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Now, what's the best way to play your records for under $807?

For years the AR turntable, at
$787 has been the only truly fine
record playing mechanism you
could buy for under $80.

A well informed audiophile,
who wanted to save some monevy on
his complete stereo system, boucht
the AR turntable. Period.

But now, if you're out to mcke
an informed choice of a low cost
turntable, you'll have to take one
other product into consideration.

The new automatic Dual 1212.
At $74.50%*

Just like the AR, the Dual 1212
exceeds every NAB standard for
broadcast turntables in rumble, wow,
flutter and speed accuracy.

But only the Dual lets you vary
any of its speeds by 6%. That'll come
in handy if you're pitch-sensitive.

Tke Dual has three speeds
{including 78). The AR has two.

Just like the AR, the Dual will
accept any currently available
cartridge, and track it at its
optimum stylus force.

But so that your cartridge will
ride in the center of a stereo groove
at low tracking forces, the Dual has
built-in anti-skating compensation.
(The AR has no equivalent device.)

And to protect your cartridge, the
Dual has a cueing control that gently
lowers the arm anywhere on your
record. It also lets you corveniantly
interrupt play for a time, ond then
continue in the same place.

(Again, no AR equivalent.)

The Dual is automatic. It can
start or stop automatically. With cne
record or a stack of six. (The tracking

force of the Dual arm won't
vary from first record fo last.) And
even when you place its arm
on a record by hand,
the Dual will start *urning
automatically.

The AR is a manual turntable

with no aqutomatic features.

Your records will probably
sound exactly the same played
on whichever of the two turntables
you choose.

So go to your dealer and see
them both. And then decide which
way you want to play records.

With a kost of Dual
convenience features, for $74.50.

Or without them, for $78.

United Audic Products, Inc.,
535 Madison Averuue,

New York, N.Y 10022.)

*Including base and dust cover. *"Base and dust cover are extra.



SPECIFICATION RATINGS:
Veex = 700V min
Vceo(sus) = 400V min
hee = 15-60 @ 3.0A
Vee(sat) = 0.5V € 3.0A

Also available in 500 Volt Vgex versions,
2N5466 and 2N5468; all other specifica-
tions identical.

HIGH VOLTAGE
NPN Silicon Power
TRANSISTORS from

Tlolitron

2N5467 2N5469

80W @ 00° 40W @ 100°C
1.25°C per 2.5°C per W

o

High voltage, triple-diffused silicon power tran-
sistors are now available from Solitron, with Vcex
up to 700 Volts. Typical applications include
horizontal deflection circuits, ignition systems,
CRT sweep systems, high voltage switching
mode regulators, high voltage pulse amplifiers
and high voltage pass series regulators. Priced
low, they are available in TO-3 and TO-66 cases.
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Dial 1-800-327-3243 for a “No Charge”
telephone call and further information
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New circuit breakers for color TV

DUAL CIRCUIT BREAKER
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Dual circuit breaker
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Practically all the new color TV sets have a new
kind of dual circuit breaker in them svhich you
may not have run into before. Here’s the story.

Remember back when black-and-white television
used two fuses—one in the power supply input,
and one in the horizontal output circuit? Next, in
the interest of economy, the fuse in the horizontal
output was eliminated. Then the designers switched
to re-settable breakers, in the B+ line.

Along came color. Overload protection became
necessary, because the horizontal circuits are more
complicated, and more expensive components in-
cluding the flyback transformer could be knocked
out by a defect in the horizontal circuit.

The answer: a dual breaker which pops out from
excess current in either the B+ or the horizontal
output . .. in a single breaker case. It has two elec-
trically isolated but thermally connected circuits,
either of which can cause the B+ contacts to open.

The diagram shows a basic hook-up for the breaker.
The thermal breaker element goes directly in the
B+ line. A resistor inside the breaker, usually
about 1.3 ohms, is connected between the cathode
of the horizontal output stage and ground. This
resistor is located so it will heat up the thermal
breaker element.

Along comes an overload in the B+. The thermal
element pops the contacts open, in the usual man-
ner. When there’s excessive current in the horizon-
tal output, the heating of the breaker’s resistor
has the same effect as a B+ overload, opening the
contacts and removing voltage from the circuit.

Tip No. 1: breakers can fail because they get
repeatedly reset into a fault. Check for gassy tubes
and leaky capacitors before you replace the
breaker, or voull have the whole job to do over.

Tip No. 2: always replace with a Mallory breaker.
We have three different dual breaker ratings in
our line. They will replace the dual breakers in all
existing colcr set applications. All are made to
original equipment specifications. Your nearby
Mallory distributor can supply you off the shelf.
See him soon, or write to Mallory Distributor
Products Company, a division of P. R. Mallory
& Co. Inc., Indianapolis, Indiana 46208.

REMEMBER TO ASK— 204at else weeds fiving 7"
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The
Grantham Associate Degree Program
prepares you for your

F.C.C. LICENSE
and |

A. S. E E

[Associate in Science in Electronics Engineering} '

DEGREE |

In today's world of electronics employment, an
FCC license is important — sometimes essentia’
but it's not enough! Without further education,
you can't make it to the top. Get your FCC license
without fail. but don’t stop there. To prepare for
the best jobs. continue your electronics education
and get your Associate Degree in Electronics |
Engineering.

This is good common sense for those who want '
to make more money in electronics. It also makes
sense to prepare for your FCC license with the |
School that gives degree credit for your license
training — and with the School that can then take
you from the FCC license level to the Degree level.

Accreditation, and G.I. Bill Approval
Grantham School of Electronics is accredited by
the Accrediting Commission of NHSC. and is ap-
proved under the G.I. Bill. For seventeen years,
Grantham has been preparing mer. for successful
electronics careers.

A Four-Step Program to Success
It's your move. and the move you make today can
shape your future. Begin now with a step in the
right direction — Step =1 — and then follow
through with Steps #2. #3 and #4.

Step =1 is a simple request for full information
on the Grantham Associate Degree Program in
Electronics. You take this step by filling out and
mailing the coupon shown below. We'll send full
information by return mail. No salesman will call.

Step =2 is earning your FCC first class radiotele-
phone LICENSE and radar endorsement. You
complete this step in the first two semesters of
the Grantham educational program (by corres-
pondence, or Washington resident classes).

Step =3 is earning your ASEE DEGREE. This
degree is conferred when you have carned credit
for the Grantham course.

Step =4 is getting a better job. greater prestige,
higher pay on the basis of your extensive knowledge
of electronics.

It's your move! Why not begin now with Step =1

Grantham School of Electronics
o Established in 1951 o

818 18th Street, N.W.
Washingten, D.C. 20006

1505 N. Western Ave.

Hollywood, Calif. 90027  °'

e B
| Grantham School of Electronics ew-12-68 ;
: 1505 N. Western Ave., Hollywood, Calif. 90027 I
|
f Please send me free literature describing Grantham |
I courses in electronies. =
|
I Name Age ’
I Addre :
|
LGty St |
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SPECIAL FEATURE ARTICLE:

COLOR-TV

FOR 1969

You'll be “in™ in 1969 if you have a small, portable color-TV set. Three 14" color-TV
sets from RCA, Sylvania, and Zenith reflect this year's trend in television design. But
size and cabinet design are not the only way manufacturers hope to attract buyers. In
his feature article, Forest Belt discusses the Admiral, DuMont, Electrohome, G-E,
Magnavox, Olympic, Panasonic, Philco, RCA, Setchell-Carlson, Sylvania, Toshiba, and

Zenith sets and tells how they compare.

ADDING REMOTE SPEAKERS
TO HI-FI STEREO SYSTEMS

Adding speakers to any solid-state amp-
lifier is more than connecting a few
wires. Careful consideration must be
gicen to proper impedance match or an
amplifier can be seriously overloaded.

FREQUENCY DIVIDERS

& COUNTERS

In Part 2, the basics of IC logic ele-
ments are extended to complete count-
er und divider systems. Synchronous
counters  for division  ratios from 2
through 10 are presented.

UNIQUE C-D IGNITION SYSTEM

A thoroughly tested system that has im-
proved the performance of cars ranging
from a 1960 Ford to a racing model. A
complete circuit, parts values, and test
results are included in the article.

TV SYSTEMS FOR

TEACHER EDUCATION

Sceing oneself as o*hers do is perhaps
a most salutary experience for good
teachers. A new teacher-training tech-
nique, called “microteaching,” employs
video tape recorders to help teachers
improve their preseatations.

All these and many more interesting and informative articles will be yours

in the January issue of ELECTRONICS WORLD . . .
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By FOREST H. BELT /Contributing Editor n BW s

Digital FM Tuning

The winter season is upon us, and altention turns to indoor entertainment—like hi-fi stereo. There’s
plenty to tell about, this season. One unusual device is a digital-tuned FM receiver. It is to be built by
C/M Laboratories of Norwalk, Conn. We've only seen a display sample, hut have learned a few things
ahout its design.

The tuner is a 100-channel frequency synthesizer, picking out any desired FM [requency by matrix-
ing certain crystals [rom among the 20 that form the synthesizer. The “dial” is merely four Nixie
readout tubes, which glow to indicate the frequency selected. There are three ways to tune the receiver:
signal-seeking, with the tuner halting at stations of preselected strength; manual multiple advance, in
which the tuner scans rapidly across the FM band, stopping when the spring-loaded leaf switch is re-
leased; and manual single-step advance, also by spring-loaded leaf switch. The receiver is expected to
be ready for delivery after the first of the year at a price of around $1000.

Armchair Stereo Tuning

Another innovation is remole control for music lovers. At least two companies have exhibited re-
ceivers with remote-control tuning: Bogen and Fisher. (The digital tuner mentioned above can prob-
ably be adapted to remote control quite easily.) Bogen’s Model DB240 tuner has a signal-secking
dialing mechanism. The remote-control connects through a 10-foot cord. The listener can tune the re-
ceiver, control the volume, and see what station is tuned in.

Fisher’s remote control works with the Model 500-TX 190-watt receiver. This receiver also uses a
type of signal-seeking—which Fisher calls “Autoscan.” This remote control also attaches by a long cord.

Smaller World of Stereo

Not long ago, compact cars went through a heyday. The upcoming year portends to be the year of
the compact sterco. This time, though, “compact” doesn’t always mean smalt size. [t more often refers
to a tuner, automatic turntable (or record changer), and amplifier that have heen combined into one
unit—sometimes called a control center. The speakers, although they are design-coordinated, are separate.

Compacts have heen around a couple of years, but in limited numbers. This scason, the number ol
models has increased sharply, undoubtedly through customer demand. Compacts are not just glorified
portables. They are really high-performance stereo music systems. Some include cartridge-tape-plaving
facilities. A couple of models introduced at Hi-Fi Shows this fall can even record on or play back from
stereo cassettes (also new).

Since sterco has become so much of a family affair, instead of the domain of the “huff”, wives have
been having more of a say ahout what the stereo system looks like. Not many of them get very en-
thused over component stereo, no matter how wide the response or how accurate the tracking. But the
hushand, who of course “knows” about these more important factors, has found a satisfying answer in
the compacts. With the new stereo cassettes facing a hoom, with good stereo recordings still selling by
the millions, and with FM stations slanting their programs to the preferences of stereo families, it looks
as if the compact-makers can look forward to a prosperous year.

Color Still Going Strong

December, 1968

Another home-entertainment product getting lots of attention nowadays is color-TV. Winter-season
programming attracts more viewers than ever, with large prime-time blocks of not-very-old color movies.
That bodes well for year-end set sales. EIA’s “Discover Color TV promotion is having its effect, too.
With the Christmas selling season still to go, 1968 sales may total above 6.1 million. Dealers we've
talked to expect a good year-end.

In components news, solid-state gets the most attention. Faro, Inc. keeps widening its line of semi-
conductor high-voltage rectifiers. The most significant lately is a voltage multiplier that takes a rela-
tively low-voltage flyback pulse and builds it into as much as 45 kV. The multipliers could replace Doth
h.v. rectifier and shunt regulator, since they’re simple to regulate.



A new silicon power transistor from [litachi will be used for horizontal and vertical deflection in
mid-1969 TV modcls.

The color picture tube still makes news. too (hesides the patent hassle of phosphors and shadow masks
between Sylvania and National Video). There’s a new implosion-proofing method developed by Chi-
cago Dial Co.. a subsidiary of 3}/. Ordinary window glass is laminated to the tinted-glass face of an
ordinary color CRT. A bonus is that x-radiation from the face is reduced. even under bombardment
from beams with too-high voltage.

Service Shortage and Training

The electronics industry is still slugging away at creating new service technicians and upgrading
others. A sister industry. electrical appliances. has mounted the same task.

For manpower. some companies are taking part in Project Transition. which is promoted by the
Department of Defense: draftees ahout to be discharged are given concentrated courses that qualify
them to go into beginner servicing jobs.

RC.A Institutes, Inc. is managing another experiment—with hard-core unemploved in the New York
ghettos. They follow a work-four-hours. study-four-hours schedule. Men who successfully complete the
year's training get jobs with RC.{ Service Co. as apprentice technicians.

Consumerism Still Powerful Medicine

The “guardians™ of the public are still with us. some self-appointed and some government-appointed.
Hardly a week passes without some segment of the electronics field catching it. X-rays. warranties,
service—all have been whipping boys. Evervthing has its good side, though, and the industry has
heen coerced into taking a close look at some practices.

Take servicing. With customers and manufacturers alike complaining about high costs, some con-
crete suggestions are evolving. An executive of one large retail chain, which is right now setting up its
own servicing group. recommends test points in TV sets—brought out to a single socket into which a
special analyzer can be plugged.

We know this idea has worked well for years in two-way radio, cutting maintenance and repair time
by hours. It is used extensively in military electronics systems. Some set manufacturers have told us of
research theyre doing along these lines. We've done work on this in our own lah. A few companies hope
to carry it even further and use a computer for the analysis.

The chief hold-back is. of course. cost. Yet. in the light of rising warranty expense, the extra dimes
might be well spent. Add the sales value of truly less-costly servicing. and the whole idea gets ¢ven more
attractive. This all adds up to just one more way to improve industry-consumer relations—not to men-
tion easing the shortage of technicians.

When a Transistor Isn’t

The Federal Trade Commission finally identified what can be called a transistor in advertising ra-
dios and transceivers. A transistor can't be counted unless it detects, amplifies, or receives radio sig-
nals. If it’s wired as a diode. it can’t he counted as a transistor. Nor if it's in parallel or cascaded with
another, unless you can prove it helps performance. That wording excludes a.g.c. transistors, a.l.c. tran-
sistors. stereo-light transistors, and any others that serve auxiliary purposes. (Watch the ad-language
start saying “ten semiconductors”—meaning the equipment has five active transistors, three inactive
ones, and a couple of diodes.)

Flashes in the Big Picture

Microsize entertainment products coming soon from Japan include 1%-inch TV, wrist-wateh radio.
and wireless stereo headset; all carry the Panasonic hrand-name. . . . Modules for Quasar solid-state TV
can be carried in service caddy supplied by Motorola. . . . Milestone recently passed: manufacture of
three-billionth RCA receiving tube. . . . Pennsylvania legislature to consider technician licensing law in
session just starting; drawn up by Pennsylvania Federation of Radio-Television Service Associations.
- - - Two years is now standard picture-tube warranty for all imported color-TV sets. . . . To compete
with cassettes, there is a “reelette.” tiny flangeless 2-inch reel developed by Newell Industries: has 8

tracks and plays 14 minutes at 7% in/s. . .. FCC plans to rule that wh.f. tuners must be as easy to
tune as v.h.[. tuners: gives industry not quite a vear to comply. . . . Some Sears-hrand (not Silver-
tone) TV sets are coming into the U.S. from Mexico. A
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TELEQUIPMENT

Rectangular CRT, 4KV,
6 x 10 cm viewing area
illuminated Graticule;
P31 phosphor.

X10 Gain increases
deflection factor to

10 mV/cm (DC to 4 MHz).

- Step Selectors with
variables, standard 1-2-5
sequence. Attenuators

- accurate within 5%.

i - g

R

TYPE S54

Portable; 17 Ib.

space—saxing size:
9inx 7inx16in.
TereauenmenT

-
L
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- a—“*j
- FOCUS
Full Triggering with

AUTO or LEVEL
ASTIG T ¥
/selectwe cperation.

OSCLLOSCORE | |
TYPE S54
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E TR |
2 sTaBiUTY

TV Frame or fine
selection for easy TV
waveformriggering.

VARIABLE -
TIME/CM %

QO v O
VOLTSICM

EXT TEG

SOLID-STATE OSCILLOSCOPE

DC to 10 MHz 35 ns RISE TIME
TRIGGERED OPERATION PRICE: $350

Designed for the service industry; backed by a one year
warranty, parts support and 22 service centers; garketed
through 48 Tek®Fonix Field Offices.

For more information call your local Tektronix field
engineer or write Tektronix, Inc., P.O. Box 500, Beaverton,
Oregon 97005.

U.S. Sales Price FOB Beaverton, Oregon

TeceauipMenT R

a subsidiary of Tektronix, Inc.
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EXPERIENGE
5> STILL YOUR

BEST TEACHER

B NRidesigned-for-learning
£ training equipment gives you

priceless confidence be-

il cause your hands are trained
R . as well as your head.

Learnmg Electromcs at home the NRI way is fast

and fascinating. Read opposite page.

OLDEST AND LARGEST
SCHOOL OF ITS KIND

Accredited by the Accrediting Commission of the National Home Study Council
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You get more for your money
fr(’m NRI—-more value, more solid experience

so essential to careers in Electronics. NRI's pioneering
“‘discovery’” method is the result of more than half a
century of simplifying, organizing, dramatizing subject
matter. In each of NRI's major courses you learn by
doing. You demonstrate theory you read in ''bite-size”
texts programmed with NRI designed-for-learning pro-
fessional lab equipment. Electronics comes alive in a
unique, fascinatingway. You'll take pleasure in evidence
you can feel and touch of increasing skills in Electronics,
as you introduce defects into circuits you build, per-
form experiments, discover the “why' of circuitry and
equipment operation.

Almost without realizing it, the NR! discovery method
gives you the professional’'s most valuable tool—prac-
tical experience. You learn maintenance, installation,
construction and trouble-shooting of Electronic circuits
of any description. Whether your chosen field is Indus-
trial Electronics, Communications or TV-Radio Servicing,
NR! prepares you quickly to be employable in this
booming field or to earn extra money in your spare
time or have your own full-time business. And you
start out with training equivalent to months—even years
—of on-the-job training.

NRI Has Trained More Men for
Electronics Than Any Other
SChQOI-—By actual count, the number of individ-

uals who have enrolled for Electronics with NRI could
easily populate a city the size of New Orleans or Indiana-
polis. Over three-quarters of a million have enrolled with
NR! since 1914. How well NR! training has proved its
value is evident from the thousands of letters we re-
ceive from graduates. Letters like those excerpted
below. Take the first step to a rewarding new career
today. Mail the postage-free card. No obligation. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washmgton D.C. 20016.

W L.V.Lynch, Louis- . G. L. Roberts,
ville, Ky., was a { Champaign, Ill.,
factory worker § is Senior Tech-
with American nician at the U.
Tobacco Co., of Illinois Coor-
now he's an Elec- dinated Science
tronics Technician with the Laboratory. In two years he
same firm. *l don't see how received five pay raises. Says

the NRI way of teaching could
be improved.""

Don House,
Lubbock, Tex.,
went into his
own Servicing
business six
months after
completlng NRI training. This

former clothes salesman just .

bought a new house and re-
ports, “I look forward to mak-
ing twice as much money as |
would have in my former
work.""

Roberts, ''| attribute my pres-
ent position to NRI training.”

Ronald L. Ritter
of Eatontown,
N.J., received a
promotion be-
fore finishing the
NRI Communica-
tion course, scoring one of the
highest grades in Army pro-
ficiency tests. He works with
the U.S.Army Electronics Lab,
Ft. Monmouth, N.J. " Through
NRI, | know | can handle a job
of responsibility."’

APPROVED UNDER NEW G1 BILL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card.

December, 1968
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COLOR TV CIRCUITRY COMES ALIVE

asyou build, stage-by-stage, the only custom Color-TV engineered
for training. You grasp a professional understanding of all color
circuits through logical demonstrations never before presented.
The TV-Radio Servicing course includes your choice of black and
white or color training equipment.

&
E
B
K

COMMUNICATIONS EXPERIENCE

comparable to many months on the job is yours as you build and
use a VTVM with solid-state power supply, perform experiments
on transmission line and antenna systems and kuild and work
with an operating, phone-cw, 30-watt transmitier suitable for
use on the 80-meter amateur band. Again, no other home-study
school offers this equipment. You pass your FCC exams—or get
your money back.

COMPETENT TECHNICAL ABILITY

can be instantly demonstrated by you on completing the NRI
course in Industrial Electronics. As you learn, you actually build
and use your own motor contral circuits, telemetering devices
and even digital computer circuits which you program to solve
simple problems. All major NRI courses include use of transis-
tors, solid-state devices, printed circuits.
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If your record player
today still has
a heavy turntable,
it must have
yesterday’s motor

Why did Garrard switch from heavy turn-
tables (which Garrard pioneered on auto-
matics) to the scientifically, correct low
mass turntable on the SL 95? Simply be-
cause the synchronous Synchro-Lab™
Motor has eliminated the need for heavy
turntables, developed to compensate (by
imparting flywheel action) for the speed
fluctuations inherent in induction mators.
The light, full 11!/;” aluminum turntable
on the SL 95 relieves weight on the center
bearing, reduces wear and rumble and
gives records proper edge support.

The Synchro-Lab Motor has also made
variable speed controls as obsolete as they
are burdensome to use. The synchronous
section of the motor locks into the rigidly
controlled 60 cycle current (rather than
voltage) to guarantee constant speed re-
gardless of voltage, warm tup, record load
and other variables. This means :nwaver-
ing musical pitch. And the induction
section provides instant starting, high
driving torque and freedom from rumbile.

At $129.50, the SL 95 is the most
advanced record playing unit available
today. For Comparator Guide describing
all Garrard models, write Garrard, West-
bury, N.Y. 11590.

World’s Finest

British Industries Co., division of Avnet, Inc.

1 READERS

LETTERS
FROM OUR

' ELECTRIC AUTOS

| To the Editors:

! Your recent article on electric autos
has moved me to write on an important
tacet of the situation either forgotten or

[ignored in all such discussions. This is

| the problem of powering a heater for

| passenger comfort and windshield de-
[rosting.
| Having driven many miles in temper-

| | atures down (o 45 degrees below zero,
; ‘I am especially aware of this obvious

need, and would estimate that a mini-
mum of 1500 watts would be needed.
This heavy power draw for interior heat
| alone obviously further restricts range
and increases operating costs. Recircu-
lation of interior air and insulation
| would reduce power requirements but
| increase cost and weight plus aggravate
| defrosting problems. Auto makers’ com-
| ments on this aspect would be interest-
| ing.
| Rarrn L. CHARNLEY
i Richfield, Minn.

! * % %

INDUCTION BATTERY CHARGER

| To the Editors:

‘ Although it has been some time since
| you have run any articles on batteries
and charging circuits, perhaps vou can
| answer a puzzler that has been bother-
ing me for some time. Recently I bought
| a G-E electric toothbrush which uses, I
| believe, a rechargeable nickel-cadmium
battery to operate the mechanism. The
thing that has me puzzled is the charg-
ing unit into which the brush-holder is
plugged after use. The well into which
the holder is placed has only a single
contact, a post perhaps ¥ -in in diam-
eter. Just how is the charging circuit
which is built into the base of the charg-
' ing unit connected to the batterv® The
contact post is not a coaxial connector
of any kind, and I'm sure it’s just a
single contact. Where’s the other con-
tact? Or is this a new kind of charging
circuit?

ManNY Ryan
| Chicago, Tl

| There is no other contact; as a inatter

| of fact, the post is not even a single con-
tact. Instead it is the core of a 117-volt
a.c. solenoid that is mounted in the
charger base unit, and this is really not
a complete charger at all. When the
|

|
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charging unit is plugged in, a magnetic
field is set up by the solenoid in the core.
By induction, this is coupled to another
pickup coil /transformer in the base of
the hand-held toothbrush unit. The in-
duced voliage is then rectified by a
diode and applied to the built-in nickel-
cadmium cell through a two-transistor
charging circuit. This circuit cuts off or
reduces charging current when the cell
becomes fully charged. Note that the
entire charging circuit, except for the
117-volt coil, is in the toothbrush holder
itself. The cell voltage is the usual 1.2
volis for nickel-cadmium types and the
maximuwm charging current is 100 mA.
It takes about 24 hours to fully recharge
a completely discharged cell. The cell
should be capable of about 2500 charge-
discharge cycles.—Editors
* * %
RFI FROM C-D IGNITION

To the Editors:

Your magazine has carried a nomber
of articles on capacitive-discharge 1:ni-
tion systems. These are supposed to
have a verv high voltage and a fast rise
time. But nowhere have I ever seen any
mention of possible increase in radiated
noise that mav interfere with mobile
radio equipment. Anv comments?

Toxt Laxs, KSERV
Mansfield, Ohio

We have not heard any comments
from our readers on this particular prob-
lem. If you have had any experience
with radio-frequency interference from
cither transistor or capacitive-discharge
ignition systems—to mobile radio equip-
ment or even to the car's broadcas! radio
—let us hear from you.—Editors

ELECTRONIC INTRUSION ALARMS
To the Editors:

I refer to your articles on “Electronic
Intrusion Alarms” in the September and
October issues of ELEcTRONICS \WORLD.
These are verv good articles, as are so
many articles thut comprise vour maga-
zine, which is highly regarded here by
our engineering department.

We are a small company that has spe-
cialized in intrusion alarms for the past
20 years. We would appreciate being
added to vour list in the article as a
maker of all types of intrusion alarms
and supplies. OQur equipment covers

ELECTRONICS WORLD



measure

The RCA WV-38A Volt-
Ohm Milliammeter is a
rugged, accurate, and ex-
tremely versatile instru-
ment. We think it’s your
best buy. Only $52.00.*
Also available in easy to
assamble kit, WV-38A (K).

The RCA-WT-501A in-
circuit out-of-circuit tran-
sistor tester is battery op-
erated, completely porta-
ble. 1t tests both low and
high power transistors,
has NPN and PNP sockets
for convenient transistor
matching for complemen-
tary symmetry applica-
tions. Only $66.75.*

The RCA WV-77E Volt-
Ohmyst® can be used for
countless measurements
in all types of electronic
circuits. Reliability for
budget price. Only
$52.00.* Also available in
an easy to assemble Kit,
WV-77E (K).

The RCA WC-506A tran-
sistor-diode checker of-
fers a fast, easy means of
checking relative gain
and leakage levels of out-
of-circuit transistors.
Compact and portable, it
weighs 14 ounces, meas-
ures 3% by 6% by 2
inches. Only $18.00.*

R

The RCA WG-412A R-C
circuit box can help you
speed the selection of
standard values for resis-
torsand capacitors, either
separately or in series
or parallel R C combin-
ations. Only $30.00.* It's
easy to use, rugged, and
compact.

The RCA WV-98C Senior
VoltOhmyst is the finest
vacuum-tube voltmeter in
the broad line of famous
RCA VoltOhmysts. Accu-
rate, dependable, ex-
tremely versatile, it is a
deluxe precision instru-
ment. Only $88.50.* Also
available in an easy to as-
semble kit, WV-98C (K).

LOOK TO RCA FOR INSTRUMENTS TO TEST/MEASURE/VIEW/MONITOR/GENERATE

December, 1968

The RCA-500A al! solid
state, battery operated
VoltOhmyst eliminates
warm-up time, eliminates
zero-shift that can occur
in tube operated volt-
meters. Completely porta-
ble. Only $75.00.* Comes
with shielded AC/DC
switch probe and cables.

For a complete catalog
with descriptions and
specifications for all RCA
test instruments, write
RCA Electronic Compo-
nents, Commercial Engi-
neering, Dept. L-41W,
Harrison, N.J. 07029.

*Optional Distributor resale price.
Prices may be slightly higher in
Alaska, Hawaii, and the West.
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NEW DELTA DESIGN!

MODEL 3000 FET VOM

A unigue
and efficient
instrument
bridging the gap
between a
multimeter and a
digital voltmeter!

Delta, pioneer of the famous Mark Ten® CD System,
now offers a compact, versatile, and extremely
sensitive VOM which combines FETs and ICs for
extreme accuracy. Compact (6%2” Wx 8” Hx 3%"
D), portable, wt. 3%
[bs. In full production 95
at only

ppd.

Would you believe:

Mirror scale 200~ A D’Arsonval meter

Integrated circuit (IC) operational amplifier for extreme accuracy
FET input stage with current regulator

Two stage transistor current regulator and Zener diode on OHMS for

absolute stability and accuracy

1.

2.

3.

4,

5.

v

1.

8.

9. Enclosed switches
10.

1.

measurement

12.

g

|
Available in Kit form: |
Feedback network with
pre-selected compo-
nents to eliminate all
final calibration. Ready
to use when assem-
bled!

Voltage clippers for protection of input stage

Fully temperature compemsated for low low zero drift
Ten turns ZERO and OHMS adjust potentiometers
Epoxy glass circuit boards and metal case

Uses readily available type AA cells
Uses standard test leads for maximum flexibility and ease of

10 Megohms input impedance

DELTA PRODUCTS, Inc.

Kit:
Only $59§p5d

} P.0. Box 1147, Grand Junction, Colorado 31501
: | enclose $ . Please send postpaid:

1 __ Model 3000 FET VOMs @ $74.95 assembhled
| Model 3000 FET VOMs @ $59.85 kit form

: Name - .

{ Address.

| City/State Zip

L DP 8.7
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residential and commercial usage as
well as motor vehicles and other appli-
cations.

Mark WaAxarany

Chief Engineer, Alarms Div.

Lastern Electronics

28 Weymouth St.

Albany, N. Y. 12205

Our directory was not intended to be
all-inclusive, but merely to show a large
number of representative companies.
Still another manufacturer who has writ-
ten to us with a description of his intru-
sion alarm equipment is Electro-Nite
Co., Comly & Decatur Rds., Philadel-
phia, Pa. 19154. We are sure that both
these companies will be glad to supply
our readers with details on their prod-
ucts.—Editors

L3 * *
AMPEX TAPE RECORDER
To the Editors:

In vour June, 1968 issue, you pub-
lished a test report on the Ampex AG-
500-4 tape recorder. The absence of an
index counter was mentioned as “an
inconvenience” on several occasions in
the report.

You need not let this be a deterrent
as a four-digit resettable counter (Part
#4012201-02) is available from the
factory at a cost of $35.00, if you feel
this is necessary on a professional ma-
chine.

C. E. HarpER
Gately Electronics
57 W. Hillcrest Ave.
Havertown, Pa. 19083
% % %
IS IT A TRAP?
To the Editors:

I recently purchased a Fisher Phil-
harmonic stereo console. In examining
the back of the unit, I noticed a folded-
dipole FM antenna stapled to the back
cover. Connected to the center of the
dipole there is what appears to be a
shorted stub about 4-in long. Is this
some sort of trap or something for FM
images, aircraft transmitters, or what?

HerMax ProrNick
New Hyvde Park, N. Y.

Upon checking with the Fisher en-
ginecring department, we learned that
the shorted stub is not a trap but is used
as an impedance-matching section for
the folded dipole. It seems that with
the particular type of dielectric material
used and with the way in which the
antenna has to be folded to fit the back
of the console, the center impedance is
somewhat reactive (capacitive) and high-
er than the desired 300 ohms. By using
a small shorted stub, which acts as an
inductive reactance, the antenna reac-
tance is tuned out and the impedance
drops to the proper value. This re-
duces the v.sac.r. and improves the
performance of the built-in FM an-
tenna.—Editors A
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James E. Webb’s Resignaticen . . .

as Director of the National Aeronautics and Space Administration points up that agency’s unhappiness
over recent budget cuts and Webb's personal disgust with certain Congressmen who have chosen to make
NASA their own personal whipping boy. Webb was named director of the space agency 7% years ago by
President Kennedy and, under his leadership, NASA prospered. The agency’s budget zoomed from $967
million in 1961 to more than $5.2 hillion in 1965. Thus, for a time, NASA’s rapid growth made it appear
as if the good old USA would be “first” in the eyes of the world as well as in the hearts of its “country-
men.” Now, the administration has limited the NASA budget request to $1.37 billion, the lowest in six
fiscal years. Congress has lopped $370 million off that, and another $100 million will go as part of the $6
billion spending cut ordered by Congress as part of the President’s tax bill. The result—almost every NASA
program except the manned moon landing (still scheduled for next year) has either been cancelled or dras-
tically curtailed. For example, simultaneously with Webb’s announced resignation, a NASA news bulletin
proclaimed the termination of production of the 205.000-pound thrust H-1 engines used in the booster
stage of the Saturn 1B rocket. These engines, built by the Rocketdyne Division of North American Rock-
well Corp., were originally intended for use in missions following the manned lunar landing.

Siding with James Webb, we too are not satisfied with our present space program. While we cut back,
the Russians accelerate. The day after Webb'’s resignation Russia launched a rocket to the moon (Zond 5)
and returned it to earth—the first step in a manned moon landing. Being first is a matter of national pride
as well as international prestige and, in many instances, it is as potent a weapon as a gun.

Hospitals . . .

will have to be more automated if they are to provide medical services at reasonable cost. Inflation plus
serious manpower shortages have combined to make the job of getting people well quickly a most difficult
undertaking. This opinion was advanced by Dr. John N. Dempsey, vice-president for science and engineer-
ing at Honeywell, Inc., during a talk before the American Hospital Association. He noted that the average
cost per patient-day tripled between 1950 and 1965, and that salaries accounted for two-thirds of all hos-
pital costs.

Automation and new advances in medical electronics have indeed aided patient care. It is doubtful that
General Eisenhower would still be alive if it were not for these new techniques. But we doubt that an elec-
tric eye and an electrode will ever really replace a nurse’s sweet smile and soft touch.

But The Electronics Industry . ..

is failing medicine, charges Irving Weiman, vice-president of Electro-optical Systems, Inc. “Itis failing
to differentiate between the clinical physician’s needs and the needs of the research physician, and it is fail-
ing to communicate with the medical profession as a whole,” he says. Apparently he feels that industry
has not learned to market products that extend the physician’s skill and maximize his activities as well as
those which reduce the routine work of nurses and technologists. He claims the difficulty is communica-
tion. Engineers who do not understand medicine oversell the capabilities of lasers, IC’s, biochemical
probes, etc.; and doctors do not understand the potential of technology.

Most Prosthetic Devices . . .

December, 1968

act on muscle power. The newest artificial limb, however, is computerized and “thinks” into movement
by above-the-elbow amputees.

The device, which is a joint development of Massachusetts General Hospital, Massachusetts Institute of
Technology, Harvard Medical School, and the Liberty Mutual Insurance Co., is said by doctors to be the
most sophisticated artificial limb ever devised. It uses natural electrical signals (about 0.001 volt) which
are generated in the amputee’s stump to motivate the limb. According to the doctors, the Boston Arm as it
is called, can be actuated with varying degrees of force and speed. The signals are picked up by electrodes
attached to the artificial arm, amplified, and fed to a tiny analog computer consisting of eight operational
amplifiers. The computer controls an electric motor which operates the arm.
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There are more than 100,000 amputees in the U.S. and many of them could use the Boston Arm. The
problem is will they be able to afford it? The developers say that the price of arms should be within reach
of all amputees, about $1000, but probably substantially less.

Digital Computer .. .

systems have changed some industrial processes through more effective control. But acceptance of
computerized process control has been a long time arriving. Extremely high equipment cost was partially
to blame, but more importantly, added programming expenses made the acquisition of a computerized
process controller prohibitive for many companices. Thus, by the end of 1967, only ahout 700 control com-
puters were installed and in use throughout the United States.

Recently, the Honeywell Computer Control Division introduced a new computer for industrial control.
At first glance it would seem that this system. with a few mino~ variations. is pretty much like other con-
trollers. However, Honeywell has added a wrinkle that makes this system worthy of note. Readers may
recall that the November issue of this magazine took note of the tremendous shortage of trained computer
programmers. Well that added wrinkle that we spoke about is a functional software package which makes
every process engineer a potential computer programmer. The functional software is called Controlware
1. and it allows a user to implement his system by simply filling in tables. In fact the company claims that
a program for data acquisition and digital data control for process control applications can he written
in as little as two weeks.

This supposed breakthrough in software won't solve the programmer shortage. It will, however, enable
many companies to take a second look at their control applications. As a result, the market potential for
computerized industrial controls should rise.

Microwave Ovens . . .

may be dangerous to health—at least some Congressmen think so. Now the National Center for Radiolog-
ical Health is taking a close look at microwave ovens to see if they give ofl harmful radiations. The rea-
son for all this concern is the rapid rise in popularity of the devices for home use. Some estimates have
placed upwards of 50,000 ovens in homes hy 1970.

In the frequency range where microwave ovens operate, the eyes and skin surfaces are extremely sus-
ceptible. For example, damage may occur to internal organs when the body is exposed to microwaves of
150 to 1200 MHz; to the eye in the 1000 to 3300 MHz region: to the eye and top layers of the skin in the
3300 to 10,000 MHz area; and to skin surfaces at frequencies over 10.000 MHz. This is just some of the
body damage which researchers say is possible from overexposure to microwaves. Studies are proceeding
in this country and Russia particularly, to come up with meaningful standards. One big problem for the
National Center is to develop a portable instrument which measures the power density of stray emission.

Some Thoughts . ..

16

about things going on. Electronics on the John F. Kennedy CVA-67, the country’s newest attack carrier,
cost about one-fifth of the total ship’s construction price. The $72-million spent for shiphoard electronics
includes an automated carrier landing system (ACLS) and an automatic equipment test facility (TEAMS),
. . . The failure of the Communications Satellite Corp.’s Intelsat 11I to achieve orbit reduced but did not
stop world-wide TV coverage of the Olympic games. Backup systems involving NASA's Applications
Technology Satellite (ATS-3) and Early Bird came to the rescue. . . . The search for faster computers goes
on. RCA has announced the development of a laser computer 100 times faster than present systems. . . .
Proposed restrictions on airport operations at New York, Chicago. and Washington bringing cries of out-
rage from airlines and General Aviation alike. (First time these two groups have agreed on anything in a
long time.) For example, under the proposed rule, only 80 operations per hour would bhe allowed at Ken-
nedy—70 for air carriers, 5 for air taxis, and 5 for other General Aviation planes. Unpopular as it is, the
rule is the first concrete step that the FAA has taken to relieve air traffic congestion around metropolitan

areas. . .. Last year’s Japanese electronics output totaled $3.1 billion, up 32.2 percent from 1966. Jap-
anese exports of electronic products to the U.S. also continue to rise. In 1967 they totaled $532 million,
a 12.6 percent increase over the 1966 level of $464 million. . . . The most powerful radio station in South

America is operated by Accion Cultural Popular, an educational institution which uses radio to provide
learning opportunities for Colombians living outside the hig cities. The transmitter was built by Con-
tinental Electronics Manufacturing Co., a subsidiary of LTV Electrosystems, Inc. . .. On Jaruary 1st the
National Bureau of Standards expects to change the value ol the U.S. legal volt by 1 part in 100,000. Ac-
cording to NBS, the new value represents a more accurate measurement of the voltage of standard cells
in terms of the theoretical unit of e.m.f. derived from the basic mechanical units of length, mass, and
time. A
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Shocked? Don’t be. Does this man look like a criminal?

‘He’s not. This man is in the business of preventing crime. (One of the
fastest growing industries today.) He’s a Radar Sentry Alarm dealer repre-
sentative.

‘What could this possibly mean to you? Perhaps nothing. On the other
hand, it could change your entire life.

As a Radar representative, you could make $7,200 a month if you sold
only one system each week. Most of our dealers make much more. Two
sales a week would net you $28,000 a year; five a week, $46,000 a year.
We make the finest solid state microwave burglar alarm system available;

Sentry Alarm.

one that’s easy to install and easy to service...for both home & business. The Crimebuster,

We’re presently expanding our organization of dealer representatives. We’ll RADAR DEVICES MFG. CORP.

train you, provide you with leads and offer continuing counsel. You can iii? nia;p;‘;‘;’i‘;{risgﬁgrai; fss""es' Michigan 48080
operate full-time or part-time. Later, you may want to expand and orga- I understand there is no obligation. EW-12
nize your own sales staff. RN

But for now, let’s get better acquainted. Fill out the coupon. In a few days, Address

you'll receive complete details about how you can live a life of crime-and

. City State Zip.
rake it pay, handsomely.

Live a life of crime,
honestly.




Two more examples of how
RCA Institutes provides
up-to-the-minute Home Training
in all phases of electronics:

NEW CATV
LESSONS

The demand is heavy for technicians
in the booming field of CATV
(Community Antenna Television
Systems).

CATV was initially used to make it
possible for large numbers of
television receiver users to get good
reception in remote areas through
the use of a common antenna. It now
brings to more people more programs

E o
than are available from local stations. P Lo R
It also improves reception where e Ly
multipath signal transmission exists. S R
4 e S faers .
RCA Irstitutes includes two g vy vl X
comprehensive lessons, coveringthe « = = = g? e
practical phases of CATV systems F{ oA e
and servicing in Television Servicing % il g?g_ L e
and Communications courses and R i . e
programs at no additional total 0 s e
tuition cost. Get in on the ground gy aEES
floor of this rewarding and expanding /
field. Send for full information today!
\ e
\ N
\\
Prepare yourself :.{/ n ‘Z‘_ .~
for a career — e =
in the expanding
field of CATV. e .
Ty \

18

This is the high quality
color TV set you'll
construct, complete

with rich cabinet
in wood grain design.

NEW
COLOR TV KIT

To make courses even more practical and
to better prepare you for a more rewarding
future, RCA Institutes now includes an
exciting Color TV Kit in both the
beginner's program and the advanced
course in color TV servicing. The cost

of the kit is included in the tuition—
nothing exira to pay. You also get five
construction/experiment manuals pius

a comprehensive service manual.

You'll receive all the materials and
components to perform over 50
information-packed experiments. When
you finish you’ll have constructed an
18" (measured diagonally) high quality,
color TV set, complete with rich

cabinet in wood grain design.

Get all the details on RCA Institutes’
valuable naw Color TV Kit!

SEND THE ATTACHED CARD TODAY!

ELECTRONICS WORLD



Learn electronics at home faster, easier,

almost automatically—with RCA AUTOTEXT

Are you just a beginner with an interest
in the exciting field of electronics?

Or, are you already earning a living in
electronics and want to brush-up or
expand your knowledge in a more
rewarding field of electronics? In either
case, AUTOTEXT, RCA Institutes’ own
method of 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.

THOUSANDS OF WELL PAID JOBS
ARE OPEN NOW TO MEN SKILLED
IN ELECTRONICS!

Thousands of well paid jobs in
electronics go unfilled every year
because not enough men have taken
the opportunity to train themselves for
these openings. RCA Institutes has done
something positive to help men with

an aptitude and interest in electronics
to qualify for these jobs.

HOME STUDY CAN TRAIN YOU FOR
REWARDING CAREER OPPORTUNITIES

To help fill the “manpower gap” in the
electronics field, RCA Institutes has
developed a broad scope of Home
Training courses, all designed to lead
to a well paying career in electronics

in the least possible time. You also have
the opportunity to enroll in an RCA
“Career Program’’ exclusively created
to train you quickly for the job you
want! Each ““Career Program” starts with
the amazing AUTOTEXT Programmed
Instruction Method. And, all along the
way, your program is supervised by
RCA Institutes experts who become
personally involved in your training

and help you over any “‘rough spots’
that may develop.

VARIETY OF KITS ARE YOURS TO KEEP

To give practical application to your
studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. Each kit is complete
in itself, and yours to keep at no extra
cost. You get the new Programmed
Electronics Breadboard for limitless
experiments, including building a
working signal generator, multimeter,
and a fully transistorized
superheterodyne AM receiver.

December, 1968

ONLY FROM RCA INSTITUTES—
TRANSISTORIZED TV KIT—
VALUABLE OSCILLOSCOPE

All students receive a valuable
oscilloscope. Those enrolled in the
Television program receive the all-new
transistorized TV Kit. Both at no extra
cost and only from RCA Institutes.

CHOOSE THE “CAREER PROGRAM”
THAT APPEALS MOST TO YOU

Start today on the electronics career of
your choice. Pick the one that suits you
best and mark it off on the attached card.

Television Servicing
Telecommunications
FCC License Preparation
Automation Electronics
Automatic Controls
Digital Techniques
Industrial Electronics
Nuclear Instrumentation
Solid State Electronics
Electronics Drafting

ADVANCED TRAINING

For those already working in electronics,
RCA Institutes offers advanced

courses. You can start on a higher level
without wasting time on work you
already know.

2 CONVENIENT PAYMENT PLANS

RCA Institutes offers a unique tuition
plan that lets you progress at your own
pace. You only pay for lessons as you
order them. You don’t sign a contract
obligating you to continue the course.

There’s no large down-payment to lose
if you decide not to continue.

However, if you desire, RCA Institutes
also offers a convenient monthly
payment plan.

CLASSROOM TRAINING ALSO
AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one

of the largest of its kind in New York
City. Coeducational classroom and
laboratory training, day and evening
sessions, start four times a year. Simply
check "“Classroom Training” on the
attached card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.

SEND ATTACHED POSTAGE PAID
CARD TODAY. FREE DESCRIPTIVE

BOOK YOURS WITHOUT OBLIGATION.

NO SALESMAN WILL CALL.

All RCA Institutes courses and
programs are approved for veter-
ans under the new G.I. Bill.

Accredited Member
National Home Study Council

— S . . — — —

=
I IF REPLY CARD IS DETACHED—SEND THIS COUPON TODAY

| RCA INSTITUTES, Inc., Dept. EWQ-D8

| 320 west 31st Street, N.Y., N.Y. 10001
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KTIS AM/FM STEREQ, MIMNREAPOLIS

Every Hour of Every Day

Magnecord tape recorders run hour after hour, every
day, under the toughest broadcast conditions. The
die-cast mainplate assures permanent mechanical
alignment. Timing accuracy is constant with the hys-
teresis synchronous capstan tape drive. Payout and
take up reels have their own heavy duty split-capacitor
motors. In short, schd state Magnecords are built to
take it, day after day. You can depend on it.

The quality of a Magnecord does not vary from
model to model. Features do:

MODEL 1021. Monaural broadcast unit. Inputs:
Mixing bridge anc choice of Lo-Z microphone or
balanced bridge or unbalanced bridge. Cue Speaker.
Monitor Amplifier. Two speeds. Balanced 150/600
ohm output.

MODEL1022. Studio or broadcast stereo unit. Inputs
Per Channel: Auxiliary bridge and choice of Lo-Z
microphone or balanced bridge or unbalanced bridge.
Separate Playback and Record /Gain Controls for each
channel. Master Playback and Record/Gain Controls.
Balanced 150 /800 ohmi output. Choice of speeds and
head configurations. Full remote option.

