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Hrstaid.

When digitai circuitry isn't behaving as logically as it should, you
need answers—fast. A quick, unambiguous look at what's happening.
To show you at a glance the state ol any point or port in the circuit.

Thats the logic behind our 10giC probes. A pocket-size,
circuit-powered family of multi-family insiruments that dra-
matically cut the time (and cost) of diagnosing logic.

They're quick enough to catch narrow pulses.one-
shot events and transitions—to 10 nanoseconds
and past 50 MHz—that even fast scopes might
miss. They help keep track of pulse trains,

even approximate the duty cycles of
asymmetrical waveforms.

All with higher speed, precision, ver-
satility and economy than any other test-
ing method {or any other logic probes.
for that matter).

Available singly, or in Logic Anal-
ysis Test Kits, with our Logic Monitors
and Digital Pulser, CSC logic probes
dramaltically simplify maintenance and
field service—as well as design, pro-
duction and education.

CS8C logic probes. When it
comes to digital testing, no
wonder so many people come &
to us. 4

| C5C logic probes capture
pulses as narrow 38
10 nanoseconds. 1o over 50 MHz.
Priced trom 528.00 to 577.00".
]

Smarter tools for testing and design.
CONTINENTAL SPECIALTES CORPORATION

.Fu'wn Terr., Kew Haven. CT 06509 (103) 824-3103. TWX T10-465-1227 Ca" t0| I-free for details
¢ Sk IS St rameeo (43) 1872, Tk 30372 12 1-800-243-6077

Coracs Lan Fnuler Ltd , Ontaro

8:30AM=5:00PM Eastern Time
*Suggested US resale Available at setecied iocal disthibuiors. Prces, speciticahons subject 1o change withoul noboe. © Copynight 1979 Cantinental Specialbes Comorahon

CIRCLE 11 ON FREE INFORMATION CARD



www.americanradiohistory.com

NASA PATENT 4,052,648

Power

chopper

Exxon has it So does about a dozen olher
manufaciurars. And If our hunches are correct.
a new space-age product invented by NASA
may not only save Americans mdllions af
dollars but make lortunes for the COmpanies
that sell it

The new NASA invention uses the latest
space-age technology to save energy. Your
refngerator for example, is a major energy
user, With this new device, your relrigerator
compressor wil run quieter, there will be con-
siderably less heat generaied Irom the motor,
and it will 'un more efficvently saving up to 30%
in 2nergy.

The inventidn requires no installation. Just
plug it into your outlet and piug your refnger-
atar into the device.

OVER PRICED UNIT

Bui there's a caich, Most manufacturers sell
the device for as much as 5200, Using it with
your refriger ator, il will take many years batore
it will pay dmsdends. On a poweriul mator,
however, the device will pay for itself much
quicker.

Manufacturers who have annocunced therr
uruis are selling them fike hot cakes. Although
you may have heard 8 greal deal of publicity
about the product, you may nol have seen any
advertising because most manufacturers are
cumrently sold out,

watch for it! We predict great success for all
those associated with 1he producl The power-
saving device invented by NASA 1s g big hit. It
will grow In popularity and save energy and
make many companies very successful

A SMALL COMPANY

There is one $small company however, thal 1s
credited with 1improving the device and
developing it for the consumer market. Called
ERI {Electronic Relays. Inc.) the company has
developed several models 1o service specific
products such as a refrigerator, a washing
machine. dishwasher, swimming pod and a
typewriter

This small company actually improved 1be
NASA nvention by adding its own refine-
ments. ERI had a great deal ol experience in
solid slate retays which use TRIACS and inte-
grated clreunts —two Important eiements in the
NASA invention. A TRIAC s a bidirecuonal
thyristor which controls AC from a single con-
trol input. TRIACs also produce a great deal of
heat.

ERt's expanence 1aught ihem how 10 controt
the TRIAC and its heat dissipation and thus
they were able 10 reduce the device's cost
through more efficient handling of the heat
problem. They were already one ol 1he
nation’s largest purchasers of TRIACs—Ihus

thew costs were alreéady low.

NATIONAL PUBLICITY

They called their produc! 8 Power Factor
Controfler and sent a sample to a national
magazing for ther review. In several tests, the
device ou-pertformed even the clams made
by the manulacturér and the magazine ran 8
glewing article O their hndings.

The manutaciurer felt that the product might
at first be misleading. Aithough il does save up
10 30% on énergy and in many casés up o
60%, ERI felt most consumers would expect a
30% reduction i ther total electnic bill - which
of course the product will not do. Consumers
wifl only gei up to a 30% savings on the
particular apphance used with 1he unit,

STILL PESSIMISTIC

The manufacturer also felt thal the proguct
was primanly for the industnal market—
restaurants with targe banks of refrigerators.
The consumer must wail a few years bafore
the device would pay lor Rset, And finally, the
manufacturer did not feel thal the consumer
would respond in greal numbers to the article
which ran in the July, 1979 ediion of Popular
Science magazine.

Well, the consumer did respond. So much
so that the small manutacturer, with absclutely
no marketing stalt, was buried with mail. The
president of ERI called JS&A 1o help nim out.

TEST ONE YOURSELF

Wao called il the Power Chopper and agreed
to offer it to the consumer market for $29.95—a
major price breakthrough.

Even if Exxen lowers their prices consider-
ably, they'll never come ¢lose to the low cost of
the Power Chopper. ERI's e@xpertise with Ihe
TRIAC ang JS&A’s direct-to~consumer mar-
keting, make the new NASA Invention a prac-
ticat power-saving accessory for every home.

! '4 -
The sophistcaied electronics of the Power
Chopper consist of 8 TRIAC, wo integrated
circuits and several soiid-state devices.

We urge you to test [ust the refngerator
module. Order one rom JS&A on g 30-day
no-obligation tnal. In the meanhme, while you
are wailing for your unil. feel the heal gen-
erated from the botlom of your refrigeraior.
Listen to the sound l@vel of your cOmpressor.

When the Power Chapper arrves, plug il in
and nofice how much quigter and cooler your
refrigerator runs. See how much less time the
compressor must run. The compressor nol

WWWW americanradiohistorv. comm

A new invention by America’s space agency
will help all Americans save energy and
make sorne companies very weaithy.

Only will run more efficiently bu! will save
energy every day you use it

AWARD WINNER

It after 30 days you are not convinced that
the Power Chopper will save you energy and
money while making your reirigerator run
smoother, then st unplug it and send it back
for a prompt and courteous refund, including
the 52.50 postage and handling But ¥ you've
definitely noticed the différence. you'tl want 1o
purchase more units for the remainder ol your
motor-based appliances.

JS&A feels that ERFs technology, thers
improved NASA design and their low manu-
facturing costs will catapult them 10 1he {ore-
front of those introducing the new NASA
invention, ERI's Pgwer Chopper 15 one of 1he
naticn’s mapr new nnovatrve products and
just recanily won the Industnal Research IR-
100 Award.

To order your Refrigerator Power Chopper,
sand $29.95 for each unit plus $2 50 for
postage and handiing to JS&A Group. Inc.,
One JS&A Plaza, Northbrook, lllinois 60062,
{Minols residents please add 5% sales iax.)
Credit card buyers may call our loll-free
number below. We'll send your Relngeraios
Power Chopper. one-year limited warranty
and you'll be ready to sava. I you wish lo order
additional units tor other apphances at $29.95,
you may, bul we sugges! you test the refriger-
ator module firs! and 10tally convince yourself.

GOVERNMENT REBATE

Purchase of the Power Chopper entitles you
to a full 15% energy tax credit on your Income
tax retum. It's ike having ihe govamment give
you a 54.50 rebate.

JS&A is America's largest single source of
space-age products—further assurance that
your purchase will be backed by service fOr
years to come.

NASA technology was responsible for the
development of the integrated circuit and
many other space-age products. Thesr latest
product could not have been developed al a
better time. Start Saving and order 2 POower
Chopper at ng obligation, today.

o) PRODUCTS
o THAT
2 \THINK

Depl.RA One JS&A Plaza
Northbrook, Ill. 50062  {312) 564-7000C
CallTOLL-FREE ........ 800 323-6400
InlilincisCalt.......... (312} 564-7000

{© JS&A Group.Inc ,1979
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SPECIAL ¥
FEATURES
55

PUT AN ANCROID IN YOUR HOME
Hints on dessgning an Inleiligent robat. Martin Wainatein

BACKYARD SATELLITE TV RECEIVERS
S0 you want 10 build &n inexpensive earth stetion—well here's
whal you need to know. Rabert Cooper

BUILD #

49

SLOT MACHINE
Easy 10 build; tun to use. Hit the jackpot i you can.
Fred Blschman snd David McDonsld

CQNFERENCE CALLER FOR YOUR PHONE
Add one to your phone todey.
Jules Gilder

TRS5-80 BREADBOARD
Part 3: Now that it's compiete here are some practical applications.
Jon Titus, Chris Tilus, David Larsan

TECHNOLOGY 5

LOOKING AHEAD
Tomorrow s Hews Today. David Lechenbruch

45 HOW TO IDENTIFY UNMARKED IC*y
Computer board bargains really pay off when you know how.
Kirtland K. Cison snd Ann L. Zavnik

50 50 YEARS OF RADIO
Reprinted from 1556, this article 1elis how radic was 73 years ago,

88 NEwW IDEAS
A winning circuit appli ) from our readers.

88 HOBBY CORNER
Easy to build circull monitors sound level: bets you know H it rises
above or 1alis below a presel level. Earl (Doc) Savage

STEREO 80 R.E.AL. SOUND LAB TESTS REALISTIC RECEIVER

Realistic model STA-2200 rates Very Good. Lan Feidman

83 WHAT'S IMPORTANT IN TURNTABLE DEBIGN
A lpok at 1he lactors i turplabie dosign thet aWect how your
records wear anc play, Len Feldman

VIDEOQ 74 JACK DARA'S SERVICE CLINIC

Christmas-tree pattérn reveats itaelf again Jack Darr

74 SERVICE QUESTIONS AND ANSWERS
A-E"s Servica Edinor solves technician problems.

RADIO 72 COMMUNICATION CORNER

Recording telis all apout shortwava listening plus a tri-band
monltor aptenna. Harb Frisdman

EQUIPMENT 4
REPORTS

2

PANASONIC RF-2900 PORTABLE MULTIBAND RADID
RADIO SHACK SYSTEM SEVEM STERED
B & K E-200D RF SIGNAL GENERATOR

ON THE COVER

The radio-controlled R2-D2™
robot toy manufactured by Ken-
ner Products contains two PC
boards, 3 motors. a 3-cell bat-
tery pack and even a speaker,
but it has nowhere near the
capabllity of a true android. To
find out what a househoid an-
drold would reguire and how
you can go about designing
your own, turn to page 37.

TM-Trademark of Twentigth Century-Fox
AIm Corp. Character. Copyright 1877, Twen-
tieth Century-Fox Film Corp.

IDENTIFYING UNMARKED IC's can be a raal
hasdacha unless ¥ou know how to go about it.
Tha full story slarle on page 45,

THIS IMEXPENSIVE SATELLITE ANTENNA
makas backysrd reception ol aaslsllite TV
broedcaasis & reality. I you'rs intarssted in
bullding an insxpensive asrth atation, tum lo
page 55.
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traditional Wire-Wrapping

48 S N NN N ¥

WHY NOT..

JL'SWLT
W

e AWG 30 Wire

WHY CUT? WHY STRIP? WHY SLIT‘? '

™

() wre
WRAPPING
TOOL

‘%o ® .025"” Square Posts

e Built In Cut Off
o Easy Loading of Wire

® Daisy Chain or Point To Point
@ No Stripping or Slitting Required

TMeun

- e Available Wire Colors:
JUST WR.AP Wire-Wrapping \ Blue, White, Red & Yellow
IRRRERRE s Foreion

JUSTWRA&’TOOLWI‘IHONESOFEROLLOFWIRE

COLOR PART NO. U.S.LIST PRICE
BLUE JW 1B $14.95
WHITE JWIiwW 14.95
YELLOW W1y 1495
RED [W-1R 14.95

REPLACEMENT ROLL OF WIRE 50 FT.
BLUE RJW B $ 298
WHITE RJWW 298
YELLOW RJW-Y 2.98
RED RIWR 298
JUST WRAP-UNWRAPPING TOOL

| JUW-1 $ 348

PATENTS PENDING

OK MACHINE & TOOL CORPORATION 3455 CONNER ST,

BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

* MINIMUM BILLING $ 2500/ADD SHIPFING CHARGE $ 2.00/NEW YORK CITY/STATE RESIDENTS ADD APPLICABLE TAX

CIACLE 15 ON FREE INFORMATION CARD
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Earth-station bonanza: The direct satellite-to-home
market s expected {o open up wide as a result of the latesi
FCC aclion—virtual ‘'dereguiation” of receive-only earth
slations. This followed by two months the Commission's
decision 10 "‘routinely’” grant such applications {(Radio-
Electronkcs, November 1979). Under the new ruling. an
earth station may now be bulit withoul any license and
without the necessity lor frequency coordination. This
opens the way lor the use of dishes smaller than 4.5 meters,
which generally has been the minimum size the FCC would
approve, It also means cheaper and faster instaliations.

Sidney Topoi, chairman and president ot Scientltic.
Atlania. hailed the decision as opening the way to thou-
sands of home receiving statlons. The FCC proposed that
operators who want the anti-interference protection of fre-
quency coordination shouid be able to use a "self-licens-
ing” procedure by simply notifying the Commission of their
intention to bulld the station following frequency coordina-
tion—but amateurs aren’t expected to follow that proce-
dure. This doesn’t mean 1hat privately owned programs are
now (ree to all. The Commission noted that copyright stat-
ules and the Crime Control Acl are adequale 10 take care
of this problem, along with scrambllng. The last-named Is
now beng explored by cornpanies which provide program-
ming for pay cable.

Victory lor tapists: A tapist, in my lexicon. is someone
who tapes TV programs off the air (“taper” sounds too
much like some kind of South Amarican animal). Anyway,
tapists won an important victory I Los Angeles District
Court when Judge Warren Ferguson ruled thal the home
videolaping of copyrighted television programs for person-
al use is completeiy legal. in the suit brought by MCA and
Wait Disney Studios against Sony and others, the judge
ruled tatly: "“Non-commercial home-use recording of mate-
rlal broadcast over public airwaves does not constitute
copyright infringement.” He specitically said his ruling
didn’t apply to pay TV, cable TV, tape-swapping or home
duplication of copyright tapes because these weren't
included in the suit,

High-resoiution home TV: Have you often wondered
why somébody hasn't developed a compatible television
broadcast system with double the number of lines of
today's TV 10 make possible high-resolulion television for
those who want it? Weli, so have |, And we can stop won-
dering right now. Because such a system is under develop-
ment. By the Japanese, of course—and anything ihey do
must be taken serlously. It's 100 early 10 say much about it,
bul watch this space. With the development of glani-screen
projection, and eventually eleciroluminesceni TV displays,
this is bound to be one of the holtest topics of the 1980's—
not only In Japan. but In North America and Europe.
Remember where you read this first.

Videodisc progress: The optical videodlsc is gaining
new adherents in Japan. Sony and Philips have agreed to
cross-license videodisc and videctape developments, giv-
ing Sony access to Phillps’ patents on the optical disc sys-
lem. Scny has already built, and is demonstrating, an optl-
cal system compaiible with the Phillps/MCA 1echnlque.

Sharp of Japan has taken oul a license to build a Philips-
type disc player. And at the Japan Electronlcs Show. Sanyo
and Toshiba alsc displayed apiical disc systems. But all of
this doesn’t necessarily mean |he oplical lechnique will
sweep the videodisc hield, Toshiba is a licensee of the RCA
capacitance disc sysiem and has demonstraled an RCA-
compalible machine. Sanyo is a licensee of the Telefunken-
Decca TED mechanical sysiem. Sony has also signed a
cross-licensing pact with Matsushita and JVC covering vid-
eodisc developments. Malsushita has developed the Visc-
O-Pac mechanical system and JVC developed a capaci-
tance syslem. What this means is that the Japanese are
keeping all their aptions epen as they awall a governmenial
ruling on videodisc standards. There ar@ some who feel
that the optical system will get ihe go-ahead as an institu-
tional-industrial-educational and advanced consumer sys-
tem, and a simpler technique will be designated for the
mass market.

Heath joins Zenith: Zenith, one of America’s "Big Two'’
television set manufacturers, is entering 1he small comput-
er and consumer kit tield through its recent purchase of the
Healh Company. As soon as the mergér wa8s consum-
maled, Zenith esiablished a Data Systems Divislon,
charged with deveioping Zenith-brand microcomputer
products and syslems in the small computer field for
homes and businesses. The Zenith line will be marketed
through Zenith dealers, retall computer stores and through
Heath Elecironic Centers and the Heath catalog. Of course,
the entire Heath line will be conilnued and augmented
undar its new ownership.

Zenith has already been In the computer component field
through manufacture ol color monitors for Texas Instru-~
ments’ new small computer. Other consumer elecironics
makers are 8yeing computers, too. RCA’s Solid-State Divl-
sion has been manulacturing small compulers for two
years. GTE Sylvania will market the Mattel [ntelllvision vid-
80 game, which is convertlble to a compuler. Magnavox's
Odyssey line, now equipped with alphanumeric keyboard,
Is beginning to look suspiciously like a series of products
that can easily be converted 1¢ a computer.

FCC on videoplayers: The FCC has modified Its pollcy
on Interferenceé so as not 1o discourage the growing home
video field. The Commission has proposed to make it easier
for manufacturers to comply with Inlerference rules for vid-
aocassette recorders and videodlsc players. [t proposes to
eliminate the necessity lor FCC tesling of such products,
and to permll a fairly large increase In RF radiation from
them. This, says Commission slafers. is a calculated deci-
sion. One member pul it this way: "We now feel we have the
responsibility to protect the neighbors of people using
these devices, but nol reception within 1he same resi-
dence,”

This is the same rationale thal lead to the FCC'’s adopiion
of a rule permitting the use of stand-alone RF modulators
as Inlermediaries between home computers and TV sets
{Radio-Electronics, December 1979). R-E

DAVE LACHENBRUCH
CONTRIBUTING EDITOR
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Facts from Fluke on low-
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cost digital multimeters.

When you're looking for genuine
value in a low-cost DMM you have a
lot more to consider 1han price. You
need information about ruggedness,
reliability and ease of operation.
Accuracy is important. And so are
special measurement capabilities. But
above all, you must consider the
source, and that company's reputation
for service and suppori.

Fact is, as electronics become more
a part of our daily lives, dozens of new
manufacturers are rushing to market
their “new” DMM’s, In theory, this is
healthy; but in practice, crowding is
confusion.

To help you deal with this fiood of
new products, here are some facts you
should know abotit low-cest DMM's,

The economics of endursnee.

Even the least expensive DMM
isn't disposable. Accidents happen, and
test mstruments should be built
to take Lhe abuses of life as we
liveit.

Look for a DMM witha
low parts count for reliability,
and rugged internal construc-
Lion piotected by a lngh -impact
shell. Make sure the unit meets
severemilitary tests for shock
and vibration.

Another feature to check out
is protection against overloading,
whether from unexpected inputs,
transients, or human errors.

Just for the record, all Fluke
low-cost DMM's meet or exceed
muilitary specs, and feature extensive
overload protection.

T he importance of being honest.

Just because a multimeter is
digitaldoesn't mean it’s automatically
more eccurate than a VOM — even
though the LCD might give you that
impressioni. The benchmark for
accuracy in DMM's is basic dc
accraecy. The specs will list it asa
percentage of the reading for various de
voltage ranges.

Of courtse accuracy is more ¢ritical
i some upplications than others, and
increadnng precision and resoliution in &
DMMusually means increasing price.
Im the Fluke line, you can choose a
model with a basic accuracy of 0.25%
(the 8022A), others rated at 0.1%, or the
mew J50A bench/portable at 0.03%.

Special measurements:
getting more from your DMM,
Actually, for all the vanations in
size, shape and semantics, most
DMMs perform five basic measure-
mnents: n¢ and dc voltage and current,
and resistnnce. Prices vary according
t«0 thennumber of ranges and functions
@ DMV delivers.

&}’_
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AO022A M » D% Hanc dl funruon D'\.l M. lowes.priced 12
i 80204 7 2% m 1% X High scturacy : toncer in conductance: e
H xclusive two year warsnty.,
5 A ] % e 0% X DCrrect dinge. ity/ Avuilu bl
H npuil level detector with -rl«l:hle OGN
H r wudible r uignal, peak hold capability. :
MioA 7 a 3% 01% X Troe RMS:. extra 10A rangn 1239
! BO1ZA T k1] I [T} X True RMS two extra low resstance 299
§- = s B g i
ROS0A 9 k2] 4% 0.03% True A %S: selecinble reference £129
impedanses with direct resdouta i dBm:
offset feature

The Fluke line includes DMM's
with from 24 to 39 ranges, 3% and
4%-digit resolution, and some unique
functions you won't find in any other
DMM. Additional measurement
capabilities like temperature, dB,
conductance and circuit level
detection.

If your work involves temperature
measurements, the new 8024 A delivers
direct temperature readings via any

, K-type thermocouple. This is
especially usefisl in testing
component heat rise and
checking relrigeration systems.

Another talented instru-
ment is our new 8050A
bench/portable. Tle triicro-

processor-hased BO50A features

\ a self-calculating dB mode in

which dBm readings are
N displayed automatic-

ally referenced to one

of 16 selectable
impedance ranges — a
real timesaver when
servicing audio equipment.

And of course no discussion of
DMMs is complete without
considering conductance — a Fluke
exclusive featured on five of our
low-cost DM M's ~ which allows you
to make accurate resistance
measurements to 100,000 Megohms.
You can't do that with any ordinary
multimeter, but it's a must for checking
leakage in capacitors and measuring
transistor gain.

A handful of efficiency. /' .
When every minute -

matters, your schedule ‘A&

is tight and so is your : -

work space, you
need a portable
DMM that's

fast and

easy o

operate

We

designed *

our handheld

DMM’s with color-coded
in-line pushbutions for

true one-hand operation;
no need to hang onto the
meter with one hand while twisting a

rotary dial with the other.

But there’s more to convenience
than fingertip control. The 80244, for
example, is also designed to function as
an instant continuity tester, with a
selectable audio tone to indicate shorts
or opens. ft also has a peak hold
feature to capture transierits,

A word ahout warranties.

Last but not least, look closely at
the company that manufactures a
low-cost DMM. Their service is just as
important as their product. Look for
no-nonsense warranties, a large family
of accessories, an established network
of service centers and technical experts
you can rely on,

That's how you'll recognize a
knowledgeable supplier of low-cost
DMM’s, a company with experience,
resources and & commitment to
leadership in the industry.

Incidentally, you'll find it all
at Fluke.

Look for more facts from Fluke in
future issues of this publication. Or call
10l] free 800-426-0361; use the coupon
below: or contact your Fluke stocking
distnbutor, sales office or representative.

IFLUKE]

1 INTUE US AND NON.
EUROPEAN COUNTRIES
I Johs Fluke Mfe. Co., She. Fluke iHollsndl B ¥,
PO Box 43210 M9 =2R P4 Boa 5053 5004 EB
o ie e e e A ot T The Netherlands
G T 2481 10051 673 973

Teler X2-N013 Teles: 52237

[ Please send the facts on Fluke
low-cost DM M's— ifications. applications
informalon, and l‘{e'-lr:“;ml'.l conmderations.

IN EUROPE

: [ Please have o salesman call.

: .N“"".

: Title Mail Stop

i Company

1 Address

: Cil!_ Siaté Zip

:l Telephone{ ) Ext

1
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® RADIO-ELECTRONICS

Microcomputers are here!
Get inonthe ground floor with
NRFs new*“at home” training
in computer technology.

Only NRI Gives You “Hands-on” Experience as You Build Your Own
Designed-for-learning Microcomputer

‘?
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The microprocessos, that amaz-
ing little chip which shrinks electronic
circuitry to microscopic size, has
changed the world of the computer
with dramatic speed. Now, big-
performance computers are here in
compact sizes...priced to make them
practical for thousands of medium and
small businesses, even homeowners
and hobbyists.

Microcompuiters are already
being put to work on jobs like inven-
tory control, payrolls, cost analysis, bill-
ing, and more. In homes, they're able
to handle budgets and tax records,
control environmental systems, index
recipes, even play sophisticated games.
And hobbyists across the country are
expanding the state of the art while
developing their own programs.

Become a Part of This
Incredible World ...
Learn at Home
in Your Spare Time

NRI can give you the training
and background you need for this ex-
citing new science. Microcomputers re-
quire a new discipline, a broader view-
pont...the ability to think in both
hardware and software terms. And
NRI's new course in computer tech-
nology is geared to bridge the gap.

You get a firm foundation of
digital theory while you get

practical, “hands-on” experience
working with the NRI Discovery
1.ab,® assembling test instruments
you keep, and even building your
own fully-functional microcomputer.
Best of all, you do it at your own
corivenience. You learn at home with
clearly written, “bite-size” lessons that
carry you through the course in logical
progression. There's no need to go to
night school or quit your job...you
progress at the pace that's most com-
fortable to you, backed by your per-
sonal NRI instructor and individual
counseling whenever you want it.

Assemble an Advanced
Microcomputer with
Exclusive Designed-for-
Learning Features

Only NRI trains you with a mi-
crocomputer that's specifically designed
to teach you important principles as
you build it. This state-of-the-art unit
performs every function of comparable
ocommercial units, has capabilities well
beyond many. But each step of con-
struction provides specific training,
reinforces theory to make it come
alive. And once you've finished,
your microcomputer Is ready to go
to work for you. Or you can even sell
it commercially

You also assemble professional
test instruments for use in your train-
ing. You get your own CMOS digital
frequency counter and transistorized
volt-ohm meter to keep and use in
diagnosing problems and servicing
computers. Together with up-to-the-
minute lessons and NRI's 60-plus years
of home study experience, you get the
most in training and value,

Other Courses
in Today's Electronics

Even the servicing of home
entertalnment equipment has taken
quantum jumps forward, NRI keeps
you right up with the latest, with train-
ing in stereo, video tape and disc
players, and the latest TVs. You even
build your own 25" diagonal oalor TV,
the only one complete with built-in
digital clock, varactor tuning, and
computer control that lets you program
an entire evening’s entertainment. In
our complete communications course,
you learn to service two-way radio,
microwave transmitters, radar, AM and
FM transmitters, CB radiv, paging
equipment, and more. And you build
your own 2-mieler transcefver or 40-
channe] CB while you learn.

Free 100-Page Catalog
No Salesman Will Call

Send the postage-paid card
textay for your personal copy of the NRI
electronics course catalog. It shows all
the equipment, training kits, and
complete lesson plans for these and
many other courses. There’s no obliga-
tion of any kind and no salesman will
ever bother you. Find out how you can
learn new skills, keep up with technol-
ogy, advance your fuiure with training
for new opportunities. Get in on the
ground floor now! If card has been
removed, write to:

NRI Schools
McGraw-Hill Continuing

w i " ‘ Education Center
(A 3939 Wisconsin Ave.

od . Washinglon, D.C. 20016
L Hil

WwWwWw americanradiohistorv comm

0861 AHVNNYL

1N
-


www.americanradiohistory.com

RADIQ-ELECTRONICS

-k
-]

editorial

A New Decade

The decade of the 70's has come 10 a ¢losc, and the decade of the 80's has
begun. The new clectronics decade. however, is already under way and is going
full blast. To get a feel for the latest technology and what the 80's will hold in
stare for us. let’s glance at some of the happenings and some of the terms and
acronyms that arc prescntly being used in the semiconductor industry—the
foundation upon which Lomorrow's electronics industry is built.

Do you remember when C-MOS (complementary-MOS) was the greatest
thing to happen since the invention of the light bulb? Now there’s also n-MOS
(N-channel MOS). This logic family has several differcnt names, depending on
who is doing the manufacturing. They include HMOS, X-MOS and S-MOS.
The HMOS (high-performance n-MOS) family also has a sister (brother?)
called HMOS Il. On top of this, Advanced Micro Deviees has a scaled-down
MOS process called PolyPlanar. Hlow about a P2!C-MOS which is a double-
polysilicon process! Other logic families around include ISL. (Injection Schott-
ky Logic). STL (Schotiky Transistor Logic). Isoplanar-S, and cven BEST
{Basc-Emitter Sell-Aligned Technology). Manufacturers even mix technolo-
gies within the same 1C. Matshushita has an 1C that combines p-channel MOS
with I?L and ion-implantied NPN transistors. One last one. we've all heard
about MOSFET's, but how about a MESFET (Mcial Semiconducior Field
Effect Transistor).

Wherc is all 1his technology leading us? Not long ago, the jump from 4K to
16K RAM's opencd many new doors. Today, semiconducior manufaciurers
have introduced 64K RAM's. Bubble memories were introduced in the 70°s
with a capacity of 256K. Two bubble memory devices werc introduced in 1978,
each with a capacity of 1 megabit. Now manufacturcrs are talking of 8-megabit
capacilics per device within the next few years.

Microprocessors have also come a Jong way. From the original 4004, through
the 8008, 8080 and Z-80, we now have the Z-8000. It is a 16-bit processor that
has many 32-bit attributes. In other words, it behaves like a 32-bit processor in
many ways. There are also the 68000 and NS16000., beth 16-bit processors.
Many, many processors have been introduced, and if | were to list them, they
would fill several more paragraphs. One introduction however, cannot go with-
out mention, the analog microprocessor. Intel’s 2920 is a digital microprocessor
that includes D/A and A/D converters on the input and output ports. It's a
digital processor that connects to analog signals.

Remember SS| (Small Scale Inlegration) and MSI (Medium Scale Iniegra-
tion)? We're now working with LS| {Large Scale Inicgeration) but the push is
on for VLSI (Very Large Scale Integration). Oh well. | remember working
with RTL (Resistor Transistor Logic) and DTL (Diode Transistor Logic). 1
wonder whal we'll be using in 1990?

7 et
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NEW PRODUCTS

The Protectors

The two products shown below are the latest in Space-Age Electronic
Home Security. Do you know which one is right for you?

The GE Zonar SU’?
FRik-Sefe unit the

1ar Alurm ig @ Supsrior
has a0 favigidie ulire-

SOMKE bedimt 1O de Rt intrudars,

The twa new products shown in this ad are
the laiest in spac#.age electronics. The Zonar
Burgiar Alarm compares with Similar burgiar a-
larms selling for $200 of more. The Micro FM
WwWreless Mike, Ihe worids smallest wireless mi
crophone, redresents new lechnology wn the
field of FM Radio-Electronics

We bought both ol these products from
the manulaciurers and fested them under every
possible conditon, The loflowing are the results
of our experiments with both the Zonar Burgiar
Alarm and the Micro FM wWireless Mike. Please
read on The results may surprise youl

THE GE ZONAR BURGLAR ALARM

The new GE Zonar Burglar Alarm sounds a
loud (B5db) alarm — so Ioud that it can cause
pain — and scare away miruders that cross the
invisible utfrasomc beam

The Zonar Burglar Alarm requires no instal-
lahon and it 1s POTtabie, sc you can place k any-
where in your home, Operating the Zonar 18 as
easy as tuming on your television To arm the
uni, you simply press the On Instant or On De-
lay button. You now have 35 seconds to leave
your home. When you return, you enler and you
have 10 seconds 1o press in your secret code
numbers This will disarm your unit, The person-
alyzed code numbers tof alarm shut-olf means
that only you or your lamily knows the code to
disarm the akarm

The Zonar Burglar Alarm looks like & hand-
some prece 3 turmmiture and its Small uncbiru-
sive desiun helps (o make I less noticable. It
measures Only 7© X 4" X 3™ and weighs iess
than two POunds To heip grotect your home or
office. H comes with wammg decats lor windows
or doors that stale, **WARNING Protected by
Electronic Surveéiliance Equipment'’, to help
deter potential burglars.

The GE Zonar Burglar Alarm s battery oper-
ated, so even I a burglar cuts o1l your power,
the unit will still be operalional to alert you and
your neighbors.

The GE Zonar Burglar Alarm comes with

compiete instructions and a One-Year limiled
warranly backed by General Electric. Should
your Unit ever maltunchion, you may drop it oft
at any avthonzed General Elecinc Dealer of you
may use GE's converent senace-by-mail center

To order your umit tor 8 30-day lest, simp-
ly send your ¢hech tor 569.95 plus $2 50 post:
age and handing to Chandler's, One Chandier
Plaze, Chanlilly, Vwgina 22021 (VIrginia res-
idents pPlease add 4% sales tax.) Credit Card
Buyers may call gur 24-hour Tol-Free number
below

THE MICRO FM WIRELESS MIKE

The mitro FM Wireless Mike g a miniature
microphone that pcks up yOUr voIC8 andg 1rans-
mits it through any standard FM racho.

The new Micro FM Wireless Mike measures
only 147 X % and wesghs less than one gunce.
We tound that the supenior eleclronic cOmpPo-
nents pyl inte the micraphone SLrpass anything
else on the markel. It has 8 transmitling range of
over 300 teet {the length of @ loothail tkeld] and
its exceptional hdelity grves you Clear recephon
with practically no imerference. Unlike clizen
band racwos, which operate in the 27 to 28
Megahert? range, the Micro FM Wieless Mike
uses the 88 to 10B MegaheriZ range. giving
you the lreedom 1o aperate from your car radio,
porabie rachc or homig Stereo.

BUT WAIT. THERE 'S MUCH MORE. The
Micrs FM Wreless Mike 18 capable ol more than
st being @ remote mike. It can be ysed as an
ntercom in both your home and o1hce For @x-
ample_ it you are i 1he garage and yOur wite or
children are in the upstars bedroom, yOU Can
furn on the mike and use It st ke an ntercom
Secondhy. i 15 smal and can be cipped tg your
jackel while i meehngs of during 8 speech in
your conference room Of Oitice The Micr0 FM
Wireless Mike s FCC approved for use n homes,
apartments. gthGes or factores

Finatly, it's nexpensive — only $29,95
complete with 27" Hexible antenna. carrying
case, operatng mstructons and a fresh 1.3 volt
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The Micro FM Wireiess Mik® has & rdnge of
ove: 300 it #nd transmits fhrough any
s@acard FM gedio.

mercury battery {which can pe replaced at any
hearing 8d or radio-electronics storel.

Your Micro Mile comes with a B0 day imited
warranty backed by two substanhal companies.
Should 8 malfunchon ever occur. here's 3 com-
plete service-by-mail cenler as ClOSe as your
postman.

The Micro FM Wweless Mike can be ordered
by caling our 24 .-hour toll-free nuMmber below or
by sending your check lor $29.95 for one or
$58.00 for two. Please add 51.25 each for post-
age and handling and Virglnia residents add 4%
sales fax.

OUR OPINION

We are convinced that both of these new
products are suPenod In vakue and qualty.

The Micra FM Wireless Mike and the GE
Zonar Burglar Alarm are backed by two SubStan-
tal Amencan companes ML Indusmes and Gen:
eral Electric both have years ol @xperence in
manutacturing and design leadership, Chand-
ler's is one ot America's nnovative companies
speciahsing in bringng the Amencan public new
and unigue producis — addifional asSurance
that your ofudent invesiment 15 weil secured,

With any Chandler s product. you may re-
turn It wathun 30 days for a full. courteous and
promod retund  with positvely N0 queshons ashed
and we even retund our postage and handling
charge Ther®'s nO nsk when you can own the
best. Order one or both of gur remarkable new
Products, af ng oblhgabon today.

Chandler's

innovative Products
oept. 22 One Chandler Plaza. Box 137
Chanlilly. Virginia 22023 {703) 631-2024
CALL TOLL-FREE....B00-638-1287
In Maryland Call. .. .. 800-492-1275
ASK FOR OPERATOR #109]

Chandiers. Inc= 1979
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Second satellite seminar
scheduled for Miami

Following 1he highty successful satellile
seminar hetd al Oklahoma Cly last August.
a second one will be hetd in Miami, Febru-
ary 5, 6, and 7. The three-day program will
intlude movre than two dozen technology
lecture Sessons by three authorilies on
satellite technokogy, as well as special sas-
sions on markeling and selling iow-cost
satellite terminals.

The cost of the Ihree-day seminar is
$£150. Pre-regisiration i5 mandalory. Be-
cause a large number had 10 be lurned
away at Oklahoma City, where 508 at-
tended. facilittes for a thousand or more
are belng oblained at Miami. Full informa-
tion is avallable from Satellite Television
Technology, P.O. Box G.. Arcadla, OK
{phone 405-396-2574).

Olympic ski communications to get
power from the sun

The 1980 Winter Olympics command
posi {Lake Placid. NY}and the top of 4,887-
foot Whitetace Mountain, on which the skl
events take place, will be linked by a com-
munications systermn powered in part by 20
photovoltaic solar panels. Each o} these
panels conssis of 36 three-inch Single-
crysial sllicon cells in a wealherproof as-
sembly. Power oulpul of each panel aver-
ages 1.2 amperes at 16.2 voits {approxi-
mately 20 watts of peak power).

There will be two primary links and One
slandby Ssysiem for COmmumicafion be-
tween the peak of Whiteface Mountain and
the base camp below. The first, a wired sys-
iem, consisis of 12 seml-poriable tele-
phones between the peak and base of the
mounialn, The second sysiem, which acts
as an inlercom. uses & dozen fixed-position
lelephones. The standby syslem works
with a General Electnic UHF radio.

All the syslems can be powered by the
group of 20 large panels. Eighl panels of an
18-panel array on the roof of White Moun-
1ain Ski Lodge supply 2.4 amperes at 48
volts 1or the lirsi race COMMmMuMCations sys-
tern; the remaning ten can provide § am-
peres at 10 volis for the second, electrically
Independent Inlercom salup.

A two-panel array powers the emergency
slandby system and charges a bank of
storage cells. Should the regutar eleciric
power fail completely, It will be able to sup-
pty energy for afl the communicathons sys-
tems. as well as the lighting required for the
games, for as Jong as two hours.

New evaporated recording tape
increases density ten times

A recording tape in which the magnetic
recording layer is evaporated directly onto
the base film surface has a densily ten
times that of convenlional tape. &tates Is
developer, Malsushita Electric Indusirial
Co. This means that a 3-hour lapa for

10 PANEL SOLAR ARRAY being insislled on 1he reof of Whitetace Mounisln Shi Lodge by Arthur
Rudin {lett) ot Arco Solar, InC., and Ronaid Stewert of ithe State Univereity ol New York. in 8 project
coordinsted by the Norihess! Solar Energ? Center of Cambridge. MA. The solar srray will provide
lpow.t to communications sysiems for downhhi eki avents st the 1980 Winter Olympics.

mitrocasselte recorders can be made. The
new tape. called Angrom, was scheduted
for lest marketing In Japan this fall. No
plans for export were announced,

In all ordinary tapes (including “metal’”
lapes) the magnetic material 8 mixed with
resins in aboul a 30:70 ratic. Only 30% of
ihe suriace Is actual magnehc matenal. Tha
surface of Iha new tape is 100% magnetic.
Because the adhesive material Is not
needed, the coaling is thinner — 0.3 micron
instead of the usual 3 rmicrons. This re-
duces bulk, making it possible 10 put a
longer tape In & given cassefte. The ali-
magnetic surface wil record shorter waves.
Ihus high-frequency response is improved.

The new tape was made possibie by
overcoming produclion problems in con-
nectton with applying the coaling and se-
curing its adhesion to the film base.

American scientists., German
machine head search for newest
particle

The elusive particie that is believed to
hotd all matter together—the whimsically
named gluon—was discovered by a re-
search leam headed by University of Wis-
consin physicists Sau Lan Wu. aided by
Georg N. Sobermig. the University of Wis-
consin—Madison reporis. The team spent
the last two years at Hamburg, working
with Ihe new eleciron accelerator (which is
known by hs German acronym PETRA). to
observe events following collisions be-
tween high-energy electrons and opposite-
ly charged posiirons.

When high-energy electrons and posi-
irons collide lhey converl all their énergy
and mass into an energy bundie called a
virtual photon. From 1hal enerQy bundle a
quark and an antiquark are produced.
These move apart In opposite directions.
This causas Ihe quark and anliquark 10
form & stream of panicies in a narrow Cone,
calleg a jot.

One jet ig tormed from each of Ihe origi-
nal quark and antlquark that are produced
from the virtual photon. if the enargies of
the Colliding elecirons and positrons are
high enough (in this case 15 blllion voiis
each) then one of the quark jets can radiate
a gluon, which also turns into a jet of partl-
cles.

Using a method devised by Drs. Wu and
Gobernig, the research leam developed a
computer program to analyze the dala
from the eleciron-posilron annihilations.
and the third jet —evidence for the gluon—
was discovered. “H the 3-jet aevents we
detected are not from the gluon,™ Dr. Wu
iold the coOnference in Geneva, Swiltzer-
land, last June, al which the information
was firsl presented, 'then something very

continued on page 16
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Sabtronics NEW Hand-held Digital Multimeters. . .

The only thing that
beats their performance

is their price.

Accurate performance vou can rely
on, time after dne, That's what
you expect from a quality DMM.
But don’t expect 1o pay a» much for

it any more. Because now Sabtronics

brings vou 10p quality DMMs with
more fearures and betier accurncy
1han other comparable units on the
market today. And they cost
surprisingly less!

We eut the price.
Not the quality.

What vou get is & precision crafred
unit thar features single-chip LSI
logic. laser trimmed resisior
neivwork and a stable band-gap
reference element for berter long
terim accuracy. Basic DCV
accuracy iz 0.1%. The Madel
2035A gives you 32 measurement
ranges orer & funciions and the
Model 2037A an alditional two
fEmperaiare r;lngts.

First in features.
First in price,

Both madels feature touch-and-
hold capability with 1he oprional
probe = its so convenient, you'lt
wonder why the expemsive models
haven't got it vet! And two-
terminal inpur for all measurement
funcuons — this eilminates lead
switching and makes your job
easicr. The Model 2037A even has
a built-in remperature measuring
circait with a -50°C 10 + 150°C
range (=58°F 10 + 302°F) and is
supplied complete wirth the sensor

probe. Of course, auto zero,
auto polariiy and overlead
protection are sandard, And
you get 200 hour operation
from & single 9V ransistor
barters. A low battery
indicator warns vou of the
last 20% of battery lifc. The
large, erisp LCD readouts
allow east viewing even
in bright sunlighr.

Assembling either kit is
simple with our easy-to-
folluwm, step-bn-step
instructions. And the
built-in calibradon
references allow you to
calibrate the unit any
1ime, any place.

We've even eliminated
dithcult inter-connect
wires. All parts mwunt on

the [’C board. The only wircs vou

solder are lhc LwO l\auer\'-snap leads.

Biggest value in small
DMMs

To sell hand-held DMM s with all
these features ac such low prices,
we had to sacrifiee profus. But we
never sacrificed quality or
performance. \We are o sure that
the Model 20384 and 2037A are
the best values available that we
offer 2 money-back guarantee.
Examine elther unit in your own
home for 10 days, and if yau are
not eonvinced chat it is the best
value for your money, reiurn it in
irs original condition for a promipt

and courteous refund of the
purchase price (less shipping and
handling}. Order yours today! Use
the convenient order form or call
us with your Masicr Charge or
Visa number.

Making Performance Affordable
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13426 Floyd Circia M. S 38§ - Oailas Tozas 75242
Telephone 214 /763-0%34

WwWww americanradiohistorv comm

BRIEF SPECIFICATIONS: ! Mail to: Sabtronics International, Inc.. 13426 Floyd Circle. M/S 35, Dallas, Tx 75243._1
DC VOLTS: 1004V - 1000V, 5 ranges Pioase send me . ||
AC VOLTS: 100,V - 1000V, § ranges Modsl 20354 Hand held Mullimatar kits) @ $74 95 aach. s
DC CURRENT: 0 1A - 24, § ranges | :gl g::: Hur:: m :u::lmm:,:::;mox;;‘w?“m' :_ = |
A ., L]l Ha ultmater a sac — =

- CURR_ENT 0.14A - 2A. 5 ranges Modet 237 A Hard haid Mullimetes apsambied & 3119 95 each. . 5
HI-OHMS 0 100 - 20MQ). & rainges | $THP-20 Touch and-hold Probets) @ $19.9%_ G |
Lo-OHMS: 0 10} - 20M0), 6 ranges Stupping and Handiing ¢ $5.00 pef .astrument” 3.
TEMfER"TUHE: -50°C - +150°C I For detvery inTo, 08, ada 5% Saies Tan [ t
(-58°F - + 302°F). 2 ranges lenciose ) cneck L1 moneyorder [J Master CharGe [ Vida TOTAL.. .3_
{Mcael 2037A only). I {Allow 2-3 weeks clearance time for parsonal checksl 10% deposil tor €.0.D. I

Charge my credii card s Expiry Dats =

WEIGHT 110z (excl batiery) Hame_
OVERLOAD PROTECTION, 1000V DC
or ACpeak all vonage ranges, 250V DG | Street APt __
or ACpeak all Ohms ranges. 247 250V ] city Slale 2ip.
fuse @Il current ranges. | “Contlnental U5, only. AX, HI & PR 58.00. Canndu: $7.50. Foraign: $19.00 Alrmall, __J
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exciting is jus! around the corner.”

Why is the gluon 80 important 1o physi-
cists? Scienlists since Einstedy have pro-
posed the existence of four forces, electro-
magnelic, gravitational. strong. and weak,
sach of which has elementary carreers of
torce. The photon is the carrier of force of
electromagnelism and until now Il was the
oniy one known.

The exisience of the gluon, the carrier for
the sirong lorce, [s encouraging tc Physi-
cists who are seeking the carrigrs of the
gravitalional and weak forces. It Is the hope
of many physicists to eventually combine
all four torces Inlo one grand unlfied theory
of matter.

Marriage of sound and print
in new audio-visual system

What the manufacturer. Microsonics
Corp, calis a “'totally new dimension in pub-
lishing™ has just been Introduced. [t ¢on-
sists 0l a miniature handheld player, called
a "Microphonograph' and a 2«nch trans-
paranl recurd 1hal cun be spplivd direct Lo
a page of a book or 10 a card designed for
the purpose. The record plays for a minute

and a hait.

S
n F L
i

.

HOW THE MICROPHONOGRAPH I8 used. The
device adds sound lo |ha nlormelion oblain-
sble from » Prinled book.

The yser simply places the Microphono-
graph on the page. locates the record and
prasses the “play™ bution. Instanlly he has
his own mulliimedia systam. combining pic-
tures. print and sound.

The syslem would seem especially valu-
able in the language fistd, giving even a
home studen! practically the services of a
native-speaking teache:. In other subjects
the addad sound can make a dry 1ext comsa

ative. with the author's voice commenting
on the texts {In historical or biographical
works, olten with the voice of the subject).
Special tormats for combining sight and
sound in training courses are already being
produced by several fiems

In the card formal, one side can display
photos. maps or diagrams thal will comple-
ment information on the record. and the
back can carry additional inlormation or
Instructions. The system can even be
adapted to existing printed matenal. mak-
ing it one ol the leasl expensive ol audk-
visual systems

The system-— Microphonograph and re-
cords—is priced from $20 up. depending
on the choice of hardware and quality and
quantity of sottware. Updating or exiending
is @asy, simply by addlng new microrecords
and cards.

Lights three times as good are
torecast for year 2000

A research sludy Just conducied by
Westinghouss Eteciric scientisis concludes
that—while electric costs will triple by the
year 2000 —Wnprovernents In lighting wil
mean thal the lighting part of the average
user's bill will rise only slightly.

High-intensity mercury vapor, metal hal-
ide and high-pressure sodium vapor dis-
charge lamps —already in use in Industry —
will make greal energy savings bh residen-
tial lighting. Up ta 150-175 lumens per watl
18 attainable with such lamps, the Westing-
house scientists predict. (Standard bulbs In
use today have an efliciency of only 15-20
lumens per wati—a 100-wat1 bulb is rated
al 1710 lumens.}

The average homsowner. the study
found, pays $57 per year, or 27 percent of
his total electric bill, for lighting. 8y the year
2000, this should decrease to about 8 per-
cent. But—the new hghl butbs will cost
more. maybe $5 1o $15 sach. The cost of
lighting will have 1o be caicuialed on the
price of the bulb logether with I8 amount
of light W will give In its usetul litetima.

The fluorescen! lamp— already at |east
four times as efficient as the tungsten
bulb—will 1ake over In the home, through
color improvemen! and new design. Al.
ready SCréw-in types are being made 10 use
in exlsting incandescent liltings.

Further new developments are pre-
dicted: Lighting will be used for home secu-
rlty. proximity sensors inslaied around the
perimeter of a restidence and activated by
an ntruder will fum on the insde lighting.
New products will improve perception, re-
duce ayestrain and satiaty specific heallh
requirements. Special lighting will be intro-
duced for older people A major area of
research will be devoted to the psychologi-
cal. behavioral and physiGlogical effects ol
lighting an paople.

