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our canned
tuner?

It's not only great for color television
sets, it's also great for guided missiles.

As a matter of fact, Krylon® Tuner
Cleaner is made with the same solvent
used in the missile industry. Plus a spe-
cial lubricating oil.

Just one little spray leaves a thin,
non-drying film of lubricant that condi-
tions contact surfaces and protects
them from corrosion.

And that same little spray keeps sur-
faces self cleaning and water repellent
without ever harming any plastic sur-
face.

Krylon Tuner Cleaner also comes | CLEANER
with a plastic tube for controlled spray-
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SPRAY
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Try it just once. You're sure to de-
velop ataste foriit.
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Krylon Coatings—from the makers of EImer's® Adhesives and Mystik® Tapes.
Send for free price list of the full line of Krylon Aerosol Products. Krylon D ept. 1202A, Borden Inc, 350 Madison Avenue, New York, New York, 10017
Circle 1 on reader service card
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Now you can get the little woman
something she really needs.

You don't have to spend a cent to get soothing
gifts from GTE Sylvania.

Just keep on buying Sylvania receiving tubes.
And before you know it you'll pile up enough Cer-
tificates to get anything your heart desires.

Take your pick from hundreds of good things:
TV and stereo sets, sport coats and jockey shorts,
cameras and projectors, golf clubs and fishing
gear, rifles and sporting goods, tools and watches.

There’s also a lot of stuff like dresses, hand-

bags, hair dryers, teakettles, necklaces and ear-
rings.

Things the little woman can really use.

Evenif youcan't.

Get your copy of the “Profits for Independents”
book from your participating GTE Sylvania Distrib-
utor. It describes the awards. Remember—GTE
Sylvania supplies you: we don’t compete with you.

SYLVANIA
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~ ALARM SYSTEM
LINKED TO CATV

NEw YORK, N.Y.—An alarm

system whose only pre-
requisite is that the home-
owner be a subscriber to

cable TV has been developed
by Holmes Protection Inc.
Frank Fritz. senior vice presi-
dent of Holmes says the sys-
tem “provides monitoring
service to customers while
making cable television a
two-way system”.

The device is plugged into
the CATV apparatus and sig-
nals a central office when a
home is broken into. Ex-
pected to cost between $200
and $250, the alarm system
can also be used to monitor

refrigeration and heating sys-
tems, for gas leak protection;
as a lawn sprinkler timer and
water detection device; an
automatic garage door
opener for light switch con-
trol; and as a medical emer-
gency alerter.

Mr. Fritz sees the 2500
cable TV companies of the
United States as potential dis-
tributors of the alarm system.
which is not vet on the mar-
ket. The consumer field is
large, with current CATV
subscribers at S million, and
more than 28 million ex-
pected subscribers by the end
of the decade. *

Detection Units Deter Shoplifting

AKRON, O110—A theft detec-
tion device developed and
manufactured by Sensormatic
Electronics Corporation is an
electronic approach to the
widespread problem of shop-
lifting and pilferage.

The system uses a con-
trolled electronic field and a
sensitized substance or
marker on the protected arti-
cles. The sensor units, about
one foot square by three feet
high, are located at exits or
other locations. such as es-
calators and elevators. If
proper checkout procedure is
followed and merchandise is
paid for, there is no reaction
from the sensor. But if arti-
cles are improperly removed
from the store, the sensitized
material on them activates
the detection system and trig-
gers an alarm or signal.

A variety of signals may
be used, including a bell, a
buzzer, a flash of light, and a

stop sign. The detector may
be programmed to take a pic-
ture of the offender, or flash

an alarm to security officers
or the police department.
A feature of the system is

the many different ways of
planting markers or sensitized
material on the articles and
removing them, thereby im-

peding thefts by habitual
shoplifters as well as stopping
the novice thief. *

Electronic Music On Elevators

NEw York, N.Y.—Morton
Subotnick’s compositions spill
from six speakers in each
elevator at 77 Water Street in
Manhattan’s financial district.
The ultra-modern electronic
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music harmonizes with the
space-age look of the build-
ing. In this aura of beeps and
blips the rider feels as though
he were going off to an inter-
planetary station. *

TWO-CHANNEL RESCUE ra-
dios designed to speed vre-
covery of downed airmen are
made by GTE Sylvania, a sub-
sidiary of General Teleohone
& Electronics Corporation. An
employee (shown in picture)
inspects a solid-state thick-
film hybrid microcircuit which
enables the radios to send a
homing signal more than 50
miles, transmit and receive
voice communication on two
channels, or send Morse code.

NEW FORMAT
FOR WWYV

WASHINGTON, D.C.—The
National Bureau of Stan-
dards’ standard time and fre-
quency radio stations WWV
and WWVH will revise the
formats of their broadcasts,
starting July 1, 1971,

The new formats will in-
clude voice announcements
of the time every minute in-
stead of every five minutes,
use of male and female
voices to help distinguish be-
tween WWV and WWVH,
and eliminate all Morse code
signals from the transmissions.
Only the content of the broad-
casts will change; frequencies
will remain the same.

The minute slots will be
divided into a 45-second seg-
ment and two 7.5-second seg-
ments. On alternate minutes
the 45-second segment will
contain either a standard tone
(tentatively 600 Hz) or an

announcement. The an-
nouncement slots will be
available to  Government
agencies. *

HUGO GERNSBACK AWARD
WINNER ANNOUNCED

Los ANGELES, CALIF.—Na-
tional Technical Schools an-
nounced that it has selected
Stewart O. Hoffman to re-
ceive one of the eight Hugo
Gernsback Scholarship Awards
of $125.00 for 1971. Mr. Hoff

| i

. Al
- AN
man. a twenty-three year old
Californian, plans to enter
the video phase upon com-
pletion of his electronics
study. He works in carrier
systems and special services
as a “transmission man”. He

is currently pursuing an FCC
license in a program given by
his employer, Pacific Tele-
phone.

Stewart is a “shutterbug”.
When not working, doing his
homework, or tinkering with
cars, he enjoys photographing
scenic Southern California. %

EIA WORKSHOP

WASHINGTON, D.C.—Fif-
teen thousand men will be in-
troduced to careers in ¢lectron-
ic servicing this fall through
efforts of the EIA Consumer
Electronics Group  Service
Committee.

Fourteen colleges and uni-
versities are presenting 2-week
EIA sponsored workshops this
summer for instructors who
wish to include consumer prod-
uct servicing in their school.

(continued on page 6)
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TV goes modular

This year, 1971, will go down in history as the year
television went modular. The majority of American manu-
facturers, in their 1972 color models, have now entered the
field Setchell-Carlson pioneered many years ago and Moto-
rola popularized when it introduced the first Quasars in
1967. In addition to Motorola, the modular-design roster
now includes Magnavox, Heathkit, RCA, Zenith, Warwick
(which makes most Sears Roebuck sets) and Wells-Gard-
ner (the private-label manufacturer which makes big-
screen sets for W. T. Grant, Western Auto and many oth-
ers). In the audio field, Dynaco, Electro-Voice, Fisher,
Heathkit and Scott are using modular design.

The approaches to modules differ widely, but all have
one thing in common: the equipment may be repaired by
replacing ailing modules, and either repairing the modules
or discarding them. RCA, in introducing its ceramic-cn-
capsulated thick-film modules, obviously is moving in the
direction of the throwaway circuit. Zenith, with its discrete
Dura-Modules, aims at easily repairable circuits. Moto-
rola’s Quasar modules are designed for repair in the field
or by the factory. The entire modular approach makes it
far easier for the factory to change models by changing or
rearranging modules, or to make changes in the midst of
production runs by updating individual modules. Some
modular designs—for example, Zenith’'s and RCA’s—lend
themselves to automated or computer-controlled produc-
tion.

At the real root of the “modular revolution,” however,
is the problem of service. With the disappearance of the
vacuum tube, the tube jockey is unemployed, or shouid be.
In color television, the service profession requires top-notch
technicians who keep fully abreast of the state of the art—
a species already in short supply. Although few manufac-
turers will admit it, the modular revolution envisions the
development of “module jockeys’—or, to put it more
gently, *“technicians’ aides,” who might be competent to
make tests and measurements prescribed in the service
manual, remove and replace the offending module, and re-
turn it to the shop or factory for repair.

The module is a mixed blessing for the service tech-
nician. To be fully equipped, of course, he must carry
module caddies for every set he's called upon to service.
For all of its sets introduced since 1970. Motorola has a
total of about 20 different modules. RCA has about 15.
Zenith has seven. And so on. More will be coming as new
modular models are introduced and more sections of the
chassis are modularized (although one module type may be
used in many different models). The problem facing the
technician, of course, is how many different types of mod-
ules he’s going to have to stock, and at what cost in money
and space. As for module standardization—forget it; it’s
just not in the cards.

How much?

If you've wondered whetber television prices are going
up or down, the answer is—both. The average American-
brand portable color set sold in 1970 was about three dol-
lars cheaper (in factory price) than its 1969 counterpart—
$268 vs $271. On the other hand, the average color con-
sole rose $13 to $399 from $386. Averaging all color sales,
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however, the price came out to $336.62 in 1970, compared
with $341.30 in 1969, principally because a greater per-
centage of sales was in the portable category. The average
black-and-white set reached an all-time low of $87.69 at
the factory in 1970, down from $88.70 in 1969. Portable
and table phonographs fell to $40.19 from $47.45 and
console phonographs declined to $206.22 from $213.11.
Whar inflation?

Facsimile via FM

Relatively low-cost facsimile systems, which operate
over standard telephone lines, have become increasingly
popular with businesses for transmission of documents,
blueprints, signatures and other material. it’s estimated that
perhaps 60,000 such instruments are now in use, manufac-
tured by Xerox, Magnavox, Data Sciences, Stewart-Warner
and others. For point-to-point communications, the tele-
phone system works fine. But how about a bank that wants
to transmit the same document to 50 branches, or a super-
market chain, which is sending proofs of today’s news-
paper ads to 75 stores? This means 50 to 75 individual
phone calls, repeating the transmission to each one.

A new system, proposed by Broadcast Facsimile Net-
work, Inc., would use the subcarriers of FM stations for
transmitting business facsimile information. The stations
would merely offer their subcarriers for private multiplex
use. The bank could use the same facsimile equipment de-
signed for telephone circuits, as could the supermarket,
reaching all receiving stations at the same time. Security of
the circuits would be preserved by special printed-board
decoders, which respond to a specific signal, inserted in the
reccivers. An additional use of the Network's facilities
could be made by special information services and news-
letters, which would sell or lease decoders to their sub-
scribers. Just plug the decoder into the fax receiver and
you'll get your investment newsletter or business-service in-
formation. or whatever. For private business newsletters,
the subscriber would receive a decoder upon payment of
his subscription fee.

An FM station transmitting in stereo could still ac-
commodate one 5-KHz fax transmission. If the station
were mono-only, it could carry four or five business-fax
transmissions simultaneously. The FCC recently authorized
tests of this system, but no commercial operations may be
conducted without a special ruling. If such a ruling were
forthcoming. it could herald the day of special facsimile
subscriptions to newspapers and magazines aimed at the
regular public—in addition to business services—via your
friendly neighborhood FM station.

Dolby improves FM
The Dolby noise-reduction system, employed in some
high-quality cassette recorders. has surprising results when
used in conjunction with FM. Experiments in Chicago and
London have indicated that the reduction in noise levels
can provide an improvement in signal which would be ex-
pected from a tenfold increase in transmitter power, and
can effectively triple an FM station’s useful coverage area.
The same Dolby “B” system used in cassette recorders is
employed—an encoder at the transmitter and a decoder at
(continued on page 14)
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The moving sound
of moving sound.

The kind you get from Mallory's new light- they come with a whisper-sensitive dynamic
weight, go everywhere cassette tape recorders. microphone, automatic recording level circuit,
They're pushbutton simple. And built to fit in  power-packed Duracell® batteries and a full-
with the excitement of living. fidelity Duratape® cassette.
We have three solid-state models in three Mallory portable cassette tape recorders . . .
price ranges . . . something for everybody. And when you're going piaces.

—— MALLORY DISTRIBUTOR PRODUCTS COMPANY
MALLORY

a division of P, 1. MALLORY & CO. INC.

Box 1568, Indinnapolis, Indisna 46208:; Telephone: 317-636 53653

VICR 1204

Siim, neat, light. Battery
operated 3%2 " cynamic
speaker and dynramic m ke.
For kids, teenagars .
2ven Mr. Businessmen

MCR 1232

Total go-anywhere
entertainmer:. Recorder
and superd> AM/FM radio.
AFC, pop-up cassette
ejector, built-in antenna.
In a slim, “ough case.
The music-maker.

MCR 1209
Great everyw 1ere. Bat e-ies or
AC plug-in. F ushbutton
oreration. Sim, easy t3 zarvy,
peck. Dynamic speaker anc
‘mike. The perfect gift.

Batteries » Capacitors « Controls « CRIME ALERT® * DURATAPE® | Recorders | Resistors » Semiconductors » SONALERT® » Switches « Timers

Circle 2 on reader service card
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BOOSTER FOR UNF-TV.
Three power tubes for uhf-TV
transmitters, like one shown
above, are made by RCA Elec-
tronic Components. Technical-
ly called four-cavity klystrons,

the 30,000-watt electron tubes CHARGE COUPLED DEVICE
can generate powerful, high- TRANSFER
quality video and audio sig-

nals at uhf-TV transmitters for

broadcast into viewer homes, +V;y +Vq

and may aid the expected
growth in uhf television.

In a charge-coupled imag-
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NEW IR-18M solid-state 12-speed
chart recorder kit

i
A

1
\

NEW GD-29 microwave oven kit

NEW GR-371MX 25" square-corner

solid-state color TV kit

NEW [B-101
solid-state

15 MHz frequency
counter kit

NEW 1B-102 175 MHz ‘_
solid-state
frequency

scaler kit

NEW

10-102 solid-state

NEW [IM-105 solid-state
5" scope kit i

VOM Kit

Seven new Heathkit improvement ideas for home or shop

NEW! Heathkit IR-18M 10” chart recorder kit provides 12 different
chart speeds...instant pushbutton selection from 5 sec/in. to 200
min/in. Digital logic delivers accuracy unobtainable with ordinary
gear trains. Two input ranges permit accurate measurements from
0-1 & 0-10 mV full scale. Hi-Z input minimizes loading. 3-terminal
floating input. Light-operated modulator eliminates problems of a
mechanical chopper...operates at 240 Hz to reduce 60 Hz noise. In-
ternal temperature-stabilized reference voltage eliminates trouble-
some reference battery. Coarse & Fine zero controls allow fast,
accurate pen positioning. Other features: versatile pen holder that
accepts virtually any writing instrument & hinged top for easy paper
loading. For the best value going in a chart recorder, order your
IR-18M now. Kit IR-18M, 15 Ibs., 149.95*

NEW! GR-371MX 25” solid-state ultra-rectangular color TV. Check
out the competition for standard features like these: 25" square cor-
ner Matrix picture tube for the biggest, brightest, sharpest color pic-
ture ever.. high resolution circuitry plus adjustable video peaking
... Automatic Fine Tuning...pushbutton channel advance...“Instant.
On"”... Automatic Chroma Control...tactory assembled 3-stage solid-
state IF and VHF & UHF tuners for superior reception, even under
marginal conditions...adjustable noise limiting & gated AGC...ad-
justable tone control... hi-fi sound output to internal speaker or your
hi-fi system. Plus your choice of installation in one of the three
beautiful Heath cabinets or custom wall mounting capability. And
the exclusive Heath self-service features let you do all normal ad-
justment & servicing, saving hundreds of dollars in service costs, If
you want the finest, this is it...order your 371MX now. Kit GR-371 MX,
125 |Ibs. 579.95~

NEW! GD-29 microwave oven...the most modern way to prepare
food. Cooks up to 70% faster with better vitamin retention. Cooks on
glass, ceramics, even paper plates. low profile design fits under cup-
boards easily, yet has one of the largest oven capacities in the indus-
try. Operates anywhere on standard 120 VAC current. Kit includes
specially prepared cookbook. Kit G0-29, 97 Ibs. ............ 399.95*
Roll-around cart gives oven easy mobility, Model GOA-29-1, 24.95*

NEW! 1B-102 Scaler and iIB-101 Frequency Counter combination
give you frequency measurement capability to 175 MHz at low, low
cost. I1B-101 counts from 1 Hz to over 15 MHz. Hz/kHz ranges & over-
range indicator let you make an 8-digit measurement down to the

last Hz in seconds. 5-digit cold-cathode readout...extremely low in-
put triggering...all solid-state with 26 ICs, 8 transistors. NEW 1B-102
Frequency Scaler can be used with virtually any counter on the
market to extend your measurement capability well into the VHF
range...at a price far below the cost of a 175 MHz counter. 10:1 and
100:1 scaling ratios give resolution down to 10 Hz...1:1 ratio provides
straight-thru counting for frequencies in range of counter. Exclusive
Heath input circuit triggers at very low levels — at 100 MHz less than
30 mV is needed. A handy Test switch gives a quick, accurate check
of proper operation. All solid-state; fully regulated supplies; conven-
ient carrying handle/tilt stand. Extend your frequency measurement
capability now with these two new kits. Kit 1B-101, 7 Ibs. . ...199.95*
Kit IB-102, 7tbs. ... ...... 99.95*

NEW ! 10-102 solid-state 5” scope ideally suited for general purpose
service & design work. Features wide DC-5 MHz response, 30 mV/cm
sensitivity and 80 ns rise time. Switch-selected AC or DC coupling
for greater versatility. Frequency-compensated 3-position attenu-
ator. FET input provides hi-Z to minimize circuit loading. Recurrent,
automatic-sync type sweep provides five ranges from 10 Hz to 500
kHz with vernier. External horizontal and sync inputs are also pro-
vided. One volt P-P output provides an accurate comparison voltage
source. Additional features include a big 5” CRT with high visibility
trace; 6x10 cm ruled graticule that can be replaced with a standard
camera mount; solid-state zener-regulated supplies for extra display
stability and 120/240 VAC operation. An excellent all-around scope
that belongs on your bench now. Kit 10-102, 29 Ibs., 119.95*

NEW! im-105 solid-state portable VOM...an extremely rugged, high-
ly accurate, low cost meter for hundreds of applications. High impact
Lexan® case and ruggedized diode & fuse protected taut-band meter
movement will suffer extreme abuse and still maintain specifica-
tions. 95° wide viewing area provides high resolution. 3% DC accu-
racy; 4% AC accuracy; 3% DC current accuracy. Temperature
compensated. 8 DCV ranges from 0.25 to 5000 V full scale...? ACV
ranges from 2.5 to 5000 V full scale...6 DC current ranges from 0.05
mA to 10 A full scale...5 ohms ranges from x1 to x10k with center
scale factor of 20...5 dB ranges from —10 to +50 dB. Other features
include DC polarity reversal switch; front panel thumbwheel ohms
zero; self-storing handle and fast, easy assembly. A lot of meter at a
little cost...that’s the new IM-105. Order yours now. Kit IM-105, 7
Ibs., 47.95*

See these kits at your local Heathkit Electronic Center . .

CALIF.: Anaheim, 330 €. Ball Road; El Cerrito, 6000 Potrero Avenue: La Mesa, 8363
Center Drive; Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.;
Woodland Mills, 22504 Ventura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: At-
lanta, 5285 Roswell Road; ILL.: Chicago, 3462-66 W: Devon Ave.; Downers Grove,
224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Wellesley, 165 Wor-
cester St.; MICH.: Detroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 101 Shady Oak
Rd.; Mo.: St. Louis, 9296 Gravois Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4);
N.Y.: lericho, L.I., 15 jericho Turnpike; New York, 35 W. 45th Street. OIﬁO: Cleve-
land, 5444 Pearl Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318
Roosevelt Blvd.; Pittsburgh, 3482 William Penn Hwy.; TEXAS: Dallas, 2715 Ross
Avenue; Houston, 3705 Westheimer; WASH.: Seattle, 2221 Third Ave.; WIS.: Mil-
waukee, 5215 W. Fond du Lac.

Retail Heathkit Electronic Center prices slightly higher to cover shipping, local
stock, consuftation and demonstration facilities. Local service also availabte

whether you purchase locally or by factory mail order.

.or Send for Free Catalog

F————————— e — ] X1 A T I I 1T e
| HEATH COMPANY, Dept. 20-6

| Benton Harbor, Michigan 49022 a Schlumberger company l
| ] Enclosed is $______ _ , plus shipping. |

Please send model (s)_
| [J Please send FREE Heathkit Catalog.

[ Please send Credit Application. |

Circle 3 on reader service card
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| Name -— )
| Address._ - — — |
leiy. __State. __Zip. |
*Mail order prices; F.0.B. factory. I

| Prices & specifications subject to change without notice. cL-411 |
e e e e -
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Kit for kit,

text for text,
dollar for dollar, your

best home trainin

buy is NRI

£

NRI ‘““hands on’ method gives you as much as 2 years
of on-the-job experience. Pick your field and enroll now!

After over 55 years of training men for Electronics in
their homes, NRI knows that theory alone is not
enough. That’s why NRI concentrates so heavily in
the development of special training equipment. Your
hands must be trained as well as your head, and NRI
gives you both kinds of training in a manner no other
school can match.

You get your hands on professional parts and demon-
strate theory you read in NRI’s unique “bite-size”
texts. You build designed-for-learning Electronic cir-
cuits and complete, operating equipment. You use
what you build to prove out what you read. Elec-
tronics comes alive in the most valuable, practical
manner. You experiment with the same kinds of solid-
state and transistorized and tube circuits you’ll find
on the job—not hardware or hreadboard hobby kits.

NRI prepares you for your choice of careers in Color
TV Servicing, Communications, Industrial Electron-
ics and the growing field of Computer Electronics.
Many NRI graduates start earning $5 to $7 an hour
extra soon after they enroll, fixing home Electronic
equipment for friends and neighbors in spare time.
NRI’s remarkable teaching method simplifies, organ-

8

izes, dramatizes subject matter so that any ambitious
man, regardless of his education, can effectively learn
and profit from the Electronics course of his choice—
and NRI gives you 15 training plans to choose from.

Over three-quarters of a million men have enrolled
with NRI since 1914. Proof of the value and experi-
ence you get when you choose NRI for your Elec-
tronics training . . . proof of why NRI continues to be
the country’s largest Electronics home-study school.
Discover for yourself how easy it is to move into
Electronics and move up in a rewarding career. Mail
the postage-free card for the new NRI Catalog. There
is no obligation. No salesman will call on you because
NRI does not employ salesmen. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20018.

If postage-free card is missing, write to:
NATIONAL RADIO INSTITUTE

Washington, D.C. 20016

GET FACTS ABOUT GlI BILL

If you have served since January 31, 1955, or are in
service now, check GI line on postage-free card.

RADIO-ELECTRONICS
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Earn $5 to $7 an hour spare or full
time in COLOR TV SERVICING

It's easy to learn as you build, stage-by-stage, the only
custom designed Color TV receiver engineered specifically
for training purposes. You grasp a professional under-
standing of all color circuits through logical demonstrations
never hefore presented. The end product is a superb Color
TV set that will give you and your family years of viewing
pleasure. NRI gives you the option of selecting either
Color or black-and-white training equipment.

g

¥ T _ i

Fill technical jobs without a degree
in INDUSTRIAL ELECTRONICS

NRTI'’s Electronics Technology course gives you completely
specialized training kits engineered for business, industrial
and military Electronics fields. On completing this train-
ing, competent technical ability can be instantly demon-
strated by you. As you learn, you actually build and use
your own training center in solid-state motor control and
analog computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, even the latest integrated cir-
cuits are included in your home training program.

...first and only school to include
training equipment designed from
chassis up for your education

There's glamour, success awaiting
Technicians in COMMUNICATIONS

NRI gives you the experience you need to qualify for
jobs in TV broadcasting stations, or operating and servic-
ing mobile, marine, aviation communications equipment.
You build and use a solid-state voltohmmeter; perform
experiments on transmission lines and antenna systems,
even build your own 25-watt, phone-cw amateur transmit-
ter band. In all NRI Communications courses, vou must
pass your FCC exams—or you get your money back.

Prepare quickly for a high pay career
in COMPUTER ELECTRONICS

This may well be the most unique and exciting educational
aid ever developed for home training—a digital computer
with memory you build and use to learn organization,
trouble shooting, operation and programming. It performs
the same functions as commercial computers you encounter
on the job. Lessons stress computer repair. You perform a
hundred experiments, build hundreds of circuits. Your own
solid-state voltohmmeter is included among the ten training
kits you receive.

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

1971
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NEW AND ONLY FROM
EICO-THE INDUSTRY’S
LOWESTPRICED
PROFESSIONAL
FET-TVM.

B ADVANCED SOLID
STATE DESIGN

B BATTERY-
POWERED

New Model 239 _ =

*39.95

KIT
$59.95 Wired
—

Use the new 239 on your bench
or in the field. Checks semiconductor and

vacuum tube circuits. 11 Megohm DC input impedance.
Reads AC rms and DC voltages in seven 10db steps from
1 to 1000 volts on large 4%z meter. Measures and reads
peak-to-peak AC to 2800 volts. Check resistance from
0.29 to 1000 MQ on seven ranges. Includes exclusive
time-saving Uniprobe.

2 NEW DE-LUXE FET-TVM's

Includes all purpose DC/AC ohms Uniprobe.

EICO 240 Solid-State FET-TVM. $59.95 kit, $79.95 wired.
AC or battery operated. 7 ranges each + and — DC volts,
peak-to-peak AC volts, ohms. 10 turn zero adjust pot.
4-1/2"” 200 uA meter. response to 2 MHz (to 250 MHz with
optional r-f probe).

EICO 242 Solid-State FET-TVOM. $69.95 kit, $94.50 wired.
As 240 plus 7 ranges each AC/DC milliameter, 1 ma to 1A:
very low voltage ohmmeter. 10 turn ohms and zero adjust
pots. Large 6-1/2", 200 uA meter.

Write for '71 catalog of 200 EICO Top Buys in test
equipment, stereo, color organs, science project kits,

environmental lighting. ®
| EICO, 283 Malta St., Brooklyn, N.Y. 11207.(212) 949-1100.

Circle 4 on reader service card
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{continued from page 6)

are gencrated. These charged
packets are transferred along
the surface of the silicon by
applying a more positive
voltage to the electrode next
to the one holding the
charge. The varying packets
of charges collected at the
end of the device are read
out as an electrical current
whose analog variations rep-
resent variations in light in-
tensity on the document
being transmitted.

This is a practical appli-
cation of the charge coupling
technique which was an-
nounced by Bell lLabs last
year. Ultimately it could be

used to transmit images of
print, drawings or photo-
graphs over the telephone
network. *

ASTRO-MIKE KIT from Bell
& Howell combines a portable
cassette player/recorder with
a long distance microphone
with parabolic reflector (held
in model’s right hand) which
is pointed at the subject to be
recorded. Sounds from the
sports field can be picked up
from the stands, while indoor
events can be recorded at a
distance from the subject.

PHILO T. FARNSWORTH DIES

Philo T. Farnsworth, one of
the fathers of electronic tele-
vision, died March 11 in Salt
Lake City. Utah. He was 64.

Al the age of six he de-
cided he would be an in-
ventor and he first fulfilled
that aim when, as a 15-year-
old high-school boy he de-
scribed a complete system for
sending pictures through the
air. Six years later his first
patent covering the complete
electronic television system
was filed.

Dr Farnsworth was
awarded the basic patents on
electronic television, and is
the inventor of the basic
principles of the camera
tubes now known as Image
Orthicon and Image Dis-
sector, both widely used to-
day. He made the first public

demonstration in the world
of electronic TV at the
Franklin Institute, Phila-

delphia, for 10 days during the
summer of 1935,

The firm he founded

Farnsworth Radio & TV Cor-
poration, later became part of

the International Telephone
and Telegraph System. He
was president and technical
director of this corporation

until his retirement in 1967. ¥

TIRE SAFETY SYSTEM

Los ANGELES, CALIF.—MTr.
Bernard Ivenbaum, an elec-
tronics engineer, is the invent-
or of a new safety system for
autos, trucks, buses, planes,
or other vehicles that travel
on pneumatic tires. PinRay
Enterprises is marketing the
“Electronic  Tire  Pressure

Sensing System”, which works
with sub-miniature transmit-
ters which are attached to the
valve stem of each tire. The
unit is placed directly over the
valve stem, screwing on like a
valve cap, and can be easily
added to any tire.
(continued on page 14)
Circle 5 on reader service card®»
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Steckler Wayne C. Leckey (Top) Jim Hall
Home and Shop Editor Designer of the
-Electronics Popular Mechanics Chaparral 2J, world’'s

most advanced racing car

Match wits with the experts
ind win a $1000 shopping spree.

Three top pros challenge you to come up with an imaginative use for
Seneral Electric Silicone Seal or Silicone Lubricant. Something they
nay not have thought of.

Using the seal, electronics expert Larry Steckler repaired a speaker
:one, and sealed an antenna lead-in feedthrough and outdoor antenna
erminals. With the lube, he sprayed telescoping auto and TV antennas,
1 record changer mechanism and slide, and an antenna rotator.

With the sealant, home-and-shop expert Wayne C. Leckey dabbed
ubber “‘feet’’ onto a trinket chest, sealed a rain gutter and cauvlked a
athtub, With the lube, he sprayed a fishing reel, some stuck drawers
nd all of his tools.

On his Chaparral 2J, Jim Hall used Silicone Seal to make formed-in-
lace gaskets, to seal all electrical connections, and as an adhesive to
old components to the body. Then he spray-lubed the throttle linkage,
uspension ball joints, wheel lugs and battery terminals.
low here’s what you can do: send in another use for either prod-
ct, different from those mentioned above, and enter our sweepstakes.
"o win, all you must do is fill in your name and address and the name
nd address of the store where you saw GE Silicone Seal and GE
ilicone Lubricant on display.}

‘rand Prize: $1000 worth of anything from your favorite store
arrying GE Silicone Seal and GE Silicone Lubricant. Next 100 prizes:
25 worth each. Next 1000 prizes: one-year subscriptions (or re-
ewals) to the magazines from which you clip your official entry blank.
E Silicone Seal: The most reliable adhesive/sealant/insulator
oisture-proofer/instant rubber. Guaranteed for 10 years. Ignores
‘mperatures from 60°F. to 500°F. Won’t harden, soften, crack or
wink. Ever. Dab it on, overnight it becomes a strong, flexible, per-
anent rubber. In white, black, clear and metallic. In 3-0z. tubes and
2-0z. cartridges.

E Silicone Lubricant: The slipperiest stuff in a can. Longest wearing,
rongest moisture resister, best corrosion fighter. Age, water and tem-
2rature (—70°F to 400°F) can’t hurt it. First lube of its kind that can
2 painted over. Really works on just about everything, even aluminum.
{ot recommended for TV tuners.) In 6-0z. aerosol cans.

GENERAL @3 ELECTRIC

OFFICIAL RULES—NO PURCHASE REQUIRED
(1) On Official Entry Blank or plain piece of 3”x5” paper, print
your name, address, zip code and the name and address of your
favorite store carrying GE Silicone Seal and GE Silicone Lubricant.
Include suggestions for new or different uses for either product, and
name of magazine in whith you saw this ad.
(2) Enter often, but mail entries separotely to: MATCH wiITS,
P.O. Box 250, Murray Hill Station, New York, N.Y, 10016. Entries
must be postmarked by July 5, 1971 and received by July 12, 1971,
{3) Winners selected in rondom drawings by an independent
judging orgonization, Decisions final. All prizes awarded. Only
one to o family
(4) BONUS PRIZE: If you win the Grand Prize and your entry in.
cludes o new or different use, you receive a Bonus Prize of $100.
(5) Any resident of the U.S. is eligible except employees and
their fomilies of General Electric Compony Silicone Products Dept.
and its agencies. Void where prohibited. Subiject to ali federal, state
ond local lows and regulations.

P = OFFICIAL ENTRY BLANK =— —= = —— — =1
MATCH WITS

P.O. Box 250, Murray Hill Station
New York, N.Y. 10016

Here’s what | did with (check one)
or [ ] GE Silicone Lubricant:

| GE Silicane Seal

(ottach extra sheet of paper for additional uses)
Name
Address
City State Zip
Nome and address of my favorite store carrying GE
Silicone Seal oand GE Silicone Lubricant

[@|
YL

. e s e . — — —— o —— — — — ——— —

Silicong, WSILICONEN, £
| Seal | | LUBRICANT ¢
E__8 =
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(continued from page 12)

If tire air pressure drops
below or rises above a pre-

‘

sel pressure, a signal is trans-
mitted to a special receiver,

mounted under the driver's
dashboard. He is alerted that
a problem exists with one of
his tires.

Each transmitter weighs
around two ounces and is less
than two inches long. The
transmitters are made of ma-
terials impervious to any
weather and temperature con-
ditions that a tire might en-

counter, in any climate. The
device is designed to withstand
vibrations and bumps of the
roughest type, on or off the
road, without atfecting the op-
eration of the unit. *

THIS LEVEL SENSOR tattles
“tilt” at the tide in a teacup
or, from the bottom of a gold
mine, measures the movement
of a mountain. The inventor,
Siegfried Hansen of Hughes
Research Labs, says it’s capa-
ble of measuring tilt angles to
about one part in one billion,
equivalent to 1” in about 16,000

LOOKING AHEAD

(continued from page 4)

the receiving end (for complete details see article on page
38 of this issue).

Dolby Laboratories claims that the Dolbyized signal
will not sound unpleasant, even coming from receivers not
equipped with Dolby decoders. The principal characteristic
is an increase of brilliance in the highs. hardly noticeable
on inexpensive scts and easily compensated for on betier
sets by turning down the treble. Of course, the noise reduc-
tion would be realized only for sets with Dolby decoders.
The decoder would add about $10 to manufacturing costs
at the outset, and costs presumably would come down with
mass production. The effects of the use of the Dolby sys-
tem are particularly noticeable with FM stereo, since the
multiplex signal is normally subject to a much higher back-
ground noise level than are monophonic broadcasts. There
has, as yet. been no ruling whether Dolby broadcasting
would require special permission of the FCC.

The Dolby “B” system is a simplified version of the
professional Dolby system, used by most record companies
to reduce noise levels during the recording process. R-E

THIS MONTH IN HIGH FIDELITY

There are four important hi-fi articles in this issue. On
page 33 you’lt find full details on building an FM preamp.

Starting on page 38 is a complete article on the Dolby
system. If the short piece in Looking Ahead (above) leads
you into wanting to learn more, you'lt find the answers here.

Stereo turntabies are changing too. One of the newest
differences is a move to electronic drives. Senior Technical
Editor Bob Scott gives you the lowdown on page 61.

And on page 51 Mannie Horowitz continues his series.

miles.

R-E

But you did that for us. You’ve learned you can depend on us,

Without you,
we don’t go anywhere.

You’re independent, and so are we. No service trucks,
no captive business. The only market for our tubes is you —
the independent serviceman.

We’re the largest independent tube supplier in the business.

Because we depend on you.
Cooperation, not competition. Together, this has been
our key to success in the past. Let’s keep it that way.

as e semend
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TV TECH
AID

Takes you right to the
source of the trouble . . .
without guesswork and
wasted time!

You receive each month OVER 40 ACTUAL
CAUSES AND CURES OF COLOR AND
B-W TV TROUBLE SYMPTOMS . . .

reported by leading TV manufacturers,
technicians and field reps . . . each pre-
sented in a concise, brief format, inciud-
ing a clearly marked schematic diagram
of the associated circuitry . . . no
wading through unnecessary detaiis!
You aiso receive timely and complete
information about CIRCUIT MODIFICA-
TIONS AND OTHER VALUABLE SERVICE
DATA relating to both new and existing
TV models.

Start or expand vour own file of causes
and cures with TV TECH AID . . . ar-
ranged so you can file them by make and
model, by trouble symptom or use your
own system.

SUBSCRIBE or
RENEW NOW!

only $7.95 per year (12 issues)
(that's less than 67¢ per month)

NEW!

Over 400 Causes and Cures of Recurring
Troubles in major-brand Black-and-White
v

All in one large, easy-to-use issue. All for
only $5.95 . . . Less than 1l4¢ per tip

. each of which can save you hours
of valuable trouble-shooting time!

DISTRIBUTOR INQUIRIES INVITED

| vv TeECH aID :
| p.0. BOX 603 |
I KINGS PARK, N.Y. 11754 |
| ENCLOSED IS A CHECK OR MONEY |
: ORDER FOR $ ... i
| PLEASE SEND: |
| [J 1971—12 ISSUES—$7.95 I
| O 1970—B0OK FORM—$5.95 |
| [J 1969—12 ISSUES—$4.95 I
: [] 1971 B-W BOOK—$5.95 |
| TO: |

|
=NAME ........................................... |

|
! ADBRESS oo imaiscsinscnssmsins |
l CITY oo :
‘ STATE 72 [ :

Circle 8 on reader service card

EQUIPMENT REPORT
Sencore FE 20 “Hi-Lo” Field-Effect Meter

For manufacturer's literature, circle No. 16 on Reader Service Card

FOR SOME TIME, BEEN
building field-effect multimeters
(FETvM's) and very good ones. The lat-
est one is their FE-20 “Hi-Lo Field Ef-
fect Meter.” This instrument has 9 dc
voltage ranges, 9 ac voltage ranges, 3
high-voltage ranges (3, 10, 30 kV), 9 dc
current ranges, and 7 resistance ranges.
That’s 37, and there are more.

The term Hi-Lo fits all of them.
DC voltage can be rcad from 0.1 volt
(full-scale!) to 30,000 volts: ac voltages
from .01 volt to 1,000 volts, and dc cur-
rents from 100 A to 1.0 ampere. The
ac voltage ranges can be read rms or
peak-to-peak. This would add 9 more!

The real reason for the Hi-Lo
name. though, is the ohmmeter circuit.
which is also “dual.” The first is a stan-
dard ohmmeter circuit, marked ni-Pwr
oims. Seven ranges are used. R x1 up to
R x! Megohm: with a center-scale read-
ing of 12 ohms on the lowest one. This
uses a 1.5-volt battery. The other one is
a specialized very-low-power ohmmeter
circuit. It uses the same scales as the
first, but it applies only 0.08 volt to the
circuit being checked!

This was developed so the tech-
nician can make accurate resistance
readings in transistor circuits. The low
voltage will not (normally) make even a
germanium  transistor go  into  con-
duction. In fact. they send along a little
demonstration-board, with a germanium
transistor and three resistors on it. You
can read the actual value of a 10,000-
ohm resistor connected between the base
and emitter of the transistor.

A note adds that in a very few
cases. even this low voltage will make
some germanium transistors conduct.
For dealing with these, a (20,000-ohm
isolation resistor is built into the probe,
with a slide switch to short it out when
not needed. By adding this resistor. and
re-zeroing the meter, the actual applied
voltage on the circuitry is reduced to
0.008 volts!

The isolation resistor can also be
used for dc or ac voltage readings, if
you need it. to isolate the cable capaci-
tance from tuned circuits, etc. The
probe cable is shiclded, by the way, to
get rid of stray pickup when the in-
strument is used on the very low voltage
ranges. The input resistance of the FE-
20 is so high, 15 megohms on dc and 12

SENCORE HAS

megohms on ac, that the extra series re-
sistance of the 120.000-ohm resistor
makes it read only 0.6 low.

A slip-on high-voltage probe comes
with the FE-20. clipped inside the lid of
the heavy steel case. This raises the in-
put impedance to 1500 megohms. and
can be used on any range, multiplying
the reading by 100. The most frequent
use, of course. will be on the 3, 10 and
30 kV scales; for reading HV and focus
voltages in color sets. etc. However. if
you should ever need a 0 to 10-volt
range at 1500 megohms impedance. just
set the switch to the 0.1-volt scale, slip
on the HV probe, and you've got it.

The 200-uA meter movement s
diode-protected against overload. though
the circuitry isolates the meter itself
from applied voltage in the vOLTS posi-
tions. Six C-cell batteries power the am-
plifier circuits, and another one runs the
ohmmeter ranges. A rocker switch at the
bottom of the panel will be automati-
cally turned off when the lid is closed.
Battery-test slide switches are just below
the meter, one for each battery. so that
you can be sure that they're up to par.

The test leads are permanently at-
tached to the meter and stow in a com-
partment just below the meter.

In case you pull one of the old
Standard Stupids. and try to read volt-
ages with the switch set on onums, or try
to read a 750-mA current with it on the
0-1 mA scale, they thought of that, too!
A fast-blow 0.6-ampere fuse is handily
placed on the bottom edge of the case.
This lets go if such things happen. So
instead of replacing the meter. or the
ohms multiplier resistors. you just reach
inside the case. take out the spare fuse
thoughtfully provided for such emer-
gencies, instalt it, and go on. setting the
switch to the right position this time!

A comprehensive instruction book.
schematic diagram. servicing instruc-
tions, and a troubleshooting chart are
provided. They even include a simple
circuit for building your own ac/dc
voltage calibrator. It uses a fitament
transformer. transistor and a couple of
little mercury batteries.

The FE-20 is a handy instrument to
use. We gave it the works on quite a few
different kinds of equipment, including
an orphan transistor guitar amplifier.
and it came out very nicely. The meter
movement is well-damped by the circuit
design. Instead of vibrating all over the
place, it swings up in a slow. dignified
manner, and stops. as if to say “There!
That's it!"" Holds its zero quite well, too.

which is handy. There are only two
knobs to adjust, the FUNCTION and
RANGE switches, with the two ZERO

knobs. of course. The FE-20 can be set
up for zero-center voltage readings on
dc. which is often very useful for such
things as adjusting afpc, afc, acc, aft,
and discriminator circuits. In fact, by us-
ing the HV probe, you could even get a
zero-center +15,000 volt range, if you
had to have it! R-E
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DESIGN FOR STEREO

I have some comments on Part I
of the series “Designing Solid-State
Sterco Amplifiers” by Mannie Horo-
witz, which began in your December
1970 issue.

