAND gate 

U 3 NE555V timer or equivalent 

U4 CD4020AE or equivalent cmos 14-stage ripple 
counter. 

U5 LM741CN or equivalent 741-type op-amp 

U6 H-11A or equivalent opto-isolator 

R1, R2 1 meg '14 watt 10% 

R3, R4 10k 114 watt 10% 
R11, R12 
R 5 see table 1 

R6, R10 l k  trimpot CTS X201-R102B or equivalent. See 
also table 1 

R7 see table 1 

R8,  R9 2.2k '14 watt 10% 

R13 33 ohm 114 watt 10% 

C1, C2 47 pF ceramic disc 

C3, C4 0.01pF mylar or polystyrene 

C6 10 p F  15 wVdc aluminum electrolytic 

C5 0.22 pF  ceramic disc 

C10-C12 0.1 p F  ceramic disc 

C8, C9 50 p F  15 wVdc aluminum electrolytic 

C7 0.01 WF ceramic (60 wpm Baudot) or 0.005 WF 
ceramic (100 wpm ASCII) 

CR1 IN914 or equivalent silicon diode 

CR2-CR5 IN4002 or equivalent 

CR6 IN959 Zener. 8.2 volt, 400 mW or equivalent 

po i n t  is 1 / 3 V c c / V d d  and whose reset point is 
2/3Vcc/Vdd, thus providing symmetrical action with 
wide hysteresis. If debounce is not desired or needed, 
R12, C R 1  and C7 may be deleted, with a jumper added 
in place of CRI. U3 is retained to insure fast mark-space 
transition. The loop input is designed for 20 mA opera- 
tion. If 60-mA loop operation i s  desired, add a 33-ohm 
resistor in parallel with the isolator input (optional 
resistor R 1 3  in fig. 1 ). 

"An etched, drilled and plated PC board i s  available from Preci- 
sion Technical Labs, P.O. Box 6743, Richmond, Virginia, 23230. 
A copy of this article plus component layout and trouble- 
shooting information will be included with the board. The 
boards are laid out to  accept two complete afsk circuits to  allow 
simultaneous independent Baudot and ASCII operation. Order 
part number DIAFSK-100 and remit $10.95 (check or money 
order) for each board desired. Allow 2 to 3 weeks for delivery. 
Clubs and groups should write for quantity discounts. Boards are 
designed t o  conform to the DT-600 supply bus pinouts. 

Power supply requirements are relaxed by including 
the zener regulator circuit R14, CR6, and C8-C12. This 
circuit allows operation from supply voltages between 
10 - 20 Vdc. Current drain is 20 - 50 mA depending on 
supply voltage. 

I f  operating frequencies other than the standard 
2125-Hz mark and 2295-Hz space pair are desired, 
changes to the active filter and crystal frequencies may 
be calculated by the formulas given in table 1 and in 
reference 6. The circuit is not designed for operation 
with shifts beyond 200 Hz since wide-shift RTTY is fast 
disappearing. 

construction and adjustment 
Printed-circuit construction and good mechanical 

practices should be used in assembling this unit." A parts 
list is provided in table 2. Since moderate rf levels are 
used, attention should be paid to parts placement. Setup 
is simple and should take little time after construction. 
Upon applying supply voltage to the unit, some level of 
tone should appear at the output. Set the output level 
control for maximum, and adjust the balance control for 
maximum output. The open-circuit output at this point 
should be about 1 to 1.5 Vac and should be the space 
tone. Connect the unit into the loop, and the tone 
should shift to the mark frequency. If this is the case, 
run a tes t  tape and adjust the balance control for 
unchanging output amplitude. Adjust the output level 
control for the desired audio level, and the unit is 
operational. 

conclusion 
This afsk unit was designed for optimum quality and 

stability in keeping with modern design methods and 
components. Ease of assembly, checkout, and trouble- 
shooting is ensured by a minimum of adjustments and 
critical circuits. Most sources of noise, distortion and 
poor stability have been eliminated. By careful selection 
(or elimination, where practicable) of debounce time 
constants, this unit may be used at  maximum speeds 
encountered in normal RTTY and data operation using 
an afsk. Total cost is under $30, including the PC board 
(less with a well-stocked junk box). Excluding the 
crystals, all parts should be available at most parts 
houses. 
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TECHNICALLY SPEAKING, HEATH 
HAS THE BEST 2mMETER AROUND. 

Take our HW-2036 Frequency-Synthesized 2-Meter Transceiver for example 

Our circuit designs prove it 
The HW-2036 offers true digital frequency syn- 
thesis for real operating versatility. No extra 
crystals are needed and there are no channel 
limitations. Advanced digital circuitry uses a 
voltage-controlled oscillator (VCO) that is phase- 
locked to a highly stable 10 MHz crystal-con- 
trolled reference. Double-tuned stages following 
the VCO in the receiver and transmitter provide 
clean injection signals. The result is a signal that 
has spurious output more than 70 dB below the 
carrier (see spectrum analyzer photos below). 
Additionally, the "add 5 kHz" function is ac- 
complished digitally in the HW-2036 so that no 
frequency error is introduced. 

True FM 
Careful attention to the transmitter audio cir- 
cuitry and the use of true FM gives exceptional 
audio quality. A Schmitt-trigger squelch circuit 
with a threshold 0.3 PV or less provides positive, 

clearly-defined squelch action. Other design ad- 
vantages include diode-protected dual-gate MOS 
FET's in the front end, IC IF and dual-conversion 
receiver. 

Outstanding Specifications 
The HW-2036 puts out a minimum 10 watts and 
operates into an infinite VSWR without failure. 
Receiver sensitivity is an excellent 0.5 cV for 12 
dB Sinad making the HW-2036 ideal for use in 
crowded signal areas. We think you'd be hard- 
pressed to find a comparably-priced 2-meter 
transceiver that gives you the features and per- 
formance of the HW-2036. 

An Cpoh IF ctp1.l ll*r .nnc n- rctu.1 sparun,  .n.Ipor p h n a  el lk H1-2036 8.n~mlWar 
d u a m d l r m t  chnl* l  Int.mnn0.. ~ l l p v t  opr.llnp at 147 YHx. Spun ~ I t h l n  10 MHz ot c.rt1.r 

are d o m  lull 70 dB1 

There's more for the Ham at Heath 
m======== -- 

Heath Company, Dept. 122-27 
Benton Harbor, Michigan 49022 

Please send me my FREE Heathkit Catalog. 
I am not on your mailing list. 
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I 
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Zip 
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I 

m-======= 

More Details? CHECK-OFF Page 126 march 1977 2 



reducing 
intermodulation distortion 

in high-f requency 
receivers 

Understanding 
and improving 

intermodulation 
pertormance 

of amateur band 
receivers 

Judging by some recent articles in ham radio, amateurs 
are finally discovering that even the best of our hlgh- 
frequency receivers are marginal when it comes to front- 
end performance in the presence of strong signals. 
lnterestlngly enough, the problem has not been caused 
by any lack of suitable technology, but rather most 
amateurs have slmply been unable to clearly recognize 
and define the symptoms. We also have placed little 
pressure on manufacturers to produce receivers with 
cleaner frontends. Over the last several years, however, 
we haw had to operate our receivers in increasingly 
dense r f  environments. As a result, most of us have 
become well acquainted with a wide variety of frontend 
maladies in our communicatiorrs receivers. 

Recently, we have read about amateurs who have 
built receiver frontends employing special components 
and techniques that result In superior performance.lw2 It 
is probably only a matler of time before the amateur 
receiver manufacturers incorporate some of these 
featwres into a new generation of amateur receivers. To a 
limited extent, this has already begun. Realistically 
speaking, I don't believe that most amateurs are contem- 
plating homebrewing a receiver from scratch or un- 
loading a present receiver for a new one in the near 
future. This then leaves two choices; live with the 
problem or modify our existing receivers to improve 
frontend performance. The first choice is easy, but I 

endeavored to determine if the second could reasonably 
be accomplished by a technically competent amateur. I 
ascertained that i t  can be done, but only with consider- 
able time and effort. 

what's right about our present receivers 
Before we tear apart the designs of existing receiver 

frontends, let's attempt to understand the philosophy 
behind those designs. You may suspect a concept that 
has lasted all these years can't be entirely bad, and 
would have some compensating virtues. This is certainly 
the case. Fig. 1 is a simplified block diagram of a typical 
amateur receiver frontend. Dual conversion is used, with 
the first i-f high enough to obtain good image rejection 
and the second i-f low enough to permit high gain while 
providing the required selectivity. The first LO (local 
oscillator) i s  a f ixed-frequency, crystal-controlled oscilla- 
tor for high stability, while the second LO (the vfo) can 
be operated at a low frequency where i t  also can be 
made stable. Another factor that enhances vfo stability 
is the absence of a vfo bandswitching requirement. Band- 
switching is accomplished by changing crystals in the 
first LO. What we really have here is a low frequency 
tunable i-f preceded by heterodyne converters. With this 
one basic design, we buy sensitivity, selectivity, image 
rejection, and frequency stability in one neat package. 
So, rest assured that there has been no conspiracy among 
the manufacturers to sell us receivers with inferior 
frontends. They have simply employed a design incor- 
porating nearly all the frontend qualities that most 
amateurs have asked for in the past. 

what's wrong 
Now let's f l ip the coin and take a hard look at the 

other side. In a receiver frontend, such as the one shown 
in fig. 1, we have three active stages preceding the 
second i-f filter. The composite bandwidth of the front- 
end could be on the order of hundreds of kHz, 
permitting strong in-band signals to find their way 
through all three stages. The second i-f filter eliminates 
all but the desired signal. Speaking in erms of frontend 
intermodulation, cross modulation, and desensitization, 
though, the damage has already been done. Simply 
stated, the active devices cannot handle the high signal 
levels produced as a result of the broadbanded gain. You 
might guess that the active stage most likely to cause 
trouble is the second mixer, since i t  is preceded by the 
most gain. Therefore, if you want to improve the front- 
end performance of a dual-conversion receiver similar to 

By Alex J. Burwasser, WB4ZMV, Post Office Box 
982, Poway, California 92064 

26 march 1977 



the one shown in fig. 1, you should direct your efforts One of the reasons for the general lack of knowledge 
toward cleaning up the second mixer. by amateurs concerning IM distortion has been the 

Before we discuss methods of cleaning up the second absence of an industry-wide method of specifying it. 
mixer, let's briefly review some of the more common Among the few amateur receiver manufacturers who 
receiver frontend maladies and what causes them. The even bother to specify IM performance at all, no two 
problem that is probably most familiar to amateurs is receivers are specified in such a manner that one can be 

1 HIGH 1st 1-F LOW 2nd I-F 

CONTROLLED FREQUENCY 1,1 

2nd - BANDPASS ----r BANDPASS TO I - F  
MIXER AMPLIFIER 

RF 

AMPLIFIER 

fig. 1 .  Typical front-end of a dual-conversion amateur-band receiver. 

I 

receiver desensitization. This i s  caused by the presence 
of a strong signal close to the desired signal. Whenever 
the strong signal comes on the air, the desired signal 
amplitude decreases. Desensitization occurs because the 
strong signal has driven one or more of the active front- 
end stages into gain compression, thereby reducing the 
frontend gain for all signals. 

Another frontend problem is cross modulation. This 
occurs when a strong signal, close in frequency to the 
desired signal, imparts some of its modulation to that 
signal. Again, the cause of cross modulation is non- 
linearity in one or more of the active frontend stages. 

When two signals at frequencies f, and f2 interact in 
a nonlinear device, intermodulation (IM) products result. 
As long as these IM products fall outside the rf passband 
of the receiver frontend, no damage is done. Otherwise, 
there will be spurious responses as we tune the receiver 
across the band. IM products can be further categorized 
as being either even-order or odd-order. Even-order 
products (2nd, 4th, etc.) are normally of no concern in 
amateur receiver frontends, since either f, or f2 (or 
both) would have to be well outslde the receiver r t  
passband in order to produce in-band IM products. As 
long as the rf passband is less than an octave, as is 
ordinarily the case in an amateur receiver, even-order IM 
products will not be troublesome. Odd-order IM 
products (3rd, 5th, etc.) however, do cause trouble. 
They can be produced by in-band signals and no prac- 
tical degree of frontend selectivity can eliminate them. 

To summarize then, the three receiver frontend 
maladies that seem to give amateurs the most trouble are 
desensitization, cross modulation, and odd-order inter- 
modulation products. Are separate remedies required? 
Fortunately, a remedy for any one of these problems is  
ordinarily applicable to the others. Therefore, we will 
only address the problem of odd-order IM distortion. 
More specifically, we will confine our efforts to the 
reduction of 3rd-order IM products, as higher odd-order 
products are usually less troublesome. 

- 

meaningfully compared against the other. The figures 
provided are often meaningless mumbo-jumbo anyway, 
since the measurement conditions are neither stand- 
ardized nor specified. What we really need then is a 
method of specifying IM performance that is universal 
and does not involve so much hand- waving. 

FIRST 

MIXER 

intercept point method 

A general and succinct manner of specifying the 
3rd-order IM performance of a receiver (or any device) is 
the intercept-point method. Not only does the inter- 
cept-point method permit you to compare the IM 
performance of two different receivers, but i t  also 
actually lets you compute the level of the resultant IM 
products given the strength of the two offending in- 
band signals. The intercept point method is well 
discussed in a 1967 article by M ~ v a y . ~  I t  has also been 
discussed in recent amateur magazine art i~1es. l '~ Hope- 
fully, the manufacturers will soon take the hint and 
adopt the 3rd-order intercept point as a standardized 
specification, as has been done elsewhere in the commu- 
nications industry. 

Since the 3rd-order intercept-point concept has been 
described elsewhere, let's not dwell on it too much here, 
except to define it and indicate i t s  application. The 
general rule of thumb i s  that i f  we know the 3rd-order 
intercept point of a receiver frontend is X dBm (0 dBm 
= 1 mW), and two in-band signals (fi and f2) each have 

d -w s -,I I M  PRODUCT I I 

INPUT FREQUENCY (MHz) 

fig. 2. Two signals and their resultant inband 3rd-order inter- 
modulation products. 
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an amplitude of Y dBm below the intercept point, then 
the two resultant in-band 3rd-order IM products will 
have equivalent input amplitudes of X - 3Y dBm. Note 
that everything is referenced to the receiver input. 

Plugging in some real numbers, suppose that a 
receiver is known to have a 3rd-order intercept polnt of 
- 10 dBm referenced to the input. Let's further assume 
that two signals within the receiver rf passband each 
have amplitudes of -30 dBm. X is then equal to -10 
dBm, and Y = -10 dBm - (-30) dBm = 20 dB, and by 
plugging these values into X - 3Y we get - 10 - 3(20) = 

-70. Thus, the two resultant in-band 3rd-order IM 
products would each have equivalent input amplitudes 
of -70 dBm. 

Fig. 2 is a graphical representation of this situation, 
similar to what you might observe on a spectrum 
analyzer connected to the second mixer output before 
the i-f filter. The frequency axis has been referenced to 
the actual incoming signal frequency rather than the 
intermediate frequency. In addition, the signal levels are 
all referenced to the receiver input. Signal A (f,) and 
signal B (f2) are the two -30 dBm signals and are on 7.1 
and 7.2 MHz, respectively. Notice that the frequencies 
of the two resultant in-band IM products occur at 2fl - 

f2 (7.0 MHz) and 2f2 - f, (7.3 MHz). If the receiver was 
tuned to either 7.0 or 7.3 MHz, the IM product would 
be indistinguishable from another input of -70 dBm. 
Since a -70 dBm input level is better than S-9 on most 
receivers, you could expect interference to valid stations 
that we might be trying to copy on either frequency. 

An interesting implication is that the IM products will 
increase in amplitude in proportion to the signals that 
cause them. Suppose that signals A and B increase in 
amplitude by 10 dB (to -20 dBm). Since the amplitude 
difference (Y) between these signals and the - 10 dBm 
intercept point is now only 10 dB (- 10 - (- 20) == l o ) ,  
the IM products will now have equivalent input ampli- 
tudes of X - 3Y = -10 - 3(10) = -40dBm. As a result, 
the amplitude of the IM products has increased a hefty 
30 dB for an increase of only 10 dB in signals A and B. 
Fig. 3 illustrates this point. If we continue to raise the 
levels of signals A and B until they reach the - 10 dBm 
intercept point, the IM products will also be - 10 dBrn 
(X = -10; Y = l o -  ( - lO )=O;X-  3 Y = - 1 0 - O = - 1 0  
dBm). If we were to simultaneously graph (fig. 4) the 
receiver output level of either signal A or B and either 
IM product output amplitude as a function of input 

fig. 3. T h e  change in  the  I M  product level as caused b y  a change 
in  the  fundamental signal levels. T h e  I M  products wil l  increase 
b y  a factor o f  three as the signal increases. Conversely the  I M  
products wil l  decrease b y  the same factor. 

0- 

_,,. - -20 

,$ 

signal amplitude, the lines would intercept each other at 
an input level of - 10 dBm which, appropriately enough 
is called the "intercept" point. If, instead of raising the 
levels of signals A and B, we lower them, the level of the 
IM products will decrease at the same 1 :3 ratio. 

In the real world, the intercept point can only be 
inferred by extrapolation of the two lines, since the 
receiver front-end reaches its gain compression region at 
an input level that is typically 10 to 15 dB below the 
intercept point. As a result, the curves would tend to 
flatten out to the right and would never reach the 
intercept point. 

_ - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - g;,,p, 
- - - - - - - - - - - - - A  , - - - - - - - - B , - - - - - - - - 

SIGNAL 
- - - - - - - - - - _ - _ * - - - _ - - - - * - _ - - - - - _ INCREASE , - _ - - - - - - - - - - - - - - - - - - - - - - 

INPUT 1dBml 

fig. 4. Intercept point graph. T h e  intercept point  is really an 
extrapolation of the  signal levels. T h e  active stages wi l l  go into  
gain compression before the  intercept is reached. 

o - :  3 -50 1 I '~E€~U2;TlM 

The intercept point model presented above is valid as 
long as the receiver front-end is not being driven into its 
gain compression region. Also, we have assumed that 
signals A and B are equal in amplitude. If the two signals 
are different in amplitude, a correction factor must be 
applied. Finally, the rf bandpass characteristics of the 
receiver can modify the input levels of signals across an 
amateur band. 

$ -60- 

-70. 

-80- 

receiver ~er formance 

INCREASE 
- - -- -1 - - - _ - - - - - - - - - _ - - - - - - - - - - 

High-performance receivers exist today with 3rd- 
order intercept points in excess of +25 dBrn, but this 
performance comes at a steep price. Fortunately, this 
type of performance is far better than most amateurs 
really need and can reasonably expect. The IM perform- 
ance of commercially designed amateur receivers varies 

70 7 1 7 2 7 3  

INPUT FREQUENCY 1MHzJ 

over a wide range. Interestingly enough, many of the 
new receivers on the market are more prone to IM 
distortion than the older ones. If you have a single- 
conversion, tube-type receiver, you are probably 
reasonably well off with regard to IM. On the other 
hand, the high sensitivity solid-state multi-conversion 
receivers tend to suffer more from IM distortion. In 
terms of round numbers, the 3rd-order intercept point 
of amateur receivers might be -40 dBrn or even worse at 
the bottom of the scale, and perhaps - 10 dBm or some- 
what better a t  the high end. It's difficult to pinpoint 
what i s  "good" or "bad", but I feel that an amateur 
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receiver with a 3rd-order intercept point of - 10 dBm or and the IM performance. Thus, i t  is not permissible to 
better will provide excellent IM performance in most terminate the i-f (dc-coupled) port with a filter, since i t  
cases. becomes highly reactive at all frequencies obtside the 

practical revisions 
passband. Consequently, a grounded-gate jfet amplifier, 
biased to present an input impedance of 50 ohms, 

As mentioned earlier, in most dual-conversion immediately follows the ~ 6 .   he U320 jfet is specifi- 
receivers, the second mixer is the worst offender in cally designed to provide high transconductance and 
terms of IM distortion, and any efforts to raise the outstanding IM performance in grounded-gate applica- 
3rd-order intercept point should be directed toward tions (and accordingly these outstanding qualities are 
improving the performance of this mixer. Fig. 5 is a reflected in its price). Other suitable "super jfets" are 
block diagram of my receiver front-end prior to modifi- the U310, CP643, and CP651. I t  is important that the 

8 1 0 5 ~ 8 B 9 5 H H 1  

fig. 5. Block diagram of the AUPIIF~E'I MIXFR AYPL~F~ER 

author's receiver. 

cation. Note the similarity to fig. 1. Even though high 
quality fets are used throughout, severe IM distortion 
was experienced, particularly a t  night on 40 meters. 
Standing alone, the IM performance of the second mixer 
is not bad, but this performance is degraded by whatever 
gain precedes this mixer, which in this case is quite 
considerable. For example, if the second mixer had a 
3rd-order intercept point of - 10 dBm and was preceded 
by 30 dB of gain in the rf amplifier and first mixer, the 
overall receiver 3rd-order intercept point would be -40 
dBm (assuming that the second mixer was the primary 
cause of the IM). A receiver with a 3rd-order intercept 
point of -40 dBm has very poor IM performance. 

I decided that the best solution to the problem was to 
replace the fet second mixer with a hot-carrier diode 
double-balanced mixer. With proper vfo injection levels 
and correct termination, a mixer 3rd-order intercept 
point of + I 0  to + I 5  dBm can be realized. A Watkins- 
Johnson (relcom) M6 low-level, double-balanced mixer 
was chosen, although comparable units made by Anzac, 
Mini-Circuits Laboratory, and other firms could have 
been substituted with essentially the same results. 

At the outset, i t  seemed that three basic problems 
had to be solved: building a low-noise, high-intercept 
point i-f post-amplifier to compensate for the 6 to 7 dB 
conversion loss of the M6, setting the vfo drive level so 
that a constant +7 dBm LO signal would be injected into 
the M6 mixer across the entire vfo tuning range, and 
changi ng circuit impedances to accommodate the 
50-ohm port impedances of the M6. Unfortunately, 
solving these problems led to other problems that made 
the task considerably more difficult than I had first 
imagined. 

The circuit that finally evolved is shown in fig. 6. 
Several points should be mentioned. For one thing, the 
M6 does not like reactive terminations at its i-f port, and 
to a lesser extent at the LO port. Reactive terminations 
at these two ports adversely affect the conversion loss 

jfet installed in this circuit has a 3rd-order intercept 
point no less than 6 to 7 dB below that of the M6. 
Otherwise, the jfet becomes the weak link in the chain 
and the full benefit of the superior IM qualities of the 
double-balanced mixer is not realized. The pi-network 
output circuit couples the 2000-ohm output of the jfet 
stage to the i-f filter (also 2000 ohms in this case). 

Fortunately, sufficient vfo output was available to 
provide the required +7 dBm of drive a t  the M6 LO 
port. The 3 dB resistive pad on the LO port tends to 
swamp out any impedance variations. The loaded vfo 
maintains a reasonably constant output amplitude over 
its frequency range. The impedance matching problem 
was solved by using a low-Q impedance matching net- 
work to transform the high output impedance of the 
8.395 - 8.895 MHz bandpass filter down to 50 ohms. 
Matching the 50-ohm output impedance of the M6 to 
the high-impedance i-f filter was accomplished using the 
jfet grounded-gate amplifier as explained earlier. There 
was no difficulty in matching the 25-ohm output 
impedance of the vfo to the M6 LO port. 

The first iteration of the circuit did not use the vfo 
lowpass filter or the second 8.395 - 8.895 MHz (50 ohm) 
bandpass filter. In addition, no special precautions were 
taken to shield the added circuitry. The result was 
obnoxious birdies every few kHz across the entire 
receiver tuning range. This was very perplexing - the 
original idea was to reduce spurious responses. 

After some investigation, I discovered that the birdies 
were caused by high-order harmonics of the vfo (gener- 
ated in the double-balanced mixer) heterodyning with 
harmonics of the heterodyne oscillator located elsewhere 
in the receiver. Don't forget that double-balanced mixers 
are extremely broadband devices that do a very efficient 
job of mixing, even up to several hundred MHz. 

Further investigation revealed that the harmonics of 
the heterodyne oscillator were entering the double- 
balanced mixer through all three ports. Thus, the entire 
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unit was placed in an aluminum mini-box and filtering 
was added at the LO and rf ports. The 50-ohm 8.395 - 
8.895 MHz bandpass filter was needed (despite the 
existing 8.395 - 8.895 MHz bandpass filter) to increase 
rejection of first LO feedthrough via the first mixer. 

Even after all these measures were taken, some birdies 
were still noticed. More investigation revealed still 
another problem - "contaminated" +15 volt lines. It 
turned out that the decoupling circuits in the +15 volt 
line were not adequate to prevent healthy jolts of the 
first LO energy getting everywhere in the receiver, 
including the double-balanced mixer. Therefore, I 
liberally applied a heavy dose of L-C decoupling circuits 
throughout the relevant sections of the receiver. The 
decoupling circuits consist of 0.001 pF bypass capacitors 
and small, single-layer rf chokes close-wound with no. 32 
AWG (0.2mm) wire on 1 megohm, half-watt resistors. 
This involved considerable effort but i t  solved the 
problem. 

The entire project from beginning to end was 
laborious and time consuming. Yet, the tremendous 
improvement in receiver IM performance justified the 
effort. I no longer notice IM distortion on 40 meters at 
night and strong local stations operating in the same 
band do not desensitize the receiver in all but the most 

IM performance, but you do have other options. For 
example, the low-level mixers can be replaced with high- 
level types. These high-level double-balanced mixers 
require higher LO injection levels (up to one watt in 
some cases), but can provide 3rd-order intercept points 
in excess of +30 dBm, depending upon the device 
selected. For example, the Watkins - Johnson (Relcom) 
M9E yields a 3rd-order intercept point of typically +32 
dBm with an LO injection level of +27 dBm. Active 
double-balanced mixers using jfets can also be built to 
provide similar performance, with the added advantage 
of providing conversion gain instead of the conversion 
loss inherent in passive double-balanced mixers. Unfortu- 
nately, high-level double-balanced mixers are quite 
expensive. 

conclusion 
Not all amateur receivers are indentical, so I have 

intentionally been somewhat general about the modifica- 
tions. Different receivers have different requirements, so 
if you want to modify your receiver, you will have to 
tailor the work to your specific situation. Therefore, the 
main point of this exercise has not been to provide a 
step-by-step method of cleaning up a particular receiver 
frontend, but to review the nature of the receiver front- 

/ LOW 0 Z-MATCH 
I 

B 395-8 895 MHz BDNO-PASS FILTER 
TRANSFORMER 2 - 50 OHMS -- I 

2.3 5  

MHz BAND 
P A S  FILTER 

FILTER 
n 395 MHZJ 

I 
I 24 A 300 

I 

1 
FROM 

5 0 - 5  5 MHz 
VFO 

fig. 6. New second mixer incorporating the double-balanced mixer. All inductance values are in  pH. 

extreme cases. An evaluation of the modified receiver 
front-end indicated that the second mixer was no longer 
the primary cause of IM distortion; that dubious distinc- 
tion now belongs to the first mixer. There is really no 
reason why a repeat performance of the second mixer 
modification can't be made here, although the task 
could be somewhat more complicated. For one thing, 
the rf stage output circuitry would have to be modified 
to work into 50 ohms without degrading image rejec- 
tion. In addition, the heterodyne oscillator signal would 
have to be amplified to a constant +7 dBm level for all 
amateur bands. I'm not saying that this all can't be done, 
but for the moment, I'll let someone else carry the ball. 

other remedies 
Using low-level, double-balanced mixers in a dual- 

conversion receiver substantially improves the frontend 

end maladies and illustrate some of the considerations 
and problems involved in upgrading receiver frontend IM 
performance. My efforts in this regard have been 
successful and I'm sure that other amateurs who attempt 
to improve their receiver frontends can realistically 
expect similar or even better results. 
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second-generation 
IC voltage regulators 

A survey of 
easy-to-apply 

second-generation ICs 
for use with inexpensive 

voltage-regulated 
power suppl~es 

Shortly after the monolithic IC operational amplifier 
made its appearance as a low-cost circuit component, 
those intrepid linear 1C designers who gave us the pA709 
and similar op amps began plans to offer IC voltage 
regulators. This was not accidental, because the IC op 
amps had already found a major market in regulated 
power supplies. Early IC. voltage regulators were rela- 
tively awkward to use, requiring a considerable number 
of external components to make them work. Fairchild 
had its pA723, National had its LM300, and Motorola 
had its MC1460. These ICs are still useful; and they, or 
their slightly improved descendants, are s t i l l  found in 
new commercial designs (the LM300 has been super- 

seded by the LM305, and the MC1460 by the MC1469). 
In the last few years, however, a new generation of IC 

voltage regulators has appeared on the scene. These 
newer types are much easier to use than the earlier 
regulators, and some are so inexpensive that they have 
even cut into the zener diode market. 

The National LM309 was one of the earliest three- 
terminal voltage regulator ICs to be introduced, and is 
typical of the new generation of such devices. It is a +5 
volt (output) regulator designed to regulate V,, in TTL 
and DTL circuits for the immense digital logic market. 
The case of the LM309, normally grounded to the 
chassis for both electrical and heat conductivity, serves 
as the regulator's common lead and makes it really 
simple to use. As shown in fig. I ,  the LM309 is available 
in two case styles: TO-3 and TO-39 (similar to TO-5). 
and supplies up to one ampere output current, 
depending upon the adequacy of the heatsink with 
which it is used. 

By a curious quirk of fate, an earlier three-terminal 
voltage regulator made by Continental Devices Corpora- 
tion (now a part of Teledyne), never really got off the 
ground. The CDC 513-4 was a +15 volt regulator 
emlased in an inexpensive TO-5 plastic case. Had the 
CDC 513-4 been ava~lable with a different output 
voltage, or had i t  been released at a different time, 
perhaps i t  would have been the first successful three- 
terminal regulator. As i t  is, the CDC 513-4 is just an 
"also-ran" in the IC race. 

By Hank Olson, WGGXN, Box 339, Menlo Park, 
California 94025 
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The success of the LM309 prompted further three- 
terminal regulator designs, and European Electronic 
Products (EEP) soon introduced the LM335, LM336, 
and LM337 in +5, +12 and +15 volts output versions, 
respectively; but available only in the TO-3 package. 

+ UNREGULATED REGULATED 
INPUT +S VOLT 

VOLTAGE OUTPUT 

fig. 1. Simple circuit illustrates extreme simplicity for using the 
National LM309 three-terminal I C  voltage regulator. Note that 
case is grounded and that a capacitor is used between input 
terminal and ground. 

EEP is now known as Energy Electronic Products, and 
the foldback current-limited regulation curves of the 
EEP devices are shown in fig. 2. 

The best attributes of the first three-terminal regula- 
tors of CDC, EEP, and National were combined in the 
Fairchild pA7800 series, which had the high-current 
capability of the LM309, the plastic package economy 
of the CDC 513-4, and the variety of output voltages of 
the EEP series. The Fairchild pA7805, 7806, 7808, 
781 2, 781 5, 7818, and 7824 devices were packaged in 
either TO-3 enclosures or the less expensive TO-220 
plastic power packages. The last two digits in each IC 
number identify the positive output voltage, and mean 
that +5, +6, +8, +12, +15, +18, and +24 volts, respec- 
tively, are available. Like the LM309 and EEP units, the 
case or metal-mounting tab is the common terminal, and 
i s  usually chassis grounded. Like the LM309 and the 
CDC 51 3-4, the pA7800 family is temperature- 
protected; that is, temperature rise of the chip controls 
shut-down. For this reason, the amount of current that 
the regulator will put out is dependent upon how well 
the heatsinking is accomplished, and which output 
voltage device you choose. For example, at 2 5 ' ~  the 
pA7805 will put out 500 mA, whereas the pA7824 will 
put out only 150 mA. 

The Fairchild pA7800 family is perhaps the most 
popular, and also the most widely "second-sourced" 
three-terminal regulator of all. Similar devices, with 
similar part numbers, are produced by Motorola, 
National, Signetics, Silicon General, and others. These 
equivalents are shown in table 1. 

low- and medium-current regulators 
The basic pA7800 family has been expanded to 

create the pA78M00 and the pA78L00 subfamilies; the 
difference being that these subfamilies, using smaller 
packages, are designed to limit at lower currents. If you 
remember the "M" is for medium current, and "L" i s  for 
low current, you'll get the general idea. The pA78M00 
family is packaged in TO-220 and TO-39 enclosures, 
while the pA78L00 family is produced in TO-39 and 

TO-92 packages. The TO-92 enclosure is, of course, a 
small plastic inline transistor package. At 2 5 ' ~  the 
respective output currents of the pA7805, pA78M05, 
and pA78L05 are approximately 500 mA, 300 mA, and 
40 mA. One other difference to be noted in the 
pA78L00 family is that i t  is available with an output of 
+2.6 volts, as well as the aforementioned higher values. 
As with the pA7800 family, the "Mu and "L" series are 
second-sourced by other manufacturers. Tables 2 and 3 
cover the pA78M00 and pA78L00 equivalents. 

multivoltage regulators 
National Semiconductor made a significant, i f  some- 

what late, step forward with their LM340 and LM320 
families of multivoltage, three-terminal IC voltage regula- 
tors. The LM340 series of devices is similar to the 
pA7800 series, and is produced in TO-3 and TO-220 
packages. The companion LM320 series, however, is a 
family of negative voltage regulators, long needed by 
electronic circuit designers. The LM320 offered -5, 
-5.2, -6, -8, -12, -15, -18, and -24 volts. Now, the 
designer could easily construct a regulated power supply 
with outputs of +5, +6, f8,+12, +15, f 18, and +24 volts 
for operation of op amps ar~d other linear ICs. Also, the 

fig. 2. Output voltage and current characteristics of EEP voltage 
regulators LM335, LM336, and LM337. Note the relationship 
between input and output voltage, and the current-limiting 
characteristics of each. 

important +12, - 6  volt pair could be provided (for 
voltage comparators like the pA710 and pA711) as well 
as -5.2 volts for ECL ICs. Motorola and Fairchild 
quickly followed with negative-voltage three-terminal 
regulators offering the same output voltages, but with 
the addition of a - 2  volt output member in their 
families. The three-terminal, negative-voltage regulators 
are shown in tables 4 and 5. 
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A word of caution i s  appropriate when using these 
negative regulators: do not ground the case! The case is 
n o t  the common terminal, but rather, the input 
terminal. This is unfortunate from the user's point of 
view, but apparently is dictated by the subtlties of IC 
chip design and a knowledge of which element must be 
at substrate potential. As with the positive voltage 
three-terminal regulators, an input capacitor is placed 
across the IC (and in close proximity, to provide a low 
inductance connection) for stability. Such a negative 
voltage regulator i s  shown in fig. 3. 

In Europe, the SGSIATES company produces the 
L129, L130, and L131 series of voltage regulators 
furnishing +5, +12, and +15 volt outputs. These are 
enclosed in TO-126 plastic power packages (the smaller 
of two Therrno-pad packages manufactured by Motorola 
in the U. S.). Electrically, the L129, L130, L131 regula- 
tors are remarkably similar to the EEP LM335, LM336, 
and LM337 types in that they also employ foldback 
current limiting, rather than thermal protection. 

high-current regulators 

More recently, National introduced a higher current 
three-terminal regulator for +5 volt system regulation. 
The LM323 is a +5 volt, 3 amp device available only in a 
TO-3 case. Like its smaller relative, the LM305, the case 
is the common terminal, and - for stability - i t s  input 
terminal requires a capacitor connected to the common 
terminal. 

The National LM345 is similar to the LM323 in that 
it, too, i s  a 3-amp device, but provides negative output 
voltages. The LM345 is available with regulated outputs 
of -5.0 and -5.2 volts. As with the LM320 series, the 
case is the input, not the common, terminal. The 
LM345, also, is made only in a TO-3 package. National 
makes three other groups of proprietary three-terminal 
regulators designated as the LM341, LM342, and 
LM3910. The LM341 series is available with output 
voltages of +5, +6, +8, + I  2, +15, +18, and +24 volts, and 
is roughly comparable to the Fairchild pA78M00 family. 
The LM341 series is only available in a TO-202 plastic 
power package (similar to the package that General 
Electric uses for its plastic power transistors). 

UNREGULATED 
NEGATIVE 

REGULATED 
NEGATIVE 

INPUT OUTPUT 
VOLTAGE 

TANTALUM 

fig. 3. Application of the three-terminal IC negative-voltage 
regulators such as the National L M 3 2 0  or National fiA7900 
series. Note that the case must not be grounded. See text for 
details. 

The LM342 series is available in both TO-202 and 
TO-39 packages, and is also available with the same 
voltages as the LM341 family. The LM342 family has 
lower output current than the LM341 family. 

A still-lower-current three-terminal IC regulator made 
by National is the LM3910 series packaged in TO-39 or 
TO-92 cases. This series is meant to replace the 
pA78L00 family with tighter output voltage tolerance, 
higher ripple rejection, better regulation, and lower 

O O e  GROUND CASE 

+;TrlT 
UNREGULATED 

INPUT O z 2  
REGULATED 
OUTPUT 

VOLTAGE VOLTAGE 

corn corn 

@ ~ , , , . 5 + f ~  + I o J R ,  
R, 

fig. 4. The circuit in (A) shows a simple method of increasing 
nominal output voltage of a three-terminal I C  voltage regulator 
such as the National LM340-05. R1, R 2  form a simple voltage- 
divider network. The circuit in (8) shows how a three-terminal 
I C  positive-voltage regulator can be comblned with an op amp to 
increase the regulated output voltage. Text has details. 

quiescent current. To see the relative output currents of 
the LM341, LM342, and LM3910 families, let's compare 
the output current of each a t  +5 volts. At 25'~, the 
LM341-05 furnishes 500 mA, the LM342-05 furnishes 
200 rnA, and the LM3910-5.0 furnishes 100 mA. 

circuit applications 
Many three-terminal IC regulators may be paralleled 

to provide higher current output. This i s  not advisable 
with the various LM309 types, but works well with the 
LM320, LM340, pA7800, and pA7900 ICs (and their 
equivalents). 

There are several circuit tricks that may be played 
with three-terminal regulators to change their output 
voltages. The simplest one is shown in fig. 4A. Note that 
this technique can be used only to raise the regulated 
output voltage and that it slightly degrades regulation. 
The smaller the value of R2, the better the regulation, so 
it follows that the IC furnishing the closest voltage on 
the low side of the desired output voltage should be 
used. 

A technique which allows variation of the output 
voltage uses an op amp as a non-inverting follower to 
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manufacturer  

Fa i rch i ld  
Lambda  
Mo to ro la  
Mo to ro la -HEP 

Nat iona l  
Na t i ona l  
Raytheon 
Signetics 
S i l i con General 

table 1. Three-terminal posi t ive I C  voltage regulators b y  t y p e  number ,  voltage rating, and  manufacturer.  A l l  are 
simi lar t o  t he  Fa i rch i ld  p A 7 8 0 0  series. See t e x t  f o r  cu r ren t  ratings and o the r  characteristics. Blanks indicate t h a t  an 
equivalent IC  is n o t  available. 

+6V 
p A 7 8 0 6  
L A S  1506  
M C 7 8 0 6  
C6111P 
L M 3 4 0 - 6  

L M 7 8 0 6  
RC7806  
p A 7 8 0 6  
SG7806  

+8V 
p A 7 8 0 8  
L A S  1508  
M C 7 8 0 8  
C6112P  

L M 3 4 0 - 8  
L M 7 8 0 8  
RC7808  
@ A 7 8 0 8  
SG7808  

table 2. Medium-cur rent  (designated b y  t he  le t te r  M), three-terminal,  posi t ive voltage-regulator I C  b y  t y p e  number, 
voltage ra t ing  and manufacturer.  See t e x t  f o r  descr ipt ion. 

manufacturer  +5V +6V + 8V +10V +12V +15V +18V +20V +24V 
Fai rch i ld  MA78M05  p A 7 8 M 0 6  p A 7 8 M 0 8  ----- p A 7 8 M 1 2  p A 7 8 M 1 5  p A 7 8 M 1 8  p A 7 8 M 2 0  p A 7 8 M 2 4  
Mo to ro la  M C 7 8 M 0 5  M C 7 8 M 0 6  M C 7 8 M 0 8  ----- M C 7 8 M 1 2  M C 7 8 M 1 5  M C 7 8 M 1 8  M C 7 8 M 2 0  M C 7 8 M 2 4  
Nat iona l  L M 3 4 1 - 5  L M 3 4 1 - 6  L M 3 4 1 - 8  ----- L M 3 4 1 - 1 2  L M 3 4 1 - 1 5  L M 3 4 1 - 1 8  ----- L M 3 4 1 - 2 4  

Signetics p A 7 8 M 0 5  p A 7 8 M 0 6  p A 7 8 M O 8  ----- p A 7 8 M 1 2  p A 7 8 M 1 5  p A 7 8 M l 8  p A 7 8 M 2 0  p A 7 8 M 2 4  

Mo to ro la  MC7705  MC7706  MC7708  ---.. M C 7 7 1 2  MC7715  MC7718  M C 7 7 2 0  M C 7 7 2 4  

Te ledyne 78M05  7 8 M 0 6  7 8 M 0 8  7 8 M 1 2  78M15  ----- 7 8 M 2 0  7 8 M 2 4  

table 3. Low-cur rent  (designated b y  t he  le t te r  L) ,  three-terminal,  posi t ive voltage-regulator ICs b y  t y p e  number, 
voltage rating, and manufacturer.  These devices are very Popular f o r  regulat ing single o p  a m p  o r  l inear I C  stages. 

manufacturer  

Te ledyne 
Fa i rch i ld  
Mo to ro la  
Nat iona l  
Nat iona l  

Nat iona l  
Signetics 

Plessey 

table 4. Three-terminal negative I C  voltage regulators b y  t y p e  number ,  voltage rating, and manufacturer.  A l l  are 
simi lar t o  t he  Fa i rch i ld  p A 7 9 0 0  series. See t e x t  f o r  cur rent  ratings and o ther  operat ing characteristics. 

manufacturer  -2.OV -5.OV -5.2V -6V -8V -12V -15V -18V -24V 
Fai rch i ld  +---- P A 7 9 0 5  P A 7 9 5 2  p A 7 9 0 6  p A 7 9 0 8  p A 7 9 1 2  p A 7 9 1 5  p A 7 9 1 8  P A 7 9 2 4  

Mo to ro la  C6117P  C6118P  C6119P  C6120P C6121P  C6122P  C6123P  C6124P  C6125P  

Mo to ro la  M C 7 9 0 2  M C 7 9 0 5  MC7905.2 MC7906  MC7908  M C 7 9 1 2  M C 7 9 1 5  MC7918  M C 7 9 2 4  
Nat iona l  .---- L M 3 2 0 - 5  LM320-5.2  L M 3 2 0 - 6  ----- L M 3 2 0 - 1 2  L M 3 2 0 - 1 5  LM320-18  LM320-24  
S i l i con General ----- SG320-5 56320-5.2  ----- ----- SG320-12 SG320-15 ----- ----- 

table 5. L o w -  and  medium-current,  three-terminal negative I C  voltage regulators manufactured b y  Fa i rch i ld  and  
Motoro la .  The  l o w c u r r e n t  version is designated b y  a le t te r  L i n  t he  par t  number ,  wh i le  the le t te r  M indicates 
medium-cur rent  capabi l i ty.  

manufacturer  -3V -5V -5.2V -6V -8V -12V -15V -18V -2OV -24V 
Moto ro la  M C 7 9 L 0 3  M C 7 9 L 0 5  ----- ----- ----. M C 7 9 L 1 2  M C 7 9 L 1 5  M C 7 9 L 1 8  ----- M C 7 9 L 2 4  
Fa i rch i ld  ----- p A 7 9 M 0 5  ----- p A 7 9 M 0 6  p A 7 9 M 0 8  p A 7 9 M 1 2  p A 7 9 M 1 5  ----- p A 7 9 M 2 0  p A 7 9 M 2 4  

sample the output voltage divider and drive the common 
terminal of the three-terminal regulator. This circuit 
overcomes the degradation of regulation of the simpler 
circuit shown in fig. 4A. The op amp variation is shown 
in fig. 48. Again, only voltages higher than the nominal 
regulated voltage may be achieved. 

The circuit of fig. 5 shows a "real-value" circuit 
which is capable of output voltages from +7 to +20 
volts. Reference 1 shows many more uses for three- 

terminal IC voltage regulators, but many are so complex 
as to defeat the purpose of these simple ICs. 

Three -terminal voltage regulators have made i t  
possible for commercial firms to offer simple, inexpen- 
sive modular power supplies that even experimenters can 
afford. For instance, for $8.95, plus $1.25 handling, 
~ d v a *  offers kits including PC board, transformers, and 

*Adva  Electronics, B o x  4181 BE, Woodside, Ca l i fo rn ia  94062. 
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TRIAD 
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fig. 5. Circuit capable of providing fixed-variable output voltages; for example, +5V at 200 m A  or 7-20V at 100 mA. Heatsink tab of U1 
must be connected to floating heatsink. BR 1 is Adva bridge, U1 is LM340-05, and U2 is National LM741 CM op amp. 

parts for construction of +5, +6, +9, +12, and +15 volt voltage for powering op amps, ~t IS also the most 
fixed, voltage-regulated power supplies. These supplies common voltage rating for fixed, dual voltage regulators. 
are based on the National LM340 series of three-terminal There are also several dual positive-negative regulators 
IC voltage regulators. Since all the Adva power supplies available, such as the Silicon General SG3501, Motorola 
use the same type PC board, and the 9-volt unit uses two MC1468, and Raytheon RC4194, which may be used to 
circuits like that of fig. 4A, output voltages are readily produce adjustable dual outputs. These devices require 
trimmable by adding a couple of resistors. one or more external resistors to establish the desired 

fig. 6. Fairchild 78MG and 79MG four-terminal I C  
v,n 

voltage regulators. The 79MG can provide +5 to +30 0 3 3 " ~  lFg~O CO~" L D W T R ~  01°F voul - v l n ; T ~ - ~ - v m f  2vF CWY U))ITIIOL IpF 

volts and 79MG can provide -2.2 to -30 volts, regu- t 10 + = a  
lated. Current through R 2  should be approximately 1 
m A ;  therefore, R Z  = 5k ohms for the 78MG. and 2.2k 
ohms for the 79MG. V O U ~  (y) $ontro~ ~ 0 ~ 1 .  (v) K-ontro~ 

Veonlrol NOMINALLY : SV vcmtrol NOMINALLY - 2 23V 

Two recent ICs introduced by Fairchild are the 78MG 
and 79MG four-terminal voltage regulators. The 78MG is 
a positive voltage, and the 79MG a negative voltage 
regulator. They operate in the same general manner as 
the combination three-terminal voltage regulator and op 
amp of fig. 4B, requiring only a resistive divider to set  
the output voltage. Circuits using the 78MG and 79MG 
regulators are shown in fig. 6. These two ICs are offered 
in a plastic power package that has four pins on what 
appears to be a half-DIP package, with heatsink "ears" 
protruding from each side. The package is  shown in fig. 

