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New GPS Series: Tek sets
the pace with SmartCursors
and push-bhutton ease.

Work faster. smarter, with two new
¥eneral purpose scopes from

ektronix. The four-channel, 100 MHz
2246 and 2245 set the new, fast pace for
measurements at the bench or in the
field. They're easy to use and afford, by
design.

On top: the 2246 with exclusive
integrated push-button measure-
ments. Measurements are accessed
through easy. pop-up menus and imple-
mented at the touch of a button. Mea-
sure peak volts, peak-to-peak. + Eeak
dc volts and gated volts with new hands-
off convenience and on-screen readout
of values.

SmartCursors™ track vollmeter mea-
surements in the 2246 and visually indi-
cate where ground and trigger levels are
located. Or use cursors 1N the manual
mode for immediate, effortiess measure-
men! of waveform parameters.

Both scopes build on performance
you haven’t Seen at the bandwidth or
prices. Lab grade features include
sweep speeds to 2 ns/div. vertical sen-
sitivity of 2 mVidiv at fuli bandwigth for
low-level signal capture. Plus trigger

Copynghl =1986. Tektronix. iIC. ANl nghts reserved. TTA-469

Fealures 2246 2245
Bandwidth 100 MHZ 100 MHZ
No. of Channels =TT W= Iy
Scale Factor Readout P Yes S A by
SmanCursors™ Yes No
Volts Cursors k. Yes =y No
Time Cursors B Yes No
Voltmeter Yes _No 4
Vertical Sensitivity 2 mvrdey 2 mvrdhy
Max. Sweep Speed 2 ns/div 2 ns/div
VertHor Accuracy 2% 2%

Trigger Modes Auto Level, Auto, Norm, TV Field, TV Line, Single Sweep
Trigger Level Readoul Yes No
Weight 6.1 kg 6.1kg
Warranty 3-year on parts and labor including CRT
Price $2400 $1875

sensitivity to 025 div at 50 MHz, to 0.5
divat 150 MHz.

Accuracy is excellent: 2% at vertical,
2% at horizontal. And four-channel
capability includes two channels
optimized for logic signals.

Best of all, high performance
comes with unmatched
convenience. You can
see |l and feel it
—~—inthe

responsive controls and simpie front-
panel design, in extensive on-screen
scale factor readouts, and in
simplilied trigger operation that includes
Tek’s Auto Level mode for autornalic tng-
ering on any signal. Stant to finish, the
PS Series saves steps and simplifies
tasks.
Get out in front! Call toll-free today
to order, to get more details or a vid-
eotape demonstration.

1-800-433-2323
tin Oregon, call collect 1-627-9000

Fealuring four Chan-
nels, Nexible triggering.
extensive CAT readouls
and push-button ease
of use, the new Tek
2246 (left) and 2245
{above) bring high-qual-
ity. low-cost analysis to
dwverse applications 'n
digital design, fieid ser-
vice and manulacturing

Tektronbd¢:

COMMITTED TD EMOELLIVCE

CIRCLE 92 ON FREE IKFORMATION CARO
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December '86  Electronics

Vol. 57 No. 12
SPECIAL 45 COMPUTERS ON THE WORKBENCH RADIO
SECTION: Learn how computers can be used as powerful 84 ANTIQUE RADIOS
oscilloscopes, and more. Robert Grossbhlatt

Letters from our readers.

49 COMPUTER-AIDED ELECTRONICS DESIGN Richard D. Fitch
Computer-aided design software can end the
drudgery of electronic-circuit design. And it’s COMPUTERS

fun to use, too! Robert Grosshlatt Follwing COMPUTER DIGEST
ge 74 1 i
BUILDTHIS 54 R-E ROBOT BRI e U
Introducing the R-E Robot, a powerful servant i
that you can customize for almost any EQUIPMENT
application. Steven E. Sarns REPORTS
61 CLOSED-CAPTION DECODER 24 Beckman Circuitmate LP25
Part 2. This month we get to work and build Logic Probe
the unit. |. Daniel Gifford
73 PC SERVICE 28 Beckman Circuitmate PR41
Circuit boards for the closed-caption decoder Logic Pulser
and the sinewave descrambler.
DEPARTMENTS
TECHNOLOGY 6 VIDEO NEWS . .
Inside the fast-changing video scene. 112 Advertising and Sales Offices
David Lachenbruch 112  Advertising Index
79 SATELLITETV ; 20 Ask R-E
Breaking Videocypher. Bob Cooper, |r. 13 4 Free e rmationiGard
81 ROBOTICS

B Letters
90 Markel Cenler

More on vision systems. Mark ). Robillard

CIRCUITS AND 57 TV DESCRAMBLING

COMPONENTS Part 6. Build a working sinewave descrambiler. OB LA
Rudoli Graf and William Sheets 4  What’s News
65 DTMF ENCODING AND DECODING AT

New IC's make the power of DTMF signalling January Thru December 1986
available to all.

Dale Nassar Begins on page 7§

71 HOW TO DESIGN OSCILLATOR CIRCUITS g '
Part 6. Building clock circuits using TTL IC's. S L%SO‘W S

Joseph ]. Carr 9‘R'E'E'T[-Wf}8

86 DRAWING BOARD The editors and ;Mﬂ
:orbinr:oéit;t;&::: aeeten: of ‘Radio-Electronics

88 SERVICE CLINIC Joun in Seaddiny
Signal tracing. Jack Darr holiday greetings and

89 SERVICE QUESTIONS oirr best wishes for

Solutions to servicing problems. a happy new vear
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This month we begin a continuing series
detailing a versatile, powerful robot you
can design and build yourself. The R-E
Robot has several characteristics that set it
apar! from commercially available units or kits. For one, it can be
customized to meet the demands of almost any user application.
Further, it is backed by a powerful onboard computer that makes use
of a custom robot control language. That language makes it possible
to control the robot using simple commands. To help get the most out
of the project, we have set up a special section of our computer
bulletin-board (RE-BBS) for the rapid exchange of sources, applica-
tions, software, and updates among our readers, the author, and the
editors. To learn more, turn to page 54.

NEXT MONTH

THE JANUARY ISSUE 1S

ON SALE DECEMBER 2

BUILD THE R-E ROBOT
Part 2. A closer look at the Robotic Personal Computer.

HOW TO APPLY FOR A PATENT
Learn how to patent your next brainstorm.

BUILD A NINE-STATION INTERCOM
A sophisticated, versatile communications system for the
home or office.

TV SIGNAL SCRAMBLING
Part 7 looks at descramblers for the gated-pulse and outband
systems.

AUDIO UPDATE
Larry Klein joins our staff as Audio Editor with the first
installment of his new column.

As a savvice I readers, RADIC-ELECTRONICS publishes avaitablie plans OF inlormabion r@laling & newswortty

s
tachrmguers and acsentibc and t danbgfem Because of possble vanances i the :}wah ty g condmon of
malenials pnd workmanshio used by resders. RADIO-ELECTRONICS st any rupwmr the sale pnd proper
medmm:mmmnmumwmmphmwmm

Since some of g:monl detcribed I AADKO-ELECTRONICS may relale to o T covered by US palenis,
FI.ADIO-ELEC‘I’HONIC rsclaims By lar tha infnngement of such patents by the making, using. oF lmg ny $ch
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NEW!

Lower Price
Scanners

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

Regencyt MX7000-GR

List price $699.95/CE price $469.85

10-Band, 20 Channai ® Cryeisiites » AC/DC
Frequency rangs 256-550 MHE conlinucus eOverage
and 800 MHE to 1.3 GHL conlinuous coverage.
Tha Regency MXTOO0 scanner lets you moniter
Mliitary, Space Satellites, Government, Railroad.
Justice Depariment, State Department. Fish &
Game, immigration, Marine. Police and Fir# Depart-
ments, Broadcas! Studio Transmlier Links, Aaro-
nautical AM band, A#+o Navigation, Paramedics,
Amateur Radio, Plu3 thousands of other radio
frequencies most scanners can't pick up. The
Regency MXTO0) is the perect scannar (o receve
the oxciting 1.2 GHz. amateéur radio band.

Regency® Z60-GR

List price $299.95/CE prics $179.95/SPECIAL
8-Band, 80 Channai ® No-cryailal scanne:
HBands 30-50, 88-108, 118-138, 144174, 440-512 MHL
The Regency Z60 covern all the public service
bands plus alrcrafl and FM muaic for a total of
aight bands. The Z60 also lealurds an alarm
clock and priority control as well as AC/OC
operation. Order today.

Regency® Z45-GR

List price $258 95/CE price $158.85/SPECIAL
7-Band, 48 Channal & ! acarnar
Bands 30-50, 118-138, 144-174, 440-512 MHL

The Regancy 245 Is very simiiar 1o the Z80 model
listed above however it does not have the commer
cial FM broadcast band. The 245, now al &
apecial price trom Commualications Electronics.

Regency® RH250B-GR

List price $B59.00/CE price $3295.95/SPECIAL
10 Chanrnai 8 28 Wait Tranecalvar 8 Priority
The Regency AH250B is a ten-channel VHF land
mobile transceiver designed to cover any fre-
quency betweean 150 to 162 MHZ. Since this
radio is 8ynthesized, no 8xpensive crystals are
needed to stare up to ten Irequencies without
battery backup. All radios come with CTCSS tone
and scanning capabillties. A monitor and
night/day switch is also standard. This trans-
celver even has a priority tunction. The RH250
makes an ideal radio for any pollce or fire
deparimen! volunteer because of fts low cost
and high performance. A 50 Wa!t VHF 150-182
MHz. version cailed the RHBOOB is available
for $454.95, A UHF 15 watt version of this radio
called the RU1508 Is also available and covers
450-482 MHZ. bul the cost is $448.85.

NEW! Bearcat® 50XL-GR

Liat price $199.95/CE price $114.95/SpPECIAL
10- 10 Channel ® Handhaid scanner
Bands: 20.7-54, 1318174, 406-512 M2,

The Uniden Bearcat BOXL is an economical,
hand-held scanner with 10 channels covenng
ten frequency bands. itieatures a keyboardlock
switch to prevent accidental entry and more.
Also order part # BP50 whichisarechargeable
battery pack for £14.95, a plug-in wall charger.
part # AD100for $14.95, acarrying casepari #
VCoO1 for $14.95 and alsc order oplional
cigaretta lighter cable part # PSOO1 for $14.95.

Regency

NEW! Scanner Frequency Listings
The new Fox scanner frequency directones will help
you find all the action yOur scBnner can listen to. These
new lsiings include pohce. flre. ambulances 3 rescus
#quads, local governmen, private pohce agencies.
hoapiiate, #mergency madicsl channels, news media,
lorestry radic service, raiiroads. weeiher siathons, radio
common carrers, ATAT mobile talephone. utiley com-
Pan|es, general mobile radio service. marin® radio
service. thul cab companies, 10w truck companies.
trucking comp buginagsyr & businsss radio
(simplex} federsl governmant, funerml directors, vet-
erinarans, buses, grcraft, aDoce salsllites, smatéur
radio. brosdcastery and more. Fox frequency istings
lealure call letier cross reterance aswellas alpnatatical
listing by Bcensea name, police codes and signats, All
Fox 1ortes are $14.95 each plus $3.00 ng
State of Alaska-RLO1 §-1; Stete of Arzona-RLO25-1;
Raltimore. MD/Washington, DC-RLO24-1; Bualo. NY/
Erle. PA-RLDOG-2; Chicago, IL-RLO14-1; Cincinnatl
Deyton. OH-RLODS-2; Cleveland, OH-ALOY 7-1; Colum:
bus, OH-RLDO3-2; Deilas/Ft. Worih, TX-RLO13-1;
Denver/Colorado Sphngs, CO-RLO27-1; Detroit. Mi/
Windsor, ON-RLOGE-3, Forl Wayne, 1N/Lima, OH-
RLOOY-1; Haweil/Guem-ALD 5-1; Houston, TX-
ALO23-1; Indisnepolis, IN-RLO22-1; Kansas City, MO/
KS-RAL011-2, Long Island. NY=ALO28-1; Los Angeles,
CA-RLOY8-1; Lovisville/Lexington, KY-ALDOZ-1. Mi-
waukes, Wi'Waukegan, IL-ALO21-1; Minneapoiia/St
Paul. MN-RLOV0-2] Neveda/E. Central CA-RLO28-1;
Oklahoma City/Lawton. OK- RLOOS-2: Orlando/Daytona
Beach. FL-RLO12-1; Pittaburgh, FA/Wheeling, Wv-
RLO29-1; Rochaster/Syracuse. NY-RLO20-1; San
Ciego. CA-RLOVB-1; Tampa/SL Petersburg, FL-
ALOO4-2; Toledo, OH- ALOOZ-3. New aditions are being
added monthty. For 8n srés ncl Bhown above call Fox st
800-543-7892, In Ohio call B00-621.2513.

NEW! Regency" HX1500-GR
List price $36% 95/CE price $239.95

11-Band, 35 Channe! 8 Handheld/Portabla
Search 8 Lockoul ® Priority ®* Bank Belact
Bidalit liquid cryetal diapiay « EAROM Mamory
Diract ChannelAccass Fastura d Scandalay
Banda' 20-54, 118-136, T44.174, 406420, 440-512 MHEZ
The new handheld Aegency HX1500 scanner I
fully keyboard programmable tor the ultimate In
versatility. You can scan up to 55 channals at the
same limé& Including tha AM alrcrafi band. The LCOD
display & even gidelit lor night use. Includes balt
¢lip, flexible antenna and earphone. Operateson 8
1.2 Voli rechargeable Ni-cad batteres{nat included).
Be aure to order batteries and baltery charger from
accessory i3t n this ad.

Bearcat® 100XL-GR

Liat price $345.95/CE price $203.95/SPECIAL
0-Band, 16 Channe! ® Priority ® Scan Deley
Seairch ® Limit o Hold ® Lockout ® AC/DC
Frequency range: 30-50, 118174, 408-572 MHEZ
The workf's firs1 no-cryslal handheld scanner now has
a LCD Channel display with backhaht for low lighi use
and sircratt bangd coverage at the same low price. Size is
13" x T%" x 2% The Bearcal 100XL has wide fréGquency
covarage 1hat includes all public service bands (Low.
High, UHF and “T" bands), Ihe AM aircraft band, the 2-
meter ard 70 cm. amataur bands, Plus military and
tederal QOvemment iredquencies. Wowewhat & scanner
Includad in our low CE pros s & sturdy canmying case.
earPhone. battary Charger/AC adapter, six AA nicad
batteries andflexibie sntenna Order your scanner now.

Bearcat® 210XW-GR

List price $339.95/CE Price $208.95/SPECIAL
8-Band, 20 Channai ® No-crystal scannasr
Autom alic Wasither @ Saarch/Scan ® AC/DC
Frequency rang®: 30-50, 138-174, 406-512 MHZ
The new Bearcat 2 10XW is an advancedthird generation
scanner with great partormance at a low CE price.

NEW! Bearcat® 145XL-GR

List price $179.95/CE price $102.95/SPECIAL
10 Band, 18 chennel » AC/DC » Insient Weether
Friquency rande. 29-54, 136-174, 420-512 MHL

The Sesrcal 145XL manes & greal first scanner, Ite low
coat and high performance le18YoU hear all the #Ctkon with
the touch of a key. Crder your scanner from CE today,

TEST ANY SCANNER
Test any purchased irom ©

Electranics™ for 31 S8YE belore you decide to keeo i If for
ANy (2A30N you Bfe no! ComPletely sefmfied. calum i
original congnm with gt parts in 31 days, {or & prompt
refund {lass shipping/ handling charges end retale Credit®).

Regency
HX1500

Regsncy
MXTO000

NEW! Bearcat® BOOXLT-GR

List price $489.95/CE Price $317.95
f2-Band, 40 Channei ® No-cryaist scannar
Priority controf ® Saarch/Scan ¢ AC/DC
Bands: 29-54, 118-174, 406-512, 806972 MHL
The Uniden 800XLT receives 40 channeisin two banks
Scans 1§ channais per second Siza@%"x4W" 1 12%

OTHER RADIOS AND ACCESSORIES
Panssonlc RE-2B00-GR Shortwawve recenm . 317995
ADYY-OR Vniden Remaoie mount Radar Detecror. .. 3128 95
ROGS-GR Uniien Visor mount Andar Detector. ... 398 B3
ADY-GH Unwden " Pasaport sire Radar Detector. .. 3199 95
BC-WAGR Bearcat Wonther Alert”. .., 4906
DX10OC-GA Beercal shortwires toCHw SALE | 348 9% '
PC22-GR Unicen remote mount CB Irenacereer ... 359 95
PCS3-AR Uniden mobiks mount CB ranseCeiver. ... $30.93
R10GC-GR Aegancy 10 channel scanned SALE .. 392 92
MXIOGT-GA Rege ncy 30 channel scannet . . S229.85
XL158-GR Regency 10 channel scanne ... .. . 3138 9%
UC102-GR Regency VHF 2 ch 1 watt inscenver... B124.95
P1.405-GR Aegency S amDTogulated power supody. . 369 .95
P1412-GR Aegency 12 amp reg power supply. ..
MAZ58-0PR Drop-in chasger lor HE1 2004 HE1500 , .
MAS18-QR Walt charge: lor MX1500 scanner ..
MA518-GR Carrying case for HX 1500 3canner.. .,
NMAZAT-GR Cigaretie Ighier Cord lor HX12/1500 . ..
MAD1T-GR NeCad batiery pack for HX1200 .
S X7000-GR Bvc. man fof XTO00 3 MXSO00 . .,

SMMXI000-G R Service man for Regency MX3000 ... $18.95
B-4-GR 1.2 V AAA N-Cad batterws (et of foun .. . $8.85
B-8-QR 1.2 ¥ AA NrCad batterss (set of sight).... 31795
F@ E-GR Fraquency Directory lor Eantemn USA ... 31480
FB-W-GRA Frequency Dreclory for western U4 ... $14.83
ASD-GR Alr Scan Direciory . $14.83
SAF-GR Survival Radio Freguency Dieciory ...... 514 95
TSG-GR"Top Secret” Begatry o U A Gowt Freg. .. . 314.95
TIC-GR Techniques lor intercepting Comm. . 31495
RAAF-GR Rallroad freq Y ¥ . P BLN:
CIE-GR Covert Infelig Edct E Q... 81495
ABO-GRA Magnel mounl mobile scanner emeans. .. 33595
ATO-GR Eese atalion 3cannar sntenns . $35.08
USANMM:GA Mag mounl VHFUHF ant w/ 12 catwe. .. 338 95
USAK- QR hole mount VHF/UHF ant w/ 17 cable ... $34 85

USATLM-GR Trunklip mount VHF/UMF sntenns.. .. $3595
Audd £3.00 all acon wipy Orcherod B [P Sarne L.
Add $12.00 shipping per ShorMwires recoiver.

Add §$7 00 shipping per $canne and $3.00 per antenns,

BUY WITH CONFIDENCE

To gei tha fastes!t delivery from CH of any scannar,
send OF PhOn® your order directly to oW Scanner
Distribution Center” Michigan rasidenta Diease add 4%
sales lax or supply your tax LD. numbes. Writlen pur-
Chase prders are &ccoPled Irom apProved government
agencias and mos! well rated firms 81 @ 10% aurchérge
tor net 10 billing. All sales are sublect to availablity.
accepRlance and verlfication. All sules on accessorias
are inal. Pnces, térms and speciiicalions are suliject to
change wilhoyl netice. All prices are in LS. dollars. Qut
of stock Itema will be placed on backorder sulomalically
unless CE I8 instructed differently. & $5.00 additional
handling fee will ba charged for all orders with &
merchandiss total under $50.00. Shipments wre F.O.0
Ann Arbor, Michigan, No COD's. Mot Producta that wa
sell have & manufacturers warranly. Free CoOples of
warmanties on 1hese products are avallable prior 1o
purchaae by wrilting to CE. Non-certified checks reQuire
bank clearance. Not res ponsible 1or ypographical errors.

Mail orders to: Communications Electron-
ica” Box 1045, Ann Arbor. Michigan 48106
U.S.A Add $7.00 per scanner ior R.P.&/U.P.S.
ground shipping and handling In the continental
U.S.A For Canada, Puerto Rico, Hawail, Alaska,
or APO/FPO delivery, shipping charges are
thres timas continentai LU.S. rates. I you have a
Discovaer, Visa or MasterCard, you maycall and
place a cradit card order. Order toll-iree in the
U.S. Dial 800-USA-SCAN. In Canada, order tolF
free by calling 800-221-3475. WUl Telex any-
time. dial 671-0155, If you are outside the U.S.
or in Michigan dial 313-873-8888, Order today.
Scanner Disinbution Center™ and CE logos are trade-
marks of Communications Elecironica Inc.
$ Bewrca! I3 & regisiered iradamark ol Uniden Comparation
1 Regency iu e rglaierad irademark ol Regency Ewctromca
In. AD #070288-GR
Copyright & 1988 Communlcations Elsctromice lnc.

Forcreditcard orders call

1-800-USA-SCAN

4 COMMUNICATIONS
ELECTRONICS INC.

Consumer Products Division
P.O. Box 1045 O Ann Arbor, Michigan 4810681045 L. S A
CallBO0-USA-SCAN of outside U.S A 3139738888
CIRCLE 79 ON FREE INFOAMATION CARD
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WHAT’S NEWS

Closed-circuit “citizens band”

Subscribers to the CompuServe
Information Service, based in Co-
lumbus, OH, have available a
“closed-circuit” form of CB radio
called the CB Simulator. Any of the
280,000 CompuServe subscribers
can—by typing GO CB—switch to
a CB menu that makes it possible
to scan a complete listing of all
persons speaking on all 36 chan-
nels of the band, and to join con-
versations on any of the bands.
Private conversations may be held
off-channel, as well.

The connect rate for the CB Sim-
ulator is $6.00 per hour from 6 P.M.
to 8 A.M. weekdays, and all day
Saturdays, Sundays, and holidays.
For weekday service between 8
A.M. and 6 PM. the rate is $12.50
per hour.

Numerous friendships have
been made over the simulator, and
at least two weddings have been
reported.

Fast computer chips with
“quasicrystals?”

Scientists from three depart-
ments of the University of Michi-
gan, supported by a $1.5-million
grant from the National Science
Foundation, are working to pro-
duce extremely fast computer
chips and other advanced micro-
electronic devices. They are work-
ing with a variety of metallic and
semiconductor materials, sand-
wiched to form multilayered chips
called superlattices.

In the past, researchers have de-
pended on making semiconduc-
tor devices smaller and circuit
leads shorter to make faster com-
puters and other electronics de-
vices. Already chips have been
made that crowd more than a mil-
lion electronics devices on a sil-
icon chip less than a centimeter on
a side.

Having reached the limit in re-
ducing size, sCientists are now

seeking new ways of speeding up
computers and other electronics
equipment. Under the new grant,
U of M scientists will focus on
building and testing the proper-
ties of superlattices made of syn-
thetic “quasicrystals,” new mate-
rials invented at the University.
The atomns of faster quasicrystals
have a predictable arrangement
that falls between the repeating
patterns of crystals and the total
disarray of glasses.

The research will also examine
properties of metallic superlat-
tices, with potential applications
in modern superconducting de-
vices. Research will also involve
building and testing heterostruc-
tures, materials similar to superlat-
tices but with fewer layers, that
can be manipulated to produce a
variety of electrical and optical
effects.

New transparent conductor
uses organic materials

The first transparent polymeric
conductor is under development
by Honeywell. Made in a thin film,
it is versatile enough to defrost a
car window or control a building’s
temperature by reflecting heat and
cold. It Is made from the polymer
polydiiodocarbazole (PDICZ)
doped with bromine and formed
into film from 1 1o 30 microns
thick.

By varying the thickness of the
film and the level of doping, Hon-
eywell has varied the conductivity
from insulating levels to con-
ductivily appropriate for such ap-
plications as defrosting car win-
dows. Light transmission is from
60 to 90 per cent.

The new film can be made more
readily and more easily than ear-
lier inorganic types, and it can be
made with greater surface areas
and thicknesses. Therefore it is ex-
pected 10 be considerably lower in
cost than present types.
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New devices authenticate
money transfer messages

Researchers at the National Bu-
reau of Standards Institute for
Computer Sciences and Tech-
nology have completed the first
validation of a security device that
will be used to authenticate mes-
sages used for the electronic
transfer of funds.

This validation is part of a pro-
gram to help protect the billions of
dollars in Federal funds that are
transferred electronically every
year.

NBS developed the test meth-
ods to ensure that devices used to
transfer funds electronically com-
ply with federal standards for com-
puter data authentication and with
the American National Standard
for Financial Institution Message
Authentication. The validation sys-
tem can be used to test equipment
remotely through an electronic in-
terconnection with NBS.

Further information can be ob-
tained from Miles Smid, Institute
for Computer Sciences and Tech-
nology, National Bureau of Stan-
dards, A216 Technology Bldg.,
Gaithersburg, MD 20899.

High-efficiency solar panels

Solar panels designed to oper-
ate four or five times more effi-
cienty than the best photvoltaic
cells currently available, and at
only a fraction of the cost, are cur-
rently under development by Mas-
sachusetts inventor Alvin Marks,
and by Westinghouse.

Lepcon, the preliminary design
patented by Marks, consists of a
glass panel covered by millions of
aluminum or copper strips, each
less than a micron wide. Energy in
the sunlight striking the panel is
transferred to the electrons in the
metal strips, generating electricity.
Lumeloid, also patented by Marks,
uses a similar approach, but sub-
stitutes film-like sheets of plastic.
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New and Used Electronic Test Equipmen
Sales ® Service ® Rental » Leasing

A ELS (scilloscopes with Component Tester

2-year
warranty

HM 203-6 DC to 20MMz $459.00

® Rectanguler scream, inlernal graticule
ax10cm
o Osllection: SmW/cm to 20W/cm
# Timebass: 0.5u8/cm t0 0.28/cm
X-Magnification x 10
® Component Tester
Test voltage: max. 8.5Vrma (open circuit)

Teet current: max. 24mA rms (shoned)
0.2V and 2V £ 1%.

HM 204-2 bcCtoz20mHz $629.00

e Component Testar

¢ Defiectlon: Sm¥/oem to 20¥/em
Y-Magnitication x 5

¢ Timsbass: 0.1 us/cm 0 0.5a/cm
X-MagnHication x 10

® Swesp delay: 100 n2 1o Q.t &

& Calibrator: square-weve generator,

=={ KHE/1 Mz switchabie, risetima<Sns,

for probe compensation, cutput voltages

HM 605 pcC 10 80 MMz $8949.00

& Componunt Tester

o Detlaction: SmV/cm to 20¥/cm
Y-Magnification x 5

s Y-Output trom Ch.l orCh.1:
2= 45 mV/cm into 5012,

s Timebase: 50na/cm to 1 3/cm
X-Magnification x 10

s Sweep delay: 100ns to 0.15.

i HM 205 $799.00

i

Digital Storage

s Operatin@ modes: Refrésh and Single wilh Reseat [incl LED
indication tor Readyl Hold Ch.. HoldCh.Il. 1024 x8 bit tor @ach chan.
Sample rate: max. VQ0kHZ Resclution: vertical 28 pta/cm. horiz
100 pts/cm

* Option: interface for plotter.

® Component Tester

Real-time - See 203-6
Specifications

Modular
System 8000

HM 208 $2.380.00| ATTACHES TO ALL HAMEG SCOPES ON THIS PAGE!
('1:‘“ :"E"EBE' Lte dnc‘z,z'aﬁ"'uo HM 8001 2 BAY Mainframe $228.00
HM 8002 4 BAY Mainframe call S00N
Real-time - See 203-6 | yM g011-2  Digital Multimeter 4% digits 298.00
Digltal Storage Specifications HM 8014 Milli Ohm Meter 298.00
& Operating modes: XY. Roll. Refresh, Single (LED ind), Hold Chl, | HM 8021-2 Counter, 0.1Hz-1GHz 324.00
Hold Ghul, Plot | and Plot |1 with resd-0ul check on screen, backing HM 8027 Distortion Meter 248.00
storage. Dot Jolning bution. 2 x 1924 x 8blt for each ch. HM 8030-2 Function Gen. 0.1Hz-1MHz 208.00
:T&e::?;:n. 20MHZ Resolution: vert. 28 pts/cm. horiz. 200 HM 8032 Sine Wave Gen. 20Hz-20MHz 288.00
@ Plotter output: vertical 0.1¥/cm, honzontel 0.1¥/cm. HM 8035 Pulse Gen_erator- 2Hz-20MHz 455.00
Output imped.: 10002 each. Penliit: TTL/CMOS compat, HM 8037 Low Dist Sine Gen.5Hz-50kHz ~ 248.00
Output spesd rate: 5-10-20/10-20-40 s/cm. HM 8040 Triple Power Supply 278.00
¢ Option: Lithium battery for memory backup. HM 8045 Oscilloscope Calibrator 316.00
CIACLE 126 ON FREE INFORMATION CAAD

CALL US TOLL FREE ::g‘;gg‘?‘ ADD FOR SHIPPING AND INSURANCE

1-800-732-3457 ShonerOcer  mmm 355101080000 . 650

IN CALIFORNIA TOLL FREE e f— ﬁ?:?ﬁa&“ ivasd

ar $1 OG0 ... 515 0041000

1-800-272-4225 i

Prices subject to change without notice.

RAG ELECTRONICS, iNC. /21418 Parthenia Street/ Canoga Park, CA91304/ 1-818-998-6500

@HITACHI

LB Dyt Lt

POWER

= Polaroid

el
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VIDEO
NEWS

¢ Picture-in-Picturse. Digital circuitry is
making possible a number of hot new features in
VCR's, the most spectacular of which is Picture-
In-Picture, or PIP. That feature heretofore has
been found only in a few digital TV sets. Now PIP
VCR's are being introduced one after the other—
the firat three by RCA, Hitachi, and Sears, with
others to come later. All three of the firast PIP
VCR's are made by Hitachi. RCA's is the most
sophisticated and containg nine dynamic RAM's
with a total storage capacity of more than two
magabits.

Using the hand-held remote-control unit, the
user can superimpose a emaller picture in any
corner of the main picture. The main picture may
be the VCR tape playback, and the smaller picture
can be from the VCR's TV tuner or from the video
input terminal. The two pictures may be
exchanged at will, and either one may be frozen,
thanks to bullt-in field storage. The same field
atorage is used for fact motion without sound
bars; there are unique special effects, such as
“mosaic” and "posterization.” The Hitachi and
8ears recorders also have PIP but thelr special
effects are limited. The RCA VCR uses two
DRAM's for the PIP field memory, and six to
snhance picture stability. The first PIP VCR's will
gell for $500 to $700, depending on what other
features are included.

¢ Interactive VCR. Worlds of Wonder, Inc.,
which brought us Teddy Ruxpin, the talking
teddy bear, plans to introduce a unique computer
attachment that will make any VCR interactive.
Three yoars in development, it differs from
programmable videodiscs in that the screen 18
never blanked during the interactive search.
Special tapes for the system have four-way
branching and give the effect of 20 tracks of
information. There are four audio tracks, up to
four branchable video tracks with motion, and up
to 20 computer-generated tracks with limited
motion. The entire attachment 18 scheduled to
sell for less than $250 in & year or so, or could be
built into a digital TV or VCR for $50 to $§100. The
first program cassettes will be educational, and
several producers—the first being Heron

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

Communications—are preparing programming.
In addition, WOW 18 exploring the use of gpecial
cable-TV programming for the interactive
machine. That I8 possible bacause the system 18
completely linear. The tape 18 never required to
stop or reverse itself. The system can give quizzes
with questions selected at random, keep score,
provide music with a still picture, change
pictures in responss to the viewer's choice, react
to user-manipulated arrows or Cursors, and so
forth.

¢ The ultimate Beta. The most slaborate, and
probably the best, consumer VCR ever introduced
18 a new Bsta model by Sony. The quality results
from the fact that Sony didn't worry much about
compatibility. It improved on Buperbeta by
shifting the carrier up to 1.2 MHz in the Beta I
ppeed, as opposed to Superbeta’s 800 kHz, thereby
providing resolution of better than 300 lines. A
switch preserves one-way compatibllity—
playback of standard Beta I tapes. The machine
has features never seen before on a half-inch
machine, such as flying erase heads, a frame
counter, a character generator with eight-page
memory, and a programmable assemble editing
gyetem to put together up to sight pegments with
accuracy within two frames. It even has an on-
screen calendar for programming. Sony sees its
prineciple use in editing onto VHS, Beta or 8mm
VCR formats. It Usts at $1,700.

® Zenith adds Bose sound. Whe says you
need a ten-foot audio system to get good TV
sound? Not Zenith or Bose. The two companies
have united 0 produce a series of high-end 27-
inch digital color sets with a folded waveghide
woofer built into the back and occupying no space
beyond the normal cutside dimensions of the set.
Two twiddlers—combinaticn midband and
twester speakers—are front-mounted below the
TV screen. The sets have three amplifiers—a 25-
watter to power the woofer and two 5-watt units
for the twiddlers—and they have built-in World
System Teletext reception. They'l] sell for around
£1,400 for a table model, or £1,700 for the best
consols. R-E
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What Pomona knows about banana
plugs and adapters would filla book.

For over 30 years the Pomona Electronics line of banana plugs,
jacks and adapters has played a major role in our ability to stay on the
leading edge of electronics test technology.
Every year we add new banana plug products to make your life
as a professional design engineer a little easier. And the complete
line ils listed in ol;lc; i386 Gle?eral Catﬂ%. b : oA Ly
n our new book you'll find over models that utilize or
adapt banana plugs In some useful fashion: plugs, jacks, ”Ac
binding posts, adapters, patch cords and cables, in standard ” 8
or miniature sizes. You name it and you'll probably find
exactly what you need in our new catalog. : '
Here's how to get your copy of our 1986 General
Catalog: Just circle the reader service number
below; call us at (714) 623-3463; write us at
Pomona Electronics, a division of ITT Corp-
oration, 1500 East Ninth Street, PO. Box
2767, Pomona, Califomia 91769.
Our products are available
through your favorite electronics
parts distributor.

Pomona Electronics
CIRCLE 101 ON FREE INFOAMATION CARD
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LETTERS
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A few errors crept into the the arti-
cle "Build This Satellite-TV De-
scrambler” in the October 1986
issue of Radio-Electronics. In Fig. 2,
the schematic diagram, pin 14 of
IC’s 2 and 3 should be tied 10 —5
volts, not +5 volis as shown. Re-
sistor R29 should be tied to +5
volts. Transistor Q7 is misiden-
tified: It should be a 2N3904. Fi-
nally, the positions of QS and Q6
have been reversed. The unit iden-
tified as QS should be Q6, a
2N33904 NPN transistor; the tran-
sistor identified as Q6 should be
Q5, a 2N3906 PNP transistor.

In Fig. 3, the parts-placement di-
agram, two components are
shown in the wrong location. Re-
sistors R8 and R23 are shown ver-
tically aligned; they should be
mounted horizontally. Resistor R8
mounts between the top of what is
shown as R8 and the top of what s
shown as R23; resistor R23 mounts
between the bottom of what is
shown as R8 and the bottom of
what is shown as R23.

Finally, a trace is missing from
the PC pattern. It runs from the
positive end of C5 to the center of
Jack J2. Replace that trace with a
jumper.—Editor.

AT THEys
STBMND VRN
L Ly i
e rie,

LETTERS

R4DrO~ELECTRON/CS
$O00-8 &-COLNTY BOULEVARD
FARMINGOALE, NV 11735

RADAR SPEED-GUN CALIBRATOR
In regard lo Anlhony Stevens’
article, "Radar Speed-Gun Cal-
brator” ( Radio-Electronics, Augusi
1986), there seems to be a little in-
formation that he left out—and the
reader should be aware of it.

On the first page of the article,
he mentions that the Doppler shift
is about 31 Hz per MPH of target
velocity. That is correct, but he fails
to point out that that amount of
Doppler shift only applies to radar
guns operating at the 10.525GHz
frequency {X-band). He also does
not inform the reader that the
Gunn diode and microwave horn

mall Qutlines.

With A P Products™ brand SQIC Test Clips.

TR
Ady, .

2l hinge pin and acetal thermoplastic body orovice Iong

valable with aoy 764 unplated and gold plated {eads

For iMmeaate response contact a local authornzed A P Products
Prototype & Test Devices arstnbutor Ov telephone 800-321-9668
or (216) 354-2107 in Ohwq tor further information.

We Solve Problems.
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SUPER VALUES from JOSEPH ELECTRONICS

@ Hitachi SCOPES T CALTOLLRE

1-800-323-5923
Full 3-year warranty FREE SHIPPING to U.PS.

Shippable Destinations

VA050F 100 MHz QUAD CHANNEL/S-TRACE DELAYED V422 40 MHz DUAL-CHANNEL SCOPE sLow Dfoﬁlepon
SWEEP SC OPE. The features you wont ond need » S00uvY able s« DT offsat. 1 MV sensitivity. 3% accurocy. & CRT
Sens, = 2% Accuracy m 6" CRT has Iternal graticule with internol graticule, Altesnate magnification for
20Ky acceleration. Ona-touch sync of TV-V. TV-H. Plus: simuttoneous disploy of ¥3, %10 swept waveformsl Plus
7 autofocus. varkable hold-¢ii. troce rotation adjush X-Y vertical mode tiggenng: auto-tocus: TV sync separa-
operation; 10X magnitication. W/probes. dust Cover. :iop gu;:ug: Du:l&h signal deloy; X-¥Y Mode. Only 12 x5 x
| Reg. $1595 Sale Price$1,198 e sale Prices678
4 V650F 60 MHz TRIPLE-TRACE DELAYED SWEEP SCOPE. eg. $ dle Frice
; As cbove. except has 10KV acceleration. 1 MV sensi- V222 20 MHz DUAL-CHANNEL SCOPE. Simftor fc
tivity, 3% accuracy. triple irace. W/probes. above, except has 20 MHz bandwidth. W/probes.
Reg. $1.195 Sale Price 898 Reg. $715 Sale Price$538

[ELUKE] DMM'S

HAND-HELD 3V: DIGIT DMMS

MODEL 73
O/ oMol Chs
= yolly, ohmg,

! :&;& Ooe et .
S ERests
u 2000+ howr Dat
Touyl‘"ll Yoo
nt:t,b_‘ .
-2 MODEL 8060A-4% DIGIT,  MODEL 8050A~41 DIGIT, Reg. 579
TRUE RMS DMM BENCH DMM Sale $68
True M5 AC velt andamp  0.03% basic DC oceuracy
measurerment »0.04% bosic = True rms AC voltoge ond AR
= DC accurocy = Fast audible/  curment measurement, AC ol -
MODEL 37-NEW 3% DiGIT visual continuity tests sReia- 10 50 KHz, s Conductance piay @ Volts. ohyms.

i isf- MODEL 75 10A. A, OO0 ros!
BENCH DMM.0.1% DC gccu-  tiverefarence (offset) sLow-  funchion chacks nigh resist elTR M yhiekess iy
[

acy » Andlog/Digitcl s Auto-  pawer chims on ol resist- ance 10 100000 MQ e high  pioy elons, orvns, Iy & “Touch Hoid™
ranging » Yolt, Ohms, Amps.  ance ranges « Constant- POwer Of [Ow-Powear ohms  10A mA, dode test £  m Auto-
= Diode lesting « 30kHZ AC current dicde test mode s «five voltcee ranges. 200 Qe Corer” =09 bR D
I Bondwldth » Fused 10A Resistance measurements  mVY to 1000V # Extensive 0w i m B e ¢ & 2000+
Ro = $torage compart- to 300 MO« Frequency ang  overload protection » Diode - oy ey -""Y

meni—2 vear warran dB measurements and dB measurement. teryite w3 yeor a bty

Ty.
=4  Reg.$229 Sale {198 Reg. $349 Sale 308 Reg. $389 Sale $338 53?599 Reg. $139

@ TEST INSTRUMENTS Sale $88  Sale $118

L JYTY -.‘:1

Model 203 2 MMz Funclion Generator thtra-Portable Minl-Scope Modal 515 600 MHZ Frequency Countat
» 0.2 Hz to 2 MHz Function Generqator Model 1010 * § Digtt ‘2" LED Display = Wide
= Sina. Square. Trangle Wavefarms = 10 MHz Ful-Featured Oscilloscope Frequency Ronge: 5Hz fo 600 Mz
s Exferncl Sweep 10001 » TTL and 50 = AC or Battery operated with Internal » 10 MV RMS Sensitivity throughout
Ohm Quiputs « Baﬁoble__ DC Offset bottery charger = 10 mV Senstivity, range » 2 ppm Time Bose Accuracy
*Wt 261bs 102x6x2 E;'Tirgglﬁrq.te angas r:tL'nltarnoAPr y . AI(_. gred) ,;srv%egs i ;\dgptgr
. 1 ar Ti r a Bright, clear Blue, Inciu ] tbs. 10.2xdx2"
Reg $289 Sales258 o ot 202 x 6 x 2" Reg. $340 Sale 308
Reg. $385 Sale 338 Mode) 512, 200 MHz Handheld Counter
Reg. $145 Sale $128

LIMITED TIME OFFER WHILE QUANTITIES LAST. PHONE TODAY TOLL-FREEI
——1-800-323-5925 (In lllinols 1-312-297-4200)

VISA-MASFERCARD -DISC OVER |
C ARDS WELCOMED, OPEN ACCOUNT FREE 116 page Joseph Electronics

|
+=— ORDERS TO RATED COMPANIES. discount instrument catalog with lechionics
ILLINQIS RESIDENTS ADD 7% T.K_X 4 your order Or on requesr! 8 30 N. “wo kee Ve.,
S EN Niles, IL 5064
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in the parts list will only work in
conjunction with the X-band radar
units—that is, assuming that they
are the same ones as shown on the
lead page of the article. Also not
mentioned is whether or not a K.
band diode and horn is available.

While the K-band output is men-
tioned in passing on page 42, he
does not elaborate on any of the
details. The K-band output is de-
rived from a different divider
chain, because the Doppler shift
on that band is different than it is

on the X-band for a target traveling
at the same speed.

Although there are several K-
band frequencies used, | used 24.5
GHz for my computation. That re-
sults in a Doppler shift of 73.1 Hz
per MPH. That can be figured out
by one of two methods. One is to
multiply the ratio of 24.5 GHz to
10.525 GHz (2.328) by 31.4; the
other is to use the formula for
Doppler shift, D5:

DS (Hz/MPH) = 89.49/\
where X is the wavelength in Cen-

*

IENITH:

VIEW STAR:

JERROLD:

HAMLIN:

Scientific Atlanta

P.0.BOX 1206

CABLE TV
SPECIALS

CONVERTERS

JERROLD: DR2.3DIC105—66 Channel Wireless ....... 8199
JRX-3 DIC— 36 Chann#l Corded Remots. . ... *149.%
JSX-3DIC—36 Chapnel Set Top.......uvee 1129,

SB.3—'TheReal Thing' .......c.covunves 1119,

MAGNAYOX: 5400 —60 Channel Wiralass w/Parental
Lackout for Jerrold systems., ....... 1199,

I-TAC Cable Add-Gn..........cc0nunuaunn 1225.%

E¥SC.2000 —60 Channal Wirsless —

with Parental Lackout........ SROgRze
EYSC-2000A-B —Sams as above with
A-BISwitchiew i s sn i b 109,
Yiow Star 1000 —60 Channe! Wiraless......
with¥olume . ........... 11190

MISCELLANEOUS

.................... 3 g e
N-12 Mini-Code Yarf-Sync .. .....ocovvvens *109.**
N:12 Minl-Code Vari-Sync Plus Auto On-0tf .. *165.%*

[DAK: K-12 Mini-Code . . ..

MLo1200 ........

NEW ITEMS: Standard Componants —66 Channel Wireiess-

............ Call for Price

Power Zapper Stun Gun, 48, 000V..........

K-4D Radar Detector —Dash Model ........ *199,°"
K-40 Radar Oatector—Remote. . .......... 1229,
ALL UNITS GUARANTEED. QUANTITY PRICES AVAILABLE.

UNITED ELECTRONIC SUPPLY

ELGIN, iLLINOIS 60121 «

*

400 & 450 Handheld Transmitters..........

--------------------

with Parental Lockowt ¢ 99.°°

312.697.0600

CIRCLE 197 ON FREE INFORMATION CARD
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timeters, which equals 30/fre-
quency In GHz.

Another item of note from the
“Ask.-RE” column in that same is:
sue. A reader asked about an IC
that would convert from a RGB sig-
nal to a composite signal. The au-
thor of the column did not know of
a chip for generating the sync. Re-
fer to the article on Cable-TV de-
scrambling on page 53, and you
will find an IC to do just that. There
is an article in a back issue of Ham
Radio that provides complete con-
struction instructions. I’'m not sure
which issue it was, but | think it
came out four or five years ago.

And finally (| know, | know; my
high school English teacher said
never 1o start a sentence with and),
who is the new advertiser on page
142 (Mr. Sestero refers to the Nu-
triwheat Diet Program.—Editor)
I'm sure that | speak for many of
your faithful readers when | say
that we don’t need that kind of
advertising in an electronics maga-
zine. it reminds me of reading
through the old Mechanix Iifus-
trated magazines of 20 years ago.
Please, let’s not repeat that.
ROBERT T. SESTERO
Baltimore, MD

We start sentences with “and”
regularly—in spite of what our
high school English teachers said.
We also use prepositions to end
sentences with. Times change.—
Editor

INACCURACIES

| am writing to correct some of
the many inaccuracies in the arti-
cle, “The Early Days of Radio,” by
Martin Clifford, which appeared
In the july issue. Hugo Gernsback
must be turning in his grave! It is
perhaps possible that some of
them were due to editing, but |
suspect that most came directly
from the author, who hadn’t done
his homework. (By the way, the
picture of an early radio station on
the first page of the article is most
interesting, and It would be pleas-
ant to know something more
about it. On the right side of the
picture is a device that appears to
be a microphone, either for a re-
cording device or, perhaps, for ra-
diotelephony. The instrument
with a large dial at the center of the
left side of the picture is also of
interest.)
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Regency “Scanner Answer” Giveaway

Here's your chance to win a complete monitoring
package from Regency Electronics and Lunar Antennas.
18 scanners in all will be awarded, including a grand
prize of the set-up you see above: the Regency HX1500
handheld, the Z60 base station scanner, the R806 mobile
unit, and a Lunar GDX-4 Broadband monitoring/
reference antenna.

55 Channels to go!

When you're on the go, and you need to stay tuned into
the action, take along the Regency HX1500. It's got 55
channels, 4 independent scan banks, a top mounted
auxilliary scan control, tiquid crystal display, rugged die-
cast aluminum chassis, covers ten public service bands
including aircraft, and, it’s keyboard programmable.

Compact Mobile

With today's smaller cars and limited installation space

in mind, Regency has developed a new compact mohile
scanner, the R806. It's the world's first microprocessor
controlled crystal scanner. In addition, the RB06 features
8 channeis, programmable priority, dual scan speed, and
bright LED channel indicators.

Base Station Plus!

Besides covering all the standard public service bands,
the Regency Z60 scanner receives FM broadcast.
aircraft transmissions, and has a bult-in digital quartz
clock with an alarm. Other Z60 features include 60

Send in a photo (like
this one of Mike
Nikolich and his
Regency monitoring
station) and receive
a free gift from
Regency. Be sure
to include your

phone number,

name, address and

channels, keyboard programming, priority control, digital
display and permanent memory.

Lunar Antenna

Also included in the grand prize is a broadband
monitoring/reference antenna from Lunar Electronics.
The GDX-4 covers 25 to 1300 MHz, and includes

a b foot tower
7707 Records Sireet

E em
Indianapolis, IN 46226

T T S e e

(1 awarded)
1—Regency Z60 Base station scanner
1-—Regency HX1500 Handheld scanner
1—Regency R806 Mobile scanner
1—Lunar GDX-4 Antenna

(5 awarded)

1—Regency Z6(0 Base station scanner
1—Regency R806 Mobile scanner

(5 awarded)

1— Regency HX1500 scanner

ELECTRONICS INC.

Contest rules: jusi answer the questions on the coupon, (all answers are

in the ad copy) (0 in your name and address and send the coupon to
Regency Electromics, Inc., 7707 Records Streer, Indianapoks, IN 462285,
Winners will be selecied from all correct entries. (ne entry per person. No
pm‘chau necessary, Yoid where prohibited by bw. Contest ends Jime

1. The Regency Z60 is
O a digital alarm clock [0 an FM radio
O ascanner O all of the above

2. The Regency R806 is the world's first
controlled crystal scanner.

3. The Regency HX1500 features
[0 55 channels [ Bank scanning
O Liquid crystal display [ all of the above

4. The Lunar GDX-4 antenna covers —_to —__ MHz.
Name:
Address:
City:

I currently own

State: Zipcode:

Scanners.

9g61 H3EW3I33A

Brands owmned:

———————————————————J

CIACLE 182 ON FREE INFORMATION CARD
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Perhaps the most glaring errors
appear in Fig. 1 and Fig. 2, which
show schematics for crystal re-
ceivers that cannot work. (I think
that those schematics were copied
from other articles | have seen dur-
ing the past few years; they were
also written by someone who ap-
parently did not understand elec-
tricity.) In both of those figures,
the crystal and the headset are
wired in series with the antenna
and ground, and there is no direct-
current return path. As a result, no

current could or would flow in the
headphones, hence no reception.
There should also be a bypass ca-
pacitor across the phones, but that
is of no importance in a receiver
that can't work.

Figure 3, while also flawed, does
correspond to early practice. The
problem with it is that the headset
is connected to the “hot” end of
the tuning coil, and capacitance
from headset to ground would af-
fect tuning. That wouldn’t be of
much importance in a receiver
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with such poor selectivity,
however. Fig. 4is OK, but Fig. 5 has
the same problem as Fig. 3; in ad-
dition, there should be a bypass
capacitor between the potentiom-
eter arm and the detector, but its
ommision was also typical of early
receivers. Figs. 7 and 12 will work,
although the use of a variable ca-
pacitor in series with the antenna
will permit antenna circuit tuning
and give much better sclectivity.

A couple of other errors are less
significant. The statement that
"true solid-state receivers have
been with us since 1918” would be
more accurate if the date were
1906, when the Perikon detector
was patented. The commercial use
of crystal detectors in the follow-
ing years was more limited by pat-
ent matters than by performance.

One more annoyingly incorrect
statement is: “Early vacuum-tube
rectifiers, such as the UX-201A and
the UV-199 triodes, cost about
$15.00.” That statement contains
three errors. First of all, those
tubes were triode amplifiers and
detectors, not rectifiers. Second,
those particular tubes were not
particularly early. Third, they nev-
er cost $15.00. The UV201, the
predecessor to the UX201A, was
announced in November, 1920, at a
cost of $6.50. It was considered an
amplifier, with the corresponding
detector being the UV200, at
$5.00. Although those were not the
first tubes available to the public,
they were the first sold by RCA,
and correspond roughly to the be-
ginning of broadcasting. The
UV1999 is of interest as an early
“dry battery tube;” it was an-
nounced in December, 1922, and it
cost $6.50. The UX20MA was a real-
tively late tube, introduced at $2.50
in August, 1925, to replace the
Uv201A, which had been intro-
duced at the same time as the
UV199, and at the same price. The
UV201A and the UX201A, like the
UWV199, had thoriated tungsten fila-
ments, which greatly reduced the
required filament power.

There is really no excuse for
such a poor article, because many
excellent reference books are
available these days. For early vac-
uum tubes, | would recommend
Saga of the Vacuum Tube, by
Gerald Tyne, and 70 Years of Radio
Tubes and Valves, by John Stokes.
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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, inciuding 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. \ : imV/DIV sensitivity. Delayed
A convenient built-in component \ sweep and variable holdoff allow
tester provides additional [[RNGPREISERIIINENES ctable viewing of complex

diagnostic power. 12. 703 TEST PROGES waveforms.
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ORDER TOLL FREE JDR INSTRUMENTS
800-538-5000 1224 Soi Bascom Avenue

800-662-6279 (ca) San Jose, Califonia 95128 (408) 995-5430
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Both are available from Antique
Electronic Supply, 688 W. First
Street, Tempe, AZ 85281. A couple
of other interesting histories are
The Development of Wireless to
1920, Arno Press, New York, 1977,
and The Continuous Wave—Tech-
nology and American Radio,
1900-1932, by Hugh Ailken, also
available from Antique Electronics
Supply. Anyone seriously inler-
ested in historical radio and wire-
less should join the Antique
Wireless Association, Holcomb,
New York. Dues are $8.00 per year
and include four issues of The Old
Timer’s Bulletin, which contains
excellent articles of historical in-
terest, in addition to many want
ads. Membership applications
should be sent to Bruce Roloson,
Box 212, Penn Yan, New York
14527.
EDWARD PHILLIPS
San Gabriel, CA

The circuits shown in Figs. Tand
2 are correct, and they can and do
work. Apparently Mr. Phillips
doesn’t know the difference be-
tween a DC ground and an RF

ground. The circuit is grounded
for RF, and current will flow in
those circuits even if a capacitor is
inserted in series with the antenna
lead-in.