Mr. Horowitz states “the actual
direction in which electrons ilow is
from the negative terminal of a bat-
tery through the load and back to the
positive terminal.” Now, if this is so,
and I hold that it is, what is the sig-
nificance of the preceding statement
that this was “taken for granted” in
the heyday of vacuum tubes,” and “it
is significant only because electrons
flow from the heated cathode in the
electron tube to the cooler plate?”
What would happen if the plate is
heated to a temperature equal to or
above that of the cathode?

From the next assertion we learn
that in semiconductor circuits *“cur-
rent flows from the positive terminal
of the power supply through the load
and back to the negative terminal”
and “this direction is just the reverse
of the clectron flow™ and the (diode)
“arrows indicate the direction of the
current, not clectron, flow.”

From this I must of necessity un-
derstand that in semiconductor cir-
cuits, cirrents rather than (or in addi-
tion 10?) electrons flow. There is
further a superfluity of information

such as that “copper wire . . . is a
common example of a conductor™ and
“insulators are just as important . . .,

as are conductors”—in audio work,
you must note!

GORDON MARTIN

Nanaimo, B.C., Canada

MR. HOROWITZ REPLIES

You object to my saying that the
actual direction in which electrons
flow is from negative to positive, and
then going on to state that it was
taken for granted that this was the
current flow through vacuum tubes.
Actually., my statements were accu-
rate. Llectrons, as you agree, tiow
from the negative to the positive, but
current takes the opposite direction. It
was taken for granted by many tech-
nicians that these were identical in po-

(continued on page 22)
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ene Are 8 Reasons lo Pul
The Mark Ten B On Your Car

The Mark Ten 3 CD System with exclusive VARI SPARK” Circuitry will give you
these substant al dollar saving advantages: 1) Eliminate 3 out of 4 tune-ups;
2) Improve com bustion. reduce contaminants; 3) Install in ten minutes, 4) Instant
start in all weather, 5) Cramatic increase in performance;

6) Handy switch with redundant contacts for instant

return to staidard ignition; 7) Two-piece hous-

ing with neoprene seals provides total

dust and moisture

protection; 8) Use

on ANY 12-volt,

negative-ground

engine. Put the

Mark Ten B on

your car today.

It will pay for

itself in dollars saved.

d P

Mark Ten B
(12v neg only)

only $59.95 ppd-
$44.95 pro.

Please send me literature immediately. Enclosed is §. Ship [C'ppd.
Please send DeltAlert(s) @ $69.95 ppd.
DeltaHorn(s) @ $24.95 ppd.
—Mark Ten B @ $59.95 ppd.
_Standard Mark Ten (Assembled) @ $44.95 ppd.
6 Volt: Neg. Ground Only Positive Ground
—12 Volt: Specity Negative Ground

—Standard Mark Ten (Deltakit) @ $29.95 ppd.
(12 volt Positlve Or Negative Ground Only)

Superior Products
At Sensible Prices

Standard Mark Ten

v B I .

! 4

Car Year Make = 4 :

. 7 — =1
DELTA
City/State Zip PRODUCTS, INC. '

P.O. Box 1147, Grand Junction, Colorado 81501, (303) 242-9000

Circle 9 on reader service card
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The Way to Get Ahead in Electronics is
To Get More Knowledge Into Your Head
And a Grantham Degree Into Your Pocket!

The above headline makes a point that affects more
than your head and pocket. It can affect your pocket-
book too. Getting ahead in the pocketbook is of great
interest to most of us, and the Grantham ASEE
Degree program not only helps you get ahead in the
pocketbook but also puts a better one on your shoul-
ders. As an electronics technician, you can really
get ahead by getting more eduction, and if you don’t
need a degree in your pocket why not hang it on the
wall!

Maybe we don’t write the best ads, but we really

by correspondence. We have been doing it for
twenty years. AND we are the only home-study
school in the United States ever accredited to award
a degree in engineering. True, it's an associate
rather than a baccalaureate degree, but that’s be-
cause we teach only engineering and engineering-
related subjects and do not include the humanities
in our curriculum. Grantham awards the degree of
Associate in Science in Electronics Engineering—a
degree in college-level engineering rather than the

know how to teach electronics and related subjects usual junior-college kind of associate degree.

Advance beyond the technician level. Become an engineer. If you are a high
school graduate and have a good aptitude for electronics and mathematics,
you can earn the Degree of Associate in Science in Electronics Engineering

" STUDYING AT HOME

Investigate now the Grantham college-level program in electronics engineering, offered (by
correspondence) to working technicians while they remain on their jobs. Grantham lessons
place heavy stress on fundamental concepts of logic and mathematies (taught so you can
understand them), and build from there in a systematic manner, covering physics, circuits,
and systems. The lessons are easy to understand because they are carefully written, with step-
by-step explanations and consistent review and regrouping of ideas.

Now is the time, not only to protect yourself from unemployment, but also to prepare your-
self for the greater demand in engineering which is sure to come. You can’t become an engi-
neer in a few short weeks; it takes many months. You can be upgrading yourself in your
present job while the economy is “slow’”, and then be ready to move into engineering when
the national economy gets going again. Yes, now is the time to prepare, so that you will be
ready to take advantage of opportunity when it presents itself.

S[EP P! -

MOWIE NEIEND

The Way to Get Ahead in Electronics is
To Get More Knowledge Into Your Head
And a Grantham Degree into Your Pocket!
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When the Degree of Associate in
Science in Electronics Engineering is
conferred upon you, it will be because

< you've earned it. You’ll have a knowl-
edge and understanding of electronics
that won’t fail you. You’ll know what
you’re doing, and why you're doing it.
And what’s more — your associates will
know that you know what you’re doing.
You’ll be proud to say that you're a
GRANTHAM mar. The pride that the
School takes in its graduates is
reflected in this simple statement:
GRANTHAM graduates are men who
have learned to step up!

P




Put More ‘GO POWER"’

into Your Electronics Career —

MIOWVE AKIBAD
rom Technician to

BN GUNEEIR

by studying at home with

GRANTHAM SCHOOL OF
ENGINEERING

‘““the college that comes to you”

Brantham School of Eingineering
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Jobn Poe
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Hssotiate in Stience in Eleceronics Glngineering
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Earn a DEGREE in Electronics Engineering

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to
upgrade electronics technicians to the engineering level, mostly by home study.

While you continue your present employment, you can
really learn electronics engineering and earn an
ACCREDITED DEGREE. You can upgrade your income
and prestige by upgrading your electronics education at
the college level.

GRANTHAM’S strong-foundation educational pro-
gram in electronics engineering is designed especially
for the working technician. This program, offered mostly
by home-study, leads to non-obsolescent skills—to skills
based on reasoning —and leads to the DEGREE of Asso-
ciate in Science in Electronics Engineering (the ASEE
Degree).

This accredited degree program consists of four cor-
respondence courses of 100 lessons each—an overall total
of 400 lessons — followed by a two-week graduation sem-
inar held at the School. Upon completion of the four cor-
respondence courses, you are awarded a diploma in
Electronic Engineering. Then, upon completion of the
two-week graduation seminar, you are awarded the
ASEE Degree.

Accreditation and G.|. Bill Approval

Grantham School of Engineering is «ccredited by the
Accrediting Commission of the National Home Study, is
approved under the G.I. Bill, and is euthorized under the
laws of the State of California to grant academic degrees.

Grantham School of Engineering
e Established in 1951 e

0\1 ED 8,
¥ %,

;c"o Lo °°¢_ 1505 N. Western Ave.
5 n. i Hollywood, Calif. 90027
AR Y

",{ — $ Telephone:

(213) 469-7878
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What's in Your Future —
The Same Old Job, or Success in Engineering?

Where will you be five years from today ? Are you headed
for real advancement in electronics, or in a rut ? The expe-
rience you have as a technician is valuable; it gives you a
head start toward a better future. But to get ahead and
stay ahead, experience must be supplemented with more
education in electronics and such allied subjects as math-
ematics, physics, computers, and engineering design.

The Grantham educational program in electronics engi-
neering is not for beginners. Every point is explained
just as carefully as if you were a beginner, but the impor-
tant difference is that while the beginner would need ex-
tensive laboratory training, you (as an experienced tech-
nician working with modern equipment) do not require
such training and should not waste your time doing the
same laboratory experiments that beginners must per-
form. This program in engineering is designed, written,
and taught for and to experienced technicians, and be-
ginners are not accepted for enrollment.

@ Mail the coupon below for our free Bulletin ®

Grantham School of Engineering
1505 N. Western Ave., Hollywood, Calif. 90027

Gentlemen:

Pleasc send me your free Bulletin which gives com-
plete details on the Grantham educational program
leading to the Associate Degree in Electronics Engi-
necring, I understand no salesman will call.

Name

Address

City State Zip

I have been in electronics for




New Transistorized,
Portable Impedance Tester

»SENINHEISER

Solves
Matching
Problems in
Audio Circuits

Now audio repairmen
can check the impedance
of capacitors, inductors
and transformers right
on a service call with
the battery operated,
Sennheiser Model ZP2
Impedance Tester. Fea-
tures direct reading in
ohms at frequencies of
250, 1000 and 4000 Hz.
(Accuracy is *5% at

1000 Hz.)
WRITE TODAY FOR LITERATURE:

SENNHEISER ELECTRONIC CORPORATION (N.Y.) Consumer net price
500 FIFTH AVENUE, NEW YORK, N.Y. 10036 * PHONE: 212 564-0433 g.) I‘ ““
PLANT: BISSENDODRF/HANNOVER, WEST GERMANY

Circle 10 on reader service card

NOW...ONE PERMA-POWER BRITENER SOLVES
BOTH KINDS OF COLOR TV PICTURE PROBLEMS...

This efficient new ) When needed later,
Britener corrects for et I sliding the boost switch
cathode-to-filament Bl raises electron emission,
shorts causing loss of restores full contrast and
black and wh';te video shcatrpness to fading
drive . . . isolates the picture.
short, restores the black
and white information
necessary for color pic-
ture quality.

;\f)??gbr?d- st?J%es Manufactured by
®
Model C-513 /P 3?
for rectangular tubes uma” (oW

Division
CHAMBERLAIN MANUFACTURING
CORPORATION

845 Larch Avenue, Elmhurst, Hlinois 60126, Phone: (312) 279-3600

Dealer Net $7.75

Circle 11 on reader service card
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CORRESPONDENCE
(continued from page 17)

larity, but this was not true. By any
textbook or definition, current flow is
oppostte to that of electron flow, and
to say otherwise is wrong by ail stan-
dards. Many of the engineering texts
on vacuum tubes did show the actual
direction of current flow rather than
electron tlow.

In the paragraph concerning di-
rection of current flow, I mentioned
that it is opposite in direction to elec-
tron flow. I indicated that it is a con-
vention of direction, and does not ne-
gate the presence of clectron flow. As
for the significance of the item that
flows, I would just like to quote a pas-
sage on page 20 of “Transistor Elec-
tronics.” by the iwo very respected ex-
perts, Dewitt and Rossoff: “We will
presently learn that the hole is pecu-
liarly endowed with the attributes of a
positive mobile charge or carrier
which, in its own way, may constitute
the medium for current flow and thus
plays a tremendously important role
in semiconductor processes.” If these
two authors say may constitute the
medium for current flow, and they
show some doubt. how can you or I,
or anyone clse. be so certain that our
current flow is electron flow and not
hole flow?

Regarding the good insulators of
pure germanium and pure silicon.
note the word “pure,” and also note a
statement in the article you missed—
“especially at low temperatures.”
These are good, not excellent in-
sulators at low temperatures. GE re-
fers to them as semiconductors—and
they are classified as such not so much
because of their resistivity, but be-
cause of their negative temperature
coefficient. However, 1 used these as
examples in the article. as insulators,
only to stress that impurities must be
added to make them useful semi-
conductors for use in the various de-
vices. To go one step further—where
is the exact separation in resistance,
and at what temperature, between an
insulator and conductor? T must
agree, however. that these should be
classified as semiconductors, but I did
not do so in order 1o emphasize the
importance of the impurities.

| must say. too, that you are in
error in your final statements: current
is not a flow of electrons from the
negative to the positive, but a flow in
the reverse direction. It is not true in
any circuit that current and electron
flow are in the same direction.

| hope you continue to read the
series, and | appreciate any construc-
tive criticism you have to make.
MANNIE HorOWITZ R-E

RADIO-ELECTRONICS



by R. M. MARSTON

THIS ARTICLE WILL DESCRIBE TWO DOZEN
versatile and easy-to-build electronic
alarm projects you can make. All of these
projects are designed around a sensitive
low-cost  silicon  controlled  rectifier
(SCR). and automatically operate an
alarm bell, buzzer, or siren.

The projects described include both
simple and advanced burglar alarms.
light-beam alarms, smoke alarms, auto-
matic  fire alarms, over-temperature
alarms, frost alarms. under-temperature
alarms. and alarm circuits that are oper-
ated by contact with water or steam.

All of these alrm circuits can be built
on a group of printed circuit boards.
breadboard style. with plug-in circuit com-
ponents You'll find prices and sources of
the necessary parts at the end of this sec-
tion of the article.

Basic principles and projects

All the projects described in this
two-part article are designed around a
50-volt, 2-amp, type C106F1 SCR. mun-
ufactured by G-E. Tuble 1 lists the basic
parameters of this device. The upper draw-
ings in the right-hand column show its
outline and pin connections.

The SCR symbol is shown in the
drawing at lower right. This symbol re-
sembles a normal rectifier. but has an
additional terminal (G) known as the

Peak Forward Blocking Voltage, V,.,,
Max Average Forward Current, 1,
Gate Trigger Current, I,

Gate Trigger Voltage, V,,,

Holding Current, 1,

Saturation Voitage, V,,. @ 2A
Saturation Voltage, V, . @ 0.5A
Forward Leakage Current, 1,
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easy-to-build
burglar alarms

Take your pick; you’re bound to find the
right system for you. Use 2 circuit boards
to build any of these first eight alarms

gate. The SCR can be made to act like
either a normal silicon rectifier or as an
open-circuit switch, depending on how
its gate is used; hence the name silicon
controlled rectifier. The important char-
acteristics of the device. as far as this
article is concerned are:

I. In de circuits, the SCR is nor-
mally used in a basic configuration sim-
ilar to that shown in Fig. 1. It is con-
nected so the anode is positive with
respect to the cathode, and the anode is
connected to the positive supply via an
external load (LMI). Normally, with no
positive bias or signal applied to the
gate, the SCR is off, or “blocked,” and
acts (between anode and cathode) like a
reverse-connected silicon diode or open
circuit switch: only a low leakage cur-
rent, 1., (typically 0.1 uA in the
CI06F1) flows through the anode load.

2. When a positive bias is applied
to the SCR gate (by closing S1). the SCR
turns on, and then acts like a normal
forward biased silicon rectifier: it con-
ducts heavily in the forward direction,
and a high current flows through the
lamp. As in a normal rectifier, a satura-
tion voltage, V.. (between 1 and 2

THIS IS THE SCR (right) used in all the
alarm circuits in this article. Note care-
fully it’'s basing, and schematic symbol.

COMPLETE TABLE OF PARAMETERS
for the C106F1 SCR is shown below.

PARAMETERS OF THE C106FI SCR @ 25°C.

MIN TVP MAX ]

50V
2 Amp.

—_ 30uA 200uA

S 0.5v 0.8v
0.3mA 1mA 3mA

—_— — 1.8v

—_— — 1.3v

—_— [ 0.1:A 10uA

volts, depending on the magnitude of the
forward current), develops between the
anode and cathode of the device when it
is conducting heavily in the forward di-
rection.

3. Once the SCR is turned on and
is conducting. the gate loses control. and
the SCR self-latches and stays on even if
the gate bias is removed. Thus, only a
brief positive gate pulse is needed to
turn the SCR on. This pulse needs a du-
ration of only a few microseconds.

4. Once the SCR is locked on self-
latching mode, it can only be turned off
again by momentarily reducing its anode
current to a near-zero value. In Fig. 1,
therefore, the SCR can be reset to OFF
by momentarily opening S2.

HEAT TAB (CONNECTED TO ANODE)

NJ O

CHAMFER

A—-ANODE G—GATE K—~CATHODE
A
G
K
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S. Since the SCR furns off auto-
matically when its anode current falls to
near-zero, there is a minimum anode
current at which the device can be re-
liably operated in the self-latching mode.
This minimum current, which is typi-
cally about I mA in the CIO6FI, is
called the holding current. Iis practical
effect is to place a limit on the max-
imum value of anode load resistance
that can be reliably used with the SCR if
it is to be used in the self-latching mode.

6. The SCR delivers high power
gain between the gate and the external
anode load. Typically, the CI106F] turns
on with a gate current (I;;) of 30 nA
and a gate voltage (Vg,) of 0.5 V. (ie.
it needs a turn-on gate power of only 15
«W.) The CI06F! can switch anode cur-
rents of 2 amps through a load taken
from a 50 volt supply; roughly 2 volis
are lost in saturation across the SCR, so
the SCR can switch 96 watts into the
load in this case.

The overall power gain, between gate
and load. is thus 6,400.000 times. Note
in this example that. when 96 walls
switched into the external anode load.
only 4 watts is lost across the SCR. The
C106F! has a small heat tab, so the de-
vice can be kept cool while dissipating
this 4 watts of power by connecting il to
a small heat sink.

Now. with all of these points in
mind. you can see that, because of the
resistive nature of its anode load, the
simpie lamp-driving circuit of Fig. 1| is
inherently seli-latching. Once the lamp
has been turned on by operating Sl, it
stays on until the SCR’s anode current is
momentarily reduced to zero by opening
S2.

Consider now how the circuit will
act if the lamp is replaced by an electric
bell, as in Fig. 2. A normal electric bell
is a self-interupting device. When it is
connected across a power supply, a cur-
rent flows through a solenoid via a pair
of contacts. This current induces a mag-
netic field in the solenoid. and causes a
striker to fly outward. As the striker flies
outward, it causes the contacts to open.
The current then falis to zero, the mag-
netic field collapses. and the striker falls
back again. Once the striker falls back,
the contacts close again, and the action
repeats.

Consequently. when a self-inter-
rupting device of this type is connected as
in Fig. 2, the SCR will not self-latch
normally. and the bell will operate only
when S1 is closed. The same non-laich-
ing operation is obtained if the bell is
replaced by some other self-interupting
type of alarm. such as a buzzer or siren.

The alarm circuit can be made (o
self-latch, if required, by wiring a 470-
ohm resistor in parallel with the bell, as
in Fig. 3. Here the anode current of the
SCR does not drop to zero when the bell
self-interupts, but falls 1o a value dic-
tated by R3 and the battery voltage. If
this current exceeds the SCR’s holding
current, the SCR automatically stays in
the self-latching mode. The circuit can
be unlatiched by operating S2, to reduce
the anode current to zero when the bell
enters a self-interupting stage.

The two simple circuits of Fig. 2

24

R1, R2—1000 ohms, % watt
R3-—470 ohms, 4 watt
D1I—1N4001

SCR—C106F1

S1—spst normally open

H.s S2 " OFF
ON
L L
+
6v,0.5A _JT BATT
= 6V
SCR o K
CIO6FI
R1, R2—1000 ohms, Y watt
S1—spst normally open S
S2—spst normally closed
LM1—6V 0.5A lamp
SCR—CI106F1
BATT—6V
Clrcuit Board A"
2 » A J
Sl o ! = U
Mo e
]’ o +
=x
= IN4OOI |+ BATT
= 45V
1K T0
-, 135V
SCR ]- K
CI06F| (SEE
——— TEXT)
R2
L3
R1, R2—1000 ohms, !4 watt
D1—1N4001 ]
SCR—CI106F1
S1—spst normally open
BATT—4.5t0 135V
Bell (see text)
Circuit Board ‘A"
3.
Si - § - . !l
r BELL s2 A T A
H (SEE OFF
m] TEXT -_
4 R3
IN4OOI
ém 4700 I+garT S
T 4,5V
IK TO
T_135v
SCR (SEE
CIO6FI rEen G R +
R2 | 2
1K l

S2-—spst normally closed
BATT—4.5t013.5V

Bell (see text)

Circuit Board A"

183

R1

and Fig. 3 form the basis of all the
alarm projects described in this two-part
article. In these projects, the alarm can
be any low voltage (3 V to 12 V) self-
interupting bell, buzzer, or siren that
draws an operating current of less than
2 amps. The battery or power supply
should deliver a voltage roughly .5
volts higher than the normal operating
vottage of the alarm device.

Diode D1 suppresses any back emf
from the alarm, which might otherwise
damage the SCR or associated circuitry.

Resistor R2 stabilizes the gate character-
istics of the SCR, and enables it to oper-
ate reliably at temperatures up to 110°C.

R1! limits the gate current to a safe
vaiue.
When building the projects de-

scribed in the following pages, check to
be sure that the SCR does not get too
hot when the alarm is driven on. If it
does, connect the SCR heat tab to a heat
sink with an area of a couple of square
inches.

As far as power supplies for these

RADIO-ELECTRONICS



projects are concerned, most of the cir-
cuits have been designed (o operate
from batteries, but will operate equally
well from ac power supplies, so long as
these supplies have a reasonably well
smoothed output. If ac powered supplies
are used, however, you must insure that
the atarm systems will not be turned off
if the power lines fail or are deliberately
cut.

This can be done by connecung a nor-
mally-on relay in the power supply, so it
will automatically turn off and connect
the alarm circuit to an emergency bat-
tery supply if ac power fails.

If such a power supply is used, you
may have to connect a large smoothing
capacitor across the alarm circuitry, to
make sure the alarm is not triggered by
switching transients that mayv occur as
the relay changes over.

Contact-operated alarms

The simplest type of alarm circuit
that can be built around the CI06F1 is
the remote-operated alarm shown in Fig.
4. The circuit is a non-latching type, and
operates when any of the input switches
(S1 to S,) are closed. Dozens of these
swilches can be wired in parallel, and
each will cause the alarm to operate.
These swilches pass currents of only a
few milliamps. so they can be placed
hundreds of feet away from the SCR
and alarm, without risk of trouble from
high cable resistance.

The circuit can be converted to a
simple self-laiching burglar alarm or a
multi-input fire alarm by wiring a latch-
ing resistor across the alarm and adding
a reset button. as in Fig. §.

These two circuits have many appli-
cations in the home and industry. They
pass typical standby currents of only 0.1
uA when the alarm is off; so they draw
negligible batteries current. If snap-ac-
tion or reed switches are used, the cir-
cuits can be made to operate whenever a
door or window is opened, or when an
object travels beyond a pre-set limit. If
pressure-sensitive switches are used, the
alarm can be made to operate whenever
a person stands on a mat or a vehicle
passes over a pressure-pad.

The circuit of Fig. 5 is useful as a
burglar alarm. but unfortunately is not
completely “burglar proof;” each switch
circuit can be disabled by simply cutting
the cable linking the switch to R1 or 10
the positive supply line.

A more reliable burglar alarm circuit
is shown in Fig. 6. This circuit operates
and self-latches if any of the switch con-
tacts open, or if their connecting leads
are cut.

Cl is a noise-suppressing capacitor.
It insures that the alarm will not be in-
advertently operated by the action of
switch contacts momentarily bouncing
or sliding apart because of vibration or
shock. The alarm will operate only if the
contacts are held open for | msec or so.

The alarm system of Fig. 6 draws a
standby current of about 380 A when
used with a 4.5-volt supply. Standby cur-
rent can be reduced, if required, by
modifying the circuit as shown in Fig. 7
or 8. In Fig. 7, transistor Q1 is used as

JUNE 1971

+4.5 TO 13.5v

<0
IN4OOI

R1, R2—1000 ohms, Y, watt
D1—1N4001

SCR—CI106F1

S1, §2, S,—spst normally open
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Alarm
Circuit Board A"

5.

+45 TO 135 v

:i' s;lzj";l'lsn o1 3 ResET
7 aLarRM IN4OOI
L ',
4700

SCR
CI06FI

R1, R2—1000 ohms, 1/ watt
R3—470 dhms, 4 watt

D1—1N4001
SCR—C106F1 S3— t
SI, 82, S,—spst normally open Al3arrrips i s
6. : A
T 7
|

| ALARM UA
RI1
%uzx TN4OOI§47on

' G

| ; SCR

| “F/CIO6F!

=]

{SI l

s2 +-LCI [

' .F
S3 ‘
D1—1N4001
- ‘l“_" SCR—C106F1

R1—12,000 ohms. '/-,, watt
R2—470 ohms, ! watt
Cl—1 uF. 25V

S1, S2, S3—spst normally closed
S4—spst normally closed

Alarm

Circuit Board A"

a simple common-emitter amplifier. Its
collector current feeds into the SCR gate
via R2. Normally, in the standby condi-
tion, QI is held cut off by the switches
wired between its base and emitter; neg-
ligible current flows into the SCR gate:
and the alarm is off.

A small standby current (45 A
when a 4.5-volt supply is used) flows
through R1 under this condition. When
any of the switch contacts open. base

current flows into QI via RI, and QI
turns on. lts collector current flows into
the gate of the SCR, and the alarm cir-
cuit turns on and self-latches.

The circuit of Fig. 8 is similar to
that of Fig. 7, except that the common-
emitter amplifier is made up of a Super-
Alpha-connected pair of transistors, and
the circuit draws a typical standby cur-
rent of only 1 xA from a 4.5-volt sup-
ply. In both of these circuits, C! acts as
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CIRCUIT BOARDS “A"™ AND “B" are
shown here actual size. With these two
boards, following the diagrams with each
alarm circuit, you can build all of the
eight alarms shown here.

gdo

a noise-suppressing capacitor across the
switch contacts.

The “break-to-operate” burglar
alarm systems of Figs. 6, 7, and 8 are
considerably more useful than that of
the simple ‘make-to-operate’ sysiem of
Fig. 5, but are still not fully tamper
proof. They can be disabled by wiring a
jumper or shorting lead across the nor-
mally-closed switch leads.

This can be overcome by combining
both “break-to-operate” and “mike-lo-
operate” switching in a single alarm sys-
tem, as in the “tamper-proof” alarm of
Fig. 9; you'll see this one next month.

A burglar is unlikelv 10 know which
alarm leads are the “break™ or “make”
types, and if he cuts or shorts the wrong
ones the alarm will sound. His problems
can be made particularly difficult by
running “make” and “break” lines next
to one another in a twin-lead shielded
cable.

A tamper-proof alarm was developed
by combining the circuit of Fig. 5 with
that of Fig. §, to form a high-performance
arrangement that draws a standby current
of only 1 pA. Equally tamper-proof cir-
cuits can be developed by combining Fig.
5 with the circuits of Figs. 6 or 7. R-E

The following alarm parts are available
from Photolume Inc., 118 E 28 St.,, N.Y.,

N.Y.

Kit REG671-PC consisting of 1l-panel of 4
alarm circuit boards; l-panel of 3 com-
ponent-mounting strips; 100 plug-in con-
nectors . .. 56.25. postpaid.

Kit RE671-T consisting of 1 SCR; 1 diode;
3 transistors (2 npn, 1 pnp) and 1 photo-
cell . . . $3.75 postpaid.
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R1—100.000 ohms, Y, watt
R2, R3—1000 ohms, V% watt
Cl1—O0.1 uF, 25V

D1—1N4001
Q1—2N3702
SCR—CI106F1

S1, S2, S3—spst normally closed
S4—spst normally closed

Alarm

Circuit Board “B”
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R1—4.7 megohms, ' watt
R2, R3—1000 ohms. 1, watt
R4—470 ohms, Y, watt
C1—0.1 uF, 25V

D1—1N4001
Q1l, Q2—2N3702
SCR—CI106F1

S1, $2, S3—spst normally open
S4—spst normally open
Circuit Board “B”
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How to
become a

-y
N on-Degree
Engineer”

Exciting careers in the new industries of
the Seventies are waiting for men with
up-to-date electronics training. Thousands
of real engineering jobs are being filled
by men without engineering degrees—
provided they are thoroughly trained

in basic electronic theory and modern
application. The pay is good, the future

is bright...and the training can now

be acquired at home —on your own time.

ELECTRONICS, the Science of the
Scventies, has created a new breed of pro-
fessional man—the non-degree engineer.
Depending on the branch of electronics
he’s in, he may “ride herd” over a sophisti-
cated computer installation, run a powerful
TV transmitter, supervise a law enforcement
communications control center or work side
by side with distinguished scientists fighting
pollution or doctors sceking a medical
break-through,

But you do nced to know more than
soldering conncctions, testing circuits and
replacing components. You need to really
know the fundamentals of electronics.

How can you pick up this necessary
knowledge? Many of today’s non-degree
engineers learned their electronics at home.
In fact, some authorities feel that a home-
study course is the best way. Popular
Llectronics said:

“By its very nature, home study develops
your ability to analyze and extract informa-
tion as well as to strengthen your sense of
responsibility and initiative.”

CIE Mecthod Makes It Easy

If you do decide to advance your carcer
through home study, it’s best to pick a
school that specializes in the home-study
method. Electronics is complicated enough
without trying to learn it from texts and
lessons that were designed for the classroom
instead of the home.

Cleveland Institute of Electronics cone
centrates on home study exclusively. Over



the last 35 years we have developed techni-
ques that make learning at home casy, even
if you once had trouble studying. Your
instructor gives the lessons and questions
you send in his undivided personal atten-
tion—it’s like being the only student in his
*‘class,” He not only grades your work, he
analyzes it. And he mails back his correc-
tions and comments the same day he gets
your lessons, so you read his notations
while everything is still fresh in your mind.

Students who have taken other courses
often comment on how much more they
learn from CIE. Says Mark E. Newland of
Santa Maria, California:

*Of 11 different correspondence courses
I've taken, CIE's was the best prepared,
most interesting and easiest to understand.
1 passed my 1st Class FCC exam after
completing my course, and have increased
my earnings by $120 a month.”

Always Up-To-Date

Because of rapid developments in elec-
tronics, CIE courses are constantly being
revised. This year’s courses include up-to-
the-minute lessons in Microminiaturization,
Laser Theory and Application, Suppressed
Carrier Modulation, Single Sideband Tech-
niques, Logical Trouble-shooting, Boolean
Algebra, Pulse Theory, Solid-State Devices
« + .« and many more.

An FCC License . . . or Your Money Back

CIE'S AUTO-PROGRAMMED® Lessons
are so successful that better than 9 our of 10
CIE graduates who take the FCC exam pass

it. This is despite the fact that, among
non-ClE men, 2 out of ecvery 3 who take the
exam fail! That’s why CIE can promisc in
writing to refund your tuition in full if you
complete one of its FCC courses and fail to
pass the licensing exam.

This Book Can Help You

Thousands who are advancing their elec-
tronics carcers started by reading our
famous book, ““How To Succeed in Elec-
tronics.” It tells of many non-degree engi-
neering jobs and other electronics careers
open to men with the proper training. And it
tells which courses of study best prepare you
for the work you want,

Let us send you this 44-page book free.
Just fill out and mail the attached postpaid
card. Or, if the card is missing, mail the
coupon, or write dircctly to: Cleveland In-
stitute of Electronics, 1776 East 17th Street,
Cleveland, Ohio 44114,

NEW COLLEGE-LEVEL
CAREER COURSE

FOR MEN WITH PRIOR
EXPERIENCE IN ELECTRONICS

ELECTRONICS ENGINEERING...covers
steady-state and transient network
theory, solid-state physics and circuitry,
pulse techniques, computer logic and
mathematics through calculus. A col-
lege-level course for men already work-
ing in Electronics.
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MODEL 555 G

oy >3 9%°

Complete with two ranges of
TV-H and TV-V

Compare these features:

® Solid state circuitry

® High sensitivity-20MV/cm

® Low heat dissipation

e Extra wide bandwidth-10 MHz

e Lightweight—8'2 inches high

o Simplified controls for easy
operation

e Extremely reliable performance

e Built-in square wave oscillator
for calibration functions

Full line of electronic test instru-

ments include: trigger, dual trace

trigger, alignment and standard
oscilloscopes

Call or write for FREE
specitication catalogs

[} [ ]
) kikusui
ELECTRONICS CORP.

Address all inquiries 0.
Marubeni-lida (America) Inc.

200 Park Avenue, New York, N. Y. 10017
Telephone 212-973-7152
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by JACK DARR
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THE AIR IONIZER

A WHILE AGO, WHILE WORKING WITH AIR-
conditioning in all its aspects beside
cooling, they discovered that the ion
content of the air was important. This
was especially true in cases of hay-fever,
and other respiratory ailments, certain
allergies, and so on. Indoor air in par-
ticular. was found to have a shortage of
negative ions. Normal outdoor alr was
well-balanced in that respect. Restoring
the ion-balance of indoor air gave relief
10 the sufferers.

cage blower. Tt is ab
the motors used in
could probably be repm
these, if necessary.

Three solid-state HV rectifi
These are the same type as
state focus rectifiers used in
sets. The filter capacitors are sma
3 kV rated ceramic disc types. A 2
ohm resistor is connected between
tripler output and the discharge need?

The electronics are

NEEDLE
T 1I00VAC 0022 ut POINT
SWITCH POSITIONS ——— 7 8B0VAC . 6KV 3.2KV 1
|- OFF 1 25KV 129KV
2 NORMAL S 22KV 2.9KV
3-LOW { 2.4KV
LZ I 22 MEG
250 ¢ ls _
-K.OOZZ,J
0047ut gy

=P =

CHASSIS

NEON
FAN MOTOR

NOTE: DC VOLTAGE READ USING vVTvMm (Il MEG OHM INPUT).
INPUT RES. OF METER WILL AFFECT VOLTAGE READING

The Philco Co. developed a device
which would feed negative ions into the
air of a room. Beside this. the air was
forced through a filter and treated with
a germicidal agent. This removed dust,
pollen, etc., which also helped. The basic
principle of this is very familiar to elec-
tronics technicians; we see it all the
time!

The complete circuit is in Fig. 1
(above). You'll recognize it right away!
About 1.000 volts ac is provided by a
small power transformer. This is fed to
a standard voltage-tripler rectifier, which
develops about 3 KV, This voltage. nega-
tive in polarity, is connected to a long.
thin metal needle, mounted in a plastic
insulator. The insulator is positioned in
the center of a plastic duct, called the
stack. with the air forced up through
this by the fan (after being filtered).

As the air passes the sharp point of
the necdle, negative ions are discharged
into it and the air-stream carries them
throughout the room. This is very famil-
jar to us. We've often seen corona dis-
charges from  highly-charger  sharp
points in HV circuits! Same thing.

The only moving part in this unit is
a small electric motor driving a squirrel-

Since this is strictly a voltage device,
there is negligible current flowing. The
high-value resistor prevents the chance
of serious shock if the needle tip is acci-
dentally touched.

Testing

Checking these units can be very
easy. Any HV probe, used with a very
high impedance TVM or vIvM will read
the 3-kV voltage on the needle. Philco
also shows a home-made tester for this
unit (sce Fig. 2 on page 74). The lamp
is an NE-2 and the capacitor anything
from .05 to a .1uF. The bigger the ca-
pacitor, the slower the rate of flashing.
A 2-inch metal plate is connected to one
side of the lamp-capacitor circuit, and a
ground lead. with clip, to the other. Fas-
ten the clip to the chassis, and hold the
metal plate over (but not touching) the
tip of the needle. If the neon lamp
flashes continuously, the thing is work-
ing. I don’t think the plate has to be
round; it would be easier to make if it
were square, elc.

If you find there is no HV, the rec-
tifiers can be checked by substitution.
The dec HV can be traced through the

(continued on page 74)
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APPROXIMATELY A DECADE AGO E.
Newton Minow, then Chairman of the
FCC, described the television broad-
cast service as a “vast wasteland.” To-
day. ten years later. Mr. Minow's de-
scription may be coming true.

Chairman Minow was refering to
television’s bland programming. We
are not. Perhaps you haven't noticed,
but the once so vast spectrum between
30 and 300 MHz. our spectrum work-
housc that houses nearly all television,
FM and two-way radio services, has
become polluted. We are discovering
that the old physics adage “for every
action there will be a reaction™ has a
place in spectrum management. We
have discovered, hopefully not so late
as to be uncorrectable, that there are
just so many transmitters which can
be placed into operation within a lim-
ited geographic area and within a lim-
ited spectrum range, before chaos re-
sults.

The Federal Communications
Commission recently funded a $400.-
000 spectrum study program, to try to
determine just how severe our “ether
pollution™ has become. and what
steps. if any, can be taken to remedy
the problem. The same FCC has re-
ported a ten-fold increase in “receiver
interference reports™ in just two years
primarily due to intra-service com-
plaints (one taxi cab company inter-
fering with the radio service of an-
other taxi cab company: one FM
radio station interfering with the re-
ception of another FM radio station,
and so on). Apparently, in many, if
mcr is President of CADCO, Oklahoma
City, Oklahoma, a rescarch and development firm

specializing in receiver front-end design problems
and CATYV receiving equipment.
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Etched-inductors on a printed-
circuit board make this FM
preamp the device you need to
add more stations to your

FM listening pleasure

use etched coils
in FM preamp

by ROBERT B. COOPER, JR.*

not all metropolitan areas in the
United  States, “saturation™ of the
ether has already occurred and now
the chickens are coming home to
roost!

During the past decade vhf re-
ceiving and transmitting equipment
has become increasingly solid state, in-
creasingly reliable, and increasingly
smaller. But the basic parameters of
receiver design have changed very
little since the late 1940's,

The basic receiver still consists of
antenna input circuit, tuned (or
broadband) rf amplifier stage. a mixer
stage driven by the rf stage output
and local oscillator output (to pro-
duce an intermediate frequency), one
or more stages of i.f. amplifier for
both circuit gain and selectivity, the
demodulator stage to  convert the
rf/i.f. energy to cither sound or sound
and picture, and the display system,
All receivers are designed along these
lines, with few exceptions,

Most receiver designers once be-
lieved that the sole purpose of the rf
amplifier stage was to build the an-
tenna output signal level(s) up to suf-
ficient voltage to drive the mixer stage
and produce suitable signal-plus-noise
to noisc ratios to cause the end-of-line
display system to function. That was
before the airwaves became so jam-
med so as to produce so many signals
at the receiver rf stage that the rf
stage itself became overloaded. Be-
cause a typical rf stage consists of one
or two solid-state (transistor) devices,
it has a rated maximum total output
level which is the sum of all signals
passed through the rf stage(s). In a
typical FM receiver, tuned to 100.1

MHz, the rf stage is amplifying the
100.1-MHz signal, as well as signals S,
10 or even 20 megahertz away from

101.1. All of these signals, when
added together, equal the total ampli-
ficd voltage passed by the stage. And
if these voltages add up to a greater
output than the rf stage transistor is
capable of handling, receiver front-
end overload occurs: the rf stage be-
comes saturated.

Looking further into the oper-
ation of a typical FM receiver: if our
receiver is tuned to 100.1 MHz, the
local oscillator is typically functioning
at 110.8 MHz to produce a difference
frequency (110.8 minus 100.1) of
10.7 MHz. our receiver i.f. Now all
this receiver needs, for signals to ap-
pear at the output, is for a signal to
get through the mixer at 10,7 MHz.
So while the receiver is tuned to 100.1
and the local oscillator is on 110.8
(thereby producing 10.7 MHz if.), a
121.5 MHz signal (from the much
used aircraft band) bulldozing its way
through the receiver's rf stage and to
the mixer will also mix with the 110.8
MHz local oscillator, and also pro-
duce an i.f. signal on 10.7 MHz. This
is. incidentically, a very frequent prob-
lem in regions near airports.

In a nutshell, i.f. stages are well
known for their selectivity and gain.
Most i.f. stages operate at a relatively
low frequency where high circuit Q's
and good gain can be developed rela-
tively inexpensively and reliably.

By the same token, rf stages are
not noted for their selectivity, and are
typically rated for their gain and noise
figure (ie. ability to deliver good re-
ception from weak signals). And
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most, if not all, of the ether pollution
we are faced with today could be
solved if stable high Q (sclective) rf
stages are developed.

This article deals with early in-
roads made into this problem, and in-
cludes a home construction project for
the enthusiast who wants either a top
notch FM band (88-108 MHz) pre-
amp/ filter to improve his FM receiv-
ing system, or mercly wants to be
working on the workbench on a state
of the art concept.

Early rescarch at CADCO has
dealt with problems found in CATV
systems across the country. Many
CATV systems bring in distant
(75-200 miles) television signals. And
more often than not, the distant signal
is on a channel adjacent to a strong
nearby or local station (such as hav-
ing a local channel 3 and wanting to
carry on the CATV system distant
channels 2 and 4). Obviously in a sit-
uation like this, channels 2 and 4 have
to be amplified. But the amplification
equipment must be sufliciently selec-
tive to amplify say just channel 2, and
not channel 3, or the already wide ra-
tio in signal levels (channel 3 being
strong and channel 2 being weak) will
only get worse. Unfortunately, so-
called “single channel” preamplifiers
are usually quite broad—several chan-
nels wide—but peaked on a single
channel. A 20-dB gain channel-2 unit,
for example, typically also has 10-15
dB gain on channel 3.

The answer in CATV (and other
off-the-air television receiving systems)
has proven to be the Interdigital Pre-
Amplifier!; a device that combines the
best features of a rock stable highly
selective bandpass filter, and a high-
gain, low-noise, overload-resistant
JFET preamp in a single integrated
package. As the spectrum-analyzer dis-
play screen shows in Fig. I, the de-
sired channel passing through this
unit is amplified, while the two adja-
cent channel signals are severely atten-

61.25 -3V 65.75-3A
67.25 —4V

FI1G. 1—RESPONSE of channel-3 preamp.
Note sharp roll-off of channel-2 sound and
channel-4 video carriers.
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vated. In effect, an equalizing of dis-
tant TV signal level and local TV
signal levels (on adjacent channels)
occurs through the unit as the distant
signal gets a 20-dB shot of amplifica-
tion while the local channels on either
side are attenuated by 25 to 50 dB.

In both the initial passive filter
section, and the succeeding stages of
amplified filter, all inductances are et-
ched onto the circuit board. There is
more here to design than perhaps
meets the eye. True, etched in-
ductances have not been utilized ex-
tensively outside of the microwave re-
gion (MIC-—microwave integrated
circuits), and aside from a few trial
balloons, have found virtually no ap-
plication at vhf. And equally true that
with an etched inductor you have one,
100 or one million exact copies of the
original board-master. And also true
that with etched inductances you also
have stability factors which are diffi-
cult to attain with conventional air-
wound, form-wound or core-wound
inductances.