79MG 

COMMON 

fig. 7. Top views of package connection diagram for Fairchild 
78MG and 79MG voltage regulators of fig. 6. 

7. The 78MG and 79MG regulators may be set for 
output voltages from +5 to +30 and -2.2 to -30 volts. 

Some regulators are devoted to fixed dual output 
voltages. Inasmuch as *I5 volts is the most common 

output voltages. Dual regulators built around these units 
are shown in fig. 8. The current capability of all three of 
these ICs may be increased by adding external power 
transistors and other discrete components, as discussed 
in references 2, 3, and 4. 

Raytheon's RC4195 and National's LM325.326, and 
327, however, take the dual-voltage regulator a step 
further in the direction that made the three-terminal 
regulator so popular. These four ICs offer fixed, dual 
output voltage and simplicity of application - as well as 
an inexpensive power package option. The Raytheon 
RC4195 is available in a 9-pin TO-66, an 8-pin TO-5 and 
a plastic half-DIP. The TO-66 (RC4195TK) has the 
greatest heat dissipation, and may be used up to currents 
of 100 mA. The smaller RC4195T and RC4195DN 
(TO-5 and half-DIP) are better suited for spot-regulating 
op amps in which lower currents are required. Asimple 
215 volt regulator using the RC4195T or RC4195DN is 
shown in fig. 9. Note that the pin connections would be 
changed if the RC4195TK unit were useda4 

The National LM325, LM326, and LM327 are for 
f 15, f1 2, and +5, - 12 volts, respectively. They are 
available in the 14-pin DIP (suffix N), the 14-pin DIP 
power package (suffix S), and the 10-pin TO-100 
package (suffix H). The TO-100 package is similar to the 
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9 1141 
look  1 0 0  

G N L  BAL 

COMPEN l+l COMPEN 1-1 

fig. 8. Silicon General 563501  (A)  is shown in variable f 

voltage-regulator circuit. External resistors establish (dual) 
output voltages. Motorola M C l 4 6 8  (B) and Raytheon RC4194 
(C) in similar circuits serve the same purpose and perform the 
same function. 

POSITIVE 
INPUT O 

TO-5 package, but has 10 pins. These fixed, dual regula- 
tors are aimed at the linear IC market, the very large 
MOS logic market in which common output voltages are 
+5, and - 12 volts. 

The S package is similar .to that used by SGSIATES 

VOLTAGE IN 
R C 4 1 9 5  

UNREG NEG 
VOLTAGE IN 

I cr 
01 

fig. 9. Raytheon RC4195T (or RC4195DN) in simple voltage- 
regulator circuit provides dual ~ u t p u t  voltages (f 15 volts) at 
currents of up to 100 m A .  This device is suitable for "spot" 
regulation of op amps. 

GROUND 
. . . .P_O_sITI!E. . . . J 
r - - - - - - - - - - -  NEGATIVE 1 
, Y(N OUT BCUEE 37.8 , AOJ 

and others in their audio power amplifier ICs in that i t  
has a thick metal strap running the length of the DIP, 
which is bent over at the ends. The idea is to solder these 
bent-over ends into the copper lands of a PC board, to 
facilitate heat dissipation. The use of these ICs as dual 
regulators is shown in fig. 10. Different pin connections 
will be required if the N or H packages are used. With 
good heatsinking, the S version is capable of up to 100 
mA output. The LM325, 326, 327 family may also be 
used with external power transistors to increase their 
current capability; this is covered in reference 1. 

8 A L  

higher-current regulators 

. POSIT IVE - OOUTPUT 

look  

; I,* OUT SENSE STAB ' 8.L G*D 

0 

Finally we come to the brutes of the voltage regulator 
scene, the MPCSOO (negative) and the MPC1000 
(positive). These are not fixed-voltage regulators at all, 
but they do represent the ultimate (to date) in current 
capability for single-regulator ICs. Ten amperes is the 
maximum output current of these devices, and they may 
be se t  to provide output voltages of -4  to -30 volts and 
+2 to +35 volts, respectively. Fig. 11 shows these ICs in 
useful circuits. Of course, very low thermal resistance 
heatsinking should be used with these ICs if maximum 
current is to be drawn from them. These ICs are rela- 
tively expensive, and most amateurs will probably 
choose smaller and more complicated, but less expensive 
IC voltage regulators with external power transistor(s) to 
boost output current. 

: . o  GROUND 

+ 
5 0 k  ,, 

cz 
0 1  

VOLT 

NEGATIVE 
ADJ 

summary 

C 4  lliF 

-- '-. In this article I have attempted to cover only the 
newer generation of IC voltage regulators, touching only 
briefly, for comparison purposes, on the older types. 
The older types are still useful, and many companies st.ill 
elect to use them in new designs because they are so 
widely second-sourced and have become so inexpensive. 
References to new ICs have, in this article, been made to 
the least expensive commercial grades of each IC, which 
is what amateurs find most available. It should also be 
borne in mind that all of these IC types are series 
regulators, and require a certain minimum difference 
voltage across the chip - typically between 2 and 3 
volts. The input (unregulated) voltage must be at least 2 
or 3 volts higher than the output (regulated) voltage. 

Most regulator ICs require some sort of external 
compensating capacitor, and will oscillate without this 

INPUT 
NEGATIVE - O O U T P U T  

+ 
c 3  
l 0 p F  

1 2  

+SENSE +RFL 
UNREG POS l 2  

+ V C N  
14 

+BOOST - - VOLTAGE IN O 0 + E o  

UNREG NEG 
VOLTAGE IN -'OUT ' 7 0 - € 0  

fig. 10. National LM3255,  LM3265,  and LM327S provide inter- 
esting dual-voltage regulated outputs at + I S ,  +12; and +5, -12 
volts, respectively. These are available in DIPconfigurations and 
aimed at linear IC  applications. 
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fig. 11. High-current, up to 10 amperes, can be handled by the 
MPClOOO and MPCSOO IC devices; the MPC1000 i s  for positive 
output voltages and the MPCSOO i s  for negative output voltages. 
Thaw regulators may be set from +2 to +35  and -4 to -30 volts. 
but require special heatsinking. 

capacitor. This capacitor must be wired close to the IC 
to minimize the inductance of the leads. I t  is always a 
good idea to check the manufacturer's data sheet of the 
regulator IC for the connections of each particular 
package because different package versions of the same 
IC can have quite different connections. Finally, the 
same spec sheet should also be consulted to find out 
what the IC's built-in heatsink is connected to. Arbitrary 
grounding of the heatsink tab or case can spell instant 
demise of the IC. 

references 
1. Voltage Regulator Handbook, section 7, National Semicon- 
ductor Corporation, Santa Clara, California, 1975. 
2. Silicon General Technical Bulletin 1501, "Dual Voltage 
Tracking Regulator," October, 1970. 
3.  Motorola Semiconductor DS9213, "Dual +15 Volt Regula- 
tor," October, 1972. 
4. Total Linears Handbook, Raytheon Company, Semiconductor 
Division, Mountain View, California. 
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PRESENTING THE 

INTERNAL NI-CAD BATTERY OPERATED 

SYlTHESlZED RADIO 1 

WILSON'S NEW WE-800 2M RADIO I c c r t ~ f i c a t i o n  granted. 

Wilson's New Portable 800 Channel 2 Meter Synthesized Radio 
that can go anywhere with you 12 watts output in automobile 

2 watt output with internal Ni-Cad Battery Pack (10 "AA" Ni- 
Cads for Portable use) Ni-Cads charge when used in auto . CMOS low current drain synthesizer Rx 45 Milliamps, 2 watt 
Tx 450 Milliamps. 

Uses Wilson's standard BP-1 Battery Pack (Batteries not 
included) and includes mounting bracket and speaker-mic 

Covers frequency range 144-148 MHz in 5 Hz steps . 600 
KHz off-set up or down 6 Channels sub-audible tones 
available as option . Size 8-114" x 6-314" x 1-718"- weight 
1 Ib. 15 ounces. 

'4 ACCESSORIES & OPTIONS 
450 & 220 HAND HELD 
MODEL 4502 . . . $299.95 
FREQUENCV DALW-C 1-m r c n  .nu- 

. 6  Channel 01 

.1 "nl""L LIL" - LIJV l"l"L 

DerltlOn EACH UNIT INCLUDES . lnd#rudual Tr lmmers o n  al l  T X / R X  Crystals . AII crystals plug I n  FLEX ANTENNA AND 
12 KHz  Ceramoc F ~ l t e r  . 21 4  and 455 KHz  I F  

SIMPLEX XTAL FREQ. . .3 Microvolt Scnsotivlty t o r  20 d~ Quieting INSTALLED: . Wetqhl 1 I b  4  oz less Battery . Battery l n a l u t o r  446.00 or 223.50 MHz. 
Sue 8 718 x 1 3/4 x 2 7/8 
Swltchable I & 1 8 Walls OUlput  
e 12 voc 
Current Draon . R X  25 MA,  T X  400 M A  . M ~ ~ t o s ~ o t c h  Speaker Mac 
Unbreakable Lexanm C a u  

FREQUENCY RANGE 220 - 225 MHz 
- 6  Channel Operatton 

Indartdual Trtmmers o n  a l l  TX/RX Crystals 
A l l  Crystals Plug I n  
I 2  K H z  Ceramoc Filter 

'OTH USE THE . 10.7 and 455 K H z  I F  
SAME ACCESSOR''' AS '405. . -3 ~ a c r o v o t t  sensatirlty t o r  20 d~ au ic t inp . Wetghl I l b  4  oz less Battery 

Battery I n d l U t o r  
Sere 8 7/8 x 1 3/4 x 2 7 / 8  
Sw~tchable  1 & 2 5  Watts Output  
P 12 VDC 
Current Drain: R X  2 5  MA. T X  400  M A  . M o ~ r o l w t t ~ h  Speaker Mlc  
Unbreakable Lexana  Caw 

r MODEL 2202 . . . $249.95 1 

L * Battery Charger (BC2) * 10 ea. AA Ni-Cad Battery 
Pack (BP-1) * Extra Battery Tray (BT-1) * Leather Case for 1402 (LC-1) * Leather Case for 1405,2202, 
4502 (LC-2) * Speaker Mike (SM-2) 6 pin 
connector * 'TE-1 Sub-Audible Tone En- 
coder, installed 

i f TE-2 Sub-Audible Tone En- 
i CoderIDecoder, Installed * TTP - Touch-Tone Pad - in- 

stallation free if ordered at 
time of purchase of radio * 10.7 KHz Monolithic Xtal 
Filter IXF-1) 

(Photo Shown with 
Optional Touch- Tone Pad) L * Wilson Electronics Gorp. 

4288 SO. POLARIS LAS VEGAS NEVADA 89103 (702) 739-1931 TELEX 684-522 
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W H Y  WAIT sss a a a  
BE ON THE AIR NOW WITH A 

Wilson I Electronics Corp. 
HAND HELD 

Wilson 2 meter Hand Held radios. . . The depend- 
able ones . . . proven performance for the discrim- 
inating Ham who insists on quality and value. 

Two models are available: the 
2.5 watt model 1402SM. and . S Channel  

O w r a t l o n  the switchable 1 watt or 5 . Indtvle~. l  
Trimmers o n  a l l  
T X l R X  Crystals 

watt model 1405SM . . . op- . AII Crystals P I Y ~  III tions include Touch-Tone . 1 2  K H z  Coramlc 
F l l t e r  Pad, Battery Charger, Battery . 1 0  7 a n d 4 5 5  
KHZ IF Packs, Speaker Mike, Leather . .3 Mla rova l t  %n. 
S I t l " l t ~  (01  2 0  0 6  

Case, and Tone options. 
Q"l.tl". 
W * l l h t  I 18. 4 01. 
1.11 Batt*ry 

Join the thousands of ama- . Bat te ry  I n d l ~ l o r  teurs now using Wilson . . . . S l ~ e  a 718 1 I 314 
x 2 718 the radio that goes where you . Lwl tchab l8  1 L 5 
Watts M l n l m u m  
0 " t ~ " t  a I 2  V D C  
Cur ren t  Ora ln  R X  
25  M A  T X  4 0 0  M A  
(Owl 9 0 0  M A  (5W) . MICIOIWIIC~ 
s,,..*er MIC 

FAST DELIVERY!! 
. Unbrrakabl. 

Ls..nu C.,. 
144-148 MHz 

EACH RADIO INCLUDES: 
Flex Antenna 52/52 Xtal 1402 SM 

6 Channel  
Operaloon . Ind lv laua l  
Tr l rnrnerr  on a l l  
T X l R X  Cry t ta l s  

. A l l  Crystals Plug I n  . I 2  K H z  Cer lmoc 
Feller . I 0  7 I F  a n d  4%) 
K H z  I F  
.3 M ic rovo l t  kn.  
l l t l r l l y  f o r  2 0  d B  
au te t lnp  
Welqht  1 Ib. 4 01 
111s B ~ l t e r y  
5 Mete r lBa t te ry  
lnaacator . Sr lc  8 718 r I 718 
x 2 718 
2 5 Watts M l n i m u m  
o u t p u t  a 1 2  V D C  
Cur ren t  Ora ln  R X 
25  M A  T X  5 0 0  M A  . M l c r o l w l l C h  
S ~ e a k e r  MIC 

BC-2 NI-CAD Y CHARGER . ~ t q h  ~ m g a c t  

W I T H  REGUL PI.IIIc c a m  

1 4 0 2 S M  
H A N D  HELD 
2.5 WATT 

TRANSCEIVER 
144-148 MHz 

* * * * *  USE THIS DIRECTORDER FORM IF  NOTAVAILABLE FROM LOCAL DEALER * * * * * * * *  * SM @ 8179.95 - TX or RX XTALS, AII 
* O ~ h e c k  OMoney Order * 

* SM @ 249.95 Common Repeater Freq. Amount Enclosed $ - -- OBAC OMaster Charge * 
+ 2 2 0 2  SM @ 249.95 146-148 at $4.25 ea. 

-4502 SM @ 299.95 - * Card # _- Exp. Date: Y 
All other 2M. 220,450. * B C - 2  @ 39.95 MARS or CAP XTALS * * 

Name- * - R P - 1  @ 16.95 at $10.00 ea. Y I. Y * 6 1 - 1  @ 6.75 FOB factory -add $ 5  w Address -- ~5 * 
SC 

C-l @ 14.95 per order for UPS ShtPPrng 
and handling. 2 * 

L C - 2  @ 14.95 Nevada Residents add Sales Tax * CitV -- -- -- m 
*rM-2 @ 26-95 ---------- ---------- * = * 
* T E - ~  * g 59.95 Please Equip Transceivers as * State . - - - _ Zip g ++ 

As Follows --  z * -TE-2* @ 100.00 v * - * -TTP 59.95 * Phone AC_ - 
-XF-1 @ 12.95 B 

>" * * * - Factory XTAL 
+ Installation Netting D W 

@ $7.50/Radio SC * * Specify Frequency F 
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the polarization 
diplexer - 

a polaplexer 

The polaplexer com bines 
orthogonally-polarized 

signals 
from receiver 

and transmitter 
to permit 

full duplex operation 

The polaplexer i s  a coined name for the POLArization- 
diPLEXER used by the San Bernardino Microwave 
Society (SBMS) to provide isolation between a rnicro- 
wave transmitter and receiver. This method uses the 
transmitter as the receiver local oscillator, thereby 
economizing on microwave sources. The polaplexer 
allows duplex communications (simultaneous trans- 
mission and reception) with minimum power loss. The 
use of the polaplexer within the complete communica- 
tions system has been covered in past a r t i ~ l es . l , * *~  

The polaplexer uses circular waveguide as a trans- 
mission line, supporting orthogonal (at right angles) 
polarization for transmitting and receiving. In use, the 
polarizations are neither vertical nor horizontal, but at 
angles of 45 degrees to the vertical. The standard in use 
by the SBMS is that the polarization of the transmitted 
wave from all antennas is 45 degrees to the right, looking 
in the direction of transmission; the polarization of the 
received signal, orthogonal or a t  right angles to the 
transmitted signal, is 45 degrees to the left, looking in 
the direction of the other station. I t  can be seen in fig. 1 
that at the receiving site the signal coming from the 

distant transmitter will be polarized properly to be 
intercepted. 

waveguides and polaplexers 
The circular waveguide used for construction of the 

polaplexer does not have to be silvered brass. Ordinary 
tin cans can be used if they have the proper diameter. 
The circular waveguide can be used as a feedhorn for a 
parabolic reflector or used to excite a circular horn. As 
will be shown, the circular waveguide must be within a 
proper size range for the frequency being used. The 
polaplexer operates in the dominant circular waveguide 
mode known as the TEl mode; the field configuration 
is shown in fig. 2. In order not to excite other waveguide 
modes, the waveguide diameter must be selected to 
exclude other modes. The waveguide size must be such 
that it will sustain propagation above the cutoff fre- 
quency of the TEll waveguide mode and below the 
cutoff frequency of the next higher TMol mode. The 
cutoff frequency is that frequency below which the 
attenuation of the waveguide, to that particular mode, 
increases at a rate which makes the waveguide useless 
except as an attenuator. To support the desirable TEl 
mode in circular waveguide the cutoff frequency,f,, is 
defined by 

17.5698.51 - 691 7.26 
f . 4 T E l l )  = d (mm) -- 

d (inches) (1) 

where 

f,. = cutoff frequency in MHz for TE1 mode 
d = waveguide inside diameter 

The TMol mode can be supported in circular waveguide 
whose cutoff frequency is defined by 

f,ITMo I )  = 
229485.13 - 9034.85 -- 

d ( m m )  d (inches) 
(2) 

I Another term that will be used in calculations is guide 
wavelength, Xg. The wavelength in a circular waveguide 
always exceeds the free-space wavelength and is related 

By George Tillitson, KGMBL, San Bernardino Micro- 
wave Society, Inc., 1080 Sapphite Lane, Corona, 
California 91 720 
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STATION 2 STATION 1 

fig. 1 .  Polarization standards adopted b y  the San Bernardino 
Microwave Society. 

to the cutoff frequency and operating frequency by the 
following equation 

where 

Xg = guide wavelength 
f, = operating frequency 
f ,  = TEl waveguide cutoff frequency 

In practice two operating frequencies are used, separated 
by the i-f frequency. The operating frequency should be 
the geometric mean of the two operating frequencies or 

fo = v % 7 z  (4) 

where 

f ,  = mean operating frequency 
f O 1  = lower communications frequency 
f O 2  = upper communications frequency 

Substituting the second equation into the first, 

299 792.5(mm j = 1 1802.85(i?zches~ Xg= - (5) 
dfo I f 0 2  - f'-2 J f o  I f 0 2  - f c Z  

probes 
Since many of our microwave devices have coaxial 

terminations, we must have a transition from coaxial 
(TEM mode) to the circular waveguide TEl mode. This 
can be accomplished by inserting a 114-wavctlength 
ground plane or probe. I t  should be placed 114-guide 
wavelength from the closed end of the waveguide as 
shown in fig. 3. 

In the polaplexer, the transmitter and receiver termi- 
nations are orthogonal. If they were both placed 
1M-guide wavelength from the closed end of the pola- 
plexer, they would touch. Further, even i f  they had no 
physical contact, the close proximity would reduce the 
desired isolation between them. Fortunately, in a trans- 
mission line impedances repeat each % wavelength along 
the line. If the orthogonal coaxial-to-waveguide transi- 
tion i s  placed K-guide wavelength toward the open end 
of the circular waveguide from the other transition, both 
polarizations can be excited in the waveguide with 20 to 
40 dB isolation between them. Fig. 4 depicts the ortho- 
gonal transition. 

To make the basic polaplexer complete, a method of 
controlled injection of the transmitter signal into the 
receiver input must be devised because the transmitter is 
used as the receiver local oscillator. The first thought 
might be to place an injection screw halfway between 
the two orthogonal probes. Wrong! Well, half wrong 
anyway. Halfway between the two probes is %-guide 
wavelengths from the closed end of the waveguide. The 
injection screw will do little more at this location than 
isolate the inboard probe. Therefore, the injection screw 

t - 

INPUT 
COAXIAL 

fig. 3. Circular waveguide t o  coaxial transition. 

should be placed 113-wavelength (spacing arbitrary on 
my part) from the closed end of the waveguide at an 
angle which bisects the orthogonal probe polarizations. 
The designer has a choice of equally effective locations 
to select from. 

polaplexer design 

The total length of the polaplexer should approach an 
odd number of quarter-guide wavelengths. This will 
provide the best impedance match within the waveguide. 
A waveguide that is not perfectly matched becomes a 
form of a resonant transmission line. If you assume you 
have a resonant transmission line and design the pola- 
plexer length with this in mind, you cannot go wrong, 
even if you operate with a 1.00: 1 vswr. 

It will be shown that, using the three equations 
presented previously, a can with an inside diameter of 
2-9116 inches (about 2.56 inches or 65.0 mm) can be 
used as a polaplexer for the 3300-MHz amateur micro- 
wave band. First, the cutoff frequency for the TEll 
mode is 

fig. 2. TE, field configuration in  circular waveguides. That tells US the waveguide will support the TE,, 
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COAXIAL the 3300 and 5700-MHz amateur bands, is illustrated in 
fig. 5. 

One problem facing the polaplexer designer who uses 
simple probe injection is  the probe length. An empirical 

APPROX 
A /4  equation that I have used successfully is 

COAXIAL INPUT/OUTPUT NO 1 7 2 = 74948.13 ( 1  + P - fi) (mm) 

fo 

fig. 4. Circular waveguide with orthogonal coaxial inputs. 

mode above 2700 MHz. Second, the cutoff frequency where 
for the TM,, mode is 

Q = probe length 

This tells us that if we operate below 3525 MHz we will 
not excite the TM,, waveguide mode. The third impor- 
tant parameter is guide wavelength. The 3300-MHz 
operating frequencies in southern California are 3335 
MHz and 3365 MHz. Applying these and the TE,, mode 
cutoff frequency to eq. 5 we obtain 

= 5.95 inches 

The dimensions needed to design a polaplexer are 

114hg = 37.8 mm = 1.49 inches 
314 hg = 113.3 mm = 4.46 inches 
514 hg = 188.9 mm = 7.44 inches 
714 hg = 264.5 mm = 10.41 inches 
113 hg = 50.4 mm = 1.98 inches 

fo = mean operating frequency 
P = periphery of probe 

-- - nD for circular cross section 
A0 

D = probe diameter 

For example, assume the probe to be a no. 18 AWG 
(lmm) copper wire and the operating band to be 3300 
MHz. The wire diameter is 1.0 mm (0.0403 in.). The 
operating wavelength is 

- 299792.5 - = 89.5 mm = 3.52 inches 
43335.3365 

The periphery of the probe is 

Since the 714-Ag length is a bit long, the 514-Ag pola- The length therefore is 
plexer length should be selected as a goai. The actual 
construction of a poiaplexer is usually custom designed Q =  74948.13 (1 + 0.0359 - d m )  
for and by the individual dependent upon the designer's d m  
resources. One configuration that I have used, on both = 18.9357 mm = 0.7455 inches 

fig. 5. Typical polaplexer showing layout and dimensions of principle parts. 
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fig. 7. Ground return for the receiver port in  a polaplexer. The 
coll Is 3 or 4 turns no. 3 0  AWG !0.25mm) wound over a piece of 
no. 2 0  AWG (0.8mm) wire as a coil form. The coll is soldered to  
the probe and the side of the polaplexer after removing the coil 
form. 

mixers 
There are many methods of providing a satisfactory 

transition from the coaxial TEM mode to the circular 
waveguide TE mode. The method illustrated in fig. 5 

1 1  
i s  perhaps the s~mplest. However, it has the disadvantage 
of not providing the necessary dc return for a simple 
crystal mixer. I prefer using a coaxial-crystal mixer that 
provides the dc return with a tunable stub. Although the 
many and varied means of providing a dc return for a 
crystal mixer are beyond the scope of this effort, one 
method which I have used is shown in fig. 6. I t  provides 
a complete tunable mixer assembly. The BNC output 
subassembly was obtained from a surplus rectangular- 
waveguide mixer assembly and includes the necessary 
microwave-bypass capacitor to provide efficient conver- 
sion. The insulator in fig. 6 is the capacitor dielectric. 

BNC OUTPUT 

m 

I I INSULATOR 

DIODE TIP JACK 

-3 - 1 ~ 2 1  TYPE DIODE 

r- U SHAPED HOLDER F O R  DIODE 

DRILLED FOR -9' DIMENSON 

c OD - 8.  DRILLED FOR 'A' 

4 k b  

tlg. 6. Coaxial crystal mixer. 

The actual sizes of the adjustable short are left up to you 
and your own resources. The tolerances should be close. 
The center adjustment (identified by dimension B) could 
be threaded if desired and locking hardware used to 
maintain the adjustment once optimized. The crystal can 
be any good IN21 -type crystal diode. 
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Amateur Radio's 
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A Brand New Conce~t , 
written and edited 
with you in mind. 

Ham Radio HORIZONS is a completely differ- 
ent idea, dedicated to the Beginner and No- 
vice yet put together in a way that everyone 
will enjoy. In fact this is the first Amateur 
Magazine that will even appeal to the non- 
Amateur members of the family. 
Each month Ham Radio HORIZONS will be 
stressing the FUN side of our hobby -work- 
ing DX, winning contests, improving your 
station, earning awards and upgrading your 
license. We'll be showing you how to get 
started in Amateur Radio, the most fasci- 
nating of all hobbies. You name it, Ham 
Radio HORIZONS will cover it and we'll do 
it in an easy to understand easy to enjoy 
manner. 
Ham Radio HORIZONS is put together by the 
most experienced and capable team of Am- 
ateurs in the field, experts who know how to 
relate their experiences in an irresistable and 
exciting way - and just for you. You'll like 
Ham Radio HORIZONS. 
Amateur Radio is really on the move in 1977 
and Ham Radio HORIZONS is committed to 
taking a leadership position in the rapidly 
expanding, forward looking radio service that 
we are all so lucky to share. A lot's going to 
happen and Ham Radio HORIZONS will be 
right there in the middle of it all! 
We're promising you the most exciting year 
of Amateur Radio reading you ever had. Try 
a subscription and if you don't completely 
agree we'll gladly refund the unused portion 
of your subscription at any time. 

Please sisn me UD for a one vear (12 issue) wbscri~tlon to Ham 
Radio HORIZONS. 

Address: 

State: - Zip: 
C Enclosed i s  check or mony order fa $10.00 
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Please charge my Mastercharge Account. 

Card No. Expiration date 

Bank No. (M/C only) 
Use your card or pay now and pct an extra issue free. 

IJ Bill mc later. ----------------------------------------------------- 
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24-hour clock 
with digital readout 
and line-frequency 

time base 

Complete 
construction details 
for a four-digit clock 

which uses a total 
of six ICs 

During recent visits to other amateur stations, I noticed 
the increased use of electronic digital displays. These 
range from displays on very expensive transceivers, both 
hf and vhf, to frequency counters, clocks, voltmeters, 
thermometers, and even one that converts received CW 
signals to an alphanumeric display. Some even contain 
lighting that simulates a digital readout! 

the digital clock 
Returning to my station and looking at the old 

reliable HT-37 and its companion receiver made me feel 
that something was lacking. However, the price tags on 
some of the newer gear made my equipment seem more 
acceptable. Still these electronic displays really caught 

my fancy - I had to  have a piece of digital-display gear! 
1 After some thought I came up with some require- 

ments. My first digital display project had to be low in 
cost, simple, and small, in that order. My old 24-hour 
clock had given up the ghost after four years of faithful 
but loud service, so I decided on a digital clock for a first 
project. I'd seen a number of articles on digital clocks. 

I These were not overly complex, but the component 
coun t  was high, with many discrete components 
required in the display circuits. Most of these designs 
used a crystal time base operating at a high frequency 
and required a long countdown chain to divide the 
high-frequency signal to the frequency required by the 
clock circuit. To keep the component count down I 
looked into the use of the 60-Hz frequency as a time 
base. I found that, because of the power grid system 
used by the power companies to maintain the 60-Hz 
frequency, the clock accuracy over a long period would 
be nearly as good as that using a crystal time base. The 
short-term accuracy of the crystal system is better, but 
for a 24-hour clock for amateur use the 60-Hz line is  a 
very good choice. 

The next area for component reduction was the 
display system and the drivers usually associated with it. 
Most circuits use 11 driver transistors and as many as 22 
resistors. After a little looking I found some display 
units that require only a simple four-line BCD input. The 
component count was coming down fast! You've all seen 
ads for the "Clock on a Chip," but a close look shows 
that i t  takes much more than just a chip. After some 
reading, shopping, and two evenings of wiring I got the 
clock down to two chips and no discrete transistors. 
Nothing fancy, but it functions well, is very easy to 
build, and looks great. 

By Ken Powell, WBGAFT, 6949 Lenwood Way, San 
Jose, California 95120 
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The heart of the unit i s  the MM5312 IC (fig. 1). The 
internal functions of this chip are quite complex, but 
basically the chip divides the 60-Hz line frequency to 
one pulse per minute and advances i t s  internal storage 
register at that rate. The output of that register is avail- 
able in binary form at pins 1. 2, 3, and 24. The outputs 
are synchronized with the digit-enable outputs, pins 18, 
19, 20 and 21. The coincidence of these signals allows 
you to apply the binary data to all four displays in 
parallel, with the digit-enable lines controlling which 
display accepts data at the correct time. This scheme 
minimizes the number of output lines required to 
operate the display. The second IC is a type SN7404N 
inverter. This chip converts the MM5312 binary output 
data to a TTL level for operation of the display units. 

The display units actually contain ICs that store and 
decode the data and drive the LEDs that form the digital 
display. The displays have a blanking input, which we 
use to control their intensity in this application. 

The power supply furnishes +5 and - 12 volts to 
operate the circui;ry and furnishes a 60-Hz reference for 
the clock chip through the 0.1 Meg resistor to pin 16 of 
U1. Zener-diode regulation maintains the output levels. 

construction 
The digital clock was built using perf board and 

wire-wrap techniques since the circuit contains only two 
ICs. The perf-board and wire-wrap technique is fast and 
easy; best of all i t  i s  very forgiving. If you make an error 
or want to change a circuit, simply remove the wire and 
wrap on a new lead. The tool required for this technique 
is available from the source shown in the parts list, table 
1. Number 30 AWG (0.25mm) wire is used with the 
wire-wrap tool, Strip insulation back about one inch 
(25mm) insert the wire into the tool, and place the tool 
over the pin to be wrapped. Turn the too! clockwise 
until the wrap is complete. This method pro~;,'-c 
excellent connections of the type used in many large- 
scale computer systems. 

Layout and wire routing i s  not critical and any 
packaging scheme you might desire could be used. I cut 
a piece of perf-board slightly smaller than the inside 
dimensions of the case, then I cut a second piece of 
board large enough to hold the single socket used for the 
four displays. The smaller display board was then 
epoxied to the front edge of the larger board to form a 
right angle for the display, as shown in fig. 4. The 

fig. I .  Schematic of the 24-hour digital-display clock including power supply. Resistors are M watt and capacitors are 50 
volts or greater unless indicated otherwise. 
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fig. 2. Top view of the circuit board showing parts placement, and external wiring. 

display and IC sockets were mounted next. Fig. 5 shows 
pin layout and other useful information for the ICs and 
display devices. 

The discrete component leads were bent at right 
angles and inserted into the board near their respective 
connection points. A drop of household cement will 
hold the discrete components to the board and make 
wiring easy. The wire wrap can be used on small- 
diameter component leads as well as on the socket pins; 
however, on the round leads of the resistors and capaci- 

tors i t  will pay you to put a l i t t l e  solder on the connec- 
tion after wrapping to prevent intermittents later on. 
The larger leads, which are too large in diameter for 
wrapping, can be hand wired with the no. 30 AWG 
(0.25mm) wire, then soldered. After mounting all the 
components on the board the wiring can be completed 
in accordance with fig. 1. The leads for the fast and slow 
set switches and the dimmer control can be dressed out 
of the board and connected to their respective compo- 
nents after the board is  mounted in the case. The board 
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fig. 3. View o f  the circuit  hoard f rom tbe fo i l  side. 

table 1. Component list for  the digital clock using Perf-board and Socket, SS5 41-38934 

wire-wrap construction. Numbers i n  parentheses refer t o  product Display 

sources. Case 270-253 (2) 

Perf boare SSS 22-44062 (1) o r  276-1583 (2) 

U 1 National MM5312N (3,5) Wrap Tool-  SSS 43-18160 (1) 

U 2  Texas Inst. SN7404N (2.5) Bezel 915-60 (6) 

Display. 1-4 Hewlett Packard 5082-7340 (4) product sources 

T 1  SSS 11-08180 (1) or 273-1480 (2) (1) Solid State Systems, Box 773. Columbia, Missouri 65201. 
51 .52  275-1547 (2) (2) Radio Shack Stores. 

R 1 271-1716 (2) (3) Poly-Paks, Box  942. Lynfield. Massachusetts 01940. 
CR1-4 276-1146 (2) (4) Tinkers Electronics. 805D Union Ave., Los Gatos. California 
CR5 276-561 (2) 95100. 

C R6 276-563 (2) (5)  Internationat Electronics Unlimited, Box 1708, Monterey, 

Socket U1 SSS 41-38964 (1) California 93940. 

Socket U 2  SSS 41-38974 (1) (6) Tracy Design. 1583USchaefer, Detroit, Michigan 48227. 
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FA! 

Top view of the 24-hour digital-display clock with case removed. 

shopping around for the display units I found that the 
reverse sides of the units had been painted black to 
obscure the HP part numbers, but holding the units up 
to the light made the part numbers easily readable. I 
found two other types of HP displays that also work in 
this unit, types 5082-7300 and 5082-7302. If these are 
used, pin 4 on each display must be grounded and the 
dimmer control eliminated. Devices that are functionally 
identical to the HP units can also be found under other 
manufacturer's part numbers. 

If you're interested in the technical aspects of the ICs 
used in the clock, you should request data sheets when 
you purchase the ICs. The data sheets provide a very 

fig. 4. Isometric of the 24-hour clock showing assembly details. 
TOP . -. 

5 6 7 8  8 7 6 5  Dzy@ 2 I  was supported from the bottom of the case with four 3 
4 

spacers. I~ VISIBLE 5 
IN FRONT OF 6 

4 3  2 1 1 2 3 4 CHIP 7 
checkout s 0 8 z / 7 ~ 4 0  FRONT V I E W  B 

REAR VIEW 9 

After completing the wiring and before installing the 
ICs and displays, check the wiring against the schematic. 
The 0.100-inch (2.5mm) centers on the IC pins are very 
close and can be counted incorrectly quite easily. If all 
checks out well, plug in the ICs and the display units, 
apply power and give the circuit a smoke test. The initial 
display will probably scare you as some very odd config- 
urations can appear before setting the correct time. The 
time is  set by pressing the fast and slow set switches. The 
fast-set switch advances the clock at the rate of one hour 
per second. The slow-set switch advances the clock at 
the rate of one minute per second. Once set, you should 
have a very accurate 24-hour clock. 

conclusion 
This project i s  a good starter in the transition from 

working with 807s to new gadgets like ICs and digital 
electronic displays, since the circuit requires no adjust- 
ment or elaborate test equipment. Parts are available at 
modest cost with a little shopping around, and the 
finished unit is a functional adjunct to your station. In 

:: :: 
12 13 

TOP VlEW 

DlSP I  DlSP 2 DlSP 3 DlSP 4 

DISPLAY (FRONT VIEW) 

fig. 5. Pin numbers of the ICs and display LEOS used in the 
24-hour clock. 

thorough explanation of the internal chip functions as 
well as very goad application notes. 

This project has been a lot of fun and very educa- 
tional. I t  has really stirred up my interest in digital 
techniques. What's on the work bench now? A fre- 
quency counter built in the same-size case as the clock. 
"Old Reliable" may soon have a digital dial. 

ham radio 
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audible 
for repeaters 

More audio tones 
on the repeater - 

this time they indicate 
signal strength 

The audible S-meter can be used to check transmitter 
performance, antenna comparisons, site testing and so 
on, whenever relative signal levels are required. This unit, 
when connected to a repeater, will add a tone-burst 
shortly after the input signal has dropped out. During 
the "tail," the pitch of the tone indicates the strength of 
the preceding received signal. The S-meter can be built 
entirely from junk-box type components. In addition to 
the normal results, i t  adds a new experimental facility to 
any repeater. 

the repeater tail 
Most fm repeaters have a "tail" period - the over run 

or run on time of the transmitter after the input signal 
has dropped out. It i s  assumed that the tail period is  
noise-free, i.e., an unmodulated carrier. This time can be 
used to accomodate a toneburst or "beep" to telemeter 
the repeater receiver S-meter reading back to the original 
statlon. 

The beep generated by this audible S-meter unit is 
about 60 milliseconds long - about the length of a 
time-signal "pip." I t  i s  long enough for the pitch of the 
signal to be understood and used, though not long 
enough to be annoying. I t  is possible to adjust the 
amplitude of the beep from zero to full deviation. The 
time delay between the input signal going off and the 
tone can also be adjusted from zero to about seven 
seconds, again to suit the requirements of the particular 
repeater. 

The pitch of the resulting beep varies with the 
strength of the incoming signal. A high-pitched beep 
(3500 Hz) represents a weak signal, a low-pitched beep 
(350 Hz) represents a strong input signal. In between 
signals are reported accordingly. The pitch of the beep 
therefore varies inversely to signal strength. The high- 
pitch beep, for weak signals, i s  more useful to a distant 
station. If a low-pitch signal had been chosen for this 
condition it could be lost in the noise. Signal-to-noise 
considerations influenced the choice of this method of 
presentation. 

This 10-to-1 change in pitch enables users to obtain 
the information without the necessity of installing 
accessory equipment to decode the beep. The human ear 
is quite good at sensing relative tones and the use of this 
unit i s  learned very quickly. Once installed, talk of its 
removal is soon squashed! 

The audible S-meter has been installed at the Mount 
Climie Channel C repeater in New Zealand for some 
time and has been found to be very useful. Each beep 
was purposely timed to be 3 seconds into the tail and 
serves the additional purpose of setting a 3-second gap 
between stations to permit emergency or priority traffic 
time to break in between ordinary ham conversations. 
This 3-second delay is a local operating custorh. The 
design can be modified to suit the requirements of other 
repeater groups and other regulatory bodies. I t  is 
described here in the hope that it may give inspiration to 
other experimenters. 

the repeater receiver 
An S-meter must already be available at the repeater 

receiver. Just what form this takes will vary from 
repeater to repeater. This unit has been built around a 
receiver using an RCA CA3089E in its tail end - but the 
idea could be adapted to other receivers. The CA3089E 
has an S-meter output (called a "tuning indicator" on 
the data sheet] at pin 13. A 33k resistor and a 300 FA 
meter are normally connected to act as a tuning indica- 
tor. A switch changes the output over to the audible 
encoder as shown in the schematic, fig..l. 

Transistor Q1 is a dc amplifier, with its operating 
conditions and gain adjusted by R1 and R2. 02 is an 

By Fred Johnson, ZL2AMJ, 15 Field Street, Upper 
Hutt, New Zealand 
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emitter follower, that provides a low-impedance charging A tone-burst has to be generated from this contin- 
circuit from i t s  emitter to fast charge C1 (the memory uous tone. 0 8  acts as a clamp across C6 and prevents the 
capacitor) via diode CRI. A memory is necessary to audio oscillator from running constantly. The base of 0 8  
store the information and hold it ready for broadcast i s  forward biased and, as a result, 0 8  is  normally con- 
after the input signal has gone off. Diode CR1 is  ducting. This transistor has to be shut off to produce the 

fig. 1. Schematic diagram of the audible 5-meter. Input B is connected to the squelch circuit. Point C is connected 
to  a source of +12 volts that indicates when the transmitter is on. The tone output is available at point D. Changing 

the value of CS will alter the length of the time "beep." Unless otherwise indicated the transistor types 
are discussed in  the text. 

required to prevent the memory capacitor from dis- 
charging after the input signal has gone off. 

generating the tone 

The voltage across the memory capacitor i s  "read" by 
the high impedance electronic voltmeter, D5, acting as a 
source follower. Q5 effectively repeats the voltage on 
the capacitor but at a much lower impedance which can 
readily be metered for test purposes. The variable 
resistance of Q6 plus R4 act as the resistor portion of an 
RC network with C6 as the capacitor. Q7 is a unijunc- 
tion transistor connected to act as an audio oscillator. 
The resulting tone from across R5 is applied to the 
repeater transmitter audio stages. As the effective 
resistance of Q6 changes, so does the frequency of the 
tone. 

The operation of the unit as an S-meter current-to- 
audio tone converter can now be seen. Various levels of 
input current create a voltage across C1 and in turn 
cause corresponding tones from the audio oscillator. The 
high and low pitch ends of the audible operating range 
are set by R 3  and R4. The output tone amplitude is 
controlled by R5. Because there is a standing dc current 
from pin 13 of the CA3089E. R1 is used to set the 
operating point of Q1 over the required current range 
only. R 2  acts as a gain adjustment to set the required 
sensitivity of the system. 

beep. This unclamping is achieved by Q9 and Q10 which 
form a Schmitt trigger circuit. 

Lead B i s  connected to another part of the repeater 
receiver - the squelch and control system. This input is 
about + lo  volts when a signal i s  being received and goes 
to ground immediately after the signal goes off. While 
the input is being received, C7 charges via CR2 to some 
positive value. Q9 is  therefore conducting and Q10 is  
held cut-off so TP3 i s  at a high positive value. 

When the received input signal goes off, point B goes 
to ground and C7 discharges via the base of 09, main- 
taining Q9 on for the delay period. When C7 has dis- 
charged, as determined by R6, Q9 can no longer hold 
Q10 cut off and TP3 drops very suddenly to a low 
positive value, when Q10 starts conducting. This sudden 
drop is transferred through C5 to cutoff Q8. The tone 
oscillator can now operate until C5 has discharged. This 
takes about 60 ms - the beep length. We have now 
converted our tone into a beep which is of a desired 
length (selected by C5) and at an adjustable duration 
during the "tail" (set by R6). 

resetting 

One problem remains. Some means must be provided 
to discharge the memory capacitor after it has been read, 
so it can recharge each time from the same initial volt- 
age. Two discharge circuits perform this action, with Q3 
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acting as another clamp. When no receiver input signal is 
present, it places a short circuit across C1. As the input 
signal appears, the repeater transmitter turns on and 
point C goes to 12 volts, thus unclamping Q3. At the 
end of the tail period, Q3 conducts and discharges C1. 

In addition, the negative-going voltage transition a t  
TP3 is applied to Q4, cutting i t  off. Since Q3 is already 
unclamped because of the 12 volts on C, the positive 
pulse that comes through C3 only adds to keeping 03  
unclamped. When C4 has discharged, 04 will come back 
into conduction. The negative-going pulse from the col- 
lector is transferred through C3 and clamps 03, thus 
discharging the memory capacitor. 

The two cancellation circuits are necessary to ensure 
?he initial charging conditions of C1 are the same over 
long periods of time or over periods of little repeater 
activity, and also to ensure that capacitor C1 is  dis- 
charged after every beep to allow for those cases where 
the repeater ta i l  does not drop out before the next 
station begins transmission. We now have an audible 
beep which follows and stores the input current value on 
lead A and automatically resets after each readout. 

construction 
Details pertaining to the construction of this unit are 

not considered to be necessary. It is one of those devices 
that is  unlikely to be attempted by persons not already 
experienced in the noble art of wielding a soldering iron. 
The npn and pnp transistor types have purposely not 
been quoted. There is such a range of suitable substitutes 
that any one of many would be acceptable. The ones 
actually used were BC107 and BC177 of European 
origin. Any small-signal npn and pnp silicon transistors 
of medium gain should be suitable. Small signal silicon 
diodes should be used for low leakage. 

general 
The unit in effect reads the maximum input signal 

received over a period because i t  is, in essence, a peak- 
reading voltmeter. Such an S-meter, relying on a 60 ms 
beep to send back information, can only operate on a 
sampling basis anyway. The maximum received strength 
is  perhaps the most useful value to sample. Over a fading 
path this aspect must be remembered if useful interpre- 
tations are to be made. In practice, few problems in this 
regard occur because path conditions (except for mobile 
use) are surprisingly constant with fading occuring on a 
regular basis with each test. 

A remote readout unit, that can be connected to 
transceivers, has been built. This puts the S-meter at an 
unusual end of the radio link - back at the transmitter 
where it is  probably of much more use! A means of 
switching the encoder to another receiver at the repeater 
si te for listening to a distant beacon station for propaga- 
tion studies is also in operation. This too may bear 
telling at  a future time. Meantime, this basic unit lets 
repeater users learn of their relative signal levels at the 
repeater receiver. I would like to know of any repeater 
installations where this or similar units are in use or 
brought into use as a result of this article. 
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LOOKS WllM I P O R T I . V I K .  THE P O R T I - P I K  IS I T O T I L L V  PORTA. 
ILE PERFORUIICE p I c K m E T n & T n L L r r E r  v o u l r  r o u c w r l r w  

WMIT IS M I C P E I I I G  WWETMER VOUR C O I I U I I C I T I O I S  I E E I  IS I U I -  

I I E S S  OR PLEISURE.  THE P O R T I . P l K  WILL SITlSFV YOUR IEEDS.  

