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TEK DUAL TRACE OSCILLOSCOPES BY ANY MEASURE 

Now! Tek quality and expert advice 
are just a free phone call away! 

The industry 
standard in CRT 
performance. 
Crisp easy;o- 
read, bright CRT, 
14kV accelerating 
potential, provides 
high writing rate 
and small spot 
size Full size 8x10 
cm display for 
measurement 
accuracy 

Display controls 
are flexible and 
easy to use. Sep- 
arate intensity 
controls reduce 
blooming in alter- 
nate sweep mode 
Focus tracking 
minimizes control 
adjustment arid 
BEAM FIND elimi- 
nates confusion 

Vertical sys- 
tem provides 
measurement 
assurance. i 

transient response 
and high accuracy 
ensures true 
reproduction of 
your signals Fast 
nsetime and high 
bandwidth is well 
suited for a variety 
of measurement 

Perform delayed 
sweep measure- 
ments accurately 
and easily. Botri 
sweeps can be 
displayed alter- 
nately making dif- 
ferential measure 
rents easy and 
accurate (1%) 
An interlocking 
SEC /DIV control 
'umplrf es set -up 

Stable hands -off 
triggering. 
AUK) cUeecls s ; 

nal peaks. then 
sets the trigger 
level for you Dis- 
play asynchronous 
signals using 
VERT MODE trig - 
gering Indepen- 
dent TV field and 
line selection 

Front panel laid 
out by function 
for ease of use. 
Loa cocg ads 
the user in opera- 
tion Functions 
and modes are 
placed logically 
All nomenclature 
is clearly labeled. 
and protected 
behind a scratch - 
less Lexan surface 

Our direct order line gets 
you the industry's leading 
price performance portables... 
and fast answers from experts! 
The 60 MHz single time base delay 
2213A, the 60 MHz dual time base 
2215A and the 100 MHz dual time 
base 2235 offer unprecedented 
reliability and affordability, plus the 
industry's f irst 3 -year warranty' 
on labor and parts. CRT included. 

The cost: just 51275 for the 
2213A, S1525 for the 2215A, 
S1750 for the 2235.t Even at 
these low prices, there's no 
scrimping on performance You 

have the bandwidth for digital 
and analog circuits The sensitivity 
for low signal measurements. The 
sweep speeds for fast logic fami- 
lies And delayed sweep for fast. 
accurate timing measurements. 
All scopes are UL Listed and CSA 
approved 

You can order. or obtain 
literature. through the Tek 
National Marketing Center. Tech- 
nical personnel, expert in scope 
applications, will answer your 
questions and expedite delivery. 
Direct orders include comprehen- 
sive 3 -year warranty', operator's 

Copppnl 1985. Tektronu, Inc AII writs reserved TTA-439-3 T Rfice F O B B.. , 
CIRCLE 257 ON FREE INFORMATION CARD 

manual, two 10X probes, 15 -day 
return policy and worldwide ser- 
vice backup. 

Order toll free: 
1- 800 -426 -2200, 
Ask for Rick. 
In uregut I. ca.. collect: 
(503) 627 -9000. 
Or write Tektronix, Inc. 
P.O. Box 1700 
Beaverton, OR 97075 

Téktronix 
COMMIT TID TO t NCI MINCE 

TEK 2213AJ2215AJ2235
DUAL TRACE OSCILLOSCOPES

THE ANSWER
BY ANY MEASURE

Now! Tek quality and expert advice
are just a free phone call away!

The industry
standard in CRT
performance.
Crisp , easy-to
read , bright CRT;
14kV acc elerating
potential, provides
high writing rate
and small spot
size. Full size 8x10
em disp lay for
measurement
accuracy.

Display controls
are flexible and
easy to use. Sep
arate intensity
controls reduce
blooming in alter
nate sweep mode .
Focus tracking
minimizes control
adjustment and
BEAM FIND elimi
nates confusion.

Vertical sys-
tem provides
measurement
assurance. Flat
transient respo nse
and high acc uracy
ensures true
reproduction of
your signa ls. Fast
risetime and high
bandwidth is wel l
suited for a variety
of measurement.

Perform delayed
sweep measure 
ments accurately
and easily. Both
sweeps can be
displayed alter
nately making dif
ferential measure
ments easy and
acc urate (1%).
An interlocking
SECIDIV control
simplifies set-up.

Stable hands-off
triggering. p.p
AUTO detects sig
nal peaks, then
sets the trigge r
level for you. Dis
play async hronous
signa ls using
VERT MODE trig
ger ing. Indepen
dent TV field and
line selection.

Front panel laid
out by function
for ease of use.
Color coding aids
the user in opera
tion. Functions
and mode s are
placed logically.
All nomenclature
is clearly labeled ,
and protected
behind a scratch
less Lexan surface.

Ourdirectorderlinegets
youthe industry's leading
price/performance portables ...
and fastanswersfromexperts!
The 60 MHz single time base delay
2213A, the 60 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unpreced ented
reliabil ity and affordability, p lus the
industry's first 3-year warranty'
on labor and parts, CRT included.

The cost:just$1275 for the
2213A, $1525for the 2215A,
$1750for the 2235.t Even at
these low prices, there's no
scr imping on performance. You

have the bandwidth for digital
and analog circuits. The sensitivity
for low signal measurements. The
sweep speeds for fast log ic fami
lies. And delayed sweep for fast,
accurate timing measurements.
All scopes are UL Listed and GSA
approved .

Youcanorder, or obtain
literature, through theTek
National MarketingCenter. Tech
nical personnel, expert in sco pe
appl icat ions, will answer your
questions and expedite de livery.
Direct orders includ e comprehen
sive 3-year warranty' , ope rator's

manual, two 10X probes, 15-day
return policy and worldwide ser
vice backup.

Order toll free:
1-800-426-2200,
Ask for Rick.
In Oregon, cal l collect:
(503) 627-9000 .
Or write Tektronix, Inc .
P.o. Box 1700
Beaverton, OR 97075

COM MITTED TO EXCELLENCE

Copyright 0 1985. Tektronix. Inc . All rights reserved . JlfnA-439-3. t Price F.O.B. Beaverton. OR. "3-year warranty inc ludes CRT.

CIRCLE 257 ON FREE INFORMA TION CARD
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FEBRUARY 'H6 
Radio 

Vol 57 No. 2 

BUILD THIS 51 WIRELESS VIDEO -CAMERA LINK 
Who says you need a portable VCR to make 
great video movies? 
William Sheets and Rudolf F. Graf 

57 $99 SATELLITE -TV RECEIVER 
Part 2. Here's your chance to get started 
receiving satellite -TV! 
Richard D. Maddox 

61 HUMIDITY MONITOR 
If you're an electronics hobbyist, you had 
better be concerned about humidity in the 
winter months! 
Mark C. Worley 

75 MINI MUSIC SYNTHESIZER 
This is a fun, easy -to -build project that can 
make anyone a musician. 

88 PC SERVICE 
Use the direct -etch foil patterns to make 
circuit boards for your wireless video link, 
satellite receiver, humidity monitor, and mini 
music synthesizer! 

RADIO 
96 COMMUNICATIONS 

CORNER 
All about diversity 
reception. 
Herb Friedman 

108 ANTIQUE RADIOS 
A history lesson on 
ancient electronics. 
Richard D. Fitch 

VIDEO 
110 SERVICE CLINIC 

Troubleshooting problems 
with IC's. Jack Darr 

111 SERVICE QUESTIONS 
Answers to your TV-service 
questions. 

TK'HNOIOGY 79 REPAIRING COMPACT DISC PLAYERS 
Part 4. Find out how CD players work -and 
what to do when they don't. 
John D. Lenk 

94 ROBOTICS 
Brains for your robot. 
Mark J. Robillard 

103 SATELLITE TV 
The Ku band. 
Bob Copper, Jr. 

COMPUTERS 
Following COMPUTER DIGEST 
Page 104 Monitors, speaker design, 

and more 

SPECIAL 
REPORT 

56 HIGHLIGHTS OF THE NPE 
CONVENTION 
A report on last year's 
historic get -together! 

CIRCUITS AND 71 CURING ELECTROMAGNETIC INTERFERENCE 
COMPONENTS Part 3. How to EMI -proof your designs. 

Michael F. Violette 

83 ALL ABOUT TRANSISTOR SWITCHES 
Good design techniques are often 
overlooked when designing switching 
circuits. Here's how to do things the right 
way. L.B. Cebik 

112 DRAWING BOARD 
A Z80 demonstration program. 
Robert Grossblatt 

EQUIPMENT 
REPORTS 

28 Tektronix 318 16- Channel 
Logic Analyzer 

40 Rhoades TE -600 Teledapter 
Stereo Synthesizer 

DEPARTMENTS 
138 Advertising and Sales Offices 
138 Advertising Index 

12 Ask R -E 

4 Editorial 
139 Free Information Card 

16 Letters 
115 Market Center 

24 New Products 
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COVER 1 

Have you decided that the only way to 
make the video movies you want is to buy a 

portable VCR and camera? Well, think 
again! Our wireless video link will let you 
transmit video signals from your camera to your VCR over one of the 
UHF channels! It just might be the ultimate in portability! 

Making moves isn't all that our video link will let you do. You can 
also use it to transmit signals fromyour VCR in one room to a TV in any 
other room in the house -all with wireless convenience. 

Our thanks to Magnavox for providing the LoLite video camera that 
our model is using with the wireless video link. 

Eleotronì_- 
1101 011411 OMNI* 011.11.011.11 ...... 
SURD TIIS *RR [SS 
VOIPCarLRLIMI 
C1111. . I . ... S. . . . D. 
aUID HUMIDITY SNOW .. +....I.. ..+.. I.I........ 
GUIDA SRreU[ 
MUSIC ST NIT Mil WWI n.wl. sad .n......... to Oa? 
TRAMSITOII 
swrtdSR CIRCUITS 
ra..,.R.. l. * .1. 
[ I. IC TIgYICJi TIC 
NT[MUMMCI 
ow= ,. moo lr.....,.. 
How 10 S[RVK[ 

riI4MUM 

NEXT MONTH 
THE MARCH ISSUE IS 

ON SALE FEBRUARY 4 

SPECIAL SECTION ON ROBOTICS 
Two special articles will bring you up to date on the 
robotics industry. The first is a buyer's guide to the 
market. The second tells you what's involved in build- 
ing your own robot! 

BUILD A DELUXE VIDEO TITLER 
Due to space restrictions, we were unable to run the 
final installment this month. In March, we'll finish 
things up with a look at the software and how to 
interface the titler to a computer. 

BUILD AN AMPLIFIER FOR YOUR WALKMAN 
Who says you have to listen to your personal stereo 
through headphones? 

HOW TO AVOID HOT PROJECTS 
The second and final installment gives more hints and 
design considerations. 

As a sen nce to readers. Radio-Elecbonics publishes amiable plans or nlormabon relating to newsworthy products, techniques 
and menthe and technological . Because ol pastes mimeos in the quetity and condition of rnalanais and 
workmanship used by readers. Redo -E s disdains any responsibility Ice IM sah and proper functioning of reader-bunt 
Protects based Won or horn plans «htormaron published et des magazine. 

Since some or the t and ct cu covered rcnbed n RADIO -ELECTRONICS may relate to or be consd by U.S. patents. 
RADIO -ELECTRON disc/erns any kabsYty for the inlrsgsment of such patents by the maIdn . using. or d any such 
equipment or Circuitry. and suggests that anyone interested m such protect oonsull a patent adorin. 
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Have you decided that the only way to
make th e video movie s you want is to buy a
portable VCR and camera? Well , t hi nk
again! Ou r wirel ess vid eo link will let you
transmit video signals from your camera to your VCR over one of the
UHF channels ! It just mi ght be the ultimate in portability!

Making moves isn't all that our video link will let you do. You can
also use itto t ransmit signals fromyou rVCR in one room to aTV in any
other room in the hou se-all wi th wirele ss convenience.

Our thanks to Magnavox for providing the LoLite video camera that
our model is using w ith the w ireless vid eo link .
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BUILD AN AMPLIFIER FOR YOUR WALKMAN
Who says you have to list en to you r person al stereo
through headphones?

HOW TO AVOID HOT PROJECTS
The secon d and final installm eni gives mor e hin tsand
design con siderations.

As a service to readers, Radio-Electronicspublishesavailable plans or information relating to newsworthy products, techniques
and scientific and technological developments, Because of possible variances in the quality and condition of materials and
workmanship used by readers, Radio-Electronics disclaimsany responsibility for the safe and proper functioningof reader-built
projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U,S, patents,
RADIO-ELECTRONICS disclaims any liability for the infringementof such patents by the making, using, or selling of any such
equipment or circuitry, and suggeststhat anyoneinterested in such projects consult a patent attorney,

Radio-Electron ics i s i n d e x ed i n

Applied Science & Techno logy Index
and Readers Guide to Periodica l Liter
ature.
Microfilm & Microfiche ed itions are
available . Contact circu lation depart

ment for det ail s.

Advert ising Sales Offices li sted
on page 138.
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NEW: 
unìIJE!n' 
Rnnht^nf- 

e--- 

Scanners 
Communications Electronics; 

the world's largest distributor of radio 
scanners, introduces new scanners 
and scanner accessories from J.I.L., 
Regency and also Uniden /Bearcat. 
Chances are the police, fire and 
weather emergencies you'll read 
about in tomorrow's paper are coming 
through on a scanner today. 

NEW! Regencys! MX7000 -K 
List price 5699 95 /CE prit. 5429.00 /SPECIAL 
10-Band, 20 Channel Cryabll.aa AC/DC 
Frequencyrange 25.550 MHz continuous coverage 
and 800 MHz to 1.2 GHz continuous coverage 
In addition to normal scanner listening, the 
MX7000 offers CB. VHF, and UHF TV audio, FM 
Broadcast, all aircraft bands (civil and military). 
800 MHz communications, cellular telephone, 
and when connected to a printer or CRT. satellite 
weather pictures. 

NEW! Regency` MX5000 -K 
List once S599 95'CE price $329.00 SPECIAL 
Multi -Band, 20 Channel No-crystal scanner 
Search Lockout Priority AC /DC 
Selectable AM-FM modes LCD display 
World's first continuous coverage scanner 
Frequency range 75 53O MH: continuous coverage 
Never before have so many features come in 
stich a small package. The Regency MX5000 
mobile or home scanner has continuous cover- 
age from 25 to 550 MHz. That means you can 
hear CB, Television audio. FM broadcast sta- 
tions. all aircraft bands including military and 
the normal scanner bands. all on your choice of 
20 programmable channels. 

NEW! Regency MX4000 -K 
List price 5629.95/CE price 5299.00 /SPECIAL 
Multi -Band, 20 Channel No-crystal scanner 
Search Lockout Priority AC /DC 
Selectable AM-FM modes LCD display 
Bands 30 -50, 118.135, 144.174, 440-512.800.950 MHz 
The Regency MX4000 is gives coverage in the 
standard VHF and UHF ranges with the impor- 
tant addition of the 800 MHz. and aircraft bands 
It features keyboard entry, multifunction liquid 
crystal display and variable search increments 

NEW! Regency' Z60 -K 
L st price $379 95; CE price 5216.00 /SPECIAL 
8-Band, 60 Channel No-crystal scanner 
Bands 30. 50.88.108. 118.136. 144.174, 440.512 MHz 
Cover your choice of over 15.000 frequencies 
on 60 channels at the touch of your finger. 

Regency 
RH25O 

NEW! J I L SX-400-K 
Lis: price $799 95, CE price $469.00 SPECIAL 
Multi-Band, 20 Channel No-crystal Scanner 
Search Lockout Priority AC/DC 
Frequency rang* 26 -520 MHL continuous coverage 
With optionally equipped PF convert ers 1501042 -3 7 Getz 
The JIL SX -400 synthesized scanner is designed for 
commercial and professional monitor users that de- 
mand features not found in ordinary scanners. The 5X- 
400 will cover from 150 KHz to 3 7 GHz with RF 
converters Order the following RF converters for your 
SX -400 scanner. RF-1030K at 5259 00 each for 
frequency range 150 KHz - 30 MHz. USB. LSB. CW and 
AM (CW filter required for CW signal reception). RF- 
5080 -K at S199 00 each for 500.800 MHz . RF- 8014K 
at $199 00 each for 800 MHz -1 4 Getz Be sure to 
also order ACB -300 -K at S99 00 each which is an 
antenna control box for connection of the RF converters 
The RC-4000K data interlace at $259 00 each gives 
you Control of the SX -400 scanner and RF converters 
through a Computer Add S3 00 shipping for each RF 
converter. data interface or antenna control box It you 
need further information on the JIL scanners, contact 
JIL directly at 213.926.6727 or write JIL at 17120 
Edwards Road Cerr,t's Cahforma 90701 U S A 

SPECIAL! JIL SX -200- K 
List price 5499.95 CE special price 51 59.00 
Multi-Band -18 Channel No-Crystal Scanner 
Frequency range 26.88. 108.'80 3805 14 Me: 
The JIL SX200 scanner tunes mddary. F B I . Space 
Satellites. Police and Fire. Drug Enforcement Agencies 
Defense Department. Aeronautical AM band. Aero 
Navigation Band Fish & Game. Immigration. Paramedics. 
Amateur Radio. Justice Department. State Department 
plus other thousands of radio frequencies most other 
scanners Can't pick up The SX200 has selectable 
AM /FM receiver circuits. Hi-switch squelch settings - 

signal. audio and signal d audio. outboard AC power 
supply DC at 12 volts built -in. quartz clock bright 
vacuum fluorescent blue readouts and dimmer, dual 
level search speeds, trilevel scan delay switches. 16 
memory channels in two channels banks, receive fine 
tune (RIT) 3 2KHz . dual level RF gain settings- 20 db 
pad. AGC test points for optional signal strength meters 

Regency° HX1000 -K 
List price 532 .95 /CE price 5209.00 
8 -Band, 30 Channel No Crystal scanner 
Search Lockout Priority Scan delay 
Sldalit liquid crystal display Digital Clock 
Frequency range 30 -50. 144-I 74, 440-512 MHz 
the new handheld Regency HX t 1)00 scanner is fully 
keyboard programmable for the ultimate in versatd 
lty. You can scan up to 30 channels at the same time 
When you activate the priority control, you automat- 
ically override another calls to listen to your favorite 
frequency. The LCD display is even sidelit for night 
use Order MA -256 -K rapid charge drop -in battery 
charger for 579.00 plus 53.00 shipping/handling 
Includes wall charger, carrying case, belt clip. 
flexible antenna and nicad battery Order now 

NEW! Bearcar 100XL -K 
List price 5349.95/CE price 5229.00 
-Band, 18 Channel Priority Scan Delay 
Search Limit Hold Lockout AC/DC 
Frequency range 30-50. t 18 -t 74, 406-512 MHz 
The world's first no-crystal handheld scanner now has 
a LCD channel display with backlight for low light use 
and aircraft band Coverage at the same low price Size is 
t.ar° x 7w' x 2'h'" The Bearcat 100XL has wide frequency 
coverage that includes all public service bands (Low. 
High. UHF and'T' bands). the AM aircraft band. the 2- 
meter and 70 cm amateur bands, plus military and 
federal government frequencies. Wow what a scanner 

Included in our low CE price is a sturdy carrying case. 
earphone. battery charger /AC adapter. six AA ni-cad 
batteries and flexible antenna Order your scanner now 

NEW! Regency' HX2000 -K 
The World's First800 MHz. Handheld Scanner 
List price S569 95 /CE price 5359 00 
7 -Band, 20 Channel No- crystal scanner 
Priority control Search /Scan AC /DC 
Sldalit liquid crystal display Memory backup 
Bands 118-736, 144.174, 440.512, 800.950 MHz 
The HX2000 scanner operates on 120V AC or 6 VDC 
Scans t 5 channels per second Size 3 a 7' x 1'1 
includes wall charger, carrying case. belt clip. flexible 
antenna and nicad batteries Selectable AM/FM modes 

MX4000 
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NEW! Bearcat' 800XLT -K 
List price 5499 95 CE price $329.00 
12 -Band, 40 Channel No- crystal scanner 
Priority control Search/Scan AC/DC 
Bands. 29.54, 118.174, 406.512. 806-912 MHz 
The Unrden 800XLT receives 40 channels in two banks 
Scans 15 channels per second Sae9'. x4'7 - x 12'7 

OTHER RADIOS AND ACCESSORIES 
Panasonic RF260K Shortwave receiver S 1 79 6 
Panasonic RF-13306K Shortwave receiver $ 195 00 
RD95K un,on Remote mount Radar Detector Sr 3900 
R055K Unrden Visor mount Radar Detector 511900 
BC 20/20 -K Bearcat 40 channel scanner $27400 
BC 2 10XW K &tercet 20 channel scanner 5219 00 
BC-WAK Bearcat Weather AIM- $3900 
OSI000K Beams( Shortwave receiver $459 CO 
PC22 -K Unrden remote mount CB transceiver $99 00 
PC5S-K Ureden mobile mount CB transceiver S59 00 
Z1 O -K Regency 10 channel scanner 5139 00 
230-K Regency 30 channel scanne S154 00 
145 -K n Regency 4S Channel scaner S 1 79 00 
R1066K Regency 10 channel scanner S98 95 
MX3000 -K Regency 30 channel scanner S r ea oo 
C403K Regency 4 channel scanner S69 00 
8106 -K Regency 10 Channel scanner 599 00 
RH25OBK Regency 10 Channel VHF transceiver $32900 
RU150B K Regency 10channelUHFtranscerver 544900 
R PH410 K 10 ch handheld no-crystal transceever $399 00 
BCIO-K Battery charger for Regency RPH410 S79 00 
MA256K Drop-in charger for HX1000 scanner 279 95 
MA257K Cigarette lighter Cord for HX1000 $19 95 
MA917K Ni-Cad battery pack for HX1000 S24 95 
EC10 -K Programming tool for Regency RPH410 $2000 
SMRH2SO -K Service man for Regency RH25O 32000 
SMRUI So-K Service man for Regency Rut 50 320 00 
SMRPH410KServiceman for Regency RPH410 37000 
SMMX7000'K3vc man for MX7000 8 MX5000 $2000 
SUM X3000'KServiceman for RegencyMX3000 32000 
6.4K 1 2 V AAA Ni-Cad batteries (set of foul 39 00 
A13SCK Crystal certificate 33 00 
FS-E -K Frequency Directory for Eastern U S A S12 00 
FS-WK Frequency Directory for Western U S A S12 00 
T80-K -Top Secret' Registry of U S Govt Fop $1500 
TICK Techniques for Intercepting Comm S15 00 
RRF-K Railroad frequency directory 31000 
CIEK Covert Intetipenct. Elect Eavesdropping $1500 
Á60-K Magnet mount mobile scanner antenna $35 00 
A70-K Base station scanner antenna 335 00 
USAMMK Mao mount VHF /UHF ant w /t2 cable $3995 
USAKK1 hole mount VHF /UHF ant w/17 cable $3595 
USATLMK Trunk lip mount VHF /UHF antenna 335 95 
Ado S3 00 shipping for all accessories ordered at the same time 
Add S12 00 shipping Per shortwave receiver 
Add $7 00 s1"pp'nu per scanner and t3 00 per antenna 

BUY WITH CONFIDENCE 
Tu get the laeteal delivery 'rem CE of any scanner. 
send your order directly to our Scanner 
Distr ..' ...ter Michigan residents please add 4% 
sales tax or supply your tax I D number Written pure 
chase orders are accepted from approved government 
agencies and most well rated firms at a t 0% surcharge 
for net 10 billing. All sales are subject to availability. 
acceptance and verification All sales on accessories 
are final Prices. terms and specifications are subject to 
change without notice All prices are in U S dollars Out 
Of stock items will be placed on backorderautomatiCally 
unless CE is instructed differently A S5 00 additional 
handling fee will be charged for all Orders with a 
merchandise total under SSO 00 Shipments are F O B 
Ann Arbor, Michigan No COD's Most products that we 
sell have a manufacturer's warranty Free copies of 
warranties on these products are available prior to 
purchase by writing to CE Non-certified checks require 
bank clearance 

Mall orders to: Communications Electron' 
ics' Box 1045, Ann Arbor, Michigan 48106 
U.S A Add 57.00 per scanner for U P S ground 
shipping and handling in the continental U S.A. 
For Canada, Puerto Rico. Hawaii. Alaska. or 
APO /FPO delivery. shipping charges are three 
times continental U.S. rates. If you have a Visa 
or Master Card. you may call and place a credit 
card order. Order toll -free in the U S Dial 
800-USA-SCAN. In Canada. order toll -free by 
calling 800 -221 -3475 Telex CE anytime, dial 
810.223.2422. If you are outside the U.S. or in 
Michigan dial 313.973.8888. Order today. 
Scanner Distribution Center- and CE logos are trade- 
marks of Communications Electronics Inc 
t 841rcaf is a registered trademark of Unden Corporation 
t Regency is a federally registered trademark or Regency 
Electronics Inc AD 090385K 
Copyright c 1985 Communications Electronics 

For credit card orders call 
1- 800 - USA -SCAN 

C M COMMUNICATIONS 
ELECTRONICS INC. 

Consumer Products Division 
P 0 Box 1045::AnnArbor, Michigan4810610:' A 

CaI1800-USA-SCAN oroutsid U.S.A. 313-973.81588 
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Scanners
Communications Electronics:

the world's largest distributor of radio
scanners, introduces new scanners
and scanner accessories from J.I.L.,
Reg ency and also Uniden/Bearcat.
Chances are the police, fire and
weather eme rgencies you 'll read
about in tomorrow's paper are coming
through on a scanner today.

NEWI Regenc~ MX7000-K
List price $699.95/C E price S429.00/SPECIAL
1Q-Ban d, 20 Channel. Crystal/ess • AC/DC
Fr equ en c y ran ge: 25-55 0 MHz. co ntin uous coverage
and 80 0 MHz. to 1.2 G Hz. co n ti nuous coverage
In ad d i t ion t o normal scan n e r listening, the
M X7000 off ersCB, VHF, a nd UHFTV aud io , FM
B roadcast, all aircraft bands (ci vil and military),
8 0 0 MH z c o m m u n icat io n s, c e ll u la r t el eph one,
a n d when c o nnected t o a pr inter o r C RT, sate ll ite
weat her pi c tures.

NEWI Regency® MX5000-K
Li s t price $599.9 5/C E price S3 29 .0 0/S PEC IA L
M u ltI- Ban d, 20 Channel. No-crystal s c a n n e r
Search. Lockout. Priority. AC/DC
Se/ectabie AM-FM modes • LCD dispiay
World's fir s t continuous coverage scanner
Frequency range: 25 -550 MHz. continuous coverage.
Never b e fore ha ve so m an y featu res come in
such a s mall p ac k ag e . Th e R eg enc y M X5000
m obil e or hom e s c anner ha s continuous cover
age from 25 to 550 MH z. That m eans y ou c a n
hear CB, Television a ud io, FM broadc ast st a
ti ons, all aircraft bands in cluding milita ry a n d
th e normal s canne r bands, all o n yo ur c hoice o f
20 programmable c hannels.

NEWI Regency® MX4000-K
List price $629.95/ C E p rice S299.00/SPECIAL
MultI-Band, 20 Channei • No-crystal s c a nn e r
Search • Lockout. Priority. AC/DC
Selectabie A M-FM modes • LCD display
Bands: 30-50, 118-13 6, 144-174,440-512,800-950 MHz.
The Regency M X4000 is gives coverage in the
standard V H F and UH F rang e s with the irn p o r
tantadd ition ofthe800 M Hz. a nd ai rc raft bands.
It featu res keyboard entry, m u lti fu nction liqu id
crysta l displ ay a nd va r ia b le searc h inc rements.

NEWI Regency®Z60-K
Li st price $3 79 .95/C E price S216.00/SPECIAL
8-Band, 60 Ch annei • No-crystal scanner
Ba nds: 30-50,88-108 , 118-1 36, 144-174 ,440-51 2 MHz.
Cover y o u r c ho ice of ove r 15,0 0 0 freq uencies
o n 60 channels at t he touch of your f ing e r.

Regency
RH250

NEWl JI L SX-400-K
List price $799.95/ CE pric e S469 .00/ S PEC IA L
Multi-Band, 20 Channel. No-crystai Scanner
Search . Lockout. Priority. AC/DC
Freq uency range: 26-52 0 MHz. co ntinuous cove rage.
With opl ionally equipped RF canvel ters 150KHz.-3.7 GHz.
The J IL SX-400 synt hesiz ed scan ner is des ign ed for
commercial and professional moni tor users tha t de
mand features not fo und in ordi nary scanners. The SX
400 wi ll cover from 150 KHz to 3.7 GHz. with RF
co nverters. Order th e fo llowi ng RF co nverters for your
SX-400 scanner. RF-1030-K at $259.00 each for
freq ue ncy range 150 KHz. -30 MHz. USB, LSB, CWand
AM. (CW filt er required fo r CW signal recepti on); RF
5080-K at $ 199.00 eac h for 500-800 MHz.; RF-8014-K
at $ 199 .00 eac h for 800 MHz.-1 .4 GHz. Be sure to
also order ACB-300-K at $99.00 each which is an
ante nna control box for connection of the RFconvert ers.
The RC-4000- K data in terfa ce at $259.00 each gives
yo u control of the SX-400 scan ner and RF co nverte rs
through a computer. Add $3 .00 shipping for each RF
converter, data interface or antenna control box. If yo u
need fu rther informatio n on the JIL scann ers, co ntact
JIL directly at 213 -9 26-67 27 or write JIL at 17120
Edwards Road , Cerr itos, Califo rn ia 90701 U.S.A.

SPECIAL! J IL SX-200- K
List p r ic e $499.9 5/C E special price $159 .00
Multi-Band· 16 Channel. No-Crystal Scanner
Frequency range 26-88, 108-180, 380·514 MHz.
The JI L SX-200 scanner tun es military, F.B.I., Space
Sate ll ites, Poli ce and Fire, Drug Enforc ement Age nc ies,
Defense Departm ent, Aeronaut ica l AM band, Aero
Navigation Band, Fish & Game, Immigration, Paramedics,
Amateur Radio, Justice Depart ment, State Department,
plus other tho usands of radio frequencies most other
sca nners can't pick up. The SX-200 has se lectable
AM/ FM rece iver circuits, tri-switch sque lch setti ngs 
signal, audi o and signal & audio, outboard AC power
supply - DC at 12 volt s bu ilt -in , quartz clock - bright
vacuu m fluorescent blue readout s and dimme r, dual
level search speeds, tri -Ievel scan dela y switches, 16
mem ory channels in two channels banks , rece ive f ine
tun e (Rll) ± 2KHz., dual level RF gain settings - 20 db
pad, AGC test poi nts for optional signal stre ngt h meters.

Regency® HX1000-K
List pri c e $329.95/ C E price $209.00
B-Band, 30 Channel • No Crystai scanner
Search • Lockout • Priority • Scan delay
Sideiit liquid crystal display. Digital Clock
Frequenc y ra ng e: 30-50,144-174 ,440-512 M Hz .
[h e new handheld Hegency H Xl 000 scanne r is fu lly
keyboard progra mma b le fort he ult ima te in ve rsat il
it y. Yo u ca n scan up t030 c ha nnels atlhe same time.
When you activa te the priority cont ro l, yo u automat
ically override all other calls to listen to yourfavorite
f req uency . The LCD display is even sidelit for night
use. O rder MA-256-K rapid c ha rge drop-in battery
c harger for $7 9 .0 0 plus $3 .00 shipp ing /hand li ng.
Inc lu de s wall c ha rge r, carrying case, be lt clip,
flexible anten na and n icad battery. Order now.

NEWI Bearcat" 100XL-K
Li st pric e $349.95/ C E price $229.00
9-Band, 16 Channel. Priority. Scan Delay
Search . Limit. Hold. Lockout. AC/DC
Frequ en cy ran ge: 30 -50, 118 ,174, 406-512 MHz.
The wo rld's f irst no-cryst al handh eld scanner now has
a LCD c hanne l display wi th back light for low light use
and aircraft band cove rage at the same low price . Size is
1.%" x 7V>' x 2Y. :' The Bea rcat 1OO XL has wide frequency
coverage that includes all pub lic service bands (Low,
High, UH F and 'T ' bands), the AM aircraft band , the 2
meter and 70 em. amateur band s, pl us milita ry and
federa l govern ment frequ encie s. Wow...what a scann er!

Incl uded in our low CE price is a sturd y ca rrying case ,
earphone, batt ery charger/ AC adapter, six AA ni-cad
batteries and flexible antenna. Order your scann er now.

NEWI Regency® HX2000-K
The Worid's Firs t800 MHz. Handheld Scanner
Li st pri ce $5 69. 95/C E pri c e $3 5 9 .0 0
7-Band, 20 Channei • No-crystai scanner
Priority controi • Search/Scan . A C/ D C
Sideiit liquid crystai dispiay • Memoryb ackup
Bands: 1 18 ,1 36, 144-1 74, 440-51 2, 80 0-9 50 M Hz.
The HX2000 sca nner operates on 120V AC or 6 VDC.
Scan s 15 channels per seco nd. Size 3" x 7" x 1'h ."
Inclu des wall charger, carrying case, bel t clip , f lexib le
antenna and nicad batteries. Selectable AM/FM modes .

MX7000
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NEWI Bearcat" 800XLT-K
Li s t price $499.95/ C E p ri ce $329.00
12 -Ban d, 40 Channei • No-crystai scanner
Priority controi • Search/Scan. AC/DC
Bands: 29-54, 118-174,406-512, 806-912 MHz.
The Unid en 800XLT rece ives 40 channels in two ban ks.
Scans 15 c hannels per sec ond . Size 9 '14" x 4Y, " x 12';' ."

OTHER RADIOS A N D ACCESSORIES
Panason lc RF-2600- K Shortwave receiver 517 9.00
Panasonlc RF·B300-K Shortwave receiver 5 195 .00
RD95-K Uniden Remote mount RadarDetector 5 13 9 .00
RD55-K Uniden Visor mount Radar Detector 5119.00
BC 20/2 0-K Bearcat 40 channel scanner 5274.00
BC 21OXW-K Bearcat 20 channel scanner 5219.00
BC-WA-K Bearcat Weather Alert- 539 .00
DX1 OOO-K Bearcat shortwave receiver .. $459.0 0
PC22- K Uniden remote mount CB transce iver $99.00
PC55·K Uniden mobile mount CB transceiver 559 .00
Z1O-K Regency 10 channel scanner 5139.00
Z30·K Regency 30 channel scanner 5154 .00
Z45·K Regency 45 channel scanner . 5 179 .00
Rl 060-K Regency 10 channel scanner 598.95
MX3000 -K Regency 30 channel scanner 5189.00
C403· K Regency 4 channel scanner 569 .00
Rl 06· K Regency 10 channel scanner 599.00
RH250 B-KRegency 10 channelVHFtransceiver 5329.00
RU150B- KRegency 10 channel UHFtransceiver 5449.00
RPH41D-K l Och. handheldno-crystal transeiever 5399.00
BCl O-K Battery charger for Regency RPH410 579.00
MA256-K Drop-in charger for HXl 000 scanner 579.95
MA257-K Cigarette lighter cord for HX1000 519.95
MA917-K Ni-Cad battery pack for HX1000 524.95
ECl O·K Programming tool for Regency RPH410 520.00
SMRH250-K Service man. for Regency RH250 520.00
SMRU150-K Service man. fo r Regency RU150 520.00
SMRPH41O-KService man. forRegency RPH410 5? 0 .00
SMMX700 0· KSvc, man. for MX7000 & MX5000 520 .00
SMMX300D-KService man. for Regency MX3000 520.00
B-4·K 1.2 V AAA Ni-Cad batteries (set of four) 59 .00
A-135C -K Crystal certificate . . . . . . . . . . . 53.00
FB-E-K Frequency Directory for Eastern U.S.A. 5 12.0 0
FB-W-K Frequency Direct ory for Western U.S.A. 51 2.00
TSG·K "Top Secret" Registry of u.s . Govt, Freq 515.00
TIC-K Techniques for Intercepting Comm 515.00
RRF-K Railroad frequency directory . . 510.00
CIE-K Covert Intelligenct. Elect. Eavesdropping 5 15 .00
A6Q-K Magnet mount mobile sca nner antenna $3 5.00
A70· K Base station scanner ant enn a _ 535 .00
USAMM-K Mag mount VHF/UHF ant.w/ 12' cable 539.95
USAK·K>,\" hole mount VHF/UHF ant.w/ 17' cable 535.95
USATLM-K Trunk lip mount VHF/ UHF antenna 535.95
Add $3 .00 shipping for all accessories ordered at the same time .
Add $1 2.00 shipping pe r shortwave rece iver .
Add 57.00 shipping per scanner and 53.00 per antenna.

BUY WITH CONFIDENCE
To get th e f••t••t II.III/.ry from (;Ii of any ooannor,
send or phone your order directly to our Scanner
Distribut ion Center" Michigan residents please add 4%
sales tax or supply you r tax I.D. numbe r. Written pur
chase ord ers are accepted from app roved government
agen cies and most well rated firms at a 10% surcharge
for net 10 billing. All sales are sub ject to availab il ity,
acceptance and verif icatio n. All sales on acce ssor ies
are fina l. Prices , terms and spe cif icat ions are subje ct to
change without noti ce. All prices are in U.S. dollars. Out
of stock items wi ll be placed on backorder automaticall y
unless CE is instructed differentl y. A $5 .00 add iti ona l
handlin g fee wil l be charged for all orde rs with a
merchandise total unde r $50.00 . Shipments are F.O.B.
Ann Arbor, Michigan. No COD's. Most prod ucts that we
se ll have a manufacturer's warranty. Free copies of
warrant ies on these produ cts are available prior to
pur chase bywri ting to CEoNon-certifi ed chec ks requi re
bank c learance.

Mail orders to: Comm unicat io ns Elec t ron
ic s" Bo x 104 5 , A n n A rbor, M ichigan 4 81 0 6
U.S .A. Add $7.00 per scan ner fo r U.P .S . g ro u n d
shippin g a nd handli ng in t he cont inental U.S.A.
Fo r Canada, Puerto R ic o, H aw a ii , A laska, or
A PO/ F PO de livery, shipping c harges are three
times continenta l U. S. rat es. If you have a Visa
or Master Card, you may ca ll and pl ac e a credit
card order. Order to ll -free in th e U. S. Di a l
800·USA-SCAN . In Canada, order toll- fr e e by
ca lli ng 800-22 1-3475 . Tel e x CE a nyt ime, dial
8 10-22 3 -2422 . If you a re o utside t he U.S . or in
M ic h igan dial 3 13-9 73-8888 . Order toda y.
Scanner Dist ribut ion Cen ter" and CE logos are trade
marks of Com municat ions Electron ics Inc.
t Bear cat is a regis tered trademark of Uniden Corporation.
:tRegency is a federally regi stered trade mark of Rege ncy
Electronics Inc. AD #090385-K
Copyrigh t II:l 198 5 Communications Electronics

For credit card orders call
1-800-USA-SCAN

C~OMMUNICATIONS
"ELECTRONICS INC.
Consumer Products Division
P.O. Box 1045 0 Ann Arbor. Michigan4 810.6-1045 U.S.A.
Call 800-USA-SCAN or outsid e U.S .A . 313-973-88 88
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Full- featured 
frequency 

counter. 
Tile DM1850 offers more than any 

digital multimeter in its price class: 

C4 digits. DCV accuracy is 

.05% + 3 digits 
'Rue RMS 

Frequency counter to 200KHz 
Data Hold display capability 
DCV -5 ranges (.2V to 1kV ) 
ACV -5 ranges (.2V to 750V) 
DCA/ACA -6 ranges (.2mA to 10A ) 

Ohms -6 ranges ( 200 Ohms to 
20 Megohms) 

Continuity beeper 
Diode check 
Built -in bail 
Anti -skid pads 

Prices: DM850 (Rue RMS) ... 1219's 
DM800 ( Average RMS) . 

s1 9 

See one now at your local Beckman 
Industrial distributor. 

-__ ---- 
t j t Li 3 tÌ 

i 

Beckman Induutria! 
Beckman Industrial Corporation 
A Subsidiary of Emerson Electric Company 
630 Puente Street, Brea, CA 92621 

(714)671-4800 

c Cov!n i PIS Beaman Inaustrul Corpoetm 
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EDITORIAL 
Radio -Electronics is on the move! 

Radio -Electronics is moving! Yes, we're packing our bags and getting 
set to move out of New York City. We're not taking the move lightly - 
we've been at our present location for about seventeen years. And we 
have to admit, we like our Park Avenue South offices...but not as 
much as we're going to like our new place. 

Being thirty miles east of Manhattan does have its advantages. Our 
new Long Island offices will give us room to think and room to grow. 

Don't think that because we're leaving the Big Apple that we'll slow 
down to an easier pace. We'll be moving faster than ever to keep you 
up to date and informed. Any changes we make will be for the better. 
Next month, for example, you'll see a special section on robotics, and 
a new column devoted to new technology. We intend to stay on the 
cutting edge -and to keep you there, too. 

We also plan to become more responsive to your needs. We started 
our new Ask R -E column to answer your questions. Of course we can't 
answer everybody, but we'll answer the questions that will be of 
interest to the largest number of readers. If we can't answer your 
question, we'll try to steer you to someone who will. 

I see that I've strayed from the subject I intended to write about. But 
that's because I'm more excited about being the new Managing Editor 
than I am about moving. But I'd be even more excited to hear from 
you. I want to hear your honest opinion about Radio -Electronics. Just 
write a postcard or short letter and let me know what you think is the 
best article or column in this issue. Let me know what you think is the 
worst, too. While you're at it, tell me something about yourself. 

I guess I better tell you our new address. It's: 

Radio -Electronics 
500 -B Bi- County Blvd. 
Farmingdale, NY 11735 

Brian C. Fenton 
Managing Editor 
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FUll-featured
frequency

counter:
The DM850 offe rs more than any

digital multimeter in its price class:
40 digits. DCV accuracy is

.05%+ 3digits
'!rue RMS
Frequency counter to 200KHz
Data Hold display capability
DCV-5 ranges (.2Vto 1kV)
ACV-5. ranges ( .2Vto 750V)
DCA/ACA-6 ranges ( .2mAto lOA)
Ohms -6 ranges (200Ohms to

20Megohms)
Continuity beeper
Diode check
Built-in bail
Anti-skid pads

Prices: DM850(Irue RMS) ... $21995*
DM800 (Average RMS) .$16995*

Seeone nowatyour local Beckman
Industrialdistributor.

Ber/!!nan Indu~!"ia!rM

Beckman IndustrialCorporation
ASubsidiary of Emerson Electric Company
630 Puente Street, Brea, CA 92621
(714 ) 671-4800

Ccpyright1985 Beckman Industrial Corporation
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EDITORIAL
Radio-Electronics is on the move!

Radio-Electronics is movin g! Yes, we' re pack in g our bags and getti ng
set to move out of New York City. We're not takin g th e move lightly
we 've been at our present location for abo ut seventeen years. And we
have to admit, we like our Park Avenu e South off ices.. .but not as
much as we're going to like our new place.

Bein g thirty miles east of Ma nhatta n does have its advantages. Our
new Long Island off ices will give us roo m to thin k and roo m to grow.

Don 't think that because we're leavin g the Big Apple th at we 'll slow
down to an easier pace. We'll be moving faste r than ever to keep you
up to date and informed . Any changes we mak e will be for the bett er.
Next month , for example, yo u' ll see a special sect io n on robotics, and
a new column devoted to new techn ol ogy. We in tend to stay on th e
cutting edg e-and to keep yo u there, too .

We also plan to become more responsive to your needs. We started
our new Ask R-Ecolumn to answer yo ur question s. Of co urse we can' t
answer everybody, but we'll answer th e questions th at will be of
interest to the largest number of readers. If we can't answer your
qu estion , we 'll try to steer you to someone wh o will.

I see that I've strayed from the subject I intended to w rite abou t. But
that's because I'm more excited about being the new M anaging Editor
than I am about moving. But I'd be even more excited to hear from
you. I want to hear your honest opinion about Radio-Electronics . Just
write a postcard or sho rt letter and let me kn ow what you think is th e
best article o r column in thi s issue. Let me know w hat you think is th e
worst, too. Whil e yo u' re at it , tell me something abo ut yourself.

I guess I better tell you our new address. It's:

Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

Brian C. Fenton
Managing Editor
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+ PRECISION 

cl c^Tr f%kuIf' IkI" CLGL nVIV 1\.r7 IIrV 
New and Used Electronic Test Equipment 
Sales Service Rental Leasing 

HITACHI 3.5 Digit DMM 1,0 With Scope Purchase 

FEATURES: AC DC voltage 
AC DC current 
Resistance 
Diode test 
Audible 
Continuity check 

Temperature 
(Type K, 3510 & 3525) 

Seeí41f 

Data hold 
Manual or autoranging 
Overload protection 
LCD display 
Built -in stand 
Battery included 
Test leads included 

BASIC One With Any 
DC VOLTAGE QTY 1 QTY 3+ Scope Purchased 

MODEL ACCURACY PRICE PRICE From RAG 

3550 ±.5% ±2 digits $49.00 $42.00 FREE 

3525 ±.25% ±2 digits $64.00 $54.00 $19.95 
3510 t.1 %±2 digits $79.00 $67.00 $29.95 

2 year warranty plus carrying case included! 

` 11:: 
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Yodel V-422 shown 

MODEL V -212 $461 .00 
DC to 20 MHz, 1 mV /div, Dual Trace, Features 6" 
Rectangular CRT (w /two X10 probes). 

MODEL V -222 $536.00 
DC to 20 MHz, 1 mV /div, Dual Trace, D.C. offset for 
DMM Output. Verticle Mode Trigger, 6" CRT 
(w /two X1/X10 probes). 

MODEL V -422 $694.00 
DC to 40 MHz, other features same as V -222 
(w /two X1/X10 probe). 

MODEL V -1050F $1 ,276.00 
DC to 100 MHz, 5 mV /div, Quad Trace, Delayed Sweep, 
Full T.V. Triggering, alternate time base 
(w /two X 1 /X 10 probes). 

MODEL V -650 $956.00 
DC to 60 MHz, 1 mV /div, Triple Trace, Delayed Sweep. 
Full T.V. Triggering, variable trigger hold -off 
(w /two X 1 /X 10 probes). 

NEW! 3 year warranty parts and labor on above scopes! 
RAG Electronics Is a factory authorized Hitachi repair center. CIRCLE 126 ON FREE INFORMATION CARD 

CALL US TOLL FREE 

1 -800- 732 -3457 
IN CALIFORNIA TOLL FREE 

1- 800 -272 -4225 

Master Charge ADD FOR SHIPPING AND INSURANCE 
VISA COD SO to $25000 $4 50 
Money Order $251 00 to 580000 $6 50 
Check $501 00 to $750 00 S8 SO 

$751 00 to $1000 S1250 
over $100000 S1500 

Prices subject to change without notice. 
RAG ELECTRONICS, INC./ 21418 Parthenia Street / Canoga Park, CA 91 304 / 1-818-998-6500 

r t nMT t7U KEITH LEY 
Instruments CorpdJtCn 
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New and Used Electronic Test Equipment
Sales • Service • Rental. Leasing

With Scope Purchase
FEATURES: • AC DC voltage

• AC DC current
• Resistance
• Diode test
• Audible

Continuity check
.Temperature

(Type K, 3510 & 35 25)

• Data hold
• Manual or autoranging
• Overload protect ion
• LCD display
• Built-in stand
• Battery included
• Test leads inc luded

MODEL

3550
3525
3510

BAS IC
DC VOLTAG E
ACCU RACY

±.5% ± 2 digits
±.25% ±2 digits
± .1% ±2 dig its

OTY 1
PRICE
$49 .00
$64.00
$79 .0 0

OTY3+
PRICE

$42.00
$54.00
$67.00

One With Any
Scope Purchased

From RAG
FREE

$ 19.95
$29.95

2 year warranty plus carrying case included!

Mode l V-422 show n

MODEL V·212 $461.00
DC to 20 M Hz, 1 mv/d lv, Dual Trace, Featu res 6"
Rectan gul ar CRT (w/ two X10 probes).

MODEL V·222 $536.00
DC to 20 MHz, 1 mV/d iv, Dual Trace, D.C. offset for
DMM Output, Verticle Mode Trigger, 6" CRT
(w/two X1/X 10 probes).

MODEL V·422 $694.00
DC to 40 MHz, other features same as V-222
(w/two X1/X 10 probe).

MODEL V-10S0F $1,276.00
DC to 100 MH z, 5 mV/div, Quad Trace, Delayed Sweep,
Full T.V. Trigge ring , alternate time base
(w/two X1/X 10 probes).

MODEL V·6S0 $956.00
DC to 60 MHz, 1 mV/div, Triple Trace, Dela yed Sweep,
Full T.V. Triggering , variab le trigger hold-off
(w/two X1/X 10 probes).

NEWf 3 year warranty parts and labor on above scopes!
RAG Electronics is a factory authorized Hitachi repair center. CIRCLE 126 ON FREE INFORMATION CARD

CALL US TOLL FREE • Mas te r Charge III ADD FOR SHIPPING AN D INSU RANCE

1·800·732·3457
.VISA. CO D $0 to $250.00 . . . .. . . . . .. . .. . . . . . $ 4 .50

• Mon ey Orde r cae $25 1.00 to $600.00 . .. . . . . . . . . . . $6.50

• Check $50 1.00 to $750.00 . . . . . . . .. . . .. $8.50
IN CALIFORNIA TOL L FREE $751.00 to $1000. . . .. . . . . .. . . . $ 12.50

1-800-272-4225 over $ 1000.00 . ... . ... .. . . . . .. . $ 15.00

Pri ces subjec t to change without notice.

RAG ELECTRONICS, INC. / 21418 Part hen ia Street/ Canoga Park, CA91304/ 1-818-998-6500

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


6 

WHAT'S NEWS 

Hugo Gernsback honored 
by antique radio group 

The Antique Wireless Associa- 
tion (AWA) declared 1985 
"Gernsback Year," and devoted 
three categories of its annual Old 
Equipment contest to Electro Im- 
porting Co. items, and documen- 
tation of Gernsback publications. 

The best exhibit, by AWA Presi- 
dent Lauren Peckham, was a dis- 
play of old Electro Importing Co. 
(EICo) equipment, which included 
some items rarely seen even by 
avid collectors. Rarest was a 

Gernsback Rotary Variable Con- 
denser. Using a patented roller 
principle, with the foil and di- 
electric rolling off one roller and 
onto another, it had a maximum 
capacitance of .01 p.F. Another ex- 
hibit, by Robert Trauterman of 
Ford City, PA, featured copies of a 

large number of early Gernsback 
magazines, plus a collection of his 
most famous editorials. 

Feature of the AWA Annual Ban- 
quet was an interview by AWA ex- 
president Charles Brelsford of 
Fred Shunaman, long -time manag- 
ing editor of Radio -Craft and Ra- 
dio- Electronics, on Hugo 
Gernsback as an employer, as an 
individual, and as an influence on 
the radio art and the youth of his 
generation. 

The conference was held at Ca- 
nandaigua, NY, on September 
25 -29, 1985. Attendance was over 
650. Sales at the AWA members' 
auctions totalled $18,300, 'ten per 
cent of which goes to the Associa- 
tion. During the Conference eight 
papers were presented and there 
were three auctions and an ama- 
teur seminar. 

Discharge rate up 10 times 
in new solid -state battery 

Eveready has just announced 

THE EVEREADY 2- VOLT SOLID -STATE CELL 

the development of a new battery 
with a discharge rate ten times 
greater than that of any earlier sol- 
id -state batteries. The new 2 -volt 
lithium cell also operates over a 
wider temperature range than 
conventional solid -state cells, and 
with no loss in shelf life. 

The high discharge rate is the 
result of a patented Isostatic Com- 
pression Process. The electroac- 
tive materials are assembled in an 
argon atmosphere, then heat - 
sealed in a plastic bag and com- 
pressed at 80,000 pounds to the 
square inch in a commercial iso- 
static press, which applies the 
compression equally in all direc- 
tions, using water /water -soluble 
oil as the pressure transmitting 
fluid. "The resulting intimate parti- 
cle-to- particle contact thus 
achieved reduces the internal bat- 
tery resistance to enable the high- 
er rate of discharge," says a 

company spokesman. 
The high- temperature perfor- 

mance is possible because the bat- 
tery itself contains no liquid -it 
uses vitreous solid electrolytes. 

It is expected that samples of the 
new battery will be available be- 
fore the end of 1985. 

"Fuzzy logic" can make for 
better military decisions 

A new approach being followed 
by General Electric scientists may 
enable military field commanders 

to make fast, accurate decisions 
based on quantities of incomplete 
and /or conflicting reports. 

The new approach includes 
"fuzzy logic." A conventional 
computer program must have 
complete and accurate informa- 
tion to make correct decisions. A 
"fuzzy logic" program resembles 
more closely the workings of an 
intelligent human mind -it can 
make sense of such relative terms 
as "almost" or "probably." 

The new program belongs to the 
class of "expert systems" that have 
been developed to simulate a 

human expert. they are founded 
on a "knowledge base" which 
combines all the information ob- 
tainable on a given subject -not 
from one, but from many experts. 
When confronted with a problem, 
the computer searches the knowl- 
edge base, selects pertinent facts, 
and applies rules (conditional 
statements) to them to define the 
problem. The main difference be- 
tween that expert system and ear- 
lier ones is the use of the fuzzy 
logic that makes it possible to 
make decisions even if not all the 
facts are in place. 

Besides that "probabilistic rea- 
soning," the new system has two 
other parallel approaches: a "dy- 
namic truth -maintenance system" 
that enables the computer to 
"think" through various hypoth- 
eses and weed out the ones that 
are not applicable, and a method 
of reasoning by analogy -of 
weighing similarities and dif- 
ferences of a current situation 
compared with a previous one. 

The development program is 
being funded by a two -year, $1 mil- 
lion contract from the Defense Ad- 
vanced Research Projects Agency 
(DARPA) of the U.S. Department 
of Defense. R -E 
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THE EVEREADY 2·VOLT SOLID-STATE CELL

the development of a new battery
with a discharge rate ten times
greater than that of any earlier sol
id-state batteries. The new 2-volt
lithium cell also operates over a
wider temperature range than
conventional solid-state cells, and
with no loss in shelf life.

The high discharge rate is the
result of a patented Isostatic Com
pression Process . The electroac
tive materials are assembled in an
argon atmosphere, then heat
sealed in a plastic bag and com
pressed at 80,000 pounds to the
square inch in a commercial iso
static press, which applies the
compression equally in all direc
tions, using water/water-soluble
oil as the pressure transmitting
fluid. "The resulting intimate parti
cle-to-particle contact thus
achieved reduces the internal bat
tery resistance to enable the high
er rate of discharge," says a
company spokesman.

The high-temperature perfor
mance is possible because the bat
tery itself contains no liquid-it
uses vitreous solid electrolytes.

It is expected that samples of the
new battery will be available be
fore the end of 1985.

"Fuzzy logic" can make for
better military decisions

A new approach being followed
by General Electric scientists may
enable military field commanders

to make fast, accurate decisions
based on quantities of incomplete
and/or conflicting reports.

The new approach includes
"fuzzy logic." A conventional
computer program must have
complete and accurate informa
tion to make correct decisions. A
"fuzzy logic" program resembles
more closely the workings of an
intelligent human mind-it can
make sense of such relative terms
as "almost" or "probably."

The new program belongs to the
class of "expert systems" that have
been developed to simulate a
human expert. '[ hey are founded
on a "knowledge base" which
combines all the information ob
tainable on a given subject-not
from one, but from many experts.
When confronted with a problem,
the computer searches the knowl
edge base, selects pertinent facts,
and applies rules (conditional
statements) to them to .define the
problem. The main difference be
tween that expert system and ear
lier ones is the use of the fuzzy
logic that makes it possible to
make decisions even if not all the
facts are in place.

Besides that "probabilistic rea
soning," the new system has two
other parallel approaches: a "dy
namic truth-maintenance system"
that enables the computer to
"think" through various hypoth
eses and weed out the ones that
are not applicable, and a method
of reasoning by analogy-of
weighing similarities and dif
ferences of a current situation
compared with a previous one.

The development program is
being funded by a two-year, $1 mil
lion contract from the Defense Ad
vanced Research Projects Agency
(DARPA) of the U.S. Department
of Defense. R-E
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Fluke. First FamilyofDMMs, 
When accuracy, performance and value 

are important, professionals the world over 
look to Fluke - the first family of DMMs. 

Reliable Fluke- quality 31/2- or 41/2-digit 

DMMs fit every need -- from design en- 
gineering to industrial troubleshooting. 

There's the low -cost 70 Series - the 

most DMM you can get for the money. The 

tough 20 Series - totally sealed and built 
to survive the dirtiest, grimiest, roughest 

jobs. The reliable 8020B Series - made 

to withstand the rigors of the field service 
environment. The precise 8060A Series - 
the most powerful and complete test and 

measurement system available in a hand- 
held package. And, of course, the versatile 
Bench /Portables that carry on the Fluke 

tradition for precision and durability in 

lab- quality bench instruments. 
Fluke comes in first again with the 

world's largest selection of quality ac- 

cessories to help extend the capabilities of 

your DMM even further. 

There's no need to look anywhere else. 

Uncompromising Fluke design and lead- 

ing edge technology are the reasons why 

attempts at imitation will never fool the 

millions of professionals that accept noth- 
ing less than a Fluke. 

For your nearest distributor or more 

information, call toll -free 

1 -800- 426 -0361. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 

IN Tog U S ANO NON-EUNOPEAN COUNTIES lenn sw Mf Co ne P0 Ia C1010 WS MC twit A f1201 Sws ¡PON 356-S400 Coo RON WOOS 
EUROPEAN NEAOpUMTEUS. NM (WW1 Ir PO S. 1214 SIO) CO (ropy TM 4slMnan/s (00 451045 TUt St1ü 
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Fluke. First FamilyofDMMs.
When accuracy, performance and value

are important, professionals the world over
look to Fluke - the first family of DMMs.

Reliable FlUke-quality 3Y2- or 4Y2-digit
DMMs fitevery need - from design en
gineering to industrial troubleshooting.

There's the low-cost 70 Series - the
most DMM you can get for the money.The
tough 20 Series - totally sealed and built
to survive the dirtiest, grimiest, roughest
jobs. The reliable 8020B Series - made
to withstand the rigors of the field service
environment. The precise 8060A Series 
the most powerful and complete test and
measurement system available in ahand
held package. And, of course, the versatile
Bench/Portables that carryon the Fluke
tradition for precision and durability in
lab-quality bench instruments.

Fluke comes in first again with the
world's largest selectionof quality ac
cessories to help extend the capabilities of
your DMM even further.

There'sno need to lookanywhere else.
Uncompromising Fluke design and lead
ing edge technology are the reasons why
attempts at imitation will never fool the
millions of professionals that accept noth
ing less than aFluke.

For your nearest distributor or more
information, call toll-free
1-800-426-0361.

FROMTHE WORLD LEADER
IN DIGITAL MULTIMETERS.

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke MIg Cc ctnc. PO. Box C9090. MIS 250C, Everett. WA 98206. Sales: (206)355-5400. Olfler; (206)347·6100
EUROPEANHEAD QUARTERS; Fluke (Holland) BV, PO Box 2269. 5600 CG Eindhoven. The Netherlands, (040) 458045, TLX: 51846

© Copyright 1985 John Fluke Mig Co, Inc All fights reserved , All No, 4701-8000170120
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Train for the Fastest Grooving Job Skill in America 

Only NRI teaches you 
to service and repair 
all computers as you 
build your own 16 -bit 
IBM compatible micro 

As computers move into 
offices and homes by the millions, 
the demand for trained computer 
service technicians surges forward. 
The Department of Labor estimates 
that computer service jobs will 
actually double in the next ten 
years -a faster growth than any 
other occupation. 

Total System Training 
As an NRI student, you'll get 

total hands-on training as you 
actually build your own Sanyo 
MBC -550-2 computer from the 
keyboard up. Only a person who 
knows all the underlying funda- 
mentals can cope with all the 
significant brands of computers. 
And as an NRI graduate, you'll 
possess the up- to-the- minute 
combination of theory and practical 
experience that will lead you to 
success on the job. 

You learn at your own con- 
venience, in your own home, at 
your own comfortable pace. With- 
out classroom pressures, without 
rigid night -school schedules, 
without wasted time. Your own 
personal NRI instructor and NRI's 
complete technical staff will 
answer your questions, give you 

New from NRI -the only home study course that 
trains you as you assemble a top -brand computer! 

After you construct this 
digital logic probe, you'll 
install the "intelligent" 
Sanyo detached keyboard. 
with its dedicated 
microprocessor. 

You next assemble the 
power supply into the 
main unit of the computer. 
Using the digital multi. 
meter, you check all 
keyboard connections 
and circuits. 

After you install the disk 
drive and monitor, you'll 
make a backup copy of the 
MS -DOS operating disk. 
explore the 8088 microchip 
and additional circuits. 

guidance and special help whenever 
you may need it. 

The Exciting Sanyo MBC- 
550-2 -Yours To Keep 

Critics hail the new Sanyo as 
the "most intriguing" of all the 
IBM -PC compatible computers. It 
uses the same 8088 microprocessor 
as the IBM -PC and the MS /DOS 
operating system. So, you'll be able 
to choose thousands of off- the -shelf 
software programs to run on your 
completed Sanyo. 

As you build the Sanyo from 
the keyboard up, you'll perform 
demonstrations and experiments 
that will give you a total mastery of 
computer operations and servicing 
techniques. You'll do programming 
in BASIC language. You'll prepare 
interfaces for peripherals such as 
printers and joysticks. Using utility 
programs, you'll check out 8088 
functioning. NRI's easy step -by -step 
instructions will guide you all the 
way right into one of today's fastest 
growing fields as a computer 

Train for the Fastest Growing Job Skill in America

OnlyNRI teaches you
to service andrepair
all computers as you
build your own 16-bit
IBM-compatible micro

You next assemble the
power supply into the
main unit of the computer.
Using the digital multi
meter, you check all
keyboard connections
and circuits.
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As computers move into
officesand homes by the millions,
the demand for trained computer
servicetechnicians surges forward.
The Department of Labor estimates
that computerservice jobs will
actually double in the next ten
years-a faster growth than any
other occupation.

Total System Training
Asan NRI student, you'llget

total hands-on training as you
actuallybuild your own Sanyo
MBC-550-2 computer from the
keyboard up. Only a person who
knows all the underlying funda
mentals can copewith all the
significant brands ofcomputers.
And as an NRI graduate, you'll
possess the up-to-the-minute
combination of theory and practical
experience that will lead you to
success on the job.

You learn at your own con
venience, in your own home, at
your own comfortable pace. With
out classroom pressures, without
rigid night-school schedules,
without wasted time. Your own
personal NRI instructor and NRl's
complete technical staff will
answer your questions, giveyou

After you construct this
digital logic probe, you'll
install the " intelli gent"
Sanyo detached keyboard,
with its dedicated
microprocessor.

guidance and special help whenever
youmayneedit.

The Exciting Sanyo MBC
5 5 0-2 - Yours ToKeep

Critics hail the new Sanyo as
the "most intriguing" ofall the
IBM-PC compatiblecomputers. It
uses the same 8088 microprocessor
as the IBM-PCand the MS/ DOS
operatingsystem. So, you'llbe able
to choosethousands ofoff-the-shelf
software programs to run on your
completed Sanyo.

After you install the disk
drive and monitor, you'll
make a backup copy of the
MS-DOS operating disk ,
explore the 8088 microchip
and additional circuits.

Asyou buildthe Sanyofrom
the keyboard up, you'llperform
demonstrations and experiments
that will give you a total mastery of
computeroperations and servicing
techniques. You'lldo programming
in BASIC language. You'll prepare
interfaces for peripheralssuch as
printers and joysticks. Using utility
programs, you'll check out 8088
functioning. NRl's easystep-by-step
instructions will guideyou all the
way right into one oftoday's fastest
growing fields as a computer
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service technician. And the entire 
system, including all the bundled 
software and extensive data 
manuals, is yours to keep as part 
of your training. 

How the pro computer 
critics rate the 
Sanyo 550: 

"Sanyo BASIC is definitely 
superior to IBM Microsoft ... lets 
you use two or three keystrokes for 
entering BASIC commands." 

-MICROCOMPUTING Magazine 

"... compares favorably with 
the IBM PC, even surpassing it in 
computational speed... " 

-COMPUTERS & 
ELECTRONICS Magazine 

Your NRI Course Includes a Sanyo MBC 
550-2 Computer with 128K RAM. Monitor, 
Disk Drive. and "Intelligent" Keyboard; 
The NRI Discovery Lab'. Teaching Circuit 
Design and Operations; a Digital 
Multimeter. Bundled Spread Sheet and 
Word Processing Software Worth 51500 
at Retail -and More. 

"I went to have a look at the 
MBC -550... what I found made 
me an owner the next day!" 

-Bill Sudbrink, 
BYTE Magazine 

100 -Page Free Catalog 
Tells More 

Send the postage -paid reply 
card today for NRl's big 100 -page 
color catalog, which gives you all 
the facts about NRI training in 
Microcomputers, Robotics, Data 

Communications, TV /Video/ 
Audio Servicing, and other grow- 
ing high -tech career fields. If the 
card is missing write to NRI at the 
address below. 

M HOOLS 
McGraw14W Continuing Education ('enter 
39:39 Wisconsin Avenue. NN 
Washington, DC 20016 

We'll Give You Tomorrow. 
IBM is a Registered Trademark of International 
Business Machine Corporation 
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servicetechnician. And the entire
system, including all the bundled
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manuals, is yours to keep as part
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". . .compares favorably with
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YourNRI Course Includes a SanyoMBC
550-2Computerwith 128K RAM,Monitor,
DiskDrive, and "Intelligent"Keyboard;
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ASK R -E 

BUILDING A JOYSTICK 
I'm building a robot, and I want to 
control it with a joystick or ball -type 
control like the ones used on many 
video games. I'd like to build my 
own. Can you help ? -H. M., Palmet- 
to, SC. 

From your question, we'll as- 
sume that you are most interested 
in the analog types. Those offer a 

greater degree of control than the 
switch -closure type (the latter are 
used primarily by some types of 
video games), and are simple elec- 
trically, but mechanical con- 
struction requires a little skill and 
ingenuity. They are designed so 
that their motion increases or de- 
creases the resistance of one or 

FIG. 1 

more potentiometers. Which po- 
tentiometers are affected is deter- 
mined by the direction of the 
motion. 

The mechanical design of a sim- 
ple joystick is illustrated in Fig. 1. 
That design originally appeared in 
the British magazine Wireless 
World. The potentiometer used 
for side -to -side motion is fixed to 

FIG. 2 

SETSCREWS 

THUMB CONTROL / 

THUMB CONTROLS 

V 

FIG. 3 

the chassis or control box. The 
joystick is fastened to the body of 
the second potentiometer by its 

WRITE TO: 

ASK R -E 

Radio-Electronics 
200 Park Ave South 
New York, NY 10003 

mounting nut. The shafts of the 
two potentiometers are drilled 
and fastened together by a small 
nut and bolt. 

A more elaborate design, from 
the Argentinian magazine Revista 
Telegrafica Electronica, appears in 
Fig. 2. A total of four potentiome- 
ters are used to vary resistance in 
two circuits with side -to -side mo- 
tion, and in two other circuits with 
fore -and -aft motion. 

We can't help you with the con- 
struction of a trackball, but you 
might be able to substitute one of 
the thumb -operated designs 
shown in Fig. 3. Those designs are 
from Radio (Czechoslovakia). 

Take care in selecting the poten- 
tiometers. Most have a rotation of 
about 270 degrees, but joysticks 
usually limit motion to about 45 
degrees from the neutral or center 
position. Naturally, you'll want to 
use linear potentiometers so that 
equal deviations from the "neu- 
tral" position produce equal 
changes in resistance. 

FREQUENCY AND PERIOD 
I know what a sinewave is, but I 

don't understand the difference be- 
tween frequency and period. How 
are they related ? -N. J. S., Green - 
boro, NC. 

Frequency is the number of cy- 
cles that occur per unit of time. A 
complete cycle is measured be- 
tween two successive points on 
the waveform that have the same 
amplitude and direction. For ex- 
ample: The time between two suc- 
cessive positive peaks, or between 
two successive positive -going zero 
crossings, constitutes one cycle. 
Until about 20 years ago, cycles 
per second was the unit in which 
frequency was specified. 

But that term has been almost 

WRITE TO:

ASK R-E
Radio-Electron ics
200 Park Ave South
New York, NY 10003
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I know what a sinewave is, but I
don't understand the difference be
tween frequency and period. How
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Frequency is the number of cy
cles that occur per unit of time. A
complete cycle is measured be
tween two successive points on
the waveform that have the same
amplitude and di rection . For ex
ample: The time between two suc
cessive positive peaks, or between
two successive positive-going zero
cross ings, con stitutes one cycle.
Until about 20 years ago, cycles
per second was the unit in which
frequency was .specif ied .

But that term has been almost

mounting nut. The shafts of the
two potentiometers are drilled
and fastened together by a small
nut and bolt.

A more elaborate design, from
the Argentinian magazine Revista
Telegrafica Electronica, appears in
Fig. 2. A total of four potentiome
ters are used to vary resistance in
two ci rcuits with side-to-side mo
tion, and in two other circuits with
fore-and-aft motion.

We can't help you with the con
struction of a trackball, but you
might be able to substitute one of
the thumb-operated designs
shown in Fig. 3. Those designs are
from Radio (Czechoslovakia).

Take care in selecting the poten
tiometers. Most have a rotation of
about 270 degrees, but joysticks
usually limit motion to about 45
degrees from the neutral or center
position. Naturally, you'll want to
use linear potentiometers so that
equal deviations from the "neu
tral" position produce equal
changes in resistance.
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That design originally appeared in
the British magazine Wireles s
World. The potentiometer used
for side-to-side motion is fixed to
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control it with a joystick or ball-type
control like the ones used on many
video games. I'd 'like to build my
own. Can you help?-H. M., Palmet
to, Sc.

From your question, we'll as
sume that you are most interested
in the analog types. Those offer a
greater degree of control than the
switch-closure type (the latter are
used primarily by some types of
video games), and are simple elec 
trically, but mechanical con
struction requires a little skill and
ingenuity. They are designed so
that their motion increases or de
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Name Brands at Lowest Cost 

0011 
DEFO 
A.W. SPERRY 20 MHz 
DUAL TRACE --41C-- 
SCOPE 

Roba . 6 i 
rlctrdeC 

Special huiln Comparent Checker circuit 
allows vdlage vs tuned darxtenstrcs d 
de-enerpnd circuits to be vlewed Saves 
tuts bcatirg detective corrpalerrts 

Model 620 -C $39995 

HITACHI 35 MHz 1 MV /DIV 
DUAL -TRACE PORTABLE SCOPE 

Probes 

Thet í1p1í =mead desgl Fealties lace 
6 rectanpttar, ntemal grata* CRT % 
Aerations Autol&ats Phdogapht bend 

Model V -355 559995, Reg 5899 951 

BIM 60 MHz TRIPLE- TRA(,E 

SCOPE 

Rotes 
rrfrdtd 

1 mV /dir seraAAety 22 cal Jatorl 
sweeps RectargAar CRT wAh tAanal 
;anale Delayed sweep /dual hie base 

Model 1560 589995 ,Rep S1150) 

HITACHI 100 MHz OUAD- 
TRACE DELAYED SWEEP 
SCOPE 

low halation 
dome mesh 6 
rectarg la CRT 
with nternal 
patiaAe a 

500 uV /dv hqh 
senmmty desgt Raba rx-UOed 

Delayed 
knot 

sweep 
(Reg $1980) 

Model V -1050F $124995 

FLUKE HANDHELD. 41, 

DIGIT MULTIMETER 

RMS rreavterrets b 
AC seals to 100 

kHz Frequency to 200 
kHz Resistance to 
300M ohm 04% 
Acaracy t 

Model 8060A 532500 lieg 5349) 

WELLER WTCPR CONTROLLED 
OUTPUT SOLDERING STATION 

Hague Closed 
Loop' melted d 
controlling 
maximum tip 
temperature 
protects 
temperature 
sererbve 
components Grounded hp protects vdtage 
and current sensitive components 

SIMPSON METER AC /DC 
VOLTS/AMPS RESISTANCE 

28 trcre proven 
ranges Direct 
dal reading 

Multipurpose 
test leads with 
combination ache 
bila aegata des 

v.res 
'es' ran ru1:4 

Model 260 -7 $199 

XCELITE ATTACHE TOOL KIT 

Contains 53 
rdwdual toast 

31 Sales 99 
nterchange.ab e 

saewdrrver/ 
nutdrrver blades 

and handles, 

and 2 specialized 
sateettrven/ 

nutdruer sets 
and kas Case 

1191/2 x 13's x 61.0 
(Prep 5199951 

$37995 Model TCM- 100 /ST 

UNGAR HOT VAC 

DESOLDERING 
SYSTEM 

.l 
\ Seti-Ca><aned \ Super-Duet At 

sohd-state taArd 
adlusts tp 

;--Nk temperature ham 
s/ 500' - 1000'F 

Transient spikes h!y suppressed la sate 
desogeftg of vdtage-serartrve camporenti 

Model 4000-U5419951%; S599951 

Model WTCPR $7995 each 

800-645- 
InNYStale 8 00- 832 -1446 L 
Fordha Illni260 Motor Parkway, Hauppauge, NY 11788 

(Telephone Orders Accepted) 

WELLER 
SOLDERING STATION 

temperature toro 
350 to 850 F 

roc . large del 
LED display b 
actuate seta; 

Model EC2000 516995 

Service i Shipping Charge Schedule 
Continental U S A. 

FOR ORDERS 
525 100 
5101250 
5251-500 
S501.750 
5751 1 000 
SI 001-1500 
Si 501.2000 
52001 and Up 

ADO 
$4150 
5600 
S8 00 

Sí050 
S1250 
S1650 
52000 
52500 

NameBrandsat LowestCost
OUR
PRICES

YOU
BUY

Model B060A $32500
(Reg $349.)

HITACHI 100 MHz QUAD- .
TRACE DELAYED SWEEP
SCOPE

" '1

\\
'~ • Self-Contained,

Super-QuietAir
I . , Pump.. Variable
\ '\ .solid-statecontrol
~ . adjUsts tiP
J;"'\ temperature from

500' - 1000' F.
• Transient spikes fully suppressed for safe
desoldering of voltage-sensitive conpooents

MOdeI4000-u$41995
(Reg $599.95)

Probes
ircluded

XCEUTE ATTACHETOOL KIT

• Contains 53
individual tools,

31 Series 99
interchangeable

screwdriver/
nutdriver blades

and handles,
and 2 specialized

screwdriver/
nutdriver sets
and kits Case

(19Y, x 13'12 x6%).
(Reg $499 95) $37995

Model TCM-100/5T

B&K 60 MHz TRIPLE-TRACE
SCOPE

• 1 mV/div sensilivity• 22 calibrated
sweeps • RectangJlar CRT with internal
qratitule• Delayed sweep/dual time base.

Model 1560 $89995
(Reg $1150.)

Df. ..... t~~ 1
, ·..·..:.\!l
~ ~.- · t~

!
L. ...•- - --'

Probes
ircluded

Completewith
balteries.
test leads. manial

Model 260-7 $10995

.. 28 timeproven
ranges.. Direct
dial reading
.. Multi-purp:>se

test leads with
combination probe
and alligator clips

SIMPSON METER AC/DC
VOLTS/AMPS RESISTANCE

HITACHI 35 MHz 1MV/DIV
DUAL-TRACE PORTABLE SCOPE

I

• Thin, light, coroectdesi{,Jl • Featues large
6" rectangJlar, internal !1aticule CRT. • %
calitration& • AutofOaJs • Photographic bezel

Model V-355 $59995
(Reg $899.95)

A.W. SPERRY 20 MHz
DUALTRACE ,
SCOPE

;''I :
.. ..l_~~~

ir:::~d '!=::J
• Special lJJilt-in Component Checker circuit
allows voltage vs current characteristics of
de-energized circuits to beviewed Saves
hours locating defective compooents.

Model 620-C$39995

• RMS rneasurements for
ACsignals to 100
kHz. .. Frequency to 200
kHz. • Resistance to
300Mohm" .04%
Accuracy

FLUKE HANDHELD, 4V2
DI GIT MULTIMETER

WELLER WTCPR CONTRO LLED
OUTPUT SOLDERING STATI ON

• Unique 'Closed \
Loop' method of
controll ing . r "'fI!~
maximum tiP .#
temperature .... ..........-:
protects " ", • .....---""
temperature . :;: .
sensitive
corrporents .. Grounded tip protects voltage
and current sensitive compooents

Model WTCPR$7995each.

SEND FOR OUR LATEST

FREE
CATALOG

WELLER
SOLDERING STATION

• Variable tip
temperature from
350' to850' F.
• Plug-in soldering
irons • Large dig~ (
LED displayfor -
accurate settm - ......- -

Model EC2000 $16995

service &Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS ADD
525· 100 . S450
S101·250 .. . .. 56 .00
525 1·500 58.00
5501·750 5 10.5.0
5751-1 .000 . . .. .. . .. 512.50
5 1.001·1500 5 16.50
51.501 ·2000.. .. . 520.00
52 .00 1 a nd Up .. . . . 5 25.00

800-645-9518
In NY State: 800-832-1446 t~~ll [.]1 mK I

Fi dh (Telephone Orders Accepted)or am 260 Motor Parkway, Hauppauge, NY 11788
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universally replaced by hertz -a 
unit equal to one cycle per sec- 
ond. We said almost universally 
because, while most of us use 
hertz, kilohertz, megahertz, etc., 
in connection with RF, some still 
refer to the 60 -cycle power line, etc. 

Whereas frequency refers to the 
number of events in a given period 
of time, the period of a signal is 
simply the amount of time re- 
quired for one complete event to 
occur. The symbol for period is T, 

which represents time. Frequency 

and period are reciprocals, so the 
higher the frequency, the shorter 
the period, and the longer the 
period, the lower the frequency. 
Frequency and period are related 
by these formulas: 

T (sec) = 1 
_ t (Hz) 

/ (Hz) = 1 
_ T (sec) 

For example, a signal with a fre- 
quency of 20 kHz has a period of 
1/20,000, or 0.00005 sec. A signal 
with a period of 12.5 p.s has a fre- 
quency of 1/0.0000125, or 80 kHz. 

ELENCO PRODUCTS AT DISCOUNT PRICES! 

1800 DIGITAL LCR METER 
Measures Inductance, Capacitance and Resistance 
At )asti M LCR meter that s.wyons can afford. Now you can mwtre costs. 
transformers. chokes from 1p N So 200 11, eapaeltets from .1 pfd Io 200 mfd and 
resistors from Al ohms to 20 medohrn. AM in one hY dhekl Instrument 

SPECIFICATIONS 

MODEL 
LC-1900 

s148 

ceeseals 
Pangs 200 pF, 2 M, 20 ap, 200 a1, 2 i, 20 i 200 rf 
asaoMra 0.1 pr, 1 pp, 10 K. t00 N, 1 ap, 10 of, 10e M 
Aoetwar3r, <OA? .R%. leatl>eaf .p%. tat1 
krtiretaaa 
110ye 2 nWl 301,M. 200104.214.2014.200 
aueAeWa t .1L SO pH. 100 dl 1 NH. 10 11L 100 a1N 
*comm. (0JN O%. 1MO>OaN eE%.1ea0 
aeetllenM_ 

asap. 20.200.21.2011.2001421.1,20110 
MealN/ea At, I, 1, 10, tee, lb, IOW 
Accvacy <1 M O - . Opr 

GF-8016 Function Generator 
with Freq. Counter 

14 

5229 
Sine, Square, Triangle, 
Pulse. Ramp, 2 to 2 MHz 
Frequency 1 thru 10 MHz 

GF 8015 without Freq. Meter '189 

20 MHz Dual Trace Oscilloscope 

- Model -,M $329 M0.12s1 

-1 I 2 Year Guarantee 
'1`611... 2 Probes Included 

AC Current Meter 

98 Model 
ST 1000 

Reads 20, 200, 1000 A 
DC & AC Volts. Resistance 
31/2 LCD Digits 
Deluxe Carry Case 

AC Current Meter 

48 Q Model 
ST -310 

Reads 300 Amps (5 ranges) 
DC S AC Volts, Resistance 
Case & Leads Included 

MO -1252 35 MHz Dual Trace '550°° 

True RMS 4' t Digital Multimeter .. 5135 

w 

.05% DC Accuracy 
.1% on Resistance 

5% True RMS AC 
.5% Freq. Counter 1.200 kHz 

Deluxe Case Included 

31/2 Digital Multimeter 

S25Modal 

M-1000 

1 Y. DC Accuracy 
1 %. on Resistance 
1.5/. AC Accuracy 
Reads 10 DC Amps 

C&S SALES, 8744 W. North Ter. 15 DAY MONEY 
Niles, IL 80648 (312) 459.9040 . BACK GUARANTEE 

2 Year Limited Guarantee! Add 5% toe Postage el0 Max t. M. Res., 7% Tax 

CIRCLE 265 ON FREE INFORMATION CARD 

WHAT ARE THOSE BANDS? 
A friend claims that his police -radar 
detector is superior to mine because 
his operates on the K -band, while 
mine operates on the X -band. What's 
the story on those bands? Where did 
they get their names, and what fre- 
quencies do they cover ? -E. R., Ben - 
netsville, SC. 

During World War Il, the Allies 
used various frequencies in the 
UHF and microwave bands for a 
variety of secret military applica- 
tions. For secrecy, each band was 
identified by a letter. Some of 
those bands, and the frequencies 
and wavelengths associated with 
them, are shown in Table 1. 

For years, police radar operated 
on the S -band. Equipment was ex- 
pensive, bulky, and heavy (about 
250 pounds). Usually, it was in- 
stalled in a van, a truck, or a spe- 
cially equipped automobile. 

Later, radar was moved to the X- 

TABLE 1 

VHF AND MICROWAVE BANDS 

Band Frequency 
P 225 -390 MHz 
L 390 -1500 MHz 
S 1.5 -5.2 GHz 
C 3.9-6.2 GHz 
X 5.2 -10.9 GHz 
K 10.9 -36 GHz 
O 36-46 GHz 

46-56 GHz 

Wavelength 
133.3-76.9 cm 
76.9-19.3 cm 
19.3-5.7 cm 
7.69-4.84 cm 
5.77-2.75 cm 
2.75-0.834 cm 
0.834-0.652 cm 
0.652-0.365 cm 

band. The higher frequency made 
less expensive, more compact 
equipment possible. Radar units 
could be mounted on a tripod, or 
clamped to the window or rain 
gutter of a patrol car parked beside 
the road. Later X -band devices 
were hand -held. In either case, X- 
band radar had to be operated 
from a stationary position; it can- 
not be used if the operator is in 
motion. 

The next advancement was the 
development of K -band equip- 
ment, which allows the operator 
to make speed measurements 
while he is either stationary or in 
motion. Also, it can be used to 
measure the speed of both on- 
coming vehicles and vehicles trav- 
eling in the same direction as the 
operator. Thus, K -band equipment 
has the advantages of low cost, 
light weight, and maximum ver- 
satility. Because of those reasons, 
it is used by many city, coun- 
ty, and state police departments. R -E 

Wavelength

133.3--76.9 em
76.9-19.3 em
19.3--5.7 em
7.69--4.84em
5.77-2.75em
2.75-0.834 em
0.834--<).652em
O.652-{).365 em

P 225-390 MHz
L 390-1500 MHz
S 1.5---5.2 GHz
C 3.9-6.2 GHz
X 5.2- 10.9 GHz
K 10.9--36 GHz
Q 36-46GHz
V 46-56 GHz

Band Frequency

band. The higher frequency made
less expensive, more compact
equipment possible. Radar units
could be mounted on a tripod, or
clamped to the window or rain
gutter of a patrol car parked beside
the road. Later X-band devices
were hand-held. In either case, X
band radar had to be operated
from a stationary position ; it can
not be used if the operator is in
motion.

The next advancement was the
development of K-band equip
ment, which allows the operator
to make speed mea surements
while he is either stationary or in
motion. Also , it can be used to
measure the speed of both on
coming vehicles and vehicles trav
eling in the same direction as the
operator. Thu s, K-band equipment
has th e advantages of low cost,
li ght weight, and maximum ver
satility. Because of those reasons,
it i s used by man y city, coun
ty, and statepolice departments. R-E

WHAT ARE THOSE BANDS?
A friend claims that his police-radar
detector is superior to mine because
his operates on the K-band, while
mine operates on the X-band. What's
the story on those bands? Where did
they get their names, and what fre
quencies do they cover?-E. R., Ben
netsville, Sc.

During World War II , the Allies
used various frequencies in the
UHF and microwave bands for a
variety of secret military applica
tions. For secrecy, each band was
identified by a letter. Some' of
those bands, and the frequencies
and wavelengths associated with
them , are shown in Table 1.

For years, police radar,operated
on the S-band. Equipment was ex
pensive, bulky, and heavy (about
250 pounds). Usually, it was in
stalled in a van, a truck, or a spe
cially equipped automobile.

Later, radar was moved to the X-

TABLE 1
VHFAND MICROWAVE BANDS

• 1% DC Accuracy
• 1% on Resistance
·1 .5% AC Accur acy
• Reads 10 DC Amps

• .05% DC Accura cy
· .1 % on Resistance
• 5% True RMS AC
•. 5% Freq. Counter 1-200 kHz
• Deluxe Case Includ ed

3% Digital Multimeter

$25 Model
M·1600

SPECIFICATIONS

__True RMS 4% Digital Multimeter

- $135 ModelM·7000

MO-1252 35 MHz Dual Trace 555000

- 20, 200, 2 k, 20 k. 200 k, 2 M, 20 MQ
- .01, .1, 1, 10, 100 , 1 k, 10 kQ
- <1 MQ ± 1% + 1 dgt

• 200 pF, 2 nF, 20 nF. 200 nF. 2.uF, 20 j.lF, 2OO,..F
• 0.1 pF, 1 pF. 10 pF, 100 pF, 1 nF, 10 nF , 100 nF
• <0.5 .uF :l:(2'/. + 1 dgt ) >O.5f,{F :::(3'/. + 1 dgtl

:~ ;H~;1~.u~~~~~;~'~;'1~:~~OOHmH
• .or;: 0.5 H + (3'/, + 1 dgt' > 0.5 H :t (5'/, + 1 dgt )

20 MHz Dual Trace Oscilloscope

• ~ ~, : ..~~~?~ $329 M~~~;~1
. -f e., r;II·2 Year Guarantee
."" . i~ri.. ". _" .2 Probes Included

and period are reciprocals, so the
hi gher the frequency, the shorter
the period, and the longer the
period , the lower the frequency.
Frequency and period are related
by these formulas:

T (sec) = 1 7 f(Hz)
f(Hz) = 1 7 T (sec)

For example, a signal with a fre
quency of 20 kHz has a period of
1/20,000, or 0.00005 sec. A signal
with a period of 12.5 us has a fre
quency of 1/0.0000125, or 80 kHz .

Range
Resolut ion
Acc uracy

Reaist ance

Capacit ors

Indu ctanc e

Range
Resolut ion
Accu racy

Range
Reso lution
Accuracy

DIGITAL LCR METER
Measures Inductance, Capacitance and Resistance
At Last ! An LCR meter that everyone can affo rd. Now you can measure coils ,
t ransfo rmers, chokes from 1j..l H to 200 H, capacitors from .1 pfd to 200 mfd and
resist ors f rom .01 ohms to 20 megohm s. All in one handh eld instrument.

$229

LC·1800

AC Current Meter

$98 Model
ST·1000

AC Current Meter

$48 Model
ST·310

• Sine, Square, Triangl e,
• Pulse, Ramp, .2 to 2 MHz
• Frequenc y .1 thru 10 MHz

• Reads 300 Amps (5 ranges)
• DC & AC Volt s, Resist ance
• Case & Leads Includ ed

• Reads 20, 200, 1000 A
• DC & AC Volt s, Resistance
· 3V, LCD Digit s
• Deluxe Carry Case

GF·8016 Function Generator
with Freq. Counter

GF 8015 without Freq. Meter ' 169

CIRCLE 265 ON FREE INFORMATION CARD

C&S SALES, 8744 W. North Ter. /ii!i!!!IiI (~I 15 DAY MONEY
Niles, IL 60648 • (312) 459·9040 ~ ,... BACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage ('10 Max.), III. Res., 7% Tax

universally replaced by hertz-a
uni t equal to one cycle per sec
ond . We said almost universally
because , w hi le mo st of us use
hertz, kilohertz, megahertz, etc. ,
in connection w it h RF, some sti l l
refer to th e 6O-cycle powe r line, etc.

Whereas frequency refers to the
number of events in a given period
of time, the period of a signal is
simp ly the amount of time re
quired for one complete event to
occur. The symbol for period is T,
which represents time. Frequency
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PERFORMANCE 
THAT IS OUT OF THIS WORLD... 

538900 5549°° 
MODEL 2000 20MHz 

DUAL TRACE 
MODEL 3500 35MHz 

DUAL TRACE DELAYED SWEEP 

...AT A DOWN TO EARTH PRICE 
At last! Truly affordable test equipment with no compromise in design, and features 

you would expect to find only on oscilloscopes costing hundreds of dollars more! JDR 
Instruments presents two, new, high -performance models backed by a two year 
warranty and technical support which is only a phone call away. Perfect for the 
technician or advanced hobbyist, both models feature Dual Trace capability and a 
variety of operating and triggering modes, including CH -B Subtract and X -Y operation. 

MODEL 2000 has a 20 MHz 
bandwidth and 20 calibrated 
sweeps ranging from .2s to .2ps. 
A convenient built -in component 
tester provides additional 
diagnostic power. 

ORDER TOLL FREE 
800 -538 -5000 
800 -662 -6279 (CA) 

60 
\>1 

INCLUDES TWO HIGH QUALITY 
1x. 10x TEST PROBES 

MODEL 3500 features a 35 
MHz bandwidth and exceptional 
1 mV /DIV sensitivity. Delayed 
sweep and variable holdoff allow 
stable viewing of complex 
waveforms. 

CIRCLE 261 ON FREE INFORMATION CARD 

411MJDF1 INSTRUMENTS 
1224 South Bascom Avenue 

San Jose, California 95128 (408) 995 -5430 

COPYRIGHT 19E6 JDR INSTRUMENTS EARTH PHOTO COURTESY Of NASA 
sH:zu.AV:t: 17; f.71:r1i.7 tt:lieik.11i:li elk r_.:7 ., r2: iI[y3.Y11::L ̀r'fL';1:_!li;111:11:Lif:Ll:I!MJUMlI0,J,,ffL'.i.. 
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LETTERS 

PLYWOOD SATELLITE -TV DISH 
The article, "A Plywood Satellite - 

TV Dish," by David J. Sweetnam, 
which appeared in the October 
1985 issue of Radio -Electronics, 
contains several serious errors that 
affect the design and gain com- 
putation of the lens. 

The equation for the nth zone 
radius that is presented as r2 = 
ndX should be r2 = ndX + 
0.25n2X2. In both equations, d is 
the focal length and X is the wave- 
length. See p. 337 of Introduction 
to Electricity and Optics, by N. H. 
Frank (published by McGraw Hill), 

for the derivation of the equation. 
Rearranging things we see that d 

= (rr,2 /nX) 0.25nX, rather than 
what was stated in the article, d = 
r2 /(nX). The only explanation I can 
think of for the difference is that 
an approximation was used. That 
approximation is valid for light - 
where X is much smaller than d- 
but not for microwaves. 

The amplitude of the signal from 
each zone is proportional to the 
zone area (which is not the same 
for each zone if the radii are com- 
puted properly) and inversely pro- 
portional to the square of the 

WRITE TO: 

LETTERS 
Radio -Electronics 
200 Park Ave South 
New York, NY 10003 

distance from the zone to the focal 
point, or: 

d l' (1+ 
J 

Wá)1 
A, - (d +(^ =)AJ , d 

1 +OA) 
1 

(1 +( +h) 

It is not\ true that "gain varies 
without regard to the diameter of 
the lens." Given a wavelength and 
a lens diameter, there is an op- 
timum number of zones. That 
number may be determined by 
computing the gain for an increas- 

continued on page 22 

WAVeTa K 

Our 2 MHz Function GEnErator 
has an unlimitEd rangE. 

Model 20 not only covers the .002 Hz 
to 2.1 MHz frequency range, it covers 
the world. With internal NiCad bat- 
teries' you can take Model 20 
anywhere and get triggered, gated or 
continuous waveforms -sines. 
squares, and triangles up to 20 volts 
peak to peak. It recharges from wall 
transformer (included) or external 
source from 12 to 25 VDC or 10 to 
18 VAC. Model 20 also has many of 
the features you would expect from 
the industry leader In function gener- 
ators, including VCG input connector 
for external sweep or FM, step 
attenuator to - 80dB, and a TTL 
pulse output. The price is lust $395. 
For a data sheet or to order, call or 
write Wavetek San Diego, P.O. Box 
85265, 9045 Balboa Ave. San 
Diego CA 92138. Phone 19) 
279-2200; TWX (910] 3 5-2007. 
'El/tunes not 

-! 

. .. . ` 
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LETTERS WRITE TO:

LEITERS
Radio-Electronics
200 Park Ave South
New York, NY 10003

PLYWOOD SATELLI TE-TV DISH
The article, "A Plywood Satellite

TV Dish," by David J. Sweetnam,
w hich appeared in the October
1985 issue of Radio-Electronics,
contains several serious errors that
affect the design and gain com
putation of the lens.

The equation for the nth zone
radius that is presented as rn 2 =
ndx should be rn 2 = nd), +
O.25n2A 2 . In both equations, d is
the focal length and A is the wave
length. See p. 337 of Introduction
to Electricity and Optics, by N. H.
Frank (published by McGraw Hill),

for the derivation of the equation .
Rearranging things we see that d

= (rn 2/nA) - O.25nA, rather than
what was stated in the article, d =
rn2/(nA). The only explanation I can
think of for the difference is that
an approximation was used . That
approximation is valid for light
where A is much smaller than d
but not fo r microwaves .

The amplitude of the signal from
each zone is proportional to the
zone area (which is not the same
for each zone if the radii are com
puted properly) and inversely pro
portional to the square of the

distance from the zone to the foca l
point, or:

~ ( d )2 (1 +(f!L=.1)(-1 ))
Ai d+ (2n-1)" 4 d

4 1+ (IJd)

1

(1 + (2n~1 )~)(1+~)

It is not true that "gain varies
without regard to the diameter of
the lens ." Given a wavelength and
a lens diameter, the re is an op
timum number of zones . That
number may be determined by
computing the gain fo r an increas-

continued on page 22
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Our 2 MHz Function Generator
has an unlimited range.

Model 20 not onlycovers the .002 Hz
to 2.1 MHz frequency ran~e, it covers
the world. With internal NICad bat
teries" you can take Model 20
anywhere and get triggered, gated or
continuous waveforms-sines,
squares, and triangles up to 20 volts
peak to peak. It recharges from wall
transformer [included] or external
source from 12 to 25 VDC or 10 to
18 VAC. Model 20 also has many of
the features youwould expect from
the industry leader in function gener
ators, including VCG input connector
for external sweep or FM, step
attenuator to - 80dB, and a TIL
pulseoutput. The price is just $395.
For a data sheet or to order, call or
write Wavetek San Diego, P.O. Box
85265,9045 BalboaAve., San
Diego, CA 92138 . Phone (6191 .
279-2200; TWXJ910] 335-2007.
• Batteries not include .
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r- PHILIPS KEITHLEY 
WESTON Ì Non -Linear Systems 

FLUKE 
SERIES 
MLJI_TIMETERS 

77 0.3% Accuracy 
Manual or 
Autorange 

10A + mA Range 
Beeper 

"Touch- Hold" 
Function 

Sale. 5 
$17259 95 

73 6995 

WE CARRY A FULL 
LINE OF FLUKE 
MULTI-METERS. 
IN STOCK NOW 

SALE ENDS Feb.28 

DYNASCAN 
CORPORATION 

BREAKS THE PRICE BARRIER 
WITH THESE HIGH PERFORMANCE 

OSCILLOSCOPES 
100 MHz Dual Trace 
Dual Time Base 

1 mV div sensitivity 
23 calibrated sweeps 
Rectangular CRT with internal 
graticule and scale illumination 
Signal Delay Line 

$995 
Does not include probes 
($60 00 a pair when purchased with scope) 

LEADER 

BECKMAN'S 
CIRCUITMATE 

ALL UNDER $100 
AVAILABLE NOW.... 

S64 95 

Circuitmate DM 20- 
3't- digit, pocket-size 

multimeter; 0.8% Vdc 
accuracy, diode test, 
FE test, conductance. 

10 amps AC and DC 
ranges, auto-polarity 

auto-zero. auto- 
decimal 

S79 95 

Circuitmate DM-25- 
31/2 digit, pocket -size 
multimeter; 0.5% Vac 
accuracy. diode test, 

apacitance, continuity 
beeper. conductance, 

10 amps AC and DC 
ranges, auto-polarity, 

auto-zero, auto- 
decimal 

main" PRE CISION 
INDUSTRIAL 

TRANSISTOR 
TESTER 

$21995 

MODEL 
5208 

Now with HI LO Drive 

Works in- circuit when 
others won't 
Identities all three tran- 
sistor leads 

Random lead connection 
Audibly and visually in- 
dicates GOOD transistor 

569 95 

Circuitmate DM -40 - 
3'h -digit multimeter; 
0.8% Vdc accuracy, 

diode test, auto- 
polarity. auto-zero, 

auto-decimal 

$8995 
Circuitmate DM 45 - 
3'h -digit multimeter; 
0.5% Vdc accuracy, 

diode test,continuity 
beeper, 10 amps AC 

and DC ranges. auto- 
zero, auto-polarity, 

auto-decimal 

100 MHz Dual Time Base 
SCOPE MODEL 

1590 

4° 0.4°1 
5139500 

PRICE DOES NOT 

INCLUDE PROBES 

1mV /division sensitivity to 70 
MHz 
500 At V /division cascade 
sensitivity 
Four -input operation provides 
trigger view on 4 separate inputs 
Alternate time base operation 
Switching power supply delivers 
best efficiency and regulation at 
lowest weight 

®11* 
TOLL FREE HOT LINE 

800- 223 -0474 
.-- Elm 212.730 -7030 

aNC 
"°dl'58° ELECTRONICS"- 

QUANTITIES ARE LIMITED 
26 WEST 46th STREET, NEW YORK. N Y 10036 

ePHILIPS IImD!i1 WESTON • Non-lin••r System8 ~ LEADER

BECKMAN'S
CIRCUITMATE ®

ALL UNDER $100

$69 95

$89 95

Clrcultmate DM-40 
3'1z -digit multimeter ;
0.8% Vdc accuracy,

diode test, auto
polarity, auto-zero,

auto-decima l

•__.....:-.. . Circuitmate OM 45 
3'1z -digit multimeter;
0.5% Vdc accuracy,

diode test,continuity
beeper, 10 amps AC

and DC ranges, auto
zero, auto-polarity,

auto-decimal

PRICE DOES NOT
INCLUDE PROBES

• 1mY/divis ion sens itivity to 70
MHz

• 500 J.L V/divis ion cascade
sensit ivity

• Four-input operation provides
trigger view on 4 separate inputs

• Alternate ti me base operation
• Switching power supply delivers

best effi ciency and regulation at
lowest weight

B.-r
100 MHz Dual Time Base
SCOPE MODEL

1590

1$21995 1

Circu itmate OM 20
31fz -digit, pocket-size

multi meter ; 0.8% Vdc
accuracy, diode test ,

hFE test, conduc tance,
10 amps AC and DC
ranges, auto-po larity

auto-zero, auto
decimal

$79 95.

$64 95

Circultmate DM-25
3'1z dig it , pocket-si ze
multimeter; 0.5% Vac
accuracy, diode test ,

capac itance, continuity
beeper, conductance,
10 amps AC and DC

ranges, auto-polarity,
auto-zero, auto-

dec imal

212-730-7030

TOLL FREE HOT LINE

800-223-0474

MODEL
5208

• Now with Hl/Lq Drive

• Works in-circuit when
others won't

• Identifies all three tran
sistor leads

• Random lead connection
• Audibly and visually in

dicates GOOD transistor

AVAILABLE NOW. . . .

BJll/JJf/IfJIINDUSTRIAl
TRANSISTOR

TESTER

ADVANC--.r
ELECTRONIC

WE CARRY A FULL
LINE OF FLUKE
MULTI·METERS.
IN STOCK NOW

SALE ENDS Feb.28

Does notinclude probes
($60.00a pair when purchasedwith scope)

sale. 99 5
$12 899 '

75 6995
73

1$9951

77 e 0.3% Accuracy
e Manual or

Autorange
e 10A + rnA Range

e Beeper
e "Touch-Hold"

Function

BJ:ji'@V,f, DYNASCAN, J CORPORATION

BREAKS THE PRICE BARRIER
WITH THESE HIGH PERFORMANCE

OSCILLOSCOPES
100 MHz Dual Trace/
Dual Time Base
• 1 mV/div sensitivity
• 23 calibrated sweeps
• Rectangular CRT with internal

graticule and scale illumination
• Signal Delay Line
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CIE MAKES THE 
WORLD OF 

ELECTRONICS 
YOURS. 

oday's world is the world of electronics. 
To be part of it, you need the right kind of 

training, the kind you get from Cleveland 
Institute of Electronics, the kind that can take you 
to a fast growing career in business, aerospace, 
medicine, science, government, communica- 
tions, and more. 

Specialized training. 
You learn best from a specialist, and that's CIE. 
We're the leader in teaching electronics through 
independent study, we teach only electronics and 
we've been doing it for over 50 years. You can put 
that experience to work for you just like more than 
25,000 CIE students are currently doing all 
around the world. 

Practical training. 
You learn best with practical training, so CIE's 
Auto -Programmed lessons are designed to take 
you step -by -step, principle -by- principle. You also 
get valuable hands -on experience at every stage 
with sophisticated electronics tools CIE -designed 
for teaching. Our 4K RAM Microprocessor 
Training Laboratory, for example, trains you 
to work with a broad range of computers in a 
way that working with a single, stock computer 
simply can't. 

Personalized training. 
You learn best with flexible training, so we let you 
choose from a broad range of courses. You start 

with what you know, a little or a lot, and you go 
wherever you want, as far as you want. With CIE, 
you can even earn your Associate in Applied 
Science Degree in Electronics Engineering 
Technology. Of course, you set your own pace, 
and, if you ever have questions or problems, our 
instructors are only a toll -free phone call away. 

The first step is yours. 
To find out more, mail in the coupon below. Or, if 
you prefer, call toll -free 1- 800 -321 -2155 (in Ohio, 
1- 800 -362- 2105). We'll send you a copy of CIE's 
school catalog and a complete package of enroll- 
ment information. For your convenience, we'll 
try to have a representative contact you to answer 
your questions. 

CIE Cleveland Institute of Electronics 
1776 Eau nth St.. CkveIand. Ohio 44114 

YES! I want to get started. Send me my CIE school catalog 
including details about the Associate Degree program. 

Print Name 

Address Apt. 

City State Zip 

Age AreaCode/Phone No. / 

Check box for G.I. Bulletin on Educational Benefits 

Veteran Active Duty MAIL TODAY! 
OR CALL TOLL FREE 

1- 800 -321 -2155 
(In Ohio, 1- 800 -362 -2105) R E27 
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CIEMAKES THE
ORLDOf

ELECTRONICS
YOURS.

I oday's world is the world of electronics.
To be part of it, you need the right kind of

training, the kind you get from Cleveland
Institute ofElectronics, the kind that can take you
to a fast growing career in business, aerospace,
medicine, science, government, communica
tions, and more.

Specialized training.
Youlearn best from a specialist, and that's CIE.
We're the leader in teaching electronics through
independent study, we teach only electronics and
we've been doing it for over 50 years. Youcan put
that experience to work for you just like more than
25,000 CIE students are currently doing all
around the world.

Practical training.
Youlearn best with practical training, so CIE's
Auto-Programmed" lessons are designed to take
you step-by-step, principle-by-principle. Youalso
get valuable hands-on experience at every stage
with sophisticated electronics tools CIE-designed
for teaching. Our 4K RAM Microprocessor
Training Laboratory, for example, trains you
to work with a broad range ofcomputers in a
way that working with a single, stock computer
simply can't.

Personalized training.
You learn best with flexible training, so we let you
choose from a broad range of courses. You start

with what you know, a little or a lot, and you go
wherever you want, as far as you want. With CIE,
you can even earn your Associate in Applied
Science Degree in Electronics Engineering
Technology. Ofcourse, you set your own pace,
and, ifyou ever have questions or problems, our
instructors are only a toll-free phone call away.

The first step is yours.
To find out more, mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-2155 (inOhio,
1-800-362-2105). We'll send you a copy ofCIE's
school catalog and a complete package of enroll
ment information. For your convenience, we'll
try to have a representative contact you to answer
your questions.

C IE Cleveland Institute of Electronics
1776 East 17thSt. , Cleveland, Ohio44114

YES! I wantto get started. Send me my cm school catalog
includingdetails about theAssociate Degree program.

Print Name _

Address Apt. _

City State Zip _

Age Area Code/Phone No.__ / _

Check box for G.!. Bulletinon Educational Benefits

o Veteran 0 ActiveDuty MAILTODAY!
OR CALLTOLL FREE

1-800-321-2155
(In Ohio, 1-800-362-2105) RE-27
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LETTERS 

continued from page 16 

ing number (by two) of zones until 
a maximum gain is achieved. The 
proper technique is, given the di- 
ameter, D, and the wavelength, X, 
assume n zones, and then corn - 
pute the focal length: 

d = ((D/2)21nx) - 0.25na. 

Note that r = D/2 in the same 
units. Then r, may be computed as 
r, = idX + 0.25i2X2 for i = 1ton -1. 
Gain may then be calculated as G 
= 20 logo IA, for i = 1 to n. 

Gain calculated thus is consider- 
ably less than that claimed by the 
article, as is the focal length. For 
an 8 -foot lens with X = 8.108 cm 
and n = 20, d should be 51.12 cm 
and the gain should be 21.9 dB, 
rather than 91.83 cm and 26.0 dB. 

An 8 -foot lens for X = 8.108 cm 
and d = 91.83 cm, with zones ar- 
ranged as suggested in the article, 
will result in a gain of only 9.1 dB. 
The reason for that low gain is that 
the zones do not properly match 
the phase distribution of the in- 
coming signal at the lens, relative 
to the focal point. The feedhorn 
will actually see portions of 15 
zones walking progressively in and 
out of phase with the 20 -zone lens. 
If zones 7, 9, and 15 of the 20 -zone 
lens are blocked, then the gain 
should actually increase to 14.6 dB. 
The gain for an 8 -foot parabolic 
dish would be about 36.9 dB. 
SAM M. STRICKLAND 
Bellevue, WA 

BEEFED -UP BENCH SUPPLY 
I read with interest Mr. Vaughn 

Martin's bench power -supply arti- 
cle in the October 1985 issue Ra- 
dio- Electronics. I've been a techni- 
cian for about seven years, and I 

would like to build such a supply 
for my home bench, but with the 
high- current option Mr. Martin 
mentions. 

I think that, in addition to Mr. 
Martin's instructions for increas- 
ing power output -using a higher - 
current transformer and higher - 
current output transistors (Q1, Q3, 
Q5, Q7) -it might also be neces- 
sary to use lower- value, higher - 
power resistors for R37, R27, R9, 
R18. 

continued on page 104 

Radio- o 0 

Electrode's Buì= 

THE WIRELESS TELEPHONE TRANSMIT- 
TER model WTT -20 is only the size of a dime, 
yet transmits both sides of a telephone con - 

versation with crystal clarity. Completely au- 
tomatic Uses power from the telephone line 
itself. Never needs a battery' Up to mile 
range. Use with any FM radio. Complete kit 
only $29.95. Tax included VISA and Master- 
Card accepted FREE SHIPPING DECO IN- 
DUSTRIES. Box 607 Bedford Hills, NY 
10507. (914) 241-2827. 

CIRCLE 127 ON FREE INFORMATION CARD 

ZENITH SSAVI DESCRAMBLERS only 
$169. Gated Pulse 5189; Sinewave 5199 
each Reconditioned original equipment for 
UHF chs 23,27,31.38,51.54.57.68. etc 
Quantity discounts. Surplus TV equipment 

Oak N -12, Zenith Z -Tac. Hamlin 
1200, etc Catalog S1. 10 day satisfaction 
guarantee & 90 day warranty AIS SATEL- 
LITE, P.O. Box 1226 -E. Dublin. PA. 18917. 
1- 800 -643 -2001 or 215- 249 -9411. 

CIRCLE 268 ON FREE INFORMATION CARD 

I O'N4 
UNIQUE ELECTRONIC KITS -Kits come 
complete with materials required to build a 
professional looking product that you will be 
proud of Kits also come with attractive en- 
closures. Some exciting kits offered are Fi- 
ber Optics 529.95, Touch Control and Switch 
524.95, Wireless Microphone 519.95, Guard - 
All Jr Security Alarm $19.95, Outlet Tester 
59.95. Power Supply PS-1 $39.95. and more 
ALARMS. KITS & DEVICES. P.O. Box 200. 
Fredonia. PA 16124. (412) 962 -9231. 

CIRCLE 271 ON FREE INFORMATION CARD 

TVRO RECEIVER ON A BOARD fully tested 
and assembled Super reception 7db thresh- 
old', Includes weather sealed downconverter 
$125.00. In cabinet $165.00. Quantity dis- 
counts. Schematics only $10.00. C band 
feeds. Yushica positively the best we ve ever 
seen. Whatever you have, replace it 565.00. 
Private labels welcomed (50 units) 800-448 - 
TVRO, SAUCER CITY. Office B7 -B. 931 S. 
Ridgewood Ave., Edgewater, Fl 32032. 
CIRCLE 276 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 rate 5745 00 per each insertion 
Reaches 225.379 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 number of 
pages available Mail materials to 
mini -ADS. RADIO -ELECTRONICS. 200 
Park Ave. South. New York. NY 10003 

LETTERS

continued from page 16

• 6 x rate $745.00 per each insertion.
• Reaches 225,379 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 Fishm an. Lim ited numb er of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 200
Park Ave. South, New York, NY 10003.

CALL NOW
AND

RESERVE
YOUR SPACE

ZENITH SSAVI DESCRAMBLERS only
$169. Gated Pulse $189 ; Sin ewave $199
each. Reconditioned original equipment for
UH F chs . 23,27 ,31,38,51,54,57,68 , etc .
Quantity discounts. Surplus TV equipment :

Oak N-12, Zenith Z-Tac, Hamlin
1200, etc . Catalog $1. 10 day satisfaction
guarantee & 90 day warranty. AIS SATEL
LITE, P.O. Box 1226-E, Dublin, PA, 18917.
1-800-643 -2001 or 215-249-9411 .

CIRCLE 268 ON FREE INFORMATION CARD
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THE WIRELESS TELEPHONE TRANSMIT
TER model WTT-20 is only the size of a dime,
yet transmits both sides of a telephone con
versation with crystal clarity. Completely au
tomat ic. Uses power from the telephone line
itself. Never needs a battery! Up to V. mile
range. Use with any FM radio . Complete kit
only $29.95 . Tax included. VISA and Master
Card accepted . FREE SHIPPING . DECO IN
DUSTRIES, Box 607 , Bedford Hills, NY
10507. (914) 241-2827.

CIRCLE 127 ON FREE INFORMATION CARD

UNIQUE ELECTRONIC KITS-Kits come
complete with materials required to build a
professional looking product that you will be
proud of. Kits also come.with attractive en
closures. Some exciting kits offered are: Fi
ber Optics $29.95 , Touch Control and Switch
$24.95, Wireless Microphon e $19.95, Guard
All Jr. Security Alarm $19.95, Outlet Tester
$9.95, Power Supply PS·1 $39.95, and more.
ALARMS, KITS & DEVICES, P.O. Box 200,
Fredonia. PA 16124. (412) 962-9231.

CIRCLE 271 ON FREE INFORMATION CARD

TVRO RECEIVER ON A BOARD fully tested
and assembled. Super reception 7db thresh
old!! Includes weather sealed downconverter
$125.00. In cabinet $165.00. Quantity dis
counts. Schematics only $10.00. C band
feeds. Yushica positively the best we've ever
seen. Whatever you have, replace it. $65.00 .
Private labels welcomed (50 units). 800-448
TVRO, SAUCER CITY. Office B7-B , 931 S.
Ridgewood Ave., Edgewater, FI 32032 .
CIRCLE 276 ON FREE INFORMATION CARD

BEEFED-UP BENCH SUPPLY
I read with interest Mr. Vaugh n

Martin 's bench power-supply art i
cle in the October 1985 issue Ra
dio-Electronics. I've been a techni
cian fo r abo ut seven years, and I
would li ke to build such a supply
fo r my home bench, but wi th the
hi gh-curren t opti on Mr. Mart in
menti on s.

I think that, in additi on to Mr.
Martin 's in struction s for in cre as

~ ing powe r ou tput-using a higher
z current tran sformer and hi gh er
~ current output tran sistors (Q1, Q3,
t5 Q5 , Q7)-it mi ght also be neces
~ sary to use lower-value , hi gh er
a power resisto rs for R37, R27, R9,
~ R18 .
a:: continued on page 104
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in g number (by two) of zon es until
a maximum gain is achieved . The
prop er technique is, given the di
ameter, 0 , and the wavelength , A.,
assume n zones, and th en com
pute th e focal len gth :

d = ((D/2)2/n1l.) - 0.25n1l..

Note that rn = 0/2 in the same
units. Then rj may be computed as
rj = id), + 0.25i2 A.2 ·for i = 1 to n - 1.
Gain may then be calcu lated as G
= 20 IOg10 ~Aj for i = 1 to n.

Gain calculated thus is con sider
ab ly less than that claimed by the
article, as is the foca l length. For
an 8-foot lens with A. = 8.108 cm
and n = 20, d should be 51.12 cm
and the gain should be 21.9 dB,
rathe r than 91.83 cm and 26.0 dB.

An 8-foot len s for A. = 8.108 cm
and d = 91.83 cm, with zon es ar
ranged as suggested in the art icle,
will result in a gain of only 9.1 dB.
The reason for that low gain is that
the zones do not properly match
the ph ase distribution of th e in
coming signal at the lens, relative
to th e focal point. The feedhorn
w ill act ual ly see portion s of 15
zoneswalking progressively in and
out of phase with the 20-zone lens.
If zones 7, 9, and 15 of the 20-zone
len s are blocked, then th e gain
should actually increase to 14.6 dB.
The gain for an 8-foot parabolic
dish would be about 36.9 dB.
SAM M. STRICKLAND
Bellevue, WA
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Radio Ella Electronics Th11LM1 

HOBBY KITS THE ERECTOR SET of linear 
electronics Modules from $4.95 to $49.95. 
Build basic circuits 2 W audio amplifier 
(AFA -1, $4.95). tone decoder (PLL -1, $6.95). 
to more complex VHF Converter (using 4 

modules. $27.80). QRP Transceiver (using 6 

modules as shown. $38.70). HF SSB Trans- 

ceiver (using 14 modules. $140.30) Add 
$2.50 for S &H. SEND $1.00 for diagrams. 
$5.00 for full manual MORNING DIS- 
TRIBUTING CO.. P.O. Box 717. Hialeah. FL 
33011 (305) 884 -8686. 

CIRCLE 71 ON FREE INFORMATION CARD 

_ -- --1116 '___ Qr,"lo 

R&D SHEET METAL WORKER -New multi- 
purpose Shear. Brake and Roll now with 6° 

male dies. removable and removable female 
dies. A complete in -house shop at 1 3rd the 
cost. Over 20 years development sales 
worldwide in industry, government and edu- 
cation Free literature or $2.00 for Guide to 

Sheet Metal Working PACIFIC ONE COR- 
PORATION. 513 Superior Ave.. St. 52. New- 
port Beach. CA 92663 (714) 645 -5962 Telex 
4996168. 

CIRCLE 118 ON FREE INFORMATION CARD 

ELECTRO IMPORTING CO. CATALOG. 
This reprint of the historic 176 -page catalog 
No 20 gives you an accurate look at the stale 
of electronics in 1918 Contains everything 
from a Zinc Spark Gap to a 1000 -Mile Receiv- 
ing Outfit You can get your own copy of this 
modern antique. profusely illustrated. for only 
$4.95 plus $1 00 P &H Order yours from R -E 
BOOKSTORE, Radio- Electronics. 200 
Park Avenue South, New York, NY 10003. 
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THE MOST EXCITING KIT YOU WILL EVER 
BUILD The model WAT -50 miniature FM 
transmuter uses a 4 -stage circuit NOT to be 
confused with a simple wireless microphone 
Up to 1 mile range. So sensitive, it will pick -up 
a whisper 50 feet away' Use with any FM 
radio Complete kit only $29.95 tax Incl. VISA 
and MasterCard accepted FREE SHIP- 
PING DECO INDUSTRIES. Box 607. Bed- 
ford Hills. NY 10507. (914) 241 -2827. 
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DELTAX DUAL TRACE OSCILLOSCOPES 
WITH PROBES DX5020 20MHz $379.95. 
Built in component tester 5MV to 20V DIV 0.2 
microsec to 0,5s DIV Risetime less than 
17ns one year limited warranty Also available 
DX5035 35MHz S527.00 DX5045 45MHz 
$789.95 DX5015S 15MHZ A C D C $479.95. 
CA residents add 6.5 tax Shipping S8 50 
Money orders. checks accepted DELTAX 
DYNAMIC INC.. 20955 E. Lycoming St.. 
Walnut. Calif. 91789. Tel. (714) E94 -7131. 
Telex: 503749 DELTAX. 
CIRCLE 259 ON FREE INFORMATION CARD 
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SATELLITE TELEVISION RECEIVER 
SEMIKIT with dual conversion downcon- 
verter Features infrared remote control tun - 
ing. AFC. SAW filter, RF or video output, 
stereo output. Polorator controls. LED chan- 
nel & tuning indicators. Install six factory as- 
sembled circuit boards to complete. Semikit 
$250.00. Completed downconverter add 
S75. Completed receiver and downconverter 
add S100. JAMES WALTER SATELLITE RE- 
CEIVER. 2697 Nickel. San Pablo. CA 
94806. Tel. 415-724-0587. 
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CORDLESS TV TRANSMITTER. This unit, a 

miniature video transmitter. conveniently 
transmits UHF signals to remote television 
locations within a 200' range. Signal inputs 
from VCR. Video Game. Satellite Receiver, 
Video Camera, or Micro Computer. When or- 
dering select an open UHF channel for your 
area CH 14, 19. 25. or 27 $89.95 plus $4.00 
S &H Visa MasterCard call 1- 800 -522 -2636 
orders only. 617- 871 -5611 for information. 
CAMEO ENTERPRISES. INC.. P.O. BOX 63. 
Accord. MA 02018. 
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SUBSCRIPTION TV MANUAL. This infor- 
mation packed book details the methods 
used by subscription TV companies to 
scramble and descramble video signals. 
Covers the Sinewave. Gated Pulse. SSAVI 
system. and the methods used by most cable 
companies. Includes circuit schematics, the- 
ory. and trouble shooting hints Only $12.95 
plus $2.00 first class P &H ELEPHANT 
ELECTRONICS INC., (formally Random 
Access) Box 41770 -R, Phoenix, AZ 85080 
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SINGLE AND DUAL TRACE Scopes, Ana- 
log and Digital Multimeters. Power Supplies. 
High Voltage and Low Cap Probes 
RF and Sine Square Wave Generators, Digi- 
tal Capacity Meters Available at your local 
distributor EMCO ELECTRONICS, P.O. Box 
327, Plainview. NY 11803. Send for your free 
catalog 
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HOBBY KITS THE EREC TOR SET ' otltnear
electronics. Modules from $4.95 to $49.95.
Bui ld basic circuits: 2 W audio ampl ifier
(AFA-1, $4 .95), tone deco der (PLL-1 , $6.95),
to more complex: VHF Converter (using 4
modules, $27.80), QRP Transceiver (using 6
modules as shown, $38.70), HF SSB Trans
ce ive r (us ing 14 modules, $140.30). Add
$2.50 for S&H. SEND $1.00 for diagrams,
$5.00 for full ma nua l. MORNING DIS
TRIBUTING CO., P.O. Box 717, Hialeah, FL
33011 (305) 884-8686.
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R&D SHEET METAL WORKER-New multi
purpose Shear, Brake and Roll now with 6"
male dies, removable and removable female
dies. A complete in-house shop at 1/3rd the
cos t. Over 20 ye ars developmen t/ sal es
worldwide in industry, government and edu
cation. Free literature or $2.00 for "Guide to
Sheet Metal Working ." PACIFIC ONE COR
PORATION , 513 Superior Ave., St. 52, New
port Beach, CA 92663 (714) 645-5962 Telex
4996168.

CIRCLE 118 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOU WILL EVER
BUILD The model WAT-50 miniature FM
transmitter uses a 4-stag e circuit NOT to be .
confused witha simple wireless microphone.
Up to 1 mile range. So sensitive, it will pick-up,
a whisp er 50 feet away! Use with any FM
radio.Complete kit only $29.95 tax incl. VISA
and MasterCard acce pted. FREE SHIP
PING. DECO INDUSTRIES, Box'607 , Bed
ford Hills, NY 10507. (914) 241-2827.
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ELECTRO IMPORTING CO. CAT ALOG.
This reprin t of the historic 176-page catalog
No. 20 gives you an accu rate look at the state
of electronics in 1918. Conta ins every1hing
from a Zinc Spark Gap to a 1DOO-Mi]e Receiv
ing Outfit. You can get your own copy of this
modern antique , profusely illustrated, for only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Electronics, 200
Park Avenue South, New York, NY 10003 .

DELTAX DUAL TRACE OSCILLOSCOPES
WITH PROBES DX5020 20M Hz $379.95.
Built in component tester 5MV to 20V/DIV 0.2
microsec. to 0.5s/DIV. Risetim e less than
17ns one year limited warranty. Also available
DX5035 35MHz $527.00 DX5045 45MHz
$789.95 DX5015S 15MHZ AIC DIC $479.95.
CA. residents add 6.5% tax. Shipping $8.50.
Money orders, checks accepted . DELTAX
DYNAMIC INC., 20955 E. Lycoming St. ,
Walnut, Calif. 91789. Tel. (714) 594-7131.
Telex: 503749 DELTAX.
CIRCLE 259 ON FREE INFORMATIO N CARD

CORDLESS TV TRANSMITTER. This unit, a
miniature video tra nsmitte r, co nve nient ly
transmits UHF signals to remote television
locations within a 200' range. Signal inputs
from VCR, Video Game, Satellite Receiver,
Video Camera, or Micro Comput er. When or
dering select an open UHF channel for your
area. CH 14, 19, 25, or 27. $89.95 plus $4.00
S&H. Visa/MasterCard call 1-800-522-2636
orders only, 617-871-5611 for information.
CAMEO ENTERPRISES, INC., P.O.BOX 63,
Accord, MA 02018.
CIRCLE 269 ON FREE INFORMATION CARD
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SINGLE AND DUAL TRACE Scopes, Ana
log and Digital Multimeters , Power Supplies ,
High Voltage and Low Cap. Probes
RF and Sine/Square Wave Generators, Digi
tal Capacity Meters. Available at your local
distributor. EMCO ELECTRONICS, P.O.Box
327, Plainview, NY 11803. Send for your free
catalog.

CIRCLE 279 ON FREE INFORMATION CARD

SUB SCRIPTION TV MANUAL. This infor
mation packed book details the methods
use d by subscript ion TV companies to
scramble and descramble video signals.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
companies . Includes circuit schematics, the
ory, and trouble shooting hints. Only $12.95
plus $2.00 fi rst class P&H. ELEPHANT
EL ECTRONICS INC., (formally Random
Access) Box 4177D-R, Phoe nix, AZ 85080

CIRCLE 120ON FREE INFORMATION CARD
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SATELLITE TELEVISION RECEIVER
SEMI KIT with dual conversion dow ncon
verter. Features infrared remote control tun
ing, AFC , SAW filte r, RF or video output ,
stereo output. Polorator controls, LED chan
nel & tuning indicators. Install six factory as
sembled circuit boards to com plete. Semikit
$250.00 . Comp le ted do wn converter add
$75. Completed receiver and downconverter
add $100. JAMES WALTER SATELLITE RE
CEIVER , 269 7 Nickel , San Pablo , CA .
94806 . Tel. 415-724- 0587.

CIRCL E 124 ON FREE INFORMATION CARD
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NEW PRODUCTS 
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EARTH -STATION RECEIVERSare 
available in single (model ESR 424, 
shown in photo) or block (model 
ESR 4248) conversion models. 

The model ESR 424 has infrared 
remote control for the con- 
venience of armchair viewing, and 
also offers audio -seek tuning (to 
locate favorite audio channels au- 
tomatically), easy -to -read fluores- 
cent display, and a redesigned 
weatherproof downconverter. It 
also provides descrambler com- 
patibility through a bottom -panel, 

clamped /unclamped video switch. 
The model ESR 424 is priced at 
$699.00. 

The model ESR 4248 adds multi- 
channel capability to the model 
ESR 424 package. Using a 950 -1450 
MHz IF output frquency, the 
block- conversion model features 
dual input switching to eliminate 
the need for external relays or 
switching splitters. It is priced at 
$759.00. -R. L. Drake Company, PO 
Box 112, Miamisburg, OH 45342. 

SURFACE -MOUNT TEST CLIPis 20- 
conductor size, with a new design 
that enables all four sides of the 
clip to open simultaneously. Its 
narrow body design allows com- 
ponents to be tested with as little 
as .100" lead -to -lead spacing. It is 

side -stackable at .200" lead -to -lead 
spacing. The clip has a helical com- 
pression spring and insulating 
contact combs, which ensure con- 
tact integrity when testing. The 
probe access points are imme- 
diately visible for fast and safe indi- 
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vidual testing. In addition, stag- 
gered contact rows on .100" 

centers permit easy probe attach- 
ment and help prevent accidental 
shorting of adjacent probes. 

The test clip is available in al- 
loy -part number 923670 -20, with 
a suggested retail price of $19.95, 
and in gold -part number 
923675 -20, with a suggested retail 
price of $25.90. -AP Products, In- 
coporated, 9325 Progress Parkway, 
PO Box 540, Mentor, OH 44060. 

POWER SUPPLIES, the XT Series, 
are 60 -watt linear power supplies, 
offering six voltage and current 
ranges in single, dual, triple, and 
quad configurations. The DC sup- 
ply series is designed for laborato- 
ry, university, service, and other 
benchtop operations; they may 
also be used in control systems 
and ATE applications. 

Voltage and current may be dis- 
played simultaneously on front - 
panel LED readouts. Analog LED 

bar -graph displays are also used 
for easy monitoring of transient 
changes under varying loads. 
Other controls include a ten -turn 
potentiometer for precise setting 
of output voltage, and a constant - 
current /current -limiting control 
that is adjustable from zero to 
rated output. Output connections 
are provided by five -way binding 
posts for dual- banana plugs, with 
or without saftey ground. 

The XT Series has automatic 
crossover from current to voltage 
mode when current exceeds the 
preset limit. Crossover is identi- 

NEW PRODUCTS

bar-graph displays are also used
for easy monitoring of transient
changes under varying loads.
Other controls include a ten-turn
potentiometer for precise setting
of output voltage, and a constant
current/current-limiting control
that is adjustable from zero to
rated output. Output connections
are provided by five-way binding
posts for dual-banana plugs , with
or without saftey ground.

The XT Series has automatic
crossover from current to voltage
mode when current exceeds the
preset limit. Crossover is identi-
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centers permit easy probe attach
ment and help prevent accidental
shorting of adjacent probes.

The test clip is available in al
loy-part number 923670-20, with
a suggested retail price of $19.95,
and in gold-part number
923675-20, with a suggested retail
price of $25.90.-AP Products, In
coporated, 9325 Progress Parkway,
PO Box 540, Mentor, OH 44060.

POWER SUPPLIES, the XT Series,
are 60-watt linear power supplies,
offering six voltage and current
ranges in single, dual, triple, and
quad configurations. The DC sup
ply series is designed for laborato
ry, university, service, and other
benchtop operations; they may
also be used in control systems
and ATE applications.

Voltage and current may be dis
played simultaneously on front
panel LED readouts . Analog LED

-no N

c1amped/unclamped video switch.
The model ESR 424 is priced at
$699.00.

The model ESR 4248 adds multi
channel capability to the model
ESR 424 package. Using a 950-1450
MHz IF output frquency, the
block-conversion model features
dual input switching to eliminate
the need for external relays or
switching splitters. It is priced at
$759.00.-R. L. Drake Company, PO
Box 112, Miamisburg, OH 45342.

vidual testing. In addition, stag
gered contact rows on .100"
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EARTH-STATION RECEIVERS are
available in single (model ESR 424,
shown in photo) or block (model
ESR 4248) conversion models.

The model ESR 424 has infrared
remote control for the con
venience of armchair viewing, and
also offers audio-seek tuning (to
locate favorite audio channels au
tomatically), easy-to-read fluores
cent display, and a redesigned
weatherproof downconverter. It
also provides descrambler com
patibility through a bottom-panel,

SURFACE-MOUNT TEST CLlPis 20
conductor size, with a new design
that enables all four sides of the
clip to open simultaneously. Its
narrow body design allows com
ponents to be tested with as little

~ as .100" lead-to-Iead spacing. It is
z side-stackable at .200" lead-to-Iead
~ spacing. The clip has a helical com
5 pression spring and insulating
~ contact combs, which ensure con
wa tact integrity when testing. The
Ci probe access points are imme
-ca: diatelyvisible for fast and safe indi-

24

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


Electricity and water don't mix. At 
least not in our Heavy Duty Digital 
Multimeters. Because these Oops 
Proof" instruments are protected 
by a system of seals to ensure 
contamination -free dependability 
in even the cniddiest conditions. 

Other abuse -proof features 
include the best mechanical pro- 
tection ever built into a precision 
Digital Multimeter. In fact, every 
one of our Oops Proof multi - 
meters will survive a drop from 
ten feet onto a concrete surface! 

All the Heavy Duty series 
meters measure up to 1000 volts 
AC and 1500 volts DC. with full 
overload protection to those 
maximum voltages even on the 
lowest range settings. Overload 
circuitry also provides transient 
protection to 6KV on all voltage 
ranges and up to 600 volts on all 
resistance ranges. 

Vue also invented a unique, 
long -life rotary switch for our 
Digital Multimeters. You can actu- 
ally feel the difference just by 

rotating the function selector knob. 
You11 find these features in 

a full line of Heavy Duty DMMs 
that offer a 41i digit readout, 
0.05% VDC accuracy, a 10 -amp 
current range, a 2000 -hour battery 
life. diode test, true RMS and tem- 
perature measurement. All this and 
a no- questions, one -year warranty. 

You11 want to try one out.' 
of course, so drop into 
your nearest elec- 
tronics distributor 
and drop one. 

e 1985 Beckman Industrial Corporation. A Subsidiary of Emerson Electric- Cumpam Boe -8¡ ears 
630 Puente Street. Rina CA 92621 (711) ( I. Mil - - - - ---- 
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Pied by LED indicators and op- 
tional audio tone indicator. 

The XT Series is priced as fol- 
lows: 

The single- output model XTS is 
priced at $450.00. 

The dual output model XTD is 
priced at $800.00. 

The triple output model XTT is 
priced at $1175.00. 

The quad output model XTQ is 
priced at $1575.00.- Sorensen 
Company, 676 Island Pond Road, 
Manchester, NH 03103. 

SCANNER PLUS, the model Z60, is 
not only a sophisticated scanner 
radio, but a digital alarm clock as 
well. The scanner monitors 60 
channels and 7 public- service 
bands (including VHF -Aircraft), 
plus the standard FM broadcast 
band. When the alarm is activated, 
listeners can wake up to their fa- 
vorite FM music program, and 
then switch to police or fire calls, 
aircraft communications, amateur 
radio transmissions, and up -to- 
the- minute broadcasts from the 
National Weather Service. 
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The model Z60 has a suggested 
retail price of $379.95.- Regency 
Electronics, Inc., 7707 Records 
Street, Indianapolis, IN 46226. 

CAR SPEAKER SYSTEMS, are de- 
signed for easy installation by a 
professional installer or a do -it- 
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Call us FREE 1-800-626-6343 
or write for FREE Flyer. 

COPPER ELECTRONICS 
4200 PRODUCE ROAD - LOUISVILLE, KENTUCKY 40218 
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CHANNEL 

29.95 
AV-261 
Parmanant Mount 

' 5S' nol. mount 

r{ 26.95 
AV-261M 
Magnet Mount 

29.95 
AV.261T NoHob. 

Trunk Mount / 26.95 
j! 

I BEARCAT 2or2o 

Retell r , s199.95 
Almon. maim. and public .nte.a IOWA w neck. 

untden 
,,,,: wnn^t 

: ' = "" 3uv 
nela8sa0g.f15 269.95 

_ Limited Quantities .... 

THE LOWEST PRICES IN THE COUNTRY 
We have a national factory warranty service on 
many brands, and we service All CB, Amateur, and 
Commercial Equipment. 

CIRCLE 277 ON FREE INFORMATION CARD 
26 

yourselfer. The Bass Tank systems 
are available in four configura- 
tions, variously consisting of a pair 
of full- range, two -way 6- x 9" 
CS -18A speakers, or a pair of low - 
profile, two -way CS -17 speakers in 
combination with either a 10 -" 
CSW -20 or a 12" CSW -21 sub - 
woofer. All systems come com- 
plete with crossover filter, mount- 
ing hardware, and installation 
instructions. The sound system 
features full bass, wide dynamic 
range, low distortion, and high 
power -handling capability. 

Prices are as follows: 
The model BT 1821: CS -18A with 

crossover and 12" subwoofer is 
priced at $319.00. 

The model BT 1820: CS -18A with 
crossover and 10" subwoofer is 
priced at $309.00. 

The model BT 1721: CS -17 with 
crossover and 12" subwoofer is 
priced at $279.00. 

The model BT 1720: CS -17 with 
crossover and 10" subwoofer is 
priced at $269.00. -Cerwin -Vega, 
12250 Montague Street, Arletta, 
CA 91331. R -E 
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In Maryland 
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HUNTRON INSTRUMENTS 
The Art of Trouble Shooting 

111004{J2020 ' 

TRACKER AND SWITCHER 
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fied by LED indicators and op
tional audio tone indicator.

The XT Series is priced as fol
lows:

The single-output model XTS is
priced at $450.00.

The dual output model XTO is
priced at $800.00.

The triple output model XTT is
priced at $1175.00.

The quad output model XTQ is
priced at $1575. 00 .- So ren sen
Company, 676 Island Pond Road,
Manchester, NH 03103.

SCANNER PLUS, the model Z60, is
not only a sophisticated scanner
radio, but a digital alarm clock as
well. The scanner monitors 60
channels and 7 public-service
bands (including VHF-Aircraft),
plus the standard FM broadcast
band. When the alarm is activated,
listeners can wake up to their fa
vorite FM music program , and
then switch to police or fire calls ,
aircraft communications, amateur
radio transmissions , and up-to
the-minute broadcasts from the
National Weather Service.

The model Z60 has a suggested
retail price of $379.95.-Regency
Electronics, Inc., 7707 Records
Street, Indianapolis, IN 46226.

CAR SPEAKER SYSTEMS, are de
signed for easy installation by a
professional installer or a do-it-
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yourselfer. The Bass Tank systems
are available in four configura
tions , variously consisting of a pair
of full-range , two-way 6- x 9"
CS-18A speakers , or a pair of low
profile, two-way CS-17 speakers in
combination with either a 10-"
CSW-20 or a 12" CSW-21 sub
woofer. All systems come com 
plete with crossover filter, mount
ing hardware , and installation
in structions. The sound system
features full bass, wide dynamic
range, low distortion, and high
power-handling capability.

Prices are as follows:
The model BT /821: CS-18A with

crossover and 12" subwoofer is
priced at $319.00.

The model BT1820: CS-18A with
crossover and 10" subwoofer is
priced at $309.00.

The model BT 1721: CS-17 with
crossover and 12" subwoofer is
priced at $279.00.

The model BT 1720: CS-17 with
crossover and 10" subwoofer is
priced at $269.00.- Cerw in-Vega,
12250 Montague Street, Arletta,
CA 91331 . R-E

800.638-2020 )
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HUNTRONINSTRUMENTS
The Art of Trouble Shooting

Call Our
Toll Free Number

In Maryland
Call 301·587·7824

FREE CATALOG
Equipment, Tools & SuppU••
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PEAK PERFORMERS! 
New Test Instruments 
from O.K. Industries 

Sweep, Function and Pulse Generators 

Digital Frequency and Universal Counters 

Unique Portable, Battery Operated Miniscope 

Bench /Portable Digital Multimeters 

Hand -held Digital Thermometers 

Full Range of Specialized Accessories 

Put Them To The Test I 

y. 
AFFORDABLE EXCELLENCE 

X455 Conner Skeet Bronx. New York 10475. U SA 
Telex 1250910K NYK Telex 232395 OK NY UR 
M0041212)994-0600 
Fox 1212)994-47M 

CIRCLE 274 ON FREE INFORMATION CARD 
J 

3455 Conner Street. Bronx, New York. t0475, U.S.A.
Telex 125091OK NYK. Telex 232395 OK NY Ull.
Phone (212)99~6600 ,

Fox (212) 994 -4755 .

CIRCLE274 ON FREEINFORMATION CARD

OK
Industries

Inc.
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Jerrold Cordless Cable 
T.V. Converter (58 CHANNELS) 

Mor" AiP MIA P 

TEKNlRA WIRELESS REMOTE CONTROL 
TV TUNER CABLE CONVERTER 

NMI 
SPEC %AL' 

$6095 
ANY QUANTITY 

SPECIAL! MODEL -6510 

140 
WITH VOLUME CHs AN 
CONTROL 

ELECTRONICS 
770 Amsterdam Ave New York NY 10025 

RG59IU 75 OHM 
Coaxial Cabo w. "ow 
Comet Braided ""e" 
Shield .«. I 

IWO ex. 

'44'e11000 It. 

CONNECTORS 
F-59 F-59ALM 
separated 1Nrult «an auchea'-, 79 rnQ 

MATCHING 
TRANSFORMER 

2 WAY -75014M 
WV SPUTTER 

4 
601000 LOT 

11000 LOT 

7C11000 LOT 

12c1100 LOT 

F.51 AVAILABLE UPON REQUEST 

SHIPPING CHARGES 
Po. O.e..a 
$25 '00 
$100 $500 
1500 1.150 
1750 and up 

ADD 
16 ti 

Sil SO 
s10 so 
VS 00 

2l c 1,1 49t tooLOT 

1$CVsoLO 
f$t/F A 

Send Purchase Order. Check. 
Money Order or C O D 

or Call Toll Free 

in N.Y. State (212) 865 5580 

28 

EQUIPMENT REPORTS 

Tektronix 318 
16- channel 

Logic Analyzer 

High -powered digital 
debugging 

CIRCLE 5 ON FREE INFORMATION CARD 

EXTREMELY DIFFICULT PROBLEMS CAN 

crop up when designing and pro - 
totyping custom microprocessor 

systems. That sort of problem can 
easily cause you to question 
whether hardware or software is to 

blame. And in many cases, the 
problem simply can't be tracked 
down with the usual tools -LED 
logic probes, single- or dual -chan- 
nel oscilloscopes, software debug- 
gers, etc. So what do you do when 
you can't blame either the hard- 
ware or the software? Do what pro- 
fessionals do: Use a logic analyzer 
like Tektronix' model 318 to stamp 
out those bugs. 

Overall specifications 
The 318 has a 16-bit parallel data 

input and a maximum clocking 
speed of 50 MHz. A serial data - 
analysis unit is optional; we used it 

CIRCLE 280 ON FREE INFORMATION CARD 

EOUIPMENT REPORTS

Tektronix 318
16-channel

Logic Analyzer

High-powered digital
debugging

CIRCLE 5 ON FREE INFORMATION CARD

EXTREMELY DIFFICULT PROBLEMS CAN

crop up when designing and pro
totyping custom microprocessor

\

systems. That sort of problem can
easily cause you to question
whether hardware or software is to

blame . And in many cases, the
problem simply can't be tracked
down with the usual tools-LED
logic probes, single- or dua l-chan 
nel oscilloscopes, software debug
gers, etc. So what do you do when
you can't blame eit her the hard 
ware or the software? Do w hat pro
fessiona ls do: Use a logic analyzer
like Tektronix' model 318to stamp
out those bugs .

Overall specifications
The 318has a16-bit paralle l data

input and a maximum clocking
speed of 50 M Hz. A serial data
analysis unit is optional; we used it

CIRCLE 280 ON FREE INFORMATION CARD

2 WAY·750HM
UlV SPUTIER

21 ¢ / lOO Lot

MATCHING
TRANSFORMER

RG·59JU 75 OHM
Co-Axial Cable 8". ' 000"140 Copper Braided ,,,"',,',,

CHA~gS Shield :~',~~ \
WtIlIt Ol BI ~1o. \

$1 . ' 44' 0/1000 It. . ...

___ _. A_ -

8'8

MODEL-6510

7C /l 0 0 0 LOT~
12e/l 00 LOT

CONNECTORS
F·59ALM
with attached1/2- grip ring

F·59
separated ferrule

C~
6C/l 000 LOT
l1C1100 LOT

SPECIAL!

WITH VOLUME
CONTROL

--..."------"",,,,,.,,,,.,.--~==;:========:'.J

Jerrold Cordless Cable
T.V. Converter (58 CHANNELS)

en
ozo
a:
lo
W
-l
W

o
o«
a:

28
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MUST LIQUIDATE At Fla; Beir 
TOTAL Personal Computer System 

Factory Reconditioned with 
Factory Warranty! 

Carries easily 
as a suitcase! 
Plugs into 115V outlet! 

Sorry, we're not permitted to PRINT the famous brand -name. 
BUT, we CAN "tell all" if you call us TOLL FREE: 1- 800 -328 -0609! 

