Electromes World

JANUARY, 1963 |

'MICROELECTRONICS | 50 cewrs
CHECKING SPEAKERS BY EAR

FCC ANSWERS QUESTIONS ON BUSINESS RADIO

Construction of FM MULTIPLEX
SIGNAL GENERATOR

A Left, Right
+,0

-] switching

w3

———— R.F. Output

== ! ‘1!_— SR H ‘
m | _>“ FMR.F.
% Cvggigm o ' | Dsc. \ ]

| = Composite
>o Output
" Menitr [— Monitor
‘ Input ta R.F. Modulator 1 b Output © Qutput
Power to 19 ke. 1 Selector Amp.& | =
All Circuits Pilot — Sw. (S5) Cath: Foll.
Composite Output — 88 ﬂ (a1, Q2, v4C) %

Manitor Meter

www.americanradiohistorv.com


www.americanradiohistory.com

EleilhoYores

SETTING NEW STANDARDS IN SOUND

Now, One Look Tells You... | N€ Best Buys

Take a close look at the all-new Electro-Voice SP12B and 12TRXB custom
loudspeakers. Speakers with the honest beauty of precision...
created by the sure, deft hand of a master designer.

Here is beauty with a reason. .. beauty that actively mirrors the superb
performance of these famous speakers. Chosen for over a decade

as “‘best buys” by listeners and laboratories alike, now the

SP12B and 12TRXB look better and sound better than ever before.

No mystery about why they sound so good. Every detail of design has been
refined, every manufacturing tolerance tightened to assure the highest
level of musical performance and engineering integrity in your high fidelity system.

We urge you to carefully judge the SP12B and 12TRXB on every basis
...on facts and figures, on appearance, and finally with your own critical
ear. In every way these speakers give a full measure of satisfaction.

And the real beauty is that they are very modestly priced.
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MODEL SPi2B
Coaxial Full-Range
Loudspeaker. Features

a¥rasiesssrerrrteaaasas sttt taacbestINaaatsacene

Rudax dual cone plus long- ELECTRO-VOICE, INC., Dept. 134N /® J
throw, high-compliance Buchanan, Michigan (S ) s
suspension. ldeal for ' —_— s
buili-in and © Please send my free high fidelity catalog g

- d custom s .
installations. $37.50 plus hist of E-V sound specialists featuring g
T the new SP12B and 12TRXB. :
MODEL 12TRXB 3-Way Loudspeaker, Name o 3
Includes cittraction tweeter for extended range, 9
wider spund distribution. Provides optimum sound = g
in nunemum space. Perfect For stereo. $70.00, Address .
e s
City Stale :
ELECTRO-VOICE, INC., Consumer Products Division, Buchanan, Michigan I P e e P L e I I I P I o Lol T eI T e IO T I I I eI e TN XeTeIo Il &
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Scott Stereo Tuner Kit
Wins Rave Reviews
from every Leading Hi-Fi Expert!

Just one year ago Scott introduced the LT-110 FM Stereo Tuner Kit.
High Fidelity Dealers built this superb kit themselves, examined its
many features, and recommended it without reservation. Enthusiastic
kit builders deluged us with mail. Now the verdict is in from all the
leading technical experts. Never before in the history of the industry
has a single kit received such unanimous praise. We reprint a few

excerpts below.

from

POPULAR ELECTRONICS
*“No commentary on Scott Kits would
be complete without first mentioning
that this company pioneered new areas
in the hi-fi kit market and brought
forth several (then-radical) innovations.
One of them continues to fascinate all
purchasers of a Scott Kit — the full-
color instruction manual. . . . Scott also
pioneered the Kit-Pak — a shipping
container which serves as a temporary
workbench and storage box . . . a test
model of the LT-110 was wired at
POPULAR ELECTRONICS in just
under five hours. Another 40 minutes
was used for careful alignment and the
tuner was “‘on the air.” . . . The LT-110
met or exceeded all the manufacturer’s
detailed specifications on sensitivity,
distortion, output level, a.c. hum, and
capture ratio . . . the audio response is
excellent, being within 4 1 db, from
approximately 20 to 16,000 cycles. . . .
Channel-to-channel crosstalk is partic-
ularly excellent both in terms of uni-
formity and the fact that it holds up
well above 10,000 cycles. . . . Frequency
drift of the LT-110 from a cold start
is extraordinarily low — less than 5 kc.
The a.c. hum level (referred to 100%
modulation) is low and exceeds the
manufacturer’s rating by 5 db. ... It’s
difficult to imagine a kit much simpler
to assemble than the LT-110. The full-
color instruction book eliminates just
about the last possible chance of
wiring errors. . . . From a plain and
simple operational standpoint, the
LT-110 works well and sounds good.”

Popular Electronics, Oct. 1962

from ELECTRONICS WORLD

¢Construction time for the unit
we tested was 6% hours, without
alignment . . . in listening tests,
the tuner showed its high useable
sensitivity to good advantage.
Using an in-door antenna which
produced marginal signal to noise
ratios on most other tuners we
were able to get noise-free, un-
distorted stereo reception. It’s
quite non-critical to tune, hardly
requiring the use of its tuning
meter.”’

from AUDIO

“The LT-110 (is) so simple to build
that we unhesitatingly recommend it
for even the novice. . . . We found that
the useable sensitivity (IHFM) was
2.1pv . . . a fine stereo tuner and an

Electronics World, Nov. 1962

unusually easy kit to build.”
Audio, April 1962

from RECORD GUIDE

“It seems to me that every time I
turn around I am building another
of H. H. Scott’s kits. And each
time I end up praising the unit to
the skies.

The Scott instruction books should
be a model for the industry. They
feature full-color, step-by-step,
illustrated directions. Each resistor
or other component is shown in
the progressive phases in its color
code and in its proper position. ...

There is no audible drift in the
LT-110 whatever. You can shut the
tuner off on a station and pick it
up the next day, perfectly tuned,

without touching the tuning dial.
No AFC circuits are included in
this tuner and none are needed.

This tuner kit has to be ranked on
the same plane as H. H. Scott’s
factory-wired units. It is an excel-
lent product, and because of its
conservative parts very likely to
give long, trouble-free service.”’

American Record Guide, Sept. 1962

EWER

Now Sonic Monitor* Added

Scott’'s unique Sonic Monitor has now
been added to the LT-110. This foolproof
stereo signaling device tells you audibly
when you are tuned to a stereo station.
If you want the best in kits, visit your
Scott dealer. Choose from:

LT-110 FM Stereo Tuner Kit . . . $159.95

LK-48 48-Watt Stereo Amplifier Kit . .. $124.95
LK-72 80-Watt Stereo Amplifier Kit . . . $159.95
LC-21 Stereo Control Center Kit . . . $99.95

LK-150 130-Watt Stereo Power Amplifier Kit...$169.95

*Patent Pending. (All prices slightly higher West of Rockies.)

il sCOoTT

H, H. Scott, Inc., 111 Powdermill Rd., Maynard, Mass.
Dept. 160-C1

Rush me complete details on your LT-110 FM
Stereo Tuner Kit and other superb Scottkits.
Be sure to include your new free Stereo Record,
“The Sounds of FM Stereo” showing how new
FM stereo sounds, and explaining important
technical specifications.

Name

Address

City State
Export: Marhan Exporting Corp., 458 Broadway, N.Y.C.
Canada: Atlas Radio Carp., 50 Wingald Ave., Toronto
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CHECK
YOUR FUTURE

in the broad range of

ELECTRONIC
ENGINEERING
TECHNOLOGY

Associate of Science Degree
College level 24-months course

{4 PROFESSIONAL STATUS

™ TOP-LEVEL ASSOCIATES

M STIMULATING ASSIGNMENTS

M EXPANDING HORIZONS

[ AEROSPACE OPPORTUNITIES

[ HIGH SALARIES...ADVANCEMENT

TELSTAR satellite —'‘a package of electronics™
~—is the most recent achievement of electronic
application in the aerospace age. Electronic
Engineering Technology opens career opportu-
nities in virtually every type of activity: com-
munications, computers, radar, aviational and
navigational aids, industrial controls, guided
missiles—the list is endless. The demand for
trained Electronic Technologists is growing.
Grow with it. World-famous Embry-Riddle is an
institution built around a tradition of achieve-
ment. Small classes. Personalized training.
Accelerated instruction—three 16-week semes-
ters per calendar year. Mail the coupon and
get full information ... NOW,

Embry Riddle

AERONAUTICAL INSTITUTE

DIRECTOR OF ADMISSIONS
Embry-Riddie Aeronautical Institute
Aviation Building, Miami 52, Florida

Print Name. ......... . o i,
Address.. ..o Age........
{031 State. ........

O Electronic Engineering Technology

O Executive Pilot—Bachelor of Science Degree
O Business Pilot—B.B.A. Degree

1 All Other Flight Courses

0O Aeronautical Engineering—B.S. Degree
O Aircraft Maint. Engr.—B.S. Degree

{1 Aircraft Maint. Engineering Technology,
0 Aeronautical Engineering Technology

MAIL THIS COUPON TODAY
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COMING
NEXT MONTH

Special
Feature

Electric Shock—0n Purpose—Carefully controlled shock can facilitate medical
diagnosis, treat diseases, and save lives. Some of the techniques in use and
the electronic circuitry required are described by Ed Bukstein, author of the

authoritative text “Medical Electronics.”

DIGITAL READOUTS

You can “see” a signal on an oscillo-
scope, but these optical, electro-mechan-
ical, or mechanical/optical devices can
convert a signal to a number or letter.
Detuils on the various types of units
available and how thev work.

SINGLE SIDEBAND SIMPLIFIED

Even if vou are operating SSB, it is a
safe bet that you aren’t absolutelv sure
what sideband is and how it works.
W7CSD explains in non-mathematic
terms, by means of text and vectors, the
principles behind this mode of opera-
tion.

ELECTROMAGNETIC DELAY LINES

When pulse signals must have a precise,
short time lag, artificial transmission
lines or delay cables are used. Sidney
L. Silver of B. Eichwald & Co. explains
how these devices operate and their ap-
plications.

MODERN LOUDSPEAKER CONES

Cinaudagraph’s Chief Engineer tells
about the important role played by the
material and design of paper cones and
their effect on hi-fi sound. Practical re-
quirements for high-compliance loud-
speakers are covered. and some interesi-

ing cone break-up patterns are shoun
pointing out how a speaker behaves at
various frequencies.

UPGRADE FROM CB TO BUSINESS RADIO

Many Citizens Banders have learned
first hand about the usefulness of luo-
way radio but they would like to have
more coverage and less interference.
The Business Radio Service will ansuer
these needs. This article compares the
two services and indicates the advan-
tages and disadvantages of each.

IS THE ELECTRONIC ANTENNA A MYTH?

AN EW SYMPOSIUM

Is it better to treat antenna and pre-
amplifier as an integrated design? Are
there disadvantages? Will tubes or tran-
sistors do a better job? Spokesmen for
six industry leaders consider these and
other questions in an exclusive, open
debate. Simon Holzman (JFD), John
R. Winegard (Winegard). Harold Har-
ris (Channel Master), Don Rogers (Jer-
rold), Ben Tongue (Blonder-Tongue).
and L. H. Finneburgh (Finney) partici-
pale.

All these and manv more interesting
and informative articles will he yours in
the Fehruarv issue of ELECTRONICS
WORLD ...on sale January 22nd.
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ELECTRONICS FIELD ENGINEERS

WOULD YOU
LIKE YOUR
NEXT
ASSIGNMENT
?

ELECTRONICS FIELD TECHNICIANS

Opportunities now in

EUROPE (O ALASKA ] ASIA [0 AND ACROSS THE U.S.

Federal Electric Corporation, a subsidiary of ITT, is moving
ahead from a capability-base of more than a decade’s success
over virtually the entire spectrum of electronic field service
operations. Today we can offer field engineers and electronics
technicians more than 200 new opportunities with assign-
ments virtually around the globe.

Check the areas listed below. Contact our representative.
We'll match your qualifications and interests against current
nation- and world-wide openings. The chances are excellent
that we'll be able to offer you the optimum combination of
-interesting work, long-term opportunity and geographical pref-
erence you've been seeking.

Immediate assignments for field engineers and field tech-
nicians with the necessary technical training and at least 3
years' applicable experience in any of the areas below:

COMPUTER MAINTENANCE

To contribute to installation design, installation, site equip-
ment maintenance, and establishment of a check-out proce-
dure for 465-L installations. Qualifications include experience
in pre-wired programs, peripheral equipment, and other com-
puter related electromechanical devices. Background in large-
scale digital computer or EDP systems highly desirable. (U.S.)

REAL-TIME SYSTEMS MAINTENANCE

RADAR ... COMMUNICATIONS . .. DATA PROCESSING ...
involves operation, test and maintenance (inspection, repair,
modification, adjustment and calibration) of complex elec-
tronics equipment such as search and height finding radars,
(including ancillary equipment such as PPI display and SIF
decoder units), data processing and control equipment, inside
plant communications systems, ground-to-air radio equip-
ment. Will also establish training programs and/or conduct
instruction of military personnel in the understanding and
performance of the equipment. Engineering level openings
require an EE degree or at least 8 years electronics field experi-
ence. A minimum of 3 years' experience on engineering assign:
ments is mandatory. Technicians should have 4 years' experi-
ence in electronics maintenance, some of which involved
equipment indicated above. (U.5.)

COMMUNICATIONS

Positions call for 4-6 years' experience in installation, main-
tenance or test of one or more of the following systems:
Microwave, Tropospheric Scatter, Carrier or Multiplex. Work
involves installation, test and operational check-out of the
individual equipment and subsystems for a major Tropo-
spheric Scatter Communications complex. (European and Far
Eastern Assignments)

NAVIGATIONAL AIDS

Requires thorough training and experience in VHF-UHF
ground-to-air microwave communication systems as used in
air traffic contro! systems. Must be familiar (in the context of
these systems) with the design and layout of radio receiver
and transmitter sites, and have extensive knowledge of large
control consoles. Experience can include approach surveil-
lance and GCA precision radar. (U.S.)

INSIDE PLANT TELEPHONE ENGINEERING

To design in minute detail all phases of inside plant telephone:
systems such as layout, circuits, equipments, etc. Must be
capable of designing telephone central offices consisting of
manual or machine equipment handling up to 10,000 lines.
Applicants should be thoroughly familiar with step by step
and XY automatic switching, and be capable of conducting,
computing and using traffic studies in recommending the
quantity of lines of equipment to be installed. (U.S., Europe
and Alaska)

RADIO COMMUNICATIONS

Positions call for 6 to 10 years' experience in one of the follow-
ing: High frequency radio direction finders or ECM; high fre-
quency radio transmitters; high frequency radio antenna
design; microwave equipment (Pulse Time Modulation).
Responsibilities include handling ail phases of large projects,
including equipment selection and procurement, site specifi-
cation, installation contracting and field inspection follow-up.
EE degree desirable, but more than 10 years of related experi-
ence in industry or the Military will be considered the equiva-
lent. (U.S.)

Please forward resumes to Mr. A. Sheridan, Box 46D,
ITT FEDERAL ELECTRIC CORPORATION, Paramus Industrial
Park, Paramus, New Jersey. An Equal Opportunity Employer.

FEDERAL ELECTRIC CORPORATION
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ALL THE ELECTRICITY &
ELECTRONICS KNOW-HOW
to speed your progress in

INDUSTRIAL
ELECTRONICS

Whatever your goal is in the growing field of indus-
trial electronics — maintenance, installation, pro-
duction, inspection or sales — these two courses are
the easy way to strengthen your background and
speed your progress.

One course — BASIC INDUSTRIAL ELECTRICITY covers
electricity — motors, switches, timers — as employed
in power distribution, illumination, process control.
The other — ELEMENTARY INDUSTRIAL ELECTRONICS
treats electronic components — magnetic amplifiers,
tubes, relays, motors, transducers — used to control
electronic heating and welding equipment, measur-
ing eguipment, production eyuipment, and data
processing eyuipment.

BASIC INDUSTRIAL ELEC-
TRICITY by Van Valken- |
burgh, Nooger & Neuville,
Inc., Here’s another great }

‘picture book’ training
course by the authors of
BASIC ELECTRICITY and BASIC
ELECTRONICS. People in
every phase of electronics -
— students, technicians, ., Py
hobbyists who cut their eye- |- N
teeth in electronics on those |
earlier courses will recog- ]
nize the same effective pic- i

torial techniques employed

in BASIC INDUSTRIAL ELECTRICITY.
This new two volume course, covering the many
functions and applications of electricity in industry,
provides the electrical know-how needed to prepare
you for a successful career in industrial production,
inspection, installation and maintenance.

VOLUME 1, an eagy-to-understand introduction to
industrial electricity, includes power distribution,
ilumination and wiring methods, techniques and
fixtures, motors and electromechanical machinery
control, servo control systems and fluid contro!
devices.

VOLUME 11 explores heating, refrigeration, air con-
ditioning and industrial fluid control systems, proc-
ess control and product inspection, remote monitor-
ing and control, electric welding and heating, and
industrial, computer, .and safety controls.

£318, 2 volume course, softbound, $7.00 ($3.50 each
volume). £318-H, 2 vols. in one cloth binding, $8.50,
ELEMENTARY INDUSTRIAL

ELECTRONICS, Leonard C. 1

Lane. YVOLUME 1 provides .

a thorough view of indus-
trial electronics components INDU
and circuitry — what they = T
do, how they work. It in-
cludes industrial symbols
and tubes, relays, counters, [
motor controls, magnetic :

amplifiers.

VOLUME 11 illustrates how

these components and cir-

cuitry are applied to auto-

mate industry, make opera-

tions more efficient, more accurate. It covers elec-
tronic heating and welding, switching, computer
arithmetie, transducers, control systems, instrumen-
tation. The text is enhanced Ly numerous ‘teaching’
pictures and diagrams. Mathematics is held to an
absolute minimum.

£310, 2 vol. Course $7.80. ($3.90 ea. vol.) #310-H,
2 vols. in one cloth binding, $9.00.

10-DAY MONEY-BACK GUARANTEE

~

JOHN F. RIDER PUBLISHER, INC. I
“] a div. of the Hayden Publishing Co. I
116 W. 14th St., New York 11, N. Y.
Enclosed is $. . Please send me postpaid: I
{3 BASIC INDUSTRIAL ELECTRICITY (2 vols.) l
soft cover $7.00 [ cloth bound, $8.50.

O ELEMENTARY INDUSTRIAL ELECTRONICS (2 I
vols.) soft cover $7.80 [J cloth bound, $9.00. l

O FREE! 64-page catalog of RIDER BOOKS.
Name
Address.

City Zone____State

! must be satisfied, or | can return the books
I within 10 days for full refund. gw.}
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By W. A. STOCKLIN

Editor

The Vanishing Circuit Designer

TIIE Edisons, Flemings, and de For-
ests, of course, are gone. but not
many realize that the tyvpe of radio en-
gineer of the carlv 40’ is almost as
extinct as the dinosaur. Those who are
with us today have become specialists
or have taken on new titles, such as
Svstems or Project Engineers. Even the
1RE with its 29 professional groups, hav-
ing a total membership of 81,600, could
boast ouly 6800 members in its profes-
sional gronp on Circuit Theory in 1961.
During the last war, the military serv-
ices recognized the desirability of using
a minimum of different circuits and pro-
duced various handbooks of “preferred
cireuits.” When digital computers came
into heing, it was apparent that a few
basic circuits would be duplicated many
titnes throughont the equipment and a
strong design effort on those few “stand-
ard” circuits was warranted.

The introduction of printed wiring
and plug-in boards further emphasized
the need for extremely well-designed
standard  circoits,  Miniaturization and
the use of “potted” circuits hastened the
trend and now that microminiaturization
has brought a variety of circuit packages,
the ueed for standard circuits is even
greater.

Experimenting with a breadboard cir-
cuit is now considered wasteful. If a
standard circuit does not vet exist for a
particular application, the design of a
special cirenit or a new standard involves
no experimenting. Precise calculations
can be programmed on a computer and
long before the circuit is actually built,
all its characteristics are already known.
Construction and extensive tests then
merely verily the predicted data.

Many former radio engineers and cir-
cuit designers have gone into systems
engineering. largely because they know
what can be expected from all types of
circuits, even though the details are not
familiar to them, In svstems engineering
they deal with the proverbial “black
hox.” for which thev specify what it
must do. Their work is generally limited
to defining such hasic system parameters
as frequency, range, power, perform-
ance, size, weight, ete.

Another survivor of the old timers’
group can be found with a title of “Proj-
ect Engineer.” His concern with techni-
cal details is limited to the cost and
schedule problems posed by the tech-

www americanradiohistorv com

nical aspects. He is expected to know
what the svstems engineers have come
up with, and appreciate the problems
of the various enginecring specialists.
His primauy function, however, is to
coordinate all of the various groups.
While his technical knowledge is a pre-
requisite for the job, his real contribu-
tion lies in his managerial ability and
over-all experience.

Fortunately, the basic fundamentals
of electronic theory still remain valid,
and it is not too difficult for an engineer
or technician to change from one area of
employvment to another. As long as there
remains a shortage of qualified personncl,
there is no threat of unemployment.