But the real reason the etchod in-
ductances are found here is that in the
marriage process, of combining a pas-
sive bandpass filter with an amplified
filter device, without etched in-
ductances you create a nightmare of
adjustments and  sub-adjustments,
tweeking and re-twecking so that
eventually the poor alignment tech-
nician gives up in disgust. In short,
for this type of marriage to survive,
the inductances must assume a hori-
zontal position and that spells etched
inductances!

With etched inductors, this cir-
cuit, as precise as it is, is as stable as a
1-kHz audio amplifier and twice as
casy to align.

If etched inductors are so good,
why don’t we find more application of
them? The truth is that until recently,
it was assumed that etched in-
ductances were always going to be too
large, physically, to make them attrac-

tive. Remember that in a consumer
product, such as a TV or FM re-
ceiver, micro-miniaturization has be-
come the rule. It wouldn’t do to com-
press a complete FM receiver down to
a 3 by 6 inch PC board, and then
require another board of equal size
for the inductances!

More recently, we have found
that etched inductors can be com-
pressed. Just how small they can and
will go no one is certain yet, but many
are betting on something approximat-
ing about twice the size of a TO-18
can in 18 months or two years which
will self-resonate at 100 MHz and in-
clude both a bandpass filter and one
or two stages of JFET amplification;
just apply operating voltage and plug
itin.

In the meantime, applications
where size is not as important as per-
formance are enjoying an etched-in-
ductance boom. Nothing major mind
you, but a substantial turn around
from a year ago when etched in-
ductance conversations immediately
identified vou as a microwave man.

In addition to CATV appli-
cations, etched inductances are finding
their way into amateur radio vhf
equipment®. This summer, SGI TV
Products, Oklahoma City, Okla.* will
offer the first etched-inductance device
for home consumption; the All Ameri-
can Sports Amplifier. It is a wired and
tested unit designed to bring black-out
professional sports events into your
living room. Thus, when a sports event
is blacked out on local channels; this
device makes possible 75-125-mile TV
reception in major metropolitan areas,
on channels immediately adjacent to
locally strong signals. These units will
be distributed nationally in each of the
23 professional football markets at ap-
proximately $80.00 cach, starting late
in July.

*SG1 TV Products, P.O. Box 94970, Oklahoma
City. Okla. 73109.

FI1G.2—PRINTED-CIRCUIT
pattern for the etched-in-
ductor FM preamp. This

pattern is presented exactly

one half actual size.
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Cle Di—4

FiG. S—POWER SUPPLY parts in position
on the main circuit board.

FIG. 6—ASSEMBLING the FM circuitry.
(Top to bottom). (a)—SHIELDS are cut,
drilled and then tinned along mating
edges, (b) SOLDERED TOGETHER and
then (c) MOUNTED on the etched board.
{d) LAYOUT OF PARTS in the antenna
input circuit. A lead from J. goes to the
pad for the right-hand lead of Cl.
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FIG. 3 - COMPLETE SCHEMATIC of the preamp is shown below. Two FETS make the
circuit work. Above is a detailed drawing of the shields.
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Capacitors

C1, C6. C11—500 pF disc ceramic

C2, 5, 8, 10—500 pF stud mounting uhf by-
pass (Sprague BH-105 series, Centralab
type MFT or equal)

C3, 4, 7, 9—15 pF (maximum) variable (Phil-
more model 1952)

C12—1,000 mF 25 volt dc electrolytic

C13—5.0 pF disc ceramic

Resistors

Rl, R2—1/4 watt between 91 and 560 ohms
typically—see text

R3—82 ohm, 2 watt

Semiconductors

Q1l, Q2—Siliconix E300

Miscellaneous

RFC1—3.1 gH rf choke (Ohmite Z144 ade-
quate substitution)

D1, 2, 3, 4—50 V, 1A, power supply diodes
(1N4001)

BASE UP
LEADS TO YOU
SOURCE

DRAIN
D5
10v,
W GATE

BEND GATE LEAD — .
OUT AND BACK TO
= CENTER TO SOLDER TO SHIELD

J1, J2—“f" series female chassis mounting
coaxial connector (Amphenol 461-6005 or
equal)

D5—10-volt, 1-watt zener

S1—Spst toggle switch

T1—12.6 volt 100mA secondary, 117 Vac
primary power transformer (Westcom TF-
121, or Stancor P8390)

117 Vac line cord, 440 hardware

Circuit Beard

Inductances L1, 2, 3, 4 are etched onto the

master circuit board as shown in Fig. 5.

The complete circuit board alone is available

from PAIA ELECTRONICS, P.O. Box 14359,

Oklahoma City, Oklahoma 73114; price $8.00.

Specify item 2712PC. The same source will

supply a complete kit of all parts including

the circuit board, but less the case and knobs.
for $27.50 plus postage for 3 pounds. Specify
item 2712K.
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Before the etched-inductor tech-
nique brings the inductor down so
small that it is no longer fair game for
the home constructor, FM fans may
find the Interdigital Pre-Amplifier for
FM (88-108 MHz) an interesting
project.

Such a unit is shown at the be-
ginning of this article. A layout of the
complete circuit board, including four
etched inductors is in Fig. 2, and Fig.
3 is the schematic plus shield layout.

This is a two-stage pre-amp with
active filter elements. In other words,
a pre-amplifier with sutliciently high Q
that the 3 dB gain-bandwidth product
occupies slightly over a megahertz, re-
sulting in much improved selectivity
for virtually any FM tuner or receiver
in use today.

The preamplifier is designec
around the Siliconix E300; a plastic-
cased JFET of the 2N5397 family and
with most unusual noise-figure and
signal handling capabilities at 100
MHz. Operating in the grounded gate
(non-neutralized) configuration, the
E300 is factory rated at 1.3 dB noise
figure, with a signal handling dynamic
range of 100 dB.

The E-300 was designed espe-
cially for grounded-gate operation.
And this makes circuit design using
the device simply a matter of putting
tuned input and tuned output circuits
around the transistor, applying proper
voltage, and tuning for max! The only
adjustment per stage is to match the
source-to-ground resistor so that the
E-300 draws between 4.8 and 5.2 mA
(at 10 volts dc).

Looking first at the operational
characteristics of the preamplifier, Fig.
4-a shows a spectrum sweep display
centered at 100 MHz. The markers on
the horizontal line are 1 MHz apart.
The center is 100 MHz, and this rep-
resents 18 dB gain at frequency. Note
that the 3-dB-down points fall at 99.0
and 101.0 MHz. In Fig. 4-b the dis-
play has been increased so that now
we are looking at the 10-dB down
points; 97.8 and 102.6 MHz. Figure
4-c shows the 18-dB down points (the
preamplifier has 18 dB gain, so signals
within the 18-dB-down points fall at
some point between 0 dB and 18 dB
gain): 96.2 and 104.7 MHz. You
might go back and compare this with
the flat-topped curve in Fig. 1, the
single-channel TV unit for some idea
of the flexibility of the etched inductor
passive and active filter combinations.

Construction

Construction of the etched-in-
ductor FM preamplifier is truly
straightforward. The usual tricky ad-
justments for neutralizing, noise figure
vs maximum gain and tweeking of the
coils are eliminated. The E-300
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grounded-gate operation eliminates
neutralizing and noise figure/gain ad-
justments while the etched inductors
eliminate tweeking of inductors.

In the schematic (Fig. 3) an-
tenna energy from a 75-ohm antenna
downlead or 300-t0-75 ohm matching
transformer is coupled into QI source
through Cl, a 500-pF disc ceramic
capacitor. 1.1 and C3 comprises the
tuned input circuit. L1 is of course an
etched inductor (see Fig. 2). C3 is a
Philmore type 1952 15-pF variable
capacitor. The same network is re-
peated in the combinations L2, C4;
L3, C7 and L4, C9.

The cold end of each inductor is
bypassed to ground with a stud
mounted uht bypass capacitor, such as
the Sprague BH-105 series or Cen-
tralab type MFT. (Note: Do not at-
tempt to use disc ceramics for bypass-
ing in this device.) L1 and 1.3 are also
coupled to ground with Ya-watt resist-
ors (R1, R2), each chosen so that
their resistance draws between 4.8 and
5.2 mA current for the respective
E300’'s. (Note: The circuit board is
laid out so that the 10 volt dc positive
supply voltage from the power supply
may be broken at RFCI, and a 0-25-
mA meter placed in series with the dc
line at this point to monitor E300 cur-
rent while R1 and R2 are properly
balanced.) Typical values for R1 and
R2 fall between 91 and 560 ohms.

Coils L2 and L4, in addition to
bypassing to ground through the stud
mounted 500-pF capacitors are also
coupled to the positive voltage line
shown in Fig. 3 and in the construc-
tion photos. L2 and L4 are “jumped”
to the positive supply line with -
inch lengths of number 22 or 24 wire,
bent into an inverted “U” to span the
ground line between.

Interstage shields (SH1-SH3)
shown in the construction photos are
constructed from double-sided G-10
copper-clad epoxy-glass board (see
Fig. 3). SH! and SH3 scparate the
respective input and output sections of
Q1 and Q2, and also serve as a con-
venient ground attachment point for
the E300 gate leads. Note that the

E300’s mount inside of ¥s-inch holes

99.0 100.0 101.0

drilled in SHI and SH3.

Interstage shield SH2 separates
the first stage output from the second
stage input and it has a 3s-inch hole
drilled to pass C6, the interstage 500-
pF coupling capacitor (see Fig. 3).

Mounting shield SH4 serves
merely as an anchor on which C3, 4,
7 and 9 are suspended and grounded.

The power supply is so straight-
forward that there is no need to elabo-
rate on its components or their func-
tions. A well regulated and heavily
filtered 10 volts dc is supplied and to-
tal two-stage current drain is 10 mA.

The board master may be dupli-
cated directly from Fig. 2, or the
board may be purchased singly or as
part of a complete parts kit (see parts
list).

The shield sections should be cut
and drilled as in Fig. 3 and construc-
tion photos. Soldering G-10 board to-
gether, as shields, is no trick if you tin
mating sides first and use a 35-50-
watt iron (Note: Do not use anything
over a 50-watt iron on these boards as
the etched inductors may lift from the
board proper with too much or pro-
longed heating.)

When the shield composite is
completed (see construction photos),
it is positioned in place and tack sol-
dered on two opposing corners. When
you are sure alignment is correct, as
shown in the construction photo, the
small-nose iron can be drawn along
the two tinned mating sides and the
solder will flow together forming a
weld between the two sections.

Bypass capacitors C2, 5, 8 and
10 are then soldered into position,
from their respective etched in-
ductance “cold” ends to the adjacent
shields. Coupling capacitor C6 is
mounted next, followed by the two
E300’s. Note that the E300 gate lead
is formed as shown in Fig. 3 and that
the lecads on the E300 face towards
SH4. The gate lead is soldered to SH1
and SH3 on the L1 and L3 sides of
the shields.

Variable capacitors C3, 4, 7 and
9 are mounted with their mounting
screws with the rotor-grounding strap
straight up. The rotor grounding strap

" g7.8 100.0 102.6
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is bent back to SH4 as shown in the
construction photos and soldered into
position, since the capacitor itself is
not automatically grounded when
mounted.

The source and drain leads of the
E300's. if mounted according to in-
structions and as shown in the con-
struction photos, will connect 10 the
variable-capacitor studs necarest the
shields. Before they are attached to
the capacitor studs, run a length of
number 22 or 24 solid wire from the
inside connection point of the etched
inductor straight up to the stud of the
variable capacitor where the E300
lead will attach. Also, run a 5.0-pF
disc ceramic (C13) from that same
stud on C7 straight to the shield next
to it; effectively placing 5 pF in paral-
lel with the 15-pF variable on C7
only.

When attaching the E300 leads
to the studs, exercise the usual care
that you would with any transistor de-
vice by placing a heat sink between
the JFET proper and the soldering
iron tip on the lead. The JFET is quite
ditficult to damage (unlike the MOS-
FET) but sustained heat is not ad-
vised for any transistor.

Coupling capacitors C1 and Cl1
may now be attached, and the E300's
resistance-matched (R1,R2) as pre-
viously outlined.

1t is difficult to see, but in our
black plastic housing we use “F" series
chassis-mounting connectors. A short
length of number 22 or 24 wire is run
from the center pins on the con-
nectors to the pads where C! and Cl1
terminate. And, a piece of braid, re-
moved from a picce of RG-59/U coa-
xial cable has been tinned, and it pro-
vides ground connection between the
connector shell and the circuit board
proper, just adjacent to the C! and
C11 pads. Unless the body of the con-
nector is grounded in this way to the
circuit board proper, you will have no
end of problems in making the unit
operate properly.

It 300-ohm antenna lead-in and
connection to your FM receiver is
utilized, use a pair of 75- to 300-ohm
matching transformers before and af-

96.2 100.0 104.7
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ter the preamplifier so it “sees” 75
ohms at both the input and output
circuits.

The preamplifier is tuneable over
the complete FM band, and for a little
ways on either side. With the capaci-
tors fully meshed. the unit tunes down
to about 85 MHz. and with the ca-
pacitors fully open the unit tunes up
to approximately 115 MHz. Align-
ment s not required.

There is only one no-no associ-
ated with the unit. The etched in-
ductances are flush to the bottom of
the (plastic) case so the preamp
should not be placed directly on top
of a metal cabinet. Nor in a metal
chassis. If metal surfaces are going to
be used. be certain the etched inductor
surfaces are | inch above these sur-
faces (i.e. use standofl spacers when
mounting in a metal case) so as 10 not
detune the etched circuits.

The front of the unit is easily
calibrated with rub-on numbers and
while electrical tuning is quite sharp,
mechanical bandspread is bunched
fairly closely together as the photo
shows. in tuning, adjust C4 and C9
(marked 2 and 4 in the front unit
photo) first for maximum signal, then
C3 and C7 (marked 1 and 3).

Construction hints

If  the complete etched-in-
ductor/circuit board is utilized as
shown and described here, the power
supply  components  should  be
mounted first. and the power supply
checked out as shown in Fig. 5. At
the top of the board, ctched inductors
L1,2.3 and 4 appear from right to
left. Note use of etched link coupling
for inductors L2 and 1.4 output cou-
pling.

Shields SHI1, 2, 3 and shicld
mount SH4 are shown drilled and tin-
ned prior to assembly (sce Figs. 3 and
6-a).

The shield sections are pre-assem-
bled into a complete unit (Fig. 6-b)
for soldering onto the etched in-
ductor/circuit board proper. Soldered
into place, (Fig. 6-¢) the shield sub-
assembly provides a mounting plate
for capacitors C3,4,7 and 9 mounting

FI1G. 4—OPERATING PREAMP SPECS
(left to right) a—spectrum sweep display
centered at 100 MHz. 3-dB down points are
shown. b—sweep display showing 10-dB
down points. c—18-dB down points.

plates for transistors Q1 and Q2; and
ground connection points for bypass
capacitors C2, 5. 8 and 10.

Figure 6-d shows how E300 Q2
1s soldered to the L 1-side of SH3. The
source lead of Q1 and the short length
of number 22-24 wire coming up
from the inside tie point of L1 con-
nect to the inner-most lug on C3. Also
note that bypass capacitor C2 is
mounted between the shield of SH3
(which is at ground potential) and
the outside (cold) end of L1. R1 is in
place trom the base of C2 1o the
ground strip between L1 and the posi-
tive dc supply line. Note that variable
capacitor C3 has it’s ground lug bent
back and soldered 10 SH4.

The completed circuit board may
be mounted in a plastic equipment
box, as shown. SH4 provides a “tem-
plate” for front panel holes for capaci-
tors C3, 4, 7 and 9 while coaxial con-
nectors J1 and J2 mount directly
opposite the pads that Cl and C11 at-
tach to, and one inch above the board
proper.

Conclusion

Etched inductances, in one or
several forms, are about to become a
way of life for every user/servicer of
vhi and possibly uhf equipment. The
FM preamplifier described here, with
a 1.3 dB noise figure, 18 dB gain and
good selectivity, will give everyone as-
sociated with the vhf-uhf industry an
opportunity to find out what makes
them tick, while providing a real state-
of-the-art FM receiving system as a
bonus! R-E

Footnotes

Ulnterdigital  Pre-Amplifier—copyright
1970 by CADCO. Interdigital Pre-Am-
plifiers are the subject of patent applica-
tions pending by the author. Utilization
of circuits described here for personal
(non-commercial) applications is permit-
ted by the author: commercial applica-
tions are reserved and are subject of
numerous licensing arrangements ar-
ranged by CADCO. Readers wishing a
more detailed discussion of the Inter-
digital Pre-Amplifier technique are ref-
erenced to HaM Rapio  Magazine,
August, 1970 for a complete treatment
by the author.

Amateur radio applications of Inter-
digital Pre-Amplifiers. with etched in-
ductances, is described by the author in
the February 1971 issue of Ham Rabio
Magazine; page 6.

[~

An lrish technician named Finnigan,

got a set that cut out and then innigan;

this went on for a week,

so he went to the creek,

tossed it in and said “You'll not come
innigan!” Jack Darr
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all about DOLBY

For lower noise on tape playback and

FM stereo broadcasts, Dolby
may be the answer

by STEVE LECKERTS

EVERY WAY WE HAVE TO STORE OR
send messages. also stores or sends
noise along with the message. There is
no known way to eliminate noise com-
pletely from any message. However,
the degree to which noise actually in-
terferes with the messages is not the
same for all media. For example, we
can readily ignore the “noise™ of small
marks and defects in a newspaper
while we read an article. On the other
hand, even loud breathing by a neigh-
bor at a concert is cnough to destroy
the mood or sensation that the com-
poser and performers are trying to
create.

Since all noise is caused by real
physical disturbances, noise cannot
ever be completely removed. However,
the amount of noise heard by a lis-
tener depends upon certain conditions,
some of which can be controlled to
reduce noise.

In magnetic tape recording, for
instance, the predominant noise heard
is that produced by the tape itself.
This tape noise (hiss). in turn, results
from the nature of magnetic record-
ing—magnetizing particles of a pow-
der with which one side of the tape is
coated. When the sound being
recordcd is a loud one, more particlcs
are magnetized. When the sound is
soft, fewer particles are magnetized.
Becausc the number of particles varies
slightly from one place on the tape to
the next, the intensity of the recording
cannot be made perfectly uniform.
When the tape is played back, there is
a slight fluctuation of loudness heard
by listeners as a steady hiss super-
imposed on the recorded program.
During quiet passages or intervals in
the music this hiss can be quite notice-
able and rather disturbing.

One way to reduce this tape noise
is to record at the highest possible
program level—to increase the power
of the electrical signal before record-
ing so we can magnetize more par-
ticles for a sound of given loudness.
Then, when the tape is played back,
the sound from the speakers will be
louder. When the listener reduces the
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Ray M. Dolby, holding one version
of his stereo noise reduction
system. In addition to uses in tape
recorders, applications in FM stereo
broadcasting are heing developed.

volume to restore the original level, he
also reduces the noise of the tape,
since the noise remains the same no
matter how the recorded level is var-
ied.

Obviously this technique has limits.
At some level, when the program be-
comcs quite loud, all the magnetic
particles on the tape are magnetized.
Now it is impossiblc to record a sound
which is even slightly louder, for it
still gives the same result—all of the
particles are magnctized. In the best
rccording tape used in professional
recording of classical orchestral music,
this maximum level is often reached at
a point at which the quietest sounds
of solo instruments are barely audible
above the noise. For this reason, the
dynamics of recorded music must be
sacrificed if the listener is to hear the
music without exceeding normal toler-
ances of distortion and noisc.

Much of the disturbing noise of
a tape recording is in the higher fre-
quencies. This has led to recording
high frequencies at an increased level,
and then attenuating them during
playback. We call this equalization.
The technique works because high-fre-
quency portions of the program are
normally at lower levels than other
parts of the original program, so there

is not as much danger of saturating the
tape. However, this is only a statistical
truth. It is usually, but not always
applicable. Because of equalization,
loud cymbal crashes or other passages
that have loud high-frequency sounds
may be distorted even on the best
recordings, unless these instruments
are positioned at a distance from the
microphones during the performance.

The Dolby noise reduction system

The Dolby noise reduction sys-
tem takes advantage of psychoacoustic
phenomena in a way that enables a
substantial reduction of noise without
any other audible effect on the pro-
gram. Intrinsic to the system is a re-
liable method of electronic control.
Large numbers of noise reduction
units can be built that are fully and
exactly compatible with cach other.
Any recording or broadcast made
with one Dolby-type unit can be
played or received through any other
Dolby-type unit.

There are two versions of the
Dolby System. One. the “A” system, is
designed for professional use. and sup-
presses noise, hum and other disturb-
ances over the entire frequency range.
The simpler “B” system has been spe-
cifically developed to reduce noise in
broadcasts and rccordings for home
listening. The entire “B” system circui-
try, completely assembled on a circuit
board, can be made by a manufac-
turer for less than $10. Built in as a
part of a receiver, a Dolby “B™ system
might raise the list price by approxi-
mately $50.

A lot of research has been aimed
at investigating the psychoacoustic ef-
fect, known as masking. by which a
louder sound conceals from the lis-
tener the presence of a different, softer
sound. This effcct plays an important
part in the opcration of the Dolby
noise reduction system. Noise is only
disturbing to the listener when the
program levcl is low enough to permit
the noise to come through and be
heard. A trombone playing at high
volume, for example, masks the sound
of a tambourine being played softly at
the same time, or the sound of noise
caused by recording tape.

An important peculiarity of the
masking effect is that it does not occur
when the two sounds concerned are
very different in pitch. Therefore, a
trombone may mask the sound of a
tombourine, but even a very loud note
of a bass drum will not, because tam-
bourine and bass drum are so differ-
ent in pitch. The same cffect occurs
with the masking of noise during the
playback of tape recordings or FM
broadcasts, sincc much of the noise
which is heard by the listener is high-
pitched noise in the form of a steady
hiss. The noise is, thecrefore, more
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casily masked by high-pitched sounds
than bass notes.

As discussed earlier, increasing
recording level and reducing playback
level can be used to reduce noise.
However, the effectiveness of this ap-
proach is limited, since at some point
the recorded level simply can no
longer be increased. In disc recording,
too, a maximum level is reached,
when the grooves run into each other.
In FM broadcasting, the limit is the
point at which overmodulation (i.e.,
excessive deviation) occurs.

The Dolby System integrates the
ideas of masking and automatic level
control. The system automatically in-
creases the recording or broadcast
level of quiet musical passages which
could not mask noise, and then re-
duces the level of the same passages
during reception or playback. In the
process. the originai sound is exactly
restored, but noise which would other-
wise be audible is greatly reduced. The
encoding, during broadcast or record-
ing, and the decoding, during play-
back. are done by circuits which are
nearly identical and can, in fact, per-
form either function if appropriately
wired or switched. Because the system
can analyze the program so quickly as
to make its operation inaudible, noise
is suppressed without changing any
other program characteristic which
can be heard.

Since the encoding process has
no effect at all upon loud parts of the
program, it cannot cause cxcessive lev-
els to be reached during recording or
broadcast. Ilts effect upon the program
sound is so subtle that listeners who
do not have decoding devices often
cannot even tell that the program they
are hearing has been processed in
some wayv. They may even believe that
it has been improved over the original,
especially if thev listen  with in-
expensive equipment. When the en-
coded signal is heard through wide-
range  cquipment  without  Dolby

cast stations.
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MODEL 320 NOISE REDUCTION PRO-
CESSOR is intended for use at FM broad-

HOW THE DOLBY SYSTEM WORKS

a 1 2 3

IHHMMIIHH.L

b

1
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(a) These three pictures show how an ordinary recording
or broadcast is made.

(1) Music is made of sounds of different loudness,
shown here as vertical lines of different length. Before
recording, the noise is usually so low that even the weakest
sounds can be heard clearly.

(2) Any recording or broadcast medium introduces
noise. Good high-fidelity tape recorders or FM tuners make
much less noise than the tapes or broadcasts heard
through them.

(3) When the music is finally heard, it is mixed with
noise which hides or interferes with the quietest passages
and fills the silence between the notes, when there should
be no sound at all.

(b) These three pictures show how a Dolby system
recording or broadcast is made.

(1) Before recording, the music passes through a spe-
cial Dolby circuit which analyzes the music and auto-
matically increases volume during quiet musical passages.

(2) After recording, these passages stand out above
the noise and are no longer hidden.

(3) Played on a high-fidelity recorder with built-in or
added Dolby circuit, the volume during quiet musical
passages is automatically reduced. This restores the orig-
inal sound levels and at the same time reduces the noise
added by the process of recording or broadcast. Noise
remains during loud passages which are not affected by
the Dolby System, but cannot be heard because the music
hides it.

MODEL 101 SWITCHABLE NOISE RE-
DUCTION UNIT ;s used for both record-
ing and playback of tape.
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OTHER WAYS TO REDUCE NOISE

l“’”““]'m
W\!Hlmu.m

(a) Level Detector. Circuits can be
made which turn off the sound com-
pletely unless it 1s louder than an
adjustable pre-set level. If the levei
is set to match the noise level, there
will be complete silence whenever
the program drops below this point.
In a variation of this technique, only
high-frequency sounds are affected.
(b) Limiter. To make an orchestral
recording in which the quietest pas-
sages are louder than the tape noise
the volume would have to be turned
up quite high during recording. If
this were done, the loudest sounds
would cause severe distortion. The
limiter automatically reduces the dif-
ference between loud sounds so
that they can be recorded without
excessive distortion. When played
back, a recording made this way has
soft passages which are well above
the noise level.

(c) Equalization. The most common
noise reduction method is one used
on all disc and tape recordings and
FM broadcasts. This technique is
equalization, and it is based on the
fact that most of the annoying noise
heard by the listener consists of
high frequencies. During recording,
high frequencies are increased In
volume by a simple filter circuit.
Then, during playback, a filter which
is designed to exactly complement
the first reduces high frequencies.
At the same time, high-frequency
noise introduced by the recording
medium (tape or disc) is reduced.
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circuitry, it is noticeably brighter in
overall sound. However, if the treble
tone control is adjusted slightly, even
this effect disappears. The system is
therefore compatible, in the sense that
s use does not require that listeners
own playback equipment with Dolby
circuitry unless they wish to gain the
advantages of noise reduction which
the system provides.

There has been no noise reduc-
tion technique in the past which has
been considered acceptable by any sig-
nificant number of recording engi-
neers or artists. The Dolby System,
however, is now used by more than
300 recording and film companies. lis
application is mandatory in classical
recordings at many record companies.

Problems of FM broadcasting

From the standpoint of the high-
fidelity listener or broadcaster, FM
presents several scrious problems. The
problems arise largely because the po-
tential of FM broadcasting as a med-
ium of the highest technical quality.
potentially superior to any form of
recording available to the home lis-
tencr, has been croded by a series of
technical changes. As a result, the ex-
ceptional channel by which FM gains
its special identity has not been fully
preserved.

Much has been said and written
of the equalization used in FM broad-
casting, particularly of the restricted
level of high frequencies imposed by
the standard. The transmission of high
quality recordings or live broadcasts is
often made impossible without arti-
ficial limiting of program levels.

The system of stereo multiplex
broadcasting in general use has de-
graded reception considerably. Even
the theoretical sninimiun increase in
noise produced by stereo broadcasting
is nearly 24-dB per channel, and this
figure is attained by only the very best
circuits.

SCA background music services
which are economically necessary for
the survival of many FM stations. im-
pose technical requirements on tuners
for home use which are rarely met.
Even tuners of very high quality (and
cost) often emit high-frequency ““chat-
ter” when both SCA and stereo multi-
plex broadcasts are transmitted.

Experiments show that the Dolby
“B” system has pronounced eflects
upon broadcast reception because of
the system’s highly effective noise re-
duction.

When the “B” system is used
during broadcast. and  listeners
equipped with decoders, the result is
approximately 10 dB of noise reduc-
tion. Ten dB is the difference in level
when power is changed by a factor of
ten.

TWO DOLBY SYSTEMS

“A" System

This professional system divides
the audio spectrum into four bands
—below 80 Hz, 80 to 3000 Hz, 3000
Hz to 9000 Hz, and 9000 Hz and up.
Each band is treated separately. Sig-
nals above a certain level feed right
through unaitered. Signals below
that level are ‘‘expanded’ 10 dB or
15 dB, according to their frequency.
“B" System

This system operates on one fre-
quency band—600 Hz and up. It
reduces noise about 3 dB at 600 Hz,
6 dB at 1200 Hz, and 10 dB at 4000
Hz and higher.

The improvement can be inter-
preted in various ways. It is, for ex-
ample, the same additional quicting
which listeners in various locations
would obtain if the power of a 50,-
000-waut ERP (Effective Radiated
Power) station were increased to
500.000 watts. On the other hand, it
is the increase in quieting which
would result if the sensitive figure of
all tuners, usually given in microvolts,
were divided by slightly more than 3.
Thus, a tuner with about 10-xV sensi-
tivity for 20 dB quieting would now
achieve that degree of quicting at
about 3-xV. The result is extending
coverage 1o an area much larger than
that which the station could reach for-
merly.

It is in the indirect effects it may
have that the Dolby system offers sig-
nificant benefits to broadcasters and
listeners. Obviously the availability of
“A"-type tape recordings brings a new
standard of quality in musical source
material to stations even without any
other change in technique. Several
FM stations have already broadcast
such “A”-type tape recordings. In the
fall of this year, Dolby Laboratories
and Decca (U.K.) will make available
to FM stations a series of “A"-type
master tape recordings made during
the past few years by Decca. These
performers have never before been
available to broadcasters in “A”-tape
form. If these sterco programs are
broadcast and received using the “B-
system, listeners will be able to obtain
quality impossible to achieve today.

The characteristic proposed by
Dolby Laboratories for FM broadcast
noise reduction is the same as that of
the “B7-system now used in tape
recorders and pre-recorded tapes. The
Model 320 noise reduction unit, now
used to encode such tapes, could also
be used for the FM broadcasts by ra-
dio stations, and the products that use
the “B’ system, that are available to
consumers can be used to receive the
broadcasts in decoded form. All in all,
it looks like better FM music repro-
duction is on its way. R-E
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Integrated-circuit
color demodulator system

Kwik-Fix"picture and waveform charts

© Forest H. Belt & Associates

SCREEN SYMPTOMS AS GUIDES

SYMPTOM PIC

DESCRIPTION

Normal
keyed-rainbow
color bar
pattern

Hue not tracking;
too many bars of
one color, not

enough of others

Hues wrong;
bars shifted
about 120°
to right

Red missing

No color;
only black-and-
white bars

Weak colors;
bars well
defined

Screen all one
color; out of
focus; retrace
lines visible

Screen all one
color; bars visible
but poorly
defined

Green
missing

VOLTAGE

no help

no heip

IC-pin-11

IC-pin-3

no help

no heip

IC-pin-11
IC-pin-9
IC-pin-13

IC-pin-9

WHERE TO CHECK FIRST
WAVEFORM

not
much
help

WF4
WF5
WF6

WF5

WF2

not
much
help

WF4, WFb6
WF4, WFS
WFS, WF6

WF6

PART

IC faulty

C3 open

R4 low

R1 faulty
C1 faulty
T1 open
C2 shorted

R1 high

(red) RS open
(grn) R7 open
(blu) R3 high

(red) R4, RS
(grn) R6
(biu) R2, R3

R6 low



Blue IC-pin-13 not R2 low
missing much
help
o Red IC-pin-6 WF3 C4 leaky, shorted
missing WF5
Blue almost IC-pin-7 WF3 C5 leaky, shorted
gone; red and WF4
¢ green weak
l"]-rrm Red weak; no heip not RS low
\ too much blue much
N and green heip
1 Phase shifted no help WF3 C5 open
) : 180°; red
g i it ,9: ! weak
Screen black; IC-pin-8 WF4 IC faulty
no raster WF5 L1 open
WF6 C6 shorted
C7 shorted

NOTES:

The test signal comes from a keyed-rainbow color bar gen-
erator fed into the antenna terminals of the receiver. Rf signal
must be strong, and color saturation set for 100% or more.
Use this guide to help you find which key voltage or wave-
form to check first.

Study the screen, noting positions of bars and whether they
are weak. Try the HUE and COLOR controls.

an Easy-ReadT¥ feature by FOREST H. BELT & Associates © 1971

Most helpful clues to the fault are found at the key test points
indicated in Voltages or Waveforms column.

Make the voliage or waveform checks indicated for symptoms
you see on the screen.

Use the Voltage Guide or Waveform Guide to analyze resulis.
For a quick check, test or substitute the parts listed as the
most likely cause of the symptoms.

THE STAGES

The schematic makes this look like one stage, and from the
standpoint of having only one active component (the IC), it is.
Nevertheless. inside the 1C are several stages.

There are two demodulators, B-Y and R-Y. They're about
what you might expect in any solid-state demodulator—except
of course they're infinitely smaller. There's also a G-Y matrix
stage; it takes demodulated R-Y and B-Y and compiles a G-Y
signal from them.

Then, three multi-transistor amplifiers boost the three color-
difference signals. These are the B-Y, R-Y preamp and G-Y
preamps.

Components in a regulator stage inside the IC drop the 23-
voit dc input to a little less than 15 volts dc and hold it care-
fully constant to power the three preamp stages.

SIGNAL OPERATION

Three signals are fed to this demodulator system. One is
chroma sidebands from the chroma section of the color re-
ceiver. Resistor R1 is the input load. Capacitor Cl and trans-

42

former T1 couple the chroma sidebands to the balanced input
of the IC, at pins 3 and 4. Capacitor C2 grounds the center tap
of T1's secondary for signal. C3 tunes the secondary.

Two CW signals are supplied. On an ordinary service scope,
they appear alike. Actually, they're at ditferent phases.

Both originate from a 3.58-MHz CW oscillator or subcarrier
regenerator. The source signal is held precisely in phase with
the color-sync burst from the TV station (or color-bar gener-
ator). The R-Y injection signal is phasc-shifted almost 60° and
then coupled by C4 to pin 6 of the IC. The B-Y injection is
shifted about F05° further, and coupled by CS to pin 7 of the
1C.

The IC recovers B-Y, R-Y and G-Y color-difference signals
and preamplifies them. They don't have video or Y component
with them. The B-Y terminates at pin 13 of the 1C, R-Y at pin
1t and G-Y at pin 9. Output loads are R2, R4 and R6, respec-
tively.

Decoupling and bypassing for the dc input supply are the
jobs of choke L1 and capacitors C6 and C7.

(copy continues on page 46)
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DC VOLTAGES AS GUIDES

Voltage change

to zero

very low

low

slightly low

slightly high

high

IC-pin-3
Normal
3.5v

C2 shorted

C2 leaky

IC-pin-4
Normal
3.5V

C2 shorted

C2 leaky

IC-pin-6
Normal
6v

C4 shorted

IC-pin-7
Normal
6V

C5 shorted

IC-pin-8
Normal
23V

L1 open
C6 shorted
C7 shorted

IC-pin-9
Normal
14v

R6 low

C2 shorted
R6 high

R6 open, high

IC-pin-11
Normal
14v

R4 low

C2 shorted
R4 high

R4 open

IC-pin-13
Normal
14V

R2 low

C2 shorted
R2 high

R2 open

NOTES:

Use this guide and the Waveform Guide to help you pinpoint

Notice which parts might cause that change.

the faulty part. Finally, notice which parts are repeated in the combination

of changes you found.
Test those parts individually for the fault described, or ry a
substiturion.

Measure each of the cight key voltages with a vivin.

For each, move across to the column that describes whatever
change you find.



WAVEFORMS AS GUIDES
WF1 Normal 0.5 V p-p

Input waveform is color sidebands signal from bandpass amplifier. In some chassis, signal
may come more or less directly from Color control. Scope display in photo is locked right
at end of horizontal blanking (external sync lead draped across yoke). First bar visible is
yellow bar from keyed rainbow generator. In blanking at center, suppressed bar is slightly
visible; first bar following that is treated by receiver as 3.58-MHz color sync.

V p-p low V p-p high V p-p zero Changed Shapes

R1 low Cl open
WF2 Normal 4.5 V p-p

Chroma (color) sidebands signal, coupled into demodulator system by capacitor C1 and
transformer T1. (Capacitor C2 holds center of T1 secondary at rf ground.) Sequence of bars
in this waveform is same as in WF1, the input waveform. Bars are amplitude-leveled by
transformer action. Waveform is the same at either end of transformer T1 secondary winding.

V p-p low V p-p zero
R1 high R1 open
R1 low R1 low
C1 open
C1 shorted
T1 open

WF3 Normal 1.5 V p-p

This is 3.58-MHz subcarrier signal. Originates in 3.58-MHz color oscillator or (in some
Zenith chassis) in subcarrier-regenerator IC. The 3.58-MHz subcarrier is split into two sig-
nals and phase-shifted before being applied to the color demodulator system. Phases are
about 105° apart. The two signals are shown as one because they look alike on a scope.
Blanking accounts for the blacked-out portion during horizontal sync period.

2.0V p-p
(pin 6) C4 shorted
(pin 7) C5 shorted

0.1Vpp
(pin 6) C4 open
(pin 7) C5 open

WF4 Normal 4.5 V p-p

Output waveform coming from pin 13 of the IC, output terminal of the B-Y preamp stage.
This is the blue signal for the color CRT. Counting the positive-going bars, correct phase
at this point makes the sixth bar the highest one. Bars at or below ‘‘zero average’ line
produce no output in blue gun of the CRT. Some of the first bar is lost in blanking space.

V p-p zero
R3 open
L1 open

50Vpp
C5 leaky

C2 shorted

véqum mmnm
iy iy

3.0Vpp

R1 open

C1 open 6.0Vpp 3.0Vpp 7Vopp 4V p-p

C1 shorted R2 high R2 open R4 open R5 open

T1 open R6 open R7 open
RADIO-ELECTRONICS
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WF5 Normal 4.0 V p-p

Output waveform coming from pin 11 of the IC, output terminal of the B-Y preamp stage.
This is the red signal for the color CRT. Counting the positive-going bars, correct phase
at this point makes the third bar the highest one. Bars at or below the ‘‘zero average’' line
produce no output in the red gun of the CRT.

V p-p zero

RS open
L1 open

—30 V p-p
C4 leaky

|

S o e
* I

3.0Vpp
R1 open
C1 open
C1 shorted
T1 open

3.0Vpp
C2 shorted

-—— e -

Inimtmn treovsvion
AREETRRRN  RERRROLERY

3.0V p-p
R4 open

1A mmm!
L0 S T

35Vpp
R4 low

R3 open, high

WF6 Normal 2.0 V p-p

Output waveform coming from pin 9 of the IC, output terminal of the G-Y preamp stage.
This is the green signal for the color CRT. It always is somewhat less in amplitude than the
other two color-difference signals. Counting the positive-going bars, correct phase at this
point makes the ninth bar the highest one. Bars below the indistinct ‘‘zero average’ here
produce no output in the green gun of the CRT.

V p-p zero
R7 open
L1 open

25V p-p
C4 leaky

H,
e
} t e

———

3.0Vpp
R1 open
C1 open
C1 shorted
T1 open

25V pp
C3 open

3.0Vpp
C2 shorted

20V p-p
R2 open, high

3.0Vpp
R4 open, high

1Vpp
R3 open, high

1Vpp
R5 open

mv‘mn it
TN Wi

e
- mum lyesorniin
LTI Ll AT L

6Vpp
R6 high

2Vpp
R6 open

2V pp
R6 low
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WAVEFORMS AS GUIDES

(continued)

NOTES:

Use this guide and the Voltages Guide 1o help you pin down
faule possibilities.

tise the direct probe of vour scope. Set the scope sweep for
TX75 kHz, 10 show two lines of each signal. External
srne works best. with lead draped near horizonial

output stage.

Check the six waveforms at the eight key test points.
Note amplitude. If it's low or high, check the parts listed
under those columns.

Note waveshape. If there's a change that matches one shown,
check the parts indicated.

DC DISTRIBUTION

Dc to operate the IC comes from a 23-volt supply. It is
brought through L1 to pin 8 of the IC. The dc voltage levels at
pins 3. 4. 6 and 7 depend on the dc distribution system inside
the integrated circuit.

The voltages at pins 9. 11, and 13 depend mainly on what’s
happening inside the IC. too. However, they do have dc con-
nections (through R3. RS. and R7) to the color-difference am-
plifiers. Output load resistors R2. R4. and R6 are dc ground
returns for the transistor stages inside the IC. These resistances
also “load™ the internal dc distribution paths. When one of them
is open. the voltage at that IC terminal goes up almost to 23
volts.

SIGNAL AND CONTROL INFLUENCES

There are no variable controls in this demodulator system.
But controls in other sections of the chassis may affect oper-
ating conditions here. The CHROMA and COLOR KILLER controls
have the most effect. If the color level is turned down. the
chroma content of waveforms WF1, WF2, WF4, WF5 and WF6
is reduced. An improperly set color killer could cut chroma off
completely. and color outputs of the demodulator system would
be virtually nil.

Strength of the station signal has little bearing on this section.
If it's too weak, the color killer blocks any color information,
su there’s no color output from the demodulators. Variations in

signal strength are smoothed out by automatic color control
(acc) in the chroma section.

For testing. however. don’t use a station signal, A keyed rain-
bow is much more meaningful. Its rf strength can be varied—if
nat by a control on the generator, then by loose coupling of the
rf cable. A knob on most generators allows color saturation
level to be varied.

QUICK TROUBLESHOOTING

Your scope tells you more than dc voltages do. as you can
see from the charts.

First verify that the three input signals are present. You can't
handily check the phase of the two 3.58-MHz cw signals. But
don’t worry about them unless hue phase won't track and a new
ICC doesn't help. Of course. you made all color-sync adjustments
before you started testing the demodulator system.

The waveforms put out by the three color preamps inside the
IC contain a wealth of clues. Notice especially which bar (first,
second. third. or whatever) is highest positive in any waveform.
That's the bar on the screen that's getting most output from that
particular color-difference preamp. If overall levels and bar po-
sittons seem okay in all three. suspect the color-video output
amplifiers (transistors or tubes) that follow.

