— HOW TO SERVICE
a I — COMPACT-DISC PLAYERS
$1.95 NOV. 1985

IN CANADA §2 50

-
5

ECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE
BUILD R-E’s VIDEO TITLER

| [ =
-LECTROMAGNETIC |kt
NTERFERENCE i -

ALL ABOUT AUDIO |
>OMPANDERS I —

REMOTE CONTROL - ’/ RERNSEAGK

&

BUILD THIS PULSE
' GENERATOR
DIGITAL IC’s

PLUS:
Y Compurerdicest * Equipment Reports

% State-Of-Solid-State * Robotics
* Designer's Notebook.



www.americanradiohistory.com

2200 SERIES

B

PORTABLE OSCILLOSCOPES

THE ANSWER

BY ANY MEASURE

You can’t judge a scope
by its cover.

When you look at our simplified.
practical internal desi you
see why the Tek 2200

delivers unparalleled hi
performance and reliability in
the field. You get qualily that's
unmistakably Tektronix In scopes
s0 advanced, they cost you less
to buy and own.

Through an innovative new con-

cept in scope design we reduced
the number of mechanical parts
by 65%. Reduced cabling by
90%. Virtually eliminated board
electrical connectors. And elimi-
nated the need for a cooling fan,
The result: a scope with
designed-in simplicity that
increases reliability as it cuts
downtime and repair costs. All of
which means outstanding value in

acompact, lightweight package
that your service technicians will
appreciate.

Plus. you get a selection of per-
formance to precisely match your
needs. There are the 60 MHz
single time base delay 2213A at
$1275" and the 60 MHz dual
time base 2215A at $1525: And at
100 MHz, the dual time base
2235 at $1750" and the 2236
with an integrated counter/timer/
multimeter at $2650°

The industry’s first three- ﬁr
warrantyt is testmk)nx to
Series ndability. Adding
value to value are a variety
of optional service plans that can
economically extend this cover-
age to five years.

Consider what you're paying

‘Prices F-OB. Baaverton,

+3-yenr warranly inciuted CRT and apphes to 2200

farml a‘mloscopm putchased atter 171783 Scopes
listed, CSA ard VDE approved

Copynghteim Teddronix, Inc Al nghits reserved. TTA-517.1

Prces tubmct 1o change

WWwWwW americanradiohistorv comm

now in downltime, in service, in

back-u.ip scopes, On the bottom

line, a Tek 2200 Series scope will

save you money, lime and trouble

now and in the years to come.
Contact your Tek Sales

Engineer for a demo today. Or

call 1-800-426-2200, Ext. 201.

In Oregon, call collect:

(503) 627-9000, Ext. 201
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Vol. 56 No. 11
BUILD THIS 45 VIDEO TITLER RADIO
Now you can spice up your home video 98 COMMUNICATIONS
productions by superimposing characters and CORNER
graphics onto video signals. Jack Flack Communications in the

57 VERSATILE PULSE GENERATOR computer age.

You ¢an build this full-featured pulse Herb Friedman
generator for your electronics workbench.
Joseph Gianelli 102 ANTIQUE RADIOS

77 PC SERVICE Tubes aren’t always ea.syhto
Use the direct-etch foil patterns to make your come by. Richard D. Fitc
own Pc boards! VIDEO

TECHNOLOGY 10 SATELLITE TV 6 VIDEO NEWS
Trends in TVRO ownership. Bob Cooper, Ir. A review of_ the fast-

60 REPAIRING COMPACT DISC PLAYERS char_1 ing video scene.
Compact-disc players have their own set of David Lachenbruch
unique problems to be serviced. lohn D. Lenk 106 SERVICE CLINIC
Electric shock isn't always damaging; it can generator. Jack Darr
sometimes save your life! Ray Fish, Ph.D, M.D.

80 GLOSSARY OF COMMONLY USED SATELLITE- 107  SERVICE QUESTIONS
TV TERMS Answers to your service
A guide to TVRO jargon. Questions.

Ultrasonic eyes. Mark |. Robillard

= Following COMPUTER DIGEST

CIRCUITS AND 8 NEW IDEAS paze 106 RAM-disks, modems, and
COMPONENTS Commodore cassette interface. more!
50 ELECTROMAGNETIC INTERFERENCE =
A look at some of the causes of EMI and at EQUIPMENT
; : : 3 REPORTS
some ways to fight it. Michael F. Violette
64 A VERSATILE REMOTE CONTROLLER 24 Canon Typestar 6
Part 2. Two IC’s make it easy to build a 256- 30 Fluke 80TK Thermocouple
function remote control. |. Daniel Gifford Converter
67 ALL ABOUT AUDIO COMPANDING
How companders work, and how they can DEPARTMENTS

improve your hi-fi system. Tom Pask

138 Advertising and Sales Offices
75 DESIGNING WITH DIGITAL 1C’s 308 an Ice

Part 7. All about counters. Joseph Carr 138 Advertising Index

84 DESIGNER’S NOTEBOOK 139 Free Information Card
A keyboard encoder promised months ago in 15 1L
the Drawing Board. Robert Grossblati ElIELs

92 DRAWING BOARD 114 Market Center

Hexadecimal display circuits. Robert Grossblatt

94 STATE OF SOLID STATE -
Surface-mount technology. Robert F. Scoit 4 What'’s News

38 New Products
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RADIC-ELECTRONICS

COVER 1

The video titler shown on our cover is
not just a standard video titler. This one
lets you superimpose characters and
graphics directly on a video image. Any
other titler on the market will let you add characters—but at the
expense of the videoimage. The screen shown on the Zenith C1£2562
25-inch monitor is an actual photograph. The letters and the R-E logo
were superimposed onto the image from a Magnavox Lolite video
camera.

If you want to add more than just titles to your videotapes, you can
use your IBM PC, TR5-80 Color Computer, Apple Il, or Commodore
64 to access the titler’s video-image generator. That will allow you to
superimpose complex graphics or even real-time animation over an
external signal. For more on this exciting build-it-yourself project,
turn to page 45,

NEXT MONTH

THE DECEMBER ISSUE IS

ON SALE NOVEMBER 5

WHAT'S NEW IN IC TECHNOLOGY
Two special articles look at the year’s advances in both
analog and digital 1C’s.

BUILD A VIDEO TITLER
We continue with details on the citcuit and con-
struction.

BUILD A HOME SECURITY SYSTEM
It works like an expensive commercial system, but it’s
easy-to-build and it’s inexpensive.

HOW TO DESIGN WITH DIGITAL IC's
All about digital counters.

.
A% W 3brvice 10 ebders. Radio-EMCOMCS publishes svaiiatte plans of miomatan nhalng B rawworttny products, WCHhgLes
and scientihc and lechnolog:a onls. Bacause O pOSSHIDIe varances i the quality and conditon Of metenais and
workmaniig used by neaders 5 disclams any responsbiity for the 5ol and proper 1 of re aced.bul
PrOJects based upon of from plans Of kfmabon Publshed n thee magarine

Since soma of the equipment and cicuiry described In RADIO-ELECTRONICS relaie bo of be covered by US patent
RADIO-ELECTRONICS disciioms sny kability or the infnngemaent of such wmt:\;{ T making. usang. of sellb:’lng ol any m;!
SqUIPMEN OF CHCUATY, and Suggasts Thal anyOne imterested 1 sudh RIS consult 8 palent atlorney
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NEW!
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Scanners

Communlcstions Electronlcs:
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! Regency? MX7000-K
List price $699.95/CE price $428.00/SPECIAL
10-8and, 20 Channal® Cryatailass ® AC/DC
Freﬂwncz'rance'i’s-sso MHL continuous coverage
and 800 MMz (o 1.2 GMz. continuous ¢overage
In addition 1o normal acanner listening. the
MXT7000 ofters CB, VHF. and UHF TV audia, FM
Broadcast, all aircralt bands (civil and military),
800 MHZ communications. cellular telechone,
and when connected toa printer or CRT, satellite
weather Dictures.

NEW! Regency® MX5000-K

List price $599.95/CE prics $329.00/SPECIAL
Muit-Band, 20 Channai & No-crystalsCannar
Bearch 8 Lockout ® Priorily » AC/DC
Sefectabta A-FM modes * LCD dispiay
World'a ffrat continuous coveraga scannar
Frequency mnge 25-550 MHLZ contnuous coveraje
Nevear hefore have 3o many features come in
suich a small package. Tha Regency MXS000
mabile or home scanner has continuous covar-
age lIrom 25 to 550 MH2, Thal means yOu can
hedr CB, Television audio, FM broadcas! sta-
tions, all aircralt bands including mililary and
the normal scanner banda, all on your choice of
20 programmable channels.

NEW! Regency® MX4000-K

List price $629.95/CE price $200.00/5PECIAL
Multi-Band, 20 Channe! # No-cryatalsCannar
SearCh 8 Lockout # Priority » AC/DC
Sajectable AM-FM modes » LCD diapiay
Banda 30-50, 1 18-136 144-174, 440-512, 800-950 MHL
The Regency MX4000 le gives coverage in the
standard VHF and UHF ringes with the impor-
tant addition of the 800 MHE and aircraft bands.
It f@ajures keyboard entry, multifunction liguid
crystal diaplay and vanable searchincrements.

NEW! Regency® Z60-K

Lt price $379.95/CE price $218.00/5PECIAL
9-8antd, 80 Channei 8 No-crysia! scanner
Bands 30-50. 88-108, 118-134 144-174, 440-512 MHEZ
Caover your choicd of over 15,000 freQuencies
on 60 channels at the touch of your finger.

Regency
AH250

NEW! JIL SX-400-K

List pfice $799.95/CE price $469.00/SPECIAL
MuitE 20 Channal ® No-crysiatBcanner
Sesrch ¢ Lockout ® Priority » AC/DC
FrdQuancy range: 28-520 MHz conlinvous coverage
With 0otionally equipped RF conve: s SOKHE-3 7 GHz
The JIL 5X-400 synihesized scanner i designed for
commaercial and Profassions] monhor usecs that de-
mand fantures not found in ordinery scanners. The SX-
400 will cover from 150 KHe to 3.7 GHz, with RF
convarters. Crdar the foliowing RF converiers [Or yOur
S¥-400 scanner. RF-1030-K 81 525900 each 10t
frequency range 150 KHZ « 30 MHZ USP, LSB. CW and
AM LW iter required tor CW signal reception), AF-
5080+ K at $180.00 each tor 500-800 MHZ,; RF-8014-X
a8t $195.00 each tor 800 MHZ.-1.4 GHz, Bs sure 10
ais0 Ofder ACB-300-K at $96 00 each which is an
BNLONNE CONrol DX [or CONNSCHoN Of the AF Converters
The RC-4000-K dats interface at $259.00 each gives
you control of 1he SX-400 scanner and RF converiars
through & computer. Add $3.00 shippwng for each RF
converter. dals interace OF snlennn COntrol Box. If you
nooad turlhr indormation on the JIL scannérs. Conlact
JIL directly at 213-G28-6727 or writa JIL st 17120
Edwards Road. Cerntos. Caldornas 90701 US A

SPECIAL! JIL SX-200-K

List price $499 95/CE spaclal price $159.00
Mutl-Band-18 Channel® No-Crystal Becanner
Feequency raape 24-88. 108- 120, 180-378 MM:
Tha JiL SX-200 acanner tunes military, F.B.L, Space
Satathtes. Fotice and Fire. Drug Entorcement AQencies.
Delanse Dapartment. Mronlmlcal AM band. Aerc
Navigation Band. Fisn & Gams, gralion, Py o
Amateur Aadhe, Justice Oamnmenl. State Department.
plus Other Thousands of MO Irequencies most Othar
scanners can'l pick wp The 5X-200 has ssisciable
AMFM recetver orcuith, ir-swhch squeich settings «
signal, sudko and sgnal & audio, cutboard AC power
suppty - DC ar 12 volla Duitt-#, Quariz ciock - brght
YBCUum Hluetescent blue resdouts and dimmer, dusl
laval search spaeds. irklevel pcan deiay switchen, 18
mamacy Channels In Two chinneis banks, receive fine
tuna (RIT £ 2MHZ, dualtevel FEF gain pethngs — 20 db
pad. AGC 1ast points for Optiona sgynal 31rendth meters.

Regency® HX1000-K

List price $323.95/CE price $209.00
O-Band, 30 Channwe! ® No Crystal scanner
Sanrch 8 Lockout # Priority & Bcan daiay
sidsiiit Hiquid crysial dispiay s Digital Clock
Fraquency range: 30-50, T44-174, 440-512 MHE
The new handheld Regency HX1000 scanner s hul
keyboard programmable lor the ultimate inversati
WOU can scan up bo 30 channels at 1he same time,
n you activate tha priority cantrol, you automat.
ically overnde all othercalls to lislen to yourlavarts
frequency. The LCO display g even sidaiit for night
use. Order MA-258-X rapd charge drop-in battary
chaf@er tor $79.00 plus 53.00 shipping/handiing
Includes wail Charger. carrying case, belt <lip,
flexitle anlenna and micad battery. Order now.

NEW! Bearcat® 100XL-K

List price $349.95/CE price $229.00
P=Rend, 18 Channsei ¢ Priority ® Bcan Delay
Search ¢ Limir » Hold * Lochout ¢ AC/DC
Frequency renge: 10-50, F18-174, 808-582 MMy
The workS e lirat no-crystal handheld 3cannar now has
8 LCD channed disgla¥ with Gacklight for low kghl use
and sircraft band coverbg® 8l thasame kow price. Size ia
18" x TW™ 1 2% The Bearcat 100EL has wde iréquency
coverale that inciudes all Public sarce bands ILow,
High. UHF and =T bandsh the &M sircralt bang, the 2-
mater and 7O cm amaleur bands pivs mititary and
1ecteral government Iréquanceed. Wow._. what 2 scanned
Inciuded in our low CE price 18 sturdy carfing case.
earbnone. baltery charger/AC sdapier. six AA ni-cad
battenesand lleablafintenna Sroar your sCann#r now.

NEW! Regency® HX2000-K
Ths World's First 300 MMz, Handhaild Sceannar
List price $569.95/CE price $359.00

¥-Band. 20 Channai # No-cryatal scannsr
Priority control ® Samrch/Scan ® AC/DC
Bidalli liquiderysiel dispiay ®* Memory bachup
Bands 118-135. 144-174, 440-512, 800-950 MHL
The HX2000 scanner operates on 120V AC or 6 YDC.
Scans 15 channels per second Size 3“ & 7° = 1W.”
inciudes wall charger, carmying case, bait cip, ieaiie
antenna snd nicad batienes. Selecrabie AN/FM modes.

MX 4000
HX2000
MX7000

CIRCLE 79 ON FREE INFORMATION CARD
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NEW! Bearcat® 800XLT-K

List price 5490 95/CE price $329.00
12-Band, 40 Channet # Nocf¥alai acannar
Priority conirel ® Besrch/Bcan ®* AC/DC
Bands: 29-54, T18-174, 406-512, 806912 MHZ
The Unlden 800 XL T raceves 40 channals n two banks
Scans 15 channels per second Size 9% x4W™ x 12%.

OTHER RADIOB AND ACCESSORIES

Penetonic AF-2800-K Shortwave recave:. .$179.00
Penstonkc AF- B300- K Shottwive receive: . $195.00
ADOS- K Unider Remole mount Ader Deleciorn. .. - $139.00
ADSS-K Uniden Visot mouni Hld.lr Derector $119.00
BC 20/20-K B 40 $274.00
€C 210XW-K D sccat 20 channel scsnner $219.00
BC-Wi-K Searcar Weather Alect”™. 534 00
DX1000- ) Sua:caf Shortwave (BCONar $459 00
PC22-K Uniden remole mount OB transcerver ... $90.00
PCSS-K Linnden mobile mount CH trlinscerver 550 00
Z10-K Regeacy 10 channal scanner $13900
Z30-K Regency 30 channgl scanner 518400
Z45-K Regency 45 channe! scannes $179.00
RI1080-K Regency 10 Charinel Beianes . . 598 05
M AIOOC. K Regency 30 chinnal BCErng: $189.00
C400-K RegEncy 4 chancl BCAnnSr_ £89.00
R108-K Asgency 10 channel scannes $99.00
nu:soa-xmomcr 10 chanael YHE ranscaives ... $329.00
RUL 30BN Aegancy 10 channel UHF ranscemer . 544200
APHA 10-K 10 ch, handhesd no-Cryata icansCrver .. $390.00
BC10-K Battery charger for Regency RPH410.. ... 5TD.00
MAZSS-K DrOfrin charger for KX 1000 scanner $79.95
MA257-K Cigarena sgrier cord ror HX1000 $19.95
MAR17-K Nr-Cad batrery pach for HX 1000 $24.98
EC10-K Programmung 1ood 1ol Regency RPHA10 .. $20.00
SMAHIS0-K Servce man. kv Arpescy RH250. . 520 00
SMRAU1 30-K Service man. 1of Regency RU1S0. ... $20.00
SMAPHA 10-K 0ol mun 1or AS00ney APH410 . . 520,00
S 7000-K 3vc man 1or M XT0D0 & MXB000 . .. $20 00
SMMXEIO0D- K Servce man [0f Regency MXI000. .. $2000
B-4-K 1.2 ¥ AAA NFCad batteres (sat of four . 59.00
A-138C-K Coystal certicale . -$2.00
FB-E:K Frequency Directory for Esstern U.S.a .. $12.00
FB-W-K Frequency Quectofy 10f Westem U S.A .. 512,00
T8G-K “Top Secrel” Regustry of U S Govt, Frea... 31500
TIC-K Techniues 1of Intercepting Comm $18.00
ARF.K Aaroad freQuency diractory $10.00
CIE-K Coverl Inteiigency. Elsct Eavasdropeng . . $18.00
ABO-K Megngl mount mobde scanne: nienns 53500
ATO-K Bazs stathoh sCenner #ntannd $15.00
USAMM-K Mag mount VHF/UHF ant w/ 12" cabie. . 339 95
USAK-K % hole mount VHF/UHF nt w/ 17 cabie B35 93
USATLM-K Trunk hp mount VHF/UHF snenna $35.95

Add $3.00 mmraulacasmuotwwﬂlmﬁmm
Add 'I? 00 ship g Par Shortwave récHiver.
Add $7 O skpping per scannes and 300 pav eenng

BUY WITMH CONFIDENCE

To ge! the teelest delivery from CE of any scanner,
sang OF your order diractly to our Scanner
Distribution Cen1®, MICHQS n residents Divase sdd 4%
sales lax of supply your 18s LD. number. Worten pur-
chase Orders ars SCcaptid [+om approved government
#Janth s and most well reled Hrms af 3 10% surcharge
for net 10 billing. All sales are subject 15 svailability.
acceplanca gnd venhcalion Al sales oh accesacnes
are {inaL Prices. terma and spoctications are subjecl 1o
change withoul notice All prces are inU S doliam Out
of stock temawill ba placed on backorder sutomaticaty
unigss CE is instructed diftecrentiy, A $5.00 additonal
randliing 1oe will be Charged for atl orders with &
merchandise 1018t under $80 00. Shipmeants are FO B
Ann Arbor, Michgan No COD'a. Most products that we
et hEve § MENUTECIUIErS wartanty. Free copwes of
WRITANLES ON these Ploducts 418 Svailabie prior fo
purchase by wniing to CE. Non-cerhified checky require
bank clesrance,

Mail orders to: Communications Electron
s, Box 1045, Ann Arbor, Michigan 48106
U.S.A Add $7.00 per scanner for U.P.S. ground
shipping 8nd handling In the continental U.S. A
For Canada, Puerto Rico. Hawail, Alaska or
APQ/FPO delivery, shipping charges are Ihree
times continental U.5. rates. If yOu have a Viea
or Master Card, you may call and place &credit
card order. Order toli-free in the U.S Dial
B800-USA-SCAN. In Canada. ordet tolkirée by
caliing 800-221-3475. Telax CE anytime. dial
B810-223-2422. ! you are outside the U.S. orin
Michigan dial 313-973-8888, Order today.
Scanner Distnbulion Centwr™ and CE 10990 are Irade-
marks of Commurucations Elecironics inc
{ Baarcar B8 rvguiered trademark of Unaden Corporation,
1 Reguncy I & lecarey regeiered trpdermark of Regency
Elpctromcs Ine AD # Q30385 K
Copyright & 1985 Communications Elscironics

For creditcard orders call

1-800-USA-SCAN

8 COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.O. Box 1045 D Ann Arbor, Mithigan 481061045 ULS A
CsHBOO-USA-SCAN oroutalde U-5.A.313-973-8888
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WHAT’S NEWS

World's biggest laser is six stories high

RN 4

h.—"'-% -
i AR

s

TARGET CHAMBER OF NOVA, WORLD’S LARGEST LASER. The 16-fool-diameler evacuated
sphiere is shown with some of the lens systems that focus laser beams on awnall pellet at its cenler
to produce fusion reactions. The size of the equipment may be judged from the two technicians
working on it. The spaceframe holding it and its associaled equipment is six stories high. The
immediate use of Nova is as a laboratory (ool loe studying weapons physics. In the long lerm it is
hoped that il will be a tool to help scientists to develop nuclear fusion as a saie, economical, and

inexhaustible source of power.

Nova, the world’s largest laser,
was dedicated this past spring at
the Lawrence Livermore Laborato-
ry of the University of California. It
will be used as a laboratory tool for
studying nuclear physics, and for
experiments intended to help sci-
entists in their long-term quest for
practical nuclear fusion.

Housed in a four-room build-
ing—one room is more than 200
feet long and another is six stories
high—it is not only the world’s big-

est laser, but also the world’s
argest optical instrument, with
more than 300 square meters of
optical surfaces.

Nova uses a fantastically power-

ful capacitor bank to store 40 mil-
lion joules of electrical energy at
20,000 volts to operate almost
6,000 xenon flashlamps. When the
laser is fired, it produces a pulse of
infrared light that is divided into
ten pulses that are passed through
150 laser amplifiers toward the tar-
get. Those amplifiers—neo-
dymium glass rods and discs—
release their energy as the laser
pulses pass through them.

Large mirrors steer the ten pulses
toward the target vacuum cham-
ber, a 16-foot diameter hollow alu-
minum sphere containing a fuel
pellet. When the combined pulse
is focused on it, for 30 to 50 tril-
lionths of a second the pellet is
subjected to a force 200 times
greater than the power produced
by the entire electrical generating
capacity of the United States.

The high intensity laser pulses
heat the fuel pellet, causing its
outer shell to boil off and rocket
outward. The reaction drives the
remaining pellet wall inward, com-
pressing the center of the pellet to
a density and temperature com-
parable to that of the center of the
sun.

Nova will thus be able to pro-
duce conditions under which
atomic fusion can take place. That
can provide more light on the the-
ories of what is called inertial con-
finement fusion, and may be a
step toward a practical technology
for producing power from nuclear
fusion.

Ford and JBL
unite to make auto sound

IBL inc. and the Electrical and
£lectronics Division of Ford Motor
Co. have launched a five-year pro-
gram to develop high-perfor-

mance automotive sound systems
for Ford's cars and light trucks. De-
tails of the program have been
agreed on and engineers are al-
ready at work on the first phases of
the plan, said a Ford spokesman.

WWWwWwW americanradiohistorv comm

According to a recent survey by
Bitiboard Magazine, IBL is the
leading supplier of professional
loudspeakers to North American
recording studios and to interna-
tional concert touring groups. R-E
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New and Used Electronic Test EQuipment

—— Sales ® Service m Rental ® Leasing

HITACH!  V1100A DC to 100 MHz Portable Readout Oscilloscope

FEATURES

® Character display of set-upinformation on CRT (VOLTS/DIV. TIME/DIV.
CAL or UNCAL. Delay Time. Trigger source, olc.)

® Cursor read-out function ehminates conventional calcuiation pro-
ceedures (V, AV. AV, AT, 1/AT. AT, Dhase).

® Dwgital measuring tunction displays. DC vollage. AC voltage. and Fre-

L ]

Quency.
Comment diaplay function allows user's commentsio be displayed on

the CRT such as daie and measurement data Excellent for Dholo
documentation.

® 4 channet. 8 trace. DC 16 1 00 MHz, High 3&nsitivity 1 m/Div, Dalayed
sweesp. Full TV triggerning. Allemate triggering

List Price $2,490.00 Sale Price $2,25000
@HITACH!  y-209 BC to 20 MHz Mini-Portable Dual-Trace Oscilloscope

® A three-way power supply takes the ¥-209 anywhers, anytime for
speedy field measurements.

® High sensilivity (1mVv/div at 10MHz) and fast sweep times(50ns/-
div} make the ¥-209 a valuable toolin R&D as well 88 servicingina
witde variety of applications mncluding computers and video equip-
meént.

® A Bulit-In TV sync separation circult with easlly selectable TV-v
and Ty-H modes ensures stable observation of both vertical and
horizontal TV signal waveforms.

® An auto focus featureé maintaing constant trace without the

necessity of troublasome manual focus adjustiments.

The V-209 is just what it claims to be—a powerful field service tool

in a compact. lightweight package.

List Price $945.00 Sale Price $70800

@ HITACH!  Pportable Oscilloscopes

MODEL v-212 $461.00
DC 1o 20 MH2, 1 mV/div, Duat Trace. Features 6 Rectangular CRT (w/two
X10 probes).

MODEL V-422 5694.00

DC to 40 MHZ, 1 mVW/div, Dual Trace. D.C. offset for DMM Qutput. Veriicle
Mode Trigger 8" CRT (w/two X10 probes)

MOUEL V-1050F $1,276.00

DC to 100 MHZ, .5 mV/div, Quad Trace. Delayed Swoeep. Full TV Triggering.
Altermate time base (w/lwo X10 probaes).

Mode) ¥-422 shown

Full 2 year parts 8nd {abor warranl:es oft 1he BDOvé SCOpES.
CIRCLE 126 ON FREE INFORMATION CARD

HITACHI GSA CONTRACT NUMBER G300557322

caLL us Tow Frse S Y
1 _800_732_3457 ® hioney Ordec 525,00 to $600.00 . 850
® Check E $501.00 1 $7560.00, .. $B.50

IN CALIFORNIA TOLL FREE 3751.00 10 51000, .. 112480
1.800_272_4225 ovar 3100000 . . 31500

Prices subject to change withou! nofice.
RAG ELECTRONICS, INC./ 21418 Parthenia Street/ Canoga Park, CA91304 / 1-818-998-6500

. [EmmE [E5E =Polaroid
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VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

¢ RCA’'s Preview. RCA gave the industry an
advance peek at two of its "products of the future”
recently at its laboratories in Princeton. The first
product, to be introduced “as soon as possible,” 18
a horme satellite receiver compenent for the
company’s Dimensia audio-video system. The
receiver can pick up both C- and Ku-band signals,
and has a built-in descrambler designed for the
M/A-Com encoding system adopted by HBO and
Cinemax.

The other “product of the future” is a digital TV
set, built around three basgic IC's, containing its
own frame memory. The receiver converts the
incoming standard interlaced signal, with 60
262.5-1ine fields per second, to a progressive-scan
non-interiaced one with 80 complete 828-line
frames per second. The resulting picture showed
no line structure or jitter. RCA said that a
consumer-priced frame memory would need to be
developed before the set could be marketed, but,
that one wouldn't be available until about 1990.

¢ "High Quality" VHS, The VHS group has
decided not to follow Beta's lead in developing
"super VCR's” with high-band color—at least not
at this time—because of compatibility problems.
Instead, VHS manufacturers are introducing an
improvement cailled “High Quality,” which uses
slgnal processing to enhance the picture without
sacrificing compatibility. Among the picture
enhancements are a system called “video-noise
reduction,” which uses recursive comb filtering,
and an increase in white clip level, which results
in sharper lmage edges. JVC, which is given
credit for developing the improvements, probably
will feature them first, but they're expected to be
used eventually by all members of the VHS camp.

¢ YCR's to be Made Here. Matsushita, the
world's largest manufacturer of YCR's, has
become the first company to announces the
establishment of a factory to manufacture
videocassette recorders in the United States.
Sanyc has since followed, saying that it would
also set up a YCR plant here. Hitachi, Toshiba,
Sharp, and Sony have also said that they are
looking into setting up plants here. Matsushita's

anncuncement came as the Japanese scught to
relleve the top-heavy imbalance of trade with the
United States. VCR's now constitute Japan’s
biggest electronics export to the U8.—worth
more than $3.3 billion last year. No consumer
VCR's currently are made in this country; all are
imported, largely from Japan, with Korea
recently getting into the act. The new Japanese-
owned VCR plants here are expetted to be little
more than assembly operations at first; more
complete manufacturing operations will come
later as U.8.-made parts and components become
available.

Meanwhile, Philips has announced that it is
sstting up a joint venture with a Korean firm to
manufacture NTSC YCR's in Korea. They will be
sold domestically in Korea and exported to
countries that use the NTSC standard, including
the US. Philips U.8. afMliate, North American
Philips, currently uys VCR's exclusively from
Matsushita for its three brands—Magnavox,
Sylvania, and Philco. The new Video Corporation
of Korea, owned by Philips (70%) and Dongwon
Electronics (30%) is scheduled to start up about
a year from now and sventually supply VCR'e for
North American Philips' three U.3. brands.

¢ Video Vignettes. A portable projection TV
system with bullt-in VHS recorder, audio cassette
player, and PA gystem has been introduced by
Display Sciences Inc., New York, at $3,995.

Mitsubishi has now introduced the filrst model
with a 38-inch direct-view picture tube (Radio-
Flectronics, March 1985) and priced it at a
suggested list of $3,200.

Videocassette players—that 18, playback-only
devices—aeem like a good idea in view of the
success of prerecorded softwars, and they're
already being offered by such companies as
Emerson, GE, Daewoo, Gold Star, Lloyd's,
Magnavox, Quasar, and Panasonic. But few of
those companies expect them to be very popular,
except for the rental market. The reason: There's
very little saving in sliminating the record
funection, thus the YCP’s cost about the same a8
low-priced YCR’s by the time they reach the
marketplace. R-E
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More quali
accessories for

more DMMs

thananyone else
inthe world.

Fluke has over thirty ways to expand
the horizons of your DMM — even if your
existing DMM is made by someone else.

Take our new, low-priced 80i-400 cus-
rent clamp, for example. It's one of five
different accessories offered by Fluke to
let you take safer, more accurate current
measurements in high energy circuits.

Or consider our universal temperature
accessories. They convert your DMM
into a thermometer for air, surface, and
non-corrosive liquid temperatyre
measurements.

Fluke also offers a variety of probes to
measure high voltage and prabes for
high frequency ac measurements. Plus a
complete selection of test leads, battery
gliminators, carrying cases, and more,

s the largest selection of DMM
accessories available in the world.

So why spend a lot of money an new
equipment, when all you may really need
ale new accessories.

To get the whole Story, ask for a copy
of our complete DMM accessories baok-
let. It's yours for free by contacting your
local Fluke Distributor, or by calting toll-
free 1-800-426-0361.

M THE WORLD LEADER
IGITAL MULTIMETERS.

IN

FLUKE

G861 HIBWIAON
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NEW IDEAS

Commodore-64/VIC-20 cassette interface

‘ 3
MOTO R &—1

R Ff?::
T REMOTE
INMPUT
sv e
sesT
H.D.

RrY|

TSy e—

COMMODORE
Gd OR YIC-20
ASSEeTTE
INTER FACE
CONNECTDR

RE A D o

WRITE &

THE CASSETTE RECORDERS THAT COM-
modore sells for use with the
Commodore-64 and vIC-20 per-
sonal computers are expensive,
even though they’re not much dif-
ferent from standard audio record-
ers. Why are the Commodore
Datasette recorders special? The
Commodore CASSETTE wriTE OUlput
is a squarewave whose duty cycle
is varied to transmit data.
Unfortunately, when you try to
record that squarewave on audio
tape, what you end up with looks
more like a sinewave than a
squarewave. When you play the
tape back and try to load programs
or data, the computer doesn’t rec-
ognize the signals. However, the
circuit presented here will turn the
recorded signal back into one that
the Commodore computers can

SENSE *]
A l
GND'_"—"

FIG.1

use. With it, you'll be able to use
almost any recorder for dala stor-
age.