To the ulert individual these changes
should be obvious, but it may come as
a surprise that the future holds more
drastic changes than the past. As a result
of modular and integrated cirenitry tech-
niques, all future circuit design work,
regardless of degree, will become the
responsibility of the component mann-
facturer instead of the equipment pro-
ducer.

This change is inevitable and the
semiconductor manufacturers are in an
almost ideal position to take on this
extra function. Unfortunately, neither
the present electronic circuit designer
nor any of the specialists in the semi-
conductor field is qualified to handle
such work. A new breed will eventually
evolve—a man whose knowledge em-
braces electronic circuit design, semi-
conductor technology, plus manufactur-
ing “know-how.”

At the present time all of these
changes are basically involved in the
military and. to some degree. in the
industrial arcas of electronics, Rest as-
sured, though, that in the not too dis-
tant future the techniques that are
developing in these arcas will influence
the design of consumer products. Even
now mnch work is being done in ap-
plyving integrated circuit techuigues to
television receivers.

Engiuncers and technicians who could
be affected by such a change should be
alert to the cffects this trend may have
on their vocation. Even educators, those
men who are involved not only in train-
ing our future engincers and technicians
but those who plan and coordinate their
programs, should base their curricula
planning on these inevituble changes. A
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GET YOUR First

F.C.C. LICENSE

A high percentage of our fulltime resident students
get their Ist class licenses within 12 weeks from the
time they start the course. Intensive FCC license
training is our specialty — not just a sideline.

The Grantham course covers all the required subject
matter completely. Even though it is planned prima-
rily to lead directly to a first class FCC license, it does
this by TEACHING you electronics.

The streamlined Grantham course is designed spe-
cifically to prepare you to pass certain FCC exam-
inations. All of the instruction is presented with the
FCC examinations in mind. If your main objective
is an FCC license and a thorough understanding of
basic electronics, you want a course that is right to
the point — not a course which is “padded” to extend
the length of time you're in school. The study of
higher mathematics or receiver repair work is fine if
your plans for the future include them, but they are
not necessary to obtain an FCC license.

m ~ &

Some schools and individuals offer a ‘‘coaching
service” in FCC license preparation. The weakness
of the “coaching service” method is that it presumes
the student already has a knowledge of technical
radio. On the other hand, the Grantham course
“begins at the beginning” and progresses in logical
order from one point to another. Every subject is
covered simply and in detail. The emphasis is on
making thc subject easy to understand. With each
lesson, you receive an FCC type test so you can dis-
cover daily just which points you do not understand
and clear them up as you go along.

Class Commercial

LIy WEEKS!

L LT R T
FIRST CLASS

Benernl Andietslaprena Corvitiaatal

e

L8 UEINLD aabio orlsaton AUTNONIED WUeC To aar Lrec

BaTT ane TT 00 DAARATOR AT VuNIE 0.CLOGK & W_ LavrLAN STAVDLAO TinL

trecus asonstutar

— =1 e e e B
NOT VALID UNTIL SIGNED

Accreditation by the National Home Study Council
is your assurance of quality and high standards.
Grantham is accredited.

. p [ P e e ~M

No doubt you’ve heard rumors about “‘memory
courses” and ‘“‘cram courses” offering “all the exact
FCC questions.” Ask anyone who has an FCC license
if the necessary material can be memorized. Even if
you had the exact exam questions and answers, it
would be much more difficult to memorize this
“meaningless” material than to learn to understand
the subject. Choose the school that teaches you to
thoroughly understand — choose Grantham School of
Electronics.

THE GRANTHAM FCC license Course in Com-
munications Electronics is available by COR-
RESPONDENCE or in RESIDENT classes,

For further details concerning F C.C. licenses and our training, send for our FREE booklet

Grantham Schools

408 Marion Street
Seattle 4. Wash.

(Phone: MA 2-7227)

1505 N, Western Ave.
Los Angeles 27, Calif.

(Phone: HO 7-7727)

3123 Gillham Road
Kansas City 9, Mo

(Phone: JE 1-6320)

January, 1963

821-19th Street, N.W,
Washington 6, 0. C.

(Phone: ST 3-3614)

FIRST CLASS F.C.C. LICENSE IN 12 WEEKS

Grantham resident schools are located in four major cities — classes in
F.C.C. license preparation are offered at all locations. New day classes begin
every three months, and new evening classes begin four times a year.

MAIL COUPON NOW—NO SALESMAN WILL CALL =3 |

Arrrad’ahd hy_ ﬂm Hu'l'fnnnl Home Study Cnun:ll

[Mail in envelope or paste on postal card}

ﬁél-. To: GRANTHAM SCHOOL OF ELECTRONMICS

"'/’ NATIONAL HEADQUARTERS OFFICE
1505 N. Western Ave., Hollywood 27, Calif.

Gentlemen

Please send me your free booklet telling how | can get my zom-
mercial F.C.C. license quickly. | understand there is no obligation
and no salesman will call,

Name Age

Address

Cy 000 __State i
I am interested in
O Home Study, [J Resident Classes 36-A
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why settle
for a routine job
in electronics
while others
move ahead?

Read how CREI graduate
Roy S. Reichert has advanced from
maintenance work to the design of
electronic equipment at one of
the world’s leading laboratories.

JUST A FEW YEARS AGO Roy S. Reichert had a routine
job maintaining electronic equipment. He realized that
progress to a responsible, well-paying position in modern
electronics was impossible without practical and up-to-
date knowledge of advanced electronic engineering
technology. Determined to prepare himself to meet
industry requirements for career opportunities, he
enrolled in a CREI Home Study Program. Today, he
helps design complex test equipment used in the develop-
ment of transistors in the Semiconductor Device Lab
of Bell Telephone Laboratories.

YOU HAVE THE SAME OPPORTUNITY. CREI offers
you, for study at home, a complete program in electronic
engineering technology designed to equip you with the
practical knowledge of electronic developments required

e

K

!v ¥

CREI GRAD FOY S. REICHERT makes an adjustment on the proto-
type of a programmable power supply which he designed and built
ir. his capacity as Senior Technicul Alde, Bell Telephone Labora-
tories, Murray Hill, New Jersey.

for well-paying positions and put you on the level of
specialization where men are most in demand.

YOU WILL FOLLOW THE FOOTSTEPS of the thou-
sands of CREI men wheo hold positions as associate
engineers, engineering aides, field engineers, project
engineers and technical representatives. They work in
every area of electronics frem manufacturing to research
in the aero-space program.

YOU CHOOSE FROM PROGRAMS covering every im-

portant field of electronics:

SERVCMECHANISMS ¢ INSTRUMENTATION ¢ RADAR ¢
COMPUTERS ¢ AERONAUTICAL AND NAVIGATIONAL o
COMMUNICATIONS « AERQ-SPACE e TELEVISION e
AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY. ®
NUCLEAR ENGINEERING TECHNOLOGY

www americanradiohistorv com
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A CREl PROGRAM has helped Reichert earn respect for his creative
abilities. Here ke discusses the design for an automatic transistor
test set with John E. Iwersen, supervisor of the lransistor develop-
ment group of Bell Telephone Laboratories.

THE HIGH LEVEL of Reichert’s knowledge of electronics is shown by
his ability te centribute substaniially to the design of, and to build
the prototype of this automatic transistor test set, which measures the
device characteristics of transistors under development.

REICHERT ENJOYS the satisfaciion and rewards of contributing
to the development of semiconductor devices at Bell Telephone Labs.
He was doing routine electronic maintenance work at the time he
enrolled in a CREI Home Study Program.

YOU ARE GUIDED and assisted with personal attention
from CRED’s staff of experienced instructors. You
study courses to which a number of leading engineers
and scientists have made substantial contributions.

CREI EDUCATION IS RECOGNIZED by such large
corporations as Pan American Airways, Federal Electric
Corp., The Martin Co., Canadian Broadcasting Co.
and Mackay Radio. They pay all or part of CREI
tuition for their employees.

CRE! HAS 35 YEARS OF EXPERIENCE in advanced
technical education through home study. CREI has
developed electronics courses for the Army Signal
Corps, special radio technician courses for the Navy and
group training programs for leading aviation and
electronics companies. CREI also maintains a Residence

PROMOTIONS MERITED with the help of CREI Home Study
have brought Reichert to an income where he is able to provide a
comfortable, suburban wav-of-life for his wife, Dawn, and his son,
Alan. The motor scooter supplements the family car.

School in Washington, I. C. and invites inquiries
from high school graduates.

YOU CAN QUALIFY for a CREI Correspondence Pro-
gram, if you have basic knowledge of radio or electronics
and are a high school graduate or the equivalent.
If you meet these qualifications, send for the FREE
1963 edition of our 58-page book describing CREI
Programs and career opportunities in electronics. Use
couporn provided, or write to:

Y-r
SN CIRIE] 1]
> S FOUNDED 1927

2z A
/o Ré L THE CAPITOL RADIO ENGINEERING INSTITUTE

P >
1T ¥ Dept. 1101-A, 3224 Sixteenth St., N. W,
II’IVE F\@? Washington 10, D. C.
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You'll get more
stock turns with

« Aygain

The World’s Largest
Manufacturer of

HF Communications
Antennas

Day in and day out, Hy-Gain Dis-
tributors and Dealers are finding
that the world-wide customer pref-
erence for Hy-Gain communications
antennas is solving a number of ma-
jor merchandising problems. Now,
by wusing Hy-Gain—The World's
Largest Manufacturer of HF Com-
munications Antennas—as a "pri-
mary source” for communications
antennas, Distributors and Deal-
ers are making more sales with less
inventory than ever before in
their history.

They like the fact...

Hy-Gain offers a complete line
of top quality, opttmum per-
formance antennas...There's
a Hy-Gain product for every ap-
plication and an application
for every Hy-Gain product
Hy-Gain i1s the acknowiedged
leader in Significant Engineer-
ing Achievements that have
improved antenna performance
and reliability

Hy-Gain offers an exclusive
“profit-doubling” quantity dis-
count plan

Hy-Gain prepays freight charges
on all shipments of $125.00
or more

Hy-Gain antennas have such

complete customer accept-
ance that mark-downs are
unnecessary

Hy-Gain products are depend-
able—carry a full 1 year Fac-
tory Guarantee

Hy-Gain has an aggressive na-
tional advertising program
aimed directly toward your
customers

Only with Hy-Gain—The
World's Largest Manufacturer
of HF Communications Anten-
nas—can primary  source”
merchandising of communica-
tions antennas be so totally
effective and profitable.

For additional information on
the complete line of Hy-Gain
Antenna Products and how
Hy-Gain  ‘“primary  source”
merchandising can help you,
talk it over with your Hy-Gain
Representative or write...

Iquam antenna products
4 L B440 N.E. Highway &

Lincoln, Hebraska

CIRCLE NO. 161 ONREADER SERVICE PAGE
12

EEN FROM OUR READERS R

SOUND CHART
To the Editors:

The black and red fold-out page en-
titled “Sound” which vou published re-
centlv in ErLrctroxics WonLp was cer-
tainhy an attractive presentation. Apart
from the usefulness of the facts them-
selves, the presentation was both pleas-
ant to look at and easv to understand—
an enviable combination in giving this
sort of information.

As Training Officer of the Army’s
Human Engincering Laboratories at
Aberdeen Proving Ground, I have been
planning to lav out a similar presenta-
tion of these data to include in a training
manual. This manual will be used as text
in our orientation to human factors engi-
neering course to train our own new em-
plovees as well us people from other in-
stallations. But vour graphic art is much
slicker than mine would Dbe.

Would vou give us permission to re-
print vour “Sound” spread in our man-
ual? We might like to rearrange the
graphs so each would appear by the por-
tion of the text that it pertains to.

Incidentally, I have read vour maga-
zine {or several vears now and find it
very helpful and informative.

WiLLiazt Wokoux, Ph.D.
Aberdeen, Maryvland

The fold-out page referred to above
appeared in our August issue. We are
alad to grant permission to Dr, Wokoun
to reprint the pages as requested.
—Ldilors.

o o &
TRANSISTORS OR TUBES FOR HI-FI?
To the Editors:

The only conclusion I can draw from
vour transistor symposium (October,
1962 issue) is that the leading engineers
of the hi-fi industry are failing to take the
initiative in daring to produce the fully
transistorized hi-fi set. They will be
forced to do so by the Japanese, who will
surpass them as they have done with
portable and transistorized TV sets.

Certainly in the audio field, transistors
can take the place of tubes. Years ago
the hi-fi engineers were sighing if they
could only rid themselves of the output
transformer! The opportunity is here
now.

Davip PoLrock
Little Silver, N. J.

The engineers in the hi-fi component
field are pushing ahead on transistorized

www.americanradiohistorv.com

hi-fi. But this is being done only to im-
prove the sound quality of the hi-fi am-
plifiers and not primarily to produce a
smaller, more compact, and less expen-
sive picce of equipment as is the case
with the transistor portable pocket radio.
For our vicws along these lines, see the
editorial “Transistors For Hi-Fi?” in our
December issue.—Editors.

o o 2

THERMOCOUPLE MATERIALS

To the Editors:

Since T am an industrial instrument
technician, I was quite interested in the
discussion of thermocouples in “Mac’s
Electronics Service” in the September
issue.

You might mention to your readers
that rust is a problem with iron-constan-
tan couples. Use of copper-constantan
not only eliminates rusting out of mcas-
uring junctions, but also gives increased
output because of higher millivoltage
and decreased lead resistance.

Number 30 constantan, by the wav,
makes excellent meter shunts because
of its high resistance and low tempera-
ture coefficient.

Jaxtes W. Stuckey
Baton Rouge, La.

Thanks to Reader Stuckey for this bit
of information on thermocouples and for
the suggestion on  constantan meter

shunts.—Editors.
- & 2

WIDE-BAND FM BOOSTER
To the Editors:

The article “Wide-Band FM Booster”
in your November issue covers something
I have been wanting to build for a long
time. However, there scems to be a
strange connection to the balim trans-
former T: on the schematic diagram and
on the figure showing the construction
of this transformer. It appears that you
have one too many ground connections
and that one of the secondaries of this
transformer would be completely shorted
out since it is grounded at both ends. 1
am interested in finding out whether this
is a mistake or ngt so that I can proceed
with the construction of the booster.

Deax Forp
Iron River, Michigan

The balun-coil connections shown on
the schematic and in the construction
figure are both quite correct as drawn.
Actually, the secondary has a fairly high
impedance at FM frequencies so that the
winding is not shorted out at all eten

ELECTRONICS WORLD
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Find it and Fix it in s the time!

EASILY SOLVES “TOUGH DOGS"...INTERMITTENTS ... ANY TV TROUBLE

ML TELEVISION

1076 BLACK & WHITE AND COLOR

ANALYST

Just As Easy to Use As a VOM!

By Easy Point-to-Point Signal Injection, You see the Trouble
on the TV Screen and Correct it—Twice as Fast and Easy!

Simplified technique stops lost hours never recovered on
“tough dogs’’, intermittents, and general TV trouble-
shooting. This one instrument, with its complete, accurate
diagnosis, enables any serviceman (o cut servicing time in half
.. .service more TV seis in less {ime . . . satis{y more custom-
ers . ..and make more money.

With the Analyst, you inject your own TV signals at any lime,
at any point, while you watch the generated iest pailern on
the picture tube of the television set itsell. This malkes il quick
and easy to isolate, pinpoint, and correct TV trouble in any
stage throughout the video, audio, r.f., i.f., svnc and sweep sections
of black & white and color ielevision sets—including intermil-
tents. No external scope or waveform interpretation is needed.
Checks any and all circuits—solves any performance problem.
Gives vou today’s most valuable instrument in TV servicing—
proved by thousands of professional servicemen cverywhere.

Available on Budget Terms. As low as $30.00 down. Net, $29995

Time-Saving, Money-Making Instruments Used by Professional Servicemen Everywhere

e

=

Radio Analyst Automatic VOM

Model 960 Transistor Model 360 V O Matic Model 375 Dynamatic
Automatic VTVM

SIMPLIFIES COLOR TV SERVICING, TOO

Enables you to troubleshoot and
signal trace color circuits in color
TV sets, or facilitate installation.

Genecrates white dot, crosshatch
and color bar patterns on the TV
screen for color TV convergence
adjustments.

Generates full color rainhow dis-
play and color bar pattern to test
color sync circuits, check range
of hue control, align color de-
modulators. Demonstrates to
customers correct color values.

Model 700 Dyna-Quik _ Model 440 CRT
Tube Tester Rejuvenator Tester

See Your B& K Distributor
or Write for Catalog AP20-N

January, 1963

K

BaK MANUFACTURING CO.
Division of DYNASCAN CORPORATION

1801 W. BELLE PLAINE AVE. « CHICAGO 13, ILL.

Canado: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont.

Export: Empire Exporters, 277 Broadwoy, New York 7, U.S.A.
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THORENS
BTD-12S Tone Arm

The new Thorens BTD-128S stereo tone arm will outlast
and outperform them all.

Like the incomparable Thorens TD-124, still the top high
fidelity transcription turntable for more than four years,
the BTD-12S is a product of Thorens engineering skill
and unsurpassed Swiss craftsmanship. For cxample
The almost frictionless bearings of instrument quality
on all pivots ¢« The exclusive Thorens cueing device that
raises and lowers the arm, making it unnecessary to touch
the arm while it is in contact with the record ¢ The
specially designed pivot that maintains continuous verti-
cal stylus position no matter what the height adjustment
¢ The balancing that makes the arm independent of level-
ing * The accurate gram-calibrated stylus force adjust-
ment * The quick-change plug-in shells for all standard
cartridges —and best of all » The braking action when
the arm is raised which eliminates the danger of broken
or bent styli caused by free swinging arms.

As in turntables, you’ll find that Thorens has thought of
everything in the BTD-128. See and hear it at your
franchised Thorens dealer’s today, or write for complete
specifications. $50 net

Guaranteed for One Full Year.

Now! The BTD-12S in an integral
unit! The Thorens TD-135 is the
only integral unit to combine a wruly
professional arm — the BTD-12S —
with a 4-speed, 8-lb, nonmagnetic
transcription turntable of “TD"”

quality! Thorens TD-135—-$110 net.

ELPA

THORENS DIVISIONM

ELPA MARKETING INDUSTRIES, Inc. .
New Hyde Park, N. Y. o

In Canada: Tri-Tel Associates Ltd., Willowdale, Ont.

CIRCLE NO. 162 ON READERS SERVICE PAGE

with the two ground connections. The tap at the antenna
side of the secondary can be either grounded as shown or
ungrounded. Such a transformer has been widely used in
RCA, DuMont, and Emerson TV scts to cffect an impedance
match between a halanced antenna and an unbalanced input
or vice versa. In such receivers both ground connections are
made to the chassis.

When the hooster was frst built by the author, he used a
commercial balun (Coleman Part #1360) and he connected
it just as shown in the schematic. Since this question arose,
the author lifted the ground tap on the antenna side and did
not notice any change in signal strength. Since this tap would
be left hanging, the author preferred to reconnect it fo
ground.—Editors.

-2 & &
THE DIGITAL VOLTMETER
To the Editors:

[ enjoved Jolm R. Colling’ article entitlted “The Digital
Voltmeter” in the September issue, but was left with the
fecling that the instrument is at hest an example of engineer-
ing “gilding the lilv” and at worst a great financial extrava-
gance. To be able to produce a direct readout of voltage
and polarity at, as was stated in the article, “over $1000,
and many cost in excess of $10.000” is just a bit too much.

To myv mind digital voltmeters are a close second to
what was probably the greatest engineering absurdity a
few vears back—the “talking voltmeter.” (It’s exuctly what
the name implies.) This was demonstrated two or three
vears ago at the [LR.E, show in New York, and thank heaven
hasn’t turmed up since.

The cost of such equipment, some of which was developed
with government funds, is indeed difficult to justify.

Pavr McELDRIDGE
Worcester, Mass.
& o o
TV-FM ANTENNA DESIGN
To the Editors:

I have received quite a few inquiries concerning my article
“Design for an All-Purpose TV-I'Al Antenna” (November,
1962).

There are several points which should be clarified; namely,
a should have been 90° instead of 60° in Fig. 2, and the
1.85-foot dimension in Fig. 5 (page 86) should have been
2.85 feet to give ¢ = 43°.

It should be noted further that the lavouts given in Figs.
3 to 5 are correct and the design. as presented, will work.
The noted discrepancy in @ = 60° in Fig. 2 and the layout
a = 90° (calculated) in Fig. 3 were apparently a source of
confusion, particularly when trying to extend the design
to lower frequencies.

In suggesting the other change from 1.85 feet to 2.85 feet,
this would provide better performance. Unfortunately, my
attic would not permit this height. However, if no restric-
tion in height exists (on separation angle ), this increased
height will provide slightly higher gain and better impedance
match to 300-ohm line. Both are desirable.

Finally, some readers questioned whether larger gauge
wire could be used in the construction. In reply, larger gauge
wire (or aluminum rods) could be used. Slightly better an-
temna efficiency would result.