The operation of this 14-pin flat-pack 1C demodulator is the
same as that of 9-pin TO-package IC demodulators. Just study
the different pin numbering, and you can use this KAwik-Fix to
help you troubleshoot them. R-E

TOP VIEW
O L
YELLOW 13 |4V
DoT
D
E
CHROMA INPUT ¥ L5
D
v L1V
A
2.7K 5
10
1 L
= c =
14V
R-Y CW INJ 9
R6
23V 2.2K
B-Y CW INJ >- (221-46) 8 L
+ C7
€6 4 At 100 uF
Vi
o T T sov
- L -
663 uH
23v
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Three charts you will want to keep show
how to make CB repairs fast and easy.

Add CB work to your shop’s price sheet and
start earning extra dollars today.

Troubleshooting
CB transceivers

by ANDREW J. MUELLER, CET

TODAY THERE ARE ABOUT 1,250,000 CB 1ICENSEES IN THE
United States. If we assume that each licensee owns at least
two transistor CB radios, this is quite a few rigs. Al one
time or another every one of them will need some servic-
ing. If you have the basic knowledge of transistors, follow-
ing schematics and simple test procedures, you can do CB
repairs in addition to your other service work.

The key to servicing these units is simplicity. | have
developed a series of servicing charts to guide vou to the
trouble. With a few basic tools and a minimum of test gear
you can get your ailing set back into operation in no time.

The first step is to check the 100ls vou will need. You
should have a small “dikes” (4”), a good ncedle-nose
pliers, assorted screwdriver and pliers, and a soldering aid.
You should also have a 20- 1o 40-watt soldering iron.

You should have a good vom, vivm or tvm. The vom
should be at least a 20,000 ohms/volt type. The 1000
ohms/volt type is not sensitive enough and can load the
circuit under test. This will produce faulty readings and
lead you in the wrong direction.

A necessary accessory for the meter is an rf probe. It
is required when making checks in the oscillator stages of
the receiver and in most of the transmitter stages. Fig. 1
shows two rf probes that you can build.

.OI/IKV Ol/1KV
47 MEG I 10K
DISC V2w DISC 1 1/2W
"—l —AMN—- .—‘{ +

IN34
TO

001 00
= onscT olscT VOM
e é .

1 A L

/I\

FIG. 1—TWO SIMPLE RF PROBES you can build 10 use with
your vom, vtvm or tvom. Use it to check receiver oscillator
stages and just about every part of the transmitter.

JUNE 1971

Another usetul item is an rf-i.f.-af injector probe.
These are available on the market from various manufac-
turers. If you want to build one of these probes for yourself, a
simple circuit is in Fig. 2.

Last, but not least, is a transistor-diode checker. Most
experts do not use the checker until the last step. I feel that
we are justified in using it early in our diagnosis. Once the
defective stage has been located, I recommend that the first
thing to do is 1o check the transistor. This is done by
measuring the voltages on the elements of the transistor.
Any obvious defects such as a complete lack of a certain
voltage should be investigated and corrected before remov-
g the transistor. If the voltages are somewhat near what
they should be, you can then remove the transistor and
check it. About 7 out of 10 times you will find a bad
transistor which is the cause of the problem. The remain-
ing 3 times vou will find defective associated components
and/or a defective solder connection.

When checking a transistor, there are 2 imporiant
tests to be concerned with. Will it amplity a signal, or is it
leaky, shorted or open? These properties can be determined
by the above testers. If the transistor is ok, it will show a
current gain, or Beta, from § 10 300. This will vary from
one transistor tyvpe to another. It you get no reading, it is
probably defective. Any signal transistor with more than
300-pA leakage should be replaced. Typically speaking, a

-9y

OUTPUT

1

27K

.05
ol

a,02-1R TROS,
TRO6,ETC.

!
|

ol

hY|

PAl

FIG.2—TWO-TRANSISTOR SIGNAL INJECTOR is easy to build
and extremely handy when troubleshooting CB gear.
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CHART 2

FROM CHART 1 BOX AA

KK
NO
SOUND
MM
NO
SOUND
00
NO e NO
SOUND SOUND SOUND SOUND
PP ' ] ‘ \EE
SOUND .2 SOUND

BB.

CC.
DD.
EE.
FF.
GG.
HH.

i,

KK.

LL.
MM,
NN.
00.

Check 06, C19, R21, R20, squelch
control and associated components
Check 07, R23, R24, C25, R39,C29
Check T8,C79, R26, R27, C22

Check 08, C24,C22, R27, R28, R26, T8
lag O6 emitter

lag O7 collector

Iar O8 base

Iap Q8 collector

- Check output transformer T9, TR relay

wiring, spkr.

Check D1,D2,C16,C15, R17
Iqr Q5 collector

Check Q5, T7, E, R of stage

Iaf Q5 base

Check Q5, T6, C12, E, R of stage

CHART 1
A
A. Turn set on, connect antenna
Sl B. Egpg emitter Q11
C. Egp emitter Q101
2 ‘ D. Check Q101, E,R of osc stage, check
xtals and channel switch
NO DOES IT E. IgF atcollector Q3
LIGHT F. lgg at collector Q2
J_ G. Check Q3, E, R of stage
AA - - H. 1gg Q1 collector
GO TO NG ANY I Ige Q1 emitter
CHART 2 SOUND
I " ;
WEAK GO TO
CHECK Q11 YE SIGNALS WEAK 1% cHaRT 2
E,R OSC
FCCTECH 8 1 lN
NO
OV ™ siGNAL Loy
D & ‘ v s
1V OR
ov MORE LOUD WEAK
F E + w / ‘I\ / R\
1V OR SIGNAL
ND  feo—|
sSou MORE LOUD WEAK LOUD OK WEAK
G H ‘ M ‘
NO NO
SOUND D SOUND
K 1 ‘ 0 { N N. Check 04, T4, T5, C9, C73, E, R stage
NO NO 0. 1gg 05 collector
SOUND SOUND SOUND SOUND P. Check 05, T6, T7. E, R of stage
T Q. Check D1, T?
L J } P 1 Q A. Proceed on no sound condition
o S. Align i.t. stages per mfg instructions
ol SOUND SOUND SOUND T. Check Q1, T2, E, R of stage
U. Couple antenna to base of Q2. {see Fig. 5}
V. Couple antenna to base of Q1. {see Fig. 5)
W. Check T1,C56, R61, TR relay
J. Rof T1, wiring of antenna in set, X. Iag 3t volume control
TR relay Y. Proceed and assume no sound condition
K. Check Q2, T2, E, R stage Z. Check fuses, power cord, switch and wiring.
L. Check Q1, E, R stage, check C2, R2. AA. Check spkr, mike, TR relay, audio output
M. Iqg Q4 collector xfmr
silicon type will show less than 50-zA leakage while a ger-
manium will show about 100-uA. I any one checks

shorted or if any elements are open, it is bad and must be
replaced.

When replacing transistors, you must be careful in
using substitutes. In certain stages, such as the transmitter
and receiver rf amplifier, mixer and oscillators, only the
original type supplied will work properly. These special
types may be obtained from the manufacturer or the local
service center. You would be surprised how many sets I
have repaired in which the wrong transistor replacement
was used. In other less critical circuits, such as the audio
stages. i.I. amplifiers and voltage regulators. the so-called
universal replacements will work very well. These are avail-
able for RCA, Motorola, IR, GE and others.

Now let's get down to troubleshooting. The pro-
grammed servicing charts are based on the schematic on
page 49. They are intended to guide you to the defective

TYPICAL SIGNAL INJECTOR used to troubleshoot CE trans-
ceiver. It’s like having a portable signal-generator in your hand.
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TROUBLESHOOTING CHARTS 1 AND 2 (above) lead you
through the receiver. CHART 3 (below) takes care of the trans-
mitter section. All part references in these charts refer to the
typical schematic on the facing page.

CHART 3 A
START
rg - _J\\‘g
LOW J OUTPUT-l
L -
OUTPLL * L OK |
[ no e N
ouTPUT |
| ) AIRCHECK
I | o vES —JMODULATION
| o AR N
Q102
|EMITTER | Rﬁo'ol oK | D'?EgR—I
| S 4 | S— — J
I D C
r 1v OR — 1
P MORE | | ov
H € } A. Connect wattmeter, press PTT switch,
[ 1V OR observe output.
o MORE B. %w to 2w Check xmitter tuning, T11,
\ T12, T13, L6, L7 Check all bypass
1 G l caps and channel switch. FCC Tech
r C. E.R. xmit osc stage. Check Q102. FCC Tech
ov 2V OR D. Egpg Q11 emitter
MORE | E. Eqp Q13base
F. E. R 33 mcoscstage. Check Q11,
N J channel switch, xtals. FCC Tech
G. Egp Q14 base
oVl e ,,%F?ER ] H. E.'R Mixer Stage Check Q13, T10
- - 1. Check Q13,Q14. E, R buffer & drive stage
L K I Check T10, Tt1
r r J. Egg base Q15
3V OR K. Egg collector Q15
10 16V jete—{ . Eg ,
o MORE } L Check Q15, L5, collector current jack, TR relay
> - M, Check L6. L7. TR relay, C56, C54, FCC Tech
M {_ N. Check Q14, Q15, T12, L2, R59
Nils 1 0. 2to 3%w. Talk into mike, does power increase?
0-5v P, Check tuningof T11, T12, L6, L7. FCC Tech
L — J Q. Check SWR of antenna, check tuning of T12, L6,

L7. Check 5w input. FCC Tech

RADIO-ELECTRONICS



(9121 oz
RECV S = 7
113 R3 AI0 R20 A3
m RY [3
- ABC L K 720 1IMEG an &
=% 1) o1 d p s i a8 .uwa-n a5 220K .!puw:— :
= " 1 e € 4550
| o [ +L WIXER et | wr o0 mn A1B 50K REC EXTEANAL
RE aMP | F IF AMP VOLUME AUDIO o
i 7 (3] 10v 0C (g SPEAKER
! % ¢ contaoe I wps2116 o9l | JACK
N 26 |au0io ame| 2.F T | ~
il o o J | [0 ol D Vi [ G 1
2 e mosn = F 2 e \ ol (Y ALK ¥
MEE o to sl ‘o= | W af E A2}
t2 SR F o1uf 05uf ovuf T T: Ay A0 500% 1 4
0FP 1K 0T 3 1L TONE R22 = SPEAKER
e CONTAOL
v A
ANTENNA ! £ s6h
9% »  REAGC Rss
sy a |
-
Ay 107 30 /45 at0 R a9 835
7 32
[RLS o RECVE: q Nn..ﬁm ¥ 3 E AW am Snag K MeSINE 2
0 b v L 10v OC 1K MICROPHONE m MIC AMP
39 wes20s ) +L e WHE s 0K CONNECTION FOR
40 on inc I 1000PF EXTEANAL SPEAKER
it ~4)
1% on 5 )—t - 16V 0C 55 A WL
Wes106 ot AEC. 05C XTAL CHANNEL 0K SQuELCH o Bk | [+33
3MCase Sl ar §450MC | 1-5-9-13-17-71 aeeb CONTROL - 16 MF 8 8 aug dias
o a0 ol 6480MC | 2-6-10-18-18-22 p— F 27005 V0L | buswro w3 Jisvoc
" 4 L ST o -
n 704 _S.,x 6 470 MC | 3-7 15-19 Af TALK g SR
2 v G450MC | 4-8-12-16-20-21 e
! 56 . s 2y - (2%
FRONT =y 5 3 Yin v “ R, 75K = oy
VIEw 526 8 § ] IN2069 182069
Ael (04 FROwT [ 450)v112[6 480 %
SN bt 1 VIEW ¥ o L t & cev RS
{0 g “§ METER 4 nse N5y
2
XTAL CHANNEL
33000 MC 1.7-3-4- —{36) AMIT B~
33050MC | 5-6-7-8
33100MC | S-10-1-12
P MODULATED 8+
33150 MC 13-18-15-16 {0} LLOL
1200MC_ | 11-8-19-20 CoLLECTOR
NsOMC_ | -22-03 ro.:...::
vior RS RS4 " JACK
5995 108 3 Yo .
Qi
ars nINe
e o e i
BUFFER - | 1 )
T P4 Ase S1a
| ¥ §T 1 P1NET o1 NET f wliese
! | con 2 2 —ono—{ 1 )—o—"C {1
N— Tawe f H
A50 QRS2 EEE R p A i ENIOGF
an an 1%
s As Loas 15F
Yo FRONT " 120 T ones ¥, AgY L
5015 ViEw 4o Lo s
o L s dow o, e . ©]0) &
0T [\ 8 105
: I : oJo
bg " S2VDE gy
RELAY SOCKET H
XTAL CHANNEL (8OTTOM ViEw: v o ——i ? z:.un_.o:xu
& 036 MC 1-5-9-13-11-28 TRANSISTOR  BASE CONNECTIONS WICTE WIRE COLOR e
GO0z MC | 2-6-10-18-10-22 (80TTOM VIEW] Q 0L0A CQOE ©10)
6015 MC 3-7-11-15-19 es706 w2 smrem 0 BLack
5995 MC 4-8-12-16-20-23 wes2116 o - 1 [ smom @0
792 ofo o © a.w\ﬂo ! il 12v 0C 0
£5 © 0 po 7 . w QRANGE
wort & ! Lo ...@ veLow H
PEARCE SIMPSON INC, e s 4 GAGEN
RESERVES THE RICHT B TRANSISTOR SOCKET 3 BLUE
TO CHANGE THiS 3 £ CONNECTIONS ® eﬂ\ﬂe 7 ViLeT
SCHEMATIC wITHOUT 180T70M VIEW) 0 ¢ N GRAY
AOTIC
: C M@wo, COLLECTOA e\d O 6 N Wilte
nwrﬂmﬁn:u 9 WHITE-ROWN
10 Casé 92 WHITEAED
NOTES 93 WHITE DRANGE
1. ALL CAPACITOA VALUES IN PF UNLESS OTHERWISE NOTED. 94 WHITE-YELLOW
2 ALL RESISTOR VALUES IN OHMS UNLESS OTMEAWISE NOTED, 95 WHITE GREEN
3 ALL INDUCTOR VALDES I8 i H UNLESS OTHERWISE NOTED,
4 —( > INDICATES WIRE COL DA COOE, 9% WHITE-LUE
S SWITCH SHOWN SET ON CHANNEL 1. WHITE-SROWN REQ

49

1971

JUNE



stage. It is then a simpler matter of checking several com-
plements to find the defective one. Your set may not be
quite like the one shown so you can skip certain tests that
do not apply to stages that are not in your set. I have used
abbreviations to indicate what test to make. They are:

IAF—Inject audio signal

RF—Inject rf signal

ERF—Measure rf voltage with rf probe

E—Measure dc voltage

R—Measure resistance

The best way to illustrate the use of the charts is to
cover several case histories. The first case is a Johnson
Messenger Model 242-102 portable unit. It transmits but

BUILD AN RF PROBE like the ones shown in Fig. 1 and you
will end up with a unit that looks like this one.

does not receive. Referring to Chart 1, the first step is to
turn the unit on. We hear a click and a rushing noise so we
can assume that the audio stages and the speaker are ok.
The next step is to take the rf probe and measure the rf
voltage at the collector of Q3. the receiver local oscillator.
This results in a reading of O volts so the defect lies in this
arca. Next we should measure the voltages on the clements
of the oscillator. On the emitter we read —0.3V, the base
—0.5V, and the collector, OV.

Apparently, the trouble lies in the collector circuit. A
voltage check at rf amplificr end of the oscillator transform-
er reveals 0 volts so the transformer is not open. Next we
measure at the junction of R32, R6 and we read — 10 volis.
Since there are 10 volts on one side of R32 and zero on the
other, the only two parts that could be defective are R32
and bypass capacitor C10. A check of C10 with an ohm-
meter reveals that it is shorted. R32 was also checked and
found to have changed value to 10.000 ohms. Replacing
both parts restored the unit to normal operation.

In our second case we have an Amphenol Model 725
that does not transmit. Referring to Chart 2 under No-
oUTPUT. the first checkpoint is the oscillator stage. Placing
the rf probe on the collector of the oscillator reveals 5V rf
which is ok. Then we move to the base of the driver. This
reveals 3V rf ok. Moving on the base of the output

cB
ANTENNA

N

| ol
' _ s0-239 600V
{ ANTENNA LEAD IN Pi_ g plex E%CUIT
- 0 UNDER
/-L _Z TEST
{
TO CHASSIS
GROUND

EASILY-MADE ADAPTER lets you insert an rf station signal
into the transceiver being tested.

transistor reveals 6V ri——ok. On the emitter we read 25V
rf——ok. The only thing left that could be causing trouble
is the TR relay or the output tank circuit. We substitute the
relay but the trouble remains. Next, we take an ohmmeter
check across the coils in the tank circuit. It should measure
zero ohms but it reads infinity. Closer inspection of the
tank circuit reveals that there is a broken solder connection
at the end of one coil. Resoldering the PC board restores
the transmitter to normal operation.

CHECK TRANSISTORS CAREFULLY for both Beta gain and
leakage. Several semiconductor testers are available and you
should have one.

One last thing to touch upon is that if you replace
parts in the transmitter section of your radio. the work
MUST be checked out by an FCC licensed radiotelephone
technician. This is required by the FCC rules and regu-
lations and it will assure you that the radio is in A-1 condi-
tion. R-E

PHOTOELECTRIC IC

used in linear-output applications, its
design purpose is for switching ser-
vice. Its 100-mA output current ca-

The CA3062 is an integrated cir- '52&
cuit consisting of a photosensitive sec- AN
tion, an amplifier and a pair of high- \\1
current output transistors on a single
monolithic chip. It is used for such (?OOZ}GR

photoclectric applications as counters, INFRARED

sorters, level  controls,  intrusion EMITTER

alarms, position sensors and isolators. BhETD
The photosensitive section consists INPUT ~

of two Darlington pairs (working into
a common emitter load resistor) for
high sensitivity. The power amplifier is 22k
a differential circuit that provides
complementing outputs in response 1o

pacity can be used to drive a relay or
LOAD thyristor directly. Power supply range
15 5 to 15 volts dc.

The IC housing is a modified 12-
lead TO-5 package with the top open
to expose the photosensative surfaces.
If invisible light is nceded for ex-
citation, the IC response curve is com-
patible with the output of the type
40736R GaAs infrared emitter diode.
The diagram shows a circuit for using
the CA3062 in on-off applications. If
the device drives an inductive load

light input—normally on and nor- !
mally off. —;—
Although the CA3062 can be
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such as a relay, a diode should be con-
nected across the load. R-E
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Design for

STEREO

by MANNIE HOROWITZ*

how to design

your own solid-state

audio amplifier

JFETS in audio amplifiers are semiconductor components
you should expect to find. Discover how they may be used

LAST 1 IME WE TOOK A DETAILED LOOK INTO
bias circuits for bipolar transistors. This
section will examine, in detail, various
FET circuit arrangements that are used in
modern audio amplifiers.

Bipolar amplifiers can conveniently
be divided into two groups—the small-
signal voltage-gain types and the large-
signal groups designed to deliver high
power. As yel. there are no power FET’s
for use in entertainment equipment. We
will treat FET amplifiers as a cross be-
tween small-signal and power devices,
but will parallel the previous discussion
on small-signal bipolar amplifiers.

Three basic circuit arrangements
are frequently used—the common-
source. common-drain (source follower)
and common-gate. They are similar to
their bipolar counterparts. The most use-
ful one, the common-source, will be the
center of most discussions here, while
the characteristics of the remaining two
circuits will be noted.

Circuit characteristics

As is the case with bipolar devices,
different equivalent circuits are possible
for the JFET. An approximate equiva-
lent of the transistor itself is shown in
Fig. 1. 1t will suffice for the common-

Cad*Cess

DRAIN

SOURCE

FIG. 1—EQUIVALENT CIRCUIT OF JFET
operating in the common-source mode.

drain mode of operation when audio
frequency designs are considered.

At first glance, there is one obvious
difference between this circuit and that
drawn for bipolar devices in a previous
article. Capactitors are integral com-
ponents in the equivalent circuit of
FET’s. Reactive components are negli-
gible when compared to the resistive ele-
ments in the small-signal bipolar equiva-
lents, and are thus omitted from these
circuits. High impedance is an important

*Chief Project Engineer, EICO Electronics In-
strument Co. Inc.
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inherent characteristic of the FET, so
the shunt and series capacitors gain new
significance at audio frequencies.

Significant capacitances (C., and
C..) exist between the gate and source
and gate and drain, respectively. Input
voltage e,. sees capucitance rather than
resistance. We therefore talk about the
input impedance, Z,,. of a device rather
than of the input resistance. These ca-
pacitances limit the high-frequency re-
sponse of an amplifier stage. It is fortu-
nate that the capacitors are small, being
but a few picofarads in size.

Two capacitances other than C,,
and C,, are frequently stated in the
specifications. These are C,, .. the input
capacitance when the drain is bypassed
to the source, and C,,,, the gate-to-drain
capacitance with the gate bypassed to
the source. While C,,, is equal to C,
C,.. is the sum of C,, and C,. The
latter is obvious, for by the definition of
C,... C., is shunted by C,, when the
drain is connected to the source.

For JFET's. the output capacitance
between the drain and source is negli-
gible and is not shown in the equivalent
circuit. In this article, we will consider
all capacitance in the equivalent circuit
as negligible. This is not a wild approxi-
mation when designing circuits that ap-
ply to all but the top frequencies in the
audio spectrum. It is nevertheless impor-
tant to realize that the frequency limita
tion does exist and to keep in mind the
capacitance relationships just discussed.

The channel drain-to-source resist-
ance, r,.. and the current source. g,ec,.
are significant and important factors in
deternuning the characteristics of the de-
vice in a circuit at any frequency. These
factors. when added to components in
the surrounding circuit. are used in vari-
ous equations to describe the perform-
ance of a particular circuit arrangement.

Input impedance, Z,.. and output
impedance. Z,,,., are two important char-
acteristics of the circuits. The only other
characteristic of importance necessary 1o
describe an audio JFET circuit is volt
age gain, A,. Unlike the bipolar device,
current and power gains are insignificant
factors. The effects of the capacitors in
the equivalent circuits will be discussed
in the future when frequency limitations
of bipolar transistors and JFET’s will be
detailed.

The wvarious circuit arrangements
and the significant approximate equa-
tions describing the circuits, are shown

in Fig. 2. The input and output imped-
ances are seen by looking into the tran-
sistor from the V,y source and the V..
terminals. respectively. Various symbols
in the equations require elaboration.
Several modifications must also be in-
cluded to account for circuit com-
ponents not shown in the drawings.

Start with R,,. In the equations, it is
the load resistor in the drain circuit.
Should the transistor manufacturer spec-
ify a drain-to-source resistance, r,,, that
is comparable in size to Ry, then R, in
Fig. 2 is no longer the resistance to be

+EDD
R
5 A ngD
v:_
I+ gmR
oa };(())UT mS
Z\N=R
Vin _i_ IN G
R =
i_ . T Zoyr*Rp
o
’EDD
°mRS
YV l+gmRs
Zn = Rg
z = Rs
ouT "ngS
2 QmRD
¥ longs
ngs#l
Zinz
IN Im
Zout=Rp
~Ege +Epp
G

FIG. 2—FET CIRCUIT arrangements (a)—
common-source, (b)—common-drain and
(c}—common-gate; with formulas used to
calculate characteristics of each.

used in the equation. Instead. substitute
an R, for R,,. where R, is a resistor equal
to the parallel combination of R;, and
oo [Re = Ry X e/ (Rpy + 1,01

Take this one step further. If the
load at the output terminals is about
equal to Ry, it must also be considered
as paralleling R,, and r,, to form R,. R,
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is stated in the equation rather than K,
because in sudio designs, r,. and other
paralleling loads are usually {not always)
negligible when compared with R,,.

Now let us turn our attention to Rg
and R,.. Any resistor of comparable size
shunting either of these will automati-
cally make the results found from the
equations inaccurate. Shunting com-
ponents must be added in parallel with
these resistors before numbers are
plugged into any of the equations. This
calculation must be made irregardless of
the paralleling components. be it a
shunting resistor. capacitor or inductor.
In the latter two cases, the shunting im-
pedance due to an inductance is 6.28fL
and the impedance due to a capacitor is
1/6.28fC, where f is the frequency in
Hertz. L is the inductance in henrys and
C is the capacity in farads.

The final symbol of interest in the
equations is g,,. This is the actual trans-
conductance of the FET at a specific
quiescent drain current, I,,. 1t is related
0 g.., the transconductance when the
drain current is equal to I, by the
equation

1,
- = V¥ = Euol Va
En = Bra =Yt g (I,,,,) Eq. 1

I,,s« is the drain current when the gate-
to-source voltage. V... is equal to zero.
As a rule of thumb, g, is approximately
equal to 1/r,,,, where r,. is the drain-
to-source resistance of the V.. = 0 curve
in the ohmic region. Both g, and I,
can be found on specification sheets.

A range of g,,, is usually stated in
the specifications for a device, as it is for
the pinch-off voltage and 1,45 (See Fig. 3

OHMIC PINCH-OFF

REGION  REGION

1p({mA) /

o |Uoss) Nos*0

: /A £

N

| — . _{-ﬁs..q

° EEREEERIN
Vgs =-5=Vp

PINCH- OFF
VOLTAGE (Vp)

FIG. 3—TYPICAL DRAIN characteristics
curve. l;,.. is 4 mA, V. is —5 V and g, 1.6
X 10-° mhos (1600 xmhos).

for a plot describing V,. and I,...) Should
one or the other of these factors be miss-
ing in the data, it can be found from:

(Bn) (Vo] = 2 T Eq.2
IV,| is the pinch-off voltage with the po-
larity disregarded,

A procedural example

It is simple for me to follow the
standard procedures when presenting an
example in the design of an amplifier
stage. All the designs would then follow
carefully chosen steps and all calcu-
lations would produce whole numbers.
Unfortunately, little can be learned from
this. No design is as straightforward as it
appears on the printed page. In the ex-

*p.. and g, are identical. At low frequencies.
these are equal to y,,. the common-source trans-
admittance. Since y,, includes the capacitor in
the equivalent circuit, it is much larger than g,
at high frequencics. where g, is more significant.
These symbols may be shown on data sheets.
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ample to follow. [ present a design
methiad used by many engineers. Solu-
tions are tried and discarded for differ-
ent reasons. even after many calcu-
lations. In the problem. it is first
attempted to use a less expensive FET.
Finally. a slightly more expensive device
was found necessary to satisfy all as-
pects of the problem. In the final circuit.
much of the original work is discarded
in favor of a better and cheaper design.

This is a procedure concluding with
a design. It is detailed here to present
facts as well as to show the reader the
mental gyrations he must pursue to de-
rive the compromise between the best
and the most economical of circuits.
Variations of parameters with tempera-
ture are disregarded as they were dis-
cussed thoroughly in a previous article.

A procedure detailed in a previous
issue concerned the design of an ampli-
fier stage using a bipolar transistor. The
basic design included a voltage signal
source with a maximum 20 mV peak
output feeding a voltage amplifier stage
with a gain of 3. The voltage across the
load resistor of this stage to be designed.
must be capable of varying a minimum
of 20 mV X 3 = =60 mV, peak. The
stage is to present a 47.000-ohm load to
the source and its output is to look into
47.000 ohms. Let us redesign this stage,
but this time use an n-channel JFET.

In choosing a circuit, the common-
drain arrangement must be excluded be-
cause the voltage gain is somewhat less
than one. The common-gate circuit can-
not be used because its input impedance
is about R. and R, is normally much
Jess than the required 47.000 ohms. By
the process of elimination, only the
common-source circuit remains.

The drain resistor is chosen here on
the same basis as the collector resistor
was chosen for the bipolar device. The
effect of any load on the circuit must be
negligible. Drain resistor R, should be
less than 14a the size of the load it must
feed. or Y of 47.000 ohms. Let
R, = 4700 ohms. The current swing
across this resistor is at least =60
mV/4700 ohms or approximately =*13
microamperes. This is indeed a very
small current.

Iet us try an initial paper design by
choosing an inexpensive 2N4302 to do
the job. Due to transistor tolerances
within this type. I,.. can have any value
between (0.5 mA and § mA, and still
pass as a standard 2N4302, From the
curves supplied by the manufacturer. it
is estimated that the pinch-off voltage is
0.8 volts when 1,.. is 0.5 mA and 3.3
volts when [,.. = § mA. Using Equation
2. the respective g, values are 1.25 X
107 mhos and 3 X 10°* mhos.

Now determine if this transistor can
do the job. Draw approximate transfer
characteristic curves for this transistor
as shown in Fig. 4. This is executed by
connecting the maximum I, point to
the respective maximum V.. point with
a straight line. and then repeat this
procedure for the minimum values of
these characteristics.

The quiescent drain current and
drain to source voltage are the next
items to be considered. It is obvious

lpss|mA)
b5 [ Ipss)
L4
L3
L2
5mA
Lt +lpss)
Ves 519 mA
-4 |3 2 -
-5V
-3.3v -8V
(Vp) (Vp)

FIG. —TRANSFER CHARACTERISTIC
curves for 2N4302 field-effect transistor.

from the drain characteristic curve in
Fig. 3 that V,, should not be allowed to
drop below 1.5 times the pinch-off volt-
age if we are to operate within the
linear pinch-off region of the curves.
The minimum idling gate-to-source volt-
age. V.. should be about 3% of pinch-
off voltage at a minimum so that the
drain current changes with V.. will be
relatively linear.

The idling current is most critical
on the lower curve in Fig. 4, for the
current swing is limited to but 0.5 mA.
The minimum idling V.. limited to %
V. can be set at 0.5 volts. The idling cur-
rent will be 0.19 mA. It can easily
swing the required =13 uA around this
value without forcing the FET into
pinch-off.

The transconductance at a 0.19 mA
drain current. from Equation 1. is g, =
Emo (In/1)¥2 = 1.25 X 107 (.19/.5)"
— .76 X 10 mhos. Assuming R, = 0
and R,, = 4700 ohms and using the com-
mon source equation in Fig. 2, the
maximum possible gain is g,,R,, = (.76 X
107%) (4.7 x 10") = 3.6.

At first glance, the gain of 3.6 is
satisfactory. Consider that the source
resistor. R.. is shorted to obtain this
gain. The source resistor is important
for distortion reducing feedback voltage
is normally developed across it. If. for
example. the gain were to be 6 rather
than 3.6. half the gain may be lost by
developing feedback voltage across the
source resistor. At the same time this
feedback will provide a reduction in dis-
tortion by a factor of two. Although the
gain using a 2N4302 borders on the sat-
isfactory. we should do better.

Choose a somewhat higher gain and
higher priced transistor. the 2N4303. It
has a minimum g, of 2000. Do the
rough estimations to determine if this
device will work.

The curves for the 2N4303 reveal
the following characteristics. ;.. can as-
sume values anywhere between 4 and 10
mA. The respective pinch-off voltages
are 2.9 and 5. Using Equation 2, it can
be shown that g, is 2.75 X 10™ mhos
for a device whose I,,,. is 4 mA and 4 X
10-% for the 2N4303 whose 1. is 10
mA. Draw transfer charactertistic curves
for this transistor. as in Fig. §.

The minimum quiescent V. is
chosen on the lower curve at 25 of V.,
or at about 2 volts. The idling current
for the 2N4303 with this extreme char-
acteristic is 1.25 mA. The g, at this idling

RADIO-ELECTRONICS
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FIG. 5—APPROXIMATE TRANSFER

curves for the 2N4303 transistor.

current is (2.75 X 107*) (1.25/2.9)%
1.8 X 107" mhos. The maximum possible
gain. g.R, is (1.8 X 107%) (4.7 x 10%)
— 8.5. This gain is more satisfactory than
was possible with the 2N4302.

As for a transistor with character-
istics approximated by the upper transfer
curve, the idling gate-to-source voltage
(about 24 of V,) is 3 volts while the
quiescent drain current is 4 mA. The g,
at this current is (4 X 107) (4/10)'2
2.5 X 107 mhos. The maximum possible
gain for this particular device is there-
fore (2.5 X 107°) (4.7 x 10°) = 11.8.
The gain using a 2N4303 with an 1, of
10 mA is as satisfactory as the gain of the
2N4303 with the 1. at the lower extreme.

Being convinced that we have a good
chance to complete the design using a
2N4303. draw fairly exact transfer char-
acteristic curves for this device. We do
this using the equation derived in a pre-
vious article, 1, = I, (1 Vsl /IV,)3
where I, is the drain current that will
flow when | V., the absolute value of the
gate-to-source voltage, is applied between
these elements. Substituting numbers into
the equation yields the curves in Fig. 6.
One curve is for a device whose |, is
at its maximum of 10 mA and the other
for a 2N4303 with an 1,5 at 4 mA. We
will assume operation is at 25°C. See

lp emA)
|10
-9
- 8
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5
=
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o F 2
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FIG. 6—~TRANSFER CURVES for 2N4303
at 25°C. Upper and lower curve are for
Inse values of 10 and 4 mA, respectively.
Reciprocal of line A is value of R, in Fig.
7-a and line B is for Fig. 8.
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Table 1. Determination of transfer char-
acteristic curves from equation I, =
pss (1 — |Vgal/IVe])? for 2N4303 tran-
sistor. The equation is used to derive
the curves for the extreme conditions
when |, = 4 mA, |V.| = 2.9 volts and
when |,., — 10 mA and |V,| = 5 volts.

Forl,,, =4 mA, VvV, = 2.9 volts

V,ovolts e (1 — Vol/ V) 1, mA
0 401 — 0/29) 4
1 41 — 1/2.9) 1.71
2 41 — 2/29) 0.38
29 4(1 —29/29)y 0
For l,s, = 10 mA, V. = 5 volts
0 10(1 — 0/5) 10
1 10(1 — 1/5)* 6.4
2 10(1 — 2/5) 3.6
3 10(1 — 3/5) 1.6
4 10(1 — 4/5)° 0.4
5 5/5) 0

10(1 —

Table 1 for the wvarious pomts (0 be
plotted, as determined from the equation.
On the lower curve, when V
2 volts. I;, = 0.38 mA. The actual g, at
this current is (2.75 X 107%) (.38/4)~

0.84 X 107 mhos and the maximum
gain is (.84 X 107%) (4.7 X 10") = 3.95.

This gain is too close to the re-
quired 3. We should actually have a
minimum gain of about 6 without feed-
back so that we can apply 6 dB of feed-
back to cut gain and distortion in half.
To establish a minimum gain of 6, use
the following procedure. Substituting
numbers into the gain equation, A, =
g.R, = 6 = g, (47 X 107"), we find
that g,, must be at teast 1.28 x 107"

The minimum drain current for this
2,. can be derived using Equation 1 where
£ g.. (171, )% 1.28 X 107 =
(2.75 % 107"y (1,/10)"2, Solving for I,
we find it must be at least 2.1 mA. Use
1 2 mA and V. —0.82 volts as the
bias point on the lower curve.

As for the upper curve, when V. =
3 volts. I, 1.6 mA. This is less than the
quiescent current chosen for the lower
curve. Proceed up the 1;,.. = 10 mA curve
and select a point where the idling cur-
rent will be higher than that chosen for
the lower curve. Let us use, for example,
1, 3.4 mA and Vg, —2.1 volts. The
g,, at this drain current is (4 x 107)
(3.4/10)" 2.33 x 107" mhos so that
the maximum gain for a transistor whose
characteristics are along the maximum
Foce curve is (2.33 X 107°) (4.7 x 10%)
=\ )1al4

Connect the point determined on
the upper curve to the one on the lower
curve with line A. The reciprocal of the
slope of this line, (2.1 volts — 0.82 volts)/
(3.4 mA — 2 mA) = 910 ohms. This is
R. in the transistor circuit. Extend line
A to the horizontal axis at 41 volt. This
positive voltage must be placed between
the gate and ground. (See the article on
FET bias). The circuit will initially take
the shape shown in Fig. 7-a. We must
now proceed to determine the remaining
components in the circuit.

The minimum drain supply voltage,
Eop, is the sum of the maximum volt-
age across R,, and R, added to the mini-
mum voltage that can be placed between
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FIG. 7—POSITIVE GATE VOLTAGE
bucks negative voltage across R.. Negative
feedback across R. {in a) reduces gain be-
low desired level. Spliting R. (in b) and
adding capacitor € eliminates feedback
across the 130-ohm resistor.

the source and drain of the FET. To be
certain that the FET is operating in the
pinch-off region. the minimum voltage
across the transistor should be 1.5V,
(max) = 1.5 X 6 = 9 volts. (The maxi-
mum pinch-off voltage is specified by the
manufacturer of the 2N4303 as 6 volts.)
The maximum voltage across R, and R,
is I,(max) (R, R = (3.4 X 107
(4700 4+ 910) = 19.1 volts. E,,,, must be
at least 19.1 4+ 9 = 28.1 volts. Use a 30-
volt supply.

Knowing that E,,, = 30 volts and
that |1 volt must be across Re, we can
now write two simultaneous equations to
determine R, and R,

The circuit must present a 47,000-
ohm resistance to the signal source. As
far as the input is concerned, Ry is in
parallel with R.. One equation is there-
for 47.000 = R,R¢/(R; 4 Ry).

One volt is to be across R.. R, and
Ry form a voltage divider and E,, (30
volts) is across the two resistors. The
second equation is | = 30 [Ry/(R, +
Ry)]. The approximate solution to the
two equations yields R, = 49,000 ohms
and R, = 1.5 megohms.

The 910-ohm resistor in the source
reduces the gain due to feedback. From
the I, 4 mA curve, where g, = 1.28
X 107" mhos. the overall gain of the cir-
cuit using the equation in Fig. 2 is A, =
(1.28 X 107°) (4.7 x 10°)/[1 + (1.28 x
107%) (910)] = 2.77. This is somewhat
less than the required 3.

(continued on page 75)
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10 Reasons why
RCA Home Training is

your best
Investment

forarewarding
career

In electronics:




LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you im-
mediately think of RCA...a name that
stands for dependability, integrity, and
pioneering scientific advances. For over
half a century, RCA Institutes, Inc., a
subsidiary of RCA, has been a leader in
technical training,

RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY

Beginner or refresher, AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in
the past.

WELL PAID JOBS ARE OPEN TO
MEN SKILLED IN ELECTRONICS

RCA Institutes is doing something posi-
tive to help men with an interest in elec-
tronics to qualify for rewarding jobs in
this fascinating field. There are chal-
lenging new fields that need electronics
technicians...new careers such as com-
puters, automation, television, space
electronics where the work is interest-
ing and earnings are greater.

WIDE CHOICE OF CAREER
PROGRAMS

Start today on the electronics career of
your choice, On the attached card is a
list of “Career Programs”, each of which
starts with the amazing AUTOTEXT
method of programmed instruction.
Look the list over, pick the one best
suited to you and check it off on the card.

Construction of Multimeter.
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|

SPECIALIZED ADVANCED
TRAINING

For those already working in electronics
or with previous training, RCA Insti-
tutes offers advanced courses. You can
start on a higher level without wasting
time on work you already know.

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
overany “‘roughspots”that may develop.

7 HANDS-ON TRAINING

To give practical application to
your studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. You get over 250 proj-
ects and experiments and as many as 22
kits in some programs. Each kit is com-
plete in itself. You never have to take
apart one piece to build another. They're
yours to keep and use on the job.

8 FCC LICENSE TRAINING—
MONEY BACK AGREEMENT

Take RCA’s Communications Career
program—or enter with advanced stand-
ing and prepare immediately for your
Ist, 2nd, or 3rd class FCC Radio Tele-
phone License examinations. RCA In-
stitutes money-back agreement assures
you of your money back if you fail to
pass the FCC examination taken within
6 months after completing the course.

CONVENIENT PAYMENT PLANS

You get a selection of low-cost tui-
tion plans. And, we are an eligible insti-

Construction of Oscilloscope.

tution under the Federally Insured Stu-

dent Loan Program,

1 0 RCA INSTITUTES IS FULLY
ACCREDITED

RCA Institutes is an accredited member

of the National Home Study Council.

Licensed by N. Y. State—courses of study

and instructional facilities are approved

by the State Education Department.

VETERANS: TRAIN
UNDER NEW GI BILL

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION!

If reply card is detached, send this coupon
today.

RCA INSTITUTES, INC,
DEP'T. 758-006-1

320 W. 31 ST.

NEW YORK, N.Y. 10001

Please send me FREE illustrated career
catalog. | understand that | am under no
obligation.
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Potpourri of IC Applications

New feature goes inside the IC. Examines the
circuits in that little black box and shotes

some new ways of using them

by WALTER G. JUNG

THE ARTICLE AND CIRCUITS WHICII FOL-
low are a departure from conventional
circuit or construction articles. Over the
years Radio-Electronies has published
several IC articles, covering a variety of
devices and applications. But while these
projects do have great appeal to those
interested in the particular specialty,
you cannot satisfy all tastes simulta-
neously while still providing in-depth
coverage of a particular area. To bridge
the gap the following alternative his
been developed. We hope that in a sense
it will allow some (hopefully most)
readers to have their cake and eat it t00.

What it amounts to is suggested in
part by the title. But it is not just a col-
lection of circuit applications for a par-
ticular IC type. It is also a potpourri of
IC types as well as applications. So the
reader can put his new found knowledge
to work on his own pet project. The IC
types used are standard types. readily
available at palatable prices. We hope
this approach will come a step closer
towards providing something meaningful
for more readers. As always your com-
ments are welcome.

The IC lineup

Before we get into actual circuit
discussion, it might be appropriate to
discuss typical types of 1C’s we’ll be using.

The CA3018

Leading off is an 1C which is a sort
of hybrid between discrete (ransistors
and their monolithic cousins. This de-
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vice, the CA3018, is a 4 transistor array
with the matched parameters typical of
monolithic IC’s (see Fig. 1). This IC
provides the flexibility of discrete tran-
sistors as all the internal transistor ter-
minals are brought out 1o our outside
world, yet the 4 transistors within are
extremely well matched electrically. This

58

is the really big difference in IC transis-
tors. the matched characteristics. When
we get into the circuits portion later
we’ll see how to put these matched prop-
erties to work for us. In the meantime
remember the CA3018 provides 4 gen-
eral-purpose matched monolithic transis-
tors which can be interconnected n a
variety of ways.