111 GREAT GIFT IDEA! 

THE COMPUTER 
Snap on computer keyboard! 64K RAM. 20K ROM Full - 

,ize typewriter keyboard Upper and lower case 
letters. numerals, symbols. reverse characters 2 

cursor control keys. 4 function keys. programma- 
)le to 8 Music synthesizer with 3 independent 
ioices. each with 9 octave range Input /output ports 
accommodate user. serial. ROM cartridge. joy - 
-ticks. external monitor. phone modem 

Built -in disk drivel Intelligent high speed unit with 
5'.- floppy disk recorder 170K formatted data stor- 
age. 35 tracks 16K ROM Uses single sided. single 
density disk Serial interface Second serial port to 
I:nain second drive or printer 

Built -in color monitor ! Displays 40 columns x 25 lines 
of text on 5" screen High resolution 320 x 200 pix- 
els 16 background. character colors 

Bull-in ROM cartridge port! Insert ROM program car- 
tridge Multitude of subfects available in stores 
across the nation' 

Original List Price _995.00 
Liquidation 
Priced 
At Only 

Item H 919 63631 00 Shop. handling 320 00 

THE PRINTER 
Print method: Bi- directional impact dot matrix 
Character matrix: 6 x 7 dot matrix 
Characters: Upper and lower case letters. numerals 
arid symbols All PET graphic characters 
Graphics: 7 vertical dots - maximum 480 columns 
Dot addressable 
Character codes: CBM ASCII code 
Print speed: 60 characters per second 
Maximum columns: 80 columns 
Character spacing: 10 characters per inch 

Line leed spacing: 6 lines per inch in character mode 
or 8 Unes per inch selectable 9 lines per inch in 
graphics mode 

Line leed speed: 5 lines per second in character mode 
7 5 lines per second in graphics mode 
Paper teed: Friction teed 

Paper width: 4 5" to 8 5" width 
Multiple copies:Original plus maximum of two cue 
Dimensions: 13"W x 8 "D x 3' . -H Wt 6' lbs Power: 
120V AC 60 Hz 

Original List Price: 5200.00 

Liquidation 
Priced At $119 

item H 919.63831 00 Shop, handling 17 00 

Compatible with above Computer System ( Not included in package price.) 

JOYSTICKS (Set of 2) 64K MODEM Gmted90- DayFaNayWarrant). 

Mfr. List: $59.90 pr. Mfr. List: s124.95 
$1 

9 
Liquidation Price $ 7 Upr. Liquidation Price 

ItMn W919.e3622.01 S /H: 44.00 pr. Item H-919-63646 00 S/H $4 00 

"MT! rSEND ME THE ITEMS I HAVE LISTED BELOW 
I Sales oulsds conbn.ntal U S are subl.ct to specoal 

Cr.drt cord members can cedar by phone I 
24 hours day. 7 days week I 

Toll-Free: 1-800-328-0609 
211 1 

Your check as welcome' 
No delays when you pay by check' I 

C.O.MB. Direct Marketing Corp 

Authorized Liquidator 
14605 28th Ave N Mpls . MN 55441 3397 

condibo s Please can 04 tente to rnpurre 

THE SOFTWARE 
"Easy Script" One of the most powerful word pro- 
cessors at any price' Cut re- typing. create docu 
ments from standard paragraphs. do personalized 
letters, see and change a document before it is print 
ed Instruction manual has extensive training sec 
fion that simplifies use even for someone whc 
has never used a computer or word processor before' 

'The Manager" A sophisticated database manage- 
for business or home use Business uses accounts 
payable /receivable.inventory. appointments. task 
manager Home uses mailing lists. home inventory 
recipes. collection organizer, investment tracking 
checkbook balancing School uses ',s °a' -ti 
de index. gradebook 

Mfr. Set. Retail: $73.98 $24 Liquidation Price 
item H-919.64011-03 Ship, hands .' . 

.. 

BUY INDIVIDUAL UNITS OR 
GET THIS ULTRA -FAMOUS 

SYSTEM AT ONE LOW 
PACKAGE PRICE! 

TOTAL Personal Computer System 
available at FAR BELOW dealer cost! 

Original List Price S 1,293.00 
TOTAL 
PACKAGE 
PRICE 88 

item H 919 64011 02 Stub. ttandkng $24.00 

Item No tern l'i. ti 

1l)TAl 

COMB Direct Marketing Corp Item H 919 
14605 78th Ave N .'Mmn.apotrs. MN 55441 3397 

Send the items indreat.d at left IMmnesot residents add 6'. 
sales i.. Please allow 3 4 weeks delivery Sorry no C O 0 

My check or money order rs enclosed INo delays on processor , 
orders pad by chock, thanks to TeleCheck I 

Charge MasterCard. VISA 
Acct No E p 
PLEASE PRINT CLEARLY 

Name 

Address 

city 
State ZIP 

Phone L ) 

Spn Here l 
29 

GREAT GIFT IDEA!Carries easily
as a suitcase!
Plugs into 115V outlet!

Sorry, we're not permitted to PRINT the famous brand-name_
BUT, we CAN "tell all" if you call us TOLL FREE: 1-800-328-0609!
THE COMPUTER THE PRINTER THE SOFTWARE

Compatible with above Computer System (Not included in package price.)
64KMODEM (Factory New/First Quality)JOYSTICKS (Set of 2) Limited 96-Day Factory Warranty,

Mfr..Lis~: $S~.90 pro $19 M_fr' ,Lis~: Sl~4.9S $19
liqUidation Pnce , . . . . . pro liqUidation Pnce .

It em H·9 19-63622-01 S/H: $4 .00 pro Item H-9 19 -63646-00 S/H: $4 .00

Snap-on computer keyboard! 64KRAM, 20KROM .Full
size typewriter keyboard. Upper and lower case
leiters, numerals, symbols, reverse characters. 2
cursor control keys, 4 function keys, programma
ble to 8. Music synthesizer with 3 independent
voices, eachwith9 octaverange. Input/ outputports
accommodate . .. user, serial, ROM cartridge, joy
sticks, external monitor, phonemodem.

Buill-in disk drivel Intelligent high speed unit with
5'1,' floppy disk recorder.170Ktorrnatteddatastor
age; 35tracks. 16K ROM. Uses singlesided, single
density disk. Serial interface . Second serialport to
chain second drive or printer.
Built-inco lormonitor!Displays 40columnsx25lines
of text on5" screen. High resolution.320 x 200pix
els. 16 background, character colors.
Buill-in ROMcartridge port! Insert ROMprogramcar
tridge. Multitude of subjects available in stores
across the nation!

TOTAL
PACKAGE
PRiCE .

Item H-919-6401 1-02 Shi p. handling: $24.00

BUY INDIVIDUAL UNITS OR
GET THIS ULTRA-FAMOUS

SYSTEM AT ONE LOW
PACKAGE PRICE!

TOTAL Personal Computer System
available at FAR BELOW dealer cost!

Original ListPrice , . , , . $1,293.00

$488

"Easy Script" One of the most powerful word pro
cessors at any price! Cut re-typing, create docu
ments from standard paragraphs, dopersonalized
leiters, see and change a docum entbefore it isprint
ed. Instruction manual has extensive training sec
tion that simplifies use . .. even for someonewho
has neverusedacomputerorword processor before!

"The Manager" A sophisticated database manager
for business or home use. Businessuses: accounts
payable/receivable, inventory, appointments, task
manager. Homeuses: mailing lists,home inventory,
recipes, collection organ izer, investment tracking,
checkbook balancing. School uses: research arti
cle index, gradebook.

~~~i:~:i'O:e~::~e$~~~~~.. . . . $24
It em H-9 19-64011 -03 Ship , handling : $3.00

Print method: Bi-directional impact dot matrix.
Character matrix: 6 x 7 dot matrix.
Characters: Upper and lower case leiters, numerals
and symbols. All PET graphic characters.
Graphics: 7 vertical dots - maximum480 columns.
Dot addressable.
Character codes: CBM ASC II code.'
Print speed: 60 characters per second.
Maximum columns: 80columns.
Character spacing: 10 characters per inch.
Line feed spacing: 6 1ines per inch in character mode
or 8 lines per inch selectable. 9 lines per inch in
graphics mode.
Line feed speed:51ines per second incharacter mode.
7.5 lines per second in graphics mode.
Paper feed : Friction feed.
Paper width:4.5" to 8.5" width.
Multiplecop ies: Original plus maximumof twocopies.
Di mensions: 13"W x 8"0 x 3'/" H. Wt.: 6'/' lbs. Power:

o" I L' t P • $995 00 120V AC, 60 Hz.
ngma IS nee . "" '$''38-8 Original List Price:5200.00

Liquidation $119
:~i~~1y ", ... ~~~~~a~:~ , .

Item H-9 19 -63631 -00 Ship. handling: $20 .00 It em H-919-63831 -00 Ship. handlin g: $7 .0 0

Name _

Address _

--------+-+----+--+--f City ----- - ----------
State ZIP _

Phon e _'--__'-- _

SEND ME THE ITEMS I HAVE LISTED BELOW
Sales out sid e continental U.S. are subject to special

cond itions. Please call or write to inquire.
Credit card members can order by phone.

24 hours a day , 7 days a w eek .

Toll-Free: 1-800-328~609
~ Your check is welcome!
..No delays when you pay by che ck I

e.O.M.S. Direct Marketing Corp,
o Authorized Liquidator

1460528thAve. N . • Mpls.. MN 55441·3397

Item No. # It em

TOTAL

Price S /H

C .O.M.B . Direct Marketing Corp. Item H·919
14605 28th Av e. N.lMinneapo lis, MN 55441 -3397

/

Sign Here

"Tl
m
IJl
::IJ
C»
::IJ
-<
~

CD
CXl
Ol
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WrK PRECISION 

c, cits-rrlinwI ̂ c Iwi1 

New and Used Electronic Test Equipment 
Sales Service Rental Leasing 

SHOOTER LO 
OMOBLASTER 

Ideal for Hobbyists or Light Usage 
128K RAM Buffer 
Build -In RS -232 Port 
Completely Assembled & Tested 
Programs 2716 through 27256 
Fast Intelligent Algorithm 
Works with Any Computer or Dumb 
Terminal 
Stand-Alone Mode. Copies and Verifies 
Upload /Download in Intel /Motorola/ 
Binary Formats 
90 Day Warranty Parts & Labor 

S395.00 

Instruments COrva11on PORTABLE OSCILLOSCOPE 

iiinurruun nn u u u u uu111aUttWM\ 

1 

LBO 524L DC to 40 MHz 
The L B0-524L is designed to meet a broad range 
of applications in design. testing and servicing of 
both analog and digital circuits and equipment 
Its large 8x 10 cm PDA CRT provides sharp. bright 
displays even at highest sweep rates Compre- 
hensive triggering controls including holdoff, 
alternate triggering and delayed sweep triggered 
functions permit stable displays for even the 
most complex signals With 0.5 millivolt sensi- 
tivity, extremely low-level signals can easily be 
observed A channel 1 output is available on the 
rear panel to drive other less sensitive instruments 
such as a frequency counter with an input level as 
low as 500 microvolts The dual time base permits 
accurate observation and time interval measure- 
ments of complex waveforms. Includes probes 
and 2 year warranty. 

S749.00 
Plus free Hitachi OMM. 
See page 5. 

LBO-516 DC to 100 MHz 
The LBO-516 is an economical 100 -MHz. 3- 
channel. alternate time base oscilloscope It has 
all of the important features that are expected in 
a 100 -MHz oscilloscope such as full front panel 
operation. alternate triggering for simultaneous 
view of asynchronous signals and independent 
or simultaneous display of main and delayed time 
bases The bright 20 -kV PDA CRT and 0 5mV 
sensitivity permit sharp, bright displays of even 
those normally tough to see critical signals. 
Eight trace capability is possible by displaying 
main and delayed versions of CH-1. CH-2. CH -3, 
and CH-1 +CH-2 Also included are comprehen- 
sive tnggenng facilities with video sync separators. 
variable trigger hotdoff, excellent trigger sensi- 
tivity and more Includes probes and 2 year 
warranty. 

$119 5.0 0 
Hitachi DMM. 

See page 

NOW OPEN! Saturday, 9:00 a.m.-3:00 p.m 

CIRCLE 255 ON FREE INFORMATION CAr 1D30 
p. m. 

CALL US TOLL FREE 

INDUSTRIAL 
MODEL 
WITH TIMER 
MODEL T8 /2T 

Erases 15 EPROMs in 20-30 Minutes 
Rugged 60 Minute Auto Shut -Off Timer 
and Safety Interlock 
5" x 8" Tray with Indicator 
Conductive Pad 
Attrative Steel Enclosure 

MODEL T8 /1 S49.95 
This is a Low Cost Unit Designed in a Two 
Part Plastic Case. 
This unit erases as many as 8 EPROMS in 
15-20 minutes 

S97.50 

MODEL 3010 

FUNCTION 

GENERATOR 

S189.00 
Sine. square and triangle output 
Variable and fixed TTL outputs 
0.1 Hz to 1 MHz in six ranges 
Typical distortion under 0.5% from 1 Hz 
to 100 kHz 
Variable DC offset 
VCO input for sweep tests 

ESCORT 
31/2 -Digit 
Capacitance Meter 
Range: 200PF - 20mF 

MODEL EDC110A 

Accuracy: 
2OPF -20uF ±(0.5 %rdg +1dgt +0.5PF) 
200uF ±(1.0%rdg +1 dgt) 
2000uF -20mF ±(2.0% rdg+ ldgt) 

S89.00 

LICATEK 
30 VDC POWER 

Ii;;;;;ird51 SUPPLY 

S135.00 
MODEL 30- 3/0 -30 VDC /0 -3A 

1- 800 -732 -3457 
IN CALIFORNIA TOLL FREE 

1 -800- 272 -4225 

Master Charge 
VISA COD 
Money Order 
Check 

ADD FOR SHIPPING AND INSURANCE 
so 1(311250 00 
5251 00 to $600.00 
$501 00 to $750.00 
$75I 00 to $1000 
over $100000 

14 50 
$6.50 
$6 50 

a1250 
s15oo 

Prices subject to change without notice. 

RAG ELECTRONICS, INC. / 21418 Parthenia Street /Canoga Park, CA 91304 / 1- 818 -998 -6500 

I::' I I::' I"Tnn"III"~ I "II"
L.~'" I nUnll"'~, II""'.

New and Used Electronic Test Equipment
Sales • Service • Rental. Leasing

$89,00

$189.00

BJlJ/IJlIIiJI
FUNCTION

GENERATOR

3V2-Digit
Capacitance Meter
Range : 200PF - 20mF

ESCORT

MODEL EDCll0A
Accuracy:
20PF-20uF ±(0.5%rdg+1 dgt+0.5PF)
200uF ±(1.0%rdg+1 dgt)
2000uF-20mF ±(2.0% rdg+ 1dgt)

lICATEK
30 VDC POWER
SUPPLY

$135.00
MODEL 30-3/0-30 VDC/0-3A

• Sine , square and triangle output
• Variable and fixed TTL outputs
• 0.1 Hz to 1 MHz in six ranges
• Typical distortion under 0.5% from 1 Hz

to 100kHz
• Variable DC offset
• VCO input for sweep tests

MODEL T81l $49.95
This is a Low Cost Unit Des igned in a Two
Part Plastic Case.
This unit erases as many as 8 EPROMS in
15-20 minutes.

MODEL 3010

INDUSTRIAL
MODEL
WITH TIMER
MODEL T8/2T
• Erases 15 EPROMs in 20-30 Minutes
• Rugged 60 Minute Auto Shut-Off Timer

and Safety Interlock
• 5" x 8" Tray with Indicator
• Conductive Pad
• Attrative Steel Enclosure

$395.00

LOW-COST
EPROM BLASTER

• Ideal for Hobbyists or Light Usage
• 128K RAM Buffer
• Build-In RS-232 Port
• Completely Assembled & Tested
• Programs 2716 through 27256
• Fast Intelligent Algorithm
• Works with Any Computer or Dumb

Terminal
• Stand-Alone Mode. Copies and Verifies
• Upload/Download in Intel/Motorola/

Binary Formats
• 90 Day Warranty Parts & Labor

The LBO-516 is an economical 1OO-M Hz, 3
channel, alternate time base oscilloscope. It has
all of the important features that are expected in
a 1OO-M Hz oscilloscope such as full front panel
operation, alternate tr iggering for simultaneous
view of asynchronous signals and independent
or simultaneous display of main and delayed time
bases . The bright 20·kV PDA CRT and 0.5mV
sensitivity permit sharp, bright displays of even
those normally tough to see critical signals.
Eight trace capability is possible by displaying
main and delayed versions of CH-1, CH-2, CH-3,
and CH-1 +CH-2. Also included are comprehen
sive triggering facilit ies with video sync separators,
variable tr igger holdoff, excellent trigger sensi
tivity and more . Includes probes and 2 year
warranty.

$11 95 00 Plus free Hitach i DMM.
, See page 5.

LBO-516 DC to 100 MHz

SHOOTER

Plus free Hitachi DMM.
See page 5.

NOW OPEN! Saturday, 9:00 a.m.-3:00 p.rn,
Mondav - FrirlavI=6.~0 a.m.-5 :30 p.m.
CIRCLE 255 ON FRI:E 1111 OR;;1ATION CARD

$749.00

The LBO-524L is designed to meet a broad range
of applications in design, testing and servicing of
both analog and digital circuits and equ ipment.
Its large 8x1Ocm PDA CRT provides sharp, bright
displays even at highest sweep rates . Compre
hensive triggering controls including hold off,
alternate triggering and delayed sweep triggered
functions permit stable displays for even the
most complex signals. With 0.5 millivolt sensi
tivity, extremely low-level signals can easily be
observed. A channel 1 output is available on the
rear panel to drive other less sensitive instruments
such as a frequency counter with an input level as
low as 500 microvolts.The dual time base permits
accurate observation and time interval measure
ments of complex waveforms. Includes probes
and 2 year warranty.

LBO 524L DC to 40 MHz

�mmL..- _

I~PORTABLE OSCILLOSCOPEI

CALL US TOLL FREE

1·800·732·3457
IN CALIFORNIA TOLL FREE

1-800-272-4225

• Ma st er Charge
.VISA.COD

• Money Order
• Check

ADD FOR SHIPPING AND INSURANCE
$0 to $250.00 $4 .50
$251 .00 to $600.00 $6.50
$501 .00 to $750.00 $8.50
$751 .00 to $1000 $12.50
oyer $1000.00 $15.00

Prices subject to change without notice.

RAG ELECTRONICS, INC. /21418 Parthenia Street/Canoga Park, CA 91304 /1-818-998-6500

Dm~oomo
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FLUKE pG40t SPlCIALflfl HFt MEG Smith 'Smrth HITACHI 
N,tacrn Dr+vu Ltd 

HITACHI 3.5 Digit D M M FREE with any Scope 

purchased from RAG. See page 5 for details. 
HITACHI CCTV Cameras & Monitors Nitach U.n -.ru Ltd 

MODEL KP -120 

Meet the new generation of TV 
cameras that brim with useful features. 
thanks to the MOS solid -state imaging 
devices. 

Compact size and light weight 
Long life and high reliability 
Extreme low -light handling capabilities 
No geometric distortion 
Reduced lag and no sticking 
Excellent immunity to vibration and 
shock 
No effects of magnetic fields 
Sensitive to near -infrared 
C mount 

MODEL KP -120 Camera Head 
Lenses available 

S775.00 

MODEL HV -720 

Owing to the use of an automatic 
sensitivity adjusting circuit. the only 
necessary camera operation is 
focusing 
A white suppressor circuit ensures 
faithful reproduction on the video 
monitor. even for subjects with stong 
contrast. 
Camera mounting screws are 
provided at the top and bottom of the 
camera. facilitating mounting of the 
camera. 
Switchover to external synchroniza- 
tion takes place automatically when 
an external drive signal is input, hence 
no switch operation is necessary. 
Synchronizing System: Line-lock 2:1 
interlace. 
Pick -up tube: Vidicon tube. 
Includes 16mm f1.6 lens 

MODEL HV -720 S144.00 
MODEL HV -730 S199.00 

B &W MONITORS VM-900A 
VM-910 

VM-906 

VM-129 

VM-173 

9 "/500 line /video loop 
97500 line /video loop/ 
DC restoration /rack 
mountable 
97700 line /video loop/ 
DC restoration /rack 
mountable 
12 "/700 line /video loop/ 
DC restoration 
17"/700 line /video loop/ 
DC restoration 

S126.00 
S164.00 

5210.00 

5276.00 

5312.00 

® POWER SUPPLY SALE 

Automatic short 
circuit shutdown 

Ripple 5mV P -P 
0.075% regulation 
Digital meters V &A 
Measure external 
0-99.9 VDC 
Isolated supplies 

WP -705A single O-50VDC, 0-2A 
WP -706A single 0- 25VDC,0-4A 
WP -707A dual 0- 25VDC, 0-2A 
WP -708A triple 2 each 

0-20VDC, 0-2A 
and 5V, 4A 

WP -709A single 3.5- 6.5VDC 
or 1 1.5-14.5VDC, 0 -7.5A 

WP-705A $309.00 
WP-706A $318.00 
WP-707A $369.00 
WP-708A S453.00 
WP-709A $326.00 

SOLDERING STATION 

SA -3 -115 S84.00 
Special tip -mounted sensor and sophis- 
ticated control circuitry. Temperature 
stability within 5% over the range of 
100 C to 500 C (200 F to 930'F). For 
115 VAC. 50/60 Hz operation; 230 VAC 
model also available. Lighted power and 
heater indicators. proportional temper- 
ature control and temperature indication 
meter, iron holder and tip cleaning 
sponge standard. Rugged, compact en- 
closure. Supplied with special 24 volt, 48 
watt. low- leakage iron and SAT -3.01 
(1/32 inch) conical tip. 

MULTI- 

FUNCTION 

COUNTER 

MODEL WD -155 
5 Hz to 125 MHz 
8 Digit LED Display 
Period Measurement 5 Hz to 2 MHz 
Totaluzes to 99,999.999 Plus Overflow 
Frequency Ratio Mode 
Time Interval Mode 
Switchable Attenuator & Low Pass Filter 

- 
%We 

S248.00 

PRfCISION TRIPLE OUTPUT 
POWER SUPPLY 

MODEL 1650 S319.00 
Functions as three separate supplies 
Exclusive tracking circuit 
Fixed output 5 VDC, 5A 
Two 0 to 25 VDC outputs at 0.5A 
Fully automatic. current -limited over- 
load protection 
+ and - terminals of each output are 
fully isolated, in all modes 
All three outputs may be connected in 
series or parallel for higher voltage 
or current 
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HITACHI 3.5 Digit DMM FREE with any Scope
purchased from RAG. See page 5 for details.

~!:;1}c!egi~~:t1 CCTV Cameras &Monitors SOLDERING STATION

MODEl KP-120 Camera Head
Lenses available

$84.00SA-3-115
Special tip-mounted sensor and sophis
ticated control circuitry. Temperature
stability within 5% over the range of
100°C to 500°C (200°F to 930°F). For
115 VAC. 50/60 Hz operation; 230 VAC
model also available. Lighted power and
heater indicators, proportional temper
ature control and temperature indication
meter, iron holder and tip cleaning
sponge standard. Rugged, compact en
closure. Supplied with special 24 volt, 48
watt, low-leakage iron and SAT-3-01
(1/32 inch) conical tip.

MULTI
FUNCTION
COUNTER
MODEl WD-755
• 5 Hz to 125 MHz
• 8 Dig it LED Display
• Period Measurement 5 Hz to 2 MHz
• Totalizes to 99,999,999 Plus Overflow
• Frequency Ratio Mode
• Time Interval Mode
• Switchable Attenuator &Low Pass Filter

$276.00

$312.00

$126.00
$164.00

$210.00

$144.00
$199.00

• Owing to the use of an automatic
sensitivity adjusting circuit, the only
necessary camera operation is
focusing

• A white suppressor circuit ensures
faithful reproduction on the video
monitor, even for subjects with stong
contrast.

• Camera mounting screws are
provided at the top and bottom of the
camera, facilitating mounting of the
camera.

• Switchover to external synchroniza
tion takes place automatically when
an external drive signal is input, hence
no switch operation is necessary. *

• Synchronizing System: Line-lock 2:1
interlace.

• Pick-up tube: Vidicon tube.
• Includes 16mm f1 .6 lens

MODEl HV-720
* MODEl HV-730

9"/500 linelvideo loop
9"/500 llne/vldeo loop/
DC restoration/rack
mountable
9"/700 line/video loop/
DC restoration/rack
mountable
12"/700 linelvideo loop/
DC restoration
17"/700 tine/video loop/
DC restoration

VM-129

VM-173

VM-900A
VM-910

VM-906

B&W MONITORS

$775.00

Meet the new generation of TV
cameras that brim with useful features ,
thanks to the MOS solid-state Imaging
devices.

• Compact size and light weight
• Long life and high reliability
• Extreme low-light handling capabilities
• No geometric distortion
• Reduced lag and no sticking
• Excellent immunity to vibration and

shock
• No effects of magnetic fields
• Sensitive to near-infrared
• C mount

POWER SUPPLY SALE ~lmiJ,Jjf TRIPLE OUTPUT
POWER SUPPLY

~~ ,

0'" .
- >

- , .

$319,00MODEL 1650
• Functions as three separate supplies
• Exclusive tracking circuit
• Fixed output 5 VDC, 5A
• Two 0 to 25 VDC outputs at 0.5A
• Fully automatic, current-limited over

load protection
• + and - terminals of each output are

fully isolated, in all modes
• All three outputs may be connected in

series or parallel for higher voltage
or current
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Wp·705A $309.00
Wp·706A $318.00
Wp·707A $369.00
WP-708A $453.00
Wp·709A $326.00

WP-705A single 0-50VDC, 0-2A
WP-706A single 0-25VDC,O-4A
WP-707A dual 0-25VDC, 0-2A
WP-708A triple 2 each

0-20VDC, 0-2A
and 5V, 4A

WP-709A single 3.5-6.5VDC
or 11.5-14.5VDC, 0-7.5A• Automatic short

circuit shutdown
• Ripple 5mV pop
• 0.075% regulation
• Digital meters V&A
• Measure external

0-99.9 VDC
• Isolated supplies

--------------------- . . -- ----------------
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R -E Books Admart 

CONFIDENTIAL 
FREQUENCY LIST, 

6th Edition 
Latest available infor- 
mation on the most 
interesting communi- 
cations stations oper- 
ating on the short- 
wave bands Includes 
SLB s. Phonetic Al- 
phabet Stations. 
Numbers Stations. 
Military, Police. FBI. 
Government Agencies and more 304 
pages. 6 9 inches Get your own copy 
for S13.95 plus S1 postage in USA ELEC- 
TRONIC TECHNOLOGY TODAY INC.. PO 

Box 240. Massapequa Park NY 11762- 
0240. 

CIRCLE 284 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 rate $800 00 per each insertion 
Reaches 225.379 readers 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 

Call 212- 777.6400 to reserve space Ask 
for Arline Fishman Limited number of 
pages available Mail materials to 
Books Admart, RADIO -ELECTRONICS. 
200 Park Ave South. New York. NY 
10003 

Rates: Ads are 21" x 21/2". One insertion S825. Six insertions S800. Twelve 
insertions $775. each. Closing date same as regular rate card. Send order with 
remittance to Books Admart, Radio Electronics Magazine. 200 Park Avenue South, 
New York, New York 10003. Direct telephone inquiries to Arline Fishman. 
area code- 212 -777 -6400. Only 100% Book ads are accepted for this Admart. 

IC PROJECTS 

FOR 

BEGINNERS 

...r..«. 

Soft cover: variety of protects built 
around IC's covering radio and audio 
protects such as a solar radio and a mini- 
ature receiver. plus an audio generator. 
interval timer, mixer amplifier and more 
S5.00 plus $1 postage in USA. ELEC- 
TRONIC TECHNOLOGY TODAY INC., PO 
Box 240. Massapequa Park. NY 11762- 
0240. 

CIRCLE 284 ON FREE INFORMATION CARD 

LINEAR IC EQUIVALENTS 
& PIN CONNECTIONS 

Linear IC 
Equivalent 
and Pin 
Connections 

Shows equivalents & pin connections of a 

popular user -oriented selection of Euro- 
pean, American and Japanese liner IC s 

320 pages, 8 x 10 inches S13.50 
postpaid in USA ELECTRONIC TECH- 
NOLOGY TODAY INC.. PO Box 240. Mas- 
sapequa Park. New York 11762 -0240. 

CIRCLE 284 ON FREE INFORMATION CARD 

DIGITAL IC EQUIVALENTS 
& PIN CONNECTIONS 

Shows equivalents & pin connections of a 

popular user -oriented selection of Euro- 
pean . American and Japanese digital 
ICs 256 pages. 8 x 10 inches $13.50 
postpaid in USA ELECTRONIC TECH- 
NOLOGY TODAY INC.. PO Box 240, Mas- 
sapequa Park, New York 11762-0240. 
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ELECTRONIC 

POWER SUPPLY 

PROJECTS 
Soft cover, 291 pages 
of practical DC circuit 
applications for a wide 
variety of hobby and 
experimental pur- 
poses' Circuits range 
from the very simple 
(like a half -wave sup- 
ply) to more advanced 
units (like a 12 -volt in- 
verter). $10.95 plus S1 postage in USA. 
ELECTRONIC TECHNOLOGY TODAY 
INC., PO Box 240, Massapequa Park. 
NY 11762 -0240. 

ELECTItc '. 
OWER SUI 

PROJECTS 

CIRCLE 284 ON FREE INFORMATION CARD 

WHITE'S RADIO LOG 

An up -to -date directory of North Amer- 
ican AM. FM and TV stations including 
special section on world -wide shortwave 
stations. 136 pages, 51 x 71/2 inches, 
soft cover S4.95 plus S1 postage in USA. 
ELECTRONIC TECHNOLOGY TODAY 
INC.. PO Box 240. Massapequa Park, 
NY 11762 -0240. 

CIRCLE 284 ON FREE INFORMATION CARD 

103 PROJECTS FOR 

ELECTRONICS 

EXPERIMENTERS 

Sott cover. 308 pages 
of practical, proven 
plans for the elec- 
tronics hob - 

byist.. circuits. con- 
verters, amplifiers 
synthesizers. op 
toelectronics. power 
supplies and more. 
Written and designed 
by Forrest M Mims. Ill. S11.50 plus S1 

postage in USA. ELECTRONIC TECH- 
NOLOGY TODAY INC., PO Box 240, Mas- 
sapequa Park, NY 11762 -0240. 
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R-E Books Admart
Rates: Ads are 2%" x 2Va". One insertion $825. Six insertions 5800. Twelve
insertions $775. each . Closing date same as regular rate card . Send order with
remittance to Books Admart , RadioElectronicsMagazine, 200 Park Avenue South,
New York, New York 10003. Direct telephone inquiries to Arline Fishman.
area code-212-777-6400. Only 100%Book ads areaccepted for thisAdmart.
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ELECTRONIC

POWER SUPPLY
PROJECTS

Soft cover; 291 pages
of practical DC circuit
applications forawide
variety of hobby and
experimental pur
poses! Circuits range
from the very simple
(like a half-wave sup-
ply) tomore advanced y

units (like a12-vo lt in-
verter). $10.95 plus $1 postage in USA.
ELECTRONIC TECHNOLOGY TODAY
INC. , PO Box 240, Massapequa Park,
NY 11762-0240.

Ie Project"
fo,. Boglnners

Soft cove r; variety of projects built
around IC's cove ring rad io and audio
projectssuch as asolar radio andamini
ature receiver, plus an audio generator,
interval timer, mixer amplifier and more .
$5.00 plus $1 postage in USA. ELEC
TRONIC TECHNOLOGY TODAY INC. , PO
Box 240 , Massapequa Park, NY 11762
0240.

IC PROJECTS
FOR

BEGINNERS

CONFIDENTIAL
FREQUENCY LlS"T,
6th Edition
Latest available infor
mation on the most
interesting communi
cations stations oper
ating on the short
wave bands . Includes
SLB's, Phonetic Al
phabet Statio ns,
Numbers Stations,
Military, Police, FBI ,
Government Agencies and more. 304
pages , 6 x 9 inches. Get your own copy
for$13 .95plus $1 postage inUSA. ELEC
TRONIC TECHNOLOGY TODAY INC. , PO
Box 240 , Massapequa Park NY 11762
0240.
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LINEAR IC EQUIVALENTS
& PIN CONNECTIONS

LinearlC
Equ ival e nts
and Pin
Connections

Shows equ ivalents & pinconnections ofa
popular user-oriented selection of Euro
pean, American and Japanese liner IC.'s
320 pages, 8 x 10 inches . $13.50
postpaid in USA. ELECTRONIC TECH
NOLOGY TODAY INC., PO Box 240, Mas
sapequa Park, New York 11762-0240.

WHITE'S RADIO LOG

An up-to-date directory of North Amer
ican AM , FM and TV stations includ ing
special section on world-wide shortwave
stations . 136 pages, 5Y2 x 7Y2 inches,
soft cover. $4.95 plus$1postageinUSA.
ELECTRONIC TECHNOLOGY TODAY
INC. , PO Box 240, Massapequa Park,
NY 11762-0240.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $800.00 per each insertion .
• Reaches 225,379 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 212-777-6400 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
Books Admart , RADIO-ELECTRONICS,
200 Park Ave. South , New York, NY
10003.
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DIGITAL IC EQUIVALENTS
& PIN CONNECTIONS

Shows equivalents & pinconnections ofa
popular user-oriented selection of Euro
pean , American and Japanese digital
IC 's. 256 pages , 8 x 10 inches. $13.50
postpaid in USA. ELECTRONIC TECH
NOLOGYTODAY INC., PO Box 240, Mas
sapequa Park, New York 11762-0240.

103 PROJECTS FOR
ELECTRONICS
EXPERIMENTERS
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103
Soft cover; 308 pages PROJECTS FOR
of practical , proven ~~:r~s
plans for the elec- , _
tronics hob - .;:E:"::::'::::"
byist. ..circu its, con
verters, amp lifiers,
synthesizers , op
toelectronics, power
supplies and more.
Written and designed
by Forrest M. Mims, III. 511.50 pius $1
postage in USA. ELECTRONIC TECH
NOLOGY TODAY INC. , PO Box 240, Mas
sapequa Park, NY 11762-0240.
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for most of our tests. All opera- 
tions are initiated through a 31 -key 
keypad; all data is displayed on a 

small CRT that measures about 21/4" 

by 2' /8'. The logic analyzer weighs 
about 11 pounds and measures 
about 4 x 7.5 x 15 inches. A small 
leatherette pouch attached to the 
lid of the machine stores the AC 
power cord, probes, etc. A snap - 
on plastic cover protects the unit 
when it is in transit; the carrying 
handle rotates smoothly 
throughout 360 degrees to prop 
the 318 to a comfortable viewing 
angle. 

On the left side of the instru- 
ment (as you face it) are jacks for 
serial input: a 25 -pin "D" con- 
nector (DB -25), and a BNC jack to 
which a low- capacitance os- 
cilloscope -type probe may be con- 
nected. A BNC -type composite 
video jack is also located on the 
left side. On the right side is space 
for up to four parallel -input con- 
nectors (sub- miniature "D" type), 
a BNC jack for an external -clock 
input, and four pin jacks for exter- 
nal trigger input and output, a start 
output, and ground. The right side 
of the case also provides access to 
several important points in the 
318's circuit that are used for diag- 
nosing problems with the unit, 
should they arise. 

On power -up, the 318 goes 
through a series of self tests. The 
power -up sequence takes only 
about five seconds, after which 
the machine is ready ready for use. 
All operations are accessible 
through a set of menus (Setup, 
Threshold, and Trigger); four cur- 
sor- control keys, a select key, and 
an execute key help you choose 
the desired item. 

The menu displays 
Pressing the setup key allows 

you to set the overall operating 
mode of the 318: serial vs. parallel, 
local (keyboard) vs. remote opera- 
tion, etc. If you select the parallel 
mode, a new menu appears that 
allows you to set the acquisition 
mode (see below), and to assign 
specific data bits to specific dis- 
play channels. That allows you, for 
example, to hook your connectors 
up in just about any convenient 
manner. You can then let the logic 
analyzer group data lines, address 
lines, and control lines together in 

Tektronix 318 

OVERALL' 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRICE/ 
VALUE 

6 7 8 9 10 % 
a comprehensible display. In the 
parallel mode, the 318 has a data 
memory of 256 bits for each of the 
16 input channels; in the serial 
mode, up to 256 bytes can be 
stored. 

If you select the serial mode 
from the setup menu, a new menu 
appears that allows you to select 
the communications parameters 
(baud rate, syndasync, parity, etc.) 
and the acquisition mode. In addi- 
tion, you can set the 318 up to ac- 
quire data until a portion of the 
most recently received data 
matches -or doesn't match -a 
designated portion of the 318's op- 
tional battery -powered reference 
memory. 

The Threshold menu allows you 
set the voltages the 318 uses to dis- 
tinguish between different logic 
states. You can pick standard TTI 
levels, or any values from -10 to 
+10 volts, in 0.1 -volt increments, 
to represent the "high" and "low" 
values used by your system. 

The Trigger menu allows you to 
set the event around which the 
data display centers. In the serial 
mode, data acquisition can be ini- 
tiated by an external trigger signal, 
by receipt of a one- or two -byte 
data sequence, or either. The trig- 
ger byte(s) may be specified in bin- 
ary, octal, decimal, or hex- 
adecimal. Any bit or digit may be a 
"don't- care" value. For example, 
in hex mode, a trigger -byte specifi- 
cation of "FX" would cause any re- 
ceived byte that has a leading digit 
of "F" to generate a trigger. 

The trigger position field of this 
menu allows you to choose seeing 
the data that precedes the trigger 
byte, data that follows it, both, or 
data that follows the trigger, but 
that is delayed by any number of 
bytes you specify (up to 65,000). 

In the parallel mode, three trig- 
ger words are available that may be 

NOW, 
a mini-scope 

with the 
features 

most wanted 
by field 

engineers! 

B&K- PRECISION MODEL 1420 5825 

This 15MHz dual -trace mini -scope 
was designed by B8K- PRECISION 
engineers to respond to the special needs 
of field engineers . a mini -scope with 
lab -scope features. 

It easily fits into a standard attache 
case with plenty of storage room for 
a DMM, tools and accessories. The 
1420 can be powered from the AC line. 
10 -16VDC or an optional internal 
battery pack. 

The rugged 1420 features dual -trace 
operation and an honest 15MHz re- 
sponse. with useful response beyond 
20MHz. An efficient rectangular CRT 
displays waveforms with good read - 
ability under all field service conditions 

There is no sacrifice of features or 
performance for compact size. The 1420 
has 18 sweep ranges from 1 ASidiv. to 
0.5S div in a 1 -2 -5 sequence: variable 
between ranges Sweep magnification 
is X10. extending the maximum sweep 
rate to 100nS div For use with computer 
terminals or video circuits, a video sync 
separator is built in. Automatic selection 
of chop and alternate sweep modes is 
provided. as is front -panel X -Y operation. 

The Model 1420 measures only 4 5 X 
8.5 X 12 ", weighs 7.75 lbs., with batteries 
and comes with two 10:1 probes. 

For complete specifications contact your 
local distributor or call MK-PRECISION. 

DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago. Illinois 60635.312889.9087 
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a comprehensible display. In the
parallel mode, the 318 has a data
memory of 256 bits for each of the
16 input channels; in the serial
mode, up to 256 bytes can be
stored.

If you select the serial mode
from the setup menu, a new menu
appears that allows you to select
the communications parameters
(baud rate, sync/async, parity, etc. )
and the acquisition mode. In addi
tion, you can set the 318 up to ac
quire data until a portion of the
most recently received data
matches-or doesn't match-a
designated portion of the 318's op
tional battery-powered reference
memory.

The Threshold menu allows you
set the voltages the 318uses to dis
tinguish between different logic
states. You can pick standard TTL
levels, or any values from -10 to
+10 volts, in 0.1-volt increments,
to represent the " high" and " low"
values used by your system.

The Trigger menu allows you to
set the event around which the
data display centers. In the serial
mode, data acquisition can be ini
tiated by an external trigger signal ,
by receipt of a one- or two-byte
data sequence, or either. The trig
ger byte(s) may be specified in bin
ary, octal , decimal, or hex
adecimal. Any bit or digit may be a
"don't-care" value . For example,
in hex mode, a trigger-byte specifi
cation of "FX" would cause any re
ceived byte that has a leading digit
of " F" to generate a trigger.

The trigger position field of this
menu allows you to choose seeing
the data that precedes the trigger
byte, data that follows it , both , or
data that follows the trigger, but
that is delayed by any number of
bytes you specify (up to 65,000).

In the parallel mode, three trig
ger words are available that may be

CD
ex>
(1)

BJlII!118
DYNASCAN
CORPORATION

6460 West Cor tland Street
Chicago , Illinois 60635·31 2/889-9087

Inte r nAtio na l Sales. 6460 w. Cor t l;ilnd 5t .. c ntca sc . IL &0835
Canadian Sal es ; Atl as Ele<:t ro nics, Onta r tc

Sout h ;and Centra l American sates .
Empire Expo rt ers , Pl ainview, NY 11803

B&K-PRECISION MODEL 1420 $825

This 15MHz dual-trace mini-scope
was designed by B&K-PRECISION
engineers to respond to the special needs
of field engineers . .. a mini-scope with
lab-scope features.

It easily fits into a standard attache
case with plenty of storage room for
a DMM, tools and accessories. The
'1420 can be powered from the AC line ,
10-16VDC or an optional internal
battery pack .

The rugged 1420 features dual-trace
operation and an honest 15MHz re
sponse, with useful response beyond
20MHz. An efficient rectangular CRT
displays waveforms with good read
ability under all field service conditions.

There is no sacrifice of features or
performance for compact size . The 1420
has 18 sweep ranges from 1 /LS/div. to
0.5S/div. in a 1-2-5 sequence; variable
between ranges. Sweep magnification
is X10, extending the maximum sweep
rate to 100nS/div. For use with computer
terminals or video circuits, a video sync
separator is built in. Automatic selection
of chop and alternate sweep modes is
provided, as is front-panel X-Y operation .

The Model 1420 measures only 4.5 X
8.5 X 12", weighs 7.75Ibs., with batteries
and comes with two 10:1 probes.

For complete specifications contact your
local distributor or call B&K-PRECISION.

NOW.• •amini-scope
with the
features

most wanted
byfield

engineers!

318

EASE
OF USE

OVERALL
PRICE

Tektronix

PRICE/
/VALUE

INSTRUCTION
MANUAL

for most of our tests. All opera
tions are initiated through a 31-key
keypad; all data is displayed on a
small CRTthat measures about2Y4"
by 2W'. The logic analyzer weighs
about 11 pounds and measures
about 4 x 7.5 x 15 inches. A small
leatherette pouch attached to the
lid of the machine stores the AC
power cord, probes, etc. A snap
on plastic cover protects the unit
when it is in transit; the carrying
handle rotates smoothl y
throughout 360 degrees to prop
the 318 to a comfortable viewing
angle.

On the left side of the instru
ment (as you face it) are jacks for
serial input: a 25-pin "0" con
nector (DB-25), and a BNC jack to
wh ich a low-capacitance os
cilloscope-type probe may be con
nected. A BNC-type composite
video jack is also located on the
left side. On the right side is space
for up to four parallel-input con
nectors (sub-miniature "0" type),
a BNC jack for an external-clock
input, and four pin jacks for exter
nal trigger input and output, a start
output, and ground. The right side
of the case also provides access to
several important points in the
318'5 ci rcuit that are used for diag
nosing problems with the unit ,
should they arise .

On power-up, the 318 goes
through a series of self tests. The
power-up sequence takes only
about five seconds, after which
the machine is ready ready for use.
All operations are accessible
through a set of menus (Setup,
Threshold, and Trigger); four cur
sor-control keys, a select key, and
an execute key help you choose
the desired item.

The menu displays
Pressing the setup key allows

you to set the overall operating
mode of the 318: serial vs. parallel,
local (keyboard) vs. remote opera
tion, etc. If you select the parallel
mode, a new menu appears that
allows you to set the acquisition
mode (see below), and to assign
specific data bits to specific dis
play channels. That allows you , for
example, to hook your connectors
up in just about any convenient
manner. You can then let the logic
analyzer group data lines, address
lines, and control lines together in
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Saratoga Electronics 

ORDER TOLL FREE 

800-621-0854 
ext.245 

DYNAMIC RAMS 

4164 - 150NS 
41256 - 150NS 

EPROMS 

SI.ull 
s2. 

2 716 - 450\ 81.95 
2732A - 4501S 82.25 
2764-4501S 82.50 
2764 - 2501' 82.00 
27256 - 3O0v- SS.93 

PC /AT COMPATIBLE 
SYSTEM BOARD 

* I Megabyte Installed 
+ Dual Speed Selectable at 

6 or 8 MHZ 
* Compatible "AT' 

System Rios 
8 -Slot Expansion Capabilit. 
Complete 8 Tested 
w /90 - Day Warrant, 

S895 

PC /XT COMPATIBLE 
SYSTEM BOARD 

+ 64K Installed - Expandalsl. 
to 640 KB 

+ 4.77 MHZ Speed 
+ Compatible "XT' 

System Bias: 
+ 8 - Slot (Full) Expans.' 

Capability 
+ Complete 8 Tested 

w/ 90 - Day Warrant. 

S200 
$25 MINIMUM ORDER 

'2380 SARATOGA SUNNYVALE ROAD 
SARATOGA. CA 95070 

(10!)116.1949 
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combined in various ways to trig- 
ger data capture. For example, you 
can specify that a first trigger word 
must be followed by either a sec- 
ond ora third trigger word. The 318 
allows other triggering options in 
the parallel mode, but we haven't 
the space to discuss them. 

Data display 
After operating parameters have 

been set using the three menus, 
it's time to press the data key. That 
brings up one of several display 
screens, depending on the mode. 
In the serial mode, all data in the 
256 -byte buffer can be displayed at 
one time in the character menu 
display as ASCII (or EBCDIC) 
characters, or, in the state table 
display, each location in memory is 
displayed on a separate line. Each 
line contains the memory loca- 
tion, the hex (or octal or decimal) 
value, the binary value, and the 
ASCII (or EBCDIC) value of that lo- 
cation. 

The cursor -control keys allow 
you to scroll through memory; al- 
ternatively, you can enter the loca- 
tion you'd like to view via the data - 
entry keys in the keypad. You can 
change some of the communica- 
tion parameters at the display 
screens without returning to the 
setup menu. You can flip between 
the two display screens at will; in- 
deed you can go to most menus at 
any time to change operating pa- 
rameters. 

To initiate data -capture, the start 
button is pressed, or an external 
trigger is applied. The message 
"WAITING TRIG" appears in the 
lower right corner of the screen; 
when the trigger -word condition is 
satisfied, or when you press the 
stop key, an appropriate message 
is displayed, and you are free to 
examine the contents of memory. 
The 318 provides compare and 
search functions to aid in that pro- 
cess. The compare function com- 
pares the current data to a 
reference memory. A separate 
function is provided from the 
setup menu that allows you to 
transfer the contents of the data 
memory to the reference memory. 

You could use the search 
function to search for the "FX" 
byte (or any other, of course) men- 
tioned above. The 318 locates all 
matches, highlights them on the 

screen, and displays the total 
number of matches. You can move 
through memory, using the cursor 
keys, or you can jump from match 
to match. 

In the parallel mode, a state ta- 
ble that lists received data in the 
desired number base (2, 8, 10, or 
16), and a timing diagram are avail- 
able. The state table is similar to 
the serial mode state table, except 
that no ASCII values are displayed. 
The timing diagram can display 
glitches (which are captured 
whether or not they are displayed), 
and a portion of the display can be 
magnified for greater viewing ac- 
curacy. Search and compare 
functions are also available in the 
parallel mode. 

Conclusions 
After you become familiar with 

the 318, operation is fairly intu- 
itive. The problem is in getting fa- 
miliar. The operator's manual that 
is supplied appears to be little 
more than a polished -up version 
of the engineering specifications. 
It contains most of the information 
you need to know, but the man- 
ual's organization is atrocious. 
Tektronix should have supplied a 

tutorial introduction for such a 
complicated machine. However, 
people who have worked with 
other brands of logic analyzers 
shouldn't have much trouble ap- 
plying their prior experience. 

The only other thing we would 
criticize is the small size of the dis- 
play screen. Even those with good 
eyesight reported difficulty read- 
ing the screen from a distance 
greater than about one foot. Evi- 
dently, Tektronix was aware of that 
problem, as they included a com- 
posite -video output jack. But it's 
inconvenient to use a separate 
monitor; we think the 318 would 
benefit from a 5" CRT. 

As you can see, the 318 logic ana- 
lyzer has quite a few powerful fea- 
tures -and we've only scratched 
the surface. Other than the few 
inconveniences we've mentioned, 
the 318 should make a useful addi- 
tion to the professional test 
bench. The 318 lists for $5300. The 
model 338 is similar to the 318, but 
it has a 32 -bit data path, and a 20- 
MHz maximum clock rate. It lists 
for $5800. R -E 
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scree n, and dis plays t he total
number of matches. You can move
through memory, using the cursor
keys, or you can jump from match
to match .

In the para lle l mode, a state ta
b le that lists received data in the
des ired nu mber base (2, 8,10, or
16), and a timing diagram are avail
able. The state table is similar to
the seria l mode state table, except
that no ASCI I values are disp layed .
The tim ing diag ram can d isplay
g l itc hes (w hic h are capture d
w hether or not they are disp layed),
and a portion of the display can be
magnified fo r greater viewing ac
cu racy. Sea rch and co mpa re
functions are also availab le in the
paralle l mode.

Conclusions
After yo u become fam ilia r w it h

t he 318, ope rat io n is fa ir ly in t u
itive. The prob lem is in getting fa
miliar. The operator's manual that
is supp lied appears to be li tt le
more than a polished-up version
of the engineeri ng specificatio ns.
It co ntai ns most of the informati on
you need to know, but the man
ual 's organization is atrocious.
Tekt ron ix shou ld have supp lied a _
tutoria l introduction for suc h a
co mpl icated machine. However,
people who have wo rked with
ot her brands of log ic analyze rs
sho uldn 't have much troub le ap
plyi ng their prior expe rience.

The on ly other th ing we wo uld
crit icize is th e small size of the dis
play screen. Even those with good
eyesight reported difficulty read
ing t he screen from a distance
greater than about one foot. Evi
dentl y, Tektronix was aware of that
prob lem, as they included a com
pos ite-video output jack. But it's
inco nvenient to use a separate
monitor; we think the 318 would
benefit from a 5" CRT.

As yo u can see, the 318 logic ana
lyzer has quite a few powerfu l fea
tures-and we've only scratched
the surface. Other than the few
inconveniences we 've mentioned ,
the 318 sho uld make a usef ul add i
tio n to the professional test
bench . The 318 lists for $5300. The
model 338 is simi lar to the 318, but
it has a 32-bit data path, and a 20
M l-lz maximum clock rate. It l ists
for $5800. R-E
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combined in various ways to trig
ger data captu re. For examp le, you
can specify that a fi rst trigger word
must be followed by either a sec
ond or a third triggerword. The 318
allows other tr iggering options in
the paralle l mode, but we haven't
the space to discuss them .

Data disp lay
After operat ing parameters have

been set using the three menus,
it 's t ime to press t he data key. That
bri ngs up one of severa l di spl ay
screens , depending on the mode.
In the seria l mode, all data in the
256-byte buffer can be displayed at
one time in the character menu
disp lay as ASC II (or E'BCD IC)
characters, or, in the state tab le
displ ay, each location in me mory is
dis played on a separate line . Each
line contains the memory loca
t io n, th e hex (or oc tal or decima l)
value, the bi nary value , and the
ASCI I (or EBCDIC) value of that lo
cation .

The cu rsor-cont rol keys allow
you to scro ll through memory; al
te rnat ively, yo u can enter the loca
tion yo u'd like to view via the data
entry keys in the keypad . You can
change some of the com munica
tio n parameters at t he display
screens w it ho ut returning to the
setup menu. You can f lip between
the two display scree ns at w il l; in
deed you can go to most me nus at
any time to change operating pa
rameters .

To initiate data-capture, the start
button is p ressed, or an external
trigge r is app l ied . The message
"WAITING TRIG" appears in the
lower right corner of the screen;
when the trigger-word co ndition is
satisfied, or when you press the
stop key, an appropriate message
is displayed, and you are free to
examine the contents of memory.
The 318 provides compare and
search functions to aid in that p ro
cess. The compare function com
pares the current data to a
reference memory. A separate
function is provided from the
setup me nu that allows you to
transfer the contents of the data
memory to the reference memory.

You could use the search
function to search for the "FX"
byte (or any other, of cou rse) men
tioned above. The 318 locates all
matches, highli gh ts them on the

$1.00
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$2 .00
$5.95

4164. 150NS
41256 . 150NS

EPROMS

2716· 450NS
2732A . 450NS
2764 · 450NS
2764 · 2 50NS
27256 · 3 0 0 NS

ORDER TOlL FREE

800-621-0854
ext.245

12380 SARATOGA - SUNN YVALE ROAD

SARATOGA. CA 95070=-= (408 ) 446·4949 •

saratoga Electronics

~

* 64K Installed · Expandable
to 640 KB

* 4.77 MHZ Speed
* Compatible "XT"

System Bios
* 8. Slot (Full) Expansion

Capability
* Complete & Tested

w! 90 . Day Warranty

PC/AT COMPATIBLE
SYSTEM BOARD

* 1 Me~abyte Installed
* Dual Speed Selectable at

6 or 8 MHZ
* Compatible "AT"

System Bios
* 8 ·S10t Expansion Capability
* Complete & Tested

w/90 . Day Warranty
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Build Circuits Faster 
and Easier With Our $20 
Solderless Breadboard 

Introducing the plug -in world of AP 
Product's versatile, low cost breadboards. 

Now you can design, build and test 
prototype circuits just like The profes- 
sionals... and make changes in seconds. 
No messy soldering or desoldering. No 
more twisted leads or damaged 
devices. 

With our ACE 109 and 118 blue bread- 
boards, you simply plug in components 
and interconnect Them with ordinary 
hook -up wire. All sizes of DIPs and other 
discrete components up to 22 gouge 
lead diameters snap right into The 

01" x 01" matrix of the solderless tie 
points... anywhere on the layout. You 

don't need expensive sockets or spe- 
cial tools. Buses of spring clip terminals 
form a distribution network for power, 
ground and clock lines. 

AP Products 100 series breadboards 
give you all The functions and flexibility 
of more expensive circuit evaluators. 
The spring terminals have mechanic- 
ally independent contact fingers to 

accommodate most DIPs and discrete 
components. 

The ACE 109 has two terminals for 
separate voltages plus a ground con- 
nection. The larger ACE 118 offers The 

some Three terminals, plus an addi- 
tional terminal which can be used for 
clocking or another voltage. The bock - 
plates are heavy steel to keep The 

boards stationary. 

Don't wait These low prices won't last forever 
See your local AP Products dealer today, or 
send for a list of dealers in your area / 
CIRCLE 76 ON FREE INFORMATION CARD 

...and do even 
more with our 
$40 breadboard 

A P PRODUCTS 
INCORPORATED 

9325 Progress Parkway 
P.O. Box 540 
Mentor, Ohio 44060 
800-321-9668 
(Ohio, 216/354-2101) / 
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accommodate most DIPs and discrete
components.

The ACE 109 has two terminals for
separate voltages p lus a ground con
nection. The larger ACE 118 offers the
same three terminals, plus an addi
tional terminal which can be used for
clocking or another voltage. The back
plates are heavy steel to keep the
boards stationary.

Introducing the plug-in world of AP
Product's versatile, low costbreadboards.

Now you can design, build and test
prototype circuits just like the profes
sionals...and make changes in seconds.
No messy sold ering or desoldering. No
more twisted leads or damaged
devices.

With our ACE 109 and 118 blue bread
boards, you simplyp lug in components
and interconnect them with ordinary
hook-up wire. AI/ sizes of DIPs and other
discrete components up to 22 gauge
lead diameters snap right into the
0.1"x 0.1" matrix of the solder/ess tie
p oints...anywhere on the la yout. You
don 't need expensive sockets or spe
cial tools. Buses of spring c lip terminals
form a distribution network for p ower,
ground and c lock lines.

AP Products 100 series breadboards
g ive you 01/ the functions and flexibility
of more expensive circuit evalua tors.
The spring terminals have mechanic
al/y independent contac t fingers to

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


IF YOU WANT TO GE1 
YOU HAVE TO GET INTO 
Learn PC Servicing By Building Your Own NTS /HEATH HS-1E 
Desk -Top Computer, Circuit -By- Circuit 

NTS Intronic Home Training 
Takes You Below The Surface 

NTS gets you right down into the 
heart of computer circuitry. You learn 
how microprocessors function, how 
they are designed, how they operate 
and are used to solve problems. Your 
program includes a wide variety of 
tests and projects, as you assemble 
your PC. You experience the ex- 
citement of seeing your own skills 
grow, the security of knowing you 
really understand what makes a 
computer tick 

A Career in 
PC Servicing 

The world of computers is 
constantly expanding. Applications 
have spread from business to manu- 
facturing, from industry to medical 
and scientific fields. Computer -aided 
design, engineering, and production 
have revolutionized drafting, 
graphics, and prototyping. Computer 
sales figures point to a continuing 
need for service technicians as well 
as installation and maintenance 
specialists. The type of training you 
receive will largely determine your 
ability to take advantage of these 
opportunities ... and nothing beats 
the practical, down -to -earth training 
you get from NTS. 

Learning circuitry through the construction of this 
equipment offers practical training for which there 
is no substitute. Test equipment is included. 

The NTS /HEATH 16 -Bit HS -151 
This desk -top PC is the most powerful and 

versatile ever offered in any home training 
program. Check the advanced features 
listed below: 
1. 128 KB RAM user memory on board, 
expandable to 640 KB 

2. 16 -bit 8088 Microprocessor accepts 
advanced software, speeds word pro- 
cessing; also allows selection from the huge 
library of IBM software 
3. 5.25 -inch floppy disk drive, double 
density, IBM formatted, stores up to 360 KB. 
(Expandable to dual disk drive, and optional 
10.5 MB hard -disk drive.) 
4. MS -DOS operating system, IBM compati- 
bility, make a wide choice of software 
programs available. 
5. Four open IBM -compatible slots provide 
for future expansion, printer, modem, etc 
Will accept most peripheral boards designed 
for IBM -PC. 

6. Two video outputs for color or mono- 
chrome display monitor. Your NTS course 
includes a high resolution monitor displaying 
80 characters by 25 lines, or graphics. 

7. Editing capabilities help you insert or 
delete characters and lines, erase, jump or 

smooth scroll, etc. 
Your NTS training course will teach you to 

program on this outstanding PC, using 
lessons, texts, and diagrams to make full use 

of its capabilities. Catalog contains complete 
details. 

Field servicing is interesting and rewarding. 
Technicians may work for a service company, 
manufacturer, or major users. 

The NTS HEATH HS-151 PC completed, incl 
monitor and full -function keyboard with cal. 
style keypad, and typewriter format. 

IF YOU WANT TO GEl
YOU HAVE TO GET INTC

The NTS/HEATH 16·Bit HS·151
This desk-top PC is the most powerfu l and

versatile ever offered in any home training
program. Check the advanced features
listed below:
1. 128 KB RAM user memory on board,
expandable to 640 KB
2. 16-b it 8088 Microprocessor accepts
advanced software, speed's word pro
cessing ; also allows selection from the huge
library of IBM software .
3. 5.25-inch floppy disk drive, double
density, IBM formatted, stores up to 360 KB.
(Expandable to dua l disk drive , and optional
10.5 MB hard-disk drive.)
4. MS-DOS operating system, IBM compati
bility, make a wide choice of software
programs available.
5. Four open IBM-compatible slots provide
for future expansion, printer, modem, etc .
Will accept most peripheral boards designed
for IBM-PC.
6. Two video outputs for color or mono
chrome disp lay monitor. Your NTS course
includes a high resolution monitor disp laying
80 characters by 25 lines, or graphics.
7. Editing capabilities help you insert or
delete characters and lines, erase, jump or
smooth scroll, etc .

Your NTS training course will teach you to
program on this outstanding PC, using
lessons, texts, and diagrams to make full use
of its capabi lities. Catalog contains comp lete
details.

A Career in
PC Servicing

The world of computers is .p/
constantly expanding . Applications
have spread from businessto manu
facturing, from industry tomedical
and scientific fields. Computer-aided
design, engineering, and production
have revolutionized drafting,
graphics, and prototyping. Computer
sales figures point to a continuing
need for service technicians as well
as installation and maintenance
specialists. The type of training you
receive will largely determine your
ability to take advantage of these
opportunities .... and nothing beats
the practical, down-to-earth training
you get from NTS.

NTS Intronic Home Training
Takes You Below The Surface

NTS gets you right down into the
heart of computer circuitry. You learn
how microprocessors function, how
they are designed, how they operate
and are used to solve problems. Your
program includes a wide variety of
tests and projects, as you assemble
your PC. You experience the ex
citement of seeing your own skills
grow, the security of knowing you
really understand what makes a
computer tick.

Learn PC Servicing By Building Your Own NTS/HEATH HS-1S
Desk-Top Computer, Circuit-By-Circuit

Field setvlclng Is Interesting and rewarding .
Technicians may work for a setvlce company,
manufacturer, or major users.
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Learning circuitry through the construction of this
equipment offers practical training for which there
Is no substitute. Test equipment Is Included.

The NTSiHEATHH5-151 PC completed, inc!
monitor and full·functlon keyboard with cal.
style keypad, and typewriter format.
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NTO PC SERVICING 
k MICROCOMPUTER 

. 

The student ma to use test equipment such as a ' 
digital probe a digital multirneter to check circuits 
and measure volt s. Lessons and current texts 
round out the entire Program, emphasizing practical 
applications of theories irsrtp.,.rinciplies., 

Installing the disk -drive in the PC is one of the final stages in the assembly of the 
microcomputer. Learning the use of test equipment to check circuits is an integral part 
of the training which, with field experience. develops invaluable career skills. 

NTS COURSES COVER MANY 
AREAS OF SPECIALIZATION 
IN ELECTRONICS: 

Robotics: Build the NTS/HEATH Hero 1 

Robot as you learn robotic programming. 
Robot is complete with arm and gripper, 
voice synthesizer. Robotics is becoming 
increasingly important in industry as almost 
daily news features attest. 

Video Technology: Build one of the most 
advanced Color TV sets in America as you 
learn circuit diagnostics, and the use of 
digital test instruments. Course covers color 
TV, video tape recorders, computer 
fundamentals, solid -state devices. 

Industrial and Microprocessor 
Technology covers circuit analysis, micro- 
processors and automation applications, 
lasers, and basic industrial robotics. 

TV & Radio Servicing is a specialized 
course offering an excellent foundation in the 
use and application of both analog and 
digital test equipment as applied to the TV 
servicing field Learn circuits, adjustments, 
trouble- shooting, and servicing of Color and 
monochrome monitors. 

Digital Electronics offers the student the 
opportunity to get involved with computer 
concepts, computer technology 
fundamentals, and digital equipment by 
training on the NTS Compu- Trainer. 

Basic Electronics s a course designed 
for those wishing to have an over -view of 
electronics in many of its aspects including 
radio receivers, solid state devices, and 
electronic components. 

NTS Intronic training programs include a 
variety of superb equipment, most of which is 
classified as field -type, making the training 

lpractical 
and career oriented. Texts and 

essons have been tested in our Resident 
School in Los Angeles to assure home study 
students their courses of training are easy to 
understand NTS, now in its 80th. year, 
continues to be at the leading edge in 
Electronics home training. 

IBM s a trademark ot Internatanal Business Meches Corp 
MS is a trademark or Microsoa Corp 

It card is missing. smpty arse to the address shown below stator g 
the course you are nterested in A FREE COAX catalog w+th all 
details w,ll be sent to You by return mad 

NATIONAL 
TECHNICAL 
SCHOOLS 

TECHNICAL TRADE TRAINING SINCE 1905 
Resdent and Home Study Schools 

iO 
4000 So Figueroa St . Los Angeles. CA 90037 °' 
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NTO PC SERVICING
~ MICROCOMPUTER

Installing the disk-drive in the PC Is one of the final stages in the assembly of the
microcomputer. Learning the use of test equipment to check circuits is an integral part
of the training which, with fieid experience, develops invaiuable career skills.

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Build the NTS/HEATH Hero.1
Robot as you learn robotic programming.
Robot is complete with arm and gripper,
voice synthesizer. Robotics is becoming
increasingly important in industry as almost
daily news features attest.

Video Technology: Build one of the most
advanced Color TV sets in America as you
learn circuit diagnostics, and the use of
digital test instruments. Course covers color
TV, video tape recorders, computer
fundamentals, solid-state devices.

Industrial and Microprocessor
Technology covers circuit analysis , micro
processors and automation applications,
lasers, and basic industrial robotics.

TV & Radio Servicing is a specialized
course offering an excellent foundation in the
use and application of both analog and
digital test equipment as applied to the TV
servicing field. Learn circuits, adjustments,
trouble- shooting , and servicing of Color and
monochrome monitors .

Digital Electronics offers the student the
opportunity to get involved with computer
concepts, computer technology
fundamentals, and digital equipment by
training on the NTS Compu-Trainer.

Basic Electronics is a course designed
for those wishing to have an over-view of
electronics in many of its'aspects including
radio receivers, solid state devices, and
electronic components.

NTS Intronic training programs include a
variety of superb equipment, most of which is
classified as field-type , making the training
practical and career oriented. Texts and
lessons have been tested in our Resident
School in Los Angeles to assure home study
students their courses of train ing are easy to
understand NTS, now in its 80th. year,
continues to be at the leading edge in
Electronics home training .

• IBM is a trademark of International Business Machines Corp.
• MS is a trademark of Microsoft Corp. •

If ca~d is missing. simply write to the addres s sho wn below stating
the course you are interested in. A FREE color catalog with all
details will be sent to you by return mail.

'" NATIONAL
Dl5TECHNICAL

SCHOOLS
TECHNICAL TRADE TRAINING SINCE 1905

Resident and Home-Study Schools

4000 So. Figuer oa St.. Los Angeles. CA 90037
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LEARN TV /VCR 
REPAIR 

No Previous 
Experience 

Necessary 

_ 4 `Igt. ., 

Now you can train at home in spare time for a mon 
et.making career as a TV /VCR Repair Specialist. 

No need to quit your lob Or school. We show you how 
to troubleshoot and repair videocassette recorders and 
TV sets, how to handle house calls and shop repairs for 
almost any make of television or VCR. You learn about 
TV receivers, tuners and antenna, x-ray emission, the 
characteristics of sound, how electrical Impulses are con- 
verted Into a TV pktun, and much, much more. Tools 
are Included with your course so you can get'9tandson" 
practke as you follow the lessons step by step. Send for 
free facts about opportunities in TV /VCR Repair and 
find out how you can start making money In this 
peat . 

E xperts show you what to do. how to 
do it guide you every step of the way! 
Everything is explained In easy-to-understand language 

with plenty of drawings, photos and diagrams. But if 
there is ever anything in your lessons you don't under. 
stand, you can write or phone your instructor and you 
can count on getting an authoritative answer. Send for 
free facts and color brochure. No cost. No obligation. 
No salesman will visit you. MAIL COUPON TODAY! 

[let SCHOOL OF TV/VCR REPAIR, Dw 0E016 
lte -.; Scranton. Pennsylvania 18515 

Please send me free facts on how I can learn TV /VCR 
Repair at honte in my span time. No salesman will visit. 

Name Age 

Address 

City/State/zip 

J 

STUN GUN 

Free 
holster 
with 
purchase. 

VISA 

EQUALIZER 
- The ultimate non -lethal defense 

weapon. 
In five seconds can immobilize your 
attacker, even through heavy clothing 
Discharges over forty thousand volts 
of electncity from a nine volt nickel - 
cadmium battery. 
$49.95, Mass 5% sales tax, $3.00 
shipping and handling. 

1- 800 - 522 -2636 
FOR ORDERS ONLY 

617-871-5611 
FOR INFORMATION 

Cameo Enterprises, Inc. 
PO. Box 63, Accord, MA 02018 

40 CIRCLE 270 ON FREE INFORMATION CARD 

Rhoades TE -600 
Teledapter Stereo 

Synthesizer 

Add simulated stereo sound 
to your video set -up. 

CIRCLE 6 ON FREE INFORMATION CARD 

THE HOTTEST THING IN VIDEO THESE 

days is audio. Or, to be more pre- 
cise, stereo audio. Everywhere you 
turn, you see the new stereo TV's 
and VCR's. 

But many of us still own mono 
equipment, and the idea of scrap- 
ping an otherwise quite servicea- 
ble set -up in favor of a new one 
just for the sake of stereo often is 
not appealing. And it is certainly 
not economical, especially when 
one considers the high -end price 
tag of much of that new equip- 
ment. 

There is an alternative. It is the 
Rhoades (Highway 99 East, Colum- 
bia, TN 48401) TE -600 Teledapter. 
The primary use of that device is as 
a stereo synthesizer, but it has 
other features that help make sure 
that the unit will not someday join 
the rest of your system on the 
scrap heap. 

A stereo synthesizer 
The primary application of the 

unit is as a stereo synthesizer. It 
can accept a mono -audio input 
from a TV, VCR, etc., and produce 
a stereo -audio effect. A low -im- 
pedance input is provided to ac- 
commodate those systems where 
no audio output is provided. In 
those cases, the audio can be 
tapped directly from the TV's 
speaker terminals and fed to the 
low- impedance input. An input - 
level control is provided to set the 
low- impedance input to the prop- 
er level. 

The unit uses Rhoades' Stereo - 
Plex circuit to perform the stereo 
synthesis. According to the man- 
ufacturer, that circuit works by 
creating a time delay between fre- 
quency elements of the original 
signal. The manufacturer claims 
that that technique allows the fre- 
quency response of the derived 
stereo channels to be essentially 
flat from 20- to 20,000 -Hz. 

In use, the stereo effect that re- 

sults is dramatic. A/B testing is fa- 
cilitated by an IN /our switch on the 
front panel. When stereo syn- 
thesis was selected, the sound 
spread out and filled our listening 
room. Listening to the same 
source material in both "natural" 
stereo and synthesized stereo, it 
was often difficult to discern be- 
tween the two. 

And a bit more 
If the TE -600 stopped there, it 

would merit a spot at the top of the 
list for anyone interested in such a 

product. But there's quite a bit 
more to that unit. 

Rhoades has provided for the 
day when your video equipment 
will be upgraded. An ambience 
circuit that's designed to work with 
stereo sources has been included 
in the unit. That circuit detects and 
reduces common components of 
the audio from the two stereo 
channels. The result is widened 
stereo separation and a concert - 
hall effect. For instance, when the 
ambience circuit is used, vocals 
tend to reverberate and seem to 
"bounce" off walls, as they would 
in a live performance. 

Finally, the manufacturer has in- 
cluded a National Semiconductor 
DNR noise -reduction system. That 
noise- reduction system can be 
used with either mono or stereo 
sources. In addition, it is single - 
ended. That means that, unlike the 
more familar Dolby systems, it 
does not require encoded source 
material. It will remove high -fre- 
quency hiss from all sources, in- 
cluding TV, video and audio tapes, 
AM and FM broadcast radio, and 
satellite signals. When properly 
set, the DNR circuit did an excel- 
lent job of removing that high -fre- 
quency hiss, without appreciably 
affecting the frequency response 
of the input material. 

The unit's built -in switching ca- 
pabilities can accommodate up to 

No Previous
Experience

Necessary
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And a bit more
If the TE-600 stopped there, it

wou Id merit a spot at the top of the
list for anyon.e interested in such a
product. But there's quite a bit
more to that unit.

Rhoades has provided for the
day when your video equipment
will be upgraded. An ambience
circuit that'sdesigned to work with
stereo sources has been included
in the unit. That circuit detects and
reduces common components of
the audio from the two stereo
channels . The result is widened
stereo separation and a concert
hall effect. For instance, when the
ambience circuit is used, vocals
tend to reverberate and seem to
" bounce" off walls, as they would
in a live performance.

Finally, the manufacturer has in
cluded a National Semiconductor
ONR noise-reduction system. That
noise-reduction system can be
used with either mono or stereo
sources. In addition, it is single
ended. That means that, unlike the
more familar Dolby systems, it
does not require encoded source
material. It will remove high-fre
quency hiss from all sources, in
cluding TV, video and audio tapes ,
AM and FM broadcast radio, and
satellite sign als. When properly
set, the DNR circuit did an excel
lent job of removing that high-fre
quency hi ss, without appreciably
affecting the frequency response
of the input material.

The unit's built-in switching ca
pabilities can accommodate up to

-
. . ~

. lRdclPa ' ..,

Gh1-J~~~'·
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suits is dramatic. NB testing is fa
cilitated by an IN/ OUT switch on the
front panel. When stereo syn
thesis was selected, the sound
spread out and filled our listening
room. Listening to the same
source material in both "natural"
stereo and I synthesized stereo, it
was often difficult to discern be
tween the two.

Add simulated stereo sound
to your video set-up.

Rhoades T£-600
Teledapter Stereo

Synthesizer

THE H OTTEST THING IN VID EO THESE

days is audio. Or, to be more pre
cise, stereo audio. Everywhere you
turn, you see the new stereo TV's
and VCR's.

But many of us still own mono
equipment, and the idea of scrap
ping an otherwise quite servicea
ble set-up in favor of a new one
just for the sake of stereo often is
not appealing. And it is certainly
not economical, especially when
one con siders the high-end price
tag of much of that new equip
ment.

There is an alternative. It is the
Rhoades (Highway 99 East,Colum
bia, TN 48401) TE-600 Teledapter.
The primary use of that device is as
a stereo synthesizer, but it has
other features that help make sure
that the unit will not someday join
the rest of your system on the
scrap heap.

A stereo synthesizer
The primary application of the

unit is as a stereo synthesizer. It
can accept a mono-audio input
from a TV, VCR, etc., and produce
a stereo-audio effect. A low-irn 
pedance input is provided to ac
commodate those systems where
no audio output is provided. In
those cases, the audio can be
tapped di rectly from the TV 's
speaker terminals and fed to the
low-impedance input. An input
level control is provided to set the
low-impedance input to the prop
er level.

The unit uses Rhoades' Stereo
Plex ci rcuit to perform the stereo
synthesis. Accordin g to the man
ufacturer, that circuit works by
creating a time del ay between fre
quency elements of the original
sig nal. The manufacturer claims
that that technique allows the fre
quency response of the derived
stereo channels to be essentially
flat from 20- to 20,000-Hz.

In use, the stereo effect that re-

ICS SCHOOL OF TV/VCR REPAIR, Dept DE016
SINCE 1191 Scr anton , Pennsylvani a 18515
Please send me f ree fac ts on ho w I ca n learn TV/ VCR
Repair at ho me in my sp a re ti me. No salesm an will visit.

Na me Age _

• The ultimate non-lethal defense
weapon.

• In five seconds can immobilize your
attacker, even through heavy clothing.

• Discharges over forty thousand volts
of electncity from a nine volt nickel
cadmium battery .

• $49.95, Mass 5% sales tax, $3.00
shipping and handling.

1·800·522·2636
FOR ORDERS ONLY

617-871-5611
FOR INFORMATION

=•EQUALIZER

LEARN TV/VCR
REPAIR

N O W you ca n t rain at home in spare t im e fo r a m on
.ey-m a king career as a T V/VCR Repa ir Speci alist .

No need to quit your job or schoo l. We sho w you how
to tr oubl esho o t and re pai r videocasse t te reco rders and
T V sets, how to ha nd le ho use calls and shop repai rs fo r
almost a ny ma ke of television o r VCR. Yo u learn about
T V rece ive rs, tu ne rs a nd ant en nas, x-ray em issio n, th e
charac te ristics of sou nd, how elec tr ical impu lses are con 
verted in to a T V pict u re, and much, much m or c. T ools
are inclu ded wit h y our course so you can get " hands-on"
pra ctice as yo u fo llow the lesson s step by st ep . Sen d fo r
fr ee facts a bou t opportu nit ies in T V/ VC R Repai r a nd
f ind out ho w you can start mak ing money in this
great ca ree r. «

Experts show you what to do , how to ~

do it ...guide you every step of the way !
Eve ryt hin g is ex pl ained in easy-to -u nde rsta nd language

wit h plen ty of drawings, ph otos and di agrams. But if
there is ever anyth ing in yo u r lesson s you don 't under
stand , y ou ca n write o r phone yo ur instru ct o r and you
ca n co u nt o n getti ng an au thor itati ve answe r. Send fo r
fr ee fac ts a nd co lo r brochure. No co st. No o bligatio n.
No salesman will visit yo u. MA l l CO UPON T OD AY!--------------

I
I
I
II Address _

I City/St. te/Z ip :

Lp~n~ _:.. .J

en
o
Z
oa:
lo
W
...J
W

o
o
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CLEARANCE! 
TEST EQUIPMENT 

SOME EXAMPLES: 
BIOtAT10ñ 
K 1021) 

BEEHIVE 

ANALYZER 
ANALYZER 

TOPPER TERMINAI. 
N'MICROCQMPITER 
INN!, e\ ßURROUGIIS 
COMPATIBLE TERMINAI 

G11a (EXIMI) 
CDMFX 1 \NXXE\I 
(7)\IEX R \NNDE\I 
R 1 I. 1 \01)I \t 

ACT NOW. 
Quantities are limited. 
The first reasonable offers 
will be accepted. 

I1« x:R.L \1.\11\0: PM]( 
(TONI ROI. UNIT 
f'R( )\I PR(x ;RAMMER 

PRINTER 

ANALYZER 

MICR(XX).\1PlTER/ 
TERMINAL 

161011 ANALYZER 
1611A A.\AI.Y/.ER 
TERMINALS \5\RNXSANI)E]S 

MDS 225 

Aun 225,\ 
Á11)S 21(1 

Min Y, 

Á11n t6A 

MD SYSTEM 
MD SYSTEM 
MD SYSTEM 
MD SYSTEM 
MD SYSTEM 

!laTpfR 
Rq12A MI) SYSTEM 

IMO 
oETI(:E ASSISTANT 

For our Hot Sheet on the 
complete inventory, send in 
the reader service card or 
call 

800-824-2873 
for details. 

CIRCLE 258 ON FREE INFORMATION CARD 

Overstocked and discon- 
tinued test equipment is 
being sold by U.S. Instru- 
ment Rentals at clearance 
prices. Equipment is pre- 
owned, fully tested and 
warranted. Thousands of 
models from over 100 
manufacturers are repre- 
sented: HP, Tektronix, 
Fluke, Intel and others. 
Special financing is 
available. 

MAKE 
AN OFFER! 
Some overstocked equip- 
ment has to move fast! 
Offers are being accepted 
for analyzers, scopes and 
development systems... 
Products include: HP, 
Tektronix, Intel, Dolch 
and more. 

United States 
Instrument Rentals, Inc. 

(hAU 
2988 Campus Drove 
San Mateo, CA 94403 

Please write in your work 
phone number and address 
on the reader service card. 

41 
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ACTNOW.
Quantities are limited.
The first reasonable offers
willbe accepted.

lHO PRI1'\TER
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m
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Please write in your work
phone number and address
on the reader service card ,

Some overstocked equip
ment has to move fast!
Offers are being accepted
for analyzers , scopes and
development systems ...
Products include: HP,
Tektronix, Intel, Dolch
and more.

Overstocked and discon
tinued test equipment is
being sold by u.S. Instru
ment Rentals at clearance
prices. Equipment is pre
owned, fully tested and
warranted.Thousands of
models from over 10Q
manufacturers are repre
sented: HP, Tektronix,
Fluke , Intel and others.
Special financing is
available.

United States
Instrument Rentals, Inc.

t~
A US. Leasing Company

2988 Campus Drive
San Mateo, CA 94403

Mill
IIOrFII!

OFFICE!\~S 15TAN.T-'-. _

HOO2A I\\D SYSTEI\I

l(,IOll ANALYZER
l~ ANALYZER
TER,\ lI~~LS VAEIOUS 1\1QQ..ELS_

INTEL
I\1DS ~~lI2.S'yS=TE~l\l,-_

j\ lDS·225A I\lD SYSTEl\l
j\lDS~.lQ.. --ffi~~El\l__
I\lDS·2H(, I\lD SYSTEI\\
,\ lDS·2H(,,\ J\ lD SYSTEI\\

WANG

HEWLETT PACKARD

TEKTRONIX

For our Hot Sheet on the
complete inventory, send in
the reader service care} or
call

.800-824-2873
for details.
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PROGRA1\\~ll1'\G PACK
C0 1'\TROLUNIT

ANALYZER"-.__

~lICROCOl\lPUTERI

TERl\lINAL
CO~lPASS

5250A

Ul'IP!~K II
1.J20A_
2~J\

DOLCH

DATASOUTH

GRID

DATA 1/0

CO~lEX 1- ~19DEI\I_~

CO~IEX H ~10DE~_1 _ _ _
R- l ·l'~ ~ IODE~l

ml ·H.l BURROUGHS
CO~lPATIBLE TERl\lINAL

K l02D A1'\ALYZER
~ I05D__ANAL\•..!='Z~ER,--~

TOPPER TER~lINAL

\\'/~llCROCO~lPUTER

CASE (RIXON)

BEEHIVE

SOME EXAMPLBS:
BIO.ATION
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a 

2%" 
Mini Speaks 

d 150 50 

99" 

Cat T -2050 

ROYEL SOLDERING STATION 
The kal pd,fess. mal arm' It s ultra-I.ght we.gnt set .v car, ,.se - 
omfo1ably fa long p.rr0ds Superor design ensures that the 

tentperuure at the hp wnl, be precnety the one selected Thrs Is a 

Top.O aIty lasting Iron for the productan I.ne or workshop 

Corros. -n-h.. ',A.'Itdore 

SOLDER CaIN,6l9 047 í18g1 lox 
Cat N 1623 0 31 12l e,1 Tor 

SWISS -MADE QUALITY 

1.2 GHz 
Frequency Counter 

Pang. Swatch sa.Ctab4 n 3 rS ;s. 
Coupn AC 
Sensdmty (measured it courser 

INPUT *425 Vrms 10Hr to 10MHz 
'NPUT 8!50 Vora 100MHz to 1GHz 

Input enOderde INPUT A 1 MOun t- 
INPUT B SOohm nonnnal 

Me. Input 250V 0.p d.chnng wet, 
'requ.ncy to 3V 0.p 

Gat. Tan. 3 swatch selectable ata tans! 
FAST MEDWIN SLOW /0 1 I s s 10s 
Resolutan 1 we Gat. 
0 1 Hz . 10M. z range 

Hr t- r)OMHz rang. 
1 GHz range:40 sec gat. tir -.- 

-. Base 390625 AND 10MHz 
s +al Oscar*. freql 

Oddav 9 d.rt 0 5 7 segment LE 0 
Poser Roo 12V DC40OmÁ 220,110V 

AC transforme *nth wan dug or Ns-Cad C 

cells N .-Cad r.ch.r.nq ont e standard 
Sae 88 .73 .3 

6.1.$249°° 
SATISFACTION GUARANTEED 

OR YOUR MONEY BACK 

Cat 0.131S 

Deluxe Wire Stripper,. - 
Cat T3620 

NOW 596 
The .s compAtely automata wee shopper 
Cot*, one hand is regured to complete *Ind 
ping °perel.on The rnit.ple sized heed stops 
a tarp or err from 04 to 13 

New & UNUSED! 
12V DC STEPPING MOTORS 
hc.n 'r,., T n, M: ; t 

Cat .1-0015 - ample shah 
1 8 step angle 4A dam per phase 
2 22 mum* bow 

Cat .3-001 6 Double shah 
1 e step angle 6a &a.n per phase 
2 22 square hiss 

Ideal for Robotc protects ask for the books 
we sell on tus tope Normal WHOLESALE 
pnce on these rotors a around S 70 but our 
scoop purthese lowers the pod to ww you 

fortune. only'14 

vans nosy other M 
SS 95 Inn telf rot, 

hoOtnlwy FeoNr Pocked 

MULTIMETER 

Take It AnywMrsl 

Cat 0-1220 

sg g 95 A hatleld ofoleta the site 
of dote/ maturatM 23 
ranges d saw 6 spare wave, 
law chat4.I between 20 Hz 
Er 1 SkHz. dus .100 range 
46 settings n all Manyoth.r 
f.a. ohms could, 

s69 

INCLUDES 
CASE - Cat t500 

Mors VW IM wd vobps g Il reeaonp 'Orgy w 

checks ooptldlon *Congdon, tpddr Il ctatVey M[lude+ 
mows, dater leotur.s Is incredible ipecY 

3- 4.5- 6- 7.5 -9 -12 VDC 
@ 1 amp 

at M-9530 
51495 

Invaluable around the home r.:. ..hop It 
me g., aot.amzmdl amp .3 456759 
and 1 2 ydt, DC Supply plugs onto 11 7 VAC 
power socket -DC connectons w universal 
socket der deer for use meth alarm systems 
ntercoms etc 

RECHARGEABLE BATTERIES 

Cat S.3320 12V 3Ar $13.5 
CMS6in Cat S3315 12V 1 2A' 6796 

also aweere1 

Choose Either - only $9995 
SIGNAL GENERATOR 
JPfL IIIAT.V NS 
Frequency range 100kHz to 150MHt .n tn. oven 
1. 00.09 rani! 
Accuracy / 1 5% 
PE output 1 OOmV rots appro. lop to 35 MHz) 
Modulartson 1 kHz nand( 50Hz 20kHz internal 
Aude output 1 SU/ at 1V rets (fined) 
Ovum' Oec.tator t15MHz vtrni costal ET243 
MIdM 
Supply vdtapa: 110V Ac 

AUDIO GENERATOR 
SPECIFICATIONS- 
Frequency range 20Hz- 200tHz 
Accuracy /-'3% 2H 
Outtwt .rnpedarde 600 ohms unbalance.! 
Output Control. Hpt/l ow tribal 1.200d8) and fine 
edNStet 
Sane wave output 20Hz -20k Hz 5V dms ma. at 1% or 
leas dstorton 
Square wave o/p 20Hz 1 O p-p ma. O Suers*, tams 
G,ch /- 3% of oar,' a par frequency per V fens 

Cat at3I2 

Cat 0-1310 

Hand -Held 
RC OSCIL t OR 

HEAVY DUTY SOLID -STATE 

Cat M -9545 

Iíy ,laud ,, C Power Sup/av 13 8 vDC 
5 Amp For Mme lab send. bench. C8 

stweq and auto redo. the rs an *atr.mNy 
wowed drat You t wonder Mw stdu managed 
wehout d' Input I I7VAC6OHZ100W 
and the output rs lolly regulated tow nose* 

3 8 V DC to supply. 3 Amps continuous and 
,n eo S ',TVs suo The und fuse and 
doubla -shoes encula protected weft ors/oft 
sotch and plot Ight 

CO-AX 
RELAY i 
'eg S 1 9 y S l 

JUST *91" S-7402 
Mow pcb mounting relay welt fully .rd bawd 
contacts fat Loa. cable Cal rated at 1 2 volts 
8OmA Handles up to 1000 Ma so is dal 
lox as HE VHF and UHF ~ochry at o s 

-IL 
in 

TRANSFORMER 

Cat M-5672 

rev $7 95 

s4s5 
n-.r. !loe Ac 

'.wat sww.ey tra 30 Z. 
1,11 XI tea wat.. »,.. 

AUDIO ALARMS 
Two -Tone Hen+ 2 Cat L-7027 rai $3 95 NOW i 96 a 
Slam Hero Alarm 
Cat 1 -7024 reg S2 995 11 O 

40 Pin DIL Socket 
pas P 4250 ag LTC 

A 25 
MOLEX IC Socket Strip 
None nab ern IC socAelt-prf cal pad reo wel rtt/itba 
et pax horn the fop Il folder Tyra w 100 peall 10 

C1. P 4504 Foci of 100 rig S2 50 
NOW 

1 

Cat H -2481 

Buy 
by 

the 
Carton 

and SAVE!! 
Profss.onI qua -4, ola[t .nstrurnnl Use 
ais starderd 19 racks ow:al they're 16 75" 
9 8 5 5 SuppWd flat assembly takes 
Fust couple d moan Wow gaps (012-I 
front panel top and bottom p.punched for 

12&up 
$29'5eoch $2495.a. 

SPEEDY -,-;- i 
BOXES 
Unbill vebe Ilea Valeta 

tough moulded Casa, 
+.pah deep robbed Ides 
C logo ltt.r9 duns:Punt Yid 
Screws supped si as 

i10bt5 
Cat HQ 755 3" it 2" 1' only 

Cat n t H2751 6" 3.6' 2" N:200 
or 10 10.110 

DICK SMITH KITS 

PROFESSIONAL SERIES 
MOSFET AMP KIT K -351? 

SOWER OIRPUt Oeo Caesar! 
4 arm 114 W 
t arte 1w 
t1A°tl0IC 61°10.110 
Lon *on 0 2% la a powers I'D to 

100 W alo e M.se boot 
Ins tan o 3% for it pawns u to 

180 W roe 4 aver odds 369 

MK 2 Car Alarm 
'..ae of the most sophisticated vet simple 
alarms around It uses a Powering techn.cue 
Much makes it less crone to sew forms - 

common peoblant wth r o-, car alarms vet 
d vtll sense I wlia* drop snwNete on the 
efectncaf system Foe .ample when a door 
.s opened a a Pamper Mod n sppked to the 
starter . *ic It of housed on virtually wells 
croci &recast caw to m.nmae ingress of 
tasture or fumed and an connectons a* 
made to the anneal stop b easy .retellaeon 
Md rm'eval oar t -1.53 

was124 °5 Now 495 

Stereo Preamp 
This amazingly versatile und can be hove as a 

megnett catrdge q.amp'for upgrading 
pur stereo) tape prump or en unWry 
nemp wteh 40. 55 or 806 gin It e 
e.henyly simple uses only on special IC 
and vs very smell ell pens l.t on PCB less 
than 754 square It does not need a space' 
Power supply as any..seatabd power supply 
from 10 to 40v vet do FHigo.n co slm 
e well beyond 20 kHz. Full nstb,.tarns air 
supped Cat K3427 

was'9' Now= °S 

Ignition Killer 
!nocuous but songe cucul hewed on a SSS 
hoer that Idrelly kale pur Car gnd. and 
thin re -sets dell mautg the that: dunk 
aomth ng et wrong volt the ergo. This 
theory .s he 11 then go and pinch , ̂ none 
else s car .natead Cat K -3255 

was'1495 Nows995 
CIRCLE 95 ON FREE INFORMATION CARD 

LCD Panel Meter 
A seran,lt ...new P.M1 meter using a 

large Schad crystal d.sda' for Ion pow' 
cdnsumpt.on The PC board dosages allows 
for maximum Ileoblty to Cater for vaned 
morning arrangements The low cost males 
e death. ablated as readout dome* on many 
down.. at both amateur and professional 
level Cat K -3450 

1 9 was829'° NOW! 
9t 

Buy
by

the
Carton

and SAVE!!

Hand-Held
RC OSCIL

Stereo Preamp .
Thi s amazing ly versat ile unit can be buil t as a
magnetic cart ridge preamp (for upgrading
your stereo), a tape preamp or an auxi liary
preamp with 40, 55 or BOdS gain. It is
extremel y simple: uses onl y one special IC
and is very small. all part s fit on a PCB less
than 2Yi square. It does not need a special
power suppl y as any reasonable power supply
from 10 to 40V w ill do. Frequenc y response
is well beyo nd 20 kHz. Full instru ctions are
suppl ied. Cat K-34 27

was'91111 Now$49 5

.....""IlIII1l....I;;;;;_~ Cat M-9545

~~~u~~~ ~~;'~~~ra;~~~~e1b3~~~~
stereo and auto radios, th is is an extremely
versatile unit You'll 'NOOder how you managed
wit hout it ! Input is 117 VAC60Hz1 DOW ,
and the output is full y regulated low ripple
13 .BVOC to supply, 3 Amps continuous and
up to 5 amps surge. The unit is fuse and
double-sh ort ci rcuit prot ected wi th olVoH
swi tch and pi lot light.

Professional qualit y black inst rument case
fits standard 19 " racks. ocereuthevre 16 .75 " x
9 .8 " x 5.5 ". Supplied flat. assembl y takes
just a couple of minutes. Heavy gauge (0.12")
fron t panel: to p and bott om pre- punched for
venti lat ion. 12 Be up

' 2 9 11l1
each $249 5 ea.

LCD Panel Meter

Unbtll...,blo BexValuo! I

A veraatilte accurate panel mete r using a
large liquid crystal display for low powe r

f~~:~~~ ~~i~ty~r~a~:rs iro~ ~~:'d
mou nting arrangements. The low cost makes
it ideally suited as a readout dev ice on m any
projects. at both amateur and profess ional
Ievel.Cat K·3450 19

was'291111 NOW$ 911

A hand-h eld oscillator the size
of a di gi tal multimetert 23
ranges of sine & square w aves
lswitchable) between 20 Hz
& 1.5kHz. plus a xl 00 range:
46 setti ngs in all . Manv other
feat ures: 600 ohms output.

• Tough mou lded case \
with deep ribbed sides

• Close-fitti ng aluminum lid
• Screws supplied
Cat H-2755 3" x 2" x 1" only ' 1 211

or 10 for $5

Cat H-2751 6" x 3.5" x 2" only '200

or 10 fo r $10

SPEEDY
BOXES

HEAVY DUTY SDUD-STAT~

13.8V/4A Peak
$199 5

Ca,o-1312

INCLUDES
CASE .

Cat 0-1500

~ Take It Anywhere!

MUUIMrEtER.Ca~69
$99 9 5

DICK SMITH' KITS

Ignition Killer
Ingenious but simple circuit based on a 555
timer that literally kil ts your car iqnitio n and
the n re-sets itself , making the thief think
some thing is w rong w ith the eng ine. The
theory is he'll the n go and pinch someo ne
else's car insteed.Cat K-3255

Now$9 9 5

MK 2 Car Alarm
One of the most sophistic ated, yet simple
alarms around . It usesa triggering technique
which m akes it less prone to false alarms - a
common problem with many car alarms , yet
it wi ll sense a volta ge drop anywhere in the
elect rical system. For exampl e, when a doo r
is open ed. or a jumper lead is app lied to the
start er, etc. It is housed in a virtually water
proof die- cast case to min imi ze ing ress of
moisture or fumes . and all connections are
made to the terminal strip for easy installation
and removal. Cat K-32 53 $1495was'241111

NOW

Invaluable around the home or works hop . It
willgive a maximum of 1 ampa 3.4.5.6 .7.5.9
and 1 2 vo lts DC. Simply p lugs int o 1 17 VAC
power sock et-DC connections via uni ver sal
socket plug . Ideal for use with alarm systems.
intercoms. etc.

Makeyourown rc sockets-just cut the required number
ct pins~om Iht srtp & solderthemIn! 100 pinslslrip
Col P-4504 Pock 01100 reg $2.50 NOW ' 1 00

40 Pin OIL Socket
Col P-4250 Reg. 45C NOW 2 5 c

MOLEX Ie Socket Strip

RECHARGEABLE BATTERIES
12V 3Ah '131111

12V 1.2Ah '71111
Cat 5-3320

(Ctlargell Cat 5-3315
Alsa A""labl t )

More than The usual voUoge, current & resistance ranges It
cl10cks copocltors, lronsblors.diodes & conhnu!1y Includes
many otherfeatures& Incredible specSI

PruTI.,)ry 11011 AC
TiJ,PPC!'d Sccond~"'Y 15 17 5 20. 24

oJollagcs 27 530 volts
Second ary Currcnl 1 amp

Te'm,n "l ,on Solde r LuQ\\

TRANSFORMER
reg. 57 .95

!!\1".~ml'l'l.- HoW'485

"Cat ' M-6 672

Mi ni pcb mou nting relay with full y enclosed
cont acts for coax cable. Coil rated at 12 vo lts.
BOmA Handles up to 1000 Mz so its ideal
for allHF, VHFand UHF switching applications.

SPECIFICATIONS:
Frequency range: 20Hz·200kHz
Accurac y: :It/ - 3% - 2Hz
Output impedance: 600 ohm s unba lanced
Output Control; Highllow unbal (-200 dB) and fine
adjuste r.
Sine wave output: 20Hz-20kHz. 5V rms max at 1% or
less disto rtion
Squarewaveo/p: 20 Hz, 1Ov o-o mex.Oji us rise time
Sych : ,. /- 396 of osci llato r frequency per V rm s

AUDIO GENERATOR

SPECIFICATIONS:
Frequency range: 100kHz to 15 0 MH z in six ove r
lapping ranges
Accuracy: It /· 1.5%
RF output: 1OOmV rms approx (up to 3 5 MH z)
Modulati on : 1 kHz inte rnal. 50H z - 20kHz externa l
Aud io output: 1 kHz at 1V rms (fixed)
Crystal Osci llator: 1- 15 MHz external crystal. FT243
holder .
Supp ly voltage : 11 OV Ac

Choose Either'- only $99 9 5

SIGNAL GENERATOR ~~~-

I'OWEI OUTPUT one Cllannel Ioltl CtIonnoll

40ho,t 114WlSOW.'..10'''M 104W Ill5W

HARMONIC OIST01lTlON
l ess than 0.2% for all powers up to . I .' •.

100 W into 8 ohm looos
less lhan0.3% '0< 011 powers up to $369

180 W info 4 ohm iooos

PROFESSIONAL SERIES
MOSFET AMP KIT CatK-3516

AUDIO ALARMS~
t.";"L:~~ii~~$395 NOW '21111

Slim Piezo Alarm ~
Cat 1.·7024 reg $2 .95 '1 110 - .

NOW - .

CO-AX
RELAY

ROVEl SOLDERING STATION

Choose fron Two Models:
Cat M015 - sing lo shoft
• 1.B step ang le . 4A drain per phase
• 2.22" square bese
Cat J.QO16 - Double shoft .
• 1.B step ang le . 6A drain per phase
• 2 .22 " square base
Ideal for Robot ics pro jects - ask for th eboo ks
we sell on this topic! Norm al WHOLESALE
price on th ese motors is around $70, but ou r
scoop purchase lowe rs the p rice to save you
a fortune!

New If UNUSED!
12VDC STEPPING MOTORS

This is a completely eutomet ic wire stripper.
Only one hand is requ ired to complete st rip
ping operation 1"he muttirsesized headstrips
a range of wire from .0 4 " to .13 ".

Th e ideal p rofessio nal iron! It's ult ra-light weig ht. so you can use it
comfortab ly for long periods . Super ior design ensures that the
temperature at the tip wi ll be precisely the one selected. This is a

Top-Ouality, last ing iron for the produ ction line or wo rkshop.
Corrosion-fret: \1ult icore

SOLDER ~:~:~m g;h~\89~1 ~~~ $5~95 now eit~:,' '38 11/ roll

2::0 1.2 GHz
Frequency Counter
• Range: Switch selectable In J ranges
• Coupling AC
• Sensitivity:(m easured at counter input)
INPUT AI2 5 Vrms 10Hz to 10MHz
INPUT 8150 Vrm s 10 0MHz to l GHz
• Input Impedance: INPUT A I MOhm/60 pf

IN PUT B 500hm nomi nal
• M ax. Input : 2 50V p-p declin ing with
frequency to 3V pop
• Gate Tim e: 3 switch selectable gate tim es
FAST.MEDI UM. SLOW/ O. l s. I s.l Os
• Resoluti on 1 sec Gate:
0 .1Hz t ·:11 0 M rl z range
1Hz ('11 OOMHz range

~0~:I~~IlS~~~z3~9cr6~~0~~~a6Mt~";e)
(Cryst al Oscillator fr eq)

: ~~iR~Qd l~~'v0&: ;408;;::n~~~~ , 10V
AC tra nsformer with wa ll plug or Nt-Cad 'C'
cells . Ni-Cad recharging unit is standard
• Size:8 .8 " x 7.3 " x 3 " •

Co,0-1315 ONLY$24900

SATISFAcnON GUARANTEED
OR YOUR MONEY BACK

Deluxe Wire Stripper
was $ 8. 9 5

HOW'S8 5

SWISS-MADE QUALITY
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Cat K8316 

IE AN INFORMED 
;ONSUMER! 

s29g5 
HOME 
SATELLITE 
TV 
Installation & Trouble - 
Shooting Manual 
Everything You reed to know tr 
understand. select install and 
troubleshoot satellite TV systems 
Wnne n in an ..$.lP readable style 
this book n a must for sateen. N 
dealers and anyc a who wants to 
nstea thor own system, 

Cat 8.1846 

Build the 
AUSTRALIS I 

& Save a Fortune 

Never Miss A Show Again! 

You can R.' s 1 it together n tuft hoes' Sea the January 
t 986 issue .rl Rae.o fleeton.cs for spectl feature m the 
Australnl As Arc herd Maddox author of TmubNlhoor.ngb 
P.O.,, of Sarong* Srl1m. says 

- The performance Mots cOTTMCIcI t « OWNS COSttng 
hundreds 04 dollars TOM TM ease of assembly held 
plOVen Ckcullry h IaMdsllc The auollty better than 
eapensWO comm.rclol units 

SATELLITE RECEIVER KIT l 
Und 

,cannes 
17 to 18 von 

AC power snap, 
Use M.6672 

M ',molar 

only 
.v6000 

s7995 INCLUDES 
12V PLUG S AC ADAPTOR 

ImQ.n.. mnutu N that Opt 1014 from a 12V supple but 
draw{ vary ktt le current' Use tb C grotte lighter plug irr vwc les 
or the AC adapta n the house l both are included.) They 86 
screen otters greet definition. so now You can see Your %vont. 
shows Mrvwnere - sis your co truck (Kat or van' 

5" B & W TELEVISION 

! Get TV Reception for Both Ears! Ø- NOW 
k Sloth E iactrorvcs brings you state of In an ccudr't wait adancd tetuecal standad s 

reO satekt. rec.ppon with maximum performance Vou-II be angled at tte..ctng cuOwe. 

But wen more ananng rs the .ncedbIe Dick Smnh price - and Mo unit is Woad. 

AI 
1) 

single conyeriOn reCenet 

ROCKDALE SATELLITE RECEIVER 1 9900 

Come In or call to ask about 
Our complete Satellite Systems, 
designed to fit every budget 

ut s 141 

,Pe 

Digital 
Frequency Counter 

Superb dasgn uses least IC ec W.oky t 
Low compOrent count makes d wry 
reliable and easy to budd Masse, 
hpwncy to 500 Mut Iwnh °mama 
Ore-scaled and period both wish a 7 diet 
rssolut.ork Supplied with the ..ckuM, 
Dck Sloth simpered circuit board near. 

ng stpbrsep instructions and a yi $ 
.Y pre - punched and Hk KlNna I. n,t 
panel and case $89.6 
PreScaler Kit 
Increase the ange of pur K.3439 
Frequency County to a more profession& 
ranged opratwn 10.500MHt 
Cat K3439 

Cat D6335 

Move Your Dish 
Without Leaving the House! 

Rair.rq' dot t get soaked Ns! ttecause you need to move 
your Satellite dish Wrth this Actuator ( a motor -co ntrdled 
arm that attaches to dish b mount) and Posmona. I IM 
remote control unit that Sts under your racers", 0,7V). you 
can posdton your dish in total comfort This uno Is designed 
to sun most dishes Install it yoursef ;1,1 saw& 

$2490° 
FECO SATELLITE 
POSITIONER & ACTUATOR 

TELETEXT I=T.. 
Another 
Exclusive 
DICK SMITH 
KIT . .1 r ., . V ar 

Get More from Your N! 
Flight now text 6 graphics are bong transmitted as d.grte data in the Vert.cat 
&wnarg Intoner on your N' The latest news. weather stock b bus.nese 
neanw.on spores scores and wealth of otter features are touts for heel AS 
you read rs te.t.n decoder Our engineers have designed Me easyto -build 
Yd to brag teete.t to you at an .ncradèls low price (Note Rsourea pro tuned 
compose. video 6 audio outputs from your VCR Satellite Racewr. component 
N Tuner some Cable TV decoders or some newer TVs with comoofne tuner 
outputs) 

TELETEXT DECODER KIT Cat K6315 

CALL WRITE, OR VISIT OUR RETAIL CENTERS! 
STORES AT: 

BERKELEY: 

REDWOOD CITY: 
SAN JOSE: 

LOS ANGELES: 
HEAD OFFICE* 

2474 Shattuck Ave (415)466 -0755 
390 Convention Way (415)366 -8644 
4980 Stevens Creek WO (406)2412266 
1830 Westwood Bwd (213)474-0626 
390 Convention way. Redwood City. CA 94063 

ORDERS ONLY: CALL TOLL FREE 1- 800 -332 -5373 
(Mon -Fri. 6am6pm PACIFIC TIME) 

IN CALIFORNIA: 1- 415 -368 -1066 

WHERE THE ELECT IIC ENTHUSIAST IS 1 I 

DICI SMITH 
ELECTPONIS 
INCORPORATED IN THE STATE OF CALIFORNIA 

MAIL ORDERS 
P.O. Box 8021 Redwood City 
CA 94063 
14 DAY Money -Back 
GUARANTEE 

Psge 
S2 ortn 132 po 

send pntY 

er 
0 

Another
Exclusive
DICK SMITH
KIT

Cat K-6 3 15

Move Your Dish
Without Leaving the House!

Rain ing ? d on 't g et soaked ju st beca use yo u need to m ove
yo u r satellite di sh . With th is Actuato r ( a motor -controlle d
arm that atta ches to di sh & m ount) and Position er ( the
remot e co nt ro l unit that sits under yo ur receiver or TV). yo u
can position yo ur di sh in total co m fo rt , This unit is d esign ed
to suit m ost dishes. Install it yourself and save!

FECO SATELLITE
POSITIONER & ACTUATOR

TELETEXT DECODER·KIT

Righ t now text & graph ics are bei ng transmitted as d~ita' data in the Vertical
Blank ing Inte rval on your lV! The latest news . weather. stock & bu siness
info rmation. sports scores and a wea lth of ot her features are yours- for fre e! All
you need is a te letext decoder . Our eng ineers have de sign ed this easy-to- build
kit to bring tele text to yo u at an incre dib ly low price. (Not e: Requires pre-t uned
composite video & aud io outputs f rom you r VCR.Satellite Receiver. co mponent
1V Tuner. some Cable lV decoders. or some newer 1Vs with composite tuner
outp uts)

Get More from Your TV!

MAIL ORDERS
P.O. Box 8021 Redwood City

2474 Shattuck Ave. (415)4&6-0755
390 Conventton Way (415)36& -&8«
49&0 Slevens Creek Blvd (40&)241 -2266
1&30 Westwood Blvd. (213)474-0626
390 Convention Way, Redwood City , CA 94063

CALL WRITE, OR VISITOUR RETAIL CENTERSl
ORDERS ONLY: CAll TOll FREE 1·800·332·5373

(Mon-Fri. 6am-6pm PACIFICTIME) s

IN CALIFORNIA: 1-415-368-1066 - deS BO~~st
InclU our

data! ~itl1 '! ndling ·
ctS a able a I1a

f pradUredeer1'astage
ageS ~rtl1 S2S1 for P

132 Pons~ dOni'!
couP sen
order.

Cat K-3439~ _

$898 5

PreScaler Kit
Increase the range of you r K·3 439
Frequencv Counter to a more prof essional
range of ope ration... 10-50 0MH z.
Cat K-3 439

STORES AT:
BERKELEY:

Il£DWOOD CITY:
SAN JOSE:

l OS ANGELES:
HEADOFFICE-

Yo u can put t his kit together in just hou rs! See the January
198 6 issue of Rad io Electronics fo r a specia l feature on the
Australis I. As Richard M addox. author of Troub lt sh oo ting &
Rep air o f Satellite Svste ms. says .

.. The performance rIYalscommercial reeetverl costing
hundreds otdanars mor e. The8Oseof auembtyl:.. .field
proven c ircuitry I. fanlo sllc. The quality. . .better thon
expenstve commercial unit s. . . "

SATELLITE RECEIVER KIT

Build the
AUSTRALIS I
If Save a Fortune

NOW! Get TV Reception for Both Ears!
Once again. Dick Sm ith Electroni cs br ings you state of th e art ci rcuitry with adva nced t echnical standards
and you get stere o sate lli te recept ion with m axim um perfo rmance. You 'll be amaze d at the excitin q.cr isp
im age - it looks alive! But even more amazi ng is th e inc red ib le Dick Smith price - and this unit is already
built! This is a singl e conversion receiver.

ROCKDALE SATELLITE RECEIVER $1 990 0
Cat 0.63 32

Everyth ing you need to know to
understand . sele ct. ins ta ll. and
troubleshoot satel lite TV syste ms.
Written in an eas ily readable style.
th is boo k is a mus t for satellite TV
deale rs and anyone wh o wants to
ins tall their ow n system!

Cat B-1B4 6

IE AN INFORMED
:ONSUMERI

$298 5

HOME
SATElLITE
TV
Installation & Trouble
Shooting Manual

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


44 

Famous 

A very special computer & 
electronics guide that shows 
you what the exciting world of 
kitbuilding can do for you. 

Challenge. Knowledge. Achievement. Enjoy- 
ment. All of these things are yours when you build 
a Heathkit high -quality product. Our colorful, in- 
formative catalog reflects the years of experience 
and technological expertise that make these 
things happen for you. 

Amateur Radio Terminal 
Node Controller 

Hero' 1 Educational 
Robot and Courseware 

IBMPC Compatible 
Expandable Computers 

4ftessaift, 
~ 

Precision Test Instruments 

Electronic Keyless Doorlock ) 
In our catalog you'll find over 450 dence and pride that you can only get 

interesting and useful items - from by building a state -of- the -art product 
computer hardware and software to yourself. And you're backed by our 
robots and test instruments, and from promise, We won't let you fail:' 
home security systems to color tv's The Heathkit Catalog is a simple - 
and amateur radio equipment. and FREE - first step toward this ex- 

But what makes Heath Company cellent opportunity. 
unique is that we offer you the confi- 

Send NOW for your FREE Heathkit Catalog 

Yes! I want to see what kitbuilding can do for me. 
Please send me the latest Heathkrt Catalog Free. 

Send to: Heath Company, Dept. 020 -382 
Benton Harbor, Michigan 49022 

Name 

Address 

Heathkitem I Cl 
'y 

Heath 
Company A subsrdary el Zama Etectron.cs Corporatron 

State 

Zip 

1 

CL-787 - 
L J 

CIRCLE 86 ON FREE INFORMATION CARD 

Rhoades TE -600 

OVERALL 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRICE/ 
VALUE 

; 

2 6 7 8 910 

oó i 
3 4 5 

three stereo or four mono inputs. 
A tape- monitor loop provision al- 
lows the unit to be inserted in the 
tape- monitor loop of any stereo 
receiver or amplifier. That allows 
the ambience circuit and /or the 
DNR circuit to be used with your 
audio equipment. 

Accompanying the unit was a 

rather rudimentary "manual." That 
manual, consisting of but a single 
sheet of paper, provided some 
basic information about the unit, 
and how it is used, but little else. 
On the plus side, a technical -as- 
sistance telephone number is 
provided for those who have trou- 
ble hooking up their unit. Consid- 
ering the sketchiness of some of 
the information, we'd wager that 
the manufacturer gets a fair share 
of calls. 

This is a well -made, well - 
thought out product (with the ex- 
ception of the manual). It is cov- 
ered by a two -year limited 
warranty. The TE -600 is available di- 
rectly from the manufacturer for 
$145.00, plus $4.00 for postage and 
handling. R -E 

1 

1 

"The meaning of life? Just a second..." "The meaning of life? Just a second. . ."

three stereo or four mono inputs .
A tape-monitor loop provision al
lows the unit to be inserted in the
tape-monitor loop of any ste reo
receiver or amplifier. That allows
the ambience circuit and/or the
ONR circuit to be used with your
audio equipment.

Accompanying the unit was a
rather rudimentary "manual." That
manual, consisting of but a single
sheet of paper, provided some
basic information about the unit,
and how it is used, but little else.
On the plus side, a technical-as
sistance telephone number is
provided for those who have trou
ble hooking up their unit. Consid
ering the sketchiness of some of
the information , we'd wager that
the manufacturer gets a fair share
of calls .

Th is is a well-made, well
thought out product (with the ex
ception of the manual). It is cov
ered by a two-year limited
warranty. The TE-600 is available di
rectly from the manufacturer for
$145.00, plus $4.00 for postage and
handling. R-E

Rhoades TE-600

OVERALL
,~.

._ 1-
PRICE

EASE
OF USE 0,

INSTRUCTION
i·-MANUAL

PRIC~ .
VALUE ; I.~}

1 2 3 4 5 6 7 8 9 10

~0~~\\~'

Zip _

dence and pride that you can only get
by building a state-of-the-art product
yourself. And you're backed by our
promise, "We won't let you fail:'

The Heathkit Catalog is a simple 
and FREE - first step toward this ex
cellent opportunity.

Name _

---------------,

___ _ _ _ _ _ _ _ State _

A very special computer &
electronics guidethat shows
you what the exciting world of
kitbuilding can do for you.

Challenge. Knowledge . Achievement. Enjoy
ment. All of these things are yours when you build
a Heathkit high-quality product. Our colorful, in
formative catalog reflects the years of experience
and technologica l expertise that make these
things happen for you.

' 1~-~'..:._{ .~--
A
Node Controller

IBM·PC Compatible
Expandable Computers

Hero" 1 Educational
Robot and Courseware

In our catalog you'll find over 450
interesting and useful items - from
computer hardware and software to
robots and test instruments, and from
home security systems to color tv's
and amateur radio equipment.

But what makes Heath Company
unique is that we offer you the confi-

Send NOW for your FREE Heathkit Catalog

Yes! I want to see what kitbuilding can do for me. I
Please send me the latest Heathkit Catalog Free. I

Send to: Heath Company, Dept. 020-382 I
(/) Benton Harbor, Michigan 49022 I
oz I

~ I~~ I
~ _ H e a th k i te_ICity I.
6 1 I.
~ IA subsidiary of Zenith EI ~ctron ics Corporation CL-787 , _
~ · · L ~
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BUPA SCOPE 
GETA 
DMM 
FREE! 

rr - 

n a u s . 

Joseph Electronics give you a free 31/2-digit DMM (Regularly: S79.95) 
ntn the purchase of any Hitachi Oscilloscope. For the best value on instrumentation 
nd all your electronic needs CALL JOSEPH ELECTRONICS TODAY! 

IITACHI VC -6041 UX 'rofessional 40 MHz Digital Storage Oscilloscope. 
eatures. Repeat Storage of Waveforms at 40 MHz DC to 40 MHz range 4000 
lord memory per channel Storage of 10 MHz - One time events 
Cursor Function Probes Free! Midland DMM Reg: $4950 

IITACHI V-1100 A 100 MHz Readout Oscilloscope for fast, easy and precise 
ieasu 'lg. Features: Built -in computer DC to 100 MHz range Large 6 inch 
:RT Quad channel 8 Trace, delayed sweep Digital Measurement 

18 Kv accelerating potential Probes $2195 Free! Midland DMM Reg: $2490 

IITACHI V-222 High performance, lightweight 20 MHz portable 
scilloscope: Features: Compact Design 6 inch CRT with internal 
raticule 1 My Sensitivity Dual Trace Auto Focus DC to 20 MHz range 
Vertical Trigger Mode DC Offset Probes 

$495 Free! Midland DMM Reg: $715 y 
IITACHI V-422 Same as Hitachi Model V -222 above, with $625 ange DC to 40 MHz Free! Midland DMM Reg: $925 

IITACHI V -650F Best -selling Oscilloscope, 60 MHz, dual trace delayed 
weep. Features: Large, bright state -of- the -art 6 inch CRT High sensitivity of 
MV /div Dual Trace Delayed Sweep Trigger View Auto- $875 latic Focus Probes Free! Midland DMM Reg: $1195 

IITACHI V 1050F Superb 100 MHz, Quad Trace Delayed Sweep Oscilloscope 
eatures: Large, bright 6 inch CRT Quad Trace Operation (4 channels) 
High Sensitivity High Accuracy Alternate Timebase Operation 20 MHz 

andwidth limiter Full TV Triggering 10x Magnification $1150 Auto Focus Probes Free! Midland DMM Reg: $1595 

end for our new Joseph's Test Equipment Catalog, featuring 116 pages of 
emendous savings on all 25 leading instrumentation lines. This catalog is free, too. 

Midland DMM 23-215 This pocket -sized DMM 
features 3' digit readout. 5 accuracy. 10 Meg 
input. and full overload protection to meet UL1244. 

Call: 1 (800) 323 -5925 
In Illinois: (312) 297 -4200 

HANDLING CHARGES 

ORDER ADD 

so 999 

fto0o 2499 

$2500 up 

s +o 

sis 
$20 

J1i5iEqP1 
EUECÍIEf11CS 

8830 N. Milwaukee Ave., 
Niles, I L 60648 

HANDLING CHARGES

ORDER ADD

$0 - 999 $10
$1000 - 2499 $15
$250 0 - up $20

loseph Electronics give you a free 3V2-digit DMM (Regularly: $79.95)
lith the purchase of any Hitachi Oscilloscope. For the best value on instrumentation
.nd all your electron ic needs CALL JOSEPH ELECTRONICS TODAY!

ilTACHI VC-6041 UX Professional 40 MHz Digital Storage Osci lloscope.
eatures: Repeat Storage of Waveforms at 40 MHz • DC to 40 MHz range • 4000
lord memory per channel • Storage of 10MHz - One time events $4295
Cursor Function • Probes • Free! Midland DMM Reg: $4950

ilTACHIV-1100 A 100 MHz Readout Osci lloscope for fast, easy and precise
'ieasurinq . Features : Built-in computer • DC to 100MHz range • Large 6 inch
:RT • Quad channel • 8 Trace, delayed sweep • Digital Measurement
18 Kv accelerating potential • Probes $2195
Free! Midland DMM Reg: $2490

i1TACHI V-222 High performance, lightweight 20 MHz portable
scil loscope: Features: Compact Design • 6 inch CRT with internal
raticule • 1 Mv Sensitivity • Dual Trace • Auto Focus • DC to 20 MHz range
Vertica l Trigger Mode • DC Offset • Probes $495
Free! Midland DMM Reg: $715

i1TACHI V-422 Same as Hitach i Model V-222 above, with $625
mge DC to 40 MHz • Free! Midland DMM Reg: $925

i1TACHI V-650F Best-sel ling Osc illoscope, 60 MHz, dual trace de layed
weep . Features: Large , br ight state-of-the -art 6 inch CRT • High sensitivity of
MV/div • Dual Trace • Delayed Sweep • TriggerView • Auto- $875

iatic Focus • Probes • Free! Midland DMM Reg: $1195

IITACHI V-1050FSuperb 100 MHz, Quad TraceDelayed Sweep Oscilloscope.
eatures: Large , bright 6 inch CRT. Quad Trace Ope ration (4 channels)
High Sensitivity • High Accuracy • Alternate Timebase Operation • 20 MHz

and width limiter • Full TV Triggering • 10x Magnification $1150
Auto Focus • Probes • Free! Midland DMM Reg: $1595

end for our new Joseph'sTest Equipment Catalog, featuring 116pages of
emendous savings on all 25 leading instrumentation lines. This catalog is free, too.

ET
DMM
FREE!

Midland DMM 23·215 This pocket-sized DMM
features: 3 '12 digit readout, .5% accuracy, 10 Meg
input, and full overload protection to meet UL1244.

Call: 1 (BOO) 323-5925
In Illinois: (312) 297-4200

m
~

J~~~u~~
8830 N. Milwaukee Ave.,

Niles, IL 60648
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NEW IDEAS 
An inexpensive crystal timebase 

'VCC 

R2 

S1 
22K 

RESET 

'VCC 

t8 

ICI 
MM5369 

12 

IC2 

4024 

13 

O O- 12 

1/4 4011 

11 

9 

6 

5 

'Vcc 

5 

4 

3 

13 

'ecc 

1 SEC. .1 SEC. 
IC3b it 
21 1/2 4012 

S2 

'VCC 

TIMERASE 

22KS 
s 

14 8 

9 
10 

OUTPUT 

RESET 

1/4 4011 

3 
2 

5 

1/4 4011 

IC4 d 6 OUTPUT 

711/4 41111 

STOPWATCHES, DIGITAL EVENT COUN- 
ters, and frequency counters need 
an accurate and stable source of 1- 

Hz pulses. Figure 1 shows a way of 
generating 1- second and 0.1 -sec- 
ond pulses, as well as a manual 
RESET pulse, using an inexpensive 
TV colorburst crystal, a pushbut- 
ton switch and a few common IC's. 
Since all IC's are CMOS types, the 
circuit may run from any five- to 
fifteen -volt power source. The 
whole circuit, including IC sock- 
ets, can be put together for under 
ten dollars. 

FIG. 1 

Circuit operation 
An on -board oscillator and a 17- 

stage divider compose IC1. By 
connecting a standard 3.58 -MHz 
television color -burst crystal as 
shown, an accurate source of 60- 
Hz squarewaves is generated at 
the IC's output, pin 1. Those pulses 
are then fed to IC2, a 4024 seven - 
stage ripple counter. Its outputs 
are connected to different gates in 
IC3, which is a dual four -input 
NAND gate. Depending on which 
position PULSE-SELECT SWItCh S2 is 

in, one of those gates will provide 

NEW IDEAS 
This column is devoted to new ideas. Cir- 

cuits. device applications. construction tech- 
niques, helpful hints. etc 

All published entries, upon publication, will 
earn $25 In addition, for U S residents only. 
Panavise will donate their model 333 -The 
Rapid Assembly Circuit Board Holder. having 
a retail price of S39 95 It features an eight- 
position rotating adjustment. indexing at 45- 
degree increments. and six positive lock posi- 
tions in the vertical plane. giving you a full ten - 
inch height adjustment for comfortable work- 
ing 

I agree to the above terms. and grant 
Radio -Electronics Magazine the right to 
publish my idea and to subsequently re- 
publish my idea in collections or compilations 
of reprints of similar articles I declare that the 
attached idea is my own original material and 
that its publication does not violate any other 
copyright I also declare that this material has 
not been previously published 

Tale of Idea 

Signature 

Print Name Date 

Street 

City State Zip 
Mail your idea along with this coupon 
to New Ideas Radio- Electronics, 

200 Park Ave. South, 
New York, NY 10003 

an output /reset pulse of the se- 
lected width. 

First assume that 52 is in the o.1 

SECOND position. The Q2 and the Q3 

outputs of IC2 go high after six 
input pulses have been received. 
Pin 13 of IC3 -a then goes low, so 
pin 11 of IC4 -a goes high, and that 
resets IC2, so counting starts over. 
If S2 is in the 1 SECOND position, the 
reset /output pulse is generated 
when IC2's Q3-Q6 outputs (pins 
2 -5) all go high; that is, after 60 
input pulses have been received. 

The pulse from IC3 -a or IC3 -b is 

continued on page 111 

NEWIDEAS
An inexpensive crystal timebase

+vcc

DatePrint Name

Street

Signature

NEW IDEAS
This column is devoted to new ideas, cir

cuits, device applications, construction tech
niques, helpful hints, etc.

Ali published entries, upon publication, wiil
earn $25. In addition, for U.S. residents only,
Panavise wiil donate their model 333-The
Rapid Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight
position rotating adjustment, indexing at 45
degree increments, and six positive lock posi
tions in the vertical plane, giving you a fuil ten
inch height adjustment for comfortable work
ing.

I agree to the above terms , and grant
Radio-Electron ics Magazi ne the right to
publish my idea and to subsequently re
pubiish my idea in coilections or compilations
of reprints of similar articles. I declare that the
attached idea is my own originai material and
that its publication does not violate any other
copyright. I also declare that this material has
not been previously published.

Title of Idea

•1SEC.

10

Rl
20MEG

~+vcc

Cl J. XTAL .L C2
47pF 3.58MHz 47pF

o

22K 1 'u .-_....

+Vcc --+---,

+vcc

8
6

ICI
MM5369

2

"=' +vcc

14

11
9

+vcc
IC2 6

4024 5
2 4

"='

1/4 4011

RESET
OUTPUT

City State Zip
Mail your idea along with this coupon
to: New Ideas Radio-Electronics,

200 Park Ave. South,
New York, NY 10003

FIG. 1

STOPWATCHES, DIG ITAL EVENT COUN

ters, and frequency counters need
an accurate and stable source of1 
Hz pulses. Figure 1 shows a way of
generating 1-second and 0.1-sec
ond pulses, as well as a manual
RESET pulse, using an inexpensive

~ TV colorburst crystal, a pushbut
z ton switch and a few common lC's.g Since all lC's are CM05 types, the
o ci rcuit may run from any five- to
wu:l fifteen-volt power source. The
o whole circuit, including IC sock 
~ ets, can be put together for under
ex: ten dollars.

46

Circuit operation
An on-board oscillator and a17

stage divider compose IC1. By
connecting a standard 3.58-MHz
television color-burst crystal as
shown, an accurate source of 60
Hz squarewaves is generated at
the lC's output, pin 1. Those pulses
are then fed to IC2, a 4024 seven
stage ripp le counter. Its outputs
are connected to different gates in
IC3, which is a dual four-input
NAND gate. Depending on which
pos ition PULSE-SELECT switch 52 is
in, one of those gates wil l provide

an output/reset pulse of the se
lected width .

First assume that 52 is in the 0,1

SECOND position . The Q2 and the Q3

outputs of IC2 go high after six
input pulses have been received .
Pin 13 of IC3-a then goes low, so
pin 11 of IC4-a goes high, and that
resets IC2, so counting starts over.
If 52 is in the 1SECOND position, the
reset/output pulse is generated
when IC2's Q3-Q6 outputs (pins
2-5) all go high; that is, after 60
input pulses have been received.

The pulse from IC3-a or IC3-b is
continued on page 111
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coMASTER THE NEW ELECTRONICS WITH MCGRAW- HILL'S 

11 po 
BeetralICS 

Sev 

rleS 
The fast, easy and low cost way to 

meet the challenges of today's 
electronic innovations. A unique 

learning series that's as innovative as 
the circuitry it explains, as 

fascinating as the experiments you 
build and explore. 

From digital logic to the latest 
32 -bit microprocessor, the McGraw - 
Hill Contemporary Electronics Series 
puts you into the electronic picture 
one easy step at a time. Fifteen 
unique Concept Modules, sent to you 
one every 4-6 weeks, give you a 
handle on subjects like optoelec- 
tronics, robotics, integrated circuits, 
lasers, fiber optics and more. 

Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history. It's a 
fast, efficient, and lively learning 
experience... a non -traditional 
approach to the most modern of 
subject matter. 

Unique Interactive Instruction 
With each module, you receive 

a McGraw -Hill Action Audio 
Cassette. Each tape is a dynamic 
discussion that drives home the key 
facts about the subject. Your learning 

With your first 
module. you 
get this 
solderless 
breadboarding 
system. rou'u 
use it through- 
out the sores to 
build eiec- 
tronic circuits 
and bong 
concepts 
to life. 

experience is reinforced through 
interaction with vividly illustrated 
text, audio cassettes, and actual 
electronic experiments. Indexed 
binders preserve backup material, 
notes, and tapes for convenient 
referral. 

Perform 
Experiments 

in Contemporary Electronics 
Throughout your series, lab- 

oratory experiments reinforce every 
significant point. This 
essential experience 
...dynamic, hands -on 
demonstrations of 
theory in practice... i! v will help you master 
principles h I that apply all * 

wants 
an update in con- 

temporary circuits...a 
manager or supervisor in an electronics 
plant...a doctor, an engineer, a chemist 
who finds electronics playing an 
increasingly important role in your 
work. It's even for electronics engineers 
or technicians who feel their training 
needs freshening up. It's the quickest, 

most convenient, 
probably least 
expensive way to ! do it. And the 

only one that gives 
you V ' hands -on 

the way up to tomorrow's Q experience. 

latest VLSI (Very Large 10061!........- 
Scale Integrated) circuitry. 

In your very first module, you'll 
use integrated circuits to build a digital 
oscillator, verifying its operation with 
a light emitting diode (LED). You'll 
learn to identify passive and active 
components, understand concepts 
common to all electronic circuits. 

For Anyone Interested in Electronics 
The Contemporary Electronics 

Series is designed for anyone from 
hobbyist to professional. It's for you 
if you're looking for new fields of 
interest ...if you're a teacher who 

15 -Day No -Risk Trial 
To order your first module with- 

out risk, send the postage -paid card 
today. Examine it for 15 days under 
the terms of the order form and see 
how the Contemporary Electronics 
Series gets you into today's electronics. 
If card has been used, write us for 
ordering information. 

McCraw -Hill 

Continuing Education Center 

3939 Wisconsin Ave. 
Washington, D.C. 20016 

MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

wants
an update in con

temporary circuits. . .a
manager or supervisor in an electronics
plant ... a doctor, an engineer, a chemist
who fmds electronics playing an
increasingly important role in your
work. It's even for electronics engineers
or technicians who feel their training
needs freshening up. It's the quickest,

most convenient,
probably least

_ expensive way to
~.. do it. And the

~.. .~~ . only one that gives

~
. . you hands-on

........ - +
.~ experience.

IS-Day No-Risk Trial
To order your first module with

out risk, send the postage-paid card
today. Examine it for 15days under
the terms of the order form and see
how the Contemporary Electronics
Seriesgets you into today's electronics.
If card has been used, write us for
ordering information.

• , ~ McGraw-Hili
~l~ Continuing Education Center

•....n~ 3939 Wisconsin Ave .
• • Washington, D.C. 20016

Perform
Experiments

in Contemporary Electronics
Throughout your series, lab

oratory experiments reinforce every
significant point. This
essential experience
.. .dynamic, hands-on ~""

demonstrations of ~~

theory in practice. . . ~
will help you master
principles that apply all
the way up to tomorrow's
latest VLSI (Very Large
Scale Integrated) circuitry.

In your very first module, you'll
use integrated circuits to build a digital
oscillator, verifying its operation with
a light emitting diode (LED). You'll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

For Anyone Interested in Electronics
The Contemporary Electronics

Series is designed for anyone from
hobbyist to professional. It's for you
if you're looking for new fields of
interest. . .if you're a teacher who

-

With your first
modul e, you
get this
solderless
breadboarding
system. You'll
use it thro ugh
out the series [0

build elec
tronic circuits
and bring
co ncepts
to life.

experience is reinforced through
interaction with vividly illustrated
text, audio cassettes, and actual
electronic experiments. Indexed
binders preserve backup material,
notes, and tapes for convenient
referral .

From digital logic to the latest
32-bit microprocessor, the McGraw
Hill Contemporary Electronics Series
puts you into the electronic picture
one easy step at a time . Fifteen
unique Concept Modules, sent to you '"
one every 4-6 weeks, give you a
handle on subjects like optoelec
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.
You waste no time on extraneous
material or outdated history. It's a
fast, efficient, and lively learning
experience . .. a non-traditional
approach to the most modern of
subject matter.

Unique Interactive Instruction
With each module, you receive

a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning

The fast, easy and low cost way to
meet the challenges of today's

electronic innovations. A unique
learning series that's as innovative as

the circuitry it explains, as
fascinating as the experiments you

build and explore.
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Fire, Emergency Radio, and more. 

Our radios deliver the local news. 
From bank hold -ups to three 
alarm fires. It's on- the -scene 
action. While it's happening from 
where it's happening ... in your 
neighborhood. 

You can also listen to weather, 
business and marine radio 
calls. Plus radio telephone 
conversations that offer more real 
life intrigue than most soap 
operas. And with our new models, 
there's even more. 

Unique Capabilities 
Introducing two all new Regency 
scanners. First, there's the 
MX7000, a 20 channel, no- crystal 
unit that receives continuously 
from 25 to 550 MHz and 800 MHz 
to 1.2 GHz. That's right! 
Continuous coverage that includes 
VHF and UHF television audio, 
FM Broadcast, civil and military 
aircraft bands and 800 MHz 
communications. Next in line is 
the new MX4000. It's eight band 
coverage includes standard VHF 
and UHF ranges with the 
important addition of 800 MHz 
and aircraft bands. Both units 
feature keyboard entry, a 

multifunction liquid crystal 
display and selectable search 
frequency increments. 

Practical Performance 
If you don't need the 800 MHz 
range coverage, Regency offers 
two exciting new units. The 
MX5000 is a 20 channel, 
no- crystal scanner that receives 
continuously from 25 to 550 MHz 
with all the same features as the 
MX7000. Then there's the 30 
channel MX3000. It's digitally 
synthesized so no crystals are 
necessary, and the pressure 
sensitive keyboard makes 
programming simple. What's 

more, it has a full function digital 
readout, priority, search and scan 
delay, dual scan speed, and a 
brightness switch for day or night 
operation. 

At Home Or On The Road 

With compact design, easy access 
front panel and mounting bracket 
these Regency scanners are ideal 
for mobile' use. But we also 
supply each radio with a plug -in 

transformer and a telescoping 
antenna so you can stay in touch 
at home. The MX4000 even has a 
rechargeable battery pack so it's 
fully portable. 

See your Regency Scanner 
Authorized Dealer for a free 
demonstration on these and other 
new Regency Scanners. Or, write 
Regency Electronics, 7707 
Records Street, Indianapolis, 
IN 46226. 

ELECTRONICS, INC O 
7707 Records Street 
Indianapolis, IN 46226 -9989 

'Mobile use subject to restriction 
in certain localities. 

CIRCLE 264 ON FREE INFORMATION CARD 

Our radios deliver the local news.
From bank hold-ups to three
alarm fires . It's on-the-scene
action. While it's happening from
where it's happening .. . in your
neighborhood.

You can also listen to weath er,
business and marine radio
calls. Plus radio telephone
conversations that offer more real
life intrigue than most soap
operas. And with our new models,
there's even more.

Unique Capabilities

Introducing two all new Regency
scanners. First, there's the
MX7000, a 20 channel, no-crystal
unit that receives continuously
from 25 to 550 MHz and 800 MHz
to 1.2 GHz. That's right!
Continuous coverage that includes
VHF and UHF television audio,
FM Broadcast, civil and military
aircraft bands and 800 MHz
communicatio ns. Next in line is
the new MX4000. It 's eight band
coverage includes standard VHF
and UHF ranges with the
important addition of 800 MHz
and aircraft bands. Both units
feature keyboard entry, a

multifunction liquid crystal
display and selectable search
frequency increments.

Practical Performance

If you don't need the 800 MHz
range coverage, Regency offers
two exciting new units. The
MX5000 is a 20 channel,
no-crystal scanner that receives
continuously from 25 to 550 MHz
with all the same features as the
MX7000. Then there's the 30
channel MX3000. It 's digitally
synthesized so no crystals are
necessary, and the pressure
sensitive keyboard makes
programming simple. What's

CIRCLE 264 ON FREE INFORMATION CARD

more, it has a full function digital
readout, priority, search and scan
delay, dual scan speed, and a
brightness switch for day or night
operation.

At Home Or On The Road
With compact design , easy access
front panel and mounting bracket
these Regency scanners are ideal
for mobile" use. But we also
supply each radio with a plug-in
transformer and a telescoping
antenna so you can stay in touch
at home. The MX4000 even has a
rechargeable battery pack so it's
fully portable.

See your Regency Scanner
Authorized Dealer for a free
demonstration on these and other
new Regency Scanners. Or, write
Regency Electronics, 7707
Records Street, Indianapolis,
IN 46226 . ~

e~~~
ELECTRONICS, INC.®
7707 Records Street
Indianapolis, IN 46226-9989

*Mobileuse subject to restriction
"""-".....-7"-:-' in certain localities.

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


s 

M 

Wireless 
Video Camera 

Link 
Use this high- performance video- camera link 
to transmit signals from your video camera to 
your VCR, or from your VCR to TV's all over your home! 

WILLIAM SHEETS AND RUDOLF F. GRAF 

IF YOU ACHE TO BE FREE OF THE CUMBERSOME. "UMBILI- 
cal cord" that connects your video camera to your VCR. 
then our high -performance wireless video link is just what 
you need. Its small size and light weight make it a natural 
for "wireless" video -camera recording. You'll be able to 
capture all those shots you're missing because your camera 
cord is just a little too short, or because it restricts your 
maneuverability in tight places. 

Our wireless link can transmit high -quality audio and 
video to any UHF TV channel. Low power requirements 
allow the transmitter to run on AA penlight batteries, and 
the PC board can be mounted easily in a small metal case. 
complete with batteries and a short antenna. The transmit- 
ter is crystal -controlled and it's easy to build and align. In 
addition. it uses low -cost, easy -to -get components, and it 
can be built for well under $100. 

Transmitter circuit overview 
The block diagram of the wireless video link is shown in 

Fig. I. The RF chain is fairly conventional. Its first stage is a 
crystal -controlled oscillator (QI) with a frequency of 60 to 65 
MHz. which is one -eighth the final output frequency. For 
example. our prototype used a crystal frequency of 60.40625 
MHz. which gives a final output frequency of 483.25 MHz - 
the video -carrier frequency. of UHF channel sixteen. 

The oscillator produces a signal of about +6 dBm (4 
milliwatts) that drives three stages of frequency doublers. The 
combined action of those doublers multiplies the input 
frequency by eight for a final output frequency of (nominally) 
500 MHz. Double -tuned circuits are used between each stage 
to help reduce spurious outputs that might cause unwanted 
interference. 

The video input signal (from your VCR. video camera. 
etc.) drives a video modulator (Q6 and Q7) that adds the 
video signal to the +12-volt line supplying power to the final 
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52 

625 MHz 
OSCILLATOR 

01 

Sr 
POWER 

- 125 MH: 
DOUBLER 

02 

250 MHz 
DOUBLER 

03 

500 MH: 
DOUBLER 

04 

VIDEO 
MODULATOR 

06. 07 

RF OUTPUT 
TO ANTENNA 

430 -520 MHz 
RF AMP 

05 

4.5 MHz 
OSCILLATOR 

08 

o VIDEO 
INPUT 

AUDIO o INPUT 

FIG. 1 -BLOCK DIAGRAM OF THE TV TRANSMITTER reveals the overall simplicity of the circuit, which 
Is composed of an oscillator. three frequency doublers. and video and audio modulators. 

doubler (Q4) and the output amplifier 
(Q5). That method of modulation is sim- 
ilar to the way a conventional AM -radio 
transmitter is modulated. The video mod- 
ulator has a nominal bandwidth of five 
MHz. 

Audio input is applied to Q8, which 
operates as a VCO (Voltage Controlled 
Oscillator) running at a nominal frequen- 
cy of 4.5 MHz to produce the modulated 
sound carrier. For simplicity, Q8 is a free - 
running oscillator. since the 25 -kHz 
frequency deviation that is required would 
be very difficult to produce at that fre- 
quency with a crystal -controlled os- 
cillator. Besides, most TV sound systems 
will accept a ± 10 -kHz error in the sound - 
carrier frequency without producing un- 
due distortion. and that greatly simplifies 
the circuitry required. 

Calculating maximum range 
"I11c following equations may be used to 

calculate the maximum range you can ex- 
pect from the wireless video-camera-Link. 

ar,04.0 logarithms in this -egtPation (and in 
those following) are calculated in base 10; 

frequencies (/) are specified in MHz; and 
distances (D) are specified in miles. 

The average TV receiver has a band- 
width (BW) of 4.0 MHz and a noise factor 
(NF) of 6 dB. For a snow -free picture. the 
carrier -to -noise ratio (C /N) should be 40 
dB or better. Receiver sensitivity can then 
be calculated as the Minimum Desired 
Signal (MDS): 

MDS = NF +10 log (BW)- 174 +C /N 

Plugging values into that equation, we 
find that: 

MDS = 6 +10 log (4 x 106) -174 + 40 

Therefore, MDS = 62 dBm. or 
0.794 x 10-3 x 273 = 216 millivolts. So 
for a transmitter power of + I5dBm and 2 

isotropic antennas, that allows a Path Loss 
(PL) of 87 dB. 

PL = 37 - 20 log (D) - 20 log (t) 

Isolating the distance factor we see that: 

20 log (D) = PL - 37 - 20 log (f) 

20 log (D) = 87-37-(20x2.7) 
log (D) = - 4/20 = - 0.2 

So the maximum range obtainable should 
be: 

D =10-02 

0 = 0.6 mile = 3100 feet 

However, you wouldn't really be able to 
get a range of 3100 feet because of reflec- 
tions, loss from "dead spots," terrain 
loss, and obstacle shielding. However, a 

distance of several hundred feet is easil 
possible using a + 12V supply. 

Detailed circuit description 
The complete sche¡natic of the wireless 

video link is shown in Fig. 2; we'll discuss 
each stage in detail. Transistor QI is a 
common -base (or Colpitts) oscillator bi- 
ased by resistors Rl. R2. and R3. Induc- 
tor L4 and capacitors C3. C4. CS. and C8 
form a circuit that is tuned to the frequen- 
cy of the crystal. 

The crystal is series- resonant at some 
frequency between 60 and 65 MHz. so it 
appears as a low impedance (50 ohms or 
less) at that frequency. Therefore QI will 
have sufficient gain as a common -base 
amplifier only at the resonant frequency 
of the crystal. Hence the signal developed 
at the junction of C4 and C5 will be ampli- 
fied by QI only if that signal is at the same 
frequency as the crystal. At that frequen- 
cy. Ql, has sufficient gain to oscillate be- 
cause the ratio of the voltage initially 
developed between C4 and CS to that at 
QI's collector is greater than unity. 

Capacitors C3 and C8 complete the 
tuned circuit; they also form a voltage 
divider that feeds the base of Q2 about one 
volt of the signal from Ql. Transistor Q2 
functions as an overdriven amplifier that 
distorts its input signal and thereby pro- 
duces harmonics of the input frequency. 

The second harmonic (120 MHz) is the 

PARTS LIST 
All resistors '-í -watt, 5% unless other- 

wise noted. 
R1, R5, R11- 22.000 ohms 
R2. R6, R12. R16-4.700 ohms 
R3. R7. R13 -220 ohms 
R4, R9. R10. R18. R19, R21, R25 -100 

ohms 
R8, R14, R33-10 ohms 
R15, R26. R35- 100.000 ohms 
R17, R28, R30 -2200 ohms 
R20, R22 -470 ohms 
R23, R27. R34- 10.000 ohms 
R24 -3300 ohms 
R29-82 ohms 
R31 -1000 ohms, linear taper potentiom- 

eter 
R32- 10.000 ohms, audio taper potenti- 

ometer 
Capacitors 
C1. C6. C15. C32, C38-0.01 µF 50 volts, 

cermalc disc 
C2. C7. C9. C14. C16, C23, C26. C29. 

