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2236 100 MHZ
OSCILLOSCOPE

THE ANSWER

BY ANY MEASURE

100 MHz scope, counter, timer,
multimeter: All one integrated system.

160 MH2 dual
tima base scope.
3.5 ns riselime;
sweeps from0.5 s
0 5 ns/div; alter-
nate sweep; +2%
verfical/honzonial
accuracy; vern:
ical sensithvity to

2 mVidiv @

9-diglt fluores-
cent display.
Dightaily accurate
readouts accom-
pany the CAT
waveform. Emor
messages and
prompls also

appear on the

90 MHz dispiay.

Now make measurements
taster, easier, with greater

accuracy and user confidence.

The Tek 2236 makes gated coun-
ter measurements, temperature,
time, frequency, resistance and
voltage measurements push-
button easy. You see resuits con-
currently on the S-digit numeric
readout and CRT display.

Its complete trigger system
Includes pushbution trig%er view,
lus peak-0-peak auto, TV
ine, TV field, single sweep and
normal modes.

Gated measure-
ments. Use the
scope’s intensified
marker (o measure
frequency, period,
width and 1o count
evants within
specified portions
of the signal.

De volts and ac
coupled true
RMS volts. Maa-
sured thr h the
Ch1 scog:gnput

Auto-ranged,
auto-averaged
countarftimer.
Frequency, penodgd,
width, delzy time,
A-time, plus Iotai-
1ze 10 more than

Auto-ranged
DMM. Use tioating
DWMM side inputs
with up to 5000-
count resolution
Gel precise mad-
outs of avarage dc
and trua RMS volt-

8§ million events age. Measure
—with 7 digits resisiance from
plus exponant milliohms 1o
displayed. gigohms

At just $2650; the 2236
includes the industry’s first 3-year
warranty cn all parts and labor,
including the CRT

Integrated measurement
system. 3-year warranty. 15-
day return policy. And expert
advice. One free call gets
it all! You canorder, or obtain lit-
erature, through the Tek National
Marketing Center. Technical per-
sonnel, expert in scope applica-
tions, can answer your questions
and expedite delivery. Direct
orders include probes, operating

manual, 15-day return policy, full
warranty and woridwide service
back-up.

Order toll-free:
1-800-426-2200
Extension 57

in Oregon call collect:
(503) 627-9000 Ext. 57
Qr write Tektronix, Inc,
P.QO.Box 1700
Beaverion, OR 97075

Tektronix

COVMWYT TED TOHE CE 1L ENCE

Coprytiht 1384, Tex(nonic, i, AN #ghts reserved TTA.324-1.*U & Domestic price F.O B, Beaverion Gregon Pnce subect 1g change
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SPECIAL 39 POCKET TELEVISION RECEIVERS
FEATURE Here’s a round-up of the pocket-TV market.
we show you what’s available, for how much,
and the performance you can expect.
Fred Blechman
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56

67
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High frequency at a low price. Fred Hufft
HIGH-POWER FET STEREQ AMP

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

UNIVERSAL BATTERY CHARGER

Keep your rechargeable batteries in tip-lop
condition by safely recharging them with our
inexpensive circuit. Michael R. Wright

PC SERVICE

Use our exclusive direct-etch foil patterns to
make circuit boards for your frequency
counter.
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A nostalgic look back at
the original solid state
radios.
Martin Clifford
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“advances.”
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Inside the fast-changing video scene.

David Lachenbruch
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Part 2. We continue our series with a look at
some rather complex scrambling schemes.
William Sheets and Rudolf F. Grat
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The issues of scrambling. Bob Cooper, Jr.

ROBOTICS
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and more!
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More on memory management.
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COVER 1

Who says that good test instruments
have to be expensive? The subject of this
month's cover can be built for under 560 if
you're willing to overlook the case. But B
that low price doesn’t mean low performance. For exmpie, our Coun-
ter features an accuracy of =1 PPM =1 count and a sensitivity better
than 150 mV over the entire measurement range from 1 Hz to 1200
MHz. For more details and complete instructions on how to build the
counter, turn 1o page 47.

NEXT MONTH

THE AUGUST ISSUE IS

ON SALE JULY 1

BUILD AN INFRARED POWER SWITCH
Control your electrical appliances from your easy chair!

TV SIGNAL SCRAMBLING
Our series Continues

POCKET TV ROUNDUP
Set-by-set descriptions.

THE 4007
An indepth look at one of the most versatile CMOS IC's.
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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 anniversary.

Regencyt MX7000-EA

List prrce $699.95/CE price $399.85/SPECIAL
10-Band, 20 Channal ¢ Crysiaiiasa ¢ AC/DC
Frequencyrange: 25-350 MHZ continuous coverage
and 800 MHz 10 1.3 GHE conlinuous coverage
Tha Redency MXT000 scanner (8ts you monilor
mildary, F,B.L. Space Saielltes. Pokce and Fre
Departments. Drug Enforcement Agencies, Defensa
Department. Asronsutical AM band, Asrg Mavegahon
Band, Fish L Game. immigretion, Parsmedscs.
Amalaur Rado, Justiice Department. State Depart-
mant, plus thousands of other radio fre&qUEnCHs
most acenn®rs can't pick up. The Regency MXT000
in tne pErect sCanNer [Or INtAlligance agences thal
need to monHar the new 800 MHz cellular telephone
band The MXTO00, now at & special once from CE

Regency® Z60-EA

List price £299 95/CE price $179.95/SPECIAL
8-Band, 60 Channal * No-crratasi acanner
Bands 10-50. 88-108. 118-136, 144-174,440-512 MHz
The Regency 260 covers all the public service
bands plus aircraft and FM music for a toisl of
#8ight bands. The Z60 aiso leatures an alarm
clock and Priofity conirol as welt as AC/DC
operation. Order {oday.

Regency® Z45-EA

List price $258 95/CE price $150.95/SPECIAL
7-Band, 45 Channel ¢ No-cryaial acanner
Bands. 30-50, T18-136. 144-174, 440-512 MMHZ

The Aegency 245 W very similar 1o the 260 model
listed sbove however it does AOL have the Commaer
cial FM broadcast band. The Z45, now al a
speTial prce from Communications Electronics.

Regency® RH250B-EA

List prica $613.00/CE price $329.95/SPECIAL
10 Channei ¢ 25 Watt Tranaceivar ¢ Priority
The Asgency RH250B is & t@r-channel VHF land
mobile transceiver designed to cover any fre-
quency between 150 to 162 MHz. Since this
radic is syntheslzed. no expensiv® crystals are
neaeded 10 siore up 10 ten treQuencies without
batiery backup. All radios come with CTCSStone
and scanning capabiities. A monitor and
night/day switch Is also standard. This trans-
ceiver even has a priority function. The RH250
makes an ideal radio for any police of fire
department volunteer because of its low cost
and high perfarmance. A UHF versicn of the
same radio calied the RU150B covers450-482
MHZ but the cost is $449.95. Toget tlechnician
programming instructions, order a service man-
ual from CE with your radlo system.

MNEW! Bearcat® 50XL-EA

List price $199.95/CE price $114.95/SPECIAL
10-Band, 10 Channe! ® NHandhaid acannar
Bands 29.7-54. 136-174, 406-812 MHL

The Uniden Bearcat S0XL is an sconomical
hand-held scanner with 10 channels covering
tenfrequency bands. It features a keyboard lock
swhtch to prevent accidental entry and more.
Also order part # BP50 which ks arechargeable
tatlery pack for 514.95, a plug-ln walt charger,
part # AD100 for $14.95, acarying case part #
VCOO1 ilor $14.95 and aiso Order optional
cigarette lightercable part # PSO01 lor514.95

Regdancy

NEW! Re?ency" XL156-EA

List price $230 95/CE Price $120,95/SPECIaL
&8-Band, 10 Channel 8 No-cryeital Scannar
Baarch ® Lockout ® Priority » AC/DC
Bands: 30-50, 144-174, 440-512 MMz

Cover Your cholcs of ovar 15,000 requencieg
an 1D channels at the 1ouch of your finger.
Dispiay messages Extemal speaxer jack Tole-
scoping antenna External anfenna jack AC/DC.

NEW! Reg encY R1060-EA
List price $149.95/CE price $92.95/8PECIAL
&-Band, 10 Channel 8 Crysialiass 8 AC only
Bands 50-50, 144-174 440-512 MMz

Now You Gan énjoy COmputenzed SCannear ver-
satihty at 8 pnce 1hat's les3 than sOme crystal
units. The Regency R1060 1918 you i on all the
action of pelice. fire, weather, and emeérgency
cals You'll even hear mobile telephenes

Bearcat® DX1000-EA

List price $649.95/CE price $349.95/SPECIAL
Frequeacy range 10 KHE 10 30 MMHEZ
The Bearcat DX1000 whortwave radlo manes tuning in
London as easy as thaling & phons. 1l features PLL
Synihesized sccurdcy, two hime zone 2.4-hour digital
quertz ¢lock and & Buti-in Lmer b wake yOu 10 your
tavorite shortwava slation, I can be progrémmed io
activate Deaphersl #quipmeni kg a 18pe r#COder 1o
raCcord up ta Irve ditt@rent broadcaats, #ny freQuency,
any mode. while you are #siae D of 8t work. Hwillreceive
AM, LSB. USB Cw and FM broadcasty

There's never been an sasher wiy 10 hedr what the
world has 10 say, With the Ssarcer DX1000 snortwava
rACEIYEr YOU now have direct access to the world

NEW! Regenc ¥ HX1200-EA

List price $369.95/CE pfice $214.95/SPECIAL
8-8and, 45 Channet 8 No Crysial acenner
Sasrch 8 Lockoul ® Priority 8 Scan dalay
Sidatitliquid cryatal diaplay * EAROM Memory
Naw Direcl Channe! Accaaas Featura

Bandy: 20-50. 1 18-138, 144-174. 4086430, 440512 MHL
The new handheid Regency HX1200 scanner 1S
fully weyboard programmable for the ultimate in
versatiiity. You can scan up 1o 45 channeis at the
same 1ima including the AM Sirtraft band The LCD
display I8 even sidelit (or night use. Order
MA-258-EA rapid charge drop-in battery charger
for £54.95 plus $3.00 shipting/handling. Includes
wall charger, carrying case, belt ¢lip. tiexible
antenna and nicad battery.

NEW! Bearcat® 100XL-EA
List price $349.05/CE Price $203.95/SPECIAL
P-Band, 18 Channel ® Priority ® Scan Delay
Ssarch ®* Limit ¢ Maid ® Lockou! ¢ AL/ DC
Fraguency range: 30-50, 118-174, 408-512 MMHL
Tha wotrks first PO-CTystat hndneld scannar now has
8 LCD channe! display wilh backight 1or low hght use
and aircrat! band coversfe at the ssma low price Sizais
1% 2 7%" x 2% Tha Bearcal 100ML naswicke Iretuency
coverage hat includes all pubhc service bands (Low,
High, UHF and “T" bandsl. the AM aircratt band, the 2-
meter and 7O em. amuteur bands, plus military and
fadersl govarnment frequencios. Wow..whai s scanner
Includad in our low CE prica ks a aturdy carrying casea,
varphond. battery chardefAC soapter, Mx AA ni-cad
battenes and flexible sntenns Order Your sCannar now

Bearcat® 210XW-EA

List pnce $3239.95/CE price 3209 95/SPECIAL
8-Band, 20 Channel/ 8 Mo-cryatal acanner
Automartic Westhar ® Saarch/8can ¢ AC/DC
Frequency rang® 30-50, 136-174, 406-512 MHL
Tha new Besrcat 2 10XOWIS an s d \hird ger N
scanner with gres! perormance at a low CE price,

NEW! Bearcat® 145XL-EA

List Price $179 95/CE price $102.95/SPECIAL
10 Band, t8 ehannel ¢ AC/DC ® fnatant Waathar
Froguency range: 25-54. 138-174, 420-312 MML

The Bearcat 145X, makes & grest irst scanner. I1s low
cost snd Wgh perormance 161s You hear allihe actionwith
the touch of a key. Order Your scanner from CE 1oday.

TEST ANY SCANNER
Teat eny | from Co
Electronics” for 31 ml betore you Secxis i keap k H for
any reascn you Bre not COMpielely satmiad, iturn ¥ in
ongingl condition with alt parts 1 31 days. for 4 Prompt
ratund [Mss shipping/hardling chatQes and retiale Creaits).

RaganCy
Ragancy HX1200
MX7000
Vd

4 !
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NEW! Bearcat® 800XLT-EA
List price 5499.95/CE price $317.95
12-Band, 40 Channel ® No-cryetal ecannar
Priorily controf 8 Search/Scan ®» AC/DC
Bands: 29-54, 118-174, 408-512, BOE-912 MHL
The Unidan BOOXLT recatves 40 channais in two banks
Scans 15 channels per sacond Size 3% x4wm" x t 2%

OTHER RADIOS AND ACCESSORIES

Penssonic RE-2600-EA Al TECEE!, 517995
RD95-E A L'roen Remol e meunt Aadar Detector.. $128 95
RDA5-BA Uniden Visoi mount Radar Detecior. E 131
RD®.EA Lin,den™Passport” size Rede: Deteciol .. $239.95
BC210XwW- Elﬂalrclrmchannﬁlcm“LE - 320995
BC-WA-EA Seercal Weateer Alert”™ - $49.95
DX1000-EA Bearcal shortwiva rocever SALE ... 534095
PC22.EA Uaden ola mount CBA ....590.95
PCAS-EA Uagden mobie mount CB transcewar $55.9%
R1080-EA Regency $0 chann® scanner SALE. . 38295
MX3I000-E A Aegency J0 ChEnNel sCanner . $19895
XLA38-EA Regancy 10 channel scinner SALE . 3129.85
UC10Z-E A Regency VHF 2 ch | wat iranyceney ... $124.95
AMIS08-EA Regency 10ch 25 Watt VHF trens . . 3329 85
RHBDOB-EA Regency 10ch S0wart VHF irkns ... 5454 95
AU1 BOB-E A Regency 10 chann LHF teanscaver . 544995
APHA10-EA 10 ch handne|d no-Crydtdl reny ... $399 85
LCAO-E A Carrying case for APHA 10 Iranscevar. 534 95

MA181-EA Nikcad DBery pack tor APH4 10 trand. .. 334 95
P1405-BARegency 5 amb roguisted powe supply ... 359 95
P1412-EA Aegency 12 amp reg power supply .. . $104 95
BC10-EA Ballary Chirget lor Regency RPHAID .. 534 B85
MAZS5E EA Drop-in chargaec for HX 10008 HX1200.

MAZST-Ea Clgacdtte Ighter cord for HX1200 ... . 519.85
MAG17-EA Nr-Cad baniery pachk far HX1200., 33495
EC10-EA Programming tool lor Regency APHA 10 ... $24.95
SMRH250-EA Servceman lor Regency AM250. ... 324.65
SMAL 50-EA Service man. fof Refency AULE0 .. 524,95
SMRAPHA 10-EA Sernce man 10f Regency APHA10. .. $24 95
SMNIX7000- EA Svc man for MX7O00 & MXSO00 - $19.95
SMMXI000- EA Serace man. tor Aegency X000, .. 31995
B-4-EA 1.2 v AbA Nr-Tad batterias {ser of foun 5995
FB-E-EA Fraquency Dweciofyior Eastern S A .. .. $12.95
FB-W-Ea Fréquancy Directory lor Weniern U S.A. . $1285
TSG-EA“TOD Secrat” Regatry ot .S Govi Freq. .. 31495
TIC-E A Techniques for Intercepiing Comm . $1495
AAF-BA Ruiroad frequency directary, $10.98
CIE-RACovedl inteigenct, Elect Eavesdroposng .. 514.95
ABO-EA Magne! mount motile scanner sniennd. .. $35.00
ATO-EA Base sistion scanner Snlennd . 335 00
LSAMM-EA Mag mount VHF/UHF ant w/ 12' cable . 539 95
USAK-EA %" hole mount VHF/UHF snt w' 17 cable . sas.gg

325

USATLM-EA Trunk 0 mouni YHF/UHF sntenn -
Acd $3.00 Bhppang K gl accessones Of0wred Bl i SRME 1.
Add 312.00 shipDing per shorfwaye reCeIver

Add $7.00 shpoing par scanne: and $3.00 per entenna

BUY WITH CONFIDENCE
Taget the lanie ! delivery from CH of any scannar,
sand of phone your order directly to oW Scannsr
Distnbution Center” MIChiQan ras denie please ead 4%
sales 1ax or subddy your Laa LO. numbar, Wrtten pur-
chase orders sra acceDted 110M ADDf oved Government
agenchs and mos! well ftated firms ot V0% surcharge
for net 10 billing Al nales 818 subrect to avallabuiity,
ace & and ver 5 All 33198 0N ACCaARONAS
wre final. Prcas. 1arms snd SPECIHCRONS are subc] 1o
change without notice. All prices ar8 In .8, doliars Qut
of atoch itams will be Dlaced on backorder sulomatcaily
unigas CE 18 instructed differentiy A 3500 sddiienal
handling tee will be cherged ior gt ordare with 8
merchandise 1otal under $50.00. Sbmants are F.O.8
Ann Arbor, Michigan. Ko CO0's Most producta that we
sell have a manufacturers warranty Frine QOplSS o
warranlies on Ihese produCie Sre aviilble prhor to
purChasa by writing 10 CE Non-Camified checks réquire
bank Clasrenee.

Msii orders 10: Communications Electron-
ics” Box 1045, Ann Arbor, Michigan 45106
U.S. A Add$7.00 per scannerfor U.P.5 fround
shipping and handling in the continents{ U S.A.
For Canada, Puerto Rico, Hawali, Alaska, or
APOYFPO delivery, shipping charges are thrée
times continental U.S. rates. If you have a Visa
or Master Card, you may call and Place a credil
card order. Order toikfres in the U.S. Dial
800-USA-SCAN. In Canada, grder toll-tree by
calllng 800-221-3475. Telex CE anytime. dial
810-223-2422. If you are ouiside the U.5. orin
Michigan diat 313-973-8888. Order today.
Scanner Duinbution Centar™ and CE logon era trade-
marks of Communicahions Electronics Inc.

t Banccarisn regu | Bred irademack O Unadan Corpor ation
t Reguacr il regai Brwd (rudemark of Regency Elctronica
Ing AD ¢ 040188-EA
Copyrigm o 1988 Communications Electronics Inc.

Forcreditcard orders call

1-800-USA-SCAN

B COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.0. Box 10458 O Ann Arbor, Michigan48106-1045 LEA
CallB00-USA:-SCAN oroutsida .5 A 313.97]1-8888

w9861 A1Nr.
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WHAT’S NEWS

Science-research budgets
holding up under cuts

Federal budgets for science and
research are not fairing too badly,
in spite of budget cutting for many
services due to Gramm-Rudman
and other factors, reports the In-
stitute of Electrical and Electronics
Engineers (IEEE).

Under the fiscal 1987 budget re-
quests, says Dr. John McTague,
acting science advisor to the Presi-
dent, the number of Department-
of-Defense-sponsored engineer-

ing-research centers would in-
crease from 23 to 35, and it is
possible that the Departments of
Agriculture and Energy may spon-
sor such centers in the future. The
science and technology budgets
of the Department of Defense also
showed growth in 1986 over the
previous fiscal year.

The National Science Founda-
tion expects a nine percent budget
increase in fiscal 1987—about $184
milllon. The Nattonal Aeronautics
and Space Administration {NASA)

Magnetic-resonance imaging

Scientists of the General Electric
Co. and the U.S. Department of
Agriculture have adapted the re-
cently-discovered technology of
magnetic-resonance imaging to
help unravel the mysteries of plant
growth.

In magnetic-resonance imaging,
the object being studled is posi-
tioned In an extremely strong mag-
netic field and probed with high-
frequency radio signals from a spe-
cial type of antenna. Under the
field's influence, those signals can
excite atoms of selected sub-
stances in the object. Radiation
from those atoms is picked up by
another antenna and sent to a spe-
Cial-purpose computer that con-
structs a “map” showing the
location and concentration of the
excited atoms.

The scanner used for the plant
studies uses a large, doughnut-
shaped superconducting magnet
capable of producing a field of 1.5
tesla—30,000 times the strength of
the earth’s field—within its 1-
meter bore.

in this first application of mag-
netic-resonance imaging of intact
root systems, the researchers used
hydrogen imaging (looked at hy-

solves mysteries of growth

drogen atoms in the root system}
to study water transport, root pa-
thology, seed growth, and other
factors.

Since magnetic-resonance
imaging has no known effect on
plants it can be used repeatedly to
monitor plant development. It
also opens the door to more accu-
rate studies of plant responses to
light, carbon-dioxide levels, and
nuirients.

ADVANCED MEDICAL TECHNOLOGY, is
being used by scientists of the General Etec-
tric company and the U.S. Deparlmenl of Ag-
riculture 1o unravel the mysleries of plant
growlh.

B :
MAGNETIC-RESONANCE IMAGING, AN
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is requesting 7.8 billion in fiscal
1987, roughly the same as in 1986.
Only the Department of Energy's
R&D activity would decrease in
fiscal 1987, dropping from $4.87
billion to $4.5 billion.

Electronics technicians honored
by Reagan

Electronics technicians were
honored nationally on March 4,
1986 with the inauguration of the
first National Electronics Yechni-
cians Day. That special day recog-
nized both the twentieth year of
the certification program that is
sponsored by the International so-
ciety of Certified Electronics Tech-
nicians and the certification of the
20,000th electronics technician.

In his proclamation announcing
National Electronics Technicians
Day, President Ronald Reagan sa-
luted the high standards of perfor-
mance and excellence maintained
by professional technicians and by
ISCET in its 20 years of dis-
tinguished service to the elec-
tronics industry. He paid tribute to
the vital part that electronics tech-
nicians play in helping to ensure
our country's continued tech-
nological and economic lead-
ership as a formidable interna-
tional competitor. In extending his
warm personal congratulations to
technicians who have met the de-
manding criteria for certification,
President Reagan recognized the
individual skills, talent, and exper-
tise that make electronics techni-
cians one of our country’s most
important technological re-
sources.

To make National Electronics
Technicians Day an official com-
memaorative holiday, persons in-
volved in the elecCtronics industry
are asked to contact their senators
and congressmen lo request their
support for House Joint Resolu-
tion 507 (H)Res507). R-E
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New and Used Electronic Test Equipment
Sales ® Service ® Rental ® Leasing

@riracey 3.5 Digit DMM 4+¢“ With Scope Purchase

FEATURES:

BASIC
DC VOLTAGE
MODEL ACCURACY
3550 +.5% £2 digits
3525 +.25% +2 digits
3510 +.1% *2 digits

¢ AC DC voltage e Data hold

® AC DC current ® Manual or autoranglng

® Resistance ¢ Overload protection

# Diode test » LCD display

¢ Audible #® Built-in stand
Continuity check ® Battery included

® Temperature ® Test leads included

(Type K, 3510 & 3525)

QTy 1
PRICE
$49.00
$64.00
$79.00

Stecial!

One With Any
QTY 3+ Scope Purchased
PRICE From RAG
$42.00 FREE
$54.00 $19.95
$67.00 $29.95

2 year warranty plus carrying case included!

Model V-422 shown

MODEL V-212 $461.00

DC to 20 MHz. 1 mV/div, Dual Trace, Features 6”
Rectangular CRT {w/two X10 probes).

MODEL V-222 $536.00
DC to 20 MHz. 1 mV/div, Dual Trace. D.C. offset tor
DMM Output. Verticle Maode Trigger, 6" CRT

{w/two X1/X10 probes).

MODEL V-422 $694.00

0C to 40 MHz, other features same as V-222
{w/two X1/X10 probe).

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

{w/two X1/X10 probes).

MODEL V-650 $956.00
DC 10 60 MHz, 1 mV/div, Triple Trace. Delayed Sweep,

Full T.V. Triggering, variable trigger hold-oft
{w/two X1/X10 probes).

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

RAG Electronics Is a factory authorized Hitachi repair cenler.

CIRCLE 12 ON FREE INFORMATION CARD

CALL US TOLL FREE

1-800-732-3457

IN CALIFORNIA TOLL FREE

1-800-272-4225

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

B Maied Chargda ADD FOR SHIPPIKG AND INSURANCE
B VI5A B COD 30 10 $25000 $4.50
B Money Crder ? $251.00 10 3800 00 $5.50
B Check = $501.00 10 $750.00 $8.50
ST51.00 10 31000, . 31250
ovar 5 1000.00 . $15.00

Prices Subject to change without notice.

S SN <c e ILEADER

fSOWER

= Polaroid

OESIONS
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VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

¢What kind of stereo? Although broadcast
stereo-sound TV is relatively new, the
transmission of stereo audio with the video has
long been an accepted practice—for exampls, in
PES aimulcasts and on cable, with such gervices
as MTV. Many cable-TV gystems provide an FM-
stereo service to thetr gsubacribers at a small
additional monthly charge that includes PM
channels in stereo plus stereo sound for such
special cable ¢hannels as MTV, as well as special
closed.-circuit audio-only channels in some cases.
With the advent of broadeast multichannsl-TV-
sound (MTS), cable systems have a new option—
and new problems. Most cable gystemns are
capable of passing along to their subscribers TV
programs that are broadcast in the new sterso-
sound system. The question now is whether they
should also continue carrying the sound of such
satellite-delivered cable programs as MTV and
HBQ as extra-cost FM channels or 1o use the
standard MTS transmisaion systems; equipment
is now available to let cable systems convert the
aound of such programs to MTS.

When a consumer buys a sterec-TV set, he
expects to be able to receive all stereo programs
on it; in the case of simmulcast programs on the
FM band, for which cable systems usually add an
extra charge, it creates 1l will among cable
gubscribers when they buy “stereo-TV" receivers
and can’t receive cable stereo on them. As a
result. HBO is currently urging its afflliated cable
systems to add the standard MTS system, and to
continue simulcasting as well, in order to gather
the largest possible stereo audiences. But MTV
says it 18 making no recommendations and
letting its affiliates use any sterec system they
wish. Meanwhile, a new “super-stereo” system is
being offered to cable companies. Called Sterso-
Track II, the system is claimed to provide “digital
quality sound,” with 88—80-dB signal-to-noise
ratios and 90-dB stereo separation The audio i8
carried as two discrete tracks above and below
the standard FM band, and the cable system
provides special receiving equipment to its
subscribers choosing to pay extra, for the stereo-
audio service.

¢ Disc-continuned. The CED videodisc has
reached the end of the road. RCA announced it is
ending production of CED discs at its
Indianapolis plant June 27 because of declining
demand. The company announced the end of disc-
player production in April 1984 and at that time
sald it would continue cutput of the diges for
three years or as long as there was “reasonable
demand.” However, RCA now says the market for
the discs has collapsed, with sales this year about
five percent of the 1884 rate. CB8, the only other
manufacturer of CED discs, ended production in
the summer of 1984. RCA introduced the
videodisc player in March 1981. RCA is being sold
to General Electric, which once backed the
competing VHD videodise system developed by
JVC. Disc players using that system are currently
being produced in Japan, but have never been
introduced in the U.S.

¢ Going np. In most products, it's news when
prices go down. In electronics, news s made
when there'’s a price increase—and that's just
what’s happening now. A steady string of price
reductions in color TV, almosat since their
introduction in the 18505, has.come {0 an end.
And the even more dramatic decline in VCR
prices is being reversed. Price Increases so far
have been relatively minor. Actually, color-TV
prices have not so much risen as bottomed out.
VCR prices, however, are up from the rock
bottoms they reached late In 1985, with retail
prices some $1C to $20 higher than at that point.
The rise in VCR prices is due almost entirely to
the increass in the value of the Japanese yen
against the American dollar-—by more than 25
percent since last September—which has caused
price hikes in most Japanese products here. The
yen/dollar relationship also has contributed to
the rise in the cost of television sets made in
dJapan or using Japanese components. Another
factor in the leveling-off of the downward TV
price-spiral ig the fact that most television
manufacturers have been operating at a loas or
sharply curtailed profits as a result of climbing
costs in a hotly competitive market. R-E
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REPLACEMENT PROBES & TEST LEADS
FOR FLUKE, TEKTRONIX, H.P. & DTHERS

OTHER PRODUCTS

o TEST LEADS

o TERMINATIONS
* ATTENUATORS

* BNC CABLES

* BNC ADAPTERS

* RUGGED AND RELIABLE

* REPLACEABLE TIP & GROUND LEAD
* ADJUSTABLE LF & HF RESPONSE

SWITCHES READOUT ON TEXTRONIX
SCOPES (FOR 10x probes only.)

PROBE

AR MASTER

YOUR SINGLE SOURCE
FOR PROBES
AND ACCESSORIES

HIGH PERFORMANCE
MINIATURE SCOPE PROBES

60 MHz vo 250 MHz

$30 1 $55 4

READOUT ACTUATOR (RA) OPTIDN

o
;@ —
W 4

L e —

465, 475, 485 & 7000 SERIES

STANDARD
BNE

WM

* COMPENSATION FOR MOST SCOPES

The Probwe Master 2900 sefies pacilloscope probes
combine the characienstics of high performance, and
tasi rise time pulse respOnse, wilh & s lender design 1o
meel the nesds of loday's micro slecironics. The
minialure lip s ideal for accessing high densily
boards png hard 10 reach test poinis. By localing the
high and Kw frequency compensation circuits in the
BNC end ol the calre. the design of ihe probe has
becomes lighl weigh! and slandes lor wasy handling.

Other teatures of the 2900 series probes Include &
replaceabls probe Hp, raplaceable ground (ead and a
Readoul Actualor oplion (RA).

The Raadout Actuslor eoption {permanenily
attached) in available on the 10x flxed atenualon
probes only. This oplion provides the necesSary
resistor circyit to change lhe range IBCior on the
modal 465, 4TS, 485 and 7000 sanes Tektronix 3COpHS.

The Standard Accessories Included with each
probe are the sbfung hook, trimmer lool. BNC
adapier. tip insulator, HC tip cover, apare probe 1ip. 6°
ground 1sad. and s handy stcrape pouch The Engi
neers Accessory Kli ($12.00 option} Includes & wira
wrap adapter Nip, wire wrap adapter ground lead, alli-
gator tip, micro sprung hook, and a 12° ground leed

IMMEDIATE OELIVERY
CALL FOR NEAREST DISTRIBUTOR

CHARACTERISTICS a2, el
CABLE | BAND| RISE | LOADING
ATTENUA- | TERMI- | WIDTH| TIME | CAR. | "RES | G
MODEL TION MATION | (MHI) | {NS) {PF} |{M-OHM}| MAX FRICE
FIXED ATTENUATION
2903 tx STD 25 i 40 1 500v | $2500
2960 10X STD 50 58 té 10 S00V | $30.00
2960 FA 10X 17} ] 58 18 10 500V | $40.00
2904 10X STD 100 a5 17 10 600y | $3500
2904 RA 10X AA 100 35 17 10 500V | 34500
2905 10X sSTD 250 1.5 17 10 500V | $45.00
2058A] 10X an | 20| 35| 17 | 10 | soov | sss.00
2906 100X sSTD 70 50 ] 100 1.2%v | $55.00
SWITCHED
FOXA1 1000/ 130 1009 | 101X
201 |10X,1x.6ND| ST | 100/5|35/70[17/100] 1041 | soov | $39.00
20z o ucene| sm | 2| 1em| il 1en | eoov | 9,00
1064 | Enginerrs Accessory Xil $12.00

* AA = Readout Acluator. STD m Sfandadd BNC » Cabta length 5% It
* On swilched probes. Probe tip ia grounded (hiu & 9 Meg CHM resistor, when
switch in ih Ihe GND ponition » 1 pensalion rande. 13 1o 50 PF

‘ - P PROBE 5 ponson cr.
oy, | | AR MASTER san MEGO, CA 92111

CIRCLE 96 ON FREE INFORMATION CARD
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FIG. 1

POWER-LINE TV INTERFERENCE
My TV reception is being ruined by
high voltage power transmission
lines that run behind my apartment.
My antenna is about eight to ten feet
below, and 75 feet away from, those
power lines, The interference is in
the form of horizontal streaks and
noise on channel 3, snow on channel
11, ghosts on channel 23, and ex-
treme snow on channels 32 and 41.
Sound is clear on all channels except
3. I've tried “ghost eliminators” and
AC in-line filters without success.
what can t do?—S. G., Eliz-
ahethtown, KY.

We're noi sure that all of your
problems, (ghosts, snow and
noise) are caused by the power
lines. \We assume that all the sta-
tions you want to view are in the
same gerieral direCtion and that
the power lines are not between
the antenna and the desired sig-
nals. The snow indicates that your
antenna is not pointed directly at
the station, or that the station is

located far away. The snow can
probably be cleared up by install-
ing an antenna rotator for accurate
antenna orientation, and by in-
stalling a good all-channel booster
for a boost in received signal
strength.

In Fig. 1 are shown two ways we
have found of reducing or elim-
inating power-line interference. In
both cases, we use a high-gain an-
tenna, but we replaced the single-
element reflector with one that
screens Interference from behind
and from above. In each case, the
screen is as wide as the original
reflector, and it extends approx-
imately ¥ wavelength above and
below the plane of the antenna.

We built ours from hard-drawn
Ya-inch copper tubing used as the
frame for the corner-reflector. We
covered it with copper screen wire
and soldered the mesh all around.
The billboard-reflector was framed
with ¥%.inch bamboo salvaged
from inexpensive fishing poles

WwWwWw americanradiohistorv comm

WRITE TO:

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

and covered with hardware cloth.
The mesh should be three-quarter
inch or smaller.

We found that the ratio of re-
ceived signal to interference var-
ied with antenna height. In fact,
raising or lowering the antenna as
little as three feet made an appre-
ciable difference in the signal-to-
interference ratio.

AIRCRAFT RADIO ON THE FM
BAND

| live near a very active airport. FM
reception is frequently marred by
chatter from pilots in planes [eaving
or approaching the airport. Who
should | complain to—the local air-
port authorities or the FCCI—H.
McD., New Smyrna Beach, FL.

Neither; your complaintis inval-
id. The interference you are expe-
riencing is due to an FM receiver
with insufficient selectivity. Com-
mon FM receivers, which cover
the 88- to 108-MHz band, have IF's
of 10.7 MHz, so their local os-
cillators operate 10.7 MHz above
the desired signal. To cover the
broadcast band, that osclllator
runs from 98.7 to 118.7 MHz. As
you know, the 88- to 108-MHz band
is assigned exclusively to FM
broadcast stations, but, as you
may not know, the 108- to 135-MHz
band is allocated to aeronautical
mobile services, including air traf-
fic control.

S0, if you are listening to an FM
station on 100 MHz, the local os-
cillator is actually tuned to 110.7
MHz. Now suppose that a nearby
plane is transmitting on 121.4 MHz.
That signal is 10.7 MHz higher than
the local oscillator signal, so it will
also develop a 10.7-MHz IF signal.
The signals developed by the FM
broadcast station and the aircraft
radio will both be amplified by the
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FORDHAM WILL BEAT
ANY ADVERTISED
B&K
LEADER
HITACHI
AW SPERRY
NON-LINEAR

BBC
OSCILLOSCOPE PRICE
by 52500

No ifs, ands or buts.

8 require 25% deposil. @ 'zl

E T 4 4 Sarvice & Shigping Charga Schadule
:I%::e:ro::d':?f, cﬁ:ck:l'aoc‘c;epted. C.OD s require 2 FOR onog:r;llncnlll Uebul
ordham 800.
260 Motor Parkway, Hauppauge, NY 11788

NY State l'l]324461"
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MEGURO

MADE IN JAPAN

32-DIGIT AUTORANGING
MULTIMETERS

s P e

MDM-1180 MDM-1181 MDM-1182
4
3

g9s S5598 Claye by

FEATURES:

s Automatic and Manual Ranging Selectabile
{except current measure.)

»Large and High Contrast LCD

*Custom and Power Saving ICs:
500 hours on just two AA-Batteries

*Accuracy (DC Voity: MDM-1181 0.1%,
MDM-1182 0.25%, MDM-1180 0.7%

*Data Hold Function (MDM-1182 only)

*9 Measurément Functions

*2 AA-size Batteries, Satety
Measurement Leads and Fuse tncluded

*ONE YEAR WARRANTY
+*QUANTITY LIMITED

B PLEASE ADD FOR SHIPPING AND

INSURANCE
*MULTIMETER:
$39.00-3250.00: $4,50/$251.00-$600.00: $6.50

£601.00-$750.00: $8.50/$751.00-81.000.00: $12.50

$1,000.00 and more: $15.00

B WE ACCEPT ONLY MONEY ORDERS OR

CHECKS TO SAVE YOUR COST.

B PLEASE ADD 6.5% FOR TAX (CA ONLY)

HI-SHURE CORP.

TOLL FREE 1-800-222.7798 |
1050 E. DOMINGUEZ ST.
CARSON. CA 90746 J
(213) 637-1863 AES

RADIO-ELECTRONICS
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CIACLE 185 ON FREE INFORMATIDN CARD
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IF amp and converted into inter-
fering audio signals.

That type of interference is
called “image” interference. It de-
velops any time a receiver picks up
a signal whose frequency is twice
the frequency of the IF above the
frequency of the desired station.
To eliminate it you must increase
the selectivity of your receiver by
installing additional stages of pre-
selection or image traps that dis-
criminate against the unwanted
signal.

AUDIO DISTORTION FILTER
I am in the process of designing a 10-
walt power booster and distoriion
filter for my portable stereo system.
I have the booster amplifier all |aid
out, but | don’t know how to get rid
of the distortion. Al full output the
partable has 10% total harmonic dis-
tortion, and that is quite high. Can
you tell me how to reduce that inter-
ference to a tolerable levell—D. P,
Los Altos, CA.

I don’t know anything about
your partable stereo, but I'll bet
that the distortion you find objec-
tionable is caused by overloading
its small speakers. Unless you
have “golden ears,” 10% THD is
not so bad when heard through
good hi-fi speakers that are not
being overdriven.

Be sure that you design your
booster amplifier so that it can be
driven to the desired output level
by the portable stereo when it is
just “|oafing along.” Then the set-
up should sound fine as long as
you don’t try to get every last watt
out of the booster amp.

L, ¥

¢

DisTeRYron e

wig- Tog L |

o4l rl ot [ TR
) Lok (ew) Dakld (wom)

(665}
RMS Fou s SUTPUT - wATTS
(2 or Ratis ouTsuT)

FIG. 2

Distortion curves for a typical 15-
watt amplifier are shown in Fig. 2;
as you can see, distortion in-
creases drastically when you drive
such an amplifier beyond about
66% of its rated output—in this
case, about 10 watts. R-E


www.americanradiohistory.com

" PERFORMANCE

THAT IS OUT OF THIS WORLD...

s389% $549%
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 woluild expect to find only on oscilloscopes costing hundreds of dollars more! JDR
Instruments presents two, new, high-performance models backed by a two year
warranty and technical support which is only a phone call away. Perfect for the
technician or advanced hobbyist, both models feature Dual Trace capability and a
variety of operating and triggering modes, including CH-B Subtract and X-Y operation.

MODEL 2000 has a 20 MHz MODEL 3500 features a 35
bandwidth and 20 calibrated O MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. \ Cam 1mV/DIV sensitivity. Delayed
A convenient built-in component ?7 “ sweep and variable holdoff allow
tester provides additional [N ctable viewing of complex

diagnostic power. ivlyg b S waveforms.
CIRCLE 53 ON FREE INFORMATION CARD

ORDER TOLL FREE
800-536-5000 A 1

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

COPYRIGHT 1985 JDR INSTRUMENTS EARTH PHOTO COUATESY OF NASA
THE JOR peSTRUMENT S LOGO 15 A REGISTERED TRADEMARR, OF JOR MICRODEVICES J0OF INSTRUMEMTS 15 A TRADEMARN OF JDA MICRODEVICES
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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-IP features:

* extensive software support

* more built-in memory

* jmproved keyboard |
e larger display
Three rutorial guides help cover all
capabilities. The 1deal rraining rool!
MPF-tP will deliver you into the growing
world of microgrocessing. Invest now! ‘

Plus-FREE GIFT Oy $199.95

Tl Chrch this bou for FREE
Z.80 Microprotessor
Programmeng snd
interfocing (e sibock =hen
you ordes wnhm 7 days.
$12.9% value. (Inciude 3426 S1h Ave. N.E.
$%.00 porage & Seatthe. WA 98105-3617

Thandli
[ ot hedfalelat rion call TOLIIEREE!

1-800-426-1044
|i“" money back guarantee. " |

CIRCLE 111 ON FREE INFORMATION CARD

Dept REO?786

'LEARN TV/VCR
REPAIR

No Previous
Experience
Necessary

&w you <an train 3l home in 1pare Lme for g mon-
ey-makivg carcer a8 8 TYIVCR Repalr Sptclalisk
Ko need to quit yout jolk or shool. We show YOU how
10 troublrhootl and repair videocame 1t recorders and
TV ierh, how o Ringte house galls and shop repdins for
alment dvy Make of televion of VOR ¥ou leam about
TY recoht™, tunen and Snlennaa, =Y embaon, the
charss Letinthis of tound, how lectrd 8l Impulies are Con.
veried Imo 3 TV pictunt, and much, much mom. Tools
are Includec wilh YOUP CONME 40 You €3A En! "Nandi-on'
practice av you follow the lewom tieP by i1ep, Bend for
free facti sbowt opportunitey In TW/VCR Kepiir and
find it Mow you €an ttart Mauing monry (n this
Ereat career. .
Exlprru show you what to do, how te  §
do it.. gulde you every step of the way!
Everything I eaPlained in e aiy lounderitind language
with plenty of drswiog, photoy ind #lzgrams. Bul If
there 5 aver BNy thing in yOour ¢530ns you don't under.
1tand, Yo <0 write of phone your INHMKISe and you
can Counl oA griling sn authontative Intwet. Send for
frre fBCty 4nd (olof brochure. Mo coal No obligation.
No lalesman witl vt v:l. MAIL COUPON TODAYI ~
(MEXE! SCHOOL DF T ¥CA REPAIR, Degt DEOSG I
) Scraeon, A 18515

1 3
I Maave sengd me free facts on how | can learm TVWCR I
I Repair 31 home In my 1pare time, No saleiman will visi, l

Mame Age L I
Address

Cley/SoatefZlp
PFhane {

|
|
—— e = A e =

EDITORIAL

Guest Editorial—
Scrambling: Another View.

Satellite television is a vital, billion-dollar industry, and one that is
growing. lll-conceived quips that dishes "are good only for scram-
bling eggs” reflect a total ignorance of reality—satellite technology is
now the prime delivery system for TV slgnals.

Industry leaders, including satellite-dish-system manufacturers and
cable-TV programmers and operators, must share the blame for con-
sumer confusion about satellite-signal scrambling. Rather than treat-
ing each other with disdain and mistrust, home satellite-TV-system
manufacturers and dealers, and cable-TV operators, should cooper-
ate to provide consumers with the free cholce in programming that
they desire. Instead, many in both camps are in fantasy land, trying to
wish each other out of existence.

The lack of hard information that has resulted from that has left the
typical consumer totally baffled. To many, the clear and impornant
dlstinction between legal home satellite-TV and illegal signal piracy
has become blurred. Protecting their own special interests, some,
knowing better, have told satellite-system buyers that there would be
littfe scrambling. For the same reasons, others, knowing better, have
claimed that with scrambling the sky will go dark. Shallow news
reports in the media, often based on half-truths or presented by those
not truly familiar with satellite and cable TV, have only compounded
the confusion, endangering the livelihood of those who have put
their faith in exciting new technologies.

Cable-TV programmers and operators, and satellite-dish and -re-
celver manufacturers are all part of one industry. It is called televi-
sion: an educational, entertainment, and data-transfer medium that
depends on satellite technology—whether signals eventually get to
the home by dish, cable, or some other means. Encoding has and will
not do anything to substantially change that. It is merely a means to
ensure that all party’s {programmers, cable operators, home-satellite-
TV-system manufacturers and dealers, and home viewers! interests
are protected.

Satellite TV, with signal encoding and all of the possibilities that that
entails (direct pay-per-view, for instance}, offers the greatest numbers
of viewers the widest choice of programming options. For millions, it
is the only alternative for those wishing to take advantage of what
television has to offer.

Hans Giner
President
Luxor North America Corp.
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For the Field Service Professional
Who Doesn’'t Have Everything...
Rackable, Stackable and Portable Instruments

From

Bench Portable

Generators

iese e@xtremely compact, space sa¥ing generators do not sacrifice 5
wformance for size. The models are easily operated and have OSCIIIOSCOPC
tstanding specs at unbehevably low pnces.

Designed and built for field service, this micre/miniature scope
I weighs only 2lbs. Made for your tool kit. it's the lightest most
Compazt and ComplCtC compact, most complete scope You'll ever buy,

——Accurate and Affordable-

Multi Frequency
Counter

e The Bench Rack —

hen your bench is crammed for space and you are shon on budget
ere is a supenor alternative: Model 2324-R Bench Rack System. The
st Solution.

Counters—

Whether vou need 8 digit accuracy on the bench or in the palm of
your hand precision and rehability does not cost a fortune.

For more information about O.K. Electronics Division’s full range of Test Instruments contact:

520 Minimum Order — U.3, Funds Only Calitornia Residents: Add 6% or 6% % Sales Tax Spec. Sheets — 30¢ each
Shipping: Add 5% plus $1.50 Insurance Prices Subject to Change

Send stamped,
oS e (Mos'ercard e c o Send $1. OO Fbstage fora
o receive a Quarterly VISA 1986 JAMECO
Sales Fiyer — FREE! /x.h / CATALOG
7/86

1355 SHOREWAY ROAD, BELMONT, CA 94002 « PHONE ORDERS WELCOME 415-592-8097 Telex: 176043
CIRCLE 199 ON FREE INFORMATION CARD
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LETTERS

MODEL AIRCRAFT FREQUENCIES

| noted your response to B. G. of
Evergreen Park, IL in the “Ask-RE”
department, Radio-Electronics,
April 1986, page 14. | wonder if he
gave you enough information.
Would your answer have been the
same If you had known that the
channel separation is 40 kHz?
Channel 42 is 40 kHz below and
channel 46 is 40 kHz above his fre-
quency. In 1991, the odd-num-
bered channels will come into use
and separation will decrease to 20
kHz. Those model-aircraft fre-
quencies are in the 72-MHz re-

gion, along with many commercial
services.

One solution to his problem is
to use a down-converter working
through an automobile radio to
get selectivity. | designed one,
added an RF preamp, and got a
0.25-microvolt receiver that tunes
the band—not really a simple proj-
ect, but not too complex.

| have two suggestion for B. G.
He could replace the motor in a
servo with a small speaker, and
with his receiver on and his trans-
mitter off, he would hear if there
were another transmitter on his

AT Iinorn
AT RY 2 T
EIV Ll gl Y
Fr R & ¥ oy 7]

LETTERS

RADIO - ELECTRONKCS
500 B 8/-COUNTY AOULE VARD
FARMINGOALE, NV 11735

g#

frequency. Second, he should in-
quire at his hobby shop about lo-
cal clubs affiliated with the Acade-
my of Model Aeronautics, 1810
Samuel Morse Drive, Reston, VA
22090. Or he could write directly
to them for information. Safety
procedures used by those clubs
are designed to avoid simulta-
neous channel usage.

Here are a few suggestions for
Radio-Electronics. | think it is time
that you did a comprehensive arti-
cle on radio-controlled model air-
craft. The impact of solid-state

continued on page 20

position and found the g

So You've wiggled-into an Imposslble

NOISE REDUCTION
FOR UNDER $10.

RADIQ-ELECTRONICS

i
-~

MlCHOPHONE
CONNECTORS

e ChBLES
SNA }\CYS i
. | CRAMOLIN® s

Evedt the (inest SGUIpDment in e workd cannol guaranted notee-Inie Openation.
Cne “dirty” connecton amwhere in thl lectnical path Cin Cause unwanted
noise of signal loss:

“MORE THAN A CONTACT CLEANER"”

CRAMOLIN?® s a fast-acting, anti-oxidizing lubricant thal Cleans e
preserves all metal surtaces. Including gold.

When aopied #0 metal cortacts and connactors. CRAMOLIN® romoves
rosalivg oxkies B8 & Krms @ B olactive MOMCular lyer thal adherss 3 the metal
Surtaces gand mainising maxkmum eleciricsl conductivity,

CRAMOLIN® - USED BY THOSE WHO DEMAND THE BEST:

| ?HE TIGHT SPOTS

Compiete pocket sized kils contain 17 dH
ferent its (Slotied. Hex or Phillips) plus
Screw Driver Handie with Extension and
the Word's Mightiest” Midge! Ratchet
(forque strength 200 {n Ibs 3. Fix it
A the spot with Chapman.

No. 6320 KIT

oy $22,94

{Include $2.00 tor Handling)
Send Chack or M.Q.

MesterCard & Visa acccepied Ber & rowe Hiwiol Pacart WCHBory) Haharmict

Lapioh Ruprords Fiuleg [T ACA
e Write lor Industrial brochure o “aanl g e, v
e O e i S R e, e A

| THE CHAPMAN MANUFACTURING CO.
| P.O. Box 250, Rt. 17, Dept. AE-7
. Ourhem, Connectlcut 08422 (203) 349-9228

CIRCLE 179 ON FREE INFORMATION CARD

CAIG LABORATORIES ..

u‘!l-nmm 0 Bow ) - Esconcua. CA $2055-0081 URA W19 TARNA

CIACLE 183 ON FREE INFORMATION CARD
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the fourth law of robotics
A robot shall make

learning fun for man

and thereby improve

the quality of lite

for mankind.

Arobotisarobotis
arobot...was arobol.
Until HERO 2000.

, HERO 2000 is much more than a
SR robot. It's a walking, talking 16-bit
WS coanputer. With 64K ROM and 24K
] RAM expandable to more than half
#a megabyte. And a fully articulated arm with five

“axes of motion. Yours to program. Command. Modify

and expand. Total system access and solderiess
experimenter boards provide almost limitless pos-
sibilities. Its remote RF console with ASCIl keyboard
gives total control. Available with three self-study
courses. Backed by Heath Company, world leader

in electronic kits.

Build yourown |

HERO 2000. Cr buy

it assembled. Have

fun learning skills

that translate

directly to the

world of work.

HNowledqge
Dullder

Mall coupon loday lo receive a FREE
Heathiit Catalog fealuring HERO 2000.
Mall to: Heath Company

Dept. 020-438

Benton Harbor, Michlgan 45022
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Satellite

Communications
Training from NRI!

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

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

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

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

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

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

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

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

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

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

antennas, receivers, and
amplifiers.

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

NRI Brings Satellite Technology
Down to Earth

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

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

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

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

Your Home Satellite TV System
Brings Theory to Life!

The Wilson TVRO system included in your course comes
complete with 3’ parabolic dish antenna system, low-
noise amplifier (LNA), down converter, receiver, low-loss
coaxial cable, and even a permanent polar mount.

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

At-Home Training the Uniquely
Successful
NR1 Way

[t's hands-on train-
ing, at home. . .
designed around the
latest state-of-the-art |
electronic equip-
ment you work
with as part of your
training. You start
from scratch and
“discover by
doing” all the '
way up to the "’.‘f e
level of a fully E/\»
qualified profes™ L .
sional. You conduct’ p - .
key experiments. . .pérform vital tests.” . install your
own system. . .and you do it at the pace that suits

you best.

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

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

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

”R’SCHOOL OF ELECTRONKCS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW
Washington, DC 20016 LI

LT
we'll give you tomorrow. ¥3iil
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RADIO-ELECTRONICS
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technology on the hobby has been
incredible. Some very sophisti-
cated equipment is now in use al
surprisingly modest prices, com-
pared to 10 or 15 years ago. Besides
AM pulse-widih modulation, we
now have FSK (they call it FM); and
pulse-code modulation is coming
into use with sysiems of up to 7 or
8 channels. Most equipment is
Japanese, but one U.S. supplier,
ACE R/C in Higgensville, MO of-
fers equipment in kit form.

C. R. AHERN

President,

District of Columbia Radio Club

SECRETS

1 couldn’t help but be angered at
the lament in one of your product-
review columns that schematics
were not given out freely for new
products—especially in “enthusi-
asi type” equipment.

Perhaps the design of an ele-
gant, manufacturable, and cost-
effective product seems a minor
exercise to that writer, but in fact it
is not. Often, the only way a small
company can prevent or at least
slow down larger companies with
volume advantage (or the Japa-
nese) from sliding in and seizing a
market is to keep as many circuit
details as secret as possible for as
long as possible.

That way, at least, you have a
chance of selling enough of the
product 10 recover development
costs before someone else mus-
cles in. And never mind “proprie-
tary” circuits; the protection
provided is negligible. A small
company can be destroyed before
the court gets around to looking at
your case. A large company can
patent a product before a ruling is
reached, and you are left up the
creek without a paddle.

NAME WITHHELD

O000PS!

| have received some letters
from Radio-Electronics readers in
regard to my article on the TV Ster-
eo Adapter that appeared in the
March 1986 issue. Those letters
complained that the Adapter does
not operate.

Reviewing the schematic pre-
sented, | understood the reason
for the complaints: there is an
omission in the schematic. Pin1 of

the MC1310 IC shou!d be con-
nected to +12 volts. Without that
connection, the Adapter certainly
will not operate.

