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DESKTOP PLAN II. .
CCA DATA MGMT. SYSTE M.
VISIPLOT .
VISITREND/VISIPLOT
VISIOEX ........
VISITERM . .
VISICALC 3.3, . .
VISIFILES ....... ,

PERSONAL SOFTWARE

MAGIC WINDOW .. . 79.00
DB MASTER (NEW). . . . . 179.00
PFS: PERSONAL FILINGSYSTEM , . . . . . 79.00
PFS : REPORT .. .. . .. .. .... .79.00
Z·TERM· .. .. . .89.95
ASCII EXPRESS . . . , .. 63.95
HAYDEN APPLESOFT COMPiLER 149.00
EASY WRITER·PRO " . 199.00
EXPEDITER II APPLESOFT COM PILER . , . .73.95
A·STAT COM PoSTATISTICS PKG 119.00
SUPER TEXT II 129.00

APPLE SOFTWARE

CP/M'"
BASIC 80.. ..
BASIC COMPILER
FORTRAN 80..
COBOL 80. ...

BASIC COMPILER"
COBOL" .. .. .
Z-80 SOFTCARD .
RAMCARD .. .. . ..
TYPING TUTOR . . .
OLYMPIC DECATHLON . . .. ..
TASC APPLESOFT COMPILER,

. , 259.00
.. 145.00

.90.00
. . .. 215.00

169.00
.. ..... 239.00

. .. . .. . 310.00
. 195.00

. 110.00
. 245.00

195_00
169.00

MICRO PRO
APPLE CP/M®
WORDSTAR· .........
SUPERSORT· .
MAILMERGE· . .. . , .
DATASTAR· ,
SPELLSTAR· .
CALCSTAR· .

CP/M(IJ
WORDSTAR
SUPERSORT .
MAILMERGE .
DATASTAR . .
SPELLSTAR ...
CALCSTAR

BARE DRIVES
TANDON 5'/. INCH
100·1 SINGLE HEAD 40 TRK .. .... . . 219.00
100·2 DUAL HEAD 40 TRK. . . . . 299.00
100·3 SINGLEHEAD80 TRK 299.00
100·4 DUAL HEAD 80 TRK 429.00

TANDON THINLINE 8 INCH
848·1 SINGLESlOE. . . ... 459.00
B4B·2 DUAL SIDE . .549.00

MICROSOFT
APPLE
FORTRAN · . , . . . . . , 165.00

ISOLATORS
ISO·1 3·S0CKET.. . .. . 53.95
ISO·2 6·S0CKET ., ,., , 53.95

MICROSOFT Z·BO SOFTWARO . . . . 299.00
MICROSOFT RAMCARD , 159.00
VIDEX 80x 24VIOEO CARD , , .. 299.00
VIDEX KEYBOARDENHAN CERII . , 129.00
VIDEX EN HANCERREV0·6 99.00
VIOEX SOFT SWITCH. .. . . . . . . . . . 29.00
M &RSUPERTERM 80x 24 VIOEO BD . . .315.00
NEC 12" GREEN MONITOR . .. . .. . . 199.00
NEC 13" COLOR MON ITOR 399.00
SANYO12" MONITOR (B& W). _ 24900
SANYO 12" MONITOR (GREEN). . . . . .269.00
SANYO 13" COLOR MONITOR " 469.00
SSM AID BOARD (INTERFACE) A & T 165.00
SSM AID BOARD (INTERFACE) KIT 135.00
ZENITH13" HI RES. GREENMON 139.00
APPLE FAN 44.95
TIG JOySTiCK 54.95
TIG PADDLE 34.95
VERSA E·ZPORT.. .. .. . . .. 21.95
MICRO SCI A40W/ CONTflOLLLR 479.00
MICROSCI A40WIO CONTROLLER 409.00
MICRO SCI A70W/CONTROLLER _629 00
MICRO SCI A70WIO CONTROLLER 549.00
THE MILL·PASCAL SPEED UP . . .329.00
PRO METHEUS VERSACARD 229.00

NOVATION CAT ACOUSTIC MODEM 145.00
NOVATIO~l D·CAT DIRECT CONNECT 165.00
NOVATION AUTO·CAT AUTO ANS 219.00
NOVATION APPLE·CAT 349.00
UDS 103 LPDIRECT CONNECT. . . . . . 175.00
UDS 103 JLPAUTO ANS , 209.00
HAYES MICROMODEM II (APPLE), 299.00
HAYES 10PMODEM (S·100). . . . . .325.00
HAYESSMARTMODEM(RS·232). . . . 249.00
HAYES CH RONOGRAPH . .. .. .225.00
LEX ICON LX-ll MODEM 109.00

Webuilt a reputation onourprices and your satisfaction.
We guarantee everythingfor 30days. If any1hingis wrong, return the item

and we'll make it right. And , of course , we 'll pay the shipping charges .
We accept Visaand Master Card on all orders : CODorders , up to $300 .00.
Add $2,00 for standard UPSshipping and handlingon orders under 50lbs,

delivered in continental U,S. Call for shipping charges over 50 lbs. Foreign , •
FPOand APO orders, add 15% for shipping, Californians add 6% sales tax, •

Prices quoted are for stock on hand and subject to change without notice.

To order, or for information, call: PUTER
(213)706-0333 PRODOCTS
31245LA BAYA DRIVE, WESTLAKEVILLAGE, CAUFORNIA91362
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MODEMS

5'1< " PLASTIC LIBRARY CASE 2.50
8" PLASTICLIBRARY CASE 3.50
PLASTIC STORAGEBINDERwI inserts 9.95
PROTECTOR 5".' (50 Disk Capacity) 21.95
PROTECTOR 8" (50 Disk Capacity) 24.95

ANADEX DP 9500.. .. . .. .1295.00
ANADEX OP 9501 ... . , 1295.00
C-ITDH 25 CPS PARALLEL , 1440.00
C-ITOH 25 CPS SERIAL. , _.. . . . .. 1495.00
C-ITOH 45 CPS PARALLEL. . .. . .. . 1770.00
C-ITDH 40CPS SERIAL. . . ,. l B70.00
EPSDN MX·80 , . . , . . SCALL
EPSDNMX·80 FIT SCALL
EPSDN MX·100 GRAPHi C.. , SCALL
EPSDN GRAFTRAX , 90.00
IOS-445G PAPER TIGER _.. " ,, 779.00
iDS-460G PAPER TIG ER . . , 945.00
IDS·560G PAPER TIGER . , , 1195.00
NEC SPINWRITER 351 0 S..RO 2195.00
NEC SPINWRITER 3530P. RD .. . .2195.00
NECSPINWRITER 7710S, RO .. , . , 2645.00
NEC SPINWRITER 7730P,RO ... , 2645.00
NEC SPINWRITER 77000 SELLUM . . .2795.00
NEC SPINWRITER 3500SELLUM ,2295.00
DKIOATAMICROLINE 80. " . " . . , 389.00
DKIOATAMICROllNE82A... , .. " ,569.00
OKIDATA MICROLINE83A, . , . " . .. 799.00
OKIDATA MICROllNE 84.. .. .. 1199.00
OUME9/45 .. 2149.00
MALIBU 200DUAL MODE . . 2695.00

APPLE HARDWARE

DISKETTE STORAGE

PRINTERS

VERSA WRITER DIGITIZER .. .. .. . 259.00
ABTAPPLE KEyPAD .. .. , ... 119.00

VERBATIM DATALIFE
MD 525·0' ,10 , '6 26.50
MD550·01,'0,'6 44.50
MD557·01, '0, '6 .. , , .. ", ,45.60
MD 577·01, 10, 16 ,34.80
FD32 or 34·9000. .. .. 36.00
FD 32 or 34·8000, 44.95
f 034·4001. . .. . . .. . . 48.60

DISKETTES
ALPHA DISKS 21.95
Single sided , certitied Oouble Density 40Tracks,
with Hub·ring. Box of 10. Guaranteed onefull
year.

16K RAM KITS . . . . 13.95
Setof 8 NEC 4116200ns. Guaranteed onefull
year.
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Save on
Scanners!
NEWRebates!

Communications Electronics;" the
world's largest d ist ributo r of radio scan­
ners, cel ebrates 1982 with big savings on
Bearca t scanners. Electra Company, the
ma nufacturers of Bearcat scanners is
of fe ring consumer rebates on the ir g rea t
line of scanners, wh en purchased be­
tween February 1 and March 15 , 19 82 .

With yo ur sc anne r, you can mon itor the
excit ing two-way radio co nve rsat ions of
po lice and fire departments, intell igence
age ncies, mob ile telephones , energy/oil
exp lorat ion c rews, and more . Some scan­
ners can even monitor ai rc raft transm is­
sions! You canactually hear th e news before
it's news . If you do not own a scanner for
yourse lf, now's th e tim e to buy your new
sca nner f rom Comm unications Electron­
ics. Choose the scan ner that's right for you,
then call our to ll- free number to place your
order with your Visa or Master Card .

We give you excellent service because CE
distributes more scan ners worldwide tha n
anyone else. Our warehouse fac ilities are
equ ipped to pro cess thousands of scanner
ord ers every week. We also export scann ers
to over 300 countries and military instal­
lations. Almost all item s are in stock for
qu ick shipment, so if you're a person wh o
prefers fact to fa ntasy and who needs to
know what's rea lly happening around you ,
order your scanner today from CE!

NEW! Bearca~350
The Ultimate Synthesized Scanner!
List pri ce $59 9.95 / CE pr ice $399 .00/$50.00 rebate
Your fina l cost is a low 5349 .00
7-Band, 50 Channel. Alpha-Numeric. No­
crystal scanner. AM Aircraft and Public
Service bands• • Priority Channel. AC/DC
Bands: 30-50 , 118-1 36 AM, 144 -1 74, 42 1-51 2 M Hz.
Th e new Bear ca t 3 50 int ro du ces an inc red ibl e
br eakthro ugh in sy nt he s ized sca nning : Alp ha­
Nume ric Di sp lay. Push a button-and th e Vacuum
Flu or escent Di spl ay sw itc hes from " nume ric" t o
word d esc ript ion s of w hat' s being monitored. 50
c hanne ls in 5 ba nks. Plus, Aut o & M anual Searc h,
Sea rc h Di rec ti on , Limit & Cou nt. Direct Cha nne l
Access. Se lec t ive Sca n Del ay. Du al Scan Sp eeds.
Autom ati c Lockout. Auto mati c Squelch . Non-Vol ati le
M emory. Or der yo ur Be arcat 3 50 today!

Bearcat" 300
List price 5549.95/ CE price 5349 .00/$50.00 rebate
Your final cost is a low S299.00
7-Band, 50 Channel. Service Search • No­
crystal scanner. AM Aircraft and Public
Service bands• • Priority Channel. AC/DC
Bands: 32 -50, 118-1 3 6 AM, 144 -1 74, 421-5 12 M H z,
The Bear cat 3 0 0 is the m ost advanced au to ma t ic
sc anning radio that has eve r be en offered to t he
pu b lic . Th e Bearcat 300 uses a brig ht g reen fl uo­
re sce nt digita l d is p lay, so it's ideal for mo bile
app lic at io ns . The Bear cat 30 0 now has th ese adde d
fe atu res: Serv ice Searc h, Disp lay Inte nsity Co nt ro l,
Hol d Search a nd Resum e Se arc h keys , Sepa rat e
Ban d keys to permit lock-i n/lock-o ut of any band fo r
mo re ef ficient se rv ice sea rch .

NEW! Bearcat®350

FREE Bearcat" Rebate Offer
Get a coupon good for a 550 rebate when you purc hase a
Bearcat 350 or 300; 525 rebate on model 250 or 20/20;515
rebate on model 21OXL; 510 rebate on model 160 or 4-6
Thin Sca n. To get your reba te. mail rebat e co upon wi th your
original dated sales rece ipt and the Bearcat mod el number
from the ca rto n to Electra. You' ll receive you r rebate in fou r
to six weeks Offer valid only on purchases made betwen
February 1. 1982 and March 15. 1982. All requests must be
postmarked by March 31. 1982. Limit of one rebate per
household . Co upon mus t accompany all rebate req uests
and may not be reproduced. Offer good on ly in the U.S.A
Void where taxed or prohibi ted by law. Resellers, compa nies,
cl ubs an d orga nizations-bot h profit and non-profit - are not
elig ible fo r rebates. Employees of Electra Compa ny, their
advertising ag en c ies , distributors and re tai lers of Bearcat
Scanners are als o not el ig ible fo r rebates. Please be su re to
send in the correct amount fo r your sca nner . Pay the listed
CE pr ice in this ad . Do not deduct th e rebate amount si nce
yo ur rebate w ill be sent direc tly to you from Elect ra. Orders
received with Insuff ic ient payme nts will no t be processed
and wi ll be returned . Offer subjec t to c hange w ithout not ic e.

Bearcat" 250
List pr ice 5429.95 / CE price 5279.00/525.00 rebate
Your fin al co st is a low 5254.00
6-Band, 50 Channel. Crystal/ess • Searches
Stores • Recal/s • Digital clock • AC/DC
Priority Channel • 3-Band • Count Feature.
Frequen c y range 32-5 0, 14 6- 174, 4 20-51 2 M Hz.
The Bearca t 250 perfo rms any sca nning fun ct ion you
co uld possibly wa nt. With push butto n ease you ca n
program up to 50 channe ls for automatic moni toring .
Push ano ther button and search for new frequenc ies .
There are no crystals to limit wh at yo u want to hear. A
specia l search fea ture of th e Bearcat 25 0 ac tually
sto res 64 frequenc ies and recalls them, one at a t ime, at
yo ur conv enience.

NEW! Bearcat" 20/20
List price 5449.95/CE pr ice 5289 .00/525.00 rebate
Your final cost is a low 5264.00
7-Band, 40 Channel. Crystal/ess • Searches
AM Aircraft and Public Service bands • AC/DC
Priority Channel. Direct Channel Access. Delay
Frequency range 32-50, t 18-136 AM. 144-174.420-512 MHz.
Th e Bearcat 20/20 automat ic sca nn ing rad io
replace s th e Bearca1220 a nd monitors 4 0 fr eq uen­
c ies fro m 7 bands, includ ing aircraft. A two-p osi t ion
switch, located o n t he front pan el , a llo ws monitoring
of 20 c ha n ne ls at a t ime.

Bearcat" 21 OXL
List price 53 49 .95/ CE price 5229 .00/515.00 rebate
Your final cos t is a low 5214.00
6-Band, 18 Channel. Crystal/ess • AC/DC
Frequency ran ge: 32-5 0, 144- 174, 42 1'512 MHz.
The Bea rcat 2 1OXL sca nning radi o is th e sec ond gener­
at ion sca nner tha t replaces the popular Bearcat 210
and 2 11. It has almost tw ice the scanning capacity of
the Bearca l 2 10 with 18 channe ls plus dual sca nning
speeds and a bright green fl uorescent displ ay. Auto­
mat ic sea rch find s new freque ncie s. Features scan
de lay, sing le ante nna, pate nted track tuning and more!

Bearcat" 160
List price 5299.95/ CE price 5194 .00/510.00 rebate
You r fin al cost is a low 5184.00
5-Band, 16 Channel. AC only. Priority
Dual Scan Speeds. Direct Channel Access
Frequency range : 32-50. 144-174 . 440-512 MHz.
The Bea rca t 160 is th e least expens ive Bearcal crystal,
less scanne r. Smoot h keyboa rd. No buttons to pun ch.
No knobs to turn. Instead. finger· tip pads provide
cont ro l of all sca nning ope rations.

NEW! Bearcat" 100
The f irst no-crystal programmable handheldscanne r.
AI/o w 30 -1 20 days for de li ver y af te r rece ipl o f
order du e to th e hi gh dem and fo r this p ro du c t.
List price $4 4 9 .95/C E price $299.00
8-Band, 16 Channel. Liquid Crystal Display
Search. Limit. Hold. Lockout. AC/DC
Frequency range' 30,50, 138- I 74, 406·5 12 MHz.
The wo rld's fi rst no-crysta l handheld sca nner has
co mpressed into a 3 " x 7" x 11f. " case mo re scan n ing
power than is fou nd in many base or mobi le sca nners.
The Bearcal 100 has a ful116 channels w ith frequ ency
cove rage th at incl udes all pub lic service bands (Low,
High, UHF and "T' bands), the 2-Me te r and 70 em.
Amate ur bands, plus Military and Federal Gove rnme nt
freque nc ies. It has chrome-plated keys for func t ions
that are user con trolled. suc h as lockout. manu al and
auto matic sca n. Even sea rch is provided, bo th manual
and auto ma t ic. Wow...wh at a scan ne r!

The Bearcat 100 produces audio power output of 300
milliwatt s, is track -tuned an d has selectivi ty of bette r
than 50 dB dow n and sensit ivity of 0 .6 microvolts on
VHF and 1.0 microv ol ts on UHF. Power consumption is
kept extrem ely low by using a liquid crystal dis play and
exc lu sive low power in tegrate d c ircu its .

Included in our low CE price is a st urdy ca rry ing case ,
earpho ne, batt ery charger/A C adapte r, six AA ni-cad
batt eries and fle xible antenna. For ea rlies t de livery
fro m CE, reserve your Bearcal 100 today.

TEST ANY SCANNER
Test any scanner pur chas ed from Com mu n ic at ion s.
El e ct ron ic s ~ for 3 1 days befor e yo u de cide to keep It. If for
any reaso n yo u are not complete ly sa t.stieo, return It In
onqmal cond ition Wit h all part s 10 3 1 day s. for a pro mpt
refund ' less shipping /handling charges an d reb ate credit s).

CIRCLE 48 ON FREE INFORMATION CARD

Bearcat" Four-Six ThinScan'"
List price 5189 .95 / CE pric e 5124.00/51 0 .00 rebate
Your fin al cost is a low 5114.00
Frequ enc y range: 33-4 7. 152-164.450-508 MHz.
The incr edibl e, Bearcat Fou r-Six Thin Sca n- is like
having an informat ion cen te r in your pocket. This fou r
band, 6 channel crys tal co ntro lled scanne r has patented
Track Tuning on UH F. Scan Delay and Cha nnel Lockou t.
Measu res 2~\ x 6 '/. x i :' Inclu des rubber ducky anten na.
Order crystal cert ificate for each channel. Made in Japa n.

Fanon Slimline 6-H LU
List price $169 .95/ CE price 5 109 .00
Low cost 6-channe/, 3-band scannerl
The Fanon Sli mline 6-H LU gives you six channels of
crystal controlled excitement. Uniq ue Auto matic Peak
Tuning Circuit adjusts the receiverf ront end for maximu m
sens it ivity across the enti re UHF band. Individu al cha n­
nel lockout sw itches. Frequency range 30 -50, 146 -17 5
and 450-5 12 MHz. Size 2',\ x6 V. x 1: ' Inc ludes rubber
ducky ante nna, If yo u don" need the UHF band, ge t the
Fanon model6-HL fo r $99.00 eac h, and save money.
Same high performance and fea tures as t he mode l HLU
wit hout the UHF band . Order c rystal certificates for
eac h channe l. Made in Japa n.

OTHER SCANNERS & ACCESSORIES
NEWI Reg ency' *0810 Scann er . . . . 5319.00
NEWI Rgency , 0300 Scanner . . . , . . 5219.00
NEWI Regency' 0100 5c anner . .. . . 5169.00
NEWI Regency' H604 Scann er . .. . . . . 5129.00
Regency' M400 Scann er. . . . . .. 5259.00
Regenc y· M100 Scann er. .. . .. 5199 .00
Regenc y' R1040 Scan ner. . 5149.00
SCMA·6 Fanon MobileAdapter/B attery Charger. 549 .00
CHB-6 Fanon AC Adapter/Ba ttery Charger , 515.00
CAT-6 Fanon carrying case with belt clip $15.00
AUC-3 Fanonauto lighteradapter/BatteryCharger $15.00
PSK-6 Base Power Supply/ Bracket for SCMA-6 520 .00
SP50 Bearcat AC Adapter , 59.00
SP51 Bearcat Battery Charger . . . . . . . ,. 59.00
SP58 Bearcat 4·6 ThirrScan" carrying case S12 .00
MA506 Regency carrying case for H604 515.00
FB -E Frequency Direc tory lor Eastern U.S.A. . . " $ 12 .0 0
FB-W Frequency Oirectory for Western U.S.A. . . 512.00
FFO Federal Frequency Directory for U.S.A. . . 512 00
TSG"TopSecret" Registryof U.S.Government Freq $10.00
ASO Frequency Directory for Aircraft Band , 510.00
B·4 1.2 V AAA Ni-Cad batteries (set of four) .. 59.00
A·135cc Crystal certificate. . . . .. . . . . . . .. . . 53.00
Add $3 .00 shipping for all accessories ordered at the same time.

INCREASED PERFORMANCE ANTENNAS
If you want th e utm ost in perfo rmanc e from your
sc anne r, it is essent ial that you use an externa l ant enna.
We have six base and mobile ant ennas speci ficall y
desi gned fo r receiv ing all bands. Orde r # A60 is a
magn et mou nt mob ile ant enna. Ord er # A61 is a gutt er
clip mobile anten na. Ord er # A62 is a trunk-lip mobile
antenna. Order # A63 is a '/. inch hole moun t. Orde r
# A6 4 is a % inch snap-in mount, and # A70 isan all band
base stat ion ante nna. All antennas are $35.00 and
$3.00 for UPS shipping in the co ntinenta l United States.

BUY WITH CONFIDENCE
To g et the tastest de livery from CE of any scanner, se nd
or ph one yo ur order directly to our Sca nner Distribut ion
Center:" Be sure to calculate yo ur pric e using the CE price s
in th is ad . M ich igan residen ts please add 40.0 sales tax.
Writt en pur c hase orders are accepted from approve d gov ­
ernme nt age ncie s and mo st well rate d firms at a 10%
surcharge for net 10 bil li ng. All sal es are su bje ct to ava ila­
bili ty. acceptance and verihcat ion. Al l sales on accessones
are final. Prices, te rms and spe c rltcat lon s are subject to
change with ou t not ice . Ou t of stock items will be placed on
bac korder auto matically unless CE is instruc ted differe ntly.
Mo st pro ducts tha t we sell have a man ufacture r's war ran ty .
Free co pie s of warrant ies on t hese prod ucts are available
prior to purchase by writing to CEo Int ernat ional orders are
invited wi th a $20 00 surc harge for special handling in
addition to shipping charges. All sh ipments are F.O.B. Ann
Arbor, Michigan . NoCOO's please Non-certif ied and fore ign
che cks req uire ban k clea ranc e. Min imum order 535 .00 .

M ail o rde rs to: Communications Efectronics;"
Box 1002 . An n Arbo r, M ic h ig an 4 81 0 6 U.S.A. Add
$7. 0 0 pe r scanne r o r pho ne pro d uct for U.P .S.
ground sh ipping a nd hand lin g, or $ 14 .0 0 for fas te r
U.P.S. a ir sh ip pi ng to so me lo cat io ns. If you have a
Visa o r M ast er Card, yo u may ca ll anyt ime a nd
place a cred it card or der. Order toll free in t he
U.S.A. Dial 8 00-52 1-4 4 14 . If yo u a re outsi de t he
U.S. o r in M ic h ig an , dia l 3 13- 9 9 4- 4 4 4 4. Dealer
in qu i r ie s invited. Order w it ho ut o b l ig at io n today!
Scanne r Distribution Cen te r- and CE logos are trade­
mar ks o f Communications E lec tro nic s."
t Bearcat is a federall y registered trademark of Elec tra
Com pany . a Division of Masco Corporation of Ind iana.*Regency is a federally registered trademark of Regency
Electronics inc. AD *t 121081
Copyright ' 19 8 2 Commun ic ations Electronics "

m i VIS4 I(~~

4~OMMUNICATIONS
..ELECTRONICS'·
8 54 Ph oerux 0 Bo x 100 2 0 Ann Arbor, MiChigan 48106 U S A
C.II TOL L-FREE(800) 52 1·44 14 Of outs id e U.S .A.1313) 994 ·4444
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39 DIGITAL AUDIO DISCS
Soon , for about the price of a good turntable, you' ll be able
to have true dig ital sound-reproduction in your listening
room . Len Feldman

51 TELEPHONE IN-USE MONITOR
A simple device to te ll you when a multi-phone system is in
use. Christopher M. Dunn

59 UHF-TV ANTENNA PREAMP
How to get 25 dB of gain on UHF channels. Ray Pichulo

4 VIDEO ELECTRONICS
Tomorrow's news and technology in th is quickly changing
industry. David Lachenbruch

23 SATELLITEITELETEXT NEWS
The latest happenings in communications techno logy.
Gary H. Arlen

47 AUTOMATIC ROAD INFORMATION SYSTEM
A new and practical use for FM SCA. Len Feldman

78 STATE-OF-SOLID-STATE
Musical IC's. Robert F. Scott

54 DJ:SIGNING WITH OP-AMPS
How operational amplifiers work and how you can use them
in your own circuits. Joseph J. Carr

63 TROUBLESHOOTING DIGITAL CIRCUITS
An easy transition from working with analog-circuit problems
to digital ones . Robert L. Goodman

66 ALL ABOUT PULSE GENERATORS
An introduction to a very useful tool for checking out digital
logic-circuits. Charles Gilmore

70 HOBBY CORNER
Turn a calculator into a capacitance meter (or ohmmeter.
speedometer. etc .). Earl "Doc" Savage , K4SDS

43 WHATEVER HAPPENED TO CHANNEL 1?
Why do TV tuners start with cha nnel 2? David A. Ferre

ON THE COVER
SO far, the only way you could
hear real digital sound repro­
duced on your own equipment
was to invest in a $3000 PCM at­
tachment for your VCR. Shortly,
though, digital audio, using your
existing amplifier and speakers,
will be available for about the
cost of a good turntable. New
techniques-particularly in the
area of laser scanning-will put
60 minutes of ultra-high-fidelity
aud io on one side of a disc you
can hold in the palm of your hand .
To f ind out what 's in store, and
how it works, turn to page 39.
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GOOD UHF TELEVISION RECEPTION has
always been more difficult to get than VHF. Part
of the solution lies in a good antenna-system.
An antenna-mounted preamplifier can also
help. A preamp you can build that offers 25-dB
of gain is described starting on page 59.

74 COMMUNICATIONS CORNER
How speech scramblers work. Herb Friedman

81 SERVICE QUESTIONS
R-E's Service Editor solves technicians' problems. Jack Darr

80 SERVICE CLINIC
Vertical-retrace-line problems. Jack Darr

76 COMPUTER CORNER
Games (computer) people play. Les Spindle

~
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OPERATIONAL AMPLIFIERS (OP-AMPS) are an
important-but frequently misunderstood­
member of the IC family. Learn what makes
them so useful and how to work with them
beginning on page 54.

Subscription Service: Mail all subscriptio n orders .
changes. correspo ndence and Postmas ter Noti ces of
undelivered copies (Form 35791 to Radio-Electron iCS
Subscription Service. Bo x 2520. Bou lder. CO 80322.

A stamped self-addressed envelope must acco mpany all
submitted manu scr ip ts and/or artwork or photographs
if their ret urn is desired should they be rejected . We
d isclaim any responsibility for the loss or dam age at s::
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VCR DILEMMA

RENTABETA

KODAK ANSWERS
SONY

How to cope with the legal problems posed by the technological revolut ion is becom­
ing a major political issue. Nowhere else is that as evident as it is in the case of home
videotap ing . In this instance, the immediate issue is whether private individuals who
tape cop yrig hted programs off the air, or from cable TV, should pay fo r the pr ivilege­
and if so, how. The Appeals Court ruling in the Betamax case held that taping of such
shows fo r personal viewing is a violation of the Copyright Law, and that manufac­
turers and sellers of VCR's are contributory infringers of the law. The three-judge
cou rt 's decisio n indicated strongly that because Congress hadn 't considered video
technology when it passed the recent , revised, Copyright Law, perhaps cong ressional
action would be necessary to cope with the problem.

Although the dec ision is being appealed to the Supreme Court , the action is likely to
occur in Congress, whe re legislation has been introduced both to permit free taping
and to add a fee to VCR's and/or videocassettes to be paid to the copyright holders of
TV programs. The major antagonists are the electronics manufacturers, represented
by the EIA, and the big movie companies, represented by Motion Picture Association
of America. The EIA and its adherents argue that " time-shift" taping is merely another
way of view ing a program at a more conven ient time, accomplished in the privacy of
the taperlviewer's home, and that the copyright owner of the program has already
been paid for the televising of the show . The MPAA counters that home taping robs the
copyright owner of his product without compensation and, at the very least, diminishes
the value of the program in re-runs.

In pre-recorded videocassettes, rental is becoming a major business. One study has
indicated that for every program cassette sold, 20 are rented. But in the past, movie­
cassette rental was open only to the 3% of the population who owned video recorde rs.
Now the opportunity is being extended to the other 97o/o-the non VCR owners-through
Rentabeta, developed by Superscope.

The principle of Rentabeta is simple-"the take-home movie in a video player." The
rental package includes a Toshiba portable VCR,specially modified so that it is a play­
on ly machine, in a case which can be locked by the dealer so the cassette cannot be
removed. The customer chooses the cassette he wishes, it 's loaded by the dealer into
the player, and he carries the entire package home. Although rentals are expected to
differ f rom dealer to dealer , the suggested price for rental of a machine loaded with
one cassette is $8. Dealers may supply more than one cassette and leave the player
unlocked so that the viewers can change cassettes themselves. Rentabeta players can
be mod if ied so they can't be rewound, permitting each cassette to be viewed only
once. That has been suggested as a possible method of keeping posit ive track of the
number of times each cassette has been viewed, so that producers of the rented
movies can be paid royalt ies.

Responding to Sony's Mavica electronic still-camera (see Radio-Electronics, January
1982), Eastman Kodak President Colby Chandler said that his company had the capa­
bility to build an all-elect ronic camera. However, the solid-state sensor alone would
cost as much as an entire film-camera, and picture information per frame would be
about one-quarter that of a 11a-size fil m frame or 1/20 of a35-mm frame. He said that an
electronic sensor with a million pic ture elements cou ld made an acceptab le 2x4-inch
pr int, but he noted that a 110 frame has more than 2 mill ion elements , and 35mm over
10 mill ion (whi le Sony's Mavica sensor has 280,000).

He hinted at a possib le Eastman Kodak electronic fi lm-viewing system comb ining
chemical and elect roni c technology, in these words : "Along with thei r initial print
order, users of such a system might receive an image carr ier that drops easily into a
videoplayer attached to a TV set. With a hand-held remote unit , consumers might have
selective cont rol of images on the TV screen. At the touch of a button, the user could
en larg e its image and freeze it for closer viewing . At the touch of another, the viewer
could encode the fi lm frame. Now the image-as the viewer has chosen to see it­
wou ld return to view in the form selected , when next it is inserted in the player." He
ind icated that that is one product being evaluated for the consumer market. R-E
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WHAT'S NEWS

GE's NEW THYRISTOR, inspected here by Dr. Victor A.K. Temple, promises
great reductions in high-voltage DC power-line costs. Through its innovative
design, it can handle large currents while consuming little power Itself,
reducing the conversion losses of HVDC transmission systems. Work on
the device, stili in the early developmental stage, is being sponsored by the
Electrical Power Research Institute, the research arm of the electric utility
industry.
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New device cuts HV
transmission losses

A new type of thyristor (silicon
controlled rectifier) that promises
to slash operating costs of high­
voltage direct current (HVDC)
power-transmission lines, was
described by GE scientist Victor
Temple at the International
Electron Devices Meeting at
Washington, DC, last December.
Thyristors are power semi­
conductor-devices that are
used to switch and control large
amounts of electric power,
turning it on and off in a few
microseconds.

HVDC lines can carry twice as
much power as AC lines with
the same peak voltage rating ,

thus slashing transmission
costs . But the high costs of the
converter stations that turn the
AC into DC for tonq-distance
transmission and back into AC
for local distribution can cut
deeply into those savings.

Thyristors for HVDC applica­
tion are made from thin , .04­
inch thick slices of silicon that
are three inches in diameter.
Normally they are activated by
an electrical gate current. The
new thyristor is activated by
weak pulses of light carried on
fiber-optic cables . Because of
its innovative design, it can
handle large currents while
consuming little power itself,
thus reducing converter-station
losses .

Light-activated thyristors are

not new , but all previous types
have had the disadvantage that
the weak gate signal activates
only a small portion of the
thyristor. The current pouring
through heats that portion to
unsafe temperatures, and may
cause melting breakdown.

In the new thyristor, resistors
inserted in the silicon wafer
between amplifying stages limit
the current to safe levels. A
resistor is etched in the wafer
between the gate-amplifying
stage and the pilot-amplifying
stage . Another resistor is in­
serted between the pilot and the
main stage.

In addition to HVDC converter
stations, GE's light-fired thyris­
tor has potential power-control
applications in heavy industry,
such as steel mills, and in loco­
motives.

Tektronix opens
direct mail center

On January 1, 1982,Tektronix
opened a direct-order channel,
through which purchasers, by
calling a toll-free number, may
obtain information or order
instruments.

The National Marketing
Center, in Beaverton, OR, will
expand customer service as
well as meet the needs of new
electronics purchasers. By
calling 1-800-547-1845, cus­
tomers can reach experienced
sales engineers who will supply
immediate technical consulta­
tion, applications assistance,
and answers to a wide variety of
measurement and safety prob­
lems .

The Center offers a direct
contact for customers who pur­
chase just one or two instru­
ments and would not normally
be served by a field service en­
gineer.

The toll-free number will be
staffed from 5 am EST till 8 pm
EST.

Right to videotape
supported by EIA

The right to private citizens
to tape television programs for
their own use must be protected

by law at once, testified Jack
Wayman , Senior Vice President
of the Consumer Electronics
Group of the Electronic Indus­
tries Association , before the
U.S. Senate Judiciary Commit­
tee. That legislation is neces­
sary, he said, as a result of the
recent court decision that holds
it illegal for consumers to video­
tape selected programs off the
air, even for private, non-com­
mercial use.

Wayman pointed out that, in
general, copyright owners are
not damaged by private taping
of TV. " Surveys show, " he said,
" that 70 to 90 percent of all
VCR owners use their VCR's pri­
marily to 't ime shiff-to view
programs they could not have
watched at the time of trans­
mission." That kind of taping
indirectly benefits the copy­
right owner by increasing the
broadcast audience and thus
the value of the program to the
broadcaster.

If Senate Bill 1758, legalizing
private copying, is not passed
immediately, Wayman said,
some movie company might ob­
tain an injunction against VCR's.
That could cause severe eco­
nomic damage not only to
manufacturers , but to the dozens
of American companies that
distribute the product, and the
more than 25,000 retail outlets
that are now selling VCR's as
well as blank and pre-recorded
tapes. The industry could be
paralyzed for a long time, while
the matter remained in litigation,
possibly going all the way to the
Supreme Court.

The analogous right to record
audio material has never been
seriously challenged, as long as
the recordings were not offered
for sale, though drastic penalties
have been imposed for selling
such recordings.

Fort Worth will get
a videotext system

Tandy Corp/Radio Shack plan
to insta ll and operate an elec­
tronic informat ion base (video­
text) in the Forth Worth/Tarrant
County area. Objectives will be
to provide subscribers with con­
tinuously updated information,

continued on page 12



Accurate , Timely , Thorough .. .

RCA 1982 TELEVISION
SERVICE DATA
Accurate becau se it is prepa red by serv ice -expe rienced
RCA Technical Publications editor s who work closely w ith
the eng inee rs who design RCA Consum er Elec tronics pro­
ducts . .. Timely because it is promptl y mailed (po stpaid )
d irectl y to subsc r ibe rs when the pr odu ct is introduced . . .
Thorough because it offe rs all of the fol low ing features that
are essential for pro fi cient servici ng:

Easy-to-Trace Schematics

Circuit Board Composite Views

• Chassis and /or Instrument Layout Diagrams
• Inst r u men t Disassembly/Reassemb ly I nst r uc t io ns

• Service Adjustment Procedures
• Replacement Parts Lists

And More ...

Your yea rly subscriptio n to RCA TELEVISION SERVICE
DATA includes:

• Complete Service Data for all co lor and b/w TV models
introduced during 1982

• Service Bulletins that keep you abreast of the latest
circu it changes, recommended servicing proced ures, and
parts information

• Ten- Year RCA Service Data Index that refe rences RCA
Service Data by bot h mode l and chassis, and inc lud es
RCA Warranty Obligation Cod es and a sep arate list ing
of RCA Service Bulletins

• Complete coverage
of all color and
b/w TV Models
Introduced in 1982

• TV Service Bu lletins

• Ten-yea r RCA
Service Data Ind ex

Sadd lestitched
format w it h
dri lled holes for
ea sy insertion in
op tiona l three -ring
binders

• W ITH TW O DURAB LE V INY L-COVERED,
THR EE-RING BINDERS Only $56.85*

• WITHOUT BINDERS Only $44.95*

"INCLUDES RCA'S "PARTS INFORMATION SERVICE" ...
Quarterly mailings from RCA Distributor & Special Products Division
that give you replacement parts price schedules. Tuner - and Module­
to-Chassis cross references, and other parts-related information that
servicers and dealers have been asking for . .. making your 1982
RCA TELEVISION SERVICE DATA subsc ript ion an even bigger
bargain.

RCA FIELD-SERVICE GUIDE ncn

Key fi eld -service in fo rmation fr om reg ular RCA Co lor TV service
da ta .. . in a co nve nient, easy -to-use volume that covers two VOLUME 8 (1979.1980) VoI, m,8

years of RCA Color TV models . . . com plete chassis and tun er RCA Color TV Chassis FieldService Guide
schematic diagrams and board views chassis top and back CTC 85. -86, -87, -88, -89,
views field -service adjustments parts lists . . . mod el -90, -91, -92, -93, -96. -97. COlo, TV Mod " Yo"..

inde x troubleshooting tips . . . quick find indexes and cross -99. -101 19"·1980

references .. . each volum e 17" x 11", Saddlestitched . Only $12.95

TOTA L

$ - - - -

PRICE

$---­
$---­
$ - - -

QUANTIT Y

$12 .95 ea.

PRICE

$56.85 ea.
$44.95 ea.
$ 5.95 ea.

1982 RCA SERVICE DATA SUBSCRIPTION ORDER FORM
CHEC K APPROPR IATE BO X / INDICATE QU ANTITIES AND PRIC E TOTA LS/ENC LOSE CHECK

ncn~~
MAI L TO : RCA TECHNICAL PUBLICATIONS 1-450

600 N . SHERMAN DRIVE
INDIANAPOLIS, IN 46201

1982 SERVICE DATA SUBSCRIPTION

D TE L EV ISION , WIT H TWO BIND ERS
D TE LEV ISION , WIT HOUT BINDERS
D ADD IT IONAL TV DATA BINDERS
FIELD -SERVICE GUIDE
o VOLUME8

"MAKE CHECKPAYABLETO RCACONSUMERELECTRONICS
s::
>
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_ _ _ _ _ _ _ _ _ ZIP CODE _STATE

(Please Pri nt)

NAM c.E TOTAL (AMOUNT OF YOUR CHECK") $-------

STREET ADDRESS, _

CITY _
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~hoose your training!

Only Nil ivesyou
so many WayS get started

on your TV/Video/Audio.. -serVicing career.
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Only NRI gives you such a choice
of practical experience projects with
your training inservicing Tv, video­
cassette recorders and disc units, and
audio systems. You can elect to build

NRI's 25" (diagonal) color 1V with
state-of-the-art fully-computerized
programmable controls. Or, take your
bench training on the latest model RCA
programmable videocassette recorder

Train with this programmable RCA video­
cassette recorder

with exclusive Videotaped lessons. Or
concentrate on the world ofaudio as
you work with acomplete AM/FM stereo
sound system. Any way you go, it'syour
choice ... more choices than any other
school.



Each Course Complete
Nomatter which hands-on

trainingprogramyou select, your
NRI course is complete. You get all 58
lessons coveringeveryaspect of the
field. Tv, audio, andvideocassette are
just a start.You learn to install and
service carradiosandstereo systems...
antenna systems including satellite
'IV...videodisc players...cable 'IV...
microprocessor controls and much
more. NRI training is complete,
thorough, and effective.

Learn at Home
in Your Spare Time
NRI trains you at home, atyour

convenience. No need to quit your job
ortie up your evenings with night

Learn by doing with NRIhands-on projects
and professional instruments that you use
and keep.

school pressures. NRI "fast-track"
training makes learning easier...
Action Audio Cassettes guide you step
bystep ... NRI "hands-on" projects give ~

you practicalbench experience as
you progress. You not onlyget
theory, you actuallybuild and test
electronic circuits using profes­
sional equipment included with
your course.

Train as you assemble this fully­
computerized, programmable 25"
diagonal color TV

Professional
Instruments Included

You'llwork with the famous NRI
Discovery Lab~ where theorycomes
alive, exploring concepts and learn­
ing by doing. You'll use the Beckman
LCD digital multimeter to read
currents and resistances, keep it for
professional troubleshooting. You'll
build a CMOS digital frequency counter,
another valuable servicing tool. And,
depending on which experience project
you choose, you'll also build your own
5" solid-state oscilloscope and a 10­
function 'IVpattern generator. Use them
for learning, use them for earning.

NRI Picked
bythe Pros

Anational sur­
vey of successful 'IV

repairmen shows that

Train on this AM/FM stereo system
complete with speakers

more than half had home-study train­
ing, and among them, it's NRI 3 to I
over anyother school. That's why, more
than 67 years and a million and a
quarter students later, NRI is still the
leader. You can't beat the up-to-the­
minute training for effectiveness and
value. See how NRI can do it for you.

Send for Free Catalog.. .
No Salesman Will Call

Send today for our free, IOO-page
catalog which shows you all the kits
and equipment you get, detailed lesson
outlines, and convenient time payment
plans. Or check out other fast-moving
opportunity fields like Microcomputers
& Microprocessors, Electronic Design
Iechnology Digital and Communica­
tions Electronics, and more. Mail the
postage-paid card todayand choose
yourtraining. Ifcard has been removed,
please Write.

II NRISchools
McGraw-Hill Continuing

r Education Center
~ ~ 3939Wisconsin Ave..tM • Washington, D.C. 20016

We'll giveyoutomorrow.
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WHAT'S NEWS
co ntinued fro m page 6

RCA's SATCOM III-R SATELLITE

ALTUS AL250, 3.5-VOLT, 5-AMPERE CELLS

RCA Network Services, an op­
erating unit of RCA Communi­
cations, Inc. , has filed an appl i­
cation with the FCC to construct
and operate a nationwide digi ­
tal electron ic message-service
(DEMS) among the nation's fifty
major metropolitan areas.

The company believes that
the first six areas-Atlanta, Chi­
cago , Houston, Los Angeles,
New York , and San Francisco­
could be operational with in 15
months of FCC approval and
that the entire network could be
in operation in seven years.

The DEMS network will pro­
vide high-speed , end-to-end pri­
vate-line and switched services
to the public. It is designed to
handle digital bit-streams at
rates ranging from 2.4 kilobits/
second to 1.5 megabits/second,
offering a flex ible service to
handle a wide variety of user
applications: communicating
word-processors, remote com­
puter entry , high-speed fac­
simile, and videoconferencing.

RCA's proposed service will
use satellite and microwave
facilities for long-haul transmis­
sions and the new Digital Trans­
miss ion System (DTS) tech­
nology for transmission within
cities. R-E

New message serv ice
between U.S. ci ties

The Satell ite Television Cor­
poration (STC), a subsidiary of
COMSAT, has urged the FCC to
process pending direct-broad­
cast satellite (DBS) applications
on an individual basis.

Ind ividual processing will
.....eliminate the possib ility that
consideration of a few trouble­
some proposals would delay the
issuance of authorizations to
applicants whose DBS systems
clearly will serve the public in­
terest. "

STC was the U.S. pioneer in
proposing DBS service for the
United States . If the FCC moves
expeditiously to approve DBS
applications in early 1982, STC
will be able to initiate its DBS
pay-TV service in late 1985, or
early 1986.

STC has asked for FCC ap­
proval to offer a satellite-to­
home subscription television
serv ice using DBS satell ites. It
wou ld offer three channels of
premium programming, without
advertising. Ind ividual sub­
scribers would receive the
scrambled signals using 2 Y2­
foot dish antennas.

FCC urged to speed
satell ite TV Iicp.n!'lp.!'l

lutely safe under abusive con­
ditions, such as incineration,
crush ing , or penetration.

A new high-current lithium
thionyl-chloride cell just an­
nounced by the Altus Corp of
San Jose, CA, is capable of
putting out 5 amperes cont inu­
ously and up to 15 amperes in
short pulses .

The new flat-disc cell , desig­
nated the AL250, has an open­
circuit voltage of 3.5 volts ,
operates at temperatures from
- 40 to +70 degrees centigrade,
and can stand prolonged storage
at extreme temperatures with­
out noticeable losses in capacity
or response time. Its shelf life is
est imated at more than 10
years .

The cell is said to be abso-

New high-current cell
supplies 5-15 amperes

per second of computer data.
The Satcom satellites cover all

50 states and Pue'rto Rico .
More than 4,000 earth stat ions ,
serv ing 14 million homes, have
access to those spacecraft.
Without the spacecraft,thousands
of miles of ground cables and
microwave links would be re­
quired to perform the same ser­
vice.

Satcom III-R is powered by
two solar array panels and three
nickel-cadmium batteries. Maxi­
mum output is 950 watts at
35 volts (regulated) at the be­
ginning of service and 750 watts
at the end of the satellite 's 10­
year life. The batteries supply
power during the two solar
ecl ipse periods that take place
each year.

The third RCAcommunications
satelli te, Satcom III-R, launched
last November into a geosyn­
ch ronous orbit 23,000 miles
above the equator, is intended
to serve customers in the cable­
TV industry. The 2,385-pound
satellite was placed in position
at 132 degrees West. It was the
11th U.S. domestic commercial
satell ite to go into orb it.

Like the earlier Satcoms,
Satcom III-R has 24 transponders
each of which can carry 1,400
voice circuits, one FM/color TV
transmission, or 64 million bits

RCA 's Satcom III
relays cable TV

on demand, 24 hours a day.
News will be from local , re­

gional , state , and national
sources and will include sports,
special events , business and fi­
nancial news, and weathe r in­
formation .

Equipment used will be the
TRS-80 Modell/computer and
the newly developed Communi­
cations Multiplexer.

Accord ing to Charles Phillips
of Radio Shac k, " We have not
made a final decision on whether
or not a subscription fee will be
charged, but while much of the
information will be free to the
viewer, certain items will carry
an access charge. We also plan
to offer advertisers the oppor­
tu nity to sponsor certain infor­
mat ion pages. "
. The system wi ll be offered to
residents of the test area in early
1982.
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BECKMAN
Convenient storage and multiple viewing angles
are featured in the new line of Beckman bench/
portable DMMs.

CIRCLE 46 ON FREE INFORMATION CARD

Introducing the TECHTM 360
DMM. Never has it been

so easy to do so much for
Beckman's TECH 360 bench/ SO I-Ittle The TECH 360 is available

porta~l~ DMM puts u~matched • for just $289 (U.S. only), including
capability and convemence at your batteries. The compamonTECH
fingertips . . quickly, with audible and visible 350 (without RMS and temperature

You can select from 8 functions indications. Measure up to 10 amps measuring capability) is priced
and 31 ranges with one turn of the without adding special adaptors. at $229.
single selector switch. All with 0.1% basic Vde accuracy. For information on the com-

an or off the bench, you can 12,000 hour battery life plete line of Beckman DMMs and
accurately measure all complex Designed for ultimate ease of accessories, call your localdistrib-
waveforms with True RMS ACfunc- operation, the TECH 360 delivers utor today. For the one nearest you
tions. Extend resistance measure- 12,000 hours continuous service (up call: (714) 993-8803 or write
ment to 1/100 ohm resolution. Read to 4 years of normal use) from stan- Beckman Instruments, Inc., Electro-
temperatures from -20°C to dard heavy-duty batteries. You'll Products Group, 210 South Ranger
1265°C. Perform continuity checks never have to search for power out- Street, Brea, California 92621.

• lets or contend with ground loop
...--__ errors. The expense of rechargeable

battery packs
is eliminated.
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HEATHKIT
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Discover the newest in electronics
for your home and business ...
• Computer hardware and software . Earth Station
• Self-study educational courses • Precision test
instruments . Computerized weather instruments .
Complete Solar Hot Water Systems . Automotive and

- ..._~~~~~~ ... home energy savers . Color TVs and
video accessories . Fine stereo high­
fidelity components . Amateur radio gear

.. .all in easy-to-build,
money-saving kits.

Send for the all-new, free Heathkit Catalog today!
104 pages describe --------------------
over 400 exciting I Please send my free Heathkit Catalog . free I
kits for your I I am not currently receiving one. Ielectron ics hobby. I Mail to: Heath co., Dept. .020-872, IBenton Harbor, MI 49022

If coupon is missing, I I
CIl write Heath Company, I Io Department 020-852, Name
Z Benton Harbor, I I0
a: MI49022 I It- Address
U I Iur
...J
W I City State

I6
0 I CL-754 Zip I<I:
a:
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213-938-0166-7
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Paul McGinnis Company
60 East42nd Street
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212-490-1021

e·". ...- ... .



Facts from Fluke on low-cost DMM's

lOra Ineasurelnent like this,
everyntillivolt IIlatters.

In digital multimeters, accuracy
and resolution go hand in hand. After
all, an extra millivo lt ofresolution
means nothing unless you can trust its
accuracy. For critical measurements
like checking avion ics, calibrating
medical systems, or simply verifying
the performance of your circuit, it
takes a precision DMM to fill the bill.

The new 41f2-digit Fluke 8050A
delivers 0.03% basic de accuracy and
0.005% of full scale resolution. Measure
ac and de voltages with 10p.V of
sensit ivity. Or resolve 10 nA of current
and 10 milliohms of resistance. All
guaranteed for one full year.

That's the kind of perform
ance you dema nd in a

bench/portable DMM. And it's from
Fluke, the leader in DMM's with a
thirty year reputation fc- reliab le, high­
quality precision instrumentation.

Of course, there's more to the
8050Astory. With our hybrid True
RMS converter you get honest,
accurate ac answers to 50 kHz witho ut
missing any significant distortion
components. A dB function features 16
selectable reference impedances. And
the relative mode lets you make offset
measurements in all instrument
functions.

You'll also find all the other
dependable Fluke features on the new
8050A. Conductance for those high
resistance and leakage measurements
to 100,000 Megohms. Extensive
overload protection and safety
features. A full line of accessories. And
a low price of only $369 U.S.

For all the facts on the new 8050A's
accuracy and reliability, call toll free
800-426-0361; use the coupon below;or
contact your Fluke stocking dist ributor,
sales officeor representative.

IFL U K E I
®

IN THE U.S. AND NON-
EUROPEAN COUNTRIES: IN EUROPE:

Joh n Fluke Mfg. Co., Inc. Fluke (Holland) B.V.
P.O. Box C9090, MIS 250C P.O. Box 5053, 5004 EB
Everett, WA 98206 Tilburg, The Netherlands
(206)356-5400 (013) 673 973
Telex: 152662 Telex: 52237

o Please send 8050A specificat ions.
o Please send all the facts on Fluke

low-cost DMM 's.
o Please have a salesma n call.

Name

Mail Stop

Sta te Zip

Ext .

For technical data circle no. 43



PROTEUS I '"
a lead synthesizer

that has
it all !

ETTERS

For trulysuuerb
FM-stereo
reception...

The ~.~ ~'~r~[J [JrJ~ vertical antenna

(2813A) and placing jumper wire between
input and output pins of the IC socket.

The suggestion to use PNP transistors
is not recommended because that places
s-votts' across the base-emitter junction
and the driver in series ; that could
damage the transistor.

In the April 1981 issue (page 68), Fig.
80, and (page 69), Fig. 82, the latch board
input and output signals on pins 9 and 11
of the 7474 IC are reversed.
WALTER PALANKER,
Magnolia, NJ

PROGRAMMING FLAW
I am the proud owner of a new personal

computer system, and because of that,
your October 1981 issue of Radio-Elec­
tronics caught my eye. I got a lot out of
that issue!

I did a lot of shopping around before I
decided on the TRS-80, 16K, color outfit.
Along with it , I purchased some software

continued on page 22

+
mylar +su1nl,ar

p+
d.v.lo...~.

film cards II .tchant

+ card T etchant = 1PC

32 XA·l kit m ake , 7 PC CU ds . $46.41 , 32X·' sta r ter k it ma kes 2 card 1. $1'.24
I f not availab le loc all y fa ctory ced er-tn ctuce $3 .00 snI p pIng. U .S. on ly

Pri ces SUbject t o en.nge without n otice
5 10 1 71

Vector Elec tron ic Co. , 12460 Gladstone Av., Sylmar, CA 91342

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

messy photo-reversal-no spraying, dipping, or baking.
.4 types of art aids: rub transfers, ink , tape, cut and peel-use 1 or all.
.1 :1 circuit art rub transfers-Ie sets, pads,lines, connectors,

symbols, letters, and numbers.
• Everything included-just add water and sunlamp or bri~t sunshine.
• Uqu id etch ant and developer-no dry chemical mixing problems.
AND
.Process choices-make circuit on copper and etch for 1 card .
Make circuit on film, expose, develop and etch for 1 or many cards.

UNICORN-1 ROBOT
I was impressed by the very thorough

ser ies of articles, " Unicorn-1 Robot ," that
appeared in Radio-Electronics, August
1980 through June 1981. However, there
appear to be a few errors that should be
noted.

In the March 1981 issue (page 65), the
relay driver circu it will not work as ex­
plained in the text. As shown , the 2N2222
transistor and relay will be turned on in
absence of a command. That is oppos ite
the condition that is desired. In other
words, what is required at the transistor
base is a logic-low to de-energize the re­
lay in the stand-by mode.

There are a couple of modifications that
can be made without altering the printed­
circuit boards. The choices are:

Latch Board : take the output signal
from the Q pins 6 and 8, or :

Relay Drive r Board: drive the trans istor
directly from the decoder board or latch
board by eliminating the octa l inverter

WCastle
_Marketing
Dept.RE
Holl and Street
P.O. Box 219
Ale xandria Bay,
New York 13607

• May be mounted on a
mast. windowsil l, balcony,
or just stand it in the
corner

o Sturdy, stainless steel
and PVC construction

o Silver plated brass joints
for ultra-sensitive signal
passage

o Built to withstand weather
stands just 76" tall

to-goodness 30 day MONE Y-BACK
to your standards. send it back fo r a

o Receives from all
directions

o Pulls in stations you never
knew existed

Test it yourself! We offer an ho
guarante e. If it doe sn 't me as u
refund of the pur chas e pri ce .

o Transforms fuzzy stations
into 'tape quality'

o Reduces multlpatn
problems

o Upto twice the power of
the conventional dipole
antenna

The suggested fist pr ice tor Stereo One is $69.95.

BUY DIRECT AND SAVE S10.OO
Send you r check or money order tor
559.95 + 3.50 (sh ipping and handling) to;.
(N.Y. residents, plea se add 7'10 sales la x)

VISA & MASTER CARD buyer s may call toll tree
1-800·448·8490 9- 5 EST Mon - Fr i
N.Y. Residents please call IlilIIiAl
1-315-482·2589 i .~..i ~

Name: _

Address: _

Cit y: State :_ _ Zip:__

Visa_ _ MC _ _ Card No.: _

PAIA Elect romc s. Dept. 3R. 1020 W Wllsh lre. Okla CIty. OK 1311 6

CIRCLE80 ON FREE INFORMATION CARD

You've a~ways had a lot of options.
You co uld have the conve nie nce and easy ope ration o f a nor.
malized synthesizer if you were willing to give up the ver­
satili ty o f modu lar equipm ent.
Or the unlimited spect rum of to ne colors and ti mbres of
modul es if you didn 't mind the cumbersome patch co rds and
time requ ired to set up or change a patch .
You could have prog rammable preset s if you cou ld ra ise the
bucks, or low-cost equi pment if you could stand the snap­
crac kle-pop .

You could even have such technica lly innovative features as
comp~ter cont rol of voice and sequence if you had the
tech nical savy to des ign it all and make it wor k.

Now you ha ve another opti on. YOU CAN HAV E IT ALL. Wide
range, precise, low-noise, presets, meaningful patch bay and
an easy -to -use compute r interface.

All at a price that 's noth ing but unbeli evabl e.

Want to know more? Proteus I's Using/Assemb ly manual
wh ich includes a demo tape will answer all of your Questions .
The price. $10 .00 is ref undab le upon purcha se of the ctt .
PARTOF THE NEW GENERATIONFROM

"Electronics, Inc.
1020 W. Wilshire. Oklahoma City , OK 73116 - (-405)843·9626
CHARGE ORDER? Coli our 24 hour DomoiOrdor IIno

'-------- 405-843-7396r--------------------------------------,o ~~g~s~~~ (tr~~~htt~~f1~~r,mb le Prote us I Kit, $499.00

o i:~~m,~rm~;~ie~~s~. t~~t~~e~n~(6~:~~gr;'f~~~:~I~ ?emo
o Send tree catalog
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, u to measure unmarked
tors, verify capacitor tolerance,

sure cable capacitance, select and
matcn capacitors for critical applications,
perform quality assurance, measure
complex networks, set trimmer capacitors
and check capacitance in switches and
other components. Options include the
CF·I0 test fixture for volume sorting;
and for the 830 and 820, rechargeable
batteries, AC charger and carrying case.

For immediate delivery or more details,
see your local distributor, and see why
B&K·PRECISIO continues to be the
leading supplier of digital capacitance
measurement instruments. For the name
of vour nearest distributor call toll-free

800-621-4627.



Learning
electronics
• • ••
I~ no piCnIC.

- -

At anylevel it
takesworkand
a few sacrifices.
ButwitheIE,

i it's worth it.t-o
W
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Pattern shown on
oscilloscope screen
is simulated.

o Active Duty

answer your question in terms you can
understand.

CIE prepares you for your FCC
License.

For some jobs in electronics, you
must have a Federal Communications
Commission (FCC) License. For
others, some employers tend to
consider your license a mark in your
favor. Either way, your license is
government-certified proof of your
knowledge and skills. It sets you apart
from the crowd.

More than half of CIE's courses
prepare you to pass the government­
administered exam. In continuing
surveys, nearly 4 out of 5 graduates
who take the exam get their licenses!
You can be among the winners.

Associate Degree
Now, CIE offers an Associate in

Applied Science Degree in Electronics
Engineering Technology. In fact, all
or most of every CIE Career Course
is directly creditable towards the
Associate Degree.

Today is the day. Send now.
Fill in and return the postage-free

card attached. If some other ambitious
person has removed it, cut out and
mail the coupon. You'll get a FREE
school catalog plus complete .
information on independent home
study. For your convenience, we'll try
to have aCIE representative contact
you to answer any questions you may
have.

Mail the card or the coupon or write
CIE (mentioning name and date of
this magazine) at: 1776East 17th
Street, Cleveland, Ohio 44114.

Age Phone (area code) _

Check box for OJ. Bill bulletin on Educational Benefits: 0 Veteran

o YES ... l want to learn from the specialists in electronics-ClE. Send me my FREE
CIE school catalog . .. including details about the Associate Degree program ... plus my
FREE package of home study information. '
Print Name' _

facts about circuits and transistors.
Electronics is interesting! It is based
on recent developments in the industry.
It's built on ideas. So, look for a
program that starts with ideas and
builds on them . Look to CIE .

Programmed learning.
That's exactly what happens with

CIE's Auto-Programmed" Lessons .
Each lesson uses famous' 'programmed
learning" methods to teach you
important principles. You explore
them , master them completely, before
you start to apply them. You
thoroughly understand each step
before you go on to the next. You
learn at your own pace .

And, beyond theory, some courses
come fully equipped with electronics
gear (the things you see in technical .
magazines) to actually let you perform
hundreds of checking, testing, and
analyzing projects.

Experienced specialists work
closely with you.

Even though you study at home,
you are not alone! Each time you
return a completed lesson, you can be
sure it will be reviewed; graded and
returned with appropriate
instructional help. When you need
additional individual help, you get it
fast and in writing from the faculty
technical specialist best qualified to

.---------------C IE Cleveland Institute of Electronics. Inc. '

I 17 7 6 East 17th Street. C le veland. Ohio 44114
Accredited Member National Home Stud y Council

I
II Address Apt.

I
City
State -'-__ Zip, _

I
I MAIL TODAY!

Whoever said, "The best things in life
are free:' was writing a song, not living
a life. Life is not just a bowl of cherries,
and we all know it.

You fight for what you get. You get
what you fight for. If you want a
thorough, practical, working knowl­
edge of electronics, come to CIE.

You can learn electronics at home
by spending just 12 hard-working
hours a week, two hours a day. Or,
would you rather go bowling? Your
success is up to you.

At CIE, you earn your diploma. It
is not handed to you simply for putting
in hours . But the hours you do put in
will be on your schedule, not ours.
You don't have to go to a classroom.
The classroom comes to you .

Why electronics training?
Today the world depends on

technology. And the "brain" of
technology is electronics. Every year,
companies the world aver are finding
new ways to appl - (he wonders of
electronics to control and program
manufacturing, processing ... even to
create new leisure-time products and
services. And the more electronics
applications there are, the greater the
need will be for trained technicians to
keep sophisticated equipment finely
tuned and operating efficiently. That
means career opportunities in the
eighties and beyond.

Which CIE training fits you?
Beginner? Intermediate? Advanced?

CIE home study courses are designed
for ambitious people at all entry
levels. People who may have:
I. No previous electronics knowledge,
but do have an interest in it;
2. Some basic knowledge or experience
in electronics;
3. In-depth working experience or
prior training in electronics.

You can start where you fit and fit
where you start, then go on from there
to your Diploma, FCC License and
career.

Many people can be taught
electronics.

There is no mystery to learning elec­
tronics. At CIE you simply start with
what you know and build on it to
develop the knowledge and techniques
that make you a specialist. Thousands
of CIE graduates have learned to
master the simple principles of elec­
tronics and operate or maintain even
the most sophisticated electronics
equipment.

CIE specializes exclusively in
electronics.

Why CIE? CIE is the largest
independent home study school that
specializes exclusively in electronics.
Nothing else. CIE has the electronics
course that 's right for you.

Learning electronics is a lot more
than memorizing a laundry list of
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LETTERS
co nt inued f rom page 16

which incl uded the " Computer Learning
Lab." When I ran that particular program I
discovered what I thought to be a major
flaw in prog ramming. That error was
veri fied by my local dealer . I wrote to
Tandy at the address listed in your maga­
zine . That was over a month ago, and I
thought that you might be interested to
learn that no one has had the decency to
acknowledge either the probable soft:
ware probl em or my letter .

Naturally, my impression is that the
sales for Tandy stop short of customer
service.

Thank you for your attention and for a
truly informative magazine .
MRS. WENDY C. LOOMIS,
Binghamton, NY

Dear Mrs. Loomis:
Thank you for purchasing a Color Com­

puter from Radio Shack . I am dis tressed
to hear that you discovered a program­
ming bug, notified Radio Shack , and that
no one has gotten back to you to solve or
confirm your problem.

Not having seen a copy of the article in
the October 1981 issue of RadIo-Elec­
tronics to which you referred, and not
knowing which address you were told to
write to, I cannot comment on why there
has been no response to your problem.

The only programming error which we
have found since releasing the " Color
Computer Learning Lab" is in the chapter
covering Sorts (Lesson 14). The sort
routine, as shown in the manual and on
the tape, will not sort the last value.
Changing line 230 as follows will fix the
problem:

230 FOR B = A+1 TO N.
That change should be made on pages

93 and 98 of your manual and to the pro­
gram tape. Our customer-service group
has this correction, and should have sent
it to you. Any further problems concern­
ing the Color Computer or the software
for the Color mach ine should be sent to:

TRS-80 Customer Service, 400 Atrium ,
One Tandy Center, Ft. Worth, TX 76102.

You should include a phone number
where possible, as sometimes it is quicker
to call with the information or answer.

Radio Shack believes very strongly in
support after sale. I am truly sorry for any
inconvenience we may have caused you.
Be assured that we will make every effort
to assure that it does not happen again.
BARRY O. THOMPSON,
Product Line Manager-Color Computer

VHS DECKS
Your magazine and several others con­

t inually state that Akai has the only VHS
decks with stereo sound . That isn't so ; we
have several Panasonic NV-8200 VHS
decks, as well as some Sony Beta SLD­
323 decks , both of which have two-chan­
nel audio, and have been giving us excel­
lent service , since we put them into use
last summer.

Also, with the increased interest in
getting the best audiolvideo performance
from one 's own equipment, it might be in­
teresting to your readers if you could
come up with a circuit to add video and
audio input jacks safely to existing re­
ceivers that lack this capability.
JIM CASSEDY,
Production Technic ian, Alcon Video/

Film Prods .,
San Francisco, CA

CX DECODER
There are a couple of small corrections

to be made to the first part of the " CX De­
coder" article, appearing in the December
1981 Radio-Electronics.

On page 46, the last sentence in the
first paragraph of column 3 should read:
" That higher bias also results in a highe r
gain in the peak mode than in the CXmode
when expansion is not taking place." On
the schematic, the value of R29 was left
out ; that should be 1K. I'm sure that I con­
fused the draftsman, because my sche­
matic shows pin 11 of IC4 connected both
to -15 volts and ground. In any case, pin
11 of IC4 should go to ground, and not to
-15 volts.

We will pack an errata slip with each
kit-part order to catch those three points.
The only other potential problem that I
noted is that the print of the PC board
seems to have blurred lightly, and you
may get comp lains of shorting between
adjacent conductors, because the board
is so t ightly laid out.

Aside from that, I am delighted with the
art icle.
JOEL M. COHEN R-E



SATELLITE/TELETEXT NEWS
GARY ARLEN

CONTRIBUTING EDITOR

AUCTION SELLS
TRANSPONDERS

THE FCC'S
TELETEXT

NON-STANDARD

AROUND THE
SATELLITE

CIRCUIT

In an unusual effort to allocate transponders aboard Satcom IV (which was due to go
up in January), RCA Americom-which operates the satellite-sponsored an auction at
swanky Sotheby Parke Bernet gallery in New York, better known for selling expens ive
art items. When the 45-minute act ion was over, six companies had paid a total of
$90.1 mill ion for the seven transponders which were being offered. The highest bid
was $14.4 million, offered ~y "Transponder Leasing Co." That bought transponder
two, probably for future voice and data communications services. Some names were
familiar, and all of them paid more than $10.7 million per transponder. Among them
were Home Box Office, which will operate on transponder 15; RCTV, the new service
offering " The Entertainment Channel" of cultural and theatrical performances, which
purchased transponder 11: Warner Amex Satellite will use transponder four ; UTV
Cable Network, a new entertainment and merchandising service, will have transponder
23 ; Inner City Broadcasting will go on transponder 16, and Bill Batts, an individual
representing a Tennessee religious broadcasting group, will transmit on transponder
th ree.

All of those allocations are in addition to the previous commitments-including
some video as well as data services-which were already set for the new bird.

Meanwhile, some of the new Satcom IV residents are expanding the ir other trans­
ponder activities. HBO, of course, is well ensconced on several other current and
future birds. RCTV recently entered into an agreement with Spanish International Net­
work, which wou ld give RCTV use of another Satcom IV transponder.

In keeping with official Washington 's policy of "deregulation," the FCC has decided
not to establish a formal teletext technical standard for the U.S., choosing instead to
let the " marketplace" decide which format should be used. That means that competing
French, British, and Canadian technologies will have to fight it out to win allies who
will use their respective technologies on U.S. television stations. CBS says that it
intends to begin transmitting teletext nationally during 1982; that could encourage
its affil iates to adopt the French Ant iope format, which CBS favors. Meanwhile, others
are beginning to use other formats ; for example, WKRC-TV Channel 12 in Cincinnati
is planning to test the British Prestel format.

Although it won 't adopt formal teletext standards , the FCC is currently considering a
number of related technical issues. The Commission will consider the possibility of
permitting teletext to be transmitted via lines 14 through 18, plus lines 20 and 21 of the
vertical blanking-interval. The FCC is also considering possible future use of lines 10­
13, using a phased-in schedule, once it is confirmed that those lines won 't cause visual
degradation of regular video images on TV receivers.

The continuing scramble skyward by several leading program suppliers promises to
offer ever-more attractive shows during the com ing year. Among the newest entries is
' 'The Disney Channel," a service due to get under way early next year (1983). It will use
two transponders aboard Westar V, which will be launched this fal l. Walt Disney Pro­
ductions and Westinghouse Broadcasting are cooperating to develop the 16-hour-per­
day channel of pay-cable programming.
American Satellite Co. will provide all-dig ital satellite transmission for the Home
Music Store, a new home-recording service offered by Digital Music Co. The electronic
feed, due to get under way in July (1982) will provide cable-TV subscribers with master­
tape-quality digital music for listening and licensed recording. Cable subscribers will
need a special decoder to input the high-quality audio feed into their tape recorders.
Mus ic wi ll be uplinked from Los Angeles to ASC's Westar transponde rs.
Comsat has proposed to prov ide the first full-time satell ite TV service from the U.S.
to an overseas location. The new service, due to begin in Fall 1982, will permit con­
tinuous video transmission from the U.S. to Australia , where it will be used by that
nat ion 's Channel 9. Comsat officials say that the type of internat ional feed, which will
be uplinked from a new facility in Southern California and travel via a Pacific Intelsat
bird , is the forerunner of a " new kind of international TV service which will develop in
the next few years." R·E
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Introducing
the Sinclair ZX81

If you 're ever go ing to buy
a personal computer, now is the
time to do it.

The new Sinclair ZX81 is the
most powerful, yet easy-to-use
computer ever offered for anywhere
near .the pr ice : on ly $149.95* completely
assembled.

Don't let the pr ice fool you . The
ZX81 has just about everything you
could ask for in a personal computer.

A breakthrough
in personal computers

The ZX81 is a major advance over
the original Sinclair ZX80-the world's
largest selling personal computer and
the first for under $200.

In fact, the ZX81's new 8K Extended
BASIC offers features found only on com ­
puters costing two or three times as much .

Just look at what you get:
• Cont inuous display, including moving
graphics
• Multi-dimensional str ing and numerical
arrays
'"Plus shipp ing and handling . Price include s connectors
for TV and cas sette. AC adaptor. and FREE ma nual.

• Mathematical and scientific functions
accurate to 8 decimal places
• Unique one-touch entry of key words
like PRINT, RUN and LIST
• Automatic syntax error detection and
easy editing
• Randomize function useful for both
games and serious applications
• Built -in interface for ZX Printer
• 1K of memory expandable to 16K

The ZX81 is also very convenient
to use. It hooks up to any television set
to produce a clear 32-column by 24-line
display. And you can use a regular
cassette recorder to store and recall
programs by name .

If you already own a ZX80
The 8K Extended BASIC

chip used in the ZX81 is available
as a plug-in replacement for your

ZX80 for only $39.95, plus shipping
and handling-complete with new key­

board overlay and the ZX81 manual.
So in just a few minutes, with no

special skills or tools required, you can
upgrade your ZX80 to have all the
powerful features of the ZX81. (You'll
have everything except continuous dis­
play, but you can still use the PAUSE
and SCROLL commands to get moving
graphics.)

With the 8K BASIC chip, your
ZX80 will also be equipped to use the
ZX Printer and Sinclair software.

Order at no risk**
We'll give you 10 days to try out

the ZX81. If you're not completely satis­
fied , just return it to Sinclair Research
and we 'll give you a full refund.

And if you have a problem with
your ZX81, send it to Sinclair Research
within 90 days and we'll repair or replace
it at no charge.
""D oes not apply to ZX81 kits.

NEWSOFTWARE:Sinclair has
published pre-recorded pro­
grams on cassettes for your
ZXB1, or ZXBOwith BK BASIC.
We're constantly coming out
with new programs, so we'll
send you our latest software
catalog with your computer.

ZX PRINTER: The Sinclair ZX
Printer will work with your ZX81,
or ZX80 with 8K BASIC. It will
be available in the near future
and will cost less than $100.

16K MEMORY MODULE:
Like any powerful, full fledged
computer, the ZX8, is expand­
able. Sinclair's 16Kmemory
module plugs right onto the
back of your ZX81 (or ZX80,
with or without 8K BASIC).
Cost is $99.95. plus shipping
and handling.

ZX81 MANUAL: The ZXB1
comes with a comprehensive
164-page programming guide
and operating manual de­
signed for both beginners and
experienced computer users.
A $10.95 value. it's yours free
with the ZX81.



$4.95

AMOUNTQTY.

TOTAL

4.95

PRICEt

$149 .95

99.95

ZX81

ZX81 Kit

Shipping and Handling

IAD CODE 03RE

MAIL TO: Sinclair Research Ltd., One Sinclair Plaza, Nashua, NH 03061.

8K BASIC chip (for ZX80)

16K Memory Module (for ZX81 or ZX80)

NAME- - - - - ----- - - --- - --- --- - --i

ADDRESS --f

I
// 1

I
I
I
I
I

Introducing
the ZX81 kit

If you really want to
save money, and you enjoy
building electronic kits, you
can order the ZX81 in kit form
for the incredible price of just
$99.95~ It's the same, full -featured
computer, only you put it together
yourself. We' ll send complete, easy­
to-follow instructions on how you can
assemble your ZX8 1 in just a few hours.
All you have to supply is the soldering iron.

How to order
Sincla ir Research is the world's larg­

est manufacturer of personal computers.
The ZX81 represents the latest

technology in microelectronics, and it
picks up right where the ZX80 left off .
Thousands are selling every week.

We urge you to place your order
for the new ZX81 today. The sooner you
order, the sooner you can start enjoy ing
your own computer.

To order, simp ly call our toll free
number,and use you r MasterCard or VISA.

To order by mail , please use the
oupon. And send you r check or money

order. We regret that we cannot accept
purchase orde rs or C.O.o:s.

CALL 800-543-3000. Ask for op­
erator # 509. In Ohio call 800-582-1364.
In Canada call 513-729-4300. Ask for
operator # 509. Phones open 24 hours
a day , 7 days a week. Have your Master­
Card or VISA ready.

These numbers are for orders
only. For information, you must write to
Sinclair Research Ltd ., 2 Sinclair Plaza,
Nashua, NH 03061.

!5iinc:lair



Realistic PR02020

OVERALL I I I I I I I I I
PRICE

EASEl I I
OFUSE

INSTRUCTION I I I I I
MANUAL

PRIC5t\ I I I
VALUE

111213 1415 161718 9 10

~V~/

EQUIPMENT REPORTS

Realistic PRO-2020
Programmable Scanner

------------------------,o Rush my Vocal ZapperK it, $24.95 plus $3 postage
& handling enclosed.

oSend assembled Vocal Zapp er, $39.95 plus $3
postage& handling enclosed.

o Send Free Cat alog

FROM

IlaiAElectronics, Inc.
1020W. Wilsh ire , OItlahoma City, OK 73116 · (A051849626

name _

address _

city state _ _ zip _

VisaoMCo card no. _

L :;.A~~~.:r:.S~:I.:~ :2~~:I:': 2.k.:: ~~~::~:.
CIRCLE 81 QN FREE INFORMATION CARD

THE IN CREASING AVA ILABILITY OF FRE­

quency-synth esized scanners has been
a boon to listening enthusiasts . One of
the newest scanners is the Realistic
PRO-2020 programmable AM/FM

scanner from Radio Shack (One Tandy
Cent er , Fort Worth , TX 76102). Cover­
ing 30-50, 108-136, 138-174, and 410­
512 MHz , it has one of the widest tun-

continued on page 34

NAME _

C.E.-r

CERTIFIED ELECTRONICS TECHNIC IAN
Certificat ion is available in the follllwing areas:
AUDIO MAT II'
COMMUNICATIONS MEDICAL
IN DUSTR IA L RADIO -TV

Please send me:

Write to : THE INTERN ATIONA L SOCIETY
OF CERTIFI ED ELECTRONICS TECHNICIANS
2708 West Berry, Fort Wort h, TX 76109

AD DRESS _

CITY STA TE

ZIP PHONE L(_-,-__

FOR TECHNICIANS WHO ARE READY

FOR THE FUTURE

o Free booklet: CAREERS IN THE ELEC­
TRONI CS INDU STRY (a stamped self­
addressed envelope is enclosed)

o Informat ion about t he CET Test .

a A list of test admi nist rators in my
state/country .

D I am already a CET. Send me informa tion
about ISCET membership. CET No.

On Your Calculator!"

limdl"
dx

- - ------------- - - - -"In Just A Few Days, I'll Show You How To Do

R EAL MAT H
J

b (N

af "~la" aQuic k. aGuaranteed.
/1 - 'h aEasy. aFun, Too!

IN TRIGU ED BY CALCULATORS? Then yo u ca n lems yOIl sllgges t and it alwa ys GIVES ME A TH RILL
step up your mat h sk ills fast! Use my new meth od in to see it start alit w ith a w ild guess and tl len app ro,,,-h
guide book for m . It 's ca lled CA LC ULA TO R the limit and st op ."
CALCULU S. This space -tra vel spinoff is sure-fire, Pro fessor John A. Ball o f Harvard College (aut ho r
so it has a simple guarantee - [us t return it fo r a tl of the book 'A lgorithms fo r RPN Calculators ') wri tes:
im mediate rejund if yOIl are not astolltlded at the "I w ish I had had as good a calcuills co urse . "
probl em s YOll're solvitlg wi tll it! Professor H . I. Freedm an of the U. of Albe r ta ,

But the point is - yo u wo n't wa nt to send it bac k . wri ting in Soc. hId . A ppl. Matll Rev iew , sta tes :
For this is the easiest. fastes t shor tw t ever! Th e day
you receive yo ur co py in the mail yo u'll want to put "There catl be tlOqu estion as to tile usej ulness of tll is
it to wo rk. It's that exciting and helpful. book. .. lots of exe rcises ... ve ry clearly wr ittetl atld

My nam e is Dr. George McCa rty . I teach math at make s for easy reading ."
the University of Californ ia .' I wrote this guidebook Tekt ronix Engineer Bill Templeton sa ys "CA LCU­
to cu t th rou gh the confusio n. I guide you w ith LATO R CA LCULUS is the best , m ost clearly wri tten
exam ples yo u follow step-by -step o n your ca lcu la to r book I have seetl for im provin g YOllr mat lt sk ills."
- you do simple exercises - then yo u solve pr acti- I WANT YOU TO DO THIS. Get m y comp lete
cal p /"O blem s with real preci sion ! k it , wi th a TI-35 ca lcu lator, plus its 200 p . Stude n t

POWER METHOD S. Need to evaluate functions. areas. Math Book , A ND the guidebook, ALL fo r $44 .95
volumes - solve equations - use curves. trig. polar coor- (fo r shipping to USA ad d $2, or $5 by AIR; Foreign
di nat es - find limits for sequencesand series? It's all here! $5 , o r $10 AI R; in Ca lif. add $2 .70 tax).

If you're in the biological, social or physica l sciences, If I d h f I I
you'll be doing Bessel (unction s, ca rbo n datin g, Go mpertz' you a rea y ave a scien ti ic ca eu at or, you
growth curves. half-life. future value. marginal costs. ca n invest in the guidebook, 'CA LCULA TO R
motion. cooling. probability. pressure - and plenty more CA LCULUS'. for on ly U.S. $19.95 (to USA or ~
(even differential equa tio ns]. forei gn : add $1 for sh ipping, or $4 by AIR; in Calif. R

Import ant numerica l techn iques? Those algorit hms are a d d $ 1. 20 ta x ). 0

h~~~Joh~~:i~~~~'tul~r~a~e~h~d~x~:~~.~n~~~h~~~t ii~:;a~f~ As pennywise Ben Fran klin sa id . "An iuvest- U
functions. Newton 's meth od. pred ictor-corre ctor, successive ment in kno wledge pays the best divid ends, " G ET T
substitutions. Simpson's method and synthetic division. STAR TED NOW-Tax ded uct ible for pr ofession als. A

LOOK AT WHAT USERS SAY: Sam uel C. MONEY.BACK GUARANTEEl Send fo r it to- N

I
McClune y , Ir.. of Ph ilad elphi a writes: day . Be sure to give me your complete mailing ad - 0

"CA LCULA TOR CA LCULUS IS GR EA T! For ten dr ess with your check o r mo ney order. If yo u wa nt M

I
years l haue beetl try itlg to get tlte theo ry of calwills to char ge it (Visa o r MC) , tell me your card no. and ~
tltrollgll m y head . llsitlg Itom e-stlld y courses. It was expo da te . Prom pt --e. '-t"J / ~~ ~ L

I
no t until l had y ou r book that it became clear w ltat sltipment ~ I/l/(. ..~ T
tlte calculus was all abou t. Now I cml go tltrouglt the guaranteed . 0

I
ot her books mId see w llat tltey are try itlg to do. Witlt Th an k yo u! EduCALC Publications, Depr, G4 0
your book and a calcu lator the w ltole idea beco mes Box 974, Laguna Beach, California 91651 A
d ear in a mo metlt . atld is a MOST REFRESHING In Calif. (also AK and HI), call 7I4-497-l600; Y

I elsewhere TOLL FREE 24~hour Cred it Card or ders: I
EXPERIE N CE. I pro gram some of the iterat ive pro b- 800-854-0561, Ext. 845; Dept . G4- - - - - - - - - - - - - - - - - - - - - - --
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GETBURG
co••AND GOING.