C30 -470 pF cermaic disc 
C3-33 pF. 5 °a. mica 
C4. C19-15 pF. 5 °°. mica 
C5-56 pF. 5 %. mica 
C8-82 pF. 5 %, mica 
C10-18 pF, 5 %. mica 
C11 -2 pF, .1pF, mica 
C12 -24 pF. 5%, mica 
C13-39 pF. 5 %, mica 
C17 -8 pF, 5 %, mica 
C18, C24 -1 pF, - 1pF, mica 
C20-12 pF. 5 %, mica 
C21. C27-47 pF, 5 %, mica 
C22. C25. C28 -1-8 pF, polystyrene trim- 

mer 
C31, C33. C39-8.2 µF, 20 volts, tantalum 
C34 -470 pF, 5 %, mica 
C35 -220 pF, 5 %, mica 
C36 -5-60 pF. polystyrene trimmer 
C37 -100 pF. 5 °°. mica 
Semiconductors 
01 -03. Q6- 2N3563 
04- 2N3564 
05. 07- 2N3866 
Q8- MPF102 
Q9- 2N3565 
LED1- standard red LED 
D1 -1N757 9V Zener 
02- MV2117 varactor 
D3-1N4002 
Other components 
J1 -Video camera jack 
J2 -BNC jack 
J3-- Coaxial power jack 
L1-6.2 µH (see text) 
L2. L3 -0.074 µH (see text) 
L4 -0.15 µH (see text) 
L5, L6 -0.035 µH (see text) 
L7, L8, L9-0 018 µH (see text) 
L10, L11 -5.6 µH 
S1 -SPST miniature toggle 
XTAL -Crystal (see text) 
Miscellaneous: Aluminum project case 
AA- penlight cell battery holders 
Note: The following are available from 
North Country Radio. P. O. Box 53. Wy- 
kagl Station, New York 10804: Etched 
and drilled PC board, ferrite cores for 
coils L1 and L4. and crystal for Chan- 
nel 14 or 15, S32.50: Complete set of all 
parts that mount on PC board. $69.95. 
In either case. be sure to specify chan- 
nel. 

RFOUTPUT
TOANTENNA

PARTS LIST
All resistors V4-watt, 5% unless other-

wise noted.
Rl , R5, R1l-22,000 ohms
R2, R6, R12, R16-4,700 ohms
R3, R7, R13--220 ohms
R4, R9, R10, R18, R19, R21 , R25-100

ohms
R8, R14, R33--10 ohms
R15, R26, R35-l00,000 ohms
R17, R28, RSD-2200 ohms
R20, R22-470 ohms
R2S, R27, R34-10,000 ohms
R24-3300ohms
R29-82 ohms
RS1-1000 ohms, linear taper potentiom

eter
R32-10,000 ohms, audio taper potenti

ometer
Capacitors
ci.C6, C15, C32, C38-0.01IJ.F 50 volts,

cermaic disc
C2, C7, C9, C14, C16, C23, C26, C29,

C30--470 pF cermaic disc
C3--33 pF,5%, mica
C4, Cl9-15 pF, 5%, mica
C5-56 pF,5%, mica
C8-82 pF, 5%, mica
C1D-18 pF, 5%, mica
Cl1-2 pF, ± 1pF, mica
C12-24 pF. 5%, mica
C13-39 pF, 5%, mica
C17-8 pF, 5%, mica
C18, C24-1 pF. ± l pF, mica
C2D-12 pF, 5%, mica
C21 , C27-47 pF, 5%, mica
C22, C25, C28-1-8 pF, polystyrenetrim-

mer
-C31,C33, C39-8.2 Il-F. 20 volts, tantalum
C34-470 pF, 5%, mica
C35-220 pF, 5%, mica
C36---5-60 pF, polystyrene trimmer
C37-100 pF, 5%, mica
Semiconductors
01-03, 06---2N3563
04-2N3564
05, 01-2N3866
08-MPF102

· 0 9-2N3565
LED1-standard red LED
D1-1N7579V Zener
D2-MV2117 varactor
D3--1N4002
Other components
J1-Video camera jack
J2-BNCjack
J3-Coaxial power jack
L1-6.2 Il-H(see text)
L2, L3-0.074 IJ.H (see text)
L4-<l.15 Il-H (see text)
L5, L6-0.035 Il-H(see text)
L7, L8, L9-0.018 Il-H(see text)
L10, L11-5.6 Il-H
Sl-SPST miniature toggle
XTAL-Grystal (see text)
Miscellaneous: Aluminum project case
AA-penlight cell battery holders
Note: The following are available from
North Country Radio , P.O.Box 53, Wy
kagl Station, New York 10804: Etched
and drilled PC board, ferrite cores for
calls L1 and L4, and crystal for Chan
nel14 or 15, S32.50; Complete set of all
parts that mount on PC board, $69.95.
In either case, be sure to specify chan
nel.

k----------<l AUDIO
INPUT

l..------ - - ---<l VIDEO
INPUT

Isolating the distance factor we see that:

20 log (D) = PL-37-20 10g(~

20 log (D) = 87 - 37 - (20 x 2.7)

log (D) = - 4/20 = - 0.2

So the maximum range obtainable should
be:

D = 10-0 ·2

D = 0.6 mile = 3100 feet
\

However, you wouldn't really be able to
get a range of 3100feet because of reflec
tions, loss from "dead spots." terrain
loss, and obstacle shielding . However, a
distance of several hundred feet is easily
possible using a + IZV supply.

Detailed circu it descript ion
The complete schematic of the wireless

video link is shown idFig. 2; we'll discuss
each stage in detail : Transistor QI is a
common-base (or Colpitts) oscillator bi
ased by resistors RI,~R2, and R3 . Indue-

_ tor L4 and.capa.itors,C3, C4, C5 , and C8
form a circuit that is tuned to the frequen
cy of the crystal.

The crystal is series-resonant at some
frequency between 60 and 65 MHz, so it
appears as a low impedance (50 ohms or
less) at that frequency. Therefore QI will
have sufficient gain as a common-base
amplifier only at the resonant frequency
of the crystal. Hence the signal developed
at the junction of C4 and C5 will be ampli
fied by QI only if that signal is at the same
frequency as the crystal. At that frequen
cy, QI , has sufficient gain to oscillate be
cause the ratio of the voltage initiall y
developed between C4 and C5 to that at
QI's collector is greater than unity.

Capacitors C3 and C8 complete the
tuned circuit; they also form a voltage
divider that feeds the base of Q2 about one
volt of the signal from QI. Transistor Q2
functions as an overdriven amplifier that
distorts its input signal and thereby pro
duces harmonics of the input frequency.

The second harmoni c (120 MHz) is the

LEDI

f...----+--------.---++t"---r--r-'

r Bl
: 12V

.J..

doubler (Q4) and the output amplifier
(Q5). That method of modulation is sim
ilar to the way a conventional AM-radio
transmitter is modulated . The video mod
ulator has a nominal bandwidth of five
MHz .

Audio input is applied to Q8 , which
operates as a VCO (Voltage Controlled
Oscillator) running at a nominal frequen
cy of 4.5 MHz to produce the modulated
sound carrier. For simplicity, Q8 is a free
running oscillator, since the ± 25-kHz
frequency deviation that is required would
be very difficult to produce at that fre
quency with a crystal-controlled os 
cillator. Besides, most TV sound systems
will accept a ± 1O-kHzerror in the sound
carrier frequency without producing un
due distortion, and that greatly simplifies
the circuitry required .

(/)
oz
oa:o
w
...J
W

6
is
-ca:

FIG.1- BLOCK DIAGRAM OFTHETV TRANSMITTER reveals the overall simplicity of the circuit, which
is composed of an oscillator, three frequency doublers, and video and audio modulators.
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Calculating maximum range
The following equations may be used to

calculate the maximum range you can ex
pect from the wireless.video-camera-link.

.... .. .~lL 10garitluHs in thTs-eqtrauon (and in
' . of those following) are calculated in base 10;

frequencies (j) are specified in MHz; and
distances (D) are specified in miles .

The average TV receiver has a band
width (BW) of 4 .0 MHz and a noise factor
(NF) of 6 dB . For a snow-free picture , the
carrier-to -noise ratio (ClN) should be 40
dB or better. Receiver sensitivity can then
be calculated as the Minimum Desired
Signal (MDS):

MDS = NF+l0 log (BW)-174 +C/N

Plugging values into that equation, we
find that:

MDS = 6+10 log (4 Xl06) -174 +40

Therefore, MDS = 62 dBm, o r
0.794 x 10-3 x 273 = 216 millivolts. So
for a transmitter power of + 15dBm and 2
isotropic antennas, that allows a Path Loss
(PL) of 87 dB ,

PL = 37 +20 log (D) +20 log (~

I
.1
(
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frequency were interested in; L2 and CIO 
are tuned to that harmonic. and C8 is also 
series -resonant at that frequency. The ad- 
ditional hase current supplied by C8 also 
improves Q2's efficiency of oscillation. A 
double -tuned circuit is provided by C11. 
C12. C13. and L3; those components filter 
harmonics higher than the second, as well 
as the 60 -MHz fundamental. 

Another stage of frequency doubling is 

provided by Q3, which operates very 
much like Q2, except that the tuned cir- 
cuits at its input resonate at approximately 
125 MHz. and its output circuits resonate 
at about 250 MHz. Again. Q4 operates 
like Q3. taking account of the values of 
the components in the tuned circuits. 
However, note that no emitter -bypass ca- 
pacitor or resistor is used. It is difficult to 
get good bypassing in the 430 -500 -MHz 
range with ordinary components. and it 
takes only a very small impedance in the 
emitter to kill the power gain of that stage. 
Therefore. the emitter is directly 
grounded. 

Power amplification is provided by Q5: 
it receives its drive from Q4 and the dou- 
ble -tuned VHF circuits composed of L7. 
L8, C22, C24, and C25. 

Both Q4 and Q5 receive their supply 
voltage from the emitter of Q7, which 
supplies +4.5 volts with no input signal 
to Q4 and Q5. That voltage has positive - 
sync -tip video superimposed on it. The 
video gain provided by Q6 and Q7 is 
about eight, and the bandwidth is greater 
than IO MHz. Those transistors are capa- 
ble of driving a 75 -ohm load to a level of 
10 volts peak -to -peak. 

Negative -sync input video from a cam- 
era, VCR, etc.. is DC- coupled to the 
junction of R21 and R22. Video bypass is 
provided by C31. Gain and Q -point are set 
by R24; potentiometer R31 acts as a video 
gain control; and R29 keeps the input im- 
pedance around 75 ohms. 

FET Q8 functions as a Hartley -type 
VCO with a free -running frequency of 4.5 
MHz; C36 is used to fine -tune that fre- 
quency. Feedback is provided by C35 and 
C34; D2 is a varactor (variable- capaci- 
tance) diode. It is biased at about nine 
volts by R25. R26. and Zener diode DI. 
which also biases Q8. 

The varactor (D2) changes capacitance 
at the audio rate, and that causes the os- 
cillator's frequency to vary. In other 
words, the varactor provides frequency 
modulation (FM). Audio is fed to D2 via 
R27 and C38, and C37 provides RF by- 
passing at 4.5 MHz. The small value of 
C38 (0.01 p.F) provides pre- emphasis to 
the audio. Audio pre -amplification is 
provided by Q9; R32 is the audio gain 
control. The 4.5 -MHz FM signal from Q8 
is summed with the video signal through 
R23. The sound -level carrier may be var- 

ied by changing R23 as necessary. 
The power supply is a 12 -volt battery 

pack composed of eight AA alkaline 
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FIG. 3- COMPONENTS ARE MOUNTED ON THE PC BOARD as shown here. Note how R31 dangles 
from the PC board. We suggest you ulna more secure method of mounting that potentiometer than we 
did. 

cells; 10 AA Ni -Cd cells could be used 
instead. Alternatively. external power 
may be coupled in through jack 13. The 
power -on condition is indicated by LEDI, 
which is current- limited by R28. 

If. for any reason, video bandwidth 
must be reduced. simply add a small ca- 
pacitor across R24. It should have an im- 
pedance equal in magnitude to R24's 
impedance at the highest intended video 
frequency. 

Construction 
Our transmitter is built on a single - 

sided PC board; the foil pattern is shown 
in "PC Service" elsewhere in this maga- 
zine. You may use either 0.8- or 1.6 -mm 
G -10 glass -epoxy PC -board material. For 
most low- power, solid -state applications. 
G -I0 epoxy is suitable for frequencies at 
least as high as 1000 MHz. That material 
has high electrical resistance, low elec- 
trical loss. mechanical rigidity, dimen- 
sional stability and low water- absorption 
characteristics. 

The majority of construction projects 
published the past few years have been 
digital -low frequency -projects. Since 
many hobbyists have never attempted to 
build a high -frequency project like our 
transmitter, a few words about UHF con- 
struction techniques are in order. So bear 
with us for a few moments if what we say 
below is old hat to you. 

First. be careful to select the proper 
components. For example. at low fre- 
quencies (under about 10 MHz), most ce- 

ramic bypass capacitors work fairly well. 
Typical 0.01 and 0.11.1.F bypass capacitors 
in TTL and CMOS circuits fail to do their 
job as operating frequency is increased to 
about 25 or 30 MHz. That may be cor- 
rected by reducing the value of those ca- 
pacitors to 0.001 F. and by keeping the 
lead lengths short-zero, if possible. 

As the operating frequency approaches 
100 -150 MHz. bypassing again becomes 
a problem. At that point even smaller val- 
ues (47 to 470 pf) are required, and leads 
must be very short. At even higher fre- 
quencies. up to about 500 MHz. chip ca- 
pacitors, which have no leads, are 
soldered directly to the PC board. The 
moral is: Keep leads very short-do not 
use 14 -inch leads on bypass capacitors. 

Common electrolytic capacitors gener- 
ally work well up to IO MHz, depending 
on value and physical size. Mica capaci- 
tors (DM -I5 type) are pretty good up to 
the VHF range. depending on value, but 
they can have from 5 to 15 nanohenrics of 
series inductance. That inductance can in- 
crease apparent capacitance. For exam- 
ple, a capacitor with a value of 47 pF at 30 
MHz may measure 82 pF at 150 MHz. 
That must be taken into account when 
designing tuned circuits at the frequencies 
we are dealing with. 

Typical 1/4-watt resistors of 15 to 1000 
ohms behave pretty well up to about 250 
MHz or so. Values below 15 ohms tend to 
appear inductive, and values above 1000 
ohms tend to appear capacitive. That can 
cause a shift in impedance, and. there- 
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ramie bypass capacitors work fairly well.
Typical 0.01 and O.lIJ-Fbypass capacitors
in TTL and CMOS circuits fail to do their
job as operating frequency is increased to
about 25 or 30 MHz. That may be cor
rected by reducing the value of those ca
pacitors to 0.001 IJ-F, and by keeping the
lead lengths short-zero, if possible .

As the operating frequency approaches
100-150 MHz, bypassing again becomes
a problem . At that point even smaller val
ues (47 to 470 pf) are required, and leads
must be very short . At even higher fre
quencies, up to about 500 MHz, chip ca
pacitors, which have no leads, are
soldered directly to the PC board. The
moral is: Keep leads very short-do not
use Y4-inch leads on bypass capacitors.

Common electrolytic capacitors gener
ally work well up to 10 MHz, depending
on value and physical size. Mica capaci
tors (DM-15 type) are pretty good up to
the VHF range, depending on value, but
they can have from 5 to 15 nanohenries of
series inductance. That inductance can in
crease apparent capacitance. For exam
ple , a capacitor with a value of 47 pF at 30
MHz may measure 82 pF at 150 MHz.
That must be taken into account when
designing tuned circuits at the frequencies
we are dealing with.

Typical Y4-watt resistors of 15 to 1000
ohms behave pretty well up to about 250
MHz or so. Values below 15ohms tend to
appear inductive, and values above 1000
ohms tend to appear capacitive. That can
cause a shift in impedance, and, there-

R31
VIDEO
LEVEL

cells; 10 AA Ni-Cd cells could be used
instead. Alternatively, external power
may be coupled in through jack 13. The
power-on condition is indicated by LEDl,
which is current-limited by R28 .

If, for any reason, video bandwidth
must be reduced, simply add a small ca
pacitor across R24 . It should have an im
pedance equal in magnitude to R24 's
impedance at the highest intended video
frequency.

Construction
Our transmitter is built on a single

sided PC board; the foil pattern is shown
in "PC Service" elsewhere in this maga
zine . You may use either 0.8- or 1.6-mm
G-IO glass-epoxy PC-board material. For
most low-power, solid-state applications,
G-IO epoxy is suitable for frequencies at
least as high as 1000 MHz . That material
has high electrical resistance, low elec
trical loss, mechanical rigidity, dimen
sional stability and low water-absorption
characteristics.

The majority of construction projects
published the past few years have been
digital-low frequency-projects . Since
many hobbyists have never attempted to
build a high-frequency project like our
transmitter, a few words about UHF con
struction techniques are in order. So bear
with us for a few moments if what we say
below is old hat to you.

. First, be careful to select the proper
components. For example, at low fre
quencies (under about 10 MHz), most ce-

R32
'-- ---1 AUDIO

GAIN

FIG. 3-COMPONENTS ARE MOUNTED ON THE PC BOARD as shown here. Note how R31 dangles
from the PC board. Wesuggest you use a more secure method of mounting that potentiometer than we
did.

. frequency we're interested in; L2 and CIO
are tuned to that harmonic, and C8 is also
series-resonant at that frequency. The ad
ditional base current supplied by C8 also
improves Q2's efficiency of oscillation. A
double-tuned circuit is provided by Cll,
C12, C13, and L3; those components filter
harmonics higher than the second, as well
as the 60-MHz fundamental.

Another stage of frequency doubling is
provided by Q3, which operates very
much like Q2, except that the tuned cir
cuits at its input resonate at approximately
125 MHz, and its output circuits resonate
at about 250 MHz. Again, Q4 operates
like Q3, taking account of the values of
the components in the tuned circuits .
However, note that no emitter-bypass ca
pacitor or resistor is used. It is difficult to
get good bypassing in the 430-500-MHz
range with ordinary components, and it
takes only a very small impedance in the
emitter to kill the power gain of that stage.
Therefore, the emitter is directly
grounded.

Power amplification is provided by Q5;
it receives its drive from Q4 and the dou
ble-tuned VHF circuits composed of L7,
L8, C22, C24, and C25.

Both Q4 and Q5 receive their supply
voltage from the emitter of Q7, which
supplies +4.5 volts with no input signal
to Q4 and Q5 . That voltage has positive
sync-tip video superimposed on it. The
video gain provided by Q6 and Q7 is
about eight, and the bandwidth is greater
than 10 MHz. Those transistors are capa
ble of driving a 75-ohm load to a level of
10 volts peak-to-peak.

Negative-sync input video from a cam
era, VCR, etc., is DC-coupled to the
junction ofR2l and R22 . Video bypass is
provided by C31. Gain and Q-point are set
by R24; potentiometer R3l acts as a video
gain control; and R29 keeps the input im
pedance around 75 ohms .

FET Q8 functions as a Hartley-type
VCO with a free-running frequency of 4 .5
MHz; C36 is used to fine-tune that fre
quency. Feedback is provided by C35 and
C34; D2 is a varactor (variable-capaci
tance) diode. It is biased at about nine
volts by R25, R26, and Zener diode Dl,
which also biases Q8.

The varactor (D2) changes capacitance
at the audio rate, and that causes the os
cillator's frequency to vary. In other
words, the varactor provides frequency
modulation (FM). Audio is fed to D2 via
R27 and C38, and C37 provides RF by
passing at 4.5 MHz. The small value of
C38 (0.01 IJ-F) provides pre-emphasis to
the audio. Audio pre-amplification is
provided by Q9; R32 is the audio gain
control. The 4.5-MHz FM signal from Q8
is summed with the video signal through
R23. The sound-level carrier may be var
ied by changing R23 as necessary.

The power supply is a 12-volt battery
pack composed of eight AA alkaline
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FIG. 4 -MOST COMPONENTS ARE STANDARD. but note how C26 and C29 connect to L8 and L9. 
respectively. Also note the unequal turn -spacing of L2. L3. LS. and L6, which was brought on by tuning 
those coils. Finally, note the small slug L4 is wound around, and Lis toroidal core. 

fore. the resonant frequency. of a tuned 
circuit. Stray inductive and capacitive re- 
actances cause that shift. 

Also, remember that every PC tract has 
inductance and capacitance. A PC pad 
may have. depending on size. several pF 
of capacitance to ground or to another PC 
pad. A long PC rail may act as an RF 
transmission line or even as a resonant 
circuit. It may also appear as an additional 
turn on a coupling transformer, by which 
unwanted signals might be radiated to 
other components or PC traces. 

We hope you're not scared by all those 
cautions. We just want you to be are of 
some of the problems involved in RF de- 
sign and construction. But if you take care 
to duplicate our pmtotype exactly. the 
chances are that you'll have no problem 
getting your transmitter working. There is 

no "black magic" involved-only com- 
mon sense and careful construction. Just 
be sure to use the same or equivalent 
parts -be careful' 

After you have your components to- 
gether. check the PC board over for shorts 
and opens, and make sure that the copper 
is clean and shiny. Then, referring to the 
parts -placement diagram in Fig. 3, insert 
and solder the components. starting with 
those that have the lowest profile (the re- 
sistors and diodes), and working up to the 
electrolytic and trimmer capacitors. Re- 
niember to cut all leads -especially the 
capacitors' leads -as short as possible. 
Don't overheat the semiconductors when 
soldering them to the PC board. 

Now you're ready to wind and install 
the RF coils. Spread the turns of each coil 
evenly, but don't worry about spacing 
those turns perfectly, since the coils will 

be compressed and expanded later when 
you tune up your transmitter. You can see 

in the photo (Fig. 4) how our prototype's 
coils turned out. 

LI is eight turns of 22 -gauge wire 
wound on a Ferroxcube 768TI88 toroid 
core made from 4C4 ferrite. 

L2 and L3 are seven turns of 22 -gauge 
wire wound on a X26 drill hit. Of course, 
remove the drill bit after the coil is com- 
pleted. 

L4 is wound around a standard 10 -32 
screw thread. The screw should be re- 
moved after the coil is completed. Then 
L4 should be fitted with a ferrite slug. You 
may be able to find an appropriate slug in 
an old TV, radio. or CB radio. Best results 
will be obtained when the slug is taken 
from a circuit that operates in the 25-100 - 
MHz range. such as a TV IF circuit. or the 
front end of an FM radio. But it's not 
really critical. and almost anything 
should work (provided it's made of ferrite) 
as a last resort. If necessary. LA's diame- 
ter, and number of turns, could be 
changed to fit the slug you have. 

L5 and L6 are three turns of 22 -gauge 
wire wound on a #26 drill bit. 

L7, L8, and L9 are merely 1.5 cm loops 
of wire wound on a '/e -inch form and sol- 

TO 
VOM 

FIG. 5-RF-PROBE may be used with any VOM 
or DVM that has sensitivity greater than 20K 
ohms volt. 

dered to the PC board. One end of capaci- 
tor C26 is mounted in the normal fashion. 
and the other end hangs from the approxi- 
mate mid -point of LA's loop. Similarly. 
C29 is mounted from the board to the mid- 
point of L9; the lead then continues to the 
pad near the collector of Q5. 

LI0 and L11 are standard 5.6µH, 10%- 
tolerance chokes obtainable from the J.W. 
Miller Corporation. etc. They could also 
be wound from 36 -gauge wire on 1 -watt, 
1- megohm carbon resistors if desired. 

Last, install the transistors. making 
sure that they are oriented correctly and 
that their lead length is minimized. 

We use a 10 -pin camera jack for 11. but 
feel free to substitute whatever connectors 
you need. If no sound carrier is needed, 
R23, R25, CR2 and all other components 
associated with Q8 and Q9 can be omit- 
ted. Doing that will not affect the opera- 
tion of the video portion of the transmitter. 
They can be added at a later date should 
audio transmission become necessary. 

We chose not to leave space on the PC 
board for the audio- (R32) and video - 
input (R29, R31) components. since those 
components were unnecessary in our ap- 
plication. We used fixed -value resistors 
for R31 and R32, but small potentiome- 
ters could be mounted to the case and 
wires run to the PC board. If no gain 
control is necessary, R32 should be re- 
placed by a fixed 10K resistor, and C38 
should be connected directly to the collec- 
tor of Q8. 

Solder the coils to the PC board now, 
and solder short interconnecting wires 
from the board to the chassis components. 
Before applying power. check over your 
work: Make sure no solder bridges exist 
and make sure that all polarized compo- 
nents are correctly oriented. 

Testing and alignment 
The following equipment is necessary 

to align the transmitter: 
VOM or DVM having sensitivity of at 

least 20,000 ohms/volt 
RF probe 
Video source (VCR or camera) 
TV set or monitor 
50 -ohm dummy load 
If an RF probe is not available, you can 

use the circuit shown in Fig. 5 with your 
voltmeter. If you have no 50 -ohm dummy 
load, you can use a 51 -ohm. 1 -watt 
resistor. One handy gadget to have is a 

tuning wand: a plastic rod with a ferrite 
slug at one end and a brass slug at the 
other. The inductance of a coil can be 

increased or decreased by placing the fer- 
rite or the brass slug. respectively, near 
the coil. 

Apply power and check for + I2V at 

R4, R9. RIO and the collector of Q7. 
Check for + 9V at the drain of Q8. Then 
check for 1.0 to 1.5 volts at the emitters of 
Q1, Q2, and Q3. Check for +4.5 to 

continued on page 114 

FIG. 4-MOST COMPONENTS ARE STANDARD, but note how C26 and C29 connect to L8 and L9,
respectively. Also note the unequal turn-spacing of L2, L3, LS,and L6, which was brought on by tuning
those coils. Finally, note the small slug L4 Is wound around, and L1's toroidal core.

II

FIG. 5-RF·PROBE may be used with any VOM
or DVM that has sensitivity greater than 20K
ohms /volt.

"mCD
:Il
C»
:Il
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Testing and alignment
The following equipment is necessary

to align the transmitter:
• VOM or DVM having sensitivity of at
least 20 ,000 ohms/volt
• RF probe
• Video source (VCR or camera)
• TV 'set or monitor
• 50-ohm dummy load

If an RF probe is not available, you can
use the circuit shown in Fig . 5 with your
voltmeter. If you have no 50-ohm dummy
load, you can use a 51-ohm, Y4-watt
resistor. One hand y gadget to have is a
tuning wand: a plastic rod with a ferrite
slug at one end and a brass slug at the
other. The inductance of a coil can be
increa sed or decreased by placing the fer
rite or the brass slug , respectively, near
the coil.

Apply power and check for + 12V at
R4, R9 , RIO and the collector of Q7 .
Check for + 9V at the drain of Q8. Then
check for 1.0 to 1.5 volts at the emitters of
Ql, Q2, and Q3 . Check for +4 .5 to

continued on page 114

dered to the PC board . One end of capaci
tor C26 is mounted in the normal fashion ,
and the other end hangs from the approxi
mate mid-point of L8 's loop. Similarly,
C29 is mounted from the board to the mid
point of L9; the lead then continues to the
pad near the collector of Q5 .
• LlO and Lli are standard 5 .6 J.LH, 10%
tolerance chokes obtainable from the 1. W.
Miller Corporation, etc. They could also
be wound from 36-gauge wire on Y2-watt,
l-megohm carbon resistors if desired .

Last , install the transistors , making
sure that they are oriented correctly and
that their lead length is minimized.

We use a IO-pin camera jack for Jl, but
feel free to substitute whatever connectors
you need. If no sound carrier is needed,
R23, R25, CR2 and all other components
associated with Q8 and Q9 can be omit
ted. Doing that will not affect the opera
tion of the video portion of the transmitter.
They can be added at a later date should
audio transmission become neces sary.

We chose not to leave space on the PC
board for the audio- (R32) and video 
input (R29, R31) components, since those
components were unnecessary in our ap
plication. We used fixed-value resistors
for R31 and R32, but small potentiome
ters could be mounted to the case and
wires run to the PC board . If no gain
control is necessary, R32 should be re
placed by a fixed 10K resistor, and C38
should be connected directly to the collec
tor of Q8.

Solder the coils to the PC board now,
and solder short interconnecting wire s
from the board to the chassis components.
Before applying power, check over your
work: Make sure no solder bridges exist
and make sure that all polarized compo
nents are correctly oriented.

~~ RI
500pF 10K ... C2

A ~~34 ~ r- .001

be compressed and expanded later when
you tune up your transmitter. You can see
in the photo (Fig. 4) how our prototype's
coils turned out.
• LI is eight turns of 22-gauge wire
wound on a Ferroxcube 768TI88 toroid
core made from 4C4 ferrite.
• L2 and L3 are seven turns of 22-gauge
wire wound on a #26 drill bit. Of course ,
remove the drill bit after the coil is com
pleted.
• U is wound around a standard 10-32
screw thread. The screw should be re
moved after the coil is completed. Then
L4 should be fitted with a ferrite slug . You
may be able to find an appropriate slug in
an old TV, radio, or CB radio. Best results
will be obtained when the slug is taken
from a circuit that operates in the 25-100
MHz range, such as a TV IF circuit, or the
front end of an FM radio . But it's not
really critical, and almost an ything
should work (provided it 's made offerrite)
as a last resort . If neces sary, U 's diame
ter, and number of turns, could be
changed to fit the slug you have.
• L5 and L6 are three turns of 22-gauge
wire wound on a #26 drill bit.
• L7 , L8, and L9 are merely 1.5 em loops
of wire wound on a 3fs-inch form and sol-

fore, the resonant frequency, of a tuned
circuit. Stray inductive and capacitive re
actances cause that shift.

Also, remember that every PC trace has
inductance and capacitance. A PC pad
may have, depending on size, several pF
of capacitance to ground or to another PC
pad . A long PC rail may act as an RF
transmission line or even as a resonant
circuit. It may also appear as an additional
turn on a coupling transformer, by which
unwanted signals might be radiated to
other components or PC traces.

We hope you're not scared by all those
cautions . We just want you to be aware of
some of the problems involved in RF de
sign and construction. But if you take care
to duplicate our prototype exactly, the
chances are that you' ll have no problem
getting your transmitter working . There is
no " black magic" involved--only com
mon sense and careful con struction. Just
be sure to use the same or equivalent
parts-be careful !

After you have your components to
gether, check the PC board over for shorts
and opens, and make sure that the copper
is clean and shiny. Then, referring to the
parts-placement diagram in Fig . 3, insert
and solder the components, starting with
those that have the lowest profile (the re
sistors and diode s), and working up to the
electrolytic and trimmer capacitors. Re
member to cut all leads--especi ally the
capacitors' leads-as short as possible .
Don't overheat the semiconductors when
soldering them to the PC board.

Now you're ready to wind and install
the RF coils. Spread the turns of each coil
evenly, but don't worry about spacing
those turns perfectly, since the coils will
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HIGHLIGHTS OF THE NPE CONVENTION 
The unification of NESDA and NATESA was just one of the highlights of the 1985 National 
Professional Electronics Convention. 

WHILE EACH MAWS NATIONAL PR()FES- 

sional electronics convention (NPEC) is a 

worthwhile and memorable experience. 
1985's session. held in August in Hartford 
CT. was particularly significant for the 
electronics industry. At that meeting a 

consolidation agreement between the Na- 
tional Electronics Sales and Service Deal- 
ers Association (NESDA) and the 
National Association of Television and 
Electronic Serviccrs of America 
(NATESA) was unanimously approved by 
NESDA. Later ill the month, NATESA, 
at its convention held in St. Charles. IL. 
also unanimously approved it. 

Joining together 
Under the agreement. thc Chicago - 

based NATESA organization will become 
the NESDA state affiliate in Illinois as of 
January I. 1986. At the same time. 
NESDA will accept and perpetuate the 
heritage of NATESA as its own. For two 
years, current NATESA members who 
reside outside of Illinois may choose to 
either remain members 
sociation or to join the NESDA affiliate in 
their home state. Current NESDA mem- 
bers residing in Illinois have two years to 
join the new Illinois affiliate. 

GETTING INVOLVED. Murray Bartowe. CET, and 
Ed Kimmel. CET. participate in the Electronics 
Instructors Conference. one of the many semi- 
nars at the Hartford NPEC. 

Former officers of NATESA will be 
recognized equally with those of NESDA. 
The founder of NATISA, the late Frank J. 

Moch. who. at the convention. was induc- 
ted into the Electnmics Industry Hall of 
Fame. will be perpetually honored as the 
father of both organizations. 

The currant presidents of both organi- 
zations highly praised the new agreement. 
Said continuing NATESA president Torn 
Leeney, "We're proud to contribute our 
pan to a vibrant NESDA organization. 
and this agreement shows that the people 
in our industry have the ability to work 
together for the gocxl of all " Dorothy 
Cicchetti. the newly -elected president of 
NESDA. added. With the addition of the 
diligent and loyal NATESA members. 
NESDA will become an even more domi- 
nant force for good in our profession." 

Elections and awards 
A spirited contest led to the election of 

Dorothy Cicchetti. of Flushing. NY. as 

NESDA president. 
The NESDA officers elected 

cluded: Robert Harrell. Johnson City. TN. 
1st National Vice President; Clifford A. 
Shaw. Columbia. VA. Secretary: and 
Dick Scott. CET. Olympia. WA. Trea- 
surer. Regional Vice Presidents are Art 
Van Sicklin, Hartford. CT; Faust 
Guarino, CET, Oceanside. NY: Jim Tee- 
ters, CET. Norfolk. VA; Gene Di- 
llingham, CET. Louisville. KY: Bob 
Mesa. CSM, Parma, OH; Floyd Hack. 
CET, Taft. TX; Gennie Randel, Greens- 
burg. KS; Vince Hostetler. CSM, Grand 
Junction, CO: Ken Duncan, CSM. Anti- 
och. CA; and Bob Villont, CET CSM, 
Tacoma, WA. 

The new ISCET (International Society 
of Certified Electronics Technicians) of- 
ficers are: Jim Parks. CET. Orlando. FL. 
Chairman: Don Winchcl, CET. Smart- 

1:!c . (A. Vice Chairman; Hal Robbins. 
CII. \ an Nuys. CA. Secretary; and Earl 
Tickler, CET. Baltimore. MD, Treasurer. 
Bob Villont will continue as the NESDA 
representative to the ISCET hoard of goy - 
ernors. 

Turning to the awards. as previously 
mentioned. the late Frank J. Moch was 
inducted into the Electronics Industry 
Hall of Fame. In addition. Larry Steckler 
CETEHE Publisher, Gentsback Publica- 
tions (including. of course. Radio -Elec- 
tronics) and Chairman of the Electronics 
Industry Hall of Fame was named 
NESDA's Man of the Year: he was also 
presented with ISCET's Continuous Ser- 
vice Award. 

Other major awards included: Ken 
Duncan. CSM, Officer of the Year: Cliff 
Shaw and Chic Young. P.E./CSM (tic). 
Outstanding Committee Chairman; Don 
Erwin. CSA, Outstanding State Presi- 
dent: Ed Erich, CSM. Outstanding Local 
President: Martin Fleming. CET. Techni- 
cian of the Year; and Lester Dodd. CET, 

of ISLET. 
Rounding out the event was an out- 

standing slate of professional seminars. a 

trade show. and an unusually rich assort- 
ment of memorable social functions. R -E 

CELEBRATING THE SIGNING of the momentous 
agreement consolidating NESDA and NATESA 
are NESDA President Dorothy Cicchetti (left) 
and NATESA President Tom Leeney. 

MAN OF THE YEAR. Larry Steckler, publisher of 
Radio -Electronics. Chairman of the Electronics 
Industry Hall of Fame, and NESDA's Man of the 
Year speaks at the Hall of Fame Banquet. Roger 
Companion. NATESA Vice President. is seated 
at the right 

t 
OUTGOING NESDA PRESIDENT George Bluze 
(standing left) presents certificates recognizing 
the industry contributions of Paul Kelley (stand- 
ing center), Robert Haskins, and Robert Read. 
Toni Plant CET (standing right) accepted the 
certificate for Haskins and Read 

JEROME MOCH, (standing left) son of the tate 
Frank J. Moch. accepts the plaque designating 
the Induction of his father into the Electronics 
Industry Hall of Fame. Making the presentation 
is Wallace Harrison. Director of Communica- 
tions of NESDA ISCET. 

HIGHLIGHTS OF THE NPE CONVENTION
The unification of NESDA and NATESA was just one'of the highlights of the 1985 National
Professional Electron ics Convention.

en
o
Zo
a:o
w
..J
W

6
is
-ca:

56

WHILE EAC H YEAR 'S NATIONAL PROFES

sional electronics convention (NPEC) is a
worthwhile and memorable experience,
1985's es ion. held in August in Hartford
CT, was particularly significant for the
electronics industry. At that meeting a
consolidation agreement between the Na
tional Electronics Sales and Service Deal
e rs Associati on (NES DA) and th e
National Association of Television and
Ele c troni c Se rv ice rs o f Am eri ca
(NATESA) was unanimously approved by
NESDA. Later in the month, NATESA,
at its convention held in St. Charles, IL,
also unanimously approved it.

Joining together
Under the agreement. the Chicago

based NATESA organization will become
the NESDA state affiliate in Illinois as of
January l. 1986 , At the same time.
NESDf\ will accept and perpetuate the
heritage of NATESA as its own. For two
years.~ current NATESA members who
re ide outside of Illinois may choose to
either remain members of the Illinois as
sociation or to jo in the NESDA affi liate in
their home state. Current NESDA mem
bers residing in Illinois have two years to
join the new Illinois affiliate.

GETTINGINVOLVED. Murray Barlowe, CET, and
Ed Kimmel , CET, participate in the Elect ronics
Instructors Conference, one of the many semi·
nars at the Harttord NPEC.

;, it
MAN OF THE YEAR. Larry Steckler, publisher ot
Radio-Electron ics, Chairman of the Electronics
Industry Hall of Fame, and NESDA's Man of the
Yearspeaks at the Hall of Fame Banquet. Roger
Companion, NATESA Vice President, is seated
at the right.

Fonner officers of NATESA will be
recognizedequally with those ofNES DA.
TIle founder of NATESA. the late Frank1.
Moch. who. at the convention. wasinduc
ted into the Electronics Industry Hall of
Fame. will be perpetually honored as the
father of both organizations.

The current presidents of both organi
zations highly praised the new agreement.
Said continuing NATESA president Tom
Lceney, "We're proud to contribute our
part to a vibrant NESDA organization.
and this agreement shows that the people
in our industry have the ability to work
together for the good of all." Dorothy
Cicchetti, the newly-elected president of
NESDA. added, "With the addition of the
diligent and loyal NATESA members.
NESDA will become an even more domi
nant force for good in our profession."

Elections and awards
A spirited contest led to the election of

Dorothy Cicchetti. of Flushing. NY. as
NESDA president.

The other NESDA officers elected in
cluded: Robert Harrell. Johnson City. TN,
lst National Vice President: Clifford A.
Shaw, Columbia. VA. Secretary: and
Dick Scott. CET, Olympia. WA, Trea
surer. Regional Vice Presidents are Art
Van S ick l in , Hart fo rd , CT : Fau st
Guarino, CET, Oceanside. NY; Jim Tee
ters , CET, Nor fol k, VA: Ge ne Di
Hingham, CET, Loui svil le, KY; Bob
Mesa. CSM, Parma, OH: Floyd Hack,
CET, Taft , TX: Gennie Randel. Greens
burg, KS: Vince Hostetler, CSM, Grand
Jun~t ion , CO: Ken Duncan. CSM, Anti
och. CA; and Bob Villont, CET/CSM,
Tacoma, WA.

The new ISCET (International Society
of Certified Electronics Technicians) of
ficers are: Jim Parks. CET, Orlando, FL.
Chairman: Don Winchel . CET, Smart-

/
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OUTGOING NESDA PRESIDENT George Bluze
(standing left) presents certificates recognizing
the industry cont ributions of Paul Kelley (stand
ing center), Robert Haskins, and Robert Read.
Tom Plant eET (stand ing right) accepted the
certificate for Haskins and Read.

ville. CA. Vice Chairman: Hal Robbins.
CET. Van Nuys. CA, Secretary; and Earl
Tickler. CET. Baltimore, MD, Trea urer.
Bob Villont will continue as the NESDA
representative to the ISCET board of gov
ernors.

Turning to the awards. as previously
mentioned, the late Frank J. Mach was
inducted into the Electronics Industry
Hall of Fame. In addition. Larry Steckler
CET/EHF, Publisher, Gernsback Publica
tions (including, of course. Radio-Elec
tronics) and Chairman of the Electronics
Industry Hall of Fame was nam ed
NESDA\ Man of the Year: he was also
presented with ISCET's Continuous Ser
vice Award.

Other major awards incl uded: Ken
Duncan. CSM. Officer of the Year: Cliff
Shaw and Chic Young, P.E.lCSM (tie).
Outstanding Committee Chairman: Don
Erwin. CSA. Outstanding State Presi
dent: Ed Erich. CSM. Outstanding Local
President: Martin Fleming, CET. Techni
cian of the Year: and Lester Dodd, CET,
1985 Friend of ISCET.

Rounding out the event was an out
standing slate of professional seminars, a
trade show. and an unusually rich assort
ment of memorable social functions. R-E

CELEBRATINGTHESIGNINGofthe momentous
agreement conso lidating NESDA and NATESA
are NESDA Presiden t Dorothy Cicchetti (left)
and NATESA President Tom Leeney.

JEROME MOCH, (standing left ) son of the late
Frank J. Moch, accepts the plaque designating
the Induction of his father into the Electron ics
Industry Hall of Fame. Making the presenta tion
is Wallace Harrison, Director of Communica 
tions ot NESDAilSCET.
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OK, TVRO fans, here's your chance to build a high -performance 
satellite receiver -for peanuts! 

Part 2 LAST TIME, W1. 

showed you how 
our budget satellite receiver works. This 
month. we give you step -by -step instruc- 
tions detailing how to build the unit. 

Construction 
Use of a PC board is strongly recom- 

mended; a foil pattern is presented in the 
"PC Service" section of this magazine. 

Use the component -placement diagram 
In Fig. 3 and the photograph in Fig. 4 to 
assemble the board. When inserting parts 
in the PC board. work in numeric se- 

quence. and check off each part as it is 
installed. 

1- Beginning with resistor RI, insert 
all resistors in numerical order. R96 and 
R100 are not installed on the PC board. 

2- Install the wire jumpers. Insulation 
should cover the entire exposed length of 
each jumper. 

3- Install the trimmer potentiometers 
on the board, followed by the trimmer 
capacitors. and then the other capacitors. 
Carefully check the value of every part 
before mounting it. Be sure to orient all 
polarized capacitors correctly. 

4- Install all diodes. Be careful to in- 
stall them with the correct polarity. and 
use extra care in bending the leads on 
glass diodes. 

5 -Insert all IC sockets, making sure 
that pin one of every socket is oriented 
correctly. ICI and FLI should both be 

mounted flush to the board and soldered 
in. The leads of transistors QI and Q2 
should be trimmed to a length of 2 mm, 
and those transistors should be mounted 
and soldered on the solder side of the 
board. The other transistors should be in- 
serted from the top and soldered now. 
Leave'/ -inch of lead protruding above the 
board. 

6- Voltage regulators IC10 and ICII 
need heat sinks. Use heat -sink grease and 
mount them loosely to the heat sinks be- 
fore inserting the assembly in the PC 
board. Align the legs of the regulators and 
the heat -sink tabs with the corresponding 
holes in the PC board. solder the reg- 
ulators and heat sinks to the board. and 
tighten the screws. Install the 7805 reg- 
ulator, IC9. 

7 -Mount POWER switch S3 and Are - 
switch S2 on the board and solder them. 

8-Solder the two type-F- connectors, 
11 and 15, and the three RCA -type phono 
jacks, 12. 13 and 14, to the PC board. 

9 -Mount the RF Modulator on the 
board. Be sure that all four mounting tabs 
are flush, and then solder them to the 
board. 

10 -Mount and solder the inductors. 
Note that L4 is mounted vertically on the 
board. Install FL2 now. 

11 -Mount green P*W'ER LED3 V -inch 
above the board. It will be bent to fit into 
the front panel later. 

(Editor's noie: We recently heard from 
an experimenter who reported that the fol- 
lowing modifications will improve perfor- 
mance: Remove R69 from the board. 
Replace R64 with a 220 -ohm, 1/4-watt 
unit. Add a 330 -ohm. 1/2-watt unit at the 
base of Q7.) 

Front -panel assembly 
At this point. all components should be 

installed except the IC's and the front- and 
rear -panel components. The front -panel 
layout is shown in Fig. 5. The wire lengths 
given below assume that you are using the 
PC board and case specified in the parts 
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Satellite-TV
Receiver

RICHARD MADDOX

OK, TVRO fans, here's your chance tobuild a high-performance
satellite receiver-for peanuts!

Par t 2 L A S T TI M E, WE

showed you how
our budget satellite receiver works. This
month , we give you step-by-step instruc
tions detailing how to build the unit.

Construction
Use of a PC board is strongly recom

mended; a foil pattern is presented in the
"PC Service" section ohhis magazine.

Use the component-placement diagram
in Fig. 3 and the photograph in Fig. 4 to
asse mble the board . When inserting parts
in the PC board , work in numeric se
quence , and check off each part as it is
installed .

I-Beginning with resistor RI , insert
all resistors in numerical order. R96 and
RIOO are not installed on the PC board.

2-Install the wire jumpers. Insulation
should cover the entire exposed length of
each jumper.

3-Install the trimmer potentiometers
on the board, followed by the trimmer
capacitors, and then the other capac itors.
Carefully check the value of every part
before mounting it. Be sure to orient all
polarized capacitors correctly.

4--lnstall all diodes. Be careful to in
stall them with the correct polarity, and
use extra care in bending the leads on
glass diodes.

5-lnsert all IC sockets, making sure
that pin one of every socket is oriented
correctly. ICI and FLi should both be
mounted flush to the board and soldered
in. The leads of transistors QI and Q2
should be trimmed to a length of 2 mm,
and those transistors should be mounted
and soldered on the solder side of the
board. The other transistors should be in
serted from the top and soldered now.
Leave Y4-inch of lead protruding above the
board.

6-Voltage regulators ICl O and ICII
need heat sinks . Use heat-sink grease and
mount them loosely to the heat sinks be
fore inserting the asse mbly in the PC
board . Align the legs of the regulators and
the heat-sink tabs with the corresponding
holes in the PC board, solder the reg
ulators and heat sinks to the board , and
tighten the screws. Install the 7805 reg
ulator, IC9.

7-Mount POW ER switch S3 and AFC

switch S2 on the board and solder them .

8--Solder the two type-F connectors,
Jl and 15, and the three RCA-type phono
jacks, 12, 13 and 14, to the PC board.

9-Mount the RF Modulator on the
board. Be sure that all four mounting tabs
are flush, and then solder them to the
board.

1000Mount and solder the inductors.
Note that L4 is mounted vertically on the
board. Install FL2 now.

ll-Mount green POWER LED3 Y2-inch
above the board. It will be bent to fit into
the front panel later.

(Editor's note: We recently heard from
an experimenter who reported that the fol
lowing modifications will improve perfor
mance : Remove R69 from the board .
Replace R64 with a 220-ohm, Y4-watt
unit. Add a 330-ohm, Y4-watt unit at the
base of Q7.)

Front-panel assembly
At this point, all components should be

installed except the IC's and the front- and
rear-panel components . The front-panel
layout is shown in Fig. 5 . The wire lengths
given below assume that Y0l} are using the
PC board and case speci fied in the parts
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FIG. 3 -ON -BOARD COMPONENTS are shown here Note that transistor 01 and 02 are mounted on the 
underside of the board. 

RICO TS1 C70 JS J6 RF MODULATOR 

N trim? te VOLT 

POIAROTOR OUTPUT AC INPUT 

FIG. 4 -THE COMPLETED PC BOARD. Be sure to route the interconnecting wires away from the 
voltage regulators 

list. If you're not, use wires of the appro- 
priate length. 

1 -Mount potentiometers RI03, RI08, 
and RI 10 to the front panel. Orient all 
three so that their terminals point down. 

2- Viewing the panel from the rear, 

connect the center and right terminals of 
R108 together. Solder a seven -inch wire to 
all terminals except the right terminal of 
R108 . 

3 -Mount switches S2 and S4. Solder 
six -inch wires to the three terminals on 
S4. Solder a seven -inch wire to each cen- 
ter terminal of S2: connect a short jumper 
between the upper -left and the lower -cen- 
ter terminals 

4-Insert LEDI and LED2 into the ap- 
propriate holes in the front panel. Orient 
them so that their cathodes (the flat sides) 
are toward polarity- switch S2. Solder 
each cathode to the nearest lower -end ter- 
minal on that switch. Solder a seven -inch 
wire to each anode. 

5-Solder ten inches of wire to each 
meter terminal. Mount the meter in the 
front panel 

Rear -panel assembly 
The rear -panel layout diagram is shown 

in Fig. 6. 
1 -Mount the terminal strip and AC- 

input jack 16 to the back panel. 

FIG.3-0N-BOARD COMPONENTS are shown here. Note that transistor 01 and 02 are mounted on the
underside of the board.
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o« FIG. 4-THE COMPLETED PC BOARD. Be sure to route the Interconnecting wires away from the
a: voltage regulators.
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list. If you're not, use wires of the appro
priate length .

I-Mount potentiometers RI03, R108,
and RllO to the front panel. Orient all
three so that their terminals point down.

2--Viewing the panel from the rear,
connect the center and right terminals of
RI08 together. Solder a seven-inch wire to
all terminals except the right terminal of
R108.

3--Mount switches S2 and S4 . Solder
six-inch wires to the three terminals on
S4. Solder a seven-inch wire to each cen
ter termina l of S2; connect a short jumper
between the upper-left and the lower-cen
ter terminals

4-Insert LEDI and LED2 into the ap
propriate holes in the front panel. Orient
them so that their cathodes (the flat sides)
are toward polarity-switch S2 . Solder
each cathode to the nearest lower-end ter
minal on that switch. Solder a seven-inch
wire to each anode.

S-Solder ten inches of wire to each
meter terminal . Mount the meter in' the
front panel.

Rear-panel assembly
The rear-panel layout diagram is shown

in Fig. 6 .
I-Mount the terminal strip and AC

input jack J6 to the back panel.
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All resistors 1 4 -watt. 5 °° unless other- 
wise specified. 

R1. R3-270 ohms 
R2 -510 ohms 
R4, R5, R32. R33, R77 -680 ohms 
R6-150 ohms. '.} -watt 
R7 -1200 ohms 
R8. R30. R44, R46- 10.000 ohms 
R9. R10. R26, R53-56 ohms 
R11. R16, R17. R24. R25. R28, R60, R65. 

R87 -75 ohms 
R12. R15, R29. R34, R42. R52. R72. R79. 

i 

i 

R82. R86, R95 -1000 ohms 
R13, R47. R70. R93. R96 -100 ohms 
R14 -3.9 ohms 
R18 -R21. R54. R73 -470 ohms 
R22. R23 -120 ohms 
R27 -820 ohms 
R31. R43. R69 -220 ohms 
R35. R37- 22,000 ohms 
R36- 18,000 ohms 
R38. R74. R94- 100.000 ohms 
R39. R40. R45. R92-4700 ohms 
R41- unused 
R48. R64 -330 ohms 
R49. R51. R88 -2200 ohms 
R50- 120,000 ohms 
R55. R56, R58. R62. R63 -150 ohms. '- 

watt 
R57. R75 -3300 ohms 
R59. R61, R66. R68. R76 -560 ohms 
R67-43 ohms 
R71- 12,000 ohms 
R78. R83. R84-0 ohms (lumped 
R80- 47,000 ohms 
R81 -1500 ohms 
R85 -8200 ohms 
R89, R90 -2700 ohms 
R91- 68.000 ohms 
R96 -180 ohms. 1 watt 
R97 -R99. 8101- unused 
RI00 -5 6 ohms. 5 watts 
R102. R104. R105. R107. R111. R112- 

5000 ohm trimmer potentiometer 
R103 -5000 ohm linear potentiometer 
R106, R113- 10,000 ohm trimmer potenti- 

ometer 
R108- 10,000 ohm linear potentiometer 
R109 -2000 ohm trimmer potentiometer 
R110 -5000 ohm linear potentiometer 

PARTS LIST 

R114- 100.000 ohm trimmer potentiome- 
ter 

Capacitors 
C1-05. C7. C8, C13-C18. C20, C21. C23. 

C24. C27, C42, C44, C50 -052, C61. 
C64. C65, C67 -0.01 µF. ceramic disk 

C6. C37, C41. C43, C54. C59. C66 -un- 
used 

C9. C10. C63-33 pF. ceramic disk 
C11. C12, C46. C53 -0.001 RF. ceramic 

disk 
C19-47 pF, silver mica 
C22, C45. C49. C58. C60-10 RF. 25 

volts, tantalum 
C25. C56-47 RF. 16 volts. tantalum 
C26. C48, C57. C59 -0.22 F. 30 volts, 

tantalum 
C28 -100 pF, ceramic disk 
C29-56 pF, ceramic disk 
C30-68 pF, ceramic disk 
C31 -300 pF, ceramic disk 
C32 -220 pF, ceramic disk 
C33. C38, C62 -100 R.F. 16 volts, elec- 

trolytic 
C34. C68-0.1 RF. ceramic disk 
C35 -470 µF. 16 volts. electrolytic 
C36-10 pF. ceramic disk 
C39- 0.0047 R.F. ceramic disk 
C40 -0.047 µF, ceramic disk 
C47 -5600 µF, 40 volts, electrolytic 
C55- 0.0022 F. ceramic disk 
C70 -220 F. 25 volts, electrolytic 
C71 -5-70 pF. variable 
C72 -2 -20 pF, variable 
Semiconductors 
ICI-- MWA120. hybnd small -signal ampli- 

fier 
IC2- MC10116, triple differential line re- 

ceiver 
IC3. IC4- LM358, dual op -amp 
IC5- MC1496, video detector 
IC6- NE555, timer 
IC7- NE592. video amplifier 
IC8- NE564. phase -lock loop 
IC9 -7805, 5 -volt regulator 
IC10 -7812. 12 -volt regulator 
IC11 -7818. 18 -volt regulator 
01, 02 -BFR91 
03. 04, 06- 2N2222 
05. 07 -BC328 or 2N3683 

08 -8C548 or ECG548 
DI-D4-1N60 
D5- 1N752. 5.6 -volt zener diode 
D6-HP 5082 -2800 or 1N6263 Schottky 

diode 
D7-1S2075 
08-011-1N4002 
D12 -BB119 tuning diode 
LEDs- standard green LED 
LED2. LED3- standard red LED's 
Other components 
JI. J5-'F- connector 
J2, J3. J4-RCA phono lack 
J6-coaxial power input jack 
TS1- 4- position screw -terminal stnp 
L1, L5-10 µH 
L2 -0.33 RH. six turns on a ',4-inch form. 
L3-100 RH 
L4 -2.7 RH 
S1. S4 -SPDT, toggle switch 
S2. S3 -DPDT, toggle switch 
FL1 -B0124 SAW filter 
FL2 -5-8 MHz block filter (Dick Smith 

L-16001 
M1 -200 RA edge- reading meter 
RF modulator 
T1 -18 -volt AC power transformer 

Note: the following are available from 
Dick Smith Electronics, Inc., P.O. Box 
8021. Redwood City. CA. 94063: Com- 
plete kit of parts including case but no 
power transformer, #K -6316. 599.95 
plus $4 shipping: SAW filter, #L -1620. 
529.95: Case, -2507. 512.95: PC 
board, #H -7000, 529.95: 18 -volt trans- 
former, #M6672, 57.95 :BFR91 tran- 
sistor. #Z -1691. $1.19; BB119 diode. 
#Z -3070. $0.20; MWA120 RF amplifier. 
#Z -6095. 512.50: MC10116 ECL IC. 
#Z -6000, $0.79: HP5082 -2800 Schottky 
Diode. #Z -3230, 52.00: 5 -8-MHz filter. 
#L -1600, 53.95. Other individual parts. 
and complete satellite systems, are 
also available from Dick Smith. Califor- 
nia residents please add 6.5 °° sales 
tax. Orders outside U.S. must include 
U.S. funds and add 15 °° of merchan- 
dise total for shipping. 
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ALL DIMENSIONS IN INCHES 

FIG. S- FRONT -PANEL LAYOUT, with dimensions 

2- Solder a jumper wire between the 
two ground terminals of TSI. 

3- Solder R100 and the positive lead of 
C70 to the + 5v terminal. Solder the 
minus lead of C70 to ground. 

-Di 

to fit the controls mounted to the PC board. 

4-Solder one four -inch wire to the 
Pin -sr. output terminal, another to one 
ground terminal, and another to the other 
end of RI00. Solder a three -inch wire to 
the two bottom terminals of 16. 

Final assembly 
The component -placement diagram in 

Fig. 7 should be consulted while con- 
necting the front- and rear -panel compo- 
nents to the PC board. 

1 -Insert and solder PC terminal pins 
(or short pieces of stiff wire) in all holes to 
which off -board components will be con- 
nected. Place the PC board in the cabinet. 
but do not screw it down yet. 

2 -Slide the front panel over the two 
PC- mounted switches, and then insert the 
front panel into the first slot of the cabinet. 
Carefully insert the green POWER LED 
into its hole. 

3 -Slide the rear panel over the con- 
nectors mounted at that end of the board. 
and then insert the rear panel into the last 
slot of the cabinet. 

4-Insert and tighten the four mount- 
ing screws. 
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All resistors 1/4-watt , 5% unless other-
wise specified.

R1, R3-270 ohms
R2-510 ohms
R4, R5, R32, A33, R77-680 ohm s
R6-150 ohms , Y2-watt
A7-1200 ohm s
A8, R30, A44 , R46-10,OOO ohms
A9, A10, A26 , A53-56 ohms
A11 , R16, A17, R24, R25, R28, A60 , R65,

R87- 75 ohms
A12, A15, A29, A34, R42, R52, A72, R79,

A82, A86, A95-1000 ohms
R13, A47, A70, A93, A96-100 ohms
A14-3.9 ohms
Al8-A21 , A54 , R73-470 ohms
A22, R23-120 ohms
R27-820 ohms
A31, A43, R69-220 ohms
A35, A37-22,OOO ohms
A36-18,000 ohms
A38, A74, R94-100,000 ohms
R39, R40, A45, R92-4700 ohms
A41-unused
R48, A64-330 ohms
A49, R51, A86-2200 ohms
A5G-120,000 ohms
A55, A56, A58, R62, R63-150 ohms, *-

watt
A57 , A75-3300 ohms
R59, A61, A66 , A68 , A76-560 ohms
R67-43 ohms
A71- 12,000 ohms
A78, A83, A84-0 ohms Oumper)
A80-47,000 ohms
A81-1500 ohms
A85-8200 ohms
A89, A9G-2700 ohms
A91-68,000 ohms
R96-180 ohms, 1 watt
A97-A99, R101-unused
A10G-5.6 ohms , 5 watts
R102, R104, A105, A107, A111, A112

5000 ohm trimmer potentiometer
A103-5000 ohm linear potent iometer
R106, A113-1 0,000 ohm trimmer potenti-

ometer
A108-10,000 ohm linear potentiometer
R109-2000 ohm trimmer potentiometer
A11G-5000 ohm linear potentiometer

PARTS LIST

A114-100,000 ohm trimme r potentiome
ter

Capacitors
C1-C5, C7, C8, C13-C18, C20, C21, C23,

C24, C27, C42, C44, C5o-G52, C61,
C64, C65, C67-Q.01 J.l.F, ceramic disk

C6, C37, C41, C43, C54, C59, C66-un-
used

C9. C10. C63-33 pF, ceram ic disk
C11 . C12, C46, C53-Q.001 J.l.F, ceramic

disk
C19-47 pF, silver mica
C22 , C45 , C49 , C58 , C6G-10 flF, 25

volts, tantalum
C25 , C56-47 f.lF, 16 volts, tantalum
C26, C48, C57, C59-Q,22 fl F, 30 volts,

tanta lum
C28-100 pF, ceramic disk
C29-56 pF, ceramic disk
C30-68 pF, ceram ic disk
C31-300 pF, ceramic disk
C32-220 pF, ceram ic disk
C33 , C38, C62-100 J.l.F, 16 volts, elec-

trolytic
C34 , C68-Q.1 j.LF, ceram ic disk
C35-470 J.l.F, 16 volts, electrolytic
C36-10 pF, ceramic disk
C39-Q.0047 j.LF, ceram ic disk
C4O-Q.047 j.LF, ceram ic disk
C47-5600 fl F, 40 volts, electrolytic
C55-Q.0022 J.l.F, ceramic disk
C7G-220 J.l.F, 25 volts, electrolytic
C71-5-70 pF, variable
C72-2-20 pF, variable
Semicon ductors
IC1-MWA120, hybrid small-signal ampli

fier
IC2-MC10116, triple differential line re-

ceiver
IC3, IC4-LM358, dual op-amp
IC5-MC1496, video detector
IC6-NE555, timer
IC7-NE592, video amplifier
IC8-NE564, phase-lock loop
IC9-7805, 5-volt regulator
IC1G-7812, 12-volt regulator
IC11-7818, 18-\IOltregulator
Q1, Q2-BFR91
Q3, Q4, Q6-2N2222
Q5, Q7-BC328 or 2N3683

Q8-BC548 or ECG548
01-04-1N60
05-1N752, s.s -volt zener diode
06-HP 5082-2800 or 1N6263 Schottky

diode
07- 1S2075
08-0 11- 1N4002
012-BB119 tuning diode
LE01-standard green LEO
LE02, LE03-standard red LEO's
Other components
J1, J5-"F" connector
J2, J3, J4-ACA phono jack
J6-coaxial power input jack
TS1-4-position screw-terminal strip
L1, L5-10 j.LH
L2-Q.33 J.l.H , six turns on a Y<-inch form.
L3-100 flH
L4-2.7 j.LH
S1, S4-SPOT, toggle switch
S2, S3-0POT, toggle switch
FL1-B0 124 SAW filter
FL2-5-8 MHz block filter (Dick Smith

L-1600)
M1-200 p.A edge-reading meter
RF modulator
T1-18-volt AC power transformer

Note: the following are available from
Dick Smith Electronics, lne., P.O. Box
8021, Redwood City, CA , 94063: Com 
plete kit of parts Inc lUd ing case but no
power t ransformer, # K-6316, $99 .95
plus $4 shipping; SAW filter, #l-1620,
$29 .95 ; Case, # H-2507, $12.95 ; PC
board, # H-7000, $29.95; 18-volt trans
former, # M6672, $7.95; BFR91 tran
s istor, # Z-1691, $1.19; BBl19 diode,
# Z-3070, $0.20; MWA120 RF amplifier,
# Z-6095, $12 .50 ; MC10116 ECl IC ,
# Z-6000, $0.79 ; HP5082-2800 Schottky
Diode, # Z-3230, $2.00; 5-8--MHz filter,
#l-1600, $3.95. Other individual parts,
and complete satellite systems, are
also available from Dick Smith. Califo r
nia residents please add 6.5% sales
tax . Orders outside U.S. must include
U.S. funds and add 15% of merchan
dise total for shipping.

ALL DIMENSIONS IN INCHES

FIG. 5-FRONT·PANELLAYOUT, with dimensions to fit the controls mounted to the PC board. "TI
m
OJ
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Final assembly
The component-p lacement diagram in

Fig. 7 should be consulted while con
necting the front- and rear-panel compo
nents to the PC board.

I-Insert and solder PC terminal pins
(or short pieces of stiff wire) in all holes to
which off-board components will be con
nected . Place the PC board in the cabinet ,
but do not screw it down yet.

2-Slide the front panel over the two
PC-mounted switches, and then insert the
front panel into the first slot of the cabinet.
Carefully insert the green POWER LED
into its hole .

3-Slide the rear panel over the con
nectors mounted at that end of the board,
and then insert the rear panel into the last
slot of the cabinet.

4--Insert and tighten the four mount
ing screws .

T

g
+,y!,
..L

,

4--Solder one four-inch wire to the
PULS E output terminal , another to one
ground terminal, and another to the other
end of RIOO. Solder a three-inch wire to
the two bottom termin als of J6 .

2-Solder a jumper wire between the
two ground termin als of TSI .

3-Solder RIOO and the positive lead of
C70 to the + 5V terminal. Solde r the
minus lead of C70 to ground.

3

1~============~~===============~
I

I
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FIG. 6- REAR -PANEL LAYOUT. with dimensions. 
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FIG. 7- FRONT- AND REAR -PANEL COMPONENTS are connected to the PC board as shown here. 

WIDE lANARROW 
S4 

WIDTH R108 

+ 5V 
SKEW 

Y4 

R100 

+ 5V 

PULSE TO 

GROUND] POLAROTOR 

GROUND) 

J6 
AC 

INPUT 

5- Connut all wires from the off - 
board components to the appropriate pins 
on the PC board. Doublecheck all con- 
nections. 

6-Plug the transformer's output into 
J6. and then plug it into the wall. 

7 -Check the output of each regulator 
(1C9 -ICI1) for the correct voltage. Also. 
check the voltages at 15 (the + 18V con- 
nector), at the + 5V terminal strip, and at 

pin 8 of IC4 ( + I2V). The howI:R LED 
and meter lamp should light up. and so 
should either LEDI or LED2, depending 
on the position of S2. Flip that switch to 
verify that the opposite LED lights up. 

8-Turn off the receiver and unplug the 
transformer. 

9 -Insert all the ICs into their sockets. 
I3e sure to orient them correctly, and make 
sure all IC's are seated properly. 

10 -Route all wires down the center of 
the hoard. Be sure to leave clearance 
around the trimmer potentiometers, and 
route wires away from the regulators' heat 
sinks. Use wire ties to secure the wires. 

11 -Set each trimmer to the center of its 
range using a small screwdriver. Set the 
two trimmer capacitors so that the adjust - 
ment slot is parallel to the side walls of the 
cabinet. 

12 -Turn on the receiver and measure 
the total current drain. It should be about 
400 ma. 

13- Measure the voltage at 11. The 
voltage should vary as R103, TRANSPON- 
DER TUNING. IS varied. 

Aligning the polarizer 
A friend or spouse may be helpful in 

completing the following alignment. 
I-- Connect the polarizer to the appro- 

priate terminals on TS I . The red wire usu- 
ally connects to + 5V, black connects to 
ground, and white connects to the pulse 
output -but make sure your unit follows 
that convention. Center the SKEW control. 

2-Turn on the receiver. Verify that the 
probe moves as POLARITY switch S2 is 
toggled. Mark the vertical probe position 
on the side of the polarizer. Move S2 to 
HORIZONTAL.. Adjust R113 so that the pro- 
be is 90 degrees from its former position. 

Aligning the tuning control 
The adjustments trade now will be 

fine -tuned a little later. 
1- Measure the voltage at pin I of IC3. 

Turn AFC on. Adjust R105 for exactly 3.0 
volts DC. Turn AFC off. Adjust R106 for 
the same voltage. 

2- Measure the voltage at 11. Set the 
TRANSPONDER TUNING control to line up 
with the "Channel I" label on the front 
panel. The voltage should be set to the 
lowest voltage specified by the downcon- 
verter manufacturer. That is donc by ad- 
justing RI04. 

3-Set the TRANSPONDER TUNING 
control to Channel 24. Adjust R102 for the 
highest voltage needed by the downcon- 
verter. 

Final check -out 
The easiest way to check out and adjust 

the receiver is to use it on a system that is 

already working. Ideally, a friend or 
neighbor will allow you to hook up the 
receiver and downconverter for final test- 
ing. If that is not possible, then first you 
will have to get your dish aimed precisely 
at Galaxy I. Instructions for doing that ate 
usually given in the assembly instructions 
packed with the dish. 

Next. the fcedhorn, LNA and down - 
convener should be installed. and then 
cable should be run to the receiver. Do not 
use more than about 250 feet of cable 
between the downconvertcr and the re- 
ceiver. 

continued on page 114 
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FIG. 6-REAR-PANEL LAYOUT, with dimensions.

IO--Route all wires down the center of
the board. Be sure to leave clearance
around the trimmer potentiometers. and
route wires away from the regulators' heat
sinks . Use wire ties to secure the wires.

ll-Set each trimmer to the center of its
range using a sma ll screwdriver. Set the
two trimmer capaci tors so that the adjust
ment slot is parallel to the side walls of the
cabinet.

I2-Tum on the receiver and measure
the total current drain. It should be about
400 rna .

13-Measure the voltage at 11. The
voltage should vary as RlO3, TR ANSPON 

DER TUN ING , is varied.
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Aligning the polarizer
A friend or spouse may be helpful in

comp leting the following alignment.
I-Connect the polarizer to the appro 

priate terminals on TSI. The red wire usu
ally connects to +5V, black connects to
ground, and white connects to the pulse
output-but make sure your unit follows
that convention. Center the SKEW control.

2-Turn on the receiver. Verify that the
probe moves as POLARITY switch S2 is
toggled . Mark the vertica l probe position
on the side of the polarizer. Move S2 to
HORIZONTAL. Adjust RI13 so that the pro
be is 90 degrees from its former position.

Aligning the tuning control
The adjus tments made now will be

fine-tuned a little later.
I-Measure the voltage at pin I of IC3 .

Turn AFC on. Adjust RI05 for exactly 3.0
volts DC. Turn AFC off. Adjust RlO6 for
the same voltage.

2-Measure the voltage at H . Set the
TRANSPONDER TUN ING control to line up
with the " Channel I" label on the front
panel . The voltage should be set to the
lowest voltage speci fied by the downcon
verter manufacturer. That is done by ad
justing RI04 .

3-Set the TRANSPONDER TUNI NG

control to Channel 24. Adjust RlO2 for the
highest voltage needed by the downcon
verter.

continued all page 114

Final check-out
The easies t way to check out and adjust

the receiver is to use it on a system that is
already work ing . Ideally, a friend or
neigh bor will allow you to hook up the
receiver and downconverter for final test
ing . If that is not possible , then first you
will have to get your dish aimed precisely
at Galaxy I. Instructions for doing that are
usually given in the assembly instructions
packed with the dish.

Next, the feedhorn, LNA and down
converter should be installed, and then
cable should be run to the receiver. Do not
use more than about 250 feet of cable
betwee n the downconverter and the re
ceiver.

R96

lOon
lWATT

POWER

pin 8 of IC4 (+ 12V). The POWER LED
and meter lamp should light up, and so
should either LED! or LED2, depending
on the position of S2. Flip that switch to
verify that the opposi te LED lights up.

S-Turn off the receiver and unplug the
transformer.

9- Insert all the ICs into their socke ts.
Be sure to orient them correctly, and make
sure all IC's are seated properly.

J3 J4
AUDIO VIDEO

OUTPUT OUTPUT

R103
TRANSPONDER

TUN ING

R110
SUBCARRIER

TUNING

J2
BASEBAND

OUTPUT
+ 18V~-~V\r---,

Jl
70-MHz
INPUT

5-Connect all wires from the off
board components to the appropriate pins
on the PC board . Doublecheck all con
nections.

6--Plug the transformer's output into
16 , and then plug it into the wall.

7-Check the output of each regu lator
(lC9-ICll ) for the correc t voltage. Also,
check the voltages at 15 (the + 18V con
nector), at the +5V terminal strip, and at

.-f--.-~~- + 5V

f~~Dl PDLA~DTOR
GROUN~J

TSl
FIG. 7-FRONT- AND REAR-PANEL COMPONENTS are connec ted to the PC board as shown here.
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ELLL -I DID IF 
HUMIDITY MONITOR 

Don't let static zap your costly electronic gear! This electronic 
humidity monitor lets you spot potentially dangerous conditions. 

IF YOU'RE LIKE MANY PEOPLE, YOU TEND 
to downplay -or simply ignore-the im- 
portance of humidity. But you shouldn't' 
The reason is that. after temperature. hu- 
midity is the most important environmen- 
tal condition that affects our comfort 
level. We're comfortable when the hu- 
midity is low in the summer, but that same 
low humidity can make us feel uncomfor- 
tably cool in the winter. 

Perhaps more important to the readers 
of Radio -Electronics is the fact that hu- 
midity-or the lack of it -can drastically 
affect the operation of the electronic de- 
vices we love so well: computers. TV's. 
VCR's. stereos, etc. Proper humidity con- 
trol in the winter months can reduce the 
static buildup that is so often detrimental 
to the operation of electronic equipment. 
For example. a rule of thumb states that 
you should be careful when the humidity 
drops below about 505E as the temperature 
drops below about 70 °. You certainly 
wouldn't want to handle any CMOS IC's 
In'those conditions' 

In order to help you bring your humidi- 
ty problems under control, we will discuss 
what humidity is, some of its effects, and 
several historical means of measuring it. 
Then we'll show you how to build a mod- 
ern, electronic humidity monitor that fea- 
tures 5% accuracy for about $50. 

MARK C. WORLEY 

What is humidity? 
Humidity is usually specified as per- 

cent Relative Humidity, or RH, for short. 
Relative humidity is not a measurement of 
the amount of water vapor in the air. 
Rather, RH is the ratio of the amount of 
water vapor in the air to the maximum 
amount of vapor that air can hold. That 
maximum varies primarily with tem- 
perature. although barometric pressure af- 
fects it to a lesser degree. 

For example, let's assume that a given 
volume of air at a given temperature can 
hold one ounce of water vapor. If that air 
contains half an ounce of water, its rela- 
tive humidity is 50 %. If that same volume 
of air were cooled, it might be able to hold 
a maximum of only Viio an ounce of water. 
So if that air still contained half an ounce 
of water, the relative humidity would now 
be 0.5 = 0.6, or 83.3%. 

On a hot day the relative humidity gov- 
erns our comfort primarily because it af- 
fects the efficiency of our natural cooling 
system -our sweat glands. If the humidi- 
ty is high. sweat can't evaporate as read- 
ily. That's why a hot. dry day is more 
comfortable than a warm, humid day. 
Various "comfort zone" charts have been 
developed that show which combinations 
of temperature and humidity are the most 
comfortable. 

The effects of humidity are evident all 
around us. For example, dew is caused by 
cooling of the air during the night until it 
saturates (reaches 100% RH), and it then 
releases excess moisture onto any cool 
surface. The temperature at which that 
saturation occurs is called the dew point. 

Here's another common effect of hu- 
midity: iced drinks that "sweat" on a hot 
day. That "sweating" is really caused as 

follows. The outer surface of the glass is 
cooled by the icy contents of the glass. 
That surface in turn cools the surrounding 
air. 

When that air reaches the dew point 
temperature. it releases some of its excess 
moisture onto the surface of the glass. So 
in reality that "sweating" is not perspira- 
tion from the glass. but condensation 
from the atmosphere. Hence the reason 
cold drinks don't "sweat" as much in dry 
climates as they do in humid ones is that 
there's very little water in the air to con- 
dense on the glass. 

Measuring humidity 
Temperature is easy to measure using a 

simple thermometer, or any of a number 
of solid -state devices. Humidity, on the 
other hand. is probably the most difficult 
environmental condition to measure. The 
search for an accurate. dependable means 
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HUMIDITY MO TOR

Don 't let static zap your costly electronic gear! This electronic
humidity monitor lets you spot potentially dangerous conditions.

MARK C. WORLEY

IF YOU'RE LIKE MA NY PEOPLE, YOU TEND

to downplay---or simply ignore-the im
portance of hum idity. But you shouldn' t!
The reaso n is that , after temperature , hu
midity is the most important enviro nmen
tal condition th at affects our comfort
level. We're comfortable when the hu
midity is low in the summer, but that same
low humid ity can make us feel uncomfor
tably cool in the winter.

Perhaps more important to the readers
of Radio-Electronics is the fact that hu
midity---or the lack of it--can drastically
affect the operation of the electronic de
vices we love so well: com puters , TV 's ,
VCR 's , stereos, etc. Proper hum idity con
trol in the winter months can reduce the
static buildup that is so often detrime ntal
to the operation of electronic equipme nt.
For example, a rule of thumb states that
you should be careful when the humidity
drops below about 50% as the temperature
drop s below about 70°. You certainly
wouldn 't want to hand le any CMOS IC' s
in'those conditions!

In order to help you bring your humidi
ty problems under control , we will discuss
what humidity is , some of its effect s, and
several historical means of measuring it.
Then we' ll show you how to build a mod
em, electronic hum idity monitor that fea
tures 5% accuracy for about $50 .

What is humidity?
Humidity is usually specified as per

cent Relative Hu midity, or RH , for short .
Relative humidity is not a measurement of
the amount of water vapor in the air.
Rather, RH is the ratio of the amount of
water vapor in the air to the maximum
amount of vapor that air can hold. That
max imum varies primari ly wi th tem 
perature , although barometric pressure af
fects it to a lesser degree .

For example , let' s assume that a given
volume of air at a given temperature can
hold one ounce of water vapor. If that air
contains half an ounce of water, its rela
tive humidity is 50%. If that same volume
of air were cooled, it might be able to hold
a maximum of only 0/\0an ounce of water.
So if that air still containe d half an ounce
of water, the relative humidity would now
be 0 .5 -:- 0 .6 , or 83.3%.

On a hot day the relative humidity gov
erns our comfort primarily becau se it af
fects the efficiency of our natural cooling
system---our sweat glands . If the humidi
ty is high , sweat can 't evaporate as read
ily. That's why a hot , dry day is more
comfortable tha n a warm, humid day.
Various " comfort zone" charts have been
developed that show which combi nations
of temperature and humidity are the most
comfortable.

The effects of humid ity are evident all
around us . For example, dew is caused by
cooling of the air during the night until it
saturates (reaches 100% RH), and it then
releases excess moisture onto any cool
surface . The temperature at which that
saturatio n occurs is called the dew point.

Here 's another common effect of hu
midity : iced drinks that "sweat" on a hot
day. That " sweating" is really caused as
follows. The outer surface of the glass is
cooled by the icy contents of the glass .
That surface in tum cools the surrounding
air.

When that air reache s the dew point
temperature , it releases some of its excess
moisture onto the surface of the glass . So
in reality that "sweating" is not perspira
tion from the glass, but condensation
from the atmos phere . Hence the reason
cold drink s don't "sweat" as much in dry
climates as they do in humid ones is that
there 's very little water in the air to con
dense on the glass.

Measuring humidity
Temperature is easy to measure using a

simple thermometer, or any of a number
of solid-state devices. Humidity, on the
other hand , is probably the most difficult
environmental condition to measure . The
search for an accurate , depen dable means
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of measuring humidity has occupied sci- 
entists for centuries. For example, 
Leonardo Da Vinci noticed in 1550 that a 

ball of wool weighed more on a rainy day 
than on a dry day. Ever since then scien- 
tists have been refining ways of measuring 
RH precisely. For example. methods 
using various organic substances, electro- 
optical sensors, resistive sensors. and 
variable- capacitance sensors have been 
developed. Each method has unique ad- 
vantages and disadvantages. 

Organic sensors like human hair. ani- 
mal hair. and animal membranes have 
been in use the longest. and are still in use 
today. An organic tissue absorbs moisture 
readily. and. as it does, it will stretch more 
easily. That stretching can be measured. 
and that provides an indirect indication of 
RH. As you might suspect, the primary 
disadvantage of organic sensors is their 
tendency to age rapidly, and that requires 
frequent re- calibration. 

Relative humidity can also be calcu- 
lated by measuring the dew point. The 
dew -point method is highly accurate. but 
cumbersome. because of the cleanliness, 
and the complex, precise circuitry that are 
required. A mirrored surface is monitored 
as it cools until moisture begins to form on 
it. The temperature at which moisture is 
detected is the dew point. and that is de- 
pendent upon relative humidity. The dew - 
point method is most suitable for 
laboratory work. 

Resistive sensors have their problems. 
too. The resistance of that sort of sensor 
usually ranges from the hundred of thou- 
sands of ohms to the tens of megohms. 
That high resistance, plus the non- linear 
response curves of those sensors. makes 
them difficult to work with. In addition, 
they can be damaged by direct contact 
with moisture, by common airborne con- 
taminants. or by simple DC voltages. 
Most sensors require an AC excitation 
voltage, because even a small DC voltage 
can cause chemical migration within the 
sensor. and that usually ruins it. 

Another humidity sensor is based on 
variations in capacitance. Sensors of that 
type weren't commonly used in the past 
because of their high cost -typically SIOO 
or more apiece -and because they can be 
difficult to use due to their small variation 
in capacitance. However. the sensor 
shown in Fig. I. developed by the N. V. 

Philips Company, and sold in this country 
by Mepco/Electra (Columbia Road, Mor- 
ristown, NJ 07869), is inexpensive and 
easy to work with. 

The sensor 
Philips' humidity sensor is a capacitor 

formed from a dime -sized piece of plastic 
film that is coated on both sides with a 

very thin layer of gold. Because the di- 
electric constant of that film varies with 
changes in RH. so does the sensor's ca- 
pacitance. On each side of the film the 

FIG. 1- rnmir3 nuwnur r acavn prvviues a 

45-pF change In capacitance over the 4 -100 °. 
humidity range. 
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140 
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FIG. 2 -THE SENSOR'S CAPACITANCE and the 
relative humidity are related exponentially. 

gold functions as one plate ut a capacitor; 
it also provides the electrical contact for 
the sensor- housing's spring- contact leads. 
The sensor measures about 0.6" in diame- 
ter, and 0.9" high. We list some of the 
specifications of Philips' sensor in Table 
I. For more information, sec Mepco's 
Technical Information Brochure 063, 
their Technical Note 134, and the data 
sheet that comes with the sensor. 

The curve in Fig. 2 shows how the sen- 
sor's capacitance varies with humidity. B 

extrapolating a little we see that capaci- 
tance varies from about 115 pF at 0.0% 
RH to about 160 pF at 100% RH. In other 
words, there is a change in capacitance of 
45 pF over the entire RH range. So. in 
order to measure RH, all we need is a 

circuit that translates that 45 pF variation 
in capacitance to a properly scaled varia- 
tion in voltage. 

But before we discuss the details of 
circuit operation. there are a few other 
things you should know that affect the 
accuracy obtainable from our humidity 
monitor. First, the sensor has a drift of 
O. I rk per degree Celsius. which translates 
to an inaccuracy of Irk for a 10 °C change 
in temperature. So, over a range of 40 °C, 
accuracy will drop to about 4 %. Given 
proper calibration, our humidity monitor 
should be accurate, therefore, to better 
than 5% RH over a wide temperature 
range. Just compare that to the typical 
25% accuracy -or worse -of the dial - 

type humidity indicator included with 
many wall- and desk -top thermometer -ba- 
rometer- humidity monitors! You should 
also be aware that the capacitance of the 
sensor is somewhat dependent upon the 
frequency applied to it. but to obtain the 
accuracy we're interested in, we can ig- 
nore that variation. 

Circuit operation 
If we were simply to build an oscillator 

whose frequency varied in response to 
changes in the sensor's capacitance. we 
could measure relative humidity. but we'd 
have an offset problem, because 0.0% RH 
corresponds to 115 pF, not 0.0 pF. In other 
words, we'd have some output even at 
0.0% relative humidity. So we use two 
oscillators in our circuit, and measure the 
difference between their outputs. That al- 
lows us to obtain an output of 1.00 volt for 
100% RH. 

Our circuit is a modified version of one 
supplied by Philips. In their circuit, one 
4001 CMOS quad -:vote package was used 
to build the two oscillators, and the gates 
in a second 4001 were connected in paral- 
lel to provide extra drive for the rectifier/ 
filter circuit. We decided to use 7555's for 
the oscillators because they're only 
slightly more expensive. but much more 

TABLE 1- SENSOR SPECIFICATIONS 

Parameter 
Humidity range 
Temperature range 
Capacitance (25' C. 43 RH, 100 kHz) 
Frequency range 
Temperature dependence 
Response time (max)' 

10-43% RH 
43-90% RH 

Typical hysteresis 
Maximum voltage 

To 90% of final value, (a 25 °C, in circulating air 

Value 
10 -90°° RH 
0-85 C 
122 pF, - 15% 
1 -1000 kHz 
0.1% RHrC 

3 minutes 
5 minutes 
3% 
15 volts 

TABLE 1-SENSOR SPECIFICATIONS

Parameter
Humidity range
Temperature range
Capacitance (25°C, 43% RH, 100 kHz)
Frequency range
Temperature dependence
Response time (max)'

10-43% RH
43-90% RH

Typical hysteresis
Maximum voltage

'To 90% of final value, @ 25°C, in circulating air
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of measuring hum idity has occupied sci
e ntis ts for ce ntu ries. For example ,
Leonardo Da Vinci noticed in 1550 that a
ball of wool weighed more on a rainy day
than on a dry day. Ever since then scien
tists have been refining ways of measuring
RH precisely . For example, meth od s
using various organic substance s, electro
optica l sensors, resistive senso rs, and
variable-capac itance sensors have been
developed . Each method has unique ad
vantages and disadvantages.

Organic sensors like hum an hair, ani
mal hair, and animal membranes have
been in use the longest , and are still in use
today. An organic tissue absorbs moisture
readily, and, as it does, it will stretch more
easily. That stretching can be measured ,
and that provides an indirect indication of
RH. As you might suspect, the primary
disadvantage of organic sensors is their
tendenc y to age rapidly , and that require s
frequent re-calibration .

Relative humidity can also be calcu
lated by measuring the dew point. The
dew-point method is highl y accurate, but
cumbersome , because of the cleanliness,
and the complex, preci se circuitry that are
required . A mirrored surface is monitored
as it cools until moisture begin s to form on
it. The temperature at which moisture is
detected is the dew point , and that is de
pendent upon relative humidity. The dew
point method is mo st su i tab le for
laboratory work .

Resistive sensors have their problem s,
too. The resistance of that sort of sensor
usually ranges from the hundred of thou
sands of ohms to the tens of megohms.
That high resistance, plus the non-linear
response curves of those sensors, makes
them difficult to work with . In addition ,
they can be damaged by direct contact
with moisture , by common airborne con
taminants, or by simple DC voltages.
Most sensors require an AC excitation
voltage, because even a small DC voltage
can cause chemical migrati on within the
sensor, and that usually ruin s it.

Another humidi ty sensor is based on
variations in capacitance . Sensors of that
type weren' t commonly used in the past
because of their high cost-typically $100
or more apiece-and becau se they can be
difficult to use due to their small variation
in capacitance . However, the se nsor
shown in Fig . I, developed by the N. V.
Philips Company, and sold in this country
by Mepco/Electra (Columbia Road , Mor
ristown, NJ 07869), is inexpensive and
easy to work with.

The sensor
Philips' humidity sensor is a capacitor

formed from a dime-sized piece of plastic
film that is coated on both sides with a
very thin layer of gold. Because the di
electric constant of that film varies with
changes in RH, so does the sensor's ca
pacitance. On each side of the film the

FIG. 1-PHILIPS' HUMIDITYSENSORprovides a
45-pF change in capacitance over the 0-100%
humidity range.
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FIG. 2-THE SENSOR'S CAPACITANCE and the
relative humidity are related exponentially.

gold function s as one plate of a capacitor;
it also provides the electrical contact for
the sensor-housing's spring-contact leads.
The sensor measures about 0 .6" in diame
ter, and 0. 9" high . We list some of the
specifications of Philip s' sensor in Table
I. For more information , see Mepco 's
Technical Inform ation Bro chu re 06 3,
their Technical Note 134, and the data
sheet that comes with the sensor.

The curve in Fig . 2 shows how the sen
sor's capacit ance varies with humidity. By

extrapolating a little we see that capaci 
tance varies from about 115 pF at 0 .0%
RH to about 160 pF at 100% RH. In other
words, there is a change in capaci tance of
45 pF over the entire RH range . So, in
order to measure RH, all we need is a
circuit that translates that 45 pF variation
in capacitance to a properly scaled varia
tion in voltage.

But before we discuss the details of
circuit operation, there are a few other
things you should know that affect the
accuracy obtainable from our humidity
monitor. First , the sensor has a drift of
0.1% per degree Celsius, which translates
to an inaccuracy of I% for a 10°C change
in temperature. So, over a range of 40°C,
accurac y will drop to about 4%. Given
proper calibration , our humidity monitor
should be accurate , therefore , to better
than 5% RH over a wide temperature
range . Just compare that to the typical
25% accuracy-or worse-of the dia l
type humidity indicator included with
many wall- and desk-top thermometer-ba
rometer-humidity monitors! You should
also be aware that the capacitance of the
sensor is somewhat dependent upon the
frequency applied to it, but to obtain the
accurac y we' re interested in, we can ig
nore that variation .

Circuit operation
If we were simply to build an oscillator

whose frequency varied in response to
changes in the sensor's capacitance , we
could measure relative humid ity, but we'd
have an offset problem, because 0 .0% RH
corresponds to 115 pF, not 0.0 pF. In other
words, we 'd have some output even at
0.0% relative humidity. So we use two
oscillators in our circu it, and measure the
difference between their outputs . That al
lows us to obtain an output of 1.00 volt for
100% RH.

Our circuit is a modified version of one
supplied by Phil ips. In their circuit , one
4001 CMOS quad-no n package was used
to build the two osci llators , and the gates
in a second 4001 were connected in paral
lel to provide extra drive for the rectifierl
filter circuit. We decided to use 7555's for
the os c illators becau se they ' re only
slightly more expensive, but much more

Value
10-90% RH
Q-85°C
122 pF, ± 15%
1-1000 kHz
0.1% RHfC

3 minutes
5 minutes
3%
15 volts
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FIG. 3 -THE HUMIDITY MONITOR CIRCUIT uses CMOS 555's to keep current drain low. 
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FIG. 4- TIMING RELATIONSHIPS of various 
points in the humidity monitor's circuit are 
shown here. 

predictable (and repeatable) than os- 
cillators made from CMOS gates. Also, 
we found that it was unnecessary to use 
paralleled gates to drive the metering cir- 
cuit. 

As you can see from the schematic in 
Fig. 3, our humidity monitor is composed 

of three CMOS IC's and a low -power volt- 
age regulator. Total current drain is only 
about 5 mA, so battery operation is en- 
tirely feasible. The circuit consists of two 
oscillators, a few NOR gates, and a detec- 
tor /filter circuit that helps linearize the 
output. 

A CMOS 7555 is used for ICI, a 7 -kHz 
astable oscillator. A CMOS 7555 is also 
used for IC2, a one -shot whose pulse 
width is determined by R3 and the capaci- 
tance of the sensor. The master oscillator 
(IC11 drives IC3 -a, which provides the 
trigger pulse that drives 1C2. The rela- 
tionship of those two signals, and the 
others to be discussed below, is shown in 
the timing diagram in Fig. 4. 

The output of IC2 is inverted by IC3 -b 
and combined with the master -oscillator 
signal by IC3 -c, which passes only the 
difference between the two signals to the 
filter /detector circuit that follows. Trim- 
mer potentiometer R2 is provided to null 
the circuit out at the low end of the RH 
scale. On a dual -trace scope the null con- 
dition appears as equal -phase, equal -wid- 
th pulses at pins 5 and 6 of 1C3 -c. With 
inputs of that sort, IC3 -c gives no output. 

The detector circuit is composed of di- 

ode D1, resistors R5 -R9, and capacitor 
C3. The pulses from 1C3 -c are rectified 
and filtered into a DC voltage that is pro- 
portional to relative humidity. Full -scale 
meter adjustment is provided by R6, and 
R8 and R9 function as a voltage divider 
that scales the output to exactly one volt at 
100% RH. 

Since the sensor's capacitance is expo- 
nentially related to RH, something is 
needed to increase the linearity of the cir- 
cuit. That something is provided by R7, 
which supplies extra charging current to 
C3, which would normally be fed only by 
the detector. Also, R8 and R9 discharge 
C3 to further increase linearity. The only 
drawback to our scheme is that, due to the 
voltage- divider effect of R7 -R9, the out- 

PARTS LIST 
All resistors' 4 -watt. 5 °, metal film (not 
carbon composition!) unless other- 
wise noted. 
R1 -6800 ohms 
R2 -5000 ohms. linear potentiometer. PC 

mount 
R3-464,000 ohms. l °. ' t -watt 
R4 -2200 ohms 
R5 -3300 ohms 
R6 -2000 ohms. linear potentiometer. PC 

mount 
R7- 806,000 ohms, 1 %, V4 -watt 
R8 -7500 ohms. 1%, Y. -watt 
R9- 10.000 ohms, 1 %, 1/4-watt 

Capacitors 
C1 -0.01 µF,10%, mylarorpolycarbonate 
C2 -0.001 µF, 10%, mylar or polycarbo- 

nate 
C3-022 F. 10°%. mylar or polycarbo- 

nate 
C4, C5, C7. C8-0.1 µF, ceramic. mono- 

lithic, or disc 
C6-10 F. 16 volts. electrolytic or tan- 

talum, radial leads 
Semiconductors 
IC1, IC2 -7555 CMOS 555 timer 
IC3 -40018. CMOS quad dual -input NOR 

gate 
1C4- 78L05, 5 -volt, 100 -mA voltage reg- 

ulator 
D1- 1N914. 1N4148, or equivalent 
Other components 
M1 -50 A. Radio Shack #270 -1751 
S1 -SPST toggle or momentary switch 
Sensor -Mepco #2322-691-90003 
Sensor socket -Molex part #10 -18 -2031 
Portable case -Radio Shack #270 -1751 
Outdoor case -Keystone part #677 (set 

of #666 & #685) 
Note: The following are available from 
Mark Worley, 909 -B Country Aire. 
Round Rock. TX 78664: Screened. 
drilled. and plated PC board, $7.00; 
Sensor $15.00 for 1 or $25.00 for 2: Cal- 
ibration capacitors (115 pF and 160 pF, 
1°° mica), S2.00 per set: Kit of IC's. sen- 
sor, sensor socket. PC board. re- 
sistors, and capacitors. S40.00 (cal- 
ibration capacitors, meter. enclosure. 
& hardware not included). Add 10 °° for 
shipping, 53.00 maximum. Most orders 
shipped within 1 week, but allow up to 
30 days for delivery. Send cash or 
check only. 
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PARTS LIST
All resistors 14-watt , 5%, metal film (not
carbon composition!) unless other
wise noted.
Rl-6800 ohms
R2-5000 ohms, linear potentiometer, PC

mount
R3--464,000 ohms, 1%, Y4-watl
R4-2200 ohms
R5-3300 ohms
R6--2000 ohms, linea rpotentiometer, PC

mount
R7-806,000 ohms, 1%, ¥4-watl
R8-7500 ohms, 1%, Y4-watl
R9-10,000 ohms, 1%, Y4-watt
Capacitors
Cl--Q .OlfL F, 10%, mylar orpolycarbonate
C2--Q.00l fLF, 10%, mylar or polycarbo-

nate
C3--Q.22 fL F, 10%, mylar or polycarbo

nate
C4, C5, C7, C8-0.1 fL F, ceramic, mono

lithic, or disc
C6--10 fLF, 16 volts, electrolytic or tan-

talum, radial leads
Semiconductors
IC1, IC2-7555 CMOS555 timer
IC3--4001B, CMOSquad dual-inputNOR

gate
IC4-78L05, 5-volt, 100-mAvoltage reg-

ulator
Dl-1N914, l N4148, or equivalent
Other components .
Ml-50 fLA, Radio Shack # 270-1751
Sl-SPST toggle or momentary switch
Sensor-Mepco # 2322-691-90003
Sensor socket-Molex part #10-1 8-2031
Portable case-Radio Shack #270 -1751
Outdoor case-Keystone part #677 (set

of #666 & # 685)
Note: The following are available from
Mark Worley, 909-8 Country Aire ,
Round Rock , TX 78664: Screened,
drilled, and plated PC board , $7.00;
Sensor $15.00fo r 1 or $25.00 for 2; Cal
ibration capacitors (115 pF and 160 pF,
1% mica), $2.00 per set ; Kit of IC's, sen
sor, sensor socket, PC board , re
sistors, and capacitors, $40.00 (cal
ibration capacitors, meter, enclosure,
& hardware not included). Add 10% for
shipping, $3.00 maximum. Most orders
shipped within 1 week, but allow up to
30 days for delivery. Send cash or
check only .

ode DI, resistors R5- R9, and capacitor
C3 . The pulses from IC3-c are rectified
and filtered into a DC voltage that is pro
portional to relative humidity. Full-scale
meter adjustment is provided by R6, and
R8 and R9 functio n as a voltage divider
that sca les the output to exact ly one volt at
100% RH.

Since the sensor 's capacitance is expo
nent ially related to RH , something is
needed to increase the linearity of the cir
cuit. That something is provided by R7 ,
which supplies extra charging current to
C3, which would norm ally be fed only by
the detector. Also, R8 and R9 discharge
C3 to further increase linearity. The only
drawback to our scheme is that , due to the
voltage-d ivider effec t of R7-R9, the out-

of three CMOS IC's and a low-power-volt
age regulator. Total current drain is only
about 5 mA, so battery operation is en
tirely feasible. The circuit consi sts of two
oscillators, a few NOR gates , and a detec
tor/filter circuit that helps linearize the
output.

A CMOS 7555 is used for ICI , a 7-kH z
astable oscillator. A CMOS 7555 is also
used for IC2 , a one-sho t whose pulse
width is determined by R3 and the capaci
tance of the sensor. The master osc illator
(ICI) drives IC3- a, which provides the
trigger pulse that drives IC2. The rela
tionship of those two signa ls , and the
others t o be discussed below, is shown in
the tim ing diagram in Fig. 4.

The output of IC2 is inverted by IC3-b
and combined with the master-oscillator
signal by IC3-c , which passes only the
difference between the two signals to the
filter/de tector circuit that follows. Trim
mer potentiometer R2 is provided to null
the circuit out at the low end of the RH
scale. On a dual-trace scope the null con
dition appears as equal-phase, equal-wid
th pulses at pins 5 and 6 of IC3-c . With
input s of that sort , IC3-c gives no output.

The detector circuit is composed of di-

5
IC3-c
1/4

40018

5V

R7 R8
R5 R6 806K 7.5K

3.3K 2K 1% 1%
OUTPUT

R9 0 - IV

10K 0-100%RH
C3
.22 1%

.,..
+ 5V

SOURCE
+

C4 C5
.1 .1
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5V

UNUSED
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~12
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= 7.7kHz3
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7555

8 4

5V

R4 R3

2.2K 464K
1%

IC3-a
8 4

1/4
9 40018

6

I CI
'::' .01

predi ctabl e (and rep eatable ) than os 
cillators made from CMOS gates. Also,
we found that it was unnecessary to use
paralleled gates to drive the metering cir
cuit.

As you can see from the schematic in
Fig . 3, our humidity monitor is composed

5V

: --t 65 1- I I I

I 65 I us 1 I I I
~ 1-4- 1 1 I I

nu--w-L
fl S

I I I

IC1 , PIN3 : I
I I

~
: l l l l l

. I
IC3-a. PIN10 : I : I

1 1 I 1
I I I I 1 I 1
I , 1 tit

IC3-b, PI Nll'~1Tl 'r---
J : U ! U

I 1 I I I I 1

iJlLf1L
' 'I I 1

IC3-c PIN4 I 1 1, I I
I 1

: 40fl~-t ,- I : :

1--- ~~-4---~~~ ;- 25flS

I 1 1 I
1 I 1

FIG. 4-TIMING RELATIONSHIPS of various
points in the humidity monitor's circuit are
shown here.

FIG. 3-THE HUMIDITY MONITORCIRCUIT uses CMOS 555's to keep current drain low.
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THE MARK III 

HV CIRCUIT SCANNER 
* Checks the horiz output Circuit for open I shorts. 
* Checks the flyback, yoke, PC. and HV mull, 
* Checks all scan derived B+ sources, 
* Checks all circuits that rely on scan derived B+ voltage, 
* Checks for open safety capacitor, 
* Checks the emitter circuit of the horiz output, 

THEN, 

* Provided the green normal light is lit. the Mark Ill will safely power 
up the TV set so that you can "look" for open Circuits by examining 
the picture on the CRT 

* Circumvents all start up and horiz drive related shut down circuits 

APPLICATIONS: The Mark Ill will analyze the horiz, flyback, hr- 
voltage, scan derived B + sources, yoke, pin cushion, HV multiplier cir- 
cuits in any TV set that employs either an NPN transistor or a single 
SCR for its horiz output device. This applies to any age, any model, any 
chassis, any brand - - - including Sony. 

In brief, the "test" function scans for shorts, the "run" function 
permits you to observe any "open" circuits via the symptoms that ap- 

pear in the CRT screen. 

HOOK UP: Simply remove the set's horiz output device and replace 
it with the scanner's interface plug No wires to disconnect. no other 
connections required (not even a ground connection) 

MISTAKE PROOF: No damage will result if an error is made during 
hook up The scanner simply won't turn on until the error is corrected 

PUSH THE TEST BUTTON Just one of the four lights will lite. 

RED OPEN LIGHT means the emitter circuit of the horiz output stage 
is open (no ground path) 

YELLOW SHORT LIGHT means the flyback primary. HV multiplier, 
vertical output. noriz driver, and R -B-G color output stages are not 
shorted Instead, a circuit that normally draws a small amount of cur- 
rent is shorted(' e. the tuner, IF, AGC, video chroma, matrix, vertical or 
horiz oscillator). 

RED SHORT LIGHT means either the flyback, the HV multiplier, the 
vertical output, horiz driver or one of the RBG output transistors is 

shorted 

GREEN NORMAL LIGHT means the TV set's entire flyback circuit is 

totally free of shorts It also means that it is safe to power up the TV set 
with the "run" button so that you can look for open circuits by observ- 
ing the symptoms on the CRT screen 

FEATURES: All start up circuits and all horiz drive related shut down 
circuits are automatically circumvented by the Mark Ill during all test 
and run functions During the test function all flyback secondary output 
is limited to approx 80% of normal 2nd anode voltage is limited to ap- 
prox 5 KV 

This means all circuits that are not shorted will have some 80% of their 
normal B+ voltage during the "test" phase It also means that any 
shorted circuit will have zero DC volts on it This feature makes any 
short easy to isolate 

The MARK III sells for only $59500 

The money you are now spending for unnecessary 
flybacks alone will easily pay for your Mark Ill. Why 
not order yours today! 

Visa and Mastercharge Welcome ! 

Diehl Engineering 6661 Canyon Drive "F" Amarillo. TX 79110 

Phone (806) 359-0329 or (806) 359-1824 
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THE MARK III

HV CIRCUIT SCANNER
* Checks the horiz output circ uit for open I shorts,
* Checks the flyback, yoke, PC, and HV rnult,
* Checks all scan derived B + sources ,
* Checks all circuit s that rely on scan derived B + voltage,
* Checks for open safety capacitor ,
* Checks the emitte r circui t of the horiz output,

THEN,

* Provided the green normal light is lit , the Mark iii wiil safely power
up the TV set so that you can " look" for open ci rcuits by examining
the picture on the CRT.

* Circumvents ali start up and horiz drive related shut down circuits.

APPLICATIONS: The Mark III wili analyze the horiz, flyback, hi
voltage, scan derived B + sources, yoke, pin cushion, HV multiplier cir
cuits in any TV set that employs either an NPN transistor or a single
SCR for its horiz output device . This applies to any age, any model, any
chassis, any brand - - - including Sony.

In brief, the "test" function scans for shorts, the " run" function
permits you to observe any " open" circui ts via the symptoms that ap
pear in the CRT screen .

HOO K . UP: Simply remove the set's horiz output device and replace
it with the scanner's interface plug. No wires to disconnect, no other
connect ions required (not even a ground connection).

MISTAKE PROOF: No damage will result if an error is made during
hook up. The scanner simply won't turn on until the error is corrected.

PUSH THE TEST BUnON Just one of the four lights wili lite.

RED OPEN LIGHT means the emitter circ uit of the horiz output stage
is open (no ground path).

YELLOW SHORT LIGHT means the flyback primary, HV multiplier ,
vertical output , horiz driver, and R-B-G color output stages are not
shorted. Instead, a ci rcuit that normaliy draws a small amount of cur
rent is shorted (i.e. the tuner, IF, AGC, video chroma, matrix, vertical or
horiz osciliator).

RED SHORT LIGHT means either the flyback, the HV multiplier, the
vertical output, horiz driver or one of the R·B·G output transistors is
shorted.

GREEN NORMAL LIGHT means the TV set's entire flyback circuit is
totally free of shorts. It also means that it is safe to power up the TVset
with the " run" button so that you can look for open circuits by observ
ing the symptoms on the CRT screen.

FEATURES: Ali start up circu its and ali horiz drive related shut down
circuits are automatica liy circumvented by the Mark III during ali test
and run functions. During the test function ali flyback seconda ry output
is limited to approx 80% of normal. 2nd anode voltage is limited to ap
prox 5 KV.

This means ali circu its that are not shorted wili have some 80% of their
normal B+ voltage during the " test" phase. It also means that any
shorted circu it will have zero DC volts on it. This feature makes any
short easy to isoiate.

The MARK III sells for only $59500

The money you are now spending for unnecessary
flybacks alone will easily pay for your Mark III. Why
not order yours today!

Visa and Mastercharge Welcome

Diehl Engineering • 6661 Canyon Drive " F" • Amarillo, TX 79110

Phone: (806) 359-0329 or (806) 359-1824
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* Checks the honz output stage for opens / shorts, 
* Checks flyback. yoke. PC, and HV mull. 
* Checks all scan derived B + sources. 
* Checks for open safety capacitors 
* Checks for open ground path for fora output stage 
* Checks for open primary LV supply. 
* Checks for error in interface connections. 
* Checks for proper LV regulation, 
* Checks for proper start up circuit operation, 
* Checks for shorted horiz driver transistor, 
* Checks the operation of the how osc / driver circuits. 
* Checks B + "run" supply for the honz osc / driver circuits. 
* Checks all circuits in the TV set that rely on scan derived B 

Automatically circumvents all start up circuits and honz drive 
related Shut down circuits 

HOOK UP: (Identical to Mark Ill) 

OPERATION: Turn the Mark V on, turn the TV set on. then, simply look 
at the lights 

RED "HOOK UP" LIGHT means that you have made an error in hook 
up No damage has been done, correct the problem then continue 
RED "EMITTER" LIGHT means that the ground path for horiz output 
stage is open Correct the problem then continue 
RED "B + OPEN" LIGHT means that the primary LV supply in the TV 
set is open Correct the problem then continue 
No "top row lights" equals normal 

Look at the middle row of lights 
RED "START UP" LIGHT means that the start up circuit in the TV se! 
is not working (no start up pulse). 

GREEN "START UP" LIGHT means the start up circuit in the TV set is 

working normally Yes, it is 100% accurate Even on Zenith's single 
pulse start up circuit i 

RED "HORIZ DRIVE" LIGHT with a green start up light means that 
the ho, 17 driver transistor n the TV is shorted (E to C) 

GREEN HORIZ DRIVE LIGHT means that the fort: oscillator and 
driver circuits are operational 

READ THE DC VOLTAGE METER THEN, 

PUSH THE TEST BUTTON 
If the meter comes up to. or, falls back to, factory specified DC collec- 
tor voltage, the LV regulator circuit is working If it fails to do so. it is not 
working' 

RED "B + RUN" UGHT means that the B + source that normally 
keeps the honz osc / driver circuits running after the start up B + pulse 
has been consumed has become open 

GREEN "B + RUN" LIGHT means that the B + resupply voltage 
(scan derived) is being provided All is normal if all three lights are now 
green 

The scan circuit short detector in the Mark V is identical in all ways to 
that which is used in the Mark ill Operation is also identical Both units 
are virtually indestructable when simple directions are followed Both 
units carry a full year's warranty against defects in materials and 
workmanship (parts and labor) Either unit can be easily repaired by 
almost any technician in his own shop 

If the green "circuits clear" light is now lit 

Its now sate to push the "run' ' button and examine the symptoms that 
appear on the CRT screen, for the purpose of isolating any -open" cir- 
cuits 

Except for hook up and CRT filament warm up time !h,s test can easily 
be completed in two to live seconds' 

The Mark V sells for only $99500 

Stop losing money on start up/ shut down scan 
derived B + problems; order your Mark V today! 

Visa and Mastercharge Welcome ! 

Dien, Engineenng b661 Canyon Drive F Amarillo. TX 79110 

Phone (806) 359 -0329. or (806) 359-1824 
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* Checks the horiz output stage for opens I shorts,
* Checks flyback, yoke, PC, and HV mult,
* Checks all scan derived B + sources,
* Checks for open safety capacitors
* Checks for open ground path for horiz output stage
* Checks for open primary LV supply,
* Checks for error in interface connections,
* Checks for proper LV regulation,
* Checks for proper start up circ uit operation,
* Checks for shorted horiz driver transistor,
* Checks the operation of the horiz osc I driver ci rcuits,
* Checks B + " run" supply for the horiz osc I driver circuits,
* Checks all circuits in the TV set that rely on scan derived B +,
* Automat ically circumvents all start up circuits and horiz drive

related shut down ci rcuits.

HOOK UP: (Identical to Mark III)

OPERATION : Turn the Mark Von, turn the TV set on, then, simply look
at the lights.

RED "HOOK UP" LIGHT means that you have made an error in hook
up. No damage has been done, cor rect the problem then continue.

RED "EMITTER" LIGHT means that the ground path for horiz output
stage is open. Correct the problem then continue.

RED "B + OPEN" LIGHT means that the primary LV supply in the TV
set is open. Correct the problem then continue.

No " top row lights" equals normal.

Look at the middle row of lights

RED "START UP" LIGHT means that the start up circu it in the TV set
is not working (no start up pulse).
GREEN "START UP" LIGHT means the start up circ uit in the TVset is
working normally. Yes, it is 100% accurate. Even on Zenith's single
pulse start up circuit!

RED "HORIZ DRIVE" LIGHT with a green start up light means that
the hertz driver transistor in the TV is shorted (E to C).

GREEN HORIZ DRIVE LIGHT means that the horiz oscillator and
driver circuits are operational.

READ THE DC VOLTAGE METER THEN,

PUSH THE TEST BUTTON
If the meter comes up to, or, falls back to, factory specif ied DC collec
tor voltage, the LV regulator circuit is working. If it fails to do so, it is not
working!

RED "B + RUN" LIGHT means that the B+ source that normally
keeps the horiz osc I driver circuits running after the start up B+ pulse
has been consumed has become open.

GREEN "B + RUN" LIGHT means that the B + resupply voltage
(scan derived) is being provided. All is normal if al l three lights are now
green.

The scan circuit short detector in the Mark V is identical in all ways to
that which is used in the Mark III. Operation is also identical. Both units
are virtually indestructable when simple directions are followed. Both
units carry a full year's warranty against defects in materials and
workmanship (parts and labor). Either unit can be easily repaired by
almost any technician in his own shop.

If the green "circuits clear" light is now lit

It is now safe to push the "run" button and examine the symptoms that
appear on the CRT screen, for the purpose of isolating any "open" ci r-
cuits. .

Except for hook up and CRTfilament warm up time, this test can easily
be completed in two to five seconds !

The Mark V sells for only $99500

Stop losing money on start up / shut down scan
derived B + problems; order your Mark V today!

Visa and Mastercharge Welcome!

Diehl Engineering • 6661 Canyon Drive " F" • Amarillo, TX 79110
Phone (806) 359-0329, or (806) 359-1824
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FIG. 5-AN OP -AMP VOLTAGE FOLLOWER may 
be used to buffer the output of the humidity 
monitor. 
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FiG. 6- METERING CIRCUITS for the humidity 
monitor. Use the circuit shown at a with a 100 -,.A 
meter. and the one at b with a 50-,.A meter. 

put cannot fall below 60 mV. which corre- 
sponds to 6% RH. So. our monitor can 
read no lower than 6 %k RI-I. 

For best accuracy, the output should be 

monitored with a meter having an input 
impedance of at least one megohm. Alter- 
natively. the output could he buffered to 
drive an analog meter or other low- imped- 
ance load. The simple op -amp voltage - 
follower circuit shown in Fig. 5 could be 

powered by the same (battery) supply that 
powers the remainder of the circuit. Or 
you could, if desired, substitute a pre- 
assembled digital LED- or LCD -meter 
module. 

Another alternative would be to use a 

100 -µA moving -coil meter as an indica- 
tor. Since a 100 -p.A meter with a full - 
scale reading of one volt has a resistance 
of 10K. it could replace R9 in the circuit. 
as shown in Fig. 6 -a. But since a 100 -µA 
meter is slightly difficult to obtain. we 
used a 50 -µA meter with the voltage di- 
vider shown in Fig. 6 -b for our prototype. 

Current drain 
The 7805 low -power voltage regulator 

adds about 4 mA of current drain to the 
circuit. which would otherwise consume 
only about 1.5 mA. That 4 mA is the 
regulator's required operating current. so 
it can't be eliminated (unless you can ob- 
tain one of National's new micro-power 
voltage regulators). A Zener diode would 
not alleviate the current -drain problem. 
since it would require even more operat- 
ing current. A Zener diode would also 
have poorer regulation, which could af- 
fect accuracy. With no voltage regulator at 
all. the pulse height from IC3 -c would 
vary with battery voltage, so accuracy 
would be affected. 

For portable or occasional use. a 9 -volt 
battery is the ideal power source, since 
current drain is low. Alternatively. power 
could be supplied by an inexpensive wall - 
mount transformer with an output of 7.5- 
to 12 -volts DC. For permanent outdoor 
installation. mount the power supply in- 
side the house. not out in the weather. 

Construction 
Our humidity monitor can be used in a 

portable mode both indoors and outdoors. 
However, for permanent outdoor installa- 
tion more rugged construction techniques 
will have to be used. We'll present plans 
for both portable and permanent units. 
although well stress construction of the 
portable unit. 

The circuit should be built on a PC 
board to minimize stray capacitance that 
could affect ICI's output frequency and 
IC2's pulse width. You can purchase a PC 
board from the source listed in the Parts 
List. or you can etch and drill your own 
using the foil patterns shown in the "PC 
Service" section of this magazine. It's not 
recommended. but if you assemble the 
circuit on perf board, use the kind that has 
a solder pad around every hole (such as 

OK Industry's #A -PC -02 prototyping 
board). You may have trouble experiment- 
ing with our circuit on a solderless bread- 
board because that type of breadboard has 
a large amount of distributed capacitance 
and a ground plane that can also affect 
circuit operation. 

Use only high- quality. low -tem- 
perature- coefficient components to limit 
the effects of temperature on the circuit's 
accuracy. Capacitors CI and C2 should be 
polystyrene or polycarbonate types. It 
might be worthwhile experimenting with 
a positive -temperature- coefficient capaci- 
tor for CI to offset some of the sensor's 

SENSOR 

FIG. 8 -YOUR COMPLETED PC BOARD for the 
humidity monitor should appear as shown here. 
Interconnecting wires attach to the bottom of 
the board . 

temperature drift, especially if the 
monitor will be used outdoors. The re- 
sistors should be metal- or carbon -film 
types; carbon composition resistors 
should not be used in our circuit because 
their values vary widely with temperature 
and humidity. 

When you have a suitable board. use 

the pans- placement diagram in Fig. 7 and 
the photo in Fig. 8 to mount and solder all 
components. Don't use IC sockets since 
they can contribute to stray capacitance. 
Solder the 3 -pin Molex socket to the 
board vertically (as shown in the photo) if 
you want to mount your sensor as it is in 
our prototype. Also. for proper vertical 
clearance you may find it necessary to use 
a small tantalum capacitor for C6. or to 
mount that capacitor to the foil side of the 
PC board. 

After mounting all components, check 
your work carefully, looking for solder 
bridges between adjacent pads. pins and 
traces. If the board is OK, remove all flux 
from it. Be careful to keep any solvent - 
particularly acetone -away from the sen- 
sor. Use isopropyl alcohol to remove fin- 
ger oils. and avoid touching cleaned 
surfaces. 

Use a pair of clipped -off resistor leads 
to extend the lengths of the sensor's leads. 
Carefully solder the wires to the sensor, 
and make sure you don't damage the sen- 
sor from too much heat: Then clip the 
leads to an overall length of inch. They 
will project through the case and into the 
Molex socket after final assembly. 

Now let's turn to mechanical con- 
struction. First we'll discuss the portable 
unit. Drill a mounting hole in each corner 

GND 

.V 

GND 

FIG. 7- PARTS -PLACEMENT DIAGRAM reveals the compact size of the humidity monitor 

M1 Ml~

temperature drift , es pec ia lly if the
monitor will be used outdoors . The re
sistors should be metal- or carbo n-film
types ; carbo n com posi tion resis tors
should not be used in our circuit because
their values vary widely with temperature
and humidity.

When you have a suitable board , use
the parts -placeme nt diagram in Fig. 7 and
the photo in Fig. 8 to mount and solder all
components. Don 't use IC socke ts since
they can contribute to stray capacitance .
Solder the 3-pin Mole x socket to the
board vertically (as shown in the photo) if
you want to mount your sensor as it is in
our prototype. Also, for proper vertical
clearance you may find it necessary to use
a small tantalum capacitor for C6, or to
mount that capacitor to the foil side of the
PC board.

After mounting all components, check
your work carefully, looking for solder
bridges between adjacent pads, pins and
traces. If the board is OK, remove all flux
from it. Be careful to keep any solvent
particularly acetone-away from the sen
sor. Use isopropyl alcohol to remove fin
ger oi ls, and avoi d tou ching cleaned
surfaces .

Use a pair of clipped-off resistor leads
to extend the lengths of the sensor's leads.
Carefully solder the wires to the sensor,
and make sure you don 't damage the sen
sor from too much heat! Then cl ip the
leads to an overall length of Y4inch . They
will project through the case and into the
Molex socket after final assembly.

Now let's turn to mechan ical co n
struction. First we' ll discuss the portable
unit. Drill a mounting hole in each comer

FIG. 8-YOUR COMPLETED PC BOARD for the
humidity monitor shou ld appear as shown here.
Interconnecting wires attach to the bottom of
the board .
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FIG. 7-PARTS-PLACEMENT DIAGRAM reveals the compact size of the humidity monitor.

Construction
Our humidity monitor can be used in a

portab le mode both indoors and outdoors .
However, for permanent outdoor installa
tion more rugged construc tion techn iques
will have to be used. We' ll present plans
for both portable and permanent units ,
although we ' ll stress construction of the
portable unit.

The circuit should be built on a PC
board to minimize stray capac itance that
could affect ICl 's output frequency and
IC2's pulse width. You can purchase a PC
board from the source listed in the Parts
List , or you can etch and drill your own
using the foil patterns shown in the " PC
Service" sect ion of this magazine . It' s not
recommended , but if you assemble the
circuit on perf board , use the kind that has
a solder pad around every hole (such as
OK Indust ry 's # A-PC-02 pro to typing
board). You may have trouble experiment
ing with our circu it on a solderless bread
board because that type of breadboard has
a large amo unt of distributed capacitance
and a ground plane that can also affect
circuit operation.

Use o n ly h ig h-qu a lit y, low- te m
perature-coefficient components to limit
the effec ts of temperature on the circuit's
accuracy. Capacitors C l and C2 should be
polystyrene or polycarbonate types. It
might be worthwhile experi menting with
a positive-temperature-coefficient capaci
tor for Cl to offset some of the senso r's

adds about 4 mA of curre nt drain to the
circuit, which would otherwise cons ume
only about 1.5 mAo That 4 mA is the
regulator's required operating current, so
it can' t be eliminated (unless you can ob
tain one of National's new micro- power
voltage regulato rs). A Zener diode would
not alleviate the current-dra in problem ,
since it would require even more operat 
ing current. A Zener diode would also
have poorer regulation , which could af-

. feet accuracy. With no voltage regu lator at
all, the pulse height from IC3-c would
vary with battery voltage, so accuracy
would be affected .

For portable or occasional use, a 9-volt
battery is the idea l power source , since
current drain is low. Alterna tively, power
could be supplied by an inexpensive wall
mount transformer with an output of 7.5
to l2-volts DC. For perm anent outdoor
installation , mount the power supply in
side the house , not out in the weather.
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FIG. 5-AN OP-AMP VOLTAGE FOLLOWER may
be used to buffer the output of the humidity
monitor.

b

FIG. 6-METERING CIRCUITS for the humidity
monitor. Use the circuit shown at a with a 100-IJ.A
meter, and the one at b with a 50-IJ.A meter.

put cannot fall below 60 mV, which corre
sponds to 6% RH . So, our monitor can
read no lower than 6% RH.

For bes t accuracy, the output shou ld be
monitored with a meter having an input
impedance of at least one mego hm . Alter
natively, the output could be buffered to
drive an ana log meter or other low-imped
ance load . The simple op-amp voltage
follower circuit shown in Fig. 5 could be
powered by the same (battery) supply that
powers the remainder of the circ uit. Or
you could, if desired , substitute a pre
asse mbled digital LED- or LCD-meter
modu le .

Ano ther alternative would be to use a
100'-fLA moving-coil meter as an indica
tor. Since a 100-fLA meter with a full
scale reading of one volt has a resistance
of 10K, it could replace R9 in the circuit,
as shown in Fig. 6-a. But since a 100-fLA
meter is slightly difficu lt to obtai n, we
used a 50-fLA meter with the voltage di
vider shown in Fig. 6-b for our prototype .

Current drain
The 78L0 5 low-power voltage regulator
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of the board, and use those holes to mark 
the locations of the screw holes in the 
case. Also, drill four holes for the sensor: 
two for the leads, and two for the mount- 
ing tabs. Use an eighth -inch bit (or larger) 
for the sensor leads to minimize capaci- 
tive coupling to the case. as well as to 
eliminate the possibility of a short. Allow 
for a little offset in the position of the 
sensor due to the construction of the Mo- 
lex socket. 

The meter used in our prototype has a 

resistance of about 2K, so we added an 
I8K resistor in series with the meter to 
give it a total resistance of 2OK. Then R9 
was changed to a 2OK resistor, so that the 
combination of R9. the meter. and RIO 
would be 10K. That combination gives the 
meter a full -scale range of one volt. 

If you use a 100 p A meter. pad its 
resistance to 1OK, if necessary. Then re- 
move R9, and use the meter in place of 
that resistor. If you decide to use a digital 
meter, you can leave R9 at 1OK, since 
most digital meters have at least IO 
megohms input impedance. and the paral- 
lel combination of R9 and the DVM will 
not affect accuracy. 

Mounting the sensor at the "rear" of 
the case might reduce the sensor's ability 
to respond to current humidity conditions, 
especially if the monitor is pushed back 
on a shelf. However. mounting the sensor 
in that way reduces the possibility that it 
will be damaged. But feel free to experi- 
ment with your own case and mounting 
methods. We bent a 1/2-inch piece of thin 
steel strapping into a "U" shape with 
legs. Holes were drilled through the legs 
and through the case on either side of the 
sensor. Then the "U" was bolted to those 
holes to prevent mechanical damage to the 
sensor. 

Finish assembling the case by installing 
the power switch, battery holder, and four 
1/ -inch standoffs for the PC board. If nec- 
essary, carefully remove the face plate of 
the meter and use rub-on letters to re-label 
the meter's scale. Assuming you're using 
a 5O -µA meter, wire the case -mounted 
components as shown in Fig. 9. If you're 
using a different metering circuit, sub- 
stitute the appropriate resistive network. 
Loose wires and components can move 
around and cause the outputs of ICI and 
IC2 to vary, so mount all components se- 
curely, and keep all leads short. 

HUMIDITY 
BOARD 

GND 

DUTO 
V,,, 

GND 

R10 4 M1 
18K 50µA 

ON 
OFF 9V ---Ill 

FIG. 9 IF YOU USE A 50 -..A METER with the 
humidity monitor. It should be wired as shown 
here. 

To complete assembly of the portable 
unit. mount the board to the case. Then 
insert the sensor's leads through the case 
and mount the sensor to the case with two 
sheet metal screws. Be careful not to 
crack the sensor by over -tightening those 
screws. 

Building the outdoor monitor 
For permanent outdoor use. the sensor 

must be covered to protect it from direct 
rain and sunlight. A small louvered or 
screened box about ten inches on a side 
should work. Just make sure that air can 
circulate freely through the enclosure to 
reach the sensor. Also, avoid placing the 
assembly in vegetation. near a sprinkler, 
or in any other location that might tend to 
exaggerate the actual humidity. A hun- 
dred feet of 22 -gauge wire between a re- 
motely- mounted sensor and an indoor 
power supply and display meter should 
not affect accuracy. 

Tìß install the monitor outdoors perma- 
nently. the circuit will have to be mounted 
in a watertight enclosure. We'll discuss 
how to do that using the Keystone en- 
closure specified in the Parts List. 

First, trim the PC board to fit the case. 
Then cut four two -inch lengths of 18- 
gauge wire and insert them into the holes 
at the end of the board. Bend the leads so 
that at least / -inch of the wire lies flat 
against the copper foil, and then solder the 
leads. The %+ -inch of contact helps 
strengthen the support for the board. Slide 
the free ends of the wires into the octal 
base of the case. Carefully bend the leads 
so that the end of the PC board rests 
against the base. Then clip the leads flush 
with the end of the plug's pins, and solder 
the wires inside the hollow pins. The octal 

U2- 

0.1' 

02" 

A 40 

HOLE FOR 

MOUNTING 
HARDWARE 

HOLES FOR 

SENSOR 
TERMINALS 

ß-0r 

TOP VIEW 

FIG. 10-OUTDOOR INSTALLATION of the hu- 
midity monitor requires a watertight case: drill 
holes for the sensor as shown here. 

plug won't fit into its socket if solder leaks 
through to the outside of the pins. so be 
careful. 

Refer to Fig. IO to drill the mounting 
holes for the sensor in the top of the case. 
and to Fig. I I to drill the holes in the side 
of the case that allow access to trimmer 

SENSOR 
.e- -INOTE ORIENTATION 

TO CENTER LINE/ 

SIDE VIEW 

FIG. 11 -TWO HOLES MUST BE DRILLED in the 
side of the waterproof case to allow final calibra- 
tion. 

potentiometers R2 and R6. Those holes 
must be located precisely as shown to 
allow proper assembly and adjustment. If 
you use a small metal punch for the access 
holes in the side. you may be able to re- 
insert the punched -out pieces in the holes 
after calibration: otherwise fill the holes 
with epoxy, or cover them with electrical 
tape. 

Bend the leads of the Molex connector 
90 degrees before mounting it flush 
against the PC board. Then solder a scrap 
of wire across the socket to hold it in place 
firmly: two holes have been provided in 
the PC board for that support wire. The 
sensor's leads will have to be extended to a 

length of % inch. 
To complete assembly, attach the sen- 

sor to the case with two sheet metal 
screws. A thin rubber gasket placed be- 
tween the sensor and the case will provide 
additional weatherproofing. Carefully in- 
sert the board and the base assembly into 
the case so that the Molex connector 
mates with the sensor's extensions. Use 
four screws to hold the case and the octal 
base together. The two holes in the side of 
the case should line up with R2 and R6 so 
that those potentiometers can be adjusted 
easily with a small screwdriver. 

Final check -out 
The check -out is the same for both the 

portable and the permanent versions of 
our humidity monitor. Before powering 
up, carefully check the board once more 
to make sure that all components have 
been installed correctly, and that there are 
no solder bridges between traces. etc. 
Then plug the sensor into its socket and 
apply power. You should be able to mea- 
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Final check-out
The check-out is the same for both the

portable and the permanent versions of
our humidity monitor. Before powering
up, carefully check the board once more
to make sure that all components have
been installed correct ly, and that there are
no solder bridges between trace s , etc .
Then plug the sensor into its socket and
apply power. You should be able to mea-

NULL -S+-----"

- .10"

1.75"

potentiometers R2 and R6. Those holes
must be located precisely as shown to
allow proper assembly and adjustment. If
you use a small metal punch for the access
holes in the side , you may be able to re
insert the punched-out pieces in the holes
after calibration; otherwise fill the holes
with epox y, or cover them with electrical
tape .

Bend the leads of the Molex connector
90 degrees before mo unting it flush
against the PC board . Then solder a scrap
of wire across the socket to hold it in place
firmly; two holes have been provided in
the PC board for that support wire . The
sensor's leads will have to be extended to a
length of 5/8 inch.

To complete assembly, attach the sen
sor to the case with two sheet metal
screws. A thin rubber gasket placed be
tween the sensor and the case will provide
additional weatherproofing . Carefully in
sert the board and the base assembly into
the case so that the Molex connector
mates with the sensor's extensions . Use
four screws to hold the case and the octa l
base together. The two holes in the side of
the case should line up with R2 and R6 so
that those potentiometers can be adjusted
easily with a small screwdriver.

SIDE VIEW

FIG. 11-TWO HOLES MUST BE DRILLED in the
side of the waterproof case to allow final cal ibra
tion .

HOLES FOR
SENSOR

TERMINALS
-0.1"

HOLE FOR

/

MOUNTING
HARDWARE

I
-r----=--~

plug won' t fit into its socket if solder leaks
through to the outside of the pins, so be
careful.

Refer to Fig . 10 to drill the mounting
holes for the sensor in the top of the case ,
and to Fig . II to drill the holes in the side
of the case that allow access to trimmer

TOP VIEW

FIG. 1Q-OUTDOOR INSTALLATION of the hu
midity monitor requires a watertight case; drill
hol es for the sensor as shown here.

Building the outdoor mon itor
For perm anent outd oor use, the sensor

must be covered to protect it from direct
rain and sunlight. A small louvered or
screened box about ten inches on a side
should work . Just make sure that air can
circul ate freely through the enclosure to
reach the sensor. Also, avoid placing the
assembly in vegetation , near a sprinkler,
or in any other location that might tend to
exagge rate the actual humidity . A hun
dred feet of 22-gauge wire between a re
motel y-mounted sensor and an indoor
power supply and display meter should
not affect accuracy.

To install the monitor outdoors perma
nently, the circuit will have to be mounted
in a watertight enclosure . We' ll discuss
how to do that using the Keystone en
closure specified in the Parts List.

First , trim the PC board to fit the case.
Then cut fou r two-inch lengths of 18
gauge wire and insert them into the holes
at the end of the board. Bend the leads so
that at least V4-inch of the wire lies flat
again st the copper foil , and then solder the
leads . The V4-inch of contact he lps
strengthen the support for the board . Slide
the free ends of the wires into the octal
base of the case . Carefully bend the leads
so that the end of the PC board rests
against the base. Then clip the leads flush
with the end of the plug 's pins, and solder
the wires inside the hollow pins . The octa l

To compl ete assembly of the portab le
unit, mount the board to the case. Then
insert the sensor's leads throu gh the case
and mount the sensor to the case with two
sheet metal screws. Be careful not to
crack the sensor by over-tightening those
screws.

~

Rl0 + Ml
18K 50liA

(8WI I_:~_1
+

GND0+- - ----.,-:'\
HUMIDITY OUTOI-----¥ofr~":::::J

BOARD + V'N
GN O

FIG. 9-IF YOU USE A 50-fLA METER with the
humidity mon itor, it sho uld be wired as shown
here.

of the board , and use those holes to mark
the locations of the screw holes in the
case . Also, drill four holes for the sensor:
two for the leads, and two for the mount
ing tabs. Use an eighth-inch bit (or larger)
for the sensor lead s to minimize capac i
tive coup ling to the case , as well as to
eliminate the possib ility of a short . Allow
for a little offset in the posi tion of the
sensor due to the co nstruction of the Mo
lex socket.

The meter used in our prototype has a
resistance of abou t 2K , so we added an
18K res istor in series with the meter to
give it a total resistance of 20K. Then R9
was changed to a 20K resistor, so that the
co mbination of R9 , the meter, and RIO
would be 10K. That comb ination gives the
me ter a full-scale range of one volt .

If you use a 100 jJ.A meter, pad its
res istance to 10K , if necessary. Then re
move R9 , and use the meter in place of
that resistor. If you decide to use a digital
meter, you can leave R9 at 10K, since
mos t digital me ters have at lea st 10
megohms input impedance , and the paral
lel combination of R9 and the DVM will
no t affect accuracy.

Mounting the sensor at the " rear" of
the case might reduce the sensor's ability
to respond to current humidity cond itions,
especially if the mon itor is pushed back
on a shelf. However, mounting the sensor
in that way reduces the possibil ity that it
will be damaged . But feel free to experi
ment with your own case and mounting
me thods. We bent a V2-inch piece of thin
steel strapping into a " U" shape with
legs. Holes were drilled through the legs
and through the case on either side of the
sens or. Then the "U" was bolted to those
ho les to prevent mechanical damage to the
sensor.

Finish assembling the case by install ing
the power switch, battery holder, and four
\/4-inch standoffs for the PC board . Ifnec
essary, carefully remove the face plate of
the meter and use rub-o n letters to re-Iabel
the meter 's scale . Assuming you're using
a 50-jJ.A meter, wire the case-mounted
co mponents as show n in Fig. 9. If you' re
using a different metering circuit, sub
st itute the appropriate resistive network .
Loose wires and com pone nts can move
around and cause the outputs of ICI and
IC2 to vary, so mount all components se
curely, and keep all leads short .
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sure some voltage across R9 (in other 
words. MI, if installed, should deflect); 
that voltage should rise if you breathe on 
the sensor. 

If you get no output, re-check your 
work, and verify that supply voltage (five 
volts) appears at pin 8 of ICI, pin 8 of IC2, 
and at pin 14 of IC3. If that voltage is 
present, use an oscilloscope to verify the 
presence of the waveforms shown in Fig. 
4. After the board is debugged, allow it to 
cool down from the heat of soldering be- 
fore doing the final calibration. Also, iso- 
late the sensor from hand and breath 
moisture until it stabilizes to amblent hu- 
midity-about 5 minutes should do it. 

Calibration 
For the first step of calibration we'll 

assume that the sensor's output exactly 
matches the curve shown in Fig. 2. Doing 
that allows us to substitute 1% silver -mica 
capacitors for the sensor. Insert a 115 -pF 
capacitor into the sensor's socket and ad- 
just R2 for a reading of 6% RH (60 mV). 
Then replace that capacitor with a 160 -pF 
unit and adjust R6 for a reading of 100% 
RH (1.00 volt). 

After assembling the case, you will 
need to re- adjust R2 so that the output 
agrees with a secondary humidity stan- 
dard. That adjustment alters ICI's pulse - 
width to correspond to the sensor you're 
using. Remember. the Philips sensors 
have a tolerance of ± 15% at 43% RH. 
This means that, although there will still 
be a 45 -pF change in capacitance over the 
entire 0-100% range of RH. the high and 
and low values may be shifted above or 
below the nominal values. It is R2 that 
provides compensation for that shift. 

Absolute calibration standards 
Finding a humidity standard can be dif- 

ficult, but here are a few ideas that may be 
useful. The most common method of 
measuring humidity accurately is with a 

sling psychrometer. You may be able to 
borrow one from a science or chemistry 
lab at a local high -school or college. The 
sling psychrometer has both dry- and wet - 
bulb thermometers. The wet -bulb unit has 
a wick on its bulb that is moistened with 
distilled water. When the psychrometer is 
whirled in a circle, the evaporation of the 
wick cools the thermometer's bulb. The 
amount it cools depends on the amount of 
water that evaporates, and that is governed 
by the amount of moisture in the air -the 
relative humidity. 

The dry-bulb thermometer is unaffected 
by that procedure since it's not moistened; 
it simply indicates the temperature of the 
ambient air. With every psychrometer 
comes a chart that allows you to determine 
RH from the readings on the two ther- 
mometers. 

The accuracy of the sling psychrometer 
method depends on the accuracy of the 
two thermometers, the accuracy with 

TABLE 2- SATURATED SALT SOLUTIONS 

salt % RH (a 68F 00 RHra77'F 
Lithium Chloride Monohydrate 11.3 11.2 
Magnesium Chloride Hexahydrate 33.1 32.8 
Magnesium Nitrate 54.4 52.9 
Sodium Chloride 75.5 75.3 
Potassium Chloride 85.1 84.3 
Potassium Sulphate 97.6 97.3 

which they're read. the cleanliness of the 
wick and the water, and also upon a suffi- 
cient quantity of air blowing across the 
wick. Small sling psychrometers with one 
degree increments and short ther- 
mometers have an accuracy of only 10%, 
or worse. 

Saturated salt solutions offer better ac- 
curacy, but they are more difficult to use 

because the sensor has to be placed as 

close as possible to the solution without 
touching it, and the calibration process 
must occur inside an airtight container. 
That can make circuit adjustment awk- 
ward. An way, the solution maintains an 

equilibrium of humidity within the sealed 
container as long as that solution remains 
saturated. Both salt and water must be 

pure for best accuracy. We list some com- 
monly -used solutions. and the humidities 
you can obtain with them. in Table 2. 

Caution: Those solutions are poi- 
sonous, so handle and store them with 
care, and keep them out of the reach of 
children and pets. if you use the lithium 
chloride solution. don't allow it to fall 
below a temperature of 18 °C (64 °F). since 
the humidity reference of the solution will 
be permanently altered. Whichever salt 
you use, stir in crystals a little bit at a time 
until precipitates begin collecting on the 
bottom of your container. When you're 
sure no more salt will dissolve, put the 
solution and your circuit board in an air- 
tight container, and adjust R2 so that the 
meter agrees with the value in Table 2. 

One problem with the above calibration 
procedure should be obvious -how does 
one make the adjustments while the board 
is within the air -tight container? There are 
two possibilities. One is to make the ad- 
justment outside the container, then place 
the board inside to see the result. Repeat 
as needed until the meter reading agrees 
with the value in Table 2. A more sensible 
solution would be to mount only the sen- 
sor in the container so that R2 can be 
adjusted from outside. 

If those methods of calibration are im- 
practical for you, you might try tuning in a 

local weather broadcast on radio or TV, or 
you could call the National Weather Ser- 
vice in your area. To do the final calibra- 
tion, whatever standard you have chosen, 
apply power and then adjust R2 so that the 
value indicated by the meter agrees with 
your standard. Construction is now com- 
plete. 

Final thoughts 
Whether or not you actually built our 

humidity monitor, we hope you learned 
something about what humidity is and 
about ways of measuring it. Like many 
subjects, there is a great deal more that 
could be said about humidity; we encour- 
age you to do some investigating on your 
own. In a similar vein, our circuit was not 
intended to be used as the basis of a preci- 
sion instrument. but we hope you'll find it 
fun to build as well as useful. 

As you know. indoor humidity drops 
drastically in the winter. The reason is that 
cold, dry outside air is further dried by 
most indoor heating systems. (To be more 
accurate, hot air can hold more moisture 
than cool air. so the RH drops as the tem- 
perature rises. You may find it interesting 
to know that office buildings are often 
built these days with humidity controllers 
in addition to the systems that control 
their heating, ventilation. and air -con- 
ditioning (HVAC) systems. 

You can use our humidity monitor to 
help maintain humidity levels at your 
home or office at a comfortable (and safe!) 
level. Humidity control can help prevent 
respiratory problems, and it can prolong 
the life of valuable paintings, books. and 
electronic devices. 

For indoor use, avoid placing the hu- 
midity monitor near air- conditioning or 
heating vents; also, keep the monitor far 
away from any large potted plants since 
they can affect accuracy. For desktop use, 
keep the sensor away from a hot work - 
light, as heat can also affect the humidity 
reading. 

An RH of less than 20% can easily 
occur during the winter. And with such 
low humidity, a large quantity of static 
electricity can build up. since the con- 
ductive moisture usually present in the air 
isn't available to provide a discharge path 
for that energy. 

Making sparks fly by touching your 
spouse's nose or a metal surface may be 
fun. but doing that to your computer (or 
just about anv electronic device) could 
prove fatal for the machine. Similarly, 
you're much more likely to damage 
CMOS and other components while 
building projects like our humidity 
monitor. So, an RH of about 50% is low 
enough for you to be comfortable, and 
high enough for your electronics to be 
safe. R -E 
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Final thoughts
Whether or not you actually built our

humidity monitor, we hope you learned
something about what humidity is and
about ways of measuring it. Like many
subjec ts, there is a great deal more that
could be said about humidity; we encour
age you to do some investigating on your
own. In a similar vein, our circuit was not
intended to be used as the basis of a preci
sion instrument, but we hope you' ll find it
fun to build as well as useful.

As you know, indoor humidity drops
drastically in the winter. The reason is that
cold , dry outside air is further dried by
most indoor heating systems . (To be more
accurate, hot air can hold more moisture
than cool air, so the RH drops as the tem
perature rises . You may find it interesting
to know that office buildings are often
built these days with humidi ty controllers
in addition to the systems that control
their heating , ventilation, and air-con 
ditioning (HVAC) systems.

You can use our humidity monitor to
help maintain humidity levels at your
home or office at a comfortable (and safe!)
level. Humidi ty control can heip prevent
respiratory problems, and it can prolong
the life of valuable paintings, books, and
electronic devices .

For indoor use , avoid placing the hu
midity monitor near air-conditioning or
heating vents; also, keep the monitor far
away from any large potted plants since
they can affect accuracy. For desktop use ,
keep the sensor away from a hot work
light, as heat can also affect the humidity
reading.

An RH of less than 10% can easily
occur during the winter. And with such
low humidity, a large quantity of static
electricity can build up, since the con
ductive moisture usually present in the air
isn't available to provide a discharge path
for that energy.

Making sparks fly by touching your
spouse 's nose or a metal surface may be
fun, but doing that to your computer (or
just about any electronic device) could
prove fatal for the machine . Simi larly,
you're much more likely to da mage
CMOS and ot her co mpo nents. whi le
bu ilding proj ect s like our humid ity
monitor. So, an RH of about 50% is low
enough for you to be comfortable, and
high enough for your electronics to be
safe. R-E
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sure some voltage across R9 (in other
words , Ml, if insta lled, should deflect);
that voltage should rise if you breathe on
the sensor.

If you get no output, re-check your
work, and verify that supply voltage (five
volts) appears at pin 8 oflCl, pin 8 oflC2,
and at pin 14 of IC3. If that voltage is
present, use an oscilloscope to verify the
presence of the waveforms shown in Fig.
4. After the board is debugged, allow it to
cool down from the heat of soldering be
fore doing the final calibration. Also, iso
late the sensor from hand and breat h
moisture until it stabilizes to ambient hu
midity-about ~ minutes should do it.

Calibration
For the first step of calibration we'll

assume that the sensor's output exactly
matches the curve shown in Fig. 2. Doing
that allows us to substitute 1% silver-mica
capacitors for the sensor. Insert a 115-pF
capacitor into the sensor's socket and ad
just R2 for a reading of 6% RH (60 mV).
Then replace that capacitor with a l60-pF
unit and adjust R6 for a reading of 100%
RH (1.00 volt).

After asse mbling the case, you will
need to re-adjust R2 so that the output
agrees with a seco ndary humidity stan
dard. That adjustment alters ICl's pulse
width to corres pond to the sensor you're
using. Remember, the Philips sensors
have a tolerance of ± 15% at 43% RH.
This means that , although there will still
be a 45-pF change in capacitance over the
entire 0-100% range of RH, the high and
and low values may be shifted above or
below the nomin al values. It is R2 that
provides compensation for that shift.