The 709
The second device we’ll be talking
about is the operational amplifier, and
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the prototype of all op-amps is the 709.
Just about every chipmaker and his
brother makes this IC, and it can be
found weakly disguised under many sim-
ilar sounding “709" type numbers. The
circuit symbol for the 709 is shown in
Fig. 2. Also shown here are the two in-
put connections, the single output, the
power supply connections and com-
ponents necessary to stabilize the unit in
most circuit applications. While we
won't be able to go in depth into op-
amp theory. we'll cover enough here to
be able to apply the device to basic ap-
plications. The really energetic reader.
should he care to, can refer to previous
Radio-Electronics op-amp coverage.
Basically a 709 (or any op-amp for
that matter) is a high-gain differential-
input amplifier with a single-ended out-
put. This means it will amplify the dif-
ference between two input terminals and
ignore their potential with respect to the
circuit common. The device has a very
high open-loop gain, usually over 10,000
and in some instances as much as 100,-
000 or 1.000,000. The commercial-indus-
trial version of the 709s we'll be dis-
cussing has a minimum gain of 15,000.
This very high gain can be used to ad-
vantage in the negative-feedback con-

figuration of Fig. 3. This basic con-
nection for the 709 illustrates several
fundamental op-amp principles. We’ll go
over these quickly now so as to have a
good grasp for the circuits to be covered
later.

In this circuit, the input signal is
applied to the amplifier through input
resistor R,,. If we ignore resistor R, for
a moment, let's see what happens to the
signal. Since the 709 is a differential-in-
put amplifier, it will amply this input
signal since it is applied between the —
and <+ inputs (4 side of input is
grounded). The 709 will invert the
phase of this signal and the amplified
output will be 180° out of phase with
the input. You would expect anything
but the smallest millivolt level signal to
overdrive this circuit, and it does in fact
since the 709 will amplify it by a factor
of 45.000 average gain. Right off hand,
this doesn’t appear to be too useful, but
let’'s see what happens when some nega-
tive feedback is applied.

Since the output voltage is out of
phase with the input, connecting R, from
the output to the input should provide
negative feedback. To visualize what
happens. let’s examine the amplifier for
a moment. Before we applied the feed-
back, we had a big output signal, 180°
out from our input. Now if we connect
this signal back to the amplifier input
through R, what must happen? Ob-
viously. current must flow in R, and R,
as their two opposite ends have different
potentials, 180° out of phase. If this is
true, then somewhere along their lengths
there will be a zero voltage point. Now
even if 1 didn’t already know I'd begin
to suspect the amplifier, as it's the only
thing there that could be causing this
phenomenon. After all the resistors can’t
amplify can they?

Well, if you suspected the input of
the amplifier might be a zero voltage
point you're right. But let’s qualify this
statement. How can the input of an am-
plifier be at zero potential and the am-
plifier have an output? It can't! But this
is where the very high gain comes in.
We know that if the amplifier is to have
an output it must have an input. But if
the amplifier has a very high gain, as we
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have previously stated, the input need
only be very small. A 10-volt output
would only require a 1-mV input sig-
nal if the amplifier had a gain of 10.000.
Now it is beginning to make some sense.
Compared to 10 volts, | mV /s almost
a zero potential. So the input terminal
of the amplifier is for all practical pur-
poses a “zero potential™ point.

There is still one point to be cov-
ered—gain. We have stated that the in-
put voltage and output voltage sum to-
gether to zero volts at the amplifier
inout. But what about the gain of the
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circuit? Suppose we want a gain of 10
for instance, what governs the selection
of R, and R,?

It turns out this boils down very
logically alvo. If R,, and R, are to sum
the input and output voltages to zero,
then the currents flowing in each resistor
must be equal and opposite. So. to make
the voltage at the end of R, (the output
voltage) larger. increase R, since the
current must remain the same as that in
R,,. It's as simple as Ohm’s law. The

E .
" Since the
In
output current (I,) is the sme value but
opposite sign. then E, = I,, X R, or

input current will be I, =

R, x —» E"‘ . And this is the gain of the cir-
In
. E, R,
t T —,
cui E R,

In

Just crank in various values of R,
and R,, and the amplifier will go to
work and generate an output which will
satisfy these conditions. This is the basic
principle of this configuration. The am-
plifier's negative input is a summing
junction for the input current (I,,) and
the feedback current (I,). This junction
is considered a zero voltage point or
“virtual ground”™ and the minute voltage
which does appear at this point is the
error voltage which drives the amplifier.

There are a few general characteris-
tics we should remember about this con-
figuration.

1. Input impedance is equal to in-
put resistor R,, since the summing junc-
tion is effectively at ground potential.

2. The gain is equal to the ratio of
R, to R,,. Variation of either can
change the gain. By the same token. if
either the R, or R,, path is made fre-
quency selective (such as a RC net-
work) special response shapes can be
tailored. It is important to remember
that the gain and response of the circuit
will be dependent on the feedback com-
ponents rather than the amplifier itself.

There are a few other general
points to remember about op-amps. Cir-
cuits using them are generally dc
coupled. which means dual power sup-
plies. If you're one used to single supply
ac coupled designs, don't let this slow
you down. We'll show you how to make
an economical yet high performance
dual supply using some more IC’s.

The 723

Next in our IC lineup comes the
723, a popular power supply regulator.
The 723 is a complete power supply sys-
tem built into an IC chip. Refer to Fig.
4 to see what we mean. In this func-
tional block diagram we’ll show a typi-
cal example of how the 723 is used as a
series regulator.

The 723 contains 4 basic com-
ponents used in the control of a regu-
lated voltage. First is a Zener diode ref-
erence that develops a stable 7-volt dc
potential which is used as a reference
for an error amplifier. This reference
voltage appcars on pin 4. The error am-
plifier is a high-gain differential ampli-
fier. This amplifier has two inputs, in-
verting and non-inverting; similar to the
709 we've just been discussing. The
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series  puss transistor is connected in discussed is the compensation terminal,

series with the unregulated input. and
acts as a variable resistance controlled
by the error amplifier to regulate the
output to the desired potential. The cur-
rent limit transistor samples the output
current to detect overloads.

So now let’s run through the
hookup as shown to see how regulation
is actually accomplished in this circuit.
The reference voltage is applied to one
side (4 input. pin 3) of the differential
amplifier. This stable potential serves as
a comparison voltage for the output
sample provided by R2 and R3. If the
output voltage is attempting to drop be-
cause of increased loading, the tap on
R2-R3 will feed back this change to the
amplifier (— input, pin 2). Nominally
this tap will be 7 volts dc, or equal to
the reference input. But an output
change will cause an error voltage to be
generated at R2-R3. Since the reference
input is stable and independent of the
output. this error voltage appears as a
differential signal to the error amp and
is amplified. and drives the series pass
transistor in the proper direction to cor-
rect the error.

R2 and R3 are called output scaling
resistors because they multiply the refer-
ence voltage applied to pin 3. It can best
be visualized by looking at R2 and R3
as a voltage divider which always has
the same output voltage, 7 volts (this is
true because of the differential input am-
plifier). Since the divider output across
R3 is always equal to the reference volt-
age. the output can be changed simply
by varying the R3

The current limit action is indepen-
dent of the voltage regulator and is de-
termined entirely by the value of R
and V,. of the current limit transistor.
Since the output voltage is sampled after
this current limiter. its series resistance
does not adversely affect the voltage
regulation.

The remaining factor we haven't

pin 9. This point is brought out to con-
trol the frequency response of the error
amplifier (similar to the corresponding
components on the 709). The correct re-
sponse is set by a small feedback capaci-
tor to the amplifier’s inverting input.

Essentially, that is how the 723
regulates a voltage. One might ask
“what's so different about it, don't most
all regulators operate pretty much that
way?" Well that's true. most do. But this
one does it all within a TO-5 can. up to
150 mA worth and at up to 37 volts
output. And with performance hard to
match—better than 0.1% line and load
regulation and excellent temperature sta-
bility. Later on in the circuits section
we’ll put together a number of cuircuits
using this 1C; enough power supplies to
power any circuit in this series and
many more for time to come.

The LM371

Another IC we’ll be talking about is
the L.M371, an integrated circuit differ-
ential amplifier. In Fig. 5, we see that
the ILM371 has a matched pair of tran-
sistors with their emitters tied together
and connected to the collector of a third
transistor. This transistor provides the
emitter current for the QI1-Q2 pair. It is
commonly referred to as a “constant-
current” transistor because its collector
current remains constant under changing
conditions on base bias to QI1-Q2. With
the rotal emitter current of the Q1-Q2
pair determined by Q3. the relative pro-
portions (or balance if you prefer) of
this current will be determined by the
difference in the base voltages of Q1 and
Q2. If QI's base voltage is higher, it will
conduct a larger percentage of current
than Q2. On the other hand if Q2 were
to become more positive, it would then
conduct the larger proportion. If both
base voltages are equal. QI and Q2 will
share the current from Q3 equally and
their collector currents will be balanced.

An interesting property of this cur-
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rent shifting between the QI1-Q2 pair is
the relatively small voliage required to
transfer the current from one side to the
other—its only about 100 millivolts! If
an input signal goes beyond this no fur-
ther change in collector current will oc-
cur as it is limited to the total amount
being supplied by Q3.

So you can transfer the signal back
and forth between the differential pair
with a relatively small input level. but
the maximum output current of either
one of the pair is limited to that of the
cmitter transistor, Q3. However at low
signal levels where each transistor is
conducting 50% of the static current,
linear amplitication of the differential in-
put signal occurs.

We see how it amplifies differential
(base to base) signals. But what about
signals to ground? Suppose we put the
same signal on both bases and tried to
amplify it. Since both bases receive the
same signal there is no differential signal
and the balance remains the same. What
about the total current. does it change?
This is where Q3 comes in. Q3 is im-
mune to any voltage changes on the
bases of Q1 and Q2. as we stated before.
So if it is, the total current in QI and
Q2 cannot change and they will not
amplify. This is what is called common-
mode rejection, as it rejects a signal
which is common to both transistors of
the differential pair. So there is little
amplification of common mode signals.

The biasing of the QI-Q2 pair is
provided, as we said. by Q3. Q3 is
biased by jumpering pin 4 to 6, con-
necting the base of Q3 in parallel with
D1. Now DI is really a diode connected
transistor identical to Q3 (remember
how we said monolithic transistors are
naturally matched). So this means that
they will drop the same amount of volt-
age for the same current. If we connect
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R2 or Rl to a positive voltage and
ground pin 5, a current will flow
through D1-D3 and RI-R2. Since DI is
in parallel with Q3, Q3 will conduct the
same current as that in D1 since they're
identical. And so this same current will
flow in QI-Q2 and thus their external
loads. By connecting a tap on the bias
string (either R1 or R1 4 R2) we can
bias the Q1-Q2 pair at a predictable cur-
rent level, the same as the bias string.

What about the base bias of Q! and
Q2 you sav? Another tap is available for
them. pin 3. Connecting the bases of QI
and Q2 through equal resistors to this
point will ensure a S0-50 balance be-
tween QI1-Q2. Fig. 6 is a complele pic-
ture of the LLM371, all biased up as a
push-pull ampiifier.

Later on when we get into the cir-
cuits section we'll see how to really use
this I1C to advantage.
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Logic devices

We'll also cross over into the digital
world and talk about a few applications
of some popular logic elements. We’ll
talk about the Utilogic series of or and
NOR gates and some interesting appli-
cations. This particular family is attrac-
tive because it is representative of to-
day’s technology, is highly versatile, and
priced right

Rather than go into the complex in-
nards of these elements we’ll talk about
their use in terms of function.

The or and NOR gates are shown in
Fig. 7. These gates are logically very
similar but the NOR gate has an in-
verting function also. Logically speaking
an OR gate is a device or circuit which
will give a logic “one” or “high” output
when either of its inputs is high, such as
A or B. So a one on either input gives a
“one” oul. A NOR gate is similar in input
logic, but gives a “zero™ output of either
A or B is high, thus the term NOR or
Not-orR. Now all of this thinking is

based on the premise of a ‘“one” signal
being true. In other words these circuits
give an output based on the combination
of high inputs. If either A or B input of
an OR gate is high, the output is high, or
true.

But by inverting our thinking, the
same device can be used for the AND
and NaND functions. Think about the Or
gate for a moment. We said the output
would be high if either A or B were
high. What are the requirements for a
low output? Both A and B must be low
to give a low output. So this same device
can serve as an AND gate for negative or
inverted logic. It is however, convention
to think always in terms of the one state
as true.

We also see in Fig. 7 that each
package contains four of these two-input
NOR or OR gates. All of the gates within
a single package use a common supply
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line (pin 8) and a common ground line
(pin 1). So in using the gadgets you just
hook up the power supply to the chip
and then apply the signals to get the
logic combination desired. The output
signals of course, are always 0 to +5
volt levels.

In our circuits discussion we'll show
how these gates can be used to make
oscillators, Schmitt triggers. pulse gener-
ators, and other useful waveforms.
These things can be quite handy when
combined with other IC’s and some dis-
crete parts, R-E
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by ROBERT F. SCOTT

SENIOR TECHNICAL EDITOR

THROUGH THE YEARS WE HAVE WATCHED THE WAX AND
wane of hi-fi circuit innovations and have tried to keep vou
up to date on the newest developments. Well, quadrasonic
or 4-channel stereo is the most-talked-about development
today but we’ll let others fill you in on day-to-day devel-
opments in this field and we'll wait until we can give you
actual circuits and a rundown on how they work. In the
meantime, let’s take a look at electronic turntables—a de-
velopment that appears to have great promise in the hi-fi
field.

Rumble from phono turntables becomes increasingly
evident as the low-frequency response of speakers and car-
tridges is improved. Rumble is the result of mechanical
vibrations in the motor, idlers, pulleys and other rotating
components in the turntable system. The vibrations are
picked up by the cartridge and amplified as an annoving
and unwanted sound.

Rumble intensity depends on the weight (mass) of the
rotating parts and their velocity. If precision bearings are
used throughout the system, then rumble intensity equals
half the mass of the rotating components multiplied by the
square of the velocity. Thus, rumble can be reduced by
reducing the number of rotating parts and by reducing
their weight and velocity.

Around 10 years ago, Weathers developed a turntable
with exceptionally low (at that time) rumble by using a
very light rim-drive turntable platier driven by two tiny
motors resembting those used in ordinary electric clocks.
Weathers cut rumble intensity by sheer weight reduction.

Most turntables (and record changers) are driven by
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Rumble has long been a problem in hi-f
turntables. Here are three unique solutions
using electronics for precise record speed.

those new turntobles

Thorens TD-125

motors rotating at speeds ranging from several hundred to
several thousand rpm. Turntable platter speed is reduced to
1673, 335, 45 or 78 rpm by belt drives, step pulleys,
gears, etc. In an effort to reduce motor speed; and thus the
velocity and number of speed-reducing components, several
firms have developed electronic turntables employing light-
weight motors that operate at comparatively low speeds.

Thorens TD-125

Sold in the United States by Elpa Marketing, the TD-
125 uses a 16-pole synchronous motor driven by a vari-
able-frequency synchronous Wien bridge oscillator whose
frequency is, in turn, locked to the motor speed. A 3-
position speed-change switch sets the oscillator frequency
to approximately 20, 40 and 50 Hz for motor speeds of
approximately 150, 300 and 375 rpm for 1624, 33% and
45-rpm records, respectively. Record speed can be precisely
set by adjusting a knurled thumbwheel (PITCH control) so
the appropriate stroboscopic pattern is stationary. The
PITCH control can be seen just below the window through
which the stroboscope pattern may be seen in the TD-125
photo.

The diagram of the TD-125 is shown in Fig. 1. Tran
sistors Q1 and Q2 form the push-pull Wien bridge os-
cillator. The output is taken from the collector of QI, am-
plified by Q3 and then fed to the OTL output stage (Q6-
Q7) via drivers Q4 and (5. Motor winding L1 and
fecdback for the bridge are fed from the junction of the col-
lectors of output transistors Q6 and Q7. Motor excitation
winding L2 is returned to ground through one of three R-
C networks to provide maximum torque at the operating
speed.

The TD-125 comes with an interchangable pickup-
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arm mounting board so arms can be changed at will. The
mounting board is bolted firmly to the heavy cast alumi-
num chassis that supports the turntable. This chassis is
shock-mounted by springs to a second chassis (Fig. 2) that
supports the motor and the controls. Thus, the turntable
and pickup arm are isolated from motor vibrations and
external shock. The suspended chassis with turntable plat-
ter and pickup arm weighs more than 16 pounds. The
inertia of this mass further minimizes the pickup of vibra-
tions caused by external shock or acoustic teedback.

Sony’s TTS-3000

This turntable uses a dc motor whose speed is con-
trolled by the voltage applied to it. The motor drives the
turntable through a belt system. Also on the motor shaft is
a toothed wheel made of soft iron. A magnetic pickup
generates an ac pilot signal voltage whose frequency de-
pends on motor speed.

This ac voltage is amplified, clipped and then fed
through a bandpass filter to an amplitier and full-wave
rectifier. The filters have a rollofl of 70-dB per octave and
are set to 500 Hz and 675 Hz, for 33% and 45 rpm, respec-
tively, are centered on the linear portion of the roltofl slope
(Fig. 3).

The rectifier output—a dc voltage determined by mo-
tor speed—controls the dc amplifier driving the motor. The
dc amplifier is blocked in the absence of the pilot signal
from the magnetic pickup. Thus, a starting circuit is used
t0 unblock the dc amplifier when the turntable is first
turncd on.

The schematic of the TTS-3000 is shown in Fig. 4.
The magnetic pickup carries the base current of Q1. The
ac pilot signal, gencrated in the pickup by the toothed
wheel, is fed to the base of QI through Cl. This pilot
signal is amplified and then clipped to 1.4 volt p-p by a
double diode (D1). The clipped signal is tfed to onc of a
pair of series-connected “L” and Twin-T filter networks;

one tuned to 675 Hz for 45 rpm and the other to 500 Hz
for 33Y5 rpm. The filters are tuned to precise frequencies
by R2 and R3.

The filter output is fed to emitter-follower Q2. This
provides a high input impedance to mininuze loading on
the filters. The sPEED control, R3, controls the signal am-
plitude and thus the motor speed. This ac signal is ampli-
fied by Q3 and transformer coupled to full-wave detector
D2-D3. The detector output is a positive voltage that turns
on and controls the conduction of dc amplifier Q5-Q7.
Collector current for Q7 flows from the 12.3-volt positive
line through the motor winding and diode D6 in series.
The diode protects Q7 against voltage spikes that develop
as the motor is turned off.

Motor-starting circuit

We have seen that Q5 and Q7 are turned on by the
rectified pilot signal. Thus, when the motor switch is first
closed, Q5 and Q7 are turned off and current cannot flow
o the motor. Similarly, transistor Q4 in the motor-starting
circuit is turned off.

When the motor switch is closed, a positive dc voltage
is applied through network R4, R5, D4 and R6 to turn on
Q5 and Q7; starting the motor. The pilot signal, now pres-
ent at the output of clipper D1, goes through R7 and C2
to diode D5 to develop a positive voltage on Q4's base.
This positive voltage drives Q4 to saturation and pulls the
junction of R4 and RS to ground.

At the same time, a positive voltage appears at the
detector output. D4 is then back-biased; disconnecting the
starting circuit and maintaining Q5-Q7 in conduction.

The power supply (not shown), a full-wave bridge
developing 12.3 volts dc, feeds Q7's collector through the
motor winding. The other transistors are fed a regulated
6.1 voli through series regulator Q6. A neon lamp illumi-
nates a strobe disc around the turntable perimeter so the
SPEED control can be set for precise speed.
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OUTER DRIVE INNER  DRIVE
TURNTABLE PULLEY TURNTABLE BELT
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PICKUP ARM
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FIG. 2—SHOCK-MOUNTING system in the Thorens TD-125 turn.
table. Pickup-arm mounting board is interchangeable.
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FI1G. 3—-RESPONSE CURVE of the L and Twin-T tilters in series
in the electronic control of Sony’s TTS-3000 turntable.

Norelco 202 electronic turntable

This 3-speed (33'3, 45 and 75 rpm) unit uses a dc
motor with solid-state circuitry for minimum rumble, pre-
cise speed control and automatic shut-off. Since the speed
of a dc motor varies with the voltage applied to it, two
types of voltage regulation are employed. The schematic of
the 202 is shown in Fig. §.

The circuit operates from a —9-volt source using a

shunt-type regulator. Additional circuitry holds motor
speed constant regardless of variations in load or power
supply. In a dc motor without voltage regulation, when the
supply voltage changes, the voltage across the motor V.,
changes by AV, and motor speed changes by a factor n
which equals V,, IR/C: where | is load current, R is
motor resistance and C is a motor constant.

Circuitry consisting of QI and Q2 compensate for
AV,. When the motor voltage varies by AV,, there is a
corresponding change in the voltage drop across Q1’s emit-
ter resistor. (Diodes D1 and D2 are forward-biased so the
voltage drop across them is constant.) QI’s hase voltage
varies with respect 10 —9 volts by a factor (considering
333 rpm).

R2 4+ R3 + R4, 4 R5
R2 + R3 + R4, + R4, + RS
As the result of variation in QI's base voltage, Q2's con-
duction changes so the change in emitter-collector voltage
is exactly AV, and is in a direction that holds motor
speed constant.

Increased loading on the motor tends to decrease mo-
tor speed by factor n. Consequently, the motor terminal
voltage must be increased by AV, to keep the speed con-
stant. As the load increases, the motor draws more current
and there is an increase in the voltage drop across the
resistor network between the positive motor terminal and
Q2's collector. Q2’s base current increases and its collector-
emitter voliage decreases by AV, volis to keep motor
speed constant.

X AV

Automatic shut-off

The start-stop and automatic shut-off are controlled
by Q3 and by bistable multivibrator Q4-Q5. When power is
first applied to the circuit Q3 and QS are cut off and Q4 is
conducting. The motor is off bhecause its path to ground is
through the collector-emitter circuit of Q5. This transistor
is cut off and acts as an open switch,

6.V
1.8K 1K
«<
+
. Ql DI 10uF
Ci X
“T~0. & 10uF
AN 4
2.2K = o
560002 R7
Q4
L uF S cp 25€402
1T22
WS
| Q7 5?_
25C292 |4 j
ks > R6 —
“FT %22»( Ftis332 =Rcee ’e
4 ®—< 2s5C318
- DYNAMIC T :: 1K
PICKUP - D6 oc ¥
() MOTOR
% J b FIG. 4—ELECTRONIC CON-
"""""""" +123v TROL CIRCUIT in the Sony

FIG. 1 (left)—WIEN-BRIDGE OSCILLATOR controls record speed
in the Thorens TD-125 electronic turntatle.
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TTS-3000. The dc motor gen-
erates its own pilot control
signal.
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4704

BClO8-A

33-1731
2.2K

RB8,47K

) $ANA-
‘)}—LIMEG
R7 v L j'
820.0._1__ ;9V REG

F1G. S—NORELCO MODEL 202 CONTROLS. R4-a and R4-b in
text are resistances above and helow the arm of R4.

Pressing the START button grounds Q4's base so the
multivibrator switches and Q5 conducts to complete the
motor circuit. Pressing the sTop button grounds Q5’s base.
This causes the multivibrator to change state; cutting off
current to the motor and keeping it off until the START
button is pressed again.

The automatic shut-ofl is activated by a photoelectric
circuit consisting of lamp LM?2 and light-dependent resistor
(LDR) R6. Attached to the bottom of the pickup-arm
shaft or spindle is a film mask with a “V™ shaped slot that
passes between LLM2 and [.DR when the stylus moves in to
about 65 mm trom the turntable center. The mask de-
creases the light striking the LDR, causing its resistance 10
rise and increases the voltage drop across it. Note that Cl is
connected between two voltage dividers: one R6-R7-R8
and the other RY-R10-R11 (in the 33Va-rpm position).

The amount ol light on the LDR decreases with each
revolution of the record, resulting in a voltage drop of AE
volts per revolution. The time-constant of the R-C circuit
is set so the charge on C2 drains off faster than it increases
and, thus, has no affect on circuit operation.

However, when the stylus reaches the run-out grooves
at the end of the record—run-out grooves have a much
greater pitch than music grooves—the voltage drop across
the LDR is now much higher than AE volts per revolution.
The voltage across C! is now rising faster than it can leak
off so it soon reaches the point where it turns on Q3. This
triggers the multivibrator; turning on Q4 and turning off
QS5 10 stop the motor. R-E
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Mounting IC Flat-Packs

by CHARLES D. GEILKER

Flat-packs are currently
the biggest bargain for IC
experimenters—but making
fourteen connections to a
4-inch square can have its
problems. The ideal mount-
ing method would not greatly
increase the size, would not
require special tools, and
would cost only a small frac-
tion of the price of the IC.

Test sockets are available,
but the least expensive ones
cost more than $2, which
seems excessive when the
flat-packs cost only 75¢.

The appearance of Vero-
board for ICs and (Vero Type
50255) and Micro-Vector-
board (Vector Electronics
Type 126M76/032), a perf-
board with diameter holes
0.025-inch, spaced on 0.050-
inch centers, has made flat-
pack mounting simple.

1. Using regular scissors,
cut a 0.50 by 0.95-inch rec-
tangle of perf board. This can
best be done by cutting along
a line drawn through the 10th
and 19th rows of holes.

2. Using the edge of the
board as a guide for thick-
ness and spacing, bend down

three alternate leads on each
side. A nail or small screw-
driver blade is helpful here.

3. Insert the bent leads
into the 6th row of holes
from each end, using a pair

of manicure tweezers. Bend
the six inserted leads flat
against the reverse side of
the board.

4. Cut fourteen 3-inch-long
pieces of Belden 8014 in-
door antenna wire. This may
be done speedily by insert-
ing the wire through the cen-
ter of the metal spool (500-
foot size), snipping, inserting

more wire, snipping, etc.
Strip both ends of each piece
of wire: one end 1/16 inch,
the other 14 inch. Do not
twist or tin.

5. Wrap the tip of the sol-
dering iron with bare No. 18
copper wire and form into a
curved extension. Heat up
the iron and tin the exten-
sion thoroughly. Even a 14

inch tip used directly is both
too large (wider than two
flat-pack leads) and too hot
(the end of the extension
should just comfortably meit
the solder without ‘““flashing”’
the flux to instant smoke).

6. Solder a wire to each
flat-pack lead, passing the
1/16 stripped end through
the perf-board hole from
the opposite side, beginning
with lead #1 and continuing,
in order, to lead #14. The
extension tip of the solder-
ing iron should be brought
in parallel to the lead and at
an upward angle.

7. After all leads are sol-
dered, with six entering from
the top and eight entering
from the bottom, bend the
leads from both sides out-
ward.

The finished product is a
923-923 dual J-K flip-flop,
ready to use in an experi-
mental circuit. A single piece

of micro perf-board will
mount more than fifty flat-
packs, for about 6¢ each,
and with a little practice the
mounting procedure can be
done in ten minutes.
Mounted in this way, the
IC assembly is smaller than
the commercial socket, and
the experimenter has a dura-
ble, component. R-E
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“Hard work's
not enough...
vou need more

education to
get ahead in
electronics”

Ask anyone who really knows the elec-
tronics industry. You can’t hope to
succeed unless you supplement your
experience with specialized, up-to-
date technical knowledge.

Going back to school isn’t easy for a
man with a full-time job and family
obligations. But CRElI Home Study
Programs make it possible for you to
get the additional education you need
without attending classes. You study
at home, at your own pace, on your
own schedule.

CRE! Programs cover all important
areas of electronics including commu-
nications, automatic ccntrol, com-
puters, even digital communications
You're sure to find a program that fits
your career objectives.

FREE book gives all the facts. Mail
postpaid reply coupon today or write:
CREI, Dept.E14068B

3224 Sixteenth St., N.wW.

Washington, D.C. 20010

F
c eou e
Na

SEND FOR
FREE BOOK

Cut out entire busi-
ness reply envelope
at right. Fill in cou-
pon. Fold over, seal
(paste or tape) and
mail today

NO STAMP NECESSARY.

1971

[
I

In-depth coverage
of solid state
electronics including
integrated circuits!

and mal

NO STAMP NEEDED—
This entire told-over coupon forms a postpaid envelope

Please mail me FREE book describing CREI Programs. | am employed
in electronics and have a high school education.

E14068

NAME._ — — AGE
ADDRESS

CITY — e — STATE ZIP

EMPLOYED BY.

TYPE OF PRESENT WORK —

I am interested in: [] Electronic Engineering Technology

[J Space Electronics [J Computers [J Nuclear Engineering Technology
[0 !ndustrial Electronics [] NEW! Electronics Systems Engineering

[0 NEW! Non-Technical Course in Computer Programming

Approved for training under new G.!l. Bill

Do not cut here—just fold over, seal and mail—No stamp needed

FIRST CLASS
Permit No. 288.R

Washington, D.C.

No Postage Stamp Necessary If Mailed In The United States

BUSINESS REPLY MAIL J

Postage will be paid by

CREI, A Division of the McGraw-Hill
Continuing Education Company

3224 Sixteenth St., N.W.
Washington, D.C. 20010
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NEW PRODUCTS

More information on new producits is available from the manufacturers
of items identified by a Reader Service number. Use the Reader Service
Card on page 89 and circle the numbers of the new products on which
you would like further information. Detach and mail the postage-paid card.

SIREN ALARM SYSTEM  Ascher,
comes complete with police-type siren.
Any attempt to open hood, trunk or
doors of vehicle sets off the alarm. Do-il-
vourself installation can be accomplished
without use of special tools. System in-
cludes siren, six alarm switches, lock,

two keys, warning decal, all necessary
wire and hardware, and installation in-
structions. For 12-Vdc negative ground

vehicles. $21.95.—Allied Radio Shack,
2725 W. 7th St., Fort Worth, Texas
76107.

Circle 31 on reader service card

ISOLATION & BOOSTER FOR COLOR
TUBES, Perma-Power models C-503 and
C-315. Units correct for cathode-to-
heater shorts by isolating the short. A
slide switch supplies voltage hoost when
necded later in life of tube to com-

pensate for fading resulting from low-
ered electron emission. Moadel C-503 is
for 70° shell base (round) picture tubes
and Model C-513 for 90° small button
base (rectangular) color picture tubes.
$7.75 ecach.—Chamberlain  Mig. Corp.,
845 Larch Ave., Elmhurst, 111, 60126,
Circle 32 on reader service card

STEREO AMPLIFIER, AA-7002, fea-
tures  direct coupling and  com-
plementarv—symmetry driver stage; low-
level phono input (0.06 mV) for mov-
ing-coil tvpe or low-level magnetic car-

tridges. Power output (IHF) of 196
watts at 4 ohms; 170 watts at § ohms.

66

Continnous power output (rms) is 100
watts, 50 watts per channel with both
chanuels operating simultancously with 8-
ohm load at any frequency from 20 Hz
to 20,000 Hz. IM distortion less than
0.3% at rated ontput or any lower level;
less than 0.1% at —3 dB rated output.
$299.95.—Kenwood  Electronies, Inc.,
15777 S. Broadway, Gardena, Calif.
90248,
Circle 33 on reader service card

MINIATURE WELDING TORCII,
“Little Torch,” operates on oxygen and
fuel gas (acetvlene, hvdrogen, 1.P-gas
or natural gas), produces up to 6000° F,
flames so small as to go throngh the eve
of a needle. Equipped with 5 different
size tips, each with sapphire jewelled ori-

- —~

-
fice; tips can be swivelled 360°. “Little
Torch” welds metal smaller than .002”
wire up to 16 gauge steel. Used for heat
bonding, welding and soldering, on
glass, ceramics, and most special ex-
perimental  metals  with  high  melting
points.—Instrument Div,, Tescom Corp.,
92633 S.E. 4th St., Minncapolis, Minn.
55414,
Circle 34 on reader service card

MUSIC/PAGING BAFFLES with cer-
amic-magnet speakers. Model 10/360T
(shown ) has a 5-channel selector, 6 posi-
tion stepped volume control, 70-volt line
transformer, and screw type terminal

strip for direct connection to line. Suited
for hotels, hospitals, schools. Model
10/370 can be mounted recessed in
walls, panels, cabinets, and used as an
extension speaker for music and paging

systems. Model 10/368] is a remote-con-
trol panel designed to provide control of
speakers that are hard to reach.—Ameri-
can Geloso Electronies, Ine.. 251 Park
Ave. So., New York, N.Y. 10003.

Circle 35 on reader service card

SWEEP MARKER/GENERATOR
model LSYW-330, a solid-stale, post-in-
jection sweep muarker/generator for color
TV aligmuent, testing and servicing. In-
strument provides all sweep/marker sig-
nals for circuit alignment of chroma,
sound and video i.f’s, as well as two rf
channels, switch selectable and features

T e e e — —— -
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a 10.7-MHz sweep for FA-if. Offers
automatic amplitude control; crystal con-
trolled markers; 0 to 90° muarker tilg;
triangular waveform voltage facilitates
sweep linearity; 1-kHz  modulation.
$399.50—Leader Instruments Corp., 37-
27-27th St., L.1.C., N.Y. 11101.
Circle 36 on reader service card

SOLID-STATE
VOM, model 179.
This FET vom has
wideband ac re-
sponse (to 3 NMHz),
55 ranges including
ac current. 10-meg-
ohm input imped-
ance, internally regu-
lated voltage, 80-uA
movement mirror
scale. Ranges include
eight each in +dc
volts and —dc volts (0.3\V to 1000V ); de
current (.03mA to 300 mA); ac rms volts
(.3V to 1000V); ac peak-to-peak volts
(.3V to 1000V): ac rms current (.03mA
to 300mA ); and seven oluns ranges (0 to
500 megohms). 2% accuracy on dc volts
and dc current. 3% on ac volts and cur-
rent. Comes with batteries, instruction
manual and shielded test cord set.
$74.95.—Dynascan Corp.. 1801 \V. Belle
Plaine Ave., Chicago, 1ll. 60613.
Circle 37 on reader service card

AMATEUR BAND MOBILE RIG,
model A, solid-state 2-meter ham rig, 4
channels, 2 pairs of crystals. The G-watt

Model A features aluminum vinyl-clad
enclosure with molded front panel, front
mounted speaker, mounting cradle, and
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press-to-talk microphone with coil cord.
Separate plag-in transmitter and receiver
boards, with IC’s, and diode frequency
switching. Frequency range from 144-
148 MHz with 0.6 4V sensitivity or less
for 20-dB quicting. $249.00.—Simpson
Electronics, Inc., 2295 N.\V. 14th St.
Miami, Fla. 33125,
Circle 38 on reader service card

model

AUTO CASSETTE PLAYER.

\C-7. Hi-fi unit with continuous play-
back in both directions. Transport uses
two flv wheels, a servo controlled drive
motor, and monolithic 1C’s. Automatic
loading design allows cassette to drop
onto the drive mechanism instcad of
drive mechanism moving up the the cas-

sette. Uses 12-volt de, provides wow and
flutter of less than 0.3%. Frequency re-
sponse curve is 40 Hz to 8,000 Hz, and
produces output power of 6 watts rms
$129.50.—-TEAC Corp. of America, 2000
Colorado Ave., Santa Monica, Calif.
90404.
Circle 39 on reader service card

TV/FM ANTENNAS, Color Crosshre
Series, 13 models, covering near subur-
ban to decpest fringe applications. An-
tennas use solid aluminum ribbed har-
ness, 1” tubular boom braces and
preassembled hardware. Rear eclements

are 7/16” in diameter. Hardware pre-as-
sembled to the boom. All the elements
protected against acid, salt and air pollu-
tion by golden EPC coating.—Channel
Master, Ellenville, N. Y. 12428.

Circle 40 on reader service card

STANDARD TIME RECEIVER, model
STR-1, receives continuous NBS stan-
dard-frequency and time broadcasts
from WWV or Canadian standard-time
broadcasts from CHU. Three channels,
dual-gate aosreT’s, 12-volt dc operation
for mobile, marine, or portable appli-

JUNE 1971

i ANNOUNCING
:'. An
All New
MIGHTY MITE
Tube Tester

= Now Checks more tubes
(@@= ,
P and it’s faster
. than ever before with

e all solid state FET circuitry for instant-
on action . . . first time in tube tester
history

o

ew solid action push button function
itches to speed up every test

1) Shete-lastant B8
3 " ary -

"

e ; encore Mighty Mite tube tester; it's
updated and streamlined in appearance and performance. No more wasted time
yvaiting for the tube tester to warm up when you have a hot troublesome tube
in your hand ready to test. The TC154 Mighty Mite VI is instant-on with no meter
drift. New FET circuitry still enables you to read grid leakage up to 100 megohms
because it too is a high impedance device like a vacuum tube. New circuitry
permits even higher sensitivity check on heater to cathode leakage; from 180,000
ohms to 300,000 ohms. The Mighty Mite still checks for shorts between each and
every tube element with the famous stethescope shorts check. New two-toned
vinyl-covered and brushed steel presents a truly professional instrument. See
your Sencore distributor today and ask him for the new all solid state Mighty Mite.

Only Sencore has it.
Over 60,000 Mighty Mites now in use. o $9950

SENCORE

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

3200 Scncore Drive, Sioux Falls, So, Dakota $7107

Circle 61 on reader service card
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THE INDUSTRY STANDARD
BECAUSE BLUE STUFF ---

CLEANS

BLUE STUFF cleans tuner
contacts continuously — — —
every time the channel is
changed. Gentle, non-abrasive
polishing agents in BLUE
STUFF removes tarnish and
oxides without harming base
metals. Eliminates noise per-
manently, Safe for plastics.

PROTECTS

BLUE STUFF protects tuner
contacts for months and
months. Clings to metal be-
cause it is a thick concentrated
foam — — not a liquid. Won't
evaporate, cake-up or run off.
Will not cause tuner drift.

ELIMINATE CALLBACKS WITH
BILUE STUFF FOR TUNERS

L I=]®] makers of chemical

SPRAY tools for technicians
P. O. Box 949 ® Amarillo, Texas

cations, UL approved power pack for ac
operation. Sensitivity
signal-plus-noise to noise ratio;

J

0.25 uV for 10 JdB
if., 455

L NDARD - I nw\"'

-

-

kHz. $7495 for kit.—Caringella Elec-
tronics, Inc., P.O. Box 327, Upland, Ca-
lif. 91786.

Circle 41 on reader service card

OSCILLOSCOPE,
model 557A, for
general purpose
field or bench use.
Vertical amp is
ac/dc; sensitivity
of 20 mV/em over
de to a 3 MHz
bandwidth; sweep
frequency  range
from 10 Hz to 100 kHz in 4 ranges, con-
tinuously variable in the respective
ranges, line sweep; 4 step decade input
attenuator; 5” flat-faced CRT; solid state
circuitry: calibration voltages.
$249.00.—Kikusui Electronics Corp., ¢/o
Marubeni-lida (America) Inc., 200 Park
Ave., New York, N.Y. 10017.
Circle 42 on reader service card

SURPLUS TTL INTEGRATED
CIRCUITS, BRAND NEW IN ORIGINAL
MANUFACTURERS CARTONS

B & F has one of the
worlds largest inventories
of surplus integrated cir-
cuits. All are new, meeting
all manutacturers original
specifications, and in tac-
tory packaging. The low
prices should speak for
themselves. Manufactured
by Texas Instruments, National, Signetics or Philco, no
choice. All packages are 14/16 lead silicone Dual In-Line Pak.
Write for additional RTL and DTL lines not listed. Many
other I. C. items in stock including nixies, 5 volt power
suppties, indicators, logic breadboards.
O 7400 Quad 2-input NAND Gate ..
O 7401 Quad 2-Input NAND Gate . 50
0 7402 Quad 2-Input NOR Gate 50
7404 Hex Inverter s 50
O 7405 Open Collector Hex Inverter 50
[ 7408 Quad 2-Input AND Gate as . 50
O 7410 Triple 3-Input NAND Gate ... ... ..50
- ......50

50

50

50
50

O 7411 Triple 3-Input AND Gate

O 7420 Dual 4-Input NAND Gate

O 7421 Dual 4-Input AND Gate

O 7430 8 Input NAND Gate ..
7440 Dual 4-Input NAND Buffer . .

7441 BCD To Decimal Decoder Driver . . .3.00
7450 Dual 2-Wide 2-Input Expandable A-O-1 Gate .. .50
7451 Dual 2-Wide 2-input A-O-1 Gate . ..... .50
7453 4 wide Expandable 2-input A-O-1 . ... ... . 180
7454 4 Wide 2-Input A-O-I e Ey g -

7460 Dual 4-Input Expander

7470 J-K Flip-Fiop .

7472 J-K Master Stave Flip Flop 3

7473 Dual J-K Master Slave Flip-Flop
7474 Dual D Flip-Flop

7475 Quad Bistable Latch oo
7476 Dual J-K Master Stave FIIp—FIop e
7480 Fuli Adder

7490 Decade Counter

7491 8 Bit Shift Register . .
7492 Divide By 12 Counter .
7493 4.Bit Binary Counter ik . a
8T01 NIXIE Decoder/Driver . ..............
BTO4 Seven Segment Decoder/Driver . .. .. ... ...
8162 Variable One-Shot .. .. .. e

74192 Bidirectional Counter . .. . 3
74145 BCD 10 Decimal Decoder Lamp Dr|ver 3
20% discount on orders for 100 or more integrated circuits.
All 1.C.s postpaid, with FREE ar mail on orders over
$50.00. We strive to ship [.C.’s by return mail. Free data
sheets on all items.

Wm WWAINWN = - -t

00000000000000000000000
38838888883:888388

Charges Welcome
BankAmericard — Mastercharge — $10.00 min
B. & F. ENTERPRISES
Phone: 617 532-2323

Circle 62 on reader service card
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P.0. Box 44, Hathorne, Massachusetts 01937
Circle 63 on reader service card

AM/FM STEREO RECEIVER, model
1000X, offers 100 watts of 1HF music
power, combined with a 2.0-uV sensi-
tivity (IHF) FM stereo tuner that uses a
FET in the front end. Wide-dial linear-
scale tuning, FM muting, precise signal-

| = nac o &

e w1 @9 P 1991999 D
e e

strength meter, two tape monitor circuits,
mode switch, independent bass and
treble boost-and-cut tone controls, high-

frequency filter and loudness control.
Walnut cabinet. $269.95.—Sansui Elec-
tronies Corp., 32-17 Glst St., Woodside,
N.Y. 11377.