STEVE SOKOLOWSKI

RELAYS IN ROBOTICS

I enjoy your magazine, but one
thing that bothers me is the use of
electromechanical relays, es-
pecially in robotics projects. For
example, in “Building Your Own
Robot,” (Radio-Eleciranics, March

1986) Mark Robillard states: “First
of all, you're going to need relays if
your motors are small DC types.”
He goes on to say that transistors
sometimes don't provide full
power.

My objection is that, with
MOSFETS having Rpy¢'s of 0.050
and less commonly available, why
use a relay? It's best these days to
reduce the number of unreliable
mechanical parts as much as possi-
ble. | have worked with relay sys-

Build Circuits Faster
and Easier With Our $20
Solderless Breadboard

T =Y
A4

introducing the piug-in world of AP
Producls versalile, low cost bread-
boards.

Now you Oan dasign. buid and rest
profolype circuts just like the profession-
als ... and maake chanQes in seconds. No
massy SOIdenng ar desoidenng No more
twisted ieods of domoged devices

With our ACE 109 and 15 biue breod-
boands. you Smply plug in components
oand interconnec! e with
ondinary hook-Up wwe. Alf
sizes of Difs ond ol dis-
creke components up fo 22
gouge  ad  chamelons
snap Aght into the @ 1-x 0.1-
marix of the soideriess e
ponfs .. amwhare an the
favou! You dont need ex-
penshve sockels OF SDOCKH 100is Busas of
spring clgp terrmenals forrm o distnbution
network for power Ground and clock
nes

AP Progucts 10 sertes breodbooards
e you ol the funchions ond fexibiiity of
mofg expenive circull evaluators. The
spiing termuinals hawve mechanicolly in-
dependan! conlact fingers kb accom-

| ...and do even
more whh our
$40 breadboard

SN SN Sy
e e

| e e e ot e

b T

BT N TTY
et I e i
L V- S —— =

l L o ".!:'- E - - ey "_"

moaoie most DIPs and discrete OOmpo-
nents {sea dogrom).

The ACE 109 has two terminals for sepa-
e voltopes Dius @ ground Connechion.
The langer ACE 18 offers the same tvee
fomruincis. pius an aodibonal termnat
which can be wsed for clocking or
onother woitopa. The  bocik¥ctes ae
heovy steai 10 kear the bOCITS SIacnary

Don®? wai. These low
prices wont iasf forever.
$ee your local AP Prod-
ucts dealer foday¥, or
send for o iist of dealers

= in your area. Free infor-

/ i I mation on request.

AP PRODUCTS/IM
9325 Progress Parkway
P.D. Box 5S40

Mentor. Ohioc 44060
B00-321-3668

(Ohio. 216/354.2101)
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Simpson Electric Co.

Introduces
|

The Ultimate in Lc pme.

Al last! Here Is your opportunity to take your pick from a new test equipment line that has all
the features you need ang more. . .and at a price that is unbelievably low

MODEL 9340

Pocket size, 3% -digit . . MODEL 9670

DMM wilth 20 megohm Dighal capacitance
range and 16 megohm ¢ tester covering 0.1 pF
input resistance 1o 20,000 uF

sggoo

MODEL 9101 } : MODEL 9301
Compact VDM wlth 27 f D, = 3 -gigit, hand-held
ranges, including a e } = DMM with 0.25%

100 megohm range ar basic accuracy and
inQu § - ' 2.000-hour battery lite

MODEL 9120

Analog VOM with 12 A
DC range and outpul
jack

339@

-leader for over 50 years ang known worldwide for its inte -
and product excellence.
ELECTRONICS In Stock. ... Avatiable Now! Stop In at your neares! distributor
Divison of Simpson Eisctric Company 'a._nd tiea Ihis ng;wmco:gg(t:esgn; otf ;‘leelrcelr test In :lrumenl:s
or the name e ISt IDUiOr in uf Area, ca
{835192? g;;: gg&vf".:.‘:"ei Igi:,a‘.'zlsl-12m 20-3090 {312) 697-2265. or sand for our new line cagl,og.
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tems, and, believe me, they waste
power and they are prone to
failure with age. They are also slow
and they induce transients. Their
only redeeming feature is that they
provide simultaneous multiple-
contact closure. But even that can
be circumvented by using logic
and semiconductor devices.

You fellows who write for the
magazines: Please try to dump the
old mechanics and keep it state-of-
the-art.

Let me repeal that | enjoy your
magazine and hope that you won’t
succumb to computer mania. Not
that computers aren’'t wonderful,
but a steady diet of them bores
me. Let’s face it: |f you can’t inter-
face them with the real world, then
they are limited.

As far as | am concerned, you are
the last remaining good elec-
tronics magazine.

CLYDE H. HYDE
Tenino, WA

HELP NEEDED

Help! | need an operator/ser-
vice manual for the Leader

LBO-511 single trace oscilloscope.
Can you give me an address so that
I can obtain that manual? Thanks.
PETER A. MELVILLE

Mt. Sterling, KY

Leader instruments Corp. is lo-
cated at 360 Oser Ave., Hauppage,
NY 11788.

INFORMATION NEEDED

| recently acquired an Astrocom/
Marlux Solid State Tape Deck. It is
a rugged, 3-motor deck, the
model 407, made in Japan. It is a %-
track reversible reel-to-reel deck.

Unfortunately, it is in need of
some minor repairs, and | have no
information or schematic. !f any of
your readers could help me out, |
would be glad to pay a reasonable
compensation for their time.
ROLF K. TAHLOR
2692 Mayfield Road, apt. 2
Cleveland Hts, OH 44106
(216) 321-8716

SERVICE AND INFO NEEDED

I have an Akai model X-1V tape
recorder and | need service infor
malion, or at least a schematic. The

Akai Company’s response to my
request for a manual was that they
no longer have any information.
Sams lists it in their T-TH manual,
but that manual is no longer avail-
able. Therefore, | will appreciate
any information your readers
could provide.

E. W. HOFFHINE

P.O. Box 252

Kihei, H! 96753

RESTORING AN OLD MARCONI

| am Lrying to restore an old Mar-
coni TV set (TV 500 chassis) to its
original working condition, but |
am unable to find a schematic or
repair manual from the usual
sources. The chassis appears to
have a problem in the horizontal
phase detector circuit, which is a
type | have not encountered be-
fore. | would appreciate any help
you or your readers could give me
in locating information about that
chassis.
P.G. DODD
18 Lakeland Cres.,
Scarborough, Ontario,
Canada MIG 2L3

ooy
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CO-AXIAL CABLE ,
gwoansb::c f%}
c ;3“ opper
- 7
3\5 RG Soh ey

$ 50 1 poiyethylena
95 JERROLD CORDLESS _44 3 .{1000 disleciric
s69 CABLE T.V. CONVERTER 2256;;3 per Roll lor Shipping

ALSO AVAILABLE TEXNICA

Modet DAX3-108/400 (58 CHANNELS)
Model 490 with volume controt 139"

P

SANYO TOSHIBA
25C1308K 2§C1 172B
DRIGIMAL RAIGINAL

100 up s1.49

10-29.."199 30-95 M &5

RADIO-ELECTRONICS
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WELLER
WTICPR CONTROLLED QUTPUT
SOLDERING STATION

Model
WTCP-R

56995

| 54099 2 WAY - 75 ohm u/v g | «p»
$ - FITTINGS
10 Splitter A F-59ALM wgrlssgmchea
eacn | 496!'1..::01 4 | ‘. 14" ring for RLi-58/u cabls
RCA o # G
Triplers w2
SK3I30B/ecumaient to ECG-523 \ :
- ECG-526 2¢/00 0 = F-S6ALM with attached
SK3304/equvaient 1o ECG-5004 MATCHING MT1 %" ring for RG-8/u cable
TRANSFORMER 1561190 10000 € mo00

r
HITACHI 20 Mhz Dual
Trace Scopes

€

|

ELECTRONICS
770 Amnsterdam Ave., New York. NY 10025

Probas
INChoad

| W-223-*539*" DELAYED SWEEP

V-212-439°°
V-222-489%

BMASTER CARD HVISA
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EOUIPMENT
REPORTS

Radio-Shack Telephone
Tester

Now anyone can
troubleshoot a telephone.

CIRCLE 5 ON FREE INFORMATION CARD

IN THE “GOOD OLD DAYS” (BEFORE THE
breakup of AT&T), getting your
telephone fixed was easy. All you
needed to do was call the phone
company and they would come
out and give you a new one. There
were no extra charges, no ques-
tions to answer, and no argu-
ments.

Now it’s like playing a game of
Truth or Consequences. First,
you've got to figure out if it’s the
phone itself that's broken, or
whether the problem is in the tele-
phone line. Quess wrong and you
could add a hefty, needless bill to
your woes. That’s because your
friendly neighborhood telephone
company now regards the tele-
phone instrument itself as an alien
object—they won’t touch it with a
ten foot pole. If they make a ser-
vice call and determine that the
prablem is not in their lines, the
only thing they are now responsi-
ble for, they’ll bid you adieu, after
they advise you that the bill is in
the mail. Assuming that you own
your own phone, as many of us
now do, getting the phone fixed is
your headache.

One way to cure that headache
is with Radio-Shack's (Ft. Worth,
TX 76102) aptly named Telephone
Tester (catalog number 43-114).
One of Radio-Shack’s newest

products, that microprocessor-
controlled unit makes trou-
bleshooting a telephone so easy
even a child could do it.

By the numbers

The unit is capable of testing ei-
ther pulse- or tone-dialed tele-
phones. It can also be used to test
answering machines, and cordless
telephones.

The tester, as supplied, is de-
signed for use with single-line
telephones. It can be adapted for
use with two-line telephones viaa
two-line coupler. An appropriate
coupler is available from Radio-
Shack (catalog number 279-401).

The layout of the Telephone
Tester is reminiscent of the self-
service TV- and radio-tube testers
that used to be all over the place;
they are still around, but now you
might have to search a bit more.
All instructions are printed in a
flow-chari-like format on the unit’s
front panel. By following the steps
in sequence, the user is able to
test for most common telephone
and answering machine malfunc-
tions, including defective plugs
and cords, in a systematic manner.

The unit is entirely self-con-
tained; there are no probes, ac-
cessories, etc. required. Sockels
are provided on the tester for the

WwWwWw americanradiohistorv comm

The new Flitke 52 goes 1o great extremes 1o
autperform any other handheid thermometer.

At the touch of 8 button, it sequentially
$€ans the readouts of two lemperature inputs
and ther ditference. Qr records the minimum
and maximurm from any one of these three
channegis for up to 1.200 houfs.

You can measure extreme temperatures with
1/10th of a degree resolution, using standard K
or J hyPe thermocoupies probes.

Prices for the Fluke 50 Seies are surpnis-
ingly low...slarling at just $119 tor the single-
input Fluke 51. Order yours today.

For the name of your local supplier and a
free brochure call tol(-free 1-800-227-3800,
Ext. 229.

FROM THE WORLDLEADER IN
HANDHELD TEST INSTRUMENTS.

FLUKE 51/52 THEAMOMETERS
Measummert rnge
K-hpe -0 o +T00C [ - 20T 10 + 2480

__Hpe ~A0Ti0 +7E0C (- 20T o 14007
Acoury
hpes =(0 1% ol meding +07°C or 13%)
Hype s =101% of madng +0&°C r 147F)
*C o *F Selectabin - Hold Mode
San Dewnial ang bn/Wan Recoiing Moces (52 ol
Sarstand mary-connecior i
1200 howr 9 Dabtery e « 3 yer wirTinly
Ganerai K-Aype b o] (e il
1586 Fluie

FLUKE
®
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Check
Digital IC's
in-circuit
Fast!

In the field or
on the bench.

B&K-PRECISION

gives you the
answers for
TTL or CMOS

Model 550 ffor TTL] 5395
Mode| 552 {lor CWMO5) 5195
New B&K-PRECISION IC Comparalor
Teslers/Logic Moniors pul you on the fast
track to digital troubleshooiing. IC s are
lested by companson (0 @ known good
dewice, allowing you 1o lest hundreds
ol 1ypes with one simple opesation.
As logic monilors, they simultaneously
Indicate the logic slates of up lo 20 IC
- pins. No need lo check pins singly
with a logic probe.
Tests mosi 14 to 20 pin, 54 and 74
Senes TTL (Medel 550) or 4000 and 74C
Seres CMOS {Model 552) devices
» Convenent one bullon testng
* Heverse polarily and overvoltage
prolecuon
* Uses power from equipment
under test
* Memaory slores short duration pulses
and inlermaienl evenls
« Zero inserton lorce reference
IC socken
= LED at each IC pin identifies
where fault exists
* Includes 16 and 20 pln DIP clips
» Compac! hand-held size
Availabte from stock at your local
BEK-PRECISION distributor. For more
inlormation comact your disinbutor or:

oA PRECISION

DYNASCAN
CORPORATION

65460 West Cortiand Stree
Chicago. tnois 60635 « 312/889-3087

ritgerbtaonds Sabwn S W, CarTiang O  Ctvb i R Em
Gl v b mn Elpciranicn. Onlarie

Stk gl Clrrirad Ao can Rk
\ e 8 Erdariery, Py . NT TS
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telephone itself, and for the line
and handset cords. There are also
two AC outlets for telephones or
answering machines that require
an outside source of power.

Results of all tests are conveyed
via two LED’s using a simple pass-
fail system. In addition a small
readout is used to display further
information in two of the tests: In
the cord test, it is used to display
the number of conductors in the
cable; in the dial test, it is used to
verify the number dialed. Tests are
selected using a row of pushbut-
tons; which test has been selected
is indicated by a lighted LED.

In all, the unit is capable of test-
ing nine different parameters. It
has both LoNG LOOP and sHOrT
Loop modes that simulate connec-
tions to distant and nearby Central
Offices.

[Radio-Shack Telephone Tester
OVERALL | | - [
PRICE |

EASE 4
OF USE

INSTRUCTION : :
MANUAL 14

PRICE i . |
AALUE el

The corp TEST checks the
number of conductors in the
handset or line cord, and verifies
the condition of either cord, in-
cluding plugs.

When the handset is off-hook,
the telephone company’s Central
Office should see a DC resistance
of between 57 and 600 ohms. The
function of the unit’s LOOP TEST i5 tO
verify that parameter.

The piaL TesT checks for correct
dialing. Each digit output by the
phone is displayed on the readout
for verification. That test will work
for both pulse- and tone-dialed
telephones.

The TraNsmIT TEST and the RECEIVE
TesT check the functioning of the
telephone microphone and ear-
piece, respectively. In the Trans-
MmIT TEST, if everything is function-
ing normally, the pass LED flickers
in response to the output of the
microphone. In the RECEIVE TEsT,
the user listens at the earpiece for
a tone that is output by the tester.
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The unit will also test ringer op-
eration at low and high voltages,
simulating distant and nearby
Central Offices, and it will test
telephone answering machines.

Limitations

The tester is pot without its lim-
itations. First of all, its trou-
bleshooting capabilities are quite
basic. it will tell you that the tele-
phone is defective, and will more-
or-less tell you which functions
have failed, but that's all. Pinpoint-
ing the fault any further must be
done using appropriate equip-
ment and standard troubleshoot-
ing techniques. Also, the tester
will not test electronic key systems
or PABX key sets reliably.

The manual is pretty much what
you would expect from Radio-
Shack—operating instructions,
some specifications, and a sche-
matic, but little else. As to the
schematic, in our copy of the man-
ual, the hand-lettering was excep-
tlonally difficult to read; in some
cases the printing was 5o blurred
that figuring out a part number or
value was reduced to educated
guesswork. (A note indicated that
the schematic was subject to
change and advised contacting Ra-
dio-Shack for the latest schematic
and parts.} The operating instruc-
tions were a fleshed out version of
the front-panel instructions.

Obviously, the tester is not
something that's a must for every
workbench. But without a doubt,
it is a unit that will find plenty of
use in the appropriate application.
The tester would perhaps be at its
best on a counter in a telephone
store, were customers could trou-
bleshoot their own telephones
with ease. It's professional, yet,
non-threatening layout and sturdy
grey-steel case seem to indicate
that the tester will lend itself par-
ticularly well to such an applica-
tion. In service departments, the
tester could be used to do initial
troubleshooting, and final check-
out. Since the work could be done
by a non-technical individual, ex-
pensive bench time could be
saved.

The Telephone Tester, which is
covered by a one-year limited war-
ranty, is available at Radio-Shack
stores. It sells for $299.95. R-E

continued on page 26


www.americanradiohistory.com
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Instruments

Two of our best Performers

14 day full money back guarantee

HM 205

an outstanding Oscilloscope
with digital storage

This new ogcilloscope offers alt the fea-
tures of a state-of-the-art 20MHz reatime
instrument, In addition it provides digital
storage capability for signals between 50s
and 0,3 ms duration, with a max. sampling
—rate of 100kHz. Especially when working
with comparatively slow phenornenae, the
HM 205 can easily replace consideiably
more expens; /e digital storage scopes.

2 Probes x1/x10 incl. $ 82000

AT
LGk L] HM 208

he high tech Storage Scope:
with 20 MHz sampling rate

The HM208's high sampling rate of max.
20 MHz facilit: tes storing of relativel fast
single shot| | vents. Max. memory is
4096 x 8 bit, - nveniently divided into two
independentblocks. XY-storage capability
enables easy: viawing and recording of
characteristic curves and Lissajous figuires.
An XY-recorger ou'put and the optioh#
GPiB-Interface allow full integration in
automatic measurement systems. With
more than 5000 units sold, this is ¢he of
Europe’s best selling digital storage sca'pe:.

2 Probes x1/x10 incl. $ 238000

Write or cail

HRNMELS .

88-90 Harbor Road

Port Washington, N.Y. 11050
= (516) 883.3837

TWX {510) 223.0889

2 year warranty

CIRCLE 62 ONFREE INFORMATION CARD.
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STUNGUN

=
%
EQUALIZER

+ The ultimate non-lethal defense
Weapon.

* In five seconds can immobilize your
attacker, even through heavy ¢lothing,

* Dwscharges over forty thousand volts
of elecincity from a nine volt nickel-
cadmlurn battery.

+ §30.85 Mass 5% sales tax, $3.00
shipping and handling.

1-800-522-2636
FOR ORDERS ONLY
B17-871-5611
FOR INFORMATION
Cameo Enterprises, Inc.

P.O. Box 63, Accord, MA 02018
CIRCLE 89 ON FREE INFORMATION CARD

SEE YOUR DEALER TDDAY _

| —

FRCM

Firesti’

cANTENNAS:
-ACCESSORIER:

HERE'S A TIP
THAT'S PERFECT!
—/AMIFM AUTO RADIO
AND CB
(] = ~
Firestik’II
GOLDEN SERIES

84RE-HANDS TUNABLE
“NO TOOLS NEEDED"
HIGH PERFORMANCE ANTENNAS

==y
et itk |

pri—

ALSC ANTENNAS FOR
CORDLESS TELEPHONES
MONITOR SCANNERS

Daaier & Distributor InQuiries Invited

I-tlﬁ v

SEND FOR FREE CATALOG

Siate -

Fiystn Amwpasa Compa Ry —I
| 2614 East AcamaPhosnu. A2 B50H |
e |
| Sweet |
L |
I |

Ip
Sarving the C8 and
Communications Market Sinca 1962,

5-YEAR AEPLACEMENT WARRANTY
CIRCLE 100 ON FREE INFORMATION CARD

OK INDUSTRIES
MODEL 205 FUNCTION
GENERATOR

A 5-MHz, no-nonsense
function generator.

AS YOUR TEST AND MEASUREMENT
needs become more sophisti-
cated, one instrument you're sure
to need is a function generator
that offers sinewave, squarewave,
and triangle wave outputs. We re-
cently examined one such instru-
ment, the model 205 from the
Electronics Division of OK Indus-
tries Inc. (3455 Conner Street,
Bronx, NY 10475).

we’ll start our description of the
205 with its physical charac-
teristics. It measures about
12X 4x9 inches and weighs 7%
pounds thanks, in part, to a well
shielded steel housing. All circuit-
ry and switches, with the excep-
tion of front-panel potentiometers
and BNC input and output jacks,
are mounted on a single well laid-
out circuit board.

The 205 has a frequency range of
0.005 Hz to 5 MHz In seven over-
lapping ranges. The output fre-
quency is chosen by using a
vernier dial {calibrated from 0.005
to 5) and a group of pushbutton
smuLTIPLIER switches that are ar-
ranged in decade multiples from 1
to 1 million.

Although the 205 does not offer
an internal sweep generator, it
does provide a sweeP IN jack that
allows the generator’s frequency
to be controlled by an external
voltage. The sweep input sen-
sitivity is 0 to 4 volts for 1000:1
sweep, and a maximum allowable
input of = 10 volts.

Operating modes

The 205 has 3 basic operating
modes: free-run, triggered, and
gated. In the free-run mode, the
generator runs continuously at the
selected frequency.

In the triggered mode, the gen-
erator outputs one complete cycle
of the selected signal after it re-
ceives a trigger. That trigger signal

WwWwWw americanradiohistorv comm
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can vary from DC to 5 MHz and
from TTL-compatible levels up to
20 volts. Alternatively, the MaNUAL
button ¢an be used to trigger the
generator. The phase of the output
signal can be selected by the start/
sTOP pHASE Control, which offers a
full +90-degree range of adjust-
ment at output frequencies up to
500 kHz.

The gated mode is similar to the
triggered mode except that the
output runs for the duration of the
gate signal (instead of only one ¢y-
cle). As you would expect, the
starting and stopping phase at the
output can be set by the sTart/s1opP
PHASE control,

Outputs

The model 205 has two outputs
jacks: TvL ouT and suiout. The TTL
output is at a fixed amplitude |evel
at the frequency and symmetry of
the main (50-ohm}) output. It has a
fan-out of 20 standard TTL loads.

OK Industries 205

OVERALL |

INSTRUCTION
MANUAL

PRICE

The 50-obm output has a max-
imum output voltage (into 50
ohms) of 10 volts peak-to-peak.
The ampLTUDE control allows you
to vary the output more than 20
dB. Additional attenuation is avail-
able from three pushbutton
switches (0, —20, and —40 dB),
and a oc OFrseT control fs featured
to further tailor the output signal
to suit your needs.
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saving you money for over 45 years

WM. B. ALLEN

slashes prices on the new oscilloscopes from

(.

g

)HITACHI

V089

Vool Soopo/B 5" CAT/AG CperatedOptiona) Baitery Pack!
External DG Sowurce

"-6 $1390
3 t & SAVE $200!

V509

SO0zl Channets Mini PorlablaDelayed Sweep

$1199

SAVE $200!

V134

10 MizDual Trace B, Stabie Storage

$1395

SAVE $225!

b'q'g

223

[®ee 6..‘:

V1100A

$OOMHZOuad Chanoeins 8- TraceOelays d Swaegy
CRY ReadoutDigasl Mansurement

vVC6020

Digital S:orage ScopeftMHz Dual Channel 20MHz Raal Time!
GPB Opton 1K Words Memdly par C hannel

s«.i03|S1700

o's ‘s @[ SAVE $250!

V1070A

100MHZ Ouad Channmts 8-race Delaysd Seveen

V680

SOMMHLT Chann maS Traca Dol \y s Swbed Curo
CAT Readout

Muamremanl

THE 928 PAGE

'WM. B. ALLEN
ELECTRONICS
CATALOG

VALU
A $1'5= 00 I

¥ATH EVERY PURCHASE

V209
] $795

VO 79

Wavelom Mandor2Loos-|hrough Inpats/AC DT 1npul Coupling!
Viceo Oulpad IRE Pus. IEEE 205Hal- rack Wit GAT

SAVE $300!

VC6041UG

#OMHz Digital Starage 1mv Ousl Trace & CAT
4= Wors per Channel GPB Opton

' 85100

Ig"" SAVE §850!

s L

V099

Wavelomn Mondor 157 CAT AC Opared Optlonal Banary Pack
External OC Source

V1150

1500MH ! Cpad Charosia B 'rwn.upus-uwugu
Mestupment ST Raado

T1$2550

». .| SAVE sao0!

VC6041UX

4cMHz Digtad Slotage imYy Dol Trace & CAT
& Words por Channel

184350

'?5’.;?‘ SAVE $600!

-—and still making waves

V1050F | V650F | V423 V422 | V223 | V222 | V212
e et T | M o e g owuﬁm” AOMHIOW Charviess 2”5—;3“3%"” 20MHDuaICharnets | 20MHYDu Charveis
HES1245 0045 145 $745 14 $675| M $505/ 1 85151158465

WM. B. ALLEN SUPPLY COMPANY

ALLEN SQUARE

300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112

NEw ORLEANS 5045258222 00 §35-959 3 Louisiana soo 4629520

24 HOUR ANSWE RING TO EXPEDATE YOUR ORDER

CIRCLE 103 ON FREE INFORMA‘"ON‘CARD
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LOWEST EVER

from

MEGURO

(JAPAN)

MHz Dual Trace
Oscilloscope

Ay §h
A
3 \Jq.\

299"

s Built-in Component Tester

» 6" Square Internal Graticule CRT
» Sensitlvily: 5mV - 20V /div 3%

» Rise Time: 17ns or less

» Sweep Time: 0.2us ~ 0.58/div 3%
» X-Y and Z Axis Operatlon

= 110/220 VoIt Cperalibn

= One Year Parts & Labor Warranty

35MHz Scops/Dcelay Trigger $499,%
Add 12.% per Unit tor UPS & C.0Q.D. Charges
TO ORDER CALL COLLECT:

1213) 624.3757
Diplomat Infernationat, 453 South Spring St.,
Suite 1224  Los Angeles. CA 90013
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RADIO-ELECTRONICS
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betinon ...
ELECTRONICS!

RAIN romfrumaxcmnq monay-making coreer In
4 Elocrrmncs Er\glnooﬂng ll(?y
* Dato

- Horrnollon&ntum' InnwthAD
NATIONAL EDUCATION CENTERS hos 50 oarr-
36l nationwice. 30 Mere 1a Center near You. In
ot brie 03 % ronhe. YO ©an oin 108 a nigh-tech
careet. g state-of- Snvironmant
ASKE ABROUT OUR lENEFITS!DoyG\dEvm
claases, AnOnCial Ald 1o those who gualify, and
Job Plocement Assisioncel Many of our $Choois are
Approved for Valenans Tro and afl ore ac-
creclied mermnicens of ether A T1S oA JCS.
SODON’TDELA\"IFdinfOﬂT\Oﬂmwndhmo

Nullonc:l
Education
Centors

- L1 1 1 ]
Hahanal Kucaton Cenlen _ Heodouarte
1733 Peynoics - mlno canm

™ lamin

vy of Sdnd&mnmasm ey
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ADDRESS.

CIvy SIAJE /29 ,
RE-784
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Eleetronles IMINEADS

THE MODEL WTT-201S ONLY THE SIZE OF
A DIME. yel transmits both skies of a tele-
phone conversation 1o any FM radw with
crysial clanty. Telephone iine powered - never
needs 8 batiery! Up 1o Y4 mile range. Adjusta-
ble from 70-130 MHZ. Complete ki $29.95
+51.50 S+ H. Free Shipping on 2 or morel
COD add $4. Call or send VISA. MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hilis, NY 10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARD

MTS STEREO ADAPTER. Add the dramatic,
new dimension of MTS STEREO to virlually
any TV or VCR using 1he Audic Output Plug
and your stereo syslem. S0 versatile d even
simulales extra ordinary stereo sound on
non-stereo broadcast. Assembled $81.00,
also avaiable n kit lorm, §52.00. N.Y. Resi-
dence add tax. DEL-PHONE INDUSTRIES,
Box 150, Elmonl, New York 11003.
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TFOMOLES

L - i

SUBSCRIPTION TV MANUAL. This infor
mation packed book detalls the methods
used by subscription TV companies to
scramble and descramble video signais.
Covers the Sinewave, Gated Puise, SSAVI
systém. and the methods used by most cable

| companes. incldes circuit schematics. the-

ory, and trouble shooting hints. Only $12.95
Plus $2.00 first class P&H. ELEPHANT
ELECTRONICS, INC., Box 41865-R, Phoe-
nix, AZ 85080

CIRCLE 120 ON FREE INFORMATION CARD
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APPLIANCE REPAIR HANDBCOOKS—13
volumes by service experls; easy-to-
understand diagrams, lllustrations. For mafor
appliances (air conditioners, relngerators,
washers, dryers. microwaves, @lc.), elec.
housewares, personal-care appliances.
Basics of soixt stale, seting up shop, test
instruments. $2.65 10 $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-{312) 932-9550.
CIRCLE 84 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

& % rale $745.00 per each inserlion.
Reaches 229,044 readers.

Fast reader service cycle.

Short lead time for the placement of
ads.

We typeset and layout the ad at no
addtional charge.

Call 516-293-3000 o reserve space Ask
tor Arline Fishman. Limited number of
pages available. Mail matenals to:
minl+ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY
11735.
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Radio-
Elecironics

5 GREAT WAYS
TO USE THE SSAVI

P Complet fumin
- o

NEW PUBLICATION, “5 Great Ways (0 Use
the SSAVI": a complete guide for all uses,
including conversion to a stereo TV decoder
$6.50 ppd. ZENITH SSaVI Descrambiers
only $169. Gated pulse $199. Reconditioned
original equipment for UHF chs 27.48,51 &
60, etc. Quantity discounts. Surptus TV
equipmant: Qak N-12, Hamlin MLD-1200,
SB-3. #tc. Warranty. Catalog $1. AIS SATEL-
LITE, P.C. Box 1226-A, Dublin, PA, 18917,
215-249-9411.
CIRCLE 81 DN FREE INFORMATION CARD

" CALL NOW
AND

RESERVE
YOUR SPACE

6 x rare $745.00 per each insertion.
Reaches 229,044 readers

Fast reader service cycle.

Short lead time for the placement of
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. Mall matenals to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY
11735,
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PROJECTS FOR
ELECTRONICS
EXPERIMENTERS

e

i et it i
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103 PROJECTS FOR ELECTRONICS EX-
PERIMENTERS. Sott cover; 308 pages of
practical, proven plans Ior the electronics
hobbyist...circuits, convarters, amplifiers,
synthesizers, oploelectronics, power sup-
phes and more. Written and designed by For-
rest M. Mims, 111, 12491 $11.50 pius $1 postage
in USA ELECTRONIC TECHNOLOGY TO-
DAY INC., PO Box 240, Massapequa Park,
NY 11762-0240.
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GN DELUXE UNIVERSAL BATTERY
CHARGER & TESTER METER (new item)
UL approved can test batlery power and
charging rechargeable ni-cd battenies D, C,
AA,AAA N, bution ceils and 9v balieries one
time. Special §15.00. CA residents add
{6.5%) tax. Shipping $2.00. Money Orders,
Checks GENTLE WAYEERELECTRIC INC.
324 S. Paim Ave. #D, Alhambra, Ca 91803
{818-289-2050) TELEX 3717727 Wayeer
uUs.
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MICROWE ANTENMNAS $69.95 + ship-
ping, litetime warranty. We repair all types ol
downconverters, Satellite Dishes and parts
compiete 9’ dish with block system, 80° LNA
by arcfinder $995.00. Coax cable T.V. parts,
accessones connectors, T.V. amplifiers.
Write for Iree catalog or call for prices. BLUE
STAR IND., Dept. RE7-86, 4712 Ave. N,
Brooklyn, N.Y. 11234 {718)338-8318 Ext.
105.
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TV STEREO-SAP-ADAPTER: §79.00 for
composite video input type or Input from
CATV CNVTR type. §59.00 for SAP only type
{speaker buitt-in}. $149.00 for tuner buili-in
type. Allow 6-8 weeks delivery. INTEK ELEC-
TROICS, PO Box 76417, Los Angeles, CA
90076. (213) 739-1664. &
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NEW JERROLD CS 68 CHANNEL CABLE
TV CONVERTER with wolume control & de-
scramtrer loop (Port) Programmable clock
tums TV on/olt & changes channel. Audio
mute kills commercials. Programmable ¢han-
nel scan. Instant ¢hannel recall. Aulomatic
fine tuning with manual overnde, Video & au-
dio outputs. Friendly to all descramblers,
Specity culpu!. 1 year wamranty. $169. Free
delivery. (Dealer Inquines Invited} 514-739-
9328, CROSLEY ELECTRONICS, Box B40,
Champlain, N.Y. 12919,
CIRCLE 198 ON FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up 1o 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radic. Complete kit $29.95 +
$1.50 5 + H. Free shipptng on 2 or more! COD
add $4. Call or send VISA. MC, MO DECO
INDUSTRIES, Box 507, Bedtord Hills, NY
10507. (914) 241-2827,
CIRCLE 127 ON FREE INFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000
quality fems. Your single source for precision
ools used by elecironic techricians, engi-
neers, insirument mechanics, schools, 18bo-
ratories and government agencies. Also
contains Jensen's Ine of mome than 40 tool
kits. Send lor your free copy lodayl JENSEN
TOOLS INC., 7815 46th St., Phoenix. AZ
85044, (602) 968-6231.

CIRCLE 115 ON FREE IMFORMATION CARD
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EQUIPMENT REPORT
continued from page 26

A sYMMETERY control can be used
to vary the duty cycle of the out-
put. So, for example, you can pro-
duce sawtooth waveforms from
the triangle output or you can pro-
duce pulse waveforms from the
squarewave output in the symme-
tery mode.

The instruction manual for the
205 should be adequate for most
users. Itincludes a list of specifica-
tions, instructions on how to
change the operaling voltage from
110 volts to 220 volts, and basic op-
erating information. It also in-
cludes a nomograph that can be
used to determine the output fre-
quency based on the vernier set-
ting and the externally applied
sweep voltage.

We would have liked the manual
to include calibration instructions,
especially since the circuit board
has more than thirty trimmer po-
tentiometers. However, a service
manual {which we did not see} is
available separately.

The model 205 seems like a rug-
ged unit that offers the most-
often-needed features in an attrac-
tive package. It is priced at $545.

R-E

NEW

PRODUCTS

— — -

No previous sxperience necessary

LEARN
PROGRAMMING

Master compulers i your own
home at YOU! Own pace N
pate B Learn sven e
YOU CC RN ON & Computer
BE YQUR OWN

COMPUTER EXPERT
Programmng m the besl waiy lo
Wearn 5 vld Computers and we
CON how Y the Dant—nd
MOH SCONMTICE — wiY 10 earn
Prosgs amvrsng!

Sers) today 107 poan Iree o
maticn: pac Ko oblagation
Nommm‘?aw

CENTER FR COMPUTER EDUCATION OEPT w97
150 W OLYNPIC, 2226
LOS ANGELES, CA 90015-3094

-
]
]
1
i
: VES! Send mg 1M miormItion on how | Can Warn Mout
1
|
]
]
]
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VIDEO HEAD CLEANER, the model
CJ-58, is an electronic head clean-
er that doesn‘t require the user to
estimate either the length of the
cleaning cycle or the amount of
fluid to supply. The device auto-
matically calculates both items.
The automatic dispensing sys-
tem in the cartridge also makes the
product easy to use—no spraying,
swabbing, or pouring the cleaning
fluid; no other paraphernalia to
keep track of. The user inserts the
cartridge into the VCR and presses

the rear button. It takes about 15
seconds to clean the video heads
and other components thor-
oughly; then the cartridge stops
and emits a beep. The user then
presses the stop button and re-
moves the cartridge.

The head cleaner lasts for about
25-30 cleanings. It comes com-
plete with a 9-volt alkaline battery
and has a suggested retail price of
$18.95.—Video Dynamics, Inc.,
6525 Oxford Street, St. Louis Park,
MN 55426.
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I
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Computera and prOGRITITANG 31 home’ !
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DISK SYSTEM, the EquiDisk +, is a
subsystem for the Apple /i + and
lte that increases data storage to
737 kilobytes on each 5.25-inch
floppy disk and allows CP/M users
to access foreign formats.

The EquiDisk + is a complete
package. It includes an EquiDisk +
controller card, software, and in-
slruction manual, plus two (or op-
tionally one} disk drives. Thee
half-height, high-capacity disk

WWwWw americanradiohistory comm
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drives are enclosed in a slimline
case that fits neatly between the
computer console and the



www.americanradiohistory.com

ELENCO PRODUCTS AT DISCOUNT PRICES!

* Tw

20 MHz DUAL TRACE OSCILLOéCOPE 35 MHz DUAL TRACE OSCILLOSCOPE

$336 MO-1251 $545 MGO-1252

Top quallty scopes at a very reasonable price. Contains all the desirable features. Eienco's 2 year guarantes
assures you of continuous service. Two 1x, 10x probes, diagrams &nd manual included. Writa for specifications.

MULTI METER with TRUE RMS 4% : v DIGIT
CAPACITANCE and DIGIT MULTIMETER MULTIMETER
transistor tester —— - e
ode 3 Madel
Model { 5
365 Pop S - ._ S25 M-1600
¢ .059 DC Accuracy = 5 1% DC
Reads Volts, Ohms, .1 % Resistance =y 1% Hesgfﬁ.‘,‘ég“"
Current, Capacitors L with Freq. Counter Reads 10A DC
Transistors & Diodes & Deluxe Case

GF-8016 Function Generator Quad Power Supply
with Freq. Counter Including 2-20¥ Variable Supply

219

"+ Sine, Square, Tnangle,
sPulse, Ramp, .2 to 2 MHzZ
*Frequency .1 thru 10 MHz

GF 8015 without Freq. Meter *169

5995
Triple Power Supply XP-660 Fulily Regulated, Short Protect 3 @$$4995

Specifications

$1 4950 Voits AMP Reg Max Ripple
0-20V @ 1A 2-20¥ 24 oV .00sv
] 0-20V @ 1A 12v 1A Y 003V
5V @ 5A 5V 3A A0V 005V
Fullr Regulated, Short Circult Protected with 2 -5V 4A 05V 005V
Limit Cont. 3 Separate Supplies.

" R W N e N S i P
LR DIGITAL LCR METER
Modei LC-1800
Measures: Inductors $1 48
Capacltors, Resistors

inductors .tpH10200H

Capacitor.1Pf to 200uf

o 20lurQ

Rasistor 01Q1to
Ranges &lInd, 7 cap, 7 res

3 Amp Power Supply XP-650

511950

0-40V @ 1.5A
0-20V @ 3A

."-. L P i .-.
LA

oeQ

Fully regulated, short circut protected current
limit control

C&S SALES, 8744 W. North Ter. Nlles, IL 60648 E - 15 DAY MONEY
800-292-7711 (312) 459-9040 : ] BACK GUARANTEE  ASK FOR CATALOG

2 Year Limited Guarantes! Add 5% for Poatage ($10 max.), IL Res., 7% Tax
CIACLE 108 ON FREE INFORMATION CARD
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Capacitance,

logic and more.
For less.

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

TT1. Logic Probe: 20 MHz
Hi/lo/off indications
Detects 25n8 pulse width
Capacitance: 5 ranges ( 2nF to 20uF)
hFE { NPN or PNP): 1 range {1000)
DMM: DCV-5 ranges ( 2V to Ikv)
ACV-5 ranges ( .2V to T50V)
DCA- 4 ranges ( 200uA 10 10A)
ACA-3 ranges { 20mA to 10A)
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

* Supested it price [5US) i heftery I ach s
Beckmman Indosteizat™

Beckman ndustrial Corporation

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

{ T14) 671-4800

© Copyright 1985 Beckman |nd mtnad Corporation

CIRCLE 98 ON FREE INFORMATION CARD,

monitor. The case, with built-in
surge suppressor, is equipped
with three AC outlets, and allows
the user to control power to the
computer, monitor, and printer
with the unit’s front-mounted on/
OFF switch.

The EquiDisk + is priced at
$679.00 for the two-drive system,
$579.00 for the one-drive sys-
tem.—H&M Disk Drive ServiCes,
Inc., 1101 East Pacifico Avenue, Ana-
heim, CA 92805.

DC POWER SUPPLY, the model
1630, features regulated outputs
for volts and amperes; built-in
metering; two current ranges for
full or half output; a pre-regulator
to limit internal dissipation; an
isolated output so either polarity
may be floated or grounded; and
reverse-polarity protection. [t is a
0-30 volt, 3-ampere device with
low ripple.

P

CIRCLE 23 ON FREE INFORMATION CARD

The model 7630 has fully adjusta-
ble current limiting {from 5% to
100% of maximum output current)
that protects both the circuit un-
der test and the power supply. It
can be hooked up in series or in
parallel with another model 7630
for 0-30 volt, 6-ampere or 0—60-
volt, 3-ampere operation. [t is de-
signed for use in service shops,
engineering labs, production test-
ing, school labs, and by hobbyists.
The model 1630 is priced at
$225.00, and comes with test
leads, spare fuse, schematic and
parts list, and a complete instruc-
tion manual.—B&K Precision, Dy-
nascan Corporation, 6460 West
Cortland Street, Chicago, IL 60635.

HOME SATELLITE RECEIVER, the
Zenith Home Satellite Receiving

WWWW americanradiohistorv. comm

System, is available with a10-,8-, or
6-foot-diameter perforated dish;
the full system includes a micro-
processor-based receiver with
Space Command remote control
and an electronic antenna posi-
tioner.

The design of the perforated
aluminum dish provides high gain
and interference rejection—im-
portant when receiving signals
from satellites that are more than
22,300 miles away and spaced to-
gether closely. To receive signals
from different satellites, the sys-
tem features a motorized actuator
that moves the antenna. Also
mounted on the antenna is an LNB
{low-noise block downconverter)
and feed assembly for optimum
reception.

Indoors, the system is built
around a satellite receiver that can
feed up to 24 channels through to
a television set or videocassette
recorder. The Space Command re-
mote control operates channel se-
lection and audio tuning, and can
be used to change antenna posi-
tions. Because information is pro-
grammed {during installation) into
a non-volatile memory inside the
antenna positioner, the unit will
retain programmed information
during a power loss.

CIRCLE 24 ON FREE INFORMATION CARD

The Zenith Home Satellite Re-
ceiving System has a range of
prices from $1495 for a 6-foot man-
ual system to $2549.00 for a 10-foot
motorized system, plus installa-
tion.—Zenith Electronics Corpora-
tion, 1000 Milwaukee Avenue,
Glenview, IL 60025, R-E
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Where's Your ELECTRONICS Career Headed?

(: 3\‘

your tﬁove’

The Move You Make Today Can Shape Your Future

Yes it's your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move a/iead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

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

independent Home Study Can Prepare You

Study materials, carefully written by the Gran-
tham staff for independent study at home, are
supplied by the College, and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran-=
tham teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

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

Grantham College of Engineering R-0786
10570 Humbalt Street, Los Alamitos, CA 90720

Please mail me your free catalog which explains your
B.S. Degree independent-study progrom.

Name ___ Age_

Address._

City. State Zip_ _
______________________ -
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CIE MAKES THE
WORLD OF
ELECTRONICS

YOURS.

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

T oday’s world is the world of electronics.

Specialized training.

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

Practical training.

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

to work with a broad range of computersina

way that working with a single, stock computer
simply can’t.

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

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

The first step is yours.

To find oul more, mail in the coupon below. Or, if
you prefer, call toll-free 1-80:0-321-2155 (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.
CI Cleveland Institute of Electronics
7% Eas 17th 5t . Cleveland. Ohwo 4414
YES! 1 want 10 get maned. Send me my CIE school catalog including
details abowt the Associate Degree Program. [ am most inieresied in:
compuler repair Elwelevision/high fidelity service
telecommunications medical electronics
robotics/autormation broadcast cngineenng
other

Praind Name

Cin

Ape . Area Code Phone No. |

Check box for G.1. Bullctin on Educational Benefits

Oveieran O Active Duty MAIL TODAY!
OR CALL TOLL FREE

1-800-321-2155

{in Qhio, 1-800-523-9109)
RE-40

L ——
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Buy a Hitachi Scope from Joseph’s. . .
Get FREE DELIVERY™ and a FREE DMM!

*To UPS-shippable gestinations only

Pocket Calculator-Size DMM
Yours FREE with Each
Hitachi Scope

; m 3%-Digit LCD = Autoranging
Continuity Beeper
V1100A 100MHz r
Quad Channel/8 Trace w AC/DC Voits mReslstance
m Test Leads. Battery m Case

4% Hx2%"Wx 047D

V1100A 100 MHz V1050F 100 MHz 4 Channel w/ Delayed Sweep

loseph’s § 00 Free Delivery!
Quad Channel/8 Trace Rea. "1395% peadnns 3. 7 K00 Fiee, Dalve

Reg. Joseph's 00 FreeDelivery! m 6" CRT m Alt. Time Base - 5 mV/Div Sensitivity
$2490 Price s2235 Free DMM! m 2% Accuracy m Full TV Triggering

m Probes, Dustcover included
m(RTReadout mBuilt-inComputer mCursors :
V650F 60 MHz Triple w/ Delayed
® Built-in DVM and Frequency Counter Fauipieslracs R

P ’ . !
m Digital Measurement = Delayed Sweep Reg. *1195% :,c:isczph : s88500 ::gg gﬂlxﬁw
= 6" CRT m 18KV Ac.cc'elgratlon m Qur Best Seller! ® 6" CRT ® Auto-Focus
B 1 mV/Division Sensitivity ® 1 mV/Div Sensitivity m 3% Accuracy
m 2 ng/Div. Max. Sweep B High 2% Accuracy m Trigger View ® Probes, Dustcover included

m Probes, Dustcover included V423 40 MHz Compact Dual Trace w/ Delayed Sweep

- Joseph’'s $ 00 Free Delivery!
i b Price 675 Free DMM!

m 6" CRT ®1mv/Div mDC Offset ® 3% Accuracy
B 20 n/Div Sweep ® Only 12.2 x 5.1 x 14.6", 15% Ibs.
B Probes included

V222 20 MHz Dual Trace w/DC Offset

Joseph's § 00 Free Delivery!
Reg. *715%  brice 535 Free DMM!
m 6" CRT mVert. Trigger Mode B 1 mv/Div
B 100 nsDiv Sweep w/ 10x mag. m 14.3 |bs.

V212 20 MHz Dual Trace Scope

ol et loseph’s $§ 00 Free Delivery!
Regwbl2 Price 475 Free DMM!

H Same as V222 above, less DC Offset

Famous €& HITACH) Scopes at [] S E rl VISA, MASTERCARD & DISCOVER

Joseph’s Low Discount Prices! Phone Orders Welcome
electionics ¢ 1-800-323-5925

in Mlinois: 312-297-4200

Hurry! QU@ 8330N. Milwaukee Ave Nifes, IL 60628
imited at ®

WwWww americanradiohistorv comm


www.americanradiohistory.com

RO NDIY RE—

THE CONCEPT BEHIND POCKET-TV IS NOT NEW ITS
origins can be traced to the science-fiction pulps and
comic strips of the first part of this century and
beyond. Science fiction became science fuct in Janu-
ary. 1977 when Sir Clive Sinelair. that English genius

of micro-miniaturization. introduced and ~old fha§
Micravision ~pocket” TV through his company, #

which was called Sincluir Radionics at that time. The
Microvision was a black-and-white TV set: it used a
CRT with a 2-inch {diagonal measurc) screen. De-
spii¢ having some interesting features, that set’s price
(about $300) al size (pockethook size would have
been more aceurate) contributed to its eventuul de.
mise

The masons behind both the high cost and the
relatively large size of the Microvision could be
triked to the CRT (specitically. its manufacturing

costs and long neck). Realizing that. Sinclair
launched research aimed at producing a CRI
His elforts. and those of his competitors, have led 10
the hirth of a whele new branch of consumer ¢leg
tronics—pochket-TV sets,

This report

Ax we stated. Sinclair is not the only player in this
hL ' In developing products. varions mamfaciurers
1§ embraced new technologics. and have added
<ol well. Sony’s Warchman line, originally ol
lerec P Y82, recently passed the one-million-unit
producigy mark

In thisNgpon we will look it 24 pockel-TV acts
that ure ¢/l available now or abaut 1o be intro-
duced. For QR reference, the features of each set
are summariy 8 Table 1. More daails on eiach set

o
=
L
B

£ad
a
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can, of course, be found in the lext.

In preparing this report, most of the TV
sets discussed were actually tested. and
comments on their performance are
provided. Uniested sets arc noted as such.
Any available or supplied accessories are
also listed.

Noie thal the performance judgments
were relative to other pocket-TV sels.
(The sound from all of the sets was poor
compared o a regular TV set.)

LCD displays

In developing their tiny TV sels, man-
ufaciurers have taken lwo basic ap-
proaches. One is to use tiny CRTs. Those
CRT's arc identical to the ones found in
your home TV sci, except they are signifi-
cantly smaller. The other approach has
been to tum to a new display technology.
at least as far as TV is concerned—the
LCD (Liquid Crystal Display).

CRT technology has been used for de-
cades to produce a bright. clear picture.
The CRT, however, is not without its
faults. 1t is expensive 10 produce; it uses a
lot of energy, and it requires high voltages
lo operate.

In the early 1970’s, LCD's made their
initial appearance in digital waiches.
Those displays were cheap and casy to
manufacture, and used little power. By the
carly 1980's, more complicated LCD’s
began to appear, among other things, they
were used as the display screens for
pocket videoganes.

LCD rescarch has progressed 1o the
point now where those devices are prac-
tical for use in TV receivers. To dale,
perhaps the most sophisticated of the dis-
plays are the ones found in some Epson
and Seiko models, including the Epson
Elf. Those displays make use of TFT
(Thin-Film Transistor} technology.

EPSON ELF

The Epson Eif. the product of a five-
year research effort by the research and
development group of Suwa Seikosha that
serves Epson and other companies within
the Hatiori Seiko conglomerate, was de-
veloped to overcome centain limitations of
the CRT. For one thing, the relatively high
power consumption, bulk, and weight of
CRT's make them difficult to use in truly
pornable TV's. And CRT's arc poor per-
formers in bright sunlight.

TABLE 1—COMPARISON CHART
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FIG. 1—IN THE ASSERTE of an electric lield, liquid-crystal molscules twist the light 90°. allowing it to
pass through the display (#). When an #leciric tield is present. that twiating does not 1ake place and the

light ls absorbed by the top polarizer {b).

By contrast, the circuitry required with
LCDs is compact and lightweight. There-
fore. the Elf and similar units casily can be
held in the palm of the hand. Moreover,
the low power consumption of an LCD
eases the drain on the unit's batteries. Be-
cause the elecirodes in a liquid crystal
display can be made of transparent mate-
rials. the screen can be lit from behind
(backlighted} with ambient light or from a
built-in source.

In developing the Epson liquid-crystal
color TV, Suwa Seikoshas scientists and
engineers had to overcome some formida-
ble obstacies. For one thing, the liquid
crystals commonly used in watch and cal-
culator displays respond slowly to elec-
trical signals. That is unacceptable for
video displays. where the liquid crystals
must be tumed on and off many times a
second. Also. most liquid-crystat dis-
plays are low in contrast and limited to
black images on a light backpround.

To solve the problems of slow response
times and low contrast, Suwa Seikosha's
research team turned to TFT's to tum on
and off each of the 52.800 pixets in the Eif
display. The (ransistors. deposited on a
glass substrate. are made of poly-
crystalline silicon, a material known for
its stability and reliability.

To understand how the TFT's improve
performance, it is necessary to know a
little abowt how liquid-crystal displays op-
crate. n the type of LCD used in watches.
calculators, and the Epson Elf, liquid-
crystal material, which is composed of
long, organic molecules, is sandwiched
between two polarizers; for our discus-
sion. let’s designate those the top and bot-
tom polarizers. The polarizers are placed
in the display so that their transmission
axes are separated by 90 deprees. When
no electric field is present, the liquid erys-
tal molecules have their long axes paratlel
to the top and bottom polarizers and the

PANASONIC CT-107
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in-between layers gradually twist through
the 90 degrees between top and bottom.
Light entering through the bottom polar-
izer gradually gets twisted through a 90-
degree angle by the liquid-erystal layers
and exits through the top polarizer as
shown in Fig 1-a. A person viewing the
display sees a light spot.

In the presence of an clectric field,
however. the molecules stand up on their
ends. parallel to the direciion of the field.
In that staie, they can no longer rotate
light. Therefore, light entering the bottom
does not get twisted; instead it gets ab-
sorbed by the top polarizer as shown in
Fig. t-b. To a person viewing the display,
that spot appears dark.

To create the hundreds or thousands of
pixels needed to form an image in a com-
plex liquid-crystal display suitable for use
as a video screen, the earlier (and still
widely used) approach is “multiplexing. ™
In multiplexing, rows of electrodes are
deposited on one side of the liquid-crystal
layer, and columms of clectrodes are de-
posited on the other side. The pixels are
created at the junctions of rows and col-
umns.

To simulate the scanning processes of a
CRT, clectric pulses are fed to the row
clectodes in succession; during that inter-
val. all of the column electrodes are
pulsed simultancously. Whenever the
voltage al a row-column junction excceds
a threshold value, the liquid crystals re-
spond. In thay way. every field of a stan-
dard TV signal can be displayed.

Multiplexing has its problems,
however. Because many rows must be ad-
dressed in a shor time by a single clecisic
pulse, the ime-weighted average on/off
ratio of black to white is very low, and that
results in poor contrast.