Hugo Gernsback need not turn
in his grave, because those cir-
cuits, and others like them (sur-
prisel} originally appeared in a
book, How to Read Circuit Di-
agrams, published by Gernsback
about 50 years ago.

itisn’t necessary to put a bypass
capacitor across the headphones.
There is enough capacitance be-
tween the turns of the wire in the
headphone to supply bypassing
action for the carrier wave.

The headphones in Fig. 3 can be
positioned before or after the crys-
tal detector. The tuning is so ex-
tremely broad that the capacitance
from headphones to ground is of
little consequence.

I am well aware of the Perikon
detector. However, it wasn't until
about 1919 or 1920 that the iron
pyrites ctystal detector became a
household item. As far as the price
of tubes is concerned, one must

be aware that a new component s
always at its highest price. As tube
competition increased, and the
supply of tubes went up, those ear-
ly tubes dropped in price even
lower than the figures Mr. Phillips
stated.

! do not mind his comments on
the article. What | do resent is the
statement that Hugo Gernsback
must be turning in his grave. That
is arrogant and presumptous, and
implies that Mr. Phillips knew
Gernsback. | doubt that he ever
met the man. | used to have lunch
with Hugo Gernsback from time to
time, and was also a guest in his
home. | was in France with him,
and together we visited a noted
technical publisher in Paris. | have
no doubt that | was his friend; |
have a photograph from him in-
scribed, "To my friend, Martin
Clifford.”

! was impressed with the books
Mr. Phillips mentions In his letter. |
would suggest that he take some
time and read them.—Marlin
Clifford

continued on page 33
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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 lo hard work but also to the
better life? Ah, decisions, decisions!

Career decisions are so important that you need all the inpur
you can get before locking-in on one of them. Grantham Col-
lege of Engineering offers you one source of input which may
help you in making that decision. [t’s our free catalog.

Ask for our free catalog and you may be surprised to learn how

Put Professional
KNOWLEDGE
and a

COLLEGEDEGREE
in your

it is easily possible 10 earn a B.S. degree in electronics without \ ' Electronics Career
attending traditional classes. Since you are already in electronics ' through

(you are, aren’t you?), you can complete your B.S. degree work i | HOME STUDY
with Grantham while studying at home or at any convenient IR

place. :

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

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

This booklet

for
i FREE
an E E L Bocklet
CLir

This free booklet
explains the
Grantham B.S.
Degree Prugram.
offered by inde-
pendent study lo
those who work

CouPON

pasfe on

in elecironics.

and maif in
. envelope or

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

All lessons and other study maierials, as well as com-
munications between the college and students, are in the
English language. Howcver. we have students in many
foreign countries, about 80% of our students live in the
United States of America.

Grantham College of Engineering R-12-86 |
10570 Humbolt Street, Los Alamitos, CA 90720

Please mail me your free catalog which explains your

!
I
B.5. Degree independent.study program. {
I
Name. _  Ppe |
|
i Address |
[
| cit
e Ny __State Zip |
ST sl S A TR AL S -
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Only NRIGives You
System for Total

You getitall, . . 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

: NRI will guide you right into a it, you'll get practical experience
caree rtunity , , . training
to se::ri(:'zi;.il comgut Y high paying career in one of in adding peripherals, perform

- = America’s fastest growing fields. experiments bringing to life

training on a total compu.ter operating principles, and then
system. And only NRItraining ~ 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 Dogitmen iation fovers the

Today, you can’t successfully repair . ol ot e
a corgputer with conﬁdencg unless s e Vs i 1T e
you know that the peripheral ) P ol e

equipment is operating properly. R Gl

Only NRI can give you the well- =

rounded training you need because

only NRI gives you a complete

computer system. . .computer, el - S

monitor, disk drive, printer, soft- dol malrix printer prints

ware, even test instruments like a o e R T

digital multimeter and logic probe. 120 cpe hidireclionaily

It ail adds upto trainin g that builds :ohéi:r-wwr@mmy

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

Get inside the [BM
PC compatible
Sanyo

Asan NRI

student, you'll get A
total hands-on '
training as you n
actually build h,
your own Sanyo

350 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.

You'll do programming in BASIC

SANYO 550 SERIES
COMPUTER has powerful 3088
CPU. runs many IBM PC programs.
Inchades 256K RAM, double-sided
doubdr denalty disk drhve,

3 FLOFPFPY DISK AND PROGRAM parallel printer port and
language—even run and interpret Software includes MS-DOS 2.1 deteched nieligen
essential diagnostic software. You'll T e ‘
prepare interfaces for peripherais ﬂwmﬁmfﬁfﬁ'ﬁ.}m
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 logic, microprocessors, and see what makes transistors tick. . .
only through experience computer memeories. build and test working electronic
You need no previous knowledge You'll reinforce this new circuits that duplicate key com-
to succeed with NRI. You start understanding with hands-on puter circuitry . . .and construct
with the basics, rapidly buildingon  practical demonstrations and digital logic circuits that demon-
the fundamentals of electronics experiments that give you real strate computer performance.
with bite-size lessons‘ to master world ?xperienc_e. You'll use the Do it at home in your
advanced concepts like digital exclusive NRI Discovery Lab to spare time
NRItrains you in your own home
DISCOVERY LAB Elecironics comes at your convenience. You learn at
R your own pace, backed at all times
demonstraie action of components. gain by your own NRl instructor and
er, d,ll:gmuh- Sy e DIGITAL LOGIC PROBE Professional the entire NRI staff of educators

digilal loghe b kes anal digital 1 !
i s CTo Mang mk{””‘i ! and engineers. They're always

ready to answer questions, give
LESSONS Bllcalze lcssons bulld knowledge you guidance, follow your prog-
v derstan. 10 srp. L o
;holl::. illus?:athg:mr:l L}hgr?rams reinforce i ress, and he]p YOU over the rouSh

clear, caay-lo-follow rext.

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 gives all 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 skills and
confidence you need for
\ advancement, a new
}  career—even a service
business of your ownin
the existing world of
electronics. Ifthe cardis
missing, write to NRI at the
address below.

DIGITAL MULTIMETER
3% digit digltal multimeter

fealures fiquid crysial

IEEET MRS

tions. Yoar instrucior talks

you through ila opernilon SCHOOLS

nnd professional use on

Actlon Audia Casseite, McGraw-Hill Continuing Education Center

3939 Wisconsin Avenue s. 4
Washington. DC 20016 i

We'll give you tomorvow
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TV-RHOMBIC ANTENNAS
Your response to the request for a
balun for a TV rhombic left me

#  puzzled. Whoever heard of a rhom-
z bic for TV frequencies? | thought
&  that rhombics are used to obtain di-
O rectivity at low frequencies when
% you have enough real estate to estab-
g lish an “antenna farm.” What are the
o dimensions for a TV rhombic? How
¢ does its performance compare with
20

that of a Yagi?—O. K. H., New
Strawn, KS.

When the desired TV stations
are 75 to 150 miles or so away and
all in nearly the same direction, a
good rhombic can provide high
gain while offering broader fre-
quency response and a constant
impedance over a broader range
than a Yagi. Specifically, a rhombic
provides high gain over a 2:1 fre-

WWWwW americanradiohistory comm

WRITE TO:

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

quency range; in other words, the
design frequency =50%. Al-
though any antenna for receiving
distant stations should be as high
as practical, a rhombic two or
three wavelengths above ground
may outperform a high-gain Yagi
on a much higher tower.

Rhombic antennas were widely
used in remote areas in the early
days of television; they're still not
uncommon in many rural areas to-
day. A rhombic with six wave-
lengths in each leg can provide 12
dB of gain in the forward direction
and it can be small enough to fit on
many residential lots. Some high-
band and UHF TV rhombics are
small enough to be mounted on a
rotator on a tower.

The diagram of a rhombic for TV
frequencies is shown in Fig. 1. The
dimensions of each leg for receiv-
ing signals at various frequencies
are shown in Table 1. A rhombic’s
beam-width is usually much nar-
rower than than that of a Yagi with
equal gain, so you must be ex-
tremely careful to orient the an-
tenna carefully to within a degree
or two. Beam-width decreases and
tilt angle increases with the
number of wavelengths in each
leg. For maximum gain, orienta-
tion must be accurate within +3,
+4, and =6.5 degrees for rhom-
bics with six, four, and two wave-
lengths per leg, respectively.

The rhombic should be termi-
nated by an 800-ohm non-induc-
tive resistor. You €an use two 390-
ohm, 2-watl resistors in series.

DARKROOM TIMER
I need help in designing a
darkroom timer for my enlarger. I'd
like a countdown timer that can be
set from 0 to 120 seconds in 0.1-
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e o _m Exclusive, triple patented dynamic

second increments. Time will be dis- . .

pl.l;)ed on a 4-digit I.lED readout. A | CAP and coil anaIYZlng I guaranteed
relay will energize the enlarger and to pinpoint your problem every time

turn it off at the end of the timer
period. I've been thinking of a 10- or your money back
digit keypad or three columns of in-
dividual switches for setting 0.t-,
1.0-, and 10-sccond increments.—G.
K., Tampa, FL.

The design of a "dream”
darkroom timer such as you de-
scribe is a project that would prob-
ably require much troubleshoot-
ing and several trips back to the
drawing board before satisfactory
performance is achieved. Unfor-
tunately, we cannot undertake the
R&D work needed to provide you
with a foolproof design.

You ¢an find some designs that
do part of what you want in back
issues of electronics and pho-
tography magazines. Consult the
Applied Science and Technology
Index and the Readers Guide to
Periodical Literature in your local

UFFER SANRNYRID) eeLiArep)) of with the all new LC75 “Z METER 2"

Intersil’s Timers, Counters, and Capacitor Inductor Analyzer
Display Drivers Applications
Handbook. Write to Intersil at vatenged i

10710 N, Tantau Ave., Cuper- The “Z METER” is the only LC tester that enables you to test all
tino,CA 95014. That 30-page bock- | capacitors and coils dynamically — plus, it's now faster, more
let is chock full of ¢ircuits for | accurate, and checks Equivalent Series Resistance (ESR) plus
programmable interval timers, small wire high resistance coils.

stopwatches, counters, and digital
displays and drivers. If it is not
available, try for a copy of Intersil’s
Hot ideas in CMOS. Chapter 6 of
that work contains data sheets, ap-

lication notes, and circuits Cover- ) . 3 . :
ﬁlg iRe firm's’ line of counters, Save time and money with the only 100% reliable, in- or out-of-circuit

timers, and display drivers. inductor tester available. Dynamically test inductors for value, shorts, and
L opens, automatically under “dynamic” circuit conditions.
POWER DISTRIBUTION GRIDS

Reduce costly parts inventory with patented tests you can trust. No
For a college research project, I'm | more need to stock a large inventory of caps, coils, flybacks, and IHVTs.
doing a study on the losses in elec- | The “Z METER” eliminates time-consuming and expensive parts substitut-
trical power over long-distance | ing with 100% reliable LC analyzing.
power lines. | need maps showing
the power distribution grids
throughout lhe United States.
Where can those maps be ob- | Test troublesome SCRs & TRIACs easily and automatically without
tained?—D. D., Bloomington, IN. investing in an expensive second tester. The patented “Z METER 2" even
Try the “Chief Transmissions En- | tests SCRs, TRIACs, and High-Voltage Diodes dynamically with up to 600
gineer” or the "Director of Power | volts applied by adding the new SCR250 SCR and TRIAC Test Accessory
Distribution” of your ]ocal power for only $148 or FREE OF CHARGE on Kick Off prumution.

company. If he can’t help, contact | To try the world's only Dynamic LC Tester for yourself, CALL TODAY,

your Congressman or Senator. The | WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.
type of information you're looking

Eliminate expensive part substitution and time-consuming shotgun-
ning with patented tests that give you results you can trust every time.
Test capacitor value, leakage, dielectric absorption, and ESR dynamically;
with up to 600 volts applied for guaranteed 100% reliable results — it's
exclusive — it's triple patented.

Turn chaos into cash by quickly locating transmission line distance to
opens and shorts to within feet, in any transmission line.

for is probablly available thtzougl"l’a Call Today Wats Free 1-800-813-3338

governmental agency such as the

Department of Energy, the Energy SENCC}F{E

Information Administration, or the 3200 Sencore Drive . .

Federal Energy Regulatory Com- Sioux Falis, SD 57107 innovatively designed
mission. 605-339-6100 In SD Only with your time in mind.
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Super Disk
Diskettes

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

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

A NEwW COMPANY WAS NEEDED AND STARTED
Fortunately, other pecple in the diskette industry recognized
that making ultra-high quality diskettes required the best and
newest manufacturing equipment as well as the best people
to cperate this equipment. Since most manufacturers seemed
satisfied to give you only the everyday quality now avalilable,
an assemblage of quality conscious Individuals decided to
slart a new company to give you a new and better diskette,
They called this product the Super Disk diskette, and you're
goingtolove them. Now you have a product you can swear by,
not swear at.

HOW THEY MADE THE BESTDISKETTES EVEN BETTER
The management of Super Disk diskettes then hired all the
top brains in the diskette industry to make the Super Disk
product. Then these top bananas (Sometimes called floppy
freaks) created a new standard of diskelte quality and
rediability. To learn the "manufacturing secrets” of the top
diskette makers, they've also hired the remaining “magnetic
media moguis” from compelitors around the world. Then all
these world class. top-dollar engineers. physicCists. research
scientists and production experts{if they' ve missed you, send
In your resume to Super Disk) were given one directive..to
pool all their manufacturing know-how and create a new,
better diskette.

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

1. TOTAL SURFACE TESTING - For maximum reltxiilty, ind to leasen 1he hkalihood of
ek errors, W dmhuttas must be O sudace tested At Supsr Ddak. sach diskeite W
100% surtace testad Supdr Disy (s 80 PICKY In thalr tealing, 1hey even leal IMe traciu that
are in batwean the feguiar IrdCiy

2. COMPLETE LINE OF PRODUCTS - For & diskells {0 be useful 1o you Bnd your
computer. B must be compatable Physically. Super Digk hae an gotire line ol 3M-inch
and 3¥-nch diskalies for your Compuler

3. SPECIALLY LUBMIC ATED 015K » Sufdy Diak uses 8 3pecial oxule lubricant which i
#cded 10 the Base madia i the croduction of INeIr disketiss. This Oires You B Dalte: dik
drive hawd 1o madia contact Bnd longer head and disk lds.

A HIGH TEMPERATURE/LOW-MARRING JACKET - & uniwus heoh lamperaluts snd
Ioriv-rmdl rring vyl Jachat Sikows UlE Of thae Oroduct where Sthar disks 43 won'l work Thie
spectal JChat 6 mars Ngh] IREN other mkell#s Snd heips shminsts dust on 1K jacker.
8. REINFORCED HUB RINGS * Stendard on a) 48 TP Super Disk mink-diiks, tc
strengthen INS centas hub howe, Thig incroase s 1he We of Ine Sk W0 28 ve you money gnd
NCroass overan diahetta relabiity.

8. DISK DURABILITY . Super Drgk clishatien wil badt B ndusiry standards 4o rpiimbility
mnca they will ghee you more than T75% ol the origingl spnad ampliuce maining aven
slior an average (Weibul B-50) ol 30 midign passes Thry arac B4 with Bl industry
pecifications ms sstabiished by ANS), ECMA, 130, 1BM sna IS

T. CUSTOMER ORIENTED PACKAGING - AN Super Dk diskettes are packaded 10
diakpttes 10 8 Carton and 10 CArions 1a 8 Cade The economy bulk pack i Pschaged 100 or
500 disks 10 A Cass withOut #nveioDes OF labels

8. UFETIME wARRANTY - it ali a1ne I 0. rémambar, all Hsks msoe By Super Digk Inc.,
have & Bwlima wacranty # any Super Disx dinketie 1610 10 mee Tctony Spectueations.
Supar DRk INC wni) 1oCiaCe 1hem UnGer the torms Of the Super Dvph wasranty

9. SUPERE YALUE - With Super Duab's Buiomaled production ing. hgh-quality, #rrod
o diska ar® yours wihout 1he Moh oot

Order toll free 800-USA-DISK

CIRCLE 1838 ON FREE INFORMATION CARD

SAVE MONEY... QUANTITY DISCOUNTS AVAILABLE

Super Disk diskettes are Packed 10 diskettes lo a ¢carton and 10
cartons to a case. TO save yOu even mofe, we also offer Supar Disk bulk
product where 100 or 500 disketies sre packaged In the same box
without envelopes or labels. Since we save packaging costs, these
savings are passed on O you. FOr best value. You Bhould order in
increments of 100 disketies Quentity discounts are also avallabie.
Order 200 or more disks at the same ime and deduct 19%; 300 or more
2% 400 Or more 3%; 500 0r mora 4%; 1,000 or mare 5%; 2.000 or more
8% 3.000 or more 7% and 5.000 ©or more disks eams you an B%
discount off our Guantity 100 pricé. Super strong and lear resistant
5%W” diskette anvelopes are availabie from us for only $10.00 per pack
of 100. Use ordar # CV-5 tor & 100 pack of 5%* diskelie envelopes.

39¢ per disk
Quantity One

Almost all disketies are Immediately avallabie from Supes Disk With
our efticient warehouse lacilities, Yyour order is normally shipped in
less than 8 day.

BAVE ON SUPER OI1SK™ OISKETTES
Product Descrdption

Super Diak
Mica
Pari & par disc (8)

5%" S85D Soft Sector w/HUb Ring Relail 10 pack S431-HR .64
5%" Same 88 sbove. but bulk Pack w/o enveiope S437-HR 0.38
B%* S5DD Soft Sector w/Hub Ring Retail 10 pack &481-HR 0.68
5%" Same as above, but bulk Pack w/0 envelope G487-HR 043
B%" O0S0D Sott Sector w/Hub Ring Retal 10 pack S4891:-HR 0.74
5%" Same as above. bul bulk pack w/0 enveicpe G497 -HR 048
5% DSQD Sott Sector (B8 TPD Retail 10 pack 8501-HR 1.09
5%" Same as above. butl bulk pack w/o enveiope B507-HR 078
5% OSHD for 1BM PC/AT - buik pack B&BT-HR t49
3%" SSHO {135 TPN - Retall 10 pack 8311-HR 1.50
3% SSHO {135 TP} - bulk pack BI17-HR 114
3%" DSHD {135 TP - Retail 10 pack B8321-HR 1.68
3%" DSHO {135 TP - bulk pack 8327-HR 1.49

3550 = Singte Swed Sinpie Densily, S8DD = Singie Sided Doubie Density;
DSDD = Dounie Sided Doubie Dansity. DSQD= Double Sided Quad Density;
SSHD = Single Sided High Density; DSHD = Double Sided High Density.

BUY YOURDISKETTES FROMCE WITH CONFIDENCE

To get the lastes1 delivery of your disketi£s. phone your order directly t0 our
order desk and charge it 10 your credit card. Writien purchase orders are
accepied from approved government agencies 8nd most well rated firma at
a 10% surcharge lor net 10 billing. FOr maximum savings. your ordér should
be prepakd All 2ales are subject o avallability, acceptance and verificathon.
All sales are final. Alt Drices are n U.S. dollars Prices, terms and specr
Mcations are subject 10 Change without notice. Qut of atock items may be
placed on backorder or substiluted for @quivalent Product unless we are
nsiructed ditferenily. A $§5.00 additional handling fee will e charged ior all
orders with a merchandise tolal under $50.00. All shipments ase F.0.B. CE
warehouse in Ann Arbor, Michigan. No COD's. Non-certified Checks require
bank Clearance. Michigan residan!s add 4% sales tax Or supply your lax 10
number and reason for tax axemplign.

For ahlpping Cherges add $8.00 per 100 diskettes and/or any traction of
100 5%-Inch or 3%-inch diskettes for U.P.S/A.P.S. ground ahipping and
handling In the continental U.5. UPS 2nd day air rates are three times
confinental U.S. rates. For Canada. Puerto Rico, Hawal, Alaska, or
APO/F PO delivery, shipping is three times the conlinental U.S. rate.

Mall ordera to: Communications Electronics Inc, Box
1045, Ann Arbor, Michigan 48106-1045 U.S. A. If you have a
Discover, Visa or Master Card, you may calland place a credit
card order. Order telkfree in the U_S. Dial 800-USA-DISK. In
Canada. order toll-free by calling 800-CA1-DISK. If you are
outside the U.S. or in Michigan dial 313-973-8888. Telex
anytime 671-0155 (6710155 CE UW). Order today.

Copyngnt © 1986 Communications Electronica Inc. Ad #100186-HR

Now ¥
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WIND-GENERATED POWER
FOR SALE

As an experimenter, |’ve long been
interesied in wind-generated elec-
trical power. The idea of puttingup a
windmill and generating power for
my own use and for selling to the
power company is very attractive.
However, the power company re-
quires that | install a synchronous
inverier belween the wind generator
and the power line. Can you supply
the schematic of a synchronous in-
verter?—D. B., Astoria, OR.

A windmill generator produces
direct cusrent that must be inver-
ted (converted) to alternating cur-
rent before it can be used to power
most household appliances, and
certainly before it can be fed into
the public-utility power lines. A
synchronous inverter is a type of
motor-generator set. The Amer-
ican National Standards Institute
describes a synchronous inverter
as “An inverter that combines both
motor and generator action in one
armature winding. It is excited by
one magnetic field and changes
direct-current power into alternat-
ing-current power.”

Engineers from our tri-state re-
gional power company and from
an electric-power co-operative say
that if you have enough power
available to interest them—several
nundred-thousand kilowatts—
they would specify the inverter
and you would have to have it built
to their specifications.

PHILCO AM/FM SERVICE DATA
| need the schematic and service
data for a Philco model N-1740-124
AM/FM radio that was manufactured
around 1963. Can you help?—M.
W., New Haven, CT.

The receiver thal you are inter-
ested in is covered in Sams Pho-
tofact Set No. 794, Folder No. 8.

Other readers who need sche-
matics and service data on many
makes and models of consumer
electronics products that were
manufactured between 1946 and
the present may find that informa-
tion in a Sams Photofact folder.
You can call Sams toll-free at
800-428-5AMS and ask for the
name and address of the Photofact
distributor in your area. You may
also be able to obtain information
on availability of the data you
need. R-E

Analyze defective waveforms
faster, more accurately, and
more confidently — every time
or your money back

1 T 1 1 T

™30 %P

ou (P Ol

with the SC61 Waveform Analyzer
Patented $2,995

If you value your precious time, you will really want to check
out what the exclusively patented SC61 Waveform Analyzer can
do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

End frustrating fiddling with confusing controls. Exclusive ultra solid
ECL balanced noise cancelling sync amplifiers, simplified controls, and
bright blue dual trace CRT help you measure signals to 100 MHz easier
than ever.

Accurately and confidently measure waveforms from a tiny 5 mV
all the way to a whopping 3,000 ¥V without hesitation with patented
3,000 VPP input protection — eliminates expensive “front end” repairs
and costly equipment downtime.

Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-peak
volts and frequency 100% automatically with digital speed and accuracy.
It's a real troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals, rise or fall times or voltage equivalents be-
tween levels; direct in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troublesome divide
and multlply stages is quicker and error free — no time-consuming
graticule counting or calculations. Simply connect one test lead to any test
point, push a button, for test of your choice, for ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Demo.

Call Today Wats Free 1-800-843.3338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Ounly with your time in mind.
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EQUIPMENT REPORTS

Beckman Circuitmate
LP25 Logic Probe

The easy way to
troubleshoot digital circuits

CIRCLE 9 ON FREE INFORMATION CARD

TESTON'S CHECKMAN MINI
its any shirt pocket. Carry it with you at all times
to test and measure AC/DC volis, ohms, and even do diode checks Self-contatned in a
vinyl case, wilh probes stlached, this compaci 3% digil mullimeter joids to spprox.
4.5"H x 3"W x 0.5"D and weighs only 3 oz. Always ready for aclion, the high quality
CHECKMAN MINI otters built-in autoranging, easy-to-read 0.4° high LCD, continuity/diode
testing. and low cost

To order, for shlpment within the USA, send ¢check or
money order for $29.95 (CT residents add 7'4% Sales tax) plus $1.50
for handling and shipping or call TDLL FREE: 1-800/221-5749.
FULL ONME YEAR WARRANTY.

F} =" SIBER HEGNER NORTH AMERICA INC.
— 5 Landmark Square, Stamford. CT 06901
|@ Call TOLL FREE: 1-800/221-5749

f tn CT: 203/967-4441 Telex: 279653 SANDH UR

RADIO-ELECTRONICS

L
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HOWEVER DIFFICULT IT IS TO DESIGN
digital circuits, it's even more diffi-
cult to get them working properly.
In a world where the delay of a few
microseconds can mean the dif-
ference between a hit and a miss,
pinpointing problems can be a
problem in itself. There are lots of
ways to debug circuits bui all of
them have one thing in common—
you need tools to do the job.

1f you can’t afford an os-
cilloscope and a logic analyzer, all
is not lost: You can still do a good
amount of troubleshooting with a
logic probe. Once upon a time,
logic probes only indicated logic
highs and lows, and they did that
by using a resistor and an LED. To-
day’s commercially available pro-
bes are a lot more sophisticated—
and a lot more useful.

The Circuitmate LP25 logic pro-
be from Beckman Industrial (630
Puenta Street, Brea, CA 92621) is an
inexpensive way to peek inside a
digital circuit. It has every one of
the features you'd like to see on a
probe and, wonder of wonders, a
reasonable price tag as well. At a
suggested list of $39.95, the LP25
will pay for itself the first time it
saves you hours of debugging.

The L P25 is extremely easy to use
and is compatible with any of the
logic familes you might be using. A
small switch on the probe lets you
seleci either a TTL or CMOS detec-
tion threshold, which is necessary
because the industry standards for
those two families are different.
TTL specifications are less than 0.8
volt for a low and greater than 2.3
volts for a high. CMOS normally
switches at about 50% of the sup-
ply rail but the industry standard is
70% of V. for a high and 30% of
Ve for a low. The TTL setting on
the probe also is good for use with
DTL, RTL, and HTL.
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Electronics Paperback Books
EVERY BOOK IN THIS AD $6 OR LESS!
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BP125—-25 SIMPLE AMATEUR BAND ANTENNAS.... $5.00. Al pry inexDeN
lo butldl, yr perlOnT wedl Deodes. beams., trarghe 8nd even & mind fhomise.

] BR1I8-20 PROGRAMS FOR THE 2X SPECTRUM & 16K Zx#1,..85.75. Pro-

Grams 1D Ruf. Progriem io have fun with. Even programs that will help you wam to
witle PROGrITE.

160—C ML DESKGN & CONSTRUCTION MANUAL.....55.95. How Ihe hobbys]
can buid BF. IF, sudho sng pOWSr cons. chokes 8nd ransiormers. Cowars AM. FM
and TV spphcaions

] 208—PRACTICAL STEREC & QUADRCPHONY HANDBOOK. ....$3.00. A rater-

ence book lor all inierested N Merso and mulfichannel 30und mpvoducton

BPYG—MIN-MATRIX BOARD PROJECTS... 55.00. Here aro 20 usahul Cnouts
Tt CAN S Dunt 0 I mes-miatrer board that i just 24 holed by S0 copper-od Shrps.

BP5T—HOW TO WRITE IX SPECTRUM AND SPECTAUM + GAMES PRO-
GRAMS....35.95. A crystal-clear s1op-Uy- s1ep guidy 1o wiiting your own graphecs
GAMaS IOQrame.

BPHT7—PRACTICAL ELE CTRONIC BUILDING BLOCKS—Book 1.....$5.75.
Oscilialons. Tunwrs, Hose Genaraiors, Rectivens. Comparions. Trgges sndmon.

] 219—SOLID-STATE NOYELTY PROJECTS....$4.95. Fun projects include the

Optomn. & muscal insirument that s played by refecting I hght bearm with your
hand, and many mon.

222—50ULID STATE SHORT wWAVE RECEIVERS FOR BEGINNERS....$5.00.
Moderm, solia-slate cincuits (hal will deldver § lairty Righ (el o periormance

BA26—BASIC § PASCAL IN PARALLEL. . $4 95 Takes these two progrim-
maryg languages and deveops Programs i both languages simultanaciusly

14—50 CMOS IC PROJECTS 3525 includes $achons ON mufinvibralons.
amphfiees and cacllalons, trigger Jevices, and special devices.

-] 225—A PRACTICAL INTRODUCTION TO DIGITAL IC'S.. . $4.95. Mainty con-

carmad with TTL devices. Inchudes several mmple PYOECts PAUS & IO(AC Crcun lasi
sl g @ diptal counier mer.

2268--HOW TO BLILD ADVANCED SHORT wavE RECEIVERS....55.50. Full
Dractical consiruction details of & number of receners e presenied

| 227—BEGINNERS GLIDE TO BUILDING ELECTRONIC PROJECTS.....$5.00.
Hmummmmiﬂdmmsnmmmsluwm
WACHOMNG DI,

BPS—ENGINEERS SND MACHMISTS REFERENCE TABLES....$2.25. Screw
Turead data Orifl sizes, Circle dwvasion, angies. Lnpers Snd Ma

123—FIRST BOOK OF PRACTICAL ELECTRORIC PROJECTS....$3.75. Proj-
SCty NChadl 3o dislorion meler, super FET racwer. Quitar smphiver, melronome
and mong

BE24—52 PROJECTS USING IC T4t... 3525 Loty of propects built around ths
onve avadabie IC.

BRII—HOW TO BUILD YOUR OWN METAL & TREASURE LOCATORS..
35.00. Elactronic and Pactical delails on the simpse ang inexpansve oonslmchon
ol Petrooyme matal CHONE.

o]

|

HPI3—ELECTRONIC CALCULATOR USERS HANDBCOK. .. 35.75. Invaluable
book & ail caiculaton ownees Telis how to Gt the mos! oul of your cakeylaion

BPI—50 CIACUITS USING GERMANIUM. SILICON & ZENER Di-
CGDES....35.00. A collaction of useful circuits youl wan! in your bwary,

BP37-—50 PROJECTS USING RELAYS. SCR'S & TRIACS.....55.00, Buid pri-
Oty i gl rrscciul WEAITHIY) . gt dh 5 §rd more.

BPY9—50 FET TRANSISTOR PROJECTS... $5.50. RF ampliliers. hest squip-
menl, tuness, MCees. 1one conlmis, et

BP42—SIMPLE LED CIACUITS....$5.00, A large selecton of sirmple applicatons
for thia sample SHBCtronC COMpOnent

BA27—HCW TO DESIGM ELECTRONIC PROJECTS. . 35.75. Haips the raader
0 pul propects together from standard cwoull blochs with & minimum of trial and
oL,

BP12=—AUDIO AMPLIFIER CONSTRUCTION.... $5.75. Construchon delas ko
Proamps and power amplhifiers up through a 100-wal DC-coupked FED ampiifes

BP43—HOW TO MAKE WALKIE TALKIES... .35.00. EqQuipsien ki Kw-power
hand-held or porisbie Ope:aton

BP45—PROJECTS IN OPTOELECTRONICS . $5 00. Inciuces infra-red cetec-
hors, tranamittérs, madulaled hght ph

"

BPAB—ELECTRONIC PROJECTS FOR BEGINMERS. . $5.00. A wide ranga of
easdy complated proects K the DEgINGEE Inciudes BOMP NC-soklening promch,

BP49—POPULAR ELECTRORIC PROJECTS....35.80. Radio. audio. househok]
and tes| equipman] prosects an il iInchaded,

BPS1—ELECTRORIC MUSIC AND CREATIVE TAPE AECORDING... $5.50.
Sherrk hOW YOU CAN Make Shctoo: Music al home with the simpest and mosl
OWEIDATSND AoupETT

BP—ELECTROMIC SECURITY DEVICES... $5.00. Inciudes both simpla wnd
more 3ophishcated burglas aiarm crcuts using kght. wira-red, snd Uirasonics.

BPS4—SECOND BOOK OF CMOS IC PROJECTS. . $5.00. Mome cucurs shomw-
g CHMCS apphcatons. Most are o & tairty simple design

APT2—A MICROPROCESSOR PRIMER. .. $5.00. W suat by desagreng & small
compuler and 3haw howr we OB OVeICOME 13 SHOMCOMMNgE.

BP78—PRACTICAL COMPUTER EXPERIMENTS... $5.00 Construct ypicsl
compuler Seouits ussng deacret I L kv & Baskc understinding of how comput-
o3 huncion

BP— AN INTRODUCTION TO RADIO DX ING...... $5.00. How you can Iune I on
tmmw,nmmmacasrsmmwmnmmd
your home

BPS4—ELECTRONIC PROJECTS FOR CARS AND BOATS . $5.00. Filleen
Simple propacts (hat you £an use wilh yOur car Of boat Al are desxgnad to operale
from 12-wtt DT subphes

r-'----f_--!

ELECTRONIC TECHNOLODGY TODAY INC.

USA & CANADA
PQL Box 240, Massapequa Park. NY 11762-0240 0 ST

$5.0110 §10.00.
Name $10.01 to 20.00.

$20.01 tg 30.00
Address - $30.01 to 40.00 .
Ciy State Zip - $40.01 1050 00

RE'1 286 $50.01 and above .

SHIPPING CHARGES IN

$1.00

L8175
8275

$3.7%
$4.75
$5.75
57.00

DUTEIDE USA & CANADA
Multipty Shipng by 2 for 62 mail
Muttiply Shipping by 4 for ake majl

Humber of books ordered D

Total price of merchandse . 5
Sales Tax [New Yora State Residents pnly) s
Stupping (see chart) s
Aly payments must Total Enclosed . §

be in U.S. (unds
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High and low logic levels are in-
dicated with red and green LED's
as well as high and low tones.
Since the audio is generated by a
small piezo element, the output
level Is rather low and you’ll have
to turn down your radio to hear it.
The tones produced by the (P25
are about 2 kHz for a high and 1
kHz for a low. If you've never used
a probe with an audio signal be-
fore, you'll wonder how you ever
got along without one. It's really a
tremendous convenience to be

able to test circuit points without
having to look at the probe.

The L P25 can do more than show
logic levels. If you're looking at
clock pulses, the probe indicators
will not onty modulate, but they’ll
also give you some idea of the
waveform. Different types of wave-
forms will produce both different
LED combinations and sounds.
The instruction sheet has a small
chart to use in understanding what
the probe is telling you.

The frequency range of the £ P25

Beckman

Desoldering
Tool
SALE

$1595

20 - 240 volt.
150/60Hz.

25 - 30 watt. Can
be used for both
soldering and
dascidering.
BM-483

(@M
~.-'-_ __/

Video Head
VEH 0070

SALE 3795

Panasonic type head
used In 2-4 hour
recorder system.
T-682

Audiophile
Headphone

with ¥Yolume Control and
Walkman Style Adapter

e 92493

Om-298

CRT Brightner
with Isolation
Transformer

$825 o

T-681 SALE

GE Voltage
Supressor
GESP-753 UL Listed

v700 sare 91995 ea

Telephone
Amplifier

SALE 31 095 EA

Easy Installation

4 Amp
Power Supply

w1 SALE 31875 EA

Ba-231

46 Channel
Block Converter
with Fing Tune Conlrol

o 51992

@ ORDER BY PHONE

800-645-4720 m;)NfagfLQmo

Electronic Parts & Accessories
& unit of ALPHAKENCO INC.

820 14th Avenve. Drooklyn. NY 11218

10” Replacement
Woofer
8 ohm 3570 Watt

Dm-217

SALE

$3900

200 Meg/Ohm
Digital Multitester

AC or DC. wibattery.
Display boxed.

call for
our free
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goes from DC to 25 MHz but its
state indicators are responsive
only up to 200 kHz. For any higher
frequencies, circuit conditions are
shown on the pulse caicher. A
yellow LED near the back of the
probe will flash whenever a logic
transition occurs and the Circuitry
will see pulses as narrow as 30
nanoseconds. If you're looking at
clock pulses faster than 200 kHz,
the high and low LED's may or may
not light, but the yellow LED will
be flashing so rapidly it will appear
to be on constantly.

Since the pulse-detector circuit-
ry is triggered by both positive-
and negative-going transitions,
the LED will be flickering at twice
the clock rate. Although Beckman
lists 26 MHz as the upper limit of
the probe, it didn't start to get
flakey until the test frequency was
past 40 MHz.

The pulse-detection circuitry in
the probe can be made either to
reset itself after each detection or
to latch. That is done using the
PULSE/MEMORY switch on the probe.
In normal use, you would put the
switch in the puLSE position. But if
you're looking out for an occa-
sional line glitch or pulse, flip the
switch to mEmoRy and go out fora
pastrami sandwich. If the pulse
shows up, the probe will detect it
and latch the LED on.

There's no way that a logic pro-
be, even one like the [F25, can
substitute for a more powerful in-
strument such as a scope. If you
want to do heavy-duty Circuit de-
bugging, a scope is the way to go;
but for quick and dirty trou-
bleshooting, you'll have to do a lot
of looking before you find some-
thing as simple and useful as Beck-
man's £P25. It's powerful, well
made, and won't put a big hole in
your wallet, R-E

continued on page 28
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HITACHI OSCILLOS

“The ALLEN INDUSTRIAL ELECTRONICS GROUP
highly recommends these fine Industrial Quality

Hitachi Oscdiloscopes”

Aichard 5. Vialton MSEE I

V- ELaILeEsNManager

20 MHz Dual Channels INDUSTRIAL ELECTRONICS GROUP
Convenient 0, 10, 90 and100% i
amplitude markings, vertical mode i
triggering, 1mV/div. sensitivity & H I I AC H I

+3% accuracy, TV sync separation

circuit, X-Y mode, low drift. $ 429 AVE UP TO $850.00!

" V1100A VC6041UG

: "|_ 100MHz/Quad Channels, 40MHz, sampling, dual

T ’,.l P ' @ U 8-trace, delayed sweep, CRT  channals, 1mV dual trace, 67
15 readout, digital measurement. CRT, 4k words per channel,
,1‘. @ Gu $2260. GPIB option. ......... $5180.

-..-

® 0y xu.,} V1070A VC6041UX
100MHz/QuadChannels, 40MHz, digital storage, 1mV
8-trace, delayed sweep, CRT  dual trace, 6" CRT, 4k words

readout......occ.oeo.... $1610. perchannel .......$4380.
"‘r V1050F V509
100MHz/Quad Channels, S50MHz, dual channels, mini

8-trace, delayed sweep. portable, delayed sweep.

20MHz Dual Channels VB50F $1395. A $1199.
Same as above with DC offset to 60MHz/Triple Channels, 10MHz, dual trace, bi-stable
measure signals having DC com- delayed sweep........ $1057. storage................ $1395.
ponents, CH1 output and DC offset V-422 V209
voltage monitor outlet available for 40MHz,DualChannels. §785, 20MHz, dual channels, AC-
external counter or DVM*, alternate DC, mini portable....... $815.
magnify function provides x1 and THE 928 PAGE
x10, sweep waveforms to be simul- WM. B. ALLEN
taneously displayed. $ 51 1 ELECTRONICS CATALOG

. A $15.00 VALUE
"The purchase of a Mode) V222 0scilloscope FREE'
entlles you to purchase & Revera Model ARDMT10 Wi Punc;-uss

3 172 digil. 10 amp. scale digital mutti-mater for
$39.95! Regular price is $49.95. Otfer apples
only 10 Hitachi Model V222,

WM. B. ALLEN SUPPLY COMPANY, INC.

ALLEN SQUARE
THE 300 BLOCK * NORTH RAMPART STREET

NEW ORLEANS - LOUISIANA 70112-3106
LOUISIANA TOLL FREE 800 462 9520 * NEw ORLEANS (504) 525 8222

CALL NATIONWIDE TOLL FREE
800 535 9593

24 HOURS A DAY!
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Beckman Circuitmate
PR41 Logic Pulser

A logic probe can't do it all
by itself!

CIRCLE 10 ON FREE INFORMATION CARD

A LOGIC PROSE LIKE THE THE LP25 IS A
very useful stand-alone circuit-de-
bugging tool, but its utility can
really be increased by using a logic
pulser, such as the Circuitmate
PR41from Beckman [ndustrial Cor-
poration {630 Puente Street, Brea,
CA 92621). Both are perfect tools
for people who don’t want to
spend a whole bunch of money on
a set of basic instruments to help
in designing and building digital
electronic circuits. The PR47 lists

for just $44.95.

Logic pulsers are invaluable for
forcing digital IC’s to change state.
You can do the same thing with a
clip lead and a resistor; but the
hallmark of digital circuitry is
controlied changes and, as we all
know, you can’t be very precise if
you're debugging stuff with
nothing more than a hunk of wire.
Logic pulsers do their thing accu-
rately—and safely. That’s impor-
tant since a heavy-handed ap-

proach usually produces nothing
more than smoke.

The PR41 draws its power from
the circuit under test. The coiled
cord coming out of the back of the
pulser ends in two clip-leads. All
you have to do is to connect them
to power and ground on your
board. and the pulser is opera-
tional. Putting the unit to use in-
volves nothing more than touch-
ing the tip to the input of the IC.

The circuitry in the pulser can
operate at two different rates.
Which one you choose will de-
pend on what you're trying to do.
The small slide switch allows you
to select between pulse rates of
400 Hz and .5 Hz. The higher rate is
useful if you want to clock part of
your circuit and watch the results
farther down the line. If you just
want to force a logic translation,
you're better off at the slow rate,
since it will give you enough time
to remove the tip from the IC be-
fore the second pulse is gener-
ated. You can see the number of
pulses produced by watching the
LED at the tip of the pulser.

i

SPECIFIGATIONS:

COPPER ELECTRONICS

4200 PRODUCE ROAD - LOUISVILLE. KENTUCKY 40218

54.95 49.95

2 Poyer Range: 20, 200, 2000 Watls

noe Of HgNal joss,

CONNECTION
PROTECTION
A L} _

caus FREE 1-800-626-6343 ,
or write for FREE Flyer. ’?-‘lfss.d
e ‘ i
efa\;f‘«@( EOGE comvecrons
&
pLUGS & SOCKETS
WATTMETER METE
poTEN"
99.95 CRAMOLIN'
6 LOT 12 LOT Even the fines! oquipment R the workd canhot Quarsnted ng s9-1rew ODErabion

One “dirty” connaction anywhers in the shectncal path can cause unwanied

“MORE THAN A CONTACT CLEANER"

CRAMOLING s ¢ tast-acting, ani-oxxiizing Wbncant that cleans and

RADIO-ELECTRONICS

]
-]

% YSWR. Voitage Standing Wave Reading
* Pesk FRsading During modulation
® Accuracy +f-6 percent on dead cerrier

[ressrves 68 metal surtaces, ncluding gold.

When spplied 10 metsl comtact and connectors. CRAMOLIN? removes
rosisiive Cxidig 8 X lorme @ Drofective MOeCuUlar Loyer hat adhecss 10 e matal
SUrTACes and mpinians MATmUT glectncal Conductivily.

CRAMOLIN" . USED BY THOSE WrD DEMAND THE BEST

We have a natlonal factory warranty service on o Hevas Packwd WCKTory} Nabrmicht
many brands, and we service All CB, Amateur, and ?f.:. mm mwmu:"’ el mw
Commercial Equipment. SNCE 1988

[INTILABORATORIES ..

11750 noning Ave. (PO Bos J} - Esconeess, CA Q00051 USA  + WY T4

CIRCLE 180 ON FREE INFORMATION CARD

THE LOWEST PRICES IN THE COUNTRY!]/
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Now you can heip your
customers protect their
expensive electronic equip-
ment from sudden shock

with two new surge suppres-

sors from RCA.

The Power Safe (SK406)
protects TVs, computers,
microwaves and more by
absorbing transient voltage
surges resulting from near-
by lightning strikes, load
switching and other causes
before the surge hits the
equipment. Handsomely
designed and easy to in-
stall, this handy six-outlet
strip simply plugs into any
grounded wall outlet.

RCA's Power Safe surge suppressors

absorb voltage surges before your
customers electronics get damaged.

The Power Safe Plus
(SKF406) protects every
way the Power Safe does,
plus it filters out electronic
noise interference. The sup-
pressor's high-frequency
bi-directional filter senses,
absorbs, and dissipates
noise interference before it
can reach the equipment.

Together, they have the
potential to become powerful
profit builders for you.

To learn more about this
shock-absorbing team, see
your RCA Distributor. Or con-
tact RCA Distributor and Spe-
cial Products Division, Dept-
ford, NJ 08096-2088.

“c " Distributor and
Special Products Division

CIRCLE 183 ON FREE iINFORMATION CARD
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The pulses being injected into
the circuit have a risetime of 2 ps,
last 15 ps, and then take about 30
us to decay. The PR41 has push-
pull output Circuitry so it can
source or sink up to 100 mA, which
is more than enough to drive any
IC input-——whether it's already
being driven by an IC output, or
even tied to one end of the supply
rail through a resistor. And since
the pulses are so short, the
chances of doing any damage to
the IC being pulsed are low.

Being able to trigger in-Circuit
logic transitions is a great aid in
circuit debugging but, unless
you're looking at unclocked in-
puts, it still doesn’t give you a true
picture of circuit operations. The
people at Beckman understood
that when they designed the PR41.
The unit can put out pulses in sync
with an external clock. There are
three pins on the pulser - ground,
clock in, and clock out. The pin
labeled ext synC is an input that
accepts a clock signal and then
forces the unit to output pulses at
the clock-signal's rate. The clock

puises are isolated and cleaned up
by an internal Schmitt trigger and
appear at the pin labeled sq.

There are two points to keep in
mind if you want plan on using an
external clock. if the clock you're
feeding In has a frequency less
than 400 Hz, the PR41 will put out
pulses at the clock rate. If it sees a
clock faster than 400 Hz, the out-
put frequency isn’t very easy to
predict. The PR47 will lock to the
input frequency and put out
pulses at some indeterminate rate.
The pulses will be synced to the
incoming ¢lock, but the maximum
frequency will be 400 Hz. In other
words, you'll be sure that every
pulse the PR41 puts out coincides
with an external clock pulse, but
the output frequéncy won’t be
more than the pulser’'s maximum
of 400 Hz.

The external clock input of the
PR41 has an impedance of 1
megohm, so you can be confident
that it will be invisible to just about
any clock line you tap; there’s very
little chance of loading down your
circuit. The pulser is extremely

PR41

INSTRUCTION
MANUAL

easy to use and, since it’s built
around CMOS circuitry, it can op-
erate over a wide range of supply
voltages. Even CMOS, however,
has outside limits and you should
be careful to stay within them or
you'll damage the probe. The
clock pulses produced by the PR47
swing very close to the supply voit-
age so you should make sure the
input you're testing can safely han-
dle that voltage. If it can’t, you'll
have to use a resistive voltage di-
vider or some other arrangement
to cut the pulses down to a safe
level. R-E

Experience the wonder...

of

Learn about:

Explore other fascinating
concepts like Robotics.
Hydraulics, Siatics, and more!

Avaliabie at your Heath/
Zenith Computers &
Eilectronics Center. See
your telephone white pages
for the store nearest you. Or order
from the Heathkit Catalog. To order by phone,

fischertechnik kits

Compressors

We make a variety
of easy-te-build, educational kits,
from the simple to the complex. For ages

6 and up. For learning that's fun.

Motors & Gears

Pneumatics

RADIO-ELECTRONICS

[ %)
[=3

cail 1-800-253-0570.

fischertechnik
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ELENCO PRODUCTS AT DISCOUNT PRICES!

SCOPE
PURCHASE

1~ ¥} _
20 MHz DUAL TRACE OSCILLOSCOPE 35 MHz DUAL TRACE OSCILLOSCOPE

$369 MO-1251 $545 MO-1252

Top Quality scopes at a very reasonable price. Contains all the desirable features. Elenco’s 2 year guarantee
assures you of continuous service. Two ix. 10x probes, diagrams and manual included. Write for specifications.

gULT{:METEél with F P TRUE RMS 4%4 ) AUTOpRANG1 A ING
APACITANCE and DIGIT MULTIMETER 50 8
transistor tester MANUAL RANG1 NG
! $ Model 3 1/2 DIGIT METER
565 Model | e e 135 M-7000 28 FUNCTIONS
CM-1500 % FULLY PROTECTED
.05% DC Accuracy
50 Eeads Vogs. 0:1!115, f .1 % Resistance M.1180 . ™ A(:YCY :gg.::
® ¢ Current, Capacitors ; ' with Freq. Counter . 'S M-1182 .25% :
: Transistors & Diodes & Deluxe Case M-1181 .1% ACY $42.95

GF-8016 Function Generator
with Freq., Counter

219

» Sine, Square, Tnangle,
*Pulse, Ramp, .2 to 2 MH2

BREADBORD

L]

Shown
9434

10 MHz DC or AC

*Frequency .1 thru 10 MHz Triggerad Sweep 9430 1,300 pins  $15

re 9434 2170 pins %25

GF 8015 without Freq, Meter ‘169 ! ;?t::";,;w’ 9436 2,860 Pins  $35
Triple Power Supply XP-660 50 MHz LOGIC PROBE LOGIC PULSER

$23 $25
$1 4950
020V @ 1A '
RO
>3 % A = =" Lps0o

Fullr Regulated, Short Circult Protected with 2
t

Limit Cont. 3 Separate Supplies. 20 nec with memory 2 us pulse @ 1A
1 i ':-— —~
3 Amp Power Supply XP-650 e DIGITAL LCR METER
T ety 3 . Model LC-1800
M F@ q & 1 1 950 Measures: Inductors $1 48
A o — 4 Capacitors, Reslistors
RS == ‘I 040V @ 1.5A
fee . 0-20V @ 3A Inductors .1uH 10200 H
- - gapacitor.apé to 30034_5
Fully regulated, short clrcut protected current iy esistor .01Qto
Iimityrcongt’rol i § S — Ranges &Ind, 7 cap, 7 res =)
g
CAS SALES, 8744 W. North Ter. Nlles, IL 60648 Q — =] 15 DAY MONEY =
800-292-7711 (312) 459-9040 | ——— BACK GUARANTEE  ASK FOR CATALOG )
2 Year Limited Guaranteel Add 5% for Postage ($10 max.), IL Res., 7% Tax gé
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- KENWOOD

pacesetter in Amateur radio
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R-5000

High performance receiver

THE high performance receiver is
here from the leader in communica-
tions technology—the Kenwood
R-5000. This all-band, all mode
receiver has superior interference
reduction circuits, and has been
designed with the highest perform-
ance standards in mind. Listen

to foreign music, news, and com-
mentary. Tune in local police, fire,
aircraft, weather, and other public
service channels with the VC-20
VHF converter. All this excitement
and more is yours with a Kenwood
R-5000 receiver!

® Covers 100 kHz-30 MHz in 30
bands, with additional coverage
from 108-174 MHz (with VC-20
converter installed).

« Superior dynaml¢ range. Exclusive
Kenwood DynaMix™ system ensures
an honest 102 dB dynamic range.

(14 MHz, 500 Hz bandwidth, 50 kHz
spacing.)

+ 100 memotry channels. Store mode,
frequency. antenna selection.

» Voice synthesizer option.

« Computer control option.

s Extremely stable, dual digital
VFOs. Accurate to 10 ppm over a
wide temperature range.

* Kenwood’s superb interference
reduction. Optional lilters further
enhance selectivity. Dual noise
blankers built-in.

» Direct keyboard frequency entry.

R-2000 150 kHz2-30 MRz in 30 bands

= All modes = Ovgital VFOS tune in 50 Mz,

500 Hz, of 5 kHz steps = 10 memory channels

= Programwnable scanning = Oual 24-hour digital
clocks. with imer = 3 bulit-in IF filters (CW fier
ophional) = All mode squelch, noise bianker, RF
attenualor. AGC switch. S meter » 100120/
2207240 vaC operation » Record. phone Jacks

= Muling terminals = VC-10 optional VHF
converter (108-174 MH2)

e

Specifications and Drices are JubECt 1o change withou! notice of obfidation

CIRCLE 102 ON FREE INFORMATION CARO

WwWwWw americanradiohistorv comm

« Versatile programmable scanning,
with center-stop tuning.

* Choice of either high or low
impedance antenna connections.

* Kenwood non-volatile operating
system. Lithium battery backs up
memories; all tunctions remain intact
even after lithium cell expires.

* Power supply built-in. Optional
DCK-2 allows DC operation.

¢ Selectable AGC, RF attenuator,
record and headphone jacks, dual
24-hour clocks with timer, muting
terminals, 120/220/240 VAC
operation.

Optional Accessories:

s YC-20 VHF converier lor 108-174 MHz
operation = YK-88A 1.6 kHz AM filter

« YK-885 2.4 kiHz SSE filter » YK-88SN 1.8
kHz narrow SSB filter » YK-8BC 500 Hz CW
filer  YK-88CN 270 Hz narrow hiter

= DCK-2 DC power cable ® HS-5, HS-6.
HS-7 headphones * MB-430 mobile bracket
= SP-430 external Speaker  VS-1 yoice
syntnesizer * [F-232C/IC- 10 computer
interface.

More information on the R-5000 and
R-2000 Is available from Authorized
Kenwood Dealers

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut Streel
Compion. Calilormia 90220
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Americans,
this scene is
a fairy tale.

Simply because they
can't read.

Functional illiteracy is a
problem that now affects
1out of S American adults.

You can change that by
making a tax-deductible
contribution to the Coalition
for Literacy. Call us toll-free
at1-800-228-8813 and bill
It directly to your credit card.

