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TEK

2213A/2215A/2235
DUAL TRACE OSCILLOSCOPES

Now! Tek quality

"THE ANSWER

BY ANY MEASURE

and expert advice

are just a free phone call away!

The industry
standard in CRT Display controls
rformance. are flexible and
fisp. easy-lo- easy to use. Sep-
read. brnght CAT; arate intensity

14kV accelerating
potential, provides
high writing rate

controfs reduce
blooming In alter-
nate sweep mode

and small spot Focus racking
size. Full size 8x10 | minimizes control
cm display for adjustment and
measurement FIND elirni-
accuracy nates confusion

Vertical sys-

tern provides
measurement
assurance, Flat
frans:ent response
and high accuracy
ensures lrue
reproduchion of
your signals. Fast
nselime and high
bandwidth is well
suited for a vanety
ol measurement.

Perform delayed
sweep measure-
ments accurately
and easily. Both
sweeps can be
displayed alter-
naiely making dif-
lerential measure-

ments easy and
accurate (1%}
An inlerlocking
SEC/DIV control
simphfies set-up.

Our direct order line gets
you the industry’s leading
price'performance portables...
and fast answers from experts!

The 60 MHz single time base delay

2213A, the 60 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unprecedented
refiability and affordability, plus the
industry's first 3-year warranty*

on labor and parts. CRT included.

The cost: just $1275 for the
2213A, $1525 for the 22154,
$1750 for the 2235.1 Even at
these low prices, there's no
scrimping on performance. You

have the bandwidth for digital

and analog circuits. The sensHivity
for low signal measurements. The
sweep speeds for fast logic fami-
lies. And delayed sweep for fast,
accurate timing measurements.
All scopes are UL Listed and CSA
approved.

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

Stable hands-oft
triggering. P-P
AUTO deteclts sig-
nal peaks. then
sels the ingger
level for you. Dis-
play asynchronous
signals usin
VERT MlOdD tng-

ering. indepen-
gent ?V field and
fine selection

Front panel lald
out by lunctlon
for ease of use.
Color coding aids
the user in Opera-
fion. Functions
and modes are
placed logically,
All nomenclature
15 clearly labeled,
and protecied
behind a serateh-
less Lexan surface

LT

V\T
el
W,

1-800-426-2200

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

Order toll free:
1-800-426-2200,
Ask for Rick.

In Oregon, call collect:

{503) 627-9000.

Or write Tektronix, Inc.

P.O.Box 1700

Beaverton, OR 97075

Tektronix

LIWAET TED TOH EXCELLENGE

Copyrght ® 1985 Tekaronix, . Al fghts reserved #TTA-435-2 1Price FO B Beaverton, OR *3-year wtranty inchucdes CAT.
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SECTION

LOOKING AT LASERS

A look at what lasers are and how they are put
to use. losef Bernard

BUILD THIS HELIUM-NEON LASER

Now you can experiment with one of the tools
of high technology. Robert Grossblatt and
Robert lannini

RADIO

80 ANTIQUE RADIOS
Automatic tuning schemes
Richard D. Fitch

BUILD THIS 51

55

63

68

VERSATILE BENCH TOP POWER SUPPLY

This benchtop supply offers a 0-30 volt output
at up to one amp! Greg Swain and Franco
Ubaudi

CLICK AND POP FILTER FOR YOUR STEREQ
Part 2. Give new life to your old LP's by
eliminating scratches. Joe Gorin
HIGH-POWER FET STEREO AMP

Here's an excellent way to upgrade your
outdated system!

PC SERVICE

Use our exclusive direct-etch foil patterns to
make circuit boards for your helium-laser,
click and pop filter, and power supply.

TECHNOLOGY 6

47

VIDEQ NEWS

Inside the fast-changing video scene.David
Lachenbruch

TV SIGNAL DESCRAMBLING

The first in a series of articles that takes a
comprehensive look at the state of the art of
signal scrambling and descrambling. William
Sheets and Rudolf F. Graf
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A robot as a pet? Mark ). Robillard

SATELLITE TV

The scrambling saga continues. Bob Cooper, }r.
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NEW IDEAS
A telephone answering machine

WORKING WITH VOLTAGE COMPARATORS
Here are practical circuits you can put to work
now! Ray Marston

DESIGNER’S NOTEBQOK

Precision voltage rectifiers. Robert Grossblati
STATE OF 50LID STATE

A TV sync and sweep generator on a chip.
Robert F. Scott

ANNUAL INDEX
JANUARY—DECEMBER 1985
A 4-page brochure contaning the 1985 An-
nual Index | available for those who need

one. To gat your tree copy, send a stamped
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Annual Index

500-8 Bi-County Boulevardg
Farmingdale, NY 11735
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COVER 1

Lasers have gone from science fiction to
reality in only 25 years. They are used in
industry, medicine, science, communica-
tions, enlertainment, and more. !n our
special section, we’ll take a lock at what lasers are and how they're
used. Then we’ll show you how you can build a complete, portble
helium-neon laser to experiment with.

The portable laser has a 1-milliwatt output and it's battery powered.
It’s easy to build, and a complete kit as well as separate hard-to-get
parts are available. The special section starts on page 39.

NEXT MONTH

THE JULY ISSUE IS
ON SALE JUNE 3

BUILD A LOW-COST 1.2 GHz FREQUENCY COUNTER
The best way to add a new instrument to your test bench.

A ROUNDUP OF SMALL-SCREEN TV's
What's available, for how much, and what perfermance you
can expect.

BUILD AN FET STEREQ AMPLIFIER
Part 2. Upgrade your stereo system with 100 watts per channel
of FET power.

BUILD A GELL-CELL CHARGER
Recharge your gell-cell batteries the right way!

As & service 10 readers. AADIO-ELECTRONICS Dl.lblmrm saiable pim Of inlormahon relating 1o
lechrugues and soentfic and Because ol

dmmmmwuimm“mmmmhhsmm

Since routry described N RADHO-ELECTRONICS mary relate 10 OF ba coverad Uy LS. patents,
RADIOELECTHONﬂ dma-ms an‘y nbmty for the ininngement ol such palonts by tha makng. uang. or sailing of any such
Htomey

SquUpment of Grewdry, and sugoesis that Sy it d i such proy it & parent
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NEW!

Lower Price
Scanners

Communications Electronics,
the world' s largest distributor of radio
scanners, introduces new Iower prices
to celebrate our 15th anniversary.

Regency MX7000-EA

List price $699.95/CE Price $309.95/SPECIAL
10-Bend, 20 Channat ¢ Cryeiaiiasa 8 AC/DC
Frequency range. 25-550 MMZ conlinuous coverage
and 800 MHz 10 13 GNZ continuous covesaga
Tha Regency MX7000 scanner lats you montos
milnary, BB L, Space Selalkies, Pokce and Fie
Deapartménts, Drug Enlorcament Agencees, Detanse
Department. deronsutcel AM band, Asro Nawgahon
Band, Fish & Game. Immigration, Paamedics
Amateur Ragio, Justice Deparimant. State Depart
menl. Diua thousands 91 othar rado fregquences
mos! acanners can't pick up. The Regancy MX7000
15 the partect scanner for intelligence agencias tha,
need 10 monttor 1he new BOG MHE Cellular 1giephone
band, Tha MXT000, now at a special phea trom CE

Regency® Z60-EA

List price $299.95/CE price $179.08/SPECIAL
8:Band, 80 Channai ® No-cryalal scanner
Bande 30-50.88-108. 148-138, T44.174, 440-512 (fHE
The Regency Z60 covers all the public service
bands pius akrcraft and FM music for a total of
eight bands. The Z&0 also features an alarm
clock and Priority cantrol as well as AC/DC
operation. Order today.

Regency® Z45-EA

Lis1 price $259.95/CE price $159.95/SPECIAL
7-Band, 45 Channef 8 No-crysisl acanner
Bapds 30-50. $18-138, 144-174. 440-512 MMz

The Regency Z4% 18 very similar t0 the 260 moded
hated above however it d0es Nol have the Commer:
Cigi FM broadcast band. The Z45, now at &
speclat price from Communlcations Electiomnics

Regency® RH2508-EA

List price $613.00/CE price $329.95/SPECIAL
10 Channal 8 25 Wati Transcaiver 8 Priority
The Redency RHZ50B s alen-channelVHF lanc
mobile transceiver designed to cover any fre-
quency between 150 1o 162 MH2. Since thi
radio & synthes:2zed, no expensive crystals are
needed 10 store up 10 ten frequencies without
battery backup. All radics come with CTCSS lone
and scanning capabilités. A monitor and
night/day swich is aiso standard. This frans-
caiver even has a Prionity function. The RH250
makes an koeal radic tor any POhCe o lire
depariment volunieer because of its low Cosl
and high performance. A UHF version of the
same radio called the RU150Bcovers 450-482
MHz but the costis $449.95. ToJet techniclan
programming Instructions, orderaservice man-
ual from CE with your radio system

NEW! Bearcat® 50XL-EA

List price 5199.85/CE price $114.95/SPEC1aL
f0-Band, 10 Channe! ® Handheid acannai
Bands 29.7-54. 136174 406-512 MH2

The Uniden Bearcal SOXL 18 an economical
hand-held scanner with 10 channets covering
tenfrequencybands. Itfealures a keyboard lock
switch to prevent accdental eniry and more
Also order part # BP5S0O which is ar@chargeable
battery pack for $14.95, a piug-in wall Charger,
part # AD100for514.95, acarryingcasepant #
VG001 for $14.85 and also order oplionai
cigarette lighter cable part # #S001 tors14.95.

Ragencr

NEW! Regency® XL156-EA

Lig: price $230 95/CE price $129.95/SPECIAL
&-Band, 10 Channai ® No-crysisl Scannar
Search ® LoCkout 8 Priarity ® AC/DC
Bards JO-50, 144 #74, 240-5°3 WML

Cover your choice of ove: | 5.000 Fequencies
on 10 chaanels at the touck Y you- linger.
Display Mmesaages Externas speaker ik Tele
scoping antenna. Extemai antenng iack. AC/DC.

NEW! Regency® R1060-EA
List price $149.95/CE price $92.95/SPECIAL
S-Band, 10 Channei ® tailass ® & onh
Bands 30-50 144174 440-812 MHZ

Now you car énjoy comiuterized scannes el
satility at n price that's tess than ome “rystsl
units The Regency RI0G0 feta vou in on ol the
actlan ol police lire. weather. Ind #roergency
calls You'll even haar mobile {elephones

Bearcat® DX1000-EA

List price $649 95/CE price $346.95/SPECIAL
Fraquency “anoe 0 XMHE %o 30 MML
The Sesrzar DX100C 3hortwave radic Makes tuning |
London ak a3y ab dlaimg o shine It teafures PL
syninewized SCCurbCy, two lime tone 24-hour digile
quartz clock and @ built-in timee 1o wake o 10 you”
tavorile whotwave station. T Cat 5o programmed e
activale DEnpharal squiGmeni Wag @ ape rpcorde” 10
record up o fve diferent broadcasts any requenty,
&Ny MOge, while you ar ¢ 4neeD & ot work 1t-aill "ecehe
AWM LSB, USB CW and FM broadcasts.

Thar®'s nevic beer: &N casher “Bw haar wha: the
workd has 1o say With 1he Bearca” DX10D0 shortwave
IBCEvaEr ¢Ou ROW have dirsCt sccesn 10 the workd

NEW! Re encr HX1200-EA
~iat price $369 {CE phce 5218 95/SPECIAL
8-Band 45 Channal ® #¢ Crysis! acanner
Baarch ® Lackour ¢ Priority 8 Scan daisy
Sidelit iquid cryatal diaplay » EAROM Mamory
Maw Diracl Channai Acceds Fasiurs

Bands IC-50 118-138 T44-"74, 408 420 £40-51% M2
The ev. handhelc Regency MX*200 scanner i
fully keyboard Brogremmable 10; Ihe ultimal® in
versaliity You can xcan up bc 45 chavnets ot the
same M nGluding the AM alCraft band, The LCO
display & ever sidek: 10 igh use Order
WMA-258 EA rapd Charge drog-in batlery charge
10: $84.96 plus $2.00 shipping/handling Includes
wall chargef carying Case befl Zlip llaxible
snlenna ang wcad Dattery.

NEW! Bearcat®* 100XL-EA

List orice $345.95'CE ofice $3203.95/SPECIAL
@Band. 18 Channet ¥ Prionify ¢ Scan Daray
Search * Limir * Molo * Lockow. 8 AC/DC
Frequancy range J0-5C “ 18174, 406-5°2 WML
The wotkf's ira* NO-CTYBIal ha ndhaid M08 now his
8 LCO channe! display witn backight for low Noh: use
and xircraf band CoverBge al the same ow Price., Sire i
1™ 0 T 2 2% The Bearcar 100XL has wide fracuapncy
covar iha' mcivder afl cubic sernce bands {Low.
High. UHF gnd “T" bands). 1he Al aircren pand, 1he 2-
mete- and 7O cm amaleu” bands, piyy mllar’ and
lederal governmani Irequencies Wow  what ascancer
InCiuded i our low CE price is @ sturdy Carmynng case.
aarfhone. batiefy charder/ AC adaDtar, ME Ak ~-cad
batianes and laxible anlennd. Drde” yOu SLEMNE - DR

Bearcat® 210XW-EA

List price $339.95/CE price 3209.958/ SPECIAL
§-Band. 20 Chann® % No-crysis: icanner
Automnatic Westher % Saarch/Scar ¢ AC/DC
Fraquency -aage: J0-50, 138-*74 406-5°2 MHZ
The nevrBasrcat 2 1 0XW Is an advanced thifd genstatios
wcarne” wilh grea’ performance 2t & low CE orice.

NEW! Bearcat® 145XL-EA

Liat price 5178 98/CE price $102.95/SPECIAI
10 Band (8 unannal & AC/DE ® lasiant Wasthaer
Fraquenrc; rangs: 29-54, 136- "4 130-5'2 MML

The Bearca; 145X1L Mak.Je a Graat first scanne:. [ts kow
co%: and hegh pertormance Mia You near al e action with
the tauch o' A hes Ovde’ your scanne- trom CE today.

TEST ANY SCANNER
Tesl sry Wanne' purchased ‘ror Communicationd
Elacironkca™ 100 3. dayr Delcre you deckde 10 kcep L 1Y jor
afy “easQn you are no! complotaly saisfied. raturm T N
onginal condition with all pans 'n 371 days tor a prompl
refund | lss sheoping/handhing Charges and renaie creditel.

Ragancy
HX1200

Raganck
MXT000

CIRCLE /% VN rREE .NFURMAl iU TaRL
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NEW! Bearcat® 800XLT-EA
List i¥ice 5499.95/CE price $317.95
12-Band, 4¢ Channai » Mo-Crysist sCannar
FPriority conlrof ®* Seerch/Scan ® AC/DC
Bands 29-545  18-,74 400-512. BO6-912 MML
The Uniden 800XL ™ recawwes 40 channsis In two banks
Scann 15 Channals per second. Slze@W x4W " x12%."

OTHER RADIOS AND ACCESSORIES

Panascnic AF-2800-EA Shortwave rocemee: . $179 95
RDO95-E& Unjdon Remotemouni Racar Delacic . 3128 95
RDAS-EA Uniden Viser mount Aadar Detector 558 95
RODG-E A Uniger " Pasaport” sizo Asda-Daiscio-  §2345 95
BC210XW-EA Bcarcal 20 channad scanne-BALE  $206 95
BC-WA-EA Beorea! Wealhas dlert” . $49 95
Dx1000-E4 Baarce: shoitwave racerve’ SALE 3340 95
PC22-£ A Uniden ramole MOvnl CB franscanre .. $05 95
PCAS-EA Unriar mobube mount CA lranscener $50 95
A1080-E£A Regencry 10 channe' scanne SALE... 592395
Mx2000-EM Regency 30 Channdl Scanagr , 5198495
XLV S8-EA Recency 10 channel scanne” SAMLE 3126495
UCI102-EA Regensy VHF 2 oh 1 waltiranaceng .- 5124 .95
AHI50B.EARegency 10ch 25 watl YHF trans .. $329.95
AHODOB-E & Aggancy 10Ch S0 Wall V-F teant. . SAS4 85
RU1308-EARsge cy 10 channet UHF trangcene . $.545 95
RFHa1Q-EL 10 ch handneld NM-CrAel trane., .. $399.95
LC10-E& Carrying case tor APHA1Q ranscenmr. .. $34 98
Ma184-EA Me-cadbattery packlor RPHA10 trane . $34 95
P4 405-EA Re 90 -5 Bmp reguidled pawer supph .. $80 595
P1a12-EA Jagenty 12 amp tag pOwer SUCDIY. 518495
BCY0-EA Balter: charge’ 10r Reguncr RPHL1D .. $84 95

MA258- EA Drop-n enprger tor X000 48 MX1200 , . _$84 95

MA257-EA Cigasutts hghis: ord for HEY20C $19.55
MAS17-EA N-Cax! batier bach lgr 4X1200 . $34 95
EC10-EA Programmung Wl for Regenc: APHA1Q .. $24.95
SMRH2B0-EA Service mar 0¥ Regencv AHISD ... 52495
SMRU150-EA Service mar for degengy RUISC, . 52: 98
BMAPHA VO-E & Setwce mar. tor fegoncy OPHATD. . 524 05
SMMATOO00 E A Sve man "o MXTODCE MXSO00 . 519 95
SMmI000-EA Sarnce mar ‘or fege-cr NOGD0C. . $19.05
B-4-EA 1 2 ¥ AAA NFCaet batloshes (st of foun $9 9L
FB-E-E& " squancy Dwvetory iorEastem ) S .. 51208
FB- ' EA Fraquescy Directory for western UK A . 31295
T5G-EA TOpSexret Registry ol LA Gov', Frpa .. 514.95
TIC-Ea ‘OChnkues lor 'ntarcedhng Comm, . $14.95
RRF-EA Raliroad freq drraciofny. $1095
CIE-E ACover] inpligonct. Elpct Eavesaropong, .. $14.95
ABD-E A Matn#l mounl mobske scanre” snienns.  $35.00
A7O-EA Basre 31800 sCannat anianne $35.00
USAMM-E A Mag mount YHE/UKE BoLw' 12 cabwe .. $39 95
USAN EA L™ hole Mount VHF/UMF gat w17 cable . $35.00
UBATLM £4 Yrur\uo maunt YHE/UHF antenna ... $35.00
At 5 300 shipping 100 p) $¢685500 85 Ditered &l the tam e time.

Adid 512 .00 shipping D7 BnOrtwilive (8 8va".
Aded 37 00 thipoing DRt 3canne- and $3.00 08~ anlenna

BUY WiTH CONFIDENCE

To gef iha taslani dativery trom CE of any scannsf.
sene 0 phone your order directly te our SCanner
Disinbutor Canle” Michigan fresidents please adt 4%
aales o= 37 subPh your tax LO. number Writtet put
chast orders geo SCCOP e d 0N ADProviNG QOWE AL
SGENCIAS ARG MOR: wab raled firms at & 10% surcharge
for net 1 Daling Al sales arg subiect Lo availaboty.
ACCeptance and “prilication All 32185 ON accersones
are tnai. Prices, terme and specdications are subrect to
change withou! nolice. All prices are i ULS. dollars Out
of 3100k Hems wil ba ol sced on Bachor der automaticaily
unlest TE B instructad Siteianlty A $3 00 addiional
handiing fee Wit be charged for all ordery withk a
Retchandse iotal unoer $50,00. Shomantc ere F.0.8.
ann Mubo:, Michigan, Mo CODs. Most roducts thal we
sl have 8 TArutBClUrt's saranty Free cogues ©f
warrBntHM OR Ihese Dfoducts Bre availabie prd to
purchase Uy wiling to CE. Nor-cended chacks reQuire
bank clasrdnca

Malt orders 10: Communicalions Electron-
ws, Box 1045, Ann Arbor Michigan 48106
U.S. 3. add $7.90 per scanner for P S, ?round
shipping and handiing Inin¢e continanta! U.S A
For Canada. Puerlo Rico. Hawai dlaska. or
APQ/FPC dellvary. Shipping Charget arg thrée
nmes continental L. £ rates. If you have & Visa
o7 Maste: Card, you may call and place 8 credit
~ard order. Order iol-iree I the U.S Dial
B800-USA-SCAN. 'n Canada. order tolkfree by
calling 800-224-3475, Telex CE anytime. dial
810-223-2422, If you are outside the LS. orin
Michigan dial 313-973-8888 Order loday.
Scanner Distribution Canter” and CE logos are trade-
markn ¢! Communications Elecironics Ine
1 Bezrcel N e wer rademark of Uniden Comporiitn
2 Agenc ' ir n rpgistared trademack ¢f ABGency £l tionics
I, AD u040186-EA
Copyrigh1® 1986 Communications Electroniching.,

For credit card orders call

1-800-USA-SCAN

4 COMMUNICATIONS
ELECTRONICS INC.
Consume: Products Division

P.0, Be.c (048 1 Anadubor, Yichigar 48 106- 1045 L.S.A.
“allB00-USs-SCaN S putside U, 5.4, 313-873-8888

9861 INMW
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WHAT’S NEWS

M-:r.nelic resonance analyzes
body chemicals without
penetrating skin

Using magnetic fields 30,000
times as strong as the Earth’s, plus
high-frequency radio signals,
General Electric scientists have
been able to perform a chemical
analysis on the human heart by to-
tally non-invasive means. That was
made possible by a technique
known as magnetic resonance.

Magnetic-resonance tech-
nology is based on the fact that,
under the influence of high-power
magnetic fields and high-frequen-
<y radio signals, the atomic nuclei
of certain chemicals in the body
tissues resonate and produce
characteristic patterns of radio
spectra. Those spectra can be
used to identify the presence of
those chemicals. That is useful in
medical diagnosis because the
spectra from diseased human
tissues may differ markedly from
those produced by normal tissue.

Magnetic-resonance spec-
troscopy is a further development
of magnetic resonance imaging,
developed in 1984, which is used
to produce images of internal
body-structures. The techniques
that made the present break-
through possible include stronger
magnetic fields—up to 1.5 tesla—
and depth-resolved surface coil
spectroscopy. The latter is a spe-
cialized localization method that
makes it possible to select reso-
nance signals from the heart or
other organ and isolate them from
signals from surrounding tissues.
That was done with the help of a
specially developed surface coil
placed directly over the heart. It

e

MAGNETIC FIELDS OF 1.5 TESLA cnable sci-
enlisls 1o analyze chemicals deep in the
human body by non-invasive means. Dr. Paul
A. Boltomley, General Eleciric physicist, ex-
amines a specirogram made with the help of
such fields. which are 30,000 times as sirong
as those of the earlh’s. Made wilh a suriace
coi placed against the body, those analyses
may allow doctors to diagnase illnesses lasler
anJmore accuralely lhan previously possible.

both emits the signals that excite
the heart’s chemicals and picks up
the faint resonance signals that re-
sult.

In a magnetic-resonance exam-
Ination, the patient is positioned
within the circular bore of a power-
ful magnet and probed with high-
frequency radio signals. Under the
influence of the magnetic field,
the waves cause the nuclei of se-
lected atoms to resonate and pro-
duce falnt radio signals. These are
picked up by the coil and transmit-
ted to a sophisticated image-pro-
cessing computer for interpreta-
tion. The computer then gener-
ates a spectrum showing the
relative amounts of the various|
chemicals in the organ being stud-
ied.

Radio stations receive digital-
stereo broadcast

The nation’s first direct-to-local
station live digital-stereo broad-
cast was launched by Radio
WGBH, Boston, early last
November. The program, an all-
Ravel concert by Switzerland's Or-

chestre de la Suisse Romande, ori-
ginated at the Kresge Auditorium
of the Massachusetts Institute of
Technology and was beamed live
to public-radio stations across the
country.

The concert’s analog right and
left audio-outputs went into two

WWWwW americanradiohistorv comm

dbx Model 700 digital audio-pro-
cessors. The video-format digital-
audio signals were then fed to a
videocassette recorder and to a
modulator on the M.I.T. cable-
television system. It then went by
microwave link to the Harvard In-
formation Transmission System at
Harvard University, which relayed
it to WGBH.

The digital-audio signals were
then fed to two dbx 700% in
WGBH-FM's control room. Their
video output went, via WGBH
master control and a 7-GHz micro-
wave link, to WGBH’s satellite-up-
link facilities in Needham, MA.
The program was retransmitted on’
PBS’s Westar IV satellite transpon-
der 10-D.

Motorola joins Campaign
against drunk driving

Drawing on earlier experience
with citizen-driver radio organiza-
tions, Motorola has announced a
program to help fight drunk driv-
ing. The program was announced
at a statewide conference of con-
cerned cCitizens and organizations,
including the lllinois State Police,
the lllinois Department of Trans-
portation, and the National Com-
mittee Against Drunk Driving. The
conference was organized by
AAIM, the Alliance Against
Intoxicated Motorists.

Called DADD (Drivers Against
Drunk Drivers), the Motorola pro-
gram will help to educate and en-
courage drivers whose vehicles
are equipped with cellular tele-
phones to identify signs of drunk
driving and to instruct them in re-
porting the incidents to appropri-
ate law enforcement agencies.

The program will begin, says
Motorola spokesman David
Weischz, by packing information
with each cellular telephone sold
by the company. In addition, tips
such as using the memory features
on a cellular telephone to store
key emergency numbers would be
provided to get the cellular users
started. R-E
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New and Used Electronic Test Equipment
=t Sales ® Service ® Rental » Leasing

wiract! 3.5 Digit DMM 4~ With Scope Purchase

FEATURES: # AC DC voltage ® Data hold

® AC DC current ® Manual or autoranging

# Resistance # Overload protection

# Diode test » LCD display

* Audible # Built-in stand
Continuity check » Battery included

® Temperature # Test leads included

(Type K, 3510 & 3525)

Stecial!

BASIC One With Any
DC VOLTAGE QTY 1 QTY 3+ Scope Purchased
MODEL ACCURACY PRICE PRICE From RAG
3550 +.5% x2 digits $49.00 $42.00 FREE
3525 +.25% x2 digits $64.00 $54.00 $19.95
3510 +.1% 2 digits $79.00 $67.00 $29.95

2 year warranty plus carrying case included!

MODEL v-222 $536.00
DC to 20 MHz, 1 mV/div, Dual Trace. D.C. ofiset for
DMM Output. Verticle Mode Trigger, 6 CRT

{w/two X1/X10 probes).

MODEL v-422 $694.00

DC to 40 MH2z. other features sama as V-222
{w/two X1/X10 probe}.

MODEL V-1050F $1,276.00
DC to 100 MHz, 5 mV/div. Quad Trace, Delayed Sweep.
Full T.V. Triggering. altérnate time base

(w/two X1/X10 probes).

Mode) V-422 ahown

MODEL v-212 $461.00 MODEL V-850 $956.00
DC to 20 MHz, 1 mV/div, Dual Trace, Features 6" DC to 60 MHz, 1 mV/dlv, Triple Trace. Delayed Sweep.
Rectangular CRT (w/two X10 probes). Full T.v. Triggering. variable trigger hold-oft

{w/two X1/X10 probes).

NEW! 3 year warranty parts and labor on above scopes!

RAG Electronics is a laclory authorized Hitachi repair center. CIRGLE 126 ON FREE INFORMATION CARD

caL us rou e Tl W
1 .800-732-3457 B ponay Order * $251.00 Io 3600 00 . $4.50
IN CALIFORNIA TOLL FREE S N R s e
1-800-272-4225 Yl 3100000, -eh804

'Prices subject 1o change without notice.
RAG ELECTRONICS, INC. /21418 Parthenia Street/Canoga Park, CA91304 /1-818-898-6500

Wwrm, = Polaroid
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VIDEO NEWS

DAVID LACHENBRUCH

CONTRIBUTING EDITOR

® Philips’ Flat Tubes. Another flat video-
display devite has been announced. Developed by
Philips, in that company’s British laboratories,
the new device 18 a cathode ray tube three inches
thick with a picture display measuring 12 inches
diagonally.

The tube itself is in a metal can to which a
glass faceplate 18 sealed. The electron beam
travels from a single gun at the top rear of the
tube and down the back of the tube to a reversing
lens, which turns it 180 degrees, deflecting it to
the front of the tube. Frame deflection plates
create a fleld that turns the beam forward to an
electron multiplier that amplifies the current
several hundred times, accelerating the beam to
the phosphor screen. Philips says resolution and
gray scale are "appropriate for television
applications,” but adds that the first uses are
1tkely to be in professional applications such as
data display. The system has inherently high
picture brightness and requires only low
deflection voltages. Philips believes that the
ultimate design will use a single gun and a
sequential color display.

® 1,000,000 projection TV's, This is a
landmark year for the slow but steadily growing
projection television market—the year the
1.000,000th set will be sold. That's the forecast of
U 8. Precision Lens, Ing., the main manufacturer
of projection TV optics. Sales have been
increasing gradually each year as quality
improves, sets get more compact, and prices
come down. UBP], says G0 percent of all
projection TV's sold last year were of the rear-
projection variety (in which the picture is
thrown from within the set onto a translucent
screen at the front of the cabinet). Of those, 62
percent were in the "smaller"-screen category
(36 to 41 inches diagonally), while 38 percent
had pictures measuring 45 to B0 inches.

® Digital VTR’s on sale. The first digital
videotape recorders are now being offered for sale
to television broadcasters. Sony started taking
ordera in April at the National Assoctation of

Broadcasters convention for the new world
standard D-1 VTR. That aystem has been
approved by world broadcasting bodies as the
standard for broadcast recorders and ig
switchablse between 525- and 625-1ine standards.
It uses tape that is 19-mm wide {about % inch).
Deliveries of the recorders will start early next
year. The price wasn't available at press time.

Also at the broadcaster's convention, Ampex
offered a digital cartridge-type VTR, designed
especially for automated playing of short
segments, such as commerctals. Although a
digital recorder, Ampex's cart machine doesn't
use the standardized world system. The
introduction of digital video recorders is regarded
as a quantum 1eap forward In recording quality,
and a new bridge between different countries' TV
standards, gince it is the first time that a single
machine ¢an be used to record both 528- and 835-
line systems.

® Cable-ready OK. The federal district court
in Pittsburgh has uphsld the legality of cable-
ready tuning devices by turning back a challengs
by two Pennsylvania cable gystems. Shenango
Cable TV and an affiliate, Variety Cable TV, both of
Sharon, PA, sued Tandy Corporation, parent of
Radio S8hack, charging that their Archer block
converter illegally intercepts and pirates cable
channels In violation of federal law.

Block converters, like cable-ready TV sets,
change cable channels to UHF frequencies for
reception without the use of cable converter
boxes. The two Sharon PA cable systems didn't
encode or trap thelr premium programs but
merely put them on speclal cable channels and
supplied converter boxes to subscribers ordering
them. In throwing out the challenge, Judge Paul
Stmmons ruled that the block converter wasn't
intended a8 a piracy device, that it wasn't used to
tap illegally into the cable systems, and noted
that if the systems had trapped or scrambled
thelr signals, those devices wouldn't have been
able to violate thelr security. The case was the
first known challenge of 1ts kind, and the
decision is regarded as a legal precedent. R-E
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How to beat the high cost
of cheap meters.

You get what you pay for.
So get the Fluke 70 Series.

You'll get more meter for your money,
whether you choose the affordable 73,
the feature-packed 75 or the deluxe 77,

All of them will give you years of
performance, long after cheaper meters
have pegged their fishhaok needles for

S ke the last time.
=g That's because theyTe buill to last, in-
sideand out. So they're tough to break. They
don'! blow fuses all the time. You don't
even have lo replace batteries as often.

And they'e backed by a 3-year warranty.
Not the usual 1-year.

Of course, you may only care that the
world-champion 70 Series combines digital
and analog displays with more automatic
features, greater accuracy and easier opera-
tion than any other melers in their class.

You may not care that they have a lower
overall cost of ownership than all the other
"bargain” meters out there.

But just in case, now you know.

For a free brochure or your nearest dis-
tributor, call tofl-free 1-800-227-3800,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

mﬁl‘lil‘b«

2000+ hous barry e 3% b o

3y warrarty 2000 + hoas banery We
100 varay
u_.l_rmmu

* Sugpesied LS. Il price. sftectrve Hovember 1, 2985
== Palert panding
1N THE AND NON-EURQPE C F Wy CO0B0 WS POC, Evemett, WA SN, Gkes BA- S0 e (306 W60
e !unoﬂL n‘l‘:ncaw H- rr‘&a T, 1i0) CG Laniwsn, The Memivey (D) .w; R s ®
© Copyngh W5 Il Frkr W0 Ca, e M g mamerd 0 N2 ATHIO

CIACLE 121 ON FREE INFORMATION CARD
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ASK R-

WORLD TIME CONVERSION
Some foreign shortwave broad-
casters announce time in Greenwich
Mean Time (GMT); WWYV an-
nounces time in Coordinated
Universal Time (UTC); and I've
heard some hams use Zulu Time.
What is the relationship hetween
these systems, and how can | convert
each to local time?—W. W., White
Plains, NY

The three systems are based on
a 24-hour clock and they’re vir-
tually identical. Greenwich Mean
Time is a global standard based on
local (standard, not daylight) time
in Greenwich, England; GMT is
the basis for the other time-keep-
ing systems. In the GMT system,
midnight is both 2400 and 0000
hours. The former is associated
with the day just ending, and the
latter is associated with the day
just beginning.

GMT divides the earth into
twenty-four time zones. Each zone
covers 15 degrees of longitude.
Each zone is assigned a number
equivalent to the number of hours
later (+) or earlier (—} than GMT.

So, moving west from the
Greenwich meridian, local time
lags one hour behind GMT for
each 15 degrees of longitudinal
change, until at 180 degrees—the
international Date Line—time is 12
hours behind GMT west of the

Date Line, and 12 hours ahead of

GMT east of the Date Line. Five
zones west of Greenwich brings us
to 75 degrees longitude, or the
center of the Eastern Standard
Time zone. The Central Standard,
Mountain and Pacific Time zones
are centered on 90 degrees, 105
degrees, and 120 degrees, respec-
tively. Those time zones are 5, 6, 7,
and 8 hours, respectively, behind
GMT.

TABLE 1—TIME ZONE
CONVERSION

ECT/ COT/ MDT/ PDT/
UTC AST EST CST MST PST
0000" 2000 1300 1800 1700 1600
0100 2100 2000 1300 1800 1700
0200 2200 2100 2000 1500 1800
0300 2300 2200 2100 2000 1900
0400 0000" 2300 2200 2100 2000
0500 0100 0000° 2300 2200 2100
0600 0200 0100 0000 23ng 2200
0700 0300 0200 0100 0000° 2300
0800 0400 0300 0200 0100 QO0C"
0900 0500 0400 0300 0200 0100
1000 0600 0500 0400 0300 0200
1100 0700 0600 0500 0400 0300
1200 0800 0700 0600 0500 0400
1300 0900 0800 0700 0600 0500
1400 1000 0900 0800 0700 0600
1500 1100 1000 09060 0800 0700
1600 1200 1100 100G 0900 0BQC
1700 1300 1200 1100 1000 0900
1800 1400 1300 1200 1100 1000
190¢ 1500 1400 1300 1200 1100
2000 1600 1500 1400 1300 1200
2100 1700 1600 1500 1400 1300
2200 1800 1700 1600 1500 1400
2300 1900 1800 1700 1600 1500
2400° 2000 1900 1800 1700 1600

*0000 and 24500 are interchangeabie.
(2400 18 associated wih the date of the
day ending, 0000 with the day just
starting.)

So, to convert GMT to local
North American time, subtract a
number of hours from your local
time equal to your zone number.
For example, midnight (2400
hours} in Greenwich is, on the east
coast, 24 - 5=19, or 1900 hours. Or
you can use the time-conversion
chart in Table 1 to convert local (U.
$.) time to and from GMT. Readers
in Europe or Asia who live east of
the Greenwich meridian should
add their zone number to GMT to
get local time.

If you're an SWL (Shortwave
Listener), you have to be careful
when you make your reception re-
ports. For example, assume you

WWWW americanradiohistorv comm

WRITE TO:

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

heard a BBC broadcast on Friday
evening between 8:00and 9:00 pm
EST. EST Is 5 hours behind GMT, so
the program was actually broad-
cast between 0100 and 0200 GMT
on Saturday—the next day. Hence
your reception report should list
Saturday, not Friday, as the day you
heard the broadcast.

As to the relationship between
GMT, UTC and “Zulu” time: UTC is
a24-hour time system that is based
on the GMT. It is coordinated by
the International Time Bureau
(BIH) through international agree-
ments so that the standard time
signals broadcast by WWV (in the
U.S.), CHU (Ottawa, Canada), LOL
(Buenos Aires, Argentina), and JJ¥
(Tokyo, Japan) will closely agree.

For convenience in specifying
time at various places around the
globe, the military assigned an
identifying letter to each of the
twenty-four time zones. The letter
“Z" (phonetically, Zebra or Zuiu)
was assigned to the time zone
around the prime meridian. So, in
some circles, GMT came to be
called Zebra or Zulu time.

ZERO CROSSING

What is meant by “zeru-crossing” as
applied lo relays and opto-Cou-

plers?—S. 8. K., Brooklyn, NY
Zero-crossing {also called zero-
voltage switching) refers to the
practice of applying AC power to a
load at the instant that the voltage
crosses the “zero” point in the AC
cycle. Doing that allows the oper-
ating current to rise gradually with
the applied voltage. When power
is applied to the device at any volt-
age other than zero, the load cur-
rent abruptly surges from zero to a
high value limited only by the im-
pedance of the load. That current
continued on page 79
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THAT-IS-OUT'F THIS WORLD...

$389%

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 MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. \ { 1mV/DIV sensitivity. Delayed
A convenient built-in component sweep and variable holdoff allow
tester provides additional T Stable viewing of complex

diagnostic power. N e waveforms.
CIACLE 59 ON FREE INFDRMATION CARD

ORDER TOLL FREE
800-538-5000 e e

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

COPYRIGHT 1985 JOR INSTAUMENTS EARTH PHOTO COURTESY OF NASA
THE JOR INSTRUMENTS LOGO 1S A REGISTERED TRADEMARK, OF JDR MICRODEWCES JOR INSTRUMENTS IS A TRADEMARK OF JOR MICRODEVICES
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LETTERS

DON’T ENLARGE COMPUTER
DIGEST

In the March 1986 “Computer
Digest” part of Radio-Electronics a
reader asks for more pages in that
section. | have a strong response
to that request.

Computer magazines come and
go; few are cherished or missed.
Radio-Electronics is the last of the
oldtimers for the hardware hacker.
One or two new ones exist, but
Radio-Electronics is the granddad-
dy of them all.

If you want to read about com-
puters, get the computer maga-

zines (as | do). If you want the best
in general electronics, then get Ra-
dio-Electronics and don’t push it
into extinction.

And you other Radio-Elecironics
fans: | urge you to speak up, be-
cause | have a feeling that Radio-
Elecironics is on the endangered-
species list. I've been an unfailing
subscriber for too many years to
let it go without a fight!

RICK McGUIRE

Trenton, NJ

Don’t worry, Rick. Radio-Elec-
tronics is not on any endangered-
species list. We'll be here covering

avasy Ty

FIEN P VAT #
STEFIRE ATy

FrIE9F50

LETTERS

RADIO-ELECTRONICS
S00-8 & COUNTY SoULE VARD
FARAMINGOALE, NV #1735

circuits, technology, video, and
even computers for years to
come.—Editor

0000ps!

it seems that we played an April
fool’s joke on ourselves in the arti-
cle “Build This Telephone lLine
Tester,” which appeared In the
April 1986 issue. First of all, the
schematic that accompanied that
article was incorrect; the correct
schematic appears here as Fig. 1.

Secondly, there are two resistors
identified as R6. The resistor lo-
cared at the anode of D5 is actually

WTCPR $77.50

BECOME A

Adxruisiod by RATTS
Aot et B0 e iy

Put Your Electronic Skills
to Work UNDERWATER!

ROBOT VEHIGLE
PILOT/TECHNICIAN

,I

RADIO-ELECTRONICS

—
(=

Satle for IC soldering. Closed loop, low-voliage circuit
sulomailcally controls cutpul. 700 F 116" screwdriver tip
provided. 600 F and 800 F tips available. Powar unil has
non-heat sinking iron holder, storage tray for exira tips
and iip cleaning sponge with receplical. Send for iree
W.S. Jenks & Son electronics tool catalog for compleie
accessories.

2024 wast Yirginia Ava, NE
Wwathinglen, D.C. 20002
EE OROER LINE: 1-B00-638-6405

TOLL-

Paate pend the licted meterul

— Welar WTCPR Soidermg Susien © §77.50

e FREE WX, Jeras & 500 atalog

| e Gk /M oy Drtiaw |

FREE CATALOG! T wattelerd Vs ____Am Exp
Cvar 100 P39 Wids 2018Clion LG B — |
ol ool telg, les1 squipmaenl, i
soldering and desocldering Nams |
sgquipment. lslecommunics- [0 L LT = e S
flans snd specislized wlsc City Sute e |

WA rudents 39 4% B DC revden s §% 12

ironics assembly 100)s.

L (N N N N N N | J
CIRCLE 66 ON FREE INFORMATION CaRD

o Welgr deiey

HiGH PAY—WORLDWIDE TRAVEL
Call or Write Today for FREE BROCHURE

CALL (212) 885-0600

UNDERWATER VEHICLE TRAINING CENTER

10046 CHICKASAW, HOUSTON, TX 77041
IN TEXAS CALL: 713-690-0405, TELEX 4620684

CIRCLE 119 ON FREE INFORMATION CARD
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FORDHAM WILL BEAT
ANY ADVERTISED
B&K
LEADER
HITACHI
AW SPERRY
NON-LINEAR

BBC
OSCILLOSCOPE PRICE
by 52500

NoO ifs, ands or buts.

3. | Service & Shipping Charge Schedule
(L o Continental LS.A
ra poSit el | l FOR ORDERS
1]

ASK FOR FREE CATALOG
Money orders, checks accepted. C.0.D."s require 25% de
Toll Free
OFr G iNcimeoo-645-9518
260 Motor Parkway, Hauppauge, NY 1178

8 it NY Stata 800-832-1446
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SEE YOUR DEALER TDDAY
FROM

‘Firestik’

CANTEMNMAS
-ACCERAODRIES.

HERE'S A TIP
THAT'S PERFECT!

AMFM AUTO RADIO
AND CB

‘Firestik’Il
GOLDEN SERIES

BARE-HANDS TUNABLE
“NO TOOLS NEEDED"
; HIGH PERFORMANCE ANTENNAS

T -u—-_‘g

——

ALSO ANTENNAS FOR
CORDLESS TELEPHONES
MONITOR SCANNERS

Lﬂ '

Deoaler & Oistributor Inquires inviled
SEND FOR FREE CATALOG

') Fhantn Anivaan Tampaiy _I
2614 East Ademe Phosran AZ BS034

I
Serving the CB and |
Communications Market Since 1962.

5-YEAR REPLACEMENT WARRANTY

0-1MA : —_—
* -
—_ = -@— o Los  dms g (B
TNABOY T 1N4003 S 4700 FaT0MT [
W DS
3 WATT | WATT ~:E| o1
LOOR
D2 D4 O EK
1H4003 T 1N40G) o, LINE/RING
sta]
- \ .
a1 R3 R4 Py
£7K 50K 100K \
AdA- [- AR 3
LINE/RING /*"‘
L e
¥ b
R2 S5ta v
10K
AG. 1

R7; it is a 10K unit as originally
shown.

Finally, in the parts-placement
diagram, diodes D1, D3 and LED1
were shown instalied backward.-
Editor.

TELETEXT REMOTE SCHEMATIC
It seems that April’s gremiins also
drew the remote-control circuit

(Fig. 8) in the story “Build This Tele-
text Decoder.” The front end of the
receiver circult, which is shown in-
side the dashed box in the figure,
has a few mis-labled components.
For example, R70 should be 680
ohms. The 0.047-uF capacitor be-
tween ground and chassis should
have been labled C48, and the ca-
pacitor directly above it should

RADIO-ELEGCTRONICS

=
L]

CIRCLE 100 ON FREE INFORMATION CARD

PRB ... HAS OVER 10,000
ELECTRONIC COMPONENTS

PROJECTOR RECORDER BELT
has virluaily avery alectronic com
ponent you'll aver need . .
Plus . .. the workd's most com-
1 plete finventory of belts (in-
¢luding tha hard 1o find ones).

calusrree 1-800-626-6343

or write for FREE Flyer.

COPPER ELECTRONICS

4200 PRODUCE ROAD - LOUISVILLE. KENTUCKY 40218

8 | PRB OFFERS YOU:
5{_ ¥« Everyday Low Prices
/7 * FREE Frewgnt (PRB will pay the 15t b.
of UPS-ground onty-charge)
* Croders Shipped withen 2¢ Howrs
v 100% Guarantee 0n Al Producls * weelly Specials dor Super Savings
v Service You Can Depend On " FREE - 98 Page Cataiog (call lor your copy)

SPECIALS

WASH PLUS ®

= | 5.-Way Speaker System
40-Channel Mobile CB | Tz diendvy

Retail $60.9% 34._95_ | nmi_lm-” _27.95 Pair

W
unidery
Bapacat

BC100XL
Programmabie
Handheid

Scanner

AV-261

INDIVIDUAL 81]" Parmanant Mount

RAINBOW MEMORIES @
DISKETTES (Bulk) @ Segreatertunee § vdec g
tApe head cleanet Sale

lor & plastice

@ F2404 M o aoeo 00 P

Asguiarty $4 20
SALE $2.75
® (12 & UP $3.40 Ench) @

vOLTAGE SPIKE
Fowsrtu soey L PROTECTOR

* %" hole mount
29.95
AV-261M
Magnet Mount

39.95

A beriim nacargizess
]

7/ 39.95 199.95

THE LOWEST PRICES IN THE COUNTRY!
We have a natlonal factory warranty service on

many brands, and we service Al CB, Amateur, and
Commercial Equipment.

with radio Nl filler
Singls Swaied #15BX
Just 5197 aa (v BN
{1-11 31.30 Each|
Dout Sided #FZSHK
Just $1.28 88 juin 1B
{1.11 31,40 Eachy

#A5P
Close-Out
Specialt
Reguiarly $8 15
SALE $1.95 (mn 17

ORDER TOLL FREE

Natkonal 1-800-558-8572  In Wisconsm 1-800-242-9553  TLM: 4994411 PAB USA

s | I PROJECTOR
: & FIECOHCDEE BELT
I
. J MRS wihassier. Wiea

YTSA Whitewater. Wl 53190

CIRCLE 125 ON FREE INFORMATION CARD
CIRCLE 193 ON FREE INFORMATION CARD
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Electnedty and water don’l g, Al
feast pol oo Heowy Doty Digalal
Mludtineters, Becianse ieses Ouopes
Prood™ wstioments e protected
I o systenn ol seals o ensire
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Learn micro-processing with the new

MICRO-PROFESSOR 1P

Students, engincers or technicians—
upgrade Your micro-processing skills
with the new Micro-PProfessor 1P,

The MPF-LP features:

* exiensive software support

* more buili-in memory

* improved keyboard

® larger display
Three tutorial guides help cover all |
capabilities. The 1deal training tool!
MPF1P will deliver you into the growing
world of micro-processing. lavest now!

Plus-FREE GIFT ~ Onlv $199.95

Programming and [

Interfasing teulbonk whee
you order within T daye. Dept REQE86
$12.95 valur. {Include 5326 9th Awe N.E

Seatthe, WA F8105-38]7
handling}

$5.00 postage k
or immediate action call TOLL FREE:

1-800-426-1044 |

Full money back guarantee. W I_n-ou; |
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have been labled C47, 47 uf. Un-
fortunately, thats not all. The
anode of LED3 should, of course,
go to +12 voits, and the 1K resistor
in series with it should be labled
R71.—Editor

CHANGES IN THE SAM MODEL
3001

The review in December 1985
‘Computer Digest” of HiTech's
SAM 3001 was very well done. We
at HiTech would like to take this
opportunity to thank you for your
comments

The system reviewed was actu-
ally delivered this past August
(1985) when it was still relatively
new. Since then, there have been a
few changes. Our motherboards
feature a clock speed of 8MHz. In-
stead of 640K we now offer IMB
RAM; and a 30MB voice-coil hard-
disk drive has replaced the 20MB
hard disk. Despite all of those en-
hancements, the $4395.00 list
price remains the same.

The power-on-reéset problem
was attributed to lack of proper
documentation. That was over-

looked in Our attempt to meet the
initial market demand for out AT
compatibles. Since its revision,
the manual that accompanies the
unit now fully illustrates the
change in the reset circuits.

As for the iloppy-disk drive, we
have indeed switched over to Mit-
subishi Electronics as our supplier
of drives. As of now, alt SAM 3007's
come equipped with the Mit-
subishi MI48 1.2MB floppy.

Again we thank Radio-Elec-
tronics’ staff for the review of our
product.

KENNETH KIM,
President, HiTech International,
inc.

SCHEMATIC NEEDED

| recently acquired a Motorola
TV, no. VT71M-A that was manufac-
tured in 1949. | would like to re-
build the chassis, but cannot find a
schematic. |'ve tried Sams and
Motorola. Can you or your readers
help me?
JOHN PANISTER
2 Signal Hill Rd.,
Cherry Hifl, N 68003 R-E

CABLE T.V. CONVERTER

Wodel ORX-108/400 (58 CHANNELS)

JERROLD CORDLESS

SANYD TOSHIBA
28C1308K 28C11728
] ORIGINAL ORIGINAL
we'1.49

W28 199009 ‘169

i' [+10%°

Triplers

SK3308/Equvaient 1o ECG-523
ECG-526
SK3304/Equnalent 1o ECG-SO0A

Splitter

MATCHING

WELLER
WTCPA CONTROLLED OUTRUT
SOLDERING STATION

Moded
WTCP-R
56995

HITACHI 20 Mhz Dual

S ——
, 0127439 [
V550 489" ncuces

V-223-'539" pELAYvED swEEP

WMASTER CARD WVISA
4 7 1 3 4 4t ] J 7 8 J ] 1
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2 WAY - 75 ohm u/v |

a F .
49¢/00 l#
99¢ each o e
21 cm}..‘ai-._

MY

TRANSFORMER

. .
ELECTRONICS
770 Amsterclam Ave.. New York, NY 10025

CO-AXIAL CABLE

Braded Cate

Copper Snield c;dé
' o
RG 58/u 3

s445° Z‘ﬁ E‘Elﬁ?’l“

H-G&I'UBQ"“'
Add $5 00 pét Roit for Shpping

| “F* - FITTINGS
F-59ALM with anached

| Y 3 fod RG: cable
12¢/100 8¢/1000

& moco

F-56ALM wilh attached
‘42" ring tor RG-B/u cable
154100 W08/9000

FOARRY
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YOUR SINGLE SOURCE
FOR PROBES
AND ACCESSORIES

Q
t 9/‘2!?
F.FE'\_ G‘ H MODULAR SCOPE PROBES $36 & up
SWITCHABLE

1X/10X 349

BNC ADAPTER KIT $59 m
_10_PI-ECE KIT
/’/%, ool
ACTUATOR
g~ ~— |

DESIGNER TEST LEAD KIT $15
(LEADS ONLY $6.90)

TERMINATIONS &
ATTENUATORS $19 awp

,I/‘ Lf\ h ‘f.
: / " SWITCHABLE '
| 1X /10X |
i\ Qﬂ
" ' $25 & up

h\-'
IMMEDIATE DELIVERY

PROBE
CALL FOR NEAREST OISTRIBUTOR ‘GOl | o] Poem MASTER snr o or iy
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CIE MAKES THE
WORLD OF
ELECTRONICS
YOURS.

oday’s world is the world of electronics.
To be part of it, you need the right kind of
training, the kind you get from Cleveland
Institute of Electronics, the kind that can take you
to a fast growing career in business, aerospace,
medicine, science, government, COmmunica-
tions, and more.

Specialized training.

You learn best from a specialist, and that’s CIE.
We’'re the leader in teaching electronics through
independent study, we teach only electronics and
we’ve been doing it for over S0 years. You ¢an put
that experience to work for you just like more than
25,000 CIE students are currently doing all
around the world.

Practical training.

You learn best with practical training, so CIE’s
Auto-Programimed® lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuable hands-on experience at every stage

with sophisticated electronics tools CIE-designed:

for teaching. Our 4K RAM Microprocessor
Training Laboratory, for example, trains you
to work with a broad range of computersina
way that working with a single, stock computer
simply can’t.

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

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

The first step is yours.

To find out more, mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-215S5 (in Ohio,
1-800-523-9109). We'll send a copy of CIE’s
school catalog and a complete package of enroll-
ment information. For your convenience, we'll
try to have a representative contact you to answer

your questions.
c I Cleveliond Institute of Electronics
177 Eas Thh St . Cleveland. Ohio 4411

YES! 1 want to get started . Send me my CIE school catalog including

details about the Associate Degree Program. | am most interested in:
COmputer repair icleviston/high Ridelity service
iclecommunications medical electronics
robotics/automation broadcast engineenng

other
Prird Name
ke A
Cny
Age Arca Cotje/Phone No
Check box for G.1. Bulietin on Educational Bencfits [
Veteran Active Duty MAIL TODAY!

OR CALLTOLL FREE

1-800-321-2155

{In Chio, 1-B00-523-9109)

RE-38|
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EQUIPMENT

THE ON-GOING REVOLUTION IN DIGH-
tal electronics benefits not only
consumer products like stereos,
VCR's, and personal computers,
but also the test instruments we
use to keep those devices in lop-
notch condition. The VIZ wWD-757

is one beneficiary of the LS| revo-
lution; it is a capable, 1-GHz fre-
quency counter available from VIZ
Test Equipment, 335 East Price
Street, Philadelphia, PA 19144, It is
based on Intersil’'s ICM7226 LSI
Frequency Counter IC.

EPORTS

External view

The WD-757 comes in a melal
case that measures about 3% X 8%
x N (all dimensions in inches),
and weighs about 3% pounds. All
circuitry is enclosed in an EMl-re-
sistant metal cabinet. The instru-
ment’s front panel has three BNC
input jacks, three input-select
slide switches, two function-select
rotary switches, a push-on/push-
off power switch, and a momen-
tary contact Reser switch, lis dis-
play consists of eight seven-
segment LED's, and four discrete
LED's. A rotatable metal handle al-
lows you to prop the WD-757 at a
comfortable viewing angle. The
rear panel has a BNC connector
for an external clock input, a

Bogckrmnan [n

-~ - A Bl Wl el

Wazryriupriaiogn Papincis Dromign + Bistras bphuostre' Corparrtmn « & Sedpiegd § 8 Dwriin gt Company
W Pugeny St o Bova Caviorrs A2 & (79 6714000 TWE, 90 ¥ 1200 Twes 4T
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Your guide tO every-

thing that's new in elec-

tronics, computers and technical

education. Over 400 {tems. Discover
tascinating kits to bulld, enjoy and learn

with, as well as assembled high tech products
for home, business and hobby.

Get our —
famous High Tech Catalog

e T e e S o

Heath Company
Dept. 020-424
Benton Harbor, Michlgan 49022

MAIL COUPON TODAY and receive the latest
issue of the Heathkit Catalog free of charge

Name . — — o

Heathkit ) S

Heath Chy
Company CL-733DR3 Zp.

L———————————————————

A subsidiary of Zenith Electronics Corporation
CIACLE 86 ON FREE INFORMATION CARD
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Power to

the Product!