DELUXE PORT1.PIK M I S  4.5 I M P  MR. SUPER P O R T I . V I K  H I S ¶  I M P  
HR. P O R T I - P I K  l ICLUDES THE CASE. B I T T E R V .  I I O  CMIRCER. 

E  EL.CELL IS TME POWER SOURCE. GC-1115 I N  STOCK F O R S I l E  0 1 Y  
SHIPYEIT: DELUXE s r i . ~  + 11.1s SHIPPIIIG. THESUPER, s 8 8 . n  + 
$1.15. GEL-CELL I I T T E R V  O I L Y  % I 9  H+ 11.1s. R U l I E R  DUCKlE 
I I T E I I I S  $1.80. L.E.O. l I T T E R Y  C O I O I T I O I  I I D I C I T O R  IS.)@. 

e o m s  II STOCK IICLUOE: ~ ~ 0 1 1 0 1  1111 

I T L  I T *  I T  28 1 1 1 1  * lCRO.DI l  L I I I  

E t R I v E :  I L L  MODEL1 IIE~TIIXIT MI m 
ICI. 2 a I  L I D  I 1 1  1Il I 1  1 l T 1 I D I R I  I R . C I n 4 I  

PORTA-PAK, INC. P.O. BOX 67 

SOMERS, WI. 53171 

6 digit AUTOMOTIVE CLOCK K IT  completa 
with a CRYSTAL TIMEBASE accurate to .O1 
percent. 12 volts dc.  operation - built in noise 
supprmion end voltage spike protection. Read- 
outs blank when ignition is off - dram 25 mA in 
standby mode. Has .3 in. readouts. Use it in your 
car or for all applications where a batteryaperatad 
clock is needed. Approximate size 3" x 3.5" x 
1.75" 
WITH BLACK PLASTIC CASE $34.95 ppd. 
WITHOUT CASE $29.95 ppd. 
ASSEMBLED AND TESTED $45.95 ppd. 

CMOS CRYSTAL TIMEBASE KITS with .O1 
percent accuracy. 5-1 5 v.dc. operation. Draws 
only 3 mA at 12 volts. Single I.C. - vary ma l l  
size - the P.C. board is 7 1 8  x 1-518". Chow a 
main output of 50 or 100 Hz., W Hz., 500 or 
1000 Hz., or 1 Hz. Several related frequencies are 
also available on esch board, in addition to the 
main ones listed above. Be sure to specify the 
Frequency you want. All kits are $10.95 ppd. @E6F- 

TRADING CO, 

Box 3357 San Leandro, Ca 94578 
v 
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CHOOSE 
TOP NOTCH RIG PERFORMANCh 

FROM THIS SHOWCASE 
OF SWAN METERS. 

Swan PI 
--A I-. .:, 

-ecision meters are designed 
dl IU UUII~ to help you make sure you're 
putting out all the watts your rig 
can deliver. 

And swan meters are priced 
so low thevll probably pay for 
themselves in improved rig per- 
formance and signal power. 

Y 5 % "  - 

needs accurate output measurements, too. NOW our WM6200 gives them 
t o  him with 2 7% accuracy output power at 50 t o  150 MHz. m o  scales t o  
200 watts. Reads SWR on expanded range scale. 
WM6200 In-Line Wattmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S59.95 

1 

'- asure power coming ~asy-on-the-pocket packet SWR. 
I going. Measure SWR Mighty mite SWR meter with high SWR bridge bridges the price b; 
I get maximum power accuracy, SWR-3 Indicates 1:l t o  This little jewel grves you relative 
lour antenna. Then get 3:1 SWR at  50 ohms on frequencies power and SWR on two 100 micl u a l  I tvrr c 11 ICLCI 

Ir antenna pattern right from 1.7 t o  55 MHz. Precision PC at a remarkably low price. Rear mounted 
neasuring relative board directional coupler makes it connectors for easy, neat installation. Cal: 
iated power. A one-two a solid value a t  a rock-bottom Price. handling 1000-watt signals on frequencie 
ver piinch a t  a knockout SWR-3 Pocket SWR Meter . . . $12.95 3.5 t o  150 MHz. With low insertion loss, it'r - . . 

nwe. FS-2 SWR and Field for mobile operations, too. SWR-1A Relative 
?ngth Meter . . . .s15.95 Power Meter and SWR Bridge. . . . . . $25.95 

Me; 
anc 
anc 
t o  \ 
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bv 1 
rad 
POV . . 

~rr ier.  
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PA----*,. 

coax 
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AII-thelaw-allows in-line wattmeter. 
With three scales t o  2000 watts, new 
frequency-response directional coup 
maximum accuracy and a price 
anybody can afford, this meter has 
become an amateur radio standard. 
3.5 t o  30 MHz with expanded range 
SWR scale. 
WM2000 In-Line wattrrteter. . $59.95 

I flat- 
ler for 

This wattmeter tells the truth about SSB. r u e  peak envelope 
power of your voice modulated signal is what you want t o  know 
most about your SSB transmission, and that's where our 
WM3000 Shines. Flat response forward or reflected power from 
3.5 to  30 MHz on scales to  2000 watts in RMS or PEAK at the flip 
of a switch. WM3000 PeakIRMS Wattmeter . . . . . . . . . . . .S79.95 

Sniffs out radiated power wherever 
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-I Field Strength Meter. . . . . S10.95 

- 
ut your frequency up in lights. Perfect tuning and matching don't 
his counter tells the story on big, bright 5-digit LED displa\ 

.O MHz. Signal levels t o  50 millivolts so you can use as a tes 
/. Reads t c  
t meter, t 

Double-duty in-line wattmeter. 
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 to  50 MHz with Only 
slightly reduced accuracy. Four 
scales t o  1500 watts and selector 
for forward or reflected power. 
WM15OO In-Line Wattmeter. . $74.95 

mean a thing if You're not on frequency. 
1- 100 HZ or r I KHZ between 5 KHZ and 

Frequency Counter . . . . . $169.95 



Joe Carr, K4IPV 
basic troubleshooting: 
is that oscillator running? 

Whether the discussion is  among amateur or professional 
troubleshooters, one often-heard question is, "How do 
you tell i f  the oscillator is running?" In some cases this 
question is easy to  answer, but in others you must resort 
to some reasonably clever troubleshooting. This is 
especially true when some of the possible methods that 
might be applied could easily cause oscillations to cease, 
in which case "no" i s  a hardly useful answer in all 
instances! 

First, let's discuss some aspects of oscillator circuits. 
All such circuits have two subcircuits as part of their 
anatomy. These could be called the dc and the ac cir- 

fig. 1. Input circuit found in many small amateur transmitter 
amplifiers. Negative voltage on the grid of the amplifier tube 
provides a good indicator of oscillator operation. 

cuits. In the dc circuit, dc currents flow. The dc circuit 
includes elements such as bias resistors and emitter or 
cathode resistors. The ac path, on the other hand, con- 
tains feedback elements, crystals, tank circuits, and most 
(perhaps all) capacitors. These two paths are not 
mutually exclusive, as ac and dc components exist at 
many points. A t  the plate of a vacuum-tube amplifier, 
for example, a high dc voltage and an ac signal will be 
found. Similarly, i f  a stage is shunt fed the rf tank will 
be common to both ac and dc paths. 

The point is that we must be careful when trouble- 

By Joseph J. Carr, K41PV, 5440 South 8th 
Road, Arlington, Virginia 22204 

shooting not to create a situation that gives a false result. 
Some t e s t  procedures, for example, may interfere with 
the operation or may only be valid for one path or the 
other. 

Certain properties of oscillator circuits exist that 
cause dc voltages to occur only when the oscillator i s  
running. Consider, for example, a simple grid-leak bias 
situation as in fig. 1. This is a common circuit of many 
transmitters of the master-oscillator, power-amplifier 
type. Assuming oscillator input voltage, the negative 
voltage on the V1 grid is caused by grid-leak action of 
R 1, C1. Absence of this negative voltage can mean one 
of three thines: R1 open, C1 open, or the oscillator 
signal is missing. R1 can be checked by measuring its 
resistance with an ohmmeter. C1 can be also checked 
using an ohmmeter by following this simple procedure: 

1. Disconnect one end from the circuit. 

2. Short both capacitor leads briefly; then remove the 
short. 

3. Connect the ohmmeter ( -1  to one end of the circuit. 

4. Touch the ohmmeter probe to the other end of the 
capacitor. 

I f  the capacitor i s  good, a brief downscale-flicker of the 
meter pointer will occur at the instant the probe touches 
the capacitor free end. The pointer will increase to 
"infinity" as the capacitor charges. With capacitors less 
than 0.001 /.IF, this flicker will be brief and shallow, so 
you may miss it during the first attempt. This test must 
be made using the highest-possible ohmmeter scale ( X I  
megohm is desirable). I f  the capacitor i s  leaky the ohm- 
meter will not return to infinity after the capacitor i s  
charged but will hang at some value. In most circuits, 
this would have made the voltage at the grid of the 
amplifier tube positive instead of negative. 

checking variable-frequency oscillators 
Many vfo and crystal oscillators will also present a 

fig. 2. LC-tuned fixed-frequency oscillator. L1, C1 can be short- 
circuited to check oscillator operation (not recommended for 
transistor circuits -see text). 

negative voltage due to grid-leak action at their own 
grids. Furthermore, this voltage exists only when the 
oscillator is running and will vary as the vfo is tuned 
through i t s  range; what better indicator could you want? 
Of course, we must expect this variation to be roughly 
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proportional to  frequency change (AF). In the vfo of an 
ssb transceiver, which covers only 250 kHz per band- 
switch position, we'll find less variation in the dc grid 
potential than on a general-coverage receiver vfo, which 
covers a range of about 3.2:l .  The variation will, how- 
ever, be great enough to see on a sensitive dc voltmeter. 
This indication will tell you whether or not the local 
oscillator is running. I f  the stage is  not oscillating, the 
grid voltage may drop to zero or will become a few 
millivolts positive. 

checking f ixed-frequency oscillators 
The oscillator grid-bias test is also useful with crystal 

or LC-tuned fixed-frequency oscillators. In these circuits 
it 's necessary to disable the crystal (or LC tank) and 
look for an abrupt change in the bias level. Almost 
anything that will disable the oscillator or cause i t  to 
shift frequency by a large amount will do. You might 
want to  try the following: 

1. Touch the tank or crystal with a metal screwdriver. 
(Make certain that no high dc potentials exist at this 
point). 

2. Remove power and remove or disconnect the crystal 
or one of the tank-circuit components. 

3. Shunt a large-value capacitor across the crystal or 
tank.  I n  most oscillators, anything in the range 
0.001-0.05 pF will do. 

4. Place a jumper wire across the crystal or tank circuit. 
Be certain of the circuit; know what current is being 
shorted and to where it i s  going. In fig. 2 no damage will 
result i f  the tank is shorted to  ground; but in at least one 
version of the Pierce circuit, and in some vfo circuits, 
this maneuver will cause further damage, especially in 
transistor circuits. A rule of thumb is: Avoid this 
method i f  B+, cathode, emitter, or base voltages share a 
common terminal with the crystal or tank. 

Of these four methods, I prefer either 2 or 3 as those 
least fraught with danger. I f  any of these methods 
produces a sudden shift in or loss of the negative bias 

F R O M  R F 
AMPLIF IER 

@ 3311 

1 4 0 p F  

TUNING 

@ 2 5 p F  
TRIMMER 
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+ V D C  - 
(BANDSWITCHING DELETED1 

lig. 3. General-coverage receiver converter vfo circuit. Such cir- 
cuits can be checked by obsewing changes in emitter-to-base 
voltage. 

fig. 5. Low-capacitance probe for use with an oscilloscope or 
digital frequency counter. 

voltage at the grid, then you can assume the osillator is  
running. 

checking converters 
Fig. 3 shows a converter (oscillator and mixer com- 

bined in a single suge) as used in a general-coverage 
amateur receiver. Both emitter and base will be at the 
same dc potential when the oscillator is running: A good 
test point. I f  problems in the ac path cause the oscillator 
to stop running, then emitter and base voltage will 

SIGNAL GENERATOR 

DIGITAL FREQUENCY COUNTER 

GOO fETC)  RECEIVER 

fig. 4. Methods for checking oscillator frequency using common 
test equipment. 

change slightly, and the stage will act more like an 
amplifier. In this case, the base-emitter voltage will 
increase from zero to  between 0.1 and 0.7 Vdc. Unfortu- 
nately, this test isn't always reliable but offers a good 
reason to become extremely suspicious. A better indica- 
tor of operation is the voltage drop across the emitter 
resistor, R2. This voltage always varies as the oscillator is 
tuned across its operating range. This method can also be 
used with fixed-tuned oscillators by disabling the crystal 
or tank and using the methods described above. 

Before proceeding further, some cautionary words are 
i n  order against arbitrarily disabling an oscillator, 
especially in transmitters or other relatively high-power 
circuits where grid-leak bias is used: in many low- or 
medium-power transmitters, the grid leak provides the 
only bias for the final amplifier tube or tubes. I f  this bias 
i s  removed, the tube may be permanently damaged. In 
such cases it will be necessary to a) clamp.the grid with a 
negative voltage high enough to  cause cutoff, b) remove 
the tube or tubes, or c) disconnect the B+. Of these 
methods, the last i s  the most desirable. 

Dc testing with a simple dc voltmeter does not always 
tell the tale, or at least the truth! In many cases, the dc 
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fig. 6 .  Coupling method using the time-honored gimmick 

capacitor. 

indications merely cloud the issue and give a false sense 
of security. For example, how useful are the dc checks 
when the oscillator is still running but at an incorrect 
frequency? In that case, the dc checks will only lead you 
astray. Clearly, some method for measuring the oscilla- 
tor frequency should be employed. 

checking oscillator frequency 

There are several ways to rough-check the frequency 
of a running oscillator that usually do not cause any 
undesirable frequency shifts (fig. 4). One is to use a 
calibrated oscilloscope and measure the period of a 
single cycle of the oscillator signal by counting spaces on 
the scope time base (horizontal) and multiplying by the 
time base control setting. Or you could feed the oscilla- 
tor signal to the vertical input and the output of a 
calibrated signal generator to the horizontal input. This 
action will create a Lissajous pattern. Adjust the signal 
generator until the trace remains steady and apply the 
normal rules for Lissajous figure ratios. 

Alternatively, you could use a digital frequency 
counter or a heterodyne frequency meter. These instru- 
ments are available at low cost and many amateurs own 
them. It's also possible to find amateur clubs that have 
these instruments, especially those that operate 
repeaters. 

fig. 8. Active demodulator probe, which 
i s  useful to  2 meters or so. Q l ,  Q 2  are 
hf npn transisitors (ECGlO8, etc.) C R l .  
CR2 are 1N82. 1 N914,  etc. 

an absorption wavemeter, which can be loosely coupled 
to the circuit with a gimmick capacitor as shown in figs. 
4 and 6 or placed close to  the oscillator. 

Another method that has wide application is to  use a 
general-coverage receiver. Connect the coax from the 
gimmick to the receiver antenna terminals and tune for 
the strong oscillator signal. In some cases it will be 
merely necessary to  connect a length of hookup wire to 
the coax inner conductor and place it near the oscillator 
circuit. 

The technique described above, which has a host of 
other uses, is one I recommend for every amateur sta- 
tion. Some of the old war horse receivers of the 50s and 
60s are available for a price lower than you might think. 
Even an old ac-dc shortwave version of the five-tube 
superheterodyne is acceptable for many uses. An old 
Hallicrafters S38E or National NC-3 can be picked up at 
many swap meets for little money. 

fig. 7 Passive demodulator probe circuit, which can be built into 
an appropriate housing. C R l .  CR2 are 1 N60.  1 N82,  1 N914,  etC. 

Fig. 7 shows a passive probe for use with a vom. 
ElCO sells probe kits as well as demodulator probes, or 
you can buy a blank kit and build your own probe into 
the barrel. This is the approach recommended for the 
active probe of fig. 8. This demodulator probe i s  useful 
to two meters or higher. Transistors Q1 and Q2 are an 
amplifier that feeds a voltage-doubler detector consisting 
of CR1, CR2. The probe should be built into the same 
housing as the probe tip to eliminate lead inductance 
between tip and capacitor C1. The ElCO housings can be 

220  
-- +9-12VDC 

6 B k  

001 

@ 
PROBE 

T I P  7  Z P F  

I3 o t h the frequency-meter and Lissajous-pattern used, or an old probe can be used. One-half inch 
methods have a common fault, which may render them (12.5mm) copper tubing with end caps is also useful, as 
useless in some cases: Their probes may tend to load the are 9-pin tube sockets with shields (see the ARRL Radio 
circuit and shift its operating frequency. Fig. 5 shows a Amateur's Handbook). 
low-capacitance probe. A grid-dip meter can be used as ham radio 
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f unctionlunits indicator 
using LED displays 

Design and construction 
of a simple 

alphanumeric 
display system 

with many applications 

Every test instrument uses some form of front-panel 
display to indicate what i s  being measured and the units 
involved. This article provides an attractive alternative to 
conventional displays. The design uses LEDs and TTL 
ICs to indicate function and units in an interval 
timerlcounter. However, the circuit i s  adaptable to a 
wide range of other instruments. 

The display complements the timerlcounter and 
makes reading of measured data easier than with instru- 
ments using conventional display methods. Time in milli- 
seconds, for example, is displayed as SEC-3 (seconds x 

in scientific notation. Frequency is  displayed 
similarly. The indicator circuits use TTL ICs, the heart 
of the system being programmable read-only memory 
(PROM). Construction is straightforward. A simple 
programmer for the Signetics 8223 PROM has also been 
constructed and included as part of the project. 

After a brief discussion of concepts and theory of 
operation, the design techniques I used are described as 
well as the evolution of the final circuit. Construction is  
covered in detail for those who may wish to duplicate 
the circuits. 

functionlunits indicators 
The purpose of a functionlunits indicator on an inter- 

val timerlcounter is to describe what i s  being measured: 
seconds, milliseconds, or microseconds for time measure- 
ment and hertz, kilohertz, or megahertz for frequency 

By Jon W. Springer, KgFOP, 6420 Carleda Way, Inver 
Grove Heights, Minnesota 55075 
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measurement. Most instruments have abbreviations of 
these units (sec, msec, ysec, Hz, kHz, MHz, respectively) 
on the front panel and use either a pointer or panel light 
to indicate the appropriate display. 

The LED indicator displays any one of the six 
abbreviations with a minimum of five 7-segment digits 
placed side-by-side. Seven-segment displays are designed 
to display numbers only; fortunately, enough letters of 
the alphabet can be produced to simulate the abbrevia- 
tions. (See table 1). Obviously, this method is  more 
complex: it requires considerable circuitry and the cost 
I s  higher. I s  i t practical? Economically, no; but the 
greater ease in reading the instrument justifies i t s  use. 

Circuit operation centers around a 256-bit read-only 
memory, a Signetics type 8223,' into which are 
programmed all letters and numerals required to form 
the six abbreviations. One exception exists. Since there 
was no need to display microseconds (SEC-6) in my 
interval timer/counter, 1 used that section of memory to 

table 1. Alphanumeric simulation of frequency and time units. 

units nomenclature display 

seconds 
milliseconds 

5EC 
SEC-3 

microseconds SEE-b 
hertz H 2 
kilohertz HZ 3 
megahertz H2 b 

program the word PULSE. This word is  selected for 
display when the counter is set up to count random 
pulses or events. The truth table for the memory is 
provided in table 2. A block diagram of the indicator 
circuit major units is shown in fig. 1. A binary counter, a 
4-16 line decoder, and a 5-digit parallel-connected dis- 
play form a simple multiplexer that addresses memory, 
one word at a time, and transfers data to the display. An 
external 1000-Hz oscillator drives the counter and sets 
the scanning rate. The counter is controlled by a logic 
network, which in turn is controlled by three data lines. 

TOP view of the function/unlts indicator. 

(kq UI. U2 

COUNTER 

fig. 1. Functional block diagram of the function/units indicator. 
A binary counter. a 4-16 line decoder, and a 5-digit parallel- 
connected display form a simple multiplexer. An external l -kHz 
oscillator drives the counter and sets the scanning rate. 

The logic network limits the counter to count from 0 4  
and reset; or 5-9 and reset; or 10-14 and reset - 
depending on the input from the data lines. Enable 4 is  
the most-significant bit address line to the PROM and 
selects one of two blocks of memory, locations 0-15 
(binary) or 16-31 (binary). A schematic of the indicator 
circuit appears in fig. 2. Table 3 lists the data inputs for 
each different display. 

design 
Four areas of special importance were stressed in the 

design: small size, simplicity of circuit (minimal inputs), 
parts availability (cost included), and symmetry (printed 
circuit layout). Small size (3.2 x 2.5 inches or 8 x 
2.5cm) was necessary only for my application. This 
circuit would probably function quite well under almost 
any configuration. Lead lengths should be kept as short 
as possible, however, in the interest of good design 
practice. Simplicity is the keynote for any good design 
and merited a major effort in this project. All parts are 
readily available on the surplus market. Table 4 gives 
information on parts and suppliers. Cost i s  within reason . . 

($12.00) if surblus ICs are used throughout. Special 
attention was given to PC layout, since two-sided foil 
patterns were necessary and feedback problems might be 
encountered. 

input and output requirements. The function indicator is 
controlled and operated from the rotary function switch 
on the main instrument panel through the data-input 
lines. As table 3 indicates, each of the six displayed 
outputs requires a different 4-bit binary code. TTL inte- 
grated circuits are used exclusively, so 5 volts dc i s  the 
only power source necessary. A 1000-Hz square wave is 
provided by the main instrument's time-base generator 
to drive the multiplexer. The square-wave frequency is 
arbitrary; however, a minimum of approximately 300 Hz 
is  necessary to prevent noticeable blinking of the dis- 
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Bot tom view showing components and wlring harness 
arrangement. 

play. Input signal levels must be compatible with 
standard TTL drive  requirement^.^ The five-digit display 
is the only output. The display driver, U3, limits the 
maximum static display sink current to 16 mA per digit. 

design techniques. Simplicity was foremost in arriving at 
a workable circuit. I concentrated on the logic network 
fig. 1, since it determined how many input-data lines 
would be required. The counter needed four signals from 
the logic network for proper sequence. (See fig. 2 for a 
complete schematic of the logic network). With some 
trial and error I constructed four circuits, one for each 

signal, then, borrowing on the techniques of tabular 
minimization and NAND-NOR implernentati~n,~ I 
combined the circuits into a single, minimal circuit. 

TTL systems are inherently noisy2 so some bypassing 
was necessary. A minimum of 0.1 pF mounted close to 
the U3 and U4 terminals, where most of the switching 
noise is  generated, is  adequate. 

The binary counter and logic network form a feed- 
back system, but since there are a t  least three levels of 
gate delay from input to output, no interaction was 
anticipated. The counter output drives only three other 
inputs, so the counter is well within its fan-out limita- 
tions. The values of the pull-up resistors on the 
memory-output lines were optimized a t  680 ohms, 1/4 

watt, for best display brilliance. 
programmable read-only-memory. Now that I had a 
workable circuit on the drawing board, I set it aside to 
tackle the job of programming the read-only memory. 
Commercial programming is available from several 
companies (table 4), but I elected to avoid the additional 
cost and built a programmer I could use in future 
projects. Signetics Corporation provides programming 
procedures in their data b0ok.l I used this information 
to construct the circuit of fig. 3. 

A word of caution is in order, however, about the use 
of this programmer for memories of different manufac- 
ture. The Texas Instruments type 74188A field- 
programmable memory4 is an identical pin-for-pin 
replacement to the Signetics type 8223, but it cannot bc 

table 2. Truth table for the Signetics 8223 ROM. 

decimal a4 a3 a2 a1 a0 . BO B1 8 2  83 84 B5 66 87  

0  0  0  0  0  0  1 0 1 1 0 1 1 0 s  
1 0 0 0 0 1  l O O l l l l O E  
2 0 0 0 1 0  1 0 0 1 1 1 0 0 C  
3 0 0 0 1 1  0 0 0 0 0 0 0 0  
4 0 0 1 0 0  0 0 0 0 0 0 0 0  
5 0 0 1 0 1  1 0 1 1 0 1 1 O S  
6 0 0 1 1 0  l O O l l l l O E  
7 0 0 1 1 1  l O O l l l O O C  
8 0 1 0 0 0  0 0 0 0 0 0 1 0 -  
9 0 1 0 0 1  1 1 1 1 0 0 1 0 3  
1 0 0 1 0 1 0  l l O 0 l l l O P  
1 1 0 1 0 1 1  O l l l l l O O U  
1 2 0 1  1 0 0  0 0 0 1 1 1 0 0 L  
1 3 0 1  1 0 1  1 0 1 1 0 1 1 O S  
1 4 0 1  1 1 0  l O O l l l l O E  
1 5 0 1  1 1  0 0 0 0 0 0 0 0  
1 6 1 0 0 0 0  0 1 1 0 1 1 1 0 H  
1 7 1  0 0 0 1  l l O l l O l O Z  
1 8 1 0 0 1 0  0 0 0 0 0 0 0 0  
1 9 1  0  0  1 1  0 0 0 0 0 0 0 0  
2 0 1  0 1 0 0  0 0 0 0 0 0 0 0  
2 1 1 0 1 0 1  O l l O l l l O H  
2 2 1 0 1 1 0  1 1 0 1 1 0 1 0 2  
2 3 1  0  1 1  1  0 0 0 0 0 0 0 0  
2 4 1  1 0 0 0  0 0 0 0 0 0 0 0  
2 5 1  1 0  0  1 1 1 1 1 0 0 1 0 3  
2 6 1  1 0 1 0  0 1 1 0 1 1 1 0 H  
2 7 1  1 0  1 1  l l O l l O l O Z  
2 8 1  1 1  0 0  0  0  0  0  0  0  0  0  
2 9 1  1 1 0 1  0 0 0 0 0 0 0 0  
3 0 1  1 1  1 0  0 0 1 1 1 1 1 0 6  
3 1 1 1 1 1 1  0  0  0  0  0  0  0  0  

Positive Logic: 1  = hi level 0  = lo level 
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fig. 3. Programmer using the Signetics 8223 IC. Circuit was designed and constructed from 
information in reference 1. The LED is an MV5753 .  

programmed by the same procedures. Texas Instru- programming step. I'l l not deal in depth on the theory of 
ments, Inc. has outlined special ins t r~ct ions.~ operation except for a brief overview. A complete 

This programmer is much more elaborate than discussion of the operating procedures i s  presented for 
required but is designed to prevent accidental damage to those who may want to build this programmer. 
the device being programmed. It also provides for Referring to fig. 3, U1 functions as a bounceless 
checking the state of each bit of memory after each switch to trigger U2, a monostable multivibrator. Both 
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U1 and U2 operate at 7 volts above ground. Transistor a logic 1 a t  that bit location. All memory locations are at 
0 1  saturates upon receiving a pulse from U2 and applies logic zero before programming occurs. Separate regula- 
a 250-ms, 12.5-volt programming pulse to the Vcc ted supplies provide the 7- and 12.5-volt inputs. Resistor 
terminal of the memory chip. This pulse opens a fuse at R1 at the 7-volt terminal increases current and prevents 
the bit previously addressed and permanently establishes interaction between the two power supplies. 

table 3. Data inputs (positive logic). 

enable display 
1 2 3 4  
1 0 0  0  5EC 
0  1  0  0  5 E C - 3  
0  0 1  0  P U L S E  
1 0 0 1 H 2  

0  1 0 1 H 2 3  
0  0  1 1 H 2 b  

Programmer operation follows a simple, concise 
procedure that must be strictly adhered to. Read the 
following instructions several times and become familiar 
with them. A few dry runs are an excellent way to avoid 
a costly mistake. The steps must be followed exactly as 
listed. 

1. Set switch S1 to position 1. 

2. Address desired memory location (0-31, binary) with 
switches S3 through S7. 

3. Select the output to be programmed (80-87) with 
switch S2. 

4. Sequence switch S1 through positions 1, 2, and 3, and 
back to 1. (Complete the sequence in approximately two 
seconds). 

5.  Ensure switch S1 is in position 1. Then verify the bit 
programmed by pressing switch S8 momentarily. The 
LED will light i f  a logic 1 state exists. 

An erroneous reading will occur during verification 
if switch Sf is not in position 1. 

6. Repeat steps 3, 4 and 5 for each output; (BO, 01, 82, 
83, B4, 05, B6, B7). 

7. This completes the programming of 1 of 32 memory 
addresses. Return to step 1 and continue. 

construction 
The functionfunits indicator circuit is built on glass- 

epoxy base PC board, copper foil on both sides. A 
low-heat soldering pencil is absolutely necessary because 
of the density of circuit components and heat sensitivity 
of the ICs. A heat sink should be used for all soldering 
operations. In addition, I recommend tin plating the 
copper board before soldering components: i t  makes 
soldering that is otherwise tedious nearly effortless. It 
also adds a professional touch to the work. 

Etching the circuit board is most efficiently done 
fig. 4. Full-size PC-board patterns for the function/units indica- 

tor. Two-sided boards are used; photo-etching technique was 
with the photographic technique, since accurate align- 

employed to make the boards. The top board is the component merit of the two foil patterns is very critical. The two 
side foil, while the bottom i s  the rear foil. foil patterns, drawn to scale, are shown in fig. 4. 
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Fig. 5 illustrates component mounting. Notice that 
the display is mounted on the opposite side of the board 
from the other components. This layout contains some 
other circuitry not related to this project, which can be 
ignored. 

performance 
Preliminary testing of the project revealed two small 

problems, both with the data-input lines. Some noise 
spikes are apparent at the data (enable) inputs, and are 
generated by external switch contacts during switching. 
No effort was made, however, to remedy this situation 
since i t  was very minor. The other problem was a design 
error that caused a considerable waste of power. I'll 
explain. Proper circuit operation requires that the data- 
input lines, unless activated by an enable (high-level) 
signal, be at logic zero (low-level). To accomplish this, I 
had to clamp each data line to a low level with a 
330-ohm resistor to ground. An unterminated gate, you 
recall, is at logic 1. A better design would clamp each 
line high with a 1000-ohm resistor and activate with a 
low-level enable signal. The current drain on the data 
lines would then be reduced from 60 to 20 mA. This i s  L E N ,  L, 
highly significant, since the entire function indicator 110. 5. Component tryout tor  the indicator. Some of the circuitry 

draws only 220 mA at 5 volts. Is not related t o  this project and should be ignored. 

The completed project was placed in a closed space 
and left on for two days in a rather makeshift test of its 
durability. No apparent heat problems occurred and the references 

indicator functioned admirably. I t  is a handsome 1. Signetics lntegrated Circuits Data - Digital, Linear, MOS, 
Signetics, Inc., Sunnyvale, California, 1972, pages 4-8.4-10. 

complement to my interval timer/counter. 2. Designing with TTL lntegrated Circuits. IC Applications Staff, 
The circuit i s  usable in a wide range of other instru- Texas Instruments, Inc., McGraw-Hill. New York, 1971, pages 

ments. The memory can be programmed for virtually 27-30. 

any display configuration. I hope that this circuit, or 3. F. Hill and G. Peterson, Introduction to Switching Theory and 

portions of it, will stimulate some ideas for new Logical Design, John Wiley and Sons, New York, 2nd Edition, 
1974, pages 88-95. 

applications. 4. The TTL Data Book for Design Engineers, Engineering Staff, 
Texas Instruments, Inc., Dallas, Texas, 1973, page 415. 

table 4. Parts and ordering information for the functionlunits 
indicator. 

lntegrated Circuits: The following list contains just a few of the 
many dealers in surplus components 

bibliography 
Solid State Sales Digi-Key Corporation 1. Jack Darr, "Digital Instruments for Electronics," Radio Elec- 

P. 0. Box 74A P. 0. Box 126 tronics, 45, No. 11, November, 1974. 

Somerville, Massachusetts 02143 Thief River Falls, Minnesota 56701 2. Designing with TTL PROMS and ROMs from Texas Instru- 
ments. Texas lnstruments Bulletin 84155 1 H. 1 174, Texas 

International Electronics. Unltd. James Electronics Instruments, Inc., Dallas, Texas, 1974. 
P.O. Box 1708 P. 0. Box 822 3. W.J. Evanzia, "A New Wave of Test Instruments," Popular 
Monterey. California 93940 Belmont, California 94002 Electronics. 6. No. 4, October, 1974. 

Displays: Hewlett-Packard type, 5digit. mounted on a 14-pin 4. Printed .circuit Handbook, GC Electronics Staff, GC Elec- 

DIP socket tronics Division, Hydrometals, Inc., Rockford, Illinois, 1973. 

Radio Shack Poly Paks 5. Don Lancaster, "What is a ROM?." Radio Electronics, 45, NO. 

P. 0. Box 2625 P. 0. Box 942R 2. February, 1974. 

Fort Worth, Texas 76101 ~ ~ ~ ~ f i ~ l d ,  ~~~~~~h~~~~~~ 01940 6. J. Millman and C. Halkias, lntegrated Electronics: Analog and 

(see your local distributor) Digital Circuits and Systems, McGraw-Hill, New York, 1972. 
7. Herman H. Smith, Reference Guide for Engineers and 

Programming Services: (fees are generally around $5.00) Purchasing Agents, Catalog No. 72, Herman H. Smith, Inc., A 
Semiconductor Specialists Subsidiary of North American Phillips, Inc., Brooklyn, New 
Box 661 25 O'Hare Airport York, 1971. 
Chicago, Illinois 60666 8. B.D. Wedlock and J.K. Roberge, Electronic Components and 

Available Programmers: 
Curtis Electro-Devices programmer 
Spectrum Dynamics 110 programmer 
Data I10 programmer 

Measurements, Prentice-Hall, Inc., New Jersey, 1969. 
9. W.E. Wickes, Logic Design with lntegrated Circuits, John 
Wiley and Sons, New York, 1968. 
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I nere's excitement on  the 2-meter 
band and Kenwood's TS-700A is the 
number one way to  get there. There's 
more than just F M  repeaters. SSB DX, TS-7DOA - OSCAR Satellite, CW.. . and do it all 
w i th  the TS-7OOA. 

-. 
4 M H z  band coverage (144 to  148 
MHz), completely solid state, AC and 
DC capability, automatically switches 

SP-70 
This companion external speaker 

transmit frequency 600  KHz for re- provides outstanding audio charac- 

peater operation (146-148 MHz). teristics for your TS-700A and 
TS-600. 

All  this at a very attractive price. 

s,st,,,TI I<, 

FCC ~ e r t ~ l ~ c n l +  



The hottest 2-meter mobile r ig on the market. Features 
a brand new and unique squelch system with contin- 
uous tone coded squelch, tone burst, or carrier squelch. 
Full 4 MHz band coverage and 2 5  watt output. It's 
phase-locked loop (PLL) frequency synthesizer provides 
operation on 8 0 0  channels. The TR-7400A's list of 
features goes on and on, but even more important is 
its superb performance and dependability.. .and all 
at a surprisingly low price. 

An easy way to get 
on the 2-meter band 
with your TS-520, 
TS-820, (and most 
other transceivers.) 
Simply p lug it in 
and you're o n . .  . 
SSB and CW. 

- - -  - -- --  - 
Kenwood's other 2-meter FM mo- 
bile transceiver. . . compact, rugged 
and packed wi th features like a 
priority channel for your favorite 
frequency, 146-1 48 MHz cover- 
age, 2 2  channels (6 supplied), 
completely solid state, and 10  watt 
output. Shown wi th the PS-5 AC 
power supply for home operation 

i 

formanc e portab 
oughout. 
i supplie 

ransceivc 
i c y  cove, 
O m W R  

3 t ' i  ~ k n v  146-148 freque~ 
e, 12 chi d), 2 watts or 4 0  
tput, and provisions for external 12 VDC operation 

wood thrc 
annels (E 

. . 

Discover the excitement of &meters wi th your TS- 
Kenwo 520, TS-820, (and most other transceivers) together 
teur who wants to go first class without paying an with the TV-506 transverter. Its 1 0  watt output will 

d a leg. its pretty face is a ruggedly provide you with many hours of enjoyable 6 meter 

ersatile er offering full 4 MHz cover- operation. Sub~scf 10 FCC cen~fscarton 

age (33-54), all moaes (SSB, FM, CW, and AM), and Want more information? See this fine equipment at an aut- 
ized Kenwood dealer or write for detailed specifications. 

j to the 

arm an 
built, v 
---  ,** 

Behind 
perform 

- -  - ~ , -  - 

10 wat 
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control function decoder 

Repeater accessory 
access 

can be regulated 
by this 
control 

function decoder 

As repeaters become more sophisticated, the need for 
remote control of special repeater functions becomes 
necessary. Switching to remote receivers, autopatch 
control, and selectable repeater linking are only a few of 
the special repeater functions that lend themselves to 
remote control. The Touch-Tone signaling system is  
rapidly becoming the standard for repeater control. The 
control function decoder described here is designed to 
be operated from the output of a Touch-Tone decoder. 
The circuit detects a 3 digit sequence of Touch-Tone 
signals and sets a flip-flop. Another threedigit sequence 
is  required to reset the flip-flop. The first two digits are 
the same for the set and reset functions. For example, 
the sequence 1, 2, 3 could be used to turn the function 
on, the sequence 1, 2, 4 could be used to turn the 
function off. The set and reset sequences must be 
received in the proper order and completed within a 
prescribed length of time. 

The control function decode has several features that 
make i t  adaptable to a wide variety of systems. 

1. On-card voltage regulation 

2. Printed-circuit board construction 

3. Plug-in module construction 

4. CMOS chips for low power consumption 

5. Fully TTL compatible inputs and outputs 

6. indicator LEDs monitor circuit functions 

circuit description 
The circuit shown in fig. 1 uses two dual monostable 

multivibrators. The output of the first monostable 
(UlA) is  connected to the reset terminal of the second 
(U1 8). The first digit in the access sequence is the trigger 

The complete control function decoder. The status of the timers 
is given by the light-emitting diodes mounted on the board. 

y Thomas E. Doyle, WASFTH, 5222 Big Bow Road, 
adison, Wisconsin 5371 1 
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for the first monostable and the second digit of the 
access sequence is the trigger for the second mono- 
stable. Until the first monostable is triggered, the 
second is held in the mode. The output of the second 
monostable is connected to the reset terminals of the 
two remaining monostable multivibrators (U2A and 
U2B). The third digit in the on sequence is connected 
to the trigger input of one of the monostables (U2A) 
and the third digit in the off sequence is connected to 
the trigger input of the other (U2B). Note that the 
first two digits are the same for the on and off 
sequences. 

The output of the on monostable is connected to the 
set  input of an RS flip-flop. The output of the off 
rnonostable is connected to the reset input of the RS 
flip-flop. U1A is triggered by the first digit in the access 
sequence. U1 I3 must be triggered by the second digit of 
the access sequence before the first rnonostable times 
out. The on or off digit of the access code must trigger 
its associated monostable before times out. 

interfacing 
The output of the RS flip-flop is buffered by a 

transistor amplifier. An auxiliary direct clear input is 
provided to the RS flip-flop. This allows power-on clear 
or manual override. LED indicators are provided on all 

monostable outputs and the RS flip-flop output. The 
access sequence digits and clear inputs require positive 
going TTL level signals. The output voltage from the RS 
flip-flop i s  approximately 4 volts at a current level 
limited by R3. This resistor value may be adjusted 
dependent on output loading. The circuitry is operated 
from a 5-volt supply regulated by an LM309H regulator. 
This allows the decoder to interface with TTL cir- 
cuitry. The power input should be in the range of 11 
to 15 volts dc. 

The R 1, C1, and R2, C2 values control the length of 
time in which the three-digit sequence must be com- 
pleted. The value of these components may be changed 
if desired. One of these boards is used in the WR9ABT 
16-76 repeater to control the autopatch and also the 
repeater mode from carrier to tone access. 

construction 
The control function decoder is built on a 4.5 x 

6-inch (1 1.4x15.2cm) single-sided printed-circuit board. 
The board contains all the necessary circuitry for two 
complete decoders. These sections are completely 
separate and share only the voltage regulator. If only one 
decoder is required, the components for the other can be 
deleted. 

ham radio 

+ 12 VOLTS 
L M  3 0 9  H 

INPUT 

GROUND 

INPUT 

EXTERNAL CLEAR 
M U S T  BE GROUNOEO 

I F  NOT USED 

fig. 1. Schematic diagram of the control function decoder. Q l  through Q6 can be most any npn silicon transistor (2N3904). The LM309H 
and associated heatsink are mounted on the circuit board. U3 can be an MC14001 or CD4001. The numbers in the boxer and Parentheses 
refer to the edge connector pins. Note that there are two complete decoders on a Single printed-circuit board. All resistors are lln watt, 
10%. A copy of the printed-circuit layout is available from H A M  R A D I O  upon receipt of an rare. 
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synthesized 
channel scanning 

Simple and easy 
channel scanning 

for the 
GLB 400 synthesizer 

After acquiring one of the GLB 4008 Channelizers, I 
found that i t  would be convenient to monitor our local 
repeater while hunting for others on the band. 
WAC?AQO'sl system was far too complicated for me so 1 
incorporated a simple flip-flop to replace the function of 
the receive switch and presto, I had a twochannel scan- 
ner that would alternate between the two frequencies set 
into the Channelizer by the switches. 

circuit description 
As shown in fig. 1, gates 1 and 2 are connected as an 

astable multivibrator with its frequency controlled by 
R6 and C1. Lowering the value of C1 will cause the 
oscillator frequency and consequently, the scan fre- 
quency to increase. Conversely, the scan frequency will 
be slower if the value of C1 is decreased. The square 
wave produced by this oscillator i s  used to drive gates 3 
and 4, connected as a dual flip-flop. 

The basic action of a flip-flop has one output high 
while the other i s  low. With each incoming pulse from 
the oscillator, the outputs will change to the opposite 
state. The high output of gates 3 and 4 is used to 
alternately select the frequency determining switches. 

Now that the channelizer i s  scanning the two frequen- 1 cies indicated by the settings of your switches, a method 
is  needed to stop the oscillator when a signal is received. 
Note that fig. 1 shows two circuits for stopping the 
oscillator. Check your receiver to determine whether the 
point you desire to tie onto for scan lock goes positive 
or negative. A good place to tie in is the area of the 
squelch or limiter circuit. If this point goes in a negative 
direction when a signal i s  received, then use the circuit 
A. If the point goes positive, use circuit B. 

In lock circuit A, Q1 is  normally conducting and will 
cease conducting when a negative voltage or ground is 
applied. A positive voltage will then forward bias the 
base of Q2, effectively shorting gate 1 to ground and 
stopping the oscillator. Gates 3 and 4 will then remain in 
their respective states. 

Q2 in lock circuit B operates in the same manner as 
circuit A. I t  is initially cut off until there is  an incoming 
signal. Switch S1 is  used to turn the Channel Scanner off 
and return the Channelizer to its original configuration. 

I construction 
The circuit can be built on a piece of perforated 

board* and mounted anywhere within your Channelizer 
that space permits. Three additional holes are needed in 
the front panel. Locate a spot to mount the switch S1, 
and carefully drill an appropriate size hole for it. Mark 

I *Circuit Board Specialists, Post Office Box 969, Pueblo. 
Colorado 81001. The complete kit of parts including switch and 
circuit board is priced at $1 1.00; the circuit board alone is 

By Robert D. Shriner, WABUZO, 1740 East 15th 
Street, Pueblo, Colorado 81 001. 
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R 7 TOFREOUENCY SELECT 

I 
SWITCHES 

4 7k 

I c REYWE 

' c REMOVE 

GI - 64 - S N 7 4 0 0  4 7h SWITCHES 

LOCK CIRCUIT B 

fig. 1. Schematic diagram of the channel scanner. The leads to the frequency-select switches provide a high or low voltage 
that alternately programs the counters in the GLB 400 to the correct frequency. The appropriate lock circuit must be chosen for 

the receiver used. 

your panel with "instant lettering" - scanner on and 
off. 

The indicator lights should be mounted in such a 
manner on the front panel so that they will show which 
set of switches is activated. Drill two holes to fit the 
light-emitting diodes. After locating switch S8 in your 
Channelizer, remove the two wires that are connected to 
the frequency-select switches and connect these to the 

new switch as shown. Five volts for the scanner is  also 
run through S1 so that in normal operation (not scan- 
ning) the LEDs will not be blinking on and off. 

This l i t t l e  circuit has added a very valuable feature to 
an already fine piece of equipment. I do not know how 
many other synthesizers this will adapt to but I am sure 
that they exist. 
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's, 3, /SPEC COMM 572A1560A - The GO ~ n ~ w h e r e , e O ~ ~ ~ ~ >  
V - 

Do Everything 2M FM Transceiver System *o% G I 
Now them's na need to a mobile "7 rlg, a base rig, and a H /Portable 
u n i t .  The SPEC C O M M  
512AIS6OA does It all with the 
help of its uni ue plug-in "Snap- 
Pack" ModuleslThe modules plug in- 
to the back of the radio in seconds and 
provide a Super-Venatlle System. 

In the car It's a 25 Wt. Moblle 
- with the BA-1 Amp. Module. 
$84.95. Small & Light enou h to take 
with you to avoid theft, (on!)' 3 lbr!) 
2lhx6x10" w/module. 

Later, snap-off the BA-1 and snap- 
on the BP-1 NlCAD Battery Pack tor 
all day operation as a High P o w  5 
Wt. Portable! (Not the usual 1 or 2 
wts.) Actually lighter than most 1-2 
wt. oortables. even thouah our battery 
h i s 3 ~  the capacity of any competitoi! 
BP-1 Pkg . $89 95. 

RC-1 SUPPLY 

"RUBE 
DUCKY" 

.................... SC512A-12 CHAN. $249.95 .................... SC560A- 6 CHAN. $224.95 
DEALER INQUIRIES INVITED 

In tha Fhred Shtkn - use the BA-1 
Amp. w/  the AC-7 Supply. Or, use the 
rig "barefoot" w/  the AC-1 Supply 
Module. $49.95. 