Students do original researchin
summer training session

A near-unique \ype of industrial “studenl
training' program is being cosponsored by
GTE Laboratories and the National Science
Foundation. Some 40 studenis. repre-
senting 19 tolleges and universities. are
participating in research projects at GTE
tacillties.

ALFREDO ARCHILLA. of the university of Puer.
to Rlco, working wills GTE siafter Willlam Hesl2
on his “smart islephone™ project.

Unlike many “sludent lr@ming"" pro-
grams, this one provides the student wilh
genuine research and real work. if they suc-
ceed in thedr tasks, they have lthe realiza-
tion that they have added ta the world's
knowiadge. technology of convenience.

For example, Alfredo Archilla of the Uni-
versity of Puerto Rico at Mayaguez, is
working on 8 “smarl telephone’ that will
nol only accePl voice commands but will
talk back. “Right now' says Mr, Archilla,
"vou can tell a ielephone to perform a task
in your home {Such as turning the oven an
or offy irom a remote location by touch
tone. When you ask (I 1 has fimshed the
job. it also answers in tone. We wanl it to
answer in words., and my job is to develop
such a program.”

Subscription TV stations now
permitted to proliferate

The FCC vOted, in 8 meeting late in Sep-
tember, to rescind the rule that permitted
only one pay-TV station in a community.

The opposition 19 subscriplion television
by broadcasters and movig thealers that
was 50 marked when pay-TV was first pro-
posed has decreased O Onty 10ken OppROSI-
tion, FCC sources reported. [{ is possible
thal the extenswe davelopment of cabie
lelevision has reduced tha relatlve impor-
lance of over-the-air subscriplion sys-
tems.

There are at presant only six pay-TV sta-
lions on the alr. The largest, KBSC, Coro-
na, CA, which serves the Los Angeles
region. has 21t0.000 subscribers. The oth-
ers are KNXV in Phoenix, AZ; KWHY, Los
Angeles, CA; WOTV, Boston, MA; WWHT,
Newark. NJ, and WXON, Detrolt. MI. R-E
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Sabtronics new counter

gives you 600 MHz capability
for only $89.95

This

highly accurate frequency
counter can be yours at the unbe-
lievably low price of $89.95. The
Sabtronics 8610A is your best buy
today in a lab-quality instrument.
We spent our efforts where they
count: applying Sabtronics’ ad-
vanced digital technology in the
design and engineering of a superior
frequency counter — in simple kit
form,

You count yonr savings:
You spend a little 1ime (and a lot less

BRIEF SPECIFICATIONS

« Frequency Range: 10 Hz to 600
MHz guaranteed (5 Hz to 750 MHz ty-
pical). - Sensitlvity. = 10 mV RMS,
10 Hz to 100 MH2Z, prescaler mode;
50 mV RMS, 100 MHZz to 450 MHz: 70
mV RMS, 450 MHz to 600 MHZ - Im-
pedance: 1 M2, 10 MHz & 100 MHz
range; 509, 600 MHz - Temperature
Stability: 0.1 ppm/°C - Gate Time:
Switch-selectabte, 0.1 sec., 1 sec,
10 sec. « Ageing Rate: «= 5 ppmiyr
« Accuracy: 1 ppm +1 digit. - Input
Protection: 150 V¥ BRMS, 5 Hz to 10
kHz; 90 V RMS, 10 kHz to 2 MHzZ; 30
V BRMS, 2 MHz to 100 MHz;, 10V
RMS, 100 MHz to 750 MHz. - Power
Requlrement: Battery-operated, 4.5
to 6.5 VDC @ 300 mA. External
power supply, 7.5 to 9 VDC @ 300
mA - Size: 8"W x 6.5"D x 3"H {203 x
165 X 76 mm) » Welght: Without bat-
teries, 1.2 tbs. (0.54 kg).

money!) for a compact bench-por-
table counter that measures up to
600MHz (typically even higher).
Mcasures up on every count:

It has what you want. Guaranteed
from 10Hz to 600MHz in three
ranges (typically SHz to 750MHz).
Sensitivity that holds well over the
entire range. Selectable gate time for
optimum resolution: Q.1, 1, or 10
seconds. With a stability of 0.)
ppm/°C. And the guaranteed fre-
quency range has a measurement ac-
curacy of 1 ppm + 1 digit
-0,0001 %,

Highly accurate time base and excel-
lent ageing rate. 8-digit LED display
with automatic decimal point place-
ment. leading zero suppression and
overflow indicator.

Start counting the day you receive
it: You can assemble your 8610A in
an evening with our easy-to-follow,
step-by-step instruction manual.

Count on satisfaction: Keep our kit
for 1Q days’ free trial examination.
If you're not completely satisfied
for any reason whatsoever, simply
return it unassembled for a prompt
and courteous refund of your pur-
chase price. Y

Making Performance Affordable

FITERANATIONAL INC. é

13426 Fioyd Circla MsS 35 Datlas, Taxay 75243
Teiephone 214/ 703-0994

r--—------—---——------------------—-1

| To: Sabtronics International, Inc. 13426 Floyd Cr.,M/S 35.Dallas. TX 75243 USA

Please Send me - Model 8610A
Frequancy Counter Kits & $80.95 ea

Shipping & handling. per kit. $8.00"
Texas resldents add 5% sates tax
Tolal enclosed

lenclose (1 check

Charge: [0 ¥isa [1 Masier Charge.
Account No.

Name _

Address _

Clty
*US only. Cansde: $7.50. Foreign. air mail. $21.00.

-
S,
3

money arder. {For faster delivery. send cashiér's Check or meney
ordar. Please allow lime for Dersonal checks 10 ¢lear bank.)

Exp. Date

|
|
|
|
|
h |
s }
|
I
|
|
|
|
State ZIp . I
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If you have put oft
learning more
electronics for any
of these reasons,
act now!

I don’t have the time.

High school was hard for me and
electronics sounds like it may be
hard to learn.

I can’t afford any more education.

I have a family now.

I’'m here. You’re there. I've never
i learned that way before. I'm not
: sure it will work for me.

§ Read the opposite page and see how you can get started today!

WWWW americanradiohistorv. comm
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Be honest with yourself. Are
the reasons really excuses? You
aiready know enough about
electronics to be interested in
reading this magazine. So why
not learn more? If you need
encouragement, read on and
see how excuses can be turned
into resuits.

You don't have the time. Be realistic.
All you have in life ks a period of time.
Useil. Try o know more (omaorrow
than you do today. That's the proven
way to success, CIE studies require just
about 12 hours ¢f your time a week, two
hours a day. You probably do have the
Lme.

Electronics sounds like It may be hurd
to leurn. You already know something
about electronics or you wouldn't be
reading this. Now, build on that. CIE
Auto-Programmed ® 1 essons help you
learn. Topics are presented in simple,
logical sequence. All text is clear and
congcise for quick, easy understanding.
You learn step by siep, al your own
pace. No classes to attend. Nobody
pressures you. You can learn.

You can’t ufford any more education.
Actually, you can't afford NOT (o
gain the skills that can put you ahead of
the others. You know what inflation is
doing to you now. Education—learning
a skill—is an inflation-fighter that can
be yours. If you are not able 1o pay full
tuitinn now, CIE will lend you funds on
a monthly payment plan,

You have a family now. All the more
reason why you have the responsibility
to advance yourself. For the sake of
your famnily. Do you want them (o have
what you had or have more than you
had? The choice is yours. Electronics is
a rewarding career choice. CIE can help
you 1o get started on that career.

You're there. We're here. How does
CIE hetp you learn? First, we want you
10 succeed. You may study at home, but
you are not alone. When you have a
question about a lesson, a postage
stamnp gels you your answer fast. You
may find this cven better than having a
classroom teacher. CIE understands
people need 10 learn at their own pace.
When CIE receives your compieted
lesson before noon any day of the week,
it will be graded and mailed back the
same Jay with appropriate instructional
help. Your satisfaction with your
progress comes by return mail. That's
how CIE helps you learn.

NOW, IF YOU AGREE CIE
TRAINING CAN WORK
FOR YOU, HOW ELSE
CAN CIE HELP YOU?

Cleveiand Institute of Electronics is the
largest independent home study school
in the world that specializes exclusively
in electronics. Although “’big"" does not
always mean **best?? it is evidence that
CIE is a strong, successful institution
with the people and resources to help
you succeed.

Step-by-slep learning includes
“hands-on”’ IFaining.

The kind of professional you want to be
needs more than theory, That's why
some of our courses inelude the
Personal Training Laboratory, which
helps you put lesson theory into actual
practice. Other courses train you (0 use
tools Of the trade such as a SMHz
triggered-sweep, solid-state oscilloscope
you build yourself—and use to practice
troubleshooting. Or a beauty of a
19-inch diagonal Zenith solid-state color
TV you usc to perform actual service
operations.

Panern simulaied

Your FCC License can impress
employers.

For some electronics jobs, you must
have your FCC License. For others,
employers usually consider it a mark in
your faver. Either way, your Licensc is
government-certified proof of your
knowledge and skills. More than half
of CIE's courses prépare you to pass
this exam. Surveys show that some
80% of CLE graduates who 1ake the
exam are successful.

ICl

Cleveland Institutea
of Electronics, Inc.

Find out more!

Today. Now.

There's a card with this ad. Fill it in
and return. lf some other ambitious
person has already removed it, use the

coupon.

You'll get a copy of CIE’s free
school catalog, along with a complete
package of personal home study

information.

For your convenience, we'll try to
arrange for a CIE representative to
cONtact you 10 answer any questions

you may have,

If you are serious about a rewarding
career, about learning electronics or
building on your present skills, your
best bet is tO go with the elecironics
specialists—CIE. Mail the card or

coupon loday or write CIE (please
mention the name and date of this

learn it right

"
-

John Cunningham
Senior Technica! Direcror

Print Name _
Address _
City _

State

Age

MAIL TODAY!

WwWwWw americanradiohistorv comm

_Phone (area code)_

Check box for G.1. Bill bulletin on Educational Benefits: [ Veteran

1778 East 17th Street, Cleveiand, Oho 44114
Accredited Member Natonal Home Study Cowneil

Zip_

magazine), 1776 East 17th Street,
Cleveland, Ohio 44114,

This eould be the best decision
you've made all year.

““1f you’re going to learn
electronics, you might as well

1 YES...I want to Jearn from he specialists in electronics—CIE. Send me my FREE
CIE school catalog plus my FREE package of home study information.

RE-79

_ApL.

Active Duty
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B RADIO-ELECTRONICS

HEART RATE

i am a physician, currently In my fourth
year of surgical residency. In addilion, |
hold a Masters Degree in Electrical Engl-
neefing. Becausa ol my background, § am
naturalty fascinated by arlicles in your
magazind refaling 10 medical applications
of electronics. Such an arlicle was Mark C.
Worley's “"Heart Rate Montor' {July 1979
issue). | musi, however, lake exceplion with
several points in the author's description of
the device’s operalion.

The “haart beat wavelorm'™ depicted in
the article correctly shows & typucal electro-
cardiogram tracing. This is a recording of
the elecirical aclivity measured between a
pair of electrodes in coniact with the skin of
the body. It corresponds to the discharge
and recovary ol the electric charge 8Cross
the membranes of heart muscie cells,
which Initiales contrachion of the muscie.

The device, that i8 described in the arti-
cle is commonly raferred to as an optical
plethysmograph {from the Greek plethys-
mos, an enlargement). | measures (he min-
ule expanslon and contraction of the fin-
gerllp In respunse g the blood pressure

R R
,‘LA_/T\_JiL/T\_—EiG—
Q15 Qs
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Pulsations within s arteries. The enclosed
diagram Ulustrales the relationshlp of the
heart elecirital activity (ECG. or dectrocar-
diogram) and the blood Prassure (BP). The
R-wave, or more correclly the QRS com-
plax, 15 the activity that iniliales the con.
traction of the maln pumping chambers.
The T-wave is the activity thal accompanies
electrical recovery of the charge across the
cell membranes

The pressure tracing Is characterized by

& sharp rise 1o peak (systollc) pressure, and
a more gradual fanoff to the (diastolic)
pressura before the next contraction. The
“notch” in the curve on Its downslope is
caused by the one way valve at (ha outlet of
iha heart snapPping shul B8 \he préssure
falls The delay, d, is a funciion of the
response time of the muscle 10 the eleciri-
cal stimulalion, and the propagation delay
of the pressure pulse down the arlery.

From this discussion, it can be seen that
pravention o muiltiple triggering is indeed
necessary. However, Mr. Worley's siate-
menl “iriggering on . R- and T-waves"
is misleading.

Another inaccuracy contained in the artl-
cle is the reference 1o the 300 ms (mis-
prinled as 300 us) perlod of trigger lockout
as a Schmitt frigger, A Schmitt trigger is a
clrcuit that has nysteresis. i.e., a difterenl
threshold for posiive-going and negative-
going input changes.

Flnally, 11 must be kept In mind that \he
heart rale may rise over 200 beals-per-
minule under stress Or after heavy exer-
cise, and thal in a young, well trained ath-
leta the resting heart rate may be as low as

“1prefer RCA SK'sbecause
they have the abilities:

STANLEY J.LYSY

Ready Avail ability

Wide Interchangeability
Excellent Identifiability
and High Reliability.

All these add up to
Good Profitability.”

These are the words of Stanley J. Lysy

of Service Plus, Westfield, Massachusetts,

WwWwWw americanradiohistorv comm
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35-40 beals-per-minuta. Thus lor some ap-
plications, it may be desirabie to double
R21and R22. and readjust R24 t0 make the
meler range 30-230 beats-per-minute. It is
also necessary to reduce R13 to 22K (trig-
ger lockout perniod 240 ms) to parmil heart
ratas over 200 beat$-per-minute to regis-
ter. Of course. the mater scale would have
to be redrawn,

In spite ol the above CriticIsms, | enjoyed
the article very mwch. | am l100king torward
to more projects along ttis hne. The use ol
alectronkcs and computers in medicine Is
rapidly expanding, and | leel that many ol
your readers woutd jump a1 Ihe chance ol
becoming famihar with some of the tech-
nology and principies invoived.

EDWARD B, BORDEN, M.D.
8ronx, NY

ETCHANT DISPOSAL

James Temple's "How to Make Your
Own PC Boards" {July 1979 issue) was
intaresting and | am looking torward to
future arlicles.

With regard to disposal ol ferric chiaride
etchants. the lollowing comments arég
based partially on my own @xperience and
partially on an excellent reference baak,
""Printed Circults Handbook,”” C.F,
Coombs, Jr., Editor, McGraw-HIll Book
Co., 1967.

Disposal of expended etchants via a
scavenger service is probably the only
method Ihat IS bolh completely sale and
legal in all communltias, but scavenger ser-
vices are not likely to be interesied In han-
dling Individual hobbyists' quantities. Per-
haps on organized group, ouch Bs on oleoc

tronics club, could find a way to pool Ihair
waste chemicals.

Spent ferric chlaride etchant can be
made safer by neutrallzing the acid with
sodium carbonate. Sodium carbonate is
sold in grocery stares as ‘'sal soda” or
“washing soda”™ Immediately aller the
atchant is expended, pour it int¢ a plastic
container large enough to alow tor foam-
ing. Rinse the tray with fresh water and
pour that into the container. Slowly add the
sodlum carbonatée neulralizer, while stirring
with a wood or plasiic utensil, until foaming
Ceases.

Disposal of wasie.chemicals in public
sewers I8 forbidden in many communities,
and for valid reasons. In the case of PC
etchants, copper dissolved from the
boards may upsel the role of bacteria
required for sewage breakdown and may
destroy plants and fish if it ends up In natu-
ral waters. Small amounts of etchant would
become extremely diluted by the large vol-
ume of water In a public sewer and proba-
bly would do no harm. On the other hand,
hobbyisis in rural areas who rely upon a
single.dwelling sewage system {septic
tank) may have cause for concern it they
process a large number of boards.

Direc! burial is an in@xpensive and fre-
quently used (but not necessanly legal)
meathod of disposal. A disposal sump can
ba made by filling a hole several leat deep
wilh coarse gravel, Neutralized ctchant is
poured inte the gravel and washed down
wlth iresh water to furiher dilute and dis-
parse the chemicals. R-E
L. SCOTT HOFER
Federal Way, WA
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PLEASE RUSH MY
FREE 1980 CATALOG

]
1
]
1
1
1
name :
]
1
]
1
|

address

city state___zip
BN, (LICTRIGRCT. Dot §- 8 120 T Wituiora. klimsy Criy OO 73108
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An Electronic Service Technlician

speaks out for RCA SK's

To paraphrase Mr. Lysy, one of the ten
winners In RCA's recent SK slogan contest,
RCA SK's are indeed readily available. As for
interchangeability, over 850 SK types replace
over 153,000 domestic and foreign types. Qur
new SK numbering system which incorpo-
rates the other leading numbering system
used by ECG* REN and TM makes it easier
than ever for you to identify the right SK
replacement. And of course, SK reliability
means fewer costly call-backs for you.

As Mr. Lysy points out, allthese"Abllities” add
up to the most important “Ability” of alt . . .

Profitability.

See your RCA SK distributor for all your solid
state replacement needs and ask for your
copy of the new authoritative RCA SK
Replacement Guide, SPG 202X, or send your
request with check or money order for $1.50

to RCA Distributor and Special Products,
P.O. Box 597, Woodbury, N.J. 08096.

"ECG i a irademark 91 GTE Sylvénia
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Panasonic Model RF-2900
Portable Multiband Radio

OMNE OF THE MOST ATTRACTIVE MULTIBAND
portable radios on the narket is the ntodef RF-
2900 from Panasome Corporation. While defi-
nitely not of communications quality, it does
perform well for fts intended applications.

Housed in an allractive black military-lype
case with chrome accents, the radio has a
bright digital fluorescent display that provides
an accuracy of 1 klz through 30 MHz. and
100 kHz on FM.

The circuil is a double-conversion type for
good selectivity. The frequency ranges are: 525
Hz 1605 kHz and 3.2 Hz-30 MHz (AM/
CW /SS5B) and 288 Hz-108 MHz (FM). Power
is supplied by a 120 VAC source of by internal
batteries (six D-cell batteries. which arc not
in¢luded). A dual-spced mamn tuning dial han-
dles fine adjustment on all ranges. During bai-
tery operation. the dial hights and frequency
display can be switehed off 1o conserve power.
An integral telescoping whip anteénna ¢nhances
the recelver’s portability; and exiernal antenna

CIRCLE 101 ON FREE INFORMATION CARD

terminals are on the baek of the case.

An S-meter acts as a luning aid and often
doubles as a battery iester. An adjustable BFO
(beat-frequency oscillator) control permits the
mznual seiection of CW (continuous-wave)
piteh or LSBJUSB recepuion.

Front-panel jacks are provided for an exter-

nal speaker (or headphones). a1 1ape recorder
output and an audio fMpui to the receiver
amplifier. In addition. a detachabie sun shade
for the frequeney display and a aarrying strap
are in¢luded.

Testing the unit. we found the FM reception
Lo be entirely adequate. The audio was ¢lean,
and the automatie frequency control was very
cflective for drifl canecliation. The digial fre-
quency display proved to be quile accurate in
locating stations

On the AM broadeast band the unit's selec-
livily was good. Images were undetectable
through most of the tuning range: display
accuracy was within 2 kHz: and 1he audio qual-
{ty was found very good.

When the unit was used in the shortwave
mode. high sensitivity brought in weak signals
using only the whip anienna A front-panel
trimmer allows ¢lose frequency calibration. A
widebandfnarrowband selcctivity switch pro-
vides sharp adjacent-channel rejection in any
mode. The receiver displayed good meehinical
stability.

It muzi be remembered that the miodel RF-

continued on page 26

BATTERY-WRAP

POSITIVE INDEXING
ANTI-OVERWRAPPING

BITS AVAILABLE
FOR AWG 26, 28 & 30

BATTERY. OPERATED
LIGHT WEIGHT

BATTERY-WRAP TOOL

WIRE WRAPPING TOOL

wove. BW-2630

BIT FOR AWG 30

BT-2628

BIT FOR AWG 26 & 28

RB-20

TWO NI-CAD BATTERIES

it KL ING KPR 400 SHIPPING CHARGE $200 1 NI v yORK CITY I STATE REMDENTS ADD APPLACAIL Y TAR
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BATTERIES AND
BIT NOT INCLUDED
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FOREIGH
PATENTS
PENING

OK MACHINE & TOOL CORPORATION

3455 CONNER STREET, BRONX, N.Y. 10475, U.S.A,
PHONE (212) 994-8600 « TELEX: 125091



www.americanradiohistory.com

H EATHHRKIT
HORIDONT AL Dlur:o?

poll 0% 0 bl MRS

LABORATORY QUALITY AT SERVICE BENCH PRICES

The most sophisticated scope = 10 kV post-acceleration voltage
ever offered in money-saving THE o fastest brightest display in any
kit form: the new Heathkit ! Heathkit oscilloscope ever
10-42351 Compare its featu'rlilas “En ' “ All these features and more,

...compare prices...and you in a scope that's surprisingly
move up to the 10-42356 Dc -35 M“z easy to build and maintainl

* DC-35 MHz response with DURL TRRCE Cﬁzcsuyila::;gi: ?;;%g:;::;

glgtlﬁgzmu-oﬁ' beyond DELAYED SWEEP even while the scope is oper-

ating. This Heathkit scope
= sDual gasci?n;lst;unizli:;s OSCILLOSCOPE is one of t.hedbfst valuer; today. '
lgna and for years to come

* Delayed sweep — observe any section of a Kit I0-4235....just $869.95

waveform — magnified as needed Also available facto:l'y asssemls:iled

* Fast sweep speeds from 50 nS/cm to 0.2 and tested....31195.00

secfcm. plgs ;5 exp::lsion for {'eﬁ'act.ive speed Prices are mall order net F.0.B.. Benton Harbar. Michigan.

£10 nS tEblahest = Prices snd spaclfications subject to change without notlce.
B e Ses Hghest SWoep rate FREE HEATHKIT CATALOG!'
* TV triggering for jitter-free display Sond for your FREE Catalog with full descriptions of the

* 2 mVicm to 10 Vicm vertical sensitivity B S e L e o s

® Algebraic ADD with ability to invert Y, or Y, Renton Harbar M1 49022

® Internal graticule for parallax-free oy s Tt o RS FT e 5n st
measurements Elsciromics Corporationl Sss ¥our whils pades.

CIRCLE 7% ON FREE INFORMATION CARD
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continued from page 24

2900 is not designed as a communications
recetver. U is primanly & portable radio with
shortwave coverage. Serous single-sideband
(SSB) or contlnuous-wave (CW) recepiion is
difficult because of constant oscillator drifl.
Spunous signals were present throughaut the
shortwave tuning range. Dial backlash is quite
noliceable on the bigher frequency ranges.
Frequency 1uning is rapid, making fine adjust-
ment difficult. Noise-limiter circuitry 15 not
included. making the recciver vulnerable 1o an
clectrically nolsy environment

In spite of the receivers problems with
shortwave reception. it performs well for the
AM/FM listener who wants good sound, port-

ability. an accurale frequency readowt and
access to shortwave broadcasts.

The maodel RF-2900 multiband porlable
radio swclls for $299.95 and is manufactured by
Panasonic Corporation. One Panasonic Way.
Secaucus, NS 07094, R-E

Radio Shack System
Seven Slereo

GOOD THINGS COME IN SMALL PACKAGES! THIS
familiar saying could well apply to the Radio
Shack (500 Onc Tandy Center. Fort Worth,
TX 7610) Sysiem Seven sierco. Although we
all have & tendency 10 Lake manwufaciurer’s
specifications with & grain of sall, it appears
that in this case. the manufacturer’s good press
is well deserved.

Sometimes It Pays
"To Have Nosey Friends

friends that give you a firm ghp on fine work in
tight places That make it eagy 10 reach the hard to
reach. Long noae phers by CHANNELLOCK. Slender,
pertectly mated jaws wath nO side wobble. Sharp,
hand honed cuners. Beautitul high polished finish.

Blue dipped plastic comton grips. Ouali

N every

deti {at N premium in price), CHANNELLOCK.
Be sure that name is on the pliers YOLU buy.

CHAN el LOCK |

CHANNELLODCK, INC. « Maadvile Pevaytvania 18135

Mot Thas Fesi Of T Family. Send For Free Catalog

CIRCLE 18 ON FREE INFORMATION CARD
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System Seven's matching Minimus-? speak-
crs (No. 40-2030) arc reminiscent of the popu-
lar Maximus bookshelf speakers of more than
2 decade ago and perhaps even better, The
speakers produce an asionbshing bass and
smooth, silky highs, Mcasuring only 7 X 4"
X 44 inches. the cabinets gre made of heavy
metal casting, cach cnclosing & d-inch high-
compliance woofer and a 1-inch dome tweeler.
Careful placement is one sccret means of
achicving maximum performance froem these
miniature dynamos'

The receiver (model $TA-7) is handsomely
designed. It is enclosed in a low-profile {16!
X 32y X 12-inch) black-satin-finish metal
cabinet. The biackout dial and tuning meter
are attractively edge-lighted when the receiver
is switched on.

The amplifier specifications zre cxcellent
15 Hz-30 k112 +2 dB; under 0.5% THD from
20-20,000 Hz into B ohms and a full 10-walt
ouiput

The amplifier ¢an accommodate several
front-panel switch-seiectable inputs. The rear
apron houses an array of jacks in order 10 allow
wide amplifier Nexibitily. A rcar aprun switch
provides 6.5-dB bass enchancement for the
malching speakers

The AM/FM tuner siages arc cqually im-
pressive: FM sensitivity (IHF) is typically 2.2
uV; limiting sensitivity {—3 dB) is 3.2 oV
S/N ratio {1 mV¥) is 60 dB; 1012l harmonic
distortion (sterea) is 0.6%; stereo scparation
(at ) kHz) Is 34 dB; imagc rejection is 50 dB
1F rejection 15 80 dB; and sclecuvity is 45 dB.

A bailt-in ferrite loop s provided for AM
receplion. and Ilne-cord coupling can be used
for metropolitan FM listening. External anten-
na terminals are provided on the rear apron for
both AM and FM reccption.

Power requirement is cither 120 VAC or
240 VAC.

Qur tast

Initial hookup and installation were casy; we
followed the suggestions outlined in 1he litera-
ture Lthat accompanies the system. Our advice:
DO READ 1he instructions Speaker place-
ment is cntical for optimum performance You
need speaker hookup wire; and use color-coded
zip cord of adequate gauge in order 10 Insure
proper phasing and cfficient power iransfer

The wning dial markings are well-spaced
and easy to read, and the flywhecel tuning knob
has a professional feel. FM stability is excel-
lent, with warm-up driflt undétectabie. The
bass and treble controls have deient stops,
giving the impresston of ineremental steps:
similarly, the balance control has & center-posi-
tion deient stop. We liked these features
Although the quality of sound from the Sys-
term Seven would merit using the most expen-
sive stereo headphones, we selecied a set of
Realistic’s new miadei PRO-20 headphones
($24.95) 10 scc how well they would perform
with the receiver. The results were quite salis-

contineed on page 32
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An Extraordinary Offer to introduce you to the benefits of Membership in

“= | FLECTRONICS BOOK CLUB

take {up to 9 books) of these 24 $ 9 for
e w— any unigue electronics selections vJ AlL
e (values to $1112) for only SIX

: with a Trial Membership in the Book Club that guarantees to
save you 25% to 75% on a wide selection of electronics books

/ 11200121 p —ORCAR: The i %
v e Sateliaes TELIS) n S04 '._-Ym QIANT
Laizooh O Computer Pro 1A THELETTEE
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B - f : 1E MICADCOMPUTER |
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o e de e o b i : ELECTRONICS BOOK CLUB

& 1ha sdutiiey book selecins of Your chince camy fub e He Chub?

lsher $ retanl proces of wp 10 3111 55 They are wours for only dectronics Book ¥

$E 93 tor all § (Plys postage Dandhng) wih pamt Trrdl Membe: Hetr ate quabty hardibvind volumes, cach spe- Blue Flidge Sl:.ll"l"ll"l"lit, Pa. 17214

e cially dewgned 1o help you mcvease your knms-how, l Please open my Trial Membership in ELECTRONICS
# You il reverve ¢ Clob News S0scninng the carrent Setec- - carmmng powet, and ergoyment of electronics. What- BOOK CLUB and send me the 6 selections circled
1ons, Aterndtes, ded other bants evers & weeks (1w reart B ever your gierest m youl find Elec-

below. | understand the cost of the hooks | have
selected is only $1.99 lor all 6, Plus a small shipping
charge. If no1 dehghted. | may ¢ eturn the books within
10 days and owe nothing. and have my Trial Member-
ship cancelled | agree to purchase at Igast four
additional books during the next 12 months, after

@ you minl The Setection #0 nottung @ wd be unt B el (ronics Hook Club offers practical, guakits books 1hat

Aulomatcaliy N you 30 MO0 anih 00 recoroe the Smoctmn @ A B voy can put 10 (mnsediate use and benefit, .

want W order ane ol Bve macy Nernates Hiered s um:;! Thes extraordinars affer o intended 0 prove Lo .
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810 compivte ya Taal Memberanip you need tup oy tour | few as four books dunrg the coming 12 monihs. You 604/882 637/628B 678 714 73

B0diensi marthly Seiciant & Aternates dunng e rext 12} would probably buy at beast this many anyway, with- . 861/905 952 1053 1085 1097 1101

months You may CAncel yogt Membership amy Lme 3fter yow | oul the substantial savings offered through Club 1119 1123 1120 1128 1138 1152

Fuithase Theve 1oyt baoky Membership. . 1168 1169 1174 1178 1201 1241 6277
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sou il tarn & Dewadiil Cortilicate for every book you purchase

Name _ Phone _

Address_
MOKEY. If you're nol delighted. relurmn the books
: ithin 10 days and your Tnal Membership will be
mree Certiticates Pus payment of Ihe nominal som ot 5199w | 7
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ELECTAOMICS 500K CLUE. Blug Ridge Summit, Pa 17274
CIRCLE 47 ON FREE INFORMATION CARD

WwWww americanradiohistorv comm

OB6L AHYNINYTE

L]
L]


www.americanradiohistory.com

RADIQ-ELECTRONICS

]
-]

Train with NTS for the

MicroComputers, digital

e

The world of electronics is daily becoming more
challenging. Technology is growing more specialized,
and the importance of digital systems increases
every day. Test instruments, home entertainment
unlts and industrial controt systems are all going
digital. And now, NTS training programs include a
wider choice of solid-state and digital equipment than
ever before offered in any home study course:
Advanced NTS/Heath digital color TV (25" diagonal
with optional programming capability), NTS/Heath
microcomputer, digital test equipment, digital stereo
receiver (70 watts per channel), NTS compu-trainer,
plus much more state-of-the-art equipment to make
your training exciting and relevant.

The equipment you receive with NTS training
programs is seiected to provide you with a solid

the first name

background in electronic systems. Kits and lessons
are designed to work together to demonstrate
electronic principleés and applications. The kit-building
not only shows you how electronic hardware
functions, but how various circuit designs accomplish
different purposes. Your lessons guide you through
any number ot experiments associated with many
projects. This is the Project-Method, and it works.
Step-by-step, you learn how and why digital
electronics has become a part of our world, and the
even bigger role it is sure to play in the future.

whether you are looking for training in Consumer,
Commercial, or Industrial electronics, NTS offers
fourteen courses, some basic, many advanced, in
several areas of electronics. An all-new fuli-color
NTS catalog shows you what each course covers,

WWWW americanradiohistorv. comm
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electronics of the future.

systems and more...from
in home study.
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and evary piece of equipment included. r Il IR IR R S S - S
- Dept. 2080
Send for it today, and see for yourselt what's really mgﬂ’#@;ﬁgg’g{:‘g&ﬁtﬁcHo%-afmm 9:;3? 1
happening in electronics training technology at NTS. Please send FREE Color Catalog and Sample Lesson

Find out how much has changed, and what new
directions the field is taking. You'll probably want to
be a part of it.

It's free. Just mail the card or coupon. Today.

O Color TV Servicin

B &WTY and Rat?lo Servicing
1FCC License Course

O Electronic Commumnicalions

O Electronics Technology

[J Audio Electronics Servicing

(] Digital Electronlcs

O MicroComputers/MicroProcessors

NO OBLIGATION. NO SALESMAN WILL CALL.
APPROVED FOR VETERAN TRAINING.

Name
Address
NATIONAL G SCHOOLS el
T Cay
TECHNICAL-TRADE TRAINING SINCE 1905 State Zip
Resident and Home-Study Schools OCheck it interesied in G.). B iformation

4000 South Figueroa St.. Los Angeles, Califl. 90037 I OCheck # interested ONLY I classroom Iraining in Los Angeles g
B I I B I D S ..l é
2
e
=
©
@®
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EQUIPMENT REPORTS
coutinued from page 26

factory: these low.cost phones are a good
choice in maiching cconomy sicreo head-
phones for noncritical requirements.

Clcarly. the Systerm Seven is a product for
other manufacturers lo reckon with: it should
become & standard of comparison amang low-
cost, high-performance COmponent music sys-
tems. The Radio Shack Systen Seven sells for
$219.95. R-E

B & K Model E-200D RF
Signal Generator

-

CIRCLE 103 ON FREE INFORMATION CARO

A REASONANLY.PRICED. METERED.QUTPUT
signal generator is a difficult item to find.
B & K's modet E-200D RF Signal Generator
helps Gl that void.

The £-206D is a handsome, husky compact
gencrator leaturing straightforward operation,
Functions are very clearly marked, and famil-
iarization comes quickly. The accompanying

owner's manual is well writien. and very fexi-
blc in its subject mattcr. The usual circuit
descriptions and control identifications are
provided, but several other text subjects are
included A handy dB-to-microvoll conversion
table is provided and is very helpful for sensi-
tivily measuremenis. Alignment procedures
for AM radios. FM receivers, and TV sets are
given step-by.siep.

The E-200D measures 12% X 7/ X 8
inches, and weighs 14 pounds. It is sccurely
enclosed in a steel cabinct. AC powercd
through 8 Y-wire grounded cord.

Fundamental frequency gencration ranges
from 100 kHz through 34 Mz, with cali-
brated harmonics uxable through 216 Miiz
{TV Channel 13). Frequency accuracy is ad-
vertised as being £ 1.5% of highest frequency
on any band. usable 10 0.1% with internal cali-
brator. The calibeator is heterodyned against
the signal generator frequency. producing an
audio beal note thar can be heard Irom an
internal speaker.

RF signal voltage output {maximum}) varies
from 3 volis (lowes1 frequencies) to 0.3 volt
(highest [requencics). Using the calibrated
aticnuator and level control. the outpul level
may be sclectively adjusted from — 106 dB
(.5uV) 10 +2 dB (216.000 uV) ;1 50 ohms,
Accuracy throughout the entire fundamental
frequency range is specified as being within 2
dB.

Modulation is provided by an Inicrnal 400
Mz (£ 20%) bridged.T oscillator. Level is sct
a1 1V RMS for 50% modulation. External and
internal sources of modulation are both contin-
uobsly adjusiable and metered.

Rath 1 hlock diagram and eircuil schematie
are in¢luded for servicing 1the generator, and to

make internal calibemtion casier. The subject of
calibration nceds to be mentloned. While it is
possible 10 bring the E-Y00D into specified
accuracy. the unil that we evaluated was con-
siderably off Tn i1s dial reading. On several low-
er-frequency scgments, (between 100 kHz and
9 MHZx) the adjustable hairline could nol be
offset ar enough 10 coincide with the actual
outpul [requency. Nonlingarity in the dlal
ranges aggravates the problem Although we
mide no aticmpl o align the unit, our fceling
is that il could probably be brought within
specifications.

To awist with calibeation accuracy, lwo
internal reference oscillators are included. The
1-M iz crysial ascillator is vcry accurate and
stabic. It ys usable up 10 about 33 MHZ. The
100-ki1z osciliator is an L~C unit. and had
strayed considerably off frequency. Adjusi-
ment of the 100-kliz calibrator is casily
accompilshed by aligning the slug of the osciil-
lator coil, readily accessible through a small
hole in the shiclded RF section.

Shiclding and mechanical stability are two
vital arcas in any signal genecratlor design. We
were pleased at 1the RF fwlation provided by
the extensive copper-plated steel shiclding.
The cabinetl cover i aiso interiocked to dis-
courage stray radiation.

One of the mast serious drawbacks in using
incxpensive hobby-type RF signal gencrators
comes with low signal levels. When it is impor-
tant that very low oulpul signals {in Lhe micro-
.0l region) must be used o measure maXi-
mum sensitivities of radio receiving equip-
ment, stray radiation will wreak havoc! These
leakage paths may occur between eabinct/pan-
¢l cracks. or with poor cabie shiclding. poor

contimired on page 34

Now, an automotive computer plus
cruise control at your fingertips!

This is CompuCruise! The first true computer for your car,
truck or RV, It's the most effective and functional cruise control
ever designed, PLUS complete trip computing, an efficient fuel
management system. and a split-secoend-accuracy quartz time
systern.

CompuCruise is a cruise control with a memory. A unique
seek-and-hold capability makes highway driving easier and more

enjoyable. Fully electronic, making it more accurate and reliable.

CompuCruise is a true computer, constantly reacting via
automatic sensors to changing conditions, updating vital data
for you every second. Just look at what CompuCruise gives you:

Time, E.T. Lap tining, Alarm

Time, Distance, Fuel to arrival

Time, Distance, Fuel to empty

Time, Distance fuel on trip

Current or average MPH, MPG, GPH
Fuel used, Distance since fillup

Inside, outside or coolant temp.
Battery voltage

English or Metric display

CompuCruise works on foreign or Amenrican cars (except
Diesel and fuel-injected vehicles). It's priced for the budget-
minded, and easily installable b&ou Or your automotive outlet.

Oaly $199.95 with Cruise Control, $159.50 without. Fully
warranted for 90 days from date of purchase. Delivered

RADIO-ELECTRONICS
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complete with easy-to-follow instaliation guide. And backed b
a 100% satisfaction guarantee, If not fully satisfied when you
receive your unit. return it before installation and your money
will be fully refunded without question.

For the name of your nearest dealer, call or write us nghi
now: ZEMCO, 12907 Alcosta Blvd., San Ramon. CA 94583.
Phone (415) 838-8060.

Do it today—for a better cruise control and more auto -
motive information
than you've ever
=5 0 ComPUGPINSE

T—
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The Affordable Computer
r
You've Been
[ ] -
Waiting For
Dozens of new small computers have flooded the marketplace. It seems as if

everybody {and their pal) have come out with new, low cost personal com-
puter systems. In this miCcro-computer jungle, one stands out as the obvious

ATARI

choice . . . .

Why? First of all. no manufacturer has spent the
time and effort to support ther machine the way
ATAR has. They couid have released it st months
ago. but they chose to wait until they developed
software programs. add-on accessones. and an in-
ncate deaker suppot Network. The Manuals ane ex:
pertly written, easy to follow, and far from borngl
Their computer is well designed and carefully
assembled. ATARI software 15 outstanding. and
€asy [0 use. Both the ATARI 400 and 800 have
been desgned for non-programimers as well as the
experenced programmer

Applications suchhas .. ...

musicC composition, electronic art. and
housenold secunty are all possible with the
ATARI computer. Mare sophisticated needs. such
as those of smail businesses can be easidy handled
by the more expandabte ATARI 800. Even larger
companies with overloaded main computers will
find the ATARI a welcome rehef

For the home there are programs such as Per-
sonal Finance Management, Income Tax.
Household Apphance Control. Database Access.
Investment Management. Typing Traner. File
Card and Personal Record Keeping. These pro-
grams wili not Only save you nme and money
but provide acCusate. up to date records. You will
have Instant access t0 data and substantal help
it financal planrming.

The educational aspects of the system are also a
major feature of the ATARL There i an entire
library of personaiized. self paced insiruction in a
wide vanety of subjects providing effective
teaching for all age groups. It makes leaming a
more enjoyable experience. one which remains
Chalienging and interestng No matter how many
times the programs are run,

The entertainment programs folilow the same for-
mat. There are Creatve Programs, Action,
Simulavon and Thinking Games. There is
Chalienge. fun and skit development in all of
these well thought out programs.

Business programs llke Text Edior. Inventory
Control. Accounts Payabie/Receivable will save
you both time and money. The Mailing List.

Calender, Payroll and Sales Forecasting software
will help you make money and also save tme for
more imporant funcuons. These programs are
easy to use. inexpensive and well documented.

All 1n ail the ATAR! 400 and 800 computer
systems provide a streamlined method of man-
AgiNg business and housenold affaws It 15 a per-
sonal computer deugred for peopie with no
previous computer experience, but one that does
not compromise Capabiity for the more ex-
perienced compurenst.

For more Information or to place
your order call:

HOBBYWORLD
HW Computer Division

Toll Free: (800} 423-5387
In Callf:  (B0O) 382-3651

Local: {213) 886-9200
Use your Visa or Masterchargel

Send to: HobbyWorld
19511 Business Ctr. Dr. Dept. RY
MNorthridge. CA 91324

Flease Send Mo
Atan %0 Personal Compurer

phus B shipging and handing, #2171 1550.00
Atarl BOO Perona) CoOMputer

plus 19 shpping ana handhng, #2973 . 1995.00
Atart Program Recorder or 800, =214 3 %000
Atar Ciske Derve for 800, 72174 $750.00
Aran Pringer for 800, #2175 . $600 0C

Pigase send me mare infof mabonl

|

|

|

I

|

|

|

|

|

|

|

|

: SUBTORAI LR 5 5550 5 & TEEREAIE §wE" o pe 5.
| Callfornia Residents add 6% sales tax . § .
|
|
|
|
|
|
i
|
|
I
|

O check [0 money order [ Visa
Master Charge: Codef___

Accef _ Exp. Date_ _

Signature _

MName .

Address _
City_ - State. Zip_
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Interface yourTRS-80 to
the “real world”
the faster and easier way.

A P has the hordware you need
to bulld the Interface breadboard
described In the artlcie on page 52.

The Jumper. A24" 40
conductor flat ibbon
caoble assembly with &
a socket connector &
on one end, g card-
edge connector on the other. It's
pregssembled and every line s
pretested. 924150-24 Sr“l 95

The Solderless Breadboard. it's our tomous “Supersirip” for

uniimited freedom in the layout and implementation of your clrculis.
923252-R  $47.00

The Hegder. Copperalioy 770
for instant plug-In access to the PC
board. $23875R $2.79

Avallable at your dedqler; for the
negrest one, phone (toll-free)
800-321-94668. And ask for the
compiete A P catalog, The Faster and Easier 8ook,

AP PRODUCTS
INCDRPORATED
Box 1108 » 72 Corwin Orive
Pamesville, Oho 44077

Tel. 216/354.2101

TWX: 810-425-2250

CIRCLE 57 ON FREE INFORMATION CARC
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EQUIPMENT REPORTS
comtinied from page 32

ground strapping. AC linc radiation. or even
loose panel hardware. The E-200D seems to
have much lower stray radiation than most oth-
ef low-cost competitive signal gencrators. That
condition must be attributed in large part to
the heavy shiclding around the internal oscilla-
1O7 SECLEON.

Whilc the shiclding made the unn relatively
RF tight. mechanical instability is siilk appar-
cnl, especiatly at higher frequencies. A gentle
1ap on the cabinct will cause severe detuning
on the upper ranges. Above 5 Mtz the fre-
Guency dinl tuning becomes increasingly rub-
bery. making elosc adjustment virlually impos-
sible on ¢lose 1olerance alignment. Thermal
drift. however. is minimal with this solid-state
instrument.

Considerable frequency pulling cccufs from
the atlenustor control. With the dial set a1
some uscful frequeney. rotating the fine atten-
ustor control resulls in extensive frequency
change. Even though the attenuator pol is iso-
lated by & bufler stage. inleraction with 1he
oscillutor is s1ill Guite prevalent. Some loading
¢fTect on (requency is also noted when the cut-
put of the gencrator it connecied to its 1njec-
tion point in the circult 10 be checked.

Mectenng inany unit i desirable. Obviously,
absolute accuracy cannol be expected except in
gencrators cosling considerably more than the
E-200D. bul used as 8 relarlve reference, it can
be very uscful. For mast applications, and non-
demanding test bench use, the E-200D is
loaded with uscful features. The E-200D RF
signal generator sclls for 3300 Awsilable from
B & K-Precision. Dynascan Corp.. 6460 W.

Cortland St.. Chicago. IL 60635. R-E
1 ==y & = Iij.:::::
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‘Welil, naturally—if you insist upon
looking for misiakes. then you're bound
to find some.”
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.Now
‘8923 buys a
top-quality
voke/flyback
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When quality counts

Do not be fooled by the {ow prices, these brand
new lab quality frequency counters have Important
advantages over instruments costing much more.

The modeis 7010 and 8010 are not old counters repack-
aged but 100°% new designs using the latest LSI
state-of-the-art clrculiry. With only 4 IC's, our new 7010
offers a host of features Including 10 Hz to 600 MHz
operation, 9 diglt display, 3 gate times and more.
This outperforms units using 10-15 IC's at several
times the slze and power consumption. The older
deslgns using many more parts Increase the possibllty
of faiture and complexlty of troublesheooting. Look
closely at our impressive speciflcations and note you
can buy these lab quallty counters for simllar or less
money than hobby quallty units with TV xtal

time bases and plastic cases!

Both the new 7010 and 8010 have new amplifier
circuits with amazingly flat frequency response and
improved dynamic range. Sensitlvity is excellent
and charted below for all Irequencies covered by the
Instruments.

Both counters use a modern, no warm up, 10 MHz
TCXO [temperature compensated xtal oscillator]
time base with external clock capability - no economical
3.579545 MHz TV xtal,

Quality metal cases with machlne screws and heavy
guage black anodized aluminum provide RF shield-
ing light weight and are fugged and attractive - not
economical plastic.

For Improved sesolution there are 3 gate times
on the 7010 and 8 gate times on the 8010 with fapid
display update. For example, the 10 second gate time on
either model will update the continuous display every
10.2 seconds. Some competitive counters oftering a
10 second gate téme may requife 20 seconds
between display updates.

The 7010 and 8010 carry a 100% parts and
labor guarantee for a full year. No “limited” guarantee
here! Fast service when you need It too, $0%
of all serviced instruments are on the way back to
the user within two business days.

We have earned a reputation for state-of-the-art
designs, quallty products, fast service and honest
advertising. All of our products are manufactured and
shipped from our modern 13,000 square foot factllty in
Ft. Lauderdale, Florida.

When quallty counts...count on Optoelectronics,

CIRCLE 8 ON FREE INFORMATION CARD

MODEL 8010 1 GHz

MODEL 7010 600 MHz

EY "~
- a0

uL Qs sap

B SERE-NNEN i

117 (TSN

& DISPLAY HOLD FUNCTION

® 9 RED LED DIGITS 4" HIGH

® .1 Hz RESOLUTION

® 0.1 PPM 10 MHz TCXO TIME BASE

& COMPACTSIZES—T010- 1.%" Hxd- 4" Wa5-14"0 010 3" Hx?.":" was- 40

-

100% U.5.A. FACTORY ASSEMBLED

100% PARTS & LABOR YEAR GUARANTEE
CERTIFIED 8BS TRACEABLE CALIBRATION
EXTERNAL CLOCK INPUT

é_

ey

optewlectronice Ine

e sty vy wy .

T TI / E. —ed [P

~m——-1 =

O —— =

® LAB/PORTABLE-AC ADAPTER INCLUDED

® 1 MEGOHMW & 50 OMM INPUTS

8 STATE-OF.THE-ART LS1 DESIGNS

& COMPREHENSIVE USER MANUAL PROVIDED

| SENSTTTVITY
S0 OHM INPUT

s HIZ INPUT GATE cLOCK
PRICE 28-200 MHz | 250-450 MHz ] 450 MH2-1GH: | 10H2 - B0 WAz
4

RESOLUTION TCXO TIME BASE | EXT

TIMES 50 My | MAX FREQ | 20°-#0°C ) FREQ. | \weut

W40 mv |
o 800 My

145 06

e 00 520 mv¥

030 v

1.10 mv

YES YES
10 MHz | OPTION | DPTION
£2%. 515

10 Hr 1 PP

¥ ALWSEC ] g 600 M M1 o1 PPat

— — — —

1-16 mv 520 mv 10-28 my

205 00 9

bl 1-10 m¥

YES YES

10 Hz 1P
10 MH: &TO

| oboraosec | T e T

* Has precisson 0.1 PPM TCEO tee base,

MODEL 7010 MODEL 010

ACCESSORIES

#7010 600 MHZ Counter - 1 PPM TCXO 514500
#7010.1 600 MHz Counter - 0.1 PPM TCXO $225.00

OPTIONS
#NLCad- 101 Ni-Cad Batlery Pach &

w8010 1 GHr Countm - 1 PPM TCXD  $325.00
#8010 1 1 QMz Counter - 0.9 PPM TCXO $408.00
#6010 .13 1) Gz Courter « 0.1 PPM TOXOD §495 00

UPIIUNS
#HI-Cad-801 Ni-Cad Batisry Pack &

aTA.TO0  Telescopa Ant with
Right Angle HNC

P.100  Probe, 50 ohm, fa

101 Probe, Lo-Pass,
Audio Usage

P02 Probe. HI-Z.

chatging Clcuitry

Insialls inside unit $ 15.00
#EC-70 Ealernal Chock npul 10 MMz § 25.00 Install® insicke unit 5 900
NCC-70 Casry Cose. Packied Biachk Vimyl 3 895 ACC 30 Carry Case. Padided Blach Vinyl § 9.98

ORDER FACTORY DIRECT « CALL TOLL FREE

L= Optoelectronics inc 1-800-327-5912

5821 N.E. 14ath Avenue, Fort Lauderdale, Florida 33334 FROM FLORIDA (305} 7T71-2051/2
ERI‘IS: Orders to U.S. and Canada. add 5% lor shipping. hendling and insurance 1o a maximum ol $10.00. Ali olher orders add 10%,

hee ging cil cuitry General Purpose
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pDesiIGN
YOUR owp
ANDROID

No doubt many of you have dreamed of the day when you will have an android at your
beck and call. Well, that day is not yet here but you can get an early
start by designing your own android. Here are the basics.