Those problems were solved by resori-
ing to an approach called active-mairix
addressing. In that system. the 240 row
and 220 column clectrodes of the dispiay
are deposited on a single glass substrate.
On the opposite side of the display is a
common ¢lectrode. The TFT's, placed at
each row and columin junction. are turned
on whenever a pixel is to be activated.
Drniver circuitry controls which pixels are
activated at what times.

With the TFT's. cach pixel receives the
full voltage needed to tum it on, not a
time-weighted average, as in multiplexed
devices. The result is a very high on/off
ratio and good contrast.

Color is added through the use of thou-
sands of microscopic red, blue, and green
primary-color filters; one filter is placed
over cach pixel electrode. When a ed spot
is [0 be created. the TFT's at the bjue and
green filters in the appropriate region are
tuned on. blocking out light there and
letting light through only the red filiers. If
blue is desired, the red and green TFT's
are wrned on. If green is to be displayed,
the red and blue TFT's are activated.
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FI1G. 2—DIAGONAL MEASURE versus viewing area for three popular pockel-TV sets. The Panasonic
TA-TO30F |s shown In &, the Sinclalr FTV2 Is shown in b, snd the Citizen 03TA is shown In ¢.
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FIG. 3—A 1.5INCH SCREEN. viewed st a dis-
tance of 1100t, will yleld the aame viewing angle
as a {5-Inch screen viewed at a dislance of [0
feot.

Other shades are ¢reated by turmning on
various mixiures of the primary-color pix-
cls. If all the TFTs in a region are tumed
on, no light gets through and the image
appears black. If none of them are turncd
on, ail the primary colors get through and
the image appears whitc.

Chartlng the seis

While the meaning of tany of the en-
tries in Table |, our comparnison chart, are
obvious, some require further explana-
tion. So, before discussing the individual
TV sets, we'll first explain cach of the
chan hcadings. The notes and the remarks
at the end of the chant provide much addi-
tional information.

Manulacturer or sgurce: Most pocket
TV sels are still relatively hard 1o find in
local retail stores. Large electronics stores
thal carry many brands of TV and video
equipment are the most likely sources. If
you can’l find a set you are interested in
locally, you may wish to write the man-
ufacturer for assistance. Also, some lux-
ury catalogs, such as those available from
Markline and The Sharper Image, fre-
quently offer packet-TV sets.

Model: It's not unusuai for some
pocket TV sets to look alike and yet be
different in performance. Some arc made
by one manufacturer for another, but spec-
ifications may not be the same although
appearance is identical. For example, the
Citizen 03TA and the Radio Shack Pocker-
vision-3 look almost identical, but use a
different screen technology and include

different accessories. Therefore, when
shopping wilh our chart, look for speeific
mode] numbers.

Price: The prices shown are the man-
ufaclurer’s suggested retail prices in effect
al the tlime this article was compiled. As
with most other types of consumer-elec-
tronics products, substantial discounts are
usually available, either from dealers or
from: mail-order houses.

Size: The dimensions, given in inches,
are approximate, and may not include
minor protrusions such as switches or re-
tracted antennas. The intention is o give
you an idea of relative size. The designa-
tions of wide, high, and decp are made
with the assumption that the user is look-
ing at the surface of the unit that contains
the viewing screen.

Screen characteristics: Some sets of-
fer color but, with 1he exception of the
Panasonic C/-10/, you'll be disappointed
if you expect picture quality that rivals
your home colorTV set. That's because
all of the color sets. except the CT-101, use
an LCD insiead of a CRT. While some
LCD scis are surprisingly good, mosl
have a way to go before they will equal the
performance of conventional CRT's

The screen sizes are given in inches
measured diagonally, as is the convention
with TV-screen specifications. However,
that can be very deceptive when dealing
with small-size sets. For example, the
1.5-inch Panasonic sels have a viewing
area that is only about 50% of a 2-inch
screen (that’s probably why both Pan-
asonic sets come with magnitiers). Figure
2 shows how diagonal measure relates to
vicwing area for three popular screen
sizes. Note that the TV-siandard 4:3 as-
pect ratio is maintained for all sets.

That is not 1o say that a 1.5-inch screen
is too small. It depends upon how far it is
from your eye. Figure 3 shows that a 1.5-
inch diagonal screen one foot from your
eye subiends the same viewing angle as a
13-inch diagonal relevision screen 10 feet
away.

Probably the most importanl screen
characteristic in determining the accept-
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ability of the picture is the type of display.
Subjectively speaking, a black-and-white
CRT offers the highest lcvels of resolution
and contrast. On the other hand, LCD
screens, with their limited pixel counts
and often poor contrast ratios, are the
worst performers.

The clarity and conlrasl raling provided
in the Lable are strictly the author’s judge-
menls, and are based on his comparisons
between sels,

Adjustments: The trend by manufac-
Lurers in recenl years has been to delete
some of the traditional user controels from
their TV sets. Among the controls Lhal
have slowly begun to disappear are ver
tical hold, contrast, and brighiness. One
reason for that is that modern inlegrated
circuitry can control many of those pa-
rameters aulomatically, thereby eliminat-
ing the need for user overide. Another is
cosl. The elimination of seldom-used
controls does make the set a litlle less
formidable 10 operale, but it also reduces
your control over what you waich.

Speaker: If you don'l expect much in
the way of good sound from Lhese sels,
you won't be disappoinled. Speaker loca-
tion plays a role in the sound quality, with
the worsl performing unils being those
with the speakers mounted al the rear.
Further, some sets are barely audible at
maximum volume in noisy surroundings,
such as a fast-food restaurant. Earphones
are provided or available with all units. if
you can toleraste typical earphone quality.
Thc best sound was provided with the ster-
¢o earphones included with the Sony
FD-30A and the Magnavox BF390/BK.
Where quality ratings are provided (only
on those sets tested), the rating was rela-
tive to other pocket TV's.

Computer monitor: Because of those
TV sei's small size, their use as a comput-
er monilor is obviously marginal.
However, the sel’s ability to display a 32-
or 80-column computer screen is useful as
a benchmark in delermining its resotution
capabilities. For all sets, the compuler
signal was coupled via a UHF modulator
(channel 15) with a stub antcnna. Where
available, displays coupled via a video or
external-antenna inpul were also evalu-
ated.

Accessories: The large range of in-
cluded and optional itlems are shown in
this section of the chant. Most are self-
explanatory, but further information can
be found in the discussion of each individ-
ual set.

Next llme

Of course, there's a lot more to be said
for the various TV's than can be sum-
marized in a chart. Next time, we'll
provide in-depth, no-punches-pulled
evaluations of many of the pocket-TV sct
currently available. If you are contemplat-
ing purchasing one of those sets, it is a
round-up you won’'t want to miss. R-E
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Learn all about what might be

the uftimate scrambling system

in this month's article.

WILLIAM SHEETS and RUDOLF F. GRAF

P t LAST TIME WE LOOKED
ar at several of the sim-
pler scrambling techniques that are cur-
rently in use. All of those rendercd the
picturc unwatchable by either reversing
the video polarity or altering the sync in
such a way that the receiver’s sync circuit-
1y could not lock onto the video signal.

However, all the methods discussed
thus far have one major fauli; They arc
“static.™ By that we mean two different
things. First of all, the scrambling ai-
gorithm does nol change over timie. Once
the scrambling technique has been deter-
mined, it is relatively simple to come up
with a circuit that will unlock it. Further,
nothing has been done (o alter the order in
which the video information is transmit-
ted. The video signal is still transmitied
line by line. frame by frame, in the same
order as it was scanned. The audio is usu-
ally unaliered, though it may be hidden on
a subcarrier-

Let's expand on that a bit. The static
scrambling systems used on most pay-TV
and cable-TV systems are not difficult to
decode because of the following:

#® There is a horizontal sync pulse (or
hole) every 63.5 microseconds. and a new
field every 16.68 milliseconds.

® The video signa!l at every instant has a
fixed relationship with the scene that was
scanned to produce that picture.

# All necessary decoding or unscram-
bling information is present in the video
signal, or on another frequency or chan-
nel In a cable pay-TV sysiem,

# Changes {n picture content belween ad-
jacent frames js generally insignificant.

Thus, if the sync pulses were stripped

from a video signal (currently a very pop-
ular sctambling technique), the resulting
signal would drop to zero at regular inter-
vals, Those regions of zero signal, or
"holes.” would occur at the polnts where
the sync pulses would be found normally.
As we've previously seen, it is a simple
matter 1o restore the normal sync pulses
using a locally generated sync signal.

Scrambling the plcture

Here's a thought to ponder for a mo-
ment: All of the previously discussed
*scrambling™ tcchniques in fact do nor
scramble the picture. All they do is dis-
rupt the normal video waveform in such a
way that a conventional TV receiver can
not reproduce a watchable image.

But what if we could actually screunble
the picture? Normally, a scene is scanned
by the video camcra and broken up into
pixels. Those pixels are transmitted to the
receiver one by one, At the receiver, the
pixcls are reassembled in the order in
which they are received to recreate the
original picture.

However, in theory Lhere is no reason 1o
scan the picture elcinents in any particular
order. The picture could be thought of as a
jigsaw puzzle, with each piece repre-
senled by a pixel. The puzzle could be put
together in any order without affecting the
final image that results. In a conventional
TV system, scanning is done from left to
right and top to bottom, but that is not 1he
only scan sequence that is possibie.

What would happen if we reversed the
scan process? That would cause the TV
picture to be inverted top to bottom, left to
right. A quick '*descrambler” for that

WwWwWw americanradiohistorv comm

Over the next few months, Radio-
Electronics will be presenbing a se-
rtes of articles descnbing the lech-
niques used by pay-TV and cable
companies to scramble their s,gnals.
While specific circuits for specific
scrambling systems will be discussed,
they are presented for informational
and expenmental purposes only.
Therefore, paris lisis. parts suppliers,
and additional techrical supporl will
not be avaiabie lor those circuits.

would be to turn the TV set upside down,

But suppose we began the scan at the
midline of the picture. Then the bottom
half would appear above the top haif and
things would appear to be cut in two. By
now you of course realize where we're
heading. We could cut the picture into
four strips and scan them in 2, 4. 3, |
order. The result would be a nearly unre-
cognizable picture.

Continuing on, suppose we scanned
the 2624 lines per ficld In any random
order. The resulting picture would be un-
recognizable—I|ike an unassembled jig-
saw puzzle.

Finally, we could break up cach line
into random segments and scan them in
random sequence in each line. All the
pixels would still be there, but the picture
would look like nothing more than colos-
ful confetti. It would be as if somecone tore
the picture into tiny pieces and threw it on
the floor.

Of course, there is a significant dif
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ference between what is theorelically pos-
sible and what is practical. For instance,
at the receiving end. conventional, mag-
nelic-deflection CRT's are simply incapa-
ble of displaying a piclure gencraied by
complex scanning satisfactorily. Further.
the sweep Circuitry in comventional TV
receivers is not capable of generating the
type of high-speed, high-precision wave-
forms needed to properly drive the CRT. It
15, of course, possible to redesign the sync
circuits and the CRT so they arc capable of
providing the appropriate drive signals:
but the TV set that would result would be
prohibitively expensive.

Introducing digital scrambling

There is, however, anather approach—
use digital technology. Thanks to modem
VLSI techniques. the cost of a digial
scrambling system is rapidly becoming
affordable. Let’s see what's involved.

Itis arelatively simple task 10 represent
the luminance and chreminance informa-
tion of each pixel m digital form. Each
pixel could, for example. be represented
by sixteen different luminance levels and
sixteen different chrominance levels. If
that were done, any pixel could be de-
scribed by onc of the 256 possible com-
binations that would resutt. Further, if our
digital system used 8-bit “'words,” any
pixel could be completely described by
ane byte of data.

A standard TV set, one with a band-
width of 3.5- 10 4-MHz, has a resolution
of about 250 vertical lines. That translates
1o a resolution of 250 pixels per line. (On
a 25-inch set, which would have a screen
width of about 20 inches. such resolution
would allow you to see details that were as
small as about Ye inch.) Thus, all of the
information contained in a line could be
stored in a 256-byle memory.

If we wished, even more video infor-
mation could be stored easily. For in-
stance, cach field has 262.5 lines.
Flowever, only 249.5 to 241.5 lines are
actually displayed; the rest are lost to ver-
tical retrace. That means that a complele
ficld of video can be stored ina 256 X 256

64K memory.

Of course, once that dala is siored, we
will need to retricve that data at a fairly
high rate if a usable video image is 10 be
displayed. For instance, if we arc storing
our daia by field, remember that 60 such
fields are displayed per second. Thus our
access rate must be 60 X 64K = 3.84
megabyles per second. Those of you fa-
miliar with the capabilities of current dig-
ital technology will realize that the
hardware needed 1o implement such asys-
lem is available, bul not inexpensive.

Now the fun begins. Once the data is
safely in memory. there are few rules to

restricl the order in which that data is
retrieved. Thus, the order of the pixels
within a line may be scrambled {called
line dicing), the order of the lines in a field
may be scrambled {called line shuffling),
or both.

Let’s expand on that thought. The pix-
els of wideo data stored in memory could
be thought of as pieces of a jigsaw puzzle
stored in a box. If we could assign a nu-
micrical code Lo each piece. and if we had
a map or chart showing where each piece
should be placed, the puzzie could be
assembled without wondering where each
piece fits or having to figure out what part
of the picture it represents.

That code could be assigned in one of
several ways. One would be to break up
each line into ¢ight segments. Using a
binary numbering scheme, the segments
would be numbered from 000 at the ex-
treme left w 111 at the extreme right. The
ordering of the line could then be alered
during transmission. At the receiver end,
the segments would be placed in memory
in the order in which they are received.

The proper sequence of segments could
be relayed to the receiver in many ways.
For instance, it could be hidden in the
horizontal blanking interval, put on a sub-
carrier, €lc. Once the receiver has the
proper segment sequence, il is easy
enough (o pull the stored segments out of
memory in the proper order.

What makes such a scrambling system
so hard to break is that the encoding can
be changed at any time. Each line could
be scrambled in a different manner. Or all
the lines in one field or frume could be
scrambled in onc way and zll the lines in
the next tield or frame in anolher.

If line shuffling is used, the lines ¢an be
sent to the receiver in any order. [f that is
done, the decoding algorithm can be semt

prier lo ¢ach field during the wertical
blanking interval. For maximum security
both line dicing and line shuffling can be
used with changing algorithms.

To give you a better idea of the level of
security that those systems could provide,
let’s stop and consider the number of pos-
sible combinaiions of segments thal line
dicing and line shuffling can give us. [f we
were to dice a line into 8 segments, there
would be 8! (read 8 factonal} possible
combinations. For these unfamiliar with
factorial computations, 8! = 8 X 7 X 6
X5x4x3x2xI|=4032.

Now consider the number of lines in a
fleld—rounding down, there are 262, If
all of the lines in a field were shuffled,
there would be 262! different possible
combinations. {If you don’t mind, we'll
leave the actual computation as an exer-
cise for an advenlurous reader.) And that's
just for one field: there are some 60 such
ficlds per second. 3,600 per minute, amd
108,000 per hall hour. Add a constantly
changing algorithm and addressabiliry
into lhe equation and you have a video
Tpiraie’s” nightmare.

For those unfamiliar with the concept,
addressability allows you 1o send certain
signals—such as descrambling al-
gorithms—only to those decoders that
have been regisiered as belonging to pay-
ing subscribers. Addressable decoders are
now being used by many of this country's
largest pay-TV distributors,

A block diagram of a system capable of
carrying out the scrambling we've just
described is shown in Fig. 1. In that sys-
tem, data stored in memory is first read
oul, then incoming dala is read in. The
result is a delay of one field (or line or
frame, depending on the sysiem). Be-
cause of the times involved (remember, 60
fields are displayed per second}, the effect

DA OSCRAMBLED
CONVERTER VIDED

DIGITIZED SCRAMBLED VIDEO >

7

N
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o | 1w K oata N K aDDRESS |

MEMORY cENtoR [R=OSME
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N
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oo Au0i0 110 K oam K CONTROL

N
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FIG. 1—A DIGITAL-SCRAMBLING SYSTEM Is shown herc In block dlagram torm. An unauthorized

CONVERTER

viewer would find that descrambling that signal is a near imposasible task.
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FIG. 2—IF A DIGITAL-scrambling technique
auch a1 line shuftling were used, @ normal video
image {#) would be reduced 10 colorful confetti
(&)

of that delay s nonexistent, Of course, the
data is read in in the sequence in which il
is received, but is read out in the order
determined by the code generator. The
code generator establishes the order of the
scrambling under direction of the "“sync*’
signal, Note that that sync signal is the
scrambling algorithm that we spoke about
previously. The result is that a normal
picture, like the one shown in Fig. 2-a will
become completely scrambled, like the
one shown in Fig. 2-b,

As indicated in Fig, 1, there is no reason
that digital scrambling nced be Iimited 10
just video. In fact, the task is much easier
with audio, and just as effective. Most
movies, CONCENS, &fc,, are not Very en-
joyable if they can't be heard as well as
seen.

All of this is not pure speculation.
Those of you familiar with the much her-
alded M/A-COM Linkabit system know

LINE (NFORMATTON

|FROM SYNC)
VIDEQ
INFORMATION |
VIDED
V'I"-;:UQ"'_" SWITCH
DELAY LINE

thal the age of affordable digital scram-
bling has arrived. That system is used by
HBO and other satellite programmers to
limit access to their uplinked signals. The
video scrambling method used by M/A-
COM is rather primitlive, and easily un-
locked. The audio is another matier. It is
scrambled using a sophisticated digital
technigue, onc that makes use of a con-
stantly changing algorithm and the ad-
dressability of the Linkabit decoders.
Breaking that system should prove to be a
formidable task.

Another scrambling method

Before we leave the area of theory, let's
look at onec more possible approach 1o
scrambling tne video. Thal system intro-
duces a switchable time delay that alters
the spatial relationship between suc-
cessive horizontal lines.

A block Jiagram of the system is shown
inFig. 3. As you can see in that figure, the
technique makes use of onc or more delay
lines. That allows for various amounts of
delay, or no delay at all, to be selected for
each honizontal line, The result is that a
normal signal, like the one shown in Fig.
4-a, becomes onc wilh severe ghosting
and distortion, like the one shown in Fig.
4-b.

Scrambling and picture quality

One consideration with any scrambling
sysiem is how it affects the quality of the
picture seen by paying subscnibers. Gated
sync and sinewave, and refated methods.
infroduee deliberate interference into the
video signal. While decoders do a good
job of removing the interfercnce, they are
not perfect. There is always some residual
video noise or inlerference left over. On a
good quality, large-screen receiver or vid-
eo monitor the effect is noticeable and
may be objectionable. Further, with the
use of audio subcarriers, the bandwidth of
the audio that is reccived is somewhat
reduced, resulting in less than optimum
audio quality.

If you were watching commercial TV
on a 19-inch portable TV set, none of that
may be of great consequence to you. But
if you are paying a premium for premium
programming, you would expect quality
video and audio. Unfortunately, scram-
bling may make that expectation unre-

VIDED INFORMATION 1S
SHIFTED IN TIME

SUMMING
AMFLIFIER

FIG. 3—IN THIS ANALOG scrambling sysiem, adding varying smounts of delay 1o tHe vidso wii Tesult
in spallal displacemen! of the harlzontal [Ines. The resull is & video Image with severe distortion.
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G, &—DELAYING THE VIDEO INFORMATION
can fum & normal video image (8} In1d gne with
severe disioriion and ghosting (D).

alistic. Tt is something that should be
considered when deciding whether or not
you wish lo receive a scrambled premium
system.

However, digital scrambling may affect
video quality in a very different way.
Higher resolution, reduced video noise,
and reduced interference problems are
just some of the improvements possible
with digital-TV technology. That’s why
digital TV is currently such a hot topic.

All of those advantages could also be
passed on to the viewer of a digital-scram-
bling system, especially if the video were
viewed on a high-quality, high-resolution
monitor. Just as the order of assermbly
does not affect the way a completed jigsaw
puzzle appears, the scrambling/descram-
bling process would have no detrimental
cffect on the way the displayed video
would appear. In fact, onc proponent of a
digital video-scrambling system claims
that the improvement in the signal-to-
noise ratio over that of the baseband video
would be about 2 dB,

Next time

So far we’ve seen some of the many
different ways that programmers could
scramble their signals to prevent access by
unauthorized viewers. And we’ve exam-
ined those systems at the block-diagram
level. But what about the circuitry neces-
sary to implement those scrambling/de-
scrambling systems? That's our topic for
next time. R-E
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Who says a frequency counter must be big and
expensive? QOur little counter can measure signals inl®
gigahertz range, and it can be buiit for under $60!

THE PRICES OF VARIOUS TYPES OF TEST
instruments have been dropping like
ducks in a shooting gallery the past few
years. The latest victim is the frequency
counter, When digital frequency counters
first appeared in the early 1950's they were
very large. very expensive. and, by to-
day’s standards. very limited. However.
inexpensive LS1 frequency-counter IC's
and high-speed ECL prescalers have been
developed in the past few years,

Those 1C’s allow us to offer you a high-
performance, hand-held frequency coun-
ter for under $60, It can measure the fre-
quency of signals ranging from | iz to
1200 MHz, and i1 has sensitivity under 25
mV throughout most of its useful range.
In fact, using a 19-inch telescopic anten-
na, we can measure the output of a Wo-
walt, 146-MHz handic-talkie that is lo-
cated more than 20 feet away! Our fre-
quency counter has many other features
rivalling units selling for several imes its
price. Compleie specifications are shown
in Tabie I.

Deslgn Phliosophy

Cur main design objectives were o
produce a 1-GHz counter with good sen-
sitivity, and wilh minimal size and eost.
To meei those objectives we selected two
key pants: Intersil’s LS| frequency coun-
ter, the 7216D (IC1 in Fig. 1), and RCA's
ECL prescaler, the CA3179 (1C2).

The Intersil IC was chosen because il

L)

FRED HUFFT

contains ali the circuitry nec-
es5ary 1o count, generate gate
signals, latch data, and drive a
multiplexed LED display. It also
has an MIP (Measurement /n
Progress) output, and con-
trol inputs for decimal-
point placement and pate
time.

The second key pan is the
RCA CA3179 amplificr/pre-
scaler, It is an ECL pan with an
exceptional bandwidth of 1200
MHz and with excellent sensitivity.
As you can see in Fig. 2. the
CA3I79's 500-MHz input has a
sensitivity of about 10 mV ms
above 100 MHz. Below that fre-
quency, sensitivity is inversely
related 1o frequency, rising to
125 mV at frequencies below
about 2 MHz. As youcan se¢
in Fig. 3. the CA3I79’s
1200-MHz input is about
25 mV over the J00-
1000-MHz range.

The CA3179 requires a
single five-volt supply,
and it rusis barely warm 1o
the touch, That makes it the
only 1C of its kind we know of that
does nol run hot in normal operation.
Last. it is inexpensive and easy 10 find.

A few other inexpensive componenls
round out our frequency counter. Refer-
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TABLE 1—FREQUENCY COUNTER SPECIFICATIONS

Range

Gate time (fast)
(slow)

Resolution

Dhsplay

Sensitivity (1-10 MHz)
{10-1000 MHZ)
(1-1.2 GHz)
Accuracy

Timebase aging

Input impedance
Gate LED

Input conneclors
Input power

Optional battery pack
AC adapter and battery charger
input power connacior
Case

Size

weight

1=1200 MHz

0.25 second

2.5 seconds

100 Hz (fast gate time)

1000 Hz {slow gate time)

Eight 0.28-inch high, 7-segment LED
displays, common-cathode. Decimal
point incicates MHz. Leading zero
blanking.

100=150 mV rms

1-35 mV rms

10-150 mV ms

=1 PPM RTXO timebase,

=1 count in LSO

0.1 PPM month

50 ohms

lluminates during count

2 BNC female |acks

8-14 VDC. 150 mA, intemnally regulated

She AA Ni-Cd cells (7.2 volts)

9 VDC, 300-500 ma

Y4-inch |ack. centef postive

0.060-nch anodized aluminum

39x3,5% 1.5 linches)

8.5 oz. 13 oz with batlery pack
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N
PRESCALER LEVEL
SENSITIVITY AND TRANSLATION uc;m
(St AMPUFIER {ay
ie2 ]
1200-MHz - 158 o
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I T 4 e T T Sy FREQUENCY COUNTER [ Il |
o s A I P < P T ucs
8-DIGIT DISPLAY ] ) ,;v,
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TIME LED!
54 MEASUREMENT
Als | TN PROGRESS
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FIG. 1—BLOCK OIAGRAM OF THE FREGUENCY COUNTER reveals that only throe IC and a few
discrele components sre needed [0 produce a high.performance (-GHz countes.
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FIG. 2—RMS SINEWAVE SENSITIVITY ol the
CA3179's 500-MHz Input s m flat 15 mV from 100
1o 450 MHz.

ring back to Fig. |, the vutput of the pre-
scaler is fed through a level ranslator and
then 1o two D" flip-flops configured as a
dividc-by-four counter. We use a 741.874
dual-D flip-flip because it is inexpensive
and readily available, and because it uses

little power. RANGE swilch S2 allows you
10 select either the divide-by-four output
or the direct output from the prescaler.
Your choscn signal is then passed on to
IC), which processes it for output on the
LED displays, two fourdigit, common-
cathode, multiplexed displays with 0.28-
inch high digits.

The eircuit is powered by an external
AC adapier or an optional built-in Ni-Cd
battery pack {(which is trickled charged by
the adapter). Scparate switches are
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FIG. 3—AMS SINEWAVE SENSITIVITY of lhe
CAJ179'8 1200-MHz Input Is a isirly flat 25 mV
from 300 to 950 MHz2,
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provided to control sensmviTy (S1) and
GATE TIME (S4).

Circuit Description

Referring now to the complete circuit
diagram in Fig. 4, you can see that the
output of the CA3179 is fed through the
D1/QI circuit. Those componcnts serve 10
boost the 1-volt output of the CA3179 10 a
standard TTL level. Then, depending on
the position of RanGE switch §2-b, the
signal is passed directly to the 7216, or
through the divide-by-four circuit built
from the two D" flip-fops in IC3.

The other halfl of the RANGE swilch
(52-a) controls the voltage at pin 3 of the
CA3179. When pin 3 is high, the signal
applied to pin 9 is fed through an exira
internal divide-by-four siage before it is
amplified and output on pins 4 and 5.
When pin 3 is low, the signal on pin 13 is
simply processed for output without being
divided internally.

We use a 3.90625 MHz crystal for our
time base; the erystal yields a fasr gare
time of 0.256 second. The displayed fre-
quency equals the input frequency divid-
ed by 1000 in the fust mode. In siow mode,
gate time is 2.56 seconds. The displayed
frequency equals the input frequency di-
vided by 100 in the slow mode.

Swilch 54, GATE Time. perfornis wo
functions. First it selects the appropriate
gate time according 1o which digit output
of ICI the RANGE input is connecied to.
Another of the 7216’s Lnputs is also con-
molled by $4: the DP SELECT input. The
decimal point of the digit output to which
that pin is connected will be the one that
lights up. In our case, the cormect decimal
point illuminales, according to the posi-
tion of $4, 1o provide 2 reading in Mz,

Self-oscillation

Due to the high gain, balanced-input
amplifiers in the CA3179, self-oscillation
can occur with no input signal present.
The result is a random, constantly-chang-
ing counl. Although that does not affeci
the performance of the counter, it can be
distracting.

To settle (he display we added sen-
smvity switch S1 and the associated re-
sistors and capacitors. When the switch is
on, the RC neiworks climinate display
bobble. The difference in sensitivity var-
ies with frequency. For example, at 150
MHz, normal sensitivity is typically IS
mV rms, and high sensitivity 1s sbout 6
mV mms. But at 850 MHz. normal sen-
sitivity is typically 40 mV rms and high
sedsitivity is about 25 mV rms.

The smie output of ICI drives Q2, which
in wrn drives LED]. When it is illumi-
nated, a micasurement is in progress. The
LED goes out for & fraction of a second
between micasuremients.

For greatest accuracy, trimmer C8 can
be adjusted so that the oulput of the os-
cillator is exaclly 3 906250 MHz. For
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FiG. 4—SCHEMATIC DIAGRAM OF THE FREQUENCY COUNTER la a model of design simplicity.
Transizior Q1 snd asaocialed discrele components translate IC2% ECL output imto a TTL level for IC3

and 1C1.

greatest frequency stability, C7 should be
an NPO type, and C9 an N750. In ease
you're wondering, temperature causes al-
most no change in capacitance in an NPO
capacitor: the €apacitance of an N750 ca-
pacitor will decrease 750 pans per million
for each 1°C increase in lemperature.

The power supply is a standard 7805
circuit. [nput voltage can range from 9-14
volts DC; input should never cxceed 14
volts. Diode D2 protects the circuit from
an accidental reversed-woliage input.

Power input jack JI has a switch con-
lact. When no plug is present, the contacts
are closed, so the negative terminal of the
battery is grounded. When a plug is pres-
ent, R19 appears in the battery's ground
circuit; that resistor is what provides trick-
le-charging. With a 9-wolt input, a charge
current of 25-45 mA will be provided.
Charging occurs cven when POWER switch
$3 is off. You should ensure that charge
cumrent never exceeds 45 mA: adjust the
value of R19 if necessary.

The Ni-Cd battery pack specified in the
Pants Last is rated at 45 mA. This mcans
that a charge current of 45 mA will fully
charge a completely discharged pack in
about 14 hours, and thal the batteries
won’t be harmed by continuous ¢charging
at that rate {or less), For maximum battery
life and capacity. Ni-Cd's should occa-
sionally be “deep cycled™ several times
by completely discharging and then fully

recharging them. Thal should prevent a
discharge “memory™ from forming at
less than the full rated cutput voltage.
Voltage regulator |C4 provides a regu-
lated five-volt DC output when S3 is
closed. Regulated voltage is especially
important to the timebase oscillator, be-
cause, as the batlery's voliage varied
throughout its life, so would the frequen-
cy of the timcbase. Erroneous measure-
mcnis would result. With a good source of

FIG. 5—A BNC CONNECTCR must be moditied
as shown bn & 3o thal It can be soidered tothe PC
board as shown In b.

WWWW americanradiohistorv. comm

RESET  GHD WOLD

SEGMENT DRIVIRS

4 b c d r i gop
— - L

regulated vehage. however, the timebase
circuit should maintain * |-PPM stability
at room lcmperature. Both temperature
stability and accuracy are almosl totally
dependent upon the crystal used.

The counter circuitry by itself draws
about 120 mA: in combination with the
battery charger. about 150 mA will be
drawn. The optional Ni-Cd battery pack
should give up to 5 hours of continuous
operation, which is more than adcquate
for mast portablc requirements. In any
case, we recommend that your DC source
be able to supply at least 300 mA, for safe
and reliable operation.

That’s about all there is to the circuil—
s0 let's build a frequency counter!

PC board

For case of construction, we recom-
mcnd use of a double-sided PC board.
You can buy an ctched. plated. labeled.
and soldcr-masked board from the source
mentioned in the Parts List, or you can
etch you own board using the foil patterns
shown in “"PC Service.™

For flexibility, the PC layout has a
number of extra pads and holcs lo accom-
modalc capacitors of various sizes and
shapes. That applies to C2, C3, and C4,
and to trimmer C8. We designed a partial
micro-strip layout for the input connectors
(J2 and J3) 1o simplify assembly and to
approximate a 50-chm input impedance.

&, 9861 AT
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PARTS LIST

All resistors are Yi-waitt, 5% uniess ol h-
erwlse noted.

R1—510 ohms, carbon composition

R2. R4&—100 chms, carbon Compositon

R3—56 ohms. carbon COMposition

R5—1000 ochms

RE—220 ohms

R7—2,200 ohms

R8—22 ohms

RS-R14—10,000 ohms

R15--330 ahms

R16—22 megohms

R17—270,000 ohms

R18—20,000 chms

R19—82 ohms, 1/2 walt, 10%

Capatitors

€1, C2, C15—0.001 pF ceramic disc

€3, C4—-470 pF ceramic disc

C5—100 pF ceramic disc

€6, 10, C1a—0.1 ul coramic disc

C7—16 pF cerarmc disc. NPO

C8—1-23 pF thmmer

C9—29 pF ceramic diac, NT50

C11—10 pF. 16 volts. electroiytic

C12—220 uF, 25 volts, electrolylic

C13—100 uF, 16 voits, etectrolytic

Semiconductors

IC1—ICMT216D 1P unlversal frequency
counter {Intersil)

1C2—CA2179 ECL pre-scaler {RCA)

IC3—74LST4 dual *D" tip-flop

1C4—7805 5-voit regulator {FO-220 case)

Q1—PN3638A transistor (ECG159)

Q2—PN5139 transistor {ECG108)

D1SP1, DISP2—DL-4770, four-digit.
seven-sagment, common-cathode
mutiplexed display {Litronix)

LEDt—standard red LED

D1—1NS 14 switching dicde

D2—1N4001 rectther

Other Compaoanents

$1-54—subminlature DPDT slide switch

J1-——W-Inch power jack with swrich

J2. J3—~BNC conneclor, female,
bulkhead rmount, modrhed (sea toxt)

XTAL1—3.906250 MH2 crystal. parallel
resonant. 22 pF, HC-18 case.

Miscellanecus %" high by %" QD aylon

spacer. IC sockels, PC board, tase,

powet pack, etc.

Note: The tollowing Hiems are avallable

trom Optoelectronics, Inc., SB21 N.E. 14

- Ave., FI. Lauderdale. FL. 33334: PC

thoard {(no. PCB-1200H), $186; Kh Includ-
Ing PCB and all parts less cabinet {no.
1200HK), $59.95; Anodized cablinet
with red tens {no. CAB-1200H), $20;
Power sdapter charger {no. AC-1200).
$7.50: NI-Cd baltery pack {no.
NICd-1200), $20; Telescoping AF an-
tenna (no. TA-100), $12; Vinyl Zipper
case {no. CC-70), $10; 50-ohm 1 x pro-
be {no. P-100), $1B: Wired. tesled and
¢allbrated counter {no. 1200H), $110. In-
dividual components alsc avallable.
Florida resldents add 5% sales tax, All
orders add 5% for shlpplng and han-
dilng.

In addition. the PC board has two notches
at the top o accept modified BNC con-
nectors. and anoiher notch along one side
for the power-input jack I1. The notches
for the BNC connectors should be 0.365"
wide and 0.2507 dcep. The power-jack
notch should be 0.430" wide and 0.150"
decp.

Construction

Our frequency counter was designed
for quick and easy assembly: by following
the directions you shoyld have no trouble
building, 1esting, or calibrating the instru-
nient. We'll call the *'front” side of the
board the side that the switches and the
displays are mounted on.

First modify the two BNC connectors
as shown in Fig. 5-a. Using a hacksaw or a
modeling file, cul a He-inch slot beneath
the center post of the BNC connector,
leaving s of an inch bencath the flange.
Then solder each connector 10 the board
as shown in Fig. 5-b. The conncctors are
soldercd to the adjoining ground planes
on both sides of 1he PC board; that makes
the installation both strong and well
grounded. The center conductors of the
BNC connectors should also be soldered
ta the PC board now,

Next, on the back side of the board, as
shown in Fg. 6, install the low-profile
components (the diodes and resistors),
followed by the IC sockets, then the ca-
pacitors, eic. Be certain lo observe proper
polarity when installing the diodes, the
electrolytic capacilors, the IC sockets, the
battery conncctor, and, on the front of the
board, LEDI and the displays. By the
way, we found almost no difference in
performance with and without sockets,
but using thecm makes servicing easier.

Since the counter will be dealing with
rather high frequencies, RI-R4 and
C1-Ca should be installed with minimum
lcad length. Also, resistors RI-R4 should
be the non-inductive. carbon-composi-
tion type: the other resistors may be either
composition or film types. Capacitors
CI1-C4 should be small ceramic disk or
monolithic ceramic types. All input com-
ponents should be installed as neatly as
possibie.

To complete the back side of the board,
install the voltage regulator (IC4), trim-
mer capacitor C8, and all small capaci-
10rs, Bend the leads of the regulator so
that its body is parallel to the PC board. A
heatsink 15 unnecessary. Next install
power jack J1 and transistors QI and Q2.

Clean flux off the front side of the
board, and then install the switches,
DISP! and DISP2, XTALI, LEDI, and
R2, according to Fig. 6. The LED should
be mounted above a spacer ¥s inch in
length. The displays should be mounted
flush against the board. When installing

RADIC-ELECTRONICS
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FIG. 6—PARTS PLACEMENT DIAGRAM. mos! componants mount on the bottom of the board. The
swliches. displays, R2 and LED1 sre shown indashed lines; they should be mounted on (he opposite
side of Ihe board. The irads |o the battery altach lo the bottom side; BHC jacks J2 ard 13 should be
solderaed o both sides of the board.

the displays, the IC sockets, and any other
components with numerous solder con-
nections, it’s best to solder two or three

WwWwWw americanradiohistorv comm
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FIG-F- INCEALL %OMPOH-;N% ore In PIece, ciean the board snd check your work for any shorts or

opens.

FIG. 8—OMNCE INSTALLED IN 175 CASE, the
counler makes 8 neal. compacl. snd easily
transporiablé tes! Instrument.

pins, check for alignment. correct if nec-
essary, and only then solder the remaining
pins. A small piece of double-sided foam
tape should be piaced under the crystal to
insulate its case and to provide a shock
mount. Finally, install the electrolytic ca-
pacitors, C12 and C13, on the rear side of
the board.

Now clean the board and check it thor-
oughly for solder shorts and opens. When

you’re satisfied that the board is in good
shape, install the IC’s. Your board should
now appear as in Fig. 7.

Initial check-out

Set the SENSTIVITY swilch 10 NORM
and the QATE switch to FasT. With the
RANGE switch in either position, apply
power. The Gate LED should blink and
the display should indicate 000 with
leading digits blanked. Move the GATE
switch to the sLow position. The display
should now read .0000, and the Gate
LED should blink at & slower rate. Now
move the SENSMIVITY switch to HiGH; the
disptay should show a random. changing
count on both ranges.

I the display is dim of blank. remove
power, and make sure all IC’s are installed
comectly. If so, check the orientation of
all the diodes and electrolytic capaciiors.
Re—check the PC board for shorts and
opens if necessary. Finally, your power
source may be weak or dead, or a switch
may be bad.

WwWww americanradiohistorv comm

Callbration and final assembly

To calibrate the counter, let it warm up
for at least Y2-hour, connect a stable signal
of known frequency to the proper input
jack, and then adjust timmcr capacilor
C8 for proper display. Use the highest
frequency you can and the sLow gale time
in order to get maximum resolution and
accuracy.

Remember that a Counter's accuracy is
specified in PPM {Parts Per Million), and
if a reading is | PPM ligh at one frequen-
cy, the counter will read | PPM high at all
frequencies. At | MHz a 100 PPM error
would, in many applications, be insignifi-
cant. But a 100 PPM error at | k11z would
be quite significant. Socalibrale the coun-
ter carefully!

When it is calibrated, you €an mount it
in its case, see Fig. 8. If you use the casc
mentioned in the Pants List. the PC board
just slips into it. The BNC connectors and
the power jack should line up with the
holes in the case perfecily. Drop a red
plastic filter over the displays and then
screw the casc together. You're ready to
start using your 1.2-GHz frequency coun-
ter now!

Usage hints

Keep in mind that the counter requires
only a few millivolts 0 make an accurate
reading—seldom more than about 50 mV.
Inexperienced users commonly overdrive
the frequency counter—and that could
cause crroncous readings or circuit
damage. Signals of several wolts or more
should be loosely coupled by a small ca-
pacitor or picked up inductively by a loop-
type probe or anienna. When connecting
the frequency counter directly to a circuit,
use a I0K series resistor 0 reduce ringing
and to lighten the load on the test circuit.
Other than following those simple precau-
tions, you should have no trouble using
the counter.

Since the the price-to-performance
ratio of this circuit is so good, you may
want to install one permanently in a piece
of equipment such as a ham rig or a com-
mercial radio transmitter. That way you
could have a continuous indication of out-
put frequency. and any drift could be cor-
rected before it caused interference to
stations transmitting on nearby frequen-
Cies.

Or, for a very handy and versatile piece
of test gear, you could combine our circuit
with an inexpensive function generator in
a single cabinet. Also. it would be easy to
adapt our circuit for automotive or marine
use. If you do. be sure to wire a ¥i- to }5-
amp fuse in series with the counter’s
power input line.

As you can see, our frequency counter
is 50 inexpensive and so easily adaptable
that new applications for it seem to sug-
gest themselves! You'd better start build-
ing several—you'll use ‘em before you
know it! R-E
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CIRCUIRS

RADAR
SIGNAL
DETECTOR

If you think that a sensitive
radar detector is a
complicated and expensive
piece of equipment, have we
got a surprise for you!

GREGORY HODOWANEC

RADAR DETECTORS ARE USUALLY COMPLI-
cated and expensive devices, but a sim-
ple, yet effeclive, detector can be builtina
small plastic case for less than ien dollars!
The circuit. which can be luned lo re-
spond to signals between 50 MHz and 500
GHz. is a moditied version of the author’s
gravity-wave detector presented in April’s
issue. We'll acwually present two different
circuits, an “economy” and a “deluxe”
maodel.

How they work

The economy model’s schematic is
shown in Fig. I, and the deluxe modcl’s
schematic is shown in Fig. 2. The main
differcnoe between the Iwo circuils is that
the cconomy model simply drives a
piczo-clectric transducer direcily from an
op-amp, while the deluxe model uses an
LM386 audio power ampiifier to drive a
small speaker. Doing that allows the exira

£z PIEZD
05 TRANDUCER

AA

Ty
a
100.F i
sy | YooK

F1G. 1—THE ECONOMY RADAR DETECTOR
needs only one IC and s few discrele compo-
nents.
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FIG. 2—DELux§ RADAR'DETECTOR adda 8 butter amplifier and angaudio power amp o drive 8

speaker.

op-amp stage to be used for additional
buffering, and that makes for a more sen-
sitive detector.

The first op-amp in each circuit (IC1-a)
funclions as a current-to-voltage conven-
er. Then, in the economy model (Fig. 1),
[C1-b buffers the output to drive the piezo
buzzer. Polentiometer R5 sets the switch-
ing threshold of IC1-b: normally it is ad-
justed so that the circuit barely triggers on
background noise, then it's backed off a
bit. That should provide plenty of sen-
sitivity 10 incident RE.

Resistors R3 and R4, and capacitor C4,
senve 1o “sphit” the supply volttage. To get
more sensilivity from the detector. those
components could be eliminated and twuw
series-connecied nine-volt batteries used
instead. In that configuration, the junc-
tion of the batteries would be connected to
the point where R3, R4, and C4 now
meel. Altematively, for itnobile operation,
twelve volts could be 1apped from your
car’s cigaretie-lighter jack.

The deluxe model functions in a similar
manner, except that IC1-b is configured as
a %20 buffer amplifier to drive the
LM386. Potentiometer R2 adjusts thresh-
old here, and potentiometer RS functions
as a volume control,

In both circuits, input capacitor Cl
functions as a "transmission-hne” that
intercepis both electrical and magnetic
components of incident radar signals.
While it is a low-Q circuit (it is very broad-
band), the response may be further op-
timized by trimming CI1's lead lengths for
the desired frequency, as shown in Fig. 3.
To detect typical road-radar sysiems, the
input capacilor's leads should be about
0.5-0.6 inches leng,

In both Circuits the detector provides a
"ringing.” or slowly-decaying output
with a resonance of about 400600 Hz for
the component values shown. Feedback
resistor R1 may be adjusted for another
“ring” frequency, if desired.

WWWwW americanradiohistorv comm
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FIG. 3—VARY THE LEAD LENGTHS OF C1 to
tune the Inpul circuit.

Construction hinls

Whichever delector you choose, build
it in a non-metallic case so that incident
RF won't be blocked. However, make
sure that only R1 provides feedback ta the
detector’s input. Since the gain of the de-
tector is so high, unwanted feedback can
force the input stage into continuous os-
cillation, rather than the “ringing” os-
cillation that decays in time. Should
unwanted feedback become a problem, a
small capacitor (0.005-0.01 pF) across
resistor R4 may help, as may a 200-500
pF capacitor across the battery.

Perfboard construction is preferable to

“PC-board construction because reduced

wiring capacitance and the absence of &
ground planc will reduce the chance of
unwanted feedback, Likewise, it's better
to use a small shielded speaker for output
because magnelic (and gravitational) en-
ergy from the speaker could feed back to
the input. So kecp Cl as far from the
speaker as possible.

The detecter shouid perform properly
with little adjustment. Afier applying

continued on page 97
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High-power
FET STEREO AMP

Qur amp$ high-power output, fow distortion, and easy construction make it a-must for
audiophiles who demand the very best!

LEO SIMPSON AND JOHN CLARKE*®
P t LAST MONTH WE DIS-

a r cussed how the phono
preamp and the analog switching sections
of our amplifier work. Let's go on now
and examine the volume/lone/balance cir-

cuit, the power amps, the speaker switch-
ing circuir, and the power supply.

Volumestone control circuit

Whichever source is chosen to drive the
amplifier, the signals from that source go
through several stages of processing.
Let’s look at cach in mam.

The output of analog switch 1C2 is fed
to 1C108, shown in Fig. §. which func-
tions simply as a high-impedance, unity-
gain buffer that drives the volume control,
R110, and the STEREO/MONO switch, S11.

The wiper of the volume control is fed
to ICI106, another NESS344A, that is con-
nected, in this case, as a nen-inverting
amplifier with a gainof §.7. In addition to
that gain, the op-amp provides a low-im-
pedance source to drive the tone-control
circuit.

*Adapted from matenal putxished by Electronics
Auslralia

We use yet another NE5534A 1n the
tone-control stage; that op-amp is config-
ured as a negative-feedback unity-gain
amplifier when the pass (R108) and Tre-
BLE {R109) tone controls are sel to their
flat (mid-position) settings. Both BAss
and TREBLE controls operate with a "“con-
stant-turnover, variable-slope” charac-
teristic. Slope refers to the amount of
boost or cut the circuit applies, and is a
maximum of 6dB/octave for our eircuit.
Tumover refers to the frequency at which
boost or eut occurs; our circuil uses a
tumaver frequency of 1 kHz for both bass
and treble control circuits. When the
wiper of the BASs control is rotated toward
the input side of the ap-amp, gain below |
kHz is increased; similarly, the TREBLE
control causes the gain of frequencies
above 1kHz to increase.

The tone-control amplifier drives the
BALANCE and MUTE controls viaa 6.8 pF
non-polarized electrolytic capacitor. The
mute circuit is a 20-dB attenuator com-
posed of R141 (680 ohms) and R142 (68
ohms). The attenuator is switched into the
circuit by 83, mute.

By the way, the NE5534's are bipolar

WwWwWw americanradiohistorv comm

op-amps that have higher input offset volt-
ages than FET-input types like the TLO7I.
Smce we are using the NESS34's in gain
stages, offset error is multiplied and there-
fore appears as a large DC offset at the
output of the IC, The same problem oc-
curs with the phono preamplifier. That’s
why we use non-polarized DC-blocking
capacilors following each NE5S534A,

Power amp

Moving on to the power amplifier,
shown in Fig. 6, let's discuss a little of our
design philosophy before getling into the
actual circuit details. Qur design, which
is based on Hitachi application notes, did
not come easily. Indeed, most of the de-
veiopment of the amplifier as a whole
revolved around the power amplifier.

We 1ried many different circuits in
many different configurations. Some
were completely symmetrical designs
with double-differential input stages and
50 on. We tried cascode driver stages and
source degeneration in the MOSFET out-
put stages. We also tried varying the driv-
er stage currents to obtain the best overall
distortion and slew rate,
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FIG. 5—THE YOLUME TONE/BALANCE-CONTROL CIRCUITRY sliows for =6 dB of treble or bass

boast or cut, volume and balance controb. muting. and sisrec'monc seleciion.

After all that we concluded that
Hitichi’s design was the best overall for
both simplicity and performance. And we
discovered one rather surprising fact: per-
formance of the power amps is quite de-
pendent on the layout of the printed circuit
board. In fact, even subtle changes in
layout made quite dramatic reductions in
distoriion. We’ll present what we believe
is the best layout next time. But for now,
let's sce how the power amplifier works.

The BALANCE control {shown in Fig. 5)
is coupled 10 the power amplifier via a
I-wF non-polarized capaciter. Strictly
speaking it should be possible to omit that
capacitor because CI28 (ihe 6.8-uF ca-
pacitor at the cutput of ICI)7) should
block residaal DC across the balance con-
trol. However. if C129 were eliminated,
QI05's bias current could flow through the
balance control as well as through RI145,
QI105’s 22K base-bias resistor.

By itself that would be harmless, but
the signal presented to the power amplifier
would vary as the BALANCE control was
rotaicd. In addition, whatever DC offset
was present al the input would be ampli-
fied, and would lead to an increase in the
residual DC voltage at the output of the
power amplifier. Hence, the output of the
push-pull amplifiers composed of
QI11-Q112 and Q113-Q114 would be-
come unbalanced. so output distortion
could resull,

Also,CI129, R144 and €130 function as
a low-pass filier that removes signats in the

RF region. Resistor R144 functions as a
“stopper”’ that reduces any tendency, on
the part of the amplifier. to oscillate super-
sonically. For full power outpui the input
to the power amplifier should be about 1.5
volts rms.

Transistors Q105 and Q106 form a dif-
ferential pair, and Q107 acts as a constant-
current “tail.” By virue of diodes D101
and D102. the base-bias applied to Q107
is about 1.3 volts. That sets the current
through QI07 at about enc milliamp; that
current is shared equally by Q104 and
QI06. And, as in the RIAA preamp cir-
cuit, the constant-current source improves
the PSRR of the amplifier.

The balanced output signals from the
colleclors of transistors QI05 and QI06
are coupled 1o a second differential ampli-
fier, consisting of Q109 and QI10, which
forms a *"current mirmor.” a circuit often
used in IC op-amps. The current mirror
helps us obtain higher gain from the
stage, as well as better linearity over the
full range of output voltage. [n fact. the
current mirror gives a greater voltage
swing than could be obtained with a sim-
ple class-A driver slage with a boot-strap-
ped collector load.

Transistors Q108, Q109. and Q110 each
has a2 maximum collector voltage rating of
250 volts: they are intended for use as
class-B video-driver stages in television
reveivers. That voltage rating in conjunc.
tion with their 100-Mhz gain-bandwidth
product and good beta linearity over a
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wide range of operating currents makes
them ideal for use in a low-distortion au-
dio driver stage.

Those two discrete differential ampli-
fiers provide all the voltage gain of the
power amplifier; the MOSFET output
transistors are operated in source-follower
mode, which gives slightly less than unity
voltage 2ain. No source degeneration re-
sistors are used in the QuUIpul transistors.
We found that we were able to dispense
with those resistors and thus gain lower
distortion.

Nor does there appear (o be any need to
take measures to ensure current sharing
between the parallel-connected
MOSFETs (by using small source re-
sistors). In practice, if one MOSFET be-
comes warmer that its partner, its
wransconductance (gain) is reduced ac-
cordingly; thus it is lemperature-compen-
sated automatically.

The 500-ohm trimpot, RI56, con-
nected between the collectorsof Q108 and
Q110 sets the bias applied 1o the MOSFET
gates; that bias determines the quiescent
outpul current. The amount of current is a
compromise between minimum distertion
and outpul-stage power dissipation. Since
the power amplifier employs a % 65-volt
power supply, even a small current results
in high power dissipation. So quiescent
curment must be set carefully.

Zener diodes D106 and D107, in com-
bination with 0104 and D105, determine
the maximum voltage that can be deliv-
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F1G. &—THE POWER AMPLIFIER is built around two discrete bipolar ditfesentis| amplifiers and power

MOSFETS for oulput drive.

ered to the output transistors. Any signal
in excess of % 10 volts will be clipped. In
that way the diodes form an effecti ve over-
drive circuit and prevent excessive power
dissipation in the event of a short circuit.
The gate of each output transistor has a
series-connected 220-chm resistor that
functions as a “stopper™ to prevent RF
oscillation. Fuses are included in the out-
put-transistor supply lines to protect the
speakers should the output tronsistors fail.
The fuse clips also provide a convenient
way of measuring current (or volage,
when they are replaced by resistors) for
trouble-shooting or seiting the quiescent
current.

Voltage gain of the power amplifier is
determined by the ratio of the 22K and the
1K resistors (R155 and R156) at the base
of Q106. The lower cutoff-frequency of
the circuit is determined by 47 pF capaci-
tor C132; that capacitor s in series with
1K resistor RI5I.

A final refinement involves the RLC
network (L101, R164, and C143) in the
output circuit. Thal network is used to
render the amplifier unconditionally sta-
ble. We use a toroidal aircore inductor in
that network, as a solid ferrite core can
give rise (o distortion, particularly when
the amplifier is delivering a great deal of
power.

It is necessary 10 use a special capacitor
in the outpul network. We originally in-
stalled metallized polyester capacitors for

C143 and €243, but found that high power
operalion of the amplifier caused them to
fail quickly; they developed shon-cir-
cuits. However. we found that dual di-
electric (mixed paper and polyester)
capacitors, normally specified for power-
line interference suppression, work fine in
that circuit. See the Parts List for more
information.