SM-10 Remote S Meter available. 
(Illuminated. ) 

For the Ultimate in Versatility 
- add our SC1800 PLL Synthesizer. 
Over 1800 channel combinations1 Also 
useable w /  most other 2M rigs. 
$225.00. 

Super Hot/Super Sharp Recshrer! 
0.3 pV/2OdB Qt. -90 dB @ 2 30 
k ~ z . '  

Made In USA - finest quality 
throughout. Outstanding audio 
quality on both xrnit. & rcve. 

SEND FOR DATA SHEET 
Available throuqh your Dealer 

(Or dlrect 11 no dlr In your area) 

- h::: r- ma- 
SCRlOOO 2M REPEATER - - SO ADVANCED. IT'S DESTINED TO BECOME AN INDUSTRY STANDARD! I 

Full Metertng Front panel AF Level & Tlmer controls Llghted Pushbuttons for con- 
trolltest funct~onslstatus lnd~cators * CMOS control log~c & tlmers * Bullt-ln lDer & AC Sup- 
ply * Exclus~ve Hot Carr~er D~ode Rece~ver front end * 30 Wts out * Prw~s~ons for 
Autopafch. Remote Control. etc *Auto swltchover to emergency power, efc Repeat Audlo 
Oual~tv "that Sounds ltke direct 

SEND FOR Lii9+93iCq 11; SPECTRUM CO M M UNICA TIONS I 
DATA SHEET - c Box 140 HR - WORCESTER. PA 19490 (215) 631-1710 



70 march 1977 

improved method 
for calibrating 

time-base oscillators 

TWO receivers 
coupled to a common vfo 

plus an a-m detector 
and vtvm 

yield accuracies 
to better than 
2 parts in lo8 

Here is  a method that will eliminate the uncertainties of 
time-base oscillator calibration when listening for a zero 
beat with WWV or when watching a receiver S-meter. A 
much more accurate technique is presented for 
measuring time-base oscillator calibration and stability. 

Consider a frequency counter made from a ki t  and 
calibrated by ear to WWV. Such a subjective method has 
the potential for missing errors in frequency calibration 
over several seconds. There is also a chance for error due 
to WWV carrier fading. Both of these problems translate 
directly into TBO calibration inaccuracies. 

calibration method 
Fig. 1 shows a method that virtually eliminates these 

chances for error. With two high-frequency receivers, a 
vtvm and some ingenuity, a frequency-counter TBO can 
be calibrated to an accuracy better than 2 parts in l o 8  
cycles. Note that the two receivers in fig. 1 are coupled 
to the same vfo (both have a 455-kHz i-f). One of the 
receivers is tuned to WWV, and the other is tuned to the 
TBO harmonic that matches the WWV carrier frequency 
being received. With both receivers using the same vfo, 
any phase difference between the two i-fs would be 
attributable to a phase difference between the TBO and 
wwv. 

Fig. 2 shows the two i-fs fed into an a-m detector. 
The vtvm i s  connected to the agc bus and measures the 
agc voltage developed by the two signals. As long as the 
two i-f voltages remain constant in amplitude, the only 
thing that will cause the agc to fluctuate is any phase 
differences between the TBO and WWV signals. If the 
two signals vary in phase, fluctuations in the agc voltages 
will occur. 98 133 

The WWV signal must be strong and steady for this 
method to work. My HQ-150 receiver was converted to 
solid state and the fets in the i-f stage were forced into 
hard limiting of the carrier by a high rf gain control 
setting. This principle is identical to  fm limiting, where 
undesirable amplitude modulation of the fm-carrier is 
clipped. Care was also taken to make sure the TBO did 
not overdrive the receiver front end. This was done to 
keep the receiver from radiating signals into the WWV 
receiver front end. To prevent interaction between the 
two i-f strips, an IC CA3020 tuned amplifier was placed 
between the HQ-150 receiver and the a-m detector." 

W W v  h-7 

1 * 

V T V M  

VFO 

A I 

fig. I .  System block diagram using two receivers and a common 
vfo. One receiver is tuned to WWV;  the other is tuned to the 
time-base oscillator harmonic that matches the W W V  carrier. The 
5-38 vfo is disabled and the HQ-150 vfo is fed to the 5-30 mixer 
through a CA3020 amplifier circuit (see text). 

Once the receivers had been properly set up, the TBO 
was calibrated. Adjusting the TBO crystal-oscillator trim- 
mer capacitor caused the vtvm needle fluctuations to 
speed up or slow down as the TBO became more or less 
in phase with WWV. Once the slowest possible move- 

*The CA3020 amplifier can be found on page 234 of the 1970 
RCA Linear Integrated Circuits Handbook. M y  circuit was 
identical to that of the text with the exception of the substitu- 
tion of a 455 kHz primary winding from an old i-f transformer in 
place of the coil shown in the text. This was done to tune the 
amplifier to 455 kHz. 

By John Lapham, WA7LUJ, and Jack Barnes, 
WA7KMR, 741 N o r t h  200th, Seattle, Washington 
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Introducin3 the 2-meter hand-held 
that gives you hi3h performance. 

Without high cost. 
It's the new Hy-Gain 3806 
2-meter, 6-channel hand- 
held FM transceiver (1 44- 
148 MHz). The 2-meter 
hand-held that takes the 
high cost out of per- 
formance. 

The Hy-Gain 3806 is 
built to out-perform. Out- 
last. And out-class every 
other 2-meter hand-held. 

It's built tough. Water. 
dirt and corrosion are 
sealed out by the specially 
gasketed case. The speaker 
/microphone grill is 
engineered to prevent 
direct entrance bv water. 
Even changing t6e power 
pack in the field won't 
diminish case integrity. 
The power section is 
separately sealed. S o  you 
never expose the circuitry. 

The high-impact ABS 
case is extra tough. And 
ribbed for a sure, non- 
slip grip. The controls are 
up front And easy to 
operate. There's volume. 
Squelch. 6-position chan- 
nel selector. Transmit 
LED indicator. A meter 
that indicates battery 
condition on transmit, 
signal strength on receive. 
And a separate power 
switch for positive on-off. 

There's a telescoping 
antenna that collapses 
completely into the case. 
Or you can use our 269 
flexible antenna for extra 
convenience. And there 
are jacks for use with 
external antenna. Ear- 
phone. And external 
12 VDC. 

The 3806 has the kind 
of guts that have made 
Hy-Gain products famous 1 
throughout the world. Its 
receiver section is superior 
to everything else for the 
money. It has sharply 
tuned. on-freauencv selec- 

circuit Two MOS-FET RF 
amplifier stages. Plus 
MOS-FET's in the 1 st and 
2nd mixers. They make 
the 3806 virtually immune 
to out-of-band signals. 
lntermodulation distortion. 
And cross-modulation. 
So  you get truly incredible 
dynamic range. For superb 
adjacent channel rejection, 
the 1 st mixer is followed 
by a monolithic crystal 
filter. And the 2nd mixer 
by an 8-pole ceramic filter. 

A frequency multiplica- 
tion factor of 12 allows 

you to use thicker, high 
stability crystals (one set 
of 146.52 simplex crystals 
supplied). Audio is en- 
hanced through use of 
separate speaker and 
microphone elements. 
And there's an internally 
adjustable mic preamp. 
Something you won't find 
anywhere else. 

The Hy-Gain 3806 
hand-held is backed by 
a complete line of superb 
accessories. Including AC 
and DC chargers. Cartying 
case. External antenna 
a d a ~ t e r  cable. And a Nicad 
poier  pack that's so  over- 
engineered you won't 
over-extend i t  Even in the 
most adverse conditions. 

The pack is completely 
sealed in its own tough 
ABS case. Protected 
against over-charging. 
And contact shorting. It 
has 30-40% more in-use 
capacity than competitive 
units. 

Soon we'll have a 
Touch-Tonen* pad avail- 
able for the 3806. It'll fit 
flush in the back panel. 
Because we designed it 
specifically for the 3806. 

The Hy-Gain 3806 
2-meter, 6-channel FM 
hand-held. It gives you 
the performance you want 
Without costing a lot 
Available locally through 
your Hy-Gain dealer. See 
it and our more than 300 
other fine products soon. 

n 

A m  y@-dam - we keep peoc 
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Hy-Gain Electronics Corporation 
8601 Northeast Hiqhway Six / Lincoln. WE 6850% - 

01976 Hv-Gain 

ti* in the R F  ampher  'Registered Trade-mark 01 ATal  



MODEL 4X6C 
50 HZ-250 MHZ ............... '270.00 

300 and 500 MHZ PRESCALERS 
FREQUENCY STANDARDS 

MARKER and PEAKING GENERATORS 
POWER SUPPLIES AMPLIFIERS 

WRITE FOR FREE CATALOG 

Phone: 

.... .... .,.. :. ......... .... ... ...::.. . . .  ..... .... K-ENTERPRISES ..... .... .... .... .... ..... ....:. .... .... ..... .... .... ..... .... ..... .... .... .... ..... 
.:ti$ BOX 410 (N.W. of town) FAIRLANO,OK74343 

Here Are Just A Few Lines 
From Our '77 Best Seller! 

USED G.E. ACCESSORIES 
MASTR Power Speakers #4EZ18A10 $25. 

MASTR Control Cable #19C303626Gl $1 5. 

MASTRPOW~~ Cable #19C303601G2 $10. 

MASTR Transm~t Encoder Boards 219C303466 (less reed) 
$15. 

MASTR Receiver Decoder Boards 819C303550 (less Reed) 
$20. 

PROGRESS LINE Control Cable 6748794 $10. 

PROGRESS LINE Power Cable #7147299 $5. 

PROGRESS LlNE BASKET, front plate, and cover 14". 17", 
20" $10. 

PROGRESS LlNE control heaas (less mike, less bracket) 
$10. 

FOR THE WHOLE STORY SEND FOR 
A FREE COPY OF OUR '77 CATALOG. 

TO WWV I -F  
AMPLlFlER 

? 

I - F  TO TBO 
AUPClFlER 2(p 

V T V U  

AGC 

flg. 2. I-f output of the two receivers i s  fed to an a-m detector. 
The vtvm is connected to the age bus and measures the agc 
voltage developed by the two signals. 

ment had been observed, the period length of the error 
was measured. 

The vtvm dc-scale level was set for a value that 
allowed the fluctuations to be observed over a wide 
enough arc to ensure accurate timing of the cycle. As the 
needle moved from one end of the scale to the other and 
back again, the period length of the movement was 
timed. If the movement took ten seconds and the 
receiver was tuned to 10 MHz, then the TBO error was 
computed as one cycle in 100 MHz of WWV; i.e., 10 
MHz x 10 seconds = 100 MHz. The error i s  then of 1 
part in lo8 cycles. 

accuracy 

The accuracy of this method was verified by cali- 
brating the TBO as described above and comparing the 
results with a laboratory standard, in this case a Gertsch 
RLF-1 60-kHz WWV receiver-comparator using a com- 
parator frequency of 300 kHz. Fig. 3 shows the chart- 
recorder results. In one hour there were 21 cycles of 
TBO drift. Dividing this drift by (300 kHz x 60 seconds 
x 60 minutes); i.e., 21/(1.08 x lo9),  yields 1.94 parts of 
error in lo8 cycles. The results confirmed by the 
Gertsch comparator were almost identical with those 
computed by the dual-receiver, single vfo method of 
fig. 1. 

- 

I PM 2 PM 

fig. 3. Calibration results of the measurement method using a 
Gertsch RLF-1 60-kHz W W V  receiver-comparator and a compar- 
ator frequency of 300 kHz. About 21 cycler of TBO drift 
occurred in one hour, yielding 1.9 parts of error in 10' cycles. 

The TBO used for this experiment was enclosed in a 
crystal oven, and the entire unit was housed in a Styro- 
foam box to further isolate the TBO from the environ- 
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Whether vou go for fat Mobile 45. This ~ ~ I t ~ h - a d J ~ S t a b I e  

coils, skinny coils, switch 5-band antenna features a Swan HI-Q 

flickers or automatics, coil and positive-stop, &position swltch 

Swan has the mobile an- ,and go tc 
tenna that's exactly right antenna M 

for your needs. So top . . . . . . .  s 
your mobile rig with a 742 Auromartc. ~ u s t  rFSOha~e 
Swan antenna. Every time 
you press the mike button 
you'll know you're deli 
ing the biggest signal quency in  those bandwidths 
your rig is capable of., on all three bands and never 
Without  compromise.'^ touch the antenna. Handles 

500 watts P.E.P.. . . . . . . ?Ina 

0.8. Oceanslde. CAI 
n antennas wrth your Swan credit Cart7 

lwtlons at  your dealer or wrlte to us. 
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, work 
ton't 
;719.95 

Serles 35 Sllm- 
Line. Neat, low 
drag coils in sll 
line antennas : 
the ticket w h e ~  I 

you're operating 
single-band a t  
500 watts P.E.P. 

or less. lnterchangei 
coils for 15, 20, 40 
and 75 meters. 
$30.95 to  537.75 

Dealers throughoul 

Serles 36 HIQ. TP 
most efficient 
single-band ante 
nas you can buy. 
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microcomputer interfacing: 
the MOV and MVI 8080 instructions 
In the preceding column, we indicated that within an 
8080 microprocessor chip there exist seven general 
purpose registers (B, C, D, E, H, L, and the accumulator) 
each of which operates on eight bits a t  a time. These 
registers are used for many varied purposes, e.g., the 
storage of an 8-bit constant, an 8-bit timing byte, a 
16-bit pointer address, or an intermediate result from an 
arithmetic or logical operation. 

By examining the data transfer instructions, MOV 
D.S. in the 8080 instruction set  i t  can be seen how the 
general purpose registers may be used. We will assume 
that there is  some data initially present within each 
register. There are sixty-three different MOV instruc- 
tions, each of which specifies both the source register, S, 
of the data and the destination register, D, to which the 
data is  moved. For example, to move data from register 
E to register B, you would use the instruction MOV B,E 
which is  the Intel mnemonic notation for the operation 
of moving data to register B from register E. Unfortu- 
nately, an 8080-based microcomputer has no way to 
understand or interpret a mnemonic instruction such as 
MOV B,E. What is required is the binary representation 
for MOV B,E, - 0100001 1,. These eight bits, which 
comprise the instruction code for MOV B,E, can be 
manipulated digitally, i.e., they can be stored in a semi- 
conductor memory device, transmitted over a data bus, 
stored in an instruction register within the 8080 chip, 

and decoded by an instruction decoder into a series of 
actions that the 8080 performs internally. 

How do you convert from the general mnemonic for 
a move instruction, MOV D,S, to the specific binary 
instruction code? First, the general form of any MOV 
instruction is, 

0 1 d d d  S S S 

MOV class of 3 -b i t  binary 3-b i t  binary 
instructions code for des- c o d e f o r 

t i  nat i on reg- source register 
ister 

and second, each general-purpose register has associated 
with i t  a unique 3-bit code. 

3-bit 
register register code 

B 000 
C 00 1 
D 01 0 
E 01 1 
H 100 
L 101 
I 11 0 (to be dis- 

accumulator (A)  11 1 cussed later) 

After the source and destination registers have been 
selected, insert the respective 3-bit codes into the appro- 
priate places in the general MOV instruction format 
given above. Some examples are as follows: 

data instruction 
transfer operation 

By Jonathan Titus, David G. Larsen, WB4HYJ, mnemonic code 
E + B  

and Peter R. Rony. MOV B,E 01 000 01 1 
H + A  M O V A , H  01111100 
B + C  MOV C.B 01 001 000 

Mr. Larsen, Department of Chemistry, and Dr. Rony, Depart- 
ment of Chemical Engineering, are with the Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia. Mr. Jona- 

. - 
MOV L,D 01 101 010 
MOV D,L 01 010 101 
MOV E,E 01 01 1 01 1 

than Titus is President of Tychon, Inc., ~ l acksbur~ ,  Virginia. Since binary code is difficult to remember, it is  con- 
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venient to represent the above 8-bit instruction codes in 
octal code. Thus: 

data octal 
transfer operation mnemonic instruction code 

E + B  MOV B,E 103 
H + A  MOV A,H 174 
B + C  MOV C,B 110 
D +  L MOV L,D 152 
L - t D  MOV D,L 125 
E - t E  MOV E,E 133 

In each case, you have copied data from one register into 
another. The destination register contains the copy, the 
source register remains unchanged. Notice that the MOV 
L,D and MOV D,L instructions have the source and 
destination registers reversed. In the MOV E,E instruc- 
tion, you have copied the contents of register E back 
into register E. The net result is that E remains un- 
changed. This i s  a valid 8080 instruction, but i t  has no 
visible effect and can be called a "do nothing" instruc- 
tion. Similar "do nothing" instructions exist for the 
other six general purpose registers. 

You may recall that the IN and OUT instructions 
permit data transfer to occur between the accumulator 
(register A) and external I10 devices. The MOV D,S 
instructions offer one means of temporarily storing in- 
put and output data bytes elsewhere within the 8080 
chip. Besides the IN instruction, how else can data be 
transferred into the general purpose registers? There are 
generally two ways of doing so, from the program (for 
permanent constants), and from memory (for temporary 
constants, results, data files, etc.). 

To get data directly from a program into one of the 
registers, immediate instructions can be used. These are 
multi-byte instructions that contain the desired data 
within the instruction. The first instruction byte is 
always the 8080 instruction code; i t  tells the 8080 chip 
what to do next. The next one or two instruction bytes 
contain the actual data. The two-byte move immediate 
instructions, 

MVI r 

<B2> 

permit you to move the data contained in the second 
byte into the specified register, r. The < 82 >notation 
means that space must be left in the program for the 
second instruction byte. The general form of the MVI r 
instruction is, 

0 0 d d d  1 1 0  
instruction 3-bit code for 

class d e s t i n a t i o n  
register 

or OD6 in octal code. Some examples include: 

Reprinted with permission from American Laboratory, 
October, 1976, copyright O International Scientific Com- 
munications, Inc., Fairfield, Connecticut, 1976. 

data 
transfer operation mnemonic 

< B 2 > - t A  MVI A 
< 82 > 

< B 2 > - t B  MVl  B 
< B2> 

< B 2 > - + H  MVI  H 
< B2 > 

octal 
instruction code 

076 
< 8 2  > 

006 
< B2> 

046 
< 0 2 >  

To output the ASCll letter Q to output port 6, you 
would execute the following program: 

octal 
instruction code mnemonic 

076 MVI  A 
321 (ASCII Q) 321 
323 OUT 
006 006 

As indicated in the program, you first load the 8-bit 
ASCll code into the accumulator register; having done 
so, you then output the accumulator contents to port 6. 
Data or constants can be moved into individual registers 
at any point in an 8080 microcomputer program, and as 
often as needed, simply through the use of MVI r 
instructions. Remember, each MVI r instruction consists 
of two instruction bytes. 

The transfer of data between memory and the general 
purpose registers is more complex since you must clearly 
and unambiguously specify which one of a possible 
65,536 different locations you wish to use for the trans- 
fer operation. This requires a 16-bit address that i s  
stored in the H,L register pair, register H containing the 
high (HI) address byte and register L containing the low 
(LO) address byte. Once you specify these two address 
bytes, you can readily transfer data back and forth 
between the specified memory locations M and any of 
the seven general purpose registers. To do so, you use a 
MOV, D,S instruction, where the 3-bit code for memory 
location M is  110 (or 6 in octal code). 

As an example, if you wish to transfer data from 
memory location HI = 030 and LO = 123 to register D, 
you execute the following program: 

octal 
instruction code mnemonic comments 

056 MVl  L Load register L with the fol- 
lowing LO address byte 

123 123 LO address byte 
046 MVl  H Load register H with the fol- 

lowing HI address byte 
030 030 HI address byte 
126 MOV D,M Move data from the memory 

location addressed by register 
pair H,L to register D 

Remember, whenever you perform an 8080 instruction 
involving memory location M as "register M," which has 
a register code of 68, you must specify beforehand the 
absolute memory address of M in register pair H,L. We 
shall continue this discussion of the 8080 instruction set 
in our next column. 

ham radio 
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think of yourself as  an I 
I 

antenna expekt! 
-you select your components! - i 

Get optimum performance band 
for band Choose from medium/ 
or high power resonators tor 
your favorite bands. 

Fold over, 360° swivel mast for 
quick band change or easy - 
garaging. Select from two 
versions, fender/deck or bumper 
mount location. 

Stainless steel ball mount. 180° 
adjustable, commercial duty for 
superior mechanical and electrical 
performance. 

Get exceptional reports, 
broadest bandwidth, 
lowest SWR. Use with any 
convenient length 50 ohm 
coax. Matching devices 
not required. 

For convenience, use the 
Hustler stainless steel 
resonator spring, 
and special design quick 
disconnect. 

and you'll mobile \ I / 
, ,th the experts' foremost 

oice.. . 
_** - --  - 

Get fixed station reports from 
your mobile-operate 6-10-15- 
20-40-75 or 80 meters with the 
experts and join the vast 
majority using Hustler for near l~ 
two decades. 



I0 SECOIVDS TO GO MOBILE! 
An exclusive feature of the 

Atlas 210X / 215X 
SSB TRANSCEIVER 

The Atlas exclusive Plug-in-and-Go mobile mount bile, just slip the 2 1 0 X  into the mobile mount and al 
has specially designed rear connectors for DC power connections are made automatically. In just 10 sec 
input, antenna jack, and mic jack that match the onds, you're on the air mobile! 
same connectors on the Atlas transceiver. To go mo- 

Other features of the Atlas 210X/215X include: 
All solid state design 
200 watts power rating and no transmitter tuning. 
Full 5 band coverage (210X covers 10-80 meters, 21 5X 
covers 15-1 60 meters) 
Weighs just 7 pounds and is only 3%" high x g1/2" wide 
Plug-in circuit boards 
Phenomenal selectivity with exclusive 8 pole crystal lad- 
der filter 
Exceptional immunity to strong signal overload and cross 
modulation 

. . . . . . . . . . . . . . . .  Model 21 OX or 21 5X Transceiver $679. 
( W ~ t h  nolse blanker ~nstalled add $40) 

ACCESSORIES 
. . . . . . . . . . . . . . . . . . . . . . .  AC Console 11 0 / 220V. $149 

(With VOX and semi-CW installed add $46) 
. . . . . . . . . . . . . . . . .  Portable AC Supply 110/220V. $100 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Plug-in Mobile Kit $ 48 
. . . . . . . . . . . . . . . . . .  Model DDG-C Digital Dial only $229 

. . . . . . . . . . . . . . . . . . . . . . .  1 OX B Osc. less crystals $ 59 
. . . . . . .  Mobile Antenna Matching Transformer MT-1 $ 27 

DL 200 Dummy Load, 200 watt intermittent or 60 watt 
. . . . . . . . . . . . . . . . . . . . .  continuous power rating.. $ 9 

For complete details see your Atlas dealer, or drop us a car( 
and we'll mail you a brochure with dealer list. 

iiijjiiii ATLAS 
L 
Yriatc:* RADIO  INC. 

417 Via Del Monte . 01 +wns~de CA 9&'054 . Ptlont, (714) 433-1983 

Special Customer Service Direct Line (714) 433-959 1 
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tebook 

drilling template for 
integrated circuits 

Any amateur scanning the amateur 
magazines is amazed at the diverse and 
ambi t ious const ruct ion projects 
presented. One item that might prevent 
a large number of amateurs from tack- 
ling similar projects is the problem of 
making printed-circuit boards. Most 
amateurs lack the necessary equipment 
and area to fabricate PC boards by the 
photographic method. The sticky-back 
foil patterns available are relatively ex- 
pensive and can result in the board 
costing more than the components. The 
remaining technique of resist pen and 
ink is slow but economical. In the past, 

fig. 1. Dimensions of template block for 
drilling D I P  holes in printed-circuit boards. 

straight sketching on the cleaned cop- 
per-clad board was adequate for simple 
transistor circuits, but the advent of 
dual-in-line packages has imposed a need 
for higher accuracy. 

One method to f i l l  the gap between 
foil and resist-pen techniques is shown 
in fig. 1. A 118-inch (3mm) thick plate 
has been precision-drilled for a 16-pin 
dual-in-line hole pattern. The same plate 
can be used for 8- or 14-pin layouts. In 
practice, a single hole is drilled with a 
no. 32 (3mm) drill and the plate i s  

0 
APPLICATION 

Q 
AFTER SCRIBING 

OF RESIST BETWEEN HOLES 

fig. 2. Applying resist pattern for D I P  IC 
packages, (A)  application of resist; ( 6 )  after 
scribing between holes. 

clamped to the foil side of the board 
with a single 4-40 (M3) screw through 
the hole. With the plate in place, the 
drilling of the required hole pattern i s  
simple and rapid. The result is an accu- 
rate hole pattern with evenly spaced 
holes. 

Next, the pads must be marked with 
a resist pen. This is easily accomplished 
by first marking each line of holes with 
a continuous stroke as shown in fig. 2A. 
Then a scribe is used to separate and 
isolate each hole pad as shown in fig. 
28. Using this method, a clock driver 
circuit using four 14-pin packages was 
drilled, laid out, etched, and completed 
in less than two hours. 

The drilling template can be made by 
any amateur or professional machinist. 

We were able to get a local machinist to 
make them for $4.00 each from brass 
and $6.00 each from stainless steel. If 
you have trouble getting one made up, 
we would be glad to sell them at cost to 
any amateur. 

John M. Franke, WA4WDL 
Norman V. Cohen, WB4LJM 

heterodyne crystal 
switching in Heathkit 
SB-series equipment 

Heterodyne crystal  frequency 
changing has come into some use due to 
the desire by many amateurs to  commu- 
nicate with Oscar and MARS stations. 
Rather than permanently replacing the 
crystal (which seems permanent) or 
using a relay to switch the crystal 
(which isn't really necessary), I devised 
the following means. 

A small 2-shaped aluminum bracket 
was secured to the chassis between 
tubes V-10111 and V19 by two 4-40 
(M3) nuts and screws which replaced 
the existing ones. A crystal socket and a 
spdt switch are mounted on the bracket 
and wires as shown in fig. 3. This 
enables any heterodyne crystal to be 

BREAK 

NORMAL 1 MARS/OSCAR 

3~z:HjrT TO COMPONENTS ROTATE CLEAR SWITCH TOPSIDE 

SIDE FRONT 

fig. 3. System for improved heterodyne 
crystal switching in the Heath SB-series 
equipment. 

changed easily. Nothing is lost or perma- 
nently changed, just added and easily 
removed. I used a socket which accepts 
FT-243 and HC-17lU holders since pins 
can be soldered to HC-6lU holders to f i t  
that socket as well. 

Paul Pagel, K l  K X A  
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Drake R4-C 
modification 

At  low listening levels, when using 
headphones or speaker with the Drake 
R4-C receiver, the audio is noticeably 
contaminated with power supply ripple. 
This may be corrected by a remarkably 
simple modification which will become 
obvious after examination of the chassis 
layout. 

In order to connect the diode and 
regulator board located near the rear of 
the chassis with the filter capacitors 
located near the front of the chassis, 
connecting wires have been run in a 
circuitous manner alongside the audio 
cables and through the wiring harness. 
Return currents to the power transfor- 
mer center taps travel through the 
chassis underneath the audio board 
ground connections. 

To re-route these ground currents, 
simply clip the red-yellow transformer 
lead from the grounded tie-point at the 
rear of the chassis and, by splicing in 
another piece of wire, connect it to a 
ground lug of filter capacitor C163. In a 
similar manner, move the blue-yellow 
transformer lead to  a ground lug of 
filter capacitor (2166, and dress both 
wires along the inner edge of the chassis. 
Next,  locate the white-purple lead 
which goes into the wiring harness and 
emerges again to connect with capacitor 
C166 A, clip one end of this wire from 
the base of regulator transistor 02, and 
clip the other end of the wire where i t  i s  
fastened to the capacitor. Replace this 
wire with another and dress i t  with the 
two wires already installed and dressed 
along the inside edge of the chassis as 
previously described. This procedure 
should be repeated with the white- 
orange lead to capacitor C166D, and the 
white-yellow lead to C1630. Additional 
capacitance across filter capacitor C166 
helps to a small degree, but the major 
improvement is obtained simply by 
moving the wires as described. 

George R. Bailey, WA3HLT 

Heath SB-102 
modifications 

I have previously written about 
R955, a look  resistor, being underrated. 
It avalanches down in value and burns 

up. Replace R955 with a 1- or 2-watt 
resistor (page 58, June, 1975, ham 
radio). There is at least one other resis- 
tor, R103, which has similarly burned 
up. Replace it with a 1- or 2-watt 
resistor as well. 

In both of my Heath SB-102s I have 
encountered another problem which is 
especially bad in the CW mode. After 
transmitting for a couple of minutes and 
then reverting to the receive condition, 
the S-meter drops nearly to zero for two 
or three seconds and then quickly builds 
up to  a high value (S9+20 dB or more), 
which desensitizes the receiver to a 
weak incoming signal for about 30 to 60 
seconds. There is  an easy top-of-the- 
board fix for this problem, however. 

Without going into all the detail, 
tube V2 is acting as a noise generator 
for the short time that screen voltage 
remains on the tube after reverting to 
the receive mode. I found an easy way 
to cut this stage off promptly when 
reverting to the receive condition, with- 
out unduly upsetting the ALC action of 
the stage. After much "cut and try" of 
values, the following was adopted as a 
satisfactory solution to the problem. 

TO JUNCTION OF 
R404.C401 (NEAR V6J 

TO JUNCTION OF RZI. 
R22 AND CISlNEAR V 2 I  

6 
TO GROUND. JiJNCTlON OF 

R407,C41.9 (NEAR VIIJ 

fig. 4. V2 will be cut off completely using 
this addition to the bias. 

Locate R404 (near V6) where i t  joins 
(2401. Attach one end of a 500k. %-watt 
resistor to this point. Connect the other 
end of the new 500k resistor to the 
cathode end of a diode and to one end 
of a 25k. %-watt resistor. The other end 
of the 25k resistor goes to ground, 
which can be conveniently picked up at 
the junction point of R407 and C418 
(near V11). The other end of the diode 
goes to the junction point of R21 and 
R22. The schematic diagram i s  shown in 
fig. 4. 

Lowell White, W2CNQ 

suppression of rf 
interference in 
telephones 

Contemporary telephone design 
often fails to take into account inter- 
ference from a potentially large number 
of rf energy sources. Varistors are used 
in telephones as high-level audio limiting 
devices, but they also detect and rectify 
rf, making each telephone behave some- 
what like a crystal receiving set in the 
presence of strong rf fields. 

Several telephone manufacturers 
have designed and developed telephones 
capable of satisfactory operation in the 
presence of strong rf fields, but these 
special sets are not normally stocked by 
most local telephone company offices. 
Therefore, i t  is desirable, if not essen- 
tial, to  find another means of filtering r f  
energy from ordinary telephones. For- 
tunately, a simple modification to the 
telephone renders the set immune to  rf 
interference and makes complete rf 
suppression possible. 

A n  inductor, designated 1542-A, 
consists of two rf chokes and serves as 
an effective r f  filter at broadcast fre- 
quencies. Moreover, 1542-A inductors 
are readily available at most telephone 
company offices and are often installed 
in home telephones to suppress r f  from 
power fu l  local  broadcast stations. 
Unfortunately, at some amateur fre- 
quecies, the rf chokes of 1542-A induc- 
tors becomes highly reactive and may 
burn up in the presence of very strong rf 
fields. Although such an occurence is 
unusual, it can happen, and may be 
easily prevented in the following 
manner. 
For Bell Telephone series-500 telephone 
sets: 

I .  Place a 1542-A inductor in series with 
the telephone set. 

2. Connect a 0.01 p F  capacitor across 
the receiver element. 

3. Connect a 0.01 pF capacitor between 
terminal RR and terminal C of the tele- 
phone network. 

4. Connect a 0.01 pF capacitor between 
terminal GN and terminal R of the tele- 
phone network. 

For General Telephone series-80 tele- 
phone sets: 
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1. Place a 1542-A inductor in series with 
the telephone set. 

2. Connect a 0.01 pF capacitor across 
the receiver element. 

3. Connect a 0.0) pF capacitor between 
terminal 4 and terminal 23 of the tele- 
phone network. 

4. Connect a 0.01 pF capacitor between 
terminal 1 and terminal 23 of the tele- 
phone network. 

These modifications render the tele- 
phone immune to interference from rf 
energy and disable it as a crystal set. 
The 1542-A inductor limits the rf 
passed to the telephone, and the capaci- 
tors bypass rf energy. 

When building or installing a phone 
patch, it i s  desirable to install a 1542-A 
filter in the telephone line to the patch. 
If a filter i s  not available, two 2.5 mH rf 
chokes can be installed in series with the 
telephone line to the patch, one choke 
in each side of the line. They should be 
mounted inside the patch cabinet or 
box, and a 0.01 pF capacitor connected 
across the telephone line on the patch 
side of the rf chokes. The microphone 
side of the patch should also be de- 
coupled by a 2.5 mH rf choke placed in 
series with the microph'dne lead inside 
the phone patch. A 470 pF bypass 
capacitor should be connected between 
the microphone side of the rf choke and 
ground. With this simple modification, 
telephone patching is immune to rf 
interference. 

Rf detection by phone patches and 
telephone sets can also be a good indica- 
tion of a poor ground or a poor antenna 
system at the rf source. It is therefore 
desirable to have a good antenna and 
ground system at the transmitter for 
radiation efficiency as well as for 
reducing stray rf energy. 

Ken Anderson, K7LDZ 

S-meter for Genave 
transceivers 

Since Genave transceivers do not 
have tuning meters or S-meters to assist 
in tuning weak stations, I installed the 
simple circuit of fig. 5 in my GTX-200 
to take care of this omission. I drilled a 
hole for a phone jack in the rear panel 
and installed the rest of the components 
by short leads on the bottom of the 

fig. 5. Simple circuit for adding an S-meter 
to the Genave two-meter transceiver. Meter 
is connected to the phono jack. 

board. I have used a Heath IM-104 fet 
vom voltohmmeter and have also used a 
25 micro-amp meter, direct. On my 
Genave, IC101 is the same as an RCA 
3065E. 

Larry M. Chrisman, K9OXX 

low-cost, two-meter 
mobile antenna 

Have you ever wanted a simple two- 
meter mobile antenna that could be 
used in a hurry, that didn't have to be 
permanently mounted, that didn't cost 
much, and didn'trequire any hole 
drilling? I was in that category a few 
months ago - on a Sunday, as I recall. 
The stores were closed, but I wanted to 
go mobile with my TR-22 for a short 
trip and work some repeaters along the 
way. Here's how I solved the problem 
(with help from my wife). 

I used a large stationery spring-clip, 
the kind with wide, flat clamping jaws 
and a pair of tabs or "ears" with holes 
in them. The holes looked to be the 
right size to accept the shell of an auto- 
type antenna connector that I happened 
to have in the junk box. I reamed the 
hole just a bit to accept the connector 
body, and bent the connector tabs over 
the edge of the clamp "ears" to secure 
the two together. After this was done, I 
attached a short length of RG-58lU 
coax to the assembly; shield braid to the 
clamp-shell and center conductor to the 
"hot" pin on the connector. Now for 
the antenna element. 

I used the mating auto-antenna plug 
to mount a 19-inch (48.3cm) piece of 
music wire soldered to the tip. For insu- 
lation and security, I filled the top of 
the plug surrounding the wire with some 
five-minute epoxy and let it cure. 
Presto! The antenna was done, and i t  
took only about one-half hour to build. 

Results were just great. I clipped the 
makeshift antenna to the rain gutter 
molding on the mobile, and bent the tab 

holding the antenna just enough so that 
the antenna was vertical. The coax was 
led through the partly-open window to 
the TR-22 on the seat next to me. Just 
for fun, I put an swr bridge in the cir- 
cuit and was surprised - and pleased - 
to find that it was less than about 1.3:1. 
Until I bought my new 518-wave mag- 
netic mount antenna, this little gutter- 
clamp job did the trick. Neither the 
electrons, nor the amateurs I talked to, 
knew the difference. 

Jim Gray, W2EUQ 

IC230 modification 
The ICOM model IC-230 transceiver 

has a push-button selector switch on the 
f ron t  panel labelled "megacycle 
switch." Also a slide switch on the top 
right corner, labelled AIB, provides 
f6OO-kHz offset for repeater operation. 
When switching from 146 to 147 MHz 
or vice versa, the AIB switch must also 
be switched. Failure to do so, or for- 
getting what position it should be in, 
could put you outside the band. I have 
incorporated a minor modification to 

I 3 UNUSED / TERMINALS 

A l B  SWITCH 

I 

SWITCH SWITCH 

fig. 6. IC-230 modification to  avoid out-of. 
band operation. 

my IC230 to allow proper offset under 
all conditions when the A/B switch is 
left in position A (fig. 6). For special 
applications, opposite shift may be 
selected by switching the A/B switch to 
position B. 

Bill Theeringer, W8PEY 
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O X  0SCILLAIY)R 
Crvstal controlled transistor Woe. 3 
to.20 MHz, OX-Lo, Cat. No. 035100. 
20 to 60 MHz. OX-Hi. Cat. No. 035101 
Specify when ordering: 

$3.95 ea. 

- - -  

~ k z  range. Harmonics of the OX or 
OF-1 oscillator are used for injection 
in the 60 to 179 MHz range. 3 to 20 
MHz, Lo Kit, Cat. No. 035105. 20 to 
170 MHz. Hi Kit, Cat. No. 035106 
Specify when ordering. 

$4.50 ea. 

RF POWER AM 
A single tuned output amplifier de- 
signed to follow the OX or OF-1 
oscillator. Outputs up to 200 mw, de- 
pending on frequency and voltage. 
Amplifier can be amplitude mod- 
ulated. 3 to 30 MHz, Cat. No. 035104 
Specify when ordering. 

$4.75 ea. 

SAX-1 
TRANSISTOR 
RF AMP 
A small signal arnplifler to drive the 
MXX-1 M~xer Single tuned input and 
l~nk  output. 3 to 20 MHz, Lo Kit, Cat. 
No. 035102. 20 to 170 MHz, Hi Klt. 

HI, Cat. No. 035109 Cat. No. 035103. Cat No. 035107 
Specrfy when ordering. Specrfy when ordering. Specrfy when orderrng 

$4.50 ea. 

/ \ 

.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS 

(HC 6/U Holder) 
Cat. No. Specifications ' I 
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 

countr~es w ~ l l  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 73102 
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- - --- EOHhETE KIT \ 
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4 O i l  M#?,oo 
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OSC TfhE 0 1 ~ ~  + *nl,t,,& 

" I  I! 
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Erescomm Frequency Eounf ers Feaf ures: 
1 High Sensitivity VHF pre-scaler (built-in). lOOmv 5 Easy 6 hour assembly; all circuit broad tracks are 
RMS @ 50R @ 300MHZ. Frequency range DC pre-tinned, have drilled holes and are plated through! 
through GOOMHZ Model 600. All I.C. sockets included - Makes trouble shooting a 

breeze. 2 Excellent temperature compensation crystal con- 
6 ?rolled time base, yielding 2 1  part/ 10 stability per 6 Cabinet, plexy window and all necerrsry compo- 

hour after 10 min warm-up, +_ 10PPM worst case, nents included for easy, trouble-free assembly. 
from o0 to + 55O~! ,  at lOOHz @ 450MHZ i s  attain- 
able, typically if calibrated to WWVL. This i s  approxi- 7 CJODay full coverage warrant^. 7 mately 2 parts in 10 ! 

Optional accessories TCXO time base yielding % 1 7 digit display, resolution lOOHz with 10m See. PPM stability. S79.95 
gate interval, pre-scaled! 10Hz resolution with 1 Sec. 
pre-scaled, 1Hz resolution with 10 Sec. gate inter- Set. time gate resolution to lHz. 515.00. 
val pre-scaled! 

(Free with purchase of above TCXO) 

4 Built-in SVDC regulator; input to 3-terminal regu- 
Optional 12VDC power resepticle and cord assembly 

lator i s  accessible for use with 12VDC out-board PS. 
$1 5.00 (on preassembled counter onty) 

You can use this counter mobile. 
"HAVE I T  YOUR WAY" 

Complete ki t  or preassembled, burned in, and environmentalchamber tested unit available for the commercial shor, 
or modern ham shack. 

K I T  Mode1600K 179.00 ea. PREASSEMBLED & TESTED ModeLGOO A T  249.00 
Bank Americard and Master Charge accepted. Please include account number with order. 

NAME . . . _ -- _- _- - .-- -____-- 

STR E ET. -_ _ _ - _ -  -- -- -_ - 

CALL SIGN - - - - SEND CHECK OR MONEY ORDER TO: 

\ Bldg. 13 Euclid Avenue, Newark New Jersey 07105 (201 ) 589-4647 ,-/ 
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Proposed bands for tomorrow? 

dBDIOOFDI kHz 

Drake is ready 
for 1979 TODAY! 

NEW and EXPANDED amateur 
bands will be proposed at the 1979 
World Administrative Radio 
Conference! 

If you have the Drake &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. 

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 seriesn-4X 
series without modification. You can transceive as is or run split 
frequency with the Drake 1524 adapter. 

You can adapt the Drake SPR-4 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. 

Drake 4-Line equipment is Also consider the Drake L-4B linear amplifier-full power 2 kW 
designed for you to use - without PEP, ssb and 1000 W-dc cw. full rated for RTTY, offering full 
fear of obsolescence - year after operator convenience with front panel by-pass switch and built-in 
vear after year. precision high power wattmeter. b ,  , 

R. L. DRAKE COMPANY wm Will your gear 

still score ~n 19797 
@ k,J 

540 Richard Street, Miamisburg, Ohio 45342 Phone (51 3) 866-2421 Telex 288-01 7 

Western Sales and Service Center, 2020 Western Street, Las Vegas, Nevada 89102 7021382-9470 
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Bearcat I- I IJ Scanner I 

I Crystal-less-Without ever buying a cystal  you can 
select from all local frequencies by simply pushing a few 
bunons. 
Decimal Display-See frequency and channel 
number-no guessing who's on  the air 
5-Band Coverage-Includes Low. High. UHF and UHF 
"T" public service bands. the 2-meter amateur (Ham) 

I 
band. plus other UHF frequencies. 1 Deluxe Keyboard-Makes frequency selection a s  easy 

I 
as using a push-button phone. Lets you enter and 
change frequencies easily . . t y  eveythlng there is to 
hear. I Patented Track Tuning-Receive frequencies across the 

I 
full band w~thout  adjustment Circuity is automatically 
aligned to each frequency monitored. 

I 
1 Automatic Search-Seek and find new. exciting 

I 
frequencies. I Selective S c a n  Delay-Adds a two second delay to 

I 
prevent missing transmissions when "calls" and 
"answers" are on  the same frequency. 

I 
3 Rolling Zeros-ThisBoorcaf exclusive tells you which 

channels your scanner is monitoring. Our Bearcat 210 covers 32-50. 146-174 and 416-512 MHz Sensi l~v~ty IS 0.6 uv on low 

I 
Tone By-Pass-Scanning is not interrupted by mobile and h ~ g h  bands, selectlv~ty better than -60dB @25 KHz It scans 20 channels per 
telephonetonesignal .  second and has AC and DC power connect~ons. 

I 
Manual S c a n  Control-Scan all 10 channels at your The Cornmun~cat~ons Electronics Bearcat 210 is mail order priced at $319.95, and 
own pace. CE st111 offers thew unique "guaranteed lowest price" sales policy. You can place a 

I . 3.lnCh s ~ ~ ~ ~ ~ ~ - F ~ ~ ~ ~  mounted speaker for more te le~hone order on thew toll-free U S A  24 hour order line 800-521-4414 and charge it 

sound with less distortion. to a BankAmericard or Mastercharge. In Michigan and outside the U.S.A. dial 

I 
313-994-4441. To order by mail. or for a free catalog including a four page full color 

I user lo effectively block Out unwanted brochure describing the Bearcat 210 as well aa CE's other electronic products, write: 

I 
noise. Communications Electron~cs. P.O. Box 1002. Ann Arbor. Michigan 48106 U.S.A. 

) ACIDC-Operates at  home or  in the car. Foreian orders ~nvited. 
I 
A 

1 I 
COMMUNICATIONS ELECTRONICS CALL TOLL FREE ( 

BOX 1002 DEPT. tue 800-521-4414 

ANN ARBOR, MICHIGAN 48106 
or I 

313-994-4441 

h- Hams Heaven in '77 - Hams Heaven in '77 - Hams Heaven in '77 - Hams Heaven in '77 - Hams Heaven in '77 -5 
I. 

C - 3 
ul 

SAME LOW PRICES 

Dayton HAMVENTION 
April 29-30, May 1, 1977 

Fabulous PROGRAMS ARRL and FCC Forums 
GIANT Flea Market Special Group Meetings 
Exhibits Ladies Programs 
New Products Awards 
Technical Sessions Transmitter Hunts 

GRAND BANQUET Saturday Evening 

If you have registered within last 3 years you will receive 
a program and information brochure to be mailed March 7. 