MARTIN BRADLEY WEINSTEIN

THERE ARE AT LEAST HALF A DUZEN INDI-
viduals in America who have designed
and built their own working robots. and
at least two companics now offer robot
ptans and kits as commercial products.
The day when almost anyone can go (o his
hobby workshop and cmerge with a
home-built rabot is more than near; it’s
arrived.

But that isn't the Rind of project to go
into with a headlong plunge. There are
many important decisions to be made at
the outset. And a complex. inlerwoven
electronic/ mechanical fhuman engineer-
ing task tg be accomplished.

What is offered herc is not a set of
plans. nor the final word in design; it is a
thought-out altempt al organizing and
recording one man’s decisions on how (o
approach that design task. You will have
o make your own judgments as to wheth-
er or not these decisions apply to the
robot or android you build.

The lirst step: défining terms

To avoid confusion—but not nccessari-
Iy to define these terms for anyone but
oursclves—iel’s sort out what we mean by
1erms like robot. android, and so on.

The key considerations are mobility.
conttrol, independence, and the ability to
lcarn by experience and adaptability.

A robot is a mechanism. fixed or
mobilc. possessing the ability 10 manipu-
latc objects cxiernal to itsclf under the
conslant control of 2 human being. a com-
putcr. or same other external intelli-
gence.

An automaton 15 8« mechantsm. fixed or
mobile. possessing the ability ta mamipu-
late objects external o itsell under the
constant conlrol of a programming rou-
tine previously supplicd by an cxternal
intelligence.

An android is a mobile mechanism
possessing the ability to manipulate ob-
jects external Lo itself under the constant
control of its own resident intelligence.
opcrating within guidelines initally es-
tablished and occasionally updated by a
human being. a computer, or some other
exiernal intelligence.

A eyborg (or "cybernetic organism™) is
an android capable of heuristic (learning
by expericnce) updating of its own resi-
dent intelligence.

A mandroid is an android or cyborg in
the shape. size. and likeness of a human
being. Mandroids might be used. for
example, to pilot aircraft or ground vchi-
cles, initially designed for human opera-
tion, through dangerous or humanly un-
survivable condilions.

Philosophical aspecis

Frankly, my decision 1o build an an-
droid was an emolional impulsc. | knew
that the necessary technology existed.
and | knew | could build one. So [ decid-
¢d to do it before [ decided just what my
creature should do.

When | announced my intention 10 scy-
eral fricnds and colleagues—who have
been enthusiastic and supportive—I
found that the almost universal response
to my announcement “l've decided lo

WWWW americanradiohistory comm

build a robot” was the understandable
question “What will it do?” This article
is, it part, my attempl to answer (hat
question.

With a bow (o Dr. lsaac Asimov
(whose science fiction classic /. Robot
introduced the "Laws of Robotics™). here
are the criteria for our tentative first steps
at android design that comprise our own
“laws of robotics.”

First. our creations should not be de-
struclive lo any part of their environment.
including living cohabitants. walls and
furniturc. the breathableness of the air,
radiation levels, or anything else.

Second. our creations should not be
destructive to themselves. We neced Lo
include adequale hardwarc and software
protection Lo assurc scli-preservation. ex-
cept wherce that violates our first “law.™

Third. we must design in an instinct for
survival, meaning here sclf-continuance
of operation, exccpl where that would
violate the first (wo laws. The mest
immediate manifesiation of the survival
trait. for cxample. would be a mechanism
to assure that low batterics would be
recharged before Failure. (Throughout
our text. the term *mechanism™ will be
uscd 1o identify any mecans—hardware,
software, human cooperation, whatlcver—
by which an end. or design goal, may be
achieved.)

‘Obstacles in the human
environment

IT our robots and androids are to live™
with us, they must be capable of maneu-

0861 AHVYNNYI
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vering through our individual environ-
ments, To betler appreciate the difficul-
ties that entails. join us in a litile mental
sccnario for a fast experimental demon-
stration.

Imagine thut you have a remole-con-
trolted molorized toy, and that you want
to drive it on a tour of your house. As you
do so, make a list of the goals you are
setting for yoursell. and be sure to list the
specific obstacles that make your task
more difficull.

Figure | shows a typical (lor the sake
of this discussion, anyway) upstairs floor-
plan for a Colonial home. Even with no
lurniture 1o contend with, we can quickly
identify a number of obstacles: stairs, nar-
row hallways, doors. and closcts.

Figure 2 takes us into a sparsely fur-
nished room. where furniture, cords, and
so on begin taking a significant role.

While the detail of your imaginary
excursion might vary from ours, you will
notice that the goals and obstacles listed
in Table 1 offer a good, fairly general,
starting paint for our design.

That gives us some of our first require-
ments for our robot or android: obstacle
recognilion. collision avoidance, and ob-
stacle manipulation.

One example of that might be recog-
nizing a closed door and not colliding
with i1. but opening it. then procceding.

Slairways

A vechicle with wheels of the same
order of size magnitude as a step cannot
negotiale the step in a controlled manner.

r LAMP@r
| WASTEBASKET : CHAIR
2

@

| cHar [_ 1]
DESK TABLE.
SPEAKER SPHAKER
| ﬁb TELEVISION

e

FIG. 2—FURNISHED ROOM presents many oh-
steclen to an android

In gther words. you might be able o ride
a bicycle up and down a stairway—but
you wouldn’t want to (ry it in a go-carn.

So large whecls are one possible answer
to the problem of negotinting siairs.

Another solution. which you may have
seen back in the 60°s im artists’ renderings
of propused lunar vehicles, approximates
the action of a single large wheel by using
a triangular array of three wheels: both
the array and cach individual wheel may
be driven.

Walking—the approach favored by hu-
mans and aninuls—presents problems in
balance and Jocomotion that are best left
ulone at present. considering the technol-
oy available (o us,

Still another possible answer is 10 use
the principle of a tracked vehicle. A vehi-

1 Il

i

FIG. 1—UPSTAIRS FLOORPLAN of 5 fyplcal Colonisl-styls house without the turniture.

WwWww americanradiohistorv comm

ele with twin tracks and two reversible
motors not only solves the problem of for-
ward and reverse tnotion, even over stair-
ways and uncven lerrain; it siso makes
turning ¢asier (o accomplish, especially
within a small radius.

However, when such & vchicle begins
€limbing or descending the stairs, the ten-
dency 10 topple must be overcome. That
tendency can be reduced by first de-
signing the vehicle with a low center of
gravily. That mcans keeping the more
massive components as close 10 the
ground as possible, kecping the height of
the machine reasonabie as opposed (o the
geometry of its base, and kecping the
higher parts of the machine as light-
weight as possible.

Also, we ought 10 consider a mecha-
nism for keeping the main body of the
nuichine upright no matter what the atti-
tude of its base. (That's angular attitude,
not emolional attitude—though at times
it can scem that way.}

TABLE |

GOALS
« Steer away from walls
Steer around and betwesen turnfture |

L]

« Avold wires and cords

+ Follow long. straight ciear paths
+ Conlinue forward, avoid reverse
OBSYACLES

+ Closed doors

« Stairs

» Carpats and high-drag surfaces
* Transitions between Hoorings

» Hanging llems exlending trom walls
« Shelves

« People and pats

s Clutter on Hoors

« Wires and cords

+ Closels and cablnets

« Narrow hallways

« Fireplaces

Physical aspects

You've probably heard that a woman's
high heel ¢xerts more force per unit area
than an elephant or a jumbo jel. While
you probably haven't been considering
having an elephant or a jumbo jet walking
around your house. you don’t have loo
many flears of a woman in high heels
doing the Noor in.

No. we'rc not suggesting an android in
high heels. What we arc suggesting is that
placing reasonable limits on the size,
shape, and weight of your machine before
it’s built can save you and your properly
needless griel afterwards.

First. decide what temperaturcs your
machine should be prepared to endure.
then chouse your materials carcfully to
meet or somewhal excced those condi-
Lions.

A house android, for example. that will
never lcave the comfort of a heated fair
conditioncd “‘room temperature” home.
can be built out of the handiest, eheapest
materials that will handle the mechanical
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and clectronic design goals. But if you,
for example, take an NMOS or PMOS
android outside when it's snowing. you
can count on him “forgetting himself™ as
his electronics will stop functioning. Bai-
tery performance is likely 10 suffer, too,
as is mechanical and lubricant perfor-
mance.

A more generalized machine will be
designed for, say, —10°F 1o 100°F,
depending on your geographic location.
CMOS clectronics work well to —40°F
{= —40°C}) and in quilc a bit more heat
than we can withstand. Thosc same tem-
perature ranges arc rcadily available for
relays, discrete components. motors, lu-
bricants. plastics. adhesives, and most of
the other materials we'll need.

Size and weight

The size and weigh! of your machine
depend very much on the size and weight
of your machine; this design loop requires
thai you force yoursell to make some ini-
tial assumptions.

For reasons we'll discuss later, practis
cal power and molor design options re-
duce 10 electric rechargcable batterics
and electric motors. The biggest current
requircment for the batteries-—by far—is
the motor drive. The current required is a
function of the power required from the
motors, which is a function of the product
of load and speed.

Obviously, the same amount of power
i5 required 10 move a machine half as
heavy twice as fast as is nceded to move 1

machine twice as heavy hall as fast.

So first we must decide on the total
load we would cver want lo carry and the
minimum speed we would seitle for: or
we could consider the top speed we wish
to attain and setfle on the minimum load
we want [0 carry at that speed.

We will present the math later; right
now. a few examples are in order.

A muchine with a design weight, un.
loaded. of 100 pounds, designed to travel
at a top speed of 20 miles per hour, or to
carry a 300 pound load at 5 mph. requires
5% horsepower or 4500 Watts. That
means 375 amps of stall ¢urrent from a
12-volt batiery.

A rcasonable battery configuration,
permitting several hours of operation be-

The following is a hist of places lo go
lor more Information about robots, an-
drotds, and some of the hardware dis-
cussed In the arlicie:

Tab Books {Blue Ridge Surmmit, PA
17211} ofters two books of Interest.
Buitd Your Own Working Robot by
David L, Heaiserman (Tab No. 841,
$5.95) details the consiruclion of &
small, wheeled ssli-confrolling vehicle.
The Compiete Handbook of Robolics by
Edward L. Safford, Jr. (Tab No. 1071,
$7.95) includes excelienl discussions of
batteries, molors, sénsors and more.

Hayden Books (50 Essex Street. Ro-
cheile Park, NJ 07862) oMers How to
Build 8 Computor Controlied Acbot by
Tod Loolbourrow {No. 568 1-B, $7.85),
which detals the hardware and soft-
ware design of Tod's small robot.
**Mika " Hayden also offers the accom-
panying KIM 6502 sofiware on cas-
setle.

The International Inatitute for Robo-
tics {PO Box 615, Pelahatchle, MS
39145) publishes a newsletter and of-
fers & home study courss, which in-
cludes a microcomputer and parts for a
amail machine. The basic course costs
$850. Subscriptions lo the newsletter
are $5 annually. Contact Director T.
Dale Cowsert tor Information.

The United Stales Robolics Socint_y
{PO Box 26484, Albuquerque. NM
87125) acls as a clearinghouse for ro-
bolics information and sregularly pub-
iishes a very worlhwhile newsletter.
Membership is $14 a year, Contact
Director Glenn Nofris for Information.

Gallaher Rescarch (PO Box 10767,
Salem Station. Winston-Salem, NC
27108), or GRI, are the pecple who
Introduced the *‘Grivet” robot arm.
They have a three-ring binder {with Ro-
botics in big letters on the front and
splne) full ol skeiches and speciica-
tions of manipulator systems. That
binder, avallable for $10, serves as the
company catalog of plans, kits and
components for manipulator assem-
blles and machined parls. Coniact John
¥, Gallaher, Jr.

Lour Control (1822 Largo Court,
Schaumburg. IL 60 194) offers a manual
for $15 which detaild construction of a
small wheeled vehicle, sans intelligence.
A kit version Is available for $375. an

SOURCES
assembled version for $485, and an
assembled control Interface tor $35,

Micro Works {PO Box 1110, Del Mar,
CA 820 14) ofters a serbes of video digl-
tizers thal make standard camer a video
Inputs X-Y addressable and extractlable
for S-100, $-50. and Appie systems.

Semicnics Associates (41 Tunnel
Road, Berkeley, CA 94705) ofter con-
tont-addressable add-in associative
mermory {CAM) for the 8-100 bus, very
usetul for patiern récognition.

Computalket Consvitants {1730
21st Streel. Santa Monica, CA 90404)
otters speech synihesis hardware and
sofiware, and [ rumored to be close to
intreducing spooch rocognilion prod
ucls.,

Telesensory Systems, Inc. (3408 Hill-
view Avenue, P.O. Box 10099, Palo
Alto. CA 94304) otters some hmited-
vocabulary speech synthesis hardware.

Votraz (500 Stephenson Highway,
Troy. Mi 48084) is another manufactur-
er ol software-variabie elactronically
synthesized human speech hardware.
Their newest version, VS5-6.4, is sup-
posed to represent several improve-
menis over earlier offérings.

Texaa Insiruments (Consumer Spe-
cialty Products Division, Lubbock, TX}
oHers Speak & Spelt™, an extraordinary
talking toy {aboul $55 in department
stores), and has recently announced a
talking language translalor, The enler-
prising axperimenter who isn't afraid 10
cannibalize 8 Speak & Spell can find a
thorough explanation of the operation
of 1hat chip In the arlicle **Speech Syn-
thesis with Linear Predictive Coding
written by TI's Larry Brantingham and
appearing in the June, 1979 issue of
intertace Age.

National Semiconductor I5 rumored
to be working on a single-chip speech
synthesizer bul detalls are not yat avail-
able.

Terreopin, inc. {33 Edinborough
Street, 6th Floor, Boston, MA 02111)
offers a small, externalty contrallable
vahicle it caits a “"Turlie"” robot as a
$400 kit or a $600 assembly, with an
S§-100 intertace also available.

Superios Electric (383 Middle Street.
Bristot, CT 06010) oners two 15-minute
audio casselfa courses for $5 each.
Tape No. 1 is "5tepping Motor Con-

frola." the other, unnumbered. is "Step-
plng Motor Technology.” The company
has a great deal of excellent Iterature
available concerning DC stepping mo-
tors.

Intereil {10710 North Tantau Avenue,
Cupertino, CA 95014) has a number of
applicable producis. Foremost among
those are lheir CMOS RAM's,
EPROM's. and processors, including
uvpcoming CMOS equivalents of the
8048, 8748, BO3t tamily. Also nolewor-
Ihy is their fHA510/8520/8530 famhby of
power amplificr, moor and actuator
drivers. Application/data sheets and a
list of disiributors should be available
on request,

Robert Bosch Corporation {2800
South 25th Ave., Broadview, IL 60153)
ofters Mini-Glants®, a line of smalt-size
low-voitage relays with up 1o 30-amp
contact ratings

Globe-Union (5757 North Green Bay
Avenue, Milwaukee, Wl 53201) has an
axcellen! brochure gvailable describing
their Gel/Cell® rechargeable batteries
and chargers.

O1 all the sman CoOMpuler sysiem-ori-
anted publications, 8yte {70 Main
Stroet. Peterborough, NH 03458} has
had Ihe consistently best coverage of
robotics. Here's jusl a sampling: De-
signing a Aobot from Nalure! A Hob-
byist Aobot Arm; A Stepping Motor
Primer; A Modei of the Brain for Robot
Conlroi; The Nature of Robots: Talk to a
TURTLE: and Artificial Intelligence and
Entropy. All trom three selacted 1879
iS5U85

Arctic Cat may be a reasonable
source lor track drive componants. Da-
tail exactly what you have in mind in a
lettar 10 Peg irk, Product Diatribution,
Arciic Cat Dhvision, Box 625, Thief River
Falis, MN 58701. We will try 1o coordl-
nate a standard kil of components for
the kind of track drive described in the
text. put that May také & while or forev-
er 1o detine and determine a price tor. It
and when we're successiul, it will be
announced in Ihe Pages of Radie-Elec-
tronice.

You may also tind useful components
in the pages of the Edmund Scientific
catalog. For & copy. wrlte to themn at
7977 Edscorp Building, Barrington, NJ
08007.
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1ween recharges, involves four 17-pound
batteries. But once we add in the weight
of motors, mechanics, housings, etc., we
can sec that we've exceeded our 100-
pound wcight criterion,

So what must give way? Probably the
1op unloaded speed and the load carrying
requirements. If we cut the lop speed to
10 mph and the top loaded weight to 200
pounds (100 pound machine + 100
pound load), we eliminate two hatteries,
saving 34 pounds—plus trimming weight
from the motors. supports, on-board
charger, and more. We also lighten up the
current requirements for the control elec-
tronics.

So by sacrificing the capability of giv-
ing us a ride around the block, we sec we
can build quite a lot of more important
capahility inte a 50-150 pound machine.

But before continuing with our discus-
sion of the physical aitributes of our
machine, let’s go back to a definition of
what we want it to do,

The manipulative imperative

There is a 10y on the market, a "Radio-
Controlled R2-D2." 1U's cute, and you
really can remote control its motion and
direction. Indeed, a number of hobby
computer enihusiasts have taken (0 using
their compulers to push the burtons. But
that toy, on however grand a scale, fails to
meet our definition for robot or android
because it cannot “manipulate objects
external 1o jtself.”

That requirement also means that our
machine must be designed 10 reach those
“objects external 1o itself” with some sart
of mechanical arm. In theory. this me-
chanical arm requircs only three degrees
of freedom, along the X, Y, and Z per-
pendicular axes. In practice. however, our
rule that the machine must not destroy
things in its cnvironment demands the
ability 10 reach around obstacles; that
means we must have five or six degrees of
freedom.

We get the number of those “degrees
ol freedom” by counting cach *“axis of
movement”—more simply, cach joint.
For example, in a human being, the wrist
represcnts one such axis {rotational), the
clbow two (both rotationat and hinge).
the shoulder two. If you add in the hand-
wrist hinge action, and all the degrees of
frcedom in the fingers. you can begin o
appreciate the complexity of following an
anthropomorphic design.

Another available degree of frecdom is
telescopic, as is found in the large indus-
trial robots.

A great deal of work has gone into the
design of manipulator arms. Those used
in industry are out of our scope because
of sizc and cost. But there are others.

Most notable of those is the “Grivet,”
once {but no longer) offered by Gallaher
Rescarch Incorparated for something
around four hundred dollars. It vsed six
DC motors and a wealth of machined
parts. But it wasn’l very sturdy, nor nim-

valive design by Andy Filo of Akron, OH.

ble. nor strong. Gallaher is still in busi-
ness, though, offering optimistic plans,
kits, and parts for a number of other
manipulators with varying sizes and des
grees of (reedom. Their catalog, which
inctudes some plans, comes in a hand-
some 3.ring binder that rcads Robotics
1979" for $10 {(scnd to GRI at PO Box
10767, Salem Station, Winston-Salem,
North Carolina 27108).

Arm design problems

Some sort of position information will
need to be sent back to the controlling
intelligence, as well as contact informa-
tion for the “fingertips™. thal requircs
additional components—al the minimum,
a potentiomeier for each motor and pres-
sure scnsors for the fingertips.

As the weight of the arm rises, so does
the necesslty of providing counterbalane-
ing weights at cach axis, as well as the
requirement for structural sturdiness.

Yei, for all of i1s required strength, the
arm has to be able to “give™ if it is to
survive the shock of a substantial load,
suddenly appiicd. Even the 1ask of catch-
ing a football can destroy a too-rigid arm;
shock-absorbers must be built in.

Then there's the problem of knowing
where the arm 1s, both in rclationship to
the body of the machine and in relation-
ship to the object that's to be manipu-
lated.

One special 1ask wc can anticipate
requiring the arm to accomplish involves
inscrting the on-board batiery charger
plug into an available wall socket. While
the on-board memory can recall the rela-
tive position of the plug as a head start,
and while the on-board intelligence may
have mapped thc particular room the
machine is in. giving the localions of
available oultlels, there stili remains the
problem of lining the plug up cxactly
with the socket and inserting it—without
pushing it through the wall or applying
110 Volts 10 the shell of the machine.

For that task, there is no substitute for
vision.

Necxt month we will continue this
absorbing story with discussions of how
an android sces, how it gets about and
how it overcomes such obstacles as stair-
ways and tight corners. R-E
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MANIPULATOR ARM, calied NELOC, Is en inno- |

FRED BLECHMAN, K6UGT
and DAVID MCDONALD

"ONE-ARMED BANDITS" ARE THE MAIN-
stay of gambling ccnters wherever games
of chance are allowed. Go to any hotel
lobby In Las Vegas or Reno. for example,
and people are pulling the slol machine
handles all night. The typical mechanical
devices, with threc or more rolling drums
that randomly stop. are being replaced
with microprocessor based vidco units
that feature color graphics and highly
sophisticated scoring.

This unil is not that involved. 1t is an
ali-clectronic design using TTL digital
logic, with a set of four LED's pro-
grammed to flash on and ofl when all
three characters arc the same, indicating
& jackpot!

When the power is first applied 1o the
unit, all three displays (usually) light up
with the letter *C" (for Cherry), and four
discrete LED's fash on and off. (Il the
LED’s don't flash, it's because the three
displays did not stan up the same—usu-
ally they do, but somctimes they don’l.)
Now press the goLL pushbutton. The dig-
its will roll”, looking something like a
blinking B, until you relcasc the pushbut-
ton. Now the left-most digit stops, fol-
lowed shortly thercafter by the center
digit, then the last digit. Each digit will
display either a *C" for Cherry, an “L"
for Lemon, an O™ for Orange or an "A"
for Apple. If all three displays stop with
the same letter, the LED's flash.
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DIGITAL

SLOT
MACHINE

Games of chance and mechanical gambiing devices were with us for years, then
came electric and now electronic games. Here is a simple electronic version of
the one-armed-bandit that you can build.

The odds of getting all three displays
with any of the four same |etters are 1 in
16 ries. For any two displays to have the
same lelter in selected locations. the odds
are also | in 16. The odds of getting Lhe
same selected [euter in ail three displays is
one chance in 64.

How it works

This explanation will assume you have
some knowledge of digital eircuitry. Fig-
ure | 15 a block diagram of the Digital
Slot Machine and Fig. 2 shows 1he sche-
matic. Each display has its own logic sec-
tion that is clocked by a separate oscilla-
tor. The wiN logic section monitors the
state of each display, and when all three
are the same, it commands the LED's to
fiash on and off at a rate determined by
the WIN oscillator.

Let’s describe how display | is oper-
ated. since the same technique is used for
display 2 and display 3 (with small difTer-
ences described later).

Clocking

Inverters 1C13-a and IC13-b, together
with resistors R22 and R23 and paral-
lelled capacitors C1. C2 and C3, form the
oscillator 1 circuit. The outlput of this
oscillator is applied Lo one inpul (pin 10)
of NAND Schmitt trigger 1C12-a.

When pushbutton switch 51 is de-
pressed, capacitor C4 immediately
charges through blocking diode D1, and a
positive voltage appcars on pin 9 of the
Schmitt trigger 1C12-a. Now whenever

OISPLAY 1 DISPLAY 2 DISPLAY 3
]
LaGIC Y LOGIC 2 LOGIC 3 ==
OSCILLATOR 1 DSCILLATOR 2 DSCILLATOR 3
' t- - f
WIN WIN f,"' 4“/
OSCILLATOR LDGIE . .
LEDS

FIG. 1—BLOCK DIAGRAM ol |he digital st machine. Esch display is “rolled” by » separsle
oscillator. The “win" sscilletor blinks lhe lour LED's when the three displays sre idenlical.

the outpul of oscillator 1 (IC13-a &
IC13-b) is HI, pin 8 of 1C12-a, which is
normally HI, snaps LO and ciocks i
flop IC5-b at its pin-5 input. The Q and %
outputs of IC5-b, pins 8 and 9, change
state each Lme a LO clock pulsc comes
from 1C12-a.

When Sl is released, C4 discharges
through resistor R24 until the input o
1C12-a a1 pin 9 falls below threshold 1o a
LO, so the output of IC12-a i3 held HI
and no further clocking occurs. even
though oscitlator 1 is still running.

WWww americanradiohistorv comm

The snap-action Schmiut trigger is uscd
here rather than a normal NAND gate so
the slow decay time of C4/R24 doesn't
causc ¢rralic operation and false trigger-

ing.

Display Logic

When power swilch 82 is closed, flip-
flops IC5-a and IC5-b usually come up to
voltage with a logic LO on the Q out-
put of 1C5-a, and a logic HI on the Q
output of 1C5-b. Figure 3 shows the logic
states at Lthe inputs and outputs of each
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FiG. 2—SCHEMATIC DIAGRAM ol the digitsl electromec vlot machine. Esch of The three displays
will show 8 random sslaction of the letters A, C, L and O; representing spple. charty, iemon snd

wrange, respactivaly.

logic element. This results in a display of
the letter "C”. All display segments have
a series resistor to prevent burnout, since
these are LED displays. Display segments
E and F are always lighted since they are
wired to ground through their resistors
R5 and R&. A logic LO at the outpul of
inverter 1C1-a allows segment A 10 light.
and the LO at the output of inverter 1C1-
b lights segment D. The logic HI at the
outpul of NAND gate 1C2-b kceps scg-
ments B and € off, while the HI at the
oulput of 1C2-d keeps segment G off.
When the pushbullon switch is de-

pressed and the first LO clocking pulsc
arrives al the input of flip-flop 1C5-b, its
oulputs change slate: Q goes LO and Q
goes HI. As the Q output of 1C5-b goes
L O, this also clocks Nip-flop 1C5-a, driv-
ing its output Hi and the Q output LO. If
you follow the changes through the dis-
play logic network, you'll find only one
segment is elfecied: secgment A goes off,
s0 the "C" becomes an “L™.

When the next LO arrives from the
oscillator, flip-flop 1C5-b outputs change
state again. Qutpul Q goes HI. and out-
put Q goes LO. However—and this is

WWwWwW americanradiohistorv comm

QF AND GATE [C84.

PINS 2.3,4.5.7.10,14 TO Vi,
PIN 11 TOGND

important—/lip-Mlop 1C5-a does NoOT
change siale, since il needs a logic LO at
its clock input, and it just received a2 H1!
Thus, flip-flop 1C5-a is counting in bina-
ry. only changing state with every second
cycle of the oscillator. This is the way
binary counters operale.

The display changes from "C" 1o "L"
o0 to "A” and then repeals as long as
S1 is pressed. When SI is released the
decay time of C4/R24 allows the display
to keep changing for a short lime, finally
stopping at one of the four letters.

The logic networks for the other wo
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FIG. 3—DISPLAY LOGIC OIAGRAM shows the #xisting si#ies st parhinent pomni® whan the latier

C—tor Cherry. is displayed.
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DIGITAL 3491 MACHINE

P

FIG. &—FQIL PATTERNM tor the top surface ol the PC board. The double-mided teaturs calls for

precise alignm®nli of the 1op and boitom foil pstterne,

letier displays arc identical. The oscillator
speeds are slightly different. Oscillator 1
has a total of 12uF {C1 plus C2 plus C3)
while oscillator 2 has 11xF (CS5 plus C6)
and oscillator ¥ has 10uF (C8). The lower
the capacitance the higher the output [re-
quency and the faster the display changes
letters. This speed difference provides a
more random result to the displays. Also.
cach display has a diffcrent stopping
time. The oscillator for cach display can
only feed pulscs through the Schmitt
trigger to the flip-flop as long as the volt-
age on onc (rigger inpul pin is held il
(pin 9 of [C|2-a. for exampic). For dis-
play 1 this is controlled. after the release

i
-

of S1. by C4 and R24 wilh a relatively
short time consiant. For display 2, howev-
er. C7 is five times the valuc of C4. and
for display 3 the combination of C9 and
C10 is four times greater than C7. Even
though blceder resistor R32 is a lower
value than R24 or R27. the results are
that display 1 stops almost immediately
after §1 is released, followed shortly by
display 2. and then display 3 a little bit
later. This creatcs suspense and virtually
guarantees a random combination.

WIN Logic

When cach display is identical. the out-
put states of cach pair of flip-flops (1C5-a
and -b, 1C6-a and -b, IC7-a and -b) are
also identical. The schematic shows cach
of the flip-flop outputs arc designated
Al. Al, Bl, Bl, cte. If all three displays
are mor identical. the logic network com-
posed of 1C8-a. IC8-b, IC10-a, IC10-b.
1C9-a. 1C9-b. 1C9-c. IC9-d and IC10-c
holds output pin 6 of Schmitt trigger
1C12-d LO. However. whenever any of
the 4 possible combinations of identical
outpuls appears at ¢ach flip-flop set. the
output of [C2-d goes HI

Looking at AND gate 1C8-c. we see
three inpuls. One input (pin 11} is from
1C12-d. pin 6 as just described. Another
inpul (pin 9} is from pin & of inverter
IC11-a Inverters ICI 1-c and -d. together
with R}0, R31, and CI1 |, form an oscilla-
lor running at a slow speed—about 4 He.
This is 1he “WIN™ oscillalor. The third
inpul o 1C8-¢ atl pin 10. is from inverter
1C11-a. Obviously. whencver pushbutton
switch §1 is pressed. a HI appears at
input pin | 1o ICl1-a, through blocking
diode D3. However. when S1 is released,
the 111 at pin 1 of IC11-a is maintained
by the decaying voltage across the parallel
combination of C9 and C 10, with bleeder
resistor R32 controlling the decay time.
When this voliage lalls below threshold.
Schmitt trigger 1C12-¢ no longer cnables
oscillator 3} pulses, so the display
“freczes.” Also. the input to ICI1-a is
now LO, so ils outpul goes HI. This tells
AND gate IC8-c that the last display has
stopped. and thus prevents the four WIN
LED’s from flashing spuriously anylime
the displays happen to be identical.

V15 INCHES- 1

FiG. 5—PATTERM (or th botiom of ihe PC board. See 1#xi on the plated-through holes.
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FIG. 5—NOW PARTS ARE positioned on the PC board. Note ihe polarily ol the capacilors and
dipdes, 1C'a 2T are inserled lacing down while IC's 1 through 13 lace up.

Now we can see that three conditions
must exist for pin 8 of AND gaie 1C8-¢
to output a HI: (1) the thre¢ displays
must be the same (IC12-d’s output HI);
{2) the WIN oscillator must be providing
a Hl and (3) $1 must be open and the last
display stopped.

When these three conditions exist. the
output of AND pate IC8-c is M1 and the
input to inverter 1C11-b is HI. The out-
put of ICI1-b goes LO and the cathodes
of all four LEDs see a path to ground and
light, As the WIN oscillator output goes
LO. AND gate IC8c output goes LO,
the output of ICIL-b goes HI and the
LED's go off. This sequence continues at
a ratc of about 4 times per sccond (WIN
oscillator frequency) until either S1 is
pressed again, or power is turned off.

PARTS LIST

All capaciiors 10 volis or higher rating:
#ll resistors * watt carbon 10%
R1—RA21 220 ohms
R22 —R31 1000 ohms
A32—R36 560 ohms
C1,C5.C8 10uF slecirolylic
C2.L3.C6 14F electrolytic
C4.C11 100uF slecirolytic
C7 500uF siectrotylic
€9.C 10 1000uF etectrolytic
D1,02,.03 IN4001 or equlv. {1A. 50 PIV)
LED1—LED4 Jumbo red LED
DIS1—DIS3 Falrchiid FND 510 5 inch
common.ancde 7-segmenl display
C1I1C11.1C13 7404 hex inverler
1IC2.1C3.1C4.1CS 7400 quad 2-input NAND
gales
IC5,IC6.4CT 7473 dual J-K flip-tiop
IC8,IC10 7411 iriple 3-input AND gate
1C12 74132 quad 2-inpult HAND Schmiltt
trigger
$1 SPST normally-open pushbution
switeh
S$2 SPST slide switch
A compiels kil of sll parts above. plus a
double-sided drliled printed-elreull
board with plated-through holes, s aveil-
able for $29.95. The PC board alone is
$10.95. Add $1 Jor shipping (USA} and
handling. Calornis residents add 6%
sales lax. Otder from:
PPG Electronics Co., Inc. Dept. RE
14725 Oxnard St.,
Van Nuys. CA 91401

Consfruelion

The Parts List shows that this design
uses a tot of parts. ineluding 13 integrated
cireuits. While you could certainly wire
this on a perforated board. it is far casier
and less troublesome to usc a printed cir-
cuit board. Figures 4 and 5 show the 1op
and bottom of a two-sided PC board
design. Il you make this board yourself,
be certain that the top and bottom traces
arc aligned very closely. Since you proba-
bly wont have the equipment lo plate
through the holes after you drill them. be
sure to solder each component on both
the top and bottom of the board wherever
traces would feed through. This might
mean using Molex pins instead of sockets
for the [C’s since the pins can be soldered
to both the top and bottom of the board,
while regular IC sockeis can only be sol-
dered 10 the bottom of the board.

The actual construction is very simple
if you usc the PC layoul shown, with only
a few precautions. Insert all parts into the
top of the board in the positions shown in
Fig. 6. Usc sockets for all 1C's—just in
case you insert the I1C's backwards (sce
Fig. 7 for orientation). or if an IC cver
necds to be replaced for any reason. Be
sure all capacitors are inserted into the
board with the proper polarity: the same
is true for the diodes and LED’s. For the

SMALL INDENTATION
OR
NOTCH

PIN |

PIN 1

FIG. 7—HOW PIN 1 IS IDENTIFIED on en IC
housed in & DIP packsg®.

1h4041 DROPS

BATTERY TD

APPROX, 5V
BATTERY * o + DIGITAL
(%) ~ MACHINE

FIG. B—DROPPING DIODE protecls againe! re-
varsed polarity.
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FRONT YIEW of ihe siol machine. Clear plaatic
pan®l makes all parta visible.

diode. the banded end is your guide: for
the LED:, look for a flat spot or notch at
the base. Be particularly careful 10 note
that the top edge of the displays have 4
nolches along thal side. Be very careful 10
put the right valued resistor in cach loca-
tion,

Testing

Use either 4 "D cells. a 6-volt lantern
battery or a 5-volt regulated supply for
power. DO NOT reverse polarity or you'll
probably zap the IC’s! It would be wise,
actually. to add a diode (IN4001 or
equivalent) in series with the power sup-
ply lead (scc Fig. 8), especially if you're
using batteries. With the diode, the 6
volts from the lantern battery is dropped
closer 1o the ideal 5 volts for TTL circuit-
ry. (If the display is dim or crratie, jump-
er ar remove the diode you added.)

Turn on 82. The displays should all
light, If &l three are the same. the four
LED"s should flash. Troubles can usually
be traced to (1) poor soldering (2) parts
in backwards, for those requiring proper
orientation, (3) component values in
wrong locations. Actually, the feast likely
problem is defective parts. sa check (1) 10
{3) above before blaming the parts.

Press 81 and watch the action!

Modifications and packaging

The entirc unit could be packaged in a
large box, but my model is sandwiched
between sheets of clear Plexiglas with
serews and spacers, with the switches and
power jack mounted on the upper panel.

You might want 10 inercase the stop-
ping time of the displays. to add to the
suspense. T his is most €asily done by add-
ing capacitance Lo each display’s slow-
down circuit-C4. C7 or C%/C10.

While the Digital Slot Machine won't
allow you to go home with a pocket full of
sitver dollars, at least you'll still have the
shirt on your back! R-E
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LUnmarked
C’s

How to identify those surplus and salvageable IC’s and reduce
the cost of your next digital construction project.

KIRTLAND H. OLSON, P.E. & ANN L. ZEVNIK*

SOME TIME OR OTHER. EVERY ELECTRON.
ics bufl gets hooked on at leasl one super
deal for unmarked components. Though |
generally shy away from such “bargains"
as oo Lime-consuming, | fell into this one
by making an all-too-common mistake.

It began when a neighbor introduced
me to a new surplus outlet operated by a
local manufacturer. On my first visit, |
looked at many circuit boards. filled with
IC%, and marveled al (he low prices.
Memorizing a few numbers and codes, |
resolved (o sce if any data sheets in my
files would reveal information on those
boards.

Success! Some numbers seemed famil-
1ar — 911,914,912 scemed to belong toa
resistor-transistor logic family (RTL) in-
troduced some years ago by Fuirchild.
Symbols that | remembered from the
packages told me that Fairchild. Motor-
ola. and Transitron had manufactured
those circuits. Although I had no specific
data sheets, my cellection revealed that
RTL had been made in dual-inline pack-
ages (DIP’'s) like thosc I'd secn.

| resoived to buy some boards on my
next visit, and parted with a few dollars
for several. Hedging my bet, |1 chose
those cenlaining discrete components as
well as integrated circuits. That way, if
the 1C's were valuelcss, | could al least
salvage a reasonable number of resistors
and capacitors. Tucking my prize behind
Lhe scat, 1 drove home, elated.

*Kirtland H. Cison. P.E., provides 1echnical and
management assistance 10 business and govermn-
mant. Ann L. Zevnik writes, lectures ana manages
sermingrs for The Harvard Group.

After several days of poring over data
sheets. and Lack issucs of Radlo-Elee-
tronies. my collection of diagrams. pin-
connections. and type numbers filled sev-
eral sheets of noles: bul discrepancies
began 10 arise. Some numbers had four
digits that didn't appear in any logic fam-
ily; other numbers suggested lincar cir-
cuits.

Such was my introduction lo date
codes: The numbers that guided my pur-
chase turned oul te be manufacturing
dates. Crushed, | put the boards aside for
several months. From Lime to time | con-
templated attempts al identification.

Now almost a year after my original
purchase, | wanted some IC gates and
decided 10 try 1o identify some of those
unmarked units experimentally. Al-
though | ultimately succceded, frusirat-
ing failures dogged my path. However,
cach failure taught me valuable lessons
from which | derived a scheme for identi-
fying unmarked digital IC's.

Hooking up lhe power supply

I started by trying to identify IC ele-
ments that would clearly indicate a logic
family. Still believing that the DIP's con-
tained RTL, [ expected to use a 3.6-volt
power supply: but | stilt needed to know
which pins 1o try, Several pin-pairs com-
monly serve as power and ground 7
and 14 often serve TTL DIP’s — but
RTL uses 4 and 11.

For most digital logic families, you can
connect any pin to a positive supply or
ground without damage. However, some
power gatcs would not survive that, if you

WWWwW americanradiohistory comm
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8EST BUY BOARD. Thiz sngle-mided board
containe both IC's and discrale components.
Eleclrotylic capacitors indicale vo!lage limits
and polarity. The Zanar dicds also tells us lhe
voltage snd polarity.

ANOTHER GOOD BOARD CHOICE. Elactrolytic
bypass capaciior lells us pelarily and maxi-
mum powar line voltage.
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happened to eonnect a colleclor directly
1o the supply while the transislor was
turned on: and RTL NOR gales might
atso be damaged. | put 500- to 1000-chm
prolcctive resistors in series with test
probes 1o cach side of the supply. Of
course, [ couldn't put such rcsistors in
series wilh the power supply, but [ was
using a diode string (scc Fig 1) that could
deliver only 50 mA anyway:
15002

L LI
= h 4
L

|

15%
53ma

= - -
FIG. 1—DIODE STRING in sefies wilh fesislor
acis ns » voltege divider. Each diode develops n
lixed voltaDe dfop acrods e junction.

Using printed circuit traces as clues, |
saw that pin 4 of all packages connecicd
toa common point. What | tock to be pin
1t also relurned to a common bus. As
leads didn’t always go directly. | paticntly
traced back Lo the common point on the
board. Using RTL specs as a guide, |
applied about 4 volis to onc DIP alter
removing it from the board.

Misscd ugaln! First. the voltage across
the 1C was only millivolts and T suspected
that the supply was backward. Reversing
the leads raised the voltages to more rea-
sonable levels. Pasi experience told me
that | should find gate oulpuls at definite
logic levels, and that inputs would not be
50 precise.

| began 1o mcasure voltages al cach
pin. The strange results puzzled me; few
pins showed anything sensible. | shut
down the supply and lurned to my notes
to check my work.

Idly picking up a board, | checked the
pinout again. As ] counled the pins. |
rcalized that it was pin 10, not 11, that
was common o many IC's. On turning
the board over, | spotted an elecirolytic
bypass cap. clearly marked with + and
—, Now 1 knew Lhe power pins gnd the
correct polarity.

Identilying the gates

Quickly soldering the power leads to
the proper pins, 1 began to repecal my
measurements. As the numbers filled my
chart, the gale structure began to reveal
itsell. On those IC’s, some strange voll-
ages appeared. | recorded 1them without
understanding. hoping Lo find an expiana-
tion later. Clearly, however, those volt-
ages didn't look like RTL. Many termi-
nals were near 1.5 volts, suggesting inter-
nal pull-up resistors for & current-sinking
form of logic,

With the chart filled in. | checked the
components near the place I'd removed
the TIC from the cireuit board. Small

capacitors conneeted the terminals with
oddball voltages to others. A cursory
check revcaled that the circuit boards
contained many such caps, connected be-
tween pins on the various DIP's.

Two pins showed values essentially
cqual Lo the supply voltage. and | took
those to be outpuls. Since gates are the
mosl common functions, | also assumed
that the DIP contained one or more gates
of an unknown kind. Deducing that |
would most likely find a NAND pgate, |
put the meter on the oulpul terminal and
began Lo ground each unidentified pin in
lurn.

| soon discovered four pins that made
the assumed outpul pin go low, when any
one was grounded. Moving the meter
probe, | found that the pin with the
strange voltage behaved logically opposite
to the output — bul varied betwecen 0.4
and 0.8 volts. rather than betwcen zcro
and supply. Moving on, I tried the other
high voltage pin and found a similar gate
structure.

Al that point, | wondercd how | would
identify the proper supply voltage. Ca-
pacitor ratings of 15 and 35 volts certain-
ly set an upper limit. Most logic familics
use five volts, but how could | be certain?
Luckily, | found one card with a Zener
diode on it, clearly connected 1o supply
the IC's.

CERAMIC BYPASS CAPACITOR doss nol indi-
caln Folerily or voltage, bul doss idenlily powmr
bussmm.

Mecasuring the Zencr voliage, | verified
that those IC's required 5 volts. Remem-
bering my previous mistakes. | decided
not to use my S-voit 1-amp lab supply,
but rather to use my + or —, |5-voll
200-mA supply with a dropping resistor
to limit available current 1o 50 mA. 1 used
the Zener removed rom the board to pro-
vide 5 volts.

Rewiring my setup, | re-measured voll-

ages at various IC pins and tested gale-

functions thoroughly. Testing all 32,768
combinations of 16 pins would take 9
hours at 1 second per test. 50 [ was glad to
have developed some clues firsi. As a
result, even Lrying to hold five probes at
once, | could prove within a half hour that
the 1C contained two positive logic AND
gates, cach with four inputs.

Celebrating my victory over a cup of
coffee. [ reflecled on how lucky | had
been so far, But luck helps those who are
ready: [ had balanced my mistakes with
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CHECKLIST FOR TESTING
SURPLUS DIGITAL IC'S

1. Use circuit clues lo identify power
pins. polarity. and voltage. it possi-
ble,

4. Skelch the circuil eonnectlions to
an IC before rémoving it irom the
board. Record pin® that are
grounded. liad lo plus, lied togeth-
er, or left open That procedure
reduces the number of combina-
tions you need lo try. Also record
the presence of pineto-pin resistors
or capacitors, they offen give valu-
able clues.

3. Measure the supply vollage al the
IC pins Immediately atler firing up
tha 18st circuit.

4. Usw Your voltmeter and grounding
probe o group gate Inputs togeth-
or. The open-circuil vollage al one
input to a gate drops mV when you
ground another input 10 the same
gate.

3. Teat one IC at a time untll you can
identity it.

6. Use a power supply that can only
deliver a few mA when shoried.

7. Use a yockal mounted to a bread.
board. Molex pins on drilled brond-
boards. or the upside-down socket
type. will accepl soldered pins.

8. If you don't know the vollage. start
al 3.6 to 4 volts. This way you won't
Kift RTL but will operate DTL/TTL.

9. Make a simPle clock pulser 50 you
know you get one clock pulse per
actuahion,

10. Use 470 chms to 1k chms In series,
with probes 1o connect Inputs 1o
plus or ground.

11. Once you identily one lunction.
test another mystery Ko that has
Identical markings to see il It is the
same function. Then test another
with some {(not ait) markings difter.
ent. Establish which marks relate to
function.

« Outputs tend to take either the
highest or lowest voltages, sec-
ond only to the power and ground
connections.

» Clock Inputs may eppear to be
grounds when lett floating.

» Normai gate inputs tor current
sinking logic are 2 to 3 dlode
drops above ground — that s
1.2 to 1.B volts when floating.

+ Voltages ditfering from the stan-
dard logic levets usually Indicate
nodes, expanders, or special in-

i puis for external componants.
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good moves. Choosing boards with dis-
crete components gave me elues (like the
Zener voltage) that would otherwise have
been missing. Using a current-timited
supply’ meant that my mislakes in con-
necting power were not fatal to the IC,
and provided both information and a sec-
ond chance to use it. Buying IC’s on
boards gave me circuil clues not available
in “by the bagful’ specials.

Getting the first |C off the board had
been a chore. Lifted pads and bent lcads
gave mute evidence of trouble to come.
Unfortunately, the pads lifted easily from
those boards {some kind of paper epoxy,
not glass). The manufacturer had bent
the IC leads over on the circuit side of the
PC board, making removal difficult.

Then | had an inspiration! Realizing
that there was no real reason 1o save the
useless board, [ decided to cut the traces
next to the pads and deliberately lifi the
pads individually with my soldering iron,

Using a small hobby grinder, | cut cach
trace as closc to the pad as possible. {if
you don't have a grinder, usc a razor
blade or sharp knife to cut the circuit.)
Heating the pad until it lified, 1 slid the
pad off the bent IC pin. With longnosc
piiers, 1 straightcned cach lead and the
DIP's fell off the board into my waiting
hand.

Sorting the IC's

Negr the date code, the [C's | bought
bore cryptic markings consisting of four
letters and one number. For example. the
first 1IC | tried was labelled AAALA4.
Finding another DIP marked AAAL4
with a differcnt date code, | rcmoved it
from the board and procceded 10 test the
circuit, assuming it would be the samc.
Within minutes. my assumption was
proven correct.

13— 12
14 ==
1~ 1t
e 3 —
5 —

FIG. 2—DEVICE had 2-inpul snd 4-nput AND
gates feeding & 2-lnput HOR pate.

Excited by success, | sought a ncw
challenge. A DIP marked AAVLI
secemed less formidable than one marked
AAFAI suppose that meant “full
adder!” Removing the AAVL] IC, | siill
marveled at how easily | could remove the
circuit trace from the package, rather
than 1eying to wrest the package from the
board.

By now | knew that the circuit con-
tained many valuable clues. Accordingly,
| made notes 10 show where the small
capaciters connccted; which pins were
grounded; which connected together. and
which had no cornection. This time |
quickly verificd that onc of the pins con-
nected to the Capacitor was an oulput, and
there were two of them.

Figure 2 shows the diagram as |
derived il. Becausc pin 11 presents a
NOR function, | needed more time o

determine its operation. 1 found 1t easiest
to define those functions for positive
logic, since the pgale inputs normally
assume the high state. Thus. pin 11 of
AAVLI normally stays low if all inputs
are open. Grounding 3 or 5, or both,
raises 11 omdy if 13, 14, |, or 2 is also
grounded. Later. | learned o way 10 tell
which pins were in the same gate inpul,
but at this point. logic alone sufficed.