Speaker switching

The main and remote loudspeakers are
controlled with two relays rather than an
expensive, high-current 4-pole switch.
The relays also simplify wiring require-
ments, as we don’t need to run heavy
loudspeaker wiring to and from the front-
panel SPEAKER SELECTER switch, $12. In-
stead, 512 controls the coits of the relays,
so only low-curment wiring is required for
that connection.

The DC supply for the relay coils is
supplied by the loudspeaker protection
circuiiry discussed below. When no fault
is present, the output of that circuit goes
high, and that energizes the coils of both
relays, through resistors R4 and RS. Di-
odes D2 and D3 quench the EMF spike
that is generated when the relay coil is de-
energized.

The moving contacts of the relays con-
nect o the loudspeakers while the unused
stationary contacts are grounded, The rea-
son for this is that, if a large DC vohage is
generated in the amplifier by a fault con-
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dition. an arc is likely to resuli as the
moving contact opens the circuir. So, as
the contact moves to the “de-energized™
position, that arc will be more likely to
flow to ground than back into the circuit
causing damage.

However, becausc of the high supply
voltage used in our amplifier, an arc could
be maintained even if the relay contacts
were fully open. H that does occur, the
power amplifier fuses will blow. There is a
very slight chance that the amplifier itself
could be damaged, but it is cheaper to
repair an amplifier than o replace a loud-
speaker.

Headphones

One small drawback to using the relays
for loudspeaker control is that the head
phones are permanently connected to the
amplifier. They are not muted at power-
on, but they are protected from DC faults
by the 330-ohm feed resistors (R112,
R212), which will limit any fault current
to a safe amount.

The lack of muting is a problem since
the phono preamplifier takes o litlle while
to stabilize. Duting that time the amplifier
is liable to cmil some unpleasant sounds
via the hcadphones if the volume centrol
is advanced.

We solved that problem with the net-
work attached to 1C2 {shown in Fig. | last
time). the analog switch that controls lape
monitoring. That IC has an winB pin
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All resistors ¥-watt, 5% unlass other-
wise slated.

R1, R3—10.000 ohms

R2—220,000 ochms

R4, R5—47 ohms. ¥ watt

R6-RY. R11-R14. R16, R18—100,000
ohms

R10. R15, R17, R18. R100. R102, R104,
R158, R163, R165, R167. R200, A202,
R204, R258. R263, R265, R267—470
ohms

R20. A21, R22, R23, R146—22.000
chms, ¥ watt

R24, R25, R101, R103, R105, R166, R168,
R201, AR203, R205. R266, R268—
56,000 ohms

R26. R121, R129, R132, R134, R229,
RA231, R232, R234— 270,000 ohims

R27, A28, R130, R144, R228, R230,
R244—2200 ohms

R28, R159-R162, R259-R262—220
ohms

R29—130 ohms

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

R32—1500 ohms

R33-R99, R169-R 198, R269-R299—un-
used

R106, R206—150.000 chms

R107, R207—300,000 chms

R108, A208—100,000 ohms., potentiome-
ter

R109, R209—25,000 chms, linear poten-

tomeater

R110, R210—50,000 ohms. loganthmic
potentometar

R111, R211—10,000 ohms. linear potentl
amater

R112, R212—330 ohms

RAN13, R213—150 chms

R114, R214—180,000 ohms

A115, RM15—68.000 ohms

R116. R117, R216, R217—820 chms

R116, R123, R218, R223—38 chms

R119, R219—1200 ohms

A120, RZ20—2700 ohms

R121, R221—390 ohms

122, R222—82 ohms

R124, R224—3900 ohms. 1%. metal film

R125, R225—47,000 ohms. 1%, metat
film

R126. R226—10 ohms

RI127, R227—4300 obms

R133, R135, A149, R{150, R233, A235,
R249, R250—4700 ohms

R137, R138, R143, R145, R148, A15S,
R237, R238. R243, R245, R246. R248,
R255—22.000 ohms

R139, R140, R239, R240—3900 ohms

R141, R147, R241, R247—680 ohms

R142. R232—68 ohms

R152. R252—12,000 ohms. 1 watt

R153, R1%4. R157, R253, R254, R257—
100 ohms

R156. R256—-500 ohms, timmer

R164, R264—6.8 ohms, 1 wait

Capacilors

C1, C14-C22, C116. C120—10 wF. 50
volts, electrolytic

that opens all switches. The network con-
nects to that pin and simply prevents sig-

PARTS LIST

C2, C3—0.047 uF, potyester

C4, C5—47 uF. 50 volts, non-polanized

CE&—100 wF, 16 voits. electrolylic

C7—0.01 uF. 250 volts. polyester

C8-C11—8000 pF, 75 volts. slectroiytic

C12, C13—1000 uF, 25 votts, slectrolytic

C23-C99. C144=C199, C214, C225,
C226, C244-C299—unused

C100, C200—0.082 uF, polyester

C101, C107, C113, C142, C201, C207,
C213, C242—0.% pF, polyester

€102, C202—47 wF, 25 volis, etecirolytic

€103, C203—100 pF. ceramic

C104, C204—0.0033 uF, polyuster

C105, C205—220 uF, 16 volts, eiectrolytic

€106, C112, C208, C212—100 uF, 25
volts, electrotylic

C108, C208—10 pF, ceramic

C109, C209—0.018 uF, 2%, polyester

C110, C216—0.068 uF, 2%, potyestar

Cin, C211—-2.2 uF, 50 wolis, non-polar
ized

C112, C212—100 uF, 25 volts, electrolytic

C114—10 uF, 25 wolts, electrolytic

C115, C215—10 uF, 50 volts, non-polar-
ized

C117, C217—0.056 pF, polyester

C118—2200 pF. 16 voits, electrolytic

C119, G127, C219, C227—18 pF, ceramic

C121, C221—50 uF. 50 volts, non-polar-
lzed

C122, C222-—0.01 uF, polyaster

C123, C124, C223, C224—0.0047 uF,
polyesier

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

€123, C229—1 uF. 100 volts, non-polar-
ized

C130. C230—330 pF, ceramic

C131, C2311—0.015 uF, 250 wvolts, poly-
esler

C132. C232—47 uF. 25 wolis

€133, C233—15 pF. ceramie

C134, €138, C234. C238—100 uF, 100
voits, elact

C135, C136. C139. C140, €235, C236.
C239, C240—0.22 uF. polysster

€137, C141, C237, C241—22 uF. 100
volls, electiolylic

€143, C243—0.15 nF, 250 volts, duak-di-
electic (Philips type PKT-P)

Semiconduciors

IC1, {C2—4052 4PDT analog switch

IC3-1IC6—4011 CMOS NAND gate

IC7—74C14 CMOS hex Schmitt trigger

IC8—4013 CMOS duat D tip-flop

IC9—7815 15-wolt positive reguiator

IC10—7805 5-voll positive regulator

IC11—7815 15-voit negative regulator

IC12-1C99, 1IC105-1G199, 1C205—
1IC299—unused

IC100, 1C102. 1C103. 1C105, 1C200,
1C202, IC203, IC205—TLO71 low-noise
0p-amp

1G101, 1G106. 1C107, 1C201, 1C206.
IC207—NESS534AN bipolar op-amp

1C104, 1C204—4053 CMOS triple SPDT
analog switch

BR1—400-volt, 10-amp bridge rectfier

Al power-on Cl is a virtual shert-circuit.
This means that pin 6 is pulled high, so all

D1, D4-D17, D23. D101-D105.
D201-D205—1N914

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

D24-099, D110-D199, D210-D299—un-
used

D100, D200—1N752A, 5.6-volt, Y-walt
Zener diode

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

LED#-LEDS—Siandard red LED

o1, Q3. Q4—BCH47

Q2—B(C557

Qs—BC327

Q6098 ON5—Q199, 0215-Q293—un-
usad

Q100-Q103, Q200-0203—2SC2545

Q104, Q204—2N5485

Q105-Q107. Q205-Q207-—BC556

(108, Q208-BF470

Q109, 110, 0209, Q210—BF469

11, Q112, Q211, Q212—2SK134

Q113. Q14, 0213, 0214—25J49

Other components

Bt, B2—S5ize AA Ni-Cd battery

F1, F2—Fuse, 250 volts, 5 amps

J1—Stareo headphona jack

J100-4103, J200-4203, J104-J107,
J204-1207—RCA Phong jack

J108-111, J208—J211—speaker con-
necors

L100, L200—see text

L10%, L201—6.8 pH

P1, P2—39-pin SiP plug, 0.1-" centers

RY1, RY2—0DPDT relay

S$1-89—SPST normally open, momen:-
1ary contact

S10—DPST toggle

S11—SPST toggle

S12—2P4T rotary

S$13—SPST toggle swich, 250 voits AC

T1—117 VAC primary, dual secondaries’
a0 VCT and 30 VCT

Miscallaneous: Battery holder for B1 and
B2, PC-mounl fuse clips. Femte beads.
1M-mim X 25-mm coil forms

Nol#: The following componenis are
avalilable trom Dick Smith Eiecironics.
Inc., P.D. Box 8021, Redwood City, CA
94063; B00-332-5373 (orders) 415-368-
8844 [inquiries). Complete kit of all
parts (No, K-3516) Including PC
boards, heatsinks, screened fronl snd
rear paneis, and ransformer T1, $299
plus $10 shipping. Separate compo-
nenta: set of two PC boards (No. KH-
0108), $49.00; 25C2545 lransisior {No.
KZ-1683), 50.39 sach; 25K134 tran-
sistor {(No. Z-1815), $4.50; 25J49 tran-
sistor {No. Z-1816), $4.50; tranaformer
T1 {(No. KM-2000}), $57.00; case Includ-
ing panels and heatainka (No. KH-
2700), $115. All component orders
must add $1.50 for handling plus §% of
total price. Calitfornla residents must
add 6.5% sales 1ax. Orders oulside
U.S. musi bhclude U.S. flunds and add
15% of total price for shipping.

more pleasant headphone listening.

nals from the preceding stages from  the switches in the IC arc open. Then, as  Loudspeaker protection circuit

passing on for a second or two at power- the capacitor charges, pin 6 15 pulled low, A portion of the signal from each chan-

on. and signals can pass on to succeeding nel’s power amplifier is fed to the speaker
The muting network works as follows. stages. The delay that results makes for  protection circuit shown in Fig. 7. The
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protection circuit does not protect the am-
plifier—it protects the loudspeakers. If a
fault occurs in the amplifies that results in
a large DC voltage at an output, a loud-
speaker could be severty damaged. The
loudspeaker protection Circuitry prevenis
that fromn happening by de-cnergizing the
relays thai control the loudspeakers when-
ever an excessive DC voltage is sensed at
the output of a power amplifier. The pro-
tection circuit also de-energizes the relay

if a large low-frequency signal is pre-
sented 1o the circuit for an extended period
of time. That could happen for a varicty of
reasons, for cxample, if the amplifier be-
came unstable and began to motorboat.

Both power amplifier outputs are
monitored via a low-pass network consist-
ing of the four 22K-phm resistors
(R20-R23) and the two 47-pF non-polar-
ized capacitors (C4 and C5). The two ca-
pacitors render the protection circuit

WWWwWw americanradiohistorv comm

immune (o normal output voltages. But if
one of the amplifiers develops an exces-
sively negative DC voliage, Q1 will wm
on. That ams on Q2 and removes the bias
voltage from Q4; that in tum switches off
Q5 50 that nu power can be fed through S4
(shown in Fig. I} the speaker-selector
switch that controls the colls of the relays.
By the sanw token. if unc of the power
amplifiers develops an excessively
positive DC voltage, Q3 will be forward
biased. That again removes the bias from
Q4 and Q5. preventing power from reach-
ing the switch that controls the operation
of the relays.

Noke that the protection circuit is effec-
tively fail-safe. If a malfunction prevents
the relays from operating. the loud-
speakers will be disconnected from the
amplifier, so they will be safe from any
potential damage,

Muting

The loudspeakers are muted (i. ¢., the
relays are disconnected) for three seconds
after power-on. That works as follows.
When power is first applied. the 15-volt
supply to Q5 is available atmost instantly,
but Q5 is unable 10 turn on because the
base of Q4 is at ground potcnrizl, so it,
too, is off.

The reason Q4 can't tum on is that its
base is supplied via 56K resistor R25.
That resistor is supplied by 100 wF capaci-
tor C6, which is i short circuil at power-
on. After power-on, C6 charpes slowly
via 270K resistor R26. Eventually Q4
tumns on. so Q5 can tum on and cnergize
the relays.

Switch-off thump

Another problem we faced was a loud
thump from the loudspeakers whenever
the amplifier was tumed off. Afier investi-
gation, we discovered that thc problem
was caused by the rapid collapse of the
+ |5V supply. which supplied the op-
amps in the preamplifier stages enough
juice to give a thump before the output
relays released. If uncorrected, such
thumps could eventually damage the
speakers.

The solution was 10 isolawe the op-amp
supply. We did that by installing a IN4002
diode (D22, shown in Fig. 8) in series
with the -+ I15-volt supply line, and by
increasing the value of decoupling capaci-
tor C118 by IC106 {the tone-control driver
in Fig. 5) from 10 to 2200 wF. That large
capacilor keeps the op-amp energized un-
til the relays open. Hence, no switching
transient con get through to the speakers,
preventing the switch-off thump.

Power supply

The schematic of our power supply is
shown in Fig. 8. In order to reduce induc-
ed hum, AC is provided by a dual-second-
ary toroidal transformer. shown in Fig, 9.

continued on page 74
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MARTIN CLIFFORD

In this, the first instaliment
of our new, occasional series
about the early days of radio,

we fook at the original
“solid-state” receivers.

DID YOU KNOW: THAT SOLID-STATE ELEC-
tronics can trace its roots back to 18357
That radic signals can be demodulated
using sulfuric acld or nitric acid? That oil-
filled varfable capacitors were once used
in radio receivers? That a single crystal
detector can be used as a radio receiver?
That there are some radio recejvers that
never need to be turned ofl, have no on/ofl
switch. and do not require battery or AC
power? Or that lenzite, zincite. bornite,
tellurivum. and chalcopyrite are ail semi-
conductors?

WwWwWw americanradiohistorv comm

Most of us believe that the age of solid-
state electronics began with the invention
of the transistor; Bardeen and Brattain of
Bell Laboratories produced that first crys-
tal triode in 1948. However, lost in the
mists of history is the fact that true solid-
state receivers have been with us since
about 1918.

In more recent times, the term solid-
state has been so firmly associated with
germanium, and subsequently with sil-
icon. that no one should be blamed for
thinking that those are the only materials

Early Days of RADIO
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suitable for use in semiconductors. Yet
there arc numerous maierials that are just
as suitable. Among them are carborun-
dum (silicon carbidc); galena (a crystal
sulphide of lead); molybdenum; lenzite;
zincite {an oxide of zinc); tellurium; bor-
nite (a sulphide of tron and cooper); chal-
copyrite {also known as copper pyrites);
and cerusite. Except for carborundum, a
manufactured material also used as an
abrasive, all are materjals that are found in
nature.

Early solld state

The fact that certain materials have rec-
tifying properties (that is, they allow cur
rent to low in one direction only) has been
known since 1835, thanks to the research
of one Munk Af, Rosenshold. At the time
a laboratory curiosity, his discovery was
largely forgotten until it was uncarthed
again by F. Braun in 1874.

However. a practical use for that discov-
cry was not found until many years later. It
came at at time when interest in radio was
heating up and many early experimenters
had radio setups in their attic or basement
workshops.

Recrifiers are key components in sim-
ple radio detectors. Along with vacuum
tubes, early experimenters turned to sol-
id-state rectifiers made from one of the
substances that exhibit natural rectifying
propettics. Since most of those sub-
stances are crystalline in nature, such rec-
tifiers were called crystal detectors; radi-
0s that used such detectors were called
crystal radio sets, or simply crystal sets,

The simplest radlo

Early vacuum-tube rectifiers, such as
the UX-201A and UV-199 triodes. cost
about $15. Since 515 a week was consid-
cred good pay for a workman back then,
and since crystal detectors ¢ost only a
small part of that amount, many experi-
menters tumed to crystal sets. Such radios
were among the simplest possible, con-
sisting of just a crystal detector and a
headset. See Fig. .

The crystal set of Fig. | has its virtues,
but it also has plenty of faults. Selectivity
i non-existent; after all, that radio has no
tuning circuits. So whatever the radio re-
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-«+——— LEAD-IN
«——— CAYSTAL MDDE DETECTOR

-+——— FARPHDNES (HEADSET}

I =——— GROUND

FiG. 1—THE SIMPLEST CRYSTAL RECEIVER
conglsts of an antenna. a detecton headphones,
and a ground,

HEADPHONES

CRYSTAL DET.

SiNGLE-SLIDE
TURING COIL

b

FIG, 2—T0 IMPROVE SELECTIVITY a atide-
tuned coll can be used (see 8} The schamalic of
a crysial set thai used such a coll ls shownin b,
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TUNING vl

con 1
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FiG. 3—FOR EVEN GREATER asleclivity, re-
caivers with double-slide-tuned coils were de
veloped {8). The achemaiic of such a sel in
shown in b. Note the inclusion of g capacitor
across the headphones. s purposs was to by-
pass the RF carriet.

ceives is what you hear—the strongest
signal dominates, and all the rest provide
background noise.

The carliest effort at improving selec-
tivity was 10 add a tuning coil Iike the one
shown in Fig. 2-a. That coil consisted of
enamel insulated wire wound on a round
form; experimenters often used cylin-
drical oatmeal boxes as the ¢oil form. The
amount of inductance could be selected
using a metal slider. The tuning method
was crude, but the radio eircuits that in-
cluded that coil (see Fig. 2-b) did offer at
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least sonie improvement over those with
no tuning at all.

Another problem was that the output of
the crystal detector consisted of both an
audio signal and an RF carrier, both were
passed direcily to the headphones. Subse-
quently, a small capacitor was placed
across the headphones to bypass the RF
carrier,

Also, it was found that selectivity could
be further improved by adding a second
slider to the tuning coil. The radio shown
in Fig. 3-a incorporates both those im-
provements; the schematic for that circuit
is shown in Fig. 3-b.

Improved designs

As time went on, various methods were
used to improve tuning. In one arrange-
ment, shown in Fig. 4-a. the single-slide
tuner was used as the pnmary winding of
an RF transformer. The secondary wind-
ing, which was tapped, was wound on a
form that could travel into the primary by
means Of a pair of rods. That resulted in
triple tuning. The primary was wned by
the single slider; coupling was adjusted by
moving the secondary in or out of the
primary, and finally, the appropriate sec-
ondary tap could be switch selected by the
operator. The schematic for the circuit is
shown in Fig. 4-5.

Since most crystal radio receivers are
*powered” by the radio signal jtself, they
require no voltage supply or batiery. (They

FIG. 4—IN THE CRYSTAL SET SHOWN In a the
slide-luned coii ls used as the primary ol an RF
transformer; the secondary had muttiple taps
and was wound on a form that ¢ould be moved
In 1o or cut of the primary. The schemalic of the
clrcuit Is shown in b.
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FIG. 5—BATTERY POWER was nseded In crys-
tal sels that used carborundum delectars.
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FI3. B—BECAUSE OF THEIR LOW OUTPUT,
some sorl of amplificalion way often used with
carborundum sefs. Here. g popular mechanical
amplifier of the lime iy ahown.
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FIG3, 7—THE SELECTIVITY OF CRYSTAL SETS
was further Improved by the addition of s varla-
ble capacitor. Here two designs, one (s) Using &
sing-alide-tuned coil. the other {b) a double-
alide-tuned coil, are ghown.

also require no on/off switch.) However,
that is not always the case.

One detector that was popular for a
while was made from carborundum. As
you can see in Fig. 5, a receiver design
using that detector required a voltage
source. Further, the output of the detector

was weak. Those two faclors eventuatly
caused the carbonindum detector to fall
out of favor, but not before it gave rise 10
some interesting circuit innovations.

One of those was the concept of the
amplificr. The early amplifier shown in
Fig. 6 was a mechanical one known as the
Brown amplifying relay. The leads identi-
fied as A and B were connecied 1o the
output of the detector. The signal current
through relay coil mi caused relay arma-
tre v 1o vibrate, thus varying the magnel-
ic field around winding w2 of the second
relay. That caused the current supplied by
the batiery to be varied at an audio rate.
That current flowed through the head-
phones, producing sound. In some in-
slanices a series arrangement was uscd; the
current from the battery drove still another
mechanical smplifier.

The need for clumsy tuning coils was
finally eliminated through the use of a
variable capacitor, then known as a con-
denser. For a while, however, variable ca-
pacitors were used in conjunction with
single- and double-slider variabie coils,
Two examples of capacitor-coil-tuned cir-
cuits are shown in Fig. 7.

In some of the more advanced sets. a
vario coupler. sometimes called a vari-
ometer (see Fig. 8), was used. That con-
sisted of a pair of coils mounted in such a
way that one could be rotated within the
other.

Ordinarily, the vaniable capacitors used
were air types; that is, the dielectric be-
tween the stator and rotor plates was afr.
Air, though, has a dielectric constant of 1.
To increase the capacitance without
adding more plaies. one design had the
variable capacilor positioned in a leak-
proof, transparent case, filled with oil. Gil
has a dielectric constant of five, so the
capacitance of such a capacitor is five
times that of one with an air dielectric
(assuming all other vanables to be the
same). One such capacitor had 17 plates
and a total maximum capacitance of
0.0004 wF, while another had 43 plates
and a maximum capacitance of 0.001 pF.

Anyone who has had any contact with
radio knows that the antenna plays an im-
portant role in determining the quality of
the received signal. Antennas were even
more important in the days of the crystal
set. That's because that design made no
provision for amplification, Thus, the
strength of the signal heard was wholly
dependent on the strength of the signal
delivered by the antenna. Some of the
schemes devised were quite ¢laborate:
others were quite simple. For apartment
dwellers, a bedspring was a popular alter-
native to an outdoor design; the ground
connection was made 10 a cold-water or
radiator pipe.

The crystal detector

So far, we’ve spoken about how crystal
detectors were used in early radios. But
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FIGi. 8—A VARIO-COUPLER, or variomeler, con-
siatad of two coils mounted in such & way 1hat
one could be ritated within the other.

ADJUSTING-.
KNOE

CRYSTAL
CONTAINER

~—CAT WISKER

FIG. 9—TWO CATWHISKER DETECTORS. A
variable conlact typa is shown in &, & sealed,
fixed unit Is shown in b.

we've not looked at the detector itself and
how it was made. [t is time now to correct
that oversight.

Crystal detectors were available in two
basic forms: contact and combination, Of
those, the contact detector was cheaper
and more popular.

A single crystalline substance was used
in the contact detector. A small bit of
spring wire, called a canvhisker, was
placed so that it made contact with a point
on the crystal, In early detectors, the cat-
whisker was designed to be variable be-
cause finding the most sensitive spot on
the crystal was a trial-and-error pro-
cedure. Sce Fig. 9-a.

The carwhisker was usually made lrom
stiff phosphor bronze, but in more expen-
sive detectors silver or 18-karat gold was
used. The wire was coiled, with a small
straight exiension ending in a blunt
point—an arrangement much like that
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many years later. There were lwo connec-
tions (0 the crystal detector: one (o the
catwhisker and another to the cup holding
the crystal.

Later on, fixed-position caiwhiskers in
sealed containers became available. See
Fg. 9-b.

The combination crystal detector con-
sisted of two different crystals in close
eontact. Various combinations of miner-
als were tried. including bormite and ei-
ther zincite or copper pyrites. Another
combination detector used tellurium and

used in the first poini-contacl transistors '

AN EARLY WIRELESS RECEIVER. Wilh this set-up, which was pari of amateur statbon 1-WF, Werwick.
R ¢irca 1813, the operator was abla to log statlons from Maine 1o Florida. Nota the variable-conlact
catwhisker crystal detectof, 23-plate [uning capacion and double-sticde-tuned coll.

quently had to be repositioned or re-
placed. Secondly, the deteetor used
exposed acid, which is dangerous.

RADIO-ELECTRONICS
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FIG. 10—FIVE POPULAR ODETECTORS: Varia-
ble-contaci catwhisker (#). Perikon (B). com-
binalion crystal (¢}, fixed-contact calwhisker
(e and carborundum ()

FNE
PLATINUM
WIRE

NITRIC OR DILUTE
SULPHURIC ACIO SOLUTION

FIG. 11—N AN ELECTROLYTIC DETECTOR the
reclitying malerial was nitric acid or diluted sul-
phuric acid,

chalcopynte (copper pyntes). The chief
advantage of the combination detector
was that it was less susceptible to vibra-
tion than the catwhisker type.

Some of the many different types of
crystal detectors are shown in Fig- 10.
We've so far looked at all of those save
one—ihe Perikon detector. invented by
Pickard in 1906, and shown in Fig. 10-b,
That dctector used a small, cone-shaped
picce of zincite. The zincite could be posi-
tioned so that it contacted one of several
segments of chalcopyrite locaied on a ¢ir-
cular plate. By sclecting which segment
of chaleopynite was used, the detector
could be “tuned.”

As we staled earlier. most detectors
were made using a crystalline material.
However. " most™ isnot "all.™ One detec-
tor that was at least bricfly popular was the
clectrolyric detector. shown n Fig. 11.
The design of that detector was similar to
that of the catwhisker. but nitnic acid. or &
dilute solution of sulphuric acid, was used
in place of the erystal. Despite that detec-
tor's high sensitivity, it had disadvan-
tages. One was that the wire tended to curl
away from the acid—so the wire fre-
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FIG. 12—YOU GCAN BUILD this crystal sel {s}
using modern components. Winding detaiis for
tha coil arg shown in &

Bullding your own

We hope this article has aroused your
interest in the electronics of Jays gone by.
If you want to recapture some of the flavor
of the early experinienters, perhaps you'd
like to try building your own crystal re-
ceiver. If so, the circuit shown in Fig. 12-a
can be built using modem parts.

In thal circuit we've replaced the slide-
tuned coil with a tapped one. (Finding a
slide-tuned ccil these days would be near
ly impossible.) Full details of the coil are
given in Fig 12-5. Just about any diode can
be used for the detector. For best results,
plan on using an outdoor antenny that's at
least 75 feet long. R-E
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Design OSCILLATOR Circuits

JOSEPH J. CARR

Here's the first instaliment of our new back-to-school series that teaches you
all about oscillators, multivibrators, and digital clocks.

OSCILLATORS OF ONE SORT OR ANOTHER
are at the hearlt of atl kinds of devices
ranging from radio transmitters to digital
computers. So, at one time or another,
everyont involved in electronics-—both
hobbyist and professional—must build an
oscillator, a multivibrator. or a digital-
clock circuit. A simple gscillator, for ex-
ample, might be used to generate the car-
rier frequency in a radio transmitter. A
multivibrator that produces squarewaves
might be the heart of a test instrument
such as a function gencrator. A digital
clock is a special multivibrator that is
used in most digital logic and computer
circuits.

In this series we'll examine the two
major types of oscillatorcircuits in detail.
We'll start off this time discussing relaxa-
tion oscillators; then we’ll go on to the
basic theory of feedback oscillators. And,
because they are more commonly used
than relaxation oscillators, we’ll spend
the bulk of our remaining installments
discussing feedback oscillators. In par
ticular, we’ll talk about LC and RC sine-
wave oscillators of all types. one-shots,
crystal oscillators, and digital clocks buiit
from both TTL and CMOS IC’s. Along
the way we'll give many practical circuit
examples that you shouid have no trouble
adapting to your nceds. We have a lot to
do, so let’s get siarted.

Baslc deflnitions

There is some overiap between the
terms oscillater, muliivibrator, and clock,
and in conversation people have a tenden-
cy to blur the distinctions between those
terms even further. But for our purposes
let’s use “oscillator™ to refer to all three
kinds of circuits, In fact, let’s define os-
cillator (0 mean any circuit that produces
a periodic waveform—one that produces
similar outputs at regular intervals of
time. That output could be a sinewave, a
squarewave, a lriangle wave, a sawtcoth
wave, a pulse train. or some other wave-
shape. The important point is that it re-
peals at a regular interval.

As we said, there are two basic types of
oscillators: relaxation oscillators and
feedback oscillators. The basic difference
between the two is that the feedback os-
cillator is built from active circuit ele-
ments—these that provide gain, whereas
the relaxation oscillator is built from pas-
sive devices—those that do not provide
gain.

Some relaxation oscillators are built
from ¢lectronic devices (hat pass little or
no current at voltages below somc thresh-
old. and that pass a relatively large current
at voltages above that threshold. Exam-
ples of that son of device are neon lamps
and UJT’s (Unifunction Transistors).
Other relaxation oscillators use a nega-
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live-resistance device such as a tunnel di-
ode. If you're unfamiliar with any of those
devices or terms, hold on—we’ll discuss
each below.

A feedback oscillator uses an active
device (a transistor or an op-amp, for ex-
ample) as an amplifier; a special netwark
connected to the amplifier provides a con-
trolled amount of positive feedback. That
allows the ¢ircuit to work regencratively.
By way of contrast, filters of various types
(lowpass, highpass, noich, bandpass.
etc.) work degeneratively. In other words,
in a filter, feedback componcnts ane used
to decrease the amplitude of a frequency
or a range of frequencies; in an gscillator,
those componcnts are used to increase the
amplitude of a frequency or a range of
frequencies.

With those basic distinctions in mind,
let’s discuss relaxation oscillators now;
we’ll catch up with feedback oscillators
below.

A neon-lamp osclllator

A simple neon-lamp relaxation 0s-
cillator is shown in Fig. |. The lamp con-
1ains a low-pressure inert gas—neon—in
a glass envelope with a pair of electrodes.
When the voltage across the electrodes
exceeds the ionization potential of neon
(V1 in Fig. 2). the gas will glow. It will
continue to glow as long as the voltage
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FIG. +—THE NEON-BULD OSCILLATOR Is'a
ciassic mlaxation osciliator.

MPLITUDE-VOLFS =

A

.

TIME
FIG. 2—VOLTAGE BUILDS UP across a neon
bulb until ¥y |a exceeded. The bulb then begins
to tonduct, and voliage begins to 1all. When it
goes below ¥, conduction ceasas, 30 the cycle
can Degin agsin,

B2

at
b

FIG. 3-—THE UWJT'S INTERNAL STRUCTUFE is
shown In 8, and its symbol is shown in &.

across the lamp’s elecirodes exceeds the
holding voltage, V,, in Fig. 2. When the
lamp is not ionized, it conducts no cur-
rent. That is the situation at all potentials
below V;. The popular NE-83 lamp has a
Vy of 60 to 100 volts, and a V, of 60 volts.

The circuit works like this: When power
is applied to the circuit, Cl begins to
charge. When the voltage across it ex-
ceeds Vo, the lamp ionizes and its resis-
tance <rops to a very low value. A series
resistor may be necessary to prevent the
lamp from being destroyed by the sudden
onrush of cumrent. Anyway, that low-im-
pedance path allows Cl to begin discharg-
ing. Discharge continues until the voltage
across the lamp falls below V. At that
point the lamp de-ionizes and reverts to its
high-resistance state. Then Cl begins
charging again, and the cycle repeats.
Hence, the voltage across Cl varies be-
tween V,, and V. The circuit’s frequency
of oscitlation is determined by both Vy

and V,,, as well as by the RI-CI time
constant.

The unijunction transistor

The UJT is a special semicenductor
device that has one emitier, two bases, and
no¢ollector. [ts basic strueture is shown in
Fig. 3-a, and its schematic symbol is
shownin Fig. 3-b. The UJT is built froma
single chunk of silicon; the bases are just
the clectrodes at the ends of the block.
The emitter forms a PN junction with the
block. Like most other PN junctions, the
UIT’s PN junction will not conduct when
it is reverse biased, However. it will con-
duct when it is forward biased; usually 0.6
to 0.7 volis is sufficient to get current
flowing.

FAG. 4—THE CLASSIC (JT OSCILLATOR is &
relaxstion type, it provides a narmow spike at the
B1 terminal.

A UIT relaxation oscillator is shown in
Fig_ 4. Its frequency of oscillation is set
by Rl and Cl in conjunctlion with the
characteristics of the UJT. When the ¢ir
cuit is turned on, the Bl-emitter junction
is unbiased, so no current fows through
R3. Capacitor Cl begins charging
through resistor R1. When the UJT’s
threshold woltage is exceeded, the UT
wrns on. Capacitor Cl is quickly dis-
charged by the low-impedance PN junc-
tion, so the UJT quickly turns off. A
narrow pulse thereby appears across R3.

Typical UIT's need very litle wm-on
current (0.4-12 LA), and that makes them
useful in high-impedance circuits for de-
tecting very small amounis of cument.
Also, oscillators with frequencies ranging
from 1 Hz to | MHz may be built from
UIT's.

The third major type of relaxation os-
cillator is built from a negative-resistance
device, the tunnel diode. Let’s find out
what negative resistance fs, and then let’s
see a practical example of how a tunnel
diode may be used.

Negative resistance

What is negatlve resistance? Let's ap-
proach that question in a roundabout way.
A garden-variety resistor functions ac-
cording to Ohm's law. When vollage
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FIG. 5—TUNNEL DIODE'S CHARACTERISTIC
curve reveals 1hal, below Vo, furrenl increasss
as voltage increases. Voltages above Vi Cause
current to decrease—and that allows osclliation
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FIG. 6—THIS 27-MHZ OSTILLATOR can be ussd
a8 & low-power cHilren's-band signal generator,

across lhe resistor increases, current fow-
ing through the resistor will also increase.
A device with negative resistance,
however, operates in (he inverse manner,”
In other words, as voltage across the de-
¥ice increases. the currenl thai flows
through the device decreases.

The tunnel diode (also called an Esaki
diode after its inventor) is a negative-re-
sistance device; its characieristic curve is
shown tn Fig, 5. Note that, in the region
labeled PRZ (for Positive Resistance), the
device functions in the normal manner—
increased voltage causes increased cur
rent. However, 1n the NRZ (Negative Re-
sistance) fegion beginning at V., the
Opposite is true-——increased vollage
causes decreased current.

A tunnel-diode escillator is shown in
Fg. 6. That circuit was popular in the
1960’s for tuning up citizen's-band gear,
and for other uses at frequencies near 27
MHz. With the component values shown,
the circuit will oscillate in the 27-MHz
region using a 27-MHz 3rd overtone crys-
tal. A similar circuit can be used to cause
a tunnel diode to oscillate in the UHF and
microwave regions. In thai type of ap-
plication, strip-line tuners and cavities are
used to establish the resonant frequency.

In general, as you can sce, relaxation
oscillators are simple, so they 'ne good for
getting a quick-and-diny periodic wave-
form, and for specialized uses. However,
feedback oscillators built with active de-
vices are much more flexible, and, there-
fore, much more widely used. So now
let’s take & look at the theory behind feed-
back oscillators.

continued on page 74
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Universal Battery Charger

Don't let your battery-powered portables run out of energy unexpectedly!
Keep your batteries fully charged with this inexpensive circuit.

ONE COROLLARY TO MURPHY'S LAw
states that things always ge wrong at the
worst possible moment. One example fa-
miliar to clectronics enthusiasts is the way
that batteries tend to go dead just when
you need them most. In addition, if you
use many portable devices—a Walkman.
a “"boom-box,’” a portable TV, a portable
computer. flashlights, and toys—the cost
of batteries can become excessive.

One way 0 cut costs iS 10 use re-
chargeable batteries. And if your portable
batiery-cater has a bc INPUT jack, you’ve
got an casy way [0 save some cash and to
go longer between recharges. All you
have to do is wire up a cable that connects
a high-current-capacity battery-pack of
the proper vollage to your porable.

The problem is that the price of acom-
mercial charger may cause you to think
1wice about convening from conventional
non-rechargable cells. However. wath the
circuit presented here, there's no longer
an excuse. Nol counting 8 case, the total
cost of the few easy-lo-obtain componenls
in our circuit shouldn't exceed $10. And
that's for all new parts. by using spare
parts you could reduce your cosi (0
nothing!

The circuitcan easily recharge batteries

MICHAEL R. WRIGHT

with a wide variety of voltages and current
capacilies. The circuit was specifically
designed to recharge gel-cells. but it can
also be used 1o recharge Ni-Cd's and any
other type of battery that needs a constant-
current source, a constant-voltage source,
or both, The values of a few resistors need
to be altered to accommodate batteries of
various vollages and cutrents. The simple
design equations used for resistor selec-
tion are presented below, but first let’s talk
aboul gel-cetls.

The low-down on gel-cells

Before we get started, it’s worth point-
ing out that the term “battery” reatly re-
fers to any collection of two or more
single *cells,”” although (he term is
loosely applied to single-cell power
sources like AA cells. The gel-cell battery
is a relalive newcomer 10 the world of
rechargable batteries; its name is really a
shortened from of ** gelled-electrolyte bat-
tery cell.”

Basically, the gel-cell is very similar to
a modern auiomaotive battery. The gel-cell
provides high power density in a sealed.
multi-cell, maintenance-free. lead-acid
battery. Gel-cells are not manufactured in
small cases like those that enclose the
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familiar AA, C, and D cells. However,
they are manufaciured in larger gases that
range in size from a cigaretie-pack to an
automobile battery, and even larger. Gel-
cells are made by (among others) Pan-
asonic {Battery Sales Division, Division
of Matsushita, P. O. Box 1511, Secaucus,
NJ 07094), Globe (P. O. Box 591, Mil-
waukee, W1 53201), and Saft (F. O. Box
1886, 711 Industrial Blvd.. Valdosta. GA
31603-18806).

Commaon gel-cell batieries come with
voltage ratings that range from 2 to 24,
ang in current capacities ranging from 1.2
to 120 AH (Amp-Hours). The AH rating
refers to the amount of current that can be
delivered over a period of rime; 20 hours is
usually the specified period of time. For
example, a battery might be rated at 2
volts and 30 AH. That means that the
battery should be able 1o deliver a current
of 1.5 amps (30/20) continuously for a
period of twenly hours.

A properly treated battery should last
for years, but an improperly treated one
may last only a few months, or even
weeks. For example, the author’s first gel-
cell battery lasted only about six weeks,
because he was ignorant of how to take
care of it. After uncovering and applying
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the information related here, his second
one is already more than a year old and
still going sirong.

The most common means by which a
gel-cell battery is abused is “deep-cy-
cling:” that term refers to 1he practice of
discharging a battery deeply and then
over-Charging it. That practice is some-
times appropriate for Ni-Cd’s. but it is
definitely inappropriate for gel-cells, Our
charger can’t repair a damaged or abused
gel-cell battery; it’s up to you [o treat your
batteries with care.

The number of cells ina gel-cell battery
is equal to the battery’s nominal voltage
divided by two. A 12-wolt battery there-
fore has six (12/2) cells. Each cell has a
2.3-volt output when it is fully chasged.
so a 6-cell battery, nominally rated at 12
volis, actuatly has a fully-charged output
of 13.8 wlis.

You can tell when a gel-cell battery s
nearly discharged by the fact that, under a
no-load or low-load condition. it will have
an output voltage that is near its full rared
output. However, when the banery is
placed under a moderate to heavy load,
voltage drops by about 4.6 volts.

The reason for the two-cell drop is that a
discharged cell actually reverses polarity
and acts as @ load (hat *’cancels” the volt-
age of a good cell. So you might measure
only about 9.2 volis (13.§-4.6 = 9.2)
across a |2-wolt battery thal needs to be
recharged. And speaking of charging,
let’s find out how to do it now.

Charging methods

Gel-cell batteries from different man-
ufacturers are made in different ways, and
they have different charging require-
ments. Many batteries can be charged
using the eircuitry described here, but you
should check with the manufaciurer of
your battery to be sure.

A common and reliable method of
charging is as follows. Fuirst. a regulated,
constant current that is equal to 10% of
rated output is applied to the battery. For
example. a 12-volt 1-AH battery would
start off with a charging current of 100
mA. Voltage must be monitored; when it
reaches 90% of rated output. the circuit
removes the constant-curtent source and
applies a regulated voltage to complete
charging. The switchover is necessary to
prevent over-Charging in case a battery is
left connected to the charger for & long
period of time. The battery can float-
charge in that way indefinitely.

You may be able to use a charging cur-
rent different than 10%—for example, for
“fast-charging.”” However, if you use a
different current, follow the manufac-
turer’s recommendations carefully.

To determine the voliage the charger
will have to supply. you'll have to multiply
the number of cells in your bawtery by 2.3
and then add 5, 1o allow for circuit losses.
To charge our example 12-volt battery.

FIG. 1—A CONSTANT-CURRENT CHARGER can
ba buill from an LM317. The value o RY I8 what
determines the chirging currenl. Sea the text for
Information on how 16 calcutate 13 value.

FIG. 2—A CONVENTIONAL VOLTAGE regulator
is es3¥ 10 bulld wilh an LM317; the value of R2
sels the outpul voltage.

FIG. 3—THE COMFPLETE CHARGER Is & hybrid
of Ihe previoua circulla. When the SCRis off, the
circuit functions as & constari-current source;
when the SCR is on, the circuil lunctions as &
voltage regulator.

we'll actually need an unregulated DC
supply of about 19 volts.

Circultry

The constant-current charger is right
out of the manufacturer’s data book. As
shownin Fig. |, the heart of the charger is
an LM317 adjustable regulaior. An
LM317K can supply as much as [.5 amps
of currem if it has proper heatsinking; it
can also handle as much as 37 volts. If
your battery requires a higher charging
voltage, you can substite an LM317HY,
which can handie as much as 57 volis. To
increase current, you could use an
LLM338, which can provide five amps of
current at a maximum of 32 voits. Calcu-
late the value of Rl from the charge cur-
rent (I~c) you need, and from the 1.25-
volt bias required by the LA317:

R1 = 1.25/cc

For a 1-AH battery, L- = 0.1 A, so Ri =
(1.25/0.1} = 12.5 ohms. Rl's wattage is
determined in the usual manner; 0.1 A X
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1,25V = 0.125 W. Just to be safe, use a
Ve-watt flame-proof resistor.

That takes care of cumrent, but what
about voltage? Take a look at Fig. 2. There
an LM317 is configured as a conventional
constant-voliage regulator. In normal ap-
plications, the manufacturer recommends
that Rl have a value of 240 ohms. The
value of R2 is what determines the output
voltage, and its value may be arrived at by
a fairly complex equation. It's usually
simpler to wire up the circuit with a 5K or
a 10K potentiometer, set the output wolt-
age, and then substitute 1he closest stan-
dard fixed resistor for the potentiometer,

We've got a current regulator and a
voltage regulator now. But how do we put
them together? See Fig. 3.

The complete charger

Let’s discuss the overall operation of
the circuit and then show how to calculate
resistor values. When power is applied to
the circuit, SCRI is off, so there is no bias-
current path to ground; thus, the LM317
acts as a current regulator. The LM317 is
connected to the battery through steenng
diode DI, limiting resistor RI, and bias
resistor R2. That portion of the charger is
similar to the circuit shown in Fg. |
above, The sieering diode was added to
prevent the battery from discharging
through the LED and the SCR when
power is removed from the circuit.

As the battery charges. the woliage
3CTOSS TRIPFPOINT poténtiometer RS rises
and at some point wums on the SCR. At
that point. eurrent from the regulator can
flow to ground, so the regulator now func-
tions in the voltage mode. When the SCR
turns on, il also provides LED] with a
path to ground (through R3). So, when
LEDI is on, the circuit is jn the voltage-
regulating mode; when LED] is off, the
circuit is in the curreni-regulating mode.

Calculating resistor values

Now let's find out how to caiculate the
resistor values. Assume that we're still
talking about a 12-volt, 1-AH- baitery.
Let's stant with the voLTAGE adjustment
potentiometer, R6. First we have to calcu-
late a multiplication factor, F; that can be
found from:
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TABLE 1—EVERREADY NI-Cd CHARGE CURRENT

Size
Number
CF15 AR
CH15 AA
CH35 C
CH50 D
F = {(MccH1.28) 41

In that equation Vg is the battery's full-

charge outpul voltage; i our case, Ve
= 13.8.50F = (13.8/1.25) + | = 12.04.
Then we calculate the value of R6 as:

R6é = F{RY1+R2)

We aiready saw that R1 has a value of 12.5
ohms; R2 has a value of 220 ohms, so R6
= 12 x (220+ 12.5) = 2800 chms. That
value is approximately what is required to
obtain the end-of-charge vollage we need.
The value is an approximation because it
does not 1ake into account the voltage
drop across the SCR. So we simply round
up to the next highesit vatue, and use a SK
potentiometer for R6. That will allow you
to adjust the circuit for use with batteries
having different voltages.

The manufacturer recommends that R2
have a value of about 240 ochms. The se-
ries combination of R! and R2 is within
5% of 240 ohms, and that’s ¢lose enough.
You may have to adjust the value of R2 to
accommodate a different charge current,
voltage, or both, or if you use the high-
current LM338, See the 1982 Voltage
Regulator Handbook by Naional Semi-
conductor {2900 Semiconductor Drive, P.
0. Box 58090, Santa Clara. CA
95052-8090} for more information.

Next we need to determine the value of
TRIAPOINT potentiometer RS, which sels
the woltage at which the SCR tums on. We
have found empirically that, if the end-of
charge voltage is less than 20 volts, a 5K
unit will work. For voltages greater than
20 volts, a 0K unit will work.

The value of the LED s current-limiting
resistor, R3, is easy to calculate:

R3 = (Voo —2.2)/20 mA
R3 = (13.86-2.2)0.02 = 58011

You may want to substituie a 1000-ohm V-
watl resistor for R3. Doing that will pre-
vent damage to the LED when the charger
is used with batieries having wvoltages
greater than 12.

The last value we need to calculate is
that of R4, which limits the current thar
can be applied to the gate of SCRI, That
current could blow the SCR if the TR
POINT potentiometer were lurmed too far in
the difection of the output of the regulator.
The value of R4 may be determined thus:

A4 = Vco/50 mA

Charge
Current Voltage
50 mA 1.50-1.60
50 mA 1.35~1.45
120 mA 1.35-1.45
120 MA 1.35-1.45

S0, in our case,
A4 = 13.8/0.05 = 2761

Rounding up to provide extra current lim-
iting, the closest standard value is 300
ohms, which should werk fine,
Regarding the SCR, it must be able to
handle the bias current of the LM317K
when the latier s in the voltage mode, and
it must be able to withstand the full, no-
load voltage supplied by your DC
source—19 volts in our exampie. The
SCR specified is rated to handle 200 volts
at 800 mA; it should be able to handle any
batiery you're likely to come across.

Construction

Layout and assembly are quite simple;
a foil-patiem for a printed-circuit board is
shown in ' PC Service.” A stuffing guide
is shown in Fig. 4. Stuff the board, solder
the components, and then check your
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FIG. —PARTS-PLACEMENT DIAGRAM tor tha
complete voltage/current charglng clreull
shown In Fig. 3.

work to make sure that the semiconduc-
tors are all oriented correctly.

Before applying power. set both trim-
mer potentiometers {R5 and R6) to the
middle of their ranges: and don’t connect
the DC source or a battery to the charger
yet. You must calibrate the charger first.
We’ll continue working with a 12-volt, |-
AH batiery; substitute the appropriate val-
ues for your battery where necessary.

I. Connect an ohmmeter across the voLT-
aGE adjustment potentiometer (R6). Ad-
just R6 so that the chmmeler indicates the
calculated set-point value—2 8K, in the
example. Remove the chmmeter from the
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circuit before proceeding.

2. Apply power to the circuit and check
for smoke and other signs of catastrophe.
Fix any mistakes.

3. Connect a 4.7K resistor (o the ¢ireuit
where the battery would normally.

4. Apply power 1o the circuit and measure
the voltage across the 4. 7K resistor. That
voliage should be about 13.8, or your cal-
culated output voliage. If the measured
voliage is much different from what you
expect, measure the voltage across the
SCR. If you don’t measure about 0.7
volis. the SCR has not turned on, so adjust
TRIE-POINT potentiometer (RS) until the
LED tums on. If the LED won’t tumn on,
the SCR may be bad.

5. Connect a voltmeter across the output
terminals and adjust the vOLTAGE control
(R6) so that the meter indicates your cal-
culated Vo—19 volis, in our case.

6. De-energize the circuit and connect an
chmmeter between the wiper of the TRt
roINT potentiometer (RS) and ground.
Adjust RS so that the meter reads zero
ohms. That will disable the current-to-
woltage shift. Remove the ohmmeter and
the 4.7K resistor.

7. Connect a pantially-discharged gel-cell
battery to the output terminals of the
charger. Be careful to observe proper po-
lariry! The LED should not tight; if it
does, sieering diode D1 is in the circuit
backward.

8. Connect a volimeter across the bartery,
apply power 1o the circuit, and measure
the voliage across the battery. If the bat-
tery is not discharged enough, Voo may
be reached before you have a chance to
adjust RS. If your meter indicates V¢
now, you’ll have to discharge your battery
further and try again. What you want to do
is adjust R5 so that the SCR trips just after
Ve 18 reached.

9.(i’canialiy discharge the battery and reset
RS several times until you're satisfied
with the accuracy of the trip-point setting.

Charger use

When charging a battery, you'll want to
take an occasional look at LED1. Afier it
turns on, interrupt power for about three
seconds. That allows the SCR to uniatch.
Re-apply power, and, if the LED re-il-
luminates quickly, the battery is fully
charged. I not, ict the battcry charge lon-
ger and then repeat the test.

You can also use this circuit to recharge
lead-acid and Ni-Cd batteries, You'll have
to re-calculate resistor values fo provide
the appropriate charging current, which
can be obtained from manufaciurers’ data
books. We show the required charge cur
rent for several common Eveready Ni-Cd
cells in Table | as a point of reference.

When charging a (non gel-cell) lead-
acid or Ni-Cd battery, power should be
removed when the LED lights up, or over
charging may occur, and the batiery may
be damaged. R-E
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FET STEREO AMP

OSCILLATOR CIRCUITS

continwed from page 60

continued from puge 66

One winding feeds a 10A 400V bridge
rectifier. which in tum feeds four 8000-pF
capacitors. That well-filtered supply
powers the output amplifiers.

The other winding of the torrodial
transformer provides a 30 VCT ourput
that is reetified and fillered with 1000 uF
capacitors C12 and C13. Separatc positive
and negative three-terminal regulators.
IC9 and ICII. provide fully reguiated

e ”

[T e i

FIG. 9—THE LARGE TOROIDAL TRAHS-
FOAMER and filter capacitors provide (ow-Hp-
pi® /- B5-volt oulputs.

+ 15V and - L5V supplies for the op-
amps. As we just stated, D22 provides an
1solated positive supply for the op-amps.

The negative supply that feeds the ana-
log switches is derived from the — 15-volt
supply via a simple resistive divider com-
posed of R30 and R31. We can ger away
with using that simple scheme since the
CMOS IC's draw only about 100 pA of
current, and that loads the resistive divid-
er negligibly.

The positive supply must provide more
current than the negative supply because
the LED's are fed from (he positive sup-
ply. Hence a 7805 regulator is used. The
220-ohm resistor {R28) between the out-
put and the ground terminals of the reg-
ulator has about 23 mA of current flowing
through it, and that current in conjunction
with the 15 mA Nowing out of the ground
terminal impresses about three volts
across | 30-ohm resistor R29. That raises
the output of the regulator from five to
eight volts. The latter volage feeds the
LED?’s, and diode D23 isolates that volt-
age for the CMOS memory circuit.

Standby power

Two nilickel-cadmium baiteries are used
to supply standby power to the CMOS
IC’s. The batteries provide just enough
voltage so that the flip-flops retain their
contents when the main power is switched
off. Diode D23 ensures that the the LED's
don’t drain the battery. Note that the
minus rail is not powered by the batteries.
That is because we are only interested in
maintaining power in the logic circuits.
Also. when the main power is on. the
battery is trickle-charged via R32.

That (finally '} completes the circuit de-
scription. Stan warming up your solder-
ing iron; next time we'll go on and build
an amplifier! R-E

Amplifier and teedback network

The essential components of a feedback
oscillator are, as shown in Fig. 7. an am-
plifier and a feedback nctwork. The am-
plifier could be any amplifying device—a
transistor, an op-amp, €ven a tube. The
feedback network could be built from
various combinations of resistors and
components such as capacitors, induc-
tors, and crystals. A purely resistive net-
work is seldom used in an oscillator
because a nctwork of that type is not fre-
quency-selective. It might oscillate, but at
a frequency we would have little control
over.

However, we're getting a little ahead of
ourselves. Before getting inio the details
of circuits and components, we really

FEEDBACK
NETWORK

| PG 7—THE FEEDBACK OSCILCATOR'S gsin

equationa 8 based on Lhis clrcuit modet

ought to approach the feedback oscillator
from a more theoretical point of view. So
let’s see what the conditions for oscilla-
tion to occur are. We 'l do that by deriving
the gain equation for the circuit.