Circuit operation

As shown in Fig. 1, audio output
from a cassette recorder is fed
through the limiting network com-
posed of resistor R2 and diode D1.
The resistor limits the peak voltage
fedto 1C1-a, and the diode ensures
that voltages |ess than zero are not
fed to the IC. Inverters 1Cl-a and
IC1-b, together with resistor R1,
form what is called a Schmitt trig-
ger, which “squares up” the ana-
log signals from the recorder so
that they’re acceptable to the com-
puter.

As shown, a 741504 was used for
the inverters, but you could easily

continued on page 111
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‘ NEW IDEAS 1

This column is devoted 1o new ideas, cir
cuits, device appIiCRions, CONSIruction tech-
mQues, heipiul s, ofc,

All pubirshad sntres, upon pubkcalion, will
earn $29. In adcon, of U.S. residents only, |
Panavise witl donate thevt Mmoded 333—The
Rapid Assembly Cirout Board Holder, having
# et prce of 53995 11 leaiurms 8N eght-

| postion rotatng adjustment, indemang al 45-
degres INCIAMeNts, and MK positve lock pos:-
BONS i the vartical Pane, giving you & hull ten-
inch heght adpustmen| ko COMiorLabee work -
ng.

| agree fo the abowve t@rms, and grant
Radia-Electronics Magazine the nghl 10
publigh my idea and 10 subsequenily ra-
pubkish rry (ea i collechons OF Compdatons.
of epnnts o sirular arocies | ceciare that the
attached) 'Oed s Iy own origingl maiensl and
that its pubhication does NGl wolale any other
copyright. | aisc deciare 1hat thes matenial has
nol Deen previousty published

Title of Idea

Signature

Print Name Dale

Street

City Stale Zip
Mail yourr dea along with this coupon
0 New Ideas Radio-Electronics.
200 Park Ave. Soulh,
New York, NY 10043 |
= ]
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~ PERFORMANCE

THAT IS OUT OF THIS WORLD...

$389% B  S549%

MODEL 2000 20MHz MODEL 3500 35MHz
DUAL TRACE 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! JOR
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 MODEL 3500 features a 35
bandwidth and 20 calibrated O MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. \ s 1mV/DIV sensitivity. Delayed
A convenient built-in component @ sweep and variable holdoff allow
tester provides additional [ Stable viewing of complex

diagnostic power. L ey waveforms.
CIACLE 113 ON FREE INFOAMATION CARD

ORDER TOLL FREE JDR INSTRUMENTS
800-538-5000 1224 South Bascom AvEue

800-662-6279 (ca) San Jose, California 95128 (408) 995-5430

COPYRICGHT 1985 JOR WS TRUMENTS EARTH PHOTD COURTESY OF NASA,
THE JOR INSTRUMENTS LOGO 15 A REGISTERED TRADEMASK OF JOR MICAODEWCES JOR INSFRUMENTS IS A TRADEMARY, OF JORA MICROOEVICES
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TVRO ownership—present and future,

TWO THOUSAND TVRO OWNERS HAVE
provided the home-satellite indus-
try with its first in-depth profile of
TVRO users. Many beliefs and as-
sumptions fell by the wayside
when the 150-page, 1985 TVRO
Market Profile was completed.
Here are some of the findings.

The majority of TVRO owners
{72%) do not live in Cities, but
26.5% do have access to cable ser-
vice. Of those who can subscribe
to cable, 23% do, but 49% have
discontinued their cable service.

For the last six months animosity
between TVRO and cable has been
increasing. Several cable firms
have begun large-scale advertising
in which they advise potential pur-
chasers not to buy a TVRO be-
cause of the possibility that, when
satellite signals scrambie, TVRO
owners wiIFbe left with nothing to
view.

Ownership of TVRO systems
has been growing tremendously
for the past few years: 30% of
TVRO owners purchased their sys-
tems in 1983, and 59% purchased
their systems in 1984. Approx-
imately one third of all TVRO
buyers made their purchase after
seeing a TVRO in operation at a
friend's or neighbor's home; 25%
bought after seeing a TVRO dem-
onstraled by a dealer; and 22%
bought because they wanted a
greater choice of programming
and felt that cable was too expen-
sive, or simply unavailable.

When asked to give their rea-
sons for buyling a TVRO, 61% said
their primary reason was to have
access to a wider variety of pro-
gramming. Significantly, 59% of
those buying had access to as

“publisher of CSD magazir; E

FIG. 1

many as 4 off-air (terrestrial) televi-
sion channels, indicating that they
live in areas where regular TV pro-
gramming is not high quality.
Eighty percent of TVRO owners
also own more than one TV set,
39% own a VCR, and 21% own a
personal computer. VCR
ownership and personal-comput-
er ownership is markedly higher
than the national average, which
indicates the “upscale demo-
graphics” of TYRO ownership.
Eighty-eight percent have a high
school education or better, and
52% earn at least $30,000 per year.
Although the largest market
segment {39%) is between 35 and
49 years of age and still has chil-
dren at home, a large percentage
(21%) are over 60 years of age, and
are either retired or semi-retired.

Geograpbhic distribution

As shown In Fig. 1, the study
found that 47% of all system
owners live in either the Pacific or

WWWW americanradiohistorv comm

BOB COOPER, JR.*
SATELLITE TV EDITOR

— NEW
ENGLAND
9%

the West-Central regions of the
United States. New England has
the lowest percentage of TVRO
owners {3%), while the mid-Atlan-
tic region claims little over 5%.
Those numbers would seem to
support the thesis that TVRO is
largely a rural—or at least west-
ern—phenomenon. But other evi-
dence indicates that where buyers
live, as well as who they are, is
changing rapidly.

TVRO owners tend to spend
many hours watching TV. The na-
ttonal average is in the vicinity of
37 hours per week, but the study
found that 54% of TVRO users
watched their satellite systems
more than 40 hours per week, and
that 18.4% use their systems more
than 59 hours per week—almost
8.5 hours per day!

Itis interesting to note that there
is a high degree of user satisfaction
with TVRO: 62.6% said they were
“very satisfied” with their system,
and only 1.6% reported they were
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| reallze that what you are aboul to
read may seem Incredible. [ can un-
derstand. But occasionally there are in-
deed bargalns and opportunlties that
onty come once in a lifetime. i’'m con-
vinced that this is one of them.

By Joseph Sugarman, President

The letter-qualty pnnter you see above has
a suggested retail price of $1795, It pnints bi-
directionaltly at 40 characters pér second us-
ing a daisy wheel print element, comes with a
parallet interface and prnnts a 13.6 inch line.

A similar printer might be found at some dis-
count compuiier dealers for as low as $1000.
And at that price it 1s indeed a bargain.

AUTOMATIC FEATURES

Hwe'd offer it to you at $499—3 untt that we
could be selling for $1795 and that would be
abargaln at $1000—you'd probably think that
therewas a calch. But guess again. Asunusual
& bargain as this may appear, and despite all
its quality features, this printer canbe yoursfor
the increciibie iow pnce of only $499— below
wholesale, below dealer cost and without ques-
tion. the lowest priced high-speed tetter-qualty
printe. sold loday.

JS&A bought out an entire warehouse full of
these printers, promised that we would not
display the name onthe unit, in our photo, men-
tion the narme in Our ad NOF reveal thé name over
the phoneto avasd embarrassingthemanufac-
turer or his dealers

I'm so conwvinced that this is one of the
greatest values I've ever offered, | ammaking
abet and acommament. Frst, the commitment
I'rm giving you 30 days to lest it oul. if it’s nol
the best prninter value in the country. return it
for a full retund including your $25 postage.

Finally. Il bet that you'n smmediately
recognize the name of the billion dollar com-
pany whose namensonthe product oryou don't
deserve lo own a computer. The company 18
a successful compuier coOmpany whose pro-
ducts you may even now own_They llbackthe
product with setvice through its 90-day hmited
warranty and for yearstocomewith hundreds
of national tactory serwce centers throughout
the Undted States.

EXCEPTIONAL VALUE
The printer is not an cutdated model with old
technology but abrand new unit with the latest
alectronics and the most advanced technol-
ogy. For example. there’s an automatic print
pressure controlwhich automatically varies the
printing pressurd accordingtothé shape of the

character. This single feature preducas anin-
credibly clean impression while prolonging the
life of the daisy wheel. But there's more.

An aluminum diecast integral-constructed
frame givesthe panter a $olid home for its ad-
vanced electroncs And with a wesght of 30
POUNGS. you know there’s built-in commercial-
qualty construction. Thecontrolginclude: ‘lina
feed” which advancesthecarriage by oneline.
‘page advance’ which advancesthe document
to the next page when using continuous form
paper and a "set page’ button that tells the
printer whera the start of the form 1s located.
Alighted condition panel telis you the printer
status with red and green LEDS. You canuse
single sheets or continuou s torm fan-fold paper
and with the ‘paper out sensor’ the printer
detects Ihe last sheet ol thetaniold paper and
automatically stops. And the prirter bas a 2K
buffer memory.

There are also features that give you enor-
mous printing flextility. ¥ou can underscore
words, double print each character which
Creates a bold 1oGk of you can usé shadow print
which movesthe print head 11 20th of aninch
between strikes. With the proper daisy wheel
you can also setthe printer for proportional pn-
ting which giveés your documents a profes-
sional—almost printed Iook,

SELF-TEST MODE
There's a self-1est mode which lets you print
oul alithecharacters on your daisy wheelcon:
tinually untl you stop. Andthe system uses stan-
dard Diablo daisy wheels and nbbons which
you ¢an get from JS8A orany computer store.

With the Pica pitch. you can print upto 136
©Columns and with theElite ptch, upto 163. The
15.5" carnage will take a print area of 13.61n-
ches. It measures 6 x 16 x 24", comes wih a
10-prich daisy wheel, one nbbon and compiete
instructions. The unit has provisions for g trac-
tor feed and a sheet leeder which can be pur-
chased lccally or at a discount from JS8A.

Youcanselectaither 10, 12 or 154orthe print
pitch or even uséthe 10-pilch daisy wheel Sup-
phedwith the unt at the 12-pdch seting forlarge
andlightietter spacing. There are dip switches
which let you customize each pnnter to any
computer with a parallef printer interface. Set-
ting recommendations are supplied lor IBM,
Apple and other populdr computers

What happened? How carn.J obtainand
than sell these pnnters—products that are
brand new with the latesi state-of-the-art
technology and from a majr manufacturer at
a pncethat at first is hard to betieve? Quite frank-
ly, it wasn'l easy,

With ourlow overhead wecan efficiently sell

WwWww americanradiohistorv comm

PRINTER
BARGAIN

We guarantee that you’ll never find a
bargain as sensational as the letter-
quality daisy wheel printer you see
in this advertisement.

We covered up the name of the

printer S0 as not to embarrass
the manufacturer.

these unis intremendous quantties without the
high markups that many stores must have lo
make a profit. And we can do this on a mass-
market national scale. Since many manufac-
turers know this and Know that we could quickly
move remendous amounls of merchandisa
withoutupsetting many of the retailers (because
we keep the name of the manutacturer con-
fidential) they are wiling tolef us buy ther pro-
duct direct. often at loreign, expon prices.

We'll be happy to supply companies with
several pnnters for theyr computer depanments
to upgrade ther printing speed and quahty.
Thera is no limit 1o the number you can order
although wea only have atewthousand avalable
S0 we reserve the right to return your order
should we run out.

ACT QUICKLY

Theraare bargains availlabéethat areindeed
too goodtobetrue and often end upto bemuch
less than you expected. But here's an eéxam-
ple thatss not only 1o gooda to be true but that
we guarantee you'll find better than you ex-
pected. Order one at no obligation, today.

Simply send yourcheck of money ¢rder us-
INg the order numbers shown in pareéntheses
{IL residents add 7% sales lax) plus $£25 lor
postageandhandling lor each pnnter ordered.
Credit card buyers calltoll-free number below.
Send your order to: JS&A Special Printer
Bargain Offer at the address below.

Printer (6087) . .$499
Tractor Feed (6084} 189
Sheet Feeder (6088) . 239

3-Pack Ribbons (6089) 15
Daisy Wneels: (List supphied with unit)
Cables/Intertaces {includes everything you
need 1o connect to your computer:

IBM & Compatibles (25 pin) (6076} . .39
Apple Il + /e (6099) . 69
Appie lic 7011} . .. 69
Commodore VIC-20 C-64 &C-128 (7002) 89
Atari 400/600/600XL/B0G/BO0OXL {7003} .69
Visual 1050 {7004) . .39
All Other Compute(s with Standard Parallel
Prnter Port (36 Pin) {700S) 39

0 PRODUCTS
o) THAT
o W THINKe
One JS&A Plaza, Dept RE
Northbrook, IL 60062 {312) 564-7000
ORDERS ONLY: 800 228-5000
QUESTIONS ONLY 318) 2684-1109

1L resicants add T sales B roup, InC 1985
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“very satisfied” with their system,
and only 1.6% reported they were
"very dissatisfied” with it. A dif-
ferent attitude emerged from
TVRO owners (26.5%) with access
to cable TV service; 69.7% of them
said they were “not pleased” with
the quality of the local cable ser-
vice.

The popularity of satellite recep-
tion was not surprising. Motorized
dish movers are more often pari of
a system than not, these days, so
most users buying systems now

have the ability to scan the Clarke
orbit belt and lock in on virtually
any U.S. or Canadian satellite in
operation. That gives TVRO
owners a lot to choose from. More
than 88% of our sample reported
that they tune in the Hughes Gal-
axy satellite, 83.8% tune in RCA's
F3R, and 54.9% tune in RCA's F4, all
at a rate of at least three times per
week.

Network service, available on
satellite in the form of intra-net-
work feeds intended to be re-

RADIO-ELECTRONICS

SATELLITE TV/

The First

Five Years!

THE MOST COMPLETE report on the mushrooming
home ‘TVRO industry ever coOMpiled. wntien as enly the
‘father of TVRO' could have prepared. #ore than 1000
pages (I} tracing the complete story of home TVRG,
tavishly jllusiraled with equipiment photos, schemaiic
diagrams, equipmenl anatysis repors. Bob Cooper,
the first privale individual 10 own and operale a TVRO
{1976} nas collected and polished hundreds of Indi-
vidual repons into & unique ‘collector's edition’ which
ctearly axplains the TVRC phenominon in North Amer-
ica. From Coop's first 20 loot ‘'monster’ dish to the
preseni day S foot 'C-band’ TVROs, the fascinating
growth of TVRC equipmaent and its iegal status unfolds
tor you

THIS TWO vOLUME SET lotaling mere 1han 1,000 pages is available for the firs time
1o readers of Radio-Electronics at Special discount pricing. Griginally sotd al $100
per iwd-volume sel. a limied Supply is now available ONLY 1hrough this advertise-
ment. PLUS, you will also receive a special extraordinary bonus: the 200 page (+)
October 1984 edition ot CSD'Coop's Sateliile Digest. This very special edition of
CS3D is a best-selier in the TVRC industry, with the most comprehensive collection of
TVRC facts and figures ever compiled. Combined with the 1,000 page "CSD
ANTHOLOGY" report. you have instant reference (o #verything you will ever need to
know about the state of the home TVRO industry. It is MUST reading tor every person
in, or thinking about "getfing into,” any segment of the home TVRC worid.

. SEND CSD ANTHOLOGY!2 Vols. + CSD Bonus.
___ SEND CSD Cclobar "84 Special Issue ONLY.

NAME COMPANY —
ADDRESS —
b CITY __ ____ STATE Al e ——,

Payment: $60 US tunds (Anihology + Bonus), $15 US unds
CSD Oct. ONLY; payable "CSD ANTHOLOGY."
Shipping charges prepaid. Emer order to: CSD Anthology,
Radio-Elecironics Magazine, 200 Park Av. S., New York, NY
10003; or call 305-771-0505 for credil card orders ONLY.

-
[+
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TVRO dealer “Starter Kit*
available

Bob Coopers CSD Magazine has ar-
ranged with a number of TVRO equip-
ment suppliers to provide a single-
package of matenal that wil help Intro-
duce you to the world of TVRG dealership.
A shorl booklel witten by Bob Cooper
describes the start-up pitfalls to be avoid-
ed by any would-be TVRO dealer, in addi-
fion, product data and pncing sheets from
prominent suppiters In the field are In-
cluded. That package of matenal is free of
charge and is supplied 10 firms of Individu-
als in the electronics service business as
an intoducbon to the 1984 85 world of
seling TVRO systems retall.

You may obtain your TVRO Dealer
Starter Kit free of charge by wnting an
company letterhead, of by enciosing a
husiness card with your request. Addrass
your inqunes to: TVRO STARTER KIT,
PO Box 100858. Fort Lauderdale, FL
33310, That ki not available to individuals
not invoived in some form of electronics
$ales and service.

broadcast by local stations, drew
viewing percentages of about
30-35%, CBS satellite feeds being
the most popular. Significantly, of
the non-premium (non-pay) satel-
lite services available, Ted Turner’s
WTBS outranked all others, and
actually surpassed the popularity
of satellite feeds from ABC and
NBC.

What's being watched

Movies are clearly the most pop-
ular type of programming (66.2%),
although people who have owned
TVRO system for three years or
more are less enchanted with
movies than new owners are
(dropping to 57% most popular).

Movies, of course, make up the
overwhelming majority of the pro-
gramming on such premium ser-
vices as HBO and Showtime. In
view of that, and in view of the
above mentioned popularity of
movies, care should be taken in
drawing conclusions from the fig-
ures that follow.

HBO had been viewed during
the 24 hours preceding our survey
by 54.4% of all those responding to
it, Cinemax by 49.2%, and Show-
time by 46.3%.

Sports programming was the
second most popular type of pro-
graming: all-sports ESPN pulled
28.9%.of all viewers. However,
sports programming is widely

continued on page 111
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You may not be able
to solve the worlds problems.
But at least you can listen.
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POWER

Panasonic

The Panasonic Command Series: With double superheterodyne
tuning, you'll hear the world loud and clear.

Now it's easy to listen in on the world's hot spots. Both the RF-B600 and the RF-B300 are packed with
With the Panasonic RF-B600 Command Series features and built to go anywhere.
FM/IOWTMW/SW receiver, The Panasonic Command Series offers something
Its advanced microcomputer-controlled tuner lets for everyone. With equipment sophisticated encugh to
you preset up to nine different frequencies. And reach wmpress the most =
them at the touch of a button. Or, press the appropriate  avid enthusiast, and
buttons and tune in any desired frequency with direct- automatic features
access digital tuning. It'll lock right in to every signal that get you where
with a PLL quartz-synthesized tuner. Once tuned in, the  you want to be. Fast. %
Panasonic double superheterodyne system helps deliver There's a whole ) .| B
a clean, consistent signal. worid out there .
There's even built-in auto-tuning to let you scan the  that's waiting to be a =
shortwave band automatically, as well as manually. All heard. Tune In to it i .i
this means you can tune in Berlin, pick up Paris, or locate  with the Panasonic
London in an instant. Without dialing all over the band.  Command Series.

Batigr uri noO0 o iundedt

AF H300

Panasonic.

CIRCLE 280 ON FREE INFORMA TION CARD just slightly ahead of our time”
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Beckman Industrial 60MHz
and 100MHz oscilloscopes are ~ 4 '-MEASURE Fm
advanced designed for greater ‘- , 1 E s . \.'

rformance and ease of use. '

ey offer more control. more =
versatility and more features
than other models. And they
are backed by a nationwide
network of factory authorized

P

i, Sfyrtstes -

R e W A T T T

serv:lce cente&s.mompareand ) VPPN NRY

u'll agree. Nothing mea- . R ot e s i = -
xresugge Becknmnglndustrial r 375 —. AN
oscilloscopes. g el ...‘.. AR S
O 1mV/DIV Sensitivity L L

O 3 Channel, 8 Trace ; B2 £

O Dual Time Base e s —t— T

O Delayed Sweep S

Check out Beckman
Industrial Models 9060 and
9100 oscilloscopes. At your
local Beckman Industrial
distributor.

Our UCI0 Universal Counter
gives you more of each. It
measures frequency up to
100MHz...and gives you a . SAFTIsS e uhe
variety of capabilities including = i 9 180s0ag*
frequency ratio, period, time e
interval and unit counting. i
[0 Beeper/LED Function

Indicators
0 20mV Input Sensitivity
[ High/Low Ranges
UCI0 Universal
Counter. . .. ... .. .$319.95"

You get the same advantages
with our FG2 2MHz Function
Generator.

[ Sine, Square, Triangle and

TTL Outputs
O UnlqueS 1Du je Control
[0 Wide 1000:1 VCF

O ?3[(1)%&1 0 Impeda
utput Im nce

FG2 Functlon i

Generator. . .$199.95°
Great features, performance

and value are always as close

as your local Beckman Indus-

trial distributor.

Beckrnan Industrial Corporaum Instrumentation
i Products Division, A Subs 7 of Emerson Electric
*Suggested list price. Ca., 630 Puente St Brea. CA 92621, (714) 671-4500

CIRCLE 98 ON FREE INFORMATION CARD

O 1945 Beckman Industrial Corposation
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LETTERS

PC SERVICE

Your July 1985 article, “PC Ser-
vice"”, was very interesting, es-
pecially since we make one of
those kits you refer to: the ER-¢
Photo Etch set. It's one that works.
Its principle is patented. It's been
sold to engineers and experimen-
ters, and accepted in industry, for
years.

But I'm writing for another rea-
son. in your article, you recom-
mend using the printed page as a
poor man's film positive. That may
work with some positive resists,
but there are a few ways in which
you can improve resuits.

1. You should publish the mirror
image of the pattern that is to be
reproduced. The pattern can then
be placed directly against the sen-
sitized board and exposed. If you
continue to print a “right-reading”
image, the blank paper side must
be placed against the sensitized
PC board. The printed image is
separated from the foil board by
the paper thickness, and your pa-
per substrate will cause considera-
ble light diffusion around and
under the “black” areas. That
causes thin circuit traces to break
up or completely wash away.

2. You use a clay-coated paperin
Radio-Electronics. Frequently, UV
brighteners are added to the clay
to make the paper look whiter.
They absorb UV and retransmit the
energy at longer wavelengths.
What you now have seems to be
OK. if you ever change paper,
you'd better check things out
again!

3. You should warn your readers
that the system will work only with
positive etch resist boards. it may
seem obvious, but plenty of peo-
ple will try it with negative resist—
and waste a board.

4. Your comment about mineral

WRITE TO:

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

oil is well-taken; yet, it's essential
to transparentize the paper to
minimize diffusion and to shorten
exposure times. A good approach
is to use a clear gloss acrylic spray.
Here, it's best that the coating re-
sins be all acrylic. Alkyds and nitro-
cellulose are often used as modl-
fiers and they absorb some UV. |
experimented with DATAKOAT
gloss No. 04177 as a transparen-
tizer and the results follow,

| coated both sides of page 67
from your July 1985 issue with two
very wet coats of DATAKOAT. That
was to ensure complete penetra-
tion of the paper by the clear acryl-
ic resin, The page was hung on
clothespins to dry.

| then taped the coated paper
and an uncoated page with blank-
paper areas to a north-facing win-
dow. | used a Glossen Pilot ex-
posure meter held against the
unprinted area of each sheet of pa-
per to measure the comparative
light transmission. With the ASA
index set at 100, my results were:

uncoated 1/250sec @ f/3.8;

coated 1250sec @ #2.8.

Those values can be reduced to
relative light-transmission ratios as
follows:

The ratio of light intensity to cor-
responding to # stop value varies
as the inverse square of the fvalue,
or

E = k/f2where k is aconstant; so

E, = k/(3.8)2 or k = E(3.8)2 (1)
and

E; = k/(2.8)2 or k = E,(2.8)% (2).

Combining (1) and (2) and rear-
ranging gives:

£E, = (3.8/2.8)2

E/E, = 1.84 or an 84% improve-
ment in light transmission.
DATAKOAT Gloss No. 04177 is avail-
able from many electronics parts
distributors. Other 100% acrylic

(Continued on page 20
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Compare these [eatures.
LPIOA Logic Probe:
[ 30nS pulses to 17MHz
[ Pen-like design
LP25 Logic Probe:
[ 30nS pulses to 25MHz
] Beeper/LED logic
indicators
PR41 Logic Pulser:
O 0.5/400Hz pulse rate
O 100mA, 10u4S pulses

Beckman Industrial Corporation. Instru-
mentation Products Division. A Subsidiary
ol Emerson Electric Co.. 630 Puente 5t., Brea.
CA 92621 (TH) 671-4800
“Suggested List rice.
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© 1985 Beckman Industrial Corporation
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Satellite

Communications
Training from NRI!

Move into commercial satellite communications and home
satellite TV with NRI’s latest training breakthrough!

Explore Every Aspect of Satellite Trans-
mission and Reception As You Assemble,
Install, and Train With the Complete TVRO
System Included in Your Course

Back in 1964, great excitement surrounded the launching
of Syncom 2, the true forerunner of today’s satellites. But
not even the most hopeful of scientists believed that in
less than 25 years, communications satellites would have
such a tremendous impact on the professional and per-
sonal lives of millions of people around the globe.

Today, thanks to the rapid development of satellite
technology, a call to Paris is as clear and as easy to make
as a call to your next door neighbor . . . executives from
multi-national corporations and even small businesses
use video conferencing to "meet” without leaving their
offices. . .simultaneously a billion people witness a single
event (a soccer game, an inauguration, a benefit rock
concert) . . . global weather maps transmitted from satel-
lites allow meteorologists to forecast weather trends weeks

in advance. . .and scientists now explore and investigate
the mysteries of outer space without leaving their labs.
And. not surprisingly, these amazing applications of
satellite technology have opened up exciting new opporti-
nities for the technician trained to install. maintain, trouble-
shoot and repair satellite communications equipment.

Home Satellite TV Is Just at the Start of
Its Explosive Future

You've seen them in suburban backyards and alongside
country farmhouses. Home satellite TV systems are
springing up all across the country.

Already there are over a million TVRO (Television
Receive-Only) systems in place in the U.S. alone, and
experts predict that by 1990, a remarkable 60% of U S.
homes will have a satellite dish. Contributing to the field's
phenomenal growth are the support of the FCC and
Congress, steady improvement in product quality, the
development of smaller dishes, and a growing consumer
enthusiasm for satellite TV.

WWwWwW americanradiohistorv comm
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New Jobs, New Careers for the
Trained Technician

Now you can take advantage of Ilhe
exciting opportunities opening up in
this service- and support-intensive
industry. NRI's new break-
through training prepares you
to fill the increasing need for
technicians to install. adjust.
and repair earth station
equipment. such as dishes,
antennas, receivers, and
amplifiers.

As an NRItrained technician, you can concentrate
your efforts on consumer-oriented TVRO equipment. Or
you can use your NRI training to build a career servicing
larger commercial or military equipment used both to
transmit and receive voice, data. and video signals. You'll
also find opportunities in sales and system consulting, a
role some expect to increase tenfold within the next five
years on both the corporate and consumer levels.

NRI Brings Satellite Technology
Down to Earth '

Only NRI has the resources and the skills necessary to
transform today's most sophisticated technology into
understandable, step-by-step tralning.

NRI's new course in Satellite Communications
gets you in on the ground floor of
this booming technology. You are
thoroughly trained in the necessary
basic electronics, fundamental
communications principles, and
television transmission and
operation.

Using the remarkable NRI :
Discovery Lab®, youdemon- | o=~
strate first-hand many important '
points covered in your lessons.
You perform critical tests and
measurements with your digital
multimeter. And. using your
NRI Antenna Applications and
Design Lab, you assemble and test
various types of antennas and matching sections.

Then you concentrate on both commercial and con-
sumer satellite earth station equipment, putting theory to
practice as you assemble and install the 5' parabolic dish
antenna system included in your course,

Your Home Satellite TV System
Brings Theory to Life!

The Wilson TVRO system included in your course comes
complete with 5' parabolic dish antenna system, low-
noise amplifier (LNA), down converter, receiver, low-loss
coaxial cable, and even a permanent polar mount.

By training with an actual TVRO system. you'll come
to ungerstand the function and operation of a satellite
earth station—knowledge that you can apply to both con-
sumer and commercial equipment. And once you have
completed your TVRO system. you'll have access to the
best television entertainment available—direct from the
satellite to your home.

At-Home Training the Uniquely
Successful

NRI Way

it's hands-on train-

ing, at home. . .

designed around the
latest state-of-the-art
electronic equip-
ment you work
with as part of your
training. You start
from scratch and
“discover by
doing” all the
way up to the d
level of a fully Q“ i,
qualified profes-
sional. You conduct * § o Ly
key experiments. . . perform vital tests ", . install your
own system. . .and you do it at the pace that suits \
you best.

But. most important to your success, you don't do
it alone. Built into your NRI training is the enormous
experience of our development specialists and
instructors, whose long-proven training skills and
personal guidance come to you on a one-to-one basis.
They are always available for consultation and help.

Make Your Move Into the
Future Today! Send for Your
FREE NRI Catalog

Only NRI can train you at home for an
exciting and rewarding career as a satellite
communications technician. The knowledge
and know-how you gain from your NRI
training provide you with the soundest
possible foundation for further growth with
the industry. But now is the time to act.
Return the post-paid card to us today. You
will receive your 100-page catalog free. It's
filled with all the details you'll want to know
about our training methods and materials
and ocur mere than 70 years of successful
innovation in at-home, hands-on
career training—the kind of
experience that enables NRI
to provide the most effective
training possible to prepare
you for today’s, and tomor-
row’s, high-tech opportun-
ities. (If the card is missing,
write to us at the address
below.)

”R’SCHOOL OF ELECTRONKCS

McGraw-Hil Continuing Education Center
3939 Wisconsin Avenue, NW
Washington, DC 20016 m

L
we'll give you tomorrow. Uil

WwWww americanradiohistorv comm
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LETTERS
continued from page 15

gloss sprays should give compara-
ble results, but additional coats
may be required.

BARRY DAVIOD BROWN,
President,

The Datak Corporation,

Sparks, NE.

Thanks for your informative letter.
We shoulfd point out one thing,
though: The PC-board image
printed on the page is not a right-
reading one. The dimensions read
right, but the pattern is flopped to
minimize diffusion. We hope to
hear from others on their experi-
ences as well.—Editor

MANUAL NEEDED

| need a service manual for a
Fisher, model 1434, 4-channel/ster-
eo receiver. | am willing to pay a
reasonable sum for a schematic
and parts list. That material is not
available from the Fisher Radio
Corp., or from Sams Photofact.
Thank you very much.

CHARLES D. PRATER
Edna, KY 41419

ELECTRONIC TESTING OF AUTOS

| have been a reader of Radio-
Electronics for the Jast eight years
and have seen the radical changes
that it has gone through. It is the
last of a breed of consumer-experl-
menter-technical-amateur elec-
tronics magazines.

| would like to see some articles
devoted to electronic testing of
autos, such as special scopes for
electronic-ignition type cars with-
out points. | would also like to see
some articles devoted to higher-
band video recording, such as is
coming out in Beta machines, as
well as editing machines with fly-
ing erase heads.

Keep up the good work, and
don’t go the way of all the comput-
er-based competition.

BERNARD H. WEISS
Edison, Ni

We have good news for you! An
article, “Automotive Electronic
Troubleshooting,” by Herbert
Freidman, will appear in Issue
Number 6 of our sister publica-

tion, Hands-On Electronics, which
is due to go on sale October 15,
1955—kditor.

ELECTRICAL SAFETY

ljust finished reading Ear! “Doc”
Savage’s "Hobby Corner,” in the
May 1985 Radio-Electronics—and
after reading the section about the
Headphone Adapter, | was
horrified. Shame on you, "Doc!” |
know vou know better—but you
forgot something.

The circuits you show are per-
fectly OK, but you left out the
most important part: efectrical
safety. I'm sure you're aware that
most new equipment— especially
TV sets that have been built over
the last three to four years—are
hot chassis. Therefore, hooking
any external wires or exposed
equipment to anything in that set
will create an extreme shock haz-
ard, or even death under the right
conditions.