Since a ¥ in the identifying numbering
sequence occurred when | encountered a
NOR function. | resolved to see if
AAALS numbcred device would be only
AND gates. Again using circuit board
clues, [ made my sketch (sec Fig 3). The
outputs werc high and did not respond
rapidly to grounding single input pins.
Clearly those were not simple AND
gates.

Using the meter and the grounding
probe, | discovered that some inputs
affected others. If the DVM read | 483

a6 (=) C_ 1IN
He (O ) 6N
choe () ) SN
Hn () () /T
w2 T 3w
w13 ) C D 2
mu C

FIG. 3—DEVICE PIN-OUT wlth identitied leads
and thelr funcHons.,

on onc input, grounding any one of sever-
al other inputs reduced the reading to
between 0.9 and 1.1 volts. [ had found a
way to deduce which inputs entered the
same gate! External pin measurcments
reveal close internal conncctions. Know-
ing which inputs comprisc the same gates
provides the key 1o unscrambling compli-
cated 1C’s.

REMOVING IC’s FROM
SURPLUS
CIRCUIT BOARDS

Although many manufacturers otter
devices 10 ease IC removal, most of
those 1ocls are designed to try and pre-
serve the circuit board. H you recognize
thal the Surplus bhoard is worthless,
except to carry homo your IC's. there's
an easwer way 1o remove DIP's {rom
cards.

The trick is t0 do the Job in steps:

1. Cul the eircyit traces, 50 sach pad
can be removed separalely.

2. Heat the pad with your soldering
iron until you can slide it over the bent IC
pin.

3. Straighten the IC pins, one by one.
50 the DIP drops off the board.

That ptocedure wrecks the board. but
separates the de-soidering operation
from mechankally remaoving the IC.
DIP's come ol easily, with straight.
clean pins that will still fit a socket.

Hebby grinder Cutting traces requires light

touch.
oS

—E AL,

— —-ma

e = e " -
=7 e

g
-

IC bafore removal, iraces and Pads iNtact

Heat pad with soldering Iren. side off In
direction of bent pin,

w -

L o N S

Altar ramoving sl pads. stlalghteén each min
with long-nosed pliers.
A

——

Board ie destroyed, bul IC drops out with
atrawghl. usabhs BN

Hopelessly difficult to romove. 1his IC s
entitely grounded.
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2 RADHJ-ELECTRONICS

Rapidly checking cach pin against the
athers, | found four input pairs. Deducing
that those pairs further combined inside
the gate. [ strapped Ihem logether and to
ground in various combinatlions ultil a
sensible pattern emerged. Im a short while
| derived the diagram shown in Fig. 4.
That DIP contains two pairs of two-input
AND gates followed by the OR IN-
VERT sections. As I'll show you later,
you can connect each of those to make an
exclusive OR.

My assumption that V" signified
NOR was clearly down the drain. Tesling
several units of each Lype. | could verify
that the alphanumeric code uniquely
identified the device, but still could not
deduce the meanings.

On to other IC's

Confident that | could attack more
complex functions, | tried an AAFLI.

CHECKLIST FOR BUYING
SURPLUS DIGITAL IC’S

1. Avoid muiltilaysr boards. They
make it hard 1o get the IC's off with-
out special eguipment. (You can
lell multiiayer boards by holding
them up 1o a light, It you see circuit
traces Lhat aren’l on either side of
the board. it's a8 multilayer type.)

2. Pick singlesided PC bosrds when-
aver possible.

3. Next choose doubls-elded
boards.

4. Chooss boarde wilh physical de-
fecta (pad solder or cracks) over
1hose with burn marks or other obvi-
ous wamings You are more likely to
get good, new matensls,

5. Gel bosrds with discrele compo-
nente—sspecially Zeners or fiter
caps—Io give you ciuves 1o IC volt-
ages and pinoul. That way. il the
IC's turn out badly. al least you'll
salvage somé componenis

6. Pick boarde Lhal bave repelitiva
patterns and many IC's of one kind.
They will help you find clock lines,
power pins. and essanlial control
lines.

7. Prefer boards with elraight IC
pins.

8. Pick boarda thal have tha smallest
pade around IC pins, making It easi-
er to lift them with & soidering iron.
Big solid blocks of clrcuh are hard to
fift.

9. Avoid glass epoxy boards. They
hold their pads better, so you musl
work harder 1o get the IC's ofl.

10. Remambaer thal numbers lika 911
or T222 are likely t0 be date codes
uniess you see the complete manu-
tacturer’s number.

O ) e ’9
S
& )—ﬁzg'

FIG. 4—THIS DEVICE was found 1o contaln two
paira ol 2-input AND galsa. Esch AND-geta pair
ted into & 2-nput NOR pata.

13
14

1
2
k]

D
iy

FIG. 5—LOGIC DIAGRAM of the IC belors sl
land conneclhions and tunctions had been iden-
tified and lebeled.

e
I >+

FIG. 8—TwO MNAND GATES connecied sz »
switch-opereted clock thet produces @ single
pulse each time swilch in preased.

e vin oo

?

Once again | found two oulputs, and
established the pairs of gates. As I mea-
sured one oulput, grounding inputs in
turn, | got very confusing results. | could
swear that the output state changed, but
repeating the test showed no result.

After going through several such se-
quences, | began to measure both outputs
after each 1est. Suddenly it was clear -
feedback points always changed in syn-
chronism. That revelation opened new
possibilities to explore. Although more
compiex Ffunclions could give the ob-
served changes, I deduced that AAFL1
contained flip-Aops.

Checking that assumption. [ found that
pin 7 on AAFL] sccmed to be connected
10 ground internally: it always remained
withir a few milivolls of ground. | decid-
ed to seek circuit board clues. Finding a
board containing only AAFL] devices, |
discovered that all pins 7 were bussed to
tonductors that lefi the board. Further-
more, by examining the other connec-
tions around AAFLI devices, I surmiscd
that of the inputs, only pinrs 13 and |
could not be simply tied to ground.

Let’s review the siluation. because flip-
flops are a little harder than simple gates.
Figure 5 shows what | knew belore using
circuit board clues. Bussing of pin 7
indicates some common purpose. and ils
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normally low voltage (when uncon-
nected) sets it apart from common gale
inputs. Of the remaining terminals. ¢ and
Il are outputs: 8 and 12 arc Vhe corre-
sponding feedback points for capacilors:
4 is the positive supply. and 10 is ground.
Circuit board traces always take 13 and |
io the connector; 14 is sometimes used
and sometimes open, and 2, 3. 5. and 6
connect 10 ground.

Piecing all that together, | opted to
strap 2, 3, 5, and 6 o ground, lcave |4
open. work with 13 and I, and assume
that 7 was the clock. At first. | tried
ctocking the flip-flop with a probe, con-
necting allernately 10 +5 and ground.
That set-up lurned oul to be unreliable.
as the imperfect contact generates an
unknown number of pulses. Figure 6
shows a simple, switch-operaled clock
that produces a single clock pulse each
lime we operate the snap-action switch.

g )

S
=l — 1_)‘

¥ *
FIG. 7—EXCLUSIVE-OR mada from Ilwe AND
gales and NOHA gats in hall of AAALS.

Using a similar clock generator, | could
cycle the clock line for varying combina-
tions of logical inputs to pins 13 and I.

Tables of inpuls & cutputs

By reducing the number of terminals
to be tested, | generated simple 1ables
relating the logical inputs and oulputs
before clocking to the logic outputs after
a clock cycle. Having then a guide to
operation, I could alter the state of pins 2,
3, 5, and 6 in various combinations and
derive a logic representation of the flip-
flop.

Using the lunctional diagrams I devel-
oped. [ built a seven-stage feedback shift
register that generates 125 of all 127 pos-
sible sequences of 7 bits. In essence it
makes digital noise. | used an AAALS as
an exclusive OR (Fig. 7) 10 feed back
signals from the last two stages of the
shift register 1o the first,

As you can see [rom Fig. 7, the AND
gates form the functions A.B" and B.A’
before being OR'ed and inverted. Thus
they provide an outpul only if one flip-
flop is high and #or when both are high.
That generates the exclusive OR func-
tion.

Now, | realize that your unmarked or
house-numbered IC's will be coded dif-
ferently from the ones | bought. But with
simple equipment and careful measure-
ments. you can idenlily digital IC's pre-
cisely erough 10 use them for many pro-
jects. Buying carefully will help you to
gain many hints for the solution of your
particular puzzle.

Use the three checklists on buying and
testing surplus digital IC’s to help your-
self to bargain components. R-£
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CONFERENCE
CALL Telephone

Accessory

Have you ever wished that you could converse via telephone with two
separate parties at the same time? If so, it is possible that you
can do it using this inexpensive and easy-to-build telephone adapter.

JULES H. GILDER

WOULD YOU LIKE TO BE ABLE TO TALK TO
your Auni Bessie in Florida and your
sister Eileen in New York at the same
time? You could ask the telephone opera-
tor who (for a special fee) could probably
arrangc such a round-robin conversation,
commaonly referred lo as a conflerence
call. Or, if you may be lucky enough to
live in an area where the telephone com-
pany offers its subseribers a special con-
fecencc-call service for an additional
monthly fee.

If neither of these solutions appears
practical, then just rummage through
your junk box for a handful of paris, or
buy cverything you need frony your near-
est elecironic parts dealer 1o make a
confercnce-calling device for less than $5.
All you need is two |-uF nonpolar capaci-
tors and a double-pole-single-throw
{DPST) switeh. If you want your project
to look nice and make it simple to hook
up. you can also buy a 3 X 2 X l-inch
plastic box and a telephone jack and
plug.

One more important thing: To use this
device, you must have two separate phone
lines (i-e., two different phone numbers).
Also, since this project is direcily con-
nected 10 the phone line, you should
check with your local telephone company
to see if it has any objection to your using
this device.

Aboult the cireuil

Talk about simple circuils . . . there
aren’t many simpler than this one. All the
circuit consists of is two capacitors and a
switch; even a novice elecironics hobbyist
should have no problem assembling this
handy telephone accessory.

TELEPHONE JUNCTION BOX

TO TELEPHONE 1

8ED Cty;fuF. 250V ors'1¢ RED
]
2 | green G2y W20V bo, QREEN
i
I L
TO TELEPHONE 2
T et N (e A 1ok
{ RED ) JuF, 250V s |
I| 2 |cheen g 280V o’l“'c |
| I
I !
E}TELEPRUNH it

CONFERENCE CALLER

FIG. 1—WITH TWO SEPARATE TELEPHONE LINES brought 10 Yous desk or other convenien! poinl.
you can use this simple circuil lo Initiale conlerence calls

THE CONFERENCE CALLER accessory and the
jeck-in-8.plug that makes it ¢asy L0 Connecl to
and disconnac! from tha Phone lines

PARTS LIST

C1— t-uF 100 VDC, nonpoler capatltor
C2— 1-4F 100 VDC, nonpotar capacitor
SW—DPST switch
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Basically. the circuit couples two tele-
phone lines together without interfering
with the operation of either line. 1t does
this by letting the audio signals pass from
one line to the other and preventing the
DC control signal of the telephone net-
work from passing through.

One way o accomplish this is 1o use a
specially wound isolation transformer
that has windings of equal impedance. A
simpler and lcss costly method is to
simply place a |-uF capacilor in serics

with the connections between the two.

telephones as shown in Fig. 1. The switch
merely makes it possible for you to decide
when to connect the second line in and
when lo cut it off.

continued on page 71
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2 RADIO-ELECTRONICS

By HUGO GERNSBACK

A half-century ago,

the first radio for the public’s
use and enjoyment

was markeled.

Differing vastly from loday's
radios in conslruction

and function, it opened the
field of radio for

private inlerest and
amusemenl rather than
commercial communica-

t1ons use.

Above—Advertisement for the first radio set offered the
public. It appeared in Seientific American, Jan. 13. 1906.
Right-—Pieture diagram of layout, drawn by Hugo Gerns-
back in the 1300°a: A, G, antenna. ground; S. spark eoil;
B, batteries; K, key; AS, relay adjusting spring; 8D, co-
herer—~Conncctlona: 9, B, to relay electromagnets; 7, 11, eo-
herer; 13, 16, decoherer; 14, 15, relay contacts.

HE year 1956 marked the 50th an-
niversary of the first home radio
sold to the public anywhere in the
world.

It was not radio as we know it today
because in 19056 there was no com-
mercinl brosdeasting. But wireleas had
been Koing strong for scveral years and
amateur radio too had Just begun.
Marconi and other pioneers were trans-
mitting intelligence by the dot-and-dash
method; indeed wireless in those days
was rapidly forging ahead.

The public st large knew litte or
nothing about wircless before 1905, ex-
cept whet they read in the papers and
in magnzines. Ay for owning a wireless
home #et, it had not as yet been born.

Previous to 1905, in 1903-04, the
writer hmd been working on a small
portable transmitter and receiving out-
fit which he felt could be sold to the
public. It took several Years to perfect
it and make It foolproof so It would
work under practically all conditions.
It had to be low in eost so everyone
could buy the outfit,

This ambition was renlized some time
in 1905. After making a number of
models the writer began to market the
first home or private radio set ever seld
to the publie.

As there were few wireleas stations
in the country, it became necessary to
sell a tranamitter, toe, so amateurs
could set up a transmiitter and receiver
nt home. Then whiic on¢ poreon wae
transmitting signals, the other could
receive them. Or the transmitter could
be set up in one room and the receiver
would ring a bell in the other room

WwWww americanradiohistorv comm

without any Intervening wires what-
soever,

The outfit that accomplished all this
was known as the TELIMCO Wireless
Telegraph Outfit, TELIMCO is & con-
traction of the first jetters of the writ-
cr'a old pioneer firm, The Electro Im-
porting Company (E. I. Co.), which
became famous between 1904 nnd 1915
as the first radio mafl-order house in
the world. Only comparatively few sets
were sold tn 1905. But in 1906 the little
outfit went into quantity production and
was sold through many large outlets,
including snch famous stores as Macy's.
Gimbel’s and F. A. O. Schwarz, the
country's largest toy establishment,

Incidentally, it was first advertised
in the magazine Scientific Ameriean in
the issue of Jan, 13, 1906. Thie was the
firat home rodio et advertiSenment to
appear in print anywhere.

The writer well remembers the in-
eredulous looks of many of the store
owners when they were first approached
to bny “wireless sets.” It was necessary
to make & demonstration in each ease
before snyone wounld stock them.

The complete set, both receiver and
transmitter, at first was marketed for
$7.50. This was raised |ater on to $10,
at which price most of them were sold.

The photograph shows an exact rep-
liem of the original outfit, bullt by the
writer, to commemorate the 50th an-
niversary of the first home radio set,
The tranamitter, with the three diy
cells and key, was composed of a 1-ineh
spark coil. The “l-ineh” here means
that the coil threw a l.ineh spark
through free alr, between wire points.

o
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Mounted on the spark coil, on two metal
standards, were two brass oscillator
balls between which a amall blue spark
jumped the %-inch gap. The spark coil
had a fast vihrator so that cvery time
you depressed the key a spark would
jump between the two balls. Depressing
the key for a short period would give a
dot, a longer period would give a dash.

The receiver was a 75-ohm “pony”
relay which had to be so sensitive that
if you blew your breath slightly against
the armature its cobtacts would elase.
There was also n sinfle dry cell and the
all-lmportant coherer. It was simply
constructed of two large, double hinding
posts through the bottom holes of which
passed two silver-plated brass rods. A
glass tube, placed between the two bind-
ing posts, was slipped over the two
brass rods. These ajlver-plated 34-inch
metal rods fitted the glass so that there
was extremely little or no play. The two
rods were separated about 3/16 inch,
forming a gap. This gap was filled with
the *soul of the set”—the coherer
filings, composed of 905 coarse iron
and 109 conrse silver filings. By
shaking the mixture well it was ready
to be used. The filings had alwa¥s to be
loose, never packed tight.

The decoherer—san ordinary house
bell—was mounted so that the clapper
of the bell would strike against the
glaan tubec of the coherer at the exact
spot where the filings were. If the dia-
gram is studied, It will be seen that
every time the relay closes fts contacts,
the bell will ring through the single
eell.

Now, if you depress the key at the

transmitter, the two acrials (aerial and
counterpoise) will emit radic waves.
Curiously enough, the waves which the
writer used 60 years ago were of the
very short variety (above 30 mega-
cyclea) to which modern radio has come
back. The two aerial wires of the trans-
mitter measured less than 134 feet.

Inasmuch as the coherer is directly
in the receiver serial circuit, the fillngs
offer a very high resistance. But under
the onslaught of the radic wavea they
instantly become an excellent conductor
—as if they now were a solid conduetor.
The relay, in the same circuit, now goes
intoe actioh, attracting the armature
which clozes its contmcts. This sets off
the decoherer bell which rings and
shakes up the coherer filings. These now
fiy apart—they decohere—and the co-
herer becomes nonoperative until the
next wavetrain commes along.

Thus every time you press the trans-
mlitter key, the bell at the receiver
rings. It rings as long as you hold the
key down. A long ring iz a dash, & short
one a dot.

You can pick up the recelver and
walk to the next room, yet the bell
sounds without any visible connectjon.
Even through thick walls, signais still
come in.

One of the things that bedeviled us
in the early days was sparking at the
relay contacts. This would set up elec-
tromagnetic waves and often the out-
fit gave no clear signals; sometimes the
bell woutd ring for seconds after the
signal. This was overcome by putting
a 5-uf capacitor across the Telay points.

The range of the TELIMCO Wireless

Telegraph Outfit was between 800 to
500 feet when used without ground
connections. By using an elevated aerisl
50 to 100 feet {n length and by ground-
ing one side of both tranamltter and re-
ceiver to a water or gas pipe, the range
was easily increased to one mile. Indeed,
hundreds of people who bought the out-
fit at the time reported excellent re-
ception even gver greater distances, but
these, of course, were exceptions. Note
that this sct used no tuning whateoever.

A curious thing nbout this little out-
fit today is its strange eoffect on radio
people who never heard of the ancient
spark coil and coherer sets. Young
radiomen, who have never seen one of
these outfits, are usually very much
perturbed and astonished when the
writer demonstrates it. The reason of
course is that people have difficulty
realiging that with a little three-dry-
cell tranamitter it is possible to ring
a bell through intervening walls while
the novice holding the recelver.

Radiomen today think of devices
which operate relays as being relatively
large and find it hard to believe that
such a small portable transmitter and
recejver cotld do the work.

It ia concejvable that some time in the
future these same jnatrumentalities
may still find & use in modern radio and
electronies which may not be apparent
today.

The TELIMCO outfit here deseribed
has recently been acquired by the Henry
Ford Museum of Dearborn, Mich. It
was donated by the writer. It will be
permanently exhibited in the radio
section of the museum. END

HOME RADIO

MARCH,

1956
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Replicaa of the original transmlit-
ter and receiver, soon being sent to
the Ford Museum at Dearbeorn.
Left—the receiver: A, aatenna
system; B, dry cell; C, eoherer; D,
decoherer; I, adjustabie coherer
rods; R, 75-ohm relay. Rlght—the
transmitter: A, satenna and count-
erpoise; B, dry-eell power supply;
C, 1-inch spark coil: O, spark-bhall
oscillaters; K, trsnsmitter key.
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TRS-80 ==
BREADBOARD

Part 3— Build this breadboarding device that serves as an interface
between the TRS-80 microcomputer and circuits you are designing.
Here are some experiments that show how the device can be used.

IN THE LAST TWO [SSUES WE COVERED THE DEVELOPMENT AND
construction of this interfacing breadboard that lets you connect
external devices to your TRS-80. Now, let’s see how to use it.

Experiments you can do

A simple traftic light controlier: In this experiment, you will
construct a traftic 1lght simulator so thal various light patterns
may be experimented wilh, under the control of programs in Lhe
TRS-80 computer. The first step is 1o construct the “traffic
light”" using individual colored LED's, and the second step is to
deveiop 1he necessary software that can be used to controi the
needed lamp patterns. Wire the output port shown in Fig. 16.
Make the necessary conneclions between the two SN7475
latches and the dala bus. Remember that cach of the latch IC's
requires a power and ground connection for proper operation,
Individual LED’s have been used to simulate the traffic light's
lamps. You will ind that colored LED's make the patlerns easy
10 recognize. Individual 220-ohm current-limiting resistors have
been used with each LED. The SN7475 Jaich outputs have been
used 1o directly drive each LED. In this configuration, a logic
zero at a latch oulput will turn the corresponding LED on, while
a logic one will turn the LED ofl. The latch enable input may be
obtained from the NOR gate circuil shown in Fig. 15.

If this circuit is not wired on your solderless breadboard, you
may wish lo wire il at this time. Remember to connect +35 volts
and ground to the SN7402 NOR gate. In this configuration, the
laiches will only be activated to accept information from the
TRS-80 when an OUT 6.X instruction is excculed. Of course,
X must be defined in the program so that Lhe compulter knows
what is to bc output Lo the latches.

Once the LED's have been wired 1o the latch IC’s, and the
latch IC’s have been interfaced 1o the TRS-80 through the
interface breadbeard, you should try and test cach of the LED's,
First. lo be sure that all of the LED’s have been turned off,

JON TITUS, CHRIS TITUS, and DAVID LARSEN
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THE FOUR NOR GATES ARE FROM SNT402

FIG. 1S—SCHEMATIC DIAGRAM of the NOR gata ewrcuit used tor lasting
the braadboard.

SN7475
D7 - --;in a %mc
0ATA/ 86 — 1 e Ve 2202 {ALL)
BUS p§ — G;;..:\' - AAA - +5V
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FIG. 18— A SIMPLE tratfic-light mimulator. See Lext tar program.
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execute an OUT 6.255 command. Now, with the following LED
configuration:

Bit LED

Do Red

(53] Yellow ELM Sireet
D2 Grean

D3 Red

D4 Yellow MAIN Street
D5 Green

determine what patterns of logic ones and logic zeros are needed
o control cach of the individual LED's.

Since the latches can drive the LED’s directly. the following
bit patterns were assigned to each of the LED positions:

ELM Red 284, 11111110,
ELM Yellow 253 11111101
ELM Green 251 11111011
MAIN  Red 247, 11110111,
MAIN  Yellow 239 1101411
MAIN  Green 223 11011111

Once you have compared these individual patierns with the
ones you have determined, test them using your computer and
your interface. You should be able 1o use statements such as
OUT 6,251 to test cach LED.

When all of the LED's have been tested, write a short pro-
gram that will fAash the yellow lamp on Main Street, while
flashing the red lamp on Elm Street. Both of the lamps may
flash at the same time, or thcy may alternate. Use a 2-second
flash period; that is. 2 scconds on, 2 seconds off, and so on. The
following program may be used 10 flash the lights at the same
lime:

10 OUT 6.255

20 FOR T=0 TQ 300:NEXT T
30 OUT 6.238

40 FOR T=0 TO 300:NEXT T
50 GOTO 10

Two time-delay statements have been used. one at line 20, and
the other at line 40, 10 create one second delays in the program.
Since two of the LED's are to be turned on and off at 1he same
Lime, the bit pattern is 18101110, or 238. We will leave it up to
you to write the program that could alternale the fashing
LED’s, rather than fiashing them at the same time.

To actually simulate a traffic light, you must first figurc out
whal lamp patlerns are required at an intersection. We suggest
that you try and do this before you go on. You can then compare
your answers with ours. Actually, only four different patierns
are required, which may scem to be fewer (han you expected.
These patierns are noted below:

1. Red on Etrn, Green on Main 222

2. Red on EIm, Yellow on Main 238

3. Green on Elm, Red on Main 243

4. Yellow on Elm, Red on Main 245
The decimal equivalent for each pattern has also been deter-
mined.

Now, the program to control the traffic light must be devel-
oped. You should assume a 2-second yellow period, with a 6-
second green period for Elm Street. and a”10-second green
period on Main Streel. Once the lamp patterns have been deter-
mined. the program is rather simple. The following program
may bc used:

10 M=10:E—=6
20 DATA 222, 238, 243, 245

30 READ L
40 OUT 6.L
50 FORI=0TO M
60 FOR T=0 TO 300:NEXT T
70 NEXT |
80 READL
S0 OUTB.L
100 GOSUB 1060
110 READ L
120 QUT 6L
130 FOR =0 TO E
140 FOR T=0 TO 300:NEXT T
150 NEXT |
160 READ L
170 OUT 6.L
180 GoOsSuUB 1000
190 RESTORE
200 GOTO 30

1000 FOR I=0TO 2

1010 FOR T=0 TO 300:NEXT T
1020 NEXT |

1030 RETURN

While this program worked quile well, there are a number of
simplifications that can be made to make the program more
compact and more efficient. Can you suggest some changes that
could be made?

In the second traffic light controller program, an array has
been set up for the traffic light lamp patierns. and also for the
periods for which they are 10 be activated. Now, a generalized
control program can be used, rather than the long sequencing
program used previously. Some statements have also been added
so that you may enter the periods needed for Elm and Main
green times {in seconds).

10 A{1)=222:A(2)=238:A(3}—243:A(4) =245
20 M{1)=0:M{2)= 2:M{3)=0:M(4)=2
30 INPUT “MAIN";M(1)

40 INPUT “ELM™M(3)

50 FORQ=1T0O4

60 OUT 8.A(Q)

70 FOR i=0 TO MiQ)

80 FOR T=0TO 300:NEXT T

80 NEXT I

100 NEXT Q

110 GOTO 50

So far, the compuler has been used merely as a sequencer,
since it has only performed simple sequencing functions. with
fixed times between each lamp pattern. There are probably
many situations in which this type of sequencing might be use-
ful. Just think of the many tasks that you perform ume afier
time, with little or no variation. Let’s now consider expanding
the traffic light program so that it will respond to changing
traffic patterns. We will assume thal two sensors on Elm street
(one for cars going in cither direction), and two sensars on Main
Street have been OR’ed 1ogether so that cars are readily
detected by the computer. Assume that the E and M keys on the
computer are used for the car sensing functions.

Develop a program that will normally have the traffic light in
the Elm Sirect—Red and Main Street—Green situation. After
thirty seconds of “green on Main Strect™ havc clapsed. the
computer will start to sense cars on Elm Street. If cars are
sensed after this initial 30-second period, then Elm Sireet will

The following parts are available irom E
4 L Instruments, Inc., 8% First St., Derby,
CT 06418,

Order No. 355-§125—Complele kit in-
cluding PC board, case and all parls,
Does nol include interconnect cable.
Specify 117V ar 230V version. $139.00.

Order No. 355-8175—Interconnect cs-
ble assembly (connects breadboard to

KIT INFORMATION

TRS-80 compuler}). $25.00.

Order No. 355-61D0—Assembled 117-
volt version. $185.00.

Order No. 155-86150—Assembled 230-
volt version. $185.00.

Connecticul residents add state and
local taxes as applicable.

A pre-drilled and etched PC bhoard is
available trom Technlques, Inc., 235 Jack-

son St., Englewood, NJ 07831, for $24.50
posipaid. New Jersay residents add 5%
sales tax.

Copies of the book TRS-80 Inlerfacing
{published by Howard W. Sama snd Co.)
is available tor $7.95 plus 7S¢ tor shipping
and handling from Group Technology,
Ltd., PO Box 87, Check, VA 24072
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be cycles through a 30-sccond (or less) green period. Since it
will irrfiate drivers on Main Street when a single car actuates
the Elm Street green period for 30 seconds, the program must
also ¢ount the cars sensed on Main Strect, when the Eim Street
green period has started. When a certain number of cars, say
five, are sensed on Maln Street, then a new green peried on
Main Street will be started. Of course, each “switch” in the
light patterns must go through the normal green-yellow-red
sequence. Try and develop this program to control the traffic
light. With some variations in liming. we used the program 1hat
follows. Shortened time periods were used to speed the testing
of the program:
10 A=0
15 REM RED ON ELM, GREEN ON MAIN
20 OUT 6,222
30 FORA I=0 TO 10
40 FORA Te=0 TO 300:NEXT T
50 NEXT)
80 A$=INKEY$
65 REM E KEY PRESSED AFTER 10 SECONDS
70 IF AS="E" THEN 80 ELSE &0
75 AEM RED ON ELM, YELLOW ON MAIN
80 OUT 8,238
90 FORA I=0 TO 2
100 FOR T=0TO 300:NEXT T
110 NEXT )
115 REM GREEN ON ELM, RED ON MAIN
120 OUT 6,243
130 FOR =0 TO 10
140 FOR T=0 TO 150
150 B$=INKEYS
160 IF B$="M" THEN 190
170 NEXT T:NEXT |
180 GOTO 210
190 A=A+1
200 IF A=5 THEN 210 ELSE 170
205 REM YELLOW ON ELM, RED ON MAIN
210 OUT 6.245
220 FORI=0TQ 2
230 FOR T=0 TO 300:NEXT T
240 NEXTI
250 GOTO 10

Controlling an analog voltage:

There are many situations in which & variable analog voltage
is required. Controlling such a voltage by using the TRS-80
compuler and some simple software provides a great deal of
fiexibility that can not be obtained in other ways. Probably the
casiesl way Lo have a small computer generate an analog voltage
is through the use of a digital-to-anaiog converier (D/A). These
devices are available in many configurations, but they can be
briefly explained by stating that they can produce a voltage
within a known range, say zero to 10 volts,

The actual voltage produced is proportional (0 the binary
value provided to the converter by the computer. Thus, for an
eight-bit D/A converler, a binary value of zero would cause the
converter Lo oulput zero volts, while an input of 2SS (11111111)
would cause the converter to generate the full 10-volt output. A
binary value between these Jimits would cause the converter to
generate a proportional voltage, for example, 10000000, or 128,
would generate a + 5-volt output. For additional information on
D/A converters and other interesting converter devices. we
refer you to: Aicrocomputer-Analog Converter Software &
Hardware interfacing, Howard W. Sams and Co., Inc., 1978.

In this experiment, a Signetics NESO1B eight-bit D/A con-
verier IC has been used. Other similar eight-bit converters may
2lso be used, providing similar rcsults, but the NESO18 has
some nice features that make il easy 10 usc in computer systems.
These features include 3 built-in eight-bit output port latch. an
on-chip reference and an on-chip buffer amplifier. The NES018
is wired as shown in Fig. 17. An SN7402 NOR gate chip has
also been used o generale the required Laich Enable (LE)
signal that will control the flow of eight bits of information to
the latch, and thus to the D/A converter.

+15V —18Y
I 0.01
19|17 |§‘\i
9
07 —Juss
0 — Vour|® o 0-10VOLTS
D5 _ OUTPUT
— 6} HS0pF
"el o3 8| sum 2 .7
07 4| Nesow L L
Dl—; COMP I Tht0pF =
Do LsB 1
L rer P4
T3
REF P2
1/25N7402
7 ' TR 151;: 2
ouT == | N
NG NG

FIG. 17—A SIMPLE 9-BIT digital-lo-snalog interiace.

Actually, the D/A converter does not generate a conlinuously
varying voltage, since only 256 different voltages may be pro-
duced, one per eight-bit value. This means that in 3 converter
with a zero to 10-volt range, the Individual voliages will be
approximately 39 millivolts from the one on cither side™ of it.
With the interface shown in Fig. 17 connecied o your interface
breadboard, try and write shorl programs that will 1} generate a
pasitive-going voltage ramp over and over again, 2) do the same
thing for a negative-going voltage ramp, and 3) generate a slow-
ly increasing and then slowly decreasing vollage outputs to gen-
erale a triangular output. These programs are listed below:

1) Program for a Posltive Ramp

10 FOR I=0 TO 255
20 OUT 6.l

30 NEXT )

40 GOTO 10

2) Program for a Negative Ramp

10 FOR =255 TO 0 STEP —1
20 OUT 8.l

30 NEXT)

40 GOTO 10

3) Program lor @ Triangular Voltage Oulput

10 FOR I1=0 TO 255

20 OUT 6.l

30 NEXTI

40 FOR =254 TO 1 STEP —1
50 OUT 8,

60 NEXT |

70 GOTO 10

There are many applications in which DfA converters are
useful, and in fact, some computer systems have a number of
D/A converters interfaced to them. Some possible applications
include the control of X-Y plotters so that graphic displays of
information may be produced. the control of servo motors for
positioning solar detectors/collectors, the $weeping of frequen-
cy generalors to generate computer music, the control of filters
to filter out various Lypes of elecirical noise, and even the gener-
ation of known voltages that may be compared against unknown
voltages to determine their value.

There are many, many other digilal devices that may be inter-
faced o your TRS-BO computer through the interfrce bread-
board; UART's and USART's for scrial communications, 20
mA RS-232C loops for teletypewriter and rerminal control,
advanced programmable controller chips, analog-to-digital con-
verter chips for measurements. and even other microcomputers,
In fact, we have interfaced our TRS-80 computer to an MMD-1
computer (Dyna-Micro, Radio-Electronies, May, June &
July 1976), so that programs may be listed on a leletypewri-
ter. R-E
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Home Reception
Using Backyard

Satellite

TV Receivers

SWAN SPHERICAL ANTENNA is efectve In receiving satelthe fransmis.

sion$ and can be buill relatively inexpensively.

Part 4—In this installment of a series, we will go into more technical
details on receiver characteristics and specifications and wili
show how some satellite receivers have been built at comparatively low cost.

ROBERT B. COOPER, JR.

IN PARTS ONE. TWO. AND THREE OF THIS
multiple-part serics (appearing in the
August. September. and October 1979.
issues of Radio-Electronlcs) we learned
how the geo-stationary satellite system
is designed, what it is intended to do
and what a private individual. living
someplace south of the 80th north par-
allel. north of Venezuela, and cast-west
between Bermuda and Hawaii can an-
ticipate being able to receive with a pri-
vate. backyard satellite television ter-
minal. Satellite television is the next
“generation’” of television service in
America and throughout wide areas of
the world. Because of the mechanics of
the service. it is virtually immune o in-
terference and signal degradation, is
not adversely affected by weather. and
holds the potential to provide every
home in North America with several
hundred direct-access television chan-
nels!

Recelving system

Having determined that the basic
system consists of an antenpa. a low-
noise amplifier {LNA) and a receiver-
demodulator, let’s look at what itis that
goes into each of these three major
component modules to make up the op-
erating system.

The antenna system has been ade-
quitely covered in previous portions of
this serics. Basically. in order to achieve

the kind of gain necessary (38 to 45 dBi)
a parabolic reflector is the best antenna
choice. This parabolic reflector has a
single focal point where all of the ener-
gy intercepted by the reflective anténna
surface is re-directed and focused. There
are several acceptable members of the
antenna family known as parabolics
that can be pressed into this service:
prime focus parabolics. Cassegrin
parabolics and spherical parabolics are
included. For as long as the (limited)
supply holds out. surplus (as in no long-
er used in commercial or military ser-
vice} parabolic { or “’dish’”) antennas
larger than 8 feet in diamcter provide
very economical “‘reflector surfaces™
for most portions of North Amenrica. The
exception 10 this is in New England
where anything smaller than a (welve-
foot reflector surface would be a mis-
take. Beyond that. one of the lcast ex-
pensive antenna surfaces for this ser-
vice has been developed by a fellow in
Arizona pamed Oliver Swan. Using
aluminum window screening as a re-
flector surface. and stock squire alumi-
num or steel tubing as reflector frame
material, Swan has developed a spheri-
cal antenna system that can be con-
structed in virtually any size from 10
feet by 10 feet to 20 feet by 20 feet for
as low as approximately $500 for the
ten-foot by ten-foot version. It is inevit-
able that somn¢ commercial firm will soon
begin marketing antenna “'kits”" in this

WwWwWw americanradiohistorv comm

arcu. perhaps copying the Swan devel-
oped spherical antenna and that frem
this will spring a whole new family of
“‘backyard decorative pieces.”

Because we are dealing with a low-
power transmilter source (the typical
satellite has a S-watt peak power trans-
mitter) and a fairly high loss between
the **bird"" and your receiving location
(196 1o 200 dB is typical at 4 GHz). not
very much signal power arrives at your
antenna. Fortunately. the signal received
is very constant (vanations of + 0.7 dB
ovcr a full year are typical limits} and
this allows us to design the sysiem for
peak performance and forget it rather
than be concerned with wide-range
AGC systems to Cope with large signal
fluctuations.

To make the most of the weak signal.
we have to place a very high gain. and
extremely low noise (figure) signal am.
plifier {or booster in TV terms) right at
the antenna. Since the reflector surface
on the parabolic is merely a focusing
tool. the actual “‘pickup antenpa™ is
really separate and distinct from the re-
flector. This receiving antenna. direct-
ed backwards away [rom the satellite
and towards the focused cnergy coming
from the reflector surface. is called a
“*focal point™” or feed-point antenna.

The most efficient feed antenna is
one that looks at the reflector surface in
such a2 way that the “*pattem™ en the
feed antenna is down 10 dB at the out-
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TYPEN
QUTPUT TV
DOWNLINE
. LOW-NOISE AMPLIFIER
1 s - —
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WAVEGUIDE
1 1
|
: MULTIPLE f.‘ﬂ%‘if
IPLE STAGE
! INFUT FIRST ! SECOND| BypOLAR — ° CIRCUIT/
HORN OR INPUT $TAGE STAGE | STAGE | TRANS-AMP FERRITE
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| PAD
|
I |
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FG. 1-MOST COMMERCIAL FEED-ANTENNA LOW NOISE AMPLIFIERS consist of 8 feed antenna
{often @ horn as shown 1or 8 prime-focus feed) which is equipped with 8 wavegulde flange that botta it
directiy 1o the inpul flange on the LNA {Low Notse Ampiifier). The LNA has sn input {ferrite) [sclalor
both lor trequency selectivity and ag an impedance matehing device for the Hrst stage of the amplitier
itsetl. The extremety low-ncise aMplifiers develop thelr superior operating characieristics becsuse of
#xtrema care Laken 1 Maching the lirst stage to the input source Impedance and by carefulty hand
stlecting the expensive GaAs-FET {Gallium Arsenide Field Effect]} Irpnsistors. Gads-FET tevices are
chosen lor the tirst two siages. Once the nolse fQure is “eXablished™ bry these two siages, less
costly bipolar transis1ors sre used In 3-4 additional stages for “bulk” gain. The output, to the |ow-loas
downling coaxial cabie, iy through another ferrite isolator device of thiough 8 “loss pad”’ inserted (o

force an impedance match

side edges of the reflector’s surface
area. A horn-feed antenna, properly de-
signed, handles this function. Look
closely at Fig. I. Note that the hom-
feed antenna is flanged or bolted direct-
ly to the low-noise amplificr itself; the
energy from the hom feed-point anten-
na couples through the waveguide flange
into the input circuit on the low-noise
amplifier. a section that has a piece of
ferrite {rod} in it as an isolator.

Low-noige ampllfiers

This commercial style low-noise am-
plifier is the state-of-the-art high-dollar
approach to the low-noise amplification
aspect of the system. There are less ex-
pensive ways to go as we shall see in
subsequent portions of this series. The
purpose of the ferrite isolator is pri-
marily to insure that the input circuit to
the first active (transistor) amplifier
stage sees a constant impedance or load.
This is done to insure that the transistor
used in the first stage. a GaAs-FET {for
Gallium Arsenide Field-Effect Pransis-
tor). is noise-figure matched at the 4
GHz operating frequency. Most of the
high-dollar GaAs-FET's available for
this service have two separate peak op-
eraling points: maximum gain does not
coincide with best (i.e. lowest) noise-
figure performance. In this case. gain is
backed off in the first couple of stages
as a trade off for lowest noise figure
since noise generated in the early pre-
amplifier stages is impossible 10 elimi-
nate later on in the system.

Most of the commercial LNA units
employ a pair of ultra-low-noise GaAs-
FET's in the first 1wo stages, and then
follow that up with between threc and
five less expensive {typically bipolar as
opposed to GaAs-FET) amplifier stages.
Once the noise figure for the LNA is es-

tablished by the first couple of stages.
less expensive {and higher noise figure)
bipolar stages can make up the re-
mainder of the LNA system gain re-
quired.

Noise figure is measured in both dB
and by the Kelvin noise temperature
scale. Most of the commercial data
sheets will specify Kelvin temperature
only and most commercial installations
are using amplifiers with 120-degree
Kelvin {or 1.5 dB noise figure} specs.

State-of-the-art has been catching on
quickly in this field; in late 1976 the
price for a 120-degree Kelvin LNA was
in the $3.500 region. By late 1978 you
could find the same amplifier for around
$1,800. Today the price is down in the
$1,000 region and many expect it 10
drop down close to $500 by this time
next year. That still may be high for your
pocketbook and there are other options.

As previously discussed in this series.
you can get a raw signal input to the re-
ceiver by one of two techniques; use a
big antenni and an LNA with not such
hot specs, or. use a smaller antenna and
a hot-spec LNA. If you set out to build
your own antenna system. rather than
buying commercially. you might be bet-
ter off -in this fast-changing technology
time to invcst in a little more steel and
mesh and build a larger antenna going
in. especially if you plan on having to
purchase your LNA,

As recently as early in the past sum-
mer anyone who wanted (o build his
own LNA was pretty much stuck with
working with 300-degree Kelvin type
bipolar transistors. The belief was that
any home constructor attémpting 1o
work with the touchy, and hard-to-
make-work GaAs-FET amplificrs was
probably asking for a quick way to lose
a $100 bill; that being the going price for
the GaAs-FET transistors these days

WwWww americanradiohistorv comm

from Hewleti-Packard (HFET 2201).
However. during the recently completed
Satellite Private Terminal Seminar this
past August 14-16 in Oklahoma City.
several home terminal builders demon-
strated two- and three-stage GaAs-FET
amplifiers they had constructed for be-
tween $225 and $350 that gave an excel-
lent account of themsclves against
commercial amplifiers costing three to
four times as much. This major achieve-
ment has changed the name of the pri-
vate or backyard terminal game for the
home constructor.

Well now: if a chap in Arizopa can
build a 10-foot by 10-foot spherical re-
flector and feed for $500 or less, and
you can build your own GaAs-FET
low-noise amplifier on the kitchen table
for $350 or less. that starts lo get the
home-constructed terminal down to an
affordable price does it not? What
about the receiver?

Receivers

In 1976 the first satellite video re-
ceivers around came into the cable tele-
vision field via the Intelsat or interna-
tional satellite marketplace. They cost
upwards of $10.000 and were literally
hand wired and hand aligned.

By carly 1978 the price for essentially
the same receiver was down to gbout
half that; perhaps $5.000. But there had
been only minor changes in the oniginal
design. The price reductions were large-
ly due to slightly more volume produc-
tion, and of course competition.

Neediess to say many people were
working on bringing the cost down:
way down. Most however were involved
in the cable TV. broadcast TV and
other commercial market arcas where
nobody really expecied receiver prices
to drop much below say $3.000 for
many years 1o come. Outside of these
broadcast retated industries other en-
gineers with a totally different set of
markets in mind were quictly doing
their own developmental work. Their
goal was a $3.000 complete terminal:
including the antenna and the LNA.

By mid-1979 some inter-receiver
marrying had taken place. Commercial
receivers are available in two formats:
some tune only one channel and to
change channels you have to either
change crystals or go through some
sequence of screwdriver adjustments,
or both. Not exactly what the home
viewer accustomed o detent tuning has
in mind. The other commercial receiver
formal is called *frequency agile™ and
that means you push butions or twirl a
knob and the full set of 12 (or 24} satel-
lite channels fips by in front of you. By
mid-1979 some of the commercial re-
ceivers in the single channel format
were down under $2500 list price while
the tuncable versions were just a tad
above $3.000.
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Let’s stop for a minute and study
Fig. 2. To appreciate what is involved
in a satellite television receiver. we
ought o understand what it has to do.

In a commercial installation the LNA
{which mounts at the antenna, usually
married to the feed-hom or focal-point
antenna) has lo develop sufficient RF
signal voltage gain, at 4 GHz. to (1)
drive the microwave signal through the
interconnecling coaxial cable and into
the receiver. and, 2) provide sufficient
signal gain to establish the noise figure
of the LNA as the noise figure for the
whole receiving system.

The typical satellite TV receiver has
a relatively high noise figure: 10-12 dB
is nol uncommon. To attempl to use
such a high “'front-end’" noise figure to
receive the weak satellite signals would
be a mistake. To lower the noise figure
to a more usable level (such as under 2
dB) requires not only a low-noise LNA
but sufficient gain in the LN A slages to
ovemmide the noise contribution by the
10-12 dB noise figure of the receiver.
As a rough rule of thumb you nced be-
tween 2.5 and 3 times as much voltage
gain {in dB) as the noise figure (also in
dB) to establish the new. lower noise
figure of the LN A as the noise figure of
the system as a whole.

Back now to Fig. 2. To keep unwani-
ed energy out of the receiver (and there
is plenty of unwantcd or off-frequency
energy floating around microwaves
these days) the typical commercial re-
cetver has a pre-selector (either totally
passive or active plus passive) at the
input. This is followed by a **high fre-
quency-mixer”” that combines the in-
coming (3.7 to 4.2 GHz) signals with a
focal oscillator signal source generated
within the receiver to produce a new
lower frequency (IF) outpul. Gain is

connect the LMA to the receiver.

HORN ANTENNA/ILNA combination points direct]y towards the dish antenna Coaxlal cable is used to

RF
{ PRESELECTOR

BROADBAND
AMP
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LOCAL
OSCILLATCR
[FIXED -

3.2 GH2}

YIDED
FILTER

VIDED
CLAMP

DE-EMPRASES
AND
¥IDED AMP

FIAST { LOow Tl
MIXER | 1F EMOD

0w

LOCAL
OSCILLATOR
ITUNEABLE -
AX]) - 530 MHz)

SUB CARRAIER
DISCRIMINATOR

O EMPHASIS
NETWORK

AUDIO
AMPLIFIER

F1G. 2—MOST COMMERCIAL RECEIVERS use high-gsin (50 dB) LNA's mounted at the sntenna
capable of driving 4-GHz region signals through savers! hundred feet of 7/8ths inch line 1o the Indoor
receiver. Typical receiver has sither double conversion (approsch shown here) of single convertion
directty 10 IF. In receiver design gshown. # 1.7 o 4.2-GHz preselector often has encugh gain o bring
the inpul RF level up 1o &0 adequate YOiiage 10 drive thw firsl miner. Reistively high-level high-fre-
quency local oscillator (3.2 GHz 8 shown In exsmpie) may messurs +10 dBm or more. With local
oscillator on low skde, high IF of 500-1,000 MHZ is attained 10 drive second mixer 1hat down converts
1o 70-MMz low IF. Oscillator for second local oscillaior is voltage- oF CADECitive-luned to produce 70-
MHZ ko IF with inputs over tull 500- 1,000 MMz renge. FM demodul stor (discriminator} produces basic
baseband skgnasi that processes up for video (o & de-emphasis ckcuit snd video amp, then to & video
clamp to eliminate the 30-Mz endrgy dispersal wavetform, and then 1o s fitter Clreuit. Audio processes
down through separate (6.8 MHZ) discriminator. de-=mphasia network and sudio amplifier.

then applied at the high-frequency IF
and Lhen the signal goes through yet a
second mixer that further down-con-
verts the high IF to yet alower [F. This
lower IF is often 70 MHz although
there are some variations to this rule in
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commercial receivers. When we finally
reach the lower IF. we have gone
through a pair of down conversions
each employing a high-quality mixer and
a high-quality local oscillator. If this is a
frequency-agile (i.c. tuneable) receiver
the first mixer is driven by a tuncable
locat ascillator source while the second
mixer is driven by a fixed local oscil-
lator source. Just for dollar reference.
we are looking at using $75 to S100
mixers in these applications and the
local oscillators are priced in about the
same range. [f this suggests that micro-
wave components or modules are not
cheap. you read the message correctly.

Once at the low IF we are ready logo
to work on the modulation itself. Gain
at a relatively low IF such as 70 MHz is
inexpensive these days and 40-50 dB of
gain in this range i3 typical. When the
twice-down-converted signal is built up
to a sufficient voltage level, it is ready
to be demodulated. Remember that the
video is frequency modulated onto the
carmier. and the audio coming along
with Lhe video is further frequency
modulaled as a sub-carmier. This says
thal we use discriminators 10 demodu-
late the video and the audio in our de-
tection syslem.

By removing the video signal oul of
the IF signa! with a detector. we end up
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with what is called bascband: that
means pure video in this case. Only be-
cause the audio is carmied along as a 6.2-
or 6.8-MHz add-on or subcarmier.
when we demodulate to baseband
video we also have a gural subcarmicrin
the baseband output. By using a low-
pass filter for the video and a high-pass
filter for the aurl subcatrier. we can
then separate the video into one chain
for further processing and the audio in-
to another.