For special hotellmotel rates and reservations 

INFORMATION 
Write Dayton HAMVENTION, P.O. Box 44, Dayton, OH 45401 

- > 
(II 

al 
al See You at the World's Largest Ham Convention < 
I 

(0 
a 

m - 
a 

5 3 
I- Hams Heaven in '77 - Hams Heaven in '77 - Hams Heaven in '77 - Hams Heaven in '77 - Hams Heaven in '77 - * 
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Here's some of the proof. . . 
K4EME - This is  my second TRITON IV. They are excellent xceivers! WhllCK - Luv it. Dynamite! W9NXU - I am very thri l led with this unit, i t  is  great. 
I t h ~ n k  you have scooped the field. WAOAYA - I like CW and fu l l  break-in. (Beautiful) K3TFU - I love the unit. WA3VEZ - Rig is  just great. Combined with 
your service makes a super transceiver. WNOSED - Beautiful r a d ~ o  to use. Magnificent CW fi l ter! Just a pure joy. WBllT - I have had my TRITON IV for 
two months and am delighted with it. YNlMBV - It is a very nice rig. W36TX - New features very welcome. WOBYC - Bought one of the f i rs t  TRITON 
I I ,  l ike i t  so well I updated i t  with a TRIYON IV. W2TBK - I t  is  absolutely fantastlc. WBOOPl - I am pleased w ~ t h  the rig. WA3ClA - Very-very-very 
nice. Good audio quallty. WSZBC - The most outstanding r l g  I have ever used. KBCIQ - Excellent rlg, Good filters. W7BKK - Very happy. . . gett ing excellent qual- 
i ty  reports. WZCCT - Power-signal reports good. WBZUEH - I like the compactness and appearance. VE3lBK - An excellent r i g  w ~ t h  superlor receiving quality. 
K41VM - I think it is tops. WA4LO6 - I've become so used t o  dip, peak and adjust, this TRITON 1s a beautiful new experience. KL71HW - Easy to set 
up-works great. K41XD - Seems to be very FB rig. WA7KHE - Fantastic performance. Thanks for a f ine rig. WB4BPC - No problems-fine rig. VElBZ - 
Good work. W9HPT - Receiver better than expected. CW break-in is super. WOAP - Tremendous transceiver. I apprec~ate your engineering. WAZZRO - Won- 
derful. KOSFV - Real nice rig. You thought of almost every feature and bui l t  ~t in. KQ9DQ - Beautiful. WBOJIP - Beautiful radio; however, your ads do not 
do justice to the radio. WN5SOH - Very sophisticated-Easiest tuning r i g  ever. Very glad I bought it. K30JV - Very ~mpressed. W4LZP - Very good results. 
Put out 100 watts as good as 300 watt rigs. WA4DQY - I think the TRITON IV is great. WGPXN - Apprec~ate fu l l  CW break-in. WOlNH - Enjoy l ight weight. 
VE3CYK - I am extremely pleased with the clarity of receiver and after put t ing r i g  on the alr, rece~ved unsolicited compliments on the audio quality of the 
transmitter. K4PHY - Was 3rd in USA, f i rs t  in fourth distr ict in WwCQ contest. W8RYU - Own Argonaut. Both ffne rigs. W4CDA - Compact, l ight weight, 
good engineering. WBZWZC - TRITON IV is the most versitile CWISSB radio I have ever used. WBZFMV - outs tan din^. H l ~ h l y  pleased with performance. 
WABACZ - A real nlce rlg. I have owned about every other make. WSE6K - Works n~cely.  WB4ECO - I tried this rig, a pleasure to operate. WA4YRK - 
Excellent reports on aud~o. WBBNKB - Wonderful. W9PPQ - An excellent rig. Love it. W8SOP - Makes running SSB nets a real breeze. Also good On CW 
nets. WL7IRT - Fantast~c rlg. W4MDB - Has rekindled my interest and enthus~asm in Amateur Radio t o  an extent I hadn't thought possible. I t  far out dis- 
tances any competitive product at any price. W6EYR - Very nice. Been a ham for 45 years and now solid state perfection. WZRPH - Excellent rig. 
WNOTDK - TRITON IV is a fabulous piece of equipment. WSVlW - Very nice r l g  WBZLQF - Wow! W9JCV - Tnx for giving us a FB piece of equipment 
made in the USA. W8CHO - Very pleased. K4KXB - Seems to have everything desired. W4SZ - A pleasure t o  operate. W2FKF - Greatest r i g  I ever had. 
So far in a month 34 QSO's without one miss. Been a ham slnce 1922. W46vC - no thin^ but complements. WB9EZE - Well pleased wlth performance and 
simplicity of operation. K4ETI - Rig is great. WBCNV - Man-! what a rlg. I've had this call  since 1929. Never saw anything like i t  and I've Seen them 
all!  WB2MZU - Seems lrke everything the S - - . - - 0 - - was supposed to be at one third the prlce. WNOVHE - I think ~t IS a very good rig. WBgFTD - 
Break-ln CW is very impressive. KOCBA - I believe i t  is one of the finest HF transceivers on the market. I can't te l l  you how pleased I am with the noise 
blanker. I can get on the air from my home station again for the f i rs t  time i n  a few years. Other r igs with noise blankers just didn't hack it. WA7YHW - 
I am very pleased with this equipment. I t  is certainly of high quality. W711A - Excellent equipment. WBORWA - Couldn't be more pleased w!th it. It 
certainly has performed beautifully and is  a l l  I expected and more. WB4aJT - Luke i t  very much - keep up the good work. WNlYVX - Really Impressed 
with looks and performance. WONC - Very FB rig. Performs up to speclf~cations, an excellent design. KBPBZ - Already have TRITON II and IV. W7Ko - 
This l i t t le  "T-4" is  smooth as s ~ l k  . . . I've received some very f l a t te r~ng  reports about transmitter votce quality and the CW operation is the greatest. 
WNBTTO - I found that the TRITON IV was the best r i g  on the market for around $800. 1 love ~ t !  WZJBK - I t  is absolutely fantastlc. WBFEl - Am amazed 
at receiver performance. I thought I had a top notch receiver with the H -. . . - . . -! WIFYM - Your guarantee is refreshingly proper. WBMOK - Sure makes 
a guy look twice at  his old tube type gear. WtTFS - Finest CW ever, CW selectivity very good. WBGIVR - Very satisfled with TRITON IV. Just what I was 
looking for to  use on my yacht. Thanks. WA8ONP - Also have a TRITON I I .  I am pleased that Al Kahn and the good guys at TEN-TEC thought Of the CW O P  
erator! WZEMX - Excellent Amateur gear meets and exceeds advertised claims. WOAMJ - I t  looks l ike there Is nothing lef t  t o  be deslred. I t  is  beautiful. 
WGSE - The receive function is outstanding. I t  is  superb in t ransm~t.  WlBV - In love with thls fantastic gem. I t 's  so easy and a pleasure t o  operate. 
WGASH - Very happy wlth performance. Particularly impressed with fu l l  break-~n and l ~ g h t  weight. WAOlMS - By far the best r i g  I have ever operated. I am glad 
I de21ded on the TRITON IV and not one of the other transceivers on the market. WABHQO -Thank you gentlemen. 

Add your name lo the growing list. See your TEN-TEC dealer 
or write for full details. TEN -TEC , INC. 

S E V I E R V I L L E ,  T E N N E S S E E  37862 imr EXPORT 5715 LINCOLN A V E . .  ChlICAGO. ILL. 6111.46 
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products 

Amateur 10-GHz 
Gunnplexer 

*. -. - -= 

Microwave Associates has recently 
announced a new solid-state transceiver 
designed especially for the Amateur 
10-GHz band which consists of a 
varactor-tuned, frequency-modulated 
Gunn-diode oscillator and Schottky 
mixer diode. The rear portion of the 
unit pictured above consists of a Gunn- 
diode oscillator which directly converts 
dc (+I0 Vdc nominal) to 20 mW of rf 
energy. The oscillator is preset to 
10.250 GHz, the center of the Amateur 
band, unless otherwise specified. 
Mechanical tuning allows the center 
frequency to be tuned +I00 MHz; the 
built-in varactor is used for frequency 
modulating the device and will deviate 
the center frequency up to 60 MHz, 
depending upon the applied tuning 
voltage. 

The receiver section of the Gunn- 
plexer consists of a low-noise Schottky 

mixer diode which has a noise figure of 
about 12 dB when used with a low-noise 
i-f strip. A small amount of power from 
the Gunn oscillator (about 0.5 mW) is  
applied to the mixer diode through a 
ferrite circulator integrated into the 
waveguide mount. The circulator also 
isolates the receiver and transmitter 
functions of the module. A horn 
antenna with 17 dB gain is  available as 
an accessory. 

Since the Gunn oscillator provides 
both transmit power and mixer injec- 
tion, the setup for radio communica- 
tions i s  similar to that used with 
klystron-based polaplexers (see page 40, 
this issue), i.e., the center frequencies of 
the Gunnplexers used at each end of a 
communications link must be offset by 
the i-f frequency, typically 30 MHz. Fm 
broadcast receivers can also be used for 
the i-f system, with afc applied to the 
Gunnplexer tuning varactor to minimize 
frequency drift (which is  -350 ~ H Z P C  
maximum without afc). 

Maximum range with the 20 mW 
Microwave Associates Gunnplexer 
depends on a number of factors 
including required fm signal-to-noise 
ratio, fm deviation, i-f bandwidth, and 
antenna gain. However, assuming a 
10-dB signal-to-noise rat io (the 
threshold of speech in an fm system), a 
line-of-sight path between stations, and 
the accessory 17-dB horn antennas, 
maximum range is  about 25 miles with a 
240-kHz i-f bandwidth (that used in fm 
broadcast receivers). If the i-f band- 
width i s  decreased to 50 kHz, maximum 
range is  about 55 miles. 

The Gunnplexers can be used for 
two-way communications, as a link 
between repeater sites, security alarms, 
or fm doppler radar systems. A separate 
power supply, fm modulator, and 
receiver must be provided by the user. 
The MA87127 Gunnplexer i s  priced at 
$85. Also available is the MA87108 

which consists of the Gunn oscillator 
and tuning diode module ($60). A 
Gunnplexer with the accessory 1 7 4 8  
antenna i s  priced at $108. Two 
complete transceivers with horn 
antennas, MA87141, are $185. For 
more information, write to Microwave 
Associates, Inc., Northwest Industrial 
Park, Burlington, Massachusetts 01803. 

H-P frequency counter 
extends range 
to 1300 MHz 

Frequency measurements to 1300 
MHz coverina mobile communications .. 
bands, vhf and uhf television, am and 
fm broadcast, TACAN and DME fre- 
quencies are now possible with Hew- 
lett-Packard's Model 5328A Universal 
Counter using a new module. Called 
Option 031, the module adds five 
features to the counter's capabilities: 

1) Extends frequency range to 1300 
MHz 

2) Provides 20 millivolt sensitivity for 
measuring low-level signals 

3) Adds automatic gain control (AGC) 
for protection against overload 

4) Includes a fused 50 ohm input 
channel 

5) Provides accessory power for a 20 dB 
preamplifier for more sensitivity. 

The basic Model 5328A with no op- 
tions makes frequency measurements to 
100 MHz, and single-shot time interval 
measurements to 100 nanoseconds reso- 
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lution. Time interval averaging increases 
resolution to 10 picoseconds for repeti- 
tive events. It also measures period, 
period average and frequency ratio, and 
will totalize and scale inputs. Frequency 
measurement sensitivity is 25 millivolts 
rms to 40 MHz and 50 millivolts rms to  
100 MHz. With its eight-digit display 
and a standard crystal time base, the 
basic Model 5328A sells for $1300. U.S. 
price of Option 031 is $600, and 
delivery i s  4 weeks. 

For additional information write to 
Hewlett-Packard Company, 1501 Page 
Mill Road, Palo Alto, California 94304, 
or use check-off on page 126. 

circuit-stiklcentron 
catalog 

Circuit-Stik and its sister company, 
Centron Engineering, announce the 
release of their new condensed catalog 
no. 503, merging three distinct product 
areas of the two companies: Circuit- 
Stik's unique sub-elements for making 
instant circuit boards, pre-etched GP 
(general purpose) prototype and wire 
wrap socket boards, and Centron 
Engineering's printed circuit drafting 
aids for making circuit board master 
artworks. 

Each area features new products 
and detailed information for many 
applications, assembly ease and time- 
saving features. A How to Use section 
w i t h  technical specifications is in- 
cluded. Several new microprocessor 
oriented GP boards, as well as new 
card cages and accessories, are featured 
in the GP Board section, New IC DIP 
continuous patterns are offered in the 
drafting aid area. 

For further information, contact: 
Circuit-StikICentron Engineering, Inc., 
2401 5 Garnier Street, Torrance, Cali- 
fornia 90505. 

variable speed 
tape transport 
for microprocessors 

The Tr ip le  I Division of The 
Economy Company of Oklahoma City 
is now offering a new low-cost variable- 
speed model to its line of electronic 
cassette tape transports. Features of the 
variable speed model include: four- 

More Details? CHECK-OFF Page 1 

I I the word's out 

I your ears 
)tell you 
!there's a 
1 difference 

d with 

Just listen on VHF or UHF. Before long you'll discover that 
the guy with the full quieting signal, the readable signal, the 
one that gets through best usually says: ". . . and I'm using 
a Larsen Kiilrod Antenna." 

This is the antenna de$igned, 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 all 
Amateur frequencies in 5 different easy-on permanent 
mounts and all popular temporary types. 

Make your antenna a Larsen Kiilrod 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 stocking 
dealers so you can get the ful l quieting "difference" signal. 

Kulrod is a mgistered trademark of I a m n  Electmnicn - 
11611 N.E. 50th Ave. P.O. Box 1686 Vancouver, WA 98663 Phone: 2061573-2722 

In Canada w r ~ t e  to: Canadian Lamen Electron~cs. Ltd. 
1340 Clark 1)rive Vancouver, B.C. V5L :3K9 Phone: 6041254-4936 
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THE FM LEADER 
2  METER 220 MHz- 
6 M E T E R L T j  440 MHz- 

FEATURING T H E . .  . 

The Master in 2 Meter FM ) 
Positive performance at a 
practical price makes our 
HR-2B tops on 2 meters. 

Individual trimmer capacitors 
give bull's-eye accuracy for 

workina reneaters or ~o in t - to -  
12 Channels point. ~hve .35w~ sensitivity and 

15 Watts Hi/Lo power switch insure your 
hearing and being heard . . . clearly 

$22900 Amateur Net and reliably . . . the Regency way. 

. . . AND THE 

UHF-The Ultimate in FM 7 
I 
i 440 is fresh . . . it's new . . . 

I and with our HR 440 you can 
use UHF without using-up your 

budget. So, pioneer some new 
around ! Put a compact H R 440 

'- It's the best way to usher yourself 
into U H F. 

$34900 Amateur Net 

~ ~ E L E C T R O N I C S .  INC. 7707 Records Street 
Indianapolis, Indiana 46226 

motor control, remote control capabili- 
ties, fast start-stop, less than 30-second 
rewind, ac or battery-operated and 
variable speeds (0.4 to  10 IPS). Nominal 
power requirements are 7.0 volts dc at 
600 mA. 

In addition to  use in microproces- 
sors, the unit has applications in data 
recording/logging/storage, programming, 
ins trumentation, industrial controls, 
data duplicating, security/automatic 
warn i ng systems, testing apparatus, 
audio-visual education, hi-fi, and other 
general applications. ' Four separate motors control take- 
up, rewind, play or record, and head 
engagement. The separate motors allow 
the most complex tape deck function to 
be accomplished by remote control. 
Flutter, wow and jitter are minimal 

I because the capstan drive motor has 
only one job - moving the capstan. 

Control Boards for the Phi-Decks, 
which are TTL, DTL, and CMOS com- 
patible, contain all the circuitry for 
proper control of the Phi-Deck tape 
transport. 

Options such as EOT/BOT sensing, 
record lp l  ay, readlwrite, electronics, 
cassette-in-place sensing, and others are 
available. 

For further information, write or call 
Triple I, a division of The Economy 
Company, 1901 North Walnut, Box 
25308, Oklahoma City, Oklahoma 
73125; telephone (405) 528-8444, Ext. 
71 or 79, or use check-off on page 126. 

f our-channel 
hi-fi decoder 

National Semiconductor Corporation 
and Tate Audio Limited have combined 
efforts to produce a kit of three types 
of integrated circuits that will accu- 
rately reproduce quadraphonic four- 
channel high-fidelity sound from phono- 
graph records. Quad hi-fi, which can 
reproduce sound with concert-hall 
realism, is expected to become a stand- 
ard format of the recording industry, 
and could eventually replace stereo- 
phonic sound formats. 

Tate designed its system to decode 
CBS SQ-type program material from 
phonograph records and tape cassenes 
after making an exhaustive analysis of 
the theories and practicality of all tech- 
niques for reproducing four channels of 
sound. The SQ technique uses standard, 
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existing pick-up components that are 
compatible with monaural and stereo- 
phonic formats. In addition, the SQ for- 
mat i s  compatible with stereophonic 
broadcasting methods to make use of a 
broad range of records and tapes already 
produced by CBS and other major 
companies. 

Separation of channels in any direc- 
tion approaches 40 dB across the entire 
audio bandwidth, while the signal-to- 
noise ratio i s  70 dB. Total harmonic 
distortion is  only 0.05 per cent. These 
parameters meet the most demanding 
specifications of high-fidelity sound 
technology. 

Although the Tate system is sophisti- 
cated in concept, i t s  comparatively low 
number of external components permits 
a circuit board size of only 1.5x3.25 
inches (36x80mm). 

Addi t ional  information may be 
obtained by contacting Roy L. Twitty, 
National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051; telephone (408) 
737-5287; or Wes Ruggles, Tate Audio 
Limited; telephone (213) 822-3189; or 
use check-off on page 126. 

microcircuit computes 
true rms value 

The first genuinely low-cost true 
rrns converter with guaranteed accu- 
racy, crest factor, and frequency res- 
ponse is now available from National 
Semiconductor. Known as the model 
LH0091, the new converter will 
compute the root-mean-square value of 
virtually any combination of ac or dc 
input signal from dc to 2 MHz. The 
device is ideal for use in digital volt- 
meters, in  digital multimeters, in 
measuring audio signals or noise levels, 
i n  making harmonic or vibrational 
analyses, and in power measurement 
and control. An uncommitted amplifier 
i s  provided for filtering, gain, or high- 
crest-factor configuration. 

The LH0091 is manufactured in 
two kinds of 16-lead dual in-line 
packages. Available in both commercial 
and military temperature range, the 
device is priced between $22.50 and 
$44.00, depending on the temperature 
range. For more information write 
National Semiconductor, 2900 Semi- 
conductor Drive, Santa Clara, Cali- 
fornia 95051. 

... everv tower in 

made this good. 
Once In a while something really big 

comes along like Tri-Ex's all new W-80. So big 
we decided to call it the "Big W': 

It's the big one of Trl-Ex% "W" Series 
towers. 

Early on was the W-51. A superb par- 
former and very papular still. 

Last year came the W-67. Higher* bigger* 

-#!!ithe W-80, MEX'S "Big HT' tower. 
Excellent Pdormance 

Provides good DX capability at low 
costs. And If you're watching the sunspot 
cycle-it's now on an upswing for better than 
avera e transmission and reception. "gig W" is a free-standing, crank-up 
tower that goes a full 80-feet up. You can 
lower it with relative ease under windy condi- 
tions using "Big W's" comfortably positive 
pulldown cable to protect your antenna load. 

Inherently Strong 
As with all "W" Series towers, the W-80 Is 

made of hi h strength steel tubing legs with 
solid rod "&" bracing. Stable? You bet! 

Hot dipped galvanized after fabrication. 
Lon lasting. Five sections. Included is a free B rig1 base mount. And the top plate is pre- 
drilled for a TB-2 thrust bearing. 

Is Trl-Ex's "Bl W" your kind of tower? 
Better believe it! &rite today or see your 
nearest dealer. Ask about the W-80. It's real. 

NEW 

TOWER CORPORATION 
7182 Rasmussen Avenue, Visalia, California 93277 
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IC-22s 
14t  MHz i h' I!) W 

T R A N S C E I V E R  

lC-245 
146 MHz FM 10 W 

T R A N S C E I V E R  

IMMEDIATE DELIVERY 
SHIPPING PREPAID IN USA 

MASTERS 'i'dsl:! 
COMMUNICATIONS 

7025 N. 57th DR. 
GLENDALE, AZ 85301 

PHONE 
bi...lliSlr(.J 602-939-8356 

FREE IC or F E Y *  W lTH  
$5 & Sl0  0RDERS.t  
DATA SHEETS 

KIT $1195 
WlTH M A N Y  ITEMS. 

ASSEMBLED $1 7.95 
ADD $1.25 FOR 

POSTAGEIHANDLING 
, ~ 9 ! 4 .  1 m  ?",,,9 L ~ S I E ~ ? ~  1st  LUIIOY an 
lNI671. 
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* *SUPER SPECIALS: .P 
IN914 l W V / l h n A  Doode 201Sl MPF102209MH1 RF Amp ?A1 
1N4W1 l W V l l A  Rscc 151S1 40673 MOSFET RF Amo 51 75 
1N415430V IN914 75:Sl ' LM324 Ouad 741 Op Amp .94 
BR I  50V ' >A  Br~dye R r  4 'S l  LM376 Por Volt Reg mDlP 55 
2 ~ 2 2 2 2 ~  NPN ~ ~ ~ ~ . u l t ~ ~  WSI N L ! ~ S  ~~~s~ ~ O I P  2/51 
2N2907 PNP Tran%onnr 6!S1 LM723 2 37V Reg DIP 31S1 
2 ~ 3 0 5 5   POW^, xntrrr IOA ~9 LMIII cornpop nmp m o ~ ~  4 1 ~ 1  
2N3'104 NPN Amp:Sw . 100 6151 LM1458 Ot8.1 741 mDIP 3'51 
2N3906 PNP Amp'Sw . l W  6 51 CA3086 5 Trans Array DIP 55 
CPG!tO Power FET '.Amp $5 RC4 195DN 15V5OmA mDIP 1 2'~ 

RF391 RF P o w  Amp Tranrbno, 10 25W B 3 3LlMHz 1 0 - 3  S O 0  
555, T m e i  Ips l h r  D # t f a m l  pnnoul from 555 Iw/d.al 3 6 1  
RC4194TK Dual T t a r k ~ n ~ R w I a ~ ~ r  . 0 2 1 ~ 3 0 V @ 2 W m A T 0 - 6 6  $250  
RC4195TK Dual Ttarhbny Rryulalor .15V e IOOntA IT06BL $2 75 
8038 wave~orrn ~sncrato .  wave ~ 0 t h   orc cults .% oats $3 75 

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 

0.. Assemble in about One Hour 
Makes a Great Bench or Lab Power Supply 
Includes All Components except Case and Meters 

-- -- 

OTHER ADVA KITS: 
L W l C  CR-E KlT Vu n t h  CMOS l l L .  DTL. RTL HTL. H.N1L nost  UOS I C s  
ll",,, ," (.or..t*" *I,,,, OO1.ll~" ,..*.., ...., -,,* D,- m," .,I m* ‘,Om ",, 
d r  lo t  0-1 LED ..ldall ClmPul. La m M  car  .n( 04. bd. ONLY S 7 I  
rtxro REGULATED ~ I R  SUIILV X I T S - B ~ ~ ~ ~ , , ,  pmq r,,n .u,.,,,l 
~ r n , , . ~  ~cmruo ,,I. wok., rmut.vDn 09  0 5 %  0.1. t h -  &* 1- -2 *.r(lnn~ 

hr.,t.h8. l m  sv . -A 6" . 5 0 ~ n h  9" . uam. 17" r .an& ~ r v .  
-A smer1,ot~q.**.nwl,.~,rp 1-35.. 

T- ,~,lll.,,,-nn,,,-,".b,,,l 
,,w,Q,,,, -", Pa, ww,vr ,,,* no, or nu,,, , Ms, I lwr  ,,, ,., 
Dm,g. nd h u d ~ . ~  

t W l L  I*)*? FREE DATA SWEETS &.d rrln mn ~mn. I r a  t I I s  d FREE ON 
RfOUFS7743 O. A m  * ~ m  mrr mdw 01 15 o. n o r . 7 4 9  D u l  IX Anw a t r .  Elm 
S E T  I l l t h  m r w a o l 1 1 0 1 w  -. ,pn!rnrka ma. to 3 31171 On.*,- ~,*nwf -0.1 
ORDER T W I * .  LII I,"". .ub*O (0  Cc. "4. "d Po( U M  8 .  h.np I l t h l ,  -,.<. 
..I8 ,!.m,.l. P." ulrm.mlr-?m t"rnDM8" lrnd 
WRITE F W  FREE CAlaLOo '70 otl.r,rg a m rrnlmnlunwa wl.d ~n m a b  
'm% 13,~lrno 
T r w s  ~ n f ~ o r m o n . ~ o m w ~ ~ ~  v ~ n h t ~ . a h ~ l l l .  w . w  I ~ ~ ~ P D U ~ ~ O U I .  
~ n x ( .  and w.,rg 1h.w on kiml 13 m h*r(hm &asp. a old.,. WM 110 0111 r n ~  
~ m t , r n s \ u w v . .  ~ o , , w o n > w , m m , q .  c o o ~ n , . - ~ ~ r ~  ~ - , V , W C I U P .  

- ---- - 

MORE SPECIALS: *F1; 
RCdl95DN .15V B 50tnA VOLTAGE REGULATOR IC Very a n y  l o  

urn Makn  1 ma4 Hlyhly Rewlatad - 15V Supply for OP AMP'S. nc. 
RWUII*' onlv umela8l=1*l OC ! 1 8 - 3 0 ~ I  and 2 WP-* uplcltor=. 

W'th DaU aw&hamt'c' pm $1 25 
LM741 FRED COMPENSATED OP AMP. pA741. MC1741,etc. mDlP 5/51 
MC1458 DUAL 741 CJP AMP mDlP 3'51 
RC4558 OVAL 741 OP AMP mDlP 3151 
2N3904 NPN TRANSISTOR AMPLIFIERISWITCH l o 5 0  m A  8'100 6 $1 
ZENt l lS-Slmf fv  Vol l rps33.  39.43.5.1. 68.8.2 4WmW 4151 00 

1 1 .  10. 12. 15. 16 18. 20.22.24. 27. or 33V 1'10%) 1 Well 31.31 00 

MONEY-BACK GUARANTEE 
ALL TESTED AND GUARANTEED 

ADVA 
BOX 4 18 1 0, WOODS1 DE, CA 94062 
TeI. (4 1 5 )  85 1-0455 





Emits ;I Iwrclng dual tone I)last that 
is  imposs~hle to Ignore. Great with PS-12 POWER SUPPLY KIT 

Measures continuity and resistance to our Sender Receiver Kit.  All corn- li'c~ (;rccrrutrcc,c, .~.orrr .Sori.sjocriort ' 
2K. Test LED'S, diodes & transistors. No t  only is the PS-12 able t o  
Less Speaker. Requires 6 to 12 volts, supply a continuous lOAMPS 

(15 AMPS intermittent) o f  low 
ripple, regulated DC voltage, but 
i t  is also variable from 3 to  30 
volts! Use it as a building block 
for a fantastic bench supply. 

swinging pendulum matches tick-tock sound* Electronic tone chimes the hour (ie: 
3 times for 3 o'clock)* Quality components & 2 PC boards measuring 4.5" x 6.5"* 
All CMOS IC construction* Transformer provided, no case included* Large 112" 

LED readouts. 844.00 Postpaid FEATURES: KIT INCLUDES: 

Adjust. Current (diodes, transis- 
lim~ting to 15 tors, etc.1 

All Components 

UlTRASUllE SENOtA-REEElVER KIT 11.15 
A complete transmlttt,r.'recetver k ~ t  t h a t  w~i l  flotd an average sized room 
with 23KHZ sound and detect any movement in the area. The output is a 
DC level that can be used to trigger a relay, bell or alarm. Uses 2 qualtty 
transducers. All components & PC Board ~ncluded. (Requires 9-15 VDC (11 

60ma [not supplied] ). 
AUTOMATIC TIME OUT CIRCUIT for ultrasonic or mechanical switch Transformer 

fi 

(the outside looks nice) 
BUT 

IT'S WHAT'S INSIDE THAT COUNTS 
Regulated 5 Volt Power Supply 

Induttrlal Grade Hlgh Slablllly 10 MHz 
Trsnslormer Guaranlecd TCXO t 2ppm ( z .0002%) 

Plug-in Module. 

Full 8-Dlglt Readout 
Large .3" L.E.D.'~ 

Separate Regulator 
For the Front End 

Automatic Decimal Polnl Placement Rugged Anodized 
Aluminum Cabinet 

Separate Input lor > 50 MHz 

DAVIS FREQUENCY COUNTER 
500 MHz ?.0002°/0 ACCURACY 

UNBEATABLY LOW COST 

........... 500 MHz Kit . . . . . . . . . . . . . . . . .  $249.95 500 MHz Factory Assembled $349.95 
Klts ~nclude all parts, drilled and Shipping Charges .................................. 82.00 
plated PC boards, cabinet, switches: Instruction and Calibrating Manual ...... $3.00 
hardware and a complete instruction (refundable with purchase) 
manual w ~ t h  calibrat~ng ~nstructions. Factory assembled units are tested and 
All parts are guaranteed for 90 days. calibrated to specifications, and are 
Factory service available for $25. guaranteed for 1 year. 

DAVIS ELECTRONICS 
Dept. F. 636 Sheridan Drive, Tonawanda, New York 14150 

1 m (716) 874-5848 m] 
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Extra Elements $90.00 
Price is F.O.B. Transcona 

INCLUDES U.S. Customs 

KIT COMPLETE WITH 

'BALUN KIT 
'BOOM WHERE 

WINNER OF MANITOBA 
DESIGN INSTITUTE 

AWARD OF EXCELLENCE 
Buy two elements now - a third and 
forrrth may be added later with little 

Enjoy up to 8 db  forward gain on DX, 
with a 25 dh hack to front ratio and 
excellent side discrimination. 
Get maximrrnl strtrct~tral strength with 
low weight ,  rising our "Tridetic" 

GEM QUAD PRODUCTS 
Box 53 

Transcona, Manitoba 

More Details? CHECK-OFF Page 126 



New from Info-Tech: 
An AFFORDABLE, SILENT, RTTY System 

Send for data sheets on these products 
Video monitors available 
Master Charge welcome 

h 

0 

I N F O4T E C HI 1 NcoRPORATED specializing in Digital Electronic systems 

New Model 150 
RTTY Keyboard 

Features: 

4 speeds (60,66,75,100 wpm) 
Built-in AFSK with 3 shifts (170, 425, 
850 hz) 
Automatic CR & LF at end of 64 or 72 
character line 
Built-in low shift CW ID provision 

Priced at . . . . . . . . . . . . . . . . . . $289.50 
F 0 B St LOUIS 

( 1 20 Worthington Drive. St. Louis. Missouri 63043 Phone: 314-576-5489 

New Model 75 
RTTY to Video Converter 

Features: 

4 speeds (60, 66, 75, 100 wpm) 
Built-in T.U. with 3 shifts (170, 425, 
850 hz) 
32 character x 16 line video output 
with scrolling 
Connects directly to receiver audio & 
video monitor 

Priced at . . . . . . . . . . . . . . . . . . $324.95 
F 0 B St LOUIS 
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NEW! Made in USA 
SYNTHESIZED VHF-FM 

TRANSCEIVER 
WE BUILT ONE FOR YOU! 

Send and Receive : 800 Channels 
Variable RF Gain : 1 - 25 Watts 

TRAN!MIlTER SPECIFICATIONS RECEIVER SCEClFlCATlOm 
~,.pu- R-: 144 to 148 MHZ. F- F?.~u.rr*.: 143 l o  148 9 9 5 M H ~  Urb* 
hfi.l Fr.pumv Splln: S,mplcH, + ~ ~ M H z .  -NlVlN (12dE *dl: 0 3 5 ~ V  8 50% Th. AMCOMM 

0 6MHz. t lMHz lMHz Fngrmi . l :  Q u m i ~  Sm'dtlvih IIWB): O 5uV An optional plug in touch- 
800 ISKHz seoarattonl Mob lm t~m:  16F3 m""mum * e h  Thrahald Sr*tklN: 

.< 5KHz for 100% l,OOOHz RF p- o 7 5 u ~  mmnmum ~ q u * c h  Lern~t ~ m u t ~ r y :  
tone pad '$49.95' 

Output: 1.25 Watts. ver~at>le Fraqumcy OuV Or less Modul*tton Ac*vt*nca expands the capability of 
st*,lOtv: wllhln t ~ ~ ~ l X  2~ c to Bmdwidm: 7 5KHz mlntmum A d m t  the S 2 25 in areas where 
460 c Hum NO*: Better then 3 0 d ~  Ch."d S.(Wtivltv. mlnlmum *r. auto-patch facilities are 
713 rated svslem drvlst#on at 1.000Hz lour R. leon r  Amnuation: 7OdB man#- 
A,,,.,,,,. ~~p.d.~~: so *,tch,,,,: mum Intnrnodulat~on Awanumtton: 60dB The 
s ~ ~ , ~  %,-& H~~~ Al m'n'mum ~0c.1 O~~II.~~, F ~ ~ ~ . ~ c ~  feature enables your S 2 
lpasl 6WR twlow ralpd carroe, powrr b ~ t l y .  t lrrparts wr mtll,on A U ~ B O  Outpl t  25 to hook into the 
M=,+-: T,,~P,, low ,mpdanc~ A& PO*: 4 0 Walls anlo a 4 Ohm load @ lrss telephone system, allowing 
trVmv R-: 3mHz  lo J , O O O ~ ~ ,  !haft 10% d~s1ort~on Audeo F r q u m y  

R.lporw: 4 2dR to 8 d B  lrom rhr standard 
calls to any telephone in 

r t . f t . r rvc I  l o  4 1. BdR of 6dE/Octavr 
rmphas,l A,,,,~ Dmm,on LM, 6dH pG3r Octavr de.nnohasss lrom 300Hz to the local calling area, pro- 

ll,sr, 7%. at l,OOOHz, 2,3 svrlem drv,at,on 3 OOOHZ Hum & &-. m e  squrlched v~ding you are a member 
F~~~~ D ~ ~ ~ ~ :  6 I,,91t. , rrqmpnt ~p d"11 30dB unsqwlchrd C h r k  St.: of a local repeater asso- 
LEI) 0pt1on.l A-: Plug on touch. ' "W 'I8 "H * 1°" ciation which has auto- 
tor**. P ~ C O ~ P I  Face plait. also avadahle ~n patch facilities. 
black 

ATLASlDENTRONlDOVETRONIDRAKEIGENAVEIHY-GAlNIlCOMI 
Order By Mail or Call J l~KDKlKLMlMIDLANDINPC~ROCKWELL COLLlNSlSTANDARDl CHARGE IT 
(305) 943-5950 SWANITEMPOITEN-TEC BRlMSTONErrRlO KENWOODIYAESUI 

CORNELLICPDICUSHCRAFT/HUSTLER/LARSEN ON : 
also- CB. MARINE AND AVIATION COMMUNICATIONS EQUIPMENT 

e 
> 

I 

WE WERE YOU 

the indispensable BlRD 43 

- - - - - - - 

ROCHESTER, MI 48063 
Litt0fl 4 2 0 1  WRIGHTWOOD AVENUE/CHICAGO. I L L I N O I S  60639  313-375-0420 

V.M. of BlRD ELECTRONIC CORP. 

Handymen! Hobbyists! @ 
DO-IT-YOURSELFERS! 
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 - repalr it yourself. Soldering 
wilh Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Classw -use Kester Solder. 

For valuable soldering Information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 
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THRULINER* WATTMETER 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 

GET OUR PROMPT ATTENTION 

AUTHORIZED 

aim DISTRIBUTOR 
WEBSTER COMMUNICATIONS 

115 BELLARMINE 



Michigan State ARRL Convention 

Muskegon Community College 

MARCH 26, 1977 
Come early - Wouf Hong initia- 
tion. Hospital i ty Room. Registra- 
t i on  begins 8:00 A.M. Saturday. 

MANUFACTURERS EXHIBITS 
.Technical Forums - Net Meet. 
ings - ARRL Forum - SWAP & 
SHOP - SPECIAL ATTRACTIONS. 

Cal l  WBBPKU Convention 
Coordinator 

616-924-0040 

P. 0. BOX 691 

MUSKEGON, MICHIGAN 

WORLD PREFIX MAP .- Full color. 40" x 28", 
shows prefoxes on each country . . . DX zones. 
time zones, c~ties, cross referenc.ed tables 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLD - from the center of the United 
Slates! Full  color, 30" x 25". listing Great Clr- 
cle bearings in degrees for six major U.S. cities: 
Boston. Washington. D.C.. Miami. Seattle. Sari 
Francisco & Los Angeles. 

Full color, 30" x 25" - includes Central Amer. 

Dept. E 925 Sherwood Drive 

At first glance, both these cars look like they have standard 
factory antennas. Even at second glance. 

But the one on the left has a ham rig inside. You 
can't tell because on the outside it has an ASPR 748 gain 
disguise antenna. So the rip-off artists just pass it by. 

A/S has an entire line of highefficiency disguise 
antennas for GM, Chrysler and Ford automobiles. The 
HM85 Cowl Mount Whip System, for instance, will mount 
on an auto cowl fender or deck in a single 
718" to 15/16" hole. 

For years law enforcement agencies 
have used A/S disguise antennas to keep 

We'll bet our A/S on it. 
their cover. They'll help you keep yours, too. 

the antenna specialists co. 
12435 Euclid Avenue. Cleveland. Ohio 44106. a member of Th. A l l m  drwp. Im. 
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3 Hi-pass tone rejection filter on board 
3 Powered by 6-16vdc, unregulated at 3-9ma 
7 Decode sensitivitv better than IOmvRMS, bandwidth, -Hz ma- limit- 
7 Lowdia 
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3 Encodes cununuousty and s~rnulranr 
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COMMUNICATIONS SPECIAW 

RO. BOX 153 
EA CAUFORNIA 92621 

-* 4) 998-302' 

I Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

-\?-\A/ 1 ILLUSTRATION TRAP 
-=y ---.? 

'Y: 
By the only test that means anything.. . 
on the alr comparison . . . this array con- 
tinues to outperform all competition.. . 
and has for two decades. Here's why For technical data and prices on corn- . . . Telrex uses a unique trap design plete Telrex line, write for Catalog PL 7 
employing 20 HiQ 7500V ceramic con- .-- 

denser~ per antenna. Telrex uses 3 opt~-  
mum-spaced, optlmum-tuned reflectors 
to provlde maxlmum galn and true F/B 
Tri-band performance. - A P A . . h ,  IUI Iy l l , , l  1 1 4 A  

I Out of Band 

Shortwave Listening 
Our only business is supply- 
ing everything needed to tune 
outside the Amateur Radio 
bands and identify what you 
hear. Our mini-catalog de- 
tails Barlow Wadley, Drake 
and Yaesu receivers, WORLD 
RADIO TV HANDBOOK, logs, 
antennas, calibrators, CON- 
FIDENTIAL FREQUENCY LIST, 
receiving antenna tuners, 
FM or TV station guides, A M  
pattern maps, audio filters, 
special ITU lists, QSL 
albums and every book pub- 
lished on "listening." 

GILFER ASSOCIATES, INC 
P.O. Box 239, Park Ridge, NJ 07656 
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THE HAM-KEY 
NOW 5 MODELS 

Iambic circuit for squeeze keying. 
Self completing dots & dashes 
Dot memory. 
Battery operated with provision for 
external power. 
B u i l t 4  s~de.tone monitor. 
Speed. Volume, tone & weight controls. 
Grid.block or direct keying. 

* Use with external paddle such as HK.1. 

NEW 
MODEL HK-5 

ELECTRONIC KEYER 
$69.95 

MODEL HK-1 

Dual lever squeeze paddle. Deluxe straightkey. 
Use with HK.5 or any electronic keyer. Heavy base, no need to attach to desk. 
Heavy base w ~ t h  non.slip rubber feet. Velvet smooth actlon. 

le for w ~ d e  or close finger spacing. 

MODEL HK-2 MODEL HK-4 
$19.95 $44.95 

Same as HK-I, less base for those Comb~nation HK.l & HK.3 on 
who wish to incorporate in  their own Keyer. same base. 

Available from your local dealer or order direct. 

HAM RADIO CENTER, INC. 
8340-42 OLIVE BLVD. P. 0. BOX 28271 ST. LOUIS, MO. 63132 
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I CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 

2.5 kHz 
2.4 kHz 

3.75 kHz 
5.0 kHz 

12.0 kHz 
0.5 kHz 
0.5 kHz 

SSB TX $33.55 
SSB RX/TX $47:75 
AM $51.40 
AM $51.40 
NBFM $51.40 
CW (4 pole) 535.95 
CW (8  ole) $67.15 

Expert 
Inquiries 

1 9.0 MHZ CRYSTALS (Hc25Iul . Invited . , .  
XF900 9000.0 kHz Carrier S4.00 ..... 
~ ~ 9 0 1  8998:s  HI use j4:oo 
XF902 9001.5kHz LSB 54.00 
XF903 8999.0 kHz BFO $4.00 
F-05 Hc25/u Socket .50 

$1.25 
-- 

9.0 MHz DISCRIMINATORS per filter 
XD9-01 i 5 kHz RlTY $25.30 
XD9-02 e l 0  kHz NBFM S 25.30 
XD9-03 "12 kHz NBFM $25.30 

144 MHz SSB TRANSVERTER, MMt144 
Use your HF Transceiver on the 144 MHz band with the addition of the 
MMl144 linear Transverter. The MMt144 operates on all modes; SSB, CW, 
AM, FM. I t  conlatns BOTH the l~near transmit up-converter and the re- 
cetve down-converter. An internal PIN diode T/R connects to your Trans- 
ceiver T/R line. The MMt144 i s  FTlOl and similar rig compatible. Add 
the J-Beam 8XY/2M crossed Yagi's and operate horizontal vertical or 
circular polarization into the OSCAR satellite. IBXY/ZM 539.95) 
Write for application note. 

Also Available 
432 MHz SSB TRANSVERTER, MMt432 
440 MHz FM TRANSVERTER, FMt440 

50 MHz FREQUENCY METER MMd 050 
500 MHz DECADE PRE-SCALER MMd 500P 

I MMd 050 MMd 500P 

Measure frequencies t o  50 
MHz 
6 digi t  digital display 
High sensitivity 50 mV RNS 
Internal crystal reference 
Prlce: $164.95 

Extend your freq. meter to  
500 MHz 
Sensitivity 200 mV RMS 
Input impedance 50 
Output TTL compatible 
Price: $78.70 

Power 12 V D.C. Size 4%" x 2%"  x 1%" 
Send for  data sheet. Shipping $2.58 each 

Send 26d (2 stamps) for full line catalogue of KVG crystal products and 
all ywr VHF & UHF equipment requirements. 
Pre-Scledor Filters Pre-Amplifiers SSB Transnrtm 
Varactor Triplers Crystal F i l t e ~  FM Transverters 
Decade Pre-Scalers Frequency Melen VHF Converters 
Antennas Oscillator Crystals 

S p e c t ~  m 
rmational, Inc. 
ffice Box 1084 

a t  a price YOU can afford! .......... 
SCOTT 

SYSTEMS 
TOUCH TONE ENCODER (Shown) Complete . $52.95 
RF ACTUATED CW MONITOR - 

for the best in CW operating ................................ $24.95 

CRYSTAL CALIBRATOR - too,  SO. 25 kHz ........ $19.95 
range extended to  10, 5. 1 k M  ... . . . . . . . . . . . . . . . . . . . . . .  $24.95 

RTTY OPERATORS 
Digital Date-Time-Message Generator, UARTS. 

Quick Brown Fox Generator, many others. 

MICROPROCESSOR BUFFS 
CPU. Backplane, 1/0 Memory, Timing, 

many others - boards, kits and assemblies. 

VHF-FM TRANSCEIVER 
TT Pad Programmable. PROM selected Channels. 

Hi/Lo Power, PLL-5 kHz resolution. 
Above available early '77, write lor details. 

Send 13$ Stamp for latest catalog. 

SCOTT COMMUN.ICATIONS SYSTEMS 
Box 21 17, Dept. H, Stamford, Ct. 06906 or 

Call (203) 357-1667 

D0.N & BOB'S 
SUPER BUYS 

WtRE. ETC. Premax heavyduty 4 ft. ground rod + clam $4.00 
Consolidated antenna wire: :;I4 stranded $5.00/100 8. #12 
stranded $81)0/100 ft. #22 GA phosbronze longwire antenna 
wlrc $2.50/I000 ft. 

$100-100 FT; SPECIALS 
KLM K W 0 0  Rotor + 100 ft. rotor cable f 100.00 
CDE Big Talk + 100 ft. rotor cable- $ 100.00 

CABLE 5/32". &strand. soft-drawn guy cable. For mast o r  
Ilgtit tower. 3C foot. 

RAYTHEON 811A $16.00/pr. 5728fl160L 08. $21.95 
(In sealed cartons) 

BELDEN COAX ,RGBU 8237 19C R. 8214 RG8 f o a m  236 f t  
9888 double shteld 8214 foam (su~table for dlrect burying) 
35c ft. 8214 white jacket 29 t  W. 8210 72 ohm kw twinlead 
$ 19.00/C. Amphenol PL259 59C UG175 19C. 

CDE Ham-2 $129.00. CD44 $104.00. AR-22XL $50.00. Belden 
8 wire rotor cable 14C ft. 

EXTRAS 5 ea. 1/1" shaft knobs for panel. Very nice $1.00/5. 
Rubber feet 3 0 ~ / 5 .  Buss AGC3 fuse 5t. CDE .001/10KV door- 
knob cap $1.95. Mallory 2.5A/1000PIV epoxy d ~ o d e  19C e8. 

CALL US FOR QUOTES ON: ATLAS 350XL. 
ETO, KENWOOD TS520, TS700A, TR7400A, 
FTlOlE. ALL IN SEALED CARTONS. 

CALL US FOR QUOTES & ITEMS NOT LISTED 
MADISON 

ELECTRONICS SUPPLY, INC. 
1508 McKlNNEY HOUSTON, TEXAS 77002 
7131658-0268 N i b s  7l3/497-5683 
TERMS: All prices FOB Houston. Quotes Good 30 Days. Al l  

Items Guaranteed. Some items subject t o  prior sale. Send 
letterhead for Amateur dealers price list. 
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flea FEY if market 
RATES Non-commercial ads 10e per 

word; commercial ads 4 0 ~  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 ( s u b j e c t  to our editlng). Repeat Inser- 
tlons o f  h a m f e s t  ads pay the non- 
commercial rate. 

COPY No speclal layout or ar- 
rangements avellable. Material should be 
typewrltten or clearly printed (not all 
capitals) and must Include f u l l  name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radlo cannot check 
each advertiser and thus cannot be held 
responsible f o r  claims made. Llabllity f o r  
correctness of material limited to cor- 
rected ad in next available issue 

DEADLINE 15th o f  second precedlng 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio. Greenvllle. N.H. 03048. 