Absolute calibration standards
Finding a humidity standard can be dif

ficult , but here are a few ideas that may be
useful. The most common method of
measuring humidity accurately is with a
sling psychrometer. You may be able to
borrow one from a science or chemistry
lab at a local high-school or college . The
sling psychrometer has both dry- and wet
bulb thermometers . The wet-bulb unit has
a wick on its bulb that is moistened with
distilled water. When the psychrometer is
whirled in a circle, the evaporat ion of the
wick cools the thermom eter 's bulb . The
amount it cools depends on the amount of
water that evaporates, and that is governed
by the amount of moisture in the air- the
relative humidity.

The dry-bulb thermom eter is unaffected
by that procedure since it's not moistened;
it simply indicates the temperature of the
ambient air. With every psychrometer
comes a chart that allows you to determine
RH from the readings on the two ther
mometers.

The accuracy of the sling psychrometer
method depends on the accuracy of the
two the rmom eters, the accuracy with

Salt
Lithium Chlor ide Monohydrate
Magnesium Chloride Hexahydrate
Magnesium Nitrate
Sodium Chlor ide
Potassium Chloride
Potassium Sulphate

which they're read , the cleanliness of the
wick and the water, and also upon a suffi
cient quantity of air blowing across the
wick. Small sling psychrometers with one
degree increment s and s ho rt ther
mometers have an accuracy of only 10%,
or worse .

Saturated salt solutions offer better ac
curacy, but they are more difficult to use
because the sensor has to be placed as
close as possible to the solution without
touching it , and the calibration process
must occur inside an airtight container.
That can make circuit adjustment awk
ward. Anyway, the solution maintains an
equilibrium of humidity within the sealed
container as long as that solution remain s
saturated. Both salt and water must be
pure for best accuracy. We list some com
monly-used solutions, and the humidities
you can obtain with them , in Table 2.

Caution: Those so lutions are poi
sonous, so handle and store them with
care, and keep them out of the reach of
children and pets. If you use the lithium
chloride solution, don ' t allow it to fall
below a temperature of 18°C (64°F), since
the humid ity reference of the solution will
be permanently altered. Whichever salt
you use, stir in crystals a little bit at a time
until precipitates begin collecting on the
bottom of your container. When you're
sure no more salt will dissolve, put the
solution and your circuit board in an air
tight container, and adjust R2 so that the
meter agrees with the value in Table 2.

One problem with the above calibration
procedure should be obvious-how does
one make the adjustments while the board
is within the air-tight container? There are
two possibili ties . One is to make the ad
justment outside the container, then place
the board inside to see the result. Repeat
as needed until the meter reading agrees
with the value in Table 2. A more sensible
solution would be to mount only the sen
sor in the contai ner so that R2 can be
adjusted from outside.

If those methods of calibratio n are im
practical for you, you might try tuning in a
local weather broadcast on radio or TV, or
you could call the National Weather Ser
vice in your area . To do the final calibra
tion, whatever standard you have chosen,
apply power and then adjust R2 so that the
value indicated by the meter agrees with
your standard. Construct ion is now com
plete .

% RH @ 68°F
11.3
33. 1
54.4
75.5
85.1
97.6

% RH @ n oF
11.2
32.8
52.9
75.3
84.3
97.3
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MICHAEL F. VIOLETTE 

Part 3 ELECTROMAGNETIC IN- 

terference (EMI) can 
couple into your sensitive equipment in 
two ways. One of those is via radiation. 
Last time, we saw some of the techniques 
that can be used to eliminate that coupling 
path. 

The second way is through conduction. 
This month. we'll turn our attention to 
conducted interference and see the vari- 
ous ways that v.e can combat its harmful 
effects. 

As we saw in Part I of this article (see 
the November 1985 issue of Radio -Elec- 
tronics), there are two forms of conducted 
interference. In differential -mode inter- 
ference, the interfering signal appears 
across two conductors. such as a pair of 
single lines or the hot and neutral sides of 
a power line . In common -mode inter- 
ference, the interfering signal appears on 
both conductors. with the reference being 
a third point (such as a chassis ground). In 
common -mode interference, the interfer- 
ing signals on the two conductors may not 

C ring 
Electromagnetic 

Interference 
This month. we show you how to head off interference 

before it enters your electronic equipment. 
We look at how to deal with power -line transients, too! 

be of equal amplitude. but they are in 
phase 

There are a couple of ways to deal with 
conducted EMI. One way is to carefully 
plan out and design any interconnecting 
cabling. Often. however, you have no con- 
trol over such cabling (such as in the case 
of power or telephone lines). In those 
cases, the only alternative is to install a 

filter between the line and the equipment. 

Cable design 
Cables can act like pickup and receiv- 

ing antennas. When a cable is acting like a 

pickup antenna, a radiated FMI signal is 
converted into a conducted EMI signal, 
which travels on the wires in the cable. 
through shields. and right into your cir- 
cuitry. Or. conducted noise (from the 
commutator in the blower motor of a hair 
dryer. for instance) finds its way onto the 
power cord, travels over the AC wiring. 
and then into the "victim's" circuitry 
through its power cord. Either way, the 
result is interference. 

Your projects can either radiate or pick- 
up EMI, or they can do both. In this i 

stallment, we will see how to deal w 
radiation of EMI, but the techniques &- 
cussed are also effective against EMI 
pickup in the vast majority of instances. 

Last time, we saw that antennas can be 
classified by their impedance; of interest 
here are the low- impedance types. Let's 
sec why. 

In many circuits, the operating voltages 
are relatively low. often ranging between 5 
and 24 volts; the impedance of the source 
of that voltage. the power supply, is gener- 
ally low. To get an efficient radiator when 
the EMI antenna is being driven by a low 
impedance voltage source, the "antenna'. 
must have a relatively low impedance. 
One type of low- impedance antenna is a 

simple wire loop. In a circuit or a project. 
that loop can take many forms. For in- 
stance, any loop of wire. such as the 
power feed and return to a disk drive, or 
the power supply and ground traces on a 
PC board can become a surprisingly effi- 
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Part 3 EL ECfROMAGNETIC IN

terference (EM!) can
couple into your sensitive equipment in
two ways. One of those is via radiation.
Last time, we saw some of the techniques
th at can be used to eliminate that coupling
path.

The second way is through conduction.
This month, we' ll tum our attention to
co nducted interference and see the vari
ous ways that we can combat its harmful
effec ts.

As we saw in Part I of this article (see
the November 1985 issue of Radio-Elec
tronics), there are two forms of conducted
int erference. In differentia l-mode inter
ference, the interferi ng signa l appea rs
across two conductors, such as a pair of
single lines or the hot and neutral sides of
a power line . In common-mode inter
fe rence, the interfering signal appears on
both conductors, with the reference being
a third point (such as a chassis ground). In
co mmon-mode interference, the interfer
ing signalson the two conductors may not

be of equal amplitude, but they are in
phase.

There are a couple of ways to deal with
conducted EM!. One way is to carefully
plan out and design any interconnecting
cabling. Often, however, you have no con
trol over such cabling (such as in the case
of power or telephone lines). In those
cases, the only alternative is to install a
filter between the line and the equipment.

Cable design
Cables can act like pickup and receiv

ing antennas. When a cable is acting like a
pickup antenna, a radiated r.\1I signal is
converted into a conducted EMI signal,
which travels on the wires in the cable,
through shields, and right into your cir
cuitry. Or, conducted noise (from the
commutator in the blower motor of a hair
dryer, for instance) finds its way onto the
power cord, travels over the AC wiring,
and then into the "victim's" circuitry
through its power cord. Either way, the
result is interference.

Your projects can either radiate or pick
up EMI, or they can do both. In this i, 
stallment, we will see how to deal w
radiation of EMI, but the techniques dis

cussed are also effect ive against EMI
pickup in the vast majori ty of instances.

Last time, we saw that antennas can be
classified by their impedance; of interest
here are the low-impedance types. Let's
see why.

In many circuits, the opera ting voltages
are relatively low, often ranging between 5
and 24 volts; the impedance of the source
of that voltage, the power supply, is gener
ally low. To get an efficient radiator when
the EMI antenna is being driven by a low
impedance voltage source, the "antenna"
must have a relatively low impedance .
One type of low-impedance antenna is a
simple wire loop. In a circuit or a project,
that loop can take many forms. For in
stance, any loop of wire, such as the
power feed and return to a disk drive, or
the power supply and ground traces on a
PC board can become a surprisingly effi-
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cient radiator. Loops can also be formed 
by any signal- carrying conductors such as 

the data or clock lines. 
Just how much energy is put out by 

those unintentional antennas? The radi- 
ated field strength of a loop is proportional 
to the product of the current in the loop, 
the frequency of the signal carried by the 
loop, and the area of the loop. All three 
variables play a role in determining how 
much energy is output. The current in the 
loop determines how much energy is 
available to drive the radiator. The area of 
the loop. and the frequency of the signal 
that is driving it, determine the efficiency 
of the radiator. Generally speaking. the 
greater the area of the loop and /or the 
frequency of the driving signal. the great- 
er the efficiency of the radiator. The same 
is true of a "receiving antenna" -the 
larger the area of the loop and the greater 
the frequency of the received signal. the 
more efficient the pickup. 

Obviously, the current and frequency 
are determined by the parameters of the 
circuit; that means that, in the majority of 
the cases, their values can not be reduced 
(or changed in any manner) without af- 
fecting the correct operation of the circuit. 
The area of the loop, however. is an en- 
tirely different matter. 

That leads us to one of the most impor- 
tant rules for reducing EMI: When de- 
signing or laying out cable runs and 
printed -circuit board traces, keep the area 
of any potential loops small. Consider the 
simple circuit shown in Fig. I. It consists 
of a signal source, a load, and a ground. 
The area of the loop is formed by the 
product of the physical distance separat- 
ing the source and the load (L), and the 
physical distance separating the "signal" 
and "return" (grounded) leads (H). 

SOURCE 

L ' 

LOAD 

FIG. 1 -THE AMOUNT OF INTERFERENCE that 
a circuit can pick up or cause is largely deter- 
mined by the physical size of the loop that it 
forms. 

The circuit shown can be realized in a 

number of ways. For instance, the source 
could be the output of one gate while the 
load could be the input of a second gate. 
The return line could be a common bus or 
the chassis ground of the project. But no 
matter what form the circuit takes, under 
the right circumstances, the whole thing 
can become a large radiating loop. 

The way to minimizing the radiation 
output by such a loop is to reduce the 
distance between the source and the load, 

run the signal and return leads as close 
together as possible, or both. For in- 
stance, by running a dedicated return line 
alongside the the signal line, rather than 
having the return current flow through the 
chassis ground, the loop area is reduced 
significantly. With dedicated signal /return 
cabling. H is effectively reduced to the 
thickness of the insulation surrounding 
the two wires. That solution works, and it 
is much cheaper than using a shielded 
cable. 

When dealing with differential -mode 
currents, using twisted -wire pairs for the 
signal line and the return can further help 
reduce interference. Twisting the wire 
pair significantly reduces the overall area 
of the loop. Each twist of the wires does 
form a small radiating loop, but the twist- 
ing causes the loops to be polarized in 
opposite directions. The result is that the 
radiation from one loop cancels out the 
radiation from the adjacent loop. The 
tighter the twisting the better the cancella- 
tion. 

The foregoing assumes that the currents 
in the two lines of a twisted pair are bal- 
anced -that is. that they are equal in am- 
plitude. The closer the lines are to being 
balanced, the better the reduction of dif- 
ferential -mode radiation and pickup. 

Balancing also helps the circuit to re- 
ject the effects of common -mode cur- 
rents. Let's assume that we are dealing 
with two lines feeding two inputs on an 

unbalanced receiver (a logic gate. etc.). 
Further, let's assume that the common - 
mode currents traveling in those lines are 
equal. Here. unbalanced means that the 
impedances, "looking" into the receiver, 
from all lines to ground are unequal. The 
result is that when the equal common - 
mode currents encounter the unequal im- 
pedances, unequal voltages are generated 
at the inputs. Those unequal voltages 
stimulate the inputs to the receiver, just as 

a normal signal is supposed to. and an 
undesired output signal can result. 

That is a common problem. In fact IC 
op -amps have a parameter called the 
Common Mode Rejection Ratio 
(CMRR). That parameter is a measure of 
how well the op -amp can reject the effects 
of a common -mode input. The inter- 
ference caused by common -mode cur- 
rents is the reason that balanced line 
drivers/receivers are used in many cases 
for long signal -cable runs. 

Crosstalk 
Crosstalk is caused by the niutual in- 

ductance and parasitic capacitance that 
exists between any two conductors (see 
Fig. 2). One common example of 
crosstalk is the phantom conversations 
that are often overheard when you speak 
on the telephone. 

Though the parasitic capacitance and 
mutual inductance are shown lumped in 
Fig. 2, those quantities are distributed 

L 

L 

FIG. 2 -TWO PARALLEL LINES are electromag- 
netically coupled because of the mutual induc- 
tance and parasitic capacitance that exists 
between them. That coupling is what causes the 
phenomenon known as crosstalk. 

along the length of the lines. Although 
there are no physical connections between 
the lines, the electrical coupling provided 
by the parasitic capacitance and parasitic 
inductance provides a path for the current 
in one wire to "enter" the other. At low 
frequencies. mutual inductance is the pri- 
mary coupling mechanism; as the fre- 
quency gets higher. parasitic capacitance 
becomes the primary mechanism. 

The closer the cables are together and 
the longer the parallel runs between the 
two cables, the greater the coupling. Be- 
cause of that, the obvious and most inex- 
pensive way to reduce crosstalk is to 
physically separate conductors that are 
likely to interfere with each other. Move 
conductors carrying high voltages (such 
as AC power cords) away from ones carry- 
ing low voltages (such as signal lines). In 
addition, keep input and output cables 
isolated from the wiring inside the equip- 
ment box. In addition, keep any parallel 
runs between conductors as short as possi- 
ble. One way to do that is to make exten- 
sive use of twisted -wire pairs. Note that 
lines that cross at 90° angles have almost 
no mutual inductance and negligible para- 
sitic capacitance (a couple of picofarads). 

Shielded cable design 
Using twisted -wire pairs is an effective 

method of reducing differential -mode in- 
terference. To combat common -mode in- 
terference, shielded cable is more 
effective. To combat both types of inter- 
ference, shielded cables are often made of 
twisted -wire pairs. In very noisy environ- 
ments. "double- shielded" cables, in 
which the individual twisted pairs are also 
shielded. are used. 

The effectiveness of the shielding de- 
pends on the nature of its ground. Or, 
more specifically. whether one end or 
both ends should be grounded. When 
dealing with low frequencies. it is usually 
sufficient to ground the shield at one end 
only (usually the receiving end). In addi- 
tion. grounding the shield at both ends 
can cause a ground loop to be formed. By 
low frequency we mean that the shield is 
electrically short when compared with the 
wavelength of the EMI signal (i.e., the 
shield is shorter than approximately I!o of 
a wavelength). Under that condition, 
every point on the shield can be consid- 
ered to be at ground potential. At higher 
frequencies, however, both ends must be 
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Shielded cable design
Using twisted-wire pairs is an effective

method of reducing differential-mode in
terference. To combat common-mode in
ter ference , shie lde d ca ble is more
effective. To combat both types of inter
ference, shielded cables are often made of
twisted-wire pairs . In very noisy environ
ment s , " doub le-s hie lded" cab les, in
which the individua l twisted pairs are also
shielded, are used.

The effectiveness of the shielding de
pends on the nature of its ground. Or,
more specifically, whether one end or
both ends should be grounded . When
dealing with low frequencies, it is usually
sufficient to ground the shield at one end
only (usually the receiving end). In addi
tion, grounding the shield at both ends
can cause a ground loop to be formed. By
low frequency we mean that the shield is
electrically short when compared with the
wavelength of the EMI signal (i.e., the
shield is shorter than approximately Y20 of
a wavelength) , Under that co nditio n,
every point on the shield can be consid
ered to be at ground potential. At higher
frequencies, however, both ends must be

along the length of the lines. Although
there are no physical connections between
the lines, the electrical coupling provided
by the parasitic capacitance and parasitic
inductance provides a path for the current
in one wire to "enter" the other. At low
frequencies, mutual inductance is the pri
mary coupling mechanism; as the fre
quency gets higher, parasitic capacitance
becomes the primary mechanism.

The closer the cables are together and
the longer the parallel runs between the
two cables, the greater the coupling. Be
cause of that, the obvious and most inex
pensive way to reduce cross talk is to
physically separate conductors that are
likely to interfere with each other. Move
conductors carrying high voltages (such
as AC power cords) awayfrom ones carry
ing low voltages (such as signal lines). In
addition, keep input and output cables
isolated from the wiring inside the equip
ment box. In addition, keep any parallel
runs between conductors as short as possi
ble. One way to do that is to make exten
sive use of twisted-wire pairs. Note that
lines that cross at 90° angles have almost
no mutual inductance and negligible para
sitic capacitance (a couple of picofarads).
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FIG. 2-TWO PARALLEL LINES are electromag 
netically coupled because of the mutual induc
tance and parasitic capacitance that exists
between them. That coupling is what causes the
phenomenon known as crosstalk.

run the signal and return leads as close
together as poss ible , or both. For in
stance , by running a dedicated return line
alongside the the signal line , rather than
having the return current flow through the
chassis ground, the loop area is reduced
significantly. With dedica ted signal/re turn
cabling, H is effectively reduced to the
thickness of the insulation surrounding
the two wires. That solution works, and it
is much cheaper than using a shielded
cable.

When dealing with differential-mode
currents, using twisted-wire pairs for the
signal line and the return can further help
reduce interference . Twisting the wire
pair significantly reduces the overall area
of the loop. Each twist of the wires does
form a small radiating loop, but the twist
ing causes the loops to be polar ized in
opposite directions. The result is that the
radiation from one loop cancels out the
radiation from the adjacent loop. The
tighter the twisting the better the cancella
tion.

The foregoing assumes that the currents
in the two lines of a twisted pair are bal
anced- that is, that they are equal in am
plitude. The closer the lines are to being
balanced , the better the reduction of dif
ferential-mode radiation and pickup.

Balancing also helps the circuit to re
jec t the effects of common-mode cur
rents . Let's assume that we are dealing
with two lines feeding two inputs on an
unbalanced receiver (a logic gate, etc.).
Further, let' s assume that the common
mode current s travelingin those lines are
equal. Here , unbalanced means that the
impedances, " looking" into the receiver,
from all lines to ground are unequal. The
result is that when the equal common
mode currents encounter the unequal im
pedances, unequal voltages are generated
at the input s. Those unequal voltages
stimulate the inputs to the receiver, just as
a normal signal is supposed to, and an
undesired output signal can result.

That is a common problem. In fact IC
op-amps have a parameter ca lled the
Common M od e Rej e c ti on R ati o
(CMRR). That parameter is a measure of
how well the op-amp can rejec t the effects
of a common-mode inpu t. The inter
ference caused by common-mode cur
rents is the reason that balanced line
drivers/receivers are used in many cases
for long signal-cable runs.

Crosstalk
Crosstalk is caused by the mutual in

ductance and parasitic capacitance that
exists between any two conductors (see
Fig . 2) . On e co mmo n example of
cross talk is the phantom conversations
that are often overheard when you speak
on the telephone.

Though the parasitic capacitance and
mutual inductance are shown lumped in
Fig. 2, those quant ities are distributed

LOAO

FIG.1-THE AMOUNT OF INTERFERENCE that
a circuit can pick up or cause Is large ly deter
mined by the phys ical size of the loop that It
forms .

The circuit shown can be realized in a
number of ways. For instance , the source
could be the output of one gate while the
load could be the input of a second gate.
The return line could be a common bus or
the chassis ground of the project. But no
matter what form the circuit takes, under
the right circumstances , the whole thing
can become a large radiating loop.

The way to minimizin g the radiation
output by such a loop is to reduce the
distance between the source and the load,

cient radiator. Loops can also be formed
by any signal-carrying conductors such as
the data or clock lines.

Just how much energy is put out by
those unintentional antennas? The radi
ated field strength of a loop is proportional
to the product of the current in the loop,
the frequency of the signal carried by the
loop, and the area of the loop. All three
variables play a role in determining how
much energy is output. The current in the
loop determines how much energy is
available to drive the radiator. The area of
the loop, and the frequency of the signal
that is driving it , determine the efficiency
of the radiator. Generally speaking, the
greater the area of the loop and/or the
frequency of the driving signal , the great
er the efficiency of the radiator. The same
is true of a " receiving antenna" - the
larger the area of the loop and the greater
the frequency of the received signal, the
more efficient the pickup.

Obviously, the current and frequency
are determined by the parameters of the
circuit; that means that, in the majority of
the cases, their values can not be reduced
(or changed in any manner) without af
fecting the correct operation of the circuit .
The area of the loop, however, is an en
tirely different matter.

That leads us to one of the most impor
tant rules for reducing EMI: When de
signing or laying out cable run s and
printed-circuit board traces, keep the area
of any potential loops small. Consider the
simple circuit shown in Fig. 1. It consists
of a signal source , a load, and a ground .
The area of the loop is foimed by the
product of the physical distance separat
ing the source and the load (L), and the
physical distance separating the " signal"
and " return" (grounded) leads (H).
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grounded. That grounding should he 
made directly to the chassis ground, and 
at the point where the cable enters the 
circuit enclosure. 

The wide usage of flat ribbon cables in 
many types of circuits merits special con- 
sideration. When using ribbon cables, 
and when the circuit is especially sen- 
sitive to pickup of radiation (or when the 
circuit could potentially radiate), a return 
or ground conductor should he placed be- 

SIGNAL CONDUCTORS 

GROUNDS 

FIG. 3 -TO ELIMINATE CROSSTALK problems 
In ribbon cable. alternate conductors should be 
grounded. 

-e 

FIG 4 -A SINGLE CAPACITOR. installed as 
shown, can be used to filter out differentlal- 
mode interference. To handle common -mode In- 
terference, the capacitor should be installed be- 
tween each Une and ground 

tween each signal line (see Fig. 3). 
Often, that is not done. It is common 

for a flat ribbon cable to have 25 or more 
conductors, only one of which is a 

ground. That can lead to high capacitance 
between signal conductors, resulting in 
crosstalk problems. The presence of a 

ground or return line between each signal 
line will "shield" the signal lines from 
each other. 

Finally, if you want to be totally free 
from EMI radiation or pickup from cab- 
ling, use fiber optics. Made of glass or 
plastic fibers, such cables neither radiate 
nor pick up electromagnetic energy. They 
are coming into wide use in applications 
where long runs of data cables operate in 
noisy environments. Telephone compa- 
nies, for instance, are now making exten- 
sive use of fiber -optic cables. 

Filters 
Even with good cable design and 

layout, sometimes a filter is needed to 
reduce conducted EMI. A filter is a circuit 
that allows certain frequencies to pass un- 
impeded, but blocks others. Depending 
On its design, a filter can allow only sig- 
nals below a cut -off frequency to pass 
(lowpass filter), only signals above a cut- 
off frequency to pass (highpass filter), or 
pass or block signals within a given range 
or band (bandpass or notch filters, respec- 
tively). 

A simple filter, consisting of but a sin- 
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FIG. 5 -THIS FILTER NETWORK is effective 
against both differential -mode and common - 
mode interference. 

glc capacitor, is shown in Fig. 4. At high 
frequencies, the capacitor looks like a 

very low impedance to ground. As a re- 
sult, any high -frequency signals are short- 
ed to ground. At low frequencies, the 
capacitor is a high impedance, and the 
signals are unaffected. Thus, the capaci- 
tor is acting like a low pass filter. Capaci- 
tors are used in that way in a number of 
applications, such as across the terminals 
of automotive alternators, electric 
motors, and on printed -circuit boards (de- 
coupling capacitors). 

To use any filter effectively, including 
the simple capacitor filter, you need to 
know the nature of the EMI you are deal- 
ing with. That's because a filter designed 
to eliminate common -mode EMI will be 
largely ineffective against differential - 

mode interference, and vice -versa. 
Let's look at a familiar and common 

source of EMI and see what kind of inter- 
ference it creates. An electric razor is one 
such source. Because the electric motor in 
the razor is connected between the hot and 
neutral sides of the power line, the con- 
ducted interference it generates is dif- 
ferential mode. That is, the EMI voltage 
appears between the hot and neutral lines. 
On the other hand, when an overhead 
pmer line acts as a receiving antenna, 
coupling a broadcast radio signal to the 
AC power line, for instance, the EMI sig- 
nal that results is common mode. 

To filter differential -mode interference, 
the capacitor must be installed between 
the hot and neutral lines. For common - 
mode interference, capacitors must be in- 
stalled between each line and ground. 

If the interference is both common- and 
differential -mode, and/or is made up of a 

variety of frequencies, a more complex 
filter network is required. Such filter net- 
works are made up of capacitors, induc- 
tors, or both. One popular design is 
shown in Fig. 5. That filter is effective 
against both common -mode and differen- 
tial -mode interference. It is installed at 
the point where the power cord enters the 
equipment's enclosure. 

The transformer in that circuit, T1, is a 

common -mode choke. As its name im- 
plies, its purpose is to block common - 
mode signals. The transformer is built in 
such a way that the flux generated by the 
common -mode signals in one winding 
opposes the flux generated by the com- 
mon -mode signals in the other winding. 
That results in a high impedance to com- 
mon mode signals, but differential -mode 

signals are not affected. That deficiency is 
taken care of by the series inductors, LI 
and L2: those coils present a high imped- 
ance to the high -frequency differential - 
mode signals. The function of the capaci- 
tors in the circuit is to shunt differential - 
and common -mode signals to ground, as 

previously discussed. 
If your interference problem is not se- 

vere, or if the victim circuit is not overly 
sensitive to EMI, you can build a circuit 
like the one shown in Fig. 6. In that cir- 
cuit, or in any filter circuit, keep the ca- 
pacitor leads as short as possible. A 
capacitor with long leads starts to behave 
like an inductor as the frequency goes up. 
Also, use a low- impedance ground con- 
nection (the "ground" connection of a 
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R1 
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R2 
1MEG 

FIG. &-IF THE EQUIPMENT Is not overly sen- 
sitive to EMI. or the EMI situation is not severe. 
hare's a practical circuit that will cure the prob- 
lem. 

three -wire power cord is suitable). 
One common problem is the unwanted 

reception of AM radio stations or CB ra- 
dios by tape decks, audio amplifiers, etc. 
That type of interference problem occurs 
when a radio signal is picked up by power 
or signal cables and causes a common - 
mode current to flow into the electronics. 
That type of problem can often be cured 
by placing a piece of ferrite around the 
cable as shown in Fig. 7. The effect 
caused by doing that is similar to the one 
caused by installing a common -mode 
choke. That is a quick and easy solution as 

it entails no soldering -just unplug the 

FIG 7- PLACING A PIECE OF FERRITE around 
a cable is one simple way to eliminate some 
types of common -mode EMI. 
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three-wire power cord is suitable).
One common problem is the unwanted

reception of AM radio stations or CB ra
dios by tape decks, audio amplifiers, etc .
That type of interference problem occurs
when a radio signal is picked up by power
or signal cables and causes a common
mode current to flow into the electronics.
That type of problem can often be cured
by placing a piece of ferrite around the
cable as shown in Fig. 7 . The effect
caused by doing that is similar to the one
caused by installinga common-mode
choke . That is a quick and easy solution as
it entails no soldering-just unplug the

NEUTRAL

FIG. 6-IF THE EQUIPMENT is not overly sen
siti ve to EMI, or the EMI situation is not severe,
here's a practical circuit th at will cure the prob
lem.

FIG. 7-PLACING A PIECE OF FERRITE around
a cab le is one simple way to eliminate some
types of common-mode EMI.

signals are not affected. That deficiency is
taken care of by the series inductors, Ll
and L2; those coils present a high imped
ance to the high-frequency differential
mode signals . The function of the capaci
tors in the circuit is to shunt differential
and common -mode signals to ground, as
previously discussed .

If your interference problem is not se
vere, or if the victim circuit is not overly
sensitive to EMI , you can build a circu it
like the one shown in Fig. 6. In that cir
cuit , or in any filter circuit , keep the ca
pacitor leads as short as possible. A
capacitor with long leads starts to behave
like an inductor as the frequency goes up.
Also , use a low-impedance ground con
nection (the "ground" connection of a

Cl

'="C2

C R

gle capacitor, is shown in Fig. 4. At high
frequencies , the capacitor looks like a
very low impedance to ground . As a re
sult , any high-frequency signals are short
ed to ground. At low frequencies , the
capacitor is a high impedance, and the
signals are unaffected. Thus, the capaci
tor is acting like a low pass filter. Capaci
tors are used in that way in a number of
applications, such as across the terminals
of automoti ve alternators, electric
motors, and on printed-circuit boards (de
coupling capacitors).

To use any filter effectively, including
the simple capacitor filter, you need to
know the nature of the EMI you are deal
ing with. That's because a filter designed
to eliminate common-mode EMI will be
largely ineffective against differential
mode interference, and vice-versa.

Let's look at a familiar and common
source of EMI and see what kind ofinter
ference it creates . An electric razor is one
such source. Because the electric motor in
the razor is connected between the hot and
neutral sides of the power line , the con
ducted interference it generates is dif
ferential mode. That is, the EMI voltage
appears between the hot and neutral lines .
On the other hand , when an overhead
power line acts as a receiving antenna,
coupling a broadcast radio signal to the
AC power line, for instance, the EMI sig
nal that results is common mode .

To filter differential-mode interference ,
the capacitor must be installed between
the hot and neutral lines . For common
mode interference, capacitors must be in
stalled between each line and ground .

If the interference is both common - and
differential-mode, and/or is made up of a
variety of frequencie s; a more complex
filter network is required . Such filter net
works are made up of capacitors, induc
tors, or both . One popular design is
shown in Fig. 5. That filter is effective
against both common-mode and differen
tial-mode interference . It is installed at
the point where the power cord enters the
equipment's enclosure .

The transformer in that circuit , Tl , is a
common-mode choke. As its name im
plies , its purpo se is to block common
mode signals . The transformer is built in
such a way that the flux generated by the
common-mode signals in one winding
opposes the flux generated by the com
mon-mode signals in the other winding.
That results in a high impedance to com
mon mode signal s, but differential-mode

FIG. 5-THIS FILTER NETWORK is effective
against bot h differenti al-mode and co mmon
mode interfe rence.

FIG. 4-A SINGLE CA PACITOR, installed as
shown, can be used to filter out dlf ferentl al
mode Interference. Tohandle common-mode in
terference, the capacitor should be installed be
tween each line and ground.

Filters
Even with good cable design and

layout, sometimes a filter is needed to
reduce conducted EMI. A filter is a circuit
that allows certain frequencies to pass un
impeded , but blocks other s. Depending
on its design, a filter can allow only sig
nals below a cut-off frequenc y to pass
(lowpass filter), only signals above a cut
off frequency to pass (highpass filter), or
pass or block signals within a given range
or band (bandpass or notch filters, respec
tively),

A simple filter, consisting of but a sin-

~7GROUNDS

tween each signal line (see Fig. 3).
Often, that is not done . It is common

for a flat ribbon cable to have 25 or more
conductors , only one of which is a
ground. That can lead to high capacitance
between signal conductors, resulting in
crosstalk problems . The presence of a
ground or return line between each signal
line will "shield" the signal lines from
each other.

Finally, if you want to be totally free
from EMI radiation or pickup from cab
ling, use fiber optics. Made of glass or
plastic fibers, such cables neither radiate
nor pick up electromagnetic energy. They
are coming into wide use in applications
where long runs of data cables operate in
noisy environments . Telephone compa
nies, for instance , are now making exten
sive use of fiber-optic cables .

_:

grounded. That grounding should be
made directly to the chassis ground, and
at the point where the cable enters the
circuit enclosure.

The wide usage of flat ribbon cables in
many types of circuits' merits special con
sideration. When using ribbon cables,
and when the circuit is especially sen
sitive to pickup of radiation (or when the
circuit could potentially radiate), a return
or ground conductor should be placed be-

SIGNAL CONDUCTORS

FIG.3-TO ELIMINATE CROSSTALK problems
In ribbon cable, alternate cond uct ors should be
grounded.
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cable and install the ferrite. (It must be 
mentioned that that solution will do 
nothing if the interference is differential 
mode.) 

Interference is filtered from signal lines 
in much the same way, assuming that the 
interference signal differs in frequency 
range from the intended signal. But if the 
EMI is in the same frequency range as the 
desired signal, there is little that you can 
do to reduce the conducted interference 
with filters. In those cases, the inter- 
ference must be prevented from getting 
into the cables by using proper cable de- 
sign and shielding. 

Filter Installation 
The important thing to remember when 

installing either a commercial filter or a 

home -made one is to isolate the unfiltered 
lines from the filtered ones. In carrying 
out such installation, keep the following 
pointers in mind: 

Install the filter at the entrance of the 
power cord to the equipment box; do not 
allow the AC line cord to penetrate the 
equipment enclosure. Keep the ground 
leads from the filter as short as possible. 
For best results, mount the filter on a met- 
al surface (aluminum foil will do) so that 
the input connection is made through that 
metal surface; the surface is then con- 
nected to the the ground wire of the equip- 
ment's AC power cord. 

TMnsient suppression 
Anyone who has ever lost a batch of 

data or has seen his program "crash" 
when the lights dimmed knows the frus- 
tration that power -line transients can 
cause. Severe transients are capable of 
causing damage to electronic devices. es- 
pecially members of the very sensitive 
MOS logic families. The most common 
types of transients on the power lines are 
as follows: sags (the power line voltage 
drops below the normal value for a short 
period of time); surges (the line voltage 
rises above the normal value for a short 
period of time); dropouts (the line voltage 
drops to zero for a short period of time); 
impulses (fast -acting conducted spikes of 
positive or negative polarity that are su- 
perimposed on the normal line voltage), 
and frequency changes (when the fre- 
quency of the line voltage deviates from 
60 Hz). 

The duration of those types of distur- 
bances, especially the first three, is usu- 
ally very short, typically lasting for only a 

few cycles (at 60 Hz, the period of a cycle 
is approximately 16.7 milliseconds). They 
have a variety of causes. Some of those 
include lighting, starting and stopping of 
heavy machinery, and momentary line 
faults (short circuits to ground) in the 
power distribution system. Long term dis- 
turbances usually take the form of black- 
outs or brownouts. 

For protection against the long -term 

disturbances, the only recourse is some 
type of uninterruptible power supply. 
Those devices contain storage batteries 
and sensing circuits that switch the load to 
the batteries when the line voltage falls 
below a certain value. 

There are, however, many ways to pro- 
tect your equipment from the effects of 
short-term transients. The first step is to 
recognize that transients can have two 
very different sets of characteristics. That 
is, transients can be unidirectional or os- 
cillatory. An oscillatory transient has a 

fast rise -time and then becomes a decay- 
ing sinusoid, oscillating at some frequen- 
cy until it damps out. The unidirectional 
wave has a very short rise -time and a com- 
paratively long fall -time. Once the tran- 
sient drops to zero, it shows no 
oscillation. Of the two, oscillatory tran- 
sients are more commonly encountered. 

Transients are capable of doing quite a 

bit of damage; impulse and surge voltages 
as high as 6000, and currents as high as 

200 amperes have been observed. To pre- 
vent damage from occurring, the energy 
must be diverted before it enters sensitive 
electronics equipment. Power -line EMI 
filters will help to reduce some of the 
transient energy, but the amplitude of 
some transients can overwhelm the filters 
and cause damage. A device especially 
designed for transient suppression is 
needed. 

There are a variety of devices that are 
useful in protecting your equipment from 
high -energy transients. Many of those are 
available commercially; you simply buy 
them and install them between the AC 
outlet and your equipment. They are gen- 
erally satisfactory for most applications, 
if they are installed properly and if a good 
ground is used. 

It is also possible to design and build an 
effective "home -brew" suppressor. The 
key components for such a device -gas 
tubes, varistors, and Silicon Avalanche 
Suppressors (SAS) -are readily avail- 
able. 

Basically, gas tubes consist of a pair of 
electrodes that are encased in a non -con- 
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FIG. 8-A CROSS -SECTION of a gas tube is 
shown In e; Its schematic symbol is shown in b 

ductive (usually glass) envelope that con- 
tains an inert gas. See Fig. 8 -a; the 
schematic symbol for the gas tube is 
shown in Fig. 8 -b. One of the electrodes is 
connected to the hot line of the AC power 
cord, and the other is either grounded or 
connected to the neutral line. Normally, 
the presence of a gas tube in the line has 
no effect, but when a high -energy tran- 
sient occurs, there is arcing between the 
two electrodes. That arcing is the dissipa- 
tion of the transient energy. Lightning ar- 
restors, installed on the utility companies 
lines, are usually made up of very large 
gas tubes. 

Varistor is short for VAR /able re- 
siSTOR, which essentially describes the 
action of that device. Varistors have a high 
resistance at low voltages, but as the volt- 
age increases, the resistance greatly de- 
creases. In the low resistance state, the 
varistor is capable of handling a large in- 
crease of current without a large increase 
in voltage. Thus, the voltage on the line is 
"clamped." Varistors are inherently bi- 
polar devices. 

The level of the clamping voltage de- 
pends on the type of varistor and the ener- 
gy rating of the device. The varistor. if not 
properly chosen, can be over -stressed, re- 
sulting in damage to the varistor and a 

lack of protection for your equipment. 
However, varistors are available in various 
ratings that can be matched to the job at 
hand. In addition, varistors react very 
quickly to transients. 

SAS devices are most suitable for use 
on signal lines, low voltage lines, tele- 
phone lines, and at the circuit -board level. 
SAS's, which are very fast -acting devices, 
are essentially large area p-n junctions or 
"beefy" diodes. The device's charac- 
teristic curve resembles that of a Zener 

TO 
LINE 

FIG. 9-A HYBRID transient -suppressor circuit 
allows you to combine the advantages of two or 
more types of suppressor devices. 

diode, but they can handle much more 
energy. Both bipolar and unipolar devices 
are available. 

It is possible to combine the above de- 
vices into a hybrid suppression network. 
Such hybrid networks are useful because 
the designer can combine the advantages 
of two or more suppressor components, 
such as the energy -handling capability of 
a gas tube with the speed of an SAS. Such 
a hybrid network is shown in Figure 9. 
The isolating impedance is included in the 
network to limit the transient current into 
the SAS; it also causes the voltage to build 
up high enough to trigger the gas tube. 

continued on page 114 
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cable and install the ferrite . (It must be
mentioned that that solution will do
nothing if the' interference is differential
mode.)

Interference is filtered from signal lines
in much the same way, assuming that the
interference signal differs in frequency
range from the intended signal. But if the
EMI is in the same frequency range as the
desired signal, there is little that you can
do to reduce the conducted interference
with filters. In those cases, the inter
ference must be prevented from getting
into the cables by using proper cable de
sign and shielding. ~ , ,: 'I'. :

, . '
Filter lnstallatlon ;,

The important thing to remember when
installing either a commercial filter or a
home-made one is to isolate the unfiltered
lines from the filtered ones . In carrying
out such installation, keep the following
pointers in mind:

Install the filter at the entrance of the
power cord to the equipment box; do not
allow the AC line cord to penetrate the
equipment enclosure. Keep the ground
leads from the filter as short as possible.
For best results, mount the filter on a met
al surface (aluminum foil will do) so that
the input connection is made through that
metal surface; the surface is then con
nected to the the ground wire of the equip 
ment's AC power cord. '

Transient suppression
Anyone who has ever lost a batch of

data or has seen his program "crash"
when the lights dimmed knows the frus
tra tion that power-line transients can
cause. Severe transients are capable of
causing damage to electronic devices, es
pecially members of the very sensitive
MOS logic families. The most common
types of transients on the power lines are
as follows: sags (the power line voltage
drops below the normal value for a short
period of time); surges (the line voltage
rises above the normal value for a short
period oftime); dropouts (the line voltage
drops to zero for a short period of time);
impulses (fast-acting conducted spikes of
positive or negative polarity that are su
perimposed on the normal line voltage),
and frequency changes (when the fre
quency of the line voltage deviates from
60 Hz).

The duration of those types of distur
bances, especially the first three, is usu
ally very short, typically lasting for only a
few cycles (at 60 Hz, the period of a cycle
is approximately 16.7 milliseconds). They
have a variety of causes . Some of those
include lighting, starting and stopping of
heavy machinery, and momentary line
faults (short circuits to ground) in the
power distribution system. Long term dis
turbances usually take the form of black
outs or brownouts.

For protection against the long-term

disturbances, the only recourse is some
type of uninterruptible power supply.
Those devices contain storage batteries
and sensing circuits that switch the load to
the batteries when the line voltage falls
below a certain value.

There are, however, many ways to pro
tect your equipment from the effects of
short-term transients. The first step is to
recognize that transients can have two
very different sets of characteristics . That
is, transients can be unidirectional or os
cillatory. An oscillatory transient has a
fast rise-time and then becomes a decay
ing sinusoid, oscillating at some frequen
cy until it damps out. The unidirectional
wavehas a very short rise-time and a com
paratively long fall-time. Once the tran
sient drops to zero, it shows no
oscillation . Of the two, oscillatory tran
sients are more commonly encountered .

Transients are capable of doing quite a
bit of damage; impulse and surge voltages
as high as 6000, and currents as high as
200 amperes have been observed. To pre
vent damage from occurring, the energy
must be diverted before it enters sensitive
electronics equipment. Power-line EMI
filters will help to reduce some of the
transient energy, but the amplitude of
some transients can overwhelm the filters
and cause damage . A device especially
designed for transient suppression is
needed.

There are a variety of devices that are
useful in protecting your equipment from
high-energy transients. Many of those are
available commercially; you simply buy
them and install them between the AC
outlet and your equipment. They are gen
erally satisfactory for most applications,
if they are installed properly and if a good
ground is used.

It is also possible to design and build an
effective "home-brew" suppressor. The
key components for such a device-gas
tubes, varistors, and Silicon Avalanche
Suppressors (SAS)-are readily avail
able.

Basically, gas tubes consist of a pair of
electrodes that are encased in a non-con-
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FIG. 8-A CROSS-SECTION of a gas tube is
shown in 8; Its schematic symboi Is shown In b .

ductive (usually glass) envelope that con
tains an inert gas. See Fig. 8-a; the
schematic symbol for the gas tube is
shown in Fig. 8-b. One of the electrodes is
connected to the hot line of the AC power
cord, and the other is either grounded or
connected to the neutral line. Normally,
the presence of a gas tube in the line has
no effect, but when a high-energy tran
sient occurs, there is arcing between the
two electrodes . That arcing is the dissipa
tion of the transient energy. Lightning ar
restors, installed on the utility companies
lines, are usually made up of very large
gas tubes.

Varistor is short for VARIable re
siSTOR, which essentially describes the
action of that device. Varistors have a high
resistance at low voltages, but as the volt
age increases, the resistance greatly de
creases . In the low resistance state, the
varistor is capable of handling a large in
crease of current without a large increase
in voltage. Thus, the voltage on the line is
"clamped ." Varistors are inherently bi
polar devices .

The level of the clamping voltage de
pends on the type of varistor and the ener
gy rating of the device. The varistor, if not
properly chosen, can be over-stressed, re
sulting in damage to the varistor and a
lack of protection for your equipment.
However,varistors are 'available in various
ratings that can be matched to the job at
hand . In addition, varistors react very
quickly to transients.

SAS devices are most suitable for use
on signal lines, low voltage lines, tele
phone lines, and at the circuit-board level.
SAS's, which are very fast-acting devices,
are essentially large area p-n junctions or
"beefy" diodes. The device's charac
teristic curve resembles that of a Zener

FIG. 9-A HYBRID trans ient-suppressor Circuit
allows you to combine the advantages of two or
more types of suppressor devices.

diode, but they can handle much more
energy. Both bipolar and unipolar devices
are available.

It is possible to combine the above de
vices into a hybrid suppression network.
Such hybrid networks are useful because
the designer can combine the advantages
of two or more suppressor components,
such as the energy-handling capability of
a gas tube with the speed of an SAS. Such
a hybrid network is shown in Figure 9.
The isolating impedance is included in the
network to limit the transient current into
the SAS; it also causes the voltage to build
up high enough to trigger the gas tube .

. continued all page 114
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Miniyour voice into a versatile musical 

"instrument" with this fun -to -build mini music synthesizer. 

THIS MINI -MUSIC SYNTHESIZER IS NOT T(X) 
complex. but it is a load of fun to build 
and use. The ingenious little unit samples 
and holds the frequency of a signal from a 

microphone or other sound source and 
outputs that signal as a single note. The 
input "signal" can be a whistle, hum. or 
some other sound. The duration and am- 
plitude of the note can be controlled. The 
frequency of the note can be halved or 
doubled with a flick of a switch. A vibrato 
effect can also be applied via a variable 
tremolo control. To add to all of that. two 
channels are available to give chorus or 
stereo effects. Each of those channels has 
a separate volume control. 

The signal source is derived from a low - 
to medium -impedance microphone. That 
microphone can be almost any dynamic 
or electret type. The types used with low - 
cost cassette recorders will work well. 

The synthesizer's output is connected 
to an external amplifier of some type. A 
home -stereo system would be suitable; 
feed the signal to the auxiliary or tuner 
input. A PA amplifier could also be used. 

How it works 
The schematic of the synthesizer is 

shown in Fig. I. As you can see there. its 
input section is basically a microphone 
amplifier and signal shaper with three 
stages. Twin Voltage Controlled Os- 
cillators (VCO's) each with a Voltage 

Adapted from a project that originally appeared in 
tAck Smiths Funways into Electronics, volume 
three. 

Amplifier (VCA) output stage 
make up the main section. The remaining 
circuitry is a simple. adjustable low -fre- 
quency oscillator that's used as a tremolo - 
effects generator. 

The first stage of the input section is 
made up of ICI -a and its associated cir- 
cuitry. That stage has a gain of about 100 
at I kHz. The op -amp circuit used in that 
stage is very basic. Note. however the 
presence of the capacitor in the feedback 
loop. That capacitor causes a roll -off in 
gain as the input frequency increases. The 
output of the amplifier is AC coupled to 
the next stage by C7. 

The second stage consists of ICI -b and 
its associated circuitry. That stage has a 

gain of about 20. Like the previous stage. 
the high frequency response is limited by 
a capacitor in the feedback loop. That re- 
sponse tailoring has been done to reduce 
the normally rich harmonic content of the 
human voice; the only signal we want to 
process is the fundamental note. The har- 
monics are low in amplitude and can be 
partially rejected by the simple approach 
used in that circuit. 

The last stage of the input section is the 
most significant and needs some explana- 
tion. The op -amp there, ICI -c, is config- 
ured as a Schmitt trigger with offset. The 
hysteresis components are R22 and R2I. 
Normally a Schmitt trigger is bistable, 
and in the quiescent state the output would 
be either positive or negative depending 
on the last signal transition. The dif- 
ference in this case is that the offset volt- 

age at the inverting input is greater than 
the hysteresis voltage at the noninverting 
input; resistors R20 and R39 establish that 
offset. The purpose of the offset is to as- 
sure that the output at pin 8 of ICI is 
always low (negative) when no signal is 
present. The output will only switch when 
the input exceeds the sum of the hysteresis 
and offset voltages. The circuit acts as a 

gating system to the following phase - 
locked loop circuits. 

The Schmitt trigger is the second stage 
of the processing that rejects the harmon- 
ics and noise in the input signal from the 
microphone. The input level. set by R4I, 
is adjusted by turning that control until 
reliable response is achieved from a nor- 
mal -level input (such as a singing voice). 
It is not adjusted farther than that mini- 
mum amount. In that way. the Schmitt 
trigger will tend to switch only on the 
peaks of the fundamental. The levels of 
the harmonics and noise content of the 
signal are below the threshold switching 
points and will be rejected. The purer the 
voice or note. the more reliable the circuit 
action. A "gravelly" or "rough" voice 
thus will tend to prove unreliable as a 

signal source. The best results will be 
from a whistle, because that produces a 

note that is relatively free from harmonics 
of any amplitude. 

From the output of ICI -c, the signal is 
split and fed to both the right and left 
channels. Since the circuitry in the two 
channels is identical, we will look at only 
one of those: channel I. 
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"instrument" with this tun-to-build mini music synthesizer.

TH [S M[N I-MUSIC SYNTHESIZER [S NOT TOO

complex, but it is a load of fun to build
and use. The ingenious little unit samples
and holds the frequency of a signal from a
microphone or other sound source and
outputs that signal as a single note . The
input "s ignal" can be a whistle , hum , or
some other sound. The duration and am
plitude of the note can be controlled. The
frequency of the note can be halved or
doubled with a flick of a switch. A vibrato
effect can also be applied via a variable
tremolo control. To add to all of that, two
channels are available to give chorus or
stereo effects. Each of those channels has
a separate volume control.

The signal source is derived from a low
to medium-impedance microphone. That
microphone can be almost any dynamic
or electret type. The types used with low
cos t cassette recorders will work well.

The synthesizer's output is connected
to an external amplifier of some type. A
home- stereo sys tem would be suitable;
feed the signal to the auxi liary or tuner
input. A PAamplifier could also be used.

How it works
The schematic of the synthesizer is

shown in Fig. I . As you can see there, its
input section is basically a microphone
amplifier and signal shaper with three
stages . Twin Voltage Co ntro lled Os
cillators (YCO 's) eac h with a Voltage

Adapted from a project that originally appeared in
Dick Smith's Funways into Electronics. volume
three,

Controlled Amplifier (YCA) output stage
make up the main section, The remaining
'circuitry is a simple, adjustable low-fre
quency oscillator that's used as a tremolo
effects genera tor.

The first stage of the input section is
made up of ICI-a and its associated cir
cuitry. That stage has a gain of about 100
at I kHz. The op-amp circuit used in that
stage is very basic . Note, however the
presence of the capacitor in the feedback
loop. That capaci tor causes a roll-off in
gain as the input frequency increases . The
output of the amplifier is AC coupled to
the next stage by C7.

The second stage consists of ICI-b and
its associated circuitry. That stage has a
gain of about 20 . Like the previous stage ,
the high frequency response is limited by
a capacitor in the feedback loop. That re
sponse tailoring has been done to reduce
the normally rich harmonic content of the
human voice; the only signal we want to
process is the fundamental note. The har
monics are low in amplitude and can be
partially rejected by the simple approach
used in that circuit.

'The last stage of the input section is the
most significant and needs some explana
tion. The op-amp there , ICI-c, is config
ured as a Schmitt trigger with offset. The
hysteresis components are R22 and R21.
Normally a Schmitt trigger is bistable ,
and in the quiescent state the output would
be either positive or negative depending
on the last signal transition . The dif
ference in this case is that the offset volt-

age at the inverting input is greater than
the hysteresis voltage at the noninverting
input; resistors R20 and R39 establish that
offset. The purpose of the offset is to 'as
sure that the output at pin 8 of ICI is
always low (negative) when no signal is
present. The output will only switch when
the input exceeds the sum of the hysteresis
and offset voltages . The circuit acts as a
gating system to the following phase
locked loop circuits.

The Schmitt trigger is the second stage
of the processing that rejects the harmon
ics and noise in the input signal from the
microphone. The input level, set by R41,
is adjusted by turning that control until
reliable response is achieved from a nor
mal-level input (such as a singing voice).
It is not adjusted farther than that mini
mum amount. In that way, the Schmitt
trigger will tend to switch only on' the
peaks of the fundamental. The levels of
the harmonics and noise content of the
signal are below the threshold switching
points and will be rejected . The purer,the
voice or note, the more reliable the circuit
action. A "gravelly" or " rough" voice
thus will tend to prove unreliable as a
signal source . The best results will be
from a whistle, because that produces a
note that is relatively free from harmonics
of any amplitude .

From the output of ICl-c, the signal is
split and fed to both the right and left
channels. Since the circuitry in the two
channels is identical, we will look at only
one of those: channel I. '
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FIG. 1- SCHEMATIC DIAGRAM of the mini synthesizer. The potentiometers can be either panel - 
mounted or PC- mounted. 
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FIG. 2 -THE LOCATIONS OF ALL PC -board mounted components are shown here. To disconnect the 
microphone Input stage. cut the trace between the pads marked with an asterisk. 

From the Schmitt trigger, the signal is 
passed to 1C2, a 4046 CMOS Phase Lock- 
ed Loop (PLL). That IC consists of two 
separate circuits. One is a VCO that runs 
from subaudio to over I MHz. The other is 

a dual -output phase comparator. By 
adding just a few external components, a 

complete PLL can be formed. (For more 
information on the 4046, see the man- 
ufacturer's data sheet.) 

Without an input signal, the output of 
the Schmitt trigger will be low, and there- 
fore pin 13 of IC4 -a, a 4016 analog switch, 
will also be low. That means that the ana- 
log switch will be off, and pin 13 (PU_ 

COMPARATOR-OUTPUT 2) of the 4046 will 
be disconnected from pin 9, the input to 
the VCO. The voltage present on the 
lowpass filter capacitor (C5), together 
with the RC timing components (C3 and 
R5), will determine the frequency of the 
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microphone Input stage, cut the trace between the pads marked with an asterisk.

From the Schmitt trigger, the signal is
passed to IC2, a4046 CMOS Phase Lock
ed Loop (PLL). That IC consists of two
separate circuits . One is a YCO that runs
from subaudio to over 1MHz. The other is
a dual-output phase comparator. By
adding just a few external components, a
complete PLL can be formed . (For more
information on the 4046 , see the man
ufacturer's data sheet.)

Without an input signal, the output of
the Schmitt trigger will be low, and there
fore pin 13of IC4-a, a 4016 analog switch,
will also be low. That means that the ana
log switch will be off, and pin 13 (PLL

COMPARATOR-OUTPUT 2) of the 4046 will
be disconnected from pin 9, the input to
the YCO. The voltage present on the
lowpass filter capacitor (C5), together
with the RC timing components (C3 and
R5), will determine the frequency of the
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FIG. 3 -THE OFF -BOARD COMPONENTS should be connected to the PC board via wires. 

FIG. 4 -THE FINISHED PC -BOARD is shown here. Note the use of PC- mounted trimmers in this 
version. 

VCO. The voltage across C5 will not dis- 
sipate for a long period of time, because of 
the very high input impedance at pin 9 of 
the 4046, and the low- leakage charac- 
teristic of that 0. I -µF polyester capacitor. 
That, in turn, means that the output fre- 
quency of the VCO at pin 4 will remain 
stable for a long period of time. 

Now let us look at what happens when 
ail input signal is present. Pins 13 of the 
analog switch and 12 of the PLL will go 
high. The analog switch is then on, and 
the phase- comparator output of the PLL 
(1C2, pin 13) will be connected to the 
VCO (1C2, pin 9) via the lowpass filter 
(R9, RIO, and C5). Provided that the input 
signal continues at a fixed frequency for a 

short period of time, the PU. will lock in 
and follow any frequency variations. For 
the most part, in that locked state, the 
PHASE PULSE output (pin 1) will be high 
(there will, however, be some narrow 
negative -going pulses). 

With pin 1 of the 4046 high, D3 will be 

forward- biased via R8, so C6 will charge. 
The voltage across the capacitor is applied 
to the base of QI, which acts as a voltage 
follower /buffer. That transistor is half of 
the VCA output stage, the other section 
being another 4016 analog switch (1C4- 
b). The control gate (pin 5) of IC4 -b is 
connected directly to the output of the 
VCO (pin 4 of IC2), or indirectly via the 
4013 (a dual D flip -flop), depending on the 

PARTS LIST 

Resistors 
All resistors are ".4 -watt. 5 %. unless other- 
wise noted. 
Rl. R19, R21, R36 -1000 ohms 
R2, R3. R8, R18. R26, R37-.4700 ohms 
R4. R6, R9 -R11, R15, R17. R22, R23. 

R27, R28. R33. R34. R39- 100.000 
ohms 

R5, R13, R24- 47,000 ohms 
R7, R16, R29. R30-1 megohm 
R12, R14, R25. R31, R32- 10.000 ohms 
R35. R36-4.7 megohms 
R40, R44-1 megohm, potentiometer. lin - 

ear taper 
R41, R42. R45- 10.000 ohms. potentiom- 

eter, audio taper 
R43- 100.000 ohms. potentiometer. lin - 

ear taper 
Capacitors 
Cl, C7. C11 -0.47 p.F, 10 volts tantalum 
C2 -100 µF, 16 volts, electrolytic 
C3. CIO -0.01 F. ceramic disc 
C4, C8 -120 pF, ceramic disc 
C5, C12 -0.1 F. polyester 
C6. C9, C13. C14 -2.2 NF, 16 volts. elec- 

trolytic 
C1S -470 µF. 16 volts. electrolytic 
Semiconductors 
ICI -LM324 quad op -amp 
IC2, IC3 -4046 CMOS PLL 
IC4 -4016 quad analog switch 
IC5 -4013 dual D flip -flop 
01. 02- ECG123AP NPN transistor 
Dl- D4- 1N4148 silicon diodes 

Components 
Si. S2 -DP3T miniature slide switch 
S3- SS -DPDT miniature slide switch 
J1- miniature phone lack 
J2. J3- -phono lack 
B1-9 -volt battery 
Miscellaneous PC board, case. knobs. 
battery snap wire. etc 
A kit of parts (Catalog Number K -2669) 
Is available from Dick Smith Elec- 
tronics, PO Box 8021. Redwood City. 
CA 94063. The kit includes the PC 
board, but not the case, the battery or 
the jacks. The price is S19.95. 

setting of Sl. The squarewavc output from 
the VCO opens and closes the analog 
switch. It can be seen that that action 
directly gates the voltage available to the 
output terminal via the two current limit- 
ing resistors and the potentiometer. 

When the input signal disappears. pin I 

of the 4046 returns low. As described pre- 
viously, the VCO remains running at a 

frequency determined by the voltage on 
capacitor C5. The voltage across C6 then 
begins to discharge via the transistor fol - 
lower and the two resistors, RI2 and R40. 
Those two resistors control the "decay" 
rate. If R40 is set to its maximum value ( I 

megohm) the discharge time will be long 
(decay will occur slowly). As the dis- 
charge is taking place, the continuous 
output from the VCO switches the analog 
gate ICI -b on and off to "sink" the decay- 
ing voltage on the emitter of QI via the 
load resistor (R18) at the VCO rate. 
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FIG. 3-THE OFF-BOARD COMPONENTSshould be connected to the PC board via wires .

fiG. 4-THE FINISHED PC-BOARD is shown here. Note the use of PC-mounted trimmers in thi s
vers ion.

"T1
m
OJ
JJ
C
~
JJ
-<

Resistors
All resistors are ~-watt, 5%, unless other
wise noted.
R1, R19, R21 , A36-1000 ohms
A2, R3, A8, A18, A26, A37-4700 ohms
A4, A6, R9-A11, A15, A17, A22, A23,

A27, A28, R33, A34, A39-100,000
ohms

A5, A13, A24-47,000 ohms
A7, R16, A29,A3G--1 megohm
A12, A14, A25, R31 , A32-10,000 ohms
A35, R36-4.7 megohms
R40, A44-1megohm, potentiometer, lin

ear taper
A41 , R42, A45-10,0000hms, potentiom

eter, audio taper
A43-100,000 ohms, potentiometer, lin-

ear taper
Capacitors
C1 , C7, C1 1-Q.47 ""F, 10 volts tantalum
C2-100 ""F, 16 volts, electrolytic
C3, C1O-Q.01 ""F, ceramic disc
C4, C8-120 pF, ceramic disc
C5, C12-Q.1 ""F, polyester
C6, C9, C13, C14-2.2 ""F,16 volts, elec-

trolytic
C15-470 ""F, 16 volts, electrolytic
Semiconductors
IC1-LM324 quad op-arnp
lC2, IC3-4046 CMOS PLL
IC4-4016 quad analog switch
lC5-4013 dual 0 flip-flop
01, 02-ECG123AP NPN transistor
D1-D4-1N4148 silicon diodes
Other Components
Sl , S2-DP3T miniature slide switch
S3-S5-DPDT miniature slide switch
Jl-miniature phone jack
J2,J3--phono jack
B1-9-volt battery
Miscellaneous: PC board, case, knobs,
battery snap, wire, etc.
A kit of parts (Catalog Number K-2669)
is available from Dick Smith Elec
tronics, PO Box 8021, Redwood City,
CA 94063. The kit Includes the PC
board, but not the case, the battery or
the Jacks. The price is $19.95.

PARTS LIST

setting of 51. The squarewave output from
the YCO opens and closes the analog
switch . It can be seen that that action
directly gates the voltage available to the
output terminal via the two current limit
ing resistors and the potentiometer.

When the input signal disappears, pin I
of the 4046 return s low. As described pre
viously, the YCO remains running at a
frequency determined by the voltage on
capacitor C5. The voltage across C6 then
begins to discharge via the transistor fol
lower and the two resistors, Rl 2 and R40 .
Those two resistors control the " decay"
rate. If R40 is set to its maximum value (I
megohm) the discharge time will be long
(decay will occur slowly). As the dis
charge is taking place , the continuous
output from the YCO switches the analog
gate ICI -b on and off to "sink" the decay
ing voltage on the emitter of QI via the
load resistor (RI8) at the YCO rate.
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short period of time, the PLL will lock in
and follow any frequency variations. For
the most part, in that locked state, the
PH ASE PULSE output (pin 1) will be high
(there will, however, be some narrow
negative-going pulses).

With pin I of the 4046 high, D3 will be
forward-biased via R8, so C6 will charge.
The voltage across the capacitor is applied
to the base of Q1, which acts as a voltage
follower/buffer. That transistor is half of
the YCA output stage, the other section
being another 40 16 analog switch (IC4
b). The control gate (pin 5) of IC4-b is
connected direc tly to the output of the
YCO (pin 4 oOC2), or indirectly via the
4013 (a dual D flip-flop), depending on the
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YCO. The voltage across C5 will not dis
sipate for a long period of time, because of
the very high input impedance at pin 9 of
the 4046 , and the low-leakage charac
terist ic of that O. l-IJ..F polyester capaci tor.
That , in tum , means that the output fre
quency of the YCO at pin 4 will remain
stable for a long period of time .

Now let us look at what happen s when
an input signal is present. Pins 13 of the
analog switch and 12 of the PLL will go
high . The analog switch is then on, and
the phase-comparator output of the PLL
(IC2, pin 13) will be connected to the
YCO (IC2, pin 9) via the lowpass filter
(R9, RIO, and C5). Provided that the input
signal continues at a fixed frequency for a
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The frequency of the note reaching the 
output stage can be changed from that of 
the original. By using a flip -flop as a di- 
vide -by -two element. the output can be 
halved or doubled depending on where it 
is coupled into the circuit. With the oc- 
tave- select switch (SI) in the center posi- 
tion (I =), the output frequency will be 
identical to to input. When the E/: position 
is selected, the 4013 (configured as a 

clocked flip -flop) divides the output from 
the VCO (IC2, pin 4) by two (lower oc- 
tave). In the :I position. the flip -flop is 
connected between the output of the VCO 
and the comparator of the PLL. That re- 
sults in a frequency that is twice that of the 
input (upper octave) at pin 4 of the VCO. 

So far we've only used three sections of 
the LM324 quad op -amp. The fourth sec- 
tion (ICI -d) is used as a tremolo gener- 
ator. The op -amp is configured as an asta- 
ble multivibrator to give a squarewave 
output. Potentiometer R43 is included to 
adjust the frequency (tremolo rate). The 
squarewave is then smoothed somewhat to 
give a more natural tremolo effect to the 
output note. That waveform is then ap- 
plied to the VCO (at pin 12, IC2) via a 

selector switch and a 4.7 megohm re- 
sistor. 

INK 
ONCE COMPLETED. the circuit should be In- 
stalled in a case. 

Optional inputs 
The VCA of either channel can be trig- 

gered from an external source. A positive 
pulse input via D2 to the VCA will charge 
C6. If that input is held high, the output 
from the VCA will also remain high. If 
the input is a pulse from a sequencer or 
even a simple switch, the output from the 
VCA can be triggered without the need 
for an audio signal at the microphone in- 
put. That could be used with rhythm gen- 
erators, etc., to create different effects. 
The frequency of the VCO can still be 

changed by using the microphone input. 
If you require that the input signal from 
the microphone -amplifier stage not trig- 
ger the VCA, create an open circuit by 
removing D3 from the board. (The foil 
pattern for the project is provided in our 
"PC Service" department; the parts - 
placement diagrams are shown in Figs. 2 

and 3.) 
By disconnecting the input stage from 

the VCO. the PLL can be used separately 
by providing an external input signal. Iso- 
lation is performed by cutting the PC 

board trace between the pads marked with 
an asterisk in Fig. 2. The input is applied 
via DI. That input should be a square- 
wave. The peak -to -peak voltage of the in- 
put should not greater than the circuit's 
supply voltage, and should not be less 
than 75% of the supply voltage. If the 
input stage is disconnected from the PLL 
in the manner described, the circuit could 
be used to modify the output of an elec- 
tronically amplified instrument or a sound 
generator (provided that the input signal 
meets the requirements of the 4046). For 
example, the output from a simple mono- 
phonic organ can be used to create more 
interesting tones and sound effects. The 
decay control could be used to vary the 
note shape. and the octave switch can 
change the note frequency. 

To reconnect the PLL to the micro- 
phone input stage. the link destroyed 
when the PC trace was cut must be re- 
stored. That is done by installing a jumper 
between the pads marked with an asterisk 
in Fig. 2; for convenience, that jumper 
could be replaced by a switch. 

Assembly 
Assembly is very straightforward if you 

follow Figs. 2 and 3. Start by mounting all 
of the low- profile components on the 
board. Those include the resistors, di- 
odes. and the jumper. Next, install the 
capacitors. Be sure to observe the polarity 
of the electrolytics. After that, install the 
IC's and transistors, taking care to ob- 
serve the proper orientation. Finally hook 
up the switches. potentiometers, and 
other off -board components. Note that the 
board has been designed to accept PC- 
mount potentiometers, but you can use 
panel -mount potentiometers and connect 
them to the board with wire. 

To test the system you will need to use 
an audio amplifier of some type. Feed the 
output of the synthesizer to the amp, plug 
in the microphone and battery, and turn 
the unit on. Whistle a few times close to, 
but not directly into the microphone. Turn 
up the MICROPHONE INPUT LEVEL SET 

control until some response is heard from 
the outputs. Set the VOLUME controls of 
both channels to an appropriate level. 
Vary the pitch (frequency) of your whis- 
tle; the output should vary in kind. 

Next, try varying the DECAL controls. 
With the controls set to maximum, you 
will hear the outputs change in frequency 
as the note of your whistle changes. Notes 
that are wide apart in frequency will take a 

little longer to lock. Now try changing the 
setting of the OCTAVE SELECT switches. 
Also try out the TREMOLO RATE control; be 
sure that the tremolo section is switched 
into the circuit when you do that. 

If all is working, the completed board 
(see Fig. 4) can be mounted in a case to 
complete assembly. If you detect any 
problems, go over your work carefully to 
find the cause of the problem. 

THE UPPER TRACE is a 3 -kHz input signal from 
a signal generator. The bottom one is the output 
that results. 
(Photo courtesy 01 Tektronoai 

Operation 
Connect the microphone and switch the 

unit on. Now slowly whistle a tune a short 
distance from the mouthpiece. Do not 
blow directly into the microphone. Best 
results are obtained with the microphone 
at the side of your mouth so that any air 
currents do not hit it directly. 

Turn the input -level control up until you 
get a reliable response from the unit every 
time a note is whistled at the same vol- 
ume. Turn the output -volume controls to a 

suitable level to avoid feedback. The 
whistled note should be a short, clean 
burst. Try changing the DECAY controls so 
that the generated sound varies from a 

short staccato to a long, slowly- decreas- 
ing tone. 

Note that the synthesizer is sensitive to 
all sound. Thus, when the microphone 
picks up the output sound of the amplifier. 
feedback occurs and the system locks up 
in an uncontrolled state. To avoid that. 
you must keep the microphone away from 
the speaker system. 

When you find a suitable input level, try 
the other functions. By changing the oc- 
TAVE SELECT switches, the output fre- 
quency can be set to be the same as the 
input, or one half of the input. or twice the 
input. By adding tremolo to one or both 
channels, interesting tonal effects can be 

achieved. 
Try singing or humming into the micro- 

phone as the sound source. The system 
will respond best to pure. clean notes. 
Rough voices will not be reliable. 

By striking different shaped objects 
next to the microphone, the system will 
tend to pick up the fundamental resonance 
of the object and produce an equivalent 
note. 

Musical instruments can also be used 
as the sound source. A simple recorder, 
for instance, can produce many and varied 
sounds. Other instruments, such as a 

guitar, can produce different notes and 
sounds. The combinations are endless. 

To give greater versatility to the unit. 
channel one can be controlled from exter- 
nal sources as described above. With a 

little practice, this mini synthesizer can 
make you a "one -man band." R -E 
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The frequency of the note reaching the
output stage can be changed from that of
the original. By using a flip-flop as a di
vide-by-two element, the output can be
halved or doubled depending on where it
is coupled into the circuit. With the oc
tave-select switch (Sl) in the center posi
tion (F), the output frequency will be
identical to to input. When the FI2 position
is selected, the 4013 (configured as a
clocked flip-flop) divides the output from
the YCO (lC2, pin 4) by two (lower oc
tave). In the 2F position, the flip-flop is
connected between the output of the YCO
and the comparator of the PLL. That re
sults in a frequency that is twice that of the
input (upper octave) at pin 4 of the YCO.

So far we've only used three sections of
the LM324 quad op-amp. The fourth sec
tion (lCl -d) is used as a tremolo gener
ator. The op-amp is configured as an asta
ble multivibrator to give a squarewave
output. Potentiometer R43 is included to
adjust the frequency (tremolo rate). The
squarewave is then smoothed somewhat to
give a more natura l tremolo effect to the
output note . That waveform is then ap
plied to the YCO (at pin 12, IC2) via a
selector switch and a 4.7 megohm re
sistor.

ONCE COMPLETED, the circu it should be in
stalled in a case.

Optional inputs
The YCA of either channel can be trig

gered from an external source. A positive
pulse input via D2 to the YCA will charge
C6. If that input is held high, the output
from the YCA will also remain high . If
the input is a pulse from a sequencer or
even a simple switch , the output from the
YCA can be triggered without the need
for an audio signal at the microphone in
put. That could be used with rhythm gen
erators, etc ., to create different effects.
The frequency of the YCO can still be
changed by using the microphone input.
If you require that the input signal from
the microphone-amplifier stage not trig
ger the YCA, create an open circuit by
removing D3 from the board . (The foil
pattern for the project is provided in our
"PC Service" department; the parts 
placement diagrams are shown in Figs. 2
and 3.)

By disconnecting the input stage from
the YeO, the PLL can be used separately
by providing an external input signal. Iso
lation is performed by cutting the PC

board trace between the pads marked with
an asterisk in Fig. 2. The input is applied
via D I , That input should be a square
wave. The peak-to-peak voltage of the in
put should not greater than the circuit's
supply voltage, and should not be less
than 75% of the supply voltage. If the
input stage is disconnected from the PLL
in the manner described, the circuit could
be used to modify the output of an elec
tronically amplified instrument or a sound
generator (provided that the input signal
meets the requirements of the 4046) . For
example, the output from a simple mono
phonic organ can be used to create more
interesting tones and sound effects . The
decay control could be used to vary the
note shape, and the octave switch can
change the note frequency.

To reconnect the PLL to the micro
phone input stage, the link destroyed
when the PC trace was cut must be re
stored. That is done by installing a jumper
between the pads marked with an asterisk
in Fig. 2; for convenience, that jumper
could be replaced by a switch .

Assembly
Assembly is very straightforward if you

follow Figs. 2 and 3. Start by mounting all
of the low-profile components on the
board. Those include the resistors, di
odes, and the jumper. Next, install the
capacitors. Be sure to observe the polarity
of theelectrolytics. After that, install the
IC's and transistors, taking care to ob
serve the proper orientation . Finally hook
up the switches, potentiometers, and
other off-board components. Note that the
board has been designed to accept PC
mount potentiometers, but you can use
panel -mount potentiometers and connect
them to the board with wire.

To test the system you will need to use
an audio amplifier of some type. Feed the
output of the synthesizer to the amp, plug
in the microphone and battery, and tum
the unit on. Whistle a few times close to,
but not directly into the microphone . Tum
up the MICROPHONE INPUT LEVEL SET

control until some response is heard from
the outputs. Set the VOLUME controls of
both channels to an appropriate level .
Vary the pitch (frequency) of your whis
tle; the output should vary in kind.

Next, try varying the DECAY controls .
With the controls set to maximum, you
will hear the outputs change in frequency
as the note of your whistle changes . Notes
that are wide apart in frequency will take a
little longer to lock . Now try changing the
setting of the OCTAVE SELECT switches.
Also try out the TREMOLO RATE control; be
sure that the tremolo section is switched
into the circuit when you do that.

If all is working, the completed board
(see Fig. 4) can be mounted in a case to
complete assembly. If you detect any
problems, go over your work carefully to
find the cause of the problem.

THE UPPERTRACE Is a 3-kHz Input signal f rom
a signal generator. The bottom one is the output
that results .
(Photo courtesy of Tektronix)

Operation
Connect the microphone and switch the

unit on. Now slowly whistle a tune a short
distance from the mouthpiece . Do not
blow directly into the microphone. Best
results are obtained with the microphone
at the side of your mouth so that any air
currents do not hit it directly.

Turn the input-level control up until you
get a reliable response from the unit every
time a note is whistled at the same vol
ume . Tum the output -volume contro ls to a
suitable level to avoid feedback. The
whistled note should be a short, clean
burst. Try changing the DECAY controls so
that the generated sound varies from a
short staccato to a long, slowly-decreas
ing tone .

Note that the synthesizer is sensitive to
all sound. Thus, when the microphone
picks up the output sound of the amplifier,
feedback occurs and the system locks up
in an uncontro lled state . To avoid that,
you must keep the microphone away from
the speaker system.

When you find a suitable input level, try
the other functions. By changing the oc
TAVE SELECT switches, the output fre
quency can be set to be the same as the
input, or one half of the input, or twice the
input. By adding tremolo to one or both
channels, interesting tonal effects can be
achieved .

Try singing or humming into the micro
phone as the sound source. The system
will respond best to pure, clean notes.
Rough voices will not be reliable .

By striking different shaped objects
next to the microphone, the system will
tend to pick up the fundamental resonance
of the object and produce an equivalent
note .

Musical instruments can also be used
as the sound source. A simple recorder,
for instance, can produce many and varied
sounds. Other instruments, such as a
guitar, can produce different notes and
sounds . The combinations are endless.

To give greater versatility to the unit,
channel one can be controlled from exter
nal sources as described above. With a
little practice, this mini synthesizer can
make you a "one-man band." R-E
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Part 4 

Repairing 
Compact Disc Players 

Compact disc players are the most exciting development in audio in years. 

In this article well show you how those devices work, and how you can 

repair them when something goes wrong. 

LAST TIME, WE BEGAN 
to look at how to adjust 

CD players. The first adjustment we talk- 
ed about was the laser output adjustment. 
Unfortunately, we ran out of room before 
we could finish that topic, so let's do that 
now and then move on to the rest of the 
CD player adjustments. 

The simplest way to check laser -diode 
drive current is to measure the voltage 
across a resistor in series with the diode, 
such as R623 in Fig. 20 -a, and then calcu- 
late the drive current. For example, if the 
recommended laser diode current is 40 to 
70 mA, and the series resistance is 22 
ohms, the voltage should be between 0.88 
and 1.54. That check can he done before 

you adjust the laser diode, and must be 
done after adjustment. 

Some literature recommends monitor- 
ing the laser with a light meter. However, 
it is more practical (and much easier) to 
adjust the laser diode output until you get 
an EFM (Eight -to- Fourteen Modulation) 
signal of correct amplitude, as we discuss 
next. Before you make the adjustment, set 
R629 to minimum, and then increase the 
setting as required. Also, note that the 
chuck or CHU switch (53) must be in the 
closed (tray in) position before power is 
applied to Q601 and the laser. (That elimi- 
nates the need for separate interlocks. ) Of 
course, you will probably find it neces- 
sary to override that interlock (close S3 

manually) during adjustment and trou- 
bleshooting. 

First, connect the oscilloscope as 
shown in Fig. 20-a. That allows you to 
monitor the EFM signal (after the pho- 
todetector output is prcamplified by 
IC601). As discussed, the EFM signal (at 
that test point) is applied to the tracking, 
focus, and pickup motor servos, as well as 

to the signal processing circuits. 
Next, load a disc in the player and select 

the PLAY mode. The I:FTN signal should 
appear on the scope, and produce a wave- 
form similar to that shown in Fig 20 -b. 
Finally, adjust R629 until the EFM signal 
level is 700 mV (or as specified in the 
manual, typically 550 to 950 mV). 
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Repairing
Compact Disc Players

Compact disc players are the most exciting development in audio in years.

In this article we'll show you how those devices work, and how you can

repair them when something goes wrong.

Part 4 LAST TI ME, WE BEGAN

to look at how to adjust
CD players. The first adjustment we talk
ed about was the laser output adjustment.
Unfortunately, we ran out of room before
we could finish that topic , so let 's do that
now and then move on to the rest of the
CD player adjustments .

The simplest way to check laser-diode
drive current is to measure the voltage
across a resistor in series with the diode,
such as R623 in Fig . 20-a, and then calcu
late the drive current. For example, if the
recommended laser diode current is 40 to
70 rnA, and the series resistance is 22
ohm s, the voltage should be between 0.88
and 1.54. That check can be done before

you adjust the laser diode , and must be
done after adjustment.

Some literature recommends monitor
ing the laser with a light meter. However,
it is more practical (and much easier) to
adjust the laser diode output until you get
an EFM (Eight- to-Fourteen Modulati on)
signal of correc t amplitude, as we discuss
next. Before you make the adjustment, set
R629 to minimu m, and then increase the
setting as requi red. Also, note that the
chuck or CH U switch (S3) must be in the
closed (tray in) position before power is
applied to Q60l and the laser. (That elimi
nates the need for separate interlocks.) Of
course , you will probably find it neces
sary to override that interlock (close S3

manually) durin g adjustment and trou
bleshooting.

Firs t, co nnec t the osci lloscope as
shown in Fig. 20-a. That allows you to
monitor the EFM signal (after the pho
tode tec tor output is preampli fied by
IC60l). As discussed, the EFM signal (at
that test point) is applied to the tracking,
focus, and pickup motor servos, as well as
to the signal processing circuits .

Next, load a disc in the player and select
the PLAY mode . The EFM signal should
appear on the scope, and produce a wave
form similar to that shown in Fig 20-b.
Finally, adjust R629 until the EFM signal
level is 700 mY (or as specified in the
manual, typically 550 to 950 mY).
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IC601 
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FIG. 20 -THE SIMPLEST WAY to check laser diode drive Is to measure the voltage across a resistor in 

series with the diode. such as R623. 

IC101 SIM 
SERVO 

SLM GAIN OUT 

TSW 

SLM GAIN IN 

2 -+ SLM 

11 

(TO SUDE MOTOR) 

2o 
TP15 

27 

O 

IC301 

SYSTEM 
MICROPROCESSOR P134 

5V 

1 

R107 
á 

OFFSET 
ADJUSTMENT 

CONTROL 

I 

TEMPORARY 4, 
GROUND 

FIG. 21 -WHEN THE slide -motor offset adjustment has been completed. be sure to remove the 
temporary ground. 

Slide -motor offset 
tDie slide -motor offset adjustment sets 

the point where the pickup accesses the 
beginning of the disc (the disc directory). 
If the adjustment is not correct. the pro- 
gram information may not be read prop- 
erly. Note that that adjustment controls 
the pickup motor servo, and is not to be 
confused with the inner -limit micro - 
switch, although the two adjustments are 
interrelated. However, if the microswitch 
is properly set, you should have no trouble 
in setting the pickup servo offset. as fol- 
lows. 

First connect a DC voltmeter as shown 
in Fig. 21. That allows you to monitor the 

motor gain output from IC101. 
Next, load a disc in the player and select 

the PLAY mode. While the disc is playing, 
ground 1C301, pin 11 as shown in Fig. 21 

to simulate a low Tsw signal. (If the Tsw 
line is high. 1C301 shuts the system 
down.) Finally. set the player to sTOP. 

After about IO seconds. measure the DC 
level at TPIS and adjust R107 so that the 
reading is OV ( ± 50 mV). Adjust R107 in 
small increments and wait for the voltage 
level to stabilize before proceeding. 

Tracking -servo offset 
Figure 22 is the tracking -servo offset 

adjustment diagram. Here. we are adjust- 

ing the optical pickup (through the servo 
and tracking actuator coil) so that the laser 
beam is properly centered on the tracks. 
prexlucing maximum Lust. The to -st signal 
is monitored via an oscilloscope con- 
nected to TPI3. Note that R603 sets the 
offset of the two tracking diodes, but not 
the four remaining focus/signal diodes. 

As before. begin by loading a disc in 
the player and selecting the PI-AY mode. 
Then adjust R603 until the EFM is of max- 
imum amplitude. That indicates that the 
laser is properly centered on the tracks. 
On some players. the display may become 
erratic and the audio will mute after that 
adjustment is made. If so, set the player to 
s roP and then go back to PLAY. That 
should eliminate the erratic display. 

Focus servo offset adjustment 
Here, you are again monitoring the Er -M 

signal, but you arc now adjusting the op- 
tical pickup (through the servo and focus 
actuator coil) so that the laser beam is 

properly focused on the tracks. Connect 
an oscilloscope to TPI3 (see Fig. 23) and 
adjust for the maximum EFM signal. Note 
that RI I6 sets the offset of the four focus/ 
signal diodes, but not the two remaining 
tracking diodes. 

The first step is to load a disc in the 
player and select the PLAY mode. The Et--M 

waveform should appear on a scope con- 
nected to TPI3. 

Next, adjust R116 for the maximum 
EFM signal (that indicates that the optical 
pickup is focused on the tracks). Again. if 
the display becomes erratic after this ad- 

justment, stop and restart the player. 

Disc motor Hall gain balance 
The adjustment diagram is shown in 

Fig 24. In that set up, one channel of a 

dual -channel scope is connected to TPI8, 
while the other is connected to TPI7. That 
allows you to simultaneously monitor the 

drive signals to both coils (A and B) of the 

disc motor (from the motor drive, IC201). 
Start by loading a disc in the player and 

selecting the PLAY mode. Adjust R201 so 

that the output levels at TPI8 (DMCA) and 
TPI7 (ostcs) are equal. Usually, DMCA 

and DMCB are about 2 volts (p-p). 

Sample -and -hold offset adjustment 
The adjustment diagram is shown in 

Fig. 25. Note that this adjustment is not 
available on all players. Also the circuits 
shown in Fig. 25 are not to be confused 
with the sample- and -hold audio circuits. 
The S/H circuits we are dealing with here 

are part of the pickup servo, IC101, and 

control the tracking error or TER signals. 
To perform this test, we must create a 

simulated defect on a disc. The disc is 

then played and R103 adjusted for mini- 
mum audio dropout. The simulated defect 
is created by placing a strip of black (non - 
reflective) tape. about 0.5 -mm wide. on 
the mirror side of the disc. 

Focus servo offset adjustment
Here, you are again monitoring the EFM

signal, but you are now adjusting the op
tical pickup (through the servo and focus
actuator coil) so that the laser beam is
properly focused on the tracks. Connect
an oscilloscope to TPl 3 (see Fig. 23) and
adjust for the maximum EFM signal. Note
that R116 sets the offset of the four focus/
signal diodes, but not the two remaining
tracking diodes.

The first step is to load a disc in the
player and select the PLAY mode. The EFM

waveform should appear on a scope con
nected to TPI 3.

Next , adjust RII 6 for the maximu m
EFM signal (that indicates that the opt ical
pickup is focused on the tracks). Again, if
the display becomes erratic after this ad
justment , stop and restart the player.

Disc motor Hall gain balance
The adjustment diagram is shown in

Fig 24. In that set up, one channel of a
dual-channel scope is connected to TPI 8,
while the other is connected to TPI7 . That
allows you to simultaneously monito r the
drive signals to both coils (A and B) of the
disc motor (from the motor drive , IC20l ).

Start by loading a disc in the player and
selecting the PLAY mode . Adjust R20l so
that the output levels at TPI 8 (DMCA) and
TP I7 (DMCB) are equal. Usually, DM CA

and DMCB are about 2 volts (p-p).

Sample-and-hold offset adjustment
The adjustment diagram is shown in

Fig. 25. Note that this adjustment is not
available on all players. Also the circuits
shown in Fig. 25 are not to be confused
with the sample-and-hold audio circuits .
The S/H circuits we are dealing with here
are part of the pickup servo , ICIOI, and
control the trackin g error or TER signals.

To perform this test, we must create a
simulated defect on a disc. The disc is
then played and RI03 adjusted for mini
mum audio dropout. The simulated defect
is created by placing a strip of black (non
reflective) tape , about 0 .5-mm wide , on
the mirror side of the disc.

ing the optical pickup (through the servo
and tracking actuator coil) so that the laser
beam is properly centered on the tracks,
producing maximum EFM. The EFM signal
is monitored via an oscilloscope con
nected to TPI 3. Note that R603 sets the
offset of the two tracking diode s, but not
the four remaining focus/signal diodes.

As before , begin by loading a disc in
the player and selecting the PLAY mode .
Then adjust R603 until the EFM is of max
imum amplitude . That indicates that the
laser is properly centered on the tracks.
On some players, the display may become
erratic and the audio will mute after that
adjustment is made . If so , set the player to
STO P and then go back to PL AY. Tha t
should eliminate the erratic display.
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motor gain output from ICIO!.
Next , load a disc in the player and select

the PLAY mode . While the disc is playing ,
ground IC30l, pin 11 as shown in Fig. 21
to simulate a low TSW signal. (If the TSW

line is high, IC30l shuts the sys tem
down .) Finally, set the player to STOP.

After about 10 seconds, measure the DC
level at TPI5 and adju st RI07 so that the
reading is OV (± 50 mV). Adjust RI07 in
small increments and wait for the voltage
level to stabilize before proceeding.

Tracking-servo offset
Figure 22 is the tracking-servo offset

adjustment diagram . Here , we are adjust-
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SLMI-=2:.:...1-------_SLM rm SLIDE MOTOR)

TSW~2o!..7---J.A"""'---""'--'-'-I

a

0---------------
b

SLM GAIN OUTI-'2:==-O---o..----{

700mv~~~

IC10l
SERVO

Rl07 -=
OFFSET

AD.TIJSTMENT
CONTROL

IC601
PREAMP

+ 5V...---WIr----,

L- -F28'---{)Ef_

Slide-motor offset
The slide-motor offset adjustment sets

the point where the pickup accesses the
beginning of the disc (the disc directory).
If the adjustment is not correct , the pro
gram information may not be read prop
erly. Note that that adjustment controls
the pickup motor servo, and is not to be
confuse d with the inn er- limit micro
switch, although the two adjustments are
interrelated . However, if the microswit ch
is properly set, you should have no trouble
in setting the pickup servo offset , as fol
lows.

First connect a DC voltmeter as shown
in Fig . 21. That allows you to monitor the

FIG. 21-WHEN THE slide-motor offset adjustment has been completed, be sure to remove the
temporary ground.

FIG.2G-THE SIMPLEST WAYto check laser diode drive Is to measure the voltage across a resistor In
series with the diode, such as R623.
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FIG. 22 -WHEN THE tracking -servo offset adjustment has been performed correctly. the laser beam is 
properly centered on the disc tracks and the cru signal is at a maximum. The UM signal can be 
monitored on an oscilloscope connected to TPI3. 
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FIG. 23- CONNECT AN OSCILLOSCOPE to 

TP13 and adjust R116 for maximum EFM signal. 
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1 
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FIG. 24- ADJUST R201 so that the levels of the 
drive signals to the two coils are equal (about 2- 

volts p-p). 

You can make this adjustment by ear. 

The simulated defect produces a chatter- 
ing or ticking in the audio. You simply 
adjust R103 for minimum noise. Of 
course, monitoring the EFM signal with a 

scope (via TPI3), looking at the amount of 
audio dropout, is generally more accu- 
rate. Incidently, do not turn the volume up 
with a simulated defect. The noise is un- 
bearable! 

If you monitor the EFM on a scope, note 
that with such a defect, a portion of the 
EFM display will be cut out (typically a 

notch or wedge, starting from the top), no 
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TRACKING 
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FIG. 25 -HERE. you are adjusting the sample - 
and -hold circuits contained within IC101. not the 
audio sample- and -hold circuits. 

matter how you set R103 . However, you 
should be able to eliminate all (or most) of 
the audio dropout, as indicated by a cutout 
at the bottom of the EFTA display. If you get 
considerable dropout at all R103 settings, 
IC101 may be defective. 

Troubleshooting CD players 
As with adjustments, troubleshooting 

procedures found in CD player manuals 
are limited at best. They give you the usual 
"troubleshooting tree" with some test 
points to check, but no hint as to what 
other components are involved. With the 
following material, we will attempt to 
provide you with that important informa- 
tion. 

The following sections are a collection 
of trouble symptoms that match the trou- 

bleshooting -tree found in the service 
manual for a typical CD player. After se- 
lecting the symptom that matches that of 
the player you are servicing, follow the 
steps in the corresponding troubleshoot- 
ing procedures. 

Preliminary checks 
It is always a good idea to make a few 

preliminary checks before you tear into 
the player. Here are some examples. 

The transit or shipping screw must be 
removed or loosened before the player can 
operate normally. Be sure that that has 
been done. 

Cleaning the objective lens should be a 

mutine part of servicing. A dirty objective 
lens can cause a variety of symptoms (in- 
termittent or poor focus, skipping across 
the disc, erratic play, and excessive drop- 
outs, to name a few). Also, those same 
symptoms can be caused by a defective 
disc. Try a known good disc before start- 
ing service. 

Do not replace the pickup assembly, or 
make any adjustments on the pickup, be- 
fore checking for mechanical problems 
that can affect the pickup. For example, 
look for binding at any point in the pick- 
up's travel (indicating that the rails or 
guides are adjusted too tight.) On the 
other hand, if you hear a mechanical 
"chattering" when the pickup is moved, 
the rails may be too loose. 

It is assumed that if you have such ob- 
vious symptoms as "none of the front - 
panel LED's light when the POWER switch 
is pressed" you will check the fuses (right 
after you have checked that the power cord 
is plugged in). It is also assumed that you 
will check for bad solder connections, 
broken foil traces, loose or unseated 
boards, and the like (cleaning the module 
and board contacts with a pencil eraser, as 

necessary). Finally, you should check the 
various power supply voltages if entire 
sections (or functions) appear to be in- 
operative. That means that you must lo- 
cate the power -supply circuits on the 
schematic and /or block diagram, and 
measure the voltages. (If you can not do 
that, you should not even attempt to ser- 
vice a CD player yourself!) 

Now, let's go on to the symptoms, and 
their cures! 

1. Tray does not open or close prop- 
erly. Figure 26 is the troubleshooting di- 
agram. If the tray will not open or close, 
first check that the system micro- 
processor, IC301, is getting signals from 
the front -panel OPEN /CLOSE switch, S318. 
If not, suspect S318 and/or the wiring 
between S3I8 and IC301. Next, check 
that the loading motor receives a signal 
from pin 12 of IC102 when S318 is 
pressed. If so, suspect the motor; if not, 
you have a problem between IC301 and 
the motor (through IC102). 

Next check for signals at pins 10 and 11 

of IC102 each time S318 is pressed, and 
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bleshootin g- tree found in the service
manual for a typical CD player. After se
lecting the symptom that matche s that of
the player you are servici ng , follow the
steps in the corresponding troubleshoot
ing proced ures.

Preliminary checks
It is always a good idea to make a few

preliminary checks before you tear into
the player. Here are some examples.

The transit or shipping screw must be
removed or loosened before the player can
operate norma lly. Be sure that that has
been done .

Cleaning the objective lens should be a
routine part of servicing. A dirty objective
lens can cause a variety of symptoms (in
termittent or poor focus , skipping across
the disc , erratic play, and excess ive drop
outs, to name a few). Also, those same
symptoms can be caused by a defect ive
disc. Try a known good disc before start
ing service .

Do not replace the pickup assembly, or
make any adjustme nts on the pickup, be
fore checking for mechanical problems
that can affect the pickup. For example,
look for bindin g at any point in the pick
up's travel (indica ting that the rai ls or
guides are adjusted too tight.) On the
other hand, if you hear a mechanical
"chattering" when the pickup is moved ,
the rails may be too loose .

It is assumed that if you have such ob
vious symptoms as " none of the front
panel LED 's light when the POW ER switch
is pressed" you will check the fuses (right
after you have checked that the power cord
is plugged in). It is also assumed that you
will check for bad solder connections,
broken foil traces, loose or unseated
boards, and the like (cleaning the module
and board contacts with a pencil eraser, as
necessary). Finally, you should check the
various power supply voltages if ent ire
sections (or functions) appear to be in
operative. That means that you must lo
cate the power-supply ci rcuits on the
schema tic and/or block diagram, and
measure the voltages . (If you can not do
that, you should not even attempt to ser
vice a CD player yourself!)

Now, let 's go on to the symptoms, 'and
their cures!

1. Tra y does not open or close prop
erly. Figure 26 is the troubleshooting di
agram. If the tray will not open or close ,
fir st check th at th e system mi cro
processor, IC30l , is getting signals from
the front-panel OPEN/CLOSE switch, S318.
If not , suspect S318 and/or the wiring
between S318 and IC301. Next , check
that the loading motor receives a signal
from pin 12 of IClO2 whe n S3 18 is
pressed. If so , suspect the motor; if not ,
you have a problem between IC30 1 and
the motor (through ICI02).

Next check for signals at pins 10 and 11
of ICI02 each time S318 is pressed, and

ICl02
SERVO
DRIVE

TPI3

TRACKING
ACTUATOR

COIL
+ 5V - 5V

Rl03
S/H OFFSET

ADJUST

RI04

IC601
PREAMP TER

matter how you set RI03 .:However, you
should be able to eliminate all (or most) of
the audio dropout , as indicated by a cutout
at the bottom of the EFM display. Ifyou get
considerable dropout at all RI0 3 settings,
ICIOI may be defective.

Troubleshooting CD players
As with adjustments, troubleshooting

procedures found in CD player manuals
are limited at best. They give you the usual
" troubleshoo ting tree" with some test
point s to check , but no hint as to what
other components are involved. With the
foll owing material , we will attempt to
provide you with that important informa
tion .

The following sections are a collection
of trouble symptoms that match the trou-

scope (via TPI 3), lookin g at the amount of
audio dropout , is generally more accu
rate . Incidentl y, do not tum the volume up
with a simulated defect. The noise is un
bearable!

If you monitor the EFM on a scope, note
that with such a defect , a portion of the
EFM display will be cut out (typically a
notch or wedge , starting from the top), no

FIG. 25-HERE, you are adjusting the sample
and-hold circuits conta ined within IC101 , not the
audio sample-and-hold circuits.

COIL
A

COIL
B

FOCUS
COIL

LASER LASER OPTICAL FOCUS/SIGNAL
ORIVE OIOOE j+ SYSTEM PHOTODIODES

CIRCUITS I

I I
IC601

PREAMP 2

TPl3 I
28 I LASER

I BEAM
I
I

+
TRACKING

DIODES

'::"

5 ICIOI

I SERVO
TRACKING COIL

TER (TRACKING ERROR SIGNAL) '::"

IC201
TURNTABLE

MOTOR
DRIVE I=D~M!..!<C~A__---4----+---,

FER (FOCUS ERROR SIGNAL)

! ! ICI02 !
SERVO
DRIVE

28 EFM

You can make this adjustment by ear.
The simulated defec t produ ces a chatter
ing or ticking in the audio. You simply
adjus t RI03 for minimum noise . Of
course , monitoring the EFM signal with a

FIG. 23-CONNECT AN OSCILLOSCOPEto
TP13 and adjust R116 for maximum EFM signal.

Fla. 24-ADJUST R201 so that the levels of the
drive signals to the two colis are equal (about 2
volts pop).

FIG. 22-WHEN THE tracking-servo offset adjustment has been performed correctly, the laser beam is
properly centered on the disc tracks and the EFM signal is at a maximum. The EFM signal can be
monitored on an oscilloscope connected to TP13.
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that the signals invert (pin IO high and 11 

low. then vice versa). Check for corre- 
sponding inverted signals at pins 33 
(optr1) and 34 (cL.ost,) of IC301. If ab- 
sent, or if the signal does not invert when 
5318 is pressed, suspect IC301. 

If the tray opens, but not fully, check 
the point were SO2 (Lux)) o) actuates. as 

indicated by a low -to -high change at pin 
48 of IC301. If necessary. adjust S02. 
First check for any condition that might 
prevent the tray from opening fully. 

If the tray opens fully, but the loading 
motor does not stop. the problem is almost 
always an improperly adjusted S02, al- 
though 1C301 could be at fault. 

If the tray closes, but not fully. and the 
clamp or chuck does not hold the disc in 
place on the turntable, check the point 
were the CHU switch, S03. actuates, as 

indicated by a high -to -low change at pin 
47 of IC301. If necessary, adjust S03. 
First check for mechanical problems. 

IC301 

SYSTEM 
MICROPROCESSOR 

S318 

OPEN CLOSE 

OPEN 

CLOSE 

LIDO 

CHU 

5 

34 10 IC102 

47 

SO2 

CHU 

S03 

O 

TO 

LOADING 
MOTOR 

O 

+ 5V 

5V 

F G. 26-IF THE TRAY does not open or close 
p operly. use this diagram to help pinpoint the 
cause. 

If the tray closes. and the clamp or 
chuck goes fully down, but the loading 
motor does not stop. the problem is likely 
an improperly adjusted S03, but the prob- 
lem could be IC301. Look for a high -to- 
low change at pin 47 of IC301. which 
should occur when the tray is fully in, and 
the clamp is down on the disc. 

2. Laser -diode problems. Figure 27 is 
the troubleshooting diagram. CD player 
operation depends on the laser producing 
a beam of the correct level. If the beam is 
absent. there is no r:FSt signal. If the beam 
is weak. the t.FM signal is weak. If the 
monitor diode does not monitor the laser 
diode properly, the beam can shift to an 
incorrect level (high or low), without that 
event being sensed by the laser -drive cir- 
cuits. Any of those conditions can cause 
improper tracking which, in turn, can pro- 
duce an even weaker t.Ft. 

So. if you have symptoms with no ap- 
parent cause. such as improper tracking 
that can not be corrected by adjustment. 
excessive audio dropout with a known 
good disc. etc., suspect the laser circuits. 

If the laser diode appears to be in- 

47 

IC301 

SYSTEM TP14 

MICROPROCESSOR 

D601 

-o 
5V 

CHU 

S03 

0601 
R630 

11626 

13629 

LASER OUTPUT ADJUST 

MONITOR 

FIG. 27 -LASER CIRCUIT PROBLEMS can cause a variety of malfunctions. 
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IC301 8323 

SYSTEM 
MICROPROCESSOR 

RESET 

INNER -LIMIT 

2 0301 

IC101 

SERVO 
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R307 

R141 

D308 

3 IC604 

0104 

R301 

46 

S01 

LMSW W 
0- 

IC102 

SERVO TO SLIDE MOTOR 

DRIVE 

5V 

0103 

Hu. ze-u- i nt riur,ur aces not move to the inner wnen power mural appuea. rnis trouoresnom 
ing diagram can help pin down the cause. 

operative, check if QbOI Is getting + 5 
volts through S03 (cHu). If not, suspect 
S03 (or the adjustment of SO3). When S03 
is in the open position, + 5 volts is ap- 
plied to pin 47 of 1C301 to show that the 
tray is open and/or the clamp is not fully 
down. That disables a number of IC301 
system control functions including t.Asw. 
When the clamp is fully down. S03 moves 
to the closed position. and the laser diode 
receives power through Q601. 

If power is applied to the laser diode, 
look for an i.Asw signal (indicated by a 
low) at pin SI of IC301 (TP14). If that 
signal is absent (pin SI of IC304 is high), 
suspect IC301. If present. check for a sig- 
nal at 10604 from the monitor diode. If 
abnormal, suspect the monitor diode and! 
or R629. 

If signals are present at both pins 5 and 
6 of IC604, look for drive signal at pin 7 of 
IC604, and the base of Q601. If absent. 
suspect IC604. If present. suspect Q601. 

3. Pickup does not move to inner lim- 
it when power is applied; disc directory 
is not read properly. Figure 28 is the 
troubleshooting diagram. When power is 
first applied. the pickup moves to the in- 
ner limit. The system microprocessor ap- 
plies a temporary st.R (reverse) signal to 
the pickup servo. In Fig. 28. a reset signal 
is generated by the circuit made up of 
Q103. Q104, Q301: it is applied to pin 24 
of IC301. That produces a temporary sut 
signal at pin 60 of IC301. which is applied 
to the motor through ICIOI. IC604, and 
IC102. That signal causes the pickup to 
move inward until the inner -limit r.Msw 
switch, SOI, is actuated. 

It- the pickup appears to move to the 
inner limit when power is applied. but the 
disc directory is not read properly (for 
instance, the total playing time, or 
number of programs on the disc is not 
given on the front -panel display), try cor- 
recting the problem by adjusting the 
motor offset (as described earlier) before 
ripping into the motor servo circuits. 

If the pickup does not move when 
power is first applied (you may not be able 
to see the pickup. but you should hear the 
motor) check for SIR at pin 60 of IC301. If 
absent, suspect 1C301, or Q301 and the 
reset circuit. If you get SI.R, but the motor 
does not run. suspect IC101, 10604. 
IC102. and the motor itself. Also check 
for motor drive voltage at the output of 
IC102 and at the motor. if the motor runs, 
but the pickup does not move, look for 
mechanical problems. 

If the pickup moves, but does not reach 
the inner limit, check when SOI actuates. 
as indicated by a high -to -low change at 
pin 46 of IC301. If necessary. adjust SOI. 
Before adjusting SOI. check adjustment 
of the pickup servo offset. If the offset can 
be adjusted so that the pickup accesses the 
disc properly, SOI is probably adjusted 
correctly. Generally, SOI does not go out 
of adjustment. 

If the pickup reaches the inner limit. 
but the motor does not stop. the problem is 
almost always one of an improperly ad- 
justed LMSw switch (unless IC301 is de- 
fective). 

That's all we have room for now, Next 
time, we'll finish up the troubleshooting 
procedures, and this article. R -E 

FIG. 27-LASER CIRCUIT PROBLEMS can cause a variety of malfunctions.
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SYSTEM
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that the signals invert (pin 10 high and II
low, then vice versa). Check for corre 
sponding invert ed sig na ls at pins 33
(OPEN) and 34 (CLOSE) of IC301. If ab
sent, or if the signa l does not invert when
53 18 is pressed, suspec t IC301.

If the tray opens, but not fully, check
the point were S02 (LIDO) actuates, as
indicated by a low-to-high change at pin
48 of IC301. If necessary, adjust S02.
First check for any condition that might
prevent the tray from opening fully.

If the tray opens fully, but the loading
motor does not stop, the problem is almost
always an improperly adjusted S02, al
though IC30l could be at fault.

If the tray closes, but not fully, and the
clamp or chuck does not hold the disc in
place on the turnt able , check the point
were the CHU switch, S03 , actuates, as
indicated by a high-to-low change at pin
47 of IC301. If necessary, adjust S03 .
First check for mechanica l problems .

o

~--- +5V

LIDO 48 0

If the pickup appears to move to the
inner limit when power is applied, but the
disc directory is not read properly (for
ins ta nce, the total playing tim e , or
number of programs on the disc is not
given on the front-panel display), try cor
rec ting the prob lem by adju sting the
motor offset (as described earlier) before
ripping into the motor servo circuits.

If the pick up does not move when
power is first applied (you may not be able
to see the pickup, but you should hear the
motor) check for SLR at pin 60 of IC30l. If
absent, suspec t IC30l , or Q30l and the
reset circuit. If you get SLR, but the motor
does not run, suspect ICI Ol, IC604 ,
ICI02, and the motor itself. Also check
for motor drive voltage at the output of
ICI02 and at the motor. If the motor runs ,
but the pickup does not move, look for
mechanical problems.

Ifthe pickup moves, but does not reach
the inner limit, check when SOl actuates,
as indicated by a high-to-low change at
pin 46 of IC301. If necessary, adjust SOl.
Before adjusting SOl, check adjustment
of the pickup servo offset. If the offset can
be adjusted so that the pickup accesses the
disc properly, SOl is probably adjusted
correc tly. Generally, SOl does not go out
of adjustme nt.

If the pickup reaches the inner limit,
but the motor does not stop, the problem is
almost always one of an improperly ad
justed LMSW switch (unless IC301 is de
fective).

That's all we have room for now, Next
time, we' ll finish up the troubleshooting
procedures , and this article. R-E

operative, check if Q60l is getting + 5
volts through S03 (C HU). If not , suspect
S03 (or the adjustment of S03). When S03
is in the open position , +5 volts is ap
plied to pin 47 of IC301 to show that the
tray is open and/or the clamp is not fully
down. That disables a number of IC30l
system control functions including LASW .

When the clamp is fully down, S03 moves
to the closed position , and the laser diode
receives power through Q60l.

If power is applied to the laser diode,
look for an LASW signal (indicated by a
low) at pin 51 of IC30l (TPI4). If that
signal is absent (pin 51 of IC304 is high),
suspec t IC301. If present, check for a sig
nal at IC604 from the monitor diode . If
abnormal , suspect the monitor diode and/
or R629.

If signals are present at both pins 5 and
6 ofIC604 , look for drive signal at pin 7 of
IC604 , and the base of Q60 1. If absent,
suspec t IC604. If prese nt , suspect Q60l.

3. Pickup does not move to inner lim
it when power is applied ; disc directory
is not read properly. Figure 28 is the
troubleshooting diagram . When power is
first applied, the pickup moves to the in
ner limit. The system microprocessor ap
plies a temporary SLR (reverse) signal to
the pickup servo . In Fig. 28, a reset signal
is generated by the circuit made up of
Q103, Q104, Q30l; it is app lied to pin 24
of IC30l . That produces a temporary SLR

signal at pin 60 of IC30l , which is applied
to the motor through IC IO I, IC604 , and
ICI02. That signal causes the pickup to
move inward until the inner-limit LMSW

switch, SOl, is actuated.

FIG. 28-IFTHE PICKUPdoes not move to the inner limit when power is firs t applied , this troub leshoot
ing diag ram can help pin down the cause.

TO
LOADING
MOTOR

LIDO
S02

If the tray closes, and the clamp or
chuck goes fully down , but the loading
motor does not stop, the problem is likely
an improperly adjusted S03, but the prob
lem could be IC301. Look for a high-to
low change at pin 47 of IC3Ol, which
should occur when the tray is fully in, and
the clamp is down on the disc.

2. Laser-diode problems. Figure 27 is
the troubleshooting diagram. CD player
operation depends on the laser producing
a beam of the correc t level. If the beam is
absent, there is no EFM signal. Ifthe beam
is weak, the EFM signal is weak . If the
monitor diode does not monitor the laser
diode properl y, the beam can shift to an
incorrect level (high or low), without that
event being sensed by the laser-drive cir
cuits. Any of those conditions can cause
improper tracking which, in turn, can pro
duce an even weaker EFM .

SO, if you have symptoms with no ap
parent cause, such as improper tracking
that can not be corrected by adjustment,
excessive audio dropout with a known
good disc , etc. , suspect the laser circuits.

If the laser diode appears to be in-

L..-_ • . 5V

FIG. 26-IF THE TRAY does not open or close
properly, use th is diagram to help pinpoint the
cause.
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All About 
TRANSISTOR 

SWITCHES 

L. B. CEBIK 

Its easier than you think to control motors, 

relays, and lightbulbs with digital ICs! 

Learn how here. 

WITH A LITTLE BACKGROUND IN DIGITAL 
logic. almost anyone can can string to- 
gether a bunch of logic gates and get a 

circuit that works. But not everyone can 
design a circuit that works efficiently and 
reliably - especially one that requires an 
interface between digital IC's and non - 
digital devices like motors. relays, light - 
bulbs, etc. 

It is easy to design one- and two -tran- 
sistor circuits that allow your digital cir- 
cuits to control devices like those; in this 
article we'll show you just how easy it is. 
If you follow our techniques. your proj- 
ects that use transistor switches will func- 
tion much better. and that will allow you 
to take an extra measure of pride in those 
projects. 

The interface problem 
Interfacing digital IC's of one particular 

family (TM.. CMOS. etc. ) to one another 
is such a standard procedure that consid- 
eration of logic alone -apart from any 
consideration of circuitry-is often suffi- 
cient to complete a design. The only elec- 
tronic design involved comes in calculat- 
ing the value of the pull -up resistors that 
are necessary to keep logic inputs in a 

well -defined state. 
Problems arise when a digital IC must 

control a device that is incompatible with 
the voltage or current ratings of that IC. 
One way to solve that problem is to use a 

discrete transistor or two to link the IC to 
the incompatible component. Often we 
simply "lift" a standard circuit from a 

databook and use it as -is in our design. 
And why not do that? Most of the time. 
the technique works. Our lamp lights. or 
our buzzer buzzes. or our relay energizes, 
so we're satisfied. 

However, by "designing" in such a 

manner, we'd be lucky if our interface 
really functioned optimally. For example. 
an incorrectly- biased switching transistor 
might itself draw more current than the 
rest of a CMOS circuit. An additional ten 
milliamps of current drain from a complex 
TTL circuit might be insignificant. but 
such a current drain in a battery- powered 
CMOS device could rapidly deplete a 

small battery. In addition, op -amps and 
comparators -with their bipolar (positive 
and negative) outputs- impose special 
design requirements when used with dis- 
crete transistor switches. 

What we must do. then, is spend a little 
time designing (really designing, that is). 
and then optimizing a transistor switching 
circuit. Such design is actually quite sim- 
ple: We need only a few data sheets. paper 
and pencil. The little arithmetic we need 
to do hardly requires a calculator. A 
breadboard. a few inexpensive compo- 
nents, and a multimeter are all you need to 
design, test, and optimize the circuits pre- 
sented below. 

Transistor basics 
Before we get into the details of switch- 

ing- circuit design. let's review fundamen- 
tal transistor operation. The base of a 

transistor is used to control the current 
flowing through its emitter and collector. 
If we block current flow to the transistor's 
base, collector current will cease. When 
that happens. we say the device is in cut- 
of 

On the other hand. as we supply more 
and more current to the base of a tran- 
sistor, its collector current increases at a 

corresponding rate. Eventually we reach a 

point where additional base current 
causes no corresponding increase in col - 
lector current. At that point we say that the 
transistor is in saturation. Between cutoff 
and saturation is the linear operating re- 
gion. 

Circuits using transistors as small -sig- 
nal amplifiers often try to avoid operating 
in either cutoff or saturation, although 
some designs do utilize one or the other 
extreme (Class -C RF amplifiers. for ex- 
ample). By contrast, transistors used as 
switches attempt to avoid operating in the 
linear region. We try to switch a transistor 
from cutoff to saturation, and from satura- 
tion to cutoff, instantaneously. Of course. 
that is impossible. but if we make the 
transition period short enough. it will ap- 
pear to be instantaneous. Overdriving a 

transistor -that is. forcing it "hard" into 
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discrete transistor or two to link the IC to
the incompatible component. Often we
simply " lift" a standard circuit from a
datab ook and use it as-is in our design .
And why not do that? Most of the time,
the technique works . Our lamp lights, or
our buzzer buzzes, or our relay energize s,
so we're satisfied .

However, by "designing" in such a
manner, we'd be lucky if our interface
really functioned optimally. For example,
an incorrectly-biased'switch ing transistor
might itself draw more current than the
rest of a CMOS circuit. An additional ten
milliamps of current drain from a complex
TIL circuit might be insignificant, but
such a current drain in a battery-powered
CMOS device could rapidl y deplete a
small battery. In addition, op-amps and
comp arators-with their bipolar (positive
and negative) outputs- impose special
design requirem ents when used with dis
crete transistor switches .

What we must do, then, is spend a little
time designing (really designing, that is),
and then optimizing a transistor switching
circui t. Such design is actually quite sim
ple: We need only a few data sheets, paper
and pencil. The little arithmetic we need
to do hardl y requires a calcul ator. A
breadboard, a few inexpensive compo
nents, and a multimeter are all you need to
design , test, and optimize the circuits pre
sented below.

WITH A LITTLE BACKGROUND IN DIGI TAL

logic, almost anyone can can string to
gether a bunch of logic gates and get a
circuit that works . But not everyone can
design a circuit that works efficientl y and
reliably-especiall y one that requires an
interface between digital IC's and non
digital devices like motors, relays, light
bulbs, etc .

It is easy to design one- and two-tran
sistor circuits that allow your digital cir
cuits to control devices like those; in this
article we' ll show you just how easy it is.
If you follow our techniques, your proj
ects that use transistor switches will func
tion much better, and that will allow you
to take an extra measure of pride in those
project s.

The interface problem
Interfacing digital IC's of one particular

family (TIL, CMOS , etc .) to one another
is such a standard procedure that consid
eration of logic alone-apart from any
consideration of circuit ry-is often suffi
cient to complete a design . The only elec
tronic design involved comes in calculat
ing the value of the pull-up resistors that
are necessary to keep logic inputs in a
well-defined state.

Problems arise when a digital IC must
control a device that is incompatible with
the voltage or current rating s of that Ie.
One way to solve that problem is to use a

a;;::::J'-- a;;;1 ...1

Transistor basics
Before we get into the details of switch

ing-circuit design , let' s review fundamen
tal transistor operation. The base of a
transistor is used to control the current
flowing through its emitter and collector.
If we block current flow to the transistor 's
base, collector current will cease . When
that happens , we say the device is in cut
off.

On the other hand , as we supply more
and more current to the base of a tran
sistor, its collector current increases at a
corresponding rate. Eventually we reach a
point where additional base current
causes no corresponding increase in col
lector current. At that point we say that the
transistor is in saturation. Between cutoff
and saturation is the linear operating re
gion.

Circuits using transistors as small-sig
nal amplifiers often try to avoid operating
in either cutoff or saturation, although
some designs do utilize one or the other
extreme (Class-C RF amplifiers , for ex
ample). By contrast, transistors used as
switches attempt to avoid operating in the
linear region. We try to switch a transistor
from cutoff to saturation, and from satura
tion to cutoff, instantaneously. Of course,
that is impossible , but if we make the
transition period short enough, it will ap
pear to be instantaneous. Overdriving a
transistor-that is, forcing it " hard" into
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saturation -can adversely affect switch- 
ing speed by increasing junction capaci- 
tance, so we must be careful not to apply 
too much base current to a switching tran- 
sistor. 

Calculating just the right amount of 
base current comprises the bulk of the 
work in switching- transistor circuit de- 
sign. Let's see how to do that now. 

Single-transistor switch 
We often make the base current a func- 

tion of an applied voltage. In Fig. l -a. 
resistor RB is wired in series w ith tran- 
sistor QI's base. As shown in the upper 
trace of Fig. I -b. when an appropriate 
voltage (VIN) is applied to RB, QI will 
turn on. At that point, as shown in the 
middle trace, collector current becomes 
appreciable, and collector voltage drops 
to (almost) zero, as shown in the bottom 
trace. 

VIN i.,- Rd 

b 

FIG. 1 -THE VALUE OF THE BASE RESISTOR In 
this switching circuit depends on the value of IC 

and the gain of the transistor. 

We can use Ohm's law to calculate the 
value of the base resistor: RB= VB /IB. 
Assuming we're working with a standard 
logic family. we'll know VB: the output 
voltage of the IC driving our switch. For 
example. standard TTL IC's have an out- 
put of about 2.4 volts DC. In order to 
calculate the value of IB, we need to know 
the amount of current (1f) our load (RI) 
requires. We can determine that current 
easily using standard data books. or by 
"guesstimate," if necessary. and refine 
our calculated value on the breadboard 
later. Catalogues often give the current 
ratings of lamps. buzzers, and other de- 
vices. Relays (and other components) 
may be given only a resistance rating. but, 
by using Ohm's law, we can easily calcu- 
late the load current. So, half the battle is 
won without a struggle. 

We also need the current gain, hr:r;, of 

TABLE 1- COMMON SWITCHING TRANSISTORS 

Number Type Vc(MAX) IC(MAX) HFE 
2N2219 NPN 40 500 30 (500) 
2N2222 NPN 40 500 30 (500) 
2N2907 PNP 60 500 35 (500) 
2N3638 PNP 25 500 20 (300) 
2N3702 PNP 40 500 60 (300) 
2N3704 NPN 30 100 100 (50) 
2N3904 NPN 40 100 30 (100) 
2N3906 PNP 40 100 30 (100) 
2N4400 NPN 40 100 20(500) 
2N4402 PNP 40 500 20 (500) 
2N5400 PNP 130 100 40 (50) 

the transistor we'll be using; /rn_ may usu- 
ally be obtained from a data book. The 
gain of commonly -available transistors 
may range anywhere from twenty to two 
hundred. if you don't know the gain of the 
transistor you'll be using, or if you use 
surplus or unmarked transistors, assume 
that 4-1, for high -power devices is twenty. 
and that. for low -power devices. it is forty. 
Don't worry about being exact; using 
those values will allow you to get started. 
and we can optimize resistor values on the 
breadboard. And since gain ratings arc 
often listed as "typical" or "minimum." 
we'll probably have to experiment a little 
anyway. 

As long as we've got the data book 
open. let's check one other rating to en- 
sure that the transistor we're using will be 
able to do the job. The maximum collec- 
tor-to- emitter voltage (VCFO) of the tran- 
sistor is important, because. when it is in 
cutoff (that is. when no current is flowing 
through the load), the full supply voltage 
will appear across the collector and the 
emitter. A common rule of thumb is that a 

transistor should be able to withstand at 
least twice the maximum voltage that will 
appear across it. In most CMOS and op- 
amp circuits, the maximum supply volt- 
age will be fifteen volts. It's easy to find 
thirty -volt transistors. and they'll handle 
five -volt TTL devices with ease. 

Assuming the transistor meets our 
load's voltage and current requirements, 
we can use hl:r, to calculate the base cur- 
rent that we need to turn the transistor on. 
As you recall, base and collector currents 
are related by hut: IB = IchFi,. We then 
plug Ili into our previous equation and 
calculate RB. To account for variations 
among transistors, add about twenty per- 
cent to the base current before calculating 
the value of the base resistor. (Or simply 
increase the calculated value of RB by 
twenty percent.) Now we're just about 
ready for the breadboard. 

However, there's one other thing to 
check. We must ensure that the (digital or 
other) device driving our switching circuit 
can safely supply the calculated base cur- 
rent. Safety is not really a question of 
burning out the driving IC; rather, we 
want to ensure that we don't force that IC 

to operate unreliably. T'L IC's (and some 
special IC's like the ubiquitous 555) can 
usually supply all the current necessary. 
Regular TTL IC's can supply sixteen mA: 
low -power TTL IC's can supply twenty 
mA. and low -power Schottky IC's can 
supply eight mA. You should treat those 
values conservatively, but for many ap- 
plications, there will be more than enough 
current to drive a simple switch like the 
one we're discussing. 

On the other hand. CMOS IC's and op- 
amps are voltage- operated devices; they 
are able to supply very little current. The 
amount of current CMOS devices can de- 
liver varies with supply voltage; it ranges 
from about one mA at five volts, to four 
mA at ten volts. Likewise, op -amps can 
supply only a milliamp or two. If more 
current is required, a somewhat more 
complicated circuit must be used. But 
more on that in a minute. For now, let's 
take a look at some real -world transistors 
and their ratings. 

Transistor ratings 
To help you choose an appropriate 

switching transistor, in Table I we list 
maximum voltage and current ratings for 
several common devices, along with typ- 
ical current gains at specific collector cur- 
rents. Manufacturers' data books will 
contain more specific information. but the 
information in the Table should be enough 
to get you started. In general. almost any 
transistor that can withstand the required 
voltage and current can be pressed into 
switching service. but it is wasteful to use 
a one - or two -dollar transistor when a ten- 
or twenty-cent device will suffice. 

The circuit shown in Fig. I is useful 
when you need to control a device with 
modest voltage and current requirements. 
when the driving circuit can supply 
enough current to reliably turn the switch- 
ing device on and off. and when you are 
working with a positive supply voltage. If 
you were working with a negative supply. 
all you would need to do in order to make 
that circuit functional would be to sub- 
stitute an appropriate PNP transistor for 
Ql. 

In that case, the base -voltage trace in 
Fig. 1 -h would be inverted. For example, 

TABLE 1-COMMON SWITCHING TRANSISTORS

Number Type VC(MA X) IC (MAX) HFE (it lc
2N2219 NPN 40 500 30 (500)
2N2222 NPN 40 500 30 (500)
2N2907 PNP 60 500 35 (500)
2N3638 PNP 25 500 20 (300)
2N3702 PNP 40 500 60 (300)
2N3704 NPN 30 100 100 (50)
2N3904 NPN 40 100 30 (100)
2N3906 PNP 40 100 30 (100)
2N4400 NPN 40 100 20 (500)
2N4402 PNP 40 500 20 (500)
2N5400 PNP 130 100 40 (50)
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saturation---can adversely affect switch
ing speed by increasing junction capaci
tance, so we must be careful not to apply
too much base current to a switching tran
sistor.

Calculating just the right amount of
base current comprises the bulk of the
work in switching-transistor circuit de
sign. Let's see how to do that now.

Single-transisto r switch
We often make the base current a func

tion of an applied voltage. In Fig. I-a ,
resistor RB is wired in series with tran
sistor QI 's base . As shown in the upper
trace of Fig. I-b , when an appropriate
voltage (VIN) is applied to RB, QI will
tum on . At that point , as shown in the
middle trace , co llector current becomes
appreciable, and collector voltage drops
to (almost) zero, as shown in the botto m
trace.

Vee

01

a

b

FIG.1-THE VALUE OF THE BASE RESISTOR in
this switching circuit depends on the value of Ie
and the gain of the transisto r.

We can use Ohm 's law to calcul ate the
value of the base resistor: RB= VB/IB'
Assuming we're working with a standard
logic family, we' ll know VB: the output
voltage of the IC driving our switch. For
example, standard TTL IC' s have an out
put of about 2.4 volts DC. In order to
calcu late the value of IB, we need to know
the amount of current (lc ) our load (RL )

require s. We can determine that current
easily using standard data books, or by
"guesstimate, " if necessary, and refine
our calculated value on the breadboard
later. Catalogues often give the current
ratings of lamps, buzzers , and other de
vices . Relays (and other components)
may be given only a resistance rating, but,
by using Ohm's law, we can easily calcu
late the load current. So, half the battle is
won without a struggle .

We also need the current gain , hFE , of

the transistor we'll be using; hFE may usu
ally be obtained from a data book. The
gain of commonly-availab le transistors
may range anywhere from twenty to two
hundred. If you don 't know the gain of the
transistor you' ll be using , or if you use
surplus or unmarked transistors , assume
that hFE for high-power devices is twenty,
and that , for low-power devices, it is forty.
Don 't worry about bein g exac t; using
those values will allow you to get started,
and we can optimize resistor values on the
breadb oard . And since gain ratings are
often listed as "typical" or "minimum,"
we'll probab ly have to experiment a little
anyway.

As long as we' ve got the data book
open, let' s check one other rating to en
sure that the transistor we're using will be
able to do the job . The maximum collec
tor-to-emitter voltage (VCEO) of the tran
sistor is important , because , when it is in
cutoff (that is, when no current is flowing
through the load), the full supply voltage
will appear across the collector and the
emitter. A common rule of thumb is that a
transistor should be able to withstand at
least twice the maximum voltage that will
appear across it. In most CMOS and op
amp circuit s, the maximum supply volt
age will be fifteen volts . It 's easy to find
thirty-volt transistors , and they' ll handle
five-volt TTL devices with ease .

Ass umi ng the tran sistor meets our
load 's voltage and current requirements,
we can use hFE to calculate the base cur
rent that we need to tum the transistor on.
As you recall , base and collector currents
are related by hFE: IB= Ic /hFE . We then
plug IB into our previous equation and
calculate RB. To account for variations
among transistors , add about twenty per
cent to the base curren t before calc ulating
the value of the base resistor. (Or simply
increase the calc ulated value of RB by
twenty percent.) Now we're just about
ready for the breadboard.

However, there 's one other thing to
check. We must ensure that the (digital or
other) device driving our switching circuit
can safely supply the calcul ated base cur
rent. Safety is not really a question of
burning out the dr iving IC; rathe r, we
want to ensure that we don't force that IC

to operate unreliably. TTL IC's (and some
special IC's like the ubiquito us 555 ) can
usually supply all the current necessary.
Regular TTL IC's can supply sixteen mA;
low-power TTL IC' s can supply twenty
mA; and low-power Schottky IC 's can
supply eight mAo You should treat those
values conservatively, but for many ap
plications, there will be more than enough
current to drive a simple switch like the
one we're discussing.

On the other hand , CMOS IC's and op
amps are voltage-operated devices; they
are able to supply very little current. The
amount of current CMOS devices can de
liver varies with supply voltage; it ranges
from about one mA at five volts, to four
mA at ten volts . Likewise, op-amps can
supply only a milliamp or two. If more
curre nt is requi red , a somewhat more
complica ted circuit must be used . But
more on that in a minute . For now, let's
take a look at some real-world transistors
and their ratings.

Transistor ratings
To he lp you choose an approp riate

switching transi stor, in Table I we list
maximum voltage and current rating s for
several common devices, along with typ
ical current gains at specific collecto r cur
rents . Ma nufac turers' data books will
contain more specific information, but the
information in the Table should be enough
to get you started. In general, almost any
transistor that can withstand the requ ired
voltage and current can be pressed into
switching service, but it is wasteful to use
a one- or two-dollar transistor when a ten
or twenty-cent device will suffice.

The circuit shown in Fig. I is useful
when you need to control a device with
modes t voltage and current requirements,
whe n the dri ving circuit ca n sup ply
enough current to reliab ly tum the switch
ing device on and off, and when you are
working with a positive supply voltage . If
you were working with a negative supply,
all you would need to do in order to make
that circuit functional would be to sub
stitute an appropriate PNP transistor for
QI.

In that case, the base-voltage trace in
Fig. I-b would be inverted. For example,
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VD would normally be "high" (zero 
volts); to turn on the transistor (and there- 
by the load), a negative voltage would be 
applied to the base. The collector- voltage 
trace would normally be low: it would go 
high when the transistor were turned on. 
The collector -current diagram would not 
change, as it indicates the magnitude, not 
the direction of current flow. 

For most of the remainder of this article 
we will discuss circuits with positive sup- 
ply voltages, so. if you are designing with 
a negative supply, just substitute tran- 
sistors of the opposite type for those 
shown. 
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circuit applies current to the load when V,,, is 
low. But see the text for precautions on use of 
this Circuit. 

Polarity inversion 
Sometimes we want a low from the 

controlling device to enable current flow, 
and a high to disable it. The circuit shown 
in Fig. 2 -a will do just that. As the traces 
in Fig. 2 -b reveal. when the base voltage 
goes high. collector current ceases. and 
collector voltage drops to zero. There is 
one precaution to observe when using that 
circuit: Make sure that the signal driving 
the switch goes high enough to cut it com- 
pletely off. Op -amps and some logic de- 
vices may have outputs as much as twenty 
percent below the supply voltage. That 
may allow the switch to remain on con- 
stantly, as VBE will not go below the 0.7 
volt difference necessary to place the tran- 
sistor in cut -off. Only a breadboard test 
will tell for sure. 

Two -transistor switches 
Sometimes a single transistor switch 

just won't meet our design requirements. 
For example, suppose that the current re- 
quired by the load exceeds the current that 
our single- transistor switch can supply. 
Or perhaps we need to switch a high volt - 
age-or even one of the opposite polarity. 

VIN 
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b 

FIG. 3 -THIS TWO- TRANSISTOR CIRCUIT can 
switch heavier loads than the previous circuits. 

Perhaps we want to invert the driving sig- 
nal. and the circuit of Fig. 2 -a is just not 
reliable enough. The solution is to add a 

second transistor as a kind of "buffer" or 
"pre- amplifier" for the main switch. 
There are several ways of doing that. 

The circuit shown in Fig. 3 -a is an in- 
verting controller. A high at V1sl turns QI 
on and Q2 off. and thereby prevents cur- 
rent from reaching the load. R1. The volt- 
age and current traces in Fig. 3 -b illustrate 
how that works. When QI turns on, its 
collector goes low. and current flows 
through Rc . However. RB, is also brought 
low, so Q2 is cut off. Hence its collector 
goes high, and collector current stops 
flowing. 

To design such a circuit. we work back- 
ward from the load. After determining the 
voltage and current required by the load. 
we select a transistor for Q2 that can with- 
stand those values. We then determine 
Q2's required base current using the gain 
equation listed above. In our one -tran- 
sistor circuits. that current was supplied 
by the driving device; now it is supplied 
by QI. The base resistor for Q2 is really 
the series combination of R, and RB,. 
However, in applications where QI only 
supplies current to Q2. RB, may be omit- 
ted. The driving voltage, V. is the supply 
voltage feeding R(-. 

Note that R(. determines the current 
that flows through QI when it is on, and 
that is one place where many designers 

mistakenly allow too much current to 
flow. Unless you're dealing with very 
high -powered circuits. a few milliamps 
will suffice. And if we're using the circuit 
only to perform "inversion" (not to sup- 
ply high current or voltage). even less will 
suffice. The same formula may be used to 
calculate QI's base current; using Ohm's 
law we can calculate the value of RBI. 
Even with an additional twenty- percent of 
base current. our driving IC does not have 
to supply very much current. 
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FIG. 4 -THIS TWO- TRANSISTOR CIRCUIT can 
control heavy loads, but. like the circuit shown 
in Fig. 2, several precautions must be observed. 

The circuit shown in Fig. 4 -a is an ex- 
tension of the one shown in Fig. 2, and it is 
subject to the same caution. In order for 
QI to be cut off completely. the driving 
voltage must closely approach the supply 
voltage. However. the lighter load on the 
driving device provided by the revised cir- 
cuit may make that possible. As illus- 
trated in Fig. 4 -b, when VIN goes high, QI 
is cut off, so no current flows through its 
collector. The base of Q2 now goes low, so 
Q2 turns on. Its collector voltage goes 
high. and collector current flows. 

By combining an NPN with a PNP 
transistor, as shown in Fig. 5. we gain 
several advantages. including the sen- 
sitivity a two -transistor circuit can 
provide, and an output that follows the 
input -no inversion. The traces in Fig. 
5 -b illustrate circuit operation. When VIN 
goes high. QI turns on. Its collector goes 
low as current flows through the device. 
That drops Q2's base to ground. so that 
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The circuit shown in Fig. 4-a is an ex
tension of the one shown in Fig . 2 , and it is
subjec t to the same caution . In order for
Ql to be cut off completely, the driving
voltage must closely approach the supply
voltage . However, the lighter load on the
driving device provided by the revised cir
cuit may make that possible . As illus
trated in Fig . 4-b, when YIN goes high , QI
is cut off, so no current flows through its
collector. The base of Q2 now goes low, so
Q2 turns on . It's collector voltage goes
high , and collector current flows.

By combining an NPN with a PNP
transistor, as shown in Fig. 5, we gain
several advantage s, including the sen
sitiv ity a two -t r an si st or c irc u it can
provide, and an output that follows the
input-no inversion . The traces in Fig.
5-b illustrate circuit operation . When Y IN

goes high , QI turns on . Its collector goes
low as current flows through the device .
That drops Q2 's base to ground , so that

FIG. 4- THIS TWO·TRANSISTOR CIRCUIT can
control heavy loads , but, like the circuit shown
in Fig. 2, several precautions must be observed.

VC2JL
b

a

VB1JL

r----...-- ... +Vcc

VCllS

mistakenl y allow too much current to
flow. Unless you' re dealin g with very
high-powered circuits , a few milli amps
will suffice. And if we're using the circu it
only to perform " inversion" (not to sup
ply high current or voltage), even less will
suffice. The same formul a may be used to
calculate Ql's base current ; using Ohm's
law we can calculate the value of R BI'

Even with an additional twenty-percent of
base current , our driving Ie doe s not have
to supply very much current.

Q2

Q1

VBIJL

b

'
C2 lS

VCllS

leI Rc-

FIG. 3-THIS TWO-TRANSISTOR CIRCUIT can
switch heavier loads than the previous circuits.
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Perhap s we want to invert the driv ing sig
nal, and the circuit of Fig . 2-a is just not
reliable enough. The solution is to add a
second transistor as a kind of " buffer" or
" pre -a mplifier " for the main switch .
There are several ways of doing that.

The circuit shown in Fig . 3-a is an in
verting controller. A high at YIN turn s QI
on and Q2 off, and thereby prevents cur
rent from reachin g the load , RL . The volt
age and current traces in Fig. 3-b illustrate
how that works. When QI turns on , its
coll ector goe s low, and cu rrent flows
through Reo However, RB2 is also brought
low, so Q2 is cut off. Hence its collector
goes high , and co llector current stops
flowing .

To design such a circuit , we work back
ward from the load . After determining the
voltage and current required by the load ,
we selec t a transistor for Q2 that can with
stand those values. We then determ ine
Q2's required base current using the gain
equ ation listed above. In our one-tran
sistor circuits , that current was supplied
by the driving device; now it is supplied
by Q I. The base resistor for Q2 is really
the series combination of Re and RB2 .

However, in applications where QI only
supplies current to Q2, RB2 may be omit
ted. The driving voltage , YB' is the supply
voltage feeding Re .

Note that Re determines the current
that flows through QI when it is on , and
that is one place where many designers

01

+Vee
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YB would normall y be " high" (zero
volts) ; to tum on the transistor (and there
by the load), a negative voltage would be
applied to the base . The collector-voltage
trace would norm ally be low; it would go
high when the transistor were turned on.
The collector-current diag ram would not
change, as it indicates the magn itude , not
the direction of current flow.

For most of the remainder of this article
we will discuss circuits with positive sup
ply voltages, so, if you are designing with
a negati ve supply, just substitute tran
sistors of the op po si te type for those
shown.

Polarity inversion
Sometimes we want a low from the

controlling device to enab le current flow,
and a high to disable it. The circuit shown
in Fig . 2-a will do ju st that. As the traces
in Fig . 2-b reveal, when the base voltage
goes high , collector current ceases , and
co llector voltage drops to zero . There is
one precaution to observe when using that
circu it: Make sure that the signal driving
the switch goes high enough to cut it com
pletely off. Op-arnps and some logic de
vices may have outputs as much as twenty
percent below the supply voltage . That
may allow the switc h to remain on con
stantly, as YBE will not go below the 0 .7
volt difference necessary to place the tran
sistor in cut-off. Only a breadboard test
will tell for sure .

Two-transistor switches
So metimes a single transistor swi tch

just won' t meet our design requirements.
For example, suppose that the current re
quired by the load exceeds the curren t that
our single-transistor switch can supply.
Or perhaps we need to switch a high volt
age---Dr even one of the oppos ite polarity.

FIG. 2-THIS INVERTED·POLARITY sw itching
circuit applies current to the load when V,N is
low. But see the text for precautions on use of
this circuit.
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FIG. S- POSSIBLY THE BEST all -round two- 
transistor switching circuit. this design does 
not invert the control signal. 

FIG. 6- NEGATIVE VOLTAGES may be switched 
by this circuit. which is driven from a positive 
supply. 

transistor now turns on. Its collector goes 
high, and current flows through Q2 and 
the load. 

The two -transistor circuits shown in 
Fig. 4 and Fig. 5 have an additional advan- 
tage. In both cases, the loads are not con- 
nected directly to the supply line, but 
through the collector of the output tran- 
sistor. That could be useful if you wanted 
to control a single load with several dif- 
ferent switches. Connect the collectors of 
all the Q2 transistors together. make sure 
that there can never be more than one 
switch on simultaneously. and you're 
ready to go. That configuration is com- 

monly referred to as "wired -OR," since a 

logical OR function is achieved simply by 
wiring outputs together. 

Switching negative voltages 
A circuit that switches negative volt- 

ages. but that operates from a positive 
supply, is shown in Fig. 6. It is useful for 
tasks ranging from switching keying - 
transmitter lines to providing negative re- 
trace voltages for oscilloscopes. The cir- 
cuit functions as follows. 

When QI is off, its collector is high, 
and so. therefore, is Q2's base. so Q2 is 
cut off. To turn on Q2. its base must go 0.7 
volts more negative than its emitter. Di- 
odes DI and D2 clamp the emitter at about 
+ 1.4 volts. so the base must fall below at 
least 0.7 volts in order for Q2 to turn on. 
That provides some insurance against ac- 
cidental turn -on due to leakage through 
Ql. In a real -life version of that circuit. 
R(_ would actually be part of the trans- 
mitter keying line. For heavier loads. an 
additional transistor could be used. 

FIG. 7 -A DARLINGTON TRANSISTOR may be 
used to obtain high gain in a single package. 

Another way to switch moderate loads 
is with a Darlington device, such as that 
shown in Fig. 7. Connecting two tran- 
sistors in that fashion provides a simple 
way of attaining very high gain, so that 
low -power drivers -like CMOS IC's - 
can drive relatively heavy loads. The 
2N6576 and 2N6388 are typical NPN 
Darlingtons. To use a Darlington. just 
make sure that it can supply the required 
voltage and current. and then calculate the 
value of RB just as with the simple one - 
transistor switch of Fig. I. 

There are many variations on the cir- 
cuits presented above that are used in spe- 
cial applications. But the heritage of most 
such circuits can be traced to one (or 
more) of those presented here. So. having 
mastered the basic theory. you should be 
able to understand just about any interface 
circuit you might encounter. And now that 
you've got the theory down. let's get out 
our breadboards and learn how to test and 
refine discrete transistor switching cir- 
cuits. 

Practical considerations 
What we'll do now is give step -by -step 

instructions on how to test and optimize 
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FIG. 8- SWITCHING CIRCUIT OPTIMIZATION is 
simple with this set -up. The value of the driving 
voltage is set with R1, and OIS optimal base 
current is found by varying R3. 

several of the circuits we've already dis- 
cussed (those shown in Fig. I and Fig. 5). 
Once you understand the processes we 
describe. you should have no trouble 
adapting those circuits to the require- 
ments of the devices you are driving. 

A single- transistor switching- circuit 
test set -up is shown in Fig. 8. Switch SI 
may actually be a jumper, and R3 is a 

potentiometer with a value of 25K or 50K 
ohms; it is used to adjust the current fed to 
QI. The voltage divider composed of RI 
and R2 gives you a convenient means of 
simulating the voltage that will actually 
drive the circuit. The two terminals in 

(connected 
dashed line in our figure) indicate that 
you'll need to provide some way of insert- 
ing an ammeter. The component desig- 
nated R1 may be the actual device that will 
be switched. or a resistor that draws the 
same amount of current. 

Our design goal is to find the highest 
value for R1i that provides reliable switch- 
ing. First calculate the base current that is 
required. according to the load current 
and the known (or assumed) gain of the 
transistor. If the driving source will be a 

lower voltage than the supply line. set the 
voltage that appears at the lower terminal 
of SI with RI. Now follow these steps: 

1. With all components hooked up, and 
with + Vc- applied, gradually increase 
the value of R3 until the collector current 
(1C) begins to drop. Some switching tran- 
sistors have narrow linear ranges and may 
appear to drop out completely with only a 

small change in R3. 
2. Reduce R3 slightly, to ensure relia- 

ble switching. and test through several on- 
off operations. If the transistor appears to 
switch reliably, measure and record the 
value of R3. 

3. If the driving voltage may vary, per- 
form steps one and two twice: once with 
Vu set for the upper, and once for the 
lower. limit of the anticipated driving volt- 
age. When using the RI R2 voltage divid- 
er. recheck the voltage as you approach 
the switching point. since it may vary a bit 
as In changes. 
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FIG. B-SWITCHING CIRCUIT OPTIMIZATION is
simple with this set-up. The value of the driving
voltage is set with R1 , and Q1 's optimal base
current is found by varying R3.

several of the circuits we've already dis
cussed (those shown in Fig. 1 and Fig . 5).
Once you understand the processes we
describ e , you sho uld have no trouble
adapting those circuits to the require
ments of the devices you are driving .

A single-transistor switching-c ircuit
test set-up is shown in Fig. 8. Switch Sl
may actually be a jumper, and R3 is a
potentiometer with a value of 25K or 50K
ohms; it is used to adjust the current fed to
QI. The voltage divider composed of Rl
and R2 gives you a convenient means of
simulating the voltage that will actuall y
drive the circuit. The two terminals in
Qls collector circuit (connected by a
dashed line in our figure) indicate that
you' ll need to provide some way of insert
ing an ammeter. The component desig
nated RL may be the actual device that will
be switched, or a resistor that draws the
same amount of current.

Our design goal is to find the highest
value for RB that provides reliable switch
ing. First calculate the base current that is
required, according to the load current
and the known (or assumed) gain of the
transistor. If the driving source will be a
lower voltage than the supply line , set the
voltage that appears at the lower terminal
of Sl with RI. Now follow these steps:

1. With all components hooked up, and
with +Vcc applied, gradually increase
the value of R3 until the collector current
(Ie ) begins to drop. Some switching tran
sistors have narrow linear ranges and may
appear to drop out completely with only a
small change in R3.

2. Reduce R3 slightly, to ensure relia
ble switching, and test through several on
off opera tions. If the transistor appears to
switch reliably, measure and record the
value of R3.

3. If the driving voltage may vary, per
form steps one and two twice: once with
VB set for the upper, and once for the
lower, limit of the anticipated driving volt
age . When using the RI-R2 voltage divid
er, recheck the voltage as you approach
the switc hing point , since it may vary a bit
as IB changes.

Another way to switch moderate loads
is with a Darlington device , such as that
shown in Fig . 7 . Connecting two tran
sistors in that fashion provides a simple
way of attaining very high gain, so that
low-power dri vers-like CMOS IC's
can drive relatively heavy loads. The
2N6 576 and 2N6388 are typica l NPN
Darl ington s. To use a Darlin gton , ju st
make sure that it can supply the required
voltage and current , and then calcul ate the
value of RB just as with the simple one
transistor switch of Fig . I.

There are many variations on the cir
cuits presented above that are used in spe
cial applications . But the heritage of most
such circuits can be traced to one (or
more) of those presented here . So, having
mastered the basic theory, you should be
able to understand just about any interface
circuit you might encounter. And now that
you've got the theory down, let' s get out
our breadboards and learn how to test and
refine discrete transistor swi tching cir
cuits .