The video is preemphasized at the
uplink transmitter site as a means of in-
creasing the system performance and at
the receiver we need to deemphasize to
establish the original baseband video
characteristics. The deemphasis net-
wOrk is strictly an L-C network and is
not complicated. Next in line for the
video is a video Clamp circuit that may
mystify you if you are accustomed to
nommal video techniques.

Video ai the uplink site is “*frequency-
dithered* or dispersed at a 30-Hz rate
as a means of reducing potential inter-
ference between siniclly .lerrestral 4
GHz video circuils (such as the tele-
phone companies employ) and the satel-
lite service. The easiest way to clean up

the dispersal waveform is 10 shove the
video through a clamping circuil. If you
clamp something like this ferd enough.
the 30-Hz waveform simply goes away.
Finally a bit of passive video filtering
and you are in business with baseband
video (typically 1 volt peak-1o-peak).

Ovwer on the audio side, afier passing
the 6.2 or 6.8 MHz aural subcarrier
through a frequency filler thal eliminates
the video baseband information. the
signal is fed into yet another discrimi-
nator {detector) that recovers the audio.
From here it goes through yet another
deemphasis network (this one for the
audio) and finally an audio amplifcr.
Most commercial receivers release the
audio across a &00-ohm balanced oui-
put line.

If you arc engaged in the television
receiver servicing industry, you may be
asking yoursell why this should cost
between $2500 and $3500 a pop. If you
are new to reccivers in general. you
probably have the opposite reaction.

As we shall see in the next part of
this series of articles. several experi-
mental or private terminal builders
have asked themselves the same thing.
One terminal builder, Taylor Howard

of California. has managed (o assemble
the LNA (a1 bipolar unit in his case) and
the receiver for around $1,000. He did
this back in 1976-77 when parts were
considerably more expensive and we
estimate you can do it today for under
$700.

Assuming you don’t wamt (or need)
1o stan off with a bag full of new parts.
and can assemble some equipment
from other services into a satellite TV
receiver, jusl how simple can it really
be? Well, & man in South Carofina by
the name of Robert Coleman has put to-
gether a 10-foot dish. 4 two-stage GaAs-
GET LNA and a complete receiver for
around $3500! His *'secret,”” if you can
call it that. is that he is a sharp attendee
of Hamfests and other outlets where
stirplus electronie equipment is brought
out for sale at often just a few pennies
on the original dollar value. The Cole-
man approach is a good onc. but it re-
quires being able to trace down surplus
parts. modules and components that
may not be a good supply becausc of
limited production runs many years (or
decades) ago. Still, if this approach
does interest you and you are not afraid
to go into the surplus market to look for
parts. there is help available for you in
this specialized area.

Suppose you wanted 10 Iry a cross
between building a complete terminal
receiver from scratch and assembling
one from surplus equipment? Well. that
is an approach many people have fol-
lowed. largely pattcrned afier the work
done by English satellite TV expen-
menter/pioneer Steve Birkill (amateur
GBAKQ). The Birkill receiver is similar
to that shown in Fig. 3. The LNA is a
bipolar sysiem of three to five stages
using Hewleti-Packard HXTR (6102
and 6101) transistors. For those who
want to investigale this panticular ap-
proach. Hewlett-Packard Application
Note No. 967 tells how to build a slage
of this amplifier at 4 GHz (a muliple
stage-device is simply several separate
stages cascaded logether),

The Birkill Receiver places the LNA
stages al the feed antenna. follows that
wilh a double-balanced mixer (also lo-
cated al or near the feed) and the mixer
is driven by both the input 4 GH2 runge
signal(s) plus a *'free-running” oscillator
operaling at around 3.200 MHz. There
arc sevcral ways 1o denve the local os-
cillator injection signal: one of the casi-
est is 1o use a completely self-contained
oscillator. One of the 8360-family of os-
cillators manufactured by Avantek.
Inc.. 3175 Bowers Ave.. Santa Clara.
CA 95051 wili do the job nicely. This
TO-8 packaged device has four pins on
it: one for the positive operating voltage.
another for a ground. a third for the RF
oulput in the gigahertz region and a
fourth for a tuning voltage that allows

RADIO-ELECTRONICS

you to run the osciltator through a 500-
MHz span. Mosl homebrew {from
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OUTDQOR (AT ANTENNA FEED)
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FIG. 3-MOST HOMEBREW TERMINALS place m lower grade LNA stage plus first mizer, iocal oscil-
lator source and an IF stage of two ai the feed arienna. coming down o The baseband demodulator
through lower-cos! 50-ohm cable at the high-IF {500-1.000 MHz} region. In this version, sssentially
patterned after Englinh ®wperimenter Steve Blrkin, a Multard ELC1043/08 (European) TV tuner s
slighlly modified s combination osciisior and mixer lo transiate high IF resnge down to 35-MH:
region |ow IF. Birkill processes his 35-MHz IF to video through s Signetics 581 phase-ioched-loop
demodulator;  system that offers sdvaniages lor weak inpul level signalm. Full block diagrsm B not

shown at this time.

TO TV AECEIVERS

TV MOOULATOR
(VIDEQ/AUDIO IN/
o—| STANOARD NTSE FEealim i
A OUL AODITIONAL
v
RECEIVERS
LOCAL
VIDED/
AUDIOD
~ Iv PP NORMAL
> VIDED - o O o MONITDR N
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uDIo
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dErIonAL CONSUMER
WITH i -
GESIGNER) —
I O O
LGW COST LOW COST
MICADWAVE e MICROWAVE
&— TRANSWITTER RECEIVER
VIDED AUDID

FIG. 4—VARIOUS METHODS OF DISPLAYING BASEBAND (i-#. demodulated) video and audio Typi-
cal receiver produces 1VP-P video and some usable levei of audic (oHen at 600-onme baanced
although thal Is design decision ol buikier). Baseband signais will directly drive TV channel RF
modulalor, m high-Quality videa monilor {with audio dispisy system bulii-In or $2parate), a Consumer
¥TR {tor recording or as loop-thru to use AF modulator), of low-cost (private] microwave system
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scratch) satellite TV receiver builders
arc using this approach because it climi-
nates all work at microwave frequencies
in deriving the high local oscillmor
signal.

The Birkill Receiver approach. modi-
fied slightly, is shown in Fig. 3, As you
can see. the LNA, (he high-frequency
local oscillator and mixer. plus a bulk
gain slage operating in the 500-10-1.000
Mz region is mounted outside at the
anlenna. This simply means that what
you feed ““downstairs’ to the remainder
of the receiver, through coaxial cable.
is (relatively speaking) low-frequency
signals; in the 500-to-1.000 MHzZ region
in this case. If the run is 100 feet or less.
you can gel by al these frequencics
wilh RG-8 type coaxial cables whereis
a similar run at 4 GHz requires %-inch
air-dieleciric cable and special fittings.

Once indoors. the Birkill Receiver
approach treats the signals contained in
the 500-10-1.000 MHz IF bandwidth as
a “'group”’ and tunes them separately
with a slightly modified {(English, Mul-
lard) UHF television tuner. The TVRO
signals arc 36 MHz wide {and of course
still FM) and we nced 10 convert them
again (in frequency) down 10 a low
enough IF where they can be detected.
Experimenter Steve Birkill has found
that an English Mullard type ELC1043/
05 UHF TV tuner makes a dandy tun-
able second conversion system with
only minor modifications. Unlike U._S.
{of Canadian or Japanese. eic) UNF
tuners designed for the American NTSC
signals. the English (Mullard) tuner is
capable of passing the full 36 MHz wide
TVRO signal with only very minor
modification. All Amercan  ners
checked have a 3 dB passhand of not
more than 10 to |! MHZ which simply
means that they are not wide enough
{even if modificd) to handle the extra
modulation/carrier width of the TVRO
signal. Another advantage of the (Euro-
pean) UHF tuncr. in this application. is
that it has 20 dB of RF (500-1.000 MH2)
gain and a quite respectable noise figure
of under 5 dB. American market UHF
tuncrs lack RF amplifier stages and
consequently their front end noise figures
are in the 12 dB and up region.

Birkill 1akes his low 1F out at 35 MHz
which allows him to use a Signeiics 561
phase-locked-loop as a demodulator.
Many of the commercial receivers also
use phasc-locked-loop demodulators.
bt Birkill's approach is unique since it
allows the system user to change the ef-
fective bandwidth of the total system
by varying thc way the 561 is driven.
This allows you to capture {thal is. sec)
signals that are far weaker than would
regisier on a standard 30- 1o 36-MHz
wide IF satellite receiver: although ad-
mittedly the quality does suffer in the
process. However. in his case, Steve
Birkill has been ahlc to produce very

contimmed on page 65
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REALISTIC AUDLO FRODUCTS ARE $OLD
cxclusively by the thousands of Radio Shack
stores jocated throughout the United States
and through therr mail.order catalogs. The
company has its own engineering stafl. located
in Fort Worth. Texas, 10 design the products
which are thes manufactured for them over-
seas. Their most sophisticaled ciereo receiver
to date is the model STA-2200 shown in Fig.
1.

The gold-colored front panel has o conven-
tional disl scale or pointer. [nstead. a large.
highly visible dighal display indicates the fre-
quencies selecied. The display reads-out in
200-kHz increments for FM and in 10-kHz
increments for AM and is associated with a
true frequency-synthesis tuning scheme. The
display also scrves as & real-time digital clock.
indicating the time of day (including “AM™ or
“PM™ nolatons) when non-radio program
sources are being heard. or evenin the AM and
FM mode when a3 @OCK pushbution localed
behind a cleverly arranged sliding door panel is
depressed. Program funciions. such as pheno
and auxilwry, are also designated by alphabelic
notations in the display arca, as in reception of
stereo FM signals.

Sliding up the aforementioned panel (lo-
cated al the left of the display) revesls addi-
tiona] buttons for setting 1he hour and the min-
ute of the digital clock display. for dimming
the intensity of the disptay, for turning off out.
put-power and signal-strength LED displays
and for activating the “station-memory™ fea-
ture. When the MEMORY-SET button is pushed,
you have five seconds in which to cnter the
tuned-10 frequency of six AM or six FM sta-
tions (s total of twelve) by depressing one of
six butlons located beneath the digital readout
area. Just 10 the lef of the shiding panel are
tape monitor and dubbing lever switches for
operation of Lwo connected tape decks for dub-

bing from onc to the other.

The upper right of the pancl is equipped
with scveral tuning option buttons. Pressing
the auto-tuning Uk or DOWN butions makes the
twner scan in the desired direction until the
next usable signal is reached. A second pair of
buttons (equipped with arrows, like the frst
pair) can be used for manual tuning. (The tun-
er continucs (o move up of down in frequency
50 long as the bullon Is heid down ) Just below
those, 2 SCAN bution. when depressed. makes
the winer scan Lo cach of the memonzed sta-
tion frequencies in sequence. stopping for five
seconds at each station for auditioning. If you
wanl 1o stop the scan sequence. press the HOLD
button during the 5-second interval. A POWER
on/ofT bution fs also located at this end of the
parnel.

‘I'ie center of the lower section of the front
pancl contains lwo banks of LED's (10 LEDs
per bank). which serve as power-oulputl me-
ters. These LED's are calibrated in watts.
referred 10 B-ohm loads, Calibration is cither
100 watts or 10 watls per channel maximum.
depending upon the seiting of & pushbutton.
Additional pushbuttons in that cluster include
a mute button for FM. A and B speaker select.
or buttons. a tonc conirol defemr button.
mono/stereo switch. an MPX high-blend filicr
swiileh, and & loudness swilch.

Concentric volume and bilance controls are
located al the lower right corner of the pancl.
as is the usual headphone connection jack. To
the left of the power LED display arc bass and
treble tone controls, and belween them are a
pair of pushbution switches that determine the
frequency at which the tone controls begin o
boost or cut {I 50 Hz or 300 Hz for the bass, 3
kHz or 6 kHz for the wreble). A program
selecior swirch is located at the extreme left of
the panel and. in addition to its expecied
settings {phono. AM. FM and aux). also has a

MANUFACTURER'S PUBLISHED SPECIFICATIONS:

FM TUNER SECTION:

Usable Senaitivity: mono. 1.8 uxV (10.3 dBf). Signal-to-Noise Ratio: mone, 68 dB.
Image Rejection: 75 dB, Capture Ratio: 1.5 dB, IF Rejection: 95 dB, AM Suppreasion:
55 dB. Harmonic Distorlion: mono. 0.2%: stereo. 0.3%. Stereo Separstion, 1 kHz: 48

dB.
AM TUNER SECTION:

Sensitivity: 10 uV. Distoriion: 1.0%. Image Rejection: 45 dB. IF Rejechon: 47 dB. AM

Fidelity: 40 Hz to 3.000 Hz. +6 dB.
AMPLIFIER SECTION

Power Qutput: 60 watts per channel Into 8 ohms. 20 Hz to 20 kHZ. Rated Harmonic
Distostion: 0.02%. Input Sensitivity. for full output: phono, 2.2 mV; high level. 160 mV.
Phono Overioad: 200 mV. Signal-to-Noise Ratio: phono, 85 dg; high level, 75 dB.
Bass Control Range: + 10 dB at 50 Hz or 100 Hz, Treble Control Range: + 10 dB at 10

kHz or 20 kHz.
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Realistic Model
STA-2200 Recelver

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

RADIO-ELECTRONICS AUDIO LAB

R.IZ.ALL.
SOUND

I R AT ES I
REALISTIC STA-2200

VERY GOOD

Copyright & Jermbect Pubacations e, 1819

sctling for Dolby FAL The receiver is equipped
with a complete Dolby FM decoder circuit,
The rear panel of the ST 4-2200 is shown in
Fig. 2. A line fuscholder and switched znd
unswilched AC receptacles are &t the lefi.
Nearby are spring-loaded color-coded speaker
terminals for 1he twe pairs of speakers. There
are also RCA-type phono jacks for use when
your speakens are equipped with permanent
cables terminating in maltching phono plugs.
Preamp-out/main-amp-in jacks are intercon-
nected by a pair of removeable wire jumpers.
Two sets of tape-oulfiape-in jacks arc sug-
mented by European type DIN multi-contact
connectors. Other inputs {auxiliary and mag-
netic phono) are at the lower right of the pancl.
far removed from any AC hum felds, and a

chassis ground terminal is located ncar the
phono input jacks. Amtenna screw (erminals
for AM. 75-ohm and 300-o0hm FM antenna
connections are provided along with a pivota-
bie AM loopstick ferrite bar antenna.

Construction and circuit highlights
An internal view of the STA-2200 chassis is
shown in Fig. 3, The FM front-end uses a dual-
gate MOS FET and is tuncd by variable-
capacitance drodes. controlled by a microproe-
essar. The FM IF section uses 3 [C's and three
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linear-phase ceramic filters. Quadrature detee-
tion is used 10 recover the FM composite audio
signal which is then fed tos phase-locked-loop
stereo decoder. The digital tuning is controlled
by 8 phase-lock-loop CMOS I1C. MOS FET's
arc also used in the power amplifier section.
Automatic proteclion circuilry protects
agalnsl voltapge surges. overloads. speaker
shorts. and thermal overheating.

FM performance measurements

Table | summarizes performance measurc-
ments made for the FM scction of the receiver.
Frequency responsc in mono and sicree FM
was extrememely flat, with very little evidence

of the roll-off often encountered a1 around 15
kHiz {the upper limit of FM transmission} in
many tuners and receivers. Signal-to-noise and
distortion in mono and stereo FM were not as
good as are usually encountered with conven-
tionally-tuned FM tuner sections, however.
Figure 4 illustraies the (requency response of
the FM section. as well as the stereo FM sepa-
ration characteristics of the multiplex decoder
without the use of the blend fitter (lower trace)
and with the MPX blend filter ectiveted (cen-
ter trace). Figure 5 is & composite spectrum-
analyzer sweep pholo used to illustrate the
nature of the cross-talk fed ino the unmodu-
lated channel from the mecdulated one when a

5-kHz signal is used to moduiate one channel.
The desired 5-kHz output from the moduiated
channel is the 1all peak st the left of the dis-
play. {The display is linear from 0 1z 10 50
kHz with 5 kHz per horizonial division. ) Con-
tained wilbin this pesk is 1he second peak. o1
lower amplitude. which represents the 5-kHz
component observed at the owput of the
unmodulated channel, while to the right of this
arc distortion components as well as the
cxpected 19- and 38-kHz subcarrier compo-
nents

The action of the Dalby FM decoder circuit-
ry is best iltusirated by Fig. 6. Each sweep
{logarithmic, from 20 Hz 10 20 kHz) was
ntade st & different level of modutation and, as
expected, the upper sweep is vitually fat while
correspandingly lower level sweeps show Lhe
Dalby high-frequency atienuation required to
restore flat response at those lower levels to
signals thal had been conversely boosted dur-
ing transmission. The FM generator was set
for 25 microsecond pre-emphasis in making
these plots.

Frequency response in AM was remarkably
good compared with the AM scctions of many
stereo receivers that we have tested in the past.
Ascan be scen from Lhe response plot of Fig. 7,
the —6-dB paints occurred &t approximately
30 Hz and 4 kHg which, though hardly “h fi**
compares very favorably with the usual 2.5- o
3-kHz roll-off normaily found on AM 1uners
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built in10 high-fidelity receivers.

Amplifier and preamplitier section
measurements

Table 2 is a summary of measurements
made for the power amplifier and preamplificr
sections of the ST4-2200 Receiver. The unit
secms quite conscrvatively rated in terms of
power outpul. as well as rated distortion, deliv-
cfing & elean 72 watts per channel at mid-
[requencies and just under 70 watls per chan-
nei ot the 20 Hz and 20 khhz frequency
extremes for its rated harmonic distortion of
0.02%. Since no ratings were provided for 4-
chm loads. we did nol measure maximum out-
put for this load condition. We did. however,
operatc the amplifier for long periods into 4-
ohm speaker sysiems withoul encountering
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any thermal or shui-down problems.

Whilc our signal-to-noise measuremenis for
borh phono and high-level inputs are made in
accordance with the new IHF Amplifier Mca-
surement Standards {and cannot therefore be
compared with Radio Shack’s published speci-
fications), the 77-dB S/N measurement in

phono and the §1-dB mecasuremem for the
high-level inputs (both A-weighted and re-
ferred 10 l-watl output) compars very favor-
ably with measurements obtained for other
reccivers in this. or even higher.priced calego-
ries, Phono overload capabilily exceeded Radio
Shack's claimed Agurc of 200 m¥ by a wide
margin and there Is absolutely no danger of
averdriving the first stages of the phona equal-
izer section of the receiver.

Range of the variable-turnover bass and Ire-
ble controls is tllustrated in the spectrum ana-
lyzer sweep photo of Fig. B. Sensitivity of the
analyzer was 18 B of smplitude between hori-
zontal lines and sweep » logarithmic from 20
Hz 10 20 kHz.

Summary

Our overall product analysis of the Realistic
STA-2200 will be found in Table 3. On the
whole. the receiver embodies & great many
innovative design features. most of them con-
cerned with case of use end convenicnce of
a¢curate tuning. In our bench and listening
tests., the receiver ran very cool under all listen-
ing conditions. including cxtended periods
when it was opersied near its clipping point.

The purist audlophile may not think much
of the fancy tuning schemes, 1he digital and
LED displays and the time ¢lock, but we sus-
pect that the music enthusiast who wanis case
of use and welcomes a “‘conversalion picce™
such as the buili-in digital ¢lock will find the
ST.4-2200 appealing. The less-1han-spectacu-
lar signabsto- nolse performance of the FM sec-
tion, will probably mor prove to be a limiting
factor in FM listening. Few stations we know
of actually frantnril & signal-lo-noise or dy-
namic range ratio much above 60 dB. For alt of
these reasons. and because of its clever design
and pleasing layoul. we have assigned a VERY
GOOD R E.A.L. rating 10 the Realistic STA-
2200. R-E
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LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

A RECENT TRIP TO SWITZERLAND INCLUI~
ed a visit to the well-known Thoerens
Company, a few milcs outside of Zurich,
There, several audio experts and |, were
treated to 2 seminar that explored many
of the myths associated with turntable
design and performance. Admittedly, any
manufacturer is going 1o make a strong
point for his own design approaches to a
product, but much of what we lcarned
was backed up by solid theery. In any
record playing system, we deal with two
major elements: the turntable with its
drive system, and the pickup arm and car-
tridge combination. In this article, we will
discuss some of the design considerations
involved in insuring oplimum pickup
arm/cartridgc interface. In a future arti-
cle we will discuss design approaches for
the turntable and its drive system.

In recent yeurs we have seen Significant
improvements in both turntable designs
(to reduce rumble, improve speed preci-
sion and to minimize speed variations
known as wow-and-flutter) and cartridge
designs (to improve frequency response,
lower iracking distortion and reduce
mass). While design improvements of
turntable and cartridges can be consid-
cred independently of cach other, design
improvements in pickup arms cannot be
analyzed without considering the total
playback system.

Tracking characteristics of an arm at
very low frequencics (below 20 I1z) are
influenced primarily by arm resonance

EO)

up Arm
ORMANLE

The design of the phonograph pickup arm plays an
important part in the overall performance of a high-fidelity
system. Len gives details on the Thorens approach to

pickup arm design.

and record warp. Arm resonance is the
vibration of the arm/canridge assembly
that results while the stylus tracks the
record. Record warp can affect arm
tracking by altering instantaneous stylus
pressure. as shown in Fig. 1. As the stylus
rides up the record “warp, the inertia of
the arm mass causes the downward stylus
force to increasc, Conversely, when the
pickup rides down the warp, the inertia of
the pickup arm mass causes the down-

STYLUS FORCE
PLUS

e e sw )

S R s e
UPWARD FORCE
FROM WARP

ElG. 1—RECORD WARP sMecis atylus pres-
surs—incraesing 1 ss stylue ridex up and
decreasing it as 91ylus rides down tha warp.

ward stylus force 1o decreasc. This
varying stylus forcc. especially when the
stylus rides down the warp, ofien results
in mistracking and increased distortion as
Lhe stylus loses intimale contact with the
record groove. Reducing the cflective
pickup arm mass would lower the inertial
forces affecting stylus force as warped
records are tracked and would, thereforc:
improve tracking and provide for fower
distortion when playing warped records.
Messrs. Happ and Karlov, in a paper
titted "Record Warps and System Play.
back Performance”, analyzed the velocity
specirum of record warp using a repre-
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sentative sampling of records. The tcsulls
of their work are shown in Fig. 2. From
this graph we sce that the velocity of
record warp is greatest between 0.5 Hz
and T Hz. To minimize pickup arm mis-
tracking caused by record warp. the arm-
resonance frequency should be beiween
10 Mz and 12 tz. or above the lrequen-
cies that cause maximum record warp
velocities. However, arm resenance must
be below the 20-1z lower limit of audio
modulation on the record.

The chiel lactors that influence the res:
onant frequency of an arm/cartridge
combination arc the weight ol the car-
tridge, the effectlive mass of the pickup
arm, and the compliance of the cantilever
arm of the pickup cartridge. The way
these lactors affect arm resonant frequen-
cy is illustrated in Fig. 3. The curves
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show how arm resonant frequency
changes with respect to the effective mass
of the pickup arm and with the compli-
ance of the cartridge used. Note that the
resonant frequency varies inversely with
effective mass and with compliance. In-
creasing efther of rhese two parameters
decreases the rcsonant frequency of the
arm.

For example. if we have an arm with an
effective mass of 15 grams and add a
lightwelght cartridge thai weighs only 3
grams it has 8 compliance of 30 x I0~*
e¢m/dyne. As shown in Fig. 4, the effec-
tive mass of this arm fcartridge combina-
tion would be 18 grams {15 grams for the
arm plus 3 grams: the weight of the car-
tridge). The resonant frequency of this
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FIG. 3—RESONAHT FREGUENCY of arm sno
carindge ace aMecled by three lactors.
arm/fcartridge combination would be 7.5
Hz. This frequency borders on the range
of greatest velocity caused by record warp
(as previously shown in Fig. 2).

Three grams is a rather light weight for
a cartridge, so suppose we increase its
weight to 7 grams. Total effective mass of
the combination would now be 22 grams
{see Fig. 5). and the new resonant fre-
quency of the arm/cartridge combination
would be 6.3 Hz, or very close to the
maximum velocity of record warps.

Most popular phono pickup cartridges
do weigh between 3 and 7 grams and ide-
ally, if we are dealing with cartridges
whose comptiance ranges belween 15 and
30 x 107¢ em/dyne (also typical) the
effective mass of a pickup arm that would
keep resonant frequencies in the range
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FIG. 4—RESONANT FREQUENCY warien with
arm mass end cariridgs compliance.
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FIG. S—HOW INCREASING CARTRIDGE waighi
sHects arm mals snd frequenty.
from 7.6 Hz to 12 Hz is between § and 10
grams (not including the weight of the
cartridge).

Toa keep the effective mass of a pickup
arm within this specified range, only cer-
tain factors in the arm design may be
altered, while others must remain con-
stant. The various dimensions and masses
involved are illustrated in Fig. 6. For
example, the length of the pickup arm
tube from stylus tip to pivot center (L1)
is fixed by the record diameter and the
overall dimensions of the turntable sys-
tem. The mass of the pickup cartridge.
one of the factors determining the value
of M1 in Fig. 6, is determined by the
cartridge manufaclUrer and, as we have
siated, generally ranges from 3 to 7
grams. The remaining factors (hat lend
themselves to redesign arc the mass of the
headshell assembly {(part of MI), the

'
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Ly = STYLUSTIPTO PIVOT CENTER DISTANCE

Ly= PIVOT CENTER TO COUNTERWEIGHT-MASS
CENTER OISTANCE

M = MASS OF HEADSHELL PLUS CARTRIOGE

M = MASS OF COUNTERWEIGHT ASSEMBLY

M, = MASS OF PICKUP ARM TUBE

M, = MASS OF COUNTERWEIGHT TUBE

FIG. 6—THE 51X FACTORS mvolved i the
dasign cf & piCkup a¢m.

mass of the pickup arm tube (M3). the
mass of the counterweight tube (M4) and
its length (L2), and 1he mass of the
counterweight itself, (M2).

The degree to which the mass of the
counterweight may be altered and, to
some extent, the degree 10 which the
length of the counterweight tube may be
altered, is limited by the weight range of
popular pickup cartridges. The counter-
weight. after all, serves the primary func-
tion of balancing out the weight of the
cartridge. shell and forward part of the
pickup arm. The only elements of the
structure, then, thal may be deslt with in
attempting to lower effective mass are
that portion of M1 represented by the
hcadshell and the mass of the pickup arm
itself (M23).
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For example, the headshell mass can be
reduced by using a light material and
eliminating the screw collar that normally
secures the headshell to the pickup arm
tube. That approach, however, makes it
difficult to interchange piekup car-
tridges.

An alternate solution (and one that
Thorens eventually adopied) is 10 move
the screw collar closer to the pivot point
of the arm. By doing so, the mass is
moved closer (0 the pivol point. In effect,
because the formula for efective mass
includes the term M3 (L1/2), and since
L1 is now sherter. there is a significant
decrease in overall effective mass. Since
the mass of the pickup arm has been
decreased. the mass of the balancing
counterweight can also be decreased. fur-
ther reducing the effective pickup arm
mass (see Fig. 7).

The pickup cartridge must, of course.
be rigidly connected 10 the pivol assem-
bly. The material of the arm must be rigid
but also light in wcight. According to

SCREW COLLAR
Il| 1 +
My . T
PIVOT

FIG. T—EFFECTIVE MABS of plekup erm is
lowered in new Thorens design by moving the
screw collsr closer to the pivol point.

Thorens {und morc and more turntable
manuflaciurers seem ta be coming to the
same conclusion of late). & straight pick-
up-arm lube design provides maximum
stiffness and also lowest mass. Further-
more, in a straight (ube design the rota-
tional force caused by mass displacement
about the vertical pivot points need not be
compensated for with additional counter-
weight lateral balancers, as is done with
some S-shaped pickup arms.

Thorens' new pickup arms (“1sotrack™
arms), have been designed with all of the
foregoing in mind. A thin-wall, straight
anodized aluminum tube is used and the
screw collar is located close to the pivot
peint. Instead of removing the head-shell
to interchange cartridges, the user pur-
chases as many forward tube portions as
he or she wishes, mounting each cartridge
in a scparate unitized forward tube siruc-
lure.

The arm’s effective mass turns out to
be approximately 7.5 grams (exclusive of
the cartridge used}. Figure 8 compares
the range of arm resonance thal might be
expecied from a typical arm with an
effective mass of 15 grams when used
with cariridges weighing between 3 and 7
grams and having compliances of between
15 and 30 x 10~%cm /dynes with the reso-
nance range that will result if those same
cartridges are used in the Thorens Iso-
track arm. For the typical higher-mass
arm, resonant frequencies range from 6.3
Iz to 9.5 Hz. after adding in the weight
of the cartridge to the effective arm mass.
For the lsotrack arm, resonance falls
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between 7.6 Hz and £2 Hz, thanks to its
lower effective mass.

In addition to its lower mass, the Thor-
ens |sotrack arm has a low 25-milligram
{maximum) pivot [riction in both the ver-
tical and horizonta) planes. Aau-skating
is applicd through a magnet arrangement
that has the advantage over the Eamiliar
spring or weight arrangemeat that tends
to introduce additional and variable fric-

25
ol 22 Lal Arﬁ“BR.HCKUPR*
= 2
é wl-r-r

15
ST

IE- P \' |

_ ] RN
?lkPRf G Py £y
SE 70 #I0RL121314 6161718

{F,) RESONANT FREQUENCY {H7l

€y = 15x 104 CM/DYNE

;= 20x 10-% CM/DYNE

Cy= 25 x 108 CM/DYNE

€y = 30 & 10-¥ CH/DYNE

FIG. 3—A COMPARISON OF HESONANCES of
two pickup arms of differen! weighta.
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tion components as the arm traverses the
record.

According to Thorens. there is one
additional advantage 10 be gained
through the use of a low-mass arm. That
is, lower susceptibility to vibration and
shock from outside sources.

There is one other important consider-
ation that should be discussed in any anal-
ysis of pickup arm design. That is the
configuration of the bearing assembly
and the length of the arm itself. Because
50 many of the records we play arc
warped, the bearing pivot point should
ideally lie in the same plane as the playing
surface. With such positioning. the longi-
tudinal displacements caused by record
warp are Kept 10 a minimum. and the
resulting wow-and-flutter components
arc lower. We are not discussing the
wow-and-futter that is inherent in the
turntable drive system itself {that wilt be
discussed next month}. Rather, we are
discussing that wow-and-Autter compo-
nent that is generated entirely by vertical
motion of the cartridge stylus as it is
lifted and lowered by a warped record.
Figure 9 illustrates this effect as it occurs
with a pickup arm of normial length. The
¢loser the pivot point is to the level of the
record surface, the tower the wow and
Autter produced by warped records. Ex-
tremely high tevels of wow-and-flutter
occur with shori-arm designs that have a
relatively high bearing-pivot point. Some
of the so-called tangentially tracking
arms that are available teday have short
arms. simply because tracking-angle er-
ror (the main reason for attempting a tan-
gential-tracking arm in the first place) is
eliminated in such designs. {The arm and
cartridge cantilever assembly are always
tangent to the groove being played).
After investigating this approach, Thor-

LY
FIG. —WOW AND FLUTTER caused by record

warp depends on haight of pivat shova record.
Bottom design shows lower pivot.
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FIG. 10-—RECOHRD-INDUCED WOW-AND-FLUT-
TER tan be reduced in dasigns that hava the
arm pivot moved Closer Lo the Chrindgs hasd.

ens concluded that while tangential arms
are certainly feasible. the additional drive
requirements for such arms make them
oo cemplicated to be practical.

In any case. referring once more to the
wow-and-flutter problem inherent in
short-arm designs (including the tangen-
tially tracking ones curremily available),
consider the shorl, 4-cm arm constructed
as shown in Fig. 10. The wow-and-flutter
added by a warped record to that inherent
in the turntable drive system itself works

out to be:
TOTAL WARP ADDED WOW-
EXCURSION AND-FLUTTER
1 mm 0.12%
2 mm 0.24%
3 mm 0.36%

If we assume that a high-quality turn-
table exhibits its own basic wow and fut-
ter component of around 0.05%, then
with 2 | millimeter record warp the total
wow-and-flutler will rise to 0.17%. A
quick survey of your own records will
show that you have very few that have less
than | millimeter of warpage!

1t is ¢lear that the design of a complete
turniable system involves many diverse
factors. not the least of which is the fact
that most phanogrpah records are less-
than-perfect. To design a record playing
systcm on the premise that records that
will be played on it are perfectly fat. have
completely concentric holes, and wiil be
played in an environment that is tolally
free of outside vibration or noise is to
ignore the real-world situation. Im the
next installment, we will talk about rum-
ble. wow.and-flutter. mounting suspen-
sions. and other factors refating to the
turntable platter itsetf and its drive sys-
tem. We will also try 10 show why one
manufacturer’s turntable, that has a — 70
dB rumble figure. may, in fauct. produce
more rumble than another turntable that
has a —50 dB rumble figure. R-E
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TV RECEIVERS
continued front page 59

high quality reception from the Russian
stationary series of sawellite transpond-
ers although he is working with signals
7-9 dB weaker than we have available
here from North American domestic
satellites, and he has acceptable (if not
high qualuy) pictures from the much
weaker Intelsat sateltites (they run from
12 to 15 dB weaker than our domestic
satellites}). The balance of his receiver
approach is pretty standard since once
you have baseband video and audio
there is only about one way to process
it for conversion back to RF as an AM
format signal.

To some people, being at baseband
with the signal may seem like ending up
at the wrong place. To view baseband
directly, you feed the video and audio
signals into a video “monitor’’ and a
speaker. Not everyonc has a video
monitor of course and some means of
getting the baseband signal back to a
standard NTSC television channel
(with the video portion amplitude
modulated} is required.

A word about viewing the signal(s) at
pure baseband; i.e. into and through a
video monitor. This is the ultimate
thigh class) viewing technique since the
baseband signals are of very high quali-
ly (48- 1o S4-dR signal to noise) and puri-
ty. However, this generally limits you
to viewing the signals on a single moni-
tor since video monitors tend 1o be ex-
pensive.

In Fig. 4 we have several methods
suggested to get the baseband back 1o
an RF channel. Clearly the baseband
video and audio must be used to modu-
late a TV channel modulator device.
Numerous circuits for these devices
have appeared in Radio-Electronics
through the years. One of the easiest
ways to modulate back to RFis touse a
LM1889 IC which is a complete (TV
channel 3 or 4) RF camier generator/
modulator intended for TV games and
home VTR's. If you already have a
home VTR. you can simply loop the
baseband video and audio to the home
VTR's “camera” and “‘audio’” inputs.
This turns the VTR into a modulator for
you and you can then watch the satei-
lite TV signals on multiple TV receivers,
connected to the VTR modulator through
75-0hm coaxial cable (as in a miniature
TV distribution system). R-E
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new ideas

SOUND-ACTIVATED LAMP DIMMER

MY NEW IDEA CONCERNS THE USE OF MO-
torolas MQOC3011 opto-isolated iriac
driver. The triac driver consists of a LED
and an optically coupled bilateral swilch
(better known as a DIAC). This device
permits low-vollage control signals to
control high-voliage. high-power loads. It
esscnlially allows Lhe user (@ creale a sol-
id-state relay for a fraction of the cost.

1 wanied to make a simple and inexpen-
sive device capable of sound medulating
the intensity of a light source using a
microphone built into the case. The de-
vice that | designed employs a conven-
tional light dimmer circuit in addition to
the sound activation circuit. The light
dimmer may be uscd either indepen-
dently of or in conjunction with the sound
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circuit. When used scparatcly, the AUDIO
SENSITIVITY conlrol is sel to minimum
and the light dimmer is used in the con-
ventional manner. When the light dim-
mer is aclivated by sound the 100K pot
scts the minimum intensity that will
remain in the absence of sound and return
to afler it has been triggered Lo full inten-
sity by the sound section. This fcature is
made possible by the MOC301 L. The sig-
nal that controls the triac in the light
dimmer is 50 low that it does not harm the
bilateral switch in the MOC3011. Fur-
thermore, when the bilateral swilch in the
MOC301 1 triac driver is triggered by the
L.ED, it causes the triac to conduct fully
and override the presct light dimmer
selting.

The construction of the control unit is
simplc and straightforward. 1f circuit as-

RADIO-ELECTRONICS
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brac
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£ TRiAC DRIVER SURSTRATE
DO NOT CONMNECT

oA
4 MAIN TERMINAL

sembly is done using poini-lo-point wir-
ing rather tham a circuit board. Use
cxtreme caution when wiring that portion
of the circuit which is connected to the
120-volt power line. Be sure that during
the wiring of the triac driver
(MOC3011). no connection of any kind
is made to pin 5. Set the microphone ele-
ment inlo a hole drilled in the top of the
case and secure il with a silicon rubber
compound. The audio gain and light dim-
mer controls were placed near the micro-
phonc clement o allow adequate separa-
tion between the low-voltage section and
the 120-volt power control section. A
chassis-mounled power sockel was uscd
as a convenicnl way to make the device
flexible in use. If & high-power load is
anticipated, be sure that adequate heat
sinking is provided for the triac.

WWWW americanradiohistorv. comm

In addition to using this unit o pro-
duce scary effects for Hallowecen and
cause your Christmas tree lights to dance
with the Christmas music, you can also
use this device (o produce unique DISCO
lighting effects with just about any lamp
in the house. Several units placed around
the room create a wild effect and there is
no required connection 10 a sound
source.— David L. Holmes
| NEW IDEAS

This column is devoted to new ideas,
circuils, device applicaions. construc-
tion techniques, haigtul hints, elc.

All published entri®s, upon publica-
tion, will @arn $25 plus a Circuit Board
Holder, Standard Base and Tray Base
Mount from Panavise Products. Inc.
{See photo below.} Seleclions will be
made at the sole discretion of 1the edito-

| rial stalf of Radio-Elecironics. |

| agree to the above terms and grant
| Radio-Electronics Magazine the right

to publish my idea | declare that the

altached idea is my own original materi-

al and that its publlcation does not vio-

late any other copyright. | also declare

thal this material had not been previ-
| ously published.

Tille of dea

Date

State 2Ip

Mail your idea along with this coupon
to:
New |deas
Radio-Elecironics
200 Park Ave. South !
New York, NY 10003
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regular reply card and return it by the date specified. You will have at
least 10 days Lo decide. [f, because of late mail delivery of the Bulletin
you should recelve a book you do nol want, just return it at the Ciub's
expenss

As a Club member, you agree only to the purchase of four books
{including your first selection) over a two-year period.

Computer Professionals’ Book Club
P.O. Box 582, Hightstown, New Jersey 08520
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F:Qb,by CcCorn

An easy-to-build circuit that monitors sound level and lets
you know when it rises above or falls below a predetermined

point, plus 8 nifty new solder station.
EARL “DOC” SAVAGE, K4SDS, HOBBY EDITOR

THERE ARE TIMES WHEN ONE WISHES TO
know when and if a sound level exceeds a
certain point. 1t may be machinery that
requires adjustment when its noise reach-
¢s a given level. It may be children {yours
or the ones you babysil) who nced 1o be
reminded aufomatically when they get
100 noisy. Among other possibilities are
your school or summer camp lunchroom
or. even, your neighbor's stereo.

Of course. you could get an audio level
meter, but have you priced one of those
lately? And. besides. you have to watch
the meter. Well. if all you want to know is
when the level reaches a certain point,
this simple project is what you have been
looking for. As an added bonus. it can be
set up 1o tell you il the noise falls befow
the setling-—that is. if things get loo qui-
ct!

The heart of the loudness detector is a
common 555 1C wired as a Schmitt trig-
ger. As shown in Fig. 1, the output
changes state—from high 10 low—when-
ever the input crosses a cerlain voltage.
That threshold voltage is established by
the setting of pot R4.

Bl

audio amplifier is controlted by potenti-
ometer RI.

The amplitude of the voltage out of the
filter is dependent upon the sound level.
The greater the sound level, the greater
the voliage.

When that vollage exceeds the thres-
hold set by R4, the 555 oulput changes
stale and the LED turns ON. There you
have it—a loudness detector! But a lew
details remain.

The audio amplifier can be whalever
You happen 1o have on hand as |ong as it
will output 150 mW or so. You may wanl
1o build a simple transistor or 1C amplifi-
er or you can use a commercial module.
My loudness detector was first tested by
running the output of a “shirt-pockel™
radio across R2.

The LED can be replaced by a relay
with a DC voltage rating appropriate to
the supply voltage you apply 1o pin 8. The
hook-up is shown in Fig. 2. Do not omit
the diode. The back EMF from the relay is
likely to ruin the 355. By using a relay,
you can cause a bell to ring, a bright light
to turn on or, ¢ven, the offending ma-
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FIG. 1

The prototype circuit uses a LED in
the output. As wired, it turns ON to indi-
cate a higher vollage (noisc). Obviously.
if the LED and ils associated resistor RS
were wired between pin 3 and ground. it
would turn OFF to indicate that same
condition.

The 555 control (inpul pins 2 and 6)
voltage originales from a small audio
amplifier. The amplifier output is fed 10
R2 which develops an AC voltage propor-
lional to the sound [evel at the micro-
phone. That vollage is rectified by D1 and
filtered by C| and R3. The gain of the

chine to cut off!

Use of the loudness detector requires
proper setling of R1 {(amplifier volume)
and R4 (trigger threshotd). | recommend
that R4 be scl to provide a reasonable
range with the particular amplifier used.
Then the sensitivity for different uses can
be sct on R alone. The centrol can then
be calibrated in some arbitrary scale 1o
permil resetting lo a given level.

Of course, you can use the pots in the
reverse manner bul that will give you less
latitude in sensilivily. However, the im-
portant thing is to have only one conlrol

WWWW americanradiohistorv. comm

asthe normaily used variable—otherwiseit
will be difficult 1o reset the trigger level.

There are two other minor factofs
which you will discover as you use the
detector. Firsl. il is somewhat frequency
sensitive. How much so depends partly on
the microphone and amplifier used, but
compensation is nol worth the trouble
except in critical applications.

Second. the detector displays hystere-
sis; that is. the cutl-ofl level is lower than
the cut-on level. You will find this to be
an advanlage in many uses. The actual

S-lovoe
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FIG. 2

difference between the two vollages var:
ies with the seiting of R4.

Certainly there are other uses to which
you can put the basic 555 circuil. A vari-
able voltage from any source will cause
the light or other alarm 1o aclivate. All
you have to do is to apply that voliage lo
pins 2 and 6 of the 555. Be sure. however,
that the voliage on pins 2 and 6 does nor
exceed the applied voltage on pin 8 or the
355 will be damaged. In cases where this
is a possibility. you should use a voltage
divider or a Zener diode 1o prevent it.

Please hold

1 would like to pause to give a bit of
gentle (?) advice to some adverlisers of
parts and equipment. It is very nice of
you fellows to provide your lelephone
numbers. especially il you have a toll-free
line.

You must know, however, that it is
quite disconcerling to be placed on
“hold™ before the caller has a chance to
say 2 word. It is more than disconcerting
if the number is not toll-frec and the call-
er is left paying 10 listen 10 a dead line,

Accordingly, I trust thal all you good
guys will review your procedures. If your
establishment suflers from this malady, a
correction will benefit both your custom-
ers and you. After all, other folks sell the
same items.

A suggestion: if you can’t handle it
right then, don't answer it. We'll be glad
to call back in a few minules.

continued on page 70
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DIGITAL ACCURACY AT YOUR FINGERTIPS

On the bench, in your hand or on-the-go,
LX303 is your number one value in a com-

pact DVOM. Even though it is low priced,
the LX303 provides the level of perlormance
you'd expect to find in more expensive
instruments. A full 3% digit display {1 999
full-scate reading! provides range-to-range
overlap for best accurdCy and typical preci-
sion of better than 1%. The 100 my DCV
range gives you low level messurement Capa-
bility usuadlly found on instruments casting
nearly twice the poce, The maximum reso-
luticn of 0.1 ohms lets you accurately check
ballast resistors. windings. coils, etc. The
low-power output (0.35 V max. full-scale
voltagel makes in-cireuit resistance measure-
ments sure and easy.

Fast. easy, one hand Operation. Automatic
polarity, automatic zer0. automatic Over-
range indication and & rapid (3 per seconadl
reading rate speed up and simplify operation.
R. F. shielding assures you of jitter free

reading$ on the big. % inch high. easy read-
ing. wade angle, LCD display. Panel switches
are human engineered for easy gne hand
operation.

Years of hasste-free reliability. The 200 hour
typical bettery life means you'll only need
to install 3 new battery once every 6 months
or 30 (at 2 hoursfday, 5 days/week). A con-
venient batiery check capabllsty is built n.
The LX303's excellent overload tharacteris-
tics also assuré long rellable opesation. All
OC V ranges will take 1000 volts without
damage except the 100 mV range which will
handig 500 volts. All AC V ranges will with.
stand 600 voits. The ohms ranges are fully
protected 100 -~ up to 120 volts AC or DC
without damage - up to 240 voirs short
term.

Mpeasura temperalure lor only $39.95 more.
Model TP-20 {F or £) TemPerature probe measures
trom —57%ta + X2°FITP.20F) or — B6%10 + 150°C
{TP-20CI. Accuracy: £2.7°F or % 1.5°C. Resalu-
thon: 0.1 Operates 600 hew. on » 9V Gatrety

LX 303 SPECIFICATIONS

PRIORITY ONE ELECTROMICS

Tha LX303 Is dasigned o withstund & drop irom
4 feet withoul damage.

Built to “take it”. The high impact thermo-
plastic case and cover Protect the LX303
from abuse in transportation. and starage.
Glass-epoxy pc board construction with a
minimum of hand-wiring greatly reduces the
possibility of field failures. Even the oper-
ating panel nomenclature is Protecisd by a
010" thick laver of GE Lexan® to keep it
clean and easdy reacdable even afier extended
usage. LS| elrcuitry and a laser-trimmed
thick film resistor network Provide a very
low Parté Count inside, so there's less 10 go
wrong in @ variety of tempecatures. climates
and working shuations. All plugs and jacks
are recessed and all metal part fully insu-
lated fOr yOur safety gven in hand-held usage,

Drder with confidence. Thousands of these
units are afready In use by englneers and
technicians from many of the lergest U.S.
corperations. LX 303 is manufactured in the
W.S. A, and carrfes a full one year warrantes
from the Hickok Electrical Instrument Com-
pany wath over 65 years of test equipment
production experence. Your LX303 comes
to you fully assembled snd calibrated. com-
Plete with teit leads and instruction manuat,

As one of Hickok's leading nationai
distributors we unconditionally recom-
mend the LX303 as an outstanding value.
Use this coupon or phone to piace your
order directly to us.

PRIORITY ONE
ELECTRONICS

18723 Roscoe Bivda Sepubtveas, CA 91343

TO ORDER CALL TOLL FREE
B00-423-5833

ACCURALY. {0 5% rdg +0.5% 1.5.); OVERLOAD PRAGTECTION W ONn 10nA
to 10 b renges, 35 mA oa 100 LA tange and 500 mA ga 100 MA fanga.
GEMERAL DIMEMSIONS: S 3y % 157 [14.7 x 8BS w 4. 3emf WEIGHT: 12 oz

., POWER 9V Dattery Inot incl) or HiCkok AC Adapter: BATTERY LIFE:
AlnBling. 300 haurs typical AEAD RATE: Jsec.; TEMPERATURE:OC 10 50C
cPeraling. - 35 C to + 60 C slorage.

Ancount B Eap.Data
Nama_
Addresa

DC Vours S AANGES): 200mv Lo 1000¥ tull scala. RESOLUTION 0.4mY l 18723 Aoscow Bivd., Sepulveds. CA #1343 2138948171 ‘ I l
ACCURACY: 2{0.5% rdg+0.5% (3.} INPUT IMPENDANCE: TOME: PLEASE SEND ME S
OVERLOAD PROTECTION, 1000VDC or peak AC sli ranges AC VOLTS (40 Hz I - _ Mickok LXIG3 DIQEI Multimeters . . @ 7495 ea, I
19 SkHEZE 200V 1o S00V fuil scale: RESOLUTION: 0L1V: ACCURACY: £{1.0% RC-3 AC Adaptel, ISYAC(220VAC avail . .@ 800ea
rdg —08% |.eL 20 db at She OVEALOAD PROTECTION: 600vDC of rm$ _CC3Deluxe Carrying Case . .0 BODR
RESIBTANCE {6 RANGES. LOW POWER): 2000 to 20ME full scale; I ¥P 10210 DCY Probe Adapler . . @ V.50 on
RESOLUTION: 0.10; ACCURACY: £ 05% rdg + 0.5% 18 2 (1.5% rdg + 0.5% CS-1 104 DC Currant Shunt --@ 18.50 an.
18] on 206D range. OVERLCOAD PROTECTION 120¥YDC of rmE SI1 ranges, _TP 20 Tempataiura Frobe (apecify Gor F) L E NS ea
240% rmi ioe X0 sec. DC CUARENT (8 RANGESY 20 ni 1o 200 mA Jull scale, I Payment sncl, { Bill my; Mastar Charge | ViISA I

Clty _ Siate_

Agd $2.00 Foalege and Handiing, Ca residens sdd saios len

------------J
CIRCLE 55 ON FREE INFORMATION CARD
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ONILY $650.
UNBELIEVABI E!