MODEL 1024. Commercial or personal sterso unit.
Inputs Per Channel: Hi-Z microphone, mixing bridge,
auxiliary bridge. Full mixing facilities. TK ohm emitter
follower output. Choice of speeds and head config-
urations.

Write for the full story
on a Magnecord tape re-
corder. You can depend
on a prompt answer.

PRODUCTS OF SOLND RESEARCH

TELEX.

COMMUNICATIONS DIV SION

9600 Aldrich Avenue South
Minneapolis, Minnesota 55420

CIRCLE NO. 87 ON READER SERVICE CARD
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EW Lab Tests of
NEW STEREO RECEIVERS

By JULIAN D. HIRSCH/ Hirsch-Houck Laboratories

Here are the results of our laboratory measurements
on sixteen of the newest solid-state models along
with a deseription of important eircuit innovations.

INCE our last comprehensive survey of sterco receivers
(ELecTroNics Wonen, December, 1967). most of the
then-current models have been superseded by new or

improved versions. For the present survey, we Lave again
selected representative models from the lines of the lead-
jug manufacturers of stereo receivers, and have tested them
under identical, controlled conditions.

The complete test procedure was described in the De-
cember, 1967 article, and the interested reader should refer
to that report for detailed descriptions of the tests. The cur-
rent group of receivers were tested in exuctly the same
manner.

Normally, we prefer to present our test results in graphic
form. with extensive comments on other aspects of the re-
ceiver’s performance. This would require a  prohibitive
wnount of spuace for the sixteen receivers covered in this
report so we have listed key performance parameters and
design features in tabular form.

Since our test conditions often differ from those of the
varions manufacturers, our ratings may not agree with pub
lished specifications. However, since we tested all units
under identical  conditions, direct comparisons  are  pos-
sible.

All power and distortion measurements were made with
S-ohm loads. driving both channels simultaneously, and with
a 120-volt a.c. supply. The continuous sine-wave power
(per channel) was measured at the level which gave 2%
total harmonic distortion (THID) at 30 Hz, 1000 Hz, and
20.000 Hz Then, at 1000 Hz, the THD was measured at
outputs of 0.1, L0, and 10 walts. Footnote 3 following the
distortion figures (usually at 0.1 watt) indicates that hum
or noise masked the much lower harmonice distortion,

At maximum gain, we measured the 1000-11z input ve-
quired for 10-watts output, on the Aux
and Phono inputs. Hum and noise were
measured relative to 10-watts output,
at standardized reference gain setlings
which are more typical of normal op-
cruting conditions than are the maxi-
mum settings. These gains correspond
to inpnts of 1O volt (Aux) and 10
millivolts (Phono) for 10-watts output.

The RIAA equalization error is ex-
pressed in terms of the maximum de-
viation from the ideal curve, between
30 and 13.000 11z, referred to the 1000-
Hz level. The maximum  available
power into -l-ohm and 16-ohm loads
was expressed as a percentage of the
8-ohm power capability.

AL sensitivity was measured in ac-
cordance with HHF standards. It was
expressed as usable sensitivity at 98
Mz, FM (mono) distortion was mea-

Scott 341
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{right},
{top left), and Sherwood 5-8800a.

sured with a 1000-xV input signal, with a deviation of 75
kHz at 400 Hz.

The frequency response of the FM tuner is expressed as
a deviation from the ideal response, from 30 to 15,000 Hz,
relative to the 400-Hz level, FM-stereo separation was
meusured at 30 Hz, 400 Hz, and 10,000 Hz, and is the
average of both clunnels.

The balance of the table lists certain design features
and the various operating controls and outputs.

Compared to last vear's group of receivers, the current
models show several clear design trends. Last vear sev-
eral receivers used nuvistor tubes in their M front-ends
Tubes are now completely absent from solid-state receivers.
most of which have FET FM front-ends for superior sensi-
tivity and freedom from cross-modulation. Many receivers
now use inte-
grated circuits
(IC7s) in their if
and  limiter  sec-
tions. The supe-
rior limiting char-
acteristics  of
these devices is
responsible for
measurable  and
audible improve-
ment i their ef-
fectiveness  in
weak signal re-
ception. Although
at  present onl
the Heath AR-15

uses crvstal filters

Fisher 400-T



BOGEN DB250 0.35* 019 0.14

EICO 3570 0.25 014 0.8
ELECTRO-VOICE 1181 0.33° 0.39° 0.48
FISHER 250-T 1.00° 0.35° 0.4
HARMAN- 3

KARDON 520 O™ 1D
HEATH AR-15 0.20° 0.1

JVC NIVICO 5003

KENWOOD TK-88 0.40% 0.24
LAFAYETTE LR-1500T
PIONEER $X-1500T

SANSU! 2000

SCOTT 34%
SHERWOGD 5-8800¢

UNIVERS!ITY 120A 0.21  0.09

4 Powered, drives speaker directly; 5 Actual distortion at 30 W = 1%,.

Notes: 1 Unless indicated, price excludes cabinet; 2 Actual distortion at 60 W = 0.3%.
Not measured at 2% THD; 6 Actual distortion at 30 W == 1.1%. Not measurez at 2% THD.

Max. Power  IHF 2.1 Fm

Cont. Power Out. per Chan. THD @ 1 kH: Avdio Sens. Hum & Noise RIAA
(into 8 ohms) @ 2% THD 0.1W 1W 10W for 10-W Out. re 10 W Equaliz. re 8-ohm Usable Distortion Freq. Resp.
RECEIVER 30 Hz 1 kHz 20 kH: (%) (%) (%) Aux. Phono Aux Phono Error Llevel Sens. ot 75-kHx 30-15,000
(W) (W) (W) {mV)  (mV) (dB}) (dB) 50-15,000 4 16 (uv) Dev. H1 (dB)
Hx (dB) ohm ohm (%)
. (%) (%
ALLIED 395 012 0.07 0.0 +4.3,-2.1
ALTEC 7118 037 022 0.2 +0.8,—2.7

+1.0,—1.7

+1, —0.9

+2.8,—1.2
+0.3,-3.9

%09,—6.8

+2.0,—1.0

+0, —1.3
+43,-09
+0.8,—1.8
+0.1,—14
+1.9,-0.9

—67 ' ] 04,29

Not measured at 2% THD; 3 Lower distortion masked by hiss. hum, or noise;

in its FM if. amplifier, other manufacturers may follow
suit. The low-priced Bogen DB250 achieves some of the
benefits of this design approuch with ceramic filters.

All the receivers in this group have effective protection
for their output transistors, either by electrenic means or
by speaker line fuses. None was damaged in any way by our
tests, in which they were operated at or above their rated
power outputs for appreciable periods of time. All the re-
ceivers have automatic F\M-stereo switching and stereo in-
dicator lights, outputs for connections to a tape recorder,
and front-pancl stereo headphone jacks.

In many cases, the receiver tested is one of several of-
fered Dby its manufacturer at different price levels. The
fellowing discussion of the individual receivers will indicate
when other models are offered by the same company, where
such information is available to us.

Allied 395

This handsome receiver is Allied’s “top-of-the-line” mod-
el. It features an FET front-end and four IC’s in its if.

Allied 395
section. The speaker connectors are polurized plugs, with
insulated covers which minimize the possibilitv of accidental
shorts. It also has electronic circuitry which protects the
oulput transistors against shorts and overloads.

Other receivers in the Allied line include the 353, with
slightly less sensitivity and less than half the power output
of the 395, at $180. The $150 Model 335 has still lower FAl
sensitivity and power output than the 355.

Altee 711B
This receiver, reviewed lust vear and subsequently re-
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Altec 7118

tested later, has an FET front-end and an IC i.f. amplifier.
It is still the only stereo receiver manufactured by Altec,
and as a study of its performance data will show, it ranks
among the best of the group of receivers being tested for
this year’s report.

Bogen DB250

The Bogen DB250 is an entirely new design from that
manufacturer, with novel features and circuitrv not found
in other receivers in its price class. Instead of the usual
knob-operated rotary controls, its tone controls, volume
control, and balance control are linear slide-operated po-
tentiometers, oriented horizontally. Their settings can be
evaluated at a glance. The front-end uses FET’s and IC’s are
used in the M if. amplifier. The FM tuner features ceramic
filters, which share with the much more expensive crystal
filters the elinination of alignment requirements. They also

ELECTRONICS WORLD
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FM Stereo Separation
50 400 10
Hz Hz kHz

(d8)  (dB)  (dB)

Tuning M

Indicator AM  Muting Filter

Meter Yes Yes
Meter No Yes
Meter Yes

Meter No No
Meter No No
Meter Yes Yes
Meter No Yes
Meter Yes Yes

Meter Yes

Meter Yes

Meter Yes Yes
Meter Yes Yes
Meter Yes Yes
Meter No No
Meter No Yes
Meter No Yes

Appearance, operating convenience,
has been rounded off to the nearest whole-dollar figure.

Noise or Rumble A.F.C.
Scratch
Filter

serviceability, and reliability cannot, of course, be tabulated here. These factors are also important in determining price, which

Center Tape-oul. Tape Size (in.) Price
Chan. Jack  Mon. W H D (%
Out. Switch

Comments

Includes case.

Includes case;
ceramic filters.

Includes case.

Push-button
tuning also.

Crystal filters.

Sound-effects tone
controls {5 bands}.

Includes case.

Includes case.

Includes case.

have selectivity characteristics intermediale between con-
ventional i.f. transformers and crystal filters. The AM tuner
has a mechanical i.f. filter which offers the same advantages
in AM reception as the ceramic filters do on FAL

Bogen also uses a balanced-bridge FM detector which
they cluim offers the lowest FM distortion of any receiver
in its price class.

Eico 3570

The Eico 3570 is a combination of the separate tuner and
amplifier previously introduced by this manufacturer. With-
in its exceptionatly compact cabinet is housed a moderately
sensitive FM tuner, and a very clean amplifier capable of
almost 20 watts output per channel. Lacking only an AM
tuner, FM muting, and center-channel output, it contains
a full complement of operating controls.

Eico has available as separate components the two main
portions of the receiver listed in our table. These are the
3200 FM-only tuner at $S100 in kit form or $140 wired, with
metal case, and the 3070 amplifier at $100 in kit form or
$140 wired, with metal case. Also, similar to the receiver

Eico 3570

tested, except for the addition of AM, is the 3770. This re-
ceiver sells for $190 as a kit, or $280 wired, with metal case.

Flectro-Voice 1181

The E-V 1181 is the smallest of this group of receivers
and in the interests of economy a number of “frills” such
as AM reception, muting, filters, loudness compensation,
center-channel output, and tape-monitoring facilities have
Dheen omitted. Nonetheless, all the essentials of a good FM
receiver have been retained, including excellent sensitivity
and power output sufficient for most requirements.

December, 1968

Electro-Voice 1181

Electro-Voice also has available the Model 1182, which
is similar to the receiver in our table except for the addition
of AM. Price of this unit is $222, without cabinet.

Fisher 250-T

The latest Fisher receiver is the 250-T, an exceptionally
compact unit with several wnusual features. In addition to
having a dual 30-watt amplifier, FAl stereo and AM tuners,
and virtually all control features expected of a fine stereo
receiver, it has a five-channel push-button FM tuner which
allows instantaneous selection of any preselected stations
at the touch of a button. Each push-button is concentric
with a small knob which varies the voltage applied to a volt-
age-variable capacitor. Pressing any of the buttons replices
the conventional FAM tuner with the voltage-tuned front
end. A small dial adjacent to each button indicates the fre-
quency to which it is tuned.

A sixth button disengages the preselected portion of the
receiver and restores normal manual tuning. The knob sur-
rounding it turns on the a.f.c. In spite of these added features,
the Fisher 250-T is one of the more compact receivers of the
group tested. Rumble and scratch filters are the only signifi-
cant control functions not found in the 230-T.

The other Fisher receivers are more conventional in de-
sign except for the 160-T which is lower powered than the
250-T and has only the preselector tuncr. With the ex-
ception of the top-of-the-line 700-T and the 400-T (which
is similar to the 250-T except that it has 50% more power
output). all the conventional receivers are somewhat less
powerful than the 250-T. They include the TM-only Models
500-C and 500-T and FM-AM Models 175-T, 5350-T, and
800-C.
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Harman-Kardon 520

Harman-Kardon 520

The IHarman-Kardon 520, though one of the lower pow-
ered receivers of this group, has excellent FM sensitivity
and extremely low audio distortion. Its audio power band-
width is also superior to many of the receivers tested. so
that its power is available at low distortion cver the full
audio range. It Tacks only AM reception, a rumble filter,
and center-chaimel output, among the features we have tab-
ulated. Like the Heath AR-13, JVC 35003, and Sansui 2000
receivers, the Ifarman-Kardon 520 has a black opaque dial
face which remains opaque until the receiver is turned on.

Harman-Kardon also has available the Model 530 which
is similar to the receiver in our table except for the addi-
tion of AN. Price of this receiver is $349, without cabinet.

Heath AR-15

The Heath AR-15 was covered i last year’s survev. but
is included herz because it still offers one of the highest
levels of audio and FM tuner performance. combined with
numerous unique circuit and control features.

The AR-15 has an FET front-end and was the first re-

ceiver to offer an IC if. amplifier. Tt uses permanently
tuned erystal filters in the i.f. amplifier, making it the most
selective, as well as one of the most sensitive FM receivers
available today.

The audio amplifier section is extremely powerful, making
it in every way comparable to or better than any combina-
tion of separate tuner and amplifier.

Heath has available as separate components the FM tuner
and amplifier sections of the receiver listed in our table.
The tuner is the AJ-15. which sells for $190 in kit form
without cabinet and the amplifier is the AA-13, which sells
for $170 in kit form without cabinet.

The company also has three lower priced receivers. The
AR-13a, rated at 20 watts per channel (versus 30 watts for
the AR-15) has a more conventional design and sells for
$190 (kit form only). The AR-14 (FM onlv) is rated at 10
watts per channel. and the AR-17 at 5 watts per channel.
They are priced at $113 and S$70, respectivelv, in kit form.

JVC Nivico 5003

This new arrival on the local high-fidelity scene is a
product of the Japanese Victor Company and is sold here
under the Nivico brand-name. It is a large receiver, quite
complete in its control functions, and lacking only a center-

chamel output. Its tone controls are unique and unquestion-
ably among the best we have ever used.
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Instead of the usual bass and treble tone controls, the
JVC 5003 has five slider controls, operating vertically. Each
controls the response centered at a different frequency—
60 Hz, 250 Hz, 1000 Hz, 5000 Hz, and 15.000 Hz. When
the knobs are centered, the response is flat. The response
at any frequency can be varied up or down hv about 10 dB.
independent of the other control settings. On our test sam-
ple. we measured a “cut” of only 5 dB. but still found that
the “Sound Effect Amplifier,” as JVC calls it, was superior
to ordinary tone controls when correcting for record, loud-
speaker, or room response characteristics.

The JVC 5003 has an FET FM front-end and an imposing
arvay of rocker switches for the various filters, a.f.c., muting,
ete. One switch bypasses the tone-control circuits entirely:,

T HHREN g 3

JVC Nivico 5003

We found the RIAA equalization and FM tuner frequency
response to be somewhat less flat than the other receivers
tested, although the flexibility of the amplifier tone con-
trols allowed effective compensation of hoth response curves.

Kenwood TK-88

The TK-88 is the medium-priced unit of the Kenwood
receiver line. It has a full complement of operating controls
and features, a husky audio amplifier, and a sensitive F\[
tuner in a handsomely stvled package which includes a
simulated waluut metal cabinet.

The more expensive TK-140 ($340) is similar except for
a more powerful amplifier and an extra ervstal phono car-
tridge input. The $240 TK-66 has about two-thirds the
power output of the TK-88, with similar FM and AN tuner

Kenwood TK-88

performance. The Model TK-55. at $200. is identical to the
TK-66 except for the omission of the AM tuner.

Lafayette LR-1500T

The Lafayette LR-1500T offers impressively high per-
formance and complete operating flexibil:ity at a modest
price. Its FM muting circuit has a continuously adjustable
front-panel threshold control and a front-panel tape-out-
put jack allews easy connection to an external tape recorder.

The FM tuner has two FET’s and four IC’s. The “Com-
putor-Matic” overload protection for the cutput transistors
is instantaneous in its operation and resets automatically
when the short circuit or overload is removed, unlike some
receivers which must be shut off for a few seconds to reset
the protective circuits.

The LR-1500T has three phono sensitivity settings. to

ELECTRONICS WORLD
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Lafayette LR-1500T
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accommodate the full range of outputs available from
modern cartridges without risk of overdriving the phono
preamplifier on loud passages. It also has exceptionally low
N distortion and excellent FM stereo separation.

The LT-1500T is the top model of the Lafayette line. The
LT-1000T, at $240, is similar but has about one-third less
power output. The $180 LR-300T has about half the power
output of the LR-10007T, and lacks the “Computor-Matic”
protection circuit and FA muting. Cabinets are included in
the prices of the receivers.

Pioneer SX-1500T

The Pioneer SX-1500T was among the most sensitive
1AL tuners of the receivers tested this vear. Its high audio
power, extremely low audio distortion, and complete array

Pioneer SX-1500T

of controls and features (only center-channel output was
lacking) are noteworthy. The FN tuner employs FET’s in
the front-end and 1C’s in the if. amplifier. The FM muting
circuit is highly cffective and free from transient thumps.
The output transistors are electronically protected against
shorts and overloads. Walhut side panels and a walnut-
finished metal cabinet are included in the price.

Sansui 2000

One of the most attractive and distinetively stvled re-
ceivers in this group, the Sensui 2000 has a dial which is
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Sansui 2000

invisible behind an opaque glass window except when the
tuner is in use. On other modes, colored illuminated words
appear against a black background to indicate the input,

Many of the controls are push-button operated. Only a
center-chanmel output is lacking among the tabulated fea-
tures. At middle frequencies, the FN channel separation
was exceptionally good.

The other model in the current Sansui line is the $450
MD5000, with nearly twice the power.

Scott 341

The Seott 341 is a recent low-cost addition to the compre-
hensive line of stereo receivers from this manufacturer. Tt
combines a moderately low-powered amplifier section with a
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very good FAl-stereo tuner. Although not shown on our
table, it has a very low limiting sensitivity, which means
that even fairly weak signals are fully limited.

Although the low price of the 341 has meant the omis-
sion of such features as filters, FNM muting, and center-
chainel output, it does have tape-monitoring facilities,
switches for two pair of speakers, and loudness compensa-
tion.

The Scott 341 features several advanced design tech-
niques, including an FET front-end, IC's in the if. ampli-
fier. and phono preamplifiers using ICs.

The continuous power rating into 8 ohms (single chan-
nel) is 15 watts, which it exceeded comfortably.

Scott has available the FM tuner portion of the receiver
listed in our table as the 3158 at $213. Also, the amplifier
portion of the receiver with slightly higher power output is
available separately as the 299F at $200. Prices do not in-
clude cabinets.

Other receivers in the Scott line include the 342B. with
slightly better FA sensitivity and an 18-wuatt-per-channcl
power rating, the 344C with still higher sensitivity and 30
watts per channel, and the 348B with a sensitivity rating of
1.7 «V and a power output of 40 watts per channel. The
last three receivers also have cquivalent models with the
addition of AM tuning facilities, the 382B, 384, and 388B.

Sherwood S-8800a

The Sherwood S-8800 recciver has heen with us for some
time, but has undergone a series of design improvements
and refinements which most manufacturers would have used
as a basis for a new model designation. Sherwood has chosen
merely to add the suffix “a” to the current model.

The audio amplifier of the $-8800a maintains extremely
low distortion up to just below the clipping level, which is
over 40 watts per channel. The hum and noise level of the
$-8800a. on all inputs, are among the lowest we have tested.
Phono equalization and FM tuner frequency response are
also among the best of the group.

The FM tuner uses FET's in the front-end and 1C’s in the
i.f. amplifier. The output transistors are electronically pro-
tected. but the receiver must be shut off for a few seconds
to reset the circuits after they have been tripped.

Sherwood also has a Model 7800 receiver at $420. This
is similar to the model listed in our table except for the ad-
dition of AM. In addition, the F\-only tuner portion of the
receiver is available separately as the $-3300 at $198: the
AM-FM tuner portion is available separately as the $-2300
at $2253; and the amplifier portion is available separately as
the $-9900a at $230. All prices are without cabinet.

University Studio Pro 120A

The Studio Pro 120A is University’s first (and thus far
only) Fhl=stereo receiver. It has an FM tuner with IFET
front-end and an IC if. amplifier. The receiver has a very
good power-bandwidth characteristic. The Studio Pro 1204
has all the operating flexibility and features of any of the
receivers tested, and is distinctively stvled with a brushed
gold-colored panel and knobs, and optional walnut side
panels.

The receiver is basically similar to the Model 120 we
tested last vear except for some small design improvements
and an “on-off” speaker switch. A

University
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RECENT
DEVELOPMENTS
IN ELECTRONICS

Paper-Based Transistors. (Top left) Transistors are now
being made on a wide variety of flexible bases, such as Mylar
tape, cellulose acetate film, anodized metal foil, and even
rough-textured paper. These thin-film flexible transistors
have worked with good stability at frequencies up to 60 MHz.
By using inexpensive bases, the cost of transistors may be
even further reduced so that toys, novelties, hobby kits,
and teaching aids —ay employ them. Another advantage of
using a flexible supstrate is that the thin-film transistors
may be mass-produced in continuous rolls or strips. In ag-
dition, thin-film passive components, such as capacitors,
resistors, and interconnections may be deposited at the same
time. In the photo, test probes are contacting three terminals
of a flexible transistor to permit a display of its character-
istic curve. No less than 658 tellurium transistors are printed
simultaneously on the Mylar tape substrate shown here
before the tape is moved to the next position. These transis-
tors were fabricated at the Westinghouse Research Labs.

World's Most Powerful Transistor. (Center) New, experi-
mental high-power transistor, using a laminated construction,
is shown here being fabricated under intense pressure and
heat in a vacuum chamber. This technique has enabled RCA to
build experimental transistors whose power output rivals
that of large electron tubes fcr the first time. One of the tran-
sistors, operating at 1000 kHz, has already produced an cutput
power of 800 watts. The new units are formed on two separate
silicon wafers, the emitter-base wafer and the base-collector
wafer. The two wafers are then fused or laminated under heat
and pressure into a single monolithic structure. The active
regions of the laminated transistor are located in the center
plane of the semiconductor pellet in contrast to conventional
devices where the active regions are essentially at the sur-
face. The pellet also provides an emitter contact area that has
a solid and continuous surface that is suitable for heat sinking
in addition to the collector contact area on the opposite side.

Microfilmed TV Service Data. (Left) The service Industry’s
first microfilm system which instantly locates and displays
technical and service information on home entertainment prod-
ucts has been placed in operation. The service is being leased
to distributors, dealers, and servicing contractors by Sylvania.
The unit consists of two reel-to-reel micrcfilm cartridges
and a desk-top reader which projects the material on an 8 by
1015 inch screen. The cartridges contain 20 vears of service
data on the company's radios, phonographs, and television re-
ceivers. The microfilm library is expected to be updated peri-
odically at no additional charge to subscribers of the service.
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High-Resolution Radar Display. (Top right) Many tourists
have taken many different pictures of the Grand Canyon, but
this one is unusual in that it shows the entire Canyon and the
surrounding area all in one picture. The picture is actually a
high-resolution radar display made by a special airborne sys-
tem developed by Motorola. The plane was flying at an altitude
of about two miles. The radar system, which is one of several
designed by various manufacturers for the government, would
appear to be ideal for geological and for geodetic surveys.

Computer-Controlled Patient Simulator. (Center) Resident
physicians are being trained in anesthesiology with the use of
a patient simulator. Known as Sim One, this complex medical
teaching tool consists of a manikin with a hinged jaw inside
of which are all the structures to be found in the human
patient. Sim One has a heart beat, pulse beats, and blood pres-
sure; “muscles” of the chest and diaphragm simulate the action
of breathing; the eyes open and close and the pupils dilate and
constrict. Computer-controlled electronic systems drive these
mechanical actions of the manikin to simulate the responses
produced during an operation. Further, the system may be
programmed to provide responses to the injection of varying
amounts of four drugs, as well as oxygen and nitrous oxide.
Conceived by the University of Southern California’s School of
Medicine, computer design was done by Aerojet-General Corp.

New Permanent-Magnet Material. (Below left) The disc-
shaped magnet to the right is one of the most powerful small
magnets ever made. Fabricated at Bell Telephone Laboratories,
the magnetic material contains the rare earths samarium or
cerium, a metal commonly used in flint for cigarette lighters.
The new material has the highest intrinsic coercive force, or
resistance to demagnetization, of any known material of com-
parable magnetic properties. Other constituents of the new
magnet material include solid cobalt, copper, as well as iron.

First Intelsat Ill Being Tested. (Below right) Engineers
from TRW Inc. and Comsat are shown here in an anechoic
room testing the first Intelsat 11l communications satellite. The
body of the satellite is spinning at 90 r/min while the horn an-
tenna at the top is spinning at the same speed but in the oppo-
site direction. This keeps the antenna always pointed in one di-
rection. In space, this direction will be toward the earth below.
Although the first launch of Intelsat Il was not successful, fu-
ture launches are expected to put into synchronous orbits a num-
ber of these satellites to provide world-wide communications.
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_ BIAS-FREE

= 560

~ POWER
" AMPLIFIER

By DAVID CAMPBELL/ Fairchild Semiconductor

It’s unnecessary to match device characteristics when transistors are

operated without bias in a complementary power amplifier. In addition
to running cooler, fewer components are needed for good performance.

N low-power complementary power amplifiers, thermal
stabilization of the output stage is a major problem
where heat dissipation, due to both bias and signal
conditions, is significant. The stability problem is acute
because the junction’s thermal resistance is high at ambient
temperatures. Since the junction temperature is high during
normal operation, it leaves little margin for abnormal condi-
tions. One method of minimizing the total dissipation in
the output stage is to operate without bias at zero signal
conditions. Several benefits can be derived from this mode
of operation: 1. The output transistors will operate at lower
junction temperatures; 2. With a fixed supply voltage, more
power can be obtained; 3. Quiescent supply current will be
lowest; and 4. Bias stability is eliminated as a problem.
There is. however, one obvious problem, notch distortion.
This dead zone is caused by a lack of bias and must be mini-
mized. The problem has been solved with a circuit configu-
ration which uses feedback to reduce distortion at low levels
while operating the output device without bias.

The objectives of a system design are determined by per-
formance levels, manufacturing ease, total quantities in-
volved, etc. The following list is a typical set of goals for
the design of a low-power amplifier. Manufacturing objec-
tives include: low component count, low component cost,
simple component mounting, and simple test procedures.
Design objectives are: no setup adjustments, no direct cur-
rent in load, d.c. output should track power supply, low
temperature coefficient on d.c. output, low power dissipa-
tion in output stage, wide tolerance on active device param-
eters, and no matching requirements on output transistors.
Finally, performance objectives are: maximize power out-
put, optimize input impedance and load impedance, high
input sensitivity, low hum and noise output, wide operating
temperature range, and low harmonic distortion.

The circuit is shown in Fig. 1. The amplifier can be ana-
Ivzed by separating the voltage gain stages, Q1 and Q2,
from the current gain stages, 03 and Q4. Q1 and Q2 are
common-emitter amplifiers with both d.c. and a.c. negative
teedback. Q3 and Q4 comprise the familiar complemen-
tary current amplifier stage. This circuit differs from a con-
ventional amplifier in the following ways. First, the d.c.
feedback signal to the emitter of Q1 is obtained from the
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colector of Q2. (This eliminates d.c. current in the output
transistors.) Second, the open loop gain of the amplifier is
large enough to provide sufficient feedback to operate the
output transistors without bias.

Q2 is operated as a bootstrapped common-emitter stage.
The bootstrap capacitor, C3, supplies current for the feed-

ack resistors R5 and R6 and maintains the current at the
base of Q4 essentially constant. The base-emitter of Q2 is
terminated by R4 to provide a current path for the Iy, of Q2
to insure thermal stability of the stage. It is sufficient that
Iy R s less than Vi, of ©2 at its highiest junction tem-
perature. For epoxy transistors such as the 2N3638 and
2N4354, a value of 22,000 ohms or less will insure thermal
stability to their maximum junction rating of 125°C. In some
amplifiers, a heat sink is required to keep the junction tem-
perature below 125°C.

Q1 is also a common-emitter amplifier. The SE4021 is a
high-gain, low-level amplifier with a minimum hy of 600 at
0.01 mA. The input base current is very small so that the

Fig. 1. This complementary transistor power amplifier circuit has
two voltage {Q1, Q2) and two current (Q3, Q4) gain stages.
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BIAS CURRENT-pA

104 T
s = - =i PART | 12V,40OHMS | 18V, 8 OHMS |28V, 16 OHMS
- [' 1' R1 2.2 megohms 4.7 megohms 5.6 megohms
o _ 1/ _ 4 R2 2.7 megohms | 4.7 megohms | 10 megohms
A /' R3 1.2 megohms | 1.2 megohms 1 megohm
T / R4 22,000 ohms 22,000 ohms 22,000 ohms
/LNOMINAL RS 100 ohms 47 ohms 56 ohms
103|— — — 1 — ,—/———, R6 180 ohms 180 ohms 470 ohms
A= £ R7 120 ohms 120 ohms 150 ohms
Yy — cl,c2 0.01 uF 0.01 uF 0.01 4F
———/' '—‘7 7 C3 50 uF, 6V 25 uF, 6V 25 uF, 6V
- / 7 C4 500 uF, 10V 500 uF, 15V 250 pF, 20V
—————"MHIGH DIODE,LOW TRANSISTORS étf —‘7La7‘ D]‘ FDH694 FDH694 FDH694
/ /] Q1 SE4021 SE4021 SE4021
l ' . p Q2 2N4249 2N3638 2N3638
Z 4 i Q3 SE8040 SE8040 SE8041
£ 4 Q4 SE8540 SE8540 SE8541
/"'_/ Lo owow T FIGH TRANSISTORS |
- /__/ y / Table 1. Components for various values of V.. and common loads.
7] 7/ -7 amplifier, the output stage parameters are relatively con-
v / stant. Of particular importance is the fact that only a mini-
10 B e — — Iy is required for the output transistors and no Jiyy
= / = mum Ji; is required for the outy Fi
— =f 7 matching is necessary to achieve good performance. This
/ —/ — - simplifies specification of the devices and reduces purchas-
4 1 ing and handling costs.
i Since the circuit is thermally stable, no emitter degenera-
- tion resistors are required. Thus, the available power out-
put from a given power supply is increased. This is particu-
larly important in low-voltage applications where emitter
— resistors account for a large part of the voltage swing.
— Three circuits utilizing the SE8040.SE8540,.SE8041, and
AN RS B SE8541 transistors are shown. See Table 1 for parts values.
7 These devices were developed for use in low-power applica-
A —— — tions. They feature high Ny, at 1 A and 1.3 'V (min. 30),
/I BV 0 of 30 V, and a large safe area. Typical circuit values
0! 25 50 s 106 175 ) for amplifiers with 4-, 8-, and 16-ohm loads and perfor-

TEMPERATURE-°C
Fig. 2. Quiescent current vs temperature for typical output stage.

bius circuit for Q1 does not require bootstrapping to have
a high impedance. This eliminates the cost of an input
bootstrap capacitor and simplifies the circuit. Also, capacitor
C2 which filters the power supphy hum from the input,
can be a low-cost disc capacitor instead of an electrolytic.
The a.c. feedback is driven from the output via C3 so
that the total emitter circuit impedance of Q1 is much
less than in a conventional circuit. This gives Q1 typically
20 dB more gain than in a conventional connection. Since
the closed loop gain is fixed, this additional gain adds to the
feedback in the amplifier. This feedback compensates for
the dead zone in the open loop transfer characteristic as well
as for non-linearities due to large signals. Linearity in the
amplifier at both low power and high power is improved.

Output Stage

The bases of the output transistors are separated with a
high conductance FDH694 diode, which minimizes the dead
zone in the transfer characteristic and gives a low imped-
ance between the transistor bases. It also eliminates the
variation in base voltage that would occur due to resistor
tolerances, power supply variations, etc.; and it extends the
ambient vange for stable bias by partially compensating the
Ve — 1 characteristic of the output stage.

The quiescent current in the output transistors is less
than 1 pA at room temperature. Fig. 2 is a graph of qui-
escent current as a function of temperature for a typical out-
put stage with a 28-volt supply. With no signal, the output
cireuit is thermally stable at temperatures greater than
125°C ambient. With worst-case power dissipation in the
transistors, the 28-volt circuit is thermally stable to above
70°C ambient.

Since there is a large amount of negative feedback in the

December, 1968

mance characteristics of each are given. The circuits are

designed to have an input impedance of 1 megohm so that

they will operate directly from crystal phonograph pickups.
Heat sink requirements for the circuits are:

Vee =12V, R, = 4 ohms

03,04 Re, 40°C/W
Vee =18V, R, = 8 ohms
03,04 R, 30°C/W
Ve =28V, Ry, = 16 ohms
Q2 Ry,  40°C/W
03,04 Ry, 30°C/W

If an increase in distortion at 10 m\W output can be ac-
cepted, diode D1 can be removed and the bases of O3 and
Q4 comnected together. High power output distortion and
other performance characteristics are not significantly affect-

ed. See the graph of Fig. 3. A
Fig. 3. Harmonic distortion for 4, 8, and 16 ohm loads.
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requenc

dividers
counters

By DONALD L. STEINBACH / Research Engineer

Lockheed Missiles and Space Co.

Part 1. Advantages of logic-elemeni approach to frequency division,
techniques of dividing and counting using IC’s, and characteristics of
tvpical. inexpensive integrated-circuit flip-flops, gates, and buffers.

Lditor's Note: This is the first part of a two-part article de-
signed o acquaint the reader with the use of the basic inte-
grated-circuit logic elements (flip-flops, gates, and buffers) in
frequencey diciding and counting applications. The article,
while not a complete course in counter-dicider design, wwill
procide an understanding of the circuitry and the problens
incoleed, an exposure to some inexpensice (and typical) IC’s,
along with a caricty of complete divider-counter circuits.

OUNTERS made up of logic elements offer superior

performance as frequency dividers. Anyone who has

tried to use regenerative dividers, synchronized mul-
tivibrators, or synchronized relaxation oscillators as frequen-
¢y dividers can readily appreciate the features and advan-
tages of logic-element frequency dividers. These include:

No LC or RC frequency determining networks are used.

They are not designed around a particular input or out-
put frequency and therefore will divide any frequency with-
in the operating frequency range of the logic element used.

They may be designed to divide by any whole number
and the division ratio will not change unless the manner in
which the logic clements are interconnected is changed.

The input signal may be random or regular and periodic.

Short- and long-term stability is excellent.

No adjustments are required.

They will function as counters when suitable decoding cir-
cuits are added.

The logic elements used in the frequency dividers de-
scribed in this article are available as low-cost integrated
circuits (IC’s). Using IC’s instead of discrete components
results in a significant reduction in both cost and construc-
tion time.

A frequency divider is customarily designed to provide
one output cycle for every n input cvcles (where n is any
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integer). A counter is a divider designed in such a wayv that
at any instant the number of events that have occurred at
its input may be readily ascertained. In this article the
words “divider” and “counter” are interchangeable although
“counter” is intended to identifv those circuits that provide
a visual display of the events counted.

The literature supplies an abundance af asyvnchronous
divider/counter circuits; synchronous circuits are empha-
sized in this article. Each of the frequency divider circuits to
be described has been built and tested by the author and
will operate at input frequencies in excess of 2 MIlz.

The three IC logic elements (flip-flops, gates, and buffers)
used in these frequency dividers are members of a large fum-
ily of logic elements widely used in industry. All three of
the devices are electronic circuits that accept one or more
input signals and deliver one or more related output signals.
The relationship of the input signals to the output signals
depends upen the particular device.

Gates take on many forms, depending on the relationship
desired between the inputs and outputs. They usually have
two or more independent input terminals and at least one
output terminal. The gate is basically a “decision-making”
device and its output is typically used to allow some func-
tion to occur (or prevent its occurrence) when a particu-
lar set of conditions exists at its inputs.

Buflers are current amplifiers. They may be either invert-
ing (polarity reversing) or non-inverting. Buffers are used to
amplify the output of a logic element when it is insufficient
to drive other logic elements, or to provide isolation.

The bistable multivibrator or flip-flop (¥F) is primarily
a memory element. It has two stable states and will remain
in one of them until forced to transfer to the other by some
change in the input signal. The transition from one state to
the other is regenerative and when initiated will continue to

ELECTRONICS WORLD
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Fig. 1. Here is a typical two-input “‘nand/nor’’ logic gate.

completion. Once the FF is in its new state it will remain
there even though the input signal that caused it to change
to that state is removed.

In normal operation, the input and output voltages of log-
ic elements lie in one or the other of two “allowable” re-
erions. The exact veltage levels are not important, only their
relative magnitudes. The higher of the two voltage levels
(the one having the greater magnitude) is usually called
the “I-level” or simply “1”. The lower of the two levels (the
one having the smaller magnitude) is usually called the
“O-level” or simply “0” (zero). For logic elements of the
tvpe described in this article, 0 typically represents a volt-
age level from 0.0 V d.c. to 0.5 V die. and 1 typically
represents a voltage level from 1.0 V d.c. to 3.6 V d.c. (the
supph voltage). It must be emphasized that these values
are only tyvpical and are subject to fairly wide variations.

The input/output relationship of a logic element cun be
expressed in the form of a general (Boolean) equation or
tabulated in a “truth table.” Unless you're a logic expert, the
truth table approach is the most meaningful and will be
used throughout this article. The trnth table is nothing more
than a list of all possible input combinations and the output
resulting from each combination of inputs. The input and
output levels are expressed in terms of ones and zeros.

A typical gate having two input terminals (A and B) and
one output terminal (C) might be described by the truth
table shown in Fig. 1.

The truth table makes four statements:

1. When A and B are both 0, C is 1.

2. When Ais land Bis 0, Cis 0.

3. When AisOand Bis 1, Cis 0.

4. When Aisland Bis 1, Cis 0.

FFour statements are necessary (and sufficient) to complete-
Iy describe this particular gate since there are two inputs
and two possible states for each input (2 x 2=4). If the
gate had three inputs, then eight statements would be re-
quired (2 X 2 X 2=8).

The schematic diagramns of certain logic elements may be
quite complex and a complete system (such as a frequency
divider) may contain many such logic elements. For this
reason, it is convenient to represent logic elements by their
logic symbols rather than by their schematic diagrams.

Gates and Bulffers

A typical gate, its logic symbol, and its truth table are
shown in Fig. 1. A and B are inputs; C is the output.

The correctness of the truth table can be verified from
the schematic diagram: C will be at its 0 level whenever Q1
or Q2 are turned on (A or B at the 1 level); C will be at its
1 level only if Q1 and Q2 are both off (A and B at the 0 lev-
el). Note that the 0 level of output C can never be less thun
Veroan of Q1 or Q2. The 1 level of output C can
never be greater than V. and will be less if C is con-
nected to an external load.

This gate is called a nand/nor gate. Fig. 2 shows several
ways that one or two of these gates may be connected to
produce other logic functions.
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Fig. 2. Several ways of connecting ‘‘nand/nor’’ gates in
order to produce a number of other logic gating functions.

A typical inverting buffer, its logic symbol, and its truth
table are shown in Fig. 3. Terminal A is the input and ter-
minal C is the output. Terminal B is not normally used. but
may be connected to the supply voltage for some applica-
tions such as differentiation of pulses.

When A is at the 1 level, Q1 and Q3 are on and Q2
is off; C will be at its 0 level. When A is at the 0 level,
01 and Q3 are off and Q2 is on; C will be at its 1 level.

RS Flip-Flops

A simple FT made from two nand/nor gates is shown
in ¥ig. 4. This FF is called an RS flip-flop. The inputs are
R and S and the outputs are Q and Q (Q is read as “not Q7).
Like all other ITs, it has two stable states. The FF is
said to be in the 1 state when output Q iy at the 1 level
and in the 0 state when output Q is at the 0 level.

Transistors Q2 and Q4 form the RS FF’s “memory” and
01 and Q3 switch the FF between its two states, The FF

Fig. 3. An inverting buffer. The buffer is a current
amplifier that is used for amplification or isolation.
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Breadboard test setup used by author. Power supply is at left;
meters monitor voltage and current. Various IC’s are mounted
on a perforated board atop wood subchassis base in foreground.

is switched to the 1 state by applying a 1-level signal to
input S and to the 0 state by applying a 1-level s:gnal
to input R.

In the 1 state, Q4 is held on by the base current sup-
plied from output Q through R4. Since output Q is at the
0 level, Q2 will remain off because it receives no base
cuwrrent. The FF will remain in this state even after the
1-level signal is removed from S, provided a 1-level signal
is not applied to R.

In the O state, Q2 is held on by the base current applied
from output Q through R2. Since output Q is at the 0 level,
Q4 will remain off because it receives no base current. The
FF will remain in this state even after the 1-level signal is
removed from R, providing a 1-level signal is not applied
to S.

The two outputs are always at opposite levels except when
R and S are both 1. When R and S are both 1, QI and
O3 are both on and Q and Q are hoth 0.

The logic symbol and truth table for the RS flip-flop are
shown in Fig. 5. The truth table R and S columns list all
possible combinations of inputs that can be applied
to the FF. It is assumed that the signals are applied to (or
removed from) the R and S inputs simultaneously. The
Q"1 columm shows the state of the FF (or the level of
output Q) that exists after the particular R and $ input
signals are applied. The term Q¢ represents the FF state

Fig. 4. An RS flip-flop made from two gates of Fig. 1.
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that existed prior to the application of the R and § input
signals. The term * represents the condition mentioned
earlier where both Q and Q are 0.

The four statements in the truth table can be expressed as:

1. If simultaneous signals are applied to R and S such
that R is 0 and S is O, then the FF will remain in the
state it was in prior to the application of the signals.

2. If simultaneous signals are applied to R and S such
that R is 0 and S is 1, then the FF will switch to the 1 state.

3. If simultaneous signals are applied to R and S such
that R is 1 and S is 0, then the FF will switch to the
0 state.

4. If simultaneous signals are applied to R and S such
that R is 1 and S is 1, then the FF state is not defined
since both outputs will be at the 0 level. Note that in
the first three cases the FF state will not change if the
input signals are disconnected or returned to the 0 level.

The RS flip-flop is mot used in any of the frequency
dividers in this article. It is the simplest of all logic-ele-
ment FF’s and is described here so that the operation and
function of FF’s in general may be better understood.

JK Flip-Flops

Fig. 6 is a schematic diagram of a typical JK flip-flop.
Its associated logic symbol and truth table appear in Fig. 7.
The JK flip-flop is the basic building block for logic-element
counters and frequency dividers. )

The JK FF has two output terminals, Q and Q. Unlike
the RS FF, the two outputs will alicays be at opposite
levels; when Q is at 1, Q is at 0 and when Q is at 0,
Q is at 1. It has four input terminals, labeled Preset. S,
C,and T.

When a 1-level signal is applied to the Preset terminal,
output Q is forced to the 0 level. Since the two outputs are
always at opposite levels, Q will then be at the 1 level.
Thus, the Preset input is used to preset the FF to the
0 state.

S and C are control inputs. The levels applied to S and
C determine what the state of the FF will be after an ap-
propriate input signal is received at T. Merely changing
the levels applied to S and C will not change the state of
the FF—an input to T is also required.

T is the signal input. The FF is incapable of responding
to any signal applied to T except a 1-to-0 step such as the
trailing edge of a square pulse. The fall-time of this pulse
must be fairly small; on the order of 100 nanoseconds or
less. Any pulse meeting these requirements is called a
clock pulse (CP).

It should be emphasized that the FF will not respond io
a positive-going pulse (0-to-1) applied to T. Further. it
will not respond to a negative-going pulse (1-to-0) unless
the fall-time is sufficiently small. Steady-state levels (1 or
0) at T are likewise ignored.

Transistors Q1 and Q2 form the basic FF “memory” ex-
actly the same as Q2 and Q4 in the RS FF of Fig. 4. The
sole function of Q15 is to switch the FF to the O state
independent of any inputs to S, C, and T.

Q7, 09, and Cl1 form a 3-input nand/nor gate whose
inputs are S, Q, and T. When all three of these inputs are
0, the charge stored in the base-collector junction of Q3
will be transferred into the base of Q1 at the arrival of a

Fig. 5. Legic symbol and truth table for the RS flip-flop.
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Fig. 6. Schematic diagram of typical JK flip-flop circvit.
This complex circuit is readily fabricated on an IC chip.

CP, turning Q1 on and switching the FF to the 0 state.

08, Q10, and Q12 form a 3-input nand/nor gate whose
inputs are C, Q, and T. When all three of these gate inputs
are 0, the charge stored in the base-collector junction of
(4 will be transferred into the base of Q2 at the arrival of
a CP, turning transistor Q2 on and switching the FF to the
1 state.

Whether or not the FI' changes state at the instant the
CP wrrives depend on (a) the state of the FF just prior
to the wrrival of the CP, (b) the level of input S just
prior to the arrival of the CP, and (c¢) the level of input
C just prior to the arrival of the CP. The S and C columns of
the truth table in Fig. 7 list all possible combinations of
levels that might be present on S and C just prior to
the arrival of the CP. The Qu+1 cohuun shows the corre-
sponding I'F states that will exist after the arrival of the
CP. The term Q" represents the I'F state that existed prior
to the arrival of the CP. The term Q@ represents the I
state that is the opposite of that which existed prior to the
arrival of the CP.

The data contained in the truth table can be completely
summarized in four statements about S and C:

1. If S and C are both O prior to the arrival of the
CP, then the FI' will change state coincident with the
arrival of the CP.

2. 1If S and C are both 1 prior to the arrival of the CP,
then the FEF will not change state. The state of the FF after

PRESET

s c qntl
s ] — | 1 Q"
T | 0 |
_ 0 | (0]
—c af— o @

Fig. 7. Logic symbol and truth table for the JK flip-flop.

the arrival of the CP will be exactly the same as it was
prior to the arrival of the CP.

3. If Sis I and C is 0 prior to the arrival of the CP, then
the FF will change to the 1 state coincident with the arrival
of the CP (or remain in the 1 state).

4. If Sand 0 and C is 1 prior to the arrival of the CP,
then the FF will change to the 0 state coincident with the
arrival of the CP (or remain in the O state).

It is -apparent, then, that ‘the state of the FF .after the
arrival of a CP is completely specified by the levels applied
to S and C when the CP arrives. It is this property of the
JK flip-flop that makes it ideally suited for counting.