Volunteer Against
Hliteracy.
The only degree
you need is a
degree of caring.

(étmr: jal'uon for Literacy

LETTERS

continued from page 14

BUILDING CRYSTAL SETS

I enjoyed Martin Clifford’s arti-
cle, “The Early Days of Radio,” in
the July 1986 Radio-Electronics. |
have been building crystal sets as
far back as | can remember. |
would like to bring up a few things
you missed, and make a sugges-
tion Or two.

First, as | remember, and accord-
ing to the tradition that my father
handed down to me, you could
almost always get a better slgnal
with a galena crystal and a cat’s
whisker than with a germanium di-
ode (IN34). Also, the galena crystal
and cat’s whisker were never han-
dled. Any film or oil from your skin
would impede operation.

Second, all of the between-com-
ponents wiring was done with
“litz"” wire, which you never
touched the pure copper ends of. |
doubt that many experimenters
knew about the skin effect, but litz
wire was part of the tradition.

Third, you needed 2000-ohm
headphones. | have gotten results
with lower-impedance head-
phones, but high-impedance
headphones are a necessity for
any degree of performance.

Fourth, you cannot overstress
the importance of a good earth
ground. The old cold-water pipe
trick may suffice, but an eight-foot
copper rod with a litz wire is really
Superior.

Then there are the little things.
The wooden base, ideally, is made
out of well-dried hardwood that is
coated with several layers of var-
nish. The coil(s) are wound out of a
medium-gauge pure copper wire
with varnishinsulation. Personally,
I'm fond of oatmeal boxes as coil
forms.

One thing that you made no
mention of is the World War 1 crys-
tal set. The heart of it was sup-
posedly a razor blade and a piece
of pencil lead. | have tried to dupli-
cate that design with no luck but
people tell me that it can be done.
Perhaps you could offer some in-
sight into that piece of lore.

Thanks again for the article.
MATTHEW KLEINMANN

Binghamton, NY R-E

_
Capacitance,
logic and more.
For less.

Now, a fully-loaded DMM combines
a capacitance meler. 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
Capatitante: 5 ranges ( 2nF to 20uF)
hFE (NPN or PNPg: I range (1000)
DMM: DCV-5 ranges .2V to IkV)

ACV-5 ranges (.2V to 750V)

DCA-4 ranges (2004 1o 10A)

ACA-3 ranges ( 20mA to J0A)

Ohms-7 ranges (200 Ohms

to 2000 Megohms }

Continuity beeper

Diode check

Built-in bail

Anti-skid pads

See one now at your local Beckman
Industrial distributor.

DM25L...5899%"

e

. r

*Supgested kat price [5U5 ) walh hattrn b lnads md mancal

it e A A W

Beckman Industrial Corporation

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

{714) 67-4800

1D Copyrght TS Beciman hadwaing! Catpuatis

— |
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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, acrospace,
medicine, science, government, communica-
tions, and more.

Specialized training.

You learn best from a specialist, and that’s CIE.
We're the leader in teaching electronics through
independent study. we teach only electronics and
we"ve been doing it for over 50 years. You can put
that experience to work for you just like more than
25000 CIE students are currently doing all
around the world.

Practical training.

You learn best with practical training, so CIE’s
Auto-Programmed?® lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuable hands-on experience at every stage
with sophisticated electronics tools CIE-designed
for teaching. Our 4K RAM Microprocessor
Training Laboratory, for éxample, trains you

to work with a broad range of computers ina

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 ¢an even earn your Associate in Applied

Science Degree in Electronics Engineering
Technology. Of course, you set your own pace,
and, if you ever have questions or problems, our
instructors are only a toll-free phone call away.

The first step is yours.

To find out more, mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-2155 (in Ohio,
1-800-523-9109). 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.

' : l Cleveland Institute of Electronics

177 East I7th 84 . Cleveland. Ohso 44114

YES! | want to getstarted. Send me my CIE school Catalog including
details about the Associate Degree Program. | am most interested in:

cOmputer repair television/high fidelity service
teleconmmunications medical glectronics
robelicsfautomation broadcast engincering
[ other
Print Narme
Address
Chy Seaje
Ap Area Code/Fhone No.
Check box for G.1. Bulletin on Educational Benefits
Veleran Active Duty MAIL TODAY!

OR CALLTOLL FREE

1-800-321-2155

{In Ohio, 1-800-523-9109)

RE-50
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NEW PRODUCTS

DMM, the model 4800, measures
DC/AC voltage, DC/AC current, re-
sistance, frequency {(Channel A, 10
Hz to 100 kHz; Channel B, 10 Hz to
1000 kHz), period, dBm, diode
test, continuity test and tem-
perature (with K-type thermocou-
ple). Also included are com-
parator, data hold, peak hold,
relative, and auto-ranging.

The large 5-digit LCD display in-
dicates pushbutton-selected func-
tions and low line voltage or
overrange conditions. Both man-
ual and auto ranging are provided.
A relative measurement mode is
available, which stores the applied
input as a zero-reference point
from which subsequent measure-
ments will be displayed as devia-
tions.

The comparative measurement
mode permits input of high or low
values as percentages, and a
beeper sounds (and “GO* appears
on the LCD) if the value being mea-
sured falls within the set limits.
“Hi” or "Lo” will be displayed if the
value is beyond the set limits. A

-y
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relay contact is provided for the
external comparator output. A
“key lock” function prevents all
switches except power-off from
being actuated.

Accessories include: power ca-
ble, spare fuses, signal cable, al-
ligator test leads, and comprehen-
sive instruction manual. Optional
accessories include various K-type
thermocouplies, bench “hold”
probe, and 10-amp measurement
probe.

The model 4800 is priced at
$600.00.—Triplett Corporation,
One Triplett Drive, Bluffton, OH
45817,

RADIO-ELECTRONICS

L]
]

SERVICE MONITOR, the model
COM-3, is designed to analyze
and test transceivers in the 100-
kHz to 1000-MHz range, in 1-kHz
steps. It features a programmable
microprocessor memory that

CIRCLE 19 ON FREE INFORMATION CARD

stores and recalls on command up
to 10 commonly used test setups.

An easy-to use keyboard offers
programmable offset keys that
simplify frequency entry for du-
plex or repeater radios, and incre-
mental-step keys facilitate the
testing of a receiver throughout its
frequency range.

The model COM-3 is portable
and has a built-in, rechargeable
battery pack that makes it ideal for
off-site testing; the COM-3weighs
less than 10 Ibs. For additional
portability, a durable Cordura trav-
el case with zippered pockets and
shoulder strap is available.

The model COM-3 is priced al
$1995.00.—Ramsey Elecironics Inc.,
2575 Baird Road, Penfield, NY
14526.

WwWwWw americanradiohistorv comm

IN-CIRCUIT IC TESTER, the Chip
Checker model TTL-11s a full-
mode in-circuit IC tester with the
capability of detecting and display-
ing IC errors during actual operat-
ing conditions; it can do so
automatically.

Itis designed to test most 14, 16,
18, and 20-pin TTL IC%, including
low-power Schottky TTL. That in-
cludes logic gates, flip-flops, buff-
ers, and interface elements,
Newer and older logic families
may also be tested.

Two front-panel-mounted
switches are available for selecting
the Ve and GND pins on the IC
under test. Lighted LED’s indicate
errors or differences between the
IC under test and a reference IC;

Py
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The model TTL-7 can be used to
troubleshoot suspect IC’s on a PC
board, because the IC's do not
have to be removed from the
board to be tested. Good IC's can
be verified without soldering or
causing board damage. The TTL-7
In-Circuit IC tester can be adapted
for low-volume incoming inspec-
tion and screening of IC's, and it
can also be used as an in-circuit
logic monitor.

The model TTL-T is priced at
$299.95.—Microcraft Corporation,
P. O. Box 513, Thiensville, Wl
53092.

MARINE PACK is a submersible
housing designed for use with a
Sony Handycam 8 mm camcorder
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P INSTANT REBATES Y S
ON B&K-PRECISION SCOPES {go052 1osi

Limited time offer—expires November 30, 1986

100 INSTANT REBATE | | 90 INSTANT REBATE | |\

O 100 MHz, Quad Input Oscilloscope I | Digital Storage/Analog Oscitloscope |

o 1my/div'sensitivty — Ful) Bandwidth ® 20 MMz Real Time Banawidth 20 mHz Storage
1 odel » 2% Verlical and Horzontal Sweep Accuracy $1886 Piice jess I I Mod B| Bandwith $1895 Price fess I|
590 = Dua) independent Time Basa $100 00 Rebate 2520 ® 2 Megasample/Second Sampling Rate $90 00 Rebate
A a Cahitwaied Delayed Sweep ® 1K memory Per Channel

20 kV Acceleraing VoIt Equnalent Tima Sampli
: v Mmeinnsmngr g?unals Unreiated $l786 : Pwr;lmu Caprure ! 180 5 I
i Frequency FINAL PRICE I o A1d Wuch Moret FINAL PRICE

» And Much More!t
Y I D e D S S . - [N N N N N N N N N | |

80 INSTANT REBATE | § 60 INSTANT REBATE |

80 MHz, Quad Input Oscilloscope | | 60 MHz, Triple Input Oscilloscope l'

I d I ® 1 m¥/div sensitnaly —Full Bandwidih M Ud el & | my/div sensitivTy ;
0 B ® 2% Vertical and Morizontal Sweep ACCuracy $1464 Puice foss I I ® = 3% Vertical and Hovizontal Sweep ACCuracy $1267 Price fess

® Dual Time Base/Caltvated Delayed Sweep $80 00 Rebate o Dual Time Base/Calibrated Delayed Sweep $60.00 Revate
57 0 A ® 12 1Y Accaleraiing Vollage 1 564 ® 12 kV Accelerzling Yoltage

-:1 '::;;DM“FW Signals Unreiateg $1384 I I -:l:gmsp&ays Thiee Signals Unvelated 31207 I
o And Huch Wore? FINAL PRICE o Ao Much Miore FINAL PRICE
-------—-- B N N N N =N BN N N |

40 INSTANT REBATE | § 20 INSTANT HEBATh

Gy 40 MHz, Dual Input Oscilloscope | | 25 MHz, Dual Input Oscilloscope |

1 Ud e I » | my//om sensitivity - M 0 d e I o | mV/0I sensitrty

® 3% Verlical and Horzomal Sweed ACCuracy $847 Price fess I I ® 3% vertical and Horizontal Sweep AccuraCy $767 Pnce jess I
941 = 20 Caibed gweeo S 1524 - nGmawses R

- Aliwated dweeds - 104 WEEDS

® § k¥ Acceteraling Voltage s 8 07 I I » B KV Acceleraling Vollage 747 I

® ¥ Mode — Disflays Two Signals Unselated C L :Muﬂe-unsnlars Two Signals Unrelated

in Frequency Fiequency

& And Much Morelt! FlNAL PR' E ® And Much Moreit! HN L PRICE
N N N BN N BN B B B ———----——-J

B&K-Precision is offering these instant factory rebates on selected
B&K-Precision Oscilloscopes to you through Participating Distributors.

] ' ' ' PLEASE NOTE: This offer i$ avalabh only at Participaling
ER E s H ow IT wo H Ks B&K-PRECISION Distribuiors. Onty BAK-PRECISION Madels
. 2520, 15904, 1570A, 1564, 1541 and 1524 are eligible tor
INSTANT REBATES. Sofry. no substiutions are allowed

Call 1-800-654-7256 for the name of your PartiCipating
BAK-PRECISION Distributor

Select the BAK-PRECISION Oscilloscope that meets your needs

from the Participating Distributor's stock.

The Participaling Distributor wiil deduct the “INSTANT REBATE™ for
that model directly from the invoice price. You save instantiy!

CIRCLE 77 ON FREE INFORMATION CARQ

INSTANT REBATES apply to purchases lrom October 1, 1986
through November 30, 1986 only,

» DYNASCAN
o< RECISION CORPORATION
6460 West Cortiand Street & Chicago. lllinois 60635 & 312/889-9087

Intarnatonos Selee, 460 W Cormand 5t Checago, Mine E061%
G Sak Ancs Eb . Ontona
$0uth ond Centrol Amerscon $OMS. Embire Exporters. Poinview, NY 11803

WwWwWw americanradiohistorv comm
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= General Communication
& Industry
= pManne VHF
® Scanners
s Amateur Bands
= CB Standard
= CB Special
= MiCroprocessor
Cail or Write

JAN CRYSTALS
P.O. Box 06017

Fort Myers

FL 33906-6017

—red (813) 936-2397 ..

CRYSTALS

Gince 1958
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Learn micro-processing with the new |

MICRO-PROFESSOR 1P |

Students, engineers or technicians— |
upgrade Your micro-processing skills |
with the new Micro-Professor 1P.

The MPF-1P features: |
s extensive software support |
* more built-in memory f
* imptoved kevboard
® larger display
Three tutorial guides help cover all
capabilities. The ideal traiming tool!
MPF-1P will deliver you into the growing
.world of micro-processing. Invest nowl |

Plus-FREE GIFT  Onlv $199.95

) Chech this bon for FREE

£-80 Microprocewor

Programming asd |
Interfacing ienibumib, when {

you ordey within 7 days Dept RE ¥2 86
$16.%5 ralee. Mlnclude 3326 %h Ave. NE
A0 Pt Seattle, WA 90103-3617

andling |
o B mrie ete S tion eall, TOLL: FREES

1-800-426-1044
B £ et ) |

CIACLE 111 ON FREE INFORMATIONT:ARD

inside it. The Marine Pack can be
submerged to a depth of almost
140 feet. Made of plastic and glass,
it is sealed with special buckles
and a rubber ring clamp system.
Handycam camcorder functions
that can be controlled from out-
side the housing.

The aarine Pack features a
piezoelectric underwater micro-
phone for audio pickup, and a
wide conversion lens. The unit
weighs about § pounds, including
ballast weight, and measures 11.80

CIRCLE 2t ON FREE INFORMATION CARD

X 10.25 X 10.45 inches.

The Marine Pack is priced at
$995.95; with video light, $1400.95.
(The Handycam camcorder is sold
separately.)—Sony Corporation of
America, Sony Drive, Park Ridge,
NJ 07656.

CELLULAR ANTENNA, the model
CMR750, is designed to be
mounted on a window inside a ve-
hicle; no outside radial is needed.
The design enables the antenna to
operate with minimum signal loss
or pattern distortion.

CIRCLE 22 ON FREE INFORMATION CARD
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Installing the cellular antenna
inside the vehicle lowers the pos-
sibility of theft and vandalism, and
the antenna is protected from
damage resulting from automatic
car washes and harsh weather con-
ditions. Although the model
CMR750is factory pretuned for the
U. S. cellular band, a trimmer is
provlded for further adjustment. It
comes compiete with 127 of
RG58XM/U low-loss cable and all
connectors.

The model CMR750 is priced at
$72.95 —Alliance Research Corpo-
ration, 20120 Plummer Street, P. O.
Box 4029, Chatsworth, CA 91313,

DMM, the model DM-1004, has 3%
digits and a rotary switch. De-
signed for the professional engi-
neer and technician, as well as for
hobbyists and students, its fea-
tures include: pocket-size, over-
load protection, 0A DC current
readings, 0.5" LCD, and 200-hour
battery life. The model DM-1000
incorporates 6 funtions in 17
ranges, including DCV, ACV, DCA,
OHM, diode test, and battery test.

Ranges include 200 mV,
2/20/200/1000 volts DC; 200/750
volts AC; 200 pA, 200mA, 10A DC;

b= >
22

I DM - 1000 -C L..& mCOM ;.
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200/2K200K2M ohms; diode test
(0-2K ohms); battery test: 2 volts
DC.

The mode! DA1-7000 is priced at
$39.95.—A. W. Sperry Instruments,
245 Marcus Boulevard, Hauppage,
NY 11788.
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Rates: Ads are 24" x 274", One insertion $825 . Six insertions $800 each. Twelve
Insertions $775 each Closing date same as regular rate card. Send order with
remittance to Engineering Admart, Radio Electronics Magazine, 500-8 Bl-County
Blvd., Farmingdale, NY t1735. Dlrect telephane inquiries {0 Arling FisShman, area

R-E Engineering Admart

CALL NOW
AND

RESERVE
YOUR SPACE

& §.x rate $800.00 per each nsertion.

¢ Reaches 239.312 maders.

® Fasl reader service cycie.

# Short lead lime lor the placement of
ads.

Cali $16-293-30040 1o reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail matenals lo:
Engineering Admart, RADIO-ELEC-
TRONICS. 500-B Bi-County Biwd.. Farm-
ngdale, NY 11735,

code-516-293-3000. Only 100% Engineering ads are accepted for this Admart.

A professional package enabling
you to design. edit. pnnt & plot
electronic schematlcs. Supports A"
through “E” slze sheets, over 2000
Unique Library Panis. Part Rotation,
Unlimited Hierarchy, Grids. Auto
Panning, ® Zoom Levels, Rubber-
banding. Powerful Macros, Hi-Res
Color & Monchrome Graphics, Much
More! 5495 Includes Everything

Call or Write for Free Demo Disk.
OrCAD Systems Corporation
1049 S W Baseline St Suite 500
Hillsboro, OR 97123

{503) 640-5007

'LINEAR IC EQUIVALENTS
& PIN CONNECTIONS

Linear il
Equivaienis
*nd Pin
Connecibens

|
BP141—Shows equivalents & pin con-
nections of a popular user-oriented
selection of European, American and
Japanese liner 1G.'s 320 pages, 8 x 10
inches. $12.50 Plus $2.75 shipping.
ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park,

New York 11762.0240.

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $800.00 per each insertion.

® Reaches 239.312 readers

¢ Fasi reader service cycle

¢ Short lead time for the placement of
ads.

Call 516-293-3000 0 reserve space. Ask
lor Arine Fishman. Limited number of
pages availabie. Mail matenals to:
Engineering Admart, RADIO-ELEC-
TRONICS, 500-B B+-County Blvd., Farm-
ingdale. NY 11735,

THYRISTOR TESTER, the model 20,
is an easy-to-use instrument capa-
ble of measuring the basic DC pa-
rameters of thyristors and diodes.
Important triggering charac-
teristics are obtained without
guesswork, confusion, or com-
promise. Forward and reverse
blocking voltage measurements
are safely made with the peak max-
imum current limited to the pro-
grammed condition. Two-terminal
devices, such as rectifiers and di-
odes, may be tested as well.

The model 20 can be connected
to a variety of devices—other test
equipment, handlers, printers, or

CIRCLE 24 ON FREE INFORMATION CARD

computer systems—through its
IEEE-488 interface. The interface Is
activated easily by pressing the ap-
propriate front-panel buttons. Bus
commands emulate the front-pan-
el controls and have similar
mnemonics. The tester is a stand-
alone unit; neither external power

WwWww americanradiohistorv comm

supply nor curve tracer is needed.

The model 20 Thyristor Tester is
priced at $1995.00.—Markenrich,
14946-A Shoemaker Avenue, Santa
Fe Springs, CA 90670,

VACATION/HOME SENTRY, the
model GD 1702 is a device that
monitors internal house condi-
tions and relays that information
over the telephone.

The easy-to-assemble unit auto-
matically detects low tem-
peratures, and can also be used to
detect water, and other problems
through the addition of various
sensors. If any of the sensors de-

986} H3IgWID3IA
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tect an abnormal condition, that
H H M E E fact is relayed to the homeowner
via a beeping signal when he calls
Instruments in.
The model GD-1702 easily plugs
into a phone line, and operates on
A defense
against cancer
can be cooked up
1 your Kitchen.
1. 11
3 X
.";.."“L.:" L I : ; =
Analog VT Ty CIRCLE 25 ON FREE INFORAPATION CARD
Oscilloscopes ;f-l" two 9-voll batteries, which are
e “| tapped only when relaying infor-
Digital 3, Cu mation in response to a phone
Oscill = call. It is priced at $29.95.—Heath
scilloscopes 7. « | Company, Benton Harbor, MI
f -L' = | 49022,
H SARESECRgY A SR SOCRITY
Multimeters DIP IC DISPENSERS, the MDD se-
ries, are designed for MOS and
Counter CMOS as well as standard devices.
Timers The dispensers offer flexibility and
convenience. Each channel easily
accepls any standard IC shipping
Signal — | tube, and can accommodate any
Generators
Power
Supplies
A
»
Scope A
Testers
i .
Checkpoint '
Testers Onie (ree can make:
30000 matches. | CIRCLE 26 ON FREE INFORMATION CARD
. standard IC with 2 to 24 pins on
| 0.300, 0.400, or 0.600 centers. Ad-
justable guides position each IC
Individually for easy extraction,
and simple gravity feed assures re-
L liable deposit of each IC into ex-
: Ommmtzm :??;i?:n;:g:gcifn after the previous
Write or call ™ @ The MDD design ensures effec-
- A tive static dissipation (a grounding
SOMITEEIEHNAES 7123 lug is included) as well as reliable
performance. One-, five-, and ten-
b JETE channel versions are available.
HAAINNME E INC. || Dispensers are priced at $22.88
88-90 Harbor Road - Port Washington N.Y. 11050 (1); $87.37 (5); and $168.95 (10).—
Phone (516) 883.3837 - TWX {510} 223.0889 Davle Tech Inc., 2-05 Banta Place,
| Fair Lawn, NJ 07410. R-E

CIRCLE 62 ON FREE INFORMATION CARD
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Electronics 1\

AN INTRODUCTION TO BASIC PRO-
GRAMMING TECHNIQUES. This book is
based on the aulhor's own expenence In
learning BASIC and aiso in helping others,
mosily beginners {o programming. o umder-
stand the fanguage. Included ks a program
libwary of programs thal the author has actu-
ally wrtten and run. Order your copy today
Send $5.00 plus 52,65 for shipping in the
U.S. to Electronic Technology Today Inc..
P.O. Box 240, Massapequa Park, NY 11762-
0240,

O

[=/ADS

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an enfire house up to 1
mile away! Adjusiable trom 70-130 MHZ. Use
with any FM rado. Complete ki §29.95 +
$1.50 S+ H. Free shipping on 2 of more!COD
add &4. Call of send VISA. MC, MO. DECO
INDUSTRIES, Box §07, Bediord Hills, NY
10507, (914) 232-3878.

CIRCLE 127 DN FREE INFORMATION CARD

LINE ZAPPER

vIDEE L v o ot

OESCRAMBLE THE NEW VIOEOQ TAPE
COPY PROTECTION SCHEME. When you
rend or buy a recenl movie release, stop 1he
vertical jumping and [itering N your TV pic-
fure with the LINE ZAPPER. Thus project de-
lects and removes selecied nes of video that
have been modiied and often Interlere with
ngrmal {elevision operalion, Gel your kit to-
day only $49.95 plus $2.00 tor stvpping and
handling ELEPHANT ELECTRONICS, Box
41865-L, Phoenix, AZ 85080. (602}
581-1973. MasterCard and Visa accepted.
CIACLE 120 ON FREE {INFORAMATION CARD

B3

FREETOOL AND INSTRUMENT CATALOG
packed with gver 5,000 qualrty products for
testng. repainng and assembhng electronic
equipment A full selechion of test instruments
Plus precision hand tools, tool casas, solder-
ing equipment and much more. Produycts are
shown in tull color with detailed descnplions,
pricing and & 100% satislaction guaraniee.
CONTACT EAST, PO Box 786, No. An-
dover. MA 01845. Call {(800)-225-5370 or In
MA {617-682-2000
CIRCLE 55 ON FREE INFORMATION CARD

| SAFE-LEGAL-EFFECTIVE STUN GUN
VIPER Il. Instanily immobxiizes an atfacker
up (o 15 minues, Penelrates through leather
and thick clothing. Discharges 50.000v Irom
a single 9v MNiCad batlery, Used by police
around the country. 1 Year Guaraniee. 1 Viper
Il $39.95 With NiCard banery and charger
$49.95. Free bell Clip with every VIPER I1.

| Catalog Free. United Imports & Mig.. 6846
Pacilic Si. RE1, Omaha. NE 68106, (402}
554-0383, TLX: 5106016153, MC, VISA,
C.0D,

60 dB SIGNAL ELIMINATOR—!ar removal
of undesirable TV/FMVHF signals. Can be
tuned precisely 1o ANY signal within these
ranges: ‘Model 26 - Chs. 2-6 plus FM(54.108
Mhz) ‘Model 1422 - Ch's. 14{a) - 22(1)
(120-174Mhz) “Model 713 - Chs. 7-13
{174-216 Mhz} Highly selective notchsad-
justable strength, Singles $30. Ouvantity dis-
counts 10 60%. STAR CIRCWITS - RO. Box
8332 - Pembroke Plnes, FL. 33084

|_CIRCLE 84 ON FREE INFORMATION CARD

MICROWAVE ANTENNAS $69.95 Now in-
cluding shipping and Lifetime warranty We
Reparr ail types ol Downconverters. Cable
Converiers and equipmenl avalabte! Jerrold
400 wireless Convertor $72.95 plus shippng.
Coax cable, TV, parts. accessofies, con-
nectprs, T.V. amplifiers. Wrile for Iree calalog
or call for pnces. BLUE STAR IND., Dept.
105-RE12-86, 4712 Ave. N, Brooklyn, N.Y.
11234 (718} 338-8218 Ex\. 105.
I CIRCLE 85 ON FREE INFORMATION CARD

NEW JERROLD CS 68 CHANMEL CABLE
TV CONVERTER with volume control & de-
scrambler lcop (Port). Programmabie clock
wrns TV on/off & changes channei. Audio
mure kills commercials. Programmabie chan-
nel scamn. Instant channel recall, Automatc
fine tuning with manual override. Video & au-
do outputs Friendly to all descrambiers.
Specify oulpul. 1 year warranty. $139. $118
aa ‘case ot of 10. Free delivery. Dealers want-

| ed. 514-739-9328. CROSLEY ELEC-

TRONICS. Box 840, Champlain, N.Y. 12919,

CIACLE 199 ON FREE INFORMATION CARD &% CIRCLE 191 ON FREE INFORMATION CARD

ZENMITH SSAVI, SALE $169. UHF gated
pulse $199. Orniginal reconditioned equip-
ment for UHF channels 27,48,51, etc. Quan-
fity discounts. Satellite Sysiems; surpius
| N-12, SB-3, Hamiin 1200. Converters, ampli-
fiers, accessones. Calalog conlaining cou-
pon $1. SSAVI modificationstroubleshadting
handbook $6.50 ppd. AIS SATELLITE, INC.,
P.O. Box 1226-RE, Dubiin, PA 18917, (215}
|- 249-9411,

CIRCLE 81 ON FREE INFORMATION CARD
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YOUR GUIDANCE
SYSTEM TD) A MORE
REWVARDING FUTURE

A CAREER START FOR THE 21ST CEN-
TURY. Since 1905, National Technical
Schools has helped people build successiul
careers. Enter the 215t Cenlury through
home Sludy courses n Robolics, Comparier
Technology and Servicing. Microprocessors,
Wideo Technology, Basic Electronics, Trans-
portation Technology, Cimate Control Tech-
nology or TV and Radic Servicing. For a
FREE catalog, call 1-800-B-BETTER. Or
write NTS/INOEPENDENT TRAINING
GROUP, 456 Wesl M. L. King Jr. Bivd. L.A.,
CA 90037.
CIRCLE 181 ON FREE INFORMATION CARD

THE MODEL WTT-201S ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele-
phone conversation to any FM radio with
crystal clarty. Teiephone lin¢ powered - never
needs 8 batlery! Lipto Va mike range. Adjusta-
bie from 706-130 MHZ. Complete kil $29.95
+$1.50 S+ H. Free Shipping on 2 or more!
COO add $4. Call or send VISA. MC, MO.
DECO INDUSTRIES, Box 607, Bedlord
Hiils, NY 10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARD
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“SODDER" WITH THE NEW BUTANE |
POWERED PORTASOL. No matter how you
spell & Portasol is the handiest soldering won
around. Seven inches long. Varabie power:
10 lo 60 wafts. 60 minutes use per refill. Only
29.95 + 2.00 P&H Replacement lips: 1.2,
2.4 (standard), 3.2, 4.8mm, 7.50 + .50. |
Butane: 3.50 + .50. VA add 4% tax Quaniity
discounts/dealers invited. VisavMC orders:
(703) 323-8000. Mail Ck/Money-order 1o: |
PORTASOL, 4358 Harvester Farm Lane,
Fairfax, VA 22032,

CIRCLE 190 ON FREE INFORMATION CARD I

MOOULAR PROBE FITS ALL SCOPES
® Save up to frity percent » Inslant repair - no
soldenng e Satisfaction guaranieed e 250
MHz 10X Attenuation & Model M12X10 ... $62
with readout ... $68 Free accessones catalog.
For immediate service call: 800-368-5719
outside Call. 800-643-8382 in Calil. TEST
PROBES, INC., P.O. Box 2113, La Jolia, Cal-
tfornia 92038,

CIRCLE 123 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

6 # rate $745.00 per each fnsertion.
Reaches 239.312 readers

Fasi reader sefvice cycle.

Short lead time for the placement ol
ads

We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail matenals 19:
mim-ADS, RADIO-ELECTRONICS, 500-
B Bi-Counly Bivd., Farmingdala, NY
11735.

CABLE TV CONVERTERS ANO DE-
SCRAMBLERS. Large selection of top
quality merchandise. Low priCes. Quanlity
discounts. We stip COD. Most crders are
shipped within 24 hrs. Send $2.00 for catalog
CABLETRONICS UNLIMITED, P.O. Box
266 Dept. R, S. Weymouth, MA 02180 (617)
843-519

CIRCLE 186 ON FREE INFORMATION CARD
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KEY TO THE FUTURE MICROLAB | by
MASTERTECH. A Digital Electronics
Course {with working laboralory). Forty lab
experments, comprehensive Instructional
manual. includes layout techmiques, digitat
logic circuits, flip flops. counters. shift regis-
ters, data handling logic—A ppendix includes,
logic 1C's, manutaclurers specification
sheets. Completely assembled, no other
equipment or parts necessary. Price
$249.00—$15.00 shipping/handling, MAS-
TERTECH LABORATORIES INC., 302
Royal Trust Bullding, 612 View Street, Vie-
torla, British Columbia, Canada, VBW 1.5,
Telephone No. (604) 388-6631

—

TV STEREOQ ADAPTER KIT—For the price
of a pre-recorded video 1ape, you and your
family can enjoy dynamic siereo sound. Easi-
ly connecis between your TV/WVCR and your
stereo system. Also contains a quality Stereo
Simuiator tor non-stereo programming. Avail-
able in kit form $47.95 or assembled $67.95.
DEL-PHONE INDUSTRIES INC. Box 150,
Elmont NY 11003. NY Residence add Sales
Tax. {718) 468-7367.

CIRCLE 200 ON FREE INFORMATION CARD l CIRCLE 56 ON FREE INFOEMATION CARD

| sapequa Park, NY 11762-0240.

03
PROJECTS FOR
ELECTROMNICS

EXPERMENTERS

103 PROJECTS FOR ELECTRONICS EX-
PERIMENTERS. Soft cover: 308 pages of
practical, proven plans for the elecironics
hobbyist.. circuits, convertars, amplifiers,
synthes:zers. oploelectramncs, power sup-
plies and mone. Writlen and desgned by For-
rest M, Mims Hi. 12491 $11.50 plus $2.65
postage in USA. ELECTRONIC TECH-
NOLOGY TODAY INC., PO Box 240, Mas-

WwWww americanradiohistorv comm
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Computers
on the
WORKBENCH

The personal computer does some surprising things in the
electronics lab these days. Find out what and how right here.

ROBERT GROSSBLATT, CIRCUITS EDITOR

THERE ARE AS MANY APPROACHES TO ELECTRONIC DESIGN AS
there are designers. Each one has his own way of going from
initial idea to final cireuit. Of course, it takes a combination
of both experience and creativity Lo produce working circuit-
ry. But ne matier how you amive at a design. success often
depends on the tools you use. Scopes. multimeters. function
generators. capacitance meters—all those (and many more)
are invaluable when you're working on a circuit. The prob-
lem is thal the more t00ls you have. the less space you have on
your workbench.

One solution o the spacc problem is 1o use a mulli-purpose
test instrument. If you browse through the ads. you'll find
that many different lest-instrument combinations are avail-
able, For example, many DMM’s now come with built-in
frequency counters; and they can measure capacitance and

transistor gain, too. Some top-of-the-line scopes even have
built-in multimeters. Now the trend to combine various
pieces of equipment has been camried over to personal com-
puters as well. More and morc companies are producing
hardware add-ons for computers so they can be used as bench
instruments.

Before we lalk about whal sort of computer-based instru-
ments are available. it's imporiant to understand what advan-
tages there are 1o using them. As a general rule. computer
add-ons are much more expensive than traditienal stand-
alone instruments—but they have features that may simply be
vnavailable on traditional instruments.

For starters, since a computer is (or becomes) an integral
part of the instrument. you get data storage and program-
mability for nothing. This means that the instrument can run
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in an unatiended mode, lake periodic
readings. and store them on a disk. You
can find that fealure on top-of-ihe-line
stand-alonc instruments, but you'll pay a
top-of-the-line price for them as well.

There's another bonus to using a per-
sonal computer as the brains of a test in-
strument: flexibility. Everyone who has
ever used a traditional test instrurnent has
had the experience of not being able to
perform some essential test. The desired
test coutd be anything from measuring
capacitance on a multimeter to doing dis-
tonion analysis with a VU meter. Upgrad-
ing a standdard instrument, if possible at
all, is a hardware hassle; but with a com-
puter-based instrument it may be just a
inatter of upgrading the sofiware.

Another point is accuracy. As with
standard instruments. you ¢ap pet com-
puter-based instruments with as much ac-
curacy as you ward. The number of sig-
nificant figures is i function of the add-on
hardware. nol the computer. In fact, the
front end of a stand-alone instrument may
be very similar to 1hat of 2 computer-based
instrument. The differences between the
two come further downstream: LCD dis-
play circuits vs. bus-interface circuitry.

There's one BIG problem with comput-
er-based instruments: Not il instruments
work on all computers. Designing a com-
puter peripheral is an expensive, lime-
consuming business. When you open the
box and plug it into your computer, you're
using 2 product that represents many man-
hours of labor. As a result, the more so-
phisticated the instrument, the more com-
putcr-specific it’s going 1o be.

The instruments we’ll talk aboul here
are po exception. [f you are interested in a
panicular instrument, but own a non-sup-
ported computer, check with either the
manufacturcr, a local user's group, or
both, for information on a device that is
compatible with your hardware. Don’t
run oul and spend your money on any-
thing until you're cenain that it will work
on your machine.

The IBM DMM?

A multimeter is probably the most
basic instrument that you can have on a
bench. No matter what you're working
on. the chances are that you'll use your
muliiineter often. The Virwal Instrament
Corporation (73 Redding Road,
Georgetown, CT 06829) has introduced a
compulter-based instrument for the 1BM
that not only works as a muliimeter. but
gives you a full-featured function gener
ator and universal counler/timer as well.
Its specs are shown in Table 1.

As with any other computer Instru-
ment. the Virtual Cat is a two-pan system.
The hardware, shown surmounding the
IBM PC in Fig. |. takes the input signal,
processes it, and converts it into data that
can be passed 1o the second half of the
system—the software controlling the

TABLE 1—VIRTUAL CAT SPECIFICATIONS

a¥%-digil autoranging multimeter
Volts {AC & DC})
Amps {AC & DC)
Resistance
Decibels
Accuracy
Isolatian

Counter, limer, frequency meter
Frequency
Inputs: Channel A
Channel B
Period
Time interval
Maximum count
Resolution

Function generator
Waveforms
Frequency range
Resoltuion
Accuracy
Amplitude
Sweep range

Price
Basic unit

FiG. 1—THE VIRTUAL CAT puts 8 rack of test
instrumenis Inside an IBM PC.

| 4 .

A

F¥G. 2—SCREEN DISPLAY of the Virtusi CAT:
the hardwam soltware combination provides 8
tunction generaiof, & universal counter. and &
digllal muttimets:

computer. The hardware for the Vinual
Cat consists of a card for the IBM and a
box that's used 1o connect the probes.
Since the unit plugs into an ¢xpansion
siot, it gets its power from the computer.
That reduces on-board pants, and results
in produciion savings.

The noise circulating in & personal
computer can be a problem for many
boards, and it can be a major problem for
the Virwal Cat. The reason is that therc
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200 mV to 200 V in 4 ranges

2mA 1o 2 Ain 4 ranges

200 ohms to 20 Megohms in 6 ranges
3010 +48dB

+0.05%

600 V to ground

10 Hz to 100 MHz
10 Hz to 100 MHz
10 Hz to 10 MHZ
05ustw010s
250 nsto 10 s
100 MHz

100 ns

Sing, square. triangle
0.01 Hz to 10 MHz
*10%

+4%

05020V

0.1 to 1000 sweeps/sec

$1995

are several high-gain amplifiers on the
board that are perfectly capable of ampli-
fying noise as well as legitimate signai.
The problem is solved. or at |east consid-
crably reduced, by housing the card in a
metal shicld. As you ecan see from the
details in Table I, the system’s specifica-
Lions are as good as the better stand-alone
units.

As shown in Fig. 2. the software puts a
sexy display up on the graphics screen that
resembles a rack-mounted three-instru-
ment set. That's a clever way to display the
data. because it cuts the leaming curve
way down. Either a mouse or (he keyboard
can be used 10 move the cursor (o any of
the swilches and change the settings.
Doing so seems & bit strange at first, bu
after a whiic it becomes second nature.

You can use the Vintual Cat as a stan-
dard-instrurnend set. but the real strength
of the product is its ability 10 be pro-
grammed. It's possible to write BASIC
programs that control the operation of any
of the three modules in the instrument. A
simple program will cause the Vinual Cat
to take measurements and record the in-
formation on a disk. Not only thit. but the
files can be loaded into a spreadsheet or
database manager for laier analysis. Each
of the individual measurements will be
time- and date-stamped, se you can get an
annolated listing of circuit hehavior.

If you plan on using the programmable
feature of the Virual Cat, there is a high-
level lunguage package available that
gives you much moere control over the
instrument than you have from BASIC.
For most applications. however, the
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BASIC package will probably be more
than adequate. You can load and save in-
strument selups. and program it to work in
an unattended mode. Virtual Instruments
plans to add more instruments (o the basic
package: by the time you read this there
should be a digital scope, an |[EEE-488
interface module, and a relay switch.

Computer scope

If you're in the market for a scope and
you own a compuler, you should seriously
consider a compuler scope. They 're more
expensive than stand-alone units, but they
give you lots of goodies for the money. RC
Electronics ($386-D lollister Ave., Santa
Barbara, CA 93111) makes various de-
vices that work in Apples and IBM's, and
Heathkit (Benton Harbor, M1 49022)
makes two different models for the IBM.
All units from both companies are hard-
ware/software combinations that use the
graphics capability of the computer to dis-
play a scope screen on the monitor.

18 Input channels; gl Interface circuilry fils on g
siandard IEM expansion card.

The hardware component of the RC
Computerscope is a plug-in card and a
front pancl. The Apple scope is a two-
board set, but, as shown in Fig. 3, there is
enough room on the larger IBM board 10
mount everylthing on a single card. The
spec sheets reveal that there is a consid-
erable difference in performance between
the two versions of the scope. The IBM
scope is much more powerful, has a larger
bandwidth, more input channcls, and so
on. The Apple scope comes in two ver-
sions; the diffcrence between them is in
the A/D converter used. The APL-D2 uses
an 8-bit tracking A/D converter with a
worst-case conversion time that provides
a bandwidth of 00 kHz. In practice,
bandwidth depends on the shape and am-
plitude of the signal. Some signals will
cause the APL-D2 o fall apan at frequen-
cies less than 100 kHz, but others will be
measurable up to 1 MHz,

The APL-HRI14 is based on a [4-bit A/
D converter designed as a combination of
tracking and flash converters to provide it
with 14-bit accuracy up to a worst-case
frequency of 500 kHz. As with the APL-
D2. the upper frequency limit depends on
the characteristics of the signal being
measured.

TABLE 2—RC COMPUTER SCOPE SPECIFICATIONS

Parameter APL-D2 APLHR-14 IBM Units
Number of channels 2 4 16
Vartical sensitivity 03-9 1-10  0.200-10 volts
Vertical accuracy ] 01 0.1 %
Vertical impedance 44 1000 20 k ohm
Frequency response 100 50 250 kHz
Maximum vertical input =9 +9 =10 volts
Timebase 3.3x10-9 2x10-% 1.0x10-10 sec/
a5 1 -99 datapoint
Sampiing rate 35 05 1 MHz
Accuracy 0.1 0.1 0.1 %
Price $985 $1195 $2495
TABLE 3—HEATH SCOPE SPECIFICATIONS

Number of channels 2

Vertical sensdivity 5 mV to 5 Vidiv

Vertical accuracy 5%

Vertical impedance 1 megohm

Frequency response DC to 50 MHz

Maximum vertical lnput 125 V

Time base 500 ps 10 20 s/div

Sampling rate 100 kHz

Accuracy 5%

Price Kit Assembled

SD-4802 $399.95 $575
SD-4850 $499.95 3750

TABLE 4—SYSTEM ONE SPECIFICATION

Frequency Generator

Frequency range 10 Hz 10 204.775 kHz
Resolution 0.005%
Maximum output 30 dBm (600 chms}
Accuracy 0.1 dB al 1 kH2
Flalness 0.05 dB (20 Hz to 20 kHz)
Maximum distortion 0.01%

Analyzer Module
Input range 0o 140 V rms
Accuracy 0.1dB at 1 kHz
Resolution 0.1%
Flainess 0.05 dB {20 Hz to 20 kHz)
Naise - 114 dBu

Distlortion Moduls
Frequency Range

10 Hz to 100+ kHz

THD Range 010 100%

Minimum Inpu 10 mv

Accuracy 0.5 dB

Resoiution 0.1%
Price

Basic unit, £5475

single channel,

3 modules

The 1S-16 and 1S-16AT are RC's IBM
scopes. The former is made to work in the
XT and the latier is designed for the AT,
Both are built around high-speed 12-bit
converters with 1-MHz sampling rales.
The Nyquist criterion indicates that you
need a sampling ratc that is at least twice
the frequency of the measured signal in
order to obtain mcaningful resulis, RC
claims only 250 kHz as the bandwidth. In
practice the limit will vary for the same
reason that it does with the Apple ver
sions. Specifications for all versions are
shown in Table 2.
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All versions of the RC scopes offer
digital storage. programmability. and a
minimum of two-channel, triggered oper-
ation. The APL-HR14 has an opticnal
four-channel upgrade, and the 1BM ver-
sions can handle as many as sixteen chan-
nels. All scope controls are set by
command keys on the keyboard. and
switching from one mode to another is
very simple.

The resolution of the displayed signals
depends on the computer. The IBM screen
presents a2 much better image than ihe
Apple screen, but any part of the signal
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can be examined in greater detail by ex-
panding the scale. Sample screen and
printer output is shown in Fig. 4,

Since the RC uniis are storage scopes.
you can save their signals on disk, and
load them for analysis al your leisure,
Once you use o slorage scope it's really
hard to go back to a non-storage type.

You just know that computcr instru-
mentation is where things are going if
Heath is getting into it. They have two
scopes, both of which are available either
in kit or assembled form. Both scopes
convert an [BM-PC compatible computer
to 2 50-MHz slorage oscilloscope; one,
the 4850, will also tatk to an older stand-
alone scope and convert it for use as the
display of a 50-MHz storage scope. Con-
sequently, the 4850 (shown as this story's
lead photo) has a slew of front-panel con-
rols that Jetermine how it works when
you use it as a smart front end for a regular
scope.

BRSO

FiG. 4—THE IBM VERSION of RCs Comput-
arscope provides bolh screen and hard-copy
oulput,

The 4850, and its less expensive coun-
terpart, the 4802, are stand-alone boxes
that output serial data to your computer on
a standard RS-232 line. The specs for
both units are shown in Table 3. The serial
imerface lets you forget about computer
generated noise, but it also puts an extra
box on your workbench. The Heath
scopes put their display on a standard
IBM CGA (Color Graphics Adapter) card
and are dual-trace triggered os-
Cilloscopes. The current settings, as well
as the keyboard command options, are
always displayed on the screen, so it
doesn’t take long to get comforiable with
changing parameters and operating the
instrument.

Waveforms can be frozen, siored on
disk, and then recalled for examination
later. One niee featurc of the Heath scopes
is that you can display two stored wave-
forms on the screen and simulianeously
view a live dual-trace representation of the
input signal. Since the stored waveforms
arc shown using the currently-set time-
base and vertical-sensitivity seutings, a
real comparison can be made with the live
traces. You can use any print uulities,
including the PnSc (Pnnt Screen) key, to
gel a hardcopy image of the displayed
waveforms.

The scope s operating software is writ-

ten in BASIC, and a compiled version of
the program is what actually drives the
systcm. The disk zlso contains the un-
conpiled version of the program, so that
if you're inio programming. you can
customize the operation of the scope to fit
any application you have in mind. And
sinee the scopes deliver daia via the
RS-232 port, you can talk to the insiru-
ment via modem and do remote signal
measurements. Heath supplies the neces-
sary software on the disk that éomes with
the scope.

Stand-alone storage scopes an: coming
down in price, but even the most expen-
sive ones don’t have all the features you
get on a computer-based scope. Both
Heath instruments are reasonably priced
when you add up all the goodies you get.

Computerized audio testing

Computer-based test instruments aren't
limited to standard bench meters. Several
companics make high-quality products
designed for special markets. Audio Pre-
cision (P. O. Box 2209, Beaverton, OR
97075) is a small company that produces
a set of instruments specifically designed
for audio analysis. Their IBM system con-
sists of a short-slot plug-in board as well
as a set of external rack-mount boxes. The
measuring hardware is external because of
noise in the IBM. A DB-25 on the rear of
the plug-in eard allows the internal and
external hardware to communicatc. Spec-
ifications are shown in Table 4.

Although Audio Precision uses a
DB-25 conncctor, communications be-
tween the two parts of the hardware are
not done serially. As we mentioned ear
lter, when doing A/D conversion, the
sampling rate must be at least twice the
frequency of the signal being mcasured,
depending on the accuracy you wanl. The
lower limit is twice the measured frequen-
cy. but the upper limit is set by the design-
er, eircuit cosis, ele.

Audio Precision's System One was de-
signed with no compromises in mind, and
its performance specs are as good as, if
not better than, many stand-alone instru-
ments. The sampling rate is so high that it
would require a rate of about 40 kilobaud
on a standard RS-232 channel. As a re-
sult_ the system uses a paralle! interface.
The rack (i. c., the external hardware)
contains the noteh and bandpass filters
used for various kinds of analysis, as well
as the gencrators for producing various
lest tones.

The Sysiem One is 3 compuler-based
instrument, 50 the rack and the device
under test are controlled via software. To
take a simple example: if after connecting
the hardware you want to lest (o the rack,
the rest of the test procedure is done from
the compuler’s keyboard. Software is
loaded and the instrument pancl is se-
lected from a menu that appears at the
botiom of the screen. The output of the
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frequency generator can be set on the left,
and the measured data will be shown in
the center., The present analyzer settings
are also displayed in the center panel. You
can change frequency, phase. bandwidth,
and so on with a few keystrokes, and im-
mediately see the results of those changes
on the computer’s screen.

The real advantage of the Sysrem One is
the fact that it’s being run on a compuler.
Not only can any of the test results be
graphed, but the software lets you define
the coordinates, scaling, signal source,
and other parameters. And, like the com-
puter-based scopes, test resulis and setups
can be saved in disk files,

System One also allows unattended
testing. In addition, a text editor can be
called from the menu to let you write test
procedures in an English-like language.
Cnce you're familiar with the syntax, you
can link several tests together and have
them run sequentially at specified times.
Procedures can have conditionas! state-
ments in them, 50 you can run unatiended
tests with as much nested conditional
branching as you need. You can also spec-
ify limits in any test or procedure. And
since a procedure can call in as many
previously-saved test and limit files as you
want, lhe System Ovne is flexible enough lo
do even the most complicated sort of au-
dio testing automaticaily.

The basic Audio Precision hardware
does a4 wide range of audio testing. but its
utility can be increased with optional ex-
tras. The extra hardware allows you o
measure several kinds of IM disiortion
and wow and flutier; the addition of a
switcher will let several devices be con-
nected to the system at the same time.

Sceptre Il

Even major semiconductor manufac-
turers are recognizing the power available
on loday's personal computers. Gould-
AMI {3800 Homesicad Road, Santa
Clara, CA 95051) has a system available
for the IBM that aids the design of gate
arrays and other I1C’s. The Sceprre 1 is a
graphics-oriented package that allows
QEM?s to design and debug gate arrays.
When the design is complete, vou send
the disk to AMI where its data is used to
build an actual [C.

Conclusions

The computer-based instruments we've
discussed are only the 1ip of the iceberg.
There are many others. and more are
showing up every day. In general, they're
more expensive than their stand-alone
counterparts, but you get much for your
moncy. And as for |C-design software, it's
ineresting to note that several semicon-
ductor companies have software packages
that run on VAX worksations. But few
have awakened to the incredible power
wailing inside the very same box used for
blasting aliens with & joystick. R-E
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Computer-AIDED
ELECTRONICS Design

High-powered design tools now run on personal computers; those tools
eliminate much of the drudge work of design, increase productivity, and are fun to use!
ROBERT GROSSBLATT, CIRCUITS EDITOR

WHEN PERSONAL. COMPUTERS STARTED TO S1HMW UP IN THE
late 1970, the two most imporiant qualifications for buying
one were & healthy amoumt of both cash and curiosity. Even a
basic machine cost a greal deal of money, and there wasn't
much software svailable. As a matter of fact., you could do
little more than enier simple programs via from -panel swiich-
¢s, and read data on front-panel LED’s. Not the most exciting
way to spend a rainy evening.

Fortunately. the capability of the personal computer has
increased dramatically in the ten or so years since it first
appeared. As things stand now, the gap between the main-
frame and 1the PC is narrowing rapidly. New silicon supersiars
such as the 68020 and the 80386 can address gigabytes of
memory, run as fast as 25 Mhz, and do rea) mulii-tasking.
What that means is that, within a few ycars, aboul the only
thing you'll need @ mainframe for is operating NORAD—and
who wants to do that in the living room?

HJE ‘!L
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As PC hardware gels more and more sophisticated. so does
the sofiware that runs on it. For example. the primitive
graphics programs of a few years back have matured into
sophisticated CAD packages with features specifically de-
signed for panicular applications—architecture. mechanical
engineening. and. of course. electronics.

The number-crunching power of the typical PC has been
used Lo eliminate the brain damage and tedium usually asso-
cialed with a whole range of design aclivities. And nowhere
is that more evident than in electronics design. As things
stand now, a modest investment in software will not only save
you countless hours of bench-time and breadboarding. but
will also atlow you to do wuveform analysis and troubleshoot-
ing without ever touching a component!

There are many types of computers and many types of
software; but there are also, unfortunately, no standands. A
disk containing software for one computer is unusable on
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FIG. 1—THIS YOLTAGE R
where signal snalysis cpn be done.

anuther. Some of the software we'll be
descnibing is availahle for several different
machines. but much ol it mns on one and
only onc computer. Table | shows which
of the programs that we'll discuss are
presently available for which computers.
but check with the manufacturers—new
versions of hardware and software are an.
nounced from time 10 lime.

1986-style deslgn

In the past. the Airst thing you might do
when you had an idea for a new circuit was
to sit down with paper and pencil and start
drawing circuits. Now you can use a come
puter for brainstorming. doing so gives
you several advantages. For example.
many gcneral-purpose graphics programs
will let you draw piclures on the screen,
save them to disk. edit them. and print
them. Howcever, o few programs take
things a step farther. Micrologic and Mi-
crocap from Spectrum Software (1021 S,
Wolfe Road. Department F, Sunnyvale,
CA 94087) work together 10 allow you to
draw a circuit on the screen and then ana-
Iyzc it by looking at the waveform gener
ated at any node in the circuit,

Although 1he look and the program
flow of both Microcap and Micrologic arc
similar, Microcap deals with analog cir-
cuits, and Micrologic deals with digital

LULATOR waa drawn by Microcap; the numbered nodes represent polnts

circuits. If you're familiar with onc pro-
gram. you'll have no trouble using the
vlhet.

Software simulation of a circuil is an
casy wiy to check a design witbout risk.
ing tuming silicon into scrap. And. given
the complexity of those prmgrams, the
learning curve is surprisingly shon. Cir-
cuil data can be entered gruphically or by
generating a netlist that describes the
components and how they're connected.

A separatc pan of the program lets you
define the characteristics of each of the
components you'll be using. Doing so
allows you 1o specify things like transistor
gain, op-amp slew rate, logic-elemeni
truth tables, and so nn. Then. after you've
defined the operating characteristics of
your gomponents. you can lay out the cir-
cuit using the graphics editor. The last
step is o anulyze the Circuil.

Example output

Figure | is 2 voltage regulator that was
drawn with Microcap. The symbols used
in that drawing come from a standard li=
brary that is supplied with the program.

Adding components 10 the drawing is a
simple maiter of moving the cursor 1o the
desired position and then telling the pro-
gram that you waunt to add a part. You'll be
asked for the type of pant, its oricatation.
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and odher parameters. As soon as the soft-
ware knows exactly what you want, it will
draw (he component on the screen.