Circle 43 on reader service card

AUTOMATIC TURNTABLES, models
502, 402, 302. Three-speed units’ oper-
ating functions controlled by single le-
ver; variable anti-skating compensation;
cue control, viscous damped. Pitch con-
trol allows user to varv speed of record
+3%. Modes of operation include auto-

matic repeat, automatic-single play, semi-
automatic single play, full mannal single
play, and automatic multiple play. Model
502 is $149.95; model 402 is $129.95;
model 302 is $99.95.—Fisher Radio, 21-21
44th Dr, LI1.C., N.Y

Circle 44 on reader service card

AUTOMATIC TRANSISTOR ANA-
LYZER, model 900, has 8” linear mirrored
meter. Solid-state instrument measures
beta directly and indirectly and leakage

"“__.R.’*. =&
S O TRANSS 10 taty nw o
I‘ —— _“.:"’l.

e _I —— W-Cue

to the nearest nanoamp, automatically dif-
ferentiates between pnp and npn, indi-
cates silicon or germaniumn, tests to go-no
go parameters of transistors and diodes.
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Operates on 115-230 volts, weighs 6% Ibs.
$287.00 (model 103 probe $15.00).—Van-
guard Electronie Tools Inc., P.O. Box 667,
Newton, Kan. 67114,

Circle 45 on reader service card

MARINE RADIO

CHECKER, Radio-

Chek, provides vis-

val  indication  of

transmitted  output

power  and  voice

modulation intensity

for 2-3 NHz AMI

g marine baud. Re-

2 quires  nn  external

l,)()\ Cr nor connec-

. tiON  tO the boat’s

marine radio equip-

ment. $28.30.—Sea Mate Inc, Subs.

Data Research Corp., 2601 5. Qakland
Park Blvd., Ft. Lauderdale, Fla, 33306.

Circle 46 on reader service card

NEW
LITERATURE

All booklets catalogs, charts, data
sheets and other literaiure listed lere
with a Reader’s Service number are
free for the asking. Turn 1o the
Reader Service Card on page 89
and circle the numbers of the items
vou want. Then detach and inail
the card. No postage required!

CAR STEREO/RADIO ACCESSORIES. Vo
FR-132. Brochure includes cartridge radlo
tuners. burglar alarms. under-dash  c¢quipment
alarm, lock mounts, locks. power supplies, trans-
verters for using small battery /trunsistor equip-
ment in a car. loudspeakers.—GC  Electronics,
400 S. Wyman St.. Rockford. lIl. 61101
Circle 47 on reader service card

INSTRUMENT ANMPLIFIER SPEAKER BRO-
CHURE. illustrating eight amplifier speakers in
wide choice of power ratings nnd frequency
responses for musical instruments such as the
zuitar and electronic organ. Includes descriptive
data. price and ordering information.—CTS of
Paducah, Inc.. 1565 N. sth St.. Paducah. K
42001.

Circle 48 on reader service card

Write direct o the manufacturers for in-
formation on items listed helow:

REPLACEMENT COMPONFENTS. /97/, Cara-
log #100. for radio and television. 64 pages of
resistors. fusing devices. circuit breakers. con-
vergence controls. Service accessories. electronic
chemicals. audio cables, adapters for hi-fi and
cassette type recorders. battery holders and pro-
tolype kit components. Availahle free 1o quali-
tied distributors. servicemen and experimenters.
Workman Electronic Products. Inc., Box 3828
Sarasota. Fla. 33578,

LASERS CATALOG shows helium-ncon gas la-
sers for industrial. rescarch, and educational ap-
plications. Scven laser models ranging in price
from $99.50 10 $275.00 are described and illus-
trated. along with laser education kits designed
for optics experiments in schools: the laser com-
municator and holograph systems: details on
power supplies: optics benches; photometer: and
laser accessories.—Metrologic Tnstruments, Inc..
143 llarding Ave.. Bellmawr, N.J. 08030.

MEDIUM POWER RECTIFIER CATALOG,
No. 54-100 Comprehensive semiconductor cata-
log cross-references more than 400 medium
power rectifiers by performance rating and by
JEDEC and industrial-type number, and covers
the full line of 3- to 70-ampere. stud-mount rec-
tifiers. Representative power-derating and ethi-
ciency curves are included. Dimensioned draw-
ings and exploded views of devices assist
mounting and show key features.—Mr. J. De-
Fazio. Mkuz, Sves. Mpr., Semiconductor Div.,
Westinghouse Electric Corp., Youngwood, Pa.
15697. R-E
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The RCA portable
color bar generator

Performs like the big ones
Costs only $75*

e Provides color bar, dot, cross hatch, and blank
raster patterns

® All solid state circuitry including ICs

¢ Pattern signals, RF output frequency and color
subcarrier all crystal-controlled

* Battery operated, AC adapter available

e Lightweight — less than 20 oz., only 6%’ wide x
4" deep x 3" high

For all the technical specs get in touch with your

RCA Distributor. RCA | Electronic Components |
Harrison, N.J. 07029

* Optional User Price

Circle 89 on reader service card
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TV TECH SPECIALS
90 Degree Color Yoke

20-1 Amp. 1000 PIV (Epoxy) ...$3.95
20-2 Amp. 1000 PIV (Epoxy) ... $4.95

6500 PIV Focus Rect. .... 3 for $2.00 If we hooked up the bare-bones
n multivibrator. we showed last month,

RER CONGL AREAM LENDS * and “let it run,” we wouldn’t get t00

2801\;2‘:85050\/ v , j ?t’,; 2};,‘2 good a vertical sweep. Multivibrators

1000 Mfd. S0 V. ... .. 4 for $2.50 usually produce something like a rec-

40 Mfd. 150 V. ....... 4 for $1.29

80 Mfd. 1S5S0V .. ... ... 4 for $1.89

100 Mfd. 250 Volits ..... 4 for $1.98 T

2 Mfd. 450 V ... .. ... 6 for $1.49 |

4 Mfd. 450V ......... 6 for $1.69 J_

10 Mfd. 450 V. ........ 6 for $1.98 =

16 Mfd. 450 V. . ... ... 6 for $2.29

30 Mfd. 450 V. ... ... 6 for $2.98

10 Mfd. 600 V . ....... 4 for $2.29

Repl. Y 109-DY95 AC . ....... $8.95
20 Assorted Controls ....... $3.95 By JACK DARR
10 IN34A Diodes . ... .. $1.00

Service Clinic

SERVICE EDITOR

VERTICAL OUTPUT CIRCUITS

tangular waveform. What we need is a
specially shaped sawtooth, with a
negative going spike, to get good
linear sweep. Fig. 2 (right) a typical
wavetform. This is the “trapezoidal”

OuUTPUT

OUTPUT
TRANS

g TO YOKE

20 Mfd. 600 V. ....... 4 for $2.69

|
1

RCA COND. CANS +— e T
- |

50-30 mfd. 150V ... 3 for $1.29 l_
300 Mfd. 150 V. ...... 2 for $1.59 1 S, TR
125 Mfd. 350 V. ...... 3 for $1.98 R
80 Mfd. 450 V. .. ... .. 4 for $2.39 VERTICAL
LINEARITY <_BIG
SEND FOR FREE CATALOG CONTROL RESISTOR

Tubes Up To 809, Off
Minimum Order $15.00
Send Check or M.O.

_’/‘—l

PECIAL '

TV AREH SPRAC $ +400v +1100V
P.0O. Box 603 VERY BIG

Kings Park, L., New York 11754 RESISTOR

Circle 64 on reader service card

SMALL
RESISTOR

! BIG
ELECTROLYTIC
r s +/
> /'\
BIG —
1l ResisTor J

™ PART OF
CONVERGENCE
,~~ BOARD

Frg. 3

no,other
heat gun...

offers
all these
attachments!|

Attachments to speed your job ...
attachments that tailor Master heat
gun airflow precisely to your needs
... attachments that fit any existing
Master flameless heat gun. No other
line offers so many choices . ..
including the exclusive patented
cone for V4" concentrated heat, optional
adjustable base, convenient carrying
case, and the most complete line of
U.L. listed guns available.

Send for free 12 page catalog.

_MASTER ) HERT GU

Racine, WI 53403
Circle 65 on reader service card
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for shrinking
thermoplastic
tubing and film,
curing, forming,
melting, drying,
soldering.
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waveform you hear about.

It actually has two parts; a linear
sawtooth™ and a sharp negative-go-
ing “spike.”” How do we get this thing?
By connecting a little R-C network
from the plate of the input tube to

SAWTOOTH

N

o— SPIKE

Frg. 2

ground (Fig. 3 at left). Each part does
its own thing. The capacitor charges
to produce the saw, and the resistor
affects the spike. We need this negative
going spike to turn off the output
tube, quickly and completely, during
vertical-retrace. (We also turn off the
picture tube with the same spike, if
you were wondering.) This is a “saw-
forming network.”

This is very important, and the
parts are critical. The saw part of the
trapezosd must be linear. However,
the charging curve of a capacitor is
anything but linear. It's exponential,
as in Fig. 4 (below). So, what do
we do? We use only a small part of
the whole curve, right at the start

1
1

{
100%|

63%
[THIS MUCH 1

VOLTAGE

— TIME
Fig. 4

where it is linear! If we let the capaci-
tor rise to full charge, or rather to
63% of full charge, we'd have “one
full time constant’ (and a heck of a
looking curve).

The time needed for a capacitor
to charge up to 63% of the applied
voltage, through the resistance in the
circuit, is one time-constant. This is

Glever

Kieps 40

[ Kleps 30 Kleps 1
, ‘
!
|
l Kieps 10

leps 20 f
, Kaxs Prut 10
1 . v o -

N -
r—

/'/ e
o

I —
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"
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' 4

. Kleps 30 Kleps 40
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| Test probes designed by your needs—

Push to seize, push to release (all Kleps spring
toaded).

Kieps 10. Boathook type clamp grips wires,
lugs, terminals. Accepts banana plug or bare
wire lead. 434" long. $1.19
Kleps 20. Same, but 7” long $1.39
Kieps 30. Completely flexible. Forked-tongue
gripper. Accepts banana plug or bare lead.
6” long. $1.47
Kleps 40. Completely flexible. 3-segment auto-
matic collet firmly grips wire ends, PC-board
terminals, connector pins. Accepts banana plug
or plain wire. 6% long. $2.39
Kieps 1. Economy Kleps for light line work (not
lab quality). Meshing claws. 42" long. $ .99
Pruf 10. Versatile test prod. Solder connec-
tion. Molded phenolic. Doubles as scribing
tool. “Bunch” pin fits banana jack. Phone tip.
5" long. $ .79
All in red or black — specify

For additional information, write for our com-
plete catalog of — test probes, plugs, sockets,
connectors, earphones, headsets, and minia-
ture components.

Available through your local
distributor, or write to:

RYE INDUSTRIES, INC.

130 Spencer Place, Mamaroneck, N.Y. 10543

==

NEW

‘ ki
( 3 years of
constant research

from the
originators of

w

NGise-

You've tried others, now try the best!

testing have put us way —_g

ahead! NO NOISE has been an innovative

force in the development and production of cleaners
and lubricants for 25 years. Our technical peo-

ple. who made us No.'1, were turned loose
to create a new line that would out-pet-
form anything on the marketl. Three
years of experimentation and
testing developed these 2 new
products. Approved by

( teading service

.

organizations clinging action

A miracle concentrated
mulation for heavy duty jobs
foams away corrosion,

SUPER
- LUBE

for-
Its

dirt and oxidation—and polishes all tuners con-
tinuously without drift or detuning. SUPER-LUBE's
built-in lubricating quality makes channel selecting smooth

and easy. For color and bleck & white
LK N N N |

Introductory

Offer

tigured by multiplying the resistance, ‘:\« (
in megohms, by the capacitance in mi-
crofarads, and you come out with the
time in seconds. T=RC. To make
sure that this thing uses only the
linear part of the curve, we make sure
that the time constant is quite a good
deal /onger than the operating fre-
quency of the circuit, 1/60 second. In
the actual set from which this circuit
was laken, the capacitor is a .039 uF,
and the series resistance, all together
is about 4 megohms, at least.

In operation, this capacitor starts
to charge when the input tube is cut
off (by the feedback puise coming

0GR AND BUACK 6 B
.-.un!.um

N g e T ek oy &
BUY 4 CANS OF SUPER-LUBE AND GET 2 EXTRA
CANS FREE FROM YOUR JOBBERS! MONEY BACK
GUARANTEE!

LT, § 07 MO

o *
5 T o G

SUPER SPRAY BATH dissolves and fiushes
away grease, dirt, oil and oxidation. Simply spray
funers, its penetrative action cleans and
restores tuners inside

and out.

All NO NOISE products
are non-toxic - non-lam-
mable - no carbon tet -
safe for all plaslics.

Often imitated but never duplicated

813 Communipaw Avenue
Jersey City, N, J. 07304

ELECTRONIC CHEMICAL CORP.
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SERIES 74 INTEGRATED CIRCUITS

Texas Instruments, Fairchild, National, ITT.
TTL Dual in Line

Type Function Stock No. Price

SN7404/9016 Hex Inverter R3040 1.00

SN7410/9003 Tripie 3 Input NAND gate R3047 1.00
SN7441 BCD to Decimal Decoder
R3042 3.95

Driver
SN7442/9301 BCD to Decimal Decoder R3043  3.95

SN7473/9020 Dual J-K Master Slave

Fiip Flop R3052 1.25
SN7470 J-K Fiip Flop R3041 1.00
SN7475 4 Bit Bistable Latch R3055 1.75
SN7490 Decade Counter R3044 2.95
SN7492 Divide by 12 or 6 R3053 3.25
SN7493 4 Bit Binary Counter R3045 3.50
SN7494 4 Bit shift Register R3046  3.50

SN7495/9300 4 Bit Right Shift-Left

Shift Register R3050 3.95

COMPUTER GRADE CAPACITORS

R2049 3500 Mfd. 55 volt 44" x 134"
$.65 ea. 5/$3.00

R2062 40,000 Mfd. 10 volt 3" x 414" Brand new
$1.25 ca. 6/57.00

EXOTIC SEMICONDUCTORS

TRIACS 400 volt 6 Amp on heat sml\

R4128 1.50 ca. 5,7.00
UNlJUNCTI()l\ . Similar 10 2N2647
R42 T5¢ca. 3,2.00

PROGRA\I\lAHLE UNIJUVCTION (PUT)

R4212 .. with apphcation data .. 1.45ea. 4 500
VARISTORS 100 volt 1 amp. with daia
R4213 S ... 3100 10/3.00

HONEYWELL (OMPUTER BOARD

Honeywell Boards §':” x 6”. 1.oaded with late no.
transistors, diodes, resistors and capacitors.
R9127 ..81.50 ea. 4/%5.00
$1.00 FREE WITH Slo 00 ORDER
MINIMUM ORDER $3.00

Lots of other items—send for free Nier:
chandise fully guaranteed.
excess will be refunded.

DELTA ELECTRONICS CO

. -
Aaox 1, LYNN, MASSACHUSETTS 01903
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c all mer-
Please include postage;

("\ew ENDECO )

Desoldering
Kits MODEL

300-K
KIT
SHOWN

ANl you need to handle
almost any desoldering
and resoldering job!

Kit 300K inciudes the famous Endeco
pencil desoldering iron Model 300, six
different size tips (.038 to .090) for any
job, tip cleaning tool, and metal stand
for iron ... all in a handy lifetime steel
storage box. $19.90 net. Model 300K-3
with a 3-wire cord $20.90. Also a similar
kit for military users. Kit 100K with large
Endeco iron (Model 100A) is $27.40, and
3-wire Kit 100AD-3 $28.40.

SEE YOUR DISTRIBUTOR OR WRITE

ENTERPRISE

» > DEVELOPMENT

CORPORATION

5127 E. 65th - Indianapolis, Ind. 46220
Circle 69 on reader service card

Build this magnificent
Schober Theatre

| gr———

¥ asahesae st

*Includes tinished walnut console. Amplilier,
speaker system, optional accessorles extra.
Only $1256 il you bulld your own console.

S G G Gas D G EED G GED Gae GEP GED GED GED S SED GED GED GRS

: Thet%/l()&IOrgan Corp., Dept. RE-91

I 43 West 61st Street, New York, N.Y, 10023

| O Please send me Schober Organ Catalog and
' free 7-inch “sample”™ record.

} O Enclosed picase find $1.00 for 12-inch L.P.
i record of Schober Organ music.

|

i NAME

= ADDRESS

| cry STATE ZIP__

Organ for
only $1730!*

You couldn't touch an organ like this in a
store for less than $3500—and there hasn't
been a musical instrument with this
vast variety of genuine Theatre Organ
voices since the days of the silent
movies! Haunting tibias, biting strings,
blaring reeds—the whole A to Z gamut
of real pipe sounds that make the sim-
plest playing a thrilling experience and
give the professional organist every-
thing he needs. If you've dreamed of
the grandeur of authentic big-organ sound in
your own home, you won't find a more satis-
fying instrument anywhere—kit or no kit.

You can learn to play it. And you can build it,
from Schober Kits, world famous for ease of
assembly without the slightest knowledge of
electronics or music, for design and parts qual-
ity from the ground up, and—above all—for
the highest praise from musicians everywhere.

Send right now for your copy of the full-color
Schober catalog, containing specifications of
the five Schober Organ models, beginning at
$499. 50, No charge, no obligation—but lots of
food for a healthy musical appetite!

— e — ————— — = 3
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from the output tube through the net-
work). Its plate voltage starts to rise
to the tuli supply voltage. Before it
can get there, or get ofl the linear part
of the curve, the input tube is turned
on, by the sync, it conducts heavily,
and its plate voltage drops practically
to zero: the saw-former capacitor dis-
charges. This forms a negative-going
spike. (Not a negative spike; a nega-
tive-going spike.)

Now, let’'s add some controls, as
in Fig. 3. One side of the capacitor
discharges to ground, through small
resistance R, then to the cathode re-
sistor of the output stage. The com-
plete path for this is through the little
resistors to ground, to the dc power
supply, then back up to the plate-side
of the capacitor through some very
big resistors. (That’s where the long
time constant comes from.)

Now we come to the first of the
“areas of confusion” about this cir-
cuit. Notice the high-resistance con-
trol, connected between 4400 and
+ 1100 volts, and marked VERTICAL
1 INEARITY. This happens to be in a
color set, but they all work the same.
Acumlly, this control regulates the
charging-time of the capacitor, be-
cause it is in series with the volrage
supply. 1t is also in the plate circuit of
the input tube.

So you'fl sometimes find this one
marked VERTICAL HEIGHT or SIZE!
Same control. same reaction; but dif-
ferent names! Next month, in the
third installment, you’ll see another
control with the same reaction, and a
couple of names! If you know whar
each one does, and why it is put in
there in the first place, it’ll be easy!

This column is for vour service
problems—TV, radio, audio or gen-
eral and industrial electronics. We
answer all questions individually by
mail, free of charge, and the more in-
teresting ones will be printed here.

If vou're really stuck, write us.
We'll do owr best to help vou. Don't
forget to enclose a stamped, self-ad.
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
South, New York 10003,

HORIZONTAL OSCILLATOR
TOO HIGH

All 1 can get out of this Zenith
14M29 chassis is a high-pitched whine.
Flyhack and oscillator coil have heen re-
placed. The horizontal oscillator is run-
ning, but at a very high frequency. What'’s
going on here®—I1. B., Ricerdale, 1.

This set uses an electron-coupled
horizontal oscillator, very much like
the circuit used in many radios! No-
tice that the horizontal oscillator coil
is tapped, and that the !wo halves are

RADIO-ELECTRONICS



ere is no substitute for training
on real electronic equipment.

It's just as easy to train on the type

6 of equipment technicians actually use

ment

You'll
ceive

NTS COLOR AND
B&W T.V. SERVICING

You receive a color TV with
many unique features, in-
cluding built-in self-servic-
ing equipment so you can
make all normal test opera-
tions. You also build an AM-
SW radio, solid-state radio,
F.E.T. Volt-Ohmmeter, and
electronic tube tester. You
fearn trouble-shooting, hi-fi,
multiplex systems, stereo
and color TV servicing.

—

Solid-
state
B&wW TV
74 sq. in.
picture
(cabinet
included)

The B&W TV receiver fea-
tures the latest in solid-state
circuitry, making your TV
training the most modern,
most advanced available.

CLASSROOM TRAINING AT LOS ANGELES
You can take classroom tralning at Los Angeles in sunny
Southern California. NTS occupies a city block with over a
million dollars in facilities devoted exclusively to technicai

training. Check box In coupon.

APPROVED FOR VETERANS

Accredited Member: National Association of Trade
& Technical Schools; National Home Study Council.

NATIONAL G2 SCHOOLS

World-wide training since 1905

4000 S. Figueroa St., Los Angeles, Calif. 90037
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Exclusive
Compu-Trainer”

NTS ELECTRONIC &
COMPUTER
TECHNOLOGY

One of the 10 important kits
included is this remarkabie
Compu-Trainer®—an NTS
exclusive. It's a fully oper-
ational computer logic train-
er — loaded with integrated
circuits. It introduces you
quickly to the how, what,
and why of computers. You
also receive a F.ET. Volt-
Ohmmeter and a 5" wide
band oscilloscope.

NTS GUIDE

Mail e
coupon ELECTRONICS
today for

free, full-

color 4
catalog ¥ - b
that de- i

tails every EL
training

program #
we offer.

No obligation. No
salesman will call.

-
Ul

City

Name__

Address

5 watt AM
transmitter
receiver

@ e 2 Sl

NTS ELECTRONICS
COMMUNICATIONS
AND F.C.C.

Two exciting courses in the
big-paying fields of trans-
mitting and receiving. Either
one qualifies you for your
FCC First Class Radio-Tele-
phone License. NTS assures
you will pass this FCC exam
within 6 months after suc-
cessfully completing your
course — or your tuition is
refunded. You receive 14
kits to build an amateur
phone 6 meter VHF trans-
ceiver plus NTS' exclusive
6 transistor solid-state radio
and a fully transistorized
volt-ohmmeter.

National Techni

4000 S. Figueroa St., Los Angeles, Calif. 90037

[] Master Course in Color TV Servicing O

Color TV Servicing (For advanced

Technicians)

[ Master Course in BAW TV & Radio
Servicing

[ Master Course in Electronics
Communications

00g oo

State

{11 Check it interested in Veteran Training O

under new G.1. Bill.

—— Age.

and service.

And it's a lot more practical. Take TV
Servicing, for instance.

You’'ll have it all over the man whose
only experience has been on a TV re-
ceiver designed strictly for training
purposes.

NTS Project-Method courses in Elec-
tronics combine the latest, professional
equipment with easy-to-grasp lessons,
texts and manuals. You build your equip-

a stage at a time, and then use

the equipment on projects that duplicate
actual servicing problems,

It’s like getting on-the-job experience
at home.

Here’s just some of the equipment
you get to keep, and what you will learn.

get all the details when you re-
the NTS {ull-color catalog.

5”
Oscilloscope

V

@
“
-
@
o o @
o B ®
;.ﬂ.:

NTS INDUSTRIAL &
AUTOMATION
ELECTRONICS

Let NTS put you into the age
of electronic controls. Sys-
tems automation is rapidly
becoming the emphasis of
modern industry. NTS train-
ing equipment includes a 5"
wide band oscilloscope. You
also get the new exclusive
NTS Electro-Lab —a com-
plete workshop. Build five
industrial controls to regu-
late motor speed tempera-
tures, pressure, liquid level
and much more.

, Please rush Free Color Catalog and Sample Lesson, plus information
on course checked below. No obligation. No salesman will call.

cal Schools

Practical Radio Servicing

FCC License Course

Master Course in Electronics
Technology

Industrial and Automation Electronics
Computer Electronics

Basic Electronics Dept. 206-061

_Zip.

Check if interested only in Classroom
Training at Los Angeles.

~
w



DON'T SETTLE FOR
A HIT AND MISS
IGNITION SYSTEM

«. Install a
JUDSON
ELECTRONIC MAGNETO

It offers the combined advantages of
both the standard transistorized and
capacitive discharge systems in one
simplified patented circuit. Provides
better performance, a smoother run-
ning engine and keeps your car in
tune. Installed in twenty minutes.

Write Today for Literature

JUIDSON @

RESEARCH & MFG. CO
CONSHOHOCKEN, PA. 19428
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to-find items.]

Send for

Diversifi

B

4 Biiramey,, o,

3
otrey

-
flimey -

tools of all kinds
_precision instruments
f ¢ essential shop items

r—

N ] .. .convenient
one-stop shopping
from your desk.

NMotional Comaora, fne.
e U
( { A, Froy
— H
¢ —
po—s)
=

NC
2\ National Camera

Dept. GBA
Englewood,Colorado, 80110
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‘free catalog! '
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collection-

not equal. Also, the two capacitors
connected across the coil are not of
the same value.

Reversing the coil connections,
or the capacitors would change the

T0
RSN HORIZ OUTPUT
HORIZ Cuh
CONTROL Y
\L 0015
X 330pF 82K o5y
470pF BOOST

172 6GH8
HORIZ OSC

o

HORIZ AFC
HOLD DISCR
1550 0015

280V

—— e — —

150 T.oozz

frequency of the horizontal oscillator.
Check this. At a guess, since the os-
cillator is running too fast, I'd say
that you have the low-inductance
(higher-frequency) section of the coil
“on top”; in the grid circuit. The dia-
gram shows the correct connections.

CONVERGENCE TROUBLES——
DIODES?

I've got a convergence problem that
won’t quit! All waveforms on the con-
vergence hoard look ok as nearly as 1
can tell. But the lines how on me, and 1
can’t straighten them out. What's going
on?—@G. S, Peoria, lllinois.

If your waveforms look ok at
the input to the convergence board
and vou still have a very severe bow-
ing of the lines (especially horizontal
lines). check the clamping diode as-
scmbly on the convergence board. If
one of these diodes is lcaky or shorted,
this will cause a very severe bowing of
the line of that color.

The purpose of the these diodes
is to “clamp” the dynamic con-
vergence sweep ar the center of the
screen, giving it more cffect on the
beams at cach end of sweep. So if the
diode is bad, the entire line will bow
and won’t respond to the controls.
Quick-check: just short each diode
with a screwdriver. This should cause
bowing. No effect, this is shorted!

THERE'S A BETTER WAY

A while back you suggested a wway to
make shunts for old meters. If your shunt-
wire should come loose during the tests,
the current could damage the meter. We
usc a safer method here.

The circuit is set up jusl as yours 1s,
but the shunt wire is permanently con-
nected at all times. One of the meter ter-

minals is connected to one end of the
shunt-wire. The other meter terminal is
simply slid along the shunt, starting af the
“short” end, until the desired current
reading is found.
OTHER

TERMINAL

OF METER

SLIDE ALONG

SHUNT UNTIL

OLD
DESIRED READING
METER ™S FoUND

—_—

O VOM

SHUNT WIRE

START
HERE

'l' CONNECTION

The shunt wire is then marked at this
point, the power turned off, and the shunt-
wire cut, wound up and fastened tightly
across the eter terminals.—F. S., Chi-
cago, Ill.

Comment from Clinic Con-
ductor: Right! There’s always some-
one around to work out a better way.
Thanks! R-E

PERMANENT

HOME APPLIANCE ELECTRONICS
(continued from page 32)

2-1/4"METAL DISC

NEON LAMP

.05 DISC
CAPACITOR

CLIP TO

CHASSIS GND. -
tripler circuit to find out where it stops
multiplying, Most troubles will be bad
recifiers or shorted or leaky capacitors.
Incidentally, the voltage-multiplier cir-
cuit will be found in quite a few late-
model color TV setst If rectifiers are
bad, it should be possible to replace
them with a stock color-TV tripler.

All parts should be easy to replace
with stock TV parts. The exception
would be the power transformer. It
might be replaced by a small os-
cilloscope power transformer. Check
transformer catalogues. The physical
size would be the worst problem.

Here again is an application of the
same old electronic principles and appa-
ratus, just like those we've been working
with for so many years. In future col-
umns we’ll see a lot more. Used for dif-
ferent purposes, but just the same, the
old basic-circuits that we've been fixing
for a long time. If we know how they
work, we can handle ’em. R-E

RADIO-ELECTRONICS



DESIGN FOR STEREO
(continued from page 53)

To get the gain of 3. the maximum
R. as determined from the same gain
equation, is 3 = (1.28 X 107) (4.7 X
1O) /¢ 4+ 1.28 107 R.). is 780 ohms.
Since 780 ohms is less than the 910 ohms
calculated tfrom the curves. the 910-
ohim resisior can be spiit into (wo parts
780 ohms and 130 ohms. The 130 ohms
is to be by-passed with a large capacitor
(Fig. 7-b) so that it will not affect the
gain but will still be in the circuit to help
set the quiescent bias voltage. Feedback

x
z

|||»—o
My—-
b4
)

o

w

4100

FIG. 8—SIMPLIFIED CIRCUIT saves cost
of two resistors and a capacitor.

voltage affecting gain and distortion will
be developed only across the 780 ohms.
The capacitor across the 130-ohm resis-
tor should be large enough to short the
130 ohms at the lowest audio frequency
to be amplified.

The circuit should work. An alter-

nate method can be used to eliminate
resistor R,. This is desirable as any
ripple in the power supply is fed
through this resistor to the gate and am-
plified by the JFET stage. Use line B
(Fig. 6) extended from the point on the
lower 1,.. curve to a zero V.. point on
the axis. so that no positive voltuge will
be required across Ry. The reciprocal of
the stope of curve B is R, = (.82 0)
volts/ (2 0) mA 410 ohms. As this
is less than the maximum R, = 780 ohms
calculated above. the gain will be more
than satisfactory. although the feedback
and distortion reduction will not be as
pronounced. The simplified circuit in
Fig. 8 can now be used, omitting C. the
1.5 megohm resistor and one of the
source resistor

The input resistor, Ry, is the 47,000
ohms the source must see. The maximum
idling current is 4.25 mA, determined by
extending line B to the upper curve in
Fig. 6. The minimum drain-voltage sup-

ply (E,,) is I,,(max) (R, R, + |.5
V.(max) (4.25 x 107%) (5110)
1.5(6) 30.8. A 30-volt supply will

suffice: the JFET will just work a bit closer
to the rounded pinch-ofl voltage portion
of the characteristic curve in Fig. 3.

Which design is more desirable?
Try both and decide for yourself. Some
adjustment to both circuits may be nec-
essary in the laborutory.

In the above discussion. as well as
in the description of the amplifier stage
designed using bipolar transistors. the
noise factor was omitted. R-E

¢ SCHOOL
l SYSTEMS
‘ e ——
. R —
L ] . R
G
o -

Thes 7 g 187¢

In the old "one room schoal days”a single scheol-
master did the job, but in tadoy's electronic age,
efficiency demands the "SCHOOLMASTER" by
‘Nelson-Hershfield Electronics, One, two,or three
channel systems with loudspeaking or telephone com-
munication housed in table top turret, desk console,
orrack cabinet; these fine unitsbridge the commun-
ications gap from a few to over 100 clossrooms.
Options include six channel time program control,
safety fire alarm, civil defense signal, with emer
gency onnounce . Audio aides include record, tope
or tuner options. For further information, write

wire, or call

Ul Kbl Sl

1848 WEST CAMPBELL AVE PHONE
PHOENIX. ARIZONA BS01S 602.264.1348
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PUT IT
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Leave it to B&K to come up with a new model 179 FET/VOM with fea-
tures that almost make it unbelievable at Its price. Complete DC voltage
ranges from .3V to 10C0V; DC current ranges .03 to 300 mA,; AC voltage
ranges .3 to 1000V and AC current ranges .03 to 300 mA. Resistance 0
to 500 Meg and stable operation 0° to 40°C. Fastest and easiest to use.
Thg 179 uses Field Effect Transistors for drift-free accuracy. High in-
put impedance mitimizes circuit loading. And the 179's super-wide
[ variety of ranges mak2s this an ideal FET/VOM for shop, ab, produc-
tion Ime‘, or sch‘ool. Includes mirror scale, and stay-put handle.
Now is the time to updzte your shop with a stable, protected FET/
VOM. And the econonmical, yet protessional B&F, 179 is the instrument

Sec

Taprme i ®

Ask your
distributor or
write us for
catalog.

There is a
difference in
test equipment . . .
ours works!

B&K Model 179 FET/VOM $74.95
The new standard of stability

.
._-‘b'
(O~ MODEL 179 FET

8 erecs

that wi'l give the
most usefulness and
satisfacton for your
money.

e nl

f

4 |

s

A Product of

DYNASCAN CORPORATION
1801 W. Belle Plaine
Chicago, Winais 60613

-

Circle 74 on reader service card
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You need both! VECTORSCOPE /
COLOR BAR GENERATOR

Made in U.S.A.

MODEL
V-7
Unigue all-in-one unit

® Checks, aligns
demodulators to any
angle

® Checks, aligns
bandpass-amplifier
circuit

® Pinpoints troubles to
a specific color circuit

® Portable for field or
shop

One Year Warranty

Exclusive Features: Self-Calibrating—adjust timing

circuit without external test equipment. Plus: All &
Crosshatch, Dots, and Color Patterns; Voltage Regu- 19
lated. Free copy, Wayne Lemon’s “Color TV Servicing
Simplified with Vectorscope”.

C

See your distributor or write Dept. RE

LECTROTECH, INC.
4529 N. Kedzie Ave., Chicago, lllinois 60625

Circle 75 on reader service card

n LISTEN T0: /INSTANT./
POLICE, FIRE,

@ 0 & WEATHER REPORTS!

Perfect for
Industrial, Commercial, Utility
and Government Use

SONAR SENTRY
VHF MONITOR RECEIVERS

ADJUSTABLE SQUELCH

8|

VHF SENTRY

103-6A

SQUELCH

Designed and engineered for sim-
plicity of operation, compact enough
to fit a shirt pocket yet powerful
enough to deliver a clear ciean sig-
nal —it's dependable  Operates on
three crystal controlled VHF chan-
nels and tuneable broadcast band e
Adjustable squelch e Completely
solid state for long life use * Visable
battery indicator to show battery
condition at all times e Built in an-
tenna ¢ 57" H x 2%2” W x 1%, D.
Wt. 11 oz.

R0
w\\“ _‘;. 1(‘-\‘“ L 6\“°“°‘
('\4 At

$ 95 _,‘

":

With Battery & Earphone - \

& T ......_________ Ll

Crystals $5.00 ea. I$ONAR RADIO CORPORATIONI

MODELS 73 Wortman Ave., Brooklyn, N.Y. 112071

FR-103-SA Please send me information on VHF Monitor Receivers |

150-175 MHz Dept. 292 ;

FR-106-SA  lname ... . |

(IN 4 FREQUENCIES) |A |
A-30-33MHz—B-33.38MH; | Address

C-38-44MHz—D-44-50MHz | City. State. Zip I

Circle 76 on reader service card
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TECHNOTES

DuMONT 120926, -928, -957, -958 &
EMERSON 120924, 120974 TV CHASSIS

Symptom: On color programs, with the color control turned
down, it has been observed that the TINT control will some-
times act like a COLOR FIDELITY control. Rotation of the TINT
control will change the background color from blue to sepia.
Remedy: Capacitor C126 is connected from one end of the
BRIGHTNESS control to the ground lug ot the TINT control
Remove the ground lead of C126 from the TINT control and
ground directly to the control mounting panel.—DuMont-
Emerson Field Service Bulletin

STOP ‘TOP-HATS’ FROM BLOWING THEIR TOPS.

Many Zenith 25NC37 color chassis, as well as other
brands of color TV sets, have been blowing silicon rectifiers.
This malfunction occurs on late-model color sets that in-
corporate automatic degaussing.

This is what happens: The rubber cup on high-voliage
anode lead deteriorates or moisture collects under it and a
HV arc occurs. On many of the Zenith 25NC37 chassis the
degaussing coils are located very close to HV anode con-
nection of the CRT. When a HV arc occurs, this then sends a
tremendous spike surge voltage through the degaussing coils

DEGAUSSING
COILS
—

—

120V ” B+ FILTER AND
o T VOLTAGE
N DIVIDER
LOCK DI
’.
I60/250Vr1: |60/250V
>

and hence onto the silicon rectifiers DI and D2 (note power
supply schematic) and of course, blows out one or more silicon
diodes.

To climinate the recurrence of top hat failure; reposi-
tion the automatic degaussing coils as far from the HV
anode cap as possible and replace the HV anode cup with
the new small size rubber cup. Clean the arca very thor-
oughly around the CRT HV anode connection. Be sure the
HV shunt regulation system is working properly. Now check
and adjust the HV at the CRT anode according to the man-
ufactures specifications. This should eliminate “blown top
hat” call backs. However, spike voltages on the incoming
power line to the receiver may cause the same type of recti-
fier failures.—R. L. Goodnman

G-E KD COLOR CHASSIS

Complaints of insuflicient width may develop after a
year or so of use. In most cases. these complaints are not
due to the usual tube or components failures.

The problem is due 1o low heater voltage on the 6CG3
damper tube. (In some cases, it measures only 5 volts.) This
low heater voliage is due to a poor contact on the riveted
ground on terminal board 2 which carries the heater ground
return from pin 12 of the damper.

Adding a length of bus wire from the ground lug of the
terminal board to the nearest solder “lance”™ on the chassis
will cure the problem. Be sure that you get a good soldered
joint.—G-E Service Talk R-E

RADIO-ELECTRONICS



Photo courtesy RCA Princcton Labs

The following experiments demonstrate properties of light
and other electromagnetic radiation using the laser. The ex-
perimenter is expected to be familiar with the classical ele-
mentary theory of light; therefore, explanations are kept to a
minimum. The experiments produce effective demonstrations
with minimum equipment and maximum safety.

Equipment necessary for these demonstrations:

1. Laser 15. Prism (45° —45° -90°)
2. Display tank 16. Polarizing filters (3)
3. Support for display tank 17. Small test tubes
4. Mitk 18. Quarter wave plates (2)
5. Aerosol room deodorizer doubly refracting. red
or smoke source 19. AgNO,
6. Liquid detergent 20. Single-slit diffraction aper-
7. Ink ture
8. Boiled or distilled water 21. Double-slit diffraction ap-
9. Detector (CdS light meter erture
with red filter)* see note  22. Circular diffraction aper-
below ture
10. Mirror 23. Divergent lens
11. Pivot mount for mirror 24. Hologram
12. Protractor 25. White paper
13. Ruler 26. Transmission grating
14. Thick slab of glass 27. Razor blades

Light detection and intensity measurements can be made
with a photographic light meter, preferably one that uses a
CdS (cadmium sulfide) detector. The light levels from a 2.5-
mW laser will not overdrive the meter and used meters can be
purchased in camera stores. The meter’s response to light is
not linear. however, and response must be calibrated against a
more accurate standard.

EXPERIMENT 1—-SCATTERING OF LIGHT

Explination:

When light passes through the atmosphere, it is scattered
by the targe number of gas molecules and particles that make
up the atmosphere. Objects are visible only because of the
light they scatter toward the viewers' eyes. For this reason
(i.e., the lack of light scattered toward them) astronauts are
largely in the dark when they travel in orbit bheyond the
earth’'s atmosphere. For this same reason. an observer may not
see a laser beam headed across his path. On the other hand, if
smoke is blown into the path of a laser beam, it immediately
becomes visible.

This mechanism of optical scattering varies with the size
of the scattering particles. Particles such as smohe may be
considered “large™ if their radii approach the wavelength of
the incident light. The scattering froni such particles is re-
ferred to as large-particle (i.e., Mie) scattering. In this type of
scattering the particles may be considered as opaque spheres
which scatter according to the principles of the diffraction the-
ory. It is this type of scattering that can pose a potential haz-

JUNE 197

Basic laser
experiments

by U.S. BUREAU OF RADIOLOGICAL HEALTH

ard when high-powered lasers are used in the atmosphere.

Particles whose radii are much smaller than the
wavelength of the incident light (radius < .05 1), scatter by a
different mechanism called Rayleigh scattering. in this type of
scattering, each microscopic particle acts as an electric dipole,
reradiating the incident wave by electrically coupling into
resonance with the electric field of the incident light. This type
of scattering can be seen by observing different regions of the
daylight sky through a polarizing filter.

Materials:
I aser Boiled or distilled water
Display tank Milk

Smoke source or acrosol can

Experimental procedure:
Large particle or diffraction scattering

Direct the laser beam so it passes through the clean dis-
play tank filled with boiled or distilled water. The path of the
beam will probably not be visible in the water. Add a small
amount of homogenized milk to make the water turbid. The
path will then become visible. Instead of milk. a concentrated
solution of colloidal silica solution can be added to the water
10 make a permanent display solution. Large particle scattering
can also be demonstrated by blowing smoke or the spray from
an aerosol can into the path of the laser beam.

EXPERIMENT 2—ABSORPTION OF LIGHT

Explanation:

In passing through a material. laser light, like all elec-
tromagnetic radiation, undergoes absorption which can be ex-
pressed by the exponential relationship | l,e"#x, where u is
a function of the absorbing material and the wavelength of the
light, and x is the thickness of the absorbing material. If a
green piece of cellophane is placed in the path of a helium-
neon laser beam (i.e. red light), there is a substantial reduction
in the beam intensity. If, on the other hand, a red piece of
cellopane is used with the same beam, relatively little absorp-
tion occurs. This principle of selective absorption of light from
laser beams with given wavelengths is used in some of the
commercially available protective goggles sold for use with
lasers. This experiment demonstrates both quantitatively and
qualitatively how the absorption of light depends upon the
thickness of the absorber.