Of course, the correct way to
make those installations is first to
wire a 1-to-1 isolation transformer
between the set and the speaker.
That will eliminate the shock haz-
ard, as well as give some overload
protection to the output circuits.
Then the headphone jack can be
hooked up in the manner that you
show. Most manufacturers use
that same system.

AL LAMER, CET
Keizer, OR

THE e-Z BOARD

I am delighted at the review of
our product, the e-Z board, which
appeared in the “Equipment Re-
ports” section, July 1985 issue of
Radio-Electronics.

A further item of passible inter-
est to you is that we are using a
mylar label with an excellent ad-
hesive backing to identify the bus
signals on the e-Z Board. For.some
reason, it probably appears that
we have glued two strips of ordi-
nary paper, as your review indi-
cates. We realized that a cup of
coffee is frequently at hand when
someone is breadboarding, and
we wanted the label to be
stainproof, as it were. So, in de-
signing the label, we asked the
manufacturer to make sure that
the identification is printed onto a

WWWW.americanradiohistorv.comm

mylar backing, and an insulator s
placed over the backing. That will
also ensure that the identification
is permanent and won't fade away
in time, or as a result of being ex-
posed to the atmosphere.

RAHIM SABADIA

Yorba Linda, CA

COMMODORE MONITOR

In the "Letters” section of the
June 1985 Radio-Electronics, Mr.
Charles Matlin, Bell Gardens, CA,
says that he is looking for a sche-
matic and a block diagram of the
Commodore 7702 color monitor.

In reviewing my copy of Sams
Photofact Annual Index 1985
(Howard W. Sams & Co., Inc., PO
Box 7092, indianapolis, IN 46206),
page 11, | find that there is avail-
able, as of January 1985, tentative
computerfact schedule produc-
tion of repair data for the Com-
modore 7707 monitor.

Sams may be able to provide
that data Mr. Matlin needs for his
Commodore 7702. He should
write or call Sams (800-428 SAMS)
for information.

DENNIS DERRY
Niceville, FL

AGREES WITH ROBERT
GROSSBLATT

| am writing this letter to express
agreement with comments made
by Robert Grossblatt in his article,
"Understanding Memory IC’s”
{Radio-Electronics, Feburary 1985).

| have a 15-year-old son, Saul,
who spends much of his free time
glued to his TRS-80 computer. He
listened to me as | began to read
Mr. Grossblatt’s article, aloud. The
obvious point being made in the
introductory paragraph was how
brainwashed we are that we all
need computers. | quote the arti-
cle: “People are buying them like
umbrellas In a rainstorm, whether
they need them or not. In what has
to be a classic case of consumer
brainwashing, the public has been
convinced that the list of life's
basic necessities now includes a
64K memory. Well, it just ain‘t so!”
At that point, my son asked: “Well,
then, how much memory do we
need?”

Consumer brainwashing? | must
agree—how right you are!
BARRY KELNER,
Manalapan, Nf R-E
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NING THE COMPETITION

GREEN WITH ENVY.

NTE is the red hot success story of the electronics
Industry and the big boys are green with envy.

They don't like the fact that we've built our
reputation on giving you more of what you're
looking for in a replacement part. More quality.
More reliability. And, more parts lo choose from.
That's why more and more technicians across
the country are picking the package with the
green NTE dlamond on the front.

NTE paris are extensively tested on state-of-the-
art equipment during every phase of production
to ensure top performance — performance
that's backed by the industry’s only two
year warranty,

What's more, NTE uses a special computer
controlled Inventory system, so when you
replace or design with NTE, you can be sure thal
the part you need is on your distributor’s shelf.
Qur new 1985/86 Technical Guide and Cross-
Refarence manual, which has over 3,100 NTE
types cross-referenced to over 220,000 industry
part numbers, is now avallabie.
Why settle for our competitor's parts when you
get more quality and service with NTE? Look for
NTE's replacement parts in the bright green
polybags and cartons at your distributor today.
Don't forget to ask about our new Flameproot
Resistors and Wire Ties, tool

NTE ELECTRéNlCS, INC.

44 FARRAND STREET. BLOOMFIELD, NEW JERSEY 07003
CIRCLE 289 ON FREE INFORMATION CARD
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VERYTHING FOR THE ELECTRONICS ENTHUSIAST 2L

STORES AT: * )
BERKELEY: 2474 Shaltuck Ave. ph;g:ﬂsmm " *G P;l A
REDWOOD CITY: 390 Convention Way, Ph B4
SAN JOSE 4980 Stevens Croek Bivd, Phi(408) 241 2265, W \Qq\‘:\.f qup‘
STORE HOURS: San Jose & Barksloy 10 AM - 4PM EVERYDAY % c_'\\ cA o
Redwood City 10AM -8PM Mon - Sak 12-5PM Sunday % “«

MAIL ORDERS: PO Box 8025, Rectwood City, CA 94063 5'\ o
INCORPORATED IN THE STATE OF CALIFORNIA "4° % JLCidiondPis » ‘\t\\ A
NEARLY 70 STORES = giussseomone o DS P
IN THREE COUNTRIES ~ EEigroceeos  # o ply .
*CIAL (MH $3.00) % w0 c.?*‘»oo . 2 ;
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% ¥ WHERE THE ELECTRONICS ENTHUSIAST IS #1
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EQUIPMENT REPORTS

Canon Typestar 6

This typewriter includes
some of the most powerful
features of both typewriters
and computers.

THERE'S AN INTERESTING PHE-
nomenon going on in the portable
typewriter market: the traditional
portable typewriter is merging

CIRCLE 5 ON FREE INFORMATION CARD

and the combination frequently
provides some of the best features
of both. For example, the Canon
Typestar 6 features a high-density
dot-matrix printhead, a 28-

character LCD (Liquid Crystal
Display), a full-travel keyboard,
and has a set of operating com-
mands that allow it to function like
an expensive word-processor.

Using the Typestar 6

The Typestar 6 has several
modes of operation, selected by
use of the mope key. In the
character mode, characters are
printed one-by-one as they are en-
tered at the keyboard. In the Jine
mode, a whole line is entered be-
fore it is printed. That gives you a
chance to comrect mistakes before

with today's portable computer,

FAST (over 11 mHz CIK} (Intel 8052 AH Basic - Based)

WITH ON-BOARD

SINQLE BOARD FEATURES:

The bowrd Haelt ks B brasthouph I Controser power. SIMpIcity and orios. The use
i b vt and funing PrOCEMS In Basic, #ven Btoring Them on EPROMWETROM's
within minvies of Initigd POOkup. AppHCEtionn - Reaj time Intelligen] security.
Py¥ e, AO-imt e and inchustrial envionmental contrl, robotics, .
W TRINK you Il reslly Shjoy using Sur product,

HARDWARE FEATURES: 8052 BASIC

RSZXZ Sertal port with S0 bauorals detection @ vieluaiy ary Dol rebe Senal
printer port OuTpadl avallabla; 48 o linan (six-8 i port a); PAM cutput: Real lims
Clork &m Sec. asotution). Fast 11 0062 m Mz ciGck rd: UD 10 18Kx8 an board RAM

EFROM Pogrammen Frograms 2718, 1732, 2784, JTH A, JT256, On board regulaor ior
POpramming voltagss (seisctabls).

Comea with 8Xx8 of RAM and BKxB of EPROM. Addiionss RAM snd EFROM
AVAILABLE (call for Prices).

SOFTWARE FEATURES: Fast Full Sasic inteproler (ot “Tiny Basic™)

BCD noating pt. math: Hex io Decimal, Decimss 16 Hax conversion; Exponentigl
number handiing. » JUCODGNOE — 127 10 2 1E + 12T, AR Bassc routines Can be cased by
axaembly language programs, Base: can call s assemibly [ANguage SUDRRANSS,
Bamic or ssembty hanaiing of upls; Sngle ] for of RAM program o
EPROME'PROM any of which ¢an be IrdnBiaisd bach tc RAM witn & mngle
oommmand, Singla a1ep Banic Commands (0 control 6-8 Bit 10 porte, 88 weil 81
misrns! and sxteinai memory, Can sxecute EPACM program on power up N
JuRired wilhOUF USS OF 8 [ ming!.

W Dumib larminad jstand-aione 4fte DROgAMMING) + 5@ 1A, £ 12V@.1A
+ 2.1

TERMS:

Mastercharge andd Visa sccepind (ddd%) COD orders add "™ Wiscontin
gy aod 3% sales tine Personal checks mt clear betoe .5 4 Hadd
*4™ per board, All ordar felusad o raturnad ara subject to & 10% resiocking

toa. Pricen and speciiicationn suject 10 chang® without notice.

‘BASIC CONTROLLER

EPROM/E?PROM PROGRAMMER
MLC-1 ONLY 51 8887

Asnsrnbisd & Tented. Stora MeNY progrimd on Yp lo 12K on baerd EPAOM.

POWER
& SIMPLICITY!

ACCESORY PERIPHERALS:
AD1Z.1 12 bit /D with § channel input mux: wilh on board precision rel. "1™

ADSS BBl channel AID Board: AD 7581 Based, 68us Conv. rats. ™
DAYZ1 12 bit OVA Bonrd B channet cutput mun {500ne conv. betore mux| -
Das-8 B channed Bbin B4 (B Indapendent channelskidunl ADTI20 o} g
DAS4 4 &hanns! veraion e
ACS  Isolnisd B channai AC Solid Stsie Relay Baard

anch charrved 12A SO0V wiih cutpul trenseent crofaction and fused cutputs "

OoC4 lsolaisd Bch i DC Pows § hing Baard

sach channed Ba 200V with Protaction dicoen Bng fused OVIDVIL. (8 Chenns!
with common GH D) "n5e

DCaA, Save g wbwows OPY wiih B ch B aacair gt Qrounc
ME -1 Memory Erpension Bowrd Expands 1ot memory to B4K FLAM/AOM
AND 32K of EPROM  Ado 0™ asch for il ram (up to §) g

M1 Mothe Board

Can chain up o sight MB T 1o contral up to 255 perlpherals. 100 pin edge

card conneciorn add 2™ each. g

HOBBIEST KITS:

HK-B052 BSZAH-Basc chip, 110582 mM2 crystal lnesl Basic manuel and
application notes T4

HK#ILC-BD MLC-1 P.C. Board, MicrD Linear Kt Asa'y Manual and SMcro Linear
Application noles. b P

> /> MICRO LINEAR CONTROLS _

o~ 4900 Memco Lane b
Racine, Wi 53404 - 1099 E‘E

o= =
ACCEPTED
ADO 4%

Orders only cali TOLL-FREE 1-800-222.2298
tor technlcal information call (414)839-1105
Call for OEM and Quantity Pricing.

FREE WATYTS OUTSIDE WI

1-800-222-2298

CIRCLE 232 ON FREE INFORMATION CARD
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VIDEO-CINE
CONVERTER

The BP Video-Cine Converter 15 an
optical device that allows the easy
transfer of slides, 8mm or 16mm
maowvie film to VCR tape. The Video-
Cine Converter's precision oplics put
the Image from your movie or siide
projecior on a high-Contrast, rear
projection screen. Your video camera
shoots thal image. can colorcomect
faded pictures, add narration to other
scund Can be used with any video
camera or slide projecior, If your
video camena lacks close-up capability,
you wifl need a macro lens atiachment

MODEL V-1701 $3695

Macro Lens Attachment
Model 0314 $4 4 95

VIDEO AGGESSORIES

m Highest quality m Highest performance = Lowest prices

FOR ULTIMATE VIEWING

TEKNIKA Mode} 6510
95

s e 169

4 CABLE CONVERTER

WITH VOLUME CONTROL

Wireless remote control with volume dor cable
TV, v F-UKF antenna sglems upgrades any
TV 10 140 channel capability,

» Works with any TV set s Quick. easy
nstallation « Off-ar and cable compatble

« Quarz frequency synthesizer tuning « Direct
ACCESS/ MEMmOry SCAN selector # Litra-compac,
hand-held wirg remaole controt

#1 CHANNEL WIRELESS
REMOTE CONTROL
tp Model V7661 87995

Wireless remote control on/oit. channel
setection and fing Iunmg.

+ Works with any TV = 61 channel capabilty
« Microcomputer controlled PLL operation

« Converter panei controllable for channel up,
down, onvoft, fing tuning. e LED display

« Compatible with CATV sysiems

STABILIZER/IMAGE ENHANCER/RF
CONVERTER/VIDED FADER/2.-WAY
DISTRIBUTION AMPLIFER

Modal V1880 89995

HOOK-up
cabile kit

$11.75

The most versatii@, alkin-one video processor
Can be used as a video guard removed for
video tapes, enhancer, video 10 RF convener.
professional vickeo fade sn and out and a dual
output distnbution arnplifier.

Model vasos 4 G935

Record a pay channe! while
viewing a standard channel
You can atso connecl an
antenna’/cabve, VCR, video disc
player, home computer and
wgdeo gama

Charge It with VISA/MASTERCARD. e 9% Phone orders accepted.

Fordham™™

260 Motor Parkway, Hauppauge. NY 11788

WWWwW americanradiohistory comm
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In NY State 800-832-1446

m VIDEQ TAPE REWINDER Model VI777 VHS '49“

Model V7776 BETA *49°*
Aeduce wear and tear of your
VCR heacs with the AC
powered clricud prolected

DOWRT-Ony
Indicators

Sarvice and Shipping Charge Schadule
FOR ORDERS ADOD
5250 .. $450
251-500 . $650
$501-750 . . $850
$751-1000 .. $12.50
$1.001 and up $15.00

S861 HITW3IAON

[
ch
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TOOL DISPOSAL
NOTICE

-® Your choice of leatherette wood
case or lightweight aluminum
case {pictured)

® Plus a fantastic assortment of over |
130 quality tools professionals I
need and use every day

® Features heavy duty re- I
movable tool boards, keyed
dual locks & additional
storage compartment I

! # Ideal for computer, copy
machine, alarm & electronics I

technicians
q Low A4S
A%%ﬂ

Case
Included!!

4

/ ' |

R = Y
_!‘.:__.‘ U » N @\;j
Compare at $350.00 to $500.00 elsewhere.

TOOL SET INCLUDES

123 Adngrorated 1wt Diler iy o pererbory Sobinr s har
g:‘l:rbn Penbight 2 Subder mhh.mn
wetr canerruon whetl 407 diagonal (utlivg pleer #14 o Seollbir g
7 blade brwier )-'IM'M(M"‘M u:'-"'m g wrrmdingy (110090 ¥, M/IAW)
lal““rhe-miu " [T et TAF 1 4" uoiled uoteminas g tool, gl
. Dot Bladhrs & Red l-vl'lu‘unplm LB 4 B dotind Krewrer [y
Hanadly, Bladn {4597 Whe p;n‘mﬂm & culler YIR" v 17 shotbed wrrwdever 11 P 4 wout bl 44
» 4 Fulernal vimg pligry 1A whoibed w prvrciver-siubby 14" drive fngertip pabcier
) Matric bnry by wminches rdgrnal v, rivg Pl M v 4 ol o e ] e g
I et bncriine V11" conier punch £7167 1 4~ slotied o rrverieer Rewirae acibon rweeren
Cae 118" pumch 1M K e ferg Wiey rrwnper MinggeT
Kay ¢ with d-way Mrewdmer oo Lo rule 4 sodted Wire wirh
Iﬂhlrk“-;n'::ﬁ khmni:r. whaep) Sobrr Aid Fork and ook :: wrrnch
o et wih el olake h
mm-ﬂmllm n;urrm‘ chp arvowdiriver  Splier remoera) i gt

Hizmgal
For orders of 5 or more sets call Toll Free ‘& 800-423-2567 for quanlity

O T D I S e e
i
f

3491 Mission Ouks, Blvd., P.O. Box 6015

Iy

Qtr. | tod Na T Undl Price | Amoust discount pfi(l’!&!! |
#2906 | Lestheretie Wood Case |  $30.08
Mo
1T Adurmaam Cawy 4508 r—
Addclresn
A 130 Pe Yool St I o8 o
FLFIT™Y Wood Cawr & Toak $169.08 = - =
190106 | Ao Cowe & Toch | 510000 ===
gumolsl i Check e ey onber enckued |
Sy Tan lor CA & KV Bevdendy O mc [ viha Expiration dair | |
ol acctie [ TITITTITEITITIRIT]]

lll{ARBOR FREIGHT SALVAGE CO.

BT s Dept. T986, Camarillo, CA 93011-6015 ﬂ_
& PHONE TOLL FREE 800-423-2567
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committing them to paper. Finally,
the memory mode allows you to
enter and edit data in the Typestar
6% 2000-character memory.

That memory may be divided
into as many as 26 different buffers
of arbitrary length, each of which
may be edited and printed sepa-
rately. To edit a buffer, you press
the Text key, a letter from A to Z
(representing the desired buffer),
and the cone key. Atthat point you
may use the orLeve key, terr and
RIGHT arrow keys, and the ReLocaTe
key to clean up your text. The
RELOCATE key moves the cursor to
the beginning or end of the cur-
rent buffer on alternate key-
strokes. The arrow keys move the
cursor one character at a time in
the appropriate direction, and the
peLeTe key deletes the character at
the current cursor position.

A collection agency, for exam-
ple, might make use of that memo-
ry to store a set of messages to be
used in prinling form letters. The
contents of each message would
vary depending on how long an
account had been overdue. To
print a letter, the typist would man-
ually type the name and address
block, then choose the appropri-
ate buffer, as done for editing, and
then press the 1ext pRINT key. Fi-
nally, a signature line would be
lyped in manually.

One nice thing about the key-
board is thal the sHiFT LOCK key has
a small red indicator that lights up
when that key has been de-
pressed. There are separate keys
for setting left and right margins,
keys for setting and clearing tab
stops, a margin release key, a
REPEAT key, and the ke (keyboard)
key, which allows you to choose
between several dlfferent foreign
language character sets.

The printer

The Typestar 6 has a thermal-
transfer printer that uses special
miniature ribbon cartridges. The
thermal process ensures that oper-
ation is fairly quiet. As a matter of
fact, operation is noisiest when
the printhead returns to the left
side of the page after printing a
line. The whirring sound emitted
when that happens seems loud
because there is so little noise oth-
erwise!

Itis interesting that the Typestar
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Canon Typestar 6 |
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6 uses a much higher density
printhead than is common with
even the best of today’s dot-matrix
printers. A 24 X 9 matrix is about
the highest density available on
current printers, but the Typestar 6
usesa 32 X 26 matrix, which yields
characters almostindistinguisha-
ble from those formed by daisy-
wheel or ball printers.

In addition, you may choose
from among five different type-
faces. The Typestar 6 comes with
Courier 10builtin, but has asloton
the left side of the machine that
will accept one ROM (Read Only
Memory) cartridge containing an
alternate character set, At the pres-
ent time you may choose from
Courier 12, Cubic PS, Ameria PS,
and Courier Italic 10, each of which
retails for about $30.

Word-processing functions

So far, the Typestar 6 might not
sound much different from a stan-
dard memory typewriter. Its word-
processing functions are what dis-
tinguish it. For example, it can
center a line of text between the
current margins, or between tabs,
at the touch of a key. You can spec-
ify that your text come out left jus-
tified (with a ragged right margin),
right justified (with a ragged left
margin), or fully justified (both
margins even). n addition to set-
ting the usual tabs and margins,
the Typestar 6 handles decimal
tabs, allowing you to align col-
umns of numbers easily.

Other parameters you can spec-
ify include line spacing, automatic
underlining, double-width print-

ing, and automatically underlined |

double-width printing. You can
sel the Typestar 6 Up to return the
carriage and feed the paper only
when you press the RETURN key. Or
you can let the Typestar 6 return

(Continued on page 30)

FLoke]

New and Used Electromc Tes! EQuinmant
Sales » Service ® Rent@l ® Lessing

CIACLE 257 ON FREE INFORMATION CARD

@k Soldering & Desaldering Tools

DESOLDERING STATIONS

N

SOLDERING STATION

SA-150 Varieble Temp. $364.00
SA-100 Fixed Tomp $309.00

Compact, lightwesght desoldering sta-
tion with self-contained, high volume
vacuum pump and variable heat control.
Powerful enough for most difficutt thru-
hole and multi-iayer applications.
Features pistol-grip handplece, trigger-
acluated operation. no-ciog. straightflow
daesign, easy collector cleaning and
handy, built-in tool holder. Easity dis-
assembled for service. Supplied with a
039" conical tip, tip-cleaning pin and
spare filtars.

$29.90

WB-104-1

WISHBOARD

® 3 bus strips

® 2 sockets

® 3 binding posts

® Mounted on a 5.9" x 8.7
Aluminum ground plate

® 18 14-pln DIP capacity

-
w1 PRECISION [T

POWER SUPPLY

MODEL 1650 $319.00

# Functions as three separate supplies

# Exclusive tracking circult

» Fixed output 5 VDC, 5A

#* Two O to 25 vDC outputs at 0.5A

& Fully sutomatic, current-iimited over-
load protectlon

* + and — teminals of each output are
fully iaolated. in all modes

# All three outputs may be connected in
series or paraliel for highar voliage
or current

SA-3-115 $84.00

Special lip-mounted sensor and sophls-
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 avallable. Lighted power and
heater indicators, proportional temper-
ature control and temperature indication
mater, iron holder and tp 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.

@ WP-707A Dual Output

i 1f
3369 00

® Two DC power subbies. 0-25 V, 0-2 A jull load
anch, or In series to Provide 0-50 VDG,

* Tweo digital voitmetars with rdnge of #9.9 VDG,
May be used 10 measwe DC source voliage or
cumren! {BAICh yelectablal

» Load reguintion 07 5% mae over lull range

» Ripple SmV peak 10 peak max

# Automatic short Gircuil shw down [Current
Timiting)

LICATEK
DC POWER
SUPPLY

$135.00
MODEL 30-3/0- 30 ¥0C/0-3A

$19.95

DIGITAL LOGIC PROBE

® |ige to 50 na. 10 MHz

#® Circult powered, portable

® Compatible with mosi loglc lamhies

CALL US TOLL FREE

1-800-732.3457

CALIFORNLA TOLL FAEE

1-800-272-4225

LT - ) ARy P Tl gy Sl e i
§ongd B OO0 w1000 14 M
W gy e = 351 0w B400 DO [*T"]
" b = e 1 0w 1P B L]
LT 0 e 1O L d ]
il WO Y bi300

Pricas subdlect (0 CAIPES wlboul nodica

RAG ELECTAONICS, INC. /21418 Parthenia Streel! Canoga Park, CAB1 204/ 1-816-998-6500

HITAGCHI

Hitachi Danvaiw, Lid
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New and Used Electronic Test Equipment

Sajes ® Service ® Rental ® Leasing

Instrurments Corpor st

SPECIAL SALE ON LEADER SCOPES

3 mwmlmu mmnnlm\\mm\\\\\

LBO 524L DC to 40 MHz

Tha LBO- 5240 is designedtomeet 8 broad range
ol appéicalions in desidn. testing and senvicing of
both snaiog and Sgital circuila and equiPmenl.
its large 8x10cm FDA CRT provides sharp. bright
disDiays even al highast sweep rpies. Compre-
hensiwva thggenng controls including holdoft,
arernatatiggering and delayed SweepirgQered
functions permit atable displays lor even 1The
most complaw sigaats. With 0.5 millivoll sens:
tivity. extramely low-isvel signain can easily be
observed A channel 1 output I8 availabie on the
rear panelto drive Other less senwtive instrumenis
such as RlreQUEnCY counter with AN NPUl lovel &
10w as 500 miCrovoits The dus| Time Dase parmits
accurate observalion and time intervat measure-
ments of compiex wavelorms

$749.00

LBO-516 DC to 100 MHz

The LBO-5186 i3 an economicsl 100-MHZ, 3-
channal. afternate time base oscilloscope It has
all of tne important Ioatures 1hal are axpecied In
a 100-MHz oscidloscope such as tull front panet
operation, alternate triggering 10r simullanaous
viaw of 83yNChronous signmis and INSeDandenl
or simultanecus display of main and delayed time
bases The bright 20-kV FDA CRT and 0.5mv
senaitivity parmit shalp. brigh! displays of even
those normally 1ough 10 see Cribcal :ignals
Elght trace capabllity is possible by dispiaying
main and delayed versions of CH-1, CH-2. CH-2,
and CH-14CH-2 Alsc included are comprehen-
sive tnggering tacilities with video 5YNC separaton,
variabie irgger holdoff, excelient trigger sensi-
tivity and more.

$1185.00

LBO-514A DC to 15 MHz

The LBO-5144A is 5 compact 5-inch oacilloacopa
that cHers masimum parformance gt low cost.
EQuippad with both vertical and honzontal magni-
liers, it has 1-mV sensitivity with X5 ma@nificallon
and m maximum sweep speed of 0.1 us/cm (0.2
s/Cm to Q6 umec In 18 calibraled aleps plus X5
magnitication). Tha LBO-514A provides both chop
and mllernate dual trace displays.,

$447.00

Ask about Leader's Video and
RF Generators

] SHOOTER

LOW-COST
EPROM BLASTER

1deal for Hobbyists or Light Usage
128K RAM Buffer

Bulid-In RS-232 Port

Completely Assembled & Tested
Programs 2716 through 27256
Fast Inteiligent Aigorithm

works with Any ComEuter or Dumb
Tarminal

Stand-Alone Mode. Copies and Verifies
Upload/Download in intel/Motoroia/
Binary Formats

¢ 90 Day Warrantee Parts & Labor

$395.00

%

INDUSTRIAL
MODEL

WITH TIMER

MODEL T8/21 $97.50

Erases 15 EPROMS In 20-30 Minules
Rugged 60 Minute Auto Shut-Of Timer
and Safety Interlock

e 5" x 8" Tray with Indicalor

o Conductive Pad

o Attrative Steel Enclosure

MODEL T8/1 $49.95

This is & Low Cost Unlt Designed in a Two
Part Plastic Case.

This unit #arases a3 many as 8 EPROMS In
15-2D0 minutes.

CALL US TOLL FREE
1-800-732-3457
IN CALIFORNIA TOLL FREE
1-800-272-4225

CIRCLE 258 ON FREE INFORMATION CARD

B Musler Charge ADD FOR SHIPPING AND INSURANCE
"WISA g COD %0 1o £250.00 . . 450
W MONEY Croet ] $251.00 o MI0O000 . . B0
# Chack $501.00 to k75000 . . 3050
$781.00 to $1000. . 1250
et $100000 .. .. . B1R00

Prices subyect to change withou! notice.
RAG ELECTRONICS, INC. /21418 Parthenia Street/Canocga Park, CA 91304 / 1-818-998-6500 AN
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GIANT 15th ANNIVERSARY SALE!
E=UKEl DMM Accessories | [l@nEy =

L

i

+

. ‘ !

Audio Sine/Square 1

d

Wave Generator - al
® Dislortion from <.05% LAG 1 208

$52300 "L $1g Rt $259.95

801-600 AC Current Probe

+1000 transformer. Features large jaw - o1 PRECISION

opening for industrial use.

Accuracy: £3% e FUMETION

Range: 1A 10 600A 30 Hz 16 1 kHz BENERATOR

Jaw Opening: 2 inches (S50 mm) "‘ e
MDDEL 3010 $189.00

Fluke’s BOTK plug-in thermocouple @ Sine, square and trlangle output
accessory converts vittually any DMM with @ Variable and fixed TTL outputs

standard banana plug inputs in a con- ® 0.1 Hz 10 1 MHz in six ranges
venient, easy to use t?amperature measur- * Typical distortion under 0.5% from 1 Hz
ing device. to 100 kHZ
$197.00 * Variable DC offset
® VCO input for sweep tests
807K SPECIFICATIONS
Y8100 DC/AC Current Probe Temperature Measurement Range
Uses Hall-effect to measure o< or ac —50 to t000°C
current without elactrical contact. Battery -8 t0 1832°F

powered. Two ranges. 20A and 200A
Accuracy: 2% of range {dc to 200 Hz)
Range: to 200A and 1 kHz

Jaw Opening: 0,75 inch (19 mm)

Battery Life: 1600 Hours (9V)

MULTH
FUNCTION

COUNTER R

MODEL WD-755

® SHzto 125 MHz 3248.00
* 8 Dight LED Display

® Period Measurement S Hz to 2 MHz

85 RF Probe $76.50 80K-40 Migh Voitage Probe ® Tolalizes to 99,999,999 Plus Overflow
Accuracy: +0.5 dB above 0.5V {+ 1000 resistive divider). ® Frequency Ratio Mode

Range: 100 kHz to 500 MHz Accuracy: +2%, 20 kV to 30 kV ¢ Time Interval Mode

Input Levet: 0.25V to 30V rms Range: to 40.000V dc or peak ac (60 Hz) *® Switchable Attenuator & Low PassFliter

ESCORT DMM’s & Capacitance Meter — ESCORT

3%z Diglt
Capacitance Meter
Range: 200PF « 20mF

MODEL EDC110A $89.00
ACCuracy:
20PF-20uF H{0.5%rdg+1dgt+0.5PF)
¥ 200uF x(1.0%rdg+ 1dgt)
42-Digilt / 2000uF-20mF +(2.0% rdg+ 1dgt)
Multimeter $18 0
MODEL EDM 13464 9.00
AR U, 38900 ® Audible Continulty Testing
® (.5 basic DC accuracy # Diode Testing
® AC/DC 200mV, 2V, 200V, 1000V # Data Hold
® AC/DC 2mA. 20mA. 200mA. 10A DC Voltage: 200mV-1000V 2(0.05%rdg + 3dgt)
® 20047, 2k$L, 200KkSEE, 2ZM11, 20M§1 AC Voitage: (True RMS - 200 mV-200V @45Hz-1KHz (0.7 5%rdg + 10dgt)
@ 2nF, 20nF, 2000F, 2uF, 20pF DC Current: 2A-10A £(0.75%rdg + 3dgt),
# Diode Testing AC Current: (True RMS / 20mA - 200mA @45Hz-400Hz x(0.75%rdg + 10dgt)
* hFe Testing Resistance: 2KI3-200K$1+(0.1%rdg + 3dgt)
@ Audible Continuity Testing Frequency: 20KHz-200KHz :I:{O.S%rdg + 3dgtl  CIRCLE 258 ON FREE iNFORMATION CARO

RMLJNE nsmAcy mﬂ @ WAYNE KERH
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the carriage for you automatically
when you approach the end of a
line. How do you know when
you're nearing the end of the linef
The Typestar 6 allows you to set the
column at which an alarm bell
sounds. Further, the Typestar 6 has
the capability of doing hyphena-
tion. With that feature enabled, as
you approach the end of a line and
press the hyphen key, the type-
writer will automatically print the
hyphen and move to the next line.

As capable as it is, the Typestar 6
does have a few drawbacks. First, it
is slow. An experienced typist can
easily run several lines ahead of
the printhead; and while the mi-
croprocessor is taking care of its
printing chores, the display is up-
dated very slowly.

Another drawback is the type of
paper that must be used. Although
you can use inexpensive bond pa-
per for general typing, if you
would like high-quality work, then
you must use special paper avail-
able from Canon Ihat takes advan-
tage of the Typestar 6% special
thermal-transfer printing process.

You should also be aware that
the miniature ribbon cartridges
the Typestar 6 uses are good for
only about 20 pages before print-
ing starts to fade. On the other
hand, the ribbons are quite inex-
pensive—about $2.00.

[twould be nice if the unit could
be used as a computer printer.
(After all, its 26 x 34-dot-matrix
printhead is capable of producing
nicer output than just about any
printer in its price class.) Unfor-
tunately, as no computer interface
has been provided, thatis not easi-
ly done.

The documentation is very
good. It is written in Clear, reada-
ble language, and is printed on
high-quality stock. It quickly takes
you through the basic operation of
the typewriter, and gives you a
good understanding of how to use
and get the most from fts many
advanced capabilities.

The Canon Typestar 6 retails for
$299.95; for more information on
that product contact Canon USA,
One Canon Plaza, Lake Success,
NY, 11042, R-E

Fluke 80TK
Thermocouple Converter

Use your DMM to measure
temperature.

.