Every 10 seconds, a burglary takes
place somewhere in the United States.
There was a 20% rise in violent crime
during 1980, the highest in 10 years.

Luckily, we have two unique
products to help kee p you from
becoming another crime statistic.
1. Portable intrusion alarm

How can you protect your home or
business without spending a fortune on
a perimeter security system?How
about whe n you're sleeping in a hotel
room, an easy mark for the growing
population of hotel burglars?

Simply place the pocket-sized
Sensalert" in any room, aiming the
sensor towards doors o r windows. As
soon as an int ruder enters, the
movement trigge rs a pie rcing alarm.

At home, a SensAlert in every room
protects you while you're in the house.
It's d ifferent from (and less expe nsive
than ) perimeter security systems,
which are turned on while you' re away
Even place SensAiert at your backyard
gate while you sunbathe; the tone tells
you someone's arrived.

Carry a SensAlert in your briefcase
or pocket when you trave l, to protect
the entire hotel room, not just the door.

There 's no installation and no
electric wire; SensAlert is battery­
operated. It can be set to work either in
the daytime or at night.

A free sign for your door knob is
included with each order. It warns that
the room is protected by SensAien .

Put SensAlert in your desk drawer at
the office. It will go off if anyone opens
it while you're out.

A built-in light allows you to use
J SensAlert as an emergency flashlight.

The alarm can also be trigge red
manually, for a distress signal.
2. Plug.in theft protection

Valuable electr ical equipme nt is
at the top of a bu rglar 's hit list.
Typewrite rs, adding machines, TV's,
stereos, tape reco rders, power tools.

It only takes a few seconds to unplug
and carry off a TVor typewriter.A
quick, easy theft and resale. You're
vulnerable at home and at the office.

Before Alertmate" , you had two
choices : bolt appliances to furn iture , o r
invest in a costly and complex sec urity
system.

Now,you can simply plug the
Alertmate into the wall outlet, secure it
with one screw, and plug in the
appliance.

If a thief pulls out the plug, a
piercing alarm goes off. And keeps
goi ng. A definite theft de terrent!The
only way to deactivate the alarm is to
plug the appliance back in, o r dial the
correc t number code . The alarm will
also ring if the cord is cut.

A free sticker is included. It states
that the equipment is protected by
Alertm ate , and gives you a space to
write in the name of an individu al who
has the combination.

Whe n you want to move equipment

yourself, you simp ly deactivate the
alarm with the combination. Protect
each piece of expensive equipment
inexpensively and eas ily, with
Alertmate.
30.day free trial

It could cost you over $1,000 to
install security systems giving you the
same amount of protection as SensAiert
and Alertmate.
1. Alert mate , the plug-in alarm for
valuab le equipment, is only $24.95
including the free sticker plus $2.50
postage and handling.
2. SensAiert, the portable int rusion
alarm with flashlight, soft-tone feature ,
and free door hanger, is $39.95 plus
$2.50 postage and handling.
Order both at $64.90 and pay the $2.50
postage and handling only once: (Total:
$67.40) Batteries not included. Credit
card holders: use our toll free number

s:
:J>
:0
o
I
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EIIIPIEIiT 1111 TRIIIIIIIG
III ITHER SCHIll CAli lATCH.
NIS H ETRAI GINUITES YOU TO EXPLORE MICROCOMPUTERS,
DGlTAL SYSTEMS AND MORE, WITH STATE-OF-THE-ART EOUIPMENT
YOU ASSEM LE AND KEEl!
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Without question , microcomputers are the
state of the art in electronics. And NTS is the
only home study school that enables you to
train for this booming field by working with
your own production-model microcomputer.

We'll explain the principles of trouble­
shooting and testing your mi crocomputer and ,
best of all, we'll show you how to
program it to do what you want.

You'll use a digital multimeter, a
digital logic probe and othe r
sophisticated testing
gear to learn how to
localize problems
and solve
them.

We
believe
that training
on production­
model equipment,
rather than home-made learning devices,
makes home study more exciting and rele­
vant. That's why you'll find such gear in most
of NTS's electronics programs .

For instance, to learn Color TV Servicing
you'll build and keep the 25-inch (d iagonal)
NTS/H EATH digital color TV.

In Communications Electronics you'll be
able to assemble and keep your own
NTS/H EATH 2-meter FM t ransceiver, plus test
equipment.

But no matter which program you choose,
NTS's Project Method of instru ct ion helps you
quickly to acquire practical know-how.

Send for the full colo r catalog in the elec­
tronics area of your choice-discover all the
advantages of home study with NTS!

NTS also offers courses in Auto Mechanics,
Air Conditioning and Home Appliances. Check
card for more information.

1.

2.



-_..._--_.-.._--._. __ ._--_....__.._..~
Zip _

-,

Simulated TV Recept ion 4 .

II 3 .

Apt. City _

State _

Name ----------- Age _ _

Addr ess _

o Check if interested in G.!. information.
o Check if interested ONLY in classroom training in Los Angeles.

DiSNATIONAL NTS T~.lning ProgramsTECHNICAL I Indu~,f.Th~~~~
SCHOOLS ~{.\..." . ~: ~!II

T E C H N IC AL-TR A D E TRAINING S INCE 1905 i - fi
R e si d e n t and H o m e -S t u d y Scho ols

4000 SO. FIGUEROA ST., LOS ANGELES. CA. 90037,----------------._.._._-.-
NATIONAL TECHNICAL SCHOOLS
4000 South Figueroa Street.
Los Angeles, California 90037 Dept. 206-032

Please rush FREE color catalog on course checked below

o MicroComputers/MicroProcessors 0 Auto Mechanics
o Communications Electronics 0 Air Conditioning
o Digital Electronics 0 Home Appliances
o Industrial Technology 0 Color TV Servi cing

1. The NTS/Rockwell AIM 65
Microcomputer A single board unit

with on-board 20 column alphan umeric
printer and 20 character disp lay. A 6 502 -based

unit 4 K RAM, expandabl e. 2 . The NTS/KIM-l
Microcomputer A single board unit with 6 d igit

LEDdisplay and on-board 24 key hexadecim al
calculator-type keyboard . A 6502 based

microcomputer with 1K RAM, expandable .
3. The NTS/HEATH H-89 Microcomputer

featur es f loppy d isk storage, "smart "
video terminal, two Z80 micro­
processors, 16 K RAM memory, expand­
able to 48K . 4 . The NTS/HEATH GR·
2001 Digital Color TV (25" diagonal)
featu res special ized AGC-SYNC muting,
fi ltered color and new solid-state high
voltage tripler rect ifie r.



• Select able audible
indicator for
conti nuity
or level detection

• 3'!l-digit resolution

• 0.25% basic de acc uracy

• LCD disp lay

• Overload protection

• Six functions
dc voltage
ac voltage
de current
ae current
resistance
diode test

• Nine functions • Peak hold on voltage
de voltage and current functions
ac voltage
de current
ae current
resistance
diode test
conductance (1/A) • 3 \/2-digit resolution

logic level and • 0.1% basic de accu racy
contin uity detect

temperature (K-type • LCD disp lay

thermocoup le) • Overload protection

$139

Model 8022B:
The Troubleshooter

• Seven functions
dc voltage
ac voltage
dc current
ae current
resistance
diode test
conductance (1IAl

• 3 V2-digit resolu tion

• 0.1% basic de accuracy

• LCD display

• Ove rload protecti on

• Two year parts
and labor warranty

Model 8020B:
The Analyst

~lF:ELSEU~K~E~I® DIGITAL MULTIMETERS

$189

Single Trace 15MHz

THESE 1981 B&K OSCILLOSCOPES
ARE IN STOCK AND AVAILABLE

FOR IMMEDIATE DELIVERY

1479A Dual·Trace 30 MHz
14n Dual-Trace 15 MHz
1432 Dual-Trace 15 MHz Portable
1476 Dual-Trace 10 MHz
1466 Single-Trace 10 MHz
1405 Single-Trace 5 MHz
1420 Dual-Trace 15 MHz Portable
CALL FOR OUR

EARLY BIRD SPECIAL LOW PRICE

PORTABLE
OSCILLOSCOPES
BATTERY OPERATED

• Non·Llnear Systems

ICall For Our Prices

MS-215

Dual Trace 15 MHz Dual Trace 30MHz

1200Q, 2kQ, 20kQ, 200kQ, 20MQ .5%

I2mA, 20mA, 200mA, 2000mA, 10A I 2%

AC CURRENT

~_~ATAPRECISION
Model 938

0.1%, 31/2-Digit, LCD DIGITAL
CAPACITANCE. WIDE fW'GiNG - fran 199.9 pF tull scale

METER (0.1 pF resolution) LP to 1999IJF tull scale, in
eight ranges...virtualo/ everycapacitarce you'll
everneedto measure.

• FAST AND EI>SY TO USE- Direct readirg,
p.SbJtton ranges. .wi plug in and read.

, EXCEPTlONAlLY pjXtJRAlE - prO'o'des
± 0.1% basicaccuracy.

• TOUGHAND COMA'CT - Suittto take rough
usagewitt-oJt less of calbration accuracy. Fits
and goes any.vt'ere; takes'very ht1le berch
space; ways handyto( QJick capacitance
checkout. matching, calbratrn, and tracl<i1g.

• PURTABLE - Palm<;iled, lig It~t. operates
LPto awroxma tely 200 hours on a single fN
al<alrebattery,

• Et>SY READING - big, clear, high<:ontrast

I 3\/H igrt LCD display, a tuNOS" hi\1l, readOCiIe
. any.vt'ere.

• \lfIlUE PPCKED- Outstardng measurement
capabihtyand dependability, Outperforms OC

I I
time<:onstant meters. and evenbOO;)es costirg

I $219 2 to 5 tines as much.
• RELLABLE- warranteed fO(2 tun years.

1%

ACCURACY

C·5%

RANGE

DC CURRENT

DC VOLTAGE

KEITHLEY

I2mA, 20mA, 200mA, 2000mA, 10A I 3%

RESISTANCE

I200mV, 2V, 20V, 200V, 750V

I200mV, 2V, 20V, 200V, 1000V

AC VOLTAGE

MODEL 130
DIGITAL MULTIMETER

$125.
32
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SAVE UP TO $500

~HITACHI

• 5Hz to 80MHz reading guaranteed­
1OOMHz typical

• Penod measurements from 5Hz
to lMH z.

• Per iod average. auto and manual
positions

• One PPM resolution

• Totalizes to 999999 plus overflow

• Elapsed time measurements from .0 1
to 9999 .99 seconds pius overflow

• One-megohm input resistance

Ca ll For Our Pr ic e • Bright .4 3·· high LED readouts

Call For Our Pri c e

Call For
Special

REBATE OFFER

V-151B 15 MHz Single Trace
V-152B 15MHz Dual Trace
V-202 20 MHz Dual Trace
V-301 30MHzSingleTrace
V-302B 30MHz Dual Trace
V-352 35MHz Dual Trace
V-550B 50 MHz Dual Trace,

Dual Time Base
V-1050 100 MHz Dual Trace,

Dual TimeBase

New Low Distortion Function Generator

EfJlZI1JII!II MODEL 3010
• Generates sine. squa re and triangle

waveforms

• Variable amplitude and fixed TTL square -
wave output s

• 0 .1 Hz to 1MHz in six ranges

• Push button range and functio n selec tion

• Typica l sine wave distortion under 0 .5%
from 0 . 1Hz to 100kHz

• Variable DC offse t for engineering

,~••••••••••• applications
• VCO externa l input for sweep- frequency

tests

I(EITHLEY

80MHz Counter with Period Function
MODEL 1820

New Sweep/Function Generator
cmp;iWg;,J"r MODEL 3020
L:l.J\!i.••_ .111 • Four instruments in one

package- sweep generator, func­
tion ge nerator, pulse gene rator.
tone-bur st generator.

• Cove rs 0 .02Hz-2MHz

• 100 0 : 1 tuning range

• Low-distort ion high-accuracy
outp uts

• Three-step atte nuator plus
vernier con trol

\ ..~~~;"."••• • Internal linear and log sweeps
, • Tone-burst output is front-pane l or

exte rnally progra mmable

Model 169
BENCH/PORTABLE DMM
• 3% Digit liquid crystal

display
• 0.25% basic accuracy
• 26 Ranges

$189.00

We carry a full line of multimeters, oscilloscopes, frequency counters, audio and
RF generators, power supplies and accessories. .

Just call our Toll -Free number and one of our experts will answer all your
questions about test equipment.

SPECIAL

WESTON

KEITHLEY

The Roadrunner
Model 6100

:KPRECISION

THE TEST EQUIPMENT
SPECIALISTS

TOLL FREE HOT LINE
800-223-0474 ~

~_~ATAPRECISION

_ Non-Lin..r Systems

VIZ nan TRIPLETT

ePHILIPS

@HITAOHI

54 WEST 45th STREET, NEWYORK, N.Y. 10036
IN NEWYORK STATE 212-687-2224

LEADER



Case $ J0.00 Shipping $3.00

Our test
Signal se ns rt ivity was found to be

uniforml y good over all frequency­
ranges. Measurem ent s showed the
PR O-2020 to be virtually identical to
the most sensitive of its competitors.
While sea rch and scan speeds are not
as rapid as tho se of some other scan­
ner s. the receiver does have a unique
feature- a sophisticated window­
detect or that ass ures the user that the
sca nner will stop precisely on fre­
quenc y, without overshoot or under­
shoot.

In this age of bells and whistles , the
Realistic PR O-2020 offers high per­
formance and straightforward design at
a reasonable cost. The PR O-2020 sells
for $299.95 and is available at Radio
Shac k stores. R-E

Inside the cabinet
The dual-conversion (10.7 MHz and

455 kHz) superheterodyne circuitry
uses an LSI microprocessor chip; an
LSI phase-locked-loop system. seven
CMOS Ie s, eight additional Ie s, 40
transistor s , and 45 diodes.

Spurious-signal reject ion is specified
as 50 dB for VHF frequencie s; spurious­
signal rejection for UHF frequencies is
not indicated . IF selectivity is +9 kHz
at - 6 dB : + 15 kHz - 50 dB.

The sen sitivit y of this model is great­
ly impro ved compared to previou s
Radio Shack scanners. When checked
against a competitive scanner costing
nearly twice as much . the apparent
sens itivity was nearly identical; when
we measured the sensitivity of the two
unit s. they were within 0.1 dB of each
other. The claimed sensitivity was 0.5
IlV for the low and high bands, and 1.0
11 V for the VHF aircraft-band and at
UHF frequencies.

Th is large (10 x II x 3) scanner also
includes a screw-on co llapsible whip
ante nna for close-in recep tion. A rear­
apron external-antenna jack allows the
use of a rooftop antenna for improving
the quality of long distance and weak­
signal recept ion .

The instruction manual is well written
and useful. It contains conci se step-by­
step programming information as well
as an informa tive practical guide to
scanner applications and frequency
alloca tions .

A block diagram is also included ; al­
though it would be of little use in the
maint enance of the rece iver . it does
give the tec hnically-inclined user some
idea of how the scanner works.

scanner on a channel for two seconds
after the end of a transmission ; that
function allows you to catch a reply
tra nsmission that you might otherwise
have missed by moving immediately to
the next active channel.

other functions. A pnonty featu re
for an y of the 20 channels is included.
Functions, channel selections. etc . are
entered using a large 24-butto n keypad ;
there is audible feedback (the scanner
" beeps" at you) eac h time a pro­
gramming key is pressed. A LOCK O UT

key allows you to disable unwanted
channels temporarily, and a built-in
SK IP function lets the scanner jump
over those unwanted channels , speed­
ing up the scan rate .

Fast (9 channels/seco nd) and slow (4
channels/second) search and scan
speeds can be selected using the key­
pad . A keypad-select ed DELAY function
ca n be used if you want to keep the

AlNANC£ IS PROUD TO INTRODUCE the
Line of High Quality Digital Multimeters

Featuring The New 130 Hand-Held DMM

ACC URACY SENSITIVITY

MODEL DCV DCA AC V ACA U DCV DCA ACV ACA U

130 0.5 % 1% 1 % 2% 0.5 % lO0I'V l l'A lOOIN 11'A 100mU
131 0.25 % 0.75 % 1% 2% 0.2 % 100I'V ll'A l OOI'V 11'1. l00mU
135 0.05 % 0.5 % 1% 1.5 % 0 .2 % l 00I'V IOIlA l OOIlV l ilA l00mU

KEITHLEY

THE TEST EQUIPMENT SPECIALISTS
TOLL FREE HOT LINE

800-223-0474
5-4WEST 45th STREET, NEW YORK. N Y 100362 12-6 87 ·22 24

EQUIPMENT REPORTS
continue d from page 26

Rugged DMMs from Keithley - all feature large , bright
LCD display , easy-to-use ro ta ry sw itches, exte rnally ac cessib le
battery and fu se, lOA curren t ra nge , diode test capability, low
battery indicator, cushioned componen ts.

Model 131. Similar Model 130. Our Model 135. First
to Model 130, with most popular model, 41/Hiigit DMM with
increased the price/perfor- hand-held
accuracy s139 mance champ. .$125 convenience $235

ing ranges available on the program­
mable-scann er market.

Th e PRO-2020 will scan up to 20
channels and has automatic up- and
down-search capability as well. Mobile
or fixed-stat ion operation is possible,
and a 9-vo lt batt ery is used as a backup
to hold memory in case of power
failure .

Th e large fluorescent display in­
dicates channel number . frequencies.
scan status , search monitoring, and
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GC Electronics
Magnameter

Microwave Oven Tester

on all three leads-ground . low. and
high . After the tests are comp leted. a
DISCH AR G E switch on the side of the
ca se can be depressed to short out any
remaining charge left in the circuit. A
neon lamp labelled HIGH VO LTAGE . and
located on the front panel. glows
whe never high voltages are present in
the circuit-even if the oven is off.

The Ma gnameter is a compact instru ­
ment. and it comes with a tilt handle
that can be used as a bailor stand . Test­
lead s are permanently connected . and
all connections are made with the micro­
wave oven 's power switch turned off.
The test leads are long enough to let
you set the meter on top of the micro-

wave-oven chassis.
The two major faults associated with

microwave ove ns are shorted magne­
trons and shorted power transformers.
By disconnecting the plate lead to the
magnetron and measuring the outp ut
voltage of the powe r supply. then re­
connecting the plate lead and measuring
the plate voltage and plate curre nt. you
can isolate tho se two faults very quick­
ly. and that' s the name of the game.

The Magnameter seems to be built to
give good service for a long time. List­
priced at on ly $86.68. it looks like quite
a lot of meter for the money: it should
come in handy if you're going into that
end of the electro nics business . R-E

CIRCLE 102 ON FREE INFORMATI ON CARD

FOR MANY YEARS . THE GC ELECTRON ICS
CO. has been mak ing a huge variety of
pa rts for electronics work. They've
bee n aro und for longer than I can
remember. at the same address , 400 S.
Wyman, Rockford, IL 6110L Now.
they've gone into the test-instrument
field .

This one is the Magnameter, catalog
No . 20-226. It' s a specialized micro­
wave oven tes ter. for analyzing the op­
eration of the magne tron by reading
secondary voltage and current. The
meter has two ranges . with a toggle
switch to se lect between the two . With
the range switch in the HIGH position.
the meterreads secondary voltages up
to 10 kV . In the LOWpos ition, the meter
reads up to 10 volts. That range is used
to measure the plate current of the
magnetron, by reading the voltage drop
across the plate res istor. For those
ove ns with no plate resistor. a heavy ­
dut y IO-ohm tester is included . encased
in plastic with alligator clips on both
ends. That can be con nected in the
ground loop of the power-suppl y cir­
cuit. If the oven has a plate resistor of a
va lue oth er than 10ohms. a handy con­
ver sion chart is included for reading
current.

The co nstruction of the instrument is
good: the case is high-impact plast ic.
and the test leads are very heavily in­
sulate d: twice the size of ordinary one s.
Rubber-booted alligator clips are used

NAME . .. • •.. , • •. . • • • • • , • . , .,.

TO ORDER BY MA IL
You may use the order form below if you

wish, but you don' t need to. Just send your
check or money order (payable to Cam-

~:~~~~~~nt~el~~d~~ :~:'m~~~:~ss~~~o;~:
address is on your check or the envelope,

~;~str~~OC'~~~~~i~r::~~m~t~rgr~i~~·
Electronics) , or "bo th" (both courses) on
your check. ..

Mass. Residents add 5 % sales tax. We pay
all shipping costs.

We also accept company purchase or­
ders.

DISCOUNT S
Call or write for details of educational and

quantity discounts, and for dealer costs.

AIR MA IL
The prices shown include surface mail

postage anywhere in the world. Air mail post­
age costs an extra $10 for both courses (10
volumes) .

SAVE S5
If you order both courses, you save $5. Order
at no obligation today.

TAX DEDUCTIBLE
tn most cases, the full cost of CLI courses

can be a tax deductible expense.

~
PHONE ORD~RS • FREE

To order by phone, call (617) 664-3657
with your credit card information. It won't
cost you a dime, because we'll deduct the
cost of your call from the price of the courses
you order.

NO RISK GUARANT EE
There's absolutely no risk to you. If you're

not completely satisfied with your courses,
simply return them to eLi within 30 days.
We'll send you a full refund, plus return post­
age.

To: Cambridge lHrnlng Inc., 1 Judith DrivtI, North RNding, MAo 01_

Please send me

_ sets of Desl gn of Dlgl lal Systems . . $19 95 $__

_ sets of Digi tal Computer l og IC& Erec trc mc e $14.95

_ sets of both courses . . . . . . . $29 .90

EndoMd Is CMc:k/ money order (payable to ca mbridge l . arnlng Inc.) lor total $ _ _

ADDRESS

ClTY/STATE/ZIP .. • • • • • • , •• .. . .• ,

Two prog rammed learning courses:
hardware and software; theo ry
and application.

Designing
Digital Systems

BAS IC COURSE

Digit al Compu ter Logic & Electronics

•
" .. •" . .O' . ' • • •

, . .. 0 ..

: 0

•""1""
.. . .. _ .., . .. , . ..

o .

CONTENTS
Digita l Computer Logic and Electronics

is designed for the beginner. No mathe­
mati cal knowledge other than simple ari th­
metic is assumed, thou gh you should have
an apt itude for logical thought. It consists
of 4 volumes - each 11Vt" x 81/_" - and
serves as an introductio n to the subj ect of
digita l electr onics.

Content s include: Binary, octal and
dec imal number systems; con....erslon be­
tween numb er system s; AND, OR, NOR
and NAND gates and in....erters: Boolean
algebra and truth tables; DeMorgan's

~:~~; d e~_i~n ~~~Og~~~1 cHFp~n~~:i n% i~~r~
counters, shift reql sters and half-adders.

o Order free by phone

• Mastercharge/ VISA

• No shipping charges

• MoneY'back guaran tee

• Tax deductible

• Save $5

Desig n of Digital Systems· six volumes

ADVANCED CO URSE
DESlllN OF DIGITAL SYSTEMS

OUR CUSTOME RS
Design 01 Digital Systems has been

bought by more than half the 50 largest
corporat ions in America, and by Motorola,
Intel, DEC, National Semiconductor, Falr ­
child , Gen era l Instru ment, Hewl et t ­
Packard, Heath Co.. M.I.T.. NASA, Smith­
sonian Institut e, Bell Telephone Labs. And
many, many more, as well as corporations
and individuals in over 50 countries.

Call (617) 664-3657 to
order by phone-free.

7 days, 24 hours

Six I.rge·form.' rolumes - ea ch 11'1. l( 8 '1,",

CONTENTS
The co ntents of Design of Dig ital Sys­

terns inclu de:
Book 1: Octal. hexadec imal and binary

number systems; representat ion of neqa­
tive numbers : complementary systems:
binary multiplicat ion and di vision .

Book 2: OR and AND funct ions; logic
gates; NOT, exclusive-OR, NAND, NOR and
exclusive - NOR functio ns; mult iple input
gates; truth tables; DeMorgan's Laws:
canonica l forms; logic conventions: Kar­
naugh mapping: three-state and wired

10~~:Ok 3: Half adders and full adders; sub­
tractors; serial and paral lel adders: pro­
cessors and arithm etic logic units (ALUs):
multi pli cati on and division systems.

Book 4: Flip- fl op s; shi ft regi st ers;
asynchronous counters; ring, Johnson and
exclusive-Oft feedback counter; random
ac cess memori es (RAMs): read-only
memories (ROMs).

Book 5: Struct ure of calculato rs; key­
board encodin g; decodi ng display data:

~8~~e~d~r:~~~~;cocd~~~;0: n~t~~~ti~~~~~~
Instru cti on decoding; control program
structure.

Book 6: Central processing unit (CPU):
memory organization; character represen­
tation; program sto rage; address modes;
input/o utput systems: program interrupts ;
interrupt prioriti es programming; assem­
biers: execut ive program s, operating
systems, and tl me-shannq .

CAMBRIDGE
LEARNING Inc.
1 Judith Drive
North Reading,
MA 01864

Magnameter

EASE
OFUSE

OVERALL
PRICE

PRIC5IVAWE

INSTRUCTION
MANUAL

GC
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Model 0804
Themostpowertul in
thesertes. All features
of Model 0802 plus
capability to check
continuity and logic
levels, measuretemp
withK-type thermo­
couples and capture
peak readings of
transients.

TECH 330
Has 7 functions and 29 ranges,
plus0.1% VOCaccuracy and true
RMS capability (AC + DC).

TECH 300
Has 0.5% VOC accuracy and all
the features ofTECH310,except
thecontinuity testfunction and
10-amp current ranges.

Portable Triggered Miniscopes

3Y2 Digital
Multimeter
Model 467
- LCD analog bargraph to indicate nulls, peaks and
trends.- Differentialpeakhold capturesmaximum(peak)
and minimumvaluesof complex waveforms. _ 50 u/sec
pulsedetection. _ True RMS measuringcapabi lity.

THO

Model 0802
SameasModel0800
hn hasa basic DC
accuracy of 0.1 %
and Fluke conduc­
tance functionfor
accuratehighresist­
ancemeasurement

BECKMAN
3Y2 Digit Multimeters

TECH 310
Has7 functions and29 ranges,
plus 0.25% VOC accuracy.

260·7

~
~"". - ' ~ : -' '' '

~ . . ", , .

TECH 360
Input jack fora standard K-type
thermocoupling, enabling user to
measure temp from - 20'C to
+ 1265'C, Switch selectable mea­
surement of true RMS (AC + DC)
orAConly voltages and currents.

Touch/Test 20 Multimeter

Multimeter
• Free 10 amp current shunt
• General purposeTrue RMS multimeters
w~h identical features except for power sources.

Model 810 Model 811
Operates onlinevoitage Operates onlinevoltage

\\.nd with rechargeable
N~Cad battenes.

Hand Held DMM _nUnlClS.

Model 0800
Fluke's lowest priced
OMM.Anall purpose
instrument for basic
measurement needs.
Five ranges forAC
and DC voltage
measurements. Four
ranges for AC and
DC current tests. Six
resistance ranges.

TECH 350
Bright 0.5%" LCD display. Single
easy-to-use switch. Separate diode
test function. Low power resistance
range.22megohmsinput resistance.
12,000 hour battery life.

(ImJ '.

- Touch selectionand control
offunctions, ranges and power.
- Large (0.55" high) LEO read­
out - Automatic polarityand
overloadindication _ In-circuit
testcapabilities.

Model IT-20
Model IT-20B Withbatteriesand charger
Model IT-21 WithLCD readout
Model IT-21 BWith LCD readoutbatteriesandcharger

Meter
Model 260-7 ~

- 28 time-provenranges. - Direct dial
reading ofAmp-Clamp ranges. - Only 2 bat­
teries . . . one9-voltand one 1.5volt"0" cell
- 260·7complete with batteries, test leads

andmanual
- 260·71 with mirrorscale
- 260·7RT in roll case
- 260·7I HT withmirrorscale, inrolltopcase
Availablewith reset pushbuttonreleases when
overload exists.

Dual-Trace 30 MHz
Delayed Sweep Scope

Model 1530
- Delayedsweep operationfor
sweep expansion upto 1000x.
- 30 MHzresponse; usable
to 50 MHz. - 5 mVidivision
sensitivity, selectable 2 mVto
20 mHz. !t Variable !lOld-off
forpulsetrain display. _ Single-

~ ~ sweep fornonreoetitive wave-
II forms. - Buill-in triggering

finers.

Low Distortion Function Generator
Model 3010
- Generates sine, square and
tri~ ngle waveforms - Variable
amplitude andfixedTTL square­
waveoutputs _ 0.1 Hztol MHz
in six ranges _ Typicalsine

"'",!!!!!!!!,!",!!!!"'!!!!"'!!!!~ wave distortionunder 0.5%from
~ 0.1 Hz to 100 kHz.

Sweep/Function Generators
Model 3015
- Frequency:2 Hzto200kHz,
in 3 ranges. - Outputs: Sine,
square or triangle. _ Variable
Ampiitude: 15 V p-p, open cir­
cuit 7.5 V pop into 600 ohms.
- Pulse OutputFixed a~litude 'iiliiiiiiiiiiiiiiiiirii
TTL level, logic high greater -
than3volts. - Accuracy:±5% Model 3030
F.S., to 20 kHz.

- Frequency: 0.001 Hzto 5

M 3025 mHz in 8 ranges. - Outputs:
odel Sine, square, triangle, poS/neg

- Frequency: 0.005Hz to square, poS/neg ramp. _ Van-
5 mHzin7 ranges. - Outputs: ableAmplitude: 20 Vpop, open
Sine, square, triangleorhaver- circuit 10Vp-p, into50 ohms.
sine. - VariabIeA~l rtude: 20V - Accuracy: ±(1.5%setting
p-p, opencircuit; 10Vpop, into +1%F.S.), 0.001 Hzto1mHz;
50ohms.- Accuracy:± 5%F.S. ±(2%setting+ 2%F.S.), 1mHz

to 5 mHz.

Portable Digital Capacitance Meter
Model 820 =- Measures capacitance from
0.1 pF to1 Farad. - Resolves r-.. z:...
to 0.1 pF. - 10ranges forac- ~ .-w.-: .
curacy and resolution. - 4digit I I - I.
easy to read LEO display.
- 0.5% accuracy. - Special 7' -;
leadinsertionjacks or banana

e
rAO~. ~Altrumutl

__ _ Model 3020
_~ -f¥ . Four instruments in onepack-

- age-sweepgenerator, function
generator,pulsegenerator,tone­
lxJrst generator - Covers.02 Hz
to 2 MHz _ 1000:1 tuning
range _ Low-distortionhigh-
accuracyoutputs - Three-step
attenuatorplusverniercontrol
- Intemallinearandlogsweeps
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100 MHz
Model
V-1050

Portable
Desoldering
Stations
Model DS-600

Controlled
Output
Soldering
Station
Model WTCP-N

Model TC-1 OO/ST
53 individual screw­
drivers, nutdrivers, pliers
and wrenches,31Series
99 interchangeable
screwdriver/nutdriver
blades andhandles,and
two screwdriver/nut­
driver sets.

35 MHz
Model
V-352

Dual Trace
Oscilloscopes

Service
Master
Tool Kit
Model 99-SM
24-piece kit

20 MHz
Model
V-202

Economically, priced, general-purpose oscilloscopes­
Square, 5'h ' CRT with internal graticule (illuminated
scale). High accuracy voltageaxis andtime axisset
at ± 3% (certifiedat 10·C and35·C). Higll-sensitivity
design; vertical sensitivity of 1 mV/div. available.B-dlv.•
dynamic rangeensures accurate measurement of wave­
formswithout distortion TVsync-separator circuit

Hand-Held Beeper
Digital Multimeter
Model 128
• LCD display. • 0.5% basic
accuracy. • 3'h digit resolu­
tion • 'Beeper' operates onall
ranges and functions-

Hand-Held Digital 4'12 Digit
Multimeter Mullimeter
Model 130 Model 135
• 0.5%basic accuracy. • 3'h • 0.5%basic accuracy. • 4'h
LCD display. digitresolution provides wide

dynamic range.• LCDdisplay.

~. ~

~flJ"" ~flJ Attache Style Tool Cases
~flJ~:.J...~q;

~ Model TC-150/ST
Contains23 individual
tools, 24 Series 99
interchangeablescrew­
driver/nutdriver blades
and handles, 2 meas­
uringtapes, soldering
iron, recharger, solder.

~e '~,~ ;;~~~ ~:1,. ~
Magnifier ~. ~•.-
lamp ~
Modei LFM-1A
Offers largeviewingarea forfinedetails,component
assembly and other close worlt Has uniquedouble
tenslon control lnO'~. ,,,' "." andtan."'" •
diopter,13" focusstandard onallmodels- (45" reach). •

Magna-Lux lamp .'1
Model LUX-2A .

Magnifierutility lamp. The 3l4" diameter
lens supolemented by a 40-watt stand­
ardap, .ance bulb A-IS incandescent

bulb. Sold in black only, has
an arm reachof 39" and
includesafactolY installed
3-diopter lens-Same
maglification asLFM-l A.

Model LBO-50lA
SingleTrace with probe

Model LBO-508A
Dual Trace with probes

3'12 Diglt
0.1 % Digifal

Capacitance Meter

li -=- ~ .~ . - - - -,
r - - .. -

_ I :G':~ . .::~: IL-=-.= ~

20 MHz Oscilloscopes
• Add and subtract r::::""I!"~!I!!!!!!fI!I-_.
modes (withCH-2
invert), permits differ­
ential measurements
(Model LBO-SOBA
only). • Front panel
X-Yoperationideal for
phase-shift analysis,
sweep alignment and
vectorscope service
(Model LBO-SOBA
only). • 17.5nanosec
risetime foreasyview­
ing ofhigh speed pulses
and wave forms.

Model 6001
.. 5 Hertz to 650 MHz. 10 MHz crystal oven timebase
Input. Selectable 0.1, 1.0, 10 sec gate. Switchable low
pass 50 KHz filter • TrueTIL compatibility at input

Model 5001
Fortheelectronc measurement anddisplay offrequency, period.
Interval andcounted events- UnKjuefullinput signal conditioning.

S>~~
v~~ 10 MHz

at 1 mV
5" Scopes

Model LBO-513
SingleTrace with probe

Model LBO-514 ~~"";::::"';':"....:L;.:...J
Dual Trace with probes
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MOS-2428

MOS-1416

I WK-7

MOS·40

COMPLETE IC INSERTER/EXTRACTOR KIT I

INDIVI DUAL COMPONENTS J
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MOS-1416 14-16 PIN MOS CMOS SAFE INSERTER
MOS-2428 24-28 PIN MOS CMOS SAFE INSERTER
MOS-40 36-40 PIN MOS CMOS SAFE INSERTER
EX-1 14-16 PIN EXTRACTOR "fOOL
EX-2 24-40 PIN CMOS SAFE EXTRACTOR TOOL

CALL YOUR LOCAL OK DISTRIBUTOR FOR FURTHER INFORMATION

OK"MACHINE & TOOL CORPORATION 3455 CONNER ST.• BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

CIRCLE 42 ON FREE INFORMATION CARD



C-DAD format
The new Bliilip.s-Sony C-DAD disc is

shown alongside a conventional LP
record in Fig. I. It is capable of playing
one hour of stereophonic music per
side. and can also hold up to four chan­
nels of audio on a side with reduced
playing time.

Information on the C-DAD disc con­
sists of approximately six billion digital

FIG. 1-THE 4.7-INCH DIAMETER C-DAD disc
contains one hour Ofmusic on a side compared
to a little over 20 minutes for a conventional 12­
inch LP.



AG. 2-THE C-DAD SYSTEM uses a tightly focu sed laser beam to read digital Information represented
by a series of p its on the disc .

1. A capacitance-pickup system, de­
veloped by JVC as an adjunct to
its VHD videod isc system which
is to be markete d in early 1982
and which has been given the
name AHD (Aud io High Dens ity) .

2. A mechanica l " groove-type" sys­
tem developed by Telef unken .

(and has only recentl y been disbanded)
in Japan. The two other sys tems are:

Discs for the variable-capacitance
sys tem (AHD) are made of conduct ive
materials . As shown in Fig. 4, digital
signals in the form of tiny pits are en­
graved in these discs. As a miniature
metal electrode follows the pits, signals,
represented by changes in electrostatic
capacitance , are detected. To maintain
the nece ssary accuracy, the pits are en­
graved on the surface of the disc along
with pilot signals impressed on either
side of the audio signal pits. Since there
are no physical groo ves impressed into
its surface, the pilot signals are used as
part of a dynamic-tracking servo sys­
tem to keep the electrode stylus properly
positioned along the signal track of the
AHD audio disc .

In the mechanical system developed
by Telefunken , playback is acco m­
plished in a manner similar to that used
by ord inary analog players (see Fig. 5).
That is , signals cut into the groove s of
the disc are first converted into mechani­
cal vibrations as the stylus trace s them
and the vibrations are then transmitted
through a pickup arm to a piezoe lectric
converter, where they are changed into
electrical signals.

Table 2 offers a compari son of these
two systems and the Sony-Philips C­
DAD one . Of the three , only the Sony­
Philips and the JYC systems seem like­
ly to reach the marketplace in the near
future . JYe' s argume nt in favor of its
system is based largely upon the fact
that a single player would be able to

0.2%
0.03% (WRMS)
30 Minutes
12 inches

LP record

30-20,000 Hz
More than 60 dB
Max. 55 dB (1 kHz)
25-35 dB

FIG. 3-C-DAD PLAYER prototypes shown in 1981. Sony's is at left ; Philips' at rig ht.

Competin g dig ital-d isc systems
Of the many digital-audio disc sys­

tems that have surfaced over the last
several yea rs, two besides the C-DAD
sys tem have been success fully demon­
strated and been under consideration
by a 51-member Digital-Audio Disc
Council. That group deliberated about
standardization for about three years

C-DAD sys tem with conventional LP
records.

TABLE 1

C-DAD di sc

Less than 0.05%
0%
60 Minutes
4.7 inches

20-20,000 Hz
More than 90 dB
More than 90 dB
Mo re than 90 dB

SERVO MIRROR

Freq uency response
SIN ratio
Dynamic range
Channel separation
Hig h-frequency

distort ion rate
Wow & flutter
Playing ti me
Disc diam eter

Specification

tem is abso lutely flat from 20 Hz to
20.000 Hz. The digital sampling-fre­
quency is 44. 1 kl-lz, which would theo­
retically give a respo nse up to 22.05
kHz. Some margin, though, is left for
higf frequenc y cut-off filtering.

The signal-to-noise ratio for the 16­
bit digitizing format is bett er than 90 dB
(theoretically, it could be as high as
97.5 dB); dynamic range- the difference
in level between softest and loudest
sounds that can be handled-is also
better than 90 dB . Channel separation
is 90 dB as well, while total harmonic
distorti on, referred to peak levels, is
0.05% or less (0.03%, theoret ica\).

As with any true digital-sound sys­
tem there is no meas urable rumble or
wow-and-flutter. Tracking, decoding,
and rotat ional speeds are synchronized
by a cen tral clock generator inside the
player and the clock is itse lf governed
by informat ion encoded in the track on
the disc . Since the digital data repre ­
senting the music is stored briefly in
semiconductor memory in the player
before being clocked out at a steady
rate to the digital-to-analog converter.
there ca n he no wow or flutter in the
con vent ional sense.

There is also no audible intermod ula­
tion-disto rtion of the type that plagues
conve ntional analog recordings to such
a large degree. To fully appreciate the
significance of these performance
levels. see Table I. which compares the
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FIG. 4-JVC'S AHD digital-audio disc system
works on the same principles as Its VHD video­
disc system.

FIG. 5--THE MECHANICAL SYSTEM developed
by Telefunken for digital discs is similar to that
used for today's analog records.

FIG. ~STAGES INVOLVED In the manufacture of C-DAD discs . Numbers In parentheses at right
Indicate how many of each piece are produced.

TABLE 2

Characteristics Sony-Philips JVC Telefu nken

Signal-pickup method
Pic kup
Signal location
Grooves
Su rface material
Disc cad dy (holder)
Disc size

Playin g ti me

Format

Opt ical
Non-contacting
Beneath surface
No
Transparent plastic
Not requi red
120 mm

60 minutes (2 chann els)

16-bit

Capacitance
Cont acting
On surface
No
Carbon-impregnated vinyl
Required
260 mm

60 minutes (4 channels)

16-bit

Mechanical
Contacting
On surface
Yes
Various
Required
135 mm
70 mm

60 minutes (2 chan nels)
30 minu tes (2 channels)
14-bit

handle both its video discs (the YHD
discs that are to be marketed in 1982)
and the AHD digital-audio discs. since
both use a capacitance-pickup princip le.
Of course. a digital-to -analog con ­
verter/processor wou ld have to be
added to the lYC system for decoding
the digital-audio discs ; the addition of
such a 01A converter/processor would
make the lowe r-cost argument some­
what questionable.

The lYC AHD disc. like its com­
pa nion YHD disc. is a litt le ove r 10
inches in diam eter and co mes supp lied
in a " caddy" or holde r that protects the

disc surface when it is not being played .
The smaller. optically-tracked . C-DAD
disc requires no such protective sleeve .
of course. and is in no way affected by
dirt or dust on its surface since the focal
point of the laser beam is beneath the
transparent surface of the disc. An im­
portant point that has been emp hasized
many times by Sony and Philips is that
the small e- DAD disc and its corres
po ndingly small player can easily be
adapted for use in car s and other
moving vehicles . since the vibrat ion of
a ve hicle shou ld have little or no effect
upon lase r tracking.

The trend towards C-DAD
Th ere seems to be a growing trend

towards e ndo rsement of the C-DAD
sys te m by equipment manufacturers
and " software " (recorded material )
producers around the world . Matsushita
Electric Co mpany (whose line of
brands includes Panasonic . Quasar.
Technics and National ). although com­
mitted to the lYC YHD system for
videodiscs . has neve rthel ess indicated
that it will produce disc players for the
Sony-Phil ips system. Recentl y. the
wo rldwide Polygram Group. one of the
leadi ng international. record rnanufac-
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Fo r a two-sided disc, an additional
process to combine two single-sided
discs would be required, but it is en­
tirely possible to prod uce such two­
sided discs.

Digital source-material
Recognizing the advantages of digital

recording almost as soon as it was made
available on a commercial basis to
recording studios several years ago,
many recording compan ies aro und the
world have been produc ing digital
master-tapes for release as digitally­
mastered, improved analog LP ' s (often
erroneously referred to as " digital"
records) . Although many of those
recordings have been pra ised as being
clearly superior in sound quality to con­
ventional LP's , they obv iously cannot
approach the performa nce levels that
will be reached by C-DAD discs once
they are made available. (See sidebar
for more information.)

The fact that so many digital master
tapes now exist in the arc hives of major
recording studios bodes well for the
future of true digital-discs. All those
tapes can be used to make true digital­
audio discs, with no degradat ion in
quality from master tape to disc. The
Sony-Philips system, in fact, uses the
same 16-bit PCM (Pulse Code Modula­
tion) encoding currently being used for
professional digital -audio purposes.
Therefore, C-DAD recordings can be
made in studios using exis ting PCM
equipment. It is also poss ible to translate
existing analog recordings, using PCM
processors, to the C-DAD format.
However, should that be do ne, the re­
sulting product would not exhibit the
increased dynamic range and other im­
provements made possible by digital­
recording technology. R-E
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DIGITAL

FORTHE PAST SEVERAL YEARS 12-INCH "DIGITAL"

discs have been available from com­
panies such as Telarc, Teldec , Lon­
don , and others.

It is a common misconcept ion that
those are true digital discs , but that is
not the case.

True digital discs carry the aud io in­
fo rmation as a se ries of binary-coded
numbers- that is the method used by
the C-DAD.

Digitally-mastered discs-the 12­
inchers currently on the market-are so
called because the master tapes from
which they are produced are digitally­
encoded. The discs themselves carrya
con ventional analog signa l.

Those discs do have an advantage
over ones reco rded using analog
processes all the way through-the
qu ality of the master tapes is higher
and some of that quality is ca rried over
into the ana log press ing. Dynamic
range is greate r, tape hiss is non-exist­
ent , etc. The discs themse lves, though,
are still prone to the sho rtcomings of
analog recordi ngs- su rface noise, re­
stricted dynamic range , tracking prob­
lems, and so forth.

While "digital" (digitally-mastered)
discs certainly represent a tremendous
improvement over their all-analog
predecessors, their qual ity is still far
removed from that obta inable from all­
digital recordings. R-E

FIG. 7-FINAL STAGE in C-DAD disc productlonlnvolves adding a reflec tive layer to the surface and
protecting it with a clear plasti c coatin g.

"DIGITAL" vs.

turers, and CBS/Sony, Inc ., the largest
record compan y in Japan , announced
plan s to produce music prog rams in the
C-DAD form at. In 1982, for example ,
CBS/Sony will release more than 100
C-DAD 'albums in Japan simultaneously
with the introduction of the C-DAD
players. On the hardware side, com­
panies such as Marantz have already
demonstrated their own versions of
players which are compatible with the
Sony-Philips optical-laser disc system.
And, while the 51-member Digital
Audio Council mentioned earl ier did
not specifically endorse the C-DAD
sys tem, its final report noted its com­
pact size and its applicability to mobile
use, which many interpreted as being
just about as close to an endorsement
as such a committee would ever be
likely to come.

How C-DAD discs are made
Once you get past the hurdle of

paying for a C-DAD optical-laser player
(about the price of a high-end turntable) ,
the software or discs themselve s should
be no more expensive , on a " per­
minute-of-music" basis, than high­
quality LP records. The process of
making digital discs is quite different
from the process currently used to
make analog LP records, but once it
has been mastered , it should be possible
to tum out the new discs on a mass­
production basis that will reduce disc
prices drastically.

Mechanical cutting-techniques are
impractical for digital-disc production
because the pits to be carved are far too
small. Instead , the process shown in
Fig. 6 is used . First , a glas s plate coated
with photo-resist material is exposed to
a digitally-modulated laser beam . The
plate is then developed to form pits cor­
responding to the pre sence or absence
of digital signal s. After a silvering
process , that glass plate becomes the
. 'mas te r. "

It is next pre ssed against a nickle
plate to make an inverse copy (the pits
become small bumps and the flats be­
come depression s) of the photo-etched
depressions on that plate . A digital
master is thu s produced which, in tum,
is used as the "mother" for making
production " stampers." Each stage in­
verts the surface of the disc (pits­
bumps-pits-bumps, etc .). The stampers
have bumps.

The final production stages are
shown in Fig. 7. Using the stamper,
C-DAD discs are produced in large
quantities in much the same manner as
conventional analog records . The sig­
nal-bearing surface of each disc is then
co ated with a reflective material , fol­
lowed by a coating of protective, tran s­
parent plastic. Aside from any labelling
and packaging that may be requi red ,
that completes the manufacture of a
single-s ided disc .
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DAVID A. FERRE

Ever wonder why your
VHF-television dial starts
with Channel 2? Find out
why in this brief look at the
early days of television and
how it all began.
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FIG. 1-HOW THE TELEVISION ALLOCATIONS have changed over the years. This chart shows the
approximate frequencies of the channels; the exact frequencies are given in Table 1.
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1934 to 1938
Progress was slow for television

during those years . The depression was
at its worst, and even mighty RCA lost

fully what RCA had accomplished in
1933. But to give you an idea: Many of
the experimental television broadcast­
ers were still using frequencies in the 2­
to 3-MHz range, and bandwidths of 100
kHz. In addition, the earlier systems
were mechanical using gears , motors,
mirrors, etc. As television advanced,
each step pointed towards non-mechani­
cal systems, and higher bandwidths and
carrier freauencies.

The Federal Communications Com­
mission was established by an act of
Congress on June 22, 1934. It was
about that time that a portion of the
VHF radio spectrum was allocated to
television for the first time (see Fig. I).
Previously, any frequency above 30
MHz was available to experimenters.
Those experimenters included a num­
ber of pioneering amateur-radio opera­
tors ; there were also experimental sta­
tions that included television. In 1934,
the experimenters were moved to the
frequencies above 110MHz, while tele­
vision was allocated two bands, 42-56
and 60-86 MHz. There were no chan­
nels associated with the allocations, but
it was a beginning; television was
making its first move.

mental television transmitter, W2XBS,
located at the top of the Empire State
Building in New York City. The char­
acteristics of that early all-electronic
television system were modest:

Lines: 240
Frames : 24 per second
Scanning: sequential (no inter­

lacing)
Bandwidth : 2 MHz
Video carrier: AM modulated, full

sideband
Audio carrier: AM modulated, full

sideband
Yet , the results were far better than

any mechanical television system had
ever accomplished. For those experi­
ments, the video carrier was at approxi­
mately 45 MHz .

It may be hard for us to appreciate

EXPERIMENTAL I
EXPERIMENTAL I
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Up to 1934
During the first few months of 1933,

RCA demonstrated the first successful
all-electronic television system. Broad­
casts were made from the RCA experi-

WHEN A TELEVISION RECEIVER IS PUR­
chased in the United States, you can
take it anywhere in the country, plug it
in, pull up the "rabbit ears," and tune
in a station. That is possible because
we have national broadcasting standards
that are common throughout the coun­
try. Yet, at one time commercial tele­
vision was going to be introduced to the
American ' public without standards;
fortunately, that "experiment" ended
before it even started. But let's not get
ahead of our story!

1940·1946 I 11112131 j41 sl 16171

1946·1948 I Iq 121* 115161

1948·PR Es.1 121 31 41151 61

PRE·1934 L.I ----:;;.;;..;~.;;;;.;.;.;.;.;~ ~
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1938 to 1940
T he te lev ision indu stry was generally

pleased with the FCC alloca tion of 19
T V cha nnels. Th ey were hoping for a
co ntinuo us ban d of freq uencies to
simp lify tu ner design , and were some­
what disappointed that 12 of the 19
cha nne ls were above ISO MHz; those
frequ en cies were virtually unused, and
th ou ght to be useful only for television­
relay net works. But the seven channels
bet ween 44 and 108 MHz we re enough
to beg in plans for co mmerc ial te levision
op erati on. By then it was believed that
the RM A standards wo uld be adopted
by the FCC and co mmercia lization
could begin . But not everybody agreed
with the RM A standards, and the FCC
wasn ' t about to approve any standard
un less the te levision industry was in
almost to ta l agreemen t.

On Oc tober 20, 1938, just one week

sta ndards except for one important dif­
feren ce : The video ca rrier would now
be transmitted with a full upper side­
ba nd and only a partial lower sideband ,
as shown in Fig. 3-b . That vestigia l side­
band system was eventua lly adopted by
the FCC and is used today .

Te levision now had allocations and
channe l numbers. Our mysterious
Cha nne l I was assigned to the 44- to 50­
MHz ban d as shown in Table 1. RCA 's
experimental station quickly received a
pe rmi t fo r one of those new te levision
allocations a nd se lected Channel I !

b
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I
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I
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I
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I
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FIG. 3-THE FIRST STANDARDIZATION of a television signal, the system shown in a featured fu ll
upper and lower sidebands. A later revision, shown In b, featured a reduced lower sideband. That
vestigial sid eband technique Is the one is use today.
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FIG. 2-QNE OF THE LAST In existence, this re­
ceiver was one of the ones used in RCA's test
of the first all-electronic television system.
The vertically-mounted picture tube was viewed
through a mirror in the cabinet top.

money. But adva nces were made in
RC A' s all-elec tronic system. In June ,
1936 , RC A a nno unced the sta rt of a
massive field test. A tot al of 100ex peri­
mental-television receivers were dis­
tributed to RCA employees for place­
ment in their homes and offices (see
Fig. 2). RCA then began regular televi­
s ion broadcast s from W2XBS, using
their new Radio City tele vision studios .
Those studios were linked to the Emp ire
State Building transmitter by an ex peri­
mentall77-MHz radio link and a coaxial
cable . The compos ition of the tele vi­
s io n signa l used for that test was as
fo llows :

Lines :
Frames:
Scanning :
Bandwidth:
Video carrier:

343
30 per second
interlaced (2:1)
5.75 MHz
AM modulated, full
sideband

Audio carrier: AM modulated, full
sideband

On June IS, 1936, the FCC began in­
fo rmal hearings co nce rning the radi o
spectrum above 30 MHz. There was an
increasing demand for tho se frequencies
a nd a new word began to be heard at
the FCC; that word was sta nda rds. The
Radio Manufacturers Association
(RMA), the trade association for the
radio and televi sion equipment manu­
facturers , had formed a sub-committee
on televi sion. They attended the June ,
1936 hearings bec au se of thei r interest
in the possible future commercialization
of television. In addition to urging
definite c hannel alloca tions, the RMA
had a set of television channel standards
to pre sent (see Fig. 3-a). Although
those sta ndards were incomplete in
some respects, one important recom­
mendation that the RMA made to the
Commission was that the bandwidth of
a television channel should be 6 MHz­
the same bandwidth that is used tod ay .
The RMA television standa rds were :

Lines : 441
Frames : 30 per second
Scanning : interlaced (2:1)
Bandwidth: 6 MHz
Video carrier: AM modulated , full

s ideband
Audio carrier: AM modulated, full

sideband
It is interesting to note that the

proposed 441-line sta nda rd was beyond
the cap abilities of any system that had
been demonstrated up to that point. It
wasn't until eight months later , on
February II , 1937, that a manu facturer
(Philco) gave a co nvincing demonstra­
tion of a telev ision sys tem that co m­
pletely met the RMA standa rds .

(/) The FCC hearings that had started on
~ June IS, 1936, res ulted in the alloca tio n
o of 19 television channels, each with a
g: bandwidth of 6 MHz. Th e new alloca­
ow tion s, which are show n in Fig. I and
ill Tabl e I, became effect ive October 13,
o 1938. The RMA rev ised and co mpleted
CS their se t of television standa rds , wh ich«
a: we re essentia lly the same as the 1936
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page newspaper ads in early March an­
nouncing the "arrival of te levision, "
and ordered the immediate production
of 25,000 te levision receivers . The FCC
realized that limited commercialization
wasn't going to work, as the sale of
thousands of television sets would, in
effect, "freeze" the standards , making
a change to other standards almo st im­
possible. Within a few days of the RCA
newspaper ad s, the FCC's permission
for limited commercialization was with­
drawn.

Television was also abo ut to undergo
some more changes . Frequency Modu­
lation (FM) had been introduced by its
developer, Major Edwin H. Armstrong,
in 1935. Short ly after its introduction,
FM was granted five experimental fre­
quencies between 42.6 and 43.4 MHz.
By 1940, the FCC had 150 applications
for experimenta l FM stations on file
that could not be processed because of
lack of freq uencies . As a resu lt of hear ­
ings held on March 18, 1940, the FCC
assigned FM a continuous band of fre­
quencies (that was done to simplify
tuner design), and expanded the FM
allocation to include the frequenc ies
from 42 to 50 MHz . The new allocation
included the 44- to 50-MHz band that
had previously been assigned to Chan­
nel I .

But that is not what happened to
Channell! The TV channels were re­
nu mbered with Channel 1 now assigned
to 50-56 MHz band and the rema ining
channels were shifted around the spec­
tru m. But when the smoke cleared, the
te lev ision industry had lost one chan­
nel , leaving them with 18 allocations .

The new FM channels and the
changes in the television allocations be­
ca me effective on June 20, 1940; com­
mercial FM broadcasting was authorized
to begin on Januar y I, 1941.

1940 to 1946
Whe n the revised 18-channel TV allo­

cati on s we nt into effec t, the telev ision
ind ustry was unhappy, to say the least.
The limited commercializat ion plan was
sus pended ; the FCC continued its re­
fusal to set television standards; a te le­
vision channel was lost to FM, and, be­
cause of the changes in the allocat ions,
many of the experimental TV broad­
casters had to go off the air to complete
extensive transmitter changes. For ex­
ample, the RCA experimental trans­
mitter, W2XBS, had beer, operating on
the old Channel I (44-50 MHz) ; because
of the changes , they were forced to
switch to the new Channel I (50-60
MHz) .

However, soon after that things be­
gan to look up. A member of the RMA
had met with the FCC to ask just what ~»
the television industry could do to win :D

approval of a set of sta nda rds . The FCC ~
replied that if the industry could agree
on one set of standards, the y would be

FIG. 4-THIS EARLY TELEVISION SET, the RCA
model IT-5, was one of the first offered for sale
to the general public. It featured a five-inch
screen, five-channel coverage, but no audio
section; It sold fo r $199.50 in 1939.

At the time those rules were pub­
lished, the FCC also announced that
hearings would be held in Janu ary , be­
fore establishing a date for limited com­
mercialization . At those hearing s, it
wa s made clear to the FCC that many
of the bro adca ster s did not agree that
the RMA standards were the best. Philco
urged the FCC to adopt their system of
television with 605 lines and 24 frames ­
per-second. DuMont wanted sta ndards
that included 625 lines and 15 frames­
per-second. In addition, there was
some vague ta lk about something called
color television . Nevertheless, in an
order issued on Fe bruary 29, 1940, the
FCC ruled that limited comrnercializa­
tion could begin on September 1, but
warned that nothing should be done to
encourage a large publi c investment in
television recei ver s. They refuse d to
adopt any standa rds, with the implica­
tion that each of the broadcasters could
use whatever standards they liked bes t,
with the public deciding who had the
best system.

RCA responded to the authorization
for limited commercialization with full-

TABLE 1

Channel Year
1938-1940 1940-1946 1946-1948 1948-PRESENT

1 44-50 50-56 44-50
2 50-56 60-66 54-60 54-60
3 66-72 66-72 60-66 60-66
4 78-84 78-84 66-72 66-72
5 84-90 84-90 76·82 76-82

6 96-102 96-102 82-88 82-88
7 102-108 102·108 174-180 174-180
8 156-162 162-168 180-186 180-186
9 162-168 180-186 186·192 186-192
10 180-186 186-192 192-198 192-198

11 186-192 204-210 198-204 198-204
12 204-210 210-216 204-210 204-210
13 210-216 230-236 210-216 210-216
14 234-240 236-242
15 240-246 258-264

16 258·264 264-270
17 264·270 282-288
18 282-288 288-294
19 288-294

after the allocations became effective ,
RCA announced that regular televi sion
programming would begin as a " public
service" on April 30, 1939. That date
coincided with the opening of the 1939
New York World' s Fair. A numb er of
manufacturers began producing televi­
sion receivers , and by the opening of
the fair they were in the stores and
ready for sale . The opening ceremonies
of the fair were broadcast on Channel 1
by RCA's W2XBS , and featured the
Pre sident of the United States . After
that event, broadcasts were scheduled
on a regular basi s.

By the end of May 1939, large depart­
ment stores, such as Mac y's in New
York, offered as many as nine different
models for sale ; those were supplied by
three manufacturers (Andrea,'DuMont,
and RCA) . Screen sizes for tho se telvi­
sion sets ranged from 5 to 14 inches , and
prices ranged from $189.50 to $600.00.
Most of the early sets were complete
receivers, but one , the model1T-5 from
RCA (shown in Fig. 4), had no audio
section; if audio was desired, it had to
be connected to a compatible RCA re­
ceiver. Unfortunately, sale s of tho se
early television sets were not very good,
and by the end of 1939 fewe r than 400
of them had been sold in the New York
area.

All of the major television broadcast­
er s (incidently , the stations were still
con sidered experimental) had adopted
the RMA standards by the end of 1939.
That included the stations in New York
City, Chicago, Los Angeles, and
Schenectady. The FCC was urged to '
adopt the RMA standards so that com­
mercialization could begin . The PCC
responded to the pressure from the TV
indu stry by publishing rules for limited
commercialization on December 22,
1939. It was a kind of Christmas present
for the television industry .
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Audio carrier :
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approved without delay. Quickly, the
RMA organized the National Televi­
sion Standards Committee (NTSC).
The NTSC was open to all major inter­
ests in the television field whether they
were associated with the RMA or not.
Eventually, over 160 individuals be­
came associated with the NTSC. On
July 31, 1940, under the RMA's spon­
sorship and with the FCC's blessing,
the NT SC held its first meeting .

With the opportunity to propo se a set
of standards to the FCC , you might
have expected that the NTSC would
simply have endorsed the existing
RMA standards, but that is not what
happened. Every aspect of the televi­
sion-standards question was re-ex­
amined and discussed at length. On
January 27, 1941, the NTSC met with
the FCC and presented a progress re­
port. The preliminary NTSC standard
presented to the FCC at that meeting
closely paralleled the RMA standards.
That seemed to indicate that the RMA
standards were essentially correct.
There was one important difference,
however : The audio carrier was to be
FM. The FCC had one reservation
about the proposed standard-they felt
that the 441-line standard recommended
by the NTSC was too low. That stan­
dard went way back to the first RMA
standards of 1936, when both video
sidebands were transmitted. It was
common knowledge that the vestigial
sideband sys tem in use since 1938
allowed a much higher line count and,
accordingly, a better television picture.
The NTSC agreed to re-examine that
question and said that it would present
more information at hearings that were
to be held in March, 1941.

Those hearing s were held on March
20, 1941. The NTSC standard that was
presented at the hearing was almost
identical to the one proposed earlier,
except that the number of lines was in­
creased to 525 lines. (Although the
number of lines seemed to be random,
it was not. The line count had to be an
odd number and to be related to few
multiples of odd numbers, such as
3x3 x7 x7=441 or 3x5 x5 x7=525, for
example. That was necess ary for gen­
eration of the synchronizing pulse .)
The new standard was as follows:

525
30-per-second
interlaced (2:1)
6 MHz
AM modulated, ves­
tigial sideband
FM modulated, ± 75
kHz deviation
(later ± 25 kHz devia­
tion)

Virtually all of the part icipants in the
hearings (they went on for four days)
agreed that the NTSC Standards were
correct and should be adopted quickly .
The FCC was convinced that the indus-

try had finally agreed and the NTSC
Standards were adopted as the national
standard in April 1941. The effective
date was July 1. 1941 ; commercial tele­
vision could finally begin!

When that "Opening Day" for com­
mercial television finally arrived, only
two televi sion stations were licensed
and ready for operation; WNBT (NBC,
old W2XBS) transmitting on Channel I,
.and WCBW (CBS, old W2XAX) trans­
mitting on Channel 2. Both of those sta­
tion s were in New York City . Soon
after (on September 1, 1941) WPTZ in
Philadelphia, transmitting on Channel
3, came on the air. By the spring of
1942, a total of four commercial sta­
tion s were in full operation and 10,000
televi sion receivers had been sold.

Television's growth was halted by
World War II, with the Defense Com­
munications Board ordering the con­
struction of new radio and television
stations to end. Television programming
was reduced to just four hours per
week for the broadcasters already in
operation (all devoted to war-related
activities) .

As the end of the war approached,
the FCC was faced with a monumental
task. The war effort had brought about
an extraordinary leap in communica­
tions technology. Frequencies that had
been thought to be useless were now in
tremendous demand. The entire spec­
trum had to be re-examined, with new
allocations made and old ones revised .
The FCC began by holding hearings on
September 28, 1944. They were
promptly overwhelmed. The 18-chan­
nel televi sion allocations in effect
since 1940 were attacked by one group
as being wasteful of the valuable
VHF spectrum, yet another group urged
an increase to 26 channels. Others
urged the FCC to move all of the tele­
vision allocations to UHF frequencies
immediately. But the television indus­
try aruged that television had waited
long enough and should develop now,
using the existing allocations.

After hearings that were held on
February 14, 1945, it became clear that
no group was going to get everything it
wanted. In the FCC's final decision, re­
leased on June 27, 1945, television 's
allocation was reduced to 13 channel s,
and FM was moved from the 42-50
MHz slot to 88-106MHz (the band was
later increased to 88-108 MHz). The
television interests were very unhappy
that they were left with only 13 chan­
nels, but the FM interests suffered a
major blow because all of the existing
stations had to go off the air and switch
to new frequencies. In addition , 500,000
home-FM receivers were now obsolete.

The reduction to 13 telev ision chan­
nels was accompanied by new and re­
organized frequency allocations (see
Table 1). Again the broadcasters had to
go off the air to switch freque ncies.

Our Channel l was still around, but it
was moved back to the 44- to 50-MHz
band that it had occupied from 1938 to
1940. In addition, there was a restric ­
tion for Channell: It could only be as­
signed as a communit y channel , and
was limited to a maximum power of
1000watt s. Other TV channel s were for
metropolitan stations, with a maximum
power of 50,000 watts permitted. All
channels, except Channel 6, were shared
with fixed and mobile services-a fact
that left the television intere sts con­
cerned about interference. The changes
became effective March 1. 1946.

1946 to 1948
Even with the reduced number of

channels , the boom was on! Manufac­
turers quickly began producing televi­
sion receivers, transmitters, antennas,
etc. New television stations were being
built all over the United States. The
FCC had identified the top 140 metro­
politan cities and assigned each at least
one channel; a total of 400 were to be
allotted. The FCC received many more
applications than it had available chan­
nels . In an effort to provide the public
with as many channels as possible, the
FCC routinely threw away the " safety
factor" of mileage between licensed
transmitters . Television-receiver sales
were doing very well, with 175,000 sold
by the end of 1947.Manufacturers were
selling televi sion sets as fast as they
could be made, even though the sets
were rather expensive. (A typical set
with a 10-inch screen sold for $375.)

But problems began to appear. Propa­
gation theories at that time predicted
that television signals would not be re­
ceived over the horizon-but they
were , quite readily. So, even with just
50 stations on the air, interference
problems were beginning to appear.
Meanwhile , the FCC had reduced the
minimum distance between stations
using the same channel to ju st 80 miles.
An engineering stud y released by the
FCC warned of interference problems if
immediate action wasn't taken. That
led to an FCC report, issued on May 5,
1948, that ruled that television could no
longer share its frequencie s with fixed
and mobile services, and that the 72- to
76-MHz band could be used for fixed
radio services only.

But where could the mobile services
be located if they could no longer share
the television allocations , and could no
longer use the 72- to 76-MHz band?
There was only one place to go-the
televi sion industry would have to give
up another TV channel. But which
channel would that be? The American
Radio Relay League (an association of
amateur radio operators) urged that
Channel 2 be deleted so that the second
harmonic s of the 28- 29.7-MHz amateur­
radio band would not interfere with

continued all page 89



NEW USE FOR FM sea
AUTOMATIC ·ROAD
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Most people think of SeA as a means of piping mood music
into stores and restaurants. West Germany has found

a much more valuable way to use that service.

LEN FELDMAN
CONTRIBUTING HI-FIIVIDEO EDITOR

FIG. 1-AN FM-STEREO STATION that off ers an SeA serv ice does so at a
freq uency 67 kHz above the center frequency of its carrier.

seA
In 1954-severa l years before ste reo broadcas ting began­

the Fed eral Communications Co mmiss ion. co nce rned ove r
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th e inc rea sing econo mic plight of st ruggling FM stat ions. au­
thorized what ca me to be known as SCA tran smission s. (SCA
stands for S ubs idiary Co mmunica tions Authorization.) In
those pre-stereo days. FM sta tions were permitted to tra nsmit
o ne o r more subca rriers at frequenc ies betwee n 25 kHz and 75
kHz above the main ca rr ier . and to modul ate tho se sub­
ca rriers with virtua lly any sort of useful information for use
o n a po int-to-point basis. In ot her wo rds . the station could
{eli se its subca rr iers to co mpanies . Th e co mpa nies leasing
the subca rriers could then charge a rent al fee for receivers
prov ide d to subscribers who wa nted to hear wha tever was
being transmitted on the subca rriers .

T he best know n use of those subsc riber-oriented se rvices is
for co mme rcial-free background music. Such music. brought
to us by such familiar names as Muzak; has been the butt of
jo kes and disparaging remarks almost from the day that SCA
se rv ice began . Less fa miliar is the fac t that SCA transmission s
do not always co nsist of bac kground music . In man y part s of
the co untry. SC A" channels are used to pro vide a " talking
book" service for the blind . And . wit h the shortage of regular
rad io-cha nnel space becom ing ac ute . some ente rprising
broadcaste rs are turning to SCA to prov ide foreign-language
or ethnic programming for audience s whose numbers are too
sma ll to j us tify the ass ignment of a station-frequency by the
FCC.

With the advent of FM stereo in 1961. the spa ce ava ilable
fo r SCA c ha nnels was sharp ly red uced. Figure I shows the
modula tion spectrum of an FM-stereo tran smitter. All of the
freq ue nc ies give n in the following discussion are referenced
to the main carrier freq uency . The sum (L+ R) of the two
audio cha nne ls occ upies spectrum space fro m 30 Hz to 15
kHz (the highest audio frequency permitted on FM). the
ste reo pilot-signal is found at 19 kl-lz, and the sidebands of
the suppressed-carrier 38-kHz AM subcarrier signal co nta in­
ing the difference (L- R stereo information) oc cupy the
space fro m 23 kHz to 53 kHz. That leaves only the spectrum
space fro m 53 kHz to 75 kl-lz for SCA or private subcarrier
use. So me guard-band space must be provided for . so the
fir st prac tical subcarrier will have a frequ enc y of around 57
kH z. Sta tions transr1j1itting in ste reo and also providing an
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CARRIER
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A FEW Y EARS AFrER MAJOR ARMSTRONG FIRST DEMO NSTRATED

a wo rkable syste m of wideband-FM rad io broadcasting back
in the 1930·s . he demonstrated how a subca rrier co uld be used
to modulate the main carrie r of an FM sta tion. and how that
subcarrier co uld carry information that was totally diffe rent
fro m what was bein g tran smitted on the main carrier.

Ma ny yea rs late r. in 1961. the basic techniques developed
by Arms trong and modified by others res ulted in the begin­
ning of ste reo pho nic broad casting in the U.S . . using subcar­
riel' techniques which. though so mewhat different from those
first proposed by Armst rong. nevertheless fall into the general
catego ry for multiplexed FM .



FIG. 2-THE ARI SYSTEM adds a 57·kHz subcarrier to Indicate the
presence of an ARI station.
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FIG. 3-THE PEAK AMPLITUDE of the 19-kHz stereo pilot-signal plus the
57-kHz ARI subcarrier does not exceed that of the pilot signal alone.
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How ARI works
An important characteristic of the ARI system is its ability

to identify the station or stations in a given area that provide
traffic information on a regular basis. Ordinarily. a driver
would find it difficult and time consuming to single out a
traffic-news stat ion from all the others on the FM band in most
met ropolitan regions. With the ARI system. those stations
that broadcast traffic information and are part of the ARI
net work transmit a continuous 57-kHz sub-carrier signal.
known as the Station Ident ification signal (or " SK." from the
German word "Senderkennung" ). That signal. nestled be­
tween a normally used 67-kHz SCA subcarrier. and the upper
frequency of 53 kHz that is present during FM-stereo broad­
casts . is derived by tripling the 19-kHz pilot signal associated
with stereo transmissions. The 57-kHz signal is therefore
locked to the stereo pilot-signal both in phase and frequenc y
relationship.

The complete modulation spectrum of an FM transmitter
operating in both ste reo and ARI is shown in Fig. 2. Figure 3
illustrates an import ant aspect of the ARI system. The 57-kHz
subca rrier modulates the main carrier at half the level that the

The ARI system
Th e ARI sys tem is used to identify stations that broadcast

informat ion about traffic conditions. as opposed to those that
do not. Th at is es pecially useful to a driver who comes from
another geographical area and is not familiar with local sta­
tion s. Using a specially designed. ARI-equipped. radio . the
dri ver ca n " tune out" stations that do not broadcast traffic
inform ation . leaving only the traffic-information stations
audible.

One option in an ARI-equipped car radio automatically
incre ases the volume to a predetermined level at the start of
any traffic announcement. and returns it to its previous level
at the con clus ion of the announcement. Another option avail­
ab le in ARI-eq uipped radios provides a visual indication (simi­
lar to the familiar stereo-indicator light ) when the driver tunes
to a "traffic information " station. It is also possible to have
traffic announcements ove rride a cassette -tape program that
the driver may be listening to while driving. with automatic
retu rn to the cassette when the announcement has been
completed.

Still another vers ion of the ARI-equipped radio provides an
advance warning that a traffic announcement is about to be
made . using a brief "signature tune" to avoid startling a driver
whose rad io had been muted before the announcement. A
suitab ly equipped ARI car radio can eve n warn a driver when
a sta tion's signal stre ngth falls below usab le levels as he leaves
the sta tion' s area of cove rage. That is useful as it will allow
him to tun e to another Akl-equipped station in his new
region of travel.

SCA service genera lly select 67 kHz as their subcarrier
frequency.

Auto road information
We recentl y learned about a new use for SCA. which is

currentl y in service in West Germany. The new serv ice is
helping to so lve road problems in that country . As most
dri ver s know . there are AM and FM radio stations in almost
eve ry part of this country that broadcast traffic information as
part of their regular programming. The same is true in West
Germany and in other European countries. But the high
den sity of traffic in Europe has caused problems that did not
ex ist eve n a few years ago.

The traffic problems. of course. are worst during rush hours.
wee kend peaks. vaca tion periods. etc. When the capacity ofa
road is exceeded. traffic jams occ ur. leading to road acci­
dents-rear-end collisions and the like. The authorities in
Wes t Germany reasoned that information supplied promptly
to drivers would help keep traffic problems to a minimum.
Indeed . way back in the 1960's the gove rnment-controlled
Radio Broadcast Netwo rk began giving traffic information at
the end of hourl y news broadcasts . It was quickly realized.
however . that even such an expanded information service
would be of little use unless the informat ion were of a local
nature (so that drive rs in the immediate area of a problem were
informed of it) . and unless drivers could be readily alerted to
the problem.

As early as 1969. West Germany's well known Blaupunkt
radio company began working on the problem and came up
with a system that made it possible to distinguish a station that
broadcast traffic news and informatio n from the many other
stations on the FM broadcast band. Some time later. that
sys te m was elaborated upon and became known as ARI
(Automat ic Ro ad Iinfonnation). After extensive testing. the
sys tem was adopted in West Germany in 1974. and is in use
today. Since then . the sys tem has been submitted to the
Euro pea n Broadcasting Union (EBU) for adoptation as a
standard and. afte r practical tests in Switzerland. has been
recommended to all European countries for the dissemination
of traffic information. Austria introduced the system in 1976.
and trials in other European countries have also been taking
place to assess Akls merits .
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57 kHz

FIG. 4-ALL THE FREQUENCIES AND TONES used in the ARI signal are
derived from the 190kHzstereo pilot-tone.
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What's available
The simplest and least expensive type of ARI receiver is

one in which only traffic-news station-identification is used.
In that type of receiver, an indicator light comes on when the
driver tunes to a traffic-information station. If he wishes, he
can push a button to mute all other stations, allowing only the
ARI-equipped one(s ) to come through. A somewhat more
sophisticated receiver is one that combines station identifica­
tion and message indication. Still another type can interrupt
the playing of a tape cassette when a traffic message begins,
switching to FM reception for the duration of the message,
and then switch back to the cassette .

The ultimate ARI system uses a car radio with signal-search
capability combined with an ARI circuit. The signal-search
feature is designed to stop only at traffic-information station s
and . when leaving the area of the local transmitter, it auto­
matically searches for another traffic-information station. If.
having left one zone and entered another, no other station
with the same identification letter can be received. a warning
to ne inform s the driver that a new zone-letter should be
selected .

Reports from West Germany indicate that the ARI system
has pro ven to be ofgreat benefit. With all industrialized coun­
tries looking for unused communications channels, SeA fre­
quencies offer a convenient means for providing new and in­
nova tive forms of point-to-point communications. R·E

they are . But it is also possible that . in certain area s, they
would be able to receive more than one traffic-news station . A
dri ver would want to be sure that he had selected the right
sta tion.

To solve that problem, Blaupunkt developed a special zone­
ind icating system for ARI. The total area to be covered is
divided into traffic areas that correspond closely to areas
covered by local radio stations . As many as six different zone
identifications can be used, designated by the letters " A"
through "F."

Each zone is assigned a very-low-frequency tone , which is
used to modulate the 57-kHz ARI subcarrier, as shown in Fig.
4. Extensive measurements and field observations have
shown that no audible interference occurs as a result of that
added modulation. Zone or area identification frequencie s are
deri ved by dividing down the 19-kHz pilot tone; the values
used in performing the division are also shown in Fig. 4. Depth
of modulation of the 57-kHz ARI subcarrier signal is limited
to just 60%.

Traffic message signals
While many drivers Want to stay tuned to traffic-news sta­

tions throughout their travels, there are ' others who would
prefer to hear only the traffic announcements but not the rest
of the program material. For example. they might wish to
converse with fellow passengers, preferring to keep the
radio 's volume level low, or to listen to a cassette tape for part
of their trip, even though their car radio remained tuned to an
ARI station.

For that reason, it was decided to use a seventh low-fre­
quency tone. at a frequency of 125 Hz , to modulate the 57-kHz
subcarrier and serve as a message-identification signal. The
modulation level of that extra signal is set at half the value
used for zone-identification tones and the tone is transmitted
for the entire duration of the traffic message. Figure 5 shows
how the modulating frequency of a zone or area identification
adds to the 125 Hz " message identification" modulating fre­
quency. with the latter having 50% of the amplitude of the
former.

An important advantage of the ARI system is that all of the
tones it uses , as well as the basic 57-kHz subcarrier itself, are
derived from the stereo pilot-frequency through .division or
multiplication of the 19-kHz stereo pilot signal. Because of
that relationship to the 19-kHz stereo pilot-signal. the design
of the ARI radio receiver is greatly simplified.
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19-kHz pilot signal modulates the main carrier, or between
four and five percent of total modulation. The waveform
shown in Fig. 3-a represent s the amplitude of the 19-kHz pilot
signal, while the one in Fig. 3-b is a representation of the
57-kHz ARI station-identification signal (the third harmonic
of 19kHz). Figure 3-c shows the algebraic addition of the two
signals and it is clear that the peak amplitude of the resulting
waveform is never greater than that of the original pilot signal.
Thus, the combination of the pilot signal and the station­
identification signal does not increase the frequency deviation
of the main carrier. That also means that signal-to-noise
ratio s and station coverage-areas are not affected by the
addition of the station identification signal.

FIG. 5-Z0NE-IDENTIFICATION TONE (a) is added to message-identifica­
tion tone (b) to produce complex waveform (c).

Area identification
The limited range of FM tran smissions presents both ad­

vantages and disadv antages in a traffic-information system
such as that. On the one hand , drivers can be certain that the
traffic information the y receive applies to the region in which
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Do you embarrass easily? This phone line
monitor will eliminate unintentional eaves­
dropping by indicating when a phone line 's
in use.

TELEPHONE
IN-USE
MONITOR

CHRISTOPHER M. DUNN

How it works
Let ' s look at what

happens to the tele­
phone line when
someone take s a

phone off the
hook . Nor­

mally,
with all
phone s

hung up , a potential of approximately
48-volts DC exists across the two wires
of the line. If any phone is picked up, it
shunts across the line, and the voltage
drops down to about six volts. That
change is what is used to trip the monitor.