Integrated-Circuit Logic Elements

The gate of Fig. 1, the buffer of Fig. 3, and the JK
flip-flop of Figs. 6 and 7 are readily available commercial
integrated circuits. The devices used by the author are mem-
bers of the Fairchild Industrial Resistor-Transistor Micrologic
integrated circuit family. These three devices are available
in economy epoxy-encapsulated packages. The Fairchild
part numbers and prices (for quantities of 1 to 99) in
effect at the time of this writing are: 9914 medium-power
dual two-input gate, part number U8A991428, $0.80 each;
9900 medium-power buffer, part number U8A990028, $0.80
each; 9923 medium-power JK flip-flop, part number
U8A992328, $1.50 each. Comparable units available in the
Motorola Semiconductor Products Inc. MCTO0P series line
are: MC724P quad two-input gate, MCT99P dual buffer,
and NMC723P JK flip-flop or MC790P dual JK flip-flop.

The 9914 contains two gates like the one in Fig. 1. The
package pin comnections are shown in Fig. 8A. The 9900
contains one bulfer like the one in Fig. 3. The package pin
connections are shown in Fig. 8B. The 9923 contains one
flip-flop like the one in Figs. 6 and 7. The package pin
commections are shown in Fig. 8C. The FF will operate to
at least 2 MHaz.

The package pin connections in Fig. 8 are aranged as
they appear looking at the top of the package. Pin 8 is
adjacent to flat spot on outer circumference of pack-
age. Numbers in parentheses (Confinued on page 69)

Fig. 8. (A) Pin connections for the U8A991428 two-input gate containing two of the gates shown in Fig. 1. (B) Pin con-
nections for the U8A990028 buffer shown in Fig. 3. (C) Pin connections for the U8A992328 JK flip-flop shown in Fig. 6.
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The performance of this gallium arsenide injection laser is improved by using an industrial diamond as a heat sink. The
laser is the rectangular piece between the triangular diamond and the ball contact. Metal spring is an electrical connection.

By DAVID L. HEISERMAN

Injection lasers (laser diodes) are playing an increasingly important
role in laser technology. They are efficient coherent light emitters.

ITHIN the past ten years, the laser has grown

from a theoretical possibility into an integral part

of modern science and industry. During its brief
history, the most popular sources of laser energy have been
certain crystals such as the artificial ruby, and inert gases
such as helium and neon. Lately, however, a third laser
source—the laser diode or injection laser—has begun to play
an increasingly important role in laser technology. (See
“Lasers:  Multi-Million Dollar Market”, ELECTRONICS
WorLp, March, 1968.) Injection lasers have limited power
output. They are small, rugged, and simple in structure and,
since they require little external circuitry, they are relatively
inexpensive to use. All of these advantages combine to
make possible a portable, low-cost laser communications
and ranging device.

All forms of light (other than laser light) are made up
of a jumble of many different wavelengths and phase angles.
On the other hand, laser light is composed of an extremely
narrow band of wavelengths, all of which are nearly in
phase with one another. In optical terminology, laser light
is both monochromatic and coherent (Fig. 1)}. Lecause
laser light is coherent, it’s possible to treat it as an ultra-ultra
short wavelength radio wave, that is, the light can be

concentrated into a thread-like beam, amplified, attenuated,
modulated with thousands of signals, demodulated, trans-
mitted, reflected, received, and heterodyned to produce
optical “i.f.” frequencies.

Theory of Light-Emitting “P-N” Junctions

Laser diodes produce coherent light energy when their
p-n junctions are forward-biased with sufficient current.

In a forward-biased diode, electrons escape from the
n-material and enter a high-energy electron band inside
the p-material. The electrons occupy this special high-
energy state a very short time before they spontaneously
drop across the p-material forbidden gap to combine with
a hole in the valence band. A continuous series of such
electron-hole recombinations sustain current flow through
the p-n junction.

At the instant of the electron-hole recombination, the
electron emits a discrete amount of energy, AE, that almost
equals the difference in energy between the high-energy
electron band and the hole conduction band (Fig. 2). It
is the form in which AE is dissipated that distinguishes
an ordinary rectifier diode from a light-emitting junction
device. In the case of silicon or germanium rectifiers, AE

Fig. 1. (A} iliustrates the jumbled nature of ordinary light waves. (B) shows that when the light is passed through
high-quality filters, it becomes monochromatic but not coherent. The light in (C) is monochromatic and coherent.
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is dissipated as non-radiant “lattice vibrations” and heat
energy. With the newer light-emitting semiconductor ma-
terials such as gallium arsenide, as many as 80% of the
electron-hole recombinations vesult in the dissipation of
AE us a photon or quantum of light energy.

The wavelength of the light emitted from a p-n junction
is inversely proportional to the dissipated energy, AE. This
can be shown by the equation: A = he/AE, where A is the
wavelength of emitted light energy, I is Planck’s constant,
and ¢ is the speed of light in a vacuum. As an example,
zine-doped gallium arsenide has a characteristic AE of 1.37
electron-volts at room temperature, Using the appropriate
constants or the chart in Fig. 3, the wavelength of output
light energy at the instant of an electron-hole recombina-
tion will be about 9030 angstroms which is within the
infrared portion of the light spectrum.

Thus far we've discussed the operation of the simplest
commercially available light-emitting semiconductor, the
light-emitting diode (see “Light-Emitting Diodes”, ELrc-
Tioxtcs WorLD, January, 1968). It’s important to note
that the high-energy electrons injected into the p-material
of a simple LED fall across the forbidden gap in a spontan-
cous or random fashion and that the photons emerge from
the junction in sporadice, low-level bursts. Thus, under such
random  emission conditions, it is unlikely that any two
photons will ever be in phase with one another. Therefore,
the light output of an LED is incoherent.

The forbidden gap in any light-emitiing semiconductor
also has slight imperfections due to certain chemical ele-
ments remaining in the substrate after refinement. Because
of these imperfections, a diode may have several different
values of AE grouped around the characteristic energy gap
width. With several different AE paths availuble to cach
high-energy clectron, the light from a simple LED will be
a mixture of several different wavelengths. In other words,
output of an LED is neither monochromatic nor coherent.

Laser Diode Theory

Fig. 4 is a drawing of a laser diode. Note that laser
light emerges from the two polished end surfaces. As pol-
ished surfaces, the ends of the diode act as partially re-
flective mirrors which reflect a small percentage of the
photons back into the p-n junction while allowing the re-
maining energy to emerge as useful laser light. The polished
end surfaces are the mechanism which makes it possible for
a light-emitting p-n junction to function in the laser mode.

In a simple LED, high-energy electrons injected into
the p-material remain over the forbidden gap for an un-
determined short interval of time before falling across the
gap and emitting a photon. It is possible, however, to

Fig. 2. Electrons injected into the p-material from n-side
of a diode occupy a high-energy state. As they fall across
forbidden gap, their excess energy is emitted as a photon.
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Fig. 4. Light energy from a laser diode radiates from either end
of the p-n junction. The end surfaces act as reflective mirrors.

determine the precise instant the high-energy electron
makes its transit by stimulating it with an energetic pho-
ton emitted by a previous electron-hole recombination.
At the instant of the stimulated reaction, another photon
is released to speed along the p-n junction with the orig-
inal one. Under ideal conditions, each of these photons
will stimulate the emission of another photon, and the
system will contain four energetic photons.

Therefore, what begins as a single, random electron-
hole recombination turns into an avalanche that produces
a traveling wavefront of light energy. Ouce this wave-
front reaches the reflective end surfaces of a diode, a
portion of the energy bounces back and sweeps the junc-
tion again, stimulating high-energy electrons freshly injected
into the p-material. The photons not reflected by the pol-
ished sarface emerge from the diode as a narrow, powerful
wavefront of light energyv. .

If this sweeping wavefront is maintained by injecting
clectrons into the p-material at a very high rate, stand-
ing waves of light energy build up and the laser diode be-
haves as a source of coherent, monochromatic light
energy., A
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troubleshooting C

FET circuits

By LARRY ALLEN & THOMAS R. HASKETT

New test equipment as well as TV's and stereo sets will contain FET amplifiers.
Technicians should know how FET's work before troubleshooting new circuits.

‘N voltmeters, in audio preamps, in FM and TV front
ends, the field-effect transistor (FET) has become a
popular solid-state device. Before long, technicians will

Lave to troubleshoot equipment that contains FET's. If
they understand ordinary transistors and vacuum tubes, they’ll
find FET's easy to work with.

The FET fills a long-standing need. Tt combines certain
advantages of a vacuum tube with the size, efficiency, and
geometry of a transistor. The FET has a high input im-
pedance—in the megohms—and it’s voltage-controlled (in-
put voltage controls transistor current). It exhibits the
high power gain of a tube, but has less noise than either a
tube or a transistor. The FET has a higher frequency re-
sponse than most transistors and, as a front-end mixer in
FM or TV sets. the FET produces less cross-modulation
than either a tube or a conventional transistor.

How the FET Works

There are two basic tvpes of FET’s, by structure—the
junction type (JFET), and the metal-oxide-semiconductor
type (MOSFET). The JFET will be considered first.

One way to explain the operation of an FET is by com-
paring it with the conventional transistors and the vacuum
tube. Fig. 1 shows the symbols for all three devices, with
elements labeled and the basic current flow indicated. In
the n-p-n transistor, current flows from emitter to collec-
tor, with the base controlling the amount of current flow
(common-emitter mode). In the tube, current flows from
cathode to plate, and the grid is the control element (com-
mon-cathode mode). In the n-channel JFET, current flows
from the source (source of current) to the drain (point of
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current drain). The control element is the gate, and the
FET is shown connected in the common-source mode.

You may have noticed that in Fig. 1 the n-p-n transistor
is called bipolar. The term is used to distinguish a conven-
tional transistor from an FET, which is a unipolar device.
In a conventional transistor, both electrons and holes are
used as current carriers. Electrons are the majority carriers,
and holes are the minority carriers. Because both are used,
the transistor is called bipolar.

Note the symbol used for the n-channel JFET in Fig. 1.
The long vertical bar represents an n-type semiconductor
materiul through which electrons move easily. In the middle
of the bar, two junctions of p-type material are diffused.
Connected in parallel. these junctions become the gate.
which forms a p-n diode at the bar or the channel. The gate
regulates current by controlling the number of electrons that
flow through the chunnel. The holes in the n-material con-
tribute nothing to current flow. so the device is said to be
unipolar.

Like bipolars, FET’s are made with two sexes. The sec-

Fig. 1. Here, the transistor, tube, and JFET symbels are
compared. Arrows indicate direction of electron flow.
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Fig. 2. “’N" and "p'’ channel FET's connected in common-source mode.

ond type is a p-type material into which n-type junctions
have been diflused. Fig. 2 shows both tvpes, connected in
the common-source mode.

Consider the n-chamnel JIFET again. The drain is made
positive with respect to the source, If the gate is left float-
ing, cirrent flows from source to drain. Only if the gate
is made negative with respect to the source, as shown in
IFig. 2. can source-to-drain cuwrrent be cut down. Does
this sound familiar? Of course it does—the JFET acts like
a vacuum tube, Both are normally on: channel (or plate)
cnrrent mnist be limited or cut ol by reverse bias between
the control element and the source of current. Both devices
are voltage-controlled and both are unipolar.

I vou examine the direction of each gate arrowhead in
Fig. 2. and the indicated gate-to-source bias, vou'll see that
cach gate junction is reverse-biused. And, as vou may re-
call, the impedance of any reverse-biased diode is high.
That’s why the JIFET has a high input impedance. Normally,
there’s very little gate current in a JFET (typically a few
nanoamps), and thus—for all practical purposes—input volt-
age alone controls output current.

Another thing JFET's have in common with tubes is bias-
ing methods. While external gate bias is sometimes used, a
common technique (shown in Fig. 2) utilizes the voltage drop
across a source resistor. When voltage gain is important,
the source resistor is usually bypassed. 1f left unbypassed,
the source resistor develops current feedback.

One term vou'll see used a lot with FET's is pinch-off.
It means the same as cut-ofl does in a vacuum tube, that is,
sufficient gate bias to reduce source-to-drain current vir-
tually to zero.

Many JFET's are made with symmetrical geomelry; con-

Fig. 3. Accepted symbols for JFET's and MOSFET's: {A)
symmetrical JFET; {B} nonsymmetrical JFET; {C) and {D)
common MOSFET symbols; (E}, (F), {G) nonsymmetrical
MOSFET’s in (G) substrate is tied internally to the source.
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Fig. 4. "N" and ""p’* MOSFET's tied in common-source mode.

struction is such that either end of the conducting chanuel
may be used as drain or source. But some manufacturers
make nonsymmetrical JFET’s. The symmetrical JFET sym-
bol is shown in Fig. 3A; that for the nonsymmetrical JFET
in which drain and source terminals cannot be interchanged,
is shown in Fig. 3B.

The MOSFET is Different

In a JFET. the p-n gate junction constitutes a direct elec-
trical (ohmic) conmection, Input signals must not be allowed
to drive the JFET into forward bias, or the gate will draw
current. When this happens, input impedance decreases and
signal-clipping occurs. Of course, vou would expect this—
the JFET is, in operation, practically a solid-state tube.

The MOSFET. however, avoids this difficulty by using
an insulated. capacitor-like gate. Figs., 3C and 3D show
two symbols often used for one type of MOSFET. The gate
does not connect directly to the conducting channel. The
symbol represents MOSFET construction which, in turn,
gives it the name. The gate is metal (M), below which is a
thin insulating film oxide (O). Below the oxide is the bar or
channel of semiconductor (S). The combination is known,
then, as a metal-oxide-semiconductor field-effect transistor,
or MOSFET. Some manufacturers use such terms as
IGFET (for insulated-gate FET) and MOST (for metal-
oxide-semiconductor transistor).

The extra terminal in Figs. 3C and 3D is called the
substrate. (It is also called the base, body, or bulk by some
manufacturers.) The substrate is the foundation for the
MOSFET. In an n-channel MOSFET. for example, the sub-
strate is a bar of p-tvpe material, with n-type junctions
diffused into both ends. These n-type junctions are the
drain and source. {That’s why both symbols are equally val-
id. From the substrate’s point of view, there’s only one
diode—between the substrate and either the drain or the
source. But the drain and source each see a separate diode
to the substrate.)

The symbols of Figs. 3C and 3D are for svmmetrical MOS-
FET’s. Nonsymmetrical MOSFET symibols are shown in
Figs. 3E, 3F. and 3G. Note that in Fig. 3G, the substrute
is connected to the source internallv. If not internally con-
nected, the substrate is usually tied externally to either
ground or source.

MOSFET’s also come in two sexes, and Fig. 4 shows hoth
n- and p-channel devices connected in the common-source
mode. Both are depletion/enhancement devices. To under-
stand what this means, go back to the JFET, which is a de-
pletion-type device. Normally on when there is bias. the
JFET is turned off or controlled by reversing the gate Dias.
This reverse bias depletes the channel, or makes it smaller,
restricting source-to-drain current flow.

The n-channel MOSFET shown in Fig. 4 works the same
as a JFET. Reverse bias (or a negative-going input signal)
depletes the chunnel, and reduces source-to-drain current
fow. But the MOSFET gate is insulated from the chaimnel
and should the gate of an n-channel NIOSFET be driven pos-
itive, it will not draw current (as the JFET gate does). As
a matter of fact, in the depletion/enhancement NOSFET,
when the gate goes positive (with respect to the source) the
channel is enhanced, or made larger, and more current can
flow-.
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Fig. 5. (A) is the symbol for an enhancement-type MOSFET. (B)
and (C) are symbols for nonsymmetrical version of the device.
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Fig. 6. These MOSFET's are operating in common-source mode.

Since the gate can go either positive or negative without
ill effect, depletion/enhancement MOSFET’s are often op-
erated with zero bias; therefore, no self-hiasing source resis-
tor is required. There is no voltage drop across the gate
resistor because the gate doesn’t draw current.

Still another kind of FET is the enhancement-type MOS-
FET. (A few depletion-only MOSFET’s have been made, but
they are seldom used. They operate almost exactly like
JFET's.) Fig. 5A shows the symbol for the syvinmetrical ver-
sion and Figs. 5B and 3C for nonsymmetrical versions.

This type of MOSFET also has an insulated gate and very
high input impedance (as much as thousands of megohms).
But it operates like a bipolar transistor—current doesn’t
flow continuously, it must be turned on by a forward gate
bias. As you can guess from the symbol, there is no con-
ducting channel between scurce and drain until the gate
enhances, or turns on, the channel.

In Fig. 6 vou see the tvpical common-source connection
for both n- and p-channel enhancement-type MOSFET’s. Be-
cause this device must have forward gate bias (just like a
bipolar transistor), the gate resistor is often returned
through a resistor to the drain supply. Sometimes a stabi-
lizing resistor is comnected from gate to source (ground).

Tlere is no such thing as pinch-off voltage in an enhance-
ment-tvpe MOSFET. for the device is nomally off until
turned on. Threshold voltage is the term used to denote
how much forward gate bias is necessary to start source-to-
drain current flowing.

General FET Troubleshooting

The FET—irrespective of its internal construction—is still
just another amplifier. oscillator, phase splitter, or other
working stage. With one exception, forget about FET’s
as such when you first troubleshoot equipment using
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Fig. 7. FET's and MOSFET's and their equivalent circuits.

them. Analyze the gear in terms of stages. be they ampli-
fiers or oscillators, mixers or inverters. Use signal injec-
tion and tracing to isolate the defective section and stage.

Almost all FET gear today is hybrid—using hoth FET’s
and bipolars. And that brings up the exception mentioned
above. FET’s are high-impedance devices, and vou cannot
test them with instruments that have low-impedance inputs
(or outputs). Actually. most modern electronic voltmeters,
scopes, and generators can work into FET circuits without
loading them down much.

If vou used an olanmeter on various FET types, you'd find
that thev “look” like Fig. 7. The JFET symbol is shown on
top in Fig. TA. with its equivalent circuit below. The drain-
to-source channel is effectively a simple resistance; the val-
ue depends on the particular FET, but usually runs from
about 100 to 10,000 ohms if the device is good. The gate-to-
chamel diode meusures about 1000 ohms in one direction
and open in the other.

Fig. 7B shows the symbols and equivalent circuit for a
depletion/enhancement  MOSFET. Again, the drain-to-
source channel appears as a resistance of 100 to 10,000 ohms.
Since the gate is insulated from the chamnel, it reads open ir-
respective of ohmmeter polarity. The drain and source each
show a diode comection to the substrate, each measuring
about 1000 ohms in one divection and open in the other.

The enhancement-tvpe MOSFET, shown in Fig. 7C, ex-
hibits an open circnit between drain and source. As men-
tioned earlier, the drain and source are p-n junctions dif-
fused into the substrate. Resembling buack-to-back diodes.
they measure an open circuit. But when measnring from
drain to substrate, vou'll find a single diode with 1000 ohms
resistance in one direction and open in the other. The same
is true when measuring from source to substrate. The gate,
of course, is open between itself and all elements.

All the FET’s in Fig. 7 are n-channel types. Diode polar-
ities are reversed in p-channel devices.

What Goes Wrong with an FET?

In terms of failure, the FET isn’t much different from an

Fig. 8. (A) These components in an FET audio amplifier are equivalent to those of a vacuum-tube circuit.
The circuit of (B) is as used in o millivoltmeter. Another maker uses FET meter circuit shown in (C).
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ordinary bipolar silicon transistor. Overvoltage, high tem-
perature, shock, and moisture can all be bad news to an
FET.

Other than manufacturing defects (which are few), the
most common cause of FET failure is circuit overvoltage.
The manufacturer specifies a breakdown voltage, from ele-
ment to element. If this voltage is exceeded, the FET may
be permanently damaged.

Excessive drain-to-source voltage usually causes too much
current to flow, and the power rating is exceeded. The re-
sult is usually an open circuit from drain to source; this
damage is permanent.

Excessive gate-to-channel voltage in a JFET causes di-
ode breakdown, resulting in excessive gate current. If the
power rating is not exceeded, the JFET won't be permanent-
lv damaged, and will work okay once the overvoltage is re-
moved. If the heat (power) is too much, the gate will either
short to the channel or open. Both faults are permanent. Re-
member that the JEET gate-to-chamel junction is a diode
and is subject to all the troubles of wn ordinary rectifier
or detector diode.

Gate overvoltage in a MOSFET is usually fatal to the de-
vice, hecause the insulating film is punctured. The usual
result is a gate-to-substrate short, although the channel is
sometimes included in the shorted region.

MOSFET Handling Precautions

MOSFETs are extremely sensitive to voltage between
gate and channel. The gate-to-channel capacitance in a typi-
cal MOSFET is quite small—only a few picofarads—and
ceven ordinary handling during replacement may ruin the
device.

As vou may have observed. when vou comb yvour hair or
walk across a dry rug, vour body builds up a potential of
static clectricity. Such a static vollage can easily damage
a MOSFET. Because of the high gate impedance, this volt-
age can—and will=puncture the insulating film between gate
and chainel, causing a permanent short that ruins the
MOSEFET.

MOSFET’s are normally supplied with all leads shorted
together (called “zot-proofing” them), and they should be
kept this way until installed in cquipment. The safest way
to install a MOSFET is as follows: Slide a shorting ring

up the leads to the case, and then spread the leads apart.
Ground vour body, perhaps by placing a grounded metal
sheet on your bench and resting your elbows on it. Ground
the tip of your soldering gun or iron with a jumper. Power
to the equipment in which vou are installing the MOSFET
must, of course, be off. Install and solder each NOSFET lead,
using heat-sink pliers so yvou don’t overheat the device. When
all leads have been soldered in place (or inserted in the
transistor socket), clip the shortening ring off.

Common Cireuits

In Tig. 8A the circuit of a simple FET audio amplifier
is shown. The component values are similar to those of a
vacnum-tube-tvpe circuit. Because of the high FET imped-
ances, resistors are higher in value than they would be in
bipolar circuits and, because the FET is a solid-state de-
vice, the supply voltage is low. So are the drain current
and gate-to-source bias voltage.

If the input capacitor in Fig 8A were to short, the sup-
ply voltage from the preceding stage would be applied to the
gate of the MPF104. The gate would be driven positive on
alternate half-cveles by the input signal. However, the FET
probably would not be destroyed, because the drain resis-
tor would limit drain heating to a safe value; but, just like
a vacuum tube, the FET would saturate on positive half-
eveles and clip the signal, producing distortion.

One of the first places voure going to find an FET used—
although vou may not have to troubleshoot it right away—is
in a voltmeter. You recall the traditional difference between
a v.om. and a v.tyv.am: the v.om. is portable but is low-
impedunce and loads down a high-Z circuit. The v.tv.m,
on the other hand, is high-impedance, utl usually is not por-
table. Bipolar traunsistors are ill-suited to high-impedance
voltmeter use. and any such transistor voltmeters had to be
designed around complex bootstrap circuits, The FET solves
that problem. having both high impedance and low voltage.
A voltmeter designed around an FET is portable and can be
battery-operated.

Fig. 8B shows part of the circuit of the Amphlenol 870
“Millivolt Commander” FET voltohmmeter. The FET input
amplifier is fed from the range switch and allows a 10-meg-
ol input impedance. Supply voltage is low and the instru-
ment is battery operated. (Continued on page 60)

J\]ULTI-GRID vacuum tubes were developed because of
the need for mixing two signals; they use two in-
dependent grids to control the electron stream. The FET
is well suited to such construction, for two gates can be
easily diffused into the conducting channel. A number of
tetrode FET's are available.
The symbols for dual-gate JFET's are shown in Fig.
1A, the first two being symmetrical and the last non-

Fig. 1. Symbols for dual-gate JFET's and MOSFET's.
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symmetrical. Dual-gate MOSFET's are shown in Fig. 1B,
both of which are nonsymmetrical and have the sub-
strate connected internally to the source.

Dual-gate FET's are ideal as mixers, as color-TV and
stereo-FM demodulators, and as a.g.c.-driven i.f. ampli-
fiers. The typical v.h.f. mixer shown in Fig. 2 uses an
RCA developmental type TA7151. The two independent
gates provide good isolation between r.f. amplifier and
oscillator, which contributes to stable oscillator operation.
And, of course, the dual-gate MOSFET has a low cross-
modulation figure.

Fig. 2. Typical v.h.f. mixer using an RCA TA7151 unit,
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Fig. 1. Complete IC demodulator mounted on 414, x 5" hoard.

IC STEREQ
MULTIPLEX
DEMODULATOR

By HOWARD ZIMMERMAN

Low-cost, off-the-shelf 1C circuits make possible design of
FM multiplex demodulator which beats many discrete types.

grated circuits, particularly the RCA CA3000 series

of mounolithic chips, provides an opportunity to design
fairly complex and sophisticated systems with a minimum of
space and total parts count. The FM multiplex demodulator
to be described has three integrated circuits and performs as
well as or better than many of the discrete-component units
now on the market. The measured separation is 30 decibels
at 1 kilohertz and maximum sensitivity is 5 millivolts
(r.m.s.) in the 19-kHz pilot channel. Subsidiary Communi-
cations Authorization (SCA) rejection is 36 dB when the
unit is driven from a source impedance of 1000 ohms or
less. Input and output impedances are 30,000 and 350,000
ohms, respectively, and the power requirement is 15 volts
=0.5 V at 55 mA.

Fig. 1 shows one of several units that have been built
from the basic design. This particular model uses Bourns
Type RH Trimpots and two Aladdin pulse transformers for
T1 (in the schematic of Fig. 2). Since these parts are rela-
tively expensive, other types may be substituted with no
degradation in performance.

Operation of the demodulator follows conventional prac-
tice; for example, there is a 19-kHz narrow-band amplifier,
a doubler to 38 klIz, and a 38-kHz locked oscillator and
time-sharing detector. These functions are obtained without
the use of tuned LC circuits and with a minimum of adjust-
ments. Since this circuit is not critical, the SCA filter is fixed
tuned.

THE availability of low-cost, high-performance, inte-

Circuit Description

The complete schematic is shown in Fig. 2 (except for
the internal circuitry of the three IC’s). The CA3018, which
is packaged in a 12-lead TO-5 can, has a gain-bandwidth
product of 400 MHz. It can be used as a 100-MHz cascode
amplifier, a video amplifier, a 15-MHz tuned radio-fre-
quency amplifier, or as a final intermediate-frequency am-
plifier and second detector. The demodulator’s second stage
is a CA3035, which is an ultra-high-gain wide-band amplifier
array whose three amplifier sections have half-power points
of 500 kHz and 2.5 MHz (sections 2 and 3). The third
stage is a CA3001, a wide-band video amplifier whose use-
ful frequency range :s from d.c. to 30 MHz.

A composite signal from the FM detector is fed to one
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section (there are two two-transistor amplifiers ir this IC)
of the CA3018, which is connected as an emitter-follower
to provide a relatively high input impedance for the SCA
filter and a low-impedance drive to detector diodes D7. DS,
D9, and DI10. The output from the emitter-follosver is fed
directly to transformer T1. The signals from threshold con-
trol R12 are fed to the 19-kHz filter amplifier through C10
and R13.

The three sections of the CA3035 comprise the complete
19-kHz pilot channel. Amplifier #1 is connected as a feed-
back amplifier with the feedback path formed by a twin-T
filter consisting of R17-R18-R20 and C14-C16-C17. R13
isolates the drive source from the amplifier input and feed-
back is developed across this resistor. R20 and C14 are used
to tune the filter to 19 kHz. The typical amplifier gain is 44
dB (A, = 160). The circuit “Q” of a twin-T amplifier is
A./4 or 40. By making the circuit slightlv regenerative at
19 kHz, the “Q” can be increased to something greater than
100 before oscillations occur. Typically, “Q’s” of 140 were
obtained in severai pilot models.

Amplifier #3 is used as a buffer to prevent loading the
filter-amplifier by the doubler diodes. Since the input im-
pedance of amplifier #3 is about 270 ohms, the load on the
filter-amplifier consists almost entirely of resistor £16 and is
nearly independent of variations in amplifier #3.

Amplifier #2 is connected as a feedback inverter similar
to the operational inverter. True operational amplifier opera-
tion is not needed because of the amplifier’s velatively low
input impedance.

The output from terminals 5 and 7 of the CA3(:35 consists
of a push-pull 19-kHz signal which is fed to the doubler di-
odes D2 and D3. These diodes rectity the 19-kHz output
and produce a series of pulses at a 38-kHz rate.

The output from the doubler is fed back to the CA3018’s
second stage and amplified by the previously unused tran-
sistor in this section. The collector signal of this transistor
is a limited 38-kHz pulse train similar to a 38-kHz square
wave. This pulse train, in turn, is coupled to a Darlington-con-
nected transistor pair (in the CA3018) and used to drive a
stereo indicator lamp and oscillator gate. The Darlington
amplifier is normally non-conducting since its hase has no
bias voltage. Wkhen pulses are applied to the base, a d.c.
bias is developed by rectification in the base-emitter junc-
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R1, R17, R18—=5600 ochm, /5 W res.
R2-39.000 ohm, V2 W res.
R3—51,000 ohm, V2 \W res.
Rd—i7,000 ohm, V5 W res.
R5—160 ohm, V2 XX res.

R6—12,000 ohm, V45 W res.
R7—160,000 ohm, V2 W res.
R8—110 ohm, LA W res.

R9—270 ohm, V2 W res.
R10—120,000 ohm, V2 W res.
R11—20,000 ohm, Y4 W res.

R12, R32—2000 ohm pot (Bourns Type 3068)

R19—1300 ohm, 145 W res.

R20—5000 ohm pot (Bourns Type 3068)
R21--5100 ohm, V> W res.

R22-82,000 ohm, 15 X' res.

R24, R33, R36, R39, R40—39,000 ohm, V2 W res.
R25—27,000 ohm, 4 W res,

R26, R27, R31—24,000 ohm, Y2 W res.
R28, R29—1100 ohm, 4 W rcs.
R30—3900 ohm, Y2 W res.

Note: All res. should be =5% units.
C1, C30, C31—0.1 uF capackor

C2—24 pF capacitor

C7, C9, C15, C20—10 xF, 50 V elec. capacitor

C8, C25—2.2 uF capacitor

C10. C11, C18, C19, C22—0.01 pF capacitor

C12, C13, C24-0.56 uF capacitor

C14—2700+ pF capacitor (see text)

C16, C17—1500 pF capacitor =53¢

C21, C23—3900 pF capacitor =54

C26, C27, C28, C29—2000 pF capacitor

PL1-10 V, 15 mA Type 344 pilot lighe

L1—10 mH choke (Nytronics SW1 10000)

T1—600:1500(both c.t.) transformer, pri. & scc.
reversed (UTC-850-20)

R13—43,000 ohm, 145 W’ res.

R14, R23—33,000 ohm V2 W' res.

R15, R34, R35, R37. R38—150,000 ohm, V4 W rcs.
R16—10,000 ohm, Y2 W’ res.

C3—560 pF capacitor
C4—0.33 pF capacitor

C6—390 pF capacitor

C5, €32, C33—1000 pF capacitor

D1, D2, D3—Germanium diode (1N277)
D4—6 V zener diode (1N762)

D5—5.1 V zener diode (1N751)

D6, D7, D8, D9, D10—Silicon diode (1N914)

Fig. 2. Complete schematic of demodulator shown in Fig. 1. Note low parts count made possible by using three monolithic chips.

tions. If the amplitude of the pulses is high enough, conduc-
tion occeurs. Diode D1 clamps the base to approximately
—0.2 volt so that the buse sees only positive pulses. Con-
duction begins when the pulse peaks arc approximately 1.5
volts and saturation occurs when pulse amplitude equals 2
volts.

Usually pulses above 1.7 volts amplitude will provide
enough current to light the stereo “on” lamp, PL1. Full in-
dicator brightness occurs at sauturation.

The Darlington’s collector voltage swing is used as the
gating voltage for the 38-kIHz oscillator. This voltage, cou-
pled through R11 and R31 to terminal #6 of the CA3001
38-kHz oscillator, unbalances the differential amplifier in
the CA3001 and reduces the differential gain for as long as
the Darlington collector voltage remains high. When the
gating voltage drops to approximately 13 volts, the CA3001
approaches a balanced condition and oscillations build up.
As the Darlington saturates, diode D6 clamps the junction
of RI1T and R31 to 4.7 volts to prevent gating the oscillator
ofl'in the reverse direction.

The 38-kI1z oscillator is a Wien bridge tyvpe with R28,
R32, C21, and €23 forming the frequency selective portion
of the bridge. Amplitude limiting is controlled by applving
negative feedback to one side of the dilferential amplifier
through R30. R32 adjusts the frequency and phase of the
oscillator to its proper relationship with the 19-kHz pilot.
Syne for the oscillator is provided by feeding the amplified
doubler output from terminal 9 of the CA3018 through C2
and R2.

The output from the 38-kIlz oscillator is coupled to the
detector diodes by T1. This transformer switches the diode
detectors when demodulating a stereo signal. In the absence
of the 38-kllz signal, the diodes are all forward biased and
a monophonic output results.

Either a stereo station or a 19-kHz generator can be used
as an alignment tool. We recommend that preliminary ad-
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justments be made using an oscillator and final adjustment
be done with an off-the-air signal. The 19-kHz oscillator
must have an accuracy of =100 Iz to correctly align the
pilot channel.

This is how the alignment procedurc goes. Apply a 19-
kITz signal to the input and tie an oscilloscope to terminal 7
of the CA3035. (A very low capacitance probe should be
used to minimize the effect on the tuning of the twin-T.)
Adjust the threshold control and input signal level so that a
I-volt peak-to-peak signal appears at terminal 7. (Note:
This voltage should be maintained by varying the input
level as the tuning operation progresses. )

Adjusting R20 should peak the output signal at terminal
7, the sharpness of which will depend upon the exact value
of C14. It should be possible, by adjusting R20, to cause the
amplifier to oscillate. To check this, remove the input and
look for an output at terminal 7. When R20 is correctly ad-
justed, its resistance will be slightly higher than that at
which oscillations occur. C14 should be padded and R20
adjusted alternately umtil the (Continued on page 7+4)

Fig. 3. When CA3035 is properly tuned, output waveforms at
pins 5 and 7 will look like those at left. At right, the output
to Darlington amplifier and doubler diode outputs are shown.
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Fig. 1. View of the high-voltage tester being used in the daily testing of high-voltage power supplies for IBM’s TV-like
CRT display stations. The reason for the large size of the tester is the largz size of some of the h-v components used.

HIGH-VOLTAGE

PRODUCTION TESTER
FOR COMPUTER DISPLAYS

By GEORGE A. BOLD / sr. Associate Manufacturing Engineer, |BM Systems Manufacturing Division

Description and design of a high-resolution tester that checks 35-kV
power supplies for cathode-ray tube displays used in computer systems.

HE use of cathode-ray tube displavs in commercial

and scientific computer systems has created a number

of specialized manufacturing and testing problems.
For example, the graphic display stations used with IBA
System 360 computers require an extremely precise high-
voltage source for the CRT’s used. These units employ up to
30,000 volts at cwrents below one milliampere and they
must be tested to a resolution of 0.005 percent. In other
words, voltage changes as small as 1% volts must be mea-
surable.

This requirement has made it difficult to test the dis-
play’s power-supply units because high-voltage measuring
equipment with this degree of resolution was not readily
available. Also, available testing devices did not take into
account all of the potential safety hazards faced by the test
operator.

A testing device, which not only provides the required
resolution and accuracy but also takes into account the safe-
tv of the operator, has Leen developed. The device, or more
exactly, the testing system, is now being used in the produc-
tion testing of power supplies for cathode-ruy-tube displavs
by manufacturing engineers at IBM’s Systems Manufactur-
ing Division plant in Kingston, N. Y. Members of this group
designed and built the high-voltage tester, which uses a
precision high-voltage reference supply in conjunction with
the “null” principle of electrical measurement, to measure
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the output voltage of the power supply that is being tested.
Tester Design

The tester, 10-feet long. 8-feet wide, and 6-feet high, is
“U” shaped (Fig. 1}. The size of the unit was dictated by
the large size of many of the high-voltage components used.

A Formica-covered table top is located to the left of the
“U”. Half of this top is fitted with a movable saferv cover
that can completely enclose the power supply being tested
(Fig. 2).

The tester is housed in a special room which has its own
air-conditioning unit containing dust filters and a dehumidi-
fier. This controlled environment protects the tester against
contamination by dust and other airborne matter as well as
guards against subsequent high-voltage leakage. The room
in which the tester is located also has lights that can be con-
trolled from the tester and turned off for visible corona
(leakage) checks.

Many problems were encountered during the design stage
of this project. One of the knottiest was the approach that
should. be used in the measuring equipment to provide high
resolution (at least 0.005 percent) at load currents in the
microamp rande.

Electrostatic voltmeters, inherently low-resolution de-
vices, were found to be useful only as rough indicators.
Voltage dividers were also considered. But, like the volt-
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melers, thev were rejected as not being practical because of
voltage gradient problems, physical size. and high cost. (To
test a power supply with an output of 27,000 volts at 50
microamperes, with a total resolution of 0.005 percent.
would have required a voltage divider in the range of 540
megohims plus o second divider to provide load-changing
capabilitv.)

Because ol the difficulties involved, it was decided to use
the “buck-boost” (or nuil) method to divectly null-out the
high voltage. FFollowing this course, however, gave rise to
additional problems in techuique which were reflected in
the physical design of the tester's components. These will be
described later.

Another difficulty encountered during the design stage
involved the ripple voltage and how it could be measured.
This problem was solved by coupling the ripple voltage di-
rectly to an oscilloscope through a high-voltuge capacitor.
Using @ 3900-pF, 40-kV capacitor resulted in ripple mea-
surement to an accuracy of 5 percent or better, depending
on the frequency.

The possibility that leakage, in the form of corona, and
arcing in the high-voltage lines, would occur was also con-
sidered during the desien stage. 1t was found that both

Fig. 2. The operator is shown here testing for a “null.”’
The power supply being tested is at the left, completely
enclosed in a movable, transparent plastic safety cover.

leakage and arcing had to be eliminated because of the low
output current of the power supplies being tested.

One of the power supplies tested has a full-load output
cirrent of 10 microamperes at 15,000 volts. It was found
that at least 10 microumperes of corona will result if ex-
treme caution is not laken when wiring the tester’s circuits.
The presence of this corona can cause a reduction in the
tester’s measurement acenracy unless high-voltage wires are
carefully placed.

Operator Safeny

Operator safety. one of the most important considerations
in the design of this tester. was emphasized by the extensive
use of safety covers and interlock circuits. Compact relays

rated at 8000 volts in air) were immersed in liquid Freon
so that the operator could switch the high potentials from a
central control panel (Figs. 3 and 4). This technique
eliminated corona in the switching circuit during the test
while at the same time boosted the useful operating voltage
of the relavs to 35,000 volts.

The 8000-volt relavs were selected over maunual switches
or vacuum-tvpe relavs because thev are compact, economi-
cal, and provide a high degree of operator salety.

Interlock circuits were also used in the testing device so
that high voltages are removed and test-unit outputs bled
to a sute level if a door or safetv cover is opened.
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Fig. 3. Assembly of 8000-V relay: which is to be immersed
in tank :f Freon liquid. The ! quid, high in dislectric
strength, diminates corona and rc ses the operating voltage
of the re ays. When repairs are necessary, the relay as-
sembly diies clean in air within 5 seconds after removal
from tank. Load tubes and resisto's form part of assambly.

The tester uses 50,/60-Hz, 230-V, three-phise power.
“ariuble transtormers provide acjustable a.c. power to the
power supply being tested. Two sources of 0-80 volts at 5
amps and two sources of 0-300 velts at 5 amps are available
for power-supplh units which require d.c. input. Severul
d.c. sources were also employed for tester contrnl voltages
that are required.

Six Simultanecus lLoads

The tester 15 capable of testing power supplies with up to
six simultaneous output sources. These ure divided into two
groups: three “Jow” voltage outputs and three “high” voltage
outputs.

The low-voltage section covers vollages up to 5000 volts.
Loading is accomplished by using three variable-resistance
voltuge dividers. Each load divider consists of two high-

Fig. 4. The tester's two relay tanks are mounted on slides

inside twe 42-in cabinets located at the far left of the U’
shaped usit. Top surface of cabimets serves as work area.
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voltage decade resistance boxes, one ganged to the other.
Fig. 5A shows u simplified diagram of the circuit.

This arrangement permits the load resistance to be varied
while at the same time maintaining a constant 1000:1
voltage-divider ratio. Voltage readout is taken with a digital
voltmeter on the output of the voltage dividers.

The high-voltage section covers three separate outputs,
ranging from 5000 to 35,000 volts. The load eclements in
this case are 6BK4 triodes. The load current is controlled
by varving the bias on the grid of these tubes. Load current
is read on a microammeter in the cathode circuit (Fig. 5B).

Output voltages from the power supply undergoing test
are applied to the loads via the Freon-immersed relays.

Measurement Technique Used

The buck-boost method of high-voltage measurement
used in the tester is believed to be unique for voltages in
the 5000-35,000-volt range. Although this method is used
extensively at low voltages, direct high-voltage measurements
have Dbeen restricted to electrostatic meters with inherent
ow resolution. It was selected over divider methods because
(1) high-voltage dividers at currents below one milliampere
are cunibersome, difficult to construct, and costly; and (2)
housing these devices in a production tester is impractical
because thev are large (3 to 4 feet high and 18 inches or
more in diameter) and have exposed high voltage.

The reterence sources were Fluke high-voltage power
supplies. A Model 410B covers the range of 0 to 10,000
volts while a modified 430A covers the 10.000- to 35,000-
volt range. These power supplies have a calibration accuracy
of 0.25 percent, a resolution of 5 mV and 100 mV respec-
tively (with stability of 0.005 percent per hour), and a regu-
lation of 0.01 percent or hetter.

With the reference sources selected, the next major prob-
lem in the design project was to devise a null detector. The
null detector uses an ordinary center-zero microammeter
inside a metal box. Cne terminal of the meter is electrically
connected to the hox. This box, in turn, is mounted on long
ceramic stand-offs inside another metal box which is ground-
ed. Openings are provided in both boxes so that the meter
can be read conveniently.

High-voltage inputs through the grounded box were care-
fully insulated to prevent leakage. Connecting the inside
box to one side of the circuit permitted the box and micro-
ammeter to float at the potential being measured, which can
be up to 35,000 volts (Fig. 5C).

Resolution of the null detectors is 100 mV. A sensitivity
network allows the null detector to indicate up to 50,000
volts full-scale on lowest sensitivity, although for test meas-
urement purposes all readings were taken on null. In an
effort to reduce the size and cost of the tester, two of the
output levels shared the 430A reference source and one null
detector.

An electrostatic voltmeter was used for rough measure-
ments where resolution was not considered to be critical.
An electrometer voltmeter, with an input impedance of 1012
ohras, was also used to check “bleed-down” characteristics
of the tested power supplies.

Switching and Controls

Another important part of the project was the switching
of high voltages. The 8000-volt compact relays mentioned
previously were immersed in two tanks of Freon liquid. The
Freon, high in dielectric strength, eliminated corona and
raised the operating voltage of the relays. It was preferred
over oil because it will squeeze out from between closed
relay contacts. When repairs are necessary, the relay as-
senbly dries clean in air within 15 seconds after being re-
moved from the Freon solution. Small high-voltage circuit
components like relays, load tubes, null detector sensitivity
resistors, and bleed-down resistors were placed in this liquid
solution.

Although a good solvent, the Freon did create some
problems when used in connection with organic compounds.
These problems were overcome, however, by coating all
questionable materials with epoxy. In cases where it was
necessary to build non-metallic structures, Teflon was used
instead of phenolic materials. (Care was taken to remove
all solder flux from electrical connections before high voltage
was applied to the Freon-immersed assembly. If this is not
dore, a fungus-like growth begins to appear at the site of
the flux.)

High-voltage connections are made into the tanks of
liquid Freon through special high-voltage feed-through con-
nectors with 1.5-inch corona balls surrounding the actual
connection point. The relay tanks are mounted on slides in-
side two 42-inch cabinets, the top swfaces of which serves
as the work area for the tester.

Molded high-voltage connectors are used between the
tester and the power-supply unit undergoing test. High-
voltage wires rated at 40 kV bridge the gap between these
connectors and the various components in the tester. Because
these connectors preclude the use of shielded cable, suffi-
cient space had to be allowed between wires inside the tester
and between these wires and the tester’s frame. Care was
taken to keep all wires three inches from any conducting
materizal, by using special Plexiglas separators.

It was found in testing various production power supplies
with outputs of 30,000 volts or more that care must be taken
when wiring the supply unit in order to prevent any pos-
sibility of arcing.

Development of a high-voltage tester for these power sup-
plies has enabled IBM to significantly increase the accuracy
of its cathode-ray-tube displays while eliminating any poten-
tial safety hazards that might be encountered by the opera-
tor during the testing process. A

Fig. 5. {A) Resistive load divider used for voltages up to 5000 V. (B) Vacuum tubes are used as load for voltages rang-
ing from 5000 to 35,000 V. (C) Microammeter is mounted on box within a box so it can “‘float’’ at potential being checked.
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By SIDNEY L. SILVER

Operating principles of a high-precision electromechanical transducer that
is used in industrial instrumentation, telemetering, and inertial guidance.

N an increasing number of applications, electromechan-
ical measuring devices are employed as high-precision
transducers in automatic control svstems and processes.

One of the most widely used electromechanical transducers
for converting physical quantities into electrical values is
the differential transformer. Such a device produces an elec-
trical output which is proportional to the mechanical dis-
placement of a linear moving element. As a primary sensing
element, it is incorporated in many industrial instruments to
accurately measure, control, and record such variables as
temperature, humidity, vibration, pressure, flow, radiation,
strain, and many other process tunctions which are suscep-
tible to change.

Differential transformers are particularly adaptable to the
telemetering of electrical signals in which the measured
variables are transmitted to remote points. In inertial guid-
ance systems, thev are commonly used as sensors to measure
linear velocities and accelerations, in order to control the
flight path of missiles and other unmanned space vehicles.
Generally, differential transformers are found wherever it is
necessary to translate relatively small lincar motions into
highly stable w.c. output signals.

Theovy of Operation

Basically, a differential transformer is a mutual-induction
unit consisting of a primary coil and two secondary coils
mounted on a hollow non-magnetic form. A magnetic arma-
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ture core is passed through the form to develop a variable
magnetic coupling hetween the primary and the secondary
windings. As shown in Fig. 2, the primary coil is energized
bv an a.c. source to provide a continuous magnetic field,
and the two secondary coils are connected in series-opposi-
tion so that their induced voltages are 180 degrees out-of-
phase. The position of the movable core within the coil as-
sembly determines the relative flux distribution and hence
the mutual coupling between the primary and each of the
secondary windings.

When the armature core is positioned so that each secon-
dary coil receives an equal amount of flux, the induced volt-
ages will be equal. At this point, the induced voltages effec-

Fig. 2. Schematic representation of differential transformer.
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Fig. 4. Commercially available differential transformer which
features complete separation between core and coil assembly.
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Fig. 5. Miniature displacement transducer of the differential
type which employs self-contained carrier system as described.
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Fig. 7. Circuits for adjusting phase angle to zero. RC network
(A) retards leading phase angle and (B} advances lagging angle.
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tively cancel each other so that the net output voltage is
theoretically zero. This condition denotes the electrical
center of the device, referred to as the null position or bal-
ance point.