Georce J. Moxser
American Electronic Labs
Colmar, Pennsylvania

\We have received many inquiries about this interesting
antenna. We would like to emphasize that if the construc-
tion diagrams are followed, increasing the separation be-
treeen triangular sections to 2.85 feet, then the antenna
should operate properly. Incidentally, several TV antenna
manufacturers are introducing all-channel antennas that op-
erate on the log-periodic principles on which this design
was hased.—Editors. A
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AFAYETTE, YOU GET
WHEN YU BUF T\ CIVE BENEFITS

from the
LLWORLD'S
Hi-F

o SATISFACTION GUARANTE:ZD OR
MONEY REFUNDED. Use Lafay-
OUTSTANDING ette’s 30-Day FREE Home Trial.

LAFAYETTEKITS || o LARGEST STOCK SELECTIIN. If
it's in Hi-Fi or Electronics, it's
*LOWEST PRICES in the Lafayette Catalog.

&
ELECTRONICS
SHOPPING
CENTER”

- o NO MONEY DOWN. Buy om time
24-HOUR with Lafayette’'s Easy Pay
SERVICE Credit Plan, up to 24 months

to pay.

TRUE, CUSTOM-MATCHED STEREO
NEED NOT BE EXPENSIVE —and isn’t at Lafayette!

R e A COMPLETE 24-WATT
STEREQ PHONO SYSTEM

Only at Lafayette could you fini an
outstanding, custom-matched s:ereo
system at such an amazing low price.
Compare components, compare per-

NO MONEY DOWN

- formance, compare price—you'll ctoose
P you Lafayett e
LAFAYETTE afayette.
| La-224 SAVE o
4 v il 0 1S-225WXM  Specify: Pickering Cart-
GARRARD 7 I, 49.3 ridge; wood base finish; Speaker Sys-
A QE?;S%IM ;Qfg‘ﬁgpfeakers tem finish. Shpg. wt., 64 Ibs. Net ~29.50
! MAIL THIS COUPON TODAY for
YOU GET THESE SYSTEM MATCHED YOUR FREE LAFAYETTE 630 CATALOG
COMPONENTS Get One for a Friend Too
Lafayette LA-224 24-Watt Stereo Amplifier ... 49.95
Garrard Autoslim 4-Speed Record Changer ... 39.50 LAFAYETTE RADIO ELECTRONICS
Wood Base (Specify Walnut, Mhg. or Blonde) . . 3.95 Dept. RA-3, P.0. Box 10, Syosset, L.I., N.Y. 388
Pickering U38/AT Diamond Needle Cartridge ... 46.50 . . GIANT SIZE
2 Lafayette SK-124 2-Way Speaker Systems O g:tsar}omy FREE 388-page giant-size Lafayette PAGES H
{Specify walnut or mahogany) @ 19.95 each .. . 38.90 Send g 4 Shiopi 3 et i
m i , d
Regular Catalog Price 178780 ] REMENE IRy A S el i
I 'am enclosing .. ...
3 1
LAFAYETTE’S |55 MAIL ORDER and SALES CENTER NAME. .o
o — : SYOSSET, L. I, NEW YORK Address ..
— B~ 111 Jericho Turnpike .
: OTHER LOCATIONS - City . ... .. .. ... Zone. .State. ... :
NEW YORK, NEW YORK | SCARSDALE, NEW YORK | PARAMUS, NEW JERSEY .
100 6th Avenue 691 Central (Park) Ave. 182 Route 17 Friend’'s Name ... ... .
JaMAICA, NEW YORK | PLAINFIELD, NEW JERSEY BOSTON, MASS.
165-08 tiberty Avenue 139 W. 2nd Street 110 Federal Street AGEresS ...
BRONX, NEW YORK NEWARK, NEW JERSEY NATICK, MASS. )
542 E. Fordham Rd, 24 Central Avenue 1400 Worcester Street (e e P Zone . State.
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YOUR INDEPENDENT TV-RADIO SERVICE DEALER

§5-342 R1

16

THIS SET IS TERRIBLE...
NO MORE “SERVICE BARGAINS”

FOR ME!

= | ’

For window-size blow-ups

Sprague Products Co.,

Mass., to cover handling
and mailing costs.

&

i
-k,

of this message, send 10¢ to

l 51 Marshall St,, North Adams,
II

S \ v~

ar l

HOW TO BE SURE OF
GOOD TV SERVICE. ..

gz Beware the Service “Bargain.” If
? you shop around for cut-rate prices or
“ @ extra-liberal service contracts, you’re

asking for trouble. A ‘“something-for-nothing”
offer usually means cut-rate parts and sub-
standard service methods. The reputable service
dealer spends years in study and training—
thousands of dollars on test equipment, tools,
and service manuals—countless hours in keep-
ing up-to-date on new developments and serv-
ice techniques. Because of this heavy investment,
he can’t afford to offer “‘bargains.”

n Rely on a Fully Qualified Independ-

y. ent Service Dealer. Well known
MLom ® ;4 highly regarded by your friends
and neighbors, his professional training and
experience have made him a real technical
expert. He takes pride in his work. He wants to
stay in business. And he stakes his reputation
and his future on satisfying you. So he’ll use
only component parts of the highest quality
and latest design—plus his thorough knowledge
and keen skills—to do the job right. Depend on
him; he can’t afford to let you down!

Your TV set provides you with a wealth of entertainment.

Keep it in the best repair. ..

at lowest cost . .. by calling

yourlocal TV-RADIO Service Dealer at the first sign of trouble!

THIS MESSAGE WAS PREPARED BY SPRAGUE PRODUCTS COMPANY,
DISTRIBUTORS’ SUPPLY SUBSIDIARY OF SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASSACHUSETTS FOR . . &
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Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products & Lit-
erature” can also be obtained by following this same procedure.

PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.

ELECTRONICS WORLD

P.O. BOX 7842 OF REQUESTS Jan. 31, 1963
PHILADELPHIA 1, PA.
Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.
100 100 102 103 104 105 106 107 108 109 110 111 M2 M3 114 N5 16 117 118 19
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 i
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 1719
NEW PROOUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 10 N 12 13 14 15 16
17 18 19 20 2 22 23 24 25 26 27 28 29 30 N 32 33 34 35 36 37 38
39 0 4 42 43 44 45 46 47 48 4 50 51 52 53 54 55 56 57 58 59 60
(Key numbers for advertised products also appear in Advertisers Index)
NAME
ADDRESS
cITYy ZONE STATE
Januvary, 1963 17
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. ~SERVICE TECHNICIANS, ENGINEERS, :_T'EST LABS SAY ... THE POPULAR MIGHTY MITE IS

Checker they ever used.”

Here itis. ..

THE

Designed for the present
and far into the future.
Tests all of your pres-
ent tubes plus the new
RCA Nuvistors and
Novars, GE Compactrons
and Sylvania

10 pin tubes.

A complete tube tester that is smaller than a portable type-
writer yet outperforms testers costing hundreds of dollars.
A real money maker for the serviceman and a trusty com-
panion for engineers, maintenance men and experimenters.

Even though the Mighty Mite weighs less than 8 pounds,
new circuity by Sencore enables you to use a meter to
check grid leakage as high as 100 megohms and gas condi-
tions that cause as little as one half microamp of grid cur-
rent to flow. Then too, it checks for emission at operating
levels and shorts or leakage up to 120,000 ohms between all
elements. This analytical “stethoscope” approach finds
troublesome tubes even when large mutual conductance
testers fail. And it does all this by merely setting four con-
trols labeled A, B, C, & D.

Check these plus Sencore features: New, stick-proof
D’Arsonval Meter will not burn out even with a shorted
tube ® Meter glows in dark for easy reading behind TV set.

"They all agree . . .

is the real answer for the man on the go.”

S E N C O R E ADDISON, ILLINOIS

Finds ‘em Fast!
Checks ‘em All!

o New large Speedy Sct-Up Tube Chart in cover, cuts set-up
time ¢ Rugged, all-steel carrying case and casy grip handle
o Smallest complete tester made, less than one foot square.
e The Mighty Mite will test every standard radio and TV
tube that you encounter, nearly 2000 in all, including foreign,
five star, auto radio tubes (without damage) plus the new
GE Compactrons, RCA Nuvistors and Novars and Sylvania
10 pin tubes.

Mighty Mite also has larger, easy-to-read type in the set-
up booklet to insure faster testing. Why don’t you join the
thousands of servicemen, engineers, and technicians whe
now own a Mighty Mite tube tester? Tube substitution is
becoming impossible and costly with nearly 2000 tubes in
use today. Ask your authorized Sencore Distributor for the
New Improved Mighty Mite. Size: 107 x 9147 x 312",

Wt. 8 Ibs.

MODEL TC114 Deater Net $74.90
Sencore Sam says . . W) 0 f
the Mighty Mite '@
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Here’s your chance to learn about the all-transistor 1963 car radios,
including the new AM-FM models. At the free 3-day Delco Radio
Training School soon to be held in your area, our engineers will
teach you transistor fundamentals through interesting lab experi-
ments. You'll learn voltage meanings. How to test Wonder Bar
circuits and transistor portables. How to troubleshoot the new
AM-FM car radios! Don't miss this opportunity to pick up the
knowledge that'll make servicing the 1963 car radios a hreeze.
Be sure to check the schedule below. And to register for this
school, see your United Delco distributor. Or contact Service
Manager, Delco Radio Division, Kokomo, Indiana.

TRang,

Z ST

Bu;“‘,“?u
e $

CoREvROl e
REVEDE

Howg gy

4019 gy,
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Jo— "
7 Axg
8340
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1963 Service Bulletins Now Available!

These service bulletin packs which describe
the servicing of all 1963 GM car radios in detail
are currently the only source for this informa-
tion. You can get them through your distributor.
Call him today!

DELCO RADIO ELECTRONICS SCHOOL SCHEDULE

LAY AR SOUTH CINTRAL MIDWEST EOUTHWEST WEST
ol == DETROIT R
JaN. 21 e __SALT LAKE CITY
JAN. = MEMPHIS CINCINNATI CHICAGO DALLAS (N)
FEB. 4 - - MILWAUKEE
FEB. 11 CLEVELAND = ~ HOUSTON (N) Tao BlE
FEB. 18 - BOSTON ATLANTA | LOS ANGELES
FEB. 25 PITTSBURGH ST. LOUIS (N} |
MAR. 4 UNION, NY (N) KANSAS CITY
MAR 11 | JACKSONVILLE T I e ke SAN FRAMCISCO
— Wam 18 | PHILADELPHIA = T 1 OMAHA o
MaR 25 | i) DENVER PORTLAND
ZPR. 1 TARRYTOWN, NY NEW ORLEANS BUFFALO = o= =
APR. B e ]
ANF. 18 MINNEAPOLIS
PR 22 ~ BOSTON = = EL PASO (N) " LOS ANGELES
3 LPI. 29 = aerey CHARLOTTE WICHITA (N)
MAY h WASHINGTON = e
WA 1% — I - CHICAGO
May 20 PHILADELPHIA (N) = BUFFALO - = B
5 May 27 | T e =
JUNE 3 ALBANY, NY (N) g 1

N—Night classes

Delco Radio Automotive Radio Service Parts and Electro-Mechanical Devices are distributed nationally through United Delco

DELCO RADIO, Division of General Motors, Kokomo, Indiana

~
United W
Delco
January, 1963 CIRCLE NO. 153 ON READER SERVICE PAGE 21
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Dyna FM Tuner (FM-1) & Multiplex Adapter (FMX-3)
Leak “‘Sandwich’ Speaker System (page 24)

Dyna FM Tuner (FM-1) & Multiplex Adapter (FMX-3)

For copy of manufacturer’s brochure, circle No. 58 on coupon (page 17).

THE Model FM-1 “Dynatuner” has

carned a reputation for high per-
formance. This FM tuner was fully de-
scribed in the September, 1961 issuc of
this magazine. Now, a stereo conversion
kit, the Model FFMX-3 “Stereomatic
Multiplex Integrator” is available for
those wishing to udapt their FM-1 tuners
for stereo or for those who have been
waiting for such an adapter before buy-
ing the tuner kit. Like the tuner itself.
the FMX-3 is simple to build und can be
aligned using only the tuning eve tube,
without external instruments.

The FMX-3 can be used only with the
FM-1 tuner, for which it was specifically
designed. It is constructed on a single
etched circenit board, mounting in an
arca set aside for this purpose on the
tuner chassis. Power comes from the
tuncr’s power supply. In addition to
mounting and soldering the components
on the printed board, the builder is re-
quired to make two changes in the
original tumer. The EMS4 eve tube and
the plastic dial cover are replaced by
an EMMS01 dual-eve tube and a new
dial cover. The original volume control
is replaced by a dual potentiometer,
operating on both channels simultane-
ously.

The FMX-3 circuitry is remarkably
simple, vet cffective. This is an advan-
tage of a multiplex adapter designed for
a specific receiver, since its operating
conditions are known and the various
controls and compensating circuits found
in “universal” adapters are not needed.

22

similar bar of light, is actuated by the
38-kc. doubler circuit. In the absence of
a pilot signal, it remains dark. During a
sterco transmission, the bar closes fully.
The special plastic dial cover has the
word “Stereo” over the upper bar of the
EMMS01. When the stereo signal is re-
ceived, the “Stereo” indication lights up
brightly. 5

Operation of the FM-1 tuner with the
FMX-3 “Multiplex Integrator” is fully
automatic. Mono signals appear equally
at both outputs. Separated stereo signals
are developed without any action on the
part of the listener, and with a clear indi-
cation of the “Stereocator,” as the cye
tube is called.

The unit we tested was factory-wired.

OUTPUT -DB

20 50 100

500

IKC. 2KC. SKC. IOKC. 20KC.

FREQUENCY-CPS

The composite signal, before de-
emphuasis, is taken from a cathode-fol-
lower stage in the tuner, passed through
a filter to reject SCA signals above 53
ke., to a four-diode switch. Monophonic
signals pass through the diodes unmodi-
fied.

The 19-ke. pilot carrier in a stereo sig-
nal is amplified and doubled to develop
a 38-kc. sub-carrier, in the proper phase
relationship to the pilot carrier. The
diode switch is gated by the 38-ke. sig-
nal, separating the composite signal into
left- and right-channel outputs. These
signals are separately de-emphasized and
amplified by triode feedback amplifiers
hefore going to the low-impedance out-
put jacks.

The ENMSOT eye tube serves a dual
function. The lower section is a hori-
zontal bar of light which is closed by the
voltage developed at the limiter grid.
Never closed completelv, it acts as a
tuning indicator. The upper section. a

www americanradiohistorv com

The FM tuner performance was excel-
lent, with less than 0.73% distortion at
100% modulation for all signal strengths
above 20 pv. The THI'M usable sensi-
tivity wuas 5.7 @v. Capture ratio was 8.4
db, and the AM rejection was exception-
ally good at 55 db. Total drift was about
60 ke, from a cold start. Although the
sensitivity might not appear to be excep-
tional, this tuner has very little distortion
at the lowest signal levels, and the sub-
jective impression is of a very high ef-
fective sensitivity. In other words, even
relatively weak signals can be received
with enjoyable sound quality.
Frequency response and the average
crosstalk are shown in the accompanying
figure. (Editor’s Notc: After these meas-
urements were taken, we misaligned all
tuned circuits in the adapter and we then
realigned these circuits using the tuning
cye as outlined in the instruction man-
ual. \When this was done, our separation
figures were within 4 db of the original

ELECTRONICS WORLD
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The power: 50 watts
The price: $129.50
The builder: You

n
p1oHE
THE 5Yg‘"‘(,f

THE FISHER

Buitd

Pogs-By-Puge

LY Che

Arsurer Parfoct s

o

Stage By-Sroqe

THE FISHER
SrRATAK T

1

SrrarakKir:

SR RACAD SORPORATINN » LONG SSLAND. QIY § 2 NEW ¥

(1t could only be a Fisher StratakKit.)

The KX-100 stereo control-amplifier kit would
be an astonishing value under any label—-50
clean watts for less than $130 plus a few
evenings of highly entertaining work. But the
fact that it is a Fisher amplifier, with all the
built-in quality that the name implies, makes
it the most remarkable buy of the entire
stereo era.

The KX-100 is an authentic StrataKit. The
StrataKit method of kit construction is the
exclusive Fisher development that enables a
totally unskilled and inexperienced person to
achieve the same result as a professional
laboratory technician. You can't help ending
up with a faultless Fisher product when you
build a StrataKit.

In addition to more watts per dollar, the
KX-100 features all the standard control and
switching facilities plus a few remarkable

extras: A front-panel headphone jack with
speaker silencing switch; full tape monitor-
ing tacilities with the famous Fisher Tape-
Play System; a High Filter switch; and a
revolutionary new circuit that permits direct
connection of a center-channel speaker with-
out using an additional amplifier! Yes, all
that for $129.50*,

The KX-200 StrataKit, a highly advanced
80-watt stereo control-amplifier kit with
built-in d'Arsonval bias/balance meter and
volume-controlled center-channel speaker
output, $169.50*,

The KM-60 StrataKit, worid's most sensi-
tive FM Stereo Multiplex wide-band tuner
available in kit form, $169.50*.

The KS-1 3-way speaker kit, only Slim-Line

loudspeaker system THE FISHER

in kit form, $59.50**,

*Walnut or mahogany cabinet. $24.95. Metal cabinet, $15.95. **In unfinished birch. $64.50 in unfinished walnut. Prices slightly higher in the Far West,
Export: Fisher Radio International, Inc., Long island City 1, N.Y. Canada: Tri-Tel Associates, Ltd., Willowdale, Ont,

January, 1963
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1 FREE! $1.00 VALUE! The Kii Th

| Builder's Manual: a new, illus- < e p

] ) . 1o e Kit Builder's

| trated gu_lde to high-fidelity kit Manual

: construction. | s—em—aee— —_—

: Fisher Radio Corporation

: 21-38 44th Drive

: Long Island City 1, N. Y.

Please send me without charge The Kit Builder's |

| Manual, complete with detailed information on !

: all Fisher StrataKits. :

| i

[ i

1 Name._ 1

1 t

1 1

: Address_____ :

1 1

1 1

: City Zone State :

! 07111 ¢
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superb UHF pictures whére other methods fail

The original Blonder-Tongue Ultra-
booster covered only channels 70 to
83. When it was introduced in the
MPATI and translator areas, it was
so dramatically effective that in-
stallers throughout the country de-
manded units for their particular
UHF channels, There are now six
standard models, each covering a
specific portion of the UHF spee-
trum: (1) UB (14-29); (2) UB
(25-40); (3) UB (41-55); (4) UB
(56-69); (b) UB (70-83); (6) UB
(72-76). In addition, other fre-
quency ranges are available on a
custom basis.

There’s nothing like the Blonder-
Tongue UB on the market today.
Mast-mounted to take advantage of
the maximum signal-to-noise ratio
available at the antenna, it in-
creases signal voltage by at least
14db, The UB uses two low-noise
frame grid tubes. The remote power

engineered and manvfactured by

ol |

Model UB with remote
power supply

supply sends a ‘safe’ 24 volts of AC
power to the mast-mounted UB am-
plifier on the same downlead which
carries the signal. The UB is en-
closed in a weatherproof housing
with swing-down chassis for easy
servicing. The standard UB has 300
ohm inputs and outputs. It is avail-
able on a custom basis with 75 or
50 ohm inputs and outputs.

The UB may be used in master TV
installations and for single sets in
schools and homes. It delivers sharp,
clear pictures in ‘impossible’ areas.
Model UB lists at $93.50.

The Blonder-Tongue UB and either
of the Blonder-Tongue UHF con-
verters, models BTC-99s and BTU-
2t, are the perfect team for superior
UHF — anywhere. Today, contact
the world’s most experienced manu-
facturer of UHF products. For free
16 page Quick Reference Manual of
TV Systems, write EW-1.

BLONDER%TONGUE

Canadian Div: Benco Television Assoc., Ltd., Tor., Ont. Export: Rocke int'l. Corp., N. Y. 16—-CABLES: ARLAB
* closed circuit TV systems

home TV accessories

/ 9 Aliing St.. Newark, N. J.

o UHF converters « master TV systems
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separation obtained with factory align-
ment.)

In use tests, the “Dynatuner” was very
easy and non-critical to tune. Its listen-
ing quality left nothing to be desired.
The automatic stereo feature, which
works perfectly at signal levels down to
5 uv., nevertheless offers some problems.
The user has no means of disabling the
multiplex circuits. Weuk signals may be
marred by noise in stereo, vet be per-
fectlv usable as mono signals. Unfortu-
natelv, the listener does not have the
option of selecting his mode of operation.

The FMX-3 “Multiplex Integrator”
sells for $29.95 in kit form, or $39.95 as
a semi-kit, with all parts mounted and
soldered on the etched circuit board. The
complete factory-wired multiplex tuner,
Model FM-3A, sells for $169.93. A

Leak ‘““Sandwich”’
Speaker System
For copy of manufacturer’s brochure,
circle No. 39 on coupon (page 17).