Materials:
Laser Detector for measuring
Display tank light intensity
Liquid detergent Ink

Experimenta! procedure:

Prepare a display solution by adding a few drops of a
liquid detergent to water and stir until it is uniformly mixed.
Fill the display tank with this solution and project the laser
beam into the tank so that the path of the beam is clearly
visible. Now add a drop or two of blue or black ink to the
solution and stir until the solution is uniform. Notice how this
causes beam intensity to decrease rapidly as it penetrates fur-
ther into the solution. Continue to stir in ink a drop at a time
until the beam vanishes (i.e. is completely absorbed) before it
reaches the opposite end of the tank

To make a quantitative measurement of the exponential
absorption of light in a material, direct the laser beam onto a
detector which measures light intensity or beam power.
Record this value. Using various pieces of absorbing materials
such as a semi-opaque plastic, insert one thickness at a time.
gradually increasing the thickness of the material through
which the laser beam passes. Record the light intensity for
each value of the total thickness of the material and plot the
data on semi-log paper. What is the shape of the line ob-
tained? Why? R-E
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TRY THIS ONE

NEW LIFE FOR OLD
PHILLIPS SCREWDRIVERS

When a Phillips head screwdriver
has worn so it is no longer usable,

-~ f’._______,—_-ﬁ\. T~

NEW PHILLIPS DRIVER

ya

DOTTED LINES SHOW AREA GROUND OFF,
LEAVING A FLAT SIDED SCREWDRIVER.
grind off opposite flutes. Then the re-
maining two can be shaped to a per-
fect angle again. Just as good as new
for light work.—Miller Service

ERASER CLEANS CIRCUIT BOARDS
Before attempting to solder a
printed-circuit board on which the foil
has scparated, carefully clean the
copper foil with a pencil-type type-

writer eraser.

These erasers contain abrasive
that is ideal for removing dirt and oxi-
dation so joints are casier and more
quickly tinned and soldered without
subjecting them to excessive hcat.—S$
Clark

PUT A DIODE TO WORK

An ordinary rectifier diode is
handy when you have to phase pairs
of wires in long remote runs as iIn
some intercom and  speaker in-
stallations. Phasing can be quite a
chore if the wire pairs are not color-
coded or are twisted together.

A quick way for onec person,
working alone, to identify wires and
phasing is to connect a diode across

@ OHMMETER
TEST TWJE;I;QED
LEADS
)
DIODE
FIG. |

one end of a pair and then check the
other end with an ohmmeter as in Fig.
1. Set the meter to the X1 or XI10

range and touch the test leads (o the
ends of the wire pair. Reverse the tes
lcads if the meter does not deflect,
When the meter deflects, the wire con-
nected to the plus test lead is the same
onc that is connected to the anode of
the diode at the other end.

DIODE
’L_..c...

SPEAKER

FIG.2

If speakers are connected at one
end of the pairs and are within hear-
ing range of the sending end, then an
ohmmeter is not needed. Simply con-
nect a diode as shown in Fig. 2 and
momentarily connect a  low-voltage
battery across the open end. Connect
the battery one way or the other until
a thump is heard from the speaker.
The wire connected to the plus side of
the battery is the same one that con-
nects to the anode of the diode at the
speaker end.

Any rectifier-type diode will work
for this purpose. Miniature clips can
be connected to the diode leads to fa-
cilitate making connections.—Herbert
E. Pusch R-E

BARGAINS GALORE

FREE $1 BUY WITH EVERY 10 YOU ORDER

Only applies
t0 “’S1’’ Buys

FREE GIFT WITH EVERY ORDER

o 12—MINIATURE ElECYROlYTIC
KNOB SPECIAL 0 COnDENSERS ot Trmmomssar $sq O
100 — ASSORTED RADIO il tureliror D
KNOBS Al standand types ... 51 D 10 — MINIATURE 456KC iF
$20 value TRANSFORMERS Exceptional value 51
D 50 — TV KNOBS — POPUI.AR 51 PO—1LT 1L
TYPES For mo-t sets D HEAVY DUTY COI.OR FOCUS 51
25 — VERTICAL I.INEARI'I'Y RECTIFIER 11.000 PIV g § ms D
D KNOBS 1. ~hank . Front 51 D 50 — OIL IMPREGNATED
mount miniature assortment TUBULAR CAPACITORS ¥or- D
D '::(:‘o_asvgnn%ﬁl Lms[mury . ' cohlI\ “A:::l l.eads—Most 53 95
e mount . . popular v
Standan] slzes . ............. 1 COLOR-TV RECT]F]ER o
[—1 25—KNUR|.ED RADIO KNOBS 51 D Used in most color 3015—65(‘)0 51 95 D
_ t ext welectlan KV . v et iierntaer e 3 for
D 40 - DEI.UXE RADIO KNOBS ID 15 — ASST. ROTARY SWITCHES 51
Cholee assortment . Popular 51 all popular types $20 value
LYPES ..ottt i 1S — G.E. #NE-2 TUBES 51 D
ANY 6 KITS FOR S5 |D Neon Glow Lamp for 101 uses...
(- WIRE #20 tinned
D TsodANEIdSTSRkRAblq asst :W’: 51.50 D f‘osro houkuavgssuwclnl clreuits. ete s1 D
g . bad. broken, as-ls. potiuc
[[] TAPE RECORDER—uwiorted types 54|D 'ap;cu"g:g cDOISC CERAMIC 59 4
gol. roken. fas-is. potlucek
200 — ASST. Vo W RESISTORS 3—ELECTROLYTIC coupmszns sq [
D ng ““m‘S ﬂnm/l.’l eads, Excelient 51 D mos~t popular number 50/30—150v 1
Selectlon ~ .o resois [] 7.5 IV ELECTROLYTIC CON- 5] O
100—ASST Va WATT RESISTORS DENSERS desiranie tvpes ..
D stand, choice {,hm ages, sume In 50¢ s1 5 — &' LINE CORDS 51
100—ASST V2 WATT RESISTORS $9 [ %75 Steanden Copper Wire ... ... O
O sancciiee Ghmiawes, some in 577 2 — BELFUSE #450-1 and 3.1 |
D 70 — ASST 1 WATT RESISTORS 51 D RCA Replacement 9453024  and 51
stand, choice ohmages, ~ane in 507 | PADBU2-B e D
— T 2 WATT
O B S8l e 1 = - nﬁli‘é WESTINGHOUSE .
50 — PRECISION RESISTORS $1| Same as F4T ... 1‘
[ 3sst tistoorice 850 tess vser - . UNF OR VHF  MATCHING .D
) Aty AL I ) TRANSFORMER Simple Fostorout 54 ]
ADPHONES nstallatlon ... ..o i,
O] P A $5: ”lD 3—ELECTROLYTIC CONDENSERS §9 [
with Stereo plug . ..evcee... C.D. 500 — volts ...... 0
IMMEDIATE DELIVERY . . . Scientific light packing for safe delivery at minimum

HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter

6 — TRANSISTOR RADIO EAR- § $20 — SHURE M7D DIAMOND $
o 3
PIECES wires camplete with plug NEEDLE "t reblacement
- SH REMMSERIESDI MOND K
‘CogRD beilt'llfeﬂ ':‘,;Yl;?:;. DIA_" s1‘ Nggplg enaet R(‘phr(‘AmonlN 54 22
1o~ SE15 70N PGS & 53 [ £7.1,YO WOTORS B 3
N e L r hoabhyis
200° — #24 SOI.ID PU.! BACK
3—PRINTED CIRCUIT IF TR -
F()RMEhl‘iS DXC! P" & ANS 51 hwu;“ tlrh.n.\"u.r..h.ll.u:k”(.\.r‘l.ll.(-nt 51
20 — DIPPED MYLAR CAPACI- -
TORS o1 toot VAR CAPACE ST v TUNER — et anonew g9
20 — DIPPED MYI.AR CAPACI- S WESTINGHOUSE STAND
TORS -v33—600 1 TUNER Series Types L. ARD 54
S .:,“.".’-.;u..’!"f.'.unc‘t.?‘i.‘.. = LU AT (LEGHEUELD
stripped and tinned leads on other Ngtw_:,&- l\)NI)P()7) F'l:h ;:,(2.\(.-_9_0.4,) "1

G o cco oobooooooaoooo

3' JUMPER CABLES Male 1tCa s1-19 O

‘Uype Plug on Roth Ends. 2 For
50 — ASST. TERMINAL STRIPS 51

1 types. 1-lug to G-lug

2-G. E PIECES OF EQUIPMENT 51

stacked with over 200 useful parts

10—-ASSORTED SLIDE SWIYCHES 51
SPsT. SPDT. DIPDT. ete.

13 Pc. SCREWDRIVER &
NUTDRIVER SET  rexularly 54_50
ECHD®  oooooboboocoooooobooa
ENCLOSURE WITH 6™ SPEAK-

ER FEnxcellent value, regularly 55‘95
S14.95 . ...

AF POWER AMPLIFIER
TRANSISTOR

GE-12. RCA-SK3021. HEI'-240 51 95
Replacement

GE-2. RCA-SK3009. [IEP.230 139
Replacement

70° COLOR TUBE BRIGHTNER 53 .98

54.98

90° COLOR TUBE BRIGHTNER

cost.

F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping.

Tearsheets will be returned as packing slips in your order, plus lists of new offers.

Minimum Order $3.00
Please specify refund on shipping overpayment desired: ] CHECK [] POSTAGE STAMPS [[] MERCHANDISE (our choice) with advantage to customer

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024

78

UHF TUNER - 'I'RANSIS'I'OR 53.95
TYPE Used in all TV sets ..

SARKES TARZIAN TUNER
41me

[.atest Compact
Model good for
all 41 me T'V's.

BRAND NEW—

Best TUNER "SARKES TAR-

ZIAN' ever made—last word for

stability, definition & smoothness

of operation. An opportunity—to

improve and bring your TV Re-

ceiver up-to-date. 5795
COMPLETE with Tubes

estimated

212-874 5600
TELEPHONE

RADIO-ELECTROMNICS



NOTEWORTHY CIRCUIT

This novel photoelectric control
circuit for switching and setting the
level of audio amplifier inputs from a

REMOTE CONTROL FOR AUDIO

photoresistive photocell—also called
an LDR or light-dependent resistor—
is inserted between cach input and the

CONTROL BOX

e e
e TR
51 N e
fu
[ I o
T ' T ¢ evoc

remote point was described in RA-
D10, a Russian amateur magazine. A

=

common input to the audio amplifier.
The LDR’s resistance is very high

in darkness and decreases sharply as
light intensity increases. The resistance
of the LDR and the input resistance
of the amplifier form a voltage divider
that controlis the signal fed to the am-
plifier input.

Each LDR is housed in a light-
tight enclosure along with a miniature
pilot lamp which, when turned on. de-
creases the LLDR resistance and allows
the signal at the input jack to reach
the amplifier. Switches SI, S2 and S3
turn on the lamps illuminating the
LLDRs in series with JI1-]3. Poten-
tiometers R1-R3 are used to set lamp
brilliance and thus control the amount
of signal fed to the amplifier. Lamps
1.M1-1.M3 are indicators to show at a
glance just which input circuits are
being used.

The LDR’s used should have a
dark-resistance  many times higher
than the amplifier’s input resistance.
Their resistance. when illuminated by
the lamp, should be considerably
lower than the amplifier’s input resist-
ance for minimum insertion loss. If
the circuit is to be used as a mixer
then it may be advisable to insert iso-
lating resistors of several thousand
ohms in series with each [.LDR at point
“X”, R-E

—— SHANNON MYLAR RECORDING TAPE—

CANADIANS: Ordering is easy — we do the paperwork — try a small order

2% — 225 ,.§ A7 7" —2400° ......... $1.79 COMPUTOR
v — 225 . a9 | 77 —3600" L. 295 | | WESTINGHOUSE ALL TRAN- IBM SECTIONS
as we
3 = 300'.. .27 || CASSETIE 0O minutes g9 SISTOR HOME/OFFICE T tor 81" are
Va'' 600’ 58 CASSETTE 00 minutes .54 toaded with over
il o CASSETTE 120 minutes 1,97 MESSAGE CENTER L i
5 - 600 .. 62 Y L f th f renl Built in Inel. Transistors
" . es: £] (4] other for eplay . . . Condensers, 1tesis.
5 = 900" .. .80 2V’ TAPE REEL .... .04 s[fe..nvkeesr,r:ucsr‘:)ichone r1'or talk-into convenience . . . Re- Tors, Heat Sinis,
5" —1200 .. .97 3  TAPE REEL .... .05 cords up to 3 m}:nutes of messages . . > Il]urgmntted] Diodes, Ete.
(R . Va' signal shows when u message is waiting, ontro
s” 1800, .. 149 3”/. TAP: R::l S 06 arliusts piayback volume without affecting recording 8 fr %1
7“ - I200‘ sn 77 5” TAPE REEL .... .2 volume . . . Capstan Drive: 57.95 100 . 310
7 — 1800° .. 1.12 7 TAPE REEL .... .14 BRAND NEW SOLD AS IS or

MARKET SCOOP COLUMN [

STANDARD TUNER — TRANSIS

TOR (GUIDED GRID) 100 e e b PURE

4 Channel closel eircuit
tor

WESTINGHOUSE FM TUNER $9.99RCA 110° FLYBACK TRANSFORMER
V2DTS Tube) 4 «hinase oaoaas :

. Transis. § 3499

We scooped the Market|
Latest type D 51
for all 110° TV's most useful assurtment #1 =

HCA's design of large )
Coil produces 18KV__

AX CABLE RG50U grey or 52
D black 2507_$9 100°—$3.69 50'—
standard 4 — TV ALIGNMENT TOOLS

4 — TV ALIGNMENT TOOlS 51.49
For Calor TV #2

= & RSAL SPEAKER. T°P S ~

I I 127 UNIVE ry 4 assuring ndequate width

L Quality arge Magnet o g # T A e Dok 6 — TV COLOR ALIGNMENT $9.79
10" PHILCO SPEAKER sr59) ]| S09T,ASS0RTED HEMINULS:  ESY) Qi | ol enatie DTy TOOLS Vort popuiar tyve 2

[ 1 5 PNP TR
';un SL]I\I;ERSAL ;;rEg:Kléan!nel 52 . Ji List price $13.00 EI !cn_enlN; il &N?éSI?Rw $1

r 7 — $9.49 — 250 — ASST. SOLDERING LUGS § ¢ i b E MR
UTAH &' HEAVY DUTY 10 OZ L) eat o soms 2,7 1 &  vouoce . *3 O e aeaNSIORS 1
SPEAKER Ceramic  Type— S 59 D 250 — ASST. WOOD SCREWS 51 7y 10¢% cff in lots of 3 1 UNIVERSAL TV ANTENNA $4 .98
8 Ohm 3 finest popular seleetion . ........ Back of set Mounting 1

[] & -ECONOmY SPEAKER Top §4.94 250 ASST. SELF TAPPING § o

= quality 2 15 \Mag SCREWS #6. #B. ete. . ...cc... 1

5" UNIVERSAL TWEETER 51 .29

107 Magnet 150 — ASST. 6/32 SCREWS 51

UNIVERSAL 4” PM SPEAKER S and 150 6/32 HEX NUTS - - .- | "COMBINATION SPECIAL'’
With 5016 Outj-ut Transformer 150 — ASST. 8/32 SCREWS s - RCA 110° FLYBACK
| = y 2

2V2" x 4" SPEAKER GO L] fng T dran HEx BT Gecee 1L plus 110° DEFLECTION YOKE

32" — ROUND SPEAKER
&p/t?rkd Ruy E . 59‘ D
4 X 6 "QUAM” 16 OHM
SPEAKER l-arpge magnet
special RUY (10 for $15.00)

25 — 3900-OHM-7w RESISTOR $
10% Corning class

20 — .47-600V CONDENJERS 51

White Ceramic C.D . American

YV YWIN lEAD IN 300 ohm
0/-—$1.50 50° —

Popular Types for most color TV .
CRYSTAL LAPEL MICRO-
PHONE Mligh imped. 200-
6000 cps .. 10 for $5 - -

O DDDD ] DDDD

#113382 (Stancor #110-601C

-
c

NE 1971

150 — ASST. 2/56 SCREWS
and 150—2/56 HEX NUTS

150 — ASST. 4/40 SCREwWS
51’79 D and 150—4/40 HEX NUTS

1 [T] 150 — ASST. 5/40 SCREWS
and 150-5/40 HEX NUTS .

D 500 — ASSORTED RIVETS
1

most useful sclected sizes

s ASST, GlOBAR VARISTORS 59 O 500 — ASSORTED WASHERS

most useful selected sizes ......

59¢ - D 100 — ASST. RUBBER BUMPERS §

for eabinet bottoms & other uses . .

RCA COLOR FLYBACK Part 512.95 D lOO-—AbSSORYED RUBBER GROM-
METS best sizes

[
L] an types Tv's inel sehematic . ..

110° TV DEFLECTION YOKE for 53 D 50 — ASSORTED TRANSISTORS 51

big faet 8¢

I:’ 0 10 200 MICRO AMP MINIA-
) TURE METER 14 x 115 .. w v 51
3 0z. Excellent 8 meter

1 D 70° COLOR YOKE
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90° FLYBACK TRANSFORMER
10

for all type TV's inel schematie .

90° TV DEFLECTION YOKE
51 D for all type TV's inel schematie

70° FLYBACK TRANSFORMER
51 ] i type TV's inel schematie ..

51 D 70° TV DEFLECTION YOKE 52

for all type TV's inel schematic
Hated 4.2 TO 5.0 AMPS, cte,

For all round color CRT's

90° COLOR YOKE For alt
1 Reciangulangllol 3287 Cotor, $10°5 5 — AUDIO OUTPUT TRANS- §
......... D CRT' D 1

10 — STANDARD TRANSISTORS 51
\'P\l& PNP 2N404, 2N414 ete.

$2 [[] 10;ASSORTED DIODE CRYS

2 IN34. IN48. I1N6O. ING4. Ye;IAls 51
3 — TOP BRAND SII.ICON

52 D TIFIERS ! amp 1000 P1v REC- 51

20 — ASST. PII.OT
52 D #14. 46, 47, 51 4“6..4.'.5 ..... S1
D 20 — DIPFED MYI.AR 51
CAPACITORS 047100 V

4-50" HANKS HOOK-uP WIRé 51

assorted eolors . ........v.a

1 O 2 — TV _CIRCUIT BREAKERS $4.19 O 100°'—SPOOL SPEAKER WIRE $q.50

2 cond. mAni zip. clear. 101 uses

512.95 D 10 — ASST. RADIO & YV TUBES 51

Every Tuhe a good numbe:
f“] 5—-LF. coil YRANSFORMERS 51

456-ke for Transistor Radios .. ...

FORM Sub-min for Trans Hadios
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Protect and Preserve
Your Copies of
Radio-Electronics

An elegant,

" durable Li-
brary Case
will protect an
entire  year's

IS copies from
dust and wear.
At the same
time, it will

enable you to
conserve valuable space and reduce book-
case clutter.

With Maroon simulated leather back, and
black sides, the attractive case should be
a handsome addition to your library. (16.k
gold lettering is used to give maximum
legibility.) Each Llibrary Case also includes
gold transfer so you can print the year on
it. To order, send your check with the order
form, below:

Clip & Mail with your check to: l
JESSE JONES BOX CORP. I
|

Box 5120, Philadeiphia, Pa. 19141

NOAMIET e oo o e wm s ar s ol b B awdawss 5o o 21 b oL |
OIAARESS] g ewrwwew. @ s ecmmes oF B e |
CIYY B mE TP SR EN § AT T cnene wnons snonsronomenererens :
SYONE) v oo i dims ulh im0 i e ZIp) 39s Ve :
Please send me ... .. RADIO-ELECTRONICS

|
Library Cases at $3.50 per Case. (Payment |
must accompany order.) |

|

Orders outside U.S.A. not accepted

OUR STORE
AT YOUR DOOR

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Va'ue Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak-
ers, Changers, Tubes, Tools, Stereo Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credit plan available,
NAME

ADDRESS
CITY_

GIVE ZIP CODE.

STATE_

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also,

0LSON ELECTRONICS

Dept. LR-260 S. Forge Street
Akron, Ohio 44308

Circle 79 on reader service card
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NEW BOOKS

MODERN CONTROL THEORY AND COMPUT-
ING edited by Donald Bell and A. W. L
Griffin. McGraw-Hill Book Co., 330 W. 42nd
St., New York, N.y. 10036. 6 «x 9% in.
221 pages. Hardcover, $16.50.

This book presents at an engineering
level the basic principles of modern con-
trol theory. It encourages the use of
analytical design techniques in seemingly
complicated industrial problems. Special
features of the book include new in-
formation on hybrid computation, and
extensive data in the field of adaptive
control systems.

SERVICING TRANSISTOR EQUIPMENT, by
Gordon J. King. Hart Publishing Co., 510
Sixth Ave., New York, N.Y. 9% x 6% in., 151 pp.
Hardcover, $7.95

Guide to servicing transistor radio,
TV, tape and hi-fi equipment. Emphasis
is on speedy diagnosis of what ails the
machine. Some chapters concentrate on
fault diagnosis, with summary chart of
faults in audio. and video amplifiers,
various circuits and oscitlators.

MOST OFTEN NEEDED 1971 COLOR TV SER-
VICING INFORMATION, compiled by M. N.
Beitman. Supreme Publications, 1760 Balsam
Rd. Highland Park, Ill. 192 pages, 872 x 11
in. Softcover, $4.00.

This new volume presents needed
repair information on many popular
color sets of all makes. Includes double
and triple page schematics, printed cir-
cuit board views, alignment facts, and
other factory supplied material 10 aid in
completing needed repairs.

THE VERSATILE OP AMP, by Michael Kahn,
Holt, Rinehart and Winston, Inc. 383 Madison
Ave. N.Y. N.Y. 10017. 227 pages, 6% x 9%
in. Hardcover, $10.00.

This text covers the fundamentals
and significant applications of the oper-
ational amplifier. Detailed explanations
and numerous worked-out examples ex-

plain this device in great detail. The
book first discusses the fundamentals of
amplification. It then departs from tradi-
tional presentations by treating the
amplifier on a black box or module
basis. The basic concepts pertinent to
amplifiers: gain. distortion. feedback,
matching, offset and drift, frequency re-
sponse are all covered. but here they are
applied specifically to an amplifier which
is manufactured in a single package.

ELECTRONIC CIRCUIT DESIGN HANDBOOK,
third edition, by the editors of EEE magazine.

Tab Books, Blue Ridge Summit, Pa. 17214,
8% x 11% in. 383 pages, hard cover.
$17.95.

The expanded third edition con-
tains more than 600 proven and tested
circuits for all types of functions se-
lected on the basis of their originality
and practical application. This is 100
more circuits than the previous edition.
750 schematic diagrams and illustrations
are used to supplement the text. Con-
tents include control circuits. protection
circuits, pulse circuits, alarm circuits,
sensing circuits, and logic circuits.

RADIOTELEGRAPH OPERATOR'S LICENSE Q
AND A MANUAL by Milton Kaufman. Hayden
Book Co. 116 W. 14th St. N.Y. N.Y. 10011,
400 pages, 5% x 8% in. Hardcover, $11.95.
This book provides all the neces-
sary study material for successful com-
pletion of the FCC examinations for all
3 classes of FCC radiotelegraphs oper-
ator’s license, as well as for endorse-
ments for ship radar and aircraft radio-
telegraph. Each section of the book
contains a series of pertinent questions
and concise answers. Most of the an-
swers are followed by more detailed ex-
planations in discussion sections. Addi-
tional data on FCC rules, regulations
and radio laws are included in the Ap-
pendices. R-E

DROER

o s
on F1.203 2P CRYSTAL

AMATE

PURCHASE CERTIFICATE

Crputnt Prow—— — -

gu“s“-“ " "'_a-
i

crome oeots CH
n 71283 217 CRYSTAL

AMATEY
pURCHASE CERTIFICATE

Cryeast ot

NOW/... vou can
Z/ “"ORDER

Amateur, Monitor and CB
CRYSTALS

Your dealer has a new, fast, direct-
factory ZIP Crystal Purchase Certificate
that enables you to get the Amateur
Controlled Quality Crystals you want
mailed direct to you promptly. Ask
about it.

= s~ {4 N DIVISION OF
-l = ! WHITEHALL
. w ( J| ELECTRONICS
ﬂ g L | CORPORATION
formerly Texas Crystals
ho— 1000 Crystal Drive Fort Myers, Florida 33901

4117 W. Jefferson Blvd.

Los Angeles, California 90016
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COMING
NEXT
MONTH

JULY 1971

m Cartridge VTR's

There's one in your future, and several
machines are fighting to be first.
Here's a close up of the major systems
now in the running.

m CCTV Cameras

Low-price TV cameras are here. Let's
take a look inside and see what makes
them tick.

B Using The Tone-Burst Generator

A new kind of test instrument you'll
want on your bench as soon as you
see all the things it can do for you.

m More Burglar Alarms

In this second article, another, more-
advanced group of alarm circuits is
presented. Breadboard and printed-
circuit construction details are in-
cluded.

PLUS . ..

Home Appliance Electronics
Kwik-Fix Troubleshooting Charts
Designing Solid-State Amplifiers
Jack Darr’s Service Clinic

JUNE 1971

CAN YOU QUALIFY

ARCD?72R_
FOR MORERRESPGN&&H:H’—
AS A CIRCUIT DESIGNER?

If you have a degree in engineering or formal training in
electronics and work in the electronics industry, the Cen-
ter for Technical Development’s DIGITAL DESIGN PRO-
GRAM (DDP-1) can make you more valuable as a trained
circuit designer. DDP-1 is a new concept in practical home
study courses designed to give you useable know-how fast.
YOU CAN'T AFFORD TO WAIT ANOTHER DAY . ..
WRITE FOR FULL DETAILS NOW!

We'll also send you information on our IC Logic and Pow-
er Supply courses.

Write Director, Dept. RE-061 0051H
THE CENTER FOR TECHNICAL DEVELOPMENT, INC.
517 East Main Street ® Louisville, Ohio 44641

8-048

Circle 81 on reader service card

Accuracy like a VTVM...
Convenience like a VOM...

NEW BATTERY-OPERATED FET
SOLID-STATE VOLT-OHMMETER #116

Easy-to-build KIT

529116k

Factory-Wired & Tested

*40°°- 15w

Now you can get all the benefits of a
VIVM (laboratory accuracy, stability and
wide range) but with its drawbacks gone:
no plugging into an AC outlet, no waiting
for warm-up, no bulkiness. New Field
Etfect Transistor (FET) design makes
possible low loading, instant-on battery-
operation and small size. Excellent for g
both bench and field work.

Compare these valuable features:
® High impedance low loading: 11 meg-
ohms input on DC, 1 megohm on AC e

500-times more sensitive than a standard | Send FREE catalog of complete EMC line

nd name of nearest distributor. Re.g

v

[}
]
20,000 ohms-per-volt VOM o Wide-range |
versatility: 4 P-P AC voltage ranges: 0-3.3, !
33, 330, 1200v; 4 RMS AC voltage ranges: |
0-1.2,12, 120, 1200V; 4 DC voltage ranges: 1 "aM&— = = —
0-1.2,12,120, 1200V; 4 Resistance ranges: :
0-1K, 0-100K, 0-10 meg., 0-1000 meg.; ,
408 ranges: —24 to +5608. :

:

)

)

Sensitive easy-to-read 414° 200 micro-
amp meter. Zero center position avall-
able. Comprises FET transistor, 4 sllicon
transistors, 2 diodes. Meter and tran-
sistors protected against burnout. Etched
panel for durability. High-impact bake-
lite case with handle useable as instru-
ment stand. Kit has simplified step-by-
step assembly Instructions. Both kit and
factory-wired versions shipped complete
with batteries and test leads. 5%2"'H x
635"W x 2%'D. 3 Ibs.

ELECTRONIC MEASUREMENTS CORP.

625 Broadway, New York, N.Y_ 10012
Export: Pan-Mar Carp.. 1270 B'way. N. Y. N. Y. 10001

\



ALL IC's ARE NEW AND FULLY TESTED—LEADS
ARE PLATED WITH GOLD OR SOLDER. ORDERS
FOR $5 OR MORE WILL BE SHIPPED PREPAID.
AOD 35¢ HANOLING AND POSTAGE FOR SMALLER
OROERS. CALIFORNIA RESIDENTS ADD SALES TAX.

TTL duat in line package “open collector

SN7400 quad 2 input nand .50
SN740] quad 2 input nand ai 250
SN7402 quad 2 input nor a oy 200
SN7404 hex inverter .50
SN7405 hex inverter® ... .50
SN7410 triple 3 input nand . .50
SN7420 dual 4 input nand .50
SN7430 eight input nand .50
SN7440 dual 4 input buffer .50
SN7441 BCD decimal decoder driver 2.75
SN7442 BCD decimal decoder 3.00
SN7473 dual JK FF . .90
SN7474 dual type D FF .90
SN7475 quad latch = 1.50
SN7486 quad exclusive or .90
SN7490 decade counter I 2.00
SN7493 4 bit binary counter 3.00
SN74153 dual 4 line to one line selector ... 3.50
DMB200 parity generator/checker 2.50
DM8210 eight channel digital switch 3.50
DM8520 divide by N (2 to 15) . 3.00
DM8820 dual line receiver 2.50
DTL dual in line package

MC 830 dual 4 input gate w/x .......... .50
MC836 hex inverter Ad ..., .50
MC846 quad two input gate . .50
MC853 dual JK FF . .90
MC852 dual JK FF tadwe =90

LINEAR IC’s

709 op amplifiers 1.00
741 op amplifier—compensated 1.35

5 volt power module similar to LM309K more

than one amp out at five volts with 7 to 30

volt supply—T03 case 2.50
DIGITAL COUNTER MODULE 30MC unit

includes board, SN7490, SN7475 quad E

latch, SN7447 7 segment driver 4
and RCA “‘numitron’" display 4"‘
tube W/decimal. 17 x 4.5” =

module will mount on 1”

centers. kit $15.—wired and tested $18.
109% discount on orders of $10 or more . . . dis-

count on IC's only. No discount on counter module.

BABYLON ELECTRONICS

5942G Don Way, Carmichael, CA.
95608 916 966 2111

Circle 82 on reader service card

ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE

HOME STUOY COURSES IN:

~ Electronics Engineering Technology

= Electronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in Elec-
tronics Engineering. we're a forward
looklng school. Outstanding lesson ma-
terial—thorough and easy to understand.
Engineering taught on the basis of appli-
catlon and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the difference
between a low paying techniclan Job and
a high paying engineering position. Low
tuition cost with low monthly payments.
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bultetin R, no sales-
man will call on you.

COOK’S INSTITUTE

o eclronics é,nginecring
Forest-Hill Road
P. 0. Box.10634
Jackson, Miss. 39209
Established 1945
Formerfy Cook’s School of Electronics

Circle 83 on reader service card
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by HORST A. ANKERMANN*™
NEXT TO SCOPE, VIVM AND SIGNAL GEN-
erator, an impedance tester could well
prove to be the most important and
helpful piece of test gear in the lab and
shop that handles audio equipment. Yet
it is not widely known, that impedances
of microphones, speakers, filters, trans-
formers. amplifier inputs etc. can be
measured as easily as the resistance of a
component with an ohmmeter. Maybe
technicians remember faintly the com-
plicated impedance bridges.

The behavior of complex networks
in ac circuits with variable frequency is
a rather abstract topic enjoyed by the
theoretically minded only. Fortunately,
the knowledge of the impedance magni-
tude, following the relation |Z| =
VR? 4 X is for most practical purposes
not only enough, but also more usable
than the determination of the reactive
and real parts.

For impedance measurements an
equal deflection methode is often used,

as shown in Fig. |. Using standard test
Ra
AAA .
AC-
SIGNAL
’\) GENERATOR VIV
Ry Iy
b At
B Fig. 1

instruments, a high degrec of accuracy
can be obtained, depending only on the
calibration of variable resistor R..

A signal generator is connected in
series with high value resistor R
(> 100 Z,) to obtain a constant cur-
rent source. The ac-voltmeter with an
input impedance 10Z, and the cur-
rent source are allernately switched to
measure the voltage drop across resistor
R, and unknown impedance Z. Re-
sistor R, is varied until the meter shows
an equal deflection in both switch posi-
tions. The absolute indication is unim-
portant, it should be high enough above
any hum interference, and low enough
not to overload the test object. When
the two voltages are made equal, the im-

*Sennheiser Electronic Co.

* Using an
impedance
tester

Sennheiser ZP2 can be
a valuable aid to
the service technician

pedance magnitude Z is equal to the
value of R,. The impedance character-
istic versus the frequency can easily be
determined by repeating the measure-
ment at various frequency settings of the
generator, also any resonancies can
readily be observed.

In a variation of the described
procedure, a constant voltage source
may be used and the current in the test
object and a reference resistor are com-
pared.

On another scale of this meter, the
battery voltage can be monitored. The
loading of the object or circuit under
test is never more than 90uVA, pre-
venting any damage lo sensitive com-
ponents. Besides its primary purpose, the
ZP2 can be used as a signat source. The
ac-voltage is available between the left
jack and ground. The output voltage is
dependent upon the position of the
range switch and can be set to either 3
mV,30mV, 300 mVor3V.

To speed up the operation and fa-
cilitate measurements, the generator is
not continuously variable. but offers
three fixed frequencies of 250, 1000 and
4000 Hz. Also, the reference resistors
are fixed. and the meter scale is cali-
brated to directly read the impedance in
ohms.

Six ranges and a times 3 multiplier
switch afford quick determination of im-
pedances from 1 ohm to | megohm.

In the ZP2, an RC-generator is used
to supply the test voltage. A voltage-
regulator lamp in a bridge circuit pro-
vides a constant output. The possibility
of switching among three different test
frequencies facilitates indentification of
the reactive component, enabling differ-
entiation between C and L, since X, and
X, change in opposite directions with
changes in frequency. The object to be
tested is connected between two trans-
formers and the test voltage is applied
to one of them. The other transformer
which has a low impedance. is con-
nected in series with the object being
measured. The voltage induced in the
second transformer is dependent upon
the voltage drop due to the current
through the object. since the applied
voltage is kept constant.

To furnish the different voltages re-

RADIO-ELECTRONICS
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Fig. 2
quired for measurements within the Of the many possible uses, here are
various ranges, the transformers are some of the more frequent applications.

equipped with taps. Depending on the
range being used. different 1aps are con-
nected to the output jacks via the switch.
The second transformer is coupled 10
the input of a four-stage amplifier.
where the voltage from the object under
test is amplified sufficiently to drive the
meter movement. Due 1o the principle
of measurement, the meter scale is non-
linear. but because of several ranges of
measurement. high accuracy is assured.
The overall range of measurement is di-
vided into twelve segments.

JUNE 1971

1. For matching purposes:
loudspeakers.  dynamic  microphones,
headphones, tapeheads. phone cartridges
and amplifier inputs can be connected
directly to Impedance Tester ZP2, and
the impedance value is shown on the
meter scale in ohms. (Amplifiers must
be connected to their power source and
switched on since they often display a
different input impedance when turned
off.)

2. Capacitance of unknown or sus-

(continued on page 85)

AVAILABLE NOWWV/!

Johnson
Messenger 124-M
with DRG*

* DUAL RECE!VE CAPABILITY

Hottest CB idea since 23-channel
operation! DRC lets operator work
one channel while automatically mon-
itoring another. 2 monitor channels
are switch selectable. Indicator light
flashes when call is received on moni-
tored channe!l. Mode switch selects
indicator light only or automatic
switching to monitor channel audio.
Separate squelch circuits, too.

You're going to hear
more from...

JUHNSUN

® waseca Minnesota 56093
Circle 84 on reader service carc

BRIGHTENERS

For Those
Problem Picture Tubes

UNIVERSAL * 70° —CR-200
for all voltages 90° —CR-250

and currents
21N
TYPE MODEL O

DOUDECAE CR-69 Test for and cure
RCA 110° CR-154 |cajhode-Heater shorts

ISOLATION COLOR

SYLVANIA and low emission.
110 CR-159 70° —CR-300
MINIATURE
BASE CR-12 90° —CR-350

Ask Your Distributor
TELEMATIC, BKLYN, N.Y. 11207

Circle 85 on reader service card
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VIARKET
CENTER

ELECTRONICS

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans $2.00. RELCO-A25, Box 10563, Houston,
Texas 77018

DISCHARGE !gnition, Photoflash. Free catalog
parts, kits. TRANSPARK, Carliste, Mass. 01741

TUBES-—Lowest prices. Foreign-American, Ob-
solete, receiving, special purpose, transmitting
tubes. Send for tube, parts catalog. UNITED
RADIO COMPANY, 56-R Ferry St., Newark. N.J.
07105

ELECTRICAL MULTIMETERS, New high qual
ity. very reasonable, request details. NEWERA,
4480 Broadview. Cleveland, Ohlo 44109

FREE ELECTRONIC CATALOG. Tremendous
bargains. EDU-KITS, Department C-260G. Hew-
lett, New York 11557

'NTEGRATED CIRCUITS—Factory Prices, Cata-
log 10¢. SILLING COMPANY, Box 6257. Seattle,
washington, 98188

JAPANESE NEW PRODUCTS MONTHLY! $1.00
Refundable. DEERE, P.O. Box 9308. No. Holly-
wood, Calif. 91609

SUPER-Charger covers TV-VHF & FM stations
$24.95 postpaid. MAGI! CO. Elkhorn, Wisconsin
53121
COLOR Organ Kits $7.50. IC’s $.25. Catalog.
MURPHY, 204 Roslyn Ave.. Carle Place, N.Y.
11514

SPECIAL Clearance Sale: Rectifiers, Transis:
tors, smail motors, electronic parts. Lowest
Prices. Free catalog. GENERAL SALES COM-
PANY (713-265-2369) 254 E. Maln Street,
Clute. Texas 77531

RADIO and TV Tubes 36¢ each. One year
guaranteed. Plus many unusual electronic _bar-
gains. Free Cataloe. CORNELL 4217-E Univer
sity, San Diego. California 92105

COLOR CONVERTER FOR B&W TELEVISION.
Electronic Patented system. Write for free Bro
chure. BELE ELECTRONICS CORP, 111 North-
east Second Avenue, Miami., Fla. 33132

TV tuner repair $7.50. Also, do-it-yourseif kits
repaired; information: MAGH CO. Elkhorn, Wis-
consin 53121

B & K, Sencore test equipment, discount prices,
Free catalog and price sheet. FORDHAM RA-
DIO. 265 East 149th Street, Bronx, NY 10451

Plans $1.00.

250 WATT Linear. 10-15 Meters
46394

ROBERTS, Box 403, Whiting, Indiana

PRINTED CIRCUITS Quick. Free Estimates. IN-
DUSTRIAL PHOTO D-17, Oakhurst. N.J. 07765

INTEGRATED CIRCUITS. 741C Operational Am-
plifier, $1.75. MILLER, 1039 Sheffield Place,
Thousand Oaks. Ca. 91360

RECEIVING & Industrial Tubes, Transistors, All
Brands—Biggest Discounts. Technicians, Hob-
byists, Experimenters—Request FREE Giant
Catalog and SAVE! ZALYTRON, 469 Jericho
Turnplke, Mineola, N.Y. 11501

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services).

. minimum 10 words.

90¢ per word .

NON.COMMERCIAL RATE (for individuals who want to buy or sell personal items) 60¢ per word

no minimum.

FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10¢ per word.
Payment must accompany all ads except those placed by accredited advertising agencies. 10%
discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable ads not
accepted. Capy for Aug. issue must reach us before June 1.

I |
| |
| |
| 1 2 3 4 5 |
| |
= 6 7 8 ] 10 l
[ |
: 11 12 13 14 15 |
| |
I 16 17 18 19 20 |
| |
| 21 22 23 24 25 :
|
: 26 27 28 29 30 l
I |
| 31 32 33 34 35 |
I — @ .60 Non-Commercial Rates| __ |
| No.of Words | @ .90 Commercial Rate =$— |
No. of Words in bold caps BAME. |
| @ .10 =3 |
I ADDRESS.
I lotal Enclosed § |
Payment must ac-
I Insert_time(s) ::ornuany o:der und- Clry STATE 21P |
ess place
| through accred SIGNATURE I
Starting with Issue ited advertising MAIL TO: RADIO-ELECTRONICS, CLASSIFIED AD DEPT., |
l agency 28 200 PARK AVE. SOUTH. NEW YORK, N.Y. 10003 |

U.S. GOV'T ELECTRONIC SURPLUS

& MNatonally Known -World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplut electronie units ank
companents at 3 tractlon of their original acquisition cost.

18BM COMPUTER POWER SUPPLY ~

o (ITEM #22-938) - - 1 apeosive.  rrcus
Bated unit. Lne lar rolleze labm. (esm
', serva e shaps, el 5 era wiie

mece of voltiges. i
. ele, Wude fange ab

o
AC valtages avBilanie

slers, transistoe load
Bendent o

panaed. Tnats wnd rureuit dhageams fur
0 125 los,

e b
nisked. 307 4

Cnsl Gavt
Ovet $300.00

s24.95 A
ONCE-IN-A-LIFETIME SPECIAL

BURGLAR-FIRE ALARM SYSTEM

Thonl slarm
of tire m Imeahon

ntrol unit,
3 column. 1-goor
v 100 1
AT e

STANDARD DIAL TELEPHONE

o (ITEM VIS ) - - Standard,  commeeclal [ /"
Urtephone same a8 used roughout § u L
tive 1 hlach, Hhe new Comditlon. Vse a8 Oricionl  \jgy

une W VLR AVMems gt coanert
ars wn lagethet Tur ln€al WLTCom 88~
tem, bull st tions ure tumished, Wt 9 Ths

Cunt
s230 $7.49

STEP-BY-STEP TELEPHONE SWITCH

v aeleciar
withy twer

Amazing (rle
cm. Whea

o (ATEM #1-906 )
' ¥

witch

any numbe 0 in InO

ar privale m atem. o S frpeite

atart motues. ete. Complete with coniset lank.
[ b odhs Cost e $90.00

$6.29

i

g r“ & Urlephone dial foc use with sbove anileh,
W cderas Ctem Ty $1.97

MAGNETIC DIGITAL COUNTER(121018-VDC)

o (ITEM #21-959) -« yiur count clecnically.
L st numbet of Gows dot (5 apen®d aiter

w Cluaed. (n sthow Vhangmg prices, lators.
o, mle. Will count | toe each ulae and wild
I0th enont tu aest uaite 4770 3 INT V1Y

1ien $1.99 Wt $4.99

]
ensine

& -
Gner 1000

TYPICAL BUYS FROM OUR 1971 CATALOGS

o8 10.00  11S-Volt DPDT Relays .. .ot
= $101.00  Regulates Transformer, Wide Range.