Practical considerations
What we' ll do now is give step-by-step

instructions on how to test and optimize

FIG. 7-A DARLINGTON TRANSISTOR may be
used to obtain high gain in a single package .

+Vcc

monly referred to as " wired-OR," since a
logical OR function is achieved simply by
wiring outputs togethe r.

Switching negative voltages
A circuit that switches negative volt

ages, but that operates from a positive
supp ly, is shown in Fig. 6. It is useful for
tasks ranging fro m switc hing keyin g
transmitter lines to providing negative re
trace voltages for oscilloscopes. The cir
cuit functions as follows.

When QI is off, its collector is high,
and so, therefore , is Q2 's base , so Q2 is
cut off. To tum on Q2, its base must go 0.7
volts more negative than its emitter. Di
odes Dl and 0 2 clamp the emitter at about
+ 1.4 volts, so the base must fall below at
least 0.7 volts in order for Q2 to tum on.
That provides some insurance against ac
cidental tum- on due to leakage through
QI. In a real-life version of that circuit,
RC2 would actually be part of the trans
mitter keying line . For heavier loads, an
additional transistor could be used.

01

02

02

,------_>--- +Vcc

ICl~

8

VC1Lr

FIG. 5-POSSIBLY THE BEST all-round two
transistor sWitching circuit, this design does
not invert the control signal.

transistor now turns on. Its collector goes
high, and current flows through Q2 and
the load .

The two-transistor circuits shown in
Fig . 4 and Fig. 5 have an additional advan
tage . In both cases, the loads are not con
nected directly to the supply line , but
through the collector of the output tran
sistor. That could be useful if you wanted
to control a single load with several dif
ferent switches. Conne ct the collectors of
all the Q2 transistors together, make sure
that there can never be more than one
switch on simulta neous ly, and you' re
ready to go. That configuration is com-

......---.....- ..... +VCC

VczJL

b

IC2JL

FIG. 6-NEGATIVE VOLTAGES may be switched
by this circuit , which is driven from a positive
supply.
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4. Repeat steps one through three using 
two or three other transistors of the same 

type. 
5. Use the lowest value of R3 measured 

in all of the tests. That will be the highest 

FIG. 9- OPTIMIZING A 2- TRANSISTOR switch- 
ing circuit is simple with this circuit. The base 
current of 01 is set by Re,: the dashed jumpers 
indicate important points for current measure- 
ments. 

reliable value for the circuit. Note the 
amount of current drawn from the supply 
for future reference. 

6. Before completing your design. con- 
nect the actual load and verify that the 
circuit operates reliably. and that current 
drain is within the limits of the transistor 
you use. 

intro- transistor optimization 
Optimizing the two- transistor switch- 

ing circuit shown in Fig. 9 is only a little 
more complicated. Again. the terminals 
joined by dashed lines will normally be 
connected (on your breadboard) by jum- 
pers; the terminals are there to facilitate 
making current measurements. Now let's 
see how to determine optimum compo- 
nent values. 

1. Calculate the base current needed to 
turn Q2 on. based on the actual (or calcu- 
lated) value of load current through R1. 

2. Calculate Q2's required base resistor 
using the formula R2 + R3 = VC -/IB2. 
Note that R3 can be zero, but. in any 
event. make the value of R2 at least three 

V6 c 

i 
vcc 

01 OFF 

02 ON 

Q1 ON 

02 OFF 

QI, 02 
BOTH ON 

b 

Q1 OFF 

02 ON 

FIG. 10-SWITCHING- SEQUENCE PROBLEMS occur with this motor direction- reversing circuit. As 
shown at b, 01 and 02 could both be on at the same time, and that could result In destruction of both 
transistors. 

*vcc 

-vcc 

02 ON 02 ON 

01 ON 

04 OFF 

a3 OFF 

01 OFF 

02 OFF 

Q3 ON 

04 ON 

al -04 
OFF /- 

b 

01 ON 

04 OFF 

03 OFF 

FIG. 11- SWITCHING -SEQUENCE PROBLEMS ARE SOLVED with this motor direction- reversing cir- 
cuit. Mere, 02 and 04 could never be on at the same time (barring circuit failure, that Is). 

VIN 

VIN 

VIN 

II 
Il 

b 

`VCc 

R2 

c 

FIG. 12 -A FEW SAFEGUARDS MUST BE OB- 
SERVED when switching loads that are not 
purely resistive 

times that of R3 in order to minimize the 
current flowing through QI. 

3. Now you can calculate lc 
t 

as Vcc/ 
R2. IBt is Ict /hFE (of QI). Therefore, 
RI = VBI /lBI If the value of RI is very 
high (greater than 50K). lower the value of 
R2 to a value that permits a collector cur- 
rent through QI of at least one mA. and 
then recalculate all values. 

4. Now wire up the circuit using fixed 
resistors for R2. R3. and 121 , but use a 

potentiometer for RI. Check the circuit 
for reliable operation, and if it seems to 
work well. measure currents IB, (with Q2 
on). lc,. and IBi. If any current is exces- 
sive. recalculate resistor values, begin- 
ning with R3. If either transistor refuses 
to switch. decrease the value of its base 
resistor by ten percent and try again. Re- 
peat until switching occurs reliably. 

5. Substitute transistors of the same 
type for QI and Q2, and test for reliable 
operation. Use the lowest value for RI that 
permits reliable switching with all tran- 
sistor combinations. That will be the 
highest value you can trust. Be sure to 
record all resistor and current values. 
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R2

01

R2

b

+Vee

R1
VINQ-...JYI/Ir--f-l

+Vee

+Vee

II

Two-transistor optimization
Optimizi ng the two-transistor switch

ing circuit shown in Fig. 9 is only a little
more complicated. Again, the terminals
joined by' dashed lines will normally be
connected (on your breadboard) by jum
pers; the terminals 'are there to facilitate
making current measurements. Now let' s
see how to determine optimum compo
nent values.

1. Calculate the base current needed to
turn Q2 on, based on the actual (or calcu
lated) value of load current through RL .

2. Calculate Q2 's required base resistor
using the form ula R2 + R3 = Vcc /IB2'
Note that R3 can be zero, but , in any
event, make the value of R2 at least three

reliable value for the circuit. Note the
amount of current drawn from the supply
for future reference.

6. Before completing your design , con
nect the actual load and verify that the
circuit operates reliably, and that current
drain is within the limits of the transistor
you use.

02

Re

r:,

--~
\
I

·4. Repeat steps one through three using
two or three other transistors of the same
type.

5. Use the lowest value of R3 measured
in all of the tests. That will be the highest

FIG. 9-OPTIMIZING A 2-TRANSISTOR swItch
ing circuit is simple with this circuit. The base
current of Q1 is set by RB, ; the dashed jumpers
Indicate Important points for current measure
ments.

+Vee

CDce
Ol

"mOJ
:D
C
:l>

~

c

C1

times that of R3 in order to minimize the
current flowing through QI .

3. Now you can calculate ICI as Vcci
R2. IBI is Ic/hFE (of QI). Therefore ,
RI =VB/IBI. If the value of RI is very
high (greater than 50K), lower the value of
R2 to a value that permits a collector cur
rent through QI of at least one rnA, and
then recalculate all values.

4. Now wire up the circuit using fixed
resistors for R2, R3, and RL , but use a
potentiometer for RI. Check the circuit
for reliable operation, and if it seems to
work well, measure currents IB2(with Q2
on), Ic l , and IBI' If any current is exces
sive, recalculate resistor values, begin
ning with R3. If either transistor refuses
to switch, decrease the value of its base
resistor by ten percent and try again. Re
peat until switching occurs reliably.

5. Substitute transistors of the same
type for QI and Q2, and test for reliable
operation. Use the lowest value for RI that
permits reliable switching with all tran
sistor combinatio ns . That will be the
highest value you can trust. Be sure to
record all resistor and current values .

FIG. 12- A FEW SAFEGUARDS MUST BE OB·
SERVED when switching loads that are not
purely resistive .

R1

R2

+Vee

R1

R2

- Vee
8 b

FIG. 1Q-SWITCHING·SEQUENCE PROBLEMS occur with this motor dlrectlon·reverslng circuit. As
shown at b, Q1and Q2 could both be on at the same time, and that could result in destruction of both
transistors.

- Vee_. ._8___ b

FIG. 11-SWITCHING·SEQUENCE PROBLEMS ARE SOLVEDwith this motor direction-reversing cir 
cuit. Here, Q2 and Q4 could never be on at the same time (barring circuit failure, that is).
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PC SERVICE 
One of the most difficult tasks in build - 

ing any construction project featured in 
Radio -Electronics is making the PC 
board using just the foil pattern provided 
with the article. Well, were doing some- 
thing about it. 

We've moved all the foil patterns to this 
new section where they're printed by 
themselves, full sized, with nothing on the 
back side of the page What that means 
for you is that the printed page can be 
used directly to produce PC boards! 

Note: The patterns provided can be 
used directly only for direct positive pho- 
toresist methods. 

In order to produce a board directly from 
the magazine page, remove the page and 
carefully inspect it under a strong light 
and or on a light table Look for breaks in 
the traces, bridges between traces, and in 
general, all the kinds of things you look for 

in the final etched board. You can clean up 
the published artwork the same way you 
clean up you own artwork. Drafting tape 
and graphic aids can fix incomplete traces 
and doughnuts. and you can use a hobby 
knife to get rid of bridges and dirt. 

An optional step. once you're satisfied 
that the artwork is clean. is to take a little 
bit of mineral oil and carefully wipe it 

across the back of the artwork. That helps 
make the paper transluscent. Don't get 
any on the front side of the paper (the side 
with the pattern) because you'll con - 
taminate the sensitized surface of the 
copper blank After the oil has "dried" a 

bit -patting with a paper towel will help 
speed up the process -place the pattern 
front side down on the sensitized copper 
blank, and make the exposure. You'll 
probably have to use a longer exposure 
time than you are probably used to. 

We can't tell you exactly how long an 
exposure time you will need but, as a start - 
ing point, figure that there's a 50 percent 
increase in exposure time over litho- 
graphic film. But you'll have to experiment 
to find the best method to use with your 
chemicals And once you find it. stick with 
it. Don't forget the "three C's" of making 
PC boards -care. cleanliness, and con - 
sistency. 

Finally, we would like to hear how you 
make out using our method. Write and tell 
us of your successes, and failures, and 
what techniques work best for you. Ad- 
dress your letters to 

Radio -Electronics 
Department PCB 

200 Park Avenue South 
New York, NY 10003 

TRANSISTOR SWITCHES 

continued from page 87 

It takes only about thirty minutes to 
follow the procedures outlined above, and 
that's a small price to pay for an optimized 
circuit. You may be surprised at the values 
you obtain. For example. I calculated the 
following values the first time I set up the 
circuit in Fig. 9: RI = 1K, R2 = 10K, 
R3 = 1K. In my final design I used these 
values: RI = IOK, R2 = 33K, R3 =10K. 
My load must have been much lighter than 
I originally thought. Only a suspicious 
nature and a trusty breadboard kept that 
switch from drawing more current than all 
the remaining elements of the circuit put 
together. 

Switching sequence 
tiow that we're got all that under our 

belt, there is one more topic to consider: 
switching sequence of bipolar- output cir- 
cuits, such as the motor direction- revers- 
ing circuit shown in Fig. 10 -a. With that 
type of circuit we must ensure that both QI 
and Q2 are never turned on simulta- 
neously. If they were, the + Vic and 
- Vcc supplies would essentially be 
shoved together through the small "on" 
resistance provided by the transistors. The 
resulting current flow would in all like- 
lihood destroy those transistors. 

If the unconnected ends of RI and R2 in 
Fig. 10 -a were connected to the output of 
an op -amp. we might think that a positive 
output from the op -amp would turn on 
Q2, and drive the motor in one direction, 
and that a negative output would turn on 
QI, and drive the motor in the opposite 
direction. In theory that's correct. but as 

the sequencing diagram in Fig. 10 -b 
shows. there is an overlapping time when 
both transistors are on. 

To understand how that could happen, 
assume the voltage from the op -amp starts 
off at - Vcc. At that point. QI is on. and 
Q2 is off. But as the input voltage rises. 
Q2's base will eventually become 0.7 volt 
more positive than its emitter, so Q2 will 
turn on. Both transistors will remain on 
until the input voltage rises above 
+ Vic - 0.7 volt. At that point QI will 
turn off; and it will not turn back on until 
the input voltage again falls below 
+ Vic - 0.7 volt. Therefore, both tran- 
sistors will remain on until the input again 
falls below the 0.7 volt threshold needed 
to keep Q2 on. 

One way to solve that problem is to add 
an additional pair of transistors. as shown 
in Fig. II -a. In that circuit, Q4 goes off 
long before Q2 goes on; Fig. II -b shows 
the switching sequence. Assume the input 
voltage starts at ground. As it approaches 
- 0.7 volts. Q3 turns off, then Q4 turns 
off as its base is pulled to - Vcc. As the 
input voltage continues to rise, QI turns 
on. and that drops Q2's base to ground. so 
Q2 turns on. Following through the se- 
quence, we see that there is no time when 
both Q4 and Q2 are on, and there is a short 
period when all four transistors are off. 

Sequence -overlap problems can arise 
in other ways. For example, in counter 
circuits. the counter IC can contribute to 
overlapping "on" times even though the 
individual switching circuits do not. For 
example, the data sheet for the 4022 di- 
vide -by -eight counter reveals that the rise 
and fall slopes of successive outputs over- 
lap. and it is doubtful that the switching 
transistors' internal delays would suffi- 
ciently compensate for that overlap. In 

such circuits it may be best to create an 
"off" period with some other device. like 
a one -shot. 

Other precautions 
Aside from the problems with bipolar 

output circuits we've just been discuss- 
ing. there are several precautions to keep 
in mind regarding output loading of any 
transistor switching circuit. Lamps and 
other more or less) purely resistive loads 
require little attention beyond that paid to 
voltage and current limits. Inductive and 
capacitive loads. on the other hand. de- 
mand special attention. For example. di- 
odes DI and D2 in Fig. 12 -a serve to 
protect the transistor from inductive 
spikes generated by LI, which could be an 
inductor. a relay. a motor, etc. 

There are several ways to the limit ini- 
tial surge current that occurs when 
switching heavily capacitive loads. For 
example, we could use a current- limiting 
resistor, as shown in Fig. 12 -b. Finally, for 
circuits that work in RF or other fields that 
radiate much potential EMI, filtering and 
bypassing. as shown in Fig. 12 -c. are nec- 
essities. 

In this article we have discussed several 
ways to make simple discrete transistor 
switching circuits operate both more reli- 
ably and more efficiently. Given the volt- 
age and current requirements of a load. 
and given the voltage and current avail- 
able from a digital IC (or other) driving 
circuit. we have seen how to calculate, 
and how to optimize, the values of the 
gain -determining components of simple 
transistor switching circuits. The small 
investment we make in calculating and 
breadboarding will be well rewarded by 
projects that work better. that last longer, 
and that waste less power. R -E 
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One of the most difficult tasks in build
ing any construction project featured in
Radio-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some
thing about it.

We've moved all the foil patterns to this
new section where they 're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direct positive pho
toresist methods.

In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table . Look for breaks in
the traces , bridges between traces , and in
general, all the kinds of things you look for

TRANSISTOR SWITCHES

continued from page 87

It takes only about thirty minutes to
follow the procedures outlined above, and
that's a sma ll price to pay for an optimized
circuit. You may be surprised at the values
you obta in . For example, I calculated the
following values the first time I set up the
circui t in Fig . 9: Rl = IK , R2 = 10K ,
R3 = IK . In my final design I used these
values : RI = 10K, R2 = 33K, R3 = 10K.
My load must have been much lighter than
I orig inally thought. Only a suspicious
nature and a trusty breadboard kept that
switch from drawing more current than all
the remaining elements of the circuit put
together.

Switching sequence
Now that we've got all that under our

belt , there is one more topic to consider:
switching sequence of bipolar-output cir
cuits, such as the motor directio n-revers
ing circ uit shown in Fig. IO-a . With that
type of circuit we must ensure that both QI
and Q2 are never turned on simulta
neously. If they were, the + Vcc and
- Vcc supplies would essentiall y be
shorted toge ther through the small " on"
resistance provided by the transistors. The
resulting current flow would in all like
lihood destroy those transistors.

If the unconnected ends of RI and R2 in
Fig. IO-a were connected to the output of
an op-arnp, we might think that a positive
output from the op-amp would tum on
Q2, and drive the motor in one direction ,
and that a negative output would turn on
QI, and drive the motor in the opposi te
direction . In theory that 's correct, but as

in the final etched board. You can clean up
the published artwork the same way you
clean up you own artwork. Drafting tape
and graphic aids can fix incomplete traces
and doughnuts, and you can use a hobby
knife to get rid of bridges and dirt.

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern) because you 'll con
taminate the sensitized surface of the
copper blank. After the oil has "dried" a
bit-patting with a paper towel will help
speed up the process-place the pattern
front side down on the sensit ized copper
blank, and make the exposure. You'll
probably have to use a longer exposure
time than you are probably used to.

the seque nci ng diagram in Fig . lO-b
shows, there is an overlapping time when
both transistors are on.

To understand how that cou ld happen,
assume the voltage from the op-amp starts
off at - Vcc - At that point, QI is on, and
Q2 is off. But as the input voltage rises,
Q2 's base will eventually become 0.7 volt
more positive than its emitter, so Q2 will
tum on. Both transistors will remain on
un til th e input vo ltage r ises above
+Vcc - 0 .7 volt. At that point QI will
tum off; and it will not turn back on until
th e input vo ltage agai n fa lls bel ow
+Vcc - 0 .7 volt. Therefore , both tran
sistors will remain on until the input again
falls below the 0 .7 volt threshold needed
to kee p Q2 on .

One way to solve that problem is to add
an additional pair of transistors , as shown
in Fig. II-a . In that circuit, Q4 goes off
long before Q2 goes on; Fig. II- b shows
the switc hing sequence . Assume the input
voltage starts at ground. As it approac hes
- 0.7 volts, Q3 turns off, then Q4 turns
off as its base is pulled to - Vcc- As the
input voltage continues to rise, QI turns
on, and that drops Q2 's base to ground, so
Q2 turns on . Following through the se
que nce , we see that there is no time when
both Q4 and Q2 are on, and there is a short
period when all four transistors are off.

Sequence-overlap problems can arise
in other ways. For example, in counter
circuits, the counter IC can contribute to
overlappi ng "on" times even though the
individual switching circ uits do not. For
exam ple, the data sheet for the 4022 di
vide-by-eight counter reveals that the rise
and fall slopes of successive outputs over
lap, and it is doubt ful that the switching
transistors' internal delays would suffi
ciently compensate for that overlap. In

We can't tell you exactly how long an
exposure time you will need but, as a start
ing point, figure that there's a 50 percent
increase in exposure time over litho 
graphic film. But you'll have to experiment
to find the best method to use with your
chemicals. And once you find it, stick with
it. Don't forget the "three C's" of making
PC boards-eare, cleanliness, and con
sistency.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad
dress your letters to:

Radio-Electronics
.Department PCB

200 Park Avenue South
New York, NY 10003

such circuits it may be best to create an
" off" period with some other device , like
a one-shot.

Other precautions
Aside from the problems with bipolar

output circui ts we' ve just been discuss
ing , there are several precautions to keep
in mind regarding output loading of any
transistor switching circuit. Lamps and
other (more or less) purely resistive loads
requ ire little attention beyond that paid to
voltage and current limits. Inductive and
capacitive loads, on the other hand , de
mand special attention. For example , di
odes Dl and D2 in Fig. 12-a serve to
protect th e tran sistor from induc tive
spikes generated by Ll , which could be an
inductor, a relay, a motor, etc.

There are several ways to the limit ini
ti al surge current th at oc curs whe n
switching heavily capacitive loads . For
example, we could use a current-limiting
resistor, as shown in Fig. 12-b. Finally, for
circuits that work in RF or other fields that
radiate much potential EMI, filtering and
bypassing , as shown in Fig. 12-c, are nec
essities.

In this article we have discussed several
ways to make simple discrete transistor
switching circuits operate both more reli
ably and more efficiently. Given the volt
age and current requirements of a load ,
and given the voltage and current avail
able from a digital IC (or other) driving
circuit, we have seen how to calculate,
and how to optimize, the values of the
gain-determining components of simple
transistor switching circuits. The small
investment we make in calculating and
breadboarding will be well rewarded by
projects that work better, that last longer,
and that waste less power. R-E
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PC SERVICE 

OUR MINI MUSIC SYNTHESIZER can turn anyone into a "one- man -band.' The project is fun, and easy -to -build it 
you use the foil pattern shown here. The story begins on page 75. 

4 1/8 INCHES- 

THE PC BOARD for the wireless video link Is shown here. 

tAlki 
:=-ITAka 

1*A 
KEEP AN EYE on the humidity 
with our humidity monitor The 
PC board for that project is 
shown here. 
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PC SERVICE

1------5YzINCHES------I·
OUR MINI MUSICSYNTHESIZERcan turn anyone into a " one-man-band." The project is fun, and easy-to-build if
you use the foil pattern shown here. The story begins on page 75.

I" 4-1/8INCHES------..

THE PC BOARD for the wireless video link is shown here.

KEEP AN EYE on the humidity
with our humidity monitor. The
PC board for that project is
shown here.
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Which Way To YOUR Future? 
Are you at a crossroads in your career? 
Have you really thought about it? Are 
you planning for your future, or perhaps 
refusing to face the subject? Which way 
will you go - down the same old road? 
Or are you ready for something else? 

In electronics you can't stand still. If you 
are not moving ahead, then you're falling 
behind. At the crossroads of your career, 
various choices are available - and, yes, 
decisions have to be made. 

Which road will you take - one that 
doesn't go where you want to be, or one 
that leads to hard work but also to the 
better life? Ah, decisions, decisions! 

Career decisions are so important that you need all the input 
you can get before locking -in on one of them. Grantham Col- 
lege of Engineering offers you one source of input which may 
help you in making that decision. It's our free catalog. 

Ask for our free catalog and you may be surprised to learn how 
it is easily possible to earn a B.S. degree in electronics without 
attending traditional classes. Since you are already in electronics 
(you are, aren't you ?), you can complete your B.S. degree work 
with Grantham while studying at home or at any convenient 
place. 

But don't expect to earn that degree without hard 
work. Any degree that's worth your effort can't be 
had without giving effort to the task. And of course 
it is what you learn in the process, as much as the 
degree itself, that makes you stand out above the 
crowd - that places you in an enviable position, 
prestige -wise and financially. 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California, 90720 

This booklet 
`FREE: l 

This free booklet 
explains the 

Grantham B.S. 

Degree Program, 
offered by inde- 

pendent study to 

those who work 

in electronics. 

for 
FREE 
Booklet 

CLIP 

COUPON 

and mail is 
envelope or 
paste on 
postal 
card. 

Put Professional 
KNOWLEDGE 

and a 

COLLEGE DEGREE 
in your 

Electronics Career 
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ROBOTICS 

Robot brains 

WE'VE TALKED ABOUT QUITE A FEW 

things the past few months, in- 
cluding putting together a 

robotics lab, robot motion and 
navigation, and last month we dis- 
cussed, albeit briefly, the subject 
of voice recognition. It's time now 
to start putting those elements to- 
gether-we need to give our robot 
some brains. 

Perhaps you're asking, "Do I 

really need a computer to control 
my robot ?" You could build a cir- 
cuit out of discrete logic compo- 
nents that would allow your robot 
to perform the task you had in 
mind. But, as Hamlet said, that's 
the rub. To change that task, you 
would have to re- design and re- 
solder. However, if you imple- 
mented the control logic in soft- 
ware, you could change your 
design simply by keying in new 
instructions. Given the advantages 
of a software approach, there are 
still quite a few hardware ques- 
tions to be answered. So what 
would be the composition of a 

suitable robot -control computer? 

Microprocessors 
The heart of any home comput- 

er is its microprocessor, and there 
are a number of different micro- 
processors to choose from. We 
must pick ours carefully, accord- 
ing to several criteria. The first is 
power. All devices used in robot - 
control circuits should be low 
power, assuming that the robot is 
to carry its power source (bat- 
teries) with it. 

There are two chief methods of 
fabricating microprocessors: 
NMOS and CMOS. NMOS is the 
elder of the two, and NMOS al- 
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most invariably draws more power 
than the newer CMOS types. For 
example, an NMOS Z80 can draw 
as much as 150 mA of current at five 
volts. Most microprocessors (8080, 
Z80, 6800, 6502) were originally 
built using NMOS technology, al- 
though CMOS versions for many 
of them were introduced later. 

Bearing in mind the fact that the 
microprocessor must be sup- 
ported by a bevy of other power - 
hungry components, before you 
know it, your computer's brain 
could easily require 1.5 amps of 
power. A small motorcycle battery 
would be necessary to keep a sys- 

MARK J. ROBILLARD 
ROBOTICS EDITOR 

tem with that sort of current drain 
operational for an hour! And that 
doesn't include power for the 
stepper motors! 

It's easy to see why the industry 
almost universally uses CMOS mi- 
croprocessors for portable corn - 
puters. Not all microprocessors 
are available in CMOS yet, but the 
Z80, 6809, 8085A, 6502 and 8086/8 
types are, and Motorola's 68000 
will be soon. 

The microprocessors men- 
tioned above lead us to our next 
design criteria: eight or sixteen 
bits? (And 32 bits will soon be add- 
ed to the "equation. ") There is no 
clear -cut choice here. I have seen 
several robots designed with 16 -bit 
microprocessors that should have 
been designed with 8 -bit devices. 
Some people automatically as- 
sume that a robot requires the 
larger units, but that is not always 
the case. 

Another consideration is 
whether the application demands 
a full -blown multi -IC design. In 
many cases a single -chip micro- 
processor will do the job. Single - 
chip micros typically have 128 
bytes of temporary memory and 16 

input/output lines. I find single - 
chip micros most useful as dedi- 
cated sensor controllers. For ex- 
ample, you could use one to 
control your robot's motors and 
sensors, while the main processor 
carried out the heavy -duty control 
logic. Now let's look at the memo- 
ry question in a bit more detail. 

Memory 
Once again your application will 

determine how much RAM (Ran- 
dom Access Memory), ROM (Read 
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Only Memory) and EPROM (Erasa- 
ble Programmable Read Only 
Memory) you'll need to provide. 
RAM is used for storage of tempo- 
rary data, and data picked up by 
sensors; ROM and EPROM are 
used to store the control program 
and tables of data. 

If you're new to this field, and if 
you're planning to build a research 
robot that will not be obsolete be- 
fore you get done building it, then 
I suggest designing a "universal" 
memory system. That type of sys- 
tem is possible because there are, 
nowadays, RAM's, ROM's, and 
EPROM's that have almost identi- 
cal pin -outs. 

The circuit depicted in Fig. 1 -a 
shows how a single 28 -pin socket 
can be used to house several dif- 
ferent types of memory IC's, and 
several different devices of each 
type. The table in Fig. 1 -b shows 
how points A, B, C, and D in the 
circuit should be jumpered for 
each type of memory device. If 
you're interested in learning more 
about that subject, drop me a line. 
I'll send you a reprint of an applica- 
tions note that discusses the sub- 
ject in depth. 

Ins and outs 
Robot I/O (Input /Output) is, by 

far, the most involved decision. 
Depending on the sensors and 
motors in your system, I/O circuits 
can become quite complex. It will 
simplify matters if you use stan- 
dard I/O schemes (like RS -232C) 
for communicating with pe- 
ripherals or dedicated sensor con- 
trollers, like those mentioned 
above. There are many products 
on the market that communicate 
via RS -232C lines, and it's easy to 
interface your own devices via 
RS -232C. 

Buy or build? 
Whether you should buy a pre - 

assembled control computer or 
build your own also depends on 
the application. But if you think 
there's a chance that a pre -as- 
sembled unit will do the job, you'll 
save yourself a lot of hair -pulling 
by buying, rather than building. 

Based on what I've said above, 
the specifications of an ideal 
robot -control computer might in- 
clude a CMOS microprocessor, 
plenty of memory, standard I/O 

channels, and battery operation. 
Suppose I told you that you could 
buy an off -the -shelf device with a 

CMOS 8085A, 8K of battery - 
backed-up RAM (which is expan- 
dable to 32K), a real -time clock/cal- 
endar, an RS -232C port, a Cen- 
tronics parallel port, a bar -code 
reader input, a full 60 -key alpha- 
numeric keyboard, and a forty - 
character by eight -line LCD dis- 
play, all packaged in a case that 
measures about 8 x 11 inches? 

That machine also has, built -in, a 

special version of Microsoft BASIC 
that supports all the I/O devices - 
and interrupts! You can burn your 
BASIC program into an EPROM 
and plug it into the ROM expan- 
sion socket that is provided. If you 
have an exotic I/O in mind, the 
entire system bus is also available. 

The complete computer costs 
less than $350.00. If you haven't 
guessed what it is by now, you'll 
have to wait till next month. I'll 
have several interesting surprises 
then for those who choose to use 
that "mystery" computer for robot 
development. R -E 
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COMMUNICATIONS 
CORNER 
The return of diversity reception 

SOMEONE ONCE SAID THAT "HISTORY 

always repeats itself;" well, the 
same thing seems to be true of 
electronics. That is, some idea 
from a bygone era is brought back 
and touted as the cutting edge of 
technology. The latest idea to be 
reborn is diversity reception. 

Diversity reception is a means 
whereby we're able to compen- 
sate for the apparent loss of signal 
strength caused by changes in the 
polarization of an electromagnetic 
(RF or radio) wave, rather than by 
loss of the signal itself. Often, be- 
cause of changes in a signal's po- 
larization, we can't receive the 
signal even though we're using a 

decent receiver. 
Using such techniques, a wire- 

less microphone, for example, can 
be received equally well whether 
its antenna is horizontally or ver- 
tically positioned. No longer need 
reception suffer if a rock star were 
to literally crawl along the floor at 
the fringe of a receiver's reception 
range. While to many the concept 
is new, diversity reception in non - 
laboratory equipment goes back a 
ways. 

While diversity reception has 
been around from at least the late 
1920's (AT &T began using it then 
for their transoceanic circuits), I 

first came across it in some WWII 
surplus Navy receivers. But that 
was during the vacuum tube era, 
and the hardware necessary for di- 
versity reception was larger than 
your average office desk. In fact, 
that diversity receiver could be 
used as a boat anchor for a small 
freighter. Today, the whole circuit 
isn't much larger than your 
thumb. 
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The importance of polarization 
The polarization of an elec- 

tromagnetic wave starts off in the 
same plane as the antenna, and 
maximum energy is obtained 
when the receiving antenna is in 
the same plane as the received 
wave. Unfortunately, many things 
can affect the polarization of a sig- 
nal after it leaves the transmitting 
antenna. And the higher the fre- 
quency, the greater the effect on 
polarization and reception. 

Most of us are familiar with sig- 
nal polarization through experi- 
ence with antennas for the 
reception of. FM broadcasts. If the 
FM station's transmitting antenna 
is one of the older horizontal de- 
signs (not circular) and the receiv- 
ing antenna is rotated from 
horizontal to vertical, you can ac- 
tually see the reading on a signal - 
strength meter decrease as the an- 
tenna is adjusted. At 90- degree ro- 
tation, you'd lose the signal, or it 
would be so weakened as to be 

useless. In other words, the signal 
polarity would be wrong for the 
receiving antenna. 

Normally, the forces that affect 
the polarization of RF after it leaves 
the antenna are most severe in the 
HF range between 6 and 30 MHz. 
Skips and bending can change the 
polarization of a signal; thus, what 
started out as horizontal polariza- 
tion in Europe can arrive here al- 
most vertical. 

Depending on the frequency, 
the time of day, condition of the 
electrical bands circling the earth, 
etc., polarization changes can oc- 
cur over a period of only a few 
seconds. The signal that you think 
is fading in and out may really be 
rock steady in strength, but rotat- 
ing somewhere between horizon- 
tal and vertical polarization. 

How it works 
A simplified block diagram of 

how diversity reception works is 
continued on page 102 
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wave. Unfortunately, many things
can affect the polarization of a sig
nal after it leaves the transmitting
antenna. And the higher the fre
quency, the greater the effect on
polarization and reception .

Most of us are fam iliar with sig
nal polarization through experi
ence with antennas for the
reception of.FM broadcasts. If the
FM station 's transmitting antenna
is one of the older horizontal de
signs (not circular) and the receiv
ing antenna is rotated from
horizontal to vertical, you can ac
tually see the reading on a signal
strength meter decrease as the an
tenna is adjusted. At 90-degree ro
tation, you'd lose the signal, or it
would be so weakened as to be

SOMEONE ONCE SAID THAT "HISTORY

always repeats itself;" well, the
same thing seems to be true of
electronics. That is, some idea
from a bygone era is brought back
and touted as the cutting edge of
technology. The latest idea to be
reborn is diversity reception.

Diversity reception is a means
whereby we're able to compen
sate for the apparent loss of signal
strength caused by changes in the
polarization of an electromagnetic
(RF or radio) wave, rather than by
loss of the signal itself. Often, be
cause of changes in a signal's po
larization, we can't receive the
signal even though we're using a
decent receiver.

Using such techniques, a wire
less microphone, for example, can
be received equally well whether
its antenna is horizontally or ver
tically positioned. No longer need
reception suffer if a rock star were
to literally crawl along the floor at
the fringe of a receiver's reception
range. While to many the concept
is new, diversity reception in non
laboratory equipment goes back a
ways.

While diversity reception has
been around from at least the late
1920's (AT&T began using it then
for their transoceanic circuits), I
first came across it in some WWII
surplus Navy receivers . But that
was during the vacuum tube era,
and the hardware necessary for di
versity reception was larger than
your average office desk. In fact,
that diversity receiver could be
used as a boat anchor for a small
freighter. Today, the whole circuit
isn't much larger than your
thumb.
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KENWOOD 
pacesetter in Amateur radio 

R -2000 
Ail-mode receiver. 

Covers ' kHz 30 MHz in 30 bands 
All mode: USB, LSB, CW. AM, FM. 
Digital VFO's. 50 -Hz, 500 -Hz or 5 -kH.. 
steps. F. LOCK switch. 
Ten memories store frequency, band, ar 

mode data Each memory may be tuned 
as a VFO. 
Lithium batt. memory back -up. 
Memory scan. 
Programmable band scan. 
Fluorescent tube digital display of 
frequency (100 Hz resolution) or time 
Dual 24 -hour quartz clocks, with timer 
Three built -in IF filters with NARROW /WIDE 
selector switch. (CW filter optional) 
Squelch circuit, all mode, built -in. 
Noise blanker built -In. 
Large front mounted speaker. 
RF step attenuator. (0- 10 -20 -30 dB) 
AGC switch. (Slow- Fast.) 
"S" meter, with SINPO scale. 
High and low impedance antenna 
terminals 
100/120/220/240 VAC operation 
RECORD output jack 
Timer REMOTE output (not for AC power 
Muting terminals 

Spec4 canons and poxes suolecr to change vothout force 

R -1000 High performance receiver 200 
kHz -30 MHz In 30 bands AM. CW. SSB 3 IF 

noise blanker RF attenuator S -meter 
' 0 -240 VAC muting terminals built -in speaker 

display/clock/timer 

R-600 General coverage receiver 150 
kHz -30 MHz in 30 bands AM. CW. SSB IF filters 

noise blanker RF attenuator S -meter with 
SINPO scale front mounted speaker 3 antenna 
inputs 100-240 VAC operation record rack 

muting terminals digital display 

Or obligaran 

CIRCLE 102 ON FREE INFORMATION CARD 

Optional accessories: 
VC-10 VHF converter for R -2000 covers 
118-174 MHz 
YG -455C 500 Hz CW filter for R -2000 
HS -4 Headphones 
HS -5 Deluxe headphones 
HS -6 Lightweight headphones 
HS -7 Micro headphones 
DCK -1 DC cable kit for 13.8 VDC operation 
AL -2 Lightning and static arrester 
Service manuals are available for all 
receivers and most accessories. 

Additional information on Kenwood all -band 
receivers is available from authorized dealers. 

KENWOOD 
TRIO-KENWOOD COMMUNICATIONS 
1111 West Walnut Street 
Compton. California 90220 

R-1000 High performance receiver . 200
kHz-30 MHz in 30 bands. AM, CW, SSB • 3 IF
filters · noise blanker · RF attenuato r • S-mete r
·1 20-240 VAC. muting terminals . built-in speake r
• digital display/clock/timer

R-600 Genera l cove rage receiver > 150 '.
kHz-30 MHz in 30 bands . AM, CW, SSB• IFfilters
• noise blanker . RFattenuator • S-mete r with
SINPO scale . front mounted speaker . 3 antenna
inputs · 100-240 VAC0ileration. record jack
• muting terminals . digital display

Optional accessories:

• VC-10 VHF converter for R-2000 cove rs
11 8-174 MHz

• YG-45 5C 500 Hz CW filter for R-2000
• HS-4 Headph ones

• HS-5 Deluxe headphones

• HS-6 Lightweight headp hones

• HS-7 Micro headph ones

• DCK-1 DC cab le kit for 13.8 VDC operation

• AL-2 Lightning and static arrester

• Service manuals are available for all
receivers and most accessories.

Additional information on Kenwood all-band
receivers is available from authorized dea lers.

TRIO- KENWOOD COMM UNICATIONS
1111 West Walnut Street
Compto n, California 90220

KENWOOD

·R-2bOor~.<
All-mode receiver.
• Cove rs 150 kHz-30 MHz in 30 bands.
• All mode: USB, LSB, CW, AM, FM.
• Digital VFO's. 50- Hz, 500- Hz or 5-kHz

steps. F. LOCK switch.
• Ten memories store frequency, band, and

mode data. Each memory may be tuned
as a VFO.

• Lithium batt. memory back-up.
• Memory scan.
• Programmable band scan.
• Fluorescent tube digita l display of

frequency (100 Hz resolution) or time.
• Dual 24-hour quartz clocks, with timer.
• Three built-i n IF filters with NARROWIWI DE

selector switc h. (CW filter optio nal.)
• Sque lch circuit, all mode, bui lt-in.
• Noise blanker built-in.
• Large front mounted spea ker.
• RF step attenuator. (0-10-20-30 dB.)
• AGC switch. (Slow- Fast.)
• "S" meter, w ith SINPO scale.
• High and low impedance antenna

term inals.
• 100 /12 0 /220 /2 40 VACope ration .
• RECORD output jack.
• Timer REMOTE output (not for AC power)
• Muting termina ls.
Soec iticenons and prices subject to change Without not ice or obligation.

CIRCLE 102 ON FREE INFORMAT ION CARD
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From McGraw -Hill ...the professionals' publisher 

lt!' Electronics and 
Control Engineers' 
Book Club® 

SWITCHED CAPACITOR CIRCUITS 
By P E Allen and Edgar S.i 
nencio. 759 pp., 558 illus. and table. 
Covering the latest developments in de 
sign, analysis, and implementation, this 
is the first guide to switched capacitor 
ISCI circuits -an economical way of 
combining analog sampled data tech- 
niques with MOS technology. 
5$3239.9 Pub. Pr. $51.90 Club Pr.. $39.45 

TROUBLESHOOTING ELECTRONIC 
EQUIPMENT WITHOUT SERVICE 
DATA By R. G. Middleton. 303 pp., 

lus_ and tables. Packed with 
charts. diagrams, and case histories. 
this practical handbook shows you how 
to pinpoint defective electronic circi. 
try when no service data is available 
513134 -I Pub. Pr.. $24.95 Club Pr., $11 50 

STANDARD HANDBOOK OF ENGI- 
NEERING CALCULATIONS T. G. 
Hicks, Editor in Chief. 2nd Ed., 1,468 
pp., 1,292 glus. and tables. Now re- 
vised, updated, and considerably ex- 
panded, this huge handbook provides 
more than 5,100 step -by -step proce- 
dures for solving the kinds of engineer - 
ing problems you encounter most fre- 
quently in your work - 
711153 Pub Pr . $59.50 Club Pr . su.51 

POWER CONTROL WITH SOLID - 
STATE DEVICES fì, ,r:,r¿ M. Got- 
- eb. 372 pages, 218 illustrations. This 
_omprehensive book discusses every 
type of solid-state device and circuitry 
now available for power electronics. It 
covers both the proven -in- practice power 
control systems and the avant garde - 
as well as some promising combina- 
tions of the older and newer devices and 
circuitries. 
$1324$ -2 Pub. Pr., $21.95 Club Pr., $21.15 

CONTROL SYSTEM ENGINEERING 
By Mohamed E. El- Hawary. 583 pages 
373 illustrations. This up- to- the -mir 
ute guide gives you the latest tech 
niques for the design, analysis. and 
compensation of today's increasingly 
complex and sophisticated control sys- 
tems. All the systems covered are 
closed -loop time- invarient feedback 
control systems 
583224 -0 Pub Pr. S3295 Club Pr., $24.75 

DIGITAL LOGIC DESIGN. By B. Holds - 
.,.rth 192 illus. All of the 

recent advances in digital design tech- 
niques are presented here in depth. It's 
both a text covering basic concepts and 
a practical guide to design techniques 
for combinational, clock -driven, and 
event-driven circuits. 
512152 -9 Pub Pr . $39 95 Club Pr . $2150 

INTRODUCTION TO RADAR SYS- 
TEMS By M i Skorn,k [rid Lu . 093 

illus. Covering every radar 
fundamental and all important changes. 
this EE text exposes you fully to the sys- 
tems themselves and to their appli- 
cations, Topics include radar equation, 
CW and frequency -modulated radar. 
MT!, pulse- doppler, tracking radar. re- 
cevers. displays. duplexers. noise. and 
more. 
571111 P. Pr.. $47.95 CM Pr.. $35.75 

Get the competitive edge with 
the newest and the best information 

in your field ... with books from 
all the leading publishers 

New members! 
Any one of these great 

professional 89 books 
for only .. . 

as a premium with your 
1st selection! 

Spectacular values up to $105.00 
HANDBOOK OF PRACTICAL ELEC- 
TRICAL DESIGN. . .' Portland 
416 pp . .Soil úius Ths volume pro- 
vides a step by -step explanation of de- 
signing electrical systems for indus- 
trial, commercial, and residential 
applications 
451/951í Pub Pr., $40.95 Club Pr . $27 50 

INTRODUCTION TO MICROWAVE 
ELECTRONICS. By T.C. Edwards /6 
pp., illus., softbound. Eliminating un- 
necessary theory and mathematics, this 
book provides you with a lucid overview 
of microwave engineering and the de- 
vices and circuits being used today 
503030 -2 Pub Pr . $14 95 Club Pr . 510 95 

ELECTRONICS ENGINEERS' HAND- 
BOOK, 2 /e. td -feu c, U V F ink & D 

stiansen 2,272 pp., 2,189 dlus. 
111.5 updated and enlarged edition cov- 

ers all the latest knowledge in the field. 
including new advances in integrated 
Circuits, pulsed and logic circuits, laser 
technology. telecommunications, and 
much more 
209/112 Pub Pr $83 50 Club Pr. $63.95 

THE MCGRAW -HILL COMPUTER 
HANDBOOK: Applications. Con - 
Cept9. Hardware. Software. Ld 
ited by H Helms 992 pp . 475 illus 
Everything you need to know about to 
day's computer science and engineer 
ing is here in this massive treasure trove 
of information 
279 721 Pub Pr . $84 50 Club Pr 152 95 

TRANSDUCERS: Theory and Ap- 
pllCatlons. By J.A. Allocca and A. 
Stuart. 497 pp.. 328 illus. Thoroughly 
describes and illustrates the theory and 
operation of all important transducers 
used in industrial. communication. 
medical, and other applications. 
512997.5 Pub Pr . $29 95 Club Pr . $24.55 

ELECTRONIC COMMUNICATIONS 
SYSTEMS. By W D Stanley. 566 pp.. 
illus Emphasizing the signal- process- 
ing functions of modulation and de- 
modulation operation, this book pre- 
sents the essentials of electronic 
communications in a logical. step -by- 
step sequence. 
512134.0 Pub. Pr . $32 95 Club Pr . $22.51 

THE ENCYCLOPEDIA OF ELEC- 
TRONIC CIRCUITS. , -af. 760 
pp , i,<o0 r;us T r .s ar ¿e .,ume pro- 
vides cecuits for virtually every type of 
application in 98 different categories. 
Each has a clear and concise explana- 
tory text aCCUmpanyng d 

513215.1 Pub. Pr S50 00 Club Pr.. $3915 

GATE ARRAYS Design Tech- 
niques and Applications. Edited by 
J W Read. 349 pp , 146 illus. Written 
by a team of specialists, this book de- 
scribes the fundamental principles, de- 
sign techniques, and uses of gate ar- 
rays. 
51216$ PrA. Pr.. $35 00 Club Pr, $24.75 

ANTENNA ENGINEERING HAND- 
BOOK, 2 /e. Edited by R. C. Johnson 
and H. Jas k, with contributions by 57 
-ecognized authorities 1,408 pp., 946 
, lus. This widely acclaimed Handbook 
gives you the guidance you need to solve 
Problems in antenna design and appli- 
cation 
3221910 Pub Pr . 5105 00 Club Pr . S62 50 

PRACTICAL DIGITAL DESIGN US- 
ING ICS. 2 /e. By J. D. Greenfield. 717 
pp., illus. This revised and expanded 
Second Edition of a popular guide shows 
how to get the most out of a wide range 
of popular integrated circuits. What's 
more, it contains the specialized know- 
how today's designer needs to interface 
ICs with microprocessors. 
512053 -7 P. h. $31.95 Club Pr.. $22.95 

MCGRAW -HILL CONCISE ENCY- 
CLOPEDIA OF SCIENCE AND TECH- 
NOLOGY. Editor in Chief S F' Parker 

the Staff of the McGraw Hill Em 
;:. :opedia of Science and Technology. 

2,065 pp.. 1.600 illus This volume 
serves every need for understanding to- 
day's science and technology. Written 
by over 3,000 of the world's topmost 
experts, including 19 Nobel Prize win- 
ners. it covers 75 disciplines from 
Acoustics to Zoology 
454/25 P. Pr.. $95 00 Club Pr 566 50 

From McGraw-Hili ... the professionals' publisher

THE ENCYCLOPEDIA OF ELEC
TRONIC CIRCUITS. By R. Graf. 760
pp. , 1,256 iIIus. This large volume pro
vides circuits for virtuall y every type of
application in 98 different categories.
Each has a clear and concise explana
tory text accompanying it .
583265-8 Pub. Pr., $50.00 Club Pr., $39.95

GATE ARRAYS: DeSign Tech
niques and Applications. Edi ted by
J. W. Read. 349 pp., 146 iI/us. Writte n
by a team of specialists, this book de
scribes t he fundamental principles, de
sign techniques, and uses of gate ar
rays.
512/868 Pub. Pr., $35.00 Club Pr., $24.75

ANTENNA ENGINEERIN G HAND
BOOK. 2/e. Edi ted by R. C. Johnson
and H. Jasik, with contribut ions by 57
recognized author ities . 1,408 pp., 946
iIIus. This widely acclaimed Handbook
givesyou the guidanceyou need to solve
problems in antenna design and appli 
cat ion.
322/910 Pub. Pr., $105.00 Club Pr., $62.50

PRACTICAL DIGITAL DESIGN US
ING ICS. z/e, By J. D. Greenfi eld. 717
pp ., iI/us. This revised and expanded
Second Edition of a popular guide shows
how to get the most out of a wide range
of popular integrated circuits. What's
more, it contains the specialized know
how today's designer needs to interfa ce
ICs with microprocessors.
582853·7 Pub. Pr., $31.95 Club Pr., $22.95

M cGRAW - HILL CONCISE ENCY
CLOPEDIA OF SCIENCE AND TECH
NOLOGY. Editor-in-Chief S. P. Parker
and the Staf f of the McGraw-Hili En
cyclopedia of Science and Technology.
2,065 pp ., 1,600 iI/us. This volume
serves every need for understanding to
day's science and technology. Written
by over 3 ,000 of the.world 's topmost
experts, including 19 Nobel Prize win
ner s, it covers 75 di scip l ines f rom
Acousti cs to Zoology.
454/825 Pub. Pr., $95.00 Club Pr., $66.50

THE McGRAW-HILL COMPUTER
HANDBOOK: Applications. Con
cepts, Hardware. Software. Ed
ited by H. Helms. 992 pp ., 475 iIIus.
Everything-you need to know about to
day's computer science and engineer
ing is here in this massive treasure trove
of informat ion.
279/721 Pub. Pr., $84.50 Club Pr., $52.95

TRANSDUCERS: Theory and AP
plicatIons. By J.A. Allocca and A.
Stuart. 49 7 pp., 328 iI/us. Thoroughly
describes and illustrates the theory and
operat ion of all important transducers
used in indu str ial , commun ic ation,
medical, and other appli cati ons.
582997-5 Pub. Pr., $29.95 Cl ub Pr., $24.95

ELECTRONIC COMMUNICATIONS
SYSTEMS. By W. D. Stanley. 566 pp .,
iIIus. Emphasizing the signal-process
ing funct ions of modulat ion and de
modulati on operat ion, th is book pre
sents t he esse nt ials of elec t ronic
communicat ions in a logical, step-by
step sequence.
582834-0 Pub. Pr., $32.95 Club Pr., $22.50

Get the competitive edge with
the newest and the best information

in your field ... with books from
all the leading publishers

HANDBOOK OF PRACTICAL ELEC
TRICAL DESIGN. By J. F. McPart land.
416 pp ., 300 iI/us. This volume pro
vides a step -by-step explanat ion of de
signing electric al systems for indus
trial , co mmerc ia l, and resid en t ial
applicat ions.
456/95X Pub. Pr., $40.95 Club Pr., $27.50

INTRODUCTION TO MICROWAVE
ELECTRONICS. By T.C. Edwards. 76
pp ., iI/us., softbound . Eliminat ing un
necessary theory and mathematics, thi s
book provides you wit h a lucid overview
of microwave engineering and the de
vices and circuits being used today.
583030-2 Pub. Pr., $14.95 Club Pr., $10.95

ELECTRONICS ENGINEERS' HAND
BOOK. 2/e. Edit ed by D. G. Fink & D.
Christ iansen. 2,272 pp ., 2,189 iI/ us.
This updated and enlarged edit ion cov
ers all the latest knowledge in the f ield,
including new advances in integrated
c ircuits, pulsed and logic circuit s, laser
technology, telecommunicatio ns, and
much more.
209/81 2 Pub. Pr., $83.50 Club Pr., $63.95

New members!
Anyone of these great

professional S 2 8 9books _
for only ...

as a premium with your
1st selection!

Spectacular values up to$105.00

Electronics and
Control Engineers'
Book Club®

Join
the

SWITCHED CAPACITOR CIRCUITS
By P. E. Allen and Edgar Sanchez-Si
nencio. 759 pp. , 558 iIIus. and tables.
Covering th e latest developments in de
sign, analysis, and implementat ion, this
is the f irst guide to switc hed capacitor
(SC) circuits-an economical way of
combining analog sampled data tech
niques with MOS technology.
583239-9 Pub. Pr., $56.50 Club Pr., $39.45

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA By R. G. Middleton. 303 pp .,
162 i I/us . and tables . Packed with
charts , diagrams, and case histories,
this practical handbook shows you how
to pinpoint defect ive electronic circui
try when no service data is available.
583134-1 Pub. Pr., $24.95 Club Pr., $18.50

STANDARD HANDBOOK OF ENGI
NEERING CALCULATIONS T. G.
Hicks, Edi tor in Chief. 2nd Ed., 1,468
pp. , 1,292 iIIus. and tables. Now re
vised, updated, and considerably ex
panded, th is huge handbook provides
more than 5,100 step-by-step proce
dures for solving the kinds of engineer
ing problems you encounter most fre
quently in your work.
287135X Pub. Pr., $59.50 Club Pr., $44.50

POWER CONTROL WITH SOLID
STATE DEVICES By Irving M. Got
tl ieb. 372 pages, 218 il/ustrations. This
comprehensive book discusses every
type of solid-state device and circuit ry
now available for power electron ics. It
covers both the proven-in-practice power
contro l systems and th e avant garde
as well as some promising combina
tions of the older and newer devices and
circuitries.
583240-2 Pub. Pr., $28.95 Club Pr., $21.95

CONTROL SYSTEM ENGINEERING
By Mohamed E. El-Hawary. 583 pages,
373 ill ustratio ns. This up-to-the -min
ute guide gives you the latest tech
niques for the design, analysis, and
compensation of today's increasingly
complex and sophistic ated control sys
tem s. All t he syste ms covered are
c losed-loop t ime-invarient feedback
control systems.
583224-0 Pub. Pr., $32.95 Club Pr., $24.75

DIGITAL LOGIC DESIGN. By B. Holds
wort h. 338 pp ., 192 iIIus. All of the
recent advances in digital design tech
niques are presented here in depth . It 's
both a text covering basic concepts and
a practi cal guide to design techniques
for combinational , clock -driven, and
event-driven ci rcuits .
582852·9 Pub. Pr., $39.95 Club Pr., $27.50

INTRODUCTION TO RADAR SYS
TEMS. By M. I. Skolnik. 2nd Ed. , 698
pp., 244 iIIus. Covering every radar
fundamental and all important changes.
th is EE text exposes you fully to the sys
tems themselves- and to their appli
cations! Topics include radar equation,
CW and fr equency-m odul ated radar,
MTI, pulse-doppler, t racking radar, re
ceivers, displays, duplexers, noise, and
more.
579/091 Pub. Pr., $47.95 Club Pr., $35.75
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MICROWAVE SEMICONDUCTOR 
CIRCUIT DESIGN. By W.A. Davis. 416 
pp. heavily illus. Provides in-depth cov- 
erage on microwave circuit analysis, 
passive microwave components, 
impedence transformers and circuits, 
broadband directional couplers, me- 
chanical realization of selected trans 
mission lines. CAD. CAM and CAT, char 
acterrsticsof amplifiers and oscillators. 
noise, statistical thermodynamics and 
PN !unction theory. 
513044 -2 Pub. Pr.. $47.50 Club Pr. $3550 

INTRODUCTION TO RADIO FRE- 
QUENCY DESIGN By W H Hayward. 
383 pp., illus. This comprehensive vol- 
ume prepares you to actually design HF, 

VHF, and UHF equipment and enables 
yOu to follow much of the current liter- 
ature. Structured equation sets make it 
easy to write programs for small com- 
puters or calculators. 
512741 -4 P. Pr.. $32.15 Chi Pr.. $2725 

MCGRAW -HILL ENCYCLOPEDIA OF 
ELECTRONICS AND COMPUTERS. 
By S P Parker. Editor-in- Chief. 960 pp.. 
1,266 dlus , outsized 81/2 x 11 format. 
It's a single- volume library that covers 
the entire world of electronics from Edi- 
son's pioneering work In electricity right 
up to optical fiber communications, 
control systems, lasers, radar, TV re- 
ceivers. artificial intelligence, and 
computer Storage technology 
454 616 Pub Pr $61 50 Club Pr. $41 51 

ELECTRONICS ENGINEERING FOR 
PROFESSIONAL ENGINEERS' EX- 
AMINATIONS. By C. R. Hafer. 336 
pp., more than 200 illus. Actually 
two books in one -a quick prepara- 
tion manual to help you pass your 
P.E. exams on the first try and a 
rich source of practical electronics 
engineering information and 
know -how. 
251/713 P. Pr.. $32.50 Club Pr., $25.50 

COMPUTER METHODS FOR CIR- 
CUIT ANALYSIS AND DESIGN. By 
Vlach and K Singhal. 656 pp . 148 ii- 
lus Computational methods have be- 
come an integral part of circuit analysis 
and design. And a solid understanding 
of the basics of computer-aided design 
is a must for engineers who want to 
achieve thee career objectives 
512155-3 Pub. PT.. $42.51 Club Pr . 53395 

MODERN ELECTRONIC CIRCUITS 
REFERENCE MANUAL By J Markus. 
1.264 pp , 3,666 circuit diagrams. 
Complete with values of components and 
suggestions for revisions plus the 
original source of each circuit in case 
you want additional performance or 
construction details. 
404/411 Pub. Pr., $71.51 Club Pr.. $51.95 

STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS, 11/e. By 
D. G. Fink and H. Beaty. 2.448 PP.. 
1.414 illus. Today's most widely 
used source of electrical engineer- 
ing information and data serves 
you as no other single work when 
you need detailed. timely. and reli- 
able facts . 

2091141 Pi. Pr.. $79.95 Club Pr . $í2.95 
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ENGINEERS 
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Why YOU should join now! 
BEST AND NEWEST B(X)KS IS YOUR FIELD - Books are selected from a wide 

range of publishers by expert editors and consultants to give you cont in ' gaccess 
to the best and latest hooks in your field. 

BIG SAVINGS -Build your library and save money too! Savings ranging up to 
30% or more off publishers' list prices- usually 20% to 25%. 

ISON'('ti BOOKti lau'. ill nnnoerh:deh begin tu par timpale in our IA 

Briiik l'Lut that allow, you s n leg, up tu -u°, oft the publishers' prices of 
many professional and general interest books' 

CONVENIENCE -12 -14 times a year about once every 3 -4 weeks) you receive 
the Club Bulletin FREE. It fully describes the Main Selection and Alternate Selec- 
tions. A dated Reply Card is included. Irma want the Main Selection. you simply do 
nothing -it will be shipped automatically. If you want an Alternate Selection -or 
no txx)k at all -you simply indicate it cm the Reply Card and return it by the date 
specified. You will have at least 10 clays to decide. If. because Of late delivery of the 
Bulletin you receive a Main Selection you do not want, sou may return it for credit 
at the Club's expense. 
As a Club member you agree only to the purchase of three books including your 
first selection) during your first year of membership. Membership may be discon- 
tinued by either wu or the Club at any (line after you have purchased the first 
selection plus Soso additional hooks. 

Other McGraw -1118 Book Clubs: 
Architects' tkxyk Club Byte Book Club (xsennieal Engineers' Book Club 

Civil Engineers Book Club %4xhanical Engineers' Book Club 

For more information. write to: 
McGraw -11111 Book Clubs. RO. Box 3,42, HighuMOwn, New Jersey OiS20.9I59 

'PLOP 

Be sure to 
consider these 
important 
titles as well! 
DESIGN OP FHDSACK CONTROL 
SYSTEMS. B G H Hostetter C 1 Sa 
rant. and R. lY Stefan. 
513116-2 lira. Pt. $41.65 CM h. 13145 

VLSI SYSTEM DESIGN. By S 
Muoga. 
511873 S Pub N 134 95 CM Pr 176 S4 

MICROPROCESSOR SUPPORT CHIPS. 

tie 
Thns. eory. 

By r 1 

DIgns , and Applica 1s 
Byer 

fits 113 hl Pr 14350 Club Pr 13525 

DATA COMPRESSION. Techniques 
and Applications. By I 1 Ly,(n 
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COMMUNICATIONS CORNE RI 

continued from page 96 

shown in Fig. 1. The idea behind 
the scheme shown there is to track 
the polarization of the received 
signal and automatically switch an- 
tennas to maintain the maximum 
possible signal strength. Basically, 
as is shown, we have two indepen- 
dent tuners, each having two out- 
puts; an RF output that connects 
to an electronic switch whose out- 
put feeds the receiver's IF ampli- 
fier, and a control voltage that is 
proportional to the received signal 
strength. 

One tuner is connected to a 

horizontally polarized antenna, 
the other to a vertically polarized 
antenna. The control voltages are 
fed to a comparator that controls 
the electronic switch. When the 
received signal from the horizon- 
tal tuner is stronger than that of 
the vertical tuner, the horizontal 
control voltage is proportionately 
larger. That forces the electronic 

switch to connect the horizontal 
tuner to the IF amplifier. When the 
signal from the vertical tuner is the 
stronger one, the reverse is true. 

If anything causes the received 
signal's polarization to rotate, the 
signal fades out on the horizontal 
tuner, causing the control voltage 
to fall. In the meantime, the signal 
received by the vertical antenna/ 
tuner increases, thereby, increas- 
ing the vertical tuner's control volt- 
age. At some preset level, the 
control voltage causes the elec- 
tronic switch to "flip," connecting 
the vertical tuner to the IF ampli- 
fier. 

The receiver continuously tracks 
the control voltages from the tun- 
ers, and selects the one that pro- 
duces the maximum received 
signal. To prevent flutter caused by 
rapid and unnecessarily frequent 
switching between tuners, there's 
a hysteresis range of control -volt- 
age /signal- strength values within 
which the receiver will not switch. 
Of course, if signal fading is 
caused by an actual reduction in 
received signal strength regardless 

of polarization, the receiver stays 
with the tuner that produces the 
higher control voltage. 

As you might expect, a lot of 
hardware goes into diversity re- 
ception because it requires what is 
essentially two receivers, an elec- 
tronic switch, comparison ampli- 
fiers, and lots of "witchcraft" to 
maintain the adjustments. Vac- 
uum tubes made the system too 
bulky, expensive, and fussy to be 
used in consumer and con- 
ventional communications equip- 
ment. 

But solid state is something else. 
Two limited -range tuners require 
very little in the way of compo- 
nents, and the whole comparator 
and switcher can be put on a single 
integrated circuit. In terms of extra 
costs, we're talking about pennies 
instead of hundreds of dollars. 
And now that a new generation of 
engineers have re- discovered di- 
versity reception, the question is: 
Which manufacturer will be the 
first to produce a mass -marketed, 
all -band diversity receiver priced 
at under $100? R -E 
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shown in Fig. 1. The idea beh ind
t he scheme shown there is to track
t he po larizat io n of t he received
signal and automatically switc h an
te nnas to maintai n the maximum
possible signal stre ngth . Basical ly,
as is shown, we have two ind epen
dent t uners , each havi ng two out 
puts; an RF output that con nects
to an electronic switch whose out 
pu t feeds the receive r's IF amp li
f ier, and a contro l voltage that is
proportional to the rece ived signal
st rength .

O ne tu ner is connected to a
horizonta l ly polarized antenna,
t he ot her to a vertically po lar ized
antenna. The control vo ltages are
fed to a comparator that controls
t he elect ronic switch . When the
received signa l from the horizon
tal tuner is stronger than that of
t he vertical tuner, the horizontal
control voltage is proportionate ly
larger. That forces the electronic
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switc h to connect the ho rizontal
tuner to t he IF ampl ifie r. When the
signa l fro m the vert ical tuner is the
stronger one, the reverse is true .

If anyth ing causes the received
signal's po lar ization to rotate, the
signal fades out on the horizontal
t uner, causingthe control vo ltage
to fall. In the meant ime, t he signa l
received by the vertical anten na/
t une r increases, thereby, increas
ing the vertical tuner's contro l vo lt
age . At some preset level, the
co nt rol vo ltage causes the elec
tronic switch to "flip," connect ing
t he vert ical tuner to the IF amp li
fier.

The receiver continuously tracks
t he control vo ltages from the tun
ers , and selects the one that pro
d u ces the maximum rece ived
signa l . To pre vent f lutter caused by
rapid and unnecessarily frequen t
switch ing between tuners, the re's
a hysteresis range of contro l-volt
age/signal-strength values w ith i n
wh ich the receiver w ill not switch.
Of course, if signal fading is
caused by an actual reduction in
rece ived signal strength regardless
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of po larization, the rece iver stays
with the tuner that produces the
higher control voltage .

As you might expect, a lot of
hardware goes into divers ity re
ception because it requires what is
essentially two receivers, an elec
tronic switch, compar ison ampli
f iers, and lots of "witchcraft" to
ma inta in the adjustments. Vac
uum t ubes made the system too
bulky, expe nsive, and fussy to be
used in cons umer and con 
ventional communications equ ip 
me nt.

But solid state is something else.
Two lim ited-range tu ners require
very li tt le in the way of compo
nents, and the who le comparato r
and switche r can be put on a sing le
integrated circuit. In terms of ext ra
costs, we're talk ing about pennies
in stead of hundreds of dol lars .
And now that a new generation of
engineers have re-discovered di
versity reception, the question is :
Wh ich manufacturer w ill be the
first to produce a mass-marketed ,
all-ba nd d iversity receiver priced
at under $100? R-E
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SATELLITE TV 

C-band DBS? 

IASI MONTH WE LOOKED AI THE REA- 

soning behind the FCC's 1979 deci- 
sion to create a special DBS, or 
Direct Broadcast Satellite, TV ser- 
vice on the Ku band. We came to 
the realization that, for DBS to 
work with one- to three -foot dish- 
es, high -powered transponders 
are required. 

However, there are difficult 
technical problems with increas- 
ing transmitter power on the Ku 
band at this time, so those inter- 
ested in DBS have begun looking 
elsewhere: the C band. The prob- 
lem with the C band is that max- 
imum power is limited to about 10 
watts. And that maximum is lim- 
ited by regulation, not by tech- 
nology. So we are no closer to 
realizing a worldwide DBS service 
than we were in 1979, when that 
service was envisioned. 

At present there are about 1.3 
million US and Canadian homes 
equipped with C -band TVRO's. 
And that number is growing by 
about V_- million per year. So, by 
1990, there will be C -band TVRO's 
serving no less than 5% of all U.S. 
homes. 

However, there are limits to 
TVRO growth, given current -and 
foreseeable -technology. And the 
main thing limiting that growth is 
dish size. Current 6r10 foot dish 
antennas are unsightly and im- 
practical. If antennas were small- 
er -say 2 or 3 feet -a far greater 
number of homes could receive C- 
band signals. 

You might think that additional 
performance could be squeezed 
from another part of the system. 
But antenna gain and feed effi- 
ciency have been maximized for 
now. Clever receiver circuits that 

FIG. 1 

trade sensitivity for picture quality 
(like the so- called "threshold ex- 
tension systems ") have shown that 
you can improve small -dish sys- 
tems, but that those improve- 
ments are marginal. 

In short, for all practical pur- 
poses, we're at the state of the 

TVRO dealer 'Starter Kit" 
available 

Bob Cooper's CSD Magazine has ar- 
ranged with a number of TYRO equip- 
ment suppliers to provide a single- 
package of material that will help intro- 
duce you to the world of TVRO dealership. 
A short booklet written by Bob Cooper 
describes the start-up pitfalls to be avoid- 
ed by any would -be TVRO dealer. in addi- 
tion. product data and pricing sheets from 
prominent suppliers in the field are in- 
cluded. That package of material is free of 
charge and is supplied to firms or individu- 
als in the electronics service business as 
an introduction to the 1984 85 world of 
selling TVRO systems retail 

You may obtain your TVRO Dealer 
Starter Kit free of charge by writing on 
company letterhead. or by enclosing a 
business card with your request Address 
your inquiries to. TVRO STARTER KIT 
PO Box 100858, Fort Lauderdale, FL 
33310 That kit not available to individuals 
not involved in some form of electronics 
sales and service. 

BOB COOPER, IR. 
SATELLITE TV EDITOR 

art -on the receiving end. So if an- 
tenna size is going to decrease, 
and if picture quality is going to 
increase, the transmitting end of 
the system will have to change. In 
short, we've got to give our C- 
band satellites greater power. 

C -band power was originally 
limited in order to prevent inter- 
ference to terrestrial microwave 
circuits. The fear, or threat, of such 
interference may have been justi- 
fied. But as we saw last month, the 
possibility that a satellite some 
22,000 miles from the earth could 
interfere with line -of -sight ter- 
restrial telephone communication 
is miniscule. 

C -band DBS 
Let's forget regulations for a 

minute, and ask a technical ques- 
tion: could a 50 -watt transmitter 
do the job on the C band? The 
Russian Gorizont satellite has had 
50 -watt transmitters for nearly five 
years. The three -foot dish shown 
in Fig. 1 operates in Motala, Swe- 
den, and it receives signals from 
the Russian satellite perfectly. 

We need create no new tech- 
nology to increase our present C- 
band birds to the 50 -watt power 
level -the technology is here, and 
it has been proven to work. For 
example, RCA's Kul and Ku2 satel- 
lites both have sixteen 45 -watt 
transponders on board. And Swe- 
den has shown us that small dishes 
function very well with a 50 -watt C- 
band transmitter. 

I suggest, and I am hardly alone 
with this suggestion, that the time 
is at hand to abolish the 20 -year- 
old engineering constraints that 
deny us C -band DBS service. That 
might happen in several ways: 
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C-band DBS?
BOB COOPER, JR.
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LA ST MONTH WE LOOKED AT THE REA

soning beh ind t he FCC's1979 deci
sio n to create a spec ial DBS, o r
Direct Broadcast Satell ite, TY ser
vice on t he Ku band. We came to
t he rea lizat ion t hat , fo r DBS to
work w it h o ne- to three-foot dis h
es, hi gh-powered tra nspo nders
are requ ired.

How eve r, th er e are di ffi cul t
techni cal prob lems w ith increas
in g t ransmitte r power on th e Ku
band at th is ti me, so th ose in ter
este d in DBS have begun looki ng
elsewhe re: th e C band. The prob
lem w ith the C band is that max
im um power is limited to abo ut 10
watts. And th at maximu m is lim
ited by regulat ion , not by tec h
nol ogy. So we are no close r to
rea liz ing a worldwide DBS serv ice
than we were in 1979, when th at
serv ice was envis io ned.

At present the re are abo ut 1.3
milli on US and Canad ian hom es
eq u ip ped w ith C-band TYRO 's.
An d t hat num ber is growing by
about Y2-mill ion pe r year. So, by
1990, there wi l l be C-band TYRO 's
serving no less than 5% of all U.S.
homes.

How ever, t he re are limi ts t o
TYRO growth, given current-and
foreseeable-techn ol ogy. And th e
main thing limiting that growth is
dish size. Cur rent 6-10 foot di sh
antennas are unsight ly and im
practical. If ante nnas were small
er-say 2 or 3 feet-a far greate r
number of homes co uld receive C
band signals.

You might th ink that add it io nal
performance cou ld be squeezed
fro m anot he r part of the syste m.
Bu t antenna gain and feed eff i 
cie ncy have bee n maximized fo r
now. Clever receiver circu its that

trade sensit iv ity for pi cture qu alit y
(like the so-called "thresho ld ex
te nsio n systems") have shown that
yo u can im prove sma ll -dis h sys
te ms, but th at t hose imp rove
ments are margin al.

In sho rt , fo r al l p ract ica l pur
poses, we' re at th e state of the

TVRO dealer " Starter Kit "
available

Bob Cooper's CSD Magazine has ar
ranged with a number of TVRO equip
ment suppliers to provide a sing le
package of material that will help intro
duce you to the world of TVRO dealership.
A short booklet written by Bob Cooper
describes the start-up pitfalls to be avoid
ed by any would-be TVRO dealer, in addi
tion, product data and pricing sheets from
prom inent suppliers in the field are in
cluded. That package of material is free of
charge and is supplied to firms or individu
als in the electronics service business as
an introduction to the 1984/85 world of
selling TVRO systems retail.

You may obta in your TVRO Dealer
Starter Kit free of charge by writing on
company letterhead. or by enclosing a
business card with your request. Address
your inquiries to: TVRO STARTER KIT.
eo. Box 100858, Fort Lauderdale , FL
33310. That kit not available to individuals
not involved in some form of electronics
sales and service.

art-on the receiving end. So if an
tenn a size is goi ng to decrease,
and if pi ctu re quality is goi ng to
increase, the transmi ttin g end of
the system w ill have to change. In
sho rt, we've got to give o ur C
band satellites greater powe r.

C-ba nd pow er was o r ig ina lly
limited in order to prevent inter
fe rence to terrest rial microwave
circuits. The fear, or threat, of such
interf erence may have been ju sti 
fi ed. But as we saw last month , the
possibility that a sate ll ite some
22,000 mil es fro m the earth could
inte rfe re w it h lin e-of- sight ter 
rest rial te lep ho ne communication
is miniscul e.

C-band DBS
Let 's fo rge t regul ati on s f o r a

minute, and ask a techn ical qu es
ti on: could a 50-watt tr ansmitter
do th e job on th e C band? The
Russian Gorizo nt sate llite has had
50-watt t ransmitters for nearly five
years. The three-foot di sh shown
in Fig. 1 ope rates in Motala, Swe
den , and it rece ives signals fro m
the Russian sate llite perfectl y.

We need create no new tech
nol ogy to increase our present C
band bi rds to the 50-watt power
level-th e tec hno logy is here, and
it has been pr oven to work. For
examp le, RCA's Ku1 and Ku2 sate l
li t es bot h have sixtee n 45-watt
tra nsponders on board. And Swe
de n has shown us that small dis hes
function very we ll with a50-watt C
band tra nsmitter.

I suggest, and I am hard ly alo ne
w it h this suggestion, that th e t ime
is at hand to abo lish the 20-year
o ld eng inee ring co nst raints th at
deny us C-band DBS service . That
mi ght happ en in several ways:
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After initial opposition, the ter- 
restrial telephone companies 
might simply accept the fact that 
power levels greater than 10 watts 
won't cause interference to their 
services. 

Alternatively, present frequency 
assignments (which, in any case, 
offset satellite channels from ter- 
restrial channels by 10 MHz) could 
be modified to eliminate the al- 
ready- remote possibility of inter- 
ference. 

Further, the dithering technique 
that all satellite broadcasters cur- 
rently use could be further modi- 
fied to reduce the possibility of in- 
terference. 

Last, perhaps only a segment of 
the sky, say 70 west to 110 west, 
might be used by high -power C- 
band birds. 

By implementing one or more of 
the above suggestions, C -band 
DBS would explode into a service 
offering dozens, perhaps hun- 
dreds, of channels nationwide. If 
that were to happen, the potential 
market could increase tenfold, or 
more! R -E 

LETTERS 

continued from page 22 

Also, I'm not an experienced de- 
signer, but it appears to me that 
transistors Q2, Q4, Q6, and Q8 are 
intended to protect the output 
transistors. With R9, R18, R27, and 
R37 at 4.7 ohms, as stated in the 
article, the protection devices will 
turn on at about 125 -150 mA of out- 
put current. 

As long as the output devices 
could handle at least that much 
current, the current -handling ca- 
pability of the output devices 
wouldn't have any effect on the 
turn -on point of the protection de- 
vices. According to my calcula- 
tions, for an output- current of 2 
amps, resistors R9, R18, R27, R37 
would have to be changed to 
about 0.3-0.4 ohms at 2 watts. 
KARL REEBENACKER 
Franklin, MA 

Mr. Reebenacker is essentially 
correct. To increase output current 
to 2 amps, the transformer's rating 

will have to be increased accord- 
ingly. The four resistors (R9, R18, 

R27, R37) should be changed to 
0.27$1 at 3 watts. In addition to 
that, the values of the four output 
capacitors should be increased to 
1000 µF each. Last, you should also 
replace the 2N3766 with a 2N6057, 
and the 2N3740 with a 2N6050.- 
Vaughn D. Martin R-E 

No previous saperienee necessary 
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spar. time Learn .yen before 
you decode on a computer 

SE YOUR OWN 
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most .COnonKM -way to Warn 
progrartwwgr 

Send today fOr your free nfor. 
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SOMEONE 
YOU 

KNOW 
HAS A RARE DISORDER 

That may be fatal or disabling 
That many doctors don't recognize 
That may have no cure or 
treatment 
That is one of 5000 disorders with 
a total of 20 million victims 

NORD is a coalitionof non -profit agencies. re- 
searchers. and individuals that helps by pro- 
viding information and promoting research. 
Your membership helps. 

NORD 

National Organisation 1182 Broadway. Suite 402. 
for Rare Diaorders New York. N.Y. 10001 

212-686-1057 

• After in itial opposit io n, th e ter
restr ial tel eph one compani es
mi ght simply accept th e fact that
power levels greate r th an 10 watts
won' t cause interference to their
services.
• Alternatively, present frequency
assignments (w hich, in any case,
offset satellite channel s from ter
restrial chann els by10 MHz) could
be modi fi ed to eliminate the al
ready-remote po ssibility of inter
f erence.
• Further, th e dithering technique
t hat all sate ll ite broadcasters cur
rently use could be furth er modi
f ied to reduce the possibility of in
terference .
• Last, perhaps only a segment of
th e sky, say 70 we st to 110 west,
might be used by high-power C
band birds.

By implem enting on e or more of
t he above suggest io ns, C-band
DBS would explode into a service
offerin g dozens , perhaps hun 
dreds, of channels nat ionwide. If
that were to happen, the potential
market could increase tenfold, or
more! R·E

LETTERS

continued from page 22

Also , I'm not an experienced de
signer, but it appears to me that
transistors Q2, Q4, Q6, and Q8 are
intended to protect the output
transi stors. With R9 , R18, R27, and
R37 at 4.7 ohms, as stated in the
art icle, the protection devices will
turn on at about125-150 mA of ou t
put cu rrent.

As long as the output devices
cou ld handle at least that much
current, the current-handling ca
pabi lity of the output devices
wouldn't have any effect on the
turn-on point of the protection de
vices. According to my calcu la
tions, for an output-current of 2
amps, resistors R9 , R18, R27, R37
wo u Id have to be changed to
about 0.3--0.4 ohms at 2 watts.
KARL REEBENACKER
Franklin, MA

Mr. Reebe nacker is essentia lly
correct. Toincrease output current
to 2 amps, the transformer's rating

will have to be increased accord
ingly. The four resistors (R9, R1B,
R27, R37) sho uld be changed to
0.27D at 3 watts. In addition to
that, the values of the four output
capacitors should be increased to
1000 J.LF each. Last, you should also
replace the 2N3766 with a 2N6057,
and the 2N3740 with a 2N6050.
Vaughn O. Martin R·E
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LETTERS 
Glitch! 

I built the circuit for the Write - 
Protect Notch By -Pass article in 
your July, '85 Issue. I found two 
small errors in Figure 2, the 
schematic diagram. Capacitor C4's 
polarity should be reversed so the 
positive lead connects to pin 2 of 
IC1. Also, the lead from the 
junction of IC1 pin 2 and Cl, to 
one side of S2 should be 
connected to the junction of IC1 

pins 1, 8 and Cl instead. With the 
corrected circuit, I was able to 
load the program and saved it to a 

write- protected diskette. 
A. F, 

Somerset, Bermuda. 

Thank you We appreciate your 
help and hope we didn't cause 

you too much trouble. 

CP /M vs MS /DOS 
When VCR's became popular, I 

held off until I could see whether 
Beta or VHS was going to 
dominate. I've been holding off on 
buying a computer for the same 
reasons, waiting to see if I should 
go with CP /M or MS /DOS, but 
there doesn't seem to be any 
resolution. What should I do? 
C. D., 

Reno, NV 

Buy We now have interface 
devices that can make any system 
compatible with any other. So 
stop denying yourself Remember 
when Ralph Kramden refused to 

buy a IV set because he was 
waiting for 3 -D TV? 

Dealer's Choice 
I know you select the articles for 

each issue from those that various 
authors submit. But if you could 
have a choice, what would you 
look for? 
S. K., 

Taos, N.M. 

Thanks for asking, S.K. Right now 
were scrambling for -believe it or 
not -SHORT articles to fill one or 
two pages in the magazine! 
Everything we seem to have now 
has to be serialized over two or 
three issues. The subject matter is 
wide open, but we prefer well - 
written construction projects.'W 

DOMPUTER PRODUCTS 
For more details use the free information card inside the back cover 

INVOKING SYSTEM, the 
Supershipper, integrates all the ele- 
ments involved. it is capable of 
handling customer- account lists, and 
product and price lists, as well as 

printing invoices, labels, and C.O.D. 
tags. 

The Supershipper Is available for the 
Commodore 64 The program retails 
for $99 95 -Progressive Peripherals & 

Software, Inc., 2186 South Holly, Den- 
ver, CO 80422. 

BAR CODE READER SYSTEM, the 
model PSR150, can be used in either of 
two basic modes The on line mode is 

as a fixed bar code decoder, which 
will decode bar code information and 
send it directly to your system. In the 
storage mode, the unit is a hand -held 
portable storage device that goes 
anywhere for collecting data and infor- 
mation at the source, thus eliminating 
pad and pencil The stored data can 
then be transmitted directly to your 
system, also eliminating the need to 
key information into the system An- 
other feature is the scan -pad manual 
mode In that mode, individual charac- 
ters may be scanned from the bar - 
coded scan pad to form a record. That 
record can then be sent In the on -line 
mode or stored in the store mode by 
scanning the "Enter" bar code on the 
scan -pad. 

The standard unit of the model 
PSR150 comes with features such as 

stainless steel pen, 32- character LCD 

display, Nicad or alkaline batteries, bar- 

CIRCLE 12 ON FREE INFORMATION CARD 

code keyboard, and serial interface, 
and is priced at under S500.00. The 
model PSR150 is also available with 
64KB RAM, at a price of under 
51000 00 -Digitronics Division, Com- 
tec Information Systems, Inc , 53 John 
Street, Cumberland, RI 02864 44m 
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LETTERS
Glitch!

I built the circuit for the Write
Protect Notch By-Pass article in
your July, '85 Issue. I found two
small errors in Figure 2, the
schematic diagram. Capacitor C4's
polarityshould be reversed so the
positive lead connects to pin 2 of
IC1.Also, the lead from the
junction of IC1 pin 2 and C1, to
one side of S2 should be
connected to the junction of IC1
pins1,8 and C1 instead. With the
corrected circuit, I was able to
load the program and saved it to a
write-protected diskette.
A. F.,
Somerset, Bermuda.

Thank you. We app reciate your
help and hope we d idn't cause

you too much trouble.

CP/Mvs MS/DOS
When VCR's became pop ular, I

held off until I could see whether
Beta or VHS was going to
dominate. I've been holding off on
buying a computer for the same
reasons, waiting to see if I should
go with CP/M or MS/DOS, but
there doesn't seem to be any
resolution. What should I do?
C. D.,
Reno, NV

Buy We nqw have interface
de vices that can make any system
compatible w ith any other. So
stop denying yourself Remember
when Ralph Kramden refused to

buy a TVset because he was
waiting for 3-D TV?

Dealer's Choice
I know you select the articles for

each issue from those thatvarious
authors submit. But if you could
have a choice, what wo uld you
look for?
S. K.,
Taos, N.M.

Thanks for asking, S.K. Right now
w e're scrambling for-believe it or
not- SHORTarticles to fill one or
two pages in the magazine!
Everything we seem to have now
has to be serialized over two or
three issues. The subject matter is
w ide open, bu t we p refer well
written construction p roj ects......CD~

COMPUTER PRODUCTS
For more detai ls use the free information card inside the back cover

INVOICING SYSTEM, the
Supershipper, integrates all the ele
ments involved: it is capable of
handling customer-account lists, and
product and price lists, aswell as
printing invoices, labels, and C.O.D.
tags.

TheSupershipper is available for the
Commodore 64. The program retails
for $99.95.-Progressive Peripherals &
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Software, Inc., 2186South Holly, Den
ver, CO 80222.

BAR CODE READER SYSTEM, the
model PSR150, can be used in either of
two basic modes. The on line mode is
asa fixed bar code decoder, which
will decode bar code information and
send it d irectly to your system. In the
storage mode, the unit is a hand-held
portable storage device that goes
anywhere for collecting data and infor
mation at the source, thus eliminating
pad and pencil. The stored data can
then be transmitted directly to your
system, also eliminating the need to
key information into the system. An
other feature is the scan-pad manual
mode. In that mode, individual charac
ters may be scanned from the bar
coded scan pad to form a record.That
record can then be sent in the on-line
mode or stored in the storemode by
scanning the "Enter" bar code on the
scan-pad.

The standard unit of the model
PSR150 comesw ith features such as
stainless steel pen, 32-character LCD
d isplay, Nicad or alkal ine batteries, bar-

CIRCLE 1'201-1 FREE II-IFORMATION CARD

code keyboard, and serial interface,
and is priced at under $500.00. The
model PSR150 is also available with
64KB RAM, at a price of under
$1000.00.-Digitronies Division, Com
tee Information Systems, Inc., 53 John
Street, Cumberland, RI 02864. .....CD~
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SO YOU'RE GOING 
TO BUY A 
MONITOR... 

What you need to know before you shop. 

Herb Friedman 

Where are probably as many reasons for buying a 

monitor as there are for buying a computer. Maybe you 
just haven't got one, and have been using a television 
receiver. The kids want the TV back, and it's either buy 
them a new TV set or go out and do what you should 
have done in the first place -Buy a monitor! 

Or maybe you've got an old green screen Bobbie, 
and want to try one of the newer easy -on- the -eyes 
amber screen units. Or maybe when you first shucked 
out the bucks for your computer, you couldn't see the 
extra cost for a color monitor and settled for a 

monochrome -for now -with all that Christmas loot 
burning a hole in your pocket, maybe "now" is "now" 

Whatever you've got in mind for that new monitor, 
you'd better be armed with some facts when you go 
shopping. You'd better be prepared for the salesman's 
jargon, you'd better know what he's talking about when 
he starts throwing technicalities at you, and you'd also 
better be prepared for some of the "on- the -spot" 
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decisions you're probably going to have to make. 
The very -worst thing that can happen if you aren't 

properly pre- educated, is that you're going to make a 

wrong purchase. We don't want that to happen, and 
neither do you. We couldn't possibly send one of our 
experts along with you on your shopping trip, so we 
did the next best thing. Here it is: 

Selecting a computer monitor used to be easy Most 
computer stores stocked only monochrome or color. 
Today, the terms "monochrome" and "color" are 
meaningless because there are different models within 
each category, many are mutually exclusive in that they 
will not function with signals intended for another kind 
of monitor 

As a general rule, monochrome monitors present few 
problems other than the signal connection; except for 
the IBM -type monochrome monitor all employ what is 

called a composite video input. "Composite" means 
the video signal contains both the video and sync 
signals, such as the NTSC waveform shown in Figure la; 
the same kind of signal used for conventional 
broadcast Black & White TV Any TV set or composite 
TV monitor can be used for a computer as long as it 

can resolve the required detail. Since a composite 

SUPERWHITE 
- - (COMPUTERS) 

- -WHITE - WHITE 
LEVEL 

1 V 

BLACK t 
LEVEL 

I 

VIDEO - BLACKER 
THAN 
BLACK 

HORIZONTAL 
SYNC PULSE 

FIG. la -THE COMPOSITE VIDEO output from monochrome 
personal computers uses the same NTSC format used for 
broadcast TV. 
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FIG. lb-COLOR COMPUTERS simply superimpose a color 
burst on the back porch of the vertical sync. The monitor 
integrates the color burst with the video signal to create a 

color display. Without the color burst a color monitor would 
create a monochrome display. 

SO YOU'RE GOING
TOBUYA
MONITOR•••

What you need to know before you shop.

Herb Friedman

-There are probably as many reasons for buying a
monitor as there are for buying a computer. Maybe you
just haven't got one, and have been using a television
receiver. The kids want the N back, and it's either buy
them a new N set or go out and do w hat you should
have done in the first place-Buy a monitor!

Or maybe you 've got an old green screen jobbie,
and want to try one of the newer easy-on-the-eyes
amber screen units. Or maybe when you first shucked
out the bucks for your computer, you could n't see the
extra cost for a color monitor and settled for a
monochrome-for now-wi th all that Christmas loot
burning a hole in your pocket, maybe "now" is "now "

Whatever you've got in mind for that new monitor,
you'd better be armed w ith some facts w hen you go
shopp ing. You'd better be prepared for the salesman's
jargon, you'd better know what he's talking about when
he starts throwing technicalities at you, and you'd also
better be prepared for some of the "on-the-spot"

decisions you' re probably going to have to make.
The very-worst thing that can happen if you aren't

properly pre-educated, is that you're going to make a
wrong purchase. We don't want that to happen, and
neither do you. We cou ldn 't possibly send one of our
experts along with you on your shopping trip, so w e
did the next best thing. Here it is:

Selecting a computer monitor used to be easy. Most
computer stores stocked only monochrome or color.
Today, the terms "monochrome" and "color" are
meaningless because there are d ifferent models within
each category, many are mutually exclusive in that they
w ill not function with signals intended for another kind
of monitor.

As a general rule, monochrome monitors present few
problems other than the signal connection; except for
the IBM-type monochrome monitor all employ what is
called a composite video input. "Compos ite" means
the video signal contains both the video and sync
signals, such as the NTSC w aveform shown in Figure 1a;
the same kind of signal used for conventional
broadcast Black & White TV Any N set or composite
N monitor can be used for a computer as long as it
can resolve the required detail. Since a composite
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FIG. 1b-COLOR COMPUTERS simply superimpose a color
burst on the back porch of the vertical sync. The monitor
integrates the color burst with the video signal to create a
color display. Without the color burst a color monitor would
create a monochrome display.
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video signal can be carried on a single shielded wire, 
the video input connector for those composite 
monitors specifically intended for personal computers 
is usually a " phono" jack, though some manufacturers 
have used unusual connectors which require an 
expensive "adapter cable." (The more rugged UHF and 
BNC connectors are generally used on monitors 
primarily intended for closed circuit TV) 

The resolution of a monochrome monitor is usually 
not a problem because the frequency response of the 
monitor serves as an indicator of what to expect. The 

conventional bandwidth of approximately 6 -8 MHZ 
used for closed circuit TV monitors can resolve up to 
40 characters per line, possibly 50 characters. A 60 
character line requires about 8 -12 MHz, a sharp 80 
character line takes from 14 to 22 MHz or greater. 

Most important, a composite monochrome monitor 
can be used for both monochrome and composite 
color signals. It simply ignores the color burst, which, 
as shown in Figure lb is the same as the composite 
monochrome signal shown in Figure la. 

Until the introduction of the IBM -PC, composite 
video was the standard signal for personal computers. 
One of the few attempts to avoid using conventional 
composite video (especially for monochrome display) 
was the Osbome computer. Aftermarket vendors 
immediately introduced composite adapters because 
non -composite monitors was an idea whose time had 
not yet come. At its best it was a hinderence to 
convenient use of the computer 

It was IBM that really created the use of non - 
composite monitors for personal computers. When the 
IBM -PC was first introduced considerable sales effort 
went into convincing the buyer that the composite 
color output could not be used for monochrome 
displays. This, of course, was sheer nonsense, meant to 
sell an expensive monochrome adapter and a special, 
expensive monitor Since no one else was selling "IBM - 
type" monochrome monitors IBM had the market to 
themselves because no other monochrome monitor 
would work with IBM's monochrome adapter signals. 

COMPUTER 
MONOCHROME 

OUTPUT 

VIDEO 

INTENSITY 

V DRIVE 

H DRIVE 

MONOCHROME 
MONITOR 

FIG. 2 -A COMPUTER WITH an IBM -type monochrome output 
provides individual TTL signals (non -NTSC) for the video 
component, intensity. and the vertical and horizontal drive. 
The monitor integrates the four signals into a screen display. 

Figure 2 shows how the IBM -type monochrome 
computer output differs from conventional single - 
ended composite video. The multi -terminal IBM -type 
output connector provides separate TTL signals for 
video, intensity, and horizontal and vertical drive: The 
signals are converted into a video display within the 
monitor Obviously, the IBM -type monochrome signals 
cannot be used to drive a conventional composite 
monitor But because conventional composite video 
isn't used it's possible to employ non -NTSC vertical 
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COLOR 
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FIG. 3-AN RGB COLOR SIGNAL is also non -NTSC and TTL. 
Each of the three primary colors is provided as a separate 
signal along with the intensity and vertical and horizontal 
drive signals. Like the TTL monochrome monitor. the RGB 
monitor integrates the separate signals into a complete color 
display. 

and horizontal sweep rates. IBM -type monochrome 
monitors employ a horizontal sweep of 18 KHz rather 
than the NTSC rate of 15 KHz, which in combination 
with a bandwidth of 16MHz results in a display having 
greater resolution than a conventional monitor 

Color monitors 
Color monitors are available in two configurations, 

known as composite and RGB. In basic terms, the 
composite produces color displays by processing the 
composite video and the color burst. (If the color burst 
is eliminated from the computer's signal the video will 
be displayed in monochrome on both monochrome 
and color monitors, for without the color burst from the 
computer a color monitor cannot create color). As a 

general rule, almost any hue of any intensity can be 
displayed by a composite monitor; any limitation on 
the display of a particular hue is more a function of the 
computer than the monitor 

Unlike composite video which is an analog signal 
even if the information it carries is derived digitally, RGB 

signals are digital representations of the instantaneous 
color and intensity values of a single picture element. 
Like the IBM -type monochrome displays, RGB color 
monitors work with TTL signal levels, only now there are 
individual digital signals for RED, GREEN, BLUE, 

INTENSITY, and the vertical and horizontal drive. The 
signals from the computer, shown in Figure 3, are 
processed within the RGB monitor to produce a color 
display capable of the 16 colors shown in Figure 4. 
Normally, just the three RGB signals can produce the 8 
colors indicated with an asterisk; the additional 8 are 
made possible by integrating the intensity signal with 
the RGB signals. 

RGB COLOR DISPLAY 

Basic color Intensified color 
Black Dark grey 
Blue Light blue 
Green Light green 
Cyan Light cyan 
Red Light red 
Magenta Light magenta 
Brown Yellow 
White Intensified (super) white 
Indicates conventional pre IBM -PC basic color rainbow 

FIG. 4-A MODERN RGB MONITOR that is IBM -compatible 
will produce 16 colors including brown. Before the introduc- 
tion of the IBM -PC. RGB monitors produced yellow instead of 
brown. and some RGB monitors could only produce the eight 
colors indicated with an asterisk ( ""). 
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video signal can be carried on a single shielded wire,
the video input connector for those composite
monitors specifically intended for personal computers
is usual ly a "phono" jack, though some manufacturers
have used unusual connectors which require an
expensive "adapter cable." (The more rugged UHFand
BNC connectors are generally usedon monitors
primarily intended for closed circuit 1V)

The resolution of a monochrome monitor is usually
not a problem because the frequency response of the
monitor serves as an indicator of what to expect. The
conventional bandwidth of approximately6-8 MHZ
used for closed circuit N monitors can resolve up to
40 characters per line, possibly50 characters. A 60
character line requires about 8-12MHz, a sharp 80
character line takes from 14to 22 MHz or greater.

Most important, a composite monochrome monitor
can be used for both monochrome and composite
color signals. It simply ignores the color burst, which,
as shown in Figure 1b is the same as the composite
monochrome signal shown in Figure 1a.

Until the introduction of the IBM-PC, composite
video was the standard signal for personal computers.
One of the few attempts to avoid using conventional
composite video (especially for monochrome display)
was the Osborne computer. Aftermarket vendors
immediately introduced composite adapters because
non-composite monitorswas an idea whose time had
not yet come. At its best it was a hinderence to
convenient useof the computer.

It was IBM that really created the use of non
composite monitors for personal computers. When the
IBM-PC was first introduced considerable sales effort
went into convincing the buyer that the composite
color output could not be used for monochrome
displays. This, of course, was sheer nonsense, meant to
sell an expensive monochrome adapterand a special,
expensive monitor. Since no one elsewas sel ling "IBM
type" monochrome monitors IBM had the market to
themselves because no other monochrome monitor
would work w ith IBM's monochrome adapter signals.
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FIG. 2-A COMPUTER WITH an IBM-type monochrome output
provides individual TTL signals (non-NTSC) for the video
component , intensity, and the vertical and horizontal drive.
The monitor integrates the four signals into a screen display.

Figure 2 shows how the IBM-type monochrome
computer output differs from conventional single
ended composite video. The multi-terminal IBM-type
output connector provides separate TTL signals for
video, intensity, and horizontal and vertical drive: The
signals are converted into a video display w ithin the
monitor. Obviously, the IBM-type monochrome signals
cannot be used to drive a conventional composite
monitor. But because conventional composite video
isn 't used it's possible to employ non-NTSCvertical
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COMPUTER BLUE RGB
COLOR INTENSITY COLOR

OUTPUT MONITOR
V DRIVE

H DRIVE

FIG. 3-AN RGB COLOR SIGNAL is also non-NTSC and TTL.
Each of the three primary colors is provided as a separate
signal along with the intensity and vertical and horizontal
drive signals. Like the TTL monochrome monitor the RGB
monitor integrates the separate signals into a complete color
display.

and horizontal sweep rates. IBM-type monochrome
monitors employ a horizontal sweep of 18 KHz rather
than the NTSC rate of 15 KHz, which in combination
w ith a bandwidth of 16MHz results in a display having
greater resolution than a conventional monitor.

Color monitors
Colormonitors are available in two configurations,

known as composite and RGB. In basic terms, the
composite produces color displays by processing the
composite video and the color burst. (If the color burst
is eliminated from the computer's signal the video will
be displayed in monochrome on both monochrome
and color monitors, for without the color burst from the
computer a color monitor cannot create color). As a
general rule, almostanyhueof any intensity can be
displayed by a composite monitor; any limitation on
the displayof a particular hue is more a function of the
computer than the monitor.

Unlike composite video which is an analog signal
even if the information it carries is derived digitally, RGB
signals are digital representations of the instantane~us
color and intensity values of a single picture element.
Like the IBM-type monochrome displays, RGBcolor
monitorswork wi th TTL signal levels, only now there are
individual digital signals for RED, GREEN, BLUE,
INTENSITY, and the vertical and horizontal drive. The
signals from the computer, shown in Figure 3, are
processed w ithin the RGBmonitor to produce a color
displaycapable of the 16colors shown in Figure 4.
Normally, just the three RGBsignals can produce the 8
colors indicated with an asterisk; the additional 8 are
made possible by integrating the intensity signal w ith
the RGB signals.

RGB COLOR DISPLAY

Basic color Intensified color
• Black Dark grey
• Blue Light blue
• Green Light green
• Cyan Light cyan
• Red Light red
• Magenta Light magenta

Brown • Yellow
• White Intensified (super) white
• Indicates conventional pre IBM-PC basic color rainbow.

FI.G. 4-A MODERN RGB MONITOR that is IBM-compatible
Will produce 16 colors including brown. Before the introduc
tion of the IBM-PC, RGB monitors produced yellow instead of
brown, and some RGB monitors could only produce the eight
colors indicated with an asterisk (" ''').
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FIG. 5a -USING A MONOCHROME MONITOR with a color 
signal intended for an RGB monitor usually results in excess 
"gain" and considerable loss of detail in both the graphics 
and text characters. 

Presently, all conventional RGB monitors create 16 

colors from conventional personal computer signals. 

Unfortunately, some early monitors, a few of which 
occasionally surface in the surplus market, do not 
process the intensity signal and provide only 8 colors. 
It's not that the color table shown in Figure 4 is different 
from the earlier and conventional RGB colors in that the 
yellow is not part of the basic 8 colors derived form 
RED, GREEN and BLUE. In a conventional 8 -color 
rainbow there is no brown: The position occupied by 
brown in Figure 4 is normally yellow. Unfortunately, 
although the intensity signal produces lighter versions 
of seven of the original 8 colors- thereby also 
producing a legitimate grey and an intense or "super 
white" (which is actually close to, or equal to the 
maximum screen brightness) -lighter yellow is still 
yellow. Also, the lack of brown sharply limits graphic 
artwork. To make the 16 color rainbow more applicable 
to "natural "graphics, IBM substituted brown for the 
basic yellow, and provided yellow in the intensified 
rainbow Although brown came into common use with 
the IBM personal computers, it is now considered 
"standard" because most personal computer 
equipment attempts to be IBM -compatible. 

Monochrome from RGB 

While it is usually possible to use a mononchrome 

(k5 
. D+1IANCED 

FIG. 5b-BUT WHEN PROCESSED by a Video Enhancer an 
RGB color signal can look quite good on a monochrome 
monitor because the device converts each color to an individ- 
ual shade of grey. 
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monitor with a composite color output, programs 
specifically written for an RGB color output often 
produce little more than "garbage" on a monochrome 
display even if the monitor's signal source is a 

composite color video output. For example, in 

addition to the RGB color output the IBM Color/ 
Graphics Monitor Adapter and its aftermarket clones 
have a composite video output which can be used to 
drive both composite color and composite 
monochrome monitors. If the computer is told to 
operate in the monochrome mode it will convert a 

color display to composite video that can be viewed 
on a monochrome monitor in two shades of 
monochrome: normal and highlight. If the program is 

self- booting so that the computer outputs only for RGB 

the composite video will contain "grainy "characters 
and missing graphic elements. 

By using a device known as a Video Enhancer 
(Power -R, Inc., 4016 Interlake N., Seattle, WA 981031) 
the RGB, intensity and H & V drive signals are 

converted into an "enhanced" composite monochrome 
output having each of the 16 colors represented by a 

discemable shade of grey The Video Enhancer is 

actually built in a conventional 9- terminal D- connector, 
the same kind normally used for the RGB connector. It 

derives it's power from the power terminal normally 
provided on a Color /Monitor Adapter's light pen 
connector The output cable of the device is 

terminated in a conventional phono plug, which can 
be connected to any conventional composite video 
monitor 

Figure 5 shows how the Video Enhancer recombines 
the individual RGB picture elements into a 

monochromatic grey scale display Figure Sa, which has 

not been retouched, shows how the "rings of Saturn" 
from a Color /Graphics Monitor Adapter's color 
composite output would appear on a monochrome 
monitor: There is obviously much detail missing from 
the graphic art, as well as from the text word 
"NORMAL." Figure Sb shows how the very same 
display appears on the same monochrome monitor if 

taken from the RGB output and processed by the 
Video Enhancer Notice that the rings of Saturn are now 
clearly visible in monochrome. Also, the text word 
"ENHANCED" is now legible, the way it should really 
appear on both monochrome and color monitors. 

Match the monitor 
As you can see, not only are the different types of 

monitors and their signals mutually exclusive, but the 
software can also determine the kind of monitor 
needed. For example, while many users prefer a 

monochrome monitor for word processing (because 
the image is sharper), much graphics software and 
software employing graphics intended for color 
monitors simply doesn't provide a usable display on 
monochrome monitors, although monochrome 
software is almost never a problem when used with a 

color monitor. The best of both worlds when you 
cannot afford an RGB color monitor is the Video 
Enhancer because it provides usable displays from 
both monochrome and color software. 

FIG. Sa-USING A MONOCHROME MONITOR with a color
signal intended for an RGB monitor usually results in excess
"gain" and considerable loss of detail in both the graphics
and text characters .

Presently, all conventional RGBmonitors create 16
colors from conventional personal computer signals.
Unfortunately, some early monitors, a few of which
occasionally surface in the surplus market, do not
process the intensity signal and provide only 8 colors.
It's not that the color table shown in Figure 4 is different
from the earlier and conventional RGB colors in that the
yellow is not part of the basic 8 colors derived form
RED, GREEN and'BLUE. In a conventional 8-color

I rainbow there is no brown: The position occupied by
brown in Figure 4 is normally yellow Unfortunately,
although the intensity signal produces lighter versions
of seven of the original 8 colors-thereby also
producing a legitimate grey and an intense or "super
white" (which is actually close to, or equal to the
maximum screen brightness)-lighter yellow is still
yellow. Also, the lack of brown sharply limits graphic
artwork. To make the 16color rainbow more applicable
to "natural"graphics, IBM substituted brown for the
basicyello'vY, and provided yellow in the intensified
rainbow Although brown came into common use with
the IBM personal computers, it is now considered
"standard" because most personal computer
equipment attempts to be IBM-compatible.

Monochrome from RGB
While it is usual ly possible to use a mononchrome

FIG. Sb-BUT WHEN PROCESSED by a Video Enhancer an
RGB color signal can look quite good on a monochrome
monitor because the device converts each color to an individ
ual shade of grey.
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monitorwith a composite color output, programs
specifically written for an RGB color output often
produce little more than "garbage" on a monochrome
displayeven if the monitor's signal source is a
composite color video output. For example, in
addition to the RGB color output the IBM Color/
Graphics Monitor Adapter and its aftermarket clones
have a compositevideo output which can be used to
drive both composite color and composite
monochrome monitors. If the computer is told to
operate in the monochrome mode it wi ll convert a
color displayto composite video that can be viewed
on a monochrome monitor in two shades of
monochrome: normal and highlight. If the program is
self-booting so that the computer outputsonly for RGB
the composite video will contain "grainy"characters
and missing graphic elements.

By using a device known as aVideo Enhancer
(Power-R, Inc., 4016 Interlake N., Seattle, WA 981031 )
the RGB, intensity and H & V drive signals are
converted into an "enhanced" composite monochrome
output having each of the 16colors represented by a
discernable shade of grey The Video Enhancer is
actually built in a conventional 9-terminal D-connector,
the same kind normally used for the RGB connector. It
derives it's power from the power terminal normally
provided on a Color/Monitor Adapter's light pen
connector. The output cable of the device is
terminated in a conventional phono plug, which can
be connected to any conventional compositevideo
monitor.

Figure S shows how the Video Enhancer recombines
the individual RGB picture elements into a
monochromatic greyscale display Figure Sa, which has
not been retouched, shows how the "rings of Saturn"
from a Color/Graphics Monitor Adapter's color
composite output would appearon a monochrome
monitor: There is obviouslymuchdetail missing from
the graphicart, as well as from the text word
"NORMAL." Figure Sb shows how the very same
display appears on the same monochrome monitor if
taken from the RGB output and processed by the
Video Enhancer. Notice that the rings of Saturn are now
clearly visible in monochrome. Also, the text word
"ENHANCED" is now legible, the way it should rea lly
appearon both monochrome and color monitors.

Match the monitor
As you can see, not only are the different types of

monitors and their signals mutually exclusive, but the
software canalsodetermine the kind of monitor
needed. For example, whi le many users prefera
monochrome monitor for word processing (because
the image is sharper), muchgraphics software and
software employing graphics intended for color
monitorssimply doesn't provide a usable display on
monochrome monitors, although monochrome
software is almost never a problem when used with a
color monitor. The best of both worlds when you
cannotafford an RGB color monitor is the Video
Enhancer because it provides usable displays from
both monochrome and color software.~~
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COMPUTER -AIDED 
DESIGN OF 
LOUDSPEAKER 
ENCLOSURES 
PART II 
Michael Raleigh and Robert Raleigh 

This article, begun last month, is concluded here. 

Figure 8 shows the results of a computer experiment 
which simulates putting this woofer in a ducted port 
The dimensions are provided in the figure. The curve 
now shows a bump which extends the low- frequency 
response. The experiment is carried further in Figure 9 
which shows the effect of changing the tuning 
condition of the enclosure by varying the duct length. 

On the basis of the results shown in Figure 9 an 
enclosure was constructed with a .124 cubic meter 
volume, a .0889 meter port radius, and a.229 meter 
port length (3.5 inch radius, 9 -inch length). The 
agreement between the computer experiments and the 
actual experiments was verified by comparing the 
computed and measured admittances (Figure 10). The 
measurements were made using the same apparatus, as 

FRED. POWER AtJ11T, 

15 2.31772192E-07 .048189537 
20 1.689:+010E-86 .0235715462 
25 8.61352578E-06 .0434289249 
38 3.62626319E-85 .07962137389 
35 1.3144318E-04 .12024084 
48 3.56205788E-04 .148312467 
45 5.63215859E-04 .13413084 
50 5.91091327E-04 .0942733156 
55 5.53844955E-04 .8583549864 
60 5.20822504E-04 .0325588638 
65 5.01588831E-04 .8187016634 
70 4.93319462E-04 .0215519606 
75 4.92573898E-04 .0318284229 
80 4.96855005E-04 .0424188525 
85 5.0448192E-04 .052132713 
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00 5.37789077E-04 .075933387 
05 5.50486824E-84 .0824309995 
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35 6.26275981E-04 .111580339 
40 6.37905941E-04 .11523164 
45 6.4913109E-04 .118624556 
50 6.59938168E-04 .121782475 
55 6.70321592E-84 .124726084 
60 6.80281594E-04 .127473777 
45 6.89822796E-04 .130041985 
79 6.98953111E-04 .132445442 
75 7.07682842E-04 .134697403 
80 7.16024011E-04 .13680983 
85 7.23989816E-04 .138793545 
90 7.31594198E-04 .140658362 
95 7.3885152E-04 .142413199 

200 7.45776308E-04 .144066176 
205 7.52383852E-04 .1456247 
210 7.58686063E-84 .147095535 
215 7.64699346E-04 .148484873 
220 7.7043653E-04 .149798393 
225 7.759108E-04 .151041271 
239 7.81134873E-04 .152218314 
235 7.86120948E-04 .153333908 
240 7.90880703E-04 .154392102 
245 7.95425308E-04 .155396625 
250 7.99765393E-04 .15635092 
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FIG. 7- ACOUSTIC INTENSITY in watts'meter squared versus 
frequency for a .2 cubic meter Infinite baffle enclosure. A 3db 
difference is indicated for this graph and applies to all subse- 
quent response curves. 
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FIG. B- COMPUTED RESPONSE of ducted port enclosure 
constructed in design example. Parameters are listed above. 
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FIG. 8-COMPUTED RESPONSE of ducted port enclosure
constructed in design example. Parameters are listed above.

10-5
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FIG. 7-ACOUSTIC INTENSITY in watts/meter squared versus
frequency for a .2 cubic meter infinite baffle enclosure . A 3db
difference is indicated for this graph and applies to all subse
quent response curves.

FREQ. POWER ADM I T .

15 2 .31772 192E- 87 . 8 48 18 9537
28 1. 68 9," 8 18E-8 6 .8 23571546 2
25 8.61352578E-8 6 .843 42 8924 9
38 3 .62626 3 19 E- 85 .8796287389
35 1.31 44318E-8 4 .120 248 84
48 3 .56285788E-84 .1 48 312 467
45 5. 6 3215 859E-8 4 .1 341 38 84
58 5.91891327E- 8 4 .8 9427 331 56
55 5 .538449 55 E- 84 . 8 58 3549 864
68 5. 2882258 4E- 84 . 83 25 58863 8
65 5 . 8 1588831E- 84 .81 8 781 6634
78 4 .933 19462E- 84 .821 551 968 6
75 4 . 92573898E- 84 . 8 31828622 9
88 4 .9685588 5E- 84 .8 4241 8852 5
85 5.8 44 81 92E-84 .8521 3271 3
98 5. 14323853E-84 .8 60 898 131 9
95 5.25686553E- 84 .8 6878 62 988
188 5.37789 877 E-8 4 .8 75 933 387
185 5.58 48 6 824E-8 4 .8824388995
11 8 5 . 63 422773E-8 4 .888362 18 18
115 5.76 395 798E-8 4 . 89 3 795 98
12 8 5 .892595 26 E- 84 .898789 96 46
125 6 .8 198 788 6E- 84 .1 83 39 2324
138 6 . 14 2644 76E-84 .18 7 644855
135 6 .2627 598 1E- 84 .111 588 339
14 8 6 .3798594 1E-84 . 115 231 64
14 5 6.491 318 9E-84 . 118 62 455 6
158 6 .59938168E-84 . 121 78 2 475
155 6 .78 32 1592E-8 4 .1 2 47268 84
168 6. 8828 1594E- 84 .1 27 473777
165 6 . 8 982 279 6E- 84 . 13 88 41 985
178 6 .98953 \1 1E- 8 4 . 13 24 45442
175 7.8 7 68284 2E-84 .1 3469 7 48 3
188 7 .1682481 I E- 84 .136 88 98 3
185 7. 239898 16 E-8 4 .1 38 79 3545
198 7. 315941 98E-8 4 .148 658362
195 7 .3885 152E- 84 . 14 2 41 3199
28 8 7.457 76 38 8E-84 . 144866176
28 5 7 .52383852E-8 4 . 1456247
218 7 .58686863 E- 84 .1 4 7 89 5535
215 7 . 64699346E-84 .148 48 48 73
228 7 .7843653E- 84 .1 4 9 798 38 3
225 7 .759 188E-84 .1 5 1841 271
238 7 . 81 13 4873E- 8 4 . 1522 183 14
235 7 . 86 12894 8E- 8 4 . 15333398 8
248 7.98888 78 3E- 84 .1 5 4392182
245 7 .9542538 8E- 84 . 15 5 39 6625
258 7 .99765393 E-84 . 15635892

This article/ begun last month/ isconcluded here.
Figure 8 shows the results of a computer experiment

w hich simulates putting this woofer in a ducted port.
The dimensions are provided in the figure. The curve
now shows a bump w hich extends the low-frequency
response. The experiment is carried further in Figure 9
w hich shows the effect of changing the tuning
condition of the enclosure by varying the duct length.

On the basis of the results shown in Figure 9 an
enclosure was constructed with a .124 cubic meter
volume/ a .0889 meter port radius/ and a.229 meter
port length (3.5 inch radius/ 9-inch length). The
agreement between the computer experiments and the
actual experiments was verified by comparing the
computed and measured admittances(Figure10). The
measurements were made using the same apparatus/ as

COMPUTER-AIDED
DESIGN OF
LOUDSPEAKER
ENCLOSURES
PART II
Michael Raleigh and Robert Raleigh
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FIG. 9- COMPUTED RESPONSE for design example with 
various duct lengths. Other parameters same as Figure 8. 
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- - - EXPERIMENT 

SIMULATION 

FIG. 10- MEASURED AND COMPUTER SIMULATED admit- 
tance of enclosure built as design example. described in 
Figure 8. Magnitude of the maximum in the admittance which 
occurs at approximately 40 Hz is sensitive to the amount of 
damping in the port. Matching measured and simulated max- 
ima provides a means of determining the damping in the port. 
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FIG. 11- COMPUTED RESPONSE for the design example with 
various amounts of damping in the port. Other parameters are 
as given in Figure 8. 

shown In Figure 5, but with the woofer now in the 
enclosure. To achieve best agreement, a small amount 
of damping must be assumed In the port. 

As a final computer experiment, we investigated the 
effect of adding additional damping to the port (Figure 
11). On the basis of these results, it was decided not to 
increase the port damping. It is our design philosophy 
that frequency response takes precedence over 
transient response. We have therefore made our choice 
of damping based on this steady -state program result 

Infinite baffle enclosures are simulated by assuming a 

very long, very narrow duct. (.001 meter radius, 1000 
meter length). A ported enclosure is simply a ducted 
port enclosure with a very short duct. In this case, a 

greater proportion of the effective mass of the duct is 

due to the motion of air external to the duct. This effect 
is included in the program however, so that a proper 
simulation of a ported enclosure results from entering 
the length of the duct as the thickness of the speaker 
faceplate. For example, a 1 -inch thick faceplate implies 
a duct length of .00254 meters. If a port or duct is not 
round in cross section, the radius should be that which 
gives the same area as the real port or duct. 

Conclusion 
We have shown but a few examples. The reader is 

invited to systematically investigate the effects of 
varying each woofer and enclosure parameter This 
program also provides an output -the admittance- 
whereby the match between the program and the 
actual loudspeaker may be venfied.'m. 
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FIG.11-COMPUTED RESPONSEfor the design example with
various amounts of damping in the port. Other parameters are
as given in Figure 8.
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FIG. 9-COMPUTED RESPONSE for design example with
various duct lengths. Other parameters same as Figure 8.
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FIG. 1O-MEASURED AND COMPUTER SIMULATED admit
tance of enclosure built as design example, described in
Figure 8. Magnitude of the maximum in the admi ttanc e which
occurs at approximately 40 Hz is sensitive to the amount of
damping in the port. Matching measured and simulated max
ima provides a means of determining the damping in the port.
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shown in Figure 5, but w ith the woofer now in the
enclosure. To achieve best agreement, a small amount
of damping must be assumed in the port.

As a final computer exper iment, we investigated the
effec t of add ing add itional damping to the port (Figure
11 ). On the basis of these results, it was decided not to
increase the port damp ing. It is our design ph ilosophy
that frequency response takes precedence over
transient response. We have therefore made our choice
of damp ing based on this steady-state program resu lt.

Infinite baff le enclosures are simulated by assuming a
very long, very narrow d uct. (.001 meter radi us, 1000
meter length). A ported enclosure is simp ly a ducted
port enclosure w ith a very short duct. In this case, a
greater proportion of the effect ive mass of the duct is
due to the motion of air external to the duct. This effect
is included in the program how ever, so that a proper
simulation of a ported enclosure results from entering
the length of the duct as the thickness of the speaker
faceplate. For examp le, a 1-inch thick facepl ate imp lies
a duct length of .00254 meters. If a port or duct is not
round in cross section, the radius should be that which
gives the same area as the real port or duct.

Conclusion
We have shown but a few examp les. The reader is

invited to systematically investigate the effects of
varying each woofer and enclosure parameter. This
prog ram also provides an outp ut-the admittance
w hereby the match between the program and the
actual loudspeaker may be verified.~CD~
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BUILD THE 
GRAFEX -32 

PART 1 

A 640 by 400 graphics adapter for the Apple II. 

Ray Dahlby 
Dept. 255 
Box C -34069 
Seattle, WA 98124 -1069 

UThe Apple II's graphics resolution of 280 by 192 pixels 
can no longer be considered the "state of the art." The 

newer Apple Macintosh and Lisa computers display 
their bit -mapped images from up to 32K bytes of 
memory, over four times that used for display on the 
Apple II. 

Recently, the availability of 64K dynamic RAM chips 
and VLSI graphics controllers at reasonable prices has 

made it feasible to expand the Apple II's graphics 
resolution using a simple plug -in circuit board. The 

Grafex -32 circuit board uses four 16K by 4 bit RAM 

chips along with a 7220 graphics controller to display 
32K bytes of memory as a bit -map of 640 by 400 
pixels. The board can be expanded to 128K bytes by 
plugging in 64K by 4 bit RAM chips and three such 
boards can be installed in a system to provide the red, 
green, and blue signals for color graphics displays. 

Our design tradeoffs favor circuit simplicity with the 
option of expansion later, over a complex design 
incorporating features which might not have been used 
by everyone. Although the basic circuit consists of just 
20 chips, it displays a monochrome resolution of 
256,000 pixels on a standard Apple Monitor. Since this 
baseline performance exceeds the graphics resolution 
of the Macintosh computer, I decided not to increase 
the complexity, and thus the cost, of the basic circuit 
board and thereby provide hardware "hooks" by which 
the design can be upgraded by those users with higher 
resolution or color requirements. This design 
philosophy seems consistent with that of the Apple II 

itself. 

The Apple II 

The Apple II /Ile line owes much of its success to the 
expandability afforded by its expansion slots. In the six 

or so years that this computer has been on the market, 
hardware manufacturers have responded to the 
challenge of filling those slots by developing products 
to expand the machine and now, with a multitude of 

add -on cards available, it is surprising to find an area 
which has not been adequately served. 

One such area seems to be the expansion of the 
Apple II's graphics resolution. Although a few cards 
were produced to add sprite- oriented graphics and 
luminance attributes to the Apple II, these did not 
significantly increase the number of pixels on the 
screen. Part of this lapse can probably be attributed to 
the introduction of the I.B.M PC which has distracted 
the focus of third -party hardware manufacturers at a 

time when VLSI graphics chips and cheap memory 
make Apple II graphics expansion an easy matter 

The Apple II line can benefit from new graphics 
technology in other ways than increased screen 
resolution. The video design used in the Apple II maps 
the display memory into the 6502 micro -processor's 
address space in a technique called "memory- mapped 
video." This was a good choice at the time because it 

allowed the 6502 full access to the screen memory 
using all memory reference instructions and addressing 
modes just as if it were addressing normal system RAM. 
In fact, if the high resolution screens are not used, the 
memory space allocated to them can be used for 
program and data storage. The design of the Apple II 

limits the graphics resolution for a least two reasons, 
one being the restricted bandwidth of the home color 
televisions it was assumed that Apple owners would 
be using as their display devices. A second reason is 

limited amount of memory space which can be 
addressed by the Apple's 6502 microprocessor This 

chip has 16 address lines which allows it to address 
only 65,536 bytes so a memory -mapped video design 
using half of this precious space just would not have 
been practical. 

Memory -mapped video design is not limited to low 
resolution graphics as evidenced by the newer Apple 
Macintosh and Lisa machines. The 68000 
microprocessor used in these computers has a 24 -bit 
address bus and can directly address more than 16M 
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A 640 by 400 graphics adapter for the Apple II.
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Dep't. 255
Box C-34069
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-The Apple II'sgraphics resolution of 280 by 192 pixels
can no longer be considered the "state of the art." The
new er Apple Macintoshand Lisacomputers di splay
their bit-mapped images from up to 32K bytes of
memor y, over four times that used for display on the
Apple II.

Recently, the availabi lity of 64K dynamic RANI chips
and VLSI graphics co ntrollers at reasonable prices has
made it feasible to expand the Apple II's graphics
resolution using a simple plug-in circuit board. The
Grafex-32 circuit boa rd uses four 16Kby 4 bi t RANI
chips along w ith a 7220 graphics controller to d isplay
32K bytes of memory as a bi t-map of 640 by 400
pixels. The board can be expanded to 128Kbytes by
p lugging in 64K by 4 bi t RANI chips and three such
boards can be installed in a system to p rovide the red,
green, and b lue signals for color graphics d isplays.

Our design tradeoffs favor circuit simplicity wi th the
option of expansion later, over a complex design
incorporating features wh ich might not have been used
by everyone. Alth ough the basic circuit co nsists of just
20 chips, it displays a monochrome resolution of
256,000 pixels on a standard Apple Mon itor. Since this
baseline performance exceeds the graphics resolution
of the Macintosh computer, I decid ed not to increase
the complexity, and thus the cost, of the basic circuit
board and thereby provide hardware "hooks" by which
the design can be upgraded by those userswith higher
resolution or co lor requirements. This design
philosophy seems co nsistent w ith that of the A pple II
itself.

The Apple II
The App le II/lie line owes much of its success to the

expandabilityafforded by its expansion slots. In the six
or so years that this computer has been on the market,
hardware manufacturers have responded to the
challenge of filling those slots by developi ng products
to expand the machine and now w ith a multitude of

add-on cards available, it is surprising to find an area
w hich has not been adequately served.

One such area seems to be the expansion of the
Apple II's graphics resolution. Although a few cards
w ere produced to add sprite-oriented graphics and
luminance attributes to the Apple II, these d id not
significantly increase the number of p ixels on the
screen. Part of this lapse can probab ly be attributed to
the introduction of the I.B.M PCwhich has distracted
the focus of third-party hardware manufacturersat a
time w hen VLSI graphics chips and cheap memory
make Apple II graphics expansion an easy matter.

The Apple II line can benefit from new graphics
technology in other ways than increased screen
resolution. The video design used in the Apple II maps
the di splay memory into the 6502 micro-processor's
address space in a technique called "memory-mapped
video." This was a good choice at the time because it
allowed the 6502 full access to the screen memory
using all memory reference instructions and addressing
modes just as if it were addressing normal system RANI.
In fact, if the high resolution screens are not used, the
memory space allocated to them can be used for
program and data storage. The design of the Apple II
limits the graphics resolution for a least two reasons,
one be ing the restricted bandwidth of the home co lor
televisions it was assumed that Apple owners would
be using as their display devices. A second reason is
limited amount of memory space w hich can be
addressed by the Apple's 6502 microprocessor. This
chip has16 address lines w hich allows it to address
only 65,536 bytes so a memory-mapped video design
using half of this precious space just would not have
been practical.

Memory-mapped video design is not limited to low
resolution graphics as evidenced by the newer Apple
Macintosh and Lisa machines. The 68000
microprocessor used in these computers has a 24-bit
add ress bus and can direct ly add ress more than 16M
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bytes of system memory. A large graphics RAM 
mapped into this address space does not represent a 

significant fraction of the total available for program 
and data storage. 

The answer to improving the Apple II's graphics 
resolution without using up all of its memory is to keep 
the graphics RAM separate from the system RAM. The 

6502 won't be able to directly access to display RAM 

but there are new chips optimized for managing large 
bit -mapped memories. The 6502 actually benefits from 
the increased program available by not having part of 
Its system RAM allocated to graphics. 

The 7220 GDC 

The 7220 GDC (Graphics Display Controller) from 
NEC Is designed to handle the repetitive tasks required 
in figure, line, and character drawing on a raster scan 
CRT. Unlike previous CRT controller chips such as the 
Motorola 6845 whose tasks were limited to display 
refresh and video synchronization. The 7220 has an 
instruction set which enables it to read, modify, and 
write data in the display memory. Positioned between 
the system microprocessor bus and the display 
memory, it responds to instructions passed to it and 
draws figures without processor intervention. Since the 
GDC can handle much of the repetitive pixel drawing 
and modification tasks, the bandwidth requirement of 
the microprocessor /display memory path is greatly 
reduced. Most of the data sent from the 
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microprocessor during vector and geometric shape 
drawing will be in the form of commands and 
parameters sent directly to the GDC which then 
interprets them into pixel -level operations to be carried 
out over the high -bandwidth GDC/display memory 
path. Its pipelined architecture is optimized for such 
graphics manipulation and it handles these tasks with 
great speed. For example, a 7220 running at a clock 
frequency of 5 Mhz can draw a figure at the rate of 800 
ns per pixel. This speed is independent of the type of 
figure being drawn and is much faster than a general 
purpose microprocessor, such as the 6502, handling 
the same task. 

The 7220 was chosen for this design because its 8 
bit uP data bus interfaces nicely with the Apple's 8 bit 
6502 and its 16 bit video data bus and 18 bit video 
address bus allows it to accomodate large bit -mapped 
display memories without impinging on the limited 16 

bit addressing of the 6502. It also handles dynamic 
RAM refresh and video sync generation. This part is 

housed in a 40 -pin ceramic package and is fabricated 
in 3um NMOS. It encompasses the equivalent of over 
13,000 transistors. 

The display memory 
The 7220 requires its display memory to be 

organized in 16 -bit words. The most common 64K 
dynamic RAM chips, such as the 4164, are organized as 

65,536 locations of 1 bit each so 16 of these parts are 
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FIG. 1-BLOCK DIAGRAM OF THE GRAFEX -32 should be used along with the schematic 
diagram to help understand the theory of operation. 
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bytes of system memory. A large graphics RAM
mapped into this address space does not represent a
significant fraction of the total available for program
and data storage.

The answer to improving the Apple II's graphics
resolution without using up all of its memory is to keep
the graphics RAM separate from the system RAM. The
6502 won't be able to directly access to display RAM
but there are new chips opt imized for managing large
bit-mapped memories. The 6502 actually benefits from
the increased program available by not having part of
itssystem RAM allocated to graphics.

The 7220 GDC

The 7220 GDC(Graphics Display Controller) from
NEC is designed to handle the repetitive tasks required
in figure, line, and character drawing on a raster scan
CRT. Unlike previousCRT controller chips such as the
Motorola6845 w hose tasks were limited to display
refresh and video synchronization. The 7220 has an
instruction setwhich enables it to read, modify, and
write data in the displaymemory. Positioned between
the system microprocessor bus and the display
memory, it responds to instructions passed to it and
draws figures without processor intervention. Since the
GDCcan handlemuch of the repetitive pixel drawing
and modification tasks, the bandwidth requirement of
the microprocessor/display memorypath is greatly
reduced. Most of the data sent from the

microprocessor duringvector and geometric shape
drawing will be in the form of commands and
parameters sent directly to the GDCwhich then
interprets them into pixel-level operations to be carried
out over the high-bandwidth GDC/display memory
path. Its pipelined architecture is optimized for such
graphics manipulation and it handles these tasks with
great speed. For example, a 7220 running at a clock
frequency of 5 Mhz can draw a figure at the rate of 800
ns per pixel. This speed is independent of the type of
figure being drawn and is much faster than a general
purpose microprocessor, such as the 6502, handling
the same task.

The 7220 was chosen for thisdesign'because its 8
bit uP data bus interfaces nicely with the Apple's 8 bit
6502 and its16 bit video data busand 18 bit video
address bus allows it to accomodate large bit-mapped
display memories w ithout impinging on the limited 16
bit addressing of the 6502. It also handles dynamic
RAM refresh and video sync generation. This part is
housed in a 40-pin ceramic package and is fabricated
in 3um NMOS. It encompasses the equivalent of over
13,000 transistors.

The display memory

The 7220 requires its displaymemory to be
organized in 16-bit words. The most common 64K
dynamic RAM chips, such as the 4164, are organized as
65,536 locations of 1 bit each so 16of these partsare

APPLE
BUS BUS DRIVER

& HANDSHAKE CASLATCH

HIGHOATA LOW
IC17 SHIFTREGISTER

ADO /--- - - --------,

AD71---- --------'
RAS ADDRESSES

&
LOW DATA

HIGH DATA
BYTE

16K X 16
AO OR

64KX 16
RAM

IC13...IC16

A7

CAS
ADDRESSES

IC12
CAS ADDRESSES

&
HIGH DATA

ADl5

DO

07
BBIT
DATA

ICl l ,

OS
IC2

WR

RNI RD

AO

HIGH
SHIFTREGISTER

VIDEO
OUT

VIDEO IN

VIDEO
CHANGEOVER

LOW DATA IC1S

SYNC & BLANKING

CONTROL SIGNALS

SYNCCOMBINER
& VIDEO AMP.
IC5,IC19, 01, 02

AI , OS,

RESET IC7
VIDEO RELAY
ADDRESS LATCH

FIG.1- BLOCK DIAGRAM OFTHEGRAFEX-32 should be used along with the schematic
diag ram to help understand the theory of operation.

10 ComputerDigest - FEBRUARY 1986

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


APPLE SUS 

Al 113 

5V 

110 

IC7 
741374 

0 

Q 

R 

Q 13 
R1 

KV 

RELAY 
BLANKING 
VSYNC 
HSVNC 

14 17 4 3 16 

71L311 

e 

IN 

6 

5 

4 

3 

INT 

DMA 

19 

1/4 74LSM 

IC11 
1113246 

ICI 
sPO72200 

11 19 

12 It 
13 n 
14 16 

IS IS 

16 14 

17 13 

le 12 

2XWCLK 11 

ALE 

2 

27 

26 

15 

24 

23 

®0®OID©©19 I , .\farE O El frf1MIU 1IMIIOm 11111® 
22 

1H 711355 
6 

2 111 
s 

4 

1/4 711355 

16 

S 

2 

.5V 01116 

10 

0 

IC5 
741374 

0 

13 

.5V 

IC5 

9 

IAi7l551 

ta 1 

SV 

2 3 15 1 

00 
AO 

D3 

IC13 
TY6 
M10.2M1 

Al 
CAS 

RAS 

6 

12 3 IS 17 

10 10 

6 ? 
7 ) 

0' ! 
It !1 
12 IC1/ 11 

11 41111111211111 û 
16 16 

S 

4 i 

2 3 15 17 

IC17 
71131 N 

11 CP? 
11 

01 E 15 

V 

CP 

jI 

5V 

2 

7 

3 

IC10 

a 
a 

7413174 

IO 

IS 

12 

11 

t0 
5V 

1 

D 
0 

IC9 
741.574 

Cy 

77. 
SV 

5 

6 

1/4 7413N 
1 

IN 7/1St2 

D. S® 

1/17/1511 

13 

1/6 7151 

5V 
10 

1 

141 13 

12 

12 111 A 9 

CEP000101 113 PE 
TC 

CET IC?0 

CP 
7/L5163 

01 02 03 R 

IS 

11 

IC15 
TMS 
/116 2ONL 

7 lá - 

315 LS_ il - SV 

I rt 7/LSM 

FIG. 2- SCHEMATIC DIAGRAM is not difficult to follow if you take it step -by -step. Refer 
to this while reading the text and you'll have an almost -immediate grasp of what is going 
on from input through output! 