The circuit is shown in Fig I. With
the mon itor connected across the
phone line' s red and gree n wires, and
with all phones on-hook, a relatively
stro ng potenti al is developed across re­
sistor R2 (thro ugh RI and R3-more
about them later ). That positive voltage
keep s the base-emitter junction of
transistor Q 1 biased off. With Q I off,
there is no base current for transistor
Q2: it is off, too. That keeps IC I from
flashing the LED because the return
path back to the batt ery is not com­
plete, This IC, an LM3909 is a low-power
LED-flash er that needs only an elec­
trolyt ic ca pacitor to flash an LED from

FIG. 1-BOTH POLARITY AND VOLTAGE at phone lines must be known in order for monitor to work.
Use a voltmeter to determine them .
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EVER PICK UP THE EXTENSION PHON E IN

your home . on ly to find out that the line
is already in use , and have someone get
upset because you're interrupting his
(or her) ca ll? (It' s always my sister
ta lking to one of her boyfrie nds.) Well,
if you have that annoying situat ion, or
would just like to know when the phone
line is in use, this simple and inexpe n­
sive device will do the trick.

Wha t the phone -line monitor does is
to flash an LE D whenever a te lephone
co nnec ted to that line is off its hook.
Most of the part s needed to build it can
most likely be found in your junk box,
and co nstruction is simple- the moni­
tor ca n eas ily go on a piece of perforated
board .
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FIG. 2-COMPONENT PLACEMENT is not critica l. Board and batteries are held in place by double­
s ided foam tape. If you wish, an IC socket can be used to hold the transistors as well as the IC. Keep
the transistor leads as short as possible .

PARTS LIST

All resistors Y2 watt, 10%
R1, R3-2.2 megohms '
R2-330,OOO ohms
R4-33,OOO ohms
Capacitors
C1-470 /IF , 10 volts , electrolytic
Semiconductors
LED1 -jumbo red LED
Q1-2N3906 or s imilar PNP-type
Q2-2N2222 or sim ilar NPN-type
IC1-LM3909 LED flasher
81 , 82-1 Y2-volt "C" cell
Miscellaneous: perforated. construction

board , case, 16-pin IC socket, do uble­
sided foam tape, etc .

' See text

WARNING
Current FCC rules (Part 68) forbid
direc t connect ion of customer­
owned equ ipment that is not FCC
type- approved to telephone com­
pany lines. To use unapproved
equipment, an approved protective
coupler must be installed. Check
with you r local phone company for
details.

11;2 or 3 vo lts. I picked that arra nge­
ment for flashing the LED bec ause the
IC con sumes so litt le power that. even if
it were active continuously, the two
" C " flashlight batteri es would last well
ove r a year.

Whe n so meone pick s up a telephone.
the pho ne-line vo ltage drop s. and the
po te ntia l ac ros s R2 practi cally dis­
appears . Th at a llows tran sistor Q I to
co nd uc t. whic h. in tum, supplies base
curre nt to Q2, which also then co n­
duct s . When Q2 switches on, it provides
th e return path for IC I. and the L ED
sta rts flashing about three times a
second. If a ll ph ones are hung up again ,
the vo ltage returns to 48 volts. shutt ing
everything off.

Becau se the device co nnec ts directly
to the phon e line . I have taken precau­
tio ns to insure that the line-monit or"
does not interfere with the normal op­
era tion of the phone sy stem.

Firs t. the unit is batter y-operat ed .
using two " C" ce lls . Unde r no cir­
cumsta nces sho uld an ex te rna l power
supply be used . Th at insu res that no
hazardous vo ltages or earth grounds
can be connec ted to the phone line .

Second . R I and R3 provide 2.2
megohms of resistance on either side of
the ac tive circuit. (4.4 megohms tot al),
Wh ile a single , large resistor cou ld have
been used in place of RI and R3, I find
it good practice to isolate as much as
possible- aga in . as a safety precaut ion .
Those resistors load down the line
littl e, if at a ll.

Con struction
The circuit ca n be built on perforated

const ruction board and mounted in any
sma ll box (Fig. 2). The " C" cells may
be he ld by battery clip s. or soldered di­
rectl y to wires from the board . Ever y­
thing is held in place by double-sided
foam tape . The LED is mounted in the
lid of the bo x. In Fig. 2, you will notice
th at 'a 16pin IC socket is used to' hold
both the IC and the two transistors.
Whi le I found that to be the most con ­
venient way to mount those component s;
the socket is optional.

Do n't be surprised if the monitor
sta rts blinki ng at yo u as soon as you
apply power. Remember. it' s a high
vo ltage that turn s it off. With nothing
connected to it. the monitor thinks it' s
seeing a low voltage (in 'this case . very
low ). and turns on .

Installat ion
The values given for resistors R I and

R3 (2.2 megohms) are for telephone
sys tems us ing 48 vo lts. as measu red
with all the pho nes .on the hook . In
so me parts of the co untry the voltage
used may be diffe rent and . if you are
uncertain about its va lue in your area .
check it out with a voltmeter. Be care ­
ful when you make that measurement­
th at volt age can be dangerous!

If you obtain a reading th at is con ­
side ra bly different from 48 volt s , take
th at reading and divide it by 22. Th at
will give you the correct va lue , in
megohms, for R I and R3.
. T he mo nitor will not work if it is
hoo ked up backward s (R 1 mils! go to
the po sitive line ), but it will not be
harmed. either. Ju st reverse the lead s
to the phone. and you' ll be in business.

With the monitor co nnected. before
yo u pick up the phone . check to make
sure the LED is not flashing. If it is . the
line is in usc . (It' s probabl y my sister
aga in .)

Also . check the November 1979
issue of Rad io-Electronics for the Music­
on-Hold adaptor. Build them in the
same box for a super telep hone add­
o n. R-E
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HOW TO ALIGN. ,

VIDEO IF CIRCUITS
Aligning video-IF strips isn 't as difficult as you may think.

Here are some helpful hints.

JACK DARR
SERVICE EDITOR

FIG. l-EACH RESONANT CIRCUIT in the IF strip works to give the bandpass curve the correct
shape.

47.25
MHz

45.75
MHz

44.0
MHz

Traps
Shaping the response of an IF stage

means not only boosting certain fre­
quencies, but also atte nuating or elimi­
nating so me of them. That' s what the
two figures sitti ng on the ends of the
curve in Fig. I aredoing.

Figure 3 shows the two types of
resonant circuits used in curve shaping.
Th e parallel-resonant circuit at the li ght
of Fig. 3-a boos ts the response at the
resonant freq uency, as shown in Fig.
3-b. The series-resonant circuit at
the Ieft of Fig. 3-a does the oppos ite­
it removes signals at its resonant fre­
quency. (It has a very low impedance at
resonance. )

Se ries-reso nant circuits are used to
redu ce the strength of, or get rid of en­
tirely. unwanted signals at specific fre­
quencies . When they perform that func­
tion , they are ca lled traps.

Traps are never used within the band­
pass range; they are used to shape the
slopes of the ends of the curve and to
insu re that signals from other channels
do not get into the IF strip . The major

43.0
MHz

\

42.17
MHz

All
CIRCUITS

,
I

b

/

41.25
MHz

ONE
CIRCUIT

,

FIG. 2-AN OFF-FREQUENCY circuit will alter
the shape of the curve. Retuning it will restore
the curve to normal.

misaligned circuit has been retuned to
the correct frequency and the overall
respon se of the stage is now what was
inte nded. That' s how all the resonant
circ uits in an IF stage work-they alter
both the height and the shape of the
curve at the points they affect. When an
IF stage is properly aligned. the result­
ing curve looks pretty much like the one
in Fig. 2-b.

MANY TECHN ICIANS CONS IDER VIDEO- IF
alignment to be the most complex task
they have to perform . But that' s not
true-the stages involved are not more
complic ated, it' s just that there are more
of them than in a radio ! And, as the
say ing goes, "Complicated things are
just a lot of simple ones strung together."

AM and FM radios have relatively
narrow band passes- IO kHz in the case ­
of AM; from 200 to 250 kHz in the case
of FM. Generally, they use cascaded
circuits (one circuit right after the other)
operating on a single frequency. Video­
IF stages have bandp asses as wide as
5 MHz-they ' re known as controlled­
bandp ass , wideb and lF's-i-and in most
respects are similar to the ones in radios,
except that the tuned circuits are not all
aligned on the same frequency .

The import ant thing in performing
video IF-stage alignment is not gain,
but rather the overall response of each
stage. Th at is easy to adjust with a
sweep generator, which we' ll discuss
shortly.

The video IF-strip consists of several
cascaded amplifier stages, each with a
tuned circuit at its input , output, or at
both ends. Eac h stage has an ideal bell­
shaped curve representing its response .
The ca rtoon in Fig. I shows how the
tuned circuits in an IF stage work. Each
resonant circuit in the stage "pushes the
curve up" at its resonant frequency. Us­
ing several circu its gives us the wide
band width we need. (The two figures
sitti ng on the ends of the curve and hold­
ing it down will be discussed later.)

Figure 2-a shows the overall respo nse
of one IF-stage. with one of the tuned
circuits peaked at the wrong frequency.
The dip in the curve ca used by this mis­
alignment is obv ious. In Fig. 2-b the
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Marker generators
In the early days, markers were

placed on the curve by a tu nable RF
signal -generator. The disadva ntage of
that was that only one marker could be
seen at a time . The signal generator had
to be ret uned eac h time a new frequency
was checked. (There was a way aro und
that. The critical points could be
marked, one by one, on the scree n of the
oscilloscope with a grease penc il. That
system worked fairly well as long as the
sweep generator was not retun ed .)

Another disadvantage was that when
the marker frequencies were fed through
the video-IF-strip toget her with the
sweep signal, the curve could be badly
distorted if the level of the marker signal
was too high. The marker generator also
had to be very accurate ly calibrated .

Current sweep-generators
The current generation of swee p gen­

erators makes alignment a lot simpler.
They have two very useful features .
First. they have separate , crystal-con­
trolled, markers for each key frequency .
Any, or all, of the markers ca n be used
at any time .

The other feature is a circ uit called a
post-injection marker-adder (or just
" marker adder, " for short ). The marker
adde r is actually separate from the
sweep generator and only the swee p sig­
nal goes through the circuits being
aligned . A small port ion of that signal
is fed to the marke r adder, and the
markers are added electron ically at that
point. The marker-adder 's output is
then fed to the scope. Figure 5 will give
you an idea of how that works.

The crystal-controlled markers are
extremely accurate because each one is
generated by a separate circuit. Further­
more the markers cannot cause curve
distortion in the IF stage beca use they
neve r pass through it.

With todays equip ment. and a little
knowledge of what's going on, video­
IF-strip alignment turns out to be a lot
less complicated than you may have
thought it to be . R-E

alignment , and it is important that ad­
justments be made exac tly at those fre­
quencies. To locate them. a marker gen­
erator is used.

FREOUENCY
MARKERS

I I I

impo rta nt to be able to see the respo nse
of the entire curve . That way, the effect
of any adjustment on the overall shape
of the curve is instantly obvious. If you
try using single-signal methods, and tun­
ing each circuit for maximum , you can
wind up with some very interesting
results! Therefore, sweep-alignment
eq uipme nt. which allows you to view
the entire curve at once, is required.

The original sweep-frequency gen­
erators were ca lled "wobbulators" be­
ca use they wobb led (swept) the signal
back and forth; the response-c urve of
the IF strip was displayed on an osci llo­
scope . What they didn 't do was to lo­
cate, or mark , the crit ical frequencies on
that cu rve .

There are nine different frequencies
(see Fig. 4) that are critical to IF-strip

FIG. S-SWEEP AND MARKER SIGNALS are
mixed in the mar ker adder to create a marked·
sweep curve to be fed to an oscill osc ope.

41.25

(AOJACENT
SOUNO TRAP)

45.0
44.0

SERI ES
RESO NANT

____ .------<_---- SIGNAL

PARALLEL- PATH
RESONANT

.----+------, t"PUSHES

IUP"

- \ tSOUNO-CARRIER
TRAp)

(AOJACENT
PICTURETRAP)

FIG. 3-A SERIES·RESONANT circu it has low
impedance and acts as a tr ap. A parallel­
resonant one reinforces the signal.

1

Sweep alignment
To align a TV-IF circuit properly, it is

FIG. 4-A REPRESENTATIVE IF CURVE, show­
ing all the key marker-frequenc ies.

differenc e between tuning traps and the
other resonant circuits in the IF strip is
that the traps are always adjusted to give
minimum res ponse. Because they de­
termine the shape of the endpoints ofthe
response curve , tuning the traps is al­
ways the first part of any tv-IF align­
ment procedure .

"PULLS I
OOWN " t
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Perhaps the most universal
integrated circuit is the oper­
ational amplifier. Here's how
to design your own op-amp
circuits

JOSEpH J. CARR

TH E I 'JTEGRA T ED CIRlT IT WA S I'J VE:" T­

ed in the early 60·s. and has take n off
like a rocket ever since. Device s have
grown steadily in complexity. The early
IlA703. for example. co nta ined only a
few trans istors and a co uple of resistor s.
and was used extensively as an FM IF
amplifier. . .and not much else . The
IlA703 was a rea l hit. but tha t device is
now considered " low tec hno logy" and
is no longer used.

We now have MSI and LSI (Medium
Scale Int egrat ed and Large Sca le (Inte ­
grated) devices that may co nta in hun­
dreds or thousands of tra nsistors and
other components on a single chip. They
are ev en de veloping VLS I (Very Large
Sca le Integrated >circu its .

The biggest portion of the IC market
are the digital IC s. but do n' t cou nt
analog devices dow n and out qui te yet:
they are alive and kick ing in man y areas
of technology and ca n out-perform de­
vice s made on lv a few yea rs ago.

There are several technologies used
for creating tra nsistors and other com­
ponents on a slab of semiconductor
materia l. T his slab is refe rred to as a
substrate . There may be several layers
of mate rial in the integrated circ uit of
which the subs trate is the bottom -most.

FIG. 1-AN INTEGRATED CIRCUIT is formed by
diffusing layers of p-type and n-ty pe mate rial on
a p-type substrate. The uppermo st layer is an
insulating layer of sil icon dio xide. Connect ions
to the n-type and p-type material are made
through th is layer and are indicated by vertical
lines. The equ ivalent circuit is shown in b.

T he usual substrate is approximatel y 6
mils thick . with a typical cross-section al
a rea being 50 x 50 mils. with some up
to 160 x 160 mils. In Fig. I-a. the sub­
strate is shown as P-type semiconductor
material.

T he second layer is made of N-type
material . and is grown as an extension of
the P-type substrate crys ta l. In opera­
tion. that PN junction must be main­
tained at a rever se bias potential or the
IC will be destroyed. That region is ap­
proximate ly 5 to 30 micrometer s th ick.
T he next region is P-type material. whi le
the uppermost is again N-type materi al.
Lastl y . a layer of silicon dioxide is
formed over the top of the silicon slab.
T he silicon dioxide is an insu latin g mate­
rial and connections to the various re­
gion s a re made through that laver. indi­
~ated in Fig. I-a as ve~1 ica l l i ne~ .

The equ ivalent circuit is shown in Fig.
I-b. In thi s case . a tran sistor is in ser ies
with a resistor and capacit or. The tran­
sistor is formed from elements of the
second . third . and fourth layers of the
subs trate . Since the transistor is an
~PN device . the co llector and emitter
te rmina ls a re co nnected to N-t ype (sec­
o nd and fou rt h) layers of the substrate .
The se ries resistor is formed by the re-

+V

I
I
I
I
I
I
I
I
I
L_

FIG. 2-0P-AMP INPUT CIRCUIT is actually a
differential amp lifier that requires a bipo lar
power supply.

sista nce of a sec tion of the N-ty pe sec ­
ond laver. It is co nnected to the emitte r
section by depositing a metallized strip
ove r the silicon dioxide.

The "capacitor is formed by sandwich­
ing the silicon dioxide between an N­
type layer and a metalization layer. The
diele ctric of the capacito r is the silicon
dioxide laver.

Integrat ed circuit s do not often con ­
tain capacitors because of the size and
cost. In general. on ly small-value (pico­
farad-range) capacitors can be inte­
grated onto the substrate. Hybrid cir­
cuits . which use a combination of inte­
grated-circuit techn ologies and discrete
co mpo nent techniques . often use small
tin y capacitors ca lled chip ca pacito rs.
Th ose capacito rs are mounted on a ce­
ramic subs trate along with several un­
packaged IC chip s.

The operational amplifier
Th e operational amplifie r is a linear

integrat ed circuit that has an immense
va riety of applications. The op-amp can
be used in relati ve ly complex circuits.
ye t the design rules are easy to master.
The typical operational amplifier has
two inputs. called inverting and non­
inverting input s . Th at is not a require-
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inverting input : a positive input volt­
age produces a decrease in the ou tput
voltage .

Ou tput-voltage Vo is normally zero
w he n both input vo ltages (V Iand V~) a re
eq ua l.

Operational amplifier symbol
The operational amplifie r symbol

used in circuit diagrams is shown in Fig .
3. It consists ofa triangle with the output
at one apex. usually oriented hori­
zontally. Some texts follow the IEEE
convention of using the straight-back
symbol (as shown here) for linear am­
plifier IC devices. and a similar version
with a curve back for the operational
amplifier. In Radio-Electronics, how­
ever. we use the more common conven­
tion-as shown in Fig. 3.

The two inputs of the operational am­
plifier are labeled (-) for the inverting
input and (+ ) for the noninverting input.
The + 'land - V power-supply termi­
nals mayor may not be shown in some
sc hema tics . Many people delete the
power-supply terminals on their draw­
ings for the sake of simplicity. Make no
mistake about it. however: The power­
supply terminals are still to be con­
nected! The pin-out numbers shown in
the illustration were originally for the
741 device only. but that particular
arrangement is now considered the " in­
dustry standard ." Most commercial in­
tegrated-circuit op-amps use that pinout.

The + 'land - V power-supply termi­
nals are not + 'land ground. but two
separate power supplies of opposite po­
larity with respect to ground . The +V
po wer supply is positive with respect to
ground. while the - V power supply is
negative with respect to ground. A bat­
tery version of the typical operational
amplifier power supply is shown in Fig .
4. Note that this power supply has a
ground connection. but there is no
ground terminal on the operational am­
plifier symbol! The input and output po­
tentials a re measured with respect to
ground. so the gro und must come from
the power supply .

Operational amplifier properties
A simple linear amplifie r using an op­

erational amplifie r is shown in Fig. 5.
We can an alyze the operation of this
circuit by using Kirchoff's current law
and the basic properties of the opera­
tional amplifie r. For purposes of discus­
sion. we will consid er the prop erties of
an ideal operation amplifier. Table I
list s the six basic properties of the ideal
operational amplifier:

An infinite input impedance means
that the input neither sinks nor sources
current. The input impedance of an y
amplifier is given by 'lin/lin ' If the input

6

+V

- V

INVERTING
INPUT

NONINVERTING
INPUT

1. Infin ite input impedance
2 . Infinite open-loop (no feed-

back) gain
3. Zero output impedance
4 . Inf inite bandwidth
5. Zero noise contribution
6. Both input voltages track each

other.

1- - - - - - - - - -.... +V

1-----1----...GROUND

Now let' s examine what happens
w he n an input volt age (V~) is applied to
th e base of transistor Q2. When voltage
V~ is positi ve , c urre nt I ~ increases,
Wh en cu rrent I~ inc rease s . the voltage
drop across resistor R3 increase s . The
increased voltage drop across R3 causes
a decrease in the output voltage . There­
fore . the bass of transist or Q2 is the

FIG. 4-BIPOLAR POWER SUPPLY can be built
using batteries as shown.

FIG. 5-BASIC INVERTING AMPLIFIER. The gain
is determined by the ratio of R2 and R1. Point A
is called a virtual ground.

FIG. 3-SCHEMATIC SYMBOL and industry
standard pinout of an operational amplifier.

I I+ I~- I,= O (l l
or

I I +I~ =I~ (2)

For the purpose s of thi s discussion.
we are go ing to assume that the emitter
and collecto r curre nts of the two tran­
s istors a re equa l (i.e .. lei = Ie and lEI =
I E~) ' In actua l fact the y are different by
two to five percent. but that does not
pre sent a problem .

Le t"s ass ume that a voltage (V I) is
applied to the base of transistor Q I.
What happen s? Ho w does the circuit
resp ond ? When VI is made positive . the
co llec to r a nd emitter current of Q I (I I)
wi ll increase . That increase in current II
mu st (by equat ion s I and 2) cause a de­
crease in current I,. Current L is the
emitte r current in - the tran sistor Q,.
Since I ~ decrea se s. the voltage dro-p
ac ross re sistor R3 also decreases (i.e. I,
x R3 de creases). The output vo ltage y(~
is the difference be tween the co llec to r
potential and th e voltage dr op across
res ist or R3. so a reduction in I, cause s
an inc rea se in Yo. Here we have a posi­
tive increase in V I cau sin g an increase
in output-po te nt ial Yo. Th e base of
tran sist or Q I is . therefore. the non­
inverting input.

ment in the defin itio n of the ope ra tio na l
amplifier. bu t it is true that almost a ll
op-a mps have two inputs: Only a few
de vice s on the fri nges of the linear
IC market a re op-amp-like. yet have
but one input (th e L M302 dev ice . for
example).

T he operat iona l amplifie r was de­
s igned originally to pe rfo rm mathemati­
cal opera tions in analog computers .
That mean s that it had to operate on a
va riety of input-data va lues . and then
be able to produce an output of either
po larity de pe nding upon the required
answer.

As a result. ope ra t iona l amplifie rs re­
quire a du al- polarity po wer supply. The
po siti ve ( -+- V ) power supply is positi ve
with re spect to ground. w hile the nega­
ti ve ( - V ) power supply is negative with
resp ect to gro und .

Figure 2 shows a typ ical input circuit
for an operati onal amplifier. The two
transistors (Q I and Q2) of the differen­
tial pair a re connected so that their emit­
ters a re fed from a s ingle constant-cur­
rent so urce ([ ~) . The constant-current
source will produce a constant current.
despite changes in the load resistance.
Mo st IC con stant-current sources a re
bipola r transistors. bia sed in a particular
manne r. In Fig. 2. the two emitter cur­
rents (I I and I~) a re deri ved from the
constant so urce I ~. We know from
Kircho ff's current law that the following
relationship hold s true : ~
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will neither accept (sink) nor generate
(source) current, then lin is zero and the
input impeda nce is infinite. In actual op­
erational amplifiers, which are not ideal.
the input impedance is not quite infinite;
but it' s extremely high. Some low-cost
cheapie ope rational amplifiers are only
able to offer input impedances of 100,000
ohms, but most devices can boast I
megohm or more. A few devices. such
as the RCA BiMOS de vices (which have
MOSFET input transistors) have input
impedances of 1.5 teraohms (1.5 x 1012

ohms)! That reflects input currents of
picoamperes or nanoamperes.

Infinite open-loop gain means that the
amplifier gain is infinite when there is no
negative feedback pre sent. In real op­
erational amplifiers. the open-loop gain
will be 20,000 for cheapies, and over
1,000,000 for some premium devices.

An ideal operational amp lifier is said
to have a zero output impedance. In real
operational amplifiers, however. we
find output impedances of less than 200
ohms, with most under 75 ohms.

Infinite bandwidth means that the de­
vice will amplify all signals applied to
the input. regardless of frequency. But.
that is not the case in real operational
amplifiers . Many devices operate into
the HF region and some devices operate
into the low VHF region . Most common
operational amplifiers, however, are se­
verely limited in frequency response.
The popular 741 de vice , for example .
has a frequenc y response of only a few
kilohertz.

Zero noise-contribution means that
the op-amp adds no noise to the signal it
am plifies . Unfortunately , most opera­
tional am plifiers fall far short of that
ideal: Some premium (high cost) devices
'offer very good noise performance, but
most common operational ampl ifiers do
not perform well as low noise-amplifiers.

Both input voltages track each other.
What does that mean? It mean s that ap­
plying a voltage to one input requires us
to treat the ot her input mathematically
as if it . too, were connected to the same
voltage. That is not merely some theo­
retical device used in mathematical
formu las ; it is real . If you apply 4 volts
to the noninverting input , the n you can
measure 4 volts at the inverting input
also! That phenomenon is one of the
most important of the ideal properties!

Inverting-follower circuits
Figure 5 shows the circuit for the

inverting-follower configu ration. An in­
verting follower uses the inverting input
of the operational amplifier. Note that
the noninverting input is grounded in
this circuit. That is the same as saying
that the noninverting input is at zero
potential. A result of ideal property No.
6 listed in Table I is that the inverting
input must now be treated as if it were
also at zero potential. The inverting in­
put is essentially grounded, even though

11 12- -
~

+.....

£J
Rl

~
~ Va

VIN r~
FIG. 6-BASIC NON-INVERTING amplifier. The
input signal is fed to the non-inverting input
terminal.

not phy sically connected to ground.
That co nfus ing state of affairs is not
made too much clearer by the name usu­
ally given to the phenomenon: " virtual
ground." The virtual ground is treated
as a gro und even though it is not actually
grounde d through a piece of wire.

What do we know about the circuit in
Fig . 5? We know that the current s are as
follows:

and.
12 = V a/R2 (4)

we also know from Kirchoff s current
law that : .

II = -12 (5)
So, by substituting equations 3 and 4
into equation 5, we obtain:

Vin/R I = - Va/R2 (6)
We can solve equation 6 for Va ' there­

by obtaining the transfer equation for
the inverting follower :

v; = - Yin X R2/RI (7)
Th e gain of any amplifier is the quo­

tient VaIVin' which in this case is R2/R I.
That relat ionship means that we can set
the gain of the inverting-follower ope ra­
tional amplifier circuit by setting the
rati o of two res istors! The abso lute val­
ues of the resisto rs are not important .
only their rat io. For example. if the
feedback resistor (R2) is 100,000 ohms,
and the input res isto r is 1000ohms, then
the gain R2/R I is 100.000/1,000. or 100.

Th ere is a pro blem ass ociated with
the inverting follower. The input impe­
dance is low. being limited to the value
of input-resistor R I. That is because one
end of R I is grounded as a result of the
" virtual" gro und. The apparent solu­
tion to the problem is to use an input
resistor that has a sufficiently high
value . But that is not always possible ,
due to gain pro blems (remember, the
open-loop gain is not infinite), and be­
cau se certain problem s with real opera­
tion al amplifiers are made worse by us­
ing high-value resistors in the feedback
and input circ uits . Unless phase inver ­
sion is needed in the circu it. there may
be good reason to opt for the non-invert­
ing follower.

Non-inverting follower with gain
Figure 6 shows the circuit for the non-

inverting-follower configuration. In this
circuit. the signal is applied directl y to
the non-inverting input of the operation­
al amplifier. The feedbac k network is
the same as in the invertin g follower,
except that R I is now grounded.

Recall idea l property No. 6 listed in
Table I : Applying voltage Yin to the
noninverting input has the effect of plac­
ing the other (inve rting) input at the
same potenti al. Since there is no phase
inversion in the circuit , the output signal
has the same polarit y as the input signal.
so:

11 =12
By the same sort of reasoning as in the
previous case:

II = Vin/RI (9)
and:

12 = (V,) - Vm )/ R2 ( 10)
We ca n obtain the transfer equation

for the circuit by substituting equation s
9 and 10 into equation 8, which yields:

Vin/R I = (Va - Vin)/R2 (II )
Algebra ically rea rranging equation II

yields :
Yin X [(R2/RI) + I] = v; (12)

Equat ion 12 is the transfer equat ion
for the non-in verting follower with gain
circuit show n in Fig. 6. Note that the
circuit will always have a gain of at least
I, since the gain factor is (R2/R I ) + I .

T he input impedance of the non­
inverting-follower circuit is very high.
being limited by the input impedance of
the operational amplifier. Recall that
typical operational amplifiers have an
input impedance grea ter than 1 meg­
ohm. with some models offering impe­
dan ce s as high as 1012 ohms. The non­
inverting follower. therefore . is best
suited for use with high-impedance cir­
cuits. In the case of some oscillator and
timer circuits . it also relieves us of the
pro blem ofco nside ring the effects of the
input imped ance of the amplifier on R-C
time con stant s.

Unity gain non-inverting followers
In the non-inverting-follower circuit

show n in Fig. 6, the feedback was only a
fraction of the output signal and was set
by a voltage divider co nsisting of R I
and R2. Let' s investigate what happen s
when we feed back all of the output sig­
nal. We can accomplish that by connect­
ing the ou tput of the operational am­
plifier to the inve rting input directl y. as

FIG. 7-UNITY-GAIN AMPLIFIER has high input
impedance and low output impedance. Thi s ci r­
cuit is used as a buffer.



Yo =Yin (13)
Thus. the gain of the circuit shown in

Fig. 7 is equal to I. To understand why.
recall ideal property No.6. We know
that if Yin is applied to the non-inverting
input. then that same potential must also
exis t on the inverting input. But the in­
verting input is also connected to the
outp ut. so Vin must also exis t on the
output of the operational amplifier!

OK. but what's the use ofa unity-gain
amplifier? Aren' t amplifiers supposed to
amplify? The voltage amplification is
near ly unity in that circuit (0.9999999).
yet the output impedance is very low.
Since the input impedance of the opera­
tion al amplifier is very high. then it be­
com es obvious that the unity-gain fol­
lower can be used for impedance trans­
formation without loss of amplitude be­
tween a high-impedance source and a
low-imped ance load. Also. the unity­
gain non-in verting follower can be used
as a buffer stage to provide some isola­
tion without either a change of ampli­
tud e. or phase inver sion .

Differential amplifiers
The two input terminals of an opera­

tional amplifier are complementary: that
is . they prod uce an equal but oppos ite
effec t on the output signal. If a voltage is
applied to the non- inverting input. the
output will have the same polarit y as the
input s ignal. But. if that same voltage is
applied to the inverting input. then the
output will have the oppo site polarity.
The ga in of the amplifier in eac h case is
the sa me . but the output polarit y is op­
posite. The inputs of the operational am­
plifier are . therefore . differenti al. The
actual input voltage seen by the op-amp
is the difference between the potentials
applied to the inverting and non-invert­
ing input s. We can. therefore. use the
operati onal amplifier to make a differen­
tial amplifier.

An example of a simple opera tional
differe ntial amplifier (diff-amp) is shown
in Fig. 8. Th is circuit is the simples t form
of a diff-amp .

The gain of this circuit is:
Gain = R3/Rl (14)

Provided that
RI = R2 (15)
R3 = R4 (16)

The ideal differential amplifier will
not respond to a common-mode voltage
(that is . a signal voltage applied equally
to both inputs simultaneo usly). The real
differential amplifier. however . will re­
spond so mewhat to a common-mode
voltage and produce a small output
voltage. called the common-mode erro r
voltage . The ratio of the common-mode
voltage (a voltage applied equally to
both input terminal s) to the common­
mode error voltage (resulting error
voltage that appears at the output of the

show n in Fig. 7.
Substituting R I

yields:
o in equation 12 A3

Al
INVEATINGo--Nw~H

A2
NONINVEATING o-----"M..---<H

FIG. 8-DIFFERENTIAL AMPLIFIER circuit am­
plifies the d ifference between the two input
signals .

op-amp ) is called the common-mode re­
jection ratio (CMRR )and is expressed in
dB. Some operational amplifiers have a
CMRR of 120 dB (1.000.000: I). while
even garbage-grade blister-pack op­
amps have CMRR ratings in the range of
60 dB !

The differential amplifier is used ex­
tensively in circu its where noise pick-up
is a facto r. The human electro­
ca rdiogram signal. for example. is very
wea k (I mV), yet interference from 60­
Hz power lines ca n be seve ral volts on
an 8-foot cable lead ing to the patient
being monitored . The result is that the
signal is complete ly swa mped by 60-Hz
interference that is 1000 times greater!
However. if we treat the electrocardio­
gra m signal from the surface of a pa­
tient' s bod y as a differential signal. we
find that the 60-Hz signal will be seen by
the differential amplifier as a common­
mode signal. whereas the electrocardio­
gram signal is see n as a differential sig­
nal. The gain of the amplifier may be
1000 for the differential signal and the
amplifier will significantly atte ntuate the
60-Hz component s. The result is an
electrocardiogram trace that is essen­
tially free of60-Hz interference.

Operational amplifier problems
Th e properties of the ideal operation­

al amplifier are never realized in practi­
cal devices. The ideal propert ies are
closely approximated in some premium
devices. but there is always some dis­
cre pancy. Those problem s fall into sev­
eral catego ries. We have already dis­
cussed the matt er offrequ ency response
and common-mode rejection ratios. We
also find that there are several DC-offset
probl ems that ca use the output voltage
to be non-zero at times when it should
be zero.

Th ere are several sources of offset
voltage. One is the bias currents of the
transis tors used in the input circuit. Re­
member that the idea l operational am­
plifie r has an infinite input impedance.
which means that the input terminals
will not sink any current. But real opera­
tional amplifiers are built from real
tran sistors that require bias current.
The bias current for some premium
grade devices may be nanoamperes, or

eve n picoamperes, but in some cheapies
the bias current may be a fraction of a
milliampere ! The error voltage gen­
erated at the output of the operational
amp lifier by this bias current is equal to:

Ibias X Rr
where Rr is the res istance of the feed­
back resistor. Also. the bias current will
cause a voltage drop to appear at the
inp ut terminal that is equal to the
product of the bias current and the
parallel combi natio n of the feedback
and input resistances [RI x R2/(R I+ R2)].

One method for reducing the error
voltage caused by the input-bias curre nt
is show n in Fig. 9. That circu it works
because the operational amplifier input
circui t is symmetrical. meaning that
identical currents will flow in both input
terminal s. If the value of resistor R3 is
equal to the parallel combination of RI
and R2. then both input terminals see an
equ al resistance to ground. The bias
curre nt at eac h input terminal will then
generate an equal error voltage at each
input te rminal and the common-mode
rejec tion ratio will cancel the effect at
the output term inal.

A1 A2

f
V1N

~ '-~

Vo~~ T
Vo

A3 r
~

FIG. 9-INPUT BIAS CURRENT causes an error
voltage to appear at the output of the op-amp.
The voltage drop across resistor R3 (caused by
the input bias current) cancel s the output error
voltage.

Unfortunately. input-bias currents
are not the only source of offset voltages
on the outp ut line . There are actually
several ca uses. some of them inside of
the operational amp lifier and othe rs
fro m outside sources (for example. the
power supply) . The circuits shown in
Figs. IO and II will allow us to cance l
any type of offset voltage. including the
offset voltage caused by the input-bias
current.

The circ uit shown in Fig. 10 is used
with operational amplifiers that have
offset compensation terminals. Those
terminals allow us to balance the emitter
currents of the input amplifier transis­
tors to allow for offset varia tions.

Another. more universal. method for
cancelling the offse t voltage is shown in
Fig. II . In this circu it. which can be
used whether or not the operational am­
plifier has offset-compe nsation termi­
nals. we add a current to the input sum-

toco
I\l
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During normal operation, the - V and
+ V power supply contributions to the
output vo ltage depend upon the polarity
of the input signal. When the input sig­
nal is zero . the respective contributions
are ze ro . But what happens when the
operational amplifier must be operated
from a single-polarity power supply? In
that case we must bias one input (usu­
ally the non-inverting input) to some po­
tential between zero and the powe r-sup­
ply voltage . The output voltage will
be equal to that potential when the input
signal is zero . and will swing about the
bias potential when the input signal is
non -zero. In most cases (see Fig. 12) the
non-inverting input is biased at one-half
+ V by making resistors R2 and R3equal
to each other. R-E

" N O! NO! N O! That 's not what I meant
by trouble-shooting!"

R2

R4 R3

Rl

FIG. 12-SINGLE-POLARITY POWER SUPPLY
can be used with an op-amp by biasing the non­
inverting inpu t at half the power-supp ly voltage .
In this case, resistors R3 and R4 are equal.

mationjunction of the inverting follower
(or the non- inverting follower, if de­
sired) that exactly cancels the output
offset voltage . Resistors Rl and R2 are
the normal inpu t and feed back resistors
used in the amp lifier, while R3 and R4
are part ofthe offset cancellation circuit.
Pot en tiometer R4 is adjusted so that
current 13 exactly cancels the normal
offset voltage and no more (otherwise,
the offset-cance llation voltage becomes
an offset in its own right.)

Th e operational amplifier is designed
to operat e from bipolar power supp lies.

R2

R4
- v ...o:!---A,J~-". +v

Rl

-v
t

FIG. 11-SIMPLE CIRCUIT for eliminating offset
errors with op-amps that do not provide offset
compensation terminals.

FIG. 1G-OFFSET COMPENSATION terminals
are provided on some op-amps. Potent iometer
R1 is adj usted to eliminate offset errors that
appear at the output.
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ERVICE
QUE TIONS

HALF RED-BLUE, HALF GREEN
I've got a Phllco C7261TMA·1 whose

screen is red -blue on the left and green
on the right. I changed the picture tube
(the old one was bad, anyhow), but that
didn 't help. Where do I go from here?­
L.B., Salt Lake City, UT

I' ve seen almost the same thing­
also in a Philco. The left half was gold
and the other blue. Try scoping all the
B+ lines around the bandp ass-amplifier
stages-an y point that has a bypass
capacitor on it. You should see no
signa ls at all. If you do, one of the by­
passes isn 't working and you will get
feedbac k that upsets the color.

(Feedback: Thanks for the idea. The
sco pe showed all kinds of signa ls on
the B+ lines. I replaced both of the big
filter cap acitors and that cured the
color problem and some oth ers in the
horizontal and vertica l circuits .)

TOP-STRETCH CURE
My good buddy Bill Sti les, of Holls­

boro, MO. has sent me another of his
jewels . He had ask ed about top -stretch
in an Admiral 12H IO and I suggeste d
chec king the .039 ~F capacito rs in the
vertica l-output grid circuit.

He did , and although the y che cked
out OK. he decided to replace C74 and
C76 anyw ay . That cured the stre tch!

(And showed up another problem. The
vertical-centering control wouldn't
work properly. A new one set every­
thing right .)

If you run into this sort of problem in
this or similar chassis, try new capaci­
tor s. even if the old one s look OK .

HOT RESISTOR
This RCA CTC-31A burns up R163 (the

plate load-resistor from the horizontal·
oscillator plate to B+) and then loses drive.
A new resistor brings back the HV for
about two minutes and then the resistor
burns up again. The tubes, etc . all seem to
check out. What's go ing on here?-B.C.,
Kent,OH

This sounds familiar-we ran into
almost the same thing in a CTC-22
some time ago . The horizontal-oscilla­
tor plate in this set is fed by a " parallel
path: " At tum-on. voltage is fed through
R I63 from B+ ; after the set warm s up.
the oscillator is fed through a pair of
220K resi stors in series from boost and
Rl 63 doesn't have to carry so much
cur rent.

Check to see whether one or both of
the 220K units are bad and replace
what's necessary. If they were bad .
R 163 would have had to carry the full
load . and it's only a Y2-watt type. Re­
place it with a I-watter just for luck.

ODD PICTURE
I've got a TS941 Quasar. I get a couple

of black patches near the top of the raster­
they come and go, as well as writhe. Even-

tually the picture goes dark and narrow
and compresses in the center, making a
bright vertical streak. This is weird!-J.G.,
Oak Park , IL

It certainly is . I've heard of some­
thing like this before . The cause of the
probl em is usually a big 500 j1F filter
capacitor , Q508, located under the
power-sup ply chassis . The negative
co nnection breaks loose or becomes
inte rmitte nt. Make sure the ground
lead is good. and well soldered.

LOSS OF VIDEO
I've got good sound but no video in this

RCA KCS-169B. The base of the video
amplifier (Q3) is OK with no signal (+2
volts) , but goes to - 5.5 volts when signal is
applied, cutting off that stage . Replacing
the transistor did no goo d. The video sig­
nal to the base is too high (5.5 volts); it
should be 2 volts. Any suggestions?­
W.M., SpringVille, NY

Yes ! You should recheck the Q3' s
base circuit: that is L8, R22. R24, and
R3 to gro und . Appa rently there is some
positive voltage being fed into the con­
trol circuit from the detector-return
circuit and R21 to ground. I'd say that
this should go more positive with in­
creasing signal strength since it comes
off the detector cathode . That should
prevent the base of Q3 from being
driven into cutoff. Check the video-bias
control to see if it doe s anything; it
should . I'd also check the little choke
for an ope n circuit. etc . Also check for
bad solder joints. R-E
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This inexpensive antenna­
mounted UHF-TV preamplifier can add more

~~ than 25 dB of gain to your system and pull in
signals you never knew were there, You'll
also learn how to optimize your UHF reception
through other means.RAY PICHULO

TV-M8
Trans former

UHF-TV
PREAMPLIFIER

UNTIL RRCENTLY. NOBODY SEEMED TO
care to o much abo ut good UHF-T V
reception. and most people we re con­
tent to tak e whatever qualit y the y co uld
ge l. Th e s ituatio n becam e se rious
enough to warrant an investi gation by a
committee made up of FCC and indu s­
try representatives . Th ey publi shed
their findings lat e in 1980. and their
major conclusion was that the most
direct way to improve UH F-TV recep­
tion was through effe cti ve receiving­
antenna syste ms.

Adding more gain

Ante nna se lec tion and feedline co n­
side ra tio ns were d iscu ssed in the Jul y ,
1981 issue of Radio-Electronics. and
we 'll take a c loser look at them in Part 2
of thi s a rticle . but what happen s if the
proper a nte nna a nd feedline are used
and we still don' t get the result s we
want. Wh at then ? Th e next step is to
cons ider a mast-mounted preampli fier.

Firs t , let' s clear lip a co mmo n mis­
co nception a bo ut preamplifiers. Many
peopl e be lieve that a preamplifi er aids
rece ption by boosting the signa l le vel:
that' s o nly partl y tru e . What is more

important is that a preampl ifie r reduces
the system no ise- figu re . which is the
overall limiting fac tor to any rece iving
syste m's se nsi tiv ity .

T here are two sources of noise-ex­
ternal and inte rnal. Externa l noise may
be ei the r at mospheric noise or man­
mad e noise fro m electrical disc harges .
At U HF frequencies, external noise is
very low , so the major noise source is
internal- c irc uit noise . T here is a great
deal of room for improvement here ,
s ince a typica l UH F tuner has a noise­
figu re of approximate ly 12 dB. The
amo un t of no ise introduced by the front
e nd of a rece ive r plays a major part in
establishing the overall receiver noise­
figure, because each successive stage
a mpl ities the noise introduced in the
preceding stages.

T he effect of gai n on overall- ystem
noise-figure can be calculated using the
fo llow ing fo rmu la:

N2 -1 N3 -1
NT - N, - -- -s- --

G1 G1 G2

Where:
NT = overa ll-system noise-factor

I = no ise-fac to r of the tirst stage

N, =- noi se-factor of the second stage
N; = noi se-factor of the third stage
G I = pow er gain of the first stage
G, = power ga in of the second stage
Note that a ll numbers must be in

te rms of power ga in, becau se the use of!
dB will result in large errors-s-especially
whe n low noi se-figures are involved.
Noise-fac tor can be converted to noise­
figure using the following formul a :

Nt (g) = 10 10glON

Whe re:
g = ga in in dB
N = noi se factor
Nf = noise figure
No ise-figure ca n be converted

no ise- factor by using the formula :

N = _IO--=g=---_l_N_t --=(g=..:.)

10

In the sa me way, power gain (G) ca
be ca lculated from ga in (g) as follow s:

log - 1 (g)
G = --=--..:.::..:.

10

59



FIG. 1-PLACING A PREAMPLIFIER with a gain of 25 dB and a noise-figure of 3.5 dB at the antenna-end
of a UHF receiving-system gives a total noise-figure of 3.96 dB.

PARTS LIST-PREAMP

RaySon Electronics Corp.
1010 12th St., Suite 5
Sparks, NV 89431

All resistors Va watt, 5%
R1-82,000 ohms
R2-820 ohms
R3-39,000 ohms
R4-390 ohms
Capacitors
C1 , C2-3.3 pF chip capacito r
C3, C4-2.7 pF chip capac itor
C5, C6-680 pF, ceramic disc
C7-0.01 pF, ceramic disc
Semiconductors
0 1, 02-BFQ85 or BFR90
L1- L3-See text
L4-10 pH choke (3V2 turns No. 30 wire­

wrap wire through Va-inch ferrite bead)
J1. J2- bulkhead-mount female "F" con­

nectors
Miscellaneous: Double-sided PC board

(etched one side). enclosure, solder, etc.

A kit of all parts for the UHF preamp, in­
clud ing power supply and balun (the
balun will be discussed next month), is
available for $34.50plus $2.00for shipping
and handling, An assembled version is
available for $47,50 plus $2.00 for ship­
ping and handling. Both are available
from:

UHF
TUNER

VHF
TUNER

9 = 10dB
NF = 12dB
N 15.85
G = 100

9 10dB
NF = 12dB
N 15.85
G = 100

PREAMPFEEOLINE

9 = - 7dB 9 = 25dB
NF = 7dB NF = 3.5dB
N = 5.01 N = 2.24
G = 0.2 G = 316

N =5.01 + 2.24-1 +Th.!H=11 46
T 01 316XO.2 .

NF = 10LOG 10 11.46 = 10.59dB

9 = 25dB 9 = -7dB
NF = 3.5dB NF = 7dB
N = 2.24 N = 5.01
G = 316 G = 0.2

N =2 24+ 5.01- 1+ 15.85-1 =2 49
T • 3i'"6 316 XO.2 .

NF = 10LOG102.49= 3.96dB

ANTENNA

~ PREAMP I ·1 FEEDLI NE 1 ·I-------...~

ANTENNA

FIG. 2-PLACING THE SAME PREAMP at the receiver-end of the system increases the noise-figure to
10.59dB.
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Now that we've introdu ced those re­
lation ships , let' s look at a model of a
typic al receiving system. Figure I
shows a block diagram in which we
con sider the feedline to be the first
stage. (That is valid in our calculations.
as you will see. ) Gain can be negative as
well as positive; in the case of the feed­
line. we con sider the insertion loss to
be negat ive gain . The noise-figure of
the feedline is essentially equal to the
loss.

Let' s see what happens when we add
a preamplifier with a gain of25 dB and a
noise-figu re of 3.5 dB , first at the anten­
na as shown in Fig. I, then with the
amplifier at the input of the receiver as
in Fig. 2.

With the preamp at the antenna, the
total calculated noise-figure for the
three elements shown in Fig. I is 3.96
dB. By putting the feedline ahead of the
preamplifier, as shown in Fig. 2, the
noise-figure increases to 10.59 dB. As
you can see, the noise-figure is im­
proved by 6.6 dB by putting the ele­
ment with the lowest noise-figure (the
preamp) first. A general rule of thumb
in receiver design is that each stage
should have at least 10 dB more gain
than the noise-figure (in dB ) of the sub­
sequent stages of the receiver. Ry
placing the preamp first we eliminate
the noise-factor and atte nuation effects
of the feedline. because the preamp has
a gain of more than 10 dB over the
losses induced by the feedline .

Another benefit of having the pre­
amplifier located at the antenna is im­
proved flatne ss of the transmission
line ' s VSWR (Voltage Standing Wave
Ratio ); even the best antenna designs
do not have a con stant feedpoint im­
pedance over their frequency range.
The result is that the VSWR of the
feedline varie s with frequency. Two
adverse effect s of a high VSWR are in­
creased losses, and reflect ions that de­
grade picture quality-especially in the
case of color. With the preamp , how­
ever, it is easy to design a broadband
output-circuit , thu s making the match
to the line better and lowering the
VSWR on the longest part of the feed­
line. The antenna will still exhibit what­
eve r mismatch characteristics it has,
but the resulting mismatch will occur
only on the portion of the line between
the antenna and preamplifier. That will
be of little consequence, because of the
short line-length involved , and the pre­
amplifier will effectively buffer the re­
maining feedline to the set or distribu­
tion sys tem.

Commercially ava ilable UHF pre­
amps have gains ranging from 12 to 22
dB with noise-figures in the range of 3
to 8 dB. (You ca n perform gain and
noise ca lculations as shown above
using the appropriate figures).

A preamp you can build
You can improve your UHF recep­

. tion for less than $35.00. The preamp

Micromart
508 Central Avenue
Westfield, NJ 07090
(201)654-6008

Quest Electronics
P.O. Box 4430
Santa Clara, CA95054
(800)538-8196(except CAl
(408)988-1640

All suppliers accept MC and Visa. Please
add sales tax where applicable.

that will do the job is unusual because,
for its price , it provides exceptional
gain (25 dB typically) with an exce p­
tionall y low noise-figure (only 3.5 dB,
maxim um). Its performance exceeds
that of any of the under-$IOO commer­
cial preamps tested by the FCC. While
the device is intended to be used out­
doors as an antenna-mounted unit, it
can also deliver reasonable performance
if used indoors at the TV receiver.

Several factors contribute to its high
perform ance , the primary one being
use of two microw ave-type transistors.
Th ose devices are useful up to 1.5 GHz
and have a noise-figure of less than 2
dB over the entire UHF-TV spectrum.
Figure 3 shows gain vs. frequency and
noise-figure vs . frequency plots for the
transistors. (They are actua lly integrated
circuit s that have broadband impedance­
matching network s right on the chip. )
The devices have nominal input and
output impedances of 75 ohms, so no
tuning is requ ired and circuits built
around them are extremely stable.
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FIG. 3-TRANSISTORS USED IN PREAMP show
excellent gain-vs.-frequency (a) and noise-fig­
ure-vs.-frequency (b) responses.

The second contributing factor to
that preamp's performance is the PC
board' s design ; the RF path on the
board is actually a 75-ohm transmis­
sion-line section, or stripline. The use
of stripline con struction continues the
75-ohm transmission line right to the in­
put and output terminals of the transis­
tor s, thu s insuring proper impedance­
matching to the devices for optimum
performance. To take maximum ad­
vantage of the stripline construction,
the RF coupling-capacitors are micro­
wave chip-capacitors, which are de­
signed to be integrated into the stripline
with a minimum of disturbance in the
line' s characteristics. Stripline con­
struction is used almost exclusively in
microwave equipment and this preamp
makes an ideal project for experimenters
to gain experience with microwa ve­
equipment construction techniques.

Figure 4 shows a schematic of the
circuit. The input and output circuits
are both 75 ohm s. (Since we discussed
the differences in losses between wet
300-ohm twinlead and wet 75-ohm coax
earlier, there should be no doubt as to
why the output cable to the TV set
should be coaxi al cable).

The first stage of the preamp is biased
for a collector current of approximately
4 rnA for the best noise-figure, and the
second stage is biased for a collector
current of approximately 10 rnA for
optimum gain. The input filter, con­
sisting of Cl , C2, and Ll , is a high-pass
filter that reject s anything below about
500 MHz. While that frequency falls

The three elongated "S' t-shaped sec­
tions are inductors Ll , L2, and U : L4
is made by winding 3~ turns of No. 30
wire-wrap wire through a small (YB-inch)
ferrite bead. The bead should be lo­
cated as close to 12 as possible.

The input and out put connectors are
F-type connectors that are soldered to
the rear (unetched side) of the board.
with the center pins pass ing through the
board directly into the stripline sections.
The copper aro und the two center-con­
nect or holes on the rear must be re­
moved so the pin will not short out
against it. That is easily done by hand
with a YB-inch or larger drill bit. Apply
pressure gently while twisting it in the
hole-the foil will be removed and the
insu lating glass-epoxy board exposed .
Sto p there-you don 't want to weaken
the material. Figure 7 shows the large
and small holes that have to be drilled
for the jacks, transi stors , and disc
capacitors .

Assembly is reasonably straightfor­
ward: Fig. 8 shows the compo nent
placement. The two emitter leads on
the transistors are bent at right angles
ju st beyo nd the point where they
narrow. The base and collecto r leads
are cut short at the same point. The
transistors are inserted into the holes in
the board from its etched side with the
co llecto r lead (marked by a dot on the
case) fac ing down and toward the out-

FIG.7-BARE PC BOARD shows where holes
for " F" co nnectors, transistors and disc capaci­
tors are drilled.
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FIG. 6-PREAMP IS CONSTRUCTED on double­
sided PC board, only one side of which is
etched.

around channel 20, the rolloff char­
acteristics are sufficiently broad for the
amplifier to have a gain of 15 to 18 dB at
the low end of the UHF band. Con­
sidering the overall response of a typical
antenna, feedline and TV tuner, the
low-end rolloff of the amplifier is more
than offset by the higher response of
the other system components. The am­
plifier 's frequency respon se is shown in
Fig. 5, a norm alized respon se-curve for
three prototypes tested . It should be
noted that the high-end response is
better than 25 dB even at channel 70, a
feature that is not found in many com­
mercially-available amplifiers; many of
them roll off sharply before channel 60.

Preamp construction
Figure 6 is a foil patt ern for the strip­

line preamplifier. For the stripline sec­
tion to exhibit the desired characteristics,
the board material must be glass-epoxy
double sided material. 1/t6-inch thick.

600 700 800 890 900 1000
FREQ- MHz

35 52 69 83
CHANNEL

FIG.5-HIGH-END RESPONSE of preamp is in
excess of 25 dB.

FIG. 4-FIRST STAGE OF PREAMP is biased for optimum noise-figure; second stagefor optimum gain.
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FIG. 8-TRANSISTORS ARE MOUNTED from
etched side of board. " F" connectors are mount­
ed from unetched side.
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FIG. 11-SIMPLE POWER SUPPLY for preamp.If desired,an off-the-shelf 9-volt wall-plug DCsupply can
be used, or 12-volts taken from TV set providing it is not " hot chassis" type .
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FIG. 9-MOST COMPONENTSare tack-soldered
to etched side of board. Exceptions are disc
capacitors, transistors, and connectors.

FIG. 1o-CLOSE UP OF BOARD shows choke
L4 and small chip capacitor to its right. See
text for details on soldering chip capacitors.

put connector (J2). The emitte r leads
must be passed through the board and
solde red on both sides of it. The other
transistor-lead s should lie flat against
the strip line sectio n.

While it is possible to use J4-watt re­
sistors . ~-watt units have been found
to give better performance. Keep all
leads as short as you can.

Th e chip capacitors have to be very
carefully installed. They are extremely
small and light , and the surface tension
of molte n so lder will cause them to

PARTS LIST-POWER SUPPLY

Capacitors
C1-500 ~F, 16 vol ts, electrolytic
C2-1000 pF. ceramic disc
Semiconductors
D1-D4-1N4001
L1-10 ~H choke (3 V2 turns No. 30 wire-

wrap wire through Va-inch ferri te bead)
T1-12 volts , 50 mA or greater
F1-Y4 amp fuse
J1. J2-female " F" connectors
Miscellaneous: baluns (see text). wire.
solder. etc .

stick to the tip of the iron. To mount
them on the board, you should work
slowly and carefull y with a fine tip on
the iron and fine-gauge solder. Apply a
very small amount of solder to the PC
board first , and then, with a pair of
tweezers , carefully position one end of
the capacitor against it. Heat the solder
momentarily with the iron until the
solder flows, and hold the capacitor in
position with the tweezers while you
remove the iron . That will tack one end
of the ca pacitor to the board and then
you can go ahead and solder the other
end .

The two sides of the board have to be
connected for best operation. That is
eas ily done by forming two short lengths
of wire (resistor leads. for example)
into " U'<'s . slipping them onto the
board with one leg of the "U" on each
side of it. and soldering. The " U'Ys
should be located as close as possible
to the input and output jacks.

The circuit can be assembled in less
than an hour. and once it' s together.
it' s ready to use . The completed board
is show n in Fig. 9. (Note that two of
the holes show n in Fig. 7 are not used.)
A close-up view of coil L4 and one of
the chip ca pac itors is shown in Fig. 10.

Since the preamp is a broadband
device. there is no tuning or alignment
required . It should be mounted in an
enclos ure ; the two coax ial connectors
secure it to that enclosure . The box
can be either metal or plastic. and the

preamp can be used either indoors or
outdoors. Best results are obtained
when the preamp is mounted right
at the antenna, but in many instances,
good results can still be obtained with
the preamp mounted indoors near the
TV set. An interesting combination
for indo or use has the stripline pre­
ampl ifier with the $6.95 Radio Shack
15-623 antenna . Georgia Tech engineers
rated that antenna as " ... significantly
superior to other indoor antennas eval­
uated .':

Power supply
The preamp requires approximately

12-volt s DC for operation. The voltage
is not especially critical, and the pre­
amp will operate reasonabl y well at any
voltage between 9 and 15 volts ; how­
ever, the best noise-figure is attained at
12 volt s. The power is run up the feed­
line. Choke L4 on the preamp board
prevents the output signal from flowing
into the power bus, while C4 blocks the
DC from being short circuited by Q2.

The preamp requi res only 15 rnA for
operation. Figure 11 shows the circuit
for a power supply that can be used to
power the unit , and a means for con­
necting the 12-volts to the set end of the
cable . 11 connects to the preamp and J2
connect s to the set .

If you do not want to build your own
supply, you can use a small wall-plug
DC supply. A 9-volt, 100-mA supply
will deliver between 12 and 14 volts
when lightly loaded. Surprisingly, 200­
rnA supplies provided only 11 to 12
volts unde r the same conditions. How­
eve r, either would be adequate-there
is little difference in performance ap­
parent with supply voltages between 9
and 15 volts .

If you' re careful, power can also be
.. stolen" from the TV set itself if it is
not of the hot-chassis type.

You'll need to modify a commercially
ava ilable balun for use with the preamp.
We'll show you how to do that, and
so me things to consider when selecting
an antenna and feedline, when we con­
tinue this arti cle. R-E



Troubleshooting
DIGITAL

CIRCUITS
Troubleshooting procedures and tools for digital

logic-circuits are quite different from those used in analog work.
Here's an introduction to working with digital Ie's.

ROBERT L. GOODMAN

THE DIGITAL INTEGRATED-CIRCUIT HAS
revolutionized the electronics industry
and, in many areas, now dominates it.
Becau se of the digital explosion, you
will find more compact, complex, and
powerful troubleshooting instruments
and devices. Unfortunately, the digital­
IC boom has given a big headache to
the analog-circuit tro ubleshooter. Be­
cause of the fundamental differences
between analog and digital circuits , the
troubleshooting techniques and the
types of instruments that must be used
differ greatly from those required in
ana log work . One of the first, and most
useful, tools you willencounter in trouble­
shooting digital-logic circuits is the
logic probe.

Abou t logi c probes
Digital logic works using two voltage

leve ls to express either an "on" or an
"off' sta te. "On" is usually in the
neighborhood of +5 volts, and is re­
ferred to as a logic-high state or "1."
"Off' is at or near 0 volts, and is called
a logic-low state or "0." We'll go into
more detail on the workings of digital
logic later.

Logic probes quickly tell you how­
or whether-a digital circuit is operat­
ing at the point being tested by indicating
what logic state is present. Suppose,
for example, that a test point is supposed
to go to a logic-high state under certain
cond itions . A logic probe will indicate
whether or not the line actually does go
high when it's supposed to, or whether

it is, perhaps, permanently at a logic­
high level.

Some probes have a memory func­
tion and can be used to monitor a line
for intermittent pulses, or noise spikes
("glitches") that can upset logic-circuit
operation.

Logic probes are powerful trouble­
shooting too ls because of their por­
tability, low price, and simple operat ion.

FIG. 1-S0ME OF THE logic probes and pulsers
used for digital troubleshooting.

Most logic probes provide the following
features:

• High or low pulse-ind ication
• Pulse-train ind ication
• Stretching capability for short pulses
• 10 nanosecond pu lse-response
• Pulse memory
• Undefined log ic-state indication
• Ability to test different logic-families
Figure I shows a few of the various

logic probes that are available . From
left to right they are the Global Spe­
cialties Corp . model LP-l and LP-2 10gic
probes, the DP-l pulser, and B&K­
Precision's model DP-50 logic probe.

Using a logic probe
Logic probes indicate logic states

with lamps or LED's. Some use colored
LED's in various patterns to show logic
states. The LED's show whether a
logic state is high, low, or alternating
(pulsing) ; or whether an open circuit
exists.

FIG. 2-GLOBAL SPECIALTIES' LP-2 logi c
probe , like most others, der ives its power from
the circuit under test through clip leads (top) .

The Global Spec ialties LP-2 logic
probe shown in Fig. 2 is protected
against over-voltage and reverse volt­
age that might be app lied to its power
leads . To usc the probe , connec t its
black-clip lead to the power-supply
common (- ) and the red-clip lead to Vee
of the system under test. In order to
minimize the possibil ity of power-sup­
ply spikes or other spurio us signals
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FIG. 4 - TRAIN OF DIGITAL PULSES consists of a square wave whose values alternate between
(approximately) 5-volts and O-volts.

r HIGH ----- - ---!.- 1 1 ---!.- ..--!- 1..-- - r---

UNDEFINED

LOW - -
! 0 0 0 0 0 0

fro m affec ting the operation of the
probe. co nnect the powe r leads as close
to the point be ing tested as possib le.

T he B&K-Precision DP-50 digital
probe (shown in Fig. 3) is designed for
quick analysis of digita l circuits. and is
co mpatible with TTL. DTL. RTL.
CMOS and high-noise-immunity logic.
T hree LED's at the probe-tip indicate
the presence of digital pulses. and high
and low logic-states. Two switc hes
allow you to select TTL or CMOS logic­
th res hol ds . a nd PULSE STRETCH or
M EMORY modes. In the PULSE STRETCH
mode. short-duration pulses are stretched
for a clear visual indication. In the
MEMORY mode. a single digital pulse will
ca use an LED to remain lit until the
memory circuit is reset. The probe thus
has the abi lity to "freeze" an indicatio n
of digita l-logic act ion.

Pulse stretching
Pro bably one of the most important

feat ures of a logic probe is its ability to
"stretch" a IG-nanosecond (ten-billionths
of a second) pulse to 100 millisecond s
so that the LE D will stay illuminated
long enough to be obse rved . That pulse
st retching is accomplished by using the
lead ing edge of the shOI1 pulse detected
to trigger a flip-flop whose time delay is
100 ms. Single pulses flash the probe's
LED 's once . while trains of pulses will
usually cause them to blink at a IO-Hz
rate. rega rdless of pulse -freque ncy .
Generally. just know ing that pulse
ac tivity is present is enough. (If the
pulse-frequ ency is important, use a fre­
quency co unter or osc illoscope.)

Digital vs. analog troubleshooting
When troubl eshooti ng circuits con­

ta ining analog devices , you usually
need only test resistance , capacitance,
or vo ltages . The to tal circuit may be
quit e co mplex , but eac h component in
the circuit performs a simple task and
its .operation ca n usually be checke d
out eas ily. If necessary, eac h resis tor .
ca pac ito r. diode, and transistor can be
tested individually by using a signal
ge nerator. VTVM or DMM, diode
checker. or scope. together with con­
ventional troub leshooting techniques .
With integra ted circuits. though , it is
impossible to check the individual
co mponents on the chip; you must
troubl eshoot the device as a whole.

A sign-ifica nt difference between cir­
cuitry made up of disc rete components
and digital Ie' s lies in the complexity of
the functions performed by the latter.
Instead of measuring simple charac -

(f) teristics, you need to observe complexoz and rapidly occurring digita l signals and
o to determine whethe r they're correct.
~ Verifying proper digital-IC operation
~ requi res observing several inputs while
d simultaneously observing two or more
6 outp uts. Th us another difference be­
~ tween analog circ uitry built from dis­
CI: crete co mponents and digital Ie's is the
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FIG. 3-SWITCH-SELECTABLE threshold leve ls
(TTU CMOS) are common on log ic probes such
as B&K-Precision's DP-50.

num ber of inputs and out puts for each
co mponent and the need to check them
simultaneo usly.

Digital Ie's contain many complex
circuits . Shou ld any portion of such an
IC fail. it would be difficult to pinpoint
the area of failure-and impossible to
repair or replace it (you can rebuild pic­
ture tubes, but not Ie's). Consequently.
to tro ubleshoot circ uits made up of
digita l Ie' s involves locat ing not a por­
tion of an IC that' s gone bad, but. rather ,
jus t the IC itself. Replacing it usually
restores the circ uit to working order.

For effec tive troubleshooting of digi­
tal circuits. it is necessary to take ad­
vantage of the digital nature of the sig­
nals involved . Tests and techniques to
troubl eshoot analog circuit s do not do
that and are inefficient when used for
digita l circ uits .

TTL logic-signals
A typical TTL (Trans istor-Transitor

Logic-the most common digital-logic
family) logic signal is show n in Fig. 4.
T he appearance of a similar pulse-t rain
on the screen of an oscilloscope is
show n in Fig. 5. The scope displays
voltage with respect to time, but for
digital pulses , exac t values are not im­
portant. A digital signal ex ists in one of
two or three sta tes-high, low, or unde­
fined (in-between states)-each dete r­
mined by a threshold voltage. It is the
va lue of the signal voltage with respec t

to those thresholds that determines the
logic-state of a digital signal.

As Fig. 6. shows, if the signal level is
greater than 2.4 volts, it is considered
to be a logic " high." For a logic- vlow"
the volt age must be below 0.8 volts.
T he precise value is not important as
long as it is above or below the threshold,
and not in the " undefined" area . When
using a sco pe, you must always deter­
mine whether the signal meets the thresh­
old requirement for the desired digital
state; a logic probe will tell you that.

Eac h gate in a TTL logic family has a
ce rtain propagation-delay time , rise
time, and fall time. Those times rarely
cha nge, so scope checks of timing
parameter s co ntribute very little to the
troubleshooting process.

The circuit in Fig. 7, showing a simple
TTL totem-pole device (the output
trans isto rs are " stacked" like a totem
pole , hence the name), illustrates a
problem created by the TTL logic-family
In either sta te- high or low-it has a
low output-impedance . In the low state
that is about 5 or 10 ohms to ground.

That present s a problem for in-circuit
pulse inje ction (used to determine how
the device is operating by " force-feed­
ing" it a pulse). A device used to inject
a pulse at a point tha t is driven by a
TT L output must have sufficient power
to override the low-impedance output
sta te. Most signal sources used for
troubleshooting do not have that capa­
bility. Thus the troubleshooter is forced
either to cut the printed-circuit runs or
lift IC leads in order to pulse the circuit
to be tested ; that is time consuming and
also can damage other circuits.

For those reasons a scope and tra­
ditional signal-sources are not very use­
ful. And , since many diode s and tran­
sistors are packaged in the IC, diode
chec kers are largely useless. With the
complexity of today's electronic cir­
cuits, it makes good sense to find the
most efficient troubleshooting method.
In most cases, oscilloscopes, diode
checkers, and voltmeters are best
suited for use with analog circuits,
where they really shine. Special-pur­
pose equipment, such as logic probes
and pulsers (see below) , should be used
when working on digital equipment .

Logic probe s provide a quick way
not only to detect , but also locate ,
breaks in a PC run. Since an open signal­
path may allow IC input s after the
break to "float" to an undefined state ,
a logic pro be can be used to test the
input of eac h IC for such a state. Once
a floating input is detected . the logic
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FIG. 5-DUAL·TRACE SCOPE shows two train s of pulses. Vert ical lines in square wave are nearly
invisible because transition between states is extremely fast.
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in the internal circ uitry (ofte n called the
steering circuitry) of the IC.

In addition to tho se four internal
failure s, there are four types of faults
that can take place in the circui try ex­
ternal to the Ie. They are : (I) a short
between a signal path and Vee or ground,
(2) a short between signa l paths, (3) an
open signal path. and (4) a failure of an

HIGH

LOW

UNDEFINED

+5VOLTS ----

2.4 VOLTS ----

.8 VOLTS =-~-=-=jl•••lJ~c=:1oVOLTS

FIG. 6-VOLTAGE THRESHOLDS determining
logic states. Contrary to popular belief, a logic­
" high" is not always s-volts,

r---------~Ip__-----~---- vee

INPUT

FIG. 7- TWO-INPUT NAND GATE. Totem-pole configurat ion at output results in low impedance,
making some con ventional tests difficu lt to perform.

pro be can be used to follow the circuit
back from the input sea rching for the
break. That can be done because the
circuit before the break will show valid
logic levels (eithe r high. low, or pulsing)
while the circui t after the break will
probably show undefined leve ls.

Ie failures
To troubleshoot digita l-IC circuits , it

is important to know what types of
faults to expect. They can be divided
into two main classes--those caused by
failures inside the Ie. and tho se caused
by circuit failures outside the IC.

There are four types of internal IC­
failure : ( I) an open bond at either an in­
put or output, (2) a short between an
input or output and Vee or grou nd. (3) a
short between two pins. and (4) a failure

ana log component , such as a resistor,
capacitor, or semiconductor device .

Log ic pulsers
Logic pulsers inject a single pulse of

the proper ampl itude and polari ty into a
circuit.lfa point was at a logic-Tow; ' it
will automatically be pulsed high , and if
it wa s high it will be pulsed low. Pulsers
a re useful for forc ing the input s of digi­
tal Ie's to change state so that the re­
sulting outputs can be observed. Pulsers
have a high current-output, but use a
low duty-cycle to protect the IC' s from
dam age .

In their man y applications , digita l
Ie' s have certainly made our lives
ea sie r. Knowing how they work and
how to troub leshoot them shou ld make
your life ea sier. too . R-E
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~-ALL ABOUT
PULSE GENERATORS

Once found only in sophisticated design labs, the tremendous growth in the use of digital
circuits and devices has made the pulse generator a valuable instrument for any

service shop or experimenter's workbench.

CHARLES GILMORE

OL- .l.-_

TIME-
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characteris tics of a pulse. Figure I
shows the basic timing and amplitude
relationships of a pulse. In Fig. l-a, the
perio d between the start of each pulse
is a length of time. T. that is consider­
ab ly greater than the pulse width. t .
Figure I-b shows exaggerated leading
and trailing edges to illust rate such
parameters as rise-time and fall-time.
The basic pulse parameters are ex­
plained in Table I.

Basic pulse generator
Figure 2 shows a simplified block

diagram of a pulse genera tor. The cir­
cuitry for each block is fairly conven­
tional. Num erous outputs. special
buffer amplifiers . and power supplies
ca n be added to eac h stage to reach the
level of sophistication needed for a par­
ticular application.

The basic pulse repetition rate is con­
trolled by the repetition-rate genera­
tor-a free -runni ng astab le multivibra­
tor capable of covering the frequency
range requi red by the pulse generator.

Pulse generators offer a switch­
selec ted alte rna te source for rate gen­
eration called the external trigger. Sig­
nals applied to the exte rna l trigger input
pass through triggering circu itry much
like that found in an oscilloscope.
Th ose circ uits establish the triggering
amplitude and polarity. Additional in­
put s to the trigger amp lifier may include
a line-freq uency source and a manual
pushbutton for one-shot operation.

A second external amplifier can be
used to gate the main repe tition-rate
generator in a manner similar to the
gated mode of functi on generators. Sig­
nals from the gating amplifier permit

---r
OVERSHOOT

""LING EDGE~ING

b

FIG. 1-THE TIMING AND AMPLITUDE relation­
ships of a basic pulse are shown in a. A pulse
with exaggerated leading and trailing edges is
shown in b.

The basic pulse
Before discussing the pulse genera ­

tor. it may help to review the basic

'" 2:;
o
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part ially. if the requirements are simple.
When extensive use of logic circuits is
invo lved . however. a function genera­
tor is not adeq uate . Functio n genera­
to rs cannot produ ce pulses of less than
5% duty cycl e. and low-cost or reason­
ab ly priced unit s do not provide the 10­
MHz to ~O-MHz capability requ ired of
pulse generators used with TIL (Tran­
sistor-Transistor Logic) or ECL (Emitter­
Coupled L ogic ) systems. Of course. the
function generator contains man y other
feat ures that may or may not be needed.

NOT TOO LONG AGO TH ERE WERE FEW

pulse generators outs ide of sophisticated
design laboratories . Today. they are
found in se rvice shops. on experiment­
ers ' ben ches. and anyw here else that
electronics testing is done . Two factors
have influenced the wider use of those
instruments: need and lower prices .
The dramatic growth in the use of logic
circu its cau sed the need: the price-drop
soon followed. and pulse genera tors are
now tru ly low-cost signal sources.

Not long ago . few pulse generators
were avail able for under $1000. Now.
there are many available for under $400.
Although many sop histicated . and ex­
pensive . pulse generators are still avai l­
able. the lower-priced units have
enough features to make them ext reme­
ly useful.

Currently. the need for a pulse gen­
erator ari ses most ly from the extens ive
use of man y different varieties of digital
logic in indu strial. laboratory. and co n­
sumer applications (althoug h a pulse
gene rator is also useful when working
with analog circuits). It is not possible
to serv ice or design logic-based elec­
tronic sys tems using only a sine-wave
generator or a square-wave generator.
A sine-wa ve generator or square-wave
genera tor cannot vary the pulse width
of its output signal: it also cannot gen­
erate a wide enough range of fre­
quencies. In addition. frequent ly the
output imped ance of a sine-wave gen­
erator or a square-wave genera tor is not
low enough to drive logic circ uits.

A more elaborate funct ion generator
wit h DC offset. variable symmetry con­
tro l. and a wide freq uency range may
fulfill the need for a pulse genera tor
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TABLE 1

FIG. 2-SIMPLIFIED SL:OCK DIAGRAM of a basic pulse generator is shown here. Many outputs,
special buffer amplifiers, and power supplies can be added to each stage to make a more sophisti­
cated instrument.

Pulse period-pulse per iod T is the time between two pulses. It is measured be­
tween eith er th e leading or tra iling edges.

Repetition rate-indicates the number of pulses over a f ixed period of time, usually
1 second. The repet it ion rate depends on the pulse period T: Repetition rate = 1fT.

Pulse width-the ti me between the 50% amplitude points of any single pulse is
defined as the pu lse width t.

Pulse amplitude-pulse ampl itude A is the voltage to which the pu lse rises above
its own basel ine, measured after any overshoot has been reduced to zero.

Pulse offset- the value and pola rity of the difference between the pu lse baseline
and 0 volts.

Overshoot-that portion of a pulse at the end of the leading edge, where the
lead ing edge extends above the normal pu lse amplitude. Overshoot is usually ex­
pressed as a percent of total amplitude.

Undershoot-that portion at the end of the trail ing edge where the; trailing edge
extends below the baseline. That is usually expressed as a percent of pulse amplitude .

Leading edge-the portion of the pulse where a negative-to-positive transition
occurs.

Trailing edge-that portion of the pulse in which the positive-to-negat ive transi­
tion occurs.

Rise time-the tim e requi red for the pulse to pass from 10% of total amplitude to
90% of total amplitude (T,).

Fall time-the time requ ired at the trailing edge for the pulse to pass from 90% of
full amplit ude to 10% of full amplltude (Tt). Rise time and fall time are not neces­
sar ily equal.

Ringing--damped osci llation at the end of the leading or trail ing edge of the
pulse.

Duty cycle-the ratio of pulse width to the pulse period, expressed in percent.
Sometimes that is referred to as the duty factor.

Pulse polarity-indicates whether the desired pulse extends positively or nega­
tively wi th respec t to the baseline . Pulse polarity is independent of the absolute DC­
value of the basel ine.

of pulse Characteristic s is desired . two
amplifiers are used . One of the ampli­
fier s handles the positive pulses: the
other handles the negative pulses. In
that manner. each ampl ifier can be
tailored to its particular funct ion . In
other pulse generators. a single amplifier
is used . In either case. ex tremely wide­
band amplifiers must be used to repro­
du ce faithfully pulses whose rise times
lie in the nanosecond range . without
ringing or other aberrations .

Pulse amplitude is usually regulated
solely by a vari able-gain control that is
part of the output amplifier. A few of
the higher-priced pulse generators in­
clude a step atte nuator at the output.
As the output amplifier is DC-coupled .
a DC offse t signal can be applied to the
amplifier. along with the pulses. so that
the pulse baseline can be changed with
reference to 0 volts . Normally. the off­
set voltage is unaffected by adjustment s
of the continuously variable output
attenuator.

Pulse generators that include a delay­
generator frequently have a specialized
mode referred to as a double- or twin­
pul se mode. In a double-pulse mode.
the main pulse generator is triggered not
only by the delay-generator output. but
also by the signal directl y. at the same
time that the signal triggers the delay
generator. The result is two pulses. the
first. generated at the time of triggering .
and the second . at the time the delay
generator has compl eted its cyc le .

T here are many special applications
that require a capability other than
those offered by a standard pulse-gen­
era to r. For such applications . certa in
porti on s of the basic pulse generator
ca n be ada pted to accommodate those
spec ial requirement s.

Word generators
Th e word generator is one of those

specialized vers ions . Its function is to
generat e a series of pulses that form a
se rial digital word . Usually. those gen­
e rato rs are operated in either a one-shot
or a repetitive mode. The pulse-gen­
era tor circuitry (a simple mono stable
multi vibrator) is replaced by a more
sophisticated circuit that is capable of
producing a se ries of pulses. Usually 8.
Ih. or 32 pulses -per-trigger-signal are
produced .

High-speed pulse generators
Tw o types of pulse generators fall

into the high-speed category. Pulse ~
generators whose repetition rates are in JJothe lOO-MHz to 2S0-MHz range are de- I

signed es pecially for working with ex- <0
tremel y high-speed ECL circuitry. R5
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It must cover an ex tremely wide range
of pulse widths (typically 7 to 8 decades)
and operate at fairly high dut y-cycles.
So me generators need to ope rate at
duty cycles that are greater than 100%.
The output stages of the monostable
multi vibrator may include independent
charge and discharge switches so that
independently variable rate times and
fall times ca n be generated. That fea­
ture is usually found only on more ex­
pen sive pulse generato rs .

Th e output of the monostable multi­
vibrato r is applied to one or two output
amplifiers . Those amplifiers must be
DC-coupl ed. variable-gain wideband
amplifiers . On more sophisticated gen­
erators. where ex tremely close control

the repetition -rate generator to output
pul ses onl y when a gating signal is ap­
plied: otherwise no pulses are gen­
era ted . A bu rst of pulses can be pro­
duced in that mode.

Signal s from the repetition-rate gen­
era tor or from the trigger circuit s are
applied to the delay generator (if the
pulse generator has one). The delay
generator is a wide-range mono stable
multi vibrator.

Once the de lay generator has com­
plet ed its cycle. the main pulse genera­
tor is triggered. The pulse genera tor is
also a monostable multi vibra tor with a
wide dynamic range to genera te the
necessary pulse widths. That monostable
multivibrator can be quite sophisticated.
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They are particularly useful when de­
signing or servicing complicated por­
tions of high-speed com puters and
some instruments. Because of their
high repe tition rates. high-speed pulse
generators require that all circuit ry
within the pulse generator perform
man y times bette r than the circuitry of
a co nventional pulse generator.

Pulse generato rs may also be required
to produce pulses with extremely fast
rise-time s. Th e conventional pulse gen­
erator has typical rise times in the range
of 5 to 7 nanoseconds. Rise times that
are mea sured in hund reds of pico­
seconds are available with specialized
pulse-gene rators. Pulse genera tors with
tho se fast rise times genera lly do not
have variable rise-time and fall-time
capabilit y.

Pulse-burst mode
Th e pulse-burst option permit s you

to select the number of pulses that are
generated when a trigger signal is re­
ceived. That mode differs from the
word gene rator in that the logic state of
each pulse is not controlled individually.
However. you can trigger from I to
10.000 pulses in a single burst. The
pulse-burst mode is particul arly con­
venient when you are working with
counters or other circuits where re­
sponse to the wave -shape and repet i­
tion rate. as well as to a particular num­
ber of pulses. is import ant.

High-voltage generators
High-voltage outputs on pulse gen­

erators are becoming less and less com­
mon. However, pulse generators de­
signed for certa in communications.
biological, or physiological applica­
tion s. and those to be used with tube­
type circuits. may have very high volt­
age-signals. Usually, such pulse gen­
erators are seve rely limited in terms of
rise time . pulse-repetition rate. and out­
put imped ance .

Pulse-repetition rate
Th e controls that vary the pulse­

repetition rate on most genera tors con­
sist of a decade switch combined with a
continuously variable control. Repeti­
tion-rate specifications include the
minimum and maximum frequency
ca pability . and the number of decades
involved. Maximum repetiti on rates of
10 to 20 MHz are typical of low-cost
generators. A few of those generators
have maximum repetition rates that ex­
ten d to 50 MHz. The minimum repeti­
tion rates of pulse genera tors vary
widely. So me low-cost genera tors can
have a minimum repetiti on rate of as
little as O. I Hz. while ot hers have mini­
mum repetit ion rates that are as high as
10 Hz.