Low cost
B&K-PRECISION
DC power supplies
with high cost

features

L

Model 1630 (3 amp) 5225
Model 1610 |1 amp) $150

Now you can have the pOwer you need.,
wherever you need [t, at a surprisingly
low Cost.

These new BAK-PRECISION power

sources each gwe you control up io

30 volts DC with fully adjusiable current

himiting. Other teatures Include:

« Excellent regulation and low-npple
characterisiics

* Dual meters monitor voitage and
current simultaneously

* Two Current fanges

« Fine and coarse vollage controls

* |solated oulpul

* Protected against reverse polarity
external voltages

« Two identical supplies can be
connecied In sanes or parallel

* Can be used as a constanl vollage or
constan! Current source

Compare prices, features and perfor-
mance, and you'll agree that the 1610 and
1630 power supplies are revolutionary.

Available tor immediate delivery at your
local BAK-PRECISION disiributar. For
additional information or the name of
your local distributor contact
B&K-PRECISION.

o T PRECISION

DYNASCAN
CORPORATION

54580 West Cortland Sireet
Chacago. inots 60635 - 312/889-5087

Inter optinrsd Filen. SO0 B Coriiindl L. Checade. B 4080
(=] L Oniar g

et Baws. Artim | u

Louth A Contral imerscon fuivy
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switch to control the clock signal,
and a fuse holder; the line cord
also exits the rear panel.

Two of the front-panel BNC con-
nectors provide the A and B inputs
that are common on frequency
counters built around Intersil’s
ICM7226 IC. The C input is for
VHFUHF inputs; it feeds the pre-
scaler circuitry. A has an input im-
pedance of 1 megohm and a
sensitivity of 25 mv. The figures for
& are 100K ohms and 20 mv; and,
for C, 50 ohms and 50 mv.

Two of the slide switches allow
you to choose the frequency
range: under 10 MHz, under 100
MHz, or under 1 GHz. The third
slide switch controls a 10:1 at-
tenuator. The attenuator may only
be used on the under-100 MHz
ranges.

The rotary runcTion switch al-
lows you to measure frequency
and period, to count events, {0
measure the A:B frequency ratio,
and to make time-interval mea-
surements. To measure time inler-
val, a start pulse is applied to the A
input, and a stop pulse is applied
to the 8 input. The display will
then indicate the elapsed time.

The rotary rance switch allows
you to control the resolution and
accuracy of your frequency and
period measurements. When
measuring frequency, you can se-
lect a gate time of 10 seconds, or 1,
0.1, or 0.01 second. In the ten-sec-
ond “range,” for example, the
WD-757 counts pulses for ten sec-
onds and then divides by the ap-
propriate factor for display. When
measuring period, the WD-757
will make 1, 10, 100, or 1000 mea-
surements and then calculate their
average for display.

The discrete LED's light up to in-
dicate: MHz or KHz when measur-
ing frequency; us when measur-
ing period; gating. The gate LED
blinks each time a counting period
has elapsed-—every 10 seconds, or
every 1, Y, or % second.

What's inside

The heart of the WD-257is Inter-
sil's ICM7226 Universal Frequency
Counter, so, if you're familiar with
that IC, the WD-757' variety of
functions should also look famil-
iar. Frequencies under 10 MHz are
handled by the ICM7226 through a
FET-input differential amplifier

WwWww americanradiohistorv comm

VIZ WD-757 |

INSTRUCTION
MANUAL

that is built from discrete compo-
nents; frequencies from 10-100
MHz are first fed through a Schot-
tky TTL decade divider; frequen-
cies above 100 MHz are fed to a
prescaler built around the MC5121,
CA3199E, and MC12009L ICS5.

Documentation

A 13-page manual is included
with the WD-757; it includes basic
instructions on how to operate the
instrument, as well as complete
technical information on the
WD-757. Schematic diagrams,
parts lists, PC-board patterns, and
a section on theory of operation
are all included. In addition, in-
structions on how to calibrate the
WD-757 are Included, should cal-
ibration become necessary. The
manual is written in a somewhat
stiff manner, and it contains a few
typos, but all in all we'd like to see
more manuals provide as much in-
formation as that one.

Impressions

In a sense, there’s not much to
say about the WD-757 other than
thatit does everything VIZ claims it
can do. The switches and con-
nectors all have a good solid feel,
and we had no difficulty integrat-
ing the WD-757 with our odd as-
semblage of test instruments.

Our only complaint with the
WD-757 is that, for $525, a few
things might have been included
that would have made the WD-757
much more versatile and accurate.
For example, a variable trigger-
level control and an LED to indi-
cate when triggering has occurred
would be useful. In addition, the
crystal timebase is not a propor-
tional-oven type. Finally, no pro-
bes are included, and a good pair
good low-Capacitance probes
could easily cost an additional
$100. R-E
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Super Disk
Diskettes

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

Lucky for you, the diskelte 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
ona 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 marketplace.

A NEW COMPANY WAS NEEDED AND STARTED
Fortunately, other pecple in the diskette industry recognized
that making ultra-high quality diskettes required the bes? and
newest manufacturing equipment as well as the best people
t0 Operate this equipment. Since most manufacturers seemed
satisfled to give you only the everyday quality now available,
an assemblage of quality conscious individuals decided to
start a new company O give yOu a new and better diskette.
They called this product the Super Disk diskette, and you're
going to love them. NOw you have a product you can swear by,
not swear at.

HOW THEY MADETHE BEST DISKETTES EVEN BETTER
The management of Super Disk diskettes then hired all the
top brains in the diskette industry to make |he Super Disk
product. Then these top bananas (sometimes calied floppy
freaks) created a new standard of diskette quality and
reliability. To learn the “manufacturing secrets” of the top
diskette makers, they've also hired the remaining “magnetic
media moguls” from competitors around the world. Then all
these world class. top-dollar engineers. physicists, research
scientists and production experts(if they ve missed you. sénd
in your resume to Super Disk) were given gne directive...to
pool all thair manufacturing know-how and create a new,
better diskette.

HOW SUPER DISK DISKETTES ARE MANUFACTURED
The Super Disk crew then assembled tha newest, totally
quality monitored; automated production line in the industry.
Since the manufacturing equipment at Super Disk is new, it's
easy for Supar Disk to consistently make better diskettes.
You can always be assured of ultra-tight tolerances and
superb dependability when you use Supér Disk diskettes. If
all this manufaciuring mumbo-jumbo doesn't impress you.
we're sure that at least one of these other benefits Irom using
Super Disk diskettes will:

1. TOTAL SURFACE TESTIMG , For mBaimut relibbeity, 3nd fo lessan i ldglihood of
dink eTOrs. 8K diketies must be tolaMy surface (eeied Al Super Dl sach deshatie W
100" surtace toeted Super Disd b 8o Daticy B tHer tenling, thay Sven el the IrBCRS inat
are N betwesn The rOQullr trpchi

2. COMPLETE LINE OF PRODUCTS : for a dishetts [0 DR usetul 10 you & your
computer, it mus! be compalabie physcalty Svpes Dish has sh aMue bag oF Sw-anch
#nd Iveinch disheties lor your compurer

3. SPECIALLY LUBRICATED DHSK « Supsr Drilh uiss & 300581 0n e IWDNCEAE wisch o
Adaed 10 the DASE media in the PrOGUCton of their Cushatten Thes Shres YOU & BaTISr igh
drive nead 10 media contact and [oNUer hedc 800 drs il

4. HIGH TEMPERATURE/LOW-MARRINMG JACKET = A unigue rgh femperatura snd
Mo MRFG vany JBC Rt BHOWS LS Of BN DrDRIuCt wher# Ot diahatte s Won'1 work, They
special scaed 13 mora g than other dasetios And heips slimingts dus! O the [scaet
5, REIMFORCED HUB RINGS - Standard on all 48 TP Supsr Dk mun.diks. 1o
Mrengthan try Cantdr fub hole This incrases (b 06 of the dish 1O s8ae yOU moray sna
NCrents ovarsl dishatia relability.

&. DiSE CURARILITY - Syper Dipk diahottes will A8t RISty stendarda tor 1gibbilty
AINCe Thary will gl yOU more thiln 75% Of the onginal sgnal 3molouds remliaung even
al1er Bn averagw (Waibul B-50) of 30 meltkon casies They 81 ¢ cOMpatible with 8N indusiry
spacications 3s sstablinhed by ANSI ECMA (SD. 1BM and B

T. CUSTOMERCRIENTED PACKAGIMG - AR Supeme Deid ok 319 PaChaged 10 digky 10
Rcartonand 10 cartors 10 GBI The 8COnOMYy buik PACK i Cac kaged 100 disks toBcase
withou! #nvelopes of lLabaks

B, UFETIVME WARRANTY - i pll whise liy, réemembet, sl disks mace by Super Disk Inc,
have & Wetme wisianty 8 any Super DVRA deahetie this 10 meel IBCIOTY specilCaliong,
Super Dxaa Ine Wil (#pIRCH Ihem UNder the 1evms OF The Super Dimk warranty,

9. SUPERBE VALUE « With Supstr Disk's automaled producion ine. high-quality, effor-

froe disiy are YOUrS unthout the high cosl.

Order toll free 800-USA-DISK

NOW...NAME BRAND QUALITY AT SUPERCE PRICES

Now, You can buy Super Disk brand diskaties directly from Communi
cations Elecironics at prices less ihan "unbranded’ gensric disketies.
Your data s valuable, 8o why take Chances using a disketi® that could
be so unreliable that the manulacturer retuses to put their nBme on it
To sive yOu even more. we 8130 Ofter Super Disk bulk Product wherg
100 dishettes are packed in the same box without énvelopes or labais.
Since we save Packaging costs. theae savings Bre Passed on to you.
5% diskette envelopes are also avatlable irom ulk Thesa super strong
and tear r@sistant envelopes are onty $10.00 per pack of 100, Use
order # CV-5 {or a 100 pack ol 5¥" diskette envelopes

39¢ perdisk
QuantityOne

Our dishettesnre packed 10 dighs 1o a CArton and 10 caMons toa case
The economy bulk pack 18 Packaged 100 disks 10 a case without
#nvelopes o labels For best veiue, yOU Bhould order in mcrements of
100 disketias. Almost all disxsttes are Immediately available from
Super Disk. With our eMicient warehouse facCilities. your order is
normally shipped in lass than & day,

Super Disk

SAVE Oll SUPER DISK™ DISKEETTES e
aduct Destriplion Pari # pat disc (3]

5%" SSSD Sott Sector wiHub Ring G431-FA 0.84
5% Same as above. but butk DECK w/0 envelope B43T-FA 0.39
5% SSDD Sof Sector w/Hub Ring B481-FA 0.68
5%" Same &8 above. but bulk pack w/0 envelope B48T-FA 043
&% 0500 Soft Secior w/Hub Ring 8401-FA 0.74
5%~ Same as above. but bulk Pack w/o envelope S49T-FA 0.49
&% DS0D Soh Secior {96 TP 8501-FA t09
5% Same a8 above. bul bulk pack wio envelope BSOT-FA o X
8%" DSHOD for 18M PC/AT - bulk pack 8a67-FA 2.07
3% SSOD {135 TPI) - bulk pack B31T-FA 1.67
Iv” D500 {135 TPI - bubk pack 832T.FA t 88

$53D.= Single Sided Singie Density, SSDD = S;ngie Sided Doubie Densily;
DSDO0= Doutve Sided Double Denaty. DSQD = Doubie S,0ed Quad Density:
DSHD = Doubie Sided Migh Density, TPI = Tracks per inch.

BUY YOURDISKETTES FROM CE WITH CONFIDENCE

To get the fastes! delvery of your diskettes, phone your order directly ta our
arder desk and Charge it 10 Your credit card. Written Durchase orders are
accepled from approved government agencies and most well rated firms at
8 10% surcharge for n@ 1Q billing. FOr maximum BAvings, your order should
be Prefaid All Sate3 are subject to availabllity, acceptance and verif,.cation
Alt sales are fingl. All Prices are in US dollars Prices, ierms and specek
ficatons are pubbect to change without notice Out of stock fems may be
piaced on backordes of sutrstituted lor equivaient product uniess we are
mnstructied ditterentty, A $5.00 addithonal handiing fee will be charged lor all
orders with 8 merchandise 1otal under $50,00. All shipments 8re F OB, CE
warehguse in Ann Arbor, Michigan. No COD's Non-certifled checks require
bank clearance. MIChigan residentd add 4% sales tax Or supply your tax 1D
number and reason lor lax exemplion.

For shipping charges add $6.00 per 100 diskettes 8nd/or any iraction of
100 Sw-inch or 3%-inch diskettes lor U.P.S. ground shipping and handling In
the continental U.S. For 1,000 ot more disks shippedtothe continemal U.S.,
shipping charges are $4.00 per hundred diskettes. UPS 2nd day air rates
are [hreg imes continental U.S, rates. For Canada. Puerto Rico. Hawail
Alaska or APC/FPQO delivery, shipping s thres imes the conlingntal US rate.

Mail orders to: Communications Electronics Inc.. Box
1045, Aan Arbor, Michigan 48106-1045 U.S.A. If you have &
Visa or Master Card. you may call and place & credit card
order. Order tolkiree in the U.S. Dial 80C-USA-DISK. In
Canada, order tolkfree by calling 800-CA1-DISK. Il you are
ouiside the U.S. or in Michigan dial 313-973-8888, Telex
anytime810-223-2422. Order your Super Disk diskettas now,

Copynght & 1988 Communications Electroncs Inc. Ad #040188-FA

Now

39¢

" & a diSk
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EARN YOUR

THROUGH HOME STUDY

Our Hew and Highly Eftectve Advanced: Place-
ment Program for expermnced Elecromn: Tech-
nicians Ofants Credit for prevous Schoolng end
Protess:onal Eapevence, and can ofeatly re-
duce the me requered i complets Progam and
reach praduahon Mo resdence iChoolng M-
ouired tor gualied Ewectronec Techncians.,
Trrowgh this Specisl Progrem you ¢ pull all of
the locse ends Ol your electronca background
logether and san your B8 E.E. Degree. Up-
grade your 3tatus @nd pay to the Engmeering
Level Advance Rapdly! Many frssh in 12
months OF eas Students and grackates I ok 50
States and Mvoughout the Workd Estabiished
Crver 40 Yoars! Write 1ot frea Descrptiva LI-
erghare

COOK'’S INSTITUTE

OF ELECTRONICS ENGINEERING

34T RAYMOND ROAD
CXE

P.O. BOX 20345
JACKSON, MISSISSIPPL 39209
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Mirage-KIM JV-2X VHF
Antenna

A low-cost, high-
performance VHF antenna

CIRCLE 6 ON FREE INFORMATION CARD

HOW MANY TIMES HAVE YOU LISTENED
to a scanner or other radio, only to
hear an interesting radio transmis-

sion fade out just when it was get-
ting meaty? If you're like us, it's
probably happened to you more
than once.

The answer to that problem
might be as simple as putting up
an outdoor antenna, such as one
we recently tried, the JV-2X from
Mirage-KLM (16890 Church St.,
Morgan Hill, CA 95037}.

If you're relying on an indoor
antenna now, just about any out-
door antenna will improve your re-
ception. But if you have an
outdoor antenna now and still are
not getting the performance you
need from your VHF rig, then it's
important to remember that in the
world of antennas everything isn‘t
created equal.

For instance, a %-wave antenna
will show about 3 dB of gain over a
Ye-wave antenna, and a longer an-
tenna can show an even greater
gain improvement. The /V:2X is an
extended )-pole antenna that is
roughly two wavelengths long
(about 12 feet) at 144 MHz. That is
extremely long compared to the
majority of VHF antennas that we
have seen, but the size is the key to

Our 2 MHz Function Generator

has an unlimited range.

to 2.1 MHz frequency r
the worid. With miternal
teries, you can take Modei 20

Model 20 not only covers the .002 Mz
e, it covers
iCad bat-

anywhere and get trggered, gated or

continuous waveforms —snes
squares, and tn smeOvorts
peak to peak. it 5 from wall

transformer [inchluded} or external
sogurce from 12 Ly 25 VOC or 10 o

RADIO-ELECTRONICS

P
Y

18 VAL, Mode] 20 aisa has many of
the features you woukl expect from
the industry leader in function gener-
ators, VCGi connector
for externai sweep or FM,
attenuator to — 80dB. anda TTL
puise cutput. The prce is just $395,
For a data sheet or R0 order, call or
write Wavetek San Diego, P.U. Box
85265 9045 Bathoa . San

80 CA 92138. Phone% J
2200; TWX[910]3 5-2007.

' Eatteries not

sig

uﬁ‘:-'_".h'
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ELENCO PRODUCTS AT DISCOUNT PRICES!
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20 MHz DUAL TRACE OSCILLOSCOPE 35 MHz DUAL TRACE OSCILLOSCOPE

$329 MO-1251 $545 MO-1252

Top Quality scopes at a very reascnable price. Contains all the deslrable features. Elenco's 2 year guarantee
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write tor specifications.

q’ TRUE RMS 4%
IR 0GIT MULTIMETER

P S Model
-z-;{?eg 1 35 M-7000
Q ¥ .05% DC Accuracy
L .1 % Reslstance

@ with Freq. Counter
Ib#- & Deluxe Case

e

508 MULTI METER with
CAPACITANCE and

- transistor tester
Model

$65 CM-1500

Reads Volts, Ohms,

Current, Capacitors
-ﬁn-a:r Transistors & Diodes

3% DIGIT
MULTIMETER

25 e

1% DC Accuracy

1% Resistance
iﬁ B & 2] Reads 10A DC

POWER BLOX

The Power Supply For Breadboarding

GF-8016 Function Generator
‘with Freq. Counter

219

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

GF 8015 without Freq. Meter *169

-;!}

_ 4
Triple Power Supply XP-660 $1 495 3995
$1 4950 MNow a Power SupruY for your Bread Blocks. Snaps in-

0-20V @ 1A }gcﬁg';_"ng units. Fully regutated and short circuit pro-
0-20v @ 1A 12V @ 3A. 5V @ 1A, 5V @ 5A

5V @ 5A
*22.95 for Both, Power Blox & Breadboard

Fullr Regulated, Short Circult Protected with 2
Limit Cont. 3 Separate Supplies.
L e e e e S

EERE

2008 DIGITAL LCR METER
Model LC-1800
Measures: Inductors $1 48
Capacitors, Resistors

Inductors .1uH 10 200 H

L Capacitor.1P£ to 200
e Resistor 012 to 20!#5

EEm— Ranges &Ind, 7 cap, 7 res

3 Amp Power Supply XP-650

o g| ‘11950
SoddE = o

Fully regulated, short circut protected current
limit control

CaS SALES, 8744 W. North Ter. Nlles, IL 60648 @ Pl 15 DAY MONEY
800-292-7711 (312) 458-9040 - wesmW  BACK GUARANTEE  ASK FOR CATALOG

2 Year Limited Guarantee! Add 5% for Postage ($10 max.), IL Res., 7% Tax
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Mirage-KLM JV-2X

the unit’s supérior performance.
In our tests we found about a 6-dB
increase in received signal
strength over a %-wave antenna.
That's about all the gain you'd
need for a scanning radio. For
transmitting applications, similar
gain figures are obtainable.

Set-up and use

Qur first impression after pull-
ing the unit out of the box was that
assembly would be a formidable
task. That was due to the large
number of pieces involved, and a
set of instructions that were
vaguely written and confusing.
{According to the company, the in-
structions have since been re-
vised.) What saved the day was the
fact that those instructions were
accompanied by some very clear
illustrations. Following those, as-
semnbly was not difficult at all. The
entire operation went smoothly
and took less than an hour. Using
the antenna lengths suggested in
the instructions, the unit tuned up
easily.

Once the antenna is set up
there’s little else to do except con-
nect the coaxial cable and use it.

Overall, the JV-2X is a worthy
successor to the j\2, which is a
shorter versipn of the same anten-
na. With a suggested list price of
$39.95, it's a bargain, too! R-E

RADIO-ELECTRONICS

s

C}ﬂm running 26 miles

< just for fun

USO's sports evenls are one way Ihat ser.
vicemen and women can $pend their off du-
Iy times In fmct, '8 3150 & way to meet
olher people and lo feel a pan of things
when far from home. "Because [li&'s
toughest blttles aren’t always fought in
the fleig ™

ch)g)oﬂ USO through the Uniled Way,
C. or local USO campaign.

=]
-

E?e‘ll:l"rnmes MInIZADS

| i
178 600 wite CPwre ¥
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SATELLITE DESCRAMBLER MANUAL
Now introducing complete technical
intormatlon for the m/A-COM VIDEO

THE WIRELESS TELEPHONE TRANSMIT- | C|PHER 2 DESCRAMBLER, USED BY
TER mode! WTT-201s only the sizacfadime, | HBO, CINEMAX AND OTHER PAY T.V.
yet transmits both sides of a telephone con- SERVICES. 34 page book contains
versahon with crystal clarity. Completely au- | Eﬁhma‘;‘?ﬁ Clrcu;uto Dra\ﬁlngsf- l:)arttrs‘

% trom the telephone line Sts an eory of Uperation, tor bo
ol Lses paweg [om e (Elpioge e | e VIDED and [ALIGIQ/ €IRGLITS,

itself. Never needs a battery! Up to ¥ mile

4 ¥ OTHER DESCRAMBLER CIRCUITS

range. Use with any FM radio. Complete kit | 4 ya1 ABLE. $23.95, first class posta
: .95, ge
only 529.95. Tax in¢cluded. VISA and Master- | |nejuded. ADD £2 00 for C.0.0.
Card accepted. FREE SHIPPING. DECO IN- NORSAT COMMUNICATIONS, 11700
DUSTRIES, Box 507, Bedford Milis, NY MERRIMAN RDAD,LIVONIA, MICH.
10507, (914) 241-2827. | 48150 {3131965-5544.
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MTS STEREQ ADAPTER. Add the dramatic.
new dimension of MTS STEREQ to virtually |
any TV or VCR using the Audio Output Plug
and your stere0 system. S0 versatile it even
simuiates extra ordinary stereg sound on
non-sierec broadcast. Assembled $81.00,
also availabie In kit form, $52.00. N.Y. Resi-
dence add tax. DEL-PHONE INDUSTRIES,
Box 150, Elmont, New York 11003,
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e CALL NOW
= AND

! RESERVE
YOUR SPACE
|

a 65 X rate $745.00 per each insertion.

. ) & Reaches 229,044 readers.

| & Fasl reader service cycle.
SUBSCRIPTION TV MANUAL. This infor- | a ghort lead time for the Placement of
mation packed book detalls the methods ads,

used by subscription TV companies 10 | ¢ we typesel and layout the ad at no
scramble and descramble video signals additional charge.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable Call $16-293-3000 lo reserve space. Ask
companies. Includes circuit schemalics, the- | (o, Asline Fishman. Limited number of
ory, and frouble shooting hints. Only $12.95 | pageg available. Mall matenals to:
plus $2.00 first class P&H. ELEPHANT mini-ADS, RADIO-ELECTRONICS, 500-
ELECTRONICS, INC., Box 41865-R, Phoe- B Bk-Counly Blvd., Farmingdale, NY
nix, AZ 85080 11735.
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3 GREAT WAYB
10 USE THE B8AVI
A Covapid Rl e

n ey S

]

"

g
e sy A

NEW PUBLICATION, “5 Great Ways 10 Use
the SSAVI": a complete guide for all uses,
including convarsion 1o a stereo TV decoder
$6.50 ppd. ZENITH SSAVI Descramblers
only $169. Gated pulse $199. Reconditioned
original equipment lor UHF chs. 27.48.41 &
60, e1c. Quantity discounts. Surplus TV
equipment: Oak N-12, Hamlin MLD-1200,
SB-3, elc. Warranty. Catalog $1. A1S SATEL-
LITE, PO. Box 1226-A. Dublin, PA, 18917.
215-249-9411.
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CALL NOW
AND

RESERVE
YOUR SPACE

® & x raie $745.00 per each insertion.

# Reaches 229,044 rpaders.

* Fast reader service cycle.

# Short lead time lor the placement of
ads.

* We typeset! and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Adine Fishman. Limited number of
pages avaitable. Mail materials to:
minl-ADS, RADIO-ELECTRONICS, 500-
B BI-County Bivd., Farmingdale, NY
11735,

R&D SHEET METAL WORKER—New mulli-
purpose Shear, Brake and Roll now with 8”
male dies, removable and removable female
dies. A compiete in-house shop at 1/3d the
cosl. Over 20 years developmentisales
worldwide In (ndusiry. government and edu-
cation. Free literature or $2.00 for “Guide to
Shest Melal Working.” PACIFIC ONE COR-
PORATION, 513 Superior Ave., Suite 54,
Newport Beach, CA 92663 (T14) 645.5962
Telex 4996168,
CIRCLE 118 ON FREE INFORMATION CARO

SAY GOOD-BYE TO BORING ONE-DIMEN-
SIONAL TV SOUND. Say hello to dynamic
MTS {Multichannel Television Sound) MTS 15
the only FCC approved method of broadcast-
ing all the new sterec TV programs Into your
home with cinema-like quality. Recoton V622
§129.95 & 6.50 8 & H. visaMasterCard 1
{800) 522-2636 Order only, (617} 871-5611 tor
informatior. CAMEO ENTERPRISES INC.,
45 Accord Pk., Norwell, MA 02061,
CIRCLE 89 ON FREE INFORMATION CARO

MICROWAVE ANTENNAS $69.95 4+ ship-
ping. litetime warranty. We repair all types of
downconverters, Salelite Dishes and parts
complete 9' dish with block system, 80° LNA
by arcfinder $995.00. Coax cable T.V. parts,
accessories connectors, T.V. amplifiers.
Write tor free Calalog or call for prices. BLUE
STAR IND., Depl. RE6-86, 4712 Ave. N,
Brooklyn, N.Y. 11234 (718 338-8318 Exl.
105,

CIRCLE 85 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOU WILL EVER
BUILD The model WAT-50 miniature FM
transmitter uses a 4-stage crrcut NOT to be
contused with a Simple wireless microphone.
Up fo 1 mile range. So sensitva, it will pick-up
a whisper 50 feet awayl Use with any FM
radio. Compiete kit only $29.95 1axincl, VISA
and MasterCard accepted. FREE SHIP-
PING DECO INDUSTRIES, Box 607, Bed-
ford Hills. NY 10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARO

SINGLE AND DUAL TRACE Scopes, Ana- |

log and Digital Mutbmeters, Power Supplies,
High Vottage and Low Cap. Probes
RF and Sine/Square Wave Generators, Digh
tal Capacity Meters. Available at your local
distnbutor EMCO ELECTRONICS, P.O.Box
327, Plainview, NY 11803. Send for your free
catalog.

CIRCLE 188 ON FREE INFORMATIDN CARO

TV STEREO-SAP-ADAPTER: only $79.00
1o modily your existing TV set as a Stereo-
Second Audia Program-Functicn TV, It re-
qulres single line from TV and stereo ampli-
fier. Detail Instruction manual for modifcation
15 included. Allow 4-6 weeks delivery. INTEK
ELECTRONICS, P.O. BOX 76417, Los An-
geles, CA 900786, (213) 739-1684.

CIRCLE 179 ON FREE INFORMATION CARD

A

LOw COST PROBES. ® Replacemenis for
all makes of probes e Fit all makes of as-
cilloscopes ® Save up to one-hall on
cosl ¢ Performance guaranteed e Sendfor
free calalog ® For immediate service call:
B00-368-5719 outside Calil. 800-643-8382 inv
Calif. TEST PROBES, INC. PO. Box 2113,
La Jolla, Catifornia 92038,
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B
Capacitance,
logic and more.
For less.

Now, a fuity-loaded DMM combines
a capacitance meter, logic probe, and
an hFE meter, all for the price of a DMM.

TTL Logic Probe: 20 MHz
Hi/lo/off indications
Detects 25nS pulse width
Capacitance: 5 ranges { 2nF to 20uF)
hFE (NPN or PNP: | range (1000)
DMM: DCV-S ranges ( 2V 1o IWV)
ACV-5 ranges ( .2V to 750V }
DCA-4 ranges ( 200¢A to 10A)
ACA-3 ranges ( 20mA to 10A)
Ohms-T ranges { 200 Ohms
to 2000 Megohms )
Continuity beeper
Diode check
Built-in bail
Anti-skid pads
See one now at your [ocal Beckman
Industrial distributor.

DM25L...5899%

&m:‘n

ek m mm=m

Beckman [ndustrial Corporation

A Subsidiary of Emerson Electric Company
630 Puente Street, Brea, CA 92621

(714 ) 671-4800

D Copyright 1985 Beckman Ind wiral Corporation
loe o e T e
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NEW

PRODUCTS

LAMP TIMERS, models $ST18 and
5728, feature random-setting con-
trol to vary the time that the lamps
turn on and off. (If lights turn on
and off at the same time each day,
burglars might not be fooled.} The
timers’ built-in photocell automat-
ically detects when it is time 1o
turn a lamp on for up to 10 hours.
To vary the time lights turn on and
off, the user merely activates the
“random setting” control. No sea-
sonal adjustments are necessary
to ensure that the light turns on at
the right time, and the timer

LOW COST, RELIABLE,
HIGH PERFORMANCE
GIGITAL MULTIMETERS

MIC-6E 3% Digit DMM ... ... . .. §34.95
¥% accuracy, DOV, DCA, ACV. ACA, beaper,
diode test and temperature

MIC-LCRA Meter ,................ $99.95
3¥: digit. % accuracy, capacitance, con-
ductance, resistance

MIC-7000FA 4 Digit DM . ... .. $119.95
0.05 % accuracy, freq. counter, DCV. DCA,
ACV, ACA, beeper, over load grotection, “Lo
battery”

MIC-7000FT 4%2 Dight DMM, _, .. $139,95
Same as 7000 FA plus TRUE RMS Measure-
ment

We accept check & money Order tor FREE
shipping, 1 year warcanly. CA resldents add
6% lax. Quantity discount

YMK ENTERPRISES,INC. TDPOL PRODUCTS
14252 Culver Dr. P.0. Box 391703
Irvine, CA 92714 Mt. View. CA 94039
Ste. A-351 {408) 262-7441
{714} 551-9311
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doesn’t have to be reset after a
power failure.

The tabletop model $T28is used
when wall outlets are hidden by
curtains or furniture. It features a
smoke-tinted lid, dimmer, and a
six-foot power cord, and is de-
signed for incandescent light-
bulbs up to 500 watts. [t has a
suggested retail price of $21.95.

The model STIB is used when
wall outlets are exposed (o natural
daylight. It plugs directly into any
standard 125-volt outlet, and is de-
signed for incandescent light-
bulbs up to 300 watts. The
sugpgested retail price is $17.95.
Both timers are UL-listed.—Inter-
matic Inc., Intermatic Plaza, Spring
Grove, 1L 60081.

STEREO PREAMPLIFIER, model
DX300, in addition to two tape
monitors and tape-dubbing ca-
pability, features signal-processing
capability for insertion of any sig-
nal processor into the signal path.

CIRCLE 22 ON FREE INFORMATION CARD

Video/audio inputs enable simple
hook-up of a VCR’s or video disc
player’s audio tracks to take full
advantage of enhancements avail-
able when tapes are played
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Two of the best HAMEG-Performers

high quality at low cost

-----
&

Realtime:
2 channels DC — 20MHz
max. sensitivity 2mV / div.
Timebase 0.2s — 20ns/div.
Trigger: DC —-35MHz (0.5 div.)
Buiit-in Component Tester
1kHz /1 MHz calibrator {(3ns)
TV sync, separator

Digital Storage:
max. sampling rate 100kHz
Refresh-, Single-Mode
Storage: 8 bitx 2048 points
Timebase: 5s—0.1ms/div.

CRT 8x10cm, int. graticule, 2kV

HM 208 the high tech Digital Storage Scope
with 20 MHz sampling rate

Realtime:
2 channels DC — 20 MHz
max. sensitivity 1mV/div. . A mreTe g, T
Timebase 0.1s — 20ns/div. , ;  at
Trigger: DC — 40 MHz (0.5 div.) Ty |

Digital Storage:

max. sampling rate 20 MHz

Roll-, Refresh-, Single-, XY-Mode g o .
- Storage: 8 bitx4096 points | M

~ Timebase: 508 — 1ps/div. : raaae

26 -5
] -

Write or cal!

HARANMEL= .

88-90 Harbor Road - Port Washington, N.Y. 11050 - & (516) 883.3837 - TWX (510) 223.0889
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through a component stereo sys-
tem. Compact disc inputs are de-
signed to match the high dynamic-
range capabilities of CD’s.

With bass and treble controls, as
well as a signal-processing loop,
this new control center is adapta-
ble to all existing stereo-compo-
nent systems, as well as to new
stereo VCR's and video systems.
The model DX3000 is priced at
$299.00. —Soundcraitsmen, 2200
South Ritchey, Santa Ana, CA
92705.

SOUND-EXPERIMENTER KIT, the
model JE755, generates white
noise, tones, and low-frequency
sounds independently or in com-
bination. It uses the Texas Instru-
ments complex sound-generator
IC, the 76477, to provide unlimited
sound-generation capabilities.
The model JE755 may be ex-
panded with external parts; for ex-
ample, an external amplifier or
stereo system may be added to
provide richer sound. The kit
comes complete with compo-

Build Circuits Faster
and Easier With Our $20
Solderless Breadboard

- 7= _/ﬂ"*.é_%?l | ...and do even

infroducing the plug-in world of AP
Product's versglile, fow cost bregd-
boards.

Now You can design. build and test
PrOIOhe CHOUS st ke the protession-
als . and make changes i seconds Mo
MEssy SOITG OF desoidenng No momn
twrstod leccls of Jamapad Jevices

wim our ACE P ong 18 bive bread-
boards, you simply g v cormponents
and intevconnect them with
ortinary hook-up wire Alf
sizas of DiPs and ofher dis-
cmete COMPpPOnents up 1o 22
gouge lead damerers
snap night info the 0.1 x Q1"
matnx of the soicleriess e
ponls . onywhers on he
foyout. You don'? need ex-
DS sockels of SPecial loois. Buses of
soang Cip terrmnals form @ distribufion
network for power, ground ond clock
nas

AP prociicts 100 series basodbooras
give vou ail the functions and feability of
more axpensive cicult evoluators The
song leerninals have mechanicolly in
depencent contact fingers 1 occom-

.
e
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more with our
| $40 breadboard

[

| s
[ st SO T S

e T —m
|' S i -l —‘\.Tm
: ; H Ll
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modate most DiPs and discrete compo-
nents fsee diagram),

The ACE 109 has hwo lemningis for sepo-
rate voikoges DiLs o Dround connechion.
The lorger ACE 18 offers Ihe some hioe
ermynols, phs an oddihonal lerrminal
which can be used for clocking of
another voitage The bockpiates are
heayy steed 10 keap he boords siahonarny

Dont wall. These fow
prices won' iast lorever.
See your locai AP Prod-
uvcts deater ioda), or
send for a ifst of deaiers
in your area. Free Infor-
mation on réquest.

AP PRODUCTS/3M
9325 Pragress Parhway
R.D. Box 540

Mentor, Ohio 44060
800-321-9668

[Dhio, 216:354-2101)
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nents and instructions for assem-
bly. The overall size of the model
JE755 is 5%" X 3" X 1W". Sug-
gested retail price Is $34.95.—Jam-
eco Electronics, 1355 Shoreway
Road, Belmont, CA 94002.

INTERFERENCE FILTER, model 5717,
tunes the entire 910-1440 MHz
band to handle two common
downconverter bands to suppress
microwave telephone carriers.
Channel interference is sup-
pressed by tuning the single-turn
dial to “notch out” the interfering
carrier. The single-turn knob tunes
a narrow 15-dB notch through the

CIRCLE 24 ON FREE INFORMATION CARD

entire standard block-downcon-
verter band. The 2° % 2" x 7%"
case has type F connectors, ad-
hesive mounting feet, and operat-
g instructions on an etched
label. :

Suggested retail price of the
model 5777 is $295.00.— Microwave
Filter Company, Inc., 6743 Kinne
St., East Syracuse, NY 13057.

ANTI-GLARE SPRAY, Telefix, is an
aerosal spray that creates a non-
reflective surface by coating the

CIRCLE 25 ON FREE INFORMATION CARD
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glass with a crystalline film. It Is
particularly effective in brightly lit
rooms where the picture can be
washed out by reflected light.

Color and black-and-white sets
of any size and shape can be
sprayed. The Telefix film has a
smooth spectral transmission
curve that does not change the
color that the viewer sees. One
can cover up to eight TV screens.
The price is 520.00 per can.—Tele-
fix, U. 8. A, 140 Bradley Drive, San-
ta Cruz, CA 95060,

TYRO NOISE FILTER, the model
3278(2), \s one of a series of bard-
pass filters that reduce back-
ground noise and are available for
TVRO receivers with final IF fre-
quencies in the UHF range of
385-700 AMHz.

CIRCLE 26 ON FREE INFORMATION CARD

The typical 3-dB bandwidth is 14
MHz to produce clearer pictures
in low-signal situations (due to
small-dish use, partial dish block-
age, or weak transponders, etc.).
The filter will also suppress “spark-
lies” due to mild downconverted
terrestrial interference.

Connectors are F-type. Center
frequency is factory-tuned at pre-
scribed IF but is field-tunable to
compensate for receiver local-os-
cillator error, if any.

The model 3278(2) is priced at
$132.00.— Microwave Filter Compa-
ny, Inc., 6743 Kinne Street, East Syr-
acuse, NY 13057,

VARIABLE SPEED CD PLAYER, the
model CD9000 is designed for the
serious musician who wants the
fidelity of a compact-disc player
and the flexibility of variable pitch
and speed control, for altering the

CIRCLE 27 ON FREE INFORMATION CARD

tonality and-tempo of musical se-
lections.

In addition to variable speeds
and pitch of +10%, the model

CD9000 features slide-in CD car-
riers to facilitate disc handling.
There is a special program indica-
tor, memory, playback, forward
and reverse search modes, and a
start/stop control. A remote con-
trol with all those functions is in-
cluded.

The model CD9%000 is housed in
an ElA standard rack-mount chas-
sis and it has a suggested list price
of $1669.00.—Numark Electronics
Corp., 503 Raritan Center, P.O. Box
493, Edison, N] 08818. R-E

Troubleshooting and Repair Guides
for Today’s Electronics Hobbyist.

HWicrocomputer Tronbieshonting and
Repair Guides

Thiwe etst -po-andertand repair and mainicnanoe guides
privide he instructions e seed 1o solse prohlems
uigue fe er cuenputer T bouks contan schemate
diagraon, bk dizgrams phadeneraphs and troubbeshoo
ing flowecharts to teace 1he probable cuuse of [alure, A
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NEW IDEAS

Telephone-answering system

To
TELepyop:
LINE

‘I.‘..-_\ + a3y 4

Prows
FLMSRER

<y
1O F

PLt

LEFstOMe
15 BASE

PL2

RECH

IN ORDER TO AVOID MISSING IMPOR-
tant phone calls, many have gone
out and gladly borne the expense
of purchasing telephone-answer-
ing machines. Such units can
range in cost from under a hun-
dred dollars to more than a couple
of hundred dollars. But, there is a
way to avoid missing calls (without
that expense), and have fun build-
ing the system yourself. The only
real requirement is thalt you have
two lape-recording machines.

How it works

The basis of the scheme shown
in Fig. 1is the Fone Flasher (avail-
able from Radio-Shack, catalog
number 43-177), which is normally
used to flash a light when the
phone rings. That unit has an inter-
nal relay that, upon receiving a
ring signal, closes, outputing a sig-
nal to a timing cCircuit.

The signal output by the Fone
Flasher causes C1 to begin Charg-
ing. When C1is charged, a voltage

TELEFHORE
HenBSeT

RECY

is applled to the gate of transistor
Q1, turning it on. That provides a
ground path for RY1, energizing it.
Relay RY1, in turn, activates RY2,
which is used to handle the power
requirements of the iwo recorders
and SOL1.

The core of solenoid SOL1 rests
against the on-hook button in the
base of the telephone. When the
solenoid is energized, its core is
retracted releasing the on-hook
button_ At that point, one recorder
plays its prerecorded message info
the mouthpiece on the handset.

At the end of that message, the
caller is allowed ample time to
leave his message, which is picked
up by the second recorder
through a small microphone at-
tached to the handset earphone.
Afier a period, determined by the
time constant of R1 and C1, relay
RY1 is turned off. Relay RY2 then
opens, removing power from the
entire system. Relay R1 can be any
9-volt unit with nN7-volt, 1-amp con-
tacts. Relay RY2 has a 117-voll coil

WWWwW americanradiohistory comm

NEW IDEAS

This oolumn s devoled io new ideas, ¢in
cuits, dewice applications. construction tech-
‘niques . helpful hwnts, eic

Al published entries, Upon pudication, will
sam $26. In addimon. for U S. residents only.
Pananse will donate thew moded 133—The
Rapsd Assembly Clroult Board Holder, having
a relail price of $39.95. It leatures an esght-
poshon rotating adustment, dexing al 45+
dagree iINCraments. and i posrve Kck pogi-
ons in the vertical Plane, giving you a full ten-
inch heighi adyustment for comfortabla work-
ng

| agree 1o the above terms, and gramt
Radic-Elecironics Maganne tha fghi to
publish my dea and o subsequenily re-
publish iy wWea in colechons of compuaions
of repoints Of simelar aricies. | declare thal the
attached ea il my own ongenal matenal and
that fis pubicalion does NOL violate any Other
copyright. | aiso deciare thal tus matenal has
not been previousty published.

Title of Idea

Signalure

Pnint Name Date 3

Sireet

Cay State Zip
Mail your idea along with this coupon
& New Ideas Radic-Electronics,
500-8 Bi-County Boulevard
Farmingdale, NY 11735

and its contacts are rated 117 volts
AC at 10 amps.
with power cut off, the core of
SO1is once again extended, press-
ing down on the on-hook button
in the ielephone base. The two
tape recorders are plugged into
sockets SO1 and SO2, so that
when RY2 is energized, they are
fed 117 volts AC. When using that
scheme, the recorder with the pre-
recorded message should be left
in the play position, while the
other is left in the record mode.
—Donald |. Youkersur
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Only NRIGives You
System for Total

You getit all. . . training for out the operation of the 8088 dot matrix printer as part of your
America’s fastest growing microprocessor. Step-by-step, hands-on training. Working with
career opportunity . . .training VRl wili guide you rightinto a it, you'll get practical experience
el high paying career in one of in adding peripherals, perform
puters. .. s T 3 fu 5 :
i America’s fastest growing fields. experiments bringing to life
training on a total computer : .

3 operating principles, and then
system. And only NRI training New! Course now includes go on to learn critical maintenance
gives you all the skills and con- high performance printer and servicing techniques, including
fidence to become a complete Only NRI includes an advanced changing the print head.

computer service technician.
MANUALS Documentalion covers L

Today, you can't successfully repair gl iSO U ice o Wl S
a computer with confidence unless e b it e N\ et

you know that the peripheral Sk

equipment is operating properly. ing high resolution

Only NRI can give you the well- L2

rounded training you need because

only NRI gives you a complete

computer system. . .computer, B g | oY

monitor, disk drive, printer, soft- dot mairix pArfnlrr PEnt !
ware, even test instruments like a i oA !
digital multimeter and logic probe. 120 cps bidirectionally

lt all adds up to training that builds ~ meder 1

the knowledge, competence and
ability you need to succeed
as a computer service
specialist.

Get inside the IBM

PC compatible

Sanyo

Asan NRI

student, you'll get /
total hands-on .
training as you

actually build {

your own Sanyo

550 Series com-

puter from the key- .

board up. As you assemble it.
you'll perform demonstrations
and experiments that will give you
a total mastery of computer opera-
tions and servicing techniques.

SANYO 550 SERIES
COMPUTER has powerful 8088
CPU, runs manﬂﬂll PC programas.

includes 236K M, double-sided
K ] H doubic density disk drive,
You'l do programming in BASIC e N S IS prnierportand
language—even run and interpret Software Includes MS.DOS 2.11 detached intedligent
essential diagnostic software, You'll el S e L i
i i rhal sdsheet . and
prepare interfaces for peripherals weverad usaful NREwrittens ullty
such as printers and joysticks. programs.

Using utility programs, you'll check
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A Total Computer
Systems Training

Understanding you can get
only through experience

You need no previous knowledge
to succeed with NRI. You start
with the basics, rapidly building on
the fundamentals of electronics
with bite-size lessons to master
advanced concepts like digital

ISCOVYERY LAS Electronics comes
1o life on your NRI Discovery Lab. You
st up and modify prototype clrcuils,

b ale actioh of components, goln

logic, microprocessors, and
computer memories.

You'll reinforce this new
understanding with hands-on
practical demonstrations and
experiments that give you real
world experience. You'll use the
exclusive NRI Discovery Lab to

see what makes transistors tick. . .
build and test working electronic
circuits that duplicate key com-
puter circuitry . . . and construct
digital logic circuits that demon-
strate computer performance.

Do it at home in your

spare time

NRI trains you in your own home
at your convenience. You learn at
your own pace, backed at all times
by your own NRI instructor and

valuahie beach experience In construc.

tlon. diagnosis. and repair of elrcullry. DIGITAL LOGIC PROBE Professional the entire NRI staff of educators

digital logic probe makes anahzing digital
circult opecation a simple k.

LESSONS Hite-sre bessons iild knowlcdge
and understanding step by siep. Abundance of
photos, ilfusirnilons and diagrams reinforce
cleary casy-lo-follow lexl

MGITAL MULTIMETER
3% digh digital multimeter
fealures liquid crystal
dinplay and four key func-
thons. Your insdructor talks
you through its operatlon
and professlonal use on
Acthon Audio Cassetie,

and engineers. They're always
ready to answer questions, give
you guidance, follow your prog-
ress, and help you over the rough
spots to keep you moving toward
your goal.

100 page free catalog tells
more. . .send today
Send the postage-paid reply
card today for NRI's 100 page
catalog that givesall the facts
about computer training plus
career training in robotics,
data communications,
TV /audio/video servic-
ing, and many other
fields. You'll see how NRI
can give you the skillsand
confidence you need for

\ advancement, a new

Y} career—even a service
y business of your ownin
the existing world of
electronics. If the card is
missing, write to NRI at the
address below.

”RLCHOOLS

McGraw-Hill Contlnuing Educatlon Center
3939 Wisconsin Avcnue .4
Washingion, DC 20016 il

We'll give you tomorrow
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Which Way To YOUR Future?

Are you at a crossroads in your career?
Have you really thought about it? Are
you planning for your future, or perhaps
refusing to face the subject? Which way
will you go — down the same old road?
Or are you ready for something else?

In electronics you can’t stand still. If you
are not moving ahead, then you're falling
behind. At the crossroads of your career,
various choices are available — and, yes,
decisions have to be made.

Which road will you take — one that
doesn’t go where you want to be, or one

that leads to hard work bur also to the Put P -
better life? Ah, decisions, decisions! ut Professiona
Career decisions are so important that you need all the input KNOWLEDGE
you can get before locking-in on one of them. Grantham Col- and a
lege of Er_lgincering offers you one source of input which may COLLEGE DEGREE
help you in making that decision. It's our free catalog. th 1| k '

i | in vour
Ask for our free catalog and you may be surprised to learn how 1
it is easily possible to earn a B.S. degree in ¢electronics without \ ’ Electronics Career
attending traditional classes. Since you are already in electronics 1] through
(you are, aren’t you?), you can complete your B.S. degree work j \| HOME STUDY

|

with Grantham while studying at home or at any convenient
place.

Grantham offers this program, complete but with-
out laboratory, to electronics technicians whose
objectives are to upgrade their level of technical
employment.

Recognition and Quality Assurance
Grantham College of Engineering is accredited by

But don't expect to earn that degree without hard
work. Any degree that's worth your effort can't be
had without giving effort to the task. And of course
it is what you learn in the process, as much as the
degree itself, that makes you stand out above the
crowd — that places you in an enviable position,

prestige-wise and financially.

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California, 90720

the Accrediting Commission of the National Home
Study Council, as a degree-granting institution.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many

RADIO-ELECTRONICS

L]
=]

foreign countries; about 80% of our students live in the
United States of America.

Grantham College of Engineering  F0686
10570 Humbolt Street, Los Alamitos, CA 90720

(This booklet

for
FREE
Booklet
clr
COUPON

Please mcil me your free catalog which explains your

Lk fcee hroteg B.S. Degree independent-study program.

L T

R - |

explains the

Grantham B.S. ord malf in |, . Age
Degree Program. ennlope or |

offered by inde- puste on V| Nddresrh 2

pendeni study to postal |

thase who work P card | City___ State Zin
in elecironics. L._. . o
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ASERS, LIKE TRANSISTORS AND

ligital computers, ex-

xmplify the way in which what
as nottoo long ago a labo-
atory curiosity can become
inescapable part of daily

ife. While you may not yet

wn a laser-bearing

levice, you almost cer-

ainly use one every ~

lay. .
Lasers carry com- .
unications on fiber- . |
plic cables. play mu- By

Bic from CD's, and read s
rices at supermarket

‘heckout-counters. They

sgrform surgery, help survey
ur highways, test the compo-

1ents of the airplanes we fly in.

H

Although they have been practical for only 25 years, lasers

locay and all rhe); ma#e possible are
an integral part of dur dally lives.

Josef Bernard
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and entertain us at rock concents. They
also make formidable weapons.

Whal I8 a laser?

A laser {which stands for Light Ampli-
fication by Simulated Emission of Radia-
tion) is a source of intense light that has
several unusual and useful properties. The
light is monochromatic, which means that
itis a single, very purc, color whose fre-
quency can be measured and used as a
precision standard in and out of the labo-
ratory. Laser light is coherent—all the
waves of a beam are in phase. Unlike
natural and most amnificial light sources,
whose emissions are incoherent, or
phased randomly, a laser produces pack-
¢ts of photons all “marching in step”, and
possessing a greal deal of energy. Finally,
because of the way they are generated the
rays of light produced by a laser are all
parallel to one another, or very nearly so.
A pencil-thin beam of laser light aimed at
the muon will spread out to a diameter of
only 1% miles. That may not sound im-
pressive—until you consider that the light
wotld travel a distance of about 250,000
miles before diverging that far.

HOw lasers work

The principle behind the laser is called
stimulated emission. That term refers to
the fact that an atom, when in an excited
siate, can be made to emit a photon when
bombardced by other photons or by an-
other high-encrgy source such as a source
of ¢lectrons.

That needs a litle explaining. Figure
1-a shows a simple hydrogen atom—just a
proton and an electron. The “height™ of
the orblt of the electron depends on the
amount of energy that the electron is car-
rying and is very sirictly defined by
nature. Further, for an electron to be
forced to jump from one orbit to another
requires a precise amount of energy, or
quantum, (o be added to it.

In its lowest orbit, no energy has been
added and the electron is in its normal, or
ground, state. When just the right amount
of encrgy is applied. the electron will
jump to & higher orbit. and it is said to be
excited (Fig. 1-b). That excited state,
though, is unsiable, so the electron quick-
Iy returns to its ground state. When it does
that it gives upthe energy that was applied
to it, in the form of a pheton, or particle of
light. (Light is electromagnetic radiation
but it frequently behaves like a particle.
For that reason, a photon Is sometimes
called a "waveicle.™) That spontaneous
emission of photons is where laser light
begins.

If you get enough excited atoms to-
gether, spontancously emitting photons as
they undergo the transition from the excit-
ed to the ground state, an interesting thing
happens. When one of those photons
strikes an already excited atom, it ¢hanges
state and emits its own photon (FRg. 1-c).

ENERGY OR
PHOTON  PHOTONS
‘ \
ELECTRON r/%\., ;:,g:'
P TGN -
o))
‘\\ J'I .' L l\ /’ !
. . ’,- \\\_‘, ,J
PAOTON =S S
L b £

FIG. +—A SIMPLE HYDROGEN ATCM is shown
in & H 8 precise amounl of energy. or quanlum,
Iz agded to the atom {b), (he slectron makes B
trengition trom Ry normal ground slate lo 8 less-
stebhe @xcited stale and jumpa \o Ihe next higher
orbit. if 8 photon sirikes the elgciron whike il [s in
that axciled state, lhe ciectron will return (o the
ground state and emil ® photon of Its own (¢}

Thus, there are then two photons where
previously there was one. Those two pho-
tons can go on o sirike other excited
atoms and gencrate still more photons—a
process very much like what happens in a
nuclear-fission reaction. That process of
photons generating other pholons from
excited atoms is known as stimulated
emission. A photon of a particular wave-
length gives rise only to photons of the
same wavelength, Thus, laser light is
monochromatic, it contains only a single
color,

The trick, of course, is 1o get together
in one place a large number of excited
atoms of the same kind. so the that stimu-
lated emission of photons can take place.
That is done by pumping the atoms in a
material up to an excited state by bom-
barding them with intense light or with
some other source of energy such as a
beam of electrons. With a ruby lascr—the
type used by Theodore Maiman on July 7.
1960 when he demonstraied the first
laser—as an example, let's examine the
lasing process.

A simple diagram of a ruby laser ap-
pears in Fig. 2. The hean of that device is
& rod of synthetic ruby whosc ends are
finely ground and polished so they are
optically flat and are exactly parallel to
one another. Both ends of the rod are

FULLY
SIN\ERED END

FLASH LAMP

silvercd toreflect light back into it, but the
reflecting surface at one end is not & per-
fect reflector—it allows perhaps ten per
cent of the light gencerated within the rod
to escape. That light is the laser beam,

The rod is summounded by a spirally-
wrapped xenon Aash tube similar to those
used in clectronic Aash-units. The light
produced by that ube will excite ihe
atoms in the ruby rod. Because of that,
that type of lascr is known as an optically
pumped laser. (As we shall see, there are
other types of excitation commonly
used.) The cooling equipment is present
to remove the heat generated by the lasing
device, Lasers are exiremely inefficient—
only one or two percent of the power they
consume is transformed into usable laser
light: the rest is given off as ordinary light
and lots of heat. That isn't really too bad
though-—an ordinary incandescent bulb is
only about two percent efficient, and the
light it produces can't begin 1o compare
with that from a laser.

When the flash tube discharges, the
photons it emils enter the ruby rod
through its sides and excite the material's
chromium atoms, which absorb green and
blue light. (Those atoms are what give the
ruby its reddish color; you may remember
from physics that whatever light a mate-
rial doesn't reflect or transmit, it ab-
sorbs.} When those exciled atoms decay
from their excited state they give off pho-
tons, which trigger other excited atoms to
release photons, and so on. The whole
process in & ruby laser takes place in about
300 microseconds. and an intense burst of
ruby-red light is produced.

We now have lots of light, but we still
don’t have a laser. That's where the refiec-
tive end surfaces of the rod come in. Most
of the red light generated within the rod
escapes through the sides, but some of itis
reflecied back into the rod, and that gives
rise Lo the stimulated emission of more red
light (hence the “amplification” in the
word “laser™).,

A portion of the light fs not refiecied,
however, but escapes from the rod through
the end that is only partially silvered. That

. FART TM.E\"N
ILYERED
L D

COOLING

FiG. 2—IN THIS OP"I’IC#..LLY-PUMPED LASER \he I\i{ghl produced by, a xéncn llashllfamp'm used lo

axcite the stoms [n 8 ruby rod.
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is the laser beam. Il is monochromatic
because the pholons that trigger stimulat-
cd emission give rise only to photons like
themseives. It is also coherent—all the
light waves are in phase. That, too, is a
result of the process of stimulated emis-
sion; the phase of the photons generated is
identical to that of the stimulating photon.
The rest of the light reilected by the rod’s
mirmered ends bounces back to intcract
wilh more chromium atoms and produce
more photofis.