S

CIRCLE 6 ON FREE INFORMATION CARD

A PRECISION DIGITAL THERMOMETER 1S
a vital addition to any laboratory.
But even around the house, there
are a great many instances when it
would be useful to know a tem-
perature with a fair degree of pre-
cision {(such as when you are

ChannelPlus actually adds
new channels right to your
existing antenna or cable
wires. Take each of r
video sources: VCRs
satellite dish. video disk,
computer, color or black
and white camera. video

INTERCONNECT VIOED WITHOUT SWITCHES

As seen in
POPULAR SCIENCE
and VIDEO MAGAZINE.

R L]

- s

Douprnd -~

game. etc, and connect
them to ChannelPlus
Il you are aoding:
one vided source—

use model H1V—$129.95
two video sources—

use model HZV—5199.95

Expiration Oate ___
Signature
Card Number

one video & one pay TV—
use model HAY—$239.95
three video sources—
use model H3V—5269.95

Video source piciureé guality is often improved because
ChannelPlus uses the direct video and audio outouts. Use
the channel 3 or 4 output from pay TV sources

Please charge my D\hsa

1484 Norih Kraemer Bivd , Suite 382
Placentia, CA B2670 » 714-680-06848

This versatile soldenng sysiem can te talored (o it most job re-
guirements The vanable iemperalure range of the 9900 system s
450°F to BS0F The power Dase can ublize adher 8 micro-sized
of macro-s:ized [ron. The system’s versalilily Is easy 1 use

unGanr

Electronic
Soldering
System

+» Electronic Control

+ 24 Volt at the
Handle

{roced 9920}

SEND NOW FOR YOUR FREE COPY OF
' THE NEW JENKS ELECTRONICS CATALOG!

Pieass sand Ihe mdcaied malaras

0 Ungar solgefing stabon with power Base and MiCro-5i2e Iron
{model 9810) $87.00

O Ungar soicerng staton with power base and macro-gize inon

$93.00

Q Ungar solagring station with power base, miCre-52e and
MAacro-5126 1oNg.  $124.94

a FREE WS JENKS ELECTRONICS CATALOG

| D CheckMoney Order OMasierCard DVISA 0 Amencan Express

[ "oF't. Conto Eo |
= [ Sgnature
C 0O o
______ T—----_... Addresa
Ciy Slate ZIp

Vi rysoienty acd % i DO newdents. s8d 8% b MO fescicts 500 3% o

|
|
]
)
|
|
1
|
|
|
)
|
)
D Maslercard ‘ :
1
|
|
|
|
|
L

CIACLE 262 ON FREE INFORMATION CARD

Y58 JENKS & Son g—:

Toll-F e Orces Ling

1-800-638-6405

2024 West Virginia Ave. NE
washington DC 20002

R —
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checking your stove, refrigerator,
or heating system.) However, a
precision digital thermometer can
cost in excess of a few hundred
dollars. That's quite a sum to pay
when you consider that if you own
a DMM, you already own a much
of the circuitry in such a ther-
mometer,

Fluke (PO Box C9090, Everett,
WA 98206) has recently introduced
alow-cost alternative. It is the 80TK
thermocouple converter. That de-
vice takes the output of a K-type
thermocouple and converts it so
that it can be fed to a slandard
hand-held or bench-type DMM.
(If you are unfamiliar with ther-
mocouples, see “Making Mea-
surements Electronically” in the
May 1984 issue of Radio-Elec-
tronics. That article includes infor-
mation on thermocouples, their
ratings, and how they are used.)

The 807K

The 80TK converls the output of
a k-type thermocouple into a 1-
millivolt-per-degree signal that can
be input direch to a DMM. The
temperature can be read from the
DmMM's display, with a resolution
as high as 0.1 degree. Of course,
the level of resolution will depend
on the voltage scale that the meter
is set on {of course, higher tem-
peratures will require use of a
higher scale).

Temperatures can be measured
in either degrees Celsius or Fahr-
enheit. The temperature scale is
switch-selectable from the front of
the converter. As that is the only
control on the unit, the same
switch is used to turn the 80TK on
and off.

Using the converter is very sim-
ple. The unit is plugged into a
DMM, and, in turn, a thermocou-
ple is plugged into the converter.
The converter and DMM are
turned on, the thermocouple is
exposed to whatever it is you want
to measure, and the temperature
is displayed on the DMM's read-
out.

The converier itself is light-
weight, weighing in at just 4.5
ounces. It's overall length, includ-
ing the banana-plug outputs, is
just 4% inches. The banana plugs
are spaced % inches apart, so the
unit can be plugged directly into
any DMM that adheres to that

2 PRECISION

[ELUKE]

1wy 1Y

New and Used Electronic Test EQuiment
Sales ® Serfvice ® Renli ® Leating

CIRCLE 259 DN FREE INFORMATION CARD

HITACHI

Hitachi Dhavvald, Lid

CCTV Cameras & Monitors

MODEL KP-120

Mesat the new generation of TV
camaras that brim with usefuiteatures,
thanksto the MOS solld-stateimaging
devices.

A

+ Compact size and lght welght

+ Long life and high rellability

Extreme low-light handling capabillties
+ No geometric distortlon

+ Reduced lag and no sticking

« Excellent immunity to vibration and
shock

No etfetis of magnetic fields

» Senshive to near-infrared

MODEL KP-120 Camera Head

Lenses availabie

$775.00

IJIJEL H¥-720

® Owing to the use of an autOmatic
sensitivity adiusting circuhl, the only
necassary camera oparation is
focusing

® A white suppressor circuit ensures
faithiui reproduction on the vidéo
monitor, even for subjects with stong
contrast.

+ Camera mounting screws are
provided at the top and bottom of the
camerg, facilitating mounting of the
camera,

+ Switchover to external synchroniza-
tion takes place automatically when
an external drive signalisinput. hence
no switch operation is necessary.*

® Synchronizing System: Line-lock 2:1
Interlace.

¢ Pick-up tube: Vidicon tube.

& Includes 16mm 11.6 lens

MOOEL HY-720 $144.00
*MODEL HV-T730 $199.00
BAW MONITORS VM-900A  97/500 line/video loop $126.00
¥ VM-910  9"/500 line/video loop/ $164.00
- DC restoration/rack
g mountable
VM-906 97700 line/video loop/ $210.00
DC restoratlon/rack
mountable
VM-129 12"/T00 line/video loop/ $276.00
DC restoration
VM-173 17700 line/video loop/ $312.00
DC restoration
(I o Used Equipment Sale List
Manufacturer Maodsl Dascriplion Price
Hawielt Pachard 1417/85528 Sigrlﬂel $13.500.00
n
Hawielt Packard 1417/85528 ; y Si mrulge 11.000.00
5548 Plug-In
Hewlelt Peckard 1417/85528 ghsy Storade 2.500.00
JB Plug-In
Tektroniz 4858 Oacilmcooc 2.100000
Taktrenix 2445 Oncilloacops 2.000.00
Teklronix 2215 Cuciboncoos 1.30000
Hewletl Pachard 8840B Signal Generator 9,000.00
Option 001 4 003
Hewletl Pachard B268AA Power Supply 1.000 00
Hitwietl Pachard B514A Signal Genarator 3.00000
Hawiett Pachard 100C0 Oacliator 250.00
AUL tnMruments ME 30/U Millaterited HP 400 E 200
HEwiett Pachard B Signat Generator
Hewlett Pechard GOBE/F Signal Gen®ratod

Hewlett Pachard

Hawiett Packard A344

Cucilioscope
Digtorhion Anabyzar

sait
28888

AbOve RquiDmant $0Id with 120 day warrdntes paris &nd iabor

CALL US TOLL FREE

1-800-732-3457

I CALIFORNIA TOLL FRE

1-800-272-4225

RAG ELECTRONICS. INC. /21418 Parthenia Sireel/ Canoga Park CAS1304 / 1-818-998-8500
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HITACHI

Hitach Dervabu, Lic
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BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!
-
Eap to

$30 an howr
and more!

' Lear® ot home W Wpare limik,
] i No Bidvious SRporence needed.
: 111111
No costly achool. No commul ing to class.
The Original ome-Study course pre-
pares you [or the "FCC Commercial Radio-
telephone License”™. This valuable license
is your “ticket” to thousands of exciting
jobs in Communications. Radie-TV. Micro-
wave. Computers., Radar. Avonics and
more! You don’t need a college degree to
qualify. but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course Is easy. fast and low
cost] GUARANTEED PASS - You get your
FCC Licensc or money refunded. Sendtor
FREE facis now. MAIL COUPON TOOAY!

r----------------------
COMMAaND PRODUCTIONS
FCC LICENSE TRAINING. Dept 90
P.0. Box 2223, San Francisco. CA 94126
Plosse rush FREE deteils immediately!

NAME

1
1
'
'
1
1
ADORESS ;

P - - = -

cITy

w

g Cail or Write

2 JAN CRYSTALS
= P.Q. Box 08017

(&) Fort Myers

o FL 17

g (813) 936-2397

pa Since

A\ =l == )
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spacing for its v and COMMON inp-
uts (as most DMM’s do).

The 80TK is powered by a nine-
volt battery. Estimated battery life
is claimed to be 1600 hours by the
manufacturer.

Fluke

OVERALL

Thermocouples

The unit is supplied with a gen-
eral-purpose bead thermocouple
probe. That probe has a measure-
ment range of —40°C to +260°C
(—40°F to +500°F). In addition
Fluke offers an optional immer-
sion probe for liquids or gels and a
surface probe for direct contact

ﬁ:&mnles

is happy to announce a
new column to serve our
readers. If you have a
question regarding any
area of electronics, ask us!
We'll do our best to find an
answer to your question or,
at least, suggest where
you might find one. Send
your questions to:

Ask Radio-Electronics
200 Park Avenue South
New York, NY 10003

WwWwWw americanradiohistorv comm

with the surface being measured.
All of the Fluke probes attach to
the converter via a mini ther-
mocouple connector (sub-
miniature K plug). The unit can
also be used with probes from
other manufacturers that use sim-
ilar thermocouple connectors.

The converter's specified tem-
perature measurement range is

-50 to +1000°C (—58 to +1832°F).
Accuracy, provided that the
converter is kept within its am-
bient temperature range (0 to
50°C), varies between 0.5% = 2°C
(0.5% £3.6°F) and 2.5% =2°C
(2.5% +3.6°F), depending on the
temperature being measured.

Note that those specifications
refer only to the converter itself.
They do not include the error in-
troduced by either the ther-
mocouple or the DMM.

The documentation supplied
with the unit is brief, but to the
point. It does a good job of de-
scribing how to use the unit effec-
tively. Maintenance, testing, and
calibration information is also
provided, as is a schematic di-
agram and parts list.

While the unit does not have the
accuracy of some of the more ex-
pensive laboratory models, it
should prove more than accurate
enough for most applications. The
80TK thermocouple converter car-
ries a one-year warranty, and sells
for $59.00. R-E
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It looks as if his horizontal hold needs
some adfustng.”
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HX1000 /

When you need to hear the
action from wherever you are,
Regency delivers. Our portable
scanners keep you in touch
with the local news. Whether
it's bank hold ups, three alarm
fires, weather, business,
marine radio, or aircraft calls,
Regency portables bring you
the on the scene action. While
it's happening from where it's
happening . . . in your
neighborhood.

PROGRAMMABILITY WITH
A CHOICE

Regency offers you two new
exciting keyboard
programmable hand held
scanners. First there's the
HX2000 20 channel, no crystal
scanner. It offers UHF

and VHF ranges with the
important addition of 800 MHz
and aircraft frequencies. And
with features like search and
scan, priority, liquid crystal
display, and selectable search

HX2000 HX750

increments, the HX2000 is a
Slre winner.

If you don’t need the extended
coverage, there's the HX1000.
It let's you cover your choice of
over 15,000 frequencies on 30
channels at the touch of your
finger. No crystals are
necessary. Six band coverage,
search and scan, priority
control, and a liquid crystal
display with special
programming messages and
clock are all part of the
package. And with the sealed
rubber keyboard and die-cast
aluminum chassis, the HX1000
is the most rugged and durable
hand held on the market.

CRYSTAL-CLEAR

If you don't need all the
features of programmables, but
you want the convenience of
portability, we've got you
covered. Qur two crystal
controlled hand held scanners,
the HX650 and HX750, offer

CIRCLE 278 ON FREE INFORMATION CARD

HX650

six channels, individual
channel lock outs, LED
channel indicators, step
control, two antennas and an
adaptor/charger. Both cover
VHF high and low, UHF and
“T" public service bands, with
the HX750 offering the
additional coverage of VHF
aircraft band.

DECIDE FOR YOURSELF

Your Regency Scanner dealer
would be happy to give you a
free demonstration of these
and other new Regency
Scanners. Stop in today. Or,
write Regency Electronics,
7707 Records St., Indpls., IN
46226.

&
Reqency,

ELECTRONICS, INC.
7707 Records Street
Indianapolis, IN 46226
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IF YOU WANT TO GE1
YOUHAVE TO GET INTC

Learn PC Servicing By Building Your Own NTS/HEATH HS-15
Desk-Top Computer, Circuit-By-Circuit

NTS Intronic Home Training |

Takes You Below The Surface
NTS gels you right down into the

heart of computer circuitry. You leam |

how microprocessors function, how

they are designed, how they operate

and are used {0 solve problems. Your

program includes a wide variety of

tests and projects. as you assemble

your PC. You expeneance the ex-

citement of seeing your own skills

grow, the secunty of knowing you

really understand what makes a I

computer tick.

A Careerln
PC Servicing

The world of computersis
constantly expanding. Applications
have spread from business to manu-
facturing, from industry to medical

and scientific fields. Computer-aided
design, engineering, and production
have revoiutiomized drafting,
graphics, and prototyping. Computer
sales figures point to a continuing
need for service lechniclans as well
as installation and maintenance
specialists. The type of raining you
receve will largely determine your
ability to take advantage of these
opportunities ... and nothing beats
the practical, down-to-earth tralning
you get from NTS,

Learning circuitry through the construction of this
equipment offers practical tralning for which there
iz no wb_smurc. Tast equipment is included.

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

versalile 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 B0B8 Microprocessor accepts
advanced software. speeds word pro-
cessing; also allows selechon from the huge
library of IBM software.

3. 5.25-inch fioppy disk drive, double
density, IBM formatted, stores up to 360 KB.
{Expandable o duai disk drive, and ophional
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-compatibie siots provide
for future expansion, printer, modem, etc.
Will accept most periphéral boards designed
for IBM-PC

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

7. Editting capabilities help you insert or
delete characters and lines, erase, jump or
smooth scroll, ele.

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.

Fleid secvicing is interesting and rewarding.
Tachnicians may work for 8 service compainy,
INERUIACIUrel, OF MijOr raers.

IBM
Compatible

The NTSHEATH HS-151 PC completed, inciu
monitor and fuil-function keyboard with calci
style keypad, and typewriter format.

WWWwW americanradiohistorv comm
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NTO PC SERVICING
\MICROCOMPUTER

’ s
The siudent o use test oquipment wch.{

digiial probe shd 8 digital m %0 check

and measure voit; Currn texls

ound out tve sntire pragram, emphasizing practicel

sppiications of theories dndg pri) .,
N, A

inatalling the disk-drive in the PC i2 one of the final atages In the zssembly of the
microcompuisr. Learning the uss of test eqQuipment to check circuite Iz an integral part
of the training which, with fisld experience, deveiops invalusble career skilis.

’f

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotlcs: Build the NTS/HEATH Hero 1
Robot as you leam robotic programming.
Robot is complete wilh 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 Amenca as rou
learn clrcuit diagnostics, and the use 0
digital test instruments. Course covers color

, video lape recorders, computer
fundamentals, solid-state devices.

Industrial and Mlcroprocessor
Technology covers Circuit analysis, micro-
rocessors and automation applications,

asers, and basic industrial robotics.

TV & Radlo Servicing is a specialized
course offering an excellent foundation in the
use and application of both analog and
digital test equipment as applied io the TV
servicing field. Lean circuils, adjustments,
trouble- shooting, and servicing of Color and
MonNoChrome Monitors.

Digital Electronics offers the student the
opportunity 10 get involved with computer
concepts, computer technology
fundamentals, and digital equipment by
training on the NTS Compu-Trainer.

Basic Electronics 15 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 traning programs nclude a
variety of superb equipment. most of which is
classified as field-type, making the training

ractical and career orignted. Texts and
essons have been tested in our Resident
School in Los Angeles lo assure home study
students their courses of training arg easy to
understand NTS, now in itg 80th, year,
continues o be at the leading edge in
Electrenics home training.

= IBM iz g tracenart O inpaenatong) Bussness Machnes Cofp.

" MS 15 @ ademank Of Macrosolt Conp

i citrcd M rregsang. STl wridy 1C INe BOCTESE SHoWwn Deow S1aHNG
the COUrSE 0L Bte rieresiec it A FREE color cateiog with st
clgrais will b sent 10 you by refin mal

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
Res:genl and Home-S1udy Schools

4000 So. Figueroa St., Los Angales, CA 830037
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NEW PRODUCTS
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DIGITAL STORAGE OS-
CILLOSCOPES, models 2220, 2230
and 2430 offer high speed in porta-
ble packages. The top-of-the-line
model 2430 has a digitizing speed
of 100 million samples per second,
a bandwidth of 150 Mhz, and can
catch glitches as narrow as 2 nsec.
The 2430 has two CCD's {Charge
Coupled Devices) for simulta-
neous dual-channel signal acquisi-
tion. 1ts extensive trigger ca-
pabilities include time- and event-
delay, combination, variable hold-
off, auto-level, etc.

A special patented feature,
“save-on-delta,” allows the 243¢ 10
compare incoming waveforms
with a previously stored reference,
and save the incoming wave if it
differs from the reference. That
makes the unit ideal for "babysit-
ting” applications. The 2430 can
store as many as six waveforms

after power is removed. The 2430
comes standard with a GPIB inter-
face, through which it may be pro-
grammed. The unit may also be
programmed using menus se-
lected through five front-panel
pushbuttons.

Models 2230 and 2220 offer sim-
ilar capabilities at lesser speeds:
100 MHz and 60 MHz, respectively.
Both models offer digitizing
speeds of 20 million samples per
second, glitch-capture speeds of
100 nsec, and optional GPIB and
R5232C interface modules.

Models 2240 and 2230 allow the
user to position cursors on the
screen to read out deilta-time, in-
verse of delta-time {frequency}
and delia-volis. The 2240 lists for
$8900; the 2230 ists for $5150; and
the 2220 lists for $4150.—Tektronix,
Inc., P. O. Box 500, Beaverton, OR
97077.

STEREOQ SATELLITE RECEIVER, the
model SR3500, uses a block down-
converter instead of the usual sin-
gle conversion type. The block
system ensures a clean, crisp pic-
ture, and allows the user to insiall
a multiple-receiver sysiem. The
unit can also receive stereo broad-
casts in either the discrele or ma-
trix mode.

CIRCLE 22 ON FREE INFORMATION CARD
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Other features include signal
strengih and tuning meters, built-
in Chaparral Polarotor 1 polarity
controt, channel 2 or 3 RF modu-
lator, and a contemporary design
with simulated woodgrain cab-
inet. An A/B switch, compatible
with the Regency SR5000 block
system, is also available for dual
feed installations. The model
SR3500 is priced at $599.95.—Re-
gency Electronics, Inc., 7707 Rec-
ords Street, Indianapolis, IN
46226-9989.

MULTI-COUNTER, model WD-757,
is capable of frequency, period, to-
talize, ratio, and time-interval
measurements. [t achieves
+0.003% accuracy and + .002%
stability tolerance through a com-
bination of CMQS, TTL, low-
power Schottky, and L5! tech-

CIRCLE 23 ON FREE INFORMATION CARD

nology. 1t is equipped with three
inputs and a switchable attenuator
to reduce high-amplitude signals
by a factor of 10. A switchable
lowpass filter has a cutoff frequen-
cy of 10 MHz.

The model WD-757 has a sug-
gested list price of $479.00—VIZ
Test Equipment, 335 East Price
Street, Philadelphia, PA 19144,

PROBE, model /IR-10, is a non-con-
tact, infrared temperature probe.
The model /R-10 converts a Simp-
son (or other} DMM or VOM to a
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ADVANCE ELECTRONICS
IS PROUD TO ANNOUNCE
ockman [ndustri2!” EASY B.O.B. SERIES
OF PORTABLE

Break Out Boxes

EASY B.0.B.
Model 750, 770
Breakout Box, RS 232C

FEATURES: + Control Signal Simulation

* Full RS 232C Breakout * 2/3 Swap Switch

+ Line Powered (750) (not shown) or * Convenient Dual-Gender
Self-Powered {770) (shown) Connectors

* 50 Pairs of Red and Green LED'S  « Cable Test Feature

The Ultimate in Interface Testing—
Four State signal status of afl fines at
a glance, nuff modem and loopback
testing at the flip of a swilch, dual
gender connectors, switchable
ground line, cable test feature,
choice of powered (Model 770) or
unpowered (Model 750) and more!

EASY CABLETESTER

Model 715 EASY B.O.B.
RS 232C v Model 730
.3 Breakout Box, RS 232C

FEATURES:

& Full RS 232C Breakout

¢ Self-powered

¢ Sensitive, High Impedance Circultry

¢ Dual Puise Trap

& Control Signal Simulation

¢ Convenient Dual-Gender
Connectors

¢ 49 Probe Points

FEATURES: a Optional Remote indicator for

+ Quickly Identifies Cable Wiring  Analyzing Installed Cables

+ Scan and Single Step Test (Model 716} CALL F OR

+ Convenlent Dual-Gender + No Extemal Power Required
Connectors  Open, Continuity and Bridging Light PR'CES-,

+ Fits in the Palm of Your Hand Indicators

{ o JoLL FREE HOT LINE THE TEST EQUIPMENT SPECIALISTS
S 800-223-0474 ADVA
o e e o5 ELECTRONIC

WwWww americanradiohistorv comm
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Sl BN | EADER

* 0.3% Accuracy

* Manuati or
Autorange

* 10A + mA Range
* Beeper

* “Touch-Hold"
Function

77

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

SALES ENDS NOV. 85

FLuxe]

* FraquenCy mossuements [0
200K Hx

* dB messuremanis

* Baslc de accurwcy D 4% 100Y,
10 nA and 10 m{) sensitivity

442 DIGIT
MULTIMETERS

53490

¢ Ralotiva measuremanta
* Trus AMS

MODEL * High-1pesd Besper

8060A

OYNASCAN
CORPORATION

A

BREAKS THE PRICE BARRIER

WITH THESE HIGH PERFORMANCE
OSCILLOSCOPES

100 MHz Dual Trace/
Dual Time Base

& 1 mVidiv sensitivity

® 23 calibrated sweeps

s Rectangular CRT with Internat
greticule and scale llluminatlon

® Signal Deley Lina

$995

Dose not include probes
($60.00 a pair when purchased with scope)

Model 1580

QUANTITIES ARE LIMITED

FLUKE'
SERIES L ose il
MULTIMETERS-

* Analog Display = Rotary Knob » Volts AC &
DC » Resistance to ® 32 M{l+ 10 Amps » Diode
Test » 3200 Counts * Fast Autoranging » Function
Annunclators in Dlspla{ » Power-Up Seaif Tast
* 2000 + Hour Battery Life w/ Power Down “Sleep
Mode” » New Test Leads » VOE & UL Approval

SALE SALE

$8995 $79

and free C70

75 hotster 73
* 0.5% Accuracy * 0.7% Accuracy
j m?tgl:ngé = Autorange Only
J10A-+ 00 mA  ° 10AmMPOnly
Range L R F LT
AoEnEs - |
100 MHz Dual Time Base
SCOPE MODEL
M - 1590
INDUSTRIAL & £73
TRANSISTDR .! -
TESTER
$ 95 . '
ODEL
M5208 gt sl
& Now with HILO Drive I mYigsiotiasnalibdiilo 79
B Works In-clrcuit when . 5001 Vidivision cascade
othars won't sensitlvity

* Fourdnput operation provides
irigger view On 4 separate [nputs

* AHernata tims base OPeration
* Switching power suppiy delivers

8 |dentHies all three tran-
sistor leads

8 Random lead connectlon

8 Audibly and visually in-
dicates GOOD transietor

_‘ﬂ CAPACITANCE METERS

best sfficlency and regulation at
520995 16995
MODEL 830

lowes!| welght
MODEL 820
8 Automatically mea-

8 Resolves to 0.1pF
sures capacltance

B 4 digit saay-to-read
from 0.1pF to 200mF <) 4

LED displey
8 0.1pF resclution ® Fuse protected
B 0.2% baslc

agelnst cherged
ACCUFACY

capacitors
B 3% diglt LCD display ® Dverrange Indication

WwWwWw americanradiohistorv comm
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BECKMAN’S CIRCUITMATE °
— < ™

ALL UNDER $100

AVAILABLE NOW. . ..

864 95

Circullmate DM 20—
3% digit, pocket-size
multimaier, 0.8% vdc
accuracy, dlode test,
hFE tast, conductancs,

Zircultmate DM -40 —
3Ivr-digit muitimetar,
0.8%

369 95

dC BCCUracy.

polanity, auto-zero
auto-d.clmai

The DM73 Is the smallesat digital
multimeter on the market. lis
?robe-style design makes |t Ideal
dioda test, auto- r taking measurements in haro-
to-reach test areas.

10 amps AC and DC
ranges. autopolarity S899s SALE *Small Slize
dalclmal Clrcultmata DM 45 — 95 2 Complete
s 95 3% digit multimetar, - Autoranging
0.5 'de acCurac L] "
79 dipda 19st. contlnuily b TOUCh HOId
iy S besper, 10 amps A » Audible 1
rcwimata - 25— andg fanges, auto- contlnully ™
3% dight, pockel-size 2819, aute-polarity,
muttimeter; Osfé'f- Vag auto—go?rimgl s76 95 ChOCkiﬂg _:I
accuracy, diode 1eat, |
cnpacltango. contlnulty 1ne DM 7T gives you
P70 amos AC 8nd BC ALtorangIng pios 10
am
o seoeont: |SUPER REBATES e r
decimal capability. You simply
0 N B & K sc 0 PES seé%CLLhneLl:péltg: 1
CAL L N Ow DMYH' avtomatically
sels the required

range

.. Quality and Performance

Beckman and 42 Digits....
True RMS

$239%

=

331995 MODEL
AVAILABLE NOW! i 1801
* lsolated O-50VDC, Continucusly
:l B' HEICHKM::“m'é variable; 0-2A In four ranges
N e 4% DMM wrl yoar * Fulty sutomatic ahutdown.
- N caiibrated cycie sl adjustable Currant timit
==y & 3% digrt price. + Partact 1of solld slate servicing

POWER SUPPLIES

$33995 mooeL 1650

* Functiona as lhres feparate
suppllss

s Exclushvs tracking circult
* Fixed output 5¥OC, 5A
= Two 0 to 25V0C outpula at 0.54

Fulllx automatic, current-limited i
ovefioad protection Y

FUNCTION GENERATORS
oL 532995
519995

SWEEP FUNCTION f

* Four inatruments In one psckege

MODEL 4410

N EW 3995 * Sine. square and triangls output — 2weep generator, junction
» Varlabie and tized TTL outputs ganuutu. pulsas generatos, tone |
Beckman * 0.1 Hx lo IMHZ In six ranges c""' 0‘:‘"":"“‘2 4
Circuit-mate  in stock now Pheh G efigs S (ctisn. 1- o et
DM10 Model DM 108 * Typical sine wave Olstoction » Low-disfortion high-accurscy
with Beeper 3499 under 05% from 1 Hz 10 100kHz oulputs
g HOT LINE THE TEST EQUIPMENT SPECIALISTS
T 5007250874 ADVANC
80 212-730-7030 —
26 WEST 46th STREET. NEw YORK. N.Y. 10036 EEC ' RM’C
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[ ]
a mini-scope
with the
features
most wanted
by field
engineers!

B&K-PRECISION MODEL 1420 3825

This 15MHz dual-trace mini-Scope
was designed by BAK-PRECISION
enginears lo respond to the special needs |
ol fieid engineers. .. a minl-scope with
fab-scope leatures

it easily fits Into a standard attache
case with plenty of storage room for
a DMM, toois and accessories. The
1420 can be powearaed from the AC line,
10-16V0C or an optional internal
battery pack.

The rugged 1420 features dual-frace
operation and an honest 1SMHZ re-
sponse, with useful response beyond
20MHz. An gfficient rectangular CRT

displays wavetorms with good read-
ability under all figld service conditions.
Thera 1s na sacrifice of features or
performance for compact size. The 1420
has 18 sweep ranges from 1 uS/div. to
0.55/div. In 2 1-2-5 sequence; vanable
belween ranges. Sweep magnification
Is X10, extending the maximum sweep
raie la 100nS/div. For use wilh computer
terminais or video circuns, a video sync
separator is butlt 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 ths., with batieries
and comes with two 10:1 probes

For complele specifications cantact your
locsl distributor or call BAK-PRECISION.

oA PRECISION

DYNASCAN
CORPORATION

6460 west Corliand Sireet
Chicago, Hinois 60635 - 312/888-9087

imbe Al | s faty W Corviied k. Chmage. B 3005 l
Caradion Raret. Ailat L trgaits, Ot o

B el Camtr i Aumape e Tiid
\ Umisrd Laporinry, Mamewrn. 47 1081 ’J

= . LNl -

CIRCLE 77 ON FREE INFORMATION CARD

direct reading, non-contact tem-
perature tester. It can be used to
measure the temperature of haz-
ardous materials, fragile objects,
live circuits, rough or uneven sur-
faces, or moving objects. It does
not affect the temperature of the
object under test.

CIRCLE 24 ON FREE INFORMATION CARD

Probe size is1.4inches indiame-
ter X 5.4 inches long, with a 36-
inch (uncoiled) cord. The elec-
tronic control unit is 2.5 X 1.2 %
4.5-inches. A single 9-volt alkaline
battery provides up to 6 months of
typical (>>100 hours continuous)
operation. The model /R-10 is
priced at $395.00.—Simpson Elec-
tric Company, 853 Dundee Ave.,
Elgin, IL 60120,

AM/FM CASSETTE PLAYERS.CAR
335, CAR 362, and CAR 372
(shown} are auto-reverse, AM/FM
stereo cassette players.

The analog CAR 335 features
auto-reverse, a fader, preamp out-
puts, night illumination, metal
tape equalization, auto eject, a
DiN-size chassis, and an output of
four watts per channe! with no
more than 1% THD. It is priced at
$149.95,

Both the CAR 362 and the CAR
372 feature a liquid-crystal display
with a clock, digital AM/FM tuners
with six AM and six FM station

CIRCLE 25 ON FREE INFORMATION CARD
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memories, auto-reverse, fader,
night illumination, auto seek, pre-
amp outputs, metal tape equaliza-
tion, automatic pinch roller retrac-
tion, locking fast forward and
rewind, power-antenna leads, and
a DIN chassis size.

The CAR 3562 has a single tone
control and an output of four watts
per channel, with no more than 1%
THD. It is priced at $239.95.

The CAR 372 features, as well,
Dolby noise reduction, separate
bass and treble controls, and an
output of 10 watts perchannel with
no more than 1% THD. It is priced
at $299.95.

Marantz also offers a mobile
power amplifier, model 5A402,
featuring an output of 40 watts per
channel at 10% THD and 30 watts
per channel at 1% THD, high and
low level inputs, adjustable gain
controls, integral heat-sink cool-
ing, and remote on/off sensing. It
is priced at $99.95. —Marantz,
20525 Nordhoff St.,Chatsworth,
CA 91311,

SOLDERLESS BREADBOARD, the
ACE 118, features four binding
posts, something usually found on
much larger boards. The four stan-
dard five-way posts, attached to
the base plate, make convenient
connections to power supplies,
signal generators, or other exter-
nal exquipment.