Introducing the Schober
Automatic Electronic Organ,

Two keyboards. 27 push-
buttons. Four rotary cantrols.
Three chord pedals. Eight rhythm
patterns. An Incredible 60
automatic chords. Plus more
automatic features and ways to
combine them for greater musical
versatility than any instrument of
Its type. You build il yourseli from
our compiete kit. So simpie,
anyong can do fi.

The Schober Organ Corp. Dept. AE-89
43 West 61st Street, New York, N'Y 10023 Schober
Toorder enclose [ Check [ Money Order for S650 {N.Y

residents please add tax. Shipping ¢harges C.0.0) or charge to:
O Master Charge O Visa Acct. e

Interbank #. Expiration Date

Or call {212) 586-7552to order.

Name

Address.

City. State_ ip.

For additional free information O

~J
o

RADIC-ELECTRONICS

CIRCLE 2 ON FREE INFORMATION CARD

KLIP-BLOKS

O®NDO SOLDERING
...Just Push In

® OIPS, transistors,
components
patch with

ordinary
wire

®Buy only
sockets needed
and —— save money!

® Exclusive thru-holes open
top and bottom give greater
component density. 4 connected
- contacts per strlp with 1 to 24 sirips

per block ~ atl on .1" grid. FAST! EASY!

—
L] Avallable From Vector Distributors or Factory ®

12460 E. Gladstone Ave.

CIRCLE 41 ON FREE INFORMATION CARD

WWWW.americanradiohistorv.comm

—m ELECTRONIC Sylmar. Canf. 91342
8(/ COMPANY, INC. {2131 365 9661 Twx {9103 96 1535

HOBBY CORNER
continued from page 68

Solder station

PanaVise (2850 29th St., Long Beach,
CA 90806) has come out with a neat and
effective solder station. It consists of a
hotder for spools of solder and/for wire
and a holder for your iron. Also provided
are two sponge 1ip cleaners. The holders
can be uscd separately or fasiened togeth-
er (bolts provided) as a single unit for
cither right or left hand use. (See Fig.
3

The station can be mounted on your
workbench, on the wall, or you can put it
on a movable base. One or both holders,
separately or as a unit, also may be
mounted on PanaVise's holders for
boards/parts {and You alrcady know how
great | think they are).

FiG. 3

If you aren’t using a solder station, con-
sider the convenience of having an iron,
solder, and wire right where you need
them. You may not be as careless as 1. bul
it is good to have a place to put your iron
50 it isn’t lying around wailing to burn
your hand! The modef 371 solder station
sells for about §5. R-E

Al
ELECTRONICS

.
= ®

“Next tine you check resistance ranges
around here, leave me out of itl"
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CONFERENCE CALLER
comtinued from page 49

INTERIOR VIEW of the Conference Calles. The
iwo mnon-polerized isalating capacitors sre
wirted direcily 1o the swiich.

Construction and installation

Construction is simpli¢ and wiring is
not at all critical. The components can be
mounted directly to the switch. When
you connect the conlercnce caller to your
telephone lines make sure only the green
wires g0 to the green terminals, and the
red wires 10 the red Lerminals

€1 and €2 mast be nonpolar {rnot elec-
trolylic) capacitors rated at more than
100 volis. Il you want to expand your
conlerence caller to use three or more
telephones, simply add two more capaci-
tors and a switch for cach additional line
(see the dashed box in Fig. 1).

To test this device, have a [riend call
one of the numbers connected to it. Next.
call someone else, using the other phone.
Now, close the swilch and all three of you
should be able to talk ogether. n-E

Radio-Electronics®
i available in
MIGROFILM

UNIVERSITY MICROFILMS
300 N. Zeeb Road
Ann Arbor, Michigan 48106

MIGROFIGH

MICROCARD EDITIONS
A Dlvislon of

information Handling Services

P.O. Box 1154
Englewood, Colorado 80110

BELL & HOWELL CO,
Micro Photo Division

Old Mansfield Road
Wooster, Ohio 44691

Attn.: Mr. Splers

Please write
for complete Information
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A phonograph record that tells all about shortwave listening,

plus a tri-band monitor antenna.
HERB FRIEDMAN, COMMUNICATIONS EDITOR

THE CHINESE PHILOSOPHER CONFUCIUS
onece said: “A picture is worth a thousand
words.”" Had he lived in our time he
might have added: ™. . . but one good
LP recording is worth all the words and
all the pictures.”

For more than a quarier cenlury [ have
been reading about one of my flavorile
hobbies, shartwave listening—or
SwLl'ing as il is more commonly
known—and in all that time | have yel to
find 2 book on the subject thal was nol
deadly dull. One of the problems with
modern books is that a publisher usually
contracts for & specific length. The writer
has to fill so many pages: and an exciting
subject. such as SWL'ing, can easily get
buried in excess verbiage, sure (o put one
1o sleep by the twenticth page. (it takes
five pages just lo thank all those who
helped the author.)

If you'd like 10 get the real Ravor of
SwL'ing, or if there’s some youngster
who you think would enjoy getting into it,
the pathway ta this little known but wide-
ly practiced hobby is through a 12-inch
LP record that goes by the rather insipid
title of Long Live Shoriwavel (exclama-
tion mark and all). Put 1ogether and nar-
rated by Mitch Murray. one of Greal
Britain’s leading songwriters, who is also
an avid SWL (Short- Wave Lisiener), the
record is an obvious labor of love. (See
Fig. 1.) Side A tells us about SWL'ing:
whal il is. the requencics in use during
different time periods. antenna tips . . .
just about cverything a new SWL would
want to know. For example. there are
actual samples of the sounds of RTTY,
SSTV and satellite signals.

There isn’t a wasted word on the whole
side, which runs about 22 minutes. One
subject flows into the next, and the
youngsters—and a few old-timers—we
played the record for were left sitting on
the edges of their scals walting 1o hear
what Mitch would cover next.

A small booklet, actually a piece of
paper about 8 X 13 inches that is folded
in thirds. contains the artwork that Mitch
refers 10, Some of the picturcs are anten-
na designs: others are charts, such as the
SINPO code and frequency conversion.
(SINPO is a method of reporting recep-
tion quality—Editor)

On that one side of an LP. Mitch Mur-

Misch My presants

LONG LWWE
SHORT-WAVE!

At

Attast] A superd album devoted to

Nl
1 - a eremcpue coldectinn of authorised ondl sk ard
incormaation on T Wrid's rop ot wane siatien

FIG, 1

ray covers SWL'ing better than does any
book I've read.

The flip side of the record is still more
fun. 1t contains the station identification,
or signaiures, of SW stations around the
globe: from the “Biue Danube™ cimbalon
signature of Austrian Radio to some exol-
ic bjrd of New Zealand. You can tell who
is broadcasting, even if you don't know
the language, by these “signatures.”

One really big extra provided with the
record is a listing of the major DX clubs
around the world, including addresses. [n
many instances thosc are “umbrella™
clubs that can supply you with the
address of any DX club that is in your
local area.

Long Life Shortwave! is available from
Trans-1sland Productions Ltd., P.O. Box
24, Douglas. Isle of Man. British [sles.
for $6.95 including postage. Specify ei-
ther record or casselte format.

174 Ine 174 ing
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Raising the antenna current

As 10 mobile CB antennas, there are
two “rules™ that determine how far your
signal travels: 1—For a given antenna
design (basc-lcaded, center-loaded, eic.),
the longer the overall antenna length, the
greater the radiation. 2—-For a given
antenna length, the higher the loading
coil (if any}, the greater the radiated sig-
nal. Since cach antenna type has its
advaniages and disadvantages you usually
select the best compromise for your own
personal needs. However, if you're pres-
ently using certain basc-loaded mobile
antennas and would like 10 swilch to onc
of the continuously-loaded, or top-loaded
designs, you can do so without going
through the expensc of a complete anten-
na system. A small metal gadger from
Anixter-Mark, the model HWA-! CB
Antenna Adapter, screws on in place of
some base-loading coils and provides a
standard % inch-24 thread for standard
and loaded whips, quick-connectors, and
light-duty springs.

Presently, the model HHWA-]1 can be
used on the [oliowing antenna mounts:
A/S model M-125; Royce model 2-205:
Antenna inc. model 17610, and a host of
imported models. Your best bel is to go
down to your local Anixter-Mark antenna
dealer and make surc the adaptor will fit
your mount.

The primary advaniage of using an
antenna with a high loading coil is shown
in Fig. 2. Note that radiation is from the
area of maximum current, which is near
the base of the antenna. The closer the
loading coil is 10 the base the more the
radiating current area gels squished 1Lo0-
wards the groundplane. Maximum cur-
rent—hence. maximum radiation—for a
given antenna length is provided by top
loading: bul top loading gets very
“hairy.” It has a narrow bandwidth and

144 re 14 Ing

CENTER LDAD BASE LOAD s

W
PHYSICALLY SHORTENED ANTENNAS
FIG. 2
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requires really precise tuning for lowest |

SWR. Nontuneable models positively re-
quire a broad groundplane under them,
such as the roof of a car or RV, or the
center of a trunk.

Tri-band monitor anténna.

Our final item this time falls into the
“Why didn’t I think of it?” category. It’s
the magnetic mounted mobile low/high
VHF and UHF monitor antenna, Hustler
model MOM, covering the 30-50, 150-
174, and 450-512 MHz bands. Basically,
it consists of a magnetic mount with an
antenna approximately 34 inches long.
The whip antenna has a loading coil in the
approximate center that “tunes” the whip
to the low (30-50) VHF band. On the
high VHF band the coil functions as an
“isolator,” or trap, so signals are received
by the lower part of the antenna that
functions as a !/s-wave whip at the high-
VHEF frequencies. On the UHF band the
lower part of the antenna appears to func-
tion as a s-wave whip. (The sizes are
only approximate. The antenna is for
receiving only; not for transmitting.)

The supplied 17-foot coax cable has
Motorola-type plugs on both ends since it
plugs into a matching connector on the
magnetic base.

Why a plug-in connector? That is
‘where the “Why didn’t I think of it?”
comes in. The magnetic base has two slots
cut in the rear. A small metal bracket
supplied with the antenna is attached to
the edge of the trunk lip behind the rear
window. The bracket is similar to those
used for “‘standard” trunk-lip antennas
except for two small hooks that protrude
upward. If you intend to barrel down the
highway at speeds that might tear a mag-
netic mount loose (and contrary to what
anyone says it does happen), you simply
engage the slots in the mount with the
hooks when you install the antenna and it
will stay put under any driving condition.
Between the hooks and the magnets that
antenna doesn’t come loose.

To remove the antenna you simply
unplug the coax at the mount and lift the
antenna off the hooks. A weatherproof
cap is provided for the coax plug in case
you want to leave it out for possible
instant use.

One other bit about the Hustler
MOM: It makes a great “indoor” VHE/
UHF antenna if your monitoradio has a
metal cabinet. Simply place it on top of
the cabinet; the magnet locks it in
place. R-E

You can do it thanks to SGL. WABERe
multiple outlet strips. There are over
250 versatile models with unsurpassed
quality workmanship. Each exceeds
National Electrical Code standards and
is safety tested. Ideal for organizing
your work area and having extra
outlets exactly where you want them.
Over 2,000 electronic distributors carry
the SGL Waber line. Send for our free
24-page catalog, today!

SGL WABER Electric

A division of SGL Industries. Inc.
Dept. H—300 Harvard Avenue
Westville, New Jersey 08093
(609) 456-5400
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BUILD A

MASTERPIECE OF SOUND

Transposer. And lots more.

models. (Also factory assembled.)

catalog).

percussion and sustain. Wersi's famous
string orchestra and bass guitar. Exclu-
A sive Sound Computer for 32-128 “One
. Stop Sounds” (total organ presets).

T Build your own masterpiece of
i sound. No technical knowledge re-
quired. Just follow the clearly illus-
trated, easy to understand instructions.
Step by step. Choose from at least 10

Send $6.00 with coupon for your Wersi
Demo-Package (LP with 104-page color

e ————— mm—mm—————

1
B wersi Electronics. Inc.  or Wersi Organs & Kits sl
Th e ba b We Save ! g I 1720 Hempstead Road 14104 E. Firestone Blvd. 1
y Wersi has combined select features of = Lancaster, PA 17601 Santa Fe Springs, CA 90670 :
|d b the electronic music field, added its own § Caclosa rARobT 5 Ea e 1

i nclosed is $6.00 for my Demo-Package wi

COU e yOU rS. CFQB_thI'lS and years;. ,Of research by top : 104-page color catalog.) :
engineers and musicians, to produce an i
® incomparable line of organs. s 1
Umted Space-age technology. True-to-life voic- § . -
] ing with full drawbar system. Polyphonic § i ]
sy 1 City State _ Zip i
B o e o o e e e e o
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The ““Christmas tree’ pattern reveals itself once again.
JACK DARR, SERVICE EDITOR

A LONG TIME AGO, THERE WERE MANY TV
sets. These were black-and-white sets,
and they all had their problems (You'll
note that this tendency is still around!)
One of the most annoying of these was a
peculiar instability in the horizontal oscil-
lator. Because of the unmistakable pat-
tern it made on the TV screen, it was easy
to recognize, but could be very hard to
find. That is the “Christmas tree” (Fig.
1) and is one of the places where the “big
scope” (TV screen) actually gave you the
diagnosis!

- .

S e

FIG. 1

Analyzing this, you can see that the
horizontal oscillator starts to sweep only a
wee bit, and slowly, at the top of the
screen. Gradually, this gets wider and
wider. When the trace gets to the bottom
of the screen, it abruptly collapses and the
whole sequence starts over again. The
horizontal oscillator is trying to work.
When it reaches a certain amplitude, it
collapses. The reason is that something is
upsetting the feedback. No feedback
means no oscillation, in any kind of oscil-
lator circuit.

The major cause of this is something is
getting into the normal feedback loop of
the oscillator, and preventing it from
going into normal oscillation. Probably
caused by cancellation of pulses, etc.
Eventually, we found that the main cause
of this was a bad filter capacitor, usually

in the B+ line that fed both horizontal

oscillator and horizontal output stage.
Pulses were being fed back through the
B+, and got to the wrong place at exactly
the right time, to kill the oscillation. Inci-
dentally, you’ll notice that there is also a
60-Hz ripple involved in this! The tree
pattern is steady! So, the oscillator is
being gradually ‘killed’ at a 60-Hz rate. A
bad capacitor allows increase in this rip-
ple, and lets 15,750 Hz. pulses in.

The exception to this rule is in sets
with the popular Synchroguide oscillator
circuit. By carefully setting this up exact-
ly wrong, you could find a combination of
adjustments to the two coils that would
let it Christmas tree.

With later model sets, we haven’t seen
the Christmas tree pattern for a long
time. The other day, I saw one! Real dan-
dy, too. Same unmistakable pattern, but a
double; there were two trees, top to bot-
tom, complete in every detail. (Fig. 2)
This was in a Sylvania E06-02 chassis.
Original complaint was loss of height.
Replacing the vertical driver/amplifier
IC cleared this up, and the set went
home. Back in a few days, with complaint
of “lines in the picture and makes funny
noise at turn-on”. On the bench, it played
very well for quite a while.

« \L
P = J
FIG. 2

Finally, it began to show horizontal
pulling at a 2-3 second rate, then went
into the new Christmas tree pattern.
From force of habit, I scope the B+ line
feeding the horizontal oscillator! The
scope showed pulses here. DC Voltage
readings were low, and the B+ boost line,
+170 V was also low and showed pulses.
A bad filter was suspected. Turned out to
be a 100 «F 250 V capacitor on the + 170
V boost line. This is a flyback-derived
voltage and could be expected to be low
with the odd drive waveform from the
oscillator. However, it was the culprit; the
open filter was allowing high pulse volt-
ages to develop on the +170 V line, and
this was managing to get into the B+ line
feeding the horizontal oscillator, in am-
plitude great enough to cause the incor-
rect feedback and Christmas tree pattern.
However, the old concept seems to be val-
id still; the major cause was a bad filter
capacitor and the proof of the pudding
was the presence of pulses on the

B+ lines. Replacing this capacitor
cleared up the problem.

So: if you start seeing Christmas trees
in the middle of the summer, up scope
and look first on your B+ lines feeding
the horizontal oscillator. As far as [ know,
it is not possible for a normally-operating
horizontal oscillator of the modern type
to be misadjusted in such a way that it
will Christmas tree. In the Synchro-
guides, the two coils made it fairly easy to
find a sétting that would cause this. Some
used to call this “squegging”. A fascinat-
ing word, and I’ve never yet been able to
find out where it came from or what it
meant! Sounds like one that was invented
to describe something, and in that way, I
guess it’'s OK! R-E

service
questions

HORIZONTAL PROBLEM

I have a problem with a model 1872
XAM color sel. It came in with sound and
no raster. | changed the outputi, the high-
voltage rectifier and the damper. The pic-
ture came back, but now it runs horizon-
tally. Adjusting the hold conftrol finally
produced three pictures side by side, ver-
tically locked. I've checked everything |
can think of. Any ideas? I used a solid-
state high-voltage rectifier. Could this be
causing it?—J.G., Brooklyn, NY.

This is a horizontal-frequency prob-
lem, and I doubt that the high-voltage
rectifier would affect it at all. Try this to
see if it works: Shunt out the horizontal
AFC and see if you can adjust the hori-
zontal-hold control, etc., to get ONE
straight-sided floating picture.

If you can’t, then there’s a part off-
tolerance somewhere in the frequency-
determining section of the oscillator—
either the coil or the capacitors across it.
Check C261, C262 and the resistance of
the coil, both sides of the tap. Be sure to
use exact replacements for these parts;
they are critical.

VERTICAL SHRINK, POOR SYNC

Here’s one that fooled me for a while.
The picture on this GE KC chassis
shrank up from the bottom, and had very
poor vertical sync. After checking a few
things with no luck, I finally pulled the
deflection yoke and found that the little
thermistor in series with the bottom half



Put Professional Knowledge and a

COLLEGE DEGREE

In your Electronics Career through

HOME

Eam Your

DEGREE

No commuting to class. Study at your
own pace, while continuing your present
job. The Grantham home-study program
leads first to the A.S.E.T. and then to the
B.S.ET. degree. Our free bulletin gives
complete details. Wrile for Bulieiin 80.

Grantham College of Engineering
2500 So. LaCienega Blvd.
Los Angeles, California 90034

GRANTHAM'S FCC LICENSE STUDY GUIDE
377 pages. 16 FCC-type practice tests, 1465 gues-
tions with answers and discussions—covenng third,
second. and Frst class radiotelephone license
cxams Preparation for cach separate class of li-
cense is presented in # separate section of Lthe book.
$14.75 postpaid. Order from: GSE Publizations,
P.0O. Box 35499, Los Angeles, Ca, %0035
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for Antenna
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The McKAY DYMEK DA 100.

The DA 100 Is a compacl, wide dynamic
range, broadband, untuned, omni-direc-
tional recelving antenna covering the
frequency range of 50 kHz to 30 MHz.
The exterior module, a small weather-proof
box with a 56 inch (142 cm} whip delivers
the signal to the power supply unlt through
a supplied 50° coaxial cable.

The power supply l0cates near your
general coverage raceiver and attaches
with a supplied patch cord

The DA 100 antenna is small, but will equal
or outpertorm a 100’ long wire antenna,
and s prlcad within reach of everyonet
Quiput Impedance - Attenuator Switch
provided to match recelver input
requirements and prevent overload,

Order factory Direct. Call 1oll tres today!
Money Back guarantee. Rent/Own Plan
available. Specs and detalis on request.

Nationwide BOO/B54-TTES
Calitornla 300/472-1783 m H
McKay Dymek Co.
4 111 . Collage Ave., PO Box 5000

Claremont CA 91711
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of the yoke was bad. Apparently 1his also
caused the sync problem. Please pass this
along.

Sure will, and thanks Lo Bob Stevens,
TV Rebuild Service, for this tip.

MAGNAYOX HEAD NEEDED

1 need a play-recard hoad for a Magna-
vox model 2YR2005 reel-to-ree! tape re-
corder. The factory says it's not available
any more. Do you have any information on
thia?—L.T., Wartburg, TN.

The Nortronics Company (8101 Tenth
Ave. North, Minneapolis, MN 55427)
does list this Magnavox part number.
They list their type 1002 as a replacement
for the Magnavox 76149043 head. [ hope
this heips.

BRIGHTNESS PROBLEM

Don Black, service manager for Sony
of Canada, Lid., sends along this note
about the raster shading problem in the
Sony model KV-1910 mentioned in the
January 1979 issue. He says that it is apt
to be caused by filter capacitor C707,
{4.7 uF, 250¥) on board T. This is & filter
in the collector supply circuil Lo the
R~G-B outpul transistors. Thanks lo Mr.
Black for his help.

BAD FLYBACK

I'm & teacher's aid in & vocational
schoo! radio-TV repair cizss. Wo have 8
probiem with an RCA mode! KCS-1538.
The high voitege is Yery lowi ihore is
severe Dlooming and not enough width. |
found that the high-voltage winding of
the fiyback read 15,000 ohms. (The dias-
gram shows this should read 590 ohmas.)
The iransformer shows continuily, but
aiso shows “short.” Do you think this fiy-
back is bad?—L.L., LaGrange, KY.

Yes. It has probably overheated and
shorted & few 11rns in the high-voliage
winding. This will cause all of the symp-
toms you describe.

SCOPE POSITIONING PROBLEM

Your crystal ball hit if right on the nose
in a horizontal positioning problem in my
Sylvama model! 400 scope. The voltages
on the 7C5’s were the same. but on the
horizomal internalfexternal swiich, one
vollage was QK and the other way up.
The 0.1-uF coupling capacitor, C37, was
shorted! | replaced C37 with & new capac-
itor and bingo! Thanks—Roger Wil
liams, New Orleans, LA.

HIGH-VOLTAGE PROBLEM

This Admirsl model K12 is showing
sevaral odd symptoms. The cathode cur-
ren! in the 26L W6 is way up. and the high
voltage is way down. The boosl vollage is
just sbout right st 875 volts. Any idess
you might have would be weicome.—J.C.,
Berlin, NY.

I have one idea: If your boost voltage is
normal, this tefls you that the horizontai-
output stage. deflection yoke and flyback

continued on page 76
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components, color TV
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for the home—all in
easy-to-build,
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Send today
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FREE

Heathkit

It coupon is missing. write
Heath Co., Dept. 020-612,
Benlon Harbor, M| 48022

Send to: Hasth Co., Dept. 020-612,
Benton Harbor, M1 43022,

Send my free Heathkh Ca1alog now.
| am nol currently receiving your

catatog.
Name _
Address _
e
e — — - >
g
City State »
&
CL-724A Zlp__ =
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SERVICE QUESTIONS
continued from page 75

are OK. Since you have a high-voliage
problem. try a new high-voltage tripier:
that would be a more likely cause.

{Feedback: Yes, it was indeed a very
“bad tripler!™)

SHORT TUBE LIFE

Thia Panncreet modsl CB233 TV has @
18A38 tube that tmafe onily aboul 4 or 8 days
fo 8 week! 've monilored all the voliages
onit; but can't gee anyihing wrong. ! have
another modet of this make with the same
problemi—VY.8.. Burtington. Wi.

There is one thing shown on the sche-
matic dragram that might be causing this
problem. A dropping diode is used in the
heater string; result—reduced power. If
this diode is Icaky or shorted, it piaces the
full sinewave AC on it and overloads the
tubes. Check the diode for leakage, or
replace it. Incidentally, a sinewave AC
voltmeter will not mecasure the heater
voltage correctly because this vollage is a
half-wave pulsating AC. Take nrote that
Sams shows only 10 volts across the 16A8
tube!

HINT ON MAD MODULES

RCA is now enclosing a note in its
shipments of MAD modules that reads:

“When using Module Stock No.
t39685 as a replacement for Modules
MADOOIA-1H, 1J. 1P or IR. it may be
necessary to solder the pixtube socket
leads to the exterpal terminals of the
module.” This might be helpful.

LUCK OR GENIUS?

Your crystel balt muat have been resity
working in the April 1976 issuel A neigh-
bar to the esat of me had the inlermitieni-
alart horizonle! osacillator problem; the
naighbar to the weat had the Zenith high-
vottage reguistor trouble! How do you do
t?—L.H., Rochester, NY,

There are two distinct schools of
thought on this; one group favors genius,
the other seems to lcan more toward pure
luck. As far as [ can see. the second group
has a slight edge—something like 97.3%.
However, if it works take it!

SHUTDOWN TROUBLE

- I

Thanks 1o your help. “we” finally
found what was causing this model 19TS-
949 Quasar to shut down after about
15-30 seconds! You said that it would
shut down on both fow and high voltages.
[ found that the 25-0hm. 20-watt resistor,
R815, was cracked right under the metal
clamp that holds it in place. The cenrter
wite wasn't broken, but the resistance
was close. [ replaced it and all system
were go! | figure that the loose wire in the
cracked insulator heated more at turn-on
and was upsetting the anode. voltage on
the SCR, causing it to trip—L.F., Ful-
ton, MO, R-E

Stari Computing For Just $129.95 With An
8085-Based Prolessional Compuler Kil—

Exploreri85

100% compatible with alt 8080A and
8085 sottwale & development tools!

No mafiter what your future computing plans may
be, Level A —ar 3129.95—is your starting point.

Starsing at junt $129.9% for 8 Level A" opevaring tytoem,
you can now bulld 1he exect compalee i wani, Explorer/ 81
£an br your begiiner's priem. DEM coniroller, or IRM-
Sormaried 8° digh small burinesr sysiem. . pel i 're never
forced 1o ipend 8 penny for 8 component ar ;:.m you dom'y
want  dand can ripand in imail. dffordable  tiepal

Now, for Just $129.95, you can own the first level of a fully

pandablc comp wih prof I capabikit com-
puler which features the sdsancord Inict 3085 cpu, sheredy
iving you immrdiaic acoess (0 ail 2aftware gnd developmen}
tools that exist for dork the 3085 and its S080A predecrosor
{they orr 100% softeare compatible)—a compuler whwch
features onboard 5-100 hys ovpansion—plus snstanl conver.
sion to masy srorage disk memory wilh either 3-1/4°" diskettes
or vandard IRM-formalled §'" disks.

For Just $129.9% (plus Lhe cost of n supply. heyboard/
lerminal and RF modus, i you 't haive 1hem already),
Expiorer/25 kett you begin compuiing on a Ygnificant level. ..

registers. _ uinghe 3P wilh register display at each break point
...g0 10 execurlon addreus. Leved "'A" in ihe Hex Persion
makes a prrfect o dler Tar sndustrial applicatdont and can
J wing the Nereonics Hen Keypad, Display.
Hex KaypadiDisplay
Specificationa
Cabrulator Lype keypad with 24
tystern defined and (6 wwer
defined keys. & digh calculator
\ 5 .me dllD;IhLuhlch dllpll‘l; full
= ress data a3 well m
Hex Keypod/ Doplay. register and status dnfoemation.
Lawe| “B™ Specltications
Level" B provides the 5-100 signals pluy buffery/drivers to
SUPPOr up 1o #x 5100 bur boarde and Includes, address
decoding for onboard 4 RAM expunsion stleciabk in
4 blocks . addresy decoding for nnboard Bk EPROM éxpan.
sion seleciabic §n Bk blocks . . sddress and data pys drivers for
onboard expansion., . .wall stale gencralor (Jumper scheciablel,
o a!low Ihe use of tower memories. . iwo ¥Perale § volt

be progr

applying the principhes discussed in lcading -
s .. developing “utale of the art'' compuler soluum
both the indusirial and leisure environment.
Leval “A" Speclfications
E /s Level "A" tytiem [xiures the sdvanced Intel
5 cpw, an 8153 ROM with 2k deluxe monitorfaperating
system, and an 8155 ROM-1/C—all on & single motherboard
with room for RAM/ROM/PROM/EPROM and 5-100 &x-
panuon, plus generous prololyping (pace.
{Levrl A" maber » perfect OEM comirolicer for imdutiniat
wppiciom and B asailnble I p 1pevial Hm Yeruon whiek
emm  be progrimwicd Srieg
the Metronicr  Hes  Keyped
Dispday )
PC Boprd: glaus epory, plated
|hr?n‘§h hedes with u:lder mask
* I/ provisons for 25-pin
{DB23) connecior for Lerminal

Levet “A™ ot JJI2995 g ¢ wrial 170, which can abso sup-

compieie opergting syifem, pofl a plpt[: t.l‘: r“lgleI:
perfect for begianers, hod. on  for pin
biests, or tndusired con- m hen  keyboardsdis.

Trofler use play . .cnusetie tape recorder in.
Put. . caasetle IAPE rexorder outpul. . .cEssetfe 1ape eomirol
output. . spedker ouiput, .. LED oulput indicalor on SOD
(serin] pulpul) line. . . printer interfmce (bess drivers). . . tonal of
fout § bit Plut ony 6 BR 12O portt « Cryaind Fregusmert & 144
MHz * Comtrod Swilches: resct and vser (RST 1.5)
interrupt, , . addiional wions for R5T 5.5, 6.5 and TRAF
inlerrupts onboard ¢ Counter Tlmee: Profr le.

T Lavel “C" Specilieations
Level “'C™ expandy Exploter's

. matherboard with a card cage.
allowing you 1o plug up to six

J 5100 cards direcily into the
motherboard. Hoth cage and

Explorer/35 with Level capds are neatly contained inside
card cage Esplorer’s detue sied cabuner,

Level “'C" includes a sheet metal superstructure, a S-card gold

plated 5. 100 exlension PC board which plugs imio 1he moiber.

Soard. Ju#t add required number of 5100 conncctons

Lave) "D” Specificallons

Level D" provides 4k or RAM, power supply regulaton,

filvering decouplind components and sockets to expand your

Explorer/B5 memory 1o 4k {plus 1he onginal 256 byies locaied

in the $1554). The siatic RAM can b locaied anywhere from

2% 1o EFFF in 4k blacks.

Levs! “E" Speciiications

Level “E*' addy sockers for 8k of EPROM 10 use 1he popular

Iniel 2716 or the T 2516. 11 includes all 30ckers, power wupply

regulnior. heal sink. filenng and decoupling components.

Sovkety may also be used for won (0 be available RAM ICs

[nllowing for up 10 12k of anbosrd RAM).

rder A rdinated
plamr?!%oAppllualiun! rrakl

Experimeni¢r's Pab 1SAVE $12.50)—Boy Level A" and Hen
Keypad; Duplay for 5199.90 and ger FREE Intel 8083 user’s

1d-bil

tinary ¢ Sruaem RAM: 236 bytes located al FE@D. ideal for
smaller syslems and for use 23 wn isclaled MMCh area in
expanded systems. . . RAM expandable 10 64K via 5- 100 bus of
4k on motherboard

Sysietn Mowitor (Termimal VYersion): 2k bries of deluse
ayMemn monitor ROM kocated al FPa [cavIng 100 (e fof user
RAM/ROM, Features include ape load wnth labeling .. . Iape
dump wilh Isbeling . . . examine/changc contents of memory
Lo.insert data. .. wahm sjan. . .¢xamine &nd change 30
TEgisters, . single Mep with reRister display st vach break pownt,
a deb ng/raining feature. . . go 0 ¢aecution addrew .
mov¢ blocks of memory from one localbwen to ancther. . Fill
bkacks of memory with 4 constani . . . display blocks of memory
8 baud raic b variable display line lengih
controb {1-255 ch Hine). . .ch lized 170 it
roviine with 8-bie parallel ouipul for high tpeed Phintes.
scnal ¢ n and console put chaanel 3o 1hat monlior can
communicale wilh [/0 ports

Syalemn Mowlior {Hex Yersionl: Tape Ioad wilh Isbeling .
tape dump wilh labeling. . . examinc/chanie contents of mem.
Ory...inseT1 data...warm den. . czamine and change all

P ietronics RED Lid. Dopt. RET o

| 2333 Litchtield Road
Plecse send the items eheck

Mbtord
et ML i

I plus FREE postage & ing!

Simdeni Pk (SAVE $24.45)—Buy Level “A" ASCL] Key-
board/Compuier Terminal, and Pows Supply for $319.58 and
gel FREE RF Modulator pluy FREE Inte] 3085 user”s manusl
Plus FREE posiage & handlng!

I'Alilﬂfln! Pak (SAVE R41.000—Buy Levels “A " A’
“CM D, rnd “E' with Power Supply, ASCI! K cyboards
Coemputer Terminal, and six 5- 100 Bus Connectors for $514.75
aaed get 30 FREE computer grade caveite tapes Plus FREE
D083 user™s manual plus FREE potiage & handling!

Sutacu Pob (SAVE 589.95)—Buy Expiorer/85 Leveh A"
“B,"™ and "'C" (with cabinet), Power Supply. ASCIl Key-
boardsComputer Termingl (with cabaneth, Lok RAM, J2"
Video Monilor, Notih Siar $-1/4" Diak Drive (includes Nonih
Star BASIC) with upply and cabinet, all for jum
S1999.40 and ge: 10 174" minidiskettes (509.95 value)
Pus FREE 85 user's manual plus FREE poutage & handling!

Contrmertat U3 A Croiil Cavd Buyers Dutsade Comnactheul

CALL TOLL FREE 800-243-7428
Ta Oroer From Connecticut Or For Technicat
Assistance, Etc Call {203) 354-9375

sonalited duk operaling t1¥Hern—jus
plug it in and you'se up and m-m',nllj,l

O Explores/35 Lavel 'A™ Kit (ASC(]
¥ersson). S129.95 plus 33 plkh.

Explorer/B8 Level “A™ Kit (He
Version), S129.95 plus 31 pikh. j
O & Microsoll BASKC on caueile
Itl)l’t. $44.95 posipaid.

I EL Microsolt BASIC Ia ROM Kil
irequires Levels B, "D, and "E™),
$99.95 plus $2 pah,

O Leeed "B (5-1001 KII, $49.95 plus

Leveb “C* (5-100 $<card sapander]
t, $39.95 plus $2 p&h y
Level “D' {4k RAMI Kit. $49.95

o=ay

£}
B
E

Level "E™ (EPROMROM) Kir,
-95 plus 50 pdh

Delure Steel Cabines fod Explorer/
. 549,95 plyy 31 pkh,

ABCYI Keyboart/Computer Ter-
med Kt {Tentures o full 128 characier
. upper & lower case, Tull cursor con.
rol, 79 ohm video oulput convertible
& bawndex outpul, selectable baud rate,
RS232-C or 30 ma. 170, 32 or 64 chas.
acter by 18 tine formais, and can be

1o

L 3 3 X I B I |}
j~{ak ]

514998 plus $2.50 p&h.
LG Hex Keypad/Dhotay Kit, 569.95
L 8§ " ¥F N J ]

O Delune Sieel Cadinet for ASCI
mbolWTaminﬂ_ S19.93 plus 3250
a l;owu!nply K (+6Y @ § amps)
:l:rluu el cabinet. 095 phnpS‘Z

[m] (-oil" Fimird B-100 Bus Commecion.
T4 58 cach, pouipad

O RF Modwister Kit {sliows you 1o
use your T¥ 101 an a monsior), $0.95
ponpaid.

OO 16y RAM KJi (S- 100 Board expands
10 64k ). $199.95 plus 82 p&kh,

O 3k RAM Kit, 532998 plus 52 p&h.
O 48K RAM Kiv, $45% 95 pius §2 pah,
O 64k RAM Kit,5589.95 plus $2 ph.
O 16k RAM Expanclon Kit {to o,

an¥ af lhe above up to S4k), 5193
plus 32 pdkh each

m] Intel 3083 cypm Liser's Manyal, 57.58
povpaid.

0 Specisd Computer Grade Cmsmtite
Tupes, 5190 cach or 3 for $5, posipaid.
O 12" Vides Monitor {10 MMz band-
width), 513995 plus 55 pkh.

[ North Siar Dowbie Demsity Floppy
Diah KM {One Dirive) for 2:plor:rf
85 (inctudes 3 drive 5-100 controller,
DOS, and exlended BASIC with per-

pius 53 pith
OPower KN for Nonh Siar
DHik Drive. $90.95 Plus 52 b
O Delysr Cose for Morth Siar Duk
Dirive. $39.93 phon 32 puth
O Expeviesrssr's Poi e .lbeml.l
S % postpand.
O Siudent Puh {1e wbove), ”I’.BI
povpaid.
] !‘.-;lmrl-l Pak lser lbove].l
$514.75 potipand.
O Busigess Pak 1see above). $1599.40
posipaid

TotalEnclosed$
[Conn, res. add sales sy By—

Personal Check M. .fCuhi«'sI
Checl O visa O Masier Charge

(Bank # __ ]

Amrt 000 -
Signaiure __ Exp. Duie __
Print |
Name _ - .I
Addresy I
City

Zip I

Siete

D e e D e S B s s s 88 [} Send Mr Information -J
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new products

More information on new products is available. Use the
Free Information Card inside the back cover.

DUAL-TRACE, 20-MHZ OSCILLOSCOPE. mode!
{ 80-308, | a 3-Inch pPortable scope designed for
field and lab apphcalions. with power supplied

CIACLE 151 ON FREE INFORMATION CARD

from AC/DC sourca oF cghonal rechargeatble
battery pack. Specifications include 8 2 mV.per-
division Sénsitvity ower 12 measurement ranges,
a 17.5-ns risetime, X5 magrihicalion, and 8 maxi-

mum swees: apeed range of 0.1 us-per.division.
The pnd 2130 has Inggers for both channels and
X-¥ operation. The mooed LBO-308 comes with
probes. carryng case i optional. Suggesied
refail price: $950. —Leadar Instruments Coep..
151 Dupont 5t, Plainview. NY 11803,

CALCULATOR, Mode! HP-41C, has an alphanu-
mer: LCD display 8nd conlaing 130 prepro-
grammed sclentilic and mathematical tunclions
In addition. # CAN pectorm olher calculaliona
through PFOQrams written Dy the user oF from
applications softwall. Peripheral devices can be
plugped INt0 cakulator 1of acdded capabilites:
these mciude & memory modules 10 NCTeaM Pro-
gram memory, § cerd reader 10 aniwr 8nd record
programs. § thermal prifler lor outpul. g wand
thal enlers Programs oplicalty, and 16 applica-
Gions modubes for solving Problems I specific
arags

QOther features of the calculator include editing
powers, OMparing data 8nd resulis, word mes.
sages indicating cakulstion erors, keyboard
overiays. tabels for addressing parts of programs,
and & continucus mesmory that retsins programs

CIRCLE 152 OMN FREE INFORMATION CARD

and data even when powes s shul off. Price is
$295.00. Plug-in devices soid separataly. —HEw-
letl Packard, 1501 Page Mill Rd, Palo Alto, CA
84304,

MAGHETIC 5-IN.1 SCAEWDRIVER. mode!
70425, 13 designed lor use In home, shop, garage
or lactory applications. A buill-in magnet In the
shank holds exira bils and 1he screw. The Com-

Kleps 40

!

| Kieps 10 - 20

A

Kisps 30 Kieps 1
Klops 10 :
MR Prut 10

Kleps 30
Clever Kleps .
(R
Test probes designed by your feeds — Push to sesze, push
to telease {atl Kleps spring loaded). | Mess 40

Klsps 10. Boathook Clamp grips wires. [ugs, lerminals
Accepts banans plug or bare wirs lead. 4% long.

Kleps 20, Same. hut 7 Innf.

Kleps 30. Complelely flexible. Forked-tongue gripper. Ac-
cepts banana piug or bare lead. 6" long. ny
Kleps 40. Completely flexible. 3-segment automatic collet
firmly geips wite ends, PC-haard terminais, connector l;‘i:;

Accepts banana pIug or plain wire, 614 ¥ lon

Kieps 1. Economy Kleps for light iine work (%ol Iab quatity). . Kieps 1
Meshing claws. 434" long. -7 ]

Prut 10. Yersalile test prod. Sclder Connection. Mcided
phenalic. Doubies a5 Stribing tool. "Bunch' pin fils banana
Jach. Phone tip. 5%” long. 2’y
All i red ot black - specity. (Add 50¢ postaze and handling).
wikte for complete catalog of - test probes, plugs, sockets,
connectors, earphones, headsels. minlature componants.
Available through your local
distributor, or write 10:
RYE INDUSTRIES INC.

132 Spencer Place, Mamaroneck, N.Y. 10543
In Canada: Rye Industries (Canada) Ltd.
CIRCLE 3 ON FREE INFORMATION CARD

Prat 10

]
sNouETE B S
i

INTERNATIONAL FM-2400CH

FREQUENCY METER FOR
TESTING MOBILE TRANSMITTERS
AND RECEIVERS
Porable - Solid State - Rechargeabie Battenes
The FM-2400CH provides an accu-  es Of the recerver between 5 MHz

e e T £ o
TRy =0 o

ters and recervers al pradetermined
frequencies.
L Fréquency stabwity with but-in ther-
The FM-2400CH with s extended o 1 e
charts: = 00025% from +25° 1o

range covers 25 to 1000 MHz
The frequencias can be those of the -+ 125° (000125% special 450 MHz
racho frequency channeds of opera-  crystals awv: ).

* Tests Predetermined Frequen-

tion and’or the intermediate froquen-
cios 25 1o 1000 MHZ

+ Extended Range Covers 950
MHz Band

* Pin Diode Attenuator tor Full
Range Coversgs ss Signsl
Genarator

+ Maasures FM Deviation

EM-2400CH (meter only) .. $627.72

RF crystals (with temperature
comechon) .. 26.26 ea

RF crystals (less temperature

cormaction) 19.83 ea
IF Crystals catalog price
White kor catalog

TEAMATIONAL CRYETAL MFO. CO. mC.
10 Mo Led Chushorng L. Ong THIR

CIRCLE 29 ON FREE INFORMATION CARD
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THISVISE IS
CATCHING. .4

Catch PanaVise. Wt-tiits. turns and
rotates your work exactly where
you want. Add our new Tray!

It catches small parts you drop,
separates tools. and keeps parts
sorted. The Tray's wide 8%
diameter of cast metal glves
‘no-tip" stability, and has 6 slip
resistant neoprene feet. Catch all
the PanaVise combinations at your
distributors now. Write for FREE
brochure and distributor list.

2ENAANSE®

Dept. CE 11
2850 29th St

s Shown:
#3115 Circuit
Board
Holtder, #2300
Base, #312
~.Tray Base
. Mount.

CIRCLE 45 ON FREE INFORMATION CARD

8 Instrumentsin

# Out-ol-Clrcuit Transistor
Analyzer

Dynamic in-Cir-
cuilt Transistor &
Radio Tester
Signal Generator
Signal Tracer
Voltmeter
Milllammeter
Battery Tester
Diode Checker

Model

Transistor Analyzer 212
Factory Wired & Tested — $35.98
Easy-to-Assemble Kit — $23.97

Now you can pinpoint defective transistors and ther
dreuit troubies speedily with a single. feature-packed -
stiument Instead of a costly elaborate set-up. Periom-
ance-proven by Ihousands! Checks all Irznsistor types, hi
of low power, for DC current gain (beta) 1o in
3 ranges. and leakage.

Universal test socket accepts all base configurations,
Identifies NPN or PNP transistors mically tests alt
transistors (oscillator check) and AF, IF, RF clrouits.

No @demal power needed. Measures DC currents 1o
80 ma. Complete with test Irads, instruction manual and
transistor ksting.

Wrive for FREE catalog of the workd-famous
EMC ine of test instruments

EMOC..astoe

625 Broadway. New York, NY 10012

TUNER SUB
$19.95

Since all tuner subs that we know of are modified
TV Tuners, we decided to market an excellent per-
lorming yet very low cost sub for the technician who
has to get all het can for his money . . . 2 “Poor
Boy's Sub™ tor only $19.95.

IS Was not an easy tash since cabenets, knobs
and controls would push the price far above $19.95
. . . We ssarched tor @ tuner that needed no cabs-
net and no controls . . . one that the tech could
scounge the knobs from most any old TV

1t took over two years but we hnaly found it. The
Fln is excedent . . . Battery dran I§ very iow {only

8 mils). #t's sell iasng so there is no RF. gan
controd to hddie with . . . It works equalty well on
tube of tranwstor sets . . . b/worcolor. . . andis
as easy o use as stacting 2 ight with your wle {well,
aimost), All you need do it hook the sel’s IF cabie to
the "Poor Boy" and view the picture . . . That's it
. » .10 st up controls to contuse you.

We compared the “Poor Boy” wiih other subs
costing over twce the prce and found B to work just
a5 weil on o the compamion tests we made |
ang often a lot easier fo use . . . Even t
nstructions aren’t needed . . . you get those too.

The “Poor Boy™ is smali enough to easdy hold in
one hang . . . no wires or controts danging arcund
It. It comes completely wared and tested wciuding
battenas and ready to use. Send 8 check for onty
$19.95. plus §1.50 shipping.

Master Charge and Visa accepted

Tryittor 10 days.. . . If not completely satisfied
. - » return for full refund.

CALL TOLL FREE 1-800-433.7124

TEXAS TUNER SERVICE

4210 N.E. 28TH STREET,
FORT WORTH. TEXAS 76117

CIRCLE 52 ON FREE INFORMATION CARD
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NEW PRODUCTS
coniinued from page 77
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tordome handie {ealures 8 removable dome cap
thal storas the 4 axira bits inside the shaft while
the Nfih bil 3 In use The bits nchede the Torx
T15. 8 Ym-it. and & Ye-in. rogulac, plus No. 1 and
Mo, 2 Phillipg bits —¥aco Products Co.. 1510
Skokia Bivd.. Norihbrook. IL 80062

DESOLDERING WICK, 35 Wick, comes In Spocis
containing 8 5.foot. S-inch length and cosis $.48
each for QEM Quantities of S3000. Each spooi is

CIRCLE 154 ON FREE INFORMATION CARD

worth aboput 250 desoldering operalions.—Sob-
der Absorbing Technalogy, Inc.. 357 Cottage
5S¢, Springfiaid, MA 01104,

MODULE REBUILDING SERVICE accepis all
makes of remota contrd! transmitters for rebuild-

Ing. including Admiral. GE. Magnavox. Quasar,
RCA. GYE-Sylvania. Zenith. Packard Beil, Ad-

A Vi
-

CIRCLE 155 ON FREE INFORMATION CARD

vent, Sanyo and Trusione Information on specii-
ic transmities #nd module numbers, etc., can be
obtained by writing the company.—PTS Elec.
tronics, In¢., 5233 5. Highway 37, Rioomington.
IN 47401, R-E
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stereo products

More information on stereo products is available. Use the
Free Information Card inside the back cover

CAR STEREO EQUIPMENT LINE, 20 models
{modet SR2 100 shown) ranging rom under-dash
8-irack and cassetté unila 10 3-irack/cassetla
AM/FM mterso ridio combinations, seaveral with

CIHCLE 131 ON FREE INFORMATION CARD

digital displeys. Mary unlts feature |oudness.
muting. high-filer and AM/FM conirots; LED ndi-
cators: sudio-reverss Cassetle, and automatic
key-off rejact. Suggested relail price lor 1he mod-
o SR2100, $219.95.—Sparkomselic Corp.. Mil-
tord, PA 18337,

EXTENDED-RESPONSE PHONO CARIRIDGE,
model EDR.Q, has an aluminum cantliever with a
nude-mounted diamond stylus. The styius hes a
0.3 by 3.0-mil radius. Other Bpectfications Ire-
Quency response, 10 Hz-50 kHz, 20 Hz-35 kHz
1% dB; Iracking force rangs, “%-1% grams.