Feedback amp math

To begin with, let's simply name a few
of the quantities that we'll be working
with. Let's call the open-loop gain—ihe
gain that would be obtained with no feed-
back—of the amplifier Ay, Gain
when the feedback loop is connected is
Ay—and that's the quantity we’re trying
to find an expression for. The circuit’s
output voltage is ¥, 1y and its input volt-
age is ¥;y. The output of the feedback
network is Vi, and the difference between
Vv and Vi is Vg [n other words.
Vo= ¥in— Ve )

The gain, or transfer function, of any
eircuil is simply the ratio of its output
voltage to its input voltage. For the ampli-
fier in our model circuit. we would ex-
press that relationship as:

Vour
Avion) = Y (1)
o3
In other words,
Vour = Avioy X Vo {2)

And since the overall gain (A} of-the
circuit can be expressed as:
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Vour
Vi 3

we can substitte the right side of equa-
tion {2) into the numerator of equation (3)
o obtain:

Av'—’

1 Vour  Avion % Vo )
Vin Vin
As we saw above:
VD - VlN"VF (5)

So. rearranging things:

Vin = Vp+VE {6)

Now we can substitute the right side of
cquation (6) into the denominator of
equation (4) to arrive at a complete ex-
pression of the circuit’s gain:

Vp X
A, _%_“xxw )
o+ VF
Now we define a factor B that represents
the ratio of feedback voltage to the output
voltage:
VE
Vout 2
By rearranging equation (8) we see that

Vi = BVoyr (9]

s0 we can substitute the right side of equa-
tion (9) for Vi in equation (7). yiclding

Fos VD x AV[G.!
Y Vp + BVour

Our job is nearly complete; what we
wanl to do is eliminate Vi, from the pre-
ceding equation. By substituting the right
side of equation (2) into equation (10) we
see that:

(10

Vo X A
e D " VIO
A D VIOL 1)
Vp + B (Ao X Vp}

That allows us to eliminate Vp:

A
- F % BAY, OF e

And that’s we set out to find. The quantity
B X Ay, in the denominator of equa-
tion {12) 1s the loop gain of the circuit, and
its value is important in determining
whether a circuit will osclllate.

A feedback circuit will oscillate if two
conditions are met; 1. Loop gain is unity
or more, and 2. The feedback signal is in
phase with the input signal. Those condi-
tions are known as the Barkhausen Crite-
ria. For the feedback signal to be in phase
with the input signal we nced a total phase
shift of 360 degrees. And since a typical
amplificr invens the signal, or provides
180 degrees of phasc shifi. the feedback
network must provide an additional phase
shift of 180 degrees. There are many ways
of providing that phase shift; next time
we'll show how to do it using coils and
capacitors. R-E
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PC SERVICE

i‘T

3.75 INCHES

THE COMPONENT SIDE of the frequency counter board is shown

in a full-size mirror image.

WwWww americanradiohistorv comm

One of the most difhcult tasks i build-
ing any construction project featured in
Radlo-Elecironics is making the PC
board using jus! the foil patiern provided
with the article. Well, we're doing some-
thing about §

We'va moved all the foil pattemns 10 this
new sechon where they're printed by
themselves. Uil sized, with nothing on the
back side of the page. What that means
for you is thal the printed page can be
used directly to produce PC boards!

Nole: The patterns provided ean be
used direclly only for direct positive pho-
toresist methods

In order to produce a board directly from
the magazine page. remove the page and
carefully inspect it under a strong nght
and'or on a light table. Look for breaks in
the traces, bridges betweean traces, and in
general, all the kinds of things you leok for
in1he final ®iched board, You canciean up
the published artwork the same way you
¢lean up you own artwork, Drafting tape
and graphic aids can fix ncomplete fraces
and doughnuts. and you can use a hobby
knite to get nd of bridges and dirt

An optional step, once you're satisfied
ihat the artwork [s clean. Is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That belps
make the paper transluscent. Don't get
any on the front sicde of the paper (fhe side
with the patiern) because you'll con-
taminate the sensitized surtace of the
copper blank. After the ol has “drled” a
bit—patting with a papes towel will help
speed up the process—place the pattem
front side down on the sensized copper
blank, and make the exposure. You’ll
probably have lo use a Ionger exposure
timé than you are probably used 1o,

We can't tell you exactty how iong an
exposure tima you will need bul. as a slari-
ing point, hgure that there & 50 percent
increase N exposure time over litho-
graphic ilm. But you'll have lo expenment
to find the best method for you. And once
you hnd i, stick with it. Oon't torget the
*thiee C¥ of making PC boards—care,
cleanliness. and consistency.

Finaily, we would Ike 10 hear how you
make out using our method. Winte and tell
us of your successes. and lailures, and
what 1echniques work best for you. Ad-
dress your letlers to:

Radio-Electronics
Depanment PCB
500-8 Bi-County Bivd,
Farmingdale, NY 11735

861 A"

=l
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——=. IWATSU OSCILLOSCOPES...QUALITY BY DESIGN!

DC-60 MHz
4 Input, 8 Trace, Portable

+ Typical Frequency Of From DC To 70 MH2, -3 dB
{10 MHZ marQin cver the spacified trequency responsa)

* Reliable Time [kfterence Batween Channels

* Built-in TV Sync Separator

* 3 Yaar Warranry

S5-5710 — $1245
§5-5710C — With Counter $1799
85-57100 — With Counter/DMM $1995

DC-40 MHz

8§5-5705—0DC-40 MHz 55-5706—DC-30 MHz

* 3 Input, & Trace (S55705% 3 Input. 3 Trace (SS5706)

* Versatie Trgger Capability With TV-SYNC

¢ Jitter-Freo Circuliry And Vanable Hold-Off

* High Accuracy For ¥ And H (4 2%)

« Accurate Cahbralor {Ampiitude 4 1% And Frequency 4 1%)

$5-5705 — $899
88-5706 — $749

DC-200 MHz
4 Input, 8 Trace, Portable
« Reliable Time Ditterence Between Channels
« Frewrunning Ground Facdty
» High-Grade § Inch Guadrupole-Lens, Doms Mesh CRT

= Comunation Trigger Probe (5§-0071) Dptional
+ 3 Year Warranty

88-5712 — $2999

;~. L2

DC-100 MHz
4 Input, 8 Trace, Portable

« Typical Frequency Of From OC To 120 MHz, - 3 dB
{20 MHz margin over the speciligd frequency response)

* Reliatda Time Diflarence Batween Channels

« Jitterleas Circuitry For Stabla Triggering

* 3 Ywar Warranty

SS-5711 — $1695

§5-5711C — With Counter $2295
55-57110 — With Counter/DMM $2495

DC-100 MHz
Digital Storagescope

* 100 WiHz Anaiog And Digital Bandwsdih

* 40 Ms/s Sampling Rate

* Curddr Messuramenl (Analog And Digital)

+ 4 Wavelorm & 7 Set-Up Memones
* GO/NO GO Judgement

DS-6121 = 35550
DS-6121A — With Envelope Mode $5950

DC-10 MHz
Digital Storagescope

* Builtdn GP-1B (General-Purpose Interface Bus)

+ High-Brightness CRT

s 3-Channel 10 MH2 OecillosCope Functson

* 8-bit x 2048 Word/Channel, ws/word Digital Slorage

+ Bolth Reai-Time And Digital Siorage Wavelorms Can Be
Displayed On The CRT Simutianeously

55-5802 — 32750

Instruments For Your Success

C ornd,

IWATSU INSTRUMENTS, INC.

430 Commarce Boulevard, Caristadt, NJ 07072 PHONE: (201} 835.5220; TLx 710-989-0255
CIRCLE 84 ON FREE INFORMATION CARD
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SATELLITETY

' BOB COOPER, |R.,*
Scrambling woes

SATELLITE-TV EDITOR

THOSE OF YOU WHO HAVE BEEN FOL- Satellite Transponder Description
lowing the ups and downs of the a1 12 Reguest TV
home-TVRO industry are aware W5 24 The FUN Channel
that several pieces of legislation 24 PPV (The pay-per-view channel)
are pending before Congress. Lit- St ;: g?ﬁ:g‘:sg‘;‘;a‘ﬂ"'; ::E'W:J:‘_" "
tle of l_hal legislation is likely to be 21 VMT (wnamwul 1
made into law this year, and, even AD1 8 CHCH {Hamitton, Ontano)
if it should, little of it seems likely 9 WDIV (Detrod NBC affiliate)
to benefit our industry. 10 WXYZ (Detroit ABC attiliata)

When HBO first announced it 14 TCTY (Sherbrooke, Quebec)

: ; 168 CITY (Edmonton. Alberta)
planned to start delivering 21 WTVS (Detron PBS affiliate}
scrambled signals, there was wide- 22 BCTV (Vancouver CTV affiliate)
spread opposition to both plans 23 WJBK (Detrort CBS affiliate)
and ptanners M;’A-cOm' in par_ W4 11 CTHA (Catho'lc lelecommunications)

RADIO-ELECTRONICS

)
®

ticular, and other firms were cru-
cial to the distribution of scram-
bling equipment; those firms have
been justly criticized for their lack
of preparedness. But before
scrambling became official, a
then-defiant trade-industry asso-
ciation believed that scrambling
would not happen, and that it
would not hurt if it did. However, it
did happen, and it did hurt—
badly.

Many people who hoped that
scrambling would never come to
pass pinned their hopes on vari-
ous pieces of legislation intro-
duced early in 1984. Had that
legislation passed, it would have
delayed scrambling for at least two
years, and it might have gotten the
FCC involved in the fray as a medi-
ator between the disputing par-
ties—TVRO users and program
suppliers.

However, hearings regarding
the pending legislation were held
in early March of this year, and at
least one additional round of hear-
ings is planned. But the con-
gressmen responsible for both the
hearings and the legislation see lit-
tie chance that any legislation will
be enacted this year. They ac-

* Editor-in-Chiel, Coops Salellite Digest

knowledge the strength of the
TVRO lobby, but they believe that
differences between users and
suppliers will sort itself out in the
marketplace with no Congression-
al intervention.

The proposed legislation relates
1o two largely-unresolved issues:
access to scrambled program-
ming, and the price of that access.
Access itselfis a matter of little dis-
pute. Virtually all cable-program-
ming services have indicated
willingness to offer services to
TVRO owners.

Monopoly?

Price is amore difficultissue. For
example, just what is a fair price
for the TVRO owner to pay for
HBO? If you subscribe directly
from HBO, the price is $12.95 per
month. But some cable vendors
have been offering services to ca-
ble subscribers for $9 to $10, and
that is $2 to 34 per month less than
the typical cable subscriber pays
for the same service. And it's inter-
esting to note that, when the dish
owner buys directly from HBO, the
local cable operator receives a $5
per month “sales commission.” [n
effect, HBO retains $7.95 of the

WWWW americanradiohistorv. comm

$12.95 collected, the rest is re-
tained by the cable operator.

However, some cable operators
have offered HBO to TVRO owners
for as little as $6.75 per month. As
you might suspect, HBO has tried
to put a hal to that sort of price-
undercutting. One cable vendor
(in Arkansas) offered HBO for a
very low price; that company was
told that HBO would no longer ac-
cept orders from subscribers liv-
ing outside of the cable operator's
county. That effectively shut down
the company’s national sales
effort.

What presently galls the TVRO
industry is that, to date, virtually all
marketing of descrambling ser-
vices has been done only by the
cable programmers (e.g. HBO},
and the cable franchises. But there
has been no program marketing
by firms involved in the satellite-
TV industry. Those firms have
cried “foul!” And they have
claimed that prices are being set,
monopoly-like, by cable-program
vendors.

Price is important

Perhaps as many as 20 different
program services are now sched-
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uled to scramble their offerings;
severalare indicated in Table 1. The
cost of unscrambling all of those
services will amount to a fair piece
of change for the consumer be-
cause possible incompatibilities
between different systems may re-
quire different descrambling hard-
ware. Consequently, many people
feel that the total monthly charge
for descrambling will be so high as
to discourage the sale of new
home-TVRO systems. In fact,
there are indications that there will
be 50% fewer systems sold in 1986
than were sold in 1985. The con-
clusion is that the price of de-
scrambling 2 number of different,
and very possibly incompatible
systems is a key factor holding
down sales of new systems.

Help from Congress?

Legislation might be able to help
TVRO vendors. But key members
of Congress show no interest in
pushing legislation that attempts
lo rescue a faitering industry. The
attitude, as one member of Con-
gress noted, seems to be: "Adopt-
ing legislation to rescue home
dishes will ultimately result in
more legislation to rescue some
other industry. There is no end to
this once it starts; the marketplace
must sort it out.”

The problem is that the market-
place to date has not been doing a
very good job of "sorting it out.”
Dish sales are much worse than a

year ago, inventories are exces-
sive, and new models are not
being released by manufacturers.
The reason is that consumers are
delaying purchases until they see
who is going to scramble what,
when it will be done, how com-
patible it will be, and how much it
will cost.

Things have gotten so bad thal
Congressman Tauzin of Louisiana,
a rare Capitol-Hill proponent of
the need for legislation, is predict-
ing that, unless the TVRO industry

gets help from federal legislation
in six to eight months, the mdustry
may go under. That’s not a pretty
prospect to say the least; it re-
minds us of the speed with which
the CB-radio market suddenly col-
lapsed some ten years ago under
different circumstances.
Hopefully things won't go that
route. But, in the interim, we'll
continue to examine the growing
amount of confusion the program
scramblers are creating in the mar-
ketplace. R-E

SATELLITE TV/

The First

Five Years!

THE MOST COMPLETE repoit on the mushrooming

interested in TVRO?

For nearly wo years Bob Cooper has
provided & no-charge kil of ponied maie-
rials that descnbas the challenges of and
opportunibes in selling TVRO systems 1o-
day. With the present inlense ipterest In
scrambiing systems, Coop® CSD has
Mmade avaiable a new no-charge service,

The SCRAMBLE FAX hotine i3 a 24-
hour-per-day telephone sefvice lhat
provides accurate, detaled, and hard-to-
find facts concerning the changeover to
scrambiing in the satellte communica-
bons industry Information describing sat-
ellite receivers lested for scrambling
compalibibty, sources lor authorized de-
scramblers, wholesale rates O SCram-
bling equipment and services—all are
provided on the SCRAMBLE FAX, hottine,
There is po charge for that service, ather
than your long-distance telephone ex-
penses. Simply dial {305) 771-0575 for a
concise and hmedy three-runute capsule
report thal covers the {atest in Scrambiing
news

home TVRC industry ever compiled. wrilten as only the
‘father of TVRCY could have prepared. More than 1000
pages {f) tracing the complete story of home TVRO,
lavishly Jlusirated with equipment pholos. schematic
diagrams, equipment analysis reporis, Bob Cooper,
the Birst privale individual 10 own and cperale a TVRO
{1976) has collected and Polished hundreds of Indi-
wvidual repons inlg a unique collector's edition’ which
clearly explains the TVRO phenomingn in North Amer-
lca. From Coop's first 20 ool ‘monster dish lo the
present day 5 fooi 'C-band’ TVROs. the fastinating
growth of TVRO equipment and its {egal status unfolds
for you.

THIS TWO VOLUME SET totaling more than 1,000 pagesis available for the firsi time
to readers of RadioElectronlcs at special discount pricing. Originally sold at $100
per wo-volume set, a limiled supply 1s now avaiable ONLY through this sdvertise-
ment. PLUS, you will also recsive a special extraordinary bonus; the 200 page { + )
October 1984 adition of CSO/Coop's Salellite Digest. This very special edition of
CS0 is a best-seiler in Ihe TVRC Ipdustry. with the most comprehensive collection of
TVRO facts and Nguras ever compled. Combined with the 1,000 page ‘CSD
ANTHOLOGY report. you hava instant refarence to everything you will ever need to
know about the state of the home TVRO Industry. Itis MUST reading for every parson
in, or thinking about ‘getting into,’ any segment ol 1he home TVRC world.

.SEND CSD ANTHOLOGY/2 Vols +CSD Bonus.
. SEND CSD October ‘84 Special Issue ONLY.

NAME COMPANY
ADDRESS _
CITY STATE zP

Payment: $60 US funds (Anthology + Bonus}, $15 US tunds
W CSD Oct. ONLY: payable "CSD ANTHOLOGY."

Shipping charges prepaid. Enter order t0: CSD Antholagy,
Radio-Electroncs Magazine, 200 Park Av. S., New York. NY
10003; or call 305-771-0505 for credit card orders ONLY.
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ROBOTICS

Inexpensive robotics arms

YOU DON’T HAVE TO BE INVOLVED WITH
robotics for very long to under-
stand that the vast majority of real-
world applications invelve a me-
chanical arm of sort sort. However,
few affordable arms are available
for hobbyist and educaticnal pur-
poses.

For example, at least three com-
panies supply arm systems that are
used in education. Those arms
cost between one and two thou-
sand dollars; and it is my belief
that that’s beyond the range of
most hobbyists and many small
educational institutions.

At the other end of the scale, for
several years Radio Shack has
been marketing an arm called
Armatron for less than $30.
However, its purely mechanical
nature makes it hard to interface to
an electrical control system (but
see the May 1985 issue of Radio-
Electronics for one approach.—Ed-
itor). Until recently, | knew of no
other arms in the under-$100
range. Let's look at why there have
been no Inexpensive robot arms.

Whal’s in an arm?

You might wonder just what
makes robot arms so expensive.
We are used to electronics devices
being aggressively priced—after
all, 1C’s are made of sand!
However, robot arms are mostly
mechanical, and mechanical link-
ages require expensive machin-
ing. Even inexpensive plastic parts
are made from molds that are cost-
ly to make.

Motors can also be expensive,
but clever design can reduce the
number of motors that are re-
quired. For example, when you
take apart Radio Shack’s Armatron

STRUCTURAL MEMBER

T

MARK J. ROBILLARD,
ROBOTICS EDITOR

GRIPPER ASSEMBLY

CENTER l Sim—
ADAPTER

MOTOR

CONTROL BOX

5

FI1G. 1

{which | highly recommend as an
educational exercise), the first
thing that strikes you is its lack of
motors—there’s only one, and it
can move six different joints.

The next potentially-expensive
items are gears. Most arms (in-
cluding Radio Shack’s) are filled
with gears of various sizes and
configurations. And rarely can a
stock catalog gear perform the de-
sired function; thus gears must be
designed and manufactured for
each individual application. That
makes it hard for hobbyists to find
gears that are suitable for building
an arm from scratch.

So, if parts are expensive or sim-
ply unavailable, how can the
robotics hobbyist get an arm to ex-
periment with?

It happens that Milton Bradley
has begun marketing a kit, the
Robotix, that will allow you to
build an experimental arm for a
surprisingly low price—only $39!
The kit consists of 2 two-fingered
manipulator, a rotating base in
which the battery supply is lo-
cated, counterweights, and nu-
merous other parts for con-
struction of arms in various config-
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urations. Each finger comes with
two pieces of non-slip rubber for
traction.

Two custom-designed motors
inClude complex internal gearing
mechanisms, and each motor can
produce a torque of 50 inch-
ounces. The output shaft of the
motor is an octagonal male plug
that fits snugly into one of several
supplied struciural elements.
Electrically, the motors are con-
nected to the base through spe-
cially designed cables that have
easy-to-use two-pin plugs.

To give you an idea of what you
can do with the Robotix, | built a
six-jointed arm from two kits—in
seven minutes! It can rotate about
the vertical axis, and move at the
shoulder, elbow, and wrist; and it
incorporates a two-fingered grip-
per. Vertical-axis rotation allows
the arm to transfer a part or object
from one area to another along a
horizontal arc. For $78, that's im-
pressivel

You could build a simple arm
from asingle Robotix kit by follow-
ing the illustration in Fig. 1. The
arm is not capable of lifting an au-
tomobile, but you could use it
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learn quitea bit about the kinds of
problems that robotics designers
face. When you masler the basics,
you can extend the arm’s reach by
adding another structural member
through a supplied coupler. But
how do you master the basics?

Arm fundamentals

Adeviceused to transport mate-
rials from one place to another is
called a transfer mechanism. In its
simplest form, a transfer mecha-
nism can be a gripper and a rotary
indexing table that allows the
robot to grasp an object and place
it on the table in another place. A
rotary transfer mechanism is prob-
ably the ideal way for people on a
limited budget to begin investigat-
ing robotics arms.

There are many types of grip-
pers. Electromagnets can be used
to grip ferrous metals; the advan-
tage of an electromagnet is that it
doesn’t require much to control it.
A small vacuum pump connected
through a tube is another pos-
sibility. However, grippers with
two lor more) fingers are the most
common and the most popular be-
cause of their versatility.

After you've settled on the basic
mechanical configuration, it’s time
to get the hardware wired up. The
Robotix motor runs on three volts
and draws approximately 170 mA
while stalling. A simple relay ar-
rangement (ITke the one shown in
*Building Your Own Robot,” Ra-
dio-Electronics, March 1986, p. 50)
can be built that will allow you to
reverse motor direction under
computer control.

That circuit could be extended
to add as many motor controls as
are necessary. For simultaneous
control of several motors, add an
enable circuit and duplicate the di-
rection-control circuit for each
motor used.

As for interfacing, there are
many brands of personal comput-
ers, so we can offer no precise
guidelines about specific ways of
interfacing a motor-control circuit
to particular models. Suffice it to
say that you must have some sort
of parallel output port. Com-
modore VICs, C64's and C128%
have a “user port” that can be
used. Most other brands of per-
sonal computers will require a
separate parallel interface card.

Don't expect that you'll be able to
use a parallel printer output port.
Those ports require handshaking
signals that our circuit does not
supply.

For you Apple /f owners, Crab-
apple Systems {118 Commercial
Street, Poriland, ME 04101) has a
product specifically designed to
drive the Robotix motors. For you
TRS-80 Cofor Camputer fans, MJR
Digital {Mason Road, Milford, NH
03055) has a board with con-
nectors that allows direct connec-
tion to the Robotix; software and
experiments are also included.

The real problems begin only
after you've got the hardware all
hooked up. If you've never at-
tempted to control an elec-
tromechanical arm before, | sug-
gest that you start with a simple
device before moving on.

One of the first lessons you'll
learn is that it's hard to determine
how far to move each joint when
moving toward an object. There is
atremendous amount of literature
avallable on methods of control-
ling mechanical arms. Most invol-
ve complex mathematics. That's
another reason to start with a sim-
ple arm.

Anyway, keep in mind that the
transfer mechanism moves
through space in an arc, so keep
the area surrounding the robot
free. For a first experiment, try
making your arm locate a light
plastic block at location A. Then
the arm should grasp the block
and move it to a new iocation, 8.
Because the simple arm has no ca-
pacity for vertical motion, the
block must be placed at A after the
gripper arrives there. Otherwise,
the gripper will dislodge the ob-
Ject as the gripper approaches it.

Your control program should
flow something like this: First
move the arm to A, and then open
the gripper. Wait for a keypress
from the user (that's you} to indi-
cate that the block has been
placed between the jaws of the
gripper. Close the gripper, and
move the arm to B. Finally, release
the gripper.

Reader request

If you own a Heath HERO 1, I'd
like to hear from you. You don’t
have to say whether you like it, just
that you own one. R-E

o ™y
Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes. over 2000 pages.
including ol necessory math ond
physics. 29 examinations to help
you gouge your pefsondl pio-
gress. A tuly great leoming
expenence

Prepare now to toke advon-
tage of the growing demand for
pecple able to work at the engin-
eafing level.

Ask for our brochure giving
complete details of content. ke
your free Information card num-
ber. or write us directly. $89.95,
Postoge Included Satistoction
guaranteed or money refunded.

Banner
Technical
Books, IncC.

1203 Gront Ave

e Rocikford, IL 61103 )

CIRCLE 176 CN FREE INFORMATION CARD

CIACLE 116 ON FREE INFORMATION CARD
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Dead-set servicing

MANV PEOPLE WONDER WHERE TO
start servicing a completely dead
TV set. If the circuit-breaker trips
as soon as you turn the set on,
you've got a “crowbar short” in it.
And chances are that it’s in the B +
supply. So get out your ohmmeter,
locate the B+ section of your
chassis, and start hunting.

After you find the B+, unplug
the set, discharge all large capaci-
tors, and start measuring the resis-
tance from various points to
ground. You should always mea-
sure fairly high resistances, at least
S0K, or even more. |f you do find a
resistance of Zero (or close to it),
you’re in the right neighborhood.
In fact, the input filter capacitor is
probably shorted. But if you mea-
sure say 15-20K to ground, the
short is somewhere farther down
the “B + -string.” So continue mea-
suring resistance at other points.
Chances are that your problem will
be due to a shorted capacitor.

Replacing capacitors

If you replace a shorted high-
voltage capacitor, be sure that the
replacement has a good margin of
safety. For example, if a capacitor
normally has 300 volts across it,
use a capacitor with a rating of at
least 450 volts; 600 volts is better, of
course.

If you reptace a shorted or leaky
capacitor, and your picture im-
proves, but still has problems, the
one that you replaced may have set
off a chain reaction that affected
other components. Remove
power and check other compo-
nents in the vicinity.

A shorted filter capacitor is
about the only simple thing that
can cause the "dead-set” symp-
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SERVICE EDITOR
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tom. But if replacing that capacitor
doesn’t clear up the trouble, and
all the nearby components seem
to be OK, start checking for other
problems. Things like incorrect
bias on an audio-output stage or
even the horizontal-output stage
can wreak havoc. And check all of
the high-voltage stages, like the
one shown in Fig. 1, for normal
operation, because trouble there
can disrupt operation severely.

Of course, a dead set could be
caused by other things, too—but
have you ever seen any problem
that couldn’t have at least half-a-
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dozen causes? So check the whole
chassis very carefully for some-
thing odd—Ilike a solder-blob in
the wrong place. | worked on one
set that had a dead short some-
where and ! just couldn’t locate it.
Finally | saw a dribble of solder
concealed under a terminal point.
After removing it, the set worked
like a charm.

So when you run into one of
those monsters, take up your
ohmmeter, set it on its lowest
range, and start checking the re-
sistance of the B+ string until you
find the troublemaker! R-E
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SERVICE
OUESTIONS

OSCILLATION IN RCA CTC-107
{ had several problems with an RCA
CTC-107. 1 replaced the flyback as
well as several small Iransisiors in
the voltage regulator circuit. Now |
have vertical lines on the right side
of the screen, and the set interferes
with other sets in the vicinity! —T.
M., Virgin Islands.

From the sound of it, your set is
generaling parasitic oscillation
somewhere. Scope it out, es-
pecially the DC supply lines. Look
for any sign of “fuzz” on the sig-
nal; that indicates the presence of
stray or parasitiC oscillation.
Check all capacitors; scope the
"hot” lead of each and look for
fuzz, etc. If the capacitor is open
you'll see garbage; there should
be none with a good capacitor. Try
bridging a suspect capacitor; that
should show whether that one is
causing the problem.

VOLTAGE PROBLEM
{ replaced a blown fuse and the hori-

zontal output transistor in my set,
but the iransistor still ran hol. The
integrated flyback was defeclive, so |
replaced it. But the transistor still
runs too warm! What gives?—P. G.,
Columbia, SC.

I can think of two possible
causes. Either the voltage reg-
ulator isn’t working properly, or
the bias on the horizontal output
transistor is incorrect. Check both
of those and you should solve your
problem. You might also check the
output drive while you're there.

FRENCH CONNECTION?

{'ve got a surplus chassis labeled
“Morse-Electrophonie 7900.” I've
been looking for service data on it
without any luck. Il needs a power
transformer with twe 12-volt wind-
ings and a separate winding for the
clock-chip. a 5387AA. The chassis
may be Canadian because the back is
marked in French.—T. 8., Pahrump,
NV,

Non, monsieur! Pas de Francais,
c’est Americain (by way of the Far
East.)! That chassis was used in
several brand names. Sams does
not showan address for the maker,
but they do list several models.

Butyou don’t really need a sche-
matic. Connect an external 12-volt
power supply to each of the two
supplies and measure the current
drain. Now you can substilute a
transformer with the appropriate
current rating. If you really need a
sChematic, Sams provides details
on several chassis in the 7000 se-

ries. Look at those schemalics and |

see if one resembles yours;
chances are you'll be able to find
one thats close enough. That’s
what | used to do.

SHORTED FLYBACK?
Thanks for your suggestion ahout
using a reduced line voltage when |
was blowing new lransistors. That
heiped a lot, bul now I've got a new
problem. As you suggested, I pul a
DC milliammeter across the fuse
holder and gradually raised the line
voltage. Normal current is 320 mA;
atonly $5-volts AC 1 got that much! |
measure about 10 KV of RV, bul
nothing else. Do you think the
flyback is the culprit?i—H. §., Austin,
TX.

| can say this: It certainly could
be! If you get some HV, the flyback
is trying to work, but it's drawing
too much current. That indicates a
possible “AC short;” that is, some-
thing that doesn’t show up in an
ohmmeter test, but does show up

when the flyback is driven by a |

normal signal.

Check the flyback with the well-
calibrated eyeball. See if any of the
smaller windings look dark or dis-
colored. Measure the resistance of
all windings, especially the big
one. If any has low resislance, look
out; that may be the sign of short-
ed tums, and one is all you need!
Digital chmmeters, which can
read as tenths of an ohm, are very
handy for that type of measure-
ment.

DC ON CRT HEATER?
Here’s one I've always wondered
about. Why is there a DC voltage on
the CRT5 filament?—B. M., Hast-
ings, Mf.

Thanks, Bill; that's one question
I'm sure of the answer tol DC is
applied to the heater of the CRT in
order to reduce the stress be-
tween the cathode and the heater
and to avoid possible heater-cath-
ode shorts. If that happened, the
tube would be inoperable.  R-E

WWWW americanradiohistorv. comm

EARN YOUR

| B.S.E.E.
DEGREE

THROUGH HOME STUDY

| | Our New and Highty Ettective Advanced-Place-
| ment Program lor expenenced Elecironc Tech-
mcians ghisity credt kor orevious Schocling end
Prolessonal Expetience, and can Jfeslly te-
duck the bme requIned 10 comclete Program and
reach gfacustion. No resdence schooling re-
Guied lor guelfed Electronic Techoacians.
Through thes Specil Program you can pull ol of
the looae ends of your Mectroncs background
together a0 sarn your B.S E.E. Degres Up-
Roe yOur stalus and pmy 10 the Engnesimg
Level Advence Fapidiyl Many fngh in 12
months OF iess  Students AN  aduates I ol B0
Stales B throughoul the Work] Estabilshed
Over 40 Years] Wrte i free Descrpins Lil-
| erature

COOK’S INSTITUTE
OF ELECTRONICS ENGINEERING

@ XE r.0.80x20335

JACKSOM. MISSISSIPPI 38209

CIRCLE 181 ON FREE INFORMATION CARD

Magazine Contructors
Project June ‘86

Bench Top Power Supply
| 0-30 vVolt 1 Amp Kit

Looks 50 Good your Friends
won't Baligve you Buitt it

==

VY,
2= | =
a-' L B
W

This Great Litt

INEINUCHONS.
FEATURES: Oulput vananie neiween 3 and 30 Vouls

volisge renpe » Load wwitching » Current nmiting fu
variable-twin seleCtadle ranpes * Cusl Scale Meler

* Separate eerth terminal PMovided = Housed N
Datuxs "ABS" jnatrumen! case
SPECIFICATIONS: =*Cutpul \I'oltl'OO =310 30 Volis
* Output Current - 0 to 1 Amp {luity

Fagulatian - Better than 0 20% trom 0 to full oad
- dulpu! Rippi® = [ @33 1780 Z2mY AMS

K 3210 Fantastic Vailue $49.9
ADD 54 SHIP AND DELIVERY

F 7530 $4.50 Inc. Postage

11930 31st Court. St. Petersburg
FLORIDA U.S A. 33702
k Phone 813 577 9010

(See Radlo Electronics

power supPly 18 8 must for every
Elecironic Enthusast and Electromc Student Use it 1o
powsr Bnd test circuile and 1000 other uses Very sasy to
Build - sven the beginner constructor should neve no
troutle - Just {0llow the Plain English step by step

* Short olecuit Frotection = Full 1 Amp Qulput v entire
variable) * Load
Save Over $50
On Commercial Units

PRINTED CIRCUIT BOARD ONLY

IMTRONICS INDUSTRIES LIMITED

by

5

J

CIRCLE 196 ON FAEE INFORMATION CARD

g861 Anr

-]
| =]


www.americanradiohistory.com

¥  RADIO-ELECTRONICS

DRAWING

BOARD

More on memory management

ANYONE \WWHO HAS EVER BUILT A SYSTEM
that uses memory for one thing or
another should be familiar with
the truth of Grossblatt’s Twelifth
Law: There’s no such thing as too
much memory.

No matter how much memory
you design into your system, it's a
foregone conclusion that you’ll
wind up using all of it, and when
you do, you’'ll start looking for
ways to increase it. It’s like buying
a new house. | know many guys
who swore they'd never need
more than eight rooms. Two years
later they had finished the attic
and the basement, and they were
eyeballing the garage!

Unfortunately, it takes more
than a hammer and some nails to
add more memory to an elec-
tronics system. And it’'s slightly dif-
ficult to add memory 1o a system
that's already using (he full width
of its address bus. That's the prob-
lem we started talking about at the
end of last month’s discussion.
There are several ways (o solve that
problem, and each has unique ad-
vantages and disadvantages. We'll
use the circuit we put together last
lime to examine one solution;
others are certainly possible.

You’'ll recall that, since we're
dealing with 512 bytes of memory
space, the address bus is nine bits
wide. We use the most significant
address bit to select one of two
256-byte banks of memory auto-
matically, and that gives us 512
bytes of continuous memory. Let's
assume, for purposes of discus-
sion, that our memory system is
managed by a controller that has
an eight-bit datra bus, a nine-bit
address bus, as well as the usual
set of read, wrile, control, and IO

signals. Given those parameters,
let's see what we have to do to add
more memory to the Circuit.

Memory banking

No matter how you implement
the circuit, the basic idea is to
“page” or “bank” additional mem-
ory into the system. To understand
the idea of bank-selecting memo-
ry, 1ake a look at Fig. 1. Since our
basic system can deal directly with

ROBERT GROSSBLATT,
CIRCUITS EDITOR

sort of problem when we as-
sembled the demonsiration cir-
cuit. This time, however, there'sno
handy-dandy address line to do
the job for us. But, even though
we have to look elsewhere for an
answer, the problem is basically
the same now as it was then. We
need some sort of switch to toggle
from one page to another.

The whole problem of getling
from one bank of memory to an-

SYSTEM
COMTROLLER

MEMORY
Bank e
SELECTOR, ]
| BAMK | ' Barme 2 BAnK S DA 4
1
i 13 - =
AG. |
A —n SANK |
- =0 BANK T
ADDREES :
AVS | DETECLTGR BEc O DER CATCH
—1 b BAMK §
0 Bau 4
FIG. 2

only 512 bytes of memory, each
Eage of memory will have 512

ytes. But in order for us to access
different pages, we need a signal
that the systeém can use to gener-
ate appropriate page-select sig-
nals.

We were faced with the same
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other is one that computer design-
ers face all the time. For example,
any eight-bit computer that fea-
tures 128K of memory uses some
sCcheme to swiich between two 64K
banks.

You could always do the job with
mechanical switches, but that's a
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bit rude and crude. A much better
way is to use “soft switches” to do
the toggling for us. “Soft switch-
ing” is a term that computer peo-
ple use all the time; it represents a
technique thal we’ve used over
and over in the circuits we've put
together. All it means is that we put
adecoder on the address bus and
let it watch for a particular address.
When that address shows up, the
soft switch detects it and changes
the state of its output.

As with any other problem in
logic design, the first two steps are
to decide exactly what you want to
do and then to draw a good block
diagram of the circuit. So, first,
let’s say that we want to piggy-back
four banks of memory and have
our new circuitry select the desir-
ed bank by flipping a couple of soft
switches.

Second, the block diagram in
Fig. 2 indicates the three basic ele-
ments we'll need: The detector
senses the address we're looking
for and causes the decoder to put
out a signal that we can then fatch
to control our system. Now that we
know what we need, let’s see what
we have to do to build it.

The detector is a snap—we've
put together many of them during
the last few years. You can use any-
thing from a simple gates-only ap-

proach to dedicated decoder
chips. Since we're just starting to
find out how to build and use soft
switches, let's take the most
straightforward design approach.
After we've got the system work-
ing, we'll see what we can do to
sirmplify things.

Memory is addressed in our sys-
tern from @00 to 1FF. We have to
pick four addresses to use as our
soft-switch locations. In a real-
world system there would proba-
bly be circuit considerations that
would dictale which locations to
use. But since we're building our
circuit from the ground up, we can
pick any addresses we want. Let’s
take the four highest addresses in
the system and define them ac-
cording to the table shown in Fig.
3-a. As you can see, the highest
address (IFF) selects the first page,
1FE selecis the second page, and
SO on,

A starting point for the Circuit
we need is shown in Fig. 3-b. Since
the four addresses we're looking
forare all at the top of memory, the
seven most significant lines will all
be high when one of those ad-
dresses is accessed. That means
we can Use an eight-input NAND
gate as the front end of our circuit.
So, any time the NAND gate outputs

continued on page 90
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ANTIQUE
RADIOS

Tuning “eyes” and AVC

LAST TIME WE LOOKEO AT ONE POPULAR
advance in early radio circuits: the
automatic tuner. This month we’'ll
take a look at several other, more
controversial advances: tuning in-
dicators and Automatic Volume
Control (AVC) circuits. If you ever
wondered how a “magic-eye” tun-
ing indicator works, or how to
troubleshoot one, you'll find our
discussion valuable.

The Truetone model D925

QOur Antique of the Month,
made by Western Auto, Is a fine-
looking radio that incorporates
several of the advanced features
we'll be discussing. It has a magic-
eye tuning indicator and pushbut-
ton tuning, as well as a tone con-
trol and the ability to receive
shortwave signals. To override the
pushbuttons, the spring-loaded
tuning knob is pushed in. The
seven-tube (not counting the mag-
ic eye) superhet uses a type-80 rec-
tifier tube, and it has an IF of 455
kHz.

Automatic tuning devices like
that on the Truetone model D925
did little to hold the cost of a radio
down; and cost, in the early 1930,
was of prime consideration to
manufacturers. But not all circuit
improvements increased cost. In
fact, one of the most important ad-
vances actually reduced costin the
final analysis. The super-
heterodyne circuit reduced inter-
ference and improved reception
to such an extent that pounds of
shielding could be eliminated.

During World War |, many engi-
neers worked on the super-
heterodyne circuit, which was first

hG. 1

patented by Major Armstrong after
the war. Because of patent-right
contention, superhet sets didn’t
really become widely available un-
til the early 1930's. However, as |ate
as 1940, TRF (Tuned Radio
Frequency) receivers were still
being built. But long before patent
restrictions were eased, hobbyists
began converting their sets from
information published in radio
magazines. |f you come across one
of those altered sets, you'll never
be able to track down an accurate
schematic.

Along with circuit refinements
like the superhet, accessories like
tuning indicators became popular.
The tuning aids we'll discuss were,
in a sense, a spin-off of AVC cir-
cuits. Of course, if a set was prop-
erly aligned, and if the dial pointer
was set accurately, you could tune
stations in with few problems. But
manufacturers thought that it
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would be a good idea to provide a
visible indication of tuning status.

The magic eye was one popular
tuning indicator. It is a tube-like
device that mounts in a socket
similar to a panel-light socket. A
metal bracket holds the tuning eye
and the socket so that the top of
the tube is visible through the
front of the cabinet. A fluorescent
coating and a “shadow” indicate
relative signal strength. The small-
er the shadow, and the larger the
fluorescent area, the better a sta-
tion is tuned in. A tuning eye was
often considered as just another of
the set’s tubes, so it was tested
with the other tubes when a ser-
vice man repaired a set.

The magic eye is similar to a
dual-triode tube that has a com-
mon cathode. One triode is con-
nected to the set's AVC circuit; it
determines the brightness with
which the fluorescent part illumi-
nates. The other triode is really the
indicator; its plate is the fluores-
cent target, and its grid, which is
controlled indirectly by the other
triode, is what actually determines
brightness.

The eye works as follows. When
a signal is not tuned in, the AVC
voltage will be very positive. That
will decrease the current flow
through the second triode, so the
“shadow’” area of the fluorescent
screen will increase. But as a sta-
tion is tuned in, AVC voltage de-
creases, 50 more current flows, so
the illuminated area increases.

Tuning-cye troubleshooting

Problems with the eye shouldn’t
be difficult to diagnose, especially
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if you have an antique tube tester
like my NRI model 70. first test the
regular triode section of the tube
with the usual short and emission
tests. Then check the eye section;
but watch the fluorescent sCreen,
not the meter, while making the
test. Without the tube tester, only
a limited continuity test can be
done. If the tube tests OK, there’s
a good chance you've got a prob-
lem in the AVC circuit.

If your radio produces no audio,
but the tuning eye still appears to
operate, your set's Rf stages are
probably in working order. The
problem is probably in the audio
output stage or in a speaker. If the
set is dead and the eye has a red
glow, you probably have a defec-
tive power supply.

You might be baffled by a re-
ceiver that works OK, but whose
eye doesn’t Close, especially if the
eye and the AVC check out. In that
case, the problem may be a re-
sistor connected to the fluores-
cent plate. That resistor may be
located in the socket of the tuning
eye. Remove the eye from its sock-
et, and carefully pry the socket
open with a small screwdriver.
Measure the resistor and replace it
if necessary. It’ll probably be a
high-valued unit—100,000 chms or
SO.

Other tuning indicators

In the late 1920's there were a
dozen or more different kinds of
tuning indicators, including a not-
too-popular tuning meter. Such
meters have fancy escutcheons
and make fine collectables. As a
station was tuned in, the pointer
would swing to the right. There is
also an indicator that makes an au-
dible sound when the station isnt
tuned in properly.

A popular tuning indicator in
the 1930's was the Shadowgraph,
used on Philco and other sets. By
opening its case, it becomes ob-
vious that it's really a meter-type
tuning indicator. The moving vane
serves to obscure light emanating
from a pilotlamp inside the meter.
The movement of the vane is con-
trolled by the AVC. As the vane
moves, it changes the size of the
shadow from the pllot light; that
shadow is then imposed on a cel-
luloid screen. The screen is visible
on the frontpanel, and, as with the

magic eve, the smaller the shadow,
the better the signal. Here's a few
hints on Shadowgraph trou-
bleshooting.

If the screen is completely dark,
first check the pilot lamp. If the
lamp is good but the shadow
doesn’t change when tuning,
check the AVC. If that checks out,
you may have to open the case to
examine the meter movement.

Tuning indicators went hand-in-
hand with AVC. But so far we've
been talking about AVC circuitry
as if it came into existence with no
birth pains at all. However, that's
not the case; let’s see why.

The birth of AVC

In the 1920’s there was much de-
bate in radio circles concerning
the merits of AVC versus its cost.
Was the added cost of an extra
tube, an extra socket, a tuning in-
dicator of some sort, and other
parts worth it just to get a receiver
that didn’t blast or fade? As we’ll
see below, AVC helped to sell radi-
os; but even so it took patience to
tune in a station while watching an
indicator. Later, many listeners
tired of watching the tuning in-
dicator just to be able to see what
their ears were already hearing.

Most people who thought that
AVC was unjustified lived in areas
of good reception. Also, they at-
tacied little importance to the
popular hobby of DX'ing. And
they thought that programming on
distant stations wasn’'t high
quality. They were often, but not
always, right. Programs originating
from independent stations some-
times were amateurish, as those
stations couldn’t afford to hire the
best entertainers.

However, even people in good
signal areas sometimes suffered
the effects of interference. For ex-
ample, if areceiver had an antenna
tuner or a loop-operated super-
het, any nearby radio could be
overloaded by a deafening squeal.

Those in favor of AVC usually
wanted to—or could only—listen
to distant stations. Not all re-
ceiverswere located in the shadow
of the transmitter. Also, by that
time, consumer radios had to be
simple to operate. Housewlives,
shopkeepers, and other workers
wanted to listen to their radios
while going about their daily rou-
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tine. Having to make frequent vol-
ume adjustments was a nuisance
to them as it interfered with their
lasks.

Audio amplifiers

After the RF and AVC stages
comes the audio amplifier. Many
designs were popular, but an inter-
esting one is the push-pull ampli-
fier, which was popular in larger,
more expensive antique radios.
The push-pull amplifier is also
called a balanced amplifier. It has

two tubes that are operated 180 de-
grees out of phase with each other.
In other words, one tube amplifies
the positive, and the other, the
negative, half-cycle of a slgnal.

The grids of the two tubes are
connected to opposite ends of the
secondary of the input trans-
former. The plates of those tubes
are connected to opposite ends of
the primary winding of the output
transformer. Both transformers
have center taps that are con-
nected to AC ground.
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[ 111 Hands On Eleciromes @1, . $4.50
[J 112 Hands On Eleciron:cs #2 . .84.50
[0 113 Hands On Electronics #3 . $4.00
[J 114 Hands On Eleciromes &4, $4.00
[0 115 Hands On Electronics @5 . $4.00
[0 115A Hands On Electronics #6 ., . . 33150
[0 116A Hands On Electronics (Jan-Feb "86) . . 53.50
O 154 YCR Repaurs $3.00
[ 155 1BM Typewriter 10

Computer [nterface . 5300
[ 125 Radw-Blecironcs Annual 1985 , $3 50
[0 %26 Padio-Bectromes Annyal 1986 . .$2.50
[0 156 How to Make PC Boards .$2.00
[ 157 Al About Kits | . $2 00
[ 158 Eletiro Impewting Co Cataiog . 5595

(1318) (176 pp)
[ 159 Low Frequency Receming Techniues

Building and ysing VLF Amennas.. ... 5600
[ 160 New loeas « 42 circwits WoF

LINRAMENIETS . -$1.50
[ 181 Descrambing (Feb, . 1984) . $200
[ 162 Bwid Your Own Satelite TV Recerver 57.00
[0 163 Recetwing Satelile TV ... . $7.00
[0 164 Modem Electrics (Apm 1908). $3.00

To order any of 1he ilems indscated above, check ott the
ones you want Compiete the order form below. include
your payment. check of mongy order (00 NOT SEND
CASH). and mail to Racho-Electron:cs, Reprint Gepart-
ment, 500-8 Bi-County Boulevard, Farmingdale, NY
H735. Please aliow 4-6 weeks {or deivery.

it you need a copy of an articda thal is ¥ an issue we
indcate is unaviilable you can ordes It irectty trom us,
We charge 50¢ per page. Indicate the ssue {month &
year). pages and arhicle deswed. Inciude payment in
full, pius stpping and handling charge Make checks
payable to Gemsback Pubhications. Inc.

ARTICLE
PAGES MONTH YEAR
TOTAL PAGES_ €050 each TOTAL PRIGE

MAIL Tt): Aadio-Electronics

SHIPPING CHARGES IN USA & CANADA

Reprind Booksiore. 500-B Bi-County Baulevard, Farmingdale. NY 11735

$0.011055.00 . 8100 $30.01%c 40 00 $4.75 OUTSIDE USA & CANADA
$5.01 t0 510.00 5175 $40.011050.00 85,75 Ald 100% for sea mail
$10.01 10 20.00 .$2.75 $50.01 and above $7.00 Add 200% for air mail
: $20.011030.00 . ... ... $3.75 |
1 Total price of merchandise . . . 45 ]
! Sales Tax (New York State Resicents only) .5
! Shipping (see chary) 1
]
! Name Todal Enciosed [ pe— L B
[ Address
b oy State 7 RB7-6
L

All paymenis musi be in U.S, funds
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The pentode

In the past we’ve discussed the
origin of the diode and the triode.
The screen-grid tube has also been
mentioned. Now let’s talk about
the pentode, which was an-
nounced in the early months of
1930 by the CeCo manufacturing
company. Of course, it’s called a
pentode because it has five ele-
ments including a cathode and a
plate like a diode, a control grid
like a triode, and a screen grid for
the plate like a tetrode. CeCo's in-
novation was to add a screen grid
between the cathode and the con-
trol grid.

CeCo said its five-element tube
was three times as powerful as the
screen-grid tube. That proclama-
tion brought much criticism from
other radio manufacturers, de-
spite promises to share advances
and circuit designs. Critics said
that tube sales were already low
and that a new tube was unneeded
at the time. They also said that the
pentode wasn’t really new, as it
was already in use in Europe, es-
pecially in England.

Furthermore, it was unclear how
the pentode could be used.
However, CeCo engineers said
that the more powerful pentode
would increase tube sales because
radios could be made with fewer
tubes; thus, radios would cost
less, and more people would buy
them—by the millions! And that,
of course, would increase tube
sales.

Of course, the pentode did
survive. By the end of 1930 several
pentodes were available: the 23§
and the 247. The original pentode
was probably made from a 24
screen-grid tube, a tetrode. Using
the same base and envelope, the
extra grid was attached to a termi-
nal on the side of the tube base,
instead of adding another prong to
the tube base. In later designs, the
suppressor grid was usually con-
nected to the tube’s cathode inter-
nally.

Hobbyists and other experimen-
ters were quick to purchase the
new tubes from the mail-order
houses. Again, they were guided
by information and circuits in the
radio magazines. It's unlikely that
you'll find any of those early pen-
todes around. |f you do, consider
yourself lucky. R-E
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Changing the face of fouchscreens
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CONTENTS _ _ _
NTENTS o

Voi. 3 No. 7 July 1986 J
T More On Modems e -
Here’s all you'll need to know if you're having trouble getting your ; R ——
modem to “talk.” Herb Friedman See Page 11

11 Protocol Converter
Sometimes it takes a protocol converter (o get things handshaking
properly You can build this one yourself. R.L.L. Hu

15 TYouchscreen Technology
Surface Acoustic Waves are changing the face of Touchscreens.
Here’s an update on what to expect from this new technology:
Marc Stem
3 Editorial

4 Letters

4 Computer Products

5 Software Review See Page 15

ON THE COVER CompurerDicEsT

SUHRFACE ACOUSTTU WAVES

Clisiming she 1ot r of b haairemn

SAMW—Surface Acoustic Waves provide an additional dimension
to this new touchscreen from Zenith. Refiectors along the top of
the screen bounce the acoustic waves being transmitted from left-
to-right at the top, to detectors along the bottom. Result? Ancther
axis-full of information! See page 15.

COMING NEXT MONTH

Making an older printer perform like a new printer is aways worth
the doing, and we have a story on Retrofitting Printers to tell you
how And if you'd like to get your Commodore to talking, don't
miss this article on how to construct a speech synthesizer. To finish
up 38 dynamite issue, read the tutorial on designing single-transistor
switChing circuits.

2 ComputerDiges!i — JULY 1986
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EDITORIAL

C’'mon, you guys!

mEach month your editor has a series of jobs to do, and one of the toughest
of them fs picking the articies that will appear In print. We try to select a
balance of articles that will appeal to the most interest. And we select
these from the articles that are submitted by people just like you. But there
are other mitigating factors that you may not know about. Because we are
limited 10 space, smaller articles have a far-better chance. The piece that
will fill bwo or three pages in the magazine is more apt to see the printed
page than the one that runs ten or twelve pages and has to be serialized
over several issues. And right now there happens to be 8 shortage in the
files of the short articles.

Here are some guidelines: Begin by looking through this issue (and
previous issues) to see what sort of thing we pubtish. Got an idea that
seems to fit? Send me a letter and tell me about it If we haven' just bought
an identical story from somebody else, if we haven't Just published one like
it, You'll probably get a letter back asking you to proceed. Now you write
the story making sure it's double-space typed, with ample borders all
around. Be sure your name and address are on the cover sheet. Refer to the
figures sequentially in the text. In other words, don't talk about Fig. 3 and
then Fg. 1

Your diagrams needn't be perfect, but make ‘em legible enough for our
artist to re-draw. Use the same format we use In the magazine, and do
provide a parts list. We'll need captions as well,

And of course, we need good, clear, bilack and white photographs.
These must be captioned as well, although photographs (as you'll see) do
not take figure numbers,

Programs (if they're needed) should be run off on a printer with a new
ribbon, as we reproduce yours exactly Keep the wadth 10 three and one-
half inches, please, and proofread carefully before sending it in.

After the editors review the article, if you've done a good job, you'll be
getting our check in payment for it, and some months later (there’s a lot of
lead time) you'll be seeing it in print, yes, with your name on it! You're an
authort

By & Uil

Byron G. Wels
Editor

emngo‘htﬂgntbwuammﬂ as BN inson! i Aacio- Elecironcs MagATing by Gemsback Pubications,
nc.. B B-Count M..van;&e MN.Y. 11735, Socu\dOmPos?PmduNwM N Y. and

atuonal maling un!au Copynght € 1985 Gernshack Pubkcations. NG All rights meenved. Printed in U5 A
A stamped wlf-addressed smviope mus y 8 sub

e relum il desred showd
Marscnpls Bd/on artwork OF

Tpis. ANGAOr artwork OF photographs
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LETTERS

Light Chasers?

| read the Remote Power
Controller article with great
interest. Properly programmed,
couldn't this be used to control
disco lights?’I'm not a programmer
myself, but couldn’t somebody
come up with a suitable software
package for this?—D.S., Ventura,
CA.

Okay you quys, get busy!

Pay your money...

In all honesty, | must say the
computer is highly overrated. At
rry famiby's insistence, we bought
one and now it's used mosthy for
playing games, when it's used at
all. There are & ot of other things |
could have used that money for
and feel | should have done better
by investing in a few video games
at a8 much-lower cost—5.0.,
Wayne, NJ.

See the Jetter that follows,

And take your cholce.

Our famity computer has
become the hub and center of our
activity, It's truly a solution loOking
for problems! And the more we
use the thing, the more
applications we find for it. Frankly, |
can't see how we ever got along
without it in the past, but we're
sure glad it's here nowl—RL,
Washington, D.C.