CIRCLE 26 ON FREE INFORMATION CARD

The ACE 718 has 1280 terminal tie
points. Up to 18 14-pin DIPS or 16
16-pin DIPS can be used on the
breadboard. Included are 544 dis-
tribution tie points, which can be
used to offer such functions as
voltage and ground buses, reset
and clock lines, etc. The ACE 718
accepts all DIP sizes, as well as a
wide variety of discreet compo-
nents. It has a suggested retail

continued on page 112
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Bulld iBM-PC compatible
Heathkit computar and
Kav®, Ot buy assembled,

~gmar™
/ metal

Iocn?r

Most Accurate Clock uua. homea-in
NBS alomic clg:k signal to ! E:\.?'rlt.: Iglu.s
heo erfect , dig-
FL reglrds Junk.

(T torized
w r Station
“ramambers”
waathat 10 aid
In forecaating.

wortd'a flrst {o “Universal”

hand.heid, mitroprocessor- terminal interfacas
Robotics lechnology conirolisd Aeal Time compulsr, ham
comea 1o llfe in bulld- gt Spectrum alatian for
ing HEROC" | end 1 Analyzer. ATTY.
teaching It movement. X
speech, #nd
manipulation.

LIV LIETE (T THT ]

Learn
compulers,
proqnmmlng
with Micro-
processor
Tralnar and
Course.

”y

Trigla-trace oscilioscoPe os. in B° (s i 3

speeds roublashooting. ¥ %
o | L -
sboN. ANVSEL: -

More than just a catalog, a irustworthy guide to what's new in electronics and computers. peRhA

MNews about Important productinnovations is packed
intc every page of the quarterly, fuil-color Heathkit
catalog. Ever since radio became electronics, the il-

[ ————— e e

lustrated Heathkit Catalog has been a guide to new IR

and exciting kit products for people like you to build. Bentan Hubo? Michigan 49022
Enjoy and learn from them, while saving money in the B e L1
process. What sets the Heathkit catalog apart is Its all-new FREE Heathikit Catalog.
range of high quality products and accurate informa-
tion to help make your buying decisions easy.

All you have to do is flll out the coupon 1o get your cOpyY

Hamg

Agdress

Hea th ki to Cay .
Heath
Company

CL-7T758 I —

e s S e — — — — — — — ——
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Super Disk
Diskettes

Now...Diskettes you can
swear by, not swear at.

Lucky for you, the diskette buyer, there are many diskette
brands to choose from. Some brands are good. some not
as good. and some you wouldn't think of trusting with even
one byte of your valuable data. Sadly, some manufacturers
have put their profit motive ahead of creating quality
products. This has resulted in an abundance of low quality
but rather expensive diskettes in the marketpiace

A NEW COMPANY WAS NEEDED AND STARTED
Fortunately, other people in the diskette industry recognized
that making ultra-high quality diskettes required the best and
newest manufacturing equipment as well as Ihe best people
to operate this eguipment. Since mast manufaciurers seamed
satlsfied to give you onty the everyday Quality nOw avallable,
an assemblage of gquality conscious individuals decided to
start 2 new company to glive you a new and better diskette.
They called this product the Super Disk diskette, and you're
going to love them. NOw you have 8 producl you can swear by,
not swear at,

HOWTHEY MADE THE BESTDISKETTES EVEN BETTER
The management Of Super Disk diskettes then hired all the
top bralns In the diskette industry to make the Super Disk
product. Then these top bananas {(sometimes called floppy
freaks) created a new standard of diskette Quality and
reliabllity. To learn the *manufacturing secrets” of the top
diskette makers, they ve also hired the remaining “magnetic
media moguis” from comPpPetitors around the world. Then all
these world class. top-dollar engineers, physicists. research
sclentists and production experts (if they' ve missed you. Send
in your resume to Super Disk) were given one directive...to
pool all their manufacturing know-how and create a new,
better diskette.

HOW SUPER DISK DISKETTES ARE MANUFACTURED
The Super Disk crew then assembled the newest, totally
Qualtty monitored, automated production line inthe industry.
Since the manutacturing equipment at Super Disk is new, it's
easy for Super Disk to conslstently make better diskettes.
You can aiways be assured of ultra-tight tolerances and
superb dependabllity when you use Super Disk diskettes. If
all this manufacturing mumbo-jumbo doesa't impress you,
we're sure that at least one of these other benefits from using
Super Disk disketies will:

1, TOTAL SUAFACE TESTING . For meximum renabuiity, #nd 10 tesssn the inedihood of
dgh perors, all daket1®S must be LO1BI surtace tested AL Super Dish. aaGh disketle 8
100% suriace lested Super Orak M 30 Dicky in thalr testing. Thery avan 1est the Tracks hat
Bt i DM waen the reguler Irscks

2. COMPLETE LINE OOF PRCDUCTS « For a dosketie B3 D& Lseful IS YOU and your
compudes. # must be compaiatie Physca®y Super Dvan has an enlire 1iDe of S¥%-inch
e las S yOuUr cComparter

3. SMECIALLT LUBRICATED OISk - Supw [vih uses a 4pocinl Oxide lubOCRnt wiveh I8
200ad 10 the base Medl in the PAOGuClion OF thes dushatien THE Dhnia YOU & Bit1ed dith
el head M meda contact and konger hasd and disk Ife

4 HION TEMPERATURE/LOW MARRING JACKET - A unud high 1emperature and
e A rring vyl IChed 8lkrws use OF N DROGUC where o1hes drsheite s won'1 work. This
apacisd MCkET I8 more WK than oiher dilrelted Bnd heips abmnata dust O the mcket
5. RE'NFORCED HUB RINGS - Standard on all Supsr DUER mune Wi, 10 s1rengthen the
canter hub hols This increas#3 Ihe e O the dak IO 8w YOU mOtly and INCrEase Overalt
chikhg!|e Pelabity

0.DI8K DURABILITY - Super Digs didketies wnl beai 8l indusity standards 1o7 recabsilty
2nce [hey will gra yOou MmoTe [han TS of the ong signal amPhiluc g aven
after an grarnge (Wetul B-50) of 30 milthon pasyes They are :emplnble wilh a® Inclwtry
spaciications 33 #stabhished by ANSL ECMA 150, 1BM snd JIS
T.CUSTOMEROMENTED PACKAGING - Al Super Dotk dishs are Dackaged 10 dishato
SCAAGN and 10 cricn3 10 & Cu3e The sconomy bulkpack i pecesged 100 di3x3 10 e case
without #nweioDea of IRDs

8. LIFETIME WARRANTY - all #ise fails, remembar, 81l digka made by Super O Inc.
hpve b Metims warranry W any Super Desh disketie 1ails to mee! fasiony specifications.
Super Degk InC wil repiac® them under the terms of the Super Drak wamanty.

9. SUPERS VALUE - With Super Diak'a Sulomatsd poduction iine. high-quality, arroe
froe cibhl Bre yOurs withoul The high cost.

Order toll free 800-USA-DISK

NOW...NAME BRAND QUALITY AT SUPER CE PRICES

Now. you can buy Super Disk brand diskettes directly from Communi-
cations Electromcs at prices less than "unbranded” generic diskettes.
Your data ks valuabi®, 30 why take chances using s diskette that could
be 30 unrehsble thy! the manufacturer refuses to put I1heir name onit,
To save you even more, we 8150 ofter Super Disk bulk product where
100 dishettas sre packedin tha same boXwithout envelopes or lgbels,
Since we 3ave packaging cosis. these savings are passed on to you.
Diskette #nvelCpes 8re also available from ug. These supersirong and
tesr resistant Tyvek® anveiopes are only $15.00 per 100 pack or
$180.00 per 2,000 pack. Use order # TE-S and specify quanlity ol 5%
diskette envelopes.

QUANTITY DISCOUNTS AVAILABLE

Our diskettes sre packed 10 disks to a carton and 10 cartons t0 8 Case,
The economy bulk pack is packaged 100 disks !0 8 case without
envélopes or labels. Please order only in increments of 100 unhts lor
quantity 100 pricing. Wilth Ihe exception of bulk pACk, we are also
willing to sccommodal® your smaller orders QGusntities jess than 100
unlis are availabte n increments of 10 units 81 8 20% surcharg e above
our 100 unit price. Qusntity discounts are slso avsilable O:der 200
or mors disks althe same tme and deduct 1%; J00 Of more $aves you
2%; 400 or more saves 3%. 500 or more saves 4% 1,000 of more saves
586; 2.000 or more saves 6%, 3,000 or more saves 7%, 5,000 or mote
saves B%. 7,500 ormore saves 5% and 10.000 or more disks earns you
a 10% discount off our sup®r low Quantity 100 price. Almosl sii Our
diskettes are immedigiely svallsble trom Super Qisk. Our efficient
warghouse facilities sre equipped to help us get you the Quallty
product you need. when you need jl.

Supar Disk
BAVE ON SUPER ChBK" DISKETTES 100 price
Product DescriPfion Part & per disc (3}

5%" SSS0 Sofr Sector w/Hub Ring 8431-2J 0.74
5% Same a3 Sbove. bul BUlk pack w/0 enyelope B8437.ZJ 0.54
51 ' SS00 Soft Sector w/HUb Ring 8481-2J 0.84
5% Same as sbove. bul bulk pack w/o envelope B487-ZJ 0.64
5%~ DSDO Soft Sector w/Hub Ring B491-Z2J 0.94
5% Same 88 above bul bulk pack wio envelope 6497-ZJ 074
5%" DSO0 Soft Secior w/Hub Ring (S8 TP} 8501.-2J 1.49
555D = Singie Sided Singte Density SSDD = Single Sided Doubie Osnsity;
D500wm Double Sided Doubie Density: D500 = Doubie Sided Quad Density.
TPl = Tracks per mch

BUYYOURDISKETTES FROMCE WITH CONFIDENCE
Togetthelasiest gelvery ol yourdiskelies phone your Order directlyto
our order desk and chirge it to your credit card. Written purchase
ordéers are accepied from spproved govermment agencies and most
well raled firms at 2 10% surcharge for net 10 billing. For maximum
savings. your order should be prepaikd. All sales sre subject to
avaitability. accepiance Snd venlication All sales are hinal. All prices
are in U.S. donars Prices, terms snd apecifications are subject to
change without nolice A$5.00 additional handling fee will be charged
for al orders with a marchandise tolal under S50 00. All shioments are
F.0.B CEwarehouse in Ann Arbor, Michigan. COD lerms are avallable.
In .S UPS areas lor $5.00 extra. and are payable with cash or
certifled check Michigan res.dents add 4% sales tax.

For shipping chafges sdc $6 00 per 100 disketles #nd/or any
traction of 100 S%-inch diskelles tor U P.S ground shipping and
handling I the conlinental U.S. For 1.000 or mOre disk 8 shipped to the
contlnental U 8. shipbing charges are $3.00 per hundred diskettes
UPS 2nd day air rates are three times continentsl U.S. rales For
Canada. Puerto Rico, Hawaii, Alaska o APO/F PO delivery. shippdng is
thrae times the continental U.S. rate

Mall orders to: Communications Electronics Inc., Box
1045, Ann Arbor, Michigan 48106-1045 U.S.A. If you have a
Visa or Master Card, you may call and place a credit card
order. Order lolkfree in the U.S. Dial 800-USA-DISK In
Canada. order tolFfree by calling 800-CA1-DISK. If you are
outside the U.S. or in MiChigan dial 313-973-8888. Telex
anylime 810-223-2422. Orderyour Super Disk diskettes now.

Copynght € 1955 Communications Electroncs Ing Ad # OBO185-Z
Quantity 10,000

less than

490

| % a disk
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VIDEO TITLER

Now you can superimpose
titles and computer graphics
on video images!

JACK FLACK

HAVE YOU EVER WANTED TO ADD TITLES TO SOME OF YOUR VCR RECORDINGS? WHILE THERE ARE MANY
titlers commercially available that let you liven up your video presentations by adding characters. they
do so at the expense of the video image. But the titler we'll describe will change all that. It lets you
superinipose characters directly on the video image from a VCR, video camera, videodisk player. or

even an over-the-air broadcast!

IT characters aren’t enough for your needs. the titler can be interlaced with a home computer such as

Radio- ;
Eleclronics

BUILD THIS
VIDEO TITLER

the IBM PC, TRS-80 Color
Computer. Commodore 64. or
Apple [l to allow you to superim-
pose computer-generated graph-
ics or even real-time animation
on a standard video signal.

Even with the current “video
baamn,™ a device such as this has
not been available commercially
to the home videa cnthusiast—
until now. Why not? Afterall, the
neiworks and even local televi-
sion station have had expensive
computer-based charucter gener-
ators lor over 10 years.

Unlike sudio, video signals
are very complex: they must con-
tain synehromizing. color. detail,
and other information necessary
to generate a Ielevision piclure.
And to superimpose one video
image on top of another. both
signals must be synchronized.
The difficulty in doing that—be-
cause there are no LS) IC"s avail-
able to do it-—is apparently what
has kept a praduct like our titler
off the market...until now.

The video titler use:
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Motoroli's 6809 microprocessor and
Texas Instruments’ TMSS128 VDP (Vid-
co Display Processor. The VDP performs
mosi of the funclions needed to gencrale
compuler images. It provides: refresh for
16K dynamic video RAM’s,
asynchrenous bi-directional data transfer
o internal registers and video RAM.
256 x 192-pixel resolution. 16 colors. up
10 32 separatc movable objects called
sprites. and—most imponant for super-
imposition—the i:bility to be syn-
chronized {gen-locked) with an external
video signal.

Before we go any further in our descrip-
tion of how the video titler works, we
should review some of the fundamentals
of video and television.

( . —

== = RETRACE
EVEN FRAME
ACTIVE LINES
0DD FRAME
ACTIVE LINES

FIG. 1—THE NTSC VIDEO FIELD consists of two
trames, which combine for » tolal of 525 hork-
tontal lings.

Background ¢n video

The standards for television in the U.S.
were adopted during the 1940's for black-
and-while TV and ephanced in the early
1950 to provide for colot. The group of
industry representalives responsible for
these standards was the National Televi-
sion Systems Committee (NTSC).

The NTSC standards call for a raster
{which s the pattern of scanning lincs on it
TV piciure twbe when no signal is being
received) of 525 horizomtal lines. The
raster frame of 525 lines consists of 2
Sields. usually referred 1o as the odd and
even fields. Each feld therefore consists
of 262.5 horizental lines. See Fig. 1.

To gencrate 1he frame. atl the odd lines
from the top af the screen to the bottom
are scanned first {making up the odd
field). Then the beam is returned 1o the top
of the screen. and the even lines are then
scanned from the top to the bottom (mak-
g up the even ficld). The process of
“weaving logether” the odd and even
fields to form a raster is called inrerlacing.

Each field is scanned in 1/60 second. so
cach complete frame is repeated at a rate
of 30 frames per second.

The reason that imerlaced scanning was
chosen by the NTSC is that it beips to
¢liminate flicker by producing a relatively
smooth transition between ficlds. Youcan
somelimes observe flicker. which is the

NEGATIVE-GOING
PULSES USED TO
SYNCHRONIZE vDP
HORIZONTAL

R S

Ti¥
HORIZDNTAL

VERTICAL BLANKING INTERvAL

= S . . T M
/If’_lf'_lﬂ\ AANAMUUULLUs mr*—Lr'—W gy

e
EQUALIZING

HORIZONTAL VERTICAL
SYNC PULSES SYNC
PULSES PULSES

WHITE ——=g—— ==~
T LUMINANCE —
U R
BLAST ~w,
BRE - [ e |
SYNC --- ¥ e lT
HORIZONTAL
SYNC PULSE

LA 1 /“f,;

EQUALIZING

PULSES V
a ~-§3 5 MICROSECONDS

M
W

CHROMINANCE

FIG. 2—THE NTSC COMPDSITE VIDEO SIGNAL contalns several iming components. For superim-
position it's important (hat the video fitler's ouiput be Synchronized with them The vertical blanking
pulse is shown In ». and the horizomal sync pulse |s shown in b.

slight shifting up and down of 1mages on
the screen, with large white-on-black
characiers {or other mgh-contrast im-
ages). Flicker. which can make it difficull
to read characters. especially small
characlers. is the primary reason comput-
er designers chose not o use 30 frame-
per-second imterlacing. Home computers
usually operate with 262 horizontal lincs
in each field. The beam then traces the
same path 60 times per second. This ap-
proach eliminates flicher: however. il also
reduces the vertical resolution to onc half
of the resolution of 525 line interlaced
images.

Composite video

The NTSC composite-video signal that
is used 1o transmit iclevision piciure infor-
milion was also standardized in the 1940°s
and 1950's. (It is also sometimes referred
to as RS-170). Although the polanty and
peak-lo-peak voltige of the composie
video signal is not mentioned im the stan-
dard. the other parts of the waveform are
fixed. Fortunatcly, the VCR and video
camera industry have standardized the po-
larity and peak-to-peak voltage of the
composile video sighals as negative-
going sync and | volt peak-to-peak ampli-
tude {AC) into a 75-ohm impedance.
Make sure that any device you use with
the video titler follows those standards’

Figure 2 shows the composiic video
signal. The signal contains timing compo-
nents and picture-definition components,
For superimposing. the timing compo-
nents from the litler's video signal (the
vertical sync. horizomal sync and color-
burst} must be synchronized with the
those of the external video signal.

The horizontal syme and blanking
pulses keep the TV receiver's horizontal
scanning in step with that at the transmit-

WwWwWw americanradiohistorv comm

ter. and cut ofT the picture tube during
horizontal rerrace. The duration of one
honizonta! line is 63.5 ps. and the blunk-
ing pulse intenval lasts for about 10 ps.
Thus. the active videa portion of one hori-
zontal line that is actuslly seen lasts for
53.5 ps.

The horizontal sync pulses are about 5
microseconds wide and ride on the blank-
ing pulse pedestal. The colorburst ride
on the back porch of the horizontal blank
ing pulse.

The vertical sync and blunking pulse
must be provided between cach ficld
ensure thal vertical retrace begins at the
proper Lime, ind 10 hide 1he visual effect
of the retrace. The pulse oceurs at the enc
of each ficld. and asts umtil vertical re-
trace has ended. Each vertical blanking
interval lasts for between 13 and 21 hori-
zontal lines. {Thus for each frame. 26 It
42 horizontal lines are lost 1o vertical
blanking.}

There are three types of pulses riding on
the vertical blanking pulse: equalizing.
vertical-sync, and horizontal sync pulscs.
(A colorburst is inserted after each hori-
zontal sync pulse for color Signals.)

Note the waveform of the vertical sync
in Fig. 2. Remember that vertical sync
occurs after 262.5 horizontal lincs. In
order to maintain horizontal synchroniza-
tion during the venical sync. vertical ser-
rations are inseried inbetween the verticat
sync pulses and occur at twice the hori-
zontal frequency. The equalizing pulses
before and after the vertical sync also oc-
cur it twice the horizontsl frequency. You
will later see that all negative edges of the
equalizing pulses. vertical serrations. and
horizontal sync pulses arc used lo syn-
chronize the video titler's horizomal fre-
quency.

The colorburst is the heant of the
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color-reproduction process. Although this
precise 3.579545-MHz (referred 10 as
3.58 MHz) burst appears only for a few
microseconds during the back porch of
the horizenial syne, it isused to generatca
continuous 3.58 MHz sinewave. This
sinewave’s frequency and phase is re-
established every active horizomal line
{except during the vertical blanking
period). The way in which the colorbuest
is used in the generation of colors will be
discussed later. For now. it's sufficient o
say thal the video titler must synchronize
its color clock to the external colorburst.

Otherwise. images generated by the titler
will appear in a rainbow of random col-
ors,
The luminance represents the black-
and-white picture detail. [t basically is the
brighiness or degree of white present in
each picture element, without regard to
the color.

The chroininance is the color informa-
tion of the video signal. The chrominance
signal carnes the hue and saturation infor-
mation. Figure 3 illustrates how the chro-
minance information is encoded and
decoded.

CHROMINANCE

LUMINANCE
HORIZONTAL cumn\

SYNC BURST

PORTION OF | HWV\/‘
COMPOSITE-VIDED | v |

SIGNAL

3579545 MH2

o
¥
DEEP
PASTEL SATURATED
COLOR COLDR

\
]

WITH RESPECT TD
CHROMA SUBCARRIER

/
PURE A g
cnmominance———\/\/\ \/V “ % PHASE DIFFERENCE

CHROMA

s MAVWAWAWY
{INTERNALLY .

GENERATED

BY TV SET}
SUBCARRIER IS
PHASE-LDCKED
EVERY ACTIVE

HORIZONTAL LINE

DETERMINES HUE

FIG. 3—THE CHROMINANCE SIGNAL AND CHROMA SUBCARRIER, which Is generated by the TV set
using the coicrburat as a refarence. are compPared 10 each other. A phsse change represents thanges

In hue.

EXTERNAL
NTSC

VIDED
SIGNAL

EXTERNAL

coMPosITE =[N LU UUUT A mﬂN

e L L UNANANNIUUIAR L L0 A

- SYNC
[POSITIVE GQING)

EXTRACTED

HDRIZUNTAL] Ll u U U [ U U U

COMPONENT

AC FILTERED
EXT VERTICAL
COMPOMNENT

RECREATED

[ ]

VORHOALIONTALT =15 T e 1l ¥y i L5ttt

HYBRID PULSE

USED TO RESET

VOP VERTICAL &
HORIZONTAL
COUNTERS

PSEUDQ VERTICAL

SERRATIDNS USING
ﬁ! SIGNAL ¢

FIG. 4=T/MING SIGNALS USED TO SYNCHRONIZE THE YOP with external horizontal and vertical
timing slemenis. Shown In & |3 the external compoasite-video signal, and In &, the extarnal composita
sync. In ¢, we see the axtracted horizontal caomponent. The vartical component s shown In d, $nd the
re¢reated horizonial sync is shown In e. Finaily, the hybrid putse used to reset the VDP's horlzantal and

vertical counters 8 shown In 1.
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The chrominance signal is compared to
the chroma subcarrier, which is internally
generated by the TV set using the color-
burst as a reference sample. Differences
in phase result in different hues. The refa-
tive amplitude of the chrominance with
respect to the chroma subcarrier deler-
mines the saturation of the color. A chro-
minance signal with a small amplitude
will result in a pastel color. On the other
hand, a farge amplitude will resutt in deep
satursled Colors.

How the video titler works

Now that we have a basic understand-
ing of the slandard video signal. let’s look
at how the video titler can superimpose ils
video image over an external NTSC com-
posite video signal. Centain conditions
musl be mct before the two signals can be
mixed. The venical, horizontal and color
¢locks must be synchronized and the am-
plitude and DC level must be matched.

The hean of the video litler is Texas
Instruments’ TMS9128 VDP. The VDP
operales operates with a 10.738635-MHz
cloek (which is 3 imes the color subcar-
rier frequency of 3.58 MHz), from which
all of the other intemai clacks are derived.
The pixel clock is 5.4 MHz (10.7/2).
which means that each pixel is approx-
imately 186 nanoseconds wide. The pixel
clock is divided by 342 to generate hori-
zontal sync.

The VDP provides for vertical and hori-
zonlal synchronization to an external
composite video signal through a 3 level
RESET/sYNC inpul. System reset occurs
when thal input is brought low (less than
0.8 volts). For normal operation, the
SVNC/RESET inpul is held at 5 volts. When
it exceeds 9 wolts for greater than 7 micro-
seconds. the VDP resets its internal video
counters.

That would seem to mean that all we
need is a positive-going external sync-
signal applied to the RESET/SYNC input.
operating between 5 and greater than 9
volts. to synchronize the VDP's internal
venical and horizontal counters with the
external signal. Unfonunately, that's not
exactly true. Texas Instruments chose not
10 use the NTSC standard for its sync
pulses, and that results in problems with
the external reset mechanism.

The VDP resets its horizontal clocks on
the leading edge of the pixel cloek. 1f you
use some simple math you find that the
NTSC horizontal sync occurs about every
63.556 microseconds. That works out to
341.25 pixei clocks. The one-fonh pixel
difference causes jagged edges Lo appear
on the images being supenimposed on the
screen.

The TMS9128 VDP does not internally
generate the 3.58 MHz chrominance in-
formation, To generate color, it uses color
difference signals (R—Y and B=Y) in
connection with an external chrominance
modulator.
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The TMS9128 can operate quite well at

CAMERA/EXTERNAL frequencies slightly higher or lower than
co MDEOW 10.738635 MHz without affecting the
¥ color-gencration process. With a standard
EXTERNAL CLOCK NTSC horizontal line of 63.556 microse-
! HOR'ZU;‘:(T;:E *1  GENERATOR conds. a VDP pisel width of 185.8349
AUFFERED EXTERNAL vOP naneseconds (63.556 divided by 342 pix-
—{EXTERNAL _ SYNC - HORIZONTAL els per line) will resuitin the VDP operat-
VIDED GENERATOR KYBRID PULSE ing at the NTSC horizontal rate. This
BURST  VERTICAL pixel width can be derived from a master
GATE RESET clock of 10.762237 MHz. You'd think
3 L ot with this problem overcome we'd be all
sel. But not vet.
A second problem exists with the
| 3 - VDP's process of synchronizing (o an ex-
T TR T “DF ternzl VCR or videodisc-player signal.
BURST CLOCK : cPU The sync pulses coming from these de-
PULSE CLOCK Jeru vices are not as stable as those from a
I CHROMA vOP RESET camera or direct video broadeast. That is
LS PROCESSOR \ - because VCR's and videodisc players
v e n i ;i have servo moters controlling the genera-
mms%g'“ M R EHMEL TRR tion of the vertical and horizonial Sync
- AL pulses during playback.
NTROL ; B "
BUS That instability is referred Lo as “jitter.

Vertical jitter is not as much of a concern
INTERNAL _EXTERNAL because of the relatively slow frequency
MODE MODE KEYBOARD 110 of the vertical timing element. On the
SELECT  SELECT L other hand. harizonial jitter may actually
L VIDEO MIXER/BUFFER - —] ﬁ be obscrved when 2 jitiery signal is used
L to direcily reset the VDP's horizontal
m‘ggg EXPANSION counters. Once again, what is seen is jag-

ouT INTERFACE 2ed edges on the VDP's images.
.L - BUS The video itler overcomes the jitter

problem by letting the horizontal sync

track the external horizontal sync using a

FtG. 5—THE BLOCK DIAGRAM OF THE VIDEO TITLER shows its msin seclions: the external Synt phase-locked loop (PLL) Lo “average
generator. tlock generalon video display processor, chroma processor, video mixerbutfer snd micro- - R :

tomputer We'tl discuss those sections In detall next month o .the] s HU\I-C\'B.I'. the VDP does not

§ provide a separate horizontal output pulse

and does nol gencrate vertical serrations
or cqualizing pulses in its non-standard

E e L e »——o - video signal. Therefore 10 obtain a hori-
BRI RS0 D12 ‘k pli3  +RaM zontal sync during the vertical period. a
1 Ll U b el B pseudo horizontal pulse has to be con-
3 - y la;:‘ . 33\: structed using available signals.
I e el T UTHIUM 412V That puise could be derived by dividing
| $ e v - the master clock by 684. However. since
) | S * L the cPu cLOCk oulput on the VDP is
g merely the master ¢lock divided by 3, we,
o L = Il o il o further divide the signal by 228 and
Do ot 1 47, F can further divide the signal by 228 an
\5 82 % 22000F ez lo +5v accomplish the same resuit. {Using that
14VCT | 1805k i g technique actually allowed us to use onc
VA % | + T c = less 4-bit binary counter in the circuit. )
T ?55 c| tn| ce7 The vertical counters within the VDP
4700 F ietal must still be reset in order to superim-
a1 ] A1 ¢ S G gogxe. By d:cilqg_ lha;. hm;(]tvcr. wU'c intm-
- uce an additional problem. Usmng a
Da) Cs7 09 X : B 2L Y simple RC filter. we can extract the ger—
1 INAOOY| (00WFl WNdEos  [IOOWF R 1 tuf -5V tical p h :
e - o o -~ ical sync frem the external composite
a3y sync. Afier proper level adjustment. 1hat
signal can be applied to the VDP's ReSET/
. 4 la‘;“ SYNC input. So far, so good. _
e Remember. huwc-\'cr..lhat the leading
+ 1N9I4 +15V edges of any pulse applied to the ReseT/
o BIs SYNC input resets the VDP's horizontal
10 LN9T4 +V counters. Also remember that the stan-
01t dard NTSC composite video calls for
N9 T4 262.5 horizontal lines for each vertical
= syn¢ pulse. This means that cach suc-
FIG. 6—THE POWER SUPPLY. While the titler Operaies méiniy on +5 volts, the Supply alac provides cessive external vertical sync pulse will
the cperating vollage for an exiernal vides camera. also resci the VDP's horizonwal counters

WWwWw americanradiohistorv comm
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All resistors 1/d-watl. 5% unless other-
wise noted.

RN1—10,000 chms x 9 resisior network

R1,R16—10.000 ohms

R2—6800 ohms

R3—75 ohms

R4,R48—~51,000 ohms

RS, Rt1, R12. R15, A25-A27, R35, R43,
R49—1000 ohms

RS, RB. R30, R31. R33—4700 ohms

R7—3900 ohms

RS—5100 ohms., metal film, 1%

R10—4.300 ohms, metal film, 1%

R13. R16. A18. R22, R24, A28, R33,
R40—2200 ohms

R14. R23—580 ohms

R17. R36—120,000 ohms

R19. R20. R21—470 ohms

R29, R32—1000 ohms, PC-mount trim-
mar potenhometer

R34, R47—220 ohms

R37—1500 ohms

R38—5100 ohms

R41, R42—3300 ohms

R44, R45—820 ohms

R46—10.000 ohms. PC-mounl trimmer
potentiometer

R50—33 chms

R51—68 onms

Capacitors

C1,C40-C42, C44. C64—10 uF, 25 volts,
elecirotylic

C2.C3. C5. C9.C11, G4, C15, C16,C26.
C23. €38, C29, Cas, C47, C48. C49,
C50, C51, C53, €60, C61. C62. CB3.
C68, C70. C72. C73—~0.1 uF ceramic
disc

C4—0 01 Metalized him. 5%

C6—0 002 uF ceramc disc

C7—0 005 uF ceramic gisc

C8—0.001 uF ceramic disc

C10—47 uF. 25 voits, efectrolytic

C12. C27—5-30 pF PC-mount trimmer

C13, C28—12 pf, ceramic disc

C17-C19, C66—220 pF, ceramic disc

C20—150pfF ceramic disc

al a point that is ong half horizontal line
different from the previous frame

In the meantime. the recreated VDP
horizontal pulse is still tracking the exter-
nal horizontal frequency. Thal would
cause characters on the left of the screen o
Jump to the center and back tothe lefi with
cach succeSsive external vertical sync
pulse!

In order to deal with that within the
wvideo titler. pseudo vertical serrations (in-
verted VDP horizontal sync pulses) were
inserted into the vertical pulse used 10
reset the VDP. Those horironlal pulses
are, in fact. the same recreated pulses
used by the PLL. Figure 4 shows the sig-
nals used to synchronize the VDP with
external horizontal and vertical timing ¢l-
ements.

As for the color synchronization of the
tiler. there are a number of chroma-pro-
cessor inicgrated circuits designed specif-
ically to generate a synchronous chroma
subcarrier. The RCA CA3126 was se-

PARTS LIST

C21—390 pfF ceramic disc

C24, C30, C58—1 uF, 25 wolis, elec-
roiyhc

Ca5, C37—47 pF ceramc disc

C45—22 pF. 10 voils, slecimoiytic

C48, C56, C57. C58—100 pF. 25 wolis.
slactrolytic

C52, C67. C69, C7T1— 47,F. 15 vorts,
alecirolytic

C54-—2200 pF, 25 wolts, etectrolytic

C55—4700 uF, 16 voits, electroytic

C65—33 pF. ceramic disc

Semiconductors

1C1—LM339 quad compdrator

IC2—74L5221 dual non-reiriggerable
one-shot

IC3—74L 505 hex tnverier

IC4—#C 4044 phase-frequency detector

IC5—MC4024 dual voliage-contrelled
mulinabratos

1C6, ICT—74LS191 up/down binary coun-
ter

IC8, ICY. IC13—4066 quad analog switch

tC10—TMS9128 video dispiay Processor
(Texas Instruments)

1C11, IC12—4418 16K % 4 dynamic RAM,
150 ns

IC14—CA3126 chroma procassor (RCA)

IC15—74L500 quad nand gate

IC16—(LM1889 TV vieo modulator {Na-
flonal—

IC17—LM381 high-speed comparator

IC18—74L5139 dual 1-of-4 decoder

IC18—2732 4K x8 EPRCM

IC20—6116 2K x 8 statc RAM {or 2016)

IC21—74LS273 octal D-type llip-iop

IC22—74L5244 octal 3-state drver

IC23—MT 6808 Microprocessor

JC24—7812K regulaior. +12-volis

IG25—-7805K regulator. + 5-wlis

IC26—7905T regulator. — S-volts

D1, D3, D4, D5-D7. D11-D1B—1N914

D2—1N751 Zener. 5.1 volts

D8, D9—1N4001 rectifier, 50 PIV

D10—not used

BR1—{ull-wave Bridge rectilier, & amps

lccted primarily because of its sinewave
oulpul. which provides relatively easy in-
terface with the video titler's chroma
modulator. National's LM1889.