Th e selection of a repetit ion rate
must be made with the applicatio n in
mind. If the generator is to be used for

TTL or ECL logic ana lysis or servicing.
a maximum repe tition rate of at least 10
MHz is a must: 20 MHz is certainly
more des irable. .Minimum repetition
rates are not tied to any particular logic­
family type . but depend on the applica­
tion . Fo r most applicat ions , a minimum
repetition rate of 5 to 10 Hz is sufficient.
For special applicatio ns. however ,
lower repetition rate s may be needed.
Extremely low repetiti on rates can be
obtained by triggering the pulse genera­
tor fro m an externa l low-frequency
source . such as a function generator.

Th e repetition- rate specification is
not always 'given as the frequency.
Some manufactu rers list it as a repeti­
tion rate or frequ enc y: others supply
the information as a pulse period or
time spe cification. The conversion be­
tween pulse period T and frequenc y f is
eas ily made by the rela tionship:

T = 1/f
Repetiti on-rate accuracy is rarely

specified on low-cost pulse generators.
Where it is specified . it is indicated as a
perc entage of the maximum range. The
accuracy of the repeti tion-rate sett ing is
very unreliable . and wheneve r an ac­
cura te pulse-repetition rate is needed , it
should be obtained eith er by triggering
the pulse generator from a known fre­
quency source , such as a signal genera­
tor . or by measuring the repet ition rate
a t the trigger output, using a digital fre­
quency meter or oscilloscope . Ex­
tremely low repetition rate s may re­
quire using a digital period meter.

Repetiti on-rate jitter refers to the
consistency 'of the period from one set
of pulses to another. Jitter is caused by
noise in the pulse-repetition-rate gen­
erator. and is specified as a percentage
of the repetition rate or period . Although
not specified on many low-cost pulse
generators, repetition-rate jitt er is typi­
ca lly 0.1% to 0..5% . That specification
may include a fixed minimum amount
of ji tter in addition to the percentage of
repetition-rate setting. Repetition-rate
jitter does not decrease dramatically
with the increased price of a generator.

Pulse characteristics
Th e most important pulse char­

acte ristic in most applications is the
pulse-width range. which is usually
contro lled in the same way as a repeti­
tion- rate generator- that is , in decade
steps with a continuously variable con­
trol covering the range between each
step . Pulse-width contro ls frequently
do not have acc uracy specifica tions.
and when such specifications are given,
an acc uracy of pulse-width settings on
the order of 1(YfO to 15% can be ex­
pected. Once again, like the pulse­
repetition rate. the pulse width must be
closely monit ored by a digital period­
meter. or by an osc illoscope, to achieve
more precise settings. Pulse-width
charac teristics of generators cove r a

fairly wide range.
Th e narrowest pulse obtainable

var ies between 10and 15 nanoseconds.
Almost all low-cost generators have the
same minimum pulse width but the
maximum pulse width varies widely
fro m manu facturer to manufacturer.
Typically. the maximum pulse width
varies from 10 millisecq nds to 10 sec­
onds. In most cases. narrow pulses are
need ed, and generators that produc e
pulses with minimum widths of 10 to 15
nanosecond s are suitable for use in
most TTL (and some ECL) systems.
For most. general applications. a pulse
generato r is suitable if it can generate
pulses with widths of at least 100 milli­
seco nds . Pulses that are wider than that
(from 100 milliseco nds to 10 seco nds)
may be convenient for certain applica­
tion s. but in general. they are not wide­
ly used .

Some manufacturers provide a pulse­
width j itter spec ification that is fairly
similar to that of the pulse-repetition
rate , and indicates the maximum varia­
tion in width from pulse to pulse that
ca n be expected . Pulse-width jitter
spec ificat ions normally range from
0.1% to 05.% . .

Pulse rise-time is an important speci­
ficat ion. To be suitable for high-speed
logic operation . pulse rise times and fall
times must be less than'10nanoseconds,
with 5 to 7 nanoseconds being a typical
specifica tion.

The maximum duty cycle is usually
listed as a pulse specificat ion. Most
pulse generators are limited to duty
cycles of 70% . Some special-purpose
pulse generator s offer dut y cycles of up
to 100%. The maximum duty cycle
usually decreases'at the high repetition­
rate setti ngs.

Leading-edge and trailing-edge over­
shoo t and under shoot are specified as a
percentage of the maximum permissible
ou tput-amplitude . Those. like many
other speci fications, are only valid
when the pulse generator output is
terminated into its charac teristic im­
pedanc e.

Delay generator
Spec ifications for a delay generator

are nearly similar to those for the main
pulse generator. That is, they specify
delay width, although the range of that
widt h is usually much more limited
than that of the main pulse genera tor it­
se lf, Jitter spec ifications can also be
applied to the de lay genera tor. Adjust­
ments to the delay generator's operating
parameters are made the same way as
those that are made fOI: the main-pulse
pulse generator. The controls for both
parameters (pulse width and jitte r) are
not interactive .

Nex t month, we ' ll continue our look
at pulse-generator characteristics . and
begin to look at some applicat ions for
those devices. R-E
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Interchangeable thin­
profile power cords

(instead of awkward,
heavy or coiled cords)

Unsurpassed reliability­
performance proven

All specs conservative
and guaranteed

Standard l P-1,only $50.00*, with latching memory-captures
pulses as fast as50 nsec, to 10MHz, guaranteed
Economy lP-2, $32.00·, guaranteed to 50 nsec, 1.5MHz
High-speed lP-3 with memory, only $77.00·, guaranteed to
10 nsec (6 nsec, typical) and 50 MHz!
New Eel lP-4t, $150.00: the new industry standard-with
memory, guaranteed to 4 nsec (2 nsec, typical) at 150 MHz!
tl P-4 probe exclusively for use with ECl. For DTl, TIL or
CMOS, select lP-1 , -2 or -3,

True multi-family
performance:

DTl, TIL, CMOS.
Or f CU I

70 Fulton terr., New Haven, CT 06509 (203)624-3103, TWX 710-465-1227
OTHER OFFICES: San Francisco(415)648-0611, TWX 910-372-7992

Europe: Phone Saffron-Walden 0799-21682, TLX 817477
Canada: Len Finkler Ltd., Oownsview. Ontario

Easy-to-use Memory
and Pulse tunctions

When it comes to logic probes , more people pu rchase Global
Specialties ! Because you can spend twice as much and not
get the speed, precision , flex ibi lity and accuracy offe red by
our four logi cally-priced probes- including our remarkab le
new 150 MHz Eel Probe. Not to mention the versati lity,
re liab ility and du rab ility we've become famous for.

But we do n't stop there. When it comes to log ic test ing, Global
Specialties does the complete job. With our DP-1 auto-sensing
d igi ta l sig nal injector- for fast, easy stimul us-response testi ng,
at an eco nomical $83.00*. Plus a line of mult i-channel logic
Monitors that prov ide an inside pictu re of c ircuit activity at up
to 40 nodes simu ltaneo usly. And each product has an idea­
fill ed app lications man ual-as well as an unmatched line of
highl y-fun ctional accessories, to extend its ve rsatility sti ll mo re.

With Global Specialt ies , the re's no need to compromise on
performance. Or value . Discover for you rself why we' re the
number-one log ical choice!

Overload and AC-line­
protected high­

impedance input
Linear input impedance
eliminates errors due to

non-uniform loading

Full readout
indications-HI , LOW,

PULSE

Complete line of
interchangeable
probe tips and

grounding wires,
including easy

clip, banana plug,
alligator clip
jumpers and

variety of power
cords



HOBBYCORNER
Put that old calculator to good use

EARL " DOC" SAVAGE, K4SDS, HOBBY EDITOR

FIG. 2

T he re yo u have a neat and simple
timer. If you keep in mind the func­
tioning of pin S. the circuit in Fig, 2 is
easy to understand . With the switc h in
the RESET positio n, pin S is negati ve
a nd nothing happen s. When place d in
the READ position , pin S goes positi ve
and the calculato r co unts until ca pac i­
tor C cha rges . At that time . pin S goes
low . the counting sto ps . and the time
ca n be read fro m the disp lay.

Nov,'. vou don ' t care how manv tenth s
o r hund;'edths of a second it takes a
capacitor to cha rge. What you do want
to know is the va lue of the ca pacitor in
micro- or picofarads. That's easy to
arra nge : Ju st adj us t resistor R, or the

continued O /l page 72

cula to r will co unt- that's why the in­
ternal clock rat e of the ca lculator can
beco me important.

T he switch ca n be of the push . slide.
or toggle variety as yo u prefer. Whe n
pin S is positi ve , the RC-III co unts:
whe n negati ve. it stops. All you have to
do is e nter " I" or .. I + 1". depending
upo n the ca lculato r model. then opera te
th e sw itc h during the period to be
tim ed. T he reado ut shows unit s, tenths .
or hundredths of seconds. No te that
yo u will ha ve to sub tract one from the
rea do ut if yo u use a .. I+ I" ca lculator.
bu t most of us ca n do that in our head s !

A .05 IJF polyst yrene-t ype ca pacito r
located at pin C will prov ide very good
accuracy. For the highe st accuracy.
yo u can elimina te the capacitor and
pot. and feed pulses from a crys ta l
tim eb ase osc illato r into pin J .

The capacitor and pot conn ect ed to
pins 1. P. a nd C are adjus ted to give a
CO~lIl t rat e appropriate to any given use .
For the present app lica tion. you will
wa nt to adj us t the rat e to an interval of
I. O. I . or 0 .0 1 second . In fac t. you ca n
inc reas e the ac curacy to maximum (de ­
crease the interval to minimum) bv
maki ng the rate ju st as fast as the ca l-

Of course. you can build separate in­
strument s . but with suita ble sw itching
or plug-in arra ngeme nts . you ca n have
a multi-purpose instrument. And. by
the way . wha tever you build , the ca l­
culator will still have its origina l func­
tion s . Here' s how the RC-III does its
magic .

Before I start. though. let me say that
the ma nual that comes with the RC- II I
is quite complete. It gives plent y of
diagram s and information for bu ilding
the instruments. If I miss a point in this
brief account. yo u ca n bet that the
ma nual didn't.

T wo of the eight pin s on the modul e
ar e connected to the ca lculat or (or
othe r) ba tte ry. It will operate on any
vo ltage from 3- to 15-volt s DC. and that
range tak es in the battery vo ltage of
almost all ca lculators .

Two of the modul e pins are co nnec ted
ac ross the co ns tant add key of the ca l­
cula to r. That is usually the one marked
.. = " . but a ll you hav e to do is to punch
a littl e add ition problem to determine
wh ich it is o n yours .

Let' s look at a simple circuit applica ­
tio n for the RC-III . and then a few
va riat ions . Figure I is abo ut as simple
as thev co me. It is a timer or sto p­
watch .' As yo u can see . the ± a nd D/K
pin s are connect ed to the calcul ator
battery and key. respectively,

10 CALC..
B~T\e.R.'f
("3- I S VDC)

~

HOW WO ULD YOU LI KE TO OWN . FOR

o nly $30. a digital capacitance meter
that will measure from a few picofarads
to the larg est va lue you are likely to e n­
count er? Or. for the same price. a digital
o hmmeter with an upper range that yo u
can measure well into the multi­
megohms ? How about a digita l stop­
wa tc h/ti mer. a shutter-spe ed tester . a
tac ho me ter . a light met er. or a speed­
om et er?

So me of those de vices so und all but
imp ossib le for the price . You probab ly
wo uldn ' t believe it if I to ld you that yo u
co uld have all of them for about $30
total! We ll. be lieve it bec ause its true .
Let's see how yo u ca n do it.

Firs t of all. I' m allow ing $10 to buy
a ba sic "four-bangor" calculator. Even
if yo u go out and buy a new one, that' s
more tha n e nough money. When I
sta rte d loo king recent ly. I found five of
the littl e things sca tte red around my
home . Yo u probably have se veral.
vo urse lf. Further. I saw an ad offering
~ ix ma nufacturers' rejects for one buck.

The only ab so lute rest rictio n on the
type of calculator is that it must have a
" co nstant add " function: that is . each
co nsecut ive time the EQUA LS key is
pressed , the total is increa sed by one of
the earlie r ente red digit s (probably the
last o ne en te red) .

Also. it is des irab le that the calcula­
tor have a fast inte rnal c lock osci llato r.
That is more likely to be found in the
cheape r mode ls. The faster the clock.
the sho rte r are the intervals bet ween
calculat io ns.

Back to the co st. five do llar s is
a llowed for the purc hase of a few com­
mo n ca paci tors. resistor s . and switc hes .
Of course , you ' ll on ly need the full $5
in the un like ly event that you don't
even own a j unk box.

The final $ 15 of your allotment will
have to be spe nt. It is for a nifty little
RC-I I I modu le from Kalt ek (Box 7462.
Roc heste r. NY 146 15). This amazing
de vice measures approx . J,4x¥.!x¥S­
inch . and it makes the whole thing po s­
sible . Th e RC I I I . plus a ver y few
addit ion al co mpo ne nts will co nve rt
yo ur four-banger into any of the instru­
ments list ed ab ove plus a few othe rs.
Because of the small size and part s
co unt. oft en everything will fit right
into the ca lcu lator case .

(J)
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I
WE CARRY THE COMPLETE LINE OF
ATARI SOFTWARE, PERIPHERALS
AND ACCESSORIES.

MARCHI OKIDATA MICROLINE 80 I
SPECIALS I ~ I

I I
I$~ I

PERSONAL COMPUTERS
CBM 8032 Computer . . . . . . . . . . . . . . . . . . 1149.00 Epson MX-l00 FT .

CBM 8050 Disk Drive . . . . . . . . . . . . . . . . . . 1349.00 NEC PC-8023 Printer .
CBM 4032 Computer . . . . . . . . . . . . . . . . .. 1029.00 NEC 7710 Spinwriter .

CBM 4040 Disk Drive . . . . . . . . . . . . . . . . . . 1029.00 NEC 7720 Spinwriter .

CBM 4022 . . . . . . . . . . . . . . . . . . . . . . . . . . 649.00 NEC 7730 Spinwriter .

CBM VIC-20 . . . . . . . . . . . . . . . . . . . . . . . . . 269.00 NECJC 1201 M(A) - Color 12" Monitor .

Amdek l00G . . . . . . . . . . . . . . . . . . . . . . . . 159.00 NEC 12" JB 1201M Monitor .
Amdek Color - 1 13" Color Monitor . . . . . . . 329.00 Okidata Microline-80 .

Microtek 16K Ramboard for Atar i 800 79.00 Okidata Microline-82A .

Microtek 32K Ramboard for Atari 400 and 800 149.00 Okidata Microline-83A .
Qume Sprint 9/45 (Full Panel) . . . . . . . . . . . . 2295 .00 Diablo 630 .

Atar i 400 16K 339.00 M & R Sup-R-Terminal .

Atari 4 10 Recorder . . . . . . . . . . . . . . . . . . . . 60.00 Microsoft Soft Card (Z-80) .
Atari 825 Printer 599.00 Hazeltine 1420 .

Atari 850 Interface . . . . . . . . . . . . . . . . . . . . 139.00 Northstar Horizon II 32K QD .

Atari 810 Disk Drive . . . . . . . . . . . . . . . . . . . 429.00 Anadex DP-950019501 .
Atar i 800 16K . . . . . . . . . . . . . . . . . . . . . . . 749.00 Televideo 910 .

Epson MX-70 . . . . . . . . . . . . . . . . . . . . . . . . 34Q.00 Televideo 912C .
Epson MX-80 . . . . . . . . . . . . . . . . . . . . . . . . 449 .00 Televideo 92OC .

Epson MX-80 FT . . . . . . . . . . . . . . . . . . . . . . 549.00 Televideo 950 .

729.00
629.00

2345.00

2695.00
2345.00

359.00

159.00

329.00

499.00
729.00

1995.00

279.00

279.00

799.00

2925.00
1249.00

559.00

669.00

689.00
929.00

NECGREEN
12" MONITOR JB 120l M

$159.00

EPSON MX-80
INTERFACE & CABLES IEEE $55.
RS-232 $70. TRS-SOCABLE$35.

$449.00

CALL TOLL FREE!
EASTCOAST WEST COAST

1·800·556·7586 1·800·235·3581
COMPUTER SHOPPING CENTER COMPUTER SHOPPING CENTER

12 Meeting Street 3533 Old Conejo Rd. # 102
Cumberland, RI 02864 Newbury Park, CA 91320

1-401-722- 1027 1-805-499-3678
TELEX 9521 06 CA. TOLL FREE 1-800-322-1873

TELEX 182889

COMPUTER SHOPPING CENTER
We Accept C.O.D.'s· Stock Shipments SameDay or Next· No Surchargefor Credit Cards

• All Equipment Factory Fresh w/MFT Warranty· We Carry the Complete l ineof Personal Software
• Pricesdo not Reflect Shipping Charges

Rhode Island and California Residentsplease add 6% SalesTax

••
AMDEK COLOR-I MONITOR

$329.00

EPSON MX-loo FT PRINTER
$129.00

PRICES ARE SUBJECT
TO CHANGE

WITHOUT NOTICE
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THE ROI*
FACTOR
(* Return On Investment)

A small
investment can
upgrade the sound
ofyour entire
hi-fi system.

If you 're one of the millions who have bought a Shure ~~

M97 Series, M95 Series, or M75 Series phono cartri g
way of making it perform better than it ever has belor.e I
Hyperelliptical (HE) upgrade stylus (needle) series.
the high trackability/low distortion benefits of the HE stylu
introduced on the famous V15 Type IV), and put them into styl
will match perfectly with your cartridge, for an audible improvemen
in your system's sound at an absolutely minimal cost to you!

Upgrading your phono cartridge with an HE replacement stylus
will give a large return on a very small investment. You already own a
phono cartridge with proven performance; now you can get even
better performance from that same cartridge. Ask your dealer for the
Shure HE replacement stylus that's right for you, and take advantage
of the ROI factor.

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204
In Canada: A. C. Simmonds & Sons Limited

Manufacturer of high fidelity components, microphones,
speakers, sound systems and related circuitry.
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HOBBYCORNER
continued from page 70

capacitor connected to pin C, or the pot
connected to pin P, so the calculator
counts in microfarads or picofarads! Of
course , you do that by using a known
capacitor for C to calibrate your capaci­
tance meter.

You are probably way ahead of me­
yes , the circuit in Fig. 2 is also an ohm­
meter. Using a known capacitor C, the
readout can be calibrated in the same
manner as before to show the value of
resistor R. The reading can be in ohms,
kilohms, or megohms, depending upon
your calibration scale.

Now you are well on your way. By
controlling the module rate and the on­
time with the polarity of pin S, you can
measure all kinds of things . As you see,
there is no problem in adjusting the
module rate to your needs .

Pin S can be "switched" from minus
to plus in a variety of ways . Two are
shown in the examples above. Of
course, a transistor switch can be used.
Another way is with a magnetically op­
erated reed switch. Then, too , the com­
mon photocell and the photo-transistor
can be used to change the potential on
pin S .

By using different switching methods
on pin S, and having the actual switch­
ing controlled by various actions, you
can have any of the instruments men­
tioned earlier. For example, you can
see that a magnet on a bike wheel acti­
vating a reed switch will count the rota­
tions of the wheel and you can calibrate
that into miles-per-hour, feet-per­
minute, or whatever strikes your fancy .
Several of those applications are illus­
trated in the RC-/ll manual.

It should be obvious to you at this
point that an old calculator and an RC­
III module can team up to do a variety
ofjobs. If you come up with any unusual
applications, I would be glad to hear of
them. R-E

..I originally built the robot to do simple
tasks. Then I added to it, making it
more and more sophisticated, until
finally .. . ..



CALL NOW
AND

RESERVE
YOUR SPACE

• $550 for a 6X frequency insertion.
• Reaches 211,387 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

Call 212-777-6400 to reserve space.
Ask for Arline Fishman. Limited num­
ber of pages available. Mail materials
to : mini-ADS, RADIO-ELECTRONICS,
200 Park Ave . South, New York, NY
10003.

AUDIO DELAY LINE, Make your listening
room sound like a concert hall. The ARS­
911 adds the effect of spacial d imension
to your sounds; that big real life feeling.
Featured in R.E. (SeptJOct. 81) ARS-911
Kit only $149.95 . VISA, MIC welcome.­
Advanced Analog Systems Inc., 790
Lucerne Dr., Sunnyvale, CA 94086, (408)
730-9786.
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1.2 GHz FREQUENCY COUNTER with 0.1
PPM high accuracy, 0.001 Hz resolution,
and 10 MHz proportional oven for-$299.95.
DigiMa x Instruments presents a full line
of frequency counters featuring accuracy,
performance, and low pr ices, starting
from $149.95. For mo re information con­
tact : DigiMax Instruments Corporation,
5625 Kearny Villa Rd., San Diego, CA.
92123, (714) 569-6582. Toll Free (outside
CA.) (800) 854-1566 , Telex-697120-DATA­
MAX.
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AMATEUR MICROWAVE RECEIVER SYS­
TEM (pictu red) provides wide-band, high
gain reception of amateur television trans­
missions from 2.1 GHz to 2.6 GHz. View
on your te levision. Order MA1: $169.95.
MICROWAVE TELEVISION EDUCATION
MANUAL includes deta iled microwave
downconverter, power-supply, and ante n­
na plans: $16.25. SUBSCRIPTION TELE­
VISION EDUCATION MANUAL: $14.95.
Add 5% shipping and handling. Informa­
tive catalog: $2.00. ABEX, P.O. Box 26601­
RE, San Francisco, CA 94126-6601.
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The Microbuffer II is an intell igent buffered
parallel pr inter interface fo r the Apple II
computer. Includes 16K of on-board RAM.
Buffer memory size is user expandable to
32K. Compatible with Applesoft, CPIM,
and Pascal. Includes advanced high
reso lution graphics print routines for the
Epso n MX-80 with Graphtrax, Anade x,
IDS Paper Tiger, NEC Prowriter. Price:
$259 . Contact Practical Per ipherals, Inc .,
31245 La Baya Dr., Westlake Village,
CalIf. 91362 (213) 706-0339.
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AT LAST! COMPLETELY REPAIRABLE
TEST PROBES. MICROPROBES from
Huntron Instruments feature a needle­
sharp stainless steel point on a tele­
scoping, length adjustable electrode in­
sulated to withstand 1KV right down to
the ground tip. Super-Slim valo x probe
bodies and 5 foot superflex leads . All
parts are replaceable! $9.95 + $3.50 han­
dling . Add CALIF. or WASH. tax . Visal
Mastercharge accepted. Huntron Instru­
ments, 15123 Hwy. 99 North-Lynnwood,
WA 98037 (800) 426-9265.
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This DYNAMIC NOISE REDUCTION SYS­
TEM is a significantly improved version of
the NR-2 (featured in R.E. Aug.lSept. 79)
employing the most advanced IC's to re­
duce the noise in your stereo system by up
to 14dB. Works with all program sources
(includ ing Dolby'!) tapes} to make your
sounds virtually noise free. AAS-450,
$189.00, VISA, MIC welcome. Advanced
Analog Systems Inc., 790 Lucerne Dr.,
Sunnyvale, CA 94086, (408) 730-9786.
Dolby illl is T.M . of Dolby Licensing, S.F. CA
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UNGAR'S NEW UGHTWEIGHT DESOLDER­
ING PUMP, Economical , easy-to-use, one
hand operation. Pump Number 7874 fea­
tures easy-set plunger with built-in safety
shield , press release switch, no-clog
automatic t ip cleaner and replaceable
Teflonilll Tip #7875. Pump is :%" D. x 8W'
L., made of aluminum with durable ano­
dized f inish. Suggested Resale: $14.95
each. Available through your Ungar Dis­
tributor or contact...UNGAR, Division of
Eldon Industries, Inc., P.O. Box 6005,
Compton, CA 90220, (213) 774-5950, (800)
421-1538.
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2300 MHz DOWNCONVERTER kit
for Amateur microwave reception . $35.00
postpaid . Highest quality com ponents
Send SASE for information filled catalog
of other converter kits, preamps, acces­
sories and parts. VISA and MASTERCARD
accepted.

SMP - Superior Microwave Products, Inc.
PO Box 1241 Vienna, VA 22180
1-800-368-3028 1-703-255-2918
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COMMUNICATIONS CORNER
Speech-scrambling techni ques

HERB FRIEDMAN, COMMUNICATIONS EDITOR

freq uencie s.
Among the earliest. and still effective

mean s of scrambling communications
so that the "average" SWL (ShortWave
Listener) cannot monitor them is
speec h inversion. That system makes a
transmitted signal sound like the " Donald
Duck" cha tter of SSB. In speech
inver sion . all that is done is to mix the
voice frequencies and a steady carrier
in a ring mod ulator.

To get a better idea of how speech
inversion works. let' s look at a simpli­
fied exa mple. Assume that the voice
freq uencies are 300-2500 Hz, and that
the carrier is 3000 Hz. as shown in Fig.
I-a. When the voice signal and the car­
rier are mixed in a ring modulator, what
comes out is the sum and difference
freq uencies. (A ring modulator is a
balanced modulator. A four-quadrant
multiplier IC ca n be used as a ring
modu lator.) When the sum is removed.
you are left with the difference. which
is an exact inversion of the original
speec h freq uencies. When the speech
is inve rted, 300 Hz becomes 2700 Hz.
and 2500 Hz becomes 500 Hz, as shown
in Fig. I-b. Anyone monitoring a signal
that has bee n inverted in that manner
will hear "garbage,"

At the rece iver, the scrambled signal
is decoded by once again mixing the
signal with a carrie r in a ring modulator.
That will re-invert the signal. If the
carrier is 3000 Hz as before. the original
3OO-25OO-Hz input signal is recovered ,
as shown in Fig. 2. One problem with
that scrambling system is that if some­
one assumes that the transmission is
SSB and adjusts the BFO to "tune in"
the signal. he may be able to decode the
scrambling since one BFO setting will
re-invert the signal in exactly the same
manner as is done by the descrambler
or decoder.

Se veral years ago. before the "age
of the microprocessor," I experimented
with an " unb reakable" scrambler. (At
least. I thought it was unbreakable
at the time.) In those experiments. I
used a signal from a nat ional radio net­
work as the "carrier." The "receiving"
station-rather than broadcasting the
signal. a telephone hook-up was used­
picked up the same signal from a local
radio stat ion and used it for decoding a
transmission.

Fortunately, I knew little about

A bett er introdu ction to RTTY is
an excellent handbook that I recently
received in the mail: World Press Ser­
vices Frequencies. That little gem is not
only a handbook on how RTTY work s.
.and the equipment that you' ll need to
rece ive it: it also lists the frequencies.
times. baud rates. shift frequencies.
etc . of the commercial press services
such as UP!. XIN HUA (China). Reuters.
Tass (Russia). and so fort h. It' s a
thorough job and the work was ob­
viously a time consuming labor of love
by the author. Thomas Harrington .
W80MV.

Ju st kee p in mind tha t while there' s
no law to stop you from reading the
mail. you cannot divulge anything you
hear to another part y. The book is
priced at $5.95 and is published by
Universal Electro nics. Inc .: they are
located at 1280 Aida Drive. Reynolds­
burg. OH 43068.

Scrambled communications
Not all scrambled communications

sys tems use sophisticated computer
circuits . and many of the ones that
don 't can be easily monitored. That is
parti cularly true of some of the systems
that are commonly used on the UHF
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FIG. 1

ONE OF THE REAL THR ILLS OF SHORT·
wave listening is hearing the news
before it' s seen on TV or the headlines
of the major newspapers (whatever
" major" is supposed to imply). I can
remember using a surplus BC-348 re­
ceiver to " read the mail" on the over­
seas phone circuits and govern ment
tra nsmitters. and "astounding" my
friends and family when I told them of
some new war or scandal that hadn't
yet made the local papers or the "on­
the-hour" newscast of the local radio
stations. Today. it' s somewhat more
difficult to get the facts first-hand be­
ca use muc h of what you' d like to know
about is sent by radio teletype-called
RTTY-or scrambled radio telephone.
but it is still possible to monitor many
of those transmissions.

To monit or RTTY you need to know
the operating times and frequencies of
the vario us tra nsmissions : and if you
don't want to spe nd most of your time
fiddling with the dials. you also need to
kno w the station's baud rate (speed of
tra nsmiss ion) and shift frequency. I
could take up this whole issue of Radio­
Electronics and still not give you enough
information to get any enjoyment out of
RTTY.
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CONNECTOR PINS: POWER SUPPLY IN
VIDEO OUT

SCAN RATE
ADJ. POT.

Please mail in this coupon or attach to your purchase order.
Mail to: EG&G Retieon, 345 potrero Avenue, Sunnyvale, CA 94086
I enclose $ for unciude sales tax In CA, IL, MA and MOl:
0$98 RC301 circuit card with 128 element array.
0$125 RC 301 circuit card with 256 element array .
Name _
Address -=-:---:-- --::::-::- _
Citv State Zip _
DYes, I would be interested in a 32 x 32 MatriX Array. My application is:

RE

ACTUAL PRICE:
S98or S125

You can now afford to evaluate optical scanning techniques for your
system application. For just $98/$125 RETICON offers the RL128G/RL256G
self-scanning pnotodlooe array with 128/256 diodes on 251lm (1 mill
centers and a complete interface circuit (model RC3011 which allows the
diode array to be operated over a wide range of scan rates and lnteqra­
tion times to fit many system requirements. Just connect your standard
power supply and get a wide dynamic range video signal out.

Applications include OCR, pattern recognition, noncontact size and
position measurement, inspection for defects, spectrometer readouts
and many more.

For higher resolution requirements, other RETICON self-scanning
pnotodtode arrays are available with up to 4096 diodes in a linear con­
figuration and 256x256 diodes in a matrix configuration.

This special offer valid only in the U.S. and Canada until May 31, 1982.
Don't delay-evaluate this exciting new technology today!
For information call: (4081 738-4266 or Boston (617) 745-7400, Chicago (3121
640-7713, LOS Angeles (7141 895-3367.

J~EGC.G RE'r'CO~1

SOLID STATE IMAOER
ACTUAL SIZE:

scrambling at the time (which isn't
all that much more than I know now)
so I did not know that there were at
least ten good reasons why the idea
should not work, Of course the darned
thing worked! The sound was some­
what garbled, but a message using some
non-technical, simply constructed
phrases could be understood. Had I
known more about filters, and had the
time to work on the thing, it probably
wou ld have proved commercially
viable . But I was doing my experimen­
tation just for fun, and once satisfied
that my idea would more or less work,
packed everything into a box and simply
forgot about it.

Today, much scrambling is done
using a microprocessor. Instead of the
steady tone of a carrier, or the radio­
station signal of my "Friedman Special."
a constantly changing sampling rate is
used to digitize a speech signal. The
digital transmission also serves to
program the microprocessor at the
rece iving station to decode the signal.
When total security is required, the
digitized transmission only serves to
synchronize the microprocessor at the

. receiver. Since no key to the sampling
sequence is transmitted, the scrambling
is almost unbreakable. (I say "almost"
because in electronics nothing is any
better than "almost." By the time you
read this, someone may very well be
selling a 50-cent IC that is capable of
"breaking" all of the digital scramblers
currently in use.)

Though the digital scramblers are
essentially unbreakable, many scrambler
users make things simple, to keep over­
all costs down and receiving problems
at a minimum. They are not as interested
in absolute security as in making their
copy unintelligible to the general
public. After all, anyone that really
wants to break a scrambler code can
probably do so.

One major prob lem for the SWL is
that HF-circuit scramblers are usually
used with SSB . That means that you
need a second local oscillator, because
the receiver's regular BFO is being
used to receive the SSB signal. You can
either mix the received audio in a ring
modulator with a variable -frequency/
variable-level audio oscillator, or radiate
a small tunable "IF frequency" into the
antenna input, as was done in the early
days of CB SSB. The whole thing is a
lot of fun to try, although it is rather
time-consuming when you're trying to
establish the best "carrier" level in the
descrambler.

If any of you give it a try, please drop
me a line, in care of Radio-Electronics,
and let me know how you make out.
Perhaps some other readers will be
interested in your results: we'll run the
highlights of your experiments in future
issues. R-E
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COMPUTER CORNER
Games (computer) people play.

LES SPINDLE*

DESPITE TH E OFfEN-HEA RD PHRASE
" personal computer, " microcomputers
today are largely used as serious de­
vices for practical business applications;
the "computer-in-every-home" era still
seems to be a con siderable time away.
To fuel the fires of home-computer
sales , manufacturers and vendors try to
impre ss upon consumers the image of
the home computer as a practical de­
vice; but the largest percentage of soft­
ware purchased by home users falls into
the same category that predominated
five years ago-fun and entertainment
app lications.

That should come as no surprise. The
widespread use of some of the most
sophistica ted electronic developments
of the last hundred years-television,
radio, and the telephone-can still be
attributed at least as much to their
capabilities for provid ing amusement as
to their use for communications.

Because of that, the computer-game
indu stry is a booming business, with
millions of dollars worth of game cas­
settes and disks being sold annually.
Hundreds of software comp anies, large
and small, relea se new offerings every
month. Some example s of game soft­
ware are shown in Fig. I.

been "dedicated" devices-all they
can do is play games. The next step is a
microcomputer system that permits
you to expand your game-playing hori-

r zon s beyond the limitations imposed
by the dedicated game-machines. You
can write your own games if you wish,
and save the game results on cassette to
determine your errors, or continue a
game that had been started previously.
And-perhaps the most important thing­
after you' ve had your fill of game-play­
ing, you can tum the computer to more
practical applications.

Some manufacturers are turning out
game consoles that are actually com­
plete microcomputer sys tems, com­
plete with keyboards and memory. The
Int eract, from Microelectronic Systems
Corp., for instance, uses an 8080 micro­
processor and offers some software in
addition to games, including home and
business applications-programs.

One popular computer that is espe­
cially suited for game-playing is the
Apple II. While its capabilities extend
far beyond that, it offers superb game­
potential for the computer enthu siast
who appreciates the computer's enter­
tainment value as well as its practic al
side. With a keyboard, game paddle s,

excellent graphics capabilities, and a
sound generator, the computer is the
ideal choice for creating games and
playing those created by others. Need­
less to say, there is a wealth of game
software ava ilable for the Apple.

Game types
What kind of games can you expect

to find for computers? There is a wide
varie ty available, but a few popular
formats tend to dominate the market. If
you consider television to be a "sitcom
factory" where one hit series spawns
doz ens of spinoffs, ripoffs, and imita­
tions, you haven ' t seen anything until
you' ve played the hundred-and-first
version of a Space Invaders or Star
Trek computer game. That doesn 't
seem to bother buyers, though; the
form ats that sell are the familiar ones.

At the simplest level, board-type
games continue to be popular. Games
such as tic-rae-toe , checkers, chess ,
and backgammon, hardly make ex­
ten sive use of color graph ics or other
daz zling effect s , but are formidable
brain-teasers and enterta in players for
hours at a stretch. Seve ral computer­
che ss competitions are held by com­
puter clubs and other organizations
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Electronic-game history
The computer-game scramble began

in 1966, when Ralph Baer sold the rights
to his video-game invention, Odyssey,
to Magnavox. The game reached the
market in 1972, and the phenomenon
was on its way .

The early game s were simple, 'ping­
pong-type diversions with little chal­
lenge or variety. The next phase offered
more options for players by using
switches to select variou s modes of
ope ration. In 1977, with 'Fairchild's
Video Entertainment Center, program­
mability was added.

Most modem games are sophisticated
and challenging , because they offer the
possibility for the player not only to
alter the existing games, but also to de­
vise new ones. That' s made possible by
a microprocessor in eac h game console,
and by the availability of ROM (Read­
Only Memory) cartridges containing
the game elements.

All the games discussed so far have

'Managing Editor, Interface Age magazine FIG. 1
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Dollar for dollar, feature for useful feature , we think our new 179A gives
you more common sense utility for your money. What do you think?
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We'd like you to compare Keithley's new Model 179A general purpose
bench TRMS multimeter to its closest competit or .

Add ress _

City State
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------o I'd like a closer look at the 179A. Please
call me to arra nge a demo.

o Please send the new Keithley handheld .
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includ ing the complete 179A specs.

Keithley Instruments, Inc.
28775 Au rora Road /Cleveland, Ohio 44139-9990/ (216) 248-0400
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Simulations
Computers are widely used to per­

form simulations-programs that mimic
real-life events, and whose outcome
can be changed by changing the values
of the data used.

Simulations are used in business to
make long-range financial decisions by
posing hypothetical situations to the
computer. The armed force s frequentl y
make use of computer simulations, and
medical schools often depend on simula­
tions for training purposes-electrons
are more expendable than lives.

Simulations are also widely used in
game s. The Star Trek games cast the
player as captain of the starship Enter­
prise .. the object is to seek out and de­
stroy Klingon battle cruisers without
being destroyed yourself.

Another popular simulation is Ad­
venture, a game in which you explore a
vast, complex, underground world
filled with treasures, magic, and
menaces. The game is highly addictive
and, when you 've exhausted one ver­
sion of Adventure-if that' s possible­
there are many more waiting.

Still another simulation puts you in
the position of an air-traffic controlle r,
guiding over 20 planes into , out of, and
around your airport.

Home -computer version s of popular
arcade game s are also available. There
are Space Invaders games to run on
almost any machine. Missile Command
and Pac-Man are two other games that
have been adapted for microcomputers.

How do you select the best version
of a game ? Ask the man who plays one.
Frequent your local compu ter club,
follow the software reviews in com­
puter magazines , and ask fellow com­
puter owners whether you can try their
games before investing in your own.
You'll find the world of computer
hobbyists game enthusiasts, in par­
ticular-to be a friendly and coopera­
tive brotherhood.

There 's a saying: " You can tell the
man from the boy by the price of his
toy." Whoe ver coined that phrase must
have been a computer buff. R-E

here and in other part s of the world.
Gue ssing games provide some intel­

lectual stimulation and, in some cases,
are educational. Arithmet ic calculations
and problems in logic expand the pro­
grams into truly stimulating exercises.
For example, one game challenges the
player to search a grid of dot s to locate
a hidden object. Clues and hints are
pro vided along the way to bring the
astute player, step-by-step, closer to
solving the puzzle.

Casino games satisfy the gambling
instinct in computer buffs, creating ex­
citing situations with poker, roulette ,
and blackj ack competitions. While you
can' t win any money, you can 't lose it,
either.
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STATE OF SOLID STATE
Playa tune wi th these new lC's

ROBERT F. SCOTT, SEMICONDUCTOR EDITOR

driver from the 7930.
Figure I is a block diagram of a 7910

and Fig. 2 is a circuit that can be used to
drive the ic . The built-in oscillator­
two series-connected inverters connect­
ed between pins I. 2. and 3 (terminals
OSI ' os, and OS3) and tuned by Rol. R02.
and Co- generates a nominal frequency
of 47.5 kHz. That signal is processed by
the various internal circuits to develop
the notes. tempo. keying. shaping, and
other contro ls needed to produce a spe­
cific melody. chime. or alarm.

Pin 4 (te rminal MI) is the on-off control
point. The tune starts at the beginning
of the melody when that terminal" is
switched HIGH (connected to VDO) and
continues unt il the circuit to terminal MI

is opened (switched to LOW). If the
terminal is still switched HIGH when the
tune ends. the tune is simply played
ove r.

Co ntrol te rminals CT L I and CTLz (pins
10 and I I). when connected to RI -CI
and R2-C2. regulate the time constant of
the enve lope. The overall tone can be
changed by varyi ng C l , C2. Rl , and R2.
Terminal CTL3 (pin 12) is the unamplified
output of the melody-generator section
of the Ie. Terminal CTL 4 (pin 13) is the
input to the built-in audio preamplifier.
In Fig. 2. R4 is the volume contro l.
Te rminals OUT , and OUTz (pins 14 and
15) are the preamp outputs used to
drive the complementary bipolar out­
put -transistors .

Terminals SEL l' SF.I.z• and MSL (pins 5.
6. and 9) are used to contro l the outpU1
of the Ie. The terminals are connectec
to switches (S I-S3) that are used tc
se lect melodies. chimes. or alarm. de
pending on their setting. Table I show

TABLE 1

R3
0-2K

R5 C3 R6
120K .047-0.1 410ft

R4
50K

11

FUNCTION S1 S2 53 54

Melody 1 on off off on

Melody 2 on off off on

Buzzer - on off on

Chime - off on on

Test mode/melody 1 on on on on

Test model/melody 2 on on on on

R02
120K

• .001 OR MAY BEOMITTED
•• MAY BENEEDED TO MAINTAIN

FREQUENCY STABILITY ASBATTERY
IMPEDANCE INCREASES WITHAGE.

ICl
7910

in music boxes. and to produce musical
ton es that are a pleasant change from
the strident clanging of a gong or the
rasping sounds of a buzzer used in many
applications . The devices are nearly
complete in themselves . requiring only a
speaker. 1.5-volt battery . and a few ex­
ternal part s for operation.

The 7910 series of rc s provides a
select ion of two prep rogrammed tunes
plus a chime and an alarm tone. The
melody arrangements are diphonic­
two notes sound at once . The 7930
series of IC s play only a single tune.
The 7920's are simple 8-pin DIP devices.
made by omitt ing the audio preampl

FIG. 2

R1 C2 R2
120ft 4.7j.lF + 120ft

C1 +
4.7j.lF

R01
120K

8 1

5 6 10

Vss OS1

C8
.1

FIG. 1
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HARDLY A DAY PASSES THAT I DON'T
read abou t some interesting new or im­
proved sem iconductor device. or of an
innov ative ap plication for a more farriil­
iar one . But all too ofte n. some of the
most exciting devices are available only
to equipmen t manu facturers. or are
priced beyond the range of the average
hobbyist.

That is not the case with a series of
IC s avai lable from Epson America . It
has released a series of 24 melody-gen­
erator CMOS LSI devices. The y are
pro gramm ed to play selected melodies
and to produce chime and alarm tones.
They can be used in musical toys. to
replace doorb ells and chimes. as re­
placements for the mechanical devices
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WE'RE FIGHTING FORYOUR LIFE

The remarkable Touch Test 20 DMM . W ith
the Touc h Test 20 Non-Linear Systems intr o­
duces the 2 lb . 4 oz . test lab. Now, wi th 20
key test functions at your fingertips (plus the
abil ity to measure 10 electrical parameters
and 44 ranges), you can take one lab to the
field instead of a cumbe rsome collect ion of
individual testers.

The new Tou ch Test 20 D M M feat ures:

• Built in temperature measurement (includingprobe;
fO and CO)

• Capacitance measurement
• DC Vo ltage (200 MV - 1000V)
• AC Vo ltage (200 MV - 1000V)
• DC Current (200 /'A- 10A)
• AC current (200 I' A - 10A)
• Resistance (200 11 - 2OMI1)
e Diode Test

Non-Linear Systems' trio of rruru­
scopes are accurate, affordable,
portable. And there's one to match
nea rly every budget and need.
Standa rd features on all mod els
include an input impedance of 1
megohm with 50 pF; maximum in­
put vo ltage of 350 V; trigger modes
in auto , internal, external and line;
slope that's + or - selectable;
grat icule (4x5 division of 0.25"
eac h); dual power sources operat­
ing either interna lly from recharge­
ab le lead acid batteries or external­
ly from 115 VACor 230 VAC(50-60
Hz) via plug-in transfo rmer; hand y
size (2.9"H x 6.4"W x 8.0"0 ) and
we ighs just 3 Ibs.*

Check the chart be low for de­
tails of model feat ures and speci fi­
catio ns.

15MHz

15MHzMS-15

MS-215

'(Exception: modelMS-1JO is~igh ! ly deeper, .18.6", .nd he.vier,.t l6Ibs.l.
VBIICAI. DIIIfCJJON J1Mf

MOOB. INtlMlllf fACTOI IAll

MS-2lO w.Hz nn~=<iv 005'~W.~~Soc/<iv

nnV l05Ol'/<iv. 0.1. Soc10 O.sSoc.
11R.ng.. 11R.nges

nnVt05Ol'/<iv. 0.1. Soc!oO.SSoc.
11Rang.. 11R.nges

THE TEST EQUIPMENT
SPECIALISTS

TOLL FREE HOT LINE

• 8~4~:~T~:-~~!r,4 C!C
NEW YORK. N.Y. 100 36 21 2·66 7· 2224

canFor
Special Introductory

Price Offer

Heartdisease
and stroke

willcausehalf
Ofalldeaths

thisyear.

ADIMIC£ IS PROUD
TO INTRODUCE

e~~
High Quality Oscilloscopes

Backed by
A Two-Year Warranty

. 'No ll ' ifyou 're into sa tellite TV. this is
the house for YOII .'"'

the switch settings for a 7910 pro­
grammed for two melodies and two
alarm sou nds. In the MELODY TEST
mode s. the tempo of the selected mel­
ody is stepped up eight times. The
switch settings for 7910's that have two
melodies and no alarm. or no melodies
and two alarm sounds. are similar to
those in the table .

I've mentioned the possibility of us­
ing a melody generator as a rep lacement
for a doorbell. For that app lication. I
suggest the 7910-0, P, X, ur CH ver­
sions . Those are different I6-note ar­
rangements of Westminster chimes; the
devices are suitab le for use as doorbells
since they are programmed to play
through jus t once and then stop .

At prese nt. there are fifteen different
Ies in the 7910series. seven in the 7930
series. and two in the 7920 series. The
melod ies available are too numerous to
list here, but , to give you some idea of
what is available , they range from
"Jingle Bells" and "Silent Night" in
the 791O-CU to a Chopin nocturne and
a Mozart minuet in the 791O-CE.

Sample quantit ies (l to 9) of the 7910,
7930. and 7920 cost $10, $8, and $7 each.
respectively . Circuit boa rds are avai l­
ab le and cost $15 for the 7910; boards for
the 7930 and 7920 cost $10. If you order
the IC and circuit board together ($25for
the 7910, $18for the 7930 and 7920), you
get an eva luation kit that includes all
parts: all you have to add are an 8-ohm
speaker and a 1.5-volt AA cell. To order
any of those items, write to Epso n
America, 3415 Kas hiwa St. , Torrence,
CA 90505. When ordering , include $1
for shipping and handling. (California
and New York residents, add appropri­
ate sales tax.) Incidentally. tune lists
and data sheets for the Ies are also
available . R-E
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SERVICE CLINIC
Vertical-retrace-I ine problems

JACK DARR, SERVICE EDITOR

OVER THE YEARS I'VE RECEIVED A LOT
of letters concerning vertical-retrace-line
problems. That used to be one of the
most "popular" complaints. The prob­
lem is easy to identify-there are four
or five bright lines at the top of the
screen, and they always start at the
upper right comer and slant down
toward the left. In the early 1950's, TV
sets suffered a lot from that complaint,
and it was frequently said that the sets
came with built-in retrace lines. I've
had quite a few letters about the prob­
lem recently, and the last one said,
"Why don't you write a 'Service Clinic'
column about it?" Always happy to re­
ceive inspiration, I accepted , and here
it is.

Vertical blanking is simple. You feed
a vertical-frequency pulse into one of
the video circuits, or directly to the pic­
ture tube (see Fig. I), That Dulse must
be exactly as long as the vertical-blank­
ing interval, and with enough amplitude,
and the right polarity, to cause the elec­
tron beam in the picture tube to be cut
off.

Naturally, the pulse must be present
during the vertical-blanking interval
(which . is the black horizontal bar
between frames, as if you didn't know!)

A lot of different vertical-blanking
circuits have been used. Early sets fed
positive-going pulses to the cathode of
the picture tube , or negative-going
pulses to the grid. The important thing is

that the polarity of the pulse has to be in
the direction of cutoff, and the amplitude
high enough to cause full cutoff. One
oddball circuit I remember fed rather­
high-voltage negative pulses to the pic­
ture tube's screen grid! That was on a
black-and-white tube set, of course. If
you're restoring antiques , watch for it;
usually pulses were fed in through
capacitors, with shunt resistors. Check
for leaky or open capacitors, or resistors
whose values have drifted.

Later-model sets, especially solid­
state ones , feed blanking pulses into
one of the early video-amplifier stages.
Very often the first video-stage is used.
Popular circuits feed vertical-blanking
pulses either into the base or emitter of
that transistor. For NPN tran sistors,
the pulse applied to the base is nega­
tive-going (reverse biased) while a
pulse to the emitter is positive-going.
The pulses are often fed through series
or shunt diodes; more about them later.

The actual vertical-blanking pulses
can be picked off the vertical oscillator­
output circuit at quite a few points.
What's needed is a point that has a
pulse of the proper polarity and ampli­
tude . Sometimes the pulse is shaped by
R-C networks. One of the older sets
even took the pulse from the vertical
yoke! Some solid-state sets use a verti­
cal-blanking amplifier-transistor, for a
higher-amplitude pulse, wave- shaping
etc. You can find the pickoff point by

looking for a line that isn't used in the
vertical circuitry, but goes out and
away, usually toward the top of the
schematic.

Other trouble sources
There are a few other things--not in

the vertical circuits--that can cause re­
trace lines to show up. In older sets, if
the brightness or contrast is too high,
you may see retrace lines. That can be
fixed by readjusting the controls . Also,
if the AGC is set too far toward' 'white­
out," that can cause the lines to appear.
Reset the AGC control and see if that
helps .

In the cases just mentioned, the lines
show up because the picture tube is
simply being driven too hard for the
normal blanking-pulse to cause it to be
cut off. In recent sets, automatic bright­
ness-limiter circuits have contributed a
lot to curing the problem. But they can
also be the cause of the lines: If you see
retrace lines in a set with an ABL,
make sure that the circuit's working .

Check the schematic to see if a ver­
tical-blanking amplifier-transistor is
used. If so , and you see retrace lines,
use a scope on that stage to make sure
it is working. An open transistor could
be the source of your trouble . If the
transistor is leaky, it can do strange
things to the blanking pulse-make it
wider, distort its shape, etc., which
causes really odd symptoms on the
screen.
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Blanking diodes
Here's some more about the blanking

diodes. Any defect in them causes prob­
lems . If a series diode is open, you'll
lose the pulse entirely. A series diode
that is shorted also causes odd prob­
lems. And leakage in those diodes really
causes some oddball ones! One is
"window-shading:" when the bright­
ness is turned down , the raster goes
dark from top to bottom just as though
someone were pulling a shade down
over it. That would be caused by the
vertical-blanking diode. If the raster
goes out from left to right, as if some­
one were pulling a drape across it. that
usually means a leaky horizontal-blank­
ing diode.

A shorted horizontal-blanking diode
often produces the "jail bars" symp­
tom-there will be five or six black ver-
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The New ELF II
"Beginners" Package
Your own expandable micro-computer
kit, 5 diagnostic analyzers plus circuit,
programming, diagnostic manuals, even
games you can play on TV. All only
$139.95.

Continen ta l U.S.A Credit Card Buyers Outside Connect icut

CALL TOLL FREE 800-243-7428
To Ord er From Connecticut or ForTechnical Assistan ce, Etc.•

Call (203 ) 354-9375
NETRONICS R&D LTD. Oect RF "

333 Litchfield Road, New Milford, CT 06776
Please send the items checked below:
o ELF II " Begi nne rs" Kit S139.95
o RF Modulato r S 8.95

WE TAKE
YOU BY
THE HAND!
You'll learn all about computers: how
to build, program, service , even playTV
games-without kno wing the first thing
about it!

Even if you don't know bits from bytes. now it' s easy and
inexpensive to build your own micro-computer, learn how it
works, program it. service it- even play games with it on your
TV! It' s here in the New EL F II " Beginners" Package. only
from Netronics. On ly $139 .95. Here' s the package: I. your
own micro-comput er. the famous E LF II (featuring the RCA
1802 CMOS microprocessor) in kit form with step-by-step
instru ction s on how to build it. Di agnostic A nalysers includin g
2. your own Logic Probe. 3. Pulse Catcher. 4. 8 bit Test
Register, 5. Logic Analyze r. 6. Ga te Arrays. 7. Non-Tec hnical
Manuals on howto use analyzers, howto get into the guts of the
computer, what makes it tick, how to service it. 8. Sample
Programs that teach you machin e language programmin g plus
how to co rrect or " debug" any progr amm ing mistakes. 9 . TV
games you can play. If your TV set has no video input , an
optional converter (RF Modulator), is available. Then , once
you've got this " Beginners" Package under your belt, keep on
expanding your ELF II with additions like the Typewriter Key
Board. added RAM . Full Basic Interpret er. Electric Mouth
Talking Board. Co lor/M usic. A/D-D/A Boards for Robot
Controls and much. much more. We' lI take you by the hand
with the New ELF II " Beginners" Package . O nly $ 139.95 .
Mail or phone in your order today and begin.
Specifications: ELF II ..Be&.iMm " Pack' ae
The compute r reaturn an RCA CMOS 1802 8 bit microprocessor addressable to
64K bytes with DMA, interrupt, 18 Rc&.i$tm, ALU, 2S6byte RAM expandable to
64K byt es. Professional·Hex keybc»;rd, fully decoded so uere's no need to waste
memo~' ~ith keyboard scaM ina circuits, built-in power reaulalor, S sklt plua-in
expansson BUS (less connectors ), stable crystalcloc k fort imina purposes and •
double·s ided, plated tl\rou&hPC Board plus RCA 1861 .,ideo IC to display any
se~nt o{memoryon . video moencecr Tv screen . Iona with the locic and support
circuitry you need to learn every one of the RCA 1802's capabi lities. The di'cnostic
~alYlers aid in undent andlna .nd troub le $hoot ina your ELF II, as well as other
computer and microprocessor products .

Plu s Sl .oo for posta ge, handling and insurance
(S6 .00 Ca nada)

Connect icut Resid ent s add sa les tax

Total Encl osed $
o Person al Check 0 Cas hie r's Ch eck/Money Order
o Visa 0 Mas te r Charge (Bank No . _
Acc t. N o. _

Signatu re Ex p. D ate :s:
Print »
Name ~
Add ress I

City ~

State Zip R5L J 81

HOT FOLDOVER
I have a Sylvania EO-9 that develops a

bad foldover after it has been run for a
while. I've replaced the IC·300 VIH divider
and checked many of the resistors and
capacitors around it without any luck. I
tried cooling things down and found that
if I cooled the IC, the picture would
straighten out and stay normal for five or
ten minutes. I put the originallC back and
found that the same thing happens. The
schematic shows a voltage regUlator,
SC310, but I can't find it. Any help would
be appreciated,-R,H, Susquehanna, PA

THIS CAN'T HAPPEN!
This happ ened with a Magnavox

T920 cha ssis: There was no vertical
sv nc. The set worked fine on the test
jig . but not in its cabinet . I tried a new
yoke and convergence board with no
luck. That left only the picture tube. I
had another picture tube in a cabinet
with the chassis out. so I used the
Magnavox yoke and convergence as­
sembly. slipped the chassis in. and it
worked fine. So I replac ed the picture
tub e and now eve rything's back to
norm al. I know this isn 't supposed to
happen . but it did!-W.S .. Hou ston. TX

1'111 sure glad you didn' t ask me wliy!

tical bars in the picture: the picture will
be seen between the bars. Tho se bars
are due to the normall y-present series
of "ringing pulses" present on the hori­
zontal part of the HV pulse: the shorted
diode lets them get through. (It's sup­
posed to clip them off .and leave only
the spike .)

There are even stra nger problems.
too . In one old set. we had what looked
like retrace lines : closer examination
showed that they didn't slant but were
almo st horizontal, and had flashes of
color and bright points in them. After
quite a bit of checking, the cause turned
out to be a bad integrator circuit in the
feedback loop . It was one of the
ceramic-types. which looks like a
ceramic capac itor with three leads. It
was cau sing a very narrow and sharp
top -foldov er of the raster : the odd
things seen, including the color, were
the VITS signals.which are in the ver­
tical-blanking interval.

An oscilloscope is the best piece of
test equipment to use with that type of
problem, or with any sync problem­
you can follow the blanking pulses from
their point of origin all the way to their
destination , to make sure they get
there , or to find the point where they
drop out. Whe n you find that point
check voltage s. components. etc . R-E

SERVICE
QUESTIONS

INTERNATIONAL FM-2400CH

FREQUENCYMETER
FOR MOBILE

TRANSMITTERS/RECBVERS
Portable · Solid State· Rechargeable Batteries

The FM-2400CH provides an accurate fre­
quency standard for adjustment of mobile
transmitters and receivers at predetermined
frequencies.
The FM-2400CH with its extended range cov­
ers 25 to 1000 MHz.
The frequencies can be those of the radio fre­
quency channels of operation and/or the inter­
mediate frequencies of the receiver between 5
MHz and 40MHz.
Frequency stability: ± .0005% from + 500 to
+ 104°F.
Frequency stability with built-in thermometer
and temperature corrected charts: ± .00025%
from + 250 to + 1250 (.000125% special 450
MHz crystals available).
• Tests Predetermined Frequencies 25 to

1000 MHz
• Pin Diode Attenuator for Full Range Cover­
age as Sign al Generator

• Measures FM Deviation--------
FM-2400CH (meter only) . 690 .49

RF crystals (with te mp.
co rrection) $28 .89 ea.

RF crystals (less temp.
co rrection) $21.92 ea .

IF crystals catalog pr ice

Write for catalog

INTERN ATION AL CRYSTA L MFG. CO., INC.
10 North Leo Otdahoma City , Okla, 73102

No commuting to class. Study at your
own pace, while continuing your present
job. Learn from easy-to-understand les­
sons, with help from your home-study
instructors whenever you need it.

In the Gr antham electronics program,
you first earn your A.S. E.T. degree, and
then your B.S.E.T . These degrees are ac­
credited by the Accre diting Co mmission
of the National Home Study Council.

Our free bulletin gives full details of
the home-study program , th e degrees
awarded, and the requirements for each
degree. Write for Bulletin R-82.

Grantham College of Engineering
2500 So. LaCienega Blvd.

Les Angeles, California 90034

HOM E
STUDY

Put Profe ss ional Knowledge and a

COLLEGE DEGREE
in y our Electronics Career through



K1908C. Checking , I found only + 50 volts
on the supply to the Video-output module,
instead of the + 238 volts shown on the
schematic. The boost Is a bit high , but the
HV is normal. The + 238 volts is derived
from the flyback. Do you think the f1yback
Is bad?-E.M., N. Olmsted, OH

No . not the flvback. Note that manv
other vo ltages that are derived from th~
flyback are OK: the boost. HV. etc.
You r pro blem is either an ope n rect ifier
on the + 238-vo lt source . or something
of that sort. Check anv resis tors that
are in series wit h that supply. between
it and the video-output module. The
sy mptoms are not those of a short: that
leaves only a bad diode or an open
se ries- resistor as the likely ca use.

HORIZONTAL RIPPLE
I've got a bad case of what looks like

full-wave horizontal ripple in a Sylvania
E01-9. I replaced the main filter capaci·
tors, but it's still there . If I disconnect the
degaussing coil, the ripple Just gets
worse. That shouldn't have anything to do
with the filtering, should It?-J.T., Mem­
phis, TN.

No-the degaussing co il isn 't in­
vo lved . I ran into that situation some
time back and the problem tu rned out
to be an open diode in the full-wave
bridge rect ifier. You have a similar
case. so check all of the diodes Gild

the so lde r joint s . R-E
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NO VIDEO, LOW VOLTAGE
I have no picture, only a raster with

colored horizontal lines, on a Zenith

It sounds as if your problem is in the
vo ltages at the Ie. You indicate d that
yo u measured +5.97 'volts at pin three.
the Vee inpu t. That' s too high! The co r­
rect vo ltage should be -'-4.3 volts.

From the parts list. SC310 is a 4.3­
volt Ze ne r diode. I' d say that irs either
open or missing. Ge t a 4.3- or 4.7-vo lt
Ze ne r and tie it directly from pin three
to gro und. Th at should do the job. and
the origina l IC may still be usable.

BAD PICTURE TUBE?
We've got a GE25YM that was damaged

by lightning. We replaced some parts that
obviously needed replacing. That didn't
work-you turn the set on and the circuit
breaker trips. Our old tester toid us that
the picture tube (25-EKP22) was shorted
even though an ohmmeter didn't indicate
anything was wrong. What's your opinion?
-J.P., Cortez, CO

I think your pictu re-tube tester is
right. I' ve run into several sets with the
pict ure tubes shorted so bad lv that thev
kill the HV and tr ip the breaker. (°1
didn't be lieve it the first time- the set
would run with the HV lead discon­
nected . On a test j ig it gave a perfect
pic tu re . So . we changed the picture
tube and that was that.)

tntem euc na! BUSiness Off ice
SUite 102, 1828SWift
North Kansas City.Missou ri 64116
"c 196 1 Masco Corp . of Ind iana

The Bearcaf 100.
Now! The one scanner you've

always wante d-a no-crystal, fully
synthesized hand-h eld sc anne r .
The incredible, new Bearcat 100.

Push butto n controls tune in all
po lice calls, fire cal ls, weathe r
warnings, and emergency informa­
tion broadcasts, the split second
they happen. Automatically.

16 channels for storing frequen­
cies . 8 band coverage-including
high, low UHF and "1'" public ser­
vice bands; both the 70 em and 2
meter amateur bands. Automatic
and manual search, lockout, scan
delay. Direct channel access. Flex­
ible antenna, earphone, AC adapt­
er/battery charger and carry case
are included.

Dial 800-SCANNER (800-722­
5555 in Indiana) for your nearest
Bearcat Scanner dealer, and go see
the world 's one and only hand­
held,no-crystal scanner.
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Introducing
the first no-crystal
hand-held scanner.
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Capac itor 33 uF Transistor E-C Transistor B-E B-E 1 uF + 68 ohms

Oscilloscope Speci f ications:

• • • •
X Deflection

Timebase: 0.2s- 0.2 us/ern
Triggering: 2 Hz- 30 MHz(3mm)

Auto + level control
Bandwidth: 2Hz- 1 MHz

For single components and In circuit
0.2V± 1% for probe alignment
Regulated including high voltage
110, 127,220,237, VA.C., 50-60 Hz
8·114 Lbs.
4·1/2" H x 8·318"W x 10·7/16"0

Component Tester:
Calibrator:
PowerSupplies:
A.C. Input:
Weight:
Size:

Y Deflection

Bandwidth: DC-10 1v1 Hz (-3dB)
Overshoot: Less than 1%
Sensitivit y: 5 mV- 20 V fcm
Input Imp: 1 M ohm II 25pf

General Information

The first portable
scope with a
component tester.

WHY DO YOU NEED A PERSONAL COMPUTER? by Lance A.
Leventhal and Irvin Stafford. John Wiley & Sons, Inc., One Wiley
Drive, Somerset, NJ 08873. 278 pp inclUding appendices and
index; 6314 x 10 inches; softcover; $8.95.

This is a non -technical , fully illustrated, down-to-earth intro­
duction to the world of personal computers. It offers detailed
guidelines on the advantages and drawbacks of every type of
personal computer ; gives sources of equipment and information ;
provides a step-by-step int roduct ion to the BASIC language,
along with an easy-to-follow course in writing programs; infor­
mation on how to maintain a computer and what to do if it breaks
down ; a user-directed discussion of peripherals and interfacing,
and an extended glossary.

The reader will learn how versatile personal computers are and
the many everyday applications they can perform, as well as what
will be needed for a useful system and how to select a system that
meets the user's personal requirements. Innumerable low-cost
personal computers are widely advertised ; this book will help the
reader to choose among the many offerings and understand what
the advert isements really mean .
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THE COMPLETE HANDBOOK OF MAGNETIC RECORDING, by
Finn Jorgensen. TAB Books, Inc ., Blue Ridge Summit, PA 17214.
448 pp inclUding appendix, additional reading list, and index; 5Vs
x 8314 inches; softcover; $10.95.

This textbook of " know-how" and reference, covering all as­
pects of magnetic recording , is written both for the technically
inclined person wo rking in the field and for the equipment user
who wants to get in-depth knowledge of magnetic recording
equ ipment and principles.

Chapter 1 gives a brief history, followed by an int roduction to
recording equipment (chapter 2) . The rest of the book falls into
three main sections: Fundamentals ; Heads, Tapes, and Discs,
and Equipment and Application.

The process of recordinq receive s full attention, too : pulse
recording and playback ; noise; signal detection; equali zation
bits; erro r rates ; coding ; standards; measur ements ; reco rding
with an AC-bias ; amplitude and phase response ; SNR improve­
ments ; tape drives, and sound-film recording-all are covered in
detail, along with FM and PCM recording (includ ing analog-to­
digital conversion and high-density digital record ing!) R-E
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NEWBOOKS

USING MICROCOMPUTERS IN BUSINESS. A Guide for the Perp­
lexed, by Stanley S. Veit. Hayden Book Company, Inc., 50 Essex
Street, Rochelle Park, NJ 07662. 142 pp including appendices
and index; 6 x 9 inches; softcover. $9.95.

This book, written by the man who opened the " second-o ldest
computer store in the world, " is an essential background refer­
ence for any purchaser of computer systems or software for a
business. It describes the advantage of "computerization" and
provides the potential user with the data necessary to make
intelligent choices.

Chapters 1 and 2 cover various types of businesses and the
programs they need , w ith reference to the ability of small com­
puters to handle those needs . They are followed by chapters on
word processing ; data-base management sytems ; how to install a
computer without disrupting your business ; buying your system;
computer languages; the limi tations of the microcomputer; soft­
ware; where to find it and how to judge it, and what to do when the
system goes down . The two final chapters deal with how a micro­
computer works and microcomputer memory.

The book has many photos and easy-to-follow diagrams, and is
written in plain language, without technical jargon. It answers the
most-often-asked questions about computers and offe rs advice,
information, and warnings which have been proved valid .
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For more detai Is use free
information card inside back cover.
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For more details use free information card
inside back cover.

NEW PRODUCTS

The model EQ2400 has a frequency re­
sponse of 10 to 100,000 Hz ±1 dB. Total
harmonic distortion is less than .01% and
intermodulation distortion is less than
.02%. There are two main , and two tape­
monitor inputs, plus two main and two
tape outputs, equalization and defeat
selector; and tape-monitor controls. The
model EQ2400 can be connected easily to
any receiver, pre-amp, or integrated am­
plifier with tape monitor, signal processor,
or pre -amp output. The model EQ2400 is
priced at $199 .00. - Numark Electronics
Corp., 503 Raritan Center, PO Box 493,
Edison, NJ 08817 .

CASSETTE DECK, model NO-1000, is a
two-motor, direct-drive system that as­
sures accurate tape travel. Its three tape
heads also add to tape-transport ac­
curacy, while permitting off -the-tape
monitoring as well. The transport also
features full IC logic control , permitting
smooth tape-function switching without
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can make and monitor an unequalized
tape while listening to music that 's
equalized to suit the sonic characteristics
of one's listening room .

There are ten linear slide controls for
each stereo channel. each with true octave
spacing calibrated to ± 15 dB. That will
not only improve the sound of the user's
cartridge but also remove hiss , rumble,
and surface noise.

GRAPHIC EQUALIZER, model EQ2400, is a
stereo frequency equal izer for the home
recordist or music listener. The user can
listen to music " f lat " while making and
monitoring an equalized recording, or

Reach
for reliability.
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Solve over 178,000 solid state replace­
ment problems using 1800 SK and KH types.
RCA's new Replacement Guide puts the reli­
able answers at your fingertips.

From foreign to domestic components,
RCA simplifies just about any replacement
application, including integrated circuits,
high-voltage triplers , rectifiers, thyristors
and transistors. The guide uses a conve­
nient dual numbering system, which

matches the right SK replacement to your
consumer or MRO /lndustrial needs. For
example: SK3444/123A.

Pick up your copy of the 1982 RCA
SK Replacement Guide. Nothing puts reli­
ability within easier reach. See your RCA SK
Distributor, or send a check or money order
for $2.25 to: RCA Distributor and Special
Products Division, P.O. Box 597, Woodbury,
N.J. 08096.

84



the need to go through the " stop" posi­
tion . The IC logic permits all tape-mode
functions to be turned on from across
the room, with the addition of an optional
remote-control unit.
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The model NO-tOOO accepts metal ,
normal, and Cr02 tapes, and appl ies
accurate equalization with each. Other
features include two 12-section LED peak­
level displays for accurate monitoring,
separate left and right level controls, and
a front-panel output-level control. Its
standard Dolby B no ise-reduction system
is augmented by an MPX filter for inter­
ference-free off-the-air recording . There
are also an automatic rewind function,
a timer-activated record/playback func­
tion , and an automatic memory-stop/
memory-play function,

The model NO-tOGO is priced at $650.00.
- Nikko Aud io, 320 Oser Avenue , Haup­
pauge, NY 11787.

SPECTRUM ANALVZER,model ESA-1000,
is the first such instrument to incorporate
bandwidths and detector characteristics
mandated by CISPR publ icat ions and
recommended for FCC-compliance test­
ing, both conducted and radiated. The

model ESA-tOOOpermits direct visual mea­
surement of elect ric-fi eld strength , in addi­
tion to the conventional spect rum-analyzer
capability, to provid e a "quick look " at its
entire 100 kHz-1000 MHz coverage range.
The instrum ent' s scan-rate can be reduced,
and accura te measurements taken, using
the built -in quasi -peak detector .
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There is a complete range of options,
including a rechargeable battery pack for
field use, and a digital memory module with
capability to store data from a slow scan, as
required by quas i-peak time constants, and
then retrace the scan data at a fast rate for
wide-dispersion viewing. The model ESA­
tOOO is being marketed at a basic price/unit
under $9000.00.-Penril Corp ., 5520 Ran­
dolph Road, Rockville, MD 20852.

EARTH STATION RECEIVER, model
ESR24, covers a frequency range of 3.7­
4.2 GHz, is designed for satellite-TV recep-

ER
HYBRID

AMPLIFIER
MODULES

HY60

30
watts
$29.95

15 Hz - 50 KHz
THO 0.015%
SIN ratio lIlOdb

* State-of·the-art performance
* Bullt-ln heats Inks
* 5 simple connections
* Encapsulated circuitry
* No external parts required
* Five-year warranty

Choose from five modu les $2595
HY30 (15 walts RMS) •
HY60 (30 watts RMS) $29.95
HY120 (60 walts RMS) 59.95
HY200 (120walts RMS) 79.95
HY400 (240walts RMS) 99.95
FP480 " Bridges" 2 HY400s for 460 watts RMS 20.00.-------------,
GlaDSTOnE Electronics I

901 Fuhrmann Blvd., Phone Orders
Buffalo, New York, 14203. (718)84~735 I

Name I
Address I

I
City Zlp _

PleBsesend AmI. I
I Check ( ) M/O() Visa ( ) M/C() I
1_Number_ Exp=-- :.J
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The new
1982 ReASE

Replacement Guide.

RCI ft SK Replacement
'11_ Solid State
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INTREPID . . ., $27400
ClASSIC 12 15900

HP-l1C NEW call us
HP-12C NEW call us
HP-41CMem Module . .26.00
HP-41CV . . . . . ,24500
HP-67 29500
HP-97 57000
QuadRam call us
Appl ication Pac .. call us

., ..... 219500

.s 42.00, T1-59 $175.00
.Call us TI-55 II . 39,95
.. 8000 Speak & Spell . . . .49.95

. .155,00 TI Programmer . . . .4795
.. 39.00 MBA 4995

HP/125 Compuler callus
HP/37E $60.00
HP-33C .. . . . .70.00
HP-34C . . 115.00
HP-38C . .. 11 4.99
HP-41C Prog 18900
HP-41C Printer 285.00
HP-41C CROAOR 169,00

HP/85 .

?tal/It'd, !Jltc.
519 DAVIS EVANSTON. ILL. 60201 TEL 312-869-6144

HEWLETI·PACKARD

COMPUTERS

SCM TYPEWRITER SPECIALS

:.oil..
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Texas Instruments

Complete Microprocessors line, peripherals & Terminals
Green MOnllor . ... . ,169.00 SOROC IQ135 .79500
Leedex 100 Mon . . ,13900 TI-99/4 ,39900
Visicalc . .160.00 Epson MX-80 , call us
Microsoll li 80 . .32000 Color Monilor .. , cal l us
lOS 445G . . .. callus T1-81O . . 1395.00
T1-745 1440.00 80Column 80ard 299 00

All units sh ipped in original cartons with accessor ies
acco rding to manufacturer's specification. Send
mo ney orders. personal check 2 weeks to clear. In
Illinoi s add 6% sales tax. Add $6.95 minimum ship­
ping & handlin g ch arges per unit. We ship UPS.
Sub jec t to avai labi lity. Wri tten warranty for speci fic
prod ucts can be obtained free upon request. Above
prices are for mail order and prepaid only. Prices and
spec ificat ions sub ject to change with out notic e. Send
mail orde rs..

SCM 2200 $279.00
SCM 2500 . . . :28900

Invest. Anal .
Accessories .
TI-58C
PC100C .
TI BAli .
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tion , and featu res digital channel-display,
preset and variab le audio subcarr ier
selector, automatic frequency-control for
stability, and full metering. For installation

SPEAKERS, Ohm Walsh 2, have inverted
transducers that radiate a measurable
coherent wave front into the total frontal
listening area . That special method of
coherent sound-propagation provides

virtually pertect stereo Imaging and energy
response from any listen ing position. The
speakers are f inished in genuine walnut
veneer on all four sides ; they are also
available in oak, teak , and rosewood
veneers at increased cost. They measure
31Vz x 11Vz inches, can be driven by as
little as 20 watts, and have a maximum
power handling of 120 watts. The Ohm
Walsh 2 spea kers are pri ced at $275.00
each. - OHM Acoustics Corp., 241 Taaffe
Place, Bro oklyn , NY 11205.

CW COMPUTER-INTERFACE,model MFJ­
1200, converts aud io from your receiver to
TTL o r RS-232 so your computer can " un­
derstand " it. It also lets your computer­
output "key" your transmitter. When com­
bined with a personal computer and an
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versatility, the down-converter module
(suppl ied ) may be mounted internally, or
at the antenna. Acc essories for the model
ESR24 include remote control , a remote
tuning-meter, and splash-proof housing.
The styling makes it suitable for commer­
cial or private installations. The model
ESR24 is priced at under $1000.00.- R.L.
Drake, Company, 540 Richard St. , Miam is­
burg, OH 45342.

No. 21B41 $12.95

NO. 215B6 $11.95

BASIC
PROGRAMMER'S

NOTEBOOK

: Exp ira t ion Date _

: Name (Print) _

:B ASIC PROGRAMMING
• PRIMER
• BASIC PROGRAMM ER'S
• NOTEBOOK

:Signature _

: Address _

: Mail to: Howard W. Sams & Co., Inc., 4300 West:
:62nd St., P.O. Bo x 7092, Indianapolis, IN 46206 :

Quantity:

IIIIiJ SAMS
~BOOKS

BASIC TRAINING
Learn to write concise, effective
programs in BASIC with two
great books from Sams.
BASIC PROGRAMMING PRIMER,
by Mitchell Waite and Michael
Pardee, is an excellent, user­
friendly guide to BASIC-Iangua~e
programmin!;l fundamentals. Its
ideal for beginning or advanced
computerists, and comes with a
handy, tear-out reference card
listing condensed BASIC
commands.
BASIC PROGRAMMER'S
NOTEBOOK contains a number
of programming secrets and
shortcuts usually known only
to highly experienced
programmers, as well as
workable ways to trim both the
size and the running time of
some of your larger programs.
Program statements are in Level
II BASIC,but most of the
concepts can readily be
translated to other BASIC
dialects.
Complete your BASICtraining
with Sams, America's leader in
the field of microcomputer
knowledge!

Amount of Order $_ _ •
Add Handl ing Costs $~:

Add Local Sales Tax Where Applicable $__:

Total Amount of Order $_ _ :

• Payment Enclosed: 0 Check 0 Money Order
: 0 Vl5A 0 Mast erCard Int erbank No. _
: Account No. _

(f)

o
Z
o
a:o :City State 2ip :

W : Call t oll f ree BOO-42B-3696 for the nam e of your local:
u:1 . Sams Boo k o ut let o r t o o rder by ph o ne (gi ve sarn s,

I • Operator th e co de number in the box below) . Offer .o .goo d In U.S.A. on ly. Offe r expires 6/ 30/82 . Prices sub - ·o .ject to cha nge witho ut no t ice . •
~ : AD154:
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DEPT. 119

3001 Malmo Road
Arlington Heights
Illinois 60005

CALL TOLL-FREE
800-228-5600
(Nebraska residents call

800-642-8777)

If you prefer, fill
out the coupon
below and mail to :

City State -.-2:1 P__

Sig. -:-=::=-:--:c==-::c-:=;:-::-:c="..--­
(ch arge orders must be signed)

Address _

Name,---,-,-,-,-,---0="'-- - - - - - ­
. (please print)

ONLY

$3995

plus $2.00
shipping
& handling.
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source listings on the printer.
The program will remain in memory

until the computer power is turned off-it
is unaffected by SYSTEM RESET. BREAK. ESC.
OPTION. SELECT. or START. The interface

Interbank.#__ Exp. date__ MAIL TODAY!

DYES! Send me__Switcher(s)
at only $39.95 each plus $2.00
each for shipping & handling.
(Illinois residents add 6% sales
tax.)
D I enclose check or money order
DMaster Card DVisa account #

The Switcher
does it all for you.

Suppose you want to watch the
football game, but there's a great
movie you've been waiting to see
on pay TV. Which do you pass up?

With The Switcher-and your
video recorder-you can enjoy the
game-and tape the movie for
viewing later . In fact , you can
watch any program on regular TV
channels while you tape pay TV or
cable TV. You can even watch pay
or cable TV as you tape "off air"
from regular channels!

Installs in minutes
... no special tools!

The Switcher comes tully
equipped with cables and hardware
for easy installation you do yourself.
Better yet, once it's installed, there's
no plugging and unplugging to do .
Just a touch of the controls gets you
the viewing you want.

Take advantage of this
incredibly low price!

Most SWitching devices
run $89.95 to $129.95. A
few, like The Switcher, are
regularly just $69.95. Now,
for a limited time, we're
offering The Switcher for
only $39.95 plus shipping
and handling! Order
yours today!

----------------------------VIDEO PLAYGROUND, 3001Malmo, Ariingtori Hts., IL 60005

Enjoy the game now...tape
pay TV for later!

priced at $69.95, plus $4.00 for shipping
and handling.-MFJ Enterprises, Inc., PO
Box 494, Mississippi State, MS 39752.

PARALLEL PRINTER INTERFACES, model
A4P and model ABP (shown) are designed
for the Atari line of microcomputers. They
allow the Atari 400 or Atari BOO to drive a
parallel ASCII printer directly. A cable as­
sembly plugs into controller jacks 3 & 4
on the front of the Atari microcomputer. A
short (15-second) program is read into
the computer from cassette; from then
on, all printer data is directed to the paral­
lel-printer interface, instead of to the Atari
serial port. For example, lIST"P will list a
BASIC program on the printer, LPRINT in a
BASIC program will directly output to the
printer, and lIsT#P: will list assembler

••••4L .a.
H... ,......" ..e••••• • •tlODU "'".uoo

.. ,,, cw COM' UTia t NT. l r ACI

~ D.

....,..
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To
service

all
domestic and
imported TVs.

WRITE FOR FREE CATALOG .

UPDATE KIT
Unique transverter system with
9 HORIZONTAL & 5 VERTICAL
IMPEDANCE SELECTIONS and

special matching yoke .

For receiving CW, the model MFJ-1200
processes the received CW audio from
your rig to provide a clean, computer­
compatible TTL or RS-232 level. First it
limits the noise on incoming CW signals,
then filters it to remove interfering signals,
sends the desired signal through a detec­
tion stage, post-filters the detected signal,
shapes the signal, and finally shifts the
level of the signal to TTL or RS-232so that
your computer can use it.

For transmitting CW, the model MFJ­
1200 takes keyboard-generated CWat TTL
or RS-232 output levels from your compu­
ter and drives high-voltage keying circuits
to key your tube or sol id-state transmitter
(-300 volts, 10mA maximum, +300 volts,
1OOmA maximum).