See the preceding letter

On our projects

I've seen some of the projects in
ComputerDigest that I'd like o
build, but have never tried my
hand at constructing anything
electronic. Is it hard to do?—T.J.—
Austin, TX,

Start with something simple,
and get the feel of wire-wrspping
as 3 starter Once you get your feet
wet in this freld, and have &
success or two, there'll be no

StOpING youu.

Computer Power
I'd like to know what others are
doing about controlling power to
thewr computers. My on/off
switChes are mnconvenienthy

WWwWwW americanradiohistorv comm

located on the backs of the units.
SR, Eugene, OR.

SR, we've seen some pretty-
sophisticated power Controls, but
many of ‘em bring along as many
probiems as they solve. Most of us
use simple, switched, multiple
outlet strips. Not fancy, but very
convenient.

Glare

| have a glare problem with my
monitor screen and have seen
those glare-reducing panels. Do
they work? Do you think it is a
worthwhile imvestment?—FK.,
Boise, ID.

Some people like them, others
don't | use one alf the time_ it
elimmnates giare, makes the blacks
blacker and | wouidn't be without
it. It seems to be a matter of
personal taste.

More To Leam

There’s s much more for kids to
leam these days! Shouldn't our
educational system be
modemized?—R.T, Reno, NV,

You've hit on one of my "hot
buttons!” At one time, back in the
905, there were only two branches
of engineering—Cvil or Military
You could count the number of
countries in the world on the
fingers of both hands. These days,
when 3 book is written, its
cbsolete before its published! Yes,
theres a lot more to leam today,
yet no more time is alfotted to that
feaming. | don't know what the
answers gre, but we'd better start
seeking them out before its too
late.

Free Advice

Is usually worth its cost. But I've
been offered a job in the
computer industry and have been
told it's @ "dead-end” job that
offers a good salary, security, but
absolutely no advancement
Should | take that job?—S B, San
Remo, CA.

| say take the jobl There are no
dead-end jobs, just dead-end
people. As fong as you can leam,
it wilt be worth it
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SOFTWARE
REVIEW

pfs: WRITE—Simplified word processor

WAt |ast count there were some 1000 word processing
software packages for personal computers, Mmost of
them were so compiex and confusing that they
required hours of practice and study before they could
be implemented. On the other side of the coin, 1S
PFsNVRITE, a simplified word processor that can be
leamed in about 30 minutes and which can directly
integrate data from imventones and filing systems into
business comespondence and documents: Essentially, a
program tailor-made for the technician and small
service shop.

Perhaps the biggest acivantage however, i that this
program is just about designed for your own needs
without requiring anmy compromise on your part. Its
easy to leam, and once you do leam it, it's ready to go
to work.

Unlike the word processors designed for producing
long documents, pPfSAWRITE is intended for business
correspondence, reports and memos or customer
notices. Preparation of the mailing envelope is handled
as a part of 8 document’s preparation. Conventional
methods require the enveiope to be prepared
independently of the document. You must use a
separate envelope format, or make a separate run of
mailing 1abels to te affixed to envelopes for that “junk
mail” ook, The pfs:WRITE system has none of this. The
print mode automatically dete:mines the recipient’s
address from the position of the document’s date,
automatically prints the envelope commectly, and then
retums to the document format. Even the automatic
addressing is unusual. The program prints the entire
address regardless of its length. Doesn't matter if it's
two lines or eight lines, the address is printed with no
blanks where address lines are "missing.”

The program’s operating mode is selected from a
MAIN MENU that provides 1) Type/Edit; 2) Define Page
(how the document appears on the screen); 3) Print
{with separate print menu); 4) Get/Save/Remove (a disk
file); 5) Clear {erase current document from memory);
6) Proof {Integrated optional spelling checker) and 7)
E) Exit (Leave program).

Documents are created or merged (boilerplate) in
the Type/kdit mode, which creates the screen image of
a page in a typewriter complete with a ruler line at the
bottom. The displayed text Closely resembles the
actual printed copy on a line-by-line basis, including
centering of the individual lines, Page breaks (bottom
of the page) are shown, and a status line under the
ruler indicates the actual page number and the line
number of the cursor The text itself is created and
edited usirg conventional ovenwrite, Insertion,

deletion, paragraph moves and boilerplate Insertion.
While word or line deletrons are “permanent” in the
sense that they cannot be undone, anything marked as
a block can be deleted and then recalled if necessary
because marked blocks are stored in a "block buffer”—
a reserved area of the computers memory—from
which the biock ¢an be recalled, moved or copied.
The capacity of the block buffer depends on the
particular version of pfsAWRITE, The MS-DOS version
has a 100-line capacity, other versions have kess
capacity If you try 1o move of copy more than the
rated biock capacity onty the first 100 lines wall be held
in the block buffer The remainder is iost uniess the
block is divided into manageable segments of less than
100 lines,

The Define Page mode sets the page parameters—
how the document appears on the screen—and also
pemits insertion of a two-line header or footer, with
pagination in the second line of the footer Both can be
positioned (L, R, C) independent of the general page
format, and both can be programmed not to print on
the first page of the document.

Both underline and boldface are built into the
program, aiong with a simplified means to insert any
number of printer control commands amywhere within
the document, either during or after preparation. A
primary set-up printer control code(s) can be
programmed as part of the print routine.

The print mode operates throush ts own menu,
which among other features Pemits user selection of
the kind of printer, page pause, number of copies,
page indent, justified margins, automatc printer set-up
codes, and integration from the pfsFILE program. Any
data at all, of any kind, that is stored is a pfsFILE data
file can be inserted in a pfs WRITE document. it could
be names and addresses (not unuswal), of a reminder
to 3 customer to renew the service policy on his TV or
VCR. If it's stored in a pfsFILE it can be programmed
with unusudl ease to be automatically merged into the
document,

Unforunately, the pnnt routine has a quirk that can
effect non-business documents. It's line spacing
conforms to the conventional business practice of
using the same general spacing for the entire
document. Although the user ¢an select either single or
double line spacing, unlike most other word
processors, they cannot be combined. pfs:WRITE
cannot print double spacing and have text insertions
that are single spaced. You can have single spacing
with double spacing generated when the document
was created, but not vice-versa. On the other hand, the
MS-DOS version of pfsWRITE does allow indenting
and justification independent of the general page
format.

pfs WRITE 1s exceptionally easy to leam and use.
There are only 20 commands, all of which appear on a
help screen. It is, in fact, possible to run the program
directly from the help screen. The manual {at least the
MS-DOS version) 1S 3 gem, once again proving the rule
that "The thinner, the better”

pfsAWRITE—Software Publishing Corp,, 1901 Landings
Drive, Mountain View, CA 94043 4D
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COMPUTER PRODUCTS

For more details use the free information card inside the back cover

SURGE SUPPRESSOR. the S5 IV 15 a
multi-outlet device deigned to protect
computers and other MICTOPIOCessor-
based eqQuipment from overvoltages.
The model 5L /v offers non degrad~
INg, permanent protection within oper-
ating parameters, and effeClively elimi-
nates computer downtime, Component
damage, and nuisance failures caused
by transients. It also features 8 15-amp
circuit breaker with reset switch, status-
inchcator lights for the circuit breaker
and suppression Circuitry, and three
high-quality grounded receptacles,
which accommodate most CPU/rinter/

CERCLE 11 ON FREE INFORMATION CARD

CRT configurations and other multi-plug
setups

Any computenzed equipment sys-
tem drawang up to 15 amperes Is aporo-
priate for protection by the model 5t IV,
that includes Microcomputers, Comput-
er terminals, intelligent photocopiers,
electronic cash-register systems, memo-
ry typewriters, and medical analysis
equipment

The model 5L IV is priced at
$994 00—Transtector Systems, Inc.,
10701 Airport Drive, Hayden Lake, ID
83835

SINGLE-BOARD COMPUTER, the
model GMX Micro-20, combines a
Motorola MCH8T020 32-bit micro-
processor and an optional MC68881
floating-peint coprocessor with 2
megabwtes of 32-bit wide RAM, up to
256 kilobytes of 32-bit wide EPROM,
four senal ports, an 8-bit parallel port, a
5.95" floppy disk controller, a SASI pe-
ripheral interface, and a clock with bat-
tery backup. 16-bit expansion con-
nector allows the addition of off-the-
shelf or custom VO interfaces.

The board, measuring 8.8° X 5.75",
mounts on and uses the séme power
connector and supply voltages as a
standard 525" disk dnve. Power re-
quirements are +5-volts DC at 4.5A
max.,, and +12-voits DC at 125Ma. A

& ComputerDigest — JULY 1986
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separate board, included with the
model GMX Micro-20, provides RS-939
levei transiation, and 4 DB-25 type con-
nectors for the senal ports. A DC-to-DC
converter supplhies the — 12 volts.

The model GAMX-Micro-20is priced at
$27.50.—GMX, Inc., 1337 west 37th
Place, Chicago, IL 60609

WORD-PROCESSING SYSTEM, 15 an
enhanced version of Tmeworks Inc,,
Word Writer 198 program for the Com-
maodore 128 computer,

The upgraded Word Witer 198, an 80-
column professional word-orocessing
system for home and business use,
works in C-128 {(128k) mode with ether a
40- or BO-column monitor. Additional
features now iNClude On-scréen high
lighting, rght-rmargin justification, super-
script and subscript, headers and
footers, and speed keys for more expe-
fienced users.

On-screen highlighting allows the
printer to underling, italicize, boldface,
of use all three together at the press of a
key. It also allows the user 1O see each
highlight on-screen before hard copy is
printed. Superscript and subscript
displays and pants numbers in super
sCript or suscnpt for fast footnote ref-
erences Headers and footers displays

TMEWIoRE

CIRCLE 13 OM FREE INFORMATION CARD.
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and prints headers and footers
throughout the user’s document, as
commanded. S5peed keys ‘et the user
access Word Wiiter commands cuickdy;
using a minimum of keystrokes.

The Word Whiter 198 already includes
an 85,000 word-spelling checker, a
built-in S-function calculator “pull-
down” menu technology, and a full-
screen format. It can be used by itself, or
interfaced withTimeworks Data Manager
128, Swiftcaic 198 and Syha Porter’s
Personal financiat Planner Each of those
programs carry a $69.95 retail price.
Backup chisks are available for Time-
works' registered users for $14.70.—
Timeworks, 444 Lake Cook Road, Deer-
field, IL 60015,

ENHANCED KEYBOARD, Snyie 3970,
has 126 keys and is designed to o with
SmartKey 50 Keyboard Enhancement
software.

The SmartKey software allows the
user o redefine the keyboard for specif-
ic needs. It also defines speciat 24 func-
tion keys to the user’s use and simplihes
complex commands by definlng single
key macros.

CIRCLE 14 ON FREE |NFORMATION CARD.

The Snve 3270 keyboard 1s PC com-
patibie. It sends I1BM PC synchronous
format and responds 1o handshake and
reset signals from the IBM PC and XT.
Additional features include: Cherry MX
full trave! goid crossbar contact config-
uration key module; full N-key roliover
with auto-repeat and chassis ground.

The unit i 1.133" from enclosure base
1o center pomt &t home row-keycap
tog It also has keyboard micro wath 16-
deep FIFO and scanning phase in the
event that FIFO is filled.

The Shyle 3270 enhanced keyboard ts
priced at $195.00. with Smartkey
software included, the price is $245.00
complete.—Cherry Electrical Prod-
ucts Corp., 3600 Sunset Avenue,
Waukegan, IL 60087,
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MORE ON
MODEMS

When your modem won't talk...

Herb Friedman

|4 modem is the easiest peripheral to interface with a
personal computer. You simply connect them together
through matching plugs and everything works. But
theory falls down before practice when the software
becomes sophisticated, or 8 manufacturer has taken
short cuts and left out circuits because “the average
user probably won't ever need them.” Unfortunately; it
often works out that the circuit, ware, or signal indicator
that’s “missing” or unconnected is the one that’s
required by your software or the computer itself.

Although virtually all conventional RS-23¢ 1O
modems utilize the 25 terminal subminiature D-
connector, it takes only three connections from your
computer to its modem to establish communications
using a non-automatic modem. At the computer itself
these connections are usually labled as TD {transmit),
RD (receive), and "commeon,” which is always terminal
#7. Although there is supposedly a “standard,” TD can
be terminais 2 or 3, and RD can be terminals 3 or €.
(Some manufacturers use Tx for RD and Rx for TD—and
don't ask why)

Much mumbo-jumbo has gone inte descnbing the
TD and RD connections because the onginal RS-232
“standard” was murky on the subject. When connecting
a personal computer to a modem it's easy to keep track
by remembenng that TD, or transmit, means the output
signal from the computer, while RD means the input
signal to the computer. Unfortunately, you will find the
modem’s connections are probably also labled TD and
RD, so what do the connections represent at the
modem? Whether at the computer or the modem TD
means the computer’s output signal and RD means the
computer’s input signal; connect the computer’s TD
terminal to the modem’s TD terminal and the
computer’s RD terminal to the modem’s RD terminal.

Straight-across wirlng

If a computer’s RS-232 IO connections are intended
for connection t© @ modem the winng order of the
connections is called DTE and will be what is called

“straight across,” meaning computer terminal #9
connects to modem terminal #€, computer terminal
#3 connects to modem terminal #3, etc.

The problem comes in when the computer’s seriai
IfO has connections intended for a printer, the so-
called DCE wiring order. The functions of DCE terminals
#2 and #3, among others, are reversed; if you connect

COMPUTER
D-CONNECTOR
SIGNAL
FUNCTION oIE DIREETION
T0 T0
LOMPUTER T MODEM
EOUIPMENT GROUND 1
TO 2 | —=
RO | —
ATS (READY TO SEND) 4 | —
DSRIDATA SET READY!) 5 | +—
CTSICLEAR TO SEND) 8 | o
SIGNAL COMMON 7 |-
COICARRIER DETECT) B |
DTR(DATA TERMINAL READYY 0 | —=
RHAING INDICATDRY | 22 | =—
MODEM
0-CONNECTOR
SIBNAL
FUNCTION DCE DIRECTION
T0 T0
MOOEM ~  COMPUTER
EQUIPMENT GROUND 1

TD by -
RD iy —
4 -—
DSRIDATA SET READY} 5| —=
CT$(CLEAR Y0 SEND) 6 | —»
SIGNAL COMMODN o]
CD{CARRIER DETECT) i —
DTRIDATA TERMINAL READY! 0 | +—
RURING INDICATOR} 2} | —-

NOTE: THE ATS HAWOSHAKE IS RARELY USED WITH
ASYNCHRONOUS MODEMS

FIG. +—ALTHOUGH THE DTE AND DCE wiring order uses the
same descriptive terms for the functions, the signal direction
is completely opposite.

JuLy 1986 — ComputerDigest =7
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DCE computer terminals “straight across” to the modem
nothing will happen tecause nether the computer nor
modem will know what's going on. The way out of the
DCE/DTE bind (if you don’t know what goes where) is
to match the TD and RD terminals on the computer to
the modem, which means “crossing” the connections,
that is, connecting DCE computer terminal #2 to
modem terminal #3 and computer terminal #3 to
modem terminal #2. Make @ copy of Figure 1, which
shows the differences between the DCE and DTE
winng order for RS-232 D-connectors.

Modem communfcations would Be simple if alf you
had to do was match the TD and RD connections, and,
this is all you have to do with an acoustic modem,
where you dial up the remote computer and place the
telephone’s handset in a pair of cups on the modem.
But much modem software, and some modems, won't
work with such a simple connection because they
require some form of electrical “handshaking,” meaning
an electncal signal that informs either the modem, the
computer, or both that the other device is readly to
receive data. Depending on the particular software
used, handshaking might be required from both
acoustic and direct-connect modems—the kind that’s
*permanently” connected to the telephone line: and
handshaking 1$ generally needed when using an
automodem—the kind that can automatically answer a
cail or dial out. For example, to prevent an automodem
from answering every ring they are generalty
designed—or programmed by a switch—not to go
“onsline” until a DTR {DATA TERMINAL READY)
“handshake” is received from the computer, the DR
being & digital "high"” that tells the modem that the
terminal is reacly to send and receive: it 1s usually
provided by a terminal or computer's DTE wirning order
on terminal #20.

Handshaking

Software intended for use with an automodem (ooks
for a handshake from the modem that indicates the
modem is tumed on and reacty unfortunately unlike the
computers DTR handshake there is no real standard for
the “modem ready™ handshake. Many modems create
three handshakes, and only one, two, or the full three
might be required by the communications software. To
make Certain the software receives what it considers to
be a "correct” handshake the modem might intemnally
connect several terminais on the connector 50 that a
single modem handshake appears on the D-connector
as two or three handshakes, forcing the computer to
"see” the required handshake

A modem usually outputs 8 “high™ DSR (DATA SET
READY) signai on terminal #5 when powver is applied.
This tells both the computer and its software that the
modem is “readly for use.” (Note that thus is the
equivalent of the DTR terminal #20 handshake signal
from the computer; it's one of the Connections you
might have to Cross-wire.}

Another modem handshake is the CTS (CLEAR TO
SEND) “high” from terminal #6. This handshake can be
used for just about arything, but for personal
computers it is often combined with the CARRIER
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DETECT (CD) “high” from terminal #8 by a simple
shorting wire.

The CARRIER DETECT is the handshake that modem
communications software is 100king for because the CD
“high” is generated only when the modem senses the
"carrier tone” produced by the modem at the remote
computer. Because reception of a carner means the
modem is actually “tallking” to the remote computer,
the CD "high” is often used as the “master handshake”
for the computer, so it is often intermally connected
within the madem and also appears as the CTS (CLEAR
TO SEND). If a carrier tone isn't being received the
modem isn't talking to the remote computer, hence, it
is not clear for sending data from the computer. (There
redlly is a I0gic to all RS-232 connections when they
concem & computer and 8 modem—not a printer.)

If the software is only looking for a “modem ready”
handshake it might check only the the CTS and CD
handshakes. However, some software intended for use
with automodems won't do anything until is "sees” the
DSR (DATA SET READY) handshake, the reason being
that the software automatically downloads
programming for the auto-modem’s intemal
microprocessor, forces the modem to go “on-line,” and
causes the modem to dial only when the software sees
through the DSR handshake that the modem is actuaily
tumed on. After dialing, the modem will time-out
reception of the CD handshake. If it doesn't receive a
€D handshake wathin 8 specifiec time period it will
disconnect the modem or disconnect and redial.

Although software can force a Hayes-compatible
automodem to g0 off line by transmitting a command
code such as ATHO (meaning the modem should go
“on hook™), some software causes an automodem to
disconnect by forcing the computers DTR handshake
“low” The modem sees the low, assumes the computer
is turned off, and drops off the line. But a problem can
arise when using the DTR to disconnect the modem
from the telephone line because not all software and/
or computers support {provide) the DIR, and not all
modems which claim to be Hayes-compatible
respond to the DTR; they go disconnect from the
telephone line only if a direct ATHO command is
received from the computer. If either the computer or
the modem don’t support the DTR, and the software—
or the user cannot provicde an ATHO command—the
modem literally gets “stuck” and won't disconnect
unless its power supply is physically turned off.

Handshake signals always appear at the same
modem terminals if the modem employs a
conventional 25 terminal D-connector. (The D-
connector is only a general "standard” for convenience;
some manufacturers of external mogdems employ
proprietary connectors.} D-connections at the modem
are always DCE and are wired as shown in Figure 1. On
the other hand, computers can have either a DTE or
DCE winng order. If they are DTE the connectors are
wired, as previously mentioned, “straight across.” But if
the computers serial I/C is wired DCE then several
wires—not just the signal pair—must be gossed if full
handshaking is to be attained. Your computer or the
software might not require all the handshakes provided
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Ly the madem. If all the software wants is a "modem
reacdy” handshake before it transmits data, then just the
DSR—meaning modem power is on—would be
adequate, although the CD is preferred because then
the software knows for certain that it is linked up with
another computer There is much software around that
appears t0 o on-line when its actually working Into an
unconnected modciem because the software is
responding to the DSR handshake, which only means

the modem is powered—that’s ali

If it still won't work

if evervthing is connected together and the modem
still won't work wath the computer, doublecheck the
modem’s DSR and CTS terminal connections
Somewhere along the line the DSR and CTS got tangled
and the Hayes and some Hayes-compatible modems

combine the DSR and €D handshakes, using the CTS as
the “power on” handshake. It makes no difference
whether DSR or CTS is connected to the €D, but usually
doesn’t mean always.

Finally, there is the modem’s Rl (RING INDICATOR)
handshake on DCE terrminal 22, which is intended for
use by software that controls automodems. The Rl is a
“high” that indicates a telephone is ringing; it causes
the software to force the modem to go ~off hook™ (to

connect to the telephone line).

As 3 general rule of thumb, the more sophisticated
the software the greater its use of handshaking with the
modem, so when you can't get a computer to talk to its

WWWW americanradiohistorv. comm

modem check that the various signal and handshakes
g0 to the nght terminals on both the modem and the
computer before you start looking for glitches in the
software. More often than not the problem is usually
one of more "reversed” connections. <
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PROTOCOL
CONVERTER

Allow X-on/X-off devices to interact with lead-control devices.

R.L. L. Hu

mWhen physical differences exist between devices,
special adapters and Interface converters can resolve
the problems of electrical and mechanical
Interconnection {for exampie, interfacing between
RS232 and RS422 circuits which differ in signal level
and connector size). However, when togical
differences exist, then a protocol or code converter is
required. Protocol and code converters are used In
situations where communication between devices
cannot proceed due to 1ack of Ccomprehenston of each
others data. They "bridge the qap” for differences in
transmission mode, transmission Code, communications
protocol, etc.

This article describes a protocol converter that will
allow RS232 asynctyonous terminals or CPU'Ss which
operate in X-on/X-off {also called DC1/DC3, Control-Qf
Control-S) protocol to communicate with devices that
use RS23% lead control for handshaking (e g. RTS, CTS).
Specifically, this project was developed to run a serial
printer with hardware-busy handshake from an RSQ39

THE COMPLETED CONVERTER, ready to use. Considering
the massive task it performs. it requires very littie space snd
even less aftention.

port which supported onty X-on/X-off software
handshake. The use of this converter has freed the host
program from all timing considerations (insertion of
delavs or filler characters), and results in faster and

PRINTER (DTE) PROTOCOL CONVERTER HOST {DCE}
R XD e — 2 Rxo
" XQN/XOFF
8! copes
RTS |4 RSZ32 = o SERIAL
e LLEL TO
{usvi RECEIVER DM SERIAL ouT _Irs2az o
CONVERTER DRIVER
PREVIOUS
STATE te
F.F
» \
BAUD RATE
S | e | —
5
$—  *Vopo— -2 |osA
¢ rud —— POWER
> = SuUPPLY
1 7
GND = Vg o—— GND
= é I

FIG. 1—BLDCK DIAGRAM provides an easy means to overview the circuit and gain

sufficient grasp to make it easy to understand. See text.
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more reliable operation. Notable features of this project
are that it is powered by the RS232 signal lines and it
does not even use a UART or ACIA chip! The whole
circuit is built using standard digital CMOS chips.

Description

First, a quick overview, using host-to-printer interface
as an example of the X-on/X-off protocol in operation.
The printer keeps track of how many characters are in
its buffer and signals the host when it can and cannot

accept more data When the printer buffer is almost
full, the printer sends the host an X-off character to
stop the data transmission. Meanwhile, the panter
continues 1O print the data in its buffer, When the buffer
content is reduced below a certain threshold, the
printer sends the host an X-on character to resume the
data transmission. Thus, during normal printing, the
prirter buffer is kept nearly full by the host, resulting in
maximum throughput on the printer,

Refer to the block diagram in Figure 1 to see how this

PRINTER
HOST
LU w7 +Vog oo | toce)
*
ATS 0o Ovoo
wo= | i 10 413 }
We o . 2o® Pty . |
nEk nY 9 [, s
A 2 2 02 7486 i F : |
| oL 2xNane INeE L o, a LA BT T |
| 100K ;. 2aces LN |
| = -‘v_] l ic1e }3 13 P e 0 i I
2o a - T3 |
| !,82-1 |
ACTA _
-l . s R e l
|
: i‘ I‘ *¥pp |
I
| 1A |
| , 4093 |
| ica-b d o :
) . 4093 3 [50 EEP gl w| |
| sl o Yt p 4 TD ALL 0INPUTS = g Pt LY |
3 I 5
| A3 & 6|22 l
50K +103 |
[ 4 8 —F 15 "
l < R4 CI81 pE [
‘D
| T 68K |
0.01.F |
¥ [
20 LLERE]] = 1
OTR-=e——==T0 + DF Ct 3 PL 9 I
T a1
=
I R L I
| l—T D5 \
e pa Ic6
. 1] = E:; 03 MCIES |
l .! *Vnno—u D2 ]
= o
| A1) oo 43 ‘
AT CE_ DS |
| ee ! 15 |10
R8 :E T |
| 100K 1I- C1 = |
1 MCE T 0gF *¥gp
| T o L - pa Tt
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! C4 7
7488 04 10F |7
13 e 08
| L 1N4148 S] o 3 e GND
| T 0uF I ‘
| = 3 = i v |
RX D= UK

FIG. 2—SCHEMATIC DIAGRAM of converier. Note that the printer side is shown at 1eft,

the HOST at right. Text will clarify the schematic tor you.
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1s accomplished in the converter Senal data from the
host is passed directly to the printer The BUSY line
from the printer is, howewver, first fed to the converter
The converter then sends the appropriate control code
to the host unit, but only when there has been a
change in the BUSY line state, The changes in states are
detected by “remembering”™ the previous BUSY state
and comparing it with the present BUSY state.

Now look at the schematic chagram, Figure 2, for the
following detailed description, The power for this
converter is gerived from an active RS232 contro! ling,
the usual choices being DSR or DTR D4, DS and €3, C4

HOO

form a voltage inverter which is powered by the
oscillator/driver combination of IC4d and ICTe and d.
This generated negative supply voltage is used by the
op amp IC7b, to dnve the RS232 line to the host.

The baud rate clock is built using a Schmitt Trigger,
iC4, making possible a simple and reliable osciliator
with only a resistor and & capacitor This eliminates the
need for the more-expensme crystal and baud-rate
generator chip. The baud rate clock was set to run at
9400Hz (2400 baud) in the prototype unit. This baud
rate can be changed by using different values for R4
and C1. Just make sure to set the same baud rate on the

L ¢ oo *—0

Loqoqég o——a:nqoogo-o? -q i¥

N

?-oo o o ° = _“"/
°°‘°° L_ﬁlg Io 000 \ﬂh Xo-ofo

To?—" Q 60600609\-—-60000?0

do 9.6_5? o?o—o do0dbddoo—0doooo
90 0 odo, oI L4_Lf

,—'—[}:.ﬂ e T‘I‘:I'“

eblepllopyter sl

'o PP
(- 377 ]

TR

FIG. 3—THE PC BOARD is shown above-
{solder side, component side to lett) full

size for those who desire to fabricale their

own boards. See parls list for name and

address of source tor completed clrcuit

boards. Solder side is above, component

side to the left.

-
V2,

® ootoeqed||ocooepqe ®00000 TOhOSE 1= = b
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host and the printer (while it is possible to transmit and
receive at two different baud rates, nothing useful
would be achieved here).

The "previous state™ circuit is built using flip-flops
and XOR gates. The BUSY line from the printer is
sampled at each Clock cycle. If it has changed from the
previous time it was sampled, the output of IC1a XOR
will go active low: This signal initiates the sequence
necessary for transmission of X-on/X-off code. During
these transmissions, the BUSY line is not sampled.

The parallel-to-serial Circuitry is made up of shift
register, Dinary counter and flip-flops. The shift register
is loaded with either X-on (hex 13) or X-off (hex 11}
ASCIl code, depending on the present state of the
BUSY line. The binary counter counts out 10 pulses (1
start, 7 data, and 2 stop bits) and upon completion,
allows the “previous state”™ Circuitry 1o be updated
once again.

The RS232 receiver and driver are Constructed using
low power op amps. The op amp driver provides the
bipolar output necessary to drive the host RS232 TxD
input line.

Construction

The bwilding of this converter is straightforward.
There are no critical components. The prototype unit
was built using a Scotchfiex 3303 Breadboard Kit.
However, use of the PC board is recommended to
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minimize construction errors and to save time. A layout.
for the printed circuit board is provided full size in
Figure 3. See parts-placement diagram for location of
components on the PC board (Figure 4),

Calibration

Connect the converter board to the host unit. Check
the voltage level of +Vdd and —Vee. Note that the
magnitude of the -vee will be about 1.2V less than
+ Vdd, due to the two diode drops at the inverter
circuit. Make sure the RS232 voltage levels do not
exceed + 15 volts; +15S being the recommended
maximum voltage for operating the CMOS chips. Install
a zener diode in the Circuit if necessary. Check and
adjust R3 for an oscillator frequency of 2400Hz. This
frequency does not have to be very accuradte, sinCe
each start bit synchronizes the receiver clock of the
UART/ACIA in the host. Timing errors are thus non-
cumulative.

Troubleshooting

If you have problems in making the converter work
properly, the best way to troubleshoot is through a
terminal program on the host. Install jumper JPM. This
Jumper will force bit 6 of the trmsmitted code high,
which means that DC1/DC3 control codes will now be
displayed as letters 'Q° and 'S". Then, with the
converter connected between the host and the printer,
take the printer offline and send enough characters to
fill the printer buffer (effectively generating a BUSY
signal). You should then receive a DC3 code (now
displayed as letter 'S") back in your terminal program.
Take the printer back online. The printer should start
printing and you should receive a DC1 code (letter 'Q)
as 5000 as the buffer empties. If the order of the
received codes is reversed, invert the BUSY signal by
tieing jJumper JP? to ground instead of +Vdd. If you
receive darbage characters, check the baud rate, word
length, stop bits and parity: The host should be set up
to accept baud rate of 2400, 7 data bits, ¢ stop bits
and no parity {same as 7 data bits, mark parity and 1
stop bit). If nothing is received at all when the printer 1s
taken offline and online, then scope test test pont TP
on the converter A negative-going pulse should be
observed each time the printer goes busy or not-busy:
Presence of pulses here indicates the fault to be in the
shift register, counter, or RS232 driver circuitry Absence
of pulses here would suggest protlems in the
“previous state” flip-flop circuitry 8e sure to remove JM
when you are finished. One final note: The frequency
of the oscillator does change with the Circuit voltage,
50 set the frequency at the voltage at which the
converter will operate. Altematively, you ¢an install the
optional zener diode D8, provicled DSR or DIR line
voitage is sufficient. This way, the frequency will not
change with different line voltage. A current limiting
resistor in place of jumper JP3 is needed if DSR or DTR
line is powered by an extemal power supply and not
by an RS232 line driver

The author’s manuscript was printed using WordStar
with X-onfX-off protocol, the protocol Converter and &
lead control serial printer <P
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TOUCHSCREEN
TECHNOLOGY

Something new has been added...

Marc Stern

mBased on surface acoustic wave (SAW) technology,
the Zenith system relies on piezoelectnc elements to
generate SAWS. Acoustic reflector stnps on each edge
of the whe face send the SAWSs across the screen and
an invisible matrix of touchpoints is created. (See Fig. 1)

VWhen the matrix is broken by a touch, an amplitude
dip is created. The timing and depth of the dip
indicates the [ocation anct pressure of the touch.

This concept was first developed in the eary 1970s
in a system which used a set of paraltel SAW beams, in
the same manner that infrared LED touch systems are
used today Rows of transducers are placed on
opposite edges of a glass panel and are cycled; one
transmit-receive set is tumed on at a time. In this
system, transmission attenuation on one of the possible
paths determines the position of the touch,

The need for transducers along @ minimum of twa
edges imposes a cost penalty. To reduce costs, Zenith
rethought the concept and borrowed from refiective
array technology to complete its acoustic touchscreen.
The reason it proved attractive encugh for Zenith's work
is its good signal-to-noise ratio and the absence of
spurious reflections or transclucer ringing.

Using a single transcducer in the upper left comer of
the touchscreen panel, a short burst of SANs is

FIG. ¥—THE ZENITH ACOUSTIC TOUCHSCREEN system is
the lirst to offer three-dimensional touchpolnis. It uses
acousiic wave technology to create a matrix of inaudible
soundwaves across the tube face, providing a depih coordi-
nate as well as vertical and horizontal points.

—p
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FIG. 2—USING ARRAY TECHNOLOGY, the Zenith system re-
iies on a lransmit transducer and an upside-down mirror
image recelver to produce an acoustic wave sysiem (hat
bathes a CRT screen system with soundwaves, it is ysed in
the horizonlal and vertical plane.

emitted. Traveling along the top edge of the screen, the
SAW/s run into an array of partial reflectors, positioned
45 degrees to the direction of wave travel,

Wave|ets

This array produces wavelets which trave! vertically
cdown the face of the screen. Because of the
positioning of the reflectors, wavelets coming from
reflectors farther to the right lag behind those which
are reflected further to the left.

Eventually, this train of wavelets reaches an upside-
down mirror image of the upper arrgy at the bottom of
the screen panel. The wavelets hitting the receive arrgy
are directed toward the receive transducer to the left.
Note that the later wavelets produced to the right are
further delayed by a longer retumn path. {See Fig. 2)

The planned delay of wavelets produces a
continuous signat with a long rectangular envelope. The
screen panel is covered by a continuous flow of
wavelets with different transit times and each point on
the time axis corresponds to a specific vertical path
along the screen panel.

The attenuation dip caused by a touch appears in
the output signal and indicates the position.

This system uses a fixed frequency in the 4 to 10
MHz range. The signal must be weighted so the
amplitude of the signal remains constant across the
screen panel, rather than decreasing exponentially over
time. The designers, therefore, lowered the reflectivity
of the array closest to the transmitter where the signal 1s
the strongest ang used the highest refleCtivity available
at the other end.

Because of technical considerations, such as the
SAWs velocity on soda-lime glass, it was found the
optimum placement of the reflective elermnents is 0.75
mm, positioned at 45 degrees. In the perpendicular
plane, spacing is 0.53 mm, or half a wavelendth. A 50
percemnt duty factor means the strips should also be
0.27 mm wide. They are S microns thick. Therefore, the
reflective elements can be screen printed on a panel.

Pressure dependable
A surface wave will be more deeply attenuated as a
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finger is pressed harder on a screen and thus the
signal’s dip is deeper.

Functions can be designed in which take advantage
of it. To move a cursor a user Might be Instructed to
press Iightly and to make a program choice he might
be instructed to press fimby:

In operation, the Zenith SAW system is three-
dimensional. It generates the usual X and Y axis points,
but also a pressure point. Available in one to 16
pressure levels, it can generate a8 maximum resolution of
50 touch points per inch. Thus, a 14-inch CRT can have
a total of 512 by 384 touchpoints.

In the acoustic touch system, the piezoelectric
elements can be mounted directly on the surface of
the cathode ray tube or they can also be placed on a
glass overlay. When they are excited electncally, they
emit SAWS, which are reflected off the reflectve strip
arrays mounted along each edge of the tube surface
They send the SAWs across the screen and create the
invisible matrix of touchpoints.

When a finger breaks the sound waves, two or more
transducers sense it and a Microprocessor locates the
sources of the break at its horizontal and vertical
crosspoints. And, because SAWs are affected by the
amount of pressure applied, this system can not only
generate the traditional X and Y information common to
other forms of touch systems, but also a Z or third
positional input that is based on pressure.

Three-dimenslonal

Because it can generate an extra dimensional input, it
is possible for the SAW system to be more versatile
than the standard touchscreen system. Most standard
touchscreen systems can generate touchpoint
resolutions from 1,024 by 1,024 to nearly 4,000 by
4,000, but these are only two-dimensional {(XY) inputs
which, while they do yield good positional Inputs, fail
to yield any other informatlon. Adding the pressure or
Z aus allows a company to build #n more functionality
because a system cannot only place the touchpoint In
space, but it also has a pressure reference which can
serve another function,

The resistive-membrane system is the More common
type. Its been used for years and relfes on a grid of
resistive elements. When the elements are pressed a
current corresponding to the X and Y axes is
generated.

Generalty transparent, the typical resistive or resistive-
membrane touchscreen may have a layer of dots
sancwiched In its construction. Althoush these dots
are largety for show, they help a user locate where an
input is generated. The resistive element Is the
important plece of the sandwich and it is a transparent
layer of metallic material that has been included in the
membrane’s construction. When this comes in contact
with a second element a current from a touchpoint is
generated and a microprocessor senses the input.

The drawtsack with is that it cuts down on the
visiDility of a CRT because of the number of layers that
are superimposed on the glass.

A resistive system relles on the current between a
fingertip and the resistive element on glass. Since it
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FIG, 3—THE SAW SYSTEM is highly versalile. It can be inte-
grated wilh a graphics tablel to control a personal compuler
or terminal.

becomes part of the glass, it can e clearer than the
traditional resistive-membrane system. It is less prone
to damage from sharp instruments.

The second type of touchscreen technology works
in a similar manner to the acoustic wave, except that it
uses banks of LEDs and infrared detectors. In this
system, LED transmitters are placed aiong the X and Y
axis and receivers are placed opposite them. The LEDs
transmit vertically and honzontally, from the bezel
surrounding the CRT screen, and where a fingertip
interrupts the LED beams input is generated.

This type of system will generated an X-Y position,_
but is iIncapable of generating a third dimension,

More flexibility

The Zenith system is important because of the
added flexibility it gives to a touchscreen system, A
system can be programmed to recognize the Increased
pressure and can then ask f 8 user would like to take a
new o extra action. it can be programmed to ask a
user if the action sought is the correct one.

The SAW system can be programmed to take a user
through several steps in a program just by pressing the
screen a little harger

Finaity, because it relies on transducers surrounding
the CRT, there 1s no diminution of the sCreen's visibility
and since only two plezoelectric sensors ane used and
a corresponding number of receivers, the systern has
few parts and should be trouble-free.

This isn't the first time Zenith has used SAW
technology It has used this technology for years in
television sets. Its the novel approach In touchscreens
that makes it interesting and because of its reliability
and relatively low cost, it should be appealing to
broad areas of the market. it's a technology with the
potential to reshape the market in its own image.

Additionally, it will have impact beyond the CRT
market. Because ft's an add-on, it can be used with a
wide variety of products. For example, it can become
part of a graphics tablet package (See Fig. 3). This will
allow the user fingertip control of @ computer, It’s just
another use of this versatile technology <D
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Amateur packet switching

BECAUSE OF THE “'CONGLOMERIZA-
tion” of most major manufacturing
firms, few if any great tech-
nological breakthroughs are now
made by hobbyists in basement
workshops. Aside from the enor-
mous expense involved, the de-
velopment of a highly technical
communications device or system
often requires assistance from per-
sons famlliar with unrelated tech-
nologies—persons usually
beyond the reach of the “crazy
perfesser” working alone in a
damp basement or a converted
garage.

But there is still one source of
manpower (personpower?) skilled
in many conceivable tech-
nologies: amateur (ham) radio.
From its vast pool of hundreds of
thousands of technically-informed
hobbyists you can come up with a
handful of experts on just about
any technology—people who are
just itching to open up new fron-
tiers in communications. It is that
spirit of adventure that has trans-
formed many specialized tech-
nologies and obscure laboratory
phenomena into viable communi-
cations systems.

The latest contribution by the
amateurs is something called
"packet radio.” Yes, you can say
that there’s nothing new about
packet communications. And
that's true. Packet communica-
tions is used by computer net-
work s and some megabuck com-
munications systems, but its the
hams who are making packet radio
a very popular form of communi-
cations; packet may even replace
558, RTTY, and even FM repeaters
for anything but chit-chat.

HERB FRIEDMAN,

COMMUNICATIONS EDITOR
E 4 1
i { ] 1 |
A 3

A~

RAG. 1

How it works

The idea behind packet radio is
shown in Fig. 1-a. For purposes of
discussion, let’s assume that data
originates as entries on a key-
board, just as an actual message
might originate. But that data
could be chunks of a large
database, programs, or just about
anything else that can be repre-
sented in digital form.

Each station in a packet network
is called a node, and two or more
(possibly all) nodes are connected
together by a simplex (single-wire)
circuit. That circuit could be an ac-
tual wire, or it could be a line-of-
sight radio link, a repeater, or even
a satellite circuit. Or it could be
any combination of those. The
point is that in a simplex circuit
stations send and receive on the
same wire or frequency. Fach node
recognizes special protocol sig-
nals that switch the node from re-
ceive to transmit mode, that
generate "busy” signals, etc.

For example, node A and node
D might be across the room from
each other, or they might be across
the country from each other. In
any case, to send data from node A

WWWW americanradiohistorv comm

to node D the computer at node A
assembles data until it has a block
of predetermined size. When the
node senses that the communica-
tions line is clear it transmits an
address—where the data is going
to—and then the data.

If data must be echoed through
a repeater in order to reach its des-
tination, other nodes pick It up
and pass it along. As shown in Fig.
1-b, the signal might travel through
nodes 8 and Cbefore they actually
reach node D. Obviously, then,
nodes B and C must be smart
enough to know that they have to
pass the signal on.

Since all nodes share a single
circuit something must untangle
their transmissions. Again, that is
part of the protocol. When A is
finished transmitting to 8, B at-
tempts to retransmit that packet to
C. However, suppose that, at the
very moment B is ready to trans-
mit, C sends a packet of data to D.
B then gets a "busy” when it polls
C, so it waits until the circuit is
clear. Depending on the system, D
might transmit through C and B to
£ even while B was storing data
that is to be passed through 8.

9864 AW
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(Things do get complex and might
get a bit confusing at first, so re-
read the preceding paragraph if
you find it necessary.)

While all that is going on, A is
assembling the next block of data,
which it will transmit to B as soon
as the circuit is clear. As you can
see, the data is handled in small
packets which are put on the sys-
tem one at a time. The destination
node assembles the packets in its
memory into a single file, docu-
ment, or whatever. When it re-
ceives a signal that it has received
the last packet, it feeds the entire
file into the user’s computer
where it can be saved for use when
needed.

As YOU can See, at any given time
there may be bits and pieces
(packets) of various data files pass-
ing through various nodes. For ex-
ample, while B is waiting for C to
“unbusy” so it can transmit a pack-
et to D, B might be transmitting a
packet from £ to A. Since the com-
munications protocol prevents
more than one node from trans-
mitting at a time, for all practical

purposes packet communications
multiplexes a simplex communica-
tions path.

while data packets are usually a
predetermined size (e. g., 256
bytes), message packets are usu-
ally a typed line; that is, all charac-
ters up to the carriage return. If
you type a line and enter a carriage
return, the node accepts that as a
packet. If you type three lines and
then a carriage return the node ac-
cepts all characters in those lines
as a single packet.

The protocol includes check-
sum and ACK (ACKnowledge) sig-
nals which ensure that packets are
received error-free. The checksum
is a value that is a mathematically
determined by the data in the
packet. Every packet is transmitted
with a checksum value. €ach re-
celving node in the signal path cal-
culates a checksum from the data it
receives and compares that value
with the checksum transmitted by
the originating node. If that check-
sum matches the transmitted
checksum, the receiving node
sends an ACK signal to the ori-

ginating node. That signal informs
the originating node that the pack-
et has been properly received and
that the next packet can be trans-
mitted.

On the other hand, if something
caused a reception error, the re-
ceived checksum will not match
the transmitted checksum, so an
ACK will not be sent to the ori-
ginating node. It therefore knows
that it must repeat the transmis-
sion. The originating node will
continuously repeat the transmis-
sion as long as necessary until it
receives an ACK, or an abort signal
from the receiving node. That’s the
way communications integrity is
maintained through many nodes,
thousands of miles of wire, and
geographically-distant radio cir-
cuits.

Right now, hobbyist packet
equipment is expensive. But, as is
common in this industry, some-
one will probably figure out a way
to put a complete node on two
VLSI IC’s that cost less than $29.95.
And we’ll be happy to see that hap-
pen! R-E

DRAWING BOARD

continued from page 85

alow, our circuit is addressing one
of the soft switches. The two least
significant bits of the address bus
(A7 and A8) will determine which
bank of our memory system to en-
able.

Since we only want to enable
one bank at a time, the second
part of our circuit has to be a one-
of-four decoder. There are several
IC’s we could use, but its always a
good idea to keep the idea of sys-
tem expansion in mind. The 4051
shown in Fig. 3 is a one-of-eight
switch that we've used here be-
fore. Its a CMOS analog switch
that can handle either analog or
digital signals; the digital mode is
selected by tying pin 7 low. The
data presented to the pinput at pin
3 is transferred to the output se-
lected by the AB-A2 inputs (pins
9-11). Since we’re decoding four
banks of memaory with two inputs,
we'll use the most significant se-
lect line (A2) to enable the IC.

The last part of the circult is a
latch. The 4042 is a four-bit latch

with a really neat feature. We can
make it latch data on either a high
or a low trigger by tying the
POLARITY input (pin 6) high or low.
The signal from the nanD gate is
active low, so we’'ll tie the POLARITY
pin low. S0, whenever alow is pre-
sented to the sTore input (pin 5),
the data at the latch’s inputs will be
stored. They'll also appear at the
latch’s outputs.

The circuit works like this:
When one of our soft-switch ad-
dresses shows up on the system
address bus, the output of the
NAND gate goes low. That allows
the 4051 to transfer that signal to
the output selected by address
lines A7 and A8. Since a low is also
presented to the sTORre input of the
4042, the state of the four 4051 out-
puts are latched and transferred to
the memory enable lines. The re-
sult: the selected bank is enabled
and the other three banks are dis-
abled.

Caveats

There are a few considerations
you should keep in mind when
using that arrangement, or a sim-
ilar one, to control a banked mem-
ory system. First, you'll notice that
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there’s no way of predicting which
states the latch’s output lines will
be in when the system is first
powered up. Zero, one, Or even
several of the memory banks
could be enabled when you first
apply power. That last possibility
exists because the 4051 can have an
illegal output state—more than
one high output—if much noise is
present at power up.

Previously, when we were faced
with that sort of problem, we used
an RC network to generate a
quick-and-dirty reset pulse to
make sure that things were set up
the way we wanted them. But if
you examine our circuit, you'll see
that it is, unfortunately, too com-
plicated for that type of reset. A
simple reset pulse just won’t work
since there are so many variables
involved. A hardware reset would
have to control alt the circuit ele-
ments, so it would be very difficult
to design.

But there are other ways to solve
that problem.

However, we're out of space for
now, 50 we’ll have to wait till next
time to see the solution, and also
wrap up our discussion of memory
management. R-E
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A 10,000 Chalilenge To Escort

Let's cut through the Radar Detector Glut. We challenge Escort to a one on one Distance and Faising “duel to the
death’ on the highway of their choice. If they win, the 510,000 check pictured below is theirs.

By Drew Kaptan

We've put up our $10,000. We chal-
lenge Escort 10 take on Maxon's new
Dual Superheterodyne RD-1 $99% radar
detector on the road of their choice Ina
one on one confllct.

Even Escort 8ays that everyone com-
pares thamselves to Eacort, and they're
right. They were the firstin 1978 to use
superhetarodyne circuits and they've got
a virtual stranglehold on the magazine
test reports.

But, the real question today is: 1) How
many feet of sensing difference, if any. is
thare betweenthistop of the line Maxon
Detector and Escort’s? And 2] Which
unitis More accurate atinterpreting real
radar versus false signals?

So Escort, you pick the road {contln-
ental U.S. please). You pick the equip-
ment to creata the false signalm. And
finally, you pick the radar gun.

Maxon and DAK will come to your
highway with engineers and equipmaent
to verify the results. And oh yes, we'll
have the $10,000 check (pictured) to
hand over if you beat us by more than 10
feet in gither X or K band detection.

BOB SAYS MAXON IS BETTER

Here’'s how it started. Maxon is a mam-
moth electronics prime manutacturer,
They actually make all types of sophis-
ticated electronic products for some of
the biggestU.S. Electronics Companies.
{No, they don’t make Escort’s).

Bob Thetford. the president of Maxon
Systems Inc,. and a friend of mine, was
explaining their new RD-1 anti-falsing
Cual Superheterodyne Radar detector
to me. | said "You know Bob. | think
Escort really has the market locked up,”
He said. "Our new design can besat thairs”,

S0, since I've never been one to be in
sacond place. | said., "Would you bet
$10,000 thatyou can beatEscort?” And,
as they say. the rest is history.

By the way. Bob is about 59" tall. so if
we can't beat Escort, we can sure scare
the you know what out of them. Sut, Bob
and his enginears are deadly serious
about this ‘duel’, And you can bet that
our $10,000 is serious.

We ask only the following. 1) The public
be invited to watch. 2) Maxon’s Engin-
eears as well as Escort’s check the radar
gun and monitor the test and the results.

3) The same car be used in both tests.
4) We do this test during the summaer
when it's warm. {I'm from Callfornia. and
anything below 80° will do me in))

5) We'd like an answer from Escort no
later than June 1, 1986 and 30 days
notlce of the time and place of the con-
flict. And, 6) We'd like them to come
with a $10,000 check made out to DAK
if we win.

SO.WHAT'S
DUAL SUPERHETERODYNE?

Ok, so far we've set up the confhict.
Now let me tell you about the new dual
superheterodyna technology that lets
Maxon leap sheed of the pack.

It's a technology that tests each sus-
pected radar signal 4 separate times
before it notifies you. and yet it explodes
Into action in just 1/4 of one second,

Just imagine the sophisticstion of a
device that can test a signal 4 tumes in
less than 1/4 of one second. Maxon's
technology is mind boggling.

But. using it isn't. This long range de-
tector has all the bells and whistles. It
has a separate audible sound for X and K
radar signels becausa you've only got
about 1/3 the time to react with K band.

There's a 10 step LEC Bar Graph Meter
to accurately show the radar signal’s
strength. And, you won't have to look at
a needle in a meter. You can ses the Bar
Graph Meter with your peripheral vision
and keep your eyes on tha road and put
your foot on the brake.

So. just turn on the Power//olume
knob, clip it to your visor or put it onyour
dash. Then plug in its cigaratte lighter
cord and you're protectad,

And you'll have a very high level of
protection. Maxon’s Dual Conversion
Scanning Superhetarodyne clecuitry
combined with its ridge guide wideband
horn internal antenna, really ferrats out
radar signals.

By the way Escort. we'll be happy to
have our test arocund a bend in the road
or over a hill. Maxon’s detector really
picks up ‘ambush type’ radar signals.

And the key word is ‘radar’. not trash
signals. The 4 test check system that
operates in 1/4 second gives you ex-
tremaely high protection from signals from
othar detectors, Ivtrusfon systems and
garage door openars.

So, when the lights and X or K band
sounds ®xplode into action, take care,
there’s vary likely police radar nearby.
You'll have full volume control, and 2
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City/Highway button reduces the less
important X band reception in the city.

Maxon's 1ong range detector comes
complete with a visor clip, hook and
loop dash board mounting. and the power
cord cigarette adaptor.

It's much smaller than Escort at just
3% Wide. 4% deep and 1% high. It's
backed by Maxon’'s standard limited war-
ranty. Note from Orew: 1) Use of radar
detectors Is illegal in some states.

2) Speeding is dangerous. Use this
detector to help keep you safe when you
forget, not to get away with speeding.

s L TP T T :

CHECK OUT RADAR YOURSELF
RISK FREE

Put this detector on your visor, When
it sounds, 100k around for the police.
There’s a good chance you'll be saving
moneay in fines and higher insurance
rates. And, if you slow down. you may
avan save |ivaes.

If you aren’t 100% satisfied. simply
return it in its original box within 30 days
for & courteous refund.

To get your Maxon, Dual Supearheter-
odyne, Anti-Falsing Radar Detector risk
feee with your credit card, call toll free or
send your check for just $99% ($4 PEH).
Ordsr No. 4407. CA res add tax.

OK Escort, it's up to you. We've got
$10,000 that says you can't beat Maxon

on the road, Your answer, please?
mm we v ‘r |

D A K Dept. RE37
INDUSTRIES INCORPORATED

TOLL-FREE ORDER LINE

Fov coadrt card ovdecs call 24 hours & d8Y 7 days & waek
CALL TOLL-FREE, . .1-800-325-0800
B200 Remmet Ave., Cenogs Perk, CA9t304
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MARKET CENTER

TUBES, new. unused Send sell-addressed. slamp-
od en kor st FALA ELECTRONICS. Box
13762, kea, Wi 53201,

LINEAR PARTS—TUBES—TRANSISTORS —
MRAF454 $16. MRF455 512, MRF477 $11, MRF432
$18. Calalog RFPC, Box 700, San Marcos, CA
92069 {619} 744-0728.

FOR SALE

RESTRICTED Technical Information: Electronic
sunvaillance. schemalics, locksmithing, covert 8G-
ences, hacking, Mic. huge selection, Free bro-
chure: MENTOR-Z_135-53 No. Bivd . Flushing, NY
11354,

WHOLESALE catalog of unusuat making
alactronic hems. Dealars wanted Hush $T.
CROSLEY (A) Box B40, Champlain, NY 12919,

WANTED: WESTERN ELECTRIC. RCA, Maranlz,
Mcintosh. Teletunkan, aco, Altec. EV, TUBES.
Amplifiers, Speaker&_}x‘lal 728-4343. MAURY,
11122 Alwell, Houston, T7088.