If the armature is displaced by an actuating force to
either side of the null position, the voltage induced in the
secondary toward which the core is moved increases,
whereas the voltage induced in the other secondarv de-
creases. Similarly, motion of the core in the opposite direc-
tion produces a corresponding voltage of opposite phase.
The difference between each secondary coil voltage results
in an d.c. output signal whose magnitude is proportional to
the axial displacement of the core from the null position.
For every possible position of the armature core sithin the
designed displacement range, the output voltage is either 90
degrees or 270 degrees out-of-phase with the primary ex-
citation voltage, depending on which side of the balance
point the core has been moved. Fig. 3 shows the voltage
curve of the secondary windings as the armature core is
moved through its linear range of displacement.

Construction Features

In the most common arrangement, the primary and sec-
ondary coils are wound in close proximity on a tubular bab-
bin fabricated of a suitable non-metallic material. A lami-
rated plastic, such as epoxy, is generally used hecause of
its dimensional stability and ruggedness, as well as its low
coefficient of thermal expansion. As illustrated in Fig. 1, the
primary winding occupies the center portion of the hobbhin
and the secondaries are spaced equidistant from the primary,
along the end sections of the form. To provide high resis-
tance to environmentul humidity, shock, and vibration, the
entire coil assembly is encapsulated in a potting compound
such as epoxv resin.

Many differential transformers incorporate shielding to
reduce disturbances caused by surrounding metallic masses
which may distort the normal symmetrical paltern of the
displacement s output-voltage curve. Anv metallic muss
located at the ends of the transducer will have the most
pronounced effect since the flux concentration is highest in
this region. In applications involving displucement measure-
ments in high alternating-current fields such as those as-
sociated with motors, the coil ussembly is hermetically
sealed in a special magnetic steel jacket. This arrangement
minimizes the effects of stray electrostatic and electromag-
netic coupling.

The armature core is made of a high-permeability ferro-
magnetic alloy which is free to move axially within the bore
of the cylinder without actually making mechanical contact.
Since each core must be accurately matched to a particular
transformer, the device must be precisely machined in order
to obtain a linear magnetic characteristic. To further im-
prove the magnetic properties, the core is heat-treated dur-
ing the fabrication process to relieve mechanical stresses.
The core extension assembly consists of a non-magnetic
plunger which is threaded into the end of the core and
honded with cement. According to application, the plunger
may be spring-loaded to help eliminate radial forces which
can contribute to measurement error. YWhere dynamic dis-
placements are too rapid to be accurately followed by a
spring-loaded plunger, the transducer is provided with a
separate armature core and plunger assemblv for direct at-
tachment to the moving object to be measured.

Fig. 4 shows a commercial differential transformer which
may be used to measure any physicial variable capable of
conversion to a relative displacement as small as one-mil-
lionth of an inch between core and coil assembly. Units of
this type are especially adaptable to displacement meusure-
rents involving liquid level, fluid flow, and pressure. The
complete separation of the armature and coil assembly re-
mains external to the fluid. In Fig. 5, a miniature differential
transformer which contains a built-in carrier svstem is shown.
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This type of transducer requires a d.c. excitation which is
modulated in the primary circuit. The secondary voltage is
demodulated and filtered to provide a direct-current outpul.

Electrical Characteristics

In defining the quality of performance of a differential
transformer, an important consideration is the functional re-
lationship hetween the voltage output and the armature dis-
placement on either side of the null position, where the
curve begins to deviate from a straight line (Fig. 6). This
relationship, referred to as the linearity characteristic, is
usually taken as the best straight line drawn through the
zero position to the maximum rated output points, and is
expressed as a percentage of full-scale output voltage.

A linearity of =0.05% of total stroke range of the arma-
ture core can be expected from commercial units. Linear
range, or the excursion of core travel for which a particular
transformer is designed, may vary from #0.003” for minia-
ture transducers to =107 or more for larger units. To
achieve good linearity, the geometric tolerances of the mag-
netic armature assembly must be closely controlled, so that
the relative mutual coupling between primary and secon-
dary coils changes as a linear function of armature displace-
ment.

Of equal importance in establishing specific performance
requirements is the nominal phase shift of the oulput volt-
age with respect to the input voltage. This parameter is ex-
pressed in degrees which may be leading, lagging, or zero.
depending on the excitation frequency and the wnbient
temperature. Although differential transformers are capable
of operating over a wide range of energizing frequencies
(60 Hz to 20 kHz), each unit exhibits a phase shilt of zero
degrees between the primary input and secondary output
voltages at a specific frequency. The output of the trans-
former is reasonablv constant at this frequency over a wide
range of ambient temperatures and throughout an excita-
tion frequency range of 5% of the zero phase frequency.

If the phuse-ungle shift caused by variations in ambient
temperature is intolerable, it is possible to compeusate for
these changes by inserting a phase-correction network in
the output circuit. To retard a leading phase angle, the RC
combination shown in Fig. TA is used to load the secondary,
while the network in Fig. 7B is used to advance a lagging
phase angle. In both cases, capacitor C is adjusted until a
zero phase shift is achieved.

Another useful criterion for evaluating the operating char-
acteristics of a diflerential transformer is the sensitivity, or
output voltage rating of the device. This is based on the
nominal output at one mil (0.0017) displacement of the
armalture, with one volt excitation on the primary coil al a
specific frequency. Sensitivity is influenced by excitation
level and can vary substantially at different load conditions.

The most significant factor limiting the maximum excita-
tion voltage at a given frequency is the maximum allowable
primary current which can be used to excite the transtormer
without overheating. The allowable input current increases
as the ambient temperature decreases and vice versa. Gen-
erally, it is desirable to operate with no more excitation
voltage than is necessary to obtain the desired output volt-
age. The maximum excitation voltage at room temperature
may be calculated at a given frequency by multiplving the
allowable input voltage by the primary input impedance at
that frequency. Excitation voltage varies from 1 to 30 volts
for standard units.

At low [requencies, the sensitivity is a {unction of the
resistive component of the primary coil impedance. Any
change in ambient temperature alters the primury resistance
so that the resulting input cinrent variation causes the mig-
netic flux and hence the output sensitivity to change. At the
higher frequencies, an increase in input impedance due to
high reactive components causes a reduction in the output
voltage. Since the reactive values dominate the impedance,
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Fig. 13. Matched pair of differential transformers that are
employed in a null-balance servo system described in text.

SENSING
BOURDON
TUBE
APPLIED 2 r ?
PRESSURE ZQ LJ
o
o

OUTPUT TO INDICATOR,
RECORDER, OR CONTROLLER
o
Jﬁ REFERENCE

BOURDON
TUBE

r %ﬁ

Fig. 14. System used to measure absolute fluid pressure.

any change in primary coil resistance due to a variation in
ambient temperature has a negligible effect on sensitivity.

The optimum excitation frequency is that which causes
the output voltage to reach a maximum, bevond which
point the sensitivity starts to decrease. It is desirable to op-
erate the transformer at this frequency (zero phase), since
any losses in the primary circuit due to an increase in am-
bient temperature are balanced out by an equivalent re-
duction of eddy current and hysteresis losses in the mag-
netic core assembly.

Null-Voltage Components

Due to the presence of residual voltages at the null point,
the output of a differential transformer is not exactly zero
but approaches a minimum. Since residual voltages tend to
reduce sensitivity in deplacement-measuring systems ith
a consequent loss of accuracy, it is desirable to maintain as
low a null signal as possible. Some of the basic factors
which contribute to undesirable residual effects are non-
symmetry in the geometric dimensions of the armature core,
non-linearity of the magnetic properties of the core due to
impurities, and poor winding distribution. These residual
elements can be effectively minimized by careful engineer-
ing and close manufacturing control. Fig. 8 shows the net
oulput curve of a typical transformer in which the null volt-
age consists of a very small percentage of the full-range
output at the standard frequency.

The null-voltage components of a differential transformer
are composed of three elements of the fundamental (excita-
tion) frequency: an in-phase component, a quadrature
component, and harmonics. Noise and stray pick up also in-
fluence the magnitude of the null voltage to some extent,
depending upon the voltage levels employed, operating fre-
quency, and the effectiveness of the shielding components.

To determine the null characteristics of a differential
transformer, a phase-sensitive voltmeter is connected across
the output, as indicated in Fig. 9, to provide direct readings
of the phase relationships among the complex signal com-

50

ponents at the null position. Any in-phase residual voltages
appearing at the balance point may be cancelled out by
shifting the zero position of the armature to correct for slight
unbalances in the symmetry of the magnetic core assembly.
Quadrature, however, cannot be cancelled out by zero
shifting the core, but requires simple network trimming pro-
cedures.

Quadrature voltage consists primarily of an unwanted
component of the fundamental frequency remaining at the
null which is 90 degrees out-of-phase with the predominant
phase of the output signal. This error voltage is caused by
small differences in phase angle which exist between the
voltage output of each secondary coil. Fig. 10A shows a
common method of quadrature rejection in which a high
resistance potentiometer is placed across the output in such
a way as to provide a different load across each secondary.
By adjusting the pot setting, a point can be found where the
quadrature error will be close to zero. In Fig 10B, similar
results may be obtained by using small capacitars.

Harmonics of the fundamental frequency mav be gen-
erated at the null point due to non-linearity of the magnetic
material of the armature, distributed capacitance between
the coil and the magnetic core, and distortion of the excita-
tion frequency. Since the presence of harmanies obscures
the true null position of the fundamental frequency, they
must be kept within tolerable limits by emploving high-
permeability cores operating at low flux densities.

If harmonics are still objectionable, the output signal may
be passed through a low-pass filter, as shown in Fig. 11A,
which is adjusted to pass only the fundamental frequency.
Care must be taken in the design of the harmonic suppres-
sor, however, to avoid the introduction of time delavs which
may cause a lag in the fundamental frequency and adversely
affect the stability of the measuring system. \Where third
harmonie distortion is predominant, the input voltage may
be fed through a phase-shift network as in Fig. 11B, into
the secondary circuit. The reversed phase voltage cancels
out the fundamental existing at the third-harmonic null po-
sition.

Readout Circuitry

One of the simplest measuring systems to provide an
indication of mechanical displacement is the demodulator
circuit illustrated in Fig. 12, in which the output of each
secondary is rectified and appears as a linear d.c. output
voltage across the resistors. The polarity of the output signal
corresponds to the direction of displacement from the null
position. To obtain a readout, the transducer is initially
balanced to give a minimum output at the energizing fre-
quency, and measurements are taken from either side of the
balance point. Even the slightest variation in core position
nas a measurable effect on the output voltage. It is desirable
to hold the excitation frequency to at least ten times the
highest mechanical modulation frequency, in order to avoid
errors due to filtering and to maintain the desired sensitivity.

A more sophisticated approach which combines greater
accuracy with maximum sensitivity is the nuil-balance cir-
cuit shown in Fig. 13. In this system, two matched differ-
ential transformers are employed in a lridge circuit to form
a null-seeking device. The differential voltage output is fed
through an amplifier to one phase of a servomotor while
the other phase is continuously energized by the line.
\When both differential transformers produce equal out-of-
phase voltages, there is no output to the amplifier and the
system is at rest. If an unabalance occurs due to a mechani-
cal displacement of the sensing transformer T'1, a restoring
signal excites the motor in the proper direction. Since the
core of the balancing transformer T2 is mechuanically linked
to the motor shaft, the system is returned to a balanced
condition.

Since the primary windings of both differential trans-
formers are connected in series- (Continued on page 66)

ELECTRONICS WORLD



Coming in January, 1969:

PHOTOFACT SET NO.1002

V\[hen the first PHOTOFACT Folder Set
appeared in May, 1946, we made this pledge
to the radio servicemen of America:

“PHOTOFACT will provide complete,
accurate, uniform service data, and
present that data on a current and
continuing basis, to keep up with the
production of the industry.”

We have kept that pledge. We covered all
of the post-war AC-DC, AM-FM, Auto Radio,
and Phonograph models. With the appearance
of the first black-and-white TV, we were there
with exclusive PHOTOFACT TV coverage.
We kept pace as the industry introduced new
types of products and poured them out in
thousands of models: Automatic Record
Changers, High-Fidelity Instruments and Com-
ponents. Tape Recorders. Stereo Instruments,
Transistor Radios, Color TV, Citizens Band
Radios—right down to the introduction in
1968 of PHOTOFACT coverage of Home Car-
tridge Tape Players.

Today, the electronic serviceman has at
his command complete PHOTOFACT service
data coverage of more than 78.000 different
models.

Moreover, the electronic serviceman

can buy PHOTOFACT in the form

which best meets his needs. Those
who service all types and makes of
instruments own the complete

PHOTOFACT Library and stay cur-

rent with a subscription to P. O. M.

(Photofact-of-the-Month Club). Those

who have a need for specialized serv-

ice data, have the choice of subscrip-

tions to the five Specialized PHOTO-

FACT Series: Auto Radio, Tape Re-

corder, Transistor Radio, CB Radio,
and Home Cartridge Tape Players.

We made a second pledge in 1946:
“PHOTOFACT will be the world’s finest and
most complete electronic service data, pro-
viding new and exclusive features in a uni-
form format. to make the serviceman’s work
quicker, easier, and more profitable.”

We have kept that pledge. PHOTOFACT
introduced full photo coverage of all chassis
views, keyed to the famous Standard Notation
Schematic, with its wealth of vital informa-
tion; disassembly instructions (including auto
radio removal); tube location charts; trouble-
shooting charts; a superior alignment sys-
tem; terminal identification; dial cord string-
ing; field servicing notes: alternate tuner data;
complete replacement parts lists; exploded
views for record changers and tape recorders;
actual waveform photographs on the TV sche-
matics, and a host of other invaluable features.
With the appearance of printed circuitry,
PHOTOFACT introduced CircuiTrace® for
fast tracing of printed boards. Forthcoming
PHOTOFACT Folders will feature techniques
for rapid servicing of such new developments
as the *‘Quasar’’ circuit TV models.

In January, 1969, PHOTOFACT Set No.
1002 will appear. It is eloquent testimony to
the continuous loyalty of thousands of elec-
tronic servicemen, and solid proof of the abil-
ity of PHOTOFACT to boost their earnings day-
in and day-out through faster, better repairs.

One final word: In1946,a PHOTOFACT
Set sold for $1.50. Today, twenty-two
years later, on a P. O. M. Subscription,
PHOTOFACT costs only 50c more per
Set. Think about it, and you’ll agree
that’s holding the line.

PHOTOFACT is sold by more than 1800 Electronic Parts Distributors from coast-to-coast

Howard W. Sams & Co., Inc.

INDIANAPOLIS, INDIANA 46268

The Service-Minded Organization with the Service Technician in Mind
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Should you be a nitpicker...

Should you be a nitpicker when it
comes to selecting a stereo deck ? Only
if you want to get yourself a deck
you'll be happy with for years to come.

Because every manufacturer claims
to have the “‘guts” to make the best
sound. But, if you had the opportunity
to “‘tear apart’ most of the tape
reccrders on the market, you'd
find a lot of surprises inside.

Like flimsy looking little felt pressure
pads to hold the tape against the heads
which actually cause the heads to wear
out six to eight times faster than
Ampex heads.

Like stamped sheet metal and lots of
other not-so-solid stuff that gets by
but who knows how long? And all
kinds of tiny springs and gadgets
designed to do one thing or another.
(If vou didn’t know better, you'd
swear you were looking at the
inside of a toy.)

Like heads that are only adequate.
Heads that might work fine at first, but
wear out sooner and diminish the
quality of sound reproduction as
they wear.

There are lots of other things, but
that’s basically what nor ro ger in a deck.,

Okay, now for a short course in
what ro ger.

Exclusive Ampex dual capstan
drive. No head-wearing pressure pads.
Perfect tape tension control, recording
or playing back.

Exclusive Ampex rigid block head
suspension. Most accurate head and
tape guidance system ever devised. Solid.

Exclusive Ampex deep gap heads.
Far superior to any other heads on the
market. Last as much as 10 times
longer. There's simply no comparison.

So muca for the “general”
advantages of Ampex decks. Ready to
nitpick about specific features on
specific machines? Go ahead. Pick.

Pick the Ampex 755 for example.
(This is the one for ‘‘professional’’
nitpickers.) Sound-on-sound,
sound-with-sound, echo, pause control,
tape monitor. Three separate Ampex
deep gap heads.

A deck
for nitpickers.
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Model 755 Model 1455

Or, pick the 1455, For lazier
nitpickers, because it has automatic
two-second threading and automatic
reverse. Plus sound-with-sound, pause
control and tape monitor. Four
separate deep gap heads.

One more thing you should get on
your next deck, whichever one you
choose: the exclusive Ampex
nameplate on the unit. Just big
enough to let everybody know you've
got the best. (Who says a nitpicker
can’t be a name-dropper too?)

So, pick, pick, pick. And you’ll pick
Ampex. Most straight-thinking
nitpickers do, you know.

AMVIBEX

AMPEX CORPORATION
CONSUMER EQUIPMENT DIVISION
2201 LUNT AVENUE

ELK GROVE. ILLINCIS 80077

And adeck

for lazy nitpickers.
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AMPEX MODEL 761 AMPEX MODEL 86! AMPEX MODEL 1161
Three-head stereo portable tape Two-head stereo portable tape Three-hcad stereo portable tape
recorder. With monitor, echo, sound- recorder. With slide-on speakers. recorder. With automatic threading

on-sound, sound-with-sound. and reverse, slide-on speakers.

AMPENX MODEL 2161 AMPEX MODEL 146! AMPEX MODEL 21350

Four-head stereo portable tape Four-head stereo portable tape recorder. Four-head sterco tape deck. With
recorder. With automatic threading With automatic threading and reverse, automatic threading and reverse,
and reverse, bi-directional recording, monitor, sound-with-sound. bi-directional recording, and mixer.

and mixer.

AMPEX MODEL 985A
Three-head stereo music center. With
automatic threading and reverse,
built-in FM sterco, FM/AM receiver,
and two dynamic microphones.

There’s an Ampex Tape Recorder or Tape Deck for
GO ahead every kind of nitpicker. All with the following features:
i Exclusive Deep Gap Heads . . . Solid-State Circuitry *
... Dual Capstan Drive . . . Rigid-Block Head

Nitpick to your Suspenson...Die Cost Alumimam Consiution. .
heart’s delight. AMPEX

AMPEX CORPDRATION
CONSUMER EQUIPMENT DIVISION
2201 LUNT AVENUE

ELK GAOVE, ILLINDIS 80077

CIRCLE NO. 124 ON READER SERVICE CARD
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- Electronics is the handmaiden of the art of surveillance but

technicians must use their ““know how’’ for the common good.

ELECTRONICS AND SPYING

know-how in spying or in similar hanky-panky?”

Barney asked his emplover working at the service
bench beside him. “What on earth makes vou ask that?”
Mac exclaimed.

“Oh, I dunno. I've just been reading about various mod-
em methods of surveillance and the electronic gadgets used.
I mean evervthing from crude wire taps to sophisticated,
hush-hush satellites employed in international spying. All at
once it came to me that a mossy old electronics technician
such as vou are must have been approached in this regard
somewhere along the line.”

“Knock off that ‘mossy’ bit,” Mac ordered with some
asperity, “but it happens youre right. Let me see now. Oh
ves! The first incident I recall happened several years ago
when a kind of mcusey little guy, straight out of a Damon
Runvan short story, sidled up to me here at the store and
wanted to know if I could make him a miniature transmitter
and receiver to be used in playing a joke on a friend. Cost,
he said, was no object. That should have made me suspicious
right there, but it didn’t. He said the apparatus was going to
be used in a phony mind-reading act he was putting on to
fool a friend.

“Actually, I was intrigued by the problem. You've got to
remember this was long before transistors, and trying to
miniaturize equipment was a real challenge, but I bought
some of those flat little miniature hearing-aid tubes and
started experimenting. The receiver was no problem. I sim-
ply installed a self-quenched superregenerative detector in-
side an old hearing-aid and used the aid’s amplifier for the
audio. The transmitter was something else. Frequency sta-
bility was a problem, and so was putting out enough signal
with the available small batteries—especially since he kept
stretching out the required working distance.

“Finally he admitted that what he really wanted to do
was to beat the ticker tape race returns at the local horse
parlor. He had it figured ont that an accomplice listening to
a track-side telephone report of the race could flash the in-
formation a block or so to him inside the betting parlor in
time to get a bet down on the winner before the start of the
race on the slow ticker tape could officially cut off the bet-
ting. I was too ignorant of the whole business to know if he
was dreaming or not, but as soon as I learned what he was
trying to do I dropped the whole project as though it were a
red-hot rectifier tube. 1 could just see myself being hauled
into court as an accomplice.”

“You said that was the first incident. Were there others?”

“Yes. Not long ago a fellow came to the house one night
and wanted me to equip his miniature battery-operated tape
recorder with VOX circuitry so that it would operate only
when sound was siriking the microphone. What he had in
mind was to plant the recorder in his own house to collect
proof his wife was cheating on him! You can bet I didn’t
touch that one either.”

“I get the idea vou don’t think an electronics techniciun
should concern himself with the construction of snooping
equipment of any sort.”

l I EY, Mac, did anvone ever trv to enlist vour electronic
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“Not at all. T simply believe the technician should be dog-
gone careful about who is going to use the equipment he
builds and how it is to be used. I know manv electronics
technicians are doing excellent, needed work designing and
building electronic equipment for use by law officials, the
military, and our counter-espionage people. My point is that
any technology is amoral. The same acetylene torch that
welds a broken piece of farm machinery or frees a man
trapped in a wrecked car will also obligingly burn a hole in
a safe for a burglar. Electronics is no exception. \We've both
read newspaper accounts of bank robbers using hand-held
transceivers and of illegal wire-tapping performed by crim-
inals or even overly competitive businessmen.”

“I understand what you’re driving at,” Barney offered.
“When anvone says to me, ‘Can you—?" I want to show him I
can. I'm proud of what I can do with electronics, and it
would be very easy for me to become so engrossed in work-
ing out an electronic problem I'd never think about the
long-range results of the solution. Still, vou must admit elec-
tronics has been a powerful tool for law-enforcement people.
Think of the two-way radio, radar speed measuring equip-
nment, and the sophisticated wire taps law-enforcement
officials can use under certain circumstances.”

“Of course you're right. Electronics is too powerful a
weapon to be left in the hands of criminals er subversive
elements of our society. And we both know not all techni-
cians are good guys any more than are all pipe smokers or
dog lovers. Some clever unscrupulous joker will always sell
his knowledge to criminals. But you said you had been read-
ing about surveillance equipment. How about telling me a
little about it?”

“Thought vou’d never ask!” Barney said with a sigh of
relief. “Let’s start with something recent and easy to under-
stand. The CBS Laboratories in Stamford, Connecticut, very
recently received a $69,476 contract {rom the State of Con-
necticut to develop a ‘noise-pollutiony’ trap. This is basically
an instrument that will measure the noise level produced by
a car or motorcycle and will tie the measurements to an
offending vehicle so this relationship will stand up in court.”

“Now that’s what I call fulfilling a need!” Mac exclaimed.
“We could certainly use something like thal en our street.
Young knotheads with souped-up hotrods use our street for a
dragstrip all night long, and the police always seem to be
somewhere else—which may not be a coincidence, since I'm
told the gang keeps tab on the squad cars in the vicinity and
knocks oft their racing and tire squealing when the police
approach. How is this gadget going to work?”

“The thing is portable, is about the size of a suitcase, and
can be remotely actuated by the police when they think per-
missible levels are being exceeded. Noise from a passing ve-
hicle is picked up by a microphone and recorded both on a
chart and on magnetic tape. At the same time a split-screen
camera photographs the chart and the vehicle.”

“Sounds like a winner to me,” Mac commented, “especial-
lv when you remember a noisy vehicle quite often indicates
a defective or inoperative muffler that may be leaking dan-
gerous carbon monoxide gas into the car. And that inspires

ELECTRONICS WORLD



me to dream up a companion unit for
the one you just described. Mine will
be an ‘air-pollution” trap. It will mea-
sure the pollution exuded by a passing
vehicle, will photograph same, and
then correlate the two. As we clamp
down tighter and tighter on air pollu-
tion—and we must for survival—some-
thing of this nature will become man-
datory. Only electronics can provide
omnipresence to our scanty police
forces if checking for noise and air
pollution is added to their already
heavy work load. But tell me something
about snooping gadgets on a more so-
phisticated level.”

“Okay, let’s talk about the snooping
satellites used by both this country and
Russia. Space spying is tacitly accepted
by both sides but admitted by neither.
There are basically two types of spy
satellites: the ones that photograph the
earth below, and those that listen for
all tyvpes of radio signals and record
them. The latter are called ‘ferret’
satellites.

“Anyway, the Russiuns have orbited
a reported seventeen spy satellites from
January through August of this year,
which have managed to keep watch on
the United States for 100 days. The
U.S., with only eleven snooper satel-
lites, has inspected the Soviet Union
and Red China for 142 days during this
same period, wccording to reports.”

“I'd think not much could be learned
from photographs taken from such a
high altitude.”

“There’s where voure wrong. The
layman was really astonished when he
saw what could be learned from crude
earth photographs taken by the Gemini
astronauts. Lven though no attempt
was being made to get fine details in
these photographs, the Gemini pictures
of Love Field Airport, Dallas, per-
mitted identification of airplanes sitting
on the rmuwvayvs. Its reported space
cameras are now good enough to pick
out newspaper headlines from 100-mile
altitudes or identify the types of guns
carried by soldiers.”

“How is the film returned to carth?”

“The Russian capsules are recovered
on the ground. According to reports,
the U.S. is still using its Discoverer
series with Thor-Agena hoosters to orbit
camera pavloads that are jettisoned on
command. C-130 aircraft make mid-air
grabs of these pavloads; or, if necessary,
can snatch them from the surface of the
ocean. The lifetime of this Discoverer
capsule has Dbeen boosted up to a
month. Since the initial orbit is as low
as 100 miles perigee, that means the
Agena is most likely restarted some-
time during the mission to boost the
capsule back up before it decays in the
atmosphere. \We also are said to he
using a larger reconnaissance vehicle
put into orbit by a Titan 3B-Agena 1D
combination thal can carry a spy pay-

December, 1968

load which may weigh up to three tons.”

“What do these spy satellites look
for?”

“Mostly for strategic targets: new
missiles, ships and submarines, and new
radar sites. Both countries are working
hard to get as close as possible to real-
time satellite surveillance, probably by
means of on-board photo developing
and scanning for relay to ground sta-
tions. Video relay can’t vet approach
the high resolution of photographs.”

“Well, we must conclude some of
the verv Dbest electronic brains both |
here and in the U.S.S.R. are devoting
full time to the international snooping |
business,” Mac concluded; “and as long
as the cold war lasts, this will continue
to be true. This may seem a sad waste |
of electronic know-how, but actually it
is not. Techniques developed for snoop-
ing are already being readied for the
constructive use of mankind, as in the
proposed Earth Resources Satellite that |
will soon be surveying the earth to map
the moisture content ol various areas, |
to identify crops, to reveal warm areas
of the seu where fish are feeding, to
identify sources of stream pollution,
and even to spot beginning forest fires.
When the time comes for the sword to
be hammered into a plowshare, very |
little effort will be needed to change
the mualevolent Spy in the Sky into a
benevolent Eye in the Sky.”

“T’ll drink to that,” Barney said uas he
headed for the water cooler. A

“FISHTALK” ‘
DROWNS ECHOES .

l\ ANY times during World War 11,

Navy commanders reported a sub-
marine destroved only to find out lut(‘l‘l‘
that their deep-diving submersible was, |
in reality, a whale. Not only did the sonar |
beams bouncing off whale bodies con-
fuse the sonar-men, but squeals, buzzes, |
creaks, taps, and elicks emitted by the
whales and other mammals cluttered up
passive listening devices. In many in-
stances, subs were able to hide and escape
by following a pod of killer whales or a
school of dolphins.

Since the end of the war, the Navy has |
conducted a number of studies whose
purpose was the classification and cata-
loguing of underwater sounds. In this
way, Navy marine biologists hope 1o learn
more of the habits and movements of cer-
tain species of fish.

More important are the benefits which
the Navy’s anti-submarine forces derive.
Although many submarines are
shaped like fish, sonar echoes from
whales and subs have a different quality.
Tapes of underwater sounds are used in
ASW schools as training aids for fledg-
ling sonur-men. And the experiences of
naval oceanographers in tracking the
mammals are used to teach the sonar-
men what 1o expect when they “ping’ on
a pod of the big fish. A

new

Build New

SehoterMusic Kits

DYNABEAT RHYTHM

If you want rhythm Schober’s got it—10 real
trap sounds in a small carrying case. Add
bass drum, snare drum, cymbals, and 7 other
great rhythm effects to your combo, piano,
or organ playing, each at the touch of a but-
ton the instant you want it—or have a ball
playing traps along with records and radio!
The Schober Portable Dynabeat connects ta
any guitar, hi-fi, or p.a. amplifier, makes you
an instant drummer. Kit $139.50, all built
$169.50. Special Dynabeat for all Schober
Organs (not other brands) synchronizes the
sounds you want with manuals and pedals.
$150 for the kit.

TUNESRMITH
MELODY
INSTRUMENT

The Schober Tunesmith makes the one-finger
artist an instrumental soloist. Produces one
note at a time on the 2Y2-octave keyboard
while you control tone color (6 voices), vi-
brato, pitch, volume, as you play. Carry the
melody for a combo or play with piano or
organ accompaniment—or along with records
and radio. Easily portable (13 1bs.), connects
to any amplifier. Easy to build kit $149.50;
assembled, ready to plug in and play $189.50,

Send right now for the full-color Schober
catalog, with all details on Dynabeat and
Tunesmith as well as Schober’s five kit organ
modefs and unique reverberation system.
No charge, no obligation. If you like music,
you owe yourself @ Schober instrument!

i e [ e [ e e[ | e e e e e [ e e 1
I I
| THE Fehiober oraan CORP., Dept. RN-60 |
I 43 West 61st Street, New York, N.Y. 10023 I
| OPiease send me a Schober Organ Catalog. ]
] OEnclosed is 50 cents for 7-inch LP demonstration |
| record of DYNABEAT and Portable TUNESMITH. I
| NAME |
: ADDRESS ,
1 CITY STATE 1P ]
(e e e e e e e e e e e e e d
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&
“CIE training helped pay
for my new house,” 5 e

F YOU LIKE ELECTRONICS—and are

trapped in a dull, low-paying job—
the story of Eugene Frost’s success
can open your eyes to a good way to
get ahead.

Back in 1957, Gene Frost was
stalled in a low-pay TV repair job.
Before that, he’d driven a cab, re-
paired washers, rebuilt electric mo-
tors, and been a furnace salesman.
He’d turned to TV service work in
hopes of a better future—but soon
found he was stymied there too.

“I'd had lots of TV training,” Frost
recalls today, “including numerous
factory schools and a semester of ad-

vanced TV at a college in Dayton. But
even so, I was stuck at $1.50 an hour.”

Gene Frost’s wife recalls those days
all too well. “We were living in a
rentcd double,” she says, “at $25 a
month. And there were no modern
convenicnces.”

“We were driving a six-year-old
car.” adds Mr. Frost, “but we had no
choice. No matter what I did, there
seemed to be no way to get ahead.”

Learns of CIE

Then one day at the shop, Frost got
to talking with two fellow workers
who were taking CIE courses. .. pre-
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Gene Frost was “‘stuck’ in low-pay TV
repair work. Then two co-workers sug-
gested he take a CIE home study
course in electronics. Today he's living
in a new house, owns two cars and a
color TV set, and holds an important
technical job at North American Avia-
tion. If you'd like to get ahead the way
he did, read his inspiring story here.

— = e - — -

paring for better jobs by studying elec-
tronics at home in their spare time.
“They were so well satisfied,” Mr.
Frost relates, “that I decided to try
the coursc myself.”

He was not disappointed. “The
lessons,” he declares, “were wonder-
ful—well presented and easy to under-
stand. And I liked the relationship
with my instructor. He made notes on
the work I sent in, giving me a clear
explanation of the areas where [ had
problems. It was even better than tak-
ing a course in person because I had
plenty of time to read over his com-
ments.”

Studies at Night

“While taking the course fron: CIE,”
Mr. Frost continues, “I kept right on
with my regular job and studied at
night. After graduating, I went on
with my TV repair work while look-
ing for an opening wherc 1 could put
my ncw training to use.”

His opportunity wasn’t long in
coming. With his CIE training, he
qualified for his 2nd Class FCC Li-
cense, and soon afterward passed the
entrance examination at North Amer-
ican Aviation. “You can imagine how
[ felt,” says Mr. Frost. “My new job
paid $228 a month more!”

: =
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Currently, Mr. Frost reports, he’s
an inspector of major electronic sys-
tems, checking the work of as many
zs 18 men. “I don’t lift anything
heavier than a pencil,” he says. “It’s
pleasant work and work that I feel is
important.”

Changes Standard of Living

Gene Frost’s wife shares his enthusi-
asm. “CIE training has changed our
standard of living completely,” she
says.

“Qur new housc is just one exam-
ple,” chimes in Mr. Frost. “We also
have a color TV and two good cars
instead of one old one. Now we can
get out and cnjoy life. Last summer
we took a 5,000 mile trip through the
West in our new air-conditioned
Pontiac.”

“No doubt about it,” Gene Frost
concludes. "My CIE clectronics
coursc has really paid off. Every min-
ute and every dollar I spent on it was
worth it.”

Why Training is Important

Gene Frost has discovered what many
others never learn until it is too late:
that to get ahcad in electronics today,
you nced to know more than solder-
ing conncctions, testing circuits, and

ELECTRONICS WORLD



replacing components. You need to
really know the fundamentals.

Without such knowledge, you're
limited to “thinking with your hands”
...learning by taking things apart and
putting them back together. You can
never hope to be anything more than
a serviceman. And in this kind of
work, your pay will stay low because
you’re competing with every home
handyman and part-time bascment
tinkerer.

But for men with training in the
fundamentals of electronics, there are
no such limitations. They think with
their heads, not their hands. They’re
qualified for assignments that are far
beyond the capacity of the “screw-
driver and pliers” repairman.

The future for trained technicians
is bright indeed. Thousands of men
are desperately needed in virtually
every field of clectronics, from 2-way
mobile radio to computer testing and
troubleshooting. And with demands
like this, salaries have skyrockcted.
Many technicians earn $8,000, $10,-
000, $12,000 or more a year.

How can you get the training you
need to cash in on this booming de-
mand? Gene Frost found the answer
in CIE. And so can you.

December, 1968

Send for Free Book

Thousands who are advancing their
electronics careers started by reading
our famous book, “How To Succeed
In Electronics.” It tells of the many
electronics careers open to men with
the proper training. And it tells which
courses of study best preparc you for
the work vou want.

If you’d like to get ahead the
way Gene Frost did, let us send
you this 44-page book free. With

it we’ll include our other helpful
book, “How To Get A Commer-
cial FCC License.” Just fill out
and mail the attached card.

If the card is missing, usc¢ the
coupon below.

ENROLL UNDER G.I. BILL
All CIE courses are available under
the new G.I. Bill. If you served on ac-
tive duty since January 31, 1955, or
are in service now, check box on
reply card for G.I. Bill information.

Cleveland Institute of Electronics

Cl
NEW

COLLEGE-LEVEL CAREER
COURSE FORMENWITH
PRIOR EXPERIENCE
IN ELECTRONICS
ELECTRONICS ENGI-
NEERING . . . covers
steady-state and |
transient network
theory, solid state
physics and circuitry | |

1776 East 17th Street, Cleveland, Ohio 44114

| Cleveland Instjtute of Electronics |
1776 East 17th Street, Cleveland, Ohio 44114

Please send me without cost or obligation:

1. Your 44-page book ‘“How To Succeed In Electronics”
describing the job opportunities in Electronics today,
and how your courses can prepare me for them.

2. Your book on ‘‘How To Get A Commercial FCC License.”

| am especially interested in:

[J Electronics

Technology

| [] Electronic
Communications

[J Broadcast

Engineering FCC License
[J Industrial ['] Electronics
Electronics Engineering

(Please Print)

pulse techniques, |
computer logic and Name
mathematics through

calculus. A college- | | Address
level course for men | City

State

already working in
Electronics.

| [ Check here for G.l. Bill information.

L
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makes first class
soldering the easiest
part of any job

= : = ¥

The
original Dual Heat
Soldering Guns
Preferred by technicians for their
fast heating copper tips, exclusive
trigger-controlled dual heat, and high

soldering efficiency. Available in 3 watt-
age sizes, each with spotlight.

100/140.-watt Model 8200, 145/210-watt
Model D-440, and 240/325-watt Model
D-550. Also in complete kits:

Dependabie MARKSMAN Irons
in a size for every job

Ideal for deep chassis work and continuous-duty soldering,

Marksman irons outperform others of comparable size and

weight. All five feature long-reach stainless steel barrels

and replaceable tips.

» 25-watt, 134-0z. Model SP-23 with ¥’ tip (In kit with extra tips,
soldering aid, solder—Model SP-23K)

o 40-watt, 2-0z. Madel SP-40 with %" tip

o 80-watt, 4-0z. Model SP-80 with 38" tip

e 120-watt, 10-0z. Model SP-120 with %" tip

e 175-watt, 16-0z. Model SP-175 with 3" tip

25-watt Technician’s Iron
for intricate circuit work

Industrial rated pencil iron weighs only 134 ounces, yet delivers
tip temperatures to 860°F. Cool, impact-resistant handle. All
parts readily replaceable. Model W-PS with Y4-inch tapered tip.

Also available: A new Battery Operated lron for use with 12
volt battery or 12-24 volt AC/DC source. Complete with 12 ft.
cord and battery clips. Model TCP-12.

Complete Weller Line at your Electronic Parts Distributor.

WELLER ELECTRIC CORPORATION, Easton, Pa.

WORLD LEADER IN SOLDERING TOOLS
CIRCLE NO. 87 ON READER SERVICE CARD
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= Troubleshooting FET Circuits
(Continued from page 41)

Never has there lived a technician who didn’t overload
his voltmeter (or ohmmeter). Zapping a 50-2A meter move-
ment used to be part of the initiation to the electronics fra-
ternity. (The fee was the cost of buying a new meter.) This
embarrassing procedure is on its way out. As Fig. 8B il-
lustrates, the input stage is protected by a diode which
limits gate reverse current to the harmless value of 0.1 nA.
Neither the FET nor the succeeding bipolar transistors (nor
the meter movement) can be seriously damaged by input
overvoltage.

A similar technique is used by Sencore in the FE-14
field-effect meter (actually an amplified v.o.m.), as Fig.
8C shows. The input gate is protected by a neon lamp which
limits gate reverse current to 12 wA, which is well below
the manufacturer’s limit for the FET used.

Thsz input stage (shown) is a source-follower (analogous
to a cathode- or emitter-follower). The complete circuit
is almost identical to the classic v.tv.m. circuit, where
the meter movement is connected between the cathodes of a
pair of triode vacuum tubes in a differential-amplifier con-
figuration.

The chief virtue of the MOSFET so far is its superior per-
formance as an r.f. amplifier and mixer at v.h.f., where it
exhibits less cross-modulation than even nuvistor vacuum
tubes. One circuit, from an FM-set front end, is shown in
Fig. 9. It is tvpical of FET r.f. amplifier design. The FET,
an RCA 40468, is a low-noise v.h.f. type operated in the
depletion mode. Gate-to-source bias is developed across a
source resistor (200k). Coil L2 furnishes the drain load.
Note that the power supply is a positive-ground type, be-
cause of the bipolar transistors used in the rest of the cir-
cuit.

In the circuit of Fig. 9, theoretically, nothing can go wrong,
because the FET is not fed by a preceding stage. However,
there is always the possibility of a static discharge through
the antenna to ground, during a thunderstorm. Such a poten-
tial could overload the gate of the FET and destroy it. The
trouble would reveal itself as weak (or no) r.f. amplification,
and probably by excessive current flow from the supnly
through the shorted FET to ground.

Summary

The FET is, functionally, a hybrid between the bipolar
transistor and the vacuum tube; it has, generally, the best
features of bath. Unfortunately, the FET has even worse
breakdown disadvantages than the bipolar, and thus must
be handled with care.

FET circuits are much like vacuum-tube circuits, in
terms of impedance and the manner in which bias works.
Supply voltages are lower, more like those i bipolar cir-
cuits. When you troubleshoot an FET circuit, merely
think of the device as a solid-state tube. A

Fig. 9. This FET circuit is used in front end of an FM tuner.
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TEST

EQUIPMENT

PRODUCT REPORT

Triplett 3490-A Transistor Analyzer

For copy of manufacturer’s brochure, circle No. 23 on Reader Sercice Card.

NEW und improved transistor ana-

lyzer has Dbeen introduced by
Tripleit as the Model 3490-A, Type 2.
The instrument provides a true small-
signal a.c. befa test; makes I parame-
ter, high-current, high-voltage, a.c. and
d.c. beta measurements; and reads
leakage current in the nanoampere re-
gion. It tests both small-signal and
power transistors, diodes, rectifiers,
zener diodes, SCR’s, and the latest
FET’s in the collector current range of
100 1A to 30 amperes.

The Model 3490-A permits the plot-
ting of complete transistor characteris-
tic curves or taking single readings plus
setting up any type of transistor test. It
is designed for use in electronic labora-
tories, research and development de-
partments, in quality control sampling,
evaluation engincering, and technical
training schools.

Continuous current and voltage con-
trols are a built-in feature of the analy-
zer. Three large and separate 4%”

meters are used to read static and dy-
namic values of current and voltage.
The instrument handles over 100 d.c.
volt-amperes of collector power. Col-
lector voltage range is 0 to 120 volts. A
tetrode control is provided on the an-
alyzer for use with double-base or
tetrode transistors.

In the top center section of the ana-
lyzer’s panel are mounted two transis-
tor testing sockets. One is for the in-line
tvpes and the second for types where
the leads are grouped in a circle or
square on the bottom of the transistor.
A socket for one of the most commonly
used types of power transistors, the
JEDEC outline TO-3, is built into a
solid copper bar heat sink. Binding
posts are also available in the heat sink
for other transistor types.

The Triplett Model 3490-A, Type 2
transistor analyzer has a gray leather-
ette covered case measuring 181344 x
15%¢” x 8” with removable cover.
User net price is $441.00. A

Western Technical Products *‘Safetone Tracer’
For copy of manufacturer’s brochure, circle No. 24 on Reader Service Card.

NEW approach to “goof-proofing”
continuity testing is taken with
the “Safetone Tracer” (pat. pend.) de-
veloped by Western Technical Prod-
ucts. This small and inexpensive limited

December, 1968

current continuity tester assures safety
in circuit testing and will not damage
semiconductors.

The tracer emits a pleasant tone
when low-resistance continuity exists.

—

new SAMS hooks

Television Service Training Manual,
2nd Edition

by Edward F. Rice. Updated and expanded to
include new servicing short cuts and tests,
this book is the key to quick and profitable TV
repair for both beginners and experienced
technicians. Through the wuse of skillfully
chosen circuit test points, and text keyed to
the schematics, troubles are quickly isolated
to specific components. Thorough treatment
of all sections of the TV receiver, and wide
use of schematics, charts. and drawings pro-
| vide you with rapid. sure-fire analysis and
‘ repair procedures. 240 pages.

Crder 20628, only

101 Questions & Answers About
Auto Tape Units

by Leo G. Sands. The answers to your ques-
tions about the increasingly popular automo-
bile tape playing units are presented in easy-
to-understand question and answer form. The
information you want is contained in six sec-
tions dealing with tape cartridges and cas-
settes, cartridge and cassette players, cir-
cuitry, inslallation procedures, troubleshoot-
ing, and maintenance. 72 pages.

Order 20671, onlys; au-s- 2. -ke 556 b $1.75

101 Easy Test Instrument Projects

by Robert M. Brown & Tom Kneite!l. If you are
inteiested in the fun and challenge of build-
ing your cwn money-saving test equipment,
this book is for you. Most of the projects in
this book cost less than S5 to build and can
be put together in a single evening. Projects
range in complexity from a simple continuity
tester to a sound level meter or a radiation
finder; also includes power supplies, signal
tracers and injectors, meters, generators,
transistor testers, picture tube rejuvenators,
metal locators, flashlight cell chargers, and
many others. 128 pages.

Order 20673, onfy............co..vv... $3.25

Electronics in Photography

by Byron G. Wels. Whether you are a photog-
raphy fan or an electronics man. you wiil
enjoy this informal. clear explanation of how
electronic photographic equipment works.
Practical theory covers converting electricity
into light (lights, lamps, and fiash units) and
the reverse (photocells); discusses timing and
timing devices. controls. electronic cameras,
and synchronization of sound and film. Also
includes chapters on wiring the darkroom and
making repairs. 128 pages.

Order 20672, only. iwrs o mdeasd 4. $3.50

FET Principles, Experiments,
and Projects

by Edward M. Noll. Covers the opcrating
| principles of FET's (field effect transistors)
for the audio enthusiast, radio amateur. short-
wave listener, CB'er, and experimenter. Theory
coverage is basic, with emphasis on practical
mathematics used in the featured experiments
and projects. inserting proper component
values for favorable circuit operation is taught
by use of pegboard or simple chassis mount-
ing arrangements. Includes chapter on FET
mathematics. 272 pages.

Order 20594, ONly. anie s onsmnie abais, $4.95

These and over 300 other SAMS books are
available from your Electronic Parts Distributor

Howard W. Sams & Co., Inc.
e e T = -
Order from your Sams Distributor today, or mail

to Howard W. Sams & Co., Inc., Dept. EW-12
4300 W, 62nd Street, Indianapolis, Ind. 46268

Send me the following books:

i

}

(120628 [ 20673 (1 20594 |
120671 [ 20672 1

: $____ enclosed }
| |
[ i
Name |

|

Address l

& |

ity |

| = Y
| State Zip |
I

|

I
| L My Distributor is o
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TOP SAVINGS ON
THE BEST IN
ELECTRONICS

FOR EVERYONE

Shop by mail and save at
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electronics headquarters.
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money-saving values.

NO MONEY DOWN.

Up to 2 years to pay!

MAIL COUPON
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WE MAKE
CRYSTALS
to YOUR SPECS!

. .. That’s why you can
count on CRYSTEK to
work right . . . for years!

Our control of
quality through-
out precision
manufacturing
gives you crystals
produced for your
operating require-
ments that assure
exact frequency

control.
e Amateur e Commercial
¢ Marine e Citizen Band

Sée Your Dealer or

Tell Us Your Needs ... |

C IRYIEK

TEXAS CRYSTALS DIVISION
of Whitehall Electronics Corp.
1000 Crystal Drive
Fort Myers, Florida 33901
Telephone Area 813 - WE 6-2100
Plants in Fort Myers and Los Angeles
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Since there are no meters or lights to
watch, the technician has new eve
freedom o assure greater accuracy in
circuit probing.