HAM RADIO HORIZONS, a super new magazine for the 
Beg~nner, the Novice and anyone Interested in Amateur 
Radio . . .What it's all about. How to get started. The fun 
of ham radio. It's all here and lust $10.00 per year. 
HURRY1 HURRY! Ham Radlo HORIZONS. Greenville. NH 
03048. - 
REGENCY HR.2MS Sn: 1141554, stolen In Topeka. Kan- 
sas from: C. E. Wldsteen 303-687.3142, eox 937. 
Woodland Park. Colo. 80883. 

CANADIANS 1,000,000 surplus parts. Bargalns 
galore.Free catalog. Etco-HR. Box 741, Montreal. H X  
2v2. - 
SURPRISES GALORE! Projects, ham mdlo, muslc syn. 
thesizers, etc. IC's, pots. hardware, crystals, keyboards. 
resistors, etc. Send 136 stamp for catalogue. UTEP. Box 
26231A, Salt LakeClty. UT84215. - 
PORTkPAK the accessory that makes your moblla real- 
ly portable. $67.50 and $88.00. Dealer lnqulres ln- 
vlted.P.0. Box67.Somers. Wlsc. 53171. 

TELETYPE EQUIPMENT for beglnnera and experienced 
operators. R l T  machlnes, parts, supplies. Beginner's 
special: Model 15 Prlnter and demodulator $139.00. 
Dozen black rlbbons 58.50: case 40 rolls 11116 perf. tape 
$17.50 FOB. Atlantlc Surplus Sales. 3730 Nautllus Ave., 
Brooklyn. N. Y. 11224.Tel: (212)372-0349. 

FOR SALE: Attention ATV'en - Vldeo Tape Recorden 
For Sale. Tlme lapse and reel tlme machlnes. All In work 
Ing condltlon. Send S.A.S.E. for prlces, models, etc. to 
Dictograph Security Systems. 26 Columbia Turnplke. 
Florham Park, N.J. 07932. Attn: Room l l3lDave 
Grlffiths. - 
VERY In-ter%st.lng! Next 4 blg Issues $1. "The Ham 
Trader." Sycamore. IL 60178. 

SB.104. nolse blanker, CW fllter. Factory mod. Mlnt. F ln t  
$675. Call 608-783-5985, K9WK. 

EXCLUSIVELY HAM TELETYPE 23rd year. RlTV Journal. 
articles, news. DX. VHF, classified ads. Sample 3%. 
$3.50 per year. Box 837. Royal Oak. Mlchlgan 
40868. 

SYNTHESIZER. See Ham Radio. July 76. pg. 20-23. 
flgures 21 to 24. Kit for $115. assembled and tested. 
5140. Power supply to run from 117 volts additional 
$15.00. CTD. P. 0. Box 708, Cambrldge. MA 
02139. 

SIGNAL-ONE CXTB CW fllter wanted, elther standard or 
deluxe. K. Lesh. K3RYL. 2750 Belalre Rd. Bethlehem, P a  
18017. Ph:215891-G8B9. 

QSL'S - BROWNIE W3CJl - 30350 Lehlgh. Allentown, 
Pa. 16103. Samples with cut catalog 50C. 

- 
VARIABLE AND TRIMMER CAPACITORS - Mlllen. 
Johnson. Hammarlund. Erle. Arco. In stock for Im- 
mediate shipment. Send first class stamp for expanded 
prlce list. D L V Radio Parts, 12805 W. Sarle Rd.. R12. 
Freeland, Mlchlgan 48623. 

WANTED dead or allve Halllcrafters receivers bullt 
before 1940 S1 through 520. WA5YXA. 902 Creekdale 
Drlve. Rlchardson, Texas 75080. 

SAVE1 Bomar FM, xtals $4.00 ppd.,Dentron. Hustler, 
CushCraft. W. M. Nye. Ameco. Used gear. Complete 
catalog - write Ferrls Radlo, 308 E. Harry. Hazel Park. 
Mlch. 48030. - 
NEW 4-Vamctor. 3.translstor UHF N tuner. Tunes thru 
440 MHz for A N  or repeater applications. $7.95 ppd. 
Workshop, Box393H. Bethpage. NY 11714. 

CRYSTALS - S.A.S.E. my Ilst. KBWQ. 355 Mower Rd.. 
Pinckney, Mlch. 48169. 

ATTENTION: Announcing a new Ham Radlo dealer In 
New Orleans. Dloital Electronlcs Inc.. 1201 Annunclatlon 
St.. IS an authGrlzed representat1;e for many major 
manufacturers of ham radio equlpment and accessories. 
Large Inventory! Competltlve pricing! Wrlte for quotes 
or call collect (504) 5889879. BankAmericard or Master- 
charge accepted. Dlgltal Electronics Inc.. PO Box 30586. 
New Orleans. LA 70190. - 
RECONDITIONED TEST EQUIPMENT for sale. Catalog 
5.50. Walter, 2697 Nlckel, San Pablo, Ca. 94806. 

BUY - SELL - TRADE. Write for free mailer. Glve name 
address and call letters. Complete stock of malor brands 
new and recondltloned equlpment. Call for best deals. 
We buy Colllns. Drake. Swan. Etc. SSB L FM. Associated 
Radlo. 8012 Conser. Overland Park. Kansas 
66204.913-381-5901. - 
44OOA's NEW, BOXED, $22. Perfact for 2kw Ilnear. 
Barnes. 2110 Apache Ridge Rd.. Merldlan, MS 
39301. - 
NEW ADJUSTABLE THREE OUTPUT REQULATED 
POWER SUPPLY, plus 900 parts worth S4W.m list. Solld 
state televlsion recorder electronlc unlt. Schematlcs. 
pans cross reference. Free brochure. 517.95 plus 53.50 S 
L H. USA. Mastercharge Bankamerlcard. Satisfaction 
guaranteed. Madlson Electronlcs Company. In. 
corporated, Box 389, D77. Madlson. Alabama 
35758. - 
TRAVEL.PAK QSL KIT - Send call and 2%; recelve your 
call sample klt In return. Samco, Box 203. Wyantsklll. N. 
Y. 12198. - 
TRANSMllTlNG TUBES, HV and fllament xfmm. rotary 
Inductors, transmlttlng capacitors. Send stamp for flyer. 
T.S. Marlnlch Electronlcs. 102 Bell St.. Welrton, W. Va. 
28082. - 
MOBILE IQNITION SHIELDING pmvldes more range 
with no noise. Available most englnes. Many other sup 
presslon accessories. Literature. Estes Englneerlng. 930 
Marine Dr.. Port Angales. WA 93862. 

KENWOOD TWOOA, mint, wlth modlfled Gonset 10 dB 
Ilnear, coax relay swltchlng, spares, etc. . $600. 
WlHDA12.914-462-0749. 

FREE Electronlcs Surplus Catalog. Electronic 
Speclaltles, 1659 Wetmore, Tucson. AZ 85705. - 
FOR SALE: Swan 250c. 117xc. 510x. vx-2, noise silencer. 
Excellent worklng condition. $450. Ron Leedy. 
WBBONG. 238 S. Beverly Ave.. Youngstown. Oh. 44515. 
Tel: 2167946268. 

QSL's. CATALOG JOC. Rr rY  paper 4% inch rolls whlte. 
case of 12 $25.00 plus shipping. P. 0. Box 11184. 
Phoenlx, Arizona 85081. - 
KEYER Mlcro-TO MKll P.C. boards, parts. K3CU 0 . 5 4 1 4  
Old Branch. Washington DC 20031. 

MOBILE BONDING STRAPS under 50( each. Lltemture. 
Estes Englneerlng. 930 Marine Drlve. Port Angeles. 
Wash. 98362. 

TECH MANUALS for Govt. surplus gear - $6.50 each: SP. 
BOOJX, URM.25D. SG-YU. TS-17YUR. TS.1741U. LM-21. 
OS.8BIU. Thousands more avallable. Send 5OC (Colt-#) for 
22-page llst. W3IHD. 7218 Roanne Drlve. Washington, DC 
20021. - 
FERRITE BEADS: wlspeclflcatlon and appllcatlon sheet - 
l(USl.00. Assorted PC pots. YS1.00. Mlnlature mlca trlm- 
mers. 3-40 pf. - 51s 1.00. Postpaid. Includes latest catalog. 
Stamp for catalog alone. CPO Surplus. Box 189. Brain- 
tree. MA 02184. - 
WANTED: Atlas 210X and Console, state prlce and con. 
d i t l on .  Wr l te  WOLYF. Rt.  3. Chanute Kansas 
66720. 

1 FREE I NEW CATALOG 

N O W ' S  T H E  T I M E  
to request your free new 
catalog on many, many 
exciting Amateur products 
including: 
Data-Tone Keyboards 
Data-Tone Encoders 
Handheld Encoders 
Automatic Data-Tone Dialers 
C W  Keyers 
C W  Memories 
A u t o  Patches 
Rece i ve r  Preamps 
Single Tone Encoders 
Single Tone Decoders 
Tone to Pulse Converters 

FOR EXAMPLE LOOK AT OUR 
DELUXE C-MOS P.C. KEYER 

Complete C.MOS keyer In k ~ t  form. 
or  wired, just r ~ g h t  for your custom 
enclosure. Versatile controls allow 
wide character weight variations, 
speeds f r om 5 to 50 w.p.m. plus vol- 
ume and tone control. Solid.state out- 
put  switching saves power, eliminates 
a l l  those annoying relay problems and 
is compatible w i th  both gr id  block 
and sol~d-state circuitry. With ~ t s  side- 
tone monitor and 90 day warranty 
the Data Signal PC Keyer is  the one 
for you. 

C-MOS Keyer Wired $24.95: K i t  $19.95 

DATA SIGNAL, INC. 
2403 COMMERCE WAY 

ALBANY, GA. 31707 
912-883-4703 

march 1977 101 



flea market 

1 FB43-2401 1.75 dm. 
i FB43-5111 1.65 W. 
i F873-101 1.00 dm. 
i F873-801 1 ,I= 

1 Fr50-72 
) FT82-61 

FCXlA Filament Choke $29.00 
FC25A Fllament Choke $13.25 

FREE CATALOG 
Send for our free catalog l ~ s t ~ n g  hundreds 
of bargains on n~cads.  IC's, transistors. 
digi tal  thermometers, clocks, ultrasonics, 
strobe lights, kits, crystals, resistors. 
capacitors, etc. 
Rechargeable h igh rate sealed Nickel 
Cadmium bat ter~es by Eveready. Type 
CH500 - Standard AA size penlite bat-  
terles. rated 1.25V (. 500 mah  

$1.00 ea. or  10 f o r  $9.00 
Silicon Solar Cell - Brand new by Sen- 
sor Technology Inc. . %'' long x % "  
wide. output is %V @ 5 m a  per  cel l  - 
Each cell has 6" long flex leads. 

SPECIAL 3 for  $1.00 
Please add $1.00 shipping/handling. Colorado res. 
add 3% tax. 

~ H A N E Y I S ~  
m electronics 

P. 0. Box 27038 Denver, Colorado 80227 
303-973-1052 

- -- 
ETCH IT YOURSELF PRINTED CIRCUIT KIT, Photo- 
Posltlve Method - All the supplles for four P.C. boards. 
direct from magazine article in less than 2 hours. Only 
519.95 S.A.S.E. for detalls. Excel Circuits. P. 0 .  Box 891. 
Troy. Mlchlgan 48099.313.5490440. 

- -- 

MODERN CODE PRACTICE. 022wpm on four 80 mln. 
cassettes. $10. Royal. P. 0 .  Box 2174. Sandusky. Ohlo 
44870. 1 and HF too. .. ROAD k TRACK MAOAZINES. In binders, 1981-1978, will 
trade for Ham Radio Equipment. Ron Vanke. WlGUD18. 
2700 Patrick Ave,. Columbus. Ohlo. 43229. (614) 
890.0809. Chicago 

Area 
Hams! 

SIONAWNE NEWSLETTER 6 related Informatlon. Sase 
for details. For sale Johnson 8N2 $85. Bob. WWVAI4. 
PO0 6216. Arlington, Va., 22208. 

FIGHT NI wlth the RSO Low Pass Filter. For brochure 
wrlte: Taylor Communlcatlons Manufacturing Company. 
Box 128. Agincourt. Ontarlo, Canada. MIS 384. 

- 

MOTRAUOLB VHF Motrac U43-MHT returned to 2M 

Kit 
inearity Meter 
tw Tester Kt1 

Kit, HR, Jun 
t, HR, Jul. 7 - 
:. board sul 
rbinets by 

,plies, also 
Hammond. Come in o r  call fo r  the  wlth GLB synthesizer for complete 2M coverage. Motrad 

St 75 GLBIS100. ToaetherlS250 WB8NUJIK. Buraess. 325 ESS . ---a -a- 

- .  
Doty. Ann Arbor, ~ r c h i ~ a n .  48104. 

- 

R l l Y  CLOSEOUT - N S l A  PLL TU while they last. 
Wlredltesled $24.95. Board $3.00. All postpaid. SASE for 
Info. Nat Stinnette Electronlcs, Tavares. FL 32778. 

Cash or trade deal on: 
Ameco ASP Atlas 
Belden Bird CDE 
CES Collins Cushcraft 

FREE CATALOO. Unlque components, klts, calculators. 
dlgltal thermometers, ultrasonics, strobes, nl-cads. 
LEOS, translston, IC's. Chaney's Box 27038. Denver. 
Colo. 80227. 

- . - - - - . 
.35 ea. 
.a ca. 

MOTOROLA HT220. H T m ,  and Pageboy service and 
modlficatlons performed at reasonable rates. WA4FRV. 
(804) 320-4439 evenings. 

SON BROS. 
._I.- COC? ,r,.X -1021 

$ti0 6:l. % 
111 Drive with 
Scale Driw, I 

1 Drlw 4511, 
4" scale 448 

lual ratlo 41( 

Data Signal Dentron 
Drake ETO HAL 
Hy-Gain lcom KLM 

TELETYPES AND ELECTRONICS, warehouse full. 
cheap! A.1. 2012 St Johns, Hlghland Park. 11. 
80035. 

RUBBER STAMP, namelcalllOTH $2.50 ppd. (CA 
resldents add tax). LWM Press. Box 22181. San Dlego, 
CA 92122. - 
SATELLITE INTERROOATION TRANSMmER - Ideal 
for converslon to commercial VHF Se~lceGeneral Elec- 
trlc 4BT91A1, used to transmitt command slgnals to 
satellites. Recently rebuilt and has new tubes: (3) 3CX- 
2500A3 and (1) 3CX10000A7. 123 to 157 MHz. PCMIAM 
plate modulated or may be used wlth external exclter. 
73x43~40 Inches. 3000 Ibs. Wrlte or call for details. Stan 
Wigh. P.O. Box 118. Mustang. Oklahoma 73084. (405) 
745.3061. 

Kenwood Larsen MFJ 
Midland Mosley NPC 
Newtronics Nye 
Regency Shure Swan 
Standard TPL Tempo 

TELETYPEWRITER PARTS, gears, manuals, suppllee, 
tape, torolds. SASE Ilst. Typetronlcs, Box 8873. Ft. 
Lauderdale, FL. 33310. Buy parts, late machines. 

STOP LOOKINO For a good deal on amateur mdlo equip 
ment - you've found It here - at your amateur radlo 
headquarters In the heart of the Mldwest. We are factory- 
authorized dealers for Kenwwd. Drake, Collins. ICOM. 
Ten.Tec. Atlas. Tempo. Regency, Swan, Midland, Alpha, 
Standard. Dentron. Hy-Gain. Mosley. Cushcraft, and 
CDE, plus accessories. For the best deal around on HF 
or VHF aear. wrlte or call us todav for our low auote and 

- 

d To Flnd 
I... ..*iut- 

becom&niof the many happy and satisfled c;stomers 
of HOOSIER ELECTRONICS. P.O. Box ZOOl. Terre Haute. 
Indiana 47802.1812)-238.1456. - 
LARSEN ANTENNAS (our specially) 2.432 magnetlc. 
trunk-lip 518 $33.00, 518 ground plane $45.00. 
BankAmarlcard and Mastercharge accepted. 
201-962-4695. Narwld Electronlcs. 81 Bellot Road. 
Rlngwwd, NJ 07456. 

WANTED: WRL Duo Bander 84 SSB tmnscelver state 
prlce and condx. Gerald L. Lyssy. W5BRZ. 8775 Klmberly 
Dr.. Beaumont. Tex. 77707. 

ORP TRANSMATCH for HW7. Ten-tec, and others. Send 
stamp for detalls to Peter Meacham Assoclates. 19 
Loretta Road. Waltham. Mass. 02154. 

Hours: 9:30-9 Mon. & Thurs, \ 
9:30Q:30 Tues, Wed. & Fri. I COLLINS KWM.2 round emblem 130254-516F2 P.S..SPK. 

plus 30Lt llnear-472-3033. NH WtCPI. 

9-3 sat. a@ MANUALS for most ham gear. 1939170. Llst $1.00. Send 
SASE (or 2%) for one speclflc model quote. Hobby tn- 
dustry. WCdJK. Box H864, Councll Bluffs, Iowa 
51501. - 
HELP n o d  Informatlon on Poly Comm 0. Can Copy, will 
pay. Barry Blrd. WA4NNJ. 6003 Wonderland La.. 
Mechanicsvllle. Va. 23111. 

STAINLESS AND QALVANKED STEEL antenna guy wlre 
our speclalty. Wllcox Electronlcs, Box 1331. S. L. C. Utah 
84110. 
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SPECIAL LOW, LOW GROUP PRICES AVAILABLE FOR AS LITTLE AS 5 UNITS 

L 

HOW'S YOUR BIRD?? 
WAlTMETER THAT IS . . . IF YOU HAVE BEEN HAVING DIFFICULTY LOCATING THE WATTMETER 
JUST RIGHT FOR YOU OR IF YOU CAN'T FIND THE CORRECT ELEMENT FOR YOUR MODEL 43, YOU 
MAY HAVE BEEN LOOKING IN THE WRONG PLACES. OUR LARGE INVENTORY OF MOST COMMON 
ELEMENTS LETS YOU GET WHAT YOU WANT WHEN YOU NEED IT. GIVE US A CALL FIRST FOR YOUR 
BIRD NEEDS. 

MODEL PLUG-IN ELEMENTS for use w~th M d e l  43 THRULlm Wsttmter 
Select one or more elements to sun1 your frequency andvower 
ranges When ordering, spec~fy catalog number and THRULINE 
model number 

43 Table I 

STANDARD ELEMENTS (CATALQC NUMLIERSI 

More Details? CHECK-OFF Page 126 

C.WW 

$110.00 
I)ana. 

5 watts 
10 watts 
25watts 

ELEMENT TABLE 1 SUFFIX H $40.00ea. -watts 

SUFFIXES A, B, C, D. E - $35 .00~~.  IWwatts 2Mwatts 
ALSO AVAILABLE . . . MODEL CCl, CARRY CASE m w a t t s  

FOR MODEL 43 - $22.00 lD~nlwatts 

EC-1, CARRY CASE FOR XTRA ELEMENTS $14.00 
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Fc.0Y.Y" Band. i Y H l l  

1 n W U .  
n w 11s 150 5W 8- 

- 5A 58 5C 5D 5E 
- 10A 108 10C 1OD 10E 
- 25A 258 25C 25D 25E 
WH ~ O A  508 YX: MD ~ O E  

IOOH IWA 1008 IWC IMD IMJE 
ZMH ?MA 2508 25K 250D ?ME 
WH WA ~8 WD WE 

IWOH IOWA l m 8  I(KXK: IWOD IOOOE 

zz 
ABOVE PWCES DO NOT INCLUDE SHIPPING. 

MA-RCH MIDLAND MADNESS 
SPECIAL 
BONUS 

DURING MARCH 
Buy your M~dland 13-500 from 
Spectronics for $199.95 and 
get a FREE Antenna Specialists 
H M - 1 8 0 ,  3 d B  "no holes" 
mobile antenna. A $32 value. 

OR 

BUY the Midland 13-509 at 

$179.95 and get a FREE An- 
tenna Specialists HM-224, 4 dB 

2 METER 
13-500 

I 

x 

Full 15 watts of output power. or cuts 
to 1 watt for short range transmrsslons. 
Complete multople FET front end coupled 
wlth tllgh Q resonator f~ l t e r  and ceramoc 
folters Back l~ghted S/RF meter, easy. 
glow channel d ~ a l  U n ~ t  comes wlth 94/94. 
34/94 and 16/76 ~nstalled 

$199.95 

220 MHz 
13-509 

Compact moblle rlg, transm~ts a t  both 10 
watt and 1 watt power and has 12 cham 
nel capabtl~ty ~n m e  220.225 MHz band 
Transmitter has an ADL corcult An APC 
clrcult monltors antenna SWR Complete 
mul t~ple  FET front end with high Q reso- 
nator f~lter,  ceramoc f~lters with 2 2 3 5  
s~mplex ~nstalled 

$179.95 
"no holes" moblle antenna. A 
$33 value. 

HAVE OUR 1977 BUYERS GUIDE YET? H NOT, CIRCLE 
#I91 ON ADVERTISER CHECK-OFF. NO GENERAL MAILING. 

SPECTRONICS, INC. 
1009 GARFIELD 

OAK PARK, IL. 60304 
3 12-848-6777 

TELEX 72:8310 

STORE HOURS HOURS: 

Mon-l'hurs 9:U)b:OO. Fri. 9:30-Em 
Sat. 9:30-3:w. Ctosmd Sun. & Hol~days. 

a@! 
I 



. ; SPEAKERS I.;:.: 
SQUARE - 3 ,  - 4,! - .3W. 4 m t g  holes. 

11.45 ea. ppd., 2/$2.75 or 4 /  $4.80 ppd. 

PIONEER - Round 2%"  x 7/n" - 16!! - 
.3W, 4 hole mtg. 

$1.55 ea.. 2/$2.85 or  4/$5.20 ppd. 

OVAL - 2" x 4 "  x 1 % " deep - 8!! - .1W. 
4 Hole Mtg. $1.75 ea. ppd., 2/$3.15 or 

4/$5.75 ppd. 
Round #5P585A 2" x 3h'" - 8!! ,& - . lW  $1.35 ea. ppd. 

2/$2.55 or  4/$4.75 ppd. 
14 MULTI-CONDUCTOR RIBBON - #22 
color coded - Qty limited. 

20cper ft. or $1.25/10 ft. 

TUNING METERS - Blue 
t inted plastic body, 0 t o  
l e f t ,  g r a d u a t e d  sca le ,  
200,tA. l'/,"W x 1%"H x 
3,4,,D. Scale can be  rear 
lighted. Sylvania #18148-1 
82.25 ea. or 4/$6.95 ppd. 

3000 MFD 
c? 30 Volt 
Capacitors. 

I$ Dia. x 3"  - 90,. ea. o r  3/$2.25 ppd. 

3000 MFD @ 20V Capacitors. Same size 
as  above. 80c ea. or 3 for  $2.00 ppd. 

ALSO 3000 MFD @ 50V, 3"  x l ! /Rf '  dia. 
95 r  ea. or  3/$2.65 ppd. 

ELECTROLYTIC CAPACITOR - PHlLCO 
*- . .. QUAD SECTION .--. . 4"  x 1Y8" dia. 
*. - T , TWISTAB MTG. 

1 0 0 ~ 1 %  <FD-@ 4 0 0 ~  and a t  350V D.C. 
and 20x50 MFD @ 250V - A nlce u n ~ t  
f o r  Xceiver, etc. $1.10 ea. or  3/$2.95 ppd. 

DUAL Electrolytic 1000 & 500 MFD. 15V. 
long leads. 3h'' dia. x 2 IA"  long. 

55c each 3/$1.50 ppd. 

CRL Disc Capacitors. .l MFD. 10V W" 
din.. long leads. 1 0  for $1.00 p d  

100/$8.40, 500/$36.60 (U.P.S. B n ~ y j  

/$3.95 ppd. 

Transistor and Relay As- 
sembly - consists o f  (2) 
MJE3055 and  (2) MJE2955 
transistors (10 amp. 90w. 
60v complementary pairs) 

I mounted i n  "U" channel 
hea: sink 2%'' x 1 %  x 
1 %  . (2) XTAL CAN RE- 
LAYS, DPDT. 28v, 8000!!. 

' 5.8 m a  DC, 1 a m p  contacts 
mounted on  PC board with 
resistors. $2.95 ea. ppd. 

PIV BRIDGES - 1.5A Gen. Instr. 
P.C. E d  type. 6 5 t  ea. o r  3/$1.80 ppd. 

SEMTECH BRIDGES 
Heat sink w/center hole 
mtg. 1 0  Amp  - Tested - 
200V P.I.V. $1.75 ea. ppd. 
400V P.I.V. $1.95 ea. ppd. 
600V P.I.V. $2.15 ea. ppd. 

25 AMP - TESTED 
200V P.I.V. $2.25 ea. ppd. 

CARBON TRIMMERS 
Miniature watt  units. PC 
t y  e Values. 200, 700, 1000. 
1.g~: 250K. ?OOK 

30 r  ea. or 5/$1.35 ppd. 

NEW M I N I  Imported vert ical  pots (%H, 
3/gW, 1/16D) Values: 1000, 2.5K. 

5K, 50K ohms. Slot adj. Also 5000 and 
5K Horiz. Price: 5 for  $1.20 ppd. 

NEW SIZES - VERTICAL MOUNT 
PC BOARD POTENTIOMETERS 

American made (CRL) Cermet 
sizes: 25K lOOK ohms. 5/$1.30 p d 
CTS Blue1wheel. Values: 750. PK; 
1.5K, 50K, 300K ohms. 5/$1.25 ppd. 

I.C. - Fairchild RTL. p L  900 or  cL /$ 914 Ful l  leads. 3/$1.35 ppd. 
pL923 Full Leads. 3/$1.85 ppd. 

SEND STAMP FOR BARGIN LIST 
PENNSYLVANIA RESIDENTS - ADD 6% 

ALL ITEMS PPD. USA 
Canadian orders for  less than $5.00 add  
$1.00 t o  cover additional mai l ing  costs. 
UPS requires your street address. 

m. weinnhenkec 
electronic specialf~es-101353, IRWIN. PA 15642 
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flea market 
UNCONVENTIONAL SWAP FEST. Saturday. March 5. 
1977 Marshall H~gh  School. Marshall. Mich~gan (near 1.94 
at 1-69). Tech sesstons. computer sessions. OX. VHF. YL 
meetings, plus a home tour of Hlstorlcal Marshall, and 
dine at the world famous Wln Schulers. Details and 
reservations - Goodrich. 117 Parrott Drlve. Marshall, 
Michigan. Call It anything but aconvention. 

HELP FOR YOUR NOVICE. general, advanced tlcket. 
Recorded audlbvisual theory instructlon. Free Informa- 
tlon. Amateur Llcense Instruction. P. 0 .  Box 6015, Nor- 
folk. Va. 23508. 

WANTED: lnoperatlve Collins R-390A to repalr and for 
maintenance of my R-390A. Ed Wagner. 1018 Birch 
Haven Cir.. Monona. WI 53716. 

Coming Events 
WILS 12th Los Angeles Amateur Radio Conventlon. 
Saturday and Sunday. May 21 8 22. 2814 Empire Ave.. 
Burbank, CA 91605. - 
THE ROCK RIVER RADIO CLUB HAMFEST Is Aprll 24, 
1977. at Amboy. Illlnols. Lee County at the 4H Center. 
Routes 30 and 52. Same place as last year. Tlckets 51.00 
advance. 32.00 at gate. Camper parking avallable at a 
nominal fee. Write Carl Kartson. W9ECF. Nachusa. II- 
llnois 61057. Indoor and outdoorfacllitles. 

INTERNATIONAL DX CONVENTION - Fresno Hllton 
Hotel. Fresno. Callfornla. April 1. 2. 1 3. 1977. Contact 
Northern Callfornla DX Club, Inc.. PO Box 608, Menlo 
Park. CA 94025. 

AUCTION 6 FLEA MARKET - Saturday, March 26, 
1000AM at St. Joseph's Church. East Rutherford. N.J. - 
Free admlsalonlparking. Kn lght  Ralders VHF 
Club. (201)4737113 evenings only. - 
RALEIOH. N.C. HAMFEST wlll bs held Saturday nlght. 
Aprll 16 1 Sunday, Aprll 17 at the Crabtree Valley Mall, 
Highway 70W. Eyeball soclal 1 doorprlzes Saturday 
nlght. Sunday a huge covered flea market, prlzes, 
meetlngs 1 ladles programs. Admlssion: 33.00. For more 
lnformatlon wrlte RARS Hamfest. PO Box 17124. 
Rnlnlnh N C. 27809. 

KANSAS ClTV: Elghth Annual Norhtwest Mlssourl 
Hamfest, Aprll 23. 24. 1977 at Exhlblt Hall 2, Munlclpal 
Alrport. Forums, swap tables, commercial exhlblts, con- 
tests. YL-XYL program, free parking. Banquet Saturday 
evenlng at world famous Gold Buffet wlth ARRL Presl- 
dent Harry Dannals as guest speaker. Prereglstratlon. 
$2.00: door. 52.50: preregistration wlth banquet. $8.00. 
Info: PHD. P.O. Box 11, Llberty, MOMOW. 

THE BIQQEST L W L E  HAMFEST In America wlll be 
he ld  March 19. and 20, 1977. i n  Vero Beach. 
F l o r i d a .  Make  you r  p l a n s  t o  a t t e n d  t h e  

COLLINS RCVR 
ARR-41/R-648 Collins Airborne version 
o f  R-390. Same outstanding performance. 
Mechari~cal frlters In IF, D ig~ ta l  Tuning, 
1 kHz readout, 28 VDC. Eas~ l y  converted 
t o  IISVAC. 190-500 kHz. 2.25 MHz. 

$ 265.00 
MIXED VALUES. 

DISC CERAMIC CAPACITORS 
$5.00/LB, PPD. IN U.S.A. 

I f  you don't i~kc the pound you get - call or 
write and we'll send another pound FREE. (And 
you keep the first pound.) 
LTV G-175H VHF 
COUNTERMEASURES RCVR 
30.260 MHz, Two separate front ends. 60-260 
front end has 4168 preamp. AM, FM has cali- 
brated BFO, has built-in COR. Back lighted air- 
craft type panel. Mare info on request. $375.00 
SRR-13A RCVR 2-32 MHz  
THIS CRITTER IS IMMACUUTE!  
Looks and smells new wrtl~ some spares, connec. 
torr to make test cables and complete documen- 
tatron. 5425.00 
206 MHz AND 2.3 GHZ 
SOLID STATE RECEIVING SYSTEM 
W~th weather-proof preamp. 3.7 dB NF @ 206 
MHz 7 dB NF max. (;;1 2390 MHz. 4.8 GHz 
preahp included In weather-proof housing (8.7 dB 
NF). All units except preamp 19" sld. rack 
mount. Complete documentation avail. w/equip- 
ment. $375.00 

RCVR 2 to 30 MHz deperiding on the plug-in 
front end. Prov~sion for XTAL cotitrol. Makes a 
fine single-channel H.F. RCVR. 5125.00 
100 kHz solid state standard frequency oscillator. 
Complete in oven. Sin: 41A" x 2" x If/2". 
James Knight's part #JKTO-23. Octal plug-in. 
Hermetically sealed. $25.00 
WE ARE BUYERS as well as sellers. What have 
you? We don't have a catalcg, by the time we'd 
publish i t  the merchandise would be gone. 

NORTHRIDGE. CA. 91326 213-360-3387 

- 
26W DAVTON HAMVENTION at Hara Amna Aprll29,30, 
May 1, 1977. Technical forums. exhlblts, and huge flea 1 

t reasure coast hamfeat now. Prlzes - At las  
210 wlth console and an lcom 22s. Tlcketa $2 ad. 
vance. 33 at door. For more information wrlte to 2228 
1 l t h  Lane, Vero Beach. Florlda 32960. 

4CX250 4CX1500 4-125A 4-400 
4CX300A 4CX3000 4-1000 
4CX350A 4CX5000 304TL 

S.A.S.E. after U l n 7  for details. SRRCMISMKS, RFD #I .  L-- I 

Oglesby. 111.61348. - 
NEW JERSEY Delaware Valley Radlo Assoclatlon (W2Z- 
QMIR2ADE) flea market and auction wlll be held on Sun- 
day. May 1. 1977.9 AM raln or shine at the Villa Vlctoria 
Academy In West Trenton. N. J. (The school Is located 
adjacent to RI. 29 near the junction of ~ t .  29 and 1-95.) +*oL~.;+ ,,,,,o THE EhSV WRY! 
Talk in on 07167 and 146.52. Refreshments are available. do*'?" v*,?.a, B a s e d  o n  m o d e r n  

market. Program brochures malled March Tth., to those 
registered wlthln past three years. For accommodations 
or advance flyer, wrlte Harnventlon. P.O. Box 44. Dayton, 
Ohlo 45401. - 
STARVED ROCK RADIO CLUB HAMFEST - June 5. 

Advance r&lstration 51.00: or 51.50at the gale. Foraddl- 
tlonal lnformatlon or tickets write: OVRA. P.O. Box 7024. 
Wes t  T ren ton .  New Je rsey  08828,  s.a.9.e. 
please. - 
MICROPROCESSOR WORKSHOPS 
Mlcrocomputar Intarfaclng Workshop. June 9. 10. 11. A 
threeday workshop based on the popular 8080 micro 
processor. Over 20 operating 8080 computers are 
avallable for partlclpant use. 
Dlgltel Electronics lor Automation WotMmp. June 7,8. 
A two-day workshop based on the small scale and 
medium scale TTL Intearated clrcults. Many hours of 

Other tubes and Klystrons also wanted. 

The Ted Dames Company 
308 Hickory St. Arlington. N.J. 07032 
(201) 9984246 Evenings (201) 998-6475 

*pn'"s**.+a,,- p s y c h o l o g l c a l  techni-  ques - Th is  course w i l l  ,,*. v take y o u  beyond  13 
w.p.m. I n  

L E S S  T H A N  $9.95 H A L F  T H E  T I M E !  

N o  Books  T o  Read 
Album contains NO Visua l  G i m m i c k s  

T o  Dis t rac t  Y o u  three 12" LP's Just L i s ten  A n d  L e m I  
2% hr. instruction 

Avai lable i n  Cassette also f o r  o n l y  $10.95. 
laboratory time wlth Individual breadboarding stations 
will be provlded along wlth lndepth lectures. For more In- 
formation on these workshops contact Dr. Nonls Bell. 
V.P.I. and S.U. Contlnulng Education Center, 
Blacksburo. Vlrolnla 24081.17031 951-6328. 508 East Washington St.. Arcola, IL 6 1 9 1 0  

More Details? CHECK-OFF Page 126 



SEND SASE BUSINESS SIZE FOR COMPLETE MAIL ORDER CATALOG 
SST T-1 RANDOM WIRE ANTENNA TUNER 

Larsen Antennas 
to ti1 Any Mobrle U d t  

NPC 6 Amp Power Supolv 

Canrerls 115 volts AC I0 13.6 M l l S  
DC t200 mlll~volts. Handles 4 
amps continuous and 6 amps mx 

*pr rnr  NO 3.8JR.220 vI for  an Economy Pr im? 
THAT'S RIGHT! 

introducing the ECONO-LINE 

price. The new Econo-Line gives you 
everything that  you've come t o  expect 
f rom TPL at a real cost reduction. The 
latest mechanical and electronic construc- 
t i on  techniques combine t o  make the 

mode rn  amplifiers now  
SUPE RTUNERTM available t o  the amateur. I n  

Econo-Line your  best amplifier value. 

Wan1 a n  antenna tuner 10 our opin,on the f incrt Unique broad-band circuitry requires n o  
match ewrvth lng between tuner o n  the market today. 
160 and 10 through bal- $229.50 
ancad I~ne, coax l ~ n e  and 8 0 . 1 0 ~ ~  

Novice Crystals 

Standard lcorn Heathkit Ken 
Clegg Regency *Wilson VHF Eng 

Drake And  Others! 

- - - _ _ _ - - - - - -  - 
m e n  9AM to 9PM 

Master Charge & BankAmericard accepted o n  most orders. Mon. -Fri. 

1 
Name Call Sat. 9-6 

I 
Address Prices FOB Medford 

MA. All units can be 
I 

209  M y s t ~ c  Ave. 
Medford M A  02155 

State Z i p  shipped UPS. MA resi- I 
1 (617) 3 9 5 8 2 8 0  Order: dents add 5% sales tax. I 

New England's 
Orders over 51000 
deduct 5%. Add $3.50 I I Friendliest Ham Store for shipping & handling 

I FREE Gift With Ever9 Order ! ALL SALES FINAL ! 1-1 I 
I - - - - - - - - -  _I 

More Details? CHECK-OFF Page 126 
march 1977 105 



I DUPLEXER & I 
CAVITY 
KlTS ... 
Now 
available 

E for you 
fully assembled 
and tuned! 

I UPGRADE Y O U R  R E P E A T E R  WITH 
A R F  T E C H N O L O G Y  DUPLEXER.  I 

1 @ A L L  D U P L E X E R S  AND C A V I T I E S  
A R E  T E M P E R A T U R E  COMPEN- 
S A T E D  WlTH l N V A R @  AND MEET 
A L L  C O M M E R C I A L  S T A N D A R D S  

O N L Y  TOP QUALITY MATERIALS 
GO INTO OUR PRODUCTS. 

BOTH KITS & ASSEMBLED DU- 
P L E X E R S  AND C A V I T I E S  ARE 
A V A I L A B L E  TO Y O U  A T  A S A V I N G S  
TO Y O U .  

Mod. 62-3 ... 6 cav., 2 mtr., Insertion 
loss 0.6 db with isolation 100 db 
typical; pwr. 350 w. Kit  $349 
ea.-Assembled $439. 

Mod. 4220-3.. .4 cav. 220 - MHz 
insertion loss 0.6 db with 80 db 
isolation typical; pwr. 350 w. Kit 
$249 ea. - Assemhled $329. 

I Mod. 4440-3 ... 4 cav. 440 MHz, 
insertion loss 0.6 db with 80 db 
isolation typical; pwr. 350 w. Kits 
$249 ea. - Assembled $329. 

I Mod. 30 Cavity Klts: 2 mtr. $65 ea., 
220 MHz $65 ea., 440 MHz $65 ea., ; 
6 mtr. $115 ea. Add $15 for 
Assembled Kit. 

I Also avaitable: 6 mtr., 4 cav. Kit 
$399-Assembled $499, 2 mtr. 4 cav. 
Kit  $244Assembled $329, 440 MHz 
TV Repeater D u p l e x e r  

Only hand tools are necessary to 
assemble Klts! 

Send your order to: Dlstrlbutor: 
TUFTS RADIO, 386 Maln St., 
M e d f o r d ,  Mass. 02155. Phone (617) 
395-8280. 

(PricesF.O.6. Medford. Mass. All units csn be 
shipped U.P.S.-C.O.D. orders requlm S50 
deposit. -Mass. residents add 5% sales tax.) 

flea market 
PHOENIX. ARIZONA, MARCH 6.1977. Wlnter Hamfest at 
South Mountaln Park - Swap Meet. Eyeball, Pot Luck. 
South Mountain Park Is at the south end of Central 
Avenue. Phoenlx. Sponsored by the Amateur Radlo 
Councll of Arizona. - 
A BIO THANK YOU to everyone who attended the Flrst 
Annual Sangamon Valley Radlo Club HAMFEST at New 
Berlin, Illinois on September 28, 1976. Your attendance 
made the event a huge success and we'll be back next 
year. blgger and better. on Sunday. September 25. 1977. 
See you there! 

ALDELCO SEMI.CON0UCTOR SUPERMARKET 
RF DEVICES 
7N3 375 3W 4W MHz 5 50 7N60804W I75  MHz 540 
7N386b I i V  4W MHr 99 ZNMRI 15W 115 MH, 8 45 
2 N 5 5 R l 3 V  115 MFlr 4 75 7NhOR7 75W 175 MHr 10 95 
2N5590 IOW 175 MH? ?@I 7Nrfin3 WllV I 7 5  MH, 17 30 
?Nc~5'Il 7SW I75 MHI 10 95 7NAOM 40W 175 MH, 16 30 
HEAVY DUTY RECTIFIERS 
700 volt IM Amp no8 B Y )  
700 Volt 754 Amp l>O'I 17 50 
TOW Volt / Am,, 5 1 < nn R m a l l r !  RCA 10 10, W 
10 M)(1 Volt S~l-ron R1.~1111e1 Elm? 65 nlA 7 95 

ALDELCO KlTS 
O#q#Irl Clmh Kt1 Huufs. M~~WIPI h S . w n d l  LII~ Hall Inch LED 
IC,YIOUI$ ElaI**0 1 1 1 1 ~  10111(11~11 12 kou, Iofmal ~ i l h  74 hour 
alarm Snmm lraturr AM I'M ~ncl,calof. Povt,r S u o ~ l v  p t w r  

larluzr anrltcnror Com~lc t r  r r m t l b  wrml qrd*a cahrnr! $73 95 

tlon. Flea Market. Commercial dlsplays and good 
Eyeball OSO's From 8 AM to 5 PM 52 00 advance. 52 50 b g $5 . , 
after March 1, 1977 or at thedoor Talk-in on 52-52 and all DISCSETE LED$ 

Toledo area repeaters Send s a s e . Toledo Mobile Jumb LonQa8 Sh'lt' 6 lor $1 W 

Radio Assoclatlon. Inc . Box 7548, Oregon. Ohio : L d m ~ , ~ ~ ~ c ~ ~ ~ l ~ ~ ' ~ ~ n I ~ , " , " ' , " ' ~ k ' ~ ~  5 lor 51 W 
5 l m S I  W 

43618 R L 2  or Mecvo Re lo* S I  W 

MOULTRIE AMATEUR RADIO KLUB 16th. Annual 
hamfest the last sunday of Aprll at Wyman Park. 
Sullivan. Ill. Heated indoor area and large outdoor park 
Ing area. No charge to vendors. For Informallon wrlte 
Mark Radlo Klub. PO Box 327 Matloon. 111.61938. Talk In 
146.94. 

OREATER BALTIMORE HAMBOREE. Sunday April 3rd at 
9:00 AM at Calvert Hd l  College Goucher Blvd. and La 
Salle Rd.. Towson. Md. 21204 (1 mile south of Exlt 28. 
BELTWAY-INTERSTATE 695L Food Service. Prizes. 
Giant Flea Market. Admission Charge 52.00. 225 Tables 
Inside Gym. Over 1700 attended last year. INFORMA- 
TION AND TABLE RESERVATION: Contact Bro. Gerald 

ZENERS 
IN74610 IN7594WMw.a 75 IN4778lo IN4764 I w 35 

C1068 565 CA 3078A Dd Amp $1 50 
MPqA14 "0 BOBOA 
7N 1055 

SM 95 

MPF 107 GET 99 LM3MK Volt R q  1 10 
45 LM3RON Audio Amp 1 75 

7N3SiU or 7N3906 10 9'3 71Lcr7 
?NW1160# 7N610H 

RlorS1750 
MJ& 440 17N5651!1 $1 f:) Nr'*IIBPLL 4 95 
40671 HCA T f  1 s1 55 N15678 PLL 4 95 
14 I IW 14 P," DIP 25 NF565A PLL 2 50 
S55 Tlmrl 75 LMllVIar LM741 Mln 0.0 45 
556 1Dual 5551 51 75 LM141C T050PAnw 45 
700 Vnll 25 Am" B,*dv $1 50 14 t l r  16 Pin l C  k b r l r  30 
IN914 IN4148 10 lor 99 W r  ha". 1400 IPV,P% IC I tend 
lNJ6 IN60 IN64 10 for 09 for crl.,~al 

)* wulr  en mrr ,r rill W.nr rv ~ c t d  5 8  In c+> w un or* 
16 m Ou, " r  " ( A  ,W.d C.., (led Cl". .r w u n v  0.06. rrmr l r" r"> ' rW.  

Malseed. W3WVC at School  Address or ca l l  
3018254268. - 
"MICHIGAN CROSSROADS'' Amateur I Computer Hob  
byists FLEAMARKETI Junctlon 1-91 6 169 Saturday 
MARCH 5 8a4p. FoN~s.YL TOUN! MARSHALL HIGH 
SCHOOL. Sponsors WB800U (MHS "AMPS') and WBDF 
(SMARS,  I nc . )  I n f o r m a l l o n  K8UCY Secy 
816.781.3554. 2281H Babylon Tnpk.. Merrlck. NY 11566 

15161 378.4555 - 
F.M. B*A'S*H., DAYTON, OHIO, April 29. 1977. on the 
Frlday nlght of the DAYTON HAMVENTION. Thts Is a 
social evening for all hams and their friends from 8PM Ill 
mldnight al the Dayton Billmore Towers. Flrst and Maln 
Street. Admission Is free. Sandwiches, beverages, 
snacks and C.O.D. barwl l l  be available. Llve entertain. 
ment by TV personality Rob Reider WABGFF) and his 
group. l l P M  prize drawing featurmg ICOM lG245 and 
other prlzes. See you where the actlon Is1 

TMAS. Mldland Amateur Radlo Club SWAP Fest Satur- 
day and Sunday, March 28th and 27th. It wlll be held In 
the County Exhlblt Bldg. on Highway 80. just East of 
Midland.Texas. Preregtstration will be 53.50 per person. 
and 5400 at the Door. Pleasesend pre.registratlon fees 
to Midland Amateur Radio Club. Box 4401. Mldland. 
Texas 79701. 

THE MESILU VALLEY RADIO CLUB Sponsors Whitey's 
Bean Feed and Swap.Fest Sunday. Aprll 24th, at 
10.00a.m. Located near Las Cruces. New Mexlco at La 
Mesa with talk.ins on 1676, 04-64 and 3940 KC. Fun for 
all the family wlth big prizes, plenty of food and the 
usual beverage truck. All Included for 55.OQ for adults 
51.75 for kid tickets. Eat. drink and win a prlze wlth 
Whltney, K5ECO as- host. Free overnight parking al 
groundsso come (or a spell. All correspondence should 
be made wlth Thomas B. Rapkoch Jr.. 640 W. LasCruces 
Avs.. Las Cruces. New Mexlco BB001. 