If you®re going to use a sub-section of u
circuil more than once, yoii can save a
great deal of time by building a circuit
macro, analogous to a spreadsheet mikr.
The resistor network shown in Fg. 2, for
example, could be converted 10 a macro
and wsed in other drawings simply by
loading it from disk.

Because a macro is a shorthand way of
including a pre-drawn circuit in a new
design. an additional step must be fol-
towed when the macro is defined. After
the macro is complete, you must label the
points in it that will connect to the circuit
using it. {I's much easier to do than to
describe.) [n Fig. 2. we labeled four
points (A. B, C. and D} and saved the
drawing to disk. Then we could add it 1o
another drawing just as we would add any
component.

To insert a macmw, move the cursor to
the point in the circnit where you want the
macre to appear, and then use the same
keystrokes as in adding any other compo-
nent. The result ¢an be inserted as many
limes as you want. Macros not only sim-
plify circuit creation. but they also make it
casicr lo understand the drawing.

Figure 3 shows the drawing of a simple
RLC circuit that is driven by a pulsed
voltage source. By doing a transient anal-
ysis on the circuit. Mietocap processes
the drawing and comes up with a netlist
similar o the onc shown in Tuble 2. Mi-
crocap shows you the parameters used for
the analysis and lets you change them, if
desired. Then Microcap does the circuit

FY 2—THIS RESISTOR NETWORK s B “mac.
ro” circuil that can be Inserted into another cir.
cui as if it were a single component

FIG. 3—THIS SIMPLE RLC NETWORK ip driven
by a pulsed voltage source; the pulse param-
aters can be defined independently.
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F1G. 8—THE UPPER WAYEFORM shows the output of the pulse source in Fig. 3; the icwer waveform
shows the waveiorm al the righl edge of the coil (node 2).

math and graphically presents you with
the results. as shown in Fig. 4. The wp
curve is the voltage waveform at node |
(the cutput of the squarcwave generator),
and the bottom curve is the waveform gen-
erated al node 2.

[n addition to transient analysis, Mi-
crocap can also do AC, DC, and Fourier
analysis. Micrologic can do similar things
with digital circuitry. Without going into
detail, both the schematic (Fig. 5-a) and
the timing diagrams (Fig. 5-b) are typical
of what Micrologic ¢an do for you.

Clrcuit-design spreadsheet

The real usefulness of Microcap and
Micrologic is their ability to analyze the
drawings they produce. There are more
powerful graphics-only programs. but, as
far as electronics is concemed. being able
to simulate real-world circuil operation is
much more imporiant than generating
pretty anwork.

Spreadsheets let you manipulate finan-
cial data and play “what if”* games. Mi-
crologic and Microcap let you examine
the operation of a circuit without ever
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FIG. 5—MICROLOGIC. the sister program of Microcap, can 8l3o do digitat circuit analysis.
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touching a single piece of silicon.
However. it takes much tine and many
keystrokes 1o analyze a circuit, change a
few things, and then analyze it again.
More than that. there's just no way todo a
side-by-side comparison of seweral ver-
sions of a circuil. However, within the past
year of so, software has become available
that gives you the flexibility of a
spreadsheet for doing that type of circuit
analysis.

For exaniple. DADISP (Data Acquisi-
tion and Digital Signal Processing) is a
piece of software from DSP Sysiems (1
Kendall Square, Cambridge, MA 02139)
that gives circuit designers the same
power that Lotus 123 gives 1o accountants.
[U's a scientifically oriented sprcadsheet
whose cells display graphs rather than
numbers. DADiSP has more than 150 dif-
ferent scientific functions built im, so en-
tering the formula for a particular
waveform is relatively painless.

Let's suppose that you've designed a
gircuit and have collected data by operat-
ing the circuit with a range of differcnt
input signals. (inw constants. and so on.
Once you've entered your data in a file. it
¢an be loaded into one of (he spreadsheet
cells and the program will display the data
in graphic form. Sec Fig. 6. DADISP will
let you perferm a number of diffcrent
analyses, as well as manipulate any of the
graphs displayed on the worksheet. Avail-
able funciions range from simple signal
arithmetic to complex calculations that
use trig and calculus.

One strength of the program is its abit-
ity to refer lo one window as a variable.
For example, as shown in Rg. 7, you can
see the result of a point-by-peint multi-
plication of two signals {which are dis-
played in windows | and 2) by moving the
cursor 1o a third window and entering the
formula W2 - W]. Then you can integrate
the output of the third window, and dis-
play it in a fourth. That son of analysis and



www.americanradiohistory.com

Window 2

Dataset Mame:
Uersfon Number:
Chamnel Name:

207 :
‘.0
4.0
.94
0.0

Date fcquired: 1=21-1986 )

Tiwe Rcquired: 8:89:86.39

Uert Unfts: Millifmeps
‘YIRS forix Urits:

Nom. Samples: £88

Sample Rate: i
18.91 Baximun: 3.97785
ey T R 1079107
-20.9 Comsents: TUTORIAL SISSION 1

.8 T T
-43,0- 2002,

.9 %@ 308 4500 0.0 150.0 300.0 458.0

W2: RUNY.1.AMALOGZ DPIiST:'Eri
Ugr 1.82

F2 - InFO BOX 4 1985, 86
FIG. 6—A SPREADSHEET FOR ELECTRONICS DESIGNERS, DADISP converts & circults operaling
parametera into graphlc form and displays it in one of 84 cells. The soitware allows you lo perform B
wlde variety of anslyses and to manipulate the graph displaysd in any of the cells. Mathematical
operalions ranglng from simple arithmetic to complex calculatons can be performed on the dala.

s TUTOR?
[§38 BALLAMRRT [ &

159.0  jee.¢  15p.@

te.e
2.2
109
-20.8
-39, 8
-48. 8-

@ 8.0 156.0 109.4 4309

=z

z DADISPL(ta)

ol IR (465) X = 484.8 Sec Y = £.893933 Uolts i -

Ll ser 1.

= -

g F3 - CURSOR ? 1985,86

S : = .

E F1G. 7—THE DADISP SPREADSHEET leis you relate celis and derive results by combining those cells
In varlous ways. Windows 1 and 2 show two Independent signals; Window 3 shows their preducl; and
window 4 shows the integration of Window 2.
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editing can be done with any of the pro-
gram’s buill-in functions and arguments.

DADISP is a 64-cell spreadsheet; the
graphs contained in cach cell can be inter-
related. That nxeans thai changing the data
in one cell will change the data in any
related cells. Playing “what i using
those capabilitics can enable you to line-
tune a complex analog circuit without
physically changing a single component
in the actual circuil.

One of the program's neatest features is
its abiiity o graph lhe measured points
and then interpolate the plot. DADISP lets
you look solety ata plot of yourdata, or at
a curve that represents the best fit. After
the program fits a curve to your data. you
can aclivate a cursor that moves along the
the curve and shows you the interpolated
coordinates. For example, if you've plot-
ted voltage versus time. DADISP will give
you inlcrpolated values of vollage as you
sweep the cursor across the (ime scale.

That type of interpolation can be a real
lime-saver when you do some Kinds of
analog circuil design. Imagine. for exam-
ple. designing an osciltator or a flter cir-
cuit and calculating the values for the RC
components. Doing the math isa‘t diffi-
cult, but attaining a specific frequency
using standard-valuc parts ean be exas-
perating. A good deal of that type of brain
damage can be eliminated with DADISP
by plotting a graph of (he circuit’s time-
constant formula and then running the
cursor along the result. As you move the
cursor. the relevant RC values will show
up at the bottom of the screen.

Other useful features include the ability
to expand and compress the displays ang
avtomatically take care of scaling, Those
features are important when you want to
examine just a small part of a curve or
look at an expanded time scale.

DADiSP isn’t for everyone. It's an ex-
pensive piece of software, and it’s only
useful for some kinds of design and some
kinds of designers. If you decide on ¢om-
ponent values by plugging things in and
crossing your fingers, you won’t get much
use from the program. But for designers
who do a lot of calculating and veading
before ordering parts, DADiSP ean be tre-
mendousty heipful.

DADISP is like any other sophisticaied
analytical wool: the more it's used, the
more useful ii becomes. If your circuit
designs are heavily math intensive. the
softwarc may be well worth the invest-
ment in lime and money you'll have to
make. The program goes a long way lo-
ward helping you visualize 1he effects of
varying circull parameters and making
sense oul of real-world data.

Bose's Modeler

The numbercrunching and graphics
capabilities of compulers are slowly being
put to use to selve problems in just about
every arca of electronic design. Paper.
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work and guesswork are being replaced
by software and keystrokes. One field that
is just starting to benefit from the use of
the compuler is acoustic design. Setting
up a successful sound sysiem in a large
room has iraditionally been the result of a
combination of physical measurcments,
past experience, speaker dynamics, and a
greal deal of personal bias.

Before any attempt can be made 10 de-
cide on the instzllation for a particular
rcom, an epormous amount of data must
be collected. Room dimensions and con-
struction details, architectural features,
reflectivity. and speaker Characieristics
are only a few of Lhe specifications that
must be known before design work can
begin. Even then the math is tinic-con-
suming and must be re-done if any of the
data changes,

The Bose Corporation has recently in-
troduced acouslic design software called
Modeler that simplifies data cntry and
uses exiensive graphics to display an
acoustic model of the room. The designer

uses the program's graphics fronl end to
creale a sel of plancs that define the room,
and then he specifies the physical material
of each of the planes.

Next the computer bailds a three-di-
mensional model of the room, taking ac-
count of Lthe degree of sound absorbency
and reflectivity of all surfaces. The model
is displayed on-screen; it can be rotaed
around any of the three axes and redrawn
to show the view from any angle. Figure
&-a shows a three-dimensional view of a
room. You can sec how the model was
defined by building a series of plancs. The
lecation of any point in the room can be
found because the plane dimensions and
elevations were entered into the program
while the room was being drawn on the
screen.

The locations of the speaker clusters
are cntered by puiting the cursor al the
desired point and indicating which way
they polnt. Since we're dealing with a
three-dimensional modcl, the speaker di-
rection is specified by entering three fig-

R Direc! fietd - sPL I

-GREELEY 4.3

Riming Pata

Date 971 /06 o 1 ilchr HL e
ar 1alNo 1} Roll Herght i
Dynensions Feel X n 3
ot Cluster | Hewht Rol?® Piich® Yaw* _ [Pover(¥)] Tane{mS)
BOSE STBO2 1 ke A 8.0 a0 220 00 0.0 a
BOSE STBO2 1 kHr B 80 o0 220 00 oo 0
BOSE B02 | ez C 16.0 (3] 280 0.0 A0 O Q
BOSE 102 -- | kM D 90 L] 0.0 00 30 a7
BOSE 102 -- 1kHr E 9.0 3] 00 00 230 57
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ures to represent pitch, roll, and yaw. See
Fig. 8-b. The speaker’s characteristiCs arc
contained in datz files, so all that the dJe-
signer must do is to el the program what
kind of speakers will be used,

Afier the speaker data has been cn-
tered, the computer has everything it
needs to calculate and display any of the
standard acoustic paramelers at any point
in the room. Those parameters include
both direct and rcflecicd components,
time delay, relative loudness, and so on. If
a change is made in any of the architec-
tural features or speaker characteristics,
the program will recalculate the param-
Clers as npecessary.

Being able 1o spot-check the acoustic
parameters al any poinl in a room is nice,
but the sexicst feature of the Bose software
is its ability to draw an acoustic map of the
room. It does that by calculating the
sound-pressure level at every point in the
room; il then displays the results using
varying shades of gray to represent dif-
ferent acoustic levels.

The resulting gray-scale map gives the
designer a graphic representation of the
sound level anywhere in the roem. That
lets him spot arcas that necd reinforce-
ment or muting, all without installing any
hardware.

Modeler provides the acoustic designer
with a diagnostic 100l that is as powerful
inits field as are the other software pack-
ages we discussed carlier in theirs. In this
case Lhe computer has given the designer
capabilfties that were unheard of as few as
five years ago. The result is greater ac-
curacy, lower design cosl. and increased

productivity.

Conclusions

The growth of sophisticated hardware
and software for the personal computer
has been unbelievably rapid since the days
of the Altair and the Imsai (the
mid-197¢'s). It’s a bit of a mind-bender to
realize that some of the things routinely
done on personal computers today
weren’t possible even on mainframes ten
¥ears ago.

And there’s no end in sight. Even those
of us 1hat only like 10 fool around on the
weekend can use computerized tools on a
PC 10 reduce the donkey work of elec-
tronics design.

The software we've discussed here is
only the tip of the iceberg. Many more
products are available and just aboul every
arcaof clectronics, from designing 1C’s to
laying oul printed-circult boards. has ben-
efited from the populariry of the personal
computer. If you find yourself spending a
great deal of time at the workbench,
there'’s a good chance that your work can
be made much casier by using a cumputer.
And you don’t need a mainframe to enjoy
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the benefits thal sophisticated design cig-
cuilry can produce. Besides, you can’t
play Pacman on a mainframe. R-E

FIG. 8—POSE'S MODELER lels you do acoustic design on the screen of your tOmputer. The three-
dimensional model o) & room shown In a is defined by bullding a series of planes. Az shown in b,
apeaker direclion is detined by pitch. roli, and yaw parameters.
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THE BIG ONE FINALLY CAME THIS AU-
thor’s way: a job providing both financial
reward and a fascinating challenge for his
company. Vesta Technology. The project:
To design a mbol, ikluding a control
computer. an arm. and additional sub-
syslems for motion contol, navigation,
and operslor inputfoutput. While design-
ing the robot, we discovered much about
the personal robot industry. Fur one. it
appears (o be dominaled by expensive
robots with limited capabilities. We felt
that a new approach could make a home
robot more affordable and nxore exciting.

Designing 2 robot requires expertise in
a number of areas, including mechanics,
electronics. und computer hardware and
software. In order 10 augment Vesta's [im-
ited abilities i the field of mechanical
engineering. we enlisied Stock Drive
Products to aid our development effort.
That company is the major supplier of
mechanical components 1o the industrial
robotics market. Sce the Sources box for
their address.

The cost of a robot

“Stop for & moment and consider why
persanal robots are so expensive. One rea-

T

STEVEN E. SARNS

son is thal 4 considerable markup takes
place at each point in the distribution
chain. A manufacturer’s purchasing de-
paftnicnl musl have a secure supply of
parts, s0 it may be willing to pay higher
prices to attain that security. The hob-
byist. howeser. has the advantage of being
able to buy from less-expensive sources of
parts. He can, for example. tuke advan-
tage of surplus outleis. theceby eliminat-
ing middlemen: the result is a substantial
savings over manulacturers’ prices.

As for the controller. we designed a
complete low-cost singie-board computer
that is highly compatible with the
IBM-PC. Our approach emphasizes the
use of Aexible electronics that allow you
1o customize your robot with available
mechanical parts.

By providing the electronic-control
system and minimizing mechanical cosis.
we beligve that building a personal rabot
can be both entertaining and affordable.
In the upcoming series of atticles, we will
show you how you can adapt our designs
10 your probiems

The main components of our systcm
are the single-board development system,
a control/sensing board, and control soft-
ware. Because the electronies systcms are
efficicnt and adaptable. you are free to
nterface them with whatever mechanical
system meels your needs. The systems

WWWW_americanradiohistorv.comm

= R-E
ROBOT

You needn't be satisfied with a robot

that looks and acts like all the rest. You can
customize our robot to your hearts content—
and share your designs with other readers!

software that we have developed (and are
still developing) is quite sophisticated,
but the applications programming is lett
o you.

The botton line is that we are pot offer
ing a kit for the type of ready-10-assemble
robot that so many othcr companics offer;
rather, we are sugpesting that you can
build the robot that vou realiy want or
need by integrating our control system
with your mechanical design.

Overview

As we discuss the specifications of the
R-E Robot, keep in mind that you ean
build your robot with ather components,
and in other configurations.

Our robot is powered by (wo 12-volt
lead-acid batteries: 1t has a top specd of
five miics per hour. Although we used
uttlity hatteries, we could have used auto
or motorcycle batterics. Circuitry that in-
dicates when powet is Jow is included on-
board, as is 4 117-voli AC battery charger.

The robot’s drive system cousists of
two independent 10.5-inch pneumatic
tires that are connected 1o two toothed beit
drives and 10 two Yo-horsepower DC tor-
que motors. A caster mounted at the rear
provides laicral stabilily and ease of
movement.

The robot is equipped with sensors for
nicasuring temperature, light. and sound.
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AG. 1—R-E'S PERSONAL hOBOT has a uniqua mechanica: conbiguration. This artist’s conception
shows tho overall structure of cur prototype. The robol can be modified to auit |ust about any

apphcaticn.

Microswitch collision detectors and sonar
ranging. usable at distances as great as 20
feet, are also provided.

The robot lacks 8 iraditional sobot arm.,
Instead. it features a powerful gripper that
rides 8 vertical track at the froni of the
unit. The arm, as shown in Fig. |, some-
what rescmbles an industnal forklifi.
While some flexibility is sactificed using
thai approach. some imponant advan-
tapes are gained. For one thing, the me-
chanical design is gready simpiified. Tha
means that greater jifting capacity could
be provided without preatly increasing
cost. The gripper is capable of vertical
travel from floor level to about table
height.

In addition, the robot has options for an
RF link, a specch synibesizer, and even a
specch-recognilion system,

The RPC

The hardware that mukes it all possibie
is the RPC (Robotic Personal Compater).
The heart of the RPC is a highly integrated
Inte! 80188 microprocessor: it signifi-

canily reduces casts by including—in the
IC package—many support devices that
are cxternal to the 8088 (used in a true-
blue IBM-#C). The ent:re compuler oc-
cupics 8 PC boand that is less than eight
inches On a side.

The interface between the RPC and the
IO unit is an sdaptation of the 1BM-PC
bus. Signals from that bus are available at
a 60-conduetor IDC connecior. That bus
allows prototype circuits 10 be built with-
out using special protetype cards.

Control boards

The RPC conirols three custom boards.
Board 1. shown in Fig. 2. contains mostof
the basic control circuits: with it and the
RPC. the robot is capable of unsupervised
operation. Board | controls the two tomue
{drive) motors. Each PWM (Pulse-Width
Modutlation} dfive-motor coatroller can
deliver as much as SO0 watts per wheel, A
feedback encoder allows the RPC to keep
rack of speed and position. Torque load is
also monitored.

Other Board-1 functions include grip-

WwWWwW americanradiohistory com

per-motor control, and control of the so-
nar ranging system. Based on the Texas
Instruments and Poliaroid sonar systems.
the ranging system cun be used for colli-
sion avoidance, niwvigation, and security.
Board | also cOntains several mis-
ccllancous systems. including the battery
charger. the DC-DC converter, and a
beeper alarm. The environinental sensing
systems {temperature. light. and sound
detectors) are also on Board 1. Last, the
collision detector outpuls are processed
on that board.

The robot differs from many projects
presented in Radio-Electronics in that it
is an evolving praject. Many of its circuits
are still in the design or testing phase. Asa
result, some of the final details may differ
fron those presented here. The other two
control boards fali into the still-being-de-
signed category. As of now. Board 2 will
contain the speech synthesis and recogni-
tion hardware. and that Board 3 will
house the RF daa link.

Software

Complementing the hardware is a flexi-
ble programming environment that allows
the programmer to choose his favorte and
most productive language. The RPC muy
be programmed in two different ways.

One approach involves use of either of
the onboard languages: BASIC and
FORTH. Each language is a combinatton
operating system, development systen.
and high-level language. Each includes
debugging support, inherent ROMability,

access (0 mass storage, and cach sup-
ports inlerrupt programming. intcgrated
procedures, and multitasking. An on-
board EPROM progratmmer allows soft-
ware to be written. tested. and burmned into
EPROM fot dedicated use.

The other approach makes use of the
RPC’s IBM-PC compatibility. The RPC
boots must operating systems designed
for the PC, thereby allowing the program-
mer 10 choose his favorile language. As-
sembler, Fortran. Pascal. C. BASIC,
Compiled BASIC. and many others are
all available. Programs in those languages
can also be bumed into ROM, if the com-
piler used generates ROMable code. Pro-
gram code can also vemain stored in
banery backed-up static RAN for power-
on ¢xecution. In addition, programs and
data can also be siored on floppy disks.
The RPC can aecommodate any mixture
of as many as four 3.5- and 5.25-inch
floppy-disk drives.

RCL

Although the robot's sottware is not yet
as extensive as we would like. modules
have been written 1o test cach of the
robot’s capabilities. The next step s an
extremely sophisticated Robotic Control

9861 HIAW3DAAQ
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SOURCES

Can you imagine whal & robol we could
build with a stalf of 250,000 {the entire
readership of Aadio-Elecironics)? One
key 1o 1he success of the R-E Robot i85 [he
colleclive developmen! capabiity of that
readership In an eliort i encourage the
exchange of programs. s5ources of parts.
hardware enhancemenis, and any other
items of general interes!, Radio-Elec-
tronics, Stock Drive Products, and Vesta
Technology are each offering special sup-
port,

Radio-Electronics will open a special
sechon of HIs new remote bulletin board
system {RE-BBS) o builders of the R-E
robol. You can reach the bulietin boasd by
caling 516-293-2283.

Stock Drive Products {55 8. Denton
Ave., New Hyde Park, NY 11040 516-328-
(200) has agreed 10 supply a kit of parts
for the drve sub-system. inciuding two 10-
inch pulieys and two 2-inch pulleys. Part
number 2Z6-RL11882 is avallable for
$32.00.

To simpiity the mechanical aspects of
building a robot, Vesta will sell. tor a hm-
iled time, an aluminum chassis (resem.
bilng the one in Fig. 1) at cost.
approximalely $45. The fully-populated
RPC will be avalable for $294, including
16K of RAM and the FORTH operating
system. The Board-1 PC board is avall-
able as a bare board for $41, or lully as-
sambied for $289. All source code for
tesung the robot and implementing ACL is
available on a 525-inch disk for $2.00, Al
Vesta producis are covered by & 15-day
return pohcy. MasterCard os Visa accepr-
ad; no purchase orders or terms avanabie.
Please add $8.00 fos shipping and han-
dling for the computer board, Vesta Tech-
nology, Inc.. 7100 W. 44th Avenue. Surte
101, Whealridge, CO 80033. 303-
422-8088_

Additanal sources for vanous parts and
sub-systems will be Listed in tuture inslall-
ments of this article. R-E

Language (RCL). The inclusion of RCL
on-board is possible only because of the
power of the RPC.

The onbourd RCL. puts our robot a siep
ahcad of almost all other home robots.
Most robors are controlled with obscure
software commands. A typical motion
function could be programmed as follows:

QUT (1,1):REM Turn on drive molors

DELAY 1000:REM For one second

QUT (1.0).REM Then tum oH motors
RCL. allows the operator 10 program the
sanit function as:

i0 FEET FORWARD

Choosing a language in which 1o im-
plement RCL was not an easy task. Be-
cause RCL was (0 be interpreted, we had
to impleiment it in & language that ex-
ecutes quickly. To case development and
10 allow people to eustomize RCL for
their own purposes. it had to be written in
a high-level language. We also wanted 10
minimize the cost of the hardware re-
quired for developing the RCL. interpreier.

TABLE 1—
SPECIFICATIONS COMPARISON
RB-5X Robot HERO 2000 R-E Robot
Dimensions 13" diameter % 23° | 18.5" wide x 225" (197 long x 18° wide
fugh long x 32.4" high | x 20" wgh
weight 24 pounds with arm | 78 pounds with arm |55 pounds with arm
Speed 23 mph 1 mph 5 mph
Arm 4 axes and gripper | 4 axes and gnpper | 1 axis and gnpper
12 0z payload 16 oz payload 10 pound payioad
1%/second E1second 8" 'sacond
tactiie leedback
Language Tiny BASIC Interpraled BASIC | Mutlitasking FORTM
with speciakzed with usér alteraable
obotic commands | Bobot Control
Language {(RCL})
cwverlay
Subsystems Two RS-232 poris | Tiwo RS-232 ports | Two AS-232 ports
8 110 nnes Casselte O sk drives [4)
Sonar system Sonar system Sonar aysiem
8 pernimeter bumper | Environmental Enwvironmental
paneis $ensing sensing
Speech synthesis | Speech synthesis | Speech synthesis
Motor speed conirol | Motor speed control
Reat-hme clock Real-tme clock
Keyboara LCD Collection sensor
Sieep Mode No Up 1o 6 days Months
Battery 8 vDC 12VDC 2 % 12vDC
90 WH 288 WH 480 WH
Sealed Sealec
Operator . Terminal Teach pendant Tetrmnal
Interface Keyooard with Lhrect or remole
specia! function connection
keys and keypad
LCD on robot
Remote Conlrol | None RF tink. 100" range | AF fink atiaches to
buill in to 1each user supplied RF
pendant transceivers
Microprocessor | 8073, 4MHZ 8088, SMHz B80188. BMHz
Mass Storage 2K ROM Cassette tape. disk | sk, optional
ophonal in future
Memory K/ 16K RAM 24K/576K RAM 16I/76BK
2K ROM 64K ROM 48K ROM
Bus None Proprietary 12 skl | Modified 1IBM "PC”
back plane, based | bus using flex cable
on 5-100 and simple
"ROBUS"
| expansion bus
Wheels 2 caslers 3 castess 5" casters
4" sohd wheels & sohd whoels 10.5" pneumatic
lires.
Cosl $2.500 $2.500 5850
{Bwskc unit) assembled kit ioompcm\'anis

After considering BASIC, C, FORTH,
and Pascal, we decided that FORTH met
our requircments best. [t runs much faster
than interpreted BASIC. but it gllows in-
leractive program development, testing.
and debugging. In addition. that Janguage
promotes the writing of modular, siruc-
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tured programs (as do Pascal and C), but it
does not require a disk-based develop-
mcnt system.

Another benefit is that FORTH is exten-
sible. which mcans that the code we write
becomes a part of FORTH. Because mast

cominued on page M4
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CIRCUIRS

P t DURING THE PAST FEW
ar months wc've been
looking at some of the principles behind
television-signal encoding and decoding.
Now it's time to pu some of what we've
learned to work. Beginning this month,
we will look at three practical de-
scrambler circuits that will decode sine-
wave-, gated-sync-pulse-, and outband-
sync-encoded signals. Complete sche-
matics, parts lists, and PC patierns will be
provided; in addition. a kit of parts will be
available.

But before we begin, take heed of this
warning:

The decoding circuits that will he
presented are for educational or experi-
mental purposes only. [t may be illegal
10 use the circuits to decode encrypted
signals before obtaining prier permis-
sion frum the programming supplier. Lt
is up to the user to determine the condi-
tions for legal use of these circuits and
to ohtain any permission required.

Sinewave scrambling

As discussed in the June 1986 issue of
Radio-Electronics, in sincwave scram-
bling a 15.75-kHz sinewave is added to the
video signal. Il the sincwave is syn-
chronized to the video signal, the sine-
wave's negalive peaks occur during the
video sync's positive peaks. The result is
that the peak level of the sync is sup-
pressed below that of the video. See Fig.

TV SIGNAL
DESCRAMBLING

This month we put our theories to work
and build a functional descrambler.

WILLIAM SHEETS and RUDOLF F. GRAF

I. That suppression confuses the sync sep-
arator circuil in a lelevision receiver and
stops it from functioning properly. The
picture that results is unwatchable: There
is a dark ventical band and the video is
color-distorted.

The audio may or may not be
scrambled. Actually, it’s not realty
scrambled; instead, it's stripped away
from the main audio channel and placed
on a hidden subcarrier. In sinewave
scrambling, that subcarrier usvally is lo-
cated at 62.5 kHz.

Sinewave descrambliing
Unscrambling a sinewave-encoded sig-

nal is relatively simple. It involves mixing

the scrambled signal with a sinewave of

e b T T
|I I HInt il
= — |

J— ! e
FIG. 1—A SINEWAVE-ENCODED YIDEQ SIG-
NAL. The peak sync is suppressed below lhe
level of the video, confusing the TV set's sync-
separator clrcuitry,

I Sl e T
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the same amplitude and frequency as the
scrambling sincwave, but shifted 180 de-
grees. The result is that the scrambling
sincwave is canceled. leaving a standard
video signal. A block diagram of an ap-
propriate descrambler is shown in Fig. 2.

Leaving theory behind, let's look at a
practical sinewave descrambler circuil.
The bulk of the circuit is shownin Fig. 3.
The input and output circuitry is shown in
Fig. 4; that circuitry is mounted within a
shielded “‘interface’ box. We'll speak
more about the box and why it is used
when we look at how to install and align
the decoder.

The first thing a sinewave descrambler
must do is 10 extract the 15.75 kHz sine-
wave from the incoming signal. That ean
be done by filtering it directly from ke
video envelope alier detection,

An IF and video-detector system is
formed by QL. IC], and their associated
circuitry. The output of the TV set's tuner
is picked off and fed 1o that stage via the
inputioutput circuitry, Resistor R1 is used
to set ihe gain of the IF stage while Cl is a
DC-blocking capacitor. Resistor Rl
should be set so that the input to Q1 is on
the order of | millivolt. That signal level is
provided by most cable systenis, but with
the value shown for RI. the ¢ircuit ¢an
accommeodate signal levels from 300 pV
o5 mV.

Transistor Q1 is configured as a single-
tuned bandpass amplitier with a gain of

9861 H3BW3D30
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FIG. 2—THE STEPS REQUIRED TO DESCRAMBLE # sinewave-encoded aignal are shown here. For
mors on he theory of sineweve scrambling and descrambling, see the June end Augusi 1986 [ssues of

Radio-Electronics.

about 15-20 dB. 11 is biased so that the
collector current is about 3 mA. A band-
pass network and matching transformer is
formed by the circuil of LI, C3. and C4.
The output of that circuit, al the junction
of C3 and C4, is fed to pin 7 of IC], the
video detector. That 1C is tuned by the L2+
C6 circuit 10 accept either a Channel 3ora
Channel 4 inpul.

A 200-mV composite-video signal ap-

pears at the outpul of IC1, pin 4. and is fed
to a narrowband active filter formed by
IC2-a, RY, R10, C8, and C9. That filier
extracts the 15.75-kHz decoding sine-
wave. The sinewave appears at the qutput
of 1C2-a, pin 1. That sinewave is shifted
180° by a sinewave-phasing network con-
nected 1o the non-inverting input. pin 3,

of 1C2-a. That network consists of R12,

R13. and C10. The passband of the filter

can be adjusted using R10. Howevcr, alter-
ing the setting of RIQ will not alter the
bandwidth of the filter, as that potentiom-
cter also adjusts the Q of the filier. The
nominal gain of the active filter is 20 dB.
That gain can be altered by adjusting R14.

The ocutpul of the filier is coupled via
CI12 1o a bias network consisting of RIS
and R16. That network is used to sel the
DC level on D1, an MPN3404 PIN diode
located within the interface box; see Fig.
4. That diode acts as a voltage-variable
resister. A positive-going voltage will
cause the impedance of the diode to de-
crease; a Regative-going veliage will
cause the impedance of the diode to in-
crease. An isolation nelwork made up of
L3 and RI7 keeps the input RF isolated
from the ocutput sinewave. Capacitors CI15
and CI4 pass the RF signal but block the
output sinewave. Therefore, to the RF in-
put. D1 appears to be cffectively across
the tnput (from per) and output {to TV

u
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FIG, 3—A COMPLETE SINEWAVE DESCRAMBLER. Easy to build. and relatively easy to align, this
clrcuil completely removes the 15.75-kHz scrambling sinewave.
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FIG. 4—THE INPUT/OUTPUT CIRCUITRY Is
mounted in & separate, shislded enclosure, Thel
allows tor greater Pexibility in Installing the cir-
Cuit In B TV-sat
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network located between pins 9 and 0.
The inductor. L2, should be tuned for
maximum signal at pin 12. While 62.5
kHz is the mosi common audio subcarrier
frequency, with the values shown virtually
all other possible subcarrier frequencies
can be tuned by adjusting 1.2.

The pin-12 output is fltered to extract
the audio subcarricr and that signal is fed
to the input (pin 2) of IC4, an NE565
PLL. The ¥CO control voltage appears at
pin 7. Assuming that the PLL is in a
locked condition, that voliage will corre-
spond 1o the progran audio. For more
detailed information on PLL operation,
sec Part 4 of this series In the September
1986 issue of Radio-Eleciranics.

)|

I_
]

FIG. 5—USE THIS PARTS-PLACEMENT DIAGRAM when bullding the descrambiler. The board may be
e#iched ysing the pattém found In PC Service of ordered from the supplier listed in 1he Parts List

{F) terminals and acting as a lossy shunt.
By biasing the diode comrectly, the de-
scrambling sinewave can be mixed with
the scrambled vidco, cancelling the
scrambling sinewave. The result is a de-
scrambled video signal that is fed back to
the TV IF stage via capacitor Cl4.

Descrambling audio

In sinewave scrambling, the program-
mcr also has the option of encrypiing the
audio. For systems where the audio is
scrambled, 1C3,1C4, IC5, and 1heir asso-
ciated circwilry are used to recover the
audio. If it is not needed. that part of the
circuit may be omitted.

Part of the video signal at the output of
ICl is picked off and fed to IC3, an
MC1358 TV-sound IF amplifier via a
high-pass filier made up of C7, R7, and
RI8. Thas versatile IC provides 4.5-MHz
detection. amplification, and limiting.
The detector slage is tuned by the LC

The pin-7 signal is then filtered and
coupled to an audio amplifier built around
ICS. The outpul of the amplifier is fed 10
an external 8-ohm speaker. Volume is
controlled via R3]. A stabilizing network
for the LM386. consisting of R32 and
C33. is included to prevent the possibility
of undesired high-frequency oscillation.

Building a descrambler

Most of the circuilry 15 mounted on a
single PC board. The foil pattern for that
board is found in PC Service. The pans-
placement diagram is shown in Fig. 5 and
a photograph is shown in Fig. 6.

Other than R31, the volume control, the
only compeonents not located on the board
are those that make up the interfuce circuit
of Fig. 4. Those parts should be mounted
in a small shiclded {metal) box. The cir-
cuut is simple and its placement within the
box is not critical. Strictly speaking, the
interface circuitry could have been located

WwWww americanradiohistorv comm
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PARTS LIST

All resistors Vs watt, 10% unless noted

R1, R10—1000 ohms, tnmmer potentiom-
ater

R2, R8. R22, R24, R25—470C chms

R3, R18—4 70 ohms

R4, R7—100 ohms

A5, R19, R33—47 ohms

R6—3300 ohms

Ry, A12, R13, R20, R23—10,000 ohms

A11—220,000 ohms

Ri4, R16—5000 ohms, tnmmer potent-
ometer

R1%, R21—2200 ohms

R17, R27, R28, R29, R30—1000 ohms

R26—25,000 ohms. Inmmer potentiome-
ter

R3—10,000 ohms. potentiometer, audio
taper

R32—10 ohms

R33—1,000 ohms

Capacliors

€1,C2,C5,C7,C13-Ci5,C1-C23, C26;
C36—470 pF, ceramc disc

C3—15 pF, NPO or silver mica

C4a—47 pF, NPO or silver mica

C6—56 pF, NPO or silver mica

C8, C9—0.001 pF, Mylar

C10-C12—1 uF, 20 volts. elecirolytic

C16, C24, C27-C29, C35—0.01 pF, ce-
ramic disc

C17, C30, C33—0.1 pF, Mylar

C18—68 pF, NPO or silvar mica

C19—12 pF, NPO or siver mica

C20—220 pF, NPO or sihver mica

C25, C31—10 uF, 20 volts. electrolytic

C32—470 uF, 20 volis. electrolytic

C34—470 pF, NPO or silver mica

Semiconduclors

IC1—C1330 video detector

1IC2—LM1458 dual op-amp

IC3—MC1358 TV sound IF amplifier

IC4—NESES PLL

IC5—LM386 audio amplilier

{1—2N3563 NPN translstor

D1—MPN3404 PIN diode

D2—1N4002 rectilier diode

Other componenis

L1—0.3-0.5 pH, see tax

1.2—0.2-0.3 pH, see text

L3—5.6 pM choke

L4—10-33 pH {Norh Country Radio
LX10-33 or equivalent), see lext

J1-J3—phono jacks

SPKR1—8-ohm speaker

Miscelianecus:PC board, metal box ior

interlace circuit. cabinet (optional). wire,

soidef, shielded cable, etc,

The following are available from North

Country Radio, P.O. Box 53, Wykagyl

Station, New Rochelle, NY 10804: Com-

plele sinewave decoder kit, including

PC board {metal box for interface cir-

cuit not included), item SW-1, $§52.95

plus 52.50 shlpping and handling;

Puise decoder kit, including PC board,

item PD-1, $49.95 plus $2.50 shipping

and handling; Quiband decoder kit, in-

Cluding PC board, item QB-1, §34.85

plus 52.50 shipplng and handling. All

Lhree kits may be purchased for

$129.95 plus $3.50 shipping and han-

diing. The LX10-33 coil {L4 of the sine-

wave descrambler) Is avajlabie for

§4.00. NY state residents please in-

clude sales tax.
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on the main board; bul s¢parating it from
the main board allows for much more flex-
ibility.

With our scheme. you can mount the
interface box within the TV cabinet.
physically close 1o the tuner and IF sec-
tions, but leave the remainder of the cir-
cuit outsidc for casier adjusimenis. Input
and oulput signals are routed between the
box and the board using shielded cables.
With other schemes, either the whaole cir-
cuit is mounted within the TV cabiner,
making access difficull. or long signal
runs are required, inevitably causing sig-
nal degradation.

Coils L1 and L2 are hand-wound. Coil
L1 consists of 10 wrns of number 22
enameled wire wound on an 8-32 screw.
Coil L.2 consists of 6 1o 7 tums of number
22 enameled wire wound on an 8-32
screw. Once those coils are wound, re-
move the screws and replace them wilh
ferrite slugs. You eon salvage those slugs
from an old TV sel (from a coil in the IF
circuit} or the front end of an old FM
radio. Coil L4 is a custom part. It is desig-
nated as LX10-33 and is available only
from the source given in the Parts List.

Aligning the circuit

It may be illegal to use or even align the
circuit with the signal from an over-the-air
or cable pay-TV programumer wilhout ob-
taining prior permission. Do nol use the
circuit in that manner without first ob-
taining such permission.

In thc meantime, it is possible to align
the circuit “off-the-air.” Doing that can
give you greater insight into the way that
signal descrambling works. Let's see
what equipment is needed to perform
such off-the-uir alignment before looking
at the procedure itself,

The circuit should be powered using a
well-regulated. filtered + 12-volt DC sup-
ply. Any excess ripple can interfere with
circuit operation to the point where align-
ment is nol possible.

You will also need an oscilloscope. [t
should have a bandwidth of at lcast 5 MHz
and preferably 15 MHz, and a sensitivity
of at least 100-mV/div. The scope should
be equipped with a low-capacitance (less
than 10 pF) probe.

You will need some way to simulate the
15.75-kHz scrambling sinewave. Thal can
be done using an AF generator. Your VCR
will suffice as & source of normal {de-
scrambled) video. If one is available, a
signal gencrator capable of outputting fre-
quencies to about 70 MHz would be help-
ful, but it is not absolutely required and
you can get away withoul one.

Connect J1 10 J2 using a short length of
shielded cable. Then connect power and
apply a video signal (o the signal-input
jack ()3} Nothing should run hot. If it
does. measure the resistance between the
power supply and ground rails. IT it is less
than 100 ohms, you likely have a short

1C5

02

iC2

IC4

L2 IC1

L4

F1G.6—THE C OMPLETED SINEWAVE OESCRAMBLER BOARD contsins everything excep! the volume

control and the clrcultry shown In Fig. 4.

somewhere. Correct any problems before
proceeding.

Next, connect the oscilloscope probe to
pin 4 of IC1. Adjust the settings of L1 and
L.2 for a maximum videe signal display on
the scope. Then adjust Ri for a video
signal of about 250-mV p-p.

Move the scope probe to pin 12 of IC3.
Adjust L4 for maximum audio signal as
displayed on the scope.

Disconnect the video source. Set the
signal generatar o output either a 61.25-
MHz (Channel 3) or 67.25-MHz {Chan-
ncl 4) signal. Modulate that signal (30%
modulation) with a 15.75-kHz, | millivolt
p-p signal from the AF generator, and
apply it to ]3. Conneet the scope probe to
pin | of IC2-a and adjust R1Q for max-
imum sinewave display.

If you do not have a signal generator,
place a |-megohm resistar in series with
the AF gencrator and sel the generator o
output a 15.75-klz. i-volt p-p sincwave,
[nject the signal at the junction of R9 and
R10. Connect the oscilloscope probe o
pin | of 1C2-a and peak RI10 for a max-
imum display.

Remove the sinewave signal. Replace
the series l-megohm resistor with a 0.01
wF capacitor and couple the signal gener-
ator’s output to the junction of €24 and
R24. Set the generator's output to a 61.5-
kHz, 300-mV p-p signal. Connect 1he
scope o pin 7 of 1C4. Adjust R27 so 1hat
phase lock occurs. You'll know that you
have phase lock when you obtiin a rock-
steady DC display on the scope. Once you
have phase lock. try varying the output
frequency of the AF generator. The volt-
age at pin 7 should irack those changes
over a range of a few kihz,

WWWW americanradiohistorv comm

That completes the essential checkout
procedures. If you have a signal generator,
there is one final test you can perform.
Onee again, modulate a 61.25- or 67.25-
MHz signal with a 15.75-kHz sinewave
from an AF gencrator. Apply the resulting
signal to J3.

Connect a TV receiver to )4, the signal
output jack. Normally, applying just the
video carrier to the set will cause a umi-
form white raster. However, the sinewave
should cause a rippling effect. If the cir-
cuit is working properly, you should be
able to eliminate 1hat ripple by adjusting
R16. RI10. and RI4. If you can. il proves
that the circuitry is capable of suppressing
the scrambling sincwave.

Thut completes alignment. If you ob-
12in permission 1o use the circuit with an
over-the-air or eable signal, you will like-
ly need to tweak up performance when the
circuit is installed. However, those adjust-
mcnts should be minor.

Installing the circuit is relulively sim-
ple. However working inside a TV can
be very dangerous unless you are sure
what you are doing. We urge you to be
cautious. Basically, the sinewave decoder
interface box is installed between the
TV's wner and it’s IF section. Coaxial
cable should be used, and you should
provide a bypass switch to take the de-
coder out of the circuit. You may prefer to
use a separate tuner as decoder’s front
end. Then the only connection required is
tothe TV [E Either way will work_ but s-
ing a separatc tuncr may be more desirable,

Next time, we will look at gated-sync
#nd outband-sync descrambling circuits
that you can bulld yoursell and experi-
ment with, R-E
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Closed-Caption Decoder

Last month we looked at the theory and the circuitry behind the

closed-caption decoder. Now lets build one.

P t 2 WHEN WE FINISHED UP
a r lasttime, we discussed
the basics of how closed captioning
works, and we presented the complete
schemati¢ diagrams of oar ¢losed-caption
decoder. Now you can warm up your sol-
dering iron—we 'pe ready to build the cir-
cuit.

Construction

Butlding the decoder is fairly easy be-
cause it has only a single IC, and becausc
all compancnts, cxcept the switches and
power jack J1, mount on the PC boatd.

The NCI telecaption module, the heart
of the decoder. mounts in the botiom of
the case, and the PC board mounts in the
top. The close quarters in the case require
that all componcnts on the PC board be
low-profile types with heights less than
one inch. The only problem component is
the 7805 regulator, which requires a rela-
tively large heatsink. We solved the prob-
lem by installing a vertical-mount
heatsink horizontally.

To begin construction, first inspect the
PC board (whether you make yous own or
buy the kit} for plugged holes and broken
or shorted traces. Fix any and all faults
before proceeding.

Following the component-placement
diagram in Fig. 7. install the three jum-
pers using 22-gavge bus wire. Keep the
jumpers tight and flat against the surfacc
of the board to prevent shorts. Next, insert
26 PC pins into the holes in the board
where wires will connect: 15 along the
right edge of the board (where the NCI
module will connect), 1wo for JI, two for
§2, and seven for S1. Tum the board over

carefully and rest it on the pins while you
solder them in place.

Next install the 59 fixed-value re-
sistors. The holes for all the resistors are
spaced so that the leads of cach resistor
can be bent right at the body. To ease
troubleshooting. mount the resistors so
that the color codes point the same way.

Install the capacitors, taking care o
oricnt the polarized ¢lectrolytic and tan-
talom types correctly, Keep all the capaci-
tors as close © the board as possible,
bending their leads il necessary to match
the hole spacing.

Install the diodes next, taking eare both
to orient them correctly and not to mistake
the different types. In particular, be cer-
tain that the 6.2-voli Zener Is insented in
the D3 position, and that the 8.2-volt
Zencr goces in the DIl spot. Use care in
bending the leads of the diodes, par
ticularly the glass types.

Now insiall the transistors. To avoid
mixing up the two types, lirst insert and
sotder the five PNP devices (Q3, QS,
Q10, QI3, and QI4). Then insert the nine
NPN transistors in the remaining posi-
tions, and solder them in place. Keep the
transistors ¢lose to the board —their cases
should be no more than ¥ inch from its
surface.

Press the four RCA jacks (J2. 14, )S§,
and J6) into the board and bend their tabs
over to hold them in place. Check that
they are all firmly and squarcly seated,
then solder them in place, using a fair
amount of solder to obtain firm joints,

Insert the two trimmer resistors, RS0
and R55, into the board and solder them
in place. Be certain that they are well
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mounlcd. 30 that repeated adjusiments
will not wotk them loose.

Press the RF modutator into the board
and twist its lugs to held it in place. Solder
the lugs to the foil. using plenty of soider
to make a secure joint. Not only do the
lugs hold the relatively heavy modulator
in place, but they are used as jumpers to
extend the ground plane to two points near
the center of the board. Poor mounting
will cause problems. [nsert the modu-
lator’s four leads into their holes, noting
that they angle back from the cdge of the
board slightly. Pull the leads tight. then
solder them.

Now install the 7805 regulator and its
heatsink. The heatsink supplied with the
kit has two pins extending from one end to
facilitate vertical mounting. Sincc the
heatsink will be mounted horizoatally, re-
move the pins with a pair of pliers,

Insert the 7805 regulator into the board
with its metal tab oward ClI, und then
bend it so that the hole in its 1ab lines up
with the holc in the board. DO NOT sol-
der its |eads wet,

Pass the heatsink's mounting screw
through the PC board and through several
metal washers (¢ hold the regulator
slightly above the board. Apply a layer of
heatsink compound to the back of the
7805 and attach the heatsink, tightening
the screw firmly. Solder the regulator's
leads now.

The last step in building the PC board is
to mount power-on indicator LED2, It

-must extend from the edge of the PC board

to meet its mounting hole in the front
panel. The easiest way to determine its
mounting position is to temporarily fit the
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help the decoder to remain trouble-frec in
52 changing humidity conditions.
CHANNEL J Ji
VIDED  AUDIO

Jb J J2
VIDED (2-vOLT AuDID

Interconnections
(NPUT INPUT INPUT bl T

]
TSELECT
; \ i f The connectors that couple our board to
?_ ?I 3 the NCI module are an(;musual type with
o 0.1" spacing between adjacent pins. They
I8 ' are insu]ali(s)n-displaccmcnl typlz‘:s.soyou
need only press a strand of ribbon cable
ik into each contact. We use three con-
nectors of different sizes: four-, five-, and
siXx-contact points. Each intefConnecting
cable has a connectlor only at the cnd that
attaches to the NCI module; the other end
is soldered to the PC board.
Cut three picces of ribbon cable about
six or seven inches long. onc cach with
four, five. and six conductors. and sepa-

0 ratc the conducters about one inch at each
DECODER . h h
MODULE end. Insent the unstripped wires into the

“bays" of the appropriale connector and,
holding them-in place. pull the cable
down across the erminals, but don't ap-
ply too much pressure. With the cable
sealed, use a small Aai-blade screwdriver
to push each wire into the noich of its
terminal.

Strip about Ya-inch of insulation from
the other end of each conductor of all
three ribbon cables. Twist the strands to-
gether. and then solder the wires to the
PC-board pins. Muke sure that you solder
those wires so that the connectors at the
other end will be able to fit in the NCI
module. Figure 8 shows how they should
seal. The six-conductor cable should be
split for an inch or so ai the PC end be-
tween its second and third conductors in
order to clear C15. Or you could push C15
so that it lies flat on the board. Don’t
break its ceramic coaling or short any of
the other connnecting pins. Afier all of the
wires are soldered in place. inspect your
work and correct any errors.

Aunach J1 and $2 to the rear panel, and
insert the pancl inte the top haif of the
case. Install the PC board and secure it
with four self-tapping screws. Make sure
that the jacks line up with the holes in the
panel.

Conncct wires between J1's pins and
the appropriate pins on the PC board.
Then connect $2 10 the channel-select
pins, using segments of ribbon cable or
other 20- to 24-gauge hookup wire. Keep
the wires shor and neat, but lcave a small
amount of slack to allow removal of the
board or the panel.

Remove the anti-rotation lug from ro-
tary switch $2 and mount the switch tothe
front panel, tightening its nut finger-tight.
Fit the knoh to the shaft and adjust the
switch's position so that the knob’s in-
dicator lines up with the panel markings.

Tl
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FIG. 7—MOST COMPONENTS EXCEPT THE SWITCHES AND .1 mount on the PC boerd. Use PC-board
pina to connec! the off-board componenis.

LED 1 iCi 51

FIG. B—THE PC BOARD MOUNTS IN THE BOTTOM of the cas# and the NCI decoder module mounts (n
the 10p. Make sure thaf the three jumper cables connecting the PC board and the module are orlented
correctly.
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PC-board and the fromt panel into the
case. After the LED’s leads are bent to fit,
rermove Lhe board and selder the LED 1n
place. Note thar the lead next to the Mat
edge of the LED's casc goes to the hole
nearest Lthe comer.

After all components have been
mounted. inspect your work for in-
complete joints and solder bridges. and
correct any problems. Clean flux from the
bottom of the board. and then spray it with
an acrylic dielectric spray. Doing so will
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Carcfully remove the knob and tighten the
nut. Then re-tnstall the knob and make
sure that the indicator still lines up.

Use bus wire to connect the five com-
mon terminals of Si-a together. Clip the
terminals off just above the wire, and re-
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PARTS LIST

All resislors are Yo-waitt. 5% unless Oth-
erwise noted.

R1, R22, R23, A52. R53, R56. RE0—1000
ohms

R2—15,000 ohms

R3—270,000 ohms

R4—100.000 ohms

A5—22.000 ohms

A6—390 ohms

R7, R40—4700 ohms

R8, R58—1B0 ohms

Rg. R20, R21—560 chms

R10-R12, R17, R28—47.000 ohms

R13-R15, R34—470 chms

R16, R61==75 Ohms

R18—18.000 ohms

R19. R24—680 ohms

R2%. R47, R48, R57—220 ohms

R26—180.000 ¢chms

R27—68,000 ohms

R29, R32, R38—2200 chms

R30—1500 ohms

R31, R37. R44—3300 ohms

R33, R43, R49—330 chms

R35—2700 ohms

R36—3900 ohms

A3%, R59—10.000 ohms

R41. Ra5—12,000 ohms

R42—1800 ohms

R46, R54, R62—6800 ohms

R50. R55—1000 ohms, PC-mount, trim-
mer potentiometer

R5t—100 ohms

Capacitors

C1—1000 i F 16 volis. electrotytic

G2, C4, C6. €15, C24—0.1 pF., ceramic
disk

C3—1 uF. 35 voits, tantalum

C5, C13—1 uf, 16 woits. eleciroiytic

C7,C8, C19—10 uF. 16 voits, electrolytic

C9, C21—22 uF, 16 voits, slectrolylic

C10—47 uF, 16 voits, electrolybe

C1t—39 pF, ceramic disk

move the OFF tetminal completely. The
terminals must be removed in order for the
swilch to clear the edge of the PC board.
To prevent possible wiring errors. remove
the two terminals corresponding o the
oFf¥ and the Tv positions of S1-b.

Solder a six- 1o seven-inch length of
seven-conductor ribbon cable to the pins
near the front of the PC board. Conncct
the other end Lo the appropriate points of
S1. Insent the front panct into the top of the
case.,

Drill a row of Y-inch cooling holes
along the botiom of the left haif of the
case. Those holes will let air get in to cool
the heatsink: waste heat will pass by con-
vection through the gaps around the rear-
panel jocks.

Next mount the NCI module in the bot-
tom half of the case. The module has four
mounting lugs designed for attachment lo
a fat surface. To mount the module to the
standoffs in the bottom of the case. bend
the lugs so that they extend straight oul
from the module's shielding ¢an: then
make an additional horizontal bend about

C12—2.2 uF. 16 vails, electrolytic

C14—150 pF, ceramic disk

C16—100 pF, ceramic disk

C17—0.001 uF, ceramic disk

C18—220 pF, ceramic disk

C20, C22—100 puf, 16 woits, electrolytic

C23—470 puF, 16 voits. slectrolyhic

Semiconductors

IC1—LM7805T, S-voli regulator

D1—1N4001, rectifier

D2—not used

D3—1N4735 6.2.volt. 1-watt Zener diode

D4a-10, D12, D13—1N914 switching diode

D11—1N4738 B.2-voit. 1-walt Zener dicde

LED1—slandard red

1,02, 04, G609, O11, C12—2N2222A
NPN

Q3, 0%, 010, 13, Q14—2N33%06 PNP

Other components

J1—W-inch minialure phone jack

J2-46—RCA phono jack

S1—2P6T miniature rotary switch

82—SPST mumalure slide swilch

Miscellaneous: Astec UM1255-8 wdeo

modulator. NCl Telecaption Decoder

Module, PC board. 12-vait 500-ma wall-

mount transformer, case, panels, wirg,

soider. elc.