9 n7 10 11 11 13 14 3 4 

0 0 
IC19 
7415174 

10 

1/4 741302 

11 

12 

.5V 

13 

1/4 741552 

e 

9 

1N` O1 

RS 2531111 

D 0 
,511 5 

5V 

EXPANSION r-- 
f--< 1 I 

<3 I PI 

1 --1-< 1 I 

<1 I 

1 <3 
v2 

2 I 

0-7< 1 I 

L__J 

5V 

APPLE BUS

3
A1

~o

+5V

t1 0

IC7
74LS74

Q ~
> .."" I '(13

+5V
R4

VIDEO

JI l iN
OUT

J2

EXPANSIONr - - -,
t-<4 I
}-< 3 I

l---< 2
I PI

I I
,-+-< 1 I

t---,
1--<4 I
I I
r-< 3 ( P2

j-<2 1

r---+--<1 I
L __ .J

f)J9
IC511/4 74LS86

Rll

CE

J.613
07

+5V

,.... I RYI

r... AS

J I 02 I I I2N3904 I

~~~i
~ , fr~91 4 ~ I Il 'e{ ~ RS I t r~91 4

'='

5
;)) IC5

1~21 1 1
~ ~ 1 2

a

~> I '

ICll
74LS245

ICS
74LS74

4

3

2

12, 0 S of!l.-

R2

L
+5V

~ 1 0

4

1/674S04

'-- --O!....5~

R1

R3

FIG. 2-SCHEMATIC DIAGRAM is not difficult to follow if you take it step-by-step. Refer
to this while reading the text and you'll have an almost-immediate grasp of what is going
on from input through output!

+5V~
- n O" ; TAL ~-I u, I I

I 101 1/674S04 1~311
i

26 ~ .J,.

46~

4B~

1/4 74LSOO

6

1/4
74LSOO,---I+--..!-l

R/W
n7

~
~ OUT
28 IN l iNT

~ OUT
27 IN 10MA

~ +5V
C1-C4 ::t'

V .IIlF T
I C5 -;
J .l IlF

~
<V___ u I

............

"Tlrn
OJ
:rJ
C»
~
to
0>

'"I
oo
3

''0c
m
o
<5'
ro
~

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


required to assemble a 16 -bit memory system. There is 

another 64K RAM chip which is organized as 16,384 
locations of 4 bits each. This part, designated the 4416, 
is available from Texas Instruments, Inmos, and Fujitsu, 
among others. The 16 bit data bus requirement of a 

7220 can be met using just four of these chips, thus 
reducing power dissipation and printed circuit board 
complexity The use of the 4416 actually helps to 
reduce chip count further as it has a separate output 
enable pin which can be used to tri -state its data lines. 
This feature allows very tight coupling between the 
display memory and the 7220 which helps to simplify 
PC. layout further. 

Texas Instruments has recently announced the 4464 
and NEC, the 41254, dynamic RAM chips which are 
organized as 65,536 locations of four bits each These 
parts are housed in the same 18 -pin package as the 
4416 and allow easy system upgrades The Grafex 
circuit, for example, has been designed to address the 
additional memory provided by these parts and 
expansion of the Grafex circuit from 32 Kbytes to 128 
Kbytes is accomplished simply by replacing the 4 

display RAM chips. 

Circuit description 
Referring to the block diagram of Figure 1 and the 

schematic of Figure 2, it can be seen that the Grafex 
circuit can be broken down into five sections. These 
sections are a) the uP bus interface, b) the 7220, c) the 
display memory, d) the video output circuitry and e) 
the timing generator 

The 7220, IC1, communicates with the host 
microprocessor over its eight bidirectional data lines. 
IC11, A 74LS245 is used to provide buffering and IC2, a 

74LS00 is used to convert the Apple's RAW and DS 
signals into the 8080 -type RD and WR signals used by 
the 7220. The Grafex circuit uses four of the 16 

addresses assigned to the peripheral slot in which it is 
installed in the Apple II. These addresses are used to 
select the command and parameter registers of the 
7220 and to control the video changeover relay latch, 
IC7. The addresses and their functions are listed in 
Table 1 which will appear in a subsequent issue. The 
reset line on the Apple bus is connected to this video 
relay latch to force a default on power up to the Apple 
video signal. 

The 7220 communicates with the display memory 
over its 16 multiplexed address/data lines, labelled 
ADO -AD15 on the block diagram. The CAS latch, IC12, 
a 74LS374, is used to latch the high order 8 bits of 
addresses and then to sequence them onto the 8 RAS/ 
CAS address lines of the display memory. This is a 

tight- coupled design from the standpoint of data and 
address multiplexing. The low address /data path from 
the 7220 carries, in sequence, the row addresses, 
column addresses, and finally, the low byte of display 
memory data. The high byte of display memory data is 

carried over a separate path directly to the 7220 AD8- 
AD1S pins. 

The display memory, IC13 -1C16, has a multiplexed 8- 
bit address bus and a 16 -bit data I/O with separate 
output enable. Like other dynamic RAM arrays, the 
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eight row address bits are first strobed into the on -chip 
latches, then the eight column address bits are 
presented on the address lines and finally, these are 
strobed into the memory. After access time 
specifications have been met, the data is read during a 

read cycle or written during a write cycle. The 4416 
and 4464 parts have a separate output enable pin 
which allows data to be read from the selected 
address location but not presented on the output pins 
until needed. This "G" pin allows a fast (40 ns) turn -on 
of the output buffers to supply data to the external 
circuit when needed later in the read cycle. In this 
manner, the eight row /column address lines can serve 
also as the low 8 -bit data corridor to and from the 
7220 and video shift register without the need for an 

external to -state buffer. This kind of coupling facilitates 
printed circuit board layout and improves reliability by 
reducing the circuit inter -connections. 

The 16 bits of data read from the display memory are 
presented to two 8 -bit parallel in /serial out, shift 
registers, 1C17 and IC18. These 74LS166 shifters serialize 
the 16 -bit data into a video bit stream which is clocked 
at the 16 MHz dot -clock rate. The blanking, Hsync, and 
Vsync signals from the 7220 are brought into line with 
data by means of the 74LS174, IC19. It is loaded by the 
same load /shift signal as are the shift registers. 

The video -bit stream is gated with the 7220 blanking 
signal by IC4 and then mixed with the composite sync 
provided by exclusive -or gate IC5. The video amplifier, 
consisting of Q1 and Q2 provides a standard 1 volt P -P 

composite video signal into 75 ohms. This composite 
video signal is routed to the video changeover relay, K1 

and K2, which selects either the Grafex video or an 
external input as the source for the video monitor. 
When the Grafex board is installed in an Apple II, the 
external input is normally connected to the Apple's 
video output connector and the changeover relays 
output connected to the system video monitor 
Alternatively, two monitors could be used to 
simultaneously display Grafex and Apple video. The 
video changeover relay is software actuated and 
defaults on reset to the external input, allowing the 
Apple system to be operated normally after power up. 
In this way, unless the Grafex board is specifically 
addressed, a user need never be aware of its existence. 

The timing generator, comprised of the 16 MHz 
crystal and IC3, IC4, IC6, IC8, IC9, IC10, and IC20 
provides the various clock and control signals used in 

the system. All timing is derived synchronously from 
the 16 MHz clock. The timing generator has two modes 
of operation depending on whether the 7220 is 

executing a display cycle or a RMW, (read, modify, 
write), cycle. These two types of cycles are 

differentiated by the DBIN pin of the 7220. The 7220, in 

turn, uses as its master clock, a 2 MHz signal labelled 
2Xwc1k. This clock, as its name implies, runs at twice 
the display word rate and all internal timing of the 7220 
is derived from this signal since 16 pixels comprise one 
16 bit word of display memory, the 2Xwc1k used in this 
design is 2 x 16 x 65 ns = 500 ns or 2 MHz. 

That's all the space for now. Well continue this article 
next month. 

required to assemble a 16-bit memory system. There is
another 64K RNAchip which is organized as 16,384
locations of 4 bits each. This part, designated the 4416,
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among others. The 16 bit data bus requirement of a
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reducing power dissipation and printed circuit board
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reduce chip count further as it has a separate output
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and NEC, the 41254, dynamic RNA chips which are
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parts are housed in the same 18-pin package as the
4416 and allow easy system upgrades. The Grafex
circuit, for example, has been designed to address the
additional memory provided by these parts and
expansion of the Grafex circuit from 32 Kbytes to 128
Kbytes is accomplished simply by replacing the 4
display RNA chips.

Circuit description
Referring to the block diagram of Figure 1 and the

schematic of Figure 2, it can be seen that the Grafex
circuit can be broken down into five sections. These
sections are a) the uPbus interface, b) the 7220, c) the
display memory d) the video output circuitry and e)
the timing generator.

The 7220, IC1,communicates w ith the host
microprocessor over its eight bidirectional data lines.
IC11, A 74LS245 is used to provide bufferingand IC2, a
74LSOOis used to convert the Apple's RNIand DS
signals into the 8080-type RD and WR signals used by
the 7220. The Grafex circuit uses four of the16
addresses assigned to the peripheral slot in which it is
installed in the Apple II. These addresses are used to
select the command and parameter registers of the
7220and to control the video changeover relay latch,
10 . The addresses and their functions are listed in
Table 1 which w ill appear in a subsequent issue. The
reset line on the Apple bus is connected to thisvideo
relay latch to force a default on power up to the Apple
video signal .

The 7220 communicates w ith the display memory
over its 16multiplexed address/data lines, labelled
ADO-AD15 on the block diagram. The CAS latch, IC1 2,
a 74LS374, is used to latch the high order 8 bits of
addresses and then to sequence them onto the 8 RAS/
CAS address lines of the displaymemory. This is a
tight-coupled design from the standpoint of data and
address multiplexing. The low address/data path from
the 7220 carries, in sequence, the row addresses,
column addresses, and finallYt the low byte of display
memory data. The high byte of display memorydata is
carried over a separate path directly to the 7220AD8
AD15 pins.

The display memory IC1 3-IC16, has a multiplexed 8
bit address bus and a16-bit data I/O with separate
output enable. Like other dynamic RAM arrays, the
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eight row address bits are first strobed into the on-chip
latches, then the eight column address bits are
presented on the address lines and final lYt these are
strobed into the memory. After access time
specificationshave been met, the data is read during a
read cycle or written during a write cycle. The 4416
and 4464 parts have a separate output enable pin
which allows data to be read from the selected
address location but not presented on the output pins
until needed. This "G" pin allows a fast (40 ns) turn-on
of the output buffers to supply data to the external
circuit when needed laterin the read cycle. In this
rnanner, the eight row/column address lines can serve
alsoas the low 8-bit data corridor to and from the
7220 and video shift register w ithout the need for an
external tri-state buffer. This kind of coupling facilitates
printed circuit board layout and improves reliability by
reducing the circuit inter-connections.

The 16 bits of data read from the display memory are
presented to two 8-bit para llel in/serial out, shift
registers, IC17and IC18. These 74LS166 shifters serialize
the 16-bit data into a video bit stream which is clocked
at the 16MHz dot-clock rate. The blanking, Hsync, and
Vsync signals from the 7220are brought into linewith
data by means of the 74LS174, IC19. It is loaded by the
same load/shi ft signal as are the shift registers.

The video-bit stream is gated with the 7220 blanking
signal by IC4 and then mixed w ith the composite sync
provided by exclusive-or gate IC5. The video amplifier,
consisting of Q1 and Q2 provides a standard 1 volt P-P
composite video signal into 75 ohms. This composite
video signal is routed to the video changeover relaYt K1
and K2, which selects either the Grafex video or an
external input as the source for the video monitor.
When the Grafex board is installed in anApple II, the
external input is normally connected to the Apple 's
video output connector and the changeover relays
output connected to the system video monitor.
Alternatively two monitors could be used to
simultaneously display Grafex and Apple video. The
video changeover relay is software actuated and
defaults on reset to the external input, allowing the
Apple system to be operated normally after power up.
In this waYt unless the Grafex board is specifically
addressed, a user need never be aware of its existence.

The timing generator, comprised of the 16MHz
crystal and IC3, IC4, IC6, IC8, IC9, IC10, and IC20
provides the various clock and control signals used in
the system.All timing is derived synchronously from
the 16MHz clock. The timing generator has two modes
of operation depending on whether the 7220 is
executing a display cycle or a RMW, (read, modifYt
write), cycle. These two types of cycles are
differentiated by the DBIN pin of the 7220. The 7220, in
turn, uses as its master clock, a 2 MHz signal labelled
2Xwc1k. This clock, as its name implies, runsat twice
the display word rate and all internal timing of the 7220
is derived from this signal since 16 pixels comprise one
16 bit word of display memory the 2Xwc1k used in this
design is 2 x 16 x 65 ns = 500 ns or 2 MHz.

That's all the space for now. We'll continue this article
next month.
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How many of these questions 
can you answer ? 

Every circuit has a beg ,g and an ending. Where does this 
circuit begin o 

Specifically. what is the purpose of this circuit ? 

What turns it On / What turns it off, or does it ever really turn oft 9 

Does this circuit have a shut down feature ' If so. which com- 
ponents are Involved 
What would happen if 0103 were to become shorted E to C 

What purpose does Z115 serve 
What would happen if D114 became shorted 
What purpose does C126 serve / What will happen if C126 
becomes open '7 

Is the winding between terminals 3 and 4 of the flyback a primary 
or a secondary winding 
What purpose does C117 serve / Exactly what does it do. and 
exactly how does it do it 9 

Exactly what do resistors R113. 114. 115. 116. and 117 do 
What happens if they change value 
What occurs that causes this circuit to produce an initial start up 
pulse ? 

Why does this entire circuit become shorted and begin to destroy 
horiz output transistors if the regulator SCR becomes shorted 
There is exactly one safe and practical method of circumventing 
this LV regulator circuit for test purposes This technique does 
not involve a varlac Instead, you must disconnect one wire then 
connect a jumper wire from terminal 04 directly to 
Which wire do you disconnect and where do you connect the 
other end of your jumper wire 

5) If SCR100 is shorted, this circuit will still "eat" horiz output tran- 
sistors even if you are using a varlac Why o 

5) Why does this circuit use a floating ground 9 

We publish a monthly magazine called the Technician I Shop Owners 
Newsletter Each month we take a popular circuit and absolutely 
diasect it. 

Using color coded pictorial schematics such as the one above. we 
"map out every action in the overall sequence of events that must 
take place during each and every cycle 

Beginning with the very first "action" in the sequence (which just 
happens to be depicted in the above schematic) we explain exactly 
what is taking place We then explain the function of every component 
in that portion of the circuit. After explaining the function of each com- 
ponent. we show you how to troubleshoot that particular "action" or 
function 

After reading our newsletter on this circuit. you could answer all of the 
above questions as fast as anyone could ask them In fact. you will 
then know everything there is to know about this circuit. Including how 
to troubleshoot it i 

Regardless of whether you work on TV sets. stereos, radios or 
computers. just having the ability to -diasect" an electronic circuit 
(any circuit) is worth a fortune In reality. " diasecting" is exactly what 
our newsletter is designed to teach you 

Because of the manner in which our newsletter is written. the subject 
matter that is gained from each monthly issue is so extremely broad 
that it will "spill over into your everyday troubleshooting routine. and 
be applied to totally unrelated circuits 

This entire training program sells for only 119° per year (12 seperate 
issues) Virtually every one of our subscribers agree that no other 
publication Is as informative. By using the attatched order card you 
can purhase the first three of fifteen Issues for only $29' Just these 
three issues alone will vastly improve your knowlege of electronics. 

For immediate service call your order into us at (806) 359-0329 or 
(806) 359.1824. 

Diehl Publications, 6661 Canyon Drive Bldg E. Amarillo. Texas 79110 
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How many of these questions
can you answer?

We publish a month ly magazine called the Technic ian I Shop Owners
Newsletter. Each month we take a popular c ircuit and absolutely
diasect it.

Every circuit has a beginning and an ending. Where does this
circu it begin?

~) Spec ificall y, what is the purpose of this circui t ?
l) What turns it on? What turns it off , or does it ever really turn off ?
I) Does th is ci rcuit have a shut down feature? If so, which com-

ponents are involved?
i) What would happen if 0103 were to become shorted E to C?
3) What pu rpose does Zl 15 serve?
7) What would happen if Dl 14 became shorted?
3) What purpose does C126 serve? What will happen if C126

becomes open ?
3) Is the winding between terminals 3 and 4 of the flyback a primary

or a secondary winding?
)) What purpos e does Cl17 serve ? Exactly what does it do, and

exactly how does it do it ?
1) Exactly what do resistors R113, 114, 115, 116, and 117 do ?

What happens if they chang e value?
2) What occurs that causes this circuit to produce an initial start up

pulse ?
3) Why does this ent ire circuit become shorted and begin to destroy

hor iz output tra nsistors if the regulato r SCR becom es shorted?
~) There is exact ly one safe and practica l method of circumventi ng

th is LV regulator circuit for test purposes. This technique does
not invo lve a var iac . Instead , you must disconnect one wire then
co nnect a jumper wire from termina l #4 directly to
Which wire do you disconnect and where do you connect the
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5) If SCRl 00 is shorted, this ci rcuit will st ill " eat" horiz output tra n
sistors even if you are using a variac. Why ?

6) Why does this ci rcuit use a floating grou nd ?

Using color coded pic torial schemat ics such as the one above, we
" map out" every act ion in the overa ll sequence of events that must
take place during each and every cyc le.

Beginning with the very first " action" in the sequence (which just
happens to be depicted in the above schematic) we expiain exactly
what is taking place. We then explain the function of every component
in that portion of the circuit. After explaining the func tion of each com
ponent , we show you how to troubleshoot that particular " action" or
func tion.

Aft er reading our newsletter on this c ircuit, you could answer all of the
above questions as fast as anyone could ask them. In fact , you will
then know everything there is to know about this cir cuit. Including how
to trou bleshoot it ! I

Regardless of whet her you work on TV sets, stereos, radios or
computers , just having the abil ity to " diasect" an electronic circuit
(any circuit) is worth a fortu ne. In reality, " diasec ting" is exactly what
our newsletter is designed to teach you.

Because of the manner in which our newsletter is writte n, the subject
matter that is gained from each monthly issue is so extremely broad
that it will "spill over" into your everyday troubleshooting routine, and
be applied to totally unrelated ci rcuits.
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108 

ANTIQUE 
RADIOS 

Early radio history 
AFTER DISCUSSING OUR ANTIQUE RA- 

dio of the month, we'll explore 
some of the history of electricity, 
magnetism, radio, and related dis- 
ciplines. It's a long history lesson, 
so you'll have to wait until next 
month for its conclusion. 

Antique of the month 
You'll never guess the make of 

the antique radio shown in Fig. 1. 

Actually, it's a composite -it's 
made up of components that 
weren't assembled together origi- 
nally. Composite antiques like that 
are not unusual. During the lean 
1930's, the radio enthusiast often 
assembled his set from other peo- 
ple's cast -offs. It's possible that 
your antique is one of those com- 
posites -which doesn't make it 
any less valuable as an antique. 

In the 1920's and earlier, all radi- 
os were, in a sense, composites. 
Early radio enthusiasts had com- 
plete knowledge of both chassis 
and cabinet construction. If 
you've got one of those home- 
made composites, you've got a 

real "one -of -a- kind" that may be a 

valuable link in the evolution of 
radio. 

If you have a chassis and a cab- 
inet left over, feel free to make 
your own composite, as I did. Take 
the usual precautions pertaining 
to exposed high voltages, and 
provide some means of heat ven- 
tilation. Do a good job, and you'll 
have a fine conversation piece. 

My composite has a cabinet 
made by E. T. Earl. It pre -dates the 
1930's, and I got it without the orig- 
inal chassis; so I had to alter the 
cabinet to accommodate a Zenith 
chassis I happened to have on 
hand. The beautifully- worked es- 

HG. t 

cutcheon from that cabinet will go 
in my collection. The chassis that I 

used to fill the cabinet is about 
seven years newer than the cab- 
inet itself. I wanted to mount a 
Wave- magnet antenna (from an- 
other Zenith) inside the cabinet as 
well. Unfortunately, it doesn't fit, 
so I may have to mount it on the 
back (or on the top) of the cabinet. 
In general, you can be a little more 
creative than usual when "restor- 
ing" a composite. 

Early radio 
In the past, we limited our dis- 

cussions mostly to radios origi- 
nally manufactured in the era from 
the early 1930's to the mid 1940's. 
But radios from that era were con- 
sidered modern by some readers 
who have been involved with radio 
since the 1920's, or even earlier. 
They built their chassis from mail- 

RICHARD D. FITCH 
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order parts and instructions in ra- 
dio magazines like Modern Elec- 
trics (an early Gernsback publica- 
tion). Then they built or purchased 
a cabinet to house that chassis. We 
haven't talked much about radio 
before the 1920's, but that's when it 
really took off in a commercial 
sense. However, before we talk 
about the '20's, we'll go back even 
farther to gain some historical per- 
spective on the development of 
the radio arts through the ages. 

Ancient history 
In ancient Greece, around 600 

BC, the philosopher Thales 
noticed that rubbing a piece of am- 
ber caused it to attract small bits of 
material. That's the earliest record 
of static electricity. In Greek, the 
word for amber is elektron, and 
that's the root of many words we 
use every day. 

Magnetism, too, was known in 
ancient times; for example, the 
Greek playwright Euripides men- 
tioned, in 425 BC, that lodestone 
attracts iron. The word magnetism 
comes from the town in Asia 
Minor, Magnesia, where 
lodestones are found. 

Saint Augustine discussed mag- 
netism and electricity in the late 
fourth and early fifth centuries, 
AD, but little else happened 
throughout the dark and middle 
ages. In fact, it wasn't until the 
Renaissance when electrical and 
magnetic phenomena were again 
investigated in a scientific manner. 
William Gilbert, physician to 
Queen Elizabeth, built a device for 
detecting electricity that he called 
an electroscope. Gilbert was the 
first person to use the word 
electric in English. Later in the 17th 

ANTIQUE
RADIOS

Early radio history
RICHARD D. FITCH

CONTRIBUTING EDITOR

A FTER DIS CU SSI N G O U R ANTIQUE RA

di o of th e month , we' l l exp lo re
some of th e hi story of elect rici ty,
magneti sm, radio, and related di s
cipl ines. It 's a lon g history lesson ,
so yo u' ll have to wait un til next
mon th for its conclusio n.

Antique of the month
You 'll never guess the make of

th e anti que radio shown in Fig. 1.
Ac t ua l ly, i t 's a co m posite- i t 's
m ad e up of co m po ne nts t hat
weren 't assembled togethe r o rig i
nally. Co mpos ite antiques lik e that
are not unusual. During th e lean
1930's, th e radio enthusiast of ten
assembled hi s set from ot he r peo 
pl e's cast -offs. It 's possibl e that
yo ur ant ique is one of th ose com
posit es-which doesn't make it
any less valuabl e as an ant ique.

In th e 1920's and earlie r, all radi
os were, in a sense, co mpos ites.
Early radio enthusiasts had com
pl ete kn owl ed ge of both chassis
and cab i net co nst r uc t io n. I f
yo u've got o ne of th ose hom e
made co mpos ites, yo u've got a
real "one-of -a-kind" that may be a
valuable lin k in the evo lut io n of
rad io.

If yo u have a chassis and a cab
in et left ove r, fee l free to make
yo ur own compos ite , as I did . Take
th e usual precaut io ns per taining
to ex posed hi gh vo ltages , and
provide some means of neat ven
til ati on . Do a good job , and you' ll

~ have a f ine co nve rsation pi ece .
z My co mposite has a cabinet
~ made by E. 1. Earl. It pre -dates the
t3 1930's, and I got it w ithout the or ig-
~ in al chassis; so I had to alte r th e
6 cabinet to accommo date a Zenit h
is chassis I happen ed to have o n-c
a: hand . The beautif u lIy-work ed es-

108

cutcheo n from th at cabinet will go
in my co llect io n. The chassis that I
used to f i ll th e cabinet is abo ut
seven years newer th an th e cab
in et it sel f. I wa nted to mount a
Wave-magnet ante nna (f ro m an
ot he r Zenith ) inside th e cabi net as
well. Unfortunately, it do esn't fit ,
so I may have to mount it on the
back (or on th e to p) of th e cabinet.
In gene ral, yo u can be a li ttl e more
creat ive th an usual w hen " resto r
ing" a compos ite .

Early radio
In th e past, we limited our di s

cu ssio ns most ly to rad io s orig i
nally manu factured in th e era f rom
the early 1930's to the mid 1940's.
But radios fro m that era were co n
side red mod ern by some readers
w ho have been involved wi th radio
since th e 1920's, or even earl ie r.
They built the i r chassis f rom mail-

or der parts and instru cti on s in ra
di o magazin es like M odern Elec
tries (an early Gernsback publica
ti on). Then th ey bu ilt or pu rchased
a cab inet to hou se that chassis. We
haven 't talked mu ch abo ut radio
before th e1920's, but th at's w hen it
reall y too k off in a co mme rc ial
sense . However, before we talk
abo ut the '20's, we' ll go back even
farther to gain some histori cal per
spec t ive o n th e developm en t of
the radio arts through th e ages.

Ancient history
In ancient Greece, around 600

BC , th e phil o soph er Thal e s
noti ced that rubbin g a piece of am
ber caused it to att ract small b its of
material. That's the earl iest record
of stat ic elect ric ity. In Greek, th e
word fo r ambe r is elektron, and
th at's th e root of many words we
use every day.

Magnet ism, too , was known in
anc ie nt tim es; fo r examp le , t he
Greek playwright Euripides men
t ion ed , in 425 BC, th at lodeston e
attracts iron. The wo rd magneti sm
co mes from th e tow n in As ia
M ino r , Ma gn e sia , wh er e
lod estones are fo und.

Saint August ine di scussed mag
neti sm and electrici ty in the late
fo u rt h and early f if t h ce nt ur ies,
A D , b ut littl e e lse happ en ed
througho ut th e dark and middle
ages. In fact , it wasn't until th e
Renai ssance w he n elect rica l and
magnet ic pheno mena were again
investigated in a scientific mann er.
W i l l ia m Gi lbert, ph ysici an to
Q uee n El izabeth , bui lt a dev ice fo r
detecting electricity that he called
an elec trosco pe . Gilbe rt was th e
fi rst person t o u se t he wo rd
elec tric in English. Later in the 17th
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century, Sir Isaac Newton did 
some work with electricity, but 
things really took off in the 18th 
century. 

Many phenomena were dis- 
covered then, including the dif- 
ference between insulators and 
conductors, and the difference 
between "positive" and "negative" 
electricity. Ben Franklin per- 
formed his famous kite experi- 
ment, which proved that elec- 
tricity and lightning are different 
manifestations of the same phe- 
nomenon; the leyden jar was dis- 
covered in 1745/6. 

The leyden jar 
Several investigators simulta- 

neously discovered a device that 
we now consider to be the first 
capacitor (or as readers of this col- 
umn used to say, condenser). The 
leyden jar is named after the Dutch 
town of Leyden (also spelled 
Leiden); leyden jars were used by 
all early investigators to experi- 
ment with static electricity. 

The leyden jar is lined, inside 
and out, with thin, conductive 
foil; those linings are the "plates" 
of the capacitor, and they con- 
dense, or store, a large quantity of 
electricity. The leyden jar must be 
used on a non -conductive table 
top, and the glass jar must be kept 
dry. The jar is charged by touching 
a charged plate to the brass ball on 
top. The jar is discharged by using 
a wand to short the ball and the 
foil -lined outer surface of the jar. 
The wand has two brass balls con- 
nected by stiff wires; the wires ex- 
tend from an insulated handle 
held by the experimenter. 

Adams, in the late 1700's, and 
Matteucci, in the 1820's, worked 
with leyden jars. Their work cen- 
tered around inducing reactions at 
a distance of several feet. Riess 
and Henry also experimented with 
the Leyden jar, as did Paazlow and 
Lodge, who worked with huge, 
oversized Leyden jars. Sir Oliver 
Lodge, with his syntonic (literally, 
in harmony with, or "tuned with ") 
leyden jars, probably made the 
most important contributions to 
the field of radio. Variations on the 
leyden jar were used in many early 
electrical appliances. 

Other discoveries of the late 
1700's included Coulomb's for - 
malas that quantify the attractive 

forces of electricity, and magne- 
tism. Galvani discovered a biolog- 
ical phenomenon that was the 
forerunner of the electrical stor- 
age cell, or battery; later that de- 
vice was refined by Volta. 

The 1800's 
The nineteenth century was the 

real Golden Age of electrical dis- 
covery and invention. Among the 
more important discoveries were 
those of Oersted, who showed 
that an electrical current could de- 
flect a magnet, and Faraday, who 
did experiments that eventually 
led to the electric motor. 

The German Georg Simon Ohm 
discovered the mathematical rela- 
tionship we now call Ohm's law in 
1825. Later, Henry and Faraday in- 
dependently discovered mutual 
induction, and shortly thereafter 
Henry discovered self- induction. 
Gauss built a rudimentary tele- 
graph, and, in the U. S., Morse 
made a practical instrument of it. 
Possibly the most important the- 
oretical breakthrough was that of 
James Clerk Maxwell, who found a 
way of mathematically relating 
light, electricity and magnetism. 

Many useful devices were in- 
vented in the 19th century, includ- 
ing Alexander Graham Bell's 
telephone (1876), and Edison's in- 
candescent bulb (1879). Edison 
also came up with the idea of plac- 
ing a second element in the light 
bulb, and that, without a doubt, 
opened the door for many experi- 
menters. However, the Edison 
Effect, as it was called, lay dormant 
for over ten years. 

In 1888 Rudolf Hertz provided an 
experimental verification of Max- 
well's theories, and that is what led 
to practical radio transmission as 
we know it. A year earlier, Hertz 
had demonstrated that both send- 
er and receiver had to be tuned to 
the same frequency for long -dis- 
tance communication to occur. 
And Marconi made one of the first 
long- distance (nine miles!) radio 
transmissions in 1897. 

In the late 1800's the need for 
standardizing electrical units was 
recognized. The International 
Electrical Congress, meeting in 
Paris, convened a commission to 
study the matter in 1881. 

We'll continue our look back at 
radio in our next column. R -E 
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ce ntury, Sir Isaac Newton d id
so me wo rk w ith electric ity, but
t h ings really took off in the 18th
century.

Ma ny p he nome na were dis 
covered th en , including t he di f
fe rence between i nsu lators and
co nd ucto rs, and t he differ en ce
between " posi t ive" and " negat ive"
e lec t ri c ity. Ben Fr an kl i n p er
forme d his fa mous kite ex pe ri
m en t , w hic h pro ved t hat elec
t rici ty and ligh tning are different
mani festati on s of th e same phe
nom enon ; th e leyd en jar was dis
cove red in 1745/6.

The leyden jar
Seve r al investi gators sim ulta

neou sly di scovered a device th at
we now conside r to be th e firs t
capaci to r (or as reader s of t his co l
umn used to say, co ndenser). The
leyd en jar is named afte r the Du tch
town of Leyd en (a lso spe lled
Leiden ); leyden jars we re used by
al l early in vesti gators to expe ri
ment with stat ic elec trici ty.

The leyd en jar is lin ed , in side
and o ut , wi th thin , condu cti ve
fo i l; th o se lin in gs are th e " p lates"
of the capacitor, and th ey co n
d ense, or store, a large qu ant ity of
e lectrici ty. The leyd en jar mu st be
used on a non-conducti ve tab le
top, and th e glass jar mu st be kept
dry. The jar is charge d by touchi ng
a charged plate to th e brass ball on
top. The jar is di scharged by using
a wand to sho rt t he ball and the
fo i l- l ined outer surface of the jar.
Th e wand has two brass ball s con 
nected by stiff w ires; the w ires ex
t end f ro m an in sul ated han dl e
he ld by th e experi me nter.

Ada ms, in t he late 1700's, and
Matteucci, in t he 1820's, worked
with leyd en jars . Thei r work cen
te red aro und induci ng reacti on s at
a di stan ce of seve ra l feet. Riess
and Henry also experimented w it h
t he Leyd en jar, as did Paazlow and
Lod ge, wh o worked with hu ge,
ove rsized Leyd en jars. Sir O liver
Lod ge, w ith his syntonic (lite ral ly,
in harmon y wi th , o r " tuned with")
leyde n jars, p ro babl y made the
most important contribut ions to
t he fie ld of radio . Var iat ion s on the
leyd en jar were used in many early
e lect rical appliances .

Othe r di scoveri es of t he late
1700's i nc l ude d Co u lomb 's fo r
malas that qu anti fy th e att ract ive

forces of electricity, and magne
t ism. Galvani discovered a bio lo g
ica l p henomenon that was t he
forerunner of the electrical stor
age ce ll, or battery; later that de
vice was ref in ed by Volta.

The1800's
The nin eteenth century was t he

real Go lden Age of electrical di s
cove ry and inventio n. Among the
more important di scoveries we re
those of Oersted, w ho showed
that an electrical cu rrent co uld de
flect a magnet , and Faraday, w ho
did expe riments t hat eve ntua l ly
led to the elect ric motor.

The German Georg Simo n O hm
di scovered the math emati cal rela
t io nship we now call O hm's law in
1825. Later, Henry and Faraday in
depend en tl y di scovered m utua l
ind uctio n, and shortly thereafter
Henry discove red self-i nduction . '
Gauss b uilt a rudimen tary te le
grap h, and, in the U. S., Morse
made a practical in st rum ent of it.
Possibly the most important the
oretical breakthrough was that of
James Cle rk M axwell , w ho fo und a
way of math em ati call y rel ati ng
light , electricity and rnagneti srn.

Many usef u l devi ces were in
vented in the 19th cent ury, incl ud
i ng A lexa n der Gra ha m Bel l 's
telepho ne (1876), and Edison's in
candesce nt bu lb (1879). Edison
also came up w ith t he idea of plac
ing a seco nd element in t he lig ht
bu lb, and that , witho ut a doubt ,
ope ned th e door fo r many experi
men te rs. How ev er, the Edison
Effect, as it was calle d, lay do rmant
for over te n years .

In 1888Rudolf He rtz provided an
experimenta l verificatio n of Max
well 'stheories. and that is w hat led
to practical radio tra nsmission as
we know it . A year ear lier, Hertz
had de monstrated that both send
er and receiver had to be tu ned to
the same fre que ncy for lon g-dis
tance' co m mu nicat io n to occur.
And Marconi made one of the f irst
long-di stance (ni ne miles!) radio
transmissions in 1897.

In the late 1800's the need for
standard izing elect rical units was
recognized . The I nt e rn at io nal
Electr ica l Cong ress , meeting in
Paris, convened a com mission to
study the matter in 1881 .

We' ll co ntinue our look back at
radi o in our next co lum n. R-E
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SERVICE 

CLINIC 
I see IC's everywhere! 
THE FRENCH USED TO CALL A TRAN- 
sistor La bête noire avec trois pat- 
tes, or, the black beast with three 
legs. I guess they would call an IC 
"La bête noire avec quatorze pat - 
tes," or, the black beast with four- 
teen legs. IC's are still somewhat 
mysterious to many of us, but they 
needn't be. If you think of them in 
terms of functional blocks, much 
of that mystery evaporates with the 
morning dew. 

For example, the ECG742 shown 
in Fig. 1 is a complete TV sound 
system with a detector and a two - 
watt audio output. Every TV set 
must have some sort of detector, 
as well as an audio power stage. 
The IC just combines them in one 
package, and you should trou- 
bleshoot the IC just as you would 
troubleshoot a circuit made up of 
discrete components. Using a 
scope, check the inputs and then 
the outputs. The signal at the 
sound detector's input should ap- 
pear as on any TV set, and so 
should the output. And the audio 
stage is even easier to trou- 
bleshoot. If you find a good -sized 
gain, the chances are that that 
stage of the IC is still in good work- 
ing order. 

But if you're not convinced, 
check the voltage at each pin; a 
schematic of the TV you're work- 
ing on is essential for doing that. If 
one or more of those voltages are 
off, chances are that the IC is bad. 
Otherwise you'll have to check 
elsewhere. A discrete component 
connected to the "trouble" pin 
may have gone bad, for example. 

We find very few "weak" IC's 
(unlike tubes). They're almost al- 
ways either good or bad, not 
somewhere in between. The sup- 
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ply voltage is fed to pin 11 of 
many -but by no means all -non- 
digital IC's. Always check the sche- 
matic to be sure. 

Sometimes you can let your fin- 
gers do the checking. Apply a fin- 
gertip to the case of an IC you 
suspect is bad. Most IC's run as 
cool as a clam. I don't have exact 
figures on clams' case tem- 
peratures, but experience has 
shown them to be pretty cool. So, 
if you find a hot one (an IC, not a 
clam), the chances are that it has an 

FIG. 1 
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internal short. Of course, power 
IC's (as in our example in Fig. 1) 

may dissipate enough power to 
run fairly warm, or even hot. 

So, the best way to check a sus- 
pect IC is with an oscilloscope. By 
comparing the input and output 
signals you can tell instantly 
whether the IC has any gain or not. 
And most analog IC's have at least 
some gain. Even sync- separator 
IC's have some perceptible dif- 
ference between the input and 
output signals. It often helps to 
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THE FRENCH U SED TO CA LL A TRAN

sistor "La bete no ire avec tro is pat
tes," or, the black beast with three
legs. I guess they would call an IC
" La bete noire avec quatorze pat
tes," or, the black beast with fo ur
teen legs. lC's are still somew hat
mysterious to many of us, but they
needn't be. If you think of them in
ter ms of functional blocks, much
of t hat mystery evaporates w ith the
morning dew.

For example, the ECG742 shown
in Fig. 1 is a complete TV sou nd
system with a detector and a two
watt audio output. Every TV set
must have some sort of detector,
as well as an audio power stage.
The IC ju st combines them in one
package, and you should tro u
bleshoot the IC just as yo u wo uld
troubleshoot a ci rcuit made up of
discrete components . Using a
scope, check the inputs and then
t he outputs . Th e signal at t he
sound detector's input should ap
pear as on any TV set, and so
shou ld the output. And the audio
stage is even easier to trou 
bleshoot. If you find a good-sized
gain, the chances are that t hat
stage of the IC is still in good work
ing order.

But if you 're not convinced ,
check the vo ltage at each pin; a
schematic of the TV you're work
ing on is essential for doing that. If
one or more of those vo ltages are
off, chances are that the IC is bad .
Otherwise you' ll have to check
elsew here. A discrete component
connected to the "trouble" pin
may have gone bad, for example.

We f ind very few "weak" lC's
(unlike tubes). They're almost al
ways e ither good or bad, not
somewhere in between . The sup-

ply vo ltage is fed to p in 11 of
many-but by no means all- no n
digita l lC's . Always check the sche
mati c to be sure .

Someti mes yo u can let you r fi n
gers do the checking. App ly a fin
gertip to the case of an IC you
suspect is bad. Most lC's run as
cool as a clam. I don't have exact
figures on c lams' case tem 
perat u res, but ex perie nce -has
shown them to be pr ett y cool. So,
if you fi nd a hot one (an IC, not a
clam), the chances are th at it hasan

in ternal sho rt. Of course, power
lC's (as in our example in Fig. 1)
may di ssip ate eno ug h power to
run fair ly warm, or even hot.

So, the best way to check a sus
pect IC is with an osci lloscope. By
comparing the input and o utput
signal s you can tell instantly
whether the IC has any gain or not.
And most analog lC's have at least
some gain. Even sync-separato r
lC's have so me perceptib le dif
fe rence between t he inp ut and
output signals. It often helps to
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use a known input signal (from a 

sweep generator, for example) for 
signal tracing. That makes it easier 
to tell whether an IC is doing the 
right sort of processing. 

IC removal 
Finding a bad IC is often the 

easiest part of a repair job! Remov- 
ing an IC can be a real pain unless 
you use the right tools. Probably 
the best all -round tool for IC re- 
moval is the "solder- sucker" type 
of soldering iron. That tool has a 

hollow tip and a teflon -lined 
squeeze -bulb. You must fit the 
hollow tip around the leg of the IC 
(or any other component, for that 
matter) and sqeeze the bulb. 
When the solder melts, simply re- 
lease the bulb. If everything goes 
right, all solder from the joint will 
be sucked up inside the bulb. If 
you follow that procedure for each 
IC pin and do a careful job, the IC 
should just drop out. 

But don't get frustrated if it 
doesn't! If you yank the IC out, 
you're liable to destroy the little 
hollow cylinder of plating that con- 
nects the top and bottom sides of a 

double -sided PC board. Or you 
might rip up some of the copper 
traces. So be very gentle, and as- 
sume that at least one pin, and 
probably a lot more, will require 
extra attention before the device 
can be safely removed. 

Another IC remover that comes 
in handy once in a while works like 
this: A spring -loaded clamp is at- 
tached to the IC from the top side 
of the board. A soldering iron with 
a special tip having dual parallel 
bars is then pressed to the bottom 
of the board. The bars melt all the 
joints of all the pins at once, and 
then the spring pulls the IC out. 

In the absence of fancy tools like 
those, clip all the legs of the IC as 
near the plastic package as possi- 
ble. Remove the "body" of the IC, 
and then use needle -nose pliers to 
pull the pins one by one from the 
top of the board, while heating the 
pad from below with a soldering 
iron. It's tedious removing an IC 
that way, but it works. Clamping 
the PC board in a vertical position 
will allow easier access to both 
sides of the board. 

So, don't be confused by IC's. 
Just think of them in terms of the 
functions they perform, and go on 

about your troubleshooting in the 
usual way. Check the input and 
output of each stage; and if either 
is off, check signals at the other 
pins. If anything differs drastically 
from what is shown on the sche- 
matic, see if any external compo- 
nents (RC networks, for example) 
could be causing that difference. If 
not, the IC is probably bad, so re- 
place it carefully. R -E 

SERVICE 
QUESTIONS 

B + TOO LOW 
While working on a Teknika, 

model 3249, I found the B + adjust 
not working and the B + voltage too 
high. I later found that the regulator 
transistor was shorted, so I replaced 
it. With a new one in, B + is now too 
low, and I still get no reaction from 
the B + adjustment. Please help! - 
L.W. Baltimore, MD 

You have a two -stage regulator 
in that set, so it couldn't be sim- 
pler. The B+ adjust sets up the 
operating voltages of the error am- 
plifier by base voltage. 
The emitter, being directly cou- 
pled to the base of the regulator, 
causes shifts in the output voltage. 
Under the circumstances, I would 
certainly want to look at the error 
amp. Needless to say, there are a 
number of other components that 
must come under close scrutiny as 
well: both Zener and standard di- 
odes, and so on. 

WHAT KIND OF SCOPE FOR TV? 
I want to buy an oscilloscope for 

TV servicing. What's the best 
kind? -M. R., Lutherville, MD. 

I've always said that it's easy to 
pick out a wife, a suit of clothes, 
etc., but you've got to be careful in 
choosing test equipment. Se- 
riously, there are a lot of good 
scopes available. Heathkit, B & K, 
Hickok, Tektronix, and many 
others all make scopes, and you 
can't go too far wrong with any of 
them. I've got six of various makes, 
and they're all good. My sugges- 
tion would be to try the Old Pro- 
fessor's Famous Test for Whisky: 
Pour some in a glass and drink it! 
In other words, arrange for a dem- 
onstration in your shop and try dif- 
ferent several models. R -E 

NEW IDEAS 

continued from page 46 

fed to output- buffer gates IC4 -b 
and IC4-c, which are wired in par- 
allel to provide additional drive ca- 
pability. The width of the output 
pulse is about 150 microseconds, 
which should be sufficient for 
most TTL and CMOS circuits. If 
you need a longer (or shorter) out- 
put pulse, connect a precision 
monostable between the IC4 -b 
IC4-c output pins and your exter- 
nal circuit. 

There are two other means by 
which IC2 may be reset. When 
power is initially applied to the cir- 
cuit, pin 13 of IC4 -a is held low for 
about 20 milliseconds, as deter- 
mined by the R2C3 time constant. 
During that time pin 11 of IC4 -a is 
high, and that resets IC2. A RESET 

pulse is also generated each time 
momentary switch S1 is pressed. 
Whether it comes from Sts being 
depressed or from a power -up se- 
quence, the RESET pulse is also 
buffered by gate IC4 -d; that signal 
may be used to synchronize exter- 
nal circuitry. 

The circuit may be built in any 
convenient manner; just be sure 
to keep lead lengths short. Mount 
the crystal near IC1, and use sock- 
ets for all IC's. If you need a highly - 
accurate pulse- source, substitute 
a 50-pF trimmer capacitor for C2 
and adjust it while observing a fre- 
quency counter connected to pin 
7 of IC1. You should be able to 
drive several TTL loads with the 
circuit as shown, but if more drive 
capability is necessary, connect a 
4049 inverter in series with the out- 
put. 

The MM5369 is available with 
several different division ratios 
that provide 50 -Hz (MM5369EYR) 
60 -Hz (MM5369AA) and 100 -Hz 
(MM5369EST) outputs. Make sure 
you get the correct part! 

If you need an oddball reference 
frequency (2 Hz, 3 Hz, 5 Hz, etc.) 
you can alter the RESET /OUTPUT 
pulse rate by NANoing various 
combinations of IC2's outputs. For 
example, if you needed a 2 -Hz (1- 
second) output, you'd need to 
count 30 pulses before resetting 
IC2. To do that you'd need to NAND 
IC2's Q2, Q3, Q4 and Qs outputs. 

-Chester C. Roher 
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use a known input signal (from a
sw eep generato r, for examp le) for
signal tracing. That makes it easier
to tell w hether an IC is doing th e
ri ght sort of processing .

l'C removal
Finding a bad IC is often th e

easiest part of a repair job! Remov
ing an IC can be a real pain unless
you use the right tools . Probably
the best all-round too l for IC re
moval is the "so lder-sucker" type
of so ldering iro n. That tool has a
hollow tip and a teflon-lined
sq ueeze-bulb . You mu st f it the
hollow t ip around the leg of the IC
(or any ot her component, for that
matter) and sqe eze t he b u lb .
When th e solder melts, simply re
lease the bu lb. If everything goes
right , all solder from the joint w ill
be sucked up inside th e bulb . If
yo u fo llow that procedure for each
IC pin and do a careful job, the IC
should just drop out.

But don't get frustrated if it
doesn't! If you yank the IC out,
you 're liable to destroy the little
hollow cylinder of plating that con 
nects the top and bottom sides of a
doub le-sided PC board . Or you
m ight rip up some of the copper
traces. So be very gentle, and as
sume that at least one pin , and
probably a lot more, w il l require
extra attention before the device
can be safely removed .

Another IC remover that comes
in handy once in awhile works like
th is: A spring- loaded clamp is at
tached to the IC from the top side
of the board. A so ldering iron with
a special tip having dual paral lel
bars is then pressed to the bottom
of the board . The bars me lt all the
joints of all the pins at once, and
then the spring pulls the IC out .

In th e absence of fancy tools like
those, cl ip all the legs of the IC as
near the plastic package as possi
ble . Remove the " body" of the IC,
and then use needle-nose pliers to
pull the pins on e by on e from the
top of the board, while heating the
pad from below with a solde ring
iron . It 's ted ious removing an IC
that way, but it works . Clamping
the PC board in a vertical position
will allow easier acce ss to both
sides of the board .

So, don 't be confused by lC's.
Just th ink of them in terms of the
funct ion s they perform, and go on

about your troub leshooting in the
usual way. Check the input and
output of each stage; and if either
is off, check signals at the other
pins . If anything differs drastically
f rom what is shown on the sche
matic, see if any external compo
nents (RC networks, for examp le)
could be causing that difference. If
not, the IC is probably bad, so re
place it carefu lly. R-E

SERVICE
QUESTIONS

B+ TOO l OW
Wh ile working on a Teknika,

model 3249, I found the B+ adjust
not working and the B+ voltage too
high. I later found that the regulator
transistor was shorted, so I replaced
it. With a new one in, B+ is now too
low, and I still get no reaction from
the B+ adjustment. Please help!-
L. \¥. Baltimore, MD

You have a two-stage regulator
in that set, so it cou ldn 't be sim
pler. The B+ adjust sets up the
operating voltages of the error am
plifier by altering its base voltage.
The em itte r, being d irectly cou 
pled to the base of the regul ato r,
causes shifts in the output vo ltage.
Under the ci rcumstances, I wou ld
certain ly want to look at the error
amp. Needless to say, there are a
number of other components that
must come unde r close scrut iny as
well: both Zener and standard di
odes, and so on.

WHAT KIND OF SCOPE FOR TV?
I want to buy an oscilloscope for

TV servicing. What 's the best
kind?-M. R., Lutherville, MD.

I've always said that it's easy to
pick out a wife, a suit of clothes,
etc., but you've gotto be carefu l in
choosing t est equipment. Se
riou sly, there are a lot of good
scopes available. Heathkit, B & K,
Hickok, Tektronix, and many
others all make scopes, and you
can't go too far wrong with any of
them. I've got six of var ious makes,
and they're all good . My sugges
tion would be to try the Old Pro
fessor's Famous Test for Whisky:
Pour some in a glass and drink it!
In other words , arrange for a dem
onstration in your shop and try dif
fere nt several models. R-E

NEW IDEAS

contin ued from page 46

fed to output-buffer gates IC4-b
and IC4-c, which are wired in par
allel to provide add itional drive ca
pab ility. The width of the output
pulse is about 150 microseconds,
which sho uld be sufficient for
most TTL and CM OS circuits. If
you need a longe r (or sho rter) out
put pulse, connect a precision
monostable between the IC4-b
IC4-c output pins and your exter
nal ci rcu it .

There are two other means by
which IC2 may be reset. When
power is initia lly app lied to the cir
cuit , pin 13 of IC4-a is held low for
about 20 mill isecond s, as deter
mined by the R2- C3 time constant.
During that time pin 11 of IC4-a is
high, and that resets IC2. A RES ET

pulse is also generated each time
momentary switch 51 is pressed .
W hether it comes from 51's being
depressed or from a power-up se
quence , the RESET pu lse is also
buffered by gate IC4-d; that signal
may be used to synchronize exter
nal ci rcu itry.

The ci rcuit may be built in any
convenient manner; just be sure
to keep lead lengths short. Mount
the crystal near IC1, and use sock
ets for all lC's. If you need a highly
accurate pu lse-source, substitute
a 50-pF trimmer capacitor for C2
and adjust it whi le observing a fre
quency cou nter connected to pin
7 of IC1. You should be able to
drive several TTL loads with the
circuit as shown, but if more drive
capability is necessary, connect a
4049inverter in series with the out
put.

The MM5369 is available with
severa l different division ratios
that provide 50-Hz (MM5369EYR)
60-Hz (M M 5369AA) and 100-Hz
(M M5369EST) outputs. Make sure
you get the correct part!

If you need an oddball reference
frequency (2 Hz , 3 Hz, 5 Hz, etc.)
you can alter the RESET/OUT PU T

pu lse rate by NANDing variou s
combinations of IC2's outputs. For
example, if you needed a 2-Hz (Yz
second) output , yo u' d need to
count 30 pulses before resetting
IC2. To do that you 'd need to NAND
IC2's 02 , 0 3, 0 4 and 0 5 outputs. to

- Chester C. Roher ~
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DRAwl NG 

BOARD 
Z80 demo program 

NOW THAT WE'VE BUILT OUR Z80 SYS- 

tern, the time has come, as they 
say in Transylvania, to bring it to 
life. When the circuit is powered 
up, the un- enlightened among 
your friends might get the impres- 
sion that it's not doing anything. 
However, we in the know are per- 
fectly well aware that it is doing 
something -it's waiting for us to 
tell it what to do. When it comes to 
microprocessors, there's one 
thing you should always re- 
member: obedience and stupidity 
are twin virtues. 

If you've done your homework 
and read up on the Z80's instruc- 
tion set, and programming tech- 
niques in general, you may have 
come to the realization that our 
circuit is pretty limited. We've got 
a fair amount of program storage 
space in the EPROM, but RAM 
storage is limited to the Z80's inter- 
nal registers, and our one -way I/O 
leaves a lot to be desired. So can 
we do anything with our circuit 
that is at all useful? 

Let's take things one step at a 

time. First we'll write a short demo 
program to make sure the circuit is 
working. Then we'll talk about 
how we can expand the circuit to 
make it easier to accomplish 
something really useful. But be- 
fore we start, I should mention 
that we're not going to go into the 
software in any great depth; we 
simply don't have the space. If 
you're familiar with any kind of 
programming at all -even in the 
BASIC language -you shouldn't 
have any trouble following our dis- 
cussion. Otherwise you will have 
trouble; so get out those data 
books and start reading! 

Now for the demo program. 
Here, and throughout the rest of 
this column, all numbers will be in 
hex, unless otherwise specified. 
Now, since we've got a four -bit 
port, let's write a program that 
causes the Z80 to output values 
from 0 to F to that port. 

Software design 
Writing software is similar to de- 

signing hardware. The first thing 

TABLE 1- EXAMPLE PROGRAM 

Une Address Op Code Source Code Comments 

1 0000 AF XOR A Zero the Accumulator 
2 0001 26 OF LD H2OF Set the display number 
3 0003 2E A0 LD L,AO Set the loop counter 
4 0005 7C LD A,H Load the Accumulator 
5 0006 D3 FF OUT (FF).A Send it to the latch 
6 0008 C3 11 00 JP 0011 Go to delay subroutine 
7 0006 25 DEC H Decrement port count 
8 000C 2D DEC L Decrement loop counter 
9 0000 C2 05 00 JP NZ 0005 Do again If not zero 
10 0010 76 HALT End of the program 
11 0011 11 83 88 LD DE,81383 Preset the delay loop 
12 0014 1B DEC DE Decrement the counter 
13 0015 C2 14 00 JPNZ0014 Jump back if not zero 
14 0018 C3 08 00 JP 0008 Return if finished 

i 
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to do is to get a clear idea of what 
you want to accomplish. With 
hardware you draw a block di- 
agram; with software you draw a 

flowchart, like the one shown in 
Fig. 1. The flowchart lets you see 
the way the program is going to 
operate without getting lost in a 

maze of low -level details. The flow 
of a small program like ours is 
more or less intuitive, but drawing 
flowcharts is a good habit to get 
into. Remember Grossblatt's 
Fourth Law: You have to know the 
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say in Transylvania , to bring it to
li fe. Wh en th e ci rcu it is powered
up , th e un -enli ghten ed amo ng
your f rie nds mi ght get the impres
sio n that it 's not do ing anything.
However, we in th e know are per
fectl y well aware th at it is do in g
something- it's waiting fo r us to
tell it whatto do . When it comes to
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thin g yo u sho u l d always re
member: obedience and stupidity
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and read up on the l 80's in struc
ti on set, and programming tech
niques in general, yo u may have
come to the realization that our
cir cui t is pretty limited . We've got
a fair amount of program sto rage
space in the EPROM, but RAM
stora ge is limited to the l80's inter
nal registers, and our one-way I/O
leaves a lot to be desired. So can
we do anything with o u r ci rcuit
th at is at all usefu l?
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time. First we'll write a short demo
program to make sure th e ci rcuit is
work ing. Th en we' l l ta lk abo ut
how we can expand th e circu it to
m ake it eas ie r to acco mp l is h
something really usefu l. But be
fore we start, I sho uld m en ti on
th at we're not going to go into the
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simply don 't have th e space . If
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programming at all-even in the
BASIC lang uage-you shouldn' t
have any trouble fo llowing our dis 
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TABLE 1-EXAMPLE PROGRAM

Line Address Op Code Source Code Comm ents

1 0000 AF X0RA Zero the Accumulator
2 000 1 26 0F LD H,0F Set the display number
3 0003 2EA0 LD L,A0 Set the loop counter
4 0005 7C LDA,H Load the Accumulator
5 000 6 D3 FF OUT (FF),A Send it to the latch
6 0008 C3 11 00 JP 0011 Go to delay subroutine
7 0008 25 DEC H Decrement port count
8 000C 2D DEC L Decrement loop counter
9 000D C2 05 00 JP NZ 0005 Do again if not zero
10 0010 76 HALT End of the program
11 00 11 11 8388 LD DE,8883 Preset the delay loop
12 0014 18 DEC DE Decrement the counter
13 00 15 C2 14 00 JP NZ 0014 Jump back if not zero
14 0018 C3 08 00 JP 0008 Return if finished

FIG.1

to do is to get a clea r id ea of w hat
yo u wa nt to acco mp lis h. Wit h
hard ware yo u d raw a block di
agram; with software you draw a
flowc hart, like the one shown in
Fig. 1. The flowchart lets yo u see
th e way the program is go ing to
ope rate witho ut getting lost in a
maze of low-level detai ls. The flow
of a small program li ke o u rs is
more or less in tui t ive, bu t draw ing
flowcharts is a good habit to get
into. Rem ember Gro ssbl att 's
Fourth Law : You have to kno w the

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com


rules to break the rules. In other 
words, don't look for shortcuts 
until you know where you're 
going. 

Our flowchart is easy to under- 
stand. First we initialize things by 
loading appropriate values in the 
registers (which we'll think of as 
RAM). Then we send the number 
to be displayed to our latch. We 
wait for half a second, decrease 
the display number by one, and 
then do it all over again. That's re- 
peated over and over until the dis- 
played number is zero. 

The actual program listing is 
shown in Table 1; the Z80 instruc- 
tions should be self -explanatory 
now that we understand the 
flowchart. The final version of the 
program added one thing not 
shown in the flowchart: a loop to 
repeat that whole process ten 
times and then quit. We use the H 
register to store the number we 
want to display, the L register to 
keep track of the number of times 
we've gone through the loop, and 
the DE register pair to keep track 
of the elapsed delay time. 

The first instruction, XOR A, is a 
neat way to clear the accumulator 
using only one byte of program 
memory. What happens is that 
every bit in the register is xoR -ed 
with itself. We could get the same 
result by directly loading the ac- 
cumulator with zero, but doing it 
that way takes two bytes. 

The more bytes used, the longer 
the program gets, the more time it 
take to run, and the more memory 
it uses. That's not important in our 
demo program, but another good 
habit to develop is that of saving 
memory, increasing speed, or 
both, as in the present case, by 
using "tricks" like that. Also, AND - 
ing, oR -ing, and xoR -ing a register 
with itself is useful for manipulat- 
ing the Z80's flag bits with a single 
instruction. Any good book on 
programming the Z80 should be 
loaded with tricks like those. If 
they're not there, it's not a good 
book. 

So, after initializing the regis- 
ters, line 5 of the program sends 
the number to be displayed to the 
latch. If you're wondering why I'm 
using an our (FF), A instruction, 
you should re -read last month's 
column. The FF is the address of 
the port I want the number sent to. 

We could actually use any number 
because our circuit doesn't de- 
code I/O ports, so any OUT ins- 
truction will wind up sending data 
to the latch. In a more complex 
system we'd have address- decod- 
ing circuitry that would select the 
proper port. In our circuit, the ad- 
dress lines are used only to load 
program instructions and data 
from the EPROM. 

Our program now jumps to the 
delay loop that begins at line 11. 

We use the delay to slow down the 
program so you can see the count- 
down on LED's. Just connect them 
to the outputs of the latch with 
330 -ohm resistors. If you're really 
ambitious you could build a dis- 
play circuit to have the output ap- 
pear on a seven -segment readout. 

Without the delay loop, the pro- 
gram would cycle so quickly that 
you wouldn't be able to see any of 
the individual numbers. I used a 
full register pair to set up the delay 
time because the D and E registers 
together will allow any value up to 
FFFF. 

Calculating the length of the de- 
lay isn't difficult. Each Z80 instruc- 
tion takes one or more clock 
cycles, called Tcycles, to execute. 
The number of cycles depends 
partly on the length of the instruc- 
tion. Each trip through our delay 
loop takes 14 T cycles. Since we 
have a 1 -Mhz clock, or close to it, 
each cycle will take 1 microsecond 
for a total of 14 microseconds. If we 
want a delay of half a second we 
have to generate a loop that lasts 
half a million microseconds. Di- 
viding 500,000 by 14 we get 35,714, 
or 8B83 hex. 

Normally such a delay would be 
set up as a subroutine, callable by 
other routines in the program. But 
since we have no RAM, we can't do 
a subroutine call, because the Z80 
automatically stores -in RAM - 
the address it is to return to after 
executing the subroutine. So we'll 
have to write our program without 
subroutines. We simply jump to 
and from the delay "subroutine" 
using )P, rather than using cALL and 
RET (GOSUB and RETURN, for you 
BASIC programmers). 

We have a few more things that 
we need to talk about, but not this 
month; unfortunately we're out of 
room. We'll get to those topics the 
next time. R -E 
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We cou ld actually use any number
because our circuit doesn't de
code I/O ports, so any OUT ins
truction will wind up send ing data
to the latch . In a more comp lex
system we'd have address-decod
ing circuitry th at wo uld select the
proper port. In our circuit, the ad
dress lin es are used on ly to load
program inst ruct ion s and data
from the EPROM .

Our program now jumps to the
de lay loop that begins at lin e 11 .
We use the de lay to slow down the
program so yo u can see the cou nt 
down on LED's. Just conned them
to the outputs of the latch w it h
330-ohm resistors. If yo u're really
ambitious you co uld build a dis
p lay ci rcuit to have the output ap
pear on a seven-segment readou t.

W ithout t he delay loop, the pro
gram wo uld cycle so q uick ly that
yo u would n't be able to see any of
the ind ividual numbers. I used a
fu ll reg ister pair to set up the delay
ti me because the D and E registers
together w ill al low any value up to
FFFF.

Calculating the length of the de
lay isn' t diffi cu lt. Each Z80 instruc
tion takes one o r m o re clock
cycles, called T cycles, to execute.
The number of cycles depends
part ly on the length of the instruc
tion. Each tr ip through our de lay
loop takes 14 T cycles . Since we
have a 1-M hz clock, or close to it ,
each cycle wi ll take 1 mi crosecond
for a tota l of 14 mi crosecon ds. If we
want a delay of half a seco nd we
have to gene rate a loop that lasts
half a milli on microseconds . Di
viding 500,000 by 14 we get 35,714,
o r 8B83 hex.

Normally such a delay wou ld be
set up as a subrouti ne, callab le by
other routi nes in the program . But
since we have no RAM, we can't do
a subrouti ne call , because t he Z80
automatica lly sto res- in RAM
the add ress it is to ret urn to after
exec ut ing the sub rout ine . So we' ll
have to write our program without
subroutines . We simply jump to
and from the delay "subroutine"
using n-, rather than using CA LL and
RET (COSUB and RETUR N, for yo u
BASIC programmers).

We have a few more things that
we need to ta lk about, but not this
mon th ; un fo rtun ately we' re out of
room. We' ll get to those topi cs the
next time. R-E

rules to break the rules. In other
words, don't look for shortcuts
unti l you know where you're
going.

Our flowchart is easy to under
stand . First we initialize th ings by
loading appropriate values in the
reg iste rs (which we' ll think of as
RAM). Then we send the nu mber
to be displayed to our latch . We
wait for half a second, decrease
the disp lay number by one, and
then do it all over again. That's re
peated over and over un ti l the dis
p layed nu mber is zero .

The actua l p rogra m l ist ing. is
shown in Table 1; the Z80 in st ruc
t ions sho uld be self -exp lanatory
now t hat we u nde rsta nd t he
f lowchart. The fi nal version of the
p rog ram added o ne th ing not
shown in the flowchart: a loop to
repeat t hat w ho le process ten
t imes and then quit. We use the H
reg ister to store the number we
want to displ ay, the L register to
keep t rack of the number of times
we've go ne th rough the loop, and
t he DE register pai r to keep track
of the elapsed delay ti me.

The fi rst instructio n, XOR A, is a
neat way to clear the accumu lato r
using only one byte of program
memory. What hap pen s is t hat
every bit in the register is xo s-ed
w it h itself. We co uld get the same
result by d irectly loading the ac
cu mulator with zero, but doing it
t hat way takes two bytes .

The more bytes used, t he lon ger
t he p rog ram gets, th e mo re time it
take to run , and the more memory
it uses. That's not impo rtant in our
demo prog ram, but another good
habi t to deve lop is t hat of saving
memory, increasing speed, or
both , as in the present case, by
usin g "t ricks" like that. Also, AND

ing, os-ing. and xoa-ing a register
w it h itse lf is useful fo r mani pul at
ing t he Z80's f lag bits w itli a sing le
instruct io n. Any good book on
programming the Z80 shou ld be
lo ad ed with tricks li ke those . If
they're not there, it's not a good
book.

So, after initializing the regis 
ters, line 5 of the program sends
the number to be d isp layed to the
latc h . If you' re wondering why I'm
using an OUT (FF), A in st ruct io n ,
yo u sho uld re-read last mont h's
co lumn. The FF is t he add ress of
the port I want the num ber sent to .
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VIDEO LINK 

continued from page 55 

+ 5.5 volts at the emitter of Q7. and check 
for + 4.5V at the collectors of Q4 and Q5. 
The emitter of Q7 may show 4-7 volts - 
that's OK. Also, Q7 will normally run 
somewhat warm to the touch. 

If all DC voltages check out, you can 
begin alignment. First, check the voltage 
at the collector of Q5. As you ground the 
base of Q6, that voltage should increase to 
over 10 if the modulator is working. 

Next. connect the RF probe to the junc- 
tion of C3 and C8. Tune L4 until QI starts 
to oscillate, as indicated by a reading of 
0.5 to I.0 volts on the VOM. Now connect 
the RF probe to the base of Q3 and spread 
or squeeze the turns of both L2 and L3 to 
obtain maximum voltage. Now connect 
the RF probe to the base of Q4 and adjust 
the turn spacing of L5 and L6 for a max- 
imum voltage. Now, re- adjust L2, L3, and 
L4 to maximize the voltage reading. Con- 
nect the voltmeter to the base of Q5 and 
adjust trimmers C22 and C25 for max- 
imum reading. Re- adjust L5 and L6. 

Now connect the dummy load to 12, 
and connect the RF probe across that load. 
Adjust C22. C25, C28 and the tap posi- 
tions on both L8 and L9 until no further 
increase in output can be observed. 

If one stage has no output. the cause 
may be misalignment of (or circuit tmuble 
in) the preceding stage. It may be neces- 
sary in some instances to add or subtract a 

turn from L2. L3, L5, or L6 if proper 
adjustment cannot be obtained by adjust- 
ing turn spacing. If a coil's turns are 
spread far apart. and the alignment calls 
for even more spacing. a turn should be 

removed. On the other hand. if a coil has 

to be "crushed" together. add a turn. (But 
make a new coil rather than splicing on 
more wire .) 

Now tune the TV receiver to the trans- 
mitter's output frequency. You should see 

a blank raster when the transmitter is 
turned on. Connect a video signal to the 
input jack (J I) and adjust video level so 
that a stable picture is obtained. Increase 
the video level until tearing or rolling de- 
velops; that indicates sync -tip compres- 
sion. Retune the Q4 and Q5 stages for best 
picture quality without tearing. 

Adjust C36 for clearest audio while ap- 
plying an audio signal to C38. Be careful 
not to overdeviate or misadjust the 4.5- 
MHz oscillator frequency. A frequency 
counter can be helpful for that. Connect it 
to the emitter of Q7 and adjust C36 for a 

frequency of 4.500 MHz with no video 
input (short R2I to ground). 

That completes alignment and testing 
of the wireless video link. A very short 
antenna (about one inch) connected to a 

51 ohm resistor makes a good limited - 
range antenna. For greater range, a six - 
inch whip antenna could be used. R -E 

CURING EMI 

continued from page 74 

That isolating impedance is either an in 
ductor (with a value between 50- and 5(X) 

µH) in power -line hybrids. or, as shown it 
Fig. 9. a resistor (whose value is typical l 
a few tens of ohms) in signal -line applica- 
tions. 

Designing transient suppressors 
the most severe source of power -line 

transients is a lightning stroke. Therefore. 
most suppressors are primarily designed 
to protect against lightning. Most of the 
energy associated with a lightning stroke 
is in the form of common -mode current 
and voltage. However. due to unequal wir- 
ing parameters and the fact that common - 
mode suppressors are not perfectly 
matched (do not suppress equally), some 
differential -mode energy will also be 
present. Thus. a lightning- protection net- 
work should incorporate both common - 

and differential -mode protection. 
Varistors, which are commonly used as 

suppressors on household AC power lines 
(117 volts). are available from a number of 
electronics suppliers. When selecting a 

varistor for a particular application. you 
should consider the nominal operating 
voltages and currents that the circuit will 
see. and the maximum surge voltage and 
current that are likely to be encountered. 
In addition. the suppressor must be rated 
to withstand the energy that it will need to 
dissipate. In the case of 117 -volts AC, as 

stated previously, the most powerful tran- 
sient that is likely to occur will have a 

peak voltage of 6000 and a peak current of 
up to 200 amperes; that's a fairly sizeable 
wallop. If the suppressor clamped that sur- 
ge voltage at 500. the amount of energy 
that the suppressor would need to absorb 
would be approximately 0.8 joule. Lower 
clamping voltages will mean that the sup- 
pressor will have to absorb more energy. 

In addition to power lines. varistors de- 
signed to protect low- voltage circuits (as 
low as 5 volts) are available. The selection 
of such a varistor follows the same general 
procedure as above. 

Silicon avalanche suppressors also are 
commonly used to protect low - voltage 
systems. For instance, to protect sensitive 
CMOS devices on a PC board. a 5 -volt 
SAS could be connected between the 
power and ground connections on the 
board. Data lines similarly could be pro- 
tected by installing SAS's between the 
lines and ground. 

The suitability of an SAS for a par- 
ticular application is determined by it 
power rating. Those power ratings range 
from 500 watts to several kilowatts. An 
SAS with a power rating of 1000 watts. 
that is designed to clamp the voltage at 5. 
can handle surge currents of up to 200 
amperes. R -E 

SATELLITE -TV RECEIVER 

continued front page 60 

At this point you are ready to attach a 

TV (or a video monitor) and an audio 
amplifier to the receiver. CAUTION: Dis- 
connect the receiver from the AC voltage 
source while hooking up everything. 
After everything is hooked up, reconnect 
the receiver to the AC voltage and follow 
these steps: 

1 -Turn on the receiver and adjust the 
TRANSPONDER TUNING control to receive 
a picture. Adjust the SKEW control and the 
POLARITY switch for the best picture. 

2-Adjust C71 for maximum contrast 
in the picture. Gently compress and ex- 
pand L2's coils slightly while observing 
the picture on several different channels. 
Adjust L2 for the best picture. 

3- Adjust R109 for the best picture. 
Video level is controlled by that potenti- 
ometer, as is contrast. If it is adjusted to 
too high a value, a buzzing sound may be 
heard in the audio when lettering appears 
on the screen. 

4 -Set the SUBCARRIER TUNING 
control to the center position, and set the 
BANDWIDTH switch to WIDE. If no sound 
is heard. adjust R112 slightly. If nothing 
but noise is heard. adjust C72 until the 
audio comes through. That can be a 

"touchy" adjustment. Get it close. and 
then try fine -tuning the front -panel con- 
trol. Once the sound is heard, readjust 
RI12 for best audio. 

5-Aim your dish at Satcom F -3, and 
tune in the appropriate transponder for 
either WTBS or WGN. Set the BAND- 
WIDTH Switch to NARROW. and then slow- 
ly turn the sUBCARRII:R control counter- 
clockwise from center. Several FM -radio 
programs should be heard. Adjust RIII 
for the best sound. 

6- Adjust R107 for full -scale meter de- 
flection when receiving the strongest sta- 
tion in your area. 

7- Trimmers R102 and R104 may need 
to be adjusted slightly in order to make 
R 103 correspond with the markings on the 
front panel. Set the TRANSPONDER TUN- 
ING control to the number of the lowest 
transponder channel received in your area 
and adjust R104 for best reception. Then 
set the panel control to the number of the 
highest channel in your arca and adjust 
R102. Those adjustments will interact 
slightly, so go back and forth until both 
channels come in correctly. 

At this point you can sit down and relax: 
you've got a fully- functional satellite -TV 
receiver' We have stuck pretty much to the 
basics in this article. but if you need more 
information. be sure to consult the man- 
uals that accompany your LNA, down - 
converter. feedhom and dish. Also, see 

"Installing Your TVRO," which ap- 
peared in the June and July 1985 issues of 
Radio -Electronics. R -E 
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VIDEO LINK

continued from page 55

+5.5 volts at the emitterofQ7 , and check
for +4.5V at the collectors of Q4 and Q5 .
The emitter of Q7 may show 4-7 volts
that's OK. Also , Q7 will normally run
somewhat warm to the touch .

If all DC voltages check out, you can
begin alignment. First, check the voltage
at the collector of Q5. As you ground the
base ofQ6, that voltage should increase to
over 10 if the modulator is working .

Next, connect the RF probe to the junc
tion ofC3 and C8 . Tune L4 until QI starts
to oscillate , as indicated by a reading of
0 .5 to 1.0 volts on the VOM . Now connect
the RF probe to the base of Q3 and spread
or squeeze the turns of both L2 and L3 to
obtain maximum voltage . Now connect
the RF probe to the base of Q4 and adjust
the tum spacing of L5 and L6 for a max
imum voltage . Now, re-adju st L2 , L3 , and
L4 to maximize the voltage reading . Con
nect the voltmeter to the base of Q5 and
adjust trimmers C22 and C25 for max
imum reading . Re-adj ust L5 and L6.

Now connect the dummy load to 12,
and connect the RF probe across that load .
Adjust C22, C25 , C28 and the tap posi
tions on both L8 and L9 until no further
increase in output can be observed.

If one stage has no output , the cause
may be misalignment of (or circui t trouble
in) the preceding stage . It may be neces
sary in some instances to add or subtract a
turn from L2 , L3 , L5, or L6 if proper
adjustment cannot be obtained by adjust
ing tum spacing . If a coil's turn s are
spread far apart, and the alignment calls
for even more spacing , a turn should be
removed . On the other hand , if a coil has
to be "crushed" toget her, add a turn . (But
make a new coil rather than splicing on
more wire .)

Now tune the TV receiver to the trans
mitter's output frequenc y. You should see
a blank raster when the tran smitter is
turned on . Connect a video signal to the
input jack (JI) and adjust video level so
that a stab le picture is obtained. Increase
the video level until tearing or rolling de
velops; that indicates sync-tip compres
sion. Retune the Q4 and Q5 stages for best
picture quality without tearing.

Adjust C36 for clearest audio while ap
plying an audio signal to C38. Be careful
not to overdeviate or misadjust the 4 .5
MHz osc illator frequency . A frequency
counter can be helpful for that. Connect it
to the emitter of Q7 and adjust C36 for a
frequency of 4.500 MHz with no video
input (short R21 to ground).

That completes alignment and testing
of the wirele ss video link . A very short
antenna (about one inch) connected to a
51 ohm resistor makes a good limited
range antenna . For greater range, a six
inch whip antenna could be used . R-E

CURING EMI

continued from page 74

That isolating impedance is either an in
ductor (with a value between 50- and 500
f.LH) in power-line hybrids, or, as shown in
Fig. 9 , a resistor (whose value is typically
a few tens of ohms) in signal-line applica
tions .

Designing transient suppressors
The most severe sourc e of power-line

transients is a lightning stroke . Therefore ,
most suppresso rs are primarily designed
to protect against lightnin g. Most of the
energy associated with a lightnin g stroke
is in the form of common-mode current
and voltage . However, due to unequal wir
ing parameters and the fact that common
mode suppressors ar e not perfect ly
matched (do not suppress equall y), some
differential-mode energy will also be
present. Thus, a lightning-protection net
work should incorporate both comm on
and differential-mode protection .

Varistors, which are commonly used as
suppressors on household AC power lines
(117volts), are available from a number of
electronics suppliers . When selecting a
varistor for a particular appl ication , you
should con sider the nominal operating
voltages and currents that the circuit will
see, and the maximum surge voltage and
current that are likely to be encountered.
In addition, the suppressor must be rated
to withstand the energy that it will need to
dissipate . In the case of II7-volts AC, as
stated previously, the most powerful tran
sient that is likely to occur will have a
peak voltage of 6000 and a peak current of
up to 200 amperes; that's a fairly sizeable
wallop. If the suppressor clamped that sur
ge voltage at 500 , the amount of energy
that the suppre ssor would need to absorb
would be approximately 0 .8 joule . Lower
clamping voltages will mean that the sup
pressor will have to absorb more energy.

In addition to power lines, varistors de
signed to protect low-voltage circuits (as
low as 5 volts) are available . The selection
of such a varistor follows the same general
procedure as above .

Silicon avalanche suppressors also are
commonly used to prot ect low-voltage
system s. For instance , to protect sensitive
CMOS devices on a PC board , a 5-volt
SAS could be connected between the
power and ground connections on the
board . Data lines similarly could be pro
tected by installing SAS 's between the
lines and ground.

The suitability of an SAS for a par
ticular application is determined by it
power rating . Those power ratings range
from 500 watts to several kilowatts. An
SAS with a power ratin g of 1000 watts,
that is designed to clamp the voltage at 5 ,
can handle surge currents of up to 200
amperes . R-E

SATELLlTE..TV RECEIVER

continued fro m page 60

At this point you are ready to attach a
TV (or a video monitor ) and an audio
amplifier to the receiver. CAUTION : Dis
connect the receiver from the AC voltage
sourc e while hookin g up everything .
After everything is hooked up, reconnect
the receiver to the AC voltage and follow
these steps:

I-Turn on the receiver and adjust the
TRANS PO ND ER TUNING control to receive
a picture. Adjust the SKEW control and the
POL ARITY switch for the best picture.

2-Adjust C71 for maximum contrast
in the picture . Gentl y compress and ex
pand L2's coils slightly while observing
the picture on several different channels .
Adjust L2 for the best picture.

3-Adjust RI0 9 for the best picture.
Video level is controlled by that potenti
ometer, as is contrast. If it is adjusted to
too high a value, a buzzing sound may be
heard in the audio when lettering appears
on the screen.

4-Set th e SUB CA RR IER TUN ING

control to the center position, and set the
BAN DWIDTH switch to WIDE. If no sound
is heard , adjust RI12 slightly. If nothing
but noise is heard , adjust cn until the
audio comes throu gh . That ca n be a
" touchy" adjustment. Get it close , and
then try fine-tuning the front-panel con
trol. Once the sound is heard , readjust
RI12 for best audio.

S-Aim your dish at Satcom F-3, and
tune in the appropriate transponder for
either WTBS or WGN . Set the BAND

WIDTH switch to NARROW, and then slow
ly turn the SUBCARRIER control counter
clockwi se from center. Several FM-radio
program s should be heard . Adjust RIll
for the best sound.

6-Adjust RI07 for full-scale meter de
flection when receiving the strongest sta
tion in your area.

7-Trimmers RI0 2 and RI04 may need
to be adjusted slightly in order to make
RI03 correspond with the markings on the
front panel. Set the TRANS PONDER TUN

ING control to the number of the lowest
transponder channel received in your area
and adjust RI04 for best reception. Then
set the panel control to the number of the
highest channel in your area and adjust
R102. Those adjus tmen ts will interact
slightly, so go back and forth until both
channel s come in correctly.

At this point you can sit down and relax:
you've got a fully-func tiona l satellite-TV
receiver!We have stuck pretty much to the
basics in this article, but if you need more
information , be sure to consult the man
uals that accompany your LNA, down
converter, feedhorn and dish. Also, see
" Install ing Your TVRO," which ap 
peared in the June and July 1985 issues of
Radio-Electronics. R-E
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MARKET CENTER 
FOR SALE 

RESISTORS V.W,V2W5°-%C F 3 cents 1 ° °Metal- 
films. custom wirewounds. capacitors and other 
components JR INDUSTRIES, 5834 -H 
Swancreek, Toledo. OH 43614 

TUBES. new. unused Send self-addressed. stamp- 
ed envelope for list FALA ELECTRONICS. Box 
1376 -2. Milwaukee. WI 53201 

DESCRAMBLERS for downconverters High gain 
Send 52 00 RB ELECTRONICS. PO. Box 643. 
Kalamazoo. MI 49005 

ELECTRONICS catalog Over 4.500 items Parts & 
components Everything needed by the hobbyist or 
technician $2 00 postage & handling (States only). 
refundable with first 515 00 order T & M ELEC- 
TRONICS. Dept R. 472 East Main Street. 
Patchogue. NY 11772 (516) 289 -2520. 

TV tunable notch filters. free brochure. D.K. VIDEO. 
Box 63 6025. Margate. FL 33063. (305) 752 -9202 

BUGGED? Wiretapped/ Find out fast Counter- 
measures equipment catalog Si CAPRI ELEC- 
TRONICS. Route 1R. Canon. GA 30520 

ASSORTMENT #103 -consisting of 
TOKO coils 144LY -120K, 520 
HN- 3000023, BKAN- K5552AXX (2); 
PCB; transistors 2N3904 (2) BFQ85 
(sub): IC's 7812, 74123, MC1330A1P; 
Diodes 1N914, 1N5231B. Only S25.00. 
Coils (only) $8.00 Set. AC adapter 
56.00 Free shipping. MC VISA COD. 
Toll Free 1- 800 -821 -5226 Ext. 426 (or- 
ders). JIM RHODES, INC., 1025 Ran - 
some Lane, Kingsport, TN 37660. 

LASERS and nightvision surplus components Free 
catalog. M.J. NEAL COMPANY. 6672 Mallard Ct.. 
Orient. OH 43146 

CABLE -TV converters and descramblers Low 
prices, quality merchandise. we ship C O D Send 
52 00 fór catalog CABLETRONICS UNLIMITED. 
PO Box 266. South Weymouth. MA 02190 

LIFETIME 
WARRANTY 

Quality Microwave TV Antennas 
Muth -Channel 1 9 to 2 7 GHz 

40d8 Gain True Parabolic 20 Inch Doh 
Complete System Sao 95 (Shipping Inc' I 

Dealerships Oh Pricing Replacement Pam 

Mllllos -Tech Electronics 
P 0 Sot 34772 Moult III 05087 
10021 047-7700 1$300 Gem ail phone oreersi 
Ohm/Core liez COOS 

CB'ERS only: antennas, radios, modulators. 
voice scramblers, frequency expanders. modifica- 
tions, goody boxes professional repairs. much 
more' free catalog. PRESIDENT CB SALES. 101 

W Adams -12 Long Beach. CA 90805 (213) 
631 -3552 

RESTRICTED technical informational electronic 
surveillance. schematics. Iocksmithing. covert sci- 
ences. hacking, etc Huge selection. Free bro- 
chure: MENTOR -Z. 135.53 No Blvd . Flushing. NY, 
11354 

TUBES. name brands. new. 80 °° off list KIRBY. 
298 West Carmel Drive. Carmel. IN 46032 

ZENITH SSAVI Manual Original manual used by 
technicians Theory of scrambling. schematics 
parts list. repair for UHF and cable For speedy 
delivery send 515 00. cash or money order BAY 
STATE ELECTRONICS. PO Box 263. Accord. MA 
02018 

FREE importer accessories catalog. video audio, 
others With business card write. 17 BANNER 
COURT. East Brunswick. NJ 08816 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 

Market Center and we will bill. 

OLDTIME radio programs on high quality tapes 
Comedy' Adventure' Music' Free catalogue CARL 
F. FROELICH. Heritage Farm. New Freedom. PA 
17349 

CABLE -TV Secrets -the outlaw publication the ca- 
ble companies tried to ban HBO. Movie Channel, 
Showtime. descramblers, converters. etc. Sup- 
pliers list included 58 95 CABLE FACTS, Box 711 - 
R. Pataskala. OH 43062 

ELECTRONICS. exclusives. surplus and more 
Send 51 00 (refundable) for two discount catalogs 
Add another 51 00 and get 15 assorted transistors' 
JELKINS. 311 Shirley Street, Boston, MA 02152 

5-BIT 5 Mhz A D converter priced at 55 00 per bit - 
hand selected 0 5% Vishay resistors give 10 -bit ac- 
curacy Order DA175. 525 00 each 2 %'.- square 
module DIPAC ASSOCIATES. 645 Executive Ctr 
Dr *204 West Palm Beach. FI 33401 

CLASSIFIED AD ORDER FORM 

To run your own classified ad, pu! one word on each of the fines below and send this lorm along with your check to. 

Radio -Electronics Classified Ads, 200 Park Avenue South, NY NY 10003 

PLEASE INDICATE In which category of classified advertising you wish your ad to appear. For 
special headings. there is a surcharge of $23.00. 
( ) Plans Kits ( ) Business Opportunities ) For Sale 
( ) Education Instruction ( ) Wanted ( ) Satellite Television 
( ) 

Special Category 523 00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only See below for additional 
charges for special ads Minimum: 15 words. 

2 I 

b 

3 4 5 

7 8 9 10 

11 12 13 14 15 ($42.75) 

16 ($45.60) 17 ($48.45) 18 ($51.30) 19 ($54.15) 20 ($57.00) 

21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71.25) 

26 

31 

($74.10) 

($88 35) 

27 (S76.95) 28 ($79.80) 29 (582.65) 30 ($85.50) 

32 ($91.10) 33 ($94 05) 34 ($96.90) 35 ($99.75) 

We accept MasterCard and Visa for payment of orders If you wish to use your credit card to pay for your ad fill 
n the following additional information (Sorry. no telephone orders can be accepted ) 

Card Number Expnahon Date 

Please Print Name Signature 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 

CLASSIFIED COMMERCIAL RATE: (tor firms or individuals o'!enng commercial products or servicesi 
52 85 per word prepaid (no charge for zip code) MINIMUM 15 WORDS. 5 ° discount for same ad in 6 

si.es 10 ° discount for same ad in 12 issues within one year. if prepaid NON -COMMERCIAL RATE: (for 
:.duals who want to buy or sell a personal item) 52 30 per word, prepaid no minimum ONLY FIRST 

WORD AND NAME set in bold caps at no extra charge Additional bold face (not available as all caps) 50e 
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price TINT 
SCREEN BEHIND ENTIRE AD: add 25% premium to total price TINT SCREEN BEHIND ENTIRE AD 
PLUS ALL BOLD FACE AD: add 45% premium to total price EXPANDED TYPE AD: 54.30 per word 
prepaid. All other items same as for STANDARD COMMERCIAL RATE TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: add 25% premium to total price TINT SCREEN BEHIND ENTIRE EXPANDED 
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price DISPLAY ADS: 1' x 2V: - 
5310 00, 2 2' -5620 00.3- 2' .- -5930 00 General Information: Frequency rates and prepayment 
discounts are available ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS 
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER 
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12th of the third 
month preceding the date of the issue li e . August issue copy must be received by May 12th) When normal 
closing date Calls on Saturday. Sunday or Holiday. issue closes on preceding working day 
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MARI{ET CENTER
FOR SALE

RESISTORS V.W'v2W5%C.F. 3 cents. l %Metal
films, custom wirewounds, capacitors and other
c om po ne n ts . JR INDUSTRIES, 583 4 - H
Swancreek, Toledo, OH 43614.

TUBES, new, unused. Send self-addressed, stamp
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalogue. CARL
F. FROELICH, Heritage Farm, New Freedom, PA
17349.

CABLE-T V Secrets- the outlaw publication the ca
ble companies tried to ban. HBO, Movie Channel,
Showtime , descramblers , converters, etc. Sup
pliers list included. $8.95. CABLE FACTS, Box 711
R, Pataskala, OH 43062.

ELECTRON ICS, exclusives , surplus and more.
Send $1.00 (refundable) for two discount catalogs.
Add another $1.00 and get 15 assorted transistors!
JELKINS, 311 Shirley Street, Boston, MA 02152.

5-BIT 5 Mhz AID converter priced at $5.00 per bit
hand selected 0.5% Vishay resistors give 10-bit ac
curacy. Order DA175, $25.00 each. 2V4' square
module. DIPAC ASSOCIATES, 645 Executive Ctr.
Dr. # 204, West Palm Beach, Fl 33401.

CLASSIF IED AD ORDER FORM

To run your own classltied ad, put one wo rd on each of the lines below and send this form along with your check to:

Special Category: $23 .00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK L ETTER S.
(No refunds or cred its for typesetting errors can be made un less you clearly print or type your
copy.) Rates indicated are fo r standard style classified ads only. See below for add itional
charges for special ads . Min imum: 15 words.

Expiration DateCard Number

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)

16 ($45.60) 17 ($48.45) 18 ($51.30) 19 ($54. 15) 20 ($57.00)

21 ($59.85) 22 ($62 .70) 23 ($65.55) 24 ($68.40) 25 ($71 .25)

26 ($74. 10) 27 ($76.95) 28 ($79 .80) 29 ($82.65) 30 ($85 .50)

31 ($88 .35) 32 ($91.10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

We accept MasterCard and Visa for payment of orders. Ifyou wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Radio-Electron ics C lassified Ads, 200 Park Avenue South , N.Y. , N.V. 10003

PLEASE IND ICATE in wh ich category of classif ied advertising you wish your ad to appear. For
spec ial headings, there is a surcharge of $23.00 .
( ) Plans/Kits () Business Opportunities () For Sale
( ) Education / Instruction () Wanted () Sat~ [[ite Television
( ) - - ----- ------------ -----

Multi-Channel 1.9 to 2.7 GHz
40dB Gain True Parabolic 20 Inch Dish

Complete System 5S4.95 (Shipping incl.)
Dealerships , Oty. Prici ng ,Replacement Parts

PhilliPS-Tech Electronics
P. O. BOI 34772 • PIlosRII, AZ 85067
(802) 947·7700 IS3.00 Credit all phoneordersI)
MasterCard . Visa. COD's

CABLE-TV converters and descramblers. Low
prices, quality merchandise, we ship C.O.D.. Send
$2.00 for catalog. CABLETRONICS UNLIMITED,
P.O. Box 266, South Weymouth, MA 02190.

TV tunable notch filters, free brochure. D.K. VIDEO,
Box 63/6025,'Margate, FL 33063. (305) 752-9202.

BUGGED? Wiretapped? Find out fast. Counter
measures equipment cata log $1. CAPRI ELEC
TRONICS, Route 1R, Canon, GA 30520

ELECTRONICS catalog. Over 4,500 items. Parts &
components. Everything needed by the hobbyist or
technician. $2.00 postage & handling (States only),
refundable with first $15.00 order. T & M ELEC
TRONICS , Dept. R, 472 East Main St reet,
Patchogue, NY 11 772. (516) 289-2520.

ASSORTMENT # 103- consist ing of
TOKO coi ls 144LY- 120K, 520
HN-3000023 , BKAN -K5552AXX (2) ;
PCB; transistors 2N3904 (2) BFQ85
(sub); IC's 7812, 74123, MC1330A1P;
Diodes 1N914, 1N5231 B. Only $25.00.
Coils (only) $8.00/Set. AC adapter
$6.00. Free shipping. MCN 1SAICOD.
Toll Free 1-800-821-5226 Ext. 426 (or
ders). JIM RHODES, INC., 1025 Ran
some Lane, Kingsport, TN 37660,

LASERS and nightvision surplus components. Free
catalog, M.J. NEAL COMPANY, 6672 Mallard Ct.,
Orient, OH 43146.

CB'ERS on ly : antennas, radios , modulators,
voice scramblers, frequency expanders, modifica
tions, goody boxes, professional repairs, much
morel free catalog. PRESIDENT CB SALES. 101
W. Adams-12, Long Beach , CA 90805 . (213)
631-3552.

DESCRAMBLERS for downconverters. High gain.
Send $2.00. RB ELECTRONICS, P.O. Box 643,
Kalamazoo, MI 49005.

RESTRICTED technical informationa l: electronic
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. Huge selection. Free bro 
chure : MENTOR·Z, 135-53 No. Blvd., Flushing, NY,
11 354.

TUBES , name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

ZENITH SSAVI Manual. Original manual used by
tec hnic ians . Th eory of sc ramb ling, sche matics
parts list, repair for UHF and cable. For speedy
delivery send $15.00, cash or money order. BAY
STATE ELECTRONICS, P.O. Box 263, Accord, MA
02018.

FREE importer accessories catalog, video audio,
others. With business card wr ite, 17 BANNER
COURT, East Brunswick, NJ 08816.

MASTERCARD AND VISA are now accepted
for payment of your advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

---------_/----------
Please Print Name Signature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOROUR FILES. ADS SUBMITTED WITHOUTTHIS INFORMATION WILL NOTBE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$2.85 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON·COMM ERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50¢
per word additional (20% premium). Entire ad in boldface, add 20% prem ium to total price. TINT
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: $4.30 per word
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD : add 25% prem ium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 1" x 2V4'
$310.00;2" x 2W'-$620.00;3" x 2W'- $930.00. General Infor mation: Frequency rates and prepayment
discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12thof the third
month preceding the date of the issue. (i.e., August issue copy must be received by May 12th). When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.
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Govt. SURPLUS 
ELECTRONIC 
EQUIPMENT 
CATALOG 
New ITEMS ... New BARGAINS! 

FREE OFNDCATALOG O L WS -85 AND 
SUPPLEMENT ADDRESS DEPT RE 

FAIR RADIO SALES 
1016E EUREKA Sea 1105 LIMA. OHIO 45602 

CABLE -TV source book -a complete listing of sup- 
pliers for hard-to-find converters, descramblers. 
technical information, schematics and much much 
more Full refund if not satisfied Send 54 95 to 
CABLE Box 12505 -R. Columbus. OH 43212 

MICROWONDERLAND. Commodore computer s 
parts' KIM -1 computers. accessories' Thousands 
Cs by mail' Free 64KDRAM sets' Discounts' Cata- 
log- 53 00' K. BOUFAL- CONSULTING SER- 
VICES. Fitzwater. Philadelphia. PA 19147. (215) 
925-6469 

TECNICA 140 channel cable converter for fully re- 
mote sound and video unit only 5149 00 Jerrold 
LCC58 converter only 579 00 Jerrold DRZ450 
converter 90 channel auto tuning only 579 00 All 
units carry full manufacturers warranty Specials 
while they last For catalog send S3 00 Thanks 
REDCOAT ELECTRONICS. PO Box 28504. Ja- 
maica. NY 11428 (718) 459-5088 

LINEAR parts, tubes. transisters- MRF454 
S16 00. MRF455 S12 00. MRF477 S11 00. MRF492 
518 00 Catalog RFPC. Box 700. San Marcos CA 
92069 (619) 744-0728 

SCHEMATICS: radio receivers 20 s 60 s Send 
brandname. model number. SASE EARL 
SCARAMELLA Box 1. Woonsocket. RI 02895- 
0001 

TEST equipment. reconditioned For sale Si 25 for 
catalog WALTER'S. 2697 Nickel. San Pablo. CA 
94806 (415) 724-0587 

CATALOG TV descramblers. cable converters. mi- 
crowave converters. satellite systems. many types . 

kits or built S1 00 MINUTE KITS, Box 531. West 
S O Bronx. NY 10461 

CABLE -TV converters -All major brands Wireless 
remotes with volume. wired remotes Cable and vid- 
eo accessories Cablemaster distributor Lowest 
prices. Ship C Catalogs 53 00. SONE ASSO- 
CIATES, 5 Broadway. Suite 201. Troy, NY 12180 
(518) 274-0608 

MWRITE 

SPEAKER r ELECTRONICS CATALOG 

1001 BARGAINS IN SPEAKERS 
toll free 1. 800.346. 2433 tor ordering only 

1901 MCGEE STREET KANSAS CITY, MO 64106 

100W audio amplifier Less cabinet and power 
supply 535 assembled GIL ELECTRONICS. Box 
1628. Soquel. CA 95073 

PRINTED-circuit artwork developed from your 
schematics & packaging considerations Profes- 
sional. reasonable. fast' OEM inquiries invited' 
PRINTED CONCEPTS. (414) 442 -4548 

CABLE -TV filters for elimination of undesirable sig- 
nals (50 dB notch) Channels available 2 through 8 
14(A) through 20(1) Send $20 00 each Money 
back guarantee Quantity discounts CAP/ Box 
17621, Plantation. FL 33318 

ELECTRONICS circuit analysis program Com- 
modore-64 Disk tape only 527 00 INFO COMPUT 
ERCATIONS. Box 79 Farmington CT 06032 

BREAKING your windows may be burglars only 
entrance into your vechicle with this securty sys- 
tem Send 55 50 for plans A 6 A ENTERPRISE 
PO Box 6818. Biloxi MS 39532 

SELL blank video cassettes. Super high 
grade Olympia VHS T -120. Fully guaran- 
teed. Only S3.49 your cost. Order in lots 
of ten. Add S5.00 shipping 8 handling 
each order. STRANDBERG. 1001 S. 
ELM Street, Greensboro. NC 27406. 
Telephone (919) 274 -3775. Check, 
M.O.. VISA or MasterCard account 
number & expiration date. 

RESISTORS -any value quantity. V. watt S.01. %4 

watt ($1 00 minimum) Quantity discounts. 1.000 
Plus Send wattage(s). value(s). quntity(s). and re- 
mittance T.O.R.C.C.C. ELECTRONICS. Box 
47148. Chicago. IL 60647 (312) 342 -9171 

CABLE and Subscription TV secret manual Build 
your own descramblers. converters Instructions. 
schematics. for sinewave. inband outband gated 
sync, SSAVI -(HBO. Showtime. Cinemax. UHF. 
etc ) Send S8 95 to CABLETRONICS. Box 

-.02R. Bethesda. MD 20814 

ADAPT any CRT tester to test all CRTs Patented 
kit w sockets manual Money back guarantee 
Charge -cards CODs Phone today for fast ship- 
ment 559 95 1. 800.331 -9658 DANDY ELEC- 
TRONICS. 2323 Gibson. Muskogee. OK 74403 

GIANT electronics parts grab bag' $5 postpaid All 
new parts Resistors. ICs. caps. transistors. cods. 
Zeners. etc Prime qulity components" Big assort- 
ment Money back guarantee' GE Ni -Cad sticks 
7 2VDC -1 2 AH New' 56 Motorola lull wave 
bridge MDA920A7 Mini size 1 5 amps 600 PIV 
Special 2 S1 or 10 S4 Postpaid Write for new cata- 
log ODD BALL ELECTRONICS. PO Box 879. 
Duncanville TX 75138 

DESCRAMBLER plans New design decodes 
gated sync suppressed signals -newest pilotless 
method Grcu4 boards most parts from Radio 

E E! 
CONSUMER 

ELECTRONIC 
PARTS 

CATALOG 

Specializing in 

JAPANESE 

SEMI -CONDUCTOR 

AND 

REPLACEMENT 

PARTS 

Call 
or Write 

2 Marlborough Road W. Hempstead, N.Y. 11552 
TOLL FREE I IN NEW YORK 

1. 800 -645.3516 1-800-632-3323 

CIRCLE 272 ON FREE INFORMATION CARD 

Now! A triple output 
lab power supply 

for $149.95. 

s s 's 
.Crel 

For $149.95, this lab quality power supply 
gives you 3 completely isolated outputs: two 
:arable 1.5.20 VDC at 0.5 amp and a fixed 
VDC at 1 amp - the same as the $300 units 
The MFJ-4002 Is American made and design- 

ed for heavy use 

You'll get plenty of voltage and current fc' 
your analog and (Nita circuits. It's ideal for 

education, circuit design, product develop - 
ment, testing, quality control and production. 
You can connect the outputs In aria or paral- 

lel for higher voltage or current. Its short cir- 
cuit protected, has excellent line regulation 
(typically 0.01%/y) and load regulation (typi- 
cally O.1 %). Two large 3 Inch precision meters, 
monitor voltage and current simultaneously 
and are lighted for easy reading. It's ruggedly 
guilt with heavy guage aluminum so you'll get 
many years of trouble free service. 12 x 3 x 6 

inches 110 VAC with 3 wire safety plug. 

800- 647 -1800 
Order from MFJ and try It. If not satisfied. 

return within 30 days for refund (less shipping). 
One year unconditional guarantee. 
Order today. Call TOLL FREE 800-647-1800. 

Charge VISA. MC or mail check, money order. 

MFJ Enterprises. Inc 

921 Louisville Road 

Starkville, MS 39759 

CIRCLE 105 ON FREE INFORMATION CARD 

One trie can make 
1t tx xx'lmatches. 

1, 

u 
One match can burn 

1,OOLiooO trees. 
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New ITEMS ., New BARGAINS ! '
rREE SEND TODAY FOR FREE COPY
r, OF CATALOG WS-85 AND

SUPPLEMENT. ADDRESS: DEPT RE
FAIR RADIO SALES

1016 ~ EUREKA· Bo.o nos· LIMA. OHIO' 45B02

CABLE -TV source book-a complete listing of sup
pliers for hard-to-fi nd converte rs. descramblers,
technical information, schematics and much much
more. Full refund if not satisfied. Send $4.95 to
CABLE , Box 12505-R, Columbus, OH 43212.

MICROWONDERLAND. Commodore computer's
parts! KIM-1 computers, accessories! Thousands
IC's by mail! Free 64KDRAM sets! Discounts! Cata
log- $3.00! K. BOUFAL -CONSULTING SER
VICES, Fitzwater, Philadelphia, PA 19147. (215)
925-6469.

TECNICA 140/channel cable converter for fully re
mote sound and video unit only $149.00. Jerrold
LCC58 converter only $79.00. Jerrold DRZ450
converter 90/channel auto tuning only 579.00. All
units carry full manufactu rer's warranty.Specials
while they last. For catalog send $3.00 Thanks.
REDCOAT ELECTRONICS, P.O Box 28504, Ja
maica, NY 11428. (718) 459-5088.

LINEAR parts, tubes, transisters-MRF454
$16.00, MRF455 $12.00, MRF477 $11.00, MRF492
$18.00. Catalog. RFPC, Box 700, San Marcos, CA
92069. (619) 744-0728.

SCHEMATICS : rad io receivers 20·s/60 ·s. Send
br an dnam e , model number, SAS E. EARL
SCARAMELLA, Box 1, Woonsocke t, RI 02895
0001.

TEST equipment. reconditioned. For sale. 51.25 for
catalog. WALTER'S. 2697 Nickel, San Pablo, CA
94806. (415) 724-0587.

CATALOG TV descramblers, cable converters. mi
crowave converters. satellite systems. many types.
kits or built. $1.00. MINUTE KITS, Box 531, West
S.Q. Bronx. NY 10461 .

CABLE-TV converters-All major brands. Wireless
remotes with volume, wired remotes. Cable and vid
eo accesso ries. Cablemaster distributor. Lowest
prices. Ship C.O.D.. Catalogs 53.00, SONE ASSO
CIATES, 5 Broadway, Suite 201, Troy, NY 12180.
(518) 274-0608.

£~M~EE'S
SPEAKER & elECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1-800-346-2433 for ordering only.

1901 MCGEE STREET KANSAS CITY, MO. 64108

100W aud io amplif ier. Less cabinet and power
supply. $35 assembled. GIL ELECTRONICS, Box
1628, Soquel. CA 95073.

PRINTED-ci rcuit artwork developed from your
schematics & packaging cons iderations. Profes
sional, reasonable, fast! OEM inquiries invited !
PRINTED CONCEPTS, (414) 442-4548.

CABLE-TV filters for elimination of undesirable sig
nals. (50 dB. notch) Channels available:2 through 8:
14(A) through 20(1). Send $20.00 each. Money
back guarantee. Quantity discounts. CATV, Box
17621, Plantation, FL 33318.

ELECTRONICS circuit analysis program Com
modore-64. Disk tape only $27.00. INFO COMPUT
ERCATIONS, Box 79, Farmington, CT 06032.

BREAKING your windows may be burglars' only
entrance into your vechicle with this security sys
tem. Send $5.50 for plans A & A ENTERPRISE,
P.O. Box 6818, Biloxi, MS 39532.

SELL blank video cassettes. Super high
grade Olympia VHS T-120. Fully guaran
teed. Only $3.49 your cost. Order in lots
of ten. Add $5.00 shipping & handling
each order. STRANDBERG, 1001 S.
ELM Street , Greensboro, NC 27406.
Te lephon e (919) 274-3775. Ch eck ,
M.O. , VISA or MasterCard account
number & expiration date.

RESISTORS- any value/quantity, V. watt 5.01, V2
watt ($1.00 minimum). Quantity discounts, 1,000
plus. Send waltage(s), value(s), quntity(s), and re
mitta nce , T.O.R.C.C.C. ELEC TRONICS , Box
47148, Chicago, IL 60647. (312) 342-9171.

CABLE and Subscription TV secret manual. Build
your own descramblers, converters. Instructions,
schematics, for sinewave, inband/outbanc gated
sync, SSAVI- (HBO, Showtime, Cinemax, UHF,
etc .) Send $8.95 to CABLETRONICS , Box
30502R, Bethesda, MD 20814.

ADAPT any CRT tester to test all CRT's. Patented
kit w/sockets /rnanual. Money back guarant ee,
Charge-cards/CODs. Phone today for fast ship
ment. $59.95. 1-800-331-9658. DANDY ELEC·
TRONICS, 2323 Gibson, Muskogee, OK 74403.

GIANT electronics parts grab bag! $5 postpaid. All
new parts. Resistors, IC's, caps, transistors, coils,
Zeners, etc. Prime qulity components!! Big assort
ment. Money back guarantee! GE Ni-Cad sticks:
7.2VDC-1 .2 AH. New! $6. Motorola full wave
bridge: MDA920A7. Mini size. 1.5 amps 600 PIV.
Special: 2/$1 or 10/$4 Postpaid. Write for new cata
log. ODD BALL ELECTRONICS, P.O" Box 879,
Duncanville, TX 75138.

DESCRAMBLER plans. New des ign decodes
gated sync suppressed signals -newest pilotless
method . Circuit boards , most parts from Radio
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FlEE!
CONSUMER
ELECTRONIC

PARTS '
CATALOG
Specializing in

JAPANESE
SEMI·CONDUCTOR

AND
REPLACEMENT

PARTS
Call

or Write

2 MarlboroughRoad • W. Hempstead, N.V. 11552
TOLL FREE I IN NEW YORK

1-800-645-3516 1-800-632-3323

CIRCLE 272 ON FREE INFORMATION CARD

Now! A triple output
lab power supply

for 5149.95•
.....iiiiIiiII-

F'or $149.95,this lab quality power supply
gives you 3 completely isolated outputs: two
variable 1.5-20 VDC at 0.5 amp and a fixed 5
VDC at 1 amp - the same as the $300 units.
The MFJ-4002ls American made and design-

ed for heavy use. .
You 'll get plenty of Yoltage and current for

your analog and digital circuits . It' s ideal for
education , circuit design, product develop
ment, testing, qual ity control and production.
You can connect theoutputs In series orparal·

lei for higher voltage or current. It's short cir
cu it protected, has excellent line regulation
(typical ly 0.01 %/V) and load requlatlon (typi
cally0.1 %). Two large 3 Inch precision meters,
monitor voltage and current simultaneously
and are lighted for easy reading.It's ruggedly
built with heavy guage aluminum so YOU'll get
many years of trouble free service. 12 x 3 x 6
inches. 110 VAC with 3 wire safety plug .

. 800-647-1800
Order from MFJ and try It. If not satisfied,

return within30days forrefund (less shipping).
One year unconditional guarantee.
Order today. Call TOLL FREE 800-647-1800.

Charge VISA, MC ormail check, money order.

M~I
MFJ Enterprises , Inc.
921 Louisville Road
Starkville, MS 39759

CIRCLE 105 ON FREE INFORMATION CARD

One tree can make
3,000,000 matches.

O ne match can burn
3,000,000 trees.
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Shack Detailed theory. drawings, schematics. in- 
structions 514 95 plus 52 00 shipping DIRIJO 
CORP.. Box 212. Lowell. NC 28098 

CIRCUIT boards Your artwork. quick delivery. rea- 
sonable ATLAS CIRCUITS. Dept A. PO Box 892. 
Lincolnton. NC 28092 (704) 735-3943 

PICTURE flyer lists quality electronic surplus at low 
prices Since 1970 Send for the last 3 issues 
STARTRONICS. Box 683. McMinnville. OR 97128 

CB MODIFICATIONS 
Increase channels. range. privacy' We specialize 
in frequency expanders, speech processors. F r.. 

converters. PLL 8 slider trucks. how -to book'. 
plans. kits Expert mail-in repairs 8 convers on. 
16 -page catalog S2 

CBC INTERNATIONAL. P 0 BOX 31500RE, 
PHOENIX. AZ 85046 (602) 9968700 

WHOLESALE audio, video telephone access 
ries. antennas, cartridges Free catalog (718) 897- 
0509 D & WR. 68 -12 110 Street, Flushing, NY 
11375 

CABLE and satellite equipment Major brands, 
wholesale prices Free catalog HMR SALES. 221 
East Camelback. Phoenix. AZ 85012. (602) 993- 
0398 

TI-99 4A software hardware bargains Hard -to -find 
items Huge selection Fast service Free catalog 
DYNA. Box 690. Hicksville, NY 11801 

PLANS AND KITS 

CATALOG: Hobby broadcasting 1750 meters Harr 
CB: transmitters, amplifiers. antennas. scrambler', 
bugging devices, morel PANAXIS. Box 130 -F2. Pa- 

adise. CA 95969 

CABLE -TV Converters: Jerrold prod- 
ucts include new Jerrold Tri- Mode ". 
SB -3, Hamlin. Oak VN -12. M -35 -B. 
Zenith. and II kits. 
(Quantity discounts) 60 day warranty. 
Repairs of cable converters. For fast 
service C.O.D. orders accepted. Send 
S.A.S.E. (60 cents postage). or call for 
info.. (312) 637 -4408. HIGGINS ELEC- 
TRONICS. 5143 W. Diversey, Chicago, 
IL 60639. No Illinois orders accepted. 

BUILD this five digit panel meter a' : squarewave 
generator including an ohms. capacitance and fre- 
quency meter Detailed instructions $2 50 Refun 
dable plus 50 cents BAGNALL ELECTRONICS 
179 May. Fairfield. CT 06430 

UHF gated -pulse descrambler plans with simu- 
lated stereo output Watch your favorite movies with 
the realism of stereo Booklet contains detailed 
schematics. instructions 8 theory 512 00 DEL - 
PHONE INDUSTRIES. Box 150. Elmont. NY 11003 

PROJECTION TV convert your TV to project 71oot 
picture results comparable to $2.500 proj- 
ectors total cost less than $30 00 plans and 3' 
lens $19 95 illustrated information free. MAC - 
ROCOMA-GE. Washington Crossing. PA 18977 
Creditcard orders 24 hours 12151 736-3979 

CRYSTAL radio sets, plans. parts. kas Cata o; 
51 00 MIDCO. 660 North Dixie Highway. Hol- 
lywood, FL 33020 

HI -FI speaker kits. auto speaker systems and 
speaker components from the worlds finest man- 
ufacturers For beginners and audiophiles Free lit- 
erature A 8 S SPEAKERS. Box 7462R, Denver, 
CO 80207 (300) 399 -8690 

UNCYPHERS American and Canadian satellite or 
cable latest technology available Plans & boards 
Kits or complete Send 55 00 for catalog Refunda- 
ble on order to PILGRIM VIDEO PRODUCTS. Box 
203. Oak Street. Pembroke, MA 02359 

ROBOT control board Build your own for under 
550 00 Let your computer control 8 lights, motors. 
or appliances ALEX HOCHHAUSL. 868 Park Ave . 

Huntington. NY 11743 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 

CABLE -TV 

WE LL MATCH 
OR BEAT 

NYC E 

ADVERTISED 

O WHOLESALE 
PRICES! 

rna - 
BONANZA! 

ITEM 
SINGLE IE 0 
PRICE 

DEALER 

PRICE 

RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) 2995 18.00 ea 

PIONEER WIRELESS CONVERTER (OUR BEST BUY) 88 95 72.00 ea 

LCC -58 WIRELESS CONVERTER 9295 7600 ea 

JERROLD 450 WIRELESS CONVERTER (CH. 3 OUTPUT ONLY) 10595 9000 ea 

SB ADD -ON UNIT 109.95 58 00 ea 

BRAND NEW - TRIMODE UNIT FOR JERROLDS Call for specifics 

MINICODE (N -12) 10995 58.00 ea 

MINICODE (N -12) VARISYNC 11995 62.00 ea 

MINICODE VARISYNC W /AUTO ON -OFF 17995 115.00 ea 

M -35 B (CH. 3 OUTPUT ONLY 13995 70.00 ea 

M -35 B W /AUTO ON -OFF (CALL FOR AVAILABILITY) 199.95 12500 ea 

MLD- 1200 -3 (CALL IF CH. 2 OUTPUT) 10995 58.00 ea 

INTERFERENCE FILTERS - CH. 3 2495 14.00 ea 

JERROLD 400 OR 450 REMOTE CONTROLLER 2995 18.00 ea 

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) 22500 185.00 ea 

SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call 

Quantity Item Output Price 
Channel Each 

TOTAL 
PRICE 

California Penal Code 1593 -D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California 

Prices subject to change without notice 

PLEASE PRINT 

Name _ _ - 
Address 

State 

Cashier's Check 

Acct a - 

Signature 

SUBTOTAL 
Shipping Add 
$3 00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

City - 

Zip Phone Number 1 I 

E. Money Order E COD Visa - -_ Exp Date 

I Mastercard 

FOR OUR RECORDS 

DECLARATION OF AUTHORIZED USE - I, the undersigned. do hereby declare under 
penalty of perjury that all products purchased. now and in the future. will only be used on cable 
TV systems with proper authorization from local officials or cable company officials in 

accordance with all applicable federal and state laws 

Dated Signed 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. #10 RESEDA, CA 91335 

(818) 716 -5914 No Collect Calls (818) 716 -5140 

IMPORTANT: WHEN CALLING FOR INFORMATION 
Please have the make and model # of the equipment used in your area. Thank You 
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RCA 36 C HANN EL CONVERTER C H. 3 OUTPUT ONLY) 29.95 18.00 ea.
PIONEER WIRELESS CONVERTER OUR BEST BU Y) 88.95 72.00 ea.
LCC-58 WIRELESS C ONV ERT ER 92.95 76.00 ea.
JERROLD 450 W IRELESS CONVERTER CH. 3 OUTPUT ONLY) 105.95 90.00 ea.
5B ADD-ON UN IT 109.95 58.00 ea.
BRAND NEW - TRIMODE UN IT FOR JERROLDS Call for specifics
M INICODE N -12 109.95 58.00 ea.
M INICODE N- 12 VARISYN C 119.95 62.00 ea.
M IN IC O D E VARISY N C W / A UTO O N-OFF 179.95 115.00 ea.
M -35 B CH. 3 OUTPUT ONLY) 139.95 70.00 ea. .
M -35 B W / AUTO ON-OFF CA LL FOR AVAILABILITY) 199.95 125.00 ea.
MLD-1 200-3 CA LL IF CH . 2 OUTPUT) 109.95 58.00 ea.
IN T ERFEREN C E FILTERS - C H. 3 24.95 14.00 ea.
JERRO LD 400 OR 450 RE M OTE C ONT RO LLER 29.95 18.00 ea.
Z EN IT H SSAVI C A BLE READY (DEALER PRICE BASED ON5 UNITS) 225.00 185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call

Shack. Detailed theory. drawings. schemat ics. in
struct ions $14 .95 plus $2 .00 ship ping . DIRIJO
CORP.• Box 212. Lowell. NC 28098.

CIRCUIT boards: Your artwork . quick delivery. rea
sonable. ATLAS CIRCUITS. Dept. A. P.O. Box 892.
Lincolnton, NC 28092. (704) 735-3943.

PICTURE flyer lists quality electronic surplus at low
prices. Since 1970. Send for the last 3 issu es.
STARTRONICS, Box 683 . McMinnville, OR 97128.

WHOLESALE audio , video , telephone accesso
ries. antennas. cartridges . Free catalog . (718) 897
0509 . D & WR , 68-12 110 Street. Flushing , NY
11375.

CABLE and satellite equipment: Major brand s.
who lesale prices. Free catalog. HMR SALES, 221
East Camelback, Phoenix, AZ 85012, (602) 993
0398 .

TI-99/4A software/hardware bargains. Hard-to-find
items. Huge selection. Fast service . Free catalog.
DYNA. Box 690, Hicksville. NY 11801.

PLANS AND KITS
CATALOG: Hobby/broadcasting/1750 meters.Ham/
CB: transmitters, amplifiers , antennas , scramblers.
bugg ing devices, more! PANAXIS, Box 130-F2. Par
adise , CA 95969.

CABLE-TV Converters: Jerrold prod 
ucts include "new Jerrold Tri-Mode",
SB-3, Hamlin, Oak VN-12, M-3S-B ,
Zenith , and more. UHF Deluxe II kits.
(Quantity discounts) 60 day warranty.
Repairs of cable converters. For fast
service C.O.D. orders accepted. Send
S.A.S.E. (60 cents postage), or call for
info., (312)637-4408. HIGGINS ELEC
TRONICS, 5143 W.Diversey, Chicago,
IL 60639. No Illinois orders accepted .

Quantity Item Output
Channel

Price
Each

TOTAL
PRICE

BUILD this five digit panel meter and squarewave
generator including an ohms. capacitance and fre
quency meter. Detailed instructions $2.50. Refun
dab le plus 50 cents. BAGNALL ELECTRONICS,
179 May, Fairfield. CT 06430.

UHF gated-pulse descrambler plans with simu
lated stereo output. Watch your favorite movies with
the realism of stereo. Booklet co ntai ns de tailed
schematics , instructions & theory. $12.00 DEL
PHONE INDUSTRIES, Box 150, Elmont, NY 11003.

PROJECTION TV...convert your TV to project 7 foot
picture results comparable to $2 ,500 proj -
ectors total cost less than $30.00...plans and 3"
lens $19 .95.. .ill ust rated info rmation free . MAC
ROCOMA-GE, Washington Crossing , PA 18977.
Creditca rd orders 24 hours (215) 736-3979.

CRYSTAL radio sets. plans. parts , kits . Catalog
$1.00. MIDCO. 660 North Dixie Highway, Hol
lywood , FL 33020.

Californ ia Penal Code #593-0 forbids us
fro m shipping any cable descramb ling un it
to anyone residing in the state of Cali fornia.

Prices subject to change witho ut notice.

PLEASE PRINT

______ Zip _

o Money Order

SUBTOTAL
Shipping Add
$3.00 per unit

COD & Credit
Cards - Add 5%

TOTAL

o Mastercard

HI-FI speaker kits , auto speaker systems and
speaker components from the world 's finest man
ufacturers. For beginners and audiop hiles . Free lit
erature. A & S SPEAKERS, Box 7462R, Denver,
CO 80207. (300) 399-8690 .

UNCYPHERS American and Canadian satellite or
cable. latest technology available. Plans & boards.
Kits or complete. Send $5.00 for catalog . Refunda 
ble on orde r to PILGRI M VIDEO PRODUCTS, Box
203 . Oak Street. Pembroke, MA 02359 .

ROBOT control board. Build your own for under
$50.00. Let your computer control 8 lights, motors .
or appliances . ALEX HOCHHAUSL. 868 Park Ave.,
Huntington, NY 11743.

MASTEIlCARD AND VISA are now accepted
for payment of your advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

FOR OUR RECORDS:

DECL ARATION OF AUTHORIZED USE - I, the undersigned , do hereby declare unde r
penal ty of per jury that all products purchased,now and in the future. will only be used on cable
TV systems with proper authorizatio n from loca l oHic ial s or ca ble co mpan y off ic ials in
accordance wi th all applica ble federal and state laws.

... -.
Pacific Cable Company, Inc.
7325% RESEDA BLVD., DEPT. #JJl • RESEDA, CA 91335

(818) 716-5914 • No Collect Calls • (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please havethemakeandmodel # oftheequipment used in ourarea. Thank You

"m
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SATELLITE TELEVISION 
BUILD your own Satellite -TV receiving system 
and save! Instruction manuals, schematics, cir- 
cuit boards. parts kits! Send stamped envelope 
for complete product listing: XANDI. Box 25647. 
Dept. 21X, Tempe, AZ 85282. 

SATELLITE systems $449 Name brands Quantity 
discounts Information $1 00 Catalog $2 00 STAR - 
LINK, INC.. 2603.168 Artie. Huntsville. AL. 35805 

ENJOY satellite television. Save money with easy. 
guaranteed. do -it- yourself antenna plans kits Corn- 
plete systems also available from Linden. Raydx 8 
Winegard Send 51 00 for catalog or $8 95 for Con- 
sumer Guide to Satellite Television "GFI -54. Box 
9108. Missoula. MT 59807 

DON'T trade in old satellite -TV receiver to get re- 
mote control Channel Wizard" remotely controls 
tuning, polarity. and connects from outside satellite 
receiver IR version including transmitter. $69 00 as- 
sembled. $39 00 kit Wired version $39 00 as- 
sembled. $24 95 kit Add 52 00 shipping Specify 
PRI or PRII Send M O or cashiers check to OR- 
ANGEBURG TECHNOLOGIES, INC.. 1830 Five 
Chop Rd . Orangeburg. SC 29115 Send self -ad- 
dressed stamped envelope for into 

SATELLITE TV VIEWERS 
Get the most complete weekly listings 

Send $1 for sample copy. 

Satellite tv W 
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P.O. Box 308E, Fortuna, California 95540 
1100.75111-99I7 (U.S.) 0004$8 -11717 (Calif ) 

707.75S2478 (all others) 

Save Irsl,i, yA,-.i ohn Sale.de sys- 
tem Complete instruction includes installation and 
tuning $9 95 Catalog of satellite systems and ac- 
cessories Top brand, low prices $5 00 B 8 T 
ELECTRONICS. Box 3156 Grand Rapids, MI 
49501 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 
SUPER LNA kits. dx TV preamps. microwave corn- 
ponents.IR detectors LSI. Box 7553. Jackson. MS 
39204 

SPECIAL -satellite receivers. Uniden 1000 only 
$279 00. owners manual included. great for updat- 
ing your older system Certified check money order 
LEE'S TV. Box 234. Syracuse. KS 67878 

THE next generation of satellite systems is here' 
Popular Echostar system, scramble -ready $599 00 
complete' With installation guide VISA Mastercard 
2002 INNOVIA, INC.. Box 2002. Gardnerville. NV 
89410 (800) 628 -2828 ext 519 

THE LNA specialists' Brand name, lowest noise. 
lowest prices' We will not be undersold' Send for 
prices LNA. 201 E Southern. Suite 100. Tempe AZ 
85282 

E -Z Satellite KitTM Complete satellite system 
$995 00 and $1995 00 computer print -out of your 
location 59 95 MasterCard VISA IN -X- SALES. 
Box 45. Tilton. NH 03276 1603) 286-3082 

THE BEST PLACE re BUY. SELL or 
TRACK NEW and USED EQUIPMENT 

HUTS i VOLTS MAGAZINE 
Box 11114 PLACENTIA. CA 42670 

1711102-7721 
lo.' Thousand. of Readers Natonwde 

Every Month 
ONE TSAR U.S. SUBSCRIPTIONS 

Stele Ird Cie. Vile IA CY. 

M sas.w LN.kn Iry O . 

NUTS rOln 

WOO IA t.a.ren ...ae.Ban MI 
MAMA Kett . i ' MANS Y is 

LOST 
LOST' One 24 -hour. 24 -karat golden day Each hour 
studded with 60 diamond minutes Each minute 
studded with 60 ruby seconds But don t bother to 
look for it Its gone forever That wonderful golden 
day that I lost today -DENNIS E. WAITLEY 

BUSINESS OPPORTUNITIES 
MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness- without investment Write BUSINESSES. 
92 -R. Brighton 11th, Brooklyn. NY 11235 

RECOVER pure gold from old circuit boards com- 
puters. electronic junk Easy method Send $5 00 
RECYCLING. Box 11216R. Reno. NV 89510-1216 

PROJECTION TV make 555s assembling pro( - 
ectors easy results comparable to $2.500 proj- 
ectors your total cost less than $20 00 plans, 8' 
lens 8 dealers information $17 50 illustrated infor- 
mation free...MACROMA -GFX Washington Cross- 
ing. PA 18977 Creditcard orders 24 hours (215) 
736 -2880 

YOUR own radio station! AM. FM. TV. Cable. Li- 
censed unlicensed BROADCASTING. Box 130 - 
F2. Paradise. CA 95969 

ELETTRONI( 
ASSEMBIY BUSINESS 

-ivestment knph c'Jyi- . 
experience unnecessary BIG DEMAND assem 
bong electronic devices Sales handled by profes- 
sionals Unusual business opportunity 

FREE: Complete illustrated literature 
BARTA RE -0 Box 248 

Walnut Creek, Cam 94597 

INVENTORS 
INVENTORS can you profit from your idea'? Call 
AMERICAN INVENTORS CORPORATION tor tree 
information Over a decade of service 
1-800-338-5656 In Massachusetts call (413) 
568-3753 

VIDEOTAPES CONVERSION 
OVERSEAS videotapes to American. viceversa 
Dual system videos. televisions, discounted AP- 
PLE. Box 642, NY 11377 (718) 507-5800 

ICAO M 
ART 

- Capa Set 
De 

d 2 Eacn 2 7 A J 3p/1 00 
73u11OOV wso,Asr /0/153 

1 OOO PC RetwlaAait130 ValWal 1/2w33 
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Motwn ICKtor BOP Inc IC -321 00 
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kart.ns. Speaker For Detector 65 
Eakins.* Condrucho+ AnrUe For ON 51 
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1S/ 00 
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t 5AMP 50V Brdpe ((GI TOS Pkp 50 
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2.44411 TV MplapernenllCsp..isl Each n1.42. 221.43. 221.45. 2íz1.48. 221 -69. 
221.79 .221.87.221-96,221.104.221.105. 
2219 14Q 
250900 Mau OwoH W/Oarrop Dawah 2 95 
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Storage Mug! 
Bay Bootle UHFAntenna 175 

IC $lange 18up Bo I Trim 30 ICs 1 75 
Poo ui. 1Su1OTuml Urn Pots IC 0, 
100 OMM. 5000MM./K 2K 10K 20K 
Som top 200x, SOOK 1 M- 85 Each-3/52 
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Crop Resistor I6811 20/1 00 
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74SC513- Inverted 
/4SCSN D Type Fl,prlop lnvartM 
745C540-Octal Buhe /Lin Dewar-kw 
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CIRCLE 273 ON FREE INFORMATION CARD 

SUPER LNA kits , dx TV prea mps, microwave com 
ponents ,IR detectors. LS I, Box 7553 , Jackson , MS
39204.

THE LNA specialists ! Brand name, lowest no ise ,
lowes t prices ! We will not be undersold! Send for
prices : LNA, 201 E Southern, Suite 100, Tempe AZ
85282.

SPECIAL-satellite receivers , Uni den 1000 only
$279.00, owners manual inclu ded; great for updat
ing your olde r sys te m. Certifie d chec k/money orde r.
LEE 'S TV , Box 234, Syracuse, KS 67878.

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

VIDEOTAPES CONVERSION
OVERSEAS videotapes to A mer ica n, viceversa.
Dual sys tem videos, te levisions , disco unted . AP
PLE , Box 642, NY 11377. (718) 507 -580 0.

Start home. spare time. Investment knowledge or
exper ience unnecessary. BIG DEMAND assem 
bling electronic devices. Sales handled by profes
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA. RE-O Box 248

Walnut Creek. Calif. 94597

BUSINESS OPPORTUNITIES

INVENTORS can you prof it from your idea? Ca ll
AMERICAN INVENTORS CORPORATION for free
in form a ti on , Ove r a decade of se rvice.
1-8 00-338- 5656 . In Massachuset ts cal l (413 )
568 -3753.

INVENTORS

YOUR own rad io station! AM, FM, TV, Cable. Li
ce nsed/un licensed . BROADCASTING, Box 130
F2, Paradise, CA 95969.

MECHAN IC ALLY inclined ind iv id uals desiring
owne rsh ip of sma ll electro nics manufactu ring busi 
ness-witho ut investm ent. Wr ite: BUSINESSES ,
92-R, Br ighton 11th, Brooklyn , NY 11235.

RECOVER pure go ld from old circuit boa rds, com
pute rs , electron ic junk. Easy method. Send $5.00
RECYCLING, Box 11216R , Reno, NV 895 10-1216.

PROJECTION TV ...make ssss asse mb ling proj-
ectors easy...results com parable to $2 ,500 proj-
ecto rs your total cost less than $20 .00 ...pl ans, 8"
lens & dea lers informatio n $17.50...illustrated infor
mation free...MACROMA-GFX Washington Cross
ing, PA 18977. Creditcard orders .24 hours (215)
736 -2880.

HAM GEAR
CO MP'UTEI'lS
SOI" TWA'I,IE

SCA NN EI'IS ' OP'T ICS

TE~~CEII.~U:A~~NT
SAT EL.LIT E

AU DIO VISUA L
NEW P'1I.0DUC T S

CO .....ONE NTS • KITS

A~UT~3~~~I~~:·
~NS '5EkVICES

LOST

THE BEST PLACE to BUY, SELL 0 '

TRADE NEWand USED EQUIPMENT
NUTS'; VOLTS MAGAZINE
BOX IIII-E • PLACENTIA, CA 92670'

(71-1) 632-772 1
Join Thousands of Readers Nationwide

Every Month
ONE YEAR U.S. SUBSCRIPTIONS

$10.00 - 3rd Clas s • $ 15.00 • Ist Class$35 .00 - Lifetime - 3rd Class 'c~

LOST! One 24-hou r,24- karat golden day. Each hou r
studded with 60 diamond minutes . Each minute
studded wit h 60 ruby seconds. But don't bother to
look fo r it. It's gon e forever. Th at wonderf ul go lden
day that I lost tod ay.-DENNIS E. WAITLEY.

THE next generation of sate llite sys tems is here!
Pop ular Echostar syste m, sc ram ble-ready. $599.00
completel Wit h instal lation guide. VISA/Mastercard .
2002 INNOVIA, INC ., Box 2002 , Gardnervill e, NV
89410. (800) 628 -2828 ext. 519.

E-Z Sate ll ite Kit™ Complete sate ll ite system
$995 .00 and $1995 .00 compute r pr int-out of your
locati on $9.95 . MasterCardNISA. IN-X-SALES,
Box 45 , Tilton , NH 03276. (603) 286 -3082.

MASTERCARD AND VISA are now accepted
for payment of your adverti sing. Simply
complete the form on the first page of the
Market Center and we will bill.

DON 'T trade in old satel lite -TV receiver to get re
mote con trol. Channel Wiza rdR remote ly controls
tuning, polarity, and connects from outs ide satellite
rece iver. IR version including transmitter, $69 .00 as
sem bled, $39.00 kit. Wi red vers ion $39 .00 as
sembled; $24 .95 kit. Add $2 .00 shipp ing . Specify
PRi or PRII. Se nd M.O. or cashier's check to: OR
ANGEBURG TECHNOLOGIES, INC. , 1830 Five
Cho p Rd., Orangeburg, SC 29115. Send self -ad
dressed stamped enve lope for info .

SATELLITE TELEVISION

Save hundreds of $. Install your own satellite sys 
tem. Complete instruction includes insta llat ion and
tu ning $9.95. Catalog of satell ite sys te ms and ac
cessories. Top bra nd , low pri ces. $5. 00 B & T
ELECTRONICS, Box 3156 Grand Rap ids, M I
49501.

SATELLITE systems $449. Name brands . Qu ant ity
d iscount s. Inform ation $1.00 . Catalog $2.00. STAR
LINK, INC., 2603 -16R Artie, Huntsville , AL, 35805.

ENJOY satell ite televis ion. Save mon ey with easy,
guaranteed , do -it-you rse lf antenna plans/kits . Com
plete systems also avai lab le from Uniden , Raydx &
Winegard. Sen d $1.00 for cata log or $8.95 for "Con
sumer Guide to Sate llite Televisio n."GFI-54, Box
9108, Missou la , MT 59807.

BUILD your own Satellite-TV re ceiving system
and save! Instruction ma nuals, schematics, c ir
cuit boards, parts kits! Send stamped envelope
f or complete product listing: XANDI, Bo x 25647,
Dept. 21X, Tempe, AZ 85282.

SATELLITE TV VIEWERS
Get the mo st comple te weekly list in gs.

Send $1 for sample copy. IR

!3dttOiIt:tLJI,'tZ0
P.O. Box 308 E, Fort una, Cali fo rnia 9554 0

100-358-999'7 (U.S.) . 100 -556 -1787 (<:'11'.)
707-715-1476 (_II oItIcrs)

74126
74151
74163
74365

74LS158
74LS174
74LS257
74LS273

T_a: MICRO-MART accepts Visa MC and telephone COO's. MinI/rom arller 510.00. ShlppinO- 
U.S. oroers, 52.00. Canada and othel COlJ1tnes53.50 (Includes ins) . Shipping rate adjustedwhere
applicable. NJresidents add 6% sales lax.

IICla-IAIT • 501CEmAl AlE.• WESTFIELD. 11.I D7 D11O • (201) 15HOOI

l 00~V to 10lJ011

~~::t~ 19r $5195
0.1" " to 10A
O.1g 10 20MQ
1pF 10 2O,.F
forward VOltage t• • tlng
Iranllator Intlng

DC Vollage
ACvonao
DC~t
ACCu~t

HI·Lo R.. I .tan~

c.p.ellance
DiocMTest
Hnla. t

MODEL 705 Digital Mult imeter

UHF-TV PREAMP
(As featured in Rad io Electron ics M arch/
May articles, 1982)
This inexpensive antenna moun ted p re
amp ca n add more than 25 dB of Qain to
your system. Lots of satisfied customers
and repeat orders for thi s high QualIt y kit,
which includ es all co mpo nent par ts. PC
BD,Case.Power Suppl yand Balun $34.50
Assembled Version . . . . $5 7.50

74SC374· D Type FIiIJ"Flop. Non/lnv
74SC533·Transpare nt Latch-Invert ed
74SC534-DTypeFlip-Flop. Inverted
74SC540-OCtal Buffer/Line Dnver-Inv
74 SC54 1-OCtal Butter/Line Driver-Ni l
74 SC563-Transpare nt Latch. Invert ed
74 SC564- D Type Flip-Flop. Inverted
74 SC573-Transparent Latch. Non/ lnv
14SC5 74- D Type FlilJ"Flop. Ncn/lnv
Data Book For All Above ~ · s , . . . . . . 250

Cypher IV Micro-Controller Kit- 51 29 .50
- 4 MH z. a-enMicroprocessor '
INAT 1NSB073)
- Cont rol Basic Interpret er On-Ch ip
- Auto- Start Operation At Power-On

: ~~~11~ : ~~~~~~lt ~~~ ~1~~~i1 Lmk
- 24 Bi-Directionall/O Lines (8255 Al
- RAM Memory-2K Expandable To 16K
- Eprom Memory-Expandable To 16K
- BUilt In Eprom Pr~rammer

: b~~~~:ln~~~I~¥i~~ntf~~tSJ7~~kUP

::~~S~:5~~~~~a~~~~~~ 8~~8nui~
All Kits Contam 5 F Con nec tors . ~OO to 75
OHM Balun. 3000HM Terminal Block 2 Ft
750HM Patch Cord 2 Ft 300 OHM Twin l ead.
Nylon Cable Ties. And UHF Antenna
Model .41 24 -S2. 95 Includes All Of
The Above Plus 25 Feet Coa xial Cable And
Mo unt mg Hardware For Indoor wall 'Cethnq
Install ation
Model "-4 8 80-$2.95 Inc lude s All Of
The Above Plus 25 Feet Coaxial Cable And
Att ractive Expandable Pole /tj-Bolt For
Easy Indoor Installati on
Model " 4 84 5·5 3 .95 Includes AllOt
The Above Plus 65 Feet Coaxial Cable And
All Necessary U-Bolt Hardware

ChipCaps- Set of 4,2 Each 2.7 & 3.3pl-l.oo
.33ul l OOV Dip Mylar 10/1.00
1,000 PC Hesrst o rAss' t (30 Values) 112W-S3

~~~~~~:?e;tj~;~d~(Fn~ it:S2y.:rJ{i>:gg
~r~~~c1t ~';X/~~tF~~~~1;~t~r~./~2 ..~O~~?:~
Miniature Speake r For Detector 65
Extens tve Construction Article For Del. $ 1
TV Knobs. . . . .. . .. . • . .. . . . ... . . . . . . 15/1 .00
Amm et er (0- 15 A.G. Amperes) 4.95
VolVOHM Meter MVMNT 10-1K OHM,

0-300Y) . . . . . . .. .. . .. . . . . 2.95
6V Miniature Gea r Moto r. . . .. . . . . . . ...50
RFChokes-l. 8uh,8.2uh,12uh.22uh- t0I1.oo
40 Pin Flat Cab le Socket Connector/Hood .40
50PinFlatCableSocket Connector/Hood .50
~i~~ g~n~:~d;::~~~i~~:~ .(~.~! .'. ' 1'JJ'~:g8
~55:~:~~~;'~:I~d~<[~~~~) . · . · · 1~8
~~~-~~~~!?I~~~'2'~-~~~J!~5,i3,' ~W6ct
221·79,221-87,221-96,221-104,221-105,
221-106,221-140

~~om~~(1~~~~lo~~D5~~~ ~:~1:~: ~~
Winegard 4 Bay Bowti e UHF Ante nna- ta.so
IC Storage(BUtl'/ Box (Holds)30 ICs-l .75

i'~~~~, ~~ o~;,.{ni.<~~ ~~ b'R'~glk
5OK. l OOK.aoox, soox 1M-.85 Each-3/S2
PlherPT-l0VHOfMt(SlngleTu'l}bTrimmera

~~?S~~s;\;'~el~::t~~)i~~I Kii:iA/~6
Mixed Co il Ass't 10/ 1.00
Buzzers 3/ 1.00

g~ : ~ ~:~:~~~~ ~~fo~· :..:::::::::::~g~ ~ :gg
J~:g~a~JafE!'8 Wi Suili ln Resisio~~Ji~
MRF901(HobbyGrade-6O%~ ... 10/1.00
ICAss't(HobbyGrade,SomeMarked}-30/S1

20Cent(.20) 74SCXX
Series Special
- Oet 811ntert8c e Circu it s
- Equ iv alent To 74LSXX Series
- Low Power ISO-CMOS Tec hno logy
- Short Prop8g8t ion Del ay
-Im pr o ved Noise Ma rg ins

;l~~r31~fr~rk I~~~~~~~~~:r~~:ti~~~d
74SC 138-1 Of 8 Inve rte d Decoder
74SC1 39 -1 0f4 lnve rte d Decoder
74SC237· 1 Of 8 Non-Invert ed. l:at ched
74SC238-1 Of8 Non-In vert ed
74SC239-1 Of 4 Non- Inverted
74SC240-Oc tal Buffer /Line Dnver-I nv
74SC24 1-Octal Buffer/line Driver-Nil
74 SC244· Oc tal Buff er/line Drtver-Nz'l
74SC245-Oc tal Bus Transceiver-Non '!
74SC373-Transoarent Latch-N on/In v

t~1~:56 ... . . ......... .. ... .. .. .• •.~~
AM/F~ . R.ad i.~ IC I_2204.w/S.pecs-,~m!<l

Ie Sockets
8 PIN/ .07 14 PIN! .13 16 PIN/ .15

l8PIN/ .17 20 PIN/ .19 22 PIN/.21
24 PIN/ .22 28 PIN/ .24 40 PIN/ .39
7 Segment Displayt.S" CommonCa th) . . . .15

tr~~~:1tJH~r.I~~(.~ : '.~~.~.~~.~ ~~~). 311:88
Jumbo Red LED's-Dlffused Len s, Prim e (Ti).
AlilClO% Prime-1 5/S1,100/S6.1.000/S57.50

~~~~f~;S~2~~~s.teR~~~~d:inC;b~~~ 1fo~
Pms Made When Each~yDepressed .. . 4.95
D,p Switch- 12 POSitio n. . . . 2/ 100
Dip Switch-B Position . . . . . 4/ 1.00
Keyboard Push Butt on Tops _. . 30/ 1.00
Audio Cab le . . . . 30 Feet/1 .00
22AWGWire . . .. 50 Feel/l .00
27AW G Wire 50 reevt.oo
Mini Lubricat or (a Lubricant) 1.00
MolexPms(7 Pin/Strip!100/S2.5OO/S4,1KISS
Clock Modu le-Crys ta l Cont ro lled. Gree n
Display/1 2VOC1Time Set swtcnes/uere-a.as
Rotary Switc h (5 Positi on, 5A 125V)-3/ 1.oo
Giant Alpha Numeri c Display 1-1/2 " x 2"
7X5 (35 Total) Red LEDMatnx/Specs·4.95
11 LED B.r Gr.ph Displ.y- 2-3/4". Rect

~~~(~~ecJ~~~'~~~:.,b~~c:~ca~-~
'MredFor(f5V,9V.15V.1 8\11 RegShpg.. .895
~~~ PI1~~I';r~~t~~~~~~:~ 52~~.~ : : :: ~ :~g
12V Cen te r Tap Transform er 2,50
8AMP 200V Bridge, Quick: Disconnect (GI) .95
1N4007.. . .. .. .. .. . 2011.00

1~;g~6 l~88~ 1~:::~l . ·••·.:•16i188
Zene r Oiod es-20 V 1W 30/ 1 00
Zener Oiod es·13 V 1W Glass 30 / 100
2560.0KC Crystal. . .. .. .. .. .. .50
3 579 545 Co lor Bu rst Crystal I HC-181 50
1.0 Mhz Crystal .. .. .. . . . .. .. t .95
¥g~~~~rs~~~s iSer·n)·:.·.···· .:..;oi~ .gg
T0-1 8 Heat Sinks (Bern) _. 10/1 .00

~~~~r~~:~~~r·"' iC .C. ps.(.A I1J~0"6
0022ul ioov1182) 30/100
oo27uI looV 272).. .. .. .. .. . .. .. 301100
.0033ul lOOV 3321.. .. . .. 3011 .00
oo39uI 1OOV !392).. .. . . 301100
gg~~~ : 1 99~ ~~~l . . . .: ':; j 8i l88
:l~/i~:: C0\~CI~"":~ ';, :1 .: : : . :: : ~8i188
1000uf 185V TWist Lock 1.00
3200 uf 50V {Idea l For Power Suoo uesj- t .oo

~6u~~J~~~~?;~f~~ade. 3:5/8 'X1);5i1gg
.01ul 50VMonohthlcs. . . . . . .. .. . 20/1.00

15 Pin He.der & M.tlng Socket,
Yert MT/PC
.156" Cente rs , . . . . . . . . . . .. . 5/1 .00
Cry stal Cl ock Oscill ator . . . . . . . . . . . . . .50
3,300tJ.. F 35V AXIAL-1 V2~ x 7/1t Nich.. . 21.95
Coils For Rad io El ec' s Feb . 84 TV
Project, Toko /O'S r-i , T·2, L-l (12uH)
& L-2 (.071uH) Complete Set Of All
4 Colis 8.50
MC1330-Pnme(Moto) 2/1 .00
BFQ-85 Transistor . . 1.50

?~S1C2~~~~~~(1~~i(". . 2g~ ~ :88
:jg~~r~~~~:I~rl il . : .. . :: :. ~~ ~ .gg
2N3904.. .. t 01100
2N3908. .. .. .. ... .. 1011 .00
1N914 .. .. 40/1.00
1 ~1~ . . . 4Wl 00
1N5 23 1B (5.1V.Zener DlOd~ 5/ 1.00

¥g~t~~i8~~7~g~~~r2~~ or2~~lch:lJ~~
~~n: t ~sW~9~(G~~.e~~~~~~ pri'~~{~~O
I nclu~e Pcsitive/N eq a Adi ust . . . . 1 5/ 1 .0~
78L08Voltage ReglDMl 08.TO-92).20/1.00
PN2222A 20/1.00
2N3055 .. .. . . 50
2N5308 20/ 100
15 Cent (.15) PerICTTL
7403 7442
7404 7450
7410 7474
7437 7476
7438 7495
7440 74107
15 Cent (.15) Per IC74LSXX
74LS02 74LS32
74LS08 74LS74
74LS1 0 74LSB6
74LS20 74LS1 53
20 Cent (.20) Per IC CMOS
4001B.4011B,4050B, 4051 8

~~f~I~~IH l i Gi:SPINDI Pl 's;,ec~Oi l .~
2716 Eprom 1.45
2732 Eprom . 1.95
2764 Eprom . . . . . . . . . . . . . . . . . . . . . . . . . 2.45
27128 EPROM 4.95
256K Dram 150ns Pnm e Hitachi (Idea l For

~i~3uli15a~:~:n~~~~C)~7~=t.~) : : : ~:~g
UDN 6 118 unsorav Dnver tc -s c ece 85
UDN8128 " 95
UCN4116B-OscIFreqD'V Clock IOSpocs-511
UCN 480 1 (8 Chan St-Mos Latch/ Dnven-l oo
LM339 45
LM380 IULN22801.. .. .. . . .. . . .45
~~~~~(b~~(~irT,.er:Mo.toi : : : : ::. :/.1:gg
741OpAmp 411 .00
LM1 31 0 lU nmarked. Tested Pn me) 50
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nadie Ihaek Parts Place ̀" 

P7ZR 1000 ITEMS IN STOCK AT OUR STORE NEAR YOU -; 
(1) Plug -In PC Boards (4) 

,.`.... 
- - - -- - 

(2) (3) 
tr 

(I) 44- Position Cud -Edge Socket. Accepts plug-in PC 
boards below 4276 -1551 2.99 

(2) Plug -In Bond With RS -232 Ports. Ideal ta computer 
orofects1 Prednlled to accept two PC -type RS -232 connec- 
tors (such as RS 0276.1521) 4,/ e K Ssr.- Two buses. 1020 
noies in DIP pattern 0276187 3.99 

(3) Mufti- Purpose Plug -In Board. 4'/v. 4- wnh I s gods 
276 -152 2.99 
Three- Voltage Source Board. Three -bus versan of F.9 3 
4276. 154 2.99 
(4) Jumbo Two-Bus Bond. 442 x 9v,s- Accepts up to 24 
16-pin DIP sockets with plenty of room for discrete compo- 
nents Two buses 276 -190 5.95 
Jumbo IC/Discrete Boats. Like Fa 4 n,;t .i-es up to 40 
16-pm DIPs Single bus 0276.19' 5.95 

New "Hot- Line" Service 

Radio Shack 
Can Replace 
Almost Any 

IC or 
Semiconductor 

More Than 
200,000 

Substitutions 

Improve Your Project! 

No Minimum Order No Postage Charge 

II the IC or semiconductor you need is not part of 
our regular stock, our store manager will check our 
new in -store substitution guide and special -order a 

replacement from our warehouse Your order will 
be sent ASAP to your Radio Shack store We also 
offer this convenient service on selected tubes . 

crystals, phono cartridges and styli 

(5) Everyday 
LOW 

Prices! 

(5) 120 VAC Cooling Fan. Ideal for comp.,' 
ers, hi -fi, Ham equipment Up to 65 CFM 
watts 4' Vie x 4 " /,a x 2i/2" 0273.241 15.95 
(6) Panel Voltmeter. 0.15 VDC Perfect for 
monitoring car electrical system or a power 
supply 23/. x 2'/. x 1' /." 1270 -1754 7.95 
(7) Two-Tone Piezo Buzzer. 100 dB minimum 
sound pressure level' 8-16 VDC 23/0" mount - 
ing hole centers 1273 -070 8.95 

(8) 

Join the Resistance 

(9) 

(8) 15 -Turn PC -Mount Potentiomers. 3/4 -watt 10% 

tolerance For critical fine- control and trimming 

Ohms 
1000 
10k 
20k 

Cat No Only 

271-342 
271.343 
271 340 

1 49 
1 49 
1 49 

(9) 50 Metal -Film Resistors. 1% tolerance '/4 -watt 
Assortment includes 12 popular values ranging from 
-0 ohms to one megohm 271 -309 Pkg. of 50, 2.49 

Semiconductor Reference 
And Substitution Guide 

New 1986 
Edition 

Complete data on 
Radio ShaCk ICs. 
SCRs, LEDs. diodes 
and opios Plus "sub" 
listings for over 80,000 
semi types Over 270 
pages 
.276-4009 3.99 

LOw-Cost "Insurance" 

(10) 
(t0) (lsevy -Outy Metal Oxide Veneto.. Dire- 
power-Ine vonage "spikes" 0276.568 1.69 

(11) Gas Discharge Tube. 0270-811 2.49 
(12) Thermal Fuses. Used in cones -makers and 
other heating devices Ra ed 240 VAC. 10 amps 

( 12) 

&oaks Crew at 

39° C 
226 C 

Cat No 

j 

Each 

270-1320 79 
270-132( 270-132( ,3z, 

Ready -to -Mount LEDs 

ot:o: (13) 
(13) Two-Color. Provides red 
and green output A great 
mode or status indicator 

(14) Mounts in a Ns" -dia hole 
0276 -025 1.49 

(14) Snap -Ins. Red output 
Mount instantly in 5/10-" holes 
0276 -018 Pkg. of 2/1.79 

Capacitor Assortments 
(15) 

(15) 100 Disc Capacitors. In- 
cludes NPOs. Hi -Os, N -750s. 
Mylar and ceramic types Pop- 
ular values, up to 1000 WVDC 
*272 -801 1.98 

(16) 20 Electrolytic Capaci- 
tors. Minis and subminis Pop- 
ular values and sizes. up to 50 
WVDC *272.802 1.98 

Switch Super -Values 

(17) Lighted SPST Toggle. 
For 12 VDC use only, rated 5 
amps. Mounts in 'ha" -Oa 
hole 1275 -680 2.59 
(18) Flatted Lever Switches. 
Rated 6 amps at 125 VAC 
SPOT. .275-635 2.39 
DPDT. *275-636 2.69 
DPDT Momentary. With 
spring return to center "off' po- 
sition 4275-637 2.89 

Enclosure and PC Board 

Big value in a small. rugged plastic enclosure 
13/le x 3' /in x 25ha" Includes PC board with 483 
DIP -spaced holes. two labels hardware. snap -in 
rubber feet 1270-291 2.99 

64K Dynamic RAM 

only 

395 Each 

Super 
Quality 

4164. Popular standard memory chip with 1'. 
ns access Low -power design Now's the t -'- 
to upgrade your computer' 1276.2506 

A BONANZA OF SPECIAL - 
DC Hobby Motors 

129 ` 

Pkg. of 2 
Just right for model - 
making, solar power 
and robotics experi- 
ments. or rainy day fun for the 
kids' Require 1 5 to 3 VDC Ap- 
prox 13/.- long x' /s- diam- 
eter *273.205 

PURCHASE BARGAINS! 
Prewired TV RF Modulator 

only Q 
Ideal for use with 
computers, sat - 

ellite receivers. 
ATV, even cus- 
tom datacom systems and 
experiments (see 9/85 is- 
sue of Modern Electron - 
ics. page 53) 1277.1015 

495 

Prewired Clock Module 

495 

MA3003D -2. Fluorescent display with ' /." -high 
digits is easy to read. night or day Perfect for 
vehicles or your Own custom application- requires 
12 VDC 1310 x 2' /a x 1'/2 With data 11277 -1021 

Computer Keyboard 

only 

595 
C e aaeaad 

Very high- quality full- stroke matrix- output 
board with standard "OWERTY" layout 
plus cursor arrows, word processing and 
numbered funtions -total of 75 keys Origi. 
nally produced for a computer system 21. 
position ribbon cable connector 0277.1020 

Over 1000 items in stock: Binding posts. Books. Breadboards, Buzzers. Capacitors. Chokes. Clips. 
Connectors, Fuses, Hardware. ICs, Jacks. Knobs. Lamps. Multitesters, PC Boards. Plugs. Rectifi- ers, Relays. Resistors. Switches. Tools. Transformers. Transistors. Wire, Zener Diodes, and more' 
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lIadl8 Ihaek PartI PlaeeTM_-....

OVER 1000 ITEMS IN STOCK AT OUR STORE NEAR YOU!

Everyday
LOW

Prices!

(5)

Improve Your project!

(5) 120 VAC Cooling Fan. Ideal for comput
ers, hi-fi, Ham equipment. Up to 65 CFM. 11
walls. 4"h6 X4"f, 6 X2'f2': #273-241 . 15.95
(6) Panel Voltmeter. 0-15 VDC. Perfect for
monitoring car electrical system or a power
supply. 23f. x 2'f. x 1' f. ': #270-1754 .. . 7.95
(7) Two-Tone Piezo Buzzer. 100dB minimum
sound pressure level! 8-16VDC_23fa" mount
ing hole centers . #273-070 _. _. . . . . _. 8.95

New "Hot-Line" Service

Radio Shack
Can Replace
Almost Any

IC or
Semiconductor

More Than
200,000

Substitutions

No Minimum Order _ No Postage Charge

If the IC or semiconductor you need is not part of
our regular stock, our store manager will check our
new in-store substitution guide and special-order a
replacement from our warehouse . Your order will
be sent ASAP to your Radio Shack store. We also
offer this convenient service on selected tubes ,
crystals, phono cartridges and styli.

(1) 44-Position Card-Edge Socket. Accepts plug-in PC
boards below . #276-1551 2.99
(2) Plug-In Board With RS-232 Ports. Ideal for computer
projects1 Predrilled to accept two PC-type RS-232 connec
tors (such as RS #276-1521). 4511. x 5511.': Two buses, 1020
holes in DIP pattern. #276-187 3.99
(3) Multi-Purpose Plug-In Board. 4' /2x 4" with '11 . " grids.
#276-152 . . . 2.99
Three-Voltage Source Board . Three-bus version of Fig. 3.
#276-154 . . . 2.99
(4) Jumbo Two-Bus Board. 4' /2X9' 11 . ': Accepts up to 24
16-pin DIP sockets with plenty of room for disc rete compo-
nents. Two buses. #276-190 5.95
Jumbo IC/Discrete Board. Like Fig. 4 but accepts up to 40
16-pin DIPs. Single bus. #276-191 . . . .... 5.95

(1) Plug-In PC Boards (4)

Giaopgooggg apgom oUw;:. I
(2) I

I
I

"Tl
m
CD
:IJ
C»
:IJ
-<

Super
Quality

--

only

495

only

595

only

395
Each

Ideal for use with
computers, sat
ellite receivers,
ATV, even cus-
tom datacom systems and
experiments (see 9f85 is
sue of Modern Electron
ics, page 53). #277-1015

computer Keyboard

Very high-quality full-stroke matrix-output
board with standard " QWERTY" layout
plus cursor arrows, word processing and
numbered funtions-total of 75 keys. Origi
nally produced for a computer system. 21
position ribbon cable connector. #277-1020

1390 C 270-'320
2260 C 270-'321

64K Dynamic RAM

tow-cost "Insurance/"
~ (11) (12)

~"--~ ./
(10) ~ ,/

(10) Heavy-Duty Metal Oxide Varisto r. Diverts
power-line voltage " spikes' : #276-568 1.69
(11) Gas Discharge Tube . #270-811 2.49
(12) Thermal Fuses. Used in coffee-makers and
other heating devices . Rated 240 VAC, 10 amps.