CLASSIFIED AD ORDER FORM
To rup yourl cwn classifpd S, pul ond word on sach of the 1ines balow and send this form akong with your check 1o:
Radlo-Electronics Classified Ads, 500-B Bi-County Boulevard. Fammingdale, NY 11735

PLEASE INDICATE in which category of classitied adverhising you wish your ad o appear. For
special beadings, there 1S a surcharge of $23.00.
} For Sale

PlansiKils () Business Opportunities  {
Education/insiruction { ) Wanted { ) Satellite Television

Special Category $23.00

PLEASE PRINT EACH wORD SEPARATELY, IN BLOCK LETTERS.
{No redunds or Credils for typesetiing errors can be made unless you clearly print or type your
copy.) Rales indicated are for standard style classified ads only. See below for additional
charges lor special ads, Minlmum: 15 words.

1 2 3 4 5

) 7 8 i 10

1 12 13 14 15 ($42.75)
16 ($45.60) 17 (348.45) 18 ($51.30) 19 ($54.15) 20 {$57.00)
21 ($59.85) 22 (862.70) 23 ($65.55) 24 (368.40) 25 ($71.25)
26 (574.10) 27 (576.95) 28 {$79.80) 29 ($82.65) 30 ($85.50)
31($88.35) 32 ($91.10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

We accept MasterCard and Visa for paymeni of orders. Il you wish 10 use your credit card to pay for your ad fill
in Ihe jotowing addinonal information (Sorry, no lelephone orders can be accepted ):

Card Number Expiration Dale

/

ENCLOSURES: Beautitu! aluminum and wood,
Hobbyist priced. Many sizes. Sample $3 00 +
$2.00 shi Information frva. ENERGY ENGE-
NEERIN&F 4, Box 330, Fayettevilie. AR 72701.

APPLE publc domamn software over 150 programs
on six disks, Radig-E $52 00 payable to:
H.M. TECHNOLOGY, Depl 1207 Ave. L, klyn,
NY 11229,

FREE TRANSISTORS: Sample of PN222 and
2M39%34 with our Catalog of Budgel Priced Elec-
tronic Componenis for hobbyists and ndustry.
Send $2 00 P&H (refundable} BUDGET ELEC-
TRONICS, Box 1477, Moreno Valley, CA 92288
{714) 653-1663.

COMPLETE saladite system $59500, Cable con-
variers and descramblars, Lowest ever Cala-
Fog £1.00. Dealor package $15.95 ED ROHWED-
g?S?)GLTD" 5785 Staghound Ave., Rnorsde, CA

& Quality Microwave TV Antennas

RS- OVt 1.9 0 27 GHe

40dB Gain True Parabolic 20 Inch Dish
Complele Syslem $99.95 (plus
Doatrinign, Gty Pricing, Replacemaen! Parta.
PIDS-Tach Elecironics
PO B BEX) o Dioftwinle, L7 BE257
(902} 7-T700 (5100 Gl o plim cr s3]
Wazir{acd = Vi = COU'y

LIFETIME
WARRANTY

CATALOG: Cable convarters, both kiis and as-
sembiled unils. N12 minicode $98 00 Jermold 400
$99.00. Pulse descrambier kit (assembles in halt
hour) $74.00, built $120 00 Satelite descrambler
ms"s.bumé190.5urg|usoomponents.hobbym
Send 51.00 MJ INDUSTRY (lormerly minue kits),
Box 531, Bronx, NY 10461,

BUGGING devices. range self powered FM
ghona bug, $14 95 kit. Sensitrve FM mine mike kit,

14 95, High power professional FM wireless mike
Kkit, $22 95 Mad blasler TV jammer kit, $14.95 Viga,
M/C, , 52 00 SPY STUFF, 2575 Baird Ad.,
Penfield, NY 14526, (716} 586-3950.

FILM Negatives Bx10: $8.00. positives $12.00.
Layouts by quote ADB GRAPHICS. Box 24361,
vancouver V5T 4m5 Canada

1000 pholotact folders from 1940%, 1950% and
1960's. Make offer JPB. 115 Melrose Ave.,
Vicksburg. MS 39180,

ELECTRONIC surveilance: Amazing reports reveal
radecratl secrets. Datails free. ATALS.. 1107 50h,
Fenmalie, M1 49408,

Pleasa Print Narme Sygrature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PEAMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: (for firms or sndividuals offering commercal producis o sernces
$2.85 par word prepaid (N0 charge for Zip coda). MINIMIUM 15 DS. 5% discount for same ad in
18805 10% discoun! lor same ad in 12 issues within om;gear: it prepaid. NON-COMMERCIAL RATE: (ior
indraduals who want 1o mz;rdseH a parsonal fem) 52 word, pr»,pasdw minimum. ONLY FIRST
WORD AND NAME sot in caps at ng extra charge, wal bold face (not availabie as all caps) 50
gor word additlonal {(20% lum) Enbire ad in bowdiace, add 20% premlum 10 total price. TINT
CREEN BEHIND ENTIRE : add 25% premium to lolal pnce. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium 10 1otal . EXPANDED TYPE AD: $4.30 par word
gggid. All other itemns same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
ANDED TYPE AD: add 25% premium 10 (olal price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% pramium 1o Iolal phce. DISPLAY ADS: 17 x 2w "—
$310.00; 27 % 2w"—5620.00; 3" x 21" —$930.00. General Information: Frequency rates and praEpa t
discounis are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTIS MENTS
USING P-Q. BOX ADDRESS WiLL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy 10 be in our hands on the 12th of 1he 1hird
menth preceding the date of the issua. {i.e., Augus! ISsue copy must be received by May 12th). When nomal
closing date falls on Saturday, Sunday of Moliday. issue closes on preceding working day

WWWwW americanradiohistory comm

BUGGED? Wiretapped? Find out fast. Counter-
measures equipment catalog $t. CAPRI ELEC-
TRONICS, Route 1R, Canon, GA 30520.

WHOLESALE car-radio. computer, telephone. au-
diovideo acessongs, anlenna catalog (71g) 897-
0509, DAWR, 68-12 110th 5t Flushing, NY 11375

6ft. Antenna $300 00, lete syslem $695.00
Free calalog. IN-X-SALES, Box 45 Tilion, NH
03276, (803) 286-3082

T MOGEE'S

SPEAKER & ELECTRONICS CATALOG

1004 BARGAINS IN SPEAKERS
tol free 1-800-346- 2433 for ordering anly.
190¢ MOGEE STREET KANSAS CITY, MO, 64108
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583 descrambler parts to consfruct project in
Feb'B4 Radio-Electronlcs, 549 95 {Deaier inquines
mvﬂegd} CROSLEY {A) Box 840, Champlain. NY
1299,

WORLDS pest channel 3 natch filter, $39 95, fDear-
er nquiries Invited). CROSLEY {A). Box B40.
Champlain, NY 12919.

NEW Jerrold Starcom-CS 60 channel. wireless, re-
mote control cable commrter Volume and “comme-
cial killer” myte conml, Mabie me switch
turns TV on/olf anvd can changa channei. Program-
mabie [avoaie channel scan Instant channel recall.
Automnatic ing luning with manual overide. Video
and audio ounputs s with all descramblens. 1
r warranty ¥163. Dealers wanied. CROSLEY,
x 840, Champlan, NY 12919 {518) 561-8700}

200 Unique circuils low cost detalled survesdlance
gadgels lesl sound and moma. Experimentars
mme US $5.95 plus $150 poslage JSW, 2555
Benny. Suite 1402, Montraal H4B 2RE Canada

THE BEST MACE o BUTY, SELL ar
TRADE NEWY and LSFD EQUIPMENT
NUTS & YOLTS MAGAZTINE
BOX Islid » MACENTIA CA 1270

l SO0 - Ded Chins * 41500 7 Im

L 1000 . Libedws - W h‘E ’
OLDTIME radio ;ro%r'arm_o-ﬁ_hqh quality | !
Comedy! Adventure! Music! Free catalogue. CARL
F. FI'-!QO LICH, Herage Farm, New Freedom. PA
17349,

T.V. wnabie notch filers, tree brochure. D.K. VID-
EO. Box 63/6025. Margate, FL 33063 {305)
752-9202.

TEST equi 1. recondiioned For sale. $1.25 for
calalog. WALTER'S, 2697 Nickel, San Pablo. CA
94806 {415) 724-0587.

LASERS and nightwision us CoOmponents. Free
calalpg. M.J. NEAL COMPANY, 6672 mallard Ct..
Oneny, OH 43145,

TI-99/'4A softwarehardware bargains Hard 1o find
tems. Huge selection. Fast service. Free catalog.
DYNA, Box 690. Hicksville. NY 11801,

CABLE-TV converters and descrambiers. Low
ggces. quakly merchandise, wo ship C.0.D. Send

00 for calalog CABLETRONICS UNLIMTED,
RO, Box 266, South Weymouih, MA 02190. (617)
871-6500.

CABLE TV converters-All malor brands. Wireless
mmotes with wolume, wined rermotes. Cable and Vid-
e0 accessories, Cablamasier distributor. Lowest
prices. Stip C.0.0. Catalogs $3.00. SONE ASSO-
CIATES. 256 Broadway. Suite 201, Troy. NY 12180.
(518) 274-0600.

DESCRAMBLER plans for Jarrold. Theory, sche-

matic. parts hsl. waveforms. For calivar
send $10.00 cash of order. BAY STAT
ELECTRONICS. P0. Box 83 Accord, MA (02018

FREE ADAPTER {Limitad offer) with AS-
SORTMENT #103-consisting of TOX0 Colls
144LY-120K, 520 HN-3000023, BKAN-
K5552AXX (2} PCB: Translstors 2N3504
(2&, BFQ85 (Sub): IC'S 7612,74123,
MC1330A1P; Dlodes IN914. IN52318. Only
1525.00. 10% Discount for 5 of more. Ship-
ping $3.00/0rder MCVIsa'C00. Toll Free
1-800-821-5226 Ext. 426 (orders) Jim Rho-
des, Inc. 1025 Ransome Lane, Kingsport.
TN 37660.

COLOR CODED WIRE

i, O I O, . 3

MCOLDAR W FEETIACH  Inipnstmd mwtal W-0-22.74 4wy

500FTONLY $19.95

Sorvd Clage and chach of Money Gider Or MC of ¥ria 8 16

£0 Tat nniogies. P.O. Boa 376, Pitistwron. PA 18104

CABLE-TV
- |

ITEM
RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY)

10-UT
P

18.00 sa

CEALER

| PIONEER WIRELESS CONVERTER (QUR BEST BUY) _ 72.00 ea,

76.00 ea.

LCC-58 WIRELESS CONVERTER

JERROLD 450 WIRELESS CONVERTER (CH. 3 QUTPUT ONLY} | 90.00 ea.

SB ADD-ON UNIT 1T~
BRAND NEW — UNT FOR SCIENTIFIC ATLANTA

| Catt for specifics

58.00 ea |

| MINICODE (N-12) [ 10995 | 5800 ea.
MINICODE (N-12) VARISYNC —
MINICODE VARISYNC W/AUTO ON-OFf
M-35 B (CH. 3 QUTPUT ONLY)

M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY)

13995 | 70.00 ea.

4 11995 | 6200 ea

17995 |11500&
_l—
T 19995 112500 ea.

INTERFERENCE FILTERS — CH. 3 2495 | 1400 ea

JERROLD 400 OR 450 REMOTE CONTROLLER

MLD-1200-3 (CALL IF CH. 2 OUTPUT} iﬁss | 5800 ea.

i 2995 | 1800 ea
ZENITH SSAVI CABLE READY (DEALER PAICE BASED ON 5 UMTS) | 22500 [185_00 pa

SPECIFY CHMANNEL 2 or 3 DUTPUT

Other producis svaifable — Please Calf

l Output
Channel |

1

T 4=

]

SUBTOTAL
Shipping Add
$3.00 per unit
COD & Cradit

Cards — Add 5%

[ TomaL

e
California Penal Code #593-D forbids us

trom Shipping any cable desCrambing unit
to anyon® residing in Ine state of Caldorria

Prnces 3ubjesl tg change withoul nolice

PLEASE PRINT
Name __
Address L
Stare Zip.

O Cashier's Check ] Moneay Order
AcCcCt ¥ _

Phone Number {
1 CQ0 0 visa
Exp. Date il
Signature -

FOR OUR RECORDS.

DECLARATION OF AUTHORIZED USE — |, tha undersigned. do hereby deciare under
peralty of perjury thal all Products Purchased. now and inthe future. will Only be used on cable
TV sysiems wilh proper aulnorization 1rom (goal oMicials or cable company officials n
accordance with all applicabie federal and state laws

[J Mastercard

Dated. ___ Signed:__

Pacific Cable Compan, Inc.

7325': RESEDA BLVD., DEPT. #R-7» RESEDA, CA 91335

(818) 716-5914 + No Collect Calis + (818) 716-5140

| IMPORTANT: WHEN CALLING FOR INFORMATION |

Please have the make and model # of the equipment used in your area. Thank You

WWWW americanradiohistorv. comm
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ELECTRON tubes-Radio, TV & ingustnal types-
huga inventory. Call toll free (800) 221-5802 or wrile
Box ESC TARANSLETERONIC, INC., 1365 39th 51,
Brooklyn, NY 11218, (718) 833-2800

TUBES: “OLDIES.” LATEST. Parts. components.
schemalics. SASE for fist. STEINMETZ, 7519
Maplewood Ave., RE.,Hammond. IN. 46324,

SUBSCRIPTION Television descremblers Dak
buill, surplus pull puts, am singwave OWNCONVER-
ters/descramblers Units are untested and without
AC power cords Send $19.95 in order of
Cashiers check to; PAMER ELECTRIC, Suipius
12970, Brantord St. Suite “M” Ariota. CA, 91331,

TUBES. name brands, new, B0% off list, KIABY,
298 West Carmel Drive, Carmet, IN 46032

INDIVIDUAL Photolact-tolders 41 1o #1400, $3 .00
Ystpand LOEB, 414 Chesinul Lane, East Meadaw,
115564,

CABLE and Subscription TV secret manual Buikd
your own descramblers, converiers. Insiructions.
schemalics for Sine Wave, inbandioutband

sync, SSAVI-{HBO. Showtme. Cinemax. UHF, gic.}
Send $8.95 to CABLETRONICS, Box 30502R,
Bethesda, MO 20814

CORDLESS-copy phone interference’? We've got
Ihe answer Have a radar speeding hicket? We can
help. Home phone extension in your car? You can
have it. 50-page color calm?? airmailed $3.00.
DBE, P.O. Drawer G, Waikik, Hl 95830,

3000 Tips color TV repaiss 31 brands 116 pages
$21,00. A FERNANDEZ, Box 546110, Suriside, FL
33354,

$500.00 worth. Quality Radio—T¥ Parts—only
$50.001 CX130. 5G-274. PA-501—transistors, ca-
5. others Order irom: DEPENDABLE-TV,

% 1645 C'Sted, 5t Cromx. VI, USA 00820

6-DIGIT combination Frequency Counter
(1HZ-100MHz2), Functon Generator [1Hz-.1MHz) &
Capacitance Meter (10pF-1mF). Tested W/BNC-
Probe. $89.95 plus 56 50 shipping Tugan. 2614 W.
Leland, Chicago. Il 60625.

A SINGER'S DREAM! ¥

REMOVES VOCALS FROM RECORDS!
Now You can sing with the worid's best bands!
The Thompson Vocal Ellminalor can remove
mosl oF virtually all of 8 kad vocal Irom a standard
steren record and leave the background!
Wrile or call lor & Iree Brochure and demo record.
LY Scund, Dept. R-1, pP.0. Box 338,
Stone Mountain. GA 10086 1404) 491-1258

DESCRAMBLER Manuals, Sinewave, Gated
pulse, S5AVI, $4.00 each, all three 510.00, DME,
6690 7 Mila, 5. Lyon, MI 48178

BUSINESS OPPORTUNITIES

MECHAMNICALLY inclined individuals desinng
ownarship of small elecironics manufaciunng bus:-
ness - without invesiment. Write: BUSINESSES.
92-R. Brighton 11th, Brookiyn, NY 11235,

YOUR own radio sialiont AM. FM. TV, Cable Li-
censediuniicensad. BROADCASTING, Box 130-F7
Paradise, CA 95969,

RECOVER silver from homa ang industrial |unk_,
Free sitver with my $10.00 bocklel of Hems that
contain siver DON LER, Box 4401, Cleveland,
TN 37311

ILECTRONIC

1G

ASSEMBLY BUSINESS

Sian nome wpare Bme, Invesimant kKnowledge or
axparience “““'““'"g. 1G DEMAND assem-
bling eectron devices Sales nanded by Diofas-
sionals Unusual business ogpostundy

FREE' Complete illusirated lileratw
BARTA. RE-O Box 248
wainut Craek Cald 94597

PLANS AND KIiTS

CATALOG: Hobby/broadcating/i750 Melers/Ham/
Ca; Transmutters, amplfiers. anlennas. scramblers,
bugging devices. moret PANAXIS, Box 130-F*, Par-
adise, CA 95969,

CABLE TV tonverters: Jerrold products in-
clude "New Jerrold TRI-MODE”, SB-3,
Hamlin, D2k ¥N-12, M-35-8, Zenith, and
more. UHF Oeluxe 1 Kits, {quantity dis-
counts) 60-day warranty. Service converl-
ers sald here. For fasi service COD orders
accepted. Send SASE (60 cents postage),or
call for Info. {312} 637-4408. HIGGINS
ELECTRONICS, 5143-R W. Diversey, Chi-
c:go. iL 60639. No iilinois orders accepl-
ed.

PRDJECTION TV Make $3§3 assermbling Pro-
jectors ... Easy ... Resulls, comparabie 10 52.500
ectors .. Your 1otal cost less than $30.00

ans, 8" LENS & Dealers information $29.95, lus-
traled imormation Iree ... Macrocoma-GK X, Wash-
1 Crossing, PA 18977, Creditcard ordars 24
hours {218} 736-2880.

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY. FREE COPY UPON REQUEST.

RADIO-ELECTRONICS

=3
s

the ielephone-lne computer services.

FEATURES:

 Uses the new SMC 9028 Video

Controter Chip coupled with a

8502A CPLU.

AS-232 a1 16 Baud Astes from 50

o 19,200

Cn board printer port

24 X 80 rormat {50760 Hz).

For 15.750 Hz {Horiz.} monltors.

3 Terminal Modes: H-19, ADM3A,

and ANSI| X 3.64.1979

Wide and 1hin-line graghics.

+ While characters on blsek back-
ground or reversed.

* Character Aliribules: De-inien,
Inverse o Undefline.

* Low Power: SVDC @ .7A. £ 12¥DC
@ 20MA.

* % ¥ L3

THE NEW 65/9028 VT
ANSI| VIDEO TERMINAL BOARD!
¢ FROM LINGER ENTERPRISES +
A second generation. low cost, high perdormance, mini sized.
single board 1or making your own RS232 Video Terminal. Use
as a compular console of with a MODEM for hook up to any ol

MICRO SIZE!

5999

3000000 matches.

{Fuh Kit}

* Minl size: 6.5 X 5 inches.

« Composlla or split video.

+ 5 ¥ 8 Dot Matrix charsclers
{U/L Case).

SOURCE OISKETTE:
PC/xT FORMAT
5% IN. §15

* Angwaer back capabllity.
+« Ballery backed up slaius memory.
+ For ASCII paraliel keyboard,

ADD $40 FOR A&T

One match can burn
3000000 trees.

(OF TEXAS)

Digital Research Computers

P.O. BOX 381450 « DUNCANVILLE TX 75138 - {214) 225-2309

&
sy N/
Pabler Sovewe of Timp Maparins
L Tie Advrriviong Commrd

Call of write for 8 free catalog on Z.80 or 6809 $ingle Board
Computers, $5-50 Boards, and other S-100 products,

TEAMS: Add $1 00 postage We pay balance. Qrdef under 598 233 3¢ handhkng No
COD We pcowpl Yaa and ManerCard Teaar Aas 200 5-18% Tas Foregn geden
Tencet! Canadal wdd 20 P & H, Ordecs over 33 pdn 155 loe INBuince.

WwWww americanradiohistorv comm

Hi-Fl speakes syslems, Kits, aulo 5peaker sysiems
arg spaaker cOMponents from the workd’s finest
manulacturers, For begqinners and audiophiles. Free
iterature. A&S SPEAKERS. Box 7462R. Denver.
CO 0207, (303) 399-8609.

#' DISH 569 fabrication cost. Polar mount, attrac-
live, vasy construction. Stock hardware qems used
COMPLETE insiructions. plans, fabncation. as:
sembly. setu’?. drmnﬂs. pholos. $14.95 Plus $2 .00
shipping DIRIJO DISH, Box 212, Lowell. NC 28098,

CRYSTAL radio sels. plans. parts, kils. calalog
$1.00 . MIDCO, 560 North Dixie Highwray, Hol-
lywood, FL 33020,

BUILD 1hus five digit panel meter and $quare wave
generator inchuc/ing @n ohms, capacitance and fre-
quency meler. Delailed instruchons $2.50 refunda-
tle plus 50 cents. BAGNALL ELECTRONICS. 179
May, Farfield, CT 06430.

DESCRAMBLER plans. New design decodes
gated sync suppressed signais-newasi pilotless
meathod. Cirgul boards, most parls from Radio
Shack. Detalled theory drawings. schematics. in.
structions 514.95 plus $2.00 shipping. DIRWD
CORP., Box 212. Lowell, NC 28008

"UNCYPHERS Amencan and Canadian safellie or
cable, la1est technology availabie. Plans & boards.
Kits or compiete. Send $5 00 for cataleg. Refunda-
bia on order to PILGRIM VIDED PRODUCTS. Box
203, Qak Stme!, Pombroke. MA 02350

PAY TV and Salellite Oescra

pages ol thao

tems Fantaay and And-D schemahcs swiided. Most
COmpiew relerence pvailatie ON satelide SCrambling
$12.98 MDS Handbock B Stungun achematics $5
Sateliite sysiema undds $600 $11 95 Prinisd caciats,

SHEA4%

CTRONICS CORP

Tib 284 - 163

FREE calalog 99-cent kitls—audio, wdeo, TV, com-
puler parts ALLKIT. 434 W. ath 51, West llsip, NY
11795,

PROJECTION TY.. Converl your TV lo project 7
fool pcture. Rasuits comparable to $2.500 -
eclors. Total cost 18ss than $30.00. Plans and
wns 321 95 Nustraled informabon FREE. MAC-
ROCOMA-GK, washington Crossing, PA 18977,
Credicard orders 24 hours (215) 736-3979.

SAVE money, energyl Circuit makes bateries fasl
longer! Use in your own inventionl State of 1he art
Almost armyone can bulkd Plans $10.00. WAYNE
KESSLER. Box 685, Plymouth Meeting. PA 19462
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EDGE
CONNECTORS
ALL ARE 1.50° $FACING.

AND VIDEO MODULATOR
FOR TI. COMPUTER
T @ LA 3011, Domgned for use with TL com-

parters Can bar uiied wath video sowrces. Budton
AB gumch Cranct  or 4 spieciion ewnich

SOUND

Ew §e 9940152 tow
3I'h'.h\v.l'l Meatran

CTRONCS

2K 10 TURN

m:rwmm

o>

'HOOS&I "
$5.00 RACH

BUZZER
Stir v SMB OBL
dwic
TTL Compatitie.
D0 aach
10 o« §3 80

DELTAOM MODEL QUI2/18.5. T
'DI-I-ll'ﬂll‘IOM s 1 2% opae
Teire pow SupEly Can B wtad by
Hvde @ 1 5 =mp INPUT; sither
113 ¥ac or 230 vac

Fuily rrpulatect compuler grace smpoly

+ 12Vde or 24Vde POWER SUPPLY

1 1%, 2,20 3,43 6AMP
GAtA 51ZE

L 234 5aup

Sof

an] OHE ampavage 75¢
EiY:

LOS lNG{lES Cﬁ
905 5 vermont e
2)1 380 8000

VAN HUYS Ca S1O0RE
£228 Sepulvedca Blvd
818 9971806

MAL QHOERS TO
PD BOX 20408
Los angries CA 90006

TWX - 5109810163 4LL ELECTRONIC
EASYLINK mBx - 52887710

Samy ob Serichorat B12¢L M
5 SOnduC1or - gy e Charda
MO R Tardt-loce Sty

Wil charge 4 A8 D or ARA
neeay o one 5 vl nocad at
o fime

LED HOLDER

02507089 $11.00 por charges
TOLL FHEE ORDERS ONLY
-500 825 5432

ORCEA ONLY)

bians LED pimncy g'

wadcator Clae

dhor b1 00

QUANTITIES LIMITED
MINIMU GRDER $10 00
US4 $3 00 SHIPPING

INCALIFGRMNIA: $.800-258.8656) FOREIGN ORDEAS:

ALASKA HAWAILL
JA {NFORMATION
{243) 380 a0OO HOC 0.0

CIRCLE 107 ON FREE INFORMATION CARD

INCLUDING SUFFICIENT
SHIEPING
CALIF RES, ACD 6%1%

e Ordls on |2, HOOR.UP g7 am FRAGe ,‘,‘c,,,“’““,,.',_';,‘!.?fw Foan e
; = CAT# AVMOD WERE $10.00 REDUCEDTO RSO0 FACH | SPECIAL PAICE .. 392 $0ench | $12.50 sach 10 for $110.00
22 eoay TOR 1126 8 -
J0KHT e BITR 10 far 511 DD SPECIALS MICRO-CASSETTE MECHANISM 220 v LINE COR
22/44 EDGE COMME CTOA ac D3
$30811 °C sre romrarh co] LAMP 50 VO DIODES | mcro.castane ‘;“' BB PO for COOLING FAN | ==2= ==z
Fia4 ECOE COMNECTOR 100 for $4.50 l'l'lli.:f c:sunl.“c B e ooy :2;?3. TWO WIRE
woicher el STem 4§32 80 sacs | 100D 1o $30 00 Conlains: deave rnoiou' b:f'nnq Mot XL ! LRLIEE LT Py
20/M 1DGE COMMECTOR capitan, pmg?‘ﬂw.h;ol .Ml ggm Tai Rl .
wicrtienel sogge | IERE v D (| D e
L1119
g L1 0 | 7™ 100 s ga ol 3250 CAT# CF.IX ga30 ee | THREE WIRE
P A oo S 2T < COMPUTER RELAYS 1o g0 00t sso00 | g
PC 1y 2440 such GRADE 10 AMP SOLID STATE L e AAARLE ¥ 182 e $2.00 ench
CAPACITORS ' »
CONTROL: 3 - 12 -
TR&NSISTUHS *« SPECIAL PRICE » 2000 md 200 Vo LOAD I'"P ic'lﬂ‘::.. ; 31/! S’PEAKEH TCONWUR
mu ::::g TRANSISTOR :.'II..;; I’?‘o 000 [HRE2n i weN B B HlBBON CABLE
m
PRIIIIA :::: : P trandiptor A9z T Pvn'* 130 $5. 50 EACH 10 FOA $99.00
: 1700
NS H=E 1 P::::'w 9:‘ e 13% ;T'-‘.-r:n.‘* 000 ULTRA-MINIATURE
mizass S8 e 31.000 mig, 13 vee [ w.l\l'DC RELAY g
PIID 10K 20 i LARGE QUANTITILS "':.;“"g‘ A e DO044420 1230 00eh Wier 170,80
Tir 11 T RILABLE ;_0 mid & ¥ee Ui e
TIP 124 Th "g:“""':' 7 "'“50 'ﬂm'r-:w = SPRING LEVER
TN : ounts I 1a 61 W sockat TERMINALS
TRANSFORMERS | 48 KEY ASSEMBLY | o000 iy 1o var'® | t1deen  whertioge | ‘wococr XENON FLASH TUBE
FORCOMPUTEROR | 7»5ho 53150 MINIATURE ——
120 vl OBBYIST #.000 mid 13 Vde & YDC RELAY nw\rzu . @Q o
rmaries H :..;:n;r 300 o L T u.‘ " bakable ;;.W X ha!.cgn..nu‘luh
| 0 v L . cesgned n
:lu-n.m- ne Fattrngn “lasu ak Ism,‘; h.l‘:m. o ! fasi urvts
S ¢ 1 e 12 1500 mid 30 v . | ook 786 EACH 10 for $6.00 cnﬂf;’?"mt
12 VCT. @8 200 mp. 1. ;n',:,?;’,.“w o Hwb"a'o”m SRR ATU ; - AL
2 VET. & 400 me 100 Gl = dract e posati 120 chm MINI RE TOG WITC|
Lo T gs:o:é.a?u"” -1 o a3 buoe ot Al !E;llfssg‘zs i
x4 "o .50 snal PLLT
e s nie |NEWTLKEYBOARDS Ongraty [ 15,000 mea 10 vae @ | PN eet1dn | (on-on) m:, (S'PD';.I;.‘
70 VET @ 100 my um Moﬂwnputnrsi.thno":g: 1325l ngr  g1oo O PC atya Sokier lug on el
VLT & ) anp 1ass | Doards sonten L, A.000 mia 10 Ve g 13 YDC RELAY o thrpaded e Sokowe g
A H R pb eyl e S e AL o X e Y T
Hibeim s [AREERRSTT T e, E| aman HE Mg L
[} T
e e 10 . | B Rrmisooms | sa0 3.p0.1 0.pOT
SPECIAL PRICE $1.00 saal s.gn-oﬂ-on] Jon-on) {on-on)
ad
mn swicnmf :owen SUPPLY APDT RELAY o ihresond &“.&d m
e yomiine; ARG LN o
- -specm Pet USED aud Ty 300 tor 40,00 ey
--z..:ossom. PRICE. e D s
L SR TS Erther 24 vt or 120 vic STANDARD JUMBO D.PS.T. LIGHTED
(6 Ao 30‘..;" — Sabxamy | DIFFUSED T 1-34 ROCKER SWITCH
- i e [ ke [
H ANA [ ]
usel grim 138 | 13.8 VOC REGULATED POWER SUPPLY RECHARGEABLE aafen  10Me3288 ;.:;.“;‘:"e“
3 WG @ 024 T . reguia o YELLOW  10%er $2 00 Frg
N.\N: ”'Olm' :‘;‘:« mm am:::wloo:r&.nfm NI-CAD BATTERIES 100 e 39720 “:lINI-PUSHBUTTON
l‘:“\“‘m‘nll &“‘}” e ul"b:..o o L @ TP @ FLASHER LED 5P T momentary
§ voi spmruton ROrLaly g
T amp constant, d smp 00 . WAL SIZE SO0ma armieg o,
il R o T e LS [ s 88 it R batton
'\ momons #2104, Jomp conslanl. b ambd srge $2780 encn | AR wilh 1oidev (9 $2 00 HEW GREEM FLASHER !:‘h.rmtm
- ) 1108 LACH gtﬂ{% SII;: lfm.. tah :: ssg CAT#LED4G 4100
o T ey TWIST-LOCK DSIZE 12V i200mn $390] BI-POLAR mmoslimee snap Actionl
..I' [—— ce———
et Rl CONNECTOR UNIVERSAL CHARGER | LED HOLDERS =g SWITCH
— Thare) ol P
FUSES =D ut(b @& @: ‘ N0 aeesgw | SIS LN ND oHE
MG {AGE) S1ZE CLEAR CLIPLITE red o B gy crots

1W" i
ASaEACH 10 FOR Ba.20

ROTARY ACTION
MICRO

R RBRRLR L e Lo Lot
opdtiony
RATED 3 amen @ 129 vac

$1 25 wach 10 for $11.00
LARGE QUANTITIES Awn)LABLE
== |
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§ RADIO-ELECTRONICS

CB MODIFICATIONS

converters. PLL & shider iricks, how-1o books.
plans. kiis. Expert marl-in repairs & conversions.
18-page calalog $2. Qur 11th year!
CBC INTERNATIONAL. P.O. BOX 315TURE.
PFHOENIX. AZ AS046

LOW cost modem, easy 1o build. 300 baud direct
connect, simple interface. $5.00 lor plans. OM-
NISTAR DESIGNS, Box 398, Columbus, NE 68601,

VOICE Scramblers! Telephone bugsl FM bugs!
Other kitst Send slam, enveiope. XANDI, Box
25647, Depl. 60, Tempa, AZ 85282

EPROM Zapper Kit Senal, paraila), sitand aione.
For inlormabion send 10: EPROM KIT, 6910 Paner-
son. Caledoma. Ml 49316,

NEW! FIBER OPTIC vorce hnk, Send yous voice
over 8 beam of ight via an optical fiber Compiete kit
Includes mic . speakar, fiber, PCE and all
pans. Eas-lz_lassemblod. Introduct ofter-send
534.95 to: FIBER SCIENCES, Ki-73A. PO Box
5355, Chatgworlh, CA 91313-5355. CA residents
add 6.5%.

VCR AMPLIFIER, transmits tg any TV, FM transmit-
ter. saze of postage stamp, up 10 one mile range. Kns
$24.95 each. Catalog §1.00, retundable with orges.
CAS Eleclronics, 1555-J Amar Rd.. Suite 457,
wWest Covina, CA 91792

ROBOTICS catalog Speci for hobbyists.
$2 00 (miundable) ﬁLPHWlCS INC.. PO
Box 21091, St Paul. MN 55121,

DIGITAL logic display and frequency meter kit $30.
Yogel Enterprises, 2020 Diamond SI, #2, San
Diogo, CA 92109.

NEW 3= NEW

50 dB Signal Rejection Filter

Iz ke L e Dy

Fox orve Uil pend B iehundiabie) MUDE Secounts on QUAPMY prcTasset.
STAR CIRCUITS - PG Bos 8312 —Hollywood Floriie - 33084

KITSI Sound efiects QN8 aicf, aprom p:rog&aergmer.
funchion ator and mom. Semi-assem| and
fested. Wrile for iterature SERENA INDUSTRIES.
H80-A Aster Ave , Sunnyvale, CA 94086,

BUILD CB base antenna cheap Send $3.00 for
plans to: RML VENDING. 1911 Wes! 13th Sireet,
Grand Island. NE 68803

PC/AAT compalible |hree boards sel. motherboard,
raphic, and disc carg. 322500 less IC verswon,
115.00. Brochure available AMT TECHNOLOGY.

1020 Bay Area Bivd , Sute 210, Houslon, TX 77058

(713) 480-9506,

STEREO TV adapier kil easity comeris avy TV/
VLR 10 recenve tha new sterag TV sound. Contains
all parts PCB and instructions 1o build & quality
stereo decoder For additonal information send
SASE to SOKOLOWSKI, Box 150, Elmont. NY
11003

We stock the exact Parts. PC bosrd end AC adapie for Radea Elecironics
Fobrualy 1904 sificle ON Duikding your own Cadis TV Descramblyr,

701 PARTSPACKAGE . 52995
Includes all the OFiQinal resistors. CAPAcitors, diodes, Iran3isions,
integrated circults, couls, IF ransiormens Noko BKAN-KSSS2AX0X).

*702 PC BOARD. 512.95
Criginal eiched & drilled silk-screenad PC board used in the aricls.

*704 ACADAPTOR ... ... ... ... 51295

Original {14 voiis DC @ 285ma) ac adafior used In the articig.
S-P-E<CeI:Ac-LoS
BOTH #7071 & #702........... ...
ALL THREE #701, #702 & #704 ...

Agd $2.50 WUOPng v handling = $4.30 W Cansdkan orders
We aipo oie quaniity Dvicounts 60 S O morg units

FREE

Reprnl of Aado Electromcs arbcle (February 19844 on Building Your
Qwn CABLE TV DESCRAMBLER wiih any purchase o) above.

60-CHANNWEL

CABLE

WITH INTRARID RIMOTE CONTROL
sc-sonconverten  09.95

Thowtae ottt convtrlers gall Aatanaty e 5113 93
Vo otter yuu e ot ol corvveniee e aly 359
A cormeriert mm 0w il Full marwlactuner s WARRANTY.

Wl worh mni Bl e B 1 A THRR e
Add $3.50 Shipping and Handing
$4 50 on Cansdian Orders

comn:mn (=S

ORDER
TOLL FREE
1-800-227-8529

inside MA 617-339.5372
%1 VISA. MASTERCARD or C.0.D.

J:W
ELECTROMICS.IC.

PQ. BOX 800-D # MANSFIELD, MA 02048

CIRCLE 85 ON FREE INFORMATION CARD
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PRINTED CIRCUIT BOARDS

PCB 15 cents $q-in. free drling. Cuantity discounts.
Professional work. INTERNATIONAL ENTER-
PRISE, 6452 Hazelcircle, Simivalley. CA 93063

WANTED

INVENTORS! AlM wants—ideas. inventions, new
products, improvements on eusting products We
present jdeas 10 manutacturars. Confidentiality
guarant::d, Call toll iree 1-800-225-5800 10r Infor-
maton kit

INVENTIONS, ideas, new producls wanied! indus-
try presentaticn/national exposition. Call free
1-800-528-6050. Canada, 1-800-528-65050. XB31.

CABLE-TV

DEALERS wanied: Channel 2,3, and 4 notch filters
Monay back guarantee. Send $15.00 for sample
and quantity pnce list. Specachannel[s). GA
KURTZ. Box 291394, Dave, FL 33329,

REEL-TO-REEL TAPES

AMPEX professional senes open reel tape, 1800-or
2400-fee on F-inch mets. Used once Case ol 40,
$4500. 10 172 x 3600 leet and casseties avaiable.
MasterCarg Visa. VALTECH ELECTRONICS. Box
6-RE, Richboro. PA 18954, (215) 322-4B66.

DO IT YOURSELF TV REPAIR

NEW. .REPAIR ANY TV..EASY AnE:ne can do i,
Wite. RESEARCH. Rt3 Box 501BR Coille, wa
99114

INVENTORS

INVENTORS! Can palent and profit from f
wea? Call AMERICAN INVENTORS CORPORA-
TION for iree information Over @ decade of service.
1-B00-338-5656. In Massachusells or Canada call
(413) 568-2753.

PRINTED CIRCUIT BOARDS

GUARANTEED [owest quotes, average §.12/nch
(FR-4). fas1 turnaround. profotype 1th h produc-
lion guantites. Send wcations, call jor Quotes
-T.0.A.C.C.C. ELECTRONICS. Box 47148, Chi-
cago, IL 60647, (312) 342-:171.

EPROM PROGRAMMING

HOBBYISTS: Pretested EPROMS sold with your

rogramming installed Program listing provided.
Ie-ast Service. Write or ¢all: ROMULUS MICRO-
CONTROL, Box 8669, Rockville, mD 20856; (301)
540-8863.
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SATELLITE TV

CABLE TV SECRETS—the outlaw publication the

cable companies med o ban HBO. Movie Chann

nel. Showtime. descramblers, converteds, etc. Sup-
ers listinchxioa $8.95. CABLE FACTS, Box -
Petaskala, OH 43062

CABLE TV. Source Book-a complate (ising of sup-
phers tor hard-to-lind convertars, descramblars,
1echnical information. schematics and much much
more. Full relund d not satisfied Send $4.95 1o
CABLE Box 12505-R, Columbus, OH 43212,

SATELLITE Descrambler Schematics: Oak Orion
PD 400C 520.00: MideoCipherll $20.00 Vid-

eoCipherll Patant $15.00; actual VideoCipherdl de-
scramider $550.00; actual Oak Sigma descrambiar
£350. Catalog $5 00; send order to ELEC-
TRONIC FRESS. PO Box 10009, ado Springs.
CO 80932

CLOSED circun feeds. You can wanch your favonte
TV shows days in advance when kricpes whera to
took. Send $5.00 to DOWNLINK, 9420 Reseda
Bivd., #473R, Northridge, CA 91324,

WHOLESALE prices top brands oniyl Decoder n-
formation. Systems from $89500 send $9.95 for
compliete salellila TV informabon and product cata-
log SK‘NISION Yanic Flais. Yantie, CT 05389,

BUILD your own saleiiite system and save! insiruc-
fiong. schematics, parts! Send slampad enmelope
XANDI. Box 25647, Dept. 21C, Tempa, AZ 85282,

MANUFACTURER direct! Best prices. LNAS, LNBs;

recenvars, Kita, accassones special: Receiver kit
£69.95 glul 4,20 sh ging Calalogue $1.00
RAMSEY ELECTRONI 575 fAd.. Pen-
fiakd, NY 11526, (716) 586-3950.

PATENTED opticat process satellte

BLACK BOX DE-SI-FURING

THE SOLUTION TO SATELLITE
SCRAMBLING VOL. Il

AMERICAN AND CANADIAN

of howe 1 bkt it compiete
Farts lists -usuootm of parts & kay.

CONTENTS DF MANUAL
w i dlﬂ!l’!ﬂt types of salefibe

SCIAMBANG
w Modes of operahon
® How |0 dusd & De-S-Fur
& CAT

124 95

[» BLACK 30X

[* DE-S:FURING
L+ THE SOLUTIOR
4 10 SATELLITE
= SCRAMBLING .

LLi

der o G send
o plhus |"
ORDER UHE f4o1)
PQ. Boa 41, Warren. Ri

( ¥ial

4 handling. 4
;35 BELLH!E DIST cQ.

ELECTRONICS SUPPLIES

RESISTORAS, any valug imirmmum 20 / vaiue), 1/4

walt @5.01, /2 watt @$.02, Capacitors - S0V ce-

ramic disk, all values @$.10. P.C.B. kits, Bask kit

@$4.00 (matenals for 2 - 3°x4" boards-| inciuded) or

SASE ior calaloge. $1.50 shlppin?: ali ordefs—

&Dz.v;.%c.c.. Box 47148, Chicago, IL 60647, (312)
91,

RADAR SIGNAL DETECTOR

coniinied from page 52

For information send $3.00 fo: BEOtNI ELEC
TRONICS, PO Box 765, San Fetnando. CA 91341,

59 degree brand name LNAS! LNBS! Ku Band
LNB%| Discount pricing! Send stam) 3

LNA. 201 E Soulhetn, Sulte 100 Tempe. Az
B85282.
SATELLITE systems $449.00, catatog $5.00. HBO

dascramblers. KU equipment. STARLINK, INC.,
2603-16R Arte, Huntsville, AL 35805,

“TRIPLE-X Satelite TV descrambier informabon.
XXX - Adun Movigs, ready o go - $22500. NAS-
SAT. Box 5261, Long Beach, CA 80805 {213)
631-3562

EDUCATION & INSTRUCTION

F.C.C, Commercial General Radiotelephone Li-
cense. Electronics homa sludy. Fast, inexpensne!
“Free” detalis. COMMANO, D-176. Box 2223, San
Francisco, CA 94126,

COMPUTER repair career trasung #n 5 months by
acrediled Flonda Etectronics School. Lifetime
placemenl. Financial assistance if qualified. Call
SYSTEMS TECHNOLOGY INSTITUTE (305)
331-2840.

CRASH COURSES in digtal and microcomputer
fundamenials kieal introduction of refrasher [nter-
active programmed instruchion with sett Quizes. Ev-
erythung need for personal learming. D

$19.95 Microcompuler: $21.95. Both $35 85_ Add
g‘a postage TSI 11915 Labgo Lane, Qaklon, VA

HOBBYIST-need halp? We will design. buld your
Project. repair your kit. UniQue parts iound and sup-
pliad. Send your problem with SASE 1o 3-G Engl
neering, PO Box 97, Lirlelon. MA 01460

ATTENTION video camera gwners) Learn how-to
g0 special effects wio expensve add-ons. and
sarm $58 100! FREE in%: ORP VIDEQ, Box 2321-R,
Sk Louis. MO 83114-3914

 FREE EVALUATION |

and ADVISORY SERVIGE
Far prolazelonal flectrpnic tachaiciing by presison
aoa-poit aamptee £ Uty Dbgrm Y]
Mastey throwgh Fome Siaty' Lol grees le prerions
schooing 10 [roleaqoey pereece Spgrade yow erveyg
powe Froe Drtad!
A non parert COWTINENTAL EOUCATION ASSOCIATES

DRCABIATION PO bex 1197 . Chuzmplein. MY 12919-1197

power. background noise should be heard.
You may want to vary the value of Rl
slighily to get a pleasant ringing frequen-
cy. Then adjust the 1hreshold control {R5
in Fig. 1, R2 in Fig. 2) so that received
signals arc just above the l/f noise back-
ground.

You can-test the detector on the work-

PARTS LIST—ECONOMY MODEL
All resistors Vi-watt, 5%.
R1-—1.1 megohm
R2—27.000 ohms
R3, R4—100,000 ochms
R5—100,000 ohms, panel-mount potenti-
omelter
Capacitors
C1—0.22 uF
C2—0.0 uF
C3—100 uF, 16 volts, electrolytic
Semiconductors
C1—1458 dual op-amp
Olher components
S1—SPST switch
Piezo-electnc transducer
PARTS LIST—DELUXE MODEL
All resistors Va-watt, 5%.
Rt—2.2 megohms
R2—10,000 ohms. trimmer potentiometes
R3-—4700 ohms
R4, A6, R7—100,000 ohms
R5—25.000 ohms, panei-moun! potenti-
ometer
Capacitors
C1—0.22 uF
C2. C5—005 pF
C3—220 pF, 10 volis, electrolytic
C4—10 pF, 6 volts, electrolytic
Semiconductors
IC+—1458 dual op-amp
1C2—LM386 audo power amplifier
Other companents
S1—SPST switch

SPKR—8-100 ohm miniature gpeaker

WWwWw americanradiohistory comm

VAL DEFENSE AND PROPERTY PROTECTION
P umuzs SPACE AGE TECHNCLOGY,

CALITION THESE DEVACES CAN BE HAZARDOUES AND MAY SODN
POCKET PAIN FIELD GEHERATOR — IPGS0
s\swnbleo

IPGS Pans. 14 00 IPQSK NuPans. B
lmasonnm FIELDCROWD CONTROLLER — PPFf p
Pians .. $1500 PPFIK.

Wmﬂm{
ASSEMBLED

PPF 1

JPLAKS . B0 00 BLSIK . 569 50
PLASHA STUN GUN - WWMWMMSEMU

g, RSSEMBLED $99 50

M . PLANS . $10.00  (TasIK . ITPUANS 559 50
RUBYLASERR&YGUN—InwmMbelmbumand
weids hardest of metals MAY BE HAZARDOUS.
RUBGA.N Parts Avadabie for Com;
ClHBON DHJK.IDE 'UMNG. Ccu

duoes 7 oY MAY SEHAZARDOUS.

I.CS All Parts Availabie !orCumphli"ﬂ Device $20.00
[ vISIBLE LASER LIGHT GUN — poouces niense red beam lor
ﬂgﬂiﬂu spotong. eic Hand held compiee
LGUI Puns $10.00 (Kit & Aszembied Units Avaliadie)

S [A PULSED LASER RIFLE - Produces 1530 wal infra-red
praises il 200-2000 per sec
LAG3 Al Paris & Diodes Avallable $10 00
BEGINMERS LOW POWER VISIBLE LASEA — (holos af
rod. yelw QSR — Of ovades an excelient source of monochromate

X Kt S350
SNOOPER PHONE — Alicwrs ustr hcihwtemlmand Bsien
i urthouy! phone wver rnging

SNP20 . mbled .
. $0.00 SNP2K

L]
SHPZ... . Pum . Pamior . 55950
LONG RANGE WIRELESS MIKE — Mermatur e Sevice clearty
transmats well gwet 0N rraly. Super sensibve,
MFT1 . Pu . ST00 MFTIK . 1. 349 50
WIREL ESS TELEPHONE TRANSMITTER — Trarmrmts Do
mewlmmmwmmle shuts oH
YWPMS  Pans P/l
PWM5—LONG RANGE SUPER EAR WITH WIRELESS
ATTACHMENT
PWMS ... Plans ... 51000 PWMSK.. Kt 513850
FWMS0 Assembiad and Tesled 180 .50

Imm&@hm;mrm:.nmiu

<S=3comn —_m © >
f

& i hlon Thurs for thise needifd asustance of ilormaton Send

100 #or
w0,

of hunaredts min sty dewcts. Send check. cash,

rsa. MG . INFORMATION UNLIMITEQ

UEPTAY . P 0 Box 718, Amheryt B H. BX531Tel . 603 673 47201

CHRCLE 72 ON FREE INFORMATION CARD

bench by generating a millimeter-wave
microwave signal. You don’t need a fancy
signal generator—just "'arc** a small in-
ductor (say 500 mH) across a nine-volt
baitery. A properiy-functioning detector
should ring loudly when a signal is gener-
ated in that manner fifty feet from the
detector. You may want to experiment
with different inductors at different dis-
tances from the delector.

Conclusions

Both circuits pick up low-level pulsed-
RF signals. The detector responds to very
short pulses and will continue to ring for
several milliseconds. But the circult will
respond only to the beginning and the end
of a CW (comtinuous-wave) signal. Using
either cireuit, you'll soon be able to rec-
ognize various signal sources by their
“sipnatures. " Microwave towers, for ex-
ample. provide lots of varied output.

Either circuit could be used for pur-
poses other than radar deiection. For ex-
ample. you could use one to detect a
hidden radio transmiuter {provided the
transmitter is a puised type). The detector
could be used as a leakage detector at a
microwave tower. The detector could also
be used to detect leakage or arcing in
home power lines. as well as outdoor
power-transmission lines. In fact, the uses
to which this circuit may be put are lim-
ited only by your imagination! R-E

ageL Aanr
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CORDLESS SOLDERING IRON
RECHARGEABLE

NEW FOR 6

"TALKING CLOCK

AQ =

Ll-l-.mlln VECH i e i
St S S o Sy U A, M, wacend By pplan
lﬂlml-u

e

The YAMATO 4001 j8 u 33 OMMT COMPACT DIGITAL
MULTIMETER, i grmpdoys FE tros LCDL wellh Large bgeewe e
ADVANTAGES: Mgk - ng Mgh

uwnmmmonhwtmnmuu&
g ihabie wader
i Sty Biervpry By aagmena o4 G

3
]
»
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.

INFRARED REMOTE
CONTROL UNIT

60W VERSATILE STEREO
POWER BOOSTER

TY—41 MK2 4

e o il s Gl A ol Mol e

A50MC Universal Digital
Frequency Counter

Frampuancy Range 1001 — 150MMr
Lt Countgr © 10 79955739 counts. ) Diga)
Pl senadrTiy: KM: cenge 10ME - 10MAR SimmYrme.
= YRR A0mYma

Wl Furscuios Sl e ool Inguat wpnad
Powar Tugnty  DCRY Rarery o OUIV 2500 Adepton,
Curvpropgey 350% 2 874" 5 234"

Aaviwrdpbped werth by ted ¥

i -~
MULTIFUNCTIONAL LED D.P.M.

SM-43 ~ LAt
Is‘a 0T B 8

LED IMEPMLAY

WEASLAEMENT RANGE

O VOLTAGE: Y - 1000V

AL VOLTAGE" 1y - 1000V

DIGITAL THERMOMETER 0D = 130T

0.0 CURRENT: 1wl - T4

CAPACITOR METER: YpF - IuF

FRECUENCY COUNTER- 100 - JWH:

DIMEMBION: 134" % 173" w 4 Vet

Kt wmn
Aviprnbied with te itad £ b

0-50V/3A POWER SUPPLY
W/SHORT CIRCUIT BREAK

1
TA-503

HIGH QUALITY
MULTIPURPOSE PRE-AMPLIFIER
TA-2500

ey
GREAT

VAL

Thep spcially e o sroptoar eochatioy 3 prolessons

GRAPH ECLMITTR TOME costrol rysien sl ham 2 paen W
1. TrdupeticY ronpones o= teedy oo SHe by K-y g STen
- bad - i v wall W can BODR

LCD THERMOMETER CLOCK |

0.4" DIGITAL Suprmpemater with Ml & Lowwe lermparatura ldiem
function sral 12 Famort Choch,
Meamuring cgngs P b 1807 @ - TOC 00 S TOC.

o LY uBlS x 10N

Pt ol ¥

Paol 2 KO, avaarrisied weith Tssisd 11 .

|

T=1 ol O Dt wwriior | 20 .

Resoivtion wadanp g1 56 §
T2 voulhs Fishwrwmban /Colnius mossuring . 193 B #OT & KITY

I0pAA Trom sl Rageiet Chetruige. fpcerd deml el
‘w.thumnalMﬂm
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T 8OW + 80W DC LOW TIM
PRE-MAIN AMPLIFIER
-il-'.h-.._.