The model MFJ-1200 has three red
LED's to indicate tuning, transmit mode,
and "on". A REVERSEINORMAL switch will in­
vert the output level to the computer, if
desired . It operates on 6- to 9-volts DC or
110-volts AC, with the optional MFJ-1309
AC supply ($9.95). The model MFJ-1200 is

appropriate program, it can give you a
complete and versatile CW keyboard/
reader combination .
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GRAPHIC PRINTER, model VIC 1515, is
des igned to go wi th the model VIC 20 per­
sonal computer. The model VIC 1515,
which can print any of the alphabetic ,
numeric, and graph ic characters com­
mon to the model VIC 20, is a dot-matrix
printer with a speed of 30 characters per
second. It allows the model VIC 20 user to

works equally well with BASIC , DOS, or
the Atari Assembler/Debug. It will work
with virtually any program that directs
printer data through the 10CB. It w ill work
w ith machine-language programs that do
no t reside in or c lear memory locations
0700H to 07AAH .

The model A4P is for the Atert 400,
while the model A8P is for the Afari 800
microcomputer. Both have the same
price: $69.95.-Macrotonics, Inc. , 1125 N.
Golden State Blvd., Su ite G, Turlock CA
95380.

BUS-BAR SNAP.-AROUND, model SPR­
1030, is designed and eng ineered for 3­
inch bus-bar measurements. as we ll as
for use on round cable up to 215/1 6
inches 00. The scale, which rotates for
easier readings, has continuous duty for
every range.

There are five current ranges up to 1000­
amps AC and three vo ltage sca les up to
750-volts AC (self-contained); the unit
comes with a one-piece Ohmprobe for
both resistance and cont inuity testing .
Full -scale accuracy on signals from 50-400

r.:

Hz is ± 3% . Safety features include shock­
resistant ABS plastic housings; twist and
lock th readed vo ltage leads; fully in­
su lated jaws, and the ability to withstand
overloads. The model SPR-1030 comes
with carrying case , voltage test leads ,
Ohmprobe fused battery attachment ;
battery ; fuse , and operating instructions.
It is priced at $124 .95. - A.W. Sperry
Instruments, Inc., 245 Marcus Blvd.,
Hauppauge, NY 11787 .

USE

CARD

YOUR

READER

SERVICE

DON'T
FORGET

Digilal
Mullimeler

The Drake DM2350 Digit al Multimeter is a
convenient. small handheld liquid cryst al
display meter ideal fo r t he serviceman or
hobbyist. This 3V, digit meter is aut o-ranging.
auto-zeroing. has polarity indicat ion. and an
over-range warn ing signal. Battery life is
greate r than 300 hours wit h a " low battery"
indicat or. A cont inuity test sounds a signal
when circuit resistance is less th an 20 ohms.
Dc accuracy is a basic O.B%.

Batteries, probes. 20 amp current shunt, spare
fuse and soft carrying case all included at $95.95

Add $2.50 shipping and handling perorder.
Send check with order and provide st reet address
for UPS shipment. Ohio residents add SalesTax.
Charge card buyers may call toll f ree:

1·800·543·5613

I 1m
In Ohio , or for

~ t • I inform ation call:
. . • 1·513·866·2421

R. L. DRAKE COMPANY
540 Richard Street, Miamisburg, Ohio 45342

INSTITUTIONAL AND DEALER INOUIRIES INVITED.
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PACIlTEC;orp.
subsid iary of La France Corp .
Ent erprise an d Executive Avenues
Philadelphia, PA 19153 (215) 365-!3400

CIRCLE 56 ON FREE INFORMATION CARD

You've turn ed a good idea into a piece of equipment­
now yo u need a good enclosure. Here's how PacTec
can help you with our versatile enclosures:
• Attractiveyet inexpensive. • Durable ABS construction.
• Many sizes, co lors, accessories. • Built in
bosses and slots speed component
mounting.• Available off-the-shelf
from single unit to production
quantities. See them at your
PacTec Distributor. And ask
him for yourJree catalog .

Never again waste valuable time & money
searchingfor acertainsize ortype nut, bolt,
rivet , nan, whatever. We've gotjustabout
every kind of fastener, part ana piece of
hardware you'll ever need! Plus installation

and removal tools. And acomplete
line ofparts organizers.

IT'SAHARDWARESTORE
AT YOUR FINGERTIPS!

Send$1.00forafully'illustratedcatalog
(refundableWith IIrstorder)

o.R.I. Industries, Inc.Dept. RE-382
11100 HampshireAve. So ., ;-
Bloom~ton , MN 55438 MAG-49

i CC) TO RECEIVEYOUR CATALOG, COM'PLffiTiiIS"'1
I ~ AND MAIL WITH $1.00 CHECK DR MONEY ORDER

1
<0 (refundable withfirstorder) TO: I

D.R.I. Industri es, Inc. I
I 11100Hampshire Ave. So., Bloomington, MN 55438

I NAME~ Fnt "1.1. Last IIIADDRESS Street &Nun-ber

I City State Zip I~ -J
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99. 50

~SOARIcorporatl0r:
1126 Cornell Ave nue , Che rry Hill , NJ 08002
Tel. (609) 488 -1060

DMM's
From ~~~~

fF:.. FFORDABLE
~UTORANGI NG

MODEL ME-53 3
ME-53 2
ME-531

• Full autoranging for AC/ DC vol ts, current
and Hi/Lo Pwr. n forfast, easy use. To uch
button diode t est.

• Advanced Micro-C ircuit design w ith re­
duced parts count for lon g term reliability.

• Heavy duty A SS plastic case with display
window cov er fonugged f ie ld use.

• Annunci ators ind icate " AC" mV, mA, n ,
kn , plu s numerical va lue for error free
read ings.

• A ut o decimal, polarity and low battery
indicator .

• Elect ronic or fuse ove rload prot ection fo r
all functions, j ust in cas e . ..

• Continuity bee per on Models M E-531 and
ME-532 for "No-Lo ok" ci rcuit ch eckout.

• 10 Ampere AC/ DC current rang es-on M E­
531.

• Opera t es 30 0 hrs on two "AA" cell s.

• Comp lete w it h batteri es, spare fuse , tes t
leads , ful l on e yea r ltd. warra nty.

NORTH
AMERICAN

Available at selected Dist ributors or
w rite/phone:
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The Skyview IV weighs 400 pounds, in­
cluding mount, and has better protection
aga inst wind (125-mile-toad survival rat­
ing) , rough handling, and weather than
conventional aluminum construction . It is
easy to operate ; it can be shifted from sat­
ellite to satellite with a simple hand-crank
adjustment, and can receive all North
American communications sate llites .

The Skyview IV is priced at $1945.00.
Also available is the Skyview IV System ,

a comp lete home sate llite-Tv receiving
system based on the Skyview IV parabolic
antenna and inc luding a D-2X receive r,
1200 LNA, RF modulator, and all cabling.
The price is $4595.00.-Downllnk, Inc., 30
Park Street, Putnam, CT 06260. R-E

television reception. The television in­
dustry, although not pleased about
losing yet another TV channel, agreed
that 12 clear channels were preferable
to 12 shared channels. If they had to
lose a channel, the y preferred that it be
Channel I. becau se its absence would
have the least impact on commercializ­
ing television .

The FCC went along with the televi­
sion industry's position, and on June
14, 1948, Channell was deleted from
the allocation plan. Channell' s fre­
quencies were ass igned to the fixed
land and mobile serv ices. At the same
time, the FCC decided not to renumber
the channels-that's what happened to
Channel I! R-E

continued fro m page 46

CHANNB.l?

get hard copy for fo rms, program listings,
mail ing labels, charts, graphs, and more.
Special enhancements also allow it to
print extra-wide and reversed (whit e-on­
black) characters. The VIC 1515 is
priced at $395.00.-Commodore Business
Machines, Inc., 681 Moore Road, King of
Pruss ia, PA 19406.

SATELLITE-TV ANTENNA, the Skyview IV,
is a lightweight, 11-foot fiberglass para­
bolic-antenna designed for lost-cost ship­
ping , expandabil ity, and ease of opera­
tion . It is expandable to 13 feet by addin g
extender pane ls. Installation requires only
a simple, three-foot-square concrete pad
and four holes.

send check wit h order and provide street address
for UPS shipment. Ohio residents add SalesTax.
Charge card buyers may call toll free,

1·800·543·5613

I mmmI
In Ohio, or for

~ I' I information call :
. • 1·513 ·866·2421

R. L. DRAKE COMPANY
540Richard Street , Miamisburg, Ohio45342

INSTITUTIONAL AND DEALER INOUIRIES INVITED.

These filters protect any sensitive electronic
equipment f rom power line t ransient damage
and radio freq uency interference. Bot h
models offer common mode and dif ferent ial
mode surge suppression for power line
"spik es". Rf int erf erence is suppressed using
both inductive and capacitive components.
Ideal for computers. test equipment or TV.

LF2 a duplex outlet, 120V, 8 amps max... $39.95
LF6 three separately filtered duplex outlets,
120 V, total fused capacity 15 amps,
power switch and indicator lamp $59.95
Add $2.50 shipping and handling per order.

No costly Schoo!' No commuting to class. Th e Or iginal
Home-Stud y course that prepar es you for the FCC Radio­
telephone license exam in your spa re time! Passing the exam is
your "ticket " to thousand s o f exciting opportunities in
Communications, Broadcasting, Mobile two -way systems,
Microwave sta tions, Rada r installations, Aerospace and more.

NONEEDTOQUITYOURJOB ORGOTOSCHOOL
You learn how to pass th e FCC License exam at home at your
own pace with this easy-to -understa nd, prove n course . Within
a few short weeks you could be on your way to being one o f
the highest paid workers in the electron ics field. It 's tha t easy !
U .S. Federal law requ ires you to have an FCC License if you
want to operate and maint ain virtually any communications
system - you don 't need a College degree to qualify, but you
DO need an FCC License. With thi s Home-Stud y course,
you' ll be ready to pass th e FCC Government licensing exam in
a remarkably short time. Send for FREE facts now. No
obligation. Nosalesmen will call. MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCCLICENSETRAINING, Dept. E I
I P.O. Box 2223, San Francisco, CA94126 I
I Rush FRE E facts on how I can prepare for my FCC I
I License at home in my spare time. I
I NAME I
I ADDRESS I
I CITY STATE-------.ZIP__ JIL _
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ARKET CENTER
SATELLITE TV TOlYIGIIT LIVE I

We don't just

sell information!

We Manufacture

Hardware!

From offsh ore oil rig s.
data link. to hot el.
and backya rd insta l­
lations. we wrot e the
book . Con stantl y up­
dated, our 94 Pig.

technical infor mat ion book and cata log gives you all
the fact s. Inexpensive di shes, feeds, telern­

etry softwa re. kits and mo re. Recom­
mended readi ng by NASA, Th e Off ice

of Consumer Affai rs and qualit y co rn­
panies like Rockwell /C ollins. Send
$7.95 today! CALL

24-hra . C.O.D. Hotlln.
(305) 339--7500

C SPACECOAST
RESEARCH CORPORATION

P.O. Box 442-E, Al ta monte Spgs . FL 32701

$pIciIl 0IItr $2,Ie5.Oll
Kit includes all electronic and mechanical parts needed 10
assembleacompleteoperalingEarthSialion. Youprovidethe
labor and hand IDOls.
Included in thekil area12-loolfullystearableparabolic dish.
low noise ampillier. antenna. rolalor. receiver. modulator.
necessary cables/ conneclors and complete assembly/
operaling instruclions. EVERYTHING - down 10 Ihelast nut.
boltand screwis provided.

lIIustraled Brochure with
CompleteDetaits - $2.00

MICROTENNA ASSOCIATES
2335 South, 2300 West

Sail Lake CUy. Utah 84119

SATELLITE TElEVISION EARTH STATION KIT
LOW COST COMPLETE SYSTEM

SatelliteTV!
F OR T HE H OM E

Sick o f N etwork TV?
Our receiver lets you get
ove r 75 channel. of tele­
visi on directly from earth ­
orbi ting cable TV sate l­
Iites l: HBO, Showtime, su­
per stat ions . sports and
movies wo rldwide.

INTERESTED in Hom e Satellite Television ­
Don 't buy any1hing until yo u've read the HOME­
SAT HANDBOOK & BUYERS GUIDE. Our book
teils everything abou t home satellite TV and may
sa ve you hundreds, eve n thousands of dollars in
yo u r sel ect ion and installation of a system!
$7.50 ; also ; Homesat Monthly Newsletter, one
year. $5. Order both for only $12. H &G HOMESAT
SERVICES, Bo x 422 , Seafo rd , NY 11873

;.
w·

• Precision 25" ParaboUc Antenna
• Prebui" Conve rter and Preamp
• Assembled PowerSUpply
• Low-loss Coaxial Cables
• One Vear Warranty
• Completely Sui" and Tested

DATASERVICE CO.
3110Evelyn Street
Roseville , MN 55113
612-636-9-46g

$ 2 9 5 S ATELLITE
A NT ENNA ( 1 0 FT. X 10 FT.)
• FORTHE DO-IT·YOURSELFER

JuST PUBLISHED- MAGNIFICENTLY ILLUSTRATED
DIAGRAMS - GRAPHS - EXTENSIVE PHOTO­
GRAPHS· MAJOR SOURCES - ANTENNAS - LOW
NOISE AMPLI FIERS - RECEIVERS AND MORE.

THIS AMAlU... lOOK DucalKS THE: ENTIIl FI[LD Of'
SAU LLITI: TIIANSMISSIONANDRECEPTIONWITHTHE:THOItOUGHa
Niss M AN DlCY CLOflEDIA. OHI CAI UlJLnl' AT A n MI.OUIt
COMPIIMI NSlYi M)()K HAS -aN MUlTIN 10 THAT I YVf A
I r:GIHHU CAN EASILY UNDln tSTAHD THE: SlWPU'YING nCHHo-.
LOGY .CAUSI: WI MADI IT 10 u.sy TO LL"'N.

NOWYOUCANHAVlA IOO ....USCHA HHlL UCl:II'11OH I YSTDf
AND DUOY EYUY'nfING KING ~AIT IN THE WORLD.

SATELLITE super-mi xe r ; DB M-4150 A. Clean up
you r TVRO recei ver ! Near-theoret ical perfo r­
mance; fla t respo nse , DC- 1500IF. SMA co nn ec­
tors ; $69.50 - CK/MO/COD. RIGEL SYSTEMS,
2974R Scott B lvd ., Santa Clara, CA 95050 (408)
727 -4231 .

SATELLITE TELEVISION FEED HORN (BRASS),
St andard CPR 229 fl ange, for par abol ic d ish
f/0.3-.45, Frequ en cy 3.30-4 .90GHz. $30.00 Post ­
pa id USA Mastercard- Money order-cash ier
ch ec k. FRIEDSAM TV HARDWARE, 112 West
Main , Marshallville, GA 31057 (912) 967-2828.

SATELLITE system , only $1925.00 co mplete , re­
ceive r ki ts avai lable, WESTCOM, 715 Wash ing­
to n. Ayd en , NC 28513. Dealer s wa nted.

SATELLITE Receiver k it , Antenna Kit. IF Str ips .
M ixe rs, IC·S LNA·S. Hardware. Alignment ser ­
vic e. LANEY SCIENTIFIC INSTRUMENTS, Box
2.0131 ,Jackson MS 39209

\ SATELLITE TELEVISION

SATELLITE TV . Books, parts, low-noise micro­
wave transistors. Specs and ca talog $2.00 . ELITE
ELECTRONICS, RR1 , St. George, Ontario , Can ­
ada NOE l NO

GEOSTATIONARY satellite TV antenna aiming
angles. Azimuth and elevation (true and mag­
netic) coordinates ca lculated by digital compu­
ter for your location. 23 satellites. send name,
address, your location's latitude and longitude
(deg. min. sec,); or distance and direction from
nearby town; or explicit geographical location in
your city; plus $6.50 to: HUTSON INDUSTRIES,
INC., P.O. Box 155, Scooba, MS 39358

• DISH ANTENNA

.PREAMPLIFIER399
·RECEIVER $
MDS COMPLETE RECEIVING
SYSTEM READY FOR TV HooK·UP

- SATELLiTfT~ iNC:- --,
P.~~~~~~'t~~~6~E-3 I

:E::N~~~~~ '::,L~~!~~~U~Hk":I~~ I
C.O.D. O RD ER LINE (305) 845-3840 I

NAME I
A DD RESS

SATELLITE equipment catalog. Over 25 of the
best manufacturers and suppl iers, LNA 's , recei v­
er s, an tennas and complete systems covered in
detail. Four different sections. $12.00. TMS CO.,
P.O . Bo x 8369, Roseville, MN 55113

To run your own classilled ad, put one word on each oltha lines below and send thl s torm along with your check
lor 51.65 per word (minimum 15 word.) to :

Radio-Electronics, 200 Park Avenue South, N .Y., N.Y. 10003

ORDER FORM
PLEASE INDICATE in which category of classified advertising you wish your ad to
appear. For special headings, there is a surcharge of $10.

) Plans/Kits .( ) Business Opportunities () For Sale
) Educationllnstruction () Wanted () --=-""7"""=-=--:---~:----

. Special Category: $10

(PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.)

FREE $200 value TVRO P.C. board set , w hen yo u
jo in our development group. Complete systems
low as $700. Newest low cost designs, ante nnas,
g ro up purchas inq , more. Info $1.00, membership
$50. 50 9-53 4-8088 6-9 PM PST. COMPUTER
SATELLITE SERVICES, 1604 N. Sm ith St. , Spo­
ka ne WA 99207

SATELLITE TV antenna, 10 ft. f ibe rglass, com­
pl et e. polar mount. $1950.00 , elect ronics at cost
also. TRI-STAR COMMUNICATIONS, Bo x 843,
Eri e, MI48133 (419) 726 -1095

SATELLITE TV
FANTASTIC80iii CHANNELS

New antenna construction plans plusbig8x 11
book loaded Withaiming inlo. kits. LNAsand re­
ceiversatwholesale Prices. Farbetter thancable
TV' EnjOycrystal clear reception. Send $9.95 te­
day. Add 52.00for 1stclass lairmall) orcall our
24 hr. COD order line (3051 862-5068 Now.

Global TVElectrOniCS. P.O. Box 219-F . M3Itland . FL 3275 t

SATELLITE TV Antenna - We ma ke the best 10
foot f iberglass dish in the Midwest !! ! Receive 75
TV channe ls di rec t f rom the sate llite. We have
ope nings fo r dealers. Fo r com plete spe c 's and
sat ell it e TV informa ti on send $2.25 for postage
and han d lin g to SPACE ANTENNAS, 127 W. 10.
KCMO.64105.

Satellite Earth Station
complete systems from $2,200.00

Send $4.00 for our
complete 50 page color catalog

TEl ELECTRONICS
P.O. Box 181108, Dept. 286A, Memphis, TN. 38118

901 -795-4504
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17.95
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78.00

SN76477N (.600" Cent ers) 2.75
SN76477N (.400" Cent ers) 2.75
SN76488N 4.40
SN76489N 6.95

Free App lication Note s Availab le.

Creates almost anytype of sound,
frommusic to gunshots and explosions.

".

J'

SOUND & MUSIC
GENERATOR I.C.

OPTOELECTRONICS

L.E.D.
LED 209 T-1 3mm Red
LED 211T-13mm Green
LED 212T-13mm Yellow
LED 220 T-1 314 5mm Red
LED 222 T-1 3/4 5mm Green
LED 224 T-13/4 5mm Yellow

7 SEGMENT DISPLAYS
FND 500 1TIL 322
FND 507 I TIL 321A
MAN 71A 1DL 707R
MAN 72A I DL 707

DYNAMIC RAM'S
P4060·30 4K (4K x 1) ;lOONS22 PIN 2.65
P4116·20 16K (16K x 1)200NS 16 PIN 2.65
C4164·15 64K (64K x 1)150NS 16 PIN 21.95
C4164·20 64K (64K x 1)200NS 16 PIN 19.95

Two full volumes of product data.
• Deluxe 2-Volume Set
• New Section on PROM Programmers
• 62 Manufacturers Data Sheets
• 2400 Data Sheets
REGULAR PRICE $82.50
Active's Special
Introductory Offer $69.95

NEW 1982
IC MASTER

2101-35
2102·25
P2111-45
P2112·35
2114L·3Q
2147
2147
P2016-10
P2016-15
P2016-20
Z6132-6PS

STATIC RAM'S
1K (256 x 4) 350NS 22 PIN 3.65
1K (1K x 1) 250NS 16 PIN 1.45
1K (256 x 4) 450NS 18 PIN 2.65
1K (256 x 4) 350NS 16 PIN 2.65
4K (1024 x 4) 300NS 18PIN Low Power 2.40
4K (4K x 1) 55NS 18 PIN 7.95
4K (4K x 1) 70NS 18 PIN 7.45 PROM'S
16K (2K x 8) 100NS24 PIN 32.95
16K (2K x 8) 150NS 24 PIN 19.95 74S188N 32 x 8 16 PIN
16K (2K x 8) 200NS 24 PIN 14.88 74S288N 32 x 8 16 PIN
32K (4K x 8) 450NS28PIN 36.95 93417/82S126 256 x 4 16 PIN

EPROM'S 93427/82S129 256 x 4 16 PIN
C2708·45 8K (1K x 8) 450NS 24 PIN 4.50 93436/7620 512 x 4 16 PIN
C2716/TMS251616K (2K x 8) 450NS 24 PIN
Sing le 5 Volt Supply, Int el Pin Out 5.95 93446/7621 512 x 4 16 PIN
TMS2716 16K (2K x 8) 450NS 24 PIN 93448/7641 512 x 8 24 PIN
g~;er Supp ly, ~~~i~~ut8) 450NS 24 PIN 16.95 93453/7643 1024 x 4 18 PIN
T I Pin Out x 14.95 93451182S181 1024 x 8 24 PIN
C2732 32K (4K x 8) 450NS 24 PIN 82S18517128 2048 x 4 18 PIN

~J~~~in Out 64K (8K x 8) 450NS 24 PIN 14.95 82S191/7138 2048 x 8 24 PIN
T I Pin Out 49.95 $50
C2764 64K (8K x 8) 450NS 24 PIN "ef ...0 5
Intel Pin Out 49.95 def 0 .... It' otl

SHIFT REGISTERS ,.(1'1 ~~e tfeo~\ts eo Z80 FAMILY
1404A TO-5 Single 1024 bit 2.98 e~e f'l
3341APC FIFO IMH z 4.45 f "'eftl° Z80.CPU 2.5 MHz 7.55
3342PC 64 bi t 3.95 It' Z80A.CPU 4.0 MHz 9.45
3347PC 80bit 3.95 Z80-P10 2.5 MHz 6.65

Microprocessor Chip Sets m~~~¥c H~~~ Hi
6800 6500 8080 ~:~A~~~A U ~~; ~t~~

FAMILY FAMILY FAMILY m:~:g~~ ~H~; ~u~
6800 CPU 5.65 6502 CPU 7.45 8035 CPU 7.25 8224 3.44 m~fJ%1 g ~ ~; g:~~
6802 CPU 8.65 6504 CPU 765 8039 CPU 7.95 8226 2.34 Z80A·SI0/2 4.0 MHz 27.85
6808 CPU 8.45 . 8080A CPU 4.95 8228 495 Z80-SI0/9 2.5 MHz 16.85
6809 CPU 19.95 6505 CPU 7.65 808~ CPU ~.g& 8251 5:95 m~Di~0{9 t~ ~ ~; m~
6810 2.65 6520 5.95 815 . 8253 9.95 Z80A.OART 4.0 MHz 13.25
6821 2.65 6522 795 8748 36.00 8255 5.05
6840 7 95 . 8755 32.00 8257 9.95 Active supplies
6845 17'95 6532 10.85 8212 2.25 8259 9.95 Z80B's-6 MHz device
6850 2:95 6551 11.10 8214 4.25 8279 10.95 types. Prices available
6852 3.45 8216 1.98 upon request.

* * * COmpUTEASUPPOAT CEflTEA* * *
Absolutely the lowest prices and highest quality

Only current date coded products

Adverti sement valid th rough March 1982

PLASTIC POWER
TRANSISTORS

TIP298 .48 TIP41C .69 TIP125 .74
TlP29C .50 TIP42B .69 TlP1 26 .82
TIP30B .48 TIP42C .74 TIP127 .89
TlP30C .48 TIP110 .58 TIP1 40 1.64
TIP31 A .49 TIP111 .64 TlP141 1.84
TIP318 .49 TIP11 2 .72 TlP1 422.05
TlP31C .52 TIP115 .56 TlP1 45 1.99
TIP32A .46 TlP1 16 .64 TlP146 1.99
TlP328 .50 TlP117 .75 TIP1 472.45
TlP32C .56 TIP1 20 .74 TIP2955 .93
TIP41A .65 TlP1 21 .64 TIP3055 .75
TlP41B .65 TlP1 22 .74

"ISI'l our Ar.w Wr.3IDUKU
SHOWROOM Outlet Over

$10,000,000 of devices in stock!
133 Flanders Road, Westboro, Massachusetts (617) 366·0500

Bi-Fet OP AMPS
Tl071CP .54
Tl067CP .89
Tl074CN~ 1.65
Tl 081CP .42
Tl 082CP .85
Tl 084CN . 1.59
Tl430ClP , .69
Tl431Cl P .69
Tl497ACN 2.88

CIRCLE 9 ON FREE INFORMATION CARD

For every $100 order
we will send you a t no
extra charge - 4 data

books valued at
$25.00 - MOS Memory

Data book, Opto
Selection Guide,

Unitrode Data book,
JFet Applications

and Specs.

7400N .23
7~1 N .25
7<402N .24
7403N .24
7~N .21
7~N .26
7<406N .36
7~7N .41
7~N .2&
7~N .28
7410N .2&
7412N .35
H 13N .42
74'4N .44
7416N .35
70417N .36
742QN .25
7422N .45
70423N .2t
7425N .32
70426N .32
70427N .32
7428N .41
7430N .23
70432N .38
70433N .42
70437N .31
70438N .42
7«ON .2:5
7....2N .52
7445N .1'8
7«6N .79
7....7AN .79
7450N .25
70451N .251
7453N .2SI
74504N .251
7472N .3S
7473N .35
7474N .35
7475N .47
7476N .35
7483AN .41
7484AN 1.-
7485N .88
7486N .35
7490AN .38
70491AN .50
7492A,N .A2
749;JAN .38
7494AN .65
7495AN .54
7496N ..58
7497N 1.
74100N 1.31
741G4N .&4
74107AN .40
74109N .40
74110N .52
74111N .n
74116N 1.31
7412'ON 1.31
7.(121N .31
74122N .AI
74123N .41
74125N AI
704126AN AI
704128N .64
74132N AI
704136N .52
74141N .85
704142N 2.t5
7414ZN 3.44
741«N 3.44
74145N .17
74147N 1.50
74143N .tI
74150N 1.25
74151N .54
74153N .AI
741504N 1.25
74155N .51
74157N .58
741WN 1.52
74160N .so
74161AN .89
74162N .88
74163AN .68
7416.(N .Sg

DUAL-IN·LINE
LOW PROFILE
I.C. SOCKETS

CONTACTS PRICE CONTACTS PRICE
8 PIN .13 22 PIN .35

14 PIN .22 24 PIN 4P.38
16 PIN .25 28 PIN .44
18 PIN .28 40 PIN .63
20 PIN .31



MINI FM MIC

Compact size , only 2 "xl "x% " , Transmit
to FM radio 88 ·108 MHz. ExceptIOnal
audio quality . Transmits stable signal up
10900 It. Complete kit inc l. case , battery
& instructions. Only $13.95. Assembled
$ 18 .9 5 . Add $ 1.55 S&H ea . Send l B¢
stamp lOf'brochure.

S.E. cor; ,Box 16989·R
Templ e Terr .c. , FI 336157

ELECTRONIC catalog. Over 4.500 items. Parts &
co mponents. Everyth ing needed by the hobb yist
or techni cian. $2.00 postage & handli ng (United
States only ), refundable w ith fir st $15.00 ord er.
T & M ELECTRONICS , 474 East Main Street.
Patchogue. NY 11772 (516) 289-2520

MICROWAVE HORN ANTENNA KIT
17-2.6 GHz freq. !!ICf Range 17-19 Ib G~, Kit w/Alstmb~ Instrnct ioos $39 95'
DownCllnvlrtlf Il4.lnlI1995·(w/Ant.. .. Kit $14.951~
Ports Kit for80Md 12995' IW/A.Wlna or8o>rd$24.951
Cllmpllt. Paci'OlIA' lIlIIIl Bwd&P..tsKi~ 179.95

MICROTENNA ASSOCIATES
2335 South2JOO Wesl Salt lake City. Utah 84119

Cltect orM0 only - Allow H WilksOeIivlry(test illCl lIdIs s~ppingj

·Ut.h RlSide,ts PIUS! Add 5\ SaIlS Tal

SUBSCRIPTION TV PLANS : 2300 MHz Micro­
wave Downconverter plus BONUS UHF system,
both for $15.00! Best systems available, no in­
ternal connections to TV. Parts, PCB's, Kits
available, MCIVISA accepted. Other plans:
Negative Ion Generator, Telephone Memory
Dialer, UHFIVHF Antenna Amplifier, Wireless
FM Intercom, $4.00 each . send SASE for more
information. COLLINS ELECTRONICS, Box
5624, San Bernardino, CA 92412

ELECTRO-music kits. Touch-sensit ive elec­
tro nic pianos : str ing synthesizers: program­
mab le drums and orc hestral generators: elec­
tro nic orga n rot ors. G&R ADVANCED ELEC­
TRONIC DESIGNS, INC., P.O. Box 38. St reets­
ville. Ontario. L5M 2B7.

CABLE TV converters and equipment. Plans and
parts. Build or buy. For in form ation send $2.00.
C & 0 ELECTRONICS , PO' Box 21. Jeniso n. MI
49428

PRINTED circ uit boards from sketch or artwo rk.
Kit pro jects. Free details. DANOCINTHS INC.,
Box 261. Westl and . MI 48185

CATALOG of electronic designs. Radio. audio .
tele phone. self de fense & surveillance. Also 100
MPG carburetors. Free details. PETER-SCHMITI
ENTERPRISES, # 131. Box 07071. Milwaukee.WI
53207-0071.

MUSICAL car horn 64 tunes. No chips to buy. Kit
wi th case less horn. $31.95. Factory assembled
wi th horn . $41.95. Add $2.50 shipping. ELEC­
TRONIC SOUND, P.O. Box 401951. Garland. TX
75040

8I rn* aJ
KEYBOARD

/ KITS
WERSI Organs are demonstrably superior
in overall performance, to ALL.:commer­

cially bu ilt instruments, l1il.Qardle~s of
price . Best of all, you save 1/2 to 2/3 the
cost with our ea~y to build k its . (Also
factory assembled) .
And now - after 3 years in research I
the totally unprecedented " Pianost ar'
electronic piano land much morel) has
been unveiled to international raves!
You have to hear it to believe itl
Explore the excitinq world of WERSI,

Free in fo rm at ion P1cka~.91" free, 24 h rs.: 1-8 -233-38~5

A~ ~~rGjI~~~~/6~T}~1:~1M33"
Please specify Piano or Organ

MICROWAVE televis ion " downconverters" un­
de r $50.00. High quali ty. easily assembled. Cata­
log ue : $2.00 (refundable). NOS, Box 12652-R.
Dallas. TX 75225

PCB. 15c sq-in. Free dr il lin g. Satisfactio n
gu arant eed . INTERNATIONAL ENTERPRISE,
6452 Hazel Circ le. Simi Vall ey. CA 93063

DECODE Morse. RTIY. and ASCII sign als from
airwaves w ith new Code· Star. LED readout or
connect w ith your compute r/ printe r. Keyboard.
other items also avai labl e. Kits or assembled.
MICROCRAFT, Box 513R. Th iensvill e. WI 53092
(414) 241-8144

SATELLITE TVRO parabolic alum inum dish.
loca l materials $500. Plans. formulas $10.00.
WARD MICROWAVE, Box 100. Conway. NC
27820

NEGATIVE ion generators. Send for free info r­
mation to THE SEAWARD COMPANY, P.O. Box
2039. Burbank. CA 91507

MICROWAVE downconverter kit $169.00. In­
cludes everything. Informative cata log on sub­
sc rip t ion TV products $2.00. J & W ELECTRON­
ICS, P.O. Box 61. Cumber land. RI 02864

KIRLIAN photography as a hobby. Complete
plans for do- it-yourself machine. Includes easy
Instru ct ion s and ways to improve qual ity of
prints . $5.00. C.E.L.C. ELECTRONICS, P.O. Box
805. Missouri Ci ty. TX 77459

ONE-MAN
FACTORY

-.

HIGHLY
PROFITABLE

ELECTRONIC

EDUCATION & INSTRUCTION

WINNERS! BUild on your technical skills to cre­
ate a successful computer business. Free report
tells how. SEABIRD PRESS, Box 461T. Lexing ­
ton . MA 02173

LAWYER Bus iness lit igat ion . patents . appeals.
JEROME FIELD, B 292. Broo klyn 11230. Phone
{2121434-0781. Eves. 434-1825

Hig hly EffectiVe Home Study BSEE Degr ee Pro­
g ram to r Experienc ed Electroni c Technic ian s
OUf New Adva nced Pla cem ent Progra m g ra nts

I~ I Credit fo r pr ev iou s Schooling &.Professiona l Ex-

~
pe rten ce. Advance Rap id lyt OUf 36th Yea rl

, FREE DESCRIPTM LITE IlATUREI
Cook's Inslilule 01Eleclronic s Engineering

• DESK 15 . P.O . BOX 20345. JAC KSON. MS 39209

Investment unnecessary. knowledge not re­
quired . sales handled by professionals. Ideal
home business. Write today for tact s!
Postcard will do, Barta-RE-W, Box 248 ,
Walnut Creek, CA 94597.

SUBSCRIPTION television educat ion manual.
Com plete theo ry in circui ts $9.95. 0 & S ENTER­
PRISES , PO Bo x 110901RE. Nashvill e. TN 37211

OSCILLOSCOPE performance from your un­
mo d ified television for less than $25. Super sim­
ple. accurate. pract ical. Order Tele-Scop e circui t
board and plans $8.50. Get two for dual trace
$15. MICROGRID, Box 613. Ithaca. NY 14850

BUSINESS OPPORTUNITIES

UNIVERSITY degr ees by mail! Bachel ors. Mas­
ter s. Ph 'D's... Free revealing details . COUNSEL­
ING, Box 317-RE3. Tust in. CA 92680

MECHANICALLY incl ined indi viduals desiring
ow nership of Small Electroni cs Manufacturing
Bu siness - wi thout investment. Write : BUSI­
NESS, 92-R. Brig hton 11th. Brooklyn. NY 11235

~[]Ir.PlJTER MARKET CENTER

Take stock in America.
Buy U.S.Sav ings Bonds .

BUY THIS SPACE
$55.00 pu ts your ad in th is
space in fr ont of 197,223 act ive
Radio-Electr onics readers . To
place you r ad write Computer
Market Center. Radio-Elec­
t roni cs . 200 Park Avenue
South. New York. New York
10003 or ca ll 212-777-6400.

SUPPORT ""
MARCH~
OF DIMES

RETAILERS

An ad fo r you r computer
store in thi s space in
Radio-Electron ics COM­
PUTER MARKET CEN­
TER puts you in touch
with our computer audi­
ence. They use micro­
computer equipment for
both business and
hobby interests. For
fu rther deta ils call 212­
777-6400.

~
COMPUTER MARKET CENTER ADVERTISING RATES 1" by 1 colum n (1 5/8" ) $55.00. 1 1/2" by 1 co lumn ~
(1 5 /8") $82.50. 2" by 1 co lum n (1 5/8") $110.00. All ads must be prepaid . Send order and re m ittances to Co m­
p uter Market Center. Radio-Electronics Magazine, 200 Park Avenue South . New Yo rk . New York . 10003.
Address telephone inquiries to 212-777-6400. Frequency rates are avai lab le .

TEXAS ,~ 1 19 4 1 1 '"
",'" "' ",

'" '" .....,.V FRo. '"*'" , "'0 '"
",* i' miil \. -,
'" ,';* Ed McMahon here to wish usa a '"
,'; Happy Birthday. Thanks, usa lor '"
* 40 years ofchampionship service. '"

,'; Ed McMahon '"

'" '""','; _AQn~._. ",'"
'" C/"uu.~,~~ '"

,'; ,'; ,';
*,'; 1 19 8 1 I ,';

lhowico "'_ ... ~ wor1ca ...

for AU. OF us UnitedWay

USED COMPUTER TERMINALS.
PRINTERS . MODEMS. SUR­
PLUS ELECTRONIC PARTS.
CATALOG $1.00

RONDURE COMPANY
THE COMPUTER ROOM
2522 BUTLER STREET
DAL LAS . TEXAS 75235
(214) 630-4621
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LEARN ABOUT

'interfacing to 5-1001IEEE 696 Mlc:roc:omputers', by Sol Libes and M ar k G aretz. Spe lls out operating requirements and characteristics
w ith clarity and precision . 17 chapte rs cover busing techniques , parallel and serial interfacing , handshaking , b us signals and timing
relationship s, I/O po r ts, interrupts, AID and DIA conversion, much mor e . OsbornelMcGraw-h ill; softeover; 321 pages. $15.00

TERMS: Ca l res add tax . Allow lOC!, 'oshipping; excess refunded . VISA~ and Mestercerd "
or de rs ($25 minimum ) ca ll (41S)562-0636, 24 hrs. Incl ude street edress for UPS. Prices
sub jec t to cha nge without notice .

®®@)mOJOO~
ELECTRONICS

di visi on

(415)562-0636

'Product User Manuals 1975.1980, Volume 1', b y C omp uPr o . With sche matics , test routines, opera ti ng info rma tion for 29
Comp uPro products (RAM and ROM memories, mother boards , CPU 8085/8088 du al p rocessor board , CPU-Z, in terfacers, etc.). A lso def ines and
expla ins the S-IOO b u s. Excellent refer en ce on mem ories an d C PU b oards. Softcover ; 8 .5in x l lin. fo r mat; 256 pages; $20.

'Product User Manuals, Volume 2', by CompuPro . Sim i la r to above, but covers System Support I , Disk I , RAM 17 CMOS m emory,
I nterfacer 3 , SI D RA M, SI D CPU, SI D motherboard , and
and mo re . Softcover ; 8.5in. x l l in, format; 307 pages; $25.

GmpuPro™
OAKlAND AIRPORT, CA 94614-0355

CIRCLE 21 ON FREE INFORMATION CARD

$8995 CONVERTS
MICROWAVE TO
VHF TELEVISION

COMPLETE INSTRUCTIONS,
HARDWARE, POWER SUPPLY
& YAGI ANTENNA.

CLEAR·VUE ELECTRONICS
<&P.o. Box 600, Rochester, II 48063~
~ 313-375·9730 ~

FOR SALE
MICROWAVE receiver system. Write : " Dealers
Wanted," Dept. RE, POB 4181, Scottsdale, AZ
85258 (602)941 -9345

VARIETY electronic su rp lus parts and equip ­
ment in ou r mo nthly picture flye r. Send $2.00 for
6 issues. STAR-TRONICS, POB 683. McM inn­
vil le, OR 97128

SCANNER / mo nitor accessories-kits and fac­
tory assembled. Free cata log . CAPRI ELEC­
TRONICS, Route 1R, Canon, GA 30520

POLICE /fire scanners . scanner crysta ls. anten­
nas, radar detectors . HPR, Box 19224, Denver,
C080219

TEST equipment, new and used. Catalog $1.00.
PTI, Bo x 8756, White Bear Lake. MN 5511O. (612)
429-2975

FREE speaker catalog ! Woofers. rnids, tweeters.
hardware. crossovers. gr ille cloth. plans, kits. in­
formation , much more . Discount prices. UNI­
VERSAL SOUND, Dept. RE, 2253 Ringli ng Blvd..
Sarasota. FL 33577. (813) 953-5363

SAVE up to 50% on name brand test equ ipme nt.
Free catalog and price list. SALEN ELECTRON­
ICS, Bo x 82-F, Skokie. IL 60077

TELEPHONE or office bugged? Latest detection
equ ipment finds out fast. Literature $1.00. CLIF­
TON, Bo x 220·M , Miami, FL 33168

~ WRITE FOR

~~McGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
Tel.: 1 (816) 8A2 509'l

1901 MCGEESTREET KANSAS CITY, MO. M1De

THE Intelligence Library. Restricted technical
sec rets-books on electronic surveillance, lock­
picking, demolitions, Investigation, etc . Free
brochures : MENTOR, Dept. Z, 135·53 No. Blvd...
Flus hing. NY 11354

PICTURE tube rebuilding equipment-we sell
and buy new and used equipment. Free training .
ATOLL TELEVISION, 6425 Irving Park. Chicago,
IL 60634 . Phone 312-545-6667

MICROWAVE 2 GHz. Best in the West! Down­
co nverter kit s $39.00. Complete with antenna
and contro l box $99.00. Factory assembled ­
90-day wa rranty $159.00. GALAXY ELECTRON·
ICS, 6007 N. 61st Ave.. Glendal e AZ 85301 (602)
247-1151

CHEMICALS, appa ratus . project books . wide
selection. Catalog $1.00 send to: PIONEER Ltd .
Ind , 14a Hughey St.. Nashua . NH 03060

COLLECTOR items : full set Sam's Photofact.
Vo lume 1 - 20. some TV repair manu als. assorted
Rider ma nua ls, all excellent condition . DOUG
VAN DYCK, 617 N. Holly St.. Medford . OR 97501
(503) 779-5612.

ELECTRONIC equ ipment. Panasonicgear, metal
detectors, sate ll ite TV systems. SCHAFFER EN­
TERPRISES, Bo x 1362, Bro okings. OR 97415

2150 megahertz downconverters $99.95 up, as­
sembled . Detai ls fo r SASE. GW ELECTRONICS,
POB 688, Greenwood. IN 46142

REVERBERATION for organs and keyboards ­
Simply conn ected to any electronic organ. even
those with mult iple out let channels. Room size
and reverberation time adjustable. Nothing com­
parab le in thi s price range is off ered on the
mar ket. Send for fre e broc hu re. DEVTRONIX OR­
GANS, INC., Dept. 60. 6101 Warehouse Way, Sac­
ramento CA 95826

~.M!

' I .~:!~ ?i-2~:.-{f{s:~
REIlfOV~ODISCS

The Thompson Vocal Eliminator can actually remove most or

r~~~a::ro:~lo~ft~eS~~k;oa~~~ ~~~cau~ttonu~~~f~~~~:':~i~~ W~
can prove it works over the phone. Writ e or call tor a 24 page
brochure and demo record .
Wr~e to: LT Sound, Dept. R. P.O. Box338. StoneMountain,

GA 30086 Phone 404 493-1258 COST: $295.00

TOUCH-TONE Decoder chip. Only one chip
needed to deco de DTMF sign als. Includes crystal
and spec sheet. $64.50. Send fo r fre cata log on
others. NELRAD COMMUNICATIONS, Box 150.
Webster. MN 55088.

TUBES. Retired repairman 's stoc k. SASE for de­
tails . KA5DUE, 506 E. La Palom a Lane. Roswell.
NM 88201

TI 58/59 users - have fun with your calculator.
Two games available. Treasure Island - protect
your go ld from pir ates. Sticks - whoever takes
the last st ick loses. $3.00 each. PREMIER SIFT­
WARD , PO Box 12011. Austi n. TX 78711

BIPOLAR 2:15V @ 50 mA powersuppl y. 10 mV
regu lat ion . 0.1 mV ripp le. Kit on ly $12.95 .plus
$2.00 shipping. SOUND CONCEPTS, Brookl ine.
MA021 46

POWER-AMP sub-assemblies, 100 watt s rms.
.05% distortion. completely assembled and test­
ed. for mo re information write to. CLAXTON AU­
010, 3174 Periwin kle. Memphis TN 38127

SYNTHESIZER modu le Pll , 100 continuous di­
rect binary coded channels at 10 KHz steps. 38
MHz out : with schemati c. specs. application
notes. ppos to PRESTON, 7 Doris Place. East
Islip. NY 11730

COMPUTER SOFTWARE
HP-41C software . Electronics, engineering, busi­
ness applications. Free information .SOFTWARE
SPECIALISTS, INC., Dept. RE/1 , Box 329.
Springboro, OH 45066

CBRADIO
GET more CB channels and range! Frequen cy
Expanders. boosters , speech processors, FM
converte rs. ignition noise blankers, how-to
bo oks . plans. mod ifications. Catalog $2. CB
CITY, Box 31500RE. Phoeni x. AZ 85046

WANTED
WANTED, large quantities of surp lus electronic
part s/ compute r boards/motors, etc . Anything
for th e home constructor consldererd. Send full
details, samples, prices to : TRADE SURPLUS,
75/77 Hayfi eld Road, Salford, Manchester, M6
8QA, England. Telephone 061 743 1184, Telex
665383 TRADA G.

COMPUTERS
SAVE 90%. Build your own computer, CRT, and
interfaces. Free details. DIGATEK CORPORA­
TION, Su ite E. 2723 West Butl er Drive. Phoeni x,
AZ 85021

CASSETTES/REEL·TO·REEL
TAPES

OPEN reel tape-mostly Ampex , used once, un­
sp liced, unboxed . 1800' 50 reels ; $65.00. Sam­
ple: $2.00. 3600' 10 reels; $25.00. Sample: $2.50.
New, premium C-60 cassettes; samp le: $1.00.
AUDIO TAPES, Box 9584-G, Alexandria, VA
22304

ATTENTION WRITERS
DO yo u want to write your own book? We're
looking for electronics wr iters to do just that.
Obtain our electronics needs list, or send your
ow n ideas. by writ ing to Liz Akers, Acquisit ions
Editor, TAB BOOKS, Inc., Blue Ridge Summit,
PA 17214 (717 - 794-2191).
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$12.50 PER KIT

PROFESSIONAL REGULATED VARIABLE
D.C. POWER SUPPLY KIT

Allso lid sta te circuitry\Alith high efficiency power tran sistor
2SD388 and l.C . voltage regulator MC1733. Output
voltage can be adjus ted from 0-30V at 1 amp curre nt
limited or 0-15V at 2 amp current limited . Internal
resistance is less than 0.005 ohm; ripp le and noise less
than 1 MV. du al on pan el meter for voltage and amp
read ing. also with on boa rd LED and audible over load
indicator. Kitcomes with predrilled P.C. boa rd. instructions.
all necessary electro nic compo nents. trans form er and a
prcf esstonel look meta l cab inet . The best project for
school and the most useful instrument for repairman .
Build one today!
MODEL TR 88A 0 - 15V D.e. 2 amp
MODEL TR 88 B 0 - 30V D.e. I amp

MODEL001-0034
Transformer (Optional) i
This is a solid state a ll trans istor circuitry with on board
stereo pre-amp for most microphone or phone input.
Power output employs 2 pairs matching Darlington Transis­
tors . Driven by the pop ular 2N3053 Driver Transistors.
Four built on board controls for; volume. balance, treble
and bass. Power supplies requ ires 48 VET 2.5 amp trans­
former . T.H. D. of less than 0 .1% between 100 Hz and

. 10KHz at full power. (30 Wotts + 30 Wotts lea ded by 8"').

EXCELLENT
PRICEI

0·3 0 Power Supply

$10.50 each

POCKET STEREO CASSETTE PLAYER
WITH STEREO HEAD PHONE

* SPECIAL *

TA·323 6 WATTS TOTAL
30W + 30W STEREO AMP KIT

REGULATED DUAL VOLTAGE
SUPPLY KIT

± 4 ,.., 30V DC 800 MA adj ustable . fully regulated by
Fairchild 78MG and 79MG voltag e regulator l.C, Kit

include s a llelectronic pa rts.
filte r capacito rs. l.C; he at
sinks and P.C. bo ard .

Th is un it is a high
fidelity stereo player
which will give you
years of listen ing plea­
sure and follow you
wherever you go .
Made by the same
company in Japan
who use the "Blq
Name."
Co mplete set co mes
with I Stereo head­
phone, 3 AA size al­
kali ne batt eri es . I
lea ther like carrying
case for player and 1
canying case fors tor­
age of4 cassette tapes
and 1 de mo tap e.

$59.50 PER KIT

$29.50 PER KIT
$10.50 EACH

POWER SUPPLY KIT
O·3 0V D.e. REGULATED

Uses UA72 3 and ZN305 5 Power TR~.
outp ut ca n be adjusted from 0-30V. 2 : .'
AMP. Co mplete with PC board and all ~ •
electro nic pa rts Tra nformer for Power
Supply. 2 AMP 24V x 2 $9. 50

MARK IV KIT

$31.50

KITFORM $8.75 EA.

IN KIT FORM $18.50

MOD EL TA·2500

$119.00 PER KIT

ELECTRONIC DUAL
SPEAKER PROTECTOR

Cutt offwh en circu it is shorted
or ove r load to pro tect your
amplifieras wellas your speak­
ers. A mu st for DCl circuits.

.. . - - . . . ~

, .
. ..

SOLID STATE STEREO GRAPHIC
EQUALIZER PRE AMP KIT TA·2500

Specifications:
• Total Harmonic Distortio n: Less than 0 .05 %
• Intermodulation Distortion : (70 Hz:7K Hz = 4:I SMPTE

Metho d) Less than 0 .03%
• Frequ ency Respon se: Overa ll 10H z '" 100KHz

+ 0 .5d B. -l dB.
• RIAA Curve Deviat io n: (phon o) +0.2d B. - 0 .2dB

(30 Hz ,... 15 KHz)
• Chann el separation (at rated outp ut I KHz)
• Phon e .Tun er.Auxan d Tape Monitor better than 70dB.
• Inpu t sensitivityand impedance (1KHz for rated output)
Pho no : 2 MV 47K ohms Aux: 130M V 50K ohms
Tuner : 130MV 50K o hms Tape : 130MV 50 K ohms
Gra p hic Equa lizer contro l: 10 Band Slide Control
Frequ enc y Bands : 3 105Hz;G3 Hz: 125Hz: 250Hz:500Hz:
1KHz: 2KHz: 4KH z: 8KHz: 16 KHz also with o n panel
se lecto r for Phon o . Tu ner. Aux 1 and Aux 2.
Power S upply: 117 VAC
Kit co mes with all electro nic compon ents . tran sformer .
instru ctions and a 19" rack mount typ e metai cabinet.

$41.50 EACH KIT

MARK V 15 STEPS LED
POWER OUTPUT INDICATOR KIT
All functions same as Mark IV but this is with
heavy du ty aluminum front plate and case .
Can be eas ily slot into the front pan el of yo ur
auto. truck or boat. Operates o n 12V DC.

MARK IV 15 STEPS LED
POWER LEVEL INDICATOR KIT

This new stereo leve l indicator kit co nsists o f 36 q -color
LED (15 per channe l) to indicate the so und level output of
your amplifier frc :n -36dB +3dB. Comes with a well­
de signed silk screen printed plastic panel an d has a
se lector switch to allow floating or gradualou tput indicating.
Power su pp ly is 6 12V D.e. with THG o n boa rd input
se nsitivity co ntrols. This unit ca n work with any amplifier
from I W to 20 0W!
Kit includes 70 JXS. drive r tra nsistors . 38 pes. matc hed 4­
co lor l ED.a llothe r e lectro nic comp on ent s. PC: board and
front pa nel.

NEW MARK III
9 Steps 4 Colors

LEDVU
Stereo level indicator kit with arc-sh ap e display pan el!'!
Thi s Mar k IIILEDI L>Vel ind ica to r is a new d esign PC board
with an arc-s hape 4 colors LED disp lay (cha nge co lorfrom
red. ye llow. gree n and the peak output indicated by rose).
Th e power renqe is very large from -30d B to +5dB.Th e
Mark III indicator is ap plicable to 1 watt - 20 0 watts
amplifier operating vo ltage is 3V-9V DC at max 400 MA .
Th e circuit uses 1() LEDs per cha nnel. It is very easy to
connect to the ampli fier. Just hook up with the speaker
output!

BUY 2 FOR
$4.99

TA·I000KIT
$51.95

Power
transfonner

$24.00 each

Mode lV·Amp 500

REG. PRICE
$ 11 9. 00 EACH

OURSPECIALPRlCE
$5 5.00 EACH

50 WATTS AUTO STEREO BOOSTER
BY VERTRONIX

5",_ 'ications: . 50watts RMS to tal(25W +
25W)

• Freq uency Response: ±
0 .5dB. 20Hz~ 20K Hz

• TH.D.: 0 .2% at full rated
outpu t

• Input Impedance:20Kohms
• Crosstalk: Better than 90dB
• Se nsitivity: 1.5 V for full

rat ed output
• SjN Ratio:Greater than 95dB
• Speake r Load : 2 -8 ohms
• Vokage Supply:9~ 18VD.C.

1 WATT AUDIO AMP e
All parts are pre-assembled on a mini P~'
Boa rd. Supp iy Voltage 6 #" 9V D.C. .
SPECIAL PRICE $1.95 ea.

2 WATT AUDIO AMP
Pre asse mbled units . All yo u need is to hook up th e
sp eake r and the volume con tro l. Supp ly voltage from 9N
15 V D.C. measures only 2" x 310'''', making it good for

portabl e or discrete
applications.Comes
with hoo.kup da te . f-------::=-=-:= =-::=-::-:::-'-::==:-- ------j

"FISHER" 30 WATT STEREO AMP
MAIN AMP (15W x 2)

Kit includes 2 pes. Fisher PA 30 1
Hybrid IC alle lectro nic parts with PC
Board. Power supply ± 16V DC (not
included) . Power band with (KF 1%±

Super Buy 3dB).Voltage gain33d B.20Hz·20KHz.
Only $18. 5 0

100W CLASS A POWER AMP KIT
Dyna mic Bias Class ~A" circui t desig n makes this unit
unique in its class . Crystal dear. 100 watts power output
willsati sfy the most picky fans. A perfect co mbinatio n with
the TA-10 20 low T.I.M. stereo pre-amp
Specifications :
• Out put powe r: 100W RMS into 8-o hm

125W RMS into 4-o hm
• Frequ ency respon se: 10H z· 100 KHz
• T.H.D.: less than 0 .008'.1'.
• SIN ratio: bette r tha n 80 dB
• Input sensitivity : IV max.
• Power supp ly: ± 40V @ 5 amp
• On, ' channel. needs two for stereo

5W AUDIO AMP KIT
...• 2 LM 38 0 with Volume Control

~
llU'JJ Powe r Sup ply 6 18V DC

. ONLY
$6.00 EACH

LOW TIM DC STEREO
PRE·AMP KIT TA·lO 20

Inco rpo rates brand-new D.C. desig nthar gives a frequ ency
respon se from OHz· IOOKHz ± O.5dB ' Added featur es
like tone defeat and lo udness control let you tailor yo ur
own freq uency supplies to eliminate power Iluctueuo nl
Spec ifications: • T.H.D . less than .0 115'.1'• • T.1.M. less
tha n .0 05\\'• • Frequency response: DC to lOOKHz .t
O.5 d B • RIAA devia tion : ± O.2dB • SIN ratio: bette r
than 70dB • Sensitivity: Pho no 2MV 47 K/A ux. lOOMV
lOOK . Outputlevel: 1.3V . Max o utput: 15V. To ne
control: bass ± lOd B @ 50Hz/treble ± IOdB @ 15Hz .
Power suppl y: ± 24 D.e. @ 0.5A
Kit comes with regu lated power supply. all you need is a
4HV c.r. tra nsform er @ O.5 A.

~,~ FORMULA INTERNATIONAL INC. 3/82

~il~ ::."".. HAN sec p.""',, Send $1 .00..., . .....01' c.ll~ to". ~ For Detail ed
t~-ai..cci"l~l 1 • Catalogue- ' ~ ~..-- Oroe< $ 10 OOICIlhl ReSodwoI S Add e-.SaIrl TlI>:
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$4.50 ea.

en
o
Z
o
0:
l­o
W
..J
W

6
o
-c
0:

94 CIRCLE 2 ON FREE INFORMATION CARD



CRYSTAL
CONTROLLED

WIRELESS
MICROPHONE

SYSTEM

MOD EL 968

$4.50 EACH

ULTRASONIC
SWITCH KIT

•
ELECTRONIC SWITCH KIT

~.$5.50 each

CON DENS ER TYPE
Tou ch On Touch Off

uses 74 73 l.C . and
12V relay

SUPER FM WIRELESS MIC KIT­
MARK III
Th is new designed circuit uses high
FEQ. FET tra nsistor s with 2 stages
pre am p .Transmits FM Ran ge (88 ·
120 MHz) up to 2 blocks away an d
with the ultra se nsitive con de nso r
microphone that comes with th e
kit. allows yo u to pick up anysou nd
within 15 ft. away! Kit includes a ll
electronic. pa ns. OSC coils. and
P.e. Boa rd. Power supp ly 9V D.C.

$11.50 PER KITFMC-10 5

Kit includes th e Ultra So nic Transduc er s. 2 PC Boa rds fo r
transmitter a nd rece iver . All electro nic par ts a nd inst ruc­
tion s. Easy to build an d a lot of uses such as re mo te co ntrol
for TV. garage door. alarm syste m or co un te r. Unit
ope rates by 9-12 DC. $15.50

WEM·36 FM WIRELESS MICROPHONE
TEET MODE L WEM-3 6 is a factory asse mb led FM
wire less microph one power ed by two AA size batt eries.
Tran smits in the ran ge of 88 · 108 MHz with 3 transistor
circ uits to meet with F.C.C. par t 15 reg ulations. Elem e nt is
built in a pla stic tu be type case with an om ni-direc tional
e lectre t conde nse r microp hon e unit. By using a standa rd
FM radio . signal ca n be heard anywhe re on a one -acre lot.
Sound qua lity was judged "ve ry good."• •

MOD EL WEM-36 $16.50 EACH

WHISTLE ACTIVATED SWITCH BOARD
All boards are pre-assemb led a nd tes ted . You r whist le to
its FET co ndenser microphon e from a distance . as far as
30 feet away (sens itivity can be eas ily adj usted) will tu rn
th e switch on. then match yo ur whistle to it aga in. th en it
turn s off. Ideal for remo te contro ltoys. electr ical ap pliance
suc h as lights . co ffee pots. TV. Hi-Ft. ra d io or othe r
proj ects . Unit works on 9V D.e.

No FCC licen se
required .

OUR PRICE

$49.50
ADDITIONAL

MICRO PHO NE
(TRANSMITTER)

AVAILABLE
AT $2 8 ,00 EACH

"I- - - "

.- , :J·nn
IC 'LI U

MODEL 001 -0076

* NEW ITEM *

MJ I5003 NPN2 5 0 Watt s BV= 14 0 V $12 ,00
MJI 5004 PNP 1.e. = 20 A per pai r

~'!&. FORMULA INTERNATIONAL INC. 3/82

~~l{i1 "'" Send 51 00"1'.,... ....II<MI e-torno" Under s~~ llUfeNte 0.., W) ~• •llUf d\lU For Deta'iled
ItIde ,ro:; I xiCOl"Ci"riidi I Catalogue

M,,~~rSl000lClkf R"1de"I'Add6"\, SMlhx 25· , 20". ~
PhoneOrdltfsAcceol~Ol'l VJN Ot"I.4CONLY.NO C O D /SloreHours IO· 7Mol'l lhu $.1t I V1S4"
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MUFFINFANS FOR EQUIPMENT COOUNG
Th ese fa ns are pull ed out from
used co mp ute". But carefully
clea ned by ultrasonic clean er .
All in "like-new" cond ition .
Size 4 11 / 16" x 1·1 / 2" x
4 11/16 " .
MODEL MF50 5

$9.50 EACH

$6.50 Per Kit

$12.50 EACH

13 FUNCTIONS LCD TIME MODULE
• Displays month . date and

day of the wee k
• Displays hour, minute and

secon d
• AM, PM Indicator
• Alarm I and Alarm 2 (lnde ­

pe nde nt)
• 10 Hours Stop Watch
• 12 Hou rs presetteble count

MODEL 00 1-0062 down time
• Hour Charm Indicator

$7.94 EACH • Back light by touch of the
switch

These modul es are brand new and made by LlTRONIX.
Designed for a man's watch. Can be used for many applica­
tlons. Co mes with 2 silver batteries and the ce ramic round
transducer.

PRESS·A·L1GHT SELF
GENERATED FLASHLIGHT

Ne ver worry a bout batt e ry, EXCLUS IVE!$ 3 .9 5 ea.
beca use it ha s none! Easy to .
ca rry in pocket a nd han dy to
use. Ideal for emergency light .
It ge ne ra tes its ow n electricity "!
by squeezing grip leve r. Put
one in your car , boat. ca mper
or home. Yo u may need it
so metime! ~

MATCHED PAIR POWER TRANSISTORS
BY MOTOROLA

~ MJ2955 PNP I 50 WattsBV~60 V $3 ,50
~ 2N3055 NPN 1. e. ~15 A pe r pair

MJE 29 55 PNP90 Watts BV=60 V $3 ,00
MJE3055 NPN 1.e. = 10 A per pa ir

DIGITAL TIMER/CLOCK
• 24 Hour pres et time to turn o n or o tt
• 12 Hour gree n 0.5" display for time
• operated on 12~ 16V A.e.
Th e who le timer is se lf
conta ined in a compact
plastic case (a s seen in
pho to). DesignedforVTR
with pu sh bu tto n switch
for ea sy setting. Limited
Quan tity ava ilab le.

I NOW ONLY $12.94 MODEL V EQ 0143

SANYO ANTENNA SIGNAL BOOSTER
This Boo ster is spe cially de signed for UHF Channels
(14·83). After insta lled this unit (between the antenna input
cab le and the UHF tun er) will have a minimum of IOdB
gain, that is approx imate ly 2 times better than what you are
see ing now. Ideal for those who live in apartme nts that can­
not put up an outdoo r an tenna . Size is so sma ll: only 2- x
I'/" x I ' . Supp ly voltage is 15 VDC.

BUY

NOWI

SPECIAL
PRiCEI
ONLY

$ 1 5 . 5 0 PER KIT

Th at sounds and plays like th e
rea l thin g. All unit s are brand
new but witho ut the case. Func­
tions of th e game inclu de
double flipp er cont ro l, kicker
contro l, 1-4 players. 3 speed
ball co ntro l, tilt switch. au to­
matic sco re, extra bonus cave
a nd ma ny more .Allso lid sta te
with LED panel, no mo ving
parts. Req uires 9V batt ery to ·
operate . speaker not included .

A pe rfect gift for yo urself o r frien ds.

SPECIAL $8.99 EACH SPEAKER $1.25 EACH

ELECTRONIC MUSICAL TELEPHONE
REST KIT

This telephon e res t ca n be used as a door cha rm, a n
a udible ind icato r and fo r man y othe r soun d projects. Th e
spe cial custo m ma de l.C, is pre progra mme d with 4
mu sical tun es. Kit comes with a nice looking plastic case ,
pr e-drilled P.C . board. vo lume co ntrol, spec ial sou nd l.C .
speakers and all elect ro nic co mponents and instruct ions.
Ideal fo r hom e or school pro jects.

TV GAME BOARD
PLAYS 4 GAMES: TE NNIS: HOC KEY: HANDBPLL

AND J Al-ALAI.
All boards comp lete wit h all pa rts rea dy to play. Require s
6C size batteries and a small speaker for so und effects.
Th e boar ds were surplus from a fam ou s ga me man ufac­
tur er. Th ey willplay on a ll US sta nda rd black a nd white o r
color TV se ts. (Reg ular pric e for th ese ga mes we re $39.50
each) OUR PRICE ONLY $ 6. 5 0 EACH

TE NNIS

PART # 5 745 6

FOR COMMERCIAL FREE
TV BOX BUILDERS

$2.50 LM78 15 $ 1.20
$2.00 NE 565 $2 .00
$3 .00 Con nectors Set $1.(10
$ 1.00 l.C, Socket Set $2 .00

LM 380 $2 .00 Matching Transformer $ 1.40
Sa nyo UHF Tuner $35.00 Tolnod Co ils
Capacitors Se t $ 12 .50 (Set of 4) $3 .00
Resistors Set $2 .0 0 Sp eaker Cab ine t $ 12 .9 5
Trim Pots: Tran sformer

Trim Caps Set $ 13 .50 18V 800MA $3.00
Po ts a nd Kno bs $2 .00

We sell you all th e above components in a package for
$125.00 a nd yo u will receive a free predrt lled P.e. boar d
a nd instructions at no c harge!

Tu ner is the most important part for th e circuit. Don't let
th ose $19 .00 tun ers foo l you!

HOCKEY

ELECTRONIC PIN BALL MACHINE

SANYO UHF VARACTOR TUNER
For UHF CH 14 83

Tuni ng vo ltage + IV'" +28V D.C. Inp ut impedan ce 75
OH M. I.F. band width 7 -16 MHz. Noise figure 11. 5 d B
MAX. Size 2W' x n '," x W '. Supp ly vo ltage 15V D.e.

So und IF. = 58 .0 MHz.
Video IF. = 62 .5 MHz .

~ ...: ::~~ .

. - - .' · tt . r :
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500up
.270
.320
.360
.471
.620
.662
.798

1.092

500up
.060
.065
.112
.128
.144
.160
.178
.195
.228
.325

WWT
WWT
WWT
WWT
WWT
WWT
WWT
WWT

LO PROFILE DUALBEAM
FACEWIPE(TIN) SOCKETS

1·24 25·99 100·499
LP .08 .075 .070
LP .09 .085 .079
LP .15 .135 _.120
l P .17 .150 .135
LP .19 .170 .150
LP .22 .195 .170
lP .25 .230 .210
LP .26 .240 .220
LP .31 .290 .270
LP .44 .415 .370

3 LEVELWIREWRAPOIP SOCKETS (TIN)

' ·24 25·99 100·499
.33 .31 .290
.38 .36 .330
.42 .39 .370
.58 .55 .515
.68 .64 .704
.81 .77 .726
.93 .87 .682

1.27 1.20 1.136

8 PIN
14 PIN
16 PIN
18 PIN
20 PIN
24 PIN
28 PIN
40 PIN

6 PIN
8 PIN

14 PIN
16 PIN
18 PIN
20 PIN
22 PIN
24 PIN
28 PIN
40 PIN

!itJTB'-TEIl

25Amp STUO DIODES2OOV 5!l' 6OOV 79'
200 ohm Carbon mike element 1)/." di amete r 98·Miniature 6OOA-600ll mode m transformer · 1.49
6 foot 3wire Grey line co rd. At angle pluQ ' l .69

o 5Ubm~rL'~sre Conn .ctors - CO~cf~K'J~". Pric e. I I

1·9 1Q.24 25-99 1·9 10·24 25-99
(DE) 9? 11.95 11.75 11.60 I (DE) 95 ' 3.10 12.75 '2.50
(OA)15P 2.35 2.10 1.90 (OA)I5S 4.20 3.75 3.45
(D8)25P 2.60 2.35 2.15 (08)255 3.35 3.05 2.85
(DC)37P 4.55 4.15 3.80 (0C)37s 8.85 8.00 7.35
(DOI50P 5.65 5.15 4.65 (00)505 11.65 10.60 9.65

DB 51228 Coyer For DB 25P . nd 5 (RS 232 Type) '1 .3i

.6 5

.6 5

.6 5

.6 5

.7 5

.7 5

.7 5

.7 5

.8 5

.8 5

.8 5

.8 5

Microprocessor & Interface
1771 24.50 6845 .. 18.49 OAC-0800 3.99
1791 .. 34.95 6850 4.49 INS8250 14.90
21L0 2 1.49 8085A 8.95 MM58 167 8.75
2112 2.39 8212 2.75 TMS9900 29.95
25 16 5.4982 14 3.95 TRI 60 28 .. . 2.49
2532 12.99 8216 2.75 SC-Ol 55.00
2651 12.95 8224 3.29 Z80A·CPU 7.95
4044L-2 2.49 8226 2.79 280ACTC 7.49
650 2 8.99 8228 4.49 280AOan 19.95
6800 6.99 825 1 6.95 Z80APIO . . 7.49
6802 11.95 8255 6.49 Z80ASIO . . . 17.95
6809 19.95 AY5·1 013A 4.95 2860 3 . 74.95
682 1 4.95 AY5·2376 14.95 28671 . , 29.95

cz)tland
cf;~"~"~f;)

1 Amp 10-220 Voltage Regulators
PART # 1 -24 25-99 100-499

Memory
4 116-250nS 8 / 14.95

4116-200nS . . . . . . . . . 8 / 1 7 .9 5

4 164-200nS 17.95 ea . 8 / 128.00

2 1 14 L .. 8 /17 .95

6 116 2K x 8 CMOS RA M 200nS 13 .95

2 708 EPROM 3.49

2716 EPRO M 5.49

2732 EP ROM 1 2 .99

2764 EPR O M . . . . . . . . . . . . . . . 34.95

Z6132 4K x 8 Quasi-Static RAM . ... 24.95

7805 ( LM340T-5)

78 12 ( LM340 T - 12)

78 1 5 ( LM340T- 1 5)

7818 ( LM340T- 1 8)

Cab le T.V. Decoders
In Stock

Complete Sat ellite Sy st em s
• Micro-Wave T.V. System
• Prec ision Parabolic Antenna
• Adva nced Down Conve rter
• Power Sup ply
• Low-L oss Coaxial Cab les
• Complele - Read y To Install

Call Toll-Free 1 - 800 - 626-5533

SOUND & VIDEO RESEARCH
P.O . Bo x 19462

Louisville KY 40219

MICRO·
VIDEO II

ORDER No. I17 AE047

[]3iBOO ROUTE 9N .
PLATTSBURGH. N.V. 12901
rol.: (5181 561-8700.