CIRCLE 132 ON FREE INFORMATION CARD

saparation, 20 dB at 20 Hz-5 kHE; compliance, 28
X 10~% cm-per-dyne; power output, 4,8 mv at 5
cm-per.second. The Cariridge weighs 5.2 grams.
and sells for a suggested retall price of $198,—
Empirs Scientilic Corp.. 1055 Stewart Ava., Gar-
den City, NY 11530,

LOUDSPEAKER SYSTEMS. modedis XP20. XP40.
XPB0. XPAD, are acoustic sUipension high.fidelity
syslems. The model XPZ0 I8 a two-way coaxial
system with 8 frequency response of 65 Hz-18
kHz. 3 dB, & sensfiivity of BA d8 a1 1 walt 1
mater, and can handile up (0 30 waits inpul, The
spaaker measures 14 H X 9.7 W X 8.7 inches D,
The mode! XP40 has an 8-inch wooter and @ Ve
Inch midrange/twael s, providet § [requency -
sponse of 83 HI=20 kHz. =3 0B, an B3-dB senszi.
livity 81 1 watt 1 meted, and & maximum inpul of
38 watts. The yni measures 1BTH X 8.7 W X
8.4 Inches D. The mods! XPE0(shown) is 8 1threa-
wiy sysiem with a sensitivity ol 87 d@ a1 1 watt 1

CIRCLE 133 ON FREE INFORMATION CARD

meater and a power.handling capabiity ol 40
walts It teatures a Yi-inch tweeter, 8 4-inch mid-
range driver and an B-inch wooter, Tha unit moa-
surey 187N X 10.4 W X 9.4 inches D. The moxd-
o XPH) uses 3 10-inch wooler 1o provice a ow
bass response. it has a sensithvity rating of 88 0B
1 walt 1 meler, Bnd 8 maximum power handling
capabdity of 50 watis, i measures 22 2 H X 12w
X 10.4 inches D. AN spesker anciosures are leak
of walnul verser wih & brown grilke cioth and
coma I pairs. Suggesied retall prices: XP20, $60,
XP40, $115; XPB0. $160; XPS8(), $210.—Renk HI
Fl Inc., 20 Bushes Lane. Elmwood Park. NJ
07407,

AM/FM STEREQ RECEIVER, Spatiaf Control re-
ceiver, provides 100 watts-per.channel. contamns
four amplifiers and features a spatial slide con-
rol. Slide control is used In conjunclion with the

CIRCLE 134 ON FREE INFORMATION CARD

modet 50 1 Direct . Bafecting 1oudSEe sk ers 10 nar-
row or widen the aural image Alsc svellagie is a
40-walt slereo receiver, the mode 550, Sug-
gested retall Brces: The Spatial Controf receiver,
$799; I1he moded 550, $3349. —Bosa Corp., 100
The Mountsin Rd.. Framingham, MA 01701,

SDUND/SPEAKER CONTROL SYSTEMS, Seras
CD. Audia conlrol systems Provide simultaneous
tape recorder playbsck, dubbing. record, mixing
and monitoring capabiities using single patch-
cord. The model CD-5system contrds 1hree tape

WwWww americanradiohistorv comm

Discover
today’s

high-resolution
(3'/z-digit DMM\

B&K-PRECISION's
LCD Model 2815

Model 2815 $1%0

m 0.01 chm, 100nA, 100V
resolution

m0.1% DC accuracy

m Shielded and protacted o stay
accureta in rf fields

m Fully overload protected on all
ranges

B Auto-Zero and aulo-polarity

m Alternating high-/low-power chms
ranges for solid-state circuitry
maasuremants

Compars the resolution offered by
the new BAK-PRECISION Model
2815 with any other DMM in its price
clags. Its high resolution stands
alona. The 2815 ailso delivers 0.1%
DC and 0.3% AC accuracy. For
added convenienca, a tilt stand is
built-in.

Available for immediate
delivery at your local
B&K-PRECISION distributor

o PrReECISION

OYNASCAN

CORPORATION
6460 Wes1 Cortland Sireet
Chieago, lihnos 60635 + 312/889-9087

v Canants Al | wcivenss

Braang
wil S EmpsEnp 270 Mewioms B Plgevea | | mnu‘.l)

\.
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STEREO PRODUCTS
continued from page 79
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recorders Plus an amplifier/receiver and conlains
a lade control. The model CO- 10 monitors Six
tape recorders (reel-tO-reel, cassetfe or B-track

unita}. an amplfierfreceiver and signa) proces-
s0rs: [t also jeaturey & fade controd and 10-posi-
tion switch. The model C0-35 {shown} handles
v 1ape recorders Pius an ampiifier/TeCever and
signasl Procesaors; f conlming & 12-position
switch and suziliary control 10 monitor 8 aixih
tape recorder. The spaaker control System (the
model C0-2% can accommodate up 16 fowr sefs
of speakers, contmns 10-position control switch
and can handle 20 watts-per-channet Suggested
retall prices. model CO-5. $99.95; mods! CD- 10,
$149.95 modet CO-35 $399.95: model CD-25
$189.95.—Dubie Corp.. 1725 Ladews Trul, Day-
ton, OH 45459,

CASSETTE DECK, modw ARS-MES, uses a built-
in frequency generslor servomactor, providing a
0.2% tape spesd deviation and 0.035% WRMS
wow.-and-flutter. The mode RS.ME5 18 rack-
mountable, snd offers the following lealures: a
removable tape compartment door. 8 muling

Reach for SPRAGUE components |

instead of running for them.

Choose from 24 packaged assortments to get a balanced
inventory of capacitors, resistors, or solderless terminals.

You don't have to buy a huge quantity of electronic components to build
and maintain a practical-sized inventory. Nor do you have to put a big strain
on your budget. Each Sprague Assoriment contains a practical selection of
ratings and types most frequently used in your service work or hobby needs.

Larger capacitor and resistor assortments are supplied in 15-drawer blue
metal cabinets, fitted with a retractable carrying strap. Smaller assortments
come [n stackable 9-drawer blue plastic cabinets. Clear plastic drawers
have adjustable dividers. Pre-labeled drawer fronts identify contents.

Soldertess terminal assortments are supplied in compartmented hinged-

lid clear plastic storage cases.

I
YOUPAYFOR | oo
COMPONENTS |
ONLY... i
CABINETS ARE : Gompany it appiicabini
YOURS AT e
NOEXTRACOST. | .

; Staty

SPRAGUE PROOUCTS COMPANY  Muntridacecs Divivkes ol $#0adon Elnainia Gi.l
B Marthal! Stroet, North Adsma, Mass. 01247

- send me & FREE copy of your new M-836 Brochure including
complele descriptions and prices on all 24 assortments.

Pl MARE O RBIAREe
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switch. timer conlrols, & pausE conlrol, a 3-posi-
tion bias and equalizathon selector control, 8 MEM-
ofy rEwwo mwiteh. Dodby with muttiplea filter,
Inpul/outputl selacion wwitches, miks jacks, left
and right input/oulpul wve! conlrols. a fluores.
cent mater, and a fap® counter. Suggesied relail
price: $550.—Technics, One Panasonic Way,
Secaucus. NJ 07094,

STERED RECEIVER. model STA-240, delivers 60
watls-par-channel £S5 minimum nto 8 ochms, 20
Hz-20 kH2, with no mora than 0.15% THD. and
Provides & mnaltivity of 1.9 xV and & ca8pture ratio
of 1.5 dB. The recelver's lealures inClude aulo-
mallc AM bandwidlh conirol. digital frequancy
readout Plus slida-rula funing dial; Auto-Magic

CIRCLE 137 ON FREE INFORMATION CARD

FM tuning; tape dubbing and monior switches:
S5-point LED signsl.strength indicator, high-tul
and low-cut fhlter swilches: & 25-75.u45 de-
emPhasil wwitch: and inputfoulput jacks. The
model STA.240 & housed 1 & whnul veneer
wood cabinal, and carres B suggested retall
price o $429.95. —Racdio Shack. 1400 One Tan-
dy Center. Fort Worth. TX 78102, R-E

BIG 2)s°
DISPLAY!

SOLID STATE
CLOCK/CALENDAR KIT

0101 Oisplays thme of diry, dels OF atlemale betwoen
both automatically. May be connected to 8 ohm
speakes 1or alarm clock, Oparates from 120 YAC 80 Hz

$49.95 Wainut case getra, 32498

AUTO (?'LOGK CALENDAR KIT

0108 Craplays edher
hours snd minutes,

J month and day, or
seconds. Requirss only

2 ma of curren] whils
Knition g ofl, Also
operates of 9V
bateery, Mounls sasily
in compacl twoinch
- ou, anciosure (Not included

$39.95 assembied

UNIVERSAL
DESIGNER
KIT

5300 Indizpensable ax
to digital IC desipn,

2 pushbullons. 2 read
outa, 4 awilch outpuns,
8 LEDa, 2 generators,

2 counters, SV supply
Shown with CSC QT47S
Braadboard (ndt included)

SEND FOR Add $2.50 per Order
FBEE postage ang handiing.

- . P——

e W
¢

14905 M.E. #1h Sureer. R-1
Redmond, WA 98052 (206 B53-9200

- -
& PRCCOM
F
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market center

CLASSIFIED COMMERCIAL RATE (for lrms or Individusis offering Commercial products or ser-
wces). $1.50 par word {no charge for tip code) . . . minimum 15 words.

NONC OMMERCIAL RATE (for individuals who want 10 buy or sell personal ftems) 85¢ per word . . .

NG minkmum.

OMLY FIRST WORD AND NAME set in bold caps. AddHiona bold 1ace (not available as all caps} at
10¢ per word. Payment must accompany all ads except 1hose placed by accredited adveriising
agencies. 5% discount for 6 isswas, 10% for 12 issuss within one yeer, it paid In advance. All copy
subieci Io publishar’'s approval. Advertmements using P.O Box address wifl not be acoepled until
advertisar Suppies publisher with permanent acgress St phone aumber. Copy 1o be N our hands on
the 26th of 1he thirgd month preceding the dare of the issue (Le., August 1ssus closes May 26). When
normal Closing date falls on Saturday, Sunday, oF & holiday, issue closes on preceding working

day.

PLANS & KITS

COHATRUCTION ptans for profitable business
ideas. Catalog $1.00. GARLING, 438 H. Garfield
Street, Lombard. IL 60148

ELECTROMICS completed kits Mo wiring FMl
mi¢c. ¥U meter. Touch conirol switch. Program-
mable music block. Wheel fortune game. Efe.
Sava up 10 50%. Wrila for free catalog today.
Posicard will do. SUPERTROMICS INC.. 39 Bow-
ery. Box 88, Hew Yorx, NY 10002

AUDIO mixars, preamps. melers. Schemafics.
consiruction guides. SASE brings Iree list. PAM
ELECTRONICS. 3424 Memaorial St.. Alexandria,
VA 22308

HEGATIVE ion generator, tuild one yoursell with
easy.to.get parts and save %50 to %75, Includes
ozxane check, Plans $5.00. LUNATRIX. Box 891,
Yucaipa, CA y2u09

TRS5-80 add up to 16 fully decoded 8 bit input and
output poris. Plans T7.95, into $50. DAPAR
ELECTRONICS. 17 Jennings St.. Springlishd, Ma
01118

HIGHLY

PROFITABLE ON E'M AN
ELECTRONIC FACTORY

Investment unnecessary. know!edge not re-
Quired. sales handied by professionais. ideal
home business Wwrile today for facts!
Poslcard will do. Barta- RE-Y, Box 248,
Walnut Creek, CA 94597,

NR-2 adaplive poise filter kil 8 fealured in
Radio-Electronica Auguat, Saptember isaues.
Reduces audio noise 12 dB. works wilb all pro-
gram sources; lape. or FM broadcant. Even
warks with Dolby syetems. $69.95. Free Infor-
mation. Dealer inquirtes nvited, ADVANCED
AUDIO BYSTEMS, P.0O. Box 24, Los Altes, CA
T2

PAOJECTION T¥. . . . Convert your TV lo pro-
joct T fool picture. Resulls egual to $2,500 pro-
1ectoe. Total cost less than $20.00. Plans & lens
$16.00. llustrated Wformation ires. MACRO.
COMGD, Washingion Crossing, PA 18977

{or $1.50 per word {minimum 15 worda) lo:

{ ) Plans/Kiis
{ ) Educstion/Inatruction

To rn your own clasaified sd, pul ons word on aach of the lines betow and setd this form along with YOUr Chech

Radio-Electronics, 200 Park Avenue Soulh, M.Y.. N.Y. 10003

ORDER FORM
PLEASE INDICATE in which category of classified advertising you wish your ad to
appear. For special haadings. there is & surCharge of $10.

{ ) Busineas Opportunities
{ ) Wanted

{ )For Sale
)

“Special Calegory: 310

{PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.)

1 2
. ; — =
- - —_
A 16T 7 =
—— ——— —
BT 27

" @ Iy

] s
e w0
I ey = 5
1 " 20
Y | T
= — —
T m =1
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Burglar*Firc Protection

Pratoct Towr Life, Home, Businett, Avlo, 4ig.

YRE
* Our ¢aiolg sthowi hgw vl g own

il oherm Lysiems and devices o e S35 W
ofler HIEE Srite-in enginesnng servite

== FREE CATALOG ‘=g o i b Smivr

L e gl D=l

Box 82802-RE  Lincoln, Ne. 68501

Burdex Security Co

PRINTED citCuit boards from sketch or Srtwork.
Kit projects. Free detalls. DANOCINTHS INC.,
Box 261, Weslland, sl 48185

EYEN cheap speakers can sokind expensive tn
aper enclosure. Flanssinst. $3.50. F. €. CON-
EY, Box 978, Tulare, CA 33274

ELECTRONIC crgan kits. The ullimate design.
Sounds like & pipe organ. Build it to sell or buitd i
to keep. Models for chufches. homes, clubs, pizza
partors. Send $1.00 for demoe record and catalog.
DEVTROMIX, Dept. 70, 6101 Warehouse Way,
Saccamento, CA B5826

TESLA COIL

TESLA coil reaonant transtormors. 50,000-
§.000.000 volls, 520W-3000 kilowants, arcs—
1007, lllusirated conslructlon manual includas: 5
powertul 0oll pana (tube. 3parkgap), aiecironical
theory. designing Procedures. 25 high-voltage,
high-fraquency axpariments, hisicry. part suppli-
eys . . . Manual $15.00. Informalion/phclo
$2.00. ASTRO-ENGINEERING, 2706 Harbor
Blvd.. Cosia Mesa. CA 52826

GRAPHIC EQUALIZER

TWELVYE bands/channel $100 kit silill availatle,
see May 1978 R/E cover story or write, SYMMET-
RIC SOUND SYSTEMS. 912 Knobcone Place,
Dept. R, Loveland, CO 80537

|—f-———e.f}, ..spacislists ln COTY
ATV Resegich .:‘r:upuml:tnmﬂ!

AT
* Free m\&-

TY Camaras,
F madulators
ont o wrim. (402) 8131

Takota City, NE. §3731

13-RE Brasdway

BUS(NESS OPPORTUNITIES

MECHAMICALLY inclined individuals desiring
ownership ol Small Electromics Manufacturing
Business-—without investrmant. Write: BUSINESS-
ES. 92.R. Brighton 11th, Brookiyn. MY 11235

LEARM to repair PLL oc crystal synihesis CB for
Profil, 30 PLL's covered. Send $12.95 lor instruc-
lion hook. AP, SYSTEMS, PO Box 488, Millord,

PA 18337, Depl. RE

BECOME a semiconducior distribulor jull or part
Ume. Hers is 8 rare opportunity 1o engage yoursel
wilh one of America’s leading suppliers of original
Japanase semiconductors and axsct raplace-
menl parts. Sell directly to retall outiets. repair
shops, savvice tachnicians and manufaciurers,
Completa product line, backed up by a 40 mdlion
dollas Inventory. priced to el U 10 50% lower
than ihe leading rePlacement line. Al products
guaranteed. NO investmen! réquired. Live wires
only. Writa to: NEW-TONE ELECTROMICS IN-
TERNATIONAL, P.O. Box 1739, Bioomfiedd, NJ
07003

HEW tax loophales discovered. Evaryona oiigile.
Unique ideas, Free facis. ULC, Box 359 BC, Clark-
stont, QA 30021

D61 AUYNNYP
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ELECTRONIC MUSIC

ELECTRAONIC music and home recording In
Polyphony magazing. Advanced applications, in.
lerviews, pr computer music. Sample,
$1.50. Subscription {6 issues) $8 US/$10 tor
POLYPHONY, Box R20305. Okla Clty, eth
713158,

FOR SALE

RADIO & TV tubes 36¢ each. One year guaran-
tead. Plus many unusual electronic bargains,
Free catalog. CORMELL, 4217-E Universily, San
Dlogo Caiit. 52105

NAME brand ltest oquipment. Guaranteed dis-
counts up to 50%. Free catalog. SALEN ELEC-
TRONICS, Box 82-M. Skokie, IL 60077

PHI-N'I'ED-drcuII boards, reasonable Also, arl-
work, prolotypes, designs, fabrication and test-

Tt Ougensl FOT Tonin Arppesss S0AM manusl i
Thel piepeis you o heme for PEC Pt arad |
Sruwrdd clom R il ot briaptraa Senvemm Newiy
Firviiil st baply Mg 0 s vt B
it B O ariun FOC mmam Ples —haid
Ttway™ Advibety Towl Prowisut 15 5 Semigeed
oray bl Gormniss

COmmal 2 PRODUCTIONS l
Mt 2 K ing my [ vt

i

FO B iR 3dE £
Frang CAB4136

EDUCATION & INSTRUCTION

TELEPHONE bugged? Don't ba Watergated!
Countermeasures brochiure $1.00. NEGEYE LA-
BORATORIES, Box 547-RE. Pennsboro, Wv
28416

UNIVERSITY degrees by maill Bachntors, Mas-
tars. Ph'Drs . . _ Frea revealing details COUM-
SELING, Box 317-RE1, Tustin, CA 92680

ENTI SIRLIMI
DAGE o35 jusas TivermoR

FREE KIT Catalog

AUTORANGE DIGITAL CAP-METER
KIT. 5wl the buwet For only $74.95

£oOntoins

TEST B

Phone 415-447-3433

Weiw #° Plons for FREE CATALOG.

1iminuta Saturday call §s 21¢,
TS

Aversis

Ing. MICROCON INC., Box 43, Glenviaw, IL 60025

-A_U-DID nome ,amm.f Tor
1apes. records, FM. Free brochure. LOGHCAL
SYSTEMS. 3314 “H" S1.. Vancouver. Washington
936683

SC ANNER/moOnitor sooessoms—k-ns and ractc:;
assembied. Free calalog. CAPRI ELECTRONICS,
Route 1R. Canon. GA 30520

FREE cailalog. iC's, LED's, semi's, parts. CORD-
NET ELECTRONICS, §49A Motre Dame W., Mon-
freal. Que., Canada H3C 1HE. US. lnqulrles

RECONDITIONED test eqummem $1.00 for t;ala-
log. JAMES WALTER TEST EQUIPMENT, 2857
Nickel. San Pablo, CA 54806

HAMS, CBers, SWLs —enght charactor more-&-
word morse code readef; RTTY reader. Decodes
Signals off the air. Send for details. MICGOCRAFT
CORPORATION, Box 513R. Thiensville. Wl 53092
T-414-241-8 144,

MEW Fall 1979 test equipmeni cataiog avallable.
108 pages ol qualty used equipment. Write for
frea copy. TUCKER ELECTRONICS CD.. Box
401060, Garland, TX 75040

("~ STERED PAIR SPEAKER
SYST!Ej

¥
NEW
SP 638

Reg. 3%

*Mar-Proot Walnu!
Vinyl Finish Over
Particle Board

7% x 10 x 4%"

*8 Ohms *17 |bs.

6 x 9" 5.5 0Z. MAGNET
HEAVY-DUTY SPEAKER

i

*4-8 Ohma »Dust Cover
«For Auto, Van, RV and
Home Use *Wt. 3 |bs.

sUtllizes
Vehicles Horn
*|nstalis In Minutes

\_*5x3x1%" *Wt. 12 Ozs. g ./

(12 VOLT MINI BLI]WEH A

Q¢ 2

#1%” Dia. x 2%" LOn?
*12vDC Fan/Molor®’4 Ib

8-TRACK TAPE

O FREQUENCY COUNTER 35MH:z

kit & SOUARE WAVE GEN. 1Hz Lo 99KHz-
O OHMMETER - 3. S50z Xtal » ReQulated PS- Five
B Raadouts—Low cost TTL Circulls=-Aulematic
Decimal Placemeni=Be AMAZED = faction
Guaranteed. | Purchase the Dlans, aiched R.C.
board 4=3/4" by 6-3/4"and tront panel secal
tor 515 291 BAGHaLL ELECTRONICS, n . .
179 May Sireel, Fairfleld. Conn. 05430

qlona © CAPACITANMCE METER JApF 10 999Ku
1]

Q81 chalienger 1P-Superboard Ul 90-page slep-by-
step progrémming manual, $5.95 +51.00 PaH,
TIS, Box 92 1RE, Los Alamos, NM 87544

SATELLITE Television — movies, sports, etg. Buil-d

TA-907 or buy your own Earth Station. Send $3.00 for
Information. SATELLITE TELEVISION, Box 140,
ROQ- Oxtord, HY 13830

® 9y Lon ‘ OaO-Mmute
39\‘; *Tip Reaches ecording Tape
Reg' 250° aWt % Ib./ K = «Quality Reproduction we n;ﬁﬁm?:fﬁagn

l‘lm Ay with CONFIDENCE hrem
Ihe ORIGIMAL WFGR
Fot'?mphu Oeladi S00d AT, aidr et

" 60-MIN. BLANK CASSETTE )

7¢ -n:: 879

ach

of 3 *®ldeal for Music
inules or Voe

(" REEL-TO-REEL TAPE

69¢ Ta-608

10" Rael
#2400 Foe
*High Quanty -wt. Yib. /

LARESIDG INDUSTRIES
4071 M. Eiglen Avenue
Chicage. M. 40818
Phons 111-383-654%

SURPLUS clectronlcs. Momhly piclure frysr Low
prices. LS. only,. STAR-TRONICS, Box 683
McMinnville, OR 97218

VIDEO 1apa recorder —cigseout—Shibaden SY-
700-UC now lactory cartons —$375.00 [ob Love-
land— Datmils available LOVELAMD ENGINEER.-
ING & ELECTRONICS, 6651 Epworth Road, Love-
land, OH 45140

CARBIDE drills— %65 (.0357), New. % shank.
Two for §7.95. Each additional, $3.70§ . Posipaid.
CM CIRCUITS, 22 Maple Avenue, Lackawanna,

Pk

/¥

ZIP

Descrphan Price Ea Tolal NY 14218

&
o
2
g AMAZING ELECTRONIC PROJECTS znd PRODUCTS:
5 = CAAD onoE 7 e age L o S e

1 Ll o - gun L= the—
bre] s—Guant = ™ D
: Q. REE 1-800-321-2424 5088 e e St Y
: OHIO RESIDENTS CALL 1-216-535-1800 ota ritying, Utr o and Mec e3. Hun:

dreds More — Al P“ FO UNLTD PARTS SER-

g Please send me a free subscription v;céc::. 's‘"j'..g.mmno':u“uﬁm AT
= Io Olson Value Packed Catalog. AR i
82
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P.0. Box 4430E Santa Clara, CA 95054
For will cail only: {408] 988-1640
2322 WhIsh Ave,

S$am | oy alipment First ket parts ondy
Faciory lested Guaranieed mondy bach
Quakty |3 and other components B tee-
lafy prces.

INTEGRATEQ CIRCUITS

asm (Mpl 1 Codan ELECTRONICS
® g RS Y
3 B i T e e
a2 % m R 08 ol R am oy EEER NEN,
L 3 ) 2 SN I wnun It nl P
g LT L “‘I B i N sy .
SR B oime, E B8R .0 BR1 R ER 1 EnSoew ey
s pERloEem Woan M B SNStwme fF
o “ :ﬂﬁ"i & 8 wawm ] [
2o EEIRCE LB IR TER o Bl
1= - gy L =
»oDEl R Da o0 memd T AT S e
5 lﬁ" B0 S DGRt Sk Weeemin | e e [~k
1 11
- i H:'n Dem 4 a —n-:::n-_:
gt B 2w o Gty o el
ATTENTION ELF OWNERS: QUEST SUPER BASIC g ? GER fan BT 1 o AR
Dussl. the itades in INXPEOSH 1807 sy3lems vt coming $oon with #xchangl Privilegy E — 2 E" Bovomen 1R R OR R e e v
MNGUNEES Inothes frst Duést &S the el com-  ahowing 30me Crednt J0r casselle vertion 2 ¥ .! mois o4 7R p RANES o m
pany workiwide o shup 3 bl sips B tor 1802 Supur Buwic 08 Caselte 40 D0 z pay 0 Tmum— N e e 1=
fystems A GOmlrte [Unchon SWOw B WY yoy gy a'n 1402 Tiny Baskc Source bsting ] ¥R N aem i LRSS
Ron Canker incloding Noabng il cagaddty ] ¢ ] . 3 &
Wit 3¢ 0tfic NOFRZioN (n umibes ¢ 17Ew, 1 miebie Find oul how Tem Pirtmas wrate ” n N T S T i
SZR"- ";m i .:” s Suime T Dave o how 10 Do the mosl out o L. - 3 e o WA s 1N T R
s - MBSO BT SURS  aver sitered batore. $10.00 ] 5 any ¥ e aTHe Mt
atays, Strng maniputation. Cassette 19, Save Fl N e s foapirr=L¥ Y
310 lotd, Base, D12 ang machia lanquage prg-  5-100 Siet Expaasion $9.95 3 iz dad 1N WU e m L e
rams and over 75 Stalemenis, Funktions and  Comisy Seea Arsembier ene Eettor; BY 1) . in Gan iw ] 1 o MELN
s Agepter Doord. High resoivion Ilbhlfnumtg iﬁ ; ‘E : " g " da (il A
. with color graphas wapEndabie up 1o 256 X 1 - I 1] L e H Lot 1l em
?mmmnn” st ‘1“” mu:; Br esoiubon for Irss Inan §100 A - h 1 ke 12 MR e
uwes minimum 1of Basx Lol [ 1% Gl 1w ey 13 ooGwem DA
Proframs. Cassette version i siock now. ROM 16K Dynam RAM DG expang mmm{m - 5 Bgu s dmne B iy 3 BIQS e
- - » rEe & Sk THN ‘hﬂlh ¥
RCA Cosmac Super Eif Computer $106.95 AEa 3 wme w2 O LN [ H R,
Compars features bafom you ¢80Ge 10 buy 3Ny A 24 kay HEX heyboard mciudes 16 HEX toys [l taper = mme @ oam o o5k il e 1
othes Computlr, Tnerd I§ no Oer Computer O pius Ioad, reset. 1, wolt. infut, memory pro- Jll 14ES (& i e SRR m R iR 8 G e id
the markel 10day trat nas Wl e desiable bane-  iget. monwer selsciand sistlovien Lwrge o0 [l QBN R RN 8 ks 4 B 1B twges (¥ waale an
fits of the Super Eit lor 30 kttie money Thy Sube*  board drapisys proviae ouliut and OFhond] high SR R :E ] IR Hidus 1M Tl in
W I8 a 3ma® 300ie hodrd COMDULT Tt 300 yud jyw Mdracd. Thom & 3 44 0 stndad rusom 9 & W odu wm b i W BT 18
many g thngs. 11 i an excelionl comouiar ff  connecttr siot ior PG cards and 3 50 pin connee Are o mm o Eh an N T e DM Fe
{rainng and for learning Voa*lm"""ﬁ wth s oy siot for the Ouest Super Expansion Board, IR | i) [ - 18 i BHA AT B M () e ey e
Machion 1énguage and L £ B exnly 030an20d  Power subPly and sockeis for an I6s are i [l rasa o Flaen :ﬁ bl - - 15 wwen
wiit edditionsi wemery. Foil Bosie. ASTIl cludedinthe price piusadeiried 12700 instruc- [l T3IRS 'R L wacomuna tiad R W e ] RE
Keybaards. vien characior geserition. 3. Bom manual which now includes over 40 ooy of - r;g et i e ¢ ;-;‘]-m tagh 21 E
Bat 0 BUY andihar Lmall COMputss, seq f @ 30MTware info inciuding @ 3eres of lessons 10 tipigm W A X TE AR ™ M tumeenm AWows f MR
h:ﬂ;uwm folowing Matures: ROM mondor M0 CEL YOU 3tartec and a Mui< program and %g"‘x E ;E:_,ﬁ"m ';E = am 'g-"m E: cane 10 ﬁg gE E !E
Stam wnd Mode displiys. Single st Optionsl  3raphacs tirpe gam, fapas B oang bk s | S UR oLom o8 T R
addrms Powsr SybPly. aucio Ampiiet Mary achools and unfversts ary vsng [he e 12 on oo us An G e B8 E i
and Speaker Fuly socketed for of I Rual cost  SUPWT £ 8 2 course of shudy GLM 3 use nter R o T Hi -y 10 e iz
ol in warranty repaers. Full documentabon trmrang wnd rrsearch and development IANRIN 16 Dm0 W it 1n M ame 1 u
Tne Sper EN inciudes a AOM monnor for pfo.  Remember, omer compulers oy otter Swoer b ll L3888 L1 S5 B BD 3R wmes | TR . mimm 2
gram bading, editing and Kxecunion wih SINGLE  'eatures x: sodmonal cost or ot at o ComPare . % 'R en B oanwe 1M s L
STEP kot Arogram debugfing whech B not - Maferw you ber. Seper EX EA $136.99. Hign (e om oo oMM iR oD LbEh 2 hneemeenlc W
Cluded in Othars 3 the same price Wetn SINGLE  99dreas option $D.95, Lew eddress option G, il e SB U ol ML = irk 3 n!
STEPYOuCan see 1M MrOprocenscr chpogpera- 1995, Custom Cabinet win ided ang bees Jll 053 32 BT, 3 I¢ (3 o= 4B BaM » oW E2IR
ting it 1w owhqwe Dgal address and oata Ous  PIowOlass om oanel 326 00, Exgarson Cabinet [l emad® 250 # m  1B mau oA aa w o mwne G B
disPlYS & efern, Buring and eher gaeytng ln-  with room for & 5100 basrds S41.00. NICK dan = gwi im yomen  fE 0R nom 2 e & W in
Sirucbons. Ao, CAJ mode and mstruction cyce  Balery Mémory Saver Rit SO0 M ou and [ Gewm 45 Gue vW par an B §= Frers A UEe &8k
e decodnd e disoayed on BLED ndscators  GPUONS 230 comDiciel assembesd ang teited o '5 B30 5 had. 1R bd  cm 'm;. Ry H
An RCA 1887 viten thap alowy ¥ou o Dwetldets. & 12 page monthly saftware publics- i Rex 1w DR I% wen e ) — 113
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Electricity from the sun.
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DELTRONIKS

ea

&

1. EMM 4200A. 4K Static RAMs, Cefamic
A Jocal memory bDoards manufacturer
Closed. We Lought the new memory
boards and took these 4 200A static RAMs
out. They are tested and 90-day
guaranteed 100% good.

Prime tested 4200A 4K RAMS §5.50 ca .
312/%160.00. 300 pieces or more $4.50

1. Statlc RAMS MK4104 4KX1 {350 n5)
$4.00 ea.

5. Mfower Diode IN12OZA, 200 voit @ 12
& for $1.00
6. LM 323 5 Voh 3 amps, voltage regu-
lator 4.95 each or 10/45.00.
7. Super Saver, Micro PD4 1 1, Ceramic 4K

x 1 dynamic RAMs, 8 for §10.00.

——

754

—
DELTRONIKS

5151 BUFORD HIGHWAY .02
ATLANTA, GA 30340
404-458-4690

CIRCLE 44 ON FREE INFORMATION CARD

2001[PTI03A

High current Drivers gto24 X1 Dynarmic
rlingtonsg TSG RAM 24¢
MH0026CJ

DUAL CLOCH g 1m

DRIVER

86 $199

ML

THE fO|6s T4 &
cR T . THE

ioleA LBK 5—1-1‘ !"ul: a!u!-g! |
' ON FOR THE APPLE 1%

RCLIDES JUMrERR AND l:IT!UCTI“F

Moder 70164

Modei 20_1-6[-! {8 FIATIC MEMOLY

aa pLty TLE gnur{sl

= RS ZhAA TYPE ATATIC RAMSHS

** o ¥VDC INFUT AT LEES THAN I AMPS

o Bawk SPLECT ATAILARLE &Y GANE PORT AND JAwT BYTL
"* PUANTOM LINE CAPABILITY

8 ADDRESSABLE TN &K 5 [N Ak [RCREWENTS

it AN QLOCES CAN BZ LOCATED ANYWHEEE WITH[N S4K pawx
** MAT B DRED AS A 3L, LIk Of 14K MEMCRT BOAND
*% LED IMSICATORS BoARD/RANE ACYIVE INDICATION
24 paiDEN MASK Of SIDES OF JOAND

M SILE SCREIM WiTH PART AND REFEAEMCE DESECHATION

hpm

RADIO-ELECTRONICS

el 7 i T
Taxa  onc] JBHOY 63011 | _soroc
$4.75j 5 AMP sVOLT 256X 4 TERMINAL
RAM REGULATOR PROM x »
2716 450Ns aingie sy tN T0-3 PRG
L. HIT, INT.SGS @ 0 120
1k PO $3850] $695 e $75900
8038C ["iiad wimsaas | 1C. 1970 2708 o wosos
ke "$275 STOCK 1024 X8 EPAM
e S5 | TS%a wrnshas MASTER >34+ e st
() . . TALE16S 1.8 536 LI ]
il =1 — Logic/Prohe, Kil: “Besss =t mumeisee
Tl 0 TLEOS K LH22 W 3
] —— . e 1795 gmmmm il % oo
e 3 baom 458 iasos 4
‘;m : CONCORD mo?: :.:: n;»gmou 3;5.:,
434 5 LM . N 3f1.00
' ICOMPUTERCOMPONENTS|:: & = &
& wazoria 1% 1IN0 -
“ 1973 SO.STATE COLLEGE ~ANAHEIM, CA. 92806 | oivms: s ng
£ Visa- MasterC 3 Ty 10, 3 i
A 30 H Chso;cl-::‘)rh:i) . 115 (714) 937-0641 Luﬁﬁi A gl R :;32: i
?’.’ 70 st s | MNecoD Cal.Aes. add 6% Betorts ::; g ::;:::

@
[X]
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£ SUSTEIN X 1004 ‘
REMOTE CONTROL

for Lights & Appliances

« No wirts: plug-in optration < wireiess ullrasonle command
« Microprocessor based design  system |deluxe)

« Buitl-in keyboard coniral « E{ecironic Security &

e Cenlral Command Console convenlence a1 your fingerilps.

|standerd)
-z
E

4 Pe Standard Starter Kit - One {1} Standard Command Consacle ®

T 2) Lamp Modules » O 1} Appliance Modute
wo (2) Lamp Modules » Qne () APp AR PalcE $7950

5 Pe Ultrasgnic Slarter Kit = One (1) Deiuxe Ultrasonic Commandg
Consale * One (1) Hand Heid¢ Remote Unit » Two {2) Lamp

= "1} Appliance Unit
Modules ® One {1} Apphan n OUR PRICE 59995

Reg $11295
Lamp Modules Reg $18 . .. OUR PRICE 514.95
appliance Modules Reg $16 . . . OUR PRICE $14.95
Wall Switch Modules Reg $18 . .. OUR PRICE 514.95
Standard CommandConsoleReg$39 95 . OUR PRICE $36.95
Ukrasonle Command Console

with Hand Held Aemocte Reg $65 00 .

QOUR PRICE $59.95

B55 Conklin Street

Fermu I, New York 11735

llnl. hargs » ¥ISA « Chack
Drdur » COD

Mﬂ $3.08 for stupping and

injurance * COLD'S exima

MY. Res add sales tax

Call TOLL FREE (800) 645-9518
In N.Y. State call {(518) 752-0050

est

50

In-Oash § Track Sterza Player

with AM/FM MPX Radio Model C777
* Push button gjecl 352 50
In-0ash Cassette Stereo Plaver

with AM/FM MFPX Radig Model CAS 288 |

= Pish Button eject

$57.50

In-Dazh Aulo Reverse
Cazsetie Sieren Player
wilh AM/FM MPX Radlo

= Fas| {orwacd rewind
= Pyah button #/0Ct

Model CAS 999 |

$79.95

Miniature High Fldelity
Sterso Speaker Sysiem

Sterea iner Bocsler

Model POW. 324 95

40 Waits Stl_‘lm 20 Wans: Channel
$1495.

N :
Modal BP 2000-69TR

o 20 02 ceramic magnaot

o Freq Aesponse 18000 H:
= Peak Watts 25W

= Impedance §ohms

£ x3 Iwar
Speaker

walh
o mic 3 Drachets

= 51 Waits o 8 onmy

Mt Choit o Banh Sowie ot
- cDI‘.l * Chews % Maney Ouoe

TOLL FREE lpﬂ]l 645- 9518» « i

WY Siar e 9160

NGl

ONTINENTAL SPECIALTIES

Wi

r s

15 MH7T Dual Tragd =A== ] ]

HICKOK 1Y% Digi T Vet ETe
"L, :f.ggg': neces B TY YTR-MATVY

Mini-Multimeter

—— ' 569.50 i
oy Y _

3'6‘35%’ $49.95 =l

< digtal’ MultiMeter \STU;"WM

&m 3’/2-D| nit s¢Ill’ﬂ' Conteplird Dutpul

Portable DMM — | e L

—[ $49.95 .-

e

.

YAl

Iloq
ll?l!m

3945 75

il
4

] and Video Analvzer

100 MHz 8-Digit Enunters127 50 E i
ol 7% S00MHZ Prescalor $59.95 _n i
o alah Dlgital ' ' “m Telephone BSR Chll'lm

Acgessories

Capacitance Met% Answering
j = Davices
<375249, saa,{.m.....sﬁ !

$29.95
Nhgdes 1508 :

Stnion
= Dt bkl Proseiond & Sue-v o
Sy B30 '__':\“

L

Weller: Xcelite,

«!o

imet. St vty et 2l Ve

60

*Quick Charge” wanit

Torch Kit
Model 3400

5 MHz Mml
) .0 Usclllnscope
E =

$269.95 "’M

o A Siemar ok Sl by ST gt

Service Master Attache Style
Tool Kit Tool Cases

4 P sttt by i 18 W Mo ¥EIM WOk TE wen Roll Kll
T wnsne [§ 150 $21995 BF g g5

Loy 134

..Kpr;"lil . ¥ ru B it
Mew r
3vrDigit |
oMM ;
L"‘L-l
Readoul e

#1<C

W A

Seimmaaw] SPECLA

Magnitier,.<ac. 700 Series

lDelay Line ¢ LAMP m‘:&ﬁ’:“
| bbbl r.l Mot WE TR & TN T Corciivet Maprmcint Wy )
Lil $892.50 [° » A Bt B RO W Jomw;
et pristeind II
Functmn Generatnr [:hess[}hallengel tll*-":“"“ : Ff;}l'“:w
» e L 1WA 1T e
£127:50) R, WIS ce R

=5= T b o Tt el
™ e et

(574,95 B 542 | o) $65.00

ek oK Dstilloscopes

oy BTN e &Eﬂﬂual"’ - @
L e

LT SR o vyt SUPER

.ngu:Mnmmr: = 82995 { l"“ Reg. $39.95

muSﬁ.g 95 =t .
r_u_ls_-ss'.'s
Function
f3enerd

30 MHz Dual Trace i‘:w

"""ﬂ?‘.i.m-_-:

m

$181.90
oy

Bearcat Seano
Model 250

$299.9 o

Touch KlO_O Scanne
i,

™ emcy|

* 10 tha

L ;
s | 1818
all TOLL FREEF:_‘:““
§(800) 645-9518 1o mooo |

MpsterChorge & Birk Amar<ag \

$14.95

thmputer * COD = Chach * Monsy Orae
7 $199.95 o e e

% Gl AT R B e

FORDHAM.

BREM Contiin 8t Farmergoliiny N.Y 117385

"We Will Beat Any
Advertised Price"

WwWww americanradiohistorv comm
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© RADIO-ELECTRONIGS
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iy vt

' '.-.:::-:::: ol
:usem!ﬂwﬂaﬁ BEE B
LED Pansl

Mounting Kn Rudou! s #‘:‘b&o%

Meatbor 5100 | ot g gpr 200 T ap e 1100
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LE 35 ON FREE INFORMATION CARD

SATELLITE TV

FOR THE HOME

Our receiver inls YOU gt over
75 channels of tislevislon
directly from the astelittesl:
HBO. Showtime. supsr gis
llons, sporis and movies from
around the workl Werke Asywhers—
FCC licanming no onge: requined.

—3 WAYS T0 GO—

» Buy complete—our 24-channal tunable
recelver, | NA and feed, only $1.600.
* Assgambie —our kit, all pants included,
2-day project.
* Conatruct—from our new Step-by-step
plans— SAVE!
Compiete detally coversd in our Home Earth
Sistion manual. Send $7.95 loday {efundabie
againy! any purchass). or call our 24hr. C.O.0,
Hotiine: (305) 8804283
SPACECOAST RESEARCH
P.0. Box 442. Dupt. T, Aamonty Springs. L 32701

" HIGH STABILITY )
CRYSTALS FOR
FREQUENCY -
ORTIME —UuuL
USE THE BEST
BUY
JAN CRYSTALS

« (8
+ C8standard
r 2 meter
* Scanners
« Amateur 8ands
« General Communication
* Industry

TREMENDOUS BUYS in New
And Gov't Surplus Equipment

Dial Telephone “'SUFER BUY"

+ larn W e bl ety of Cleny o ‘
ol e W1B) en proecrd et [
1lephor Wuk BN wy commaronl VPV em
Compiy'r, | s poriy meppng ] in geod
worken wler vewr ches of w & wyll
byt Thrtt o0 WD Y e comenay el
servece | M bt | e farnethed —

s gy 05 Tmn &

FREE CATALOG thew: 518 1AYINGY On
+ WAy r RMWLH - MAND AN - R Pl
- mmman o el SRS - i - RPTTES e
* MEERAWEE + Clmmrbireehl ¢ wRRRASUCE o+ il Wl ¢ PRAEE
= efpl P ¢ DI W - ARV - AV STEER

» Marine VHF
+ Micro Processor crystals

send 10¢ for our tatest catalog,
write or phone for more detalls.

JanCrystals
2400 Crystal orive
Ft. Myers, Fiorida 33907
all phones (8131 936-2397

easy to charge

INIATY
Yoo, 10, 7ic_ 5K, 10K 20K, SOK,
roox 1hbeg. Phim £.75 wach 1787 00

MULTI TURN THIM POTS

A MO0 CLANPT DY TRANSISTOR SPECIALS s o D\P SOCKETS
=™ om ey em mowm om IrEZEL NEN SO TENING SOWER § 132 Een L7 MmN gy
Ll
o a wn B e orm MIAF 3004 2 C8 AF Fronemis NPH 1100 bamibe 30 I8N 4
s e : T =i T A e G E 30 E B is e 73 SO BN g0
w1 B WE M WES . o ko m ] 1 100
:::: : :: = : g Py : 18" hzaw nur-:u- g 1ob
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=os = R o= o omed ) 110 s 10
2rm wn A wn oM .:E ] N1e20 PN 1 TO B v |.g §iki0
- I - par . £ 180 LD
- MR ek MM M e I "“““‘ L "“" % 4 $+5 190
e s i e R VL YRerten B 1 33 e tand conmecias 43K 5 & TANTULUM CAPACITORS
wrr s M W om - 2 L TO8? 43 13 JUE 15y 58100
wr g TWATTLD 65 LASER DIODE IR $495 7 : ke aTUR 15vEM DO

25 w1 Intrs R Puite 1 4G 7000 equiw | e T Sa0e asv e 00
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RED YELLOW, r.aup. — e . S
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AEGIOREEN IPOLAR LEG 7 oW o m
TIL- 18 OPTOIBOLATOR | F .n fame $2 e
MCTH OPTO (SOLATCR . py (= - 13 =
1 WATT JEHEAS 33 47, KV, 45 #.1. L] 0 s} -
N0, 1215 18, o 2V B 00 Wit n -
- " L3 -
-y » iy L]
Silicon Powss Rectiilen ol t e et
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WtA 208 P orDY Camtim OPF
MAD Z0m # OFOT CANTO R OF ¢

SOMERVILLE. MASS 07143 TEL. (617] 5477053

WE SHIP OVER ¥5%
OF OUR ORDERS THE
DAY WE RECEIVE THEM
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BULLET ELECTRONICS

P0. Box 401244-R  Garland, Texas

75040

(214) 278- 3553

AY3-8910 PROGRAMMABLE SOUND GENERATDA

The AY3-8910 1% 8 40 pin LS| Chip with Ibree O8CilIa1OS. three
amphitude controis, Programmabie nolse generstor. three
Mixers. an snyelOpe generator. and three D/A converters that
ace controited by 8 BIT WORDS. No axternal POls of CApS
required Tha chip hooked to art 8 bit microprocessor chip or
Busy (A0S0, ZPO. GEOO etc) can be software controlled to
produce almos! any sound [t will ptay three nota Chords. make
bangs. whisiles EWerf. gunshols, sapioswons, bieets. whings.
or grunts In addition. it has Provisions o ContrOl s own
memory cnips with two 10 ports. The thip requires +5v @
75ma and & standard TTL clock oscillMor. A truly incredible
Gircut

$14.95 W/Basic Spec Shesl (4 pages
60 page manual with 5-100 imerface Instructions and
savaral programming examples, 53,00 extra

ADIGIT %INCH CHARACTER LED DISPLAY
Bowmar readoul stk with colons. COMMON
CATHODE OMLY. 100% Prime All segments
and colons brought out 1o sdge pads. With
PinCUL. LIYIT & PER CUSTOMER

AP

81,90

SE-01 SOUND EFFECTS KIT

+ THTT Cwir 93 " 81695
INCLUDED (XTRA L7583 SMaxld
Py 5293 [Mw 1 uitin

Yo SE-01 @ ¢ cOmDiata r1na
conars MM the pana 1o budd &
Poquammabe pound eMBcli
unaraios Owstegned  meouarell
the niw Teras Mnatresents
SHTHTT Bewnd Chip e
bodrd B ovecches ks off MINI
[P puituga # poli 10
DAOGIEm TR LBOuT SR
iragtiorag o 1y SLS Oncsmaior
VGO, Nome, One SRol and
Envelope Contron & Guat O
Amg IC W vad B implamant
an Adpalbey Pyse Generll.
or, Level Compaator i
Mutipsse Oncgior for rran
Ore virhatady The 3a" 3 B
PC Boww < Spplnrag & oMty DY
Wel W pew lor AR aSCNd
CHCUry sy {00 ermmed
1o dubikcate EcPioniond.
Phasor Cane Swam Traine, O
mimoet An shRAts PutiDie o1
ol potnin. The und has ¢
munpee of spplcaniane The
Ww price includes all perts

¥ AR LS, DX D chirth e Ol e TOTT CRUP L
fcalony it rund &n a 9v battery jrol incheded) Dn board 150 ame
will et & AEEH EDRal pe TRARTY, O Ihe Uil N B CONRICIAE 10 yOu
A0 with DCIRON resuits’ | Spesher Rl nchuded |

ALLOW 3 WKS. FOR DELIVERY

9500875V Filtar Cay
Computer 2"x5%’
Grade z.95

From T.. TL430 BAR/DQT DRIVER IC. Onves 10
LED's with adjusiable anaiog 3teps Units are
cascadable up 10 10 {100 steps). Drves LED'S directly
Great for vollage. currant, or sudio displays. Similarin
features to LM3914 wilth spacs and circult noles

2.95 ! m,

ZENER GRAB BAG

A vy recw BBTImenl OF

3 1W zenes VOURQE ranges
&8 trom L7 10 10 YDC. Mot
have houss § Dut we Provide 8
Cross Over b8l 10 standard
numbers A gresl buy Tor any
shop 12 different IYPos.

RIW‘IM
s AWF COWPRETE 4FICh AMD
iy o a1 O M D

wiiafy *ALS FOR Cillfst T0
iy

11800 " e
oM e

XAN SUPER DIGITS
6" JUMBO LED
7 SEGMENT ¢

RED

99¢

6640 COMMON ANODE
6920 COMMON CATHODE

HOw A SUPER READOUT AT A SUPER BUY! These
are 1actory fresh prime LED réadouls, not seconds or
rajects as sold by others Compare our price and send
tar yours 10day. but hurmy, 1he supply 1s limited!
SPECIFY: COMMON ANQDE OR COMMON
CATHODE

QUAD MATCHED DIODES
4 {NE4 ype diodes thal have
bean clodty mmched for use n
bivipe and BAIEACED mupdulator

A RARE FIND!
LAMBOA HIGH POWER REGULATCR 3205 MODULE

§12.95
WSPECS
LIMITED QTY.

e 5V @ 10A with 8-30VDS inpul

+ Currenl limiting, thermal shutdown and short proteciion

* 2% Load reguistan.

+« Qaly 2 external components needed.

All you need Io add is a transtarmer, rectifier, neatsink
and fitter cap to have a super réqulated supply tor Svolis
at 10 amps!

SPECIAL BONUS! Order the 3205 Module and get FREE
a LAMBDA L-20-5 overvoltage pro1ector that triggers at
6.6 volts Up 10 20 amps.