K . =

[wcempteg
T Dy Ao o
B bersa oot

129 S1erio Power Boous
DR AMPLLFIER

Mocie| Wa
Ta-an

ACIDC Bty
STEMED PAE 40P L (FIEM WITH MAGNETIC MM assn

MU TI-PURPOSE MELDRY QENEMATOR
PURE CLASS “A™ MAIN FOWER 3 0 15 IER
mwnc STEMED AneLIFIER

W 17 Pyt i
o e

High %";"“ urm Erwws Ampr
BOYY 1 Srdwy Fro- Mgl e [ Pormes Sl uge
Ay TRANSISTORIZED MONO AMPLIFIEA

180W PURE D 5T, PLAWER AMP Wty

FROTECTOR

LA L) Prigy [0 TRL T

L] $3 90
Hn
oo

Mhocie | N
TR-ISL A &
TR-401
TA_100
TYL1A MK
vy ELECTROMIC
OMHTAL CL

o
ggésg?s

B3R

Tk REQULAT RO DE FOWER SUPPLY
©-A00 34 POWE R TUPPLY wiTH

A& OvIRLQAD FRDTECTOR

018V 1A REGULATED D FOWER SUuPsLY

BATTERY » Luooucl.m lIGM'Y
TOULM Jar

Kalasemieed iy Propy

b
SHOAT DACLNT RAEAK

WAL T iefieC TIONAL onn‘mm MELAY
CLOCK wn T TWO TimEn

COLOM LD VU METER

ELECTADNIC SumDCH

MIGH FAECISION SOUND COMTROL $WITCH
SUPER SENSITIVE AU LEVEL INDICAT
COLDR LIGHT CONTROLLER

FEaKER FROTECTOR

DR

110w OCL O PRE WA &ﬂtnto AN LIFIER

Fu wind Llli WICADFHONE
ALIDE QUARTZ WGITAL ELOCK

100w omau-c 1 A%3 A" MAIN POWER AMP IMOND]
NEW CLASS "A" Dc STEREQ FRE MAIN AP

ELECTAONIC ECHO ANC REvENBERA TION AMP

HIGH OUALITY MULTIAURPCSE PRE AMPLIFIER

OC FET SUPER CLASS ~A" PAL awrLiF IER

NELR @I FET FRE AP fWITH TWAY TORE CONIROLI

STERED SiMLATON

3172 MULTRFUMCTIONA L LID DP M.
4 N2 PR ECHON D F M

T150MC UNIvERLA, HGITAL PRARGRAENCY COUNTER
3172 DT AL Panll ITIR

SOUND OR 'roucamurnm PHITCH
INFRARED MEMGTE

Ty-a2 EARSDOT LAVEL s BER

TY_as BARDOT 8000 LEVEL DUMPLAY

T¥—a BUFNION ELECT AOMIC MO KT E

FAMATE 4001 F C1GI Tl WL Vel TEN

mn LED Yol Anamal TR CLOCH Mf/OUT DOON SENTOR

LED TRERMOMITEN CLOCK PP 70" MEASUR NG
TALEING CLOCE Miviuas (GOUDEN OR

CORGL E 53 S00LOI At WRON AECHARGEARLE

A= Aaprriied hpem o W by ol el sadl vl

T RS 3

V-3
TY—41 Wil

ZEERSERED

2828

MARK ¥ ELECTROMICS 1N
““‘F._u.e}ml. Sew K

'] AR W] bl P Sk
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arder e 500 Ouesde L & VO, OF totsl
order (i 2507, Outsas USA 20N, of tow
r MaS00. ShiPped by UPS
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AADIQ-ELECTRONICS

-
L]
o

BUILD A COMPLETE 256K XT SYSTEM—$717

STATIC RAMS

2“-!

* % % % HIGH-TECH o % % % EP
NEC V20 UPD70108 $1495

REPLACES 28088 TO SPEED UF IBM PG 10-40%

+ HIGH-SPEED ADDRESS CALCULATION
N HARDWARE
+ PIN COMPATISBLE WITH BOBE
+ SUPERSET OF BOER INSTRUCTION SET
* LOW POWER CMOS
$24.95

8MHz V20 UP0O70108-8
8MHz V30 UPD70118-8  $26.95
Y d A SPOTLIGHT % # o o

(N

"M A4
TMMZ0 18150
TMMH 18100

HMEIEALP 1§
HMEIRLP. 12

L P Y A LTt +3 L]

Bl b N b b ok mk mk mk mhmh

SPECTHONICS
CORPORATION

12 30nm)
1 200}
1 150rm}
11.20m]
1200rw)
120001 1 Bv)

5383

=3

ROMS

150 |15V

13 50natiBV)
1450rati SV

IS Dol 5V

(280l SVIZ1V PGM)
1200mHAV 1Y PGM
12500} BV IH CMOS)
(450n]15V)

[Fo - HEL]
12003 5V)

(450l 5]
1350313V 2 4 PN}
125003 3¥)
(250mHSVIICMOS) 12 9%
12%0n] 15V 743
21V PGN- Program o 2% Yotin

P P et b el MR
suasahasse sy

17.9%
426

EPROM ERASERS

1150 5w )

1120 1551

(20041 [ 5w

{15000 HGv)

1150ms HSVHAEFRESH)

11 50nuifv )

1150 l{Sv)

(Z00n 1{Sv}

(1 50ne 5wt
REFRESH.Pis 1 Rudrash

g2 gel:

BRI e b s et e
L

ol
i

Sv. Sengle 5 Vodi Suppiy

CRYSTALS

31 788 KHx

741500

TALE1ES
TaLG 188

GRT
CONTROLLERS

485

A rrw Ly of
they spead of e
iy

HIGH SPEED CMDS

hegh apeed CAMOS Wge: atunng
mmimqu

TAL5189
74L3173
TaLE174
TaLE1 7S
7aLs1#
TaL5192
TaL5191
TALE 104
TALE1YS

FaAHCI12
TFAMC125
TAHC 32
TAHC1 3}
TaMC1 18
Tamwt119

z
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SRR gRsacinsa sy aiaagarul

L LRI R R R ANE" ]
o 0 WA AR W D A
bt FH- RS

BIT RATE
GEMERATORS

MC1441 Y 995
HR1941 495
47T 95
COMELNE 195
MM5 307

T4HETOO
TAHCTOZ
FAHLCTO4
TAHCTOR
TAHCT 1O
TAHCT 1Y
TAHCTI?
FAMCTID
FAHCTEE
JAMET4
FAHECT?3
FAHCT1S
P4HCT1y
TAHCT1A
TAHCTIBT
TAHCT 158
TAHRCTIR
FAMCT I

R D o ot e AN Bt D

Sauessobensel

shusshsgnssby

Z:80
280 CPU I 5wy 1 6%

20 N UARTS

ATS 101)
I R :.’: 6RBOY AY) 1015

.50 TR1602
:‘;3 75 2651
189 1M6402
5 9% 1ME40]
NS850

L

R 2

T Y T LR N N
LR AT PR

b EEE RS SRS T

»
w»

TMS¥5]1
™ 532
zm 51072 - s

6.0 MHZ

ot FO SOUND CHIPS
T6ATT 195
TEARS LB
551 J6) 9 9%
AYI AM10 129%
AYY B%12 12 9%
SO0 3% 00

CIRCUITS

MRS5S 195
MMEIES EST 1 95
MMSEYET 12 95
MMEE 74 1185
MEM5REZ 29%

IB30H 51042
Ta671 D00

CMO§ mmmw mm-u
wemunily, and evgmovind Cutpud drivk

74HCOO

TAHCY AR
FAHC1HY
FAHE 14
TAHE 187
FAHC 158
FAHC 18]
TAHEN TS
TAHCTI4Q
TAHCI 44

PETHE TR T
Bstaizn

388c3y¥s

FaHCAOT
FAHCADTD
TAHCA34S
TFAMC4050

74HCTO0

B2¥3EEY

TAMCT Desct. deop in repiacements for LE TTL
#nd Can b ntermEsd waih TALS i the e oo

TAMET 156
TAHET 174
7aHCT 193
TAHCT I
TAWCT240
FAHET 241
THCTIAS
TAHCTIAR

TAHCTITS
TAHCTI?a
T4HETI3
TAHCT4017
TAHCTA040
A0

74F251 1.0
FaF25] 1.0
TAF11A 4 &9
TAFIH 1.9
TAF137 1 63
TAF2ag 239
TaF2a4 329

VISIT QUR RETAIL STORE LOCATEOD AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

HOURS: M-W.F, -8

JDR Microdevices

1224 S. Bascom Avenue, San Jose, CA 95128
Toll Free 800-538-5000 ® (408) 995-5430

FAX (408) 275-8415 ® Telex 171-110
© COPYRIGHT 1986 JOR MICRODEVICES

mmmumo:snmmﬂmnmmuammmmm AND JON MICRODEVICES ARE TRADEMAR §
MM A TRADERARN OF INTERMA TROMAL BLreELS MACTENES APPLE 15 A TRADENAAK OF APPLE COMMUTER

CIRCLE 187 ON FREE INFORMATION CARO

WwWww americanradiohisetory comm
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PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING

SAT. 10-3
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?400/9000 ?4800 YOLTAQE
745153 REBULATORS

Tas 188
“TO-220 CASE
745174 18081

TH0NT
THIY
T318T
TO.3 CASE
TROSK 139 7s05M 1AB
THIZW 139 T2k 149
TO-93 CASE
TELOS A8 TRROS &9
TALIZ 4% TMAZ 149

OTHER VOLTAGE REGS

i

dsnpuis

-
N
m

B e e st e s atad

-
-

ANz iERREEs S

sy3he
Ssussenksuukyuiny

[

Beazagy

TagaTy
748571 IC SOCKETS
a PN ST
12 PIN ST
18 PIN

PN

-

BoshbepackzacEEabRcle
PR

i

INTERFACE

AT26
128
ATSS
T
5797
aTsn
oMY
DPET(4
D5E3)3
OSER15
D385316
D5E87

BB S s Eu Ak eSS ENs Y
N
8

N
§ls
tiyuen
LB 4 i T bl r o’
s SRRl e anEREE st ins 2 EisnNe

(3
o
i e
W

Sezabbesys
| ]

3
g3st
5

33
3
1

.o
-
*

ey

EDBEGARD CONNECTORS 36 PIN CENTRONICS
100 PIN a:. 100 125 MaLE

100 IDCEN 38
L] g CENnIG

INTERSIL

L7106
WLIa7

:ussai&iiiseszs

4 a5

:a:?EiEsaues

595
495

AIRHON CABLE
SCLDER CUP ICL RGO
cLBean
ICMTI0Z4
ICM 208

PIN TIF

PIN I
IIF-TE xTOOL

IZERG INSEATION FORCE |

MESST
LMTI10
LM72)

75492
HeT0 5 CAN, KaTO, ToTO-220

3 &
795 .

Lod L
A4 IDCENDMEF RIBBON CABLE
LT RT ANGLE PC MOUNT 495

LENISPC 15 %5

DIP CONNECTORS

ORDER &Y

DIUDES/UPTD/TMHSISTURS

THNTI
1NTSY

= _CONTACTS
= 4 | 1110...._.znn
WMWWD
ST IC SOCKETS AUGATaETYT 42 M | 59 108 us..:u [1.48 | ln'!“
[WiGH RELLABRLITY TOOLED |
W I SOCKETE
[ COMPONINT CARRIE S
VP NEADERS)
RIBBON CABLE
DA PLUGS (1DC1

OESCRIFTION

AUGAT=zWW 1,30 |1.00 [2.90 [240 [260 [290 [2.18 [2.70 [s.00
Weax A | 64 | a9

1oP E R

A relc TS FRAC TIONS SEE O 5L

"5 100|148

{v7m 3]

0-SUBMINIATURE

ORDER BY

LED DISPLAYS

FNO-257135% LOM CATHODE
FND- 50080 COM CATHODE
FND.30719101 COM ANODE
g COom ANCOE
COm CATHODE
COM CATHODE
COM CATHODE
COM CATHODE A
4nY HEX W LOGIC 270" 9
HPFS0EZ 70 an¥ HEX W/LODGIC T90° 7 W

DIFFUSED LEDS

Jumnag RED
JUMBD GREEN
JUMBO YELLOW
MOUNTING HDW
MINI RED

CONTACTS
% | w] 193] %] 3780
2| 30128 usuo:uu
ol "

B322ansh

)
Wk

HOWI-
ORDERNG WS TRUC TIONS instnt THE NUSEBER OF cmuuaw
MARKED "wy OF THE OADEA AY PAAT NUMBER LIS TED
EXAMPLE & 35 PN AMGH T ArGLE MALE PC SOLOER WL D BE D)

MOUNTING HARDWARE $1.00

SWITGHES

MINI TOGOLE ON DN

MiMI TOGGLE ON ON

i EoSob e &

M H N

'l:outws MINE PUSHBUTTON N C
o TOGGLE O OFF

BC D OUTIMUY 10 FOSITION § PIN DIP

DIP SWITCHES
4 PoSITION 5 T POSITION
B POSITION 3 # FOSMION
& POSITION E ) 10 FOSITHON

DE SCAIFTION

E SOADER HEADE R
RIGHT ANGLE SOLDER WEADER
W NEADER
RIGHT AMEE WY HEADER
AIBEON HIADY R SOCRET
RIBBON HEADER
B EDGE CARD

FOR DROL RIN

EE.] -zu '114,
L ET] .:n I::ﬂ

'IaalLIH;!M'

JEND 199 1228 !

873 1700 780 (860 |

[v7s rlji [z 2 (240 D98
WNSTRUC THONS SEE {3 SUBMisA TR AP

RIBBON GABLE

Dear 5irs

1 have dsalt 4 1th JDR for years now, but | was recently
lured 4way by other SoRpAnlex promieing DELLIT eereican
And pricel. Nors of Lnses CONpAnies were nhlclaequn
your SSrvice and low prices ® happy 10 say thay |'s
baclk Lo abay

1 think that when & company I able to seres Ji's
oustomers a0 well, 4t deBerves 10 be congrélulated. . .|
1o0k fosward 10 dwal 0H wi Uh ¥OU IN the Tulure

HARD TO FiND
"SNAPABLE" HEADERS

CAMN RE SNAFFED AFART 1D
MAKE &NY SIZE HEADER
ALL WITH 1" CENTERS.

STRAIGHT LE&AD
MIGHT ANGLE
STRAIGHT LEAD
RIGHT ANMGLE

SHORTING
BLOCKS _

GOLD
CONTACTS
SPACED
AT 17

CENTERS w’

1ndl
1l
FLE ]
ZudD

(8| x[x /%y

CALL FOR VOLUME QUOTES

Yours truly, George Townasnd

CIRCLE 188 ON FREE INFORMATION CARD
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ORDER TOLL FREE 800-538-5000

BARGAIN HUNTERS CORNER PAGE WIRE WRAP WIRE WIRE WRAP PROTOTYPE CARDS

PRECUT ASSORTMENT FR-4 EPOXY GLASS LAMINATE
IN ASSORTED COLOAS 42750 WITH GOLDL.FLATED EDGE-CARD FINGERS
100ws 55", 80 44 . 207

DB25P ¥ ‘gtw& 10/56.90 0w 297457 50"
4 SPOOLS
DB25S 100/ 558 ¥0/57.90 [l 1% 138 B0l i
ST FEMALEDSIE CONNLET Flease specily color.
Bhw. Bisck. Yedow of Red
Hoonl 00/s31_ ¥0/56.90

LF DB ram A2

EMI FILTER $4.95 IBM

P = MANUFALTUIED BOTH CARDS RAVE Silx SCREENED LEGENDS
IDEM 100/’1&9" mnso BY CORCOM :NO INCI.:‘OCS uo’:mrmcmcu
34 ' EDGE CONNE - - Low cOsT 8 IBM PE1  wWiTh 5V AND GAOUND PLANE . . . . 627

= 115 LC.HP BELOW 2

'
- AP 120 240 VOLY IBM PRI AR ABOVE WATH DECODING LATYOUT s394

AUGAT t8Ww 100/54% 10/56.90 $-100
S5 RA iC SOCKET MAGING PN o FODTLMECORDS  M:-c: s osousnon 1t
Auf Dlse 10;?%-533“ 1004 $3.95 ] Sne JE800C0R W so 7 OIED SRR ek veniione %
} M“FFIH Fl"s P0G BARE AnoﬁmpzuLsE (3181
3““". 5Q ROTRON 14 95 PEO0-3 HORIZONTAL BUS . . »22.3%
SPECIALS EHD 6/30/86 BIE 10 masusnun seR L Toeas  FOR AFRLE Ws MUK SEOT 3%

SOCKET-WRAP LO.™  —

- SLiPS OVER WIRE WRAP FINS
- IDENTIFIES PN NLMBEAS ON WRaP |®®
30:3:3357? STiC_ 3 AL M .:
PLA UCH =
Fafta PCK OF PRICE (@@ =8 0 95 115 WATTE __,-:5’—._
IDWRAP D8 10 138 (g~ s WY ASA NV H A2A gy e
IDWR AP 14 10 13% (ge aGm BV i Rl ATV - SR i
:ngt::: :: 1w aw e = OME YEAR WARAANTY

s 32 Bo el e RN D-SUBSESe
:gm::;: | 1] GENDER
IDWRAP 40 5 Lo a st CHAKGERS

TN ACWAGES IpCK OF 1 R S

—y FRAME STYLE
T TRANSFORMERS

=d ] $.55%
e

SWITCHIKG POWER SUPPLIES
PS-1BM $89.95

= FOR i1am PC-XT COMPATIELE

L B
cr-d=ap |

PS-IBM-150  $129.95

= FOR IEM BC.XT COMPATIALE
- 150 WATTS
1 i BEA, -3V - 18A
12v 4 Bl AV Y 58
. ONE YEAR WaARANTY 10

CAPACITORS DATARASE EPROM ERASER  $34.95

EMASES WO EPADMS (N 10 MINUTES PS-130 $99.95
TANTALUM COMPALT NO DRAWER " 130 \WATTS
T, e TIIN MET AL SHUTTER SWATCH ON RE AR
22 PREVENTS UV LIGHT - FOR USE 1 DTHES 18M
o aT FROM ESCAPING T s
@w 1w + 50 OAY WARRANTY

oIsC . Ya WATT RESISTORS

§% CARBON FILM ALL STANDARD VALUES
FROM T OHM TO 10 MEG OHM
1 PCE wovw vabw T00 PCS srrw b OF
S0 PCS wwwme .025 1000 FCE e vabn N 5

PS-A $49.85

. USE TO POWES APPLE TYPE
SYSTEMS
SNV AR, 12V BSA -
v BA ATV BA
= APPLE POWER CONNELCTOR

PS-8PL200 $49.95

RESISTDR NETWORKS

MONOLITHIC Sip 0 PIN 9 RESISTOR 69
SOV 4 0 sov S 3PN 7RESISTOR 59 [l vk v Ras
SONBas LA | Sy DIP 16 PIN 8 RESISTOR  1.09

= Uk APPROVED
- ALUMINUM ENCLOSURE

BODKS ey STEVE CIARCIA

BIULD YOUR 0wn
Z80 COMPUTER 1395

CIACUIT CELLAR WOL 1 1y ¥
CIRCUNT CELLAR VOL 2 (3 %]
CIACLIT CELLAR VOL 3 [JFR- 11
CIRCUNT CELLAR V(L 4 #1395
CIMCUIT CELLAR VOL #

LITRIUM BATTERY

A% UNRED K CLOCK CHOLUITE

PS SMI00

ELECTROLYTIC DIP 16 PIN 15 RESISTOR 1.09
DIP 14 PIN 7 RESISTOR .99
PIN 13 RESISTOR

MICROCOMPUTER
HAROWARE HAKDBOOK
FROM ELCOMP  $14.95

OVER 800 PAGES OF DATA SHEETS
DN THE MOST COMMONLY USED
1Cn INCLUDES TTL CMOS. FALS00
MEMORY. CPUL MPU SUPPORT.

AND MUCH MOAES

NEW EDITION!
1986

SPECIALS OK BYPASS CAPACITORS
01yt CERAMIC DISC 100/55.00
101 4 MONOLITHIC 100/510.00
1 A CERAMIC DISC 100/%6.50
COMPUTER GRADE a4, A il MONOUTHIC 100/512.50

WISH SOLDERLESS BREADBDARDS

PEETRISU T T |TERMMMAL | THE DINDNND | ey
mn Datg e s STRIFTE) MI STRNNE} |(FOWNTE | POSTS

s aliled -

i
!

= 1‘,‘& 7
i iR - o 5 ( | 1C MASTER
204.3 | 3.84 u 8.4F St 100 2 Fo ) z 17.96 - o
W 204 | .13 2 8.4 ry o 2 1390 e ] ,..!_?3* THE INDUSTRY STANDARD
|WR-306 | 5.58 808 L a0 3 daw 4 L1898 IVOLT BATTERY  129%
oy J08 | 656 2 9.09" & oo & Coid 4 | BATTEAY HOLDER 8148 S‘ 2995

§ VISIT OUR ARETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

5 HOURS: M-W-F. -5 TU-TH, -9 SAT. 10-3
& Jm MlCI’OdeVICGS PLEASE USE YOUR CUSTOMEA NUMBER WHEN ORDERING
Q TERIL Mirdmasn order JULEN. For handing

w 1224 S. Bascom Avenue, San Jose, CA 95128

= Toll Free 800-538-5000 ¢ (408) 995-5430

ol FAX (408) 275-8415 * Telex 171-110

& © COPYRIGHT 1966 JOR MICROOEVICES
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PARTIALLISTING ONLY — CALLFOR AFREE CATALOG

DISK DRIVES APPLE COMPATIBLE 5 ;
FOR APPLE COMPUTERS INTERFACE CARDS ..ﬁ.ti.ﬂlgpm“ G0NES —ﬁ’i}éd‘fﬁ
120 CPS DOT MATRIX PRINTER

AP-150 - [ EPAOM PROGAAMMER $50.95 * EounE T T A ns vo one
$99.95 —pﬁ'h'[

= ALL LINES BWTCHES
= HHIH OUALITY ROTARY SWITCH MOUNTED
Ol PCRB =
« ¥ HT. DIRECT DRIVE
+ 100% APPLE COMPATIBLE
RANTY

= GOLD CONMTACTS
* SIM MONTH WaR

= STUADY miTaAL ENCLOSURI

= DUPLICATE OK BURKN ANY
STANMDAMD Z7ux SERIED EPROM
= EASY TO USE MENU DRIVEN
SOFTWARE 13 INCLUDED
= MENU SELECTION FOR ?
2712, 2702A_1T6 AND 2NV 22
- HIGH SPEED WRITE ALGORITHM
« LED INDICATORS FOR ACTIVITY
= NG EXTERNAL POWER SUPPLY
HNEEDED

SWHTCH-JP cenTROMICS Panalier 59993
SWITCH-33 p5232 5emiaL 52093

BAL-500 s
$128.05 — o1

= TEAC MECHANISM CIRECT ORIVE
= 100% APPLE COMPATIBLE
= FULL ONE YE&AR WARRANTY

| AP-135 ""L-L;[
$12095 _° |

= FULLHT SHUGART MECHANISM
. gllglncl"lf REPLACEMENT FOR APPLE

= SIN MONTH WARRANTY

MOOEL 1 Bg 95
3P-1200 .
= EPSON/|BM COMPATIBLE
+ 9 WIRE PRINTHEAD
* 120 CPS BUIDIRECTIONAL, B0 COL
« FRICTION AMD TRACTO#H FEED
* PROPORTIONAL SPACING
« CEMTRONICS PARALLEL INTERF ACE
* BCMARACTER SETS AND GRAPHICS

#FOOT iBM PRNTER CABLE 5098
AEMACEMENT AIBBON CARTRIOGE 31198

fel PRINTER BUFFERS

" FRVES COMPUTER FDR OTHER TASKS
WMKE PRINTING LONG DOCUMENTS
+ ETAND ALONE DESIGN, WORKS WwiTH ANY
COMPUTEA OR PRINTER

+ ALL MODELS PATURE mma
WIMORY CHICK, GAAPMICS CAPARILITY

S$P120P  PARMLLEL  $139.85

= #HM UPGRADABLE TO 256K
= LIDINDICATOR SHOWS OATA
IN BUFFER "\ RO LE D

$P120S RS232 SERIAL $158.85

" AN UPGRAADABLE TO 296K

= ONE YEAN WARRANTY

164 NAMCARD $39.55

5% FLOPPY DISK DRIVES

= FULL TWO YE A& WANLAN Y

TEAC #0559 ¥ W1 D500 FOR A 109 ¥
“““5\,1‘ % * EXFAND YOUR 48K APPLE TO - 6 SELECTBALE BAUD RATES. FROM FUAL £0 53F v uT O LADPOR Bk 8709 95
e R TSorh s ¥ oot 18 23
— nn:'cu:u e e P SPII0P  PARALLEL  $249.95 W vinoon tmsos vmiimsoa-. 998
MAB535  SAM UPGRADABLE TO $12K MP-BS2 DE/oD rﬂc 15398
& = AROOLE DUTPUT OF UP T ) COMPUTE RS QUME QT 42 ¥ Wt FOR q; 179 95
o = LED BARGRAFH DIAPLAYS AMOUNT OF "
$249.85 == _ fC TEST CARD $99.85 DATA IN BuFFER 8, FLOPPY DISK DRIVES
- WASET FUNCTION CLEANS L4
- 35" ADD ON DiSw DRIVE OATA IN tutt‘?ﬂ FO 100-8 55-00 34801 EGLM 115,00
= 100%MACINTOS M COMPATABLE FD 200-8 DE/00 (543810 BOUWY 159 00
« DGUBLE SIDED BO0K OYTE STORAGE s l‘
T e AU Y S anism ! DISK DRIYE ACCESSORIES
= FULL OME YEAR WARKANTY TEAC SPECIFICATION MaNUAL 500
TEAC MAINTENANCE MANLUAL 5 00
b . = ouncuu TEETE MANY COMMON t MT MOUNTING HARDWARE 1295
MOUNTING RAILS FOR (BM AT e
. onsruvs PSS OA FaJL “¥ POWER CABLE FOR %'~ FOD® 1"
AD 30 ol 3 O!N.l. ;!:;;Ann“.s:? 0 FOTD POWER CONNECTORS shas
- TEGTS: 5E AOS

$139.95 2

APPLE like couunm(
" Reaby om Si W SHIELDED
B8N

CDN“I
- Flhﬂlu‘.tl SLIMLINE DIAECT

= 51X MUNTH WARRANTY

DISK DRIVE ACCESSORIES

rDD CONTROLLER CARD #49.95
Ite ADAPTOR CABLE 815 95
ADAPTS STANDAAD APPLE DRIVES
FOR USE WiTH APPLE ilc

T4HC LERIES CAOOS.
400, J4LE. 74l TAM B VAl

NASHUA DISKETTES DEALS

5% SOFT SECTOR
D5/DD WITH HUB RINGS

$9%0  §9C.; 59Ce

02 OF 10 BULKDTF 50 mULK 0¥ 250

NASHUA CHEML TTES wERE JUDGED
TO HAVE THE HIGHEST POLISH
AMD RECORDED AMPLITUDE OF ANY
OISHETTES TESTED ACCORDING TO
“COMPARING FLOPPY DISKS™. BYTE 3 B

300B MDDEM  $49.95
FOR ARPFLE OR 1BM
INCLUDES ASCH PRO-EL SOF TWARE

TANOON TM100-2

TEaC FO-55%

DISK DRIVE ENCLDSURES
CAB-APPLE 52499

» + FCC AP D :
KB-1000 $79.95 T BELL SYSTEMS 103 COMPANBLE A CL SR ol LI 7
CASE WiTH KEYBOARD = INCLUDES AC ADAPTOR CAB-1FHS $69.95
FOR APPLE TYPE MO THEABOARD = AT DIAL DISKETTES FULLET 8" BENGE CABNEY w AOWER Supm Y
* USER REFINED FUNCTION NEYE AFLBSEELCOE] a» CAB-23Y¥S $49.95
"'u"'“"ﬁ“‘r'ﬂon ] CABLE £OR APPLE lic 514,95 MWASHUA 5% A e - a T il e
All‘lo REPIAT N WMD2D D5 D 50R 9 940
- N WMOZF O5 QUAD SOFT 34 9% CAR-T3Y0 VERTICAL $209.95
JUYS‘"G“ CR-401 5795 N MDZH :slrsl;isljo;;" 4% 3% mmu SUBMALINE T CAIMMET v FOWER s:;ru'
FDR ATAM 400, $00. 2600, : xil HORWINTAL 16.95
CABNE
WIC 20 84 AMD APPLE 11¥ o 5 Co ey Y Duds, FAL HT IF TW POWLR SAPPLY
y. N_FD2D DS DO BOFY Pt
% DISKFILE NASHUA 3.5"
HOLOS 70 8%~ DISKETTES WassS  JEUSS COFORMAL  s128s
. VERBATIM 5%,
$995 e R
MD 7995
KEYBD!RD'IP 36995 V- MO110D 55/00 10 SECTOR HARD 223 3%

= R(PLAC!“N"I' FOR APPLE ||
KEYBOAAD

’ uu-uocu WEY. ALUTD REPEAT
nt KEY ENTAY Of BASIC
u CF M COMMANDS

=

EXTEWDER CARDS
I1IBM-PC $45.00
IBM-AT $68.00
APPLE Il $45.00

TEST EQUIPMENT FROM JOR INSTRUMENTS
DIGITAL MULTIMETER PEM DPM-100D $54 95

AUTO AANGING, POLARITY AND DECIMALY

= LARGE 35 DIGIT
DISPLAY

- DATA HOLD SWITCH _
FREEZES READING °

= EAST AUDIBI.E CON-
TINUITY

+ LOW BA‘I"I'EHY
INDICATOR

« OVERLOAD PAOTEC-
hon

20MHz DUAL TRACE OSCILLOSCOPE  MODEL 2000  $389.00
APPLE lle 545.00 35MHz DUAL TRACGE OSCILLOSCOPE  MODEL 3500  $548.00
MULTIBUS 586-00 FOR MOKE INFORMATION ON THE OSCILLOSCOPESR SEE OUR AD ON PAGE 1

CALL FOR VOLUME QUOTES © COPYRIGHT 1986 JOR MICRODEVICES

CIRCLE 190 ON FREE INFDRMATION CARD

3.5 DISKFILE noLos 40 $89

POWER STRIP
AP $12.95
T 908NN

WWwWw americanradiohistory comm
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= ) K

KT GOMPATIBLE
MOTHERBOARD

$159.00

+ 477 Mz 5088 CPU. oPTIONAL
7 CO.PROCESSOR
- HEXPrANSION SLOTS
« OMRAM INSTALLED. ExPANDASLE
TO 640K ON BOARD MEMORY
= ALL KCa SDCK!'I’!D HIGHEST
QUBAITY PC RORRD
* ARCEPTS 27684 Ol- 27128 ROMS

PRO-BIOS  $29.95

20 Mb HARD DISK SYSTEM
corediiee Gamdinount  SEAGATE ST-225

$489.00
IBM COMPATIBLE INTERFACE CAROS

TIONS ALl DRIVES aARE PRE-
TESTED AND COME WITH & ONE

YEAR WARAANTY

ALL WITH A ONE YEAR WARRANTY

MULTI /0 FLOPPY CARD $129.95
PERFECT FOR THE G40 MOTHE RBOARD
+ 2 0AIVE FLOPPY DISH CONTROLLIR
-1AS232 BEMIAL PORT. OPFTIOMAL 2rad

SERIAL PORT

« PARALLEL PHINTER PORT

= GAME POAT

- CLOCK CALENDAR

- 508 TWARE: CLOCM UTILITILS
RANMOISH. SPOOLER

= RESDILHON 3 340 . 262
* Jimm DOT
* CABLE FOH BA T WCLUTH D

CRT MONITORS FOR ALL APPLICATIONS

_gmy

-
CENTER SYSTEMS
MOKOCHROME

L KLA 12T
= B ComrrATIELL TIL PUT
12~ mOM CAARL SCAREN
- P GREEN PHOSPHOAUS
= VER Y HIGH RESOLUTHNY
% an MNWD‘I’H
TVOLES rCENTER]

 LUXOR
HI-RES RGB MOMITOR [:DMI'OSITE cumn
roc-9t MODEL S 100

= DIGITAL m -wwnl‘- = 70F RAITED FOR APPLE
14~ SCHLEN 13 COMP OO
A BOLUTION THOH o 30C
= INTERNAL LN Asap
« Ol YEAR WARRANTY

$299.95 §$169.95 $99.95

_MOKITOR STAND

TRTS AND EFVELS

ONLY $12.95

IBM PRINTER CABLE

e 1

MULTIFUNCTION CARD

$119.95

all THE FEATURES OF ASTS 8 PaCk PLUS AT HALF THE PRICE

LLOCK CALENDAR

- G.384K naM

- EIS 1O
$8.95

CENTRONICE
1 5 + SHIELOTED CABLE

Ty ity .-b.d' e ™
SREs = o= + SEALAL PORT
:.E- T par—3—] « FARALLEL FORT
- + GAME PORT
- - » SOFTWARE INCLUDE
= i el b
B o =iy A PRINTER CABLE 1505
S4K RAM LUPGAADE wiron

COLOR GRAPHICS ADAPTOR

$99.95

FULLY COMPATIBLE wiTH 1M COLOR CARD

+ 4 VIDED INTERFACES ROB
COMPOSIT1E COLOA. HI RES
COMPOSITE MONOC HROME.
CONMECTOR FOR R? MODULATOR

+ COLOA GRAPHICS MOGE, 120 « 20D

- MOAND GRAPHICS MODE 8§40 » 200

- LIGHT PEN INTERFACE

MONOCGHROME GRAPHICS GARD $119.95

FULLY COMPATIBLE W/iBM MONOCHAOME ADAPTOR & HERCULES GRAPMICS
+ LOTUS COMPATIBLE

+ TEXT MODE 80 = 28

= GAAPHICS MODE 170 n 348

= PARALLEL PRINTER INTEREATE

= SPTIONAL SERMIAL PORT 21993

MOKOCHROME ADAPTOR

$49.95
ANOTHER FANTAS TiC VALUE FROM JOR!
= 1M COMPATIBLE TTL OUTRUT » F20 = 3%0 PINEL DIPLAY
PLEASE NOTE- THIS CARD WILL NOT AUN LOTUS GRAPHICS AND DOES NOT INCLUCE &

FLOPPY DISK DRIVE ADAPTOR $49.95

£

FOO TO 10M PC 0R COmraTiELES

+ INCLUDE S CABLE FOR TwO
INTEANAL DHIVES

+ STANDAKD 0BT FOR EXTERMAL
DRIVES

A = AUNS QUAD DENSITY DRIVES

WHEN USED WITH JFORMAT

W
o EASYDATA 1200 BAUD MODEM FOR IBM
5 INCLUDES PC TALK 11t couuumca TIONS SOFTWARE
[ = HAYES COMPATIOLE
- = AUTO DIAL - ALTO ANSWE A
O « AUTO RE-DIAL DN BUSY
LLj = INCLUDES SERLAL PORT
- « ONE YEAR WARRANTY
LL¥
2 169. 95
]
&
I CrOQe€ ;
108

CIRCLE 191 ON FREE INFORMATION CARD

STYLE
GOMPUTER GASE

AN ATTRAGCTIVE STEEL CASE

WITH A HINGED LID FITS THE

POPULAR PC/XT COMPATIBLE
MOTHERBOARDS

+ SWITCH CUT ouT ON BIDE FOR PC XT
ATYLE POWER SUPPLY

+ CUT GUT FOR § EXPANSION SLOTS

- ALL HARDWARE INCLUDED

$49.95

DKM-2000  $79.95

1 i

“5180" STYLE KEYBOARD
» FULLY 10M COMPANBLE
LEDSTATUS INDICATORS FORCAPS A
NUMBER LOCK
+ BFKEY — SAME LAYOUT &%
M PC XT KEYBOARD

POWER SUPPLY

2=\

y =
E o
-

e’
NOW ONLY $89.95

- FOR I1BM PC-XT COMPATIBLE

= 135 WATTS

= A5V b 1RA& 12V @ 4 2A
WP SA 12V @ SA

150 WATT MOOEL  $99.95

© COPYRIGHT 1386 JOR MICRODEVICES

WWWW americanradiohistory comm
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1BM COMPATIBLE KEYBOARDS

IBM-5151  $99.95

Te—

« AEPLACEMENT FOR KEYTRONICS
KB 51517

« SEPARATE CURSQOR & NUMERIC
MEYPAD

= CAPS LOCK & NUMBER LDCK
INDICATORS
IMPROVED KEYBOAKD LAYCOHIT

DISK DRIVES
TANDON TM50-2

$89.95

« Y% HTDS/DD
» iBm COMPATIBLE
= EXTREMELY QUIET®

TEAC FO-550 0s/00 §$109.8%
TEAC FO-55F  OS/DuAD $109.9%
TEAG FO-558 05/HO $154.9%
QUME O1-142 0%/00 §79.55
MOUNTING HARDWARE §2.9%
AT/RAILS $4.95

S04 B4 ple [
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TENBAR 35MHz Dual Trace
Oscilloscope

1 Two tugh quality 10.1 probes included

» For additional specification see MCM

Catalog #12
#72-330

$569_,

rl.ln
LTED
el b T

TENMAR
0-18V 3A
fower Supply

s Regulated autputs — constant voit or oonslant
current, bolh am conbinuously vanabie a Can be
connacied in series or paralkel or mare voitage
Of Current OUtput a Aeverse poldrity and overload

Protecied alsolated output
272420 Avaitable Mid Mayl |

$9950

TEMMA® Combination Function
Generator and Frequency Counter

a6 digHl di5play a Ouiput range 2HZ-2MHE seven
ranges wCounter range: . THZ=-10MHz a 5-15V TTL
and CMOS output « Wave lomms. $ine. Iriangle.
square puise, and ramp

$219(,.,

1

Thas
ABETED
) ARRANTY |
G

TEMMAR: Frequency Counter

« 8 digil LED Jisplay a Madisurément range:
1Hz-1 20MHz » High input sensitivity of

20mV RMS $18925

272.3715
eMGM ELECTRONICS
2=8 E. Congraas Perk Dr.

Cantervie, Drig 454594072

%1 31434-0031

SOURCE NO. RE-22

TENMA® 20MHz Dual Trace
Oscilloscope

= Two high quality 10:1 probes included
s For additional specificalion see MCM

Catalog #12
E
TRAR
winmiirr

#72-320

338995

TENMAR Bench Top DMM

a3% diglt a Eight lunction DCV, ACV, DCA (up to
20A). ACA {up lo 20A}, Resislance {up 1O
20Mohm}, Audible COMinuity test. diode test,
capacilance test {up to 20pF)

Available Mid May!

72410

$14980 4] e

Terms:

.mmch‘m‘_‘-mm
[ Oty whvpoed GO0
I'mewml O

= 319 rrerwmm Drcee 51,00 S for orowrs
under $10

L * Salwn ot e DR B3 g W 700 pm Saturdeys
1000 am % 3 pm E

= .rammmmursmmu
e

v [ ]
S1TE o balance dus e be sl C.0LD,

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

TENMAT
Clamp-On DMM
a 3% digrt LCD thsplay w Rotary dial tor
rapit selecton of hunchons and ranges
8 AC current up to 1000A & Audible
continuity 1est. peak hold, dala hold
and dicde check aCarrying case

ncluded s
; 9
{ea)

#T2-395

Digital
SN LCR Meter

a Measures induclance, Capacitance and
resistance wl = yuH-200H,

C = 1pF-200uF, A = §1ochm-20Mohm

s Carrying case included.
#72-370 i ¥

$14995

@_

Be Sure To Call
For Your FREE

Catalog!

Over 6,000 Htems!

We aisc have ... 0 Wl ling of 105t equip-
ment. COMPuUtEr 2CCessones. lelephone
accessorwes, speshers, televsion Parls.
fiybacks, yOkes, swiiches. uses. lamps,
Capacilors. resmiors, CAnnoges. styh.
wire. CATV equiment, 1he largesi selec-
tion of original Japanese semiconduc-
tors in Ihe couniry and more.

CALL TOLL FREE 1-800-543-4330

|

In Ohio 1-800-762-4315 ® In Alaska and Hawaii 1-800-858-1849

CIRCLE 87 ON FREE INFOAMATION CARD
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Radie fhaek Parts Plaee:
START YOUR SUMMER PROJECTS AT THE SHACK

wire Wrapping! Easier and Faster Than Soldering

R e e
—

(1) Wire Wrepping Tool. Balanted 412"
ali-metal instrument SiPs, wraps nd unwraps
30-gauge wire. ¥276-1570 . 5.95

{2) 30-Gauge Wire. 50-10Gt sp0cis. Uise with any

(3} Wire Wrappi

DIP Sockets. Square (025"
pOS1s accePt three [@veis of wire. Wire wrappag 1S
the besl way to construct expearimental IC
propecis —making circuit changes is easy!

Battery
Guidebook

199

This New Book
Helps You Select
The Right Battery

Learn how batter-

wiapping tool 10 make fast. reliatle connections. P T ]| 68 work. how to re-
Sl CatNo. | Pkgot2 charge and test
Color | CaNo [ s0-Ft Spool [ 8 2761988 | 1.19 thofrrl?a.rldnhoweiso
Red 278501 239 14 276-1993 1.29 | ¢hoose 1the besi
:’hlte g?&% 2.39 ;g gi;gj‘% | :g values. Includes
ue 2 239 | complete technical data on all ENERCELL® bat-
[Yellow | 278504 ‘ 239 40 | 2761984 199 || Teres. 160 pages. #62-1396 &

) r,’r_
;.- LN ‘r (5)

{4} Jumbo Two-Bus Board. Accepts up 1o 24
16-pin DIP sockets. 41/2 x 9% a" #276-190, 5.95
Jumbea IC/Discrete Board. Accepis up to 40
16-pin DIP ICS #2761 . 5.95
E‘% Board With AS-232 Porte. ACcepls two

232 connactors. 4811e x 53147 #276-187, 1.99

standard IC-spagn

Plug-In PC Boards and Accessories

B

U

Multipurpose Two-Bus Bosrd. Predrilled
panern. 417 47 #278-152 . 299
Three-Bus Version of F
8) 44-Posilion Socket.
9) PCD Wire ConnectOrs. May be soidered 10
%BF;C board End-stackable,

special-Purchase Bargains!

(10) 3 (11)

Hurry! Priced
To Move Fast!

iy b {10} Low-Voltage DC Motors. Perect for robot.

ICs experiments. #273-229 . .. .. Pkg. of 21.49

4 (11} Compurtar Kayboard. QW'EHTY’Iayout wilh

Ig. 7. 8276154 .. 2.99 totai of 48 ks#l_ 2771023 | 3.95
2781551 2.99 [1? Plug-in le-Output DC Supply. Delivers
+5VDC upto 900 mA, - 5VDE up 10100 mA and

+12 vDC up 1o 300 mA. UL hsled.

{6) 90" AS-232 Connettor. #276-1521 .. . .29 two-posilion. #276-1 Set ol 4/1.99 W2T7-1022 4.95%
Panel Switch values Top-Quality Capacitors Prime Digital ICs
Tantal o .
(13) == (14} e (15} - Include Pin-Out T
I B T Wit | CmNo | Each ] and Specs 15t ol
E2EEE AR : )
-1 Deserphon yoe | Gt o TEach
|10 #& | a9 1| [GoszTnout woR Ga w1 762401 | W
22 » e ] Ouad 2 Input NAND Gate @l man | B
! 10 18 | 2T2a4de L Duadl Type-O Fap Flop Ml el | 119
Lz . w | ohis | » J| |cotumome 87 51 e
13) SP5T Push-On/Push.D{I. Rated 3 amps al T, =
VAC, 12" mounting hole, #275-617 ., , 1.59 Metel Film ' R s oeC Jros} mzss bl
14} Momenlary Swiiches. Normally open. ——— TT
Lalod 3 amps a1 250 VAC. Set includes one black uF _I wWVDC Cat No Each Tuad ?-Inmwﬁm T ,:; ;;;1:‘ ;‘:ﬂ
and one red. #275-609 .. Set ol 21,69 o 250 W" 39—, Hex itrvprter 7404 | 2761802 ]
{15) SPST With 34" Brushed Alumlnum Lever. 047 250 2721052 - Ouad 2-i0pud ALY Gate 408 | 2761822 | 129
3 amps at 125 VAC. Flush mount 1 250 T2.1053 59 BC0 1o 7-Segmenn Driver a7 | 2761805 | 169
#275-530 149 1w | 20 Zr2i6s | 89 || [Deceby2SBCOCowter  [7400 | 276808 | 1719 |

-

j s |

Handy
Extra
= Features!
8 59
T L 59
(16) 7

Micronta“ Test Instruments

16) 21.Renge LCD Multitester. Digital précision and handy extra
ealures! Has convenient pushbulten chm# zer® adjust. special
“diode-check™ mode for testing semiconductor junctions and & buittin
audible "beep’ conbinuity tester Measurasto 1 wolis DC, 500 volts AC,
DC and AC current to 200 mA, resistance 1o 20 megohms. Includes
manual, probes. spare fuse Requires 2 "AA" calls 02219 59.95
{17) Dynamic Transistor Checker. Tests PNPS, NPNs, sihcon and
gaermanium types in or out of circuit. Lamp Indicates relative curréni gain,

"opans” and “shorts.” An output jack lets YOu Connect an external meter
or scope With inslructions. Requires "AA" battery, #22-025 ,

14.95/

Cive Your Computer a voicel

(18 H

(20)

{18) NEW! AY-3-8010A Sound Generator IC. Only your imagmation will
limil the variety of sounds which can be generated by this 40-pin MOS-LS!
chip and an 8 or 18-bit microprocassor. IS easily mterfaced to any
bus-onented system and three simullaneous independent anakog oulpuls
are available. With data #276-1767 ... 9.95
{19) SPD258-AL2 Speech Synthesis (C. Tha 28-pin MOS LSI device
uses a glored Program Lo Produce natural 3ounding speech. With circuit
axamples and detaded daa #276-1784 . . L . 12.95
(2& CT5256-AL2 Text-1o-Speech IC. This 40-pint dewce transliales
ASCII characters o conirol dala for the syntheszer ebove Makes il easy
10 add voice 10 most compUTers and lerminals. With data #276-1785, 16.95

Qwver 1000 ilams in stock: Binding posis, Books, Breadbaards, Buzzers, Capacitors. Chokes. Clips,
Connectors, Fuses. Hardware, ICe, Jacks. KXnobs, LBmps. Multitesters, PC Boards. Plugs. Aecti.
liers, Aelays. Resistors, Switthes. Tools., Transformers, Trans!stors. Wire. Zeners and moreil

Radio fhaek

A DIVISHON OF TANDY CORPORETION
Prices apply at parhoipatng Aadio Shack siores and Sedlers

CIRCLE 78 OM FREE INFOBMATION CARD
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rock soiid 1nggedng

L T
was $399.95 NOW ONLYS 369 85 Jmnes

NEW RAMSEY
1200 YoM
MULTITESTER

Check trannistors. dioces ang LEDs

With this Professional Qualily maler.
Othver leaiures include. decibel scaby *
20K voll metenng aystem * 34" mir-
roned scat ¢ polarnty gwitch * 20
mealunng ringes ¢ salely (roboel @

high impact plashc case

$41995

1eat bt grvd
bailery

tunchicn &

$DD9

Save *30 on the
RAMSEY 20MHz
Dual Trace
Dscilloscope

Unsurpassed quality &7 sn
ynbealable prce, the
Ramiey Daciloscope COM-
pares to Othars COSTIRG -
hundreds more, Featuras
Inciuce 8 componeni teyt-
Ing Eircuit 10r retisior,
capacior. dighal fircuit ang dioge testing * TV wideo syne fter * wide band.
widtn & high senuitivily * internal graticula « front pAnel Gk roliior * Z Los
* high sensitivity k-y mode ¢ reguisied power suDOIY * buillan calibrator *

Compact sized cehability mnd accu

Trua LD digital multitestar easiy fils In
F pockel. you can fake B anywhere

EioBturas full overload Pratechon » 5%

gt LCD readoutl * recessed input

Acks ¢ gately probes o dode check

5

B 35w

[ 5m

RAMSEY D-4100
COMPACT
DIGITAL

Hz DUAL TRACE OSCILLOSCOPE

A hilry duty ind BCcurle MCCPE 1or service
use Fealures Include

» wide (requency bandwdih & opnimal sen-
sihivily o gutepmaty bright dbspley « dhiayed
triggering |w01:_‘: ol oﬂ5; ALT |r;lgqer a

b1 Swenp ® [ g magnrification

2 o + HEILF nose

a3 well g3 pr

o XY 2 opamtion « HFALF
Teduction
3500 Dual Trace Oucilloacope

49995 mur

ALL OSCILLOSCOFES INCLUDE 2 PROBES

Hz QUAL TRACE PORTABLE DSCILLOSCOPE

1den Ioe heldDench aPplcations, thia

Fealures includa » b+

battery pack

44995

Lope can diaplsy up to 15 MH2
Intgrnal batery Cack B0ws up 1y
hours operation on & wngle charge
batiary
charger ¢ 5X honizoniel magniication
* mgh brighlness AT * front Panel
Irace rolalor ® yhterndlt rechargeabne

2500 Portable Oscilloscope

athutien. 7 high
Y D ot

Ll 113

MULTITESTER

hours battery bile

Sorsl b an Wt
atlHry included

MINI KITS—EASY TO ASSEMBLE, FUN TO USE
BEGINNERS & PROS WILL HAVE A GREAT

TIME WITH THESE KITS

MINI-100 FREQUENCY COUNTER

Qe & Go0e olected « T gt d

AC ADAPTEN |

Faalyrey ard cRpadsli s of COunters COMWM taril 81 Much
COMPAct * high sentirmly & WA Currgnt driin & WY MCcurkin *
Bt e BlRANING & m““-‘p'i"“ * 1 MKz to 500 WHr

.4 9 9 85 ::v‘;um CHANQEN MICAD lnal'l'imi [

E’(I;ml‘}T'lH(‘]IG[T 525 MHz CT-90 9 DIGIT 600 MHz
S e ] I m COUNTER
FM Codor Organ e e e = LB Qualily ol & Sresnthrough prach Fiatuor + Tha most varsanka 1or egs than $300 Feaers 3
Saen MUSC Come 2: et bk — b .." a;: 3"“3"“:;:.'\'9:':““:“':::?;‘9"“:‘9 . UI:: i tﬂ:hbllmm; lu‘ LR w:w -nelnc.tlo'
M | Nl Aliva' 3 ditferent —_- S0mY i 150 MME TyDeca) senbalonty * wice fre- Mimpdy & 10 MrH2 I.NM.u or mmm
fights Mcuer I::: R Sanhor gl GANCY TANGE * 1 DEeT Bocurscy os1 PN BCCUrACY
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Telescopit whip antenna—BHC plug
High impedance Probe. fighl loading
Low Pazs probe. sudic use

Direcl Probe, geng 8l purpose use

Tt badl. for CF - 70. 90, 125

$ 895
$6.9%
16,95
1295

195
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RCA's SK Series Replacement Guide (SKG202D) 1s Together, these RCA Guides provide fast, easy
your one source for over 206,000 solid state replace- answers for 227,000 solid state replacement problems:
ments using 2,500 SK and KH types. Integrated circuits, For copies, see your local RCA distributor. Or write:
thyristors, rectifiers, transistors, microprocessors - Sales Promotion Services, RCA Distributor and Speciat
RCA has them all. Products Division, 2000 Clements Bridge Rd., Deptford,
Likewise, RCA's Industrial MRO Guide (1K7862) NJ 08096-2088.
lists over 4,000 devices that replace maore than * Joint Electron Device Engineenng Council

21,000 JEDEC* and C%mmercial typgs. The Guide
also includes Power MOS/FETs, QMOS Integrated
Circuits, a combined index/cross reference, and a “c" SK P‘e‘iacmt

section on high-reliabillty devices. Solid State

WwWww americanradiohietory comm
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Model DCM-602

56995

32 Digit Capacitance Meter

8 ranges with full scale values 10 2000 uF
FEATURES » Broad test range - 1 pF to
2000 uF » LS| circuit provides high
rediabilily and durability » Lower power
consumption » Crystal tme base

* Protected from charged capactors

s Frequency range - 800 Hz to 8 Hz

ASK FOR FREE CATALOG.

Monay ordars. checks eccepted. C.0.D.’n requife 25% deposit.

Fordham

260 Motor Parkway, Hauppauge, NY 11788

#
—t
)
.

SCOPE 3% DIGIT LCD

. MINI-METER

WITH THE

MA)(I SPECS

small enough to fit in your shirt pocket

95

m 0.5% DC accuracy
® 6 Funclions, 19 Ranges
s DC Voitage, 0.1 mV to
1022\! ;‘D Curten'!:r 0.1 uA
o * Hesistance 10mhm
ONLY Model 102 M ohm = Diode Test
DVM-630 = Battery Test

' u Measures approx

—

e S5x 2% x%in.

u 300 hour battery iife
u Automatic Zero adjust
u Low battery indication
m Test leads inciuded

Model CC-30 Deluxe
Zippered Camyng Case %4,50

SCOPE
HAND-HELD DIGITAL

CAPACITANCE

and

MULTIMETERS §

W 05% DC Accuracy
B Highest Quaity

B Highest
Pertormance

H Lowesi Prnces

Model DVM-634

$4875

7 functions, 32 ranges.
Transistor measurement

Model DVM-638

$7995

11 functions, 38 ranges.
Includes logic level detector,

Model DVM-636

$6275

included. audible visual continuity,
capacitance and conductance 8 functions. 37 ranges.
measurement. Capacitance measurement

included.
3% Digital Multimeters
FEATURES » DC Voltage 100 uV - 1000 V » AC Voltage 100 uV - 750 V » AC/DC Current
200 uA - 10 Amps » Resistance 20 Megohms » Capactance (DVM 636/638) 1 pF - 20 uF
* Overload Proleclion * Auto-decimal | CD readout » Polarity indication » 300 hour
battery life with 9V transistor battery » Low battery indication

o = Service & Shipping Charge Scheduie

. FOR ORDERS DD

$25-5100 5450

£101-$250 500

Toll Free $251.800 $800
$501-750 $1050

800-645-9518 | .= i
£1.00M-1500 51850

$1.501:2000 $2000

In NY State 800-832-1446 $2001 and Up 52500
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