Figures 3-a and 3-b. respectively, rep-
resent coherent and incoherent (random
phase) light. As is the case with any wave
phenomenon—we ' re now considering
photons as waves rather than as parti-
cles—out-of-phase waves end o cancel
each other. Because all the waves of a
laser beam are in phase, il is much more
intense and powerful than a beam of ordi-
nary incoherent light.

Finally, all of the pholons in a laser
beam trase] parallel Lo one another. That is
the result of the urientation of the refiect-
ing surfaces at the ends of the lasing cle-
ment. The beam of even an inexpensive
laser has a divergence of only about one-
twenticth of a degree. which means that
the energy it camies is not diffused appre-
ciably over distance.

There are many, many types of lasers,
and their characteristics and modes of op-
eration tend to overlap. The following ex-
amples are just a small cross section of
what has been developed in the past 25
Years.

Crystal lasers

This is the category to which the origi-
nal ruby laser belongs. Those lasers are
optically pumped and have a relatively
low-power output, in the milliwau range.
The most common type is the neo-
dymium-YAG (for Yirium-Alumi-
num-Gamet) laser. which emits light in
the near-infrared. YAG lasers can be oper-
aed continuously because the material
from which they're made conducts heat.
which would otherwise destroy the taser
rod. relatively well.

Another member of the crystal-laser
family is the neodymium-glass laser. It is
less expensive to produce than the YAG
type {glass is cheaper than garnet. even
the synthetic kind), but it must be pulsed.
or operated on a one-shot basis. It cannot
sustain conlinuous operation because of
glass’s poor heat conductivity.

Gas lasers

There are more gas lasers than there are
any other type. Over 5000 types of laser
activity in gases are known. Gas lasers are
not usually optically pumped, but are en-
ergized by passing an electric current at a
potential of several thousand volts through
the gas, which Is contained in a ube with
polished and silvered faces similar to the
ends of the ruby rod described earlicr. As
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FY3. 3—iN LASER LIGHT, all of the waves are in
Phase; thus they are seid to be coherend |8). In
normal lighl. the waves have no phase rela-
tlonshig {b).

the current flows through the gas, the ¢lec-
trons transfer some of their energy to it,
bringing it to a state where the stimulated
emission of photons can occur. Because
of the way they're constructed, gas lasers
can be cooled more efficiently than crys-
tal types. and lend themselves beter to
continuous operation.

The most widely used gas laser is the
helium-argon laser, which can be built for
a modest sum by almost any experi-
nienter. It is able 1o produce no more than
50 milliwatts, but its tight beam of red
light. about a millimcter across, makes it
ideal for lahoralory and experimental use,

Argon and krypten lasers can produce a
wide range of colers. but are still rela-
tively low in power. It is not feasible, for
example, te construct an argon laser more
powerful than 100 walts. Argon lasers
with their green light are frequently used
in medical applications.

The infrared carbon-dioxide laser is
more of & heavyweight. It can have an
output as high as several hundred kilowat-
ts. Moderate-sized lasers of that sort are
widely used in industry.

Liguid lasers

Crganic dyes dissolved in organic com-
pounds such as alcohol can be made lo
lase. toe. Organic lasers are unusual in
that one laser can produce a wide range of
cotors, That spectrum can be optically
tuned, and a very precise selection of light
of a single color can be made. That ca-
pability makes thc dye laser a very valu-
able laboratory tool

Semiconduclor lasers

Semiconductor lasers (Fig. 4) are
members of the LED family. They differ
from ordinary LED s in thal they consume
considerably more current and the edges
of the semiconductor die are polished to
form interior reflecting surfaces. Because
of their extremely small size—aboul as
big as a grain of salt—and the difficulty of
removing the heat they generate. those
lasers do not have a very high output.
Still, there are many applications to
which they are well suited, among them
fiber-optic communications and compact-
disc players.

Laser applications

In the 25 years since they came into
existence, lasers have proven themselves
invaluablc in a diverse range of fields.
Here are a few of them:

Industry: The high temperatures pro-
duced by focused laser beams make them
excellent tools for welding, cutting, and
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drilling. A pinpoint of coherent light can
cut or bore much more c¢leanly than its
mechanical equivalent, with much less
waste. (An informal, and entirely unof-
ficial, system for rating the strength of
lasers measures Lheir power in terms of
“Gilleues"—ihe number of razor blades
that a beam of laser light can successfully
punch through.)

Photographs 1aken by laser light can be
used to determine stress regions and faults

F1G. 4—THIS SEMICONDUCTOR LASER Ia 30
lirvy thiat It can filin the eye of $n ordinary sewing
needie. Photo courtesy of ATT Bell Laborato-
ries.

in materials. simplifying and improving
quality control procedures in critical ap
plications. Lasers are also used in indus-
try for non-contact menitoring of a wide
variety of systems. See Fig. 5.

Medicine: Lasers find applications in
numerous areas of medicine, among them
dermatology. gynecology. and many
areas of surgery. The finely focused beam
of a laser can operat¢ in areas {such as the
inside of the eye) inaccessible to the tradi-
tional scalpel.

Scicnce:‘Lasers have helped scientists
both 10 refine eXisting knowledge and to
learm more about our universe. Using
lasers, it has been possible to determine

F1G. 5—LASERS HAVE many spplications In in-
dustry. Hera's & device that uses & laser 1o
manllor the performance of an ulirasonic wire
bonder whith 1% used ln electronics production.
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the speed of light (186,282.398 miles/
second: 299,792.458 kilometers/second)
with an accuracy hitherto unknown, and
other units of measures have also bene-
fited. A laser beam follows what must be
the world's straighicst line, a boon for
surveyors and the like. Lasers in the labo-
ratory have also allowed the developmemt
of new techniques to perform tasks that
were previously impossible. Nuclear fu-
sion reactions making possible the gener-
ation of enormous quantities of inexpen-
sive clectricity from plain seawater will
probably be initiated and sustained by
lasers.

Communications: Right now fiber-op-
tic communications links using semicon-
ductor lasers are in limited use, but their
potential for carrying vast quantitics of
information makes it certain that as new
installations are made, they will become
much more common. In space, where
laser light cannot be attenuated by air, it
may ¢army communications and data from
satellite to satellite, or even to earth.
Lasers also are the hean, of course, of the
laser printers; those devices, with their
high-quality outpuls, are now becoming
popular in computer circles.

Entertainment: Laser-light shows are
popular at rock concerts, and lasers are
also used to record and read the informa-
tion contained on CD’s and most vid-
eodiscs. Holography, practical only with
laser light, makes possible 3-D photogra-
phy without a camcera or special viewing
device. and has given birth to a new an
form. One day we may enjoy holographic
movies, although holographic television
at this point secms rather farfetched be-
cause of the limited resolution of even the
most sophisticated video systems. The
applications of halography, of course, are
not limited to the world of entertainment.
Holographic techniques are also used in
devices like scanners for UPC (Universal
Product Code) readers in stores, and in
the restoration of artwork.

War: Like dynamile, lasers can be put
to both peaceful and destructive uses.
Currently in the headlines is the "Star-
Wars" echnology thal will lake the sci-
ence of war into the peace of space. Lasers
are also used in the navigation systems of
missites and in targeting devices.

New uses for the unique qualities of
laser light are constantly being conceived.
Among some of the more unusual and
esoleric areas being explored are dental
holography, gene manipulation, acu-
puncture, laser-based optical computers,
and the use of lasers to transmil power
from solar-energy-gathering satellites.
Future applications of the lascr may only
be limited by the scope of human imag-
ination.

It doesn’t take much lo see thatl the
invention of the laser is one of the most
significant things 1o come out of the labo-
ratory in this century. R-E
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NEON LASER

Build this simple helium-neon laser and start

having fun with photons!

ROBERT GROSSBLATT and ROBERT IANNINI

BACK IN THE HEYDAY OF SCIENCE FIC-
tion's era of purple prose, tales of bug-
eyed monsters, death rays, and the like
filled many a pulp magazine. Qf eourse,
we knew then that it was all just fantasy,
you could no more have a “death ray”
than you could travel faster than sound or
put 2 man on the moon.

While those bug-eyed monsters (or
BEM s, for short) have yet to pay us a visit
{to the best of our knowledge), much of
yesterday's science fiction is today's sci-
ence fact. We even have a death ray, of
sorts. Qf course, we are referring 10 the
laser, which can be a powerful weapon in
the hands of those who wish to use it as
such.

But the laser is also a great lool for
science and industry. In just 25 years the
laser has gone from far-feiched notion, to
scientific reality. to commen noun. Hard-
ty a day goes by where some part of our
lives is not affected by lasers. Today. the
laser has joined the transistor as a hall-
mark of modern electronics.

What's a laser?

The word /aser is an acronym for Light
Amplification by Simulated Emission of
Radiation. But for most of us, that
provides a poor explanation of what a
laser is and how il works. To find a better
explanation, we have to leave elecuomics
for a while, drop into the world of phys-
ics. and talk a little bit about the nature of

WWWW americanradiohistorv. comm

light. You can’t understand laser light un-
il you have some familiarity with the
properties of light in general.

There are three ways in which laser
light differs from ordinary light, and each
of those differences contributes 10 the spe-
cial characteristics of a laser. Let’s begin
by looking at some of the characteristics
of ordinary light.

Ordinary light has a relatively wide
bandwidth. That means that a spec-
trographie analysis would reveal that reg-
ular light is made up of many dilferent
wavelenglhs. Just about everybody has
seen, or done, the experiment in which a
beam of white light is directed throngh a
prism and split into different colors. The
ordinary light we see as white, therefore,
is actually made up of different color ele-
ments—it’s polychromatic. Figure 1
shows the composition of visible light,
and the relative sensitivity of the human
cye Lo various wavelengths.

Ordinary light is also remporaily in-
coherens. By that we mean that the vari-
ous components of the light do not share
any time retationship; they are all ran-
domly out-of-phase with respect to each
other. Thus, if you were able 10 look at the
waveform of a beam of ordinary light. you
would sce something that looks like Fig.
2. The irregularity and random ap-
pearance of that wavelorm is caused by
the presence of waveforms of differing
frequencies in the light, and the ways in
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which those waveforms interact with each
others. Because of that Interaction, at
some points the waveforms all add {con-
structive interference); at some points
they all subtract from one another (de-
structive interference), and al most points
a combination of the two effects occurs.
The result is an imegular, random-appear-
ing waveform as shown.

Finally, ordinary light is also spatially
incoherent. If you were 10 analyze the
waveform of Fig. 2 over a period of time
you would see that it is constantly chang-
ing. That's because the compenent wave-
forms are constantly changing their
positions with respect to each other, caus-
ing the interference effects Lo vary.

The best way to put the differences be-
tween ordinary and laser light in perspec-
tive is tocompare light to sound . Ordinary
light, because of all the things we just
talked about, can best be compared to
noise. The waveforms al any moment in
time are not only randomly spaced. but
there's an unpredictable mix of frequen-
cies as well.

Now, if rcgular light is like noise, then
laser light can only be thought of as the
purest sound imaginable. For openers.
laser light is highly monochromatic—a
spectrographic analysis would show that
it is composed of light of only one wave-
length. And where regular light is tem-
porally incohercnt, a laser is temporally
coherent—all of the light waveforms are
in phase with each other. That isone of the
reasons why a laser puts ut tight of such
pure color. Being menochroinatic helps.
of course. but being temporally coherent
as well means that there’s almost a com-
plele absence of what would be called
distortion in a sound wave,

As you might have already guessed,
laser Light is also spatially coherent. [f you
looked at the waveforms over a period of
time, there would be absolutely no shift-
ing or movement. Considering the ab-
sence of inlerference effects. that is
exactly what you would expect to happen.

Taken together, ali
of those factors are
what make laser
light so intense, and
so directional .

Since laser light is
just about interference
free, there's almost no
scatlering of the light.
The beam divergence is
very small—in the milli-
radian range. A laser
beam is really a beam of
light! Being coherent also
means that there’s a much
smaller loss in energy over
distance than there is with
regular light. Obviously,
since laser light is so different from reg-
ular light. it can’t be produced the same
way. And in order for us to understand
how it's produced, let’s see how regular
light is produced.

Electromagnetic waves in general, and
light in particular. is produced when an
atom gives off encrgy. Now, an alom ei-
ther takes on energy (absorption), or gives
off energy (emission), by having its elec-
trons move {from one energy level to an-
other. Once energy has been supplied to
the system. and absorbed by the atom,
emission can occur in one of two ways—it
can happen spontancously, or it can be
stimulated.

Spontaneous emission is the result of
natural ztomic decay. The electrons ran-
domly drop in energy level and produce
the kind of waveforms shown in Fig. 2.
When you power up a light bulb. for ex-
ample, the atoms in the filament absorb
energy and rclease it as a combination of
heat and ordinary, incoherent light.

Stimulated emission is a completely
different process. The fdea is to keep the
atoms from releasing their absorbed ener-
gy in a random manner. In order to do
that. you have 10 creale a state of affairs
called a “population inversion.™ ILn sim-
ple terms, that means that there have to be
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more atoms present thal have absorbed
energy than there are atoms that have
already released energy. Thal is usually
brought about by forcing enough ener-
gy into the syslem Lo creale at least
three atomic-energy levels. The most
excited atoms will emit energy and
drop down to the next lowest energy
level. That means there will be
more atoms al the inlermediate
level than there are at the lowest
level—that’s the population in-
version we mentioned.

As photons of energy are re-
leased, they will cause other
atoms lo emit energy in the

form of photons. Those pho-

tons will trigger the production of other
photons. And if the emission is bounced
back and forth between two mirrors the
production of pholons will continue to
build in phase and the result will be, you
guessed 11, a beam of laser light with a2
waveform that looks like that shown in
Fig. 3.

Making a laser

Now. understanding the basic theory
and putting it inte praciice are, as we all
know, two completely different things.
Creating the population inversion you
need to produce a laser beam is really an
iffy, ticklish business. Everything has 10
be just so or nothing will happen. The
mirrors have to be of a cenain type to
produce the in-phase coherent encrgy
needed for a taser. And enough energy of
the right type has to be forced into the
system to make the whole thing work.

The kind of energy you have to pump
into the system depends on the type of
material you're trying to make lase. Semi-
conductor and gas lasers are pumped up
with electrical energy while crystatline
lasers, such as those made from ruby rods
or YAG (¥Ytrium-Aluminum-Garnet) are
usually pumped up oprically with xenon
flash tubes or arc lamps.

The laser we’re building here is a gas
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FIG. 2—THIS AANDOM-APPEARING waveform
Is thst ol ordinary light. The waveform Is made
up of sll of the various IRqQuencies that make up
such light.
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FIG. 3—LASER LIGHT Is masde up of light of juast
one frequency. It is the purest type of ligh! possi-
bie.

laser—more specifically a helium-neon
laser. The frequency of the light is 6328
Angstroms and the laser puts out about |
milliwatt with a beam divergence of 1.3
milliradians. Now, 1 milliwatt may not
sound like a lot of to you, but that's be-
cause you're still thinking in terms of reg-
ular light. Remember that the laser
produces a highly directional beam of ¢o-
herent, menochromatic light. The laser
we're talking about here generates a beam
that can be spotted on a wall more than
two miles away!

Helium-ncon lasers are extremely inef-
ficient and. in order to make them work.

the mechanical setup of the laser tube has
to be just about perfect. It has to be prop-
erly sealed and contain the correct gas
mixture. Also, the mirrors have to be per-
fecily aligned dielectric ones so enough
reflection takes place at the proper fre-
quency to cause the device to lase. Those
mirrors must be highly reflective. within a
couple of decimal places of 100%:; by con-
trast, the silver mimors we use every day
have a reflectance factor of only 95%.

Making a helium-neon laser (ube is a
project that is beyond the means of most
of us as it requires a fair amount of skill
and equipment. Among other things, you
need to have the skills and equipment re-
quired 1o ¢reate a precise mixture of gas-
ses, and you need to be adept at glass
blowing. All of that is not impossible, of
course, but in most cases its a task that is
best left to someone else; we recommend
thal you purchase rather than build a tube.
(One source for laser bes is mentioned
in the Pants List.}

Once you have a working laser wbe.
actually making it produce a beam is sur-
prisingly simple. The only electronic as-
sembly needed is a power supply that will
deliver the night voltage to make the wbe
fire. Figure 4 is the schematic of a power
supply that can be used to trigger the laser.
If it looks familiar, that's because its fromt
end is essentially the same one used in the
construction of the infrared viewer that
appeared in the August 1985 issue of Ra-
dio-Electronics.

The power supply is a switcher with
Q1,Q2, and their related components for-
ming an oscillator that switches a square-
wave through the primary windings of T1,
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a high wohage step-up transformer. That
part of the circuit 1akes the batiery voltage
and produces about 400 volts AC at the
secondary of Tl. Diodes D3-Dé and ca-
pacitors C2-C5 form a vollage multiplier
that takes the 400 volis from T1 and boosts
itto the 1600-volts DC needed to ignite the
laser tube,

The high-voltage pulse necded 10 ignite
the tube comes from an 800-volt tap onthe
voltage multiplier. Resistors R3 and R4
divide that voltage to provide the 400 volts
needed to charge up C9, the dump capaci-
tor. When the SCR fires, the charge on C9
is dumped into the primary of the trigger
cofl, T2, Capacitor C11 charges up and,
since it's in parallel with the laser tube,
when the voltage builds enough to excite
the gas, ignition takes place and current
fiows through the tube. That causes a volt-
age drop across RI0, which tums on Q4
and tums off Q3.

As soon as the laser tube ignites, there-
fore, the ignition circuitry is umed off.
That saves batlery power because the laser
tube can sustain firing at a lower voltage.
The relaxation oscillator made up of Q3
and Q4, and their related components is
onty needed to control the firing of the
SCR. Once the tube starts to lase, the
voltage drop across R10 keeps the ignition
cireniivy tumed off. If the tube stops las-
ing. the R9-RIQ junciion will drop to
ground again and Q4 will tum off and
unclamp Q3. The SCR will start firing
again and, we hope, re-ignite the tube.

Construction

Before we actually siart building the
circail. there's one very imponant thing
you must keep in mind:

CAUTION! The power supply can
produce as much as 10,000 volts at about 5
milliamps. That is enough juice todoa lot
of damage. [f you’re not carcful you can
give yourself a severe shock. Remember
that the capacitors take a while to dis-
charge completely. You can get a real jolt
even if the circuit has been tumed off for
five or ten minutes. Treat the circut with
respect and make sure to discharge the
capacitors if you want to do some work on
the circuit,

Now that that’s out of the way, you can
build the power supply on perfboard or
use the PC board that's provided in our PC
Service section. elsewhere in this maga-
zine. If you use perfboard. remember to
keep the leads as short as possible because
there’s a lot of high-frequency AC running
around part of the circuit. Whichever
method you use, make sure 0 keep any
metal objects and your fingers away from
the output section located around T2 and
R1l. Those are the points of the circuit
where the highest voltages can be found.
One short second of carelessness on your
part and you’re going to ?ﬂ zapped. If
you're lucky, all it will do 1s hurt a lot.

The only other compenents in the ¢ir
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pHacemenl diagram.

euit that require special attention are the
switching transistors, Q1 and Q2. The
maximum current draw from the baticries
is about 750 mA, so those transistors will
be handling a Jot of juice and geuing hot.
The PC-board layout shown in Fig. 5 is
designed so that the transistors can be
placed in such a way that their tabs can be
stuck against the laminations of T1. Lf you
are using perforated construction board,
be sure that your layout allows for that,
t00. Use some heat-sink compound to get
good thermal contact, and using small

heat sinks wouldn’t be a bad idea.

After you've identified the componenis
and found their position on the board,
solder them inusing a minimum of solder.
Once you've done that, use some high-
vollage pulty, paraffin, or vamish to cover
the traces (or wires if you're using perf-
board) that connect 1o all the componenis
on the secondary side of T2 and the laser
tube. That par of the ¢ircuit has the high-
est voltages and it’s likely that arcing will
take place if all the bare metal isn’t cov-
ered. You may find it necessary to use the
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same material on the component side of
the board as well.

When you finish the board, check for
bridges, opens, bad solder joints, and so
on. If everything seems OK, you're ready
to test the power supply. Take 1the two
leads that normally would go to the laser
tube and tape them down so that they're ¥
-inch apart. Connect 10 volis to the power
supply. You should see arcing across the
laser-tube leads al a rate of aboul once a
second or so; the circult should be draw-
ing approximateiy 250 mA. If the spark
becomes continuous, the current draw
should jump to about 750 mA—the full
operating current of the laser tube. If you
measure the voltage across the output of
the supply. you should see an open circuit
voltage of about 2500. Once the laser tube
is connected, the voltage will be in the
neighborhood of 1500.

If you've gotien this far withoul any
brain damage, you're ready to connect the
tube to the supply.

CAUTION! The laser tube is an expen-
sive, delicate piece of equipment. In order
1o connect it to the eircuit you'll be solder-
ing leads to the metal collars at either cnd
of the wbe. Use a minimum of solder and
apply heat for a minimum amount of time.
Don’t ever forger that the tube has a high
vacuum inside and you can damage more
than the tube if you destroy the integrity of
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the seal. Use a low-power iron and a lot of
common sense when you solder w0 the
tube. Tin the wires ahead of time to keep
the soldering 1ime to 2 minimum.

The Laser tube has an anode and a cath-
ode end. The anode is the clear glass end
of the tube and the cathode can be identi-
fied by finding the small metal tube used

PARTS LIST

Ail resisiors Ve watt, 10% unless noted
R1—2200 ohms

R2—220 ohms. t watt

R3, R4—1 megohm
R5,R7—100 ahms

R6—n0t uSed

R8—100,000 ochms

R3—1000 ohms

R10—220 ohms

R11, R12—47,000 ohms. 1 watt
R13—470 ohms

Capacitors

C1—1D uF, 25 volts, electrolytic
C2-C8—0.01 wF, 1.6 kV, caramic disc
C9—0.1 uF, 400 volts, paper diglectric
C10—1 uF, 50 volts, electrolytic
C1—0.001 uF, 10 kV, ceramic

Semlconductors

D1, D2—1N4001

D3-D8—1N4007

D3—HX200ED, 20 kV diode
LED1—Red LED

Q1, Q2—D40D5, NPN power transistor
Q3—2N2646—UJT transistor
O4—PN2222 NPN transistor
SCR1—2N4443 SCR

Other components

T1—12 o 400 volts, 10 kHz switching
transtormer

T2—10-kV trigger transiormer, 400-volt
primary

B1—14.4 volts. 12 nickel-cadmium cells,
or equivalent

S1—SPST swilch, momentary pushbut-
ton, normally open

Miscellaneous: PC bBoard, helium-neon,
laser tube, PVC tubing for case, battery
holders, wire, sclder, etc.

Note: The foilowing are avallable from
Informatien Unlimited. PO Box 716,
Amhearst. NH 03031 PC board, $4.50;
switching tranaformes {T1), $14.50;
trigger transiormer {T2), $11.50; 1-milli-
watt laser tube. $148.50; 0.4-milliwatt
laser tube, $35.50; high-voltage diode
{D9), $3.50; high-voltage capacitor
{C11), $3.00.
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FIG. 6—A HELIUM-NEON lasar tube. The cathode end ¢an be identified by the small tube used

to fill the laser tube with gas. See Fig. 6.
Once you have the ends of the laser tube
identified, solder 1he lead from R12 10 the
anode, keeping that lead as shont as you
can. The voliage al R12 is about 1100 volts
when the tube fires, so that is the point
where arcing or some other type of para-
sitic power loss is most likely to occur.
Keeping the lead as short as possible will
g0 a long way toward eliminating any po-
tential problems.

Connect the cathode of the wbe
through an ammeter to R10 and apply 10
volts to the supply. The tube should start
sputtering as it tries to ignite. As you raise
the voltage slowly, ignition will take place
and the tbe will fire. If you raise the
supply voliage to 12 volts, you should find
the wbe drawing about 5 mA and the
supply will be putting out aboutl 750 mA.
The operating current of the laser tube
should be kept in the range of 4. 510 5.5
mA. Less thun that and the tube won't
operate reliably; more than that and you'l]
cut down its operating lifetime. You can
trim the values of R|1 and Ri2 to gei the
operating current into the safe range. Just
make sure you keep the total resistance of
R1l and R12 at about 100,000 ohms.

The current through the tube is going to
vary a lot as the battery voltage changes. If
you use nickel-cadmium cells, remember
that the operating voltage is going to be
1.2 in each cell for most of the lifetime of
each charge. Freshly charged nickel-cad-
mium cells, however, can have a voltage
as highas 1.5. Admittedly that doesn'tlast
very long. but we'll mention it because
adjusting the laser tube’s operating cur-
rent with freshly charged batteries could
cause you to choose artificially high val-
ues for R11 and R12. So before you stant
trimming the resistors, make sure the bat-
teries are at 1.2 voits per cell

Since the operating current is tied to Lhe
supply voltage, it's natural to think about
voltage regulation. Well, there is nothing
wrong with regulating the input voltage,
but there are a few things to keep in mind.,
If you use 12 nickel-cadmium cells, you'll
have a supply voltage of [4.4 and you'll be
drawing as much as 750 mA from that
supply. A three-terminal regulator like the
7812 would seem 10 be an ideal choice,
but asking it to supply 750 mA is really
asking a lot unless you use a 7812C,
which can handle | amp with a good heat
sink. An LM317 can be set up to put out 12
volts and it can supply 750 mA.
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The biggest problem with using an 1C
voltage-regulalor is the voltage loss that's
inherent in those devices. In order 1o sup-
ply 12 volts, a regulalor needs an input
voltage of aboul 14.5 volis, Now that’s
just about the maximum you can pet from
the batteries. And if your particular tube
wanis a little bit more than 12 volts, or
some of the power-supply componenis are
a little bit lossy, you're in a lot of trouble,

So, you ask, what’s the bottom line.
Well, after ali’s said and done, unless you
want to do an awful lot of circuit design,
the best thing to do is let the power supply
look directly at the baueries. It's not the
best solution in the world, bul it's proba-
bly the best thing in this situation.

The case for the laser can be as simple
or as funcy as you like. Perhaps the sim-
plest and most functional approach would
be to use some lengths of standard PVC
tubing. But if you do that, or completely
enciose the circuft in any way, you could
run into an overheating problem because
of the amount of heat produced by the
power supply. Because of that, it's a good
idea to limit the on-time to less than a
minute; keeping it under 30 seconds is
even better. Further, giving the supply a 5-
second or so rest between uses will in-
crease its lifetime tremendously. Also, the
better you heatsink Q1 and Q2, the beuer
off you"ll be.

Having fun

The output of the laser tube is about |
milliwatn {or 0.4 milliwan if the lower-
powered tube offered by the supplier men-
tioned in the Pants Listis used) and, at that
power, it can't do any domage. If you had
thoughts of burning your way through
steel, forget it. Lasers that ¢an do thal are
worlds away from the onc we're building
However, that doesn’t mean you ¢an treat
the light from this laser with no respect
whatsoever.

CAUTION! Evcn a l-milliwatt laser
can be hazardous if you lock directly at
the beam. While we assume that anyone
considering building a laser would know
enough about those devices Lo never. nev-
er even consider doing something so
foclhardy, the very nature of laser might
make it very easy for accidents to happen.
The beam 15 highly direcuonal and very
intense: to compound matters, the re-
flected beann is just as dangerous as the
emitted beam. 1t's a simple matter to have
the beam bounce off some shiny object
and reflect back 0 you. You can wear
safety glasses. but even if you do, be care-
ful where and how vou use the laser.

While you can use this laser, which
throws an intense red beam. for such
things as target spotting, perhaps its
greatest use is as an introduction to the
world of lasers in general. Watching the
tube fire is truly fascinating and the more
you experiment with it, the more you'll

Jeamn. R-E
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CIRCUIES

TV SIGNAL
DESCRAMBLING -

Learn all about the techniques used by the pay-TV

and cable companies to keep unauthorized
viewers from pirating their signals.

WILLIAM SHEETS and RUDOLF F. GRAF

THANKS, IN PART, TO THE EXPLOSIVE
growth of the video marketplace, it is rare
these days to find a home that does not
have access 1o some form of ““pay-TV.”
By pay-TV we are, of course, referring to
some type of premium programming that
is provided to the viewer at a cost. Pay-TV
can take many forms. [t can be delivered
via cable, satellite, multi-point distribu-
tion system {terrestrial microwave). or
over-the-air subscription TV, and pay-TV
can be charged for on a fixed-fee or per-
program basis.

Obviously, for such a system to suc-
ceed, there needs to be some means (o
collect the charges for the premium chan-
nels or individual programs. and to pre-
vent unauthorized reception by non-
paying viewers. The most popular way of
doing that is scrambling—encoding the
signal so that it is unwatchable and/or
inaudible to nonsubscribers. I1f a signal is
properly scrambled. there is no way to
adjust the television receiver so that a usa-
ble signal can be seen or heard.

In order to receive the signal, a device
called a decoder or a descrambler must be
used: that device is generally located be-
tween the antenna {or cable output) and
the television receiver.

There are many different scrambling
and descrambling techniques. Some
scrambling schemes are basically very
simple and provide only minimal security.
Others are very sophisticatcd, and expen-
sive. Thus, while they provide a high level
of security, they are not currently practical
for home-TV use. However, that may not
always be the case. The recent develop-
ment of low-cost, mass-produced digital-

TV [C’s may make highly sophisticated,
secure scrambling economically feasible
for home use in the not-too-distant furure.

In this series of anticles we are going to
discuss several scrambling-descrambling
systems. All of those systems are either
currently in use or possible in theory. Both
system operation and circuitry will be de-
scribed. Also, we will describe several
experimental decoders, for those who
wish to gain hands-on knowledge of the
technologics involved (see text box), and
we'll descnobe a device to scramble an
existing video program. You may find the
scrambling circuit useful for such things
as prutecting private information on your
own videotapes (1om either unauthorized
viewing of copying.

Incidentally, these articles are not in-
tended to aid anyone with the theft of
signal. {n most instances, the theft of sig-
nal from a cable company, overthe-air
pay-TV company, etc., is a crime,
punishable by fines, and in some cases
jail. Even if it were net, in many cases it
would be more economical simply to sub-
scribe and pay the fee. Decoders are ex-
pensive to buy and time consuming to
build. And if. afier you’ve spent the time
and/or meney for an illegal decoder, you
find you don’t like the programming, you
are stuck with the equipment.

The video signal

In order to understand how scrambling
works, you need some knowledge of the
structure of a normal {not scrambled) vid-
eo signal. Figure 1-a shows a simplified
NTSC signal; in the U.S. and Canada,
that is the composite-video signal that is
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Over the next few months. Radlo-
Electronics will be presenting a se-
ries of articles describing the tech-
niques used by pay-TV and cable
comparnies 1o scrambie their signals.
While specific circults for specific
scramibling systems will bo discussed,
they are presented lor informational
and experimental purposes only.
Therefre, parts lists. parls suppliers,
and addmonal lechnical support will
not be avaitable for those circuits.

transmitted by your local TV station. In
that signal. the video information appears
between high-amplitude pulses. The
effecis of those pulses are not readily ap-
parent on the screen, but they play an
important role in the creation of the TV
image.

The pulses are actually inade up of sev-
eral components. The widest part is called
called the hotizontal blanking pulse. The
purpose of the blanking pulse is to elimi-
nate the visible effect of the bright ver-
tical-retrace lines. It does that by “turning
off” the CRT during retrace, Piggy-
backed on the blanking pulse is the hori-
zontal-syn< pulse; its purpose is to syn-
chronize the TV's horizontal sweep
circuitry to the video signal.

Right after the horizontal-sync pulse's
trailing edge, but before the blanking-
pulse’s trailing edge {that region is called
the *'back porch™)is a signal consisting of

9861 3INAC

s
=L


www.americanradiohistory.com

RADIQ-ELECTRONICS

£
=]

eight cycles of a 3.58 MHz sinewave.
That signal is the colorsync (burst) sig-
nal; it is absent if the transmitted program
is black and white. It is used to syn-
chronize the color circuitry in the TV re-
ceiver and to turn on the color circuitry for
color programs. In its absence {(B/W pro-
gram), the color circuitry in the TV re-
ceiver shuts down; that prevents colored
noise and streaks from interfering with a
black-and-white program.

These arc 15,734 horizontal-sync
pulses transmitted per second corre-
sponding to each of the 525 lines of 59.94
fields transmitted per second. Each field
consists of 262¥% lines (imerlaced scan-
ning), and two ficlds make a frame. Alter-
nate lines are scanned on cach ficld. For
simplicity, we will round off those num-
bers to 15,750-horizontal apd 30-vertical
frames per second. Note that the vertical
pulses occur at a 60-Hz rate. but that alier-
nate pulses are slightly different. due to
the interlacing.

For our purpeses. the main point (o
remember is that those honizontal and ver-
tical pulses. and the color-burst signal, are
used for timing and synchronization nec-
essary to reconstruct the TV picture. If
any of those pulses arc absent, distorted,
or altered. it becomes difficult or impossi-
ble 1o synchronize the TV picture. It will
roll, tear. and the colors will be incorrect.
rendering the picture unwatchable. Natu-
rally. the video level must not be so great
as to exceed the horizontal-syne pulse
level, otherwise the level-sensitive sync
circuits will be “confused™ and the TV
picture will not synchronize properly.

Audio information is frequency modu-
lated on 2 4.5-MHz signal (hat is added to
the composite-video signal: the audio
may also be modulated on a subcarrier, as
is often done in scrambling systems (more
on thal in a monient). The audio signal is
like a standard FM-broadcast signal, ex-
cept the deviation is limited to =25 kHz
instead of the =75 kHz used in FM
broadcasting. The audio cirevitry ina TV
receiver is much like the corresponding
circuitry in an FM broadeasl receiver.

The color signal 1s a bit more complex
to understand, bul basically it is a 3.58-
MHz (actually. 3.579545.MHz) signal
that is both amplitude and phase modu-
lated. The amplitude of that signz! deter-
mines the saturation of a color. {whether it
is, for example, white. light pink . rose, or
red) and the phase determines the hue
{whether it is red. orange. vellow, ete.)
Note that the amplitude of the composite
color signal is used to determine the dif-
ference from white, not the intensity. of a
particular color. In that way, a color signal
with zero level would produce a white
raster making for compatibility between
color and black-and-white reception on
the same TV receiver.

Of course, we have only louched upon
the basics of the video signal. Since a

comprehensive treatment of the subject
would take much more room than we have
available, we suggest you consult a good
reference on the topic. You are sure to find
several at your local library or technical
book store.

Scrambling the picture

As you may have guessed from the fore-
going, by altcring any of the key compo-
nents that we’ve discussed, a piclure can
be rendered unwatchable. If the alteration
is done in such a way that a circuit at the
receiving end can counteract such aliera-
tion. you have the basis for a scrambling
syslem

Further. there are still more ways in
which a signal can be scrambled. For in-
stance. the video information between the
sync pulses may be modified. the scan-
ning sequence can be aliered, or various
scrambling techniques can be integrated
in a time varying way to provide different
scrambling by minute, second, or even
frame.

Several simple scrambling schemes are
generatly in wide use today on cable and
pay-TV systems. One of the simplest in
use is video inversion. In that method, the
video information is sent with reversed
polarity. The TV may or may not sync on it
{depending whether the syne pulses are
inverted alse). If the set can synchronize
the signal, il appears as a negative pic-
ture—dark areas are light, and highlights
are dark. Colors are reversed, and appear
as complementary to those in the original
scene. If you do not mind warching blue
faces, brown skies, and red grass, then the
picture might be watchable.

Usually nothing is dore to the sound.
although it wmay be modulated onto un
subcarrier, and the main sound carrier
may have what is called “barker audio™
on it (more on that in a moment).

Tl T N
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FIG. 1—A NORMAL NTSC video signal is shown
In . In ore of the simplest scrambling methods.,
the polarity of the video information. which is
|located between ihe horizontai blanking pulses.
I Inveried, as shown in b.

Inverted video is easily unscrambled by
merely re-inverting the video polarity in a
video amplifier. That can easily be done in
the TV set. The only precaution is that it
musl be done at a suitable point in the
video system. For example, if the syne
pulses are not ifverted. it must be done
afler sync akeofl. Some sets use separate
detecrors for sound/sync takeoff. Fgure
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I-a shows whai 2 video signal with inver-
ted video. but normal sync pulses, looks
like.

A more sophisticatcd method is to in-
vert the video at scveral intervals during
the frame . or every several frames, or dur-
ing positions of scan lines. That results in
a picture with a very annoying flicker or a
superimposed pattem, which would be
unwatchable unless you don’t mind severe
eyestrain or a headache. Figure 2 shows
what a video signal that has been
scrambled in that way looks like. Decod-

NORMAL INVERTED NORMAL

FIG. 2—IN SOME SCRAMBLING 5YSTEMS the
potarity ol the video atlernales every frame or
every few frames.

ing that signal requires an arrangement
where the video polarity can be in-
stantaneously changed in synehronization
with the scrambling signal. A block di-
agram of an appropriate decoding systcm
is shown in Fig. 3. The information re-
quired by the decoder to sync with the
scrambled signal can be transmitted on
the sound carrier, sent with the picture
itself, or obtained from the sync section of
the TV set.

If aliernate frames are inverted, the eye
would tend to add the adjacent frames due
Lo persistence of vision. That would show
up as either a weak positive or negalive
image, or ideally. a blank raster. However,
the video inversion method and its more
sophisticated versions are not very “se-
eure” in the sense that descrambling is
easily done. Video inversion is best used
along with a more complex method that
alsq acts on the sync pulses.

Scrambling the sync

There are many ways (o alter the syne
pulses. One method that is currently pop-
ular is called sinewave scrambling. 1n that
method a 15.75-kHz sinewave is added to
the video signal. If the negative peak of
the sinewave corresponds (o the positive
peak of the sync puise (see Fig 4). thal
suppresses the sync signal below the peak
video level. That “confuses™ the sync
separator circuils in the TV set and they
cease to function properly.

The resulting picture tears and rolls.
and has a vertical dark band. Colors are
lost or out of sync, since the TV set cannot
tell where the sync pulse is. Some video
signals thal have mostly very light areas
(highlighs) may synchronize properly for
a monwnl. but most will roll, tear, or
distort. The picture is generally unstable
and eannot be watched.

Unscrambling is done by taking the
scrambled signal and mixing it with 2
sinewave of proper phase and amplitude to
cancel the added sinewave. The sinewave
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FIG. 3=THIS BLOCK DIAGRAM $hows 8 circuil thal can be used to descramble a signal In which the
polarity of the video Information is randomily switched.
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_________ PEAK VIDEQ
Ng = v = — e maPEAK SYNC

LOMPOSITE
SIGMAL

FIG, 4—IN SINEWAVE SCRAMBLING the wideo intormation is summed wilh 8 sinewave. Tha result |
that tha normal reléllonship between the peak aync and the peak video Is altered.
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SOUND ] M
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SCRAMBLED
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15.75 kHx
SINEWAVE

ADDER
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VIDED DUY

DET
COMPOSITE
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FiG. 5—IN A SINEWAVE DESCRAMBLER, 8 15.75-kHz sinewave la summed with the scrambled signat

to yield a normal video signal.

_ : SUMMING
PULSES ” " " ()-—\_Jmpunen

wommoJ

SUPPRESSED SYNC

— =~ ==PEAK VIDED
PEAK SYNC

COMPOSITE VIDED

FIG. 6—IN GATED-SYNC SCRAMBLING, & negative pulse traln is summed with the composite video [o
yieid 8 video signal in which the amplitude of the horlzonisl syne pulses is greatly sttenusted. That
makes it impossible for 8 TV set to lock onto tha Signal.

is usually obtained from a PLL that is
locked 1o a 15.75 KHz signal encoded on
the audio signal. That operates very much
like a PLL used for sterco FM pilot-carrier
regeneration. In fact, the circuitry is very
similar and FM stereo IC's can be used 1o
good advantage in a descrambler circuit.
A block diagram of an appropriate de-
scrambler circuit is shown in Fg. §.
Figurc 6 shows another mcthod of su-
pressing the sync. Called gated-sync
scrambling, that niethod is similar to sine-
wave scrambling in that it operates by
altering the relationship of the amplitudes

of the sync pulses and the video signal.
That is done by summing a negative pulse
train with the composite video signal. The
result is & composite video signal in which
the sync pulses appear to be missing. Asa
result, the sync circuitry, which generally
picks oul the most positlive signal levels
and assumes they are sync pulses, is ren-
dered inoperative and the picture tears and
rolls.

To deseramble a gated-sync signal, a
pulse 1rain of proper amplitude and phase
is summed with the alicred composite vid-
eo signal. A block diagram of a de-
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scrambler that does that is shown in Fig.
7. The pulse train is gencrated in the de-
scrambler and is usuwally locked to the
signal from the the decoder PLL circuit
via the same technique that’s used in a
sinewave decoder. [n fact, the gated-syne
method of scrambling is very similar in
theory to the sinewave method. and it is
possible to design one descrambler that
could be made to decode both of those
types of scrambling.

Audio scrambling

A word abowt audio scrambling: The
audio carrier is located 4.5 MHz from the
picture carrier. [t is a distinct frequency
component of the TV signal and can be
received on an FM receiver tuncd to the
appropriate frequency. The signal is iden-
tical to standard (broadcast) FM, except
that the deviation is limited to + 25 kHz.

The TV-audio signal can be modulated
with subcarriers. Normally a TV receiver
has a quadrature or discriminator type de-
tecior, with an RC filter on the zudio out-
put. As to the IF bandwidth, a rule of
thumb in FM receivers s that it is wwice
the deviation plus the highest modulation
frequency. Since TV audio normally goes
up o about 10~15 kHz, the bandwidih of
the audio IF would be about 2 X 25 kHz,
plus 10 to 15 kHz, or about 60-65 kHz. In
most TV receivers, the audio-IF band.
width is about 100 kHz.

If ihe 4.5-Milz carrier deviation is re-
duced somewhat, subcarriers can be put
into the audio channel up lo about 100
kHz or so. They can serve as subcarriers
for decoding signals. or even other audio
channels. An example of that is the
(L —R) audio channel in an FM stereo
system, whereby the differences between
the left and right channels are epcoded on
a 38-kHz subcarrier.

In many scrambling schemes, the pro-
gram audio is stripped away and placed on
an audio subcarrier that is some rmultiple
of the horizontal scan frequency. The
mosl cornmon and practical avdio subcar-
riet frequency is 31.5 kHz; the 15.75-AHz
horizontal-scan signal is used as the pilot
carrier. Those frequencies are close
enough (o the 19-kHz pilot frequency and
38-kHz subcarrier frequency used in FM
sterco 10 allow the use of mass-produced
FM-stereo IC’s in TV audio decoders.

If the audio is siripped away in that
manner. a viewer without a decoder will
receive no sound and a scrambled picture.
In many scrambling systems, rather than
being empty, the main audio channel can
be used as a “barker channel™ for adver
tising for the pay-TV service, music, or
anything at all. A block diagram of a
circuit that can be used to encode an audio
signal in the above manner is shown in
Fig. 8.

Note that stripping away the program
awdio and placing it on a subcarrier is not
really scrambling. It is merely relocaling
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FIG. 7—A GATED-SYNC DESCRAMBLER is very similar to one used to descramble sinewave-encoded
video. In fact, it Is possible to design a single decoder to descramble both aystems.
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(AL ] AMP

AMP
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BARKER 0-15 kH7
PILOT 1575 kHz
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IPROGRAM ALIDIO}

FIG. B—IN MANY SCRAMBLING SYSTEMS, Ihe program audio is stripped sway and put on s 31.5-kHz
subtamrier. Where thai's done, usually the normal audi¢ channel is used as 8 “barker”’ channed. which

contains advertising. music, etc,

|

SCAAMBLING FROM THE SKIES. This M/A-COM Videocipher descrambler 18 the key to unlocking
HBO'S (and other's) sateilite programming. In 8 future instaliment we'll be ooking at the Videocipher

system.

the audio program in such a way that it can
nol be received on a standard TV set. True
audio scrambling would involve altering
the audio waveform. If that were done. the
signal might be receivable on a standard
TV sct, but it would be unintelligable
under any circumstances. True scram-
bling can be done using any one of a
number of techniques. including frequen-
cy inversion and digitizing. However, care
must be taken to ensure that the encryp-
tion technique does not restrict the use-
able audio bandwidth.

Cable-TV scrambling
‘The box-type descrambler commonly

used in CATYV systems generally contains
an RF converter to convert all cable chan-
nels to one fixed channel, usually Chan-
nel 3 or 4. By doing that, the descrambler
circuits can be designed to deal with but a
single channel.

In the case of sinewave or gated-sync
descramblers, some aclually detect the
video signal, extract necessary decoding
signats from it, and use those signals to
act upon the channe! 3 or 4 IF signals, By
using a variable-gain IF amplifier for
channel 3 or 4, the decoding signals can
modulate the [F gain, reestablishing prop-
er sync-signal level and cancelting the
sinewave modulation, ot reestablishing
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sync-pulse level in the case of gated-sync
systems. The encoding and decoding sig-
nats may also be supplied in CATV sys-
tems at frequencies outside the receiver
channels. Many different encoding tech-
niques can be used in CATV systems, but
galed sync, sinewave, and the Zenith
SSAVI (Sync Suppression And Video /n-
version) seem (o be the most popular
schemes currently.

Another method used on some cable
systems is the deliberaie insertion of key-
ed camiers in the video channel used for
premium TV shows. An RF carrier can
cause severe crosshatching. Keying the
carrier causes an annoying flicker, and the
resultant picture looks tike 4 severe case of
TVI caused by 2 CB or amateur station, In
order 1o provide service (o a subscriber, a
high=Q trap is inserted in the transmission
line between the CATY signal tap-off and
the TV set. That method, while inexpen-
sive, is easy (o defeat. A high-Q cavity
notch filter can be made out of a coffee can
and several feet of Y-inch copper tbing.
Those materials ean be used to construct a
helical resonator; tuning the resonator is
merely & matter of adjusting its cavity fora
notch at the interfering frequency. Also, a
high-0Q stub transmission line section can
be used Lo achieve the same purpose. We
have known cases where even a few feet of
aluminum foil wrapped around the oul-
side of a length of 300-ohm twin lead (the
aluminum foil position is adjusted for a
null) did a fairly good job of rendering the
picture walchable. However, note that that
is not true sctambling: it is merely the
addition of deliberate, controlled inter-
ference to the CATYV signal.

Odds and ends

There are several ways we could modify
the systems that we've discussed thus far
to make them more difficult to decode by
non-authorized Wiewers. For instance, in
the sinewave scrambling method, rather
than using a 15.75-kHz signal, the scram-
bling sinewave could have a frequency of
31.5, I that were done, every other cycle
of the sinewave would cancel a sync pulse
and the piclure would be vertically
streaked twice insiead of once.

Similarly, the gated-sync system could
be made more difficult to decode by sub-
stituting a more complex pulse waveform
for the one we illustrated.

Next time

Thus far, the scrambling techniques
we've discussed are relatively simple.
Consider, however a system in which the
method of scrambling varies with lime, or
one in which digital techniques are used
to alter the sequence in which the video
information is transmiued, or both,
‘Thanks to today’s low-cost digital IC's
such sophisticated scrambling techniques
are now possible and practical. We'll look
at some of those techniques next time, R-E
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Versatile
Bench Top Power Supply

Heres a high-performance power supply
to help get your designs off of the drawing board and on to a PC board!

EVERYONE WO WORKS WITH ELEC-
tronics needs a power supply. but a com-
mercially-produced variable-voltage cur-
rent-limited power supply can lake quite a
chunk out of your pocketbook. So we
decided to find a better way. Our power
supply provides any woltage between 3
ard 30 volts, at any maximum gurrent you
desire less than 1000 mA. [n addition, our
supply provides short-circuit protection,
load switching. and switchable voltage/
current metering. Further, all pans are
readily obtainable and inexpensive, and
the supply is easy to buiid and calibrate.

One feature that really sets our design
apart is thal it's capable of providing a full
amp of power over most of its range of
output voltage. Many comparable power
supplies can provide one amp of current,
but onlty over a restricted range of cutput
woltage.

Qutput voltage {s selected by means of
a range swiich with two positions: 3—15
and 15-30 volts. A potentiometer varies
voltage continuously throughout the se-
lected range. Similarly. current limiting is
selected by a switch providing ranges of
150400 and 400-1000 ma, and by a po-
tenticmetes that allows cutrent t¢ be var-
ied continuously oves the selected range.
Actually, both current and voltage ranges
overlap slightly to ensure that there are no
gaps in output.

*Adapted with permission of Elacironics Australia

GREG SWAIN AND FRANCO UBAUDI*

The graph in Fig. | illustrates the high
performance you can obtain from our
power supply. As you can see. maximum
load current {one amp) is maintained up to
27 volts, after which the load curve falls
away due to rransformer losses. Other
specifications include load regulation that
is better than 0.2% from zero to full load,
and output ripple that is less than 2-mv
rms.

Design conslderations

Initially we considered using an LM317
three-terminal variable-voliage regulator
as the basis fof our supply, bul we soon ran
into difficulies. Despite various ap-
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FIG. 1—POWER SUPPLY CAN SUPPLY ONE amp

ol current all the way Lo 27 volls, where oulpui
drops to sbout 8.75 amp.
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proaches, we were unable to come up with
a cost-effective circuit that would deliver
one amp over the entire voltage range. The
problem was thermal limiting in the
LM3I7 with a high input voltage and a
low output voltage. Another drawback
was that an additional op amp was re-
quired to provide current sensing for the
current-limiting circuitry, and that would
have increased both cost and complexity
of the circuit.

So we rejected the LM317 and adopted
the LMT723, It requires a current-boosting
transistor, but it has built-in current limit-
ing. The guts of the 723 arc shown in Fig.
2. ltconsists of a series-pass lransistor, an
ermor amplifier and a voltage reference.
The error amplifier compares a portion of
the output voltage with the internal refer-
ence voltage and continually regulates the
base current that is applied to the series-
pass transistor. That’s what provides regu-
iaied output.

The 723's built-in series-pass transistor
can deliver a maximum of 150 mA of
current, so, in order to obtain more cus-
rent, an extermal power transistor is re-
quired

One particularly useful characteristic
of the 723 is its built-in current-limiting
circuitry. When output current reaches a
preset value, the current-limit transistor
turns on and that reduces the base drive 1¢
the series-pass transistor. The output voit-
age is thereby reduced.

9864 INNC
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-F]G..b—THE LM723 REGULATOR has most of the clrcultry necessary for 8 complete current-limited

power supply bullt rlght In,

Clrcuit details

The schematic of the complete power
supply is shown in Fig. 3. A tapped trans-
former drives a diode bridge (D1-D4) and
two 2500-uF filter capacitors (Cl and
C2). That provides a no-load voltage of 37
or 47 volts, depending upon the position
of switch §2-a. The unrcpulated DC is
then fed to a pre-reguiator stage com-
posed of Q1 and D5. Those components
proteet IC] (the 723) from an over-voltage
condition; the 723 can’t handle more than
40 volts.

The LED (LED1) and its 2. 2K curmrent-
limiting resistor (R1) provide on/off in-
dication. The cumrent through the LED
varies slightly according 1o the trans-
former ap selected. but that’s of no real
consequence.

The series-pass transistor in IC1 drives
voltage-follower Q2, which provides cur-

rent amplification. Thar transistor can
handle lots of power. It has a maximum
collector current of 15 amps and a max-
imum Vo of 70V, both of which are more
than adequate for our supply.

Heat dissipation could have been a
problem when drawing high cument at
low voliage. We solved that problem by
switching the secondary winding of the
transformer. For ovulputs greaer than 15
wolts, $2-a selects the 30-volt 1ap on the
transformer, and for outputs fess than 15
volts, §2-a selects the 24-voll tap.

Voltage regulation

Now let's examine in detail how the
voltage-regulator section works. The er-
ror amplifier in the 723 is connected as a
non-inverting amplifier with variable
gain. The input to that amplifier is fixed at
about 2.8 volts by R3 and R4, which are

“.0—0
1446 GuRPH
T ey

g

FIG. 3—SCHEMATIC DIAGRAM OF OUR POWER SUPPLY shows how the LM723 can be put to good
use with littie more than a current-amplitying transistor (Q2).
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fed by the 723 inlemal reference volt-
age. Capaciter C3 is included 10 reduce
output poise.

On the 0-15V range. switeh S2-b is
clused. so feedback resistance—ihe resis-
tance between the output of the supply
and the inverting input of the error ampli-
fier—can be varied between 100 and 5000
ohms. That corresponds to an amplifier
gain ranging from .1 to 6.1. and that
comespends (¢ an output voltage ranging
from 3.1 o 17.1 volis. With switch §2-b
open, the gain of the amplifier is adjusta-
ble from 5.8 to 10.8, and that corresponds
1o an outpul voltage ranging from 16.2 to
30.2 vols,

The current-limiting circuit depends on
the position of §3. That switch causes
load current from the emitter of Q2 to flow
through either R14 or R15. The resulting
voltage is applicd to a voltage divider net-
work composed of R12 and R13, The volt-
age developed at the junction of those two
resistors depends on the setting of fron-
panel control R13, curreNT LimiT. That
voltage is then applied to the curment-lim-
iting transistor in the 723.

in the interesis of economy, we elected
to use a single meter and to swiich be-
tween measuning vollage and current. It
wuuld be nice to have a separate meter for
each, but cost is prohibitive. Meters arc
expensive, and a larger case, whichisalso
more expensive, would be necessary to
provide the necessary front pancl area.

Our melering circuit is straightforward.
When measuring voltage. the paralled
combination of aR16 and R17 provides an
effective resistance of 30K. That resis-
tance is in series with the one-mA mov-
ing-coil meler, so it can measure a
maximum of 30 volts full scale. When
measuring current. the meter is shunted
by the 0.5 ohm resistance provided by the
parallel combination of RS and R6. Trim-
mer potentiometer R7 is used to adjust the
meter for accurate readings.,

There's not much else to the circuit.
Capacitor C6 prevents swiiching (ran-
sients from being delivered to the output,
and D6 protects the power supply from an
accidentally-applied reverse vollage—
from a charged capacitor. for example.
Capacitor C5 ensures stability of the sup-
ply under all conditions.

Construction

Except for the front-panel swiiches,
potentiometers, etc., and the power trans-
former, all components are mounted on a
PC board that measures about 44 X 4%
{inches). A foil partemn for the board is
shown in “"PC Service.”

No special procedure need be followed
when assembling the PC board, although
the job will be much easier if the lower-
profile components are installed first. Re-
fer to the parts-layout in Fig. 4 to install all
components; be careful 1o install [CI, the
diodes, the transistors, and the elec-
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trolytic capacitors in the comect orienta-
tion. Also, mount transistors Q1 and Q2
without trimming their legs: the full
lengih will be necessary if you use the
heat sink arrangement shown in Fig. 5.

The power supply is housed in an at-
tractive plastic instnument case that mea-
sures about 74 X 6% X 2V (inches), If
you purchase the kit from the source men-
tioned in the parts list, you'll receive spe-
cial front and rear pancls.

The layout of the front panei is shown in

PARTS LIST

All resistors Ve-watl, 5% unless other-
wise noted.