Nolte: A Kit {no. K-6314) Including PC

board. case, and all paris excepl RF

modulator and power transformer is

available for §139 plus §7.55 shipping

and handling from Dick Smith Elec-

tronics, Inc.. P. 0. Box 8021, Redwood

City, CA 94063. The modulator {no.

K-5040) is avaiable for $9.95 and the

power leansiormer (no. M-9528} is

avaliable 10r $6.95. Allow shipping of

$1.50 plus 5% of order. California resi-

dents must add §.5% sales tax. Orders

outside the U. S. must include U. S,

funds and add 20% of 1otal for ship-

ping.

FIG. 9—THE NC1 MCDULE, ahown hers with its
covel, remved, mounts to the boftom ol the
Casl.

rear panel. The module must be all the
way back to provide room for the rotary
switch in front. Secure the module in
place using self-1apping screws und wash-
ers. Do not connect the module to the PC
board yet.

Testing and adjusiment

Tum the rotary switch (o oFf and plug
the wall transformer’s output plug into the
power jack. Then plug the transformer
into an AC socket and 1urn Sl o ci. LEDI
should light up. Tum the knob through the
other positions; the LED should remain
lit.

Measure the voltage at the positive lead
of Cl. It should be no less than §2.5 and
preferably no more than 16 volts. (That
voltage will drop when the heavy load of
the module is added.) Mcasure the 5-volt
supply at either the + 5 wvolt pin of Sl-bor
at module connector pin 5C4. 1t should be
within .25 volt of 5 volts. Finally, mea-
sure the voltage at the cathode of D3; it
should be between 5.8 and 6.2 volts. If all
voltages are correct. tum the decoder off
and attach the connectors 1o the NCi mod-
ule. Tum the power buck on.

SIGNAL TV/GAME |1 T
SPLITTER SWITCH i
I ] l
1 L}
AF ARTENNA
DUTPUT INPUT
VCRTUNER CLOSED- CAPTION v
DECODER SET
appio | 1AUDID appio | _lauoio
OUTPUT INPUT OUTPUT INPUT
VIDED VIDED VIDED VIDED
QUTRUT INPUT OUTPUT INPUT

FIG. 10—SYSTEM WIRING DHAGRAM shows how the decoder should be connected to your video
aysiem. The slgnal splilter and TvGAME $wilCh are optional.

Y4 inch from the first bend. Press the mod-
ule inte place with the connectoss on the
opposite side of the cooling hoies. and
with the rear edge against the slot for the

WwWww americanradiohistorv comm

Again measurc the voltage at the
positive end of capacitor Cl. [deally. it
should be between 12and 12.5 volis, but it
may vary, depending on the wall trans-
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¢ RADIO-ELECTRONICS

ELECTRONIC FUNCTION SELECTOR

As promised lasl month, we'll descnbe
an all-elactronic function-selector circurnt
that can be used to replace the rotary
tunction selector, S1. The circuit 1s shown
in Fig. 1.

clockinput; that pulse advances ihe coun-
ter by one. The D ouipul goes low and the
1 output (pin 1} goes high, so the C2 LED
lights up, and caption channel C2 is se-
lected. Successive presses of 51 cycle

+5V
cz;; c§£
1 1
4 4
. — i
R2 [ NS4
ax
| 16
Vee
L s
o I
" L
CLK 1|3
1
© 1 14
[ 7] 2 1€3-¢
0 % MCH leg‘
EN  GND f it -
i i3 =
”y
=5 €D §
K 74014
i

The heart of the ¢ircuit is a 4022 8-stage
nng counter In a nng counfer, one and
only one output is high at any time. Each
output of the 4022 dnves an LED wia an
inverter. The first lour outpuls ame also
connected to the Cormesponding Npuls on
the main PC board. When power s first
applied, C2 and R3 reset the counter, 50
the D output {pin 2) is high. Therelore, the
decoder COMeas up tunad to the most pop-
ular closed-caption channel, C1.

when S1is pressed, a pulse is applied
{via Schmir tigger IC2-a) to the counters

PARTS LIST—

R1-—10,000 ohms
R2—47,000 ohms
R3—15,000 chms
C1—1 uF, 16 voits

C2, C3—0.1 pF
IC1—4022 ring counter

former used. To accommodate transfor-
mers with various output voltages, it may
be necessary to alier the values of several
resistors. We'll discuss those modifica-
tions in a moment.

Before closing up the case, lemporarily
connect the decoder to your video system

—DUI

o MT.SN
——-DHJ PL BOARD
DT

the 4022 through each of its states: a fitth
press relums the decoder 1o the C1 mode,
because the output 5 {pin 4) 1s coupled 1o
the RESET INpU! via diode D1.

You can build this circuit on a piece of
pertboard and attach # 1o the front panel
with spacers and screws. Note that a sep-
arate SPST switch will then be requined 1o
swilch the decoder’s power on and off; in
addition, power-0n indicator LEDA {on the
main board) can be omitted, since one of
the tunction LEDY wrilt light up whenever
the power is of. R-E

ELECTRDNIC FUNCTION SELECTOR

1IC2—74C14 hex Schimitt Ingger
D1—1IN914

LED1-LEDS—Standard

S1—S8PST nomally open pushbutton
S2—5PEST toggle

as shown in Fig. 9. Note that a video
switch is shown in that figure; it can be
used to bypass the decoder when caption
decoding s not necded. If captions will be
desired most or all of the time, the switch,
and the signal splitter, can be omitted and
the decoder’s Tv mode can be used to

WwWwWw americanradiohistorv comm

bypass decoding. if necessary.

Select a strong station on the VCR or
tuner, set your TV and 52 on the decoder
to Channel 3 or 4, Now turn everything
on. Place S! in the Tv position.

[f the picture and sound oo the TV are
good, then no adjustments (0 the modu-
lator are necessary. But if cither picture or
sound is faulty, use a We-inch Bat screw-
driver to adjust the modulator’s tuning
coil (the one nearest the input leads) until
the picture is good. Then adjust the other
coil until the sound is ¢learest. You may
have to adjust both coils several times to
optimize both audio and video.

Set trimmer resistors R30 and R53 to
the cenler of their travels, set1 81 to ¢i, and
tune in a captioned program. Dunng the
day, the best place to find one is on a PBS
station. At night, try either a PBS or an
ABC station. On satellite, tune fn any of
the ABC or PBS feed transponders.

If the captions appear with a dark back-
ground and bright, legible characters, no
adjustments are necessary. But, if the
boxes are too light, if the captions distornt
the picture, or if dark streaks appear in
light scenes, adjust the BLACKNESS
control (R50) until the boxes are as dark
as they will get without streaks or distor-
tion. If the characters are either toodim or
smeared. adjust the CHARACTER ¢ontrol
(R55) until they are clearly visible, but
not smeared.

If proper adjustment cannot be ob-
tained in the middle /3 of the trimmer’s
travel (or cannot be oblained a1 all), the
problem is most likely the 12-volt supply.
To compensate, one or two of the resistors
in the blanking and Y level bias circuits
will have to be changed. The resistors
should be changed only if it is difficult to
get ¢clear captions and background.

If the background will not adjust prop-
erly, clip R47 from the board, lcaving the
lead stubs in place. Connect a IK trimmer
resistor to the stubs and, with the back-
ground trimmer sct to the center of its
travel, adjust the new resistor to obtain a
dark background withour streaks or dis-
tortion. Tum the decoder off, measure the
value of the pot, and replacc it with the
closest standard resistor. If you’re careful,
you can solder the new resistor to the leads
of the old one without having to remove
the board from the case.

If it is the characters that will not adjust
properly, perform the same procedure, but
substitute a 2K trimmer resistor for R56.

After everything is working comrectly,
disconnect the decoder, asscmbie the
case, and reconnect it to your video sys-
tem. Now you’re ready to enjoy the new
world of closed-caption programming.

To conclude, it’s our sincere hope that
all of the heaning-impaired persons who
are aided by this project enjoy using it as
much as the author enjoyed designing and
developing it and we enjoyed publishing
it. [t was truly our pleasure, R-E
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DTMF Encoding and Decoding

Thanks to new low-cost DTMF encoders and decoders, the world of DTMF signalling now is
available for use in your next project.

DTMF {DUALTONE MULTI- FREQUENCY)
signalling was developed aboutl 1wo de-
cades ago by Bell Labs as a fasier (by a
factor of about 10), more versatile. and
more reliable telephone-dialing scheme
than the old pulse or rolary-dialing tech-
nique. The DTMF method is often re-
ferred to as tone dialing or Jouch-Tone
{note that Touci-Tone is a trademark of
AT&T) and is uscd with push-butlon tele-
phones ard other equipment.

A standard DTMF signal consists of a
pair of audio tones chosen from a group of
eight standard frequencies. Those fre-
quencies are divided into two groups: a
low-tone group of four frequencies and a
high-tone group of four frequencies. A
valid DTMF signal consists of the al-
gebraic sum of one tone from the low
group and one lone from the high group.
There are therefore 16 (4 low X 4 high)

DALE NASSAR

possible DTMF signals that can be en-
coded with the cight frequencies. The four
standard low frequencies are 697. 770,
852, and 941 Hz, and are referred to as
row frequencics R1. R2, R3, and R4, re-
spectively. The four standard high fre-
quencics are 1209, 1336, 1477, and 1633
Hz. und are referred to as column frequen-
cies Cl, C2, C3, and C4, respectively.
Any combination of DTMF 1ouc can be
penerated using a 4 X 4 keypad switch
matrix as shown in Fig. 1. The DTMF
frequencies and the keypad layout of Fig.
| are intemmalional slandards. The frequen-
cies produced by DTMF generators are
allowed a *1.5% deviation from the
listed standards. Note that all of those
toncs are well within the telephone sys-
lem’s voice band.

The choice of the standard DTMF fre-
quencies was by no means an arbitrary

WwWwWw americanradiohistorv comm

one. The designers of the DTMF system
used 2 greal deal of care in selecting the
particular frequencies. Other tones that
may appear on the telephone line such as
dial tones and power-line neise must not
fall in the DTMF frequency band. Further,
the standard frequencics must have no
harmonic intcraction, thus the highest
standard frequency (1633 Hz) is lower
than the third harmonic of the lowest stan-
dard frequency (697 Hz).
Conventienal telephones that use
DTMF signalling are usually equipped
with a standard 3 % 4 keypad mairix for
representing the digits -9, and two spare
symbols. * (star or asterisk) and #
(pound or octothorpe). which can be used
for various purposes. That 3 X 4 matrix
represents all four row frequencies
(RI-R4), and the threc lowest columin fre-
quencies (C1-C3). Some special-purpose

9861 H3aW3330
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FIG. 1—STANDARD DTMF KEYPAD layout. The
DTMF row and column lrequencies are as
shown

telephones use the founth column {(C4) to
represent four additional symbols (shown
as A, B, C_and D in Fig. |) in order 1o
encode all of the sixteen possible DTMF
signals.

If you have a tonc-dial phone you can
listen toa DTMF signal by simply picking
up the ielephone handset and pressing one
of the buttons. For example. pressing the
8 key generates a 852-Hz tone (R3) and a
1336-Hz tone (C2) simuliancously. Those
signals are processed and decoded by a
DTMF recerver at Lhe wlephone compa-
ny's central office.

The central office contains the switch-
ing equipment that provides local-ex-
change telephone service for a given
geographical arca. That area is designaled
by the first three digits of the telephonc
number. After the connection is estab-
lished between the called and the calling
parties, the DTMF recciver {at the central
office) is no longer active and the con-
nected parties are free to use the keypad-
generated signals for station-to-station
{end-10-end) signalling.

Until very recently, the DTMF ¢n-
coders used by the telephone companies
exclusively used large and bulky tran-
sistorized LC-tuned oscillaor citcuits to
generale the tones. Many such LC circuits
are still in use. Such rugged circuits were
used by the telephone company because
they were extremely dependable. They
were designed to withstand the worst of
operating conditions. For the hobbyist,
limited parts availability makes building
that type of circuit almost impractical.
Fortunately it is also unnecessary, as
DTMF generators are available in IC
form.

Further, until just & few years ago the
experimenter had to seule for a not-so-
rehable IC decoding (receiving) system.
The decoding circuitry had to be built up
using a number of simpie IC’s. For in-
stance, a scparate 567 phase-locked-loop
tone-detector 1C was requined for each

frequeney used. for a total of eight. Addi-
tionally, each tone detecior had 1o be
tuncd by criticat external timing compo-
nents. Because cach DTMF signal re-
ceived activated two detecior outputs (one
for each frequency received) a logic cir-
cuit had to be added (o convert those oul-
puts into a usabie formal. The net result
was 8 complex circuit that was time-con-
suming to build and difficult 1o align.
Also. performance was ofien unsatisfac-
tory. True. performance could be im-
proved with the addition of pre-filtering at
the inputs of each tone detector. Butl the
active-filler circuitry required for that

made an aircady complex circuit even
more so.

Fortunately, those days are gone for-
cver. With the new DTMF IC's available
today, a complete and extremely reliable
DTMF-encoding and -decoding system
can be breadboarded in less than 10 min-
utes. Also, the buili-in features of those
decoding 1C's usually include pre-filler-
ing. complex processing. signal valida-
lion. eic., making possible a high degree
of efficiency and reliability. In addition,
no external tuning components are re-
quired, keeping the parts count minimal.
DTMEF IC’s arc manufactured by Nation-
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FIG. 3—TWO TYPES OF KEYPADS can be used with DTMF encoders. The one shown in & |s a standard
lelephone tone-dialing keypad and uses DPST switches. The one shown In b |8 & calculator-lype
keypad and uses simple SPST swiiches. but It can nol be used with all cacoder IC's.
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al. Silicon Systems. Mostek. Motorola.
AMI, and Teltone.

Although the DTMF system was origi-
nally designed for telephone dialing, it is
extremely useful ax the basis for remote-
control systems. In this article we'll de-
scribe some of the DTM¥-encoding and
-decoding [C's that are commercially
available, and how they can be used in
remole-control applications. Afier read-
ing this article. ¥ou should have no trouble
choosing and sucessfully using the
DTMEF [C’s that best fit your needs.

DTMF encoding

The heart of a DTMF encoder is a a
DTMF tone-generator IC. Those IC's are
extremely casy o use and are very low in
cost. Some DTMF tone generators arc
available for less than $2.00 in single
quantitics! They generate the desired
DTMF signals by dividing & crystal-gen-
erated reference frequency. The oscillator
is on-board the IC; 1he erystal is simply
connected across two terminals of the IC.
The most-common crystal frequency is
3.579545 MHz; that’s the TV color-burst
frequency, so those crystals are readily
available and low in cost. However. as we
will see shontly, other frequency refer-
ences may be used for special purposes.

A block diagram of a typical tone-cn-
coder IC is shown in Fig. 2. The [C illus-
trated there is a Gould AM] (3800
Homestead Rd.. Santa Clara, CA 95051)
S2559E. The desired DTMF signals are
activated by a twelve-key (3 X 4) or six-
teen-key (4 x 4) matrix keypad that is
connected dircetly to the row and col-
umn-input pins of the tone-generator IC.
Two major types of keypads are used: One
is the standard telephone pushbution key-
pad. They are used with 1C's that generate
tones whenever the corresponding row
and column pins arc pulled high. As
shown in Fig. 3-a, that keypad consists of
a series of DPST momentary switches
with a common line that simultancously
pulls the corresponding row and column
cutputs high when pressed. Note that
some encoders are active low. For those.
the keypad common line is connecied to
ground. Then. the appropriate row and
common outputs are grounded when a hey
is pressed. The other. and Simpler, keypad
arrungement is shown in Fig. 3-b. Re-
ferred to as a calculator-type or X-Y key-
pad, it consists of SPST momentary
switches and ¢an be built easily. However,
it can only be used with tone generators
that use calculator-type scanning circuitry
to detect swiich closures. The S2559E
eontains such circuitry. Generally, the
data sheet of a particular tone encoder will
specify the type of heypad required.

A simple DTMF encoder is shown in
Fig. 4. It mainly consists of a 16-key
SPST keypad [ike 1he one shown in Fig.
3-b. and the S2559E tone-encoder IC.
Power can be supplied by a smail power

supply or by a conventional 9-volt battery.
Because the S2559E is a CMOS device.,
power consumption is iow. Typically. the
circuit shown will draw 5 mA during en-
coding and 7 pA when idle. Since the
device is CMOS. be sure 10 observe all of
the standard preeautions when handling
the IC.

Wwwww americanradiohistorv comm

Encoder output

The outpul of the encoder consists of
two of (he eight DTMF frequencies. Fig-
ure 5 shows an oscilloscope display of the
fow-3 signal (852 Hz) and Fig. 6 shows
the column-2 signal (1336 Hz). The
DTMF output is produced by adding the
two signals together. The resulting signal,
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FIG. &—A COMPLETE DTMF ENCODER re-

quires |ust & heypad, an encoder |IC, & crystal,
and two addifiendl componenis.

FIG. 5—A ROW 3, 852 Hz, DTMF signak.

FIG 6—A COLUMN 2. 13365 Hx DTMF signal.

which would be generated by pressing the
"8" key. is shown in Fg. 7. Note that the
output of the $2559E is not a purc sine-
wave. Instead the output is a digitally syn-
thesized approximation. as shown in Fig.
The $2559E also is capable of generat-
ing single-frequency tones. To place the
IC in the single-frequency mode, pin 15,
the mode-select pin (MDsL.), is either tied
high or left floating: for DTMF operation,
that pin is grounded. Once in the single-
frequency mode, a single frequency is
outpul by pressing two keys in the appro-
priate row or column. For instance ., simul-

taneously pressing the 4 and § keys (in
row 2} will result in a 770-Hz output. The
single-frequency mode is used primarily
for 1esting.

The $2559E. as well as most other en-
coder 1C’s. huve mute and transmil pins
{smauTk and xmrr) In the $2559E, when
no keys are pressed. the MUTE pin is low
and the xair output is enabled and can

DIGIT 8 is pressed on the
keypad, Iha sncoder ganecstas tha signal
shown here. It consists of th& sum of the row 3
{Fig. 5} and the ¢Olumn-2 |Flig. &) signals.

|vno‘ 1.0
0.4

(¥,
nef
05!
0.4 ]

NORMALIZED ¥,

03

0.2

0.1

WVaged ol o0 ULISE,
123456783910 12 18

source current to an extemnal load. When o
key is pressed, the xmtT oulput goes into a
high-impedance stalc and the muTe
output goes high. Those pins are used in
elephone applications. For instance, the
MUTE pin is used to mute 1he elephone
receiver during dialing so that the user
does not hear the DTMF signals at full
volume. The enterprising expenmenter
will doubtless find many other uses for
those handy outputs.

To make the output of the encoder cir-
cuit audible, a speaker or some other
transducer must be driven by the oulput
signat. The §2559E outpul must be buff-
ered 10 drive an 8-ohm speaker, but other
high-impedance speakers can be driven
by the [C directly. For example, the author
has driven the carpiece from an old tele-
phone headset by adding a 330-ohm re-
sistor in serics with the earpiece to prevent
loading the encoder’s output as well as to
increase battery life.

We've been discussing the S2550F
thus far. bul there are three other members
of that IC family. They are the S2559F, G,
and H. Those four devices have replaced
the earlier A, B, C. and D versions and
feature extended operating voltage (2.5 o

16 1B 20 22 28 26 28 30 3
TIME SEGMENTS

FIG. B—THE DUTPUT OF THE 52559E I8 not & pure sinewave. Instead it is & digitelly synthesized
wavelorm. The stairstep-shape of such 8 waveform |8 shown here,
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FIG. 9 INSIDE A DTMF DECODER. The M-357 DTMF decoder IC 18 Shown here In biock. diagram torm.
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TABLE 2—DTMF TO BINARY DECODING

: Lo High- Hex 2-01-8

Sianel Cor:nqpon:zl c:n?ponc:t Format Format
(Hz) {Hz) 3210 3210

1 697 1209 00 0000
2 697 1336 o108 oo
3 697 1477 0011 010
4 770 1208 100 0100
5 770 1336 21N e101
6 770 1477 8110 0110
7 852 1209 0111 1000
8 852 1336 1000 1001
g 852 1477 1001 110
] 941 1336 1 1010 1o
: 941 1209 1011 1106
# 941 1477 1100 1119
A 697 1633 1181 2911
B 770 1633 1119 111
C 852 1633 tin 1811
D 941 1633 0000 1111

Note: The M-957 detects signals A through D only when the w48 input is at logic ©.

HEX 0F W, OSC/

[
DIMFO 120 Gnat e e
INPUT INPUT bt P EL . L

14 x| 1-957.01 01--"'2 p OUTPUTS
a o+ - YTAL L2 1 .
YT = 53 : 00‘——{’]
._-1-7”"'_2 Xour 51“055.13—.,-.
Vo Yma €L

FIG. 10—USING THE M-957, buliding & DTMF decoder mequired just the IC, 8 crystal, and a

CApATItor.

12
et

10 volis), improved tone fidelity, and an
on-chip oscillator bias-resislor. In the
8$2995F, the mbst. function of pin 15 is
replaced by a chip disable {co) function
that is active high. When that pin is tied
high, the row and column inputs are
placedin a high-impedance state, the tone
output is tied to ground, the oscillator is
inhibited, the MmUTE pin is tied high. and
the XmIT pin is enabled. Essentially, the
effect is that the IC is electronically dis-
connected from the keypad. That allows
one keypad to be shared by several (i
ferent devices.

The $2559G and H are identical to the
$2559E and F. respectively, except that
the outpul transistor has been replaced by
a Darlington pair. In some applications
that climinates the nced for an external
transistor amplifier stage in the telephone
=ircuit.

DTMF decoding

DTMF dcceding: is considerably more
complex than DTMF encoding. The most
involved function of the deteclor is 10 deter-
mine whether 2 received signal within the
DTMF frequency band ($97-1633 Hz) is a
true DTMF signal or mercly noise or
speech, The detector must 2lso be capable of
detecting a DTMF signal that is combined
with such noise. The DTMF detector should
recognize any valid DTMF signal that is
within * 2% of the standard value. The de-
tecior’s job is made somewhat easier by the
fact that a DTMF signal must have a mini-
mum duration of 40 ms. and that each
DTMF signal must be separated from others
by at least 35 ms.

Somcwhat surprisingly, most of the cit-
cuitry required 1o decode DTMF signals is
now available in [C form. Therefore. despite
its greater complexity. an entire 16-digit de-

v
STROBE 15
N 12
S
Al
Cl-a o A
% W49
) T LED2
oo~
IN R2
iC1-b Py
5, 4704
: 3 LEDY
01 w
IN
iC1-c o0 W
1 4043

FAG. 1—USE THIS LED MONITGR CIRCUIT to
varify thal the encoder and decoder are cperat-
Ing correctly.

coder can be built as easily and as simply as
a 16-digit encoder.

DTMF decoders are often referred 1o by
manufaciurers as DTMF receivers. Those
devices have only recently become com-
monly available at affordable prices. Some
can be purchased for under $15.00 in single-
unil quantities. Just a few years ago, when
the first LC encoders became available. those
devices cost about $100, and required cxter-
nal filters. The 1C's on the market loday are
extremcly sophisticated signal-processing
devices wilh swilched-capacitor filtering
that use digital frequency-detection tech-
niques. They can reliably detect DTMF sig-
nals with no necd for pre-filicring.

The decoder that we' [l use in our circuit is
the M-957 from Telone {P.O. Box 657.
10801-120th Ave. N.E.. Kirkland. WA
98033). That CMOS device can be powered
by a DC power supply or batteries. There are
two versions of the M-957: the M-957.01.
which can accept voltages of S 10 12, and the
4-957-02, which is designed for 5-volt op-
eration only.

A block diagram of the M-957 is shown in
Fig. 9. The function of cach pin is outlined
in Table 1. The pre-processing stages of the
M-95T filter out noise and split the received
DTMF signal into its high and low-frequen-
cy-group components, and limit cach com-
porent (0 provide aulomatic gain control.
The individual tones are 1hen detected. The
decoded output of the M-957-01 is a 4-bit
binary code appearing at the DB-D3 out-
put. The output code formal can be se-
lected via pin 2, HEX. When that pin is

Wwww americanradiohistorvy comm
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high (logic 1), the output format is 4-bit
hexadecimal; when the pin is low (logic
9). the output format is binary-coded 2-
of-8.

Putting it together

[t 1akes very little in the way of externat
circuitry to put the M-957 to work.
Adding just a single capacitor and a crys-
tal as shown in Fg. 10 yields a functional
DTMEF receiveridecoder.

Now that we have an encoder and a
decoder. the next step is Lo verify that both
work as intended. The easicst way to do
that is to wire the putput of the encoder
(Fig. 4) to the input of the decoder. If you
are using separale sources (batieries or
DC power supplics) to power the circuits,
be sure 10 tie 1heir grounds together.

To monitor the outpu staies of the en-
coder during testing you can build a sim-
ple monitor circuit like the one shown in
Fig. 11, That circuit uses % of a 4049 hex
inverter as a buffer to drive five indicating
LED's. Those five LED’s show the states
of the four data outpuls as well as state of
the sTROBE output. Tabie 2 shows the cor-
respondence between the DTMF signal
received and the state of the data ourputs.
The strobe output should be high. as indi-
cated by a lighted LED. any time that a
valid DTMF signal is received and de-
coded by the circuit.

Once you are sure that the decoder 13
operational it is ime to think about adding
to its usefulness and versaiility. For one
thing, the outputs could be further de-
caded to provide a i-of-16 output. A cir-
cuit for dolng that is shown in Fig. 2.

+WV
ut
O (D
s1}—01
€1 oy Loz
TAC1S4
$3 |—-o 3
sap—oa
0o0-Yo sslfos
o ssf—os
D!O—u [ 57 LR 7\ DECODED
I8 sald_c g OUTPUTS
n1o-2lg sofs g
IN sftloig
00023 & sifds
"‘m 12 lf-cu
IC2-a 15
el s1afEn
143 stpEy
8 Solfls; s io c
B ? /
i Gl GND
srapse '°L__'4
IN =

FIG. 12—THE FOUR-BIT OUTPUT of the M.95T Is
decoded using this circuil. With i, each DTMF
coo can be used to address cne of the 16§ out-
puts.

ORDERING INFORMATION

The icliowing I1s available Irom High
Technology Semiconduclors. 2512
Chambers Fopad. Suite 204, Tustin, CA
92680, (714) 258-7733" Teltore M-957-N,
$11.35; Stantel STC-5089-N {which 15 pin-
for-pin compatible with the AMI S2559E),
$2.10; 3,58 -MH crystal. $1.25 Also avall-
able 1s a kit of parts. TRK-957-N. which
consists ol the M-957, STC-5088. 3.58-
MHz crystal, a 22-pin DIP socket. and a 1-
megohm resistor tor $14.95. Please add
$2 30 shipping to all orders. MasterCard,
Visa. ang COD crders accepted.

Built around a 74C[54 4-t0-16 decoder/
multiplexer. it provides 16 separate output
lines. Each of the 16 DTMF signals will
enable only one of the circuit's normally
high outputs, For instance, if a DTMF 9 is
received, only the svoutput, pin 10of [CI,
will go low. That output will remain low as
long as a valid DTMF 9 is being received
by the circuit.

Another useful enhancement would be
to add some type of latchcd output. That
means that once the appropriat¢ DTMF
signal is received, the output would re-
main either high or low until the next time
the same DTMF signal is received. Such
operation approximates the on/off action
of a toggle or pushburton switch.

A circuit for adding latched outputs is
shown in Fig. [3. It is built around half of
a 74C73 dual flip-flop that isconfigured to
act as an edge-triggered binary divider
(divide-by-2). When the circuil is used as
shown, no external debounce circuitry is
required. The input is shown as a DTMF
D, but it could be any of the DTMF sig-
nais. Two complementary latched ouiputs
are available. Use whichever output is ap-
propriate for your application. Tie ail of
the [IC's unused inputs (1C1-b) to ground
to prevent oscillation and unnecessary
current drain.

Switch 81 is used to clear both outputs
to zero. That swiich is not needed for all
applications and can be eliminated if de-
sired. Conversely, the circuit can be set up

by
C
m | t:1
| QlpF I
| Ju Ky +V
2 he o
-t o LATCHED
. g, 13 [ ouTPUTS
IN
IC1-a
% HCTD
GND

ft

AG. 13—LATCHED OUTPUTS can be provided
using this ¢lreult.
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for remote reset. That is done by climinat-
ing the switch and the 2.2K resistor (R1)
and tying one of the momentary outputs of
the 74C154 10 the cLi, pin of the 74C73.
For example, if pin 17 of the 74C154 is
connected to pin 2 of the 74C73, the latch
will be reset anytinke a DTMF C is re-
ceived. [f no reset function is desired., the
Lk pin must be tied high.

Up to sixteen devices may be indepen-
dently controlled by the outputs of the
eircuit in Fg. §2. If the controlied device
is digital and if it is vollage-compatible
with the decoder output. direct connec-
tion 10 that device is possibie. If heavy
driving currents are mquired. that current
can be supplied by transistor switches lo-
cated at the decoder outputs. If the voli-
ages are nol directly compatible.
maiching can be done using optocouplers
or power-driver IC's. Also solid-state re-
lays may be used to interface the digital
signals with high-voltage. high-current
loads, such as 117-volt AC houschold ap-
pliances, or even industriat devices with
larger power requirements.

Going farther

If a wireless data link is desired, any
simple, single-channel radio or infrared
eommunieations link may be used. For
example, a toy walkie-talkie set or a low-
cost FM wireless-microphone/FM radio
system muy be used.

Many DTMF tone generators can be
driven by logic-level signals. That allows
direct control of DTMF signalling by a
microprocessor or ROM eircuit. The
§2559E requires active high logic-levels
at all of its row and column inputs. That
means that an B-bit signal or some type of
cxternal driving circuitry is required for
digital control of the 1C. Other DTMF
devices are betier suited to digital control.
Onc such device is AMI's 52579 DTMF
tone gencrator with binary inpui. That
device is designed so that o 4-bit digial
signal can be used to encode all 16 DTMF
signals.

The DTMF IC's will function with
crystal frequencies other than those spec-
ified for DTMF operation. However. the
frequencies that will be generated or de-
coded will differ from the standard DTMF
ones. If a higher erystal frequency is used.
all tones will be correspondingly higher in
frequency; if a lower crystal frequency is
used., all tones will be lower in frequency.
That effect can be useful for applications
such as when a private communications
code is desired.

In this article we've presented some of
the basics of DTMF communications.
We've also presented some possible ap-
plications of 1hat lechnology. For the en-
terprising cxperimenter there are count-
less more. Now that the cost of the
required encoding and decoding IC's is 50
low. the only limit to their use is your own
imagination. R-E
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Design OSCILLATOR Circuits

P t 6 THIS TIME WE'LL Dis-
ar cuss digital clocks.
We don’t mean time-of-day clocks. bui
circuits that create pulse trains for syn-
chronizing digital circuits. Digital clocks
ususlly produce either a squarewave or a
trapezoidal wave. In this article we'll dis-
cgss digital-clock circuits based on TTL
IC’s.

TTL basics

The TTL logic family was probably the
first really successful family of integrated
digitz]l devices. Previous families (e.g..
RTL and DTL) never really attained the
widespread popularity enjoyed by TTL
devices. One reason for TTL's popularity
is that il uses standard input and output
circuits. and standard logic levels.

A digital circuit is binary in nature: that
is. it permits only two possible states.
Those states, | and @, can be represented
by the digits of the binary (base 2) number
sysiem. Those Lwo slates are often cailed
high and low (respectively)

Figure | shows the standard logic levels
for TTL devices. The high condition is
attained when the input or oulpul woliage
is greater than + 2.4, but less than +35.
The low condition is represented by any
voliage between (L3 and (.8, Volizges
above +5 (thc groan zonc) and below
ground (the zap zone) must be avoided. In
addition. an inappropriately connected

Digital clock circuits using TTL ICS5.

capacitor or inductor can also feed too
much (or incorrectly polarized) voltage to
TTL devices.

The nembers of any logic family work
together because inputs and outputs can
be interconnected with only a conduc-
tor—no impedance-matching or other de-
vices are necessary. Figure 2-a shows a
stanidard TTL output, and Fig. 2-b shows
a standard TTL input. The TTL input acts

W
o] _ _ _onoanzone
F
g HIGH
o
-
w 3
=
]
S 2
7 URDEFINED
&
a =
LOw
a u
ZAP ZONE
.11
v

FIG, 1—VOLTAGE LEVELS OF A TTL IC deter-
mine logic state. Any vollage below 0.8 |5 a log-
ical low; sy voltage sbove 2.4 is @ logical high.
Signals in the grosn and zap zones may desiroy
a TTL device.
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as a 1.6-mA current source. and the TTL
output acts as a 16-mA current sink.

To interface TTL devices, all we must
do is make sure that current-drive require-
ments are met. Those requircmients are
simple to calculate because of stan-
dardization. A single 1.6-mA input is said
to have a “fan-in" of 1. A single 16-mA
output has a fan-out of 10. In other words.
a standard TTL output can drive 1§} stan-
dard (fan-in-of-1) devices.

There are severat sub-familics of TTL
devices. For cxample, low-power TTL de-
vices are signified by an “L” in the part
number (e. p.. 74L00). L-ype devices
have lower drive capacity than regular
TTL. There is alse high-speed TTL,
which contains an *"H" in the part number
(c.g.. 74HO0). There is also low-power
Schottky. That is probably the most com-
monly used type of TTL IC: it conlains
“LS™ in1he part number (. g.. 74LS00).

The LS type of TTL device has Schot-
tky diodes at its inputs: those diodes are
somewhal sensilive to static electricity.
Therefore, it is recommended that you
handle LS-serics TTL devices almost as
gingerly as you would handle CMOS de-
vices. The various sub-families have diF
fering drive capacities; consult a data
book for details.

Using TTL
Figure 3 shows a circuit that converts

9g6t H3I9W3030
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FIG. 2—STANOAFRD INFUT () and oulput (b}

circuits make |1 easy 1o inlerconnecl various
TTL devices.

) A

AL *12V
220K

i

XTALY

1-15MHz
o
C1

82pF

3
50pF | 680102

FIG. 3—A TRHANSISTOH OSCILLATOR may be
made TTL-compatible by lollowing the output
with a comparalor.

30[1 L
: uTPuT
TRANSISTOR +
oS LATOR (TR 19‘3 <
iCla
. 176 M4
X

FIG. 4—A SCHMITT TRIGGER may aiso bs used
to make a lransistor oacillator TTL-compatibie

the output of a transistor-based Colpiits
oscillator ¢ircuit to TTL levels. As we saw
in Pann 5, which appeared in the
November issue, the feedback level in a
Colpits oscillator is st by the capacitive
voltage divider composed of C1 and C2.
The oscillator’s frequency is set by
XTALI, a piezoclectric Crystal. Vanable
capacitor C3 allows fine control of fre-
quency.

The omiput stage is an LM31]1 com-
parator. A comparator is basically a dif-
ferential amplifier with too much gain. [n
any differential amplifier, the output volt-
age is a function of the difference between
the two input voltages. When the input
voliages arc equal, the difference is zero,
so the output voliage will be zero. But
when those voltages differ by even a few
millivolts, thc output voltage will be non-
zero. The gain of a typical comparator is
10.000 10 100,000. so the output will satu-

ratec any time that the differential input
voltage is non-Zero.

In Fig. 3. the non-inverting input is
grounded. so it sces a zero potential.
Hence, whenever the signal applied to the
inverting input (pin 3) exceeds zero volts,
the output will go low.

The LM311 has what is called an
“open-collector’ output stage. That
micans that it requires a pull-up nesistor
(R4) in order to supply current. The 2.2K
resistor shown can supply only about two
mA of current at five volis. sothe LM3I1 s
output is nut truly TTL-compatible.

Another way to accomplish the same
trick is to use @ TTL IC called a Schmiu
trigger. The operation of the Schmitt trig-
ger follows this simple rule: The output
will snap high when a positive-going in-
put signal crosses a certain threshold (1.7
volts), and it will snap low when the input
signal crosses a lower threshold (0.9
volts) in a negative-going direction. If ihe
transistor oscillator shown in Fig. 3 is
used to drive a Schmit trigger. as shown
in Fig. 4, the sinewave output of the os-
cillator will produce a train of square-
waves al the output of the Schmitt trigger.

R1
3&4:.._]

FAEQUENCY & <k
£ A3 £ R2 <R
$+2x 31K 3

LAy L
5 161 0 yc1e
c1 144 T408 [

100g F - .01 F 400
?

QUTPUT
R1 Rz ‘5,"'
1 15K 15KF ¢ “.
T B | e T
IC14 Ig1s 14
1/4 7400 1/4 1400 1400
xnu
5opr
f3
+5v OuTEUT

a2
oxTaL 22K

FIG. 5—AN RC OSCILLATOR (a) can be buili
with three gates and seveérai discreis cCOMpo-
nanta. For batter stabllity and sccuracy a crystal
oscillator may be used. Two popular configura-
llons are shown in (b) and (c).
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56K | gy

F1G. 0—A TTL-COMPATIBLE vCO requires just a
crysial and a lew discrete components 1o by g
very slsble oacillator.

Pure TTL clocks

Several TTL oscillators are shown in,
Figure 5. The circuits shown in Fig. 5-a
and Fig. 5-b use naND gales configured as
inverters; the circuit in Fg. 5-c uses three
standard inverters. The frequency at
which the circwst in Fig. §-a oscillates is
determined by capacitor Cl and resisiors
R1 and R2. Potentiometer RI allows you
to vary the operating frequency over a
small range. If only a single fixed fre-
quency is needed for your application.
replace R1 and R2 with a single fixed
resistor.

One disadvantage of any RC oscillator
is that its operating frequency is neither
stable nor accurate. The effects of both
problems can be reduced by using a
piezoelectric crystal. as in Fig. 5-& and
Fig. 5-c. Two of the NAND gates are used
for the oscillator {ICI-a and IC1-b); the
third fynctions as a buffer stage. Operat-
ing frequency is set by erystal XTALI.
and may be varled with capacitor CI.

The circuit shown in Fig. 5-c is similar
to the one shown in Fig. 5-b, and is based
on TTL inverters. Again, one stage ([C1-
¢) is used as an output buffer, and the
oscillating stages are self-biased.

Special TTL osciliators

There are several all-in-ene TTL os-
citlators on the market; Fig. 6 shows the
diagram of a circuit based on the
MC4024P dual voliage-controlled os-
cillator, Only one oscillator is used in thal
circuit. By the way, don’t confuse the
MC4024P with the 4000-series CMOS
device called the 4024.

The center frequency of oscillation can
be controlled in two ways: with a capaci-
tor or with a ¢rystal. For non-¢ritical ap-
plications, a capacitor is used; it will have
a value of approximately 300/f (11z)
picofarads. Potentiomcter R1 gives you
some control over the ¢ircuit’s frequency.

TTL clecks are easy to build and to
operate, especially in applications where
a great deal of frequency stability is un-
necessary. In the next and final install-
ment of this series we will examine clock
circuits made from CMOS IC’s. R-E
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SERVICE

One of the most difficult tasks in build-
ing any construction project featured in
Radlo-Electronics Is making the PC
board using just the foll pattern provided
with the article. Well, we're doing some-
thing about i

We've movad all the foil paitens to this
new section where they're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you i that the printed page can be
used directly to produce PC boardsl|

Note: The patterns provided can be
used directly only for direct positive pho-
lorgsist methods.

e
f

-6%-INCHES

THE CLOSED CAPTION DECODER'S PC board is shown here.

WwWww americanradiohistorv comm

9861 438W3030

)
ool


www.americanradiohistory.com

am
I P -
" E ]
I
: -
. i
T
SN,
I'u L
/ i 5
p B
Ak
e P i
» L
s
i
..
1Y
I e d
--‘ -'_ ol
r =
EY 1 "
i
#
= f
y o =5
B
[ r_
i =
- |
. i
5 o
B
| ol | ¥
! i
e | '
* .
B —
&
b ¥
-
1
-
F & s
- o
- .
- d
[
l_r_ .
d

NSWWW



www.americanradiohistory.com

VOL.3 NO.12 DEC. 1986
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ALL ABOUT INTERFACING

Everything You Need To
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V-20 VS 8088
A New Battle Is Shaping Up
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6 v-20 vs 8088
Theres 8 new battle shaping up on the computer horizon. Ang
when something new happens, we want 1o Make sure you know b
about it. Marc Stem

9 All About Interfacing
This article has been a long time in coming. No matter what you
want to connect to your computer, or what you want to connect See Page §
your computer to, here, in the first of a 2-part article is alt you need
to know Jeff Holtzman

_ﬂmm“ﬁm

SEnoinG :':“ - = ALCEIVING
méwcr  pATAT = BIwEE
3 &ditorial i) —
Gatal |- —
DavAt b ——
4 Letters e+
I
4 Computer Products fTnger |— 2.
= | ALK !-— —
5 Software Review See Pagc 9

ON THE COVER CompuTERDICEST

T NI wlial OF deltA et FOR 5 00 Vil g 8

If you're going to be doing ANY interfacing, you'd better start by ALT ARG INTE REACING
reading the story beginning on Page 9 of this issue. Admittedly, it's e S

8 bit more invotved than laying out phetos and drawing the e l'ar Aaticic
connecting lines! Most of the photos of assorted equipment
around our coffice, were taken by Hert Fniedman.

COMING NEXT MONTH pBEErTEn

Naturally, we try to pack all the information that we can into each
issue. But in the January, 1987 Issue, we've really outdone qurselves.
You won't want to miss the conclusion of our two-part article on
interfacing, and we've got an important how-to on TVRO antenna
pointing. Were finishing up with a fine piece on a five-voit RS-232.
Don't miss it

2 ComputerDigest — DECEMBER 1986
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EDITORIAL

Let’s standardize the “standards.”

sHenry Ford has to be the father of mass production, and he built this
scheme on totally-interchangeable parts. The carburetor of one car could
easily be switched with the carburetor of another car And the need for
standards extends weli-into electronics. Every young electronlcs devotee
knows the standard for the resistor color code. You can see them counting
on their fingers, as they recite, “Bad boys...”

But something began 1o g0 awry when it came to stadardizing capacitor
color codes. There were decimals @ be considered, and multipliers, and
the result was utter confusion.

Today, in the computer field, we have the so-called “RS-232" standard.
But the manufacturers do not cleave 1o the standard, using their own
variations for their own convenience. The result is a non-standard standard,
and when you say “We're using RS-232," you find people asking just which
"RS-2327"

It goes even beyond that. We have assorted operating Systems, beginning
with MS-DOS and CP/M and a host of Gther proprietary systems produced
by various manufacturers, that prevent a software package that works on
one, from working with another The standard that seems to be emerging, is
the IBM systern, for almost every software manufacturer talks about “1BM
compatibility”

Even the simple blank disk cries for standardization. You now have a
choice of "hard sectored disks,” or "soft sectored digks.”

Wouldn't it be nice to be abie to buy 8 computer without having to trace
down the standards to make sure that they were indeed stancard? Or that
your projected computer purchase would operate aff the disks you now
have? Sure it would.

Now I'm shopping for a videocassette recorder Top [oading? Front
loading? WHS? Beta? Programmable? Fast scan?-

Decisions! All day long, decisions!

Byron G. Wels
Editor

W‘.M monthity &8 an insert i Radio- Electronics azne by Germsback Publcatons Inc.,
500-B Br- B, Farmi . N Y. 11738, Second-Class Pustsge al York, N.Y. and adaitional
mailing oihes Ecwnw

t £ 1386 Gernsback Publicabons. Ind Al ights resened Prnted In U.SA

A stamped self-addressed mvelog: s BCOOmPAny all Subrmitted MARLSCHPIS ANdVCr artwork 4r ¥
fhair ralurn i desired should They be reyected W disclaim any feaponsibilily J0f the loas o damage of manuschpls
SAior anwork OF pholographs wiie W our POSSA3S0N OF Othermses.
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LETTERS

Too Long

| submitted an article to your
magazine, anc got paid for it
Thank you. That was several
months ago, and it still hasn't
appeared in print. What's the
delay?™~—S.T, Ortando, FL.

Have a heart! First of all, things
just take tine. For exampile, this
column will actuatly appear in the
December Issue, but a5 | wnte
these words, its really August The
17th, to be exact. And yes, if you
ook it up on a calanaer its a
Sunday And right now; the
magazine is all set through
February 50 maybe the next time
we need a three-pager, and yours
fits, you might get lucCiy:

Warranty
I'm confused about my
computer warranty It runs for a full
year, unfess | open the caset Now

{a) how c¢an | add a board or do
some constniction if | don't open
the case, and (b) how are they
g90INg to know whether of not |
did?—JT, fresno, CA

You pays yer money and takes
ver cherce. Open it up and you
automatically vord the warranty
And yes, they will know; for the
manufacturers usually put & dab of
paint on 8 cover-mounting screw,
or paste on & small paper patch.
Break the paint or paper and you
kiss your warranty goodbye. We
usually suggest waiting until the
wadrranty expires before
expenmenting.

Budding Editor?

1'm fascinated with the
publishing business and would (i
think} like to get into it when | get
older What would you
recommend?—A L, Memphis, TN,

Its been extremely kind to me,
and I'd suggest you start preparing
the publishing business as well as
yourself, by submilting articles on
& freefance basis. This will help
you feam o write, anct wall start
getting your name around.

Expensive?

I've been pricing fumiture
(desksitables) for my computer
equipment. Now why is that stuff
$O expensive ?-—5.I, Reno, Ny

it doesn’t have to be. Your local
fumber yard can sell you & sheet of
4 x 8 phwood, finished one side
and ¥s-inch thick at & very low
price For another couple of bucks
theylt cut 30-inches off one end
and run another cut 30-inches
down the length of the remainder
That will give you two handsome
tabie tops, ready-to-finish and
encugh wood to make legs with!

COMPUTER PRODUCTS

For more.details use the free information card inside the back cover

VOICE-RECOGNITION SYSTEM, the
vbice Master is a half-card expansion
board with resident program that recog-
nizes hundreds of words It 15 designed
for the IBM-PC, XT, AT and compatibie

CIRCLE 27 ON FREE INFORMATION CARD

personal computers. Versions are currently

availlable for Commodore, Apple Il senes,
and Atari 8-bit microcomputers.
The \Vbice Master has 8 suggested retail

price of $129.95, which includes half-card

circuit board, microphone heaciset, and
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resicient system software. ——Covox, Ing.,
675-D Conger St, Eugene, OR 97409,

SYNCHRONOUS MODEM

The model 91 is designed to func-
hon point-to-point or i & multi-polled
network. Multi-dropped operation Ts
achieved by using & daisy-chained
approach to system warng, in which
each model 91 regenerates each signal
before passing it on in the link, That
process of incomorating signal re-
peaters results N extremely-high data
reliabdity, especially at long distances.
Al 19,200 baud, the mociel 91 will
support [ink distances of one mile.

The opto-lsolation feature assures
that devices connected to the model
&1 are electncally isolated from each
other, thereby elimmnating probitems
assocted with potential differences
between

The model 91 provides fult duplex
synchronous serial data communica-

WwWww americanradiohistorv comm

tion from 150 to 19,200 baud using
freQuency modulation. Transmission of
& self-clocking FM signal on & balanced

CIRCLE 2B ON FREE INFORMATION ¢AlD

opto-isolated current-loop altows
transfer of clocking information as well
as data The mode! 91 Can also be
lirked 10 establish & full-duplex bus
network between host and 8 number
of remote terminals, It is Pnced at
$250.00  Telebyte Technology,
Inc., 270 Pulaski Road, Greenlawn, NY
11740,
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SOFTWARE
REVIEW

Thats right! A print shop in your computer.

mJudging by its use, The Print Shop is prabably the
best-selling program. The program is used by schools,
supermarkets, shops, even used-car dealers (and you
know theyre fussy about advertising),

for all its popularity, The Print Shop isn't a8 word
processor, a spread sheet, time-manager or CAD/CAM.
Its a signmaker. Using pin-feed paper it makes 8% x 11
inch signs, greeting cards from folded 8-1/2 X 11.nch
paper, letterheads, and banners; which can be used as
acivertising fiyers, bookplates, report covers, award
certificates, even abstract printed designs.

The program has an assortment of type styles in
three formats (soiid, outline and three~-dimensional),
borders, graphic characters and symbols, even abstract
pattems. Each type style is its own size, each can be
stretched 10 @ proportional Giant size. (The
Commodore version has eight upper case fonts, nine
border styles, and 60 graphics. The IBM version has
twelve type styles in upper and lower case, sixteen
borders, and 119 graphics.)

The user can integrate any type style with any border
ang any graphic, or any print flunction can be left out
0 the paper can be run through for a second or third
printing, or run through to add conventional text from a
word processor When set to print greeting cards, all
type, graphics and borders are reduced to the
appropriate size and the printing is automatically
rotated 180° so that everything comes out right side up
when the paper s folded nto a card.

Because the program was intended for children (if
adults ever give them a chance to use it), it 15 menuy-
driven Ly cursor movement: the user steps the cursor
to the desired mode and then hits rETurn. EACh menu,
except for graphics selection, shows the available and
selected border and type styles. (The IBM version also
shows the available and selected graphics.)

Specidl screens let the user select @ small, medium
or large graphic, built-in or custom graphic layouts, and
line and page type-setting. The screen shows the
possible graph (Ocations depending on the user’s
size selection {the graphics cannot overlap), and the
allowable characters per line for each type and size
type. If you select Guant size and the characters won't
fit the available space the screen shaws what will fit,
along wath left, center or nght positioning normal,
reverse or 3-D type on a per line basis, and automatic
top-to-bottom centering, if desired.

The program is goof-proof, and you Can step back
through each function one at a time and change only

A e s st S ot st e s

DANGER!

Iulflllu ."rq:'a:z.'c‘:
i %Lu

T e
T RN

CEE PPttt Pttt ottt eee

what you want to change without 105ing all your work.
For exampie, if after completing a sign you decide to
change the border, say from stars to hearts, you step
back through the composing, type selection, and
graphics until you come to the border menu. You then
change the border and step forward through graphics
and type without affecting anything other than the
border sefection. You can even step back and change
the position of a single ine of type, or its outline, or
even erase a line or characters {there is a buitt-in
editor). What you can't do is mix type styles or
qraphics. The onby variation on this rule is the IBM
version, which permits the type to be upper or (ower
case on a perling bass; that is, the line must be aill
upper case of all lower case.

The Print Shop has a graphics editor that lets you
create your owm graphics. In the Commodore version,
the usergenerated graphics can be saved to disk, but
that’s all that can be saved. In the IBM version the
graphics and anty sign, card, stationary of banner
design can be saved to disk.

Each version supports a selection of printers, which
is histed on the back of the box. If your printer isn't
listed assume the program will not work.

The Print Shop is supplied on disk and requires at
least one disk drive. It comes with a supply of
heawweight pinfeed paper and greeting card
enveiopes. Additional multi-Color supplies and disk
volumes of additional graphics characters are available.
The Print Shop is heavily discounted: It sells for $19.95
to $59.95 depending on the version and the dealer—
Broderbund Software, 17 Paul Drive, San Rafael, CA,
94903-2101. P
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V-20 vs
8088

Is there a direction change in the offing?

MARC STERN

mThe way to stay afloat in the microcomputer world is
IBM emulation, as it is accepted by big business,
professionals, and home users

Many manufacturers, having first tried to go their own
ways found that crowds weren't flocking to their doors
for solutions The crowcds were stll heading toward
IBM. Those firms that were able to swilch have
survived, while those that haven't are ne longer active
in the microcomputer market.

The ultimate in emulation would be a
microprocessor that not onty emulates, but surpasses
that used in the i1BMm Personal Computer series.

Such a microprocessor is the Nippon Electric Co.s
(NEC) V20130 series. It not only emulates the 40 pin
Intel 80B6/8088 series, used in the IBM PC and cClose
compatibles, but it betters that series by using less
power (300 mW versus 1.7 W) and operates about 20
percent faster than the 1BM version

The onty way you can differentiate between the two,
1s the NEC stamp on the microprocessor chip, and the
"V" designation.

The V20730 series has an added maode, 8030
emulation. This gives CP/M users an out because CPIM
was written to work 1n a8 Z80/8080 environment. With
an ermulator the V-20 will function effectively as an
8080. So those CPIM programs which may have been
threatened with obsolesence by the 8084/8088 series
and PCMS-0OS will gain a new life and users will be
able to retain their investment in software.