ONE OF the recognized limitations

of cone-type loudspeakers is the
inability of a paper cone to move as a
piston at all frequencies. At low fre-
quencies the entire cone acts as a unit,
which is the desirable form of piston
motion. At higher frequencies, the
phenomenon of cone break-up occurs,
and different portions of the cone move
in different phases. The effect of
break-up is to cause a rough, irregular
frequency response, as well as poor tran-
sient response.

Coue break-up results from insufficient
rigidity in the conventional paper cone.
Harold Leak’s new “sandwich” speaker
attacks this problem in a novel way, by
constructing the cone of polyfoam and
cementing an aluminum skin on each
side to form a sandwich. The result is an
extremely rigid, lightweight structure.
The sandwich speaker, with an effective
cone diameter of 107, is the woofer por-
tion of Leak’s new compact speaker sys-
tem. The 27 diameter voice coil is
capped by a polyfoam dome, and the
impregnated cloth surround allows large
linear cone excursions.

The walnut cabinet, measuring 15"

ELECTRONICS WORLD
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Pick the course fo

2 e e R e

A comprehensive program
covering Automation, Com-
munications, Computers,
Industrial Controls, Tele-
vision, Transistors, and
preparation for a 1st
Class FCC License.

License

If you want a 1st Class
FCC ticket quickly, this
streamlined program will
do the trick and enable
you to maintain and serv-
ice all types of transmit-
ting equipment.

r your career...

Mobile Radio, Microwawe
and 2nd Class FCC Prep-
aration are just a few cf
the topics covered in th's
“compact’ program , . .
Carrier Telephony too, if
you so desire.

Here's an excellent shu-
dio engineering progrem
which will get you a Lst
Class FCC License aid
teach you all about P o-
gram Transmission a-d
Broadcast Transmittere

R

Get A Commercial FCC License
... Or Your Money Back!

A Commercial FCC License is proof of electronics skill
and knowledge. Many top jobs require it . . . every em-
ployer understands its significance. In your possession, an
FCC Commercial Ticket stamps you as a man who knows
and understands electronics theory . . . a man who's
ready for the high-paid, more challenging positions.

Cleveland Institute home study is far and away the
quickest, most economical way to prepare for the FCC
License examination. And that’s why we can make this
exclusive statement:

The training programs described above will pre-
pare you for the FCC License specified. Should
you fail to pass the FCC examination after
completing the course, we will refund all tuition
payments. You get an FCC License . . . or your
money back!

Before you turn this page, select the program that fits
your career objective. Then, mark your selection on the

Cleveland Institute

\TED
Cay Sey,

of Electronics s

1776 E. 17th Street, Dept. EW-73
Cleveland 14, Ohio

NHSC

1¥a
aROHYN
S
o,
ot'nclu-“o

" L2 . sT\‘\)"
Accredited Member
January, 1963

coupon below and mail it to us today. We’ll send you . . .
without obligation . . . complete details on our effective
Cleveland Institute home study. Act NOW . . . and
insure your future in electronics.

Mail Coupon TODAY For FREE Catalog

Cleveland Institute of Electronics
1776 E. 17th St., Dept. EW-73
Cleveland 14, Ohio

Please send FREE Career Informa-
tion prepared to help me get ahead in
Electronics, without further obligation.
CHECK AREA OF MOST
INTEREST —

How to Succeed
in Electronics

wmwmmw-mw%w

[0 Electronics Technology [] First Class FCC License
D Industrial Electronics D Electronic Communications
[0 Broadcast Engineering O

other

Your present occupation

L o e st o e e i it e e e g S S S S S S e S

Name Age
(please print)
Address
City Zone__ State_
EW-73
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Becauce you've got to
CEE it - to BELIEVE it

- - -we will cend you
a FREE gample---

DRY TRANSFER TITLES
FOR PROTOTYPES AND
ELECTRONIC PANELS

Imagine lettering that transfers DRY to
almost any surface — paper, wood, glass,
metal, plastic — with just a quick, light
pressure! Not just any lettering but the
finest, most meticulous lettering in the
world transfers from the carrying sheet
to your prototypes, electronic panels, or
engineering drawings.

NOT A DECAL—NO WATER—NO TAPES
NO SCREENS — GOES ON INSTANTLY
JUST PRESS AND IT'S THERE
MAKES PROTOTYPES LOOK LIKE
FINISHED EQUIPMENT!
Complete “Instant Lettering” Title Sets
contain 24 sheets with thousands of pre-

set words and phrases researched to give
you the greatest variety and flexibility.

No. 958—B1ack ... ...l $4.95
No. 959—White

Now in stock af Allied, Lafayette, New-
ark, Harvey Radio and other selected
electronic distributors.

WRITE - WIRE - PHONE FOR FREE SAMPLE!

THE DATAK CORPORATION

63 71st S5TREET GUTTENBERG, N. J.

N. J. 201—UN 4-6555 N. Y, 212—LA 4-0346
CIRCLE NO. 107 ON READER SERVICE PAGE
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wide x 26”7

high x 12"
enclosed and heavily damped internally

deep,

with acoustic material. The high fre-
quencies are handled by a 3” cone
tweeter, with a 1” diameter voice coil
and massive magnet structure. The
crossover network, which has no level
adjustments, is built in, The svstem im-
pedance is rated at 15 ohms by the man-
ufacturer.

We measured the frequency response
of the speaker svstem indoors, as usual,
but used an automatic response plotting
system. Five sets of curves were ob-
tained, with various microphone posi-
tions, and averaged to obtain a single
composite curve, This shows an excep-
tionally smooth response from 200 cps
upward, to beyond 15 kc., with a drop-
off of about 5 db at 10 ke. and above,
relative to onr calibrated microphone re-
sponse. There appears to be a 5 or 6
db depression in the response in the

FI1O;

is fully

region of 100 ¢ps. The lower bass holds
up well, with low distortion down to
about 33 cps. Even in our indoor test
room, the over-all response was =4 db
from 45 to 15,000 c¢ps, which is excel-
lent.

The success of the sandwich cone in
preventing cone break-up is shown by
the tone-burst photographs, which re-
veual practically no ringing or haugover.
The worst ringing was found at 1.3 ke,
and this would be considered quite good
for most speakers.

Although the speuker svstem resem-
bles most bookshelf systems physically,
the manufacturer points out that it is
desigued for floor mounting, with the
tweeter on top, and that wall mounting
will result in a loss of bass response. This
information was not available to us when
the response curves were made, so the
unit was mounted on a shelf at car level,
as we normally do with speakers of this
tvpe. When listening to nmsic under
these conditions, the sound is somewhat
thin, although considerable amounts of
bass hoost can be applied in the ampli-
fier without producing any muddiness
or unpleasant sound from the speaker.
When mounted upright on the floor, the
bass comes up to a very satistactory
level. It is not as "heavy” in the lower
bass as some of the American compact
systems, but is nicely balanced over-all.
In any position, the middles and highs
are reproduced with superior definition,
as good as we have heard from some of
the finest and most expensive speaker
svstems, The sound of the speaker js
tight, well controlled, and thoroughly
musical. There is no trace of harshness,
which is not surprising in view of the
exceptional smoothness of its frequency
response.

The Leak “sandwich” speaker svstem
is imported from Great Britain by Er-
cona Corporation. The unit is available
for $199.00. A

! FREQUENCY RESPONSE 1S AVERAGE OF FIVE AUTOMATICALLY PLOTTED

RUNS IN "LIVE" ROOM (CURVE CORRECTED FOR MICROPHONE RESPONSE)

+5 I } e

RESPONSE-DB

500
FREQUENCY -CPS

| = e 1
IKC, 2KC,

Response curve shown above is an average taken with the speaker system mounted on

a shelf at ear level.
in bass response.
at 1.3 ke,

www americanradiohistorv com

When mounted upright on the floor, there was an increase
Tone bursts were taken at 310 cps,
where there was some ringing, waveform is considered to be quite good.

1.3 ke, and 3.2 kc. Even
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send today for your

LATEST INDEX

o PHOTOFACT’
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Here is your valuable 68-page guide
covering virtually every model of home-
entertainment electronic equipment

v e produced since 1946! Helps you locate
ik the proper PHOTOFACT Folder to
= < quickly solve any service problem in

=== any model. PHOTOFACT provides
everything you need in complete, uni-
form style for quick, effective repairs:
Famous Standard Notation Schematics
packed with the service details you need; Full Photo Coverage of
all chassis views; Complete Replacement Parts Lists; Tube Place-
ment Diagrams; Alignment Instructions; CircuiTrace® for printed
boards; Disassembly Instructions; Dial Cord Diagrams; Changer
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SEND FOR

MAIL COUPON TODAY!

HOWARD W. SAMS & CO,, INC.

H .

TAKE THE RIGHT STEP ® Howard W. Sams & Co., Inc., Dept. 5-A3 ™
TO TIME-SAVING, : 4300 W. 62nd St., Indianapolis 6, Ind. :
PROFIT-BUILDING 8 [ Send FREE Photofact Index -
. i ician: i i ™

SERVICING.... . Ot am a Service Technician: full time, part time .
. . ]

See your Sams Dis- ® Other: (specify) .
. -

tributor for details on : Shop Name :
an Easy-Buy PHOTO- 4 .
FACT Library or g Aftv .
Standing Order Sub- : Address :
scription. [l .
8 city Zone State :

ML L L L L e LIy
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How 6% sq. ft. can speed up your picture-tube service:

10 versatile ‘"Universal” picture-tube types from Sylvania’s
SiLvEr Screen 85 line may be all you need to fill 52% of
your renewal needs! This fact, verified by a recent industry
survey, stems from a remarkable streamlining of the
Sylvania line—making fewer, more versatile types that can
be used as replacements for many others. Already 54
types can replace 217.

Think what the versatility of these ‘’Universal’ tubes

can mean. An in-shop inventory of a few popular types can
help you quickly take care of most of your renewal calls.
Ordering is simplified...and distributor calls for special
tubes can be cut way down.

Start profiting now from Sylvania’s SILVER SCREEN 85
picture tubes. Call your Distributor and put an inventory in
your own shop—where it can enhance your reputation for
fast service and quality replacements.

SiLver ScreeN 85 Picture Tubes are made only from new parts and materials except for the
envelopes which, prior to reuse, are inspected and tested to the same standards as new envelopes.

ELECTRONICS

WORLD
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use it for SILVER SCREEN 85 tubes...

(10 “Universal’ types meet half of all renewal needs)

The"Big 10" Tubes that fill
8 52% of all renewal needs:
’ 2]CBP42)
| 21ZP48
21ACP4A)2°/")40%
21YP4A
21AUP4A
24AEP4
21DEP4A SuUBSIDIARY OF c.nulAI.

21648 GENERAL TELEPHONE & ELECTRONICS &2/

21FP4C

Janvary, 1963
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UNGOMPROMISING ENGINEERING CREATES THE BEST BUY...EICO

30

NEW ADVANCED GENERAL PURPOSE
5” OSCILLOSCOPE #427

Kit $69.95 Wired $1€9.95

Vertical amplifier with 3 push-pull stages, direct

coupled throughout; 4-position, fraquency-com-
pensated V input attenuztor; internal calibrating
voltage. Recurrent sweeds from 1Gcps-100kc in
4 overlapping ranges; choice of int. +, —,
60cps, or ext. sync; fully automatic sync. opera-
tion: full retrace b anking. Intensily, focus and
astigmatism controls on panel. Sharp, clean,
non-btooming trace. Instantaneous, Jrift-free po-
sitioning. Convenient divect plate connections.
V amp: 10mv p-p/cm sens.; flat dc-500kc, —6db
at Imc; 1 meg input Z. H amp: 0.5V p-p/cm
sens.; 2cps-450kc fat response; 10 ~eg input Z.

AC VTVM & AMPLIFIER #250

Kit $49.95 Wired $79.35
Highly sensitive, refiable AC VIVM & wideband
amplifier. Measures 100 microvolts to 300V in
12 ranges; 10c-600kc *=0db response, 10 meg-
ohms input impedamce, *=3% accuracy. Wide-
band amplifier switck-controlled for ¢xternal use:
8c-800kc response, SVRMS output, 5K ohms out-
put impedance, gain control, noise —a40db.
Frame-grid triode cathode follower ivput circuit,
freq.-compensated input attenuator, cathode cir-
cuit attenuator. Regulated power supply.
AC VTVM #255 kit $44.95 Wired $72.95
All the precise VIVM facilities of tha #250 less
externai use of the wide-band amplifier.

*Formerly designated as #260.

AC VOLT-WATT METER #261”
Kit $49.95 Wired $79.95

AC voltmeter & load-compensated audio watt-
meter of unique quality, Measures AC voltages
from 1lmv to 1000V in 11 ranges, power from
.015mw to 150W in 7 ranges, across standard
loads from 4 to 600 ohms. Tapped power resistor
load (4, 8, 16 and 600 ohms) handles up to 80W
on 8 ohms and 40W on other taps: Switch to
external load up to 150W. Meter automatically
compensated for any load selected, internal or
external, to provide single watt scale.

VACUWUM TUBE VOLTMETER #222
Complete with exclusive dual-purpose Uni-Probe®
U. S. Pat.)

Kit $27.95 Wired $42.95

Entirely electronic, direct reading measurement
of resistance, and AC & OC to 1500V in 5 ranges.
May be calibrated without removal from cabinet.
Complete electronic overload protection, plus
fuse. 1% precisicn ceramic resistors. Exclusive
AC/0C Uni-Probe® selects OC or AC-Ohms. OC
voltmeter input impedance 11 megohms, accu-
racy +=3%. AC wcltmeter input impedance 1
megohm, accuracy =5%. Ohmmeter 0.2 ohms to
1000 megohms in 5 ranges.

IN-CIRCUIT CAPACITOR TESTER #3955
Kit $19.95 Wired $39.95

Tests capacitors in the clrcuit without unsolder-
ing. Checks for sharts, (even in the gresence of
as little as 1 ohm shunt resistance). Checks open
units (as little as SMMF in the circuit). Measures
capacitance with =10% accuracy between 0.1mf
and 50mf. Measures RC product, convertible into
dissipation or power factor. Utilizes electron-ray
tube EMB84/6FG6 with sharp bar pattern. Line
adjust control permits maximum sensitivity re-
gardless of lire veltage variations.

TRANSISTOR & CIRCUIT TESTER #680
Kit $25.95 Wired $39.95

Measures ICEO, ICBO & DCB directly, AC8 in-
directly, without cnarts or special settings—
plus all dc volts, currents & resistances needed
to service transistor equipment. Battery powered.
50uA, 32" face meter movement provides sensi-
tivity & scale length necessary for accuracy.
Built-in 20,000CV VOM facilities free your other
test equipment.

Listen to the EICO Hour. WABC-F, N. Y. 95.5 MC, Mon.-Fri., 7:15-8 P.M.
Export Dept., Roburn Agencles Inc., 431 Greenwich 8t., New York 18

CIRCLE NO. 110 ON READER SERVICE PAGE

12 Address
12 city .

% in West,

Extra-Low
Ripple

8 & 12 VOLY
BATYERY ELIMINATOR & CHARGER #1064

Kit $43.95 Wired $52.95

Heavy-duty 2-ranges for operating any mobile
radlo & transceiver including transistor or “‘hy-
brid”’ types. Also usable as charger for either
6 or 12 voit batteries. Variable transformer pro-
vides continuous output adjustment. 2 meters
simultaneously observe output voltage and cur-
rent. Ratings: G-8V: 10A continuous, 20A inter-
mittent; 0-16V: 6A cont., 10A interm. AC ripple:
0-16V range: 0.3% @ 2A, 1% @ 6A. Heavy-duty
sellenium rectifiers, & automatic reset overload
relay.

METERED VARIABLE
AUTO-TRANSFORMER AC BENCH SUPPLIES

#1073: 3A ratin, Kit ﬁs.ss Wired $47.85
#1078: 7%2A rating Kit $42.95  Wired $34.85
For study of components under varying line condi-
tions, Delivers any voltage uf to 140VAC with
linear variation of output throughout entire
range. Smooth rotary brush-tag controlled by
panel dial Highly efficient variable toroidal core
design. Auto-transformer. No waveform distortion
or voltage drop from no-load to full load. Sepa-
rate output ammeter & output voltmeter.

e
’ -

.

e @
TUBE TESTER ADAPTOR #610

Kit $8.95 Wired $11.95

Adapts EICO models 625 or 666 tube testers for
testing the following new tube types: nuvistor
5 pin; nuvistor 7 pin; novar; 10 pin miniature;
compactron; 12 pin, Included are roll-chart sup-
plements for both 625 and 666 models.

®

EICO ELECTRONIC INSTRUMENT CO., INC.
3300 NO. BLVD., L.L.C. 1, N. Y.

EICO. 3300 N. Bivd.,L.1.C. 1, N.Y. EW-1

O Send free 32-page catalog &
Distributor's name.

[ Send Free Schematic of Model No.

O Send new 36.page GUIDEBOOK TO HI-FI
for which | enclose 25c for postage & handling,

Name
. Zone .. State. .

Over 2 MILLIGN EICO instruments in use.
Most EICO Deslers offer budget terms.

ELECTRONICS WORLD
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New integrated circuits being worked on in a score of
laboratories promise fantastic size reduction of much
equipment, more reliability, and, eventually, low cost.

HE electronics industry is on the verge of a new era with

the introduction of integrated microelectronic circuits. This

new concepl, now in active development by a score of
laboratories, can pack over a million parts into a cubic foot of
space and, at the same time, greatly increase reliability. Already
circuits are available in quantity, in packages only 0.3 inch in
diaumeter and 0.2 inch high, to build complete logic and arith-
melic sections of computers.

The world’s first integrated-circuit electronic control computer was announce
last Mav. Called “"Murtac 420,” the new computer was built by the Martin Com-
pany at Denver, Colorado, Designed primarily for ICBM pre-luinch checkout and
control, it tests and computes the readiness of all electronics in the missile. Within
the electronic compnting svstem, traditionally made up of transistors, diodes, and
resistors, is logic circuitry comprising only plug-in integrated circuits. These re-
duced a conventional 20,000 parts to 3000 and cut over-all size to three-eighths
thal of previous construction. One part of this system, a decade counter with direct-
coupled circuitry, is shown in IYig. 2. Here the integrated-cireuit counter is com-
pared to the number of conventional parts that might have been used.

Microclectronic development has been encouraged by the needs of military
and space programs. Millions of dollars are now being spent for rescarch and devel-
opment. But, as in other areas of military research, benefits will eventually be passed
on to the public. Militwy and space programs require smallness, reliability, and
lichtness; industry wants Tow cost and reliability; the public wants low cost. Micro-
clectronic integrated circuits offer all these things. Their appearance in all types

By WILLIAM O. HAMLIN / Fairchild Semiconductor
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Steps I the manufacture of “Micrologic” circuitry

SILICON DIOXIDE

SILICON . N-TYPE
Fig. 1 (A) Oxide Growth. Silicon wafer is placed tnto « fur- »
nuce contuining oxidizing atmosphere at 1200°C. Oxygen pen-
ctrates crystul surfuce to form inert, stuble silicon dioxide. Fig. T (B) lsolation Masking. loto-etching techuique is
then used to remore surfuce coating in such « pattern us to
produce separate wreas for individual transistors and resistors,

Wm

~

S PP PSS S PSS S I E TS S EE LI EIIT OIS I SIS IIS 525855

T

RESISTORS

j P N E ’
%g,
}
E
ISOLATION DIFFUSION

Fig. 1 (C) bLolation DilTusion. M afers wre pluced in high-
temperature furnace with gaseous boron. Boron diffuses

through the openings made by lines to produce “p” material, E

FEN NN TN NI NN FEENEN NN

Fig. I (D) Masking and Base Diftusion. !l afer is then plo-
to-etelied again to produce openings for transistor base and for
resistors. Boron (s azain used at high temperatares to diffuse
TpUitype maderial into T -tvpe silicon, forning base, resistors.

EMITTER

CUT~0UTS

N P N
£ i
‘ ’ ¥
Fig. | (E) Fmitter Masking and Diffusion. dnother photo- E ;
coteh is used to locate the emitter area end collector contacts, s
I another high-temperature step, phosphorus is deposited and © o | S
diffused to produce “n”-type areas emploved for the emitter. §
;

Fig. 1 (F) Contact Areas lor Interconnections. N\ oxi, plioto-
cteliing is used to prodiuce cut-out areas that will be used for
interconnection contacts. The wafers are then placed in « vac-
wum chamber wchere aunminun is evaporated from o hot filu-
ment to produce an erven conting of the metal over the surfuce.

ALUMINUM

Fig. | (GY Metal Interconnections. /n « finad step the alu-
minane baver is masbeed aned etclied to forne interconneciions.
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of equipment, military and consumer, awaits only the ability
to make the wide variety of circuits needed.

To visualize the future scale of sizes compared to present
and past equipment, the graph of Fig. 3 shows theoretical
parts per cubic foot, ranging from World War II electronic
equipment to the lmman brain. It is difficult to conceive the
ultimate theoretical smallness, but the human brain is prob-
ably close to this limit, having a density of over 100 billion
parts per cubic foot.