Dixie Humming Birds

"In Harmony"

You k now harmony means more than

just entertainment at the USO. It's

v o lunt e e rs working together to create a

" b a c k home" environment for ser­
vlcemen and women stationed far f rom

home . It 's In fo rm a l classes... inter­
cu ltural understandlng...and orientation

Information. USO... lt's sweet music.
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Support usc ttlrough lhe Unl1ed Way, OCFC, 01' local USO campalv"

DEVICES
-------------PHASOR&SHOCKWAVE-----------­
PPF· l . PHAS OR PAIN FIELD - Is being teste<! bysevt lornotcontrol. Soon

~a;~:u~n~~;e~n~,:~~~~i;~~s~~~ 6~l~f~b~a~:J~tn~O~~~~l~and-held .
PPF·1. .. . .. . . . .... PLANS . .. .. . . $15.00
IPG·3. INV/ SIBLE PAIN FIELD GENERATOR - Produces cnecn c natheld
~~=~::~~I~~~:~n~i~g:~~ to lowerbackof head up 1050 ft. C lga re~e packstzed

IPG·3 JLANS .... .. $7.00 IPG·3K .... .. KIT $39.50
IPG·30 ASSEM8LEO FOR ANIMALCONTROL. . $49.50
HUG-l. HIGH POWERED ULTRASONIC GUN - Produces directional130
dbsof soundpressure energy at 20·24 kHz. Hand-held, Intendedlor labuse.
HUG·l PLANS $10.00

LASERS
PARTICLE BEAM WEAPO N .. .. . PLANS .. . .. .. $15.00
LHp·2. BEGI NNER VISIBLE RED NON·HAZARDOUS OPTICAL
DEVICE. Adjustablepulse.
LHp·2 ..... . PLANS . ... . . $7.00 LHP·2K . ... . . KIT... . . $39.50
Lp·3/LRG·3. LASER PISTOL AND RIFLE COMBIN ATlO N - 7·24watts
01inlraredenergy.
LP·31LRG·3 . .. . . PLANS . . . .. . .. $10.00
LGU-l . VISIBLE RED LASER GUN for holography, speCIal effects. cloud
writing . etc.
LGU·l PLANS . .. $10.00
LC·1. BURNIN G/CUTTING C02 LASER - 10·40wattscontmuous
LC·l PLANS . . .. .. $15.00
RU8·1. WELDING/DRILLING RUBY/YAG LASER. intensered.
RUB·l . . .. . . PLANS .. . .. .. .. $15.00
HPS·1. HIGH POW ERED PORTABLE ENER GY SOU RCE FOR
LASERS & MAGNETIC WEAPONS explocllngWires, shockwaves. etc
HPS·l PLANS $8.00 HP5-1K KIT. $49.50
- ---- SECURITY/PERSONALPROTECTION --- ---­
INF-1.IN FIN ITY TRAN SMITTER - Uses telephonelmes tor selective home
01'office listening while away on busmessor vacanon
INF·1 . . . PLANS .. . $15.00
50-4. SEE IN THE DARK - Device. long range. 5 0 ·4 PLANS $10.00
VWPM·5. WIRELESS TELEPHONE TRANSMITTER - Long range.
VWPM·5 . .. PLANS .... $10.00 VWPM·5K .... KIT . ... $34.50
F8T·7. WIRELESS MICROPHON E - Extendedrange
FBT·7 PLANS $7.00 FBT·7K KIT. $34.50
HOO·l /TH ELECTRON IC TRACKING AND HOMING DEVICE -
HOD·lm·6 PI ANS .. $8.00 HOD·1KlTT·6K . . KIT... $39.50
TAT·2, TALK AND TELL - Device records telephone whenIn use.
TAT·2 . .. .. PLANS. .. $5.00 TAT·2K ...... KIT .. .. .. $14.50
PSW-3. PHASOR STUN WAND - Produces energycapableof burnmgflesh.
Intendedas a last resort personneldefenseweapon.
PSW·3 .. . . . PLANS . .. . . $8.00 PSW·3K . .. . . KIT . . . . . $59.50
Sind lor fro atalog dlScriptionsolabon h. ms. kits Ind parts. plus hundreds
mort. W. , Cct pl, Mlsler ChlrgllndVISA orwhenordrringSIndchi ckor mon.y
orderto:

SCIENTIFIC SYSTEMS
DEPT. R8 BOX 716, AMHERST N.H. 03031

Linear Integrated Circuits
8038 3.95 LM393 .. .97 MC3302 .90
LF351 .75 LM733 . . .99 MC1458 .59
LF353 1.29 LM741 ·8 . . . .35 MC1514 1.39
LF357 1.39 LM741 -14 . .35 NE555 . .45
LM301 .45 LM747 . .77 NE556 . .98
LM307 . .49 LM748 . .49 NE565 . 1.25
LM311 .95 LM1310 2.49 NE5534 . 2.35
LM318 1.75 LM1458 .69 NE5538 2.25
LM324 .... .90 LM1800 2.49 SSM20 1O 7.50
LM339 . .79 LM18 18 3.49 SSM2020 7.50
LM358 . .90 LM1889 2.99 SSM2030 7.50
LM377 2.49 LM2900 .69 SSM2040 7.50
LM380 N· 14 1.25 LM3900 ....89 SSM2044 5.75
LM381 1.89 LM3905 1.49 SSM2055 6.50
LM383 3.29 LM3914 3.79 XR2206 . 5.19
LM384 1.95 LM3915 3.79 XR4 136 . .99
LM386 . .99 LM39 16 3.79 XR4741 1.95
LM387 1.49 LM4500 3.29 XR558 . 1.99

5% Carbon Film Resistors
W e stock a ll 5 % standa rd va lues between

1 O h m and 1 Meg O hm.

v. Watt _

Pa c k ag e of 5 20

Pa ckag e of 100 (one va l ue) 1 .65

Pa c k a g e of 1 0 0 0 (one va lue) 1 2 .0 0

'h Watt _

P a c k ag e of 5 25

P a c k a g e of 100 (one va lue) 1.75

Package of 1 000 (one value) 15.00

Sa mpler b o x cons ist i ng o f 5 eac h of a ll 1 45

s ta ndard 5 % va lues b e t w e en 1 O h m a nd 1

Meg Ohm.

y. Watt S a m p l e r B o x 22.00

y, Watt Sa mpler B o x 27 .0 0

Minimum Order $10.00

Shipping
10-24.99 3 .00 Above 50.00 FREE
25-49.99 1 .50 C .O .D Add 1 .65

WESTLAND ELECTRONICS
37 38 7 Ford Rd. • W e s tl an d. M i 48185

Order Line - 1-800-521-0664

In Michigan - 313-728-0650

JOHNS ON V. " BUSHING AlrV. rt.bl. C.paclton go
't8i·567 2·1g 3p1. ,t8g.563 1.4-g.2pl, ' 100-107·1 2.). 14,2pl

~~:t~t·rIS~~:i~.I~•• n~v~f~u~i~~~~:~~·dn~rOII~g~'Y~lth a
FUTABA 5-lT-02·8G V.F. display and spec sheets , YZ "
high characte rs , AMIPM indicato rs, co lon . Blue·green co lor
ideal for dayl ight operat ion. $5.981set

~~~ jU-3~·.~.·8~;PI~~·0507' : :~~·1 ...~omMmAo~6~~~~~Ai:.)· :: : : :::t=
Switc h Craft 1..2A mini atur e 'TINI ·O· phone jack ..49"
line master chrome foot swi tc h SPOT. 8' ecre -"i EM·38 $ 98
line master black foo t switch spon Amp'No-T-51.s $2.98

g~~o~o~31~~~~~;:~ii~~~~~ft:t~~~rg~~Trian·di~·;U·.2;~.~~

MOOSETIII N.tlon al Semi LM 3M Regulltor adjust able from
1.25·15Vat 10 Amp. wrececs ' 19.95

Super CI,P. 1 FARAD at 5V. Use as memory :iupply DaCk-up.
Only 1:IA' dia. x J,4.. tall w/P.C. teads ' l 0.50

~~ ~~~~~~~~8~~~~~tf~r~r~~At~b50~·!. : : : : : : : : :: :: : ::.~6~
~V ~~~'~Wi~roOnd~I~~~~Tri ~~J~e:lckage·: :: : : : : : : :: :: :~.~:
200V 4ATQ.202 TRIAC a 2004F3 59'

NYLONCABLETIES
4" ' 135.1C,$11.00/K 5" $1.951C, ' 15.751K 7" '2.5OIC, 211K

fftjTRI-TEII
7808 N. 27th Avenue

Phoenix, Arizona 85021
ORDER T O L L FREE: 1-800-528-0183

(Order desk only)
TERMS: ' 10 00 minimu m order.

Visa, MC. BAC . Check. M .D . or UPS C.O .D.
U .S . Funds only . AZ residents add 5 % sales tax .
Prepa id or de rs ove r ' 50 shipp ing pr epa id .

OTHERS, Add '3.00 shipping & handling.
Add ' 1.50 for C.O.D . orders.
Outside U.S.. . dd 20% .
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Device

4001 276-2401 .79
4011 276-2411 .79
4013 276-2413 .99
4017 276-2417 1.69
4027 276-2427 1.19

4042 276-2442 1.29
4049 276-2449 .99
4050 276-2450 .99
4066 276-2466 1.19
4070 276-2470 .99

4081 276-2481 .89
4511 276-2447 1.99
4528 276-2496 1.49
4553 276-2498 3.59

Momentary Type . With
spring return to center
position. Rated 20 amps
at 12VDC. Mounts in '11 , "
hole. 275-709 2.79

279

20-Amp DPDT
Switch

395

Iladlo Ihaeli
A DIVISION OF TANDY CORPORATION

OVER 8200 LOCATIONS IN 76 COUNTRIES

-,

Text/Tape Electronics Course

Solid Buss Wire

Set
Of3

Let's Wrap!
tJ J'J r

[AJ

Piezo Buzzer

299 '
,"-""For 1.5 to 20VD "

Loud 4.8 kHz signal gets attention.
Ideal for battery- powered circuits­
draws just 12 milliamps at 9VDC.
1'1, x""" With leads. 273-060 . . , .. 2.99

L.---'----~~=~===..! --

Magnet Wire

449/__- --

For meters, remote contro llers, T-pads,
more. Has compart ment for 9V battery.
Polystyrene. l'l,x3'>', x5'1,".
270-219 3.95

Reg . Separate
lIems 43.85

Complete Course

Developed by 3295Texas Instruments
Learning Center

DC Circuits Volum e l. An easy-ta-understand introduction to electr icity, voltage ,
current , Ohm's law, para llel circui ts and more. Fully Illustrated . 480 pages.
62·2019 ..... , •• , •••.••.. .••• ' .. . .••... .... . .. .. . ..•... Separately, 6.95
DC Ctrcu lts Votume It. Covers vollage dlvtders, capaci tors. inductors, formulas and
more, lIIustrated. 508 pages. 62·2020 ••• .... ...•....... .. ... Separately, 6.95
DC Circu its Audio Lesmlng Packa ge. Six standard cassettes that reintorce the
concepts presented in Volumes I and 11. Learn elect ronics fundamentals at you own
pace182-2401 ..•... ' . , .' .................•.•. , .•...... Separately, 29.95

~

Fifty feet of pretinned 24-ga. copper on
a spool. Ideal for perlboa rd and printed
circu it projects , 278-1341 1.49

Handheld Enclosure
;:

Reg.
39.95

2488

• 43 Ranges!
• 4'/. " Scale

38%Off-------1

Electrolytic Kit

595-~-----=---+-----------

Buy now and save $15.07 on
this Micronta~ multitester with
voltage and current Range­
Doub ler switch for extra preci ­
sion . Requires "M " and 9V
batte ries. With leads , instruc­
tions.
22·204 . _ Sale 24.88
Sale BegIns 2/23/82. Ends 3128182.

Three 4.7, 10, 47 uF; two 22, 100 uF;
one 220.470 and 1000 ufo In reusabie
box with hanger, 272-605 ... , Set 5.95

259

DAC801 . D to A IC gives you an analog
output up to 20 volts peak-ta-peak with
8-bit digital input. Interlaces with all
popular logic families. Low power con­
sumption. 16-pin DIP with data.
276-1791 4.49

TL507. A to D chip converts analog
processes to the signals requir ed for
microp rocessor contro lling-up to 1000
operations per second! Single supply.
8-pin DIP with ap notes.
276-1789 . . . . . . . . . . . .. 2. 59

9400. A highly linear frequency-ta-volt­
age/voltage-ta-frequency converter that
operates up to 100 kHz. Ideal for rna­
dems. Single or split supply. 14-pin DIP
with data. 276-1790 . 3.49

Our Best Analog VOM

5VDC, 180-0hm Call . Contacts rated
0.5 amp at 120VAC. PC mountable.
275-228 , , , 99¢

"Analog/Digital" ICs
Low As

Set of 16
• 35WVDC • Radial Leads

DPST Reed Relay
Only

99¢""_--II~
1695

• Tradem ark or AT&T

Tests In
Or Out
Of Circuit

Only

Crystal
Mike

Element

NEW!

Multipurpose high­
impedance element
with 50-8000 Hz
response and leads
for easy hookup.
270-095 . . .. . 1.59

Prices may vary at individual stores and dealers

Transistor Checker

Check These Test Equipment Values

Ind icates " opens," " shorts,"
and relative current gain in
PNP and NPN small-signal
and powe r types. Soc ket, plus
mini hook clips for in-circui t
tests . Outpu t for meter or
scope, too. Requ ires "M"
batte ry. A timesaver l
22.Q25 14.95

Phono Jack Board

Cute incandescents for dial lights.
model RRs, winken-blinkens and more.
6Vat 60 mill iamps.
272-1144 .. .. . . . Pkg. of 6199¢

Ideal for remo te control."I."II!!' ham radio autopatching,
• :t phone upgrad ing and

more. Top quality!
277-1010 16.95

Red Mini Lamps
~ 5·lnch
~ Leads 99¢
~Pk9. Of 6
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1001'8.00
per cok>r

Voltage Regulators

#
+ 5V. 7805

! I 0 -sv, 79M05
, , + 6V. 7806

+ 12V. 7812

51'5.50 101'9.95
Jumbo LEOS

Red, Green or Yellow

Voltage Regulator
~ Fantastic BLlyl

.dt:::::;;:( 14.2v.
TO-3 3 AMP $1.09

Aa Is Compl ete
with achemat ica

WARNING!
Bectric Power
Pollution,
Spikes,
Interference
& Lightning
HAZARDOUS to
HIGH TECH EQUIPMENT!!

MicroComputers, VTR, Hi-FI, lasers,
Spectrometers are often damaged or dis­
rupted due to Power Pollution.

High Tech components may interact!

Our patented ISOLATORS eliminate
equipment interaction, curb damaging
Power Line Spikes,Tame Lightning bursts
& clean up interference.

Isolated 3-prong sockets; integral Spike!
Lightning Suppressor. 125V, 15A, 1875W
Total, 1 KW per socket.

IS0-1 ISOLATOR. 3 Isolated Sockets;
Quality Spike Suppression; Basic
Protection $69.95

IS0-3 SUPER·ISOLATOR. 3 DUAL Iso­
lated Sockets; Suppressor; Corn-
mercial Protection $104.95

IS0-17MAGNUM ISOLATOR. 4 QUAD
Isolated Skts; Suppressor; Labora­
tory Grade Protection .. . . $181.95

Master·Charge, Visa, American Express

TOLL FREEORDER DESK 1-800-225-4876
(except AI(, H~ MA. PR & Canada)

SATISFACTION GUARANTEED!

CIRCLE 31 ON FREE INFORMATION CARD

Dip Tantalum Caps Audio Amplifier
d,pped snd solid ' ~ 8 watt

~~ fo ,3;S, 22, 33, 47, (U 6 3V. B
22.66 <P 10V.
1.5. 3.3. 4.7. 6.8 (a 16V. 25¢ ~
15 <P 20V.

.47, .66, 1.5, 2.2, 3.3, 4.7, 6.8 ra 35V. 55 95

.22..68. 1 (a SOV. 4" X 3" X 2"H •

Capacitor

~ 49¢
5200 mI. 25v. 10/54.50

Fantastic!

Transformer

JIIID
Dual bobbin

. 30V.
+ 14V. 1.5 AMP

I-;;:--------.:..:..=,-=....j
3" Mount Center. 2" high 53.00

Chassis (H.D.)

Modutec Meter
2'1, x 3"~ 0-30 AMP

0-5 VDC

100 ue . (a/~g~ I A. $3.95

CIRCLE 30 ON FREE INFORMATION CARD

79¢
Deluxe Cowl Cabinet

~
. *~~~; [~~r

$2.49
24v. DC Relay

3' 4" X Z 1/ 8" H. 3PDT 1 10 AMP
Power One Power Iii Gold
=:.5 % Regu ated Supply IK contacts

5V. (Ci' 6 AMPS 52 49523 50 L1k. p . B KUP Strl.. •

• Mini Switches
__--=-====-....,...Power Te Micro Switch

=:.5% Regulated ~

5V. (if 12 AMPS ~ SPOT

I-==~~-==:-::"~-=--l wllong blue paddle 79¢
Compu-Lite

-d(I;I~I~~t~)
mom # 849-1191 69¢

FACTORY SURPLUS UHF TUNERS

495 ~~~ll~~~:~~:~_:~~r~~~:" ~
$3 .15 .man tl l wo rk bu ,ld u'lll. cable TV
.../ 10 c:on. ,rttrs. ItC . No . 304tsU099

20 AMP REGULATED 12VDC POWERSUPPLY!

CIRCLE 24 ON FREE INFORMATION CARD

HOT NEW IMPORTt REMOTECONTRO~• .•

8
30 CH9ANNE9SBL~"::.:~::.E:TER I ~

$7i .1S OI'\/o f f sWItch .nd
". / 5 f ine tun ing cont rol I

174.115 N o. :M9VA275
... /1 0

ETCO MKII WIRELESS -
THE ULTJMATE CABLE TV CONVERTER I

P. ;;'l :;E:':5E 18900
• ,t.1It

' . ~ "No.-349ZAOOI

. "
VIDCOR 2000 CONVERTER ELIMINATES PROBLEMS

8q
WHEN9r~~.;E~,~~:~~CAB LE TV

sIOlfS r.mot. th . ...,.,.l con.
tecl. EnMll1'$.,cHoI.pU'lg
of one cab le p'ogr.m

.:::~;~~~~ltwr . . "1-:==='-'
UNUSUAL FACTORY SURPLUS

~
MI D BAND - ~'::::~:~:'"~:~.~E T

1V
TUqNER95

common IF f,~ncy. Expe rt·

=~:~~',~t~::nw" $17 .50
K"" mllo<:. No. J.t 9VA342 •• . / 10

!34I1VA38 9 . Oal . dld Khc m"'t &:'f)!(: ",", - 51.501

MINIATURE FM WIRELESS MICROPHONE

H '~"'" th, p,'m 'f Y~' 2995
hind . Recept Ion on .ny stan- 127.50
dlrd FM rad io o r r.ceiv .r . ••. / 5
No . 3411VA482 12".95

... / 10

OUARTER-MILE WIRELESS MICRoaHONE

L09S 2~~~~i~~: e
U7s:.~i~ ~~;9'::';;3VU ,...ur . _.-.

~
FACTORY SURPLUSVHF I UHF

• "TWIN" VARACTOR TUNERS!

-' , Ad mlrfl No. NC 31·U- l. 3995" BRAN D NEW' Id.,l for b\),ld""il
or ,tP<l" ' '''lI .I ,ctlon,ull'l'I U...-d

~·:::~"O~~ ~~~~:~"~ ,';.::,' "'05
~ Ph 349VCJ08 " ./5

DUMPINGI NORELCO ENDLESS LOOP CASSETTES!

495 ::':,"'''''''''''''' ,"Y ~
::j~~ ~ ~:::: = ~~ =:~:: ~

IN STOCK - THE MURA
CORDLESS TELEPHONE SYSTEMI

I" ~'::':':=.~~ 14488
40Q h ....... ' A.
~ILMI

.~~:::~7.:::" ~~~~.~
No,34911"'274

SALE OF QUARTZ BATTERY· I
OPERATED CLOCK MOVEMENTS !

995 · A.ea... Ky o f ' rn'n f 'l'.... up

:~ .!~~'~f"t~:;t:; f~:' _. .-~
$8 ,V5 Welt c;., m. ny. No . 349VA!l6 1

... / 5 I34l1VA56S M.It:h,n , h,,,," . S2.,UI,,.t.1
. Sl t51Mt / S

~
OUR LATEST 98 PAGE ~• ~~~t.:~~~u~:~::~~? ~
r lt<:IfQtl,c b~f9<' , n~ , nd unvw"
oH,,, W" t,Of cortletM "lf Ol'­
.....t>Ot'lu'd nu"'14rL>tlo.

----------­ETCO ELECTRONIC S

I~Ul~OOI ~<":i:'s~3~~~~~.~Hf~,NG CENTER
Check ..th ·o reNr, pl ...... V,"". M..u ..~rd OK. (So rry. no C.O.D: s. Add 1S'lo
for un 1· H Iol'IdIo"9 IEI'I:CftJ r.f un$dl. "' .Y . $ IU . r. , >dents add 1'JIi,.....s UJt .
Deal• • & : Jtpol' t ,nq,,,, ies InWlUcI . Our Id .pn- oreNr detk n . ... r CIOMS.

Cell 1 · 518 · 5 61 - 8700 .

en
o
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W
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Solid state elec tro nics means instant and accurate reading. DO T and or BAR Patte rn
display . T hree (3) Co lor LED range display (each led white boa rdered) . Th ree.(3) positi on
range switch! Allows you to t rack all the way down to -7dB or up to +26dB with on ly 3dS
separat ion . Never again wi ll you make a bad recording, overdri ve the rest of yo ur audio
gear or , "Heaven Forbid " blow out a speake r. Ju st how good is it? Th is meter is th e basis
for our new $600 . to $3,000 . SPECTRUM ANA LYZ ER. 40 leds with only 1'hdB seo aratio n
per band . also -71 to +26dB.

CALL TOLL FREE
BOO-421 -cB41
Lo cal : 513-8 74'0220
Telex: 182 392

We carry the Foll ow ing:
TEST EQU IPME NT
·B&K
• LEADER
• VIZ
• BECKMAN
• HITACHI
• GLOBAL SPE CIALTIES
• DA T A PRECISION
• HICKOK

ELECTR ON IC COMPO NENTS
• JAPANESE & MOTOROLA Tr.n.i.tors. ':I.IlIII,,"~""''1!!.

IC ·s. FET. Diodes
• Capacito rs
• Resistors
• Connectors. Cables

Fall &. Winter '81 - TEST EQUIPMENT
Electronic Cornporrerrt
Catalog FREE 160 Page Book

Co mpany _

. Add res. -' _

TO OL S
• Weller. Ungar. Xcellite. Vaco . etc .

@~~J~~~~~®
Name Phon e _

149.

MFG
S219

69 .

STEREO LED METERS

KIT
S84.20/40 5 (40 LED. 3 Colo r

White Bo ardered Rect . LEOs)
20/400R (40 LED. 1 Color

Red LEOs)

Down to -71 & x26dB, Controf/ed Attack & Dela
Time , ONL Y 3dB Seperation!

. ., .. . .
I • I " I . , . ,-- ..<_, ' ._. e

, f, - 1 J ' t· •
" .

STEREO GRAPHIC EQUALIZERS

KIT MFG.
S328 . S690.

235 . 490.
119 . 230.
149. 280.

31 Band EO
21 Band EO
11 Band EO
11 Band EO

w/mic & mixer
Equalizers and Meter s available in
Mono .

STAMP OUT INFLATION WITH THIS
- BONUS OFFER -

5% 10% 15% 0 FF - ANY KIT OR ASSEMBLED PRODUCT

HOW?
5'1, OFF - 50 % deposi t and pay balance before shipping date : 10% OFF - prepay 60
days: 15% OF F - prepay 90 days .

WHY?
Inflation has fin all y caught up wit h us, however, by scheduling LARGE production runs
we can DRASTI CAL L Y REDU CE ou r costs which allow us to give YOU a 'HEFTY
DI SCOUNT and. more importan tly , ou r prices are then even lo wer than before the price
inc rease. But, if yo u ju st have to have it right away the prices are show n below.

OFFER T ERMS: Return to us a cop y of th is ad stating the desi red product and the discounted
price terms . AaRON·GAVIN will send your co mp leted order fo rm t.or your signature, retu rn to
us and we wi ll proce ss you r ord er. Orders mu st be postm arked no later than Ap ril 15, 1981.

. FEAT URIN G THIS M ON TH - KIt'- $84.00 ~

~"'~o ~t'
<,,0

~",'ii
. ~O ~
~ .",~

O-.)t'

~
~
:0
o
I

9. ) 5

State Zip

TN.RES
ADD 6.75%
SALES TAX

VISA &
STER CARD
CEPTED

DD $2.50
SHIPPING

(5) $2.00
U) $3.75

CIRCLE 27 ON FREE INFORMATION CARD

tA .ltS~

EA. aoc

Cit y

~!HEHBER Y,A LL CAM RETURN ANY ITDt 1F 'fA OOM . T UK! lIUAT***
**'*****IT LOOkS LUE OR. THE WA'f IT ACTS Ok POR AlY OTHD~

ITHIN 20 PfYS 0, SHUlWIT (WS r~IGHTlrOt '"I!. I:ltl\l

s.t -I

SPI-6

6 LUe IAJ.k lEM. STl\ IP PC HT.
10 LUG IAU IER STRI' PC HT.

as-))
I S- 38

MOW COKES THE COl'PJR CLAD tlOAID t . WHOPP!1 STOPPEl "
PCI>29S 1 EA. OF PCa-S .6 .1 .a .9 . 10~ · -·ALI. FER - - $S.B
BE CLAD YOU BOUCHT e lM. HAD A HUpCH UD BOUCH1' A BUNCH

S 1H s FER 1 FER 2- IAx
x . ~ .

~ - C-
• • .., A

. ..... WE DUM SL1"ltD UP 0 .. A GOOD DUL ON PC IOAlD *******..**********.....******................................
ORDER' UASlaL! SIZE ur IT COST COST

(2)$5. 00

VISA & MASTER CHARGE ACCEPTED

CAll 1-800-251-8130---

(EA)$2 . H

t----r-- ...~-
.-... (~A)'3.2~

~~Ill '1

SIIiI(CTIf"""
lOOV ,...

~3Otlll
Si 1\(01'1('1:
zoov I'"

.._il~1!~~! ..:=:.
ou J.S UUM WtNT H 1I0VGHT SUH tMDtlSTRTAL TERMINALS

THn*lrt·eM!·~*fM·tR·mJ·8'·t·t8·t·~f~r8·ay aAc
ORDER' I D 00 TYPE ~~i~ ~~~ . ~~. :~~ .
IIT· )U IO . )~" 1.0" )J .20 r. 90

Imm :11 J! !i ·liUI
WT-HIKI U . 25 . 4 J8 15 Ij
··"·..·l llhg l i fAt ktAl WHOPPER SftlPptRAU.. h .
W·IO I lAC OF 10 EA .~!.:n ,72.)3 .)4,) 5,)6 , )a(§1 .~0)

\20 v

'0'
..tt"'

• 0

WHT. 1,.1(,

UlliN

" .1\,

n-12

'"'-I: II ~~"VD. C ' ~QOIofA
,:g:~~] ~ =r~~:~ M~ ~~=~A

N/A.. .
11.-2 VOLTACES AS USED tK MAN'f SATELL ITE PROJECTS \EA.">\2 .25 (4)$•• C10
tl-19 PRJ: 120 VAt IlIlltD-fiUtt SEt.! GlIGR 5. VAt bOO

SEC, 2 R/R - 24 Y APPROX 1. 4 AHP
CT----"'--- 1 2 V
~

r --'
I

TR-2

Ca ll or w r ite for fu ll pr oduct informat io n , specifications and pricing to : Aaron-Gavin ,
1 h M I treet Un it f' Santa Ana CA 92701. 714 95 7-8 710.
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TEL£V IDEO

.••• . .. sm...,
.. . I m

..... . .. .sm
••• • , •• •111'12"'..........Stt·,.
•• • , •• • • •$1"'...,
. . . .• . . 11.9.00

- :TERMINALS

5-100 Sound Boerd •••• •• S34 .iS
aoeoA CPU . 34.95
32 K Stal ocRAM (211..1. . .•. 3915
8K Eprom 127Dej 2.. i5
270812716 Eprom 3·U5
ACP Proto BcL 22.85
Vidor 8!lOOProto •.. . • . . • . 22.20
Vector8803 11 IIol MB..•. 2~U5

ACP Exlflt'ld..- w/Conn. .•.•. 18.1 5
13 Slot MoC.....BoardlWMCj 32.85
g Slot Mot_Boerd (WMQ.. 29 .(15
I Slot MotherIExPtindilbllll ~3US

RowY I'CI II · SHuCAAt .•• •. 3t t5
Sl 00(A V5-8(110l Sound BcL34 is
AppMI Sou i'd Bd...• . .•. . .. 24,(15

FLOPPY DISK I/O
1771-0 1 8·1 M~ . .. . . 24 (15
1761 Dual Floppy ••.• .•• •. . 29$15
1791-0 1 Duel Floppy . . . . 3695
1791.()2OuaI Floppy •••••• 44,SIS
17S13 00. OS Flopp y ••.• . . .44.SIS
1797 00. os Floppy •.. • • • .$4.85
1691 D. l a s.paralor •. ..•. 18.SIS
2143 Clock Glln 18.SIS

CTS DIPSWITCHES
CTS206·2 1.75 CTS2O&-7 1,75
CTS206--4 1 75 CTS20&-8 U $
C1520&-5 1.75 CTS2O&-i r.ss.
CTS206--& 1.75 CTS2Q6-10 l ,iS

CONNECTORS (GOLD)
OB25P (RS232j , ••.. . .. .. ..•. . . 3 25
OB255 F. mal 375
Hooc:t 1 26
Set w/Hood . Sale , 57.50 .
22/« WIW. SIT. ,Kl"". ••••••• •• 2 is
Q/86 WM. SIT. MOT•.••• • . 650
5O(1CO5-100 Connectorwfw . . ... 95
50(100 5-100 Connector111 ,•. ., 3.95

NAKED PC

SANYo·
MONITORS

V"' 45Oll 9 · BW
Stle Pnc:. 1M1.t5

OM 12 12·B/W 2311.00
OM$1121 2· GrMn 241.00
DMe01 31 3· Color "1 $.00
NEC Gr M " 258.00
A"'OEKl l EEDEX Vld~ 1oo14a.00
AM OEKl l EEDEX 13· Co lor 3Qi .00
AMKEKlL~EO£l5 I2 ·GrHfl 17t.OO

TERMS; U.. cMck. MIC. VISA,
AMEX, CB, or COO. COO reQl.lf"25'-~. Chafge Orders pIeue
IrICJudII IIllPN"abondale. For. lgn pey
U S. Funds , On:»r by phone. meA or
TWX. MINIMUM S10 00 PIlla.. 1ft"

~'1'~u,,;~aS:-=r::
2 IbI. For IUrt.ce~ 30C lor Iddt­
llOnllb For ..- add7OCl or addo­
llOftaI I~ FOREIGN: Add 10'l1l1P\tp­
pInQ and Planctllng. COO'sS l 8-5. ItI:ra.
Not rMpOnSlble lOt typo&. SoiM
~ettMlUb;llcllOpnor ..... Wft ,...
........ tqII: 10 Mlft quenlotiea,_
lflltTlllUl::illldlo~nwtIII~.

ReI.. 1 procong may.VIIY hom MaC
Order . W. re.- IPIIInghl 10 aub-
at""". uf I

AID CONVERTERS
87oo8blle."..., 13~

870 110bltBonary 22 00
17038b1ITS.••••. ••. .•.. 1350
t4OOVoU 10 Fr.,q ConY 7,25
8750 3' 1 01Q1laco 13 (IS
1..DeL66b11 .. . . . . . .• .3 (1 ~

140818 8 boL . . •. ~"5

gg~,I~ ~ : : : : : : : : : : : : : : : : : :~:~
OAe 100 ,...... . 9i5

TV CHIPS/SOUND
AY38500-16G41mes8IW .. . ~ . 4 (1 5
AY38515 Color Convert..- ..•.. 2 (15
AY38e03-1 ROIIcIrac. G.m• . . . 8 i5
AY3&&06-1W~G41m• . . ,. 9 50
AY3ae0 7·1 ShoohngGallery. , .8(15
AV38a10 Soul'ld a.n..-lIor_•• 12(1~
SN764nn SouI'ldGenerltor . .395
MMS320121 TV Sync:hGefI . • • •995
MM S369 Pr.lCaler 3 (15
l M l 889 AF Modul4ilor . . . •... . 3(15
MM57100 NSC Color TV ••••. 6i5
MM57104C1ockGen 3.75
I4RModl,olator , 29 . 5

WAVEFORII GEN.
8038 Function Gin 50
MC402"VCO , 2 95
LM566 vee 1 i 5
XR2206 Funcbon G.,-wrl lor .•• 5 25

SHIFT REGISTERS
2504V .• . . 1.49 MU500H .... .SOO
2507V • . . • l .49 MM5OMN . 2 $15
251TV .•. . 1.49 MMsoeo N . 2 95
2524V .• . . 1,49 2510A .••• 1.(1$
25 25 .•. . . 1 (1 264 7 4$15
25 27 1 9 334 1 (15
2528 . . . • . 1...9 3351 17 9 $
2529 1 9 3357 . . •• . • 5Sl5
2533 1 (1 940J . . , .. 2495
3347 . . S95 940e .. .... 5195

...
"""""""'"'", ~
'""""""'"""...
"",.....
'"'"'"'"'"'"'"'"'"'"'"'"

'00,n
'"'"'"3.20,,.
3.....

4 .7$

'"'"."10 25

'"."
'"..,.,.
2.~~

24.95
<."(1."...,,,

• 4 15
. ...95

.ss
."
'"."r ec

STAnc RAilS

DYNAIlIC RAilS

IC SPECIAL PURCHASE

~
, ." "...

~:t:;= ~ : ~ :~~
~: :;. 1 .~ ~~~ ~:~

~~~1~1450 NSI ~:'f5 gg
2114L'2~ lotOo'51 6 50 595
2114L--45000• . 1404l.>1 4.75 4.25
4()44 250 liS . t 5 1 00
4044 45Qft. . 5 t 5 5t5
[1'''''42001< t 15 1 75
[MM4402 79 S 7 25
W091 4Oo'4 1 lOtS 102S
......091»3' 12t5 1195
1101 l !it5 115
P:2125/t342S 14Sn$1 t IS I J5
651111<.1 CMOS ItS ItS
2147L_,"-,oII<Slatoe:9!it5 . t5
noll5 it5 ••5

" ,6/ ' 115 15K I15 Pmj
5elof8 .. 16·s 200 Ns
""58K(16 Plnl
4050 41<. 11' 1 PlI\I
4060 011<. 1(22 "'rtj
oIOMoIl<. 1116 """l..
~:~:W;~~P0414 ..

~; : :~ 64K ~l
~: ::~ RAMS :=

$19 .95 100>

s ..,.......,...
3.'"

Mem llO t~ r-"'--~~~~~~.
~'g,~~~ .:: ;:= :: ,__......->PRINTERS
LM330 .,. ",S7 ... fI?S .....; EnOl
t~~~~~ :~ ~:6~~ :;: ~ -
SCM 7045 Pl'ec ti lOtl SlopWlld'l ••.. 23 ' 5 MX-eo . . . ... . .$4i5.oo
lCM 7207 OIoklor Controlllt "" .. •••. 7.50 MX-80 FT •. .595.00
SeYetio.c.o.Counler7208 •..... ... . 16.85 MX·100 ••• •••.•. . .8SI5.oo
MCI ..433P3.J OIQII.vOCon..-.rt 1385 MX·70 • . •. ,. .. . .• 425.00
ICL 8211 VoIlaoe Referl nc. 19 5
LM 18SONGround F. vlltC 311,00 centronlcl73S1 .. .. •. . ... m .oo
l M ~gooN Quad Amphl.. r •. • • • , ••••••• 2/ 1 00 Vl l t a V·3ClQI2&cp• • , ••• •1" S15.00
LM 2(117N FrltCl toVollCony, 2/1 .~ V·3OQi' 5 cps . • . .. . 1785.00

:~t~~:~~~I~~~::..:::::::::::::. ~; :; ~~t~x=~ : : : : : : : ~~:~
~7~4~~=~~' ~~~ . :. :. . . :.:~ I-:==~~~~~~~.
ULN 2OO3A 7 chll'lMl O...... r •• • •••• • • • • •• • • H
MCM '''50514 bit St.IIC Fbi'll , 695
MOe l 003 I" N28) Opt o Coupler. , . . . • ,.311.00
SPX33 Oplo Coupler ••• • • • • ••••• .•• • • • •• 3/ 1.00
IH 5045 CMOSSwitdl 085T •••••.. . . .. . . . 4.50
UA 3045 Till"". Nray . . . . ... •. 1.25
TR 1402 A UART•.... .. .... .... . .. U 5
MK 1007 Dyn. Mem. Shift Reg 3.(lS
5311 TVQI. [);ep . Circ:uit • •• • •••• •4.50
IOeOA 8 Sit CPU . . . . 4.(lS
8700 CJ II Bil A/O.• , •• , ••• •• ••• •••••• . .•• . S1.15
MM5 28O/VPO 4 111C2 107/TMS 4OSOtI

~~:2~tMK"iOMi ....1.7$
7;~~ .1.5: · · ·L~·j isi : : : : : : : " ~ ·~~ ...--:iiF.;.;,;-~,;,,;.:;:::::..I.
148811489 .. . 211 9(1 LM 4558 , ••. 3/1 g.g
LM323K .. .. . . • .4 95 RC 4 13e 211g.g
MC I372 89~ RC .. , 31 21199
'-4M5298·4 " 'B . .29~ . COM 502 7 ..• 3995
LM 377 . ... .••. . 1 25 COM 5037 •.• 499~

LM380 125

SOCKETS
~""JlA¥el.""'. ...... .......

" :: ~ ::'. 20 ,.
"" :: .. ..

20 .. ..
"

,.
" ' ",. ,. .. '20

"
., ,,, ...

" .. '" ..... OJ ," ' ..
16 ~Es~~ IN~~~~N ~~~~O 25 '

LED READOUTS
,......... e.. ......
ovo. :KID1lIll e-Cd '",*
111107 :KID1lIll e- .....
"'lnS7 » 7'" c......e-
F_OS,II 5OO 1lIll e-CIt'alI I+lI
FIl05C3l5OO1 !1Oll"-l e-Cl",*
FftllSG 715' C. !IOll"-l '-' .....
'110'"...01 SOlI "" e-.~I+ll
fllOUl 5Ollr.r- e-Clr.odt
FICl55G 5OllClrll"9te-CiId
'1IOIClJ 1IOQ 100 IlIll e-ea..
F1i0l0l7. 1Cf 100 lllIl e-. .....
~7J.I~IOO IIId • •7~
1lP5OI2-7Xlll "XI 1IId • • 7 Sg1 D9l1lM0
~rnl JOOIIId '- .....
mJ05 IlIll IWf.,SI7
TlUOI 270"-1 ~CiIIptIy

Tll..m Z70"'~o.c-r
n U ll 270 "-l " . 7",lIllIer'IIl
WM2A no IlIll ...,""""'OA 2701lIll ... __
lIOlICJO' l JOO"-l toon.AtuStIllvNCIl"
XAIf3OI2 JOOIIM e- ..... letD!'
llAlOOIl 300'" o..-.CA.~Df'
XA/Il)Ci64 1OO 1lIll e-CI\'tol»,.". CIl"
lWU051 lOOGtWlle- """,CIl"
~2 lOOGrWle- LtIIO'
lAII1OS1 JOO"""' ~CA. let Dl'
JlAllJ054 3Cll,,- e- Cl_ . Df'
JlAICXlI I JOOy e-'-lL.DI'
llAJOOIl JOOy e-.-...~Dl"

lWOOIl lOOy a.....CA.L.fIIO'
. JANlOI4 1llOy e-~~e'

VERBATIM DISKETTES
100% CERTIFIED ERROR·FREEI

• n TIAW . •OtIU Mum .SII'tHIK'i"
rm: DESC'-mQIII PlllCE.'80X10

S25-(11 SdtSKtlotdTRSIOee:: mt5 '-::::::~~~-!-~~~"'.
~:: ~ :~===~SC:rte m:
• . , & 11TUU ..I LEI U Ull- SIU LE11111

S,. · wtnI I UU , ItfIUTII"
517-(11 Sdt S«!OIfC1 TASlOrte SJ22S
571·10 I O ~ M¥rJJrIIS"' rte 3215
'S17·16 161tc11K.n McJClll:*'S U B
• oil TU(ll. IlIIiLE I ll n ..at . Ism ...
SSO-GI Sdt SeclOo'ld SA .~ Io"" Sl $3U 5
550·10 10 HClleH"lIA$lWAIIGCO 13U5
550·16 16M.*tl lldlol oo' 139M
• •· ' ..... m TlJlU IlSlfTTU
f OlO:l-G1 Sdl $f'9t on.ty 3140 S33SO
FOI:lQ·JZ 12M¥rJS.e-.Iy$h..; 3JSO
fDlO2-G1 Sdl C!ol.tIlr 0n00I, 3 ~.O ""10
f~-GI Sdt~Scled Dolblt0Msq 3740 (9 10

YOW ME DEALER PRICING AVAILABLE
WE AlSO STOC K DYSAH-CAU.

8102 SUPPORT CHIPS
1520 PI"- . . . . . .. •. 750
8522 M"'n.. . . . . . . . . . . . . . . . . . •. 11,iS
85»002.003 .004 .005 ••.• •• 21.115
853 2 19.95
8551 11.1'

MICROPRO CESSORS
Z!lOOI 1& bol t0 8Mb S181100
Z8002 16 bot1064K 14900
Z80. . . .. . . . .. g,gs
Z80A • •••• •• • • ••• • ••• •• 13.95
F·81 385O} .. . . 16 $15
2650 . . . . . . . , . . , 16.95
CD1 802 . . .. .. • .• 1.75
8OeIOA .•• •• , •• • •• • • • •••• • •4.75
aoeQA..MHz ..•.. ... .•.. .. 19(15
SALE e08S 14 95
aooe· 1 •• .•••••••... .••• . 14.95
290 1...•.••• , 9 80
2901A 1495
2903 4-bl1Supersltc• . . . . ••. . 29 (15
TMSll90QJL 49~

CPI600 •••• . , .• .•••••••••.. 3(195
6502 • • . . . . • • • . .. . • . • • . . . .9.$l5
6502A ..• ••.•• . •.••••••••• 1695
IM6100 29S15
eeoo , 11.75
6eOOB 20 MHz 19.95
680 2P ..•• . , 17 (15
B035. . . .• • •..• . 14.95
1lO39•••• •• • •• •••• • ••.• • ••• •• 1if(l"5
INS 8073N 24.95
1755 . . .•. • , (1(15
8748 .•.•••••••••••. •• .••. 69$15
6&Oi 37115
8086 , , &0.(15

ADVANCED SUPPORT
AM951 1 Antn. Procn-.or ... 175 00
95 12 Anl:h Proces-sor ••••• 17500
9513Ur'lo'f T,l'IlIng 79 95
AM(l517 OMA ContrdlP ••••• 18 t5
AM95'(l U.,..,..rsal l"t.rrvpf , . , 18 (15

8080/8088 I UPPOlIT
8155/.158110 2• ..,
.755 I!O WlthEprol'll •.•. •. •. • &49 5
8202 0ytI . Ral'll COnl.. 34 15
.205n4S131~r •••.... 3 15
8212 8 bol 110.. . . •. 2.75
a2f" Pnonty lnl. . . 525
5215 8us Dr...'.r •. 2,75
1224 Ctoc:k Oen 28 5
'224" (4MHzl .... . . •. . •. •••. . (175
122. 8I.ls Onver •. . ••. . . . . •. •. . 285
8n a IkII Driver .• .. 2 $1 5
1221 Sy,. Co nlrOI . . . . • . • . .. ' .50
8238 Syt. Coni . . . .. •. .. . •. •.•. 5 50
' 2'3 110 b p. . . . . . .. .. 9 ,50
1250 A. yn. COmm .• . •• .• . 15.95

:~~ ~;",~r·::::..:..::::..::: ; ~:::
825 5 P1og.IIO. . . •. • . .. . ... . •. . aso
1257 Proo OMA . . ... , . . . . . • lU5

:~~~ ~~~~I~o jl '~ : ::::::l~::;
827(1PrOQ. KeybOar d .... , .. 15.15

8800 SUPPORT CHIPS
88101 28118 A.rn . . , .• .. . . .. . . 4.75
U20 &,50
8821 . __ . $0
812. Pnom y Inl. • . . . . . • • • . 10.75
8834 ·1 512 Jl 1 Eprom •. .. .. . 1615
U451HD48505CRT Cont. • . 2SI ' 5
8847 Colo r CRT . 21.' $
8850 -'C IA .. .• . •.. .. . .• ... .. . ,. 5.15
8852 $eN.l AcI.pt. r . .• . . •. • 5 15
88&0 MoOelYl. . . . . . . 10 $1 5
8812 Modulalor 11 15
U71A 10 Mtoiz OSC 2S9 S
817 5 1.$15
MaOBu. Orr" .r .. . • . . . . . . . 2.19
Mea"'U . . .. . . .... •. . . . . . . . , 19.95
&1047 ••••• .•.•.•• • .•.. . ••. . •. 2.. .' 5

MOS PROMS
27I4ISKx1lTS , . .•. • • . .. ... au15

~eSs~1JSf2K~a ;is · : · ..:~ :::
TJ.4!2718, .z 5V. 12V .. . 17.95
27S4.5V .U5QHsI . .. .. ..7.50
27'01145ats, . .. . . . ,5.75
27'01(eSONI' 5,25
1702A . •. . ., .5.75
MM5203AQ . . . . . 14.50
MM52040 US

Z·80 SUPPORT CHIPS
zao.PlO 25 MHZ .••••. .. 8 75
Z&QA·PIQ 40MHz. ...• .•• 12 95
zao.crC 25MHz. •.•• , . . 875
Z&OAoCTC 40MHz. ...• . . 1295
Zao-DMA 2,5 MHz , 2(1S15
zaoA· OMA " ,0 MHz 38 95
ZIOoSIOIO a MHz. 35115
Z80A-SIOJO 40 HZ. ..• . .• . 3\UO
~SlOll U Hz •. •.• • •35.15
Z&OA·SIOIl .OMHz . •. •. . . . 394O
zeo.SIOI2 25 MHz . . .. .. •. 35 .,
zao.SIOl2 4,0 MHz . . . . .. •. 39 40

CH ARACTER GEN.
2513-001 ( 5V) U~r , ..•.... . . (l50
2513-OO5 (5Vtl~ . . .. .••• . 10 95
2513·AOM3 (5V) Low.r. ••. •• . 14 $15
MCMM 710 Alcll Sh ift ed 12.i5
MC MM74Q M.th Sym bol 13.4$
MCMee7SO Alpha ConlrOI 13,'$

UARTS/BAUD RATE
TR l602B(~V 12V) 3 9~

AY510 13t5V. IZV! 495
Anl 0 I4AJ1612 t~ ' I4V1 695
AV ~ 'O I 5AI1863 t5VI 69~
1~6-402 7(15
IMU OJ a (15
2350 USRT i (I~

16 71BAstros 24 95
U LI:TJI1 4n • • ••• ••• ••• •• •••••
MeI 'Ul1 11,95
4702 14 95
W0 1941 99~

COt.45016 IIi5
INS 82 50 • • . • . . • . • . • . • 15.95

KEYBOARD ENCODERS
AV5-2371 • .• ••.. •• . •. •• •.•• . 1375
AV5-3600 13.75

BIPOLAR PROMS
W.do

Cuslom Pr rtmmlng
•••. , . • .2512.85

.' 25U.

. ...25
8251 1-'0
1251 . .. 1.05

m~~~~~~~:x~~TS~U~
12S1'7n4S472CS12~eTS . . . . 12.15
74S471oU» (258x!lTS .• , . • •. 7.11i5

FIRST TO OFFER PRIME PRODUCTS TO THE HOBBYIST AT FAIR PRICES!
1. Proven Quality Factory tested product s only, S,q
2. Guaranteed Satisfaction 4tlE
Call For Special School Discounts $19.9~

2995

CENTRONICS PRINTER
Mod . 17 37 / ~ :::::::---...

• cent -ones complele printer ~
• The 737 ha severythlng.ChKk

• ~~~:;':~elhe featureSa3S.00 4

UV "Eprom" Eraser

~
Mod el UV.·1 1E SeSMIS
H o ld s 4 Eprom·", at a lim e
Backed by 4 t1 ')f>ar~

experience
. Mod el S.,2T•. • $325 .00

PI()lp~O; IOnal In duo;I n al M odel

TERSYSTEMS
The Preferred 5-100 Box

The new Series II CPU Board feat ures a 4
MHz Z·80A CPU and fui! ·f ealure front
panel. 2O-slot acti vely terminated mother­
board. with 25 amp power supply (50180 Hz
operati on. inci. 68 cfm fan).

DPS·1, $1795

•. . .•. 79500 m ,oo
. . . .. . 1295 00 1099,00

.• . 10P5 00 949 .00

. •. •. &50 00 75100

. . .. . ."9 .95 .....SIS

26500 2~,00

1049 00

17.SIS".."..1"."" ..

BIPOLAR CPU SALE
Signetics 8 X 3008 bit CPU
While stock lasts 14.95 ea.

,. BEC KMAN
,,~-:I DIGITAL MULTIMETERS
~ TE CH 300 Digital Multlmeter .$110

TE CH 310 Digit al Multimeter $ 140
TECH 330 Digi tal Mu lt im eter , , .$189
VC ·201 Vi ny l Carry ing Case . . • •.. • $10
DC·202 Delux. Cl r ry ing Clse, . . . . . $24
HV .211 High Voltage Probe . . • , • . . $35

. l Ap.22 1 RP Probe , .. , •. . . • • , • , $35

gt~i~1A~,~~~!P~~~e~ Kit : : : : : : f1~
TL·242 S uare Test Leads , . • . . . . • • 56

$24.95 TRS·SO/APPLE $24 .95
MEMORY EXPANSION KITS.

4 116'5, 16 K 1200/ 250 ns.)

16K 8ocsfo' S24.9 5 RAMSpecif y Computer
Call For Volume PrICing

NON-LINEAR SYSTEMS, INC.AI~
10UCIII 1m 20 I~

DIGITAL
MULTIMETER $31985

2708 EPROMS
PRIME-450 Ns.

8 for $29.95

4K STATIC RAM SELL·OFF

TT TTT TT TT Zilog 6104·4
Same as TMS 4044 but designed specif ically
for Z·80 based systems. This is full· spec
4K x 1 RAM, 450 Ns .

While supply lasts $1.49 each.

RETAIL STORES OPEN MON ·SAT • • Box .17329 Irvine Calif 92713
S TO RE., 13 10 · B ~ E Edinger . S~n t~ An~. CA 92 705 Showrooms . Re t.t . I. W.t f e h ou H . • , . FOR INTERNATIONAL ORDERS.
S TO RE.2 .., W h lmbl. Ro • • S.n J o... CA 9 513 1 • (4.S) " " ,., . Direct Order Lmes: (714) 558-8813 1310 E. Edlnger ( 114) 95 3·0604
' -Ret ail pr ic es may vary . ' (800) 854·8230 or (800) 854-8241 Sanl aAna,CA9 27 0 5 TWX: 91 ()' ~95'1 565

8800 IIICROIiODULE N PRIC E LIST
MOD EL NO DESC RIPTIO N PRICE
9600A Song!. Board M!C-focOtJlputer $49500
9&09 Ad\tanc~ &noI. Bd Comp {6809j 595 .00
960 1 16 SIoI Mo l he r eo.,d 17500
9602 Car d Cage 75 00
9603 8 &of Mother Board 100 00
9604 Pow-er SuPPly 27 5 00 '
9605 DC Input Powe r Supply 32500
9610 U1d,ty Prolo Board 3900
96 11 Anl h PrOC/Memory Module "9500
96 12 Butfettd Uhl,Iy Proto Board "S100
96 16 3 2K EPRO M/R AM Mod ule 250 00

=~ ~~~~;fY:::,;::"&H~:Ule ~~~
96U SeT,aJ·Par aJlel 110 Modu le 32500
9627 16K St~"c RAM Mod ule 470n s 39 5 00
96 2S1 3 2K Siale RAM 450ns 69500
9629A 32K Slate RAM 200ns 695 00
96 30 Card Extend er 68 00
96.a Muillpl. Progr.tmmable T.mer 39500
9650 8 ChaMel Duplelt Se nal llO Mod 39500
9655 Inteillgeni Tape Con trolle r 5 50 00
96100 32132 110 Mod ule 27500
96702 Contact ClOsure Modu le 35000

UNPOPULATED BOARDS (AlSO Ar;,,';,1)Ie1

5·100 WW
$2.99 each

FIRST QUALITY AT SURPLUS PRICE

•

SPECIAL PURCHA-se
$59.95 limited Supply $59.95
16K Alta ir RAM Boards. Fully Populated as is.

~
-~ FLOPPO~M~I~I~.~~IVES

• • Dou bl. Sld~

ACP LOW'·PRic'E' $569.95
Tandom TM 10<>-1 5...• DlA On.... . . .. . .. 24(1.$15
MPI 851 ·5"' · , 40 Irack . •. . 23$1,(15
Shug art SMOO·5"'~ 35 tracka . . . . .•. • •• •• . 2U .00
Shugart 8001&0 1R a , «(1.00
Sie l'llll' " Shug. rt Com~lob" Model f OO·12CHO.• •• .. •• 428 .00
PERSCIM~ 277 Ou.r . •• .•.• . ••..•.• •, .. .•.•• . .. .• . .• 1115 .00
MPI 852 5...• O1.IaI ••• •• ••, •••••••••• ••••••••••••• •••••••• •""a.oo
WANGO/ SIEMENS 82 . ••..• .••... .•.• . .... .. .• ..• .. . •.. • . 280 .00
MPI (II Dout* TrICk o.nlity SIngle SlOe,SO Tractt. 37 600
MPl $12 Do~Track o.n" ty Oovbfeo Side.. 150 Track 75.00

~~.•~~, THE lAST WORD IN8"
~,~" FLOppy·DISK ENCLOSURES
TH t ytsTA Y-1000 FLOPPY DISK DRIVE SUBSYSTEM
. tlIUlI"-...........~~b .....,-rq ...--*" . ..
.~.. ~ilItIllII"CIdI ~ ... ll'CIIfp:lplN'
.rd't~.. 5JuIlIrt1cwJ _."." .I'dl~..rdI .$tngI
tapIt:jtt_o.s .~~.~"""'cb'Il".UII_beall .
..... ... ut.Irll OSHA ....,..SIW'clf krcan:l _ Nt'l'II r-'~

plMdIlI . ... .n"*" "" 0Mk 0l rD.~.""
.......~.~..~ allDwltllYtItlnIl~wd

MU'IIi't .Dotr.- IUI ...........

DISCOUNT PRICES
_ $ 395
c..n ~ Dd.,.,.~lllJWIf~&CIl:iIII · . · S1 495

CAIIIR .. l2l cb.t1ll -.:l_~JIll'II'W...&...,• .S1995

~ MOSTEK MK4015. ,14K Dynamic RAM
I' Refresh while supply lasts only .49'

Pin equivalen t to MK4027 except has 1 ms.

FOR TRS 8~ MODEL I,
_ ......~ ' PMC 8(l~ -ZENITH H89,

~:.9.t~$' S·100, etc.
~1Q ONLY 31000 ea.

.,-0; MODEL V~801 ,
80 TRACKS, SS

. ONLY 42500 ea.
2 DRIVECABLE. . 29.85 4 DRIVECABLE., 38 .85

en
()

Z
o
a:
f­
()
U.J
...J
U.J

6
o«
a:

100
CIRCLE 3 ON FREE INFORMATIONCARD



7400
S N7 400N .19 SN74 ,23N .59
SN7M>1N .22 SN74,25N .39
SN7 -402N .22 SN74'26N ....
SN 7<03N .22 $N74 128f . .59
SN 7<04N .22 5N7",,32 .69
S N704Q5N .23 $N7.(136 .75
SN7406N .23 SN74139 .95
SN7407 N .23 SN74U,N .79
SN 7408N .26 SN7"".2N 2.95
SN 7409N .23 SN74143N 2.95
SN7410N .22 5N741 44N 2.95
SNUl1N .29 5N7 .(145N .62
SNW2N .29 5N74147N 1.95
SN 1413N .39 SN74148N 1.20
SN7414N .59 SN74150N 1.09
SN 1416N .29 $N74 151N .67
$N 7417N .29 5N74152N .67
SN7420N .22 SN14153N .67
SN 7.(21N .35 SN7" '~N 1.19
S N7422N .29 SN7<155N .78
SN 7423N .29 SN74156N .78
SN 7425N .29 SN74157N .69
SN7 426N .29 SN74158N 1.65
SN7427N .25 $N74 16ON .88
SN 7429N "5 SN74 161N .88
SN7.aoN .23 SN14162N .89
SN 7432N .29 SN7-4163N .67
SN7 437N .25 SN741'>4N .87
SN7~N .29 SN74165N .87
SN7-439N .29 5N74 166N 1.20
$N 7«O N .19 SN7<16 7N 1.95
SN 70441N .79 SN74170N 1.69
$ N7442N .57 5N 74172N 4.75
$ N 7443N .95 5N74173N .79
SN 7444N .95 SN741704N .89
SN7«SN .79 5 N74 175N .85
SN7«SN .79 SN74176N .75
SN7«7N .65 $N 74177N .75
SN7«8N .79 SN74179N 1.3<
5N745ON .' 9 SN74180N .75
5 N7451N .'9 SN7418 1N 1.75
5 N7453N .'9 SN74162N .75
SN7 45-iN .19 SN741&4N 2.25
SN7459N .25 SN74185N 2.25
S N7<WN .23 SN74186N 9.95
SN7470N .29 SN74188N 3.90
SN7472N .29 SN74190N 1.15
SN7473N .3< SN74191N 1.15
SN7474N .3< SN74192N .85
SN7475N .38 SN74193N .85
SN7476N .3< SN74194N .85
SN7479N <.60 SN74195N .88
SN70480N .<9 SN74196N .85
SN7482N .95 SN74197N .85
SN7483N .55 SN74198N 1.39
S N7<85N .65 SN74199N 1.39
S N7<B6N .35 SN74221N 1.19
SN70489N 1.75 SN74251N .95
SN7490N .39 SN7.(273N 1.05
SN7491N .57 SN74279N .75
SN7.(92N "5 SN74283N 1.40
SN7493N .<5 SN742&4N 3.90
SN7494N .69 SN74285N 3.90
SN7.(95N .65 SN7.(290N 1.25
SN7496N .69 SN74298N .95
SN7497N 2.90 SN74365N .68
SN7.(100N 1.20 SN74366N .88
SN7.(107N .32 SN74367N .88
SN74109N .37 SN74368N .68
SN74116N 1.95 SN74390N 1.45
SN74121N .29 SN74393N 1.90
SN74122N .39 SN74490N 1.90

CMOS

:!::»
:0
o
I

Buya
System

and
Save

your price$249500

New~ software
We only offer Apple
CPM softwa re which
has been evaluated
by our softwa re staff.

Vis ica lc - Now Bett er Than Ever 169.00 WOROSTAR·The Benchm ark of
Vis ip lot - Graph your Wordprocessing software requi res Z-80

Visicalc Wo rksheets 149.00 & BOx24 349.00
Vls it rendNisip lot -Vis iplot VTS-BO CP/M-Wordproc essor has no

wrrre nd Analys is 239.00 screen menus uses new keycaps
Vis ldex - The Ultimate (supplied) 10 disp lay Key function s
Vi~~~~~i~~C~~:~~~:tib le 219.00 319.00 New

wrother Systems 209.00 ~~~i·~~~~[~~~':'lo;r~.tl~~I;~~~~;~'
BPI General l edger 299.00 non& chained pr inting 169.00
BPI Accou nts Receivabl e 299.00 SPEllGUARDWil1 proo fread Wordsta r
BPI Inventory 299.00 & VTS-80 Text fil es aga inst an
Stockfil e Inventory Syst em 349.00 expandab le 20,000 wo rd dicti ona ry
Infotory In vent ory System 289.00 169.00
Microcom Microco urier 229.00 SUPER SORT·Will sort, merge, &
Microco m Microl ele9raph 229.00 perform record select ion on your
Acco unti ng Plus II BIZ Pkg. 1250.00 CPfM Data Fil es 169.00
Sto neware DB Master 189.00 FORTRA BO·By Micro soft 195.00
Sto neware Util it y Pkg (For above) 89.00 COSOlBO By Microsoft 1.(9.00

ACS BASIC ACCOUNTING SYSTEM, Total
~~~~8rLg sys tem lnctv des ~:ii.~R, ~~

.~~PUtc!~~
Apple II® 64K .~
• Z-80 Softcard Maxi-System
• 16K Ram Card

Disk II w/cont ro ller
Apple II w/48K Call fo~ more pricing!
Total Value $271900 your price $222900

sa'le\ For Pascal S stem add $42500

.A\..ATARI' 800 & 400
Personal Computer System

ATARI 800 . $79900
ATARI 400 $37500

ATARI800 Includes:ComputerConsole.BASICLang. Cartridge,BASIC
.Language Programming Manual. 800 Operator's Manual wiNotebook,
16K RAM Module.Power Supply. TV Switch Box.
,..,...,. . ~Chu ~s oo Sofw'9 ) \00
8 10 Disc Drlve . . . •• 499 00 Homtf lllllQ SSOO ~ f lf( """ , l SlIO
a20P " "!~"~O Cn t , :?9S00 £..... 1,....'.... ,...,.. anc~J 1\ 00

:;.~~ ::t' ~C" I. ~.';; ~~~ ~~: ~'::.:~t~~1 I ~OO
1f>';Il.W 919!l ~Sl<"" ))00 B4S1Cr;.....,."'oQrr'1 "100
S!(lI" r ~d, I L " 189 95 WO"Ill~ I~!C"" ) s oc ...... ....,
Po:q .... ~llf< 6900 ~< SocIOlO;'f )) 00 ! )( IV....~Mcn.il' " 000
St/IlrttI.I.ltIrtMtM C~""tudi..fn H OC l ~)(I\Ml"" "'O"I' l,I ».M l~OO

( 1i;.(.l\lor<Sys .... I••n\ff~"ClQt 1800 "'''''<oIr'\OI AtcO'J'll'''Q ) \00 ......
Al~8ASIC ..SOO ~cs 3\00 ~[).woIlti

-'sW"'tlltlDftu;l ssoa \l'Ul C..""S '£~ lSOO ~ F", l,I~
~~ 4100 8wtItn C~.Il_ 3'>00 '""-Ie........
~ 4100 &SIC.1>sJ't.1'IOlOI; , lS OO [).......;t.O'IlOOlfo P.. 1' 00
$o.or< lh~'" 41 00 £1!t<"""lIlnl"'l Hoo ~C~p.. 11 00
l,Mo(CQ'lOOW' SS OO .-...o~s )) 00 JOor\l'(_COI'I"- ' ,I' 1100

Lis t 198"

Arm~I~~p~f~~~~~ ~~~:.~~ . • $39 U

App llc. tionsi Reference M.nu. 1 $ 1615

AIM65 w/1K 435.00
AIM 65 w/4K 475.00
8K BASIC ROM 99.00
4K ASSEMBLER ROM 84.00
POWER SUPPLY 64.95
ENCLOSURE 49.95

TOTAL SYSTEM w/4K 669.00
SYNERTEK SYM·1 230.00
SOZ-80 STARTER KIT 367.00
SO Z·BOSTARTER KIT A&T 450.00
SOS BC 1QOZ·BOA&T 367.00
SOSBC200Z·BOA&T 399.00
RCA COSMAC VIP 199.00
CROMEMCO Z-BO SSC 449.00

'I~ Rockwell Single Boa rd
• Compute rs

Cali forn ia Computer Syst ems 2200

SUPER 5·100 BUY!~
• 12 Slot Mai nf rame
• 64 by namlc RAM

CP/MTM 2.2 __

Z·80 CPU 4 MHz wt5erta l 10
Doubl e Densit y Disk Controller

Interface to Vista V-1000 Chassis

~~~C~~~~~~~:~~;T~~E 1899.00
with (2) Shug art Double Density
Floppys mounted. add 1495 .00

AUT
Auto matic Answer
Direct conn."ct
0·300 Band

List 27995

Acp2459 5

CAT'M
Answer Originate ACP 169 00

Dd~Et~I:t~
0-300 Band.~

List 249" ACP 18900

MC1358 1.75
l M1414N 1.90
LM1458CNIN .40
MC1488N .99
MC1489N .99
lM1496N .89
lM1 556N 1.50
l M1820N ,95
l M1850N .95
l M1889N 3.10
l M2111N 1.75
LM2900 N .99
l M2901N 2.50
l M2917N 2.95
CA3013T 2.19
CAJ0 18T 1.99
CA3021T 3.49
CA3023T 2.99
CA3035T 2.75
CA3039T 1.29
CA3046N 1.29
l M3053N 1.49
CA3059N 3.19
CA3060N 3.19
CA3062N .(.95
l M3065N 1.49
CA3080T 1.29
CA3081N 1.69
CA3082N 1.69
CA3083N 1.55
CA3086N .80
CA3089N 2.99
CA3096N 3.49
CA3097N 1.99
CA3130T 1.30
CA3140T 1.19
CA3146N 2.49
CA3160T 1.19
CA3190N 1.95
CA3410N .59
MC3423N 1.49
MCJ.460N 3.95
SG3524N 3.95
CA3600N 3.39
LM3900 N .59
l M3905N 1.19
l M3909N .98
l M3914N 3.75
l M3915N 3.95
l M3916N 3.75
RC.(131N 2.95
RC4136N 1.10
RC41S1N 3.70
RC4194TK 4.95
RC4195TK 5.40
UlN2001 1.25
UlN2003 1.50
SN75450N .59
SN75451N .35
SN75452N .49
SN75453N .49
SN75454N .49
SN75491N .89
SN75492N .89
SN75493N .89
SN754~N .89
Tl.(94CN • 4.20
Tl496CP 1 65

74LSOO
74LSOON .26 74L$ 164N 1.19
7.(LS01N .28 74L$165N .89
74LS02N .28 74L$166N 2.048
74LS03N .28 U L$168N 1.15
7.(LS04N .35 74L$169 N 1.15
7.(LS05N .28 74LS170N 1.99
74LSOBN .28 74LS173N .89
74LS09N .35 74LS174N .69
74LS10N .28 7.(L$175N .89
7.(LS11N .39 74LS181N 2.20
74LS12N .33 74LS190N 1.15
7.(LS13N .47 74LS191N 1.15
7.(lS1 .(N .95 74LS192N .98
74lS15N .33 74LS193N .98
74lS20N .26 74LS19.(N 1.15
74lS21N .33 74lS195N .95
74lS22N .33 74LS196N .89
74LS26N .33 74LS197N .89
7.(lS27N .33 74LS221N 1.15
7.(LS28N .33 74lS240N 1.69
7.(lS30N .26 74LS241N 1.69
74l$32N .33 74LS242N 1.69
74LS33N .55 74LS243N 1.69
74lS37N .-45 74LS2«N 1.49
7.(lS38N .39 74L$2.(5N 2.20
74lS40N .26 74LS247N 1.10
74lS42N .79 74lS248N 1.10
74lS47N .79 7.(LS249N 1.19
74lS48N .95 74lS251 N 1.40
74LS51N .26 74L$253N .98
74lS54N .29 74LS257N .85
7.(L$55N .29 74lS258N .98
74LS73N ..(5 7.(lS259N 2.95
7.(lS74N .42 74LS260N .65
7.(LS75N .59 74lS261N 2.49
7.(lS76N ..(5 7.(lS266N .59
·7.(LS78N .45 74l$273N 1.75
74lS83AN .79 7.(lS275N 4.40
74lS85N 1.19 74l$279N .59
74lS86N .45 7.(LS263N .99
74LS90N .57 74LS290N .99
74LS92N .75 7.(LS293N .99
74lS93N .75 7.(LS295N 1.10
74LS95N .88 7.(lS298N 1.19
74LS96N .98 74lS32.(N 1.75
74lS107N .45 74l$347N 1.95
74lS109N .45 7.(LS348N 1.95
74lS112N .43 7.(lS352N 1.19
74lS113N .043 7.(lS353N 1.19
74lS11.(N .43 74lS363N 1.49
74LS122N .55 7'(lS365N .69
74lS123N 1.19 74lS366N .69
74lS124N 1.35 74LS367N .69
7.(LS125N .89 74lS368N .69
7.(lS126N .52 74lS373N 1.89
74LS132N .79 74lS37.(N 1.89
7.(LS13eN .49 74lS375N .69
7.(lS138N .85 74lS377N 1.95
7'(LS139N .85 7.(lS385N 1.95
74lS1 45N 1.25 74lS386N .65
74lS1048N 1.,(9 74lS390N 1.95
74LS151N .79 74LS393N 1.95
74LS153N .79 74lS395N 1.70
74lS154N 1.70 7.(lS399N 2.35
74LS155N 1.19 74lS424N 2.95
74LS156N .99 74lS668N 1.75
74LS157N .85 74LS670N 2.29
74l8158N .75 81LS95N 1.69
74l S160N 1.05 81LS96N 1.69
74lS181N 1.15 81LS97N 1.69
74lS162N 1.05 81lS98N 1.69
74lS163N 1.05

LINEAR
78H05 5.95
78M06 1.49
78M.G. 1.49
lM105H .99
l M108AH 2.95
l M300H .79
l M301CN/H .35
LM304H .98
LM305 H .69
l M306H 3.25
LM307CN/H .29
l M308CN/H .98
l M309K 1.49
l M310CN 1.25
LM3110CNrrl .69
LM312H 1.75
lM317T 1.70
LM318CN/ H 1.49
LM319N/H 1.25
l M320K·XX· 1.35
l M320T·XX· 1.39
l M320H·XX· 1.25
l M323K 4.95
LM324N .95
l M337K 5.95
LM338 K 6.95
lM339N .95
l M340K-XX· 1.75
l M340T·XX· 1.25
LM340H-XX· 1.25
l M344H 1.95
l M348N 1.20
LM350K 5.60
lM358CN .98
l M360N 1.49
LM372N 1.95
LM376N 3.75
l M377N 2.75
l M380CN/N 1.25
l M381N 1.79
lM383T 1.95
l M386N 1.25
l M387N 1.40
l M390N 1.95
NE531Vrr 3.75
NE555V .39
NE556N .98
NE561T 19.95
NE565N/H 1.25
NE566HN 1.75
NE567V/H 1.50
NE~92N 2.75
LM702H .99
l M709N/H .29
LM710N/H .75
l M711N/H .39
l M715N 1.95
l M723N/H .65
l M733NIH .98
l M739N 1.15
l M741CN/H .33
lM741~N·14 .19
LM747N/H .75
l M748N/H .39
LM76QCN 2.95
l M1310 N 1.90
MC133Q 1.95
MC1350 195

CD4098 2.29
CD<099 2.25
MC14.408 12.95
MC14409 12.95
MC1.(.(10 12.95
MC14412 12.95
MC14415 8.95
MC14419 4.95
C04501 :39
C04502 1.65
C04503 .69
C04505 8.95
C04506 .75
C04507 .95
C04508 3.75
C0 4510 1.19
C0 4511 1.19
C045 12 1.39
CD4515 2.75
CD4516 1.45
C04518 1.39
C04520 1.25
C04555 4.95
CD<556 .99
C0 4566 2.25
74COO .35
74C02 .35
74C04 .35
74C08 .35
74C10 .35
74C14 .72
74C2O .35
74C30 .35
74C32 .99
74C42 1.35
74C48 1.69
74C73 .75
74C74 .75
74C85 1.79
74C89 5.95
74C90 1.19
74C93 1.19
74C95 1.49
74C107 1.19
74C151 2.49
74C154 3.50
74C157 2.10
74C160 1.65
74C161 1.55
74C163 1.65
74C164 1.55
74C173 1.35
74C174 1.35
74C175 1.35
74C192 1.65
74C193 1.65
74C195 1.55
74C240 2.19
74C244 2.19
74C373 2.39
74C374 2.39
74C922 5.39
74092 3 5.65
MM8OC95 1.50
MM8OC97 1 25

.35

.35

.35
1.05

.25
1.39
.. 5
.<5
.35
.25
.<5

1.39
1.15

.59
1.19

.89

.<5
1.10
1.19
1.15

.29

.75

.25

.65

.65
1.29
..5

3.25
2.15
3.25

.95
1.95
1.29
1.25

.95

.65

.65
1.75
1.25

.99
"5
.69

1.10
1.10
1.10
3 .95
2.95
9,25
1.39

.75

.35

.<9

.35

.35

.35

.35
1.29

.35

.35

.35

.35
1.95
2.95

.99
295

CD<OOO
C0<001
C0<002
C04006
C04007
C04008
C04009
C04010
C04011
C04012
CD-i013
C[).(Q14
CD-i015
C04016
CO.(017
C04018
C04019
C04020
C04021
CDoI022
C04023
C04024
CO.(025
C04027
CD<028
C D<029
C04030
CD-i031
CD<032
C04034
CD<035
C04037
ClJ.4040
ClJ.404'
ClJ.4042
C().(043
C04044
C04046
ClJ.4047
C0 4048
C04049
C04050
C04051
CDoI052
CD4053
CD4055
CD<056
CD4059
C0 4060
C04066
CD<069
C04070
CD4071
C04072
C04073
C04075
C04076
CQ.4077
C D<078
CD4081
C04082
C04085

.C D<089
CD-4093
C~

RETAIL STORES OPEN MON -SAT P.O. Box 17329 Irvine, Calif. 92713 DR'VERS LIC ENSE' OR MAJOR CREDIT CA RD

~;g:~ : ~ ~~~O;r~;~~E:o~~~rs=~~I:S~~~;~59l;lO: ~:~~r;:~;o~~I.iI . W.r~hous~ Direct Order Lines: (714) 558·8813 ~~s~;~~:~~og~ti;C;I~~K~A~~~T~YT~R~~~
" "Retail pr ices may vary. (800) 854-8230 or (800) 854-8241 SHIPMEN T OF YOUR PURCHASE
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926 SPST 8 POI w /cover $4 .99 95 8 SPST 8 POI l ow Profile $4 .28
930 DPST 4 pOI w/cove r 8.45 920 SP 10 pOI P.C. Rot.ary 7.81
932 SPST 4 pos w /cover 4.08 92 1 10 pos P.C. Rot.ary NCO 6.81
933 SPOT 4 pos w/cover 8.82 927 16 po. H.~ DIP Switch 4.28
WE STOCK THE FUll AM P LI NE OF elECTRONIC ACCESSORIES

AVA ILABLE

6.50
3.00

HAL·TRONIX
P.O. Box 1101

Southgot•. loll 4&195

tQ -:~
.,..,.,- .-:..oc ~

wn ...

MANY, MANY OTHER KITS
s.M 20 ...... _*'" ..-I.AI.L" ,"""-,,tIM eM Itrw .......

HAl·TJK)H1X~ r..... ..,phoM;: 1·I1;U"I7U.

PREAMPLI FIERS
HAL PA-19-1.5 mhz to 150 mhz. 19dbgain operates
on 8 to 18 volts at IOma. Complete unit $8.95.
HAL PA-1.4-3 mhz to 1.4 ghz. 10 to 12 db gain oper­
ates on 8 to 18 volts at 10ma. Complete unit $12.95.

(The above unitsare ideal forreceivers, counters, etc.)......................... .......
16 LINE TOUCH TONE DECODER KIT ~IT~
P.C, BOARD AND PARTS ••• , •••• $6~.~'

12 L I NE TOUCH TONE DECODER KIT WI TH
P .C . BOARD AND PARTS •• , • • • •• $39. ~5

16 LINE ENCODER KIT, COMPLETE ~ITH
CASE, PAD AND COMPONENTS • •• • $39 .95
12 L I NE ENCODER KIT, COMPLETE ~lT~
CASE, PAD AND COMPONENTS • , • • $2~ ,~5

••••••••••••••••••••••••••••••

ELECTRONIC KITS FROM HAL- TRONIX

2304 MHZ DOWN CONVERTERS. TUNES IN ON
CHANNELS 2 TO 7 ON YOUR OWN HOME T . V •
HAS FREQUENCY RANGE FROM 2000 MHZ TO
2500 MHZ. EASY TO CONSTRUCT AND cosss
COlli'LETE WITH ALL PARTS INCLUDING A
DIE-CAST ALUM CASE AND COAX FITTINGS.
REQUIRE A VARIABLE POWER SUPPLY AND
ANTENNA (Antenna can be a dish type
or coffee can t ype depending on the
signal strength in your area.)

2304 MOD 1 (Basic Kit ) $49.95
(l ... cue £ mtlngli)

2304 MOD 2 (B asic I Pre-amp) $59.95
(lnctucMe caM £ ftt t lngs)

2304 MOD 3 (H i-Gain Pre-a mp) $69.95
l~cs. caN £ fttt ingl) •

POWERSUPPLY FOR EITHERMODEL ABOVEIS
AVAILABLE. COMESCOMPLETE WITH ALL PARTS.
CASE. TRANSFORMER. ANTENNA SWITCH AND
CONNECTORS (Kit) $24.95
Assembled $34.95
Slotted Microwave Antenna For Above
Downverters $39.95..................... .. ... ......

ORDERING INFORMATION:
C.II or Write For Free Cal.,og

REViSiON 2

SZ4.95
(Bal lc Kit)

Does nol mr;;/lJcMs~aker

sw,tches or 1708 ROM

SEE SPECIAL WINTER
PRICES BELOW

Tbe
Su...... ff u alc

Maker

A fun g.am. that
us.s CMOS circuit
and lEO 's to simu­
lat• .a realWh..1
of Fortune. E... y to .....mbl • .
HKIT·8 Assem $1 0.60. Kk $8 .50

Doomsday Alarm Kit $9.9S
If yo u have t roub le sleeping an d yo u wo uld l ik e th e rest o f
the ne igh borh oo d to sha re you r misery Ihen th is li tt le k it
wil l be for you! T he re is no wa y to accu rately describe the
un ear t hly howls. sc rea ms and to nes that co me o ut of th is
kit. Fo ur se pa rate to ne osci ll ato rs are m ixed , ca nce lle d
and ste ppe d at a varying rate. 10 W att s o f c razy so u nds. A
great fun kit o r a p ractical bu rg la r ala rm . Co mple te with
PC board a nd all nece ssary co mpone nts les s speaker. For
6-12 VDC. ORDERDA-02.

181lOA Power S pply
Ofligned for your special power re­
qu;remenL Hal current limit. adj . \IOtts.
and cUlTOnt. Uses dual pow.r tl'llns.
Exc. lI.nt for CB or powt:r cn.arger.
HKIT-181 0 Aslm $33.50. Kk$29.50

INTRODUCING OUR
NEW LINE OF

HITECH KITS
O._Ds.._III.llII1,laala__"*,*,IaIlllY.
EJcloIdl .._wIlII"lIIIl ....IIIatIn,_ III_ .....IlI.
~'- prls 1IsI_...,..oat 1IyHl,-.. A__II .._ Is
11n1l_Ia..,lIII_r_lIII ......JIIfIIIlta.

0-501 3A He Il led
Adjustable Power Sup Iy
With overlo.ad protecti on and lEO
powe ron indicator, Assem $28 .50
HKIT-503 Kit $2 4.50

LEO $I reo leYel MeIer
LSI cireuitJy w/pe ak ho~ .and auto
r" . L - 15 to + 2 dB rang•• 1-200 W
input w/se nl . .adj. Works w/car Batt.
HKIT-33 AumS33.00. K1tS29.96 lIRm FOR CATALOG

~
liOit;Chd.Eic~Octoro;i~Os

4425 W, Sepulveda Blvd .. Torr .nee CA90505

Phone Orders: (2 13) 371·2160
VISA.and MlC~Icom.d .

Snipping and Handling $2 .00. CA resident add MIl t.ax.

PLEASEVISIT OUR STORE. 0... 10,00-6,00Mon. """ Sot.
Special diKounts ....eilatH to educ.tioneII iMtitutiona. D-. Inquiriee Irwited..

~ 7 Watt AUdio Amp Kit $6.95
~ SMA LL , SING LE HYBRI D IC AND COMPONENTS FIT ON A2 "
~ x 3" PC BOAR D (IN CLUDED). RUNS ON 12VDC. GREAT FOR
~ ANY PROJECT THAT NEED S AN IN EXPENSIV E AMP . lESS
~ THAN 3" THO @ 5 WATTS . COMPATIBLE WITH SE..o1
~ SOUND KIT.

'- ~~ 3TZ Time Zone Clock Kit
~ M icr o pr o c essor /R O M clock k it keeps local time ( 12 hour "" COD MINIMUM $20.00 '" ADD $2.S0FORCOD'S
~ fo rmat) . and 2 world time zones (24 hour fo rmat) ; L arg e '" ~'1~:sllYERY ADDRESS MUST ACCOMPANY ALL COD

~ .6" ORANGE re ad ou ts 10 m in . lo ti me r for HAMS. Co mes "" $1.00 HANDLING ON ORDERSUNDER$10.00I co mplet e with att ra ct ive p la sti c cas e and wa~lplug XF MR. "" VISA. MC CARDS ORCHECK

~ • 6 Dtgll (hrs , min.• sec,) • Quartz XTAL 'nmeeese : ~~~~"R~~~D~~~:~~D 5" STATE SALESTAX

~ : :e:it~~Z=C-: I~~~~e:.a~~· ) : ~:t~~~ =~Pmask.d and ""t~::11~~)O:g~~~~~ ~6"t~R SHIPPING
~ swrtch.. p'-Ied PC bo.ards • CALl (214) 27.3551 TO PLACE CREDITCARD OR COD
~ - Seconds RfleVHold 'uture $5440 ORDER

~ , " , " , ....::

,.-- -- --- -
j! .

~ ..ILLII ILICI••••CI
~ Sound Effects Kit $18.50
'- ::t~~'so~ r~I~:~,'::~,I~';
~ pr ogr .mmAble sou n.cl effects
~ ~'lor 0et'9~ Sfou nd
~ ttl., "_ T. ... 1.., ku_1I

~ ::~~tw=":."~::j u~~
~ ~:~r::"clt;: was~?ou~t~oo:,~
~ blnatlOnl olt he5lr OK,lIllor.
~ VCO . NOtM. 0 .... Sho t. snd
~ ElWe!opeCO<lt,oll '" QUi d Op

~ ~'"~~~:a~~~~s~mg::~:~
~ ~~'It I;I::~o:C~r:i;:';: e:~~
~ mo re ......t,lIly n ,. 3 . - ~ S~

~ ~.B~~r~ l:::u:: ~::rO=:
~ CltCu,lry E' lllly progr . mmf'd
~ 10 dupl lcat. ElplOllon s .

~ ==;~~~·I~I.~:",~=, ~;
~ ::p~o~p~~~s~~~,h';n:
~ low prICe ,nc lud K III p.rl'

~ :=Zl;,~n~:\t~~;":.m~~gb;~I~r;; ' ( ~~~ 1~:~~~J 7~:7~;~
~ l ()()MW amp Will dr,..e a sman sp. aker dll Ktfy . or the umt can tl.
~ connecled 10 you r stereo With IMcre<!ltl le rll!'Sulls' tSce.ake-r oc t
~ Inc lu~) . 714n II Included. A",allabl. sepa.ralely lor $115 each

125OroSt
4116 l150nSt 4.95
4116 1200nSI 4.50
4116 (JOOnS) 4.10
4164 (200nS) 25.40
8155 7.40

210 1 (256~"') $2.10
2102(102"'~ 11 3.20
2112 f2S«h"') 2.80
2114 3.20
2114 l -2 4 .50
21 471"' l(~1l 6.64
M ISC
8282
8286

$6.72 8288 $24 .5 1
6.72 INS1771 24.13

16K RAM
EXPANSION KIT

ForTRS-80(Model I or III). Apple
o r PET computers

Sol( 8 pes . UPD416C-2 (200n . }$13.95

Z-80 $9 .20 6809 $2 3.50
Z-BOA 9 .50 8080A 4.50
6502 7.84 BOSSA 5.70
6800 7.50 8035 5.50
6802 11 .46 8086 95.50
8080A SUPPORT DEVICES
652 0 $6.65 825 1 $4.90
6522 9 .95 8253 7.50
82 12 2 .25 8257 10.00
82 16 2 .00 8259 11.50
8224 2.50 8275 32 .00
8228 4 .50 8279 7.20
82 38 4 .50
EPROMS/PROMS
2708 $6 .20 2158$12.50
2 716 7.30 8748 31 .70
2732 16 .42 O.at.afurni sh ed wltn purcnese an request .

MICROPROCESSOR INTERFACE IC s
8T20 $3 .25 8T96 $1.49 74 l S242 $1.79 74LS2045 $2 .85
8T26 2.15 8T9 7 1.49 74lS243 1.79 74lS273 t .69
8T28 2 .30 74 lS241 1.10 74 LS20404 1.10 74lS373 2.50
8T95 1.49

ntro to I { he Begrnners' Book••.S7.9S. An Intro to M P's (Basic
Concept s}.•.$12 .99. 4 and 8 Bit MP H.andbook $19 .95 . 16 Bit MP
Handbook $19.95. Tne CRTControl ler Handbook ...S6.99. Tne 68000 MP
Handbook...S6 .99. ZSOAny unguag. Prog ...S16. 99. 6502 AllY l...wlgu.age
Prog••.S16.99 . 6809 Assy Langu.age Prog ..•$15.99. Busm. .. Syst.m
Buyer's Guid • .•.S7.95 . CP/M User's Guid. ...S12 .99 . Appl. II Us.r·s
GUlde.•.$15 .00 . MP's for Measurement & Cont roI...S15.99. CBASIC·
User's Guid e...$15.00. Inter facing to S- l 00/IEEE 696 MP·s S16 .00.
seme Common BASIC Prog.•.S14. 99. Practical Basic Prog S15 .99 .
Som. Common BASIC Prog - At.ari Ediucn ••.$14.99 . Some Common
BASIC Programs - TRS·SO Level II Edltlon ...S14. 99 , Sci.nc. and
EnglnHring BasIC Prog - AppI. 11Edit ion•..$15.99 .TIL Cook Book.•.S1'.9S.
TVTypewritt .rCook Book...Sll .95 , CMOS Cook Book...S12.95. Z-BOM P
Handbook.. .S11.95 . Using the 6800 M P $8.95 . The Cheap Video Cook
Book...S7.95 . I.C. Converter Cook Book $13. 95. The 555 Tim or Appl's
Sourc. Book/Wl tn Exp·s S7.60 . TRS-80 InterfaCing Book 1...$10.95 .
TR5-80 InterfacIng Book 2 $11.95. Prog. and InterfacIng the 6502 ...$15.95,
8085A Cook Book.•.S13. 95 . MP Prim.r (2nd Edit lon)...$1 4 .50 . Z-80 M P
Design ProJects.•.$13.95.IC Op-Amp Cook Book (2nd Edlt ionl ...S1S.95 .
Guidebook To Small Comput.rs...S6 .95. Mostl y BASIC Appli's for Your
TRS-80 ...S12.95 . Circuit Design Prog. for the TRS-BO...S14.50 . Mostly
BASIC App li 's for Your Appl. 11...$ 12.95. Mostly BASIC Appli'l for Your
PET•••$12. 95. CP/ M Primer.•.S14 .9S, The 5- 100 and Other Micro Buss. s
(2nd Edltlon) ...S9.95 . Your Own Computer •••S7.9S. Appl.loft
Lan ua e•..$10.95.

FND357 $1.50 FNOBOO $1.95 MAN4610 $2 .10 MAN6710$3.10
FNOSOO 1.50 MAN3 620 2.00 MAN66040 4.10 MAN8750 2.90
TIl311 .27 in. Vlu bl. Red H. xD llpl.ayw/int. ratlc iccn chm. . . $10 .26

l M3 1N .32 lM384N $1.7 5 LM723N $ .45 7812C K $1.60
LM309N 2.00 LM3B6 N 1.10 LM74 1N .35 7815CK 1.60
W310N 1.75 NE555N .36 W747 N .55 MC13 10 2.47
LM3 17N 1.15 NE556N .70 LMU58N .40 MC1348 1.31
W31 8N 1.95 NE565N .85 LM1488N .SO MC1350 I.SO
l.M319N 1.65 NE566N 1.65 LM1489N .SO MC1330 2.50
W 3SON .50 NE567N .85 7S05CI< 1.60 MC1358 2.10

74lS00 $ .22 74lS42 S .50 14 lS 136$ .35 74LS 195 $ .60
74lSDl .22 741547 .SO 74 lS 138 .55 74 l S196 .80
74 l S02 .22 741554 .30 74LS151 .55 74lS241 1.10
14 lS04 .25 74 lS74 .35 74lS153 .55 74LS244 1.10
74 lS08 .25 74 lS76 .35 74 lS 156 .60 74lS248 .90
74lS10 .25 74 l S83 .SO 74 lS158 .50 74lS257 .55
74 l S11 .30 74 lS86 .35 74LS161 .70 7415266 .65
74lS12 .30 74 lS92 .50 74 lS 163 .70 7415283 .65
74LS20 .25 74lS96 .70 74LS166 2.10 74LS295 .85
74LS21 .30 14 lS112 .35 74LS169 .95 74LS352 1.00
74LS26 .30 74 lS122 .40 74 lS174 .60 74 l S366 .45
74l S28 .45 74lS 123 .70 74LS18 1 1.85 74 l S36 8 .45
74LS32 .30 74lS125 .45 .74 l S193 .75 14lS393 1.20
74lS38 .40 74lS132 .65 74lS 194 .60 74 lS395 1.20

HEADER CONNECTOR WITH EJ ECTOR
20 Pin $2 .33 26 pin $2 .78 34 pin $3 .40 40 pin $3.75 50 pin $3 .75

RIGHT ANGLE CONNEC TOR WITH EJECTOR
20 Pin $ 1.70 26 pin $2 .49 34 pin $2 .78 40 pin $3 .13 50 pin $3.75
SOCKET CON NECTOR
20 pin $4. 10 26 pi n $4.95 34 pin $6.30 40 pin $7.50 50 pin $8. 10
RIBBON CAB LE (Pri ce per 10 f..t )
20 pm $5 .00 25 Pin $ 6.30 26 pin $ 6.45 34 pin $8.30
37 pm $9 .50 40 pin $10 .00 50 prn $13 .00,

l OGIC EXPER IMENTOR QUICK TEST SOLDER l ESS
PROBES SOCKETS BREADBOAR D ELEMENTS

LP-1 $50 .00 EXP-3oo $10 .50 OT- 59S $12.00 OT· 59B $2.75
l P-2 28 .00 EXp·300PC 2.40 OT-475 9.50 01-478 2.50
LP-3 76 .00 EXp·350 6.10 OT-35S 7.25 OT-35B 2.10

IC TEST POWERED OT-18S 4.25
CLIPS PROTO-BOARD 400 1 Puis. Gen.rato r $235 .00

PC-14 $4 .50 PB-1Q4 $70.00 500 1 Universal Count er $360 .00
PC-16 4.75 PB-l 0 2 32.90 l ogic Manito.. JUMPER
PC-24 10.00 PB-101 26 .00 lOOK Imp.danc. W IRE KIT
PC-40 16.00 PB-loo 20.10 LM-l $75 .00 WK·1 $9 .00

to . •. • :et

~ SUNTRONICS Co., INC.=:=-- 12621 CRENSHAW BOULEVARD

~
l!!!!' HAWTHORNE. CALIFORNIA 90250
.. IlOCATEDNEXTTO FORMULA lNTE.RNAOONAl)

STORE HOURS; Mon ·m.lo.m I0 a _JOpm-S~.lo.m lo5pm

IN CAlIFORNIA OUTSIDE CAUFORNIA TOU. FREE

(213) 644-1149 1-800-421-5775
Mail Order-Minimum Order : $10. Se nd M on ey Order or Check to :
P.O. BOX 1957-0.pt. R. HAWTHORNE, CA 90 250 . Use yo ur
VlSA or Mastercard (ple ne Include exp irat io n date). Add $2 .00
postage and handl ingto order. California resid en ts add 6% utes tax .