Breaks Circuit at Cat. No.

ltadl8 IhaeK
A DIVISION OF TANDY CORPORATION

Prices apply at participating Radio Shack stores and dealers

New 1986
Edition

A BONANZA OF SPECIAL-PURCHASE BARCAINS!
DC Hobby Motors prewired TV RF Modulator

129

semiconductor Reference
And SUbstitution Guide

~
•

prewired Clock Module

MA3003D-2. Fluorescent display with If.'' -high
digits is easy to read, night or day. Perfect for
vehicles or your own custom application-requires
12 VDC. 13fax 2' fa x l'f2': With data. #277-1021

Just right for model- Pkg . of 2
making, solar power
and robotics experi-
ments, or rainy day fun for the
kids! Require 1.5 to 3 VDC. Ap
prox. 13f." long x 7fa" diam
eter. #273-205

Big value in a small , rugged plastic enclosure .
Ph6x 37h 6x 25h 6': Includes PC board with 483 4164. Popular standard memory chip with 150
DIP-spaced holes, two labels, hardware, snap-in ns access. Low-power design. Now's the time
rubber feet. #270-291 2.99 to upgrade your computer! #276·2506

Enclosure and PC Board

Complete data on
Radio Shack ICs,
SCRs, LEDs, diodes
and optos. Plus "s ub"
listings for over 80,000
semi types. Over 270
pages.
#276-4009 . .. . . 3.99

(13) Two-Color. Provides red
and green output. A great
mode or status indicator.
Mounts in a 3fa"-dia. hole .
#276-025 1.49
(14) Snap-Ins. Red output.
Mount instantly in 5h6" holes.
#276-018 .... . Pkg. of 2fl.79

(17) Lighted SPST Toggle.
For 12 VDC use only, rated 5
amps. Mounts in 7116" -dia.
hole. #275-680 2.59
(18) Flatted Lever Switches.
Rated 6 amps at 125 VAC.
SPDT. #275-635 2.39
DPDT. #275-636 2.69
DPDT Momentary. With
spring return to center "off" po-
sition. #275·637 2.89

Join the Resistance

~~ (9)

(18)

Ready-to-Mount LEOs
(13)

~8)

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,
Connectors, Fuses , Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs, Rectifi
ers, Relays, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zener Diodes, and more!

1000 271-342 1.49
10k 271-343 1.49
20k 271-340 1.49

Switch Super-Values
(17)

~caPRac~it\O~1(:~~::~~~:::O~' ln-

eludes NPOs, Hi-Qs, N-750s,
Mylar and ceramic types . Pop-

6,/~ ular values, up to 1000 WVDC.
~~ #272-801 1.98

(16 (16) 20 Electroly1ic Capaci-
';"'- """l' \ tors. Minis and subminis. Pop

ular values and sizes, up to 50
WVDC. #272-802 1.98

(8) 15-Turn PC-Mount Potentiomers. 3f. -wall. 10%
tolerance. For critical fine-control and trimming.

Ohms Cat. No. Only

(9) 50 Metal-Film Resistors. l OA> tolerance. ' f. -wall_
Assortment includes 12 popular values ranging from
10 ohms to one megohm . #271-309 Pkg. of 50, 2.49
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DEVICES 
PERSONAL DEFENSE AND PROPERTY PROTECTION 
UTILIZE SPACE AGE TECHNOLOGY. 
CAC' ..... CAN BE HAZARDOUS AND MAY SOON 
BF,tLEGA:. 
POCKET PAIN FIELD GENERATOR - 11.050 
Assembed S64 
IPG5 Plans S8 00 1PGSK kit/Plans 144 
PHASOR PAIN FIELD CROWD CONTROLLER - PPF 10 
Assembled $250 00 
PPFI Plans $1500 PPFIK Kt/Plans $17500 
B LASTER - Pramdes a plasma discharge capable of puncturing 
a can Produces a 100.000 WATT PULSE 
B LS10 ASSEMBLED $89 50 
BLS1 PLANS $10 00 BLSIK ..KTbPlAl15 . $69 50 
PLASMA STUN GUN - Very intimidating and BNdve 51010 
feet 100.000 VOLTS 
MHO ASSEMBLED $99 50 
fTMI PLANS S10 00 ITM1K .. KIT/PLANS S69 50 

RUBY LASER RAY GUN - "se /it* red beam burns and 
eds hardest of metals MAY BE HAZARDOUS. 
RUB3All Parts Available for Completing Darlci520 
CARBON DIOXIDE BURNING. CUTTING LASER -- Pro 
&Kr, e.- ' - ' 

.. r. ', MAY BE HAZARDOUS. 
LCS All Parrs A rail bla for Completing Dark* $20 00 
VISIBLE LASER LIGHT GUN - poducr, a red beam la 

+trig. spo: -g r'c Hand held -nmeele 
LGU3 Plans S10 00 (Kai 6 Assembled Units Available) 
IR PULSED LASER RIFLE ' ': -ducts 15 30 watt infra red 

rs at 200 2000 pi- ter 
I P03 All Parts 6 Diodes Available $1000 
BEGINNERS LOW POWER VISIBLE LASER - Choice of 

,ebw. green - provides an excellent sauce of monochromatic 

Li4C2 Plans $5 00 LHC2K Kt $34 50 

SNOOPER PHONE - Allows user total! his premises and Osten 
in without phone ever nngmng 
SNP20 Assembled $89 50 
SNP2 Plrn S9 CO SNP2K Pans/kit $59 50 
LONG RANGE WIRELESS MIKE - Miniature device clearly 
trinsnsts well over one mole Super sensitive. powerful 
MFTI Plans $7 CO MFT1K PtansJKit $49 50 
WIRELESS TELEPHONE TRANSMITTER - Transrnts boor 
sides of phone comasabon over one mole. shuts on automabcalfy 
VWPM5 Puns $800 VWPMSK Plans/K1 53950 
PWMS -LONG RANGE SUPER EAR WITH WIRELESS 
ATTACHMENT 
PWM5 Plans ... $10.00 PWMSK..KA..$13950 
PWM50 _ And Tested $169 50 

phone6openfer orders anyYlte TecfndrM are available 9 11 

Mon-Thu/sloe elicsenesdingasastanceorolovnation Send 
" 70 lot d Iluldteds mat MINN deems Send check. ash. 
-vim m INFORMATION UNLIMITED 

. RB P 0 &i. 716 Amrrrv N H 03031 le 603 673 473" 
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EDUCATION & INSTRUCTION PRINTED -CIRCUIT BOARDS 
F.C.C. Commercial General Radiotelephone Li- 
cense. Electronics home study Fast. inexpensive' 

Free details COMMAND, D -176, Box 2223. San 
Francisco. CA 94126 

2600 worlds largest Phreak Hack telcom,com- 
puter security newsletter $12 00 -year. 520 00- 
overseas 2600. Box 752. Middle -Isle. NY 11953- 
0752 S1 00 for sample 

Communicate around the world' Get your 'HAM - 
radio license and call sign Complete novice kit 
includes actual FCC questions and answers. cas- 
sette, manual. etc S14 95 SPI -RO On 400 -B Pa! 
Rock, NC 28731 

FREE EVALUATION 
and ADVISORY SERVICE 

A NON PROFIT 

ORGANIZATION 

F or pro missal slstreric technicians 
by prestigious non -profit organization 
Earn University Degree (Bachelors or 
Masters) through Home Study Credit 
given for previous Schooling and 
professional experience Upgrade your 
earning power Free Details' 
COIITINENTAL EDUCATION ASSOCIATES 
PO Rea 1197 DkaaplaIA NT 129191197 

WANTED 
RADIO tubes 2A3, 455. 50s. 211. 845 Western 
Electric tubes, amps. drivers. horns. speakers 
DAVID. PO Box 832. Monterey Park. CA 91754 
Tel (818) 576 -2642 

INVENTIONS. ideas. new products wanted' Pre- 
sentation to industry National exposition Call 
1-800-528-6050 Canada. 1-800-528-6060 X831 

INVENTORS' AIM wants- ideas. inventions. new 
products. improvements on existing products We 
present ideas to manufacturers Confidentiality 
guaranteed Call Toll Free 1- 800 -225 -5800 for infor- 
mation kit. 

PRINTED -circuit boards Buick prototypes. pro- 
duction. design. reflow solder Send print or 
description for quote to KIT CIRCUITS Box 235, 
Clawson MI 48017 

CABLE -TV 
DEALERS wanted: Channel 2. 3. and 4 notch fil- 
ters Money back guarantee. Send S15 00 for 
sample and Quantity price list Specify channel(s) 
GARY KURTZ PO Box 291394. Davie, FL 33329 

DO -IT- YOURSELF TV REPAIR 
NEW...repair any TV ...easy. Anyone can do it 
Hale RESEARCH Rt 3. Box 601BR. Colville. WA 
49114 

REEL -TO -REEL TAPES 
Ampex professional series open reel tape 1800 or 
2400 -feet on 7 -inch reels, used once Case of 40. 
545 00 107 3600 feet and cassettes available 
MasterCard Visa VALTECH ELECTRONICS. Box 
6 -RE Richton:). PA 18954 (215) 322 -4866 

PRINTED -CIRCUIT BOARDS 
CIRCUIT Boards, guaranteed lowest quotes and 
free twelve hour prototypes Single and double 
sided boards. Small through large production quan- 
tities Send specifications -T.O.R.C.C. ELEC- 
TRONICS. Box 47148. Chicago. IL 60647 (312) 
342-9171 

BATTERIES 
NICAD batteries and packs for radios. computers. 
toys. telephones Malor brand distributor and fab- 
ricator SASE for flyers LYNNTRON. 6248 N 43. 
Glendale. AZ 85301 

E OPEN SATURDAYS 8 A.M. TO 1 P.M. WITH 24 HOUR ANSWERING TO TAKE YOUR ORDER ANYTIME 

WM. B. ALLEN SUPPLY COMPANY 
TEST EQUIPMENT SPECIALS 

V -650F 
60MHz Dual Trace 

Delayed Sweep 

V -222 
20MHz Dual Trace 

6" CRT 

p1 
SAVE ON 

V -1050F 
100MH: Quad Trace 

Delayed Sweer 

HITACHI 
eg 51195 

$896 /5 
V -212 

DC -20MHz Dual Trace 

;17 

5430 

V-422 
DC -40MHz Dual Trace 

OSCILLOSCOPES 

V -1100 
100MHz Quad Trace 
CRT Readout 1mV 

6" PDA -CRT 

: :r. a 

V.1070 
100MHz Ouad Trace 

CRT Readout 
6" PDA -CRT 

Re , S"v` 

$1196 

V-6041 
40MHz /2 Channels 400C 

Words Per Channel 

O\Ovt06 
510 

. al. 1.4 i_:'+ 

ì 25855 

55311 

WM. B. ALLEN SUPPLY 
1800 535-9593 ALLEN SQUARE 

300 BLOCK NORTH RAMPART, NEW ORLEANS. LA 70112 

LOUISIANA TOLL FREE 800 462-9520 
COMPLETE INVENTORY OF MULTIMETERS 
AND SCOPES FROM 18 MANUFACTURERS 

CIRCLE 103 ON FREE INFORMATION CARD 

•• PERSONAL DEFENSE ANDPROPERTY PROTECTION
UTILIZE SPACE AGETECHNOLOGY.
CAUTION THESE DEVICESCAN BE HAZARDOUS AND MAY SOON
BE ILLEGAL.
POCKET PAINFIELD GENERATOR - IPG50
Assembled $64.50
IPG5 Plans sa.DO IPG5K KiVPlans $44.50

~ ~~:~3e~ ~.~I~~I~~ o.~~?~o.~?~~~~~~~:::~ ~ng
PPF1 Plans $15.DO PPF1 K KiVPlans $175.DO
BLASTER - Providesaplasmadischarge capableofpuncturing
acan. Produces a 100,000WATTPULSE.
BLS10 ASSEMBLED S89 .50
BLS1 . . PLANS .. $10.00 BLS1K .. KTI/PLANS .. S69 .50
PLASMA STUN GUN - Very intimidating and affective 5to10
feet 100,000VOLTS
ITM10 ASSEMBLED S99.50
ITM1 . . PLANS . .$10.00 ITM1K .. KIT/PLANS . .S69.50
RUBY LASER RAYGUN - Intense visible redbeam burns and
welds hardest ofmetals. MAYBEHAZARDOUS.
RUB3AII Parts Available for Completing Device$20.00
CARBON DIOXIDE BURNING, CUTIINGLASER- Pro·
duces acontinuousbeam ofhighenergy.MAY BEHAZARDOUS.
LC5..AII Part s Available for Complet ing Device ..S20.00
VISIBLE LASER LIGHT GUN - producesintensered beam for

• sighting , spotting ,etc. Handheldcomplete .
LGU3..Plans..Sl0.DO (Kit & Assembled Units Available)
IRPULSED LASER RIFLE- Produces 15·30 watt infra-red
pulses at200-20DO per sec.
LRG3 AII Parts & Diodes Avaiiab le S10.DO
BEGINNERS LOWPOWER VISIBLELASER - Choice of
red,yellow,green - provides anexcellentsourceofmonochromatic
light
LHC2 Plans $5.00 LHC2K Kit. $34.50
SNOOPER PHONE- Allows user tocallhispremisesand listen
inwithout phoneever ringing.
SNP20 Assembled S89.50
SNP2 Plans S9.DO SNP2K Plans/Kit S59 .50
LONG RANGE WIRELESS MIKE- Miniature deviceclearly
transmitswell over one mile. Super sensitive,powerful.

• MFT1 ........Plans ....:...S7.DO MFT1K.....Plans/Kit.....S49.50
WIRELESS TELEPHONE TRANSMITIER - Transmitsboth
sidesofphone conversation over one mile,shuts offautomatically.
VWPM5 ......Plans......S8.DO VWPM5K...Plans/Kit...$39.50
PWM5- LONG RANGE SUPER EARWITH WIRELESS
ATTACHMENT
PWM5 ... Plans. . .$10.00 PWM5K.. Kit . .$139.50
PWM50 . . Assembled andTested $169.50
Our phone isopen fororders anytime.Technicians are available9-1 1
a.rn .,Mon-Thursforthose needing assistanceorinformation.Send
$1 .00 forcatalog ofhundreds more similardevices.Sendcheck,cash,
MO,Visa , MC, CODto: INFORMATION UNLI MITED

OEPTR8,P.O. Box716. Amherst. N. H.03031Tel : 603-673·4730

CIRCLE 72 ON FREE INFORMATION CARD

EDUCATION & INSTRUCTION
EC.C. Commercial General Radiotelephone li
cens e. Electronics home study. Fast, inexpensive!
"Free" details. COMMAND , D-176, Box 2223, San
Francisco, CA 94126.

2600-world's largest Phreak/Hackitelcom/com
pu ter security newsletter. $12.00-year, $20.00
overseas. 2600, Box 752, Middle-Isle, NY 11953
0752. $1.00 for sample.

Communicate around the world! Get your "HAM"
radio license and call sign. Complete novice kit
includes actual FCC questions and answers, cas
sette, manual, etc. $14.95. SPI·RO, Box 400-B, Flat
Rock, NC 28731.

FREEEVALUATIO
and ADVISORY SERVICE

For profu llonll electronic technlcllnl

,

t by prestigious non-profit organization.
Earn University Degree (Bachelors or
Masters) through Home StUdy! Credit
given for previous schooling and
professional experience. Upgrade your
earning power. Free Details!

A NON PROFIT CONTINENTAL EDUCATION ASSOCIATES
ORGANIZATION P.O. Box 1197 - Chlmpilin. NY 12919-1197

WANTED
RADIO tubes: 2A3, 45's, 50's, 211, 845. Western
Electric tubes, amps , drivers, horns , speake rs.
DAVID, P.O. Box 832, Monterey Park, CA 91754.
Tel: (818) 576-2642.

INVENTIONS, ideas, new products wanted! Pre
sentat ion to industr y. National expos ition . Ca ll
1-800-528-6050. Canada, 1-800-528-6060. X831.

INVENTORS! AIM wants-ideas, inventions, new
products , improvements on existing products. We
prese nt ideas to man ufactu rers. Confidentia lity
guaranteed. Call Toll Free 1-800·225·5800 for infor
mation kit.

PRINTED-CIRCUIT BOARDS
PRINTED·circuit boards. Quick prototypes , pro
duction , des ign, reflow solder. Se nd pr int or
description for quote to KIT CIRCUITS, Box 235,
Clawson, MI 48017.

CABLE-TV
DEAL ERS wanted : Channel 2, 3, and 4 notch fil
ters. Money back guarantee. Send $15.00 for
sample and quantity price list. Specify channel(s).
GARY KURTZ, P.O. Box 291394, Davie, FL 33329.

DO-iT-YOURSELF TV REPAIR
NEW...repair any TV ...easy. Anyone can do it.
Write, RESEARCH , Rt 3, Box 601BR, Colville, WA
99114.

REEL-TO-REEL TAPES
Ampex professional series open reel tape. 1800 or
2400-feet on 7-inch reels, used once. Case of 40,
$45.00. 10V, x 3600 feet and cassettes available.
MasterCardNisa. VALTECH ELECTRONICS , Box
6-RE. Richboro, PA 18954. (215) 322-4866.

PRINTED-CIRCUIT BOARDS
CIRCUIT Boards , guaranteed lowest quotes and
free twelve hour prototypes. Single and doubl e
sided boards. Small through large production quan
ti ti es. Send specifications-T.O.R.C.C. ELEC·
TRONICS, Box 47148, Chicago, IL 60647. (312)
342-9171.

BATTERIES
NICAD batteries and packs for radios, computers,
toys, telephones. Major brand distributor and fab
ricator. SAS.E. for flyers. LYNNTRON, 6248 N. 43,
Glendale, AZ 85301.

...--.WM. B. ALLEN SUPPLY COMPAN~Y-.
OPEN SATURDAYS 8 A.M. TO 1 P.M . WITH 24 HOUR ANSWERING TO TAKE YOUR ORDER ANYTIME

TEST EQUIPMENT SPECIALS

V·650F
60MHz. Dual Trace

Delayed Swee p

V·222
20M Hz. Dual Trace

6" CRT

[J~"''' .' l ''i·t .
t ..I-~I ':~\

Reg. $715

$500

~ II ~
SAVE ON

V·1050F
100MHz • Quad Trace

Delayed Sweep

COM PLETE INVENTORY OF MULTIMETERS
AND SCOPES FROM 18 MANUFACTURERS

WM. B. ALLEN SUPPLY
ALLEN SQUARE

300 BLOCK NORTH RAMPART, NEW ORLE ANS, LA 70112

LOUISIANA TOLL FREE 800 462·9520

800 535·9593

V·6041

Reg. $5855

$5311

V·1070
100MHz· Quad Trace

CRT Readout
6" PDA-CRT

Reg. $2295

$1532

V·1100

Reg. $2490

$2260
Reg. $925

$669

V·422
DC-40MHz · Dual Trace

Reg. $615

$430

V·212
DC-20MH z • Dual Trace

(f)

U
Zo
a:
f
U
W
....l
W

o
o
~a:
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Tan----VALK 

Tt7MHAt 35 MHZ Dual Trace 
Oscilloscope 

Two high quality 10 1 probes included 
For additional specifications see MCM 

Catalog 011 

#72 -330 

$56999 
2 

TFJMHAW 
Autoranging 

Digital Multimeter 

1=3 
Ca 

31/2 digit Auto polarity Low battery indicator 
10 amp AC -DC current Continuity buzzer 2'." 

x 5i'." x 1W Carrying case included 
#72 -058 $49.80(1 -41 - - $4495 

1 .....o 
to up) 1100^ 

TEMP - ' Combination Function 
Generator and Frequency Counter 

6 digit display Output range 2Hz to 2MHz seven 
ranges Counter range 1Hz to 10MHz 5 -15 volt 
TTL and CMOS output Wave forms sine, triangle. 
square, pulse, and ramp 

#72 -380 

$21 990 .p 

THE NAME YOU CAN 
TRUST IN ELECTRONIC 
TEST EQUIPMENT 

TFl1HdP 20 MHZ Dual Trace 
Oscilloscope 

Two high quality 10 1 probes included 
For additional specifications see MCM 

Catalog 011 

#72 -320 

$38995 
2 

T 
.nM ..,..r.. 

TEMidiln 
Drop Proof 
Digital Multimeter 

DC input impedance 10Mohm Shock- mounted 
LCD display Overload protection Auto polarity 
#72 -057 

$2995 .; 

T'EMNAt Rotary 
Dial DMM 

3 : digit LCD display Rotary dial for 
rapid selection of functions and ranges 

20 amp AC -DC current lohm reso- 
lution Carrying case included 
#72 -075 $44.80 lea) 

TENIGIófn Frequency Counter 
8 digit LED display Measurement range: 

1 HZ - 120MHz High input sensitivity of 
20mV RMS C 
#72 -375 $189 

lea) [ w 
eMCM ELECTRONICS 

058 E Congress Perk Or 
Centervole. Ohio 454594072 
(5131434.0031 

SOURCE NO. RE -17 

Terms: 

l® 

310 iwnotum orow St 00 charge for woen 
uteer 310 

520 ttwtetkrm col wee. 
oroen ratow.`rúc o o 
Wei wdae enrpped rttlun 24 noun 
Saba on open e 00 ant to 7 CO pro Sat.,,eeyn 
000 art 10 3 prn EST 

. roe prepbd oreen aod 32 75 I hppn0 and n.wiro 
yrpn.ceca 
COO 

$419, 
1 

TEMHAP 
Digital 
LCR Meter 

Measures inductance, capacitance ans; 
resistance L =1 micro H to 200H. 
C = 1pF to 200 micro F. R -- 01ohm to 
20Mohm Carrying case included 
#72 -370 - 

$14995 men 

Be Sure To Call 
For Your FREE 
Catalog! 
Over 6,000 Items! 

We also have a full line of test equip- 
ment, computer accessories. telephone 
accessories. speakers, television parts. 
flybacks. yokes. switches. fuses. lamps. 
capacitors, resistors, cartridges, styli, 
wire, CATV equipment. the largest selec- 
tion of original Japanese semiconduc- 
tors in the country and more 

CALL TOLL FREE 1- 800 -543 -4330 
In Ohio 1- 800 -726 -4315 In Alaska and Hawaii 1- 800 -858 -1849 
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THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT
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TENM.41'
Digital '
LCR Meter

_ Measures ind uctance, capacitance and
resistance _ L =1 micro H to 200H,
C =.l pF to 200 micro F, R = .010hm to
20Moh m _ Carrying case included .

#72-370 ' r '-'- "~
! 1 i

$14995 ~! YEAR ~
LIMITED .

. (ea) WARRANTY","- - - "

TENM.41' Rotary
Dial DMM
_ 3'h digit LCD display _ Rotary dial for
rapid select ion of functions and ranges
_ 20 amp AC-DC current _ .t ohrn reso
lut ion _ Carry ing case included

#72-075 $44.80 (ea) Ill'
$41 ~~) /w~~l~d..

We also have ... a full line of test equip
ment, computer accesso ries, telephone
accesso ries, speakers, television parts,
flybacks, yokes, switches, fuses, lamps,
capac ito rs, resistors, cartridges, sty li,
wi re, CATV equipment, the largest selec
tion of original Japanese semiconduc
tors in the country and more.

TE'M'rf.41'
Drop Proof
Digital Multimeter

_ DC Input impedance 10Mohm _ Shock-m ount ed
LCD display _ Overload protecti on _ Auto po larity

#72-057 ';r~ct

$29~~ ..l w~~l~~ )

CIRCLE 87 ON FREE INFORMATION C~RD

Terms: • $10 min imu m order. $1.00 cha rge for orders
under $10.

• $20 minimum charge card order.

~
• Orde rs shi pped UPS C.O.D.

Mo$l.n:ard • Most ord.ers shipped within 24 hours.
• Sales office open 8:30 am to 7:00 pm Satu rdays

10:00 am to 3 pm EST.cae.For prepaid orde rs add $2.75 for shipp ing and
hand ling .

VISA • Shoul d shipping and han dling charges exceed
$2.75, the balance due Will be sent C.O.D.

TENM.41' 20 MHZ Dual Trace
Oscilloscope
_ Two high qual ity 10:1 probes incl uded
_ For additio nal speci f ications see MCM
Catalog #11

#72-320

$389~?

7EMf.41' Combination Function
Generator and Frequency Counter
_ 6 d igit d isplay _ Output 'range: :2Hz to 2MHz seven
ranges _ Counter range .1Hz to 1OMHz _ 5-15 volt
TTL and CMOS output _ Wave for ms: sine, triangle ,
square, pu lse, and ramp.

#72-380 . 1 .
$21990 1 L1~~:D

(ea) J ! ,t,RAAHTY.

~

TE'M'rf.41'
Autoranging

Digital Multimeter
_ 3'h digit _ Auto polarity _ Low battery indicator
_ 10 amp AC-DC current _ Continuity buzzer _ 2'1."
x 5'1." x 1'Ya" _ Carrying case inc luded

#72-0.58 $49.80 (1-4) [~ -l~":!!r

$4495 YEAR I
. LIMITED '

(2-up) W~~~ ••

TE'NM.41' Frequency Counter
_ 8 digit LED display _ Measurement range:
.1HZ - 120MHz _ High input sensitivity of

20mV RMS$18995 ~#72-375
~ (ea)

e~~~c~;-r';~J:.~~rNICS
C e n t e r v ille , O h io 45459-4072
(51 3) 4 34-00 3 1

TE'NM.41' 35 MHZ Dual Trace
Oscilloscope
_ Two high quality 10:1 probes includ ed
_ For additional specif ica tions see MCM
Cata log #11

#72-330

$569geP
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Jam NEW LOW, LOW PRICES!!! jagg 
CALL FOR QUANTITY DISCOUNTS 

1400 
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JEW * HAPPY NEW YEAR! - Já® 
Commodore' Accessories 

RS232 Adapter 
for VIC -20 and 
Commodore 64 

TM JE232Cr worn mnwcron of slrdrd same RS232 
pent.. moment six b saw VIC20 and C44. A 4- is 
srwch auo.n Ow ~wren of IM 4 barb boa Cow.- 
pleb o.tao. Nn and op..leon var1Ctlo s included. 

Rugs v.b Uw Pmrt Provdsa Ste darn RS232 maid 
*was Uses 6 semis (Tramcar. 'MGM Clear b Sord . 
normal b Sad Dar Tenn* Asada Dols Set Wady) 

JE232CM 539.95 
VOICE SYNTHESIZER 

FOR COMMODORE VIC -20 AND C -64 
Plug -In - Talking in Minutes! 

JE520CM $99.95 
300 BAUD AUTO MODEM 

AAldey -Mo (For C-64) 57415 
PARALLEL PRINTER INTERFACE 

FREE 2K Buller lndudadl 
MV/350 (For VIC -20 8 C- 64) $69.95 

TRS -80 Accessories 
EXPAND TRS -80 MEMORY 

TRS -80 MODEL I, III ( n <t. lrpe Y.Ilya ..sc' 4 TM Awc M wabre.. r . SYN. ,a mamas r.4 
woo. more ...as. wes. r Mew a n. MOW Cm Ow l .. MI r NW we a KM l.rMU-- ,- --.war 
ms -1NC3 200,. (Model 00 55.95 
TS-16K4 2S0m (Model 1) 55.49 

TRS -80 COLOR AND COLOR II t. b -OM v (MY la.gb I .-- .'4+ -: -ul Y. Drr MA w acvw r Ce.. MS IC (:..n C. r 0 t I awl MC r.br t b t1 A rt 
1a ad Cow Gem. a M n.. 001 at Of wrw e 

W Mr M wP 
MAMA.2. 59.95 

TRS-80 MODEL 4f 4P 
NtOW.n..rl. ti1W-)1.tAaW.7 NM.wMar 

IM .\.Naaawwao + b tnw/ 
i8414142 4.^r 1 

Ow Y ti s 9K 
TTIS414K-2PAL t..w.r rw row. naat . 629 95 

TRS-8O Modal 100 NEC Olivetti r...... Mw ns.ro tW a, - r . .a.. w.1., e n u w n 
mow w ...wow M lw.ra b mama., 

MINIM rnrLLN WWI ,N tsamn In IS w r NM n 
MUM .ICrCaw14 s2ewwr Lin w 
pnwnt rOr. NM w w a Nn N 

TANDY 200 
tM b _rM Puy M 7 e ...sr 
7w .iwer Comm rw..b b 
1120041 mar as a..r.r . . 1013f es. a. 2/3110165 

PROMETHEUS MODEMS 
Intelligent 1200/300 

Baud Modem with Real 
Time Clock /Calendar 

Tb. Probed.. s Bet 212A 2C.$0 3CAï: .fe "ye 
N ad -Noma modern Hales CO nanard sa comp ab4 
Plus an Writer( expanded renarde sel Shorn re. 
alpnanum C dopey OpaOn 

PM 1200 WS= srnaAwN tkuL 5299.95 
OPTIONS FOR ProModem 1200 

PMCOM -.ananas 71 95 

Om K. Dos 606 
PM-OPS 12K .c..M.r. a.Ar 4r.. 5129.95 
e1UFS12K dI Mum, rneO.l,an0 s 64.93 
PM.ALP wraOr.N s 75.10 
pu-sp.cwk12 war waaq,l[ 

SUM.* wrrat Min 
DATA BOOKS 

111 
9M11 boob Dar lissael.m4 Rai cwrr r.rores Nar 
9aM9 ar sr a.r IssaN saIS n we Some OW i.0a Nara 
MIN W Wear, Olw.aarrrlrw (lspre4 - SKIS tir. h..... WM A.w r trr Ow I e rr r.M. NNr. M. ONN I.t}.Y s.tar aalr .a.r.4 
MINI rrslrarer0aaINr *MIL kmp.l SIM 

o =a..Mrrr.rwa.t.a.w- .wn 
70077 aMar1/Nlatealla6Nf1M4 SOUS 

aMMNes 

>M Y r t At is . .Le sM w wYc, NAG ,s.c*,nac. Sow rrra.aa.. rt rt y mil COMB u fia 

Muffin -Style & Sprite -Style Fans 

leHoard 
mss --42446 

Hoard nose.. )46S-so s ea.r.... 99 95 

3U2C7 
toso aasen 0125' w 33(t. S9 9S 

APPLE COMPATIBLE COMPUTER ACCESSORIES 
Pa' ti wer Or ow 

W c.... w r MOW .-wr 

..i.7_L 
ièsa. _..... wnww 

s w 
so ' +N O.. cr.r c... r MOO . mil - 

4..ZG_... 
MOM rftft .. rsw .as... ...I ww s IaiMIMa 011 pr. _aria 

17 YNblMpne Gown 
boob, for Apple l II . / and bY 

.M maae r+..... "' .:..Z 

I. r 

/r-.7:447-7;" :r-- M 

AMO/l 
19MqM aro MINIM MaN M a 6M b Anal a ad Y .. L: .r r =.... Lr ' 

pM1200A s211101 
,sv>Iapllp =el 

Y0010 

o .ír.. °ow 
"11111112111r .e. a..rw .. .. . 

r...' JES20AP S119 95 

.ets9a.a sr 9s161. _ 
IAC0w41 s MS JEST] TS 

..., 
11 is 

2E520 VOICE 
SYNTHESIZER 

by AMU . a..osir 

APPLE Keyboard and Cass tor Annie II and 11.' 
wawa ammo 

`rw ..N Mes ..r row or .Mara. _ ..\7H.. a .\r 
MOIL MMUS 

r ._.. 
MIAs Me Meer MSS sabla atwr.m..wam. NSA UIG, aars.ssr..Mroraw SPUN 

J 
FA K.r 125K RAM CaEd _new 

6eR wawe w.r.n..wal !br AN N. 1+ and or rm .. AMIN .. 4)M. rw . r .t ruNn.r.Mrr.Nrwrra..aw.,alaw arra rww b M M tM..AYNr.M/. aa ... NY.w ...w ..N.\ liN.O.ar. Cm .rn'Oaaatl wr.Urr.NA. 
AIM [EzparsdAKAY) 011516 

Pre.w.e Apple M.Ñ+MIdC 
Card ' M me. s ... .ra. r w.aa rwt r w- 

w..Me :.'ÿ-'.M....: ::'M,...`o:' ti. 0. a. N e v 
JE677 coRV/4944441p05 n 969 95 

Printer Card etda 
Asw w.r M e . .r r . : .......w wwr.rtwrr..w..ow .r r ...n ... w.. M ww w i.......`.l.:.w r rl www° ~..n:.M ....---...e.. .ii ... w Oft v aw r(lw rNrww.a.rre.e 

JE IÑO MIMI) 9f5.56 

FpAOOI.r+.tld 
MIS 

ÌNaC r.. r. ̀ rr.írr. cow seams áaúr.l.i ..wr. 
ow. ... r mow vL swarm r. .r .r w ftalft Mr rw r+r w ..r.wir..aw 
JEiq (P/$ sdblr). 975416 

l2iV1tLttiLllS vERSACARo 
for tee ADpI. u, u+ and Ile' ' : :7.1==1".14"."..- 

. v.......-.---....= 
w w t.a. r.. r .wrt..w rar":.: Z: 

,__..,.....b. w. r _.+~.. ». « .....w ?.r ¡r`..`. ...+: Ç:....rT.' ̀ . 

swam.Mea. ammara Wax raau`eat Mew 000621110M OM .. $16995 1..111 S. aerea na.rbr Saba 4111 MM. as 
IM4C swear r..Ia.ONa aaal4.lw maw pate 
MAC war oar. raabra ama 0w.r tra pap ..... - mow ma w ww+I r err... r 

Jameco's New 1986 Catalog! 
Filled with New Products, Reduced Pricing 

and Valuable Pin -out Data. 
Send S1 Postage for FREE 1986 Jameco Catalog! 

IBM Accessories 
IBM PC/XT Compatible 

Keyboard 

rl S L L 
I- 

IBM -51S1 ,,__.. 512995 

Additional Add -Ons Available! 

MEMORY EXPANSION KITS 
IBM PC, PC XT and Compatibles n. .sear r. .w.. 4ww w wow -e ..wa-e%rww c .... ..ni N I mow .Y ..f Olv.w 

IBM64K (Nine 200m 64K RAMS) 57.95 

IBM PC AT 

182.1128K (Nine 200ns 128K RAMO). 543.95 

lotIBM PCXT Equivalent 
130 Watt Power Supply 

UPGRADE YOUR PC! 

0 St 12VOC a - I2VOC 0 SSA Plug caroend. 
corvwcaors Rr ado IBM PC WO" 6 ebs 

IBM -PS $99.95 

Prometheus Modems 
TM Peoromen t 200.3-136 n ' 20C. 300 maw - 
card Wadi pepa anb 611 PC and ST Prados 
mini Common lie wrens awaabr 12008 (wet" _ 
frfrio) and 12008$ talo. Witowin The put 20065 r sward war pDwrtl MITE DDnsnsncabons weber 
Mom M,crd1 Labs Soaears/ arwalbls PC DOS or 5A5 006 
PMI200B (onnoac Donas). 5239.95 
PM1200BS (w.m WTI So*r.arel 5274 95 

IBatible! DISK DRIVES 
Come . 
Documentation 

Included 
RFD480 (Wnw. 5- DS a.u-n1 I 569.95 
FD55 B (Tlac 5. - DS half ra I 599.95 
SA455 (sh,.-s-.-DS ' ^ S99.95 
TM100.2 da- . Ds S99.95 

JMR 514' DISK DRIVE ENCLOSURES 
Compeei. 

DOE-1FH . o, . .. . S 69.95 
DOE-2HH haw. +S 79.95 
HDDE-1FH ..w. as S199.95 

General Application Keyboards 

Mltsumi 54-Key -rTTTTTI 113.1.1ifi Unancocted 
Kayboard ILUJJ.Ii 

$PST wpswacMS 20 Pin nbbon cade :. ... 

Lea probe erri Fealurw caso, contras c ont.o 
cape (lock). 9MKbOn. arar and mal b5S Corr M S- 
caps) gray Wight I E Rebut rad Sae 131 
enew 1:H 
10154 59 95 

74 -Key 
ASCII 
Cherry 
Keyboard 

7.b. pan.. ASCl F. Upper Came. rub Low. Cams eept m. n o and p Caw, IWpad SPSTmeeeW\ 
cal Myaoadws 26-pin Meader cornacor Cep what 

S.I. I et 614 .1.11 Spec included 
K88201 OMNIwavy $14.95 

11.20 rftw Ot - 11 Im OMr CA Me Aa r IM Yoe M aN Mao - N war. 
Aa ti nA. s. N Ir s. AM r nNr, w Ammo C+..M .N aM.n b Om. 

aW .r.mi r wow./ ..+s r+. 9.r.a - mpg 

MasterCard 

2/96 

amero ¡ Wsl, 
ELECTRONICS 

1355 SHOREWAY ROAD. BELMONT, CA 94002 
PHONE ORDERS WELCOME - (415) 592 -8097 - Telex: 176043 

CIRCLE T 14 ON FREE INFORMATION CARD 

UV -EPROM ERASER 

I 9 Chlps - 21 Mkwase l 

I/ CNp 1S Minutes 

E..Me Na UMW. COMM wo a OM/ Mew.21 amw.1 lnc 

7,s.N\ANal 
rwrrstoNraawowOrrwaaarwr.Na, 

0C.N crn0A raw lia /aw,lse esac r/...0 .u-,n 
wá 

o we Conrad e 
w> 

LN .wyM . i. 
DE-4 UV-EPROM Eras. 574.95 
UVS-11EL R.vk.ceme.it Bub s 9s 

123 

DISK DRIVES

General Application Keyboards

DDE-1FH
DDE-2HH

HDDE-1FH

11 Chip - 15 Minutes I
Erases 011 EPROMs. Erases up to Schips within 21 minutes (1chip
in 15 minutes). Maintai ns constant exposure distance of one inch
Special co nduc tive foam liner eliminates static build -up. Built-in
safety lock to prCtVCnt UV expos ure. Compact - only 9 DOL x
3.70"VVx 2.60-H. Complete WIth holdi ng tray for 8 Chips.

DE-4 UV-EPAOM Eraser•• •• • • $74 .95
UVS-11EL Replacement Bulb 517.95

• 7-bit paralle l ASCII ' Full Upper Case , Full Lower Case
except I, m. n, 0 and p.• Cur sor keypad " SPST mecha ni
ca l keyswitches • 26 -pin heade r co nnec to r ' Col or : whi te
" Size : 18"L x 6'4 'W X 11A "H • Spec included

KB8 201 • • ••• • 11500 available) . .•• .• $14.95

Documentation
Included

RFD480 (Remex 51< " DS full-ht.)• • • .. $69.95
FD55B (Teac 5'." OS half-ht.). . • • • • $99.95
SA455 (Shugart 51< ' OS hall-ht.). • . • $99.95
TM100-2 ITandon 5'" OS full-ht.). . • •• $99.95

JMR 5W ' DISK DRIVE ENCLOSURES
Comp lete with power supply, switch , powe r co rd ,

fuseh old er and co nnectors
(Houses 1 'ul l ·h l 51.· ftop py dn yo) •• $ 69.95

~~=e~r~~a~~~~I) • • •• • • • • S 79.95
(HOlJ,... , hil rd dtrwl . " • • • • • • • $199.95

Additional Add-Ons Available!

• Input: 11OV @60Hz' Output:+5VDC@ 15A. - 5VDC@
0.5A,+12VDC@4.2A,-12VDC@ 0.5A· Plugcompatible
con nectors ' Fits into IBM PC • Weight: 6 lbs.

IBM-PS. . . . . . . . . . . . . . . . . $99.95

Prometheus Modems
The ProMo de m 12008/88 is a 1200/300 baud modem
ca rd which plug s into IBM PC and XI Provi des a th ird
ser ial Comport. Two versions availa ble : 12008 (witho ut
software) and 1200BS (withsoftware). The PM1200BS
is su pplied with powerfu l MITE co mmunications softw are
from Mycroft Labs.Softwareavailable: PC OOS or MS DOS.
PM1200B (without Software).... •. $239.95
PM1 200BS (with MITE Software)• • . • . $274.95

L.l~ IJ lll il llil l ll:l I I

111 11' II III~Btl-~m\H iiW - : ' . \
- I J 11 1 1 11 1 - .

IBM PC/XT Compatible
Keyboard
~ ..'"

IBM·5151 IEqUivalent kl~ic.· 51 S 1 ) • • • •• $129.95

MEMORY EXPANSION KITS
IBM PC, PC XT and Compatibles

The IBM&AK Kl4... u Ir'ICrNW memory '" ~K'byte Il'ICJ'efTIe'nts The KItISSrmple
10Insta ll - JUst Insert the 9 - 64KRAMch 'ps In ttle provtded sockets a nd se t
the 2 grou ps at SWltcnt'$ Convet1,o n docu mt'nLltlon Included

IBM64K (Nine 200ns 64K RAMs). . . • .. . . $7.95

IBM PC AT
Ea c h kIt co me s co mple te WIth emel28Kdyrntmlc RAMs and oc cum en tanon
lor converSIOn

IBM128K (Nine 200ns 128K RAMs) .. $43.95

IBM PCXT Equivalent
130 Watt Power Supply

UPGRADE YOURPCI

JE520VOICE
SYNTHESIZER

lor APPLEII. 11+ and ,,.-

JE520AP. .$119.95.- -..l" · ~·~_~

JE5 23TS. . • •• . $9.95

JE883(PIS Buffer). . . . . .. . . ...... .. . .... • $79.95

Parallel/Serial Buffer Card
For Apple II, 11+and lie"

TheJEaa3 prOVKill' \tI. uti. Mtil up 106.(1<01Idd~IOniII (If bu'llt ld memot)' Il l!1»"'"
ol, nlot rNIhon l USlngthepa•• I""lUmperu,bI.lUpploed,th.JE.l! 3 ....II.nachIO!hl
JE!IO (atloolw) Parallel ea.", r-o.d lor Oper.hon The JEIl83 ,nclude $ , SLlnd.ln:l
PI~11tl Input MtI'l bOlh PlI•• lleI an d N t.. 1 IRS2311 bu1'le.e(j OlOtpuls W,th \holM
lealu t•• )OOI.lmay.cc. n.nd bul'letlnlo.rNIbGtllOlwolype.olpnnl.t1I lcr.e ......1
on. PI ,,!"'l Somuhflt'Ously Compl.te ... Ih Inllruchons

Applesurance Diagnostic Disk Controller Card
Prewnts Crashes! For Apple II, 11 + and lIett

The JEatt H~' as. dtilgno sl,c too l. an uwrsnce/ ma ,nfenllnc. 1001and I du. '
dlP,d..... conlto ll'IfTheJfl!lt7 woll ¥C!nty and ch Kk lheopllc;IIllng h;llrd...-a'. C1 '
)'Out s"""m.lIt h h",.)'Qu lurn on )'Our Appl. II, n . 0' '' ' TIS I your RAM R()t.I
CPU lind dIsk drwe$ OI;1gnOllteroubn.. ",.y be cafl(;lll~ al l"t IOUCIIof . kC!'Y
Com ~.l. M lf! "' $tructoOt1$
JE877(ORV.lIApplesurance11) $69.95

Parallel Printer Card
For Apple II, 11 + and lie"

Thc JE"OPtlnler lnllltbc. ~rdl' /In lnlelhgenl lnle'bctIOfflO$1 0!10d.:ly s

:~~a~~~~rx ~OW;~:~l~~~~ ~~I~~~~:~~I:.:~~~~:.,,-:I~~~~;:~~
~.a"",lllllelot ApCllell. • " and lJe · Th. JE~80 ls $h·C1 Ded ccn ll .urt-d lor lh.
Cenl~lt. 51/1 r>C!•• d and can be •• -ec...~.u.tG Ie. 0111... ,l.I"dard$ ,I " tC'SSo1ry
A.d..-ne.d l.xt pnnl'''9INl\l.tI rnctude V'dtO IetHO teflO ON or OFf. a ..to 'd,s.lI~
~n.ilIed .lttt camil9' return , MVclt;ll'th• • thb~OllheOulpuld"'l.I ..t leil."'"g,"
;lind ITlOre' Co mpl.te lh msl rutbon s

JE880(PAT-1) $59.95

APPLE Keyboard and Case fo r Apple II and 11 +"
KEYBOARD (Ka- A68j ;
• 6lI Keys • 15-1<.ity KeypI;d ' DI'KI eon ne<:bon wrth 16·pln nbbon eon nKtot
• Out . tIM m.!,11!)aMpI. l. (WIth 6 rnoun~ni holli• • CoIot IktySl btOWtlllll'lY
· Sil. 1A'r l. x5 't-Wx l 'r "H
CASE reaec-u.
• Ac.cofl'\lftOdalts KB·A6' • Pop- up lid tot usy ace." • F",ts power su pply an d
motP\l.boardtoo ·s.z• . 1S,. -W x 11"'0,,4 """1-1
SPfCw. FEATURES:
• AulClm. bc·key r' ?I. 1• Cursor eonlrollnum~oC key;)t;d • Sh llt qy modll,ed
• 4l!1 predthnod tunct>onkeys (ApplIlOIt.OOS CO(I'l mflndsl CP"-ll ' Upper /lc:J¥rlfi CilM
Cllplbl l,hn whet'l used MIt'I'O COlum n CIrd or UlLca so chIP' 10 uM. -define keys1'w!N. ~ _

KB-EA1 Klyboard.nd CaM • •• • • • • , ••• •••••••• • • • • • • $99. 95
KB-A68 6'-KIy Apple KIybolr,rd OtIly• • • •••••• • • • • • • • • • • $69 .95
EAEC· l ExPllndedAPQlt Ertelosu~ CaM only• • • • • • • • • • • • • $34 .95

1200 1300 BAUD INTER NAL MODEM
for Apple 11,11+ and II. "

~---_..~-
==':-~....':1~",,:,:.z. .::::o:''':~......._.....,...,.o.o..,. ._....s.- __
e-OI •.....,e-a-. ,...... ...,...~ . (,_

~.--'PM1200A. . . .. • . . . . • . •$299.95
12 001300 BAUD STAND-ALONE MODE M

for Mac intoan"' 12OO111I1UlCNC__~__"'_--• ProModtm 1200 • Cable
• Coo'nmunielltlon l sottw. ... (PtoCo", ·MI

~.....e-....__ ._...... _--_....-_..._-----.,..__.......:-..--._-..__.. ....e-."'_

:E:~':E:::.C5:~~~.::
PM l200M Il&llC P'IICI•••• •••• • ••• $349.95
ProCom-M c__~•••• $ 79.95

IJ
E~::g~t~
FEATURES:
·CofnPOlote ...cs.oOU !pu1
· 81nd 1lndth~

' Inpuh m Pl'dolrw;e 750hm
· RetcJlut,Qn eoo~. t1t

·~ OOtISU"' C1t IOt' 3OW
' Cofn lll NMthl,IVs_ 1

--.. monrlot ltllld
· WC!1ghll9Ib•
' S'"

l A5 'W ,, 16"'O,, 16 5"H

AMON $99.95

Five Key 128K RAM Card RAM
Softwate Programsl For Apple II, 11 + and lie" Dlslrl

The J Ea68 IS fUfl(;hOnotllycomPll I,blt ""l h Ih. "C1p1e ll l. " IlUa'ill c• •d,"d u, n be
ull!lled"",lhilll ilOl'tM.t II'wlI Ciln oe uHO Wllh . sfiillld sr d 161<C;llrd Th.JE.68
.eq Ulf" no mod,loCIIt.ons to )'Otlr Apple comput • • F1.. key 1I01t_ •• CIIO<;1r.",s . '.
Included l,l. mory Ma~nl S)'lItlrm. ..bl,t.. ~ d~no&t<.s d.fI'\Os_."ll RAl,l d,p,
ellIu/;llotsbt OOS 33 . CP"-l 'nd Apple Pa,u,l J,J1IO,",t..fflOOS~l:)t CoIft~

Wlth ,nstr\l c llon s

• JE868 (Expand-A-RAMI $119.95

",

J~

r.l'I ~.?kO.'.':)"F.ffi.tt.:t.mt. ., ' ffi.·~ • VERSACARO~ • for the Apple II, 11+ and lie"VII·SIGNID __ .-- .... _

:=.~"":"..~--;..-=.:====~-..V("$IlCNIO.ha ......--..""'~c,""

"-I'hal ...-.-~_no_b'~_.._ ,..
.._"-_.. II__ ""._ ~-..........,

r"."".-~I'oo'l_._..."- __..... ""'<l _ .."'-"b'....e-........_d n... lO pnn... . _ • • ( _

0I000la ID$ e-rt'O>l """C_",""" YO!SACMO ..,., __.......... __ _ ~_~1Or SlOl ' f1/_ "'""" CI'>V AAN__
1'roOiM__"'_1'oo'l...~_ .... _ _ 1O~

:~c:..=~--~- ~:::=='-':";::;:":-iE:.=-=.t~::- ..... - .. _ 1I%1(__-... .. __ . S-:UtrPt ...,..., ....... -.Cl"IIl........ pr-.. __....... .. b,<aCIP_ ... N ... oI__ .....
....... - · _ M AAN e:--a-__._.. $ootl •

.... .._ .._....... ...8d •• a~ .. _ , .. a _-.n-~_.rICl .. ""'3...._..--..~a~_~1IOM __. ""- .. ..__~__......... _ .•_... ~ -
VERSACARD A tunc~s on on. w d SERIAL PARAll EL REAL TIME CLOCKICALENDAR. OSR• • • 5 169.95
PM- ROM <__)" G•• ptI,ltl Upgr. de ROM IJ,J1ow$high rnolul oong•• ph oClol• •• • • • • ••••• • • • • • • •• • • •• $3 9.95
PY-SC SIf .. 1Cabl't bt VERSACAAO 516 -5··DB25P (\l altl • •• • • • • • • • • • • • • • • • • • • • • • • • • $24 .95
PM- PC "-ta'ltl ClIbie IDt VER$ACARO S1O·S··Cet\ltOnoCS("' alt )• • •• ••••• • • • •• • • • • •• ••• • $24 .95·_.-oi'r_-_.... e-uIOo'tOs.._ .--s-..cOC_.--DIl -...q_e-oI~_

$20 Minimu m Order _ U.S. Fund . Only CAR~; Add 6"" Ot" 6\'1"" 5.'" T. x Spec ShMts _ 30C INCh
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1355 SHOREWAY ROAD, BELMONT, CA 94002
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5"' - Hatf-Height
Disk Drive and
ControUer ca rd

for Apple II, 11+ and fie"

RS232 Adapter
for VIC-20 and
Commodore 64

TANDY 200

MUF60(SPN3-15-2462)
Howard Industries (4 6S·sq..60cfm )•• •• $9 .95

~~t<f~otron 13 1 25~ SQ .• 32 c fm)• • • •• $9.9 5

Intenil o.tII Book (liaS)••
Complete u n, n OTS Pl gosl

TRS-80 Accessories

The ProModem '" is a Bell 212A (1200/300) intelligent

~~~~d~~I~~~itrg~~~:xt~~da~~g~~~~~~e~~t ~~~~~~:~ Mitsumi 54~Key
alphanumeric display option . 1 1 Unencoded

PM1200 RS-232 Stand-Alone Unit• . . . . • $299.95 Keyboard
OPTIONS FOR ProModern 1200

PM-eOM IProCom Comm un,cahon SOft....aret • • • •• S 79.95
Please Spec ify Operating Syt.t em -
....pple ProDOS or CP/ M - o r
ISM PC OOS or IvIS DOS

PM·OP51 2K (Commu l'I'cahon BufferOPtion )•••• ••• $12 9.95
BUF512K 1512K Memory lor PM -OP512Kj • •• • •• S 54.95
PM-ALP jAJphanumclfIC Disp lay) • ••• • •• • •• • • S 79.95
PM-Special #2 (Include sPf.4-0P512K.

BUF51 2K and PM-Al P!•• • •• •• • • • •• $ 249.95

2308 43 In~ Micrwystem Components Hndb k. (118 3/114) $19 .95
Cenwn. 0.11Shttt . on a ll01IIllel . IJ'oCtOCtoc " lIOl". l penphtt;lll. 
2ooolumos(7575pagesl

EJ;pand s Moch4 .. from 1 6K-U K cw
Mod.. 4P from 64Kr12 8K. • • • • • • • • • S 9.95

TRS-64K-2PAL ExPlind l ModM " froM 641( \0 128 K. • •• 52 9.95

300 22 Nation al Logic Datil Book Set (1984). . • •
IA:llum.. l l d (3A l!5 ~'1

Conta n. ltllotmahon on ......t.onaI ·. mproduct~and~ltmoly

Thos ltlCludn 7AOO 7AL S , AS. LS aI\d AlS s.n.. de¥lc ... and
"'IJ'!>o1 HC t 7A~C t 5<lHCT t 7AHCT Hog" SpNd lol.cro CMOS III1Wy
"' 1r.l5-AC t 7AC bmlty..1'd CI,IQS LSl t \It.Sl

210830 Intel MMlOfYCompon~ts Hndbk. (1983184)_. • • $14 .95
Cc!"laln'" Af:lpbcIobon. N(Ms..Mde~ o.l.I ShMtI;lOltoe1"
d.w.gn tnltlrmabon on '"WI RAJ,l a, DRAAls . EPROU• . E:If'R()M. and
Oubtlle u.moo.. (l!Ieo p&gKl

Easyl Olnslall K!~!~!~t'~i~Rs~~K-~1 e~~64N-20 (200nSI
64K Oynanli CRAMs). TRS-64Kr2PAL18 t' -41&"', plu s Pl'L Cl'lIp) ana doc u
mentallon for COI'I\lersron

TRS-64~2

3 00 13 ZiIo9o.lII Book (191151. . . . , .
Mcroproc.~ and SupportOIl~ (104 5 pagel)

" TRS·80 Model 100 "NEC "Olivetti

EXPAND TRS-80 MEMORY
TRS-80 MODEL I, III

Each Kit comes com plete \IIIlth eig ht t.4M5290 (UPO. , 6104 116116K Dynamic
RAMs and doc umenl.tlon lor co nYel"Slon. Model l : 16K eQuipped WIth Ex
pansiOn Interface can be expand ed to 48K WIth 2 Klls Model UI , ca n be
eJ:p,Jndedk em 16K to 48K usong 2 Krts..Each KII.""lI e){p.ilnd comput er by
16K rncr.."enls

TRS-16K3 200ns (Mode l III)... . . . •.. $5 .95
TRS-16K4 250ns (Model 1). • . .. .. . . $5 .49

TRS-80 COLOR AND COLOR II
Easy to inst ill KII comes com plete WIth 8 oach 41S4N-20 (200n s) 64K
DynamICRAMs and doc umentation lor co nverSIOn. Converts TR£.-80 Coklr
Comput ers with D, E. ET, F and Ne circuli boards to 32K Ab o con ve<1s
TRS-SO Color Computer II to 60tK Flex OOS Ol" 05-9 requited to utrlize

tull S4KRAM on all compulers 1- - - - - - - - - - - - - - - - - - - - - - - - - - - -1
TRS-64~2. .. . . . . .. .. ...... . .. . . • . . $9.95

Easy 10 in slall Mod ule plugs rig/'ll in to lt1e socke t increasi ng memor y in 8K
inc rements Three modu le s WIll Incren e your memory to Its full capacity.
Co mplete 'Nllh modu le and docu men tation torinstallallon
M1OO8K (TA5- aOM~ 100 u PI!nsfon) .•...• $29 .95 or 31$19.15
NEC8KR (NEe PC-I201AI. • • . • . . . • • • . . . . • . • $29.15 or 3/1 71.15
OM108K IOliwttl 10110). . . . . . . . . . ..•. $29.15 N. or 3/S7 l1.t5

The JE232CM allows con nection of standard seria l RS232
printers. modems, etc. to yo ur VIe- 20 and e-64. A 4·poIe
switch allows the inversion of the 4 control lines. Com 
plete instal lation and operation instru ctio ns included.
• Plugs into User port - Provides Standard RS232 signal
levels ' Uses 6 signals (Transmit, Rece ive, Clear to Se nd.
Reque st to Send. Data Terminal Ready, Data Set Read y).

JE232CM $39 .95

VOICE SYNTHESIZER
FORCOMMODORE VIC-20 AND C-64

Plug-In - Talking in Minutesl
JE520CM $99 .95

300 BAUD AUTO MODEM
Mitey-Mo (For C-64)• •••• • • • $74 .95

PARALLEL PRINTER INTERFACE
FREE 2K Buffer Includedl

MW350 (For VIC-20 & C-64) • •• • $69 .95
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THE FIRST NAME IN 
ELECTRONIC TEST GEAR 

Save s30 on the 
RAMSEY 20MHz 
Dual Trace 
Oscilloscope 
Unsurpassed quality at an 
unbeatable L''ce. the 
Ramsey oscillOSCOpe com- 
pares to others costing 
hundreds more Features 
include a component test - 
,ng circuit for resistor. 

Capacitor, digital circuit and diode testing TV vEleo sync tiller wide band- 
width b high sensitivity internat graticule front panel trace rotator 1 axis 

.r.s rev. 'y . -y ,., o.Tn '-q bated power supply built -in calibrator 

S 36995 =Aid e 
Was s 399 95 NOW ONLY 

NEW RAMSEY 
1200 VOM 
MULTITESTER 

Check transistors 4n(1 LEDs 
with this professional quality meter 
Other features include. decibel scale 
20K volt metering system 3a- mir- 
nred sr AN, polarity switch 20 

Ps safety probes 
{tic case g S 9 5 tat loads ate .7 tMllry indurate 

RAMSEY D -4100 
COMPACT 
DIGITAL 
MULTITESTER 

Compact sized reliability and accuracy 
This LCD digital multttester easily lits it 
your pocket you can take it anywhere 
It features full overload protection 3 
digit LCD readout recessed Input 
lacks safety probes diode check 
' ncl.nn 2000 hours battery hie $2295 leed Made and 

bene.) kndtudsd 

35 MHz DUAL TRACE OSCILLOSCOPE 
A heavy duty a .bate scope for service 
as well as prod:. - vase Features Include 

wide frequency bandwidth optimal sen- 
sitivity extremely bright display delayed 
triggering sweep hold Ott ALT trigger 
single sweep TV sync SX magnification 

MY or XYZ operation HF/LF noise 
reduction 
3500 Dual Trace Oscilloscope 

*49995 ea dNO 

el 

e 
ALL OSCILLOSCOPES INCLUDE 2 PROBES 

15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE 
eal for geld -tench applications. this 

%cope can display up to 15 MHz signals 
nlemal battery pack allows up to 2 

Hours operation on single charge . Features include built -in battery 
charger 5x horizontal magnification r high brightness CRT Iront panel 
trace rotator internal rechargeable 
battery pack 

AS 2500 Portable Oscilloscope 

`~'~ 
V 

44995 vedr fMeee 

MINI KITS -EASY TO ASSEMBLE. FUN TO USE 
BEGINNERS & PROS WILL HAVE A GREAT 

TIME WITH THESE KITS 

FM 
MINI 
MIKE 

`.pMrnalpr' . nuke kK' - hable 
; -al up l0 30ol,u.cs anrn cam,. 

al wad* OrMly by mensal s 
r.Ctr, 'RA* Ka neilydea 

aw rM1ke on-or e.wcri w.wlr.a 
bII'Y and alQe nWrrcbtMR This 
n ms Most unit aw.bis 
FM-3 Sii BHA 
FM _3 Wn0and Tsted 11116 

Coke (keen 
See music corn. 
alpe' 3 different 
lights nicker will, 
music One light led awiky Ka each for. high. A pear wwnhengw- 
m id-ran ge and w which aitervtetety 
lows Each indt- liwnw2lunwoLEAs 
v,duelly adjust- use tor news Dsd9ea 

able and drives upónwarning 
to 300 W runs on Runs on 3 to t3 hefts 
1 I OVAL Complots kit r -n 

Complete kit f2M 
ML -1 

ss.95 

rM nala.lsa Y 
nnw ñ : a nei > f w. +. iw sateen da nn.wr ea,nrw 
wanreCwmtrrna.a W pw 

fleper OW* 
A wow eertekw *nob- 
iw which we ens up 
pm draped Islwr Grew 
tor momlorwng baby s 
roomer NI IRr- 
PONS 110101ft Full 2W 
nos OUMn.rleOn b 
IS wlts MISS 194S orini 

Campte. u.aNa 
SOW 

CPOs 
Arria Or. 312 VOC 1 weed wt I KHZ good ton CPO 
Aiwm Audio OsCÑlor Complete Sit St W 

M Winless eis Ka 
awns ill b 307 to 

, FM medusa raw 

usw any type a 
mike Runs on to 9v Type SU.2 
Rai added sanaalne end, peony 
MOB 
FM I 34 $3.M FM -2 Kd sa.n 

Whisper Light Kit 

An . ^Ieret!,ng .,I 5m.,, m 
picks up sounds and COnwrts 
them 10 18951 TM baudet in. 
sound. Ise brigntm IS* 1.951 
Includes Teks. COMMIS up to 
300 W runs e, 110 WC 

COmpWW tot WL 1 

SUS 

Tedw Owed. 
A compete lolls deco- 
der on {Ingle PC 
board Features 400- 
5000 Ha adlustabl 
range we 20 ern pot voltage new 
Wqn tel IC Useful la touch 
IoM burst detearo1. FSK INC 

Can also be used w s1MOb t -ny 
wicodw R.I. qn S 1012 A',. 
Carp** lit TO-I MIS 

MINI -100 FREQUENCY COUNTER 
- - ras muco 

^ta cl ...g.. ssae-) .. .i ., dia .. 
m 

awry accurate 
*song lino bunking 440 w sn0p xi* I MHZ W500104 

^yw now, pro,K!d r diga d spiar 

s9995 BATTERY CHARGER NICAD BATTERIES 
AND AC ADAPTER INCLUDED 

CT -70 7 DIGIT 525 MHz 
COUNTER 

twatnP.,gn pIK. rNlurN 
' ies SaCm With pre amp dual 

fe - 
. ',sun gate aCtimty rndatOr 

SOmV 150 MK; typKd sensitivity wide f.e- 
gyelicy rang 1 open accu.cy 

$ 11995 AC M.DIer 
CT-lo .t StH eS 
BP.a 54.3 tact a n 

DIGIT 600 MHz 
TER *16995 ed 

CTSOkn... ....... 113s IS 
RA-I rKereadeplw Lr1 95 

CT-90 9 DIGIT 600 MHz 
COUNTER 

i,.N lor NY Ina- S t...; es 
. t.nMS a d.y Is 0a!e `a 

'. .d 25mV. ISO WO typ., tndy 10 MK/ I.irlsps to, W W V u' 
c.- acCiacy 

$14995 AC .rnarp 

Or PPM own I.mebau 
BP 4 nYad pact 

CT -125 9 DIGIT 1.2 GHz 
COUNTER 

$16995 urw encava, 
AC *dada, 

P.4 mead 

sloe 
seri 
ass 

Si n 

Umbers* Tame Si 
Provides tan basic pets and PC 
board mooned b perds a source 
el p.K.Ox liming and pull* 
lnnershw Uew S1í lode IC and 

.Ass I range of pets tor most 
^p needs 

SS 53 

Mad Blaster Kit 

r iii es L(k1D w shatter.; and 
111100ó0h Beteng ww 1.k. sound 
Can supply up to IS watt, or 
obno but Wald Runs one. 'SVOC 

MBI 5.1 í1r 

Been Ka 
Pioduc.a uprwd and OOwnward 
w ail charaterishC at police 
wen SW pew 040 output nuns 
on 3.13 Waits uses 3-45 05th 
IOW." 
Compile tit SM -3 E2.116 

sew rune.. iw a' a is vac ., lie., wirr r r c. wan » %Ana 
K 

wed 

30 Watt 2 nitr PWR AMP 
Ce C r.. . 

. 

. m ,.: N - 'A.t. _.Ipul 
5 W. nCred.b valve COmpW .111.11 p.rts less Cas 

.R Way 
30W pain amp.d $2295 
RF 1rasd r R relay 695 

Power Supply Kit 
Co.. plote uiplo mooned power 
Supply monde' *enable s b la ens 
a, 200 we and 9 W I Amp tapMNnt 
load rguMlon. good twenne and 
Snarl wH Law transformes. 

7 
515, 6 3v la I A and Q 

95 COripite kit PS-1(.1.12 

0M -700 DIGITAL MULTIMETER 
n,ofess.ona. c..a J. a , i.c . .. i ea 

,ncluds 26 diñeeni rangés in. S rum- 
' ont 3 agil : ,non LEO dnpuy suto- 

c dC, paCerllnt autort.c paeity 
reed =11995 . "cw.~ 

Du- l00 Lit 
'AP-I pooa Se' 

PS-2 AUDIO MULTIPLIER 

sN.aa le 

the PS-2 n handy for rugi resowutgn audio 
Ifobu1.on maMUrerMnt. mul5p,ws U0 in Ne 
oewncy grrt tor PL lene m-SUre-r-,. 
mrWliples by IO or 100 0 01 Ha r. 
buMen siyw plwwiyCOrdte0ne 

$4995 wee 
PR . 2 t t 339 9S 

PR -2 COUNTER PREAMP 

y 
canneeb.s : peeat tor srint.ny ilf :i0. scne TV plesunp 

ms449s 
PR.2 kit 

PS -10B 1 GHz PRESCALER 

cuilry super ISnit it, 
connector, I Gate .n ' 4 -: 

PS 10 -B Prescaler 
.r +..r. a.- iii... 

s3. 

$799, 

ACCESSORIES FOR RAMSEY COUNTERS 
Telescopic whip antenna -BNC plug S 8.95 
High Impedance probe. light loading 16.95 
Low pass probe. audio use 16.95 
Direct probe. general purpose use 13.95 
Till ball. for CT -70. 90. 125 3.95 

VISA 

PHONE ORDERS CALL 

716- 586 -3950 
TELEX 466735 RAMSEY CI 

TERMS salnUclion gwranleed eiainine bet IO days it net pleased return i 

*reinal form for refund add 6', le skippmg and insurance to a mlumum 0 

S10 N overseas add 15'. for surface mad COO add ¡2 50ICOD in USA only 
orders under S15 00 add S1 50 NY residents add P i salts lab 90 day part 

warranty Kt all kits I year parts d labor warranty On all wired units 

RAMSEY ELECTRONICS. INC 
2575 Baird Rd. 
Penfield. N.Y. 14626 

. " $34 9

. _ $129.95
,, 59.95

. 8.95

. ... .... .. .. .... ...... " ,S8.95

The PR-2 is Ideal for measu rrng weak signal s
from 10 to 1.000 MH z . flat 25 db gam . BNC
connectors . g reat for Shlft lOg RF • Ideal
rece iver/TV preamp

$ 4 495 wired includes
AC adapte r

PR-2 kit

PR-2 COUNTER PREAMP

BP-4 nica d .

CT-90 9 DIGIT 600 MHz
COUNTER
T he most versat ile lor tess than $300. Feature s 3
select able gat e times . 9 d ig rts • gate Ind ica to r
• d isp lay ho ld . 25mV @ 150 MH z typical sen
stnvt tv e 10 MHz trrnebas e for WWV calibratio n
• 1 ppm accu racy

$1 4995 wired mctudes
AC ada pte-r

CT-90 kit. . .
OV-1 0 1 PPM oven umebase .
BP-4 mead pack .

CT-1259 DIGIT 1.26Hz
COUNTER
$1699 5 wl red jnctudes

AC ad ~pt e- r

MINI-tOO FREQUENCY COUNTER
Featu res and ca pabil ities of co unt ers cost ing twice as mu ch .
compact . h igh sen sinvt ty e low cu rrent drain . very accurate .
lead 109 zero blanking . held or sho p use . 1 MHz 10500 MHz
range . diode pr otected . 7 dig it dis play

$ 9 9 95 BATTE RY CHARGER NICAD BATT ERIES
AN D AC ADAPTER INC LU DED

15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE
Ideal for fie ld/be nch applicat io ns, this
sco pe can display up to 15 MHz sign als.
Internal battery pack allo ws up to 2
hour s ope ration on a sin gle charge .
Features incl ude . built - in batt ery
charger . 5X hor izonta l mag nif icati on
• high br ight ness CRT . fron t panel

,'liill!!ltll!!!!~!:'~ =tit- trace rotator s internal recha rgeable
- ~ ' - .. ~atte rY pack

• ~~.. ' , . _ _ 2500 Portable Osci lloscope

• 4499 5 ;ncludes 2high
qu ality pr obe s

filii

'.
~ --- --
......~~~':!%!

DM-700 DIGITAL MULTIMETER

elm 35 MHz DUAL TRACE OSCILLOSCOPE
A heavy du ty and accu rate scope for servi ce
as well as prod uction use. Features include
• wide fr equency bandwidth . op tima l sen
sit ivity • ext remely br igh t d isplay . de layed
triggering sweep . hold off • ALT tngger • .
sing le sweep . TV sync . 5X rnaqnlncatio n
• XY or XYZ operatio n . HF/ LF noise
redu ction
3500 Du al Trac e Osc illoscope

$ 4 9 995 includes2 high
qua1ily probes

CT-70 7 DIGIT 525 MHz
COUNTER
Lab quali ty at abreakth rough once . Features e
3 frequency ranges each wutt pr e am p . dual
selec tab le gat e t imes . gate ac tiv i ty mdrca tcr •
50mV @ 150 MH z typical sensitivity . Wide fr e
quen cy range . 1 ppm accura cy

$1199 5 wtr ed inciudes
AC ada pter

CT-70 kll. . . . . . . . . .. . . . . . . . . . .. $99.95
BP-4 mead pack . . . . . 8.95

Super Sleuth
A super sensmve amp h
her which wil l pick up a
pm drop at 15fe et l Great
fo r mon it oring baby 's
roo m or as general pur
pose ampli fier. Full 2W
rms outpu t, runs on 6 to
15 volts, uses 8-45 ohm
speaker.
Comple te kit. BN -9

$5.95

RAMSEY D-4100
COMPACT
DIGITAL
MULTITESTER

60 Hl Time Bu e
~ros on 5-15 VDC l ow Cu"cnl (25m3) 1
mln/monlh accuracy 16 ·7 Kil $5.50
16 ·7 Assy $",5

Tone Decoder
.A complete tone deco
der on a single PC
boa rd . Featur es ' 400
5000 H z ad ju s ta bl e
range via 20 turn pot , volt age regu
lati on . 567 IC. Useful fo r touch
to ne bur st dete cncn. FSK. etc .
Can also be used as a stab le tone
encoder . Runs on 5 to 12 vol ts
Complete kit, TD-1 $5.95

Siren Kit
Produ ces upw ard and downward
wall c barnctens t!c o f a poli ce
siren 5 W peak audro output, runs
on 3- 15 volts . uses 3- 45 ohm
speaker
Complete kit, SM·3 $2.95

$4.95

Led Slin ky Kit
A great attention get 
ter w hich al ternately
flashes 2 Jumbo LEO s
Use for name badges.
buttons . wa r ning
panelhq hts.anvttunq'
Runs on 3 to 15 volts
Co mple te kit. BL· 1

S2.95

vreee Mod ul,ltor Kil ~.COnyerTS any 1 V to ...ieee mon,tor Super
S14lblC" tuna ble O.-ef ch 4 ·5 Run s o n 5
15V accepts s id VIdeo 5'Q" a l BMI Unit 011
the mar l<el' Complete kiT VO-l $7.95

CPO-l
Runs on 3-12 Vdc 1 wa ll ou t. 1 KHZ goo d for CPO ,
Alarm , Aucro Osci llato r. Co mplete kit $2.95

Compact sized reli ability and acc uracy.
This LCD dig ita l multiteste r easily fits in
your pocket , you can take it anywhere.
It fea tu res full overload pro tect ion . 3%
dig it LCD readout . recessed input
[acks » satety prob es . di ode check
fu nct io n . 2000 ho urs batt ery li fe

$229 5 lesll eads and
batt ery incl uded

MB-1 Kit

Produces LOUO ear shattering and
atten tion gelllOg SIren like sound
Ca n su pply up to 15 watts o f
obnOXIOUSaucnc Runs on 6-15 VOC

Mad Blaster Kit

Whisper Light Kit
An mte resnnq kit , small mike
pICkS u p sou nds and converts
them to lig h t T he loud er the
sound , the b r igh te r the li ght
Inc lud es rntke. co n tr o ls up to
300 W. runson 110 VAC

Complete kit , WL- 1
S6.95

Co lor Organ
See music come
alive! 3 different
ligh ts flicker wlth
music. ' One light
ea ch fo r, hi gh ,
m id-rang e and
lows. Each indi
vidua l ly adjust 
able and drives up
to 300 W. runs on
110VAC.

.Complete kit,
ML- l '
$8,95

NEW RAMSEY
1200 VOM
MUL1"ITESTER

Check transisto rs, d iode s and LEOs
with this professional quali ty meter,
Other fea tu res incl ude, dec ibel scale .
20 K volt metering system . 3W' mir
ro red sca le . pola rit y switch . 20
measuring ranges . safety prob es .
hig h impac t plas tic case

$1 995 lesl leads and
. batt ery inc lu ded

Universal Timer Kit

Provides the baSIC par ts and PC
board requrred to provide a source
o f pt ect sron t im ing and pu lse
qenera ucn . Uses 555 timer IC and
Includes a range of parts for most
tlmmg needs

UT-5 Ki t $5.95

FM Wir eless Mik~ Kit 4r7
Tansrmts up to 300'. 10
any FM broadcast ra-
dio . uses any type o f
mi ke Runs on 3 to 9V Type FM·2
has ad ded sensntve mik e preamp
stage

FM-1 Kit $3.95 FM-2 Kit $4.95

MINI KITS-EASY TO ASSEMBLE, FUN TO USE
BEGINNERS & PROS WILL H~VE A GREAT

TIME WITH THESE KITS

A super hIgh performa nce FM Wife
less mik e k it' Trunsrmt s a stab le
signa l up to 300 yard s WIth excep
tional audio quality by means of ItS
burtt In elect ret mike . Kit Inc ludes
case. nu ke. on- off switch , antenna
batte ry and super Instructions 'rtus
IS tne nnest umt available ,
FM -3 Kit $14.95
FM-3 Wired and Tested 19.95

Save$30 on the
RAMSEY 20MHz
Dual Trace
Oscilloscope
Un sur passed qual ity at an
unbeatable prlce, the
Ramsey oscillosco pe co m
pa res to others co st ing
hundreds more. Features
include a com pone nt test
ing c ircuit for resis to r,

capac ito r, d ig ital ci rcuit and diode testing. TV video sync fIlter · wide band~
w id th & high sensitiv ity . internal grati cule • front pane l t r~c~ ro t a~ or • Z axis
• high sens itivity x-V mode . regulated powe r supp ly . bu ilt- in catlbrator >

roc k sol id triggering $ 3 6995 highquality hook on
Was $399.95 NOW ONLY . prob es included

FM
MINI
MIKE

_._- - - - - - .. '-- - - __ ;.. ......

TR-l. RF sensed T- R relay kit

30 Watt 2 mtr PWR AMP
SImple C lass C powe r amp featu res 8 times power qa tn. 1 W
In for 8 out. 2 W In fo r 15 ou t , 4 W in fo r 30 o ut. Max output
o f 35 W, mcrec nbte value , co mplete wi th all parts . less case
and T-R relay
PA-1, 30 W pwr amp kit

PS-I0B 16Hz PRESCALER
Extends the range of your pr esent co unte r to
1 GHz • 2 stage preamp . divide by 1000 err
cUit ry • super sensmve (SOmV typiCal) • BNe
con nectors e 1 GHz in. 1 MHz out • dr ives an'
co un ter .

PS 10-B Prescaler , .. ,$7 9 9 !
wired ," cl ud u AC adapt er

TERM S: • sallsfaclionguaranleed • examinelor 10days: If nolpleased. return I
original lorm for refund • add 6'/, lor shipping and Insurance 10 a maximum a
SIO.00 • overseas add 15%lor surface mall. COO add S2.50ICOO in USA only
• ordersunder S15.00 addS1.50 • NY residentsadd7'10 salestax. gO day part
warranly on all kils • 1year parts & labor warranty onail wired unlis,

~ RAMSE,,:ELECTRONICS,INC

~~~~~i:I~I,r~.~.di4626

-.I~ I ~_~
PHONE ORDERS CALL
716-586-3950

TELEX 466735RAMSEY CI

ACCESSORIES FOR RAMSEY COUNTERS
Telescopic whip antenna-BNC plug • • $ 8.95
High impedance probe, light loading . . • 16.95
Low pas s probe, audio use _• • . . . • • . • • 16.95
Direct probe, general purpose use . • . • • 13.95
Tilt ball, for CT-7 0, 90, 125 . . • • . • • • ••• • 3.95
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 MN 1M UMW : 
TOLL FREE 

800 -854 -8230 
CA Residents 714- 558 -8813 

OUR POLICY 
Surcharge fa VISA a Mastercard. 
* Volume purchasing agreements available 
* Orders subfett to avadablrty 
Pncmg subfett to change without nonce 

ACP Retail Store prang may vary Not responsble for typos 

1 

I))f!(ll)t)(1 
CORPORATE BUYERS ^.'71 

MAJOR PRICE 
BREAKTHRU BRAN 

BASE SYSTEM CONSISTS OF: 
256K Expandable to 640K on 
the Motherboard. 
(1) 360K DS /DD Floppy Disk 
Serial & Parallel Ports 
Deluxe Keyboard w /LED's 
Mouse with Software 
LCD. Lightpen & RF Ports 
RGB and Mono Ports 
VLSI Circuit Design 
(3) Expansion Slots 
Ergonomic Design & Packaging 
GEM or PC Works Software 
90 Day Warranty 

ADVANCED XT ACCESSORIES 
6 Slot Expar chassis 

(IBM or IBM i;ompatible) $399.00 

LCD Display (80x251 for use with 
Advanced XT LCD Port 299.00 

Monochrome Hi -res text card 69 95 

Monochrome IBM style Mon tc' 99.95 

2561( Upgrade (Uninstalsd) 59.95 

Retail Value $5000 
Save up to 60% 

ADVANCED XT 

ACP PRICE 
NOW ONLY! 

$169500 
Monochrome Monitor Included 

10 Mb Hard Disk 

ACP has sold over 2.000 of this system 
to major customers including Rockwell 
Intl, Hughes Aircraft and Emulex Corp. 
See for yourself why these customers 
prefer the Advanced XT over the IBM XT. 

SYSTEM A Base System (See Left) 
(WV E: :,,co) 

SYSTEM S ease *sum *elft atldeortal 

(Phi i Plot) ROPY task Drtvs 

SYSTEM C Base System win- Gm frtorace w/1'a i SwMI 

(PM 6: pica) base and woo-mat Floppy Dnvs 

SYSTEM D ease System w/RGB Cotir Mont*, wrra 8 

(Pm B: in Swivel base and aw/banal Floppy Oren 

SYSTEM E Base System wnOMb Hard 0.0 aro Grain 
(FA a::- _Ptoe) Monitor wrh rin d Swrvei base 

SYSTEM F Base System w& I OMb Hard lack aM %B Color 

(PM eDACP1Oti) Morita voM TA & Svavel base 

$ 995.00 

$1099.00 

$1295.00 

$1495.00 

$1695.00 

$1985.00 

PC DOS 2 1 565.00 

GW Basic 75 00 

PC Works 115 (Touchstone) 
Regualr $195 65 00 

Archive Tape B U (at. 1(Mó) 995 00 

Maintenance Manual 50 00 

Technical Reference Manual 50 00 

SPECIAL SYSTEM w/Prlebr 
1 System E with Diablo 

620 Senat Pnnter S1M6.N 
2. System F with Diablo 

620 Senal Printer 2215.00 
3 Canon LBP -8A1 IBM compatible 

laser printer Purchase for a low 
pnce of $2895 00 and we will give 

you System -- FREE' 

DIABLO 620 DAISYWHEEL PRINTER The Finest Letter Quality 
Printer at a Spectacular Price. 
We have sold 1000's. You can 

have a spare at this price. 

620 Serial . List 1495 ACP 

620 API List 1695 ACP 

620 D36 .. List 1695 ACP 

F -21 Sheet Feeder List 895 ACP 

620 Tractor List 395 ACP 

Cable .... ACP 

Serial to Par 64K Butter... ACP 

S395 00 

495.00 

550.00 

249.00 

99.00 

29.00 

125.00 

111 

lo Mb $399.00 
Shugart SA712 w /Controller iS Cabin. 
Ready for Installation in IBM' PC and 
Compatibles. (1 Year Warranty) 

Shugart SA712 10Mb HD$229.00 
Seagate ST225 20Mb HD 419.00 

PC UPGRADE SPECIAL 

'495 SET OF (9) 64K RAMS 

S269SSET OF (9) 256K RAMS 

$5.95 4128 PIGGYBACK RAM 

1200 Baud Hayes' Comp. Modem 
Short Card by U S Robotics with 
Telpac I Software 
List 5499 ACP $179.00 

Buy (6) 6/e9.00 

L. i n 
1111 I 

t1fil 
1111111111 

10Mb Tape Back -up 
Archive. 01 in 

tape back -up 

technology 

High speed 

10Mb back -up 

for only 

$995.00 

External Box w /Power Supply 
Great for adding Hard Disk to your PC. 

Same as photo $179.00 

7 

mi 1 1 I MUM 

DELUXE JOYSTICK 
$11.95 

+ Compatible w/Atan 
2600. 400. 800. VIC -20/ 

+ 64 and Apple Apple re- 
quires optional cable 
adaptor. Add 62.95 

APPLE DISK DRIVE 
$115.00 

muilHigh quality +h high 
drive for Apple II. II t , 

Ile or IIc. Apple Ilc ro- 
qu res optional cable 

r. Add 610.00 
1111111111111111111111 . 1111 

c 

vdnCe 
CYRC 

1111..11 
I. F. ..0- N:Cr 

I..= I1 
une 

ene 

t::: Cornputt Pro 
Mail;g-rifrr'iP¡(4. 100)! 170 rlvijt4, Ç1:937h3 1 i 4 ; Retail:* 1310 9 E. FÜibr;P: 'cptitar7lrin PA 

$995.00

10Mb Tape Back.up
Archive, #1 in
tape back-up
technology.

High speed
10Mb back-up

for only

PC UPGRADE SPECIAL

$49 5
SET OF (9) 64K RAMS

1200 Baud Hayes'" Compo Modem
Short Card by U.S. Robotics with
Telpac I Software.
List $499 ACP. .$179.00

Buy (6) $159.00

External Box w/Power Supply
Great for adding Hard Disk to your PC.

Same as photo $179.00

$269 5
SET OF (9) 256K RAMS

$5.95 4128 PIGGYBACK RAM

10 Mb $399.00
Shugart SA712 w/Controller & Cables.
Ready for Installation in IBM~ PC and
Compatibles. (1 Year Warranty)

Shugart SA712 10Mb HD$229.00

Seagate ST225 20Mb HD 419.00

SPECIAL SYSTEM w/Printer
1. System Ewith Diablo

620 Serial Printer $1995.00
2. System F with Diablo

620 Serial Printer 2285.00
3. Canon LBP-8A1 IBM compatible

laser printer. Purchase for a low
price of $2895.00 and wewill give
you System A FREE!

Retail Value $5000
Save up to 600/0

ADVANCED XT

ACP PRICE
NOW ONLY!

$16950 0

Monochrome Monitor Included
10 Mb Hard Disk

ACP has sold over 2,000 of th is system
to major customers including Rockwell

"'-"-"':;;'''''' ' lnt'l , Hughes Airc raft and Emulex Co rp.
See for yourself why these customers
prefer the Advanced XT over the IBM XT.

OUR POLICY
'Surcharge forVISAor Mastercard.
.Volume purchasing agreements available.
'Orders subject to availablity.
•Pricingsubject to change without notice.
.ACP Retail Storepricingmay vary. Notresponsible for typos.

SYSTEM A Base System (See Left) $ 995.00(PIN BOACP100)

SYSTEM B Base System withadditional $1099.00(PIN BOACP10l) Floppy Disk Drive

SYSTEM C Base System w112" Grn Monitor wlTitt&Swivel $1295.00(PIN BOACP102) base and additional Floppy Drive

SYSTEM D Base System w/RGB Color Monitor wlTilt & $1495.00(PIN BOACP103) Swivel baseand additional Floppy Drive

SYSTEM E BaseSystem w/10Mb Hard Disk and Green $1695.00(PIN BOACP104) Monitor with Tilt & Swivel base

SYSTEM F Base System w/10Mb HardDiskand RGB Color $1985.00(PIN BOACP105) Monitor withTilt & Swivel base

PC DOS 2.1 $65.00
GW Basic 75.00
PC Works 1.15 (Touchstone)

Regualr $195 65.00
ArchiveTape B.U. (ext. 10Mb).995.00
Maintenance Manual. 50.00
Technical Reference Manual. 50.00

PRICE BREAKTHRU

TOLL FREE

800-854-8230
CA Residents 714-558-8813

MAJOR
BRAND

BASE SYSTEM CONSISTS OF:
• 256K Expandable to 640K on

the Moth erboard .
• (1) 360K DSIDD Floppy Disk
• Serial & Parallel Ports
• Deluxe Keyboard wILED' s
• Mouse with Software
• LCD, Lightpen & RF Ports
• RGB and Mono Ports
• VLSI Circuit Des ig n
• (3) Expansion Slots
• Ergonomic Design & Pac kaging
• GEM or PC Works Software
• 90 Day Warranty

ADVANCED XT ACCESSORIES
6 Slot Expansion Chassis

(IBM or IBM Compatible).. .$399.00
LCD Display (80x25) for use with

Advanced Xl LCD Port 299.00
Monochrome Hi-res text card 69.95
Monochrome IBM style Monitor.99.95
256K Upgrade (Uninstalled) . . . .59.95

DIABLO 620 DAISYWHEEL PRINTER The Finest Letter Quality
Printer at a Spectacular Price.
We have sold 1000's. You can

have a spare at this price.

620 Serial. List 1495 ACP $395.00

620 API. List 1695 ACP 495.00

620 036 List 1695 ACP 550.00

F-21 Sheet Feeder .List 895 ACP 249.00

620 Tractor List 395 ACP 99.00

Cable ACP 29.00

Serial to Par. 64K Buffer ACP 125.00

DELUXE JOYSTICK
$11.95

Compat ible w /Ata ri
2600 , 400, 800 , VIC-201
64 andApple. Apple re
quires optional cable
adaptor. Add $2.95

APPLE DISK DRIVE
~. $ 115.00

I
High quality 'h high
drive for Apple II, 11 + ,

•• 11. ' lie or lie. Apple lie re
. quires optional cable
adaptor. Add $ 10 .0 0

., r::
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DESCRAMBLER PARTS! 
We stock the exact parts. PC board and AC adaptor for Radio Electronics 

February 1984 article on building your own Cable TV Descrambler. 

#701 PARTS 
Includes all the original resistors, capacitors, diodes, transistors, 
integrated circuits, coils, IF transformers (toko BKAN- K5552AXX). 

$29.95 

'702 PC BOARD $12.95 
Original etched & drilled silk- screened PC board used in the article. 

X704 AC ADAPTOR $12.95 
Original (14 volts DC C 285ma) ac adaptor used in the article. 

S °P °E °C °I °A °L °S 
BOTH #701 & #702 

ALL THREE #701, #702 & #704 

NOW $39 

NOW $49 

FREE Reprint of Radio Electronics article (February 1984) on Building Your 
Own CABLE TV DESCRAMBLER with any purchase of above. 

AC ADAPTOR 
9 VDC Qtr 500mA 

ORDER TOLL FREE 
$5.95 1 -800- 227 -8529 

PROMS 4k x 8 
P2732A (21V) $3.25 

ADD $2.50 SHIPPING AND HANDLING 

$4.50 FOR CANADIAN ORDERS 

WE ALSO OFFER QUANTITY DISCOUNTS 
ON 5 OR MORE UNITS 

r..;,Cor., NSA 

inside MA 617 - 339 -5372 
VISA MASTERCARD OR C.O.D. 

Call or write for a free catalog. 

h(il 
E LECTROEIICS, IEIC. 
P.O. BOX 800R MANSFIELD, MA 02048 

CIRCLE 65 ON FREE INFORMATION CARD 

We stock the exact parts, PC board and AC adaptor for Radio Electronics
February 1984 article on building your own Cable TV Descrambler.

]Ft~]Ft~~ $~~.~!)
Includes all the original resistors, capacitors, diodes, transistors,
integrated circuits, coils, IF transtormersttoko BKAN-K5552AXX).

~~~ $.JL~.~!)
Original etched & drilled sjlk-screened PC board used in the article.

~~~];t $JL~.~!)
Original (14 volts DC @ 285ma) ac adaptor used in the article.

S opoE oC oIoAoLoS
BOTH #701 & #702 Now$39

ALL THREE #701, #702 & #704 NOW $49

FREE Reprint of Radio Electronics article (February 1984) on Building Your
Own CABLE TV DESCRAMBLER with any purchase of above.

(f)
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ACADAPTOR $
9 VDC @ 500mA 5.95

PROMS4kx8 $
P2732A (21V) . . . . . . . . . . . . . .. 3.~5

ADD $2.50 SHIPPING AND HANDLING
$4.50 FOR CANADIAN ORDERS

WE ALSO OFFER QUANTITY DISCOUNTS
ON 5 OR MORE UNITS

ORDER TOLL FREE
1-800-227-8529

inside MA 617-339-5372
VISA • MASTERCARD OR C.OD.

Call or write for a free catalog.

Jild
ELECTRoniCS,Inc.
P.O. BOX 800R MANSFIELD, MA 02048
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J-800-344-4539
{ C NATIONAL SEMICONDUCTOR- PANASON G )DRAM 150NS

VJSoI_ ~c~~<if.~NJ. w~'iL~~f:.3~~~~GI~g Nfl'l! 256K (262.144 X 1
E. F. JOHNSON - ATLANTIC SEMICONDUC· . Factory Firsts

TWX - 9103508982 DIG! KEY CORPTelex - 62827914

$570/1' $39 95/9 )JODES - DIAMOND TODL - UNGAR - •
• • • ES ' r::w INDUSTRIES - AMDEK- G.E. ~

/GAR - YAGEO' J . W. MILLER' LUXO ,..,
,C CHEMICALS • ARIES • PLESSEY

AK, Pu erto Rico - 218-681-6674
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N Xl5 3X1Op' 100 51
1'4206 O OOpl ' 00 !oil=~~~ ~ E
""JOrr D:l3 u l :IS C

~~ ~:,u, ~ ,:

CIRCLE 82 ON FREE INFORMATION CARD
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THE MOST POPULAR PRODUCTS IN EUROPE &ASIA ARE COMING NOW.'5OHOT ITEMS 
FOR YOUR SELECTION. SEND $1.00 FOR MARK V CATALOG, REFUND UPON ORDER 

TY-23B COLOR LIGHT CONTROLLER 

afoul CO! c' . , .. . .' n most 
wnase in pKs Id party, dgco. 4avon c 9.m tenu en0 
OSO rn Ighbng IO ..wrnt Totes output pourer .s 
3000W 11000W-Ch I whch miens MP n con contra 30 puces 
of 10pW of PM owes of SW esl6r Ir6ht vrh.ch o.nough for 
most usages 
K N WS 00 
Am with UMW 67S 00 

Y 

: 

i 
tl 

Y 

0.0 
TR 100 0-12V 2A REGULATED DC POWER SUPPLY 

Output vestige n edlustble from 1SV DC. two .u.renI 
run,' rarga re svrao lot serecu.n 200rnA or 1A 
M elaborated praectlon system w 'mostly deigned. 
air pond and a sparkle I.gM w.0 peen when IM output os 

overbWed 
14.90 sta5.My and niable muttons han ..npoy.ng han 
02205 TOWS r6mIK IC 
p0sm.ng lung we mow n.I., IM rearing of ratage and 
current more Warty end accuracy 
A ref .Md cam. met« and an accessory, ere enclosed for both 
1n and smrnsy Ism Moat tones. foe icto.y, aa. 
.ones or even ornate,' 

Kit 656 SO 

Ass *nth gruge/ 166 50 

a 

TA -2400A ELECTRONIC ECHO AND 
REVERBERATION AMPLIFIER 

REMIX your record yoursell c 

150MC UNIVERSAL DIGITAL FREQUENCY 
COUNTER SM -100 

TURBO SCREWDRIVER IRECHARGEABLEI No 998 

` 
SM 100 o en Kaurat. Wan op«led d.g.te I.sorancy 
counter Few prices of WoWnc.d. Pugh t.chncal LSI rn..tad 
arcud ere used. thus. prcu.t structure 'Noble SM -100 can 

ta 
Y 9nr you up to 6 0 of 1.ís rasesuhon la mde frequency. ngo 

of toll! to ISOMHU Sesdes. e.. WSW. .1 aoFlabls. 
IM last meut dens can be Mid on tut panel. **compare to tM 
other or even obsaryel.on 
input n.nmty K10. range tOtt. - 100014. SOn.Vrms 0°O"e'O'O'e 

TM most pMct pOw.ul rt.,nr HOW,* toot ta Workshop 
Homes. Hobby 1 Outdoor word 
Includes UL porovel charger. On.a. WS 2 Raguesar and 2 

Each se 030 00 

MHa range IMO - 150MHa 40mV rms o 

Response 1.me 0 2 sec 
Had Hold doe last .rep.( spnel 
Pow*, spay DCIV henry or DClV 250MA A Mmor 
Amambled with Tested 

TA-477 120W MOSFET POWER AMPLIFIER 

n.. 001 0m.bnes tut most advanced compota V L S I 

1M.Ou ynIn high quality Japan osada component. so n Ms 
the following FE ATURES 
tt can pewee vous reflection and rey«O..aton ene such 
es that m yesley and musa eta It Ms 3 aeon 510 control 
Much w.cludes reyerbe'aben control. delay control and depth 
contra Special effect can D. mode m your record tepes by 
usag that model. All kinds of .nheld sound sed can os 
obtained by Mattel tse of Im contra n has LED Owner ro 
show renedl0m eel rpys.bramen 
Acs wrth tened 666.66 

g Ttw a teller .X.,.0.00 04 1414es saps. IOW TOA 0119we Ntr 
oags. and RNacfs 2S.24102SK 134 malts pee 16061197 ea 

Y 

cutout Corn0OnerH ä1.0e Opt/env response and ,,sieges 
resooese w signa to the Other power transistor. T1Mweemr 
us. an.p.rrr sounds clear and hty. IdsIly and hoo ehaperi e 

t Knalyw over .Nlot. Road.o pedr.rn, p n Y 666666111p moo 
d.ctwng deem and modern rusks 

y 6R 6616 

TA-2100 NR-CR WET IC ME AMtRJPIEII 

TA -2500 HIGH QUALITY MULTIPURPOSE 
PRE AMPLIFIER 

Losio 
TN* sp.c.NN deigned pew ampMN.naiades proless. na 
GRAM EQUALIZER TONE contra "room and Ms gon to 
Ilse ire0u.ncy rponnda from 5Hr u 206101. so ms.. 

r bad lwtemng condlbOe. can anpro HMI It can apt 
Y 

r.ptul from yr0.0o. rMAC CMptd9S. NcOed O.KA and 
tun... ns output can be connected m M lods of power 
ampl.l.« . The ta lowing ortlbeleIpe 1.11111011d examples 
Am..Wd wee tested 660.00 

: 
Y 

' 
, Pre - . e m I. gut IC .Oran coet. 4 

SI FIT Operel.en.l emp.twr and has wry good trans. *t 
response Md law dstat.on 
0.rh pec.son NE Cl - MM ra.trrdg. Amplday has waperwr 
d 10,10., <Mroctrstrc gem pun 0 005%) and RIM.Ou0rr. 
taon 0 2001 n reproduces r.lelsOcal ou.d . 

n has 40 slaps Volume cresol eeperee My.. minds end law 
ton. tonna. Ion* con.peneepee and t0M d000 warn 
It .5 compat a with any power ent0Mwre whcI «e mad. by 
our company such M TA- 1000A. TA-477. TA-101 
K it 6M W 

CORDLESS SOLDERING IRON IRECHARGEABLEI 
No 620 

r 
TM moat perfect WM. l4Wr .., N sole«w.g ore. for Wort 
shop. Hang. Hobby 6 Outdoor work 
Includes Ul Moroni dyne. 61 d.enw.g strrge 
Wren bu.e m solder pas MeremM.on 
lad. set SO 

TALKING CLOCK NEW FOR 66' 

I T. own swoon Wyo. r....w.ce.er= 1 t.... 
2 Aees M twa.ue tel Warn ~16 M. M= ...r... MtoM iCr < 

no/. AM ó eta. 
, 1 Pommy awe aeetry memo of tem. eleem w 6 asse 

4 Han. *net eama wit Wan esrr met aum. 
S Lwow en.=.mrrerfeelrmelrrtyrwrUMb....w.uwrMt.c 

rwrn 
a yr. rw vm r.ec woo. 

I ) tr.....o+oea ty.M 
Pana. Ml am m 
Iernrr.alec LIS 00 N01Aal. 

IO.o»i.»o.-i..»-o.o«..o-... .. 

i 

.-o__e__o__o 
TV -25 SPEAKER PROTECTOR 

Y 

N elite/se high eeruKlve OC Orlput preatbdw wool and hM 
Y LEO a inaaMeds ouble. N r 010600 kw 01 lamb tel power 

rRplilsr. AK Vie MX end OTL eniKMr mast hese ala peebl 
proedon esMml 
MO M M 

TV -45 BARDOT AUDIO LEVEL DISPLAY 

LCD THERMOMETER CLOCK NEW 

fturs 
0 34- DIGITAL thermanel mtl. Ik 6 low temperature 04r,- 
tunctwn and t 2 noun clock combMt.on 
Mwnnq renga O.8 to 11501 or 20C to 70C 
Riso5.bon rearing- 1 11.11. 

D.menoon. 32 o OM* = 2.06. 
T -t wen 0.rOw, O.er ..weer . ... 620 CO 

T-2 with F.MonAMVC.Nhs ns.eswiy 6111 00 NOT A s" 

I t 
Y 

Thus urvt uses tut newsy 0erelo0ed display drmng IC to dove 
20 LEDYden el. a Me two d.play modeee OAR or DOT Do 
play range is -6760 a Od6, N one break seam and red LED. 
ed tut MWes is nor only bisut$ul but also has high 
read.5Wy. keen be used on venous power 0m01.1.« to dsprey 

p.ewr lever. 
Tun unit Woods ha reAyr m only needs tr ensfo.mer AC 
12V it 21A3 N can oleo so. 179 CAA colony es power puppy h 
w rope In construction erne y w bu.10 
S.» 1 0 1 1 2 2 9 1 ' 
6e, 11341f5 

Y 

YAMATO 4001 31/2 DIGITAL MULTIMETER 

5 SPECIAL OFFER' i 

TM YAMATO 4001 is 31/2 DIGIT COO/PACT DIGITAL 
MULTIMETER..t employs FE type LCD. wen *me Niese U. 
ADVANTAGES Hqh aurcy .n m.isnm.g Hy% lr.lpedsrme 
autras min mreator.ng errs One racy mud. eklews NOR 
conven.rN ope.twn. 20 mwaeursnows reeve amble older 
palmation. O.r-.nptn ..riceben a leer Mears ale spprrs on 
display LSlorcud use frowdee My. rehabber end durability 
Msewrement 00.sl0le even unter wrong l00 Field. 
Net KIT. assembled weh nu.4 633.60 

TERMS 

IAn order 51000 
Cwge card ardí $2000 
NO C 00 ' Censer's check pono oars accept 

Caes Rai Add 6 5S Sala Ta. 
Preces re s.eject to dwtp of oil mac* 

M mrderdsa an abject to pat sal& 

Shari a Hrdre Wade L A 5` d tar 
order. (Mn 150) Outs.* L A 10` d total 

ortfr. (IM 2 50) Outside U SA 20% d total 
ads.. (ibn 500) 
Shipped by UPS 

HOURS 

MARK V ELECTRONICS INC. 
248 E. Main Street, 
Suite 100, 
Alhambra, CA91801 
Information (818) 282 -1130 

66ON F I 10.00 TO Soo Orders. (818) 282 -1196 
SATURDAYS 600 TO 1200 e ; uu. 7422 ALHAMORA .. 

TELEX 3716614 MARK S 

THE MOST POPULAR PRODUCTS IN EUROPE & ASIA A RE CONJJNG NOVi/f50 HOT ITEMS
FOR YOUR SELECTION. SEND $1.00 FOR MARl( V CA TALOG, REFUND UPON ORDER

. $22.80

NEW!

NEW FOR 86'

LCD THERMOMETER CLOCK

YAMATO 40013'12DIGITAL MULTIMETER

SPECIAL OFF~

The YAMATO 4001 is a 3112 DIGIT COMPACT DIGITAL
MULTIMETER, it em ploys FE type LCD, w ith large figures. Its
ADVANTAGE S: Hig h accur acy in measur ing. High im pedance
assur es m in. m easuring error. One rotary sw itch allow s fast &
convenient ope rat ion . 26 mea sureme nt range enab le w ide r
appl ication. Ov er-input in di cation & tow battery life app ears on
d isplay. LSI-circu it use pro vides hig h relia bil it y and du rabil ity .
M easu rement possibl e even under st rong magnetic f ield .
Not a KIT, assembled w it h t est ed $33.80

TALKING CLOCK

Featur es:
0.34- DIGIT AL th ermomete r w ith Hi & Low tem peratur e alarm
function and 12 hours clock com bination .
Mea surinq range: O·F to 160·F or - 20·C to + 70·C.
Resolution reading : ± 1.S-F.
Dim ension : 3.2" x 0.S6- x 2.0S" .

T-1 w it h In / Out Door senso r ... . . .. . •. S20.oo
T-Z with Fah renh eit / Cel siu s measur in g . $18.00 NOT A KIT !

The mo st perf ect handy, lightwe igh t solderi ng iron for Wo rk
sho p, Hom e, Hobby & Outdoor work . .. .
Incl udes UL ap prov al ch arge r & cleani ng sponge.
Wit h build-in sol de r poin t illumin ati on.
Each set .

TURBO SCREW-DRIVER (RECHARGEABLE)N~

CORDLESS SOLDERING IRON (RECHARGEABLE)
No. 620 ~

~

The most perf ect powerf ul multi-pu rpose tool fo r Wor kshop,
Home , Hobby & Outd oc r'wo rk . ..
Incl ude s UL appro val charg er, Dr iver bi t s: 2 Reguala r and 2
Philips.
Each set .. . . . .. . •. . . • ... • . . . . . . . . . . • . . .. . • . .. . $30.00

1. Talk: push button for vo ice anno uncement of um e.
2. Read out : twelve hours system display for hou r. minute, second (by colon

f lash), AM &; PM.
3. Display: th ree d isplay mod es of time, alarm time & date.
4 . Alar m : onloff switch with thirty seconds voice alarm.
5. Snoo ze: remin der voice alar m of thirty seconds ette r 4 minut es of firSI voice

alarm .
6. Volume : two level of voice output.
7. l anguage available: English,
Plrrol 8501 $30.00
Myn ah 8504 ....... . .... • , . $25.00 NOT A KITI

I
~

TY-45 BARf DOT AUDIO LEVEL DISPLAY

This un it uses the new ty developed disp lay d riv ing IC to d riv e
20 LEOs/channel , it has two disp lay m odes : BAR or DOT. Dis
play range is -S 7dB to OdB, it uses gre en, yell ow and red LED,
so the di splay is no t o nly beautifu l but also has high
readabil it y, it can be used in v ari ou s power am plifier to dis play
peak pow er level.
This unit already has a rectifier so only needs a tr ansfo rm er {AC
12V x 2 1AI it can als o us e 12V CAR batt ery as power supply. It
is simple in const ruc t io n and easy to build .
Size : 107...t- x 2" x 241J"
Kit . . . . .. . • . .. . . • . .. . . .. . $34.95

The heart o f this Pre-ampl if ier is TL-984 IC w hich contains 4
BI·FIT ope ratio na l am plif ier and has very good t rans ie nt
resp onse and low di stortion .
High precision NF-CR MM cartridge amplifier has a superior
dis to rt io n characte rist ic (less than O.OOS%) and RlAA equ aliza
t ion (0.2d B). It rep roduces m elodical sou nd .
It has 40 st eps vol um e cent rol. seperate high , middle and lo w
to ne control, ton e compensation and tone defeat system .
It is co m pati b le w ith any power amplifiers wh ich are m ade by
ou r company such as TA-1000A, TA-477, TA-S02.
Kit .. . .. • . . • . •. . • . . . • . . .. .. • . .. . . . . . . . . . .. ... . $44.50

SM- 100 is an accurate , easy -operated digit al frequ ency
cou nt er. Few pieces of adv anced , h igh technic al LSI integrated
ci rcuit are used, thus, ci rcuit st ructur e is relia ble. SM- 1oo can
give you up to 8 d ig it s of resolut ion fo r a w ide fre qu ency ran ge
of 10Hz to 150MH z. Besides, a me mo rize system is avail ab le,
the last input digits can be held on the panel , as compa re to th e
oth er or even observ ati on.
Input sensi tiv ity : KHz range 10Hz - 10M Hz 50m Vrm s

MHz rang e 1MH z - 1S0MHz 40m Vr ms
Response ti m e : 0.2 sec.
Hol d : Hold the last inpu t sig nal
Power su pply : DC6V Batt ery or DC9V 250MA Adaptor
Asse mbled with Test ed . .. . . .. . . . . . . . • . . .. . .. . . . $99.00

TA-477 120W MOSFET POWER AMPLIFIER

150MC UNIVERSAL DIGITAL FREQUENCY
COUNTER SM-100

Th is amplif ier con sis ts of three sup er low TIM di ff erent ial
stage s, and Hitachi 2SJ49 !2SK 134 match pair HM oSFET - as
out put com po nent whose fr equen cy respo nse and t ransient t
respo nse is superio r to the other pow er t ransisto r. Th erefo re
thi s ampli fier sounds cle ar and high fi deli t y and has superior
analysis ove r w hol e Au dio spect rum , so it is sui table fo r repr o-

t ~~tC~i.n.~ ~ I.a.s.s~~ ~~~.~.o.~~r~. ~.~~i~... . . .. .. .. . . ..•. . $61.28 t
~ : ;~>--~:_"':_O~Oo""li TA-2800 NF-CR BI-FET IC PREAMPLIFIER i

,. .

. .... . . .. ... . .•. •.• .. . . •. . . $9 .50

It incl udes hi g h sensitive DC output protection ci rcuit and has
a LED to indicate the t rouble. It is suit ab le for all ki nds of po we r
am pli fer . A ll the OCL and OTL amp lif ier must hav e th is speaker
prot ectio n syste m !
Kit ... ... • ... ...

TA-2400A ELECTRONIC ECHO AND
REVERBERATION AMPLIFIER

REMIX your record yourself

~

TR-100 0·12V 2A REGULATED DC POWER SUPPLY

~

Thi s unit com bines the mo st advan ced com puter V.L.S.1.
tech niqu e w ith high Quality Jap an Made com ponent , so it has
th e foll ow ing FEATURES:
It can generate v ario us ref lection and rever berat ion effe ct such
as tha t in va lley and music hall . It has a 3 sect io n eff ect co nt ro l
wh ich inc ludes reverberatio n con tro l. dela y cont ro l and depth
cont rol. Special effect can be ma de in your record ta pes by
us in g th is m ode l. All kinds of infield sou nd eff ect can be
obtained by skilful us e of this cont rol. It has LED disp lay to
sho w refl ecti on and rever berat io n.
A ss. w ith t est ed . ... .. . .... . . . . • • • • . . • • • . . • . . • . $99.85

This spec ially design ed pre-amplifi er incl udes a pr ofessiona l
GRAPH EQUALI ZER TON E co nt ro l syst em and has a gain to
12dB. Freq uen cy response extends f ro m 5Hz to 20KHz , so even
in bad list eni ng co ndit io n it can im prove we ll. It can accept
input f rom va rlc uoo s ma gnetic cartridge, reco rd deck and
tuner, its output can be connected to all kind s of power
am pli f ier ! The foll owing com binat io ns are good examples.
Asse mb led wit h t est ed ••• .• .• . . .. . . . .. . . . . . .• .• $90.00

Out put vo ltag e is adjus ta ble f rom Q· 15V DC. tw o current
l im it range are ava ila b le fo r select ion: 200mA or 2A.
An elaborate d pro tect io n sys tem is speciall y des ig ned, a
'BB' sound an d a sparkle l ight will appea r when the output is
ov er loa ded.
High stabili ty and reliab le resul ting fr o m employin g hi gh
Quali ty voltag e regu late IC.
Possessing ki ng size meter make s th e reading of voltag e and
cu rr ent m ore clearly and accuracy.
A re fined case, m eter an d all access ory are enclosed for bot h
kit and assem bly form. Most suit able for fact ory, prof es
siona l or even am ateur.

Ki t . .... . .. ... .. ..... . • • .. . • . • • . • . . . . • • . • . • . • . $59.50
Ass . wit h t est ed . .. . . .• .•.• ....... .. .. . • .. ..... $69.50

TY-25 SPEAKER PROTECTOR

TY-23B COLOR LIGHT CONTROLLER

TA-2500 HIGH QUALITY MULTIPURPOSE
PRE-AMPLIFIER

As a result of the adva nced techno log y, th is unit can cont rol
vari ous colo rf ul light bu lb s; the v isual effe ct o f whi ch is mo st
suitable in places like party , disco . elect ronic game centre and
also in ligh t ings for advertiseme nt. Total out put pow er is
3000 W (lOOOW/Ch.1w hich m eans that it can co ntrol 30 pieces
of , OOWor 600 pieces of 5W co lor li ght wh ich is enough for
m ost usages.
Kit . . . . . . . . . . . . . . . . . . . .. $65.00
Ass . with t est ed , $75.00
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SOLID STATE 
BUZZER 

EDGE 
CONNECTORS 

ALL ARE 1.56 SPACING ING. 

bnm..nr..nw.w 70.70 

22/441001 CONNECTOR 
PC TIT* S2 Mooch 

1016, 516 00 

22/44 EDGE CONNECTOR 
sober y0 at, a 02 SO each 

21/10 EDGE CONNECTOR 
PC +try E2 SO each 

1016. 52200 
20/720060 CONNECTOR 

PC sty's/ S300each 
43/44 EDGE CONNECTOR 

PC sty. S4 SO each 

TRANSISTORS 
2N706 41405100 
2N2222A 310.S100 
PN7272A 410.5100 
2947904 370.St00 
2N3904 31o.S100 
2N2900 3 tor Sl00 
114J79S0 St SO 
2743055 S100 
PMD 10040 St 00 
TIP 121 75c TI 123 154 

4 

SOUND 
AND VIDEO MODULATOR 

FOR T.I. COMPUTER 

TI UAA1361-1 Downed lot use w.ihTI corn 
Wert Can W uw01m7..d.osources Own el 
A/6 NINO Charnel 3 or 4 sWCtcn s.ntCh 
OpraN 0n 12 oc H009-up *worn fKAlded 

51000EACN 

SLIM LINE 
COOLING FAN 

Et. 0 99Rg2 to. 
/tote No Measures 
311 square t don 
21170. 23,319 1700.p., 
SPECIAL PRICE $12 Meech 

2K 10 TURN 
4ULTITURN POT 

SECTROI 
MODSN7161 

G` 11 56.MIACN 

.MHA6l 
.00 

I TL COmpatO 
t1.00eaoh 
N 16, u.00 

-± 12Vdcor24Vdc 
'Jt:'20 V,,;,t. ..:. ;. . . 

Owl pes aro 0 110S 12vx OOen 
frente p.0. sup"1y Can be 1íN0 as 
24V0ce I Sam" INPUT 0.170. 
110 Vac o 230 Vac 
rola .0617 WM ca.':M e ra0e supra 
7-1414-.29: 

$12.50 each 0.0 la 5110 00 

POWER SUPPLY 

SPECIALS OF THE 
MONTH 

ALL 1 WATT RESISTORS 
0750 

ALL 12 WATT RESISTORS ... 5950 

1 AMP 50 VOLT DIODES 
+,: AP( AM) Rf' 
100 ta $4.50 
1000 la 510.00 

D STYLE CONNECTORS 
0R25 P1113 10 la 011 00 

10016, $100 00 
020 0000(7 10 104 012 50 

100 la $110 00 

SOLDER TAIL I C. 
SOCKETS 

1070. 02.50 
100 la S22 00 

1000 lot $200 00 

8 P.A. SPEAKER 
C T S 14001063079 
1 alms col 
3 0o: Nome rnapw 
Typo& morons* 

100-10 000 09 
NNW .11.g IS .alts ma. 
(PAW 10 mourn IIN 
alcru^0 r^Vam.s 

SS 00 .ach 

CASE Of 
I SPEAKERS 
S32 00 

SPECIAL PRICE 
TRANSISTOR 

PJ6 'J 91!7 Ph 
19N7.c 00.4440 
10011056.00 

1000 hr 500.00 
AR `E 7JAOTITIES 

TRANSFORMERS 
20 .on 

011 .on. 0 70010 
0 wens 43 1000.4 
13.11 20070. 
14 .0470 600 ma 
111 won* iemp 
24.11 200.... 
24.c 1 400 0.a 
26.11 1Snos 
30.11 tamps 

WALL 
TRANSFORMERS 

$300 
SI 20 
S700 
03 SO 

14 S0 
S2 SO 

1300 
120 00 

SS 00 

mectly 
ato 120 vet 

00047 

r 
4VOC 70RN ; 5200 6VAC SOOm. 1]50 

.a 6v0C 7S0 S6 50 
9 V DC 500 m. 15 00 12SV Q2650.. 1300 24 VAC Ss2501.. s700 
MULTINDITAGE Q S000. 
3.470,6.7.. So, 12 VDC 57 SO 

MINI-BOX 
Pomona 2104 

-,.......2 

/%/ 
S1001404 

INavyorty ONc 
pnrdK reaped W. ..e. CON, and 
nc.9, 2h xth Kth 

FUSES 
SAG (AGC) SIZE 
1 1i. 2 2,7 3 4 5 6AUP 
W6A SIZE 

1 2 1 4 5001 
S a any ONE m.pessee 7Sc 

CASSETTE MIKE 
...(Ç o 

3 Smr 
SI 30 EACH 10 FOR 51350 

TWIST -LOCK 
CONNECTOR 

Co a) 
300M>11aRM1Vaf 012CLSM 

S ocraluew Mau pA19 ts1M Own* 
^731t laCO 3907 loci style 

$2 SO SET 

UNE CO, RDDSy í`7 Ala 
TWO WIRE 
6 110 SPT.1 Rat 

6 II/2 SPT -2 sal 

6 16/2 SJT round 0.1 28.eco 

THREE WIRE 
6 10/3 Rat 

1 11/3 rand 

e 70/370wo 

3006100 

S1 SO each 

S2 00 each 

14 00.1/9 

COMPUTER 
GRADE 

CAPACITORS 
2,000 m10. 200 VDC 
11. DIA 5 HIGH 02 00 
3.600 mid. 40 VDC 
11. DIA .31 HIGH 

6.400 mld. SO VOC 
14 DIA ..h NIGH 
9.700 Md. 50 VOC 
11. DIA 49 G. 
31,000 mid. IS VDC 
1r DIA .4 HIGH 
72.000 mId. IS VDC 
2 OIA 49, 

- 
HIGH 

165,000 mId. I VDC 
7.9 DIA .994 HIGH 

S1 00 

S7 SO 

S300 

02 SO 

63 SO 

S1 50 

RELAYS 
10 AMP SOLID STATE 

r-AL% 

$9 SO EACH 10 FOR 390 00 

Ti SWITCHING POWER SUPPLY 
Convect . 0.791/Med s.rt09 .9 power suppry 
419g00Io paw 110.0 0.0770070+compute/ 

INPUT 14- 25.1101arp 
OUTPUT 12.410710 * r 

5.0c 1 2 arm 
- 5v0c 2007* 

SIZE 4Y' . 419. Ws' 17917 u 004044.914 

13.8 VDC REGULATED POWER SUPPLY 

//Ohio 11/41 
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e , .,., coco I.ICnouisTInN r ARn "'.., "'. ~ "'7 A rU..1 CDCC u.u:nAUATlnN ~ARn

MUL T I T UR N
TR IM POT S

500HM
100 OHM

1000 OHM
51< 20 1<.100 1<

.3/$2.00

2O~~~ODES $1.95

DI P SW ITC HES

CT5 206- " .. Pocition .15
CT5 206· 1 1 Pocition .95
CTS 206 · 6 8 Pocition .95
CTS 2()6.10 10 Pocltion 1.25

PR INT E D CI RCU IT BOAR D
.. .. x 6" DO UBLE SIDED EPOXY
BOARDED 1116"TH ICI<
$.60 .. , • . . . . .• 5/$2 .60

5/$ 1.00 15UF 16V 3/$1 .00
5/11 .00 22 UF l OY $ .30
5/$1 .00 ·30 UF BY 5/$ 1.00
5/$1 .00 33UF 16Y $ .50
5/$1 .00 "7U F 20Y $ .85
" /$ 1.00 150UF 16Y $1.30
" ' $ 1.00 200 UF 20 Y $1.7 5

$ ." 0 330UF lO Y $ 1.75

.22 UF 35V

." 7UF 35 V

.68U F 35V
lUF 20V
2.2U F 20V
3.3U F 20V
6.8U F 20V
10UF 20 Y

FU LL WAVE
BRIDGE

PRV v. SA 25A.
100 1." 0
200 .80 1.30 2.20
..00 1.00 1.65 3.30
600 1.30 1.90 "."0

BLANK PCBWITH 2716
CHAR. ROM. 2732 MON. ROM

12Y DC REL...ys
TTL SIZE

·S.P. " oo otlmcoil
.75

O.p ."oo ohm coil
.•s

SILICON POW ER R EC TI F IERS

PRY 1... 3A 12A 50... 125A. 240A
100 .05 .1" .35 .90 5.50 6.50
200 .06 .11 .50 1.30 1.00 9.00
<WO .09 .26 .65 1.50 10.00 12.00
BOO .11 .30 .80 2.00 13.00 15.00
800 .13 .35 1.00 2.50 16.00 18.00
1000 .20 ." 5 1.25 3.00 20 .00 26 .00

EP O XY G LASS V EC TO R BO AR D

1/16 "thickwith1 /10"lipacing
.. "' .. x 6"' '' . . . . . $2.<40

PR IN T ED CIR CUIT BO ARD

.. .. l( 6" DOUble Sided Epoxy 8 001 rdt d 1/ 16" Thick
$.60 ea. . . • , .• . . .• •• •..•. • , . 5/S2 .60

TANTULUM CAPACITORS

SOURCEDISKETTE - ADD510

RE GULAT O RS
18 L05 or 12 $ .30 LM338 1( $3 .75
LM305 G $ .15 340 T·5 .6,8.
LM3t7T $ .90 9.12,15.
320 T5,12 ,15 18or 2" Y $ ... 5

or 2'" $ .55 723 $ ."5
78M5 , 120r 15 1 ." 0 LAS1.. 12
3231< (LA1" 051 $1 .15 + 12Y3A $3 .95

t.t ..11·IR Dtteetor . . . •. 3/$ 1.00
FP 100 Photo Trani . $ .50
Red LEO's .2" ., ...••....•. . 10/$ 1.00
Yel. Gr. or "'mber La LEo 'l .2" . . _ . . 8/$ 1.00
Aed·GrH n 8 ipolar LEO . . . $ .90
Red·Y ,lIow BipQlar LEO . $ .90
MLE092 IR LEO . $ ." 0
MR01 ..8 Photo Dart XTOR • . $ .60
MCT2 Opto llOlators . $ .60

D ISC CA PAC ITO RS IN" ' '' 8 (IN9 1.. )
.1UF 16V 10/$1 .00 ,100 /$8 .00 15/1 ,00
.0 1UF 35Y 16/$1.00 100 /$5.00

SETOF 2 CRYSTALS- ADD57.50

$899#~RT_80
(COMPLETE KIT, 2K VIDEO RAM)

SEND $.25 FOR OUR CATALOG FE...TURING
TRANSISTORS 6. RECT IF IERS.

1..5 H...MPSHIR E ST.• CAM8 RIDGE. MASS. 0213 1

74LS SERIES

745SERIES
1"SOO .25 7"585 .90 7"S 165 1.50
1"$02 .29 7"SSS .35 1oiS11" .75
1" S03 .29 7"S89 2.00 HS115 .15
1" SCK .29 1"S 112 .50 1"518 1 3.00
7" S05 .29 1"Sl13 .50 7451 82 2.00
7..508 .35 1"S12" 2.20 1..S189 1.60
7"5 09 ." 0 1"S13 3 ...5 745 190i 1.30
7" 5 10 .29 7..5 135 .85 745195 1.30
7"$ 11 .35 7" S138 .75 7..S24O 1."0
1"S15 .35 7" S139 .75 7..S2.. 1 1...0
7"520 .29 1"5 1"0 .50 H S2« 1.25
14530 .29 1"S151 .75 HS251 .15
1"532 .35 1" S153 .15 H5251 .90
1..sec .29 1"S157 .75 745260 .15
1.. s.-2 .B5 7" Sl 58 ..90 7"S373 1.65
1" S51 .35 1" S161 1.25 7" 537" 1.65
7" $7" ... 5 7"5 163 1.25

"LSOO .17 H LS10 7 .35 7.. LS2-41 .65
1"LSOl .17 1" LS109 .35 HLS2"2 .65
1"lS02 .17 7" LS112 .29 14LS243 .ee
1"LS03 .17 HLS l13 .33 1"LS 2404 .65

"'.... .17 7.. LS11" .3> 1"LS2"5 .75
1"lS05 .17 H LS123 ... 7.. LS2..6 1."0
1.. LSOB .17 H LS125 .35 1.. LS2"1 .76
1.. LS09 .17 HLSl26 .35 1.. LS2"8 .65
1.. LS10 .17 7U S 132 .39 1" LS25 1 ...
1"LS1 1 .:>0 7"LS 136 .35 7.. LS253 ...
1" LS12 .z, 7" LS137 .90 1" LS251 .39
1US13 .zs 7" LS138 .39 1"LS 258 ...
1"LS1 " .36 1"LS139 .39 HLS2591 .20
1"LS15 .25 7"LS 15 1 .39 H~S2'60 ...
1.. LS20 .17 7"LS 153 .39 HLS26 6 .55
1.. LS21 .22 1"LS155 .55 1"LS213 .75
7.. LS22 .22 7" LSl 56 ... 1"LS219 .39
7"LS 26 .23 1.. LS157 .35 7" LS280 1.70
7" LS21 .23 7" LS160 .29 1.. LS283 .55
14 LS28 .zs 7.. LS161 ... 7"LS 290 .80
1.. LS30 .17 7" LS162 .es 1" L529 3 .90
1.. LS32 .17 H LS163 ... HLS298 ...
1.. L537 .ae 1.. LS16.. ... 1"LS320 2.00
1.. LS38 .ae HLS165 .65 1" LS32 3 2.4O
1"L S40 .17 1" LSl66 -ss 7" LS365 .39
1"LS42 .35 HLS169 .90 HLS366 .39 '
1" LS41 .75 HLS 170 .90 1.. LS361 .39
1" lS48 .65 1" LS173 ... 7" LS36 8 .39
1.. LS5 1 .17 H LS17" .3' 7.. L5313 .75
1"LS 5<t .22 HLS175 .39 1.. LS3H .75
1.. LS13 .25 H LS1811.4O 7" LS317 .75
1" LS1.. .,. H LSl 90 ... 74 LS386 .45
1" LS15 .29 7" LS191 .., 7.. LS390 1.10
1" LS16 .29 1" LSt 92 ... 1" LS3i13 .75
t " LS83 ... 7.. LS193 .65 74 LS39 8 2.50
1" LS85 ... 1" LS19oi ... 7" lS+'6 2.00,.LS86 .ZZ HLS 195 .65 1"LS5041 1.40
1.. LS90 .3' 1.. LSl96 .55 1.. LS625 1.15
14 LS92 ... 7.. LS197 .65 1" LSOO81."5
1"LS 93 ... 1" LS221 .55 HLS670 .95
1.. LS9 5 .' 8 7" l S2" 0 .65 81LS9B 1." 0
1" LSOO ..,

Digital Research Computers
(OF TEXAS)

P.O. BOX 381450 • DUNCANVILLE TX 75138 • (214) 225 -2309

FOR SIN.
SOURCE DISK

(CP/M COMPATIBLE)
ADD510

Call or write for a free catalog on Z-80 or 6809 Single Board

Computers, 55-50 Boards, and other S-100 products.

TERM S: Add $3.00 postage. We pay ba lance. O rders under $15 add 75C: hand ling. No
C.O.D. We accep t Visa and M asterC ard . Texas Res. add 5-1/8% Tax. Fore ign order s
(except Can ada) add 20'10 P & H, O rders over $50 add 85C: for insu rance .

SOLAR CELL SPECIAL: 4 In. Diameter Rated .45 VDC At1.2
Amps Or Beller. Brand New Units, Cosmetic Seconds, But
Perfect Electrically. ' 3.99 6/$20.

LM1381 1.00
' '' 56 .80
'''58 .50
LM1808 1.75
}lD21CXX-0 " .95
LM2901 .95
CAJ0 18 1.95
C",JQ.45 1.20
C'. 3018AT 1.50
C"'3 080 .B5
CA30B9E 1.15
CA3094 1.30
CA3130 .90
CA310i0 .15
5G3S43 .70
SG3544 1.00
CA38 22 .15
LM3900 ...5
LM3909 .60
.. ,36 .B5
N553" 1.00
N5596 '" 1.50
s;:J;iOOO 1.00
8700CJ 5.95
L!'4'308O .95 .

TR IA C' s
PRY 1... lOA 25'"
100 .35 .60 1." 0
200 .50 .80 1.90
"00 .10 1.00 2.60
600 1.00 1.20 3.60

.-:
'"w:>
o
wa:r-------------------------l
~ THE NEW ZRT-80
Do.

~ A LOW c~!11o !~E~Ml~~o~R~9A~tlR~EEDS AN
o ASCII KEYBOARD, POWER SUPPL Y. AND VIDEO MONITOR TO MA KE A
(J COMPLETE CRT TERMINAL. USE AS A COMPUTER CONSOLE. OR
ttl WITH A MODEM FOR USE WITH ANY OF THE PHONE-LINE COMPUTERa: SERVICES,
LL FEATURES:
>= • Uses a Z80A and 6845 CRT
~ Co nt ro lle r l or powe rfu l vi deo
Z capabili ties .
~ ... RS232 at 16 BAUD Rates fr om 75a: 10 19,200.
« • 24 x 80 standard form at (60 Hz).
== • Optiona l fo rm ats fro m 24 x 80
C (50 Hz) 10 64 lin es x 96 cha racte rs
W (60 Hz).
I- • High er den sity fo rm al s requ ire up 10

~ ~::.d~i.~n~~~KB~:O6~~t~AR~~~
...J Gen . and US ART co mbo IC.
> .. 3 Term in al Emulati on Mod es wh ic h
c( are Dip Switch selec tab le . Th ese
o incl ud e th e LSI-ADM 3A. the Heath
g H-19. and the Beehiv e.
a: .. Composite or Split Vid eo.
~ 11" Any polarity of video o r sync.
o ... Inv erse Video Ca pab ili ty .
LL. * Small Size : 6.5 x 9 inc hes .
o * Upper & low er case with descenders.
(/) * 7 x 9 Charact er Matr ix.
:::!: ... Requi res Par. ASC II keybo ard .a:
w
I
w

i=~======!..----~================~o
l
I
(J
w

~I-----------------_-.:._:..-_--~
:>

'"'"w
~t_--------------------------1
'"...J
...J
<I:

LM386 .85
LM381 1.25
LM393 ." 0
LF39 8A 3.00

~g~~~~ i:;~
LM555 .3"
LM556 ." 5
558 1.25
'564 1.75
565 .90
566 1.25
587 . .15
NE592 .95
709 CH .80
LM710 .60
733 .95
7" l CV .29
1" 1 .50
CA758 1.15
LM198 CT .60
U"' 198 .60
O"'C08OO 2.95
LM13 10 1.40
MC13 55 .70

C/MOS

SC R 's
1.5A &A 35... 110A

100 .35 ." 0 1." 0
200 ." 0 .50 1.80
..00 .60 .10 2."0 12.00
600 .80 1.00 3.60 15.00

14Coo .Z' 7" C9 15 1.10 ..027 .35 "0 12 .20,.C02 .Z' 7" C921 3.5O ..026 .65 "016 .55,.COO .25 '001 .19 "29 .65 4077 .28,.COO .25 'OOZ .ZO " 030 .35 , ce, .20
1"C l0 .25 eooe .65 0i03"1." 0 ...Z .:>0
1"C l" .55 '00' .ZO ..035 .65 ..93 AS
1..C20 .25 '008 .8S 40040 .65 .... 1."0
1" C32 .35 '009 .35 ...t .75 . 501 .95
1" Cl 2 1.10 ..0 10 .35 40042 .55 ' 503 ...
1"C 7" .55 " 011 .19 040043 .85 '506 .75
7"C76 .60 ."0 12 .Z' .... .65 .. 510 .65,.C83 1.20 " 013 .35 " 04 5 .85 " 511 .65
1" C85 1.25 "01" .65 ..oes .85 "512 .75
"C86 .35 -4 015 .Z8 " 0041 .B5 .. 51" .95
1"C93 .. 00 ..0 16 .28 "0049 .28 " 515 1.60
1..Cl &43.00 "011 ... " 050 .28 4516 .75
1"C 161 .95 " 0 18 .65 " 05 1 .65 " 518 .65
1"C1H ... " 0 19 .35 .-05 2 .65 ":>0 .75
14C11 5 .95 ..:>0 .55 .-053 .65 " 528 .75
1"C1931...0 ..021 .65 oiOSO .65 4529 1."
H C2" 5 1.15 " 022 .65 ..06 6 .28 . 538 ...
1..C90 1 .35 4023 .25 oi068 .35 '53' 1.50
1" C90 2 ... " 02" .' 8 M)69 .19 "50418 1.20
1" C903 .80 "0 25 .25 " 070 .28 "5 53 1.75
7"C907 .75 ",. 1.25 .." .:>0 ..., .90.... .75

DAOOSEO 3.75
T L06 2CP .9 5
T L064 CN 1.50
TL0 12 1.00
T L08 2 .90
TL0&4 1.30
LM201 .75
LM301 n " 8 .35
LM307 ."5
LM308 .6 5
LM3t O 1.10
LM311 '.55
LM318 1.25
LM319 1.10
LM32 " ." 5
LM339 .90
LM3oi8 .85
LF351 .BO
LF3 53 .90
LF355 .90
LF356 1.00
LM358 .55
LM310 1.60
LM360 .85
LM384 1.60

TER MS; F08 C...M8R IOGE, MASS. SEND CHECI< OR MoNE Y ORDER.

MINIMUM TEL EPHONE, C.O.D. PUACHASE OR012ROR CHARGE $20 .00.
MINIMUM MAIL 0 t10 ER $5 ,00 .

1000 PCMin
.05
.14

_2 2

100 Pc Min
125 1000V/2.SA .0 7
156 1000V/SA _18

505 ~:IT~~~~:~l t .29

RECTIFIER
DIODES

ECC®/CE®/SK®
OUTPUT .r:»:
TRANSISTORS ~

SK311S SPc Min 100Min
165/cm ••• • .• ... 2. 25 1.95

258/~m1 0 •• . .• ••• 2.25 1 .95
2831 SK3467 _•• • •• •. 2.75 2.25

2SD1341P/n~~ . • 2.25 1.90

FORA COMPLETE LIST CALL OR WRITE-C.O.D. Ord ers Welcome (Min. o raer 125)

DIGITRON ELECTRONICS
110 HILLSIDE AVENUE, SPRINGFIELD, NEW JERSEY07081

Toll Free 1-100-12'''121 In NJ :lCl1-!1711Kl111 Telex 138441
PRICESSUBJECT TOCHANGEWIT><OUT NOTICE. OFFER GOODWHILESUPPLY LASTS

ECGIsaTrade Mar1< of PhilipsECG.
O~ltron Elect ron ics Is not associated In an y wa y With Philips Et C.

(~, SOLID STATE SALES TEL. (617) 547-7053 WESHIP OVER 95 %
OF OUR ORDERS WITHIN

P.O. BOX 740 - SOMERVILLE MASS 02143 TOLLFREE 1·800-343-5230 24 HOURS OF RECEIPT
, . FORORDERSONLY

AUDIO POWER
10 Pc Min 100 Pc Min

152/sK3B93 .30 t.24
153/sK3274 .30 .24
1961SK3QS4 .49 .44
1971SK30B3 .59 .54
291 !sK3440 .49 .44
292/SK3441 .49 .44

TRIPLERS Mln3 Pc/T'{pe

500A/~~~M4. •• • • • • 9.95

523/~m~ . . . .. . .. 9.95

526A/~~~ici6. ••• • • • 9.95
5281 SK3906 •• •• . • . • 1 2.7 5

529/~mg7 11 .80

SPECIAL OF THE MONTH
375/SK9118 44(: 10 PC Min 39(: 100 Pc Min.

712 rt"s!l,m9 / IF 75(: 10 PcMin 60(: 100 PC Min.

SUPER SAVINGS
10 100 10 100 10 ' 100

MIN MIN MIN MIN MIN MIN
85 • • •• ••• .21 .18 159.... •. •16 .11 189. • • . •. •50 .4 5
10 2A •••• .3 5 .29 160••• • • • •88 .77 190. _• • _. .5 9 .50
108•. • • • • .18 •14 161•• • • . • •65 .50 191•• . .. • •65 .55
123A •••• .18 .14 162• • . . •• 2.25 1.95 198• •• • •. .6 5 .53
123AP• • • .1 3 .09 163A •• _. 2.35 1.99 199. _• • _. .1 8 .12
128. • • •• • .38 .33 171• • ••. • •49 .39 234••.. • • •19 .13
129•• • • • • •38 .3 3 184•• . . . • •38 .30 287• • .•• . .2 9 .2 2
130.. •• • • .59 .53 185• •••• • •38 .30 288•••• •• .2 9 .22
154• • • •• • •75 .65 187•• . • .• •48 .4 0 376. •.. •• .5 5 .49
157••••• • .4 9 .39 188• . . • •• •50 .4 5 398.•. . •• .59 .49

CPU 's &: S UP PO RT CH IPS RAM 's

ZSO'" CPU 1.1 5 8_ 8 .00 ' '''6 1.50
TI P 3 18 NPN srTO·220 . . $ ." 0

Z80R CPU ".50 8068 ' .50 21 L02-3 .70 T IP 328 PNP Si TO·220 $ ." 0
Z80A CTC 1.95 8 155 ·2 2.75 210 1A·.. 1.50 T IP34 PNPSi . . . . . . . $ .95
2BJADART 5.95 8:>0' ' .00 21 11A 1.1 5 TIP 111 .. .• $ .50
Z60"'OMA. 5.50 82 12 1."5 21 12-1 1.9 5
Z60 ",Pl0 1.95 821 " 3.75 211"-2 ' .00

TIP 12 1 PNP Si U84 .. . . $ .&0

Z60... S10 ' .50 82 16 1.50 21 18-" 1.75 TIP 1'" NPN Si U97 • . _ $1 .00
TlPl .. 5 . •. $1 .35

82 Coi3 2.75 8'" 2.2 5 2141 ·3 Z.50 8 U205 •..• .••... • • $ 1.15
AM0290 1 ' .00 8'" . 1.60 32"2 ' .00

'50' 2.75 8237·5 ' .50 TMS3" 00 1.15 2N" 04'" PNP GE TO·5 . . 3 /$1. 00
2N 1301 PNP GE TO·5 . .. $ .40

680 0 1.15 8238 3.95 MK4021 -3 .90 oP S2OQl)- oU AL
680Z ' .50 8'50 6.15 TMS40SONL 1.15 POWER o ...RL. . . $3.95
680 3L 8.00 8251 ·... 2." 0 MK" 096 ·11 1.25 2N222 2 NPN 51TO·18 • . 1/$ 1.00
6809 ' .50 8253 1.75 " 108-3 1.50 2N2907 PNP SI TO·18 • . 1/$1.00
68' 0 1.75 8255...·5 1.85 ..116-2 " .10 TI P 2955 PNP st . ..• . . $ .10
68 Z1 1.75 825' 2.40 "11 8-" 1.7 5 2N3055 NPN 5i TO·3 • . . $ .60..... ' .50 8259 2."0 " 1'*"15 1.25 MJE3055T•.••• ..• . . $ .60
6850 1.1 5 8272 '" " .15 MKo4802 " .00 2N3904 NPN Si TO·92 . • 1 /$1.00
6875 ' .50 8215 ' .00 Z6100i·" 2.50 2N3906 PNP 51 TO·92 . . 1/$1.00
0 12 20 ·1 12.00 8219·5 3." 6 116-3 1.95 2N"90B PNP $ i TO·3 . . . , $1 .00803. 1.75 8268 4 .75 6 167p ·3 ' .50 2N6109 PNP Si TO·220 . $ .55
8080A 2 .50 8355 12.95 62&4LP-15 ' .50 MJE13009 '" "OOY NPN • • $ 1.00
BOBSA 2.75 81"8 ' .00 81 18·12 " .95 MRF-80C).4 CM RF

TMS992 1NL 9 .95 52800 1.20 TR...NSISTOR NPN ... $ .75
SH IF T . 8000LB 10.00

D ISC HEP G80 1.. - PNP GE TO-3 .$ .85
RE GI STE R S ROM 's Co nt ro llers TTL IC SE R IES
MM1"02 1.15 TP8 18S42 3.50 D16 5C " .50
MM1" 03 1.75 825126 1.95 177 1 " .75

,.00 .19 ,.80 ... 1"1 101 .50

MM1" 04 1.15 82S1 30 1.95 179 1 ' .50
140 1 .19 " 83 .50 1"1 13 .75

MM501 3 2.50 82S1 31 1.50 1193 ' .50
7"02 .19 7"85 .55 1.. 11 .. .8 '

MM505 5 2.50 TP82BS166 9 .50 179 5 12.00 7"03 .19 ,... .35 1"' 15 .8 S

MM50 56 2.50 82S191 ' .50 1791 12 .00
,... .19 ,... 1.90 1" 116 .75

MM5057 2.50 7.. s.-1 " 3.95 7..05 .25 1" 90 .39 1.. , 71 .65

MM5058 2.50 27011 3.15 ' CR YSTA LS
,eoe .27 1"9 1 ... 141 80 .75

MM50 60 2.50 2116 +5V 3.15 1401 .27 H 92 .50 1"1812.00

2132.4. 2." 0 1.843 6.000 " 011 .,. 7..93 .35 7.. 182 .75

INT E R FA CE & Z,.. ' .00 2.000 6.1.... , ec, .18 ,... .60 7" ' 64 1.50

DR IV E RS '334 1... 2.95 3.000 8.000 7"10 .18 1" 95 .55 7"'90 .80

3628A-3 3.00 3.519 10 .000 7" 11 .Z' ,." .60 7" ' 91 .80
...Y5-101 3... 3.15 633 1 1.95 ".000 18 .000 1.. 12 .25 1.. 101 .30 1.. 192 .75
AY3-10150 " .15 8256-5 1.25 5.000 l B." 32 1.. 13 .35 1" 1161 .20 1" ' 93 .75

'''88 .50 AM9214C :r95 20.000 1.. 1.. ... 1"121 .30 1.. 194 .80
H 89 .50 271 28 3." 0 1.75 ea . 1"'6 .Z' 1.. 122 ..•7"'95 .80
TR 160 2B 3.95 1.. 11 .Z' 7.. , 23 ... 7" ' 96 .75
BR190ilL S.50 T OG G LE NO . 30

,.:>0 .:>0 7" ' 25 ... 7"'97 .90
AY5-3OOJPAO 9 .95 SW ITCHES 7" 25 .27 1" ' 26 ... 7" '99 1.25
CRT 5031 18.95

1060- 5POT- 1.00
WI R E W RA P ,.,. .30 7.. , 45 .60 1" 2211 .25

MM5301 1 .95
2060-0POT- 1.040

W IR E S ING LE 7.. 21 .27 7"1.(8 1.20 7" 213 1.00
MM5369 1.15

206 P- OPOT- 1.60
ST RA N O 1oi30 .20 1" 150 1.35 14219 .70

8810 2 .00 100 ' . . .$1.40 7..32 .27 1.. 16 1 .55 ,.". .60
8830 2 .50 CAnter Off 70 1 .27 1" 153 .55 1..365 .65
..33 Z.50 WIRE 7" 38 .29 1" '504 1.25 7" 361 .65..,. 2.00 W RAP OB ' «0 .20 7" ' 56 .75 7"390 .90

883' 2.00 SOCKETS CONN ECTOR
'«2 ... 1" '57 .55 753251 .50

' « S .65 7" '58 .60 150491 1.00

DI P SOC KETS
,.. PIN ... 089P - $ .80 1....8 .70 7"' 60 .8 ' 9601 ' .00

8P IN .10 22 PIN
16 PIN .50 OB9S - $ .95 ,.50 .20 1"'61 .G6 960Z .90

.15 l aPIN .65 HOOOS · $ .65 7.. 72 .29 1" 162 .65 8T26 1.10
, .. PIN .11 2.. PIN .20 20 PIN .90
16 PIN .12 28 PIN .20 2.. PIN 1.10

D825P - 1 1.25 7" 13 .35 1" 163 .65 8126 1.10

18 PIN _15 ..0 PIN .25 28PI N 1.25
DB255 · $ 1.50 74 1.. .3Z 1" 1&4 .8 S 8T 97 1.10

20 PIN .18 "O PIN 1.80
HOODS - $ .65 7" 15 ... 1.. 165 .8 ' 8T96 1.10

7..76 .50 7" 1661 .00

REPLACEMENT FOR

en
~
z
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BUILD YOUR OWN XT COMPATIBLE SYSTEM 

r 640K 
MT COMPATIBLE 
MOTHERBOARD 

* 4.77 MHz 8088 CPU. OPTIONAL 
8087 CO- PROCESSOR 

* 8 EXPANSION SLOTS 
* OK RAM INSTALLED. EXPAND- 

ABLE TO 640K ON -BOARD 
MEMORY 

* ALL ICs SOCKETED -HIGHEST 
QUALITY PC BOARD 

* ACCEPTS 2764 OR 27128 ROMS 

ONLY $169 
Compatable with all IBM -PC /XT 
hardware and software. Use with 
our flip -top case. power supply and 
other accessories to build a com- 
plete XT compatible system. 