The last design area of the 1itler worth
mentioning here is the requirement for
matched signal amplitude and DC level.
Fortunately the video signal amplitude of
the VDP is very close to the exiernal sig-
nal being used and the DC level adjust-
ment is handled by a simple diode clamp.

The video titler circuit

Figure 5 is a block diagram of the video
titler. The six main sections of the titler
are; the exiernal sync generator, clock
generalor. video display processor. chro-
ma processor. video mixer/buffer. and mi-
crocomputer.

There is an additional section o the
titler—the power supply—that isn't
shown in the block diagram. s sche matic
is. however, shown in Fig. 6. The power
supply provides several separate DC volt-
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LED1-—standard red LED
Q1, O6—2N2222
Q2. G3—2N3906
Q4, O5—2N3904

Other components

XTAL1—3.579545 MHz

L1—58 uH

T1—14-voli sacondary. center.tapped

J1—10-pin videc camera jack

J2, J4-J6—PC -mount phono jack

J3—332 inch phone jach

S1—SPST PC-mount siide swiich

$2—DPDT rocker Switch, verticat PC
mount

Miscellaneous: Lithium-battery hoider
and battery, 49-key keyboard, 16-conduc-
for nbbon cable. enclosure, etc.

The following are avallable prepaid
from Micro-Yideo-Technology, P.O.
Box 76. Chattanooga. TN 37343: maln
PC board (silk screened, with gold fin-
gers), $40; Programmed EPROM. $25;
Cuslom keyboard {Cherry Electric),
$80; Cuatom enclosure. $40; All
swilches. jacks, and connectors, $30;
14 VCT wall transformer, $30; TMS9128
V0P, $30; partial kit {inctudes all the
above), $250. All orders add $5 ($13
oulside W.S.) for shipping and han-
dling.

The icllowing is avallabie trom MFJ En-
terprises, Inc., 921 Loulaviile Road,
Starkviie, MS 39759: Complete liller,
assambled and lested with 1 year un-
condilional guarantee, $599.95 plua $6
shipping. (Return if nol salisfied wilhin
30 days for refund, less shipping.) Or-
dera only {(oulaide Misslasippl)
1-800-647-1800. information and Mis-
sissippl orders 601-323-5869. Masler-
Card and Visa accepted.

ages: +12. +5. +3, +1.5 +.7. and
[

The power supply obtains the necessary
positive and negative vollages from a
wall-mounted transformer.

The =3 volis is obtained by applying
the 14-volt AC signal through C57 and
clamping the mosl posilive peak at zero
using D8. Diode D9 serves as @ half wave
rectifier whose output is filtered by C56
before going to the —5 volt regulator
(1C26),

Two positive voltages of about + 8.5
and 17 are regulated to provide +12 and
+ 5-volt supplies. Simple 3 ierminat voh-
age regulators with TO3 cases (1C24 and
1C25) were selecied because of their heat
sinking capaciry.

That’s all the circuit we have room (0
talk about this month. When we continue.
we’ll discuss other features of 1he power
supply. and we'll present the resi of the
circuit. along with foil pattems and con-
struction details. R-E
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MICHAEL F. VIOLETTE

EACH AND EVERY ONE OF US HAS EXPERI-
enced the effects of electromagnetic
interference (EMI). For instance. that
phenomenon is what causes static on your
TV evety time someone turns on another
appliance. But EMI can have some far
more serious consequences. For instance.
the EMI generated by an electrostatic dis-
charge (“shocks™ caused by static elec-
tricity) can severely affect nearby
computers. In dry weather, it is not un-
common for those mild shocks 1o cause a
computer located on the other side of a
fair sized room 1o **crash. " The effects of
EMI can even cause an otherwise sound
device Or circuit 1o fail to operate al all.
And the effects of EMI can be dangerous,
such as when the stasting of a motor inad-
vertently triggers a nearby remotely con-
wolled piece of industrial equipment.
The above mentioned effects of EMI,
as well as many, many others are familiar
to hobbyists, engineers, and users of elec-
lronic equipment. Sometimes EMI-
caused probiems have simple solutions.
Such solutions might involve rerouting
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some wires or adding a bypass capacifor
to & circuit. Other times, a less-than-se-
vere problem is simply tolerated. More
troublesome cases are cured only after
exiensive trial-and-error attempts and a
iot of wasted time.

This article is an inlroduction 1o a few
of the most common causes of EMI and
some of the remedies that can be used to
combat EMI’s effecis. Our goal is to
achieve ““clectromagnetic compatibility™
{EMC). Electronic circuits and systems
are said 1o have achieved EMC when they
can operate within the same electrical and
physical environment without any one
circuit or system causing probiems for
another.

Types of EMI

EMI can be loosely defined as an un-
desirable signal that affects the normal
operation of equipment such that the
cquipment malfunctions, or the perfor-
mance of the equipment is degraded in
some manner. The phenomenon. ils
causes, and its cure have all become es-
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to neutralize its effects.

pecially important as new technologies
that use low voltage levels and high-densi-
ty packaging have been developed. Such
technologies are especially sensitive to
EMI.

Just as electrical energy is moved from
one place to another ¢ither by conduction
(through wires) or radiation (through the
almosphere or space), EMI “reaches” its
“victim'" via radiation and/or con-
duction. For inslance, consider the case of
static on a iclevision caused by someone
using an electric hair dryer. If you look at
the dryer motor while the dryer is in use,
you can see electricity arcing between the
motor's commutator and brushes. Those
arcs are a source of both conducted and
radiated broadband electric noise that can
affect the normal operation of a TV sel.
By broadband we mecan that the noise
signal contains & wide variety of frequen-
cies. including in most cases those that
fall in the TV band (54-216 Mliz VHEF,
470-890 MHz UHF).

Figure | shows a situation that is found
in millions of . households—an electric
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FI1G. 1—A COMMON INTERFERENCE SITUATION. The elaciric drill generates EMI, which la coupled to

ihe TV set via two separate palhs.

drill in use in one room affecting the oper-
ation of a TV set in another. Note that
though the drill and the TV set are phys-
ically scparated. they are both fed from
the same branch of the house’s wiring.
The signal generated by the arcing within
the drill motor is conducted to the TV set
vii the line cords of the two devices and
the house wiring. Once the signal reaches
the TV set, it can be coupled into the set’s
circuitry {more on that in a2 moment) and
processed as if it were a video signal. The
result is displayed on the sereen as static.

At the same time, the noise signal Lrav-
eling through the line cord of the drill
causes an clectroniagnetic ficld to form
around that cord: that s, the line cord
becomes 2 “transmitting antenna.” The
noise signal that is *"broadcast™ from that

TABLE 1—SOURCES OF
ELECTROMAGNETIC
INTERFERENCE
Man-Made Sources
RF transmitters
Automotive Ignitions
Elecinc motors
Arc welders
Computers
Fluorascent lights
Relays
Nean signs
High-voitage power lines
Swiiches
Dimmers
MNatural Sources
Electrostatic discharge

Lightning

TABLE 2—VICTIMS OF
ELECTROMAGNETIC
INTERFERENCE
Computers
Medical equipment
TVs
Radics
Electrome conirol equipment
Ordinance (explosives, oic}
Telaphone equipment

antenna can then be picked up by the TV
antenna and processed like any other sig-
nal,

Table | lists some typical sources of
EMI. both nian-made and natural. That
list is not intended 1o be exhaustive. but
only to give you an idea of the variety of
those sources. Table 2 is a brief list of the
types of equipment that are subject to
clectromagnetic interference.

Also, it is possible that the source and
victim of the imterference is the same
piece of cquipment. That “selFjamming”™
occurs when there are several differcnt
systems within the same picce of equip-
ment and one of those systems is interfer-
ing with another.

Coupling paths

We've already seen that for EMI 1o oc-
cur there must be a path between the
source and the victim. That path is called
a coupling path. Usually, the task of locat-
ing the coupling path or paths respunsible
for the transmission of the EMI is the most
difficult aspect of solving the problem.
Thal is the case. because there may be a
number of paths contributing to the prob-
lem. Often, the EMI1 may persist even
though you have eliminaied one or more
paths. The only solution in those cases is
to keep searching until all coupling paths
are found.

A further complication that multiple
coupling paths presents is that it makes it
difficult to determine if eliminating a sus-
pected path has actually done any good. If
two or more palhs contribute equally to
the problem, eliminating only onc path
may provide little apparent improvement.

In order to discuss the various ways in
which EMI can couple from one sysiem to
another, it is necessary to define a few
terms.

When dealing with conducted inter-
ference. there are two varieties that we are
concerned with. The first variety is dif-
ferential .mode interference. That 1s an in-

WWWwW americanradiohistory comm

terfercnce signal that appears between the
input terminals of & gircuit. The other va-
riety of conducted interference is called
conimoh-mode interference. A common-
mode imerference signal appears between
cach inpul terminal and & third point: that
third point is called the common-mode
reference. That reference may be Lhe
equipment chassis. an earth ground. or
some other point.

Let's look at those types of interference
a little more closely. In Fig. 2-a we show a
simple circuil consisting of a signal
source. V. and aload. Ry - In Fig. 2.5 we
show what happens when differential-
mxde interference is introduced into the
circuit by an vutside source {more on that
in a moment). As is shown, an inter-
ference voltage, V,. appears between the
two input lerminals, an interference cur-
rent. I, flows in the circuit. The result is
noise at the load. If, for instance. the load
is a logic gate in & compuler. and the
amplitude of V, is sufficiently high. it is
possible for the gate 10 incorrectly change
states. 1L is possible that such an occur
rence would alter the results of any com-
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FIG. 2—-TWO TYPES OF INTERFERENCE. In dit-
terential-mode interférence (D] the noise votage
appears between the inputa of the circuit In
commen made Interference (c} the noise volt-
age Appears between sach Input and a 1hird
point callad the comman-mode reference

putations being performed at the time—a
rather undesirable situation.

Figure 2-c shows what happens when a
ground toop is added 1o our circuil.
Ground loops. which are undesirable cur-
rent paths through a grounded body (such
as a chassis), are usually caused by poor
design or by the failure of a compenent. In
the presence of an interference source.,
common-made currents. 1, and a com-
mon-mode vollage. V. can appear. with
the ground loop acting as the common-
mode reference. The common-mode cur-

GE61 HIBW3AON

o
-


www.americanradiohistory.com

CIE can show you how.

Computer technotogy. Satellite communications.
Cable television. Cellular radio. Digital electronics.
Robotics. Just a few of the hottest career areas
in electronics. The ones everybody is talking
about. The ones that are changing the way we
live, the way we do business, the way we enter-
tain ourselves. The best way to start a career in
any of them? By learning the basic electronics

theory and principles of how they work from CIE.

Join a leader,

Leading the world in specialized electronics train-

ing, CIE is the largest school of its kind with over
25,000 students at home and abroad. And with

over 50 years of experience teaching electronics
to thousands of men and women through proven

can you
Just about

methods of independent study without class-
room sessions.

Learn as much as you want,
when you want.

Whether you're interested in learning new skills
or upgrading old ones, earning a diploma or an
A.AS. degree, CIE can match your needs with
courses and programs that let you start where
you want, go as far as you want from a basic
beginner course all the way to CIE’s Associate
in Applied Science Degree In Electronics — a
comprehensive program that prepares you for
advanced electronics careers.

Custom training
equipment helps you learn.

CIE believes in the importance of learning by
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with electronics?
anyihing.

doing. So most of our courses include special-
ized training laboratories keyed to specific less-
ons for practical experience through teaching
expenments. Qur CIE Microprocessor , for
example, comes fully assembled and ready to
use to teach you how a computer CPU works

=1E
= = World HeadQuarters

Cleveland Instjtute of Electronics, Inc.
1776 East 17th Street = Claveland, Ohio 44114

") Please send me your CIE Oft-Campus Studies Catalog,
includng details about the Associate Degree program.

through a series of experiments you perform
on your own.

Are you ready?

If you're ready to do something now about your
future, theré’s no waiting to enroll with CIE. Get
all the information you need to enroll simply by
calling us toll-free at 1-800-321-2155 (in Ohio,
1-800-362-2105). Or mail in the handy reply
coupon or card to Cleveland Institute of
Electronics, 1776 East 17th Street, Cleveland,
Ohio 44114.

|

I understand there is no cost for the catalog and a CIE
representative may call, but there is no obligation.

Print Name

Address Apt. No
City State Zip
ge _Area Code/Phone No. /

Check box for G.1. Bill bulletin on Educational Benefits
[] veteran [ Active Duty

MAIL TODAY! RE21
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renl flows on both tnput lines. and has the
same instantaneous polarity and direction
{the current and voltage arc in phase), and
returns through the common-mode refer
ence, The common-mode voltage be-
tween each inpui and the common-mode
reference is identical.

Coupling itself can take place in onc of
several ways. Some of those include field-
to-cable coupling. cable-to-cable coup-

I WIRE
N —-
b Ve ———

4 s

-V

FIG. 3—FIELD-TO-CABLE COUPLING. I a cir-
cull s placed within a time-varying electiomag-
netic field (such as that generated by a current
carrying wire), the field will induce B currel and
voltage in that circult

hing, und coinmon-impedance coupling.
Let’s look at those types of coupling onc at
a time,

The principle behind field-10-cable
coupling is the same as thut behind the
receiving antenna. That is, when a con-
ducter is placed in & time-varying clec-
tromagnetic field. & current is induced in
that conduetor, That is shown in Fig. 3. In
that figure. we see a signal source. Vo,
driving a load. R,_. Nearby there is a cur
rent carrying wire {or other conductor)k
Surrounding the wire is an cleclromag-
netic field. The presence of the field
causcs the Cifcuil to act as a loop antenna.
As such. an interference current, L. and
and imerference voliage. V. are induced
in the circuit. The magnitude of the induc-
ed interference signal 1s roughly propor-
tional 10 the frequency of the incoming
field. the size of the loop. and the total
impedance of the loop.

Cable-to-cable coupling oceurs when
two wires or cables are run ¢lose (0 one
another, Because any two conducting
bodies have capacitance between them.
called stray capacitance, a time-varying
signal in onc wire can couple via that
capacitance into the other wire, That is
referred 1o as capacitive coupling. An-
other mechanism of cable-to-cable coup-
ling is mutual induclance. Any wire
carrying & time-varying current will de-
velop a magnetic field sround it. If a sec-
ond conductor is placed ncur envugh to
that wire. that magnetic field will induce a
similar ¢urrent in the second conduclor.
That type of coupling is called inductive
coupling. In cable-lo-cable coupling. ei-
ther or both of those mechanisms may be
responsible for the existance of an inter-
ference condition.

Fgure 4 shows how cable-to-cable cou-
pling works. Figure 4.a shows two lengths
of cuble (or other conductors} that are
running side-by-side. Though there is no
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FIG. 4—CABLE-TO-CABLE COUPLING can oc-
cur vis gliher Inductive coupling (b) or capaci-
live coupling {¢)-

physical conneclion between the two cil-
bles. the properties we have just described
make it possible for the signal on one
cablc 1o be coupled 10 the other. Murual
inductance. as shown in Fig. 4-5, makes
the cables behave as if a poorly wound
iransformer were connected belween
them: stray capacitance. as shown in Fig.
4-c makes the Iwo cables behave as il
there were & coupling capacitor beiween
them.

Either or both of the above-mentioned
propertics cause thc cables 10 be clec-
Aromagnetically coupled such that a time-
varying signal present on one will cause a
portion of that signal 10 appear on the
other, The “efficiency™ of the coupling

FIG. 5—BECAUSE THE GROUNO relurn does
nol have an impedance of zero. the current from
pin 1 of lhe $55 will cause & nolee voitage to be
generated. That votlage will appesr In series
wilh the Input to the op-amp.

increases with frequency and inversely
with the distance between the two cables.
One example of cablc-to-cable coupling
is ielephone “crosstalk. ™ in which several
phone conversations ¢an be overheard at
once. The 1erm crossialk is now com-
monly used 1o descrnibe all types of cable-
to-cable coupling. Sometimes it is also
used 1o describe any tvpe of induced inter
ference. thaugh such use is incomect.
Common-mode impedance ¢oupling
occurs when two circuits share a common
bus or wire. In Fg. § we show a circuil
that is suseptible to that type of coupling.
In that figure a TLO92 op-amp and a 555
timer share & common rewrn or ground.
Since any conductor (including a PC-
board trace) is not ideal. that ground will
have a nun-zero impedance. Z. Because
of that, the current | from pin | of the 555
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will cause a noise vollage. V. todevelop:
that vollage is equal to | X Z. Thal noise
voltage will appear in series with the input
10 the op-amp. If that vohage is of suffi-
cient amplitude. a noise condition will
result.

Curing EMI problems

Electromagnetic interference problems
can be cured in three ways: through filier-
ing. shielding. amnd isolation.

Filters are used 1o eliminate conducted
interference Qn cables and wires. and can
be installed at either the source or the
viclim.

Figure 6 shows un AC power-line filter.
The values of the components are not Crit-
ical: as a guide. the capacitors can be
between .01 and .00 pF and the induc-

Ll C2
FAOM 10
UNE ci EQUIPMENT
L2 ]

FIG. 6—THIS AC LINE FILTER is deslgned to
eliminate bolh common-mode and differentinl
mode Inicrerence currents.

tors are nominally 6.3 pH. Let's sec how
that filier does its job. Capacitor Cl is
designed 10 shunt any high-frequency dif-
fercntial-mode currents before they can
enter the cquipment to be protecied. Ca-
pacitors C2 and C3 are included to shunt
gny common-mode cumcnts to ground.
The inductors. L1 and L2, are called com-
mon-mode chokes. and are placed in the
circuit lo impede any common-mode Cur-
rents.

Shielding is used to reduce the amount
of electromagnetic radiation reaching a
sensitive circuit. Shields are made of met-
al and work on the principle that elec-
tromagnetic ficlds are reflecied andror at-
ienuated by a metal surlace. Different
types of shielding are necded for differcnt
ypes of liclds, Thus. the nvpe of metal
used in the shield and the shield’s con-
struction must be considered carcfully if
the shickd is o function properly. The ide-
al shicld has no holes or voids. and. in
order 10 accommodate €ooling vents. but-
tons. lamps. and access panels. special
meshes and EMI-hardened™ compo-
nents are necded.

Isolation is often the cure for many EMI
problems. In geneial. high-voliage cir-
cuils and devices such as power supplies
and molors need 10 be isolated from low-
voliage analog and digital circuits.

To be most effective. the above points
should be considered during the design of
a circuit. Il nothing €lse. such considera-
tion may help eliminae some difficult
roubleshovting. In the next part of this
anicle. we'll look a1 how you can design
clectromagnetic compatibility into your
projects. A-E
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Versatile Pulse Generator

This full-featured pulse generalor is so easy to build that you have no excuse

PULSE GENERATORS ARE NOTORIOUSLY
absent from many hobby-glectronics test
benches. That's not because hobbyists
have no use for them. On the contrary: A
pulse generator can be invaluable for rest-
ing. troubleshouting and experimenting
with digital equipment. Unfortunately,
commercial pulse generators are expen-
sive.

We'll show you how o bufld a pulse
generator thats not expensive; it should
cost under $80 if you use all new parts, If
you have some of the parts on hand. es-
pecially the switches and cabinet. you'll
be able to build it for much less. The
generator features a free-running, square-
wave clock output that may be gated, and
it also features a pulse output that may be
derived directly from the clock circuit,
from an external trigger. or from an inter-
nal delay generator. [n addition, there isa
one-shot output that delivers one pulse of
the selected width for each depression of a
front-panel switch. The polarity of all out-
puts is selectable by the user.

One special feature of our generator is
the inclusion of a fault-detection Circuit
that lights a front-panel indicator when-
ever the delay or pulse widih is greater
than the selected clock rate; output will
also be disabled. Reducing either the
pulse width or the delay time will ex-

for not adding it to your workbench!

JOSEPH GIANELLI

tinguish the indicator and restore output.

QOur generator is built entirely from
CMOS circuits. so power requirements
are extremely modest. In fact, battery op-
cration is entirely feasible. A nine-volt
alkaline batiery should provide about 150
hours of operation. Complete specifica-
tions for the pulse generator are given in
Table I.

Circult description

Referring 10 Fig. 1. IC1 is a multi-
vibrator used in the astable mode. fis os-
cillating frequency is determined by
resistors R| and R2, and one of capacitors
CI1-CS5. as selected by the CLOCK RATE or
cLk prT (Pulse Repetition 7ime)} switch
$3. With cox MODE switch $1 in the FREE
RUN POsition, output will appear continu-
ously at jacks J4 and J5; however. with SI
in the GATED position. output will be in-
hibited whenever pin 5 of ICI is brought
low. To restore output. a gate signal witha
voltage exceeding ¥ Ve should be ap-
plied: for the present circuit, a seven-volt
gate signal will suffice

Sync.gencrator 1C5-a, half of a 4098
dual monostable multivibrator, is also
triggercd by IC1's @ output. When 82isin
the DIRECT position, the sync-generator's
output is fed directly to pulse-width gen-
erator 1C3-b. The widih of the pulse gen-
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erated by 1C3-b is determined by resistors
R5 and R6 in combination with CID or
ClI1. as selected by the pw switch S6. The
width of the pulse may vary from approx-
imately | pS to 100 pS. Note that ICI
determines the repetition raie of the pulse
generator. [C3-b determines the width of
those pulses.

When S2 is in the pELAYED position,
the sync generator drives 1C5-b. the delay
generator. which in turn drives 1C3-b. The
delay generator uses the same resistor and
capacitor values as the pulse generator. so
the delay may also vary from approx-
imately | pS to 100 pS.

When 52 is in the EXT. TRIGGER
pasition. the clock and delay gencrators
are disconnected from the pulse generator
circuit. In that mode. a pulse of the se-
lected width is generated on the leading
edge of each pulse applied to J6. TRIGGER
inpUT. As with the clock-gating signal.
the trigger pulse should have an an:plitude
exceeding 1 V. again seven volts. The
sync generator 1s driven by clock gener-
ator IC1. so the sync pulses appearing at
JI will not be synchronized to the exemal
trigger.

When 82 is in the ONE-SHOT position.
the clock and delay generators are again
discomnected from the pulse-generator
circuit. In that mode. a pulse of the se-
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FIB. 1—SCHEMATIC DIAGRAM ol the pulse ganerator. Alt CMOS componenis sre used, making thia a.

very-low-powsr device.

lected width is generated each time ONE-
suor switch, S7, is depressed. Sync
pulses are not synchronized 1o the one-
shot output.

The clock output from IC1 and the
pulse output from IC3-b are each fed
through three 4050 non-inverting buffers
wired in parallel. Doing that allows the
pulse gencrator to drive six TTL loads.
Scparate jacks were used for the CMOS
and TTL outputs in lieu of a switch in
order to avoid accidentally overdriving
TTL IC's with a high voltage. If you don’t
need to drive TTL circuits. 1C4 may be
eliminated, as well as the componenis as:
sociated with the five-volt power supply
{R14. C12. CI13 and 1C6). On the other

hand, if you work solely with five-voh
cireuits {TTL or CMOS), the twelve-volt
power supply (R15, D1 and C14) could be
eliminated, and the entire circuit powered
from the five-volt supply.

Switch S$2-b connecis FaulT detector
IC3-a to the output signal selected by
$2-a. 1C3-a operates in the re-iriggerable
mode so that. as long as it is receiving
migger pulses, its § output will remain
low, which will keep QI. and hence
LED2. turned off.

When S2 is in either the EXT. TRIGGER
or the oNe-SHOT maode. IC3-2's TRIGGER
input is connected to the @ output of the
clock generator, [Cl, so the fault detector
will remain off. When S2 is in the DE-
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LAYED mode, the fault detector’s input is
connected to the output of the delay gener-
ator, 1C5-b, and when S2 is in the pIRECT
mode, the fauli detector’s input is con-
nected to the output of the pulse gener-
ator. IC3-b. In either case, fault detector
LED2 will remain off as long as the delay
time. or the pulse width, respectively.
does not exceed the clock period.

Two NaND gates in 1C2 are setup as a
latch to debounce switch 7. and provide
dependable triggering in the one-shot
mode.

Conslruction

The pulse generator may be built in any
convenient manner. but a printed-cireuit
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TABLE 1—SPECIFICATIDNS

Cne Shot 1 TO 100 us duranon

Pulse Qutput 1 TO 100 ps duraton (© and §)

Pulse Dalay 1 TO 100 s duration

Ext. Thgger Active on nsing edge

Sync. Quiput 12 volis, 1 ps

Clock Output 2 us to 300 ms squarewave {a and 3}

Gatet Clock vanabie burst

Qutputs TTL {5 Voit) AND CMOS (12 Volt)

Fault LED Lights when pulse delay or width greater than

pulse repatition rate.

n
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FIG. 2—COMPONENT-PLACEMENT DIAGRAM of the pulse generalor The lines going te < 12 volts and
ground actually go tom small ieminal sirip mounted on the fronl panel. Note that there Is one Jumper,

to avoid using a double sided board.

board simplifies things considerably.
Full-size PC artwork is shown in the "PC
Service” section of this magazine. alier-
natively, you may purchase a pre-ciched
and dnlled board: see the Pans List for
information.

Whether you buy a PC board or make
your own, inspect it carefully before
mouniing any components. If there are
any shorted iraces. carefulfy scrape be-
tween them with a sharp hobby knife.

When the board is up to snuff, you can
start mounting components using the
component-placement guide shown in
Fig. 2. Mount components in a pro-

gression starting with those having the
lowest profile: First mount the jumper,
then add the resistors and diodes, then the
IC sockets, and soon. After cach group of
a certaim height has been inserted. turn the
board over, making sure that the compo-
nents remain flush, bend their leads
slightly. then solder and clip those lcads.
After all components have been mounted.
check the board carefully for solder
bridges between adjacent pads and traces.
Fix any problems that you find. but don't
insen the IC’s in their sockets vet. There's
more wiring to do.

Now connect all the front-panc| switch-
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es. potentiometers and BNC jacks to the
PC board, as shown in Rg. 2, with shon
iengths of insulated wire. Nole that liming
capacitors C1-C5 and CE-CI11 moum di-
reetly Lo 1heir associated switches. not on
the PC btoard. The timing capacitors
should be mica. metal polyester, or other
high-quality types. Resistor R16 similarly
mounts on front panel jack J6.

PARTS LIST

All resistors Yi-watt, 5% uniess olher-
wise noted

R1. R6. R8—100.000 ohms. linear poten-
tiometer

R2. A5, R7, R9—5100 ohms

R3. R4—20,000 ohms

R10—100,000 chms

R1§, A13—2000 ohms

A12—10 megohms

R14—150 ohms, Ve-walt

R15—100 ohms, %-wat!

R16—10.000 chms

Capacilors

C1, €8, C10—100 pF, mica

C2-—0.001, metalized polyester

C3—0.01 uF, metalized poiyester

C4, C13—0.1 uF, metalized polyester

£5—1.0 uF, metalized polyester

C6—0 2 uF, metaiized polyester

C7—36 pF, mica

C9, C11—0 002, metalized polyester

C12-—470 uF, 16 voits, electrotytic, radial
leads

C14—1000 uF, 16 volis, electrolytic, radial
I1eads

Semiconductors

1C1—4047 muttivibrator

1C2—4011 quad two-mput NAND gate

IC3, IC5—4098 duai multivibrator

IG4—4050 noninverting hex buffer and
TTL debver

ICE—7805 5 volt requiator

Crl—2N2925

BR1—bndge rectifier 50 volls, 1.5 amps

D1—IN4742 12V Zensr

LED1, LED2—stancard red LED

Other componenls

J1I-I7—BNC lemale connectors

S1—0DPODT, miniature toggle

$2—2 pole, 4 position miniature rotary

S53—1 pole, 5 positon miniature rotary

54-86, S8—SPOT. minature loggie

S7—SPOT, miniature momentary

S9—S8PST, minature loggle

Tt—Transtormer 12.6 voits. 0.12 amps,
Radic Shack #273-1360

Nole: An etched and drilied PC board
te avaliable from E2VvSI, P.D. Box
7100, Roselle, j| 60172 for § 11,95

postpald.

Check over your wiring, and if every-
thing lnoks QK, apply 117 volts AC power
10 the pulse generator. and turn on switch
$9. With a volimeter verify that the power-
supply vohages arc correct. and that + 12
volts appears at pin 14 of IC1. and pin 16 of
1C2. IC3 and IC5. Also make sure that
+5 volis are present at pin 14 of 1C4. If
everything checks oul. remove power and
insert the IC's.

continued on page 113
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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

JOHN D. LENK

COMECT IS (CD) SYSTIAS ARE IV
pler than VORS amd vidoswdise players.,
but thexy are sl csnnples devices fimt
nequiie Topmsich trouhlesinmting skills il
ey and 1o be suceessbully serviced. But il
you have had some expericnee oy
bleshouting and reparring vides o udio
cguipinent, thene’s oy feasen mit to Iry
your hamnd at CI3 servicing

Servieing C12 players is notditlicull, i
s Iollow the procedures alined in the
manimaly, Unforunaely. miost such nin
il ssseeme thal you are il with b
i C13 pliver vperates. Because of thal,
litnle in the wiy of theory vy bick groutal is
proncded. That s a shorteoming that this
article woms 1o ehmonte. By 1l time s

repair them when something goes wrong.

ane o, von swall ko 1he basies ol CE-
pliyet vperaion. and repair

CD player basics.

I thin anicle wy will coner C1 plagers
designed 1o repnoduce seamd Trom digial
conpact dises tdigind CISL The cinne
pact dise abell is single-sded. 4,78
mwches (120 wank i dinmeter, ahd Gw he
wsed st aboul hminutes ol progran
mbonnition On sterco). Just as wath pho-
augraph pecords, tlwe progrm informi-
o ot a CY oy e musie, apeech, ur
any ether nvpe ol andio. Bl such dises ane
it 1o e conliised with conventnmal ai-
log 1P weeords, ar with the su-galled

digital ™ LS. While in 1he manulur-

g ol digital LIPS PCM (Pulse Code
Modulation) is used tenccord the originul
perormance (PCM s slso the recording
teehnigue in D). the signal that is pul un
the L1 pecond and plased back at home i
ariboyp, Thve CIY's deseribed here o mot
inlerchangeahle (electrically or phys.
wally b with analog 1P recards. diginad
PCM records, or videodises leven though
1he operating principles of videodise plas-
ey ane guiie simular hy those of CD plias-
ok

Let™s see hone o C1 plawer works, Fig-
o 1 as o Block diagraim of a ivpacal CI
plnyer. Fist ofl, ualike o phonogriph nee
onl. aCl is “plined” Inom the andenide,
Thwe picknp wsed is not 1he Buniliar nwe-
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FROM PICKUP O—

— PHOTODETECTOR OUTPUTS

t
T 10 074 —l—OOUTPUT
PICKUP  PICKUP CONVERTER
DRIVE  MOTOR AND
; SAMPLE/HOLD
R
CIREUITS _LODUTPUT
PICKUP
MOTOR !
DATA QATA
FREMMF STROBE *1 processor
10 TURNTABLE
TURNTABLE=—| MOTOR  |=
MOTOR SERVO
TURNTABLE SPEEO GONTROL
PICKUP B SYSTEM
SERVD MICADPROCESSCR

CONTROL

]

CONTROLS
AND
INDICATORS

FIG. 1—BLOCK DIAGRAM of 8 typicat GO player. The use of | microprocessor Is whal makes many

convenience features possible.

chanical needle/stylus used in con-
ventional phonographs, but rather an
optical system that uses a light beam gen-
crated by a laser.