R1—2200 ohms, ¥ walt

R2—470 ohms. ¥ watt

R3—1800 ohms

R4—1200 phms

R5. R6—1 phms. 1 watt

R7-—1000 ohms. timmer potenfiomeater

R8—1000 chms

R9—500¢ ohms, panel-mount polenliom-
ater

R10—4700 ohms

R11—100 ohms

R12—270 obms

R13—500 ohms, panel-mounl potentiom-
ater

Rt14—1.5 ohms, 5 walts

R15—3.9 ohms, 1 watt

R16—330,000 ohms

R17—33.000 ohms

Capacilors

€1, C2—2500 wF, 50 wolts, electrolytic

C3—4.7 uF, 18 wiis. electrolytic

CA4—820 pl, ceramic disc

C5—100 wF. 50 voits, electrolytic

C&6—0.1 uF. ceramic disc

Semiconductors

1IC1—L.M723 voliage regulator

D1-D4, DE—1N4002Z rectifier

D5—1NS2578. 33 volts, 1 wall. Zener di-
(ol ]

QO1—BD139 or ECG373

Q2—TIP3055

Other components

Ft—"Ya-amp, 250-volt fuse

M1—0—-1 mA panel meter

S§1—SPST power switch

§2. S4—DPDT switch

S3—SPDT

55—DPST

Tt—117 VAC primary, 0~24-30 volt sec-
ondary, 1 amp {Altronic A6672)

Miscelianeous

Line cord, heatsink. mica mnsulators. sil-

icone grease, PC board, case. binding

posis, knobs, solder, wire, atc.

Note: A complete kil ot parts, including
case, |s available for $49.95 from Im-
tronics Industries, Lid., 11930 31st
Court. 5t. Pelersburg. FL 33702. Flor-
ida residenls musl add approprizia
sales lax.

Fig. 6. Note that. if you use a different
meter than the one specified in the Parts
List, you'll have to alier the drilling di-
mensions accordingly. The kit includes
Scorcheal antwork that you can alfix to the
front panel and then spray with a hard-
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F1G. 4—0N- AND OFF-BOARD COMPONENTS are mounted and wired as shown here.

setting clear lacquer to protect the art-
work. which can then be used as a tem-
plate.

You'll also have to drill holes in the rear
panel for the fuse holder. the power cord,
and the heatsink. But. don’t drill the heat-
sink holes yet.

Secure the PC board to four internal
mounting posts using self-tapping screws.,
and bolt the power transformer to the case
using machine screws and nuts. Include a
solder lug under the nut nearest the rear
panel.

Use medium-duty hookup wire (16
gauge) for all wiring ihat carries 1he full
supply current. and tight-duty hookup
wire for the potentiomcter. the meter. and
the LED.

Install the rear panel and then mark the
positions of the holes for the power tran-
sistors. Drill those holes. and then you
can use the rear panel as a lemplate for
drilling the heatsink mounting holes. The
heatsink may have to be trimmed to fit the
rear panel. Both transistors must be insu-
lated from the rear panel using mica wash-
ers and insulating bushings. Smear
heatsink grease on all mating surfaces.

WwWwWw americanradiohistorv comm

including the rear of the heatsink, and
then bolt the assembly together using ma-
chine screws and nuts as shown in Fig. 7.
Finally. use an ohmmeter 1o make sure
that there is no conductivity between the
metal 1abs of the transisiors. and the rear
panel. or the heaisink.

Anchor the 117 VAC power cable to the
rear panel with a cable clamp. Solder the
“hot™ 117 VAC lead 1o the fuscholder. the
neutral wire to the power transformer, and
the ground-wire to the solder lug beneath
the transformer. In addition. separate
ground leads should be run to both the rear
and the froni panels.

We recommend that you use heal-
shrink tubing over all 117 VAC connec-
tions to the fuscholder. the transformer,
and the power switch. That will prevent
you from being shocked while doing the
testing and calibration discussed below.
Use wire with thick insulation for the 117
VAC circuit. and do nol use a miniature
meiallic switch for power switch SI.

Shown in Fig. 8 is a meter scale you can
use to replace the scale that comes with
the meter. Being careful not to bend the
meter's necdle, gently pry the plastic

agel INOFr
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F1G. 6—DRILL THE FRONT PANEL OF THE POWER SUPPLY according lo the dimensitns shown here.

=4 F{

SCREW Staew  HEATSINK

HiH

WICA - — —— -+ WICA
WASHER WASHER

01 D139 === ==~ TIP2055 02

INSULATING 2, S w—INSULATING
BUSHING BUSHING
FANUT>== aDe—zgNUT |

REAR
PANEL

FIG. 7T—ATTACH (M AND Q2 to lhe rear pansl
and the heaisink as shown hare. Use heatalnk
grease on all mating surtaces.

cover off the meter and glue an enlarged
copy of our scale over the present one.

Testing and calibration

Connect a voltnieter across the output
binding posts, tumn the supply on and
close the LoaD switch. If all is well, the
roweR LED will light up and you will be
able to vary the output wllage from three
to 30 volts using the R ANGE swilch and the
OUTPUT WOLTAGE control.

verify that the voltage reading on the
supplys meter and on your meter are
identical. Note that we left room on the
PC board for an additional rimmer re-
sistor that, if used. would parallel R16 and
R17. You can install an additional high-

WWWwW americanradiohistorv comm

VOLTS

0\.1‘“ el ]'r 3
V' 4 B 2 ‘rd

AMPS

FIG. B—ENLARGE OR REDUCE THIS METER
SCALE 10 fit the meter you use, and then glue
OUr scale aver yours.

valued resistor there to increase the ac-
curacy of the woliage displayed by the
nieter, if necessary. Just use Ohm's law 10
calculate the appropriate value.

Assuming all is well, open the load
swileh. select the 0-15 volt range, and
then turn the OUTPUT-vOLTAGE
potentiometer fully countcr-clockwise.
Now set the curreNT-LIMIT control to the
middle of its rotational range, the Cur-
RENT-LIMIT swilch to the one amp range.
and the votTs/AMPs switch to amps. Now
connect @ onc-amP ammeler directly
across the ocutput binding posts and close
the load switch.

Your meter should indicate a cumment of
about half an amp, aithough the supply’s
meter may show something different now.
Adjust the CURRENT-LIMIT control so that
the multimeter reads A, and then adjust
trimmer resistor R so that the supply’s
meter reads the same.

Finally. vary the CURRENT-LIMIT
control and verify that the mewer reading
corresponds closely to that on thc muli-
meter throughout its range.

Applications

Why is adjustable current limiting
useful? Firsl. it protects the power supply
in case its output is inadvertently shon-
circuiled by improper circuitry. Second. it
helps prevent that circuitry from being
damaged by excessive current due to a
fauit condition.

Why is a separate LOAD switch useful?
It allows you 10 remove load vollage with-
out turning the supply off. The latter can
cause swilching transienis that might
damage the power supply, the ¢ircuit un-
der test. or both.

So, when lesting oul an untried circuil,
tum the Loab switch off, and the voltage
and current conirols all the way down.
Connect the supply to your circuit, tum
the woap swiich on, and gradually in-
crease oulpul voltage to the required volt-
age. Next set the meler 1o nxeasure current
and um the CURRENT LIMIT conlrol up
stowly while monitoring the meter. If the
needlc of the meler seems (o jump at all
Lthrow the Loap switch quickly. But if the
needie moves smoothly as you rofale the
control, most likely the circuit has no se-
vere power-relaled problems. In other
words, you're not likely to fry anything!
So now you're ready to siar the real
work—testing and toubleshooling your
circuit. But that’s another anicie.  R-E
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Click and Pop

JOE GORIN

By eliminating unwanted pops, clicks and other

Filter

for your
STEREO

surface noise, this inexpensive scratch filter brings you to new heights of audio realism!

P t 2 THIS MONTH, WE'LL
a r show you how to build
our click and pop filier. But before we get
to ihat, let’s finish up the discussion that
we began last time about how the detector
circuit works.

Resistors R27-R30 take a statistical
sample of variations In level: that sample
is deiected by 1C5-a, which stores short-
term peaks on €13 and long-tcrm peaks
on Cl14. The latter is also pan of a circuit
(including €15 and C16) that prevents
transicnts—either scratches or music—
from changing the eomparator’s threshold
oo quicklv.

Front-panc] SENSITIVITY control R45
varies the gatn of IC5-b, whose output
sets the comparator’s threshold higher
when the signal warrants it. For example,
signals with much high-frequency con-
tent—cymbal crashes, for instance—can
cause false triggering. But, in general,
very Jarge transiénts cnd to be scratches:
a large transient will wwm on D8 10 slow
down threshold changing. Diede D10 al-
lows C16 to discharge rapidly if the tran-
sient disappears rapidly, as can happen
betwcen wide. two-edged scratches
{which are quite commeon)

When the signal exceeds the threshold.,
the output of 1C6-a goes iow and shorts to

— Ve And that, Ainally, is what causes.

the deletcr 1o delete? The deleticn is done
by “fipping™ the analog switches {elec-
tronically, of course) to perform the ac-
tions described above.

When the transient ends, 1C6-a" oui-
put floats high. and C20 delays the return
from deletion mode by charging slowly
through R41. Capacitor C2| functions as a
pulse-stretcher: it charges even more
slowly than €20, and that allows LED] to
remain lit long enough to be visible. cven
if the deletion time was shon.

Power supply

The power supply, shown in Fig. 8, is
important in this circuit, especially during
a deletion, because the gain of the deletcr
is 50 high, Qur primary design goals were
low ripplc and freedom from interference
by magnetic ficlds. Low ripple is achieved
by fillering the critical negative supply

TP D301-D304 TPAC
IN4DO2{4}
Cam 1 — O+ Ve
% t +
1HIVAC L = m:;
248G o 2%
300ma S + Vs
ol 4
1000uF  $RIZ €305
2wV : 1K 10uf
¥ = CHASSIS
+ 1 . CHASS!
€303 ilm R306 %ﬁ = GROUND
1000pF € K v
/Y -Vas
< R
b T
o i —O - Ve
P50

10 IC4
PIN 4

DETECTOR
AEFERENCE

FIG. B—THE SCRATCH FILTER'S POWER SUPPLY IS SHOWN HERE. Psris are numbered beginning at
A00; all components except T1 mounl on the PC board. Note the separate detector reference thal is

derived through R307.
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with respect © ground using capacitors
C302-C304. Aclually, it is the ground
that is filiered, not the supply: but the
result is the same, except that al low fre-
quencies the ground impedance isn’t low.
Magnetic fields are minimized by using
a wall-plug transformer and by placing the
deleter at the opposite end of the board
from the supply. What we gel is an inex-
pensive supply that performs as well as the
exotic eenter-tapped Loroidal-transformer
supplies ofien used in high-performance
audio equipment. By the way, the = Vo
supplies are provided 10 operate the 4016
analog switches, which can’t tolerate the
=15 volts used 1o power the op-amps.

Input and output circuits

The signal inte our Scratch Filter
should come afier your amplifier’s phono
preamp via the tape ouT Jacks that are
normaily used to connect a tape recorder.
Most signal processors {such as graphic
equalizers) replace those TAPE OUT jacks
by connecling the processor’s input jacks
in parallel with 3 new TAPE OUT jJack. [n
our case, we chose to locate the TAPE ouT

RIGHT
CHANNEL

jack. and the TAPE MONITOR swilch after
our processor, so thal you can tape record
albums with the full bencfit of our Scraich
Filter.

Construction

Due 10 the critical nature of the de-
leter's layout-maltching requirements, a
PC board 15 necessary to get good perfor
mance from this Filter. If you want te etch
your own board. a foil patiern is shown in
“PC Service;” you can also purchase a
board from the source mentioned in the
Parts List. Refer te the component-place-
ment diagram in Fg. 9 and the chassis
photo in Fig. 10 during 1he following dis-
cussion.

Begin consiruction by inserting the re-
sistors. You can hend the leads of most
resistors as necessary, but the following
resistors in the deleter circuil should be
bent as shown in the photo: R114, R222,
R215, R216.

Next insert the capacitors, fotlowed by
the diodes, and then the transistors. Be
careful to get the polarity of those compo-
nents correct.

Next you can install the IC’s. As men-
tioned above, you must cut off pin 5 of
IC4. If you use a metal-can version of that
IC. the tah is by pin 8. Be sure to insert
that IC—and all the others—comectly.
Connect short lengths of wire for the pan-
¢l-mounted components (0 the appropn-
ate pads om the board. Carefully check
over your work, remove flux from the
board. and then install the board in your
enclosure.

The chassis used for our protetype is
built from 2 thin picce of aluminum bent
in 2 "U” shape. We used two stained
pieces of wood for endpanels. The en-
dpancls are attractive, and they keep the
aluminum from scratching the surface of
whatever you set the Filter on. The
printed-circuit board shouid b¢ mounted
close to the sheet metal so that the circuit-
ry will be shielded from electromagnetic
fields that may be radiated from nearby
equipment.

Installation

The Scratch Rlier must be connected in
the tape-monitor loop of your ampltfier.

A

=

J3
Sl-a B @
OUTPUT

=005
TAPE

I
|

| ir

f QUTPUT
|

]

1

i = INPUT

% )

— 102 1l o RI08—, —mns_..
g R102 . r— ,1 _

u—mﬂ—m ﬂf}ﬂ}
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2 RI02 — El

FIG. 9—STUFF THE PC BOARD and wire the froni-panel COmponents ax shown hera. Aeslstora R114.

R222. R215, R216 must be bent as shown in Fig. 10.
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All resistors Ye-watt, 5% unless noted.

R1-R4, R11, R12, R26, R54, R102, R103.
R118, R202, R203, R218—22.000
ohms

RS, R107, R207—2400 ohms

R6—7500 ohms

R7, R24—4700 ohms

RS, R9, R14, R43, R44. RS0, R51, R114,
R115. R214, R215. R301-RA304—1000
ohms

R10, R34, R35—150.000 ohms

R13—150 ohms

R15—1200 ohms

R18, R39, R56. R104, R204, R30S,
R306—220G chms

R17. B18. R25, R29, R30, R37, R33—
10,000 ohms

R19—4.7 megohms

R20, R57, RS9, R121, R221—560 ohms

R21—470 ohms

R22, R106, R206—1800 chms

R23—68,000 ohms

R27, R60-—180,000 ohms

R28—3300 ohms

R3I1—330,000 ohms

R32-—-220 ohms

R33—15,000 ohms

R35—470,000 chms

R40, R49, R62-R(00, R123~R200,
R223-R300—not used

R4t, R46—39,000 ohms

R42—22 megohms

R45—100,000 ohms, linear potentiome-
ter

R47, R101, R201—100,000 ohms

R48, R61, R122, R222—270,000 ochms

R52, R116, R216—36.000 ohms

Rme ez b f o com f

PARTS LIST

R53, R58, R111, R117. R211, R217—&200
ohms

RS5S5, R119, R219—91,000 ohms

R10%, R205—100 ohms

Ri108, R208—2700 ohms

R109, R209—3000 ohms

R110. R210--12.000 ohms

R112, R120, R212, R220—33,000 ohms

R113, R213—8200 ohms

R307, R308—22 ohms

Capacilors

€1, C15, C16 —0.0033 uF, 10%, polyesier
filrm

C2, C5, C20, C22, C107-C109,
C207-C209—0.001 uF, 10%, poiyesier
film

C3.C4,C8, C24. C111, C113, G211, C213,
G305, C308. Ca08—10 uF, 25 votts,
aluminum electrolylic

Cs, C7. C14,C18,0103. C203—0.033 uF,
10%. potyaster film

C9—3.3 uF, 35 volts, aluminum elec-
ir

C10-C12. C301—0.1 uF, 10%, poiyester
film

C13, C17, C23. C25. C26. C110, Cn12,
G210, C212—0.01 uF, 10", pclyester
film

C19, C21—680 pF, 10%,. ceramic disc

C27—see text

C28-C100, C114-C200, C214-CI00—
not used

€101, C201—330 pF, 10%, ceramic disc

C102, C106, C202. C206—220 pF, 10%,
ceramic disc

C104. C204—0.0047 uF, 10%, polyester
fim

R45 0
SENSITIVITY IN/OUT

L5 02

IC4 C304

J2 JI Jé Ja JB J5 J7 J4
h’EFT]T‘[ RIGHT wTAPE TAPE TAPE TAPE LEFT  RIGHT
I INPUT TPUT OQTP iNPUT INPUY DUTPUT OUTPUT
= i G o S

FIG. 10—THE CHASSIS IS BENT from 8 thin plece of aluminum; Small wood blocks are atlached to the

ends with angle brackels.

[n other words, the Scratch Filter’s inputs
must be connected to your amplifier’s
TAPE OUT jacks, and the Scraich Filter’s

outputs must be connceted to your ampli-
fier’s TAPE IN jacks. Your amplifier’s TAPE
MONITOR swilch must then be thrown to

WwWwWw americanradiohistorv comm

01‘95. C205—0.022 uf, 10%, polyester

ilm

C302—1000 wF, 35 voits, aluminum elec-
trolytic

C303, C304—1000 uF. 25 volts, alumi-
num electrolylic

C307, C309—0.1 pF, ceramic disc

Semiconduclors

IC1-1C3. IC5—RC4136, quad op-amp

IC4—LM301A, op-amp

IC&=LM393. op-amp

IC7. IC8—4016. quad anaiog switch

1, Q2—2N39C4. NPN transisior

D1-D10—1N4148, switching diode

D301-D304—1N40G2, power diode

LEDY—standard LED

Other components

Jt-JB—RCA Phono Jacks

S1, 52—DPDT toggle Swiich

Nole—Thne (ollowing parts are svaii-
able from Symmetric Sound Systems,
Inc.. 856 Lynn Rose CL, Sanis Rosa,
CA 95404, (707) 546-2895: Complete
Kit {No. P5-1) $79.95; PC Board {No.
PS-1PC) $12.00; All semiconduclors
{No. PS5-18C) $13.00; Ail resistors and
capacitors (No. PS-1RC) $16.00; Trans-
former (No. PS-1XF) §7.50; Chassls,
endpanels, switchas, hardware, jacks
and inatructions (No. PS-1ETC) $42.50.
Free UPS shipping in U.S, with check:
MasterCard and Visa orders must add
shipping. PS-1SC, PS-1RC and
PS-1ETC will nol be available after Jan-
uvary 3, 1987, Californis residenis
must add appropriale sales (ax,

the ON or TAPE position.

That wiring scheme roules all signals
from your amp's preamp output through
the Scratch Filter, and then back to your
amplifier. A tape recorder, or any other
equipment that used 10 be connected to
your amplifier’s jacks should now be con-
nected to the corresponding jacks on the
Scratch Filter.

Operalion

You can use the iINOUT switch to switch
the Scratch Filter in and out of your audio
loop for testing and evaluaiing. Once you
hear the dramatic improvement the Filter
provides. you'll probably leave it “in cir
cuit” permanently. The TAPE MONITOR
switch on the Filler works just as the one
on your amplifier used to.

Initially the sENsITIVITY control should
be set to the middle of its range. Due to
the wide dynamic range of the ALC cir
cuit you may never necd (0 change the
setting of that control. However, for very
scratchy records, you may want to tum up
the sensilivity. You risk making deletions
audible, but by careful adjustment, you
can achicve a good balance between
scratch noise and deletion errors.

Conclusions

There are many ways-to improve the
continued on page 90
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Voltage-comparators and
window-comparators are
extremely versatile circuits.
Here are some practical
circuits that you can put to
use.

RAY MARSTON

WE'RE SURE THAT YOU CAN THINK OF
many applications for a voltage com-
parator: a circuit that abruptly changes its
output statc when an inpult voltage crosses
a certain reference value. Vollage com-
parators have plenty of practical applica-
tions apan from the obvious ones of over-
and under-voltage switches. The number
of applications becomes especially appar-
ent when you realize that the voltage can
be represcniing resistance, temperature,
light-level, and more.

Voltage comparators can readily be
made to activate relays {or alarms, or
other circuits) when load currents {or tem-
peratures. lght levels, eic.) go outside
of—or come within—preset limits. We'll
look at some practical cifCuits in the next
few puges.

Basic voltage comparator circuits

The easiest way Lo make a vollage com-
paratof is (0 us¢ an op-amp such as the
CA3140; two basic configurations are
shown in Fg. 1. The 3140 op-amp has a
typical open-loop, low-frequency vollage
gain of about 100 dB. so its output ¢an be
shifted from the high to the low state (or
vice versa) by shifting the input voltage a
mere 100 nV {microvolts) or so above or
below the reference voltage vatue. The
CA3140 can be powered from cither a
single-ended or split power supply and it
provides an output that typically swings to
within a couple of voits of its positive rail
or to within a few miillivolts of its negative
(or zero) supply rail. Unlike many other

WORKING WITH
VOLTAGE COMPARATORS

¥ e

iy O—ANY
R

10K

FIG. 1—BASIKC YOLTAGE-COMPARATOR CIRCUITS,

op-amps, the 3140 can accept input volt-
ages all the way down to the negative rail
value.

The operation of the circuitin Fig. 1-ais
very simple: A fixed reference-voltage
(Vaer) is generated via the combination
of R2 and Zencr diode DI. [t is applied
directly to pin 3, the non-inveniing input
terminal of the op-amp. The input or test
voltage Vyy is applied (o the inverting
input terminal (pin 2) via current-limiting
resistor R1. When V,y is beiow Vg gy the
op-amp output is driven high {to positive
saturation), but when Vy,, is above Vgge
the output is driven low (to negative sat-
uration). That response is shown graph-
ically in Fg. 2-a.

By simply interchanging the connec-
tions to pins 2 and 3, the action of the
circuit can be reversed; the op-amp output

ST L0
[} — ==t =
e BiT —4
R -
S s ==
L s i
> 4 1
205 iw.}f,
i E.
‘ -[
0 1 23456 70839¢0

V"‘ - YOLTS

L ri

R1
10K

Yy
¥y

Vaer

> R1
T 0k

At
2

is normally low, but goes high when ¥,y
exceeds Vppn That circuit is shown in
Fg. I-b. and its response is shown graph-
ically in Fig. 2-b.

There are a few points worth noting
aboul the basic single-supply voltage-
comparator circuits in Fig |. The first
point is that the reference voltage can be
given any value from zero up 1o within 2
volts of the positive supply-rail. Thus. ¢i-
ther circuil can be made o trigger at any
desired value between those limits by sim-
ply interposing a potentiometer between a
fixed voliage-reference source and the
“*Vapr Pin of the op-amp.

The second point o note is that the
voltage-input pin of the op-amp must be
constrained 1o the range from zero volts
up 1o within 2 volts below the positive
supply-rail value. Thus, if you want the

10 -
af BV
s\ Je E
25wt =
5 6 -
i 5 L
:;' ‘
3 |
2 - e
1 45
R R LACARA
0 123456 78 5%10
Vi - YOLTS
-}

FIG. 2—THE ACTION OF THE VOLTAGE comparaiors shown In Fig. 1 [a shown graphically

hre.
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circuit to trigger at some high value of
input voltage, you will have to feed the
input voltage to a simple voltage divider
before the op-amp input.

The final point to note about the basic
voltage-comparator circuits is that they
give a non-regencrative switching action,
so that the op-amp is driven into the linear
(non-saturated) mode when the input volt-
age is within a few tens of microvolts of
Vgep Under that circumstance, the op-
amp oulpul gencrates lots of spurious
noise and that output will vary with slowly
varying input signals. In some applica-
tions, that may be unacceptable. The
problem can be overcome by using
positive feedback, so that a regenerative
switching action is obtained. The feed-
back signal introduces a degree of hys-
teresis in the voltage switching levels; the
degree of hysieresis is directly propor
tional to the amount of feedback.

Special voltage-comparator circuits

Rgures 3 to 7 show how the three points
mcntioned above can be put to practical
use to make various types of *special”

:"D‘ o
56V 4A5 10K
47K

A
vy

il

FIG. 3—THIS UNDER-YOLTAGE SWITCH lels
you vary fhe Vags tnp poinl and offers re-
generative feedbachk.

12V
3
Vour
o
:: R2
£ 33K 7 N7
Rt B
Vi 0K . !
A Pl
£ R8 M
10K 1MEG
h A"'Ar
1,"
p1 RS Re &
'x'sw 41K IUK:'

FIG. 4—THIS OVER-VOLTAGE SWITCH also ol-
fers regeneralive teedback and adjusiment of
vﬂ[l

A
10K

FIG. 5—A VOLTAGE DIVIDER allows us to use
the voltsge comparator to give high-value, vari-
able-voliage triggering. This circuit do#s not of-
ter regenerative switching.

-
L
-
Vin
AN
20
K
D1 A
Y Y [
:bﬂs ey [
2 < R4
10K 47K =ik

FIG. 6—THIS CIRCUIT. lIke that In Fig. 5, glves us
high-value, variable-voltage switching. 1 oHers
regeneralive switching.

A:R‘l
22K
Vin r
[w] 3
wbF % oo
<R 2
2K TWBF BALANCE

FIG. 7—THIS SINEWAVE-TO-SOUAREWAVE
converter needs an Input of under 100 MV to
Provide a 10-voli P-P squarewave outpul. The
circuil can ba used 1o about 15 kHz

valtage-comparator circuits; plenty of
other variations are possible. For exam-
pte. Figs. 3 and 4 show how the basic
comparator circuits can be modified so
that the switching voltage can be varied by
using a potentiometer (R5) to set the desir-
ed reference or trigger voltage at any value
in the range 0-5.6 volts and to give re-
generative (noiseless, snap-action)
switching by feeding pan of the op-amp
output back to the non-invening-terminal

WWww americanradiohistorv comm

via R3. Note that in Fig. 4, the circuit’s
inpul terminal is lerminated via R6 to en-
sure controlled hysteresis.

Figures 3 and 6 show examples of how
the circuits can be modified to give high-
vaiue, variable-voltage (0-150 volt) tng-
gering by interposing a simple vollage
divider (R2 and R3) between the input
signal and the input of the op-amp: The
circuit in Fig. 5 gives non-regencrative
switching, while that in Fig. 6 gives re-
generauve switching.

Figure 7 shows how the comparator can
be used as a sensitive audio conventer that
converls sinewaves to squarewaves, It can
operate from input-signal amplitudes as
low as 10 mV peak-to-peak at 1 kHz and
can produce decent squarewave outputs
from sincwave inputs with frequencies up
to about 15 kHz. The convener’s input
impedance is 100K. The operation of the
circuit is rather simple: The voltage divid-
er made up of Rl and R2, and capacitor
C2 apply a decoupled reference voltage to
pin 2 of the op-amp and an almost identi-
cal voltage is applied to signal-input pin 3
via isolating resistor R3. When a sinewave
is fed to pin 3 via Cl, it swings pin 3 about
the pin-2 reference level, causing the op-
amp Quipul to (ransition at the “"zero volt-
age difference” cross-over points of the
input waveform and produce a squarcwave
cutput. Poténtiometer RS is used to bias
the op-amp so that its output is just pulled
low with zero input signal applied (so that
the circuit operates with maximum sen-
sitivity and stability). Because of the gain-
bandwidth product characteristics of the
op-amp, Circuit sensitivity decreases as
input frequency increases.

Window comparators

The voltage-comparator circuits that
we have looked at so far give an output
transition when the inputs go above or
below a single reference-voitage value.
It’s a fairly simple matter to interconnect a
pair of wvoltage comparators so that an
output transition is obtained when the in-
puts fall between, or go outside of. a pair
of reference-veliage levels. Figure 8-a
shows the basic configuration, which is
known as a window comparator.

The action of the circuit is such that the
output of the upper op-amp goes high
when Vi exceeds the 6-volt V; (upper
limit) reference value, and the output of
the lower op-amp goes high when V,y
fails below the 4-volt V| (lower limit)
reference value. By feeding the outputs of
the two op-amps to R4 viz the DI-D2
diode or gate, we get the sitation where
the final output is low when Vp, is within
the limits set by V, and V|, but goes high
when the input is outside those limits.

By taking the output via a simple inver-

9861 INAT

o
o


www.americanradiohistory.com

RADIO-ELECTRONICS

g

0
E‘Nﬂll

1

Your
o

> R2
" 10K

FYVYy

12
P10k

ra 2

)

- =
=

Freyy

Your
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FIG. 9—THE ACTION OF THE WINDOW COMPARATORS shown in Flg. 8-8 and 8-b sre shown herein s

and b respeclively.

FYYY
b

LOAD

FYYn

FIG, 10—OVER-CURRENT SWITCH. The outpul
goes high when the load current sxceeds & val-
ue determined by the setting of RE. By reversing
the connections to ping 2 and 3 of IC1, the outpul
will go low i signal the gwer-current condltion

ter stage, the action of the circuit in Fig. 8-
a can be reversed so that its output goes
high only when the input voltage is within
the “window™ limits. Alternaiively. the
required action can be obiained by trans-
posing lhe two reference voltages and tak-
ing the output via a diode AND gate, as
shown in Fig. 8-b. The actions of the two

circuits shown in Fig. 8 are shown graph-
ically in Figs. 9-a and 9-b.

Window comparators can readily be
made 10 activate from any parameter thal
can be wmed into an analog voltage, in
the same way as a *normal"’ voltage com-
parator can. Let’s look at some exzmples.

Analog-activated comparators

Figure 10 shows how a comparator cir-
cuit can be made fo function as an over-
current switch that gives a high output
when the load cument exceeds a cenain
value—which you can choose via potenti-
omcter R6. The value of Ry is chosen so
that it drops roughly [00 millivolis at the
required trip point. Thus. a fixed refer
ence voltage of 1/2 the supply vollage is
fed to pin 3 of the op-amp via the voltage
divider made up of R3 and R4, A similar
but current-dependent voltage is fed to pin
2via Ry, R1. R6, and R2. In cffect, those
two sets of componemts are configured as
a Wheatstone bridge—with one side feed-
ing pin 3 and the other side feeding pin
2—and the op-amp is used as a bridge-
balance detector. Consequently, the trip
points of the circuit are net significantly
influenced by supply-voltage variations
but are highly sensitive to load-current
variations.

By simply transposing the eonnections
to pins 2 and 3. the action of the eircuit in
Fig. 10 can be reversed so that it functions
as an under-current switch: The circuit
can then be used as a lamp- or load-failure
indicator in cars, test gear, elc.

Figure 11 shows the circuit of a sensitive
AC over-woltage switch that gives a high
output when the input signal exceeds a
peak value (6 mV to 111 mV) that is preset
via potentiometer R12. The AC input sig-
nal is applied to the non-invening input of
variable-gain amplifier [CI. lts gain can
be varied from 45 to 850 via R12. Note
that the input of ICI is DC-grounded via
RI-R2, so the op-amp responds only to
the positive half-cycles of the input sig-
nal. Consequently, the output of IC1 is an
amplified, half-wave-rectified version of
the input signal. That rectified signal is
peak-detecied via RS, D1, C2. R6, and
R7, and is fed to the input of non-inverting
voltage comparator IC2. The circuit’s out-
put is positive when the voltage across C2
exceeds the value on the junction of RS-
R9.

40 R o
¢1 Az 2™ 22K 1N414S
ABF 0k [ o] o > e aa-—pig
VnuoTK—f—%— 3 s
A 21 > 3 I [l
& TMEG RID
$R12 sl v 100K
Al =‘ l!K MM . ]
100K SENS =yl
< R4 < R?T &RS LR
| £ 120k Fax $ax $1k
- +

20

FIG. 11—AC OVER-VOLTAGE SWITCH can be triggered by Input signals int the range ¢ B mV to 111 mV

peak.
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F1G. 13—THIS UNDER-TEMPERATURE SWITCH also will control m relay.
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F1G, 14—LIGHT-OPERATED SWITCH. A monoione 8larm will sound when the light detected by R7 rises.

above m value determined by the setling of Ré.

Figures 12 10 15 show a variety of ways
¥OUu can use comparator ¢ircuits as light-
or temperature-activated swilches. For
light-sensitive circuits we use a cadmium-

sulfide photocell; for temperature-sen-
sitive circuits. we use an NTC (Mega-
tive-Temperature-Coefficient) thermistor
as the sensing element. The sensing ele-

WwWwWw americanradiohistorv comm

ment is used as one arm of a Whealstone
bridge and the op-amp is used as a simple
bridge-balance detecior. Thus, the trip
point of each circuit is independent of
supply-voltage variations. In all cases, the
sensing element must have a resistance in
the range 5K to 100K at the required trip
point. The potentiometer is choseil to have
the same resistance value as the sensing
element at the required trip level.

The circuits shown i Figs. 12-15 also
show a vancty of ways we can use the
output of the op-amp to activate a relay or
o generate an acoustic alarm signal.
Thus, the overiemperature switch in Fig.
12 has a transistor-driven relay output,
while the under-iemperature switch in
Fig. 13 has a FET-driven relay oufput.
Stmilarly, the light-operated switch cir-
cut of Fig. 14 generates a monotone
alarm output signal in a small speaker,
while the dark-operated switch of Fg. 15
generaies a low-power pulsed-tone signal
in a smatl acoustic transducer.

Micro-power Dperation

All of the 3140-based comparator ¢ir-
cuits thal we have looked at so far are
continuously powered; they draw continu-
ous curtents of about 4 mA per op-amp.
So if you wanted to use a 9-volt baitery as
a power supply, you'd find it running
down after a couple of days of continuous
operation. As you can see, the circuits
that we've shown you so far are not well
suited to battery operation in portable ap-
plications. In practice, however, all of
those circuits can easily be modified for
long-life battery operation by using a
micro-power “sampling™ technique; the
principle behind that technique can be
explained very easily with a simpl¢ exam-
ple, as follows.

The under-temperature switch shown in
Fig. 13 monitors temperature continu-
ously and draws about 5 mA of quiescent
cutrent {with the relay off). In reality,
however, temperature is a slowly-varying
parameter and thus does not need 10 be
monitored continuously—it can be effi-
ciently monitored by briefly inspecting or
sampling ft. We can sample it by con-
necting the supply power and looking at
the op-amp output caly once every second
or so. [f the sampie periods arc very brief
(say 300 microseconds) relative to the
sampling intervat (! second). the mean
current cansumption of the monitor can
be reduced by a factor equat 1o the inter-
val/peried ratio (in this example, by a
factor of 3300). Thus. by using the sam-
pling technique. we can reduce the 5-mA
consumption of circuit in Fig. 13 to a
mean vatue of 1.6 pA.

Figure 16 shows the basic circuit of a
“micro-power” or sampling version of
the under-temperature swirch we saw in
Fg. 13. It operates the relay when the
temperature of the thermistor falls below a
preset value but it draws a mean quiescent
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FIG. 15—ANOTHER LIGHT-OPERATED SWITCH. A pulsing tone will sound when the light detected By
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FIG. 17—THIS CODED-LIGHT-BEAM DETECTOR uses & modilied vession of the sampling technigue 10
monltor lor the présance of & coded light-signal.
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current of only a few pA. The monitor
network, made up of RS, R6. RI, R2, and
ICI, is almost identical to that of Fig. 13,
But instead of being continuously
powered, it is powered via a 300-microse-
cond pulse just once every second via a
sample-pulse generator and Q1. Note that
the output of IC1 is led 1o temporary
“memoty™ store R4-Cl via DI. and that
the memory store operates the relay via

Thus, if the thermisior lemperature s
outside the wip level when the sample
pulse arrives. the output of ICI will re-
main low and no charge will be fed 10 Cl,
50 Q2 and the relay will be off. On the
other hand. if the thermistor temperature
is within the wip level when the sample
pulse arrives. the output of IC] will switch
high for the duration of the pulse and thus
rapidly charge C1 up via DI and drive the
relay on via Q2.

The circuit in Fig. 16 illustrates the
basic principles of the micro-power sam-
pling techmque. In reality the sampling
interval and pulse width used (and, thus,
the reduction in mean power consump-
tion) will depend on the specific applica-
tion. If, for example. you wish to monilor
transient changes in light or sound levels
and know that these transienis have mini-
mum durations of 100 ms, you may have
to use a 50-ms sampling interval and (say)
a 500 ps sample pulse. In that case the
mean consumplion of Your circuit will be
reduced by a factor of 100.

In some cases, you may have to slightly
modify the operating principle of the sam-
pling circuitry to obtain the desired micro-
power operation. Figure 17 for example.
shows how the principle may be adapted
10 make 4 coded-light-beam detector. in
which 1he **code” light signal is modu-
lated at | XHz for a minimum Juration of
10D ms. Thus, the sample-pulse generator
is designed 10 produce a minimem pulse
width of 1.2 ms so that il can capture at
least one full 1-kHz code ¢ycle. Further,
the sampling intcrval is set at 60 ms so that
part of a tone burst will always be cap-
tured. The sampling circuitry thus gives a
50:1 reduction fn monitor-cumrent con-
sumption.

Thus, in the circuit shown in Fig. 17,
the sample generator repeatedly feeds 1.2
ms “inspection’ pulses 1o 1he 3140 Jetec-
tor ¢circultry via one input of the or gate
and via QI to sec if any trace of a coded
signal exists: If no trace of a coded signal
is detecled, the outpul of the op-amp re-
mains low and another sample pulse is
applied 60 ms iater. If a trace of a code
signal s detected, the output of the op-
amp switches high and the resulting pulse
is “captured™ and applied (o the remain-
ing input of the ok gate. That temporarily
applies full power 1o the 3140 circuitry so
that the code signal can be completely
inspecled via the passive signal con-
ditioning circuitry. R-E
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High-power
FET STEREO AMP

Our amp s high-power oulput, Jow distortion, and easy construction make it a must for
audiophiles who demand the very best!

LEO SIMPSON AND JOHN CLARKE®

IF YOU' VE BEEN WAITING FOR AN EXCUSE
to junk your prehistoric sterea amplifier,
your wait is over. [Here’s an amplificr that
provides a cunservatively-rated 95 watls
{rms) per channel at cight ohms, with
distortion that is less than 0.02%. Qur
amplifier can be built in a few evenings for
under $300, and it will provide you with
years of lisiening enjoyment as well as the
satisfaction of knowing that the very latest
in audio technology is providing that en-
joyment.

The amplifier has all the latest con-
venience features, such as dual-recorder
tape dubbing, speaker switching, muting,
and a battery backup so that the amplifier
will “remember” its configuration and
return Lo that configuration ithe next time it
is powered up.

The amplifier has four inpuls: PHONO,
CD, TUNER. and aUxiLLtary. The lateer
could be connected to a sterco TV tuner, a
high-fidetity VCR, or another source. We
also pravide switching to monitor any onc
of the main inputs, or one of the two tape

= Adapied from matenal published by Erectronics
Ausirakia

inputs. In addition, switching and the ap-
propriate signal routing are provided so
that you can dub from either tape recorder
10 the ather. The amp also has provisions
for connecting (wo pairs of loudspeakers;
either, neither, or both pairs may be used
atany time. In addition, a headphone jack
is provided that is always “hot.”

The amplifier is rather large. Overall it
measures about 19 X 11.5 X 6 (inches).
The size of the heatsinks determines the
height and depih; those specially-tooled
aluminium extrusions arc necessary Lo
cope with the large amount of heat dissi-
patcd when the amplifier is working near
maximum output. Normally the heatsinks
arc just warm 10 the touch. The 19-inch
width was chosen so that the amplifier
could be rack-mounted, il the builder so
desired.

Design philosophy

The amplifier represents the latest i a
series of amplifiers that have been de-
veloped over the last ten years. We ook
the best featres of the previous designs
and combined them with the latest tech-
nical advancements to produce a truly su-
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perior amplifier. For the description that
follows, see the block diagram of the um-
plifier that appears in Fig. |. After dis-
cussing the overall operation of the
circuit, we'll discuss cach subsection in
detail.

One paramount design goal was to
climinate the greal amount of tedious
hand-wiring of switches, controls, and
jacks normally required by a project like
this. We wanted o use 3 one-piece mold-
ed assembly for the input jucks so that it
could be soldered to the PC board as a
unit, That eliminates the need for shielded
cabling, but ¢reacs a more severe prob-
lem: How could we provide appropriate
switching for source selection, lape
monitoring and dubbing from deck to
deck?

We considered a mechanical switching
solution. but there didn’t seem to be any
practical way of integrating mechanical
switches ncatly. So we considered using
CMOS analog switches, since they are
cheap and readily available in various
configurations. However, analog switches
are not without problems of their own. In
an improper design, they can generate

gg6i INNC
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FIG. 1—QUR AMPUIFIER IS COMPOSED OF SEVERAL SUBSECTIDNS. and the interconnections
between them |s shown hent. The detalls of each subsectlon are shown In separate schematics.
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F1G. 2—THE RIAA PHONO PREAMPLIFIER i4 composed of a bipolar differenlial amplifier snd an op-
amp. Tht iransistars are Special low-noise types.

distortion, In addition. some sort of mem-
ory system would be required so tha the
amplifier’s configuration would be “re-
membered’” when the amplifier was
turned off.

We overcame the distortion problem by
bulfering the outputs of the switches with
low-noise FET-input op-amps (TLO71%s).
Since distortion is caused by the non-lin-
ear resistance of the CMOS gate. it fol-
lows that, if the current through the gate
were minimized, distortion would like-
wise be minimized. We achieve minimum
distortion by buffering the output of each
CMOS pale with a high-input-imped-
ance, unity-gain op-amp. Buffering re-
qQuires a few exira op-amps and discrete
components. but we believe that the re-
sults more than juslify the expense.

As for the memory problem, we could
have built in some RAM (Random Access
Memory) and perhaps a microprocessor to
contro] it, as some commercial Japanese
designers have done, bul that seemed like
overkill. Instead, we chose to implement
our memory with several CMOS gates
and flipflops, which are powered by a pair
of Ni-Cd cells when the amplfier is ofl.
The Aip-flops. switches, and indicator
lights mount on a separae PC board, the
control board.

Several other analog swiiches are
mounted on the main PC board. For ex-
ample, ICl is the electronic equivalent of
a 4PDT mechanical switch: it performs
Lhe input-source selection. Depending on
the state of its A and B inpuis, one pair of
signals presented 1o the X and ¥ inputs is
passed through to the appropriate oulpuls.

For example, with both A and 8 low, the
left- and right-channel outputs from the
phono preamplifiers would appear at the
Yout and Xout terminals, respectively.

Whichever signals are chosen, they
pass through the 20-Hz high-pass (rum-
ble) fiters composed of 1C100, 1C200,
and the associated discrete components.
Those filiers provide a 12-dB/octave roll-
off below 1he comer frequency. (Due 10
filtering networks in the phono pre-
amplifier, phonograph signals are rolled
off a 1otal of 18-dB/octinve.} The op-amp
rumble filters also provide hlgh-imped-
ance buffering that reduces loading on the
analog swilches. That loading could
cause dislortion.

By the way, for the sake of clanity, all
left-channel components are numbered
from 100-299; right-channel components
are numbered from 200-299: and compo-
nents common o both channels are num-
bered from 1-99.

Another analog switch, 1C2, routes one
of the main inputs or one of the tape re-
corder inputs through 1o the Volume/
Tone/Balance circuit. The network al-
tached to the intuerT input {pin 6} of 1C2
forces that IC to turn on slowly, and that
helps minimize power-on squeai through
the headphones.

After passing through IC2. the stereo
signals arc processed by the Volume/
Tone/Balance circuit, which also contains
the MUTE switch and the STEREO/MONO
switch. The signals arc next presented to
the power amplifiers and then to the
speaker protection circuit and relays RY |
and RY2.

WwWww americanradiohistorv comm

We had a problem with loudspeaker
switching. We didn’t want heavy wires
running between the front-panel selector
switch and the speaker outputl terminals.
In addition, switches capable of handling
the LG amps or so of currem 1he amplifier
can develop al full power are expensive
and not readily available, We solved the
problem by letting a couple of relays do
the switching, That solution allows us to
use a small rotary switch to control just
the coils of the relays. Further, that makes
it casy to implenient circuitry to provide
power-on muting as well as to protect the
speakers from an output-transistor
failure,

The power supply is mounted beneath
the main circuit board. Since the power
supply is mounted so close (o the main
circuit board, we had to use a power trans-
former with a very low external hum fieid.
Low hum is achieved by using a toroidal
transformer that has the additional benefit
of small size. Other speclal features of 1he
power supply include 16,000 wF of capac-
ilance on each of the 66-volt supplies, and
a special, isolated 4+ 7.4-voll source for
the CMOS switching components and
their battery back-up.

With that background in mind, let's
start over. Lel's go back 10 the tnput of the
circuil and examine cach stage in detail.

The RIAA preamplifier

The complete schematic of the lefi-
channel preamp is shown in Fig. 2. The
right channel is identical, here and in
other figures, unless a notice appears in a
figure stating otherwise. We use special

9861 INMC
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All resistors Vi-watl. 9% unless other-
wlise stated.

R1, R3—10.000 chms

R2—220,000 chms

R4, R5—47 ohms. 2 watt

R6-R9. R11-R14, R16. R18—100,000
ohms

R19, R15. R17, R19, R100. R102. R104,
R158. R163, R200, R202. R204. R258,
R263—470 ohms

R20, R23, R22, R23—22.000 ohms, ¥
wat!

R24, R2%, R101, R103, R105. R201, R203.
R205—56,000 chms

R26, R129. R121, R229, R231. R132.
R232. R134, R234—270,000 ohms

R27. R128, R130, R144, R228, R230,
R244—2200 ohms

R28. R158-R182, R259-R262—220
ahms

R29—130 ohms

R30, R31,R136, R151, R236. R251—1000
ohms

R32—1500 ohms

R33-AR99, R165-R199, R2285-R299—
unusead

R106, R206—150,000 ohms

R107. R207—300,000 ohms

R108, R208—100,000 ohms. potentiome-
ter

R109, R209—--25.000 ohms, linear poten-
fiometer

R110, R210—50,000 chms, loganithmic
potentiometer

Rt11, R211== 10,000 ohms. Inear potent-
omeler

R112. R212—330 ohms

R113. R213—150 chms

R114, R214—180,000 ohms

R115, R215—68,000 ohms

R116. R117, R216. R217—820 ohms

R118. R123. R218. R223—39 ohms

R119. R219—1200 ohms

R120, R220—2700 ohms

R121. R221—390 ohms

R122. R222—82 ohms

R124. R224—-3900 ohms. 1%, metal film

R125, R225—47.000 ohms, 1%, matal
film

R126, R226-—10 ohms

R127, R227—4300 ohms

R133, R135, R149, R150, R233, R235.
R249, R250—4700 ohms

R137. R138, R143, R145, Rt46. R148,
R155. R237, R238. R243, R245. R246,
R248, R255—22.000 ohms

R139, R140. R235. R240—3900 ohms

R141, R147. R241, R247—6B0 ohms

R142, R232—68 ohms

R152, R252—12.000 chms, 1 watt

R153, R154. R157, R253, A254, R257—
100 ohms

R156. R256—500 ohms. tnmmer

R164, R264—6.8 ohms, 1 watl

Capacitors

C1, C14-C22, C116. C120—10 uF, 50
volts. elecirobytic

ultra-low-noise transistors made by
Hitachi (part number 28C2545) to form a
differential amplifier that drives an opera-
tional amplifier. Doing that allows the

PARTS LIST

C2, C3—0.047 uF, polyester

C4, C5—47 pF. 50 voits, non-polanzed

C6—100 uF. 18 volts, electrolyhc

C7—0.01 uF. 250 voIts, potyester

C8-C11—8000 pF, 75 voits, electrolylic

C12, C13—1000 uF. 25 volts, elecirolytic

C23-C99, C144-C199. C214, C225,
€226, C244-C299—unused

C100. C200—0.082 uF. polyester

C101, C107, 113, C142. C201, C207.
C213, C242—0.1 uF, polyester

C102, C202—47 pF, 25 volits, electrolytic

C103, C203—100 pF, ceramic

C104, C204—0.0033 uF. polyester

G105, C205—220 uF. 16 volts, electralytic

C106. C112, C206. C212—100 uF, 25
volis, etecirotytic

C108. C208—10 pF, coramic

G109, C209—0.018 uF, 2%, polyester

C110, C210—0 068 uF, 2%, polyester

C111. C211—2.2 pF, 50 wolts, non-polar-
ized

C112, C212—100 uF, 25 voits, eloctrolytic

C114—10 pF, 25 voits, electrolyfic

C115, C215—10 pF, 50 volts, non-polas-

ized

C117, C217—0.056 uF. potyester

C118—2200 uF, 16 volts. etectrolytic

C119, €127, £219. C227—18 pF, ceramic

C121. C221—50 pF. 16 voits. non-polar-
ized

C122. C222—0.01 uF, potyesier

€123, C124. C223. C224—0.0047 pF,
polyester

C128, C228—6.8 uF, 16 volis. non-polar-
ized

G129, C229—1 pF. 100 volts, non-polar-
ized

€130, C230—330 pF, ceramic

C131, C231—0.015 uF, 250 wolts, poly-
oster

132, C232—47 pF. 25 wlis

€133. C233—15 pF. ceramic

G134, C138, C234, C238—100 uF, 100
voits, electrolytic

€135, €136, C139, C140, C235, C236,
€239, C240—0.22 uF, polyester

€137, G141, C237, C241—22 uF 100
vOILS. edectrotylic

C143, C243—0.15 uF, 250 volts, dual-di-
electic (Philips type PKT-P)

Semiconduclors

IC1, IC2—4052 aPDT analog svritch

1C3-1C6—4011 CMOS NAND gate

IC7—74C14 CMOS hex Schmitt trigger

IC8—4013 CMOS dual D fip-flop

1C9—7815 15-voit posiive regulator

1C10—7805 5-voit posiive reguiator

IC11—7915 15-volt negative requlator

1G12-1C99, IC105-1C199, 1C205—
C299—unused

1C100, 1C102. 1C103, 1C200. 1C202,
1C203—TL071 jow-nois® op-amp

G101, IC201—NESS34AN bipelar op-
amp

WC104, 1C204—4053 CMOS triple SPDT
anakxg swrich

BR1—400-volt, 10-amp bridge rectifier

noise performance to be defined by the
transistors rather than by the op amp and
you can get better performance from dis-
crete devices than from IC’s.
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D1. D4a-D37, D23, D101-D105,
D201-D205—1N914

D2. D3, D18-D22, D108, D109, D208,
D209—1N4002

D24-D99, D110-D199, D210-D299—un-
usad

D100. D200—1NT752A. 5.6-volt, ¥e-watt
Zener diode

D106, D107, D206, D207—1N4739A. 9.1
volt, 1-watt Zener dicde

LED1-LEDS—Standard red LED

a1, Q3. Q4—BCs47

Q2—BC557

Q5—8C327

6099, Q115-0n99. 0215-0299—un-
used

Q100-103, Q200-0203—25C2545

104, Q204—2N5485

Q105-a107. Q205 207—BC556

108, Q208-BF470

Qnoa, 0110, Q209, O210—BF469

Q111, O112, Q211, Q212—2SK134

Q113 ONn4. 0213, 0214—25)49

Qther components

B1. B2—Size AA Ni-Cd battery

F1. F&—Fuse, 250 volts. 5 ampPs

J1—Stereo headphone jack

J100-J103. J200-J203, J104-J107.
J204—-J207—RCA Phono jack

J108-J111, J208-J211—speaker cOn-
nectors

L100, L200—see text

L101. L201—6.8 uH

P1, P2—8-pin SIP piug, 0.1-" centers

RY1. RY2—DPDT relay

$1-59—SPST normally open. memen-
tary contact

S10—DPST toggle

$511—SPST loggle

$12—2P4T rotary

S13—SPST toggle switch, 250 volts AC

T1==117 VAC pnmary, dual secondaries:
90 VCT and 30 VCT

Miscellaneous: Battery holder for B1 and

B2. PC-mount luse chps, Ferrite beads.

11-mm x 25-mm coil forms

Note: The following COmponents are

avallable from Dick Smilh Electronics.

Inc, £.0. Box 8021, Redwood City, CA

94063; B00-332-5373 {orders) #15-168-

8844 {Inquiries). Complcte ki of all

parts {(No. K-3516) Including PC

boards. heatsinks, screened fronl and

rear panels, and fransformer T1, $299

plus $10 shipping. Separate compo-

nents: set of two PC boards {No. KM-

0106), $49.00; 25C2545 transistor {(No.

KZ-1683), 50.39 each; 2SK134 tran-

sistor {No. Z-1815}. $4.50; 2549 tran-

slstor {No. Z-1816), §4.50; transformer

T1 {No. K-2000), 557.00; case includ-

ing panels snd heatsinks (No. KH-

2700), $115. All component orders

musi add $1.50 for handling plus 5% of

1otai price. Caltornia residents must

add 6.5% sales lax. Orders outside

U.S. musi include U.S. funds and add

15% of total price for shipping.

The 28C2545°s are NPN rypes with
very low intrinsic base resisiance. We
have found the 28C2545 transistor superi-
of in thit respect (o all others that we have
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F1G. 3—THE CONTROL BOARD CIRCUITRY lu shomm here. Each section of the tircult is composed of
several momentsty switches that drive several lip-fiops.

1ested. Torender residual noise in the pho-
no preamp as low as passible, we use two
transistors connected in parallel in each
leg of the differential stage. That halves
the intrinsic base resistance and improves
noise performance a great deal,
Quiescent currcnt through the differen-
tial pair is set at about 1.7 mA (o optimize
the signal-to-noise ratio for typical mov-
ing-magnet phono canndges. That cur
rent is set by FET Q5. which functions as
a constant-gurrent source and ensures
good common-mode performance, good
PSRR (Power Supply Rejection Ratio}, as

well as optimum gain. In general, ihe
better the PSRR, the less likely an ampli-
fier wiil respond to vanations in the power
supply. including large ripple signals
(hum), or to harmonies of the input signal,
which inerease harmonic distortion. Re-
sistor R120 (2700 ohms) is connected in
series with the drain of Q5 to protect tran-
sistors QI00-Q103 should Q5 fail. A
failure of that sort is unlikely. but a re-
sistor is cheap insurance.

We use a Signetics NE3534A op-amp
for output drive; its high-performance ca-
pabilities include: low-noise, high slew- .

rate. and the ability to drive a 600-ohm
load. That last capability is important for
the ¢ircuit since it enables us 1o use a
relatively-low-impedance negative-feed-
back network. The low-impedance net-
work keeps circuit-generated noise 0 a
minimum.

RIAA equalization is determined by
the values of the compenents in the nega-
tive-feedback toop of the preamplifier
(R124, R125, CL09, C110). To ensure tha
there is minimum deviation from the ideal
RIAA characteristic Curve, those compo-
nents should have tolerances of 1% or 2%,
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FIG. 4—THE TAPE BUFFER CIRCUITRY Is shown here: H allows dubbing from efiter recorder lo the

other.

That keeps deviation within +=0.5 dB.

Since the NES534A is not inernally
compensated, a 10 pF capacitor is con-
necled between pins 5 and 8 10 ensure
stability al unity gain. which occurs al
high frequencies. In addition. a 39-ohm
resistor is inserted in the RIAA feedback
loop to prevent gain from rofling off un-
necessarily al very high frequencies. That
also reduccs the distortion Lhat might oth-
erwise occur at high frequencies due to
loading of the op-amp by the network.

The hand-wound toroidal inductor
{L100) in the preamp’s input reduces sen-
sitivity to stray RF signals. Capacitor
CI102 (47 wF) provides a low-impedance
shunt path (via the coil of the canridge)
for noise produced by RIS, the 68K bias
and input load resistor.

The outpul of the preamplifier is cou-
pled via a network consisting of aCl11, a
2.2 uF non-polararized unit, and R127;
those components form a low-pass filter
that attenuates frequencies ubowe 20 kHz.
Next the signal is fed to ICI, the 4PDT
analog switch that zlso handles the high-
level inpuls (CD, TUNER, and AUXILLI-
ary). That swilch is powered by +7.4-
volt and —7.5-volt supplies. The max-
imum pcak-to-peak signal that can be
handlcd by the swiiches without distor-
tion is defined by the values of the plus
and minus supplies. [nour case, the max-
imum is about 15 volts, but the swilch
should never sce more than about 2.5 volts
rms, or 7 volts pcak-to-peak.