The tester is unique in two respects:
it injects a maximum current of 1T mA
|into the circuit being tested, making it
suitable for integrated circuits and oth-
er sensitive applications; and the fre-
quency of the audible tone is a function
‘of the circuit resistance seen by the
tracer, rising with higher resistance.
| The technician can quickly determine
good continuity or the range of the cir-
cuit resistance by the pitch of the tone.
' The device has many uses in the
assembly area, in the lazboratory, or in
| inspection functions. It is particularly
valnable in the hands of personnel with

limited training where a test device
with heavier currents may destroy val-
uable components. Polarity or current
flow direction of semiconductor devices
may easily be determined.

The unit is a specially modified cas-
caded complementary amplifier with
two transistors. The power supply con-
sists of two 1%-volt “D” cells. When
no test circuit is connected to the tester.
no current flows except for a few micro-
amps of leakage current. When the test
probes are connected to an external
load, the circuit is completed and the
transistors oscillate at a frequency de-
pendent on the resistance between the
test prods.

The “Safetone Tracer” is priced at
$19.95 with leads, less batteries. A

|

Sencore PS148 Oscilloscope

For copy of manufacturer’s brochure, circle No. 25 on Reader Service Card.
Y

for color-TV servicing incorporate
| a special switching or terminal arrange-
'ment for a vectorscope display. This
shows the output of the color set’s de-
tectors in a vector presentation, with
(R-Y) producing vertical deflection on
the CRT and (B-Y) producing hori-
zontal deflection.
|  The vectorscope incorporated in the
new Sencore PS148 oscilloscope pro-
| vides a quick and easv method of de-
termining the phase angle and relative
amplituce of the (R-Y) and (B-Y) sig-
nals. By using a standard 10-bar gen-
jerator and the vectorscope, the de-
maodulator phase can be adjusted by
observing the control's effect on the
displav, and the band-pass amplifier
can be adjusted for the correct shape of
the petals of the vector display.

Fig. 1 shows an idezl vector pattern
for a 90° color-demodulator system. In
actual practice the pattern will not look
quite this good; the petals will be
}rounded rather than flat. Also, the dif-
ference in the amplitudes of the signals
‘on the red and blue control grids and

the fact that the CRT in the vector-
| scope has a higher sensitivity on the

‘ OST new oscilloscopes designed

vertical plates than it does on the hori-
zontal plates will cause the pattern to
be slightly compressed in the horizon-
tal direction.

For demodulation angles other than
90°, the angle between the (R-Y) max-
imum, or the third bar, and the (B-Y)
maximum, or sixth bar, will varv. For
systems that demodulate at 105°, this
angle will be 105° and for 116° svs-
tems, the angle will 116°. The graph
screen on the PS148 is calibrated in
30° increments, so the 105° angle
would fall halfway between the sixth

ELECTRONICS WORLD



and seventh mark and the 116° angle
would fall almost on the seventh mark.

Most troubles that can occur in the
chroma circuit produce definite indica-
tions on the vectorscope. A complete
loss of (B-Y) signal will be indicated
by « vertical line on the vectorscope, a
complete loss of (R-Y) signal will be
indicated by a horizontal line on the
vectorscope. A complete loss of color
will be indicated by a dot in the cen-
ter of the screen with just the blanking
pulse present. The vectorscope will in-
dicate the general area of the problem,
but will not pinpoint the exact location
of the trouble. To actually isolate the
defect to an individual stage or com-
ponent, the instrument is switched to
its conventional wide-band oscilloscope
function.

When operating as a standard scope,
the PS148 uses a balanced push-pull
arrangement in both the horizontal and
vertical channels which maintains a
constant average voltage on the deflec-
tion plates. Having a constant average
voltage on the deflection plates elimi-
nates the need for an astigmatism con-
trol. The intensitv and focus controls
are tied into a vollage divider so that
the focus voltage changes at the same
time that the intensity changes; hence,
the beam remains sharply focused at all
intensity settings.

The scope has a 3-dB vertical seusi-
tivity of 17 mV (r.ms.)/inch from 5
Hz to 6.5 MHz. A calibrated vertical
input attenuator makes it simple to
measure peak-to-peak voltages of any
TV waveform. The scope incorporates
a standby feature that disconnects the
output of the low-voltage rectifier while
heater voltages and high vollages re-
main on. This keeps the scope in a
“ready” condition.

The Sencore PS148 employs a 3-in
CRT with a viewing hood. Price is
$219.50 including a low-capacitance
probe. A

Fig. 1. ldeal vectorscope display of color-
bar-detected signals. The TV set's (R-Y)
output is applied to the top vertical-de-
flection plate, while the set's (B-Y) out-
put is applied to the right-hand horizontal-
deflection plate. The other plates of the
CRT are grounded. The combined effect of
these two signals is the display shown.
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¢ CRO 5000 * Mrdichiss™”

HICKOK
CRO 5000

RZONTAL
"orosmors

$65000

This high-precision laboratory oscilloscope equals the basic performance
of higher priced, sophisticated ’'scopes, yet meets the industry need for
such performance in the $600 price range. Emphasis has been placed
mainly upon those characteristics most important in precise measure-
ments, eliminating some of the more exotic and somewhat superfluous
functions found in higher priced instruments. The result is an all-solid-
state instrument in the medium price range with extraordinary stability,
sensitivity, bandwidth, sweep-speed range, trigger capability, reliability,
and ruggedness.

® 25MHz vertical bandwidth (to 3db down points)
® Usable to 50MHz
e All solid state for high stability and reliability

® 12 calibrated vertical attenuator ranges
10 mv/div to 50 volts/div (+3.09, accuracy)

® 24 calibrated sweep ranges
0.05 microseconds/div to 2 sec/div (+3.09, accuracy)

e Vertical delay line assures viewing of full leading edge
of pulses

e “Sweep Delay” of up to 40 divisions

® Sweep speed continuously variable between ranges
¢ X-axis channel bandwidth DC — SMHz

e 4" flat-faced CRT, 6 x 10 division graticule

® 3.8 kv HV provides sharp, bright trace

e Vertical amplifier will handle overloads, with negligible dis-
tortion of waveforms increaszd to 5 times screen height

® Internal 1.09% calibration squarewave
® Fast, convenient push-button selection of trigger modes
® Positive, solid triggering on all displays

e Small — 111,” W, 673" H, 19" D; 24 pounds

HICKOK ELECTRICAL INSTRUMENT COMPANY, 10514 Dupont Ave., Cleveland, Ohio 44108
CIRCLE NO. 107 ON READER SERVICE CARD
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The TRUE electronic solution to a
major problem of engine operation!

DELTA’S FABULOUS

MARK TEN

Only $44.95 ppd.
In easy-to-build Deltakit®
Only $29.95 ppd.

CAPACITIVE DISCHARGE

IGNITION SYSTEM

You've read about The Mark Ten in
Mechanix Ilustrated, Popular Mechan-
ics, Electronics and other publications!

Now discover for yourself the dramatic im-
provement in performance of your car,
camper, jeep, truc«, boat— any vehxcle'
Delta's remarkable electron'c achievement
saves on gas, promotes better acceleration,
gives your car that zip you've always wanted.
Find out why even Detroit has. finally come
around, In four years of proven rehability,
Delta's Mark Ten has set new records of
ignition benefits. No re-wiring! Works on
literally any type of gasoline engine.

Why settle fer less when you can buy the
original DELTA Mark Ten, never excelled and
so unique that a U.S. Patent has been
granted.

READY FOR THESE BENEFITS?

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Lenger

A Up to 20% Mileage Increase {saves gas)

LITERATURE SENT BY RETURN MAIL
BETTER YET— ORDER TODAY!

'/ \ JELTA PRODUCTS .

Grand Junction, Colo. 81501
Ship ppd. [ Ship C.0.D.

P.0. Box 1147 EW -

Enclosed is $— [
Please send

1 Mark Tens (Deltakit® @ $29.95

|

|

|

|

|

| (12 VOLT POSITIVE OR NEGATIVE GROUND ONLY)
| [ Mark Tens (Assembled) @ $44.95
| ] 6 Volt: Negative Ground only.
| [ 12 Voit: Specify
|

|

|

Car Year. Make
Name. .

Positive Ground
Negative Ground

Address. - -
City ‘State, L - pr_
L y

o l......._.___._.._...__........
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EVALUATING D.C. VOLTAGE SOURCES

‘ By DONALD LUDWIG

! HE increasing demand for accuracy
‘ in laboratory experiments makes it
’necessary to know the characteristics
of the voltage source being used. When
a voltage source is new, its regulation,
ripple, and drift will usually be within
the manufacturer’s specifications, bnt
' due to aging the ratings of the source
This article describes
methods for determining these charac-
teristics for a d.c. voltage source.

The accuracy of the measurements

“11will be commensurate with the ac-

curacy of the equipment being used
and the care employed when perform-
ing each test. All leads should be as
short as possible and their connections
firmly made. Before each test the volt-
| age source should be turned on and
allowed to warm up. Taking a suffi-
cient number of readings when con-
ducting the tests will permit curves
to be plotted.

Regulation

Regulation is the change in output
voltage as a result of variations in either
the line voltage or load current, when
all other parameters are held constant.
Voltage regulation is usually expressed
as a percent of the original output
voltage with the equation [(V,-V,)/V,]
100, where V, is the original output
voltage and V., is the change in output
voltage due to some variation.

When performing the test for deter-
mining the regulation due to a change
in line voltage, such as shown in Fig. 1,
the voltage source is checked over beth
the a.c. input voltage range and the
d.c. output voltage range. This allows
the regulation to be checked at dif-
ferent line voltages while the source is
operating at ditferent output voltages.
Readings of both a.c. input and d.c.
output voltages should be made tor
each particular setting of the variable
transformer.
| To perform this test, the variable
| transformer is first set at the lower a.c.
input limit and the d.c. output is set at
some desired potential. The a.c. input
voltage is increased in small increments
' and both voltages are observed and re-
corded. This procedure is repeated
until the upper a.c. voltage input linit
is reached. The varable transformer
is then returned to the lower input
limit and the output voltage is set to
a new potential. The test procedure is
then repeated.

To determine the regulation due to
changes in load current, the full range
of available current from the voltage
source should be checked. The test set-

up is shown in Fig. 2.
The d.c. output of the voltage source

is set at the desired potential and the
current and output voltage are record-
ed. Load resistor R is then varied and
the new values of current and output
voltage are recorded. Resistor R is
varied to cover the full range of cur-
rent available from the voltage source.
In most cases, the voltage vs current
values can be plotted on a graph for
easy interpretation.

Ripple

Ripple is defined as the a.c. com-
ponent superimposed on the d.c. out-
put voltage, and is usually expressed in
r.m.s. or peak-to-peak values. An in-
crease in ripple may occur when the
line voltage or load current is varied.

When determining the amount of
ripple, the voltage source should be
checked over the same ranges that are
checked in the regulation tests.

To determine the amount of ripple
due to changes in line voltage follow
the same procedure and setup used
to determine regulation due to varia-
tions in line voltage (see Fig. 1). An
r.m.s. meter, or oscilloscope, is used in
place of the d.c. voltmeter. When the
d.c. output is reset, the d.c. voltmeter
may be reinserted to monitor the vclt-
age.

The test set-up and operations to de-
tect ripple due to changes in load cur-
rent are the same as the methods used
to determine regulation due to varia-
tions in load current (see Fig. 2). The
d.c. voltmeter is replaced by an ram.s.
meter or an oscilloscope.

Drift

Drift is the deviation in output volt-

ac
VOLTME TER
+
VOLTAGE | gg e
-~ amenLe SOURCE | $ |vormerer
LINE —e— VARIAS -
INPUT
Fig. 1. Test setup for determining reg-

vlation due to a change in line voltage.

VOLTAGE

R n.C.
SOURCE A VOLTMETER

Fig. 2. Test setup for determining reg-
ulation due to changes in load current.

Fig. 3. Test setup for checking drift of
a voltage source over a time period.
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age from its set value over a period of
time. The drift of a voltage source may
be alfected by component aging, tem-
perature changes, and line-voltage vari-

Crisp Bacon

' 1
| N 90 Seconds
The test setup for checking the drift | '

with INTERNATIONAL'S
MICROWAVE OVEN

of a d.c. voltage source is shown in Fig.
3. The voltage source is balanced against
the reference source and a recorder is
used to detect the drift. Using a record-
er will permit drift to be checked over
long periods of time.

The above tests are methods for de-
termining regulation, ripple, and drift
for d.c. voltage sources. When per-
forming these tests, the environmental
conditions should be taken into account.
Any change in regulation, ripple, und
drift when conducting the above tests
should be studied to determine if the
voltage source is still within specifica-
tions and if it can be used for certain
experiments. A

METAL MELTING
TEMPERATURES

N the chart below, the approximate
melting points of the various metals
are given only as a guide for material
sclection since muiny factors, including
atmosphere, type of process, mounting,
cte., all affecet the operaling maximum
obtainable.
Our thanks to Omega Engineering,
Inc. for permission to reproduce this
chart for our readers. A

Tungsten ... p ol
S e—r——— Rheniu . .
T t o The culinary wonder of space age cooking moves to your
=H A . kitchen with this new International countertop oven that
Molyhdenum . = | T Osmium cooks with radar-spawned microwave power.
| (T —— Iridi . d
Niobium E remm People on the go will welcome an oven that makes cooking
Sl = = chores a pleasure. Imagine a “piping hot” TV dinner (frozen)
= in 3%2 minutes™ instead of 20 to 50 minutes. Eake a potato
Chromium ol Rhodium in 5 minutes instead of 60 minutes. Warm a chilled bab
Jitanium ... 7 | . hLa, bottle in 60 seconds. Fry crisp bacon in 90 seconds on a
= ls00 paper plate. Great for those leftovers.
Iron .. x| ... Palladium . . .
Cobalt ... [~ International Microwave Oven is truly remarkable. No more
- - T waiting for the oven to reach cooking temperature.
Beryllium e aeEcron . .
Manganese .. e Countertop designed for the home, mobile home, or the
Uranium .. E o ) galley on your boat. No special wiring required. Works on
Sf"’p"’ : E . e 115 vac house circuit. Comes in baked vinyl white with
M Sizkant | cod teys attractive trim. $545.00
1 arat
Brasses E . Available direct from International or through your locai abpliance dealer.
Magnesium .. r ....AluminumISiIver'
["7 Solders *Times listed are approximate and vary with size of item.
F 1000
i T o o Write for folder
hgad o — | .. Cadmium
Tinm o e s00 | Common ol P
. E ....................... j Solders - -
Indium ... [ | e s
Gallium - . INTERNATIONAL
Mercury ... I | O°F T p——
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CRYSTAL MFG. CO, INC.
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NEW COAX
WALL PLATES

For UHF/VHF ; A
Color/B&W TV : ,

gl i

A Simplified Approach to a
single direct antenna tead-in
receptacle for 75 ohm coax. . Q
Mosley's FCC-1PK TV antenna  w.
coax outlet & FCC-145PK with 4 or e,
5 wire rotor cable outlet assures Top Per~
forming UHF/VHF and FM-Stereo. De-
igned with improved solderless
connections. New FCC-Series
Wall Plates are installed
quickly and easil
in minutes,

ety Y

®

Write Dept. 167 for FREE detailed brochure

Mo s /ey 5t 5
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GIANT 1969
RADIO-TV

ELECTRONICS
CATALOG

228 GIANT VALUE-
PACKED PAGES

4610 N. Lindbergh Bivd.,
Bridgeton Missouri 63042

BuRSTEALIUDS YOUR BUYING GUIDE FOR . . .

. = TV's, Radios, Recorders, Phonos,
Amateur and CB equipment, elec-
tronic parts, tubes and test equip-
ment . . . plus featuring B-A's

famous bargain packed section!

1 PENSONAL

ERCIER §

WRITE FOR YOUR FREE CATALOG TODAY!
TN NN B DS N RN RN e

ﬁURSTEIN-APPLEBEE CO., DEPT. EWX
I 3199 MERCIER ST., KANSAS CITY, MO. 64111

Name.
‘ State
_—

B o TN B acssy
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| Differential Transformers
(Continued from page 50)

aiding, the ampere-turns of both units are kept the same.

’This is an important advantage since the balance point is
relatively unaffected by resistive change in the primary cir-
cuit caused by internal heating effects or by changes in
ambient temperature. Furthermore, small fluctuations in
the power line do not interfere with the proper functioning
of the servo system so that a regulated voltage supply is un-
necessary.

Applications

| In industrial process control, diflerential transformers are
frequently emploved to detect the magnitude of fluid pres-
| sure, in conjunction with such pressure-sensitive devices as
| the Bourdon tube. The Bourdon tube is a curved, hollow,
{ metallic element in which the fluid pressure to be measured
is applied through one end while the other end is closed off.

Fig. 14 shows a method of accurately sensing absolute
| fluid pressure changes which are measured above zero pres-
sure as a reference level. In this arrangement, the differen-
| tial pressure between the internal fluid pressure and the
| external atmospheric pressure exerts a straightening action
| on the sensing tube, which is transmitted to the core of
| transformer T1. A reference Bourdon tube, thoroughly
| evacuated and sealed, is coupled to the core of transformer
T2 and serves to compensate for variations in atmospheric
pressure. The net output signal consists of the algebraic
sum of the voltage outputs of both differential transformers,
and is proportional to the absolute pressure of the fluid be-
ing measured or controlled.

In liquid flow measurements, differential transformer cores
may be designed to operate in working fluids while readings
are taken on a remote indicator. Since lead lengths may
be quite long in this application, low-impedance transform-
ers should be used in order to minimize stray pick-np.

Fig. 15 shows a variable-area flowmeter, or rotameter, in
which the flow rate varies directly as the rise and fall of a
float in a tapered tube. The float adjusts the size of the
flow area by rising when the rate of flow increases and
dropping when the rate of flow is reduced. By this means,
the fluid pressure differential is kept constant when the rate
of flow changes. The differential transformer core follows
the float travel and generates an a.c. signal which is fed to

Fig. 15. Industrial rotameter used for flow measurement.
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the recorder. The output voltage may also be amplified and
used to actuate a flow regulating valve, so that the rota-
meter becomes the primary sensing element in a flow con-
troller.

Bv virtue of their ruggedness and high resistance to ex-
treme environmental conditions, differential transformers
are ideally suited as the sensing element in the design of
linear accelerometers for the accurate measurement and
control of linear accelerations. These devices serve as a
major component in the guidance control svstems of air-
cralt and missiles, and for the dynamic testing of ground
vehicles. Basically, modern acceleromelers are seismic de-
vices which consist of a known mass, a damped spring, and
a transducer.

In Fig. 16, the armature core of a differential transformer
is utilized us the seismic mass which is suspended from a
case by a frictionless spring assembly. The case is attached
to the vehicle whose acceleration is to be meusured or con-
trolled. Upon acceleration of the vehicle, the armature mass
(due to inertia) tends to remain in position, but transmits its
force through the spring. The spring assembly is deflected
by an wount which is proportional to the applied accelera-
tion so that the acceleration is converted to a proportional
electrical output. The output signal may then be fed lo a
recorder calibrated in ¢’s or transmitted to a control system.
In this application, the use of a differential transtormer for
the suspension ol the mass allows action along only one
axis, so that unwanted respouse to accelerations at right
angles to the sensitive axis is avoided. To prevent the seismic
system {rom vibrating and producing signals after the ap-
plied acceleration has disappeared, the svstem is damped
by a viscous damping fluid and is maintained at a uniform
temperature by a thermnostatically controlled heater.

Based on the diflerential transformer principle, the trans-
ducing of straight-line motion is not subject to triction errors
or wear since no bearings, pivots, or sliding contacts are
used. Consequently, exceptional accuracy, reliability, and
long life may be expected even under adverse operating con-
ditions involving exposure to hazardous nuclear radiation.

In a more sophisticated application, difierential transtorm-
ers serve us multiple-point displacement transducers in in-
dustrial instrumentation systems. Here the core of each trans-
former is fixed to a gage head whose movement determines
whether the points being gaged are “over” or “under” the
nominal dimension. The gage heads are mounted on the
equipment to be meusured, in a manner dependent upon the
geometry of the surface and the number of points to be
sensed. Using a sequential switching system, the gage outputs
are connected to a single amplifier and the readont displayed
on a continuous recording device (such as a profiler) or tape
printoul. A

Fig. 16. Linear accelerometer using differential transformer.
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First of a
new breed
-from Sherwood |

- Sl st
- v & wliv x3 e rexveo

This is what high performance is all about. A
bold and beautiful new FM Stereo Receiver
bred to leave the others behind. 160 crisp, clean
watts—power in reserve. Up-front, ultra-now
circuitry featuring Field-Effect Transistors and
microcircuitry. Front-panel, push-button
command of main, remote, or mono extension
speakers and loudness contour. Sherwood high-
fidelity—where the action is—long on reliability
with a three-year warranty.

~Shevwood~

Sherwood Electronic Laboratories, Inc.
4300 North California Avenue, Chicago,
lilinois 60618 Write Dept.
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7 ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE

HOME STUDY COURSES iIN:

» 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
looking school. Outstanding lesson ma-
terral—thorough and easy to understand.
Engineering taught on the basis of appli-
cation 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 technician 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 G, no sales-
man will call on you.

COOK’S INSTITUTE

o/ gﬁcfranicd é)ngineering
Forest Hill Road
P. 0. Bor 10634
Jackson, Miss. 39209
Established 1945
Formerly Cook’s School of Edectronics
CIRCLE NO. 118 ON READER SERVICE CARD

cut holes

Round—inches and mm

Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work . . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench. For use in up to 16-gauge metal. Avail-
able at leading radio and electronic parts dealers.

GREENLEE TOOL CO

OIVISION OF GREENLEE BROS. & CO.
1866 Columbia Avenue, Rockford, 1ll. 61101
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- Efficient Inverter

| . . . . . .
New circuit concept increases the efficiency of sine-wave inverters.
As a result, military and industrial power systems can be smaller.

ALL IT Staggered Phase Carrier

4 Cancellation (SPCC). It’s a new
concept developed by engineers at the
Westinghouse Research Laboratories,
and it promises to reduce the size and
weight of sine-wave inverters and raise
their efficiency from about 65 percent
to 90 percent or more.

According to one company spokes-
man, the inverters may be used in high-
power military and industrial systems;
or in spacecraft power systems where
small size, light weight, and high ef-
(ficiency are at a premium. They would
convert the d.c. power of self-contained
power sources, such as fuel cells and
thermoelectric generators, to a.c. and
boost it to higher voltages of suitable
frequency.

In commercial systems they could be
|used for high-powered audio amplifiers
| —with output power of several kilowatts
|—for public address systems, for sonar
|systems, or for large sonic machines to
provide stress analysis of airplanes or
' spacecraft.

SPCC is a technique wheregin pulse-
|width modulated (PWM) waveforms
with the same low-frequency modula-
‘tion but differing carrier time phases are
| combined to synthesize the desired low-
frequency waveform. This technique in-
creases the carrier frequency by four
and reduces size of the ousput filter.

In conventional inverters that use the
|[PWA\I technique, the carrier frequency
is limited to about 10 kHz by the switch-
ling speed of the power transistors. This
means the output filter must have a cut-
loff frequency below 10 kHz, conse-
quently its size and weight are imprac-
tical in many applications.

I 1 L

| [

Using SPCC with four carrier wave-
forms displaced 90 degrees in time
(phase), the carrier frequenev is com-
pletely cancelled. The low-frequency
modulation is also strengthened and the
original carrier and its second and third
harmonics (10, 20, and 30 kHz) are
cancelled. With an effective 40-kHz
carrier, the output filter can be reduced
to about one-fourth the original size
and weight.

The new inverter concept is feasible
because semiconductor manufacturers
have developed new fast-switching dif-
fused power transistors with peak in-
verse voltage levels greater than 300
volts and high-current carrving capaci-
ty. The storage time of these devices
is made negligibly small by using spe-
cial drive circuits which clamp the vol-
tage drop of the conducting device just
at the edge of saturation for all condi-
tions of loading.

Also, recirculating diodes connected
across each power transistor keep volt-
age spikes appearing across the transis-
tors from exceeding the d.c. supply
voltage, and recirculate energy from the
load to the power supply. This makes
the inverter operation independent of
load power factor.

The small output filter provides the
additional benefit of reduced output
impedance and phase shift.

According to Richard J. Ravas, su-
pervisor of new semiconductor applica-
tions at Westinghouse Research Labora-
tories, 3-phase, 400-Hz sine-wave inver-
ters rated at several kilowatts can be
built. Increased system capacity can be
met by using multiple inverters operat-
ing in parallel. A

In staggered phase carrier cancellation, each of the four
carriers has same modulation but differs in time (phase).
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IC Frequency Dividers
(Continued from page 35)

adjacent to the pin numbers in Fig. 8
have a special significance. If the num-
ber is associated with an input terminal
it is called the “input load factor.” It the
number is associated with an output
terminal, it is called the “output drive
factor.” The input load factor is a meas-
ure of the input signal power required
to drive the device. The output drive
factor is a measure of the signal output
power available from the device. A
large load or drive factor implies a
low-impedance input or high power out-
put, as the case may be.

When one or more inputs are driven
from an output, the sum of the input
load factors of the driven devices must
not exceed the outpul drive factor of
the driving device. For example, one
9923 I'F (output drive factor = 10)
can be used to drive a 9900 buller
(input load factor = 6) in parallel with
a single 9914 gate (inpul load factor
= 3) with a little power to spare. The
high output drive factor of the 9900
bulfer as compared to the two other
elements supports the carlier statement
about its ability to deliver output cur-
rent.

On all three devices, V. is connected
to pin 8 and pin 4 is grounded (pin
4 is the power and signal return). The
recommended value of V., the supply
voltage, is +3.6 V d.c. =10%. All un-
used input pins should be grounded.

Unbultered JK FF’s are sensitive (o
capacitive loading. Capacitance from
pins 5 or 7 of the 9923 JK FI" to
ground should not exceed 100 pF total,
or 50 pI" at each of the two pins.

JK FI’s require that their S and C
input signuls be present for some mini-
mum time (called setup time) before
the arrival of a CP, and maintained for
some minimum time (called release
time) after the wrival of a CP. A setup
time of 50 nanoseconds and a release
time of 50 nanoseconds should be ade-
quate for the 9923 JK IF.

Propagation delay can be defined ap-
proximately as the time required for a
voltuge change at the input of the de-
vice o appear at the output of the de-
vice. The propagation delayv of the 9900
buffer is 32 nanoseconds; for the 9914
it is 20 nanoseconds tor a decreasing
output Jevel and 32 nanoseconds for an
mcreasing output level; and for the
9923 JK FI° it is 50 nanoseconds for
decreasing output level and 80 nano-
seconds for an increasing output level.
These propagation delays are taken
from the manufacturer’s data sheet.

Part 2 of this article will show ap-
plications of these IC “building blocks”

to practical divider and counter sys-
tems.

(Concluded Next Month)
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New Transistorized,

Portable Impedance Tester

-+ SENNHEISER

S e
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-~ LOOK! A NEW
ELECTRONICS
~ SLIDE RULE

with complete
instruction program

| Here’s a great new way to solve electronic
problems accurately. easily . . . a useful tool
for technicians, engineers, students, radio-TV
servicemen and hobbyists. The Cleveland
Institute Electronics Slide Rule is the only
rule designed specifically for the exacting
requirements of electronics computation. [t
comes complete with an illustrated Instruc-
tion Course. You get four AUTO-PRO-
GRAMMED lessons . . . each with a short
quiz you can send in for grading and con-
sultation by CIE's expert instructors.

SENNHEISER ELECTRONIC CORPORATION (N.Y.)

500 FIFTH AVENUE, NEW YORK, N.Y. 10036 - PHONE: 272 564-0433

PLANT: BISSENDORF/HANNOVER, WEST GERMANY
CIRCLE NO. 90 ON READER SERVICE CARD

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 Hez.
(Accuracy is * 5% at
1000 Hz.)

Consumer net price

517500

all kinds of reactance, resonance, inductance,
AC and DC circuitry problems in seconds . . .
become a whiz at conventional computations
too!

This all-metal 10" rule is made to our rigid
specs by Pickett, Inc. . .. comes complete with
top grain leather carrying case and Instruction
Course. A $50 value for less than $25. Send
coupon for FREE illustrated booklet and
FREE Pocket Electronics Data Guide, with-
out obligation. Cleveland Institute of Elec-

i tronics, 1776 E. 17th St., Dept. EW-158,

See foryourself. Learn howtowhip through  Cleveland, Ohio 44114. *TRADEMARK
l GET BOTH FREE! TCleveland Institute | |
l of Electronics |
| ELECTRONICS 1776 E. 17th St., Dept. EW-158, Cleveland, Ohio 44114 |
I A= " Send FREE Electronics Slide Rule Booklet. Special Bonus: Mail |
l ] promptly and get FREE Pocket Electronics Data Guide too! |
| |
i NAME : R . |
I (Pleass Print) I
} ADDRESS. _m COUNTY. |
| coupon |
| > [3) 3 ___STATE w__ |
| tOday A leader in Electronics Training...since 1934 i
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Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you'll be among the first to
go in a layoff.

But, if you supplement your experience with more
education in electronics, you can become a specialist.
You'll enjoy good income and excellent security. You
won't have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend on you? Going back to school isn’t easy
for a man with a job and family obligations.

CRE| Home Study Programs offer you a practical way
to get more education without going back to schoeol.
You study at home, at your own pace, on your own
schedule. And you study with the assurance that what
you learn can be applied on the job immediately to
make you worth more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Airmail postpaid
card for your copy. If card is detached, use coupon
below or write: CREI, Dept. 1112G, 3224 Slxteenth
Street, N.W. Washmgton D.C. 20010. =&

Founded 1927

) |

Accredied Member of the Nstiond! Hame Study Counctl

—F—— e ———_————— e — — —
CREI, Home Study Division
McGraw-Hill Book Company
Dept. 1112G, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010
Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.
NAME AGE
ADDRESS
CITY STATE ZIP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK O G.J.BILL
| am interested in O Electronic Engineering Technology
0J Space Electronics [ Nuclear Engineering Technology
0J industrial Electronics for Automation
O Computer Systems Technology

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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LIKE MUSIC
WITHOUT COMMERCIALS?

The SCA-2B Sub-Carrier Adapter makes it possible
for you to enjoy the background music transmitted
on a 67KHz sub-carrier on many FM stations.
(These programs cannot be heard on a FM set
without an adapter) In the US there are approxi-
mately 400 F)M stations authorized by the FCC to
transmit the 67KHz programs. If vou are within 50
miles of a city of 100,000 or more, it is probable
that you are within the satisfactory reception range
of one or more of these stations. If in doubt write
for a list of such stations in vour area.

2 i
B

o® 53,8 v 8

Patent Pending

Sub-Carrier Adapter, Model SCA-2B with two 36"
shielded cables. Price $39.95.

117 Volt AC Operated Power Supply, PS-9, Price
$4°95

4.95.
SCA-2B FEATURES
SIZE: 4” x 2%"” x 1%". ¢ Simple plug-in connec-
tions to your FM tuner/amplifier. (If your FM
tuner does not have a multiplex output jack, we
supply hook-up information). e No installation
adjustments e All silicon transistors e Operates
from our PS-9 Power Supply or 6 to 12 volts D.C.
One Year Factory Guarantee
For Custom Installations: Completely Wired SCA-2
PC card (size: 2%” x 3” x 3”) with installation
instructions  for $34.95. Also available SCA-2
installed in AC operated Panasonic 7-Transistor
AM-FM Radio Model R-E6137 $61.95.

Write for Dealer Quantity Discounts.
Cammercial use of these units is not advised. unless
the consent of the originating station is obtained.

Send order to KENZAC CO.
P.O. Box 177, Stamford, Conn. 06904
or KENZACG Co.
P.O. Box 66251, Houston, Tex. 77006

e OX TS0 TOuson, Jew i
_CIRCLE NO. 83 ON READER SERVICE CARD

MOST ADYANCED IGNITION
SYSTEM ON THE MARKET

JUDSON’S
ELEGTRONIC MAGNETO

Provides Better Perform-
ance. Reduces Fuel Con-
sumption. Increases Plug
and Point Life. Prevents High
Speed Miss and Plug Foul-
ing. You'll feel the differ-
ence right from the start.
The accepted
standard in
electronic
ignition,

COSTS ONLY

$4.950

EASILY
INSTALLED

For Free
Literature

RESEARCH & MFGE., CO.
CONSHOHOCKEM, PA. 18428

CIRCLE NO. 105 ON READER SERVICE CARD
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Multiplex Demodulator
(Continued from page 43)

peak (controlled by R20) becomes
sharply defined and is just slightly re-
moved from the oscillating condition.
The calculated values for R20 and C14
are 2800 ohms and 30C0 pF, respec-
tively: the final values will be close to
these. The time spent trimming R20
and C14 is worthwhile because noise
rejection is improved by optimizing the
“Q” of the filter amplifier. With proper
tuning, the gain from input to terminal
7 should be in the vicinitv of 60 dB
(A, 1000) and the “stereo on”
lamp, PL1, should be at full brilliance.

Fig. 3 (left) shows the waveforms at
pins 5 and 7 of the CA3035. Some un-

balance may occur in the outputs but
this will not affect performance. The
Darlington amplifier’s input and output
of the doubler diodes, are in Fig. 3
(right).

2 to 5 volts peak-to-peak at terminal
11. The output at terminal 11 should
be a fairly clean sine wave, as shown in
Fig. 4 (right). If necessary, sacrifice
amplitude for waveform purity. Fig. 4
(right) also shows the 19-kHz pilot
signal in its proper phase relationship
to the 38-kHz oscillator output.

At this point, a stereo signal should
be fed to the input and R12 should he
set to give a 1.5-volt peak-to-peak sig-
nal at pin 7 of the CA3035. Readjust
R20 for a peak at terminal 7 and re-
check the Lissajous figure between
pilot and oscillator, readjusting R32
if necessary to complete the align-
ment. Threshold control R12 should be
adjusted until the stereg lamp is at full
brightness.

Table 1 gives voltage readings at all
IC terminals under no-signal and limit-
ing-signal conditions. Voltages were
measured with a Cubic V-71 digital
voltmeter at 1l-megohins input impe-
dance.

The 38-kHz oscillator is best ad- A parts list is included with Fig. 2
| CA3018 CA3035 CA3001
Termi- | |
nal No. No Sig. Limited Sig. No Sig. Limited Sig. | No Sig. Limited Sig.
1 | 00 0.0 1.2 1.2 5.2 52
2 | NC NC 0.0 0.0 ‘ 5.2 52
3 6.8 6.8 1.8 1.8 0.0 0.0
4 6.0 6.0 0.71 0.71 0.0 00
5 11.5 11.5 5.1 4.0 ‘ NC NG
6 0.8 0.7 0.75 0.74 5.4 52
7 0.1 0.1 3.5 3.5 NC NC
8 0.5 44 0.0 0.0 6.7 8.5
9 0.0 0.0 9.1 9.2 11.5 115
10 0.0 0.0 0.0 0.0 | 00 0.0
11 15.1 1.1 [ 10.0 82
12 15.1 1.1 | NC NC

Table 1. IC tarminal voltages at no and limited signal conditions.

justed by observing the Lissajous figure
formed by the 19-kHz pilot signal anc
the 38-klz oscillator signal at terminals
7 of the CA3035 and 11 of the CA-
3001. Fig. 4 (left) indicates the proper
frequency and phase relationship (the
38-kI1z signal is connectad to the verti-
cal axis and the 19-kHz is tied to the
horizontal axis). R32 is adjusted to ob-
tain the pattern in Fig. 4. R31 will
affect the amplitude of the 38-kHz os-
cillator and may be selected to provide

Fig. 4. Llissajous pattern ({left)

\
\
i
i
£
f

A

for those who wish to build their own
demodulator. The circuit lavout is not
critical; however, care should be exer-
cised in the area of the 19-kHz selec-
tive amplifier. Resistors should be 3%
tolerance and C16, C17, C21, and C23
should be high quality capacitors,
such as dipped mica. Where particular
manufacturers are specified in the parts
list, these components have heen se-
lected basically on a cost per item ba-

S1S. A

shows the frequency and phase

relationship between 19-kHz pilot and 38-kHz oscillator signals.
(Right) 38-kHz sine wave is superimposed on the 19-kHz signal.
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HiFi/Stereo Review [MopeL 2n | Now. - G ET THE Fl N EST
STEREOD TEST

R EcoR D ever produced
for just e+« 9 9. 98

Featuring The Most Spectacular Music
Demonstration On Disc Today

Avallable NOW UNIQUE FEATURES OF HiFi/STEREQ REVIEW'S

MODEL 211 STEREO TEST RECORD

Although there are many stereo test records on the mar-

ket today, most critical checks on existing test records « Warble tones to minimize the distorting effects of room acoustics
have to be made with expensive test equipment. when making frequency.response checks.

Realizing this, HiFi STEREO REVIEW decided to produce « White-noise signals to allow the stereo channels to be matched in
a record that allows you to check your stereo rig, ac- level and in tonal characteristics

curately and completely, just by listening! A record that Evet ap . A . : ) o )
would be precise enough for technicians to use in the « Four specially designed tests to check distortion in stereo cartridges.
laboratory—and versatile enough for you to use in your « Open-air recording of moving snare drums to minimize reverberation

home. i’
hen checking stereo spread.
The result: the HiFi STEREC REVIEW Model 211 Stereo i g :

Test Record!

Stereo Checks That Can Be
Made With the Model 211 ~ITests CanBe Made Bykar

to all of the questions you have about your stereo system. It's the most complete test

Frequency response—a direct check of eighteen record of its kind—contains the wides: range of check-points ever included on one test
/ sections of the frequency spectrum, from 20 to disc! And you need no expensive test equipment. All checks can be made by ear!
20,000 cps. Note fo professionals: The Model 211 can be used as a highly efficient design and

. . - measurement tool. Recorded levels, frequencies, efc. have been controiled to very close
PICkUp tra(:kmg_the most sensitive tests ever tolerances—affording accurate numerical evaluation when used with fest instruments.

available to the amateur for checking cartridge,

stylus, and tone arm. DON'T MISS OUT—ORDER NOW

Hum and rumble—foolproof tests that help you T e L U . A —

lua : e Mode ereo Test Record is a disc at has set the new standard for stereo tes
Eva U.te the acttual audible levels of rumble and recording. There is an overwhelming demand for this record and orders will be filled
um In your system. by POPULAR ELECTRONICS promptly upon receipt. At the low price of $4.98, this is a value
Flutter—a test to check whether your turntable’s You won’'t want to miss. Make sure you fill in and mail the coupon together with your

flutter is low, moderate, or high. check ($4.98 per record) today.

U S

Channel balance — two white-noise signals that !

allow you to match your system’s stereo channels FILL IN AND MAIL TODAY
for tevel and tonal characteristics. “Stereo Tesl Record ~~ T TTTTTTTomTToomososmoosemoes 1
Separation—an ingenious means of checking the IPFe(;.eoBg:sgl lgcord i
stergo separation at seven'different pa_rts of the iChurch St. Station, New York, N.Y. 10008 b
musical spectrum—from mid-bass to high treble. ! Please send ____ test records at $4.98 each, postpaid. |
Stereo Spread EMy check (or money order) for $____ s enclosed. |
| (Outside U.S.A. please send $7.00 per record ordered.) N. Y. State 1
ALSO Speaker Phasing : residents please add local sales tax. :
]
Channel ldentification ; Name '
; (PLEASE PRINT) |

i

PLUS SUPER FIDELITY MUSIC! Address el
The non-test side of this record consists of music re- ! cit i
corded directly on the master disc, without going through ] y ,
the usual tape process. It's a superb demonstration of ! State Zip Code !
flawless recording technique. A demonstration that will ! :
amaze and entertain you and your friends. i PAYMENT MUST BE ENCLOSED WITH ORDER :
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WAVE FORM ANALYSIS
& PEAK FM MODULATION

all for LESS MONEY!

The Lompkin 205A FM Modulation Meter
accurately indicates PEAK modulation on
mobile transmitters. To shoot trouble
visually, use your own general-purpose
oscilloscope at the 205A rear jack out-
put. This makes a low-cost, highly effec
tive test combo — and a well-rounded
shop — all for less money.

Lampkin pioneered the PEAK voltmeter
for FM modulation indication.

Like to see
coupon today!

the complete specs? Mail

Use this coupon for FREE booklet *‘How
To Make Money in Mobile-Radic Main-
tenance’”’ and information on Lampkin
meters,

Name .
Address _ —_— = =

City __State Zip—

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

R e

6 transistor high fidelity power ampli-
fier.

The latest in high fidelity circuitry.
Power output.

5 watts at 8 ohm spk. load.

Frequency response 20 to 25000 cps.
Two input channels.

High impedance 250k and low imped-
ance-

Input sensitivity.

High impedance—.25 velt for full out-
put.

Low impedance—.5 volt for full output.
DC operating voltage.

12 volt DC.

DC operating current.

10 ma. idle. 500 ma. for full output.
Size.

4 x 4 x 1 inches.

$12 send check or money order. Satis-
faction guaranteed.

SPECTRUM PRODUCTS P.0. BOX 2562

CULVER CITY, CALIFORNIA. 90230
CIRCLE NO. 85 ON READER SERVICE CARD
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- TV SWEEP WAVEFORM QUIZ

‘ By ROBERT P. BALIN

‘ (Answer on page 90)

‘ HEN the horizontal and vertical

saw-tooth-shaped sweep wave-
| forms in a TV set become distorted. so
does the picture on the screen. Under-
standing the relationship between the
two can help you determine where to
look for au possible cause of the dis-
tortion: non-linearity at the bottom of
the screen is usually due to trouble in
the vertical height control circuit and
the vertical oscillator tube; distortion
at the top of the screen usually means
difficulties with the vertical linearity
control circuit and the vertical output
tube; distortion on the left-hand side
of the screen often means faulty op-
eration in the damper and the hori-
zontal linearity control circuit; and
distortion on the right-hand side is

the horizontal output +ube circuit.

To test your skill at finding the re-
lationship between sweep and screen,
try to match the distorted sweep-cur-
rent waveforms (A through J) with
the resulting appearance of the test
pattern circles (1 through 10) on the
screen.

The waveforms can represent either
a horizontal or vertical saw-tooth and
are drawn so that the lower left-hand
portion of the saw-tooth places the
beam at the top or left side of the
screen, and the upper right-hand por-
tion of the saw-tooth places the beam
at the bottom or right side of the
screen. Retrace lines are not visible
on the screen. The normal appearance
of the waveform is shown by the

generally due to problems located in  dashed lines. A
A -
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“FEEDBACK AMPLIFIERS AND OSCILLATORS” By Robert E.
Sentz & Robert A. Bartkowiak. Published by Holi, Rinehart
and Winston, Inc., New York. 213 pages. Price $3.95. Soft
cover.

This volume is directed to students at technical institutes
or junior and community colleges. Prerequisite are a
course in ac. and d.e. circuits, an understanding of basic
clectron devices, the methods of interstage coupling, and
a working knowledge of algebra and trigonometry.

With this much background, the student can then tackle
the fundamental types of feedback; single-stage feedback
amplifiers; stability, phase shift, and frequency response;
the simple oscillatory circuit and four-terminal LC oscilla-
tors; crystal oscillators; negative-resistance oscillators, RC
phase-shift oscillators; and w.h.f. and microwave oscillators.

The authors” style is simple and informal and there is no
reason why this book couldn’t be used as a home-study text.
Answers are provided for the odd-numbered problems ap-
pended to each chapter so the student studying on his
own can check his progress.

* * *
“HANDBOOK OF OSCILLOSCOPES: THEORY AND APPLICA-
TION” by John D. Lenk. Published by Prentice-ITall, Inc.,
Englewood Cliffs. N.J. 209 pages. Price $7.95.

This thoroughly practical handbook of oscilloscope usage
should be of interest to service and lab technicians as well
as students and engineers. It is designed to bridge the
gap between the manufacturer’s operating instructions for
his particular scope and its final application to the circuit.

This volume makes it possible for any scope user to get
the maximum value from his instrument. The first four
chapters deal with the scope itself and cover basics,
operating controls, specifications and performance, probes
and accessories. Even those familiar with scopes will find
this material a good “review.” The balance of the book
treats the specific applications for scopes: operating pro-
cedures and recording methods; measuring voltage and cur-
rent; measuring time, frequency, and phase; using scopes
with sweep generators; checking individual components;
checking amplifiers and wnplifier circuits; and checking com-
munications equipment, industrial equipment, and TV.

* * *

“TRANSISTOR CIRCUIT ACTION‘ by Heury C. Veatch. Pub-
lished by McCGraw-11ill Book Co., New York. 306 pages. Price
$6.953.

This book is designed to meet the needs of service tech-
nicians, students at technical institutes, in adult education
courses, and those studying on their own. The treatment
is non-mathematical, clear, and concise. All projects dis-
cussed by the author are designed to be built by the student
and checked with just a v.o.m. or service scope.

The text is divided into 16 chapters covering semicon-
ductor materials; the p-n junction diode; the junction tran-
sistor; characteristic curves; transistor circuits; common-
emitter, common-collector, common-base circuits; d.c. analy-
sis method; graphical analysis; temperature characteristics;
analysis of linear circuit; linear-circuit examples; transistor
oscillators; power supplies; and transistor types. Each chap-
ter has questions and problems appended, answers for
which are given for the odd numbered items. A glossary
and bibliography complete the volume. The text is informal-
ly written and well illustrated. It should have wide appeal
for those wanting to know more about transistor circuits
but without the engineering background required for tack-
ling the more advanced texts.

* ¥* *
“ELECTRONIC DEVICES AND CIRCUITS"* by G.]J. Pridham. Pub-
lished by Pergamon Press Inc., 44-01 21st Street, Long Island
City, N.Y. 11101. 340 pages. Price $7.00. Soft cover edition
$5.00.

This is the first vohune of a projected three-volume edi-
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tion designed for professional and technician engineers
working on the various degree and certificate courses in
Great Britain.

After an introduction and listing of symbols used in the
text, the author covers network theory, passive components,
basic physical theory, diodes, triodes and transistors, rectifi-
cation and power supplies, amplifying circuits, oscillators,
and electronic instruments. The treatinent is mathematically
rigorous and those without the necessary trigonometry and
advanced algebra will find this hard going. The text is well
illustrated and each chapter has test questions appended for
classroom assignment or self-checking. Answers to the nu-
merical examples are included.

* # *

“UNDERSTANDING ELECTRONIC ORGANS by Thomas Jaski.
Published by Hayden Book Company, Inc., New York. 201
pages. Price $4.95. Soft cover.

This volume is intended as a “why” and “how” of electron-
ic organs in general rather than a detailed catalogue of cir-
cuits and features of specific organ models.

The book is divided into ten chapters covering sound and
music; pipes, waveforms, and scales; elements of organ
classification; organ characteristics and tone generators; spe-
cial tone generators—filters and formants; tremolo, vibrato,
and special-effects circuits; tone changers, amplifiers, and
power supplies; mechanical details; organ accessories and
accessory instruments; and purchasing an organ and making
simple repairs.