Stolen Equipment 
ICOM 22s SN: 2265, stolen from: Ed Weiss WESJ. 4501. 
West Kentucky 156, Denver, Colo. 80219. 

STOLEN between December 18. and 22.1678 fmm truck 
at 11318 Gravenhurst Dr. Cinclnnatl. Ohlo. Regency HR- 
2A Serial 04-06931 and Regency AA-2 Two Meter 
Ampllfier. Serlal 1150388. A 50 dollar reward is offered 
leading to convlclion of suspscts involved notify WBOIL. 
11318 Gravenhurst Dr.. Cinclnnatl. Ohlo 45231. or your 
local pollce department, Items have been entered into 
(NCIC) FBI computor. - 
FOLLOWING EQUIPMENT WAS STOLEN from the 
WA3RCA club station between flve and eight 
PM. December 12. 1978. Collins KWM-2 Transcelvar 
110272, and 516F2 PIS 119920, Drake TR4.C #35245. and 
AC-4 PIS and unfinished Heathklt HW-2021. Reporl In- 
forrnatlon to Cheltenham Pollce at: 2158878200; offlcer 
112. An award of 5100.00 is being offered for Identlflca- 
tion of the robbers, or other substantial Information. 
andlor return of the equlpment. 

2 

TEST EQU I PMENT 
All equipment listed is operat~onal and un 

conditionally guaranteed. Money back 11 not 
Sat~sficd - equ~pment beinq returned nIuSl be 
sh~pped prepald. Include check or money order 
w11h order. Prtces nnclude UPS or motor fre~qht 
CharqcS. 
BOONTON 190A Q m t r  30-2M)mHz . . . 5425 
BOONTON 202E A M . F M  s ig  gen 

54 216mHZ . .. . . ... . . . . . . . . . ... .. .. . 425 
D E  l T D U  4 30mHz video display . . . . . . . 55 
GRlOOlA L F  s ig  gen 5kHz-50mHz . . . . . 385 
HPlOOER F r e q  stand .05 pa r t s /m i l  

Outputs 10,100Hz; 1,100,100kHz . . . . . 155 
HP160B(USMlO5) l S m H Z ~ ~ 0 p e ~ i t h  

reg  horiz, dua l  t race ver t  p lugs . . . . . 375 
HP t66B(M i l )De lay  sweep for  above . . 130 
HP170A(USMl40) 30mHz scopewi th  

r e g  horiz, dua l  t race ver t  p lugs . . . . . 475 
HP175A 50mHz scope w i t h  r e g  

horiz, dua l  t race ver t  plugs . . . . . . . . . 565 
HP185A Sampl ing scope to 1 gHz 

1868 xs t r  r ise  t i m e  p l u g . .  . . . . . . . . . . . 585 
HP'202B LF Osc .5Hz.50kHZ 1 0 ~  Out . . . . . 75 
HP205AG L a b  audio gen .02-20kHz . . . . 195 
HP212A Pulsegen .06 5kHzPRR ... .. .. 65 
HP524D F r e q  counter-basic range 

lOHz 10mHz extends w/p lug ins  . . . . 195 
HP5408 Transosc t o  12.4gHz tor 

use w/HP524-tyoecounters . . . . . . . . . 145 
HP616 S iggen 1.8-4gHz F M - C W  . . . . . . . 365 
H P686 Sweep gen 8.2- 12.4gHz sweep 

range 4.4mHz.4.4gHz . . . . . . . . . . . . . . . 495 
HP803A V H F  An t  br1dge50.500mHz . . . 135 
SOLITRON 200A SCR tester - a l l  

funct ions w/scope output . . . . . . . . . . . 135 
Tek l81 T ~ m e  m a r k  scope cal ib.  . . . . . . . . 55 
Tekl9O Sig gen(const a m p l )  50mHz . . . 125 
Tek536 11 mHz  X -  Y scope - uses 

two  le t ter  ser iesp lug Ins . . . . . . . . . . . 295 
Tek565 Dua l  beam IOmHz scope 

less plug. ins (3  s e r ~ e s )  . . . . . . . . . . . . . . 625 
TS505 Std V T V M  (rf-500mHZ) . .,. . . . . . . . 65 

For complete 115.1 01 dl1 tesl equlpment 
send stamped, sell addressed envelope 

GRAY Electronics 
P.O.Box 941, Monroe, Mich. 48161 

Specializing In used lest equipment. 
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The HAM Gear for 

INTERMOD? Virtually None! 
GTXm2O2 SELECTIVITY? Really Super 

95 NUMBER OF $239 CHANNELS? From 1 to 22 

CHECK THESE ,","P,y:tuew 

FEATURES: .wr ist  sqhty.  
Al l  meta l  Case carrying-strap 
American made  inc luded 
Accepts standard 6 channels 

3.5 Watts 0IJtpUt N icad battery 
Battery holder pack price of synthesis--so, buy at low acquisition cost, 
accepts A A  Charger f o r  and add crystals later as you want them. 
or n icad cel ls CHECK THESE OUTSTANDING FEATURES: 

Massive heat sink to maintain power 
over prolonged transmissions 
30 watts (norn.) output 
8-  ole crvstal filter 

TONE ENCODER PAD 
P l u g - i n  i n s t a l l a t i o n  o n  m o s t  
amateur transceivers. 

TE-I1 TE-I 

$4995 $5995 

15-~ in  a&essory jack 
Dual-gate MOSFET front end 

Same Circuitry as used in Genave's famous Land 
Mobile transceivers. . . Manufactured in America by 
the same Government-Inspected facility that pro- 
duces high quality reliable communications and 
navigations for marine and aircraft industries. 
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GTX-200-T GTX-200 GTX-10-S 
2-meter f M ,  I00 channel 2-meter fM.  100 channel 2-meter FM. 10 channels. 2-meter FM. 10 channels. 
comb~nat~ons, 30 watts cornbtnat~ons. 30 watts 10 watts (Xtals not in- 30 watts with pushbut- 
wrth factory ~nsta l led  Ilncl. 146.94 MHz) cluded) ton freutncy selector 
tone encoder (InCl. 146.94 (Incl. 146.94 MHz) 

$24995 $1 9995 $1 4995 $1 8995 
r-=--- ----lHuRRY! USE THIS HANDY ORDER FORM1=-=----- 1 

GTX-202 $ 2 3 9 9 5  Nm 4. Am-2 6dt 2 4  $2995 1 
Base Antenna 

4141 Kingrnan Dr., Indianapolis, IN 46226 
Phone-in orders accepted (317+546-1111) I 

NAME I 
ADDRESS CITY I 

m-2W-T $24995 Lambda/4 2-M and 6-M lmk $ 
Antenna 

ETlI-ZM $19995  TE-l Tone Enccllar Pad 
2995 I 

0 PTX-1bS $ 1 4 9 9 5  TE-II T e r  Encoder Pad 
PSI AC w r  ~ m p p ~ y  tn so $4995 I $ 1 8 9 9 5  nn a11 m a w  transceivers $6995  ( 

I AMATEUR C A L l  14 VDC-6 amp 
PIX-1 $ 2 4 9 9 5  and @ $4.50 the followinfi each stanlard cry~ftls 

. . . . , . . 
Non.standard crystals 

t I / $ 2 9 9 9 5  $6.50 ....................... - I 
Certified Check,'Money Order Personal Check Add $4 per ftadno for Shipp~ng. Handling, and Crystal Netting. I c.0.D. Include 20% Down 

Note: Orders accompanied by personal checks will require about ACCESSORIES FOR GTX-1 and GTX-IT 
I 

) two weeks to process. 
20°b Down Payment Enclosed. Charge Balance To: PSI-18 optional Nicad battev pack ............ $ 2  I 

I BankAmericard It Expires 
Master Charge # Expires PS-2 Charger for GTX-lV) battery pack ........$3995 I Interbank # Expires 

I 
IN  residents add 4% sales tax: GLC-1 Leather carrying case ............................ ' 1  z9' 

I residents add e s  a :  

I 
All orders shipped post.paid within continental U.S. 



2 METER FM TRANSCEIVER 

4 143 lo  149 99 MHZ In dlgndly dlsled 5 KHZ nepa 
without buylog a ungle crystall 142 MHz 
coverage opt~onal 

4 2s Wanr RF output 
+ 25 uV 12 Ob SINAD sms~tmfy 
4 Compbldy independent tranmnlRaave he. 

quency control vet slmplex mth the fltp of a 
stngle m t c h  
Includes dynsmlc ml AMATEUR NET 
cfophorm and rnoblle 
mounting bracket $650.00 

4 Very low tranwnna rpumus output 
+ Bery(11um copper pnnted clrcull card guda prmnds 

SOLID rstsntlon ol plug In modules. as dl M 

excellent ground connectmn to the modules 

v - S1zeS%~'xlO%"x3%" 
All ot m6 @US o p t d  plug m modub fa Tone &n(. 
Doal Tone. Sub Audlbk Tone, and a Touch T a r b  

+ TWO YEAR WARRANTY1 mterface module 

4 REPEATER AND RTTY CW IDENTIFIER 
254 blt capacity allom you to send your all plus 
othu h r a b b f  ~nformation. 
Eaoly programed. 

Sire 6" x 4.1,:' (BZ.SO Arsmbbd 

4 REPEATEHAUTOPATCHANDCONTROL 
3 dtg~t access s~nglr dnqtt disconnect 
3 d~glt repeater ON OFF control 
AGC w~th J) Db dynamlc range on dl mprts end 
outputs' Just connect rqmatm Rcn. TX. Idar. 
Touch Tom, llrm and power 
S~ze 91,;' n 4.1,; $199.95 A m b l e d  

BbO MHZ PRESCALER KIT 
Why pay $75 03 ro $100 03 or morn for a MHZ 
presca!%r when you can get one that goes all the 
way to 650 MHZ for lust 
Sue 1" x 1'1,:' 1ZV or SVDC 847.60 

Send lor our six pago COLOR brochum rvhich g i M  
you the full stow, mwde and out1 

Touch 1014 - trademark of Ihe Weatem Elactric Co. 

NEW PRODUCTS! 

4 TOUCH-TONE KEY BOARD 
Poarttve smpact~on push bunon rmtchgl 
No need to w o v  about long fmga ~ l s .  
No more mn dtallng because of $ n f a m W  rmtch 
contacts. 
Standard touch-tone formal 
Sue 2"l.:' x 2" r 'I,." 5800 

CA$H FOR 2-WAY FM RADIO 
MOTOROLA. GE. RCA. ETC. EQUIPMENT 

MOBILES, BASES, PORTABLES. MOBILE- 
TELEPHONES REPEATERS REMOTE CONTROLS, 

TONE EQUI~MENT, 2 - W ~ Y  TEST EQUIPMENT 
Operational Units Only 

Cornrn!ssrons/Finders Fees 
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIF. 95112 
Telephone 24 Hours 408/998-4444 - 

Rt..,5 tmlle<l V~.S,It' t,<>,l" to  acce,,, 
<or. PI 751 nlug an lredlnnc Dv,p 
L d l l  k e C m  r0.I. 11It1nn1 dry Inrlrbr 
l l n n l  mnrltldCd liunernlerd At lour 
drrlsr, or  s3.95 ..,l~.,d. corn. 
o,>n,on #n%ulntovr 7 6  99 

BUDWlG MFG. CO. PO em 97". Ramon.. CI 92065 

from ATRONICS 
The A t ron~cs  Code Readers Makes  code  l ea rn tng  faster a n d  

D~sp lay  letters. numbers. and com- easier 
rnonly used punctuation visually as A slngle connection to your rece~ver 

Morse Code stgnal 1s recelved or t ransce~ver  speaker pu t s  ~t ln to  

- Operating speed 5 to  50 W P M  at operatton 
selected speeds Hard copy read-out of CW ava~lable - Al l  Solld State w l t h  T U - 1 0 2  TTY ~nter face Module  

accessory 

Buy Factory Direct & Savel Send for Free Literature. 

USE YOUR BANKAMERICARD OR MASTER CHARGE. 

ATRONICS P O .  BOX 77. Ercondido. CA92025 (714) 745.1971 

DIRECT CONVERSION RECEIVER 
MODULE HIT 

I n c l u k  tuned RF amp., dwble balanced FWP 
duct detector 2 srct~on passlve audio filter, low 
noise audio 'preamp. volume control and a 1 
watt audio power ahplificr on a 3" '1 5" g la~r  
epoxy p. c. board. 

Urc your VFO w crystal o v l l h t a  
12 volt opa l ion  

Specify 80 w 40 mrter band wlU adcr 

$39.95 ppd  
Kits do not ~nclude case w connctm 

ORDER FROM 

DIRECT CONVERSION TECHNIQUE 
3132 NORTH LOWELL AVENUE 

CHlCAGO, ILLINOIS 60641 
send SASE for (ye?, $1.00 for catalog 

12 But ton  touch-tone pads caltbrated and 
guaranteed 90 days (abuse excluded) w l th  
dlagram $14.00 
Attractwe plast ic mount ing  box w l th  
brackets $4.75 
Complete work ing  sys tem ready t o  con 
nect to  your transmitter $24.95 
Complete work lng  system with- speaker 
In  houslng for acoustlc coupl ing w l th  
power swltch . $39.95 

TELEPHONE EQUIPMENT COMPANY 
Post Office Box 596, Lersburg, Florida 32748 

(904) 728.2730 
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A brilliant new 2 meter transceiver 
with every in-demand operating 

feature and convenience 
* Synthesizer and VFO. 

* All modes: NBFM, WBFM, AM, 
SSB w l  USBl LSB and CW. 

Frequency synthesizer (PLL) 
3 Knob, 600channels. lOkHz steps. 

VXO, plus or minus 7kHz. 

* LED readout on syntheslter. 

. Standard 600 kHz splits plus.. 

Two "oddball" splits. 

* OSCAR transcelve 2 to 10 
meter operation. 

OSCAR mceiver built-in. 

Connectors on rear for separate 
2 meter and 10 meter antennas. 

Built-in VFO (continuous coverage. 
144-1 48MHz in 1.3MHz segments. 
1 kHz readout). 

8 pole SSB fllter plus two FM filters. 

lOOkHz crystal calibrator. 

Voice operated relay (VOX) or pt-t. 

* Audio speech compression. 

Noise blanker. 

Rll, plus or minus 5kHz. 

Power out1 "S'mter. 

FM center deviation meter. 

10W minimum output power. 
NO TUNING1 

HI-Lo power provision. 

Built-in ACl DC power supply. 

Double conversion receiver. 
16.9MHz and 455kHz I-F's. 

Receiver sensitivity: 
FM: 0.5pV for 28db SIN. 
SSBICW: 0.25pV for 14db SIN. 
AM: 2pVfor IOdbSIN. 

50MHz or 432MHz converters 
will be available. Interior space and 
term~nals are provided. 

Size: Inches: 5H. 14.88W. 120. 
MM: 128H, 378W, 3050 

Weight: 28 Ibs. (1 3KG). 

At your favorite dealer. Write for catalog. 

KLMe~ectronics, inc. 
17025 Laurel Road, Morgan Hill, CA 95037 (408) 779-7363 
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B. B. C. 
ELECTRONICS COMPANY, INC. 

"ONE OF THE FINEST NAMES IN THE INDUSTRY" 

SPECIALISTS IN 
HIGH-POWER RF TRANSISTOR COMPONENTS, 

CMOS INTEGRATED CIRCUITS & ASSOCIATED COMPONENTS. 

WISHES TO ANNOUNCE 
A COMPLETE LINE OF AMATEUR H.F. AND V.H.F. EQUIPMENT 

INCLUDING THE BEST NAMES IN THE BUSINESS. 
LIBERAL DISCOUNTS TO LICENSED AMATEURS, HAS BEEN, AND STILL IS, OUR POLICY 

- TRADE INS ACCEPTED - 
FOR YOUR AMA TEUR NEEDS FROM $1 TO $ ? ? 

WRITE OR CALL 

B. B. C .  
BLUE GRASS PLAZA 2417 WELSH ROAD PHILA., PA. 19114 

PHONE: (215) 464-1880 

BULK ORDERS ACCEPTED BIDS SUPPLIED 

COMPUTER 

Glade Valley School Radio Session 
1 5 t I 1  1 c(lr - ]ti111 30 t11rt1 r \ t ~ g i ~ \ t  12. 1077 

SOLID STATE POWER SUPPLY - 12 VOC @ 5 Amp 
output, Input 1 I ! ]  '4 (10 Hz Front panel has voltage 
adl.. runnlnglight, reset. & Ian. Size. 93Ax7x14%". 
Shpg. Wt . 35 Ibs Removed from computer, 
t0502655 . . . . . . . . . . . . . . . . . . . . . . . $39.50 
Same as above - 24 V 5.5 A: #0516-332 . $39.95 

TRANSISTOR CONTROL ASSEMBLY - wllh eight 
NPN l(10 V TO-3 ,ind elqhl NPN 60 V TO-66 
Transistors, assoclaled Etnllter Resistors and 
Otodes 5 ID?.. #345-0025575 . . . . . . . . . $5.00 

PRICES ARE F.O.B. - LIMA, OHIO 
A l l o w  lor S h l p p ~ n g  Charges. 

110 5 march 19n 

General Communlcatlon & Industry 
Cltlzen's Band 
(Standard & Synthesized) 
Two-Meter - Monltor - Scanners 
Marine VHF Amateur Bands 

Depend on Jan Crystals 
made in U. S. A. for 

Frmquoncy Control* Frwumcy StmbllHy 
High Partonnmnm 

Send 10.  for o w  latest catelog 
Write or phone for more deteils 

2400 Crystal Drive 
Ft. Myers. Florida 33901 - all phones (813) 936-2397 

I I 

Need someone to make you upgrade? 
Let us do it before the QRM does! 

It's more fun our way. Instruction 
in theory and four code practice 
sessions per day. Have a "Vaca- 
tion with a Purpose". Two weeks 
in the Blue Ridge Mountains of 
North Carolina. Classes at all 
levels and FCC exam available at 
close of Session. 

---------------------------------- 
I C. L. PETERS. K4DNJ. D i r e c t o r  I 

I P. 0. B o x  458, G l a d e  Valley, N.  C. 28627 
I Please send me the Booklet and A p  I 
I plication Blank for the 1977 Glode 
I Valley School Aodio Session. I 

! I 
I 

I N a m e  
I 
I I 

I A d d r e s s  I 
I 

I I 
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SIX DIGIT 

MODEL DC-5 

12/24 Hour format 
6 digits. .4" high LED 
Time set buttons 
Jnstructions 
PC board, transformer 

Calendar shows mo./day Snooze button not included 
True 24 Hour Alarm 7001 chip does a11 I I SUPER-SNOOP AMPLIFIER 
Battery back up with built i n  on chip t ime base 

Duroose test amolif~er. Full 2 watts of  

... . 
COMING SOON: SEND STAMP FOR DETAILS Complete Kit, ML-1 ..................... $7.95 

VIDEO TERMINAL KIT $129.95 

741 OP-AMP SPECIAL .Factory prime mini dip with both 
SIREN KIT 

Produces upward and downward wail 
Xerox and 741 part numbars 10 'for $2.00 characteristic of police siren. 200mw 

audio output, runs on 3-9 volts, uses 8.45 
ohm speaker. 

.................. TTL LlN EAR REGULATOR TRANSISTORS .. complete ~ i ,  SM-3 ., $2.95 
74500 .35 555 .50 M9K .W NPN 2N3904 type 10/$1.00 
745112 .75 556 .75 309H .99 PNP 2N3906 type 10/51.00 
7447 .79 567 1.75 34OK-12 .99 NPN Power Tab 40W 3/51.00 
7473 .35 1458 .65 7805 .99 PNP Power Tab 40W 3/$1.00 COM OSCtLLATOR KIT 
7475 ~ 5 0  LED DRIVER :::: 
74906, .55 75491 [:: ~ [ ~ d ~ ~ 2 1 $ p e  :$$::: Powerful 1 watt audio oscillator of approx. 

74143 3.50 75492 : 7818 .99 2N3055 NPN Power 1 kHz, good for many uses. Great for '75 warning alarm, battery checker, voltage 
I ' indicator and code oscillator. 

.................. ............ ............ DIODES: lKV, 2.5A ........... 5/$1.00 100V. 1A 10/$1.00 IN914 type 50/$2.00 complete  it, Cp0.1 $2.50 

........... ........... LED READOUTS: Com. Anode .5" FND 510 $1.25 Corn. Cath .4" FND 359 5.75 
Polaroid Filter, red 1.125" x 4.25" ............ 5.59 PL-33 3 digit .l" ............ 5.50 POWER SUPPLY KIT 

FERRITE BEADS with info & specs. 15/$1.00 SOCKETS ................................... SOCKET KIT 
Complete triple regulated power supply 

6 hole Balun Beads 5/51.00 provides variable k 1 5  volts at 200ma 
and -4 5 volts at 1 amp. 50mv load regu- 

14 PIN 5/51.00 Assortment l2 lation good filtering and small size. Kit 
SLIDE POT . 10K linear .............................. 4/$1.00 ; ,m,zl;6:s,u;!.:d \: less transformers. Requires 6-8V at 1 

amp and W to 3OVCT. 

lOOOuf 15V FILTER CAP 5/$1.00 
40 PIN 3/$2.00 kt';. the 

51.95 Complete Kit, PS-3LT .......-...... $6.95 .............................. 
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R.F. POWER TRANSISTORS 

& MORE! 
TUBES TRANSISTORS 

Type # MHz Vcc Power Care Price 2C39 2.00 2N2431K 5/Sl.W 21336 JAN 2/Sl.W 
2N2857 1000 10 30mw A S .95 ~~:~OG/8172 5 4.00 2N2907A 5/51.00 2N4WA JAN 51.00 
2N2857 JAN @ 1000 10 30mw A S 1.10 8 1 1 ~  2N3250A 5/S1.00 2N502B JAN $1.00 

2N2947 50 25 15W C S 8.00 832A 
5 6.95 2N3567 5/51.00 2N619 4/$1.00 

2N2950 t 50 25 3.5W D $ 4.50 6146W 5 4.00 2N3640 5/$1.00 2N742 3/51.00 
5.00 2N3638 5/$1.00 2N718 JAN 3/51.00 

2N3291 250 10 160B A S .85 7289 2.50 2N3644 5/$1.00 2N961 3/51.00 
2 N3375/MM3375 100 28 11.6W E S 3.50 7213 s150.00 2N3702 5/$1.00 2N964 3/$1.00 
2N3818 ::: 20, E S 4.50 s c R  T R l A c s  2N3703 5/$1.00 2N1048 53.00 
2N3866 1W B S .65 2N4160 51.00 2N4001 51.00 2N1142 JAN 2/51.00 

2N3866 JAN 
2N4170 400 28 1W 6 4 2.00 2 ~ 4 4 4 1  51.00 2N4291 4/$1.00 2N1312 4/51.00 

5 .75 2N5192 2/$1.00 2N1381 4/51.00 
2N3866 JAN TX 400 28 1W B 3.00 2 ~ 4 4 4 4  51.00 2N5194 $ .75 2N2060 JAN 2/51.00 
2N3925 .I* 175 13.6 5W D S 2.50 7N5060 $ .30 MM3002 S .75 2N914 10/$1.00 
2N3948 P 200 20 1W B 5 1.25 MAC21-1 25V 25A 51.00 MM4000 S .75 2N2494 2/51.00 
2N3950 50 28 50w E $10.00 MAC21-2 50V 25A 51.50 MM4003 5 .75 2N2904 4/$1.00 
2N4072 175 13.6 ,25w A 5 1.00 MAC21-3 lOOV 25A 52.00 2SC458 5/$1.00 

2N4957 1200 170B A 5,00 MAC21-5 300V 25A 53.00 250235 2/$1.00 Dl0DES 
MAC21-6 400V 25A $3.50 MJE800 $ .65 30/51.00 

2N5109/PT3571A 1200 15 l l o B  5 KMC RF TRANSISTORS MJE1093 
30/$1.00 

2N5177/MRF5177 4 ::: 28 
30W F sl0.00 K6OoB MJE3355 l :  IN2061 10/$1.00 

2N5179 6 A 5 .50 450mw 3000MHz Vccl2 MPSA-13 4/$1.00 A 8/s1.00 
2N5589 175 13.6 3W G S 4.60 52.50 each or 5/S10.00 ::$::::: IN4002 8 / ~ 1 , 0 0  

10/s1.00 

, 2N5590 175 13.6 low G S 6.30 
2N5591 175 13.6 25W G 510.35 RFL-5W 8 FWO-5W Electrolytic Cap's$:!! 4/s1.00 512.00 3000MFO a 2OOVDC - $1.00 
2N5637 '< fl* 400 28 20W G 510.00 4C5 1 0 0 - 2 5 0 ~ ~ 1  
2N5862 150 27 75W H 549.00 405 200-500MHz 

52.00 SlLlCONlX I.C. 
Q, 

s12'00 l8OOMFD @ 25VOC C115BX 
M 28 WPEP 1 544.00 Acrodyne Industries, Inc. 

92.00 
2N5942 

175 12.5 1 5 ~  5 8.50 Sol id State R F  Power A m p  
51.25 OG2OOBA $2.00 

2N6081 
2N6083 175 12,5 30W s11.25 Model CWA-1200 145-172 MHz I.C.,~ 

2N6084 175 12.5 40W G 
$11 95 35W Ou'Pu" s35.00 7401 7402 7408 7420 7 4 H l l  74H53 @ 

2N6097 " 175 12.5 40W H 515:00 'OTRoN FANS: 7/$i.00; 74121, j4145, '74193 h 3/~1.00; 
MM1500 1500 20 250mw rffin Fan $4.00 each; LM380N $1.29; NE555V 5.40; 825129 

f15,00 ;,ather fan model 113 $6.00 LM380N8 5.79; LM565CH. LM567CN @ 5200 

MM1607/2N5842 1700 4 A 5 6.00 Muffin Fan model 747 55.00 $2.00; MM5203Q $5.00; MM5262N 52.00; TMS- 
MM4049 ,% 4000 5 A S 7.00 Pamotor muffin fan model 4500c 2600J $4.00; TMS4050NL-2 55.00; TMS4060NL 
MM8006 1000 6 14DB A 5 1.25 (NEW) 56.00 $5.00; 2102 5.75; 6102 5.90; 21L02 5.90; 
PT3551C 17' 12'5 15W 6'00 :.yLt: ~ ~ ~ 7 [ ~ ~ ~ E R ~ 3 . 0 0  P1103 MC6850L 51.00; 56.50; C8008.1 IM5623CJE 55.00; $2.00 MC6820L S5.00; 

MMT-74 700MHz 12V 14DB K 3/51.00 RG-174 50 ohm Coax 6' Lengths F 21p, 6:3VCT 10 amps $4.95 
MMT-2857 lOOOMHz 15V lBDB K 41.00 5/$ .85 F:22A ~ . ~ V C T  @ 20 amps $6.50 please add sufficient postage with all orders. 
FMT-2060 lOOOMHz 10V 1608 K $1.00 AA SIZE NlCAD BATTERIES: F-93X 6.5V-40V 750ma $3.00 C.O.O. orders will be accepted i f  over 55.00. All 
Motorola & Fairch~ld Micro T RF Transistors 1.25 Volts 4 0 ~  each 89059 24V 2amps 53.00 parts are prime and fully tested at the factory. 

3001 NORTH 3 2  ST., APT. 212 (602) 956-9893 

EVERYTHING FROM 

EASY INSTALLATION - ONLY 
9 WIRES AND 20 MINUTES TEXAS RESIDENTS 
COMPLETE WITH VELCRO FOR ADD 5% SALES TAX 
MOUNTING TO RADIO OR 

DEALER AND CLUB 

SUPPLIED WITH  LOOK-UP INQUIRIES INVITED 

KENWbOD 

POWER TRANSISTORS FOR AMATEUR USE 

FAST SCAN AMATEUR TELEVISION EQUIPMENT 
SOLID STATE 

BROADCAST QUALITY 
PERFORMANCE AX-10 TRANSMITTER 

FOR TECHNICAL DATA -*I.- - + L * -  

AND PRICING, 
WRITE TO: AM-IA RCVR MODEM 

APTRON LABORATORIES BOX 323. BLOOMINGTON, IN 47401 



$29.95 4 

Wired and tested, cc 
K-1 element 

sach 
lmplete w 

More Details? CHECK-OFF Page 126 

K-1 FIELD REPLACEABLE, 
PLUG-IN, FREQUENCY 
DETERMINING ELEMENTS 

runication8 8~ 
P. 0. BOX 153 

IREA, CALIFORNIA ..---. 
(714) 998-3021 
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Performance ... your choice for under $29q* 
ICI~SS~S them all! 25 wan ourpur 2 Meter FM transceiver Because no two transceiver applications are 

for HAM. CAP, and MARS Full 12 channel capability alike, Standard also makes the rugged 16,. ,,, 
All solid state Compact size: 6% x 2?h x 9 inches action Handheld for 2 meter FM, the 

Weighs less than 4 pounds Dynamic microphone 146-A, like the Horizon "2' is also avail- 
Built-in speaker * External speaker jack for 3 watts of able for under '$299. Both of these 
crisp aud~o Uniaue auick release/lockim bracket and rugged radios offer vou exce~tional 
kev inclu quahtv and outstandi~ lnce at 

Standard Cornrnun~cat~ons Corp. P. 

Pat Pcnd 
d ta-2.00+ -25- 

POSITIVE TOUCH (KEYS DEPRESS) 
MOBILE HANDHELD - DESK-MOUNT 
NO POlTED PARTS (SERVICEABLE) 
MIL. SPEC. COMPONENTS 
SELF-CONTAINED NO RFI 
LOW DISTORTION H I  OUTPUT 
LEVEL ADJUSTMENT ACCESSABLE 
FROM FRONT 

ded. 

exactly 
:-A A n  

Supplied w ~ t h :  Instructions, schematic, tem- 
plate hardware. Operating voltage: 4.5-16v. 
PP-1=$55.00. PP-2=$58.00, PP-1A=$68.00 
PP-LA, deslgned for Standard Communlca. 
tlons handhelds. (Cal~f .  Res. add 6% Tax.) ' Available at: NY - Harrison - 516-293-7995 

I SF, Cal. - M-Tron - 415-763-6262 
Texas - The Ham Shack - 214-263-1351 
Ham Radio Center - 800-325-3636 

, Spokane - HCJ Elec. - 509-924-2343 

v 

0. Box 9215 

a that's rlght. 

................................... 
I I 
I I I ,,,, 0 *qj' 

I - ETCH-IT-YOURSELF j 
I 

I 
I Printed Circuit j 

We have the worlds largest selec- t /  

Kit i C. 1 
I 

t ~ o n  of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 113 page I;&\, ad i n  the April 1976 issue of this 

I 

I NOW YOU CAN design and produce your 
magazine or call or write for addi- I ow11 pr~ntec! clrcult boards. I 

tional information. Phone orders I IT'S EASY. Photo poslttve method. No f 
accepted between 9 AM and 4 PM I darkroom requ~red. I 

I LESS THAN 2 HOURS t o  produce a p.c. I 
EDT. (212) 468-2720 I board d~ rec t  from magazlne arr~cle. I 

I KIT INCLUDES materrals t o  make 4 p.c. I 
VANGUARD LABS f boards dorect from magazlne art~cle. I 

I Add $1 for COD. S A.S.E. for deta~ls. I 

196-23 JAMAICA AVENUE ; cs EXCEL CIRCUITS co. I 
HOLLIS, N. Y. 11423 4412 Fernlee 313-549-0440 1 

I Royal Oak, M I  48073 
t - - - -  -----------------------d----J 

YOUR KENWOOD HEADQUARTERS 

I 

TS-700A TR-7400A 
2M TRANSCEIVER 2M MOBILE XCVR 
FM/AM/SSB/CW FM, 25W, 800 Channels, D~gltal Readout 
ED1 Price $599 ED1 Price $399 

ELECTRONIC DISTRIBUTORS, Inc. 1960 PECK ST.. MUSKEGON, MICH. 49441 

Cornrnun,catton Specta1,sts for over 38 years lEL W6) 7263196 lELEX 22-8411 
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DIODESIZENERS 
IN914 lO0v 10mA .05 
1 N4004 400v 1 A .08 
1 N4005 600v 1 A .08 
1 N4007 l000v 1 A .15 
1 N4148 75v lOmA .03 
1 N753A 6.2~ z .25 
1 N758A 1 Ov .25 Z 
1 N759A 12v z .25 
1 N4733 5.lv z .25 
1 N5243 1 3v z .25 
1 N5244B 14v z .25 
1 N5245B 1 5v 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 .75 
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 
2 Amp Bridge 100-prv 1.20 
25 Amp Bridge 200-prv 2.50 

I 

TRANSISTORS, LEDS, etc. 
2N2222 NPN .10 
2N2907 PNP .15 
2N3740 PNP 1A 60v .25 
2N3906 PNP .10 
2N3055 NPN 15A 60v .50 
LED Green, Red, Clear .15 

D.L. 747 7 seg 518" high 1.95 

XAN72 7 seg com-anode 1.50 

FND 359 Red 7 seg com-cathode 1.00 

C MOS 
4000 .20 
4001 .20 
4002 .25 
4004 4.95 
4006 1.20 
4007 .40 
4008 1.20 
4009 .25 
4010 .45 
401 1 .20 
401 2 .25 
4013 .40 
401 4 1.10 
401 5 .95 
401 6 .35 
401 7 1.10 
401 8 1.10 
401 9 .70 
4020 .85 
4021 1.35 
4022 1.15 
4023 .25 
4024 .95 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 .45 
4033 1.95 
4034 2.45 
4035 1.25 
4040 1.35 
4042 .95 
4043 1.25 
4044 .95 
4046 1.50 
4049 .80 
4050 .70 
4066 1.35 
4069 .40 
407 1 .35 
4082 .45 

9000 SERIES 

74SOO .55 
74S02 .55 
74803 .50 
74S10 .45 
74Sl I .45 
74820 .50 
74-0 .30 
74851 .45 
74864 .30 
74S74 .50 
7481 12 1.50 
7481 33 .45 
748140 .75 
74S151A .45 
74S153 .45 
74S158 .45 
74s 194 1.50 
74S257 (81231 .25 

74 LSOO .45 
74 LSO 1 .45 
74 LS02 .45 
74 LS04 .55 
74 LS08 .45 
74 LS09 .45 
74LS10 .45 
74LS11 .45 
74 LS20 .50 
74 LS2 1 .25 
74LS22 .25 
74LS32 .55 
74LS37 .40 
74 1840 .55 
74 LS42 1.75 
74LS52 1.45 
74 LS74 .95 
74LS90 1.30 
74 LS93 1 .oo 
74LS107 .95 
74LS153 1.20 
74LS157 .85 
74LS164 1.90 
74 LS368 .70 

7400 .15 
740 1 .15 
7402 .20 
7403 .25 
7404 .15 
7405 .25 
7406 .45 
7407 .55 
7408 .25 
7409 .15 
7410 .15 
741 1 .25 
7412 .30 
7413 .65 
7414 1.10 
741 6 .25 
7417 .50 
7420 .15 
7426 .40 
7427 .45 
7430 .15 
7432 .45 
7437 .45 
7438 .35 
7440 .25 
7441 1.15 
7442 .65 
7443 .95 
7444 .95 
7445 .95 
7446 .95 
7447 .95 
7448 1.20 
7450 .25 
7451 .25 
7453 .25 
7454 .25 
7460 .40 
7470 .45 
7472 .45 
7473 .35 

9301 1.00 
9309 .45 
9602 1.50 

MEMORY, CLOCKS 
748188 (8223) 3.00 
8080 26.50 
MM 1702A 10.50 
MM5314 3.50 
MM5316 3.95 
2102-1 
2102-L1 1.95 
TR 1602A 6.95 

7474 .40 
7475 .45 
7476 .20 
7480 .65 
7483 1 .OO 
7485 1.05 
7486 .40 
7489 2.50 
7490 .40 
7491 1.15 
7492 .95 
7493 .45 
7494 1.25 
7495 .85 
7496 .95 
741 00 1.85 
74107 .45 
74121 .40 
741 22 .55 
74123 .55 
74125 .4 5 
74132 1.35 
74141 1.30 
74 1 50 1 .OO 
74151 .95 
74 1 53 .95 
74154 .75 
74156 1.15 
741 57 .75 
74161 1.25 
74 1 63 1.25 
74164 .95 
74165 1.50 
74 166 1.35 
741 75 .95 
741 76 1.25 
74 1 80 .85 
74181 3.25 
74182 .95 
74 1 90 1.75 
74192 1.65 

LINEARS, 

- T T L -  
74 193 .85 
74 194 1.45 
74 195 .95 
74 196 1.50 
74 197 1.25 
74198 2.35 
74367 .85 

75108A .35 
751 10 .35 
75491 .50 
75492 .50 

74H00 .25 
74H01 .25 
74H04 .25 
74H05 .25 
74H15 .30 
74H20 .30 
74H22 .40 
741-130 .25 
74H40 .25 
74H52 .15 
74H53J .25 
74H55 .25 
74H72 .55 
74H101 .75 
74H103 .75 
74H106 .95 

74 LOO .35 
74 LO2 .35 
74 LO3 .30 
74L10 .35 
74 L30 .45 
74 L47 1.95 
74L75 .55 

REGULATORS, etc. 
LM723 .45 
LM725 1.95 
LM739 1.50 
LM741 8-14 .25 
LM747 1.10 
LM 1307 1.25 
LM 1458 .95 
LM3900 .65 
LM75451 .65 
NE555 .50 
NE556 1.10 
NE565 .95 
NE566 
NE567 

1.75 
1.35 

SN72720 .35 
SN72820 .35 

MCT2 .95 
8038 3.95 
LM2OlAH .75 
LM301AH .25 
LM308AH 1.00 
LM309H 
LM309K .65 .90 
LM310 1.15 
LM311 1.35 

INTEGRATED CIRCUITS UNLIMITED 
7889 Clairemmt Mesa Blvd. San Diego, CA 921 11 (714) 278-4394 

All orders shipped prepaid No minimum 
Open accounts invited COD orders accepted 

Discounts available at OEM Quantities 
California Residents add 6% Sales Tax 

24 Hour Phone (714) 278-4394 Mastercharge 1 BankAmericard 

LM320K5 1.65 
LM320K12 1.65 
LM 320T 1 2 1.65 
LM320T15 1.65 
LM 339 1.65 
7805t340T-5) 1 .OO 
LM340T-12 1.25 
LM340T-15 1.25 
LM340T-18 1.65 

LM340T-24 1.25 
LM340K-12 2.15 
LM340K-15 1.65 
LM340K-18 1.65 
LM340K-24 1.25 
LM373 1.95 
LM 380 .95 
LM709 .30 
LM711 .45 
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Kansas 

ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

Kentucky 

COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Ten-Tec dealer - Call 24  hours 
for best deal 

Maryland 

COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 
New & Used Amateur Equipment. 
All Inquiries Invited. 

Massachusetts 

TUFTS RADIO ELECTRONICS 
386 MAIN STREET 
MEDFORD, MA 02155 
6 1  7-395-8280 
New England's friendliest 
ham store. 

Michigan 

RADIO SUPPLY & ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
313-435-5660 
10001 Chalmers, Detroit, MI 
48213. 313-371-9050. 

Alabama 

LONG'S ELECTRONICS 
3521 TENTH AVE. NORTH 
BIRMINGHAM, AL 35234 
800-633-3410 
Call us Toll Free to  place your order 

California 

C & A ELECTRONICS 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not 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. 

HAM RADIO 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 
714-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

Colorado 

C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1 386 
Rocky Mountain area's complete 
ham radio distributor. 

Florida 

GRlCE ELECTRONICS 
320 EAST GREGORY 
PENSACOLA, FL 32502 
904-434-2481 
Gulf Coast dealer for Atlas, Drake, 
Icom, Kenwood. 

Illinois 

ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
Headquarters for all your Amateur 
Radio needs. 

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 1  2-848-6777 
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. 

lo wa 

BOB SMITH ELECTRONICS 
12 SOUTH 21ST STREET 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 
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Pennsylvania 
ELECTRONIC EXCHANGE 
136 N. MAlN 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 
Commun~cations specialists. 
Sales and service. 

HAMTRONICS, INC. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 

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 
You bet Ft. Worth has a ham store! 

TECO ELECTRONICS SUPER STORE 
1717 S. JUPITER ROAD 
GARLAND, TX 75040 
800-527-4642 
Call Toll Free for Service Today! 

Virginia 
I 

ARCADE ELECTRONICS 
7048 COLUMBIA PIKE 
ANNANDALE, VA 22003 
703-256-4610 
Sewing Maryland, D.C., and Virginia 
area since 1962. 

Wisconsh 

AMATEUR 
ELECTRONIC SUPPLY, INC. 

4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
414-442-4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat, 9-3. 

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 

HAM EQUIPMENT CENTER 
6344 LlNN N.E. 
ALBUQUERQUE, NM 87108 
505-268-1 744 
Sewing New Mexico. Ten Tec 
and Tempo Equipment 

Minn eso ta 

ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

Missouri 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcon you can try before you 
buy! 

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 
607-739-0 187 
Jim Beckett, WA2KTJ. Manager 
Bryant Hozempa, WB~LVW, 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 
5 16-293-7990 
Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 

RADIO WORLD 
ONEIDA COUNTY AIRFOZT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
315-337-2622 
New & used ham equipment. 
See Warren Spindler, K21XN. 

Ohio 

UNIVERSAL SERVICE 
114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221-2335 
G~ve  U.S. a try when ready to  buy. 

Oklahoma 

RADIO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, 01< 73119 
405-682-2929 
New and used equ~pment - 
parts and supply. 



4 Learn the truth about 
- your antenna. 

4 Find its resonant 
frequency. 

Adjust it to your 
operating frequency quickly 
and easily. 

I f  them b one place in y o u r  stat ion 
where y o u  cannot risk uncertain 
results it is in your  antenna. 

The Palomar Engineers R-X Noise 
Bridge tells y o u  i f  your  antenna is 
resonant o r  n o t  and, i f  it is not, 
whether it is t o o  long o r  t o o  short. 
A l l  this in one measurement 
reading. A n d  it works just as well  
w i t h  ham-bandonly receivers as 
w i t h  general coverage equipment 
because it gives perfect nu l l  
readings even when the antenna is 
no t  resonant. I t  gives resistance and 
reactance readings o n  dipoles, 
inverted Vees, quads, beams, 
mult iband trap dipoles and 
verticals. N o  stat ion is complete 
w i thou t  this up-to-date instrument. 

Why work  in the dark? Your SWR 
meter o r  your  resistance noise 
bridge tells on ly  half the story. Get  
the instrument that  really works, 
the Palomar Engineers R - X  Noise 
Bridge. Use it t o  check your  
antennas f r o m  1 t o  100 MHz. A n d  
use it i n  your  shack t o  adjust 
resonant frequencies o f  b o t h  series 
and parallel tuned circuits. Works 
better than a d ip  meter and costs a 
l o t  less. Send f o r  our  free brochure. 

The price is $39.95 and we deliver 
postpaid anywhere i n  U.S. and 
Canada. California residents add 
sales tax. 

I ta ly  wr i te  iZVTT, P.O. B o x  37, 
22063 Cantu. Elsewhere send 
$42.00 (U.S.) f o r  air parcel post 
delivery worldwide. 

Fu l l y  guaranteed b y  the originator 
o f  the R-X Noise Bridge. ORDER 
YOURS NOW! 
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PRE-AMP 

t 
t I 

1 - 9  q- 
HIGH GAIN LOW NOISE 

35dB power gain, 2.5-3.0 dB N.F. at 150 

MHz 2 stage, R.F. protected, dual-gate 

MOSFITS. 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 

t o  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 prke: 5250 MHz m.95 

Vanguard 
La- 

196-23 JAMAICA AVE. 

HOLLIS. N. Y. 11423 

CHIP 

W-4 ~ m c k n  . . . . . .. . . . . . . . . . . . . . a -3.35 
Add br alr postage md handllno . . . S 1.50 

(See F a b 7 5 C 9 . A ~  75 HR,Rb76PST.R8dkHmdbook 75) 
KB4200 Keyboard Kqer (Oct 74 OST) . . . W . 9 5  
EK420lKM420 KqerIMemory (Oct 73 OST) $439.90 
EK430 CMOS Kqer (Fob 76 OST) . . . . $124.95 
lK440 Inddokeyer  (Mar 76 OST) . . . . . =.% 

Collins 51s; Receiver $1295.00 
Collins 30S1 Linear Amp $ 1995.00 
Collins 75S3B. Exc. cond. $925.00 
Collins 31284, Exc. cond. $235.00 
Collins 31285. Exc. cond. $495.00 
Collins CP-1, crystal Pack $250.00 
Collins 51J4, with cab. $645.00 
Heath SB200 Linear Amp.. mint  $295.00 
Heath SB303 Ham rcvr., mint  $365.00 
Heath St3401 Ham transcvr., mint $365.00 

We stock good, used equipment from Collins, 
Drake, Heath and other manufaclunrs. Hundreds 
of test items also available. Call for specific re- 
quirements, or write for free catalog. 

More Details? CHECK-OFF Page 126 
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SPECIALS FROM electrorycs 
Fairchi ld Y H F  Prescaler Chips 
l lCOlFC High Speed Dual 5-4 Input no/nor 
11C05DC 1 GHz Counter Divide by 4 +::$ 
11CO50M 1 GHz Counter 'Divide by 4 110,50 
11C060C UHF Prescaler 750 MHz 0 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 
11C7ODC 600 MHz flip/flop with reset 

4.53 

LlC83DC 1 GHz 248/256 Prescaler 
12.30 

::::: llC9ODC 650 MHz Prescaler Oiv~de by 10/11 
llC9OOM same as above except Mil. version : 
11C91DC 605 MHz Prescaler Divide by 5/6 
11C91DM same as above except Mil. version 21.00 
95H90DC 350 MHz Prescaler Divide by 10/11 9.50 
95H90DM same as above except Mil. version 16.50 
95H91DC 350 MHz Prescaltr Divide by 5/6 9.50 
95H91DM same as above except ,Mil. version 16.50 

T.I. TMS4060/.C2107, 4K RAM 19.01 

Batter ies 
NI-CAD'S AA cells 1.25 volts at 500 mahr. $0.49 
Gel-Cell 12 volts at 1.5 Anip Hr. #GC-1215 s19.q5 

Crystals JUST ARRIVED! ~h~~~ radios have just been 
1.000000 MHz 4,95 pulled out of service, set up tor approx. 150 M H ~ ,  
5.000000 MHz 4.95 Clean. Ail tuber included. No accessories. Prices 
3579.545 KC 2.95 FOB Phoenix. 