6 Computerbigest — DECEMBER 1986

A closer look

The V20 and V30 are equivalent to the 8088 and
8086, respectively Like the 8088, the V20 is an 816
microprocessor it has an 8-bit data bus, but a 16-bit
internal architecture The marketing departments of
various microcomputer manufacturers like to call this
type of microprocessor a 16-bit device, but, it really
isn't

The true 16-bit device is the 8086. It has a 16-bit
architecture, and also a 16-bit data bus. It is faster than
the 8088 in realtime number crunching. The V30 is the

REGISTERS j————ny

us | T TEMPORARY e 8US
NauJ ™ REGISTERSAHIFTERS [* ND. 2

.

ALU
{AARITHMET IC/LOGIC UNIT}

L —— b
Fig. 1: A DUAL INTERNAL BUS helps Increase the perfar-
mance level of the ¥20:V30 series. The 8086.8088 famlily has a
single internal bus and muost suspend information process-
ing as it moves source and destination data back and forlh.

The Y20/V30 can move this data simullaneously.
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functional equivalent to this device

Both microprocessors are available in 5 and 8 MHz
versions and they are CMOS devices. While both
MICTOPIOCESSOr series are functionally equivalent, the
VR0/30 series uses 600 percent less power to handle
the same jobs. For a system that is struagling at the
razor edge of its power supply the lower demands of
the NEC device can make a difference.

Not only are the V20/30 chips power misers in their
active mode, they offer a standby mode where their
power consumption drops from 300 mW to 30 mW
which means these devices can be used in standard
desktop machines, and they can be used in bnefcase
oF lap-top microcomputers.

The advantages seem to be with the V20730,
because the VR0/30 senes is much newer than the
8086/8088 family Because it was designed recently
NEC has taken advantage of Very Large-Scale
Integration and Sate array technology, as well as
advances in CMOS technolegy to produce this capable
chip. The 8086/8088 series was designed in the
mid-1970s and its age Is begiming to show

Another result of the age difference is the Y20/30's
dual intemal bus (See Fig. 1), which compares with the
singie intemal bus of the 8086/8088 family This can
effectively increase the speed specifications of the
V20ANV30 because destination and source data can
maowe along the data bus at the same time in two
directions.

Data are taken into the registers in preparation for
processing and the data are sent to the temporary
storage registers and shifters. At this point, the data
goes to the arithmetic-logic unit (ALU) for processing
and then to either bus, depending on whether the
information is sourCe or destination, Data can pass from
the registers back to the second bus.

Moving in parallel, the microprocesser is freed of of
wait states generated by having to free altemate cycles
on the data bus for 16- bit source data and then
destination data. Picture a single freeway lane trying to
accommodate traffic in both directions durning rush
hour. This applies to the execution time of the
808846/8088 family. (We're talking about a difference of
rhicroseconds and the user won't notice the difference
in speedup unless the application crunches a ot of
numbers and must constantly fetch and latch the
numeric data.)

Another change in the architecture of the V20/v/30 is
the substitution of hardware address calculations for
the software (microcode) and hardware acidress
calculation of the 8084/8088 series. The V20/30 series
includes & hardware section which performs acidress
calcuiations from 2.6 to 6 times faster than the
808678088 Where it takes the 8086/8088 from five to 12
clock cycles to perform address calculations, the VR0/
V30 performs them in two. Address calculation, then, is
also transparent to applications, which means that a
developer only has to be concemed with a standard
set of addresses for a particular device, rather than
having to worry about both hardware and software
addressing.

Another performance enhancement that is unique to

the V2030 is its prefetch pointer. (See Fig. ©)

Working with the instruction pointer, the prefetch
pointer speeds things by moving to the next instruction
and points to it as the microprocessor works through 3
program. A movable pointer, the prefetch jumps to the
next instruction No matter how far it 1s from the
instruction pointer. This enhances perforMmance because
the next Instruction 15 ahways available for the micro.

The V2030 begins with performance advantages
that the B086/8088 series doesn't have. These
advantages wouldn't makeé much difference if the V20/
V30 wasn't compatible with the 8086/8088 family,
which it is.

When it was deveioped, this series was modeled on
and implemented the instruction set of the
80184/80188, a more powerful and Iater version of the
8086/8088 family The differences were in the level of
integration of such functions as the timer and interrupt
controller, which are on-chip functions on the
80186780188 seres. The instruction set s enhanced
with new instructions which add power and flexibility,
but without sacrificing compatibility There’s no loss of
compatibility as the complete instruction set of the
B086/8088 series is supported, as well as the
additional code.

Speed improvement

While the specifications indicate a potential speed
increase, it doesn’t work out that way in practice. The
VR0ON30 series gives a user about a 20 percent increase
in performance. Independent testing has confimed
this. The increase in speed is noticeable in processor-
intensive applications where the microprocessor must
constantly issue fetch commands for new instructions.
The same testing has confirmed that input-output
intensive applications, such as word-processing or
telecommunications won't benefit that much from the
new MICroprocesser because the system is constantly
waiting for keyboard or communications port input.

You might be wondering why the speed differential
exists. The microprocessor is busy doing other things—
adding, subtracting, looping—while it is handling
specific data addressing and calculation. Because it is,
its resources are being spread through the system and
they can't all be brought to bear for the uitimate speed
inCrease,

Clock speed also seems to enter the picture. Running

JMPLCS
PRE-FETCH POINTER [* =T == = = = =9
(READY WAITING
FOR PADCESSOR) PROGRAM CURRENT
INSTRUCTION BEING
___________ FETCHED & EXECUTED
MOV AX, CX |

FIG. 2: THE PREFETCH POINTER speeds up processing inthe
V20/V30 series by moving directly 10 the next instruction to be
executed by the microcprocessor. This speeds things up be-
cause the micro slways has Ihe next instruction ready for its
instruction polnter, which doesn't have 10 move around as
much,
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R-E Computer Admart

CALL NOW
AND

RESERVE
YOUR SPACE

# 6 x rate $800 00 per gach insertion,

#* Reaches 239.312 readers.

# Fasl reader service cycle,

#® Short lead time for the placement of
ads.

Cali 516-293-3000 to reserve space. Ask
for Arhne Fishman. Limiled number ol
pages available. Mail materials i0:
Computer Admart, ARADIO-ELEC-
TRONICS. 500-B Bi-County Blvd., Farm-
ingdale, NY 11735,

PFlOM PT DE LIVE RYl"

DYMAMIC RAM
100061 100 Ns
faxas 150 ns
25aa1 100 ns
256K 120 ns
250kt 150 ns
120t 180 ns
sarn1 150 ns

EPROM
S4Ke8 250 ns
aznes 250 ns
R¥as 250 ns
1668 250 ns
srm 200ns
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4325-61. 12 32K 12008
8x:8 150 ns
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$1X200 v Mene 1000
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-
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m Factory ﬁ ﬁfmm 2Pos
-_ i ROPROCESSORES UNLIMITED. INC
e J,g,&;-;,;m(gm) 267-4961
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GETTING

THE MOST  Pomier ™
FROM YOUR
PRINTER ‘

\ >

BP181—It is probable that B0% of dot-ma-
trix prinler users only ever use 20% ot the
features offered by their printers. This book
will heip you unlock the special features and
capabilities that you probably don'l even
know ewst. To order your copy send $6.95
plus $1.50 for shippingin the U.S. to Elec-
tronic Technology Today Inc., P.0. Box
240, Massapequa Park, NY 11762-0240.

Rales: Ads are 2¥" x 274" One insertion $825. Six insertions $800 each. Twelve
inserttons STTS. each Closing date same as regular rate card. Send order with
remittance to Compuler Admart, Radio Eleclronics Magazine, 500-B Bi-County
Bivd.. Farmingdale, NY 11735, Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100% Compuier ads are accepled for this Admart.
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COMPUTER MUSIC
PROJECTS

Compuier Music
Projects

BP173—Computer MusiC Projects shows how
10 use your hame computer toproduce elec-
tronlt mus. Many Circuits. Mostly jargon
free. Send $6.95 plus $1.75 shipping 1o ELEC-
TRONIC TECHNOLDGY TODAY INC.. PO Box
240, Massapequa Park, New York 11762-
0240.

]

BP112—Starting with a re-

A Z-80 WORKSHOP
MANUAL

view of computer princi- 80
ples. this book describes

typical machline-code in- -
structions followed by a de-
l3iled description of the
Z-80 instruction sel. As-
sembly language program-
ming is also discussed with examples. Z-80
héx machine-code and assembler instruc-
lions are given in tabular form, along with
in-our canngctions for the Z-80 and te asso-
ciated devices....Order your copy from
Electronic Technology Today Inc_, PO 8ox
240, Massapequa Park, NY 11762. Price Is
$6._95 plus $1.00 los shipping.

a standard IBM Personal Computer or Close compatible
at its standard 4.7 MHz imposes timing and
performance constrants on its 8088 processor. Reports
circulated in the I8M user community for years of
hyperspeed functionality brought about simply by
changing the clock ¢hip from 4.7 MHZ to 8 MHz, at
which the 8088 is easily capable of operating.

Although the V20 is a Capable performer, when you
run standard [8M applications or languages that are
meant to operate at 4.7 MHz, you're imposing the same
fetters on microprocessor performance that you have
on the IBM's 8088 and performance of the system will
be degraded, even though you are using the V20/A/30.
The 20 percent speed increase seems reasonable in
light of this input

Some users have Complained about the speed
shortfall and héve questioned the capability of the
VR0/A30. But, those users have come to expect too
much. It's one of the oldest marketing ploys in the

8 ComputerDigasl — DECEMBER 1986

microcomputer world, the specifications game, where
the specifications are fantastic, but the performance
doesn't match

The solution, if you're considering the V20/V30, is
knowledge. If you reatize that the speeds won't be
superfast, but will be modestly impraved, then you'll
get what you expect from the $25 to $30 vVeOAN30
chip,

Even a 20 percent performance increase is
welcomed in some applications.

Finally, temperature and power usage are also
important considerations and this is an area where the
V20M30 shines. tt generates a lot less heat and uses
marfestly less power than the 8088 and because it
does it proves a blessing for a system overtaxed by the
number of add-in cards and devices that may be on
the motherboard because there's less heat and power
consumption for the system box to contend

with. P
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ALL ABOUT INTERFACING
PART |

All you need to know about microcomputer interfacing

Jeff Holtzman

eConnecting peripheral devices such as printers,
modems, and plotters to personal computers can be
confusing. Many Hooks dealing wath the subject
concentrate on Connecting specific computers to
specific penpherals.

We cannot guarantee that by absorbing the
information presented here you will able to connect
ary computer to any peripheral device. Designers and
manufacturers in the microcomputer world do their
best to avoid any efforts at following standards.

What you will kearn are the basic principies of both
parallel and senes interfaces, with hints on how to get
two pieces of equipment talking to each other As
Count Basie used to say let’s try it "just one more
once.”

Serial versus parallel

Most microcomputers move data to and from
penpheral devices in eight-bit bytes. There are two
methods of moving a byte from one location to
ancther. We can send all eight bits at once, or we can
send one bit at a time. The one-bit-at-a-time approach
is catled serlal data transmission, and the all-at-once
approach s called parallel data transmission. Neither is
better; each has advantages and disadvantages that
must be weighed for each application,

If we send one bit at a time, we can get by with as
few as two lines (signal and ground) if we only need
one way communication, or three lines, if we need
communications to and from a peripheral device. we'll
talk about that later But now, consider that for parallel
transmission, we're 9oing to need eight separate signal
lines, plus a ground, and ancther one or two for
synChronizing things so data won't be lost

One advantage of parailel transmission is, since all
bits are sent at once, transmission may occur at a higher
speed than serial ransmission. Also, the parallel
circuitry is simpler and less expensive than serial
circuitry. 8ut the connecting cables are more expensive
than serial cables, and there is iess standardiZation of
parallel connectors than senal connectors.

In ancther example, disk drives have (special)
parallel interfaces that let them to take advantage of the
speed advantage of the parallel apvoach Some
laboratory equipment and some low cost personal
computers communicate with disk drives over (special)
senal interfaces, but that is the exception.

Plotters and graphics printers usudlly operate with

pardllel interfaces. The time to send—serially—the large
amounts of data they require would be excessive.

Parallel transmission

The minimum paraliet interface consists of ten signal
lines and a ground. Frequently each active (non-
ground) line of a parallel interface is twisted together
with—or run close by—a ground line. That provides
immunity to eiectrical interference, and is one reason
parallel cables often have so many leads

Of the active lines, eight are for data, one is 8 sTrosE
ling, which indicates to the receiving device that it
should take the data present on the data lines, one i1s a
susy signal, which goes high to indicate that the
receiving device is busy, and not to transmit any maore
data until it goes low, and the final signal is called Ack,
which is {usually) a short, negative-going pulse from
the receiving device that indicates the data has been
accepted property A simple parallel interface might be
wired as shown in fig. 1. Note that the twisted-pair
grounds are not shown. Note also that the Busy and ack
lines come from the perpheral device, and that the
sTROSBE line qoes to it.

The nomal sequence for sending a byte of data over
such an interface is as follows. Refer to the timing
chagram n Fig. 2. The character in that figure is the letter
"U,” which has an ASCIl value of 55.

The computer monitors the susy line, waiting for the
peripheral device to OK sending data. After the susy
lines goes low, the computer places its data on the
eight data lines and pulses the stroet line. That informs
the peripheral device to grab the data. After it has
taken the data, it pulses the Ack line, and tums the pusy

OATA |
DATA 2
DATA 3
DATA 4
DATA S
DATA &
DATA Y
OATA 8 -

SENDING
DEVICE

RECEIVING
DEVICE

BUSY

STROBE -

ATK

FIG. 1—EACH ACTIVE SIGNAL may have & ground, Imple-
mented as a twisted pair, 85 8 shleld, or as a nearby wire in a
multi-conductor ribbon cable.
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line on, if necessary, while processing that byte of data.
When it finishes doing that, the susy line goes low, and
the process may be repeated. If you are interested in
how fast a parallel device can accept data, try
connecting an oscilloscope to the stroek line of your
computer,

The highest bit, bit 8, is low: ASCIl encoded data
requires seven bits, so the eighth bit may be ignored or
used for other purposes. Some word processing
programs use the eighth bit to mark end of words, and
in data communications, the eighth bit is often used to
indicate the parity of a character.

Parity indicates how many of the lower seven bits of
a character are “on” (high). Our “LI* has four "on” bits,
and four is an even number. If our transmitting device
were set up for even parity, bit eight of the “U” would
be low, sinCe the Character already has four bits. If our
transmitter were set up for odd parity, bit eight of the
“U* would be high, in order to make a total of 5 "on”
bits. A transmitted "V~ (ASCII 56, decimal 96) wouid
cause the opposite panty values.

Panty s used for error Checking. When a device using
panty Checking receives a character with inCorrect
parity, it signals the drving software that an error has

BUSY

DATA I

DATA 2

DATA3

DATA 4

DATA S

DATA 6

DATA 7

DATAB

STROBE L)

ACK ' U
FIG. 2—DATA TRANSMISSION in a paraliel interface begins
with the Busy line golng low. Data bits may be sent, followed

by a sracec signal. Recelpt of the character is acknowledgecd
by sending the ack line low. The character “U" I3 shown here.
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occurred, which might then cause a request for the
data to be re-transmitted. The most common Circuitry
allows parity to be set for odd, even, mark, space, or
nC parity We have discussed the first two; mark and
space simply force bit 8 hish or low, respectmely; and
no parity simply fgnores bt 8. Unless you have 8
specific reason not to ¢do so, choose the |atter when
setting up your equipment. Otherwise only seven bits
of each byte will carry useful data.

The transmission process outlined could be applied
to any paralle interface: one linking a computer and a
printer, 3 computer and & laboratory instrument, a
computer and another COMputer, etc However a
typical parailel printer interface will have a number of
additional signal lines, as shown in Fig. 3.

The parer END Signal inclicates when the printer is out
of paper The seLecy line 1s generaliy high when the
printer is “on-line”—that is, ready to receive data, and
low when the ON-LINE switch has been pressed by
the operator. The iprme 5ignal is a reset line that wall
force the printer into some well-defined (by each
particular prnter manufacturer!) state. Finally, the eauwr
line goes high when the printer is off-line, when it is out
of paper or ribbon, or if some sort of transmission error
has oCcurred.

It is important to understand that not every printer
will have all of those signals, and some printers may
have acditional signals (such as a low-current + 5-volt
source for powering peripheral devices such as a senal
to parallel interface). It is also important to understand
that little—if any—microcomputer software makes
much use of any of the waming signals shown in Fig. 3.
Usually, a printer suffering from a paper-out condition
will cause the computer to lock up because the printer
sends both the Busy and Paper End signals low, but
software usually pays attention only to the Busy line. 50
your word-processing program might know that the
printer is "busy” but not the reason for it.

A serial interface transmits bits of data one after the
other. But not at random When data is ransmitted over
a line conforming to the RS-932 standard, there are no
timing restnchions on when indnvidual bytes of data
may be sent. However, each bit of a particular byte
must be transmitted with strict attention to timing. Baud
Rate refers to the speed at which transmission occurs,
but not in a glib way

Baud rate

First, ket define Baud Rate as the number of bits that
may be transmitted per second. A Baud Rate of 300
means that 300 bits may be transmifted per second.
That doesn't mean that 300 bits will necessarily be
transmitted every second, though that's possible.

The term baud rate refers to the spacing between
each bit of a single character, not the speed at which
complete characters are transmitted The way to find
the time between each bit is take the inverse of the
Baud Rate:

TC {sec) = 1/ Baud Rate

To find the time it takes to transmit a8 complete
character, multipty TC by the number of bits per
character
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FIG. 3—ADDITIONAL SIGNALS in a parallel interface. These
signals are frequently unused by sottware.

In a 300 baud system, the amount of time from the
start of one bit to the start of the next is 17300, or 3.33
msec. To determine the amount of time a character
takes, multiply the number of bits per character by
3.33. How many bits does a character have? In the
microcomputer world of the 1980s, the correct answer
is usually eight. There are exceptions

An 8-bit character is going to be 10 or 11 bits long!
Every character has a start bit, and one or more stop
bits. Most equipment operates with one stop bit; older
equipment ysed two stop bits to give siow machines a
little bit (no pun intended) of “recovery” time.

Transmission of a character begins with a start bit.
The data bits follow {usually eight, but not akways), and
then one or two stop bits. Figure 4 shows the
transmission of the “U* character with 1 start bit, 1 stop
bit and 8 data bits. Note the time “t” between each
bit; that is the value 1/Baud rate

If our 8-bit charaCter has one start and one stop bit,
that is a total of 10 bits. S0 the time to transmit one
character at 300 baud is 10 * 333 = 33.3 msec.

How many characters can be transmitted in one
second, if it takes 33.3 msec to transmit one character?
Using a little algebra, we see that

1char Xchars
0.0333sec  1.0sec

So X = 1*1/.0333 = 30 chars/sec. We could have
arrived at the same answer without the algebra—but
doirg it the hard way taught ys something. Divide the
baud rate by the number of bits per character In our
case, and in most you're likely to encounter, just divide

+12
BUSY
o L 2
+12
i — 12
i o ot i, sl 1 R}
S 8 8 B B B B 8 B S
i W ST T S R T
oTTTTTTTTg
P 8 7 6 5 4 3 2 1 ¢

FIG. 4—SERIAL TRANSMISSION of data also begins with the
susy line going low. A "U" is being transmitted here. Note the
time """ between each bit.

the baud rate by ten.
300 /10 = 30 chars/sec.

What is the character/second rate of a 110-baud
transmission?

If you came up with 11, you jumped the gun. You
can't really answer the question without knowing the
number of bits per character We picked 110 baud
because the old Teletype machines used that as their
baud rate. And they used two stop bits—s0 the TTY
has 11 bas/char, and 11011 = 10 chars/sec.

Here’s another trick Question: ff characters are coming
over a transmission line at 300 baud, does that mean
that 30 characters come through every second? It
doesn't, and that brings us to our next topic.

Transmission rate

Transmission rate may be defined as the rumber of
characters flowing over a communications line per unit
of time. The most iImportant thing to reaiize 15 that there
is no relationship between baud rate and ransmission
rate! You might have one computer dumping data at
300 Baud and another at 9600 Baud, and the latter
might have a lower transmission rate than the fomer
How could that happen?

The 300 baud machine might be dumping 30
characters every second, the 9600 baud machine might
only send a character once every 30 minutes.
Remember a transmission rate of 300 Baud guarantees
only that there will be a delay of 3.33 msec between
each bit of a character.

That exampie illustrates the point. Higher baud rates
aren’t necessarily better You could attach circuitry
{such as a "printer buffer”) to a 110-baud Teletype
machine that would enable your computer to dump
characters at 9600 baud. The TTY will be unable to
print at the rate of 960 characters/second, soO a5 soon as
the buffer memaory inside your interface filled up, your
effectve transmission rate would fall from the baud
rate to near the actual printing speed of the TTY,

Adding a high-speed interface to a slow piece of
equipment may still be an advantage. If the buffer
memory could hoid a fairty large number of characters,
your computer might dump an entire document at high
speed and go on to do something else while the
buffer outputs data at a rate the printer can handle.

If you attach 8 buffer memory to your printer (or
MODEM, for that matter), make sure you get a buffer
with enough memaory t1© make it cost effective. If you
mostly print double-spaced documents under about
25 pages, a 64K buffer should suffice. But with
documents much tonger than that, or with graphics
dumps, you'll fun up against the same problem. Once
the buffer's memory is filled, transmission rate will

SENDING RECEIVEING
DEVICE DEVIGE
0 D
AD ™
GNO GND
BUSY [ 8USY

FIG. 5—RS-232 INTERFACES are commonly wired with only
the signais shown here.
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COMPUTER MODOEM MODEM CaMPUTER
" Y
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DATABUS | — | —{ENCDDER - GECODER | — | DATA BUS
= IN 8 TELEPHONE - IN .
- out = — ) S ,
L | ol — J '
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COMPUTER | — — 1 FSK = FSK ? COMPUTER
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TELEFHDNE
-

FIG. 6—TW0O COMPUTERS connected via external MODEM's over the telephone lines
are shown at a, and at b the computers are linked by internal MODEMSs.

decrease drastically

A practical RS-239 interface would appear as in Fig.
5. There are two data lines, a ground, and, like the
parallel interface shown In Fig. 1, a susy line There is no
strobe line, as the start bit informs the receving device
that more is on the way Neither IS there an ack. The susy
line may perform the same function as in a paraliel
interface, as shwon in fig. 4, but there are other ways of
indicating a busy condition.

Controlling transmission rate

Often we are unable to allow a computer to spew
forth data at a transmission rate equal {or close to) the
maximum value aliowed by the baud rate—30 chars/
sec, in the 300-baud system discussed here. The
harchware on the receiving end must have a way of
telling the ransmitter “Hey-—wait! | can't accept any
more cata nght now.”

There are two ways of doing that: With harcware and
with software. With software we reguire two
communication lines: One allowing data to flow from
the transmitter to the receiver, and another allowing
data to fiow from the receiver to the transmitter

What happens is that the transmitter sends data as
fast as it can, while monitoring the line from the
receiver for a special “wait”™ character that tells the
transmitter not to send any more data. After receiving
the “want” character, the transmitter stops until it
receives a "continue” character from the receiver There
are several such "protocols” in common use; You may
have heard of ETXACK or X-OFF/X-ON. The first
member of each pair simply represents the “wait”
character, and the other, the “continue” character

Wath harcware, a busy condition can be shown
simply by the pofarity of a signal line (high or low); the
opposite polanty represents the “continue”condition.
For example, low represents “Busy,” high represents
"continue.”

12 ComputerDigest — DECEMBER 1986

Note that neither the hardware nor the software
method is better than the other; each was developed
1o solve different probiems. The software protocols for
use with MODEMs and remotely operated printers
where single-line: communication links are a part of the
system. A seismographic sensing unit might be located
in a remote location, would be linked to a printer in a
geological survey office by MODEM. A signal in
addition to the transmit data and receive dats lines that
would distinguish between “wait” and “continue”™
conditions is hard to implement. Modem printers let
you choose between software and hardware solutions,
or both.

Historicalty MODEMs were serial-in serial-out
devices, as shown in fig. 6a. There we see two
computers connected through MODEMs via telephone
fines. Each computer has a dewice labeled “P/S
Corverter” and each MODEM has a device labeled “S/
P Converter” That is the same device, and s Called a
UART (Universal Asynchronous Receiver Transmitter).
Another device inside the MODEM {called an FSK, for
Frequency Shift Keying encoder)} converts the parallel
binary data into audio tones that can be fansmutted
over telephone lines.

it is becoming common for MODEMs to be built
right in the computer; some MODEMs are built on
plug-in cards. Such MODEMs give cost advantages, as
shown in Fig. 65: extemal packagqing can be eliminated,
as can the power supply two UARTs, and associated
circuitry. But a stand-alone MODEM can be used with
any computer, printer or other device with appropnate
interfaces, whereas plug-in cards are limited to one
specific machine.

r |
To be continued
in next month's issue
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SATELLITETY

Hacking Videocipher

FARDON ME (F I'M REPEATING OLD
news, but most of the major satel-
live signals are being broadcast in
scrambled form. That scrambling
has caused significant problems in
the TVRO industry. For example,
sales are off by more than half, and
everyone from OEM to dealer is
hurting. Some people are hurling
badly enough that they are attempi-
ing to do something about scram-
bling—they're trying to beat it.
Black-box solutions abound al-
ready, and there is an active under-
ground {and middleground) in
which descrambling devices and
information are being distributed.
However, until quite recently,
most claims about successful de-
scrambling were fanciful flights of
creative copywriting. But no more.

Oak and M/A-Com

Two unrelated scrambling sys-
tems are being used in the U.5.
and Canada this year. One is the
product of Qak Industries; they
call their system the ORION {Qak
Restricted fnformation and
Operation Network). Two versions
of their decoders are available;
one is for cable-systems operaiors
and one is for the home market.
The home-style decoder for that
system is called the ORION F; the
P stands for Personal.

In the U.5., we have the M/A-
Com Videocipher sysiem, which
has been widely adopted by cable
programmers such as HBO, CNN,
and more than a dozen others.
(Even The Disney Channel is
scrambling now.) There are also
two versions of Videocipher; the
VC-2, which is for the cable peo-
ple, and the VC-2000, which is for
home use.

Descrambling both Qak’s and
M/A-Com’s video signals was
child’s play. In fact, at least one
home-style receiver manufactured
by Arunta Engineering (3111 E.
Thomas Rd., Phoenix, AZ 85016)
decodes that type of video straight
out of the box. It may be coinci-
dental, but Arunta’s receiver was
designed and marketed before
Videocipher 100k off. But the fact
is that It does produce perfect pic-
tures from both types of signals.

The audio has been a grealer

Interested in TYRO?

For nearly two years Bob Cooper has
provided a no-charge kit of ponted mate-
rals that descnbes the challenges of and
opportunifies in seling TVRO systems to-
day. With the present intense merest It
scrambling systems, Coop’s CSD has
made avalable a new no-charge semvice.

The SCRAMBLE FAX hotline 15 & 24-
hour-per-day lelephoné service that
provides accurate, detaied, and hard-to-
find lacts concerning the changeover 10
scrambling In the sateline communicas
Lons indusing Informahon describing sat-
ellife receivers tesled for scrambling
compatitality, sources for authonzed de-
scramblers, wholesale rates of scram-
bling equipment and servces—all are
provided on the SCRAMBLE FAX hotine.
Thers Is no charge for thal sennce. other
than your long-distance telephone ax-
penses. Simply dial (305) 771-0575 fof a
concise and imely three-minute capsule
report thal covers the tatasi In scrambling
nNews.
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BOB COOPLR, IR.,
SATELLITE-TV EDITOR

challenge. The first breakthrough
comes from the Canadian firm
Westar Technologies (2 Bloor
Street West, Suite 100, Toronto,
Ontario, Canada M4W 3E2). West-
ar has introduced an IC, shown in
Fig. 1, that contains complete de-
scrambling circuitry for the Qak
system—both video and audio—
on a 40-pin carrier.

In mid August that IC costs
about $250, and the ORION P de-
coders are selling for approx-
Imately the same price. So, for
$500 or so, you can have access to
everything scrambled by the Oak
system.

Needless to say, there are sever-
al legal problems here, because
neither U.S. nor Canadian au-
thorities condone descrambling
signals that are intended only for
authorized use.

The next breakthrough is immi-
nent, if it has not been attained by
the time this column reaches
print. It involves the Videocipher
system, which until now has been
invincible to hacking attempts.

The Qak system converts audio
to digital form and then hides it in
the video signal. The M/A-Com
system uses a similar technology,
but it also encrypts the audio ac-
cording to a Governmental se-
curity standard called DES (Digital
Encryption Sandard). To recover
the Videocipher audio, one must
first extract the digital data and
then decrypt it according to a key.

The M/A-Com system might
have been invincible were it not
for design “features” of the
Videocipher system. What really
compromises the system is that a
master decoding key is transmit-
ted along with the encoded audio.

9861 UBHNBOEIFI
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Therefore the key to unlock
scrambling the system is actually
there in the data stream. The key
itself is also encrypled, but it is
nonetheless present.

Finding away to decode that key
is a considerable challenge, and it
has attracted some of the most tal-
ented engineers, software
hackers, and cryptanalysts in the
world. Like Mount Everest, it is
there; and, for the same reason
that some climb the mountain,
others are slowly revealing the se-

crets of Videocipher. There has
been significant progress to date;
much more will have been accom-
plished by the time you read this
report.

For example, it was determined
at an early stage that integrated cir-
cuit U7 in the Videocipher unit
holds some of the decrypting
keys. Getting inside that IC to re-
cover the data hidden there was a
trick, since removing it from the
circuit killed it. To get inside, re-
searchers used a microscopic drill

SCRAMBLE-FAX
SCRAMBLE-FAX

from Bob Cooper

IF satellite scrambling is important to you, here is a single
source of timely, confidential information of great value;
SCRAMBLE-FAX. Bob Cooper is routinely gathering all of the
important scrambling information (who, what, when, where and how)
and compiling it in printed form in an important newsletter called
SCRAMBLE-FAX trmi. Sources for pirate decoders, reports on attempts
to ‘beat the systen?, full lists of who is sCcrambling, how and when.
Each issue of SCRAMBLE-FAX is timely and new, but, each issue
is a detailed encyClopedia of scrambling information and totally
complete,

THE

REPCRTS on M/A-Com efforts to shut do " BLING
pirate unis, exporting of bootleg descramblers BHORMATION
outside of the USA, complete iistings of all (37+) - L

channels now scrambling and those planning to o

scramble. The activities of DESug the DES Users i L1

Group. and their progress on 'breaking’ the S
Videocipher ‘code’, moditying recenvers to accept

Videocipher and much-much more.

-y -

=
-

EACH issue of SCRAMBLE-FAX is

WERTAR Toronks area muged - -
s ord N el decadmy B0 S e T oo sent to you via AIR-mail the very day
mdm.hﬂhmmmmmm your order is entered. Slmpry call

305/7710505 to order your copy
{have vISA or Mastercharge card

L]
ek wmh"f';'":;“ “:'mr *%  handy) mm:afro; yous chpfy enr(;csl)os
Ot s 4167843 077 e vers ey ke g payment 10 (US fu to

the address shown below. PLUS —
each issue is 'supported’ by a
SCRAMBLE-FAX "Hottine' tele-
phone updating serace.

DIAL 305/771-0575 anytime for a complete update on the status
of scrambling. ‘Hotline’ recorded reports are provided by Bob Cooper
as an 'instant update’ to SCRAMBLE-FAX and carry fast-breaking
news items of Interest to the scrambling scene. But have your
notebook and pen handy; each 'Hotline' report contains many
telephone numbers and addresses you will want to retaint

SCRAMBLE-FAX by 8ob Cooper

305/771-0505 or for free 'Hotline’ service, 305/771-0575. To order
by mail, send check/money order or enclose VISA/Mastercharge
number and expiration date: CSD Magazine, PO. Box 100858, Ft.
Lauderdale, Fl. 33310
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to enter the IC and reach a special
location where the silicon chip is
bonded to the carrier. A small drop
of mercury was then placed in the
microscopic hole to allow an elec-
trical connection to that point. Sig-
nals within the IC could then be
analyzed. All of that was accom-
plished while the chip was fired up
and operating! Needless to say,
several of the IC’s were destroyed
during that process.

Data was extracted and deliv-
ered to software analysts who were
assigned the task of descrambling
the programming secrets. Once
the program is deciphered, the
next trick Is to write a new pro-
gram that gets around M/A-Com’s
program.

The upshot of this is that we ex-
pect to see Videocipher clones
soon. And since the hackers also
expect that some of their clones
will ultimately end up at M/A-Com,
a clever "auto-cloning” technique
is being studied; it will allow the
clone IC’s to “refresh” their decod-
ing keys by continually analyzing
the data stream fed via satellite that
we now know is present.

Legalities

It is not illegal to take
Videocipher apart to learn how it
works. However, distributing
hardware that does so, or even in-
formation describing how to do so
may be illegal.

Many of those working on
cracking Videocipher have no
commercial interest in sellingorin
profiting in any way from cracking
Videocipher; when the task is ac-
complished they will simply back
out and leave any possible com-
mercial exploitation and distribu-
tion to others. Rest assured that
such exploitation will take place.

Needless to say, the people at
Oak and M/A-Com are unhappy
about any unauthorized descram-
bling. So lawsuits are probable.
Even those who provide detailed
decoder/hacking information in
print run the risk of being sued. As
in many other facets of American
life, the lawyers will make lots of
bucks while the publicstruggles to
understand the how's and why's of
what is happening, and tries to fig-
ure out how to react to the under-
ground distribution of information
and hardware. R-E
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ROBOTICS

Experimental robot vision

LAST TIME WE PRESENTED THE CON-
struction details of a simple pho-
tocell-based vision sensor. To
conclude the presentation, this
time we’ll show you how to con-
nect it 1o a microcomputer, and
then we’ll discuss a few software
algorithms that demonstrate how
o use it.

The sensor consists of nine pho-
tocells. For a computer to be able
to read the analog resistance of
each photocell, that resistance
must be converted into the digital
language the computer under-
stands. S0 we must use an ADC
(Analog-to-Digital Converter),
when a photocell is connected
between the positive supply volt-
age and a resistor that is grounded

LORY-LDRS
SEE TEXT

on the opposite end, the pair acts
as a variable voltage divider. The
divider is variable because the re-
sistance of the photocell changes
depending on the amount of light
that reaches its active surface.
When you connect the output of
the divider circuit to the input of
an ADC, a digital representation of
the voltage dropped by the pho-
tocell may be read.

It wouid be inconvenient and
expensive to connect a single ADC
to each of the nine sensors in our
vision unit. Fortunately, however,
National Semiconductor has an IC
(the ADC0816) that includes not
only an ADC, but also a 16-channel
analog multiplexer that allows us
Yo monitor all nine photocells (and
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seven other analog inputs, if desir-
ed) without multiplying costs nine
times.

Figure 1 shows the circuit details
of the sensor interface, In addition
to the sixteen analog inputs, the
ADCD816 has four address inputs
that allow you to select which of
the sixteen inputs you want to
read. Further, the circuit has sever-
al control lines that are used to
select various operations. We'll

9861 H3gW3230
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discuss each of the control lines
below.

If your computer has a built-in
eight-bit parallel interface, you
can probably use the circuit di-
rectly as shown. Otherwise, you'll
have to add some external circuit-
ry. One way of connecting the
ADC0816 to an 8-bit computer sys-
tem is as follows.

The computer’s data bus (or
eight-bit IO bus) is connected di-
rectly to the IC's 3-state data oul-
puts (pins 24-31). You could anD
the computer’s reap signal with a
decoded port address and apply
that signal to the QUTPUT ENABLE
input (pin 21) in order to read a
value from the ADC0O816.

Selecting a channel is done by
setting up the four address lines of
the ADCO0816 and then strobing the
address inlo the aLe input (pin 32)
via another decoded output aND-
ed with the computer's wriTe line.
The ADC's address lines can be
connected directly to the low-
order address lines of the control
computer.

Last, the starT input {pin 16} is
used to start the conversion pro-

AN ENDING,
A BEGINNING

This marks the 19th ang final install-
ment of M. Robillard's Robotics column.
We'll miss Mark (who will contnbuta an
occasional fealure article), but we're
hapgy to announce a new senes of art-
cles that inCludes complets details for
building, operating, and expenmenting
with a personal robol. The nerw senes be-
gins in this Issue and will continue for
many months, a3 we continue keeping

¥YOu Up 10 daie on the |atest developments
In the fascinating Reid of personat
robolics. R-E

cess. You could drive that input
with another decoded output port
anD-ed with the computer’s wriTE
line.

Because the ADC works much
slower than your computer, you
cannot simply select a channel,
send a “start” command, and then
read the data. The ADC must sam-
ple the input and then convert it to
digital form. The ADCO816 can take
as long as 116 ps to complete the
conversion. Tp alert the computer
when the conversion is done, the
IC has a special END-OF-CON-
virsioN output (pin 13) that goes

high when a digital representation
of the analog input may be read.
You can monilor pin 13 by AND-ing
a decoded 1/O port address with
your computer’s reap line. Aller-
natively, you may want to connect
pin 13 1o an interrupt input; doing
so would allow your computer to
do other things while the ADC is
working.

Figure 2 outlines the basic al-
gorithm for scanning the nine-ele-
ment sensor. First we select analog
channel one. Then the sTART signal
is activated. Then the computer
goes into a loop and monitors the
END-OF-CONVERSION output. When
that signal goes high, the output
buffer is read, and its value is
stored in a nine-byte table for anal-
ysis later. The program loops to
select the next channel (i.e., the
next sensor element} and ex-
ecutes the same sequence of oper-
ations. When all sensors have been
read, the algorithm is finished.

After reading in the data, it must
be analyzed. It would simplify
analysis if each sensor returned a
value of 1for light areas and a value
of 0 for dark areas. Then the table

Copies of articles from this

publication are now available from
the UMI Article Clearinghouse.

For more information about the Clearinghouse, please fill
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oo
L)

out and mail back the coupon below.

Yes! 1 would like to know more about UMI Article Name e
Clearinghouse. | am inlerested in electronic ordering Title.
through the following systemils): = -
: Institution/Company_
O DIALOG/ Dhalorder {TT Dialcom
] OnTyme O OCLL ILL Subsystern Department —
I O Other (please specify) Addres =
I:I_ T am enterested in sending my ordey by mail City State Zip
_] Please send me your current catalog and user
instructions for the systemis) [ checked above. Phone { P
Mail to: Unfversity Microfilms [nternational
I 300 North Zeeb Road, Box 91  Ann Arbor. M1 48106
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of bytes could be compared with a
set of previously-stored templates.
The program would inlerpret the
object as being the one with the
closest match.

However, things don't work
quite so simply in the real world.
In fact, the circuit shown here is so
sensitive that, instead of getting
two distincl values that represent
light and dark, you’ll be getting
readings with 256 distinct values.
Areas of your target that appear to
be the same will actually register
tremendous differences.

In order to eliminate most of
that “clutter,” an auto-sensitiza-
tion adjustment must be made.
What we must do is to trick the
circuit into being fess sensitive.
One way of doing so is with a
threshold adjustment. Looking
back at the circuit in Fig. 1, notice
the resistive voltage divider con-
nected to pin 19 (V) of the ADC.
All converted values are compared
to the value at that pin. By varying
the reference, you can adjust the
sensitivity of the circuit.

You could use a DAC {Digital-to-
Analog Converter) to perform the
aulo-focus. Connect the digital in-
puis of the DAC to a separate out-
put port, and the analog output of
the DAC to the reference input of
the ADC. Then, by placing a black
and white cross (or some other
shape) under the sensor, have the
computer read the ADC. If the
sensors under the black areas
don’t read similarly, have the com-
puter change the reference volt-
age via the DAC converter. Adjust
the reference until the output
reads the way you want it to.

Also, you could calibrate the
sensor manually using a potenti-
ometer and some sori of program
that outputs the values to the
screen. The value of the automatic
circuit, though, is that the com-
puter can calibrate itself at any
time.

| have found the sensor to be
great at picking out brightly col-
ored symbols on a dark block. In
addition, the sensor reads well at a
distance of one inch above the tar-
get object. As discussed last time,
use a flash from an old camera to
illuminate the area evenly. And be
sure that the duration of the flash
is at least 200 ps to compensate for
the conversion time. R-E
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RADIO-ELECTRONICS
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ANTIQUE
RADIOS

Reader letters, filament checker

DURING THE PAST TWO YEARS | HAVE
made many references to reader
correspondence. I is gratifying to
know that so many are interested
in the history of radio, which is
probably the most important sci-
entific discovery of all time. At
least it's the most fascinating, es-
pecially to readers of this column.

Writing this column has taught
me a lot. Much of my knowledge
comes out of the research | must
do to get the column out, but
more comes from information
contalned in readers’ letters. |
have heard from some very knowl-
edgeable readers who have first-
hand information on radio history.
In fact, many have personal re-
collections of the developing days
of radio. First broadcasts, home-
made equipment, and early re-
ceivers are slill fresh in the minds
of many readers of this column.

While many letters share infor-
mation, many others contain
questions. Many of the latter
cause me to do considerable re-
search. Often readers ask about
sets of which only a few were man-
ufactured, and which have long
been forgotten. Sometimes it's
hard to believe that a reader actu-
ally has one. Of course, I'd like to
shows photos of all those forgot-
ten radios, but there simply isn‘t
room to do so.

Letters

Now let’s get to the letters. May-
be we can all learn something from
the problems experienced by
these readers. Or perhaps readers
can help each other.

Daniel Nevels (11836 Alamo,
Baton Rouge, LA 70818) needs the
glass dial cover for a Zenith Model

65556 radio. Dan menlioned that
he could gel the set repaired for
$300.00, and that it is similar to the
Zenith pictured in the June 1985
column. Dan, if you're referring to
the Zenith console with the ve-
neer problem, that’s not the only
thing wrong with it. There is also
the matter of a burnt-out power
transformer. You can have the
whole thing for $300.00. Actually, if
you didn"t live so far from me, you
could get the whole set for $30.00.
If anyone in Dan’s area can help,
drop him a line.

Many antique-radio restorers
find their sets Complete excCept for
one small but hard-to-locate part.
Usually it's an accessory like an es-
cuicheon, a knob, a cabinet, or a
piece of curved glass. Often, if you
have patience, you can fabricate a
missing part from commonly avail-
able materials. For example, you
can turn {or carve) a piece of dowel
rod to simulate a knob. Other ma-
terials that come in handy include
veneer, masonite, and stiff, clear
plastic such as toys are packaged
in. The plastic can be used to re-
place missing glass. Sometimes it's
even worthwhile to buy an item
just for the packaging.

Cliff Priddle, {(P. O. Box 725,
North Bend, OR 97459) is inter-
ested in crystal sets. He would like
to obtain old parts. Cliff, my old
tube sets keep me so busy |
haven’t had time to get into crystal
sets. However, one company ad-
vises me that they can supply crys-
tal-radio paris and information.
Send an SASE to MIDCO (P.O. Box
2288, Hollywood, FL 33022). (Also
check the Classified Advertise-
ments in the back of the maga-
zine.—Editor)
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CONTRIBUTING EDITOR

Here’s an interesting letter for
antique collectors who haven’t lo-
cated a suitable set yet, or for
those who would like to add to
their collection. Victor lackman
{230 April Court, North Hunit-
ington, PA 15642} has a fine collec-
table to sell. It was made by
International Radio Inc., of Ann
Arbor, Ml and has serial No. 2914. |
have some information on [nter-
national Radio, but their sets are
listed by model number. If anyone
wants more information about this
collectable, drop Vic a line.

Another interesting collectable
is an Ultradyne Model L-2. It's a TRF
with tubes, circuit, and cabinet.
For more info contact Herb Henry
(331 Elliot Road, Fi. Walton Beach,
FL 32542))

I have searched my files but am
unable (o help Eugene K. Warner
(522 Weiman Street, Ridgecrest,
CA 93555.) He has a small radio
with no tubes, Also, no tube di-
agram or manufacturer’s name or
model number. It appears to use
both a line-cord resistor and a bal-
last tube. The only clues are on the
dial, which contains the image of a
four-engine prop transport air-
plane and the name Clipper. The
radio may be from the thirties.

I wish 1 could share the set of
color photos sent in by Allle C.
Lingo of Pierks, Arkansas. They
show a classic southwestern tester
and some equally classic radios.

While discussing photos, | have
to mention the photo of a World
war 1 military receiver sent in by
Charles W. Dold of New Smyrna
Beach, FL. Mr. Dold responded to
my promise to discuss WW 1
equipment in a future issue.
However, my visits to military mu-
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BUILD YOUR OWN ANTIQUE-
RADIO TUBE-FILAMENT
CHECKER

This month, | am going tg show you how
to buitd a simple but useful piece of tes!
equipmeant. That Is a tube-hlament tester
I'ver always found such R device very valu-
able in troubleshooting old radios.

While the much-aitered filament tester
shown in Fig. 1is about 40 years oid, |
didn't invent it. Commercial versions were
available for years before | built mine. Be-
sides lesting tube fitaments you can also
use H to test ight bulbs, home and auto
fuses, eic.

Even d you already own an emission-
type lube tester, thare i1s an advantage lo
having a simple filament checker: it's

r

FIG. 1

much easier lo use because you don't
have to set ine switches, three dials, and
several pushbuttons, not to mention tube
warm-up time. Beswdes. many lale-model
tube testers don't have sockets ko the
anbque fubes we are iterested In.

As shown in Fig. 2, the tilament checker
has sockets that are pre-wired to accept
the most popular types of tubes, and a
pair of test leads that allow you to check
any tube with non-standard hlament con-
nachions of a non-standard base. The box
has specual clamps to hoid that type of
tube In place whilé you connect the test
leads.

The circult works like this. The battery,
larnp and the tube under fest are all con-
nected in senes through the on'off swich.
When you close the swilch, the lamp will
light if the Blament is good. Otherwise s
bad

The box shown in the phito measures
9" % 12 x 4. The two plastc boxes
affixed to the sides of the checker can
serve as In” andt “out” boxes when you're
lesting a baich of tubes. Place tested-
gocd tubes in the ol box. and smply
discard any bad tubes.

You can use any iow-voltage low-cur-
rent tightbulb tor LMP1, such as a number
48 or 49, or even & number 14, which is
rated at 2.47 volts at 300 mA. The toggle
swilch isn't reallty necessary. | just like (o
have a switch on all electncal equipment
to make sure that it Is off when ['m nol
using it. R-E

seums failed to give me enough
material for a complete column.
But if i can obtain enough informa-
tion, | will include it in a column.

Haves and nceds
A. B. Nacy (1421 Retallack Street,
Regina, Canada 54T 2)3} has an an-

‘ 4 PRONG
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[ LMP1 $1 Bt l i
ONAOFF W

——TEST PROBES*—-—-J

HG. 2

tique Arvin for sale. James Lindsay
(85 Circuit Avenue, Weymouth,
MA 02188) needs a complete
speaker for a RCA Victor Model 87
I. And David Fentem (704 Emerald
Forrest Circle, Lawrence, GA
30245) needs all major parts for an
old Silvertone console. R-E
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A remote-control system

IF YOU'RE A REGULAR READIR OF THIS
column, there’s one thing you
should realize by now—I’‘m a firm
believer in a systematic approach
to design. A sure road to brain
damage is trying to design some-
thing without analyzing the prob-

lem first. The subject we're going
to start discussing this month—re-
mote control—is one that requires
a systematic approach. There’s just
no way of doing a sucessful design
without planning the whole sys-
tem out on paper beforehand.

KEYTROARD ™M ENCODETR

G

MADULATOR TRANSMITIER

RECEIVER W DEMODULATOR —

DECODER & UTRUT

AG. 1

cad
100k

AR

“

=]
ol
g
Lo

Ict
G514

oA

e S

C>cf BUS
0

1
CLpP—=<J Cloc Kk
I PuT

il

1C2-a
4520 ol

iz

k
r
R e L L o

o |u [+ |

L+]

>
X

3

D
hald [

[ F)

G2

WWww americanradiohistory comm

ROBERT GROSSBLATT,
CIRCUITS EDITCR

A remote-control system is more
complex than many of the other
circuits we‘ve looked at in this col-
umn. The degree of complexity is,
of course, directly related to how
much you want the circufttodo for
you. But even if you only want your
remote controller to switch your
TV on and off from your armchair,
the first step is to list the overall
specifications of your control sys-
tem. Qur system’s specifications
are as follows:

1. The transmitter will be battery
powered.

2. The transmission medium will
be infrared light.

3. The circuit will be able to con-
trol at least 10 devices.

4. Standard parts will be used
wherever possible.

5. The receiver will be as noise-
immune as possible.

If you think about those specifi-
cations for a moment, you'll see
that the remote-control system is
really a combination of two dif-
ferent circuits, each of which has
several subsections. The two main
sections are the transmitter,
shown in Fig. 1-a, and the receiver,
shown in Fig. I-b. Each of the main
sections is a complete circuit in
itself, and each must be designed
separately before the whole thing
can be assembled. But before we
can even start thinking about put-
ting the electronics together, we
must get an overview of the sys-
tem’s operation.

Keyboard and encoder circuits
are nothing new. We've designed
them several times in past col-
umns. Basically, we're looking for
something that will translate a key-
press into a unique binary code
and place that code on a databus.
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After the code has been gener-
ated, we must modulate it before
we send it on to the transmitter.
The modutator {and the corre-
spending demodulator in the re-
ceiver) are both new circuits in this
column.

The modulator must take the
data from the keyboard and con-
vert it to whatever is needed by
our transmission circuitry. There
are many schemes for accomplish-
ing that. For example, the data can
be encoded as FSK (frequency-
Shift Keying), AM (Amplitude
Modulation), or DTMF (Dual Tone
Multi-Frequency). We all know the
latter from its use in Touch-Tone
dialing.

After the data has been converl-
ed by the modulator, it is passed
on to the transmitter. For a frans-
mission medium we Could use
anything from a pair of twisted
wires to ultrasonic sound, but
we’ll use infrared light. When we
begin that part of the design, you'll
see that it's very easy to change
from one transmission medium to
another. I'm using infrared be-
cause ultrasonic waves make my
teeth hurt.

At the receiving end, the signal
isdetected, conditioned, and then
passed on to the demodulator
where it is converted back to its
original binary form. Then the de-
coder turns on the selected out-
put.

Now thai we have an overall idea
of how the circuit works, let’s get
started by looking at the transmit-
ter's keyboard encoder.

From keypress to code

Figure 2 shows the schematic of
the keyboard encoder we’ll use
for our remote-control system.
The 4514 Is a 4- to 16-line decoder
with normally low outputs. When
a 4-bit binary word is presented at
its A-0 inputs, the corresponding
decoded o-15 output goes high. Pin
lis an active-high input enable (g},
and pin 23 is an active-low output
enable {G€] control. In normal op-
eration, pin 1 must be high and pin
23 must be low. The 4520 is a dual
synchronous 4-bit binary counter.
We've used it so often that you
should be able to recite its pinout
in your sleep.

The operation of the keyboard
clrcuit is straightforward. One of

the 4520's counters is fed with a
clock that causes the counter to
cycle through its full 4-bit count (0
to 15) repetitively. The binary in-
puts of the 4514 are tied to the
4520's outputs, thereby causing its
16 outputs to go high one at a time
in turn. Because O {pin 23) is tied
to ground, the 4514's outputs are
always enabled. The InPUT gnaBLE
{pin 1), however, is connected to
the common teérminal of switches
$1-516 through an inverter. As long
as no key is pressed, resistor Rl
holds that point low, so the output
of the inverter is high, so the 4514
continues to cycie through its vari-
ous slates.

When a key is pressed, however,
the outputs continue to cycle until
the output corresponding to that
key goes high. When that hap-
pens, the invertér’s input goes
high, so its output goes low. That
disables the 4514 and the 4520.
Therefore, the binary output of the
4520 is frozen on the data bus.

There is one special feature of
the circuit that's not immediately
apparent. You’ll notice that
nothing is done to debounce the
switches. If you trace through the
operation of the circuit carefully,
you'll see that it's not necessary—
the circuit is inherently bounce-
free. If we happen to produce a
bounce when the switch is closed,
all that happens is that the inputs
stay enabled and the 4514 con-
tinues to cycle through another
full count. But by using the output
of the inverter to strobe data into
the following stage (which is what
we'll do next time), we can ignore
the additional pulses.

To see how the circuit works,
breadboard it and feed it a clock of
some sort—a 555 circuit will do
just fine for test purposes. If you
slow the clock down to a few
Hertz, you'll be able to watch the
circuit operate. Slowing the clock
and watching the outputs will do
more to help you understand how
the circuit works than ten pages of
written explanations.

The next thing we must do is
take the 4-bit binary code from the
keyboard and encode it for trans-
mission. But that Is a subject for
next time. In case you're inter-
ested we'll be using the 52579
DTMF Generator from AmeriCan
Microsystems Inc. R-E
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SERVICE

CLINIC

Oughta be ain’t is!

THE FIRST THING THING TO DO WITH
any sel that looks totally dead fs to
start measuring DC voltages.
When you find one that looks in-
correct, try to find a logical reason
for it: look at nearby components
that may be bad (open or shorted)
and at other sectlons of the circuit
that could affect the one with
problems.