Another impontant difference is the
mannet in which information is recorded
on a disc. The beginning of a CD “track ™
is near the center of the disc; as the pro-
gram plays. the laser beam moves from
the center of the disc to its ouler edge.
Also. rather than a groove, the informa-
tion is recorded in the form of micro-
scopic pits and flats. Those pits and flats
are coded with music or other audio, as
well as synchronization and identification
information.

The light beam used in the CD opiical
pickup is focused en the CD surface by an
objective lens. As the CD is played. the
lens and beam are made to follow the track
by a servo-operaled pickup motor. The
objective lens is pant of a pickup assem-
bly. There are two basic types of pickup
assemblies, as shown in Fig. 2. Inone, the
optical sysiem {including the objective
lens) is mounted at the end of a rotating
arm. The arm and lens are rotated (by the
servo drive motor) so that the lens moves
from disc eenter o edge. In the other
configuration, the optical sysiem is part of
aslide assembly (also called the sled) that
is motor driven.

While on the subject of motors, there is
also u servo-operated turntable drive
motor in all CD players (to spin the disc),
and usually a loading moror (or possibly
two) 1o insert and remove the disc from the
player.

Although we have already pointed ow
that the method used in CD's to record

information differs from that used in con-
ventional phonograph records. perhaps
we should point out the significance of
that difference. Phonograph records store
information in a continuous groove cut
into the surface of the disc. The storage
technique is analog: that is, the amplitude
or depth of the groove is a direct represen-
1ation of the audTo signal. A conventional
phonograph reproduces the audio signal
via a mechanical pickup. called a needle
or stylus, ihat detects the shape of the
groove and is in direct physical contact
with the surface of the disc.

On the other hund. the audio signals
stored on a CD are in a high-density digi-
tal format. Further, a CD player’s pickup
never comes into physical contact with the
disc surface. The first point means that the
signal recorded on the disc isan extremely
accurate representation of the original au-
dio signal. The second point mcans that
the probiem of deteriorating sound quality
over time. caused by the record wear that
is unavoidable with & mechanical pick-up
system, is eliminaied. Also, mechanical
pickup systems themselves introduce
noise. such as clicks and pops. during
playback: such noise is not generaied by
the CD playback s(slcm.

The laser beam s gencrated by a small
lovw-power semiconductor diode made of
aluminum-gallium-arsenide  (AlGaAs).
The laser beam is focused on the surface
of the disc by the objective lens. That lens
focuses the beam into a spot slighily less
than | pwm in diameter. Light is then re-
Mected from the pits and flats back
through the lens and optical system into
infrared photodiodes. The signal from the

WwWww americanradiohistorv comm

photodiodes is used to reproduce the digi-
1ally-recorded information.

The groove on an LP record contains
two signals—the stereo sum- and dif-
ference-signals—thal must be simulia-
neously read and reproduced by con-
ventional tumtable pickup sysiems. The
CD carries left and nght channe! informa-
tion separately. but interlaces iton asingle
track. The nature of the information—thal
is. whether it is left or right channel.
changes at fixed intervals. The player is
programmed to kecp step with those
changes and thus maintains a high degree
of isolation between the two audio chan-
nels. Realistically. channel separation of
betier than 90 dB is possible.

Signals are recorded in PCM form.
During the recording process, the audio is
sampled 44.100 times per second, (over
twice the usual 20-kHz audio range). The
coniposition (frequency. level. ctc.) of
cach separate signal sample is then con-
verted into a 16-bit (place) binary number.
That process involves quantization. That
is. the maximum signal amplitude is di-
vided up into 2% (65.536) gradations.
The real level of the audio signal is then
rounded to the nearest quantized value,

The use of the |6<bit sysiem and the
high sampling rate allows for an ¢x-
tremely accurate digital representation of
the original analog signal. In theory. the
dynamic range of the 16-bit system is al-
most 98 dB. although most CD manufac-
turers claim about a 90- to 95-dB dynamic
range.

Figure 3-a shows a track of pits and
Hats. The length of the pits and flats deter-
mines the information contained on the
track. The pits and flais can vary in length
from about | to 3 wm. That vatriation in
length is used to convey the information in
the signal. Since the pits reflect less light
than the flais, the CD player’s optical
pickup can differentiate between the two.
Figure 3-b shows the analog signal that is
recovered from the track shown in Fig.
3-b.

Optical plckup systems

Figure 4 shows the basic elemenis of
the optical pickup (also called the optical
readout) used by most slide-type CD play-
ers (the most popular type) The laser
beam devetoped by the laser diode is ap-
plied to the reflective surface of the disc
through an optical system (a series of
lenses. prisms. gratings. and possibly
mirrors). The beam is then reflected buck
through the optics to photodiode deteciors
(typically 6 diodes). The detector pro-
duces an output that corresponds to the
audio stored on the disc. as well as track-
ing and focus signals.

In the system shown in Fig. 4 the disc
spins in a herizontal plane. [n many CD
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BI-DIRECTIONAL LENS
DRIVE ACTUATDR

RIGHT-ANGLE PRISM
HALF PRISM
DIFFRACTION GRATING

COLLIMATOR LENS

OBJECTIVE
LENS

FOCUS
COoIL

BHOTODETECTOR

o ‘//; CONCAVE LENS

FIG. 2—CD PLAYER PICKUP SYSTEMS. Mosl CD players use ellher the slide {or sled) systern shown in

8 or the rotating acm pickup shown n b.

TRACK PITS H/ATS
- O 00O
»

b

FIC. 3—THE LEN'"THS OF he pits and fiats (a}
are used by the player lo recover the original
audio signal (b}

players. the disc spins vertically. Either
way. il is essential that the laser beam
follows the track of pits and flats as the
optical pickup is drawn across the disc by
the pickup motor. regardless of any possi-
ble disc eccentricity. That is called radial
racking. and usually involves a radiai-
tracking coil operated by a tracking servo
to move the lens (and beam) as necessary.

The radia! tracking system uses the 3-
beam principle shown in Fig. 5. The 3-
beam technigue tses two sub-beams to
detect tracking errors, and the main beam
deteets the audio signal. The sub-beams
are produced by routing the laser beam
through a glass diffraction grating. which

creates several images on Lhe same object.
The two sub-beams are [ocated ahead of
and behind the main beam. Afler being
reflected by the disc. each beam is routed
through the optical system to correspond-
ng photodetector diodes. The error signal
from the 1wo sub-beams is converted into
an electrical signal. and then fed to an
error-signai amplifier.

As Jong us disc tracking is precise. the
error-signal amplifier output is zero.
However, if even the slightest radial-track-
ng error is detected, the input differential
between the two emor signals (right and
teft) produces an oulput. That oulput is
fed to the radial-tracking servo and coil;
those move the objective lens (at right
angles to the track) as necessary to correct
the posiiion of the main beam.

In rotating-arm systems, the radial
tracking coil moves the emire arm and
pickup as necessary (o resiore proper
tracking. In most slide-type systems. the
radial tracking c0il moves the optical sys-
tem {lenses. etc.) in relation to the re-
mainder of the pickup assembly to resiore
tracking. A few players usc a third system
in which ihe tracking coil operates a ro-

WWWW americanradiohistorv. comm

1ary muror placed berween the faser and
lens so that the beam is bent 90° when
reflected by the mirpor. The tracking sig-
nals cause the wracking coil 1o rotate the
mirror (stightly) and direct the beam back
to the 1rack.

For service. it makes little difference
which type of optical system is used since
you must replace the entire pickup assem-
bly as a package in the event of failure.
Possible exceptions Lo Lhal are the drive
maotor. drive belt. or a few gears. Optics
are rarely replaceable. or even adjustable,
in most CD plavers.

In addition 1o radial tracking. the op-
tical pickup also provides for automatic
focusing of the beam to compensaie for
vertical movement of the dise. The focus-
ing sysiem moves Lhe objective lens (lo-
ward. or away from, the disc) if the laser
beam is nol focused precisely (within
* jumj) on the pits and flats.

Automatic focus (or AF) uses the astig-
matism principle. In the simplest of
terms. the main laser beam is detecied by
four equally-spaced photodiodes, shown
in Fig. 6. {Those same diodes also re-
produce the audio signal.) If the main
beam is properly focused. the beam spot
is round. and all four diodes receive the
same amount of light {and oulput signals
of the same strength). If the beam is not
properly focused. the beam spot is ellip-
tical, and the four diodes receive differem
amounts of light (and produce differemt
ocutputs). The outputs from the four diodes
are summed by an error amplifier: the
outpul of thar amplifier is the focus error.
That ervor (if any) is fed o a focus coil or
actuator thalt moves the objective lens as
necessary Lo comect the focus.

Slgnal processing

The block diagram of Fip. | shows the
sequence of signal processing within a
typical CD. We will discuss each of those
circuits later in this series. For now. let's
guickly run through the sequence.

The photodiode outpul is very low, so it
is first fed to a pre-amp where it is ampli-
fied. From there il is fed to a data strobe
circyil that is used (o differentiate between
the logic-highs and logic-lows in the sig-
nal. The data strobe also extracts and sep-
arates the sync signals from the music and
other audio. (Those syn¢ signals are en-
coded along with the music at the time of
disc manufaciure; ithey make it possible
for the CD player 10 reproduce audio at
selected points on the disc track. )

The next stage is the dala processor.
That stage has many functions. including
demodulation of the signal data, error de-
tection and cormection, and overall control
of the signal processing circuit.

All CD player circuits include some
provision for interleaving of signal dara.
When a CD is recorded. the music or
other audio is interleaved before recording
on the disc to provide error comection.
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FIG. 5—A DIFFRACTION GRATING aplits two sub-besms from the main laser beam. The sub-besms
are used 10 make sure that the player is tratking property.

The error comrection method is called
CIRC or Cross Interleaved Reed-Solomon
Code, and involves both parity bits and

interieaving. We will not go into CIRC
here since that topic is beyond the scope of
%this anicle. Bul you must have some
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knowledge of intericaving to understand
how a CD plaver works.

In the most basic of terms, interleaving
involves dividing the audio to be recorded
into a series of random sections. and then
lining the seclions in a new. fixed, order
before recording. During playback. the

ERRDR
AMPS

FOCUS ERROA
T0 FOCUS COIL

FOUR
PHOTUEIDDES

7= ~\
OuT-DF-FOCUS IN-FOCUS OQuT-DF-FOCUS

FIG. B—FDUR PHOTODIODES are used lo make
sure that tha Beam I3 Correctly focusad.

sections are reamranged by the opposite
process to recreate the original music or
other signal. The playback arrangement
processing is done by temporarily stoting
the data in RAM and then retrieving the
data in the ofiginal order.

With interleaving. the effects of drop-
outs in the audio (from any cause) are
greatly minimized. That is true if even a
relatively large part of the signal is lost.
That's because such a loss is distributed
over various smaller gaps in the recreated.
final. audio signal. Itis a relatively simple
task for the digital signal-processing cir-
cuilry to “fill in™ a small section of miss-
ing information when the data on either
side of the gap is present.

The D/A converter follows the signai-
processing circuils. The D/A converter
transforms the digital signal back into an
analog signal. The converted analog sig-
nal is then restored 1o pure two-channel
audio by a sample-and-hold (S/H) circuit.
and applied to the left and right stereo
outputs.

Before we move on, let’s look a liule
more closely at the D/A converter. Earlier
we menticned that the original audio is
converted to 16-bit digital form for record-
ing on a CD. Such discs, however, can be
played back with almost no loss in dynam-
ic range on players that use l4-bil D/A
comerters. The advantage of the use of
such & converter. as opposed 1o a 16-bi
converler, is cost. Thus you will find that
many consumer CD players make use of
14-bit D/A conveners.

Before one attempts to repair o CD
player, il would be helpful 1o know how
that player is supposed to operate in the
first place. Im the next part of this article
we'll see how the vanous features and
functions found on a typical CD player
normally operate. R-E
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CIRCUIRS

A VERSATILE
REMOTE
CONTROLLER

Adding remote control to any circuit or device
is not as hard as you might think. This article
shows you how its done.

J. DANIEL GIFFORD
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P t LAST TIME WE BEGAN
a r to look at the reeeiver
haif of our remote-conirol system. Let's
continue that discussion now.

The output from either the ultrasonic or
infrared pickup must be amplified before
being input to the 14458, One suitable
amplifier design is shown in Fig. 10. That
circuil takes the signal from either type of
pickup. amplifies and conditions i1, and
clips its amplitude between 0 and 5 volts,
producing at its outpul an exact duplicate
of the signal applied to the transmitting
LED’s or wransducer. Other amplifier de-

signs could be used, as long as they have a
high-impedance input and extremely high
gain. However, the amplifier in Fig. 10
ineets that requirement and uses some of
the inverters already available.

As discussed earlier, the 14458 has two
output ports, one cight-bit port for data,
and onc four-bit port for commands. The
data port is acwally two four-bit ports, one
for the Most Significant Digit (MSD} and
composed of Lhe oulpuls mj through s,
and one for the Least Significant Digit
(LSD). composed of the outputs L)
through Ls.
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é FIG. 10—THIS INPUT AMPLIFIER is lieal Tor use with | 1 recéiver. It can accept the outpul from elther
the Infrared or ultrasonic pickup.
64
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THESE TWO IC's form Ihe haset of 8 versatie
remote conlrol system that can be added 1o ai-
most sny circult or device

When data is transmiited, the first digit
sent is routed to the MSD oulputs. and the
second digil to the LSD outputs. Both
digits are laiched in simultaneously and
followed. after a 0.1 second delay. by 0.8
millisecond positive pulse on pin 17 (Da).
The data and the DA pulse may be used in
any manner necessary.

Without any special connections. the
14458 is configured 10 receive two digits
as a full data word. If desired, the reeeiver
can be converted 1o accepl a single digit as
a full data word by connecting pin 9 (v4)
o +V and pin 6 (U/v) to ground. In
single-digit mode, the first data digit
transmitted will be latched into the LSD
oulputs and followed by the DA pulse.

The command lransmission siluation is
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Drdering Informatlon

The lollowing are available from Circuit
Specialists. PO Box 3047, Scoftsdale, AZ
B5S257: 1445714458 lransmitter/receiver
pair, $17.00 postpaid; 455-kHz ceramic
resonator (Mallory CU455). $8. 50 each.
postpasd.

Also. the following are avallable from
Dick Smith Elettronics, PO Box 8021, Re-
dwood City. CA 94063; 1elephone number
B800-332-5373: Pholodlode {calalog
number Z-1950). $.60 pus shipping and
handiing: a maiched paw {receive/rans-
mit) of ulirasonic transducers {calalog
numbars L-7050 and L-7052). $2 95 each
plus shipping and handling. Note that this
supplier requires a $10.00 miimum ordar.

somewhat more involved, If the function
bit in the data siream is a i, the four-bit
code is identified as a command. and is
routed to the command port. Once the
digit is lawched into the port, there is a 0. 1-
second delay and then a negative 0.8-
millisecond pulse appears on the vT
outpul, pin 18. All 16 commands and the
VT pulse may be used as necessary;
however, four of the commands arc also
internally decoded by the 14458 10 contyol
two specialized outputs.

When the key corresponding to com-
mand 09 or oFF is pressed, pin 5 on the
14458, oNfoFF, is driven low. That pin is
also set low when the 1C s powered up,
and is driven high when any data word is
transmitted. If the 14458°s power supply
remains uninterrupted, that pin ¢an be
used to turn the centrolled device on and
off. When the ON/OFF pin goes low or off,
the rest of the 14458 goes into & standby
mode, with commands being ignored un-
til a data word is transmitted.

The other three commands decoded by
the 14458 all control one output, pin 23,

FROM

ANALOG

OUTPUT DUTRUT
{PIk 23} {0-5 VOLTS)

F1G. 11—THE LOW-PASS FILTER Used to optaln
a amooth DC signal from the ANALOG ouT output.
An active filler and or voltage {ollower can alac
be used. j

ANALOG oUT. That outpul provides a vari-
able voltage between @ and §, with a (o1al
of 64 sieps between lhe (wo extremes.
When the 14458 is powered up. the volt-
age is at 0. When the ANALOG UP KEY
(command 07) is pressed. the voltage at
the ANALOG OUT pin begins to step up-
wards at a rate of 10 steps per second , until
the key is released or until the maximum
of 5 volts is reached. The ANALOG DOWN
key (command 06) operates in the op-
posite manner, stepping the voltage at the
ANALOG OUT pin down at & rate of 10
steps/second until either the key is re-
leased or O volis is reached.

The MUTE key (command 08) when
pressed once forces the ANALOG oUT
voltage to 0, and when pressed again,
returns il (o its previous |evel. The ANa-
LoG up key will also return the voltage (o
its previous level and. if held down, con-
tinue to increase it.

The ANALOG OUT signal is pulse-width-
modulated, and must be passed through a
low-pass filter (Fig. 11} in order to obtain a
smoeth DC signal. If more than a few
milliamps of ouiput current are needed.
an op-amp voltage follower should be
added. The ANALOG OUT signal is intend-
ed to control a TV's volume. bul can be
used for any purpose.

There are two basic types of com-
mands, toggle and continuous. The only
difference between the two is that with the
toggle type. the command Is only sent
once (with one VT pulse) no maiter how
long the key is held down. while with the
continuous type, the command is re-
transmitted {each time with & VT pulse)
every 0.1 seconds as long as the key is
depressed. orF and MUTE are examples of
toggle-type commands: axaroc Up and
ANALOG DOWN are continuous lypes.
There are twelve uncommitted com-
mands. two of which are toggle-type and
ten of which are continuous.

The 14458 also has three specialized
outputs intended for TV control that are
probably of littic use otherwise. All three
are controlled by the data sent to the data
port.
Pins 6 (u/v) and 7 (LBv) are used o
swilch between tuners and bands ina TV
ser. When the data at the daia port is
between 14 and 83. the u/v pin will be
high: it is low otherwise. If the data is
between 02 and 06, the Lav will be low: it
is high otherwise. When the data is be-
tween 7 and 13, both pins will be low.

The third specialized TV output is dif-
ferent in that it may have other uses. Pin4
{AFT) is used to disable a TV s automatic
fine tuning circuit briefly each time the
channel is changed. Each time new data is
entered into the data port, that output will
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FIG. 12-THE QUTPUTS and decoding schome
tor the recaiver used in the 20- and 26-key sys-.
tems. Esch snabie outpulis used to activate cne
oultput devics.

drop low for 0.4 seconds. That could be
used as an alternate to the DA pulsé. oras a
countering or resetting signal to it. The
only problem is that four other commands
{00. TOGGLE |; 0, TOGGLE % 02, CONT 1: 03,
CONT 2} also cause that pin to drop low,
which couid interfere with such reset
functions.

Decoding and interfacing

The most difficult part of using a re-
mote-control system built with the 14457
and 14458 is interfacing the receivertothe
sysiem under ¢control. Since the idea here
is not to tell you how to build a specific
sort of remole-controlled device, we will
not discuss specific sorts of imerfacing.
Instead. let’s ook at a universal sysiem
that can be used to decode the 14458'
commands to control functions remotely.
It is up to0 you to provide the final link
between these¢ decoders and the device
you want {0 control.

If the 10-key transmitier is used. no
decoding is needed as none of the com-
mands are accessible. The only step nec-
essary would be to interface the data port
(cither one or 1wo digits) to the security
system ot other device. Note that although
no direct oFF contyol is possible with that
configuration, the oFF output ¢an be driv-
en high by transmitting any data word.
The oFF output (and the 14458) could be

WwWwWw americanradiohistorv comm
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reset by the controlled device by pulsing
the POR input low.

With the 20- or 26- key transmitter. ien
commands are available and must be de-
coded by external circuitry. Since the
command codes fit the ten BCD diglts
(0000-1001}. a 40288 BCD10-10 linc de-
eoder can be used to generate ten separate
eg;ab]c lines. one for cach command {Fig.
12).

Basically, what 1hat decoding scheme
does is use the appropriate enable linc to
enable or activate the interface circuit as-
sociated with the command, and then uses
the ¥ pulse or pulses to ¢lock the circuit.
If the 32-key transmitier is used. there are
16 commands, so a 4514B hex-to-16 line
decoder must be used to generate the re-
quired number of enable lines (Fig. 13),
Table 2 shows the relationship of the com-
mands Io their respective enable lines.

With that basic approach, an interface
circuit can be devised to interface the en-
able and V2 lines 1o contrul the proper
function on the controlled device. If nec-
essary, more than one enable line can be
used to control different aspects of one
output device. Let's look at four basic
inerface circuit types.

The simplest type is used to generate a
pulse output when it is selected and
clocked by the V€ pulse (Fig. 14). Two
4001B Nor gates are used, one to inven
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FIG. 13—THE ODUTPUTS and decoding 8chema
tor the 32 key syatem

TABLE 2—ENABLE DECODER QUT-

PUTS

Output Command

G0 TOGGLE $

ot TOQGLE 2

02 CONT 1

03 CONT 2

04 CONT 3

05 CONT 4

06 ANALOG DOWN'

o7 ANALOG UP*

08 MUTE™

038 QFF"

10 CONT 8

111 CONT &

12 CONT ¥

13 CONT 8

3% CONT 3

15 CONT 10

*also intemally decoded by the 4458

ENARLE oy 1/4 40018
o T
VeRo (i

FIG. 14—THIS INTERFACE CIRCUIT outpuls &
pulse thal can be usad to confrol a device.
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FIG. 15—THE ONE-BUTTON siternate-sction In-

terface circull.
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¥e 1 2
o— I3

| 1/8 408503

Fit:. 16—THE TWO-BUTTON alternate-aclion In-
terfaca circuil. Either a 40138 or 40278 type flip-
llop may be used.

the enable line signal, and the other to act
as a gate that will pass the V& pulse {in
inveried form) when the correct enable
line is high. The pulse will be an exact
mirror of the V€ pulse, {.8 milliseconds
wide. and positive in polarity. A third or
gate could be added to re-invert the
pulse’s polarity, and if a lenger pulse wid-
th is desired, a 4528 B monostable or 555
timer can be added 1o the outpul.

The basic on-off type of control is a
one-button aliernate-action decoder (Fig.
15). A 40278 JK fip-flop has its 5 and K
inputs tied together and to the correct en-
able line, and its €1.x input tlied to the V€

WwWwWw americanradiohistorv comm

pin. If the enable line is low. a pulseé on the
VT pin will have no effect on its outputs. If
the enable line is high. the pulse will
cause the outputs to change states. That
type of output device should be used with
a loggle-type command to keep it from
changing staies more than once per key
press.

A more positive such conirol is a two-
bution afternate-action decoder (Fig. 16}
Either a 4013B or a 40278 flip-Aop may
be used in that circuit. since only the sET
and RESET inputs of either are used. One
enable line is used, via a 4081B AND gate.
toablow the ¥ pulse to reach the sET input
and drive the @ output high (and the @
cutpul low. of course).another enable linc
and AND gate are used to similarly allow
the VT pulse to reach the resBET input and
drive the ¢ output low. Note that the vg
signal is invented in that circuit, The ad-
vantage of the 1wo-button control s that it
is impossible to mis-set the Hip-flop if the
correct button is pressed. Repeated press-
ing of a bution or {in the case of a continu-
ous command) repeated V€ pulses will
have no effect on the ocutput; only pressing
the opposite button will alternate the oul-
puts.

sy
16 |
W PE 2
10 D—a
1| UproowN c':1 :
J|-o--—”— BINDEC  ooom O[5 0
218 & <
l CLE
ciGno Pt P2 Py Ry
| 5 (8 |4 [iZ [i3]3
174 40018
DOWN 1l
ENABLE 23
[
up
ENABLE

veo

FIG. 77—THE UPDOWN counter Inlertace Cir-
cuil. The 40298 can be sel to count in either BCO
or binary format, or ¢sn be replaced by a
4510B'45168 counter.

The last and most complex decoder is
an up/down counter controlled by two en-
able lines {Fig. 17). One is used to activate
the counter in the up-counting mode; the
other is used to activaie the counter in the
down-counting mode. In both cases. the
VT pulse is used to clock the Counter in the
desired direction.

{Continiced on page 113)
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You can build a professional-quality compander for your hi-fi System using circuits designed
around Signetics’' NE570 compander IC.

IF YOU'RE LOOK ING FOR WAYS TO IMPROVE
your hi-fi system, don’t overlook com-
panders. They can be used to reduce noise
from your tape recordings and to bring
back the dynamic range that is lost when
recording and broadcast engineers com-
press their audio signals. Companders
also are used in cordless telephones.
speaker-phones. and wireless micro-
phones, and as signal-level controllers in
electronic organs. MODEM's. and
mobile elephone equipment.

In this article we will explain the funda-
menta) theory of companders, discuss
basic applications. and we’l] also present
a circuit. complete with PC-board pat-
tems, that You can use to experiment with
the Signetics NES70 family of IC com-
panders

Baslc compander theory

The compander is a versatile. low-cost,
dual-channel gain-control device pri-
marily used for audio noise reduction.
The word compander is actually a con-
traction of the 1wo words COMpressor
and exPANDER. and they indicate the
compander’s complementary tasks: com-
pressing and expanding the |eve]l of an
audio signal, which could be music,

TOM PASK

speech, or tone-encoded computer daia.
Signals are compressed before transmit-
ting or recording so that all components of
the signal are above 1he inherent noise
level of the transmitting or recording me-
dium, but below the saturation levet of
that medium. Signals then undergo com-
plementary expansion at the receiving, or
playback device to restore their natural
dynamic range. and to improve the ratio
of the signal to the noise that entered in the
transmitting or recording medium.

For example, assume we have a 1000-
Hz signal ut a level of 2.5 volts P-P com-
bined with a 6000-Hz signal at a level of
1.0 volt P-P. (Seec Fig. 1-a.) On an os-
cilloscope the 6000-Hz signal would
seem to “ride” the 1000-Hz signal, but
for clarity. we have shown them scpa-
rately. The 0.5 volt P-P high-frequency
noise signal is not part of the original
signal; it’s noise that’s introduced in the
recording or transmission nedium: tape
hiss, for example.

In Fig. I-b we see what happens when
an across-the-board gain of three is ap-
plied 1o those signals. The level of the
600C-Hz signal is greatly increased with
respect (o the noise signal. but the 1000
Hz signal is clipped, due to the 6-volt P-P

WwWwWw americanradiohistorv comm

dynamic¢ range of our example transmis-
sion channel.

That is clearly unacceptable. and Fig.
l-¢ shows the remedy. There the 1000-Hz
signal is left as is. and the 6000-Hz signal
is amplified by a factor of two. Now the
signal-to-noise ratio of both input signals
has been increased with no clipping. That
is the essence of compression.

By contrast, expansion restores all
components of a signal 1o their original
levels. Feeding the signal represented in
Fig. 1-¢ through an expander complemen-
tary to the compressor that produced that
signal would result in the original signal
shown in Fig. 1-a. The result is a clean,
undistorted signal with a high signal-to-
noise ratio and a dynamic range like that
of the original signal.

Compander components

The basic compander consists of a cur-
rent-controlled variable-gain cell (A-G). a
full-wave averaging rectifier and voltage-
to-current converter. (hereafter referred to
as the reciifier), and an operational ampli-
fier. The block diagram of the NES70,
NE57| and SAS7! is shown in Rg. 2-a;
that of the NE572 is shown in Fig. 2-6.
Note that although the figure shows only
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one channel for each type of device. the
IC’s contain two identical. independent
channels.

The NES70 and NE571 have quite sim-
ilar operating characteristies. but those of
the NE5S70 are somewhat betier than those
of the NE571, and include wider supply
range, lower distortion, lower DC output
shift, etc. The SAS7I has the same elec-
trical characteristics as the NE571. but
operates over a different temperature
range. The NE570/1 devices differ from
the NE572 in that the latter has an addi-
tional buffer inserted between the rectifier
and the A-G cell that allows separate pro-
gramming of auack and delay times,
which cannol be set independently with
the NE570/1 devices.

3v

Fad

INHERENT NDISE
v

INHERENT NOISE

v \ [
N /
N_ s
4
.
il
= INHERENT NOISE

v
w
i

ko)

c
FIG. 1—BASIC COMPANDER ACTION Is com-
pared with straight ampiification. Tha Inpui $ig-
nal (#) is smplified by & factor of three (D) and
companded by a factor of two ().

INPUT | CURRENT
G—3 CONTROLLED
GAIN CELL
INPUT | VOLTAGE TO
O—1 CURRENT
CONVERTER
Cap

CURRENT | OUTPUT
INPUT — CONTROLLED p—t

GAIN CELL

BUFFER

&
i

VOLTAGE TO
CURRENT
CONVERTER

INPUT O—

b

FIG. 2—SIGNETICS® NE570, NESTt and SAS71 are shown In a, ard \ha NES72 I8 shown in b. The latter
has no outpul buffer. but allows attack and delay limes to be aet indepandenily by capacitors C, snd

Cp. reapactively

However, that buffer leaves no space on
the chip for an output op-amp. so circuits
requiring additional drive capability will
need an additional owiboard op-amp. If
high fidelity audio or separately program-
mable atack and decay times are needed.
the NE572 should be used with an exter-
nal low-noise op-amp like the NE5534.
We will restrict our discussion ta the
NES7U/1 devices.

The functional blocks mentioned above
are assembled in different ways according
10 whether we need the compression or
the expansion funciion. But in either case,
an operational amplifier provides ihe
main signal path and output drive. and the
rectifier converts the AC inpul volage
into a DC current that controls the gain of
the op-amp.

Compressor theory

As shown in Fig. 3-a. the cOmpressor
may be thought of as an op-amp with a
variable feedback resistor. Ri. When the
input signal increases above a preset
crossover level (0 dB), Ry decreases in
valug, and that causes the gain to de-
crease. As the input signal decreases be-
low the crossover level, Ry increases in
value, and that causes the galnto increase.
In fact, as shown in Fig. 3-b; the A-G cell
and rectifier are simply placed in the feed-
back loop of a standard inverting op-amp
circuit and take the place of Rp The equa-
tion for vollage gain in such a clrcuir is

Ay -Rp/Aiy

Referring again lo Fig. 3-b, the com-
pressor’s gain is described by this
cquation:

A, \/ _FRiRalg
2AinVingevg)

Resistors R1 and R2 are internal to the
compander IC. and have values of 10K
and 20K. respectively. The bias current I
must be limited to 140p A, and V| (avg)
equals 0.9 X V. (rms).

Sample compressor application
Since the ecompressor is a feedback

WWWW americanradiohistorv. comm

P T Ty

Rin
INPUT O—Ay—

-0 OUTPUT

FIG. 3—THE 8ASIC COMPRESSOR may be
thoughi of as an op-amp wilh & variable leed-
back reslalor. The compongnts in lhe dashed
box (b) correspond lo Ry in (&)

controlled system, its stability must be
maintained for all input conditions. You
must bias the DC level of the output pins
at approXimately half the suppty voltage.
If that isn’t done, the positive or negative
peaks may be clipped. causing distortion.
To allow for maximum voltage swing, the
op-amp is biased by resistors Ry and R4
as shown in Fig. 4. The equation describ-
ing the output bias level is:

Vour [DC) = Vaer {1 + 2Apc/R4)
Vy¢er is biased internally to a level of
+ 1.8 volts.

Note thal the value of Cpy~ must to be
large enough to shunt any AC Aowing
through that point to ground. Capacitors
Ciy and Cpy. which should have fairly
large values. are used in the A-G and
rectifier circuits (o prevent DC bias cur-
rents from Aowing betwcen those circuits.
The input capacitor. Cyy. is also used for
AC coupling; it preserves the DC bias on
the op-amp.