As wc said, the inpw source fed
through to the rumble filiers depends on
the state of the A and 8 inputs. Those
inpuls are conygolled by the circuitry on
the control board. Let's examine thal ¢ir-
euilry next.

Control board

The control circuitry is shows in Fig. 3:
iel’s look at the Input Select Circuit first.
Switches SI1-S4 drive the cross-coupled
gaies of [C4, which are configured as an
S-R (Sc1-Reset) fip-flop. Suppose you
press 81, phono. That will force one input
cach of 1C3-b and 1C3-d 10 go low, which
will in turn force their cutputs high. Those
ourputs are connected 1o the inputs of 1C4-
a, 50 115 output will go low and LEDI will
light up.

The outputs of [C3-a and |C3-¢ are low
now; those outpuls are connecled o the A
and B inputs of ICI. Since both inpuls are
low, the X0 and voinputs—ihe outputs of
the phono pre-amps-—to the analog
switch will be fed through to the outputs.

The other switches in that section of the
Control Board {$2-54) work in a similar
manner, as do the switches iz the Monitor
Source Select section, The latched out-
puts of the latter section are cabled tothe A
and B inputs of IC2, another 4052 4PDT
analog switch; it serves to route one of the
source inputs {Phono, etc.) or one the tape
recerder inputs through to the volume
control circuitry.

continwed on page 90
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One of the most diffican tasks in buikd-
Ing any construction project featured in
Radlo-Elecironics is making the PC
board using just the foil pattem provided
with the articie. Well, we're daing some-
1hing about 7.

We've moved &ll the foil patterns lo this
new secnon where they're printed by
themselves, full sized, with nothing on the
back sxde of the page Whal thal means
for you 1s fhat the printed page can be
used directly to produce PC boards!

Nole: The pattérns provided can be
used directly only for direct positive pho-
1oresist methods.

In order 10 produce a board directly from
the magazine page. remove the page and
carelully nspect h under a sirong light
andi/or on a ight tabie. Look for breaks in
the iraces. bridges between traces, andin
general, all the kinds of things you ksok for
inthe finai etched board. You can chean up
the published artwork the same way you
clean up You own artwork. Dralting 1ape
and graphic aids can fix incomplete traces
and doughnuts, and you can use a hobby
knite 1o get rid of bndges and dirt.

An optional slep, once you're satisfied
thal the artwork 15 clean, is to take a little
bit of muneral ol and careluily wipe it
across the back of the artwork. That helps
make the papes transluscent, Don't get
any on the front side of the paper (the side
with the pattern} because you'll con-
taminale the sensiized surface ol the
copper blank AHer the ol has “drned” a
bri—patting with a paper rowel will help
speed up the process—place the pattem
front side down on the sensitized copper
blank, and make the exposure. You'll
probably have lo use a longer exposure
fime than you are probably used lo.

We can' tell you exactly how long an
exposurg time you will need but, as a start-
ing point. tigure that there's a 50 percent
increase In exposure time over (itho-
graphic film. But you'll have to expenment
1o find 1he besi methad for you. And once
you find , stick with . Don't forget the
“three CY ol making PC boards—care,
cleanliness, and consistency.

Finally, we would like 1o hear how you
make oul using our method. Wite and 1edl
us of your successes, and lalures, and
what lechniques work bast for you, Ad-
dress your {etters 1o:

Radlo-Efectronics
Depariment PCB
500-B Bi-County Blvd.
Farmingdale, NY 11735
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DESICNER’S
NOTEBOOK

Precision rectifiers

WHEN YOU TALK ABOUT RECTIFIERS, THE
first thing that comes to mind is
power supplies, but rectifiers are
also used in many other circuits.
Converting AC to DC is necessary
in many RF circuits, and most cir-
cuits that measure real-world
quantities first have to rectify sen-
sor voltages. But even though reg-
ular diodes and bridges are
adequate for many rectifying jobs,
sometimes a different approach is
needed.

The rectifying circuit you build
for a power supply will work per-
fectly well when you're eliminat-
ing batteries, but it will be
completely useless for RF. The rea-
son is simply that the input voltage
is less than the voltage needed to
turn a diode on. Even small-signal
germanium diodes require about
0.3 volts to turn on. That may not
seem like much, but, if you are
working with signals in the milli-
volt range, you'll have to find an-
other way to handle the problem.

Circuit designers have two stan-
dard methods of dealing with the
situation. They can amplify the AC
signal and then rectify it, or they
can do both at once with a preci-
sion rectifier. All things consid-
ered, the latter method is a much
better way to get the job done.

The one-step approach to huild-
ing a precision rectifier requires
some way of isolating the positive
and negative halves of the incom-
ing AC, but after that AC has been
amplified to a usable level. Thecir-
cuit shown in Fig. 1is a straightfor-
ward way of combining both am-
plification and rectification.

I designed the circuit with a 741
op-amp since it is cheap and read-
Hy available. If the performance

specs of the 741 aren’t to your lik-
ing, you can just as easily sub-
stitute any other op-amp. Higher
input impedance, lower offset
voltage, frequency limit, and slew
rate are among the factors you
should consider when choosing
an op-amp. Examine the require-
ments of your application and
choose an appropriate device.

D2y 2 HALF-WAVE
INT14 10K OC QUTPUT
N Bl
i
NS
AL O—M—— ] Yee
INPUT m Ic1
10K 1 m
ol L
-y
- [}
FIG. 1
AC
INPUT

5 = :
HALF-WAVE FULLWAVE
DC OUTPUT DC OUTPUT

FiG. 2

How it works

The circuit’s theory of operation
is similar to that of a diodes-only
rectifier. During the negative half
of the AC cycle the output of the
741 forward biases D2 and current
flows only through that diode.
During the positive half of the in-
put swing, however, D1 is forward-
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ROBERT GROSSBLATT
CIRCUITS EDITOR

biased, so current will flow
through it and through R2. There-
fore, DC will only show up across
R2 during the positive part of the
incoming AC cycle.

Because we're rectifying the
voltage in the feedback loop of the
op-amp and not at its input, the
circuit will be able to handle very
small AC signals. The inherent
high gain of the op-amp allows us
to rectify signals that are substan-
tially below the voltage needed to
forward-bias even small-signal
germanium diodes.

The op-amp shown in Fig. 1is set
up as an inverting amplifier, so the
output waveform will be 180° out of
phase with the input. You could
switch inputs on the op amp to
turn it into a non-inverting ampli-
fier, but the phase difference
comes in handy if you want to
build a precision full-wave rec-
tifier.

A simple summing amplifier can
be used to turn our circuit into a
precision fullwave rectifier, but a
bit of thought has to go into pick-
ing the summing resistors. As
shown in Fig. 2, we’re adding the
original AC signal and twice the
output of the halfwave rectifier
discussed above.

If R1 and R3 (in Fig. 2) had the
same resistance, the output of the
halfwave rectifier and the negative
half of the input AC would be
equal in magnitude, but 180° out of
phase. In other words, the net re-
sult would be a voltage of zero. We
can solve that problem by mixing
in twice the halfwave voltage.

If you decide to build the full-
wave rectifier, it's a good idea to
use a 747, which has two 741's in a
single 1C package. R-E
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STATE OF
SOLID STATE

Single-chip sync/sweep circuit

A COMPLETE TELEVISION SYNC/SWEEP
generator in a single |C package
has been developed by RCA’s Sol-
id State division. The CA3218E Ver-
tical-Countdown Digital-Sync Sys-
tern is a significant advance over
the synC and sweep circuits that
have been recognized as industry
standards for more than a decade.
The IC is designed for operation in
525-line televisions, monitors, and
video display equipment. The IC’s
unique vertical-countdown design
uses a 10-stage counter and.logic
Circuits to improve noise immu-
nity and to permit elimination of
the vertical-hold control.

The CA3218E also provides com-
posite blanking and burst-gate
output signals that can be
summed in a simple external RC
network to produce the “sandcas-
tle” waveform signal needed for
the operation of chroma and lumi-
nance circuits in color-TV re-
ceivers.

The device works with both
standard and non-standard sync
signals. An automnatic mode-rec-
ognition circuit forces the IC to
operate in the non-synchronous
mode when the incoming com-
posite video signal has a scanning
rate other than the standard 60-Hz,

ROBERT F. SCOTT
SEMICONDUCTOR EDITOR

525-line format. The CA3218E
might be used in a circuit like the
one shown in Fig. 1.

How it works

The IC's internal master os-
cillator is controlled by an external
RC network that is connected to
pin 5. The oscillator runs at eight
times the horizontal rate. The sig-
nal is divided several times and fed
to other portions of the IC. For
example, a divide-by-8 output
goes to the horizontal amplitier
output (pin 8). A phase-locking
AFC circuit controls the precise
frequency of the master oscillator.

* & 12V
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The horizontal ramp siinal input
{(pin 2} is derived from the flyback
pulse that appears at pin 15. Then
it's fed to a phase detector where it
is compared to the horizontal sync
fed in at pin 3. The phase detector
generates a correction voltage that
keeps the master oscillator phase-
locked to the correct frequency.

Divide-by-2 and divide-by-4 out-
puts of the horizontal divider drive
the 10-stage vertical counter. The
digital countdown system and as-
socCiated logic circuits provide
good noise immunity and elimi-
nate the need for a vertical-hold
control.

The cain/winDOw input (pin 10)
is a logic input that controls the
vertical-sync “window” during
which the system looks for the oc-
currence of a vertical-sync pulse
on the incoming signal.

Upon receipt of the 464th or the
512th clock pulse (according to
whether pin 10 is low or high, re-
spectively), the vertical-synC win-
dow is “opened.” The end of the
sync window is marked by the ar-
rival of the 568th or the 592nd
pulse, again according to whether
pin 10 is high or low.

If the incoming vertical-sync
pulse coincides regularly with the
525th clock pulise, vertical blank-
ing and sweep signals are gener-
ated in the standard sync mode. If
the incoming vertical sync does
not coincide with the 525th clock
pulse or if it Is masked by noise,
the 10-stage counter continues (o
supply an output at the 525th clock
pulse. A three-bit counter counts
the number of consecutive fields
during which a sync pulse does
not arive simultaneously with the
525th clock puise. If a sync pulse
does not coincide with the 525th
clock pulse for eight consecutive
fields, the 3-bit counter activates a
circuit that switches operation
to non-standard sync.

When the circuit operates in the
non-standard sync mode, the in-
coming vertical pulse initiates ver-
tical sweep when the input pulse
coincides with any clock pulse
within the sync window except the
525th. If no vertical-sync pulse ar-
rives during the window time, the
system freewheels at a frequency
determined by the 568th or 592nd
clock pulse, depending on the
state of pin 10.

The CA3218E generates a com-
posite blanking signal and a burst-
gate keying pulse at pins 12 and 16,
respectively. Those signals can be
summed in a simple external re-
sistive network (R13, R14, and R15
in Fig. 1) to produce the “sandcas-
tle” signal that is used to drive
chroma/luminance I1C’s like RCA's
CA3220E. The CA3218E also gener-
ates an inverted horizontal sync
signal (at pin13) that can be used to
drive the CA3224E Automatic Pic-
ture Tube Bias IC.

The CA3218E costs $2.00 each in
100-piece lots. For further informa-
tion, and a copy of the data sheet
(File No. 1637}, write to RCA Solid
Slate, P.O. Box 2900, Somerville, N}
08876.

Power supply design aid

Ferranti Semiconductors has
made available its Power Supply
Design Pack that includes informa-
tion on its Super E-Line, High-volt-
age Super E-Line, and MOSFET
transistors. To receive the design
pack, contact Ferranti Electric, Inc.,
87 Modular Avenue, Commack,
NY 11725.
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ROBOTICS

Pet robots?

WE'VE SPENT SEVERAL MONTHS DIs-
cussing the hardware necessary to
build robots. The most common
applications for the type of robot
we've been talking about include
automatic assembly equipment
and material transport. However,
an entirely different type of ap-
plication is emerging.

As anyone who has ever walked
by a pet store can see, the pet in-
dustry in America is thriving. And
the price for a well-bred dog can
be astronomical. Why do people
pay those prices?t Companionship.

For example, a good dog is soft
and furry, and he’ll come to you
when he is called. Left to himself,
he'll fend for himself. Command-
ing him to speak yields a healthy
bark. You can play fetch with him,
and maybe he‘ll even bring the
morning paper to you. Strangers
will be sensed, "announced,” and
perhaps chased away.

To obtain those benefits all you
have to do is provide a comfort-
able environment for your dog to
live in. You must regulate the tem-
perature, provide clean, fresh
drinking water, and provide food.
It doesn’t hurt to clean your dog
occasionally; otherwise you may
find yourself caring for several
dozen littie pet insects as well.

What's all that got to do with
robots? It appears, using tech-
nology that is available today, that
it is possible to build a pet robot
that can do most of the things we
value our pet dog for. Of course
there will be limitations. The robot
won’t be able to jump or catch a
stick in mid air, but it could fetch
the morning paper, provided the
paper could be found in the same
place every day. (And no pooper-
scooper is required.—Editor}

A new company called Axlon
(1287 Lawrence Station Rd., Sun-
nyvale, CA 94089) is first to apply
robotics to the pet market. Their
product is a “cat” named Petster. It
is soft and furry, and it will come to
you when you call. It purrs and its
LED eyes blink. When you leave it
alone, it finds a cozy place to relax
and falls asleep. Clapping is used
to communicate with the "beast.”

Sound too good to be true? It
actually exists. I, and my family,
which includes two girls, six and
nine years of age, had the pleasure
of testing one recently. Because
the man-machine interface is not
perfect, there are times when Pe-
tster does the opposite of what
you command. Butisn‘t that some-
times the case with a real pet? The
limitations of the technology
provide the unpredictability of a
real pet.

Petster is based on a single-IC
microprocessor that processes
sounds picked up by its on-board
microphone. Two small motors
provide locomotion for the toy.

There Is now a detuxe version
available, shown in Fig. 1, that
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ROBOTICS EDITOR

purrs when you pet it, and that
includes an electronic leash that
allows you to take Petster for a
walk. It can avoid obstacles picked
up by an internal sensor. That's the
same type of technology we've
been talking about here.

A more serious use

where will that technology
lead? Another product recently
announced by Axlon attempts to
solve a problem of growing nation-
al concern. Thousands of children
disappear each year. Those of you
who are parents undoubtedly re-
member the sinking feeling you
have when you are separated from
your child in a shopping mall. And
perhaps you have wondered
whether a technological solution
to the problem could be found.

Axlon’s $.0.5 Bear is one at-
tempted solution. Inside the bear
is a radio transmitter that main-
tains contact with a receiver-alarm
unit carried by the parent. [f the
child and the bear wander too far
from the parent, the alarm sounds.

How far is too far? In a relatively
quiet area such as a back yard or an
open field, the unit allows a max-
imum separation of about fifty
feet. But in a crowded shopping
center, an internal sound-level de-
tector automatically compensates
and sounds the alarm when the
distance between parent and child
exceeds ten feet.

One problem with that scheme
is this: What happens if the child
and the bear are separated, as
might happen in the case of a
forced abduction? A solution
might be to tether the bear to a
battery pack attached to the child’s
clothing. Loss of the signal would
then trigger the alarm. R-E
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Black-box descrambling

SOME YEARS AGO A GROUP OF CLEVER
college students dedicated them-
selves to learning how the long-
distance lelepﬁone network
works. Once they figured it out,
they began building “blue boxes”
with the capability of bypassing
toll-call record-keeping systems.
The magic boxes allowed a person
to dial any number he or she wish-
ed, at any time, without incurring
any long-distance charges. Natu-
rally, many people enjoyed stick-
ing it to Ma Bell, but Ma Bell lost a
great deal of money and set out to
discover what was happening.

Eventually the persons involved
were caught, and, even though
several publications had already
printed complete descriptions of
the circuitry involved, the practice
all but died out. That's because the
risk of discovery, and the penalties
that could be incurred, were great-
er than the rewards that might be
gained.

We now have a similar situation
in TVRO. As reported last time,
HBO and Cinemax began trans-
mitting scrambled signals after the
first of the year. The basic system is
outlined in Fig. 1; note that, at the
receiving end, the input to the de-
scrambler can be either the 70-
MHz output of a downconverter,
or a baseband video signal. M/A-
Com has designed difierent de-
scramblers to handle both kinds of
signal.

Since HBO and Cinemax began
scrambling, Super Station WOR
has joined the ranks of the
scramblers; and more broad-
casters will undoubtedly follow.
As you might suspect, several
firms and individuals have begun

"Editor-in-Chief, Coop’s Salellite Digest
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working on breaking the scram-
bling system. |s that legal?

Cloudy legalities

The situation is unclear at this
time. New telecommunications
legislation was signed into law in
the fall of 1984 by President Re-
agan; that legislation deals with
the theft of telecommunication
signals. What is considered theft?
If you use a transmission that is
private, and not intended for you,
then under the new law you are
stealing that communication.

In addition, the 1984 law consid-
ers you an accessory to such theit
if you help someone else receive
private signals, either by teaching
him how to do it, or by providing
him with equipment to do it. So,
for example, if you figure out how
to descramble the HBO satellite
feed and share hardware or even
information with a second party,
you may be in violation of the law.
Section 705 of the 1984 Communi-
cations Act provides for significant

BOB COOPER, |R.,*
SATELLITE-TV EDITOR

financial penalties and possible
imprisonment for violalions. Fur-
ther, the penalties are greater if
you are involved in a theft-related
business—such as building and
selling descramblers.

Those potential penalties
haven't deterred a few hardy
souls. Advertisements are appear-
ing that offer assembled de-
scramblers as well as plans and kits
of parts. The |legality of those offer-
ings has not been determined yet,
but, as potential purchasers of de-
scrambling products, you should
be aware of the special circum-
stances involved here. The law was
not very clear prior to the new leg-
islation; il is more clear now than it
was, but the courts have yet to test
the new laws.

The technical end

To date, a number of interesting
tricks have been offered to beat
HBO's scrambling system. I'll de-
scribe several of the most com-
mon systems; they should serve as
awarning, in case you're consider-
ing buying a black-box de-
scrambler.
® A series of booklets are being
sold, some for as much as $50, that
claim to disclose circuits that can
beat the M/A-Com Videocipher
scrambling system. | have read all
the books | could get my hands
on, and in no case does the solu-
tion offered descramble the audio
signal. Video descrambling on
HBQ is really simple, since the po-
larity of the video waveform has
been inverted, and the sync pulses
have been retarded. All you have
to do is re-invert the signal and
regenerate the sync. And you
don’t have to buy a $50 booklet to
find out how to do that!
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® Kits, as well as wired and tested
units, are being offered from a
company in Canada. The company
claims that you'll never have to pay
a monthly fee for HBO after you
purchase their descrambler. The
kits are not yet available, and the
wired and tesied unit we saw was
simply a M/A-Com Videocipher
circuit mounted in a different cab-
inet to disguise its origins.
Cleverly, the company enrolls
the subscriber in HBO’s normal
service for several months. When

that subscription lapses the user is
left with a descrambler that works
like the legitimate M/A-Com de-
scramblers: when you pay for ser-
vice, you'll be able to receive
descrambled signals.

e Circuit wizards are looking into
modifying the specially-encoded
IC’s in each Videocipher so that
you can bypass HBO's scrambling
permanently. | don’t know if such
“bypassing” is indeed possible,
but I’d be shocked if M/A-Com left
such a gaping hole in their security

IF YOU need to know the latest status of satellite TV scrambling, call this
number for a free informational update of SCRAMBLE-FAX® from Bob
Cooper's CSD Magazine. Twenty-four hours per day, you can find out
the lastest information concerning which services are scrambling, the
type of scrambling system being utilized, plus the availability and source/
pricing for descrambier units. SCRAMBLE-FAX™ has been designed to
help end the confusion over sateliite TV scrambling.

SCRAMBLE-FAX™ helps you as a retailer or heavy user of TVRO stay
abreast of the fast-changing satellite scrambling evolution. These con-
stantly updated audio news reports capsulize into a three minute call the
tatest nside Information on scrambling. SCRAMBLE-FAX® ‘Audio Re-
ports’ are compiled from the pages of the SCRAMBLE-FAX® News
Bulletin printed reports now beingissued by CSD Magazine on a routine
basis. SCRAMBLE-FAX™ *Audio Reports’ are intended to supplement
the comprehensive written reports in the SCRAMBLE-FAX News
Bulletin® from CSD Magazine, but are available to anyone capable of
dialing 305-771-0575.

OR ORDER your own SCRAMBLE-FAX News Bulletin®™ today by com-
pleting the coupon below OR with your VISA or Mastercharge card
handy, call 305-771-0505 for your AIRMAIL copy of SCRAMBLE-FAX
News Bulletin™. The ‘Bulletin’ provides concise data on everything from
receiver test data for Videocipher descrambler compatibility 1o insider
reports on black box descramblers and satellite service scrambling
scheduies and progress. The SCRAMBLE-FAX News Bulletin™ is
issued periodically in updated form and is sold to you on a per-copy basis
with convenient order form for the next updated issue. Users however
are assured of a constantly self-updating format by using the SCRAM-
BLE-FAX telephone 'hotline’ service at 305-771-0575.

SENDME SCRAMBLE-FAX NEWS BULLETIN!
$10 enclosed {check or money order)
for the latest AIRMAIL transmitted

|

SCRAMBLE-FAX News Bulletin.
Call It!

——_Charge my VISA
tercharge card number
= Lexpiring®t— T =
$10 and send the tatest SCRAMBLE-
FAX News Bulletin via AIRmait.

My Name (as it appears on VISA/Maslercharge

card if applicable) —

Mas-

Iddress-

Town-  State- Zip-

Order From: CSD Magazine, P.O. Box 100858,
Ft. Lauderdals, Fl. 33310
305/771-0505 weekdays from 9AM

lo 4PM Eastern.
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Interested in TYRO?

For nearly two years Bob Cooper has
provided a no-charge kit of printed mate-
nals that descnbes the challenges of and
opportunities In selling TVRO systems to-
day. With the presenl intense interest fn
scrambling systems, Coops CSD bas
made available a new no-charge service.

The SCRAMBLE FAX holline 15 a 24-
hour-per-day telephone service lhat
provides accurate, detaied. and hard-to-
find facts conceming the changeover lo
scrambling in 1he satellt®@ communica-
tions industry. Information descnbing sat-
ellite receivars tested for scrambling
compatibility, sources for authonzed de-
scramblers, wholeSale rates of scram-
bling equipmenl and services—all are
provided on the SCRAMBLE FAX holline.
There is no charge for thal senace, other
than your iong-distance telephone ex-
penses. Simply dial (30S) 771-057S for a
concise and timaly ihree-minute capsule
report that covers ihe latest in scrambling
nNews.

system; its an open invitation to
being cracked.

It seems that vendors of pres-
ently-available non-authorized de-
scramblers are vuitures preying on
people’s desire to get something
for nothing from HBC and from
other programmers. In fact, it’s
such an emotional issue that peo-
ple who normally exhibit good,
common buying sense are throw-
ing caution to the winds and buy-
ing anything that promises to beat
the systemn. But, as | write this, |
have yet to see any gadget or cir-
cuit that will recover both the
scrambled video and the
scrambled audio from either the
M/A-Com Videocipher or the Qak
Orion descrambling systems.

So, spend your money wisely,
and if you like to play with chal-
lenging new technology, have at it.
Who knows, you could be the first
to break the digital audio scram-
bling system that is the current
rage in commercial telecom-
munications! R-E
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ASK R-E
continued from page 8

surge can cause an annoying 120-
hertz buzz on nearby AM radios,
and it may interfere with the oper-
ation of some types of electronic
equipment.

For example, consider the high-
current incandescent lamps that
are used in traffic-control signals
and movie projectors. When
power is applied at any instant
other than the zero-crossing, the
lamp's filament is cold and its re-
sistance is low. The resulting in-
rush of current is typically ten to
iwenty times the steady-state val-

FIG. 1

Further, thyristors (SCR's and Iri-
acs) used in solid-state relays,
electronic light dimmers, healer
controls, and small-appliance
speed controls vary applied power
by varying the phase angle over
which that power is applied. When
power is applied to the device fora
period less than 180 degrees, the
load current rises abruptly, and
that may shorten the life of the
thyristor, as well as that of the con-
trolled device. Radio-frequency
interference may also occur.

Those problems are reduced or
eliminated by using a zero-voltage
switch. Those devices are usedin a
variety of products, including the
BSR remote control system. Typ-
ical switches now comein IC form,
like the CA3059, available from
RCA and mMotorola, TI's TL4400,
and the OPI13030 series from TRW
Optron. The latter include opto-
isclators in addition to the zero-
voltage switch. R-E
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83995 $§595 $5395 :

FEATURES: u

«Automatic and Manual Ranging Seleclable “

(except current measure.)

+Large and High Contrast LCD
+«Custom and Power Saving ICs:
500 hours on jus! two AA-Batterles
sAccuracy (OC Volt: MOM-1181 0.1%,
MDM-1182 0.25%, MDM-1180 0.7%
+Data Hold Function (MOM-1182 only)
+3 Measurement Functions
+2 AA-size Battenes, Safety
Measurement Leads and Fuse Included

+ONE YEAR WARRANTY
+OUANTITY LIMITED

= T

B PLEASE ADD FOR SHIPPING AND
INSURANCE
+MULTIMETER:
$39.00-$250.00: $4.50/$251.00-$600.00: $6.50
$601.00-5750.00: 58.50/5751.00-$1,000.00; $12.50
$1,000.00 and more: $15.00

B WE ACCEPT ONLY MONEY ORDERS OR
CHECKS TO SAVE YOUR COST.
B PLEASE ADD 6.5% FOR TAX (CA ONLY)

HI-SHURE CORP.

TOLL FREE 1-800-222-7798
1050 E. DOMINGUEZ ST.

)y = e £ Gy <ol i () e - < -

——

CARSON, CA 90746
(213) 637-1863
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-
TR ) e~ — -~ #
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ANTIQUE
RADIOS

Automatic tuners

YOUNG COLLECTORS OF ANTIQUE RA-
dios may be a little surprised at
how advanced some early re-
ceivers were. Many modern “inno-
vations” are actually just ideas that
were already popular in the early
days of radio. For example, the au-
tomatic tuning systems used on ra-
dios of the 1930’s and afterwards
provided much convenience for
early listeners. By way of contrast,
you old-timers might remember
having to tune each of four huge
dials separately, and possibly sev-
eral smaller dials.

That's the way it was at first, but
improvements came fast. Soon it
became possible to control all
those dials with a single knob.
Next pushbutton-selection of sta-
tions became popular. As the
1930's progressed, at least half a
dozen types of automatic tuners
became available. Our antique of
the month presents one novel ap-
proach to the two-hands-too-few
problem; after discussing it, we’ll
talk about other approaches.

The Grunow Model 588

The beautiful set shown in Fig. 1
is a superhet that covers the broad-
cast band and one shortwave
band. Band-selection is accom-
plished by the center knob in the
group of three. Another knob is a
tone control. The tuning dial is
what makes this radio interesting;
it's called a Teledial, and it's a man-
ually-operated automatic tuner
that made its appearance in the
mid 1930’s. Later on, similar ar-
rangements were motorized.

It's called a Teledial because it
works like a rotary telephone dial.
You push a button on the circum-

ference of the tuning dial and then
rotate the dial until it latches. You
could set as many as eight dif-
ferent “stops” on the model 588.
The buttons are set by tuning in
the desired station, moving the
button to the latch gate, and then
tightening the button.

FG. 1

Against my better judgement, |
removed the entire tuning device
to see how it works. Removing one
hex nut on the mounting bracket
loosened the entire assembly and
revealed the efficient dial lamp in
the center of the dial. The lamp is
accessible by removing the dial
pointer. It's easy to string the dial
cord. The latch-gate stops are
mounted on steel springs which
retract as the pin passes over the
wedge. Some motorized tuners
use a similar arrangement.

The Grunow model 588 has five
tubes, including an 80 rectifier, a
6A7 first detector and oscillator, a
606 IF Amplifier, a 75 second de-
tector, AVC and audio pre-amp,
and, finally, a 41 power output
tube. The set has an |F of 465 kHz, a
built-in power transformer, and
connections for an antenna and
ground, and it uses a dynamic
speaker.

Similar tuners were made by
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Emerson, Fairbanks, Morse, Phi-
Ico, Traveler, Erla, Wilcox Gay, and
Ceneral Household Utilities, who
made the Grunow.

Pushbutton Tuners

Of course, the Teledialis not the
only type of automatic tuner;
probably most popular was the
mechanical pushbutton type,
which can itself be broken down
into several different types. Push-
button tuners often use one
switch to control power and an-
other to select a shortwave band,
which could then be tuned with
the regular tuning dial. A pushbut-
ton system like the one on some
Trutone models was about the
simplest and least expensive. It
uses a systeém of levers and springs
that actually turns the ganged tun-
ing capacitor. |t's easy to build and
adjust, but it requires considera-
ble pressure to operate the but-
tons.

Philco manufactured one radio
that requires less button pressure
than the Trutone. It works by dis-
engaging the ganged tuning ca-
pacitor when the pushbuttons are
in use. The switching arrangement
then connects a different coil in
the circuit when the button is
pushed. The adjusting screws of
those coils are accessible from the
back of the cabinet. The only prob-
lem is that, if a set is tampered
with, it could take a technician a
full day to align all those colls.

The Belmont Model 50128,
which was our Antique of the
Month Jast time, has a mechanical
pushbutton arrangement called
the "Belmonter.” The buttons
make chassis removal alittle tricky.
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You have to to remove the tuning
knob, which is always on the side
of the cabinet with this type of

tuner, before removing the chassis.

WARNING: Don't try to pry the
tuning knob off in the usual man-
ner. You'll break it, and then you’ll
have to glue it back together.
There is a screw through the cen-
ter of the knob that is covered by a
decal or possibly by some sort of
slug. That screw must be removed
first. Then you can unscrew the
chassis bolts, remove the volume
control knob and then remove the
chassis. Of course, it's not neces-
sary to remove the chassis just to
tune up the push buttons. fust
loosen the tuning knob's lock
screw and you'll have no problem.

The tuning system works like
this. There are five heart-shaped
cams mounted on an extended
ganged-tuning shaft. Pushing a
button causes the roller part of the
mechanism to rotate the cam until
the roller part falls into the low
spot on the cam. To set a button
for a particular station, the station
is tuned in with the tuning dial
while holding down the button.
Then the locking screw is tight-
ened.

Belmont’s pushbuttons require
less operating force than many
others, due to the elimination of
the leverage devices, and to rotat-
ing the cams directly against the
shaft of the tuner shaft. It’s inter-
esting to note that pushing the
buttons of many automatic tuners
actually requires more physical
effort than simply rotating the tun-
ing dial!

Here's a few hints on how to set
up a pushbutton tuner in an an-
tique radio. Select only strong sta-
tions with low noise levels. Also,
select stations that don’t drift or
fade. And any receiver that is
prone to frequency drift should be
serviced before attempting to set
up the automatic tuning system.
Last, let the set warm up for at least
ten minutes before attempting to
set up the automatic tuner. Other-
wise the station is liable to drift, so
your work will have been in vain.

Motor drive

For those who didn’t want to ex-
pend the energy necessary to
operate a pushbution tuner, and
whose pocketbooks could afford

an alternative, there were motor-
driven and motor-assisted tuners.
Among others, Gilfillan, Zenith,
Stromberg-Carlson, United Amer-
ican Bosch, and Crosley manufac-
tured motorized tuners.

Motorized tuners were available
in several variations depending on
whether the pushbuttons or the
tuning dial was motorized. With
some, it was necessary to fine-
tune the station after letting the
motor do its thing. Provisions were
made for muting the audio output
while the motor was operating so
that no objectionable noise would
bother the listener.

One thing all automatic tuners
have in common is that they are
designed for easy use by the con-
sumer. Adjusting the tuning but-
tons was easy with the Teledial, for
example. Even systems like the
Belmont that requlre a little effort
could be used easily by the aver-
age consumer.

Service hints

Adjusting the automatic tuning
mechanism should be done only
after the set functions normally.

continued on page 87
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Call or Write
JAN CRYSTALS
P.O. Box 06017
Fort Myars
FL 33 17

(813) 936-2397
T (icred)
amemc. J
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more! You don’'t need a college degree lo
qualify, but you do need an FCC License.
No Need lo Quit Your Job or Go To Schaol
This proven course I8 easy. (ast and low
cost] GUARANTEED PASS — You get your
FCC License or money refunded. Send lor
FREE facts now. MAIL COUPON TODAY!
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MARKET CENTER

MULTi-channsl mcrowave TV antennas—Iifehme
warranty—compieta 20 * dish System $89 95 Buy
diract from the manufactures —mplACeMEnt Compo-
nents and “Build I YourseH™ ks availlable. Discount
quantity pricing—dealers welcome. Call or wnte for
free Inl alion package—KAS ELECTRONICS,
FO. Box 34522-RE, Phoenix, AZ BSD67. (602) 230-
0640 VisaMasterC ard'COD’s

SATELLITETV

STERED TV mdapter kit Easily converts any TV/
VCR to recarve 1he new stereo TV sound. Containg
all paris PCB and instructions o build & quality
sigres decoder. For additional inlormation send
SASE to SOKOLOWSKI, Box 150, Elmont, NY
11003,

CLASSIFIED AD ORDER FORM
To fun your own cisaalfied ad, Pul one word on sach of 1he lines betow and send thia form alorg with your check ta:
Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale. NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear, For
spacial headings, there is & surcharge of $23.00.
Plans/Kits { ) Buslness Opporiunities ) For Sale
EducatiorvInstruction [ )} Wanted [ ) Satellite Television

Special Cateqory: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made uniess you clearly print or type your
copy.) Rates indicaled are for standard style classified ads only. See below lor additional
charges for special ads. MIinimum: 15 words.

1" 12 13 14 15 (542.75)

SATELLITE ayatema... Lowast prices in the nationl
Send Brand, | to: 2002 INNOVIA, INC.. Box
g?gz. Gardnanville, NV 83410. (800) 628-2828 ax1.

BLACK BOX OE-SI-FURING

THE SOLUTION TO SATELLITE
SCRAMBLING VOL. Il

AMERICAN AND CANADIAN 00
Latest Saletite TRChnoiogy sviatie Dver 100 pages
of how o busld. Comas with compiete schemaflcs
Parts Bl andf supevstrs of pacts & iots

LOWTENTS OF MANUAL

o
4 S2995 1 o 4 Giterent types of saleile
£ BLACK BOX
e pE.5|FURING | @ Modes of operabon
Fa the soLymion | 3 B 0 Duld 2 B pur
% 10 SATELLITE ey
- SCRAMBLING ® Digital audio processors
. B¢ dua

T z [T T ———
$29.95 plus $3.00 ehi

ngnoling
CODs please. Thank BiELgsAE D!
PO Boa 41. Warren, B 02885,

BUILD your own satallite TV receiving system
and savel Instruction manuals. schematics, clr-
cult board, paris kitsl Send stam envelo)
tor complete product listing: XANDI, Box 25647,
Dept. 218, Tampe, AZ 85282..

CABLE TV Secrets-the outiaw publicalion the ca-

ble companias tried to ban. HBO, Movie Channel,

Showtime. descramblers, convertars. etc. Sup-

plers I8t included. $8.95. CABLE FACTS, Box 711-
. Pataskala, OH 43062.

CABLE TV Source Book—a complete listing of sup-

pliars tor hard-to-ind Converters, dascramblers,
fechnical information. schemancs and much much
more. Full refund d nol satshied. Send $4.95 to
CABLE, Box 12505-R, Columbus, OH 43212.

16 ($45,60} 17 (548.45) 181551.30) 19 ($54.15) 20 {357.00)

21 ($59 85} 22($62,70) 23 (%65.55) 24 ($68.40) 25 ($71.25)

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 (582 65) 30 {$85.50)

31 (588.35) 32($91.10) 33 (594.05) 34 ($96.90) 35 (399.75)

We accept MastarCard and Visa for paymeni of orders. Il you wish to use your credit cand 1o pay for your ad fill
in ihe toliewing additional information (Somy. no Lelephone orders can be accepted.)

Card Number Expuranon Dats

/ i Rl S

Signalure

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PEAMANENT ADDRESS AND PHONE
NUMBER FOR QUR FILES. ADS SUBMITTED WITHOUT THIS INF ORMATION WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: {for firms or individuals offering commercial products of services)
$2.85 per word prepard (no charge kor Zip coda) MINIMUM 15 WORDS. 5% discount for sme ad in 6
ISSues: W% discount for same ad in 12 33ues within one year; if prepaid. NON-COMMERCIAL RATE: (jor
indraduals who wanl to of sell @ personal tem) $2.30 per word, Wd...no minimum. ONLY FIRST
WORD AND NAME set in caps at no extra charge. Addiional bold face {nol avaiiable as all caps) S50¢
gor word addltlonal {20% premium). Enti ad in boldface. add 20% premium to total pnce. TINT

CREEN BEHIND ENTIRE AD: add 25% premium to total prce. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45%Anremlum to fo1al price. EXPANDED TYPE AD: $4.30 per word
Ere id. All other fems same as for STANDARO COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE

XPANDED TYPE AD: add 25% Eumlum to 1otal price TINT SCREEN BEMIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 17 x 2w"—
$30.00; 27 » 2v—§520.00, 3 ¥ 2v:"—5930.00. General information: Frequency rates and prepayment
discourts are avalable. ALL COPY SUBJECT TO PUBLISMERS APPROVAL. ADVERTISEMENTS
USING RO. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISMER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy 1o be in our hands on the 121h of the third
month preceding the date of the ssue_ (1.8, August I55u8 copy must be meeved by May 121h). When neimal
closing date falis on Saturday. Sunday or Hollday. issue closes on preceding working day.
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SCIENTIFIC—Atlania cable Systems! See all lhe
channels. B500 series. Complete boxes. de-
scramblers. hand remotes .. Send $2.00 AD-
VANCED TECH. SYSTEMS, Box 315, Aubum. MA
01501. (617) 832-2339.

SATELLITE systems 544§ Catalog S2 also: KU
band systems. STARLINK. INC.. 2603-16R Artie,
Hunisville, AL 35805,

59 degree LNA%! Brand name' Improve your satel-
Ine systeml Convert block systems to Ku-Band. Re-
placermert LNB'S. [hscount pricing: LNA, 201 E.
Southemn. Suits 1008, Tempa, AZ 85282

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

PAY TV and Satellite Descrambling.

terny Fantspy and A0 schematics aciuded. Mogl
COmplale raheience available on ssieilta Boramibling

$1298 MDS Handtocs B Stungun schemancs 35
Satelkle Tysems under S500 . $11.95. Prinkgedt crcuts,

kifs oo B
?16-23:-%63

SHU i L LCTRUFNICS CORP,
N
WANTED
INVENTORS! AM wanls—ideas, inventions, new
Products. Improvemenis on aisting producls We
prasent ideas 10 manufacturers. Confidentialily

guarantesd. Call toll free 1-800-225-5800 for infor-
mafion kit.

INVENTIONS, ideas. new ucls wanted| Indus-
Iry presentation/national exposition. Call free
1-800-528-6050. Canada. 1-800-528-6060. X831,

~ BUY BONDS
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BUSINESS OPPORTUNITIES

MECHANICALLY Inclined Individuais desiiing
ownership of small Electronics Manufaciunng Busi
ness—without investmanl. Wrile: BUSINESSES,
92-A, Bagnion 11th, Brooklyn, NY 11235,

YOUR own radio atationi AM, FM, TV, Cable L-
censediunlicensed. BROADCASTING . Box 130-F4
Paradise. CA 95969,

RECOVER silver fom home and industnal junk.
Froe siver with rrz $10.00 bookiel of Hems that
contaln silver. OON FOWLER, Box-4401.
Cleveland, TN 37311,

ESTABLISHED maul order company seekny new

and devices Submit descrption and de-
talls: SOMMER ENTERPRISES Box 323 Stabion
“8.” Toronto, Ontasio. Canada M5M-4M9.

FANTASTIC nity nutritious food MLM send
$5.00 DINNER APPLICATION, Box 94, Valley
Stream, NY 11581,

INVENTORS lor under $20. You can proteci your
idea, Call 716-471-6614. Call Sleven.

I1G
PﬂBOFlTS

Sian nome spare brne Invesimen! iowiedge
saperence unnecessarysaBrG DEMAND asse
bling BCONC divicas les handled by Drotes-
sonals LUnusual business opporiunity

FREE: Complete Nlusiraled Neralure
BaARTA RE-Q Bux 238
Wainut Crees Calf 94597

ELECTRONIC

ASSEMBLY BUSINESS

PLANS AND KITS

CATALOG: Hobby/broadcating/1750 Meters Ham
CB: Transmitters, amphfiers, antennas. scramblers,
bugging devices, more! PANAXIS, Box 130-F4 Pas-
adise, CA 95969, d

CABLE TV converters: ferrold products in-
clude "New Jerrold TRI-MODE,” $8-3,
Hamlin, Dak VN-12, M-35-B, Zenith, and
more. UHF Deluxe Il kils. (quantity dis-
counts) 60 day warranty. Service canvert-
ers sold here. For 1asl service COD orders
accepted. Send SASE (60 cents postage) or
call lor Info. (312) 637-4408. HIGGINS
ELECTRDNICS, 5143-R W. Diversey. Chi-
cago, IL 60639. No lllinois orders accept-
ed.
HI-Fl speaker Syste;s kits. aulo Speaker sysleris
and speaker comPonenis {rom the workds finesl
manulacturers. For inners and hes Free
A. Denver,

lterature. A&RS SPEAKERS. Box 74
CC 80207. {303) 399-8609

&' DISH $69 tabvication cosi. Polar mount, attrac-
tive. easy construction Stock hardware terms used.
Complets instructions, plans, fabrication, assem-
bly. sefup, drawings. pholos. $14.95 Plus $2.00
shwping, DIRIKO DISH, Box 212, Lowell. NC 28098.

VIDEO SPECIAL EFFECT PLANS

Eacatang COLDA Spocmtd Fict witell w bt
Vol . =i welh W7 vl Camprn i WOR
PR LparEree W ek, wo1T W0 Wi - Sivel ol i

Puialon) ' SAURIS g PeChafing RO
et PO i, ane'y & Sabructors (g
For il 1 6 3o g el S A S E e Fron
Brocharn
VIDED EFFE
Actusl BW pROR . "
i A meen BALEA Y

CLEVEL &G DML

SUPER-SURVIVAL CATALOGI—Eighty publica-
tions—Electronics, Compuiers. Eneﬁr. Weafons.
Securily. Medical, Financiai—$1. "High Voltage
Devices(512),” "Eleciromagnetic Brainbisater
{$25),"Disk Service Manual ($25)." "Computer
Phreaking {$151." “Volce Disguiser (ST%:‘ ~Auto-
matic Yeller Machines ($15)." "Heal Thyseiti
$8)." "Polygraphs™ ($15) " “Consumerironics
CBS "60 Minutes), 2011 Crescenl. Dept RE-17.
ampgocdo, MM 88310,

6032 infrared tubes (tested and guaranteed). in-
frared kits, CoMmplete ine of engineenng and sur-
vanllance viewers. IR SCIENTIFIC. INC.. Box 110
Carlsle, MA 01741, {617) 667-7110.

CABLE-TV

I

apVER ——
BONANZA!

PRICE
ACA 36 CHANNEL CONVERTEHR (CH. 3 DUTPUT ONLY) 2995
PIONEER WIRELESS CONVERTER (OUR BEST BUY) £8.95
LCC-58 WIRELESS CONVERTER

DEALER
10.UNT
PRICE
18.00 aa.
72.00 ea.

76.00 ea.
JERROLD 45C WIRELESS CONVERTER (CH 3 OUTPUT ONLY) f 10595 | 90.00 ea.
S8 ADD-ON UNIT —1 _¥ 109.95 '| 5800 aa.
BRAND NEW — UNIT FOR SCIENTIFIC ATLANTA Call for speciics
| MINICODE (N-12) ) 10995 | 58.00 ea.
MINICODE (N-12) VARISYNC - | 11995 | 6200 ea
MINICODE VARISYNC W/AUTO ON-OFF 17895 (11500 ea
'&35 B(CH. 3QUTPUT ONLY} | 13995 | 7000 e
M-35 B W/AUTO ON-OFF {(CALL FOR AVAILABILITY) 19995 [12500 ea.
ELDJZOG-S [CALL tF CH. 2 OUTPUT) 10995 | 58.00 ea
INTERFERENCE FILTERS — CH. 3 _ 2495 | 14.00 ea
JERROLG 40C OR 450 REMOTE CONTROLLER 2995 | 1B.00 ea,
ZENITH SSAVI CABLE AEADY (DEALER PRICE BASED ON 5 UNITS)

ALER 22500 [18500 ea
SPECIFY CHANNEL 2 or 3 OUTPUT Other products avaliable — Piease Cal

92.95

Quantity |

SUBTOTAL
|  Shipping Add
$3.00 par unit
COD & Cradit
| Cards — Add 5% |
_ TOTAL

Caitormia Penal Code #593-0 lorbids us
fram shipping any cabie descrambling unit
to anyone résiding In the swie of Calitorma

Prices subject lo change without nohce

PLEASE PRINT

Name

Address ity

State _ Zip_ _ Phone Number { - J
] Cashser’s Check 0 mMoney Order gdcob

Acct ¥_ Exp. Dae _

1 Visa Masiercard

Signature .

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE — |, the undersigned. do hereby declare under
penalty of parjury thatail Products purchased. now and in the fluture, will oniy be used on cable
TV systems with proper authonzalion from local ofticlala or cable company officials in
accordance with all applicable federal and state laws

Sugned:

Pacific Cable Company, Inc.

73252 RESEDA BLVD., DEPT. #R-6 + RESEDA, CA 91335
(818) 716-5914 + No Collect Calls * (818) 716-5140

Dated

| IMPORTANT: WHEN CALLING FOR INFORMATION
Please have the make and model # of lhe equipmeni used in your area. Thank You
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SLIM LINE
COOLING FAN

BUZZER

2X 10 TURN
MULT(TURN POT a AT
. SPECTAOL TTL compat iy
MO $34-T161 5100 9k
+5 b0 EACH 16 bor §0.08

SOUND + 12 Vdc
or 24Vdc POWER SUPPLY
AND VIDEQ MODULATOR N 1
FOR T.. COMPUTER v prere Nl
Tedma powmie DM Can by uried
CONNECTORS TL # UMI3N1-1 Dassgoed lor ut win T com- | Eiryge 59x4192 low s o INPUT, s
: SPACING pulers b L3 with O ST Bt o ey ac ot Vi
ALL ARE 1.54 N ATB pentch Chinwupl 108 & WHeCton Lwich e Sumrnn 1. seep Fuly requisTed computer grae wpply
G Operate on 12 it Mook up 8 b cuded Metm n‘f 1700 ¢pen P TLU LS
M CATs avMOD WERE 1000 REDUCED YO SSDOEACH | SPECIAL PRICE .. $12.50 spen | 312.50 #acn 1% toe $110.00
22744 EDGE COMMCTON
PC e b7.00each SPECIALS MICRO-CASSETTE MECHANISM 220 Vac LINE CORDS
ma‘: :;sl:"c:nm Ilm‘o%‘r “5'2 !9[}-![?!0055 Microcassens 360 ttansport. toc A COOLING FAN R
n ot MCa R, e AOTRAON x
toubr g by 0298 1ech | 10 ., £4.50 meceD. ¢, " o TWOC WIRE
20788 [OGI COMMECTOR 1000 or 30,00 E:;:.I:.pdugv; mo!o«?cunEi head. :ﬁ:ﬁ B AIEPT 33,00
. CR whe
L “‘Tnusn ;a st SOLDER TAIL I.C. components. 3 VI X2 1?4’!.3!?‘“ f’ft‘f“ SINZEIT2 000 240,31 00
712 EDOL CONNECTOR SOCKETS CATE MCMEC 3300 each 10 tor 327.50 mattal earm Tan 8BS round $9.38 wech
PC. tipe B.00 snch [ 100 for ‘331%w gEs RELAYS o C‘::og"” $8.50 ot THREE wIRE
4388 ECGE CONNECTOR 1000 for $200.00 COMPUTER 'm.I':nml!s ‘ﬁmﬁ:’:g o 10100 .38 sach
PG e 14,50 sach CAE:I&_?SHS 10 AMP SOLID STATE ® 3o $2.00 ench
ONTROL 3. 5
TRANSISTORS « SPECIAL PRICEs A Ep e el LMD 140 we 10 s e g | 32" SPEAKER 7 CONDUCTOR
gmu 4 ==== TRANSISTOR ; ;::-o.g':?.u g o [S2E 2w ant W '_{,_\ 1 ‘o Porn RIBBON CABLE
PNIII2A tleritoo PHEC transstior T3E eyt gese  |$9S0EACH 10 70K $90.00 S N
N804 3 a0 PHIE4 1062 NP R 1.700 mid. 50 Vo ULTRA-MINIATURE S oLnaret S
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6 Local Area Networking
When you have to get a ot of Computers handshaking, here’s the
basics of how and why Forrest Stone

10 when Lightning Strikes
Vihat can it mean to your Ccomputer and how can you protect x :
against it? It happened to one of our authors! Herb Friedman See Page 6

12 GPiB
If you don't know about the General Purpose Interface Bus, here's a
chance to get Caught up. Marc Stern

* }_
3 Editorial _%” e Eri e
QuTeuT K J LINE

4 Letters
?? K INPUT

See Page 10

4 Computer Products 3

5 Software Review

ON THE COVER

Lightning can put on a magnificent display but it has frightening
overtones. Just how protective is the protective equipment you've
installed? Is your system really as safe as you think it is? Our author
relates a ciose call. See Page 10. (Photo Courtesy approved
lightning protection, Eimont, NY)

COMING NEXT MONTH

If you can't get your modem talking, you might just find the answer
in this fact-filled article, More On Modems. And when you need
an interface that will make things work together that weren't
designed to, you might get some excellent use out of this Protocot
Converter that we show you how to build. There'’s sormething new
in Touch Screen Technology called Surface Acoustic wave, and
we'll fill you in on that too. Of course, you'll find our usual mix of
Computer Products, Software Review and Letters to the Editors.
Don't miss it!
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EDITORIAL

“If | give a man a fish...

aHe can have dinner. If | teach him how to fish, he can eat for the rest of his
life.”

A friend opened a school to teach computing at a commercial level. He
made the courses avallable (with suitable grants) to the underprivileged,
and envisioned hundreds, even thousands of graduates going out and
earning salarnes well-beyond their ken when they started the course. The
students flocked to the school. To them, it represented an opportunity to
leam a valuabie skill at little or no outlay of cash.

But a strange thing happened. While many begart the course, only few
completed itl The first part of the course included typing, and this was
foltowed by key punch. It was only after the student had mastered typing
and key punch skills that he sat down to a compuster keyboard, But very
few were actually getting to the computer. They vwere taking the preliminary
skills they hag leamed to market, and were getting jobs as typists or key
punch cperators. Certainty, the salaries they eamed were not as great as a
computer Operator could command, but they were far in excess of what
could have been eamed in & factory as an unskilled laborer

How marty young men have dropped out of high school to take jobs as
gas station attendants or truck drrvers, because the minimal salanes offered
sounded like manna to a single youth? How marry have been lured into civil
service positions with meagre incomes, eyeing the 20 year retwement? And
how many of these could have led farmore prospercus lives, making a far-
more meaningful contribution to society, had they but continued their
educations?

A very-wise employer, early in my career cautioned me that “meagre
security has been the downfall of many an othenaise good man” If you're 3
youngster, reading these words, please think twice, even three times before
you bring your education t© a halt. Raise your sights. There's no telling what
might lay in store for you if you do.

fopm & 454
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LETTERS

Saving Copies

I'm sure we share a common
problem. | tear out and save my
ComputerDigest but have been
wornidering if you've found a better
method than just stacking them?
S . T, New York, NY

Get what is calfed 3
“presentation folder” at any office-
supply store. This consists of a
Clear plastic foider with & slidle-on
plastic backbone. If you cut the
pilastic folder right along the fold),
you'll find that this setup neatly
hoids a full vears worth of the
magazine.

College bound
I'm going to be starting College
shortly, with an eye to a career in

book or magazine editing. I'm sorry,
but you are on my list of editors to
write tO for advice. What courses
would you recommend that | take?—
R J, Bridgeport, CT.

R J, you'll have to take the usual
English fit and composition courses,
as weil as joumalism courses. But do
make it 8 point to get in some time
on computer word processing! This
will speed your output, make you
more accurate, and its the wave of
the future.

Computer "Heroes"

I've heard people involved
deeply with computers described
as everything from “nerds” to
“eggheads.” Considering that
they've managed to accomplish so
very much in this scientific field,

why aren't they given the
recognition they deserve?
—5D., Atlanta, GA.

Next time you hear &
computerist Deing put down,
notice whos doing the putting
down. it's probably some
computer ilisterate! Usually, its just
Jjealousy taiking.

More help

My very kind,-well-meaning father
tought me a Commodore Plus-4 from
a TV ad. Can anybody direct me to
some software— ANY software for the
machine? And is there an expert on
the harchware Out there that | can get
some answers from? Please PLEASE
write to Jerry Sadofsky 4839
Manderson, Ornaha, NE 68104,

Hope this helps Jerry:

COMPUTER PRODUCTS

For more details use the free information card inside the back cover

PROGFREADING PROGRAM,
Sensible Grammey is Gesigned tc
check word-processing files for com-
mon wnting emors. [t goes beyond
corventional proofreading programs
that check the spelling of indnvidual
words, and uses its llorary of over
1000 commonty misused English
phrases to :Jentify pompous, informal,
cliche, vague, wordy, repetitve, and
other faulty phrases. Sensible Grammer
also catches many punciuation, cap-
italization, and other typographical
errors, such as repeated words It
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showvs errors in context, automaticalty
suggests replacement wordings, and
lets the user immediately repiace
problem phrases with correct word-
Ing.

_ Sensibie Grammer 1s fully compati-
ble with AppleMouse and features a
Macintosh-style user interface with
windows, pull-down menus, scroil
bars, and dialog boxes. A complete
set of keyboard commands is also
supplied for Apple if owners without
amouse A 128K Apple iie or fic with
80-column dispiay is needed

Sensibie Grammar is priced at
$99.05 —Sensible Softwsre, Inc.,
210 S. Woochward, Suite 229, Bir-
mingharm, Ml 48011,

CMCLE 7 ON FREE INFORMATION CARD.

TRANSPORTABLE PERSONAL COM-
PUTER, the model A-200, exists in
both min floppy disk and hard-disk
versions. It werghs 19 pounds,can be
carmed easity, and operates on AL (A
carrying bag is optional and makes for
even easier portability)

The unit includes a twilt-in foldaway,
80-column X 25-fine text screen and

WWWW americanradiohistorv. comm

graphic liquid crystal display with a
resolution of 840 x 200 pixels By
using an RGB monitor interface, & color
monitor may be used when color
graphucs are desired. With a 512 kilo-
byte RAM (expandable to 640 kilobyte
using an optional expansion box and

memory card) and two 5%” 360-
kilobyte disk drrves, the user has ac-
cess to & large memory capacity not
usually available with portables

The model A-200 1s 1IBM PC com-
patibie and aiso has an |BM-style
keyboard layout; it has the capablity
for many software packages now avail-
able. The suggested retall price is
$2,29500 —Canon USA,
CIRCLE 5 ON FREE INFORMATION CARD.
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SOFTWARE REVIEW

Is there a “universal software?” No, but this comes close...