Integrated circuits should perhaps more rightly be called
functional blocks, because each is a single device performing
a complete electronic operation. Such functions might in-
clude one or more stages of amplification, or several switch-
ing stages to perform a computer logic step, such as storing
numbers or counting.

Various Design Techniques

One form of microelectronic circuit in common use todav
is made from a single silicon semicondnctor crystal, with no
external circuit wiring or components. Wiring is thus reduced
to between-circuit interconnections, which may be printed
boards. A tvpical integrated functional block is shown in
IYig. 4. This is a half-shift register for computers, containing
9 transistors and 14 resistors all mounted within an 8-lead
transistor-type can.

Intermediate approaches to microelectronics usually com-
prise the high-density packing of components, either on or
in wafer substrates, or bunching components together like
cordwood with welded connections.

Another technique. called “thin film,” involves the evap-
oration of desired metals on the substrate. With snitable
masks or stencils, and the right choice of metals, it is possible
to form all of the passive components (resistors, capacitors,
and inductors) plus interconnecting wires. But it is still
necessary to insert individual transistors and diodes.

The most promising microelectronic concept at present,
for versatility in serving both computer and commumication
needs and practical to construct with present scientific knowl-
cdge, seems to be the solid-state integrated Functional block.

Maximum Reliability
For military and space clectronics the reliability considera-
tion is probably uppermost. Electronic syvstems used with
weapons, aircraft, communications, and the control, launch-
ing, and tracking of orbiting or space vehicles, is fantastically
complicated and will be more so in the future. For example,
the over-all reliability of a system equals the product of the
reliability of each of its parts. If the system has three parts,
each with a 90 per-cent chance of success, then the chance
of the system for successful operation is (0.9 x 0.9 % 0.9
0.73) 73 per-cent. With perhaps billions of components
involved in multi-million dollar space shots and with men’s
lives at stake, the expectation of success must be very much
greater than that and the problem is infinitely more complex.
Experience has shown that deep inspection and extensive
quality control are still not adequate to assure high reliabil-
ity. Costs are too high and errors can be introduced into the
controls themselves. Therefore, a reduction in the number
of individual components, by muking them part of an inte-
arated circuit, is the only practical wayv to meet this urgent
necd. Putting it another way, the more components, the
greater the chance of failure.
Fabricating the Circuit
To make an integrated functional circuit, which will pro-
vide the active functions of diodes and transistors as well
as the passive components, one begins with a material hav-
ing semiconductor potential, such as silicon. The properties
necessary for semiconductor electrical characteristics then
require the introduction of impurities into the silicon crystal.
These impurities hecome the current carriers, since the pure
(Continued on page 86)
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EXTREME MINIATURE

MICROMINIATURE

SUBMINIATURE

THIS INTEGRATED CIRCUIT

IS EQUIVALENT TO ALL THESE STANDARD COMPONENTS

ALK REAE RS A2 LE SRR S KA RN L a, NARERLLRERRY

FALNARLAAAALIIASAAT A S1ANS 5 R MRS R AR RRIEL

PLUS
INTERCONNECTIONS

Fig. 2. Decade counter module and parts that it replaces.

PARTS
FOOTS
o3
FUNDAMENTAL LIMIT FOR NONREDUNCANT
Liot2 SEMICONDUCTOR DEVICES

COMPONENTS CANNOT

BE HANDLED ~—HUMAN BRAIN
Lol
ASSEMBLIES CAN BE | °
HANDLED WITH TOOLS
ENTIRE SYSTEM 0
CAN BE HANDLED  [F10
09
COMPONENTS CAN BE
HANDLED WITH TOOLS
o8 INTEGRAT il
ASSEMBLIES AND E0 ELECTRONICS
ENTIRE SYSTEM
CAN BE HANDLED
Lio? <—MAGNETIC MEMORY PLATES
MINIATURE
™ esms B
HEARING S j
[
COMPONENTS, aD bl MICROMODUL E
ASSEMBLIES AND Lo | 2

ENTIRE SYSTEM
CAN BE HANDLED ~gf AUDIO W

E SUBMINIATURE
Fiot 2 SUB-  «’TINKER TOY'
g S| MINIATURE  <—HANDIE TALKIE”
“LPOWER > ._POCKET TRANSISTOR
. MINIATURE RADIO
k10 <—POTTED SUB-
el AsslsgmqguEs
Lio2

MOST TELEVISION, RADIO AND COMPUTERS
BELOW THIS LINE

Fig. 3. Packing density for systems and components,
Wallmark and Marcus, *‘Proceedings of {RE,”” March,

{After
1962)

Fig. 4. ''Micrologic’”’ element containing 9 transistors and
14 resistors on base 70 mils square, which is then in-
serted into the 8-pin transistor case illustrated at the right.
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v Murldiprex

SIGNAL GENER!/

OR

PART 1/Design & Construction

4 precision test instrument that produces a composite stereo signal in accordance awith

FCC modulation specifications. The unit is professionel in design and  includes an r.f.

generator and audio oscillator for checking and servicing multiplex adapters and multiplex

circuitry in high-fidelity tuners and receivers.

EDITORS’ NOTE

Realizing that FM stereo is going to create new service problents,
the editors of ELECTRONICS WORLD planned this article on a signal
generator that will meet the highest professional standards of
multiplex servicing. The generator provides all signuals for the
alignment of multiplex adapters and multiplex circuitry in FAM
tuners. Instead of having to make separation measurements and
adjustments with off-the-air programs, you can use the 88-108
mc. signal from the built-in r.f. generator.

In our February issue there will be an article on « muliiplex
signal generator of different design. It s less complex in thar it
does not include an r.f. generator.

HE advent of FM stereo has presented the service

technician with both a potential boon and a rather

severe financial problem. Sales of FM stereo equip-
ment have grown constantly since the FCC decision last
vear. It goes without saying that the thousands of stereo
receivers and tuners which have passed over the counters
of the hi-fi dealers are, or eventually will be, candidates for
service.

The majority of audio service technicians do not have the
necessary test equipment to handle multiplex equipment.
After investigating the special requirements, they will find
that a stereo generator is a must for a proper job. Unfortu-
nately: the price tags on commercial generators start at $400
and go up to $1000. To this (with one or two exceptions)
must be added an FM signal generator that has a wide-band
modulation system capable of handling the composite signal
from the stereo generator. The lowest priced FM signal gen-
erator of this quality is about $300. And if this isn’t enough,
some comnercial stereo generators can only be used with an
external, relatively expensive, balanced audio generator.

In view of the cost of stereo generators and the necessary
accessory equipment, it is not hard to understand why so few
service shops have FM-stereo service facilities. Only a few
large service organizations can afford the severe financial
beating the purchase of this equipment entails.

The stereo generator described here is a solution to the
problem. The cost of parts is about $90. If the optional cir-
cuitry is not included, it is possible to keep the cost down to
about 860. The optional features include an FM r.f. gener-
ator. an audio oscillator, and a monitor meter. If yvou own
one of the better I'M r.f. generators, such as the Measure-
ments Corp. Model 210-A, vou will not need the internal r.f.

34

By HARRY KOLBE, Audio Workshop, Inc.

generator. The internal audio oscillator is a luxury since any
service shop worth its salt will have an audio oscillator capa-
ble of driving the stereo generator. Convenience best de-
scribes the monitor meter. All or anv of these three circuits
may be eliminated with a corresponding reduction in the
total cost.

This generator, it carefully built and aligned, is capable of
holding its own with the more expensive commercial instru-
ments. With an audio oscillator, a TV service scope, and
an audio v.t.v.m. (which, by the way, are the only instru-
ments required for the generator’s alignment) it is all that is
needed for complete servicing and alignment of any multiplex
tuner or adapter. The right- and left-chainel switching fea-
ture enables vou to produce any of the monophonic and
stereophonic components or a complete composite signal.

- - -

SPECIFICATIONS

This generator was sent to the Hirsch-Houck Lab

for analysis and evaluation. The test results are

detailed below.

SEPARATION: Between LandR — O (L only)or RandL = 0
(R only) is nominally 35 db from 50 cps to 10 kc. Mid-range
it is in excess of 40 db. Residual subcarrier, hum, and
noise is 55 db below 100% modulation.

INPUT: Unbalanced, 500-chm impedance. Approx. 1.0 v. r.m.s.
for 100% modulation. Response 50-15,000 cps.

INTERNAL OSGILLATOR: Approx. 400 cps. Harmonic distortion
less than 0.5%.

OUTPUTS:

a) Composite: approx. 3.8 v. r.m.s. at 100% modulation
level.

b) R.f.: 6000 rv. which when fed through a 300-ohm match-
ing pad results in a 1000-«v. signal at the antenna
terminals of the receiver under test. Frequency range
88-108 mc.

¢) 19-ke. pilot: 4-5 v. available at front-panel jacks.

NATURE OF MODULATION: Right- and left-channel switching
permits the foliowing signals to be derived:
L=R{L-+R
L, R = O (left only)
R,L — O (right only)
L=—-R({L-R)
—L=R({ L—R)

b e - -

<4

ELECTRONICS WORLD
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One mode of operation possible with this generator is the
generation of only the sterco subcarrier, which makes life
much simpler when servicing filter-type adapters. Some of the
commercial generators do make provision for this type of
modulation. For added convenience, a 4—3-volt, 19-ke. pilot
signal is available at the “Monitor Output” jacks for use in
servicing and aligning the 19-ke. circuitry of multiplex adapt-
ers.

All in all, the cost and time involved in the construction of
this multiplex generator should be an investment with an in-
calculable return.

Circuit Description

The process that produces a composite stereo signal begins
with a 19-ke. crystal-controlled Pierce oscillator, V1A, (See
Fig. 3 and the block diagram on the cover.) The circuit was
chosen because of its excellent stability and because it does
not require an LC tuned circuit, Its accuracy of +2 cps con-
forms to the FCC multiplex broadcast specifications. The
output of V1A is fed to the 19-ke. filter (L1, C6), which is a
high “Q,” sharply tuned, parallel-resonant trap that removes
the 19-kc. harmonics at V1A’s output. The pure 19 ke. from
the filter is fed to doubler/amplifier V2A and to the pilot con-
trol circuitry. V2A is a non-linear, pentode power amplifier
with a 38-kc. resonant plate load (T2). The 19-ke. signal fed
to this stage is doubled in frequency and amplified. The bal-
anced secondary of T2 feeds the relatively high level 38-ke.
subcarrier to the suppressed-carrier balanced modulator.

The modulator consists of two diode bridges (CR1-CR4
and CR5-CRS). If the diodes in each bridge are thought of
as switches which are closed when they are forward-biased
and open when reverse-biased, you can see that the 38-ke.
subcarrier will forward-bias the diodes of one bridge during
one-half of the cycle and reverse-bias them during the next
half cycle. Since one bridge is connected across T2 with the
polarity of all its diodes in one direction and the other bridge
is connected with all its diodes in the reverse direction, each
bridge will be open or closed on alternate halves of a cycle;
i.e. when one bridge is open the other is closed. One side of
each bridge (junction of CR1-CR3 and CR6-CRS8) is con-

St T8
s/

Fig. 1. Top view of the chassis showing the location of components.

nected to the audio path. When an audio signal is present at
these points it will see a high impedance or open circuit to
ground when the bridge is biased open. When the bridge is
forward-biased (closed), the audio signal is shorted to ground.
Put another way, any signal present at the input to the bridge
will be turned off and then on 38,000 times a secand. As in
any modulation process, upper and lower sidebands are pro-
duced which in this case will be at frequencies that are the
sum and difference of the audio modulating frequency and
the 38-ke. carrier. The FCC standard for the audio response
of the FM multiplex system is 50 ¢ps to 15 ke. In terms of the
38-ke. carrier, sidebands will be produced in the modulation
process that will extend from 23 kc. to 53 ke.

In addition to producing sidebands of the 38-ke. carrier,
the modulation system must suppress the carrier. The bal-
anced bridges provide a high degree of carrier suppression.
R10 and R14 permit precise modulator balance by eorrecting
unbalances that may be caused by circuit components. The
suppressed-carrier sideband output of the modulator is ac-
tually the subchannel (L—R) modulation. At pont X, the
output of the two diode modulators is summed. Depending
on the audio modulation appearing at the inputs of the

Fig. 2. Underside of author's generator. The 19-kc. oscillator, doubler, and two diode-modulator bridges are located in the lower left
corner and are separated from the rest of the unit by aluminum shield. Terminal boards were used extensively to mount small components.

January, 1963
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bridges. any one of four possible signals may be present at X.

But hefore investigating the signals appearing at the output
of the modulators, let’s take a look at the nature of the audio
modulation. The input transformer (T1) receives an audio
signal from a single-ended source (internal or external oscil-
lator). The secondary of T1 is balanced and has two outputs
that differ in phase by 180 . Consider one output positive
(terminal 6) and the other (terminal 8) negative. Also, con-
sider the first bridge (CR1-CR4) as the left-channel modu-
lator and the other bridge (CR3-CR8) as the right-channel
modulator.

All signals derived by the left-channel modulator will be
referred to as L signals and those derived by the right chan-
nel modulator as R signals. L and R signals are the same
except that they are switched 180" apart as explained above.
By considering the signal combinations made available by the
left- and right-channel switches it is possible to visualize the
output at point X. The following signals can be derived:

1. If S3is in the "—" position and S4 is in the “0” position
a + audio sigual is sent to the L modulator and no signal is
sent to the R modulator. At point X there will be a + signal
(mono component) and L subchannel modulation (stereo
component). The summation of these two quantities is called
an L only or left-channel composite signal. If S3 and S4 are
reversed (S4="+" and S3="0"), the output will be an R
only or right-channel composite signal.

2. If both S3 and S4 are in the “-+” position, a + signal is
sent to both L and R modulators and + L and + R will appear
at point X. However, no subchannel modulation will appear
because both bridge modulators are switching in-phase signals
180" apart. More simply, the sidebands produced by one
modulator will be 180° out-of-phase with the sidebands pro-
duced by the other modulator and they will cancel each other
at point X. The only signal appearing at X is the +L and +R
which is the mono signal.

3. If S3 is set to the “" position and S4 is set to the “—7
position, only an L — R signal or subchannel modulation will
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Fig. 4. Add this audio oscillator if external unit is not available.

appear at X. The +L and — R mono components of the audio
signal are of opposite phase and cancel each other. On the
other hand, the two modulators are switching out-of-phase
signals 180° apart which results in an in-phase relationship
between the L and R modulator sidebands.

From the output of the modulator, the stereo composite
signal is fed to modulator-output amplifier V3A. All of the
funictions of V3A may not be immediately obvious. As a cath-
ode-follower its main function is to provide isolation and
impedance transformation between the high output imped-
ance of the modulator and the low input impedance of the
53-ke. low-pass filter. A second function of this stage is that
of a mixer. Normally the modulation system suppresses the
38-ke. carrier. However, due to small unbalances and radia-
tion leakage there may be considerable 38 ke. at the modu-

(Continuced on page 73)

<«€——— Fig. 3. Schematic of generator less audio oscillator. R.f. section may be omitted if you intend to service only multiplex circuitry.

R1, R20, R30, R41-- 2.2 megohm, V3 w. res.
R2--56 000 ahmn, 1 w. res.

R+ 680,000 ohm, '3 w. res.
R3, R21, R29, R99—1000 ohm, V4 w. res.

R9O—8200 ohm, Vs w. res. +5% L5330 ph. choke (J. W. Miller 7O0F334A41
RII—1800 ohm, V3 w. res. + 5
R3—100,000 ohm, I w. res. R93--5100 ohm, V5 w. res. +35%
RIS 7,000 ohm, 2 w. res. =5
R97, R98—390,000 ohm, Vs w, res. =35

or equiv.)
L6--82 ph. choke (National R-25-82 ar equiv.)
L7—5Y: turns No. 16 enamel wire clasewound.
l.d. 315", Tapped % turn from end.

R6, R10O, R14—250,000 ohm, linear-taper pot. Cl, C32—100 ppf., 500 v. N750 capacitor L% 24 turns No. 28 enamel wire wound on 1

R7, R56—20,000 ohm, Vs w. res. =5

k&, R28, R36, R50, R59—100,000 vhm, linear-
taper pot.

RY9, R11, RI3, RI15, R16, R19, R23--39,000
ohm, V4 w. res. =5%

RI12--22.000 ohm, V3 w. res.

R17, R18, R43, R47, R52, R65, R66, R67,
R85, R96—100,000 ohm, Vs w. res.

R22, R27, R35, R45, R54, R57—10,000 ohm,
4 w. res.

R234-—-2000 ohm, Vs w. res.

R24 10,000 ohm, linear-taper pot

K25, R31, R44, R53, R76, R94—1 megohm, V,
w. res.

R26, R75—4700 ohm, 1 w. res.

R32—1000 ohm, Vy w. res.

R33. R34, R78—10,000 ohm. 1 w. res.

R37, R74—1.2 megohm, Y, w. res.

R38, R42—690) ohm, V3 w. res.

R39--2700 ohm, V; w. res.

R10, R86, R89, RI2—5000 ohm, linear-taper
pot.

R16—470,000 ohm, V4 w. res.

R48, R77—2200 ohm, V4 w. res.

R49—33,000 ohm, V3 w. res.

R51—160,000 ohm, Vy w. res.

R55—220,000 ohm, Y2 w. res.

R58—50 ohm, V2 w. res.

R60, R61—68,000 ohm, Vy w. res. =257

R62, R64-—-3900 ohm, V3 w. res.

R63—1000 ohm, linear-taper pot

R68, R70—-720,000 ohm. Yy w. res.

R69, R71, R73—1 megohm, linear-taper pot

R72- 2 megohm, V5 w. res.

R79, R80—5 ohm. I w. res.

R8E1—1200 ohm, 5 w. res.

RE2—1000 okm, 5 w. res.

REI—3000 ohm, 2 w. res.

R&4—10,000 ohm. 2 w. res.

R&7, RE8—510 ohm, V5 w. res. 5%

January, 1963

C2, C9-—30 puf., 500 v. =5, mica capacitor

C3. C7, C22, C47, C49—.02 uf., 500 v. cupac-
itor

C+—4700 puf., 500 v. =5% mica capacitor

C5-—82 ppf., 500 v, =5 ¢ mica capacitor

C6—2500 puf., 500 v. 359, mica capacitor

C8, C11, C17, C37, C42—.05 pf., 500 v. capac-
itor

Cl, C31, C35, C+4, C45—.001 pf.. 500 v. ca-
pacitor

C12— 100 uf., 50 v, elec, capacitor

C13, C16—1500 ppf., 500 v, =£5¢ mica capac-
itor

CI4, C15—.002 pf., 500 v, =5% mica
capacitor

C18—10 puf., 500 v., +5% mica capacitor

C19, C20—220 puf., 500 v., + 5%, mica capac-
itor

C21—.005 uf., 500 v. capacitor

C23—2 pf., 50 v. elec. capacitor

C24, C25—.1 uf., 500 v. capacitor

C26—43 ppf., 500 v. =55, mica capacitor

C27—.47 uf., 10 v. disc capacitor

C28—2 uuf., 500 v, 5% mica capacitor

C29-—-500 ppf., 500 v. capacitor

C30-—5 puf., 500 v. capacitor

C33—3.5—12 ppf. ceramic trimmer capacitor
{Centralab 827-B or equiv.)

C34—10 puf., 500 ». type NPO capucitor

C36—40 uf., 10 v. elec. capacitor

C38—4 uf., 50 v. elec. capacitor

C39, C+0, C41—40-40-40 uf., 450 v. elec. ca-
pacitor (Sprague TVL-3787 or equiv.)

C43—.22 uf., 500 v, capacitor

C46—50 uf., 250 v. elec. capacitor

C48, C50—1000 ppf., 500 v., =5% mica ca-
pacitor

LiI—Low-pass filter (Stancor RTC-9279 or
equiv.}

L2, L3, L4—38-kc. output transformer (Stan-
cor RTC-9283 or equiv.)

www americanradiohistorv.com

megohm, V4 w. res.

L9, LIN—3.3 pk. choke (J. W. Miller 70F-
33641 or equiv.)

T1—Audio trans. pri: 500 ohms, sec: 50,000
ohms, c.t. (UTC A-11 or equiv.i

1°2--38-kc. trans, Available from Audio Work-
shop, Inc., 732 Broadway, N.Y. 3, N.Y, for
§$3.80. Part No. MX-2,

13— Transistor audio trans. pri: 20,600 ohms.
sec: 1000 ohms ( Lafayette/Argonne AR-104
or equiv.)

T4—Power trans. pri: 117 v.; sec: 480 v., c.t.
@ 70 ma., 6.3 v. @ 3 a. (Stancor PC8§419 or
equiv.)

S1—S.p.s.t. togele switch

S§2-—8.p.d.t. toggle switch

83. §4-—-2-P. 3-pos. rotary switch

8§5-—3-P. 4-pos. rotary switch

St6—D.p.s.t. togele switch

CRI-CR3, CR2-CR4, CR5-CR7, CR6-CRS.
CRIN-CR1I—IN542 diode (The INS42 is
a matched pair of Ampercx IN541 diodes.
Diodes must be matched as shown above.)