While the author has addressed his remarks to the owner
and user of an electronic organ, some of the chapters require
a technical and mathematical background for complete un-
derstanding. Probably those who will get the most from this
book are musically inclined technicians and electronics hob-
byists familiar with transistor circuitry. The text is lavishly
illustrated with charts, graphs, partial schematics, and pho-
tographs of commercial organs. Those working with organs
and those with some technical know-how will find this little
volume worthwhile.

* * *
“AMPLIFYING DEVICES AND LOW-PASS AMPLIFIER DESIGN"
by EMM. Cherry & D.E. Hooper. Published by John Wiley &
Sons, Inc., New York. 1015 pages. Price $29.93.

It is the authors’ contention that too many students in
engineering courses lack the all-important practical expe-
rience in designing circuits that are physically realizable—
not theoretically possible,

To make up for this lack in their formal education, the
authors have selected the design of low-pass amplifiers for
rigorous treatment—because amplifiers are used in virtually
all electronic equipment. Written principally for students in
engineering courses, the book is divided into two main parts.
Part 1 is intended as a first course in electronic circuits while
Part 2 is intended as a second course. By the end of the sec-
ond course the student is prepared to design a practical,
workable circuit.

As is the case with textbooks designed for students in
engineering faculties the treatment is mathematical. Practic-
ing engineers who wish to sharpen their design techniques
will find this volume helpful. Others without the requisite
mathematical skills are hereby warned. A
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NEW HEATHKIT IM-18 VTVM

The new IM-18 is a direct decendent of the world's most popular VIVM — the
Heathkit IM-11, and continues the features that made the IM-11 famous . . . 7 AC
and 7 DC voltagu ranges that measure from 0-1500 volts full scale . . . 7 ohms ranges
for resistance measurements from 0.1 ohm to 1000 megohms . . . smgk probe con-
venience that ends tangled leads & cnables you to change from AC to DC/Ohms
measurements with a flip of the switch on the probe . . . the light circuit loading of
[1 megohm input impedance ... +1 dB 25 Hz to 1 MHZ response . . . precision 1%
resistors . . . DC polarity reversing position on the function switch . . . measurement
capability for RMS and Peak-To-Peak AC voltages and dB . . . precision 41”7, 200
uA meter for extra sensitivity. In addition, the new IM-18 mcludu wiring options
for 120V. or 240 VAC opcration and a three-wire line cord for added safety. 51bs.

NEW HEATHKIT IM-28 “Service Bench” VTVM

The new Heathkit IM-28 bears the proud tradition of the IM-13, and it has the same
performance specifications as the new IM-18 above — an unbeatable combination!
But it also has a number of features that put it in a class by itself, like a large 6” meter
with casy-to-read markings . . . extra 1.5 and S volt AC ranges for additional accuracy

. a secure gimbal mountlnz> that allows you to put the IM-28 above, below or in
front of your most convenient mounting surface . . . “‘Set and Forget" calibration —
all calibration controls are screwdriver adjustable from the front panel to eliminate
disassembly . . . smooth ten-turn vernier control of Zero and Ohms Adjust for greater
accuracy and casier setting . . . dual primary transformer for 120/240 VAC opuranon

. safe 3-wire line cord as \\ell The new look of Heathkit instrument styling is
cvident too — handsome beige & brown color scheme, and new knobs that are casy
to turn and fast to read. 7 lbs.

NEW HEATHKIT IM-38 Laboratory AC VTVM

For all around general service work, audio design and trouble-shooting or laboratory
analysis, you couldn’t find a better value than the new Heathkit IM-38 AC VTVM.
Here’s why — 10 voltage ranges measure from 0.01 to 300 volts RMS full scale . . .
an extended frequency response of 10 Hz to 500 kHz at =1 dB ... 10 megohm input
on all ranges for higher accuracy and minimal circuit loading . . . wide dB range:
—12 to +2 on the meter and ten switch-selected ranges from —40 to +50 in 10 dB
steps . .. VU-type ballistic meter damping . . . amplifier filament voltage transformer
winding that's balanced to ground for low AC noise . . . 120/240 AC wiring options
and new Heathkit styling in sharp beige & brown with an casy-to-grasp, casy-to-read
knob. Heathkit engincering has made assembly casy and performance tops. 5 Ibs.

HEATHKIT IM-17 Solid-State Volt-Ohm Meter

Another very popular volt-ohmmeter from Heathkit engineering and it’s casy to sce
why — all solid-state circuitry . . . high impedance FET input, 11 megohms on DC,
[ megohmon AC ... 4 AC voltage ranges . . . 4 DC voltage ranges . . . 4 ohm ranges
4% 200 uA mecter . .. 3 built-in test lkeads . . . DC polarity reversing switch . . .
zero-adjust & ohms-adjust controls . . . continuous 12-position function switch. And
that’s not all — the IM-17 is battery powered for complete portability and comes in a
rugged polypropylene case with built-in handle. Simple circuit board assembly. 4 Ibs.

HEATHKIT IT-18 In-Circuit Transistor Tester

In-Circuit transistor testers don’t have to be expensive, and the IT-13 is. proof of that

. tests DC Beta 2-1000, in or out-of-circuit . . . leakage Icbo and Iceo current 0-5000
uA out-of-circuit . . . identifies NPN or PNP devices . . . tests diodes ia or out-of-circuit
for opens & shorts . . . identifies unknown diode leads . . . matches PNP & NPN
transistors. The IT-18 is completely portable — runs on just one “D” cell. Easy to
use too . . . rugged polypropylenc case, attached 37 test leads, big 42”7 200 uA meter,
all front panel controls, 10-turn calibrate control. 4 Ibs.

HEATHKIT IP-18 1-15 VDC Power Supply

If you work with transistors, this is the power supply for you. All salid-state circuitry
provides 1-15 VDC at up to 500 mA continuous. Featurcs adjustable current limiting,
voltage regulation, floating output for cither + or — ground, AC or DC programming,
circuit board construction, and small, compact size. 110 or 220 VAC. 5 Ibs.

HEATHKIT 1G-57 Solid-State Post Marker/Sweep Generator

The new 1G-57 plus a ’scope is all you need . . . no external sweep gencrator re-
quired. Switch selection of any of 15 crystal-controlled marker frequencies (you can
view up to six different frequencies on one ’scope trace). Select the sweep range and
you are ready to instantly see the results of any changes you make. Four markers
for setting color bandpass, one for TV sound, cight at IF frequencies between 39.75
& 47.25 MHz plus picture and sound carrier markers for channels 4 & 10. Three
sweep oscillators produce the 5 most-used ranges . . . color bandpass, FM IF, color
& B&W IF and VHF channels 4 & 10. Save hundreds of dollars and put full align-
ment facilities in your shop too — order vour 1G-57 now. 14 Ibs Kit IG-14, same
as 1G-57 w/o the sweep, 11 Ibs., $99.95.

HEATHKIT 10-18 Wide-Band 5” ‘Scope

The New Heathkit TO-18 is destined to be the world’s most popular 'scope, just as
its predecessor, the 10-12 was. Features 5 MHz bandwidth, the famous Heath patented
sweep circuit — 10 Hz to 500 kHz in 5 ranges, two extra sweep positions which can
be preset to often-used rates, frequency compensated vertical attenuation, built-in
P-P calibration reference, Z-axis input, retrace blanking, wiring options for 120 or
240 VAC opecration and new Heathkit styling in beige and brown. 24 lbs.

ELECTRONICS WORLD



Wish Your Family Merry Christmas This Year
With A New Heathkit Color TV ... A Better
Buy Than Ever With New Lower Prices

NEW Deluxe Color TV With Automatic 't GR-681
Fine-Tuning—Model GR-681 $49 095 cabiner)

The new Heathkit GR-681 is the most advanced color TV on the market. A strong
claim, but casy to prove. Comparc the “6817 against every other TV — there
isn't one available for any price that has all these features. Automatic Fine Tuning
on all 83 channels . . . just push a button and the factory assembled solid-state
circuit takes over to automatically tune the best color picture in the industry.
Push another front-panct button and the VHF channel sclector rotates until you
reach the desired station, automatically. Built-in cable-type remote control that
allows you to turn the “681" on and oftf and change VHF channels without
moving from your chair. Or add the optional GRA-681-6 Wircless Remote
Control described below. A bridge-type low voltage power supply for superior
regulation; high & low AC taps are provided to insure that the picture trans-
mitted exactly fits the “681" screen. Automatic degaussing, 2-speed transistor
UHF tuner, hi-fi sound output, two VHF antenna inputs . . . plus the built-in
sclf-servicing aids that are standard on all Heathkit color TV’s but can’t be
bought on any other sct for any price . . . plus all the features of the famous 295"
below. Compare the 681" against the others . . . and be convinced.
GRA-295-4, Mediterranean cabinet shown. . ................$119.50
Other cabinets from $62.95

now only

Deluxe “295" Color TV...Model GR-295 $44995

(less cabinet)
Big, Bold, Beautiful . . . and packed with features. Top quality American brand
color tube with 295 sq. in. viewing area . . . new improved phosphors and low
voltage supply with boosted B+ for brighter, livelier color . . . automatic de-
gaussing . . . exclusive Heath Magna-Shiceld . . . Automatic Color Control &
Automatic Gain Control for color purity, and flutter-free pictures under all
conditions . . . preassembled IF strip with 3 stages instead of the usual two ...
deluxe VHF tuner with “memory” fine tuning . . . three-way installation — wall,
custom or any of the beautiful Heath factory assembled cabinets. Add to that
the unique Heathkit sclf-servicing features like the built-in dot gencrator and
full color photos in the comprehensive manual that let you set-up, converge and
maintain the best color picture at all times, and can save you up to $200 over the
lifc of your set in scrvice calls. For the best color picture around, order your
295" now.
GRA-295-1, Walnut cabinet shown. ............. ... ... ..., $62.95
Other cabinets from $99.95

now only

Deluxe “227" Color TV...Model GR-227 $39995

(less cabinet)
Has same high performance features and built-in servicing facilities as the
GR-295, except for 227 sq. inch viewing arca. The vertical swing-out chassis
makus for fast, casy servicing and installation. The dynamic convergence control
board can be placed so that it is casily accessible anytime you wish to “touch-up™
the picture.
GRA-227-1, Walnut cabinet shown....................ooan. $59.95
Mediterranean style also available at $99.50

now only

Deluxe “180" Color TV...Model GR-180 $34995

{less cabinet)

Same high performance features and exclusive self-servicing facilities as the
GR-295 cxcept for 180 sq. inch viewing arca. Feature for feature the Heathkit
*“180" is your best buy in deluxe color TV viewing . . . tubes alone list for over
$245. For extra savings, extra beauty and convenience, add the table model
cabinet and mobile cart.

GRS-180-5, table model cabinetand cart . . ................... $39.95
Other cabinets from $24.95

Now, Wireless Remote Control For Heathkit Color TV's

Control your Heathkit Color TV from your casy chair, turn it on and off,
change VHF channels, volume, color and tint, all by sonic remote control. No
cables cluttering the room . . . the handheld transmitter is all electronic, powered
by a small 9 v. battery, housed in a small, smartly styled beige plastic case. The
receiver contains an integrated circuit and a meter for adjustment case. Installa-
tion is casy even in older Heathkit ¢olor TV's thanks to c¢ircuit board wiring
harness construction. For greater TV enjoyment, order yours now.

kit GRA-681-6, 7 Ibs., for Heathkit GR-681 Color TV's........$59.95
kit GRA-295-6, 9 |bs., for Heathkit GR-295 & GR-25 TV's . .... $69.95
kit GRA-227-6, 9 |bs., for Heathkit GR-227 & GR-180 TV's....$69.95

Now There Are 4 Heathkit Color TV's . ..
All With 2-Year Picture Tube. Warranty

kit GR-295

New Wireless
TV Remote Control
For GR-295, GR-227
& GR-180

6995

. New Wireless
TV Remote Control
For GR-681 -

5gos
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Tkere's A Just Right" Heathkit

kit AR-15

33955

NEW «it ap-27

"169°

s e

NEW kit AD-17

10995

NEW kit AS-18

Wired ARW-15-

5250

EW kit AA-15

169°

NEW HEATHKIT AD-27 FM Stereo Component-Compact

This new Heathkit AD-27 stereo compact has features not found in other units
costing twice as much for one very simple reason. It wasn't engincered to meet
the usual level of compact performance. Instead, Heath took one of its standard
stereo/hi-fi reccivers, the AR-14, and re-arranged it physically to fit a compact
configuration. The result is performance that is truly high fidelity without com-
promise, It features 31 transistor, 10 diode circuitry with 15 watts per channel
l¥namic music power (enough to let you choose most any speaker system you
prefer), full-range tone controls, less than 177 distortion, and 12 to 60,000 Hz
response. The pre-assembled FM stereo tuner section with 4-stage IF offers
5 uV sensitvity, excellent selectivity, AFC, and the smoothest inertia tuning.
The BSR McDonald 500" turntable offers features usually found only in more
CXPensIve units like low mass tubular aluminum tone arm, anti-skate control,
cueing and pause control, ptus a Shure magnetic cartridge with diamond stylus.
It's all housed in a smart oiled walnut cabinet with sliding tambour door that
disappears inside the cabinet. For value and performance choose the AD-27,
the new leader in stereo compacts. Shpg. wit. 41 Ibs.

NEW HEATHKIT AD-17 Budget-Priced Component-Compact

Heath engineers took the sterco amplifier from the AD-27 above, matched it
with the top rated BSR McDonald 400 Automatic Turntable aird put both of
these able performers in an attractive walnut cabinet. The result is the high
performance, low cost AD-17. The all solid-state circuit delivers 15 watts music
power per channel more than cnough to drive any reasonably efficient system.
Wide response of 12 Hz to 60 kHz =t dB and harmonic & IM distortion both
less than 177 at full output are your guarantee of clean, full range sound. Stereo
headphone jack, filtered tape outputs and Tuner & Auxiliary jnputs too. The
BSR McDonald 400 Automatic Turntable features a cueing and pause control,
adjustable stylus pressure, variable anti-skate control and manual or automatic
operation on all four speeds. Comwes complete with a famous Shure magnetic
cartridge. The Heathkit manual makes it casy to build . . . the somnd makes it a
pleasure to own. Order yours now. 27 lbs,.

NEW HEATHKIT AS-18 Miniature Acoustic Suspension System
The new AS-18 features famous high quality Electro-Voice® spcakers — 6”
woofer and a 2% tweeter. The wide frequency response of 60 Hz to 20 kHz and
the clear, natural sound of these miniature systems will really amaze you. They're
the ideal performance mates to the Component Compacts above and are espe-
cially suited for apartments, mobile homes, offices, etc. — anywhere that you
need superior sterco sound from a small space. Handles up to 25 watts program
material and has a high frequency balance control so you can adjust the sound
to your liking. Order 2 for superb sterco now. 16 1bs.

HEATHKIT AR-15 Deluxe Stereo Receiver

The World’s Most Sophisticated, Mest Praised Sterco Recciver. And here are
just a few of the reasons why leading audio critics and testing organizations, as
well as thousands of owners rate the AR-15 as THE sterco receiver. The all
solid-state circuit with 69 transistors, 43 diodes and two integratad circuits has
many new design concepts to deliver superior performance. The amplifier section
has 150 watts of music power . . . 75 watts per channel. Harmonic and IM dis-
tortion are both less than 0.5%,. The special design FET FM tuner boasts sen-
sitivity of 1.8 uV, selectivity of 70 dB and harmonic & IM distortion both less
than 0.5%. The Crystal Filters provide an ideally shaped bandpass and are a
Heath first in the high fidelity industry. You'll hear stations you didn't even
know existed in your arca, and the Noise-Operated Squelch, Adjustable Phase
Control, Sterco-Only Switch, Sterco Threshold Control and FM Sterco Noise
Filter Switch will Iet you hear them in the clearest, most natural way. Other
features include two frout panel sterco headphone jacks, positive circuit pro-
tection, loudness switch, speaker switch, front pancel input level controls, recessed
outputs, two external FM antenna connectors and one for AM, Tone Flat
control, clectronically filtered power supply and “*Black Magic’ panel lighting.
Seven circuit boards and three wiring harnesses simplify assembly and you can
mount your completed AR-15 in a wall, your own cabinet or the Heath assem-
bled walnut cabinet. For the ultimate in a stereo receiver, order your AR-15
now. 34 Ibs. *Optional walnut cabinet AE-16, $24.95.

HEATHKIT AJ-15 Deluxe Stereo Tuner

For the mian who alrcady owns a fine sterco amplifier, Heath now offers the
superb FM sterco tuner section of the AR-15 receiver as a separate unit. The new
AJ-15 FM Sterco Tuner has the exclusive FET FM tuner for remarkable sen-
sitivity, exclusive Crystal Filters in the IF strip for perfect response curve and no
alignment; Integrated Circuits in the IF for high gain, best limiting; Noise-
Operated Squelch; Stereo-Threshold Switch; Sterco-Only Switch; Adjustable
Multiplex Phase, two Tuning Meters; two Stereo Phone jacks; “Black Magic”
panel lighting. 18 1bs. *Walnut cabinet AE-18, $19.95.

HEATHKIT AA-15 Deluxe Stereo Amplifier

For the man who already owns a fine sterco tuner, Heath now offers the famous
amplifier section of the AR-I5 receiver separately. The new AA-15 Stcreo
Amplificr has the same superb features: 150 watts Music Power; Ultra-Low
Harmonic & IM Distortion (less than 0.5% at full output); Ultra-Wide Fre-
quency Response (1 dB, 8 to 40,000 Hz at 1 watty: Front Panel Input Level
Controls; Transformerless Amplifier; Capacitor Coupled Outputs; All-Silicon
Transistor Circuit: Positive Circuit Protection. 26 Ibs. *Walnut cabinet AE-18,
$19.95,

ELECTRONICS WORLD



Gift For Everyone On Your List

Heathkit MI-18 Solid-State Tachometer

The Professional Tach. That's the new Heathkit MI-18. In Design: breaker point,
“tach™ tead or unique inductive pickup connection; use it with any spark-type
engine and any ignition system, 2 cycle 1-6 cyl. engines or 4 cycle, 2-8 cyl.
engines . . . all electronics arce in the tach itself. In Performance: 0-6000 & 0-9000
RPM ranges . . . 250° cdge-lighted dial . . . temperature-compensated, +47]
accuracy from 0° —120° . . . adjustable red line pointer . . . 10.5 to 17.5 VDC
operation. In Styling: stainless steel hardware, splash-proof black & chrome
case and scratch-proof glass face for usc in rugged conditions. The MI-18-1
mounts in your dash — requircs only a 3'%4” hole & 2'4” depth. The MI-18-2
comes with mounting case & hardware. Put a Professional Tach in your car, boat,
dune-buggy, or bike now — the Heathkit MI-18! Shpg. wt. 3 Ibs.

Heathkit GR-17 Solid-State AM-FM Portable Radio

Here’s performance the others can'’t match. The new Heathkit GR-17 portable
has a 12 transistor, 7 diode circuit with the same front end as used in Heathkit
hi-fi tuners. AM or FM at the flick of a switch and what reception! Big 27
ferrite rod antenna, three tuned transformers and amplified AGC pull in more
AM stations. The FM section features a collapsible 34” whip antenna, three IF
stages and 5 uV sensitivity for reception over greater distances than you would
expect from a portable. The 47 x 6” speaker and an audio output of 350 mW pro-
vides clean sound and the GR-17 will keep you entertained for up to 300 hours
on a single set of batteries. For the greatest sound everywhere, get your GR-17
today. 5 lbs.

NEW HEATHKIT HW-100 SSB-CW 5-Band Receiver

The new Heathkit HW-100 has all the features and performance of the com-
petition at a money saving kit price. And here’s what it delivers: the receiver
portion has sensitivity of less than 0.5 uV for a 10 dB S +N/N ratio for SSB.
Crystal filter selectivity is 2.1 kHz at 6 dB down, 7 kHz at 60 dB down. Image &
IF rejection are better than 50 dB. The transmitter has a 180 watt input on either
USB or LSB and 170 watts on CW. It operates PTT or VOX on SSB and break-
in CW work is provided by operating VOX from a keyed tone, using grid-block
keying. Outstanding frequency stability — less than 100 Hz per hour drift after
30 minute warmup . . . less than 100 Hz variation under a 10% linc voltage
variation. The HW-100 is a really loaded rig — solid-state (FET) VFO . . . 80-10
meter coverage . . . patented Harmonic Drive™ dial mechanism . . . built-in
100 kHz calibrator . . . TALC and much more. Put this hot rig in your shack —
order your HW-100 today. 22 lbs.

HEATHKIT GR-104A Solid-State Portable B&W TV

The perfect portable . . . that's the GR-104. Small and light enough to carry
from room to room . . . rugged enough to take it . . . and the picture is the
sharpest, most realistic you've ever seen, thanks to Heathkit total engineering.
74 sq. in. viewing arca . . . all solid-state circuit for extra reliability and perform-
ance . . . covers all VHF and UHF channels, 2-83 . . . 2-speed UHF tuning . ..
“memory” VHF fine tuning . . . 3-stage IF for maximum gain with controlled
bandwidth . . . gated AGC for steady, jitter-free pictures . . . transformer
regulated power supply . . . circuit breaker protection . . . one-piece swing out
chassis for easy assembly and servicing . . . runs on house current or battery
power with the optional GRA-104-1 rechargeable battery pack. 27 Ibs.

GRA-104-1,01bS. . . ..t e i $39.95

HEATHKIT GD-325C Low Cost Solid-State Organ

This money-saving kit form of the popular Thomas *“‘Artiste” Organ can have
you playing songs after just 50 hours of interesting, enjoyable assembly, thanks
to the clear, easy-to-follow Heathkit manual and exclusive Thomas Color-Glo
teaching method. Features 10 truc organ voices . . . variable repeat percussion
... 13 note heel and toe bass pedals . . . 2 overhanging 37 note keyboards, range
C2 thru Cs5 each . . . 75 watt peak music power amplifier . . . 12” full response
speaker . . . Vibrato . . . manual balance control . . . and the solid-state plug-in
tone generators — the heart of the organ, are guaranteed for 5 years. Assembled
walnut-finish cabinet included. Discover the fun and enjoyment of live music
in your home . . . order your Heathkit/Thomas organ today. 172 Ibs.

HEATHIIT 1989

NEW

In Canada, Daystrom Ltd.

HEATH COMPANY, Dept. 15-12
Benton Harbor, Michigan 49022

NEW kit mi-18-1
$2Q85 fanel,
NEW «it mi1-18-2

*3295

NEW «it GR-17

4395

NEW kit HW-100

2400

kit GR-104A

11995

I

kit 6D-325C

$4399% :: f

| !
| I
FREE 1969 CATALOG! | O Enclosedis’$ plus shipping. ]
Now with more kits, more color. | Please send model (s) __ |
Fully describes these along with I O Please send FREE Heathkit Catalog.
over 300 kits for stereo/hi-fi, [ Please send Credit Application. l
color TV, electronic organs, elec- I Name |
tric guitar & amplifier, amateur |
radio, marine, educational, €8, Address l
home & hobby. Mail coupon or | l
write Heath Company, Benton : | City State Zip
Harbor, Michigan 49022. R Prices & specifizations subject to change without notice Cl-345 ‘
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Scott’s new LR-88 receiver takes the

| %82 KA

out of kit building

Ladies and children needn't leave the room when you build Scott's new L R-88
AM/FM stereo receiver kit. Full-color, full-size assembly drawings guide
vou through every stage . . . wires are color-coded, pre-cut, pre-stripped
and critical sections are completely wired and tested at the factory.

«n about 30 goof-proot hours, you'll have completed one great receiver.
‘The LR-88 includes FET front end, Integrated Circuit IF strip, and all the
goodies that would cost you over a hundred dollars more if Scott did

all the assembling.

Performance? Just check the specs below . . . and write to Scott for your
copy of the detailed LR-88 story.

LR-88 Control Features: Dual Bass and Treble; Loudness; Balance: Volume compensation; Tape
monitor; Mono/stereo contrel; Noise filter; Interstation muting; Dual speaker switches; Stereo
microphone inputs; Front panel headphone output; Input selector; Signal strength meter; Zero-
center meter: Stereo threshold control; Remote speaker mono/stereo control; Tuning control:
Stereo indicator light. LR-88 Specifications: Music-Power rating (IHF), 100 Watts ¢ 4 Ohms;
Usable sensitivity, 2.0 4V; Harmonic distortion, 0.6%; Frequency response, 15-25.000 Hz =
1.5 dB; Cross modulation rejection, 80 dB: Selectivity, 45 dB; Capture ratio. 2.5 dB; Signal/noise
ratio, 65 dB; Price $334.95 (Recommended Audiophile Net)

You'll swear by it
— HNSCOTT

H. H. Scott. Inc.,
Dept.160-12, Maynard, Mass. 01754

Walnut case optional

© 1968, H. H, Scott, Inc.
C||‘£LE NO. 91 ON READER SERVICE CARD

ELECTRONICS

V.T.I. training leads to success
as technicians. field engincers, |
specialists in communications,
guided missiles. computers. ra- ‘
dar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec- '
tronic  Technology  curricula
both available. Assoc. degree in

29 mos. B. S, also obtainable.
G.1. approved. Graduates in all

ABOUT YOUR
SUBSCRIPTION

Your subscription toELECTRONICS WORLD
is maintained on one of the world's most
modern, efficient computer systems, and
it you're like 99% of our subscribers,
you'll never have any reason to complain
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “William Jones, Cedar Lane,
Middletown, Arizona,”" and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate sudscriptions
were involved, and it would start sending
you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
#; of names that would confuse the compu-
# ter would include: John Henry Smith and
Henry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differencesin addresses
can also lead to difficulties. For example,

branches of electronics with
major companies, Start Febru-
ary, September. Dorms, cam-
pus. High school graduate or
equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana 46383

PHOTOGRAPHY ANNUAL

A selection of the World's finest photographs com
piled by the editors of Popular Photography. All
editions $1.25 each: 1966 — $1.2

1964 — $1.2
1967 — $1.50.....# 38 Order by number from

Ziff-Davls Service Div., 595 Broadway + New York,
N. Y. 10012. Enclose add’'| 15¢ per copy for ship
ping and handling (50¢ for orders outside U.S.A.)

CASSETTES

C-30 Y Hr.... .55 DISCOUNT MUSIC CATALOGS
C-60 1 Hr .
C-90 1Y% Hr. 1.19 8 track, OR cassettes.
C-120 2 Hr 1.39

82

to the computer, 100 Second St. is not

_ the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailing label from the cover of the mag-
azine—or else copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.

.69 4 track open reel;

(=end for blank tape and

recorder hiscount catalog)
Postage 10¢; 5S¢ ea. addl
ciassette, 12, postpaid.

1776 Columbia Rd., N.W. L

AlL Cassettes in
individuai hoxes)

Washington, D.C. 20009

NEW
CELL
ENERGY

By PAUL GALLUZZI

Battery charger gives new
life to old energy cells.

OWER cells for Bulova’s Accutron

watches are guaranteed to keep the
timepiece running for at least a vear.
But many power units have been known
to operate effectively for a vear aud a
half without replacement, and a simple
recharging circuit can stretch the bat-
tery’s useful life even longer.

All that is required is a 10-volt d.c.
regulated power supply (with a capacity
of 5 milliamperes minimum), a 0 to 10
mA (full-scale) meter, aud a 1000-ohm
(approximate) half-watt current-limit-
ing resistor arranged as in the circuit of
Fig. 1.

The first indication of a dead or fail-
ing power cell is the wuatch’s inability
to keep accurate time. However, before
removing the battery from the watch
for revitalization, fashion a hold-down
assembly. A wooden clothespin (spring
tvpe) makes an elffective clamp. Tuake
a small piece of copper to which a
length of red wire has been soldered and
bond it to one of the clothespin’s two
teeth. To the clothespin’s other tooth
bond a piece of copper and a length of
black wire. Now when the battery is
removed from the wuatch, place it be-
tween the teeth of the clathespin so that
the piece of copper with the red wire
attached makes contact with the posi-
tive electrode. Now connect the red
lead to the meter and the black lead to
the power supply, as shown in Fig. 1.

For full power potertial, keep the
battery charging for about 24 hours. The
usual charging rate is about five or six
mA, decreasing to near zero as the unit
becomes fully energized. Cells can be
recharged as often as necessary and
several months’ service should be ob-
tained from each recharge. A

Fig. 1.

Accutron cell recharging circuit.
METEK READS 5mADLC.

10V POWER
D.C.| SUPPLY

T -

ELECTRONICS WORLD

ACCUTRON
CELL




NEW PRODUCTS
& LITERATURE

COMPONENTS @ TOOLS @ TEST EQUIPMENT  HI-FI @ AUDIO ® CB ® HAM o COMMUNICATIONS

WIRING TOOL
A new wiring tool that can strip, cut, loop,
and size wire; cut bolts: crimp terminals and
ream conduit is being introduced as the “Big-7.”
The wire-stripping holes are precision ground
to strip or size No. 18 solid or stranded, through

No. 6 solid and No. 8 stranded wire. Cutting
blades are ground to cut all popular aluminum
and copper conductors, including UF and Romex
cable.

Unhardened machine screws, Nos. 4-40, 6-32,
8-32, 10-32, and 10-24 can be sized and cut to
length. Insulated or plain terminals and con-
nectors from Nos, 22-10 can be crimped.

A spring holds the tool open and ready for
use. When not being used, the tool is held closed
with a cam lock. It has large, cushion-grip han-
dles and measures 8” over-all. It weighs 7
ounces. Holub

Circle No. 126 on Reader Service Card

11-PIECE DRILL KIT

An ll-piece 33" drill kit consisting of a Mod-
el 820 duill, six drill bits ('ts”, V4", *16”, V4",
"y and ¥87), a fitted carrying case, 3-wire six-
foot cord and adapter, and ¥8” geared chuck
with key is now available as the Model 820K11.

The drill comes with a 3.2-A, 117-V a.c. high-
torque motor which delivers a constant drilling
speed of 1100 r/min; ncedle bearings at heavy
load points; ball thrust spindle bearing; and
double-reduction heavy-duty gear train. The drill
motor has a welded burnout-proof armature.
The drill measures 9”7 x 7%" x 2Y%"” with
chuck. Wen

Circle No. 1 on Reader Service Card

TOROIDAL INDUCTOR

The EC30AIL. subminiature line of toroidal in-
ductors is available in a wide selection of induc-
tance values from 1.82 mH to 1.78 H in 2.5%
increments with ==1°% tolerance. The inductors
offer high “Q™ for their size.

Housed in a crystal-can type enclosure, the
0.33 x (.73 x 0.75 inch units have 0.1-inch grid
leads for PC boards. A data sheet with complete
specs is available on request. Magnetic Circuit
Elements

Circle No. 127 on Reader Service Card

DIGITAL PANEL METER
A digital panel meter which features inte-
grated circuits is now being marketed as the

MEDEL 7800

December, 1968

Model 2800. With the exception of the readout
lights, the meter is completely solid-state. Three
full-time digits use cold-gas glow tubes with a
rated life of 200,000 hours. The new units re-
quire a panel space 2.84” x 4.75” and are only
7.36" deep.

The meter is available in five d.c. ranges
covering voltages from 00.0 to 99.9 mV up to
000.00 to 999 volts, and five d.c. current ranges
from 0.00 to 9.99 xA up to 00.0 to 99.9 mA.
Linear overrange to 180% of full-scale is offered
as standard. The number “I automatically
lights to the left of the other digits to indicate
overrange operation. It will flash when the
mcasured value exceeds the overrange capacity.
Underrange or reverse polarity is automatically
indicated by a light to the right of the digits.
Lincar underrange of 5% permits reading nega-
tive values. The display is non-blinking. Storage
capability changes reading only when the mea-
sured value changes.

A data sheet, P-603, giving complete specs on
the meter will be forwarded on request. Simpson

Circle No. 128 on Reader Service Card

IC-REGULATED SUPPLY

The new “Com-Pak Mark II” LC series is the
industry’s first all-silicon a.c.-d.c. power supply
using an integrated circuit to provide the regu-
lation system (cxclusive of input and output ca-
pacitors, rectifiers, and series regulation transis-
tors).

The number of parts in this new series has
been reduced by a ratio of 2:1, with over 30 dis-

S
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crete components eliminated. This has resulted in
greatly reduced package size and improved re-
liability and MTBF, according to the company.

The supply measures 1'%16” x 3%27 x 3%027,
Regulation is 0.01% -~ mV; ripple and noise is
250 1V r.m.s.; 1 mV peak-to-peak. Input voltage
and frequency range is 105-132 V a.c., 53-63 Hz.
Lambda

Circle No. 129 on Reader Service Card

100-W POWER TRANSISTOR

A new series of 100-watt “n-p-n” and “p-n-p”
power transistors with high-frequency perform-
ance of 30 to 40 MHz minimum and with
beta linearity guaranteed from 10 mA to 10 A,
has been added to the line of complementary
silicon power transistors.

The “n-p-n” additions are the 2N5006 and
2N5008, with collector-to-emitter sustaining volt-
age of 100-V minimum, and the 2N5288 and
2N5289, with LVero of 80 volts. The “p-n-p”
complements are the 2N5007 and 2N5009 (100
volts) and the 2N5290 and 2N5291 (80 volts).

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on

the Reader Service Card.

All units feature high power dissipation and a
maximum current saturation voltage of 1.5 volts
at 10 amps. Fairchild Semiconductor

Circle No. 130 on Reader Service Card

LOW-COST PANEL METER
The three-digit panel meter, Model VT-100,
will measure voltage, current, and resistance;
display d.c. voltage over four ranges; d.c. current

over five ranges; and a.c. voltage and current
over three ranges each; and show resistance over
four ranges.

Designed for the OEM, the meter features au-
tomatic zero and interchangeable PC cards to
facilitate servicing. BCD output and rcmote en-
coding capability is available as a factory option
to permit the user to record immediately the
variable being measured.

Accuracy is 0.2% of reading, 41 digit with
an input impedance of 1000 megohms and a
rate of measurement at 1 per second. Basic range
of the meter is 1.0 V d.c. With plug-in options,
this range can be extended to measure d.c. and
a.c. voltage from 100 mV to 100 V full-scale,
d.c. and a.c. current from 100 pA to 1 A full-
scale, and resistance from 100 to 100,000 ohms
full-scale.

The meter weighs 4.4 pounds and measures
2.8” high x 5.6” wide x 9.1” deep. Honeywell
Test Instruments

Circle No. 131 on Reader Service Card

SNAP-ACTION ROCKER SWITCHES

A new line of lighted and unlighted rocker
switches featuring instant snap-in action and
fit has just been introduced. The new line is
supplied in s.p.d.t. and d.p.d.t. Exclusive holding
clips lock the switch in place in the circuit for
safe, secure electrical connections.

The switches have an unbreakable nylon case,
shatterproof plastic lens, and silver alloy con-
tacts. In the lighted version. the rocker of the
switch also acts as the lens. It is available in
120- to 240-volt neon and 4- to 48-volt incan-
descent types. The lenses are furnished in red,
green, yellow, opal, and clear. Chicago Switch

Circle No. 132 on Reader Service Card

10-IN-1 ELECTRONIC KIT
The new 10-in-1 project kit contains parts and
instructions for building a germanium radio,
transistor amplifier, germanium radio with
transistor, code-practice oscillator, low signal os-
cillator, radio-TV signal generator, dual code
practical oscillator, a transistor radio receiver,

signal tracer, and wireless microphone.
The circuits can be assembled without solder-
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MUSIC ASSOCIATED'S DETECTOR
NO COMMERCIALS—NO INTERRUPTIONS

It’s easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con-
tinuous commercial-free music you are now
missing. The Detector, self-powered and with
electronic mute for quieting betwsen selections
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner.
Size: 5% " x 9”. Shipping weight approx. 7 Ibs.

KIT $4950

{with pre-tuned coils, no alignment necessary}

wirep $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast staﬂons wlth scA
authorization $1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, N_J. 07043
Phone: (2011-744-3387

W L oo
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Please include an address label when writing about
your subscription to help us serve you promptly.
Write to: Portland Place, Boulder, Colo. 80302

CHANGE OF ADDRESS: -~ AFFIXLABEL—,

Please let us know you _—N_
are moving at least r: n g:'g ;_J
four to six weeks in I% < &) 3 S
advance. Affix maga- & =
zine address label in | 2
space to the right and his
print new address be- | e
low. If you have a >
question about your l =
subscription, attach | l =
address label to your 2 a2
letter. | -
TO SUBSCRIBE: l B B
Check boxes below. 2 =
O New [JRenewal | =
05 years $21 o
O 3 years $15 I n =
O 1year $6 IE' &
SPECIFY: & 3
[J Payment enclosed— | 3

L

You get 1 extra issue Lo e ot ™ N e
per year as a BONUS!

M Add Ipostage $1peryear outside
3 Bill me later. . its possessions & Canada]
name please print 0272
address
city
state zip-code

ing. Numbered pa:ts and point-to-point connec-
tions permit quick. safe assembly. An 18-page
iltustrated instruction boouklet helps the con-
structor and suggests additional circuits which
can be assembled from the parts included. Radio
Shack

Circle No. 2 on Reader Service Card

SOLID-STATE POWER SUPPLY

A low-cost, low-voltage solid-state regulated
power supply has been introduced as the IP-18.

Voltage is regulated to a 40-mV variation from
no-load to full-load; there is less than 0.05%
change in output with an input change from
105 to 125 V a.c. The unit is current-limiting
and continuously variable from 10 to 500 mA.
Ripple and noise are under 0.1 mV and the
transient response is 25use. QOutput impedance
is .5 ohm or less up to 100 kHz. The unit can
be programmed for either a.c. or d.c. (3-mA
driving current on d.c.).

Circuit-board construction makes the power

bR ety ety 2 A

Yo,

supply casy and quick to assemble and light-
weight. Heath
Circle No. 3 on Reader Service Card

INDICATOR LIGHTS
A new scries of indicator lights using long-
life, built-in T-1 incandescent lamps has been

| introduced as the CM34 “Relia-Lites.”

Each light mounts on 32" centers in panels
up to #16” thick and is available in either macro-
dome or cylindrical cap styles for full 180°
light dispersion. Hot-stamped legends are avail-
able on cylindrical caps and both styles are avail-
able in any of six different colors. Operating
voltage is from 3.0 to 28.0 V with mean spheri-
cal candlepower levels from 0.001 to 0.22. A
hex mounting nut and six inches of 26
A W.G. wire leads facilitate installation. Chicago
Miniature Lamp

Circle No. 133 on Reader Service Card

HI-Fi—AUDIO PRODUCTS

HI-FI MUSIC SYSTEM

A three-piece ensemble combining a 12-W
solid-state FM-stereo receiver. a four-speed rec-
ord player with diamond stylus stereo pickup, a
cassette stereo tape recorder with a pair of
matched two-way bookshelf speaker systems is
now being marketed as the RK-570.

The FM section features an FET front end
rated at 2.5-uV (IHF) sensitivity. The amplifier
is rated at 6-W/ch music power into 8 ohms
with a response of 20-30,000 Hz =2 dB. A slop-
ing front panel puts all controls within easvy
reach. These include power “on-off”, bass. treble,
balance, volume. program selector. loudness, and
speakers “on-off”. There is a vu meter for tape
playback and record and a stereo indicator light.

The control center measures 20%4” w. x 1415"
d. x 3%3” h. The speakers measure 12” x 7" x
8”. Lafayette

Circle No. 4 on Reader Service Card

160-WATT FM-STEREO RECEIVER
A 160-watt FM-stereo receiver that features
fully automatic motor tuning coupled with pre-

‘ cision manual motor tuning has been introduced

|
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as the SA-4000. In addition. a preset memory
master tuning system allows the listener to pre-
select up to five stations by means of push-
buttons.

The circuit incorporates four FET’s and six
IC’s. Computer logic circuits plus tuned circuits
and a unique ceramic filter provide automatic
mono,/ stereo switching and prevent accidental
triggering of the stereo indicator lamp. A com-
prehensive complement of audio and tuner con-
trols are included on the front panel for ecasy
accessibility. The receiver comes in a walnut
wood cabinet. Panasonic

Circle No. 5 on Reader Service Card

CASSETTE RECORDIR

The Model 1150 cassette recorder is a solid-
state battery /a.c. unit designed for pop-up cas-
sette loading and removal. Response is 200-
11,000 Hz and the unit will record and play up
to 2 hours mono on standard Philips-type cas-
settes.

The recorder is operated with keyboard-type
push-buttons including a pause buatten and fast
forward and rewind. A switchable automatic
level control prevents fading and overload dis-
tortion. The recorder also has a tone control,
monitor switch, battery level meter, and provi-
sion for recording from radio. tuner, phono-
graph, or TV.

The Model 1150 measures 9°5" x 6" x 253"
and weighs 4 pounds. It comes with a remote
start-stop dynamic microphone. cassette, carry-
ing case. and shoulder strap. Allied Radio

Circle No. 6 on Reader Service Card

TWO-WAY SPEAKER SYSTEM
The new Alpha series matches a two-way
speaker system with an equipment cabinet. The
Alpha I is augmented above 7000 Hz to enhance
harmonics. The Alpha 11 matching equipment
cabinet is compact but can accommodate 2 wide

variety of hi-fi components. The speaker system
includes 12-inch low-frequency speaker, match-
ing passive radiator, a 5-inch tramsducer for the
mid- and high frequencies. and the company’s
LE20-1 for 1he overtones.

The Alpha series is finished in hand-rubbed
russet oak with burnt sienna grille cloth. JBL

Circle No. 7 on Reader Service Card

COMPACT SYSTEM
The AD-27 “Component Compact™ incorpo-
rates the AR-14 stereo receiver, a BSR McDonald

ELECTRONICS WORLD



500 4-speed turntable, and Shure diamond-stytus
cartridge, all housed in a walnut cabinet with
solid walnut stiding tambour door.

The amplifier portion features 15-W/ch mu-
sic-power output, all solid-state circuitry, and a
frequency response of 12-60,000 Hz +1 dB.
Channel separation is 45 dB and harmonic and
IM distortion is less than 1%. The output im-
pedance is 4 10 16 ohms to match externat speak-
cr systems of the user's choice. The FM-sterco
scetion has four if. stages. 3-uV sensitivity, and
hum and noise rating of —45 dB.

Complete specifications and ordering informa-
tion will be forwarded on request. Heath

Circle No. 8 on Reader Service Card

DUAL-IMPEDANCE MICROPHONE
The 117171 dual-impedance microphone has
been designed specifically for those who want a
good cardioid dynamic microphone at a budget
price. The microphone comes with a removable
anti-hiss shield windscreen. 25 feet of cable, and
a holder in non-reflective lustre-chrome finish.
It carries the company's standard 2-year war-
ranty. American Geloso
Circle No. 9 on Reader Service Card

COMPACT MUSIC SYSTEM
The SC2350 compact music system incorpo-

rates an AM-FM-sterco tuaer, a four-speed Gar-
rard record player with diamond-tipped phono
pickup, a 50-W (IHF) powci-output amplifier,
and two newly designed speakers with omnidi-
rectional radiation patterns. Harman-Kardon
Circle No. 10 on Reader Service Card

CASSETTE/AM RADIO
The Model F-95 AM cassette Radiocorder per-
mits AM listening, off-the-air recording, and

tape plaving. Recording is push-button actnated
and the automatic record level control permits
uniform recording without adjusting the sound
level each time.

The F-95 can be used for live tape recording
with the dynamic remote-control microphone
and for playing back prerecorded cassettes. The
unit operates on batteries and 117-V a.c. Concord

Circle No. 11 on Reader Service Card

FM TUNER CARTRIDGE
A new cartridge-type FM tuner which con-
verts any 4- or 8-track stereo cassette player into
an M radio is now on the market. To operate,

the cartridge is insci e tane slot and win-
ing is accomplishea wih tie recessed control
knob.

The tuner measuzes 6127 x 47 x 7%” and
weighs 14 pound. The circuit uses 8 transistors
and 3 diodes. 1t provides full coverage of the
M band. Stereo-Magic

Circle No. 12 on Reader Service Card

CB-HAM-COMMUNICATIONS

HAM/SWL RECEIVER

The Model A-2515 receiver is a five-band,
AM-c.w.-SSB unit featuring solid-state circuits
and coverage of all amatewr bands from 80 1o 10
meters, international short-wave, aircraft, ma-
rine. and other short-wave broadcasts, as well as
the standird AM broadcast band. Bands covered
are 150400 kHz, 550-1600 kHz, 1.6-4.8 Mz,
4.8-14.5 MHz, and 10.5-30 MHz.

Of the 24 semiconductors in the circnit. two
are FET's in the rf. stage to provide maximum
sensitivity and low noise level. Four mechanical
tilters are used for sharp station scparation: noise
limiter and aotomatic volume control reduce
noise, blasting, and fading. There is built-in
variable b.f.o. and product detector to give clear
reception of code and SSB. The recciver has an
illuminated “$** meter and illuminated  slide-
rule dial.
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A NEW DIMENSION IN HI-Fi
SOUND PERFORMANCE
FROM KENWOOD

T

... PENETRATING THE T — _
OUTER LIMITS OF o wesnp O $e oo
SOUND REPRODUCTION e - s 88 s

6o watt 3 GHANNEL
TERED AMPLIFIER with ELEGTRONIG CROSSOVER

- KENWOOD SUPREME 1 A

N[Iw" nK EENWOOD SUPREME 1
__J_— Mo mgml o -B TWEETER
FEATURING: | RIGHT e _;— W i s - MIO RANGE
the finest sound reproduction by driving —
3
the woofer, mid-range and tweeter speakers SR noores
separately through a multi-channel amplifier. coTroL L:f-:'r”w MAIN AMP 3 WAY SPEAKER SYSTEM
Priced at $695. Write for particulars.

_,—-.._ HIGH  — ) SRRy s | TWEETER
the sound approach to quality LT o— = T T ——— w0 —pi--- MID RANGE
. KENWGQD * I— Low —C!-g—-—--' WOOFER
3700 South Broadway Place Los Angeles Calif. 90007

69 41 Calamus Avenue, Woodside, New York 11377
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model 303

we can't seem to stop designing new
and better cabinets. . . have you
seen our brochure lately? it's free.

for a fast reply, mail this ad with your
return address.

audio originals

546 5. Meridian « Indianapalis, Ind.
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fill in toupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-~
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Steree
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
ary
GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also

OLSON ELECTRONICS
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STATE

Equipped with dual power supplies, 117 volts
a.c. and 12 volts d.c., the receiver can be oper-
ated from house current, cars, boats, trailers, and
at camp sites. It measures 7%” high x 15" wide
x 10" deep. It requires a separate speaker which
is available at additional cost. Allied Radio

Circle No. 13 on Reader Service Card

2-METER TRANSCEIVER
The Model HW-17 transceiver covers the ama-
tsur 2-meter band and also includes extended
coverage to 143.2 to 148.2 MHz for working
MARS, CAP, and Coast Guard Auxiliary oper-

ators. The input to the hybrid transmitter (solid-
state and tubes) is 18 to 20 watts; output is 8
to 10 watts, AM, on any of four crystal frequen-
cies or external v.f.o. The push-to-talk operation
is relay-less.