®When the going gets tough: When the
communications Circuit is loaded with garbage: When
the data must be exchanged absolutely error—free, or
when at least one statfon must be unaftended, the
software of choice for PC and MS-DOS computers is
often Crosstalk XV1. In fact, Crosstalk is the “standard of
reference” to which much software is compared.

With few exceptions, all personal computer
communications software can do both ASCII {direct
keyboard entry and ASCIL files) and protocol
exchanges, but unlike much of the communications
software, which 1§ primarily intended for ease of
operation when exchanging ASCIl text with bulletin
boards and information services, Crosstalk XMV is
oriented towards conmvernient handiing of error-free
protocol exchange using an automodem.

Crosstalk’s protocol exchange is done in blocks of
256K {or a multiple of 256K) which are checked at the
destination for accuracy of reception. If the program
senses an error the system will keep retransmitting
(within limits) until it's received accurately

The main power of Crosstalk 1s that the originating
computer automatically controls the host (receiving)
computer—there is N need to have amyone in
attendence at the host. The originating computer can
open and Ciose the recewing computer’s buffer, write
to disk, read from disk, get a directory listing, and even
control several DOS functions such as DIR, DELETE ang
COPY In the protocol mode all functions and the data
exchange are automatic, with the originating computer
automatically controiling the write to disk at the host.

Just about every Crosstalk parameter is indicated on
a status screen that can be instantly switched to a blark
screen for data display of text or messages. Among the
parameters shown are the telephone number of the
recepving station, all the communication parameters
such as baud rate, mode {originate or answer), the
state of the capture buffer (on or off) the filter settings,
and the automatic send control settings. The filter
setting controls such things as automatic line feed after
cartiage retum, filtering of all control characters, and
automatic stnpping of a recenved eight bit, etc.

The lower section of the status screen is either a
library of lesser-used commands and functions, or a
directory of “command files,” which are basically
saved status screens for individual computers and
information services such as CompuServe, MCl, Dow
Jones, etc. Status screens are automatically assigned a
key number when saved to disk: Simply entering the
indicated number joads the pre-set status screen
conditions and automatically dials the telephone if
you're using an automodem. In the initial installation of
Crosstalk a menu selects the proper modem
commands for all commoniy-used automodems, and
some that are not 5o commonty used.)

Changes to the screen status can be made at any
time by entening the first two letters of the function into
a command line which runs across the bottom of the

screen. For example, to change from full to half dupiex
the user need type only DU {plex) on the command
line. To select a specific key to function as the
transmitted BREAK the user simply enters the command
BR (eak) and presses the key he wants to use as the
Break key Similarty, the user can force the program into
the onginate or answer mode through the MO (de)
command. A rather extensive help screen can be
called up for any function by entering HELP and the
first two letters of the function on the command line.

Although Crosstalk XV is intended to run on 16-bit
PC/MS-DOS computers, it can also do protocol
exchanges with 8-bit CP/M computers that use the CP/
M version of Crosstalk. Even if one computer is 8 bits,
when $erving as a host (answer mode) Crosstalk
provides two levels of protection against unauthonzed
use or meddling with the disk files. The first is a
password of up to 12 characters: If the correct
password isn't given on the third try Crosstalk causes
the modem to disconnect from the line. (Yes, the
password protection can be disabled.) The second
level of protection are file attnbutes. Through the host's
status screen the originabing station can e permitted to
have full access to the system {including DELETE), read
only, write data into an existing file ("capture data”), or
append data to existing files or create new files.

Macros or commands can be programmed into the
computer’s function keys in three ievels: Ten nomal, ten
shifted, and ten gontrol. function key F4 is an
answertack which sends a user prepared string when
polied by a Control-E from the receiving or host
computer: It's the way in which many Telex and
eleconic mail services automatically determine the
user'’s accourt number or identification.

A particuiarty advantageous feature is user
programming of both the printer and modem parts on
the status screen (50 a particular configuration is saved
in a command file). Crosstalk is not limited to COMT:
for communications. If the printer is already connected
1o the computer through the COMI: serial port,
Crosstalk can use COME: for the modem, of vice versa.
You arrange the printer and modem ports the way you
want them.

To make the program “universal” Crosstalk aiso has
the XMODEM protocols. The RAWMODEM command
tells Crosstalk to receve an XMODEM file transfer, the
XXMODEM command tells Crosstalk to send a file using
XMODEM protocols.

We have touched on only the major highlights of
Crosstalk: Those that insure data integrity, which is what
it’s reaily all about. Although Crosstalk can be used with
a manually switched modem, and like all other
communications programs can be used for
conventional ASCIl exchange, it is reaily easiest to use
in the automodem and protocol modes.

Crosstalk XV1 is intended for PC/MS-DOS computers.
For additional information write to Microstuf, 1000
Holcomb Woods Parkway, Rosewell, GA 30076. 4D
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Local Area Networking

How to get lots of computers handshaking—and why.

Forrest Stone

mEroadband! Basebandl Twisted Pairt Star! It's enough
to confuse even the most dedicated computer
hobbyist, but, Local Area Networking is the wave of the
future for many people and these are some of the
temms that a network user will be confronted with.,

Local Area Networking has developed a terminology
all its own. There are nodes and servers; tokens and
CSMAJCD, and much more. What it really boils down to
is @ system of linking microcomputers into a shared
network where each micro has access to the system’s
resources. (See. Fig. 1)

If this system sounds sirnilar to the mainframe or
rinicomputer worlds with their linked temminals and
shared system resources, it should. A micrecomputer
Local Area Network is a microcosm of a typical
mainframe network. But, when you move to Local Area
Networking in the microcomputer world you gain an
added bonus, you retain the versatility of the
microcomputer, while gaining the capability of a much
larger system.

Think of your first microcomputer installation. If

FIG. 1—3COM'S ETHERNET is a shared system with each
micro sharing system resources.

& ComputerDigest — JUNE 1986

you've been involved with this habloy long enough
then it was probably a small gight-bit system whose
storage device was a cassette recorder. The next big
achvance in this system was the move to a fioppy disk
and the addition of a printer. At each point, the system
gained capability. Eventually, vour €ight-bit system
probably gave way to a 16-bit system, which may even
include a 5- or 10-megatwte hard disk, as weil as color-
graphics capability. Compared 10 your first system, this
IS a quantum leap in its capacity and Aexibility:

For most single users, this type of system is more
than adequate—you can move up to 8 high-speed,
high-powered 32-bit processor, to stay at the cutting
edge of technology, but for most single users, this type
of processor is overkill—it can easily handle any chore
But, a funny thing has happened in the comorate
environment. Users want 1o have access to the
comorate mainframe or minicomputer, while retaining
the off-line personal computing power of a
microcomputer.

They want to use the data contained in various
mainframe databases; or want access to the rmass
storage capability of the system, o, they may simply
want to communicate with someone on an electronic
mail system.

Whatever the reason, it’s at this point that the single-
user microcomputer system begins to show its

o
[oron T ]

SERIAL

FIG. 2--THE SERIAL NETWORK locks eminenily workable,
but does have Hs problems.

WWWW.americanradiohistorv.comm
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inadequacy Because of its standalone nature, the
single-user system is effectivety cut off from the rest of
the comorate world, unless, of course, a
communications modem is attached to a serial port. In
that Case, the micro can concervably interact with
others in the company: But this is inefficient because of
the need for & telephone line on both ends. Effectively,
this microcomputer Can only interact with a remote,
online database or with only one other corporate
microcomputer.

Search for solutions

When this peint is reached in any Corporation,
microcomputer users begin to look for altematives. The
simplest and most olwious solution is 3 serial
communications network, or linking the senal
communications ports of all the microcomputers
involved. While it appears feasible, this type of network
has inherent problermns. (See Fig. 2)

First, when you daisychain microcomputers into a
serial network, the systems on the farthest end of the
loop will find pedformance degraded, untess line
amplifiers are included in the network. Further, the
speed limit on this type of network is effectively
constrained to about 9600 bits per second, providing
of course, that the emvironment is clear of interference
which can glitch data as it maves through. This puts an
effective limit of between 4800 and 9600 baud on the
network and while this may seem fast enough, when
YOuU move massive amounts of data from one point to
another, you'll find this speed level limiting.

Second, the software needed to make this type of
system work—a terminal or communications
program—is still essentially for single use. Although
50MMe Programs will allow you to set up
microcomputers as mini-bulletin Hoards so that others
¢an log on and interact with the information stored on
disk, it is still essentally one user-One computer,
whether it's remote of not. For example, if you tum your
personal computer into 8 mini-bulletin board 50 others
on the serial network ¢an use the data you have stored
on disk—provided the software will let you do this
without 8 modem. And someone wants to 10g onto
your computer. When he does, others are locked out
until the Job is finished because of the single-use
nature of the software,

finally, the very nature of 3 serial system imposes real
threats to data integrity and transmission within the
system because of a factor known as contention o the
ability to remain in contro! of the network 1ong enough
to transmit, receive or manipulate data before you lose
the system to another microcomputer's data and signal.

A serial systemn is truly contention-based. It's every
user for himself and every data bit for itself. It's tike a
rush-hour intersection with a broken traffic light and no
policeman to control traffic. Only those cars whose
drivers push through will make it, timid drivers don't.
And, when two aggressive drivers meet, theres the
inevitable crackup. To bring this back to the computer
realm, put microcomputers in place of the cars and
change the intersection to the serial transmission
system and you can see what’s happening. Data from

the strongest microcomputers, usually at the center of
the system, controls the system and weaker, peripheral
Systemns must wait and wait.

And when two strong computers try to capture the
systemn, their data usually crashes into one another and
its integrity is gone.

Enter the LAN

The obvious solution to this situation, then, is the
Locat Area Network. It atlows users to share system
resources and data, while, at the same time, aliows
users 1o retain the versatility and power of therr
personal computers.

In concept, the Local Area Network (LAN) is simple.
Itis a reliable version of the serial network we've
already discussed. However, you'd think from all the
jargon that's tossed around relating to LANS, that it was
a rmystic rite. It isn't, but it does take some explanation
to dermystify the jargon.

As you wade through the LAN jungle, it's easy to
become confused by the seemingly endless variety of
systems on the market. A wide vanety of LANs does
exist, but, they ¢an be identified by their transmission
technology, ¢abling or configuration.

for example, there is one type of LAN which uses
PBX (Private Branch EXchange) technology to link all its
members. The PBX has traditionally been used to hnk
phenes throughout a bullding and then onto the
COMMION Carfer network.

Manufacturers of PBX-based systems, tradlitionally
such companies as AT&T, Northem Telecom and ROLM,
see the existing base of telephone wiring—iwisted
par—installed in major buildings and hope 1o take
advantage of it by using that wiring to link personal
computers into local area networks. It is tue that this
presents a cost-effective way of handling cabling, but it
does impose speed penalties. Because the data

PHONE LINE

P s L

L i i | ; J l
[ () () | e N S

NETWQ RK

o

—y

SERVER

l PAIKTER I

HETWORK
SEAVER

MPU ] MFU

70 WA BELL
by b8

FIG. 3—SIMPLIFIED VIEW of a building’s phone wirlng and
PBX LAN. System uses existing wiring and PBX loop 1o link
CPU's and microcomputers. It has a high limil of 19.2 kilo~
baud.
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transfer rate of PBX technology is onty on the order of
2600- to 19,200-Baud, it may not be high enough to
handle massive amounts of speedy throughput, Data
transfer rates on the order of 56K baud are needed to
make this type of system effective and even that is a
minimal figure in a fairly active network. (See fig. 3)

When you move away from PBX-based LANS, you
enter a realm which requlres the installation of separate
cabling systems to handle data transmission (even our
mythical senal system requires a8 separate cable). The
advantage of this type of LAN is that you Can
implement broadband or baseband technology

I @ broadbanded systermn, several discrete channels
of information are transmitted on & single cable. Itis a
complex technology A simpler solution is baseband
technology: in 3 Daseband system, there 1s only one
channel per cable and you can effectivety increase the
dlata transmission rate beyond that of either PBX or
broadband systems.

Typically, transmission rates in 8 broadbanded
system—Interactive Systems/3m and Sytek offer them—
are reiativety siow on a per-channel basis at 19.2K- to
56K-baud, aithough they are much higher than on PBX-
based systems. The real savings comes in cabling an
installation. Several channels can be superimposed on
a cable and because the several data transmissions ¢an
occur simultanecusty, the amount of cable used in a
system (most used coaxial cable) can be kept to 3
minimum

Against this savings, there are increased costs for the
installation in the fom of extra equipment and Costly
maintenance. A broadband system requires the
installation of an RF modem at each network node.
These devices translate the analog signals used on the
cable into digital signals so that they can be used by
the microcomputers and other peripherals on the
network Further, this type of system is more costly and
time-consuming to maintain.

Like broadband technology, baseband handles much
higher transfer rates than PBX-based systems—some as
high as 1 megabit have been implemented. It can also
integrate other concurrent applications, including voice
and video data transfer. The leaders in this market
include 3Com and Ungemmann-Bass.

LAN protocols needed

Although LAN technotogy looks formidable, it isn't
It's just a way of hooking microcomputers iInto a
shared-resource network. Like our allusion to the
intersection, each network needs a “traffic cop” to
work efficiently. Othenwise, data would continuoushy
crash into other data within the network and little
would be accomplished.

The leading protocols are carrier-sense multiple-
access with collision detection (CSMA/CD) and token-
passing.

With CSMAYCD all microcomputers on the network
have equal access to the network and its resources,
The software which drives this type of system
continuoushy monitors data on the cable and keeps
things in order For exampie, if microcomputer A has
accessed the system and is moving data to a file
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server—an intelligent storage device such as 8 hard
disk or a microcomputer equipped with a hard disk
that i§ serving in data storage of transfer role—and
microcomputer B wants to access the same server. In a
CSMAYCD system, the software will determine which
cJata has priority—actually which one accessed the
systerm first—and will allow that data through. Data
from microcomputer B will be held until the network is
free for access. Typically, this is all ransparent to the
user,

In a token-passing scheme—agdvocated by Digital
Equipment and Xerox in their Ethermet—the software
polls each microcomputer node in tum asking if it must
access the network. f the microcomputer is busy it
retums No answer and the system moves along to the
next microcomputer Poliing is handied through the
token, which is actually @ coded sequence to which
each microcomputer responds.

Like passing a 'baton in a foot race, each
microcomputer that is accessing the system takes hotd
of the token when it arrives and this tetls the network to
accept its data. When the data is put on the system,
the token is freed to Pass 1o the next microcomputer. (n
this way, data retains its integrity and there is order
within the system. It's much like a major highway
controf system with timed traffic lights. It allows ordlerly
entry from side streets (microcomputers), while
minimally disrupting overall traffic flow. And, it prevents
collisions.

Network configurations

As you deal with baseband LANSs, you'li find three
predominant configurations, the star, ring, and bus.

In the star configuration, the network is laid out
similarty to the spokes of a wheel. Each microcomputer
is at the end of a piece of cable that is, in tum,
connected through a central switch. Data is sent to the
switch where it waits until the network is free to accept
it, Likewise, data which is being sent to each terminal
waits at the switch until the terminal is ready to accept
it. (See Fig. 4)

The ring network is 8 closed 1oop System, with each
terminal along the perimeter of the system. Many of the
ring systems ON the market use the token protocol. (See
fig. 5)

The last configuration is the bus. In this type of
installation the network is laid out as 4 backbone with
each microcomputer at the end of a “rib.“Information
travels down the "ribs” and onto the main bus where it
waits until it can be moved down the network. (See
Fig. 6)

In all of this, there is 8 common theme,
communication. Like our simple serial system, the LAN
is simply a8 communications system which links and
allows all the microcomputers connected to the
network 1o have access to system resources. The
typical configuration Can be for as few as three
machines or for as many as several hundred,
depending on the needs of the organization. In a large
system, a mainframe ¢r minicomputer is usually used to
drive the network: The network ¢an be configured to
use the storage capacity of the mainframe or mini,
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although local storage can also be made available to
various network nodes through file servers. Nodes are
system devices such as microcomputers, sernvers,
printers or modems. Any device capable of interfacing
with a microcomputer can serve as a node.

File servers are microcomputers themselves. For
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FIG. 4—SIMPLIFIED STAR conflguration shows components
arranged as the spokes of a wheel.
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FIG. 5—THE RING CONFIGURATION connects all compo-
nents in a circular fashion.

2SR E

FIG. 6—THE BACKBONE LAN has “rlbs" connected to a
“spine.” Components are connected to the ends of the "ribs™
as shown.

example, 8 3Com server uses an 80186 central
processor with an 82582 Ethemet coprocessor.
Included with this configuration is 519K of RAM. The
processor, coprocessor and RAM are all included on
one board. The server also includes a 36-megabyte
hard disk with 8 30 ms average access time. In its own
right, it is a powerful computer system. In other
systems, hard disks can have as much as 60 megabytes
of storage. Many systerns have three Of more servers in
their configuration, each of which interfaces not only
with the microcomputers on the network, but also
mainframes, if they are used to drive the system. To
insure data backup and reliability most systems also
include tape backup systems.

LANSs are more than just linking microcomputers. A
LAN atlows users to share system data and storage
capacity, and printers, plotters and more. In fact, it
makes 5ense in a network where a faser printer is used
because each microcompiter user has access to its
capability and it also helps justify the laser printer's
cost.

Software’s the key

As you would expect, installing a LAN involves more
than just linking microcomputers. In a typical 3Com
system, each microcomputer has a network transceiver
board installed on its mothertboard. This transceiver is
the link to the network and aliows the microcomputer
to Interact with it. it is the mailbox to which data is sent
and received. The cable is attached to it and it is the
device which the network software talks to.

When a transceiver is ready to send data to the
network, a special software code is generated. It is a
Qquery coce and an announcement. The query segment
polls the central system node to see if the LAN will
accept data from the microcomputer This “Here | Am™
code packet 1s held until the network is ready to
accept the data. When the system is ready, it answers
the query code with an acknowiedgement and the
data is transferred to the system.

Each transceiver has its own special address code.
This codie enables the system to send datato a
particular device or microcomputer and, likewise, it
enables one microcomputer to send data to another
via the network.

Cable types

When you talk about LANS, the last thing that is
usuaity mentioned is the type of cabling. In general,
LANS use either coaxial or twisted pair technology PBX-
based systems usually use twisted pair—phone
cabling—technology, while broadband or baseband
systems use coaxial cable. This isn't to say that &
baseband system can't use two-wire, twisted pair
technoiogy because it can. On the whoie, coaxial,
triaxial, too is used for most applications.

As you can see, the LAN will make a great
contribution in areas where it makes sense to share
resources and if you're involved in the switch to a LAN,
there’s only one thing to remember: it’s basis is network
communications; the jargon used is secondary to its
mission. <P
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WHEN
LIGHTNING
STRIKES...

Lightning strikes can be a problem
for your computer.

Herb Friedman

wBefore the age of electronics, the fear of lightning was
not o much its immense electrical energy but the fire
caused by the “hit” or "strike.” Lightning protection
meant some means of directing lightning to where it
wanted to go—to ground. This was done by installing
grounded metal rods—lightning rods—on top of
houses, bams, windmills, whatever The purpose was
twofold. it grounded the energy and it conducted the
energy around the structure.

With the electronic age, we inherited the worry of
the electronic field produced by the strike. Very high
fields are built up in the ground during an electrical
storm. The ground field can track under a charged
cloud and travel for miles before amything occurs.
When the charge between the ground and the cloud

b —5“@“ et
0

FIG. 1—THE BASIC ELEMENTS of a direct-connect modem's
interface to the telephone line. Z1 is a surge supressor that
squashes translent voltages appearing across the line to
approximately 50 volits. 51, which disconnects the modem
from the line, is usually SPST.
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becomes sufficient the energdies attract and we get the
lightning strike. At the moment of strike there is an
enormous discharge of ground energy, which Creates a
rapid expansion and collapse of a local electric field
Any collapsing or expanding fietd induces both current
and voltage in wires. Although lightning might strike a
tree in front of a house. the energy field produced
during the stnke can induce high frequency transient
voltages in antenna lead-ins, power lines and
telephone lines located 5C to 100 feet or more from the
actual hit

Lightning arrestors

While a lightning arrestor can protect antenna lead-in
wires from direct hits and devices such as Zener
diodes and MOV (Metal Oxide Varistors) can protect
conventional electronic equipment against powerline
surges, microprocessors and other electronic devices
are often “blown” by transients induced by the
lightning strike which are not of sufficient power to
rigger a lightning arrestor, but which are strong encugh
to blow discrete components. There are many
instances on record where the voltage surge induced
in electric, teiephone and antenna lead-in wires by a
local lightning hit has been known to zip through the
wiring and blow a TV tuner or the microprocessor of a
personal computer, even if the computer Is tumed off
or disconnected from the power line.

Even if disconnected? Yes! Sohd state devices—
particularly microprocessors—are senstitive 1o extemal
high-frequency volitage surges because the surge can
enter the equipment through any extemnal wire
connection, not just the power line. While low and
medium frequency AC can be stopped by an open
switch, an RF choke or a small reactance, high-
frequency energy, such as that produced by a lightning
strike, can [2ap across open switches, couple from one
wire to another through otherwise insignificant
capacitive couphng, even pass between insulated
transformer windings. While we have made great
strides in squashing power line transient surdes with
devices such as the MOV and gas-discharge tube,
technology has not caught up with the problems
caused by lightning surges in personal computer
equipment.

For example, electrical storms are unusual in rmy
locality, we get one or two every five years or $0.
Between the previous one and this year’s electrical
storm, several computers angd modems have taken up

PEAK YOLTAGE

AVERAGE YOLTAGE

TIME ———

FIG. 2—THE LOCAL GRDUND-DISCHARGE FIELD energy is
almost an instantaneous rise and decay. This produces high-
frequency energy through the upper YHF frequencies. in
practical terms. it Is high-voltage RFI.
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residence in my home. In our most-recent electrical
storm, lightning struck outside and disintegrated ten
feet of curb. That was the only damage | thought,
because My two compiuters were switched off, as
were their modems. However, when | attempted to
access an on-line information service, | discovered that
both modems were blown, as was one computer’s
RS-239 driver (the one used for the modem).
Coinciclertly, the same storm passed through the area
20 miles away where my office is located, and lightning
had struck the grounded radio/TV tower on the
building.

Since my regular modems were inoperative, |
borrowed the office modem which had been
switched off during the stomm, only to find that it too,
was “blown.”

Interesting situation

Three modems of different design and manufacture
hact been tlown dunng an electnical storm, All had
some form of voltage surge protection, all had been
switched off and one didn't even have 8 connection to
the power ling because it is powered directly from the
phone line. A fourth modem, buiit into an 1BM-PC
which was connected on-ling because it serves as a
“host” for a voice message center, wasn't damaged at
alll

what to do

As near as we can determine, the three “blown®
modems were damaged because of the way they were
switched to the telephone line. Figure 1is a simplified
diagram of a direct-connect modem interface.
Transformer T1 is the coupling transformer {repeat Coil),
Z1is the telephone line overvoltage or surge-protection
device, and S1is a SPST switch that connects the
modem to the telephone line Normally, a voltage surge
on the line is squashed by transient supressor Z1,
which might be a MOV, Zener diode, or gas-discharge
tube. Usually, Z1 Iimits the surge to about 50 volts,

As shown in Figure 2, a voltage deveioped in the
telephone line by a lightning strike in the general area

TELEPHONE

=

FIG. 3—CAPACITOR "Cx" IS THE NOAMAL circuit capacity
between transtormer windings, solid-state device elements
and component interconnecting wires. Cx is usually so small
that it doesn’t exist at audio frequencles but can represent &
low impedance or “‘dead short” at the high frequencies of a
lightning strike. When S1 Is opened the lightning strike ener-
gy ¢an follow the dotted path imo the modem and eventually
the high voltage bus where it is distributed throughout the
modem, even to the modem's special driver.

will be a steep pulse. Although the average voltage—
meaning the peak voitage averaged over a period of
time—might be relatively low and safe, the peak value
might be several hundred volts, and it is predominantly
high frequency—extending well into the upper VHF
range. High frequencies don't need a direct connection
to pass from one wire to another What is otherwise a
minute capacity between wines and Circuits, Can
appear to be "dead short™ to high frequencies.

Imagine that the ground discharge of a lightning
strike induces the transient waveform shown in Figure 2
on the telephone line connected to the modem Circuit
shown in Figure 3. Although §1 is open, disconnecting
the modem from the tefephone line, one wire is still
connected to the line itself because almost all modems
switch only one side of the telephone connection. We
now have a high-frequency voltage surge on the
telephone line which is looking for a path to ground.
As shown by the dotted line in Figure 3, it finds the
path to ground through the components in what we
believe to be a disconnected modem. Notice that the
energy represented by the dotted line flows through
the capacity between T1's windings. The capacity
might be very small, but it is there To normal speech
frequencies the capacity represents essentially an
infinite imedance, but to the high frequency
component of a lightning-caused transient surge the
small capacity represents a low impedance, or even a
“dead short,” 50 the spike procuced by the voltage
surge passes through T1% secondary (telephone side)
to the primary {modem side) to the modem’s voltage
supply bus. Now we have a high-voltage transient on
what is usually a five- to nine-volt power bus. The
result? ZAPIL A fistful of blown ICs. If the surge is
sufficiently high, it can ride through a blown IC in the
modem and into the RS-232 driver, ZAPping another
handfuf of parts.

You might ask why Z1, the modem's intemal transient
supressor(s) didn't stop the surge. Refer back to Figures
1and 3. Z1is conencted across the telephone line: It is
supposed to clamp surges appearnng across the line,
between both wires. But when switch 51 is opened to
disconnect the modem from the telephone line, the
transient supressor has no effect on anything in the
clrcuit Z1 provides protection only when 51 is closed
and the modem is connected to the line. This is
probably why the direct-connect modem, connected
on-hne during the stom, wasn't damaged. Essentially,
the risk of cdamage during an electric storm is increased
when the modem 15 switched off the line.

My “cure”

rMost likely modems should be manufactured with a
double pole output switch so that both sides of the
telephone line can be disconnected from the modem,
Until such tme as the manufacturers get around to
changing their designs, | have installed a DPST knife
switch on each telephone line t© make certain the
modems are really disconnected from the line. The
inconvenience of “throwing the switch” is a ot less
costly than the charges to repair or replace three
modems and an RS-232 port. 4P
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GPIB

The General-Purpose Interface Bus...

REAL TIME DEVICES GPIB Interface s shown here. il functions with all IBM PC and

compatibles 1o expand the value of your computer.
Marc Stern

®if you look at your test bench, chances are you'll see
the General Purpose Interface Bus (GPIB) connector
Also known as the HPIB (Hewdett-Packard Interface
Bus), its been around for some years and has become
the standard for data acquisition.

GPiB was developed for tying one manufacturer's
equipment together. But, because of the widespread
use of that equipment in the scientific, test and
measurement and repair arenas, it became standard. By
the mid-1970s, it was formalized into the IEEE-488
standard. And even a compiiter giant such as [BAM must
use it rather than imposing its own.

Look at any modem test or measurement eQuipment
that has a computer interface. You'll see it adheres to
the [EEE-488 standand as to the size and shape of the
connector; the construction, and the pinout.

Why not give your PC more function by having it
interface with and act as part of your test equipment
setup? It's easy to do, and, in fact, there are add-on
boards on the market which will tum your PC into a
machine capable of using the GPIB interface. One of
the newwer boards is from Real Time Devices of State
College, PA. Other boards are available from the major
add-on oard manufacturers

GPIB Basics

Before we go any further, there are several basics to
be established.
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First, GPIB is @ 24-line communications bus that is
made up of three primary groupings, an eight-iine data
bus, a three-line data yte transfer control or
handshaking bus and & five-line general interface
management bus. The remaining eight lines are for
signal ground and provide electronic shietding to
prevent bus signals from interfering with one another

Second, there are four types of devices which can
be linked to the GPIB, a controller, “talker” "listener” and
“listenerfalker” As you'd exgrect, the controller is the
device which controls the network, while a “listener” is
a receive device. A “talker” is a transmit device and a
“listeneritalker” is a device which can go both ways, It
can transmit and receve on the bus, Prime examples
inciude the PC as controller; digital voitmeter or
frequency counter as “talker;” printer as “listener,” and
modem as “talker/listener”

Third, it's a programmable. As implemented on the
GP-100, the GPIB can be programmed to more than 50
functions in not only BASIC, but also Fortran, Pascal and
Forth. And, as implemented, it becomes the major
input-output (I/O) device on the PC in a test and
measurement setting. It can also serve as a listener/talker
if the network ts controlled by still another computer.

Finally, the GPIB refies on direct memory access to
the PC. In this way the board and PC can communicate
at 476 Koytes per second and the systems can
exchange up to a8 megabyte of data with a single
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function call.

GPIB is a powerful tool, especislly where huge
amounts of data must be moved around a system
quickly

It can also be used in @ more general atmosphere
and can link up t© 15 printers, plotters, modems or
other devices into a small network.

Though the GPIB may seern a panaces, it isn't
because, like the RS-93¢ "standard,” [EEE-488 has been
used differently by different manufacturers. So, it can
be confusing to see a device advertised as adhering to
the 488 standard, only to find out the device’s lines are
used differently. True, the connector may be the same
and the lines may also be called the same, but, if
manufacturer Implements them in its own way, then
simply calling it standard won't make it so. Instead,
you'll have to patiently debug the interface until it
ceincides with others,

Fortunately, most manufacturess adhere to |[EEE-488
as does the GP-100, so you should have little trouble.

High-speed data link

One of the items which made GPIB successful from
the outset was its speed. The bus can potentially
handle up to 1 megabyte of data per s€cond, although
data transfer rates of 1 to 10K are more common. With
this type of throughput, it's possible to have real-time
data input to & micro, mini or mainframe system, which
is crucial in scientific, test and measurement of
manufacturing applications. With this type of speed
measurements can give real-time indications of what is
happening and a system can quickly adjust.

For the technician, the GPIBs speed is attractive. With
the PC interfaced with test equipment, you can have
indications on the screen of what's happening in a part
of a circuit and, as you change INputs, You Can see how
the rest of the circuit is affected.

Another reason for the success of this circuit is its
configurability. Since 15 devices can be quickly
attached and configured to work with the GPIB, a
systemns configuration can be adjusted to constanthy-
changing needs. If you need constant voitmeter and
current readings from two points in a clrcuit and must
aiso plot them, You can cuickly add the needed
devices 1o the circuit and you can record the results for
future use. Plugging the new devices into the
appropriate GPIB connectors should achieve this,
provided, of course, the network adheres strictly to
GPIB.

Since this bus is programmable, it is possible to
transfer data directly from one dewvice to another

Data’s everywhere

The data which moves through the bus appears at all
points simultanecusly and there’s a need to keep things
in order Imagine devices which have no need of the
data accessing and using it along with the dewvice for
which it was intended. It's 8 waste of system resources,

Each device has an address and only when the
controller sends a message to that address does the
device react. Until then, it listens for its address to be
accessed. For exampie, if the printer is at address 8

and you send output to the printer, the controller—
IBMm-PC in this case—puts an address 8 on the bus and
the printer comes to life. Devices that aren't at this
address ignore the information, even though it appears
at their connectors.

There are two types of addresses, talk and listen. A
device doesn't know what it's next role will be or if it
will take part in a function until it is addressed on the
GPIB. The taik and listen addresses take care of that. For
exampie, if & device sees its talk acidress then it knows
it has to send data along the bus. A device which sees
its listen address accessed knows it will have 1o accept
data.

In action, the first piece of information a device
receives is its listen address. This makes the device
aware that it will be receiving information from the bus.
Once it is listening, the controller can communicate
with it, but, only after the computer-controller puts its
talk address on the bus. In this way, the device knows
which peripheral it will be communicating with.

Sometimes the device acting as the listener must
indicate something to the controller;, such as a paper
jam or dead phone line and GPIB aliows . Of the 24
lines on the bus, onty 8 are used for data, while the rest
are reserved for grounding or special use. One of these
IS the Sesvice Request line. It can be used by any
device to indicate a problem has developed or a
request must be made.

All the devices attached to the GPIB use the same
SRQ line and since they do the controlier must have a
way of finding out which devices need attention.

There are three ways of handling this, the serial poll,
in which each device is polled in tum by the
controlier; the parallel poll, in which all devices are
poiled concurrently, or the selective parallel poll, in
which each data line is polied and once the line is
found with the dewvice that needs service, the controller
polls all devices on that line serially

Bus lines

The GPIB has 24 conductors, whose functions can be
thought of in three groups. (See Fig. 1}

The first eight lines of the interface are the data bus.
These lines are used to transfer data from one point or
device to another Since there are eight lines associated
with the data bus, it Can transmit one digital word or
byte at a ime (eight bits).

The handshaking or data byte transfer control lines
enable various dewvices to handshake with one another.
Without this function, there would be no need for the
data bus, since the devices couldn't "talk.” A taker
device must know when a listener Is ready to accept
the next data byte. The Not Readty For Data line
supplies this information to the talker.

The Data valid line tells the listener whether the
information it is receiving is important or just noise. That
line tells the receiver that the data Is good.

The other part of the GPIB's handshaking is
performed by the Not Data Accepted line which telis
the talker whether the listener has accepted the data.

Ultimate control, though, is provided by the five
general interface management lines: Interface Clear (IFC)
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¢ 6§ X rate $6800.00 per each insertion,

¢ Reaches 229.044 readers.

¢ Fast reader service cycle.

¢ Short lead tirne for the placement of
ads.

Call 516-293-3000 1o reserve Space. Ask
tor Arling Fishrman. Limited number of
pages available. Mall materials to:
Compuler Admart, RADIO-ELEC-
TRONICS, 500-B B-County Bivd., Farm-
Ingdale, NY 11735.

is a reset; Attention (ATN} is a master bus command
from the controllr; SRQ is the special request line;
Remote enable (REN) enables the controller to issue
special commands to dewices on the GPIB, finally End
or [cdentify (EQI) is used an an end of message signal
GPB operates with a low-true 10gic convention.
Because of the construction of this bus and the fact
that everything is tied in in series, everything stays low
until the last device in the senes has accepted data.
This means handshaking continues throughout the data
transfer and waits for the slowest listener on the bus,

IBM interface

The GP-100 board and others use direct memory
access, which speeds the data transfer process to and
from the PC For example, using input-output and
handshaking routines and programming them results in
a data transfer rate that will be below 100Kbytes per
second. That is because the program must observe the
handshaking protocol of the device with which it is

14 ComputerDigest — JUNE 1986

communicating. Direct memory access, however,
allows the GPIB board to place commands directly in
the PC's memory and thus communications can be
speeded 1o 476 Kboytes per second. To implement this,
you must know where the transfer will occur; the
number of bytes, and whether the data will be input
our ocutput.

Boards such as the GP-100 ¢an also issue interrupts
to your PC s¢ events that happen along the GPIB Can
be trapped and monitored as they are detected. The
PC sernices the board and bus as soon as the interrupt
is implemented.

GPIB has become a standard which began out of 3
company’s desire to tie its equipment together with
some order and certainty, It allows the technician to tie
his PC in with his test equipment for a8 computenzed
testing system. In the future it will become a necessity
as things get more complicated. By then, only a
computer will be abie 1o keep up. So, its wise to start
early and use GPIB to its fullest. <D
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FREE power radio, modern design. send $4 ior
detailed pians. MERIDIAN SYSTEMS, Box 16,
Eliot. ME 03903,

MOBILE telephone, paging .¥’C using your 2-
waty radic. plans $9 85 each. w.PCB 19.95. Answer
phone using your recorder, plans 5.95 w/PCB
12.95. Parts mailable. CURRENT DEVELOPMENT
CORP, Box 384, Westmoreland, NY 13450,

STEREC simulplor. Flans, paris and PCB only
$10. DAVIS ELECTRONICS, 2871 5.124th, Was!
Allis, W1 53227,

UNCYPHERS American and Canadian saleilite or
cable, latesi technology available. Plans & boards.
Kits or compiete. Send $5.00 for catal Refunda.
ble on order o PILGRIM VIDEQ PROD/ . Box
203, Qak Stresl. Pambroke, MA 02359

CB MODIFICATIONS

ncrease channals. range. Privacyl We speciahze
in Irequenty expanders. speech pocesscrs, FM

convarters, PLL & slider 1icks, how.t0 books,
plans. %its. Expert mail-in repalrs & conversions,
15-page catalog $2. Our 111h yeay

rHOENI'-f AZ 85046

FREE catalog 99-cent kits-audio, video, TV, com-
puter parts. ALLKIT, 434 W. 41h St, west Isiip, NY
11795,

CRYSTAL radw Se1s. plans. . its Catalog
$1.00. MIDCO, 660 North Dixie Highway, Hol.
hywood, FL 33020

DESCRAMBLER plans. New design decodes
galed sync suppfessed Signals.newest pilotiess
method. Circuit boards. most patis trom Radéo
Shack. Detaled theory drawings. schesmatxs, in-
structions 514.95 plus $2,00 shipping. DIRIJO
COAP , Box 212, Lowell, NC 28098

CABLE and SUBSCRIPTION TV secrel manual.
Buld your own descramblers, converters, Insine.
lions. schematics for Sinawave, inband/outband
E'awd sync. SSAVI-{HBO. Showlime, Cinemax.

HF, elc.) Send $8.95 to CABLETRONICS, Box
30502R. Bethesda. MD 20814,

BUILD thes five dign panel meter and square wave
generator mcluding an ohms. capacilance and fre-
quency meler. Detlailled instruchions $2.50 relunda-
bie phis 50 conts, BAGNALL ELECTRONICS, 179
May. Fairfield. CT 06430.

REEL-TO-REEL TAPES

AMPEX professional sefies open reel tage
2400-tel on T-inch reels. Used once

£45.00. 10 v2 X 3600 feet and cassettes ava:lable
MasterCard Visa, VALTECH ELECTRONICS. Box
6-RE. Richboro, PA 18954, (215) 322-4866

INVENTORS

INVENTORS! Can profil from r wlea? Call
AMERICAN INVE RS CORPORATION for lree
Infermation. Qver a decade of service.
1-800.338-5656. In Massachuset1s cail {413)
568-1753

PRINTED CIRCUIT BOARDS
CIRCUIT BOARDS. guaranteed lowesi q'uotes

Single and double sided boards. Protol

large production Quanities. Mail specifications

quotes. HOBBYISTS: Print your own cutut board

Kits of all sizes, low prices. Kit, $4.00 male-

nals for two 3° % 4° boards (included), of SASE fot

catalog to T.0.R.C.C.C. ELECTRONICS, Box
, Chicago, IL 60647. (312) 3429171,

PCB 15 cents sq-in Free dnlling. Cuanti
counts. Professional work |memallona|
prise. 6452 Hazekarcle, Sinivaliey, C

dls-
nter.

LEARN TV/VCR
REPAIR

owvouunlramatrmmnmummnnw-m&m
Nww 25 2 TVAICR Reparr Specaist um
SNCE NECESLITY homedtonu:lmhhas&d Every

15 expliined in elsrtomdusunu Lanquage with plenty af drawr-
ings, dugrams and phatgs We sho you how to troubleshoot
and repdir video-cassette recordars and TV sets, how to handie
house cads and repaars tor 2lmaost amy make of talevision or
YCR Tools are inCluded with your cOurse $0 ¥ou ¢an gel
“hands-on” Orachce as you loliow your iessons step by step
Send (o free Lacts about the exciting 0ODOrfurvbes i TWACR
Repar and fnd out m&‘m start mur$nwhmns
grem r.-mw MaIL COUPON TODA!

“ SCHODL OF TV YCR REPAIF. DsPl DEOS6
|tmct v} Scramon, Pennsytvama 18515

Prease send me Tul informa1ion 3N Colar IFOChUME on Naw | c.anl
llum TV VCR Repair 3t home i my spare time. | understand

Iﬂmzulemzmmulﬁmnmlmtm |
Name__ Age_ I
| agoress_ E— - T
|cnysuum_ |
L e e —

ELECTRONIC COMPONENTS

RESISTORS. any value/quan O;’(Mlmmmzomu
uel ¥ wall $.01, v watt $ $1.25 shippi
Quantity discounts. 1.000+ . Send wattage{s),
ueis) Quaniiy{s) and remilance. CAPACITORS -
50V Ceramic Disk. all values 5.10. menimum order
$1.00 + $1.25 shigglng T.O.R.C.C.C. ELEC~
;fzoglgzs. Box 471 hicago, IL 60647, (312)
-9171.

EPROM PROGRAMMING

HOBBYISTS: Fretesied EPROMs sold with your
guogrammmg ins1alied. Program snng provided

1 Sarvice, Write or call: ROMULUS MICRO-
CONTROL, Box 8669, Rockville. MD 20856; (301)
540-8863.

REPLACEMENT FOR

smNGESZ?I.mm - 8-75
523 GESZB A8 . e v e » » 8-85
526A/x506- ceses-.. 8.85
528/5350¢ c0evvnns.. 10.70

HIGH VOLTAGE TRIPLERS/MULTIPLIERS

ECG®/GE®/SK®

529/ crsiassseceee e .99 sum

6.95

7.20

7.20 FEATURES:
8.70

7.95 1omn 65024 CPU.

OQUTPUT TRANSISTORS 10 19,200
165/ 53115 ¢ cE38. .. 2.25 1.95 1.75 * On board prinles portt
2%8/cEs7 2 5k3710. .. 2.25 1.95 1.75 o 24X 80 {format {50/60 Hz).
285/590467 . .. ..., . 1275 2.35 1.80 + For 15.750 Hz [Horiz.) monitors,
2SD1381P....... 2.25 1.95 1.75 + 3 Terminel Modes: H.19. ADM3A,
25C1172B....... 2.25 suin . 1.95somin. 1.55 100 mik :ﬂ: AN!:I tlt‘-'-'i-zw:-l‘-*?‘-i l
* e and thin-lin® graphics.
AU Dlo POWER * White charaziors on blsck back-
m"su 1050 100 o “1'0 “_5? m ground or re\re_rsed.
192/5K1895 n;'?) 23 4| T96sus0ss 129 44 ";; 'sz:'}sxsnw '89'34 39 Chaacler Attribules: De-Inten.
18%/53274 . 30.28 24| 197/5x5083 5954 .89 | 292/53445 49 45 .40 Lﬂver;e or ”23:,’.'5"5._,' e .
" Ow Fowar . - -
RECTIFIER DIODES 100 so o @ 20MA
125 1ooovi2sa o Mini size: 8.5 X § inches.
156  1000v/5a 8 1 68 138 « Composite or 3pli{ video.
S06  oamPER/HEVOLT= FAST RECOVERY 24 + 5X 8 Dol Matrix characlers

Wmin 50 min 100 min

32 9
A6 44
19 09
35 .29
35 .29
55 .49
A% 11
1.9 1.49
1.9 1.55

ADDITIONAL SAWNGS §$

(UL case).
W0 min %0 min 100 min

49 44 .33
33 .28

THE NEW 65/9028 VT
ANSI VIDEO TERMINAL BOARD!

* FROM LINGER ENTERPRISES »

A second generation, low coet, high performance. mini sized.
single board ior making your own R5232 video Terminal. Use
as a compuler console or with a MODEM lor hook up to any of
lhe lelephone-line compuler services,

* Uses the new SMC 9028 Video
Controller Chip Coupled with a

* RS5-232 al 16 Baud Rales lrom 50

« Answer back capability.
= Baltery bached up Status memory.
* For ASCIl parallel keyboard.

MICRO SIZE!

SOURCE DISKETTE:
PC/XT FORMAT
5% IN. $15

ADD $a0 FOR AAT

Digital Research Computers

DUNCANVILLE TX 75138 -

.33 8

54 49

.15 12

;g ;g 0.80X 3

y : P.O. BOX 381450 -
689 80 3

{OF TEXAS)
- (214) 225-2309

Tell Froe 1

FOR ACOMPLETE LIST CALL OR wRiTE—=C 08, Orders WaiCome (Min Order 125)

DIGITRON ELECTRONICS
110 HILLSIDE AVENUE SPRFNGHELD NEW JERSEY 07081
800-526-4928 In NJ 301-379-00

PRICES SUBJECT TO CHANGE WITHOUT NOT‘CE COFFER COOD WHILE SUPPLY LASTS
 ECC M I Trage Mark of Philips ECG, DIgitron EM not 255001200 with PhIEDS ECG.

C all or wrile for a Iree catalog on 2-30 or 6809 Single Board
Compulers, $5-50 Boards. and olher $-100 products.

18 Telex 138441

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY. FREE COPY UPON REQUEST.

TERMS: Add $3 00 posage Wa piy balance. Orders under $15% add 75¢ handing No
C 0D Wa sccaPl Visa and MaslarCsidh Tazas Aoz #ad 5,178, Ta.
feecaPl &anada) #dd 20" P & H. Oiders over $30 Bdo %< lor mmursnce

Foraign orders

CIRCLE 57 ON FREE INFORMATION CARD
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RADIO-ELECTRONICS

86

ratoga Electronic

ORDER TOLL FREE

800-621-0854
ext.245
DYNAMIC RAMS

4161 - 150NS
41256 - I1SONS

I.C's

M58725
2114E1rC
458374
745280
B23TA-5

EPROMS

2716 . 450NS
27324 - 4150NS
2764 - 450NS
2761 . A50NS
27256 - 300NS

PC/AT COMPATIBLE
SYSTEM BOARD

8895
* 1 Megabyte Insalled

DRIVES

MIT 4853 QUAD/DS 96 TPl
LalT.

THMR48-2 8™ DS/DD YallT.
SEAGATE 20MB 4 HT.
QUANTUM 40MB FUILIL uT.
HARD ISk CONTROLLER
(OMT1 5510)

869.95
£99.95
£375.00
£795.00

£139.00

PC/XT COMPATIBLE
SYSTEM BOARD

* 256/640 KB
5160

Ask About Our PC/XT
System Kit

=/n Bign & Ram

$895

$25 MINIMUM ORDER
PRICES SUBJECT TO CHANGE

12380 SARATOGA - SUNNYVALE ROAD
SARATOGA, CA 95070
(408) 448 - 4949

CIRCLE 97 ON FREE INFORMATION CARD

FOR SALE

BUGGED? Whelapped? Fing out fast. Counter-
measures equipmeni catalog $1. CAPRI ELEC-
TRONICS, route 1R, Canon. 30520

WANTED: Western Eleciri¢, ARCA, Mcintosh. plar-
antz, Levinson. Tannoy, , Allec, JBL. Tubes.
speakers. ampliiars. (713) 728-4343. MAURY,
11122, Atwell, Housten., 77056,

TUBES, new, unused. SASE for lisl. FALA ELEC-
TAONICS. Box 1376-2, Milwaukee, W1 53201

LINEAR PARTS. TUBES TRANSISTORS — MAF
454 $16, MRF455 $12, MRF477 $11, MAF492 $16.
Calalog AFPC. Box 700, San Marcos. CA 92083,
(619) 744-0728.

RESTRICTED technical Informalion: Elecironic
survelllance, schematics. locksmilhing. coverl sci-
ences, hacking, olc Huge selection. Frees bro-
chure: uem”gn-z, 135-53 No. Bivd.. Flushing. NY
11354,

OI.DTIME radio progrems on high quaily tapes
z.l Adveniure! pusicl Free catal Carl F.
Fmallc Hearage Farm New Freedom, FA 17349,

TV wunable notch fiters, ir&e brechure. D.K, VIDEO,
Box $340, Margate, FL 330683. (305) 752-9202

TEST equipment. reconditienad, For sale, $1.25 tor
catalog WALTER'S. 2697 Mickef. San Pablo. CA
94806 (#15) 724 058?

35-70% savi
APEX ELEC RON
Sun Valley. CA 91352,

LASERS and nightvision surplus components Frea
catalog, M.J. NEAL COMPANY, 6672 Maliard Ct.,
Orienl. OH 43148,

in cata
MOD,

for 39 cents sla.mn
San Fernando,

WRITE FOR
< --.;::.MCGEE S
SPEAKER & ELECTRONICS CATALOG

1004 BARGAINS IN SPEAKERS
toll free 1-800-346- 2433 for ordering only.
1901 MCOCGEE STREET KANSAS CITY. MO. 64108

(Quality Microwave TV Aniennas

Wars-Channn 1.8 10 1T GHz
40dB Gan True Parsbolic 20 Inch Dish
Compitie Sysiern S84.95 {Shipping incl.}
Deaierships Gty Prickng Feplacenant Perlt
| PRIHDS-TOCH Elacironics
Bt P0. Box 34777 - Phoeni. AT 93007
ciFETime 19021 047-7700 153 00 Crmii ol prvre orhers]
WAARANTY MareerCxd * Y * CO0

TV-5/3ER. Hawanan [slands Gross $750,000. Price
$150.000 Wi/Ph. GKW ELECTRONICS. Box 1268
Lahaing, Mau-Ht. 1-808-661-8120.

SUBSCRIPTION TELEVISION DESCRAMBLERS
Oak built. surplus pull ouls. ane SINEwWave dOWNCON-
varters'descrambless. Units anr untesied and with-
out AC power gords. Send $18 95 in order or
castuars check to: PAMER ELECTRIC SURPLUS
12970, Brantoed St.. Suite “M.” Arlota CA 91331,

FREE Catalog: Discounted video, lelephones. tele-
hond accessones, and computer accessones.
O0LS FOR COMPUTERS, POB 727, Now

Rochelie, NY 10802,

ELECTRONIC discount Catalog, Jumbo 300
pages. major name brands send $2.00 HENRY'S,
100 Norh 4th Sireet. Newporl, PA 1707 3-1105-

BATTERIES NiCad, sealed Wad acid and more
from nabonal brands such as Panasanic, Eagle-
Pitcher and olthers. Write or call for ksting DC
POWER INC., 1213 Oid Colony Rd.. Wallingford, CT
06492 {203} 237.2292.

EQUIPMENT for manufacturing ptinted circuit
boards includes Excellon N/C drill, laminator.
Chem-cut eicher, eXposure Unil. Many mMany axtras.
First $20K cashrars check and traciof irailer takes
alll Call {216) 647-2030.

CATALOG: cable converter and descrambler kils
and assembled umits N12 mimcode $98, Jermold
400 $99. more, Sync restoration Unil assembles i
one hatf hour complete $79, buitt $120. Satellite
descrambler kit $119, built $190. Surplus compo-
nents, hobby kits. send $1, MINUTE KITS, Box 531.
Bronx, NY 10481,

CIRCUIT boards your artwark single or double side
boards small or large production. Save $$ S.AL.
CORP, PD. Box 2893, Fontana. CA §2335,

TRADE three tons electronic test eqpi, CoMmmercial,
military. schematics for Stamps, guns. RED NOR-
DSTROM. 15 Arlavia, Duluth. MN 55811,

TUBES, $2.49, TV, Audio. Special. 2000 types,
SASE brings hsts, ADMF. 6690 7 Mile, 5. Lyon. M|
48178.

TUBES 90% of. new, name brands, send stamped
sali-addressed envelope. GRAY 4415 Indianapolis,
East Chicago. IN 46312

IS 11 True.. Jeeps for $44 thro..r;:gh tha governmeni?
Call for facts! 1-312-742-1142 Ext 4673,

TUBES “Qidies.” latest. Pans, componenis, sche-
matics. SASE for lisl. STEINMETZ, 7519
Maplewood Ave., RE Hammond, IN 46324,

CONTINUITY tesier10gic probe, New, unkjue. pat-
ented one-prod tester from Eu . Tests most elec
InC ang electronic CoOMponens $24.95. Batte!
Distributors wanted. ROLEK ENT. P.O. Box 186'
Barme, Ontario. L4M 5R3, Canada.

CABLE Tv/sateNite #quipment Huge selec-
ton.. lowest prices, C $1.00: m, Box
82276, Tampa, FL 33682-2276.

ELECTRONICS. exclusives, sufplus and mOrB.
Send $1.00 {relundable) fof two discount cal

Acd another $1.00 and gel 20 Drodes! JELK) 8.
271 Shirley Street. Bosion. MA 02152

THE BEST PLACE to BUY, SELL o
TRADE NEW and LISED EOQUPHENT

NUTS & VOLTS HAGAZINE
PMACENTIA,

BOX 110NR = CA Y70
T sk

Join Th s of Neadern N, 3
Ivary Month

OME ¥llaA LS. SUBSCRIPTIONS
Somap - Il Chaas « SIS00 . I Qo |

_”mn ummmcu-z'l

DREAM!

SINGER'S
i

REMOVES VOCALS FROM RECORDS!
Mow You can sing with the world™s best bands!
The Thompsen Vocsl Efiminstor can remove
maosl of vittually all of & kead vical from & standard
slereo record ared keave the backgnound!
Write or call for a free broctuae and defmo necord.
LY Sound. Dept. R-1, p.0O. Box 333.
Stone Mountaln, GA 30086 1404 493- 1258

CB tune-up manual volume If. Specific adjusiments
and modifications for peau-r;g all popular CBY,
Covers over 1300 radws $19.95. Visa, Masrercard
lo:sTP;aMAS PUBLISHING. 127 Westwood. Pans
IL &1

SCIENTIFIC Allanta sland alone descrambler
under $100. Detalls $2. DIGITEK. Box 195.
. PA 19058,

COMMODORE 64 Owners, extand the life of y your
compuier with my reset swiich. Jusl sin. 514 95
plans $5 00, HARVEY BARON, Box 196, Beih-
paga, NY 11714,

TUBES. name brands. new, 80% off list, KIRBY,
298 west Carmel Dnve, Carmel. IN 45032

Ti-%iA Soltware’Hardware bargans Hard to find
loma, Huge selection Fasl sarvice. Free catalog
OYNA, Box 690, Hickswile. NY 11801.

CABLE-TV converters and descramblers. Low

prices, qualily merchandise. we ship C.0.D. Send

$2.00 for calalg. CABLETRONICS UNLIM‘!’EI’J

gO. Box 266, South Weymouth, MA 02190, (617}
71-6500.
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ANTIQUE RADIOS

continued from page 81

Always complete alignment (and
any other service!) before setting
up the tuning buttons. |f you only
need to set the buttons, often that
can be done without removing the
chassis. Instructions for button-
setting are often—but unfor-
tunately not always—found on the
back cover or inside the cabinet.

The Grunow and the Belmont
are very similar in regard to servic-
ing. Alignment must be done with
the chassis removed, but the auto-
matic-tuning adjustments can be
done in-cabinet. However, the
components used in each model
differ greatly. For example, the
tuning-capacitor plates in each
gang of the Grunow are all the
same size, so there is an extra pad-
der in series with the oscillator coil
to lower capacitance for the o0s-
cillator stage. The plates in dif-
ferent gangs of the Belmont, on
the other hand, vary according to
the needs of the different stages
they are connected to.

Before attemnpting to align an an-
tique radio, check the plates of the
tuning capacitor for shorts. A
scraiching noise heard while rotat-
ing the tuning shaft is a good in-
dication of shorted plates. The
plates may be bent, or dust, coins,
paper clips, etc., may be causing
the short. You may be able to use a
putty knife to straighten out bent
plates.

Dust can be removed with a
brush or a vacuum cleaner. If pos-
sible, the entire capacitor should
be removed and washed.

Your restoration also includes
the dial pointer. You should make
it line up with the correct frequen-
¢y. An automatic tuner makes a
poor appearance if the pointer
doesn’t match up with the se-
lected station.

Another problem with pushbut-
ton sets is the pushbuttons them-
selves. The caps are often missing
from them, and | have yet to find a
suitable substitute. I'd like to hear
your ideas.