An incorrect or missing DC volt-
age is often the best clue we have
to a bad stage. Always check DC
signals first: No volts, no work!
However, you can’t use DC levels
as your only source of trou
bleshooting information; some
parts can stop an audio or video
signal cold without having much
effect on the DC volitages. If you
find no odd-looking DC levels,
you'll have to try another tech-
nique—signal tracing, for exam-
ple.

If you've got decent service hiter-
alure, most likely it has scope pho-
tos illustrating the shape and
amplitude of signals at various
peints in the circuit. Try feeding a
test signal (that approximates what
you see in the literature) into the
input of the circuil, and see if the
output looks anything at all like
what it should.

For example, take a lock al the
horizontal outpui stage in Fig. 1.
You might try feeding a 10-volt p-p
sinewave into D1, Then look at the
collector of Q1. If you don’t see
something that resembles the 170-
voll p-p signal shown in the sche-
matic, Q1 may be bad. On the
other hand, if the test signal gets
through, that part of the circuit
probably warks correctly, so you
can go on and test other stages.

By following that process in a

ey,
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logical manner, you'll eliminate
possible sources of trouble one by
one and eventually arrive at the
real source of trouble.

Of course there are special
things to look out for: coupling
capacitors, for example. If one de-
velops an open, it can stop the
signal dead in its tracks, but the
DC voltages will often be affecled
little, if atl all. And that’s when
we've got to resort to signal trac-
ing.

Always be careful with little
things like coupling capacitors
that ook good. Don't assume that
those capacitors never go bad. |
used to have a bad habit of doing
just that. That is, until the day 1
found one that had developed an
open!

So never get into the bad habit
of assuming any part is good with-
out thoroughly checking it; always
test everything. | used to make as-
sumptions unltil one day | had a lot
of trouble figuring out what was

WWWW americanradiohistorv comm

wrong with several different sets.
So always keep that most valuable
asset of a service technician: the
completely open mind! In other
words, suspect everything in a cir-
cuit until you find out who the real
culprit is! And don‘t be 100 sure
then!

Here's an example of how mak-
ing assumptions can lead you as-
tray. | had a set that was completely
dead: no video, no audio, not
even any noise. There was one big
solder joint on a terminal right in
the middle of the chassis. it had a
large blob of solder on it, and it
looked like a perfectly good joint.
I thrashed around in that circuit
until | finally got a hold of myself,
started signal-tracing, and, be-
hold, the signal came right up to
that “perfect” solder joint where it
stopped!

| melied the joint, and the mo-
ment my iron touched it, it went
up in a little puff of smoke! "It
wasn’l solder at all, but a big blob
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of what is called “liquid solder.”
Obvigusly there wasn’t much con-
tinuity in that joinl. Hardened ace-
tate cement doesn’t conduct
electricity very well. 50 | soidered
that joint in the usual way, and the
set began working right away.

The moral is that, if you never
take anylhing for granted, you'll
have fewer servicing headaches.
Never assume thal a solder joint is
good. Check the dad-burned
thing with an ohmmeter just to
make sure. You’ll find many pit-
falls of that sort; don’t let ‘em
throw you. When tracing a signal
that suddenly stops, check every-
thing in the Immediate vicinity and
you’ll often find something that
will surprise you.

Shop hookkeeping

One thing we seldom lalk aboul
is how to keep track of the amount
of work that has been done for
each customer, and which parts
went into his set. One way to keep
track of things is by keeping the
parts we've pulled out for replace-
ment in a separate pile for each
customer. That way, when the job
is over, we can just go lhrough the
pile and charge the customer ac-
cordingly. That makes bookkeep-
ing (one of our favorite tasks!)
much easier. And if you're your
own bookkeeper, as mos! of us
are, it's well worth spending a little
time getting and staying
organized; you could lose a lot of
money If you’re not careful.

Another thing thal can help,
when making out the bill, is to
write down each part you In-
stalled, and its function {for exam-
ple, 0.01 uF, “2nd IF sCreen-bypass
capacitor”). Keep a copy of the bill,
and the next time the customer
comes in, you'll quickly be able to
see what you've already done to
that sel. And you’ll want io know
the date of inslallation for parts
that are covered by warranty—
yours of the manufacturer’s.

And be sure to write cleariy! If
you can't read your own writing,
get someone else to do it for you!
That way, if you get a callback on a
job, you'll have some idea of
where to begin troubleshooting. If
you can pult the original bill, you’ll
be able to tell just which parts you
installed, and, more importanlly,
which you didn’t.

That’s about all for now. | got a
card from an old friend, Bill Eslick
2607 E. 12th Street, Wichita, KS
67214. He wants to buy old issues
of Radio-Electronics, Radio-Craft,
elc. Drop Bill aline if you have any
back issues for sale. R-E

SERVICE
QUESTIONS

BLOOMIN’ PROBLEMS

I've got a problem in my own set!
1t's blooming with visible retrace
tines, and the contrasi control woen't
darken the screen. The brightness in-
creases until the HV shults off, I've
checked all voltages, and they seem
normal. The PC board is so delicate
that | don’t want to do a lot of desol-
dering without a good idea of where
to begin. | hape you can help.—R. D.
W., Bergen. Nj.

S5odo ! Ithink you'll find a leaky
transistor somewhere. Check all
DC voltages carefully and see if
one is a good bit off. If so, that will
change the bias on the CRT, and
make it draw moOre current until
the set shuis off. Start by measur-
ing the CRT grid and cathode volt-
ages very carefully, and then trace
the circuit back until you come to
the stage that controls it. There
you will find the the trouble.

RED-HOT 6KD6 TUBE

{'ve got a Philco CT7340AWA. It
uses 3 6KD6 horizontal output tube.
The problem is that the 6KD6 plate
gets red hot and there is no HV, The
sound also gets distorted. Any
ideas?—M. R., Flushing, NY.

Several, and all boil down to one
thing; you have lost the grid drive
on the 6KD6 tube. That drive nor-
mally generates a high negative
voltage to bias the tube. if you lose
griddrive, the tube will draw avery
high current, perhaps as much as
400-500 mA. That's normal. The
fact that the tube will take that
much current shows that it is still
goad, but don't allow high current
to flow through the tube for too
long, or it might be damaged.

Normal bias en the 6KDé should
be at least - 60 volts. Check your
schematic for the exact value, be-
cause sometimes it's even more.
You may also want to check the
horizontal oscillator. R-E
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EARN YOUR

THROUGH HOME STUDY

Our Now and Highty Effective Advanced-Place-
men! Progtam for scpenenced Blectronic Tech-
nicians grants cradi for preveous. Schooling and
Pratessonal Expenence, and can grestly re-
Suce e bme recueted 10 complets Program and
fonch gracduahon No retcdence schooling re.
qused lor qualiied Electronic Technicians.
Through this Specud Program you can pul al of
he 1008 ends Of YOUr elecCironcs backonrownd
togetter 8d e your B.S E.E Degree Lip-
grade your status and pay to the Engenesnng
Lavel Advance Rapudy! Mary fnigh in 12
months of less Stuaents 80d oraduates in ol 50
States and tvoughoul the Work). Estebished
Orver 40 Yours! Write jor free Descrptve Lit-
eralure.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING
347 RAYMOND RDAD

€ XE roroxz00s

JACKSON, MISSISSIPPI 39208

CIRCLE 184 ON FREE INFORMATION CARD

FROM

ANTENNAS
CACCERBORIED.

SEE YDUFI DEALER TODAY
HERE’S A TIP

THAT'S PERFECT!

/ AM/FM AUTO RADIO
L AND CB

{ -
‘FirestiK’ll
GOLDEN SERIES

BARE-HARDS TUNABLE
4 “NO TOOLS NEEDED”
] HIGH PERFORMANCE ANTENNAS

ALSO ANTENNAS FOR
CORDLESS TELEPHONES
k MONITOR SCANNERS

Deajer & Distnbutor Inquines Invited

SEND FOR FREE CATALOG

2614 Ean ssamyPropr. AZ 85034

ERgS

r Foypzih Aatgany Company - -I
I I
| I
I I
I I
I I

—. I
Surving the C8 and
Communications Markat Since 19

5-YEAR REPLACEMENT WARHANTY
CIRCLE 100 ON FREE INFORMATION CARD

9861 HIaW3ID3a

]
w
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RADIO-ELECTRONICS

[+
[=]

MARKET CENTER

FOR SALE

TUBES new, unused. Send sell-addressed, stamp-
ed anvelope ®or list. FALA ELECTRONICS. Box
1376-2. Milwaukee, W1 53201

A SINGE&S DREAM!

REMOVES VOCALS FROM RECORDS!
Mow You can sing with e workd's best bands!
The Thompson Vocal Eliminator can remove
moat of virtually a) of § kead vocal from & slandacd
slereo record and leave the bachground]
Write or call It § free brochure and demo recond.
LT Sound, Dept. R-1, P.O. Box 338,
Slone Mountain. GA 10086 104) 493- 1258

WHOLE SALE carradic computer telephone audic
video acessores anienna catalog (718) 897-0509
DAWR, 68-12 1101h 51, Flushlng, NY 11375.

WDRLDS best channel 3 notch filter, $19.95. {Deal-
or inqultias invited). CROSLEY [A). Box 840,
Champlain. NY 12819,

SPECTACULAR strobe light chasers. sirobascopic
dewices, Helium-Neon Laser Component®, scen-
tfic tems, mare! Free catalog. ALLEGRO ELEC-
TROMNIC SYS‘I‘EMS. #3R Mina Mountain, Comwall
Bndge. CT 06754

ELECTRONICS. S1 50 brings fiyer, rabbag LYNN
JOHNSON. 2221 The Alameda #176, Sanla Clara,
CA 55050,

CABLE- TV conwveriers and equipmeni. Plans anE
rts, Build or buy. Free informalion. CAD ELEC-
8(gNlo:s PO Box 1402, Depl RE, Hope. AR

71801

HIGH galn descramblers, CRT automalic dimmer,
SCR Tester. plus olther unusual elecionic devces.
Send $3.00 for info. AB ELECTRONICS ENGI-
HEERING, PO Box 643, Kalamazoo. Ml 49005,

CLONE kits. moderma, hard drive kits, disk drives.
disketias and printers, memory. and |C s, Distabutor
pricing 1o end users and dealers For calalog call
1-800-833-2600. In Ohio cail {513) 531-8866. Free
shipping

CATALOG: cabie cOnverlers, and descramblers,
N12 mini-code $98.00. SB3 $99.00. : Com-
bination Jerrold 400 and SB3 $165. Pulse de-
scrambler kit (assemblas i hall hour) $79.00, built
$120.00. Samellite descrambler kit {assembies In
one houry $120.00, bult $190 00. Send $1 00, MJ
INDUSTRY, Box 531, Bronx. NY 10461.

FIBER oplics expﬂrlmenwfh kil: transn'nl‘m e-
cerver. 3m. fightguide cable, data sheets, applca-
tion notes Send $12.00. MASE, R.D. #1 Box 1033,
Orangsburg, PA 17961,

MICROCONTROLLER tell me your appiication and
I'll supply peopes input'output electronics. Cal) or
write for delaills. WERNER SPECIALTY ELEC-
TAONICS, 4388 Crystal Peak Dr. Las Vagas. NV
89115 (702) 644-59

28 based conlrol and acqulsmon stems. From
$295. HH.S. MICADCONTROLLERS, 5876 Old
State, Edinboro, PA 16412, {814) @ﬁ_&a

USED technical books: Electranics. physics, me-
chanics, mathemancs. $.37 stamp: SOFTWAVE,
1515 Sashabaw, Oronville, Ml 48462,

AUTOMATIC headiamp dimmer 10r car. truck etc
$10.00 or parts list, schematic. full instructions. Acd
£3.00 for pholos of compleled unt and PCB with
parts mounled. Under 525 %0 buld. FRANGLO.
8197 Lasombra Way, Sacrament0, CA 95823,

RESTRICTED technlcal Information: Electronic
survailllance, schemalics, locksmithing, cover sci-
encas, hack eic. Huge selecllon. Free bro-
f:aausr: HEN’I%R-ZASS 53 No. Bivd , Flushing, NY

WARNING {cabl szguip. buyers): Let the Dak's
rot! Don’t buy u equipment when you can
buy new tor lesa. N-1200 $75.00. vari sync add
510.00. 10-558.00. case of 20 $48.00 channsi 2 or
3. 58-3000 with auto switch 575.00, 10 or more
$65.00, case of 20 $55.00. Vari #ync plan® and
parts lisl 510.00, Rermotes. converlers, video ac-
cessories. 50 day guarantes. Free catalog. Call
or write toda_'f MC, Visa, C.0.0. {402} 331-4957.
M. D. ELECTRONICS, 5076 So. 108th #115,
Omaha, NE 68137.

CABLE lelevision converiet, descrambier,
and microwave felevision anlenna equip-
ment accessories video catalog. Free. CA-
BLE DISTRIBUTDRS UNLIMITED, 116 Main
Road, washington, AR 71862.

ELECTRONIC projects. companents, PCB sup-
plies, testinstruments. Oscilloscopes $219.00. mul-
fimelers $7.95, power ies $69 95. Rasistors 1
cent. 2 yoar guaranice | or send SASE for tfree
cataiog T.0.R.C.C.C.. 1131 Tower, Schaumburg, IL
60195 (312) 490-1374.

Quality Micrawave TV Antennas

Mutt-Channel 1.9 1o 2.7 GHz
4008 Gain Troe Parsbolic 20 Inch Dish
Compieie STawm 39997 (pus shipping)
Caalwrahips. Oy Pricang, Replacemeni Parts
Philips-Tech Emctronics
PO Bex 0533 o Scottmiale, A2 BI52
LIFETIME {602} 947-7700 (100 Crouht o)) phane ordersh
WARRANT Y MaverCord = ¥iga = 003

TELEPHONE extension i your car Morse Code for

the unlalented. TV descramblers. Legal police

radar blocker Detective electronics Home video

Broduction equipment 50 page catalsg 53.00.
BE, POB & kaiu Hi 56815

CB Tune-u Tune-up manusl Vojume W, Specific adjust-
ments. maadicabons for peaking all popular CBs
Covers over 1300 radios. 519,95, Visa. MasterCard
1o: THOMAS PUBLISHING, 127-R Westwood,
Pans, IL 61944.

CABLE-TY converters and descramblers. Low
prices, quality marchandise, we shg .0.0. Send
$2.00 lor catalog. CABLETRONICS UNLIMITED,
PO Box 266, South Weymouth. MA 02190 (617)
843-5195.

SELL blank video cassettes Super Hgh Grade
Otympia VHS T.120 Fully guaranteed Only $3 49
your cost Add 55.00 shipping and handhng tor any

wantity STRANDBE 1nn1 S. Elm Sireet.

reensbom, NC 27406, Telephone (919) 274-3775.
Check, M O, VISA or MasterCard account numbes
& expiration date

BIG
PROFlTs

ELECTRONIC
ASSEMBLY BUSINESS
Start home spare Hime. Invesimenr know! or
e:penence unnecessar BIG DE MAND assem-
bhng elact gl’es prokes-
sonals Llnusual busIness Dwollumiy

FHEE: Complete illustrated Mterature
BARTA. RE-C Bux 248

Calit 94507

Wainut Creei

ames.
$22.50. IBM and compatitées LOTTO BUSTER.
912 Morth Hampton. Bay City, MI 48708,

IS it tue .
Call for tacts!

LOTTO Buster Analyzes all 6 digit lotic

for $44 through Ihe gcmamment‘-?
=I2-T42-1142, axt. 4673
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LINEAR paris, tubes, lrandlslcrs —MRF454
$16.00. MRF455 512 00. MAF477 $11.00. MRF492
$18.00. Catalog RFPC, Box 700, San marcos, CA
92069 (619) 744-0728.

TV lunabie nolch filters, iree brochure. D.K, VIDED.
Box S, Margate, FL 33062 (305) 752-9202,

TEST equipment, recondiioned. For saie, $1.25 for
cataing WALTER'S, 2697 Mickel. San Pablo, CA
94806 [41 5] 724-0587. =

LASERS, Uornponentsa.ndaocessoms Free cala-
log, M.J. NEAL COMPANY, 6672 Mallard Ci.. On-
eni, OH 43146. - 11
FREE AC adapler (timlted nifer) with Assori-
ment #1803 -Toko colls 144LY-120K,
520HN-3000023, BKAN-KS5552AXX(2}; PCB
transislars 2N3904(2), BFQB5 {Sub;; ICs
7812, 74123. MC1330A1P; Dindes 1N914,
1N52318. Only $25.00. Coils (only} $8.00/
sef. Free Shipping. MCVisa/COD. Toli ree
1-800-821-5226 Ext. 426 (orders). JIM RHO-
DES, INC., 1025 Ransome Lane, Kingsport,
TN 37660.

:I'UBE_S. name beands. new, 807 off isl. KIRBY,
298 Wesi Carmel Drive, Carma, IN 46032

INDIVIDUAL Phatotacl-iolders #1 to £1400. $3.00
Ystp?g“ LOEB, 414 Chesirud Lana, East Meadow,
1 .

WHOLESALE catalog of unusoal making
elactronic ems. Dealers wanted. Rush S1.
CROSLEY |A), Box 840, Champlain, NY 12919,

plans. kits. Expert musil-an repairs & conversions.,
g $2. Our 111h year!

PROBME A2 g0 a6

POWER =upplies. powered/unpowered bread-
boards dwgtal traners. Kit or assembled. Lowest
prices. High quaity. Free calalog TERA ELEC-
TRONICS, Box 2482-RD, Evergicen. CO 80439
{303) 674 5844,

SCIENTIFIC Atlanta non-addressable converters
B500 serlos (original uniis} remote con-
rol.. $250. 275 00C. Tacom and 2enlth de-
scramblers available, guaranteed. N.A.5., {213}
531-3552

CB'ERS Mnnnor your CBS moduiation through
headphones. “Audlo Trakker™.. $19.95. detais
$1.00. LEK-TRONIX, Box 5261, Lcmg Beach, CA
90B0S. {213} 631-3552.

TUBES: “oldest.” “latest.” Par1$, componénis,
schematecs. SASE for list. STEINMETZ, 7519

Maplewood Ave., R.E., Hammond, IN 456324,

Ti-.A soliware/hardware bargains. Hard-$o-find
items. Huge salection. Fast service. Free calalog,
DYNA, Box 690, Hicksville, NY 11801

VIDEOQ scrambling techmques. The original “secrel
manual® covers Sinewsve, galedpulse. and SSAVI
syslems. 56 ible informa-
lion. Only 514 95 ELEPHANT ELECTRONICS,
INC., Box 41865-J. Phoenix. AZ B5080. {€02}
581-1972

WIREWRAP labels. ldenify ICs, pins. Easwr, er-
roress wr All DIPs ins. Inexpensive,
383 lables 56 PAUL'S LABELS, 7320 Embas-
sy, Miramar, FL 33023,

BUY BONDS

as of solwd, useful.
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WE'LL MATCH OR BEAT ANYONE'S
ADVERTISED RETAIL OR WHOLESALE PRICES!

| SwGLE | DEALER
ITEM unT | 10-UNIT

PRICE PRICE
RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) | 2995 | 1800 ea.

[ PIONEER WIRELESS CONVERTER (OUR BEST BUY) | 8895 | 7200 ea.
"LCC-56 WIRELESS CONVERTER 9205 | 76.00 ea.
JERROLD 450 WIRELESS CONVERTER (Cr 3 OUTPUT ONLY) | 10595 | 90.00 ea.

"58 ADD-ON UNIT _ | 10895 | 5800 ea.

BRAND NEW — UNIT FOR SCIENTIFIC ATLANTA | Can tor specities
MINICODE {N-12) 110095 [ 5800 ea
[ MINICODE (N-12) VARISYNC [ 11995 | 6200ea

MINICOOE VARISYNC W/AUTO ON- OFF | 17995 11500 ea

[ M-35 B {CH. 3 OUTPUT ONLY} | 13995 | 7000 ea
M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) | 19995 [12500ea
[ MLD-1200-3 {CALL IF CH_2 OUTPUT] 10995 | 5800 ea

| INTERFERENCE FILTERS — CH 3 2495 | 1400 ea
JERROLD 400 OR 450 REMOTE CONTROLLER | 2985 | 1800 ea
| ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UnITSI | 22500 [18500 ea
"SPECIFY CHANNEL ? or 3 OUTPUT Cther products ayailable — Please Call

Outp-u|_ P_nCQ-
Channel | Each
I R I c ES California Penal Code #593-D torbwds us SUBTOTAL

shipping any Cable descrambling unit Shipping Add
from 3hipging any SCr ng u ﬂmpﬂumt

to anyone residing 1n the state of Calitornia,
| COD & Credn
Pric#s subject 1o Change without noiva, Catds — Add 5% |
B PLEASE PRINT TOTAL

HName
Agdress Sity _
State . 2. Phone Number {
Cashwer's Check i Money Order coo Ktasiercard
AcGt 4 Exp. Date
Signature

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby decisre under
pendily o perjury that all Products purchesed. Now and 1N the future, will Only be used on cabile
TV systems with Oroper authonzation trom local officials or cable company oMicials in
accordance with all apphcable tederal and stalg [aws

Dated Signed
Pacific Cable Company, Inc. |E
73252 RESEDA BLVD., DEPT.R-12 * RESEDA, CA 91335 4
(818) 716-5914 » No Collect Calls * (818) 716-5140 ﬁ
IMPORTANT: WHEN CALLING FOR INFORMATION 2
Pleasehavelhemakegncl_moglsollhee uvipmend used in your area. Thank You %
91
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THE BEST PLACE o BUT, SELL a¢
TRADE NEW wnd LSED ECUIPHENT
NUTS5 & vOLTS MAGAZIME
BOX ILIIE = PLACENTIA, CA P70
[F14) 20.770
Join Thoutands of Raadiri Matiormite
By Hamh
ONE YEAR U3, SUBSCRIPTIONS
S0 - Il Chany + SJ5.00 - It Clam

G 51500 - Lifotims . Ird Ciews =

BUGGED7 Wiretapped? Find out fast Counter
measures Bquipmient catalog $1.00. CAPRI ELEC-
TRONICS. Roule 1A, Canon, GA 30520,

$SWIN with tharoughbred/harness, Grayhound
handicapglng soflware.. . 529.95, e

hanced 95. Professional football handicap-
ping system. $3g.95. For mast compuiers. Free
information. SOFTWARE EXCHANGE, Box
S382RF . W. Bloomfield, M1 48033, (800) 527-9467.

CABLE TV squipmenl. Scianlifc Atlania, Zenilh,
Jerrold, Qak. send $2 00 for catalog. K.D. VIDEQ.
PO. Box 29538 Mips , MN 55429

TUBES! 59 cents Yaar Euarantm. Froe calalog
Tube tester $8 95 CORNELL, 4215 Unwveraity. San
Diago. CA 92105,

SATELLITE TV VIEWERS
Get t rnq:t complete weekhy listings
end $1 for sample cop

P.O Box 08€, Forluna. California_ 95540
B00.158. 9997 (U.5.) « $00.354.4747 (Calit.)
TO7-725.2474 (all othars)

BRAND new Oak descramblers. $35.00 each; Varn-
sync Cak $45.00 each; 5B-3 $59.00; Tn-mode
$125.00; Bi-state $125.00; call us. we ship UPS
COD. PONDEROSA COMPANY, (303) 634-6666

TV SCR Tasier Hand-held will also test Inacs, di-
odes. transiStors, ECG 89 HO tranSistors in opera-
tional mode. Defines AKG. Will save ime. $49.85,
Send check of money grger BFE, P.O. Box 3942,
Albary, GA 31706-3542.

Multi-Channel MI

A dB Galn
UFEHME mnﬂ.&NTY
Complete Smm 55395 | Shipping bnel)

Deaier Rates, Replacemen] Components
& Expert Repaws Available
g : EOEI.[CTRIJIICS Cail ﬂm for lﬂl
X U522 Ehippl
PHOENIX AZ BSDGT m?{ M

ASAIMGICOD $2 credit on phone orders!

PRINTED-CIRCUIT BOARDS

PRINTED circuit boards and artwotk Dosagn
Cam piated through holes Competitne pric

Artwork supported. EXPRES CtRCUITS' 314
Cothren Sireet, PO Box 58, Wilkesboro, NC 28697,
{919} 667-2100.

LOW quoles, tgh gually. quick service. Single,
double sided. mulilayered boards, Prolotypes
hrough production quantibes. Desigri/layoul ca-
pabiifies Board assembiyturnkey faciites Call or
wnila for quotes and info —T.O.R.L.CC., 1131 Tow-
of, Schaumburg, IL 60195, {312} 490-1374.

INVENTORS

INVENTORS! Can palent and profit from your
idaa? Call AMERICAN INVENTORS CORPORA-
TION for trea mlommation. Over a decade of service.
1 (800} 338-5656_ In Massachusens of Canada call
(413) 568-3753.

BUSINESS OPPORTUNITIES

MECHANICALLY inclined individuals desrrlng
ownership of small electromcs mangufaciun
ness—without investment Wrile: BUSINE SES
92-R, Bnghton 11th, Brooklyn, NY 11235,

YOUR own radio station! AM, FM, TV, Cabia. Li-
censed/uniicensed. BROADCASTING. Box 130-
F12, Paradise. CA 95969,

$10.00-5360.00 waokly! Become clfcular maller
No quotas. Sincerely Interested. rush s

velope: NATIONAL MAILING, Box 19?5 Mz
San Diego, CA 52119,

DEALERS wanted! DMM's, sclderless broad-
boards, sol-dan%%ots Individuals watoome. CEN-
TURY INTERN, WAL COMPANY, Box 28762,
Oallas, TX 75229.

EDUCATION & INSTRUCTION

COMPUTER repair career fraimng in 5 months by

accrodited Flonida alectronles school. Litefime

placemenl. Financsal assistance il qualified. Call

ggSTaEIIS TECHNOLOGY INSTITUTE, {305)
1-21

LEARN lo be a television studio technician! Afler
only 14 months eam your degree and & greal carear
n video, Financial ad and national placement as-
sistance Dalias [214) 263-2613 or Long Beach
[213) 595-1660. VIDEO TECHNICAL INS E.

FCC commercial general radiotelephone license
cormespondenca course B0 individual lessons for
$89 50, plan. Rasults gusrameed! Delails
free. AMERICAN TECHNICAL INSTITUTE. Box
201, Cedar Mountain, NC 28718,

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply

complete the form on the lirst page of the
Market Center and we will bill,

THE NEW 65/9028 VT

ANSI VIDEO TERMINAL BOARD!
» FROM LINGER ENTERPRISES *

A second generation, low cost, high performance, mini gsized.
single board !or making your own R5232 Video Terminal. Use
as acomputer console of with a MODEM for hook up 1o any of
the lelephone-line computer services.
FEATURES:
« Uses the new SMC 3028 Video
Controller Chip Coupled with a
65024 CPU.
RS-232 a1 16 Baud Aales lrom S0
to 19.200

MICRO SIZE!

¢« On board prinlar port! -

* 24 X 80 lormat (50:60 Hz). & "

+ For 15750 Hz (Horlz.) monilors. f & “

« 1 Terminal Modes: H-19. ADM3A. 8 . o "’
and ANSI X 3.64.1979 .&},

* Wide and thin-line graphics., e ’ !

« While Characlars on black back- ""‘3.1_1 \'\i‘l

ground Of raversed

+ Characler altribuies: De-Inlen.
Inverse of Underline,

+ Low Power: SVDC @ .7A.
@ 20MA,

95
599 (Full Kit)

12vDC

HIGH VOLTAGE TRIPLERS/MULTIPLIERS

REPLACEMENT FOR

ECG®/GE®/SK®

Mini size: 55 X 5 Inches.
Composiie or splil video.

S X 83 Dot Matrix characters
(UL casa).

SOURCE DISKETTE:
PC/XT FORMAT
5% IN. $15

* Answer back capability.
+ Batlery backed vp slalus Memory.

» For ASCIl parallel keyhoard. g L A

Digital Research Computers
{OF TEXAS)
P.O. BOX 381450 » DUNCANVILLE TX 75138 = [214) 225-2309

Call or write for a Iree catalog on Z-80 or 6809 Single Board
Computers, $5-50 Boards. and olther S-100 products.

ALL SALES SUBJECTTD THE TERMS OF QUR 90DAY LIMITEDO WARRANTY_FAEE COPY UPQN REQUEST

RADIO-ELECTRONICS

TERMS: Add 3300 coslegr Wa piy Saiance. Drdert under T8 a0d 75¢ handing Mo
COB We accoP! ¥ia ond MasiovCard. Texar Aol 30 5-170% Tak. FOIaign orders
ferceps Canadal acd 20« P 5 H Ordecs over 330 2dd B5C ot Inguidnte

SO0A/ceszresissos o« .« B.75 6.95
523/5!5:3 [T 17, WA 885 7.20
526A/s306e v ee.... B85 7.20
528/53%0¢ e eeenee... 10.70 8.70
529/65529&5:350?. e e 988 5 MIN. 7.95 1o min
OUTPUT TRANSISTORS @

165/ k3145 & Ce3B... 2.25 1.95 1.75
238/ce37¢ sk3T0.. - 2.25 1.95 1.75
283/5¢3467 .. 0 e0. .. 2.75 2.35 1.80
25D1341P.......2.25 1.95 1.75
28C1172B.......225 spum. 19550 min.1.55 300 MIN.
AuolowpsoowER 10 50 100

%SKSBQS ";3";; 2r1| %stou ':3";2";3 %,iﬁfs:nao uf; 44, 59
153/5¢3274 30.28.21 1 197/5¢3003 59.54 4% | 292/5xk3441 49.45 .40

RECTIFIER DIODES 00 S0 100

00OV/2§ 7¢ 5¢ 3¢
136 v 18¢ 16¢ 13
506 oamper/MrvoLT~ pasT RECOVERY 28 24 19

8S ADDITIONAL SAVINGS §SS

TYPE M min %0 min 100 min TYPE MW min 50 min 100min
33 .32 .29 .49 a4 .58

16 14 53 .28

15 11 09 35 .28

35 .29 54 .49

.33 .29 A5 A2

39 55 49 16 A3

A6 13 11 42 59

2.4% 195 149 .69 60

2 SS9 - 1S5

FOR A COMPLFTE LiST CALL OR WRITE—C QD Orders weicome (M. Oroer $25)
DIGITRON ELECTRONICS
110 HILLSIDE AVENUE SPRINCFIELD NEW JERSEY 07084
ToIl Free 1-B00-S26-4978 In N) 207-379-9016  Telex 138441
PRICES SUBJECT TO CHANGE WITHOUT NOTICE OFFER GOOD WHILE SUPPLY LASTS.
ECG 18 2 Traoe mark of Pnilps ECG, DHItron €l not Assaclited with PRIHDS ECG

1=
M

CIRCLE 57 ON FREE INFORMATION CARD
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WANTED

INVENTORS! AlM wants—ideas. Inventions. new
pProducts, improvemnents on exisling products. We
present ideas to manufacturers Confidentahty
guaramfed Cal lcll free 1 (800) 225-5800 for infor-
mation Kit.

QUALITY products—low prices—no gimmicka—
send for free brochure and 800 number t¢ 5.5.E.,
POB 3833, Ocala. FL 32678,

OAK Orion “turn-on” modihcabons: “Chig-il- o
ramote keypad = details $1.00. NAS-SAT, Box
5281, Long Beach. CA 90805, {213) 6313552,

INVENTIONS, ideas. new products wanted! Indus-
try presanialion/national axposition. Call free 1{800)
528-6050. Canada. | (800) 528-6060. X831

DO IT YOURSELF TV REPAIR

NEW...repair any TV..easy. Refired Serwceman
raveals secrets. Write, RESEARCH. Rt3, Box
601BR, Colville, WA 99114,

WRITE FOR
7~ MCGEES
SPEAKER & ELECTRONICS CATALOG

1004 BARGAINS IN SPEAKERS
toll free 1-B00-346- 2433 for Oidering only.

4904 MCGEE STREET KANSAS CITY. MO 84408

CABLE-TV DESCRAMBLERS

ALL brands available. "“We won'l be undersold.*
Deaier inquines welcome We ship C.0.0.%. For
catalog send 53.00lc CONSUMER VIDEQ CORP.,
P.O. Box 913, Clltton Park. NY 12065, [518)
783-5636 M-F 9AM-5PM E.5.T.

EPROM PROGRAMMING

HOBBYISTS; Protesied EPROMS sold with your

ramming installed, Program listing provided.

‘ast service, Wile or call: ROMULUS MICRO-

CONTROL, Box 8669, Aockville, MD 20856. (301)
540-8863.

SPEAKER REPAIR

SPEAKER reconing—radio. hi-fi, musical instru-
ment Allwork guaranteed_ 55|, 725 Archer Ave., F1.
Wayne. IN 4 - [219) 22-MUSIC.

Pay TV and Satellite Descrambling

All New 61h Edition!

Now 100 pages of working schemancs and
theory for all mayer cabe and sateilte sys-
tems, inGluding Onon, Video . Fantasy
and Exiasy MNew secions on llegal de-
scramblers are detected. Scientific Atlanta,
™-Mode, Pilotless. Pico, Star-Lok Iv and B-
Mac bypasses Lalest info on Ovion pirale
chips and the breaking of Video C The
mos! complete source of descrambling info
avallaie $14.95, MDS handbook $10.. Satel:
e systems under $600.00. $11.95. New
winter product catalog $2.00.

Shojiki Electranics Corp.. 13278
Niagara SI.. Niagara Falls. NY

14303. COD's 716-284-2163

ATTENTION sateline dealers See everything with
your widec cypher 2000E demonastrator on all the
transponders (sectt modification weds manufac-
1rers warranty). Send $24.00 for VC kit. Send
$10.00 for tull set of schematics of the Ma/com
maodel 2000E receiver TV SHOP, 127 E. Mission,
Falibrook, CA 92028, [619) 723-1302.

DESCRAMBLER unscramble videocipher |l satel-
lite TV signals with Decipher-Two (video only). Sim-
&alow cost orcurt using onl; three imey ICS. PC.

14, instrucsions $35.00 P.P. VALLEY MICRO-
wavE ELECTRONICS, Bear Amver, Nova Scoha.
Canada BOS-1BO. {902) 467-3577.

| B (uality Microwave TV Antennas

-1 Mum-Chanres t 200 2 7 GHZ

40 dB Gam Trua Parabobe 20 ch Dah
UL Lsted Power Tuner
Corg Systen 108,08 (5M0D not )
DREAM CHASER STSTEMS
F.0. Box 2014 » Bisine. WA, 38230
504 = S00-XM7 |32 Cradii-phone orders)
MosterCord wisa COD's Qry. Pricing

LASERS

HE-NE complele $129.95, mogulaled systems
avallabie LES ELECTROMNICS. PO Box B00276.
Oallas, TX 75380,

SATELLITE TV

CABLE TV secrsis— ihe oullaw publication the
cable comparwes tned to ban. HBQ, Movie Channel.
Showtime, descramblers. converters aete. Sup-
iers list ncluded $8 85. CABLE FACTS. Box 711-
Pataskala, OH 43062,

CABLE TV Source Book— a complete fisting of
supphars for hard-to-find converrters. descramblers.
technical information, schematics and much much
mona. Full refund if not satishied Send 54595 10
CABLE, Box 12505-R. Columbus. DH 43212,

PATENTED optical process sateliile sound sysiem.
For information send $3.00 to: BEDINI ELEC-
TRONICS, PO Box 769. San Fernando, CA 91341,

SATELLITE systems $349.00. calalog $2.00. Also:
KL band, exports. STARLINK. INC.. 2603-18R Ar-
tha, Hunisville, AL 35805,

BUILD your own satelite sysiem and savel Insiruc-
tions, schemancs, part Catalog $1.00 (refunda-
bla): XAND!, Box 25647, Cepl 21H, Tempe. AZ

TUNE subcarriars on FM receiver. Including multi-
plex stereo. Plans $8.65. components $14.60,
board $9.50. I.F. IN-NDVATIVE. Box 745, Madras,
OR 97741,

59 delgree brand name LNA'S! LNBs! Ku-8and
LNBs! Discount prcingl Send Stamped anvalope:
LNA, 201 E. Southern. Sune 100H, Tempe. AZ
BS5282.

PLANS AND KITS

CATALOG: Hobbybroadeasting/1750 meters' Hamy
CB; transmitters. amplers, antennas. scramblers,
bugging devices, more! PANAXIS. Box 130-F12,
Paradise, CA 95969

CRYSTAL radio sets. plans, parls, kits, catalog
$1.00. MIDCO, 660 North Oixie Highway, Hol-
hywood, FL 33020,

BUILD this live digit panel meter and square wave
generator NCluding an ohms. capacilance and fra-
quency meter. Detailed instructions §2 50. BAG-
NALL ELECTAONICS, 179 May, Fairield. CT
06430,

CABLE TV converters: Jerroid Products in-
clude "New Jerrold Tri-Mode,” $B-3,
Hamlin, Oak VN-12, M-35-8, Zenith, Mag-
navox, Scientific Allanta, and more. (Quan-
tity discounis) 60 day warranty. Service
converters sold here. For fasi service
C.0.D. orders actepled. Send SASE (60
cenis postage} or call for info (312)
637-4408. Midwest Electronics, Inc., HIG-
GINS ELECTRONICS, 5143-R W. Diversey.
Chicago, IL 60038. MCVisa orders accept-
ed. No lllinois orders accepted.

JERROLD gated pulse theory Twelve intormation
packed pages covering D) & DIC convertor ra-
tion. Includes inlroduciion 10 timode Sysiam. $6 95
lus $1.50 postage and handling. ELEPHANT
LECTRONICS, INC., Box 41885-), Phosnix, AZ
85080, [602) 581-1973.

TELEPHONE bug, FM room bug schematics wilh
detailed consiruction procedures using Radio
Shacks numbered pants. Both. $6.00. Recewvers
avallable. SHEFFIELD ELECTRONICS. 7223
Stony Island, Crucago. IL 60649,

STRAMNGE stufi. Plans, kils. new ilems, Build satel-
ite dish $69.00. Descramblers, bugs. adull loys.
Informational photo package $3 00 refundable. DI-
RIJOCORPORATION, Box 212, Lowell, NC 28098,

DESCRAMBLE the latesl video cassette COfy pro-
tection schema. Our Simple Line Zapper <ircuil
takes the jitter oul of your picture. Complete plans
and theory onty $3.95 plus $1.50 postage and han-
dling. ELEPHANT ELECTRONICS, INC., Box
41B65-J, Phoenix. AZ 85080. (602) 581-1873.

HI-Fi speaker systems, kits and speaker oorrﬁ:
nanis from the world’s inest manufaciurers For
inners and avdlophiles. Free Iterature. A&S
PEAKERS, Box 7462R. Denver, CO 80207. (303)
399-8609.

YOICE disguisers] Telephone bugs! FM bugs!
ther Jts! Catalog $1 00 [Refundable): XAND, Box
25647, Dept 60F, Tempe, AZ 85282.

EXPERIMENT wilh fiber oplics! Send your voice
over a beam of light via an optical fiber Complete kit
{$39.95) Inciudes miczophone, speaker, fiber. PCBS
and all paris. Easily assembled. Complele plans
maﬂé $5.95 Send to: FIBER SCIENCES,

X 5, Chatsworth, CA $1313-5355. CA resi-
dents add B.5%.

ROBOTICS catalog for iats. 20% ofl sale
$2.00 (refundable). ALPHA ROBOTICS INC.. Box
21091, St. Paul, MN 55121

SURROUND sound decoder plans. Extracts tudden
sumound frack from any stereo audio-visual
source Effecis produced create remarkable spa-
ciousness like being In a 1healer S50 jeatures a
buill-in amgplifier. volume and tone comrols and ling
level out, Easy to build. For complete plans send
$8.95 o SYNECTICS, 524 San Anselma Avenue,
Suite 201. Sah Anselmo. CA 54960,

JERROLD Il mode add-on circuit, Complate kil

includes PC board, parts. schematic and instruc-

tions lor interface in SB or DIC type units $15.00,

aeugsEi.ECTRONICS. PO Box 662, Chappagua,
10514.

BODMING hass! Incredible hial Build your own
raphic equalizer Studio quahty! Plans $5.00.
RUCE EDWARDS, 10326 Lawson Rd.. Jackson-

villa, FL 22216,

BRAIN waves controf robol ma;penswely with com-
‘:Jtet System plans 519.95. ROSE, 930 Seacoas!
.B.. CA 92032.

DESIGN yous own tusiom Ciecuits on your Com-
modore #iz. Jusi enler specifications and the com-
putdr does 1he rest Send lor tree Informanon.
WEASELGRAPHICS PROGRAM, Depl"RE11,
606 Thomasvilie. Pocahontas, AR 72455,

KITS! Slerso scraich filled, frequency counter, radar
detecior and more. Semr-assembled and lested
Writa for lree INeraiure SERENA INDUSTRIES.
1180-A Asier Ava , Sunnyvale, CA 94086

ZENITH cable ant-flash kits. Dealers only. 100%
guaranieed. Worka where others fail. UES, Box
1206 Eigin, IL 60129, (312) 697-0600.

PROGRAMMABLE chase light circult. Uselul as
aulo brake gt system PC.8., plans 56 50 PPD.
1.G.M. LABS, PO Box 62, Eola, 1L 60513

FREE miCroprocessing, memory chips. elc Free
alectronk:s magazine subscriplions. free educaton
In computers. FOr intormation wrnite MICROSAT
CORPORATION. 2401 N.E. Cornell Biig.. 133 Hill-
sbarg. QR 87124,

DESCRAMBLING. new secret manual. Buikd your
own descrambiers $0r cable and subscription TV.
Instructions, schemancs for SSAVI, gated sync.
snewar $8.95. Satellite descrambling manual-

h explanaticn ol digitdl audio encoding.
$10.95, (HBO. Cinemax. Showlime. elc.) For inmme-
diate delivery add $1.00, CABLETROMNICS. Box
30502R. Bell MD 20814,

COMPUTER plans kits 6802 micro kit $35.00. 280
micro $40.00, EPROM programmer $30.00, plans
$5.00. Buikd it yoursell and savel MICRO MOD.
1419W. Colt, Chandlar, AZ 85224,

SURVEILLANCE transmwiers. Dozen proven sche-
mates, parts ksts 510.00. SEAL, PO Box 15253,
Plantation, FL 33318,
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* AMAZING
- DEVICED

PLANS— A1l Parts Availabie in Stock
o LC5 BURNING CUTTIG CO2 LASER
o RUB3 RUBY LASEA RAY PISTOL

$20.00

20 00
* BTCS 1.5 MILLION VOLT TESLA COIL - 1300
* PTG1 PLASMA TORNADD GENERATOR 10.00

o GAAM—GRAVITY GENERATOR 10.00

® MAGNETIC CANNON PROJECTOR 10.00

KITS—inciudes Plans and Parts

® LHCZK SIMULATED RED/GANYEL LIGHT
LASER . 34,50

o BTCIK 250,000 VOLT TESLACOIL  _159.50

® 10G1K [ON RAY GUN . 109 50

o PSPIK PHASOR SHOCK WAVE PISTOL 4% 50
o STGIK—STUNPARALYZING GUN . 39 50
o INFIK INFINITY TRANSMITTER 134 .50
o MFTIK 2-3 MILE RANGE Pt VOICE

XMTR PC BOARD 4%.50

ASSEMBLED AND TESTED PRODUCTS
e G20 RED 1MW PORTABLE HENE

LASER . ,349.50 |
® TCL30 SOUD STATE TESUA COIL 356V 84,50
o PGS0 POCKET PAIN FIELD GENERATOR 64.50
o BLS10 BLASTER DEFENSE WEAPON .. 89.50
& ITMI0—1D0Y SHOCK AND STUN GUN 99 50
& PPFID PHASQR PAIN FIELD PORTABLE 249.50
& SNP20 SECURITY PHONE LISTENER . .99.50

* CATALRG CONTAINING DESCRIPTIDNS OF
ABOVE PLUS HUNDREDS MORE AVAILABLE FOR
$1.00 OR tNCLUDED FREE WITH ALL ABOVE OR-

PLEASE INCLUDE $3 00 PH ON ALL KITS AND
PRODUCTS. PLANS ARE POSTAGE PAID. SEND
CHECK. MD. viSA. Mcm

INFORMATION UNLIMITEO

P.I. BDX 6, DEPT. N1 AMHERST. NH 03031

DERS \

\

IS l B.MPPC CLONE IS FOR
ARDWARE HACKERS UNLY

640 BY 420

SOCKETS FOR ox
COLOR CRABHILS CARD.

63 XEY KEYBOARD

HAYES MODEM SOFT WARE
DESK TOP SOFTWARE
12VDC/ 11 3VAC OPERATION]
FLOPPY DISK CONTROLLER
o SCHEMATICS

i TECH, MANUAL
=1y 99 CASE NOT AVAILABLE

MADEFORTHE ZEN/TH®ZX171@
PORTABLE PC

A
#8085 CPU BOARD
RS$232 INTERFACE
S50- 19 2K BAUD
36 INSTRUCTIONS INROM_ =0
® 2 STEPPER MOTORS =

5!

H

@ DRIVER DOARD = 73
EoYSTICK CONTROL _— ,—f
OLINOID DRIVER ...-L =5

POWER SUPPLY
TRANSFORMER RE UIRED
® 79 PAGE MANUAL
SCHEMATICS

USE [T FOR A PLOTTER OR ROBOT

APPLE SERIAL CARD
HARD WARE HANDSHAKING WORKS W] TH
EMS FULL APPLE FIRMWARE PRO-
LS ARE SUPPORTED ON CARD NO
HARDWARE DEPENDENT CODE IS NEEDED
JUST PLUG AND GO

- Advarced Logic Syytemy only 29 00

CA ADD & 5% TAX PREPAIDORC O D OMLY. OFFER GOOD
Hi I.l SUPPLIES LAST 1% DAY TI?IM [RIDD QN MOST
Eﬂ'ﬂ PRICES SUNECTER CHAMGE IC? Taouk

only 3

DAY 5‘1(5&69(“‘1 Call FOR

1|.|conv\ LLETSUEPLUS o ol

415-261-4506 | ©* peo
10AM-6PM CLOSED SUN& MON | HiGH & B3O

CIRCLE 187 ON FREE INFOAMATION CARD

R-E ROBOT

continued from page 56

ENVIRDNMENTAL
SENSTRS

need IS a way (0 transport our commands
from the control lerminal (o the robot.
‘That is done using an RF link. The link
interfaces 10 the terminal via the termi-

STEPPER

F1G. 2—MOST OF THE BASIC CONTAROL. CIRCUITS am [ocaled on @ single cudtom board, designated
Board 1. Th#l beard |s shown here in block-diagram form.

of FORTH is written in FORTH, the inter
nal routines are available to the program-
mer, and we can use paris of the FORTH
interpreter in the RCL interpreter. The end
result is an interactive RCL. that can be
modified by the user, and that can be used
without adisk drive. We will be looking at
RCL in depth in a future installment.

Operator interface

Maost applications of robots are limited
not by the ability of the hardware o per-
form a given task, bul by the amount of
tirne il takes to “teach” the robot, RCL
significantly improves programming pro-
ductivity.

Several methods of operator interface
were considcred. One was the “teach pen-
dant*' approach wherein motion se-
quences are learmed and stored for recall
and execution ar a later lime. However,
after both utilicy and expense were consid-
ered. all other methods of interface were
abandoned in favor of using a serial termi-
nal. The reason is that almost everyone
who considers building & robot has a ter-
minal or a personal computer thal can
emulate a termunal. And if 8 more sophis-
ticated method of conirol is desired, the
required modifications are easy (0 per-
form. However. modifications of that son
are icft to the ingenuity of the reader.

It is important to be able 10 operate the
robol from a remote location. What we

WWWwW americanradiohistorv comm

nal’s serial pont.

Table | shows how our robot stacks up
against several of the leaders in the per-
sonal-robot market: the RB-5X from RB
Rubols (14618 W, Sixth St., Golden, CO
80401) and the Heath {Benlon Harbor, MI
49022) /1 ERO 2000. When you compare
the capabilities uf those robols 1o ours, we
think you’'ll find that our inexpensive.
build-it-yourself robot more than holds its
own againsi the compelition.

That concludes our overview of the R-E
robol. [n the coming months we will ana-
lyze each of the robot's subsysiems in
detail and show you how you can adapt
our design 1o your applications.

As parn of the design process, a special
section of RE-BBS, Radio-Elecironics’
new compuler bulletin-board service, will
be dedicated for use by robot builders. We
invite readers who devise interesling ap-
plications, programs, and experimnents, or
who discover sources of pans, or who
have questions, answers, or any other in-
formation of general interest to share that
information with others by posting it on
the bulletin board. In addition. the author
and the editors will be posting circuit
moditications, design updates, and svp-
plier information there for your con-
venience. By sharing information in that
way, we hope to develop the kind of per-
sonal robot that has long been promised
but never produced. R-E
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HOBBYIST'S HOLIDAY! OVER 1000 PARTS IN STOCK'

sound-Generator IC

995 3 Independent
Analog Outputs
Adds Sound Etfects to Your Computer

This chip 8 a great way i “dress-up” your pro-
grams! Only your imaginabon will imi the type of
sound eftects and Music you can producel The
three anatog audio owpuls are ndepandanily pro-
grammable. Two general-purpese 8-bit O ports
and single B YOC supply operafion make 1 easy 1o
intarface with most micropfocassors. 40-pin DIP.
With mterlacln-n ang programming data.

#276-1787 .. $.95

Touch-Tone Decoder IC

DTMF Receiver
In A Single IC

1 295

For Many Remote Control Applications

High pericrmance, easy lo usel Features single
analog input and 8 huilt-in $witched- capacttor
filters Selectable hexadecima' or Dina

of 8 output. Clocked by low-cost 3.58 'ﬁzc lal
{see below). 18-pin, 5 VDT, single supply With
detaileg data and circultry examples #276-1303

3.58-MHz Crystal. #272-1310 1.69

volice Synthesizer Team

||””"' M "'H “.(21

Adds Volce Function to Your Compuler
(1) Text-to-5 h IC. Translales ASCII data
to direct Synthesizer. #276-1786 , . 18.95
{2} Speech Synthesizer. MOS/LS]. Easy in-
terfacing wlth most compulers.
#276-1784 . . . 12.95

8-Bit A/D Converter IC

Complete Dats Acquisition
System in Qne IC
High-speed dala transiar with
minlmum suppaft compo
nénts. Fealures singke § VDC
sunp:'l ogeration, internal sys-
tem . single analog inpul
and an on-Chi mpde-and-

hold circuit. B-pin DIP with
data. 2761796 . 6.95

DC Fan and Trans

{3) 3" Brushiess OC Fan. Low-noise. No hum of
fiedd problems #273.243 14.95
{4) UL-Recognized Heavy-Dhty Translormars.
Ampe Cat Ho | Esch |
2730517 | am |
2731512 149
2731515 | &M

IC Chime, Siren and Buzzer

nese
{6) 4]

For Alerters, Alarms, Timers and Funi
{5) Electronic Chims. Oelivers 80 dB "ding.
dong" at 12 VDC. #273-071 . . 6.95
(6) Tri-Sound Siren. 3 distin€tive sounds Desiv-
ers B0 dB at 3 VDC. #273-072 . . 8.95

71 Two-Tone Piazo Buzzer. 1DOdB minimum_3
o 16 VDG #273-070 8.95

LEDs Light Up the Season!

Vi Aoy

a) Super-Bright Red LED. #276-086 .

9} Blinklng Red LED. #276-038

10} Blinking Green LED. #276-030 |

11} Flashing Lamps. Yallow, red, green. [deal for
modei trans. 82721097 . Pkg.of 3/99¢
{(12) Xenon Strobe Tube. #272.1145 . . . .. 2.99

(12}

"Pro-Look"” Finishing Touches

@ . l J
03 W)

sl.‘.;)_sﬂj 1" Dia. Knobs For Ye" shshs
274432 Pkg. of 2/1.48
17 Dis. Knobs. #¥274-433 . Pkg. of 2/99¢
18} Our Finest Two-Tone Enclosures.
1. "W e x 81/ 8'e. #2T0-272
Large. 3'rax B'a %8s, #270-274

..5.99
7.99

Mini Relavs and switches

{16) Micro-Minl SPDT Ratled 1 amp at 125 VAC.
5 VDC, 90 mA, 550-ohm cou. #275-240 . . 1.69
With 12 vOC Coll. #275-2a1 . 1.69
97} Submini SPST PC-Moum Toggle. Raled
3 amp al 125 VAC. #275-645 | 1.59
UB&DPDT Knite Switch. Raled 0.5 amp at 250
#275-1537 89¢

InsulatedCIip Jumpers

Secure COnnectiOns for Easy Testing
[19) Se1 of 10 Test Cables. 14° long
278001

[20} 20" Mini-Ciip I...dn
f278-016 Pir/2.99

(21) &tt. Colted Leads. Probes #1 one and, ba-
nana plugs at other, #278-750 . . Pair/3.89

.3.49

/” 10-piece Electronic Tool Kit )

14° . ——

—EE
Complets o

Home/Shop {

Set-Up

Incluces 30-war UL nsied sokdenng won and Bland.
soicar, Aokcet aid, needle-nose plers. diagonal cutter.
thiee screwdrivers and haat sink. #84-280|

ol _sclentific Calculator

Never Needs
Batteries!