The dual-conversion solid-state receiver has a
1-4V sensitivity and features a prebuilt, pre-
aligned FET tuner, a.n.l, squelch, spot function,
lighted dial, and a signal-strength/ relative pow-
er output meter. A “battery saver” switch on the
front panel activates the receiver portion only,
| and draws 100 mA.
| Estimated assembly time is 20 hours. A gimbal

mounting bracket makes the unit usable for
either mobile or fixed operation. The built-in
| power supply is 120/240 V a.c. An optional
mobile power supply is also available. Heath
Circle No. 14 on Reader Service Card

DUAL-CONVERSION SSB UNITS
A new series of single-sideband transceiver
equipment covering the 2 to 20 MHz range and
available with p.e.p. output power ratings of

400, 250, and 150 watts is now available. Any
model in any of the three power ratings is avail-
able with from one to six channels plus a num-
ber of options including selectable sideband,
compatible AM, and VOX/c.w.

Dual-conversion is used in both receiver and
transmitter so that a single h.f. oscillator crystal
can be used for both upper and lower sideband
operation, reducing complexity and cost. These
oscillator frequencies are sufficiently removed
from the operating frequencies to provide greater
attenuation of spurious signals particularly at the
higher frequencies.

Except for final amplifier stages, the units are
all solid-state including the power supplies which
operate from 117 V a.c. and all standard d.c.
sources. Power supplies are normally outboard
but can be obtained integral with the transceiv-
ers. Linear Systems

Circle No. 15 on Reader Service Card

MANUFACTURERS' LITERATURE

SEMICONDUCTOR MODULES
A two-color, 8-page brochure describing a
complete line of integrated semiconductor mod-

86

ules for use in all types of stripline and coaxial
r.f. structures from d.c. to 18 GHz is now avail-
able as Catalogue D-68.

The publication describes the electrical and
mechanical details of several types from single-
pole, single-throw and single-pole, multi-throw
switch modules to digital phase shifter modules.
A detailed theory and applications section is pro-
vided in addition to numerous photographs,
drawings, and performance curves throughout.
Alpha Industries

Circle No. 134 on Reader Service Card

ADJUSTMENT POTS

An 8-page brochure on adjustment potentiom-
eters has been issued. It features the nomencla-
ture, dimensions, specifications, price listings,
and detailed photos of more than 50 Cermet,
high-performance wirewound, special-purpose
and general-purpose wirewound, znd general-
purpose and special-purpose carbon element ad-
justable pots. Specifications include resistance
tolerance, power rating, maximum temperature,
adjustment turns, standard resistarce, and hu-
midity. Special dimensions and specifications for
mounting hardware are also included. Bourns

Circle No. 135 on Reader Service Card

D.C. POWER SOURCES

A 12-page catalogue which briefly describes a
comprehensive product line of high- and low-
voltage d.c. regulated power sowwces is now
available. It includes photographs and listings of
precision high-voltage sources, general-purpose
laboratory power supplies, a family of precision
d.c. sources, and the universal power module
family of modular power sources. Also listed is
a group of NIM configuration power sources for
those utilizing nuclear instrumentation. Power
Designs

Circle No. 136 on Reader Service Card

MATV EQUIPMENT CATALOGUE

A 16-page catalogue which covers an extensive
line of MATV antenna equipment is available as
Catalogue SYS-68.

Covering many new items in the 82-channel
“Channel Smoothline”, the publication includes
broadband and single-channel antennas; broad-
band and single-channel head-end amplifiers;
active and passive accessories; filters and traps;
tap-offs, matching transformers, and wallplates;
pre-amplifiers, amplified couplers, connectors,
and cable. JFD

Circle No. 16 on Reader Service Card

PULSED TRANSFORMERS
Information and technical data on a line of
pulsed transformers and chokes is included in a
new publication. The trigger transformers cover
a range up to 40 kV, standard chokes range from
22 uH up to 850 pH, and special and custom
chokes and trigger transformers are also available.
Full specifications, figures, and circuit diagrams

are included on the data sheet. EG&G

Circle No. 137 on Reader Service Card

ADHESIVES CATALOGUE

A new 20-page, 872" x 11” catalogue listing
official U.S. Government specifications and Fed-
eral stock numbers for a wide variety of ad-
hesives, coating, and sealers is now available.

The catalogue lists government specifications
and federal stock number descriptions, intended
application, and the corresponding company ad-
hesive, coating, or sealer that mevts the specifi-
cations. 3M

Circle No. 138 on Reader Service Card

RELAY CATALOGUE

A 28-page illustrated catalogue which lists
all in-stock and standard relays available in the
line is now ready for distribution.

Included in the technical information are styles
and dimensional drawings of the various cases,
pin configurations, terminal arrangements, and
internal wiring diagrams. The tables include part
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rumber and  electrical characteristics, such as
pull-in voltage (or current), coil resistance,
drop-out voltage (current), number of poles,
wiatts requirement per pole, and other engineer-
ing data.

Relay categories covered include sensitive. ul-
trasensitive, crystal can, general purpose, minia-
ture teleplione-type, and military relays, Kurman
Instruments

Circle No. 17 on Reader Service Card

TOOL CATALOGUE

An 80-page tool catalogue plus a 20-page sup-
plement covering assembly and maintenance of
the latest in microminiature electronics is now
available for distribution.

Items range from micro tweezers in over 100
different styles and materials to automatic wire
stripping  and ultrasonic cleaning equipment.
Specialties include standard custom-made assem-
bly kits for production and lab work stations in
addition to “*Delicut™, a new concept in micro-
miniature component assembly tools. Techni-
Tool

Circle No. 18 on Reader Service Card

CRYSTAL FILTERS

A four-page bulletin describing a line of mono-
lithic crystal filters, their components, applica-
tions, and advantages is now available.

Included are specifications for the complete line
of monolithic filters and the various types of de-
signs available, such as transitional Butterworth-
Thomson, Butterworth, Gaussian, Chebyshev,
and equi-ripple phase. The bulletin is iHustrated.
Damon

Circle No. 139 on Reader Service Card

CIRCUIT PROTECTORS
A new 12-page brochure, Bulletin 16E-12,
contains detailed information on single- and
multi-pole electromagnetic circuit protectors of
the  hermetically  sealed, pancl-mount  type.

Curves and charts suow delay characteristics,
rupture  capabilitics.  and  impedance  values.
Types UP, with UL listing. and AP-MIL. pro-
duced for military qualification, are also de-
scribed. Airpax

Circle No. 140 on Reader Service Card

LIGHTING GUIDE

A 16-page lighting guide, Cataloguc LG-468,
has been designed to aid in the sclection of lamps
and lampholders best suited to particular appli-
cations or products. Sections include a lamp se-
fection guide. a lampholder selection guide, a
bracket guide, plus a condensed catalogue of
indicator lights.

The lamp sclection guide shows 14 different
lamp types and gives complete specifications for
62 lamp numbers. Lececraft

Circle No. 141 on Reader Service Card

ELECTROMECHANICAL COMPONENTS
A new 100-page catalogne which lists an ex-

tensive line of electromechanical components and
equipment from all major manufacturers is now
available. Included are such items as accelerome-
ters, counters, meters, motors, precision pots,
selsyns. servos, test equipment, and timers. Spe-
cial complete sections are included on relays,
pressure transducers, and gyros. American Re-
Iays

Circle No. 142 on Reader Service Card

HEX SOCKET SCREWDRIVERS

Bulletin N368 describes a new pocket-size set
of eight midget hex-type socket screwdrivers
which the company claims are easier and faster
to use than conventional keys, especially in deli-
cate, precision, close-quarter work.

Photos show how the “piggyback” torque
amplifier handle included in this set can be
slipped over the top of the midget drivers to
provide larger gripping surface, extended reach,
and increased driving power. The bulletin also
contains a selector chart with item specifications

and a list of various types and sizes of screws
which each driver fits. Xcelite
Circle No. 19 on Reader Service Card

CROSS-REFERENCE GUIDE

A new cross-reference guide which lists almost
18,000 semiconductors with their equivalents in
the company’s HEP line is now available. It lists
EIA-registered IN and 2N numbers, foreign de-
vices, and many house numbers used by both
semiconductor and equipment manufacturers.

The 64-page guide is a convenient 4V4” x
11”7 and is punched with three standard spaced
holes. It includes not only the table of cquiva-
lents, but tips on using replacement devices, and
outline drawings and dimensions. Copies of
HMAO(07-4 are available on request. Motorola

Circle No. 20 on Reader Service Card

POWER-TUBE BROCHURE

A new booklet describing its line of vacuum
power tubes has been announced. This 16-page
publication describes power triodes. pulse triodes,
power tetrodes, and vacuum diodes. A scparate
section describes accessories for the tubes, such
as water and air jackets, “O” rings, and con-
nectors.

The booklet concludes with a handy section
on application maintenance notes for power
tubes. ITT Electron Tube Div.

Circle No. 143 on Reader Service Card

SOLID-STATE MULTIMETER

A four-page, four-color brochure which gives
complete specifications on the X-3A digital
multimeter with v.t.v.m. capabilities is now
available for distribution. It includes features,
applications, and pricing information. Non-
Linear Systems

Circle No. 144 on Reader Service Card

CORD SET LINE
A four-page booklet describing an extensive
line of cord sets for use in appliances, power

For better TVreception
and better business...

sell Zenith Wavemagnet Indoor TV Antennas!

Economy
All-Channel
Part No. 973.55

VHF only
Part No. 973.58

Exciting Surprises
for You—
and Your Family!
Fun for all!
Get the details
at your Zenith
Distributor’s
Parts Department.
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Deluxe All-Channel Part No. 973-56
Two full-size UHF loops develop high front-to-back
ratios equal to many outdoor antennas.
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Make your customers happier . . . with
high-performance Wavemagnet anten-
nas. Zenith-designed for sensitive TV
reception in color or B/W. Telescopic
dipoles, fully adjustable. Six-position
selector switch for optimum reception
on each channel. Handsome base of
high-impact molded styrene. Individual-
ly packaged for attractive sales display.

Order Zenith TV Antennas and Accessories
from your Zenith Distributor.

BEST YEAR YET TO SELL THE BEST

The quality goes in
before the name goes on
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...not by
a long shot
itisn't!!

There's certainly nothing top secret
about the classified pages in Elec-
tronics World Magazine. They’re
wide open to the searching eyes of
every buyer who’s in the market
for the product or service that he
knows can be found in Electronics
World's Electronics Market Place.

The more than 191,000 buyers of
Electronics World, largest reader-
ship of any magazine for electronics
professionals in the world, are your
guarantee of knowing that your ad
is being read by people who are
constantly looking for and buying
electronics products. [t is these
people to whom you MUST direct
YOUR advertising as do the many
key advertisers appearing in this
issue and in each issue throughout
the year.

No doubt about it—there's a vast
market of buyers searching the
classified advertising pages of Elec-
tronics World and it's important
that your ad be exposed to this
prime buying audience. Prove to
yourself that the leading magazine
for electronics professionals MUST
ALSO be the leader in sales re-
sponses to the many classified ads
presently &nhancing its pages — It
makes a great deal of sense—give
it a try.

There’s complete rate information
for your convenience in the classi-
fied section of this issue. Or, if you'd
like a little personal service, it's
right up our alley. Just write to

HAL CYMES
Classitied Advertising Manager
ZIFF-DAVIS PUBLISHING COMPANY
One Park Avenue
New York, New York 10016

tools, radio & TV receivers, office machinery,
and other electrical and electronic equipment is
available as Brochure ME-7.

Stock cord sets and custom cord sets and cord
assemblies are illustrated and details on materials
| and molding techniques are included. A check

list provides a handy guide for preparing quota-
tion requests. Miller Electric
Circle No. 145 on Reader Service Card

DIGITAL TEMPERATURE UNIT

‘ A four-page, two-color brochure which de-
scribes the Series 1400 low-cost, solid-state digi-
tal temperature indicators is now available as
No. 1400-39.

1 Complete specifications—mechanical and elec-
trical—are included in both tabular and reading-
copy form. The brochure is illustrated and car-
ries information on a line of interchangeable
thermister probes. Instrulab

Circle No. 146 on Reader Service Card

SPECIAL-PURPOSE TUBES
A brochure describing a line of special-purpose
| tubes is now available. It describes in 12 pages
the characteristics and type numbers of traveling-
wave tubes, direct-view storage tubes, electro-
optic tubes, high-power vacuum types, gas-dis-
charge tubes, and xenon lamps. ITT Electron
Tube
Circle No. 147 on Reader Service Card

CERAMIC CAPACITORS

A four-page catalogue covering a new series
of NPO ceramic capacitors is now off the press.
The capacitors are offered in four styles with
axial and radial leads and in chip form. Capaci-
tance values range from 10 to 2700 pF, standard
temperature characteristic is 0 30 ppm/°C,
and “Q” is 1000 (min.) at 125°C. Voltage rat-
ings on the encapsulated units are 200 V d.c. at
85°C and 100 V d.c. at 125°C.

Complete electrical and mechanical specifica-
tions, dimensional drawings, ordering informa-
tion, typical curves, and other pertinent infor-
mation in included. Vitramon

Circle No. 148 on Reader Service Card

CATALOGUE SUPPLEMENT

A 12-page supplement to the firm’s catalogue
“Power Supplies Unlimited” is now available for
distribution. The catalogue covers a wide range
of module power-supply units and appropriate
rack and panel adapters for the SC, HT, HS,
FS, and SP series.

The supplement is illustrated and includes
complete specs in tabular form. Page references
and convenient charts make it easy to cross-
index the right module power-supply unit for a
specific need. NJE

Circle No. 149 on Reader Service Card

POWER SUPPLIES

A 12-page, two-color catalogue covering volt-
age reference standards, power supplies, acces-
sories, overvoltage protectors, potentiometer volt-
age supplies, and optional features for power
supplies is now ready for distribution.

In concise tabular form, complete details are
provided on an extensive line of products, in-
cluding photographs, mechanical details, con-
struction information, and electrical spccs.
Dynage

Circle No. 150 on Reader Service Card

TECHNICAL BOOKS

A 16-page catalogue covering over 100 cur-
rent and forthcoming books in the areas of
broadcasting, basic technology, CATV, electric
motors, electronic engineering, television, radio
and electronics servicing, audio and hi-fi, hobby
and experiment, test instruments, and transistors
is now available on request. Tab Books

Circle No. 21 on Reader Service Card

PARAMETRIC EQUIPMENT DATA
A 20-page booklet which describes the prin-
ciple of operation of parametric equipment is
now available. Entitled *The Paraformer™, the
booklet provides a description of the new passive

power conversion device. Its unique filtering and
regulating qualities are discussed and compari-
sons made with other devices in similar appli-
cations.

Included are illustrations of waveforms, sym-
bols, pictorial views, and curves cavering the
operation and construction of the device. Wanlass

Circle No. 151 on Reader Service Card

LASER DATA

A 22" x 24" data compilation chart which
folds so that it can be put into a notebook has
been issued. It includes all of the formulas,
wavelength conversions, energy conversion, out-
put wavelength and fluorescent lifetime of
various lasing systems, indices of refraction,
angular-to-linear conversion, physical constants,
recommended unit prefixes, beam-shaping for-
mylas, xenon flashlamp approximations, simple
auto collimator schematic, and a layout for align-
ing optical components of lasers. Laser Nucle-
onics

Circle No. 152 on Reader Service Card

RELAYS AND SWITCHES

A six-page product line summary that features
a comprehensive selection of electromechanical
relays and switches is now available. The com-
ponents illustrated include many industry stan-
dard types, as well as new proprietary specialties
developed by the company.

The summary includes printed-citcuit relays,
general-purpose and telephone relays, polarized,
counting-and-selecting, dry and mercury-wetted
relays, contactors, and standard, miniature, PC
rotary and track switches. ITT Jennings

Circle No. 153 on Reader Service Card

CONNECTORS & HARDWARE

A 56-page catalogue which contains informa-
tion on a complete line of phone plugs and jacks,
phono plugs and jacks, binding posts and boards,
banana plugs and jacks, anode connectors, alli-
gator clips, adapters, coaxial jacks, microphone
connectors, fuse and diode holders, interlocks,
lugs, brackets, contacts, test prods and test lead
sets, terminal strips and boards, etc., is currently
available. National Tel-Tronics

Circle No. 154 on Reader Service Card

TELECASTING ACCESSORIES
A five-unit series of technical data sheets
(2610 Series) covering seven major accessories
for broadcast television has been issued. Specifi-
cations and photographs are included for the
black burst generator, dot-bar generator, color-
bar generator and color-bar encoder, chroma
detector, driver generator, and colerlock. Cohu
Circle No. 155 on Reader Service Card

ELECTRIC POWER TOOLS

A new 16-page catalogue, Form No. 158,
which lists an extensive line of industrial-rated
electric power tools is now available for dis-
tribution.

Included are pictures and complete electrical
specifications on drills and accessories, recipro-
cating and power jig saws, circular saws, sander-
polishers, electric planes, grinders, sanders, and
soldering guns. Wen

Circle No. 22 on Reader Service Card

PHOTO CREDITS

Page Credit
28 (top) «eeveeenns Westinghouse Research Llabs
28 (center) i RCA

28 (bottom)
29 (top)
29 (center) ... ..
29 (bottom left) ..Bell Telephone Laboratories

..Sylvania Electric Products Inc.
.................. Motorola Inc.

29 (bottom right), 84 ... TRW, Inc.
32, 34 ... Lockheed Missiles and Space Co.
44, 45 .. IBM Systems Manufacturing Division
A8 e Sanborn Company
61 ... Triplett Electric Instrument Company
62 (top) ..ccovveennne Western Technizal Products

62 (botom) ..o Sencore
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COMMUNICATIONS
Airport Ground Control (Willey) . .. ... Oct.

Airport Surveillance Radar: The
European Approach (Humphrey) ... .Feb.

Communications Via Touch (Lawrence) . May

Geneva Conference Affects Marine

Communications (Humphrey) ....... Feb.
Global Téte-a-Tétes: A Satellite

Repeating System (Reiger) ......... Feb.
Multiplexing: The Science of Mixing

VYoices (Hill) .. ... ............... Feb.
New Picture Telephone Goes

Commercial (Snitzer) .. ........... Mar
New V.H.F./FM Marine Rules

{Humphrey) ....... .. ........... Nov
Orbiting Relays (Darcey) ............ Feb.
Radar Cavpler . ................... Apr.
Radar Plofter ..................... Nov
Ring Two—For Tomorrow (Nabut) . ... . Feb.
$6 Million Two-Way Radio System

for Buses (Snitzer) .. ... .. ....... Auvg.
Steerable Antenna ................. Oct.
Upgrading Amateur Radio (Frye) ..... May

COMPONENTS

A. C. Regulated Power Supplies

(Muchnick) ......... ... .. ... ... Apr.
Characteristics of Coaxial

Transmission Llines (Kushner) ... .... Oct.
Characteristics of RG/U

Transmission Cables .............. Oct.
Coaxial Connectors (Anderson) ....... Oct.
Connectors for Audio-Frequency

Applications (Gove & Kehl) ........ Oct.
Differential Transformers (Silver) ... .. Dec
Flexible Filters .................... Oct.
Fuse Standards and Characteristics

(Mathews) ...................... Aug.
How to Measure Power-Supply

Performance (Biega) .............. Apr.
IC Voltage Regulators for

Power Supplies (Seidman) ......... Apr.
Laser Diodes (Heiserman) ........... Dec
Linear Pots and Straight Lines

(Doering) ...................... Mar
New Cell Energy (Galluzzi) .......... Dec
New Directions in Cable

Standardization (Holland) ......... Oct.
New Filter Designs (Stutz) . .......... Apr.
New Type aof Shield ................ Oct.
Often-Used Power-Supply Terms . ..... Apr.
Photocells: Types, Characteristics &

Applications (Rabinowitz) .. ....... Sept.
Potent Power Packs ................ Apr.
Power Inverters and Converters

(Barron) .. ... ... Apr.
Power-Supply Modules ............. Apr
Power-Supply Principles and

Parameters {Brenner) ............. Apr.

Power-Supply Programming (Birman) . .Apr.

Protection Circuits for Solid-State

Power Supplies (Darbie} .......... Apr
Reflective Liquid-Crystal Displays

(Pinsky) . ... .. ... ... ... ... ..., Nov
SCR’s and Triacs—The Revolution

Continves (Cooper) .............. Aug.
Shielded Cable at Audio Frequencies

(Sharp) . ... .. Oct.
Silver Chloride-Magnesium: A Powerfui

Battery (Strauss) ................. Nov

“Why So Many Batteries?’* (Strauss) .. Apr.
December, 1968
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1968 INDEX

VOLUMES

79-80

HIGH FIDELITY & AUDIO

Bandwidth Requirements for FM
Bias-Free Power Amplifier (Campbell) . .Dec.

Ceramic Phono Cartridge Loading &
Equalization (Rankin)

Engineer’s Stereo Preamp (Holbrook) . .May

EW Lab Tests of New Stereo Receivers

(Hirsch) ... ... .. L. Dec.
EW Lab Tests New Solid-State

Stereo Amplifiers (Hirsch) ... ...... June
Hi-Fi Show Seminars Program ........ Oct.
IC Op Amps Boost Audio Circuit

Performance (Siiver) ............. Sept
IC Op-Amp Hi-Fi Preamplifier

(von Recklinghausen) ... .......... June
IC Stereo Multiplex Demodulator

(Zimmerman) ................... Dec.
Integrated Circuit Equalized

Preamplifier (Pryce) .............. July
New Electronic Organ Kit ........... Jan.
1968 FM-Stereo Car Radios (Belt) ... .. June
RADIC—Low-Frequency Multiplex

Intercom (Malmin) ............... Mar
Stereo Balance Indicator (Young) ..... Feb.
Super Sound System (Bieler) ........ Sept
Tape Recorder Maintenance Program

(Kubiak) ... ... Oct.
Tone Booster Circuit (Moore) ......... Oct.
Tuning & Damping Bass-Reflex

Enclosures (O'leary) .............. May
Twin T's: Designs & Applications

(Maynard) ... .. L. Aug.
EW LAB TESTED
Acoustic Research Stereo Amplifier . ...July
Allied TD-1030 Tape Deck/Preamp . ..Feb.
Ampex AG-500-4 Tape Recorder . .... June
Ampex “Micro 85 Tape Recorder ....Mar
Bose 901 Speaker System ........... Nov
BSR McDonald 600/M44-E

Automatic Turntable ............. Apr.
BSR McDonald TD-1020 Tape

Deck/Preamp ................... May
Concord 510-D Tape Deck/Preamp .. .Sept
Eico Model 3200 FM Stereo Tuner ....Mar
Eico 3570 “Cortina” Stereo Receiver ..May
Electro-Yoice RE-15 Microphone ... ... Jan
Electro-Yoice “Sentry 11’ Speaker ....June

Empire 4000 “Cavalier” Speaker System Feb.

Harman-Kardon ““Nocturne’ 530

Receiver ... ... ... ... ........... Sept
KLH Mode! Five Speaker System ... .. Aug.
Sansui Model 2000 AM-FM Stereo

Receiver ... ... .. ... ... ...... Nov
Scheber LSS-10A Speaker System ... .. July
Shure M75 Stereo Phono Cartridge . ..Jan
Sony Model TC-560 Tape Recorder ... .Oct.
Switchcraft Mode! 307TR Mixer ... ... Aug.
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plete listing of all

articles which appeared

this for reference.

As a service to our readers we
are again presenting a com-
feature
in
ELECTRONICS WORLD during
1968. We suggest you keep

University “Studio Pro 120'° FM-Stereo
Receiver

INDUSTRIAL & GENERAL

Analog-to-Digital Conversion (Barden) . May
Battery-Powered Cars: Fact or

Fantasy (Evanzia) ................ May
CO; Laser: Bright Beams of Energy

(McElroy) .. ... May
Computer and The Caduceus (Frye) .. .. July
Co-op Engineer (Greenwald &

Seidman) ......... ... ... ..., Aug.
dB’s and How to Read Them (Balin) ...May
D. C. Power Transmission (lacy) ......May
Differential Amplifier (Lancaster) . .... Feb.
Early Warning Systems for

Earthquakes (Lawrence) .......... June
Electronic Aids for the Handicapped

(Frye) ... Aug.
Electronic Dice (Plevy) .............. Oct.
Electronic Fire and Smoke Detectors

(Holder) . ... ... ............. ... Feb.
Electronic Implants (Prentice) ........ June
Electronic Intrusion Alarms (Part 1)

(Cantor) ....................... Sept
Electranic Intrusion Alarms (Part 2)

(Cantor) . ........ ... ... . ... .... Oct.
Electronics & Farming (Frye) ......... Apr.
Evaluating D.C. Voltage Sources

(ludwig) . ... Dec.
Five Doors to an Electronic Future

(Frye) ..o Nov.
Frequency Dividers & Counters (Part [)

{Steinbach) ... .. ... .. ... ... ... . Dec
Gl Engineers . ... ..... ... .. ... ... June
Grounding Techniques (Bernstein &

Mirsky) ... Oct.

Holograms, Pictures in Depth (Pernick) Mar.

How to Fly to the Moon and Get There

(Davids) ...... .. ... .. .. ... ... Sept
Lasers: Multi-Million Dollar Market

(Haley) ... ... ... .. ... ......... Mar
Laser: Toy or Tool? (Frye) ........... Oct.
Market Quotations—By Electronics

(Lacy) .. Aug.

Medical Instrumentotion Systems
(Wujek, Jrl) oo Jan.

New Medical Tool
New World of Electro-Optics (Arpino) .Nov.

Farticle Accelerators Find a New World

(Collins) ..o . July
Pin-Point Record ................... May
“Programming’ Side Rule for Resonance

Problems (Bernard, Jr.) . ........... July
Reflective Liquid-Crystal Displays

(Pinsky) .. ... .. i, Nov
SCR Color Organ {Reynolds) ......... Mar.
Silence Poliution (Frye) ............. Mar,
Technical Institute Graduate—How

Does He Compare? (McEiroy) ...... Apr.
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Technician Engineering in Britain

(Bromfield) ............ciiiennn July
Telephones QOutdate Sirens .......... Jan
Trade Secrets: The Courts and You

(Hindin) ....... ... ciiiieenn June
Ultrasonics for Non-Destructive Testing

(Weighart) . .......... ... ... Nov.
Yolkswagen’s Electronic Fuel Injection

System (Holder) ............cohts Nov.

36
94

40

25

43

NOMOGRAMS & DESIGN CHARTS

Coil Tuning Range Nomogram (Moffat) Mar.
Photometry Nomograph
“Q"”-Prediction Nomogram (Moffat} ..Sept.

RC Differentiator Design Nomograms

(Moffat) ... ... it July
SOLID-STATE
Audio-Frequency Integrated Circuits
(Jomes) « .. i July

High-Voltage, High-Power Semiconductors

(Wujek, Jr) ..o ool Jan.
Hybrid Linear Integrated Circuits

(Burks) .. ...t July
IC Decimal Counting Techniques

{Lancaster) . ........ ... ... Sept
IC Ignores Temperature Changes ..... July
IC Op-Amp Hi-Fi Preamplifier

(von Recklinghausen) . ............ June
IC Op Amps Boost Audio Circuit

Performance (Silver) ............. Sept

IC R.F. and I.F. Amplifiers {(Kleinman) . . July
Integrated Circuit Equalized

Preamplifier (Pryce) .............. July
Integrated Circuit for the Experimenter

(Estep) .. ... i Feb.
Large-Scale Integration of linear IC's

([Clr 3 B Bnananadaanaaa0a000060000 July
Laser Diodes (Heiserman) .......... Dec.
Light-Emitting Diodes {Heiserman) ... .Jan.
Linear IC—Types, Technology,

Techniques (Blair) ................ July
Low-Power Transistor Switching Circuits

(Math) ... ... . e May
Monolithic Operational Amplifiers

{(Welling) ....... .. i iiiiiinen July
Plastic Power Transistors: Advantages

and Applications {(Lancaster) ....... Feb.
SCR’s and Triacs—The Revolution

Continues (Cooper) .............. Aug.
$olid-State Kits—A Novel Method of

Circuit Design (Evanzia) .......... Aug.
Transistor Beta vs Source Resistance

(Turner) ... .. . . i Nov
Transistor’'s 20th Anniversary ........ Mar

TELEVISION & RADIO

Color Generators Reach the Solid

State {Belt) ........ ... ol May
Color-TV in the Marketplace . ..... ... Jan

Color-TV Set Shows Slides (DeMarinis) . July

Diagnostic Clinics for TV Sets (Frye) . .June

Directory of Video Tape Recorders ....Oct.
Double the TV Signal on Coax

Installations (Bell) ............... Sept
Four-Tube TV Receiver {(Walker &

Seader} ... i e Nov.
Inside the 1968 Color Sets (Belt) ... ... Jan.
Instant Replay {Kane) .............. Nov
Letter to a New TV Service

Technician {Allen} .. ... .ol July
Midget Signal Generator (Schroeder) . . Aug.
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36
29
88

30

54

48
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40
44

44

30
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29

74

53
36
36

37

74

49

50

25

32

68
44

25
31
34
42
32

82

32
41
38

62
61

New Instructional TV System Goes to
Work {Myles)

Solid-State Service Instruments (Frye) .June

Sony’s New Single-Gun Color-TY
Tube—A Breakthrough? (Evanzia) ..Aug.

Sweep Generators for TV Service

{Baldridge} ..........c.c..vltn Nov.
Tiny Antennas Push State-of-Art

(Mayes) ...... ...ttt Mar
Troubleshooting FET Circuits (Allen &

Haskett) . ... ... i Dec.
Troubleshooting New €olor Chassis

{Allen) ... e e Jan
Tuning in on Color (Belt) ............ Apr
TV Alignment Techniques (Part 1.

Test Equipment) (Belt) ............ Aug.
TV Alignment Techniques (Part 2.

The Procedure) {Belt) ............ Sept
Twilight of the Vacuum Tube (Frye) ..Sept.
Tyro Technician (Frye} .............. Feb.
VR’s for Camera Tubes (Bryant) ...... July

TEST EQUIPMENT &
MEASUREMENTS

Amplitude Modulation Tester (Stephani) . Jan.

Color Generators Reach the Solid State
(Belt)

Electronic Measurements Using Statisticol
Techniques (Silver) .............. June

High-Voltage Production Tester (Bold) . .Dec.

IC Decimal Counting Techniques

(Lancaster) ... i Sept
Infrared Temperature Measurements

(Hamiin) ... it Feb.
Laboratory Oscilloscope (Frye) ........ Jan.
Microwave Sweep Oscillators for the

Laboratory (Widman) ............ Nov.

Midget Signal Generator (Schroeder) . .Aug

Monitor for Hidden Indicators

{Kennedy) ... ..o i Aug.
New R. F. Standard . ........... ..Apr
Shunt Switching (Chan & Brock) ....... Oct

Solid-State Service Instruments (Frye) . .June

Sweep Generators for TV Service

{Baldridge) ....... ... o i Nov.
Transistor Curve Tracer (Chan) . ....... Jan.
Transistor Curve Tracer (Moore) . ..... Mar.
Ultrasonics for Non-Destructive Testing

(Weighart) ... .ot Nov
PRODUCT REPORTS
Amphenol Model 830 Transistor

Tester oo v e Sept
Amphenol Model 857 CRT Tester-

Rejuvenator ............ ... ..... June
B&K Model 161 Transistor Tester . Jan
B&K Model 1450 Oscilloscope ...... Nov
Bicron Model 100 Square-Wave

Generator ... iiiiiiiiieiaen Nov
Conar Model 680 Color-Bar

Generator .......... e Mar
Darcy Model 460 Digital Frequency

Meter ... . i Nov

Eico Model 235 V. T. V. M. .. ... Apr.
Fairchiid Model 8040 Digital Frequency

Meter .o i e Oct.
Heath Model 1G-14 Marker Generator . . July
Heathkit Model 10-17 Oscilloscope . ..Oct.

Hewlett-Packard Model 204C Audio
Oscillator . ... .o May

Hewlett-Packard Mode! 220A Square-Wave
Generator . ... e e July

45
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34
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49

38

38
34

49

47
56

58
70

51

25

49
42

40

34
62

49
61

76
85

.76

40
55
53

25

62
82
62

62

67

62
72

72
74
72

66

74

Hewlett-Packord Model 4328A

Milliohmmeter ..........c. oo, Mar. 67
Hickok Model DMS-3200/DP-170 Digital

Ohmmeter . ..o ieinennn Moy 66
Honeywell Model 333 “Digitest’” Digital

Yoltmeter . ...... . iiiiiiiiiianns Apr. 72
“Knight-Kit"”" Model KG-687 Sweep/Marker

Generator . ... Jan. 82
“Knight-Kit'”” Model KG-686 R. F. Signal

Generator .........couiiiiiiiuenn July 74
Millen 90651-A Grid-Dip Meter ... ... June 62
Monsanto Mode! 100A Counter/Timer . .Jan. 82
Motorola Model S1301A Oscilloscope .Sept. 79
Pomona Model 2900 High-Yoltage

Tester o ...iiuiiin i Mar. 67
Radio Research Model 61 FM Signal

Generator . ....coeeieaeaniainen Sept. 79
RCA Model WT-501A Transistor Tester .Apr. 72
RCA WV-500A Solid-State Volt-

ohmmeter . ... ... it May 66
Sencore Model FE14 Field Effect

Meter ... .. ... i i June 62
Sencore Model MU150 Tube Tester ....Oct. 72
Sencore PS148 Oscilloscope ........ Dec. 61
Solitron S$-100, 101, 120 SCR Testers . .Aug. 72
Telequipment Type $54 Oscilioscope . .Aug. 72
Triplett Model 601 Solid-State

V5 (o)W H 5060808 naaa0a0a6aa0 ... Aug. 72
Triplett 3490-A Tronsistor Analyzer ...Dec. 61
Western Technical Products “Safetone

Tracer” .. i i e Dec. 61

PLEASE. . . .
Save this Annual Index for

future reference to all the
feature material which has
appeared during 1968.

Answer to TV Waveform Quiz
appearing on page 76
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“‘Looks like the

structurad  engineer
might have been a little uncertain of
his design.”’
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" MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 85¢ per word (including name and address). Minimum order
$8.50. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell.

pany copy.

50¢ per word (including name and address). No minimum! Payment must accom-

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order and
remlttance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W.

Higgins Rd., Chicago, 1ll. 60656.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog

25¢. Meshna, Nahant, Mass. 01908.

METERS—Surplus, new, used. panel and port:
able. Send for list. Hanchett, Box 5577, River-

side, Calif. 92507.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. Illustrated
plans, $2.00. Relco-A22, Box 10563, Houston,

Texas 77018.

MUSIC LOVERS, CONTINUOUS, UNINTER-
RUPTED BACKGROUND MUSIC FROM YOUR
FM RADIO, USING NEW INEXPENSIVE ADAPT-
ER. FREE LITERATURE, ELECTRONICS, 11500-Z

NW 7th AVE., MIAMI, FLORIDA 33168.

SURVEILLANCE COUNTERMEASURES BRO-
CHURE $1.00. ENGINEERING LABORATORIES,

BOX 1036, ANDERSON, INDIANA 46015.

e Tube cartons 6AU6 etc. size, $2.15 per 100.
6SN7 etc. size, $2.55 per 100. SU4GB size, $2.95
per 100. 5U4G size, .$3¢ each.

e 7“ 90° TV bench test picture tube with adapter.
No ion trap needed. Cat. #7BP7, $7.99.

® Silicon rectifier, octal-based replacement for
5U4, 5Y3, SAS4, 5AW4, 5T4, 5v4, 574, With
diagram. Cat. # Rect 1, 99¢ each.

® 5 transistor circuit boards containing up to 6
transistors, plus diodes, resistors, capacitors, etc.
Cat. # TB10. 99¢.

909 Kit of 30 tested germanium diodes. Cat. #100,
¢.

® RCA-110° flyback transformer, latest type, in-
cludes schematic diagram. Applicabie to any TV.
Cat. # BR-1, $2.99

® Color yokes. 70° for all around color CRT's. Cat.
# XRC70, $12.95. 90° for all rectangular 19 to
25" color CRT’s. Cat #XRC90, $12.95.

® Transistorized U.H.F. tuners used in 1965 to
1967 TV sets made by Admiral, RCA, Motorola, etc.
Removable gearing may vary from one make to an-
other. Need only 12 volts d.c. to function. No fila-
ment voltage ded. Easy repl t units. Cat.
# U.H.F.—567, $4.95.

® U.H.F. Tuner-original units as used in TV sets
such as RCA, Admiral, etc. covering channels 14
through 82, as part #94D173-2. Complete with
tube. Drive gearing is removable. Can be used in
most sets. Cat. # U.H.F.—3, $4.95.

® F.M. tuner-Hi/Fi amplifier tuning unit. Tunes
from 88 to 108 mc. Contains two 10.7 Mec. I.F
transformers, one 10.7 sound discriminator, R.F.
oscillator and mixer tages and 12DT8 tube. I.F.'s
are standard ‘‘K’’ type. Circuit diagram for build-
ing F.M. radio included. Also plan for building
F.M. tuner. Sam’s photofact 620 shows 2 appli-
cations, 1 for radio, 1 for Hi-Fidelity tuner and
amplifier. Cat. #FM-20, $4.95.

Send for our free catalog listing thousands of
similar best buys in tubes, parts, transistors,
rectifiers, etc. Orders under $5.00, add $1.00
handling charge. Include 4% of dollar value of
order for postage. Canadian postage $1.00 extra.

ARCTURUS ELECTRONICS CORP.

§02-22nd St., Union City, N.J. 07087 Dept. MEW
Phone: 201-UN 4-5568

—"“ARCTURUS SALE"—;

CIRCLE NO. 123 ON READER SERVICE CARD

December, 1968

‘BUG’ DETECTORS, SURVEILLANCE TV, CON-
FERENCE RECORDERS, TELEPHONE ACCES-
SORIES, INTRUSION ALARMS. FREE DETAILS:
SECURITY ELECTRONICS EW, 13 EAST 43RD
STREET, NEW YORK, N.Y. 10017.

CRYSTALS . . . largest selection in United
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HC18/U, FT-241, FT-243, FT-171, etc.
Send 10¢ for catalog with oscillator circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

TREASURE HUNTERS! Prospectors! Relco's new
instruments detect buried gold, silver, coins.
Kits, assembled models. Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston, Texas 77018.

NEW Sensitive Treasure Metal Detectors. New
fow prices. Professional models from $29.95 to
$129.50. Write for free catalog today. Jetco Elec-
tronics, Box 132-E, Huntsville, Texas 77340.

WHOLESALE components: Manufacturers and
distributors only. Request free catalog on busi-
ness letterhead. WESCOM, Box 2536, EI Cajon,
California 92021,

BARGAIN FLYER AND SiX NEW RESISTORS—
25¢ (stamps or coin) BIGELOW ELECTRONICS,
Bluffton, Ohio 45817.

BUILD-IT-YOURSELF. Save big dollars. Transis-
tor stereo amplifiers. Color organs. Speakers.
Write Workshop, Box 393, Bethpage, NY, 11714,

ELECTRONICS ENGINEERING
AND INSTRUCTION

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.

HIGHLY effective home study course in Elec-
tronics Engineering Mathematics with circuit
applications. Earn your Associate in Science
Degree. Free literature. COOK’S INSTITUTE OF
ELECTRONICS ENGINEERING, P.O. Box 36185,
Houston, Texas 77036.

FCC First Class License in six weeks—nation's
highest success rate—approved for Veterans
Training. Write Elkins Institute, 2603C Inwood
Road, Dallas, Texas 75235.

LAW ENFORCEMENT AGENTS AND LEGAL IN-
VESTIGATORS ONLY. FREE LITERATURE, LAT-
EST ELECTRONIC AIDS. REQUEST MUST BE
ON YOUR OFFICIAL LETTERHEAD. R. CLIFTON,
11500-J NW 7th AVE., MIAMI, FLORIDA 33168.

WRITE now for free 1969 catalog McGee Radio
Company. 1001 bargains. Speakers — Parts —
Tubes — High Fidelity Components — Record
Changers—Tape Recorders—Kits. Everything in
Electronics. 1901 McGee Street, Kansas City
(GE), Missouri 64108.

ELECTRONIC ignition, various types. Free litera-
ture. Anderson Engineering, Epsom, N.H. 03239.

ALARMS! Controls and components. Complete
stock. Installers welcome! Free catalog writing
letterhead, business card. Otherwise $1.00 re-
fundable first purchase. SILMAR ELECTRONICS,
3476-78 N.W. 7th Street, Miami, Florida 33125.

ELECTRONIC time delay AUTOMOBILE BUR-
GLAR ALARM. Llow introductory offer $11.99.
AUTO MINDER, 4480 Broadview Road, Cleve-
land, Ohio 44109.

MANUFACTURER'S FINAL CLEARANCE OF
QUADRAMATIC STEREO POWER AMPLIFIERS
40 WATTS PER CHANNEL. ORIGINALLY $299—
NOW $75—WHILE THEY LAST. PREPAY OR
SEND $10—DOWN BALANCE COD. PURESON-
ICS, INC., BOX 35, KENILWORTH, ILL. 60043.

BARGAINS in Surplus Electronic Parts, Semi-
conductors, Tubes, Etc., DISCOUNT PRICES,
FREE CATALOG. REDCO SALES CO., Box 294,
Needham, Mass. 02194.

GARRARD Record Changers, Hi-Fi Components,
Cartridges, Needles, Tape, TV Parts, Schematics.
Write for Unbelievable Prices. Gregg Electronics,
P.O. Box 184, Gien Head, N.Y. 11545,

SEND ONLY 25¢ for TWO new & unique catalogs
of unusual items for home & auto. You'll also
receive certificate for $1.00 refund on your first
order. Great ideas! Send now! J. Ross, 80-34
Kent St., Jamaica, N.Y. 11432, Dept. EW.

PLANS AND KITS

INTEGRATED CIRCUIT KITS; COMPUTER AU-
D10, Others. New catalog free. KAYE ENGINEER-
ING, Box 3932.B, Long Beach, California 90803.

EVERYTHING UNCONDITIONALLY GUARANTEED!

SILIC. RECTIF. 8000 PiV 400 MA, pair ...
R-23/ARC.5 Command reve 190-550 ke, ...
A.R.C. 12 # 22 Command revr 540.1660 K

LM-14 freq., meter, .01% 125 ke-20 me . ...
TS-323/UR freq. meter 20:-180 mc., 001 9.
BC-221 w/pwr, 79.50. TS-175 (.085-1gc), 125.00
CLOSING ouT Radlo Recenvers 38-4000 mc at CRAZV

PRICES! or  APR-4Y/CY-233  sheet.
ELDICO SSB ADAPTER SBA 1: Converts any revr with
455 ke IF to SSB; select cither sideband.

Also adds CW Ose. Exc .
R-392: Compact versio ! Same digital xtl-
callp tuning 1%-32 mec, same sensit. Simpler filter.
No pwr sply in it; tubes work on 24vde, U3A. Only
11x1115x14", only 52 Ibs. 455 ke IF, Rc1dy to_use,
OK grtd. w/pwr sply, book. interconnect 525
cord & plug

R-390A/URR: Cream-puff conditi ith

plate. Rack mty but with solid ca net Imhmd nu
panel. OK on beneh as is. Checked for

Lood sensit. & beal every 100 ke ... ..., »
SP-GOO Jx ultm clean, in cabinet, -nuzned ready  to
use. me, wi/xtl filter & provisions for 6
Snlgrlte stauons to be xtl selecwd

R-44/ARR-5: AM/FM 27-143 me, modlﬁed by us for
greater sensit., w/pwr sply y

IF is 5.25 me. W/book . .............. -
§-36 Hallicrafters commoxclal n of 179 50
above. checked OK. ready to usec. w/book

FAIRCHILD SOLID-STATE SCOPES all w/dual-trace
plugins 25 & 30 mc, \v/del\yed & undelayed time-
base plugins, w/books, w/recent NBS-traccable calib., .
1009 grid. Obtained during corporate
change-back to the Dumont name. Low as 8
WRITE FOR LIST of these & others (Tekt,, H.D.)

iI:m\m:cml $890 Deviat. Meter o/:a/?a 14950

01 sch FM-3 w/DM-2, p ..375.00
FM-3 \\'/p\\ sply. \Vllh()ut DM-2 275.00
FM SIGNAL GENERATOR? Enough incidental FAM
conmes from r()llo\\lntz CW/AM sets for all needs in a

2-way  Moblie Radloshop. All completely rvecondi-
tioned, retinished., w/NBS-traceable (ert or Calib.,
w/book. w/terminated cord: Meas. Corp, #80 (2-100

me, $295). ZBOR (5-475 me. ":'}7 ). H r. #6084
(10-500 mec, up to 1.0 \() $475)

Generate 10 ¢y to 10 mc! Hewl-Pack £650A has
vivin-metered output and atten. down to -50 _db in
10 db seps. Zo 600 ohms. Vo up to 3 v,

Flat to 1 db, L‘llil) certifiv

Generate 10 K¢ to SO0 mc: URM-25D or F. Microvolt
calib. 0.1 uv xo 0. 530 ohms. Xtl zero-heat each
me; ver: c . compact. With book. RF
cord, BNC to hemdset.

e 059 a E .
1’5 thru K's<, X.0001 thru X10K., \'cry low 227 50
contact resist. Exc. cond. & grtd ..., L. .
Pwr Spiies in which yvou digit-dial the VOLTS or
the MA you want, 0.1¢, accurate! Ask for Cat. 29,

WE PROBABLY HAVE THE BEST INVENTORY OF
GOOD LAB TEST EQUIPMENT IN THE COUNTRY,
BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR
SPECIFIC ITEMS OR KINDS OF ITEMS YOU NEED!
WE ALSO BUY! WHAT DO YOU HAVE?

E. GOODHEART CO. INC.

Box 1220-A, Beverly Hills, Calif. 90213

Fhones: Area 313, office ITI-FTOT, messages ITE-5342




TUBES, SEMICONDUCTORS, ELECTRONIC | v
G & G SURPLUS SPEBIALS| EQUIPMENT & COMPONENTS. Quality mer- U.S. GOV'T ELECTRONIC SURPLUS
S chandise only! Serving engineers, Purchasing |
Agents, TV/HiFi Servicemen and Hams for 20 ;,n,':,'",:'.‘::" Knsum - Merld ramu-ssgm:l.us SEMTER sttere
years. Write for Catalog or call 212-WA 5-7000. compenents af 2 fractien of Meir original acquisitien cest,
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

B8C-645 TRANSCEIVER, 15 tubes,
435 to 500 Mc. Easily adabted {Or

Television Experimental and ('iti- ORDER DIRECT FROM AD sr WRITE FOR CATALOGS

w
zens* Bands. Wlth tubes, less power

supply in factory carton.  §16.95 "*&( RECEIVING & INDUSTRIAL TUBES, TRANSIS

Brand new . .......... Ll 2 h 4 * 18M) SILICON DIODE RECTIFIERS
'?‘::n‘it*‘e%\L:A%).g:\grsmtg:FEx?d _‘“- TORS, All Brands—Biggest Discounts. Techni- { )

ceswories, Including  mountinge, Antenna As- cians, Hobbyists, Experimenters—Request FREE & M et iy g, i, i e, st————

(1BM Computer Units )

semblies control hox, complete, BK’\\I) NEW 52695 Giant Catalog and SAVE! ZALYTRON, 469 Jer-
icho Turnpike, Mineola, N.Y. 11501.