That about wraps it up for this
month; next time we’'ll discuss ad-
vances in early radio circuits. R-E

(24 UTILIZE SPACE AGE TECHNOLOGY.
CAUTION THESE DEVICES CAN BE HAZARDOUS AND MAY soou]

F.Y FOCKET PAIN FIELD GEMERATOR — IPGSD
Assembied

5 Plang... 3800 IPGSK.. KVPhns . Sed
(8] PHASCR PAIFIELD CROWD CONTROLLER _ PPF1D)
. Plans 51500 PPFaK 174 00
[ BLASTER - Privades a plasma dischar punCiunng
1¢n Produces 3 100,000 WATT PUL
BLS1D . . . . . ASSEMBLED .. . .. ... 38590
BitLrs, he e nag
UN - an 0
Iee! 100.000 WOLTS 0

ITaHg ASSEM L L TS
T . PLANS  $10 00 rTMIK . . IFT/PLANS . . 569 50
AUBY LASEFA RAY GUN — Intense risbie 144 beam buins ang
(M weids hardest of MeLals MAY BE HAZARDOUS,
A AUBJAN Parte Arailable tor Comg_lTolﬂ

Kit/Pans.
Cap e

Davices20 00
CARBCH DIOXIDE BURNING. CU LASEA — Fro-
duces 3 conbnugys beam of egh erergy. MAY BE HAZARDOUS

LCS Al Parts Avetmble lor Compisting Device $20.
L VISIBUE LASERLIGHT GUN — produces iiense i bearm ot
R s-gnmg_ spotong. eic Hand heid compie,

LGUS Plams 51000 (K & A bled Units A )
1Y R PULSED LASER RIFLE — Pioduces 150 wall inlra-rad

putses ot 200- 2000 P s

LRGI Al Pacts & Diodes AvaltabM,.,. . $1000

BEGINNERS LOW POWER YISIBLE LASER — Chowcr of

rad, yeliow, green — prondes. an excelent Sou o of monochs omabc

light
LHC2  Fans. . $500 LWC2K. . KA. §3450
SHOOPER PHONE — Alows war 1o Call % permeses and ksien

Assembled .. %50
ShP2 Plans 5800 SNPZK Pl . $59 50
LONG RANGE WIRELESS MIKE — bhmalure device cledrly
Iransmwts well over O mue Supin Snsitrvg. Poweet el
MFT1 . Pans $700 MFTIK  Pansit 349 5)
WIAELESS TELEPHONE TRANSMITTER — Tranamats both
Sades 07 pivone COne Sahon Dver one mele . Shuts ot au
YWPMS..  Pans 5300 YWPMSK Pansiol %3
PWMS—LONG RANGE SUPER EAR WITH WIRELESS
ATTACHMENT
PWMS . Plans .. 51000 PWM5SK .. Ki. 513950
PWMS0 . ... . Assembled and Tested . 5169 50
Ousr phone 15 0pen ke orders Techowcuns a8 Sviabie 9-11
L. . Mon- Thurs for those assstance of wtormaon: Send
$1.00 kor of hursdrests moe samdar dewces: Send chech, cesh,

<=V C M

MO, Visa, WG o INFORMATION UNLIMITED

DEPT BB P 0_Box 716 Amnesst It H {30315 803-873-4730]

CIRCLE 72 ON FREE INFORMATION CARD

NEW 25 NEW

50 dB Signal Rejection Filter
For stvinaton ol obincHionabie o tro. e TVsighsls
mutau;uun"::(w_fuaf_w-”m %ﬂﬁ;

For one urdl send S0
STAR CWMCIATS - R0 Box 8352 —Hollywood Florids - 3308

GIANT electroniC parts grab bag: $5 Postpard. Al

New Parts. Resistors, IC's, caps, ransisiors. coils.
Zener s, 61¢. Pnma qualty componenis! assoft-
ment. Money back guaraniee’ GE Ni- Stcks:

7.2vDC—1.2 AH. New! $6. Motorola full wave
bridge. MOAS20A7. Mink size. 1.5 Amps 500 PIV.
Special: 281 or 10734 posipakd, Write for new cata-
log. ODD BALL ELECTRONICS, PO Box 879.
Puncanville. TX 75138,

SELL blank video cassettes. Super high grade
Olympia VHS T-120. Fully guaranteed. Only $3 49
your cost. Agd $5 .00 Shipping and handing for any

vanily STRANDBERG, 5001 S. Elm Sireet.
gr&ensboro. NC 27406, Tolephone (919) 274-3775.
Check, MO, VISA or MasterCard accoun! number
& expiration daie.

WORLDS best channel 3 noich filver $39 95, (Dseat-
ar Inquiries nvited.j CROSLEY (A). Box 840,
Champlain. NY 12918,

CABLE TV converters-All major brands Wirelass
remotes with volume, wired ramoles. Cable and Vid-
eo accassones Cabiemaster disinbyton Lowest
pricas. Shwp C.O0. Catalogs $3.00. SONE ASS0-
CIATES. 256 Broadway, Suita 201, Troy. NY 12180.
(518) 274-0608.

MAIL order money makars, 26 page book on:’;
$4.00. JAMES CADD, 2402 Sprningdale Road,
Waukesha, Wt 53186,

DESCRAMBLER plang for Jerrold Theory, sche-
matic. parts list, waveforms. For speed&delrvsr
sand $10.00 cash or money order. BAY STAT
ELECTRONICS. PQ. Box 63, Accord, MA 02016,

BUY BONDS

FREE ADAPTER (Limited offer) with AS-
SDRTMENT #103—consisting of TDKD
Coils 144LY-120K, 520 HN-3000023. BKAN-
K555AXX {2;, PCB; Transistors 2N3904 (2).
BFQ85 ub); IC'S 7812,74123,
MC1330A1P, Diodes 1N914, 1N5231B. Only
$25.00. 10% Discount for 5 or more Ship-
ping $3.00/order MC/isa/C0O. Toll Free
1-800-B21-5226 Ext. 426 (orders). Jim Rho-
des, Inc. 1025 Ransome Lane. Kingsport,
TN 37660,

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Centér and we will bill.

CABLE TV

£83 Descrambler par$s 10 construct project in
FetvB4 Radio Electronics. $49.95 (Dealer inquires
invited). CAOSLEY, box 840, Champlain, NY 12918,

DEALERS wanted: Channel 2.3, and 4 notch fil-
ters. Money back guarantea Send $15.00 for

sample and Quantity price lisl Spec:Ff{ channel{s)
GARY X Box 291394. Davie, FL 33329,

THIS IS AN EXPANDED-TYPE AD WITH &
TINT SCREEN. See how it jumps out on the
page. To order your ad kn this farmat calcu-
Jate the cast al $3.75 per ward for the ex-
panded-type and add 25% for fhe tint

background.

DO IT YOURSELF TV REPAIR

NEW... REPAIR ANY TV... EASY An
Write, RESEARCH, Ri3 Box 601B
29114,

THIS IS AN ALL BDLDFACE AD. Boldface
words cost 50¢ per word addlitional. If you
want your entire ad in boldface, add 20°% to
Ihe reqular cost of your ad.

@ can 6o i,
Cotville, WA

EDUCATION & INSTRUCTIONS

F.C.C. Commercial General Radictelephona LI-
cense. Elacironics Home Study Fas!, inexpansivel.
“Free® detals. Command, D176, Box 2223, San
Francisco 34126

UNSCRAMBLE salellite signals the easy way. Parts
available from Radic-5 . Send $19.95 for plans
& calalog. Board & Plans $39.95, lits from $99 .55,
YIOIO RESEARCH. PO Box 2. Kingsport, TN
37660

[FREE EVALUATION |

and ADVISORY SERYIGE
Fur profeasional sleciranic tachniciang by preiigoms
ma-Folit argamration Eaw sty D T
Bastysi Beowgt lame Sty Dredht grven for prvvoes

an wmlmwl BLRETRaCE Y0008 YU SN

4308 MoFs CONTINENTAL EDUCATION ASSDCIATES
ORGANZATICN P.0. B 1197 - Chumpuin, NY 12919-1197

ATTENTION
ELECTRONIC TECHNICIANS

Highty EMectve Home Study BSEE Cegres Pro-
grorn tor E o] Elpcironic |
s PRy Cur New Adwonced Placement PloQiom glania
" Creda o P E g ol x-
FHONCE Advonc s Rapicil Our 4D Yeor
FREE DESCRPTIVE LITERATUREN
Cook's Institute of Electronic s Enginesring
PO BOX 20J45, JACKSON, MS 39208
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Now you can have Quality, Service and Economy with

DICK SMITH KITS!

Playmaster® 200w
Mosfet Stereo Amp

Feolures CWOS Anolog Swikching for “wof-louch” contiols #
Buill.in “de-Mump” 3 Prolecl your wpeckers -LED indic atory
Toroidal #ans Oimes 106 o hum & betier afhclency & Hi

quality Hiach Mostel powst device & SO mosked sk
creansd PCB & Heavy duly healunis # Al pOH mouniesd o
MR Tt wase of Consfruction @ Builtin overdrvs Pratecion &
51¢P- by tep Insuction manwal # SatistocHon guaronteed

Electronics Australia Magazine’s Design
You've seen how easy it is to build - now hear the results yourself |

Thia 13 the one YOL've been waling fod With 100W AMS per chanmel (he 8l hew e

PlayMmaster Sarwes 200 integeated amphier i3 aimas) corlanily the e sl bud:f-you vt ‘:'Pr n"h SPECIHCATIONS

desidn rvailable Featue for featuse. dolla dor dodlal. it more han $UCh S up sgMnal the or™ & tDOW D5 ha o ¥ oh
names’”’ i b1 {1he ones wath beg phc tags to rsichl And A has features many bw:;a 8 t."ou' o e o

UeNCY Reepon 0 3d
Lach — by electronc mput Swatehng. The Playmaster 200 has Circudry 38 handle sHmast Qi ML se 8V EUONKE (3 %)

every imagengbis mpul: monng magaet. moving cosl CO player. ety YOR, cassntie funer. & AR G
and

morel # HUM -1000B bedow bal 2ulput
foointy il
Daape1e 113 unbabevahie Wvel of perdormance 1he Playmaster 200 13 much simpler 1o s 29 9 : gmmﬁn ‘“:‘m ?;M’ load

construct than Preveous ke The masieduyl dehgn has comndled 99% of assembly orbon > 0 H% (cal 0003% 20Mr-20KHE
pwam.lmmslmm ek includes our e lusive “Sormy. Dl 1 doesn'twork™ fepaur : a‘,‘,m :.. ::.\‘,' {m%ngn) Ling 300mV (P0a8)

..... pon] I you Ihink consiructon i beyond your level of schievament you can Co1K.3518 MC 200u¥ (15a8)  CD 2V (Rdab)
mum the kn wthe 7 days 10 2 full refund

-’F:.f/
WA LG oo 100W Amp Module Kit
o e Gel more hom mu:r:m ﬁ:nﬁfmm Fataeties
your television- nchudes PCB heatsink bracket & on-board tuse S] 995
GET TELETEXT 700 wares RakS & 1000 it e & A2
‘ ﬂcﬂ:j paveer DRl & rlnglprmae 1000 Daipwl Cop s
] 99 Cat M-A14d Macheng ranstormas b19.94
"LY Cat K-6315 COtKMMN Machng pows: iy $1a93

Teletaxi & indormahon & Qrabhes tinamitted as digeral data n the VBI [Vemeal
Blankang Intervl) behween video frames You can get the Wies? wediher, KCOME, $10CK
Phces B more a1 the wouch of 8 bullan! All you 13 & decode - and ours 4 not ohly &
Supert parfOrTed, 'S priced 10 Dul the comMpartton kW shame! E asy to budd &

viry hittle adpsstment, it laptures: @ Pre-adjusted fpoe- sssemblad decoder -3
AtIractiver ¢ 13 wth scresvnd front & redr panels @ TV, Teieteat & TV/Teloiaxt modes
& Newatlash 8 No user tees # 21 bution wared-remole

nciudes “Sorry. Do It Dowsat Wasd ™ Coupon

N, atrar sseambly, yous ke fads 10 PRAOrM, sond o beck wiik 1he haed
srvict WL el w8 OO & g oenyl

fully variable voltage & currenl-
Build It yoursell and SAVEN

Dasigned sownd the LM 317 {a relable reguldlor with
Rreal !ulmvlz 1rwe suPphy offers {ull rotecion g roeters
both vals, Currait OUtPUL Look 81 these specy

# Oulput voltage 1.3 - MV vanoble

& Outpu! Cunrent 0-1A varkoble krniting

& Cuiput Reguiahons. Beted than 0.2% tera to full lood
® Hum and Noise 0n Owuiput les Ban 4my ol full lood
# LED's Indicales current limiting mode

Car K-3475  # Ouiput Fom ch

Iinfra-Red Remote Control Kit

Gourel.u This sleek r@mol @18 de srgred [usl tor
K-8315. Requuws onky 8 handlul ol péris-saty lo 53495
Enuldd Al tha SICAL I & ROF a0 O0%ew, B8 B nacuty!

Corl K-3425

/-:uﬁ
SATELLITE nrt B
RECEIVER KIT i

e —

Don't miss this easy-to-build
Pro-@uality digilal instrumeni

Superh desgn uses iest IC technology. Low
COMPON] Coun| rahes it vEry reiable and sasy
1o bulld Measures frequencies 10 50 MKE (up

- 10 500 MK with opdronal pre-scaker | and
3 ~tuath wth & 7 chiet resolutin SuDpled with the
58995 oxchutrvg Dck Smith smpitied step by-siep
wmeruchons and § Qualty pre-punched. mik

Cat k.39 screened fron pEnel and casa.

Over 100 channels are wailing
on Satellite TV - build this

reCeiver 10 tune them in

ONLY 59900 Cat K-8318

‘w;u-us.munwbuu?nmmfo FIO0: 11 0070 mns ) e - g BT = JRaN maey

A P iy 20 PO 33 £ rour dvew TWEO srwem i} con

mrmdaam-n-rnoduumww; P i aree el 3P PO 50 OPY B Sl Pre-Scaler Hnprove performance & incresse range 522”
Bodio Eecivorece JoTamwy {+hs Kit of Frequency Countar 10 10-500 MHz

® Easy 0 burld & tuns & K I§ compled to the Wit nut & bolt @ Comprenensoe cat K-y

il ions & H Ousity Sepmiens bandpass HHe 100 Qreater selectiaty, rapro-

ducadbadity B statabty ® Inciudes “Sorry. Oich 1 Doen't " Coupon
ReQuwms 18¥ AC Powsd Supply Use Cal M-9558 $7.9%
= Add #BOvE Our AL Drinad £ 5 TV Sritem pachepri-

Now leaturing Crystal Time Base
Readout - a great DICK SMITH value!
An essential Pwce of 131 B design gear (and an
kigs1 mste for our other - it vourseH equip-
mani] Produces sine thangls B SOuare wives
from balow 20H2 o 1 J0KHE [with 8 wide range

of autput levels. 1001} We haven't room 1o hiat gl

the specs & leaiures hece but wa'ne sure you'll
agree this kit 15 an Mredibie value!

Australis 1 STEREO UPGRADE Kit
:T:':l:c.u\?ﬂ:ufe‘mug o-otiu! matria Of s2 995

e« ot our & A [atscrea}
Thig it lucke s wvarythi [} [T
WETI Bl e Wedinh UL,

Cat K-3520

CIEIELE 95 ON FREE INFORMATION CARD
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RA LASER EXPERIMENTER'S

HANDBOOK

Fronk McAlsese, 210 poges

(o) ELEC TRONICS Readers’ Special

Get this Premium Multimeter

A hands-on Quals to under-
at an unbelievably low pricel oS
ML Jusl the umm wrrmlnn ALaNCE ranges - It checkhs capeciiors, e e hnology !
tranm L ety ures aackinky OOy @round Irmr-mu
M“::-nmu: ero ol ol renges and me = wciual working l-ll!u C|:|| B 3500
usT § g cngmenonoccuosre | FIBEROPTICS & LASERS
J N?WF'OK":" L] Au: Echword L Safiord i, ASSP0
makc Oves ronge
High current nn\g.on:.;‘::'lollﬁﬁ m‘t':.fdww = .Wm
Cal Q1500 AC & BCY ol the hold. s wmply cunows sl 695
v 0 TR B M
o e e mants. thes & the book Cot 310

Electronic Telephone Projects

anthony Caslst, 158 pp.

Fram basic phncepies b constructon techmques 38 ]
to aebiting oMy ke Eofl tone bell phore
senIFY. puto recorder B more’ Cal p-200%

FOR PROJECTS & DESIGN
Rack-

DSE Designer Boards

N ﬂﬂ!q::’rlcﬂlhu;rgnld Mo u»:«m Moun“ng Checlp Video Cookbook
o mess and esch bosrd comes with 8 [ Don Lancaiter. 254 pp
of layout paper cablneis Gl words m!ufabmwto!nW!H& 58“

Cot F-8d14 3 2413 fan

Prolossional Quality black instrument onko an orhnary TV, Inchudet Cong1nacion detals Col B-3783

Cot o3 L.2re B, cases thet i1 siandard 19 racks Suppied llat LIz i
Cot P.ab1? F.0r.8  $29s ;::'d"l":;"b 'h'm :':‘;:‘ﬂ.d ,,,,“,‘:?:J,c:‘ et Electronic Test Gear fo Bulld

’ Dwar 40 ey v progects for hobtrests & sntbusagty L 4]
Jumper Wire Kit [iSaemy covius o5 worais $24.95  [IAVITSREILITIEG 3R
mc;;:nm%%&g&mm SRR Cot H-2482 16.75" 298" 1 326 $27.50 DSE MAGAZINE BINDER s4
jenihe 5 o8 31628 s of 12 3] Q8 CalH-2481 18.75° 198" x 55" 929.95 e e e
langits bom B/187 to 172 comes i
clear pLAsia CASE with COwar Cat K-4450

Col W-#637  Economy Asortment [rno case] 5493

<~ anBY°
Photo-Efch™ PCB Kit vt

W ake YOur own PCH 3 diactly oa sl A
J n

Deluxe 3.5 Digit

recenkary MAts ks ncludod 11eel grint .

i el e Ml Loy 34+ now only NEY LCD Multimeter

trated etch 101 resit e, 18P by COt M50 & lapture pached vl tugh brghtness CF, wpeca 5329“”:| O haen b es

Coi$ 3905 Exponure Light $or Photo-Elch $41.9% mmpnrml teatng ENTuL weile bandwadin, high 59995 Induﬁ: emp SEnECr, A
H H 2™ = wnoivndmm a new ke pricel Col @ 1240 m LE e O -Hf-"

Circuit-Fix™ Kit Cat @32 g0 oo 8 por

YOUT b0ard AUESING g eth? Mo Worregs) Make crrtunt —— —11 Troubia LD E1) ) MosCORD
tapairs B chandot faat & umele Includes apnng- s2 ] 5 ‘

oaded clampy B gusde. colet kmile B biade, 154 asst -f{ ::u:mu:t::::?ollm 8] ]“ ] Economy Munlme'er Em'

CORPY donuin A7 S0 fol & insthactang Cal H-%900 Ty 52 ] 05 ==
. - = ity o

Tinnit™ gAT : Audio Oscillator gm""",_.:.“:lwmmm _

Sokler won 1 stick? Tanit Dlates bore copo n Et s6 A handheid urit the B ot P ol Si hed! Car 0-1440' ’

Crrtust boands (and other metals) to snhance UA l"U @ 9 ;'dr:am‘l:;:::‘:.i‘ :29" rlce e

ackdregatifly. Co1 @ 4220 maret 48 serings m sl

Cat 473 | m $1150
Cat H-$734 % gailon Siaes

Gel Cells

Mo mesg, o ieaks?! Now

available W four e

Cars-dd BV 2 AN SA0s

Corddms  12v/]1 2an 1798
IS

'Emm Ttrobe lghty a1 80 incred-
ke PACE Brghl manon flash
tube 3 great 1or light srcreit, bosin
S] 4 95 slemi vehilen o ppecul sfeciL

res 13V power scurce. svilabie

- 3-6-9-12vDC 138V
=2\ @ 1 amp 5A Peak

- ., "
Cot$3320 13w/ an  $1kes = mso | 1 7% AL power Power Su
Carsddas  12W/3an 33493 # % ] socket.-DCconnectons .~ The wpﬁw EACH SR o1 L6000 Biue
g et B LT L S o B $'| 99& Cal L-6001 Giesn
L | 33 CB, 11990 6 0 cachs. Flashing Strobe Cal L6002 Rad
Ni-Cad Chcrger Cot 9530 3'emo conmnooon Tt Cot MAsas EaIt4008 Cloor

Suits mowl vives B
Yrpes of Ni-Cad bat-
tores. Test mew B

® Fuy 30isd srare IC regulared
® Auto lokd-back function ®

& LEMe Cutput short cidun Proteciad
Baramng orcuil de
Sgﬁ ® RF fer-hried ® 3500V
Cat w9317 atinsy

20 amp Supply
Orders Only — Call Toll Free: . P,

N o 1-800-332-5373 <3 Don’t Miss Our

Mondoy Frday. 7am-opm PACHIC nME)

IN CALIFORNIA CALL: 1-415-368-1065 1986/7 CATALOG .
. o P E r oy More pages. more products! .

Hot off the press. with everything

BERKELEY: 2474 Shamuch Ave {413 7S for the electronics enthusiast.

EDWOOCD CITy: 390 CorvepnBion woy {445)308 0044

The dala seclion aione Is

SAN JOSE 4980 Stewvent Crewh Bivo (408)744-2264 5
LOS ANGELES 1830 washeooa ..u (243)474-020 *OfmsLh:d F;gcso ?:facc:)n‘;;mon . o .
WEAD OFFKCE 390 ¢ Recwond City, CA 94043 ; 1 ¥ Y

IC ENTHUSIAST IS # 1 | MAIL ORDERS

P.O. Box 8021 Redwood Chy CA 94043
14 DAY MONEY-BACK GUARANTEE
SHIPPING & HANDLING:

DRMATION CARD
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STEREO AMP
continued from page 68

Switches S8 and 89 in the Dubbing
Select Circuit operate similarly to the
other switches in that section, excepl that
they drive 2 4013 "D flip-flop, rather
than an RS flip-flop built from gates. The
RC networks connected to S8 and S9 de-
bounce those switches. The oulpuls of
those flip-flops are connected to the tape
buffer circuit shown in Fig. 4.

The flip-flops in the Dubbing Select
Circuit drive the A and » inputs of [CI104
and 1C204, triple SPDT analog swilches
that route the tape-recorder input and out-
put signals to the appropriate places.

We should mention that the @ output of
cach flip-flop in the Dubbing Select Cir-
€uit controls the geser input of the other
flip-flop. That cross connection makes il
nccessary. when using the dubbing cir
cuit. to turn off a circuit before turning on
the opposite one. For example, if you're
dubbing from Tape 2 to Tape 1 and want to
reverse the operation, you'll have to press

LER PARTS!

We stock the gxact parts, PC board and AC adaptor for Racio Elecionics
Februa’y 1954 articie on Buikding your own Cabie TV Descramblet,

| "701 PARTS PACKAGE
Includes all the Orgeal resis1ors, CALACROM, diodes, ransiston.
integrated circuts, coily, IF Iranstormers (tokg BIAN. KS552AXX)
*702 PCBOARD. .
Ongina! stched & drilied sik-screensd PC board used in the arbcld
704 ACADAPTOR. ... . .
Onginal {i4 voiis DC @ 285mal ac adaptor used in the arficle
SoP<E:Cecl:AcL:S
BOTH #701 & #702..
ALL THREE #701, #702 & #704 ..

Ada §2 50 shpping and handing — 34 50 for Canadien orders
We 2130 ofler quanity Discounty on 5 of mola unis

$29.95
512,95

51295

. Now 539
now®49

COwn CABLE Ty DESCRAMBLER with any purchase ol abowve

FRE Rapnnt of Radio Electronics artich (February 1984) on Building Your

S0-CHANNTL . -—
CABLE % f=
CONVERTER =
WITH NTRARTD REMOTE CONTROL

sceorconverter  009.95

Troutint ol S covrtemert ppit Aparcey Sr 1118 43
W o i B it 1P B Coeirkin ke By LED B4
At oot aon NEW wnTh Full masulaiune s INARRANTY

ORDER
TOLL FREE

A innide M 617-339.5372
5 VISA, MASTERCARD or C.O.D.

Js )

WA ik e B s A e e e

CIRCLE 65 ON FREE INFORMATION CARD
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1-800-227-8529

ELECTRONICS,IAC. |

A3 Sty I
5 el Cines PO. BOX 800-D ® MANSFIELD. MA 02048 !

the 2—i switch before pressing the 1~
switch.

Nexlt time. we'll finish up our discus-
sion of the circuil's theory and then begin
10 build the unit. R-E

CLICK AND POP
comiinued from page 57

FIG. 11—THE UPPER TRACE SHOWS an input
signal with a large scralch pulse; the lower frace
shows how thal stralch i removed. and how =
amooth transtlion is made beiween the “from™
and "o” portions of 1the wavetorm.

sound of both new and old record albums.
A good record cleaner is probably the
cheapest and most effeciive means of
sound improvement. Bul beyond that, our
Scratch Filter can provide such a dramatic
improvement in sound that you'll wonder
how you ever gol along withoul it. The
photo shown in Fig. 11 shows the kind of
real-life performance you can expect from
the device. Happy listening! R-E

act:

Cardiovascular
diseases will cause
half of all deaths
this year.

Your giff can make
Q difference.

$ American Heart

Association
WERE FIGHTING FOR YOUR LIFE
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Radie fhaek Parts Plaee.

HOBBY ELECTRONICS VALUES AT OUR STORE NEAR YOU

Beautify Your Project!

m

() ig Sk

{1} Oeluxe Enclosure. Easy-lo-work melal with
eggshell white bottoms, black tops, haraware, rub-
ber feel. 1'3/yax B4 61/s" #270-272 .5.99
Lar N Velsu}n. IhewB'llawBV2"
27 7.99
L} Communicallcms Knobs. 1'/z" diameter.
Dinter notch #274-402 ... .. Pkg. ol 2/99¢
{3) Contemporary Knobl 1% damcter Metal
Ovar plashc. #274-424 . . Pky. ol 2/1.89
{4) 0-15 VOC Panel Méter. #270-1754 . ... 7.95

{5} CdS Photocell. Rated 200 mW at 170 voits,
max, #278-116 1.29
(8} XC-5491 Tri-Color LED. Giows red on DC,
reen on reverse DG, yellow on A,
276-035 1.29
€QX21 Blinking LED. Combines & MOS
drrvar 'C and a red LED in one housing. Use as
ar alerter or jn elacihonic jewelry. #276-036, 1.59
{8) Super-Bright Red LED. 300 mcd at 20 mA,
yel runs cool. #276-0686 G9¢c

Semiconductor "Hotline"

Now Radio Shack
Can Replace
Almost Any IC or
Semiconductor

More Than
200,000
Substitutions!
B No Minlmum

Order | \' d
® No Postage |
Charge [}

It the device you need ia not part of cur reguiar
stock. we'll check our naw jn-store substitution
guide and special-order a raplacement from our
warehouse. Semicenducions are availatie for pro-
|2cis and repair work. Radio Shack aiso offers this
service on seiected tubes. cfyStals. phono car-
tndges and styll. Come in and grve us a try!

Rattery Guidebook

Helps You Select
The Right Battery

199

Learmn how bati&nes work.
how 10 recharge and lest
ihem, and how 1o choose
the best valugs Includes
compiete 1echnicai data on
all ENERCELL® batiaries
160 pages #62-1396

"Soft-Touch” Switches

|. | Low As

B

SPST “Soft-Fewl " Push.Qn/OH Switch, Rated
3 amps &t 125 VAC. Mounls in a %" -diamater
hole. #275-1565 1.29
Momentary Yersion. #275-1566 1.19

Get "Motorvated'!

‘Nm SPECIAL
iyl e=gul,  PURCHASE!
R 2 for 149

.

These small iow-voltage DC motors are reversibie
and have a prewired noISe-suppression circull
They are ideal tor robolics, expenments, model.
making and yust plain lun. About 2'/a x 1'/s" Shafl
has a brass pulkry. #273-229.

semiconductor Reference
Guide

1266 399

Editlan
Packed with detaled infor-
mation on Radio Shack's
ICs. SCRs. LEOs dicdes
and oplo devices Cross-
reterence and subsalitution
section lists over 80,000
types. lllustrated. 254
pages. #2764009

Sound the Alarm!

9 - (10
*d.

(9} Two-Tone Pleze Buzzer, Super-loud 100 dB
output, weal lor securly systems. power failure
alerters and mors. 8 to 16 VDC. #273-070 8.95
g?) Pulsing/Continuous Piezo Buzzes. Great

alarm systems. vehicle backup alerts. Out-
put: 90 dB at 12 ¥DC, only 10 mA Strewdrniver
terminals. #273-068 6.95

Etch Your Own Boards

Qur PC Board Kit includes everything you need:
Two 442 3" solid copper-clad boards, resist-ink
pen and solvenl, etchant, layout Strips and circles,
tank, 'e” drill bit and instructions

#2761576 9.95

Breadboard It!

E— (12)
j (13) i

yli Universal Breadboard. Our best! The
lax 6'/z" breadboard 18 mounted on a 7xa”
“stay-put” sleel base with rubber feet Accepls
DiPs. discretes and up to 22-gauge wire. Has 3
binding posts tor external hookups
#276168 . 19.95
12) 16-Pin DIP Jumper. #¥276-1976 . 3.99
ilaj 16-Position DIP Test Clip. Easy access 0
ndnaduat pins. #2761962 .3.99

Folding 16-Range LCD
Digital Multimeter

Automatic Shut.Oft
When Case Is Closed

Automatic Polarity

New!
a9

Th:s extra-durable Micronia® sastrument mea-
sures AC/DC voils. DC curren), resistance and
has a special mode 10r teslhing sem-oonductor
junchions. The hinge has detented “stop™ posi-
fions al 20, 135 and 180° for easy viewing on

your bench ang inthe field Withspars fuse, test
Qacls owner's manual Balteries extra #22-187

TV sound/video Modulator \

Sale! 2s8

Reg. 4,95

Prevnred modue converls ine
leve; video and auds) SgHEs 1o
cranne 3 O 4 tor receplion ong
standard TV Can be usad wilh
computers, TV cameras. and i
expsriments. t2 VOC.
§277.1005

Handy Transistor checker

Only 1 495

Tests small-3ignal and power Typs
DpOlar 11ansrslors i of oul of ti
ol Lamp indicales retalive ol
rent gain. “cpens’” g “shorly
Oulput ek lals yOu CONMC! |C an
exigrnal melsr or
1000a. With inslruc-

tions Battery Ouy
#22-025

Ower 1000 [tems in stock: Binding posts. Book s, Breadboards, Buzzers, Capecitors. Chokes, Clips,
Connectors, Fuses, Hardware. ICs. Jacks, Knobs, Lsmps. Multitesters, PC Boards, Plugs, Recti.

tiars, Relays. Resistors, Swilches, Tools, Transformers. Trensistors, Wire, Zeners and more!

CIRCLE 78 ON FREE INFORMATION CARD

Radie fhaek

A DEYISION OF TAMDY CORPORATION
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Wall Croiur Ehac ireecy - Workdwide:

Mail-Order Electronics
415-592-8097

PRICE BREAKTHROUGH]

Part Ma- Prica | Part Ma Prica
SHTA00MN 19 | SN7T4B8M 55
SNTA0EN 19 | SNTABAN 2%
ST A4 25 | SNTABIN 195
SNTAQOSN » AL k]
2068 F ] »
SNT40IN 20 | SNTa1 21k n
SNT A Fol 21N "
210N ] 4120 45
T4 4M 45 41N v
SHT410M as 4143 195
41 TH | SMrainiMN i g
A20M 9 215 1
740N 10 AV 1%
TN I0 | sTAITIN k]
BTN 0 | STl TaN a0
o A | SMOITEN -
ST dal a0 | BT TEN Ll
S el o W | SNiah 195
BNTAsTN N 41 195
ST AN 70 | SNFA1EN . e
sMTATIN o | TN 135
T4 T g SNTAI2 1IN g
M TATAN 1
NTATEN » | BT b
ST 47BN . 38 | SNTAIOTN, . ... 58
LS00 19 g!lﬁﬂ. ]
FALSO2 A8 | TALS108, . 0
TaLS04 Fol Tﬂﬂa g
FALSOR 25 | 7B =
raLson 29 | TALS178 »
TH5OT B8 | 74500 345
14LSOR 19 | TS £
T4L51Q A9 | r4510a -
THS14 | SN ]
m 25 | 745230 B
A9 | THS243 )
532 25 | 7ALS244 8
F4L542 30 | 74L5245 kL]
TLGA7, R | ARG L9
7 38 | 74L8270 M
THSE74 F-a N o E
LSS 29 | 7 .Lg
TALS YA E ?m
T4 505 Aq |7 2
FALSS, 25 | T4L5267 F]
7 |7 F ]
|7 73 . 7w
TSI 40 | TALES4 ]
THB IS 20 | 7450 ™
FHLE 1 38 30 | 74lS800 . 195
745138 20 | TALSAD 105
FALE 104 140 | 74LSA2G 24
FaLB1 57 28 | T4LES4G .o
FALS15A 35 | TaLBaeA o
FALS 183 40 | TH56T0. -
TS 104 49 | T4 G088 198
T4Z00, 20 | raS1a8 178
T 4504 36 | 7a5100 195
74908 35 | 748108 149
T4510 | TASZaa 149
14532 | 745244 148
TARTA o 7&3 il
1 g T 7", 180
T 45208, 180
F4S 124, 278 | 745313 1.00
F45174 78 | M5374. 180
FAS17R 79 | T4E4T . 149
TAALS00 35| raALSy3a . e
FAALEOR 25 | TAALS1 74, A
TALAL Bl 2 | FaMLS1TR poe)
TdALSOR | 35 | TaALS24D 1.79
FAALE 35 | TAALSZ4a . T
T B 39 | TAALS2AS %
Tak 530 38 | TAALENTY 195
TAM XY 30 | FAALEITA 198
TAALET 55 | TAALSSTY 198
7aF :
FaF0Q. . 5a | TaF 139 129
TaFO4 | TAF15T 129
FAFOA E8 | TaF193. 495
TaF 10 56 | raF2an 249
TAF32 £4 | TaFaad 248
FAFTh 088 | TAFISD 178
TAFBS . A} raFaT 208
TaF1 38 1.49 [ 745374, 2598
CO001. A9 | COa0d1 . 2
CO-401 1 A9 | GO0 . FE3
04013, 34 | COM082 »
COM0e 20 | COMOba 1.4
COY T A0 | CO40108. 298
o8 Sl S
i 1
CDA0. 3 Co4511 ~
CDaxy? coanlk 1.9
COA0 3 | Co4sB ]
COu0an 84 | CoWs20 w
OOl 0 | COA573 ™
(=0 2 | Coasde B
COM0A T 65 | L I
COM0A2 B4 | COans) b
COas 85 | chassl 495
COA0% 349 | COasas p o)
CDa000 | COasen 1508
CHons 28 | COoanry 1.19
COS000 5 | coaska 58
COo407E 4 | coa 75
COa0? 1, 51 MCiaann ﬂza
COa072 25 | BAC 1 4490F, 4
CO4078 80 | mer4872 0

CUSTOM COMMODORE CHIPS

for VvIC.20, C-64 and C-128 Personal Computers
Pricy | Part My

'551ECHJ 4008 995 | "EOZECIA 2R 14 95 'I L[+ Mlg.os
'6525TP 2086 9.95 | '6580VIC- 2886 14.95 833|m M- 1995
“Spaca. Mmdabie @ 5150 0. | "B567VIC-1l sang- 190.95 MOTE: 028100 = W17 IC-84)
MC6E8701 -Microcomputer with EPFROM
Tha MCBE701 m mn B-HE WNge S mecs ocomOuter Lt
whagh oty pohunces e capabEles of e

Ty o parts. On-ciD resources incluce 20408 Grte of EPROM,
|a“dmu-m Wilgrtaca (SO, parel-
b A0 A @ pheew Function Programmiable

Timac
MCEBBT0T. . nschiuhapncs i 523.95

MPON
o 000 SEMES Comt

M e

MACROPADCESSOR CHIPL
Fart M Prica

ATEL ITE_W

Tw MSTH w8 lvmwmramm

ALLOW FTABLE SO0 0 OFERATION
MM5321...............%995
M
DT1050—‘ ™

mmmmm.n- . "Mrm:!

wath 137 sDarate 0 Uiichal mOids, 2 kones. and  Ofierent
BRINGE durationy. Th wirde ind 100 Rl B SL5wd
mmmmnmmmwlmhmww‘_ﬂ"l

Part Ma Pricay 180-pin) and tmes twn (2] Bpesch PDNe wliS2)EISARY ond
Tresar T ey 205 g‘};‘ T 3 I‘Nﬂlmmollw“mwo
COP1BOCE . 904 5848 2 249 Ccopin
P Caon 8680 “% P ?g’, Part M. Deacription Py
200 1008 208 StRIES pa 76T Seon COINSA g F22 DT1050  omna~ ... ... $24.95
B SR - - siis | ek 2 | MMS54104 ke o . . . $12.95
495 3"
RO-P0. . [ ool 595 82542 1198
ZROA ... Hg ezl 1096 32 21;'”0’5.7;”  Inches oo ) ACta o RS
DROACTC. iy X% 194 asr-a 149 moi
eatlis i | e 255 | &205. - DI 0SS e e 1195
Z80A-PN To5 | DOBOA 154 =T .. 408
2804, S0/0 [ Y i K188 . 295 IL
ZB0OBR =g ARS |- LA At
ek :g -2 m:g g ;g Part o rm | .t e [
BOBTISMMED 129 : -
ZNCE-F . L. AR5 BOAT.ZVBHE 15095 BN, . es mm :ﬁ ;:zﬂl'l.m‘um e
S500/ 0008 /45008 SIR 8008 . 798 8755 ﬂ'ﬂ“ 108CH. . RS | 721 1M (MRS} . a9
e 178 80882 . a9 DATA 7HO8EY Kk aaws | 721700 0
8118 A X o 7107 B95 | 27APL aes
8222 - :‘:a g_g e, fos TIOTEVKR S [ TR 1095
6351 &9 o188 g.?s ﬁm e 1495 - gs L
= w| = B ARD e ‘SPEED CMO
asay . g Gm; 098 DACOBOR. 195 ZAHC HI
6010 . 194 & 198 DACIOOR 785 FAHCEO. ) R S ]
— R = | mes ] b s
Pt e Functon - Frica TAMC 14 | T m
18NS 8384 1 r g 7 39 | T 119
129 laioTam ¢ R i A e 78
416404-150 65,530 x 1 1 130 AHCT 4 ArCy 1
41840200 mmh e 19 ; o z ;0‘0.‘374 ;.:
Tiibdad 16-12 183854 u d (130N Y-S AHC 00 K
] 16.3&.!(‘ g:“gmm = ;m “15: TAHCAAR :g
ai =1 (1]
41758150 POZ 14k x 1 150ma). ag TAHCT I 109 | FarsCapin 119
5048415 B553 x4 130na) |4484) (41484}, 798 TAHCY 20 | rercanse 79
Tarr T TAHC1 8 18 | Fahcasan i
;‘l‘\gm|&|2 m:? a0 ": TAHC 128 19 | ranCAS11 195
2102-2 TO24 u Y 250re) LP (01002 'ﬁ 3“..’2! e | Feiam -
2Ngan et JEL ) P24y o Bt 0
2114N-L 10243 4 450ra) LP.. 108 2 - - 295
2T140-2 1024z 4 2000y 108 =
2114N-2L 1024 % 4 200rm) L. 149 =
21C14 02 x4 200rs) MO8 B Fid .
2148 1034 - 4 ABrw), . . 496 . 5T
510t 258 x4 ‘g:s 195 A0 25 | TACEY 119
HRAB1 16R-] 2048 x 1 e 179 THCOR A8 | yaCen 159
HRABT 18 P-3 2048 x (150rw) LI® CICSE 188 Fal10 20 | racoda 106
HAAB2EAP 13 B19d x 1120nm] TMO&. 408 TS 14, |7 195
HIABZBAFL1 2 B2 % {120ne) LI CROR 470 T4C2 a8 | racsra . 195
HAM2G4P. 15 8192 1 {1530rm) CHOB. 44 74C74 4 | TaCRIX, 795
HLAE2B4L P15 8192 x 1130 LI CRaOl 459 FACAL .19 | 7aCH1S | 149
8514 1024 % 4 50! TMOS LIPDAAC), . a9 TACHE 29 | 74Cez0 . (1
- PROME/ FPRERRE — — — 74508 295 | 740821 . T
17024 20618 (18l 595 74E90 06 | reCuR2 | 195
TMS2% 18 2048 1 AROrm) 25V, 408 F4C 18 295 | 7400 . £
m-m dooexl 430rn g& 595 7ACITR .. B0 | TeCRaSs. . s
x ASCry ! 296
2708 1024 % 480ra) . 5,49 !Nun
TRAS2 716 b £50re) 3 wORBOR. . a9s
2118 20484 8 |450nm) ars e 168 | LMOTIH 295
e 2048 x 8 £3500m 26V s - | |t s, )
2rC18 o b 208 TLOBSCH. . 109 | NESHH 295
e 006X B A5Cr) ars LNVOOTCN . 48 | NERSSY, 29
2TXIA-20 4006268 (2000 21V 535 iy Sl b pod
pre (2%0nm! 21 a0 M:‘}T e LISEEr Bt
ATI2A-AS Pl &m-mmw. 195 T =5 MNESSEH "}3
2132 4008 % 1008 L H
i 1024 x {430ra) Sngge <3V 598 1.49 | LMB&TY o
T2 a192 x {2000m) 21V 525 Ciea pas ”
2764 Big2a s {2%0rel 1V . 440 St ‘-:' LMT41CM N
2T04A2 ez x [2A0re) 128V, ™ USATE AL 9 w""”’“ ]
76445 8192x8 4RO} 2TV, 08 ey Lg ABCH 4
F7CEA aez.8 é;uoa:w. a9s frvie] o Ui -~
27120-2% 16384 X8 (@S0N8) 120K 21V, 195 LMD S ey LA -4
27128425 18384 X8 | 128V, . 9% LA 12 186 0
ratbeah 42766 1.8 250rm) 256K (12 8V} . ’ 3% i 125 | LMid7 1N 195
FTC290-24 27681 8 (2ROl 2us [T 5N 1390 m‘?”"* '2 [Sobl Lo B 249
Bi9za8 {450rw) 24V, 1598 Ry ol ey e
6ATA8 B892 K 8 {350rw) 24 nes s LANGOCOA, 20
745387 e PROM 180 Sl 43 | xRzOs s
T4RAT1 2565 8 PROM T5.. 4 AT ] e 240
m‘a el 5 ans LFJSIN z I.NW‘!‘TN- {%
= P L] O CFasan 50 (MG B 158
LDW PROFILE (TIN] SOCKETS | WIRE WRAP SOCXETS (EOLI) LEVEL ) LFIA%N B WORCON L -
Part Ma 8 1088 100up | M, 148 W9 1 LRSEMN B | | WOECAC 118
DL, sz M T B 4 4 Chesaen 218 | Lo 58
1400 P 13 13 M 14 pon WW 8 M 5 LIV 1N 158 | Lo e o
180N LP. 17 2 13 16 530 VAN, ™ 80 05 1R | rESSYD =
2 pin LP. a .ﬂ 24 5N YW 119 108 k] | 1 r
Bonir » ¥ 28 6n W E R T rvir i ] oy o
180 1% A8 1 7e4T7. 355
-IDLNR‘I'.I.II.S'I“M !ﬂgmnunmummmsmm;mu_

PARTIAL LISTING * OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! + CALL FOR QUANTITY DISCOUNTS

CIRCLE 114 ON FREE INFORMATION CARD
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Mind O Elactronecs  Workdwide

Worldwide * Since 1974

* QUALITY COMPONENTS * COMPETITIVE PRICING

ELECTRONICS

* PROMPT DELIVERY

R ATIBLE
Acc:-:ssoru:-:s

R$232 Adapter
for VIC- 20 and
Commodore 64

APPLE" C

Al Apple Cards come compiete writh mstrochons, MADE IN THE LISAS

IBM" C IBLE
AC -]

16K RAM CARD | CONTROLLER EXTENDED 80-
(Langua?e Card) CARD COLUMN CARD
and N+ Fot Appla l, IH- and He*

Expand rost 4 - §4i Fund Mamwum xmun-.m

s::'g-?::md s Mok i s WW?"‘ pevatigathis g M
MEDaPCM, . e $39.95 | JE860""..$39.95 | JEB75....549.85 | JEBB4 ... 569,95
Voics Synthesizer VIC-20 & C-64 128K RAM CARD
Phugin — i Mincipy! Few Apple I, 11+ and fim"
JES20CM. . ... 599,95 :r tare PAOSEAS ey inchut
300 Baud Auto Modem fpiatoes o 008 3.3, CP4 and
Mitey-MO P cesh .. ........ $74.95 e
Parallel Printer interface LT “n VB
2
FREE 4K Bufler inciuded! D wovarums APPLESURANCE
MW 350 trorvic-20.caanc1200, - . . . $69.95 DIAGNOSTIC DISK
TRS-80" COMPATIBLE GONRROLE R SARY
ACCESSORIES o
E-X-P-A-N-D RO, Driwen.
A e i AT
TRS-80 MODEL |, LI JEBTT . $69.95
TRS-16K3 200ne (Model 0, . . 8595 PARALLEL
TRS-16K4 250ns {Model 1). . $549 PRINTER CARD

~ TRS-80 COLOR AND COLORI
TRS-64K2. . .. - .5n8s
Hew modela

only —
TRE-LACo.Incl. 2-50454'y (41454's). .
TRS-80 MODEL 4, 4P

TREBMKL . ... .. ..ecnnccaiinnnas $11.95
E . pnds Mo £ from 1K 64K or oces AP 0 §4K. 178K

TRE.64K-2PAL A . $20.05
Expands Model ¢ irom G40 & 170K
TRS-80 Modet 100 « NEC « Ollivetti

MI100RK . . $20.95 wa. or 3 for $79.95
TRS-80 kiodet 100

NECSKR, - $29.95 s or 3 for $79.95
HEC Modsl PC-K2014 E1pefm0n

OMIDAK. | - 52995 sa or J for $79.95
“mﬂioiwm

TANDY 200

M2008. 53005 sa. or 2 lor 515995
Tandty hlode) 700 Expera

PROMETHEUS MODEMS

Bl

- 51995

Intelligent
1200/300 Baud
Modem with
Real Time
Ciock /Calendar

Thet Prodladem * 1) 2 Bel ‘l?Aflm La e el
B MO « iyt COMWTAnd Bat COMEEbOb phiy B0 8-
Sllonal sxienced command et ¢+ Shown il aiphanumen:
OeaOliy PRGN WS- 112 Send Awwr Unit
PRU2DE. v swvavazmana $299.95
Options for ProModem 1200

m—(:ou, " ... 34995
Symtem m:h "ProDOS or CP /A — I ?CDOSulﬁa
PREECNTS) NI SO, I et ke vt . $128.95
Communcations Bufw Opiion
BUFS12K . ooinoiaa. . 55495
15120 Mipamory o Pil-5PE1 20

- $TRAs
e -.-u Mnr ProhAcaem 1200
o LB SﬁCIN.. 2. AnI ﬂl! 95

inCiurs Pud-OPS 129 BUFS 12K and FH-AI.P

For Apple L, I+ wod fe"
Fully compabbie seth Appie CP/M. Appha
" 5 Pascal lor . Bl oSt O OD-
PALNG Ty by
Anidabig ior ADDie B, i+ and S PR

JAEBE0 -5 oiie . $58.95

PARALLEL/SERIAL B4K

BUFFER CARD
For Appls II. N+ snd /"

will atinch 10 the JEBA0 [abowve)
reeded D The

APPLE I, 8+ 350

"APPLE o sre of Apole C
~Wrean miimg CF/ML the JE M0 Bnd JEB48 will Doy hunctzon with Werskion 710 0f e PASCAL
(JE847) Yaruion 1.1 of aarfac

ADDITIONAL APPLE COMPATIBLE PRODUCTS

Agple il or B+

APF-1 cmm-l-phm Nlriu) ........ .5 3995
KHPAGDT ity Poren Sty = Moy W] .« . oo ona 5 3995
JEG14 Numaprit /Bl Raypted - 11 gecastprs Somatoen  Soy ol . .. 5 49.95
AMON 12" Grwun Bhovtor with Buival Sas - -Il.lﬂtl-....s 99.95
KB-EA1 Appie Auyterd ot Cans « Bay ia). .. 5 9995
JES2OAP  voxs Syalemite - lh.h.m--m IerL ... 511985
ADD-12 Sy* Ma-Masght Ous Dves « Bow Lad). . . 5129495
ADD-lc O pash Siavgret Cngh Cwoest = Moy (Bt . . ... - 512995
ADD-514 5%’ Pall Hought Out Drees - Koy (o), . . . ... 513995
PUT200A  Prompiims vl Made, - 2 Cards « Kgy laB) ooo . o0 $299.95
PRMTZO0M  PromeSuwmes Sacrioeh Exi. Modem = KoY. (Maceviosh). . . . . . $349.95

QENERAL APPLICATION POWER SUPPLIES
Power/Mate CorB FIEGULATEO POWER SUPPL‘I"
g -

= ngad 105 § 25521 (0- TS0V

nagrincnn -

Pawrt M. Orutpnst Slu !
EMAS/GE SV@IA, OVEZAA 4w, 1dWalvH M
— EMALSL SYlaa/ SVELA Al x dWWaZ%H  dRa
4-CHANNEL SWITCHING POWER SUPPLY

= M OO OCRFSS0N. TMN-COMDUI, Irihal, MO SOUIDIM Bad JrOCEes COn-
i (] ol applicatong - Ingt $0-1 JOWAC, 4T-440H: - Ouiput: < SVOC @ B, -SyDC

:.mu
W""ﬂ

i

SR IVDC 81A, -1 ZVDC B 1A mm%m n:mmw
.ﬂw T8 - Owarcurrend profecton irmant S maen cuiput
L H0 2 1 W 4- 18161 - WDt 1y ba

FCS-B804A. . ............. AT et 5 T $59.95

83-KEY KEYBOARD

ol BOME CASS it Dl redl - Comoiplt
AUST ALUO it
e P e $49.95
Build an |BM PC/XT™ Compatiblel
I1BM-64K S4% RAMCWpa (3% . . .. 5 12.49
KB-83 B3Ry Papleird. . ... .. 5 4895
IBMFCC ooy Cosvutwr Cave. . . . 5 5495
BM-Case  came....ooonuna.. S 4995
IBM.MCC Meapertorguney Cavl. . .. 0 $ 8985
IBM-PS o gy, . ... 5 8995
FD558 Cnatt e, . . - .. 511995
1BM-MON Monochome Mo, . . . 310995
168M-MB oty 519995
Reguisr Lnsf §777 09
IBM™ -Special (nc, o swm sty . .$699.95
Additional Add-Ons Avaliable!
IBM.KB B3y Ryttt o §$ 7995
IBM-ENH Erhpncat faviwerd. . .. . 5 9995
IBM-ICE Intwgruhes Coti Bapew . . . 5109.8%
1BM-EISAK  mumbamctasn Cas. . .. . . " 516995
1BM-20MBIK 200 rava Oues Doy . . - 359985
0L '8 of Biv L
3 iBm
.. ol ! Compatibiel
DISK DRIVES
Devciarverrpiicer
inchucied
FDESE  Tesc Bw' 08 witeght. | $11995
SA4SS  Shegeer 5w- DB Wit .. 5119.95

TI!100-£W Su D Fun-mgnt , . . 5119.95
JMR 5%° DISK DRIVE ENCLOSURES
Contiplady sty derich,

DOES M R e . S $69.95
Hioumes 1 Full-Hesghi 5ty " Fopiy Drwe

DOE.2HH,, -l it aaap-bs bEE s b $79.95
Hounes 2 Hall- Hewght S Flopgy Dftves = varbcal
HODE-TFH.............. .. 519995

UV-EP RgM ERASER

mlm‘-l—mﬂm
ud-,nu dratar
R - e 300
Aty KCk ity prrver® LV axpomsry Compest . 001
2B T0W a2 60w Comedebr mih hokdhre] trary bor B G

DE-4 UV-EPROM Ersaer. . . . 574.95
UVYS:-11EL Replscement Bub. . . . $17.95

DATA BOOKS ]
30003  Natonsd Lingr Dete Sook {8} ... . . $14.9%
JOD0Y  inberell Daoda Bocsh (B8}, . - . 04
0013 Diog Deta Book [B4). - . $1d.93
30022 Logh: Detn Sook Set (84) iuu
210830 wae bomory Handbook (BB, . . . . 19.95
FI0BAD ehel Microareimn Maobk, (B84 199%
MUFFIN/SPRITE-STYLE FANS

MUFED 1S3, 15- 2440 .. .. $0.95
Hormprd INcustrers M.687 ug. 80 cm}
{ BU2CT. 5. 239.!5
COAG Matrons (3.170° icpuing. 20 o}

520 Minimum Order —

US. Funds Only

Shipping: Add 5% plus $1.50 Insurance

Send stamped,
seif-addressed envelope
to recesve a Quarterly
Sales Flyer — FREE!
6/86

.-—-...\,-—-.\

LMostorCund )

Wa Dicer Elactomct Workdm oo

| jameco
-

California Residents: Add &% or 6%% Sales Tax

Spec. Sheets — 30c each
Prices Subject to Change

B 5o 51.00 Fostage for a
VISA®

FREE
1986 JAMECO
CATALOG

1355 SHOREWAY ROAD, BELMONT, CA 94002 + PHONE ORDERS WELCOME 415-592-8097 Telex: 176043

CIRCLE 114 ON FREE INFORMATION CARD
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BUILD A COMPLETE 256K XT SYSTEM—$717

THIM2018-100
HMG1 188
HMET 182
HMETIBLP-4
MMET VLR D
HMET 1BLP-
MME2EAP 15
HMEIEALP- 15
HME284LP 17

4118250
411§ 200
A116-150
4118170
WK41IT
4164.200
4164 150
4164120

54
A1H-REFAESH
TMS4416
41128- 180

A1 296200

A1 F5E-150

STAT

V6.4

2564
10241
102421

25634
102424
10 Hnd
10 and
10T And
409601
20480
2048uk
20488
T04ExE

IG RAMS

1450

1500 {CMOS)

1450 ILMY

12500 1{LM

1450w |

(45 0ny |

14500 LM

{200a)ILP)

(150nsHLF

(450}

{1 50mu)

{1000}

1 200 LCRIO S}

11500 ICM OS]
200m [ CMUSHLF

11500 [CMOSI{LP

112003 [CMOSKLM

1150 [CAMO S}

115 0nai [CarOS LMY

1120nal [CArO3 LM

DYNAMIG RAMS

13421
1638431
16384, 1
L G Eh
prel TR
65536m1
655381
85536m1
85538n1
65536, 1
655161
1638424

1310721
2571848410
28214424

B %erie 5 VoIr Sunoly

125w

{200l

1150l

11 30wsa}

[20ebra}

[20wws 191

01 SOvvai i)

120w 3wy

1200wl [%w1

11500 {5v

11500 iSWHARFRESH

150ng)iSwl

15001k 5w

[ 200 |1 Sw|

1 50wan | Sl
REFRESH-Pw 1 Refr

[

B e
Ssguzaiiyizaszsgyiyss

;uunapn-.—-a-
1R PET PR

% % & & HIGH-TECH % o * *
NEC V20 UPD70108 $149%

REPLACES 8088 TD SPEED UP 1BM FC 10-40%

* HIGH-SPEED ADDRESS CALCULATION
IN HARDWARE
+ PIN COMPATIBLE WiTH BOBE
* SUPERSET OF 3088 INSTRUCTION SET
= LOW POWER CMODS
$24.95

8MHz ¥20 UPD70106-8
8MHz V3D UPD70116-8  §26.95

% % Kk k SPOTLIGHT % % % %

GRYSTALS

EPROMS

150l

U_UEG
b3+

13%0naliBV)
1Sy W

1 o1 | 5W}
[ANOnalEVH2 1V FGW)
(IO VATV PGM]
1 290maH SVHC O 5
(ASna KV
1390mmiitV]

L
{AB0manEV)

1350nayBVIi 24 P1N|

1250 B¥1 4%
(250ma K PVHC O] 1290
12500 5W) Fan
AV FGM. Pregr o gt T vasks

B g e
skt

H

SPECTRONICS
CORPORATION

74LS00

TA4LE14AY
T4LS165
TaLS 19
T4LEATI
T4L5174

HIGH SPEED CMDS

A e by o DN apeed CRMOS IDgie teatunng
b wpeed of kv Powar Schortcy [Bad tppieal gate
wupbgahcnm] comnbirad wah B scheseLiges of
CMOS wary Kw Do CONUMPEON Il ior Ao
ety B e anain st el

32763 KMy

I80A 5101
ZROA 510X

6.0 MHZ

2808.CPU
180B CTC
2acH P10
£3G8 DART
Z30B 51040
ZA0R 81073
M7 2ILDG

2.0 MHz

ES02A
65204
5224
ST A
BRASA
B5514

#5028

LB RN E

ANE D
SRASLNI0g222

CIRCUITS

MM IEY 195
MMEI6S EST v 4
MMSE16T 17 9%
MM5E1T4 1
MSMSE]D? 29%

GONTROLLERS

171 a9
L¥s

895

12 9%

1295

1485

19.94

20'95

1995 i

il 320

ey g BT SR N0 AR B o o
2R R RR R R RRR AR R 2R 2R

CRYSTAL
DSCILLATORS

BIT RATE
GENERATORS

| S EERR]
BRI
4702
COMINE
MM5I07

A¥S5 10113
av1I015
TRIGDZ
28%1
Ihdnag 2
il A0 ¥

NI TR0 THMESI531

TMAESS5IZ
ULNZGDT

595
595
5 45
595
495
95
495

-
-
"

AR RAARELL.
REREFSABRS

PP EFEEE T

F -4
22
n
o
17
18
a8
E.
n
. ]
1]
69
17
e |
24
g
n
a9
43
22
m
.9
)
A9
£
3%
E
45
4%
275
39

T4LE1 TR
TALE191
T4L5192
7415193
THLB1M
74L5195
74LE1™
TaLE 197
418221
TALS 240
TALRIH
T4L8242
F4L5341
F4L5264
TALS2AS
TALS 281
TALS 2SI
FaLE25E
FAL5257
7415258

- g

JsaITLYREES

-
-
L

Be3sssts

b o
838

T4HCO0O

TAHE Cprtatr ar CMOS Ingac ety 8 are staal
dor e g CMOS Cinisgras

T4
TAHC 139

FAHLT: Darpcr, drop-in

TAHC 143
TAMCI51

TAHCA050

T4HCTOD

for LB TTL

rplatermariy
and can be teemined weth 7ALS in the s crast.