• o ·SUBMIN IATU RE CONNEC TORS
oE·9P $1.65 OA·155 $3 .10 DC-37P $3.85 DO·50 P $4.75
OE·9S 2.25 D8-2 5P 2.85 DC-3 7S 5.95 DO·50S 7.95

• DA·15P 2.40 oB-255 4.35 ...
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rc.rTlstJlJ the first name in Counters!

Power:

The CT-90 is the most versatile, feature packed counter available for less
than $300 .00! Advanced design features include; three selectable gate times,
nine digits, gate indicator and a unique display hold function which holds the
displayed count after the input signal is removed! Also, a lOmHz TCXO time
base is used which enables easy zero beat calibration checks against WWV.
Optional ly; an internal nicad battery pack,external time base input aridMicro­
power high stability crystal oven time base are available. The CT-9O,
performance you can count on!

9 DIGITS 600 MH~PECI§A!o~9 ~IRED
Range: 20 Hz to 600 MHz
Sensitivity: Less than 10 MY to 150 MHz

Less than 50 MY to 500 MHz
Resolution 0.1 Hz (10 MHz range)

1.0 Hz (60 MHz range)
10.0 Hz (600 MHz range)

Display: 9 digits 0.4" LED
Time base: Standard-IO.ooo mHz, 1.0 ppm 20-4O·C .

Optional Micro-power oveJ>O.l ppm 20-40·C
8-15 YAC @ 250 ma

=CT·90 wired I yn r .. .,.anty S129.95
CT-90 K IL 90 da)' perUw ar·
rani)' 109 .95
AC- I AC ad.pur 3.95
BP· I Nind pac:k +AC
Ad_peer/Charpr 12.95
aV · I . MKr<>powr r Onn
tunc:ba iC . 9.95
EllCm ll1.1rncMHmpll'l \".9S

7 DIGITS 525 MHz

Display:
T ime base:
Power:

$99.95

84.95
3.95

12.95

~
CT-70 wired, I year warranty
CT-70 Ki4 90 day parts war­
ranty
AC-I AC adapter
BP-I Nicad pack + AC
adapter/charger

The CT-70 breaks the price barrier on lab quality frequency counters.
Deluxe features such as;threefrequency ranges - each with pre-amplification,
dual selectable gate times, and gate activity indication make measurements a
snap. The wide frequency range enables you to accurately measure signals

from audio thru UHF with 1.0 ppm accuracy - that s .000 I%! The CT-70 is
the answer to all your measurement needs, in the field, lah or ham shack.

SPECIFICATIONS;
Range: 20 Hz to 525 MHz
Sensitivity: Less than 50 MY to 150 MHz

Less than 150 MY to 500 MHz
Resolutiort 1.0 Hz (5 MHz range)

10.0 Hz (50 MHz range)
100.0 Hz (500 MHz range)
7 digits 0.4 " LED
1.0 ppm TCXO 20-40 ·C
12 YAC @ 250 rna

$79 95
WIRED

7 DIGITS 500 MHz

Display:
Tim. base:
Power:

SPECIFICATIONS:
Range: I MHz to 500 MHz
Sensitivity: Less than 25 MY
Resolution; 100 Hz (slow gate)

1.0 KHz (fast gate)
7 digits, 0.4" LED
2.0 ppm 20-40·C
5 VDC@200ma

Here's a handy, general purpose counter that provides most counter
functions at an unbelievable price. The MINI-IOO doesn't have the full

frequency range or input impedance qualities found in higher price units, but
for basic RF signal measurements, it can't be beat! Accurate measurements
can he made from I MHz all the way upto500 MHz with excellent sensitivity
throughout the range, and the two gate times let you select the resolution
desired. Add the nicad pack option and the MINI-I 00 makes an ideal addition
to your tool hox for" in-tho-field" frequency checks and repairs.

~
MINI-IOO wired, 1 year
warranty .$79.95

.AC-Z Ac adapter for MINI-
100 3.95
BP-Z Nicad pack and AC
adapter/charger 12.95

DIGITAL MULTIMETER $99 ~IRED

29.95

$159 .95

119.95
14.95

10 Megohms, DClAC volts
0.1% basic DC volts
4'C cells

SPECIFICATIONS;
DCIAC volts: lOOuY to 1 KY, 5 ranges
DC/AC
CUrrent 0.1 uA to 2.0 Amps, 5 ranges
Resistaoee: 0.1 ohms to 20 Megohms, 6 ranges
Input
impedance:
Accuracy:
Power.

$159~IRED

The DM~700 offers professional quality performance at a hobbyist price.
Features include; 26 different ranges and 5 functions, all arranged in a
convenient, easy to use format. Measurements are disp layed on a large 3 Y.!
dilit. Y.! inch LED readout with automatic decimal placement, automatic
po larity . overrange indication and overfeedProtection up to 1250 volts on all
ranges, making it virtually goof-proof! The DM..700 looks great , a handsome,
jet black, rugged ABS case with convenient retractable tilt bail makes it an
ideal addition to any shop.19.95

2.95

$99.95

79.95
3.95

Disp lay:
Time base:
Power:

SPECIFICATIONS;
Range: 20 Hz to 600 MHz The CT-50 is a versatile lab bench counter that will measure upt0600 MHz
Sensitivity: Less than 25 mv to 150 MHz with 8 digit precision. And, one of its best features is the Receive Frequency

Less than 150 mv to 600 MHz Adapter which turns the CT-50 into a digital readout for any receiver The
Resolution; IIO·OOHHz (6O(600MHMzHranrgen» adapter is easily.programmed for any receiver and a simple connection;o the

. z z a ge . VFO' all that i . d f ddi .8 digits 0.4" LED receiver's IS at is require lor use. A ngthe receiver adapter in no
2.0 ppm 20-4O·C way limits the operation of the CT-50, the adapter can be conveniently
110 YAC or 12 VDC switched on or off The CT-50, a counter that can work doublo-duty!

8 DIGITS 600 MHz

PRICES;
DM-700 wired,1yearwarnutty
DM-7oo Ki4 90 day parts
warranty
AC-I, AC adaptor
BP-3, Nicad pack +AC
adapter/ charger
MP-I, Probe kit

AUDIO SCALER ACCESSORIES COUNTER PREAMP

I .. --=- a~I ~ rl l ':' CI I I ' II ~IIr.,I [1. fll --' . '1r. .' I I I{ \t " Sa ll, fo( l la n 9 ua ran l••d • • o m,n. lor 10 d oy" If not pleo se d
~ JI ~ JI [. ... t.. .... L. ~. ~..I 11 l.. c:::z.::I ' el"" n In 0" 9 '1'\01 for m lo r r. f",nd. Add 5~ for , "upping •

. . PJION F O RD FRS ,n , ,,,rOn( t' lo o mo .l mum o I S I O O",e r ,eo'Qdd 15~ CO D odd
2575 BAIRD RD . • PENFI ELD, N Y 14526 CAL L 716-586-3950 S2 O.d... und .. S I O a dd SI50 N y .. .. d.nl'add7· • •a .

For high resolution audio meas urements, multiplies
UP in frequency.

• Great for PL tones
• Mu ltiplies by 10 or 100
• 0.01 Hz resolution!

$29 95 Kit $3995 Wired

Telescopic whip antenna - BNC plug $ 7.95
High impedance probe, light loading 15.95
Low pass probe, for audio measurements . . . . . .. . . .. . . . . . 15.95
Direct probe, gtn aral purpose u.age . . . . . . . . . . . . . . . . . . . . . . . . .. 12.95
Tih bail, for CT 70,90, MINI-IOO. . . . .. ... . .. . .. .... . . . .. ... 3.95
Color burst calibration unit, calibrates counter

against color TV signal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.95

For measuring extremely weak signals from 10 to 1,0C'l0
MHI. Small sue, powered by plug transformer-included.

• Flat 2~ dh gain
• BNC Connectors
• Great for sniffing RF with pick-up loop

$34 95 Kit $44 95 Wired s:»
JJ
o
I
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1."
' .25
2.25,."
']t...

10.95
10...
I."10.95
5."
5.75
1."
1."."."

LM702H .79
LM103CN .19
LM709N .29
LM710N .79
LM 71IN .79
LM723N .59
LM733N 1.00
LM739N 1.19
LM741CN .35
MC 17.cISCG 3.00
LM747N .19
LM7-43N .59
LMIOl4N 2.75
LM1310N 1.95
LM I45ICN .59
LM1411N 1.25
LMI4tJ N 1.25
LMI496N 1.95
LMl S56V 1.75
LMIIOON 2.95
LMl171N 5.¥.!
LMllnN 5.49
LMll n N-9 3.25
LM1U9N 1.20
LMI I96N 1.75
LM2002T 1.49
LM2877P 2.05
LM2I7IP 2.25
LM2I96P- I 2.25
LM3It9N 2.95
LMJ900N .69
LM]90SCN 1.2$
LM3'109N 1.15
LM3914N 3.95
LM1915N 3.95
LM1316N 3.95
RC-4136N 1.25
RC415IN B 3.95
RC4194TK 6.95
RC4195TK 5.49
LM4S00A 3.25
ICUOlIB • •95
LM13010N 1.29
LMI 3600N 1.411
75131N 1.95
75450N .19
75451CN .39
75492 .89

14C221
14C240
14<:244
74C313
7.Cl74
14C901
14"""
74C911
7.C'12
7.C 91S
"'C91 1
74C922
74C92J
74Cm
74Ci26
IOC95
1OC91

LI NEAR
LMl4OT-5 1.25
LM340T·12 1.25
LM340T·15 1.25
LM3041P-5 .15
LM341p·12 .75
LM341P-15 .75
LM342P-5 .69
LM342p· 12 .69
LM142p·15 .59
LMl4I N 1.25
LM150K 5.75
L F3S1N .60
L F153N 1.00
l..F3SSN 1.10
L F355N 1.10
LM353N 1.00
LM359N 1.79
LM110N 4.49
l..Ml 13N 3.25
LMl77N 2.95
LM3ION 1.25
L M3II N 1.95
L M3I2N 1.79
LM3&4N 1.95
LM 3I6N·1 1.29
LM387N 1.45
LM3I9N 1.35
LMJ92N .69
LF m N 4.00
LMJ99H 5.00
TL494CN •. 49
TLfili CP 1.75
NESI 0A 6.00
NE529A 4.95
NE531H 3.95
NE536H 6.00
NE540H 6.00
NE544N •. 95
NBSOA 1.]1)
NE5S5v .39
LM556N .99
N E564N 3.95
LM565N 1.25
LM566CN 1.95
LM561V 1.25
NES70N •. 95

74C
74C95 1.59
74CI07 1.19
74CISI 2.95
74C1S4 3.95
7.CIS1 2.25
7. CI60 1.69
74C161 1.60
7.C162 l.49
14CI 61 1.69
7.C164 1.59
7.CI73 1.39
74C11. 1.39
74CI75 1.19
74CI92 1.69
14CI93 1.69
74CI95 1.9

D~DlL
Function Pr ice
CMO S Pr. cls lon Ti mer 14.95
St o pwatch Ch ip , X T L 24.95
3l,'f DIgi t AI D ( LC D Drl .... ) 11.95
IC , Ci rc u it Board . DIs.play 34.95
1lh D igi t AI D ( LE D Drl .... ) 15.95
IC , Circ ui t Board, Dl sp l.1y 29.95
3lh D igi t AID LCD Dis. HL.D. 11.95
31r't Di git AID L EO D is. HLD. 11.95
Lo w Battery Vo lt Indi cato r 2.25
CMOS LED StopwatchfTl~r 12.95
Stopwatch Ch iP. XT L 19.95
T o ne Oe neretor 5.15
T ona ceneret or Chi p , XT L 12.95
Oscillator Co n t ro ller 5.50
Freq . counte r Ch ip, X T L 13.95
$evan Decade Count.r 17.95
Clock G.nerator 195
4 F u nc. CMOS Stopwitc h CK T 13.95
4 Func. St opwltc h Chip, XT L 19.9$
&-D lglt Uni v. counte r C.A. 32.00
I -D ig it F r.Q. Counter C.A. 2i .95
I· D lg lt Fr.Q. c ount er C. C. 21.9S
4-Dlglt LE O Up / Down Co un ter 12.95
&-Dlg lt Un iv, LED Dr l.... 10.95
LCD 4lh D ig it Up cou nter D RI 11.25
I · D lglt Unl v, counter 31.95
5 F unct io n counter Ch ip , XT L 74.95
CMOS Bin Prog . T imer/Count.r 4.95
CMOS D I...ld ..by·256 RC Ti me r 2.OS
CM OS BCD Pr og . Tlm. r/Cou nt.r 6.00
CMO S BCD Pr o!;. Tlme r/ Count.r 5.25
CM OS S55Tlm.r (I p in) 1.45
C MO S 556 Tlm.r (14 pin ) 2.20
CMO S oe A mp ccmeeratcr 5MV 2.25
CM OS O P A mp Ext. c n-vr. 5MV U5
CMO S Du a l Op A m p Co m p o 5MV 3.95
CM 05 Trl Dp Amp Com po IOMV 5.15
C MO S Q ued Op Am p Co m po IOMV 7.50
CM O S Q ua d oe A m p Compo IOMV 7.50

~~~t:';r ~o~:~~tre:tor ~:~
~~~I~~cd='~i"~t~~I~cR~r. 'b IOd. 2i18
Volt R.f/ lnd lcator 2.95
Volt Ref Ind ica t o r 2.95

Pa rt No.
7Ot51PI
7045EV/KIt*
7l06CPL
7I06Ev/Klt*
7l01C PL
7107EV/Klt*
7116CPL
7117CPL
72011DR
12051PG
7205EV/KIt*
1206CJ PE
72OSC EV/K lt*
7207AIPO
7207A EV/K lt*
72011PI
12091PA
72151PG
121SEV/K lt*
n 16A IJI
7216C IJ I
n16 D IPI
72l71J I
nllCIJI
7224IP L
7226AIJ L
7226AEV/Klt*
1240IJ E
7242IJA
7250IJ E
72IiOI J E
7555IPA
7556IP D
16I1BC PA
1612BCPA
1621BCPA
'1631CC PE
7641CCP D
1642CCP D
1660CPA
amaC CP D
I04ICCPE
IOi9CCQ
I2I1CPA
&212CPA

LH OOO:2C N 6.as
LMI OCLH 4.50

L Hoo70-0 H • •95
TL071CP .19
T L072CP 1.39
T L074C N 2.49
L HCIOI2C D 35.10
TL.OI2CP 1.19
T LOI4CN 2.19
LHQ094C D 36.10
LMJOOH .99
LM301C N .35
LM302H 1.95
LM304H 1.95
LMJOSH .99
LM3Q7CN .45
LMlOSC N 1.00
LMJ09H 1.95
LMJ09K 1.25
LM310CN 1.75
LM3U,/C N .90
LM1I2H 2.49
LMJ1 7MP 1.15
LM3I1T 1.15
LM317K 3.95
LM31IC N 1.95
LMl 19N 1.95
LMl2OK-5 1.35
LM320K·12 1.35
LM32QK·15 1.35
LM320T-5 1.25
LMl2OT·12 1.25
L M320T-15 1.25
LMJ23 K 5.95
L M324N .99
LM3290 Z .65
LM33IN US
LM334Z 1.]1)
LM3J5Z 1.40
LM316Z 1.75
LM337T 1.95
LM 317MP 1.15
LM3lI K 6.95
LMD9 N .99
LM340K-5 1.35
LM340K-12 1.35
LM340K·1S 1.35

74COO .39
'HC02 .39
14C04 .39'.COI .39
7.CIO .39
J4C14 .75
14C2O .39
74C30 .39
704C42 1.39
7.C4I 1.95
74C13 .19
J4C74 .19
74CIS US
14CIli .99
'MC" 6.95
14C90 1.29
74C91 1.29

CAPACITOR CORNER
50 V O LT CERAMIC DISC CAPACITORS

Va lue 1-9 1~ 100+ IVl lu . 1-9 IG-99 100+
10 pf .01 .06 .05 .0C)JJ,lF .01 .06 .05

~ ~ ; :: :~ :~ :f"7#F ::::~
100 pf .OI .06.OS .~F .09 .07 .06

~ ~; :: :~:~ 117#F :~ :~ :~
100 VOLT MY LA R FILM CAPAC ITORS

.OOlmf .12 .10 .07 , .022mf .13.11 .01

.0000m f .12 .10 .01 .041mf .21 .11 .13

.0047mf .12 .10 .01 .I m f .Z7 .23.11
,Ol m f .12 .10 .01 .22m f .33 .27 .22
+20% DI PPED T ANTALUMS (Sondl CAPACITORS

:~V :~:~ :~ Ii:~~ :;t ::~ :~
.22P5V .39 .34 .29 3.3/25v .53 .47 .37
.D /35V .39 .34 .29 • •7/15V .63 .56 .45

:g~~ :: :~:~ ~s'g: I:~ 1:~ ~
1.0/3SV .19.34.29 22f'V .19.69 .S5
M INI . A LUM IN UM E LECTROLYTIC CAP ACITO RS

Axi.1 1-99 lClO-499 ~+ Radi.1 1-99 1110-499 500+
.47/5'N .16 .14 .10 .47125V .15 .13 .12

tg~~ :U :tt :H i~~m~ :~ :t1 :~
!o'll: :I1 :n :u t: ~~~ : t~ :t; :1:
~~~ :n :t~ :g ::~~~ :ll :1: :g
~~ :~ :iY:n 10'/:: :g:fl :t;
~v :i: :~ :~ l~~~ : t~ :t; :t:
:~~ :~ :~ :~ !~~v :~:n :t:
22OI5OV .49 .45 .41 loo/25V .25.23 .21
470/2SV .54 .49.4$ l00/50V .37 .34 .31

=t~~ :i: :~ ~ ~~~ :~ :U J;

1 1 .1TH.Jr"D
n . It-...%TD
I~ . lt... zr ..
n . 1T" , 21' ''

. )t-.o. :rro
Ilrl. 1T lhJ7'"D

ELECTRONICS

NATIONAL Stick Display Sale
UD Jr6UMlIUCAIlIUoYS

LITRONIX Stick Display Sale

COMPUTER GRADE CAPACI TORS
""D WVDC " " ICE - .- ""D WVDC ' '' ICE ""D WVDC '''ICE

lSI 1M US 1. ... 15 t .. 14.. le U5
.. 211 U. " .. 11 3. n.. 1. us

1.151 3 ."11.• l' •.• :U:.":rs •.ts
1." IS l IS 11.. 51 S4I ..... :rs SM
1,1" $I I .M 11.... M S.M &3.. l' S.M
I ." l' 1 M 11.1" 1& I .M II." le 7.M
U N ,.. 3.M ,..... 13 US 12." le I ,M2.1.. 13 Its 14.1" IS 3M 51.1.. 15 $,ts2.1.. 15 l IS ,.... ,. 3.11 ..... le US
3." IS 1.ts le." le I .. IS." l' as
3.1.. .. U 5 21.'" 51 3.. n... I 7,.4.. N U 'S 11.'" 15 3ts 15 US
U " n 441 n... , 1.. 11 us
' .'" .. u . n.... " u s ,.. .... l' Its
. .... $I US u... It U I lit.... 3 12ts

OYE" 200 OTHE" VALUES AVAILAaLE - CALL 011 W"ITE "OR YOUIlIlEOfJI"EME NT

-.TNl tOllDI

"' .._­..._­..._­.._-
._­._­._­._-··
······

~---------"--_.---,_.--

ASST. 1 S.a. ;~ ~~~ ~~~~ ~~~: ;~~~~ ~~~~ s Op"- $1.95

ASST. 2 Sa. . 1:~~:2~~~~;:~~~ :~~~:~~~ 5Opcs. $1.95

ASST. 3 5 . . . 4701.~~m 5601.~~m 6I01.~~m 1202.~~m 2.~~ 60 pes. $1.95

ASST. 4 5 . . . ::~~ i~~ 4~~ 5~~ 6i:~ 50 pes. $ 1.95

ASST. 5 5 . .. ~~ ~~ ~~ l:~ 1~~ 50 pes. $1.95

ASST. 6 5... :~ ;:~ :~ :~:~ 5Opes. $1.95

ASST. 7 5... 2.::: i~~ ~::~ ;:~~ ~::~ 50pcs. $1.95
ASST.8R Includes Resistor Assts. 1·7 (350 pcs.) $10.95 ea.

YOUR CHOICE - 500/0·0FF SUGG. RETAIL PRICE
CALL OR SEND ORDER IN REFERENCING TO THIS AD FOR SPECIAL PRICE

Because of Lim ited S u p pl y, p le ase p rovid e I second I n d third choice
EXAM P LE: 8 239 5-5Y , SU GG. R ETAI L $ 1 40 .00 , 50 % OFF- YOUR COST $ 70 .00

CIRCLE 4 ON FREE INFORMATION CARD

~-r----.-----""'i"""""-"~'---------'-----'--~ _.~
" .II

.

$1 0 .00 Min im um O rd e r - U.S . Funds Only S pec Shoetl - 25c
Callfomll Res ldentl Add 6 % Silas T ox send 88C Postage for y o ur
Postlge - Add 5 % p lus $1 .50 Insurance FREE 1982 J AMECO C ATAL OG
S end S.A.S.E. for Mo nth ly Sale Flyer l Prices Subject to Change

JaineCo·
1355 SHOREWAY ROAD, BELMONT, CA 94002

3/82 PHO NE ORDERS WELC OME - 415 592-8097

LOW P R O FILE SOLDERTAIL
(TIN ) S OC K ETS STANDARD (TI N )

1·24 ..... 50-100
1·24 ..... 50-1003 pin L P .17 .16 .15 14 p in 5T .21 .25 .2414 pf n L P .20 .19 .1& 16 p in 5 T .30 .21 .2516 pin LP .22 .21 .20 11 p in ST .35 .32 .3013 p in L P ." .21 .21 24 p in ST ." .45 .4220 p in LP .34 .32 .30 21 p in ST ." ... .1122 p in LP .37 .36 .35 36 pi n ST 1." 1.26 1.1524 pin L P .31 .37 .36 40 pl n ST 1.59 1.45 1.3023 p in L P .45 .44 .43

3li p in LP .60 .59 .51 W IRE WRAP SOCKETS40 pin LP .63 .62 .6'
(GO L D) LEVEL #3

SOLDE RTAIL (GOLD) 1·24 ..... 50-100
S TAN DAR D 3plnWW .59 .54 .49

10pln WW ... .63 .51
1·24 25... 50-100 14 pin WW ." .73 .61a p in 5G ... .35 .31 16 p in WW .!5 .n .10

14 p in SG ... .45 .41 11 p in WW ." ... .11
16 p in SG .54 ... .44 20 p in WW 1.19 1." ."13 pi n S G .59 .53 .41 22 pl nWW 1." 1.35 1.23
24 pi n SG ." .75 .6' 24 p ln WW 1." 1.26 1.14
21 p In S G 1.10 1.00 ... 21 pin WW 1.69 1.53 1.31
36 p in SG 1.65 1.<0 1.26 36 pi n WW 2.19 1.99. I."40 p in SG 1.75 1.59 1.45 4l) p ln WW ,." '.09 1.19

1/4 WATT RESISTOR ASSORTMENTS -5%

n

- 7400

SN7400N .20 S N7472N .29 SN74J56N ."SN 7401N .20 SN74nN .25 S N14157N ."SN74Q2:N .25 SNU14N .25 SN7<416QN .19
SN74QJN .25 $N747SN ." SN741 61N .19
SN74G4N .25 SN 70 5N .25 S N74162N .19
S N7405N ." 5N7479N 5.00 SN7416JN .19
SN 7406N .25 SN 7410N ... S N 74J64N .19
SN7401N .25 SNl412N ." SN74165N .19
SN7401N •29 S N7413N ... SN74166N 1.25
SN7409N .29 SN7415N .19 SN7·U61N ,."
S N7410N .25 SN7415N .25 SN74170N l.95
SN7411N .29 SN7419N 1.15 SN74172N 4.95
SN74 12N .25 SN7490N ... SNl-4 173N 1."
SN741lN .<0 S N7491N .59 SN74174 N .ss
S N74l<' N ... SN7492N .45 SN7417SN .19
SN7 416N .29 SNl493N .45 SNl41"N ."SN7417N .29 SN7494N ... SN741nN ."S N 7420N .25 SN7~N ." SN7411iN 1."
SN 7421N ." SN l 496N ... SN74 110N ."SN7422N .45 SN7497N 3.00 S N 741. JN ' .25
SN 7WN ." 5N 74100N 1." S N741&2N ."S N14 25N .29 $N14104N .It SN741MN .."S N74215 N ." SN7410SN ... SN141lSN ,."
SN1421N .25 SN14107N .25 SN74190N 1.25
S N742IN ... SN 7410iN ... SN14191N 1.25
S N7 4lON .25 S N74111N l.95 5 Nl4192N .19
S N 7432N ." SN7.4121N ... SN 74193N ...
S N7 437N .25 S N14122N .55 SN14194N .19
5N74J1N .<0 SN 14123N .59 S N74195N ...
SN 74J9N •25 SN 74!2SN ." SN74196N ...
SN7440N .20 5N74l211iN ." SN74197N .19
S N7441N ... SN741~N .75 SN741t1N 1."
SN7442N .59 SN741. N .75 SN 74199N 1."
SN7443N 1.10 5N74 141N ." SN74221N 1.25
S N 1444N 1.10 S N74142N 3.25 SN7425IN ."S N 744SN .19 SN7414JN 3." SN142:7liN 1."
SN7446N ." S N74144N 3." S N14279N ."SN7447N ... SN7·U45N ." SN74213N 1."
S N7441N ." S N74147N 1." S N74214N 3."
SN7450N .20 S N74141N I." S N74215N 3."
SN7451N .20 SN 7415QN 1.25 SN74365N ...
SN7453N •20 SN 741SIN ... SN7U56N ...
S N7<tS4 N .20 SN74152N ... SN14157N ...
5N7459A .25 SN74 153N ." SN7U6IN ."SN 7460N .20 S N741S4N 1.25 S N7U90 N 1.49
S N 1410N ." SN 74155N ." SN74!93N 1."

74LSOO ." 74LS 14LS I92 1.15
)4LSOI ." 14LS I93 1.15
741-502 ." 74LS 92 .75 14LSI94 1.15
741-S<l3 ." 74LSlJ.] .75 74LSI95 1.15
74LS04 .25 74LS 95 ." ULS197 1.19
74LSOS .25 74L S96 1.15 74LS221 1.19
74LSOI .25 74LSI0 7 .45 74LS240 1."74L.S09 .25 74LS I09 .45 74L$241 1."74L S I0 .35 74LS 112 .45 741-5>42 1."74LS I1 .39 74LSI1 3 ." 141-S>43 1."741-S12 .25 14LS I14 ." " 1-- 1."74LS13 .59 141-5122 .19 741-5>45 ,...
74LS I4 ." 74LS123 1.25 7. LS241 1.19
7. LS15 .25 74LS125 .59 '.LS24I 1.19
14L.S20 .35 14LSJ26 .59 741.5>49 1.19
741-521 .25 74LSI32 ." 74LS251 .ss
741-522 .35 14LSl3J .It 74LS253 ."741-.,. .25 l4 LSI36 ." 74LS2S7 .19
"1-521 •25 14LSI3I .19 74LS25& ...
74LS2I .25 74LS I39 ... 74L52J60 ...
741-530 .35 14LS 151 .19 74LS26fi ...
7. LSJ2 .25 74LS l5J .19 74LS273 1."741-533 .59 14LS 1S4 1.75 74LS279 .19
14LS37 .45 7-4 LS lSS .It 74LS2IJ .19
741-531 ... 74LS~ .19 74LS290 ."741-540 .35 14LS157 .It 74L.S293 ."741-542 ... 14LS I51 .It 74LS29I 1.25
14LS47 ... 7. LS I60 1.15 74LS352 1.29
" 1-"- 1.15 74LS161 1.15 74LS353 I."74LS49 1.15 14LS162 1.15 741.5365 ...
14LS$1 .35 74LSI63 1.15 74LSJ66 ...
74LS54 .35 74LS164 1.15 " 1-S36"I ...
74LSS5 •35 14LS16S 1.15 741-S36I ...
74LS73 .45 74LSl6I 1.19 74LS373 1."14LS14 .45 741-S'" 1.19 74LS374 1...
74L575 .59 14LS I1O 1." 74LS375 .19
'HL 57fi .45 7. LS I73 ." 74L S 316 .6'
14LS7I ... 7-4 LSI74 .99 74LSJ93 2••9
"1-513 .19 'MLSI75 ." 74LS399 ,.""l.SI5 1.25 74LSlIi ,... 74LS570 2.49
74LS15 ." 14LS I90 1.25 I I LS9S 1.")4 LStO ... 74LS 191 1.25 11LS97 1."

74SOD .45 74S 745243 '2574502 .45 74S244 '2574S<l3 .45 745124 3.95 74S251 l.45
14504 .55 7451D .55 74S253 1.45
14sa; .55 745 134 .6' 745 257 1.35
74S01 .so 745 135 1.19 74S25I 1.35
14509 .se 745136 1.75 74S26O .zs
745 10 .45 745 131 1.35 745280 ....
745 11 .45 745 139 1.35 74S2I7 3.25
745 15 .45 745140 .79 745m ' .15
74520 .45 745 151 1.35 745373 34 .
74522 .45 745 153 1.3S 745374 34 .
74S30 .45 ],(5157 1.35 74S3I1 2."
14532 .55 745151 1.35 745411 lQ.95
74531 1.25 745160 ,... 7454n 10.95
14540 ... 145114 1.59 745473 10.95
74551 .45 745175 1.59 745474 12.95
74'" ... 7-45111 2.95 745475 12...
14565 .50 745194 1... 745570 5."
74574 .15 145 195 1." 745571 ....
14506 ." 745 196 1." 74S5n ....
745 112 ." 745240 .... 745 573 ....
745113 ." 7452-41 ,... 74S940 ' 15
745114 ." "'5242 '25 745941 ' 15
CAJOIOH ." CA-L1NEAR CAJOI9N 3.75
CA30lJ H 2.15 CAJ096N ,..
CA3023H 3.25 CAX<ON 3.25 CA3130H 1."
CA3035H ,." CAJQOOH 1.25 CA3140H 1.25CA30IIN '.00CA303'7H 1.35 CAJ<02N ' .00 CA3 160H 1.25
CA3046N 130 CA3OI3N 1.6<1 CA3401N .59
CA3059N 3.25 CA3OlI6N .!5 CA3600N 3."

CD4llOO ... CO 4098 2.49
CD4001 ... CD-CMOS CD4sa; .15
C D4002 ... C04501 ."CD4<lai 1.19 C D4041 1.49 CD4,.. ,..
CD4001 .25 C D404' ." C04510 1...
C D4009 ... CD4043 .19 C045U 1.29
C04010 ... C D4044 ... C04512 1.49
C 04 011 .39 C D40<6 I." C04514 ,..
C 04 012 .25 C 04017 .... C04515 ....
C04011 ... CD404& 1.35 CD45 16 1.49
CD4014 1." C D404. ... CD45 11 I."C 040 15 1.19 CD4050 ." CD45 19 .19
C0401li .59 CD4051 1.19 CD4520 1.29
C04017 1.19 CD4C02 1.19 CD4526 I."en C 04 011 ." C D4053 1.19 C D4521 I."0 C D4019 ... CD4056 ,... C D4529 1...

Z CD4C20 1.19 CD4059 .... CD4S41 ,."C04Q21 1." Cl>4C60 1.49 ~[)456Z 11.950 CD4022 1.19 C D4(06 ." CD4566 ,."a:: C D4023 .29 CD4C68 ... CD4513 2.49
I- CD4<l24 ." C D4059 .45 CD4.... .75
0 CD4025 .23 CD4010 .55 C D4123 1...

C D4026 .... C04071 ... CD4124 1."W CD4C21 .6. CD4012 ... MC I4409 17.95-l C04Q2I •19 C D4073 ... MCI4410 11.95W C 04Q29 1.4. CD4075 .39 MCI44 11 15.95

0 C D4030 ... CD40>6 1." MCI4412 15.95
C D4034 3.49 C D401I .55 MC I4419 1."Ci C D4035 ." C D40Il ." MC I443l 15.95

<: C D4040 U9 CQ4OI2 ... MC14~ ....
a:: CD40n ." MC14S41 1."
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~~~uctorClock Modules
12VOC

AUTOMOTIVE!
INSTRUMENT

CLOCK
APPLICAT IONS:
• In-dash . uto c lo cks
• Aft ar-ma rkat . uto!

AVc loc:kl
• Alrcr aft·m.rl ne clks.
• 12VDC o pa r. Inst ru.
• Portabl e/battery

po wer ed Inl t rumnt••
Features: Bright 0 .3 " green di lPlav . Internal cry sta l t lme­
base . t 0. 5 sec./dav eccur. Autc .d lsp lev br ightnencon trol
log)c. Disp lay co lor f ilterable to b lue, blue-qr een , green &
yellow. Comp lete - just add switc he s and len s.

MA1003 Module('. OS"Lxl. 7S" Hx." "O) • $16.95
CLOCK MODULES

MA1023 .7 " Red D lgi t a] LED Clock Modu le 8.95
MA 1D26 .7" Dig. lED Al arm Cloc k.(Therm o m et ar 18 .95
MA5036 .3 " R ed 0 1git8 1 L E D Clock/Tlm er 6.95
MA1002 .5 " Red Dlglt. 1 LED Clock & X f o rmer 9 .95
MA 10 1 0 .S" Red Dig ital LED Cl oc k 7 .9 5
MA1 032 CBA .5", Dig it al LCD Clock 17.95
MA1043 .7" Or" " D Igit al LED C lock. 8.95

TRANSFORMERS
102· P20 Xform erforMA 1023. 1043 & eoasMods. 3 .49
102· P22 Xform er fo r MA 1025 Clock Modu les 3 .49
102 ·P24 Xfo rme r fo r MA 10 10 Clock Modu le. 3 .4 9

BOOKS
Na d onlll semkond uctor - In t<traM - Intet

3ClOO1 NedOMI CMOS Data Book .
1040 peQMI 74C, CDoQXl. and AID Conwrt«s

3000Z Ndonllli nteff. ca D. ta Book .. • • • ... . •.. •. •.. •.. • •. . •. • .•
(704 peget l DP, DS8000, DS3eOO. DS7SlXlO, 1tC.

30003 Nadonel UnMf Da ta Book .

30004 ~::o:f"~iol~~~~I~~~t224P.-I M••
30006 N. donIi ITTllogIcD.taBook .

fe:24P!O!! 17400 LS l ,H,S , and 0M8000 SeriM
3ClOOI Buyabcw.W 3ClOO1 ,3,1 t ".IIIlot
3lXIOI IntM'all Da ta Book (10741l1lOM1 .
010400 Intel Com ponent D. ta Catalog , • • . . • . . . . . . . • • . • . . .• . • •• 10.00

Full data~ for Intel'spn)duc:u Ind. memorycMYieeI;,
rnb'oproc.•~... & induIt ./mI . products 11328 peget l

2OM10 InUIIPerlphenIl o.Jiln H.ndbook • . .. ••• . • •• . .• . . .• • • •• " .50
Ful dati sheets. eppI. notMfor loW!~ drke
cornponel'tU{&44~)

~A. Cand DC Wallw~~~n~~P~2!~rs

*
. v e."MYSMp

~
setecnve voltages: 6,1I,12VDC.
Pol . rlty setecucn (+1·). sIx-foot

. line from adapter to plugs - s ix·
• Inc h line from adapter to battery

snap. 12OV16OHz. 300mA.

t~rt~ 11~~Z 12VAC~Jnl ::S~
AC 500 117Vl6OHz 12VAC 500mA $4.95
AC1000 117VIOOHz 12VAC 1 . mp $5.95
AC1700 1 z IIVAC 1.7 amp $3.95= (a boYlll ~1 ~t~l-;~~mA U:~
DC900 1 9VDC 500mA $3.95
DC1 200 120W60 12V DC 30QmA $3.95

FUL L 6·BIT
LATCHED OUTPUT
19·KEY KEYBOARD

Th e J E6 10 ASC II Key board Kit ca n be Int er faced Into
most any computer sy stem. The kIt comes comp let e
with en Industria l grade keyboard switch asM m b ly
(5 2- key s ), IC' s. soc ke ts, co n ne ct o r. e lec t ro n ic compo­
nents and • doubl .sided printed wir ing board . T he
keybo.rd .lIlImb ly req u ires +5V @ 160mA an d -12V
@ 10 m A for op er ation. Feature. : 50 key. ge ne rate th e
1 26 cha r.cur., up per and lo wer cu . ASC II se t. Fu llV
buffered . Two uHr ·deflne ke ys provided fo r cu stom
app lica t io ns. Cap t loc k f or upper -c...-only alpha ch ar . r,­
t an. Ut ilize s a 2376 (40-pln) enco de r read-o n ly m em ory
ch ip . O utputs. dir ectly compatib le w it h TTL/oTL o r
MOS lo gic .rravs. Eu V int erfac ing w ith. 16-pin dip or
1a ,p ln edlle connector. SIze: 3 %"H x 14 %" W x 8 %"0

JE610!DTE-AK aW~{u~~~~"'~:~) . . .$124.95
JE610 Kit fto·~~·.,Yebn~:rrn'o~.~o~~~ ' • •$ 79.95
K62 62·K ey Ke y b oard (Keyboard o nly) . • . $ 34.95
DTE-AK (ea.. only - ' .... Hxn ..w"'....o)$ 49.95

~ JE21 ~O;-J~6,.diA~~IV~Y~A:tO~)Td Kit
~ Pro vld es·1 2VOCfrom incomlng5 V DC • • 59.96

CONNECTORS

D·Submini.ture Plug $ 2. 9 6
O-Subminiatur e Socbt $3.50
ScrewI.DckHdwr.(2) DB25S1P. 2/$.99
Co ver for OB25P/S $ 1.75
P.C. Edge (22!44 Pin) . • . . .• $2.95
BNC Plug . . . .. . . .. . . • . $1.79
BNC Jock $3.79
UHF Ad apter • .• • • • • •• •• $ .4 9
UHF P.n.1 Recp•. • . • • • .•• $ 1.29
UHF Ad.pter $1.60
UHF Plug ' . . . •. $1.50
BNC Plug . . ... • .. • .. .• $1.79
BNC Bulkhnd Rocp. . • • . • . $1.29

TRS·8Q
16K Conversion Kit
Expan~Yt0~~~~.T~os,;,~e~~s~~:::: to 16K

: ~~u~~;.~o~rc?r"d::,~~~:I~~K Oyn. Ram (·ns)

TR5-16K2 ·l50n• . . . . . . . . . . .. . . . . . . . . . . .19.95
TR5-16K3 ·2OOns 16.95
TR5-16K4 ·250ns 14.95

JE610 ASCII
Encoded Keyboard Kit

JE600
Hexadecimal Encoder Kit

'-':::- ~.-"-.j

ELECTRONICS

3/62

JE608 PROGRAMMER
2704/2706 EPROM PROGRAMMER

m:
~s""d1tp1.y. thrlconlen of
InNM 01 • I1bbon uw. 'RIm the

~::i.":,~~:rl~~rd
location. Stancklont EPROM PrograrnllMf

=er:='::=:~4 =-=:-
coordinated de.lgner'. ca.. wfth Ught tan
x I %"D. WfiGht 15lb• •

=:"~~~~~~~~~=:=r-the~=-~'~~;:'
~ EPROM. The JEellB ProgrIllM"let CWI.".,wtt .~ EPROM by the UN of Its Intemal RAM clfcuh:a

~~aIIow~~toto:m:=-~J:~~.::::~7.~::.m~~
~2v~J:~.~~~~~~~~~~~~":::::~~_.
JE60BK Kit . . . • . . . . . . . • .. . . .. . '. ' $399.95
JE60BA Assembled and Tested $499.95

• JE6011-16K ADAPTER BOARD
.ENEIlAL UESCRII'TION' FOR 271612758EPROMS
The JE«lI-1aK AdI9t_ ao.rd aIIowI the JEeOl!I P'rtlgr"""* to bl l'I'lOdH'!ed for the IddItIonaI programrT'linll of the 27111and
27M EPROMS.The~ptOYkMItor adding an addrMl twltctl forthe 2" bltand Mio forMtectlngtheproperpoww.nd
~=::::.-n:;wJo~~Mtt:~~~=:-~j~eK~~.done aeper. tltt to Mdl

JE606-15K AdaptorBoardK~ $28.85
JE608-Upgradl (Se nd alMmb~ J EeOB to faetoryfor adapte r Insta llation 199.85

of tho JE606-16K Adapta, BoardK~I
JE606A·16K Mod. AaaomblodJElI06w/Adaptar IJE606-16Kllnatallod $599.85

$10.00 Mi ni mum Order - U.S. Funds Only Spec Sheets - 254
California Residents Add 6% Sales Tax send 68C Postage fo r your
Poatag. - Add 5% pluo $1.50 Inourance FREE 1962 JAMECO CATALOG
Send S.A.S.E. for Monthly Sal. Flyerl Prlce o SubJoct to Change

Jameco·
1355 SHOREWAY ROAD, BELMONT, CA 94002
PHONE ORDERS WELCOME - (415) 592·8097

OSOClOCN
O.-eN
INSlmN·l
INS1H1N
MMSl K7N
MMSl I74N
CO P«)2N

2400-1 2 1% • pin .71· tal us 1400-1 I 12145& U pin 1." - 10/!l.l5
24OQ.1 3 123 'pill .11·1017.15 2... 7 7 lZJ4567 14 pi11 1.1'- 10/1U5
2406-4 .. 1134 l pill .11 · 10/ 1.15 Uoo-I I 12345&7' 11 p1a 1.zt·10/11.15
24OW.1CO .. AlCD • pill .n . 101 '.15 2400-1 I 12345171. 1. pill 1.31· 10/ 12."
24QO.5C I CW21 14 pia 1.01 · 101 1.15 2400-10 10 lJU 3.f517U fa """ 1.411~ JDI13.:!5 .

MUFFIN<ll FAN
~f~~:~icl~=~aar:~:~~":.
• 105clm free a ir delivery::~'s~~ r~re:~~e:~~~:1~~7 OL
• mor e than 10 yr•. cont. duty .t 10'C
• Imped. nc e protected
• for a mble nts to 7tl -C
•~~~C;~:dd recognized &

Mode l No. MU2A 1, P.rt No. 02121, B..r­
~'O\;i~'""' 115V. 5OIeoHz, 14 W. Us,

MU2A1 .. .. $9.95 ea.

iilINatlonal5emlconductor

RAM SALE

J VC--40 \.

5K Lin ear Tapa r Po ts • • • . .• • •• $5.25
100K Lina., Tapar Potl . . • • • • • • $4.95
40K (2 ) Video Co nt ro ller in CAsa •• • 54.95

EPROM Erasing Lamp

JS-5K
JS·l 00K
JVC-40

•
JE215 Adjustable

Dual Power Supply
General Descri pt ion: The JE215 is a Dual Power
Supply with independent adjustable positi ve and nega·
ti ve ou t pu t vo lta ges . A separate ad just ment for each
of the supplies providesthe user unl imited application.
for Ie cur re nt vo ltage req u ire ments. T he su pp ly ca n
also be ' used as a ge nera l all-purpese variab le power

su pp ly. FEATURES:
• Adj ust.ble regul a ted power supp lies .

pos. and ne;. 1. 2 VOC to 15V OC.
• Po w er O utput (each supp ly) :

5VOC lP 500mA.l0V O C cJl750mA,
12VOC . 500mA••nd
15 VOC 01 75mA.

• Two, 3-ter m ina l ad j. IC regu l.tors
with thermal o verload p rotecti on .

• Heat. sink regu lator coo lin g
• LED " o n" in d ica t or
• Pri nt ed Board Co nst ruction
• 120VAC inp ut
• S ize : 3-1/2"w x 5·1 /16 " L x 2 "H

JEl15 Adj. DualPoworSupply Kit (a. shown) •• $24.95
(P ict ure n ot shown but . 1m il.r In construction to abov_)

J1i~~~~d::t~:~~~:ft~YJ~~Jg~t~~t~ ~m11)2V : :~~:3~
JE 21 0 Var . Pwr . Sply. Kit. 5·15VOC ,t01 .5amp. '19.96

• Era... 270s. 2 716': 1702A . 52030, 52040. ate .
• Era.., u p to 4 chips w ithin 20 minutes.
• Mlintlin, co nstant expoaure distance of one inch .
• SpIC~1 co nductive foam liner el iminatlsltltlc bu ild-u p.
• Built ·ln safety lock to pr...,ent UV expotUre.
• Compaet - only 7·5/8 " x 2·7/8" x 2"
• Comp lete with ho lding tray for 4 chips.

UV&-1 1 E L Rep lacemen t Bulb • •••. ••• • • $16.95

UVS-11E $79.95
JOYSTICKS
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$1795
CH3/CH4 Modulator

**TV BOX BUILDERS**
LM 301 $.90
LM 1458 $1 .00
LM 380 $1.90
NE 565 $1 .90
M C1330 $2.40
M C1350 $1.90
M C1358 $2 .10
74123 $1.80

ORDERING
INSTR UCTION S Minim um order $10.00
C.O.D. Paym ent by cash or money order,
company check.
C.O.D. - $2.25 + $2.35 sh ipping .
CREDIT CARDS - Master Charge & Visa .
SHIPPING MINIMUM $2.3 5 + 35 Cper $100.00
for insurance.

Sanyo UHF Varactor
Tun er . .. .. $34 .95
Transform er 9 &
16.5V @ 1A 3.45
LM 781 2 $1.35
LM 781 5 $1 .15
78L15 $1.05
LM1800 $2.45
LM 1889 $2 .75

Simple Simon was simple - But

this one is a SNAP*~ $10995
PRICE INCLUDES: O~
I.C.s/Resistors /Capacitors /Variable Resistors /

Tr im Cap/CoilslTransformer Diodes /
Regula tor /Sony Varactor Tuner

Plus you get a FREE Drilled & Etched 4 !12x5
Printed Circuit Board w/ assembly.

- Instru ctions with each $109.95 order -

6 MO. WARRANTY

* We do not sell these items for the use of
receiving subscription type TV transmissions.

$14995

MICRO PROCESSOR IC's
l80 CPU . . . $5 .75
l80SIO/1 $10.95 q;
l80 OMA $10.95 Q .
l80 PIO $5.00
02716,6 Intel $3 .25
02708 $2.75

EPROM'S
C1702A 2K 1US $7.50
C2708 1K x 8 450 ns $3 .50
C2716 /1 MS2516 (Intel version)
16K 450NS Single 5V Supply $4 .75
TMS2532 (T I Pin Out)
32K (4096 x 8) 450 ns $14.95
TMS2546 64 K (8K x 8) 450 ns $69.95

HMR 11*

WALL
TRANSFORMER
17V.A. C. - 7 .5V.A.

wi t h 6 ft . cord

(602) 266-9758 (602) 266-9758

~'100''''' EUiCt"'Q~
..~ SURPLUS ~('
6835 North 16th Street
Phoenix, Arizona 8501 6

...
3 '$1 00·."".. ..·":: ~·......
3$100
!>t1 oo
!!I: 1 :
6.$1 00
6 '$100

: :·..·.....·.... .,...

"" "no _ ¥.i

"' - ..711CH_ «I
l "' llOI - 1 7'5t Ml_ _ 1!1!o

C"'7!II - 1 7'$
CA.lOII _ 1 !1!o
CA.107I - 1!lO
CA>IIO _ ..
CAJOIlS - 9'!l
CA3O'JoI - 2 1!0
CA) 140 _ 170
l ...~I -!I!o
I03ICC _ 390
N5!I86A - 1 !!1O
Tl0&2C~ - !16
Tl0&4CN - 150

74163 - 60
74164 - .60
74165 _ .60
74168 - .10
74170 - 160
74173 - 75
74174 _ 65
74 175 _ 60
74175 _ . 75
741n - .1!l
74180 _ .75
74181 _ 1 90
14182 _ 45
14190 - .70
14191 - .75
74192 - .10
74193 _ .19
74194 _ 85

14195 - '45
14196 - .75
74197 _ ,1!l
74273 - 85
74279 - al
14365 - 66
7Q57 - 65
74368 - 65
74390 - ~

753.2,,- 1.75
75325 - 1.50
75492 - I ,OS
8T31 - 2.00
1T32 - 2.75
9601 - .75
91502 - .75

OSOO56H - 1 50

12V DC RELAYS
TTL SIZE

S P. 1200 oh m cOIl..
o P . 400 oh m t Ool

t zs

78105 $ 45
LM305G $ .15
340T 5. 6. 8.9. 12.

15.18or24'o' $ 85
LAS14 12 +I 2\' JAU 95

lM 34I 90
t 3SI _ 50
l 1 17'$
l loOn I ell
llolB) - !16
lloUl2 - 10t= 2fIJ'JIJ
t "'317 -1 1!o
lMm - l oo
tM S6J - 2 1!0
l MSM _ 4~

l MSM - 16
5&(8 _ 3 !1!o
W _140
!l61 - 16

74 n _ J!I
1473 - 35
1474 _ 40

1·415 - 040
7476 _ 40
7-480 - 45
7483 - 50
7485 - 65
7486 - 42
7490 _ 45
7491 - 45
7492 45
1493 - 45
7494 _ 60

7495 60
1496 - 60
7"101 - 35
74121 - 35
74122 _ J9
74123 _ 42
74 125 - 45
74126 - 45
74145 - .75
741048- 1 25
74150 _ 1.10

74151 - ,SO
74153 - 040
75154 - 1.10
74156 - 50
74157 - 50
74100 - 85
74161 - .66
74162 - 60

SlNO 1 25 FOR OUR CATAlOG
FEATURING TRAN SIST ORS &
RECTIFIERS '46 H AMPSH IRE
$ T.. CA M BRIDGE. ""ASS 021.

DIP SOCKETS
8PIN 17 22P IN 30

14 PIN 20 24 PIN J5
I S PIN 22 28 P1N 40
18PIN 25 40 PlN 60

TRANSISTOR SPECIA LS
~1lO1 ~G(TO~

2Jf«)tA 1Ott"Gl TO!>
H[~GliO I4 _ ~~" Gl TO 3
Til" 111 $ 50 TI"I<15
2NU33 ~p~ SWITCH~G I'(WoI( R
MR' ·IOO4CIl IIF TRANSISTOR........
lH :Jm HI'H SoTO 3
:NGlI1"N"S, TO 3
lH313 7 H"~So"F2'f"" """'" S.TO 3""2H1QO""H SoTO!>
:ztatn fol1'HSoT011
1JoI2301",~SoTOll

~HI"HSoTO J

ZH3OO4HI"HSoTO t2
2H3OC11 Ptol" SoTO 92
lNS296 "' ''~ S. TO :DO

lNI lot " H" S. TO 220
TIP31B HPH S, TO UO
Tl~m ~...~s. TO:DO
TIr )4 " HP So
Tt~ l ll """ Sol,Jl4 .
TII'1 41 """,$,I)t7
~Jl:J056

TTL IC SERIES

"".. " 741..SI] " 74tS I!I!o w
14tSOI .. 141..S96 .. 741..SI98 .
74tS02 "

14tSIOl .. 74tSIt7 ..
74t SO:J " 14t S1llt " 74t5221 ..,,,...

" 14tSl11 " 74tS240 "74~SO!> " 74~ S 113 .. 74tS1 41 ee
14.508 ,. 14~S ll4 .. 14~S242 eo
14lSot "

14~Sln .. 14tS24.3 .,
14~ S 10 ,. 74LSI2'4 t zs 74tS244 ..c
14tS II " 74~ S11!o " 141..S245 ,..
14l.S 12 " 14t S I" .. 74tS2-47 "14t S 13 .. 14~S I32 .. 14. S2<4I ..,
14\.S14 .. 74~SIl5 .. 14tS1!o1 ..
14, S I!> " 741..SI» .. ,,,"" ..
14, S1(I .. 14tS139 .. 74, $1!o7 ..
14,S21 .. 14,$151 .. 14.S:l'$ll ..
14,S:U " 14.S 1 ~ .. 74.S258 , m
14,5" " 14~ Sl'l6 .. 74t S:l'f>6 ..
14. S11 ,. 14,S I!1l!i ~ U.S213 '"Utsn .. 14l.51~1 .. 14t52" ..
141.. S )O .. 74~S lSI .. 14tS18O ,..
'''''' " 7"'_$ 1&) _ ~ 74tS1l3 "14, S37 .. 74. S " 1

,.
74tS~ "74~ S• .. 74t$IU ~ 14tS_ "14t 5«l .. 14tS I13 ,. 74 ~ S 366 "14, 541 " 741..$164 ,. 74tSX1 "74.$47 .. 74tSI'!> "
14tS_ "14tS!>1 " 74.S169 ' " 741..S313 ".74lS!!14 " 74. S I 70 ,.. 14 ~S374 ".

74~S 13 " 74l 5 1n .. 74~ s )n ".74\S74 " 74tS174 .. 74tS_ ..
14'S7!o " 74~S I7!I .. 14t S390 .
14.$76 " 74l S I' 1 ,.. 14t S»J .
""., " 74tSI9O " 14tSVO ,..
",,. . 741..S"1 "

I Il St7 '",,,,. .. 741S I92 .. IltS. ..,
14t$9O - " 141S11] ..
741..S92 - .. 14tSI'" ..,

7400 - 17
7401 - 17
7402 - .17
7403 - 17
7"04 - 24
7~ - 24
7405 - 33
71t07 - Y..
7408 - 27
7409 - 24
7410 - .17
7411 - 22
7"1 2 - .30
7413 - 42
7414 50
7416 33
7417 _ 37
7QO - .17
7425 - 30
7426 - 33
7427 - 30
70430 - .17
7431 - II
7Q7 - 27
1438 27
1440 - .17
7-441 - .75
7442 - 45
7....5 - . 70
7446 - .75
7....7 - 65
7448 - .65
1450 - 17

TEL. (617) 547,7053
<, WE SHIP OVER OVER 95%

OF OUR ORDERS WITHIN
• 24 HOURS OF RECEIPT

TOLL FREE 1,800·343·5230
FOR ORDERS ONLY

CTS 206 , 4 4 POSITi ON I 25
CTS 206 7 7 POSITlO" 1 40

CTS 206 a aPOSITI ON I 50
CTS 206 10 10 POSITION I 95

TERMS FOB CAM8RIDGE. MASS SEND CHECK
OA MONE Y ORDER M INI"'UM TELEPHONE.
C O O. PUACHAS£ ORDER OR CHA RGf. 12000
MINI"'UM MAll OfIOER $500.

DIP SW ITCHES

"11 6-2 _ 1.as
TM S9927NL_

~g~~~6~;~~LLER 9.95 • ...:.:==---.:.:....-.:.=--r--"'= = :.;.:"-III
- 16.95

FOl 791 - 34 .95
FOl nl _ 19.95

TRIAC's

I - or ~ 1 10
3JeO _ OI"OT _ 1 50

T ~ CfNTfIl OH $I l'!i

C/MOS

SPECIALS

RS 232 CABLE

SCR's

10 Conduct or, # 22 co lor coded wire,
gray PVC oute r cover, ,..'" diameter

.40 per ft . - 100'1$3 0 .00
Add 20% postage for ord ers und er 100' .
Add 10% postage for orders over 100' .

SPECIALS GOOD THRU MAR. 1982

2114L-4 $ 1.75
8 x 300 - SIGNETICS 16 BIT

MICROCONTROLLER 49.00
10ea 8164E64K RAM 1150NSI 99.50

DOUBLE SIDED DIP RIBBON
CABLE JUMPER ASSEMBLIES

16 PIN 4" LONG $ 2.00
14 PIN 12"LONG .. . . .. . . . . • . . . $ 2.50

lltl8lJA - 3.75
Z80A cpu - 5.75
1264 ("'64-21e.u:: RAM

- 14 .00
2732 -J:2KROM _ 14,16
2114·13 - 2.50

.., - "
.,., - .. .., - " 14<:74 - ec..., - " ... .. .., - " ,,"'. ~

:: - .. ... " .... - .. '''''' - '"- : ... - " ~
- ' " 1<CIO - ,...... - ". - .. ,<COO - ::

ill :: ." - .. "COl -.. . .." .. " COl - ..
- "

..., .. ::i - ,.. UCl !!ll '".." "

..., . - ,.. 74CI~7 - '"::: .. - .. - " ",,,.. - '"- .. - .. .... ", 74<:111 - '"- .. ..., .. .... ~ 14<:113 - ' ".... .. ::: - .. ...,
'" ",,,.. "..." : - .. ,<coo n 74<:173 - '".... "" - .. '''''' " 74<:174 - ,...." "" " " C'" .. 74<:T7!I - '"...

~ "" " 74<:10 - " 7-4<:192 '".,,, - - .. 7otCI4 - 1 ~ 7otC901 - ...., .. - - " " C" 7tCt14 '"... " .." - " """ ..
::: - ;: .." " ,,"" ".." ..

"'" "

. .. 3 1$1,00
FP 100 PHOTO TRANS ••. •• . • . . .• ••. . . _... .. .. . .. ... . . $ 50
REO. YE LLOW.G REE N or AMBER LARGE LED·,'1 ~ . 6 $ 1 00
REO/ GREEN BIPOLAR LED', . $ 'Y.I
ML E092IR LEO $ 75
MR014B PHOT O OARl. XTOR ••• ... $.50
TlL I1 90 PTO ISOLATO R •••. $ 60
lL ·50PTO ISOL AT OR . . . ••• ••••••••• 1 45
I W ATT ZENERS: 3 .3. 4.7. 5.1. 56. 6 8. 8 2. 9 .1 . 10

12. 15. 18 . or22V . . .. 61$1.00

CLOCK CHIPS
MM531" . .. . . $4.75 MM5316 . ... $4.95

MM5387AA. . . . 5.95

MINI AT UR E MULTI·TURN T RIM MIN G PO TS

50.100.500 . 1K. 5K. 10K. 5OK. 250K ... $7'5e.ch 3/ $2.00

.5V at 800ma SOLAR CELLS
3" diameter $4.35

7 SEGMENT DISPLAYS
FSC8024-4 dtgit Dl-707 C.A..3 '"' .. . $ .75
C.C. S '"'displ ay •. •• $5.95 Dl 747 C.A..6 '"' . ..• $1.50
FND 503 C.C..5' $ .85 FNDB10.B'CA . . . •$1.95
FND 510 C.A . .5' $ .85 FNDOOJ .8'CC . •.. $1.95
Dl ·704 .3 '"'C.C $ .85 MAN 5C .C. Green . $ .75

MAN C.A. Yellow .$ .75

NO , 30 W IRE WRA P W IRE
SING LE STRAND 100' • • $1.40

4OCON OUCTOR 3MCABLE
I28 W IRE $.75 fft .

TOGGLE SWITCHES

- ...
- 3 .75
- 225

SHIFT
REGISTERS

"''''1402
MMl403
101M 1404
MM5013
MM50 1G............
MM 5«l7..­••scec

_ 14 00- ,.- ,..".- ....
- ".,..,.....,..,..,..,..- ...,..,.. ,

UART's
_ l .7l) M8ll88A
_ 3 95 COM2017
- 3 25 ....'(38700

~
SOLID STATE SALES
P.o.BOX740

, SOMERVILLE, MASS. 02'43

,,,., .. 74$ 14 " 74S 1S1 '"'"'' .. ",. ..
""" :: ,... ,.. 74S I_ ' ""... 74S 112 ,: 74S I14 ,..
"'" .. 74S I13 74S17!1 ,..
'''''' .. 74S I)!o ,.. 745114 '"7.S IO .. 74S 1. ". 14S251 ,..
74S 11 " 74S I:» ' " 74S25I ,..
14S1$ ::: 14S 1«1

:~
14S2llO ,..

74S20 74S I53 745 _ '"14530 .. 74S 151 ". ,,,,,, ".74Sll .. 74S1~1 ".

POSTAGE ADO 10% FOR ORDERS UNDER $20.00
RATES ADO 5% FOR ORDERS BETWEEN $20.00 AND $50.00

ADO 3% FOR ORDERS ABOVE $50.00

I264UOOIrolSI
2114l-)
" 11&-3
4118-2
21lO2 J
21024
TMS 3409
MK402f J
1,111:«196 11
Ta.lS4Oo'S1S.......,
2101 1
1I1~'".......
''''100 1
~ 101l

21 11AL

TANTALUM CAPACITORS
10UF35V - $ .40
22UF lOY - $ .30
15UF16V 3/ $1.00
3OUF6V 5/ $1.00
33UF 20V $ .60
47UF 20V $.85
68UF lOY $1.00
120UF6V $ .75
200UF20V $1.75

.47UF35V 5/ $1.00

.68UF35V 5/$1. 00
lUF35V 5/ $1.00
2.2U F lOV 5/ $1.00
3.3UF 20V 4/ $1.00
4.7UF 35V 4/ $1.00
6.8UF35V 3/ $1.00

7 WATT LD 66 LASER
DIODE(lR) $8.95

IN4148 (IN9141 15/1.00

DATEL'S DAC-oBEQ

8 bit DAC - $ 4 .95

RS232
CONNECTORS

DB 25P male $2.75
DB 25S female . . . . .. 3.75
HOODS 1.50

111 6" thick with 1/10 " spacing

4 '/," X 6 '/, " . . . . . $1.95

PU'S & SUPPORTCHIPS.,.,. ".... ,.,
......0 2tOl 1 M"" ,,,,
1212 1 ~

12 1 ~ J eo
al\1 2 90
122<1 ' J2t
lIIrr.tSJ07 ttllo

"" ".lUI _ .. ~

RAM 's

SANKEN
AUDIO POWER AMPS

Si 1020 G20WATTS .$12.50
Si 1050 G 50 WATTS .$27.50

DI SC CA PACITOR S
. 1UF 16V.•••..•• tOf$1.00 . . . • • . • . 100 /$8 .00
.01UF 35V . . _ .. 16/ $1.00 . . HXl/ $5.00

25 wan Infra Red Pulse(SG2006 equiv.l
Laser Diode (Spec sheet included) r$24.95

14 PIN HEADER • • . • I 1.00
16 PIN HEADERS. . .40
24 PIN HEADERS. . .75
40 PIN HEADERS . . . . . . 1.10
50 PIN EDGEBOARD CONN. . .. 3.95
26 PIN EOGEBOARD CONN . . . . 2.50
50 PIN RIGH T A NG LE CONN . . 3.95
20 PIN RIGHT ANGLE CONN •. •. • • 2.25

200 PRV 1A LASCR .95

2N3820 P FET .. . . . . . . . $ .45
2N 5457 N FET . • • . . $ .45
2N2646 UJT . . . . . $ .45
ER 900 TRIGGER DIODES. . 4/$1.00
2N 6028 PROG. UJT. $ .65

50 PIN RIBBON CONNECTORS . _ • ••••• $J 25
40 PIN RIBBON CA BL E CONN •• • . 12 ,75
20 PIN RIBBON CA BLE CONN • . • • • • • '2.25
10 P1N R1BBONC A BLE CONN •• • • • • • 1.50

P RIN TED CI RCU IT BOA RD
..-; 6 · DOUBLE SIDED EPOXV BOARD 'll. · THICK ,
.60., ... _ 511200

CRYSTALS
2.000 I 3.000 5,000 8.000

~:~ $04.25 . . . ~:~ ::~ :~:~ ~:25
RECICON SA D lQ2.4 .-.NA LOG DELA Y LIN E • • $10.'5

rJ)

o
Z
o
0:
I­o
W
...J
W

6
o
<t:
0:
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Phone: (305) 887-8228
TWX: 810-848-6085

We accept MasterCard and Visa.

SURPLUS
ELECTRONICS

CORP.7294 N.W 54th Street
Miami, Florida 33166 WHOLESALE/RETAIL

EQUIPMENT/COMPONENTS/WIRE & CABLE/ACCESSORIES

MFG By Rotron Inc.
3 Blades 4~" Square

USED
110VAG $5.95 ea.

NEW
230 VAG Model MU3A1

$12.00 ea.

NEW
SPRITE FAN
Mfg. byRotron Inc.,

Model SU2AS .
11Sv AG. j9 amps .

(Impedance protected.)
3V, "x 3V,"x1 ~"

$12.00 ea.

7' POWER CORD
HEWLETT PACKARDTYPE

50-99$6.00
100-up$5.50

40cea.

45cea.

1-9 $7.50
1()-49 $6.50

C.B. SPECIAL
CONVERT THESE TO 10METERFM

New H)tGAINprintedcircuijboardassemblywijh PLL02A
chipand 3crystals. (Squelchpot, volume control and
channelswijchnot included.) Boardssoldasis,theway we

, bought themfromthemanufacturer. Boarddimensions
6"x 6 Yz ~

ICSOCKETS
GOLD·PLAT ED

WIRE WRAP

POWER SUPPLY

9 VOLT NiCd MUFFIN FANS
RECHARGEABLE

BATTERY

4%"wx 7%" IX~" to 11h" h1-------­
Has a lip for recessedface

plate anda felt bottom

14 pin

16pin

NEW. Replaces
thepopular9V
Transistor Battery.

$4.75 ea.

$3.95 ea.

Molded 3 Prong
Plug with molded

receptacle
Belden16 AWG

$3.00 ea.

5
4-Volt POWER SUPPLY S.4 AMPS

MFGby AGOG Electronics Inc.
• Model OEM 24NS.4-1

Input105-125vac50/60 Hz. Has $45.00
. voltadj andO.L.adj.Output
- terminals contain + out, + sen,

10"I x5" hx5" w - sen, - out, acneut, aclineand GND.13 LBS.

COMPUTER GRADE ELECTROLYTICS
VAWE/MFD VDLTS DIAM./LGTH. PRICE

63,000 @ 1SV 3" xS%" $4.00 ea.
10,000 @ 20V 1%" XS:V4" $3.00 ea.
2,700 @ 2SV 1%" x2%" $2.00 ea.
2,900 @ 2SV 1W' x2" $2.00 ea.

100,000 @ 30V 3" X SV2" $6"00ea.
39,000 @ 30V 1" xSW' $4.00 ea.
34,800 @ SOV 3" x S%" $3.00 ea.

4S0 @ 7SV 1W' x2W' $2.00 ea.
SOO @ 100V 1Vz" x3W' $2.00 ea.

so @ 4S0V 1W' x 2" $2.00 ea.

Length
15'

17'

AXIAL LEAD
ELECTROLYTIC

CAPACITORS
2 uF@ 15V12/$1.00

10uF@ 15V121$1.00
20uF@ 15V121$1.00
50 uF@ 15V121$1.00

2.2 uF@ 25V121$1.00
3.3 uF@ 25V121$1.00

1 uF@ 35V121$1.00
2 uF@ 150V121$1.00

25 uF@ 25V151$2.00
3 uF@ 50V151$2.00
5 uF@ 50V 151$2.00

10uF@ 50V151$2.00
250uF@ 25V101$2.00
50uF@ 75V 101$2.00

E. F. JOHNSON
"5" METER

Edge Meter2S0 UA,
fits in %"X1%" hole.
Black background .

Scale1-20Top,
O-SBottom.

$1.25ea.5/$5.00

MODEM CABLE
ASSEMBLIES

$5.50ea~1---::7:-=~-;-;-:-;=-==~=:;-;;---;:-:-:-::7.=
Gonn

& 22AWG
Hood # Gond
25P - 1-4-
2SS 10

TELEPHONE & TTY
INTERFACE MODEM

MFG byAnderson Jacobson
lJAA ModemMode' OC 230wrthA-36

Telephone Coupler

~~$69.95

~..,~
Rated 300 Baud. halt or full duplex. lJAA level
adjusfable 0 to - 3, - 4 to -6, - 7 to - 10.TTY

~g~n~r~utts~So~~~~~: ~~d~ol~~t~z ~~~~: 1--::-::-:c:-::-::-=-:-:-::-::---1
and 1270Hzmark. Receives2025 Hz spaceand
2225 Hz mark. Telephone coupler has HI. cord
andplug. Size 4Y.- Wx15Lx'3 ~ Dp.designed to
berecessed In deskor panel.Electronics In case.

~~~d~~~2pfu~~'6~~at~~~~;flt5'v~;~}tfWt~
Amp. Supplied with connection sheet. Removed
from equipment, excellent condition, guaran·
teed.

"TANK BATTLE" TV GAME
Injustashort timeand withafewminorparts, themost
novice hobbiest can completethisexcililO Tank Battle
game. Create afun-filledeveningfor thewhole family.
Twoindependent tanksrumble thruland mine fields,
shoot shellsand fragmentwhenhit Rlurdistinctengine
sounds areproduced forthedifferentspeeds. Soundsof
gunfire,shellbursts and tankexplosioosare realistic.
Automaticon-screen scoring. Suppliedwithschematic
drawing.
SOLDAS IS

$9.95ea.

Elpower EP 680maybe charged con­
stantvo~age or constant current. Bat­
tery is self-contained and requires no
maintenance. Connections made wijh
quickconnect lugs.Allplasticcasesize
5Yz h x 21{. w x 4Yz I,weight 4 lbs.

SOUD GEL BAmAl
6volt@8 a.h.wijhCharger

~ $14.95

C & K SWITCHES

TEXAS INSTRUMENT
KEYBOARD

DB

L-3 J-60

Part# ,
J-60 7101 SPOT

L-3 7108 SPOT
(momentary)

J-3 7201 OPOT (special
largerocker)

$1.00 ea. 6/$5.00

SUB·MINI10K POT

~ with On-Off
~ v," hole mount,

Va" 0 shaft,
5/$1.00 ~" th read section.

Has 3 slide switches, 26 different
keys, key pad removable by 4 screws

$1.95ea. s1$8.00

TRIMMER CAP

~
. 1.S-20pF

. (ARGO PC-402)

" . s: 50¢ea.

TERMS: All material guarantOOd unlessotherwise stated. If youare notsatisfiedwith our product, ~ maybe returnedwdhin10days for a refund(lessshipping). Please
add$4.00 for shipping and handlingon all orders. COD's accepted lor orderstotaling $50 or more. All orders shipped UPSunless otherwisespecified. Florida residents
pleaseadd 4%sales tax. MinimLmorder,$15.00. Foreignorders- USfunds only,add 20% for shippingand handling.

SCREW DRIVER KIT

~:ii9fi?'i ::; ""'I>
Handlestores four blades
2singleslot 5/ 32" & 3/32"
1phillips 1scratch awl
6" long with one blade inserted

$1.00 ea.

SPOSITION$1.00 ea.
8 POSITION $1.50 ea.

10 POSITION $2.00 ea.
12 POSITION$2.50 ea.

AMP METERS

SPEAKER

COPPER
CLAD BOARD

(Double Side)

Size 9.2Sx10.7S
Thickness .062

$2.00 ea.

$2.00 ea.

DIP SWITCH

~

3" Diam .,
80HM,
swatts.

COAX CONNECTORS
UG-273/U BNC-F/UHF-M $2.50
UG-255/U BNC-M/ UHF-F $3.00
UG-146A!UN-M/UHF·F $4.50
UG-83B/U N-F/ UHF-M $4.50
UG-175RG-58 Adapt $ .20
UG-176RG-59 Adapt $ .20
UG-1094 BNC-F/Panel $1.00
50239 SOC
PL259 60c

COAXIAL CABLE
50OHM-RG 174

2V," square,no shunt required .
Easy-to-readdial.