You must plan for the maximum output
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PARTS LIST

All resistors Yae-watt, 5%

R1—33.000 ochms

R2—36.000 chms

R3—12.600 bhms

Capacitors

C1, C4, C5, C7, C8—2.2 pF. 25 volis.
tantalum

C2, C6, C12. C13—10 uF, 35 volis, tan-
talum

C3, C11—200 pF

C9, C10—1.0 uF, 35 voits, tantalum

Semiconductors

IC1—NES70. NEST1. or SAS71

Other componen!s

$1—SPST. PC-mount

R4

L
-
«
=

INPUT ouTPUT

FIG. 4—THE BIASING NETWORK, for the com-
pressar. See the tex! for delails on caltullting
Ih& resistor and CApacHor values. ~

e
Fien Ry
INPUT O
b—c 0UTPUT
2
[l e gt— = wv
) €2 ! Ay
1 i {
| LSt
| |
A
) &
INPUT y Vur DUTPUT

FIG. 5—THE BASC EXPANDER may be thought
ol as an op-amp with 8 varisbhle input resistor.
Tha components In the dashed box (b} corre-
spond to Ry, In {a)

voltage swing because the A.G and rec-

tifier cells can handle peaks of only 140

pA and 300 pA. respectively. Use the

following formulas 10 determune the re-

sistor values 1o use in otder lo remain

below those levels.

R1 = {VOUT(NEKI '300 I.LA) | 10.000

R2 = {Voutipsax / 140 A} ~ 20,000
Resistors R1 and R2 are reduced by

FIG. 6—THE BIASING NETWORK 10r 1he ex-
pander. See the text lor details on calculating the
rasistor and capacitor values.

10.000¢ and 20.000 ohms. respeetively.
because the NEST0/1 devices have inter-
nal protection resistors with those values.

Rectifier capacitor Cppr contyols the
attack and decay times of the circuit. It
will usually have a value between 1.0 puF
and 2.0 uE A 2.0 pF capacitor gives an
attack time of about 3 ms and a decay time
of about 13 ms. Note that decreasing
Cgrecr 0 speed up the atack will cause
distortion to inCrease.

Some applications may be especially
sensitive to THD (F'otal Harmonic Distor-
tion) or low-level racking emors. Sig-
netics’ /985 Linear LS Data and
Applications Manual discusses methods
of reducing both. Also, some circuit
layouts may cause bow-level oscillation if
the THD teim pin is lelt unconnected.
That is cured by adding a 200 pF capacitor
between that pin and ground.

For use in the real world. an input buf-
fer amp may be nccessary to match the
input impedance of NES70/1 1o that of the
circuit driving it. In some applications
“breathing.™ noisc-pumping. or other
strange sounds may occur; they can be
reduced or ellminated with pre-emphasis
circuitry.

Expander theory

The expander uses the sume building
blocks as the compressor. but in this con-
figuration the A-G cell is inserted before
the inverting inpul of the op-amp. where it
functions as a vanable input resistance,
R y- as shown in Fig. 5-a. When the input

signal increases above a presel crossover’

level (O dB). thc variable resiswor de-
creases in valuc, and that causes the gain
to increase. As the input signitl decreases
below the erossover level, the variable re-
sistor increases in value, and that causes
the gain (0 decrease. The equation for
voltage gain in such a circuit is still:
Ay -ReRgy

In fact. s the expander configuration.
R,y is replaced by the A-G cell and the
rectificr as shown in Fig. 5-5. Resistors R1
and R2 are still internal to the compander
IC and have values of 10K and 20K, re-
spectively: 1, must stll be maintained
below 140 A sothe gain equation lor the
expander is:

1 2 R3MVoak
A1 A2 g

Sample expander application

As with the compressor application de-
scribed above, care has to be taken with
the expunder 1o avoid ¢lipping. The output
should again be biased zt onc-half the
supply voltage. The circuit shown in Fig.
6 1s designed to operate from a six-volt
power source. so the DC level of the out-
put is biased wt three volis.

When using a supply voltage higher
than six wolts. adjusi the output bias level
accordingly. To raise the DC output level.
it is recommended that the value of R4 be
decreased by connecting resistors in par-
allel with it. Changing R3 would affect
the expander’s AC gain. and thus would
cause @ mismaich in a companding sys-

COMPRESSOR EXPANDER
ouTPUT NPUT
COMPRESSOR ,r TRANSMISSION EXPANDER
INPUT OUTPUT

+ 15d8

MEDlllJM

ety ¥l

+15¢8
+12dB

+|2dBF %

=

odB}— .

0dB

SRS

=) - 0d8

/7

t

NOISE
60dB

8048

= h)
wdat— 4 . \\

100l

N T

FIG. 7—SIGNAL LEVELS IN A COMPLETE COMPANDER SYSTEM. The tompander works on @ 2:1
comprassion rillo and & 1:2 sxpanSion ratlo, Noise Inherent 10 the fransmission medibm is kept below

the level ol the weakesl Bignal.
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tem. In other words. the expansion ratio
would be different than the compression
ratio. The DC bias of the output can be
calculated using this equation:

Vw‘r = vﬂEF (1 + FISJ’Rd-]

If R3=20K. R4=30K and Vggey=1.8.
then V, =2.99 wlts.

The input and output coupling capaci-
tors must be large valued. For lowest dis-
tertion. a separate capacitor should be

FiG. B—THE 15 KMZ STGNAL In the upper trace Is
fed through the CompPressor. whose culpul ap-
pears In the middie irace. Thal Signal Is restored
1o Its orlginal form, as Shown in the lower irace.
by the expander.

N n—
c2 Al f
R2
1uf 10K f 20K =
o | 33K
RS o}
33K 10uF
C1
1F ;]‘]K N (5
4 30pF
-+
R
30K f
[a] = o
INPUT Vegr DUTPUT

F1G. 9—THE COMPANDER USED AS AN ALC
DEVICE. This circull combines elements of both
the compressor and the expander

FIG. 10—ALC ACTION Is shown here. Tha upper
lrace shows tha pul signal. and the lower trace
shows it being processed by the ALC circull.

C1 OPTIONAL
2.2uF PAE-EMPHASIS
| 28¥

be- 1,

+

COMPRESSOR/
ALC INPUT

I | S0RF

[ — T
opTIONAL |

18V 35V l

COMPRESSOR/ALC
OUTPUT

[ iy}

20K - l
| o= =
OPTIONAL

| DE-EMPHASIS

£9 =
1uF
35Y

=}
EXPANDER
OUTPUT

FIG, 19— A COMPANDER CIRCUIT you can bulld 1o experiment wih comgpre ssion, expansion and ALC.
The pre- and dé-emphasis networks may be replaced by jumpers It they are not needed

placed in series with both the A-G cells
input (Cpy) and the rectifier's inpul

N2k

If you anticipate an input signal greater
than 2.8 volis peak. which corresponds to
an input current of 140 LA, then the value
of R2 must be increased. If the input sig-
nal is greater than 3.0 volts peak, RI will
also have to be increased. As with the
compressor, signal distortion can be
avoided by limiting (he compander’s peak
input currents.

The effects Cgpy has on attack and
delay times, as well as distortion. are the
same as i the compressor circuit, so stan
of with a value of | tF 10 2 pF for Cpeem
In any case. Cpgep should have the same
value in both circuits of a complete com-
pander system,

An input buffer may again be necessary
if the input impedance of the NES7(/]
needs to be matched to that of the driving
device. Also, de-emphasis would be nec-
essary if the complementary compressor
circuil used pre-emphasis, such as that
used by high-fidelity tape decks. The dis-
tortion trim pin functions as in the com-
pressof. and if not used. should be
bypassed with a 200 pF capacitor to
ground.

WwWww americanradiohistorv comm

Companding example

In Fig. 7 we see how a complete com-
pression/expansion system affects signals
of various levels. Note that the input sig-
nals accur over 2 96 dB range, and are
compressed to a2 48 dB range. In other
words, compression works on a 2:1 ratio.
Signals above the 0 dB line will be halved.
and signals below the 0 dB line will be
doubled. For example, the + 16dB signal
decreases 1o a value of +8 dB, and the

80 dB signal increases to & value of

-40 dB.

The output of the compressor is fed to
the transmission medium (be it the air
waves, lelephone lines, magnetic tape,
etc.) where a low-level noise signal is
picked up. The signzl is then fed to the
expander where it is expanded from 48 dB
o 96 dB, that is, at a 1:2 ranio. Here,
signals above the 0 dB line are doubicd,
and signals below the O dB line are
halved. For example, the +8 dB signal
increases © a value of +16 dB, and the

-40 dB signal decreases to a value of
-80dB. Note that the noise arising in the
transmission medium is kept below the

-80 dB level by companding.
The oscilloscope photo in Fig. 8 shows
continued on page 109
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ACCIDENTAL CONTACT WITH 11GH vOLT-
ages or currents ¢an often result in injury
or even death. Flimvever. there are many
instances when deliberate exposure to
seme type of elecirical stimulation is an
cffective pant of treatment for an illness or
condition. In this article we are going to
look at some of those
instances.

Electrical
stimulation of the
heart

In a healthy heart.
muscle contractions
arc imnated and coor
dinated by a nawral
“*pacemaker’” and
“bonduction™ system
that is made up of spe-
cial muscle cells.
White many cells in
the heart will elee-
trically discharge.
causing a contraclion
0 occur. the pace-
maker arca of the heart
coniains cells that
spontancously dis.
charge the lastest.
Afier the pacemaker
cells discharge. elec-
trical signals travel
throughout the airia
{the top halfl of the
heart). The atria are
electrically insulated
[rom the ventricles
(the bottom half of the
heart). The signal
from the utria is con-
ducted 10 the ventri-
cles by a specialized
colleetion of muscle
fibers (the AV node
and associated fibers)
that cause a defay of
about a enth of a sec-
ond. Thus. after the
alria contract 1o push
blood into the ventri-
cles. these is adelay of
about a wenth of u sec-
ond before the ventri-
cles receive the signal
e contract. It is the
ventricles that pro-
duce the real pumping
action. giving a pulse that can be felt at the
wrist and elsewhere

When that normal pattern is disrupred.
the heart is said to be in fibrillation. When
fibrillation is brought on, due 10 cxira
pacemaker signals being generated or to
an irritatien of the heart. the beating of the
heart muscle becotnes uncoordinated.
During tibrillation the exposed heart can

be seen 1o writhe Like a bag ul worms.
rather than contracting in a useful manner.
I the ventricles beat normally but there is
atrial fibrillation. about 20% of the effi-
cieney of the heart is lost because blood
does not enter the ventricles as well as it
should. In addition. the fibrillation sig-

Medical Uses

Electric Shock

Electrical stimulation of the body can be dangerous, but
there are some instances where it can save a life.

RAY FISH, Ph.D., M.D.

nals passing through the AV node usually
stimulate the ventricles 0 contract al a
rate of about 1706 beats per minute. a con-
dition no1 well toleruted by most individu-
als. While muny people have atrial
fibrillation which cannot be stopped. the
rate of the beating of the ventricles ¢an be
controlled by medication that slows con-
duction of impulses through the AV node

WWWW americanradiohistorv. comm

and decreases the ventricutar contriction
rate {the effective heart rae).

Ventricular tibrillation. if not treated
wilhin minutes. is fatul. About 350.000
Americans die cach vear from distupiions
in cardiac 1hythm. usually ventricular
fibrillation. Most of those electrical dis-

turbances lake place

during or within a few
o days of a myocardia)

infarction (heart at-
tack). Many of the
people who dic do so
ncedlessly. Though
the hcart muscle has
been damaged by a
heart attack. if the
clecirical disturbance
i$ corrected. the per
son might live for
Many more years.

One way to siop
fibrillation of 1he atria
and ventricles is to ap-
ply an eicctrical shock
to the chest. That
shock is administiercd
via Jarge paddles {as
you've doubtless seen
on TV or at the
movies) using a ma-
chine called a de-
fibrillator. When that
elecirical shock is ap-
plied. all muscle cells
in the heart ane de-
polarized. ax if they
had jusi discharged.
The first cells 10 re-
cover are those in the
pacemaker area of the
heart: they send sig-
nals to the vonduction
system. which causes
organized contraction
of the heart muscles.

Figure | shows an
eicctrocardiagram of a
patient in ventricular
fibrillation. The re-
gion labeled a shows
irregular. nonrepeat-
ing voliage fluctua-
tions. A dchbrillating
sheck of about 1.000
volts is applied at B.
That causes the elec-
trocardiogram ampli-
ficr 10 overload. For u period the elec-
trocardiogram shows u signul with an
¢levated baseline. then the amplifier satu-
rates again (c). After a few seconds the
heart begins to beat slowly (D). though not
in a nurmal manner.

A relaively small number of people
have recurmem episodes of cardiac rhythm
disturbances (arrhythmias) that arc not as-
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F1G. 1—ELECTROCARDIOGRAM of a patieni with ventricular fibrillation. At point & defibrillation (the
applying of & voliage) Is performed. A heartbeat. although sbnormal. stowly begin® to Sppear after

several seconds (d)

SiSasEsasasszamac:

normal. s pacemaker had to be implanted. Ditterences in the wavelorm are due to Ihe differen

locations of elecirodes used M take the reading.

sociated with heart attucks. Many of those
disturbances are corrected by electrical
shock, or defibrillation. A few dozen peo-
ple with recurrent potentially-lethal ar-
rhythmias have been treated with
surgically implanted defibrillators. When
a fawal rhythm is recognized by such a
unit, a shock of 30 joules is applied to the
heart. That is less than the 300 joules
usually applied when the defibrillation
shock is administered cxternally. But then
again, the power requirements are less
because the shock is applied directly 1o
the hean rather than (o the chest wall.
lu fibrillation there are too many sig-
nals or depolarizations occurring. With a
slow or ubsemt hean rate, there are (oo few
depalarizations. Figure 2 shows an ciec-
rocardiogram from a patient who has suf-
fered an acute heart attack. The beats are
coming much too Slowly, about one every
2 seconds. That gives a pulse rate of about
30 beats per minute. 1t was decided that a
pacemaker was needed in that case be-
cause drugs would not increase the hean
ratc. and the paticnt was in shock. A tem-
porary pacemaker, actually a specially
built pulse generator in a small box, was
connected to the heart by a catheter with
wires built into it. The paccmaker catheter
was inseried inle a large vein under the
clavicle (collar bone) and pushed forward
until it reached the hean. (See Figs. 3 and
4.)
Usually when a paccmaker catheter is
inserted, the positioning of the catheter is
obtained using " fluoroscopy. " That tech-
nigue uses a continuous X-ray source and
an image intensifier system that permiis
the physician to see a real-time image of
the catheter working its way 1o the heart.
Because veins branch and tumm it is useful
to be able 10 see where the catheler is

electrodes at ita #nd contact the hesrl muscie,

going and (o (wist or redirect it when
needed.

Because the condition of the patient
whose electrocardiogram is shown in Fig.
2 was 50 acutely poor, there was nol time
to sct up the cquipment or wail for the
technicians who run it 1o come 1o the
hospital. Thus the catheter was inserted
“blindly.” That is. the catheter was inscr-
ted in the vein via a large ncedle and
pushed forward until small spikes, caused
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FIG. 3—A PACEMAKER CATHETER, such as the ¢né shown here. ia inseried into the body so that the

,tﬁfm,; w@r \

hy the signal from the pacemaker. were
seen in the patient’s elecirocardiogram.,
The presence of those spikes meant that
the catheter was near the chest elecirodes
used 10 monitor the electrocardiogram.
The catheter was funther advanced untit
the small spikes were followed by hean-
heats, as seen in Fig 5. That was electrical
confirmation of the fact that the
pacemaker hud *captured” (was stimulat-
ing) the heart. Later, routine X-rays
showed that the pacemaker was in a good
location. Because of the type of heart at-

tach, that pacemaker was only needed for
a few days. In other cases a permanent
pacemaker must be surgically implanted
in the patient and connected to the hean.,

There are several types of clectronic
pacemakers. An atrial paccmaker can be
used if the atriu are not contracting often
encugh, but the natural conduction be-
tween the aina and sentricals is normal. A
ventriculur pacemaker can be used to
stimulate just the ventricles. The atria
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FIG 4—IF THERE IS ANY CIRCULATION. & balloon 81 the end ol the catheter s inflated so that the
catheter tip will be carned to the heart by blood flow.
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FIG. 5—SMALL SPIKES. which are the output $ignals from the pacemnakér. are followed by heartbeats.
This shows that the pacemaker has “captured” the heart,

may be stimuluted by buckwurd con-
duction through the AV pode. but the re-
sulting atrial contriction would be at the
wrong tlime to do any good, A sequential
pacemaker has two sets of wires: One
stimulates or senses the signal from the
atria: the second stimulaies the ventricles
afier a delay that simulates the delay nor-
mally caused by the AV node. With a
sequential pacemaker. the 20% boost in
candiac oulpwt provided by the arria is
retained.

Different pacemakers operate in dif-
ferent manners., Some work only when
nceded: those are called demand
pucemakers. The same wires that stimu-
late the heart are used 1o detect heant sig-
nals that are spontancously present. Thus.
if the heant 1s beating on its own. the
pacemisher does not tire. IF the heart rate
gets below the minimum a patient could
tolerate. the pacemaker fires.

Some pacemuakers fire regardless of
spontancous heart activity. Those are
called asyachronows pacemakers.

Instead of wming off when a heanbeat
is detecred. somw pacemakers fine within
milliseconds of cach detecied heanbeat
(with a maximum rae of inng). In tht
way extemally induced ¢lectrical signals

cannol trick the pacemaker into shutting
off. Units that operate in that manner are
called stimudated pacemakers.

External pacemakers huve controls that
allow the physician (o program the stim-
ulus current and heartrate. It is also possi-
ble to choose whether or not Lhe
pacemaker should be inhibited by spon-
taneous heant activity. With surgically im-
planted pacemukers that is not possible.
To overcome that problem. reinotely pro-
grammable pacemakers have been de-
veloped. The pacemaker coniains a radio
receiver Lthat detects coded signals sent by
a hand-held runsmitter that looks some-
thing like 4 calculator or small computer,
With such a unit, il is possible 10 control a
wide variety of pacemaker paramelers.

If a permancnity implanted pacemaker
is not functioning. troubleshooling can be
difficult. However. there are some lests
that ¢an be done to help determine the
cause of the problem,

Aimaost all demand pacemakers contain
a magnetic reed switch, Placing a strong
permancnl magnet near the pacemuker
will activate the switch and convert the
pacenisker to an asynchronous mode of
operation. As loag as the magnet is held
in place. the pacemaker will fire at a con-
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stant raie regardless of the person’s spon-
tancous hean rate. If 3 magnetis applicd
and no pucemiher spikes can be seen on
the electrocardiogram. cither the pulse
generdtor or the electrode wire is defec-
tive,

If a pacemaker fails within weeks of
being implianted. the prohlem is usually
with the cleeirode wire, The wire may
have distodged. or the eleetrical resis-
tance between the electrode and the hean
tissue may have incneased.

A failure afier years of operation is
m0st often due 1o weak batteries: placing a
magnet over the pacemaker may give o
relatively slow heantrate when batteries
are weak.

When pacemuker spikes ure scen on the
clectrocardipgram. but thene is no caplure
of the hean. the problem might be with
the paticnt or with electrode placement. A
chest X-riy may show a break in the elec-
trode wire. The X-ray can also indieate if
the electrode has muoved or perforaied the
wall of the heart. Lisiening to hean
sounds may reveal o pericardial rub™
thut indicates irvitation of the lining of the
outside of the heart: the patient nay feel
pain due to the clectrode. IF the electnxde
i in the proper location. loss of capture
niay be due 10 chemical imhalances in the
patient’s bloud. Low levels of potassium
or caleium can increase the amount of
energy needed for eleetrical caplure of the
hean.

Further troubleshooting can be done if
the pacemaker is a programmable type.
Sonmwe such pacemakers allow measure-
ments of lead impedance. sensitivity. and
output encrgy.

Stimulating the Inner ear

- Severe hearing loss cun be partially cor-
recied by a new kind of hearing aid. man-
ufactured by 3M (5t. Paul. MN). that
electrically stimulawes the inner ear. Un-
like conventional hearing aids that ampli-
fy and lilter sound. those new hearing aids
perfonn a spectrum analysis and use the
resulling signals to stimulate certain
portions of the auditory nerve.

The human car is shown in Fig. 6. Nor-
mially sound travels through the air to the
cardrum. The cardrum vibrates and those
vibrutions are transfermed 1o three small
bones. Those bones in turn cause vibra-
tion of fuid in & snail-shaped structure
called the eochles. Sound causes & mem-
brane. called the basilar membrane. in the
cochles 1o vibgate at various places.
Which portion of the membrane vibrates
depends on the frequency of the sound
present. Specialized receptor cells along
the membrane trinsmit signals to tibers of
the auditery nerve. Thus the car acts as a
real ime “spectrum analyzer™ and trans-
mils many parallel signals 10 the brain.

The portion of the basilar membrane
that vibrates determines the piteh that is
perceived. To a lesser extent the frequen-

5861 HIBWIAON

~
(7]


www.americanradiohistory.com

RADIQ-ELECTRONICS

=
F Y

AUDITORY
NERVE

BONE  BONE

COCHLEA

F1G. 6—THE MAJOR STRUCTURES of the human ear are shown here.

¢y of stimulation of the basilar membrane
as well as the location of the stimulation
influences the perception of pitch; that is
moare important at lower frequencies.

Surgery and conventional hearing aids
can correct many heating problems that
are caused by damage to the structures of
the outer car (car canal) and the middle
ear (the eardrum and three bones). But if
the eochlea (inner ear) were damaged,
there was little that could be done until
recently. Clinical trials of cochlear im-
plants began in 1972, Since then hundreds
of people have had elcctrode arrays inser-
ted into their inner ecars.

The carliest cochlcar implant. or pros-
thesis. used a single electrode. Such a
deviee allows the user 10 recognize dif-
ferences in a sound's intensity and dura-
tion, but allowed only low frequency
sounds to be recognized. Single electrode
devices allow users lo recognize some ¢n-

vironmental sounds and make lipreading
easier.

Multiple channel cochlear implants
canlain spectrum analyzers and may have
16 clectrodes, The stimulating vohliage on
each electrode is determined by the ampli-
tude of sound in a cenain frequency
range. Information about the timing and
amplitude of signals in various frequency
ranges is preserved. Some users of multi-
ple channel cochlcar implants are abte to
understand speech in a limited manner.
One study reported 70% recognition of
vowels and 30% recognition of con-
sonants without lipreading. Persons with
cochlear implants can hear with sen-
sitivity approaching normal. Although
the sound is distorted. doorhells. car
horns. and other sounds can be heard al-
most as well as by a person with normal
hearing.

A typical cochlear prosthesis consists
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of Lwo electronic assemblies—one out-
side of the head. and one that is surgically
implanted. The external electronics pack-
age detects sound. performs spectrum
analbysis. and transmits signals to the im-
plunted electronics.

The surgically implanted internal elec-
onics package detecis the transmitted
signals and converts them sp that they can
be perceived by 1he auditory nerve. Some
systems usc arigid clectrode that is inser-
ted directly into the auduory nerve. More
commaonly, however, a fiexible electrode
array is inserted into the cochlea and made
to lie along the basilar membrane. which
is then made to vibrate by the electrodes
in responsc 1o the transmitted signals.
That vibration is detected by 1he auditory
nerve as normal. Which frequencies cause
which electrodes to vibrate can be varied
1o adjust for differences in perceprion
from patient to patient. R-E
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P t 7 BEFORE WE GET TO
ar our topic for this
month, let’s clear up an emor that ap-
peared in our last installment (September
1985). Among the circuits that we looked
at then was a shift register called a pseudo-
random sequencer. Due to a mix-up. an
incorrect schematic was shown for that
circuit (Fig. 15 in that issuc). The correct
schematic is shown here in Fig. 1.

Actually. that circuit can serve as a
good introduction Lo this month’s topic—
counters. Remember last time we said thal
the outpul of the pseudo-random se-
quencer onty appears to be random. In-
stead its oulput repeats every 20— | times,
where n is the number of stages in the
circuit. Because of that, the shift register
can be thought of as a couner.

A counter is defined as a scquential-
state circuit. That is, it has n differenmt
stales into which il can go. and it enters
those states in a predetermined sequence.
You can use a counter (0 divide an input
signal frequency by n, or to produce a
single output pulse for every n input
pulses.

Let’s stop for a moment and define a
few terms that are used when talking
about counters. The moduio of a counter
refers to the number of different states that
a counter sequences through. For in-
stance, the modulo of a hexadecimal, or
base-16 counter is 16. The modulo of a
binary counter is two,

The coding of a counter tells us which

JOSEPH J. CARR

states it walk pass through. and in what
sequence. The coding is particularly im-
portant when the counter is weighted. Ina
weighted counter, each paralle] output is
used to represent a number of counts. To
make that a little clearer. let’s look at an
example.

Figure 2 shows a base-16 counter con-
sisting of four J-K flip-flop stages in se-
rics. The relationship beiween the signals
at the four parallel outputs and the input is
shown in Fg. 3. Studying that figure re-
veals that the outputs of that module-16
counter are weighted 1, 2, 4, and 8. That is
ol = 20:qr = 21;03 = 22, and Qe = 23.
Thus. an output of 101 represents a count
of (1 X 1}4+(0 X 2)+(1 X 4)+(0 X 8)
= | 4+ @+ 4+ 0 =5 Aquick check of
Fig. 3 will venify that that indeed is the
output at T5. That type of weighting is
called binary weighting.

A counter is said o0 be decodable if it is
possible Lo continuously monitor the state
of the count using relatively simple cir-
cuitry, Generally, for a counter to be de-
coxdable it should use a standard weighted
code such as binary or BCD (more on
BCD in 2 moment). The counter of Fig. 2
is decodable because the state of the count
is always gvailable at the parallel ouiputs.

A counter can also be resertable or pre-
sertable. A reseitable counter is one that
can be foreed into an all-zeros state. In the
counter of Fig. 2 that is done by tying the
active-low TR pins on the flip-flops to-
gether to form an active-low reset line.

ouTPUT

R “ —l_]
IMEG
—1D a 4] a 0 a ] a
— CLK CLK —CLK

l— CLK
:

o)
CLOCK

FIG. 1—A PSEUDO-RANCOM sequencer, Dus to an error, the schematic shown in the Sepl. [ssue lor
this circuit was incorrect. The correct Circult 18 Shown hare.
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DESIGNING WITH
DIGITAL IC’S

This month we learn about counter circuits and how they work.

+5 )] 174 a1 04

FIG. 2-A FOUR-STAGE ripple counter The out-

puts of the counter are weighled 1.2, &, snd 8.

Bringing that linc low momentarily forces
all the outputs to go low simultaneously.

A presettable counter is on€ that can be
forced into a desired s1ate. That is done by
placing the desired state on a set of preset
inputs called **jam™ inputs. A pin called
PRESET ENABLE, or somcthing similar.
controls the preset function,

The reset line can be used to form o
decimal (or base-10) counter. In Fig. 4, a
NAND gate has been added to our base-16
counter, Thal gate is placed there to detcet
the unique output state that follows the
tenth count (i.e. both @z and Qs are high
simultancously). When those two outputs
are high, the output of the naND gate goes
low forcing the reser hine, and in turn
Q4 low.

The outputs of that countér arc still
weighted 1248, but the output states run
only from 8000 to 1091 (0 to 9 in base 10}
That coding is called Binary Coded Deci-
mal, or BCD.

Let’s consider at a typical BCD coun-
ter, for instance the 7490. That TTL IC is
designed as a bi-quinary counter; thatis, it
has divide-by-two and divide-by-five sce-
tions that are cascaded (pins 12 and |
shorted) to form a divide-by-ten counter.
The reset pins (2 and 3), which are nor-
mally strapped together in decimal opera-
tion, are active-high. Thus those pins are
normally grounded. If it is necessary reset
the counter o zero (900d,), then pins 2
and 3 are momentarily brought high. That
will clear the flip-flops, thereby forcing
the outputs to (900, Another set of termi-
nals {6 & 7) resets the 7490 to 9,4 (1001,).
The 7490 is now considered the classic
decimal counter, although for certain ap-
plications other devices may prove (o be a
better choice.
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FIG. 3—THIS TIMING DIAGRAM shows the relationship belween the clock 5ignal and the signal al the

Tour outpuls for the circuit of Fig. 2.

INPUT al a3 04

FF T FE2 [}

J a J a J o

K LK ik

kK @ K @ kK 0

W] [#1;] CCR
s < |

% G!

RESET

F1;. 4—A BINARY-CODED-DECIMAL counter.
This counler resels afleér the coun! reaches

5 CLOCK

FIG. 5—IN A SYNCHRONCUS COUNTER all out-
puls change state simulianecusty, This counter
has two major advantages over the ripple coun-
{er—speed and freedom from glitthes.

Synchronous counters

Counters such as the hexadecimal
{base-16) and decimal {base-10) circuils
discussed thus far suffer from one major
problem: speed. Those counters are called
ripple counters because they are con-
nected in cascade such that the output of
onc stage drives the clock input of the
succeeding stage. Thus. a change in the
input must ripple through the entire chain
before it brings the outputs to their final
state. In addition. propagation delays in
the circuit ¢an cause glitches to appeay in
the count.

Those problems are ¢liminated in a sec-
ond type of counter, called a synchronons
counter. In that type of counter. all of the
counter stages are driven directly from a
single input, and all outpuis change si-
multaneously.

Figure 5 shows a synchronous counter
circuit. The most obvious fcatures of that
circuit are the lwo AND gates and the fact
that all four clock inputs are tied in parai-
lel 10 form a common clock hine. One of
the AND gates is connected so that both Q1
and @2 must be high before Nlip-flop FF3
changes state. Lo a similar manner. Q2 and
Q3 must be high before FF4 changes state.
When a pulse is received on the clock line,
all ftip-flops that are "scheduled™ to
change states do so simuitaneously. no
mutter how many stages the counter has.

Some common TTL synehronous
counters include the 74160 (BCD wilh
direct clear input), 74161 (hexadecimal
with direct clear input). 74162 (BCD). and
74163 (hexadecimal),

SET
R
o K
Cinck =
CLEAR O

| OTHER
? Y? STAGES
62 64

aox| T LT
A |

FIG. 6—THE COUNT S STARTING POINT ¢an be
preset using jam Inpuls a and B. This type of
counter |3 called a presettable counter.
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Preset counters

Must counters increment fromd(!)(!:. A
presel counter is one that can be made to
increment from another value. That is
done by loading the valuc of the staning
point into the countcr via & set of jam
inputs.

Figure 6 shows a portion of a preset
counter circuit that uses the jam input
mcthod to preset the {lip-flops of the
counter. Although only two slages are
shown here. the same technigue is used in
the succeeding stages.

The preset count value is applied to the
jam inputs, labeled here as A and b. For
sake of this discussion, let’s consider only
the A input {(which drives FF1). The data at
A is applied direcily to onc input of NAND
gate Gl, and through an inverier 10 one
input of G2. The remaining inputs of Gl
and G2 are connected together o form
clock line number 2 (cLock2)

In order to understand the operation of
crock: and the A jam input. let’s review
the rules governing a two-input NAND
gate:

& |f cither input is low, then the output is
high.

& Both inputs must be high for the output
to be low.

The rules above icll us that CLOCK? is
active-high: let’s see why. When cLock2is
low. both owtputs G and G2 are kept
high. The output of Gl controls the active-
low SET input on FF1, whilc the output of
G2 contvols the active-low CTEAR input.
Thus. a low on cLockz keeps SET and
TTEAE high. and therefore inactive,

Let’s consider circuit aclion for two sit-
uations: when A is low and when  is high.
The first situation implies that we age forc-
ing the circuit’s Qi output low. Let’s see if
that is what happens.

[Talow is upplied to A. then the input to
Gl is low. and the input to G2 is high (due
10 1he inverter). When crock: goes high.
the output of Gl is high (keeping SET

inactive) and the output of G2 is low
{aclivating TTFAR). Sinc