NEW iTEMS
LMacas {CA3IGA6) Transmior Array . i
LM2309 Led Flashes . .50
CA30BE RCA Teansisiof Array .80
MCI143BR  Power Op Amp/Driver . .. .50
1M#4148 Prima. Full Lead 100/2.50
LM3302 QOuad Comparator . .. A%
28C1849  High Freq NPN TO-32 .BN.00

POTENTIOMETER ASSORTMENT
A mix of new, panel mount 3/8”
bushing pots In varlous vaiues
Some dual. some with switches

10/2.00

cacudn
ar-
S50€ oOnE SET
PARTS
Mo b A 0 LIRE EaR Him
21 YOLT AEE 1 LEAD Can 0

IR VET WPl Tt e 68 14110
Xooc # [y COMPUTIN bagt 1 10
Tuealt NPR CER PURMTE N
e PP CeEr T 1 x
o0 e wAMCE ]
L T fupid i o SPECE 108
LWA77 BUAL M0 W BMLS b
ML VI NTRLT W
TEhLOS WNH P ine i
R1OFTESO0AT R b ]
‘Wi RIF udl GATE WOSFET

D00f pROTECTEN S b

LR el ]
WIZs VARCAP D004 10 PFO H

In4003 M 2000 NSy 9100
TN ran FOF FOwle ¥
LAY Y 1 o

L IRLLE B TR T ]

L
JUMBD SREEN “m
IumEn MED & 5
MEDIUM RED 7y 1%
MEDIUM GAN 0N YELLOW 13

1/2W RESISTOR ASSORTMENT
A good max of 5% and 10% values 1n both full jead and
PC lead devices All new. first quality.

{AssE) 200 pincess 200

SLIDE SWITCH ASSORTMENT

LAS1I5U » 1.5A Four Terminal Adjusiable Regulatos. 3-
30V W/current Hmhing. short protectlon and thermal
shutdown. TO-3 style All unks are prime. Spec sheets

An oulstanding bargain  Includes minatuce and
standard sizes and multiPosition unha. All new first
quility, name brand switches Tey one pack and you'll
recrder more, SPECIAL — 12 lor $1.20 {Assortmenl}

Included. $2.50
«NOCOD's " + ADD 5% FOR SHIPPING
* SEND CHECK MO OR CHARGE CARD NO. L » TX RES ADOD % STATE SALES TAX
+ PHONE CRDERS ACCEPTED ON 1 * FOREIGN CRADERS ADD 10% (EXCEPT CANADA
ViSA AND MASTERCHARGE ONLY c 120% AIRMAIL) US FUNDS ONLY
(214} 278-3553 00 AM - 600 Pr1 CST é » SORRY WE CANNOT SHiP INSURED 1O MEXICD
* ORDERAS OVER 1 LB SHIPPED VIA UPS 5 PRICES SURJECT FO CHANGE WITHOUT NOTICE

WWwWw americanradiohietory comm

TWATY AUDIO AMP KIT

SMAML SWCLE WYIND i amd
ComrOninis M R A ' s ¥ IC
ROARD (MCLUOED. mUn$ O 1T yoC
GASAT FOR ANY PROJECT TanT nEEDD
AN WEIPENSIVE AMP LESS Tk
THE @6 wATTR COMPATILE wiln

LE 4y Soumn 1T SS-QS

S DIGIT AUTO/YAN CLOCK

= LA%C1 4 Cauk Al 1HRE JLEN

* QUEATT xia; 1IWE RS

* MLAAW B INOOIE OPTRME

« btz L TTIRNG )

* FASY TH ASKIM# | \\ﬁ

LE DY N

* BINES § PEAYIN T dia
oMMt nn

rae $16.9§

ULTRASONIC RELAY KiT

WL E BEAN woRnd Nl & FROlE
ELEETmE ITE USE OF rg 24 FT arami
LT Flllr!

tomr il
521 oso

LR T

0861 AHYINNYC

w0
h
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$ RADIO-ELECTRONIGS

100 W CLASS A

POWER AMP KIT
Dynamic Bias Class ""A" circult design makes this
unit unique In is class. Cr)rstal clear, 100 walts
power output will satisly the most picky tans. A per-
fect comiination with the TA-1 Tow T.AM. $e-
80 Pre-amp.
Specilications:
« Output powser: 100W RMS into 3-0hm
125W RMS into 4-0hm
= Frequency response: 10Hz - 100 KKz
= TH.D.: tess than D.008%
ls.-' N ratig; better t'hvln S0dE
nput sensiivity: 1V max.
= Power supply: =40V @ 5 amp
TA-1000 KIT
§51.95
Powar
transtormar
= $15.00 sack

MARK IV 15 STEPS
LED POWER LEVEL

INDICATOR KIT

This new stereo level indicator kit consists of 36 4-
color LED {15 per channei} to indicate 1he sound
{evel oulput of your ampilfisr from —3648 ~ + 368
Comes with a well-designed Silk streen printed plas.
tic panel and has a setector switch to allow floaling
o n):radual outpyt indicating. Power Supply Is B
12¥ D.C. with THG on board inpul sensSitivity con-
lmlzstiom'lhis uAn can work with any amplifier from W
1

0
Kl includes 70 pes. driver transistors, 38 pes.

matched 4-color LED, a1l other electronic compon-
sols PC baprd Bnd font pasel.

MARK IV KIT $31.50

DIGITAL AUTO
SECURITY SYSTEM

4 DIGITE
PEASONAL CODE!
SPECIAL §19.95

- proximity trigmeeer
= voliags riggereu
= mechamically triggered

This alarm protects you and iselifl Entering pro-
tected area will se1 it off, sounding your car horn
oF siten you 30d. Any Change In voltage will also
tngger the alarm inlo aclion. If cables within pas-
sanger compartment are cul, the unlt protects itset
by sounding he alarm. 3-WAY PROTECTIONI

All units factory assembled and tested — Nol a kit!

SANWA
COMPACT LIGHTWE[EHT LULTHA SLIM
AT g
0 lemp probe] 50
T- SSTLD {temnpprobe] $58.50
SPECIFIGATIONS
Ranges
ncv::mv 150my, soo.nv 1.5V,
1. SOV 250¥, 1KV (a1

25KV " Usi l’N Tobe)

0 Current: Sm.n. 25ma,
250mA SUOI'I'I “dr

AC Vn!taoe 15V, Qkﬂm

AC Currenl: mA, bA {2V and
§ 55my d

rop|
Resistance: 10k 100k<
MG SMQ {max. caibtn)

il S0 scale‘j

Load Current: 30mA  3mA  300ma

Load Voltage: 3V 3V v

Becibels: —10 1o-+554B

Batt Checi: 0.9 1o 1 5Y (102 load)

LED Chack: (Available)

Temperature: —50° 1o +100°C and 019
Probe not suppliad with T-550)

ACCuracy

OC Voltage: £25% .54

DC Current’ %2 5% 1.5.0.

Batt Check: £2.5% f.5.0.

AC Voltage/Power on 1.5V range: 5% I.5.d.

AC Yoltage/Power above 15V range: +3.5% 154,

AC Current c£5% f3.4d.

Resistance/Temperzture: =£3%, of arc

Dimansions: 148 x 97 x 28mm thick
Weight: 2

U $200°C

: 240g
Inst?umeni suppHed with Batieries 1.5¥ (UM-3 or
REI2

Fuse & Spare: S00mA 250V
Tamgeraiure Peaha: [T-SSTHD onlyl

30W-|— 30W STEREO

HYBRID AMPLIFIER KIT

1 works in 12¥ DG as welll Kit includes 1 PC SANYD
STK-043 stereo power amp. IC LM 1458 as pre amp,
an other electronic parts. PG Board. all controi
pols and special heat
sink tor hybrid Power
transtoermér not In-
Ciuded. 1t produces ulira
hi-fi cutput up o £0
walts (30 watts per
channel} yel gives out
tess Ilhan o} ‘Hi’- 1c||)l:| har-
monic distortion between
$12.50 PER KIT 100Mz and 10KHz

BATTERY POWERED

FLUORESCENT LANTERN
MODEL 888 R FEATURES

= Circuitry: designed for operation by high
elficient, high power silicon transistor

standard level even the battery supply
drops 1o a ceviain low wollage
= 9 6W cool/daylight minlature flyores-
cenl fube,
~ 8 x 1.5V UM-1 (size D) dry cell battery.
. g::i‘f sildinilﬂdoor for i nping mitlorlfs
3 niess reflecior with wide angle in-
$10.50 EA credsing lumination of the jantem.

9 51ap1 4 Colons
LED VU

Stereo level indicator kil with arc-shape display
panelllt This Mark 11 LED level Indicalor is a new

design PC board with an ar-shape 4 colors LED dis-
play {thange color irom fed. yellow. Gréen and the
peak output indicated by ¢ The power range is
very IarPe. from —30d . The Mark 111 In-
dicator s applicable to 1 watl - 200 watts amplifier
optrating voitage i$ 3V - 9¥ OC at max 400 MA. The
ciecuit uses 10 LEDS per channel. 1t is very easy lo
connect to the amphilier. Just hook up wilh the
speaker output!
IN KiT FORM $18.50

STEREO AMPLIFIER

COMPLETED UNIT — WOT A KITE

rd amp. & power Stereo amp. wilh bass. mid:
ulo {reme 3-way lone conirol, Fully assembled ane
tested. ready to work. Total harmonic distoriron lesy
than 0.5% al full power. Oulput maximum i3 BC
walts per channel at 8 Power supply is 24 - 36V
AC or DC. Compiele ol A bled $49.50 sa
Power franstormer $850

A NEW LED ARRAY AND
DRIVER FOR
LEVEL METERS

This senies covers a wide range of level [ndication
uses. output and inpul woitage, fime related change.
temperature, light measursment and sound lever.
Efoblern of uneven beilliance often encouniered with
ED arrangements as well as design problems caused
by usind seéveral units of van‘Tq size ard subsian-
lially reduced 12 LEDs In one
LED ARAAY

GL-112R3 Red. Red, Red

GL-J12N3 Green, Yellow. Red

GL-112M2 Green. Green. Red

GL-1¢2G3 Green. Green, Green

228"

LED DRIVERS

1R 2406G Is an 1.C. specidily designed to drive. 12
LED. The number of LEOD is lineally dluminated 2c-
urdi i the control veltage Input ferminal 21.
peraflng voltage s 9 12V D.C.  $5.35 EACH

PROFESSIONAL FM

WIRELESS MICROPHONE
TECT mode} WEM-16 I8 2 factovy assembled FM wire-
iess microphone powered by an AA size batlery.
Transmits in the range of 88-108MHZ with 3 transis-
5er Circults and an omni-directional electric condén-
ser. Element built-in prastic 1ube type case; mike Is
%" lond. With a standard FM radio, can be heard
maﬁhere on a one-dcre lott Sound Quatlly was

ge

S =

$16.50

FLASHER LED
U1 175ue design combines a jumba red LED with an IC
#lasher chip in one package. Operates direcily from
-V DC N drlwnmn resisfor neded Pulse rate

M@ W ?

SW AUDIO AMP KIT

2 LM 380 with Volume Conirol
- Power Suply 8 18V DC
ONLY $5.00 EACR
e

2 lar 32_20
LCD CLOCK MODULE!

- 0.5” LCD 4 digits display XI.IJ controlled cir-
tulta - 0.C. powered (1.5 batle =12 hr.or 24 hr
dnwllr 24 hr, alarm sel - 60 m n countdown Timer

* On board dual dack-up ligh!s = Dual Yime zone dis-
Play = Stop wafch funttion

NIG1200 (12 hr) $24.50 EA. .
HIC2400 {24 hr) $26.50 EA

MARK Il SOUND
ACTIVATED SWITCH NIT

A new designed Eircuit em-
pioyed 2 1.L.. a CPOT relay
wilh B |ed Indicaior. A con-
densor  microphone comis
with the kit. The relay can
handle up to 200 walls con-
1a¢1 10 aliow fo contro| most
things. Just click the finger,
the relay will close, the sec-
nd click will refease it.
Senstltvity can ba ad-

|usted w an on boand

m-pat, Cperating

voltageaw D.C.

TY-1
$4.50 PER KT

PROFESSIONAL
_PANEL METERS

MI melers white face with black

p—— T m—
Tvoe MU-S2E  gogipe Plastic cover.

MINI-SIZED I.C. AM RADIO

Size smaller Ihan & box of matches!
Receives all AM stations.
Batterles anc ear Phones Included

Oaly $10.50

0.5” LED
ALARM CLOCK MODULE

ASSEMBLED| HOT & KIT!
Features: = & digits 0.5 LED Dusplays = 12 hourt
real time formal * 24 hewrs Alarm audio cuipui
» 59 min. cnuntdm llmer » 10 min. sncoze conizol

3 ONLY $7.00 EACH

I E U 5 gsﬁé:&'{{RANSF{JRHER

$1.50 EACH

CIRCLE 8 ON FREE INFORMATION CARD
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12 DC MINI RELAY

SPDT 2 AMP 1.30
SPOT 3 AMP 1.80
0OFDT 2 AMP 2.50
4PDT 3 AMP 3.50

LINEAR SLIDE POY

T A
Metal Case 3 Lo : =
2 F0R $1.20 et

CONDENSER MICROPHONE

Sub-Minl Size
@y

FEY Transistor Bulll-in  $2.50 sach
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FLUORESCENT LIGHT
DRIVER KIT

12y DC POWERED

Lights up B ~~ 15 Watt Fiuo-
rescent Light Tubes. ldeal
lor camper, cutdoo, auto or
boak Kit Includes high vol-
age coil. Power transistor,
heat sink. all other electro-
nic parts and PC Board. light
tube not includea!

With Cass Only
$6.50 Par Kit

THE MOST ADVANCED
TIMEPIECE OF ITS KIND

IN THE WORLD!

LCD Quartz Alrm Cnmnu.granh with calendar and

dual tima zone!! Watch is the same as Seiko bul you

pay a lot more for the name!
* 24 hour alarm - Chronograph
counts up to 12 brs., 59 mins.
59.9 sec. - Precision of chrond
up 1o 1/10 sec. indicated by
10 moving arrows! - Lap Time
[with chrono running uninter-
ropted) - Time dispiays by LCD
for hour, min., sec, dale
of the week and AM/PM -
Calenda: gives out date-day
< Duat lime zone for any two
cities of the wortd a1 Your own
cheice. - With hight swilch to
allow you fo seg the lime in
he dark!

Regulaz Price $85.50
One ¥ear Foll Warranty g:ECIAL 549,95

ANY SOUND DECISIONS!

™
Solld state sound indicator operating
Q voltage 6V DC 30wA Small stze ap-
‘ Wodei EB2125 {Slow Pulsel
SI60 EACH 10t Fis2 136 Fast Pulst

proximate’y ¥%”x1%*,

Modsl EB2118 (Continuous)
T —

Fayi Bt

Sub H-Ini Slze
PANEL METER

ELECTRONIC DUAL
SPEAKER PROTECTOR
Cut off when circult Is shorfed
of over load to Pralect your
arnDIlﬂer as wel! as your
sﬂukers A& must for OCL

cuils.
KIT FORM
$4.75 EA.

REGULATED DUAL
VOLTAGE SUPPLY KIT

e | 30¥ DT 80C MA adjusiable. fully regulated
by Fakrchild TBMG and TIMG vollage reguiater |.C.
Klt incivges all eleciro-

nl¢ parts, fitier capagi-
wis, LG, heat Sinks
and P.C. board,

£12.50 PEA KIT

3 AA size fast charge (4 hours)
NI-CD by Sanyo. All trand new e
and fresh 450 mah per ceil.

Limited supply. $5.40 PER PAK r-\.“'

BECKMAN FET

LIQUID CRYSTAL DISPLAY
Dverall size 2" x 12" 0-5* characters
relfective fype.

Model 73701 — for clock 4 digits with
PM. starm. snooze. colen indicators.
Model 739-04 = for panel meter 4
digils.

Mode! 739-03 — for pane! meter 3¥:
digits with + sign and over range
Indicator.

8g'ag.

av-ai

“FISHER’ 30 WATT
STEREO AMP

MAIN AMP {15W x 2}
Kit Includes 2 pcs Fisher PA
301 Hybrid IC all etectronic parts
mm Board Power supply *
& DL (n0t incluned) Power
bandmth KF 1% == 3dB). Vsli-

Supar B
PorBUY  a0e ain 33dB. 20Hz - 20KHz

Oaly $18.50

ieir
ELECTRET CONDENSER
Sensitivity: 6508 + 3¢B  (Af 1KHz)
fmpedance: 00 OHM Freq. Response:
Material: Aluminum 56 15,000 Hr
Cord: t0# Lenglh  $19.50 EACH
ELECTRONIC ALARM SIREN
—— Ideal for use as an Alarm Unit
g of hookup to Your car bagk-u
Outpyt up to 13048, Voltage sup-
AU-998 ST.50 ply§ 12V
TRANSFORMERS
; ALL 117 VOLT INPUT
BV LT 3 aMP $10.50
48Y CY KRy
0.8 AMP
0.5 AMP
AC POWER SUPPLY
wall Type Transtormer
Ouipul 100 MA
Output 120 mA

MICROPHONE W TIE-CLIP
= COMPLETE UNJY
make a reverse Indicator. Lrg
ONLY $1.80 ®a.
K 4 AMP $8.50
JAMP
120 MA $1.50 EA.
Culput 200 MA
Output 100 MA

All displays intlude zebeér conneciors
and front bezel. With data sheets
Your choics — any madal $7.50 EACH
POWER SUPPLY KIT
0-30V 0.C. REGULATED

Uses UA7Z3 and 2N3055 Power /l
TR oufput can be adjusted from
0-30v, 2 AMP. Comprete with PG
board and all eleclrpnl Parts
Transtormer tor Powsr Supply, 0-30 Power Supply
2 AMP 24V x 2 8. ;u $10.50 each

1 Ih?l TEST CLIPS

ame 35 the clips $2.15

Wilh 207 Long Leads ,/:-h
I Black and Red Colors  Dar Pair

SOUND GENERATOR I.C.
Creates almost any type of sound — Qun shot. ex-
Plosion. traln, car crash, star war. birds. orpan ext,
A huilt-ln'aumo arng‘!rlfier Drovi'zdges Ihiuh leved ouiput,
Operates from one 9V battery, 2€ pin
dip; we supply the datas. sz.9p EAGH N

SUPER 15 WATT
AUDIO AMP KIT

Uses STK-015 Hybrid Power Amp

Kit inciudes: STK-015 Hybrid IC, power SuDDIr wilh
power franstermer, 1ronl Amp wilh tong conirol, all
eletironic parts as well as PC Board. Less than
0.5% harmonic distortion at full power ¥adB re-
spanse 1rom 20-100,000 Hz.

This amplifier has DUASE =
Comblimentary class B out-
. put. Qutput max is watt (10
] walt RMS) a1 40 ONLY

$23.50 each

; ULTRASONIC
SWITCI‘I KIT

“'&

KH includes the Ultrl Sonte Transducers. 2 PC Boards
for iransmilier and receiver. All eleclronte parts and
instructions. Easy to build and a Iot of uses such as
remale conlrol for TV, garage door. alarm Sysiem or
counler. Unit operales by 9-12 DC. $13.50

HICKOK LX303

DIGITAL LCD MULTIMETER

* % ﬂlqals dlszm 200 hours Qv
bavery life + Auto zero: polari
overrange indication - TOOMY
F.5. sensitivity - 19 ranges and
functions « D.C. volt: 0.1 MV 1o
1000V - AG. voI: 0.1 V10 600 ¥
* Resistance: 0.1Q to 20 M - D.C
surrent: 0.01 A to 100 MA

DUR PRICE §71.45

COMPLETE TIME MODULE
0.3" digits LCD Clock Module with month

and dale. hour, minute and seconds. As

well as slop walch function™! Batteyy
and back up tight is with the modure

- 6 Size of fhe module is 17 dia. Ideal for

uS& in auto panel, compuler, instrument
and many oihers! $8.9% EACH

ND ACTIVATED SWITCH
Al parts completed on a PC Board

SCA will tum on refay, buzzer er
trigger other &lrcuit for 2 - 10 sec
[adiustable). Ideat for use as deor
alarm sound Controlled to¥s and

other mjlcls Supply voltage

$1.750a. 4 5 2 for $3.00

PUSH-BUTTON SWITCH
N/Open Contact
.1'9' Color. Red, White, Blue, Green, Black

. 3/81.00
Q\ N/Close aiso M‘lillble
S0¢ tath

LARGE DTY. AVAILABLE

HEAVY DUTY

CLIP LEADS

‘3 19 pairs — 5 colars Alligalor glips on a
2"“ lead. Ideal for any tesiing

§2.20/pack

FM IRELESS MIC KIT

It is not & pack of giparettes. Ui is a
new FM wirtless mic kitl New de-
sipn PC board fits into a plastic
cigaette box (case included). Uses
a condensor microphone to atlow you
to have a_betler response In sound
pick-up. Transmits up to 350 fL!
With an LED indicalor lo snanal the
unit is on 2FMM2 KIT FOR

ELECTRONIC SWITCH KIT

CONDENSER TYPE

Touch On Touch QIf

uses 7473 |G, and
12¥ relay

$5.50 s3ch '&..

1 WATT AUDIO AMP/

Al parls are pre-assembled on .(

mint PC Soard. Supply Voltage 6
8V D.C. SPECIAL PRICE 51.95 .

LOW TIM DC STEREO
PRE-AMP KIT TA-10 20
tncomporales brand-new D.G. design that Dives 2
frequency response from OHz — 100KHz 058!
Added features like 10ne defeat and Joudness control
let you Failar Your own frequency supplies to ell-

minate power fluctuatlon!
Specifications: - T.H.D. less than .005% - T.LM.
les$ than .005% - Frequency response: DG 10 100KHz
+0.5d8 - RIAA devidlion: =0,2dB - S/N ratin: bel-
ter than 7048 - Sensitivity: Phono 2MY 47K/Aux.
1D0MY 100K - Cuiput level: 1.3¥ - Max ouiput: 15¥
* Tone controi: bass 1048 @ 50Hz/lrebls =10dB
15Hz + Power supply: +£24 D.C. @ 0.54
t comes wilh requlated power gapply, all uex need
is a 48V C.T. transformer @ 0 54
ONLY S44.50
X'tormer

SOLID STATE
ELECTRONIC BUZIER

Mind size 1% x % x " !-\@’ 0
Sunplxm!tage 1.5V - 12¥
beal far Alarm ar Fear fndicator $1.50 .

1/8¢

AHIFFE
ITETTEN |

T X=RD AAHDLING CHARGEY Srnd ¥1.00
-

For Dataviag

Cataiogle

g I N A o T
on VA &0 ML OHL Y. O G.0.0L/BESM Hautt 187 Ligs. I St

1200) cHENEH AW DLV,

AWTHD
SaONE (203 BT l‘ll v (2VTE PR MAE
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# RADIO-ELECTRONICS

NEW
FROM

PTS

HIGH CURRENT
POWER SUPPLIES

DG:2 Regulated Dighal
Power Supply/Digltal
Volimeter.

Singie source regulated
high current supply with
200V voltmeter for
internal ang external
voltage measurement.

DG-5 Regulaied Voltage

Control CentariDigltal Volitmeter.
Same high current features

as DG-2 plus four Independent,
variable DC supply voltages.
Includes 200V volimeter for
Internal and éxternal

voltage measurement.

MSP-501 Regulaled
Microprocessor Power Supply.
Supply preset to 5 VDC. Adjustable
from 4.5 VDC-6.0 VDC. 5 amp.

-——
o

-i.:.'§

.l PTS

ELECTRONICS. INC.
The Only Name You Need To Know

P.O. BOX 272, BLOOMINGTON. IN 47402
Seo lhe Yellow Fages for The PTS stocking distfibulor or TuneriModule Servicenier nearest you,

i .
L b &

CIACLE &1 ON FREE INFORMATION CARD

POTTER BRLUMFIELD
4PDT RELAYS

» 1 pn e

ELECTRONIC BIREN
MODULE

® ] 0o I 17 el KK THO
LELY L F it e @
AN LY e X5 1N cyul
(- ] wrd Ot tag B 0wy
1129 ssen Tutoe T sy
iy (b gy
LAROE M AVALABLE
HEAT SINK DRILLED FOR
LINEAR SUDEPOTS | 'y 10-9 TRANSISTORS
o N ey 3
TP
G E ”
‘“l‘-l‘“
808 sach 4PECIFY VALUE
10 MEG POTS SPECIAL PRICE 31 0 asch
aSiandyrd s wan Soa
3, 1.0MM 175 WATT
D WIREWOUND REASETOR

i For 3800 4 For §1.00

50 M.I.D-l? SLIDE POTS
Pon s || T lach

B3l achong B TR e e
COMPUTER GRADE
CAPACITORS

10 .t 51
LRS- R T

a 317K wach !
B Rong. 1047 Gle. ’

HOUSE MARKED
DARLINGTON
TRANSISTOR

W Amn {0 Yem W
50 Warts

g A d LTI TR ]
MACT PN e
$cy BAMPS Y WATTE
[ 1] w o1l
pamn M
L1 1 1lim
LT LR g

Tl el KW
® 100 000 ™y B v ROTRAOM 3 BLADE
1w 2W COOLING FANS
= wiil i By A
1B 1o 5100 — s he
wn  TANTALUM e
tan  CAPACITORS Ty
ALL ELECTRONIKS CORP.

SEND FOA GUA FREE FLIER

903 5. Yermonl Ave.

Low Angelss. CA 90008
[ = Aad 9130 Shaopenyg USA

{2131 2805000
St & Workhovks Hows
BAM-5 P
Mondoy thy Frdor

= QOuorsies Limeed
¢ Mo O 410 D0
= CoM Res Aod B%

= Some Day Snpomg aem
Cort Chach. or WD

Radio-Electronics

T W A
4 i

YOU
DESERVE
IT!

GET IT
EVERY MONTH!

Come on, treat yoursel! . and save money, 100. Subscribe ¥ Radio-Elactronics today. and
make sure you get all of the most interesting. most axciting and authoritative slacironics
reporting in any magazine, month atter month. Don't miss & single one of the upcoming
issues JaM-packed with new-equipment test reports. Projects 10 buikd, MYicing ideas. and
news of solid state, compulers. hu-fi, hobbies and mmg elecironic. Save money, 00 —as
much as $11 off the pewastand price when you au 10 Radio-Elecironics. Come on, you
deserve t—==gcheck off the money.-saving offer you Dfeter on the handy coupon, and start

r Mb-40 T
To g it et !

EELLN TT TR
A e B

R acats

™ i

CIRCLE 29 ON FREE INFORMATION CARD

enloying Aadio-Elecironics every month.
.y 5 8 7 N ' R 3 0 B B B B B B B 3 B 0 ' B B 0 B N ! N B P N N F OB I

] |
i Get The Authority—Every Month 4040 '§ I
| |
1 Hass (Plaass print) 1; i
] Address — e
| ity State T Code i
] — sl
1 indicate 1he offer you preter [] Paymmnt enciosed (send one exira k) N |
1 1 Your—12 lasuss ONLY 3090 ] |
1 L o eavs 5:00 o rawastand prioa) [ amme E.
1 2 Yaars—24 issuss OHLY $1iub0 [ Clwack hara it you ara extending Of rehireing yoor @ i

(Save Mocel $11.00 of mewssiend Priod.} wubscription. 5

] Extru Shipping Cansda 33,00 Pr year. ab other Gountries $5.00 per year. =1
1 Mai: to: Radie-Elecironics i
1 SUBSCRIPTION DEPT., P.O. BOX 2520 BOULDER. COLO. 80322 El
h----------------------------------'

WWWwWwW americanradiohistorv comm

TO MAGAZINE
RETAILERS:

Radio-Electronics Magazine
is pleased to announce Its
“‘Retall Display Allowance
Plan' available to retailers in-
terested In eaming a display
allowance on Radic-Electron-
ics Magazine. To obtain de-
tails and a copy of the format
contract, please write to the
Marketing Department, Kable
News Company, Inc.. 777
Third Avenue, New York, New
York 10017, our national dis-
tributor, who will act as admin-
tstrator of our plan. Under our
Retail Display Allowance Pian,
in consideration for fulfilling
conditions of the agreement,
you will be entitled to recelve a
display allowance. This plan
become efiective tor all
Issues you recelve subsequent
to written acceptance-on our
behalf of your application.

will
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MICROPROCESSOR
CHIP SETS

Fan Mo, Frew Parl No. Prece

BOBOA 3595 8800 38.95
1295 6802 11.95
345 5810 3.95
3.95 6820 3.95
3.25 6821 3.9%
295 6850 4.25
225 6852 195
1es
.75
875
14.95
575
10.9%
14.95

LINCAR I.C.'s

L7 15H-A
LMTATCN 14

I5TRIUEY

JUST AELEASED

METAL POWER TRANSISTORS

Hometaxial — Best Quaiity
5 &0V NPH TO-66
K. EL TO-3
1.50 160V NPN TO-3
195 50v [ T0-3
1.95 100V NPN TO-3
250 160V NPH T0-3
Universal SCR

34 A0V 3.0 AMFP TO-220

EPROM'S
c2ron
1K x B 450 na

TMS2718
16K (22 8) 450 ne
{3 power supphes) T1. Verson

CIT1B/TMSE2518
15K (2K o 8) 50 ns
Sungie 5V papply — Intel vermon|

Special of te Month
4K STATIC RAM

" 2114L Low Power

& | BICW . 8] JO0A

1980 IC MASTER
over 2700 PAGES

%11109

001 PIps 0a 18I CPU sl yTaied sy g it WHICH
@ Alegal-yies
Pk $150.00 1l B CPU wolh non SOTTIED
o

W
IMRODE  $1500.00 A compheie yphy tog o JO00G
L

xn O arrenahiy DY i O ey
All Producte Stocked In Dapih
Largest Zilog Inveniory

INCPU 28wy B 9wt | 280-OMa 23w
Z00A-CPY a0MHE 1105 | Z00A-DMA 40 R

IM-MC ISy 1301 Zeo-B0/0 23 aar
Z00A. PG L OMHr BB | TW0A.S60/0 4D ki
Ie-LTE 28 739 | 200304 ISMU
IMOA-CTC 40nMr  BaQ | ZWOASC/Y 4D MM

200500/ Z4Mng
TRQA-BMHT 40 MHe

MOS MEMORIES

MOS Static RAM'S

Pl No.

21

T (258 3 4] 350 22 PIN
HMONFPC

1K (1K 3 7) Low Powe 350nm 14 PN
THPC

1K (1% K 1) Low Powsr

Hugh Parodmarce Hlae 18 N
2103 VPC

1K (1% 3 1] 45008 18 P
02.2PC

1K (1K § 1) ASOms 18 PN
F2111-32

1K (258 3 4 2500 180 PR
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T
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AN (4K 1 1) 1000 27 P
Tl 53040-28
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SEND FOR OUR FREE FLYER
THIS MONTH'S SPECIALS

sge ‘

Cat. No. 1298 § lbs.

20V 6 AMP TRANSFORMER

SBII
TRIAD-UTRAD 5 YOLT
4 AMP TRANSFORMER

Cat, M. X-1297

3 lbs.

SB!E
15 VOLT PRECISION
REGULATOR BOARD
Cat. No, 1184

12 YOLT 2 AMP
TRANSFORMER

5525
Cat. No. 1284 3 lbs.

31295
e

Cat. Ne. X-1423 1.

POWER SUPPLY BOARD

Plus 12 VDC @ 1 AMP
plus 5V at 2 AMPS. Less
than 100mV ripple.

TERMS: Add Postage
MINIMUM ORDER: $1

Mastercharge and Visa accepted.
P.O. Box 2361R
Woburn, MA 01888

‘ JELN
TEK-EL Corp. I/:

NEW RETAIL STORE
27 GILL ST. WOBURN. MA 01801

Store & Warehouse open 9-5 Sat 9 1
Tel 617-935-7328

CIRCLE 43 ON FREE INFORMATION CARD

DONT MISS - crR ASSOCIATES'

®Diablo ® Centronics ® “Selectrics”
Supplies Limited!!
Call Us NOW to Reserve Your Printer!!

*Modified ‘SELECTRIC’ |/0 Printers
2 modeis available: "A’ is almost fully useable
as a stand-alone typewriter printer’. while '8’
nas servo-driven carrier & platen (X&Y) for

e

BIDIRECTIONAL capability. Both models
use solenoid 1o activate mechanisms and all
Circuitry is brought out to aconnectorona 6’
cable. Used, removed from equip. Sold ‘AS-
IS, good cendition
Model ‘A’
Model ‘B’ i
Complele Data Package 1specdy
“Needs *26VDC (o activata sole

. *389.00
- .1359.00
Only 8.00

shift tab eie s

The “workhorse of the industry’

Model 101: l\.hlpd & funct|

prent heads e

eDiablo 1355-WP ‘Daisy’ Printers
Serial or parallel inputs, Used on Zerox
word processors — takes metal “Daisy”
wheel. Some “centronics-lype’ I/0 conligs.
Includes all Diablo PC cards. mainframe
printer. power supply. case_conn . and data
Call for prices and availabilily.

*Center-Zero Analog Panel Meter
5' " wide by 4"+
BRAND NEW. ...

*Flexible 3-w|re Lme Cords

fram unused equipment, 3 pronas

eHybrid Active Filter Special!!!

simple, low disto sinewave oscillator or filter ........

Associates,
Newton, N.H. 03858

(603)382-5179

sPrices May Not include Shipping & Handling

USED PRINTER BARGAINS !!

“The Best of the Bunch®

eCentronics Dot Matrix Printers

cha-acwrslsncnnc‘ Interfaces with the
“Radio Shack” TRS-80 cable too!

Model 101: 5
5 Model 102A: osted 980.00
- Mode] 102A: as-is* *420.00
“As-is machines are whole but 4o not include

*Modular DC to DC Converters 2 inches square)

+15 Volts In = 15 Volls Out @ 100 mA.
+5 VollsIn +12 Volis & -5 Yolts Out,......,........ Pk $19.00
+12 Volts In +5 Volts Qut @ 15 Amps............ oN- Each

lngn F S =50-0-50 uA. Log linear MIRRORED SCALE
-.."1495

120 Volt standard power cords, six feet in Iemqlh brand new. removed
AF-100 state variable lilter with HP, BP, LP & NOTCH oulpuls. Operates

from 15 VDC. Range DC 10 10 kHz Identical to Nat'l AF-100-1CJ. Makes

PLUS DUR LINE OF LOW COST ANALOG BARGAINS
So wrile for our LATEST FLYER and get on our Mailing List!

Inc.

*MC VISA & C O.D. Accepled »Phane Orders Are Welcome

QOver 100

CIRCLE 42 ON FREE INFORMATION CARD

save on gas!

Enjoy the benefits of 20% better gas
mileage, quicker starting, elimination of
tune-ups, reduced pollution, and 50,000
miles on plugs and points.

Update your car with a TIGER solid
state electronic ignition system. Easily

installed in 30 minutes . . . evenon
new cars.
Only 99¢ea.;4/'3.00 Tlger 500 CD
Assembled . ... .549.95
- Only 495 Simphileit o $29.95

Postpaid USA.
Master Charge & Bank Americard accepted.
bt
Tri-Star Corporation

Phone (303) 243-5200
P.O. Box 1727
Grand Junction, Colorado 81501
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We bought 350,000 LED’s.

And you get the savings.

Reds, greens, yellows, orange,

medium, large. Bags of 25 - mixed $2.75.
That's only 11¢ each. Compare this bargain up to

twice our price

CLOCK MODULE OPTIONS
MA1008 A and D MA1013
Switches and pot for all options.
Includes:
S push buttons

small,

FACTORY PRIME

5Bl - Polar LED 59¢ ea. or 10 for $5

—1 1 toggle

1 10K pot $2.50
Alarm Parts (including high impedence
transducer) Much more efficient thaa a

SONY 23 WATT AUDIO AMP MODULE
#STK-054. 23 WATTS SUPER CLEAN AUDIO. 20HZ to

100 KHZ +

2 DB. HYBRID, SILICON, SELF-

CONTAINED MODULE. ONLY 1% x 2% IN. WITH

DATA.

COMPARE AT UP TO TWICE QUR PRICE!

99eac:h

LAB-BENCH VARIABLE POWER SUPPLY KIT
51020VDC at 1 AMP. Short circuit protected by current
limit. Uses IC regulator and 10 AMP Power Darlington.
Very good regulation and-low ripple. Kit includes PC
and shielded
transformer. 50 MV. TYP. Regulation. $15.99 KIT

Board, all parts, large heatsink

speaker. $1.50
Transducer only (unbelievably loud!) $1.10

16K DYNAMIC RAM CHIP
WORKS IN TRS-80 OR APPLE Il
16K X 1 Bits. 16 Pin Package, Same as

LED BAR GRAPH AND ANALOG METER DRIVER
New from National Semi. #.M3914. Drives 10 LED
directly for making bar graphs, audio power meters,
analog meters, LED oscilloscopes, etc. Units can be
stacked for more LED's. A super versatile and truly

remarkable |C. Just out!

SPECIAL PRICE: $3.99 INCLUDES 12 Page Spec. Sheet

Mostek 4116-4. 250 NS access. 410 NS
cycle time Our best price yet for this state
of the art RAM. 32K and 64K RAM boards

60 Hz CRYSTAL TIME BASE
$4.95 (Complete Kit)
Uses MM5369 CMOS divider IC
with ‘high accuracy 3.579545
MHZ Crystal. Use with all MOS
Clock Chips or Modules. Draws
only 1.5 MA. All parts, data and
PC Board included. 100 Hz,
same as above, except $5.95.

MICRO MINI
TOGGLE SWITCHES
6 for $5 with hardware.

Sound Activated Switch not a
kit. Already assembled. Clap
your hands and turn on lights,
music boxes, coffee pots, etc.
Full spec. sheet with each unit,

69¢ ea. 10 for $5.50

using this chip are readily available. These
are new fully guaranteed devices by a
major mfg.

VERY LIMITED STOCK!

“MAGAZINE SPECIAL" - 8/$79.50

NATIONAL SEMICONDUCTOR

“COLOSSUS JR ” JUMBO CLOCK MODULE

ASSEMBLED! NOT A KIT!

PERFECT FOR USE
“*ANUFACTURER'S CLOSEQUT!

(AC XFMR Sl 95]

MA1013
BRAND NEW!

FAIRCHILD PNP
“SUPER TRANSISTOR”
2N4402. TO-92 Plastic. Silicon PNP
Driver. High Current. VCEO-40 HFE-
50 to 150 at 150 MA. FT-150 MHZ. A
super “BEEFED-UP" Version of the

EN395 8 FOR §$1.19

JUMBO IC ASSORTMENT
All' new not rejects. BIG
computer mfg. Surplus. Some
standard marked, many house
numbered. TTL, DTL, LINEAR.
All prime. 1st line,

50 for $1.59 500 for $12.95

Bright 4 digit 0.7" LED Display
Complete-Add only Transformer and Swiltches
24 Hour Alarm Signal Output
12 Hour Real Time Format

50 or 60 Hz Operation

Power Failure Indication

LED Brightness Control

Sleep and Snooze Timers
Alarm “on” and PM Indicators
Direct Drive - No RFI

Direct Replacement for MA1012
Comes with Full Data

TOSHIBA POWER AUDIO AMP

5.8 WATTS RMS Typical Output. 50 to 30,000 HZ
+3 DB. For CB’s, tape decks, PA’s, etc. Works off
of asingle supply voltage from 10.5tc 18 VDC. 10
Pin plastic DIP with special built in heat sink tab.

Perfect for use on 12VDC.

With Data.

5399

each

Digital Research: Parts

P.O. BOX 401247 « GARLAND, TEXAS 75040 e (214) 271-2461 a

Il items.

TERMS: Add 50¢ postage, we pay balance. Orders under $15 add
75¢ handling. No C.O.D. We accept Visa, MasterCharge and
American Express cards. Tex. Res. add 5% Tax. Foreign orders
(except.Canada) add 20% P&H. 90 Day Money Back Guarantee on

Write for our free catalog full of many useful bargains.




Low Cost...High Performance

DIGITAL MULTIMETER

Low cost, high performance, that's the DM-700. Unlike some of the
hobby grade DMMs available, the DM-700 offers professional quality
performance and appearance at a hobbyist price. It features 26
different ranges and 5 functions, all arranged in a convenient, easy to
use format. Measurements are displayed on a large 3! digit, 72 inch
high LED display, with automatic decimal placement, automatic
polarity, and overrange indication. You can depend upon the
DM-700, state-of-the-art components such as a precision laser
trimmed resistor array, semiconductor band gap reference, and
reliable LS| circuitry insure lab quality performance for years to
come. Basic DC volts and ohms accuracy is 0.1%, and you can
measure voltage all the way from 100 uv to 1000 volts, current from
0.1 pa to 2.0 amps and resistance from 0.1 ohms to 20 megohms.
Overload protection is inherent in the design of the DM-700, 1250
volts, AC or DC on all ranges, making it virtually goof proof. Power is
supplied by four 'C' size cells, making the DM-700 portable, and, as
options, a nicad battery pack and AC adapter are available. The
DM-700 features a handsome, jet black, rugged ABS case with
convenient retractable tilt bail. All factory wired units are covered by
a one year limited warranty and kits have a 90 day parts warranty.

Order a DM-700, examine it for 10 days, and if you're not satisifed
in every way, return it in original form for a prompt refund.

Specifications

DC and AC volts: 100 uV to 1000 Volts, 5 ranges

DC and AC current; 0.1 pA to 2.0 Amps, 5 ranges

Resistance: 0.12 to 20 megohms, 6 ranges

Input protection: 1250 volts AC/DC all ranges fuse protected
for overcurrent

Input impedance: 10 megohms, DC/AC volts

Display: 3% digits, 0.5 inch LED

Accuracy: 0.1% basic DC volts

Power: 4 'C' cells, optional nicad pack, or AC adapter

Size: 6''"W x 3"H x 6D

Weight: 2 Ibs with batteries

Prices

DM-700 wired + tested
DM-700 kit form

AC adapter/charger .
Nicad battery pack
Probe kit

TERMS: Satisfaction guaranteed or
money refunded, COD, add $1.50. Min-
imum’ order .00. Orders under
$10.00, add $.75. Add 5% for postage.
insurance, handling. Overseas, add
15%. NY residents, add 7% tax.

600 mHz COUNTER

$99'95W|RED

The CT-70 breaks the price barrier on lab quality frequency counters.
No longer doyou have tosettle for a kit, half-kit or poor performance,
the CT-70 is completely wired and tested, features professional
quality construction and specifications, plus is covered by .. one year
warranty. Power for the CT-70 is provided by four ‘AA’ size batteries
or 12 volts, AC or DC, available as options are a nicad battery pack,
and AC adapter. Three selectable frequency ranges, each with its
own pre-amp, enable you to make accurate measurements from less
than 10 Hz to greater than 600 mHz. All switches are conveniently
locatec: on the front panel for ease of operation, and a single input
jack eliminates the need to change cables as different ranges are
selected. Accurate readings are insured by the use of a large 0.4 inch
seven digit LED display, a 1.0 ppm TCXO time base and a handy LED
gate light indicator.

The CT-70 is the answer to all your measurement needs, in the
field, in the lab, or in the ham shack. Order yours today, examine it for
10 days, if you're not completely satisfied, return the unit for a prompt
and courteous refund.

Specifications

Frequency range: 10 Hz to over 600 mHz

Sensitivity: less than 25 mv to 150 mHz
less than 150 mv to 600 mHz

Stability: 1.0 ppm, 20-40°C; 0.05 ppm/°C TCXO crystal
time base

Display: 7 digits, LED, 0.4 inch height

Input protection: 50 VAC to 60 mHz, 10 VAC to 600 mHz

Input impedance: 1 megohm, 6 and 60 mHz ranges 50 ahms,
600 mHz range

Power: 4 ‘AA’ cells, 12V AC/DC

Gate: 0.1 sec and 1.0 sec LED gate light

Decimal point: Automatic, all ranges

Size: 5"W x 1%"H x 5%"'D

Weight: 1 Ib with batteries

Prices
CT-70 wired + tested ....
AC adapter
Nicad pack with AC adapter/charger
Telescopic whip antenna, BNC plug

Tilt bail assembly
CT-70 Kit Form

ramsay elechomics

BOX 4072, ROCHESTER, N.Y. 14610
PHONE ORDERS CALL
(716) 271-6487
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HITACHI OSCILLOSCOPES

Single and dual trace, 15 and 30 MHz. All four high sensitivity Hitachi
oscilloscopes are built to demanding Hjtachi quality standards and are
backed by a 2-year warranty. They're able to measure signals as low
as ImV/division {with X5 vertical magnifier). It's a specification you
won't find on any other 15 or 30 MHz scopes. Plus: Z-axis rmodulation,
trace rotation. front panel X-Y operation for all four scope models, and
X10 sweep magnification. And, both 30 MHz osdilloscopes offer internal
signal delay lines. For ease of operation, functionally-related controls
are grouped into three blocks on the color coded front panel. Now here's
the dincher: For what you'd expect to pay more, you actually pay less.
Suggested list price of our top line V-302 dual trace 30 MHz is only
$945.00. The other models comparably less. Check our scopes before
you decide.

Hitachi.. The measure
of quality.

@ V-30230 MHz Dual Trace  $945.00
@ V-301 30 MHz Single Trace $745.00
@ V-152 15 MHz Dual Trace = $695.00
@ V-15] 15 MHz Single Trace  $545.00

HITACHI

Hitach Denehi

For more trlfmnatm . contact

Hitachi Denshi America, Ltd..

175 Crossways Park West, Wmdbury N.X. 11797
{516} 921-7200.

sensitive to
your Input.
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In one year our K40 antenna
has become the largest selling
CB antenna in the world!

1. It's the most 2. It's made
expensive...

$42.5..... | @
o suggested retail ] % ===

And when you
pay more,

you expect more!

MORE PERFORMANCE:
The KAO & guaranteed Lo

transmd further of recane

clearer than any antenna i

replaces We know it will

We've lested R with 771

CB'ers jusi ke you for one

year.

MORE FLEXIBILITY:
You can 1 your K40 to any
mounting gufece. I\ wilt fit
any vehicle you'l sver own!
That includes choppers_dune
buggies, gutters, mirror
mounts, Lggage racks, runks,
hetchoacks, thwough roofs,
semia. picik upa and RV's.

MORE QUALITY:

Irs nol mported. |'s not
made in Tabwan Korea or
Japan Ita Amencan made in
an Amencan IGwn. I8 made
with belter materials 1hal
coal mofe and by Profession:
al people we pay more. And
we designed K right
here inthe US A =

*Including oplion-
al mounta at extra
cost

*an Thi.
Antenna
is 80

DYNAMITE
you receive a ...

3. 1It's proven best!

... Here’s what the leading CB
publications said.

CB TIMES: " .. it's nof often that a product bursts onto the mar-
ket scene, dominales and improves CB'ing for everyona. Amencan
Antenna and the K40 are domng #—repeated tests showed the K40
could out-perform the major Compelitive brangs.”
RADIO-ELECTRONICS: "The results of cur tests showed
ihat. In three dilferent positions of the moniloring recewver. the
mode! K40 equaled or out-performed the compebtive antenna
Apparanfly, American Anfenna’s adverlising is not merely Madson
Avenye showmanship ™
PERSONAL COMMUNICATIONS: *. an impressive
95% of the tnals, the K40 ourperformed the existing mobile anten-
nas We had to try one lor ourselves.
In every case, the K40 either equaled or oul-performed its

competitor.

“No #is, and8. or buts! The K40 Antenna from American Artenna would have o
be Just about the best antenna around
CB MAGAZINE: “introduced n October, 1977. the K40 quickly became the
top seller and it mid 1978, became the number one selling antenna in the nation.”

... Here’'s what CBers all
across the country said.

ANTENNA SPECIALISTS: . . truck drver and CB'er tor
10 years . . . S0% further than my 3410 'Big Momma”.”
—d H. Colpn, 207 iscFee. Baalrop. LA
AVANTI: "I'm an electyonic techrician with & Second Class
FCC license . . . | was able 10 tranamil 70% further and tune
the SWH 75% lower than my AvantL”
—H R Cortrn YRB sdoniercante D87, Salrupa Pyerin Mo

PAL: ' 20% betler In transmession and
receplion than my 5/B wave Pal Firestk
—Jolm A Bem Boa 444, Zedprops FA
SHAKESPEARE: ". . . I'vo beon a CB'er for
three years and the K40 15 the best I've ever
had. Better in receplion and ransmiasson than
my Shakespeare
—H, Bachart, Jr, V4 King R, Park Rioge. N
HUSTLER: "Compared to my Hustier XBLT:
4, the K40 can consistently btanamit 40%
further and the recephon was better. The K40 s
ihe perfect way to compiete 3 CB system”
—Jaroms B Brown, 7800 8 Longer, Burtend. i

better...
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(SPECIAL NOTE)

IF YOU'RE A
BEQGINNER:

——

e

AMBRICAN ANTENNA..
ELGIN, IL 80120

L@y

POWER!

++.Sold exclusively by -American K40 Dealers throughout the U.S. & Canada.
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