TAHCTOR
FAHCTO2
T4HCT b4
TAHCTOR
TAHCT10
TAHETI
TAHC 127
TAHC T30
TAHE T2
TAHETTA
T4HCTTR
TAHCT 138

FAHCT157
FAHET1%R
FAHCT 181
TFAHETIB4

TanLT165 105
TAHETIT4A 1.09
FanLT13) 139
TAHETY

FAHCTI40
FAHCTAN
FAHET 244
FAMCT245
ZAHCTIOTY
TAHCTZ59

el
L L 1 % ]

Pl s Lotk B
$e58333383

»
°

T4F251 108
T4F252 169
TAF257 1.48
FAFIRO 1 79
T4F2S) 195
TAF37) 420
TAETT4 420

TAE13% 144
TAF157 169
TAFlA0 179
TAF 244 1 29

VISIT QUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

T P~ il |1 PP P

F-

HOURS: M-W-F, 85 TU-TH, 9-9 SAT, 10-3

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING
TERME: Mniraar Il-t"‘lﬂw For

JDR Miicrodevices

1224 S. Bascom Avenue, San Jose, CA 95128
Toll Free 800-538-5000 » {408) 995-5430

FAX (408) 275-8415 ® Telex 171-110

Phpsre o
© COPYRIGHT 1986 JOR MICRODEVICES
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PARTIALLISTING ONLY — CALL FORAFREE CATALOG

CmDs 7400/9000 YOLTAGE
. 18419 495 W P14z REGULATORS

14433 1495 A% T4lam

4503 4% i T4150

511 59 F4IE TROAT

4516 7y 74153 TBORT
ki b
THST

4519 Ta1E4
TO-X CASE

452 T3 TATSS
4526 74187

FROSH 1.3%  THOSK
TN 11

[T
-

-
Y

73
4527 195 T4159
4528 Ta181
4529 74143
537 T4
4531 TS
a%a1
4551

LT -

-
L
-

hRssasheassts

bt e

Hegsy

FhLOS LG
FiLi2 A 7oL12 143

OTHEA VOLTAGE REGS
LMIZIN 5v 14 TO-3 478
LMI2EK 54 103 )95
TOHO5 by B4 TO3 T a5
TAHIZK 12v SA TO D Ba5
FRPOAK By 104 TD-3 1435

L
wd
]
ey
a7 8
g-

L]

EYEFEET F4g PEE 11T ]

-
ryrd

- gl

£} LEEEREL FRES
o
e 1T

__
tik it PR R 2 E

dispeseusy

-

745181 Tass¥

A L ]

233538535

IC SOGKETS

& PN ST
14 PIN BT
INTERFACE [ 's » =7
14 piN 5T
ADCOADG 15 55 BTG PiN T
348 2122 rin BY
aves PN BT
P BT
Pin BT m
LR 195 1
ST-SOLDERTAIL
N WW -

L)

()

w
-

i »
TR
”d -‘ gy
Al
=R
:sssstit
N-J"d
IR FF AT

P
LR L L)
PiN

- et B R
ot

o e e D A b ko
Sire £ .1
guhieeegian

21382228855 5083

gageasy
g2

yibgnes

L]
a9
MIC14DBLE 2 95 1.09
1
14%
143

36 PIN CENTRONICS INTERSIL 13
MALE

$100 128 L1085 295

100 125 IDCENIS  RIBBON CABLE CLT107

IBM PC 100 1. CEN36 SOLDER Clte 1CL 7680 K
100 FEMALE ICLE0TS B
158 IDCENDSF RIBADN CABLE ICMITOTA F1] 49, o
e CAnlGPc AT ANGLE PC MOUNT ICM 7708 W-TOS Can, H-TD-1. T:70-214

‘Nd
28
'Y
< J

T

B
b 13 ¢ ]
g

DIP CONNECTORS

CONTACTS INTS 25
DASCRIFTION onDEREY — =N | van g | IN758 75
e R i e J— [} :ﬂ 1% |18 (20 |22 |24 (20 |40 g o INAYAS 75100
G A TO LD | avaaTaxT |42 | 78 | 39 (108 129 129 {149 (100 248
HiGH REUARILITY TOOUED | AugaTocW (1.30 (180 (2.10 |2.40 (280 [2.90 (318 {370 |9.00

LIPS Y CARNE Weuw (49 S0 8% 9 [ 90 | 99 |9 109|140
nwmmk " " |1.78 | 2.0%

SED3

D-SUBMINIATURE ] LED DISPLAYS

FND-3570388) COM CATHODE 38T
FaD 503 COM CATHODE 3~
FuD- 307310 COM ANDDE 8-
MAN- COM aNODE
MAN. T4 CONM CATHODE 3"
COm CATHODE &~
COm CATHODE 3™
COM CATHODE A"
A7 HER W/ LDGIC M
HPS0R2.7240 4a7 HEX WHOGIC 290

DIFFUSED LEDS s

JumBO RED T
JUMBO GREEM T
JUMBO YELLOW Tie

§
B
:
E

3|3 8(5/& wlx <
ke

_...u,..lz_

¥ (d|a|e(s)a (el

|

| a0 |t | e

HE
3i§ élilh & (28

olF
£
5

< " TRUCTIONS MBER OF CONTAG T8 5 THE POSITION MOUNTING HDW %
E..'n'.;"':"-‘?y THE ORDER By PART NUMBER LISTED E NI RED 1]

EXAMPLE: A 19 PO AIGHT ArdOLE MALE PG SOLDER WOULD BE DIN1SPR
MOUNTING KAROWARE $1.00 SWITCHES

MINI TOGGLE Om D&

Mine TOGGLE ON ON
I0C CONNECTORS { ) Miry) TOGGLE ON OFF ON
_ wmﬂm Myt PUSHBUTTON M O
DESCRIPTION ORDER BY 'IIII'N‘ :\;S&‘B%HON L1 =
BCD QUTPUT 10 POSITION & PIN D

. ::_E:;.‘:.. A e P o DIP SWITCHES

W HTADE R 10834
e 138 | ; = . a4 POSITION E . T POSITION
_PUGHT ANCLL W (LADER 1ToN 328 427 [B48 400 TI0 (e 5 POSITION 0 2 POSITION
RIBBOF MLADER SOLRET PR L9 (138 140 198 (238 # POSIMION 90 10 POSINON
RIBEOM HEADER | 50 (9,25 700 1758 880
AIBAOK EOOL CAND [17lz2s (2% [2.75 [$ 00 2
FOR OB ARG INS TR THONS SEE D SUBMMNMATURS AEDYE [ H'BBU" anLE

Dear 3178
Hlln Io Fl.n J nave Aeall with JOR for Fears now, bul | waa recently

i 3 lured ther compani«s Promieing bet X
 —— Py T

CLUARE ANY SIZE HEADER your werrice and lov prices 1'@ happ? Lo say Lhat 1°m

ALLWITH 17 CENTERS

~
!::2 :2.::&“:.;‘.‘;“) 2 customirs oo 1l 1t dsdrves Lo be congratuleted
STAAIGHT LEAD L lovk fopward 10 SPaling s1Lh Fou In the future

i
a8 MMGHT ANMGLE 9% Yours truly, Gearge Townasnd

CALL FOR VOLUME QUOTES © COPYRIGHT 1986 JOR MICRODEVICES
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ORDER TOLL FREE

BARGAIN HUNTERS GORNER

DB25P 100/s 5 10/56.90

Rl D SUR CONNEQT

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT
IN ASSORTED COLORS $27.50

100ea B5°. 60 847, 70"
2508a 2.0 457 B4~
S00em 207, 19,

800-538-5000

WIRE WRAP PROTOTYPE CARDS

FR.4 EPOXY GLASS LAMINATE

WITH GOLD-PLATED EDGE-CARD FINGERS

T m I 5 l‘h‘

SPOOLS

100 twa1 84 30
500 tewn 81338

DB25S 100/ $8% #0/$7.90

ESSLE CONNERTLI

250 1wt 8728
1000 reat 421 ¥4

Prease spechy COiOr

Bive. Black yelow o Hed

HOOD-25 0100/531 10/56.90

BLIR Ddz

100/51 29
 EDGE CONNF

AUGAT 16WWwW #0054
16, FIN WL

Auf DISS

EMI FILTER
IDE34

8Y CORCOM
« LOW COST

10/%14.90

= FITS LC.Hp BELOW
- SAMP 120 240 VOLY

6 FOOT LINE CORDS

LC 2 ICOMDUCICR
LC 3 2 CONDUGTOR

q iszglm 100/53 95 Lc ur:c&gt;cmaw sTD

OCKET

MUFFIN FANS

ROTACN 14 95

10/56.90

AP IC SOCKET ™ NE P

YO 01" ICITORS
b 315" 50
SPECIALS END 6/30/86

SOCKET-WRAPL.D™

« BUPE OVER WIRE WRAP PN
. IDENTIFIES PIN NUMBERS ON waapr |®'
SIDE OF AOARD el
= CaMN WRITE DN PLASTIC. SUCHAR K = (@
PFINS PARTE PCH QF PAICE 8™
IDWR AP 08 W 1.9 (g~
IDWRAP 14 195 |gn

0
IDWRAP 16 10 1 !s
IDWRAP 18 B
L ]
3
5

FRAME STYLE
TRANSFORMERS

126V AC CT 2 AMP

ES
128V ACCT 4 AMP ;
F A

%
126V AL LT 4 amp 10.95
25 2v accT 2 ampP o5

= o W25pM0-5UB;—
| T .
“"/} CHANGERS
$7.95

CAPACITORS DATARASE EPROM ERASER

TANTALUM . COMPACT.ND DEAWER

'm * . THIN METAL SHUTTER
- PREVENTS UV LIGHT
FROM ESCAPING

WA AP 20
IDWR AP 21

5 .
FLEASE ORDER BY NUMBER OF
PACKMGES /PCK OF1

$34.95

Ya WATT RESISTORS

5% CARBON FILM ALL STANDARD VALUES
FROM 1 OHM TO 10 MEG. Onim
10PCS wvwm w05 100 PLS warm vatw 07
M PCE amvae 075 1000 PCH wave vt w 018

RESISTOR NETWORKS
10 PIN 9 RESISTOR
8 PIN 7 RESISTOR
16 PIN B RESISTOR
ELECTROLYTIC 16 PN 1% RESISTOR
RAD(AL AXlaL 14 PIN 7 RESISTOR
— 14 PIN 13 RESISTOR

SPECIALS ON BYPASS CAPACITORS
014 CERAMIC DISC 100, 5%.00
.01 1A MONOUITHIC 100510 00
.1 4 CERAMIC DISC 100/ 98 50
At MONOUTHIC 100/512 50

WISH SOLOERLESS BREADBOARDS

SYRIBUTION | TH | TERMNMAL | THE | SDNNG |,
POMMTS | !‘l‘m'ﬂl [POsMTS | POSTS

" MANUFACTUNED

J,Ii: 10 EYAI
3147 50 MaSUSHITA 1895

IBM PR

$4.95 IBM

BOTH CARDS MAVE Sha SCAEENED LEGENDS
x - AND MCLUDES MOUN FiNG BRACKET
- ] - ERA

WiTe -5V AND GAOUND PLANE 12795
L 1™ #RZ 5

TP
A3 ABOVE WITH DECODING LAYOUT LT

$-100

BARE - MO FOIL PADS
HORIZONTAL BUS
YERTICAL BUS

SINGLE FOIL PADE pER HOLE

APPLE

BARE - NG FOIL PADS
MORMIZONTAL BUS

14 9% PROR-4 MNGLE FOIL PADS PR WOLE
FOR aPpPLE lin AUR SLOT

11815
L1130
21 80
23174

sll15
sid TH
s
#3000

SWITCHING POWER SUPPLIES
PS-10M $99.95

= FOM IBM PE-LT COMPATIBLE

- 17 WATTS

8% 15 XV 4 dA
BV A .12V 84

- ONE YEAR WARAANTY

PS-IBM-150  $129.95

=+ORIEM PC xT COMPATIBRE
150 WATTS
12v 4, B34 V1 184
T2V S BV L SA

. ONE YEAR WaRRANTY

PS-130 §99.95

130 WA TTS
SWITEH ON REAR

- FOR USE )N OTHER IBM
TYPE M. CHINES

- 90 DAY WARAANTY

PS-A $49.95

= Uk TOPOWER APPLE TYPE

PE (B

[ R E

SYITEMS

= BV A 1TV TAA

W BA IV SA

. APPLE POWER CONNECTOR

PS-SPL200 $49.95
SV 25A, 12VE T5A
SyQ 1A 12VEC 14

- UL AFFROVED

- ALLHAINUM ENCLOSURE

BOOKSeySTEVECIARCIA

HIULD ¥YDUR DWN
IO COMPUTER

CIRCUIT CELLAR VO 1
CIRCUIT CELLAR WO 2
CIRCUIT CELLAR VOl 3
CIRCLNT CELLAR VOL &4
CIMCUFE CELLAN vOL §

LITHIUM BATTERY

M'l!ﬂ“ﬂ N CLDCR CIRCUTE

e

2 VOLT BATTERY
BATTEAT HOLDER

MICROCOMPUTER
HARDWARE HANDBOOK
FROM ELCOMP  $14.95

OQVER 300 PAGES OF DAY A SHEETS
ON THE MOST COMMONLY USED
Mn INCLUDES TPL Ch DS, 741800,
MEMOAY. CPUs. MPY SUPPORT.
AND MUCH MORE!

NEW EDITION!

419 9%
17 "
1l 5
11598

3L % ]
81335

1986
IC MASTER

THE INGUSTRY STANDARD
$129.95

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

HOURS: m-W-F, 9-3 TU-TH. -9 SAT, 101

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING

190 258
.96

100 RT." | 17.58

e

W

200
w
Q
=z
O L} [ ]
JDR Miicrodevices
] 1224 8. Bascom Avenue, San Jose, CA 95128
2 Toll Free 800-538-5000 # (408) 995-5430
5 FAX (408) 275-8415 # Telex 171-110
3 © COPYRIGHT 1986 JOR MICRO
%
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PARTIAL LISTING ONLY — CALLFOR A FREE CATALOG

DISK DRIVES
FOR APPLE COMPUTERS

AP-150
$99.95 T

.z MT. DIRECT DRIVE
= 10&% APPLE COMPATIELE
= 5I% MONTH WARRANTY

BAL-500 = —
$129.95 T

= TEAC MECHANISM DIRECT DRivE
= 104% APPLE COMPATIBLE
- PLAL DNE YEAR WaRRANTY

AP-135 |E==L_
$129.95

= FULL HT SHUGART MECHANISM
- gllgf‘tl? REPLACEMENT FOR APPLL

= 51K MONTH WaAARANTY
%
ouBY A
“s\ﬁ‘-“\ i
MACS35

$249.95

= 1 5% ADD ONM OISK DRIVE
= 1004 MACINTOSH COMPATABLE
= DOUBLE 5IDED MK IV‘II ETORAGL
" HIGR{(*IAIIIL!I’Y VE

HAS O EJECT MECNAN!SM
= FULL ONE YEAR WARRANTY

]
AD-3C e
am

$139.99 o . ]

= 100% APPLE 11c COMPATIBLE,

ADy TO #LUG 1IN w/”qltl.nln

BLE & MOLU!D

ONNECTOR

. !ﬁﬂ_‘nummt SLIMLINE DIRECT
© 341 MONTH WaARRANTY
DISK DRIVE AGCESSDRIES
FDOD CONTROLLER CARD $49 95
I 4DAPTOR CABLE 19 95

TS STANDARD APPLE DAIVES
FOR LISE WITH APPLE 1)

KB-1000 $79.95

CASE WiTH nEYE8OARD
FOR APPLE TYPE MOTHERBOARD

= UBkR DEFINED tuncm)n HEYS
= WUMERIC KEYPAD WIT
CURSOR CONTROL
. 1OCK + ANTO REPEAT

N
\
KEYBDARD-AP  $49.85

. nvuctnln'l FOR aPPLE N
EYBOA

. ws I.OCEK KEY. AUTO.-REPE AT
a on KEY ENTRY OF BASIC
%wm COMMAN r?‘

N
EXTENDER CARDS
IBM-PC $45.00
IBM-AT $68.00
APPLE Il $45.00

APPLE lle 545.00
MULTIBUS 586.00

CALL FOR VOLUME QUOTES

APPLE COMPATIBLE
INTERFACE CARDS

EPROM PROGRAMMER $59.9%
' .

= DUPLICATE ORA BURN ANY
STANMDARD 27z, SERIES EPFAOM
L ] E MENL DRIVEN
SO TWaARE 15 INCLUDED
= MENU SELECTION FOR 271
7732 2732, 2V6A AND T7138
* HRIN SPEED WRITE ALGORITHM
* LD INDHC ATORS FOR ACTIVITY
- Ng ““l AMNAL FOWER SUPPLY
NEEDED

« ONE YLAR WARRANTY

16X RAMCAND $39.95

= FULL VWO YEAR WARRANTY
J urmb YOUR &0 APPLE TO

- Ull IN pLACE OF APPLL
LANMGUAGE CARD

Balt PCCAN) W' mETICTIONS 3913

IC TEST CARD

(LW

- {l:cuuc KLY TESTS MANY COMMON
[

= D1aPLAYS FASS OR FaIL

* OMNE YEAR WARRANTY

+ TRETE: 4000 SERIES CMOS.
T4HE SERIES CMOS,
7400, 2aLS, TAL. 7aH & 748

$99.95

3008 MODEM  $49.95
FOR APPLE OR 18M

HCLUDES ASCH PRO.EL SOF TWARE

+ FCC APPROVED
- BELL SYSTEMS 103 COMPATHRLE
= INELUDES AC ADAFTOR
= AUTO Dial

+ THMEET COnNECT

CABLE FOR APPLE llc #1195

JOYSTICK cramn $7.85

FOR ATARI 4pp. B0, 2800,
VIC 20/ 54 AND APPLE lla

DISKFILE

HOLDS 70 5" DISKETTLE

$895
/

3.5" DISKFILE nowDs 4p $9°*

POWER STRIP
nncmc t $12 95
T 'eeeene

82l 3-WAY SWITCH BOXES

« SEALAL O PANALLEL
&l cou"tcrs 1 PRINTERS TO ONE
OMPUTER Oh WICE VERSA
Au LINES SWITCHES
-mm;gummrnounvswncuuoumtu
ON PLE

= GOLD COMTALT:
* STURDY METAL ENCLOSURE

SWITCH-IF centroMCS raRaLEL 58885
SWITCH-38 As232 semuae $99.45

Bl PRINTER BUFFERS

» FREES COMPUTER FOR OTHER TASKS

WHILE PEINTING LONG DOCUME NTS
*STANMD ALONME DESIGNM WORKS WiTH ANY

COMPUTER OR PRINTER

= ALL MODELS FEATURE FAINT PALISL

MEMOCAY CHECK, GRAFHICS CAPARILITY

SP120P  PARALLEL  $139.95

» MK UPQAADABLE TO 256K
Il.:"D.IGJDI{.'ATOH SHOWS VOLUML OF DATA

SP120S RS232 SERIAL $159.95

= MK UPORADABLE TO 256K
» G SELECTaaLE BAUD
LR CEY RATER. FRAOM

SP110P  PARALLEL  $249.95

* K UPGRAADABLE TO 512K
= 3PDOLE OUTPUT OF UP TO I COMPUTERS
. [

lD!Anlm Eﬂ!"?"mspmvs ARMOUNT OF

* RERLT 'UNC"ON CLEARS

OATA IM BUFFER _—
. RIPI AT UNS'IION"ECAN
C i A DOTUMENT

-]
=
Ei

RASHUA DISKETTES DEALS

5'%" SOFT SECTOR
DS/DD WITH WUB RINGS

$9%  69C.; 59C..

BOX OF 18 RULY OTY 58 AULK OTT 2

NASHUA DISKETTES WERE JUOGED
TO HAVE THE HIGHE ST POLISH
AND RECOADED AMPLITUDE OF ANY
DISKETTES TESTED ACCORDING TO
TR PARING FLOPPY DISKS™. BYTE 9 Ba

DISKETTES
KASHUA 5%

D5 DD SOFT
05 QuaD 50FT
D5 WO FOR AT

KASHUA B8~

54 OO 50F7
05 DD SOFT

KASHUA 3.5°

IB"5S DD FOR maC

YERBATIM 5Ya”
55 DD S0FT
0% DD 5087
1100 55D 10 SECTOR HARD 21 %5

—_Shkata

120 CPS DOT MATRIX PRINTER

MOOEL

s ¢169.95

* EPSON/IBM COMPATIBLE

* S WIRE PRAINTHEAD

+ 120 CPSs BIIRECTIONAL 80 COL

* FRICTION ANO TRACTOR FEED

« PROPORATIONAL SPACING

= CENTRONICS PARALLEL INTERFACE
+ 8 CHARACTER SETS AND GRAPHICS

8 FOOT 1BM PRINTER CABLE japd
REPLACEMENT RIBBON CARTAIDGE  FHI @8

3% FLOPPY DISK DRIVES

TEAL FD-558 ¥ WT Ol DO FOR iaa; (A1 K Y
TEAC FO-55F ) WY OBATUAD (FOR gaa: 3053
TEAC FOSSGFY 4 M7 DS #D (FOR B AT 5180 94
TANDDN TMI00.2 0500 FON Sk

TAMDON TM80-2 5, NT DR/Dh FOR ma,

WP BS2 OEDD (FOR Mk,

QUME AT-142 ' M7 BLTO FOR BN

8" FLOPPY DISK DRIVES

FO 100-8 5500 (Sa 0 EOUN +112.00
FO 200-8 DEs00 AR 1R EOLN 15909

DISK DRIVE ACCESSORIES

TEAC SPECIFICATION MANIMAL
TEAC MAIRTENANCE MaNUAL

‘2 HT MOUNTING HaRDWARE
MOUNTING RAILS FOR 1Bm AT
¥ POWER CABLE FOR B+~ FODs
44" FOD POWER CONNECTORS

TEAC FD 55 TANDOM Tw100 2

DISK DRIVE EKCLOSURES

CAR-APPLE §24.85
APPLL TYPE CARNET w OUT POWE R SUPFLY

Cab-1FHS $69.938

FURLWT & = SEGQE CABSRET W POWER SUPPLY

Ca8-25¥5 §49.85

DU 3L B CAMNLY W POWER SUPPLY

CAE-25V8 ViR TCAL $209 9%
OUAL SLIMUINE 7 CAMNET W POWER SUPPLY

CAB-2FH8 ORI TAL $219.95
DU FLa HT 87 CABNE T v POWER SUPPLY

TEST EQUIPMENT FROM JOR INSTRUMERTS

DIGITAL MULTIMETER PEN DPM-1000
AUTO RANGING. POLARITY AND DECIMAL!

« LARGE 3.5 DIGIT
DISPLAY

= DATA HOLD SWITCH
FREEZES READING

« FAST. AUDIBLE CON-
TINUITY TEST

+ LOW BATTERY
INDICATOR

« OVEALOAD PROTEC-
TION

20MHz DUAL TRACE DSGILLDSCOPE
35MHz DUAL TRAGE DSCILLDSCDPE

$54.95

$308.00
$549.00

MODEL 2000
MODEL 3500

FOR MORE INFORMATION ON THE DSCILLOSCOPES. REE DUA AD ON PAGE §.
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RADIO-ELECTRONICS

=]
]

KT COMPATIBLE
MOTHERBOARD

$159.00

= .77 MWz 3087 cpu onaonn
et CO.PROCESS

= BEXPANSION SI.OI'S

» 0% RAM INSTALLED. EXPANDABLE
TO a40x DM BOARD MEMORY

= ALL IC) SOCKETED HIGHEST
QUALITY PC BOARD

= ACCEPTS 2784 OR 22128 ROMS

PRO-BIDS  $29.95

20 Mb HARD DISK SYSTEM
INCLUDES % LENGTH uD SEAGATE ST-225

$489.00
IBM COMPATIBLE INTERFACE CARDS

TIONE. ALL DRIVES AME PRE-
TESTED AND COME WITH A ONE

ALL wWiTH A ONE YEAR WARRANTY
MULTI 1/0 FLOPPY CARO $129.95
« & DRIVE FLOPPY DiSK CONTROLLIR

YEAR WARRANTY.
PERFECT FOR THE 5406 MO THERROARD
= VRS2 SERIAL POAT; OPTIDNAL 2

SERIAL PQAT

= PARALLEL PRINTER PORT

= GAME PORT

- CLOCK CALEMOAR

- SOFTWARE CLOLK UTHITIES,
RAMDISK SPOOLER

MULTIFUNCTION CARD $119.95

ALL THE FEATURES OF ASTS 6 PACK PLUS AT MALF THE PRICE
= - CLOCK CALENDAR
o’ = 0 IB4K RAM

- SEAIAL PORT
- PARALLEL PORAT
= GAME PORT
= SOFTWARE INCLUDED

PRNTER CABLE 0

Bbn RAM LIPG

COLOR GRAPHICS ADAPTOR

$99.95

FULLY COMPATIBLE WiTH IBM COLOA CARD

- 4 VIDEQ INTERFACES RGE
CONMPOSITE COLOA, HI RES
COMPOSITE MONGEHROME
CONNECTOR FOR AF MODULATOR

» COLOR GRAPHMICS MOOE 220 + 200

» MONG GRAFHICS mOOE, 840 1 200

* LIGHT PEN INTERFACE

- A O A el bl el S
-l

MONOCHROME GRAPHICS CARD $119.95

FULLY COMPATIBLE WHBM MONOCHROME ADAPTOR & RERCULES GRAPHICS
4 o + LOTUS COMPATIRLE
- ﬁm SHE. . - TEXT MODE 8O = 2%
e » GAAPHICS MODE 720 u 344
* PARALLEL PRINTER INTERF ACE
» GPTIONAL SEAIAL PORT 31995

MONDCHROME ADAPTOR

ANO THER EANTASTIC VALUE FROM JOR! :
« IEM CON PATIBLE TTL OUTPUT « T2 n 50 PINEL DIFLAY
PLEASE NOTE THIE CARD WILL NOT AUNLOTUS GIIAPHUCSANU DOES MOT INCLUDE A

$49.95

= INTERFACES UP TD 4 STANDARD
FODs TO IBM PC DR COMPATIBLES
- INCLUDES CABLE FOR TWQ
INTERNAL DRIVES

= STANOARD DRAXTFOREXTERNAL
ORIVES

* RUNS GUAD DENSITY ORIVES
WHEN USED WITH JEORMAT

FLOPPY DISK UHIHE ADAPTOR

- um,

EASYDATA 1200 BAUD MODEM FOR IBM
INCLULES PC TALK ti COMMUMCATIONS 50F TWARE

= HAYES COMPATIDLE

= AUTO DIALAAUTO ANSWER
* AUTO RE OLAL ON BUSY

= INCLUDES ST R1AL PORTT

= DNE YEAR WARRANTY

169.99

CIRCLE 183 ON FREE INFORMATION CARD

+ DMGITAL RGE (AM COMPAYMME = TOF RATED FOW APPLE

= 14" SCREEN 13" COMPOEIN vIOED

- TR COLOHS
bl

* AEEORUTWDN 3 &40 « T8}

* 3own DM MTEH
» CARLL O B T peCL D D

- SWITCH CUT QUT ON SIDE FOR PC XT

» CUT QLT FOR '!XP&RSION 21075
= ALL HARDWARE INCLUDE

CRT MONITORS FOR ALL APPLICATIONS

Hl-RESlRIéEEEIlTUH BUM%UISKITlETGIOLOR GEHJOEHHU&I§I|EMS
MODEL 1o MOLEL 5C-100 WODEL RLM-1211

* 1BM COMPATIELE TTL INPUT
12" MO GLARE SCREEN

= P39 GREEN PHOSFHORLS

- VERY HIGH RESOLUTION
2% MHr BANCWIDTH
1900 LIRES CENTER!

$99.95

Rl BANDRARD TH
» Mt YEAR wAnRANTY

$299.95 $169.95

TILTS AND FWAVILES

ONLY $12.95

I 1 DARD IBM PRINTER GABLE
JUME [0 K -
al | | | 9.8 -
INOCHRO DAPTC 199 Y -
INOCHRO INITOR §9.5 _D“g'

CINTRONICS

+ SMIELDED CABLE 38-35

.§/ ,,

IBM STYLE
COMPUTER CASE

AN ATTRACTIVE STEEL CASE

WITH A HINGED LID FITS THE

POPULAR PC/XT COMPATIBLE
MOTHERBOARDS

STYLE POWER SUPPLY

v/ ¥

IBM COMPATIBLE KEYBOARDS

$49.95

1BM-3151

DiM-2000.  $79.96

$99.95

1 Ty ]

— e T
- "R150 STYLE KEYROARD + REFLACEMENT FOR KETTROMICS
= FULLY IRM COMPATIELE »B.5151
LED STATUS INDICATORS FOR CAPE B - sspnun( CURSORA & NUMERIC
NUMBER LOGCK KEY

« BIKEY  SAME LAYOUT AS
IBM PC KT KEYBDARD

. caps l..ocn A NURE e LOCK
INDICATORS
= IMPROVILD KEYBOARD LAYOUT

DISK DRIVES
TANDON TM50-2

$89.95

» % HT DS DD
« 1BM COMPATIELE
+ EXTREMELY QUIET!

POWER SUPPLY

L
;:-::_:!
Bige=
¥ on

NOW DMLY $89.95

« FOR M PC-XT COMPATIBLE TEAC FO-558 0%/00 £105.95
« 135 WATTS TEAC FD-55F  D$/QUAD $109.95
= 5V 8 15A, 12V @ 42A TEAC FO-556 05/HD £154.95

-sv £ sa 12V @V SA OUME DT-142 08/00 $70.85

150 WATY MODEL  $99.95 Il 1 nlis RArOWARE S5
gL HAas5C0 Bye z 5 e

© COPYRIGHT 1986 JOR MICRODEVICES

WwWww americanradiohistorv comm


www.americanradiohistory.com

THE MOST POPULAR PRODUCTS IN EUROPE & ASIA ARE COMING NOW!501{OT ITEMS
FOR YOUR SELECTION. SEND $1.00 FOR MARK V CATALOG, REFUNI UPON OKDER

CORDLESS SOLDERING IRON

RECHARGEABLE |‘ m
MNew

No 620 "
. Inghiwesig bt pokde g oo loc Work

Tha meost parrtent haraly
hop, Mawne, M.Dﬂlﬂlm
tachadess UL spcecrea? £ hargie T cleaning SRONge
VWRR i e b ownt TON.

Waph vt mwm

;

TALKING CLOCK NEW FOR Be'

100W DYNAMIC CLASS “A”
MAIN POWER AMPLIFIER

“‘l‘" PAY

I
% LESS)

This powsriul gymarnic bise clime "A” Crcuit makey g Lt
wewgue i 18 class Crysis ches TOOW MM S POWE R oufput
vl watigly 1Rt Paoe iciy M - FI fans. This 16 o sngie channet
armplifen: If PN nawdd 2 Wavpo #R0CT yiu CaN buy et 10 makd
@ wen gl 200w CrviubinC. POWER

Orve 3000 KITS ARE 5000 (N THE STATE |
A wrth tevted

o

NOW
Th-10004

45 50

POWER AMPLIFIER TA.B02

""80W + 80W PURE DC STEREO

10W AC/DC
SHOULDER AMPLIFIER

—

TA-009

-

TASH pmpiore the manl sdvirsnd LE. of TOSHIBA s &
rrien il T Loeinad 16 povpsriial, I LN D4 aipieied Dy oy

& peacas of Ul t° 1V bpitery o AC 10 DC Y saapior. K
wmphe I aparasa, bl proes- -, sred wth O OFF powesr
wavich g the alad Baihis. whils @ is well pachaged aed
wurh Sgh wriegt 40 W 1 covneeniera b BN Bherg I Both
wimor el puttoos pctretum Flesse Pesd e citslog e
T

Dcorisbod wnlh Ml 00
R T e

COLOR LIGHT CONTROLLER

Tr-238

i

4

As o et of the adhvancind wehncwsgy, Pen Wl can CoMrod

Colorful oM Dulbm, Dws wria #Mict of wiach by mogt
WLpbile bn Dlacem WOy bety, WD, whixtrone: G renicd srl
30 v 1GRUNGE tor ACvirtdmret ToAM gutpur Dower ig
3000V [VODDWCH. | wihvch rpans that &t cam conuol 30 pisces
of TOOW gr 000 potcas o WY mihint gl mhinch: I wricngh fow

b ot unages

3% DIGITAL MULTIMETER

Ar Al
YMTO 40'01 ! SPECIAL OFFER! ?

Tha YAMATO 45 & # 3‘—'} DIGIT COMPACT DWGITAL
MULTIMETER, W wrpioys FE typa LCD. -hhurooiwm L1
ADVANTAGES: Hak - g- Hign
P Y R LY Ornrumt-wn muu&
n ergs anabi e withs
Orrin sPagnat B Sty D TLpy L SO D8
deanpliry LEA-Corou one prinndes high rekupbiery snd ol abslity
g gt orgibols e e Mvieeg g s e,
higr @ MOT, 25 sembhed wiih tiitad
D 0 i el Srnlirle e

IF-CR BI-FET PRE-AMP k0

Tha haset of ihs Pre gmplifige I8 TL-OBM IC wiwch comams 4
B FET oparationsl smplihit! ped has wory good Ifansent
PO i ke CrtOrTiON.

High praamimon WF-CA M cortoogd mpdidion has o Suparor
Splortigen Churaciirsig 1838 Ihan 0 D05 srel MLAL sou slies.
Gan 10 2] I o0 cndn 94 O Bound

W nas M0 stepe vobama CRnLMOL S0 high, moeddie and low
1one tonard. Lone compenaation 8 oo oelest BYMem

N8 compatioie with By DO Bmphdiars whath sy made by
Gur Crrginy mach 51 TA-10004, TA-4TT. TA-802
[

ss6s0 |

L]
As il L 104

]
- .

TA-2400A ELECTRONIC ECHO AND
REVERBERATION AMPURER

REMNX reconds yourself!
Fa aVa " on Vi an Y]

Thin wmit the most VLB
Tchn s with hegh Quality Jepan Mede CoOmporgnd, D t s
the foligwnng MEATURES:

R can Qanaals vanout Hileclon snd reverte Mmw sffect Juch
a1 that in valey s ruses R, B Poe 2 3 scton o) CONTHY
Wi Chachi rirvk? D rBleEn. Clrairpl, dalay oariral arad depth
comral, Sparil sMact ol B mace I yiest record 1 s0es by

4

4

4

1

LCD THERMOMETER CLOCK

NEW!

B

Fastured

03" DHITAL tharmom stee wrth M & LOW tarm P atucs glarm
function Bt 12 hours Chck Com benathon.

Mestunng snge 0F m 180°F W —20C 1o P NAC

Rersciution rpadeng ¥ 1 ¥

Owrvprvgicn: 33" = 0" = 2.00°,

T=1 with bn/Out Dowe sensor oo

T-2 with Fahianhad/Commut maassring . 313 00 HOT & KT

i

L Dwct ot

Ty hilem Armph (e

Beaicer
SHOULDER ANFLW IER

STERED PAE auafLiFIER W1 TH MAGHETIC MIC AblP

MULTIPURPDSE MELDDY GENERA

PLURE CLAEY =k = MAIN FOWER AppPLIFIER
J0W AC/DC BTEALD AMPLIFIER

JOW Mt Purpose Baigle Chuen

SOW Sravec P Boouie

High Quadil Y IV o X0V S10v 0o Aump Ny
6oy 0 Sleewo Pt empt Liar B Porpse dumapl 1w
40w TAANSIETORNIZED MONG AnrLIFIER
IMVDSHT POWE R AMPLIFIER

B0y DC LOW
nm PUAE DC BT, POWE

NEW CLASS "a* DC STF

O FET SUPER CLASS A" pRE AMPLIFEER

NECA SI-FET FRE AMP i TH ITAAY TONE CONTADLI

STERED SIMULATOR
315 L THFURCTIONAL LED DM,
4 17 Wi MARCIEON D2,

{o‘-—-o&--«;-.o-ﬁ-v—.-w-—mm—v-‘»—-ay ]

!

T PRE AMPLIFIER & POWER AMP.
RAMP WSML PROTECTOR
&ovy OCL OC M! MaIN & STEREQ AMPL Y IER
\m DYMAMIC CLASS "A" paaiy FOWER AMr  uDNO
TO0W REC PRE MAJN AP
£LECTRONIC ECHO AND REVERRERATION AlP
HIGH CUALITY MUL THFUAPOSE MLE AMPLIFIER

STEREO SIMULATOR
TA-3000 _gm

—SPECIAL-
KITS
CFFER!

WIT OMNLY $25 00
¥ou can oven 8 siecea TV Iroms Sy | They weruintor s 8
mpacial drtgn of sung the mosl Mvanceable monoplonsd
LEL R produced 3 SUDMO ANSICE HErks wHec Aok The
L3 L s moualled 80 pow of vy NOISE FET  TRANSISTOR
Tha aerrvlator Can 4vin Rl you Il PromOw wou lBlrnson
lrom » norrmp) g 10 & gyl SRl el & MR STEREQ hae-
tion, Owr memulator I8 slic #0Phcable M 8w athar ‘mono
SRl In covering B 10 ANALOG STERED Undoubtadty, iis
|Mmmwﬂmrmmhrmw iy o
hatd ot 10 it b
Ans weith bbbl

-
wnang, thiy el AR uags of eheid wouwnd aflect can be
btpanad by dothel wes of e cermal @ has LED goplay 1o
e rfctaon B rie # riwe #tacn
Aas with tavted .

HIGH QUALITY
MULTIPURPOSE PRE-AMPLIFIER

Thin soucussly demgrad pra gmplifipe iINCRaISt ¢ O Otiriwiomal

GRAPH EOUMITEA TOME costrol wyilern ged has § gan I

1248 §raguency rescones suisnds frim bl B JORHZ 0 geen

i in bad L0 mprove wafl B ton S
mpulmmmm recard ceck el

t Turer, B crApyt cin BF connacied o 3B Ends of Do
Spdriuge ! Thi fodonan ™) clmubenation s BN il am Smpioy.

T Assarmbied i tasted -

l

KU AMarnbiad  guur Fraw

K
K
K
An
L1l
Kda
K
Ay
il
Kn

Wode! Ml
TR 15580

- Bl
TR-10K
'rv-u e
TY.

TY. l|A

ELECTRON

Dot et M
A MEGULATED DC POWER SUFPLY

04y B FOWER SUPPLY WITH SHORT CACUTT BRAEAK
IWIILGAD PMROTECTOR
18 ZA A ESLILATED DC POWE R SUPFLY

BATTERY uLuousc!m LKIMT
© TERICH D)

Kl

o TCH
WLLT L FUMTIOM( CONTROL RELAY
DIGITAL CLOCK WITH Twd TiImER
COLDM LD ¥ METER

ELECTRONIC 3HOCK

W PO LS I0M BOUND CONTAOL SWITCH
SUPER SERSITVE ALnO L:\m INDICATON
COLOM LMOMT CONTROLL

ALDC
Y- SOUND
TY_al M1
TyY_4d

TY 13

TY ¥
VAMATO 4001
hil

T2

B0

a2

NQ. 330

18cmC UM YTREAL CHRITAL FREQUENCY COUNTER

3172 tGaTal PanlL METEN

SPEACER PAOTECTOR

P WAE £S5 mICAOPMONE
GUARTE DHITAL CLOCK
DR TOWGH CONT)
INFRARED REMOTE CcONTAOL UNIT

BAR/DOT LAvEL METER

BARDOT AUDID LEVEL DispLAY

SUPERIOR ELECTRONIC ACULETTE

T DIGITAL MULTIMETER

LCD THERMOMETER CLOCK W/ IN/OUT DOOR SENSOR
LED THERMOMETE A ELOCK WP MEASURING
TALEING CLOCK MYMAN

TALKING CLOCK COCKHATDO

CORDLESS SOLOERING IROM RECHARGEABLE

AL PMITCH

vkt Asnamtnied form, ot o bty checiad and bestid

AN mitthirdaes IR wbect 10 Dnor e

Crar ge card order 32000

NO €. 0 D ) Casrear's chack, phore orowrs scomt.
Cabl R Aot 6 34 Suion Tam

Fros ore st Lo chatge srihout foloe

Siugpry & Honforg imeae L A 5% of toeal
orde (Mn 15
order {Min 3507, Outade USA 20% of toral
o (ke 8.00)

gocte L A 1O of tots

Shipped by UPS

CIRCLE 93 ON FREE INFORMATION CARD

MARK ¥ ELECTRONICS INC
320 B s Seuay L Ve 0

PO. Box 708% ALHAMBRA CA 91802
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TEN

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

TENMAR 35MHz Dual Trace
Oscilloscope

a Two high guality 10:1 probes included
« Far additional specifications see MCM

$56900
—
2] |
L l
e
TENMAR
0-18Y 3A

Power Supply |*

= Regulaled outputs — constant voll or constant
current, both are continuously variabie « Can be
connected n senies or paratel for more vollage
Of Current output a Réverse DOlarity and overload
Protected alsolated outpul

¥72-130 Avallable Mid May! i
$9950 £

TENMA® Combinatlon Function
Generator and Frequency Counter

a6 digit display a Output range: 2Hz-2MHE: seven
ranges w Counter range; J1HZ-10MHZ w 5-15¥ TTL
and CMOS output aWave forms: sing, triangte,
SqQuare. pulse. and ramp

#72-380

$219%0 &

TENMAR Frequency Counter

= 8 digit LED display w Measuremer range
1Hz-120MHz = High input sensitwily of

wn $18995

#72-375

AN
et
m

8 MCM ELECTRONICS
= 858 E Congrasa Park Dr.

O Cantarviie, O 454594072
T (%4 3) A34.0031

G SOURCE NO. RE-21

o

Q

o

oS

vl

100

5

TENMAR 20MHz Dual Trace
Oscilloscope

» Two high quality 10:1 probes mcluded
= For additional specifications see MCM
Catalog w11

.?2-320

$38995 |

TENMAR: Rotary
Dial DMM

a3% it LCD display a Rolary dial for
rapsd sedection of lunctons and ranges
a 20 amp AC-DC current a.tohm
rasalution a Carrying case included
aT2-075 344 BO (e }

AN
LTI
ey

1 4
|
TENMAR Bench Top DMM E
a3% dwgt = Eight function DCV, ACV, DCA {up to
20A), ACA (up ta 20A). Resistance {up lo

20Mohm), Audible CONtNUity test. cioda lesl
capacitance lest (up ta 20uF)
Avsilable Mid May!

aT2-410

$14980

Dlgltal
_- LCR Meter

- = Measures mductance capacilancs and
I resistance s L = 1244-200H,
..'?.-.". 1 C = . 1pF-200uF, A = 010hm-20Mohm
w Carnaing case inCluded
¥72-370

$149%5 |=

_For Your FREE
Catalog!
Over 6,000 Items!

We also have . 3 full ine 0! test equip-
ment, compuler accessories, lelephone
TeTm Sy 310 Mg o VIO Cakve ko ogcen) ACCES30ries. SPEaners. ielevision parts.
o $20 PRI €l I RN flybachs, yohes, swiiches, fises. 18mps.
@ :E::n g L c-i?-nu L CAPACHOrL. resislors, CANMIgES. sryli,
% » Sales oHice oper X0 am K T 00 pm Saturders wire, CATY squipmen|, the largest selec-
Jg.onm to L::_'Bm i e tion ol original JApanese semiconduc-
..-"_":w -, ) tors in the couniry and more

handhng
= &mmuu.mﬂumn 0D

CALL TOLL FREE 1-800-543-4330

In Ohio 1-800-726-4315 = In Alaska and Hawaii 1-800-858-1849

CIRCLE 87 ON FREE INFORMATION CARD
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ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear In the Index below.

Free Information Number age . Digital Research Computers . g5 93 Mark V. Electronics %9
1] A LS. Satellite. 27 57 DHgitron . 8% —_ NRI. M
108 AMC Sabes gi 124 Eircironic Parts Oullcl . 102 195 Norsal Comtmunicalions, . W
16 AP Producis 30 120 Flephani Elecirondes .26 189 QK. Industries . k£ ]
— Advance Electronbes 13 18K Emco . L 2T i 0 Ompltron, 14
107 All Electronies . . 84 111,178 Fironix . 14.73 — Pacific Cabir . 83
72 Amaring Devices .87 100 Firestik II, 12 118 Pacifie Une, b1l
Fa B&K I'recision 2 121 Fluke Manufacturing 7 101 Pomuna Elecirondies. CV3
177948,  Reckman Indusirial 13,10, - Fordham Radic 11.Cv4 187 Prinl Produets Inlernational 78
176 Beckman Indusirial .28 _ Grantham College of Engincering . M % Probemaster 15
a5 Blue Star Industries . 27 —_— HW Sams. 31 119 Prod. Diving School of N.Y. O
[ C & §Sales . 25 62 Hameg 2 193 Projector Recorder Belt . 2
—_ CIE 16 86 Hrath 21 192 Prowess, €014
M Cameo Enlerprises . 7 19 Hi-Shure . 9 124 RAG Electronics . 5
—_ Command Produclions. Bl 179 Intek Flecironics . 8 Radio Shack 91
79.194  Communicathens Electronics in 65 Jaw %0 97 Saratoga Electronics. . 86
190 Cook s Instivule b 59 JOR tastruments 9 184 Satellite TV Week Magzzine kel
—_ Coop's Salellite Ligest % 113.1%6. JDR Microdevices . 94 .95 92 Tekironix ¥
125 Coppcr Edectronics 12 181,182 JDR Microdevices . 9697 123 Test Probes. 27
127 Deco Industries 26,27 183 JDR Mierudevices. 98 [ W.S. Jenks . 10
186 Ixel-Fhone Industries 6 114 Jameco 92.93 185 Waveteh 4
9 Dick Smith Electronics 58,89 104 Jon Orystals . 81 183 WmB. Allen . 78
B2 Deigi-Key . 101 87 MOCM Elecironics . 102 191 YMK Enlerprises . 28
Gerosback Publications. Inc.
500-B Bi-County Blvd.
IBM CLONE COMPONENTS Y 1175
(5161 293.3000
President: Larry Stechler
Vice President: Cathy Stechler
For Advertising ONLY 516-293.3000
Larry Steckber
publisher
IBM, PC/XT COMPATIBLE grubmer 3
& COMPATIBLE MOTHERBOARID) with advertising director
QK Drams (Can Take 540K) Shelli Weinman
CBM P l- E TEL Y * 135 want Power Supply advertising associate
ASSEMBLEB ® 5130 Style Keyboard A e
& XT Type Flip-Top Case credit manager
1 Christina Esirads
ABOVE SUPPLIED WITH ONE $ 4 4 5 g 5 j adverdsing assistant
1%HT.D.S.D.D. DISC DRIVE JJ |
V20— 3 - Smig NEC Soend up IBAM by 30, " M]SCELLANEOUS IC SPECIALS SALES OFFICES
e Resaces ACH AR E Hnl e ... 8 uceKkss. .. W EASTSOUTHEAST
- - AW - a
ﬁ ?8}:' : ;:r”n‘u : mw . ™ Slandey Levitan
Ras<: Rom e 164 Clond bother Board . 133 e ey T ek b Easiern Sales Manager
ab i : . dio-Elecironics
E-PHOMS A B ST L ] bE] Ra
- n SR 259-23 57th Avenue
3 2 Sriazz "
For i % ee-Poe % e + Little Neck, NY 11362
R 1 I = 7184206037, 5162933000
m:u-a r "
RAMS - MIDWES T/ Trsas/ Arkamay/Ohla.
] e Ti SWITCHINE TI99/4h Ralph Berzen
ok Oy 13w, B3 koS w1 POWER SUPPLY KEYSOARDS Midwest Sales Manager
B Dyramc < P00 .. 11 AR Dyt - 1%, .. 125 T e e T Radho-I lectronics
(73] TN - Dyepvel - [ .. IS 114 Tome o St 5 soaw wowy e e e 40 fmnlage Road—Suite 339
= cx R Y Northfietd, 1L 60093
g ELECTRONIC PARTS OUTLET R Ll St 2 = F12-446-1444
T 2515 N. Scottsdale Road il ey
5 Scottsdale, AZ 85257 $1.25 PACIFIC COAST/ Mountain States
w {602) 9419357 w: e = 32.95 Marvin Green
i {602) 941-9377 (602) 941-9328, 9 | - :ag(ic[?:l:s Manager
O s A W e . S S gy P S B — adio- teonIcs
g MIN, DORDER $20.00 B A gETANR LIXATRIN A womt FOLOuE » » Shernman Oaks, CA 91403
818-986-2001
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What Pomona knows about
Dip Clips  would filla book.

For over 30 years Pomona Electronics has maintained its position on
the leading edge of electronic test technology. Our expanding line of
Dip Clip test clips is a good example.

Every year since dual-in-line packages were introduced to the elec-
tronics industry, we have kept pace with Dip Clip models to test the
ever-increasing variety of DIP's available. This year is no exception.

In our 1986 General Catalog you'll find more than 30 models
of Dip Clips. We've even introduced five special new SOIC models
designed to test the small outline integrated circuit packages
used in surface mount technology (SMT).

Here's how to get your copy of our 1986 General
Catalog: Just circle the reader service number below;
call us at (714) 623-3463; write us at [TT Pomona
Electronics, a division of ITT Corporation,

1500 East Ninth Street, PO. Box 2767,
Pomona, California 91769,

Our products are available
through your favorite electronics
parts distributor.

Pomona Electronics
CIRCLE 101 ON FREE INFORMATION CARD
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Model DCM-602

$6995

3V Digit Capacitance Meter

8 ra es with full scale values to 2000 uF
EATURES » Broad test range - 1 pF to

2000 uF = L8| circuit provides high

reliabilty and durabilty = Lower power

consumption » Crystal time basa

» Protected from ¢harged capacitors

« Frequency range - 800 Hz to 8 Hz

ASK FOR FREE CATALOG,

Money ordars, checks accepted. C.0.0.s roquln 25% deposit.

Fordham:

260 Motor Parkway, Hauppauge, NY 11788

Mode| DVM-634

SCOPE 32 DIGIT LCD

. MINI-METER

WITH THE

MAXI SPEC

small enough to fit In your shirt pocket

95

Model
DVM-630

a D.5% OC accuracy
a 6 Functions, 19 5
« DC Voltage. 0 o
000V e D (’Ul!wllt 0.1uA
D 2A = Aesistance, 0.1 ohm
0 2 M ohm * Diode Tesi
* Battery Tesi
a Measures approx.
Sx2Mxgin
a 300 hour battery lile
& Automatic zero adjust
& Low baltary ind:ication
a Tes

ktodel CC-30 Deluxs
Zippared Camying Case $4.50

Ll ITNTL

SCOPE
HAND-HELD DIGITAL

CAPAE!;I’ANCE
MULTIMETERS

B 0.5% DC Accuracy
B Highest Guality
B Highest
Pertormance
B Lowest Prces

Model DVM-638

$7995

11 functions, 38 ranges.
Includes logic level detecior,
audible visual continuity,
capacitance and conductance
measurement.

314 Dlgital Multimeters

FEATURES = DC Voltage 100 uv - 1000 v » AC Voltage 100 uV - 750 ¥ » AC/DC Current
200 uA - 10 Amps » Resistance 20 Megohms » Capacitance (OVM 636/638) 1 pF - 20 uF
» Overload Protection * Auto-decimal LCD readout » Polarity indication » 300 hour
battery life with 9V lransistor battery = Low baitery indication

$4875

7 functions. 32 ranges.
Transistor measurement
included.

Model DVM-636

$6275

8 functions, 37 ranges.

Capacitance measurement
Included.

" - Sarvice & Shipplng Charoe Sc;;:uiu
| [ | FOR ORDERS ADD
$25-5100 $450

$101-5250 56
Toll Free $251-500 -.533
$501.750 S10.50
800-645-9518 | .=
$1.001.1500 51850
$1.50%-2000 0
InNYState 800-632-1448 | 57 =
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