2995

EC-4018. SMIJ' ’w Id:n%-ﬂ\ﬂe Exira-large
keys and LCD E ugmiul lunctions. 10-digit
mantissa, 2-dgit euponem #565-982

SOIderIess Breadboard

Big 2%, % 812" size, mOunted on 8 7 x 4" "tlay-pul”
el Dase wilh rubbes 1ol Provdes a 1o1al of B40

solar Energy Project Set
Pertect for
Sciance

; ;k_“'ﬁ I
Projects
0¥ o

Discones the fulurs promiss of solar tech radap
Comes complate with 3olar cwll Drewired (o g [ motor,

Plug-in e pOin1$. Includes three tinding pouts kor ox
tomal COMMCHoNS F278.185 )

Solor whesls, propellér and Bookisl with inte<esing
propects, #277.1201

R Handy Folding Multitester \\

ideal for Home/Auto/shop

SALE!
27% Off

g
2188

You get durabulity end famous Micronta® quality
and save $8.07. Fealures 25 switch-sedected
ranges. Metsr movement is shented when
closed Fuse and surge absorber protected. Four
detented enge positions for view pOSItion-
ing Measuras AC/DC voltage, cutrent and

=

registance. TWax 48% 1% 110.° when open. With
probes, manual. Batteries sxtra. #22-21t

Over 1000 items in stock: Binding poats. Books, Breadboards, Buzzers, Capscitors, Chokes, CLpa,

Connectors, Fusas, Horawnn, iCs, Jacks. Knobs2, Lamps, Multitesters, PC Boards, Plugs, Recli- nad Io ’haek

llers, Relsys. Resistors, Switches, Tools. Translormers, Transistors, Wire, Zeners and more!
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MARK V ELECTRONICS INC.,

248 EAST MAIN STREET. SUITE 100.

ALHAMBRA, CA $1801
TELEX 3716914 MARK &

INFORMATION: 1-818-282.1196
MAIL ORDERS: P.O. BOX 6610
ALHAMBRA CA D180

1.800-423-3483

TOLL FREE FOR ORDERS PaID
BY MASTER OR VISA CARO

IN CAL.: 1-800-521-MARK
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TA—800 180W DC LOW TIM PRE AMPLIFIER & POWER AMP &1 a9 T SEAXER FROTECTOR Kn 1540
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TERMS: Minimum order: $10.00. Charge card order $20.00, No C.0.0.! Check & Maney order. phone order accept. CAL residents must in- [ m
clude B.5% sales tax_Prices are subject to chang¢ without notice. All merchandise subject 10 Prior sale. Shipping & handling: Inside L A. 5% of | D
total orcer {Min. $1.50). Outside LA, 10% of total orde [Min. $2.50). Dutside U.S.A. 20% of to1al order (Min. $5.00). Shioped by UPS ground. | 2
HOURS: Mon-Fri 9:30 to 5:00, Sat 9:30 1o 1:00 IPACIFIC TIME) 'r""! =
NATION-WIDE DISTRIBUTORS WANTED FOR OUR PRODUCTS, QUANTITY DISCOUNTS AVAILABLE! =7 _
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9% T4MC2T £9 T4HC 240 189
95 T4MC 30 19 TaHC244 1M
" TAHCI2 9 T4HC245 199
a5 TFAMCS1 59 TAHCIST M
F TANE 7 TamC28y 139
9 TAHCES 138 T4MC2T) 1.8
F TAHL 26 49 T4HC29Y 439
" TAHCSY 119 T4MC 68 99
" TAHC 107 n T4HLCITI .19
9 » TAHC10% 73 FAWCIT4 E21 )
a1 188 9% FAHC113 ™ 74|-rc3=n 1L
22814 189 ;s T4MC125 1,19 T4HC 9] 139
149 TAHC 132 1.1% FAHCA0T 199
148 MHC 11 49 F4HEM020 139
188 BACD .5 T4HC13E 3 T4HC4049 -
-+ sl 495 T4HC 1139 % T4HC4050 ]
5801 995
5 T 74HCT00
229 :
a9 [ SO0 ta HETE Desct, drop = riplecrmants 1nr LS TTL
g ;' &820 295 BIT RATE ;: e anct can b mtermaaed weth TALS I the sime crourt
- L 198 BENERATORS N ‘2 s 74HCT00 ) 7ANCT186
Tas 6340 ‘a ;: § 0638 a98 ;4:3;:: s: TAHCT174
ass I U2 1755 [ weraan *as [ &0 et Tarec108 85 rancrisd
495 BR1941 235 [l B14s aa5 LSy FAHCTY
6345 495 b -t o' 4935 T4HCT10 ] T4HCT240
COMEI1S 255 W 100 485 g mhl = LAk
. 4 2} -
AMEea] :;uo 5 :: 4HCTIC 59 MHCYZeE 2
150 9 T4MCTI2 b ] TAHCT2ST J
. 16.0 495 TARCTTA » TAHLTI58 1
63000 495 ul."s 18 432 495 T4HCTTS TAMCT273 2.
. S3B07 595 20 495 ;:u"g :;g nut‘r;ﬂ 1
& 95 AY5137) 195 T4HLTITS 2
ﬁ:ﬁ'ﬁz’ !3 3333‘ 435 AYIAGIS 498 335 T4HET154 TAHETI?4 2
IRpn DART  538% 48021 195 1.9% THCT1BT TAHCTIN
&3p48 (% 1 495 T4rCT150 TAHCTaOn T X
oapma 595 M caaso 238 698 MHETAR1 129 FAHLTAO4D 71,
TROA $10.0 -+ GapSs 755 ::: TMENET 34 1.X TaHCYa060 1
LROA$10/70 545 TMES9512 1
Ia08.$10-2 s ULNZO0]

3 HARD DISK SYSTEM ONLY $38995!

STATIC RAMS % % % % HIBH-TECH »* % X EPROMS

2901 256x4 [450ne) 195 708 102428  [450ns) 498
e oo gmmores 3 EENEG V20 UPD70108 §1105 g il e i3
2112 v A e NEPLACES 6068 TO SPEEQ UP IBM PC 10-40% [l rwiszss: 0% 45amilsy) 53
211804 1024x4  [450naiiLM 1.09 r 2732A A0M6AE  {250nal{SVIEIV PGMI 393
211402 1024x4  (200na LRI 149 * HIGH SPEED ADDRESS CALCULATION z'};:a-z 408628 {300nm {321V PGM| 425
2114018 102424 [150naliLi) .95 IN HARDWARE 5}
TMS4044-4 403621 [450mm) 1.95% « PN COMPATIBLE WITH 8088

201 S0l
e e IR ik + SUPERSET OF 80H8 INSTRUCTION SET
Nwale s zoise  tsomicmos 13 [l | LOWFPOWER CmOS

116 3 04 1 MO5! A

ME11BLP.4 204828 (200rmiC HLP) 195 5
:w,:l,_; 4s.8 :'m::g=§g::t:: 3% BN OMHZ Y20 UPD7D108-8  $13.95 1230nalisv] 28
MGTT8LP. QAE2S 20mal . + Bmgle Supply AV PGS, Program 4 2
amzur.lss 51:‘?:: |:snmlu':=o:|t ;.:: 8MHz ¥30 UP070116-8 81995 = el e
HMEZSALP- A 1 150ne){CMOS) 195
WMszealpiz 31328 r2omncmosiie 445 L % % % K SPOTLIGHT % % & SPECTADNICS
PO
= SPECTRONICS EPROM ERASERS
OYNAMIC RAMS

oo e 8

; 1 1 . B
a118150 163841 {15000 ”» 7 ‘ o
4118120 16284x1 {130 1.49 =
MKl E 127631 {200 835 ‘
iseis seiey B < aoo 530 5000 Tu
4784150 4553601 {1 50na) Sy 1.8 - -
A184-120 655361 (1 20naliSvl 198
MCMEEES 8553821  [200relSv] 195
T4 184 B5536x1 (1500 S) 195
AT MEFRESH £5536n1  (150matiSVIIREFRESH) 295
™SA4H 16384ud  (150mu](5v) 49%
41128 1%0 1N97In1 (150mi Sl 595
TMS4444.15 6553604 | 150na]iBvi &9
41758200 28214421  (700n!15v) 255
A17%5-150 26214421 (130nmllSe) 295

B Single b Vot Suppiy ALFRESH. MR 1 nefresh

CRYSTALS 741500
18 T4LE185 &5
13 T4LE188 9%
17 T4LEA5S L1}
12 TALE1T] 49
18 TALSATA X9

T4LE1 TS

HIGH SPEED CMOS

A rarey tamady of high speed CMU'S g fnstunng
the apeed of v POt Schotrs, (A rpxal Qate
PrODEDS dhuleryl. Cormibered weth T achvartages ol
S VY bove POV DORBUMBNGT gy noaur
FRTRIUTY, S ST e Shsiget ST

74KC00

TAMC Crsvete o1 CMOS loger irvwhs mna sy ciesl
hor revwr. all CMOS dessgre

TAHC OO 19 TAWC 144 119
TAHCAZ .1 ] TasC 181 ]
T4HCO4 59 TAHC 154 249
TAHCOE 59 TAHC 147 43

3 A5
aHC 14 79 74HC15] 118
a9

32. 768 KMH7
10 MHa

GRY
CONTROLLERS

6845 495
Eonas aas
sha? "

HBAESOSS5P % 95
MC1372 285
BITS 26 15
7220 19 95
CRTS027 1295
CATSH17 395
TAASASI 0a 1% %5

L ]

DISK
CONTROLLERS

P T Y I T I R i R e Y Y

TRATF 595
ThAES 155
581. 261 39.95
AY3I-E910 285
AY3-R912 1295
33 00

CIRCUITS

WMS 36

T4FT4 73
L ] TAFRE I8 T4F253 183
79 TR 169 F4FZST A0
49 FaF1T9 189 J4F2Ep 1.73
) TAF157 169 aFM)Y 108
69 TAFM0 1S THF3I7I4 D
BY 7243 TaFIT4 4D

pezeenubirall

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

& H HOURS: M-W.F, 9.6 TU-TH. 9-9 SAT. 95
JDR MlcrOdeV|ces PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING
TEMWE  barwmom L] o
1224 S. Bascom Avenue, San Jose, CA 95128 O s 1350 o U A 0
Toll Free B00-538-5000 » (408) 995-5430
FAX {408) 275-8415 ¢ Telex 171-110

© COPYRIGHT 1386 JOR MICRODEVICES

THE 206 MICRODEVICES LOGD 1S A REGISTERED TRADE safx OF JOR MMCACOEVICES JOR WS TRUBSENTS AND JOR MCRODEVICES ARE TRADEMAAR S OF JOH W CRDOEVICEL
188 15 A TRADEMARK OF mTERMA TIOMA, BUSINESS MACHINE S APFLE 15 A THADE MARK OF APPLE COMPUTER,

CIRCLE 113 ON FREE INFORMATION CARD

WwWwWw americanradiohistorv comm


www.americanradiohistory.com

20MB HARD DISK SYSTEM ONLY $38995
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189 75 AT L3800 LM M
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s 709 E ] W NESSS 29 UNIIS00 149
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W 155 LMSES E_ I, L 195
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100 MmN 3T 5106 125 D95 MALE L1086 195 PN 2P 495 MESF0 295 7S4S 13
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o L 0Pz LR 7% F2 ) 2N 230

= r 2N2907
DEAING NS TAUC THONS SEE D 2NI055

L EE Y

0-SUBMINIATURE LED DISPLAYS

| oroER BY 4 == FND.337(398]  COM CATHODE

ODESCRIFTION

" |15 mg mw:r COM CATHODE
— ~ T FND. 15191 COM ANDDE
Noyus | MaLE ! ::: % 'l‘ﬂ‘ MAN. T2 CoM ANODE
r :l.nulm ; DBaxPR l_ldjl ';ull A0S Com EATHOBE
RIGHT AMGLE Ll D det Akl MRCA A
PG BOLDEN FEMALE | DEuaSA 108 [ 1.58] COm CATHODE
' ORuxrww | 188288 ek Loane
WIRE WRAp | SALE | ORwxk 9,288 au7 WEM W LOGIC
N " | FEMALE | ORmagww | 279 477] HPS0B2. 7340 4x7 WEN W/LOGIC |
e MALE | OBaF | 270298
RIBSOMCABLE | FEMALE | DBaxd | 2.921320! anFltl‘!".ED I.EDS
T T R T e T Ty == e JUtaBO R Ti%
HOOOS METAL | MHOOOus | T.2%)1.2%| JUMBO GREEN “‘
GREY | HOGD=a CREY M| 78 W JUMBO YELLOW Tik
ORDE NG INS TRUC TIOMS LT CEyTAG IR N THE POSITION Lo A L] %
MARKED "wr OF DAOER p¥ Mll'?nummﬂ LgrED MINI RED ™
Em‘ i/ GHT AMNGLE a1l E PC SOLDER WOULD AF DR ISP

MOUNTING HARDWARE $1.00 SWITGHES

— . SPDT MINI TOGGLE ON ON 118

DPOT MIN-TOGGLE ON.ON 180

10C CONNECTORS oPOT MINITOGGLE ON GFF.ON 1

:gr g! PUSHALTTON N O. 35

| i % T b PUSHBUTTON N G »

Di““"’"""_ "_"“"“ (10 [20 [28 | |40 [ 80 SpST TOGOLE ON.OFF A

= SEIDt AT | ibhesd TREE ) 88 ’°_L3 e BCD OUTPUT 10 POSITION 4 MM O1F 195
BIGHT AMGLE SOLDMR HEADER L] D SWITGHES

WAy HEADER 186
| ¥ ki == 4 pOSITION L ] 7 POSITION %
RIGHT ANCLE Wi HEADES |208 130 $ POSITION ,3 B POSITION a5

nlueon Hiapie mcun 4 FOSIMON 50 10 POSITION
il BN HE AD!_-
RiBB0M EDGE CARD

FUFT DRI RINU ING TRUC FEONS &

RIBBOW CABLE

u“ﬁl.lcol.u CODED |
Dear Mr. Rose |':°"“m‘l e il (EOLOR )

HARD 10 FIND [ feel Compelled to commend you and your people r It'lj'l
"SNIPIBI.E" HEADERS for the pleasant, polite, willingness tohelp and O
CAN.GE.SNAPBED APART 1O professional altitude you have dlisplayed. In m
MARKE ANY SITE HEAQER these times it 18 indeed refreshing todeal with s =
ALLWITH 17 CENTERS company whone SLAfT conslints of people of this %
1ad0  STRAMGHT LEAD " L ll caljiver, My friends and sswotlales =111 most D
178 ;:‘;“:IG‘""'T:‘D L ; certainly be doing business with you 4galn %
2040 RIGHT ANGLE Alncerely, Micholas Chabirs §
CALL FOR VOLUME QUOTES ©COPYRIGHT 1986 JOR MICRODEVICES
hatd}
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20MB HARD DISK SYSTEM ONLY 38995t

BARGAIN HUMTERS CORNER PABE WIRE WRAP WIRE WIRE WRAP PROTOTYPE CAROS

PRECUT ASSORTMENT FR-4 EPOXY GLASS LAMINATE
1M ASSORTED COLORS #2750 WITH GOLD-PLATED EDGE-CARD FINGERS
100us. 5.5°, §.07, &5~ 7.0
25088 25° 4.5 5O~
500es 2.0°. 15" 4.0~
« COMPATIBLE SPOOLS
PR RSN LK ; 3 100100t 430 750 1sw1 3725
500 (sat STE25 1000 faet $21.95
Figase spectly color
Bive. Black. Yallow or Red

EMI FILTER

$4.95
= MANUFACTURED - |

BY CORCOM ~= ¥
= Low COST -
« FITS LC_HF BELOW . X

= AMP 120240 VOL

BOTH CARDS MAVE SILK SCREENED LEGENDS
AND INCLUDES MOUNTING BRACRET
IBM-PR1  WITH «5V AND GAOUND PLANE . ... 82735
188 FRZ  AS ABCOVE WITH DECOOING LAYOUT b k3

6 FOOT LINE cnnns P00 1 BARE - MO FOML rml 118,18
L\C-2 2 CONDUCTOR Fid0-2 HORIIONTAL BUS | 24,80
LE-3 ICONDUCTOR PIOG-3 VERTIC AL BUS #2180
LE WP 3 CONDUCTOR w STD PIOG-4 SINGLE FOML PADS PER MOLE .2

FEMALE SOCRET 143 APPLE
MUFHN FANS P00 1 BARE - NO FOIL FADS 21838
18" 5Q RATADM 1495 P500.2 HORRONTAL BUS . . 82275
ETRI 1495 PS00 4 SINGLE FOIL PADS PER HMOLL . 21 80
MASLSHITA 1695 FOR APPLE Ils ALiX SLOT

SOCKET-WRAP 1.0, = FRAME STYLE SWITCHING POWER SUPPLIES
« LIPS OVER WIRE WRAP PINE I T”"SFUHME"S Ps.IBM sss.gﬁ

< WOENTIFIES PIN NUMBERE ON WRaP  |#= —
« FOR 1BEM PC-XT COMPATIBLE

SI0E OF BOARD |»=
« CANWRITE ONPLASTIC SUCHASICE (@

iy Wy
ci-dein

= 135 WATTS .
PNS PARTH PCR OF
| ] ICWRAP OR 0 SV ISA ATVEP AR g pm . A
14 IDWRAF 14 19 Sv P BA TV P SA —
= OME YEAR WARRANTY .’

25 PIN 0-SUB

GENDER P IBM 150 ,578:95
- lﬂn.nlo GHIHEERS .:2:::1-:'“‘:0“"“.“ v
AACKAGES CK OF T s ' .:zz::'s:.ks\::il;“ es 138
- ONE YEAR WARRANTY
CAPACITORS OATARASE EPROM ERASER  $34.95 P$-130 $99.95 |
TANTALUM B i i T o e o o e - 130 waTTS i
15¢ - THIN METAL SHMUTTER » $WATCH ON REAR
PREVENTE UV LIGMT « FOR USE IN OTHER IBM
FROM ESCAM NG Lm

TYPE MACHINES
« 90 DAY WaRRANTY PE A

P3-A $49.95

« USE TO POWER APMFLE TYPE
SYSTEMS. 78.5 waATTS
- SYP TA TV PIA

VP SA 12V @ SA A=

« APPLE POWER CONNECTOR

RESISTOR NETWORKS ;
10 PIN IRESISTOR . '_’_‘,ff},fﬂ‘!,m. E:f.sﬁ
g PIN 7 RESISTOR .

Ya WATT RESISTORS

55 CARBON FiLM ALL STANDARD VALUES
FROM 1 DHM TD 10 MEG. OHM
10PCE  seve wha 05 100 PCS e vk 02
50 PCH wrewba 025 1000 PLS e vabar D15

VA AV A
18 PIN 8 RESISTOR . UL A';MOVED
16 PIN 15 RESISTOR 4 » ALUMINUM ENCLOSURE

14 PIN 7 RESISTOR
14 PIN 13 RES1STOR

BOOKS ey STEVE CIARCIA

MULD ¥R OWHN
IR0 COMPUTER

MIGROCOMPUTER
HARDWARE HAMOBOOK
FROM ELCOMF  $14.95

"N

SPECIALS ON BYPASS CAPACITORS

01 4 CERAMIC D::SC 100/$5.00 E::g:'i E:m wt; :::g g\url?u?or:snﬂo: OATASHEETE
LIl AMONOLITML 100/310.00 | G ociny CELLAR VOLD #1835 e NCLUDER 1oL Ly uatn

A Co INCLUDES . ]
4 A CERAMIC DISC 100/56.50 [l CinCuT CELLARVGL S 51898 MEMORY. CPUs HEL, Teld

1 A MONOLITHIC

wisH SULDEILESS BREADBOARDS

i |TE A TE |W |
N R [omeansions PR mn-m 1m~u| STRIPS [PowNTS | PosTs |"MICE
Ull.l o J e B8 al 00 | 2.98

100/512.50

AND MUCH MORE]

NEW EDITION!

1986
IC MASTER

w1 138k 88T | A (5.
mm 3| 354 e 4% 100 1150 | 37,
WU : [ THE INDUSTRY STANDARD

$129.95
Visit our retail store located at 1256 S. Bascom Ave. In San Jose, (408) 947-8881

Jm Mk:rod evices PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDEAING
ety

110 Knowles Drive, Los Gatos, CA 95030

Toll Free 800-538-5000 ® (408) 866-6200

Jh=: " FAX (408) 378-8927 ® Telex 171-110
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DISK DRIVES

APPLE COMPATIBLE Bl 3-WAY SWITCH BOXES

BUILD STEVE CIARCIA'S

FOR APPLE RS -
SOMAULE INTERFACE CARDS | - vt onorviftar o one
$54.85 ¥ :fl..::::s SATCHES
EPROM ?IO‘II_!HE.( ' *MIGH QUALITY AOTARY SWITCHMOUNTED

* GOLD CONTACTS a
N ol - EPROM PROGRAMMER
AS SFEN N DYTE OCT. 0

« STAND.ALONE OR R5-232 SERIAL
OPERATION

« MENU SELECTABLE EPROM TYPES
NO CONFIGURATION JUMPERS

« PROGRAMS AL 5V 27X XX EPROMS
FROM 2716 TO 27812

*« AEAD. COPY OR vERIFY EFROM

* UPLOAD/ DOWNLOAD INTEL
MEX FILES

« PROGRAMMER DRIVER USER
MODIFEABLE

ONLY $199

KIT INCLUDES PCB AND ALL
COMPONENTS EXCEPT CASE AND
POWER SUPPLY

AP-150
$89.95 %E

- 100‘\ APPLE COMPATIBLE
= S0 BEONTH van ity

BAL-500 ‘
§120.95 (el

= TEAC MECHANISM DIRECT DRIVE
= 100 APPLE COMPATIALE
= FULLONE vEAR WARRANTY

W

PLICATE AUAN AN Y
s ANDARD 274y SERIES EFROM

" AHURAPI MR DA
-y "953'&:?064 Fo. 5’71 i

[ NIGN L0 0-] “I'l( ALGORITHM
* LED INDICATOAL FOR ACTTIVITY
HO EXTERMAL MOWER SLIFPLY

NEEDED
= ONE YEAR WARRANTY

SWITCH-IP CENTROWICS PARALLEL  §09.95
SWITCH-38 sza2 semial $99.95

8ol PRINTER BUFFERS

= FALES COMPUTER FOR QTHEN TASKS
WHRL! PRINTING LONG DOCUMENTS

AND Aio’l! DESIGN. WORKSE WITH ANY
A Om PRINTER

- An MODELS PEATURE FPRINT pallSE
MEMORY CHECK. ORAPHICS CaFaBRiLITY

SP120F  PARALLEL  $139.95
TO 156K

MR UPGRADABLE
ll.al) IN'DICA'I'OH SHOWS vOLUME OF DATA

SP1205 R3232 SERIAL $159.95

"MK UPGRADABLE TO 258K

. mﬁﬂ%lﬂun AATES. FROM
SP110F  PARALLEL  $249.95

= MK UPGRADABE 1D B1IK
* SPOOLE OUTPUT OF UF TO J ComMPUTERS

16K RAMCARD $39.95

AP-135
$129.95

= FULLHT SMUGART MECHANISM
- Do'ﬁffu' REPLACEMENT FOR APFLE

= BIX MONT{'I wARlA_IIIW

\12:%\ &ﬁ‘ i
MACS35 .:h- |
$249.95 |~em 2

5%" FLOPPY DISK ORIVES

TEAC FO-B88 W HY DE/D0 FON il 109 98
TEAC FO.BEF v MY DE-OUAD FOREM 512493
TRAL ¥D.850FV % HT ORMO 7Om i ATH 515498
TANDON TMI00-2 Di/DD FON S0 #1198 DO
TAMDON TEIEG- I W WY DR-DD FON B o 79.06

MP-BE2 DD FON BN
QUME OT-141 w NT DE/DD FON sy (s -]

= FULL TWO YEAR wan AN TY
. EXFAND YOAIR 43K aAPPLE TO

- Lzll FLACE OF APPLE
NGUAGE CARD

BARS P, CARD W/ IRSTRUCTIONS  $4.9%

WAAGRAPH DISPLAYS AMIUNT OF
CTesTCars  sengs [l - ARSI 8" FLOPPY 015K DRIVES
a
+ 357 ADD ON DISK DRIVE DATA INE FD [00-8 S/T0 AA 201 £0UW) $113.00
. wﬁ:iacgggsu comrauul'.:.“ " - n:r:&rluagﬂox( FD 200-8 DE/DD (54981 A £0UM) #158.00
= DOU L1 AOCH AYTE STO ! 0
+ MIGH RELIAKILITY DRIVE m 1oy &g ey S DISK DRIVE ACCESSORIES
HAS AUTO EJECT MECHANISM
« FULL DNE YEAR WARRANTY TEAC SFECIFICATION MANUAL +8.00
- - MR S
- auIcKLY Te ST MANY COMMON E?_UN"'W A :g. I:M ‘; ¥ i+
5 . POWE A CABLE FOR 5'4= 5 255
AD-3C -li L ONE VAR wARAANTE . E°4" FBO POWER CONNECTORS 8118
q = TESTB: 4000 SEMIES CMOL.
s‘ 39.95 o __ual J) FAHG SERIES CMOS, E“qq
7400, FALS, PAL TAH & 785 E‘
+ 100% APPLE Hc counr - e

MEADY TO FLUG 1IN W SI-,|ZI.B!D
CAHLE & ngm:bi
CONMNE

= FAST, n!mnu SLIMLINE DIRECT
DAIvE
= 13 MONTH WARRANTY

DISK ORIVE ACCESSDRIES

FOD CONTROLLER CARD sd49 95
I'c ADAPTOR CcABLE 19.95
ADAPTE STANDARD

APPLE DIIVES
FOR USE WITH APPLE S

NASHUA DISKETTES DEALS

54" SOFY SECTOR
05/DD WITH HUB RINGS

$9°C  69Cs 59Cs,

BON OF LD BULK IIY 38 SULK OTT 250

NASHUA MSWETTES WIERE JUDGED
To HAVE THE HIGHEST POLISH
AND RECORDED AMPLITUDE DF ANY
DISKETTES TESTED ACCORTING TO

TCOMPARING FLOPPY DISKS . BYTES B4

300B MDDEM  $49.95
FOR APPLE GR IBM
INCLUDES ASCE PRO-EZ SOF TwAAE

TEALC FD .33 TANDON TMI1DD.2

DISK DRIVE ENCLDSURES
CaB-4PPLE $2495

KB-1000 $79.95 [ | 50 St ios compa et APRLE TYPE CABWET W OUT FOWER SUPHY
CASE WiTH KEYBOARD = INCLUDES AC ADAFTOR CaB-1£45 $65.95
FOR APPLE TYPE MU THERBOARD 5 s::'&?cﬂ;"“c' DISKETTES FULL HT 3%~ 1 H3E CAMINET W/PCwER SUPRLY
« USER DE TION KEVS w5 .
¥ Egﬂ';g'.‘.;';";‘:}ié‘,"ﬁ.,‘““ & - L EIARS NASHUA 5% c.D‘unE‘s'{usmms 8 CABNET W FOWLR 53:3{'
T
- CAFS LOCK * AUTD-REPEAT NemOsE  DB/OUADSORT ass [l canatvs r $209.95
JOYSTICK casor $7.95 [ ¥™oiH s woromat 38 DUAL SLIMUNE 8- CABSWET ¥/ POWER $UPY
F TARI 400, $00, 2600, a" Cab-2rhm HORLZIMTAL $219.85
\?DC. :n‘l:l&hb APFLE lln NFD1 ngss'g!()n sZ7 98 DRJAL FLML HT I CABNE T W, #IPAE R SUPPLY
N.¥D2D D% 00 SOFT e
DISKFILE MASHUA 3.5
HOLDS 70 84~ OISKETVES N3585  3675S:DDFORMAC #3293 -
VERBATIM 5%" '1\
$895 S s o
[ }
KEYBDARD-AP $49.85 YMBI10D S5 DO 108ECTOR HARD sr3 98 CABISVS CAB1FHS

. umclmsur FOR APPLE 1l
Knnoa
wc-( WEY. AUTC-REPEAT
Nl K[ullﬂnv OF BAKIC
COMMANDS

TEST EQUIPMENT FROM JOR INSTRUMENTS
DIGITAL MULTIMETER PEN OPM-1000 $5a 95

AUTO RANGING, POLARITY AND DE CIMAL!

* LARGE 35 DvGIT
DiSPLAY

3.5" DISKFILE wowLDs 40 $81¢

PR A -
N PPRWH(EH STHIP . ‘ASTI%VUTDE.ELE Cam-
EXTENDER CARDS it $12.95 [l - owearzar
IBM-PC $45.00 Y LYTY « OVERLOAD PROTEC- .
IBM.AT $68.00 VOO 0RNES Ton

APPLE Il $45.00
APPLE lle 545.00
MULTIBUS $86.00

CALL FOR VOLUME QUOTES © COPYRIGHT 1986 JOR MICRODEVICES

CIRCLE 178 OK FREE INFORMATION CARD

20MHz DUAL TRACE DSCILLDSCOPE ~ MODEL 2000  $399.00
35MHz DUAL TRACE DSCILLDSCOPE ~ MDDEL 3500  $549.00

FOR MORE INFORMATION DN THE DSCILLOSCOPES. CALL LA FOR FREE PADDUGCT BRIEFS.
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SEABGATE 8T-225 20 MB HARD DISK 3YSTEM

INCLUDES HARD DISK CONT.
AOLLERA. CABLES AND IN.
STRUCTIONS. ALL DRIVES ARE
PRE-TESTED AND COME wiTh
A ONE YEAR WARRANTY.

KT GOMPATIBLE
MOTHERBOARD

$129.95

« &.FF M BOBE CPU. OPTIONAL
087 CO FPRAOCESSOR

= B EXPANLION BLOTS

= OW RAMINETALLED. EXPANDABLE
TO ¢Aon ON BOARD MEMORY

= ALL 1Cs SOCHETED HIGHERT
QUALITY I'C ROARD

+ ACCEPTE 2784 OR 27720 AOME

PRO-BIOS  $19.95
IBM COMPATIBLE INTERFAGE GARDS

ALL WITH A ONE YEAR WARRANTY
$89.95

MULTI 1/0 FLOPPY CARD

PERFECT FOR THE 680K MOTHERBOARD
* LAS232 SERIAL POAT. OFTIONAL Znd

AEMIAL POR
= P RALLEL pum‘r!u PONT
» GAME POR
. cmxmuunan
= SOFTWARE CLOCH UTIITIES.
RAMDISH. SFOOLER
COPTHORAL SFRIAL PORT RS0

MULTIFUNCTION CARD $684.95

ALL THE FEATURES OF ASTS 8 PACK PLUS AT HALF THE PRICE

» CLOCK/CALE NDAR

© O IZAK MAM

« SEAIAL PORT

* PARALLEL PORY

= QAME FORT

= SOFTWANE (NCLUOED
PRINTER CABLE

GUI.UH GRAPHICS ADAPTOR

$69.95
FULLYCOMPANBLE WiTH 18M COLOR CARD
= AVIDEQ INTERFACES: RGBS,

. COMPOSITE COLOR. HI RES
COMPOSITE MONDCNROME.
CONNECTOR FOR AF MODULATOR

+ COLOR GRAPHICS MODE 120 = 200

= MONDO GRAPHICS MDOE- §40 x 200

= LEGHT PEN INTERFACE

MONOCHROME GRAPHICS GARD $69.95

FULLY COMPATIBLE W/iBM MONOCHROME ADAPTOR & HERGULES GRAPHICS
= LOTUS COMPATIBLE

= TEXT MODE, 80 0 26

* ARAPHICS MODE 720 ME

= PARALLEL PRINTER INTERFACE

=« OPTIOMAL SERJAL FORT 31894

MONOCHROME AOAPTOR

ANOTHER FANTASTIC VALUE FROM JOR!
+ 1M COMFPATISLE TTL OUTPUT + T30 = 350 pix EL DNPLAY
PLEASE NOTE THIS CARD ml.t. NOTRUNLOTUS GRAPHlCS ANCDOES NOT INCLUDE A
P

FLOPPY DISK DRIVE ADAPTOR $34.95

*tNTERFACES UPF TO & $TANDARD
FODs TO 18M PC OR COMPATIBLES

= STANMDARD DAJT FOR EXTERNMNAL
DRIVER

= AUNE QuAD DE NITY DRIVES
WHEN USED wnTH FORMAT

1200 BAUD MODEMS

HAYES COMPATIBLE, AUTO-DIAL AUTO-ANSWER AUTO RE-DNAL ON BUSY.
POWER-UP SELF TEST. FULL ONE YEAR WARRANTY

MODEL 12008°  MODEL 12004° SMARTEAM

= INTERNAL DESI - DESIGN * EXTERNAL DESIGN
= 10 INCH CARD . HAI.F I.(NGTDI {5 CARC = WITH POWER SUPPLY
= SERIAL PORT (NCLUDED  « INCLUDES SPEANE R « LED STATUS INDICATORS

$169.95 $149.95 $169.95

FOR 1BM. INCLUOES PC TALK 1) COMMUNICA TIONS SOFTWARE
-»
] *rOCE

CIRCLE 179 ON FREE iNFORMATION CARD

LS 10

CRT MONITORS FOR ALL APPLICATIONS

ID|I

Hl- RES II!B MUIIIIUR BUM?DISKIIIEITG%I.UII E"MTUEIRIICSYIWMS

-DIGITM RGE IIM COMPAI’\IH 'mﬂﬂol“ A”l.l
= 1" SCAEEM * ¥ COMPOSITE VIDEO
= v TRUE COLOAS * RESOLUTHON TEOH = MY
= %5 i BANIWIO TH » IWTEARAL AUOKD AMP
» RESOULUTHON > 840 . 16T « DNE YEAN WARRANTY

LODEL KLy 121

» 1B COMP A TILE T iMPUT

= 127 HON GLARE SCREEN

= PX3 GREEN PHOSMHOAUS

» WEAY HIGH RESOUITION
2% MHr BANDWD TH

= 3Venm DOT ATCH 1190 LNt S (ICENTERI

* CABLE FOR 1pns PE INCLLOED AMSEN VERTION 510003

$299.95 $169.95 $99.95

_MONITOR STAND

TILTS AND SWVELS

) WATT POWER SUPF ONLY $12.85
' <3 |8M PRINTER CABLE

nuvm . "x. _-r’e
¥ T Wl .
1 1 1 I R

+ DI TO
CENTRONICE

.weioen came  $9.98
IBM STYLE

COMPUTER CASE - .
AN ATTRACTIVE STEEL CASE \/ /]
WITH A HINGED LID FITS THE
POPULAR PC/XT COMPATIBLE] ‘

MOTHERBOARDS
""‘ﬁf
o

= SWITCH CUT-0UT ON StDE FOR PC-XT
ETYLE POWER SUPPLY
« CUT-OUT FOR B Emusuou $LOTS

= ALL NAADWARE INCLUDE

$39.95

IBM COMPATIBLE KEYBOARDS
$90.95

DKM-2000 $79.95

I
It ‘ 2t

D, F——

1BM-5151

REYDOATD . IEMI:EMEM FOR KEYTRONICE
= FULLY 18M COMPATIBLE WE-B18r”
*LEDATATUS INDICATORE FOR CAPS & = SEPARATE CURSOR & WUMERIC
NUMBER LDEX | KEYPAD

« B3 KEY = SAME LAYOUT AS

CAPE LOCK & NUMBER LOCHK
{BM P XT HE YBOARD

INDICA'I'ORS
= IMPADVED KE¥BOARD LAYDUT

DISK DRIVES
TANDON TM50-2

$79.95

% HT DS/DD
» |IBM COMPATIBLE
= EXTREMELY GUIET!

POWER SUPPLY

NOW ONLY $69.95

« FOR I1BM PC-XT COMPATIBLE TEAG FD-538 D$/00 $109.05
- 135 WATTS TEAC FD-85F  D3/0DUAD $124.
« L6V P 16A, 12V @ 4.2A TEAC FD-358 DE/H0 $154.04

SV & SA 12v @ BA

150 WATT MODEL  $78.95

QUME 07-142 08-00 $10.83
MAOUNTING HASDWARE $2.05
AT/RAILS $4.95

© COPYRIGHT 1986 JDOR MICRODEVICES
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WO
E5
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DES * CRANDSD TODL v UNGAN »

$39.95/9

DRAM 150NS $5.70/1

Factory Firsts

144 x 1}

“"”“?2?,‘@ 256K (262
ﬁiung

oA

[LE<L LN

TR AP AL

DECEMBER 1986

| p LT TR T A

_ 1 .mm:..:n". G n“mnmm"mnmnnmnw « “_..MW. _m.mwwm
e xnrapeaecannacemlenesnges raaspiase :.E"".P. stespsseeazentesssragsnn R : rasas amsssisesss) w.
. i e it O M i | | ____m*_. |
tas3enn - _ _.: AZHARRARARAERA ........»—m_ —__ __m_ ““_wm lmmm"_mmm: 18 ssininye w_mm w
EEE §RE7RIERRNN DOEND 2

1 UMM RIS ZE_:_E_:_EE.:.:E-E:E RN N

-. EIEENTEL EHAR IRANANE EG B OIANEEER S RS ANF AT TN LANAEERAREL ¢ AR B ST L l‘l.n‘u-lﬂ.n —EI;RE ARAETIRFIRAATE ERERAEES R T b

He]
Al

Al
okl

—Frosgfany BB AEERAARYNI puT A FERIERE 3 o FRY CTTUIIIAANEES  TRRROAVERIEST SIS AL MlF  ERACRTARIET (TR AEFEY PSS OF ARTEER
l“l-.....l'.ﬂ'. {nnﬂv?—-l_ﬂl 1 i ﬁ.l.l‘..ﬂ....u- ¥ 'KH li_llo-.lu“n bl u
-aﬂhlnluhhlhl|‘nlhlnlﬂnﬁ 1III- T TR L2 L2 PERFPRELEEFRES 17D FagKe

cnnn-.u-!nﬂiﬁ:iiﬂi;c!z_‘ SEEC BRTALE S LI LR EE0 kYRS oy

VICE CHARGES

ULEL LR ) EESEARI NS 1. ERNEEPE ST TEPNNS ZU D2 SOOI IIRLG s DAL PR T PR g [0S0 SR T 1 R S PR A R P PR PP PR u s
GEERTUITELILELIZEEZEAEELET] AR 5 e b b e B e, m 2
ILLE,y: ‘i-.agnu_ﬂ.::-’u-nl SAARLART TR PP at 100 dRLr L uPI ronney. » -4 bl
-—- ) -&-.-_.. = TErETRIRIERY Llu.._-_._:--_:_ ARLEEAARMELARALET RERE d-i-i mm W 1
__:.::E__::: RS 1 L LT L _52seasetibe .,ﬁEu_na.m.u....s.!m..

*_n “. _“_ n_. “— tf 1 faki) HE
mn. . 4 | s _- | =
il 1ol _.
e ) AN B :
E R | R P R MRIANT o i1
fit o R Hihn i
-ﬂw :__u_.u-....r. =3l hh-ht le
dadeie 5 k0 i 2 ]
[11] EEET] AsARS

it AN EEERTEN

LA TLELIT

mh

Wiy WY Was MBS O femgn TO BMEIRLY P Bes 07F, M Boww fplln M@ sa78)

T riiil]

I -

i

iy }

i LT ’ EE_

: mrm_. i R B TEEEEE

i il i _=_; M___m_m“_ .gm__m___,m__ &“.z_az el W EERE
LELCETILEAR UL 1S B B IR _.. LO I ELE ..L. H B Ll L ..i.....- e g .# : I w-. ww mw ._.

" Tk f X R b i Hihid
AT, h_,._m_.,.,._u._.“.‘_ﬂ.. UL E_. T _._._._...,._._._.: AR ol 1
bl | Ty ST - -u-a |-n .. i 3
V.53 141G S8 2400wt B0 L0 50000000 VgatLag UL ES M o “.___:z___m_;____& _Erramaz: | THOTTER ETNE ||
.___._,_......m.mmm___%_m_h_._._x“mnn%ﬁ%x. .m,“_““_,_"“uﬁ._h_%%_ku, _ i i m: m_____.:.________,_ 1l g I
’ A 1ll Ilnnu - .|u.-l "Ilinil mw NEYNE AdDr va BEaEY Qo A-ul.l Iﬂ. [} .-. J. -_I ‘vli _ l-—.u.n- ] l].ll‘lllll n
.ﬁmﬁ:ﬁ%mm”mmm___ﬁ__s Lm0 s ot _.u..xu““.ﬁﬁumxx““_%z____:_,_____*_E B futst rmee et gm:.:_ L
L) IUJLM -.-.-l- WM. 3 FOTEd EBEAC m&. aw Fndan u.nnl 2 .|-Im. .I..J AFRrE vop “

# i i Ty Lid 134 4 V 1
_‘r...__.__.mﬁ_“ 5554 L6 100 180 SASE ARDMBSEARACHEE S 105000 ORARE BECS B S8 ORH b akitg ) o rmmxm f St sttt seed 8 SRS RE ShER AR R

CIRCLE §2 ON FREE INFORMATION CARD

105

WwWww americanradiohistory comm


www.americanradiohistory.com

= 0
ELECTRONICS

Part M. 1-% 1B 1-8  10-
FAOD. o 9| Tams L -]
Fab2 % 9| PaBE M
T4 35 258 | FaB9 205 195
400 o 20 | 7a00 -
T » 0| T A5 a3
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T4008 » 25| M) . g 40
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14168 A% 3% | Farad 400 393
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Faas M 59 nie w e
Tasn 79| 7aimi s 185
T447 ] ™| P4 i Y
208 195 | a0 ]

T 6% | Fa19m s 1

45 35| Faz2v. m

% % 7272 6 198

49 3| Fadn o >

45 3| 7amy m N

’,

-

BELEARBBELREERM VBRI RBUUEB 22UY

SERREERERR NS UNUBNESSY

G MSE

Yk

-

I5:BRBRRRzIAR IR LREEY

>

§e%Esey

38888
- - - ‘
2888C AR SRR KNS IRz e RSN RREL

e

-

B

(ETEEH

33%RI588N

EH2UBHERY

B2zh2222

¥isiehe

el

s a5

Co4013 . as
o m

bo 249

5 X

CDME | 0
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For VIC-20. C-64 and C-128 Personal Computers
['re Price [ Past Ma Prica

8502 i wCiock 225 | 65295P .
6507 B-BaCPU .. 495 | B551ACIA
6508 wman & vo B.95

6510CPU. . %35

S525Th

5%

Replace the 8086 or BOBB in Your IBM-PC &
e Increase its Spead by up lo 40%!

UPD701080-5 (SMHI) V20 Chip (Rephbcas the 30881 ... .
UPD 701 080-8 (RMH| V20 Chip [Replaces the AOAR-2). . .. .
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PARTIAL LISTING ¢« OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! « CALL FOR QUANTITY DISCOUNTS
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Worldwide * Since 1974

» QUALITY COMPONENTS * COMPETITIVE PRICING

ELECTRONICS

* PROMPT DELIVERY

A 'ﬁmm.!

[INEW PRODUCTS!

IBM* COMPATIBLE
ACCESSORIES

ow Compatibla
Wﬂh c-128!
RS232 Adapter
tor VIC-20, C-64
and C-128

- picrery corweprion Of stancderd nartel REZ32
e, C Tl
T Porinbiel. vl £-1
muulm_mw-“.u
pargtion mbructions. el

I

n&-rowm-mwm b:m”
=il Pt Ftl ot e
IE232CM, - L 0 R i $39.95
Voice Synthesizer vVIC-20 & C-84
Plug-in — Taildng in Minctesf
JES20CM. [ $99.95
External Power Supply
SPS-10 porces). ... ... .. $39.95
Parallel Printer Interface
2K Buftec Expandatde s 10K

WW350 parmc-20.coaacam. . ... $54.95

" YRS-8D0" COMPATIBLE
ACCESSORIES
E-XP-A-N-D TRS-SO MEMORY
Alﬂswm
TRS-80 MODELI i

AS-16K3 200na [(Model LIl —_— 35595

RS- 16K4 250nm (Model 1), . )
TRS-80 COLOR AND COLOF! i

ms-u&'t_ ...... $795

PR8-CoCo-res w500 “'L"’(«m-) $10.95
TRS-80 MODEL 4. 4P, AND 40

mm:mlu B oF

Jcxded 4P wra AD om §aad- 1 30K

TRS-5AK-2PRL . $14.95

MM‘MMK»IM

I"RS-BDModoHOO * NEC - Dllvenl

MI00BK ... ....... $I0.95 aa or 3 fov $54.95
W Expanmm

MECBKR. .. ._....... $19.95 aa or J for $54.95
JEC ko PC-B2014 B Expenwon

oA . ..., - $19.05 eb or ) fov $54.95
,- mu‘ﬂ.ﬂm

TANDY 200
. $59.05 en. or 2 for $109.95
SN

Toncty bicoel 200 74K §

UV-EPROM ERASER

Bl glnty ich 10 Dt UV wxpomers Compmaet - 9.007L
=3 PGWR Compem st holding ey ior § chips.
-4 UVEPROM Eraser. . . . $69.95
UVS-11EL Replacement Sulh. 19.95
I DATA BOOKS

30007  Matona Linser Data ook (82). . $1495
J000T  hmbpryll Dists Bavah. 135). --5 9395
013 mn-ul-um .. 31495
30032  Mationat Linser Bupsiammnt (54). ...s 595
210830 \ninl Memory Hendtyook (39). | . $17.95
220843 ummum - 52495
............. D95

Torrm i st (4007 50, 80 cim)

EO&G Polron £1. 1257 gy, 70 clm)

TTX 14 rae

Color Monitor
for IBM PC, XT and
Compatible Compulers

Sﬂlll’l‘!’l 185% n 13877 - Waight
n A
27 B = TTR14) @ compantes st e
mmwumzﬁamuw

.............. $299.95

DISK DRIVE SALE!
MPI52S  Double-sided 4BTP 1EM PC/XT Compatitie!. . . . . $69.95
TM100-4 Double-sided 96TP QUAD Dvel. . . . . . oo .. - . $5995

ZUCKERRS ARD Expansion Memory Halt-Card for
g~ 1BM-PC, XT, Portable, Tandy 1200
and Compatible Computers
Expand youl comDusd 10 s bl LIy 0F SAON
& ol pooppl i BAX mamory chips (4164) or

THE ey Chige (41250

EM-100 cooemor s 0. $59.95
EM-D "*"..e...“""‘"""' . $39.95

ZUCKERBS ARD

Multifunction Board with Clock Calendar for the Tandy 1000
Ty Twcharbasrd Wiuiihancton Bl akows YU 10 sxpind the o your Tanchy 1000
hnm-lﬂ.mmﬂwuwmcmm%m T porL
& choch/calendir vl Bk Dagh Frimigr Spooess Thr Zucio b d bufishorcion Boscd i made
uhmwmﬂum?w

MTAN-256K  nchuces 256K RAM and Manual - . . .« « « - - $179.95
MTAN-S12K  Inchuoes 512K RAM and Manual. . .. oo e $2019.95

Expansion Memory HaH-Card and Clock/Calendar
tor the Tandy 1000 — DMA Coniroifer Chip on board!

TAN-EM256K  (nciudes 256K RAR BNe MB0US) « o o v v o o s $ 9995
TAN-EM512K  inciudes 512K RAM and Manual. . . ... . 4« $129.95
Options for TAN-EM256K/512K
TAN-C  ncludes Plug-in Clock Option Chi {0kl = -« .« » o . - . $29.95
TAN-D  includes RAM Disk Spooker Software (9 oo v v o o - $39.95

83-KEY KEYBOARD

» Kt i Lot a3 oFigingel IBM PC kayboara - Hagiily
wnaraie Gl wilh Daim reat '+ Complein mith Cabie and caty
- JUSST PLUXG i

Build an I8M PC/XT™ Compatible!
lBM-g‘Ktz} S, PLasd Chigs (18). .. . $ 1850

(LR § 29495

IBM-FCC Pasey Caimtr Cord. § 2955
IBM-Capp  Coma . $ 3995
IBM-MCC  wonochrms G 5 6995
1BM.PS Pt Ty 4 e s $ 6995
FDS5B Ok Dvtwm. , . . $109.95
IEM-MON  ovmmciens i, .. . § 99.95
18M-MB Mothartuars . - 512945
Reguiar L:.sf $609.50

IBM™-SP0CIAl i 5 muws st - . 3549 95
Additional Add-Ons Available!

IBM-KB B3 -dmy Koybowrd- . ... .. $ 6995
IBM-ENH Enhared Roytuaed. . - . . 3 89.95
Bem-ICB gt (ke Bewrd . .. $ 99.95
BM-EGA Esiut Gragreca 2505 Ranl .. $259 95
IBM-20MBK 2o Hrd Dink trues, . . . 5449 .95
e of St Ca
¢ Universal
NEW! sai/256xk NEW!
Prlnter Buffer

IE i FREEMAN DFSHORY I

. $239.95

3.5 Micro Floppy Disk Drive for
Tandy 100 & 200, NECB201A.
IBM PC, XT, AT and
Compatible Computers
Now your IBM PC or compatibée
can read and write the same
disks as your portable!
_Desorion Price

3.5 Deg Driwa, Cal
FD-103 3 Asapte:. Giank Dt mnd Documentabon. - - . $179.95

Software ) for the FD-103 Disk Dm'e Sy ettt o CpprvEnn)

Part W

™ Tarcty 100 TSDOS Dk Op Q Syslem Salt Lo BANGS
TS2 Tandy 200 TSDOS Disk Ooomsmﬂ\ Somw . $44.95
TN NEC PCE201A Dik Opavating Syatem Software. . 54495
LAPDOS  18M FC. XT, &T ana Compatitie

LAPDOS Digk Operating Symem Software. $74.95

FOS5P  tews Sw DB ™ol ... ... 5109.55
JUASS  pomasonc S’ D8 Wieone , _, $109.95
THI100-2 Toasteun $" 4 Ful-Heght. . . . $119.95

JMR 5%" DISK DRIVE ENCLOSURES
Complots wilh prae wapchy ulinl,
peorete’ i, Ssiebliepiiiy sl i

DDEAFM., ..., . 5. .- saaa 55995
Houmrs | Full-Haght S5 Py Goln

DDE-2ZHH. . . ... $69.95
Houses 7 Hall Faimghl §%" Py Drvees = Wit
HODE-1FH o oo 519495

$20 Minimum Order — U.S. Funds Only

Shipping: Add 5% plus $1.50 Insurance

Send stamped,
self-addressed envelope
to receive & Quarterly
Sales Flyer — FREE!

12/86

‘MasterCard I
. - I

Ma. Crdae s Pon ¢

[ PR . P

Calitornia Residents: Add 6%, 6%% or 7% Sales Tax  Spec. Sheets — 50¢ each

Prices Subject to Change

Send $1.00 Postage for a
FREE
1987 JAMECO
CATALOG
©1986 Jameco Electronics

1355 SHOREWAY ROAD, BELMONT, CA 94002 » PHONE ORDERS WELCOME 415-592-8087 Telex: 176043

CIRCLE 114 ON FREE INFORMATION CARD
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DESCRAMBLER PARTS!

We stock the exact parts, PC board and AC adaptor for Radio Electronics
Februafy 1984 articte on building your own Cable TV Descrambfer.

*701 PARTSPACKAGE ... ... ¥29.95

Includes all the original resistors. capacitors, diodes, transistors,
integrated circuits. coils, IF transformers (toko BKAN-K5552AXX).

$702="PC BORRE == i v v siouise. . L. 0 *12.95

704 ACADAPTOR................. *12.95

Original {14 volts DC @ 285ma) ac adaptor used in the article.
SP-E-C-:I-A-L-S
BOT R H701500 707,  [RRSSDRS IR . | | et S5 Now> 39
ALL THREE #701, #702 & #704 oo Now>49

Add $2.50 shipping and handling — $4.50 for Canadian orders
We also offer quantity Discounts on 5 or more units

FREE Reprint of Radio Electronics article (February 1984) on Building Your
Own CABLE TV DESCRAMBLER with any purchase of above,

-

60-CHARNEL 5

CABLE 5

sl— 1 ORDER
Ny R I e TOLL FREE

SC-60R CONVERTER. 369.95 1 -800-22 7'8529

Thousands ol these converters s6id nalionally for $119.95 :

We offer you s same type of converter lor oniy $68.95 S Gt inside MA 617-695-8699

All converters are NEW, with Full manutaciurers WARRANTY. VISA, MASTERCARD or C.0.0.

FEATURES:

O Full 80 Channet Capability

O Cordiess Infrared remaie control

O Littra-Stabim Synthesized tuning

0O Microproceasos controlled PLL &
& O Works on all TV models, channel 3 Oulput
= O Standard/HRC Switch lor compatibility ELECTBO u I cs I uc
o wilh all Cable Systems
E O Will work with all types of external descramblers ’ [ ]
104 Add $3 50 Shipping and Handling
§ $4.50 on Canadian Orders P.O. BOX 800R ® MANSFIELD, MA 02048
Q
3=

CIRCLE 65 ON FREE INFORMATION CARD
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