CR9—24-—120 puf. (47 ppf. @ 4 v, d.c.) Var-
icap (Pacific Semiconductors, Inc., V-47 or
equiv.)

SR1, SR2-—Silicou diode, 500 ma., 800 p.i.v.

JI, J2—BNC coaxial panel connector

PLI-—NE-2 neon lamp

M1—0-50 microammeter

Bi1-—1.35-v. mercury battery

Fi1—1 amp. fuse

Vi, V2—6CX8 tube, V3—124U7 tube

Vi—6D11 tube, V5—6CW4{ tube

V6—0A2 tube, VIi—I124X7 tube

Q1. Q2—*“p-n-p” transistor (Philco 2N2376)

XTAL—19,000 32 cps crystal (Hilt Electron-
ics, Inc., 300 N, Chestnut St., Mechanics-
burg, Pa.; Reeves-Hoffman Co., [45 Cherry
St Carlisle, Pa., and others.)
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RC

Charging Circuit Nomograms

By DONALD W. MOFFAT

Charts permit values of capacitor voltage to be found
at various times in a wide range of RC circuit values.

6 userc;{

55v. . 6usec. ,
- — 3

27K Y .

X o pt.
Fig. 1. Circuit example worked

out on the two nomograms.

|||H

HEN a d.c. voitage is suddenly impressed across a capacitor, through

a resistor. the capacitor will charge up toward that voltage in an ex-

ponentiai manner. At any instant after the voltage is applied. the volt-
age to wnich the capacitor has charged is dependent on (1) the value of
resistance in the circuit, (2) the value of the capacitor, (3} the magnitude
of voitage which was applied, and (4) the length of time that the voltage
has been applied. Although the governing equation is not difficult. solving
it bv conventional means requires a slide rule or tables and considerable
time. The accompanying nomograms will permit the technician and experi-
menter to solve this problem in a matter of seconds.

: o
INPUT | I outPuT
820

For very short charging times, where the voltage is applied for a time
much less than the product RC, it is sufficiently accurate to assume the
capacitor charges at a linear rate. If the charging continued at its initial
rate, the full amount of applied voltage would appear across the capacitor
in one time-constant. that is, at a time t equal to the product RC. How-
ever, the error resulting from a linear approximation increases as charging
continues, and at one time-constant the voltage actually has reached only
about 63% of maximum. The nomograms are based on the full exponential
equation, not on the linear approximation and therefore are correct over
their entire range.

Fig. 2 is used to determine the percentage of applied voltage to which
the capacitor will have to charge under any stated conditions. Then Fig. 3
is used to resolve the percentage figures into an actual voltage.

To use Fig. 2, locate the appropriate values of resistance and capacitance
on the first two scales. Draw a line through these two points and extend the
line to intersect the “Turning Scale.” From that intersection on the center
scale, a line drawn through the appropriate values on the “Time’ scale will
cross the last scale at the correct percentage of full charge. On Fig. 3,
locate the percentage of full charge, just determined on Fig. 2, on the ftirst
scale and draw a line from there through the applied voltage on the last
scale. The voltage appearing across the capacitor can then be read where
the line crosses the center scale.

Fig. 2. Nomogram to determine the percentage of applied voltauge to which capacitor will have charged under various conditions.

1<
99
2K -
—10,000 5=
3K = = 6000 E_go
— =
4K S 3000 L-80
= — =
5K u r 70
- =000 E
7= = F600 S
oK EEOS ::300 2—50
Fo3 C F-40
- —(00 .
= 30
=Rl =60
20K E cos = [;—///
-~ = —30 _—"F
3OK—=S = - OB a Pt £
40K T~ - * =o_ -~ -
T~—~_ Lool MF ~E -
50K Ex= - B
— 600 - — _ L
= PRE. Pt —3 —10
70K 300 4 P sl - C
- L B
IOOK =100 = L
=60 = o S
—30 -
200K C 1 _
e — o6
SO CAPACITY = "
—.0o3
400K r
500K ~
TURNING Erel L,
SCALE PERCENTAGE
7OOK MICROSECONDS OF
MAXIMUM
IMEG. VOLTAGE
RESISTANCE

38

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

100 100

99 =

80— 70 80
] 50

602 e

E 30 3

= 20 =
40— F—40

3 10 E
303 —30

E : 2

e P — —_

3 s =
20— — 20

. ~

] 3 —

5 [

- 2 |
10— ] ::lO
BE 7 — 8

= 5 —
6—J s

35 3 =

3 .2 ;—
4= E 4

= . S
33 =

3 .07 -

. .05 [

21 — 2

] .03 =

] .02 B
1-j .0l —

PERCENTAGE OF OUTPUT MAXIMUM
FULL CHARGE VOLTAGE VOLTAGE

Fig. 3. Nomogram that may be employed to convert the percentages previously obtained from Fig. 2 into output voltages.

Example

A 23-volt pulse, 6 microseconds long, is applied across the circuit of
Fig. 1. To what voltage will the capacitor have charged at the end of 6
microseconds? The first step is to locate the given values on the nomogram
shown in Fig. 2.

Locate 27,000 ohms on the first scale, 820 uuf. on the second scale,
and draw a line through these two points. From the point where that line
crosses the “Turning Scale,” draw a line through 6 microseconds on the
“Time” scale. The answer, where the second line crosses the last scale, is
24 per-cent of the applied pulse voltage.

Now locate 24 per-cent and 23 volts on the first and last scales respec-

Janvary, 1963

tively of Fig. 3. Draw a straight line through the two points and where it
crosses the middle scale, read the answer of 5.5 volts.

For applied voltage outside the range of 1 to 100 volts, the range of Fig.
3 can be extended. Move the decimal point any number of places on the
last scale and then move the decimal point the same number of places, in
the same direction, on the middle scale.

Fig. 2 can be used to determine points for plotting the entire charge
cycle of the RC network. Rotate a straight-edge about any paint on the
“Turning Scale” and record various combinations of “Time" and “Percent-
age” that the straight-edge crosses. When these points are plotted on
linear graph paper, they will then form the familiar logarithmic charginAg
curve.
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SCALER
MEASURES DISTANCES
from AERIAL PHOTOS

S THE hand mathematician is to the high-speed com-
puter, so is the foot engineer with his transit level to
the scaler or read-out device developed by Auto-Trol

of Denver, Colorado. The fundamental purpose of the scaler
is to measure scaled distances from aerial photographs. The
advantage of this over the foot engineer is plain. It is esti-
mated that 30 minutes of flving time will provide enough
material to keep a computer busy for 100 honrs. The whole
svstem utilizes aerial photography, photogrammetry, and a
tracing table to finally give the engineer a usable and prac-
tical data sheet for use in carthwork projects.

The scaler merely records horizontal readings and vertical
elevations taken from topographical maps and then transmits
them to the console. At the push of a digit button, the in-
formation is processed through the scaler and then punched
upon cards. These, in turn, can be fed into a tyvping machine
so the end result is usable, printed data which can be re-
corded up to 16 times faster than manual methods, with an
accuracy of 1 '10th of a foot. This is sufficiently accurate for
any bulldozer or dragline.

The starting point at which the scaler comes into use is
at the photogrammetry table. This is where the readings are
taken from the topographical maps and are entered into the
console by means of digital buttons provided for the purpose.
One photo shows the operator looking at the white disc which
serves as a projection screen. His left hand is turning the
small wheel on a threaded rod which raises or lowers the

Photo of the stereoscopic plotting table in use. Two overhead
projectors show the same scene, but from slightly different
angles, on the small white disc which serves as a projection
screen. The operator uses a pair of stereoscopic glasses to
make the scene appear three-dimensional, The small circular
screen is raised or lowered {along with the apparent rise and
fall of the terrain being viewed) until two projected pinpoints
of light are brought together at a single point of terrain being
viewed. At this time, the elevation is recorded in the scaler.

The output of the console, shown here, is sent to the key-
punch machine at the extreme right. This unit types out a
complete listing of distances and elevations for a large num-
ber of closely spaced points surrounding the various stations.
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Description of computer-type device that
gwes practical data for design of

highways, dams, and other earthworks.

By WILLIAM R. HILIARD

disc. This same threaded rod is geared to a mechanical
counter which is capable of giving visual elevation readings.
However, the electrical encoder attached to it monitors the
movements of the counter so that the readings can be trans-
mitted to the console. At the same time, the horizontal read-
ings are taken by another encoder driven by the horizontal
rod passing through a circular base as shown. This operates
on the rack-and-pinion mechanical principle. The accuracy
of the rack is .001 inch, with a maximum of .002 inch.

In highway construction, all horizontal readings are taken
at right angles from the centerline of the road in 25-foot seg-
ments until a maximum of 200 feet is reached. This process
is repeated for the opposite side of the proposed road. Then
50 feet farther up the highway at the next “station,” the whole
process is repeated.,

When the read-out button is pressed, the readings are auto-
matically placed in a huffer memory until the operator sends
it all through to the kev punch. An automatic interlock system
allows the operator to move to the next point without finding
it necessary to wait for the completion of the cvcle to make
the next reading.

The scaler consists of three basic systems: the elevation
counter. the horizontal counter, and the read-out control unit.
The two encoders detect the motion, whether horizontal or
vertical. The motion is changed to pulses which enter logic
circuits in the counters. Other circuits within the scaler con-
vert the information from its original binary coded form into
decimal form. In this form, it is sent to the output circuits
and to the IBM key punch. The readings can be used by the
keyv-punch machine to produce cards at the rate of 10 char-
acters per second. A computer can receive this information
easily and at the same time type out a data sheet for the user.

One of a varicty of forms produced by the punch, in con-
junction with the scaler, is a Terrain Data Sheet. It names
the job, gives the “station” number, distance, and elevation.
The readings begin about 200 feet off to the right of the
centerline and approach at approximately every 235 feet.
Then the readings take off from the centerline working to the
left for the same distance. Of course, physical characteristics
in the terrain will dictate where the outside readings will
begin and end.

The scaler has been put to use at the Denver Federal
Center of the Bureau of Public Roads, as well as at the Cali-
fornia State Highway Department in connection with various
earthwork projects and construction jobs. A
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FCC answers our Questions on Business Radio

Here are the official answers to important
questions about the Business Radio Service.

Editor's Note: Many of our readers are becoming increasingly
interested in the Business Radio Service. This is especially true
of those who are using Citizen's Radio equipment for routine bhusi-
ness operations and who feel that they would like to have the in-
creased coverage and reduced interference possible with Business
Radio. We have suhmitted a list of sonte of the commonly asked
questions ahout Business Radio to Mr. Curtis B. Pluniner, Chief
of the Safety and Special Radio Services Bureau of the FCC.
Following are the answers to these important questions as
ohtained from the Federal Communications Commission.

UESTION 1. What is the purpose of the Business
Radio Scrviee and what does the FCC Lope to ac-
complisl in establishing the serciee?
ANSWER: The purpose of the Business Radio Service is to
provide two-way communications utilizing high-quality com-
munications equipment in business activities which, by their
nature, do not justify eligibility in the higher priority land-
mobile services.

QUESTION 2. [{ow docs the Business Radio Sercice com-
pare with other two-wway radio services?

ANSWER: The Business Radio Service compares directly
with many higher priority services in terms of equipment used
and frequency bands in which the service may be authorized.
It is distinctly different from many of the other services in
regard to the amount of sharing which must be tolerated and
the fact that frequency coordination is not required.

QUESTION 3. Who is cligible to operate in the Business
Radio Scrice?

ANSWER: The following persons when engaged in lawful
activities are eligible for authorization in the Business Radio
Service:

a. Any person engaged in a commercial activity.,

b. Educational or philanthropic institutions.

c. Clergymen or ecclesiastical institutions.

d. Hospitals, clinics, and medical associations.

c. A subsidiary corporation proposing to furnish a non-
profit radiocommunication service to its parent corporation
or to another subsidiary of the same parent where the party
to be served is engaged in one of the activitics us set forth
above.

QUESTION 4. What licenses are required for station? for
oprra’or? for sercice personnel?

ANSWER: Euach base or fixed station in the Business Service
requires a station license; a single mobile station license may
authorize as many mobile units as are required. If only one
base station is employved in a svstem, the associated mobile
units and the base station may be authorized on one license.
No operator’s license is required for routine operation of
type-accepted equipment. Service or maintenance work may
be performed on Business equipment only by personnel hold-

ing a second class or higher grade commercial radio oper-
ator’s license.

QUESTION 5. How docs one obtain a Business Radio Seroe-
ice license and how long does it take?

ANSWER: A Business Scrvice license is obtained by filing
FCC Form 400 in accordance with the associated instrue-
tions and Part 11 of the Commission’s Rules. The processing
time for such application generally varies betweer 3 to 6
weeks, depending on work-load.

QUESTION 6. How many licenses have been issued so far?
At what rate are license applications being processea'?

ANSWER: At the present time there are some 40,00 ont-
standing licenses in the Business Radio Service. This figure
has been reached since the fall of 1958 and applications are
being processed at the rate of approximately 1000 per month.

QUESTION 7. Are specific frequencies assigned and who de-
cides what these frequency assignments should be?
ANSWER: Specific frequencies are assigned as requested in
the application made. providing the sclection is in accord-
ance with the Rules.

QUESTION 8. flow crowded are the various clianncls?
ANSWER: The degree of sharing varies quite closely with
the distribution of population in most frequency bands, and
ranges from quite heavy in some metropolitan arcas to very
light in the more isolated areas. However, considerable frec-
dom from interference is still possible in many metropolitan
areas in the available frequency range between 460 and
470 me.

QUESTION 9.. What are the limits on power? frequencies?
types of modulation? frequency stability?

ANSWER: «. Power limitations in the Business Radio Service
are associated with the frequencies assigned. Some seven fre-
quencies between 27 and 36 me. may be used with 300-watt
input power. Also, two frequencies in the 150-me. band are
available for use with a maximum plate input power to the
final radio-frequency stage of 600 watts. The greater bulk of
the available frequencies may be authorized a maximum
power input not to exceed 180 watts. Some five chanuels in
the 27-me. band are restricted to 30 watts maximmn input
power. Several other frequencies scattered throngh the bands
27-36 me., 131-138 me. and 460-470 me. are restricted to a
maximinm input power of 3 watts.

h. In general the Business Radio Service is restricted to
Tyvpe F3 (FM or PM) or Type A3 (AM) modulation, however,
the five 10-ke., 30-watt frequencies 27.235, 27.243, 27.235,
27.265, and 27.275 mc. may be utilized for intermittent trans-
missions emploving any type of cmission which does not
exceed an occupied bandwidth of 8 ke. The bandwidth au-
thorized on all other frequencies in the Business Rudio Serv-
ice for frequency modulation is 20 ke. and for amplitude
modulation the bandwidth is 8 ke.

¢. The frequency stability required in the Business Radio

(Continued on page 76)
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RECENT
DEVELOPMENTS
IN ELECTRONICS

.
Simple Station Contacts “Telstar”
This is the compact ground station used by Bell
Laboratories recently to demonstrate single two-way
voice communications via the satellite “Telstar”
using simple, relatively inexpensive ground equip-
ment. The 18-foot dish antenna is used for both
sending and receiving. Control equipment is housed
in the trailer.

(_

Portable Medical Recorder

A new instrumentation recorder, cesigned specifically
for medical use, is shown recording encephalogram
signals for future playback and analysis. One-sixth the
size and half the cost of previous precision instru-
mentation recorders with comparable performance, the
unit may be operated without advanced technical
skills. The four-track recorder-reproducer, demon-
strated recently by Ampex, can simultaneously monitor
a patient’s blood flow and pressure, respiration, body
temperature, and other physiclegical phenomena.

Sun-Pumped Laser

A laser, pumped by concentrated sunlight, has been
developed by RCA Latoratcries. A 127 reflector focuses
sunlight on a rod-shaped crystal of calcium fluoride
that converts the energy directly into continuous, co-
herent infrared radiation. The assambly is cooled by
means of liquid neon.

\

Integrated Microcircuit

This integrated “nor” gate microcircuit, developed in the
Sprague Research Center recently opened in North Adams,
Mass., is intended for use in electronic computers of the future.
On a silicon substrate only .08” square are 8 diodes, 1 tran-
sistor, 4 resistors, and 1 capacitor. The actual diameter of the
semiconductor header in which the circuit is housed is .290".

\
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Flight-Position Indicator >
A flight-navigation device that gives pilots of
small planes a continuous picture of their flight
position by means of a small red dot that moves
in synchronization with the plane is shown at
the right. The instrument, developed by ACF In-
dustries, 1s completely transistorized and operates
from ground radio signals. The unit is designed to
allow pilots to fly routes that reduce flight time
and increase air safety.

Solar >
Thermoelectric Panel

Sun-operated thermoelectric
panels, using a new concept for
converting the sun’s energy into
auxiliary electrical power for
space vehicles, are part of an
experimental package to be sent
into orbit soon. The converters,
built by General Dynamics, differ
from silicon solar cells because
they are relatively insensitive to
radiation. Unlike photoelectric
solar cells that convert sunlight
directly to electricity, the panels
first convert the sun's energy to
heat and then to electricity, oper-
ating on the principle that a tem-
perature difference across a
thermoelectric material causes
electric current to flow.

Infrared Communicator
Invisible light rays generated by portable infrared
communicator make it possible to carry on two-
way confidential conversations between stations
up to 10 miles apart. Communicator, developed by
Raytheon, produces pencil-thin beam so narrow
that it is virtually impossible to tap.

Subminiature =
Semiconductor Mike
A pinhead-sized microphone has been developed
in which changes of pressure on a tiny junction
transistor result in an amplified output signal.
The mike employs a diaphragm assembly that
resembles a miniature thumbtack whose point
bears directly on the semiconductor. The Raytheon
unit has responded to a vibration range extending
from subsonic, through audio, and into the ultra-
sonic frequencies.

January, 1963
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By JOHN R. GYORKI/Burroughs Corporation

cations can be devised (and the number seems end-

less), a ftew of the more common and important
mechanical, electrical, and thermal characteristics will be
discussed. Withont a doubt, the sophisticated power transistor
as we know it today would not exist if it were not for the
absolute control of a myriad of fine characteristics during
manufacturing and sorting, However, we are concerned only
with the ratings that decide how we can best keep a device
operating at its hichest efficiency.

3 LTHOUGH a great number of power transistor specifi-

Mechanical Characteristics

One of the industry’s most common pawer transistor pack-
age stvles is the diwmond base, also commonly known as the
“TO-3.” It has straight pins that c..  » plugged into a suit-
able socket (throngh a heat sink or ...diator) and is usable
with emitter currents of ten amperes or less. Socket connec-
tions, however, are not sutisf:u-tor'\' connections and develop
voltage drops; just as voltage drops across a resistance. Also,
excessive heating losses occur when currents above the ten-
ampere rating are used. Therefore, we must utilize a more
substantial type of transistor.

Another equally popular style is the round type, “TO-36.”
It is generally used for emitter currents of 15 amperes and
above. Two straight pins are uscd for the base and cmitter
connections with holes in them for soldering or they are avail-
able with tinned leads welded divectly to short emitter and
base studs.

In both types, the collector is mechanically and electrically

Fig. 1. Two common power transistor basing arrangements.
In both cases collector is internally connected to case.

PN,
. )
6 o \ [ L)
'\. #

EMITTER BASE EMTTER ™ BASE
CONNECTION CONNECTION  CONNECTION CONNECTION
70-3 DIAMOND 70-36 ROUND
(A (8

a4

fastened to the transistor case. The case serves as the collec-
tor terminal and thermal radiator cormection. This is done
since the collector junction becomes very warm during oper-
ation. The emitter and base leads usually can be identified by
observing an “E” and a “B” stamped on the transistor case
near the respective leads. However, this is not always the
situation, so a basing diagram for the particular transistor
being used should be consulted. Fig. 1 shows the typical lead
arrangement for both styles.

The diamond package is held in place by a 6-32 screw
inserted through each hole in the opposite corners of the
heavy mounting base. The round stvle is mounted by a single
threaded stud projecting outward from the bottom. A 10-32
nut and lockwasher terminal is used to secure it in place. The
recommended torque on the TO-36 mounting stud is 12 inch-
pounds; no more should be unsed. Appropriate insulating
washers are often used at this time to electrically insulate the
transistor from the heat sink. This will be discussed more
tully under thermal conditions.

Transistors are not mechanically shockproof in themselves.
However, their rigid construction makes them suitable for
use in rugged type equipment. They are hermetically sealed
with a metal cap, either hot or cold welded to the mounting
base. This excludes moisture and light, both of which can
degrade the quality of the device.

Electrical Characteristics

Leakage Current: Collector cut-off currents are simply
other words used for discussing inherent leakage currents
associated with the collector while the base and emitter are
held to pre-determined conditions.

One of the most important collector leakage currents is o
or more commonly, Io. See Fig 2A. It is a leakage current
from collector to base with the emitter open-circuited and is
critical because it is most susceptible to temperature varia-
tions. Since power transistors operate with high junction tem-
peratures, changes in o could greatly affect the stability of
the transistor and circuit. Ivo can easily be demonstrated by
constructing the circuit of Fig. 2A. Heat from vour hand or a
lighted match brought near the transistor will change the
it dica.ed I akage current enough to be quite obvious.