AN/APR-4Y FM_& AM RECEIVER

“FB" FOR SATELLITE TRACKING! DON'T BUY TUBES—~—Radio, TV-Xmitting, spe-
f§f§a"su?f",§‘?}22ué:‘c’y"“‘.'“"‘12‘81' elolr n)lonétoﬁnfh and cial-purpose types until you get our price list! ’
w L Lowest prices in U.S.A. 5,000 types——Guaran-
to 4000 Mec, tuning ranges. For 110 V 80 cycle SRS ek yp
AC. Bull'tn power supply Original efrcuit teed Brand New. Send postcard for TV-Special |
S mewciaied, Checked outy pertect, Purpose Price List. UNITED RADIO COMPANY, |
.................... . - ’
All Tuning Units Available for Above | P.0. BOX 1000, NEWARK, N.J. 07101.
TG-34A CODE KEYER, ~elf-contalncd. I - 0=V, sili
tomatic,  rebroduces ‘;ﬁe“;’,?déz'.‘ét e ‘ e T T T s eon e sy $2:69
ln,?,lrlt from nﬁper }t}ape to \\'l‘}li - 1 WANTED ( ) Eh
in  speaker rand no“ \nlh tec = ( #22-925 --rv\mlleB |5|1-
manual, takeup reel ines ke (116.) ) $1.31
and AC line cord. ........... H H
g i QUICK CASH . . . for Electronic Tubes, Semi- w (#11-889 ) - - Kight 12-amp.. 100-1. ~ilicon diodes ") $3.97
conductors, Equipment (Receivers, Transmit- heawresppeneatigiobpst (NI Fintle )=t
PO S RICTIYER 28 R DTA L ne || tor, Scopes, Vacuum Variables cfe) Send sty | | £ ST T, 171
Wit 10 tubtn. checked out. exe. Used con: now! Write: BARRY ELECTRONICS, 512 Broad- bt ey ™ ! =
dition i ® (#22-926)-- Two 25amp., 5.V, on
BC-603 FM RECEIVER Converted for way, New York, N.Y. 10012 (212-WA 5-7000). heavy copper heat sink. (1 1h,) ... 1£) $2.69
tian on 35 to 30 Mc, Checked out, uu«rm s52 50
teed Exc, Used Cond. oo nn QUICKSILVER, Platinum, Silver, Gold. Ores An: :mf“’g;g:}h’m"m‘;""(zl"‘m," S9eN wlifoon ibdetan, ) $1.81

BCG10-E TRANSMITTER mude by Hulli  ¢3950) alyzed. Free Circular. Mercury Termnal, Nor-
crafters. Complete with ahl tuhes. exc. Used 325 | wood, Mass. 02062.

COMPUTER TRANSISTORS ON HEAT SINKS
‘ 18M Computer Quality Units

AIRCRAFY TRANSMITTERS

RY-220 {XN-2) ARN-21 115V AC TRANSMITTER mfd
A Nperatt, Complete with all tubes and - g14g Ei] DO-IT-YOURSELF ® (#22-928) - Unit consists of one 130-
vrvstals bee, wed e vat powet transintor en‘ﬁe;\\. ribbed,
aluminum cat  sink. Many experimental
RT.220 (XN-10) ARN-21 27.5 V DC TRANSMITTER. PROFESSIONAL ELECTRONICS PROJECTS-— ses. (110.) 1.99
113V/1/380/420-320,1000 cyc. mfd N/A. Com- l $1.00 up. Catalog 25¢. PARKS, Box 25665A, Cost Gov't over $10.00 $

plete with all tubes., mounting hace, con-
nector plugs, built-in dynamotor. Exc. Used S‘ﬁgsn

Seattle, Wash. 98125. |

o (#22-845).- l nil consists of twa 150-
watl power transistors, 3 pots., several
RADIO TELEPHONE SIMULATOR diodes, capacitors, el vk

SM.40/UR. _E-ctiannel. Nuvy fire-control  ¢110.50 TAPE AND RECORDERS Tibbed aluminum heat sinks. )mul for use as

unlt. Exe. Used ... ... .. ... motor speed conwol. (4
it Govt Grer 3500 $4.91

Modct "TX;CA'csnlrrll:-EhIRTA:nsecfwi?insxizlz o 00 BEFORE renting Stereo Tapes, try us. Postpaid
to’ 2700 (PS, pivi 230 w ) 1(;0/13%‘\_;;1\(/- both ways — no deposit — immediate delivery. | COMPUTER GRADE FILTER CAPACITORS
35 cve. Co s of Trans : -11A f I : T :
T\C 1B and re r power unit 10 Quality — Dependability —Service —Satisfaction — . 5 )
-1 uless speaker) . Exe. Used ... $17830 prevail here. If you've been dissatisfied in the Szt ippeny 2-1'“' s e e #
TRANSMITTER-RECEIVER past, your initial order will prove this is no idle Orlg, LECauer S8 -2
Model AN/TRC-1. freq. range 70 to 99.9 Mc F)M. boast. Free Catalog. Gold Coast Tape Library, o (#C-14-1) - - 15,500-MF @ (0-Volts ... §
¢ > N )
P e PP R OA® .\«u.i‘;ﬁ_f-"u.‘s"i‘"’,{?“ o Box 2262, Palm Village Station, Hialeah, Fla.| | o (#6-182)-- (500-MF @ 150-Voits i
:‘,:z;c:(\lhr eiver °‘§ TrIQIJl{’r’I)']R( 15 supply 115V AC 33012. o (40-18-3) -- 5000-MF @ 55-Volts
3 L\ W = & anc ead- .
ic;tea.dl ) ( f"."ﬂ"_k_‘_o_ f‘:l}t} .(- n‘r\ |.n.g- .‘.‘T(. ) .Exc. 57&50 | TAPEMATES make available to you ALL 4-TRACK o (HC-14-1)- - 12,500-MF @ {D-VoIts )
seor STEREO TAPES—ALL LABELS—postpaid to your » (#0-14-12) - TS0MF @ 25-Velts ... 98 =
st e ohe; Wit all tubes, i door—at tremendous savings. For free brochure
1‘;:‘,‘9‘; fon (nsteuctions. | write: TAPEMATES, 5727 W. Jefferson Blvd,, RUNNING TIME METER
Los Angeles, California 90016. o USDXCI0AS) o, to record number sfiop

erating hours f electric lights and etectrical

SCR-274-N, ARC-5 COMMAND SET HQ! RENT 4-track open reel tapes—all major labels— devices such u» fofrigerators, fumaces etc
Eren ! Exc SRAND 3,000 different—free brochure. Stereo-Parti, 55 .‘*:°;:';‘:,,‘_3:;‘,::;;;;:‘ ;“t',‘,"'},‘:,?‘v‘"{'l"“'f,“;‘:‘,";e“j’
g ¢ NEW St. James Drive, Santa Rosa, CA. 95401. Slze #aA3

TAPE RECORDER SALE. Brand new nationally
advertised brands, $10.00 above cost. Amazing

discounts on stereo components. Arkay Elec- '.J”""“ﬂ:“”;*ﬂ“ Electrie \15\?11
tronics, 1028-B Commonwealth Ave., Boston, T e o To mpr it
l Mass 02215 | lll-\nl(i 1 seful ll;v Inll;n ch-\;grn m|||‘;un|)z
- : D motors, etc. 7°° x 5" S
| WHOLESALE — 4-8-track STEREOTAPES — Car, Giond; Go O G8I300 $16.72
Home PLAYERS—CB, Recorders. MUSICO, Box
AT RS | 11045, Montgomery, Alabama 36105. EXPANDED SCALE O - 15 DCYM
NEW G&G CATALOG iy Sifiraey Erectrome | STEREO Tapes, Save 30% and up; no member- © (H21-900) .. Brand new, expensive voltmeter
Gear. SEND 25c—Refunded with First Order. ‘ ship or fees required; postpaid anywhere U.S.A. 'l“ﬂ:n‘:(:n:-‘:l\lf-::g“n::g an93 1o v;::"\m;m.:u
Free 70-page catalog. We discount batteries, :X_:- Bionsal m\o:cnl, black  phenolic case
TERMS Eg}mg’;:;tg;g;:s",;\"h grdery balanee C,0.D. recorders, tape/accessories. Beware of slogans, E ] $7.97
S i S FR. our btoreuie PRyG A || “not undersold,” as the discount information
° prion s " | you supply our competitor is invariably report-| | SILICON DIODES DIGITAL 7=
ed to the factory. SAXITONE, 1776 Columbia READ-OUT &
G & G RADIO SUPPLY COMPANY R i A A AP T i) ] UNIT L X
Telephona: (212} CO 7-45605 Cout Govt $230.00 SRR A
i HI-FI Components, Tape Recorders at guaran- $5.90 031) GashiLyeo: Jc}'?
75-77 Leonard 5t., Mew York, N.Y. 10013 lteed “We Will Not Be Undersold” prices. 15-day o (HREC-3 )~ -New,per- $3.97 s
- —— | money-back guarantee. Two-year warranty. No Lo g a0l :M(ufjlf-ﬂl} e reads
ELECTRONICS! Associate degree—29 months Catalog. Quotations Free. Hi-Fidelity Center, Einetlog h-cument rectifier, out”, electic motor, grar wain, relays,
Technicians, field engineers, specialists in com- 239 (LT) East 149th Street, New York 10451. s d

munications, missiles, computers, radar, auto- §TEREO TAPE CLUB; AVERAGE COST $3.78— | TYPICAL BUYS FROM OUR 1969 CATALOGS

mation. Start February, September. Valparaiso $4.20 Cartridges, Cassettes, Reels. No minimum | o <, i TN (S 350, (2 S e VAT

Technical Institute, Dept. N, Valparaiso, Indiana monthly purchases. Free brochure—catalog. tremendous huys in electrontc equipment. power plants. welding

46383. Star Recordings, Box 1055, EI Paso, Tex. 79946, | | Sarligt it "or tecatel moctiars amsesine e
atl types 12-10it power motors, blowers, refay s, efc

R.E.l.'s famous (5) week course for the First OLD Radio Programs on tape. Gangbusters,

Class Radio Telephone License is the shortest, ~Jack Armstrong, Whistler, hundreds more. Sam- ® $100.00 Automatic T Step s — AL

most effective course in the nation. Over 98% ple: 2-hr. $6.00, 4-hr. $9.00. Catalog $1.25 or|  $215.00 Geared Battery Motors For Elecrric Cars $26.95

of R.E.I. graduates pass F.C.C. exams for 1st free with tape order. NOSTALGIA, Dept.-P, | ® $ 30.00 Standard Dial Handset Telephones

class license. Total tuition $350.00. Job place. 9875 SW 212 Street, Miami, Fla. 33157. o §$ 4.50 Power Transformer 115V to 25V

ment free. Write for brochure Radio Engineering o $ 31.50 150-Watt Transformers {15V, to 24V

Incorporated Schools, 1336 Main Street, Sara- RECORDS » $§50.00 Power Plant 5000-Watts, {15-Voit

sota, Florida 33577—or 3123 Gillham Road, Kan- | © $ 30.00 f15-Volt AC Watt-hour Meters ..

sas City, Missouri 64109—or 809 Caroline Street, SPECIAL INTEREST RECORDS AVAILABLE, PRO- o $42.50 (15-Vol, 35-Amp. Clock Timer Switch..... $8.91

Fredericksburg, Virginia 22401—or 625 E. Colo- , « (5-Vol. Discontinued Co dence Coul

rado Street, Glendale, California 91205. EéjAcDEI?dGBYs::glAELDIﬂ?q"‘rgnggTTHhEAngZ'}hgss. | * ln“Eel‘e';rlr':::l En;::::::u.“.'.. m e $8.79
SEND FOR FREE CATALOG. RECORD CATALOG-

TUBES EW, ZIFF-DAVIS PUBLISHING COMPANY, ONE ‘ SEND 256 COIN DR\ STAMES FORICATIAL OGS

PARK AVENUE, NEW YORK, N.Y. 10016 Al troms £O8 Hery. Bask Saarantes
0 , N.Y. i
TUBES—33¢ each. Year guarantee. Tuner Clean- OLDIES——45RPM. Original hits. Over 1500
er $1.09. Free catalog. Cornell, 4213-W Uni- avaitable. Catalog 25¢. C & S Record Sales, Box
versity, San Diego, Calif. 92105. 197, Wampsvitle. N.Y. 13163. |

DEPT. EW 128 LINCOLN, NEBAR. 68501
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We promise to supply you with the
highest quality products at the most
attractive prices with the fastest
service in the industry.

TRIACS

TO-66
5 AMP

Lo
FdLl

i KT
i
300 !
|
[

144
1.73
2.2%

| 400

| S00 N

AVALANCHE MODE TRANSIS-

TORS, used for TRIGGERING

SCR’s & TRIACS, with diagrams
e 3/%1.00

ZENERSI Watt 7-68V § .40
10 Watt 7-200V § .75
MOUNTING
HARDWARE KITS.

These kits are used to mount our
SCR's Zeners and Rectifiers etc

6x32 stud, 6 sets for $1.00

YOUR SERVICE AND

QUALITY LEADER

] SIM to 2N3429 (NPN) N/
stud, min HFE of 30, 7.5 Amps

175 watts, VCe of 75 $1.7
] N-CHANNEL FET’S TO-18 plastic
units, low noise, low leakage, 25 volts
source to gate, 50 ma gate current
Gain to 9000 umho's $1.00
[] NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, TO-.18, SI
Transistor, With a VCBO of 120
3/%1.00
IN2326 voltage and temperature
compensating diodes 4/$1.00

D 500 HFe plastic transistors
NPN, T0-18, S! unit similar to |
| 2n3565 . 4/$1.00
Silicon Power Rectifiers
[ PRV A | 124
TionT bl .44
2a0 e 1 .50 |

e
aag
Aon )

| L0

1.H0

Terms: FOB Cambridge. Mass.
Send check or Money Order. Include
Postage, Average Wt. per package
i Ib. No C.0.B.’s. Minimum Order
$3.00

Rated companies 30 days net

INTEGRATED
CIRCUITS

—

LINEAR CIRCUITS
FM IF AMPLIFIERS. ...........§ .90
702C WIDE BAND DC AMPL... .$3.50
709C OPERATIONAL AMPL....$4.00
710C HI SPEED DIFF. AMP. $4.00

711C DUAL COMPARATOR ...$4.00
DIGITAL RTL CIRCUITS
2-914 QUAD 2 input gates... . $1.25
900 Buffer $1.25
925 Dual 2 input gate expander
$1.25
923 JK flip flop $1.25
2-923 Dual JK flip flops $1.50

Controlled Avalanche or Ep-
oxy Rectifiers. 1 AMP.

[T
S Lo o T
200 .09
400 | .12
00 | 18
son a2
ta | L35 |

UNIJUNCTIONS'

Similar to 2N2419. RBB of 5-7
stand off ratio of .6 and Ip of
12, with data sheet.......... $1.50

LEMURLIAN YIEWPOINT—Meaningful discussions
of Cosmic Truth: the purpose of human life,
reincarnation, man’s place in a Higher Plan,
and subjects from the Lemurian Philosophy.
Send for FREE copy. Lemurian Fellowship, Dept.
816, Box 397, Ramona, Calif. 92065.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345.

HYPNOTIZE SUCCESSFULLY! “Instantaneous”
—"One Word”’—"Against Will"”” methods exposed!
Complete illustrated course including—Self-Hyp-
nosis—10 inch Hypnodisk—"'Secret Nerve Pres-
sure Technique'” (They never kncw!). $2.00.
RESULTS ABSOLUTELY GUARANTEED! Fowler,
Box 4396, Woodbury, New Jersey 08096.

FEMALE, MALE HYPNOTISM! Easily! Instantly!
Secret Nerve Centers! $3.00. Brugenheimer, Box
158-E30, Lexington, Mass. 02173.

HYPNOTIZE MALES, FEMALES! — Unnoticed!
Quickly! Nerves! Exciting! $3.00. Research Enter-
prises, 29-SN21 Samoset, Woburn, Mass. 01801.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—"Childbirth” one
reel, 8mm $7.50; 16mm $14.95. International
W. Greenvale, Long Island, New York 11548.

SCIENCE Bargains—Request Free Giant Catalog
“CJ"’"—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts. War
Surplus bargains. Edmund Scientific Co., Bar-

TELEPHONE (617) 547-4005 rington, New Jersey 08007.

Silicon Control Rectifiers

Y4 x28 stud, 4 sets for $1.00

PRV ( 3A_| 7A_, 20A |~ 70A
POST OFFICE BOX 74B £ e i PRINTING
SOMER\”LLE, MASS. 02143 5T .L.:g| 280 WPE_HAM—CB QSL'S samples 25¢. Dick,
featuring transistors & rectifiers ':_L}S_‘%fﬁ ?:n_;;g 12.00 WBVXK, Gladwin, Mich. 48624.

ND FOR CUR LATEST CATALCG HUD 150 2,40 3.00 { 16.0C MIMEO OWNERS: turn your mimeograph into a
700 2.20  Z.&0 | | P 8§ . 4 g
Business Address: 325 Elm St., Cambridge, Mass T — oo os printing press with electronic stencils. Free in-

structions, samples, introductory offer. Seaview-
J, 212-26 48th Avenue, Bayside, N.Y. 11364

B — S e et
CIRCLE NO. 88 ON READER SERV.CE CARD

v, SHOPPING MART ©in
FREE! Send for money saving stereo catalog | ORDER XMAS
#E12W and lowest quotations on your indi- A selection of products available by mail for readers of Eiectranics World. GIFTS'
vidual component, tape recorder or system re- All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.
quirements. Electronic Values Inc.,, 200 West

20th Street, N.Y., N.Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed "We Will Not Be Undersold"” prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (L) East 149th Street, New York 10451.
HIFI EQUIPMENT-GET Our “ROCK BOTTOM”
prices on NAME BRAND amplifiers—tuners—

ST
(MoSiYiSioN)
DRAMATIC BREAKTHROUGH IN
AUDIOVISUAL ENJOYMENT
See your favorite music translated into fan-
tastically colorful patterns; each note creat-
ing its own unigue. everchanging image in
perfect time with the music. Easily attached
to stereo, radio, tape recorder. Send 25c¢
in coin for 16-page booklet #QOQGAK

. 85,151AK—WALNUT CABINET 99.50 FOB
tape-recorders — speakers FRANCHISED — 59 Noo 71.030AK 8" SET .. o oiNET MODEL v *a2:50 poa | PLASTIC MODEL V-8 ENGlNE
YEARS IN BUSINESS. Write for this month’'s No. 71,009AK 8" DO-IT-YOURSELF KIT ..,............ 22.50 Ppd. | j1ours of tun! Get thaslE of hnibdins

specials—NOW! Rabson’s 57th St., Inc.. Dept.
569, 119 W. 57th St.. New York, New York 10019.
LOW, LOW quotes: all components and re-
corders. Hi-Fi, Roslyn, Penn. 19001.

HI-FI components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cata-
log. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90 . . . Trucks From
$78.40 . . . Boats, Typewriters, Airplanes, Multi-
meters, Oscilloscopes, Transceivers, Electronics
Equipment, Used. 100,000 Big Bargains Direct
From Government Nationwide. Complete Sales
Directory and Surplus Catalog $1.00 (Deductible
First $10.00 Order). Surplus Service, Box 820-K,
Holland, Michigan 49423,

REPAIRS AND SERVICES

your own eusily assembled  engine
fon over 550 parts, Thew pash
starter and wately It run. Cranhshatt
Tevolves,  pistons move. valves onen
and close in sequence with sk
Does eversthing hut bhurn ol
ale. molded in 4 colors, U -(I
Ny auto-mechimie votnses,
ey -to-anderstand

GIANT WEATHER BALLOONS

Sulls of fun’™ tor kids, traftic stoppers
1m stoies. tertifie for amateur teteorolo-
gm\ ’ o mx hlunhuml sensition.

Ll bite « beach at-
traction, Made of } duty neonrene,
Inftate with vacaun Wwr or auto air
her o Jocally available helinm tor
high rise.

Stock No.60.568AK ( 8'diam.) $2 00 Ppd.
Stock No.60,632AK (16" diam.) $16.00 Ppd.

tuh

Stock NO 70.348AK ... $12.95 Ppd.

GIANT FREE CATALOG
148 Pages —1000’s of Bargains!

EDMUND SCIENTIFIC
SCOR

BUILDING BARRING
TON, N.J, 08007

Combletely  new 1669
\(‘\\ items,

edition,

FASCINATING MOIRE
PATTERN KITS

Save nore
cept S bl
],_’; \nlt~ {3

R Wantatic Vil oforrs, L. | B eavacity chaige felen Brmocul
- - - —_ S| N1 ATects, L - ll' il 1 1 tinir N mnoculars, A
SPEAKER REPAIR. Hi-Fi, guitar, organ speakers itless applications. 000N of uses for '\:‘,'“m illll\'“ \“,1‘.1,1:&:5‘11\ “I.'f‘l;‘.‘lf'lif; s i Ao i
reconed good as new at fraction of new speaker Tobhyists, photosraptiers, home sxperi- | Gorioe—easily ent. Combine to oo | eomcdion O factory.  Mail conhon  for
price. For details and Reconing Center in your menters. Funt Profitable! Contalns 8 SoOT” diae a 156 hishe Npee. | catwdor AR

e ite: Wal Elect N | D EW bisie patterns o both clear acetate | price tar 14t ap,  Low-vost chareer

rea write: aldom - ectronics, Inc., Dept. ’ g oand white Kronskete, 130 dot screen | <seharite. NAME
4625 W. 53rd St., Chicago, IIl. 60632, | on il book. Other sets incl. negatives | Order = Cells DC Volt Price Pad. -

available. Write for details, - 25 $1.50 | ADDRESS
PERSONALS Stock No. 70.719AK .. $9.50 Ppd. crTy
SAME KIT IN FULL COLOR
MAKE FRIENDS WORLDWIDE through interna- Stock No. 60.530AK.... ..$12.50 Ppd. STATE Z1p

tional correspondence. illustrated brochure free.
Hermes, Berlin 11, Germany.

ORDER BY STOCK MUMBER - S-IHD CHECK OR MOMEY ORDER = MONEY-BACK GUARANTEE

300 EDSCORP BUILDING
= BARRINGTON, NEW JERSEY 08007

EDMUND SCIENTIFIC C
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LEARN WHILE ASLEEP Miraculously 5uild Mind

| Power, achieve Self-Confidence, improve Health,
RECTIFIERS & TRANSISTORS EDUCATIONAL gain Success. Method 929% effective. Details
Silicon Rectifiers OPPORTUNITIES free. ASR Foundation. Box 7021EG Henry Clay
PIV | 25 | 50/100/200] 400/ 600/ 80011000 1200 ] Station, Lexington, Kentucky 40502
1A* | — 1.04/.05/.07| .09] .12{ .16/ .20 | .35 . ! ! -
3A | .05/.06/.07/.09] .12| .16 .24| .32 | .46 ‘ LEARN While Asleep, hyp‘not_lze with your re- USED Correspaondence Courses and Books soid
18A°° .10‘“15\"20. 300 .40| 50| — | — | — corder, phonograph. Astonishing details, sensa- and rented. Money back guaranize. Catalog
20A |' .15/.20] :25:"39" 50 .75/ .90/1.15/1.40 tional catalog free! Sleep-Learning Association, free (Courses Bought). Lee Mountain, Pisgah,
30A | 25"35; 60/ "90/1.2011.50! 1 Bﬁ;m 2.80 Box 24-ZD, Olympia, Washington 98501. Alabama 35765
= = - el 1 - < = P e e e e e s T — T — — — i TS o — —— — s S T o o e e e e

#Tophatl. FlanZeles~ **l'ressiit 3. 20, 40 studs
Silicon Controiled Rectifiers

|
1500 Piv [Frv T mmoorzooaoeoo | || CLASSIFIED ADVERTISING ORDER FORM

Stud 1A* [.10[.14 .22) .35 .60 .90 P i ; ; ;
obUlo o - 0 - leas fer to heading on first page of this section for complete data concerning terms,
200 MA. A 1.181.25/ 40! .70:1.25(1.60 CasemNen 1O g Bese O thi : P %

50¢ ea 18A%* |.18.251 .40] .70/1.25/1.60 frequency discounts, closing dates, etc.
20A |.25(.40 .55/ .851.45/1.95
“Tophat, esPresafit 7, 20 amp—stud 1 2 3 4 5
Germanium Power Transistors
20W-T0-5-3A 150W-T0-3-7A =
2N1038— 40V—4/1.00 2NA56A— 40V—.35 6 7 8 9 10
SN1030= 8OV_2/1.00  aN4ceA— sov—es
2N1041—100V— .70  2N1021A—100¥—.80 11 12 13 14 15
INS11, 40V—~.50; NOTIA. G0V 70
2N511B, 8OV_$1.00 o 16 17 18 19 20
Silicon Power Tranasistors
2N 389A 85W, 60Y 1.25 2N1048A 40W 120V 1.25
2N 424A 85W, 80V 1.49 2N1718 10W 60V .30 al 22 &3 23 oy
2N 497 AW, 60V .20 2N1719 10W 100V .40
2N 498 4w, 100v .28 2N1724 50W 80V 1.49 26 27 28 29 30
Silicon Small Signal NPN, TO-5
31 32 33 34 35

2N696 5/$1.00, 2697 4/%$1.00, 2698 3/$1.00,
2N699 2/1.00

|
3N34 Tetrode —$1.00; IN34A Diodes 100/$2.98; ‘
2N1142 Ger. Hi-Freq. Amplifier—2/$1.00; Thermis-
tors Beads, 900 ohm or 1200 ohm—$ .50; Varicaps—
27, 47, or 100 pf, 4V, 4:1—$1.25; P.C. Board,
8"x8"x/4”, 1 oz. copper—2/98¢; Photo Cells, Herm
Glass, 4 diff. for $1.00; 2N1300 Series, To-5, as-
sorted—10/$1.00; 1.C. dual-in-line—20/$1.00; To-5
15/$1.00.

@ .50 Reader Rate !
Words @ .85 Commercial Rate ; =%

Insert time(s) Total Enclosed $ .
NAME
ADDRESS
CITY— STATE_ 72IP

SIGNATURE

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zip Coda numbers not counted. (Publisher reserves right to omit Zip Code if space does not permit.)

Assortments

Precision resistors film ...
Ceramic capacitors .
Electronic Hardware ... ..2ibs/$1.00
7 pin connector set M & F . ...3 sets/$1.00
Free $1.00 pack with $10 order. Min. order
$3.00 plus postage. Guaranteed Prompt
service. |
|

ELECTRONIC COMPONENTS CO.

.....50/$1.00
.70/%$1.00

I
I
I
I
I
I
I
I
|
I
I
ZN1C47A 40W, 80V 1.00 2N2151 30W 8OV .50 l
I
I
I
i
|
I
I
I
I
I
I
I

o e . e e e . . . e e, . o . e . e o e e i e e e e e, e, . i, )

Box 2902 Baton Rouge, La. 70821 | Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols_such as
35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW.1268
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Prestige & Success as an

ONE YEAR ELECTRONICS
BES!

TU

EXPERT!

SAU4 X4
6AUS 6X8 B
786 Tuse rand Ney Except Glass!
Trpe ] Tuse
19Xp4 ?R'CE

21 Y
HOME 2,3;“;,54 _ 21.95

sTUDY courses [l 2ICErs : v

TV SERVICING . )

$3.50 23EGP2 i 7995
RADIO 3ERVICING e
$3.00

BOTH COURSES $6.00

2 STATION o 200 B0stpa T medte

duds retyrn g phicture tubes

g ed f, . All
I.NTE RCM under fyy yacu:,rn.'e'Und must be
6CBé ISW4 T N
6CD6 84/614

sco7 5687 RED & BLACK TUBE CARTONS

6CG8 6350 High Gloss, Clay Coated, Built in Diag. Partitions

TUBE 10 100
66:-:?:: ;40::: AC. 110 VOLY SIZE SIZE CARTONS CARTONS

TRANSISTORIZED ; SRS : 2.59

: 6SN7 ! 3.49
INTERCOM! 5U4GB | 5.29

d So
are New oF Used an . s . i
ulahve\\sed Lab Tested. tnd. Boxed.

Branded & Code Dated NQ SUBSTITUTIONS WITHOUT YOUR PERMISSION!
YOUR ORDER FREE IF [NOT SHIPPED WJTHIN 24 HRS.

Terms: Orders over $5.00: Add 3¢ per tube shipping. Prepay in full
NELL DEPT m4217 UNIVERSITY and avoid C.C.D. :har%es. Send $3.00 deposit on C.0.D. orders.

6ATS

Orders under $5.00: Add 3¢ per tube plus 50¢ handling. Canadian
SAN DIEGO. CALIFORNIA 42105 and Foreign Orders: add approx. postage. No C.O.D. arders. Com-
| = | bine varied orders to bring order over ?S.OO.
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s LIBERTY PAYS MORE! "o
WILL BUY FOR CASH| [ “SRMET 6

ALL TYPES: 800 PIV for
* ELECTRON TUBES ' TOP HAT O
* SEMICONDUCTORS RECTIFIERS
* TEST EQUIPMENT

* Military Electronic Equipment
WIRE—~WRITE—~PHONE COLLECT!

WITH ANY $10 ORDER

\ 2 .
S 0 FREE

1 \[:] TRANSISTORS 3 o.,,/_%?l 10¢ for bargain catalog on [J 100's of $1 Poly
| s1 /N

Pak assortments. [] transistors, rectifiers, zen-
PNP 100Watt/(5Amp HiPawer ]

" ers, ICs, Triacs, SCRs. ete., [] parts & equip-
We pay freight on all purchases— TO36 Casel up to 50 Volts ‘ ment. “It's the hottest hargain parts eatalog in
1 AMP TOP HAT AND EPOXIES
I
LIBERTY OFFERS MORE! PIV.  SALE PIV  SALE PIV  SALE

the industry.
PRESTEL FIELD STRENGTH 500 o5 so e o e | FAIRCHILD BRAND
METER 100 0 .07 1000 (J .31 2000 (0 1.05

NEW!

“FLAT PAK” RTL
200 [J .08 1200 (0 .44 3000 (0 1.60
400 [J .11 1400 (O .62 4000 (J 1.90

INTEGRATED CIRCUITSsete
600 [0 .16 1600 (] .72 10000 (0 4.80 L .

| 900 Buffer 49
711 FAIRCHILD

903-903* 3 Input Gute .69
904-904* Half Adder ..$1.69

INTEGRATED CIRCUIT r
AMPLIFIER!
% 18.transistors *‘\\“ R

(Model 6T4G)

914-914* Dual 2 Input Gate . ..$1.49
923 JK Flip Flop ... .$1.49
923-923* JK Flip Flop .$1.69
927-927* Quad Inverter .$1.69
“First time anywhere two identieal IC's in one
package, example 923-923 contains two sepa-

OODo0OC

Only

S]ZUUU

* 6 Diodes a € dold rate JK flip-flops in one buckage. 914’5 und
5 1 3 023. We include 50 uses. “% Licensed. Va™ x 147
id .
[INE-2 NEON BULBS tor $1 womos $ S PAKS
Calibrated from 40 to 230, and 470 to 860 20 MOST POPULAR 1 PART AK
in 4 Bands Megahertz, from 10 to 50,000 LINEAR AMPLIFIERS  with circuits & data  [1$25 SURPRISE PAK: truansistors. rect. diodes, ete. .§1
Microvolts. Nothing makes it easier to prop- [] 702C WIDE BAND DC .$3.98 || 30 MOLDED COND'S, m,\'lfxr.‘ pore, black m-:ml,\ %
erly and speedily find the correct place to [] 703H RF-IF-FM ... .$1.49 _| 30 MYLAR CONDENSERS, "sv"‘d“‘]‘f"’ Hobby musgl
N . o r C HI-GAIN OPERATIO . .$3.98 50 GERMANIUM GLASS DIODES, IN31. INIS] no tes$y
install TY, FM and Communication Antennas. 709 i ) T T
! : 710C HI-SPEED DIFF. COMP $3.98 40 TOP HAT SILICON RECTIFIERS, no testasst valucs)
You can measure and hear the signals with . T TTTT (125 EPOXY RECTIFIERS, silicon asst. no te -8

is 471 olt batter onomicall owere i —»— 140 PRECISION RESISTORS, 1.-2W . 14/ usst v
'h'.s' Tﬁ’ s el efse"l.k AR d ), Actual Size y wv s, 130 TRANSISTORS, rf, if. audio, asc. no test .
SAUMIELE! ISAnSININGHE seRkem i "1 AMP oo ' [60 TUBULAR CONDENSERS, to .5mf to 1KV, asst .
- 120 ] 74 sy 1 13¢ (150 DISC CONDENSERS, to.03mf npo. temp couf, as
l'BERTY ELECTRONICS 'nc MICROMINIATURE 300 1| g, Igog g ”‘( []60 TUBE SOCKETS, receptacles, plugs, audio, ete. .§1
4 ’ SILICON RECTIFIERS 400 ™ ro¢ (30 POWER RESISTORS, to 25 witts, to 24K ohms ..§1
548 Broadway, New York, New York 10012 |3 2N3568 NPN TRANSISTORS, 200me, 200V, 200hfog]

|3 2N3563 TRANSISTORS, npn, 600me, 100hfe, epox§1
Phone (212) 925-6000 FAIRCHILD IN-LINE /10 VOLUME CONTROLS, to 1 meg, switch (oo ! ...
INTEGRATED CIRCUITS L 10 ELECTROLYTICS, ta 100mf, tubulurs too,
CIRCLE NO. 103 ON READER SERVICE CARD o g “7"" [50 RADIO & TV KNOBS, asstd colors & xtv
- ¢ Wt ata [J10 TRANS'TOR ELECTROLYTICS (o 100mf, 3
INVENTIONS WANTED 930 DUAL 4 INPUT GATE & EXPANDER $1.00 ["50 COILS AND CHOKES, if. 1f.mnt, ooc. ronkine. 181
— = R 333 gg:t ;gwgkfé:l;?m ;:-83 [165 HALF WATTERS, to I meg. 5% bopulir values tocgt
NVENTORS We will develop, hel m 44 T3 a0 [LJ60 HH-QUALITY RESISTORS, L., 1, 2W asst values ..§1
! i o o e e 946 QUAD 2 INPUT NAND/NOR GATE ... $1.00 (15 RCA PHONO PLUGS & JACK SETS, tumerv. otr .$1
idea or invention, patented or unpatented. Our L '

: . 952 DUAL 2 INPUT INVERTER GATE [} 50 ONE WATTERS, resistors, asstd values, 5¢% too . . $1
national manufacturer clients are urgently 953 2-2-3 INPUT AND GATE ... . 2-PC INFRA-RED DETECTOR & FILTER SETscicnce progi
seeking new items for outright cash sale or 954 DUAL 4 INPUT AND GATE . 00 12 FIELD EFFECT TRANSISTORS, n channel, hobby .1
royalties. Financial assistance available. 10 -
years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Bro-
kerage, 79 Wall Street, New York, N.Y. 10005.

955 8 INPUT AND GATE W/2 INPUTS -00 750 TERMINAL STRIPS, 1 10 © lug trpes 3
956 DUAL INPUT BUFFER ... -$1.00 713 pHOTO ELECTRIC CELLS, hi. imp.. schematic .. .81
O's of other 1C's including: Flin-Flops. Rexis-[73 1RANS'TOR AMPLIFIER, WIRED, $x2x %) * s hernatiig]
v Adders, ete. Write for listing. [J10 PRINTED CIRCUIT BOARDS, copper ciad. 100 usc$y

s00NDO0OC0o

&

1 i anti [J10 TRANSISTOR SOCKETS, for pnp & npn twpes....$1
L";VE;“J?OR;S'EEZI:;? )tch?eF’lgEEn(tjlic:;Ic?::r‘;,s;j)ri-t\ SOLID STATE BARGAINS /Y0 PANEL SWITCHES. IOQSIIG;‘S“(I_{'. micro. rotary .$1
today. New York Invention Service, Dept. 19 1—TUNNEL DIODE, IN37160r amps-osc §1.47 (] 40 CORNING ‘‘LOW NOISE rhmhn;.\, anstvidues §1
160 Broadway, New York, N.Y. 10038 ' 1-—UNIJUNCTION TRANSISTOR, 2N18y .. $1.47 [[] 35 TWO WATTERS, asst incl: AB. 5% ton! . ... §1

' g hotd . 1—SOLID STATE 8 TRANSISTOR PREAMP $4.88 [ |5 G.E. 2N107 TRANSISTORS, pnp. audio ckts -$1
PATENT Searches including maximum speed, 1—COLOR TV RECTIFIER 14,500 PIV ... $1.45 []6 “*IBM’ COMPUTER BOARDS, many trans, diodes$l
full airmail report and closest patent copies, 12 INTEGRATED CIRCUITS gates ete, notest$2.59 [ 140 *'MICRO’" CONDENSERS, fortransistorcircuitry$y
$6.00. Quality searches expertly administered. (] 1—FET CM-600, 10K mmhos, n channel .. $1.00 [ |3 14W. EPOXY TRANSISTORS, npn, silicon. B-50004)
Complete secrecy guaranteed. Free [nvention 15 3 10 12 AMP STUD RECTIFIERS, up to 600 PIV g1
Protection forms and ‘‘Patent Information.” Terms: add postage Rated: net 30. cod's 257 L 80 CERAMIC CONDENSERS discs, npo's, 1o .05 __$1)
Write Dept. 23, Washington Patent Office Search Phone Orders: Wakefield, Mass. (617) 245-3830 K BOX 942W 01940
Bureau. 711 14th Street, N. W., Washington, D.C. Retail: 211 Albion, St., Wakefield. Mass. PO'.Y PA | Lynnfield, Mass.
20005. &

BUSINESS OPPORTUNITIES

INVESTIGATE ACCIDENTS: Earn to $1000 N
monthly. Men urgently needed. Car furnished. 5
Business expenses paid. No selling. No college
education necessary. Pick own job location. /
Investigate full time or earn to $8 hour spare
time. Write for FREE information. No obligation.
Universal Schools, CZ-12, 6801 Hillcrest, Dallas,
Texas 75205.

FREE CATALOGS. Repair air conditioning. re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

! MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Mich. 48197.
JAPANESE Electronics New Products Monthly!
Specimen copy $1, deductible. Dee, 10639-W
Riverside, North Hollywood, Calif. 91602.
FREE BOOK *“990 Successful Little-Known Busi-
nesses.” Work home! Plymouth 245.P, Brook-
lyn, New York 11218.

_CIRCLE NO. 96 ON READER SERVICE CARD

- EE Catalog °f The WORLD'S |

FINEST GOV'T
A SURPLUS ELECTRONIC BARGAINS
Now BIGGER and

BETTER Than Ever!
r———MAIL COUPON TODAY-——_

II NAME: ...

MALLORD_ER - . . Positively No Investment in | Deot. EW BOX 1105
roducts! Details: Methods, 1409-F.D. Laf 0 4

}F-’iill, Pennsy?vania 19e4t42. o1 Lafeyette FA ’R R A D ’ o s A L Es L fﬂA, OHIO 45802
December, 1968 95
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—— GREGORY ELECTRONICS —

NINIC FM
POCKET RECEIVER

$5995

WITH DRY BATTERY

Add $7.50 for nickel-cod-
mium battery. Add $20
for crystals and tuning to
your frequency.

30-50 MC or 150-170 MC.
All units new. Solid State,
modular-assembly construc-
tion. Adjustable squelch.
Sensitivity 0.3 microvolts to
break squelch. Dual conver-
sion crystal controlled. With
conventional dry cell or re-
chargeable nic-cad battery.
Weight: less than 1 Ib. Size:
6% X2 "x1V4".

50-Watt 450-470 MHz
Meets latest FCC narrow banding speci-
fications. DumontM-430 RTN, with tran- 395
sistorized power supply. New! In sealed N
factory cartons.

with tone added............. $445., minus reeds.

New! FM 100-Watt
Mobile Linear Amplifier

High Band—146-174 MC

RF output 90-120 watts into 50 ohms.
Gonset Comtron Series—Model 972-A
In factory-sealed cartons.

Installation Kit, if needed, Model 3459............ $25

One of many Used Buys!

RCA CMF-100 Dynamotor Power Supply 6/12 volt.
complete accessories, fully narrow banded. 25 to 54
MO o e $138.

Reconditioned & Used FM
2-WAY RADIO EQUIPMENT

We have a most enlarged inventory
now on hand for practically every-
thing you need—at savings! Buy now!

We Buy Late Model Equipment for Cash
Send For ’68 Catalog—Write; Wire or Phone!

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000

> GREGORY =

=2

ELECTRONICS con

CIRCLE NO. 109 ON READER SERVICE CARD

EMPLOYMENT OPPORTUNITIES

EXPERIENCED Radio-TV technicians wanted.
Salary $125—150. Voice and Vision, West
Lebanon, N.H. 03784.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD," Vantage, 120 West 31 St.,, New York 10001.

ELECTRCNIC IGNITION SYSTEMS—How, Why
and When to use. Authoritative booklet explains
theory, function, and selection of auto ignition
systems in easily understood terms. Send $1.95
to: S. S. Enterprises, Box 517-C, Sierra Madre,
Calif. 91024.

BOOK sale! Success, Wealth, Happiness. Free

list! Manor House Gifts, 1822 Manor Drive,
Santg Rosa, Calif. 95401.
MISCELLANEOUS
WINEMAKERS: Free illustrated catalog of

yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412.
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FREK

INFORMATION

SERVICE

@1/ Here's an easy and convenient way
for you to get additional information
about products advertised or mentioned
editorially in this issue. Just follow the
directions below...and the material will
be sent to you promptly and free of
charge.

b/ Tear out one of the perforated post-
age-free cards. Please print or type your
name and address where indicated.

¢/ Circle the number on the card that
corresponds to the key number at the
bottom of the advertisement or editorial
mention that interests you. (Key numbers
for advertised products also appear in the
Advertisers’ Index.)

d/ Simply mail the card. No postage is
required.

¢/ Inquiries for information other than
“Free Information Service'’' are to be
directed to Electronics World, One Park
Avenue, New York, N.Y. 10016.

f/ The “Free information Service” is
availabie to all readers of Electronics
World. If your copy is passed along, the
next reader can also take advantage of
this service. All he has to do is tear out
the remaining card and follow the same
directions.

@/ Electronics World's Free information
Service lets you ‘‘shop by mail".

s e s L b e i B — —— G A G W B o S Ve T s S s e —— — — — T S s .  ——

Important: BLACK numbers are of general interest and you do
not have to include your company name and address to receive

the information requested.

BLUE numbers correspond to an ad or editorial men-
tion of professional interest. Manufacturers will honor your re-
quest only if it is to be mailed direct to your company—so be sure

to include your company’s name and address.

INDUSTRY O 1

| AM EMPLOYED IN: COMMERCIAL O -2
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the country, the SX-1500T is drawing enthusiastic attention

because it is a no-compromise receiver. Its highly sensitive
front end pulls in the most difficult stations. . . and is

consaquently pulling in the crowds. The SX-1500T was made

for the thousands who wanted the finest receiver

possible . . . at a reasonable price?

The specifications and guality of the SX-1500T are

substantiated by its performance and, more

L ] importantly, its sound. It boasts an output of

170 watts of music power, an extraordinary capture

ratio of 1 dB, a signal-to-noise ratio of 65 dB, and

harmonic distortion actually below 0.1% at half rated power (0.5% at
full rated power). FM sensitivity is outstanding at 1.7 uv.

Frequency response is 20 to 70,000 Hz = 1 dB.

If you want a better receiver, don’'t be misled — pick the one with
the honest price. You owe it to yourself to compare the SX-1500T
with any other receiver on the market regardless of price.

See and hear the SX-1500T now. Or write for literature and name of nearest dealer.
PIONEER ELECTRONICS U.S.A. CORP., 140 Smith Street, Farmingdale, L. {., New York 11735

PIONEER’S NEW SX-1500T AM-FM STEREO RECEIVER

170 WATTS,FET FRONT END,AND 4 IC’s
i B -3 E & . S

MRy TS

- -
* (The $X-1500T Price, only: $360.) Shown with PIONEER CS-8F Speak.2r ¢vstems a: $175. each.

- e ) S

PIONLEER .. mMore value All-Ways!

CIRCLE NO. 100 ON READER SERVICE CARD



What do you call
an etched circuit board
that eliminates 49 chances
for trouble in every
Electro-Voice modular

Our big etched circuit board is at

+ the bottom of a significantly better

way to make stereo receivers. With one

stroke, Electro-Voice has eliminated

hand-wiring from almost every signal
circuit.

Each major section of the new Electro-
Voite modular receivers is built on its
own etched- board. As many as seven
modules in all. The modules then plug
directly into the ‘“mother” board. No
errors in wiring. No cold solder joints.

ElechoYores

A SUBSIDIARY OF GULTON INDUSTRIES, INC.

high fidetity systems « tuners, amplifiers, receivers « public address loudspeakers
microphones « phono needles and cartridges « organs » space and ¢efense electronics

stereo receiver?

We call it
“Mother”!

Gone are the ills that plague even the
most carefully assembled hand-wired
receivers.

There’s another advantage. Before be-
ing locked into the “mother” beard, each
module is first plugged into an elaborate
tester. Then, with pre-tested modules in
place, the finished receiver is re-tested
completely. This double assurance of
quality means dramatically improved re-
liability and better performance for your
stereo dollar.

Address

City

CIRCLE NC. 117 ON READER SERVICE CARD

Name_

Model E-v 1282 80 wat: receiver, $266.00. CWR1 case, $22.20.

“Mother” helps in othe- ‘ways, too.
For instance, even slight movement of
ordinary wiring ca1 ‘““de-tune” vital RF
circuits. But our modular circuits are
permanently etched in placa—to within
.015". So you receive full performance
from our Field Effect Transistors and
Irtegrated Circuits. And good ideas like
thick-film hybrid circuits simply plug in
place. In short—laboratory specifications
are exactly duplicated in every produc-
tion Electro-Voice modular receiver.

Look into any new E-V receiver. We
offer four. Your choice of 40 or 80 watts
(1HF) with Stereo FM or AM/Stereo FM.
From $199.95. Just tell the man* mother™
sent you.

ELECTRO-VOICE, INC., Dept. 1284N
629 Cecil St., Buchanan, Michigan 49107

D Please send me literature on Electro-Voice modular
stereo receivers.