Movements: 0-6, 0-10, 0-17

$2.50 ea.
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EPROMS Each 8 pcs March Specials 6502
1702 256 x 8 (1ns) 4.95 4.50 32.768 KHZ 3.95 6502 6.95

1.0MHZ 4.952708 1024 x 8 (450ns) 2.99 2.75 1.8432 4.95 Z-80A-CPU 6.00 6502-A 12.95
2758 1024 x 8 (5V) (450ns) 9.95 8.95 6504 6.95
TMS2516 2048 x 8 (5V) (450ns) 6.95 5.95 2.0 3.95 Z-80A-PIO 6.00 6505 8.952.097152 3.952716 2048 x 8 (5V) (450ns) 5.50 4.95 2.4576 3.95 8214 2.95

6507 9.95
2716-1 2048 x 8 (5V) (350ns) 9.00 8.50 6520 4.35
TMS2716 2048 x 8 (450ns) 9.95 8.95 3.2768 3.95 8216 1.50 6522 9.953.579545 3.95TMS2532 4096 x 8 (5V) (450ns) 12.95 11.95 4.0 3.95 6800 4.95

6532 14.95
2732 4096 x 8 (5V) (450ns) (200ns) CALL 6551 11.85
2764 8192 x 8 (5V) (450ns) CALL 5.0 3.95

6810 3.955.0688 3.95
DYNAMIC RAMS 100 pc. 5.185 3.95

TMS 40L44-20 zao5.7143 3.95
4027 4096 x 1 (250ns) 2.50 2.00 6.5536 3.95 4096 x 1 low power 200ns RAMS
4116·120 16,384 x 1 (120ns) 8/29.95 CAL L 8.0 3.95 Z80-CPU 8.95
4116·150 16,384 x l (l 50ns) 8/18.95 1.95 10.0 3.95 By Texas Instruments - not equivalent part Z80A-CPU 6.00
4116-200 16,384 x 1 (200ns) 8/15.95 1.80 14.31818 3.95 numbe r made by anot her manu facturer as Z80-Pl0 6.50
4116-300 16,384 x 1 (300ns) 8/14.95 1.75 18.0 3.95 so ld by others: Z80A-Pl 0 6.00
4164 64,536 x l (200ns) CALL 18.432 3.95 Z80-CTC 5.95

STATIC RAMS 20.0 3.95 4.49 each 125.00/32 pcs.
Z80A-CTC 8.65

100 pcs 22.1184 3.95 Z80-DART 15.25

2101 256 x 4 (450ns) 1.95 1.85 32.0 3.95 S p ec ia ls end March 28 , 1982
Z80A-DART 18.75
Z80-DMA 17.502102-1 1024 x 1 (450ns) .89 .85 P lease state " Marc h Specials" Z80A-DMA 27.5021L02-4 1024 x 1 (LP) (450ns) 1.29 1.15 w hen ordering Z80-S10/0 23.9521L02-2 1024 x 1 (LP) (250ns) 1.69 1.55

2111 256 x 4 (450ns) 2.99 2.49 MISC. Z80A-Sl 0/0 28.95

2112 256 x 4 (450ns) 2.99 2.79 AY5-2376 12.50 Z80-S10/1 23.95

2114 1024 x 4 (450n s) 8/16.95 1.95 l l C90 13.95 Z80A·Sl0/l 28.95

2114L-2 1024 x 4 (LP) (200n s) 8/19.95 2.35 XR2206 4.95 Z80·SlO/2 23.95

2114L·3 1024 x 4 (LP) (300ns) 8/18.95 2.25 3242 7.95 Z80A-Sl 0/2 28.95

2114L -4 1024 x 4 (LP) (450ns) 8/17.95 2.10 3480 9.00 Z80-S10/09 17.95

2147 4096 x 1 (55n s) 9.95 CAL L MC4024 3.95 Z80A-S10/9 22.95

TMS4044-4 4096 x 1 (450ns) 3.49 3.25 MC40 44 4.50
TMS4044-3 4096 x 1 (300ns) 3.99 3.75 7103 9.50 Z80S·CPU 18.95

TMS40L44-2 4096 x 1 (LP) (200ns) 4.49 4.25 7106 9.95 Z80 S-CTC 17.95

TMM2016 2048 x 8 (200ns) (150ns) CAL L 7107 12.95 Z80S-P10 17.95
HM6116 2048 x 8 (200ns) (150ns) (120ns) CA LL 76477 3.95

8038 3.95 39.95
LP = LOW POWER 95H90 7.99 34.95

9602 1.50

DISC CON· 74COO .35 74C374 2.75 4019 .45 4098 2.49
74LS166 2.40 74LS293 1.85 TROLLERS 74C02 .35 74C901 .80 4020 .95 4099 1.95

74LSOO .25 74LS85 1.15 74LSl68 1.75 74LS295 1.05 74C04 .35 74C902 .85 4021 .95 14409 12.95
74LSOl .25 74LS66 .40 74L8 169 1.75 74LS298 1.20 1771 24.95 74C08 .35 74C903 .85 4022 1.15 14410 12.95
74LS02 .25 74LS90 .65 74LS170 1.75 74LS324 1.75 1791 36.95 74C 10 .35 74C905 10.95 4023 .35 14411 11.95
74LS03 .25 74LS9 1 .89 74LS173 .80 74LS352 1.55 1793 44.95 74C14 1.50 74C906 .95 4024 .75 14412 12.95
74LS04 .25 74LS92 .70 74LS174 .95 74LS353 1.55 1797 54.95 74C20 .35 74C907 1.00 4025 .35 14419 4.95
74LS05 .25 74LS93 .65 74LS175 .95 74LS363 1.35

UARTS
74C30 .35 74C908 2.00 4026 1.65 4502 .95

74LSOB .35 74 LS95 .85 74LS181 2.15 74LS364 1.95 74C32 .50 74C909 2.75 4027 .65 4503 .65
74LS10 .25 74LS96 .95 74LS189 9.95 74LS365 .95 74C42 1.75 74C910 9.95 4028 .80 4508 1.95
74LS 11 .35 74 LS107 .40 74LS190 1.00 74LS366 .95 AY3-1014 6.95 74C48 2.10 74C911 10.00 4029 .95 4510 .95
74LS12 .35 74LS109 .40 74LS191 1.00 74LS367 .70 AY5-10 13 3.95 74C73 .65 74C912 10.00 4030 .45 4511 .95
74LS13 .45 74 LS112 .45 74LS192 .85 74LS366 .70 TR1602 4.95 74C74 .85 74C914 1.95 4034 2.95 4512 .95
74LS14 1.00 74LS1 13 .45 74LS193 .95 74LS373 .99 IM6402 7.95 74C76 .80 74C915 2.00 4035 .85 4514 1.25
74LS15 .35 74LS114 .50 74LS194 1.00 74LS374 1.75 74C83 1.95 74C918 2.75 4040 .95 4515 2.25
74LS20 .25 74LS122 .45 74LS195 .95 74LS377 1.45 INTERFACE 74C85 1.95 74C920 17.95 4041 1.25 4516 1.55
74LS21 .35 74LS123 .95 74LS196 .85 74LS378 1.18 74C86 .95 74C921 15.95 4042 .75 4518 1.25
74LS22 .25 74LS124 2.99 74LS197 .85 74LS379 1.35 8T26 1.69 74C89 4.50 74C922 5.95 4043 .85 4519 1.25
74LS26 .35 74 LS125 .95 74LS221 1.20 74LS385 1.90 8T28 2.49 74C90 1.75 74C923 5.95 4044 .85 4520 1.25
74LS27 .35 74 LS126 .85 74LS240 .99 74LS386 .65 8T95 .99 74C93 1.75 74C925 6.75 4046 .95 4522 1.25
74LS28 .35 74 LS132 .75 74LS241 . .99 74LS390 1.90 8T96 .99 74C95 1.75 74C926 7.95 4047 .95 4526 1.25
74LS30 .25 74LS136 .55 74LS242 1.85 74LS393 1.90 8T97 .99 74C107 1.00 74C927 7.95 4049 .55 4527 1.95
74LS32 .35 74LS137 .99 74LS243 1.85 74LS395 1.65 8T98 .99 74C150 5.75 74C928 7.95 4050 .55 4528 1.25
74LS33 .55 74LS138 .75 74LS244 .99 74LS399 1.70 DM8131 2.95 74C151 2.25 74C929 19.95 4051 .95 4531 .95
74LS37 .55 74LS139 .75 74LS245 1.90 74LS424 2.95 DS6836 1.29 74C 154 3.25 74C930 19.95 4053 .95 4532 1.95
74LS38 .35 74LS145 1.20 74LS247 .76 74LS447 .37 CLOCK 74C157 1.75 4000 .35 4060 1.45 4538 1.95
74LS40 .35 74LS147 2.49 74LS248 1.25 74LS490 1.95 74C160 2.OC 4001 .35 4066 .75 4539 1.95
74LS42 .55 74 LS148 1.35 74LS249 .99 74LS668 1.69 CIRCUITS 74C161 2.00 4002 .25 4068 .40 4543 2.70
74LS47 .75 74 LS151 .75 74LS251 1.30 74LS669 1.89 74C162 2.00 4006 .95 4069 .35 4555 .95
74LS48 .75 74LS153 .75 74LS253 .85 74LS670 2.20 MM5369 3.95 76C163 2.00 4007 .29 4070 .35 4558 .95
74LS49 .75 74LS154 2.35 74LS257 .85 74LS674 9.65 MM5375 3.95 74C164 2.00 4008 .95 4071 .30 4581 1.95
74LS51 .25 74LS155 1.15 74LS258 .85 74LS682 3.20 MSM5 832 7.45 74C165 2.00 4009 .45 4072 .30 4582 1.95
74LS54 .35 74LS156 .95 74LS259 2.85 74LS683 2.30 7207 7.50 74C173 2.00 4010 .45 4073 .30 4584 .95
74LS55 .35 74LS1 57 .75 74LS260 .65 74LS684 2.40 7208 15.95 74C174 2.25 4011 .35 4075 .30 4585 .95
74LS63 1.25 74LSl58 .75 74LS266 .55 74LS685 2.40 74C175 2.25 4012 .25 4076 .95 4702 12.95
74LS73 .40 74LS160 .90 74LS273 1.65 74LS688 2.40 CONVERTERS

74C192 2.25 4013 .45 4078 .30 4724 1.50
74LS74 .45 74LS161 .95 74LS275 3.35 74LS689 2.40 74C193 2.25 4014 .95 4081 .30 80C07 .95
74LS75 .50 74 LS162 .95 74LS279 .55 81LS95 1.69 74C195 2.25 4015 .95 4082 .30 80C95 .85
74LS76 .40 74LS163 .95 74LS260 1.98 81LS96 1.69 74C200 5.75 4016 .45 4085 .95 80C96 .95
74LS78 .50 74LS164 .95 74LS283 1.00 81LS97 1.69 74C221 2.25 4017 1.15 4086 .95 80C97 .95
74LS83 .75 74LS165 .95 74LS290 1.25 81LS98 1.69 74C373 2.75 4018 .95 4093 .95 80C98 1.20
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APPLE FAN
• EXTRA PLUG-IN CARDS CAN

1·99 100
8035 16.95 CAUSE YOUR APPLE TO 8 pin ST .13 .118039 19.95 OVERHEAT 14 pin ST .15 .128080A 3.95

• ULTRA-QUIET APP LE FAN 16 pin ST .17 .13808 5 12.95
DRAWS COOL AIR THROUGH 18 pin ST .20 .188085 A-2 16.95
YOUR COMPUTER 20 pin ST .29 .27

99.95 22 pin ST .30 .27
39.95 • ELIMINATES DOWN TIME 24 pin ST .30 .27
11.95 • SAVES REPAIR CHARGES 28 pin ST .40 .3211.95

• INCREASES RELIABI LITY 40 pin ST .49 .3929.95
• CLIPS ON - NO HOLES OR ST = SOLDERTAIL39.95

39.95 SC REWS 8 pinWW .59 .49
29.95 • COLOR MATCHES APPLE 14 pinWW .69 .52
44.95

• LONG LIFE LOW NOISE 16 pinWW .69 .58
EPROM ERASERS 18 pinWW .99 .90MOTOR 20 pin WW 1.09 .98

PE-14 22 pin WW 1.39 1.28

PE-14T (with timer) 24 pin WW 1.49 1.35
28 pin WW 1.69 1.49

PE-24T (With.timer) 40 pin WW 1.99 1.80
6800 5.70 * APPLE IS A TRADEMARK

WW = WIREWRAP
6802 10.95 ALL ARE HIGH QUALITY UNITS ENCLOSED IN

CONNECTORS6808 9.95 A BLACK ANODIZED ALUMINUM ENCLOSURE.
6809 24.95

RS232 MALE 3.256809E 29.95
RS232 FEMALE 3.756810 4.60
RS232 HOOD 1.25682 0 4.95
S-100 ST 3.956821 4.95
S-1OO WW 4.956828 9.95

10/1.006834 16.95
.25 DIP SWITCHES6840 14.95
.256843 42.95
.796844 44.95

10/1.006845 16.95
2N3906 10/1.006847 ' 15.95
1N4148(1N914)6850 4.75 1N4oo46852 5.75

6860 10.95
6862 11.95 .79 7905T .89
6875 6.95 .99 7912T .89
6880 2.95 .79 7915T 1.19

.99 7924T 1.19 7400 .19 7451 .23 74136 .50 74186 18.50

.99 7401 .19 7453 .23 74141 .65 74190 1.15
7402 .19 7454 .23 74142 2.95 74191 1.15

1.39 7905 K 1.49 7403 .19 7460 .23 74143 2.95 74192 .79
1.39 7912K 1.49 7404 .19 7470 .35 74144 2.95 74193 .79
1.39 79L05 .79 7405 .22 7472 .29 74145 .60 74194 .85
.69 79L12 .79 7406 .22 7473 .34 74147 1.75 74195 .85
.69 79L15 .79 7407 .22 7474 .35 74148 1.20 74196 .79
.69 7408 .24 7475 .49 74150 1.35 74197 .75

LM317K 3.95 7409 .19 7476 .35 74151 .65 74198 1.35
1.49 LM323K 4.95 7410 .19 7460 .59 74152 .65 74199 1.35
1.95 LM337K 3.95 7411 .25 7481 1.10 74153 .55 74221 1.35

7412 .30 7482 .95 74154 1.40 74246 1.35
7413 .35 7483 .50 74155 .75 74247 1.25
7414 .55 7485 .65 74156 .65 74248 1.85
7416 .25 7486 .35 74157 .55 74249 1.95
7417 .25 7489 4.95 74159 1.65 74251 .75
7420 .19 7490 .35 74160 .85 74259 2.25
7421 .35 7491 .40 74161 .70 74265 1.3574SOO .44 74S74 .69 74S163 3.75 74S257 1.39 7422 .29 7492 .50 74162 .85 74273 1.9574S02 .48 74585 2.39 74S168 4.65 74S258 1.49 7423 .29 7493 .49 74163 .85 74276 1.2574S0 3 .48 74S86 1.44 74S169 5.44 74S260 1.83 7425 .29 7494 .65 74164 .85 74279 .7574S04 .79 74S112 1.59 74S174 1.09 74S274 19.95 7426 .29 7495 .55 74165 .85 74283 2.0074S05 .79 74S113 1.98 74S175 1.09 74S275 19.95 7427 .29 7496 .70 74166 1.00 74284 3.7574S08 .48 74S114 1.50 748181 4.47 74828 0 2.90 7428 .45 7497 2.75 74167 2.95 74285 3.75748 09 .98 7481 24 2.77 748 182 2.95 748287 4.75 7430 .19 74100 1.00 74170 1.65 74290 .95748 10 .69 748132 1.24 748 188 3.95 748288 4.45 7432 .29 74107 .30 74172 5.95 74293 .7574811 .88 748133 .98 748 189 14.95 748289 6.98 7433 .45 74109 .45 74173 .75 74298 .85748 15 .70 748134 .69 74819 4 2.95 748 301 6.95 7437 .29 74110 .45 74174 .89 74351 2.2574820 .68 748 135 1.48 748195 1.89 748 373 3.45 7436 .29 74111 .55 74175 .89 74365 .65748 22 .98 7481 36 1.08 748 196 4.90 74S374 3.45 7440 .19 74116 1.55 74176 .89 74366 .6574830 .48 74813 9 1.25 748 197 4.25 74S36 1 7.95 7442 .49 74120 1.20 74177 .75 74387 .6574832 .96 748 140 1.45 74820 1 14.95 748387 5.75 7443 .65 74121 .29 74178 1.15 74366 .6574837 1.87 748 151 1.19 74S225 8.95 748412 2.98 7444 .69 74122 .45 74179 1.75 74376 2.2074838 1.68 748153 1.19 748240 3.98 748471 9.95 7445 .69 74123 .55 74180 .75 74390 1.75748 40 .44 748 157 1.19 74824 1 3.75 748472 16.85 7446 .59 74125 .45 74181 2.25 74393 1.3574851 .78 748158 1.45 748244 3.98 748474 17.85 7447 .69 74126 .45 74182 .75 74425 3.1574864 .79 74816 1 2.85 748251 1.90 74S482 15.60 7448 .69 74128 .55 74184 2.00 74426 .8574S65 1.25 748 162 3.70 7482 53 7.45 748570 7.80
7450 .19 74132 .45 74185 2.00 74490 2.55748571 7.80
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DYNAMIC RAMS
4K x1 3OO"s

D2104A 16 Pin
TMs 4030 22 Pin

95 ¢

PROM
Harris 7640

512 x s VOL OC

24 Pin '7"
UART

COM 2502 25KHz
40 Pin + 5 . 12

' 4s'

DATA
CASSETTES

' 175

10 for ' 1500
Made for Oata po lnt

by abxell

60 min . with caM

5 screw htgh strength . hell

' 3'0

'1 " 10 for ' 1000

12,000 MFD 25VDC
1-7116 x 3-7118 h

22,000 MFD 25VDC
1-7 /16 x 41/4 h

CO MPUTER GRADE CAP S
5,200 MFD 25VDC
1-7/18 x 2.318H ' 12'

11,000 MFD 35VDC
1-314 x 4-1/2 h ' 350

MR 1130 R

1000 VOLT
12 AMP
DIODE

Fits SHUGART 800/801

$6500

SHUGART
HEAD

7812
12 VOLT
1 AMP

90¢ 10 for ' 7'0
Heat SInk 25¢

'200 10 for ' 1500

VARO VJS48X
"' .. Le.d,

PHONE
JACK

25¢
Swltcher. tt . 12A

1/. " 2 conductor
with Switch

DBC -25P mal.

Crimp Pin ' 22
'

08-25 cover ' 125

Matrix Head ' 24800
Fib DIABLO 1660

$9500

SLO·SYN MP7G-1A·Z9-1A-005
5.2 V @ 1.44 A 48 Step l /R ev.

V~H Shan 1ft.. L Mig. Hoi.. 2-3116" c -e

RS-232 ,~ LM 323
CONNECTOR~5 VOLT

3AMP

DIABLO
PRINT
HEAD

5 VOLT
STEPPING

MOTOR $2000

TERMS
Quant ities Limited

COD, check, money order
VISA, Mastercharge

Teu s residents add 5%.tale ute, tax.
Add ')1' shipping chargfl for orders
under 150".

OUTPUT
+ 5 VCD -SAmp.
+ 12 veo - 1 Amp.
" 12 VDC - 1 Amp.

Whispe r by Rotron
WR2Hl 4-314" Sq .
115 VAC 7 Welt

TRIAC

MAC 10-4
10 AMP ' 1"

200 V 10 for ' 1000

FAN

POWER
SUPPLY

KESTER 80140
ROlin co.... .020 dla.

1 Pou nd Ron

IN PUT
110 - 220 VAC

5 - 3/4 x 7 - 1/2 x 4" h

'7"II
SOLDER

Sa me al 2N2222A

PN2222A
• 10 for $100

'11 100 for $700

SHIELDED POWER CORD
'Ci? ~.., - So: ~.

6' - 7" Lg . ' 2'0 10 for ' 2000

'1'0 10 for ' 1250

REFLECTIVE
SENSOR .

MONSA NTO MCA 7
Int.r~ emitte r and

Photo Darli ngton output

0 -15 VDC
25/32 x 1-13/18

4 - 10K L1n••r pol l
1 - 'h tt metal handl e

2 - v." Jqua,.

MALLORY SNP·428
4--28 vee ).16 mL

Fib 1 116" hoi.

JOYSTICK

' 150 10 for ' 12' 0

10 Position BCD

SONALERT

EDGE METER

CIRCLE 15 ON FREE INFORMATION CARD

..5629.00

S399 95

5339.95

MAR.SPECIAL SALE
ON PREPAID ORDERS

(CHARGE CARDS. COD OR PO'S NOTAVAIlA BLE)

VISAor MASTERCHARGE Sendaccount number Interbank number exDtrallQn date
andSignyour order ApprOx.postageWill beadOtdOrdersWIthcneckOf l'T'OOty orderwill
be sent post paIdm U5 II youarenota regular customer pleaseusecharoe CdShtefs
chec ~ or poslal money order meew.se there wiu be a two-'Ireek oeray 101checks to
clear CallI rescents add6~ tax Money bat k 30-0ay quarantee Wecawc t accent
returned lC's that have been soldereo to Pncessccrecuc chdnqe.... ll hOul OOlit e SZO
. ,1•• • Ir~.f. $% 00 u nlet ch r, . II Ir. m Ins Ihl SZO DO

74 LS ' SERIES PRIM E PARTS

EA 5 FO R EA 5 FO R EA 5 FO R

LSOo .25 1.23 LS1 32 .7 5 3.56 LS19 7 .85 ' 4 .0 4
LS02 .25 1.23 LS 136 .50 2.38 LS22 I 1.15 5.4 6
LS04 .25 1.23 LS138 .75 356 LS24 0 180 8 55
LS05 .25 1.23 LS1 39 .75 3.56 LS243 1.75 8 31
LS08 .35 1.66 LS145 1.20 5.70 LS24 4 1.75 8.31
LS10 .25 1.23 LS147 2.49 LS24 5 2.15
LS13 .45 2.14 LS1 48 1.35 LS25 1 1.00 4 .75
LS14 .99 4.50 LS1 51 .75 3 .56 LS257 85 4 .04
LS20 .25 1.23 LS153 .75 3.56 LS258 .85 4.04
LS26 .3 5 1.66 LS1 55 .90 4 .28 LS260 .6 5
LS27 .3 5 1.66 LS156 .90 4.28 LS266 .46 2.19
LS30 .25 1.23 LS157 .75 3 .56 LS279 .50 2.38
LS32 .35 ' .66 LS158 .75 3.56 LS290 .80 3.80
LS37 .55 2.50 LS 160 .90 4 .28 LS293 80 3 .80
LS38 .35 1.66 LS1 61 .95 4.5 1 LS2 95 1.05 4 .99
L542 .55 2.50 LS162 .95 4.5 1 LS367 .70 3 .33
LS74 .45 2.14 LS1 63 .9 5 4.5 1 LS36 8 .70 333
LS75 .50 2.38 LSI 64 .9 5 4.51 LS3 73 1.85 8 .79
LS85 1.15 5.4 6 LS1 66 1.75 8 .3 1 LS374 1.80 855
LSB6 .40 1.90 LS173 .80 3 .80 LS377 1.45 6.89
LS90 .60 2.85 LS174 .95 4 .51 LS37 8 1.18 5.6 1
LS9 2 .60 2.85 LS175 .95 4 .51 LS6 20 2.25
LS93 .60 2.85 LS1 90 1.00 4.75 LS626 2.2 5
LS122 .45 2.14 LS I9' 1.00 4.75 LS629 1.44
LS123 .9 5 4 .50 LS' 92 .8 5 4.04 LS68 2 320
LS125 .90 4.28 LS193 .95 4.5 1 LS683 2.3 0
LS126 .75 3.56 LS196 .85 4 .04 LS688 240

QUANTITY O F 5 FOR MUST BE OF THE SAME DEVICE. THE Y
MAY NOT BE MIXED. AN ADDITIONA L 5'" OFF PURC HASES
OVFR $50 ON LS PARTS ON PRE PAID ORDERS BY CH ECK OR
MON EY ORDER ON LY.

MIKOS WIRE WRAP PROTOTYPE BOARD. ROOM FOR 5
REGULATORS, GLASS FILLED EPOXY, SIDO, OVER 3000
HOLES, PLATED THROUGH HOLE, ALL EDGE CO NNECTOR
PINS NUMBEREDAND LABELED.
PCBD . . .. • .. . $27.95, 5 FOR $129.95

S1 55.95

5425 95

54200

53295
5194 93

. .. 518595

.. 5269.95

. 532.95
5199.95

. 532.95
5234.95

MONDAY·FR IDA Y. 8 :00 TO 12:00 . 1.00 TO 5:30
THURSDAYS. e.oo TO 900 P.M.

(415) 728-9121
P.O. BOX 955 • EL GRANADA, CA 94018

PLEASE SEND FO R IC. XISTOR AND COMPUTER PARTS LIST

OTHER SSM PROD UCTS ARE AVAILA BLE.
CALL FOR PRICES.

--~;;111 MICROCOMPUTER PRODUCTS

S100 PRODUCTS
eBIA 8080 PROCESS OR PCBD. . . . . . . . 532.95
KIT . . . . . . . .. 5155.95. A & T . . . . . . . 5215 95

CB-2 280 PROCESSOR BOARD.
KIT 5198.95. A & T : . . .. . .

YBIC 64 X 16 VIDEO, PCBD .
KIT 5153.95, A & T . . .

YB2 64 X 16 VIDEO. PCBD . . . .. ..
KIT . . ..... 5175.95. A & T ..

YB3 80 CHARACTERVIDEO 4MHZ.
KIT 5345.95. A & T

UPGRADE RAMS FOR VB-3

104 2 PARALLEL, 2 SERIAL PCBD .
KIT 5155.95. A & T .

PB-1 2708.2716 PROGRAMMER BOARD.
KIT 513595. A & T .

MB·IO 16K STATIC RAM
KIT 529995. A & T '.

APPLE PRODUCTS
UBB IEEE 488 INTERFACE .

AIO SERIAUPARALLEL INTERFACE
KIT . . . . . . .. . 5125.95. A & T . .
ASIO SERIAL I/O
KIT . . . . 587.95. A & T .. . 59795
APIO PARALLEL 10W/O CABLES
KIT 567.95 A & T 587.95

SOFTWARE
2610 CP/M '"MACRO ASS~MBL~H ON DISK. . . . 576.95
2620 CP/M ~SYMBOLIC INSTRUCTION DEBUG GER 554.25
2630 C P/M ~TEXT FORMATER 564.25
2640 C P/M~BACK GROUN D PRINTUTILITY 542.95

OTHER CCS PRODU CTS ARE AVAILABLE.
CALL FOR PRI CE.

APPLE PRODUCTS
7114A 12K RO M/PRO M. . 568.50
7424A CALENDAR/C LOCK 5106.95
7440A PROG RAMMABLE TIMER . . . . . . . 598.50
747DA A TO 0 CONVERTER 5105.95
74g0A GPIB (IE 488) INTERFACE. . . . . . . . . . . . 5265.95
771 OA ASYNC SERIAL. 5125.95
7712A SYNC SERIAL. . . . . . . . . . . . . . . . . .. 5153.95
772DA PARALLELSTAN DARD 598.95
7720B PARALLEL CENTRONICS 598.95
7B11BARITHMETIC PROCESSORW/DISC 5342.95
7Bl1CARITHMETIC PROCESSOR W/RO M. . . . . . 5342.95
7500A WW BOARD. . . 522.95
7510A SOLDERTAIL BOARD 523.95

I§:
:I CALIFORNIA COMPUTER SYSTEMS

Sloo
2032 3211. STATIC RAM A & T.
200NSEC .

2116 16K STATIC RAM A & T.
200NSEC· 5329.00

2065 6411. DYNAMIC RAM A & T 5548.95
2200 S·100 MAIN FRAM A & T 5379.95
2422 FLDPPY DISC WITH CP/M 2.2" . . 5329.95
2802 6502 PR OCESSOR A & T. . . . . . . . . . . . . .. 52g2.95
2II OA Z80 CPU A & T. . . .. . 5249.95
27IOA 4 SERIAL 1/0 A & T. . . . . 5291.95
2718A 2 SERIAL, 2 PARALLELA & T. . . . . . . . . . 5305.95
mOA 4 PARALLEL A & T. . . . . 5214.95
PROTO BOAR DS WW. . . . . . . . . . . . . . .. . 539.95
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I."
1.40
•.so........
I."....

7."
IO.SO
10 SO
'2I.110
13.50

7.SO
' .SO

..
1011.20
101\.30
101•.40
101'.10
1012.'"
1012.'"
101210
1013
1013.-

ml'd

125M I tor 2."

5.50. • tar s..ao-

CPU.

.• MS131 .15
A6 74S14O 1.00
.. 'NS15I .15
.. lIlS1M 1.•
.. JQ115 1.35
.:11 HSm .15.45 4.25

.55 US201 ' .15

.55 .s240 2.15

.7'5 74DW 2.­

.55 1QZ51 2.75

.M 74S217 2.•
M JU28I 2.M
.55 JIU:2I8 $.15
.M 'N-S41O 1 .25
.• 7414" ' .501.. J4S473 8.50

1.45 745414 I .SO.-

.......
Z7..,5......

130
130
1..

1".15
.15

:: I.C.
:: lOCKETS
:: p.
•• 1DI5.3O ....
.• 0'5 .10 11

1.80 tOII .70 •
1.1S 101'8.70 20
1.50 1Ott2.70 22
1.10 1Ot13.70 24
.• 'OtMJ'O 21
.25 1Ot17.10 40
:: wi,.,....

1.30

' -102-_=
z-~cpu

z-eo oo:a 1I-MK....
2I01A..,...,

~
Model MT-2 $1.10ea
10 for $9.00
Completelyplasticmolded
constnuction for weather­
proofing. Supplied with
rubber boot

2718

27111

30....
so•:lO..•....

..s.....
•..
10

'7..•71

1.~ 2132 12... 4 torn.oo.

111 *4111 =:==::::::+* _= ..
• 20018 2A5M 4tar 2.00-

.: 2111 4!ONS 2.so.lOtar t.oo-

• ....c .:2102
1.56 ':'&OHS
1.1$ HEM6

• AYI-1OI3A10-
10-

, .. line

:1IT2a
1%5 ::
1.M 1S41D8Cft

~.:~
;:=
1,25 7111

:: 78051.=
1::6~.
1~==

:§I~
'''~1 2S LM720... '­
'10

SN7412N
SN 74,2Ill
SN74'3N
SN14"
$H74'­
SH74122N
$H741"
SH74141H
$H741S1H
SN74153N
SH741~

SH741""
SH74157H
$H7416OH
$H74111N
$H74113N
$H74164H
$H7411SN
$H74174H
$N74175H
$H7411OH
$H7418 1H
$H7431OH

74LS1Y
JeL$1I1
..LSta
..LS"
..LS"
"LS"
JeLS_
HLS110
MLS174
MLS175
74LS1to
MLS'"
MLS1tI
MLsm
MLS221
Ml"'"
MLS241

"l""MLS244
.. l ....
14L$2S1
MlS2$3
ML$2S7
MlS2Y
"LS2IlO
"lS273
.. lS271
"lSHO
.. l ....
.. l ....
74 LS31'7
74 LS373
MLS3_
MLS377
74LSMe
74LM1O

.2'...

.2'

.2'
,22
21
.>1
.21•.22
21
40
27
37
.21
,31
:n
113
77
>I
.51••.....
,10
,43••••..•71..••••..•

•22
2.
22
11
20
22
2lI
27
20
17
20
.7,...
11..
'2....
II
27..

VHF/UHF MATCHING TRANSFORMERS

Model MT-1 $.75 ea
10 for $6.00
VHF/UHF 75-300 ohm
matching unit Miniature
size completely shielded
and balaroced for reduction
of direct PiCk-U~

tZ

VHF/FM AMPUFIERS ()
Model 7002 $9.95ea -.
_ All solid state signal amplifier . ~ . .
boosts weak signals. For 2 sets. e

Model 7004 $12.95ea .'

- For up to 4 sets - .Signal gain 3 dB

DISTRIBUTION
AMPUFIERVHF/UHFFM

~FM~~ $29.95ea
- Designed for TVNeR
multiple-set installations.

QUICK CONNECT "P'~
PLUG & BALUN ~
ModelV 400~1.50ea =

10 for $12.50 QUICK CONNECT
"P' PLUG RG 59U

QUICKCONNECT ModelV 4036

uP' PLUG ~ $250ModelV 403 .75 . • ea
10 for $6.00 ~
For 75 ohm cable.
No wiring necessary. 6 ft.

74LS00
74UOO

....­......,........."l_
MlSOI
MlSOI
14L$10
74LSM
74LS20
MLSt1
MLSH
MU27
74LS21
..lS3O
MLS32
74LS3I
74L$42
..l ....
'74LS74
..LS'"
..lSM
MLSeo
Ml_
JilLS.
MLS't07
HLS113
14LS1U
HLS123
'NLS125
14LS121
HLS1:11
74LS138
1l4LS1S1
74U153
HLS157

COMPONENTS

Bare Bones APPLE II
WtO Keyboard ~ ]

WtO Pwr. Supply [45Q

~ADDS~

VIEWPOINT
TERMINAL

TV GAME SWITCH

ModelV 450 $2.95
300 ohm in and out with
RCA plug.

COAXIALSWITCHI NG FOR
TV VIDEO CASSETTE ~tpS~~:!:~
RECORDERS $6 95 -~Model AB-370 • ea -
3-po5ition ooaxiaJ
push-OOttonswitch

~
COAXABSWITCHES

~..2 :':_ . ModeIAB.27 $2.95ea
• ... 0 • _ Imput: 75 ohm. _ Output: 75ohm.

Model AB-28 $2.95ea Model AB-29 $2.95

~~:N~:~~TV ·'""'£~"J""'_~/:-
SWITCH $ / -1K :
Model AB-400 10.95ea :"'~

ANTEN NA/CABLE TV
SWITCH $995Model AB-410 • ea
- Switches from cable to antenna
system instantly. - Accepts 75 or
300 ohm imputs.

'=~COAXIAL SWITCH

Model OC8-AlB $7.95
A versatile product, with a
range of consumer and
MATVapplications.

MONITORS
AMDEK

Corp.

12in. B/W - $129PO

12in. Green-$,55~

13in. Color _S36SpG

lao $29500
16KRAM

$16000
WIDEll

VIOEOTERM00_
$29500

KEYBOMD
ENHANCER

$12000

WE CARRY
COMPUTER

BOOKS!!!

PRINTERS
'I'SOH f;)0lo

MX-BD \\\\
ST~OO

FT"~OO
Illllim &Clbll

t78.90

{{

AlARI*Software
ll1isslJ CI d
blillids
Sllr RlidllS
Cblll

Alit

$3600/ea
CARDS

MIC"OSOFl

No "Glitche<",Surges
Or Interference

THE 1ilf'On1 T\NtS All
.....-.-wnnono
A"""""""' ''''''''''-" JC<OOC<I

MPD 117

$79.50

· I"..,S.~I XTAL
::::::..ta' ContfOl $2.85
· l_ ~ Dt..,.pet1Ofl

~_. IlIono lllit4al a... CMOS i c

'''-.t:;to.-=:.DeM.'llNf. •
'..c.-
-t . I OM ..

°1. ' AdOr...
' '' tw Hoid s...c •

Call For Quant.
!PRICING! !t¢

DISKETIE
«SALE»

Wabash:
5~ - 10t$24~5

8inch- 10t'27.95

48k-!1199.~
64k-"139QOO

COMPUTERS

ATA~I' 800'"
COMPUTE~ SYSTEM

16k -*750.08
48k-*S9S.0

'14PPLE II Plus"

VIDEO CONTflOLCENTER

ModelV 4802 $39.95 ea ~~Id:d~
Provides remote control access of
all your Video, TV or Cable imputs
to your TV set or Big Screen TV
from one convenient location by
merely flipping a switch.

'U"TEKNIKA WIRELESS
REMOTE CONTROL
TV TUNER

$110.00 ea
Model 6301

~ REMOTE TV
~ CONVERTER _ 'W1rel41ss Remote Control _~~~ = ~
40 Channels 4 or more ~~~~

139.95ea 125.00ea
Model CTC5R

36 CHANNEL UP
CONVERTER FOR TV ~
& VTRCable VHF to UHF~
Mode1V5736 ~

1-3 Pieces$29.95ea~
4 pieces & up $24.95ea-- '- . = - .. - -

VIDEO SWITCHER

~
Model V 4801 $29.95ea

.

'"'\1' Flip aswitch to watch a program on
--'" any channel, while simultaneously

~
.' recording a program on any cable

= ~ = ,' or pay TV channe l - or voce versa
~ , .=' '. Plus, you can use your recorders

i : ' programmingfeatureto record TV
programs while you're away.

CJ)
oz
o
II:
~
o
W
....J
W

6
(5
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II:
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$80.00

~Z·80
STARTER KIT

ACOMPLETE MICRO­
COMPUTER ON ABOARD

Rlguln $401.00
*SPECIAL wllh COUPON*

$368.00

MINIATURE DOT MATRIX
IMPACT PRINTER

MODEL
DP-822

*SPECIAL $70.00 WITH COUPON*

Dot Matrix Printer Control/Drive Card
Model DP·822-08B $125.00

The Unique New Printer That Gives
You All These Exciting Features.
• Low Cost • Uses standard 21A," adding
• Disposable printing head machine tape
• Simple interface or cerbonless paper
• Handl es any type font • ~ l- colurnn printing at25
• Needs only one I2-volt DC lines per second

power supply • Easy to install and mainta in

See/hear dl.plav
includes a large, 0 .6"
LCD, over/und er array
and audible tone .

• Pltriod: 200n••c to 200m. (5MHzto 5Hz)
• Pul•• Width: 100nn e to 100m.
• 60 ohm output range: O.1V·10V
• TTL output • Sync. output
• Oper at ing Modes: Run. External tr igger.

Extern al ga te. Manual ' · .OOt or Gate
• Compl iment and square wave

TG10 5 . . Reg. Price $2 19.00
* S PECIAl WITH CO UPON $ 195. 00*

The Sound Choice from
A smart cho ice for fie ld service, the 128 beeper DMM is desig ned
for the real wo rld of hard knocks . The audible tone allows rapid
troub leshooti ng. Use it for conti nuity checks. log ic levels or hot
tests . Designed for maximum full functio n flexibility, the 128 is
loaded w ith pract ical capabi lities. not expens ive fr ills .

Mod el 128
only $139.00

Cas e/Stand ...$10.00

20 MHz

DUAL TRACE

The high perlorm olnce of the HM203 has been
ac h i~.d by t he opt imum us. of bot h di screte
se miconducto r ..nd int egrated circu it technology.
au allty a nd long te rm re liab ility I re ass ured through
the us. of high quality component l thr oughout thi s
instrument. Each unit is supplied with .. cc rnpre ­
heneive manual whic h includes operati ng I nd serv­
ic ing instructio ns, circun diagrolml •• nd PCB layouts.

$185MODEL 938

• DC-20 MHz .8 X 10em Disp lay HM203, , . . .. . . . . . $680.00
• Triggering up to 30 MHz . HM203N . . . . .. , . $600.00

HAMEG Oscilloscopes to
meet every need

The K257 8 EPROM Programmer is a microprocessor based
standalone unit complete with power supply. housing and test
socket. The unit comes standard with 16Kbit RAM (2K byt e). and is
expandable to 32Kb it 14K byte). It has acrystal controlled clock and
requires no personality modules. It will program. test, copy or verify
the EPROMs listed above.

Model K2578 Reg ular $649.9 5 ... Special with Coupon $ 525. 95

Model K2578-Kit Regu lar $549 .95 ... Special with Coupon $425.95

PROGRAMS
VERIFIES

TESTS - COPIES

02516 02716 02732 o 2732A

MICROPROCESSOR CONTROLLED

EPROM PROGRAMMER

30 MHz
HITACHI

OUAL TRACE
PORTA8LE OSCILLOSCOPE

MODEL
V-302B $995.00

More sensitive to your input
*SPfCIAL WITH COUPON $796.00*

• f ..y to UN- plug in caPKkor. puMI range
button and raad tha val u. to 0 .1 "

• 0 .5 in. liquid cryatal display
• fxclualv. " .4.c harga/ .4.volt" m.asur.­

ment circuit (paten t pending) holds ±O.'"
baak: acc ura cy fo r a full y.ar.

• Up to 200 hrsopel'ation on atandard SlVBatt.
• a .asy p ushbutton rang . a coy... 0 .1 pf to

, SlISi mi cro fa rad a.
• Beat of a ll It'a _ ay on the budlilet - onty

Universal Oscilloscope

VI SIT ASTORE NEAR YOU TOOAY· Wl ll,ckI llrgl..lectioaIfTlcII . icaJ B,ok~ Discretl C.mp....t~ I.tl grated Circ,ill,Tut Equipm..t..dElectro. icSuppliu.

HOUSTON
2649 Richmond

Houston, TX 77098
(713) 529-3489

~»
:0
o
I

TUCSON
4518 E. Broadway
Tucson. AZ 85711

(602) 881 -2348

58 -Key Typewrittet Format for
Alphanumeric 'En t ry
VP·601 8·bIt parall el outpu t .•. $6 9.00

VP·606 Asy nc senal output .. . •. . $99.00

58-Key Typewritter Format

"I!I~~... Plu s Calculator-Type
Keypad for Fa.t Num­
marie Entry

VIP-5 11 S·b ll parallel
output .• ... .. . .. $89 .00

VP·61 6 Asy nc hro,..u. sena l output . $119 ,00

SUNNYVAL£
1054 E. EI Camino Rea l

Sunnyvale , CA 94087

(408) 243··t121

Full ASCII Encoded Keyboards
Hen ,28-Ch••ecte••

• M em ory Exam ine a,..d Cha,..oe

• Pert Examin e a,..d Cha,..ge

a Z·BO CPU Register and Change

• 21( Byte ZBUG Mon itOr I,.. ROM

• 11( Bytes of RAM lell pandable to 21()

• 4 Channel Hardware Cou,..te r!Tl me r

• Tw o Bl-Olf ect lonal a·BI I 1/0 Port s

• Up 10 5 Programmable BreakpOInts

• SW!lc h Selectabl e PROM or MOni ­
tor Ru tart

• Vectored Int errupts prOVIded by
l -aO·CTC and Z-80-P 10

SANTA ANA
1300 E. Edinger Ave .
Santa Ana , CA 92705

(714) 547-8424

PORTLAND
112 5 N .E . 82nd Ave .
Portland, OR 97220

(503) 257-9464

6500 SERIES MICROPROCESSOR Ie's
A= (2MHz) B=(3MHz) C=(4MHz)

P6502 $ 8.82 P6506A $8 .82 P6520A $3 74 P6530·005 $ 15 .84
P6502A 966 P6507 8.09 P68 20 340 P653 2 1082
P65028 15.02 P6507A BB2 P6BB 20 374 P6532 A 11 87
P6502 C 21 .00 P651 2 882 P65 21 490 P654 5-1 1751
P650 3 8.0 9 P651 2A 966 P6511A 534 P6545A-l 22 .44
P6503A 882 P651 3 809 P6821 490 P6551 10 .7 1
P6504 8 09 P651 3A B 82 P68B 2 1 534 P655 1A 11.76
P6504 A 882 P65 14 809 P65 22 840 P659 1 40 00
P650 5 8.09 P65 14 A 8.82 P6522 A 1124 P179 1-0 2 4000
P65 05 A 882 P6515 8 0 9 P65 30 ·Q04 15 84 P179 3·0 2 40 00
P6506 8 09 P652 0 3 40

* SP ECIA L 20" DIS COUNT W ITH COUPON *

Z-80 SERIES MICROPROCESSOR IC's
2.5 M Hz Z·SO·DART $1430 I 4.0 MHz Z-80 A·DART $ 15 50

Z·80·C PU $7.10 IZ-80 ·S 10 /0 20 10 Z-SOA' CPU$8 051 Z·BOA·S10 /0 2 1.15
Z-BO·CTC 5 90 Z-80 ·S10 /9 1450 Z·8OA-CTC 635 Z·BOA·S10/9 15.70
Z-BO· PlO 590 Z80-0M A 2 150 Z-BOA·Pl 0 635 Z-BOA-OMA 22.70

* SPEC IAL 20" DISCOUNT WITH COUPON *

Probe
$3600

CULVER CITY
11080 Jefferson Blvd.
Culver City, CA 90230

(213) 390-3595

1 PHONE ORDERS: (213) 641-4064 1
Minimum Order 510.00. Add 52.00 to cover postage and handling.
Master Charge and VISA welcomed. Please include yoor charge card
nmber, interbank numberand expiration date.Some items aresubject
topriorsale.Not responsiblefortypos Store prir,ingmayvary from Mail
Orllerpricing. We reservethe right to substitute marufacturer.

(A\~
"eJ ST1IRES DO MDT MAIL ORDER

Accm MAil ORDERS

ATlANTA
3330 Piedmont Rd . N.E.

Atlanta, GA 30305
(404) 261-7100
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Westart with a Mechanical UHF
Tuner,add 2 coils and a diode,
then peak It on our Spectrum
Analyzer for maximum gain.

LIST - '175.00

ONLY
$149.95

INTRODUCTORY ffi 'CE

212-531-9004

DOWN CONVERTER/ANTENNA
COMBINATION

• 2 MICROWAVE PREAMP STAGES for mlXimum pin
• ONE PIECE CONSTRUCT ION simpli fin imtallal;o"
• ALUMINUM AND ZINC PLATED STEEL for cknbility
• BUILT IN Al B SWITCH with mar. thM t5dB 'solat ion
• 2,1-2.8 GHz Cown _I him. commerctM Ind ITFS.........

1m ROCKAWAY PARKWAV
BROOKLYN . N.Y, 11238

DEALER INQUIRIES INVITED

WE CARRY A COMPLETt LINE INCLUDING PARABOlICS

YOU GET: 75' dovwn-.cl
3'iu'""*'

300 ohm fnl tchtnt Ir.,sfortMr
de1:MIed iMtructtons

V..n.f en joymen t an yours with our modIl OCV-1-A. Two pt'M'np n.-, cou~
with the vlgi II'llenna/hout,ing prOltidI • typQl tyltttn gein of 53d8.

MODELDCV-1 -A

ACCESSORIES, AMPLIFIERS
A02 New 2 stage

28 db gain
ampnner . . . .. Kit S18.00

Assembled $ 25.00
A03 New 14 db Gain

sing le stage
amp Kit $10.50

Assembled $15.50
A04 75-30 0 ohm matching

transformer $ 1 .15
F·59 Coaxial connectors . $ 0.35

Minimumorder $25.00 .

Add 10% shipping and handling.
Florida orders will not be accepted.

For orders over $50, Add 5%.

When ordering 3
above Item• • ••• •• • • $110.00
Order 5 each of lhe
3 Item• • •• •• • •••• ••• $ 95.00/.et
Order 10 each of the
3 Item•• • • • • • ••• • •• • $ 85.00I.et

Mall order only.
Send check or money order to:

GILCO INTERNATIONAL, INC.
RO.80,,8817,

Cor•• G.ble., FL33124
Tel. (305) 823-5891 For COD orders

Frequency Range 47().899MHzchannels 14-83
Output Channel 3. Available on request:

Ch20r4.

DESCRIPTION PRICE
Modlfoed High Gain
UH FTuner $15.00
Pre-Dnlled crrcuit
board, screen pnnt ed
layout. soldrrnast on
foil side . needs only
one Jumpe r • . . . • $ 1 7. 00
Com plete parts kit
Incl udes: All resrstors
(30) . PCB
Potentiometers ( ' ·5K.
3·10K) . Power
Transfor mer (lA!24v) .
Panel Moun t
Potentiom eter (10K),
Integrated Cncutts (7),
Diodes (4). Voltage
Regu lator. Heat Sink.
Electrolytic Capacitors
(6) . D ISC Capacitors
(35). Variable
Capaci tors (4). Cool Kit
with #26 Wire(4) . IC
Sockets (4·8 pin. 3-14
pin). Speaker (4" . 3
oz). Standoffs.
HOOkup Wire . A ll mrsc.
Hardware and the
most complete and
comprehensive 17
page mstru cnon
manual wehave seen.
All Items Individually
packaged $80.00

B22

PART
NO.

B20

B2l

Assembled
""$299.95.
$249.95

Our
Factory
Direct
Pric.

Our
Factory
Direct
Pric.

Our
Own

Famous
Kn

$10.00 MIN. ORDER HANDliNG/SHIPPING 55.00
Pay by CHECK, M.O., VISA, MIC, C.Op.

UP S AN YWHERE IN CON TIN ENTAL U.S .

For Free Buyers Guide Catalog Circle No. 79

CD FREE SCRAMBLER PLANS plus
a brochure describing our new
UHF-VHF Conversion Kit are yours FREE
just by sending us your name,
address and a 20c stamp.
® 9-INCH BLACK AND WHITE CRT
MONITOR. Ideal for microcomputeror
security use. 22transistors. Designed
forexcellent resolution. Frequency re­
sponse - 12 MHz. Continuous DC
restoration for superior contrast. $16500

ListPrice $225.00 each. ea.

@ UHF-VHF CONVERSION KIT. Com­
plete withPC board; all required com­
ponents; cabinet with speaker; and
comprehensive brochure incl. sche­
matic. board layout, mounting and $11995hook-Up diagrams, parts list and ea.
assembly and set-up instructions. All
parts are industrial prime quality.
o NEW ZENITH ZVM-121 HIGH­
LEGIBILITY CRT MONITOR. Features
12" green phosphor CRT. with 15
MHz Bandwidth. 40 or 80 character
widths are operatorswitch-selectable. $11795Fully compatible with 80-column ••.
Apple cards, etc.

® MITSUMI VARACTOR·TUNER . $3000Channels 15-82. Modified forkit use. ea.

Standard versions. $2800
. a.

seR ~L~5CTRO;Ji~9INC:
5303 Lin coln Ave.. Cypress. CA 90630

Limited time, Introductory offer!
~

KIT
~
$219.95

CALL 1-800-426-1044 TOLL-FREE
o SENO FREE INTRO PLUS PARTS usr

PACCOM SOS5A
TRAINING UNIT

Rated Best Value by instructors!
LEARN COMPUTING FROM THE GROUND UPI

• Design and code microprocessor software .
• Use logic and bit manipulation techniques.
• Enter and execute programs on your own

computer.
• Understand microprocesso r architecture.
• Control programmable input/ output ports.
• Implement real -time interru pt and data

tra nsfer. Design your own micro-computer
Comes to you complete:
• Step by step instruction manual, operators

manual
• 8085A sub-routine manual, 352 pg. Cookbook .
.334 pg. Software Des. book, 190 programs .
• Fully expandab le, deluxe operating system.
Hardware includes:
• Fully assembled. • User determined BUS

tested8085A unit. system.
• CPU circuitry with • Wire wrap area for

44pin connector. buffers, gates, etc.r.'" •Two EPROM sockets.

S T'·j"rRO.f!lJ-"'U1_", 14803 NE 40th. DEPT RE382
... " '>dmo nd. WA 98052CLIP AND MAIL COUPON TODAY TO:

POLV PAKS, INC.
P.O. Box 942, RA-3
S. LYNNFIELD, MA. 01940 (617) 245- 3828

RUSH ME YOUR FREED ISCOUNTCATALOGI

NAME :
ADDRESS: _

CITY: _

STATE: ZIP: _

(/)
o
Zo
a:
I­o
W
-l
W

6
15
-c
a:
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Ij Chaney Electronic s has been prov id ing quality electronic kits for high schoo ls. tech schoo ls. wish to provide a case. We recommend that you use a low wattage soldering iron and good mJ
fiii1 universities and hobbyists for over 10 years and we hope you wil l join the thousands of satis fied quality rosin core solder when assemb ling your kits. Build ing our kits is both rewardin g and fun mJ
~ Chaney Electronic kit build ers. All of our kits contain a qualityetched and dr illed glassepoxy pc because they are thoroughly tested and designed so that with proper assembly they wo rk the La

board. all necessary electron ic part s (except as noted on a few ki ts) and easy to understand first time! If you have any questions please call or writ e; we are here to assist you.Ij assembly Instr ucti ons. You provide a battery for the batt ery operated kits and if desired you may IaJ
Iiii1 TIME REACTION TESTER KIT ELECTRONIC "COIN TOS SER" KIT SUPER LEO FLASHER KIT mJ
~ II you eV'M thought t~t you r I..,N 01 liming w.. good ~ Thisk ltfe.tur...nIIKtronlew.yto~tollacoln", Push the~ One 01our m"t popu lar display kllS, thiSuOllll perl K t for ~

here 's an elec troniC dlViCI 10 prove It! A LEO Ilas hes ala e button and a s~aker Clicks wtlile two readoutsllash -0" UN In robOt PfO~ts Simple to build kit 'eatures ICfrJl (.f).B,.::-~-.. prec ise inte rvl l I nd you Irl to pulh I button It the I IlICt ~n IiI!I and -l ". u. setltoe'-ctroniCl lIyrlp llce thl tossl ngolacoln Circuitry to Illlrnltl ly flas h 4 LEOS 2 rid , 1 yellowlnd 1 fiii1
..,~=~~I:~: L~~~~I:I:~~~~~;~~s~:~~~~I:';r, 6' '' fjJ! _ ~~~=~;, ~~:;g%~nts . l te O~flt" onW batlery Sl ze , ~r~,:n;::t~C; ;'z:r:h~~~ c;'~rf~J.dlsPlay O~rltes I!!
fiiil Ope ra!" on W banif)' . C43n s US C4407 S4.M Iiil
I:i:I C4511 $3.50 ~

Iiii1 120VAC VARIABLE STROBE LIGHT KIT SINGLE CHANNEL COLOR ORGAN KIT GREEN NEON WINKER KIT • INl
~ Com~11 variab le r.tl strobe light kit produc es brilhl nt ~'CItl SImple 10 build kit use s SCR to ltl sh a Chr"tmu tr ee li mp • ThIS long time lavorlte now hIS I new tWist WI hi ve ~ \ ~

flllt'lls ol lighl. For part ll s . darlCes. displ ay. dIscos , etc ....::J
r

' . ;. to thl bel tolm uslc, ConnectlhlSup to your s ,e reo or radio '. " des igned It with gree n neon s Instel d of the usual orln~ ~,.
~ Operl tl S from stl nda rd l2OVAC. Relia ble des ign - _~ ~1 and wa1ch tt'll dil play Ope rlte s from 12OVACand fellu res _ - ;Qo g low, type Feltu res &,grMn neons thatramdomlylll sh " .;{~. ' @
I:i:J thou u nds 01 thl .. ar. In use throug hou t lhe world ~ • ~ : - audi o Input tra nslormer lor ,so/allon and Imped ance -::.;. ~taC:= l~~t~IZ~sgi~OII~ ~:" ~a~k8~ ~perales on '~ ~~/' ~

;:~~:c,X~r~~r;~h~ ;.~o: ~!.a~htube Ove rall sIze 01 ~ ~:mgs~: of board : 2 " II 1". C4411 S4.75 .~..

Ij ~ - ' Ij
frJl 3VOC ELECTRONIC ELECTRONIC WHEEL OF FORTU NE KIT SOUND EFFECTS GENERATOR KIT @
~ WARNING FLASHER KIT Vlry popular game deY1cII Push the slarl button and a Excit ing lOun<ll lfectsk't uH s the popu llrTl76477 ctnpto I:iiii:I

This port.tHe blinery ope raled devlCI conti nuou sly emllS brlghl red blill (LEOS) apPNr 10 spin arou nd len numbers ~-~i='.D I -.i\ deYm_~~OP,TO,· ,',"",o. · ~u<:~0."~u'..·." ' .""o'- .w ',,"o'9. ""0'." O.,'m9'o~

l!~
bu rstsot inte nM hgh tltl llllld. repel ltton rate Ca n be see n gaIni ng speed IS you hold the bullon down . When you .a,::;J ........ ..., '..... '"" mJ

~ I If d t ki t It de I ~ re leaHthe bullonthe elKt ronie ba llappears to slowdown . ...,.... , prog ramming ollhe glnerator A prog rlm mlng chart IS ~
•• bO~~: rid:;~~e~~ ~~I~" :;::ers':" ~:mpe;~~es: -. ... and llnaUyco mes tOl1loponone number ASfhe balls plns=i'~" loclucs.<slormlnydilleren ltounds lThek itp roducesgood

Ij TranSistorized kif uses htgh out put XF·2 xe(lon na shtube a smal l speak er emllS a ticking lOund In synch ron ization volume and tone trom r spe aker . Ope:r.llrt Irom SlV If;iii1
~ Operateson3VOC(two 15VbllIenes ).SIzeofboard 2""-L Unll operat" Irom!ilV bliUery. SIZI 01 bOard 29" II 215

H

• •• battery , SIZI 01 bOlrd 325~ II r ~

x rw CJIO& St ." C4422 S12.15l! C2207 $1," mJ
Ij HIGH POWER l 20VAC STROBE LIGHT KIT 6VDC ELECTRONIC STROBE FLASHER KIT PHASOR GUN SOUND ANO LIGH T KIT mJrI Vlriab'e rale high power strobe lighl IImllar to our ThiS lut is s. imllar to. ou r 3V Warning Flas t'llr.h~er II~ Here 's a SImple kit which makes an I xcellenl flfst PfoJld II

llal'lda rd12O't'ACklllxcept produc.. f1ashesm.anytln'llS .j rlql,nf" &VOC for operatIOn II'Id produces an ~n Uses spec ll l IC. darhn gton transIstor and LEO10produce~. - !

XmoF '~ ,~lon.. nhot. ~~~~_~~.?lnU'..b~T'.""' ko,o,n,',:~ a,n"o.'udu"..", \. .. bnghler !lash . Although sup plied WIth lhe XF·3 stra ight -ou ter space phlsor gun" tound and fluhlOg red lighl mJfrJl .... ..., ............ ,,, :0<, .... ~~') flashtube It can even power the opl lonl l hol'Hsh Oi Uses 2" spe.l ker I nd smaUsize boa rd Opereteslrom 9V II
a= ~~~~ 6:ra~iz:I~~=rd ,~~~a~e;_;om Stlndlrd ~ • ~? ~~:'~~~'~:'. ~~I~ ~I: :~:;::~If:r.~;~c;:rr ~:-. S'::.: board : 1" x 1.2".

fiiil C4112 S15.t5 SIze of CircUit~rd 3" II n.... ~

I:i:I C3IOI SU S AC ADAPTER C3t04 S1.4t ~

frJl EXECUTI VE OECISION MAK ER KIT 3 CHANNEL COLOR ORGAN AUDIO OSCIL LATOR KIT ~
~ HKI'S I nOChereasy to bu ild kit which ISfun to UH Each Very popular 3 channll co lor organ ca use s lights 01yoy r Very UN lul lor demonslrltlOn or tes llng speakers. ear- Ii:J

-----O*~ lime you needtomake.n ~lmpol1ant"deG,s,onlust oPerate ~/.~ ChOlCI to nlsh to the but 01 mUSIC, Has 3 dlllere nlltiter~ pho nes. lie. Kit Pfoduc .. pleasant tone nch In harmoniC SfrJl ~Q O G . the swltch and one of two neon lamps wills lay on .F aalu r.. ~• •J. stages lor low. medium and high notes Features level Fl al ur" out put lra nsformer for couph ng to spelker 01 ~
.-J L~~ . ~;='~':;;:6. ~:e~fan~r~n~ ~~~ Operales Irom '~~ ,.. ;-;-= ~~~:~4a~:'~e~~~~a~ 1~~~e11~A~n;':107~Sr~m;! ~ bO::r~t':If,'~: ~~~:~~;~i~fr: ~~~~:~e~~~~~:.u;=~ Iii:'
Ifil C4510 13.75 115". 2

H

II 1 ~. ~
~ C4530 SUO Col511 13.00 ~

frJl STROBOSCOPE KIT METRONOME WITH SOUNO ANO LIGHT liGHT SENSITIVE SOUNO ~
..., Reliable IC desig n kll for ut e In phys lCs ellpen ments. Onl of our mos t po pultr kits now h.. I new lea lure Not~. GENERATOR KIT Iii:-!

tro ubleshooting or demonstrat Ing OptICal phenomena c.. ~" only does It Pfoduc. beats in prec ise time but allO Ilflnhes : . S impll to build kit crel tes I lone which vafles depending mJ
Ij Opticlfly s tops motion of fans. whee ls . pulleys ,l lywhee ls . ~ a red LEO In time. Feat ures van able con lrol and smlll • on I mo unt of lighl Use s COS Cltl and IC Circuitry 10~. _ , .~ _
~ lie The stro~opeoperal.s fromstandard l'2OVAC and fit ~ • ' ~ s~aker . ThISkit II perfect lor musIc pracllCe an d Is en y to proYide this unusual INKI In lolal da rkness the unliis ~ ~

INtU res bright xenon 1Iish tube and IC deSign " ' " bUild. Ope rates from W batte ry. Sill of boa rd 1" II 2". slle nt. lS lightirlCrNNs the unilgOls lrom.lcllcklngsound

l! Con tinuously vlMable flash rlt l from 100-5000 RPM Size ' C4533 13.50 10 I loud tone U... r .pelker al'ld ope rates Irom 9V Iiii1
~ of bo ard :3 .5- 11ol.75". bl Uery. ~

C40 70 sa .., C4114 $4.' 5

mJ OIGITAL POWER SUPPLY KIT 46WS PHOTO STROBE FLASH KIT 100WS SLAVE STROBE AC KIT IaJ
Regulated powe r sup ply. perfect lo rTTLo rC MOS Clrculls . Here's you r c~nce to make a qUl lity high power st robe ThiS kit IS slmlli r In opeulIlon to the DC slave s lrobe.

~ ~ Reg ulated output voltage is 5VOC, Mllllm um output~ Ilash lor your Clmera Ca n alto be used IS the mnler howeve r. this unit Is morl tha n dou ble the light~r ~

~ '~~:..~ ~~~e;~slc~eg~7tt~~e:l~u~:::~~n~~ t=~I~~~~~~~~ :~~~i~h~~~s~~J~~ :a~~:~t~:c,~~~~;: ~~I~;t~~~~ ~ / :~~l d~~a~u':~Of~:;tca~.yn~~:: 1~1:~t~~'r ~: I:i:I

l! trou ble fr.. perfo rmance Ope rates from stlndard ready light. tran sistorized Inverte r Clrcullry and shulle r J, ....: .~. se nIOr. and ma nu- It est bullo n Ope rl les from 12O\1AC ~
~ 12O\1AC. SIZI of boa rd; 2" II 4". cor d for con nec tion to camerl Ope rates from 4 :WOC to ..... I f Sile of bOlird, 3 &" II 4". NOTE: ThIS kit IS NOT lor ~

C4430 SI .5O &VOC Slze 01 boe.rd, 3" x 2 5". begin ners SlnC. due to the power 01 the flas.h. hazardous
fiiil C4512 SI." potln tials are preH nt Iiil
~ C44,1 S:M." ~

@ AC TESTER KIT DUAL LAMP FLA SHER KIT LED FLASHER KIT ~ ~
~ This kit is pe rfect lor t..ting AC outlets o r deler mlnlng . .... Ultra miniaturl lamp flas he r kit uses tiny gram 01 "",heat " EI1 Yto build lunclkml l kltUHslh.amazing S55hmer iCto ~

which br..ker operates a partic ular outlet There 's no n.-d ' " . '".' bulbs and IC tofla~h 2 bulbi It the same time or alternati ng _~. . .oil: alternate ly lIash a rid and grM n led . The kit makes a great

~ ~~~~~ t::~a;:~=I t~~~~~:.m~~~~~~a:;;~t'~~~ ~~~:od~~:, bta~~~~:h;~:1s,CI;a~i~~lgOh~S~~~ .. ~~. ), ~:rll~~n~~s~~o~=n~~'. ,:~~nl~gp~~~~ @
~ piezoelKtrlctone alert in a com pa ct unit , SIze 01board r Operlles lrom W banery, SIZI of boa rd. 1 2" x .8~ from 5 to WDC . Size 01 bOIird 15 " x 1-W I:ii:I
fiiil II 1.1"'. C4417 12..50 C3217 SUt Iii1
a;:J C4415 14.50 ~
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WORD PROCESSOR CPU ASSEMBLY

• 750 Ohm to
300 OhmAdapter

• 60 Feet Coax Cable
with Connectors

• 3 Feet Coax Cable
with Connectors

I snooze 1000 oD?

Dealer inquiries invited .

PM
o

With bullt-in-converter to channel
2, 3, or 4 of any standard TV set.

• 24" Dish
• Feed-Horn Receiver
• Mounting Bracket
• Mounti ng Clamp
• Instruct ions

linked to and used with the above machine. this unit
co mpletes a system which originally so ld for over
53000.00 each ! Features includ e: standard cassette
dec k. aut o cente ring. auto repeat. auto underline .
su pp re ssed notat ions . record/playback . auto
merge. edit ing . margi n adjusting and muc h, muc h
mo re. Parts inc lude tape or " mag" car d deck .
cabinet. fans. power suoply . mo ther board.
co nnecto rs. cab les. LEOS and more. Worth much
more th an our price for the parts alone . Incl udes
schematics and data. Tested and functio nal.

. . . . . ... . . Only '199.00••.
Add 520 for Pkg. and Handling - Pay Shipping on Deli very

Additional Cassette or 'Mag' CardAss 'b ly
Add-on pack age incl udes every th ing you need to
add on th e seco nd deck. Easy to ret ro f it.
...... .. . ....... ..... .. ... . ... Only·199.00...
New, Unused Cassettes or 'Mag' Cards
For above Wor d Processor .

Tape Cassetle ·7.99.... 10/·69.00
·Mag· Card ·2.49••.• 10/'19,00----

only

$295.

• 300 Ohm to 75 Ohm
Adapter

Li ne of sig ht to 250 miles.
Will receive within the frequency band from sate lit es,
prim ary m icrowave stat ions , and repeater microwave
booster sta t ions .

CON T ENTS: Co mp letely package d in 19" x19" x4 112" corr ugated
carton co mplete with list.

WARRAN TY:
180 days fo r all facto ry defects and elect ronic fai lures for normal
useage and handling. Defecti ve sub assembli es will be rep laced with
new or re-manufactured sub assembly on a 48 ho ur exch ange
gu arantee .

This system is not a ki t and requ ires no add it ional dev ices or
equi pment ot her th an a TV set to place in operation.

RANG E:
SCOPE:

. "CO:~:~,!~~~ou~~!~:,~~;}nc.
1380 E . Ed inger . Un it CC Santa An a . C A 92 705 (7 14) 5 58·3972

We Oll er New and Used FLOPPY
DRIVES. DISK DRIVES. PRINTERS.

& MORE al BARGAIN PRICEsm
Ask to r our Latest Flyer Li stin g NOW !

The manufac turer put 'em in to sto rag e to
deprecia te 'em... Now they 're F/NALL Y
AYAlLABLE!! Removed from .raW!iDg
~. these fantastic mach in es ha ve
b uilt-in dri ver and dec oder ci rc uit ry and
take TTL level. s-b« charac ter, plus 4-b it
function inp ut sig na ls ... Easil y driven by
1lli2H..aID'~. Use as a typewr iter (w it h
minor 'repeat' c ircu it ry ) or as a KSR 110
prin ter or bot h. Requ ires 115. 60Hz for typ e­
write r motor , 5 VDC for TTL and 24 VDC for so lenoids. "Table top " sty le case. Each
"Setec tric '? l/ O machine is co mp lete and in Qpera tiQna /~!lnc ludesschemat ics .

data , case , platen and rib bon. (Type element not includ ed) .

New Type Element ' 21.00... 110 Selectric •. .. . • . '399.00••.
Add $20 l or P~ckaglng and Hand lin g - Pay Shi pping on D.tivery

BUY of the YEAR!!!
Parallel, TTL Input WORD PROCESSOR

110 " Selectric"® TYPEWRITER/PRINTER

(J)

ozo
cr:
t3
w
-l
Wo
o
<cr:
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. 1.95

. 14.95

ZYZZX
VHF-UHF WIDEBAHD

ANTENNA AMPUFIER

SlVA-3 YogiAntenna,
14.5111, 75oIwn, Cha~ 611-68 . . . $16.95

SlVA-4 YagiAntoma,
14.5111. 75 ohm. Cha~ 44-52. . . $16.95

Minimum Order. $16.95. Add 1096 Shipping
and Handling on orders under $40.00. For
ordersover$40.00,add5%. Minimum Ship­
ping and Handling $2.00. Catalog $1.00.

- VISA and Mastercard Acceptable -

~~

SlVA-l YogiAntenna, 11.5111, 75 ohm. Cha~42-54 $9.95
SlVA-2 YogiAntenna, 11.5111, 75ohm, Cha~ 20-28 $9.95

• I • I'

RG-59/U 75 ohm i.Dw Lou Coax Cable $ .t2 p/ft
F-59 Coaxial Conroctors. ea . . 39
Mr-I Special UHF 75-300 ohm Mateling Transformer. ea. . . 1.45
All-l HYBRIDICW~ebandVHF-UHF-FM Ant>nna AmplifierKit ... 24.95
All- l HYBRID IC W_VHF-UHF-FMAnl AII'll- Au""bl .d . . 34.95

MITSUMI
VARACTOR

UHF TUNER
Model UES-A56F

$34.95

This unit is not availab le anywh ere else in the w orld . One unit
serves many purpos es and is available in Kit or Assemb led
form. Ideal for outdoor or indoor use. Input-output imped anc e
is 75 ohms. Amp lif ier includes separat e co -ax feed pow er
suppl y. Easily assemb led in 25 minutes. No coils. capac itors
etc. to tune or adjust .
ALL·' Comp lete Kit w ith pow er supply $24.95
AU-1 Wired and Tested w ith power supply . .. • . • $34.95

Freq. Rang. UHF470 - 889MHz
Antema Input 75 ohms

Chanools 14-83 Output Chaooel 3

MODEL Al l -1

~
5OMHz -900MHz

~illJ 12 dB GAIN ± 0.5dB= A Revolutionary New
One Stage HYBRID

Ie Broadband Amplifier

DUtll ,,,. ,O"

Varactor UHF Tuner, Model UES-A56F $34.95
PrintedCircuit Board, Pre-Drilled . . 18.95
p.e.s. Potentiometers, 1-20K, l-1K, and
5-10k ohms, 7-pteces . . . . 5.95

4 FR35·SW Resistor Kit. \4 Watt. 5% Carbon Film. 32-piecl!S .. . 4.95
5 PTl-SW Power Transformer. PRI-117VAC, SEC-24VAC.

250m. . . 6.95
6 PP2-SW Panel Mount Potentiometers and Knobs. 1-11(81

and 1-5KAT w/Switeh. . 5.95
7 SSl4-SW IC's 7-pes, Diodes 4-pcs, Regulators 2-pcs

Heat Sink t- pece . . 29.95
8 CE9-SW Electrolyttc Capacitor Kit, 9-pifClS. . . . 5.95
9 CC33-SW Ceramic Disk Cl p. titor Kit, 50 W.V.• 33-pifCts 7.95

10 CT-SW Varible Ceramic Trimmer Capacitor Kit.
5-65pfd. 6-pitces. . 5.95

11 l4-SW Coil Kit, 18mhs 2-piecn , .22p.hs l- piece (prewooncl
ilductOfS) and 1 T37-12 Ferrite Torroid
Core with3 ft. of #26 wir,. . . 5.00

12 ICS-SW I.e. Sockets, Tin inlay, 8-pin 5-pieces
and 14-pin 2-pteces .

13 SR-SW Speaker, 4x6" Oval and PreptJnched
• Wood Enclosure .

14 MISC-SW Misc. Parts Kit IncludesHardware, (6/32, 8/32
Nuts, & Bolts), Hookup Wire, Ant. Terms, OPOT
Ant. Switch, fUll, Fuseholder, i tc. . . . . 9.95

Wh.n Ord.rinlJ All It.ms. (1 thru 14). Tot.1 PriCl 139.95

Our New rnA 14.5 dB GAIN,
14 ELEMENT CORNER REFLECTOR
VAGI A TENNA

XU PART
NO liD

1 VTl -SW
2 C81-SW
3 T1'7-SW

Model
V8-125

Available by Mail Order Only - Send Check or Money Order To:

SIMPLE SIMONELECTRONIC KITS: Inc.
Calif. Orders: All OtherOrders:

3871 S. Valley View, Suite 12 11850 S. Hawthome, Blvd.
Los Vegas, Nevada 89103 Hawthome, Calif. 90250

Tel: (702) 322-5273 Tel: (213) 675-3347

Simple Simon Video Stabi lizer, Model VS-125,
eliminates the vertical roll and jitter fro m " copy
guard" video tapes when playing t hro ug h large
scre en projectors or on another VTR. Simple to
use, just adjust the lock contro l for a sta b le
picture.Once the control is set, the tape w ill play
all the way through without further adjustment s.
Includes 12V power supply.

VS-125 Video Stabilizer wi red $54.95

SIMPLESIMON VIDEO
SWITCHING BOX

Model VSo-300

The
Affordable

Video
Control Centert

Excellent in isolation and no loss routing syst em.
Sim p le Sim ons VSB-300 Video Sw itch ing Box
enab les you to bring a variety of video components
together fo r easy viewing/dubbing. Also you gain
the abi lity to record one channe l while viewing
another. Unit includes two F-type quick connector
ended cab les .

VSB-300 Video Switching Box w ired . . . . $19.95

INTRODUCINGOUR NEW
STVA 14 ELEMENT

CORNER REFLECTOR
YAGI ANTENNA

STVA-3 14.5 dB Selectable Corner Vagi
Cut fo r Channels 60 th ru 68.. . . $16.95

STVA-4 14.5 dB Selectable Comer Vag i
Cut for Channels 44 thru 52.. . . $16.95

Features:

• LONG RANGE
• 14.5 dB GAIN

• SELECTABLE 75 or300 Ohm IMPEDANCE
• NARROW .PAITERN for adjacent

Interference rejection
• ANODIZED FINISH
• STURDY CONSTRUCTION

KIT ONLY
$349 .00

KIT ONLY
$299.00

Model A502 DC Stereo Control center
• Direct DC coupling from Input to Output
• DC servo circuitry
• Cascade FET Input In all stages
• Separate Moving Coil RIAA amplifier

Distortion below 0.005% (3V)
Max Output 15V
Frequency Response 20Hz-20KHz ±0.2 dB
Maximum Phono Input

MC = 16mv RMS (1KHz)
MM = 270mv RMS (1KHz)

Bui lt-in Headphone amplifier
Relay Output Muting

Model A1033 Integrated Tube Amp lifier
• Latest Japanese Design
• Distortionless Output Transformer using

special winding techniques
• Most circuitry on PCB for easy assembly

and humfrea performance
• Output 30W x 2 Ultra Linear

(Switchable to Triode)
15W x 2 Triode Output.

(near classA performance)
• THO unde r 0.4%
: Frequency Response 30",:'30,000 Hz (-ldB)

Separate Pre-Out and Main-In KIT ONLY
$499.00

.$499.00
Send $5.00 fo r each assembly manual .
refundable with order.

Monarchy Engineering, Inc.
380 Swift Avenue. Unit 21
South San Francisco. CA 94080

Visa or Mastercharge acceptable.

FUJITECH AUDIO KITS

$349.00

LATEST AUDIO TECHNOLOGY
FROM JAPAN
Model A501 Power Amp

• Pure Class A 25W + 25W
• Switchable to Class AB l00W + 100W
• Switchable to Bridg e Class A l 00W mono
• Switchable to Bridg e Class AB 300W mono
• Frequ ency Response 5-200KHz (-ldB)
• Signal-to-Noise Ratio 120dB
• Non-magnetic Chassis
• "Out-board " comprehensive protection

circuitry
• DC circuitry with limited use of NFB
• High Efficiency Fluid Convection Cool ing

THO under 0.007%
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FULL SIZE CtW-GER
S.S.R. KlOE L crss
CEIWIIC CARTRlrGE
PLAYS 33, 4, & 18

RPM RECo.~DS . . . .
CUE/PAUSE LEVER
J>D.J. TRACKI!'G FORCE

RECORD CtW-GER DOES -or INCLUDE BASE OR A.C. CORD..

$25.00 EACH 4 lor $90.00

zip code
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state

MOVING?

Your old ad­
dress and zip
code

Your new ad­
dress and zip
code

Six wee ks ' no ­
tice

Don 't m iss a
single copy of
Radio-Elec­
tronics. Give
us:

ftAmerican Heart
v J\ssociation
WE'RE FIGHTING FOR YOUR LIFE

Heartdisease
andstroke

will causehalf
ofalldeaths

thisyeat

Mall to: Radio-Electronics
SUBSCRIPTION DEPT., P.O. BOX 2520,

BOULDER,COLO.~

69 H.W. Sams 86
Satellite TV, Inc 90

51 Shure Brothers, Inc• . . . . . . . . . . . . . . . .72
Simple Simon Electronics 117
Sine waze Mklg. Corp. . 114
Sinclair Research 24-25

68 N.A. Soar 89
13 Solid State Sales 106

Sound Video Research 96
Spacecoast Research - 90
Sunshi ne Express 27

22 Suntronics Co., Inc. . 102
7 Surplus Elect ro nics 107
66 Telematic 87

Tennessee Electronics 90
39,40 Triplett Cover 2
23 Tri-Tek 96
75 Ungar 73
57 Vector Electronics Co . . 16

Video Playground 87
26 Westland Electronics 96

Wers i 92

name

city

address

Page

AMC Sales 84
A.P. Products " 22
Abe x 73
Acti ve Electronics 91
Advance Electronics 5,32-33.34.79
Advanced Analog Systems, Inc. . .. . . .73
Advanced Computers 100-10I
All Electronics 118
Alpha Byte Stores 1.73
A1tex Electronics 110
American Antenna Co ver 4
Ancrona Electronics 113
ArIzona Electronics 106
B&K PrecIsion Dynascan Corp. . 17
Karel Barta 92
Beckman Instnunents Electro-
Products Group 13

Bullet Electronics 102
CIE, Cleveland Institute

of Electronics 18-21
Cambridge Learning, Inc•. ... . . . . . . .35
C~ Marketing 16
Chaney Electronics 115
Clear-Vue Electronics 93
Command Prodnctlons 89
Communications Electronics 2
Components Express 116
Computer Peripberals, Unlimited 116
Computer Sbopping Center 71
Cook's Institute of Engineering 92
Concord Electronics 112
Jan Crystals 86
DR! Industries, Inc. . 88
Dage Scientific 92
Data Services Co • . . . ... . .. . . . . . . . . . .90
Digi Key Corp• . . ... . . . . . . . . . . . . . . . III
Digi Max Instnunents Corp• . .. . . . . . .73
Drake Company 88 .89
EG&G Reticon 75
Edu Clac : 81
Electra Bearcat 82
Electronic Specialists, Inc. . 98
Etco Electronics 96 .98
Etronix 114
Fluke Mfg. Co., Inc• .. .... . .. . ... . . . 15
Fordham Radio 36-37.112
Fonnula International 94·95
Fuji Svea 99
Gilco International, Inc 114
Gladstone Electronics 85
Global Specialties Corp• . . . . . . . . . . . . .69
Global TV Electronics 90
Godbout Electronics 93
Grantham CoUege of Engineering 83
Grove Enterprises 92
IIaJ·Tronix 102
Harneg, Inc. . 26
Heath 14.Cover 3
Hitecb Electronics 102
Huntron Instruments 73
Infonnation Unlimited 96
International Crystal Mfg. Co., Inc• . .83
JDR , Microdevices 108-109
Jameco Electronics 104-105
Javanco 99
Keithley Instruments 77
H.J. Knapp 98
Koma c 99
LT Sound 93
McGee's Radio 93
Microtenna Associates 90 .92
Mikos 110
Monarcby Engineering, Inc. . 117
Mountai n West 98
NRI Scbools 8-11
NTS Schools 28-31
Na bih ' s, Inc• . . . . . . . . . . . . . . . . . . . . . . .86
Netro nics 83
O. K. Machine & Tool Corp•.. . . . .. . .38
Ora Electronics 116
Pac-tec Corp • . . .... . ... . .. . . . . . . . . .88
Paia Electronics 16 .26
Panavise 81
Poly Paks 114
RC A 7.84-85
Radio Shack 97
Ramsey Electronics 103
SCR Elec tronics 114
SMP, Inc• . . . . . . . . . . . .. . . .. . . ... . . .73
Sabadia Exports Corp• . ... . . . .. . .. ..92

Free Information Number

RADIO-ELECTRONICS does not assume
any responsibility for errors that may
appear in the index below.
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ANNON XLRA-3-1

3~~NNECT~O~
CH06.SS I S HJl.NT _

COt",ECTOR
52.00 EACH
10 fo r $ 19 .0 0 •

SUPER SMALL
PHOTO-FLASH BLACK LIGHT
170 MFD 330 VOLT (ULTRAVIOLET)

~
1 1/4"X 7-\l":t . ...

. rj 2 for $1 .50 G.E. I FGT5BL $2.50 each

~" 1 10 lor $ 7.00 TRANSFORMER

750 IIFD 330 V~ 120 volt !itPHOTO FLASH .~ ~ ,
211 HIGH X I 1/4" OIA ...., ," primaries .

$ 1. 25 EACH ~ \. .-'

10 FOR $11.00 " "'''' 6 VOLTS .1150 mA 51.25

2' DIA .11I2VDC :~ ;.;.\a~5:;: :~:;g
BU5~::"c~PECIAL! 18'VOL~ at 1 AMP S4.50

10 to< 54.00 ~ 25.2 VCT at 2.8 AMP 55.5Q
100 10< $35.00 ,.. \. 0

COMPUTER LED ' ~GRADE •• • 8
CAPACITOR STA~?tF~~gIlBO

~Oe~,I~',15~~~74"S:iGH RED 10 FOR $1. 50
3,600 mId. nGREEN 10 FOR $2. 00

40VDC .il.QQ.t - YELLOW 10 FOR $2. 00
1 3/8" OIA. x 3" HI FLASHER LED I~

6,400 mId. 5 VOLT OPERATION~
~VDC $2~50 ~ JUMBO SIZE

1 3/S 0" x 4 1}4 _. 2 FOR $1 70

2'°?,JlRIdx~~/~~~?GHOO BI POLAR 'LED
18,000 mId. 75VDC $4.00 2 FOR SI. I O

2 1/2" 01A x 4 1/ 2" HIGH SUB IIINI LED
20,000 mId. 25VDC ~
2 " OIA. X 2~" HIGH$2.00 ••
22,000mld.15VDC-- .079 x .098
2 " O IA X 2 1/2'" H I ~ H 5 2.00 2~o'"r=~·~ 11..~~ Y
22,000 mfd.40VDC- 200 FOR $18.00
2" OIA. x G" HIGH ~ OUANTITY PR ICES AVA ILABLE
5,000 mId .75 VDC $4.50

3" DIA X ... 3/8" HIGH
45.000 mId . 25VDC
2" DIA. X It'' HIGH $350
2,000mfd.15VDC

2" CIA . X 4" HI GH $ 3 .5 0
CLAMP S TO FIT CA PAC ITORS soc ...

MINI SIZE RFI/EMI FILTER
BUZZERS 1@OR NOISE

(lil )!z10 3 voil a 75C ea ". SUPPRESSIO<

III-j WITH WIRE LEADS . ::,.$>~' C/ OI APF540W
" RATED ' 5 """'s

1M! 10 3 volta 75cea ' 250 VAC

f1
WITH PIN TERMINALS

' - 3 10 7 volta $3.50 each

WITH PIN TE RMI NALS SPECIAL
75ceach ~

MITSUMI
MODEL UES-A55F 1000 IIFD 25 VOLT

VARACTOR UHF TUNER 2 FOR $1.00
FREQ RA!'GE FLAT LEVER
410 - 88q ",",z IIINI-TOGGLE

ANTE..-.A INPUT 5.P.DT (ON-ON)~
300 OH-IS 5 N'P 1 120 VAC

s25 .00 each Sl.o6YA~H71 0 5

10 10r $220.00 10 t'8o fo~~75.00

1:~.:~~!:~" R E LAY ~~~~;ST.~~K
120 ...e ne e.ce ! eCCt-lTAI NS If 0

• Used b ut lu lty 1. ..Iec! 50K CENTER ~ '. 0

$1 .70 EACH TAPPED ALPS
~:-:~: ~O~ ~¥:~I;~=S AVAILAB LE POTS . • • • • • • \1

SOCK ETS FOR RELA Y ~OC each $4.75 each
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WHAT'S THE KEY
TO BUYING ACOMPUTER?

Look beyond the computer. Look at how the total
system- hardware, software, support, service­
meets your needs, today and tomorrow. That's the
key. When you choose a computer source, you
choose a long term partner who must stand by you
with total support. And no one stands by you like
Heath/Zenith.

Software
Including word processing, business applications,
versatile utility programs, and the Heath Users'
Group library of over 500 low-cost programs for
home, work or play.

And a choice of three operating systems, including
CP/M by Digital Research for compatibility with
thousands of popular CP/M programs.

Languages
For your own custom programs, Microsoft languages
are available in BASIC (compiler and interpreter),
FORTRAN and COBOL.

Self-Study Courses
Learn at your own pace with Programming Courses
that teach you to write and
run your own programs
in Assembly, BASIC ,
Pascal or COBOL.

For the business person, Computer Concepts for
Small Business helps you evaluate the ways a com­
puter can benefit your business. And for the novice,
Personal Computing is a complete introduction to
computer fundamentals and BASIC Programming.

Support
Before and after the sale we work with you to con­
figure the system that serves you best. We help you
get your system up and running smoothly. Assist­
ance is always just a phone call away.

Service
Friendly, experienced technicians are available ,
either over the phone or at any of the 56 Heathkit
Electronic Centers nationwide.

Visit your Heathkit Electronic Center*
See your telephone white pages for the store nearest
you. And stop in today for a demonstration of how
Heath/Zenith Computer Systems can serve you.
If you can 't get to a store, send $1.00 for the latest
Heathkit Catalog and the new Zenith Data Systems
Catalog of assembled commercial computers. Write

to Heath Co.Dept. 020-874,Benton Harbor,
M149022.

Pick a strong partner.
Heath/Zenith &You.

HEATH/ZENITH

Your strong partner

'Units of Veritechnology Electronics
Corpora tion in the U.S.

Speci ficat ions subject to change withou t not ice.

CP-203C



1ESCORT, WHISTLER, FOX, JR. MICROWAVE,
SUPER SNOOPER AND FUZZBUSTER ALL
COMPETED IN THE CONTEST.

THE BRAND NEW K40 RADAR DETECTOR
USING AUNIQUE WAVE GUIDE COUPLED
DIE CAST ANTENNA DETECTED XBAND
RADAR AN AVERAGE OF 54% FURTHER
THAN ALL OTHER DETECTORS AND 67%
FURTHER ON THE KBAND FREQUENCY.

OUTPERFORMS ESCORT
THE K40 OUTPERFORMED THE
ESCORT 17 % ON K-BAND AND
34% ON X-BAND. THE K40 AVER­
AGED 28 % MORE DISTANCE THAN
ESCORT AND 60% FURTHER THAN
ALL OTHERS COMBINED.

3HERE'S THE TEST*
THAT PROVED IT!

0 TtST AtSlJLTS 0

0 mf:lBr.m RK-ElffiO 0
r:1fr.Uf FCTlJflEi1 OI5TFr.iCE ffl[Jf:l GlJi'l1

0 I'll,(;) 2~b r:1ILE5 0

0 E5C[JflT 2.~Gl r:1lLE5 0
GLIL 2.28 r:1/LE5

0 BEL 2.52 r:1ILE5
0 flffim

jl':lTEflCEPTClfl ~!'l2 r:1ILE5
0 I(JH15TLEtl [J~GlGlGl ~.l,~ r:1ILE5 0

0 flUTmOOl':l lCS U Gl r:1ILE5 0
f[JX ~.25 r:1ILE5

0 0
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