Motorola U43 GGT 
GE TPL 

549.95 

GE MT-33 : 
Collins 26U $150.00 
CBS Labs .Model Ills, AUDIMAX $775.00 
CBS Labs 450 $375.00 

1 [a 
PHOENIX, ARIZONA 85008 

electroqcs PH. 602-957-0786 NO C.O.D. 

I.C.'s 

82238 $3.00 
2102 $1.99 

NEW 
Motorola, Motorcycle Radio - Model T338AT $39.95 FOB Phoenix 

- 

Motorola MC14410CP CMOS tone 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 Touch Tone Pad 
1 1 MHZ Crystal 
1 Printed Circuit Board (From Ham Radio Sept. 1975) 
And all other parts for assembly. 

$19.95 

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 BNC's 
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 it will divide by 10/100 to 650 MHz. 
This will take a 6.5 MHz counter to 650 MHz. Kit includes the following. 

l lC90DC 
1 2N5179 
2 UG-88/U 
1 MC7805CP 1 Printed Circuit Board and all other parts for assembly. 
1 Bridge 82S90 add $5.70 to total. 

$59.95 

Fairchi ld 3817 Clock K i t  from Ham Radio, Feb. 1976, Pg. 26 - All parts 
included except transformer and case. '12 hour $24.95 24 hour $29.95 

F-18X 6.3vct at 6 amps 3.56 
TRANSFORMERS 

F - 9 3 ~  6 . 5 ~  to 40v at 750 ma. 3.53 
F-92A 6 . 5 ~  .to 40v at 1 amp 4.59 
F-91X 6 . 5 ~  to 40v at 300 ma. 2.72 
N-51X Isolation 115vac at 35va. 2.80 

'Mode' D-2 6 . 5 ~  at 3.3 amps 4.95 
6 . 5 ~  at 3.3 amps 

C-912-034 22vct at 200 ma. 
l l v  at 250 ma. 1.49 

BE-12433-001 30v at 15 ma. .49 
C-404.024 l8vct at 400 ma. 1.49 
BGH-9 6.3vct at 10 amps. 6.95 
F-1072 12V @ 4A or 24 V B 2A 7.80 
P6377 12v @ 4a or 24v B 2a 6.31 
P6378 12v B 8a or 24v @ 4a 10.31 
P8196 
- 

80vct @ 1.2a 6.28 

MuRata 30.7, MHz 
Ceramic Filters 
#SFW-1OJMA $3.95 

Erie High Voltage 
Power Supply 

TSK-209-000 
Input 24vdc 

output #1 100 vdc - 12.95 
#2 400 vdc + 

3 15000 vdc 
&e: 3 %" X 2" x 2%" 

This power supply was used in a 
CRT Terminals 

- 

Johanson a n d  Johnson Fer r i te  Beads 
12 for .99 or T r i m m e r  Capaci tors 

1 to 14 pf. $1.95 120 for 9.99 
51.95 1 to 20 pf. 

FET's 
213070 1.50 2N5460 .90 MFE3002 
2N3436 2.25 2N5465 1.35 MPFlO2 3:i2 
2N3458 1.30 2N5565 5.45 MPFlZl  
2N3821 1.60 3N126 3.00 MPF4391 

1.50 

2N3822 1.50 MFE2000 .90 U1282 : 
2N4351 2.85 MFE2001 1.00 MMF5 5.00 
2N4416 1.05 MFE2008 4.20 40673 
2N4875 1.75 MFE2009 4.80 40674 1.39 1.49 

TUBES 
2E26 5.00 811 6.95 7984 4.95 
3828 4.00 811A 9.95 8072 32.00 
4X150A 15.00 931A 11.95 8156 3.95 
4X150G 18.00 5849 32.00 8908 
4CX25OB 24.00 6LQ6 4.50 8950 : 
4CX350A/8321 35.00 6146A 5.25 4-400A 29.95 
4CX15DOA 150.00 6146B/8298A 6.25 4-250A 24.95 
DX415 25.00 6360 7.95 4-125A 20.95 
572B/T160L 25.00 ,6907 35.00 4-65A 15.95 

40.00 7377 

RF TRANSISTORS 
2N1561 15.00 2N3866 JAN TX 4.85 2N5591 10.35 
2N1562 15.00 213925 6.00 2N5635 4.95 
2N1692 15.00 2N3927 11.50 2N5636 11.95 
211693 15.00 2N3948 2.00 2N5637 20.70 
2N2631 4.20 2N3950 26.25 215643 20.70 
212857 1.80 2N3961 6.60 2N5641 4.90 
2N2876 12.35 2N4072 1.70 2N5643 20.70 
2N28BO 25.00 214073 2.00 2N5764 27.00 
.2N2927 7.00 214135 2.00 2N5841 11.00 
2N2947 17.25 2N4427 1.24 2N5842/MM1607 1950 
2N2948 15.50 2N4430 20.00 2N5849/MM1622 19.50 
2N2949 3.90 2N4440 8.60 2N5852 50.00 
2N2950 5.00 2N4957 6.30 215942 49.50 
2N3287 4.30 2N5070 13.80 2N5922 10.00 
2N3300 1.05 2N5090 6.90 2N6080 5.45 
2N3302 1.05 2N5108 3.90 2N6081 8.60 
2N3307 10.50 2N5109 1.55 2N6082 11.25 
2N3M9 3.90 2N5177/MRF5177 20.00 2N6083 12.95 
2N3375/MM3375 7.00 2N5179 .68 2N6084 14.95 
2N3553 1.80 2N5184 2N6094 5.75 
213571 4.10 2N5216 47.50 2N6095 10.35 
2N3818 6.00 2N5583 5.60 2N6096 19.35 
2N3824 3.20 2N5589 4.60 2N6097 28.00 
2N3866 1.09 2N5590 6.30 216166 36.80 
2N3866 JAN 4.14 

2543 

DIODES 
1N270 Germanium Diodes $7.95/c 

HEP170, 2.5A, 1000 PIV $4.95/20 

Semtech SFMS 20K, 20KV, 10 ma 
fast recovery $1.26 ea: 

- - 

FANS 
Pamotor Fans, Model 4500C 117 VAC, 60 Hz, 19 w. $7.95 

RF TRANSISTORS 
MRF207 2.00 Amperex BLY9O 22.50 MM3375 7.00 
MRF208 10.20 Amperex A209 8.60 MM3904 1.50 
MRF209 12.35 MSC 2001 20.00 MM3906 1.43 
MRF237 1.85 MSC 3000 20.00 MM4000 1.24 
MRF238 8.55 MSC 3001 20.00 MM4001 1.39 
MRF450 16.55 MSC 80205 20.00 MM4003 1.85 
MRF453 19.55 MSC 80206 20.00 MM4036 1.60 
MRF504 6.75 MSC 80255 20.00 MM4044 3.00 
MRF509 5.50 Fairchild SE7056 3.00 MM4545 3.00 
MRF5l l  8.60 MM1051 2.00 MM8006 2.15 
MRF620 27.00 ,MM1500 32.20 MM1552 50.00 
MRF8004 1.90 MM1550 10.00 MM1553 56.50 
HEPS3013/75 2.95 MM1601 5.50 HEPS5026 2.48 
HEPS3014/76 4.95 MM1602 7.50 MSC 80256 20.00 
HEPSMOZ 11.03 MM1607/2N5842 8.65 CTC 01-26 20.00 
HEPS3003 29.88 MM1614 2.75 CTC D10-28 20.00 
HEPS3005 9.55 MM1620 17.50 CTC E1-28 20.00 
HEPS3006 19.90 MM1622/2N5849 19.50 
HEPS3007 24.95 MM1661 15.00 
HEPS3008 2.18 MM1669 17.50 
tiEPS3010 11.34 MM1943 3.00 
RCA TA7994 50.00 MM2605 3.00 
RCA 40290 2.48 M M2608 5.00 
Kertron K2126 5.50 MM3002 1.65 
Kcrtron KB6008 5.50 MM3009 1.80 

N. 32nd STREET 



The Wor ld 's  Greatest 
Sending Device 

Adjustable to Any 
Desired Speed 

N o w  available f r o m  Palomar 
Engineers - the new Electronic 
IC  KEYER. Highly prized b y  
professional operators because it 
is EASIER, QUICKER, and 
MORE ACCURATE. 

It transmits w i t h  amazing ease 
CLEAR, CLEAN-CUT signals at 
any desired speed. Saves the 
arm. Prevents cramp, and 
enables anyone t o  send w i t h  the  
skill o f  an expert. 

SPECIAL I b R A D I O M O D E L  

Equipped w i t h  large specially 
constructed contact points. 
Keys any amateur transmitter 
w i t h  ease. Sends Manual, 
S e m i - A u t o m a t i c ,  F u l l  
Automatic, D o t  Memory, 
Squeeze. and Iambic - M O R E  
FEATURES than any other 
keyer. Has b u ~ l t - i n  sidetone, 
speaker, speed and volume 
c o n t r o l s ,  B A T T E R Y  
OPERATED, heavy shielded 
diecast metal case. F U L L Y  
ADJUSTABLE contact spacing 
and paddle tension. The perfect 
paddle touch w i l l  A M A Z E  you. 

Every amateur and licensed 
operator should k n o w  h o w  t o  
send w i t h  the IC  KEYER. 
EASY T O  LEARN.  Sent 
anywhere o n  receipt o f  price. 
Free brochure sent o n  request. 

Send check o r  money order. 
I C  KEYER $97.50 postpaid in 
U.S. and Canada. I C  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 
i n  California. 

I ta l y  wr i te  iZVTT, P.O. B o x  
37, 22063 Cantu. 

Fu l l y  guaranteed b y  the 
world's oldest manufacturer of  
electronic keys. ORDER 
YOURS NOW! 

iNOW..  . Yaesu AND Drake 1 
I - - -  
I 
I .  

I 
I 

I 
I t 
I I 

I 

I 
I 
I 

Mall Orders accepted. N. Y. restdents add sales tax. See us for al l  your Amateur Radlo needs. / / SASE will get our list of used Amateur Equipment. 
I 

I WANTED: GOOD Store Hours I 

CLEAN TRADES! C F P COMMUNICATIONS Tues. 10.6 t o  p.m. Sat. 

I I 
I WA2KTJ 211 NORTH MAIN STREET Fri & Sat subject to I 1 
I HORSEHEADS. N. Y. 14845 - Hathfest Akends I 
I WB2LVW 1 PHONE: 607-1390181 c l ~ d  Sun. & Man. 
I  I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -I  

terchangeable 
VERY POPULAR AT 

HAMFESTS! 
GUTTER MOUNT* 
PLUS ELEMENT ELEMENT ONLY 

515.95 FIE-146 
FM-220 . $15.95 FME-220 

frequency FreQ set * 
Lower $5.00 extra 

TRAGIC WASTE OF RF 
could be your fate as precious watts zig-zag round 
the world to shower just a little - or little or 
none - on that hoped for OX station. BUT WE 
HAVE AN ALTERNATIVE - THE JOYSTICK VFA 
(Variable freq. ant.), whlch gives low angle, omni- 
directional, harntonic free radiation on all bands 
I60 thru 10 (+ MARS and receive on all BC & 
SW). Stalwarts W6TYP and G4DJY achieved 
notable results in contests - just to mention two 
01 the many who have sent glowing reports of the 
VFA in use, often in poor QTH and/or under QRP. 

SYSTEM 'A' $69.90 250W Receiving P.E.P. Only &/or 
SYSTEM 'J' $91.33 5OOW P.E.P. &/or Im- 

proved Q Factor Receive 
Air Mail cml included 
(each system 3 sections easily assembled to make 
unlt 7' 6" long. Matching ATU.) Not only will 
you saw space but you will save $55 at pmsent 
low exch, rate and by buying direct UK manuf. 
Rush your order - Mastercharge or check, or 
ask for brochure. 

PARTRIDGE (HR) ELECTRONICS LTD. 
BROADSTAIRS KENT ENGLAND 

G3CEO TEL TAANET k2525 G3VFA 

NEW ELECTRONIC PARTS 
Rer8rtorr Meters l .FDU~rptn~r  Furs 
Cnpacaton Sw~tcher Proto Roardr IC mketr 
Doodes Dozy Boxn Mod U Line Test Cllpr 
Trl~npotr Transstor, Hardware And much more 

SASE brongr wr new parts catalag. 

MILITARY 
SURPLUS WANTED 
Space buys rnorr dnd pays  more Hlgh- 
e>t prlLes pver on U S M~lttary sur- 
plus especially on Collins equ~pment 
or parts We pay freight Call collect 
now for our high offer 201 440-8787. 

SPACE ELECTRONICS CO. 
d ~ v  01 Mllltary Electronics COrp 

1 35 Ruta Court. S. Hackensack, N.J. 07606 I 

t 
Iron Powder and Ferrite 

TOROIDAL CORES 
Wide selection - Large stock 
Fast, one-day service 
Technical data with each order 
Write for free Tech-Data-Fl yer 

AMID~!+UNI 

12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany: Elektronikladen Wilhelm-MelliesStr. 88 
4930 Detmold be, West Germany. 
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Promise: RECEIVE more 
per antenna with a 

Sinclair System 

tural components in every antenna. Most important 
benefit - you receive the most extensive r8d and appli- Clfl f l  J( fl 
cation engineering to insure maximum communica- r h 'm~ 
tions performance. F,,  !i;IO ;fi,3c):jl i ~ , ~ : ~ ~ ~ ,  

Special Purpose Mobiles Viewcom" - disguised B ~ ~ ~ ~ ~ ~ ,  NEW YORK 
auto side-view mirror eliminates whip breakage Tun- 675ENSMlNGER ROAD 
able Mirage" - simulated-telescoping antenna pre- ~~8A7~-2~~14150 EXCALIBER- 

serves anonymity, discourages theft Excaliber" - rug- ONTARIO: ToRoNToLU( 1B4 416m12U 
ged, low profile models for trailers, trucks, boats. BRITISH COLUMBIA: VANCOUVER v 5 c  ~H~.B~CZW-TII 

Receive more from your antenna system. . send OUEBEC:MONTREAL ~ ~ 1 ~ 7 . ~ 1 4 - 6 3 6 - 1 9 7 9  

today for new All-producf Digest. Free. AFFILIATED COMPANIES IN ENGLAND AND AUSTRALIA 

( MOBILE AND BASE DUPLEXERS/Rx AND Tx MULTICOUPLERS/FILTERS/MOBILE AND BASE ANTENNAS/COMMUNICATIONS SHELTERS 

1" '"<'', I." "' ""51'"' " " " D  " O N  '"""I' :,,, ,~'~;l,'\~,l';' 1 I COMPETITIVELY PRICED! ~ ; ; ; ; ~ ~ ~ ; R t l ; ~ ~ ~ 1 ~ l ~ ~ ~ ; ~ ~ ; ; ~ , ~ ~ ~ ~ , ~ ~ ~ ; ~ 1 , ~ ~ ~ ~ ~ l ~ , ~ ; l ~ N l , l l ~ ~ ,  

549.95 
EPC-300 

300 M H Z Prescaler 
o Ruall-In I I ' vac 60 HZ powcr supply 

o Sore 3%" w x ?%" h x 4" L 

a BNC' input. oulpt11 conneclon 

o Input impedsncr = 50 ohms 

o Output l T L .  Fan out 01 I 
o Sens~tlvity 14 rnv @ ISOMHZ. 

150 rnv * 300 MHZ 

For Faster Delivery 
Add S 1.00 For Airmail 
?end Ssll.Addmrd Stamped 

Envrlolx Far Mon Inform.l$on 

53?.YS 
El'(:-1 44-R 

2 Meter FM Trnnsmitter 
o 2 ('hznncl\. 144.I4X MIIZ 

o Power Output ? willts lvpiual. I watt 
mtn 10 12.5 VDC 

a SO ohm autpul omwdance 

o Narrow hand FM ? 5 KHz 

o R u w d  halanced rmil l rr  oulpul 
tranrivlor 

o Small sl/r I 7/R" w x I" h x 3 %  L 

Elproeon 
ELECTRONIC PRUTUTYPE CONSULTANTS 

1907 W. Cam~hcll i I'hunnr. Anrona 8501 5 

539.95 
LA- 1 44 

30 Watt 2 Meter Power Amplifier 
o Frequency r;tnec 1114148 MllZ 
o Marlmum R f  outpul power 30 watts 

0 Maximum RF lnpul powcr 5 walls 

o Supply voltage 13 6 VUC 

o Small sire I 718" w x SIR" h x 3%'' L 

o Virtually hurnwul prmr  hnlanccd 
cmiltcr o~11put Innvalor. 

o Fully campalahlc w l h  Ihr FW-144-B 

n 50 ohm inpul & outpul ~mpdanm 

o Sold ass lully tested & awmhled 
ctrcult hoard lem caw. conncclon 
and heal slnk 

P 
I N W I  H (ONDUCTOR 

*&rder now 
167 HI YY and save 

FOR AMATEUR USE 
50 OHM JACKETED HARDLINE euee ud ... very low loss per 100 ft. 

me uw zeady 2% d e w  ,*, improved receiver sensitivity 
.45 DB to  50 MHZ 1 WIRE CONCEPTS INC. .go DB to  146 MHZ I 

1.90 DB to  450 MHz 

201-227-1751 4.20 DB to  1296 MHz 

198 Passaic Ave., 
Fairfield N.J. 07006 

Aha, the SECRET of PC 
Board success finally revealed. 
A perfectly balanced lighting 
tool combining magnification 
with cool fluorescence. Excel. 
lent for fine detail, compon- 
ent assemldy, etc. Lens is pre- 
cision ground and polished. 

Regularly $78.00. Now. over 
307 tliscount (onlv $54.00) 

- to all licensed Hams, verified 
in Callbook. Uses T-9 bulb 
( not supplied ) . 

Include 83.00 U.S. postage, or $4.00 
in Canada. $5.00 elsewhere. Cali- 
fornia Residents include 6% sales tax. 
Or send stamped envelope for free 
bmchure of other incandescent or 
fluorescent lamps suitable for all en- 
gineers, architects, students, etc. 

Mastercharge and BankAmericard accepted 

D-D ENTERPRISES 
Dept. A, P. 0. Box 7776 

San Francisco, CA 94119 
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REPEATER 
WHY A SIX METER REPEATER? 

1. Consistent coverage of over 100 miles is  not 
unusual with use of modern equipment. 

2. The variety of propagation affords an oppor- 
tunity of working lots of DX-Stations from 
400-2,000 miles away on multi-hop sporadic 
E, Auroral propagation of up to 1,000 miles, 
F, Skip during the upcoming peak sunspot 
cycle of over 2,000 miles. Plus transequatorial 
propagation is  good up to several thousand 
miles. 

THE NEW RPT 50 IS A COMPLETELY SELF - 
CONTAINED ALL SOLID STATE REPEATER. 
It i s  conservatively rated, and built of high quality 
components. Much care and attention to make this 
repeater versatile as well as reliable. 

To best take advantage of the DX as well as the 
extended range capabilities we recommend our 
optional tone squelch board TS 1 and TTDl touch 
tone decoder. 

The Model RPT 50 is  supplied as complete repeater 
system. The receiver, transmitter, control circuitry, 
C. W. Identifier & 1 151230 Volt AC power supply 
are all contained on a standard relay-rack panel and 
chassis unit. For most installations a user supplies 
AC power and suitable antennas with 50 0 HM coax- 
ial feed (PL 259 fittings). External connections for 
autopatch, tone control, etc. are provided. Built-in 
identifier programmed with up to 159 bits. Auto- 
matic emergency battery power changeover capa- 
bility. RPT 50 Ki t  . . . . . . . . . $465.95 

RPT 50 Wired & tested $695.95 
(Export price is slightly higher.) 

CALIFORNIA 
C k A Flwtron8c Enterprlsas Carwn C A  
Elr t ronoc Enrsrpraus. RDO Llnda. C A  
SON Elsctr~c.  F m n o .  CA 
Tels Com Elxrronbc.. Ssn Jou. CA 
Watcom. San Marcos. CA 
z a c ~ n t  Corporataon Vsllelo. CA 

COLORADO 
Lmfenmg Post k Elscnom.pnatac.. Duranpo 
commun~c.lton Sr.acoaltles. Aurora. CO 

FLORIDA 
~ r n a t m r  W h o l e ~ I e  EI.c's.. Miami. F L 
west Inntan Sales Co.. Ltd., Mmmi F L 

ILL INOIS 
Klaus Rmdlo. Inc . P*orl.. I L  
S~rclronrcs.  Inc.. Oak Park. I L  

I N D I A N A  
Comrnunocar~on SvR.ms. Bourbon. I n  

AVA ILABLE  AT  THESE DEALERS: 

KENTUCKY NEW YORK 
Cohoon Amateur Supply. Trenton. K T  B ~ r t v  Electron8cs. New York. NY 

LOUISIANA 
CFP Ent.rpl8Y.. Horuh..ds. NV 

Franlr L Bmsr Rsdlo. Inc.. New Orleans. L A  Delm'r Bahvlon. L.l.. NY 
Lolltar Elwtronncr. Opdsnlhurp, NY 

MASSACHUSETTS VHF Commun~car~onr.  Jameltown. NY 
Tufts Radm Elacnon~cs. Medlord. M A  

NORTH CAROLINA 
MICHIGAN V~cker. EIectron#~s. Durham. NC 

. CO Harry G. Crofts. Northvllle. M I  
Adam* D ~ r t r ~ b v t t n g  Co . D.trolI. M I  OKLAHOMA 

Redm SUOPIV 01 Enplnar#ng. Datront. M I  Derrtck E I .~ t ron~~s .  Inc.. Broken Arrow. OK 

MISSISSIPPI 
Radm Store. Inc.. Oklahoma ClIv, OK 

Commun~cations S.rvnca. Phnladelphm. MS SOUTH D A K O T A  

MISSOURI 
Burpherdl Amateur Canter. Wmt.rtown. SD 

Alpha Elecrronbc Lahr. Columbia. MO,  TEXAS 
Taco E I e ~ l 1 0 0 ~ ~ 1 .  Garland. TX 

NEVADA 
Vqa, Radoo. La, Vqas. N V  V IRGINIA  

Radm Commun~c.t#ons Co . Roanoke. V A  

In  other areas contact VHF Engineering direct. Al low 6 t o  8 weeks for deliver 

WASHINGTON 
A B C Commun~cav~onl.  Ssatlle. WA 

WEST VIRGINIA  
Commun~c.toon Svstans CO.. R1p1.v. WV 

WISCONSIN 
Amateur Elenron&c Suvplv. MrIweukee. WI 
C~mmunlcataon% Elec's.. Fond  d u  Lac. WI 

WYOMING 
Rule Commun6catmn.. Larmmoe. WY 

CANADA 
Avre'n L t d  . St Johns. N l l d  A1 8 l W 3  
1raw.r D~str$butor. L t d  . C.neda V 7 J l K 4  

PUERTO RlCO 
E d l w n  Electron~cs. Inc . Santurcc. PR 

EXPORT 
COSVSCO. In r . ,  Sodus. N V  

'Y. 

D I V l \ l O r V  0 1  I l h l ~ l l \ l l V  I l l (  IRON11 T 1 O R / '  

320 WATER STREET BINGHAMTON, N.Y. 13901 607-723-9574 
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*,New! Broadband antenna 
matching. 
For all verticals and mo- 
bile whip antennas. 
Smaller size and higher 
efficiency. Only 3l/zV 
diameter for full 5-Kw 
PEP capability. 

Here is the answer to the match- 
ing problem for vertical antennas 
and mobile whips. A broadband 
transformer that matches your 
50 ohm transmitter to 32, 28, 22, 
18, 12, 8, or 5 ohms. Plenty of 
taps to matchany vertical orwhip. 
And with no tuning or other ad- 
justment. The RF Transformer is 
completely broadband 1-30 MHz 
(1-10 MHz on three lowest taps). 
So when you change frequency 
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 
db loss. 
As always, when you buy Palomar 
Engineers you get the best: large 
ferrite 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. 

Send for free brochure. 
Improve your station. Simplify 
your tuneup. Get better results 
with the new Palomar Engineers 
RF Transformer. 
Order direct. $42.50 postpaid U.S. 
and Canada. California residents 
add sales tax. 

124 march 1977 

YOUR BEST BUY IN KITS 
ANALOG-DIGI-LAB FREQUENCY 
Features 3 Regulated COUMER 
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 ............... $139.00 

bounce pulser switches. 8 Digit 0-30 MHz Counter with opt lom $109.00 

with Super ,trip, 0.300 MHz Prescaler for 8 Digit Counter $19.95 
........... RETS 0-300 MHz Prescaler with Preamp $29.95 

Electronic Schoo MOO MHz Prescaler for 8 Digit Counter $39.95 
1139'00 Cabinet accessory package available for al l  of - 

Clock Ki t  (complete less ~ 1 ~ 3  ......... $12.95 the above 
Clock Cabinet ........................................... $6.50 Anyone of t 

or $4.50 with purchase of clock kit. bled for an additional $50.00. Allow 3 4  weeks 
............... Function Generator Kit $10.95 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 

TransCom PL TONE ENCODERS 
TWO MODELS Plug in type tone elements 

TG-1 single frequency Low distortion sinewave 
TG-3 three frequency Excel. temp. & freq. stability 

Output level control 
Immunity to  RF 
All EIA freq. avail. 67.0-203.5 Hz 
9-16V, reverse polarity protection incl. 

Wired & tested wlth frequency 

clement. TG-3 has 3 elements 

with frequency selectIan witch. 

TG-1 $24.95 TG-3 $56.95 -~*.nlE P. 0. BOX 120. ADDISON. IL 60101 11. reslants add 5% w k  tax. 

for 10 page b~nder that holds 60 cards. 

Send check or M. 
0. for immediate 
dellwry or mite 

Binaural 
Synthesizers ...... * Tone -Ta g 

Hildreth Engineering 
P.O. BOX 60003, SUNNYVALE, CA 94008 

WAI 
MAC 

Cash o r  t n  
- - -  

nh * .  , 7 

NTED: TUBES 
:HLETT #ML893AR 
ade for New Amateur Equipment 

!Y ELECTRONICS 
DADWAY, N. Y, N. V. 10012 

212-925-7000 

2 METER HAM BAND 

3.99 ?a'Ydd,. 
LOS " ANGELES CRYSTK 

P. 0. BOX 1022 
SANTA MONICA. CAL 90406 

Include brand. model# B calibrat~on data ~f mil. 
-- - 
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A brilliant new 2 meter transceiver 
with every in-demand operating 

feature and convenience 
+ Synthesizer and VFO. Bulk-In VFO (continuous coverage. Hi-Lo power provision. 

144-1 48MHz in 1.3MHz segments. + All mockts: NBFM, WBFM. AM, 1 kHz readout). Bulk-in AClDC power supply. 
SSB w l  USE I LSB and CW. 

8 pob SSB fllter plus two FM filters. Double conversion receiver. 
Fmquency synthesizer (PLL) 16.9MHz and 455kHz I-F's. 
3 Knob, 600 channels. lOkHz steps. 100kHz crystal callbrator. 

Receiver sensitivity: 
VXO, plus or minus 7kHz. Voice operated relay (VOX) or p-t-1. FM: 0.5pV tor 28db SIN. 

+ LED readout on synthedzer. SSBICW: 0.25pV for 14db SIN. + Audio speech compression. AM: 2pV for 10db SIN. 
Standard 600 kHz splits plus.. . 

Nolse blanker. 50MHz or 432MHz converters 
7Lvo "oddball" splits. will be available. Interior space and 

Rll, plus or minus SkHz. terminals are provided. * OSCAR transcelve 2 to 10 
meter operation. Power out 1 "S'meter. Size: Inches: 5H. 14.88W, 120. 

MM: 128H, 378W, 3050 
OSCAR receiver built-in. FM center cktvlatlon meter. 

Welght: 28 Ibs. (13KG). 
Connectom on rear for separate 10W minimum output power. 
2 meter and 10 meter antennas. NO TUNING! 

AVAILABLE AT 
BARRY ELECTRONICS CORPORATION 

THE NAME THAT'S KNOWN AROUND THE WORLD 
COMPLETE YAESU, KLM, KENWOOD. DRAKE. ICOM, 

TOP TRADES GIVEN TEMPO, SHURE, TURNER ASTATIC, HYGAIN, LARSEN, KDK. ETC. I N  STOCK CALL US AT 
ON USED COLLINS GEAR - TOP TRADESGIVEN ON YOUR USED EQUIPMENT 

BRING IT IN! BARRY ELECTRONICS CORPORATION 
512 BROADWAY, NEW YORK CITY, NEW YORK 10012 

21 2-925-7000 

BARRY INTERNATIONAL TELEX 12-7670 
NOW OPEN SUNDAYS 12 TO 5 
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Ad~erTi~ers v' 
check-off 

... for literature, in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 
Place your check mark  i n  t he  spac between 
name and  number.  Ex: H a m  Radio 234 

'Please contact th is  advertiser directly. 

Limit 15 ir~qcr i t ' ics pet '  reclrrest. 

March 1977 
Please use before April 30, 1977 

Tear of f  and mai l  t o  

H A M  RADIO MAGAZINE - "check off" 
Greenville. N. H. 03048 

NAME ..................................... .. 

CALL ............................................ 

STREET ............................................................................................. - 

CITY. ................................................................................................. 

STATE ............................................... .ZIP ............................... ........ 

126 march 1977 
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nothing There's I 
like it 

R A O 1 0 A M 4 1 1 R l l b o o k  

Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has nearly 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to  expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
wi th almost 235,000 calls, 
names and addresses of ama- 
teurs outside of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite elec- 
tronics dealer or direct from the 
publisher. All direct orders add 
$1.25 for shipping. Illinois residents 
add 5% Sales Tax. 

RAOIO AMATEUR 

Lake Bluff. 111 60044 

Ace Art Co. 124 
Adva Electron~cs 90 
Aldelco 106 
Am~don  Assoc~ates 120 
Antenna Speclallsts Co. 95 
Aptron 112 
Atlas Rad~o  77 
At ron~cs 108 
BRC Electron~cs 110 
Barry 124. 125 
Rudwlg Mfg. Co 108 

Comrnunlcattons 
Crescomm. Inc. 
Cu r t~s  Electro De 
Cushcraft 7 
D D Enterpr~ses 122 
Dames Commun~cat~ons Systems 118 
Dames. Ted 104 
Data Signal. Inc. 101 
D a v ~ s  Llectron~cs 92 
Dayton Hamvent~on 84 
Dentron Rad~o  Co. 
D~rec t  Convers~on Techn~que 
DISC Cap 
Drake Co.  R L. 
Ehrhorn Technolo 
Flectron~c DI 
Electrospace 
ELPROCON 
Erlckson Commu 
Eps~lon Records 
Excel C ~ r c u ~ t s  114 
F a ~ r  Rad~o  Sales 110 
Gem Quad 92 
General Av~at lon  107 
Grlfer Assoc~ates 96 
Glade Valley Rad~o  Sesslons 110 
Gray Electron~cs 106 
Great Lakes Hamfest 95 
Gregory Clectronlcs 72 
Hal Comn~un~ca t~ons  Corp. 2 
Hal Tron~x 124 
HamL~ne  Electron~cs 120 
Ham Rad~o  Center 97 
Hamtron~cs Inc. 8 
Ham Rad~o  HORIZONS 43 
Heath Company 25 
He~ghts  Mfg  Co. 118 
Henry Rad~o  Stores Cover I I 
H~ldre th  t n g ~ n e e r ~ n g  124 
Hy G a ~ n  Cl~c t ron lcs  Corp 71 
Icon7 5 
lrifo Tech 93 
Integrated C ~ r c u ~ t s  Un l lm~ted 115 
Internat~onal Crystal 8 1 
Intetna1,onal Comrnun~cat~ons Systems. Inc. 94 
Jan Crystals 110 
James Electron~cs 121 
Jensen Tools & Alloys 124 
KLM Electron~cs Inc 109 
K Enterpr~ses 72 
T r ~ o  Kenwood Commun~catlons. Inc. 9. 64, 65 
Kester Solder 94 
Larsen Antennas 87 
Lone's Electron~cs 128 
Los Angeles Crystal 124 
Lyle Products 120 
MFJ Enterpr~ses 127 
MHz Clectron~cs 119 
Mad~son Electron~cs Supply 98 
Masters Con imun~cat~ons ' 0  
New Trontcs Corporation 76 
Nexus Trad~ng Company 51 
Northshore RF Technology 106 
NuData Electrontcs 120 
Optoelectron~cs 99 
Palomar Eng~neers 118. 120. 124 
Partr~dge (HR) Electronics 120 
Plpo Comrnun~cat~ons 114 
Poly Paks 100 
Porta Pak 5 1 
Rad~o  Amateur Callbook 95. 126 
Ramsey Electron~cs 11 1 
Regency Electronics 88 
Savoy Electron~cs 3 7 
Scott Cornmun~cat~ons 98 
Seni~conductor Surplus . 112 
S ~ n c l a ~ r  Rddlo Laboralor~es 122 
Space Electron~cs 120 
Spectron~cs 103 
Spectrum Commun~cat~ons 69 
Spectrum lnternallonal 98 
Sl,~ndard Commun~cat~ons 114 
Swan Electron~cs 52, 53. 73 
Tec Kan. Inc 108 
Telephone Equ~pment  Co 108 
Telfex Labs 96 
Ten-Tec 85 
Trans Corn 24 
Trl Ex Tower Corp 89 
Tufts Rad~o  Electron~cs 105 
VHF Eng~neer~ng,  DIV. of Brownlan 123 
Vanguard Labs 114. 118 
Var~an. E ~ m a c  D ~ v ~ s ~ o n  Cover IV 
Webster Communtcat~ons 94 
Webster Radlo 112 
We~nschenker 104 
G R Whltehouse & Co. 102 
W~lson Electron~cs 38, 39, 91 
W ~ r e  Concepts. Inc. 122 
Yaesu Electron~cs Corp Cover I I I 
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ORDER TODAY. MONEY BACK IF NOT DELIGHTED. ONE YEAR UNCONDITIONAL GUARANTEE. 

Older By Mail or Call TOLL FREE 800-647-8660 and Charge It On -Gi!!#i! 

400°/o MORE RF POWER SUPER LOGARITHMIC 
PLUGS BETWEEN YOUR MICROPHONE AND TRANSMITTER SPEECH PROCESSOR 

Up To 400% More RF Power is 
yours with this plug-in unit. Simply 

$ 4 9 9 5  u plug the MFJ Super Logarithmic 

$ 5gg5 Speech Processor between your 
microphone and transmitter and 

6 6;:fh your voice is suddenly transformed 
from a whisper to  a Dynamic 
output. 

LSP-520BX. 30 db dynamic range IC log amp and 3 LSP-520BX 11. Same as LSP-520BX but in a is Of punch with 
active filters give clean audio. RF protected. 9 V beaut~ful 2-1 18 x 3-518 x 59116 inch Ten-Tec power to slice through QRM and 
battery. 3 conductor. % phone jacks for input enclosure with uncommitted 4 pin Mlc jack, you go from barely readable to 

P. 0. BOX 494 MF J E NT E RPRISES MISSISSIPPI STATE, MISSISSIPPI x m 2  

and output. 2-3\16 x 3-114 x 4 inches. 

!\ 

CWF-PBX Super CW Fllter 
By far the leader. Over 5000 In use. Razor sharp 
selectivity. 80 Hz bandwidth. extremely steep 
skirts. No ringing. Plugs between recaivsr and 
phones or connect between audlo stage lor 
speaker operation. - 

!;electable BW: 80. 110. 180 Hz 60 dB down 
one octave from center freq. of 750 Hz for 80 Hz 
BW Reduces noise 15 dB . 9 V battery 

2-3/16 x 3-1 14 x 4 in. CWF-ZPC, wired PC 
board, $18.95 CWF-2PCK. kit PC board $15.95 

,' 
..- , I 7' 

1 .  

SBF-2BX SSB Filter 
Dramatiully Improves redablllty. 

Optimizes your audio to reduce sideband 
splatter, remove low and high pitched ORM, hiss. 
statlc crashes, background noise, 60 and 120 HZ 
hum Reduces fat~que during contest. DX, and 
ragchewing Plugs between phones and re- 
celver or connect between audio stage for speaker 
operation Selectable bandwidth IC active 
audio filter Uses 9 volt battery 2-3116 x 
3 1  14 x 4 inches 

- $27 95 
. . 

MFJ-40T QRP Transmitter 
Wadi the world with 5 watts on 40 Meter CW. 

No tuning Matches 50 ohm load Clean 
output with low harmonlc content Power 
amplifier transistor protected against burnout 

Switch selects 3 crystals or VFO input 12 
VDC 2-3116 x 3114 x 4 inches 
MFJ-~OV, Companion VFO . . . . . . . . . . . . . $27.95 
MFJ-12DC, IC Regulated Power Supply. 

1 amp. 12VDC .. . . . . . . . . .. . . . . . . . .  $27.95 

output cable, rotary function switch. "solid copy OM". 

-... 
" . . , ' ,  

NEW 
CMOS-8043 Electronic Keyer MFJ-16010 Antenna Tuner 
Slate of the art deslgn uses CURTIS-8043 Now you csn operate all band - 180 thru 10 
Keyeron-a-chip. Meters - with a single random wire and mn your . ~ ~ i l ~ - i ~  K~~ . oat . iambic opera- lull transceiver power output - up to 200 watts 
tion wi th external squeeze key . 8 to 50 RF power OUTPUT. 
WPM Sidetone and speaker Speed, vol- Small enough to carry in your hip pocket. 
ume. tone. weight controls Ultra reliable solid 2-3\16 x 3 1  14 x 4 inches Matches low and 
state keying +300 volts max. 4 position high ~mpedances by interchanging input and 
swltch for TUNE. OFF. ON. SIDETONE OFF output . SO-239 coaxial connectors Unique 

Uses 4 penlight cells 2-3116 x 3 1  14 x 4 wide range. high performance. 12 position tapped 
inches inductor. Uses two stacked toroid cores 

MFJ-POOBX Frequency Standard M FJ-1030BX Receiver Preselector 
Prwldea stmng, p w l s e  merlrers every 100. 50, or Clearly copy weak u n d a b l e  algnals ( lnenrws 
25 KHz well inlo VHF reelon. signal 3 to 5 "S" units). 

More than 20 dB low noise gain Separate . Exclusive circuitry suppresses all unwanted input and output tuning controls give maximum 
markers Markers are gated for positive identi- gain and RF selectivity to significantly reject 
fication. CMOS IC's with transistor output. . No out-of-band signals and reduce image responses 

2-3\16 x 3 1  14 x 4 inches 

OUR OFFER TO YOU 

Try any MFJ products and if you are not 
completely satisfied. return it within 30 days for a 
full prompt refund (less shipping). Call us today 
toll free 800-647-8680 and charge your Bank- 

CPO-555 Code Oscillator Americard or Master Charge, or mail your order 
For the Newcomer to learn the M o m  code. in today with your check or money order (or use 

Ihe Oid Timer polish his your BAC or MC). Please add $2.00 for shipping 
For the Code Instructor teach his clasws. and handling. 

Send crisp clear code with plenty of volume for 
classroom use Self contained speaker, vol- 
ume, lone controls, aluminum cabinet 9 V 73. Martin F. Jue. K5FI-U 
battery TOP quality U.S. construction Uses 
555 iC timer . 2-3/16 x 3 1  14 x 4 inches 



You buy the radio. 
We'll supply the accessories free! 

ICOM lC-245 
2-meter mobile FM transceiver 
Long's brings the VFO revolution to you with the IC-245 144 to 148 
MHz FM transceiver. The 10-245 features: Accurate tuning over 50 
detent steps. Digital display in 5kHz steps, Modes: FM. SSB (with 
adapter only), CW. Carrier suppression 40 dB or better. TX output: 
FM 10 watts, Max. freq. deviation: plus or minus 5 kHz. Mike im- 
pedance: 600 ohms. 

( Item Number 5031-109 ..................... Llst Price. 499.95 

2-meter beam 
The Model 8 is an 8- 
e lement.  2m beam. 
Features: Unidirectional 
pattern, special beta 
match config.. permits 
max. gain 8 f/b ratio. 
heavy aluminum boom, 
%" element rods for 
max. efficiency in the 
2m range. 

ltem Number 8338-109 

List Price 37.95 

NPC 103R 
power supply 
4 amp regulated power 
supply; converts 115 
volts AC to 13.6 volts 
DC, plus or minus 200 
millivolts. 2.5 amps con- 
tinuous. 4 amps max. 
Ideal for the IC-245 
transceiver. 
ltem Number 10602-109 

List Price 39.95 

\ 

r-- 
DRAKE WV-4 watt meter 

ICOM IC-211 2m FM transceiver The WV-4 atlows you to monitor forward or reflected 
power for fast. accurate tune up and to continuously 

The new IC-211 from Long's is the last word in digital.2m. all mode ,-heck transmitter antenna performance, F ~ ~ ~ ,  
transceivers. Fully synthesized in 100 Hz or 5 kHz steps, has dual 20 to 200 M H ~ ,  ~i~~ impedance: 50 ohm 
tracking, optically coupled VFO's show in 7 digit LED readouts. One resistive, power 1000 wattscontinuousduty. 
knob controls all frequencies. Modes: FM, USB, LSB and CW. 
Internal 11 7VAC or 13.8VDC power supply. Item Number 3530-109 ........... List Price 84.00 I 

............. Item Number 5030-109 List Price 749.95 

Remember, you can call TOLL-FREE: 

both la: 833.95. 
You SAVE: 84.001 

\ 

1 -800-633-341 0 for 
Long's Electronics price on any ham item. 

Long's Electronics 
3521 lOTH AVENUE NORTH, BIRMINGHAM, ALABAMA 35234 

128 march 1977 More Details? CHECK-OFF Page 126 
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YAESU'S NEW FT221- ENTIRE 2 MTR BAND! 
FM-AM-USB-LSB-CW PHASE LOCK LOOP! 

h 1 . * - - 
F 7 - J - -  k # ' ,  , L J -  ". 9 - , 4 4 4 '  

Price and Spacificationa subjed b change without notice. 

No crystals needed! Broadbanded-no transmitter tuning! 20 watts input - FM and CM 

Phase lock loop circuit! Full band coverage - 
144-148 MHz! 

3-way metering, discriminator 
zero center! 1 kHz dial accuracy! 

later ofl 
~dard or 

Iset - 
'spec 

- UP, 
:ial)! 

ut! 

Pulse noise blanker! 

AC-DC power supplies 
built-in! 

24 watts SSB PEP input! PTT or VOX operation! Mike, plugs, connectors Plug-in computer quality 

See your Yaesu Dealer or write: 
supplied! circuit boards! 

YAESU ELECTRONICS CORPORATION 
15954 Dormey Ave., P.O. Box 498 
Paramount. CA 90723 (21 3) 6334007 
YAESU ELECTRONICS CORPORATION 
Eastern Service Center. 613 Redna Tenace YAESU 
Cincinnati. Ohio 45215 (513) 772-1500 \ 1 The radio. 
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TPTTP HEATHKIT U The world's largest catalog of 
CATALOG I superb electronic products in 

I .  \ 7 f 3  I 
easy-to-build kit form. 

COUPON AND 
MAIL TODAY 

send for yours now n 
II 

YOU CAN BUILD anyof ourmany ,, 
quality electronic products that , 
are both practical and fun. I - 
See what a wide selection you 1 
have to choose from. 

State ZIP 

Please send a catalog to 
my friend Depl. 122-273 

Name 

Addrera 

city 

FPEEI~~I I  coupon now. I 



I Catalog of nctarly 408 electronic kits 

Complete 
descript~ons 

of our exten- 
slve l ~ n e  of 

electronic 
kits. Every- 

thina from a 
' touch~control 

to a "compu- 
terized" color 

TV system. 
Kits for your h home and auto 

-7 famous step- 
by-step 

assern bly 
b manuals. 

8 4  - I f':. send for it NOW! 
I 





/ expand YOUR RADIO 
HORIZONS 

explore the wide world of 

B!EE 
a Your lntroductlon t o  t l ie FUN. and EX. 

CITEMENT of Amateur Rad~o.  

Speclflcally wrttten t o  asstst the Becrr~ 
ner and Novlce reader. 

7 - For everyone f rom non-aniateur to  ex 
per~enced old tlmers. 

r] Ed~ ted  by the most  experrenced and 
capable tearn of Amateurs In t l ie f~e ld .  
experts who put  thelr know.how ~ r i t o  
slrnple, easy t o  understand terms. 

3 Don' t  mlss a slnele Issue . . . Subscribe 
today. 

You asked for it! 
Everyone's been ask~np  for 
a FUN Amateur Radlo Mae. 
azlne. One for begrnners 
and old tlrners a l~ke.  Good 
readlng for the experienced, 
a vttal helping hand for the 
riewcoriier. 

How do  I get started? How 
do  I get arid upgrade my 
I~cense? How can I work 
DX? What are contests all 
about? Help me  to  b u ~ l d  
slniple projects. I t 's  al l  
there and rnuch, niuch 
niore . . . 



. YES! I want to expand my Radio Horizons. . . 
, Sign me up at your special introductory rate of just 

$ 8 . 0 0 .  ( R e g u l a r l y  $ 1 0 . 0 0  a y e a r / $ 1 2 . 0 0  o n  
Newstands.) 

I KiEr;s" 
Name 

Address 

. -- - 

City 

State- 

Cal l  

ZIP 

Check or Money Orrler enclosed 

BIII me later I 
Charge nly Mastercharge 

Bank N o  

Account N o  

F r p ~ r a l ~ o n  Date 

Charge m y  f3ankAmerlcard 

Account N o  

E x p ~ r a t ~ o n  Date - .  



FIRST CLASS 

PERMIT No. 1 
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