# $ 1500 20-Relay Telephone Panel......cc.oocociarnaannn
® $250.00 Gyroscope, Twin Rofor, 28V.......

AC PROGRAM TIMING CLOCK

o (ITEM =158 ) Zemih V13-4 A amit
e wiune ork e 4 hans

N 1 Switetung
0 2adune perid. Alss ahip-s day "
Can b .rulll"' mocmmmmed. 13 wmp. 2 om
P N LR A [

Drews 100 $15.75
() SNAP AROUND VOLT-OHM-AMMETER
AL current wlthout
)‘ wn haadl Jnlﬂ"\"l.llp,‘;hn‘npl:lzi;

ahms up 1o 300, Taat
wrtend tinges, 190 volt-
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SPECIAL SALE =y pnom— ¢ I::'-”"
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ELECTRICAL 2
ENGINEERING

o (ITEM #A{80)
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at low cosi! Lincoln
ong Mehon) h Co

uraes lwCause

o
~ A ok |
n eeading

P courhe coR-

b bt w o sl
[} n 0 with assoriaed nd samfand an.
Aok v wanng Home tal Inboratury
el fumash

RUNNING TIME METER

o (ITEMm #2188 )
it el

< stecnad plmher of of
vie Mehts and elestitcat
5. Aurnaces, elc
od hundredthn wp
olt, 60~ clen, -

E -
i $4.39 .W‘:vv 829,00

1 1300t
. Rugbing weight

COMPUTER TRANSISTORS ON HEAT SINKS
IBM Computer Quality Unirs 1

e (722-328 ) -- linit canslais ot oac 190
Watt Powee Iransistg oo heave, ribd
aluminum heat  sink Hany  Crpectmenial

$1.99

Comt Goo 't Over $10.00

o (522:915 ) - - tun consists ol dwe 130-
watl power  Mansestors neveral
draden. Capaciten, (eSIntom. i€, an heavy,
Hiteed alurioun heat Smke. Ideal lor use as
mutor speed eonteal. |4 Jis. )

$4.9

Cast Gor't Oy ee 633.00

All Items shipped f.o.b. Lineoln, Nebr.
K ¥iy 3 Order Direct From Ad. Money Back Guarantes.

TN,

= X7
é LI SURPLUS CENTER

¥ DEPT. RE-064 LINCOLN, NEBR. 68304
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IMPEDANCE TESTER
(continued from page 83)

picious capacitors can be varified by
measuring their impedance and either
referring to the chart in Fig. 2 or by
solving the equation:
1
L= 2rfZ

For measuring at a frequency of 4000
Hz., this equation can be written in an
easy to use form:

[ =

Zio
Since the ZP2 can determine imped-
ances from | ohm to | megohm, capaci-
tances from 40 pF to 40 pF are mea-
sureable, and by wusing the 250-Hz
frequency, the capability extends to 640
pF. For the small capacitances. the test
leads must be made very short to reduce

their influence on the result.
3. Inductances are found as readily

by using the formula: L =

pro-
2r

vided, that the inductor has a Q of at
least 10. The lowest measuring fre-
quency is preferred to avoid erroneous
results due to possible self resonance ef-
fects in inductors with large I.-values.
Also, the inductance of coils with iron
cores depends on the measuring fre-
quency and voltage so that they should
be tested under actual circuit conditions.
Otherwise. inductances from 40 pH to
400 H are covered by the ranges of the
7pP2.

4. The ZP2 Impedance Tester is of
great help if the main criteria of audio
transformers, i.e. turn ratio and match-
ing impedances are to be measured.
With the frequency selector set to 250
Hz, the tester is connected to one of the
transformer windings; for instance the
primary and the other winding is left
unterminated. The open circuit imped-
ance Z. is noted. then the secondary
winding is shorted and the impedance as
measured at the primary goes down to
Z..

The proper source impedance for
the —3dB point at 25 Hz is then:

Y4
Rigrey= 7575

This is valid for a transformer with
unloaded secondary. If matching of the
secondary is intended. the source imped-
ance may be twice the above value.

A resistor connected to the secon-
dary is transformed into the primary cir-
cuit with the square of to turn ralio-wz'
For measuring the turns ratio of an un-
known transformer. the secondary i
loaded with a resistor R. until imped-
ance Z, measured at the primary. goes
down to approximately 50% of the un-
loaded condtion. The turns ratio is cal-
culated: B

wi [z
w2\ R

These few examples show that the
application of an impedance tester is
simple and straightforward. Its useful-
ness in all kinds of audio technical work
is obvious, and impedance testers will
increasingly show up as standard equip-
ment in laboratories and workshops. R-E
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It's The Biggest! It's The Most Popular PENNY SALE IN THC INDUSTRY!

ONE CENT

BONANZA

. “EYE SEE"
5. BY POLY PAK

5 By Lowest Prices In U.S.A. .
ls

Type Description Each

SN7400N Quinl 2 Iniiut NAND Gute . . $0.88
SN7402N (uml Input NOR Gute .88
SN7410N Trip 3 Input NAND Gate .
SN7420N Dual 4 Inpiut NAND Gute

SN7430N X Input NAND Gat .
SN7440N 1 4 Input NAND Buffer .
SN7441N BCD-to-Nixie lrver ..
SN7A60N Du t Input Expunder .

SN74A73N Dhual J-K Flip Flop . ..

SN7474N In N Fup Flop

SN7475N Quiid Latch “ae

SN7481N 11
SN7490N D¢ . .
SN7491N R Hit Shift Register 4.95
SN7492N lhivide 1§
SN7493N

Buy ONE at the special ‘‘Sale’’
price get the SECOND for
only ONE CENT!

Bit Memory 4.50

¢ Counter 4.50 4.51
4.96
4.96

4.96

Twelve Counter .

4.95
1 Kit Binnry Counter 4.95

GENERAL ELECTRIC
3.5 WATT AUD!O

PA263 only $3.95
AMPLIFIER 3 tor s10

Detlvers 3.5 watts continuous, 10 watts peak. With
heat slnks; micro-mini size: 34 x ¥ x “3”. 9 to
30V supply. High sensitivity. 8 to 16 ohm, For
mono & Stereo phonos, tape, FM. AM. TV, servo.

PR-263

FAIRCHILD

Any 3

IC “"AMP”
10% Discount!
Type Description Each

[] 709  Operat 1 .88
] 710 Hi Speed DIff, .. .88
] 711 Dhual Comparnt
723 V. Regulntor

741 Freqg. Con 00

2809 Dual 70

2747 hual 711

‘=-| 909 Buffer
(] 912 Holf Adder
W
0

913  Shift Register

915Dual 3 In. Gate
4 — 2N44a09 Nixle tuhe drivers *m 1.00
10 — 1Amn 800 plv silicon rectitiers , . 1.00
8 -— 1Amp 1000 plv silicon rectitiers .. 1.00

Your Choice
3 for $1

LIGHT EMITTING DIODES
$1.50 Any 2 for $2.69

Visible LED '‘brite red’’ e®
Visibie *'brite red' sensor®
Invisible infra.red LED
Invisible infra-red sensor®
With bailt-in Darlington amplifie:

10¢ Catalog on Fiber Optics, ‘ICs’, Semis, Parts
Terms: adil postage. Rated: net 30. eod's 25%.

Phone Orders: Wakefield, Maxs. (£17) 243-382%
Retall: 211 Albion, St., Wakehield, Mass.

POLY PAKS l’92§r131x0.9;1A5$
01940

Circle 90 on reader service card

NOW build your own
Capacitor Discharge
Ignitlon System for
as little as $11.45!
Circuit diagram in
cluded with speciatl
ignlition transformer.

TR-200 transformer
6 or 12 volts 11.45
Comptete COMPAC KIT
6 or 12 volts 25.95
(2s described In
POPULAR ELECTRONICS—Nov. 1966)

FREE LITERATURE on all SYDMUR **CD’’ Systems.

SYDMUR-—P.O. Box 25, Midwood Station,
Brooklyn. N.Y. 11230

SCHOOL
DIRECTORY

GET INTO

ELECTRONICS

V.T.I. training leads to success as
technicians. teld engineers. speclalists
in communications. guided missiles,
cumputers. radar and automation. Basic
& ady ed conrses in theory & labora
tory. Electronic Englueering Technol
ogy & Electronic Technology curricula
hoth available. Associate clegree in 29
mo: BB.X. alse ohalnahle 1. ap-
proved. Graduates in all branches of
electronies with major companies. Start
Sept Feh Dorms.  campu: High
chool graduate or equivalent. Catalog.
VALPARAISO TECHNICAL
INSTITUTE
Dept. C, Valparaiso, Indiana 46383

PEP’$ Dollar Sale
Money Back guarantee $1

1 Amp Silicon Rectifier 2 AMP BULLET

choice of pachage RECTIFIERS
Bullet—Miniature Glass- 10-200v—3$1.00
Metal 8-100v—3$1.00
] 5-800V  units $1.00 6-500v—3$1.00
| 4-1000V units $1.00 OP AMP 709C

3-1200V units $1.00
3 AMP Epoxy Package
10-100V wunits $1.00
5-400V units  $1.00
2-1000V units $1.00

1—$1.00
15 AMP TRIACS
PRESSFIT
5-50V 7—3$1.00
7 AMP SCR 5-100V
Flange package

Gen Purpose PNP 10—$1.00
Germ Transistor Similar 1 AMP GLASS
to 2N404 RECTIFIERS
8 For $1.00 50-1000v 20—$31.00
| SILICON CONTROL RECTIFIERS
PRY 1Amp | 3 Amp 7 Amp
| 50 .20 .25 .30
(00 .25 .30 | .35
200 .40 A5 | .50 |
| 300 .60 0 | .80
400 75 .85 .95
500 — — 1.00
600 - — 1.30
TRIACS
PRV | 1Amp | 3Amp | 6Amp | 10Amp| 15Amp
100 .40 50 | .75 1.00 | 1.20

200 .65 .75 | 1.00 1.40 | 1.80
300 1.00 | 1.10 | 1.25 | 1.90 | 2.20
400 1.30 1.40 | 1.80 | 2.30 | 2.60
500 | 1.60 180 | 2.10 | 2.75 | 3.10

‘ FULL WAVE BRIDGES |

PRV | 2Amp 3Amp | SAmp | 10Amp
| sov | 125 | 1.35 150 | 1.70
| 100v 150 1 160 | 1.75 | 195
{ 200v | 1.75 1.85 | 200 | 220
| 400v | 2.00 210 | 225 | 245
| 600V | 250 | 260 | 275 [ 295 \
| 800V | 3.00 ! 310 | 325 | 3.5

PARK ELECTRONIC
PRODUCTS

P. O. Box 78 N. Salem, N. H. 03073
Tel. (603) 893-0276
NO SALES TAX WE PAY POSTAGE

Circle 91 on reader service card
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3-CHANNEL COLOR ORGAN BARGAIN!
Lresie elwendous variely of
unususl & beautiful lighting

effects  with  this  luw-cos?
top-duality 1500-Watt unii
(500 \W. per channel). Com

pare with others selling for
twice the price. tas pilot
ight. plus indivldual sensi
tivily controls and chunnel

licator lights. €an operatle
ten 150 \W. “spois’’ or 200
Christmas lights., Uses reg
'ill:lrllea 1o .\udlo source w/ICA lype phone

1011S€ CNFreit-

plug. 5%" x a1 ths. ‘Therinal setting plastie
ase, @-ft. cord. Including camplete instruetions
Stock No. 71.223EM $44.50 Pt

PSYCHEDEL|C LIGHTING HANDBOOK

10e information packed

pages! IU" explalns latest

I ic lighting

F \N«:". J ent. techniques. de
N celopments. Corers ali facets
SRR O aectie 1ight. St
- W ) 1 including strobes
Hein projectors

ystals, organle slides. mir

.-u s polarized

xes.  Musie

Vision, ete. 814 x 11" ) uwlcar anor for 3 ring hinder.
Steck No. 9100EH $3.00 Pp

LONG-WAVE BLACK LIGHT FIXTURE
Wpteracoomyn eI e [Sxiremely ersatlle,
1y desiy long  wave
3200- 4000 angstroms) black
v llght  (ultravielet) fixture—

elimjnat harmful  shorter
y wave uliravlolet rays
identify minerals

tse to
fungi

bacterla check for surface
fluws. all and gas leakage—
1 perfect, for displays with tlu

i orescent paper, paints. chalk,
adjuciahle aluminum reflector,

erayons. trave mawder. Incl

y

push-pull Ich, co vlerlln‘n‘z pluu_ |.\II-.u-t vert., horlz.
uf on corner. L. 12" W

Stock No. 70,364EH . Yo $12.50 Ppd
No. 60.124EH REPLACEMENT BULB $4.75 Ppd.

1st LOW-COST VACUUM PUMP!
Nothing like it Top-quality
nid-held pump produces &
m alps of vacuum,

i instant release 1ab. 18*
Imu stainles: gaduge (0-
}. 10075 of inhon
noxu 1 II ide u betl
Lil. ng: ¢
lrlc\c Il.t ner le ohjccl;
M
1isp "“"" hll‘l’ll f..cl

Ilmu. check teaks. ete. Lifts
Lifter (227 diam. cup)-

$12.00 Ppd.
$.50 Ppd

hs \kllh fncluded *T”
D

P
Stock Nn. 71.301E -
No. 71,300EH (without gauge/lifter)

BLACK-LIGHT MIGHTY MITES

Relaticely (127) fix-
uive surprisingly
blacklight.  Mirror-

- tu
hright .
finished reneetor makes In-
shant rtlng ¥-watt. high
1 - intensliy b louk llke
“ l 10-watter. | b to  5.000
hours  of 53 long \.A e
- \.5

small

{3660 A ) blact u..lu o re4].J)‘

urn 1 ht
thearrleal hmv mycnedellr
ceors, holiday  decorations.
Shockproof unl caps remore for safe, easy rcnl.xcemem of
AT N ht er harizon A
Stock No. 71. 2745 ..$14.95 Pnd
DELUXE OUTDOOR;/ INDOOR MODEL
Stock No. 71.299EH -$19.95 Ppd.

INVISIBLE BLACK-LIGHT SPRAY

You can’t see it under nor-
o Bight. bt under black

lig wow gives
erio Dlulsh-withie glow  to

hundredds  of  things  yon'll
1ink of for startling lumi

nous etYects. 1'reate party
costies de: ur.nlmn'.
Ripray idden eSS R
around. ['se on nl--zuc
rlass. wood. metal. styro
foam. Dapier maché, cven fresh flowers! Washes off with

any dry-cleaning flaid. Net econtem az. {enongh 10
cover a 7 ft. Christmas treo with plenty left over)
Stock No. 71,276EH ey ceseisaans.. -2 $3.50 Ppd.

MAIL COUPON FOR GIANT FREE CATALOG

148 PAGES—1000's OF BARGAINS

Compiclely new 1971 edition. New items.
atesories. [Husiralions, Dozens of eleetri-
1 aud electromagnetle parls., accessories.

Lormetis select b f Astronomical Tele-
pes. Unique lighting flems. Microscopes.

Isinoculurs.  Muagnitiers, Mugnets. Lenxes,

I'risms.  Many war surplus items. Mall
oupont for catulog “"Ei

EDMUND SCIENTIFIC CO.

300 EDSCORP BUILDING

BARRINGTON. N.J. 08007
NAME == |
ADDRESS _ -
CrITY STATE _Z1p

WHAT GOOD
No Rood! S0 a genius in-

vented this iluporled
portahle (2° x 4 ")
Itattery Tester whose huili-
in weter tells you ut a

Elance if a baltery Is Rood.
weak or shauld be replaced.
Now §t's 4 shahle matter 10
cheek u ttashtigh or hattery-
operated tay and avold frus
tration. ‘Tesier warks with
oul clips

wires or light attachments.

REE
FAANT
cATALOG‘

IS A DEAD BATTERY?

7

2
S

and ecan I used for

D € or nenlight 1.5 volt eells and 8 volt trap-
sistor radio hatiery. Instructions ineluded
Stock No. 60.812EH $5.00 Ppi.

3” ASTRONOMICAL TELESCOPE

8ee moon shors. orhits-s
phases  of  Venu p.nu
close up. 60 1o X0 power
awminized il overcoat
" dlameter €710 primary
irror ventliated ot
Fquatorial monnt with foeks
on hath axes. Fquipped w
60X eyeplece aml wiounte
Larlow le X finder rele
ardhwood tripod
'STAR CHART':

85.105EM
85.086E H

Stoek  No.
Stack No.

272-page "HANDBOOK OF
USE YOUR TELESCOPE"
$29.95 Ppd

4va” $94.50 FOB
6" $239.50 FOB

LOW COST TREASURE FINDER

Discover the fun and profe
of treasure huntiug

expensively Light as a
feather (10 oz ) soliu-siate
wetal detectar fnds hidden
coins. Jewelry. preclous

erals Listingaishes n
crals  from meal objects.
Great  fur  school heach,
campground  or backyard
Iteanires 9V translsior batl

works with any common AM lransistor ra
exira clrenitry
Vdjustable molti-purpose lasiie

inating  costly

ate i metal
Stock Na. 71.395EH

thug elim-
welght, 4l gling wires.
hancle red ll(‘l‘! imie

| $14.95 Ppd.

widds fo efliciency. No

1ST LOW-COST XENON STROBE!

I'rice breakthrough inbrigin,
¢ clectronic  strobes

VW /S d
Varlable flush rate—60
wr 1e. tong lite—
ioro than 1.00 f
I'rinted cirenit b ard dl"x &n
Kafe. durahle Buk [

Externally o
plasiie hieli
14 oz. I'erfect for myche

lelic top acijon  lighting
effects for lome lighy shows,
Stock No. 74 342EH

parties, displays.

$24.95 Ppd

BUILD-IT- YOURSELF STROBE KIT

Stack No. 71 343E

I'rojects i1k athons up te
3" X J'A —enl.nrg ll\rm 10
ven in Al

it {rom projector. larger
cluses if sereen is fartiner

iwny. No filin or negatives
needed.  *rimarlly tended
for chiliren harts,

la
I'rojects

$19.95 Ppd.

AMERICAN MADE OPAQUE PROJECTOR

dbugrams. color or Back and
whit darkencd o '/MJ
1167 Ad Wl
.md n"‘" inchuded Nize

R x4 wide. Weight T 1. 2 ozs. Flastie e
Slnck Nu 70.199EH $8.75 Pnd

ASTRONOMICAL TELESCOPE KITS

QGrind your own irrar for
powerful  telescopes Kits
contain fine annealed pyrex
mirror  blank, tool. abra
sives, dlagonai wirror. and
eyepices fenses. Instruments
you Dbulld ramke o value
frou S?' 10 hundreds  of
(lo

V%7 DA ER— %7 Thick

107 mAMErER—l’V. Thick
Stoek No. 70.006E

reelons

$10.75 Ppd.
$43.95 Ppd.
$21.50 Pod.
$52.50 FOB

LOW-COST DOUBLE- BARRELED TUMBLER

Rugged 12-1b. tumbler buas
TWO hig 6-1b, (4%-pt.)
capacit rubher  harrels,
with  ten  fnlernal
twice fumbling ae
more  expensive
reslllent. de

cath
sides
tion of
models. tlulet
peadahle. afe  operation.
Features nn-cooled.  con-
tinuous-duty 1550 rpm
motor: V-helt drive w/nylon
hearingx; covercd safety belt
for !HII.I” bhnps

1nw” x 11 i
Stock No. BOISZEH -

e‘p«nmenh rs-

']
Real money saver
rock -hounds,

..$39.95 Ppd.

& pulleys.
great  for

(18 lbs.)

300 EDSCORP BLDG.

Circle 92 on reader service card

BARRINGTON, NEW JERSEY 08007
DER BY STOCK NUMBER * SEND CHECK OR MONEY ORDER - MONEY-BACK GUARANTEE

ADVERTISING
INDEX

RADIO-ELECTRONICS does not assume
responsibility for any errors which may
appear in the index below.

READER SERVICE CARD NO.

Allled Radio Shack ...........o0uv... 27

63 B & F Enterprises .................. 68
74 B & K (Division of I)ynasc.m Corp) 75
82 Babylon Electronies .. ... ... .. . . .. 82
77 Brooks Radio & TV Corp 78-79
88 Castle TV Tuner Service, Inc. Cover 1V
81 Center for Technical Development, Inc. 81
12 Cleveland Institute of Electronics . 28-31
83 Cook’s Institute of Electronics
Engincering .. . 82
CREL Division of the McGraw- Hilt
Continuing Education Co. ihiex B MI6S
80 Crysiek. Division of Whitehall
Electronics . ==y A m e, mule 80
68 Delta Elecrronics Co. ............. ... 72
9 Delta Products Inc. ............ ... 17
67 Elcctronic Chemical Corp. 2 |
EICO. Electronie Instrument Co.. Inc. 12
EMC. Electronic Measurement Corp . 81
69 Enterprise Development Corp. .. ... .. 72
General Eleciric. Siicone Produets
Depl sy s 6 iy semiw, |1
Grantham School of Em.meenng 2 nae 1822
HEAUINCOp 1 ettt i a o el )
86 International Crysial Mfg. Co. ... ... .. 88
84 E. F. Johnson Co. mabddes 83
Tt Judson Rescarch & Mfg. Co. .. ....... 74
13 Kikusui Eleuromgs Corp. ...... 32
1 Krylon B bk & Covc1 1
s Lectrotech. Inc. .............. ... .. . 76
65 Master Appliance Corp. .. R (1]
2 Mallory Distributor Producis Co. . . ... s
72 National Camera Supply e bl T4
National Radio Institule . E 811
National Technical Schools : piea WA
73 Neclson-Hershfield Electronics ....... .. 75
9 Olson Electronics ........... 80
11 Perma-Power ... . ... .. . ... ... .. 22
6 Raytheon Co. 14
89 RCA Electronic ('omponenls
Test Equipment cak i 4 69
RCA Inslitutes P 54-57
66 Rye Industries. Inc. ... ... ... . .. . .. . 7
70 Schober Organ Co. ........... ... e 12
61 Sencore. Inc. .. et e b . 67
10 Sennheiser Flectronic Co §.5% 3 22
76 Sonar Radio Corp. 76
87 Sprague L " Cover lll
GTE Sylvania ...... a
8 TV Tech Aids ........ P R— 16
64 TV Tech Aids 70
62 iech Spray ........... 68
85 Telematic. Division U.X.L. Corp 83
) Ungar. Division of Eldon Industries
lC e 0, B BT 5 [Py 5 8 s
MARKET CENTER . ........... ... ... .. B4-87
92 Edmund Scientific Co.
Fair Radio Sales
L akeside Industries
Music Associated
91 Park Electronic Products
90 Polypaks
93 Solid State Sales
Surplus Center
Sydmur
Wall Mfg. Co.
SCHOOL DIRECTORY ... ............... . &S

Valparaiso Technical Institute
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MARKET
CENTER

INVENTIONS
& PATENTS

! >

INVENTIONS Wanted. Patented; Unpatented.
GLOBAL MARKETING, 2420.AE 77th Ave., Oak-
tand, Calif. 94605

= i et pr———
! e "AUDIO — HI-FI

RECORDING ENTHUSIASTS—IMPROVE
CORDINGS Inexpensive impedance converters
terminate microphones properly, while allowing
cable extensions to 500 feet without perform
ance deterioration. Switchbox—handles—to
three recorders, for dubbing, editing. and mix-
ing. WRITE: Aids to Recording. RUSSOUND/
FMP Dept 3, P.O. Box 476, Exeter, NH. 03833

STEREO TAPE TRANSPORT-7” reel-2 speeds-
pause control-made for famous manufacturer
50 to 15000 Hz with rec/play and erase
heads, without case. Send M.O. or check for
$19.50 to STEREO CENTER, 218 Columbia St.,

RE-

RENT 4-track open reel tapes—all major labels
—free brochure. STEREO-PARTI, 55 St. James
Drive, Santa Rosa Ca 95401

TRADE Stereo Tapes 371 825 each postpald Mm

imum: three. TAPETRADE, Box 2181. LalJolla,
Calif. 92037
e sl ST e - |
EDUCATION/
|NSTRUCT|ON R
R i - ana bt AR s B
TV TUNER R"PAIRS—Complete Course De-

tails, 12 Repair Tricks, Many Plans, Two Les-
sons. all for $1. Refundable. FRANK BOCEK,
Box 3236 (Enterprise). Redding. Calif. 96001

MEMORIZE, Study: 1971 Test-Answers’” for
FCC First and Second Class License. —plus—

'Self -Study Ablmy Test.” Proven. $9.95. COM-

MAND, Box 26348-E, San Francisco, Callf.
94126
PSYCHEDELIC LIGHTING MANUAL. Make

strobes, kaleidoscopes. organs, etc. Send $2.95

Utica. N.Y. 13502. $2.50 for prepaid shipping LIGHTRAYS, 1315-C Weaver, Philadelphia, Pa
and insurance. 19150
R-E ON FILM

A Xerox Company, Ann Arbor,

26th St., N.W., Washington, D.C. 20037.

Two sources of filmed back issues of RADIO-ELECTRONICS are now available. Please write the
companies for further information. Microfilm editions are available from University Microfilms,
Mich. 48106. Beginning with the January,
fiche editlons are available from NCR Microcard Editions,

1969, issue, Micro-
Industrial Products Division, 901

INTEGRATED CIRCUITS f

RECTIFIERS

SEMICONDUCTORS S TRIACS

BCD COUNTER KIT con-

sisting of: 2705—Wwill
1—PC Board 12707
2—7476 IC's

2—Silicon diodes ' CONNECTOR

1—Set of instructions
When assembled by en- |

UNIVERSAL PC BOARD
hold 6 DIP
and has extra pads for other
components. BOARD & MgTIr;G

TTL 1C SERIES

IC's

NIXIE
0| TUBES

simlilar to 8754
with socket $4.75 ea.

closed instructions,
kit will count pulses from
0-9 in BCD. These boards
can be connected in se-
ries to count as high as
desired. Example, two will
count to 99, three to 999.

$6.95
ER900 TRIGGER DIODES. These
biodirectional trigger diodes are one

of the best and cheapest methods to
trigger SCR’s and triacs = . 4/%1.00

LIGHT EMITTING DIODES (LED's)

infrared ......... . ..$1.50
visible ... .$1.50
Photo detectors for each ..$1.00
TRIACS
PRV | 1A | 10A | 15A
100 | .40 | .70 | 1.00
200 | .70 | 1.10 | 1.40
300 | .90 | 1.35 | 1.80

400 | 1.10 | 1.60 | 2.20
500 | 1.50 | 2.00 | 2.60

Post Office Box 74D

this |

7441 BCD DECIMAL |
DECGDER

$2.50 Controlled Avalanche or
7474 DUAL FLIP FLOP ...$ .85 1 Epoxy Rectifiers | AMP.
7475 QUAD BISTABLE | PR
LATCH $1.70 g PRV
7476 DUAL JK MASTER: 18 1L FosL 1. By L Tut
SLAVE JK FLIP FLOP $1.00 200 .07 8oo 15
7490 DECADE COUNTER $1.85 400 .09 1000 .20
7492 DIVIDE BY TWELVE $1.85 LINEAR CIRCUITS
7493 4 BIT BINARY | 709C operational Amp . .$1.00
COUNTER .$1.85 | 741 operational Amp . $1.25
SE 501 video Amp $1.00
Silicon Power Rectifiers Silicon Control Rectifiers
PRV | 3A | 128 | 30A PRV| 3A| 7A | 20A| 704
e o 5T 46 50|.25| .28 .60
200 12 28 60 || 100 | .30 | .38 .85| 3.50
400 | 16 | .35 | .90 ||| 20050/ .60[1.10| 6.50
600 | .20 | .50 | 1.10 :li 300 /.60 | .68 1.30 |
800 | .28 | .70 | 1.40 ||  400[.700 .75]1.50| 9.50
1000 | .35 | .80 == 500/.80 ' .85/1.70|
‘|1 600/.90/1.201.90 | 11.00

Terms: FOB Cambridge, Mass.
Send check or Money Order. Include
Postage. Average Wt. per package

| % Ib. No. C.0.D.’s. Minimum Order
$3.00

Send for our latest catalog featuring Transistors and Rectifiers;

OLID

Somerville, Mass. 02143

TIS 43 General purpose Unijunctions

$ .50
2N3819 General purpose N-Channel
FET'S $ .45

325 Elm St., Cambridge, Mass.

ALES

Tel. (617) 547-4005

JUNE 1971
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WANTED '

—

QUICK CASH . . . for Electronic EQUIPMENT,
COMPONENTS, unused TUBES. Send list now!
BARRY, 512 Broadway, New York, N.Y. 10012,
212 WALKER 5-7000

GOVERNMENT
SURPLUS

JEEPS TyplCa“y from $53.90 . Trucks from
3$78. . Airplanes, Typewmers Boats,
Clothmg. Camping. Sporting, Photographic,
Electronics Equipment. Wide Variety, Condition.
100,000 Bid Bargains Direct from Gwernment
Nationwide. Complete Sales Directory and Su
plus Categories Catalog. $1.00 (Deductible Furst
$10.00 Order From Our Separate Included Cata-
log.) SURPLUS SERVICE, Box 820-REL, Holland,
Mich. 49423

Rebulld Your Own Picture Tubes?

With Lakeside Indusiries preclision
equipment. you ecan rebuild any
piciure tube!

For complete details
address. zip code 10
LAKESIDE INDUSTRIES
5234 N. Clark St

Chicaro. 1li. 60640

Phone 2.271-3399

send name,

FM MOTOROLA GOVERNMENI
SURPLUS

RE
USED: COND.:
R-394 RECEIVER

§2-172 MC $14.95 $22.50
T- 278 TRANSMI’”ER
152172 M 18.95 24.95

R-257 RECEIVER

25-50 MC 19.95
Also—Power T 20807RANSMITTER

Su
phies | Amplifiers, 2550 MC 29.95
Modules, etc. Write CY-938 CABINET 795 9.95
—Dent. RE C-847 CONTROL

BOX 8.95 12.95

Send For Our BIG CATALOG No. 71

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 - LIMA, OHIO - 45802

SOLDERING IRONS

Direct from faciory—order by mail and save. Top
favorites from our commerclal line: lightweight
TRIG-R-HEAT gun. with probe light: 2 slim pen-
cil irons—superb 6i4XLS and low cost No. 864.
Sce our large ad in the May issuc or write for
illustrated sheet.

WALL MFG. CO. Dept. RE-61
P.O. Box 3349 Kinston, N.C. 28501

ENJOY THE “MUSIC ONLY"” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR

for continuous, commerclal-free music

with ANY FM tuner or receiver

Kit $49.50 Wired $75.00 Cover $4.95 List of FM
stations with SCA authorization $1.00. Excellent
F.M. Monaural Tuner with M.P.X. Jack $50.00

MUSIC ASSOCIATED
65 Glenwood Rd.,
Upper Montclair, N.J. 07043
phone 201-744-3387

A




v €
meter

® Tests Predetermined Frequencies
25 to 1000 MHz

e Extended Range Covers 950 MHz
Band

® Pin Diode Attenuator for Full Range
Coverage as Signal Generator

® Measures FM Deviation

moBiLe. FM-2400CH
f‘The FM-2400CH provides an accurate\

frequency standard for testing and adjust-
ment of mobile transmitters and receivers
at predetermined frequencies.

The FM-2400CH with its extended range
covers 25 to 1000 MHz. The frequencies
can be those of the radio frequency chan-
nels of operation and/or the intermediate
frequencies of the receiver between 5
MHz and 40 MHz.

Frequency Stability: == .0005% from +50'
to +104°F.

Frequency stability with built-in thermom-
eter and temperature corrected charts:
+ .00025% from 425° to +125°
(.000125% special 450 MHz crystals
available).

Self-contained in small portable case.
Complete solid state circuitry. Recharge-
able batteries.

FM-2400CH

(meter only) ................ $595.00
RF crystals (with tem-

perature correction).... 24.00 ea.
RF crystals (less tem-

perature correction).... 18.00 ea.
IF crystals............... .catalog price

INTERNATIONAL

.

"%

CRYSTAL MFG. CO, INC.
10 NO. LEE ® OKLA, CITY, OKLA. 73102

WRITE FOR CATALOG

_/

RADIO-ELECTRONICS
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Sprague gives you 2,442 exact

replacement capacitors to choose from...
so why fool around with makeshifts?

When you use ‘“fits-all” capacitor replacements you leave
yourself open for criticism of your work...and you could
lose customers. Exact replacements are easier to install,
and are less expensive, in most cases.

Don’t settle for ‘“nearly-right” substitutes. The Sprague
TWIST-LOK® line gives you the exact capacitor you need.
when you need it, most every time.

Get your copy of Sprague’s comprehensive
Electrolytic Capacitor Replacement Manual K-110 from your

Sprague distributor or write: Sprague Products Company, -
81 Marshall St., North Adams, Mass. 02147.
#

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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WHY REPAIR TV TUNERS?
CASTLE REPLACEMENTS

Si‘ar' at 5 o 9 @ @ * & 9 ® e o o o

Select by part number below. Write, phone or wire order.

No mailing ... no waiting ... Nno nonsense!

STOCK SHAFT LF. OUTPUT
UNIVERSAL REPLACEMENTS No. HEATERS Min* Mox* Snd  Pic PRICE
Prefer to do it yourself? CR6P  Parallel 63v_ 1%” 37 4125 4575  8.95
These Castle replocement tuners are all equipped with memory fine CR7§ SeruﬁGOO_mA 13_'4“ 3“ 41.25 _45?5 B 950
compiete.with horduare.ond companemn Wit 1o odept Tor ure n v, UR9S  Series 450mA_ 13" 37 4125 4575 950
sands of populor TV receivers. CRBXL Pacallel 6.3v 212" 12" 4125 4575 10.45

CRTXL _Series 600mA 25”12 4125 4575 11.00

“Supplied with mox. length selector shalt {meosured from tuner front f—

apron to tip) you cut fo suit. VCRQXL i Se?es 450mA 21/2”_ 12” _41.25A45.75 _”.00_

@ EXACT REPLACEMENTS Purchase outright . . . no exchange needed. $15.95 ea.

Costle replacements made to fit exactly in place of original tuner. Available in the following popular numbers.

ADMIRAL EMERSON  3,0042. ¢ LOPTT190Y d W% o . MISC INCLUDING
340052 LOPTTIS9YA T6- 1395 KRKI313IBC 70V049Hi0} 176.420 13
4EZLu- 1 171351 340083- 1 OPTTI99YA T6-13955.2 KRK133D 470V 149104 75-431 s s s PRVATE Lasils
94E210. 3 471512 340066 | OPTT402 76-13955. 5 KRK133U 47 1 75-4%4 175 75
ME227 471518 340067 LOPTT402 170V X G s " "
Q3EL28. ) 171678 310069 CPTT403 0V161007 75 i ¢ ;
94E229-4 171682 $40078- 1 OPTTi04 RCA SEARS 470V 18BDO1  175.604 175 17511
94E229-8 471700 1400782 OPTT404A 470VINEDO2  175.p2) 1757 1751140
94D257- 1 340045.2 CPTT405 KRK103A 9%-7% 470V190D01  175.422 s 175- 1141 so
A3 94D257-7 OPTT414A KRK103C 95.141-0D  4TOVI9IDO1  §75. p4¢ 5 75. 114,
S A 94D257-49  GE 340130 KRK103F 95. 3550 470V191D02  175.641 175.739 75-114 TA147
SSdea ﬁ 94 E260-8H KRK103L 95-437-0A  470VI9IDO3  175.p42 175-740 175.1144  TAIS0
Rt 94E26C- 11 ETB6X18M MUNTZ KRK104A 175-643 3 75-1145 TAIS?
La  * N 94EZ61-1B  ET#6X208 MOTOROLA KRKI104C 9% 480- 3D 175644 175- 74! 175- 1146 25A124)-002B
\Q\L‘ 9E26]-1C ET86X2i2 PRO3S2 KRKI04F ZENITH 175-645 175.74 175-1147 25A1241-604B
94E201-1D  ET#6X213 OPTTIZ2IC PROUS6Y KRKI04L 500-0A 175- 646 175-744 175- 1148 25A1241-0058
93D261-4 ETH6X214  OPTTIZID PROITE KRK107A 95.500. 1A 175-167 175-647 175-748 175-1180  25A1241-0068
94C273-2 ET86X21S  TTI33A PR902! KRK107B» 95-500-1B  175- 168 175-660 175-74¢ 75 25A1245-005D
94C273-14 ET86X221 TT133YA PR9044 KRK107C» 175-170 1756061 747 75-1152 25A1245.006D
94C273-7 ETH6X224  LTTI0TA PRIOIS KRK 107D 175-201 175-b62 e 175-1153  25A1245-009
94C273-8  ETH6X227  RTTH22A PR9050 KRK107E® SYLVANIA 175 202 175-663 757 175-1 25A1245-011
94C273-9 ET86X230  CPTTI32A PR90SE KRKI0TF* 175-202A 175-666 7 175-11%%  25A1246-001
94C273- 10 ET86X231 CPTT338B KRKIOBA® 59110443 175-203A 175-667 175-115% A1246-0
94C273-13  ETB6X2)Z  DCRTTINB  oiympic KRKIOsB®  $4.11702.1  175.204 175668 175753 175.1157  25A1246.004
94C273-15  ETH86X236  CMTT340A KRK108C*® 54-17234-1  175.204A 175-669 175754 1751160 Z5A1246-005A
94C281- 1K ETH6X242 CMTT340B CL4692-1 KRK108D* 17436-2 175-206 175-671 5.7 5.1 25A1247-002
4C286- 1D ETB6X244 TT348B cLs220 KRKIOLE® 54-17436-3 175-212 175-6 5.7 Al244
ET#6X255  MTT348A CL25874 KRKI0u#Fe S4-17436-4  175-21% 5-¢ 4
FHCLa0-1T ET86X25%  VTTiisB CL29554 KRKI13B 54-17436-5  175-214 5.6 5.7 175- 1164 253
94C286- 1L  ET86X265  VTT3.9B CL29%66 KRK116B S4.17778-1  175-216 5.7 1165  25A1253-CO
94C2R6-41  ET86X27T  CPTTISOB CL29680 KRKII8A* 54-23853.3  175.220 175-684 A
94C2mb-5 ET86X281  CpTTISeYA  CL33579 KRK118C» $4-23857-2 17%-222 175685 175.761
#4Cloo- 12 TT361Y CL33H5H KRK118D* $4-78093-1  175-228 175-68e 175.762 1751168 25A1258-001A
94C28b-16  peaqur OPTTI61IYB  CL31190 54-88837-3B  175-230 175-687 175.763
94 C2u9 CPTT366Y CL34835 KRK123D $4-89093.1  175-232 175-688 175-764 263-00
11017 CPTT366YD  K24013USA-IC  KRKIZ4AA 1-89720- 1A 175.254 175-689 175-1100  17%-1172  25A1264-001B
110-24 OPTT366YD  KSOOJ3USAH.3 KRKI24U 54-89720-3  175.256 175-690 175-1102 1751175 25A1265-001B
110.25 NCPTT3T6YA KRKI127AA 59-89840-2A 175-262 5-.1103 175-117¢ 25A1268-001
CURTIS 110-33 CPTT378YA KRKI2TAB 59-94689-3 175-264 175.708 175- 1104 175.1177 25A12 00 1
MATHES 110- 38 NCPTT3T8YA  pHILCO KRK127B S4-97948-6  175-266 175-1108 0147
OPTT385Y KRK127BA 53-97948.7  175-268 175.711 175-1106 6- 0
7A11 OPTT385YA  76-12405-4 KRKI21E 175-272 175.712 1751108 60
1A17 MAGNAVOX OPTT3IB6YA  76-13579-§ KRKI27L 175- 402 175-713 175-1118 006-016500
A8 OPTT388YA  76-13579.7 KRK127T WESTING - 175-408 175-71% 175-1119 006-017300
TA8 3400C9- 1 CPTT39GYA  76-13579.8 KRK 127U HOUSE 175-406 175-716 175-1120 006-017700
TA050 310610-1 OPTT390YB  76-13579.9 KRK121W 175-412 175-717 175-112) 006- 018600
7A53-001 340017 OPTT394 76-13851-2 KRK128AB 470V007HO3  175-416 175-718 175-1122 006- 020100
TA056-00) 340038 SCPTT 94 T76. 13871 4T0VOI9HOS  )7%-418 175-119 175-113) 006-020900
1A59-001 340040-1 AOPTT399 76-1394% KRK128U 470VO0I19MO1  175.420 175.720 175-1132 006-021000

“Supplied with new chonnel indicotor skirt knob, originol illuminated dial is nat used.

@OVERHAUL SERVICE — All makes and models. @ CUSTOM EXCHANGE REPLACEMENTS

VHF or UHF tuner {1960 or later) $9.95 When our inspection reveals that original tuner is unfit

far averhaul, we offer an exact replacement
TRANSISTOR tuner $9.95 If exoct replocement is nat availoble in our stack we
COLOR tuner $9.95 custam rebuild ‘the ariginal at the exchange price.
Overhaoul includes ports, except tubes and transistors. (Replacements are new or rebuilt.)

Dismantle tandem UHF and VHF tuners and send in defec- @ PROFESSIONAL “CONTACT OVERHAUL" KIT

tive umit only.

Remove all accessories...or dismantling charge may apply. Do your awn minar tuner aver-
Your tuner will be expertly overhauled , aligned to original hauling by using this professianal
standards and warranted for 90 days. kit of chemicals. Dealer Net $5.50

CASTLE TV TUNER SERVICE, INC.

MAIN PLANT:5715 N. Western Ave., Chicago, Ill. 60645 e Ph. 312—561-6354
EAST:130-01 89th Rd., Richmond Hill, N.Y. 11418 e Ph. 212—846-5300
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