PRO -BIOS $2985 
IBM XT Compatible BIOS runs virtually all IBM software. even Sidekick! 
EXTRA FEATURES: Control colors from DOS 

Park heads on the hard disk with Control- Alternate -Break 

r 
HARD DISK 
SYSTEMS 

10 MEGABYTE HALF UHEIGHT $395 
20 ME ABY ETHpLF HEIGHT $525 
Includes short slot HD controller. cables. 
mounting hardware and instructions. All 

rives are pre- tested. One year warranty. 

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 

JDR Microdevices 
1224 S. Bascom Avenue, San Jose, CA 95128 

800 -538 -5000. 800 -662 -6279 (CA) (408) 995 -5430 
FAX (408) 275 -8415 Telex 171 -110 

HOURS M- W -F.9 -5 TU-TH. 9-9 SAT. 10-3 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING 
TERMS Mcrmin oral. !1000 Fo, shown and naang rncMra 12 SO Aw UPS 
Ground Ara 53 SO Orr UPS Ass Oran ow. I e and ar.gn onw.s nwry mown 

ana singing cw9M - PMr, coMUI our Wet dtrpnVrw l w the onovw CA 
Ongleob rrMr{t nwtodo cab win W A nwnnrarr A warranted kw 90 den ,nn.. oMrww HMO Pnon aw supect So clw.P odhotA nose Wa aw Rol 
,.won.OM lot tywnrsoPwal errors We nrw.w M rtgi.l b IOW quenelle, And to 
WO towns nWYAKluwr A nwrchenaM s.OPCt to ono. wain 

Copyright 1985 JDR MKrodeWces 
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Z 80 
Ito CPU . 179 

4.0 MHz 
280A CPU 169 
180A CTC 195 
Z80A DART 5 95 
280A DNA S 9S 
280A NO 1 35 
Z80Á SIO 0 S 95 
180A SIO I 5 95 
DMA SIO 2 5 95 

8.0 MHz 
2808 CPU 4 95 
2806 CTC 895 
18013 PIO 8 95 
2808 OART 14 95 
1808810 0 12 95 
¿806110 2 12 95 
25671 ZILOG 19 9S4 

193 
393 

99 
1 45 
299 

99 
09 
49 
9s 
93 
19 
93 
» 
49 
49 
59 
9S 
as 
9s 
49 

1250r. 49 
1200,. 69 
(1S0.. 89 
1120.. I 49 
1200.. 6 9S 
1200 ISVI 69 
I I SOr. IS V I 79 
1120.14 (SV) I 95 
1200. (SV) 1 35 
1150..s (3V) 1 9S 
11 SO.. ISVIIREERESH) 2 9S 
I150nsISVI 4 95 
1150m ISVI S 95 
1200.. 1ST) 2 95 
IISOro 1SV1 2 95 

REFRESHhn 1 Mr...w 

8800 
1.0 MHz 

6800 
6807 
6803 
6809 
68091 
6810 
6820 
6$21 
6$40 
6543 
654 
6545 
6547 

1 95 
4 95 
9 95 
5 95 
5 9S 
1 9S 
2 95 
1 SS 
6 95 

19 95 
12 9S 

95 
11 95 

6850 195 
6883 22 95 

2.0 MHz 
68800 4 95 
68802 S 95 
66809E 795 
68809 7 91 
68821 4 95 
68645 8 95 
68850 3 9. 
68854 ''J 

4 95 
8 95 

/1 95 
6 95 
2 95 

26 9S 
19 95 
12 95 

9 95 
19 95 

4 95 
9 95 
9 95 

12 9S 
12 95 
19 9S 
19 93 
29 95 
19 95 

4 95 
4 9S 

12 95 
12 9S 
6 95 
6 95.A 

9 9S 
4 95 
9 95 
8 9s 
4 954 

r 
3 95 
4 95 
3 9S 
4 95 
6 95 
9 95 
6 934 

1oM/l. S 9 
11432 S9S 
20 595 
24576 595 

4 95 
4 95 
4 95 
4 95 
4 95 
495 

95 
4 9S 
4 9S 
4 95 
493 
4 95 
4 95 
499.4 

132 

4164 200ns 690 41256 1 5ons $2.95 
r 
2101 
5101 
2102L4 
2102L-2 
2112 
2114 
211/L 
21111 2 
21111 15 
TMS4044 4 
TMM2016 150 
TMM2016 100 
HM6116 
HM6116 3 
HM6116L 4 
HM61161P 3 
HM61161P 7 
HM6264P 15 
HM62641P IS 
HM6264LP 12 

STATIC RAMS 
2S6. (SOns 
256.4 14SOr. 

1021.1 1450n. 
1021.1 1230.. 
256.4 1450.. 

1024.4 I43Ons 
1024.4 14S0.. 
1021.1 a00ns 
1024.71 1150ns 
4096%1 (450ns 
7043.5 I1 SO..s 
2045.8 1100.r 
2043.3 1200ns 
20485 I1SOns 
2043.8 1200ns 
2043.3 11SOna 
2046.8 1120m 
8192.8 1150ns 
8192.8 1150ns 
8192.5 112092. L Lar .ows. 

CMOSI 
lPl 
LP) 

LP) 
LP) 
LP) 

CMOSI 
CMOS) 
CMOSIILPI 
COS11lPI 
CMO91I L PI 
CMOS1 
CMOSIIIPI 
CMOSIILPI 

DYNAMIC RAMS 
4116 250 16314.1 
4116 200 16314.1 
116 ISO 16314.1 
4116 120 16314.1 
143.4332 32766.1 
4164 200 65536.1 
11164 ISO 65536.1 
4164 120 65536.1 
MCM6665 65536.1 
TM64164 655361 
4164 REF RE SH 655361 
TMS4416 16114.4 
41123 150 131072.1 
41256 200 262144%1 
41256 150 262144.1 

5v 8-,e. S von SLAW, 

8000 
303. 
6039 
3080 
8085 
8087 2 
8057 
11083 
6061 2 
BISS 
8155 2 
5748 
8755 
80286 

'S02s7 

1 49 
1 95 
2 95 
2 49 

139 95 
109 00 

6 95 
9 9S 
2 49 
3 95 
7 95 

19 9S 
129 95 
16500 

8200 
5201 
8205 
8212 
8216 
5224 
1237 
8237 S 

8250 
8251 
8251A 
8253 
11753 5 
5755 
6255 5 
8259 
8259 S 

8272 
8779 
8279 S 
5182 
6284 
8286 
8288 

2995 
329 
1 49 
1 49 
2 25 
4 9S 
5 49 
6 9S 

69 
89 
89 
95 
69 
89 
95 
29 

4 95 
2 49 
2 95 
3 95 
2 9S 
395 
495 

1224 S. Bascom Avenue, San Jose, CA 95128 
800 -538 -5000. 800 -662 -6279 (CA) (408) 995 -5430 

FAX (408) 275 -8415 Telex 171 -110 

8500 
1.0 MHz 

6502 2 79 
65CO2 12 95 
6507 9 95 
6520 1 95 
6521 4 95 
6576 16 95 
6532 6 95 
6545 6 95 
6551 5 95 
6561 19 95 
6551 34 95 

2.0 MHz 
6502* 2 95 
652011 2 95 
6522A 5 95 
65324 11 9S 
63494 7 95 
6S51Á 69S 

3.0 MHz 
65025 6 9S 

CLOCK 
CIRCUITS 

MMSl69 195 
MM5369 EST 1 95 
MM51167 12 95 
MM58174 11 95 
MSM5$32 2 95 

* * * *H18H- TECH * * * *1 
NEC V20 UPD70108 $2085 

REPLACES 8088 TO SPEED UP IBM PC 10 -40RY 

HIGH SPEED ADDRESS CALCULATION 
IN HARDWARE 
PIN COMPATIBLE WITH 8088 
SUPERSET OF 8086 8088 INSTRUCTION 
SET 
LOW POWER CMOS 

8 MHz V20 UP070108 -8 $24.95 
MHz V30 UPD70116 -8 $26.95 

'* * * * SPOTLIGHT* * * * 

ORDER TOLL FREE 

800 -538 -5000 
800- 662 -6279(CÁ) 

r- 
CRT 

CONTROLLERS 
6145 
631145 
6147 
H016SOSS 
MC1372 
1275 
7220 
CRT5027 
CRTS037 

`TMS991aA 

DISK 
CONTROLLERS 
1771 
1791 
1793 
179s 
1797 
2791 
2793 
2797 
6543 
8272 
UP0765 
M14376 
M86$77 
1691 

'2143 

'BIT RATE 
GENERATORS 

MC14411 
BR1941 
4702 
COM8116 
MMS307 

UARTS 
AYS 1013 
AY3 1015 
TR/602 
:651 
1146402 
(146403 

`1NSa2S0 

SOUND CHIPS' 
76477 
76489 
SS) 263 
AY3 8910 
AY3 5912 
SP1000 

3 95 
8 95 

39 95 
12 95 
12 9S 
39 00 

CRYSTALS 
32.768 KM. 9S 
1.0MN) 29S 
1.1432 2 9S 

95 
95 
9S 
9S 
95 
95 
95 
93 
9S 
95 
95 
95 
9S 
95 
95 
95 
9S 
9S 
9S 
95 
9S 
9S 
9S 
95 
95 

20 
2.097152 
2.4576 
32765 
3579545 
4.0 
4 032 
S0 
S 0688 
60 
6 144 
65536 
80 

Io O 
10 738635 
120 
14 31818 16 
16 0 
17 430 
18.0 
18.432 
200 
22 1 184 
240 
32 0 95 

CRYSTAL 
OSCILUTORS 

2S 
40 
S 0688 
60 
6 144 
50 
100 
120 
12 480 
160 
160 
15 432 
20 0 
24 0 

MISC. 
TM599531 
TMS99532 
ULN2003 
3242 
3341 
MC 34 70 
MC3480 
MC3487 
11C90 
2513001 
AYS 2376 
AYS 3600'4' 

9 95 
19 9S 

79 
7 95 

95 
1 95 
8 95 
2 95 

13 9S 
6 95 

1195 
1196 

6immi 

270S 
2716 6 
2716 
2716-1 
TMS2132 
2732 
2732A 
2732A-2 
27C64 
2764 
2764 250 
2764 .200 
TM62sM 
MCM6$76$ 
27128 

EPROMS 
1024.8 
2045.8 
2048.8 
7048.8 
4096.8 
4096.8 
4096.8 
1096.8 
8192.8 
8192.8 
8192.1 
8192.8 
1192.8 
$192.5 

16311.8 
27C2S6 32768.8 
27256 32765.8 

SVS.q.SV.IIS.qp.. 

ri SPECTRONICS 
FA CORPORATION 

150..1 3 95 
6S0..1 2 29 
4SO..IISV1 1 9S 
350.4115V1 2 49 
4SO..IISV1 3 95 
450n10(SV) 2 79 
2SO.r11SV1121 V GMI 2 69 
200..IISV1121 V PGMI 3 95 
2S0..s115V11CMOSI S 95 
450..11SV1 1 95 
2SO.n1ISV1 2 49 
200.r11SV1 3 49 
4s0ns11SV1 S !S 
350n01151/1124 PINI 17 95 
29Ons11SW 2 79 
25O..IISVIICMOSI 12 95 
2SOns11SV1 7 49 
211/ PGM P'al/^ r 21 VWU, 

EPROM ERASERS 

al- Pt 1,t 

.1eI. 

InsemPer 
IuW iCRSry 

r 
741900 
741501 
741502 
741503 
741904 
74(505 
7415011 
711509 
74(S10 
741511 
741.512 
741913 
741514 
74LSlS 
741520 
74/521 
744.522 
741827 
741525 
741530 
741332 
741533 
741577 
7419311 
741542 
741547 
741945 
74(9S1 
741973 
741.974 
74(575 
74(576 
74(983 
741985 
741586 
741590 
741592 
741993 
741995 
7415107 
7415109 
7415112 
7415172 
74(112] 
74(11124 
7419123 
7415126 
7418132 
7419133 
74151341 
7415138 
7418131 
7415146 
7413147 
7415'" 
7415161 
7411113 
7419164 
74(1166 
7415156 
7413157 
7415138 
74(5160 
7413161 
7413162 
7411163 
7419164 

741800 
16 
18 

.17 

.18 

.16 

.16 

.16 

.15 

.16 
22 
22 2 
.39 
26 
17 
.22 
22 
.23 
2s 
.17 
U 

28 
2< 
2s 
39 
.6$ 
.69 
.17 
29 
24 
29 
21 
As 
W 
22 
2+ 
.49 
26 
.68 
.34 
.K 
21 
41 
49 

2 7S 
.39 
.31 » 
Al 
.211 
>! 
.39 

.9/ 3 .i 
29 

1.6$ 
39 
.49 
21 
29 
29 2 
A9 
.311 
.49 

7415166 
7415166 
7415961 
74(5173 
7415174 
7415171 
7415191 
7416112 
7413/13 
7413114 
7415196 
7415198 
7415197 
7415221 
7415240 
7415241 
7415242 
7415243 
7415241 
7411245 
7419251 
7411253 
7418-256 
7415257 
7415258 
7415259 
7415260 
7415266 
7415273 
7415279 
7415250 
7413283 
7415290 
7415293 
7415299 
7419322 
7415323 
7415364 
7415365 
74(5367 
7413368 
715373 
7415374 
7415373 
7415377 
7415371 
7415390 
7415393 
7415541 
7415624 
7415640 
7415645 
7415669 
7415670 
7419682 
7415653 

65 
9S 
95 
49 
39 

.39 
49 
69 
69 
69 
69 
69 
69 
59 
69 
69 
69 
69 
69 
7) 
49 
49 

1 79 
39 
49 

1 29 
49 
39 
79 
39 

1 98 
59 
89 
89 

1 49 
3 95 
2 49 
1 95 

39 
39 
39 
79 
79 
9s 
71 

118 
119 
79 

1 411 

t 96 
99 
99 

1 23 
89 

320 
320 

7119614 3 20 
7419681 2 40 
741s7a3 22 SS 
811999 1 49 
311996 1 49 
811597 1 49 
511998 1 49 
29192521 2 80 
25152569 2 80 
261531 / 92 
261532 195 

ns 
ns 

1 
9 
12 

8.000 
8.000 
9.100 

UR.L 
Pm:* 
683.00 

6111.00 

6171.00 

HIGH SPEED CMOS 
A ..... t.» . 'ealuisp 

W Je.,, ct.nlv..1 .r.It, the e.1.e..laOM. 
CMOS wY bw power cw.w,q.n R.Pwv ...ne 
.....M. st..nOrw.d asps drM 

7411000 
74HC Osmosis at CMOS bags ..w, . . ..1. b t.w. s6 CMOS dears 

74HC00 
74HCO2 
74HCO4 
74HC08 
74HC10 
74HCI 
74HC20 
74HC27 
74HC30 
74HC32 
74HC5I 
7414C74 
7414C$S 
74HC86 
74HC93 
74HC107 
74HC109 
74HC 112 
74HC 125 
74HC 132 
74HC133 
74HC13a 
74NC139 

59 
S9 
59 
59 
S9 
79 
59 
59 
59 
69 
59 
75 

1 35 
69 

1 19 
79 
79 
79 

1 19 
1 19 

69 
99 
99 

74HC 145 
74HC1S1 
7/HC154 
74HC157 
74NC 158 
74HC163 
7414C 17S 
74HC240 
74HC244 
74HC24S 
74HC 2S 7 

74HC259 
71MC273 
74HC299 
74HC36$ 
74HC373 
74HC774 
74HC390 
74HC393 
71HC4017 
74HC4020 
74HC4049 
74HC40S0 

74HCTOO 

1 19 
19 

2 49 
89 
95 

115 
99 

1 89 
1 19 
1 69 

5s 
1 39 
1 89 
499 

99 
229 
2 29 
1 39 
I 39 
I 99 
1 39 

89 
1119 

7414CT D.ect ...pyr....nta M. LS 1Tl 
and CJ., pe nterm. r.l w.tn 74) S n IM san. Cc.at 
7414C TOO 69 7414CT166 3 OS 
74114CT02 69 74HC1174 109 
74NC104 69 7414C1193 1 39 
7414CT08 69 )4NCi19l 1 19 
7/NC110 69 7414C1240 219 
74HCT11 69 7414C72/1 219 
7414C177 69 74HC7244 219 
74HCT30 119 74HCT245 219 
74HCT32 79 7414CT257 99 
74HCT74 55 74HCT259 1 S9 
7471C T75 93 7414C1273 209 
74MC1135 115 74HC1367 109 
74HC1139 I 1S 7411C7373 249 
74NCT154 299 74HCT374 249 
7414C1157 99 74HCT393 159 
74MCT 151 99 74HCT4017 219 
7491CT 161 1 29 74HC1/040 1 59 
74NCT164 1 39 7414C14050 1 49 

74800 
74807 
74804 
74808 
74110 
74832 
74164 

69 
69 
79 
69 
69 
69 
89 

74F00 
74174 79 
74886 99 
74813$ 1 69 
741139 1 69 
741157 1 69 
748240 3 29 
748244 329 

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 

JDR Microdevices 

748231 1 69 
748253 I 69 
741237 1 69 
741250 1 79 
741253 3 95 
748373 4 29 
748374 29 

HOURS M -W -F. 9-5 TU -TH. 9.9 SAT. 10- 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERIN 

TERMS M....Un o.d.I 51000 Fo. 1033. 1 st.d I.tfro 920Sdt $250 Iír 
Grand ..m 3350 Tor UPS A. Oren. cm, 1 b and lemon 0.0ín R.7 
.41068041 .T.qp. g c'wq. pass con Y[1 our MW dsp5r9.w 1 Tor O. amount 
.srdMM 1n.M Mauer kolc.M. saes W Al .....0..Á_a R twnr...d IM M .r... 061...64 ...d Priors AN pq.c1 b Oro. A-tA I.60a Ws am 
t..pe..ee. for IVpoprapARAI error. W. I.4.... M pN b 1.M Ou.MYS rW 
,.4646* n.r.u.c6..r Al rssecha .O....Opcl M pr.. M. 

C COPYRIGHT 1955 JOR MICROOE VICES. INC 
M JOE( EBCROC(VICES LOOP M A 46GINTUNO TRADEMARK OF JOR MICROOE VICES JOR 114ST RUMS N T S ANO JOB MICROOE VICE S ARE T RAGE MARKS Of JOR MICROOE V10E S 

ISM IS A TRAOEMARK Of INTERNATIONAL BUSINESS MACHINES APPLE IS A TRADEMARK Of APPLE COMPUTER 

CIRCLE 281 ON FREE INFORMATION CARD 

EPROM ERASERS

1450ns} 3 .95
1650ns} 2 .29
1450ns1l5V) 1.95
1350ns1l5V) 2.49
1450ns1l5VI 3 .95
(450ns1l5V) 2 .29
1250ns1l5V1I21V PGMI 2 .69
1200ns1l5V1I21V PGMI 3 .95
1250ns1l5VlICMOSI 5 .95
1450ns1l5V) 1.95
1250ns1l5V} 2 .49
12 0 0ns 1l5V) 3 .49
1450ns1l5V ) 8 .9 5
(350ns1l5V1I24 PIN) 17 .95
1250ns1l5VI 2.79
1250ns1l5VlICMOS) 12 .95
(250ns1l5VI 7.49
21V .PGM : Program at 21 Vo lts

':- a.u_~

2708 1024x8
271 6-6 2048x8
271 6 2 048 x8
2716-1 2 048 x8
TMS2532 4096x8
2732 4096x8
2732A 4096x8
2732A-2 4096x8
27C64 8 19 2 x8
2764 8 192x8
2764-250 8192x8
2764-200 8192x8
TMS2564 8192x8
MCM68766 8192x8
27128 16384x8
27C256 32768x8
27 256 32768x8

5V.cSingl e 5 Volt Supply

rii SPECTRONICS
,.. CORPORATION

Model Timer Cap ac ity Intensity Unit
Chip luW/Cm2) Price

PE-14 NO 9 8.000 $8 3 .00
PE-14T YES 9 8.000 $ 1 19 .0 0
PE-24T YES . 12 9.600 $17 5. 00

CRYSTALS 74LSOO HIGH SPEED CMOS
32 .768 KHz .9 5 74LSOO .16 74LS165 .6 5 A new fam ily of high speed CMOS logic featuring

1.0 MHz 2 .95 74LS01 .18 74LS166 .9 5 the speed of low power Schott ky 18ns typ ical gate
1.8432 2 .95 74LS02 .17 74LS169 .9 5 propagat ion dclay). combi ned with th e advantages of
2.0 1.95 74LS03 .18 74LS173 .4 9 CM OS: very low power consumpt ion. superior noise
2 .097152 1.95 74LS04 .16 74LS174 .39 immunity . and imp roved output drive.
2 .4576 1.95 74LS05 .18 74LS175 .39 74HCOO3.2768 1.95 74LS08 .18 74LS191 .4 9
3 .579545 1.95 74LS09 .18 74LS192 .6 9 74HC: Ope rate at CM OS logic levels and are ideal
4 .0 1.95 74LS10 .16 74LS193 .6 9 for new . all·CM OS designs.
4 .032 1.95 74LS11 .22 74LS194 .6 9 74HCOO .59 74HC148 1.195 .0 1 .95 74LS12 .2 2 74LS195 .69 74HC02 .59 74HC151 .8 95 .0688 1.95 74LS13 .2 6 74 LS196 .5 9 74HC04 .59 74HC154 2 .496 .0 1.95 74 LS14 .39 74LS197 .59 74HC08 .59 74HC157 .8 96.144 1 .95 74LS15 .2 6 74LS221 .59 74HC10 .59 74HC158 .9 56.5536 1.95 7 4 LS 20 .17 74L5240 .69 74HC14 .7 9 74HC163 1.158 .0 1.95 74L521 .2 2 74 LS241 .6 9 74HC20 .59 74HC175 .9910 .0 1.95 74LS22 .2 2 74LS242 .69 74 HC27 .59 74HC240 1.8910.738635 1.95 74LS27 .2 3 74 LS243 .69 74HC30 .59 74HC244 1.8912 .0 1.95 74LS28 .2 6 74LS244 .69 74HC32 .6 9 74HC245 1.8914 .3181 8 1.95 74LS30 .17 74 LS245 .7 9 74HC51 .59 74HC257 .8 515 .0 1. 95 74LS32 .18 74LS251 .49 74HC74 .75 74HC259 1.3916 .0 1 .95 74LS33 .2 8 74LS253 .4 9 74HC85 1.35 74HC273 1.8917 .430 1.95 74LS37 .2 6 74LS256 1.79 74HC86 .69 74HC299 4.9918.0 1.95 74LS38 .2 6 74LS257 .39 74HC93 1.19 74HC368 .9 918.432 1.95 74LS42 .3 9 74LS258 .4 9 74HC107 .7 9 74HC373 2 .2 92 0 .0 1.95 74LS47 .59 74LS259 1.29 74HC109 .7 9 74HC374 2 .2922 .11 84 1.95 74LS48 .6 9 74LS260 .49 74HCl1 2 .7 9 74HC390 1.3924 .0 1.95 74LS51 .17 74LS266 .39 74HC125 1.19 74HC393 1.3932.0 1.95 74L573 .2 9 74LS273 .79 74HC132 1. 19 74HC4017 1.99

CRYSTAL 74LS74 .2 4 74LS279 .39 74HC133 .69 74HC4020 1.39
74LS75 .2 9 74LS280 1.98 74HC138 .99 74HC4049 .8 9OSCILLATORS 74LS76 .2 9 74LS283 .59 74HC139 .99 74HC4050 .89
74LS83 .4 9 74LS290 .89

5 .95 74LS85 .4 9 74LS293 .8 9 74HCTOO5.95 74LS86 .2 2 74LS299 1.49
5.95 74LS90 .3 9 74LS322 3 .95 74HCT: Direct . orcp-in replacements for LS TIL
5 .95 74LS92 .4 9 74LS323 2 .49 and can be intermi xed with 74LS in.the same circuit .
4 .95 74LS93 .39 74LS364 1 .95 74HCTOO .69 74HCT166 3 .054 .95 7 4LS95 .4 9 74LS365 .39 74HCT02 .69 74HCT174 1.094 .95 74LS107 .3 4 74LS367 .39 74HCT04 .69 74HCT193 1.394 .95 74LS109 .3 6 74 LS368 .39 74HCT08 .69 74HCT194 1.194 .95 74LS112 .29 74LS373 .7 9 74HCT10 .69 74HCT240 2 .194 .95 74LS122 .45 74LS374 .7 9 74HCT11 .69 74HCT241 2 .194 .95 74LS123 .4 9 74LS375 .95 74HCT27 .69 74HCT244 2 .194 .95 74LS124 2 .7 5 74LS377 .7 9 74HCTJO .69 74HCT245 2 .194.95 74LS125 .3 9 74lS378 1.18 74HCTJ2 .7 9 74HCT257 .9 94.95 74LS126 .3 9 74LS390 1.19 74HCT74 .8 5 74HCT259 1.594 .95 74LS132 .39 74LS393 .7 9 74HCT75 .95 74HCT273 2 .094.95 74LS133 .4 9 74LS541 1.49 74HCT138 1.15 74HCT367 1.094 .95 74LS136 .3 9 74LS624 1.95 74HCT139 1.15 74HCT373 2 .494 .95 74LS138 .39 74LS640 .9 9 74HCT154 2 .99 74HCT374 2 .49

74LS139 .39 74 L5645 .99 74HCT157 .9 9 74HCTJ93 1.59
74LS145 .99 74 LS669 1.29 74HCT158 .99 74HCT4017 2.19

MISC. 74LS147 .99 74LS670 .89 74HCT161 1.29 74HCT4040 1.59
74L5148 .99 74LS682 3 .20 74HCT1~4 1 .39 74HCT4060 1.49

TMS 99531 9 .95 74L5151 .39 74LS683 3 .20
TMS99532 19 .95 74L5153 .39 74LS684 3 .20
ULN2003 .7 9 74LS154 1.49 74LS688 2 .40
3242 7 .95 74LS155 .59 74LS783 22.95 74FOO3341 4. 95 74LS156 .4 9 81LS95 1.49
MC3470 1.95 74LS157 .35 81LS96 1.49 74F74
MC3480 8 .95 74LS158 .2 9 81 LS97 1.49
MC3487 2 .95 74LS160 .2 9 81LS98 1.49
11C90 13 .95 74LS161 .3 9 25LS2521. 2 .80
2513-001 UP 6 .95 74LS162 .49 25LS2569 2 .80
AY5 -2376 11.95 74LS163 .39 26LS31 1.95
AY5-3600 PRO 11.95 74LS164 .4 9 261,532 1.95

CIRCLE 281 ON FREE INFORMATION CARD

****HIGH·TECH****
NEG V20 UP070108 $2095

REPLACES SOBS TO SPEED UP IBM PC 10·400/0
* HIGH-SPEED ADDRESS CALCULATION

IN HARDWARE
* PIN COMPATIBLE WITH 8088
* SUPERSET OF 8086/8088 INSTRUCTION

SET
* LOW POWER CMOS·

8 MHZ V20 UPD70108·8 $24.95
8 MHz V30 UPD70116·8 $26.95****SPOrLIGHT* * * *

1.95
3 .95

.99
1.45
2.99

.99
1 .0 9
1 .49
1.95
1 .95
1.49
1.95
1 .3 9
1.49
1.49
1.59
2.95
3 .89
3 .95
4 .49

(250n5) .49
1200nsl .6 9
(150ns) .8 9
(120ns) 1.49
(20 0 ns l 6 .95
(200ns1l5V) .69
(150 ns 1l5V) .7 9
(120ns1l5V) 1.95
1200ns1l5V) 1.95
(150ns1l5V) 1.95
(150ns1l5VlIREFRESHI2.95
(150ns1l5V) 4 .95
(150ns1l5V) 5 .95
1200ns1l5V) . 2 .95
(150ns1l5V) · 2 .95

REFRESH cPin 1 .Refr €!sh

1450ns)
1450nsllCM05)
1450nsilLPI
1250nsllLP)
1450nsl
1450nsl
1450nsllLP)
12oonsllLP)
1150nsliLPI
(450n5)
(150n5)
1100n5)
1200nsliCMOS)
1150nsliCMOSI
1200nsliCMOSliLPI
1150nsliCMOSlILP)
1120nsllCM0511LPI
(150nsliCMOS)
1150nsliCMOSliLPI
1120nsliCMOSliLPI

411 6·250 16384x1
4116-200 16384 xl
4116-150 16384xl
4116·120 16384xl
MK4332 32768 x1
4164-200 65536xl
4164-150 65536x1
4164-120 65536xl
MCM6665 65536xl
TMS4164 65536xl
4164-REFRESH 65536x1
TMS4416 16384x4
41128·150 131072xl
41256-200 262144x1
41256-150 262144x1

5V=Singl e 5 Volt Supp ly

DYNAMIC RAMS

2101 25 6x4
5101 256x4
2102L·4 1024xl
2102L-2 1024x1
2112 256x4
2 1 14 1024x4
2114L-4 1024x4
2114L-2 1024x4
2114L-15 1024x4
TMS4044·4 4096xl
TMM2016·150 2048x8
TMM2016-100 2048x8
H M6116·4 2048x8
HM6116·3 2048x8
HM6116LP-4 2048x8
HM6116LP-3 2048x8
HM6116LP-2 2048x8
HM6264P-15 8 19 2.8
HM6264LP-15 8192x8
HM6264LP-12 8192x8

lP= l ow J>O"'! or •

8000 6500 CRT
1.49 1.0 MHz CONTROLLERS1.95
2. 9 5 6502 2 .79 6 84 5 4 .95
2 .49 65C02 tCMOS)12 .95 68845 8 .95

139.95 6507 9 .95 6847 11 .95
109.00 6520 1.95 HD465055P 6.95

6 .95 6522 4 .95 MC1372 2 .95
9.95 6526 26 .95 8275 26 .95
2 .49 6 5 32 6 .95 7220 19 .95
3 .95 6545 6.95 CRT5027 12 .95
7 .95 6551 5.95 CRT5037 9 .95

19 .95 6561 19 .95 .TMS99 1 ~A 19 .95
129.95 6581 34 .95
185.00 2.0 MHZ

6502A 2 .95 DISK
6520A 2 .95 CONTROLLERS8200 6522A 5 .95
6532A 11.95 1771 4.958203 29 .95 6545A 7 .95 1791 9 .958205 3 .2 9 6551A 6 .95 1793 9 .958212 1.49 3.0 MHz 1795 12.958216 1.49 1797 12 .958224 2.25 . 65028 6 .95 2 79 1 19 .958237 4. 9 5

2793 19.958237-5 5 .49
2797 29 .958250 6 .95

6800 6843 19 .958251 1.69
8272 4 .958251A 1.89

1.0 MHZ UPD7 65 4 .958253 1.8 9
M88876 12 .958253·5 1.95

6800 1.95 M88877 12.958255 1.6 9
6802 4 .95 1691 6.958255-5 1.89
6803 9 .95 2143 6.958259 1.95
6809 5.958259-5 2 .2 9
6809E 5 .958272 4 .95

8279 2.49 6810 1.95
BIT RATE8279-5 2 .95 6820 2 .9 5

82 8 2 3 .95 6821 1.95 GENERATORS8284 2 .95 6840 6 .95

8286 3 .95 6843 19 .95
6844 12.958288 4 .95 6845 4 .95
6847 11 .95
6850 1.95

Z-80 6883 22 .95

2.0MHZ

(f)

~
Z
o
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36 PIN CENTRONICS 
MALE 

IDCE N36 RIBBON CABLE 693 
CE P436 SOLDER CUP 49S 
CI N36PC RT ANGLE PC MOUNT 4 93 

FIMELE 

001436 E RIBBON CABLE 7.96. 

100-UP 
09 
12 
12 
09 
09 J 

125 
140 
1.75 
-4 
29 a 

1.71 

7 POSITION 4 
3 POSITION 95 
10 POSITION 1.29 

/OPTO /TRANSISTORS 
25 4426 69 
26 4N27 6! 

25 100 6426 .68 
10 100 4N33 AS 

25 4437 1.15 
SS MCI 2 .49 
9S MCT 6 129 
3S TIL 111 .611 

25 243906 .10 
10 2N4401 .23 
SO 244402 25 
25 2N4403 .26 
79 2146045 1.74 
10 TIP3I 49 

PARTIAL LISTING ONLY 
4001 
4011 
4012 
4013 
4015 
4016 
4017 
4016 
4020 
4021 
4024 
4025 
4027 
4026 
4035 
4040 
4041 
4042 
4043 
4044 
4049 
4044 
4047 
4049 
4050 
4051 
4052 
4053 
4056 
4060 
404 
4069 
4076 
4077 
4061 
4065 
404 
4093 
4094 
14411 
14412 

CMOS 
19 14419 4 95 
19 14433 14 9S 
25 4503 49 
35 4511 69 
29 4516 79 
29 4516 85 
49 4522 79 
69 4526 79 
59 4527 1 95 
69 4528 79 
49 4529 2 95 
2S 532 19S 
39 4538 95 
65 4541 1 29 
69 4553 S 79 
69 4583 75 
7S 4702 12 95 
59 74C00 29 
SS 74C14 59 
69 74C74 59 

196 74C63 195 
69 74C115 149 
69 74C95 99 
29 74C150 5 7S 
29 74C151 225 
69 74C161 99 
69 74C163 99 
69 74C164 1 39 

2 19 74C192 1 49 
69 74C193 /49 
29 74C221 1 75 
19 74C240 1119 
59 74C244 119 
29 74C374 1 99 
22 74C905 10 95 
79 74C911 3 95 
89 74C917 8 9S 
49 74C922 49 

2 49 74C927 4 95 
9 95 74C926 7 95 
69S SOC97 95 

EDBECARD CONNECTORS 
100 PIN ST 
100 PIN WW 
62 PIN ST 
50 PIN ST 
44 PIN ST 
44 PIN WW 

5 100 
5 100 
IBM PC 
APPL I 
STD 
STD 

125 
125 
100 
100 
156 
156 

3 95 
4 95 
195 
2 95 
195 
4 95 

r 
7400 
7402 
7404 
7406 
7407 
7406 
7410 
7411 
7414 
7416 
7417 
7420 
7423 
7430 
7432 
7431 
7442 
7445 
7447 
7470 
7473 
7474 
747S 
7476 
7483 
7485 
7486 
7449 
7490 
7492 
7493 
7495 
7497 
74100 
74121 
74123 
74125 
74141 
74143 
74144 
74145 

7400/9000 
19 
19 
19 
29 
29 
24 u 
24 4! 
.25 
25 
.1! 
29 » 
29 
29 
.4! 
s9 
.99 
35 
34 
33 
45 
35 
.60 
.5! 
.35 

2.15 
.39 
.50 
.35 
46 

2.76 
2-29 2! 
.49 
.46 
.66 

5.4 
2.96 4 

74147 
74145 
74160 
74161 
74163 
74154 
7414 
74157 
7416! 
74161 
74163 
74164 
74165 
7414 
74175 
74177 
74176 
74181 
74152 
7414 
74151 
74192 
74194 
74196 
74177 
74149 
74221 
74244 
74247 
74244 
74249 
74251 
74265 
74273 
74271 
74347 
7434 
!368 
9402 
4437 
116502 

2.49 
1 20 
L35 

SS 
SS 

1 49 
75 
S5 

1 65 
69 
69 
65 
65 

1 00 
19 
75 

1 IS 
2 25 

7S 
200 
I IS 
79 
SS 
79 
7S 

1 35 
1 35 
1 35 
1 2S 
1 SS 
1 95 

75 
1 35 
195 
3 11 

65 
65 

3 95 
1 SO 
2 95 
1 95 

CALL FOR A FREE CATALOG 
74500 
74502 
74503 
74504 
74505 
74506 
74510 
74S IS 
74S30 
74532 
74537 
74536 
74574 
7445 
74566 
745112 
745124 
745136 
745140 
745151 
74$133 
745137 
745154 
745161 

74200 
29 741163 1.25 
29 745168 3.96 
29 745174 .» 
29 745175 .79 
29 743168 1.9S 
35 745159 1.9S 
29 745199 1.49 
3S 745114 1.49 
29 745197 1.49 
35 7442211 3.99 
69 745240 1.49 
69 745241 1.49 
49 743244 1.45 
95 743257 .79 
3S 745253 .79 
SO 743254 .96 

2 7S 741260 1.96 
79 7432117 1.69 
SS 743268 14 
79 745299 2.95 
79 745373 1.69 
79 745374 1.69 
SS 745471 4.96 

129 745571 2.95 

DATA ACO 
ADC0800 15 55 
ADC0804 3 49 
ADC0809 4 49 
ADC0616 14 99 
A000817 9 95 
ADCp631 6 95 
DAC0100 4 49 
OAC0306 I 93 
OACO806 2 9S 
DAC1020 3 25 
DAC1022 5 95 
MC 1408L8 2 95 

INTERFACE 
6T76 
6178 
8195 
8196 
6T97 
117911 
DM8131 
O 1.11304 
O 58833 
055335 
058836 
053437 

1.29 
129 
H 
$9 
.S9 
S9 

2.4 
2.29 
2.25 
1.99 

.99 
1.6S 

DIP CONNECTORS 

INTERSIL 
1C17104 
IC17107 
IC17660 
10.8016 
1C472074 
1C47208 

995 
12 99 

2 95 
95 

5 9S 
15 95 

DESCRIPTION ORDER SY 
CONTACTS 

14 16 IS 20 22 24 26 40 
HIGH SCLIAO117TY TOOIlD 

IC AMATatfT Si .79 .99 1.09 12! 1.34 1.49 1.68 2.49 

141014 REUABILITYTOOL.D 
W W IC SOCKETS AUGATPAWW 1.30 1.60 2.10 2.40 2.40 2.90 3.11 370 1.40 

COMPONENT CARRIES 
(DIP HEAVERS) K:Ca .5$ .4 .!9 !0 .M .!B 1.09 1.68 

RIOOON CABLE 
DIP PLUGS 11001 

1OPsa - .91 .4 - - - 1.75 -- 2-76 

FOR ORDERING INS TRUC rIONS SEE D- SUBMwu TURF BE OW 

D-SUBMINIATURE 

DESCRIPTION ORDER AN 
CONTACTE 

f 16 19 26 27 f0 

!OLDER CUP 
MALE DOaa, .93 A0 124 124 140 344 
FEMALE DSaa6 .91 1.15 1.10 120 2.31 432 

RIGHT ANGLE 
PC SOLDER 

MALE 136aaPS 121 1.68 - 126 2.35 - 
FEMALE DOaaS$ 125 1-56 - 2.00 2.79 - 

MURE WRAP HAIE D6aNPWW 1.04 2.54 - 3.68 1.68 - 
FEMALS DOaa*WW 2-76 4.27 - 6.54 SM - 

IDC 
61550N CABLE 

MALE rosaP 2.70 2-61 - 3.68 530 - 
FEMALE IDBaa1 2.62 320 - 4.33 6.76 - 

HOODS 
NATAL MHOODaa 125 1.25 120 1.30 - 
GREY NOODaa .4 .65 - .6f .75 .96 

ORDERING MISTRUCTIONS INSERT THE NUMBER Of CONTACTS IN THE POSITION 
MARAF0 ." OF THE 'ORDER Br PART NUMeMP Lis TED 

EZAMPLE A IS PIN RIGHT ANGLE MALE PC SOLDER WOULD BE DBISPR 

MOUNTING HARONAIIE $1.91 

IDC CONNECTORS 

IIA 

VOLTAGE 
REGULATORS 

TO 2:'0 CASE 
7505T 49 790ST 59 
7806T 49 7905T 59 
7312T 49 7912T 99 
761ST 49 791ST 59 

TO-3 CASE 
7805K 1 39 7905K 1.49 
7812K 1 39 7912K 1 49 

T0 92 CASE 
75103 49 79E05 69 
78112 49 79112 69 

OTHER VOLTAGE REGS 
1M323K Sv 1.4 TO 3 479 
LM331K44 SA TO 3 399 
7614051(55 SA TO 3 795 
76H12K I? SA TO 3 5 95 

=3POSK Sv 10A TOI 14 95, 

LINEAR 
11044 .99 LI11733 
7E071 69 LE1741 
7L072 1 09 126747 
T1074 1 95 1M745 
11061 59 MC1330 
TE082 !! MC13S0 
TlOS4 1.49 MC1372 
168301 -34 U41414 
144305K /.2S 1M144 
LM311 69 LAI 1444 
I1M311H 4 1M1449 
1M317K 349 UM1496 
1M317T 93 LM1612 
EM318 149 LM1549 
14319 123 01042003 
1M320 ...7900 862206 
14322 1 63 X62211 
LM323K 4 75 852240 
LM324 45 MP02907 
1M331 3 94 L1112917 
04334 1 19 CA3046 
IM33S 140 CA301 
14336 17S CA3082 
14337K 395 CA3086 
1433SK 3 95 CA3089 
34339 S9 CA3130E 
1 M 340 ...7600 CA3146 
143507 460 CA3160 
11353 59 MC3470 
1f356 99 MC34110 
13357 99 MC34117 
011358 59 1M3900 
14360 89 1M3909 
1M363 1 95 1.43911 
14386 89 1M3914 
14393 45 MC4024 
114394H 4 60 MC4044 
T1494 410 RC41M 
T1497 3 25 RC4555 
NF 955 29 1413600 
9E556 49 75107 
9E558 1 79 75110 
NE564 1 95 75190 
1M565 95 73194 
14566 I 49 79168 
LM567 79 75149 
NE570 295 79451 
NES90 2 50 75452 
5E552 98 75453 
14710 73 75477 
LM723 49 75492 

H TO S CAN. KTO3.TT0220 

.68 
29 
69 
S9 

1 69 
119 
6 95 
159 

49 9 
49 
SS 

$25 
195 

79 
3 7S 
2 95 
1 95 
195 
1 95 

89 
99 
95 
80 

I 95 
99 

I 25 
1.19 
I 95 
5S 
295 

49 
94 
26 
39 
49 
99 
25 
69 
49 
49 
95 
95 
9S 
75 
2S 
39 
39 
39 

129 
79 

r 
IC SOCKETS 

1 99 100 
8 PIN ST 11 10 

14 PIN ST 11 .09 
16 PIN ST 12 .10 
IS PIN ST IS .13 
20 PIN ST 16 .15 
22 PIN ST 15 .12 
24 PIN ST 20 13 
28 PIN ST 22 16 
40 PIN ST 30 22 
6 PIN ST 1 95 149 

ST SOLDERTAIL 
8 PIN WW 59 49 

14 PIN WW 69 92 
16 PIN WW 69 Se 
IS PIN WW 99 90 
20 PIN Ww 1 09 98 
22 PIN WW 1 39 1 25 
24 MN WW 1 49 1 39 
24 141 WW 1 69 1 49 
40 IP4 WW 1 99 130 

WW WIALWRAP 
16 PIN ZIF 4 95 CALL 
24 PIN ZIF 5 95 CALL 
23 PIN ZIF 6 95 CALL 
40 PIN ZIP 9 9S CALL 

ZIF TE XTOOL 
IZEROIN445T1064 FORCES 

10P14 

11111 
ALEOAT 2463 

N00021 

-14 
,,-11115 

MTG HOVER 

05375 

DE ECRInON OILDE6 4Y CONTACT! 
10 20 26 34 40 60 

3010(6 HEADER 1OHaaf .62 129 1.04 2.20 2.34 324 
RIGHT ANGLE SOLDER HEADER IDHaafll 25 136 1.70 2.31 2.72 339 

WW HEADER IDNaaW 1.68 SM 3.34 440 6.26 6.43 
RIGHT ANGLE WW HEADER IOHaaWR 226 3.211 4.22 4.46 440 720 
RIS ON HEADER SOCKET IOS .79 .61 1.33 1.53 1.79 225 

111E30N HEADER IOMaa - LID 6.26 7.00 7.60 5.10 
MUCK E (u7E CARD IDE. 1.76 2-25 2-56 2.75 3.10 3.15 

.; ,r: rr<ma SEF 4án.!" 

HARD TO FIND 
'SNAPABLE" HEADERS 

CAN BE SNAPPED APART T 

ANY SIZE HEADE R 
AU. WITH 1 CENTERS 

1.40 STRAIGHT LE AD 99 
1.40 RIGHT ANGLE 1 49 
2.40 STRAIGHT LEAD 249 
2.40 RIGHT ANGLE 299 

r SHORTING 
BLOCKS 

GOLD 
CONTACTS 
SPACED 
AIN 
COITUS 

L5/ =1.00 

14 

1ili1DRH 
10534 

Let me La 1 l y..0 h... mu<II 1 apl11 4., late your 
Sales A Customer Service staffs. My recent 
ord fil led ina most courteous &prompt 
manner & 1 will deal wt1hyou in the futuretl 
the exclusior of other similar firms whu 
obviously don't need customers bothering 
them. Thank y,u. 

CALL FOR VOLUME QUOTES 

F.K. 
Chape 1 Hill, NC 

r DIODES 
1N751 
1N759 
154143 
/N4004 
1415402 
KBP04 
KBUSA 
MDA990 2 

1112222 
PN2222 
2642905 
2N2907 
243059 
243904 

LED DISPLAYS 
FMD 35713591 
END 50015031 
END 50715101 
MAN 72 
MAN 74 
MAN 6940 
U. 313 
14S082 7760 
791.311 
4/5087 7340 

COM CATHODE 32' 124 
COM CATHODE S " 1.41 
COM CATHODE 5 " 1.49 
COM ANODE 3" .99 
COM CATHODE 3" .99 
COM CATHODE 5 " 1.99 
COM CATHODE 3" .46 
COM CATHODE 43" 1 29 

4.7 HEX 1M LOGIC 270.. 94 
4.7 HEX W /LOOK 290" 74 

DIFFUSED LEDS 199 
11% 10 
4114 14 
TIM 14 
TIM 10 
T1 10 

JUMBO RED 
JUMBO OREEN 
JUMBO YELLOW 
MOUNTING HOW 
MINI RIO 

SWITCHES 
4Si MINI TOGGLE ON ON 
D0T MINI TOGGLE 064 ON 
D/OT MINI TOGGLE ON Off ON /5T MINI PUSHBUTTON N O 
1PSt MINI PUSHBUTTON N C 
61ST TOGGLE ON OFF 
KO OUTPUT 10 POSITION 6 PIN DIP 

DIP SWITCHES 
P051T1064 

5 POSITION 
*POSITION 

SS 
90 
90 

RIBBON CABLE 

CONTACTS 

10 
16 
20 

s 
af 
ab 
40 
IO 

516404.E COLOR COLON C0O6O 
1' 10' 10' 

.14 1.4 
2.50 

.30 2-79 
29 AS 4.40 
2s 320 330 5.10 
A6 4.00 .76 6.111 
6S 4.10 .70 7.15 
.61 540 127 9.34 
.72 640 

730 
120 
1.60 

11.00 
, 1326 
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100-UP
.09
.12
.12
.09
.09

l ' 10 '

_75 6.85
.78 7 .15

.30 2.7 5

.48 4.40

.60 5.50

1.20 11.00
1.07 9.35

COLOR CODE D

1-99
.10
.14
.14
.10
.10

4N26
4N27
4N28
4N33
4N37
MCT ·2
MCT-6
T IL-111
2N3906
2N4401
2N4402
2N4403
2N6045
TI P3 1

.85 7 POSITION

.90 8 POSIT ION

.90 10 POSITI ON

l' 10'

.72 6.40

_45 4.00
.46 4.10
.61 5.40

.36 3.20

.28 2.50

.18 1.60

COM CA TH ODE .362"
COM CATHODE .5"
COM CATHODE .5"
COM ANODE .3"
COM CAT HOD E .3"
COM CATHO DE .8"
COM CATHODE .3"
COM CATHODE .4 3"

4.7 HEX W/ LOGIC .270"
4.7 HEX W/ LOGIC .290"

SINGLE COLOR

RIBBON CABLE

.25

.25
25 /1.00
10/1.00

.25

.55

.95

.35

.25

.10

.50

.25

.79

.10

LEDDISPLAYS

DIP SWITCHES

SWITCHES
SPST MINI·TOGGLE ON -ON
DPDT MI NI-TOGGLE ON-ON
DPDT MINI-TOGGLE ON-OFF-ON
SPST MINI-PUSHBUTTON N.O.
SPST MINI -PUSHBUTTON N.C.
SPST TOGGLE ON-OFF
BCD OUTPUT 10 POSITION 6 PIN DIP

DIFFUSEDLEOS
JUMBO RED T1 JA
JUMBO GREEN TPA
J UM BO YELLOW T1 JA
M OUNTING H OW T1 JA
M IN I RED T1

FN D-357(3591
FND -500(503)
FND -507(510 )
MAN-72
MAN-74
MAN -8940
TlL-313
HP5082-7760
TI L-311
HP5082-7340

1N 751
1N759
1N4148
1N4004
1N 5402
KBP04
K BU8A
MDA990-2
N2222
PN2222
2N2905
2N2907
2N3055
2N3904

DB37S

~e- HOOD25
~ iI!!l=Et>
~ j ,

MTG HDWR _ _

10 8 375

GOLD
CONTACTS
SPACED
AT _1"
CENTERS

DESCRIPTION ORD ER BY
CONTACTS

10 20 26 34 40 50
SOLDER HEADER IDHxxS .82 1.29 1.68 2.20 2_58 3_24

RIGHT ANGLE SOLDER HEADER IDHxxSR .85 1.35 1.76 2.31 2.72 3.39
WWHEADER IDHxxW 1.86 2.98 3.84 4.50 5.28 6.63

RIGHT ANGLE WW HEADER ID HxxW R 2 .05 3.28 4.22 4.45 4.80 7.30
RIBBON HEADER SOCKET IDSxx .7 9 .99 1.39 1.59 1.99 2.25

RIBBON HEADER (DMxx --- 5.50 6.25 7_00 7.50 8.50
RIBBON EDGE CARD IDEo: 1.75 2.25 2.65 2.75 3.80 3_95

IDC CONNECTORS

CAN BE SNAPPED APART TO
MAKE ANY SIZE HEADER.

ALL WITH .1" CENTERS

b40 STRAIGHT LEA D
b40 RIGHT ANGLE
2.40 STRAIGHT LEAD
2.40 RIGHT ANGLE

D·SUBMINIATURE

FOR ORDERING INSTRUCTIONS SEE D SUBMINIA TURE BELOW

CIRCL E 113 ON FREE INFORMATION CARD

HARD TO FIND
"SNAPABLE" HEADERS

ORDERIN G INS TRUCTIONS: INSERT THE NUMBER OF CONTAC TS IN THE POSITION
MARKED "xx' OF THE ' ORDER BY' PART NUMB ER LISTED.
EXAMPLE: A 15 PIN RIGHT ANGLE MALE PC SOLDER WOULD BE DBI5PR .

MOUNTINO HARDWARE $1.00

DESCRIPTiON ORDER BY
CONTACTS

8 14 16 18 20 22 24 28 40
HIGH RELIABILITY TOOLED AUGATxxST .62 .7 9 .89 1.09 1.29 1.39 1.49 1.69 2.49ST IC SOCKETS
HIGH RELIABILITY TOOLED A UGA TxxWW 1.30 1.80 2.10 2.40 2.50 2.90 3.15 3.70 5.40WW IC SOCKETS

COMPONENT CARRIES
ICCxx .49 .59 .69 .99 .99 .99 .99 1.09 1.49(D IP H EADE RS)

RIBBON CABLE IOPxx --- .9 5 .95 --- --- --- 1.75 --- 2.95D IP PLUGS (I DC )

DES CRIPTION ORDER BY
CONTACTS

9 15 19 25 37 50

SO LDER CUP
MALE DB xx P .82 .90 1.25 1.25 1.8 0 3.48
FEMALE OBxxS .95 1.15 1.50 1.5 0 2.35 4.32

RIGHT ANG LE MALE DBxxPR 1.2 0 1.49 --- 1.95 2_65 ---
PC SOLDER FEMALE DB xxSR 1.25 1.55 .- 2.00 2.79 ---
WIREWRAP

MALE DBxxPWW 1.69 2.56 --- 3.89 5.60 ---
FEMALE DBxx5WW 2.76 4 .27 --- 6.84 9.95 ---

IDC MALE IOBxxP 2.70 2.95 --- 3.98 5.70 ---
RIBBON CABLE FEMALE IDBxxS 2.92 3 .20 --- 4.33 6.76 ---

H OODS
MtTAL MHOOO xx 1.25 1.25 1.30 1.30 --- ---
GREY HOOD xx .65 .65 --- .65 .7 5 .95

VOLTAGE
4001 .19 14419 4 .95 7400 .19 74147 2.49 74500 .29 745163 1.29 REGULATORS TL066 .99 LM733 .98
401 1 .19 14433 14.95 7402 .19 74148 1.20 74502 .29 745168 3.95

TO-220CASE TL071 .69 LM741 .29
4012 .25 4503 .49 7404 .19 74150 1.35 74503 .29 745174 .79 TL072 1.09 LM747 .69
40 13 .35 4511 .69 7406 .29 74151 .55 74504 .29 745175 .7 9 7805T .4 9 7905T .59 TL074 1.95 LM748 .597808T .49 7908T .594015 .29 4516 .79 7407 .29 74153 .55 74505 .29 745188 1.95

7812T .49 7912T .59 TL081 .59 MC1330 1.69
401 6 .29 4518 .85 7408 .24 74154 1.49 74508 .35 745189 1.95 7815T .49 7915T .59 TL082 .99 MC1350 1.19
4017 .49 4522 .79 7410 .19 74155 .75 74510 .29 745195 1.49 TL084 1.49 MC1372 6.95
40 18 .69 4526 .79 7411 .25 74157 .55 74515 .35 745196 1.49 TO -3 CASE LM301 .34 LM1414 1.59
402 0 .59 4527 1.95 741 4 .49 74159 1.65 74530 .29 745197 1.49 7805K 1.39 7905K 1.49 LM309K 1.25 LM1458 .49
40 21 .69 4528 .79 7416 .25 74161 .6 9 74532 .35 745226 3.99 7812K 1.39 79 12K 1.49 LM3 11 .59 LM 1488 .49
4024 .49 4529 2 .95 7417 .2 5 74163 .69 74537 .69 745240 1.49 TO -92 CASE LM311H .89 LM 1489 .49
4025 .25 4532 1.95 7420 .19 74164 .85 74538 .69 745241 1.49 78L05 .49 79L05 .69 LM317K 3.49 LM1496 .85
40 27 .39 4538 .95 7423 .29 74165 .85 74574 .49 745244 1.49 78L12 .49 79L12 .69 LM317T .95 LM 1812 8.25
40 28 .65 4541 1.29 74 30 .19 74166 1.00 74585 .95 745257 .79

OTH ER V OLTAGE REGS
LM318 1.49 LM1889 1.95

4035 .69 4553 5.79 7432 .2 9 74175 .89 74586 .35 745253 .79 LM319 1.25 ULN2003 .79
4040 .69 4 585 .75 7438 .29 741n .7 5 745112 .50 745258 .95 LM323K5V 3A TO·3 4.79 LM320 se87900 XR2206 3.75
4041 .75 4702 12 .95 7442 .49 74178 1.15 745124 2.75 745280 1.95 LM338K Adj.5A TO·3 3.95 LM322 1.65 XR221 1 2.95
4042 .59 74COO .29 7445 .69 74 181 2.25 745138 .79 745287 1.69 78H05K5V SA TO·3 7.95 LM323K 4.79 XR2240 1.9 5
4043 .85 74C14 .59 744 7 .89 74182 .7 5 745140 .55 745288 1.69 78 H 12K 12V5A TO-3 8.95 LM324 .49 MPQ2907 1.95
4044 .69 74C 74 .59 7470 .35 74184 2.00 745151 .79 745299 2.95 78P05K 5V 10A TO-314.95 LM331 3.95 LM2917 1.95
4045 1.98 74C83 1.95 7473 .34 74191 1.15 745153 .79 745373 1.69 LM334 1.19 CA3046 .89
4046 .69 74C85 1.49 7474 .33 74192 .79 745157 .7 9 745374 1.69 LM335 1.40 CA 3081 .99
4047 .69 74C95 .99 7475 .45 74194 .85 745158 .95 745471 4.95 Ie SOCKETS LM336 1.75 CA3082 .99
4049 .29 74C150 5 .75 7 476 .35 74196 .7 9 74 51 6 1 1.29 745571 2.95 LM337K 3.95 CA3 086 .80
4050 .29 74C 151 2 .25 7483 .50 74197 .7 5 1-99 10 0 LM338K 3.95 CA3 089 1.95
4051 .69 74C161 .99 7485 .59 74199 1.35 8 PIN ST .11 .10 LM339 .59 CA3130E .99
4052 .69 74C163 .99 7486 .35 7422 1 1.35

DATA ACO INTERFACE
14 PIN ST .11 .09 LM340 see7800 CA3 146 1.2 9

4053 .69 74C164 1.39 7489 2.15 74246 1.35 16 PIN ST .12 _10 LM350T 4.60 CA3160 1.19
4056 2.19 74C192 1.49 7490 .39 74247 1.2 5 18 PIN ST .15 .13 LF353 .59 MC3470 1.95
4060 .69 74C193 1.49 7492 .50 74248 1.85 AD C0800 15 .55 8T26 1.29 20 PIN ST .18 .15 LF356 .99 MC3480 8.95
4066 .29 74C221 1.75 7493 .35 74249 1.9 5 A DC0804 3.49 8T28 1.29 22 PIN ST .15 .12 LF357 .99 MC3487 2.95
4069 .19 74C240 1.89 7495 .55 74251 .7 5 AD C0809 4.49 8T95 .89 24 PIN ST .20 .15 LM358 .59 LM 3900 .49
4076 .59 74C244 1.89 7497 2.75 74265 1.35 AD C08 16 14.95 8T96 .89 28 PIN ST .22 .16 LM 380 .89 LM390 9 .98
4077 .29 74C374 1.99 741 00 2.29 74273 1.9 5 A DC081 7 9 .95 8T97 .59 40 PIN ST .30 .22 LM 383 1.9 5 LM3911 2.25
4081 .22 74C905 10 .95 74121 .29 74278 3.1 1 A DC0831 8 .95 8T98 .89 64 PIN ST 1.95 1.49 LM386 .89 LM3914 2.3 9
4085 .79 74C911 8 .95 74123 .49 74367 .65 DAC0800 4 .49 DM8131 2.95 ST=SOLDERTAIL LM393 .45 MC4024 3.49
4086 .89 74C917 8.95 74125 .45 74368 .65 DA C0806 1.95 DP8304 2.29 8 PIN WW .59 .49 LM394H 4.60 MC4044 3.99
4093 .49 74C922 4 .49 74141 .65 9368 3.95 DAC0808 2.95 058833 2.25 14 PIN WW .69 .52 TL494 4.20 RC4136 1.25
4094 2.49 74C92~ 4 .95 74143 5.95 9602 1.50 DAC1020 8.25 058835 1.99 16 PIN WW .69 .58 TL497 3.25 RC4558 .69
14411 9.95 74C926 7 .95 74144 2 .95 9637 2.95 DA C1022 5.95 058836 .99 18 PIN WW .99 .90 NE555 .29 LM 13600 1.49
14412 6.95 80C97 .95 74145 .60 96 502 1.95 M C1408L8 2.95 0 58837 1.65 20 PIN WW 1.09 .98 NE556 .49 75107 1.49

22 PIN WW 1.39 1.28 NE558 1.29 75110 1.95
24 PIN WW 1.49 1.35 NE564 1.95 75150 1.95
28 PIN WW 1.69 1.49 LM565 .95 75154 1.95

EDGECARD CONNECTORS 36 PIN CENTRONICS 40 PI N WW 1.99 1.80 LM566 1.49 75188 1.25
WW=WIREWRAP LM567 .79 75189 1.25

100 PIN ST 5-100 .125 MlLf 16 PIN ZIF 4 .95 CALL NE5 70 2.95 75451 .39
100 PIN WW 5-100 .125 ID CEN 36 RIBB ON CA BLE 24 PIN ZIF 5.95 CALL N E590 2.50 754 52 .39
62 PIN ST IBM PC .100 CEN36 SOLDER CUP 28 PIN ZIF 6.95 CA LL NE592 .98 75453 .39
50 PIN ST AP PLE .100 CEN 36PC RT ANGLE PC M OU NT 40 PIN ZIF 9.95 CA LL LM7 10 .75 754n 1.29
44 PIN ST STD .156 FEMALE ZIF =TEXTOOL LM723 .49 75492 .79
44 PIN WW STD .156 IDCEN36/F RIBBON CABLE (ZERO INSERTION FORCE) H=TO-5 CAN. K=TO-3. T=TO-220

DIP CONNECTORS
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so 
60 
70 

1 25 
3 9S4 

t 

10 WRAP 24 

PAGE WIRE WRAP WIRE 
PRECUT ASSORTMENT 

IN ASSORTED COLORS 527.50 
1004. 55.60-.11 V. 70" 

2504. 2.6 ". 4.1 ". 5.0" 
500.. 3 0". 3.6" 4 0 

SPOOLS 
100 16.1 44 30 290 1116I $7 25 
5001841 413 25 1000 14.1121 95 

Please specify cola.: 
Blue. Black. Yellow or Red j 

FRAME STYLE 
TRANSFORMERS 

12.6V AC CT 2AMP 595 
1211V AC CT 4 AMP 7 95 
12.8V AC CT $ AMP 10.95 
25 2V AC CT 2 AMP 7.95.i 

1/4 WATT RESISTORS 
5. CARBON FILM ALL STANDARD VALUES 

FROM 1 OHM TO 10 MEG. OHM 
10 KS r.. ,r. OS loo KS... .+. 02 
SO KS -'-'- .026 1000 PCS r. .r. 0154 

69 
59 

1.09 
1.09 

99 

994 

CAPACITORS, 

10Ói$1Ó.0Ó 
100/6.50 

100/$12.504 

39 
99 

1 49 

14 95 
14 SS 
16. SSA 

$19 IS 
41795 III 95 
s189S 
416 9SA 

rLITHIUM BATTERY' 
AS USED IN CLOCK CIRCUITS 

3 VOIT BATTERY 63 95 
`BATTERY HOLD + IP / s, 

134 

ORDER TOLL FREE 800- 538 -5000 800- 662 -6279 (CA) 
r 

BARGAIN HUNTERS CORNER 
DISK DRIVE SPECIALS 

TEAC FD -54 
7 HEIGHT, IBM 

QUME OT- 
HEIGHT, IB 

SHUGAR 
. HEIGHT DI 

S /DD $8500 
CT DRIVE 

TS-806 
ONE TEAC FD 
HEIGHT HAR 
MAJOR MANUI A 
PERFECT FOR TF,tf 

PLY 59916 
A FULL OR 1/2 

ECIAL FROM A 
SAY WHO), 

HURRY - QUANTITIES ARE LIMITED! 

SPECIALS END 2/28/86 

SOCKET -WRAP 1.0.1" 
SLIPS OVER WIRE WRAP PINS 
IDENTIFIES PIN NUMBERS ON WRAP 
SIDE OF BOARD 
CAN WRITE ON PLASTIC SUCH AS IC 

PINS PART PC OF PRICE 
8 IDWRAP 08 10 1 95 
14 IDWRAP 14 10 1 95 
16 IDWRAP 16 10 1 95 
18 IDWRAP 18 5 I VI 
20 IDWRAP 20 5 1.95 
22 IDWRAP 22 S 1.98 
24 IDWRAP 24 S 1.1$ 
28 IDWRAP 28 5 1.95 
40 IDWRAP 40 S 195 

PLEASE ORDER BY NUMBER OF 
PACKAI.IS PCN OF. 

CAPACITORS 
TANTALUM 

ISV 35 47. 
6.8 15V 70 1 0 
10 ISV 80 22 
22 1SV 1 35 4 7 

22 3SV 40 10 

35V 
35V 
35V 
35V 
35V 

DISC 
1044 50V OS 680 SOV 
22 50V 05 SOV 
27 50V 05 0022 SOV 
33 SOV OS 005 SOV 
47 SOV OS 01 50V 
68 SOV OS 02 SOV 
100 SOV OS OS SOV 
220 SOV OS 1 12V 
660 SOV O5 1 50V 

MO NOUTH IC 
.010 SOV 14 .10 50V 
.047..1 SOV 15 .47yI SOV 

ELECTROLYTIC 
RADIAL 

1F/ 25V 14 
2.2 3SV 15 
47 SOV 15 
10 50V IS 
47 3SV 18 
100 16V 18 
220 3SV 20 
470 25V 30 
2200 16V 70 
4700 25V 145 

45 
45 
SS 
85 

1 00 

OS 
OS 
OS 
OS 
07 
07 
07 
10 
12 

18 
25 

AXIAL 
1,. SOV 14 
10 SOV 16 
22 16V 
47 SOV 
100 35V 
220 25V 30 
470 50V 
1000 16V 
2200 16V 
4700 16V 

14 
20 
2S 

'COMPUTER GRADE 44.0004. 30V 

EMI FILTER $4.95 
MANUFACTURED 
BY CORCOM 
LOW COST 
FITS LC HP BELOW 
4 AMP 120 240 VOLT 

-rii F 
14. 

8 FOOT LINE CORDS 
LC -2 2 CONDUCTOR 
LC.3 2 CONDUCTOR 
LC -HP 3 CONDUCTOR W STD 

FEMALE SOCKET 

MUFFIN FANS 
3.15" SO ROTRON 
3.53_ SG ETRI 

.3.18" SO MASUSHITA 

25 PIN D -SUB - 

GENDER 
CHANGERS 

S7.95 

rDATARASE EPROM ERASER 
E RASES TWO F PROMS IN 10 MINUTES 
COMPACT NO DRAWER 
THIN METAL SHUTTER 
PREVENTS UV LIGHT 
FROM ESCAPING 

$34!5' 

1 

SIP 
SIP 
DIP 
DIP 
DIP 
DIP 

RESISTOR NETWORKS 
10 PIN 9 RESISTOR 

8 PIN 
16 PIN 
16 PIN 
14 PIN 
14 PIN 

7 RESISTOR 
8 RESISTOR 

15 RESISTOR 
7 RESISTOR 

13 RESISTOR 

SPECIALS ON BYPASS 
.01 I71 CERAMIC DISC 
.01 17f MONOLITHIC 
.1 /A CERAMIC DISC 
.1 IA MONOUTHIC 

WIRE WRAP PROTOTYPE CARDS 
FR 4 EPDXY GLASS LAMINATE 

WITH GOLD -PLATED EDGE -CARD FINGERS 

IBM-R2 
IBM 

BOTH CAROS HA vE S/LA SCREENED LEGENDS 
ANO INCLUDES MOUNTING BRACKET 

IBM PRI WITH -SV AND GROUND PLANE . 627 9S 
IBM PR? AS ABOVE WITH DECODING LAYOUT 629 95 

S-100 
P100 I BARE NO FOIL PADS ITS IS 
P100 2 HORIZONTAL BUS $21 80 
P100 3 VERTICAL BUS ail SO 
P100 SINGLE FOIL PADS PER HOLE $22 7S 

APPLE 
P500 1 BARI NO FOIL PADS SIS 15 
P500 3 HORIZONTAL BUS 122 75 
PS004 SINGLE FOIL PADS PER HOLE 621 80 
706045 FOR APPLE Ils AUX SLOT 630.00 

SWITCHING POWER SUPPLIES 

PS-IBM $99.95 ,*. --NEF 
EOR IBM PC XT COMPATIBLE 
130 WATTS 
-SV ISA. 12V + 42A PS-IBM 
SV SA. 12V SA 

ONE YEAR W re 

PS-130 $99.95 
130 WATTS 
SWITCH ON REAR 
FOR USE IN OTHER IBM 
TYPE MACHINES 
90 DAY WARRANTY 

PS-A i49.95 
USE TU POWER APPLE TYPE 
SYSTEMS 
-SV 4A 12V 2 SA 
SV SA 11V SA 

APPLE POWER CONNECTOR 

PS-130 

PS-SP1200 $49.95 PS -A 
SV 254 17V 35A 
SV 1A. 12V IA 

UL APPROVED 
ALUMINUM ENCLOSURE 

P$-TOK $29.95 
6V 4A. 12V(A 2A 

12V EE2.SA -12V 30A 
S.3_7. -. 1.T. 16 LBS 

P5 -11951 $29.95 
MANUFACTURED BY ASTEC 
SV4t SA. 12V:. ZA 
12V 1.6A. -12V642A. 
SO 4.0- 20". 18 LSS 

. 

411"=. 

f- 

NEW BOOKS BY 

STEVE CIARCIA 
BIULO YOUR OWN 

2110 COMPUTER 
CIRCUIT CELLAR VOL 1 

CIRCUIT CELLAR VOL 2 

CIRCUIT CELLAR VOL 3 
CIRCUIT CELLAR VOL 

WISH SOIDERLESS BREADBOARDS 
PART DISTRIBUTION TIE TERMINAL TIE 

NUMBER DIMENSIONS STRIPI51 POINTS STRI/I 51 POINTS 

WBU-O 
Weu-T 
WBU-203 
WBU-204 
WBU-204 

`tWBU-204 

.38.5.60" 
1.38. 420" 
3.14.6A6- 
6.13. SAS- 4 
CBS 49.01r 5 
11.211s 9.45" I 7 

100 2 
400 2 
600 3 
700 

BINDING PIRCE POSTS 

100 -. 2.86 
630 6.9< 
1250 2 17.15 
1260 3 2426 
1880 1 sass 
2620 4 7B. 11 

1 

WBU-208 

MICROCOMPUTER 
HARDWARE HANDBOOK 

FROM ELCOMP $14.95 
OVER 800 PAGES OE DATA SHEE TS 
ON THE MOST COMMONLY USED 
ICs INCLUDES TTL CMOS. 741500. 
MEMORY. CPUs. MPU SUPPORT 
AND MUCH MORE, 

IC MASTER $79.8: 

THE INDUSTRY STANDARI 

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 

JDR Microdevices 
1224 S. Bascom Avenue, San Jose, CA 95128 

800 -538 -5000. 800 -662 -6279 (CA) (408) 995 -5430 
FAX (408) 275 -8415 Telex 171 -110 

HOURS: M -W -F. 9-5 TU -TH, 9-9 SAT. 1 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERI 

TERMS Msnwn o,0 51000 Fa IIWPK15 Hs* 1 S ,g KAnM 5290 Ion 
GwvM NM $350 IN UPS AX 0.6.. own 1 to 6.1M longl OF m7 
.O.6aW Nimin8 cw1s Pll.q con UM ow Woe dO..Wmo. for We amount. 
rs.16 FM mule MINN.PPSC66N . S N. Al mocl16r1M R wrrrllml Lon /O 
wafts ollANWe NOW PRESS AN 61ÁdCT b wrp .+KIM fgsp W we 
NepoTalble 124 IyPOVIIIINkJI VMS W rearm N AEM b MM NANO.' 
wIPMMIN m/M/1.c..1 AB moc/rnM E.A Ec1 to Prof MM 

c Copynghl 1985 JOR Microdevlces 

lor. L: lc. nu cocc luCl1DUATIEIN caw) 

IBM

PS-A

PS·130

5-100
BARE · NO FOIL PADS • •• • • • • • • . • 515.1 5
HOR IZONTAL BUS • • •• • • • .• • • • • • 52 1.80
VERTICAL BUS • •• •• •• •• • • • • • •• 52 1.80
SINGLE FOIL PADS PER HOLE • • •• .• 522.7 5

APPLE
BARE · NO FOIL PADS • . •• • • • • • •• 515.1 5
HOR IZONTAL 8 US • • • •• • • • • • • • • • 522.7 5
SINGLE FOIL PADS PER HOLE • • • . • • 52 1.80
FOR APPLE li e AUX SLOT •••• • •• • • $ 30 .0 0

$99.95

WIRE WRAP PROTOTYPE CARDS
FR-4 EPOXY GLASS LAMINATE

WITH GOLD-PLATED EDGE-CARD FINGERS

Pl00- 1
Pl00-2
Pl00·3
Pl0Q·4

P500-1
P500-3
P500-4
7060-45

BOTH CARDS HAVE SILK SCREENED LEGENDS
AND INCLU DES MOUNTING BRACKET

IBM· PRl WITH +SV AND GROUND PLANE • . . . $2 7. 95
IBM ·PR2 AS ABOVE WITH DECODING LAYOUT 529 .95

14 .95
14 .95
16 .95

NEW BOOKS BY
STEVE C1ARCIA

.. MANUFACTURED BY ASTEC
• +SV@ GA . +12 V @ 2 A

' 12V@ 1.5 A . -12V@ 2A.
• 5 .0 " x 8 .0" x 2 .0 " . 1 .6 LBS .

* +5V @ 4 A . +12V @ 2A
' 12V @ 2.8 A . - 12V@ .30 A

.. 6 .2 " J( 7 .4 " x 1 .7 " , 1 .6 LBS .

PS-SPL200 $49.95
• ' 5V @ 25 A , ' 12V @ 3.5A

- 5V @ l A.-12V @ lA
.. U L APPROVED
.. A LUMINUM ENCLOSURE

PS-TDK

PS-11951

PS-130

SWITCHING POWER SUPPLIES
PS-IBM $99.95
• FOR IBM PC·XT COMPATIBLE
• 13 0 WATTS
• . 5V @ 15A.+12V@ 4 .2A PS·IBM

-5V @ .5A . -12V @ .5 A
• ONE YEAR WARRANTY

ROTRON
ETRI

MASUSHITA

5.95
7.95

10 .95
7.95

2AMP
4AMP
8 A M P
2AMP

• MANUFACTURED
BY CDRCDM

• LOW COST
• FITS LC·HP BELOW
• 6 AMP 120/ 240 VOLT

3.15 " sa
3.63" sa
3.18" sa

MUFFIN FANS

6 FOOT LINE CORDS
LC-2 2 CO N DUCTOR .39
LC-3 2 CON D UCTOR .99
LC·HP 3 CON DUC TOR W /STD

FEM ALE SOCK ET 1.49

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS $27.50
100ea: 5.5" , 6 .0 " , 6 .5 " , 7 .0 "

250ea: 2 .5 " , 4 .5", 5 .0 "
5 00ea: 3 .0 ", 3 .5", 4 .0 "

SPOOLS
100 foot $4.30 25 0 feo t $7 .2 5
500toot $ 13.2 5 1000 l oot 52 1.9 5

Please specify color:
Blue, Black, Yellow or Red

EMI FILTER

FRAME STYLE
TRANSFORMERS

$6995

$8500

12 .6VAC CT
12 .6VAC CT
12 .6VAC CT
25.2V A C CT

10 WRAP 24

SPECIALS ON BYPASS CAPACITORS
.0 1 J1f CERAMIC DISC 100/$5.00
.0 1 J1f MONOLITHIC 100/$10.00
.1 J1f CERAMIC DISC 100/56.50
.1 J1f MONOLITHIC 100/$12.5 0

RESISTOR NETWORKS
SIP 10 PIN 9 RES ISTOR
SIP 8 PIN 7 RESISTOR
DIP 16 PIN 8 RES ISTOR
DIP 16 PIN 15 RES ISTOR
DIP 14 PIN 7 RES ISTOR
DIP 14 PIN 13 RES ISTOR

1/4 WAnRESISTORS
5% CARBON FILM A LL STAN DARD VALUE S

FROM 1 OH M TO 10 M EG. OHM
to pes same value .0 5 100 pes same value .02
50 pes s;yne value .02 5 1000 pes same vMJe .0 15

• ERASES TWO EPROM S IN 10 MINUTES

: ~~~P~~itt.~~~~E: III"'~~~
PREVENTS UV LIGH T
FROM ESCAPING

25 PIN D.SUB~
GENDER • 0

CHANGERS ' -=-
$7.95 - .-

DATARASE EPROM ERASER $34.95CAPACITORS
TANTALUM

15V .35 .47pf 35V .45
15V .70 1 .0 35V .45
15V .80 2.2 35V .65
15V 1.35 4 .7 35V .85
35V .4 0 10 35V 1.00

DISC
50V .05 680 50V .05
50V .05 .00 1pf 50V .05
50V .05 .0022 50V .0 5
50V .05 .005 I 50V .0 5
50V .05 .01 50V .07
50V .05 .02 50V .07
50V .05 .05 50V .07
50V .05 .1 12V .10
50V .05 .1 50V .12

MONOLITHIC
50V .14 .1pf 50V .18
50V .1 5 .47pf 50V .25

HURRY - aUANTIT E5 ARE LIMITED!
SPECIALS END 2/28/86

WISH SOLDERLESS BREADBOARDS

SOCKET-WRAP I.D.rM
• SLIPS OVER WIRE WRAP PINS
• IDENTIFIES PIN NUMBERS ON WRAP

SIDE OF BOARD
• CAN WRITE ON PLASTIC; SUCH A S IC #
PINS PART# PCK . OF PRICE

8 IDWRAP 08 10 1.9 5
14 IDWRAP 14 10 1.95
16 IDWRAP 16 10 1.95
18 IDW RA P 18 5 1.95
20 IDWRAP 20 5 1.95
22 IDWRAP 22 5 1.95
24 IDWRAP 24 5 1.95
28 IDWRAP 28 5 1.95
40 IDWRAP 40 5 1.95 '---==--- - =---

PLEASE OR DER BY NUMBER OF
PACKAGES IPCK. OF)

ELECTROLYTIC
RADIAL ' AXIAL

25V .14 l pf 50V .14
35V .15 10 50V .16
50V .15 22 16V .14
50V .15 47 50V .20
35V .18 100 35V .2 5
16V .18 220 25V .30
35V .20 470 50V .50
25V .30 1000 16V .60
16V .7 0 2200 16V .70

47 00 25V 1.45 4700 16V 1.25
COMPUTER GRADE 44.000pf 30V 3.95

(fJ

S:2
z
o
a:
Io
W
-l
W

6
o
«
a:
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46+L 3 -WAY SWITCH BOXES 
SERIAL OR PARALLEL 
CONNECTS 3 PRINTERS TO 1 

COMPUTER OR 3 COMPUTERS 
TO 1 PRINTER 
ALL LINES SWITCHED 
HIGH QUALITY ROTARY SWITCH 
MOUNTED ON PCB 
GOLD CONTACTS 
STURDY METAL ENCLOSURE 

SWITCH 3P CENTRONICS PARALLEL 99.95 
SVVITCH-3S RS232 SERIA. 99.95 

T_Mdi 

1114 grir 

PARTIAL LISTING ONLY - CALL FOR A FREE CATALOG 
aftt PRINTER BUFFERS 

TREES COMPUTER FOR OTHER TASKS WHILE 
PRINTING LONG DOCUMENTS 
STANDALONE DESIGN WORKS WITH ANY 
COMPUTER OR PRINTER 
ALL MODELS FEATURE PRINT PAUSE. 
MEMORY CHECK AND 
GRAPHICS CAPABILITY 

P120P PARALLEL $139.95 
HK UPGRADABLE TO 256K 
ED INDICATOR SHOWS VOLUME OF DATA IN 
BUFFER 

P120S RS232 SERIAL $159.95 
14K UPGRADABLE TO 2S6K 
SIX SELECTABLE BAUD RATES FROM 
SOOB 192008 

P110 PARALLEL 8249.95 
HK UPGRADABLE TO 512K 
:POOLS OUTPUT OF UP TO 
THREE COMPUTERS 
_ED BARGRAPH DISPLAYS AMOUNT 
)F DATA IN BUFFER 
IESET FUNCTION CLEARS DATA IN BUFFER 
IEPEAT FUNCTION CAN PRODUCE MULTIRE 
:OPIES OF A DOCUMENT 

SP120 

MD2D 
MD2F 
MD2H 

F01 
FD2D 

3 5S 
MD1D 
MD2D 
MD110D 

DISKETTES 
NASHUA 5/" 

DS DD SOFT SECTOR 
DS QUAD SOFT SECTOR 
DS HIGH DENSITY FOR AT 

NASHUA 8" 
SS DD SOFT SECTOR 827.95 
OS OD SOFT SECTOR 534.95 

NASHUA 3.5" 
3 5 SS DD FOR MACINTOSH $32.95 

VERBATIM 5'/4" 
SS DD SOFT SECTOR 
DS DO SOFT SECTOR 
SS OD 10 SECTOR HARD 

IBM 
PRINTER 

CABLE 
DB25 TO 
CENTRONICS 
SHIELDED 
CABLE 

$9.95 

89.90 
834.95 
849.95 

NASHUA DISKETTE SPECIALS 
5' SOFT SECTOR 

DS DD WITH HUB RINGS 

823.95 
829.95 
823.95 

$9.90 89Cea 79Cea 
BOX OF 10 BULK OTY 50 BULK OTT 250 

,MPARINGFLOP ' 9I4 

(TENDER CARDS 

I -PC 
-AT 

LE X 
ILE Il. 
LTIWS 

IW 

$4500 
*68 00 
.46.00 
$45.00 
OUSE 

r POWER STRIPS 
UL APPROVED 
ISA CIRCUIT BREAKER 

$12.95 . 
20 MHz DUAL TRACE 

OSCILLOSCOPE 

IODEL 
?000 

389 

JOYSTICKS 

S7.95 

$4.95 

DISKETTE FILE 

$8.95 -- -, 

HOLDS 70 PA- DISKETTES 

FLOPPY DISK DRIVES 
TEAC 

FD -55B . HEIGHT os DO 

FD -55F , HEIGHT DS QUAD 

SHUGART 
SA460 . . ISO TRACK) DS QUAD 

TANDON 
TM 1 00-2 S'5' (FOR IBM( DS DO 

$89.95 
$99.95 

$199.95 

$99.95 , 

MPI 
MPI- B52s'..- (Fool mu, OS DO $89.95 _ 

SIEMENS 8" DISK DRIVES 
FD100 -8ss DOSAOOIREOUIV $119.00 
FD200.8 DS DO SAISIR EOUIV $159.00 

JFORMAT -2 SOFTWARE 849.95 TANGON TMI00 2 
SUPPORT FOR QUAD DENSITY DRIVES FROM TALI TREE SYSTEMS 

TEAL FD SSTS 

CAB APPLE 

CAB 1FH5 

CAB 2SV5 

DISK DRIVE CABINETS 

51,4" DRIVE ENCLOSURES 
APPLE TYPE DRIVE CABINET 
WITHOUT POWER SUPPLY 
FULL HEIGHT S' . BEIGE DRIVE CABINET 
WITH POWER SUPPLY 
DUAL SLIMLINE 5' ." CABINET 
WITH POWER SUPPLY VERTICAL MOUNT 

924.95 

$69.95 

949.95 

8 INCH DRIVE ENCLOSURES BY Plik 
CAB 2SV8 DUAL SLIMLINE 8" DRIVE CABINET 9209.95 

WITH POWER SUPPLY VERTICAL MOUNT 
CAB 2FH8 DUAL FULL HEIGHT I" DRIVE CABINET $219 95 

WITH POWER SUPPLY - HORIZONTAL 

921 

CAB IFHS CAB-2SV5 CAB-2FHB 

IBM STYLE COMPUTER CASE 
ATTRACTIVE STEEL CASE WITH HINGED LID. FITS 
POPULAR PC XT COMPATIBLE MOTHER BOARDS 

SWITCH CUT OUT ON SIDE FOR PC XT STYLE 
POWER SUPPLY 
CUT OUT FOR 8 EXPANSION SLOTS 
ALL HARDWARE INCLUDED 

ONLY 
$59.95 

KEYBOARD -AP 
REPLACEMENT FOR 
APPLE II KEYBOARD 
CAPS LOCK KEY 
AUTO REPEAT 
ONE KEY ENTRY OF 
IIASIC OR 
CP M COMMANDS 

$49.95 

IBM COMPATIBLE KEYBOARDS 
DKM -2000 $79.95 

FULLY IBM COMPATIBLE 
83 KEY WITH CAPACI 
TANCE TYPE SWITCHES 
LEO STATUS INDICATORS 
FOR CAPS. NUMBER LOCK 
AUDIBLE CLICK 

KB -5151 599.95 
ENHANCED IBM 
COMPATIBLE 
SEPARATE CURSOR AND 
NUMERIC KEYPADS 
CAPS LOCK A NUMBER 
LOCK INDICATORS 
IMPROVED KEYBOARD LAYOUT 

c.iluD__?L 

CASE WITH KEYBOARD 
FOR APPLE MOTHER BOARD MODEL KB 1000 

USER DEFINED 
FUNCTION KEYS 
NUMERIC KEYPAD WITH 
CURSOR CONTROL 
CAPS LOCK 
AUTO RIPS AT 

ONLY $79.95 

HIGH QUALITY TEST EQUIPMENT FROM JDR INSTRUMENTS 

35 MHz DUAL TRACE 
OSCILLOSCOPE 

MODEL 
3500 

$549 
END WIDTH OC T020 MHz 13.%I 

AC 10 Hs TO 20MHZ I 1.10) 
VEEP TIME - 2 SEC TO S SEC DIV 
120 RANGES 
)MPEETE MANUAL AND HIGH QUAUTY 
¶0K ON PROBES INCLUDED 
PUT IMPEDANCE 1 MEG OHM 
' VIDEO SYNC FILTER 
Y AND Z AXIS OPERATION 
0 220 VOLT OPERATION 
IMPONENT TESTER 
CONSUMPTION 19 WATTS 

TILT IN CALIBRATOR 
ITOMATIC OR TRIGGERED TIMESASE 

BAND WIDTH OC- TO 3SMH0 
AC- IO HT TO 3SMHZ 13dbl 

SWEEP TIME 1 u$EC TO S SEC DIV 
ON 21 RANGES 
DELAYED TRIGGER 100 mSEC TO 1 ..SEC WITH 
INTENSIFIED AND DELAYED MODES 
COMPLETE MANUAL AND IX 10X COMPENSATED 
HOOK ON PROBES INCLUDED 
VARIABLE HOLD OFF FOR 
VIEWING COMPLEX WAVES 
TV VIDEO SYNC FILTER 
TRIGGERING OF CH A. CH B. ALTERNATING. 
UNE OR EXTERNAL 
X -Y AND Z AXIS OPERATION 

CALL FOR VOLUME QUOTES 

DIGITAL MULTIMETER PEN 
MODEL DPM -1000 

$5495 
AUTO RANGING. POLARITY AND DECIMAL' 

LARGE 3 S" DISPLAY 
DATA HOLD SWITCH FREEZES READING 
FAST. AUDIBLE CONTINUITY TEST 
LOW BATTERY INDICATOR 
OVERLOAD PROTECTION 
ONLY l'. . 6'. 
DC VOLTS 111V SOOV 
AC VOLTS 1mV SOOV 

1 OHM 2 MEG OHM 
WEIGHS ONLY 23 OUNCES 
LOW PARTS COUNT CUSTOM 80 PIN LSI INSURES 
RELIABILITY 
INCLUDES MANUAL BATTERIES. HARD CASE. ANO 
ALLIGATOR CUP 

C COPYRIGHT 1985 JDR MICRODE VICES 

CIRCLE 262 ON FREE INFORMATION CARD 
135 

T1
m
OJ
JJ
C
}>

~
CD
CO
(j)

135

.. LARGE 3.5" DISPLAY
• DATA HOLD SWITCH FREEZES READING
• FAST. AUDIBLE CONTINUITY TEST
• LOW BATTERY INDICATOR
• OVERLOAD PROTECTION
* ONLY 1% x 6'1. x 1,4"
* DC VOLTS 1mV·SOOV
'" AC VOLTS 1mV·500V
• .1 OHM - 2 MEG OHM
• WEIGHS ONLY 2.3 OUNCES
• LOW PARTS COUNT-CUSTOM 80 PIN LSi INSURES

RELIABILITY
• INCLUDES MANUAL.. BATTERIES. HARD CASE. AND

ALLIGATOR CLIP

AUTO RANGING . POLA RITY AND DECIMAL!

.. USE R DEF INED
FUNCTION KEYS

...NUMERIC KEYPAD WITH
CURSOR CONTROL

'" CAPS LOCK
• AUTO·REPEAT

.. ENHANCED IBM
COMPATIBLE

.. SEPARATE CURSOR AND
NUMERIC KEYPADS

• CAPS LOCK & NUMBER
LOC K INDICATORS

• IMPROVED KEYBOARD LAYOUT

ONLY $79.95

CASE WITH KEYBOARD
FOR APPLE MOTHER-BOARD

KB-5151

IBM COMPATIBLE KEYBOARDS
DKM·2000 $79.95

• FULLY IBM COMPATIBLE IP!!!!!!!• 83 KEY WITH CAPACI·
TANCE TYPE SWITCHES

.. LED STATUS INDICATORS
FOR CAPS. NUMBER LOCK

* AUDIBLE CLICK

KEYBOARD·AP
.. REPLAC EMENT FOR

APPLE II KE YBOARD
* CAPS LOCK KEY
.. AUTO ·REPEAT
• ONE KEY ENTRY OF

BASIC OR
CP /M COMMANDS

$49.95

ATTRACTIVE STEEL CASE. WITH HINGED LID . FITS
POPULAR PC/XT COMPATIBLE MOTHER·BOARDS.

• SWITCH CUT-OUT ON SIDE FO R PC/XT STYLE
POWER SUPPLY

.. CUT-OUT FOR 8 EXPANSION SLOTS

.. ALL HARDWARE INCLUDED

ONLY
$59.95

MODEL
3500

$549

POWER STRIPS
.. UL APPROVED
.. 15A CIRCUIT BREAKER

$12.95

$4 5.00
$68 .00
$4 5.00
$4 5.00
$86 .00

IBM

DISKETTES
NASHUA 5%"

DS /DD SOFT SECTOR
DS /QUAD SOFT SECTOR
DS /HIGH DENSITY FOR AT

NASHUAS"
SS /DD SOFT SECTOR
DS /DD SOFT SECTOR

NASHUA 3.5"
3.5 " SS/DD FOR MACINTOSH

VERBATIM 5%"
SS /DD SOFT SECTOR
DS /DD SOFT SECTOR
SS /DD 10 SECTOR HARD

389

I-PC
I-A T
)LE II
lLE li e
LTIBUS

20 MHz DUAL TRACE
OSCILLOSCOPE

IODEL
ZOOO

(TENDER CARDS

NASHUA DISKETTE SPECIALS
5%" SOFT SECTOR

DS /DD WITH HUB RINGS

$9.90 89Cea 79Cea
BOX OF 10 BULK on50 BULK on250

SHUA DI S KETTE S WERE JU DG ED TO HA VE THE HI GHE ST
lISH AND RECO RD ED AM PLI TUDE OF A N Y D ISKETTES
TES TED . SEE "C OMPARING FLOPPY DIS KS". BYTE 9-8 4.

SP120

3.5S5

FD1
FD2D

MD2D
MD2F
MD2H

MD1D
MD2D
MD110D

~ND WIDTH - DC : T020 MHz 1-3db) • BAND WIDTH - DC : TO 35MHz 1- 3db)
AC : 10 Hz TO 20MHZ (- 3db l AC: 10 Hz TO 35MHZ 1-3db)

VEEP TIME - .2 " SEC TO .5 SEC /D1V • SWEEP TIME - .1 pSEC TO .5 SEC /DIV
I 20 RANGES ON 21 RANGES
)MPLETE MANUAL AND HIGH QUALITY • DELAYED TRIGGER - 100 mSEC TO 1 " SEC WITH
)OK-ON PROBES INCLUDED INTENSiFIED AND DELAYED MODES
PUT IMPEDANCE: 1 MEG OHM • COMPLETE MANUAL AND l X-lOX COMPENSATED
, VIDEO SYNC FILTER HOOK-ON PROBES INCLUDED
Y AND Z AXIS OPERATION • VARIABLE HOLD OFF FOR
01220 VOLT OPERATION VIEWING COMPLEX WAVES
IMPONENT TESTER • TV VIDEO SYNC FILTER

CONSUMPTION - 19 WATTS • TRIGGERING OF CH -A. CH-B. ALTERNATING.
JILT-IN CALIBRATOR LINE OR EXTERNAL
JTOMATIC OR TRIGGERED TIMEBASE • X-Y AND Z AXIS OPERATION...~~...~

' REES COMPUTER FOR OTHER TASKS WHILE
PRINTING LONG DOCUMENTS.
STANDALONE DESIGN · WORKS WITH ANY
COMPUTER OR PRINTER.
I\ U MODELS FEATURE PRINT PAUSE.
MEMORY CHECK AND
GRAPHICS CAPABILITY.

P120P PARALLEL
l 4 K UPGRADABLE TO 256K
.ED INDICATOR SHOWS VOLUME OF DATA IN
BUFFER

P1205 RS232 SERIAL
W K UPGRADABLE TO 256K
nx SELECTABLE BAUD RATES FROM
500B - 19.200B

P110 PARALLEL
WK UPGRADABLE TO 512K
lPOOLS OUTPUT OF UP TO
rHREE COMPUTERS
_ED BARGRAPH DISPLAYS AMOUNT
'F DATA IN BUFFER
IESET FUNCTION CLEARS DATA IN BUFFER
IEPEAT FUNCTION CAN PRODUCE MULTIPLE
:OPIES OF A DOCUMENT

CIRCLE 262 ON FREE INFORMATION CARD
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J 

APPLE COMPATIBLE 
INTERFACE CARDS 

EPROM PROGRAMMER S59.95 

MODEL 
RP525 

DUPLICATE OR BURN ANY 
STANDARD 27.. SERIES EPROM 
EASY TO USE MENU DRIVEN 
SOFTWARE INCLUDED 
MENU SELECTION FOR 2716. 2732. 
2732A. 2764 6 27121 
HIGH SPEED WRITE ALGORITHM 
LED INDICATORS FOR ACTIVITY 
NO EXTERNAL POWER SUPPLY 
REQUIRED 
ONE YEAR W TY 

1IK RAMCAIID $39.95 
FULL TWO YEAR WARRANTY 
EXPAND YOUR 45K APPLE TO 64I 
USE IN PLACE OF APPLE 
LANGUAGE CARO 

YR PC CAM / IBSTSCCTISBS $11115 

WOO 
IC TEST CARD tM.RI 

QUICKLY TESTS MANY COMMON 
IC. 
DISPLAYS PASS OR FAIL 
ONE YEAR W TY 

4000 SERIES CMOS 
74HC SERIES CMOS 
7400, 74LS, 741. 7414, 74S, 
SOME PROMS AND RAMS 

136 

* JDR Microdevi ces1224 South Bascom Avenue. San Jose. CA 
800- 538-5000 800-662-6279 (CA) (408) 995 -5430 FAX (408) 

IBM COMPATIBLE INTERFACE CARDS 
At L WITH A ONE YEAR WARRANTY 

MULTIFUNCTION CARD $129.95 
ALL THE FEATURES OF ASTS 6 PACK PLUS AT HALF THE PRICE 

CLOCK CALENDAR 
0 364K RAM 
SERIAL PORT 
PARALLEL PORT 
GAME PORT 
SOFTWARE INCLUDED 

PRINTER CABLE s9 9, 64K RAM UPGRADE 9 $6.21 

COLOR GRAPHICS ADAPTOR $99.95 
FULLY COMPATIBLE WITH IBM COL OI4 C 4 Rf? 

4 VIDEO INTERFACES ROB. 
COMPOSITE COLOR. HI RES 
COMPOSITE MONOCHROME. 
CONNECTOR FOR RF MODULATOR 
COLOR GRAPHICS MODE 320 200 
MONO GRAPHICS MODE 640 200 
LIGHT PEN INTERFACE 

MONOCHROME GRAPHICS CARD $129.95 
FULLY COMPATIBLE WITH IBM MONOCHROME ADAPTOR AND 

HERCULES GRAPHICS CARD 

LOTUS COMPATIBLE 
TEXT MODE 50.25 
GRAPHICS MODE 720 34$ 
PARALLEL PRINTER INTERFACE 
OPTIONAL SERIAL PORT SI! !S 

FLOPPY DISK DRIVE ADAPTOR $59.95 tit 'Pon RFACESUPTOFOUR STANDARD 
FDO, TO IBM PC OR COMPATIBLES 
INCLUDES CABLE FOR TWO 
INTERNAL DRIVES 

1200 BAUD INTERNAL MODEM FOR IBM 
INCLUDES PC TALK III CU'f.VuN;C.Ai'LAS SUP T WARE 

HAYES COMPATIBLE 
AUTO DIAL AUTO ANSWER 
AUTO RE DIAL ON BUSY 
INCLUDES SERIAL PORT' 
ONE YEAR WARRANTY 

EASYDATA-12B $195 

300 BAUD MODEM FOR APPLE OR IBM 
CLOSEOUT 

SPECIAL JI,,,fl 
NOW ONLY 4J,, 

$49.95 
INCLUDES ASCII PRO EZ SOFTWARE IA $100 VALUE IN ITSELF 

FCC APPROVED AUTO DIAL AUTO ANSWER 
BELL SYSTEMS 103 COMPATIBLE DIRECT CONNECT 
INCLUDES AC ADAPTOR 

CABLE FOR APPLE llc $14.95 

r 

to- 
C d11T1 

160 CPS 

PRINTER 

MODEL 
PW -1000A 

$199.95 t'rinted in Draft mode 
or Proportional and NLQ 

VERY HIGH SPEED PRINTING (ISO CPS) 2K PRINT BUFFER 
EPSON MM COMPATIBLE CONTROL DOWNLOADING FONT BUFFER 

I I S DOT DRAFT MODE CHARACTERS FAN FOLD. CUT SHEET OR ROLL PAPER ' 23 IS DOTS IN NEM LETTER QUALITY SOLID --BUSINESS- MACHINE 

rPS-IBM IMBEDS S99.951 TEAC .F 

DISK 
DRIVES 

FOR ES.: 

IBM 
PCs 

F0-555 Woo 
FD-55F DS/DUAD 

128 

275-8415 Telex 171-110 

UNBELIEVABLE MONITOR DE .LS 

TAMAN 
ROB VISION III 

MADE I<1R TAA BY ACORN 
640 762 PIXEL RESOLUTION 
16 COLORS 
16 M. BANDWIDTH 
12 BUCK MATRIX 
IBM AND LOTUS COMPATIRLE 

CABLE FOR IBM $15 95 

$288.95 

COMPOSITE óóloR 
MODEL SC Tm 

SAMWOO 
MONOCHROME 

TOP RATED EOR APPLE ERTEL I CUSML tit MATCH 
13 COMPOSITE VIDEO 3R IBM PC 
RESOLUTION ZION 300V IM COMPATIBLE TTE INPUT 
INTERNAI AUDIO AMPLIFIER 2 NON GLARE SCREEN 
ONE YEAR WARRANTY 35 GREEN PHOSPHOR 

il RES 22 MU/ BAND MOTH 

$169.95 
MONITOR STAND 
TILTS AND SWIVELS 

( 

$12.95 

DII 
FOR APP 

$99.95 
K DRIVES 

E COMPUTERS 
-N 

Y HEIGHT ALPS MECHANISM 
004 APPLE COMPATIBLE 

FULL I YEAR WARRANTY 

BAL -500 
rir $129.95 

TEAC MECHANISM DIRECT DRIVE 00 APPLE COMPATIBLE 
FULL I YEAR WARRANTY 

IMO 

BAL -525 
$99.95 

T- 

RO 

E 

A 

FULL HT SHUGAR 
DIRECT REPLACE 
DISK II 

SIX MONTH WARF 

MECHANISM 
NT FOR APPEL 

AP-135 
$129.95 

NTY 

APPLE TIC 4R 
AD -3C 

FR 

$139.95 
004 APPLE Ik COMPATIBLE, 

READY TO PLUG IN W SHIELDED 
CABLE 6 MOLDED IS PIN CONNECTOR 
FAST. RELIABLE SLIMUNE 
DIRECT DRIVE 
SIX MONTH WARRANTY 

3 S" ADO ON DISI 
100. MACINTOSI 
SINGLE SIDED 40 
HIGH RELIABILIT 
AUTO EJECT MEC 
FULL ONE YEAR V 

DISK DR 

DISK CONTROLE 
APPLE Ilc ADAPT 

ADAPTS ST. 
FOR L 

COMBER CR -1000 DUAL SLIMLINE DISK DR! 
FOR APPLE COMPUTERS 

SPACE SAVING DESIGN 
STACK BETWEEN COMPUTER AND MONITOR 

QUIET. RELIABLE ' HEIGHT DRIVES 
TOTAL STORAGE CAPACITY 266K BYTES 
AUTO-EJECT MECHANISM 
SHIELDED CABLE INCLUDED 

H 
A 

FOR 
MACINTOSH 

MAC 535 
$249.95 

DRIVE 
COMPATIBLE 
K BYTE STORAGE 
GRIVE FEATURES 
ANISAI 
RRAN TY 

V 

EI 

E ACCESSORIES 
R CARD 649 9', 

OR CABLE $19 9' 
NDARD APPLE DRIVE T. 

WITH APPLE II 

VE $199895 
CLOSE-OUT SPECIAL 
WHILE SUPPLY LASTS 

RMFEIIMEI 
INCLUDES CONTROLLER AND DOS 3.3 W 

ALL MERCHANDISE 1000/o GUARANTEED 
CIRCLE 263 ON FREE INFORMATION CARO 

C COPYRIGHT 1965 JDR 

ITH DISK UTILITIES 

IC RO DE VICES 

FOR
APPLE lie

AD·3C
$139.95

FOR
MACINTOSH

MAC 535
$249.95

AP·135
$129.95

BAL·500
$129.95

BAL·525
$99.95

FOR APPLE COMPUTERS

~.- x.; =

~

* 100% APPLE li e COMPATIBLE,
READY TO PLUG IN W/ SHIELDED
CABLE & MOLDED 19 PIN CONNECTOR

* FAST, RELIABLE SLiMLINE
DIRECT DRIVE

* SIX MONTH WARRANTY

~
* 3.5 " ADD-ON DiSK DRIVE
* 100°/, MACINTOSH COMPATIBLE
o SINGLE SIDED 400K BYTE STORAGE
* HIGH RELIABILITY DRIVE FEATURES

AUTO-EJECT MECHANISM
* FULL ONE YEAR WARRANTY

DISK DRIVE ACCESSORIES
DISK CONTROLLER CARD S4 9_9 5
APPLE lie ADAPTOR CABLE S19.95

A DAPTS STA NDA RD APPLE DRIV ES
FOR USE WITH APPLE lie

DISK DRIVES

* VzHEIGHT·ALPS MECHANISM
'" 1000/0 APPLE COMPATIBLE
o FULL 1 YEAR WARRANTY

~
...

= =.
.-:- - . .-

$99.95

'" TOP RATED FOR APPLE .. PERFECT COSMETIC MATCH
'" 13 0

' COM POSITE VIDEO FOR IBM PC
'" RESOLUTION : 280H x 300V '" IBM COMPATIBLE ITL INPUT
'" INTERNAL A UDI O AMPLIFIER ", 12 " NON-GLARE SCREEN
'" ONE YEA R WARRANTY .. P39 GREEN PHOSPHOR

* HI -RES 22 MHz BAND WIDTH

MODEL
RP525

COMREX CR-l000 DUAL SLiMLINE DISK DRIVE $199.95
FOR APPLE COMPUTERS

SPACE SAVING DESIGN CLOSE-OUT SPECIAL
STACK BETWEEN COMPUTER AND MONITOR WHILE SUPPLY LASTS

* QUIET. RELIABLE 'h HEIGHT DRIVES ~ ~
* TOTAL STORAGE CAPACITY, 286K BYTES if
: ~~~E~·~~~~Ar:~~~~~~~ED 54@3awe jiWIIW

INCLUDES CONTROLLER AND DOS 3.3 WITH DISK UTILITIES

* FULL TWO YEAR WARRANTY
* EXPAND YOUR 48K APPLE TO 64K
* USE IN PLACE OF APPLE

LANGUAGE CARD

BUEPC CUDW/IMS'RUCTlDMS $9.95

MONITOR STAND
TILTS AND SWIVELS

~'
$12.95

IC TEST CARD

'" DUPLICATE OR BURN ANY
STANDARD 27xx SERIES EPROM

* EASV TO USE MENU·DRIVEN
SOFlWARE INCLUDED

* MENU SELECTION FOR 2716, 2732,
2732A. 2764 & 27128

* HIGH SPEED WRITE ALGORITHM
o LED INDICATORS FOR ACTIVITY
o NO EXTERNAL POWER SUPPLY

REQUIRED
* ONE YEAR WARRANTY

* QUICKLY TESTS MANY COMMON
IC.

o DISPLAYS PASS OR FAIL
* ONE YEAR WARRANTY
* TESTS: 4000 SERIES CMOS

74HC SERIES CMOS
7400; 74LS. 741.. 74H. 7 4S.
SOME PROMS AND RAMS

16K RAMCARo

APPLE COMPATIBLE
INTERFACE CARDS

EPROM PROGRAMMER $59.95

MADE FOR TAXAN BY ACORN
'" 640 x 262 PIXEL RESOLUTION
'" 16 COLORS
'" 18 MHz BANDWIDTH
'" 12 " BLACK MATRIX
'" IBM AND LOTU S COMPATIBLE

CABLEFOR IBM $15.95

$289.95

$195

$59.95

o INTERFACES UPTO FOUR STANOARD
FOD s TO IBM PC OR COMPATIBLES

o INCLUDES CABLE FOR lWO
INTERNAL DRIVES

... LOTUS COMPATIBLE
• TeXT MODE: 80 x 25
• GRAPHICS MODE: 720 x 34 8
• PARAllEL PRINTER INTERFACE
o OPTIONAL SERIAL PORT $19.9 5

o CLOCK/CALENOAR
* 0-384K RAM
o SERIAL PORT
* PARAllEL POR T
...GAME PORT
...SOFTWARE INCLUDED

EASYDATA-12B

1200 BAUD INTERNAL MODEM FOR IBM
INCLUDES PC TALK III COM MUNICA TIONS'SO FTWARE

o HAYES COMPATIBLE
• AUTO DIAL/AUTO ANSWER
o AUTO RE-DIAL ON BUSY
o INCLUDES SERIAL PORT !
o ONE YEAR WARRANTY

~?~: ·:~~~~~::·;:,;-:s,r
e -~ ---. ,.. '- :. .--.....~ .

300 BAUD MODEM FOR APPLE OR IBM
CLoSE·oUT It.

SPECIAL f~I'~'t
NOW ONLY '-".1,.1

$49.95
INCLUDES ASCII PRO-EZ SOFTWARE (A S100 VALUE IN ITSELF)

... FCC APPROVED * AUTO DIAL I AUTO ANSWER
o BELL SYSTEMS 103 COMPATIBLE 0 DIRECT CONNECT
... INCLUDES AC ADAPTOR

CABLE FOR APPLE IIc $14.95

~~~~
~\.~

Canon
160CPS
PRINTER
MODEL

PW-l0BOA

$199.95 :;'i;'::~~ r~'~o~:': f:n~n~~Q
'" VERY H IGH SPEED PRINTING (160 CPS) '" 2K PRINT BUFFER
* EPSON/IBM COMPATIBLE CONTROL '" DOWNLOADING FONT BUFFER
'" 11 x 9 DOT DRAFT MODE CHARACTERS '" FAN FOLD . CUT SHEET OR ROLL PAPER
0 23 x 18 DOTS IN NEAR LETTER QUALITY 0 SOLID "BUSINESS" MACHINE

MONOCHROME GRAPHICS CARD $129.95
FULL Y COM PATlBLE WITH IBM MONOCHROME ADAP TOR AND

HERCULES GRAPHI CS CARD

PRINTER CABLE $9.95 64K RAM UPGRADE 9/$6.21

COLOR GRAPHICS ADAPTOR $99.95
FULL Y COMPA TlBL E WITH IBM COLOR CARD

o 4 VIOEO INTERFACES, RGB.
COMPOSITE COLOR. HI -RES
COMPOSITE MONOCHROME.
CONNECTOR FOR RF MOOULATOR

* COLOR GRAPHICS MODE: 320 x 200
o MONO GRAPHICS MOOE, 640 x 200
...LIGHT PEN INTERFACE

•• •••~.......
IBM COMPATIBLE INTERFACE CARDS

ALL WITH A ONE YEAR WARRANTY

MULTIFUNCTION CARD $129.95
AL L THE FEA TURES OF ASr S 6 PACK PLUS A T HALF THE PRICE

CIRCLE 263 ON FREE INFORMATION CARD
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What's New at 
AMERICAN DESIGN COMPONENTS? 

The Source "" of the 
electro- mechanical components 
for the hobbyist. 

We warehouse 60.000 
items at American Design 

Components expensive. often 
hard -to -find components for sale 
at a fraction of their original cost! 

You'll find every part you 
need either brand new, or 
removed from equipment (RFE) 
in excellent condition. But 
quantities are limited. Order 
from this ad, or visit our retail 
showroom and find exactly what 
you need from the thousands of 
items on display. 

Open Mon. - Sat.. 9-5 

51/4 
.. 

DISK DRIVE 
'h HT; 96 T.P.I. 

Tandon TM55 4 DS;Ouad 
em /19D4 879.50 

. -S150.00 

COMPUTER 
TAPE DRIVE (For Adam) 

A 

Sesto format Saertx. 801PS 
Read. Wnte 201PS. 12V motor. 
SV logic, 8 & 9 pan convector 
cables. Ongndy despised for 
the Adam. 
Den 5W x 3 %H x 4 deep 
Item /6641 $9.95 New 

ASCII 
75 -KEY KEYBOARD 
For Adam 

Pll*11R! I '41 

tli11Ji1'L Lt 

21 user defined keys 
7 pin connectan 
ASCII 8 at seal output 
Orgirway designed for the Adam. 
Don 15'W.2R'14 .6ti"D 
Item 6643 $ 19.95 .ew 

75 -KEY MECHANICAL 
KEYBOARD ri, Adan, 

t 1 

1 111 1 1 III I IIIiIII 

1JIIIIIIIIIIIIit11_LL 

For computer upgrade . . 

21 user delayed keys. SPST rive 

cloacae switches. 21 pit ribbon 
cable connection General ,,strut 
tans far replacement of membrane 
keyboards rid Update comptners 
such as the Tenn Scrim Z81.100( 
Can 13%WxtkHx5.0 

item 16643M $9.95 

THERE'S NO RISK. 
.. u `1l) don war.,rnty 

. . . .. ,h, f r re.I lot 
. fo.. .. hot! whiff or rotund 

19 COLOR 
X -Y DISPLAY 

Originally designed for use in Atari coin 
Operated games Contains 3 gun color 
tube. focus and brightness controls. Re 
wires external X inputs. 2500 24V 

transformer for power May be used for 
oscilloscopes. reprogrammed for game 
.15e. or modified with the use of extern 
al vertical and horizontal oscillators to a 

astor scan display or TV monitor for 
computer use IIBM compatible I Trans- 
former supplied 

Item 5449 $ 129.00 New 

KITS 
ROBOTICS KIT 
(Springs. Belts. Pulleys t. Gears) 
Consists of 

9 Timing Belts (7 5' to 13- 
2 Rang Belts 112' to 15"I 

1 5 Nylon E. Plastic 
Spur E. Drive Gears 

22 Torsion Springs 
6 Compressan Pulleys 

19 Tenson Springs 
hem 5306 $ 14.95 ,.r.. 

TOY MOTOR KIT -For Robotics 
Consists of 
18 asst toy motors. from 1 5V to t 2VDC 

!lean t/7229 $9.95 New 

LINEAR DISK DRIVE 
POWER SUPPLY 

oc Output - 5V (sl 200 ma 
5V3amps 

12VED 29amps 
18V Inductive) fp 1 amp 

"vat 115V 60 Hz 
assyeO , 11W414.8 -D 

..,'6642 $14.95 .en 

SWITCHING 
POWER SUPPLY 

:.ut. 115 230VAC. 50 60Hz 
,,Iput: 12VDC OP 17 amps 

24VDCe22limps 
SVDC@3amps 

Den 7'. x 6Y. 
Mfr - Astec 6AA11301 
Item 15353 $19.95 New 

Logic board for the Adam corn 
outer Includes the following 
components 
8 ea 4184 4s. 7415157, 

7415541. LS273N 
2 ea LM339s. plus macro 

processors with ROMs 
Mfr Coleco 
Item '7231 $9.95 RFE 

COMPUTER & GAME 
CONTROLLERS 
(Set of 4' 

For Adam 

12-digit keyboa. 
and pyshck 
Ongreey used 
computer and 
games Includes 
coil cord with 
9 ton connector 
Can also be used with Alen 
Dm 6 k- L a 2 k' W 2 X- H 

Mfr - Coleco 178002 
hem /7013 $9.95 New 

115 CFM MUFFIN 
FAN 

115 VAC 60 Hz.21W.28A. 
3100 RPM. S blade model alu 
rnexlm houseig Can be mantel 
for blowing or exhaust 
Den 4 ",.so 1', -deep 

Item 65345 $7.95 RFE 

With adjustable 
speed control $10.95 

SWITCH KIT 
35 Asst. Switches 
Consisting of 35 assorted Dp. Toggle. 
Slide, and Sensitive Miniature and Standard 
Size Switches 

item 15307 $9.95 :yes 

RELAY KIT 
15 Asst. Relays 
Consisting of 15 asst'd AC 6 DC Re 

5V. 12V. 24V. 1.115V All types 
hem 15308 $9.95 New 

IC SOCKET KIT 
100 Asst. Sockets 
Consisting of 100 assorted IC sockets 
Frown 14 to 40 Pin 

hem 15309 $9.95 tin 

COMPONENTS PARTS KIT 
Hundreds of components' 
Consisting of Heat Sinks. Capacitor. Trn 
pots. Resistors. and MORE' 

item 17230 $ 15.00 New 

30 CFM 
MINI 
FANS 

PRINTER 
MECHANISM 

28VAC & 6 -12VDC 
Low noise lavet Can be mounted 
for cooling or exhaust 
Don 3'. - so . 1 '-. - deep 
12VDC Papst 18312 
kern/7017 $12.95 New 
28VAC IMC Peewee' 
Item 17Ole $7.95 New 

PUMPS COMPRESSORS BLOWERS 
TIMERS RELAYS VOLTAGE 

160 CFM 
CENTRIFUGAL 
BLOWER 

I I5VAC 60Hz . 2 2 amps . 

3000 RPM Flange mount 
Outlet 3- x 3'.'. 
Inlet 4% - de 
Om 8k'Hx8"n- Wx8'..'0 
Mfr - Fasco 50755 or eguv. 
Item '5152 $ 1 0.95 RFF 

O'.ginatly designed for the 
Gavakn computer 

Centronics interface 
80 column width 
Friction dive (schematic in(i i 

ttem'5223 819.95 New 

PLUG -IN 
POWER SUPPLY 

OUTPUT: + 5 VDC. 9A 
-5 VDC, .1A 

.12 VDC, .3A 
INPUT: 120 VAC /80 Hz., .25t. 
Mfr Coleco 855416 
item 01882 56.95 New 

MOTORS POTENTIOMETERS COUNTERS 
IRE Glit AT ORS POWER SUPPLIES 

Rechargeable 
(Sealed) 
GEL -CELL 
BATTERY 
12V @ 1 9AH 

aT 
1111MIONI 

Foe u with mode cars 
tuns. boats. planes. etc 
Own 2 sI'. -O 
Mfr - Power sonic tPS1219 
Item '7021 89.95 New 

Rechargeable NICAD 
BATTERY BACKUPS 

12V 

450 ma 
Contain 10 AA cells Recharge 
rate 45 ma 18 18 han Caw 
with tab output connections 
Drin 2'..'H.1RWx2'.. 
Mfr GE 123233 or eotxv 
Item 5443 $ 5.95 RFE 

13.2V 

1.85 AH 
Contorts 11 C teas For model 
boats toys. etc 
Mfr - GE 64180358800101 
Item 5444 $15.95 New 

TELEPHONE 

Originally designed to mpunt sin 
TereVideo computer, and plug into 
modem May be used as standard 
phone Touch tone. mute button, 
pulse. nodal button. with 12' cord. 
Ivory Comes weh mountep bracket 
Item 17232 $9.95 New 

AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 
YES! Please send me the following items: 

Item How 
No. Mangt Deacrlption Pros Total 

Taal 
seeping 8 handing. we ship UPS teaess 

otherwise specified Add $3 ma 10% toter. 
Caned. n: $3 pun P 0. cost. Charge only 

Sean Tex IN J residents only. 
please add 6% of toter) 

ORDER TOTAL 

My check or money order is enclosed 
Charge my credit card 

Visa Master Card Amex 
Card No 

Exp Date 

Signature 

TMsphore: Arse Code Number 

Name 

Address 

City 

State 

MINIMUM 
ORDER 

$15. 
RE 26 

Zip 

,riff trae careo° repasts call 201-939-2710 

For all phone orders, cal /TOLL -FREE 800 -524 -0809. ln New Jersey, 201- 939 -2710. 
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"\Nhat's New at
AMERICAN DESIGN COMPONENTS?

" The Source " of the
electro -mechanical components
for the hobbyist.

PLUG-IN
POWER SUPPLY

12-digit keyboard
and joyst ick.
Origina lly used in
computer and
game s. Includes
coi l cord with
9 -pin connector.
Can also be used w ith Atari.
Dim. : 6 '14 "L x 2 Y. " W x 2% " H
Mfr - Coleco #78002
Item#70; 3 $9.95 New

75-KEY MECHANICAL
KEYBOARD - For Adam

For computer upgrade . ..
21 user-defined keys. SPSTme
chanical switches, 21 -pin ribbon
cable connection. General instruc
t ions for replacement of membrane
keyboards incl. Update computers
such as the Timex Sinclair Z8 1/1000
Dim .: 13 % "W x 1 34"H x 5 " 0 .

Item #6643M . $9.95 New

COMPUTER & GAME
CONTROLLERS
(Set of 4 )
- For Adam

-

For Adam -

2 1 user-def ined keys.
7 -pin connect ion .
ASCII B-bit serial out put .
Originally designed fo r theAdam,
Dim.: 15"W x2 Y, "H x SY, " D
ltem #6643 $19.95 .New

• of the 'ADAM '

- --. . "
~ ~7 '

ee- •

Logic board for the Adam com 
pute r. Includes the following
components :
8 ea. 4164-4s. 74LSl 57.

74LS541. LS273N
2 ea. LM3 3 9s, plus micro

processo rs with ROMs.
Mfr - Coleco
Item #7231 $9.95 RFE

Originally designed for the OUTPUT: + 5 VDC, .9A
Gavalin computer. - 5 VDC, .1A
• Cent ronics interface + 1 2 V D C , .3A
• 80 column width INPUT: 120 VAC/60 Hz., .2 5A
• Friction drive Ischematic incl.) Mfr - Coleco #5 54 16

Item #5223 $19.95 New .ltem #1B82 $6.95 ·New

PRINTER
MECHANISM

30.CFM
MINI
FANS

28VAC & 6 -12VDC
Low noise level. Can be mounted
f~ r C~OI~?~ or eXha~s~;
Dim .. 3 ' I sq. x 1 Yz deep
12VDC - Papst #8312
Item #70; 7 $12.95 New
28VAC - IMC Peewee'
Item #70 18 . $ 7 . 9 .5·New

COMPUTER ASCII
TAPE DRIVE (For Adam) 75-KE Y KEYBOARD

AI' .....-..
, w
l,t ;-
Serial format. Search BOIPS 
Read/ Write 201PS. 12Vmotor,
5V logic . B & 9 pin connec to r
cables . Originally designed for
the Adam.
Dim: 5"W x 3 ¥- "Hx 4 " deep
Item#6641 $9.95 New

SWITCHING
POWER SUPPLY

Input: 115/230VAC. 50/60Hz
Output: 12VDC @.17 amps

+ 24VDC @ 2.2 amps
+ 5VDC @ 3 amps

Dim.: 7 ~, ' " x 6 % "
Mlr - Astec #AA11101
Item #5353 $19,95 New

5 Yo rr DISK DRIVE
'I:z HT; 96 T.P.1.

,
'--

115 VAC/60 Hz.. 21W., 28A.,
3100 RPM; 5·blademodel, alu
minum housing . Can be mounted
for blow ing or exhaust.
Dim.: 4 11/' fi" Sq . x 1 % "deep.

Item #5345 $7.95 RFE
Wit h adjustable
speedcontrol $ 1 0.9!?

Tandon TM5 5- 4 DS/Quad
Item #1904 $79.50

2 f ~r $150.00

LINEAR DISK DRIVE
POWER SUPPLY

DCOutput: - 5V @ 200 mao
+ 5V @ 3 amps

+ 12V @ 2.9 amps
+ 18V (inductive) @ 1 amp

Input: 11 5V160 Hz. .
Chassis Dim: 11"Wx4"Hx8"D
Item #6642 $14.95 New

THERE'S NO RISK.
W ,tt ' I d t tl ll ') 0 d ,t " W oI' f, Hl t v

,..p .. II " " t l " ,.· I d fl tip re Tu rn e d tor

d ll .. r.. . : .... . , • ,r fil II I ,ed,I o r refund

W e warehouse 60,000
it ems at American Design

Components - expensive, often

hard-to-find c o m p o n e nts for sale

at a f racti o n of their original cost!
You'll find every part you

need - either brand nE;W, or

removed from equipment (RFE)

in excellent condition. But
quantities are limited. Order

from this ad, or visit our retail .
showroom and find exactly what

you need from t h e thousands of
items on display . 1-:-:::-:-:::-:-:::-::~~~~~t::-:-:-::=:-:--:::::-::-=-:"="":::"":";;~F7':';;"~"':""';"'::":'::"::"::':'::~---':':;;::';";';;:';="":"'::":'::":;";';';~

Open Mon. :- S~ . . 9 ...,5

»
Originally designed for use in Atari coin
op erat ed games . Contains 3-gun color
tube, foc us and bright nes s co ntrols. Re
quires external X-V inputs , 2 50-0-24V
transformer for power. May be used for
os cillosco pes , reprogrammed for game
use, or modified with the use of extern
al ve rtical and horizon tal osci llato rs to a
rast or sc an disp lay or TV monitor for
compute r use . (1 8 M co mpatible.) Trans
former supplied.

Item # 54 4 9 $129.00 New

TOY MOTOR KIT - For Robotics
Co nsists o f:
18 ass t. toy motors, fr om 1.5 V to 12 VD C.

Item #7229 $ 9 . 9 5 New

KITS
ROBOTICS KIT
(Springs, Belts , Pulleys & Gears)
Con sists of :

9 Timing Belts 17.5" to 13 ")
2 Roung Belts 112" to 15")

15 Nylon & Plastic
Spur & Drive Gears

22 Torsion Springs
6 Com pressio n Pulleys

, 9 Tension Springs
Item #5306 $14.95 New

$9.95 NewItem #5307

SWITCH KIT
35 Ass't . Switches
Co nsisting of 35 assorted : Dip , Toggle.
Slide, and Sensit ive Miniat ure and Sta ndard
Size Switches

RELAY KIT
15 Ass't , Relays
Cons ist ing of 15 asst'd . AC & DC Relays,
5V, 12V, 24V. & 115V. Alltypes. .

Item #5308 $9.95 New
Exp . Date

Total
Shipp ing & handl ing , w e ship UPS unless

ot herw ise specified. Add $ 3 plus 10 % total.
Canadian: $3 plus P.O. cost . Charge only .

Sales Tax (N.J. residents only,
please add 6% of totall

Signature

Telephone: Area Code

Name

Add ress

City

Stat e

Numbe r
-n
m
OJ
::0
C»
::0

Zip -<
co
CD
en
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SPARTAN Electronics, Inc. 
I hc (ltnmmnk itinn and F:ktin ' Sriunr 

(516) 499 -9500 

6094 Jericho Tpke. 
Commack. N.Y. 11725 

GENERAL INSTRUMENT Lcc 58 

58 Channel Remote Controller 

On oft tine tune 
Wireless -. _t- '+stalls in minutes 579.95 

HAYES Smartmodem 1200 

\OW 
S395.95 

CARROL TOUCH 232LT Line Tester 

S159.95 

12 DIAGONAL MONITOR 

.. Green 592.95¡ 
Amber . ̀  =_,. 

S97.95 

y PHILIPS REMOTE I CABLE CONVERTER 
S125.00 

au. tampon tectr.otr Otani errand IC oll r ; 
M eva Met b eneiri MMCW AM4iMwr i+-. 

Fweele A ed Whew llM MMr neM teweel tareMr nu 
-M1a Mama' tae desi tell ere -fW tMMrlr sow I NNW/ to Ow wwaer sr tw wow tyros wean wer 

RS232 TRANSMISSION LINE TESTER 

Fettures " - 

easy ns! ' - ' - .. - . 

Lines (TO RD RIS CIS DSR CU DIIi ,-- 
uSn9 LEDs to inflate status of etc+ 
D reedy powered try RS232 Lae no AC 

519.95 power needed 

WELLER Temperature Controlled 
Soldering Station P 

4 700F 
, 

kkin !.1b' 

S99.95 

SGL WABER DATAGARD 
Spike SI Noise Suppressor 

S39.95 a° ;' 
PROTECT YOUR COM- , 

PUTER WITH DATAGARD 

Dealers Welcome 
:,. =tot MC Ssa Are 0001w 510 depova 

Sn p9 ñ9 charges as foams 

Volume Discounts 
Call 

to 75 Co S2 L- 

76 
des subiect to 

76 00 to 250 CO 54 

a without no' '' ? 
501 rota 750 00 S8 

251 00 to 500 00 56 naive 
00 Extra 751 00 to 1000 00 512 

(516) 499 -9500 Store Hours Mon Fri 9 6 

TELEX 551427 SPARTAN Sat 9 30 S 

CIRCLE 75 ON FREE INFORMATION CARD 

ADVERTISING INDEX 
RADIO -ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 

Free Information Number Page 
117 \lou.rr 

268 A.I.S. Satellite 
. 22 - SRI 

HM A\1( Sales . 102 - STS 36 

76 Al' Product. 35 274 06 Industries s7 

Ad klart 32 28II ( /mnilrun 28 

Adtancrd F.kctrunics . 17 - Nacitic ('able 117 

1% Adtanced ('ompuler lruducts ..12í 11% Pacihc(Ine 23 

107 All Elect Milks 129 251 IMuicnis Institute of Iechnulrq;,c 95 

72 Amaring Iktices . . . 120 101 Pomona Electronics CV3 - \mrric:rn Iksi>;n ( punents . 137 275 Pettit Irciduci International 26 

77 Ba.Is Precision .. 33 285 Projector Recorder Kell . . . . 104 

283.9% Beckman Industrial .4.15 126,255 K \G F:kctronics. 5 30.31 

265 C d S Saks ..14 7% Kadin Shack 119 - C.O.\I.B. 29 70 Kant.rs 124 - CIF IB 264 Kct;tncs s0 

269.270 (.'alnro 1 nlrrpri.cs 
. 23.40 256 Saratoga F.hY'IrOnk's . . . . . . . . . . . . . . 34 

Command Productions . . . 102 276 Saucer tilt 
. 22 

79 C-unlltlunll iliun. Electronics 71 Solid State Sales . . 130 

277 Copper Electronics . 26 75 Spartan F Iectrunic. 11R 

127 Deco Industries . . 22.23 257 lektnmi. .. CV2 

259 Deltas I), namk 23 102 Trirrlunu.cKl 97 

95 Dick Smith Electronics . . . - .42,43 258 ( .S. Instrununt Rentals . . . . . . . . 41 

- Diehl F.nitinrcrin>; 64-67 267 \\attic'. 16 

- Diehl F.nginccrinY, 105-107 1111 55 tu It. \Ikn 120 

52 INXiIsrt 127 (.ernsbatk Publications, Int. - Digital Research Computers . . 130 200 Park Ave. South 
New York, NY 10003 57 DiXitron .I30 
1212) 7776400 

272 East l bast transistor Parts I 16 President: Larry Steckler 
Vice President: Cathy Steckler 

27% Electronic Silta%e Parts 109 

I211 F.kphanl Electronics 2? ADVERTISING SALES 212.777.6400 

279 Emcu 21 
Lam Steckler 

publisher 
111.260 

1110 

Flroni\ 95J111 

Fin.lik 11 

Arline Fishman 
acherlising ciwrdinator 

Shelli Weinman 
266 Fluke Manufacturing adyerti.ing asso 'ate 

Fordham Radio (\4, I t Lisa Slrassman 
credit manager 

2'1 (.race Induslrus 

l:ranlhani College of Engineering 

Donna Sala 
uedit asta late .93 

Ilahs Inslilulr 104 
Naomi Matters 

adst-riming assistant 
St, Heath - 44 

SALES OFFICES 
It l ompulrr lrainin>; 40 

h5 J \ 5% ... 126 EAST SOUTHEAST 

Stanley Leyilan 
261 11K Instruments I Eastern Sales Manager 
282 ..11/14 \licrndrsias 131 Radio- Electronics 

200 Park Ave. South 251. 113 JIIK \licrodrticrs ..... 132-131 New York, NY 10003 
251 262 JOR \ticnidrticrs 

. . 134-135 718 -428. 60.17, 212-777-6400 

263 JI)K \licroclrsicc-s 136 MIDWEST TetasrArk OklL 
114 Janxcu I" I Ralph Bergen 
124 \lalter Satellite Rec. Midwest Sales Manager .lana-. 

Radio -Electronics 
194 Jan ('nstah . . . 102 540 Frontage Road -Suite 339 

Joseph Elect 45 Northfield, II 60093 
312 -446.1444 s' Electronics 121 

la? \IF7 116 
PACIFIC COAST/ Mountain Slates 

Marvin Green 253 \lark S. Electronics . 12h Pacific Sales Manager - \Ic(:raw Hill Book (lui 47.101 Radio- Electronics 
15335 Morrison St. -Suite 227 273 kliere-\larl 11 Sherman Oaks, CA 91403 

71 Morning Distribuling 23 818-986-2001 

RS232 TRANSMISSION LINE TESTER

(516) 499·9500 Store Hours: Mon·Fri 9-6
TELEX: 551427 SPARTAN Sal. 9:30-5

Dealers Welcome
We accept MC . Visa. Amex . COD!VI 510 deposu)
Shlppmg charges as touows

. . . . 22

, .. 12-1

. . 50

.. . .. 3-1

. 27

. . . . .. 104

. . 5.30.3 1

119

.... 8

.. .... . 36

.. .. . . CV3

. .. 26

.. ... . . .. . . . . . . 113

Pomona Electr onics .

U.S. Instrument Rentals

Radio Shack

Print Produ cts International

. 130

... 138

.. . CV2

.. 97

.. -II

\\'awtek 16

Project or Recorde r Belt .

RAG Electroni cs .

Mouse r .

Tr'iu-K enwoud .

Tektronix .

i\'RI

NTS

OK Indu strie s . .

Wmll . Allen , , 120

Saucer Cit)'

Solid State Sales

Spartan Electronics

Ramsey .

Regenc y

Saratoga Electronic s .

Omnit ron . . ..28

Pacific Ca ble .... . I 17

Pacific One . . . . . 23

Phoenix Institute of 'Iechnology . . . . 95

118

101

275

285

126,255

256

PACIFIC COAST/ Mountain States

Marvin Green
Pacific Sales Manag e r
Radio-Ele ctron ics
'15335 Morriso n St.-Suite 227
Sherman Oa ks , CA 91403
818-986-2001

ADVERTISING SALES 212- 77 7-6400

Larr y Steckler
pub lisher

Arline Fishman
adve rt ising coord inator

She lli Weinman
adv ert ising associate

Lisa Strassman
credit man ager

Donn a Sala
credi t assoc iate

Naomi Mall en
adve rtising ass istant

276

MIDWESTfTexas/Arkansas/Okla.

Ralph Bergen
Midw es t Sales Manage r
Radi o-Electronics
540 Frontage Road- Suite 339
No rthfie ld , II. 60093
312-446-1444

257

SALES OFFICES

117

Gern sback Publication s, Inc.
200 Park Ave. South
New York, NY 10003
(212) 777 -6400
Preside nt ; Larry Steckle r
Vice Pre sident : Cath y Steckler

EAST/SOUTHEAST

Stanley Levitan
Easte rn Sales Ma nage r
Rad io-Electronics
200 Par k Ave. So uth
New Yo rk, NY 10003
718-428-6037, 212-777-6400

27-1

280

102

258

267

103

75

7-1

25-l

78

70

26-1

129

127

. 22

. . . 1-1

.. 18

. 23AO

.... 130

Page

. . . . . . 22

.. . . 95. 109

... 113

102

. 35

... 23

.. . 128

. . . . . -17. 101

.. . . 118

.. . 15

.. . ..... 131

. .. 132- 1.13

. . ... 1.1-1- 1.15

.... .... .. 120

.. . . . .. . . . . . 102

. . ..... . .. CV-I.13

. . , 2lJ

A.I.S . Satellite .

A;\IC Sales . . .

AI' Product s. .

All Electronics .

Amazing Devices .

Digitron . , .

Digi-K ej: . . .

Elephant Electronics.

Cameo Ent erprises .

C & S Sales

C.O.:\I. II. .

CIE . . . .

American Design Components 137

11& K Precision 33

Beckman Indu str ial. -1 .25

Digital Resear ch Computers 130

Command Productions 102

East Coas t Tran sistor Parts . . I 16

Electroni c Sa lvage Parts .... , .. , !09

Copper Electronics , , 26

Etrunix . .

Firestik II. .

Cumrnunica tlons Electroni cs . . . . J

Ad Mart . . . . 32

Advanced Electronic s . 17

Advanced Comp uter Produ cts . . 125

Fluke Manutacturtng 7

Deco Indu stries 22.23

Deltas Dynami c . . 23

Dick Smith Electronics .. -I2A3

Diehl Englneer tng 6-1-67

Diehl Englneertng , 105-107

Fordham Rad io

... 23

Emco 23

Gra ce Indu stries .

ICS Computer Trai nin g .

Halix Institute . . 10-1

Heath -1-1

.-10

Gr antham College of En~ineeri n~ . . . . 93

Mark Y. Electrnnics .

.lan Cr ystals . .

JDR Instruments

.lOR Mlcrodevices .

;\lcGraw Hill lIook Club .

Micro-Mart .

Morning Dist r ibuting .

.I & \\' " . . 126

Free Information Number

268

1118

76

265

77

283.98

269,270

272

79

277

127

259

106

107

72

271

57

82

266

95

278

120

279

111 .260

100

261

86

10-1

65

ADVERTISING INDEX

253

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear
in the index below.

273

71

Joseph Electronics , , -15

87 1\IC;\1 Electro nics 121

105 :\11'.1 116

263 JDR Microd e, ices . . 136

11-1 Jam eco . . " 122,12 3

12-1 Jam es "'titer Satellite Rec 23

282

2SI . 113 .lOR Micrudevices . .

251 262 JDR ;\Iicrndeyices

52 50
54 50
56 00
58 50

512 00

Green
$92.95

Amber
$97.95

to 7500
7600 to 250 00

251 00to 500 00
501 00to 750 00
751 00to 1000 00

PHILIPS REMOTE
CABLE CONVERTER

Volume Discounts
Call

• Monochrome display
• Composite video
• 80characters & 25lines
• 700line resolutionat center
• Non-glare CRT

Prices subject to
change without notice.
COD5200 Extra

• On/off fine tune
• Wireless
• Installs in minutes

Features: 'Male to Female connectorlor~
easy insertion into RS232 Line ' Test 7 d 4J'.
Lines (TO,RD , RTS, CIS, DSR, CD , DT R) ~
using LED 's to indicate status 01 each
' Directly powered byRS232 Line noAC $19 95
power needed. •

GENERAL INSTRUMENT lCC-58
58 Channel Remote Controller

9
$79.95~

SGL WADER DATAGARD
Spike &Noise Suppressor

,..-.::;~ Oatagard DG115S provides a
~~~... single-stage spi.ke li,lter anda

, ;:>''''''~ single-stage noisefilter to
. &",;. protect against moderate and

$39 95 ' . ~ catastrophic spikes and
• virtually allunwanted noise

PROTECT YOUR COM- interelerence coming through
PUTER WITH DATAGARD the wall outlet

CARROL TOUCH 232LT Line Tester
• 24hne accessibility ~
• TrueIn-state monitonnq , A
• Dual color Led s (red, green) "'"
• No battery required $159 95 ~
• Complete Accessories: •

Durable case. reference card , 2 "y" jumper cables , 6
straight jumper cables, 10- male to lemale RS232C exten
sion cable, and an operator's manual

WELLER Temperature Controlled
Soldering Station ~.-.:-_., ,. '~
• Control Ranges 600F, 700F. .,

B F ~

• Change temperature by~' ~' --
simply changing the heat
sensing tip

• Sale lor ICSoldering
• Storage Tray lor extra tips and tip $99 95

cleaning spongewith receptacle '
• Comes with \1;" screwdriver tip 700F.
• 3 wire4.5' long cord

,s- a
fJifjfi $125.00

• Micro computer techology • Quartz controlled Ie's lockIn picture &
prevent dntt • 60 channel selection . Programmable time on &
off • 24hour LEDdigital clock . Favoritechannelmemory & recallplus
scan . Wifelesshandheld "mna -red" transmitter system . Automatic
fine tune . Adaptable to any brandteleveon e One yearwarrantyser
vice

NEW 12" DIAGONAL MONITOR

0]

____ HAYES Smarlmodem 1200

~
. • Fullor Half Duplex

• 30a BPS or upto1200BPS
operation

• Auto Answer and Auto Dial
$395,95 • Connects directly to tete-

phone lines
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What Pomona knows about banana 
plugs and adapters would fill a book. 

For over 30 years the Pomona Electronics line of banana plugs, 
jacks and adapters has played a major role in our ability to stay on the 
leading edge of electronics test technology. 

Every year we add new banana plug products to make your life 
as a professional design engineer a little easier. And the complete 
line is listed in our 1986 General Catalog. O-4 

In our new book you'll find over 400 models that utilize or Z 
adapt banana plugs in some useful fashion: plugs, jacks, Cto Ç?+ 
binding posts, adapters, patch cords and cables, in standard O 
or miniature sizes. You name it and you'll probably find 
exactly what you need in our new catalog. 

Here's how to get your copy of our 1986 General 
Catalog: Just circle the reader service number ) 
below; call us at (714) 623 -3463; write us at -- 
Pomona Electronics, a division of ITT Corp- - 
oration, 1500 East Ninth Street, P.O. Box 0-1P----- 
2767, Pomona, California 91769. 

Our products are available 
,-- - *,*-- --777---._ 416, 

through your favorite electronics : -w ®' 
parts distributor. 

4000 soil 

_ 

1 PJG s I. 

ITT 
Pomona Electronics 

CIRCLE 101 ON FREE INFORMATION CARD 

ITT
Pomona Electronics

CIRCLE 101 ON FREE INFORMATION CARD
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SCOPE HAND -HELD DIGITAL 

CAPACITANCE and 
MUL11MEIERS 

0.5% DC Accuracy 
Highest Quality 
Highest Performance 
Lowest Prices 

Model DCM -602 
$6995 

3'/2 Digit Capacitance Meter 
8 ranges with lull scale values to 2000 uF 
FEATURES Broad test range - 1 pF to 
2000 uF LSI circuit provides high 
reliability and durability Lower power 
consumption Crystal tune base 
. Protected trom charged capacitors 

Freq;:ency range - 800 Hz to 8 Hz 

Model DVM -634 
$4875 
7 functions, 32 ranges. 
Transistor measurement 
included. 

31/2 Digit Multimeters 
FEATURES DC Voltage 100 uV - 1000 V AC Voltage 100 uV - 750 V AC /DC Current 
200 uA - 10 Amps Resistance 20 Megohms Capacitance (DVM 636/638) 1 pF 20 uF 

Overload Protection Auto-decimal LCD readout Polarity indication .3000 hour 
battery lice with 9V transistor battery Low battery indication 

Model DVM -638 

$7995 
11 functions, 38 ranges. 
Includes logic level detector, 
audible visual continuity, 
capacitance and conductance 
measurement 

Model DVM -636 

$6275 
8 functions, 37 ranges. 
Capacitance measurement 
included. 

ASK FOR FREE CATALOG. 
Money orders. checks accepted. C.O.D.'s require 25% deposit. 

Toll Free F ordhani 800- 645 -9518 
260 Motor Parkway, Hauppauge, NY 11788 In NY State 800 -832-1446 

Service L Shipping Charge Schedule 
Continental U S A. 

FOR ORDERS ADO 
S25 $100 5.50 
5101 $250 5600 
S251-500 S800 
S501 750 S1050 
5751.1000 5,250 
S1.001-1500 51650 
St 501 2000 52000 
12 001 and UP 52500 

Model DVM·636

$6275
8 funct ions, 37 ranges.
Capacitance measurement
included.

11 funct ions, 38 ranges.
Includes logic level detector,
audible visual continuity,
capacitance and conductance
measurement.

Model DVM·638

$7995

SCOPE HAND-HELD DIGITAL

CAPACITANCE and
.MULTIMETERS
.0.5% DC Accuracy
• Highest Quality
• Highest Performance
• Lowest Prices

7 functions, 32 ranges.
Transistor measurement
included.

Model DVM·634

$4875

3112 Digit Multimeters
FEATURES. DC Voltage 100 uV - 1000 V • AC Voltage 100 uV - 750 V • AC/ DC Current
200 uA - 10 Amps . Resistance 20 Megohms . Capacitance (DVM 636/638) 1pF - 20 uF
• Overload Protection . Auto-dec imal LCD readout . Polarity indication . 3000 hour
battery life with 9V transistor battery . Low battery indication

Model DCM·602

$6995

-r

3112 Digit Capacitance Meter
8 ranges with full scale values to 2000 uF
FEATURES. Broad test range - 1 pF to
2000 uF • LSI circuit provides high
reliabili ty and durab ility . Lower power
consumption . Crystal time base
• Protected lr0m charged.capacitors
• Frequency.range - 800 Hz to 8 Hz

t.

ADD
, . 5450
.. 56 00

58.00
. 51050

... 51 2.50
.. .. .. . . 51 6.50

. " , 520.00
52500

Service & Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS
52 5·5 100 .
5101 -5250
525 1-500
550 1-750
5751-1,000 ..
51,001 -1500 .
51,50 1-2000 .
52.001 and Up "

ASK FOR FREE CATALOG.
Money orders, checks accepted. C.O.Do's requ ire 25% deposit.

Ford am BOO+t5.9518
260 Motor Parkway, Hau'pp~~d~;/NY 1178!il InNY State 800-832-1446 l.-- -l...
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