ELECTRONICS WORLD
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Leakage current from collector to emitter with the base
circuit open is termed Iczo. This is a condition that could be
expected in switching applications; the base open and the
collector supply voltage present across the collector and emit-
ter. In better switching circuits, however, the base circuit is
not entirely open. It is usually reverse-biased or connected to
the emitter by a low value resistor.

Two other collector leakage currents are I xr, with a speci-
fied resistor from base to emitter, and Iy, with the base
shorted to the emitter. They, as well as I.»0, are measured
with the conventional reverse-bias voltage from collector to
base. See Figs. 2B and 2C.

These leakage currents vary from a few microamperes to a
few milliamperes, depending on the specific transistor type.
They are among the most critical power transistor ratings and
should be kept as low as possible. Increased leakage current
causcs a rise in junction temperature; a rise in temperature
creates more leakage current. This condition is called thermal
runaway and, if not controlled, could end in the destruction
of the transistor. Outside factors which generally determine
the over-all stability are controlled by the circuit designer.

Voltage Breakdown: Collector breakdown voltage is that
reverse voltage applied between collector and emitter where
the collector current begins to avalanche and the collector
current becomes independent of collector voltage. This consti-
tutes a group of breakdown voltages where the base and
emitter are held to various constants. One such voltage is
BV.sa, the reverse breakdown voltage between collector and
base with the ecmitter open. See Fig. 3A.

Two other breakdown voltages are BV ..., base shorted to
emitter, and BV ..., the base open-circuited. Refer to Figs. 3B
and 3C. These are important considerations when circuits
with inductive loads are used. During transient voltage peaks
the actual instantaneous voltage present between collector
and emitter may be very much higher than the supply. It is
at this time especially we do not want the collector-to-emitter
voltage rating exceeded.

Another breakdown voltage is BV rr. This arrangement has
a specified resistor between base and emitter (usually around
10 ohms). See Fig. 3D.

BV.ux is the reverse breakdown voltage between collector
and emitter with a small reverse bias hetween the base and
emitter of 0.1 volt or more. This constitutes the absolute
maximum surge voltage limit that the transistor can tolerate.

Steady-state voltages are not used to measure these break-
down voltages (as may be implied from the diagrams) be-
cause of the excessive junction heating which could destroy
the transistor before final results were tabulated. Rather, a
sweep method is used, employing an oscilloscope and a sine-
wave generator where collector voltage versus collector cur-
rent can be observed and the breakdown curve clearly indi-
cated without undue junction heating. (See “Motorola Power
Transistor Handbook,” First Edition, Chapter VIII “Transis-
tor Testing,” page 159.)

Collector saturation voltage, V. (sat), is that small voltage
appearing between collector and emitter with such large base
drive applied (forward bias) that any further increase in base
current will not change the collector current appreciably. In
other words, this is where further collector injection (by the
base) brings to a halt the further increase of collector current.
Current gain is no longer considered existent at these high
current levels. Saturation voltage ratings of most transistors
are measured with a specified value of collector and base
current.

Current Gain: Transistor current gain, beta, is the ratio of
a change in collector current to a change in base current. This
is the actual usable current amplification rating of a particular
transistor. Current gain specifications in power transistors are
generally given a range of values for a specific transistor.
These values are known as “large-signal current gain” and are
primarily used over the mean values of maximum collector
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currents. “Small-signal current gains” arc sometimes specified
for medium- and high-power transistors, but more generally
are considered a special case, since only a very small portion
of the allowable collector current is actually used. That is, the
current gain of a power transistor is much higher at low col-
lector current levels than at high collector currents.

Cut-Off Frequency: Current gain frequency cut-off, f..
(common emitter), is that frequency where the small-signal
current gain of the transistor is 3-db down from some pre-de-
termined value specified at a particular frequency. This means
that the current gain at f.. is 0.707 of the value specificd at
some reference frequency (usually 1 ke.). The actual cut-off
frequency is usually 10 ke, for most common power tran-
sistors.

Other Characteristics: There are a few other normal oper-
ating characteristics concerning voltage and current that are
important and should be considered.

Maximum emitter current is a common rating and means
just that; the maximum emitter current that can flow before
permanently damaging the device. This is probably one of

Icao Icer Tces

(A) (CY

Fig. 2. Circuits for measuring leakage currents of transistors.

BVeao BVces BVceo

Fig. 3. The various breakdown-voltage measurements are depicted.

the first practical operating ratings considered for either re-
placement or new design purposes.

Collector-to-emitter voltage is usually specified with the
base shorted to the emitter or with the base open-circuited.
In either case, the rating is specified with a certain value of
collector current.

Collector diode voltage, Ves (voltage, collector-to-base) is
indicated with a value of emitter-to-base voltage. The actual
circuit supply voltage should be less than the collector diode
or collector-to-emitter voltage ratings.

Base current is usually given as a continuous value or a
maximum value. This base current rating should not be ex-
ceeded or the junction will overheat and destroy the transistor.

Power and Thermal Ratings

Power dissipation and junction temperature rise are directly
related since the rise in junction temperature is caused by
power being dissipated in the junction. The maximum
allowable junction temperature of germanium power tran-

(Continued on page 90)
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COUPLING NETWORKS:
A PRACTICAL VIEWPOINT

By SOL HELLER / Instructor in Electronics, Voorhees Technical Inst.

What could be simpler than this two-component configuration?
It is the root of many poorly understood, practical problems.

T FIRST glance, an RC network looks too simple to

be the exclusive subject of an article. Yet there are

many facts about this configuration that are not too
well understood, and they have important bearing on circuit
trouble. There is so much information, in fact, that only oue
aspect will be dealt with here: the proper sizes of resistor and
capacitor in the simplest and commonest RC-coupling net-
work (Fig. 1A). )

This information can help speed recognition of trouble in
such practical situations as when (1) coupling capacitor C. or
grid resistor R, has changed value; (2) an improper substitu-
tion has been made for one of them; (3) the value of either or
both can not be read or otherwise determined; and (4) the
values used by the equipment designer or manufacturer are
less than ideal.

Before effects are discussed, function should be reviewed.
C. couples a.c. signal from the output of one stage (VI in
Fig. 1B) to the input of the following stage, V2; but it blocks
the d.c. voltage at the V1 output so that this voltage will not
be applied to the input of V2.

R. serves to provide input signal for V2: the input signal
must be developed across some resistance or impedance. R.
also retirns the V2 ¢rid to the same point as the cathode re-

Fig. 1. A basic RC coupling network (A). As widely used to
join two stages (B), it enters into a variety of relationships.

INPUT
QUTPUT

1oL

R

{A}
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turn, which is ground in this case. Without such a return, there
would be no V2 bias and no signal input.

R. also forms a voltage divider for the applied signal, in
conjunction with the reactance, X., of series capacitor C.. The
larger the reactance at the signal frequency, the more signal
voltage will be developed across C., and thus the smaller will
be the useful signal voltage developed across R.. In effect, the
V2 input signal is reduced.

Thus it is generally desirable to make X, very small in rela-
tion to R, (by making C. large) to minimize signal losses
across the capacitor. Another way of looking at this is to state
that the value of C. is selected to help provide the desired
low-frequency cut-off of an audio or video amplifier or other
circuit.,

Capacitor-Related Effects

The graph in IFig. 2 illustrates the effect of different values
of C. on the low-frequency end of the response curve for a
particular audio amplifier. Either flat response or controlled
roll-off at a desired point can be obtained by manipulating the
value of the single component.

To help extend low-frequency response. the values of C-
thus are commonly larger in high-fidelity amplifiers than in
other audio amplifiers. The larger value ulso assists reproduc-
tion of transients.

A transient is a complex waveform that does not have a reg-
ularly repcated pattern, like the sound generated, for ex-
ample, when cyvibals are struck. Since a transient generally
consists of a fundamental with a large nuinber of harmonics
covering a considerable frequency range. Wide bandwidth,
including extended low-frequency response, is thus needed
for realistic reproduction of transients.

It would then seem that increasing a low value of C. in the
audio section of an ordinary radio receiver is a good idea, since
there will theoretically be an improvement of bass response.
This may not turn out, however. to be a wise change in prac-
tice. The receiver may not otherwise have been designed to
handle such response properly. As a result of cabinet and
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spcaker resonances or other factors, performance may be
worse instead of better. In fact, a smaller value than normal
for C-. is sometimes used for deliberate bass attenuation.

The case just cited bears directly on a popular belief con-
cerning coupling capacitors: that, although one should be
careful about reducing the value during a replacement, it is
always safe to use a larger capacitance than that originally
found. Service technicians may follow this practice in trving
to squeeze the last ounce of signal out of one stage in coupling
to the next. More than one drawback, however, is possible.

The Leakage Probleom

Consider capacitor C. in Fig. 3, In practice, there is always
a certain amount of d.c. leakage through it, due to shunt leak-
age resistance R... This current develops a positive, d.c. grid-
to-ground voltage (E.) across R., which is imposed on the
input of V2. The larger the coupling capacitor, the greater
will be the leakage current through it, and thus the d.c. volt-
age across R, will also be greater.

This positive voltage reduces the bias of the stage, and can
therefore cause overloading and grid limiting at normal levels
of input signal. When the stage is used to process sync signal,
operation may be sufficiently impaired to change the critical
timing of the svnc pulse, possibly resnlting in sync or interlace
problems. In the case of a horizontal sweep circuit, a larger
value of coupling capacitor may overdrive the output tube to
produce drive bars and/or nonlinearity that may not be easy
to eliminate with ordinary drive-control readjustment.

Furthermore, consider what happens if C. were carefully
chosen to attenuate certain signals. Video signals formerly
kept out of a svnc or sweep stage, for example, may enter
when the capacitor value is increased. Hum formerly kept out
of a critical circuit may he able to enter; a smaller than normal
value of C: may be used specifically to reduce hum originating
in preceding stages. And yet, although this is true, the oppo-
site can also be true. Sometimes a smaller than normal value
of Ci can increase hum level.

Referring to Fig. 1B, this reverse phenomenon will tend to
occur when grid resistor R. is 500,000 ohms or larger. To
understand this phenomenon, see Fig. 4. The a.c. voltage
across the V2 heater is coupled to the grid through inter-elec-
trode capacitance C... The hum signal is then developed
across R. in parallel with the series combination of C. and R..
(The plate resistance of V1, R,, is also in parallel with R/ .)

If C. is made smaller, its X. goes up, and the net impedance
between the V2 grid and ground consequently rises. The grid-
to-ground impedance is in series with the heater-to-gronnd
capacitance. If the former rises while the latter remains the
same, a larger percentage of the a.c. heater voltage is de-
veloped between grid and ground—increasing hum input.

Video Circuits

Too small a value of C. in a video-amplifier coupling circuit
can cause picture simear. C. introduces an appreciable angle
of lead into low-frequency signal voltages developed across
R,. This phase shift tends to displace picture information to
the left on the picture screen. When C. and R. have the
proper value, and a suitable low-frequency compensation cir-
cuit is emploved, the phase shift is minimized and made uni-
form for all frequencies. When C. is too small, however, the
phase shift becomes non-umiform, and displacements of large
picture areas with respect to the rest of the picture occur that
produce a smear effect.

Assume a picture background that is black on the left
side, white on the right. The picture signal representing this
background muy be considered to have the shape of a square
wave. If such a video signal is applied to the input of the video
amplifier coupling network, it should emerge at the output
with the same shape.

The larger the product of R. and C., the more closely will
the output waveform approximate a square wave. If R, < C.—
i.c., the time constant—is too small, the top of the wave will
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Fig. 2. The effects of different values of C. on the response
of a circuit. In this case, R. is held constant at 1 megohm
whereas, compared to it, the plate resistance and plate load
resistance of the stage preceding the network are very small.
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Fig. 3. How the leakage resistance of a coupling capacitor
(C.) acts as a d.c. voltage divider in conjunction with the
grid resistor (R,). The degree of leakage affects V2 bias.

slant. The smaller R, x C. is, the greater will be the amount of
slant. Such a distortion of the square wave means that the
background illumination, as well as large masses in the pic-
ture, will be improperly reproduced.

If C. in a video amplifier is made too large, cxcessive d.c.
current leakage through the capacitor is likely to become a
problem. Also, the shunting of high-frequency signals to
gronnd via the increased capacitance-to-ground of the larger
capacitor will reduce the high-frequency response and hmpair
picture detail.

Resistor-Related Effects

And now, what about the size of R. in various circuits® In
the case of triodes or pentodes using resistive plate loads. the
maximum value of R, that can safelv be used depends chiefly
on the reverse grid current that can be tolerated. This cnrrent
flows up through R., producing a positive grid-to-ground volt-
age that hucks the bias present.

Reverse grid current is due chiefly to gas (assuming grid
emission is negligible). Positive gas ions that are present in
every tube drift to the grid, which is relatively negutive and
thus attracts them. (See Fig. 5A.) The larger the value of R,
the greater is the positive voltage developed between grid and
ground as a result of this reverse grid current, and the greater
the effect on the bias.

Since gas current fluctuates in amplitude and tends to be
erratic, bias variations are introduced that impair the stability
of the tube’s performance. The larger R. is, the larger will he
the voltage developed by reverse grid current, and the greater
will be the undesired bias variations.

When a tube has a high transconductance (G..), a small
gas-caused voltage variation at the grid will produce a rela-
tively large change in plate current. It should he evident,
then, that a relatively large value of R, is particularly unde-
sirable in the case of high G. tubes. A similar line of reason-
ing applies to power output tubes, since these are high current
tubes providing relatively large power gains; a small change
in grid voltage will produce a large change in power nutput.
Not only will circuit performance be unstable in such cases—
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The simplified circuit (B) shows effects of preceding stage.
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Fig. 5. How reverse grid current (A), due to gas in this
case, is developed. Values of grid resistors in such tuned
circuits as i.f. stages (B) influence gain and bandwidth.

excessive plate and/or screen currents may be produced as a
result of the reductions in bias. Tube electrodes will be called
on to dissipate more heat than they can safely tolerate, and
tube damage also becomes possible.

Still another undesired risk in power output tubes, when R,
is too large, is a runawav effect that can destroy the tube. Gas
current tends to make the grid-to-ground voltage positive,
which reduces the bias, which increases the space current
flowing through the tube, which heats the tube up more and
causes a still greater amount of gas to be released, which fur-
ther reduces the bias, and so on—until the tube is destroved.

The condition just described is particularly likely to occur
if grid emission is present in significant amoimts. Grid emis-
sion can occur if cathode-coating material has been deposited
on the grid. Heating will then cause the grid to emit electrons
just like the cathode. The resultant current will be in the same
direction as the gas current previously described. The greater
the heating of the tube, the larger the grid emission.

Secondary grid enussion can also cause trouble in a power
output tube. This type of emission takes place when clectrons
from the cathode strike the grid with sufficient force to knock
other electrons out of the grid. The loss of electrons tends to
make the grid positive to ground, and has the same general
effect as a primary grid emission.

In the case of power output receiving tubes, a maximum
R. value of 500,000 ohms is ordinarily safe when the tube is
self-biased. If fixed bias is employed, the safe R, maximum
may be only 100,000 ohms. The reason the larger resistor can
be tolerated when self-bias is used is this: When a gas effcct
produces a positive grid-to-ground voltage that tends to lower
the bias, the resultant increase in cathode current produces a
larger voltage drop across the cathode resistor that tends to
increase the bias. The initial effect is thus counteracted to a
considerable extent.

Tuned Circuits
In r.f. and i.f. circuits using grid resistors in a parallel-feed
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arrangement, i.e., grid resistors in parallel with tuned circuits
(see Fig. 5B)—too small a value of R. will damp the tuned
circuit with which it is in parallel excessively, reducing the
signal voltage produced across that circuit. Too large an R.
value is undesired for reasons previously given. It is also unde-
sired, in this particular application, because handpass may be
reduced, and the tuned-circuit gain increased to a point where
regeneration or oscillation occurs.

Very large values of grid resistance—as high as 10 megohms
—may be found in stages where grid-leak bias is present. Posi-
tive grid current flow is used in these stages to develop the
bias. (It is current that flows from cathode to grid swhen the
grid is positive with respect to, or less negative than, the
cathode. It occurs during positive swings of the input signal
voltage.)

R. is made large to limit grid current to a very small value.
A large value of grid current is undesired, not only because it
would damage the tube, but because the grid-cathode circuit
is effectively in parallel with the plate circuit of the preceding
stage (see Fig. 6), and a large grid current in V2 will load
the V1 plate circuit excessively. The V1 gain will be corre-
spondingly lowered. (The grid-cathode resistance, when grid
current flows, is only several thousand ohms or less: the larger
the amount of grid current, the lower does this resistance
effectively become.)

Why isn’t a large valie of R. harmful in a grid-leak hiased
stage, as it would be in a stage biased in some other wav? Be-
cause the negative grid-to-ground voltage discourages the
kind of reverse grid current (up through R.) that makes a
large value of R, detrimental.

While a large value of R. (in stages other than grid-leak
biased ones) is undesirable, as we have seen, it is nevertheless
often necessary to make R. as large as it can safely be. This is
so because R, is effectively in parallel with the plate circuit of
the preceding stage. (See Fig. 6.) If R. is not made consider-
ably larger than R., it will reduce the effective plate load im-
pedance of V1, thus reducing the V1 gain.

The author remembers cases where insufficient gain from
an RC-coupled stage baflled the technician working on a re-
ceiver for quite some time, because he didn’t realize that the
grid resistor of the next stage (or grid current in that stage)
could be responsible.

There is an interesting relationship between heater voltage
variations and the permissible size of R.. If heater voltage
variations are in excess of 10%, due to relatively wide line-
voltage fluctuations (or battery voltage variations in an auto-
mobile receiver), maximum permissible values of R, will be
less. The reason is that the range of bias voltage variations due
to gas current will be extended by the heater voltage varia-
tions. A smaller value of R. narrows the bias voltage variations
to tolerable limits.

The chain of rarely considered relationships and interac-
tions relating to the simple two-component coupling network
is certainly intriguing, but it is more than that. An understand-
ing of the possibilities can be of great practical value in many
service-type defects that are otherwise quite balfling. A

Fig. 6. The effective circvit (A) when grid current occurs

in the second of two stages joined by RC coupling. The sim-

plified equivalent circvit (B). The net impedance between the

V1 plate and ground is reduced whenever grid current flows.
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V.LE
LOOP ANTENNA

SHIELD 172" 1.0. SOFT-DRAWN
COPPER TUBING (SEE TEXT)

LI-I8T. #16 ENAM. (SEE TEXT)

L2-.2-3.0mhy. HORIZ. LINEARITY
COIL-J.W.MILLER NO.6318
OR EQUIVALENT

Construction of a simple,
low-cost sensitive loop
ideally sutted for good
low-frequency reception.

ALUMINUM BOX 5"x 7" x 3"

TI-LINE-MATCHING TRANS —
FORMER (SEE TEXT AND
FIG. 2)

JI-U.H.F. TYPE COAX CONNECTOR

Fig. 1. Schematic of loop with its tuning and matching network.

By RICHARD A. GENAILLE

HE verv-low frequencics from 3 to 30 kilocveles have

experienced a resurgence of use and interest about

which many persons engaged in electronics are not
aware. The September, 1961 issue of this magazine carried
an article ("Below the Broadcast Band™) in which the author
described some of the activities which are taking place in the
verv-low and low-frequency bands and also a simple low-
trequency converter which could be constructed for the re-
ception of these [requencies. Brieflv, the verv-low frequencies
are providing a means of high-accuracy frequency determina-
tion in much shorter periods of time than is normally pos-
sible on the higher frequencies, and also the means by which
the U. S. Navy transmits messages to submerged submarines
which are scattered throughout the oceans of the world.
Present and proposed activities relative to the v.Lf. region will
be discussed later in this article.

So fascinating and useful have the verv-low frequencies
become that the author decided to upgrade his receiving
antenna system for v.1.f. by constructing a loop antenna which
would greatly improve signal-to-noise ratio and would dis-
criminate against adjucent-channel interterence. A consider-
able amount of experimentation produced a v.1f. loop an-
tenna that, you will discover, is simple to construct, efficient
and inexpensive, and which has all of the desirable clectrical
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features that a loop antenna shonld have. While the loop to
be described was constructed for use in conjunction with
the low-frequency converter featured in the aforementioned
article, it has been designed with a feed-point impedance
of 532 ohms to accommodate standard 32-ohm coaxial trans-
mission line and the input impedance of some receivers. It
mayv be used on other very-low trequency converters or re-
ceivers having other than a 32-ohm input impedance by the
simple expedient of impedance matching. Since receiver input
impedances can vary considerably, the author will describe
the method used to impedance-match to his converter as well
as several simple methods of matching to other input im-
pedances.

The decision to construct a loop antenna for v.Lf. in prefer-
ence to using a random length long wire or a simple half-
wave dipole was made after realizing that such antennas
have several undesirable characteristics. Providing that the
long wire was made long enough to have definite directional
characteristics, it would be quite difficult to muke use of the
directional features because of the problem of positioning the
antenna, The long wire is inferior to a loop antenna for
minimizing noise pickup. A simple half-wave dipele at 20
kilocveles would be approximately 4 miles long. To keep the
v.l.f. antenna to a reasonable size and to provide directional
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Fig. 2. Construction of the bifilar-wound balanced transformer.
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SEE TEXT FOR ADJUSTMENT PROCEDURE
Fig. 3. Bridge method of measuring s.w.r. when tuning antenna.

selectivity and noise reduction were factors which led to the
choice of the loop antenna as the most satisfactory solution
to the antenna problem.

Since loop antennas are not as commonplace as the “garden
variety” of directional antennas, such as multi-element di-
rective arrays for amateur radio and TV use, a few words
regarding loop antenna operation may be in order for a better
understanding of the constructional details to follow.

Loop-Antenna Operation

Loop antemmas have been widely used for many vears in
direction finding systems particulurly aboard aircraft and
vessels. The function of the loop is to sense the direction of
the arrival of radio signals emanating from a transmitter at
a fixed location. The basic loop antenna is simply a coil of
wire whose diameter is small in comparison to the wavelength
to which the coil is tuned. The ground-wave transmission
from the very-low frequency station causes vertically polar-
ized waves to induce voltages in the loop wire as these waves
pass by the loop. The induced voltages in the loop wire pro-
duce a loop current which depends upon the positioning of
the loop antenna with respect to the wavefront.

Almost any convenient shape can be used for a loop an-
tenua, such as a square, triangle, octagon, or diamond. But
regardless of which shape the loop assumes, the maximum
divectivity is along the plane of the loop with a distinct min-
imum or null at right angles to the plane. The directive pat-
tern of a loop whose diameter is small with respect to the
wavelength to which the loop is tuned is similar to that of
a doublet antenna, that is, a fignre-8 field pattern. The min-
imum or null, which is broadside to the plane, is extremely
sharp in a well-designed loop antenna and is normally capable
of giving hearing information better than one degree in lTow-
frequency direction finding work.

While the purpose of constructing the loop antenna. in this
case, is not that of direction finding, the presence of a sharp
null at zero and 180 degrees with respect to a fixed v.Lf, signal
source a reasonable distance away indicates that the loop is
functioning properly. This will make it possible for us to
eliminate undesirable adjacent-channel interference. The ab-
scence of this sharp null broadside to the plane of the loop
antenna can be caused by locating the antenna too close to
power wires, other antennas, gutters and downspouts, or other
metallic objects and, in general, by poor symmetry of the
entire loop antenna circuit including the transmission line and
receiver input. The use of a balanced feedline arrangement
and a push-pull r.f. stage for the receiver input or a suitable
matching transformer to match between a balanced feedpoint
and an unbalanced line can be accomplished to improve
loop circuit symmetry.

Static electricity in the air is a source of much noise in
low-frequency reception and very often causes complete
masking of desired signals. Enclosing the receiving loop wires
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in a non-magnetic metallic shield will greatly reduce noise
pickup thereby enhancing the over-all signal-to-noise ratio
of the receiving system. The loop wires are completely sur-
rounded by the shield except for a narrow transverse gap or
break at the apex of the loop electrostatic shield.

Circuit Arrangement

The v.Lf. loop antenna shown in the photograph can be
resonated from approximately 14 ke, to 23 ke, with the com-
ponents specified in the schematic diagram. In this range the
feedpoint impedance will be 52 ohms. The construction of
this antenna is quite simple and straightforward and the cost
of the materials used represents a very small investment for
the performance obtained. All of the component parts of the
loop antenna circuit are readily available,

The schematic of the v.L.f. loop is shown in Fig 1. Ll isa
continuous loop made up of 18 turns of 16 enameled or form-
var-insulated wire. L2, which is adjustable from .2 to 3 mhy.,
is used to resonate the loop circuit to the desired frequency.
T1 is a matching transformer wound so that loop halance is
maintained while providing a match to a 32-ohm unbalanced
line. Capacitors C1 and C2 are good quality micas used to
bring the over-all loop tuning into the range of tuning coil L2.
The tuning coil, capacitors, and matching transformer are
housed in an aluminum box with dimensions of suitable size to
permit freedom in making the necessary connections.

The electrostatic shield for the loop wires is made from a
twenty-five foot length of soft-drawn copper tubing with a
%-inch inside diameter. This tubing is available from Scars.
Rocbuck or any plumbing supply house. In many cases 25
feet of tubing represents a standard length coil and was
chosen so as to avoid wasted tubing due to cutting. A length
of cheap plastic hose with a %-inch i.d. and slightly less than
a %-inch o.d. was used inside the copper tubing to protect the
loop wires during the pulling operation. The author felt that
the small extra cost of the plastic hose would be worth it to
prevent possible abrasion of the wire insulation and subse-
quent operational troubles. The plastic hose also provides
additional loop rigidity lost by the necessity for a gap in the
copper tubing at the apex of the loop.

Construction Details

The first step in the construction of the loop proper is to
uncoil and stretch out the 235 feet of copper tubing on a level

The author’s loop must presently be turned by hand although
it is planned to install an antenna rotator for it shortly.
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floor. The straighter the tubing the easier it will be to pull
through the plastic hose and wires in the following steps.
After the tubing has been straightened, solder a -inch
copper tubing-to-outside thread adapter to each end of the
tubing. Conduit nuts of suitable size may be used to secure
the copper tubing to the metal box which houses the smaller
circuit components, Next, measure to the exact center of the
length of tubing and, using a tubing cutter, cut the tubing in
half. Keeping the tubing sections together, insert a 27-foot
length of plastic hose into one end of the tubing and, by
working it slowly, pass the hose through both sections of the
tubing so that approximately one foot of hose remains outside
each end of the copper tubing,

At this point a single #16 wire should be worked through
the tubing-hose combination to facilitate pulling through the
bundle of 18 #16 loop wires. The loop wires should be cut to
a length of 27 feet and each wire tinned on one end. The
bundle of eighteen wires should then be soldercd to the
pulling wire and the bundle carefully pulled through the
entire length of the loop tube. Incidentally, the tedious job
of removing the insulation from the wire ends can be simpli-
fied by using some Sears, Roehuck No. 2779 Paint and Varnish
Remover. The simplest way to form the loop is to lay out a
circle 8 feet in diameter on vour basement or garage foor.
Use a heavy marking pencil so the outline may be easily seen.
A word of caution, don’t construct the loop in the basement
if vou can’t get it out of the basement doorway.

In bending the tubing the author found that the 100 or so
pounds of his 13-vear-old son standing on the tubing pre-
vented the tubing from moving as the circle was being
formed. After the circle has been formed the plastic hose and
wire should be cut back as shown in the photograph. Suitable
holes may now be drilled in the metal box and the tubing
ends fastened to the box with the conduit nuts,

A terminal board was installed in the metal box in order
to facilitate comecting the 36 wire ends into a continuous
loop of 18 turns. Connecting the wires properly can be ac-
complished by using an ohmmeter or they can be “buzzed
out” by use of a dry cell and buzzer or pilot light bulb. If
care is exercised the center turn of the multi-turn loop can
be identified and marked at the time that the loop wires are
being soldered together to form the continuous coil thus
avoiding the trouble of trving to determine the loop center
by electrical measurement. The loop wire resistance is quite
low, approximately 1% ohms, and it is quite difficult to make
accurate measurements in the low resistance range of the
ordinary ohmmeter. After the loop wires are all connected,
except for the two ends, tuning coil L2 can be mounted und
connected in series with the loop wires at the midpoint. Ca-
pacitors Cl and C2 can be mounted and wired except for the
connection to be made to the matching transformer 7'1. A
suggested layvout for the various components that arc installed
within the metal box is shown in the photograph.

Line-matching transformer T1 is an important part of the
loop circuit in that it provides the impedance transformation
required while maintaining loop balance. Reasonable care
should be exercised in winding T'1. The ferrite rod from a
transistor-radio loopstick was used as the core for this trans-
former. The original windings were removed and 180 turns
of 328 enameled wire closewound on the core. This winding
will be the secondary and will connect to the coaxial output
connector J1. To determine how much wire will be required
for the primary and how much space will be taken, wind 104
turns of #28 enamcled wire over the secondary. Remove the
104 turns of wire and after finding the center of this length
of wire, fold the length of wire in half so that the wire is
doubled. Now take the doubled wire and wind 52 turns over
the 180-turn secondary. Care should be taken to center the
primary winding over the secondary in order to maintain
balance. By connecting the wires of the primary as shown
in IFig. 2 we will have a bifilar primary which will have equal
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capacities from its ends to ground. Some coil dope can be
applied to the windings of T1 to keep the wires in place.
When the line-matching transformer has been completely
fabricated it should be installed in the metal box and wired
into the loop circuit,

The loop antenna proper is now electrically complete and
should be mounted in a manuer convenient to the builder.
The author used a combination of aluminum tubing, bamboo,
and TV-type antenna clamps to construct the supporting
cross members. Be careful not to use a solid metallic frame-
work to support the loop since the electrical operation of the
loop may be seriously affected by shorting across the elec-
trostatic shield. A piece of steel tubing was used for the
lower part of the mast and this piece of tubing was inserted

172" 1.0. SOF T~ CONDUIT
DRAWN COPPER LOCKNUTS
TUBING

18 216 CONDUCTORS

One end of the loop just prior to its being tied into the box.
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Fig. 4. An s.w.r. bridge modification for improved v.l.f use.

into a slightly larger piece of tubing which had been driven in
the ground. As shown in the photograph of the loop, the
“Armstrong” method of rotating the loop was used; however,
the author plans to install a TV antenna-type rotalor in the
near future.

Tuning and Impedance Matching

Tuning the loop to resonate at a particular frequency in
the 14 ke. to 23 ke. range is not much of a problem. It is
accomplished in the same manner as tuning and impedance
matching of higher frequency antenna systems. A simple
block diagram of the set-up used by the author is shown in
Fig. 3. The standing-wave-ratio bridge used for adjustments
is a home constructed bridge typical of those described in
any of the popular radio handbooks. The audio signal genera-
tor used was a Heathkit AG-9 with a range of up to approxi-
matelv 100 ke,

Before starting the adjustinent procedure it would be wise
to check the bridge to be nsed for satisfactory operation on
the verv-low frequencies. If the bridge is to be used to check
a 32-ohm termination, conmect a 32-ohm resistor to the output
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Inside view of the aluminum box. A terminal board or a piece
of insulating material with holes drilied into it can be used
to support the connected ends of the No. 16 icop antenna wires.

[——> TO NEXT STAGE

*DISCONNECT ANTENNA

WH 6CB6
EN USING LOOP R'F'Vﬁl‘Mp'

SNl . . T ====

*ANT.
s
GROUND
BAND 1 — 10 TO 25KC.
BAND 2— 25 TO 40KC.
BAND 3— 40 TO I00KC.
BAND 4— 100 TO 200KC.
B BAND 5— 200 TO 500KC,
00P
ANTENNA
LG L6-24T #28 ENAM. - CLOSEWOUND
ON LI (SEE TEXT)

Fig. 5. modification to the author’'s v.I.f. converter.

Circuit

or line side of the bridge and feed a signal ot about 20 ke. into
the bridge. Tf, with the correct load, the bridge indicates re-
flected signal, make the modification to vour bridge as shown
in Fig. 4. The bridge should then operate satisfactorily on
the v.Ltf. band.

With the bridge and signal generator connected to the
antenna, as shown in Fig. 3, set the gencrator to deliver output
at the frequency to which the loop antenna is to be resonated.
Adjust the loop tuning coil L2 until the reflected power read-
ing on the bridge reads a minimum. On the anthor’s installa-
tion it was possible to obtain a zero reading of reflected power
on the bridge at all frequencies hetween 14 and 235 ke.

Tmpedance matching to the converter or receiver with
which the loop antenna is to be nsed can be accomplished
in a vumber of ways. A satisfactory match to the author’s
converter was made by winding 24 turns of =28 cnameled
wire on the converter v.L.f. coil L1, as shown in Fig. 5, The
coupling loop is wound as close as possible to the original
winding and on the slug adjustment side of the coil. The con-
verter v.LE coil was remounted on the upper side of the
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chassis since it was found that a noticeable aniount of signal
strength was lost by under-the-chassis mounting. The same
mormting hole was used and several smaller holes were
drilled in the chassis to accommodate the grid and conpling
coil connections which were run under the chassis. In addi-
tion. a uwh.f.-type coaxial connector was installed on the
chassis to connect to the loop antenna transmission line.

For the different input impedances which may be en-
countered one may find it convenient to use one of the ultra-
compact high-fidelity audio transformers manufactured by
UTC. The UTC type A-24 or A-26 has a response of from 20
to 40.000 cyvcles with a primary impedance of 15,000 ohms
and 30,000 ohms respectively. The secondary impedance for
both of these transftormers is 50, 125-150, 200-250, 333, and
500-600 ohms as required. By using either one of these trans-
formers in reverse it is possible to make a transformation be-
tween the low impedance 52-chm line and the high-input
impedance of a converter or receiver.

Another alternative in obtaining a higher feedpoint imped-
ance for the Toop antenna is to replace capacitors C1 and C2
and line-matching transformer T1 with a single .015-4f. ca-
pacitor to close the loop coil. When the loop is resonated by
the use of tuning coil L2 one mav tap at two points, one on
either side of the loop electrical center and cach equidistant
from the center, and obtain a balanced feedpoint that is higher
in impedance than 52 ohms. On the anthor’s loop, tapping on
the first two loop turns on either side of center gave a feed-
point impedance of 130 ohms. This impedance could be
conveniently fed by the use of two 75-ohm coaxial cables with
the shields tied together and the inner conductors connected
—one each to each loop tap. Since the loop turns are acces-
sible in the miscellaneous components box it is quite con-
venient to tap in this mamer to find a satisfactory feedpoint.

Operation and Results

Operation of the v.If. loop antenna needs very little com-
ment. You will notice, after a trial “spin,” that the loop exhibhits
two very sharp nulls broadside to the plane of the loop and
that vou have a much improved signal-to-noise ratio. Com-
parative checks can he made which will vividly demonstrate
the superiority of the loop over that random long wire that
vou may now be using,.

Stations now being heard by the author on the v.I.f. band
include the U, S. Navy’s precise frequency-controlled trans-
mitters such as NAA at Cutler, Maine on 14.7 ke, NBA (Sum-
mit, Canal Zone) 18 ke., NPG/NLK (Jim Creek, Washing-
ton) 18.6 ke. and others. WWVL, the National Bureau of
Standards” frequency-standard station, which operates on 20
ke, from Sunset. Colorado can be heard but not nearly as Towd
as the Navy “giants” which run in the neighborhood of two
million watts of power to their antennas. Several foreign
stations. such as GBR in Rugby, England on 16 ke. and FUB
near Paris, France on approximately 17 ke., are being heard
consistently, Future plans for the verv-low frequencies in-
clude the construction of a new Navy transmitter to be located
in Australia which will undoubtedly be in the multi-megawatt
class and a proposed NATO station which will operate on
19 ke, Recent tests using satellites have disproven the belief
that the ionosphere was a shield for the very-low frequencies
with the result that consideration is now being given to the
use of these frequencies for communicating between the
earth and outer space. The ultra-low frequencies recently pro-
duced some astounding results when a 400 cycle-per-second
signal was transmitted a distance of approximately 750 miles
from Boron, California to El Paso, Texas in tests conducted
by the Air Force.

The verv-low and low frequencies are. to be sure. more
fascinating than ever betore. Constructing the novel v Lt loop
antenna described in this article will assure you of greater
success and listening pleasure while exploring the very-low
frequencies. A
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WIRELESS
STEREQ CONVERTER

The stereo system is shown here in use. The small table radio at the left picks up the left channel from the wireless oscil-
lator built into the phonograph. The phono plays back the right channel through its own built-in amplifier and speaker.
Total cost for the conversion shown was about $10. To convert to stereo by making a duplicate of the existing amplifier
and providing an inexpensive baffle for the extension loudspeaker would have cost something on the order of $16.00.

By JAMES E. PUGH, JR.

Construction of phono oscillator that transmits one stereo channel and allows

an inexpensive monophonic phonograph to be converted into a stereo unit.

LTHOUGH not hi-fi, nearly any existing monophonic

Aph(mogruph can be easily converted to stereo with

a definite improvement in listening pleasure. Even

the cheaper units sound much better after this simple change

is made, and the cost of such a conversion will usually be
quite low.

Two approaches to the conversion are possible. The more
obvious way is to simply build an exact copy of the existing
phono amplifier and add an external speaker. However, a
wireless system for the second channel (see Fig. 1) has some
advantages that may make it even more attractive. For ex-
ample, it will generally be less expensive since a part of the
system will be a radio that you already have, extra shelf
space will not be required for the second speaker as it is
already contained in your radio, all interconnecting wires
between the phono and the second channel speaker are elini-
nated, and the added circuitry uses so little power that it can
be connected right to the existing amplifier’s power supply
in nearly every case.

Cartridge and Tone Arm

The three main requirements in making such a conversion
are: a stereo cartridge to replace the mono unit, turntable
speeds of 33% and 45 rpm must be available, and an ampli-
fier and speaker for the second channel must be provided.

The first step is to obtain a stereo phono cartridge having
approximately the same electrical and mechanical character-
istics as the mono unit which it replaces. The first (output
voltage and frequency response) can usually be duplicated
close enough by selecting a cartridge of the same type (ce-
ramic, crystal, etc.) with approximately the same output
voltage. The mechanical features such as size, shape, and
weight should be duplicated if possible but, if the unit will
fit, any difference in weight and height can be compensated
for easily.

The phonograph shown is an inexpensive one and is typical
of the thousands of similar units that are in need of conver-
sion to sterco. The original cartridge was a Vaco type TOQ-43
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crystal turnover unit with an output of about 3 volts. Had a
stereo unit by the same manufacturer and with the same
characteristics been available it would have been used. How-
ever, the cartridge was an import and stereo replacements
of the same make were not available from the usual source
of supply.

A little investigation showed that the Sonotone 12THA
would do the job very nicely. It was a crystal unit with an
output of 2.5 volts and essentially the same frequency re-
sponse, Although it was different mechanically it did fit in
the available space, the needle could be positioned exactly
the same as the original, and the total weight of cartridge and
mounting hardware brought the stylus pressure so close to
the recommended value that no adjustment was made. Also,
the height was satisfactory. After mounting to make sure
that everything fits, remove the cartridge to avoid damage
while making the other modifications.

Motor and Turntable

Most phonographs sold today are multispeed types and
will need no consideration here other than possibly installing
a motor switch if vours doesn’t have one. Some of the cheaper
phonographs of more “modern” construction often don’t have
such a switch, so now is the time to put one in if yon would
like to reduce strain on the filaments of your tubes. In the

Fig. 1. Block diagram of the complete stereophonic system.
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RI, R2—Two-gang pot with switch
(83), 2-meg. log taper (see text)

R3—.68 meg., Vo-w. res. (see text)

RE—.15 meg., Vo2-w. res.

R35—22,000 ohm, Vi-w. res.

R6—10,000 ohm, Vi-w, res.

R7—150 ohm, §-w. res. (see text)

CI1—33 uuf. ceramic capacitor

C2, C5—80-480 puf. trimmer capacitor

C3—.05 uf., 200 v. paper capacitor

Cq4—-.25 uf., 200 v. paper capacitor

use with 10-365 uuf. tuning capaci-
tor. (Superex “Vari-Loonpstick” or
equiv. Close wind 10 t. 330 en. at
cold end of L1.)

SI—D.p.d.t. switch

82—8.p.s.1. slide switch

VI—I2BE6 tube

I—Stereo phono cartridge (Sonotone
I12THA, see text)

I—I4" dia. x 1” high metal shield
for L1

L1,12—Adj, ferrite-core r.f. coil, for

Fig. 2. Complete schematic of phono-powered stereo converter.

model shown an inexpensive slide switch was used to keep
costs low. Since the motorboard was made of compressed
fiber a pencil outline of the back of this and the phase switch
was drawn in the desired location and cut out with a sharp
knife. Use a small file for smoothing rough edges, and touch
up with paint to match the original.

If yours happens to be one of the older phonographs that
plays only 78-rpm records, it too can be modernized. Simply
install an inexpensive 4-specd motor and turntable assembly
and you can enjoy any 33% and 45-rpm stereo and mono
records, the new 16-rpm talking books, and your old 78-
rpm favorites. To do it, locate accurately the centerpost po-
sition of the original unit and install the new one in its place.
Use a new motorboard if needed for a good fit and accurate
centering.

The B. C. Oscillator

The remaining part of the conversion project consists of
adding a good quality broadcast oscillator that will be modu-
lated by the audio signal from one channel (left, in the model
shown) of the stereo phono cartridge. The r. f. signal, ad-
justable to any place in the broadcast band, is picked up
with a radio placed abonut four feet away and the demodu-
lated audio signal is amplified and sent on its way to the
listener’s ears via the radio’s speaker. A d.p.d.t. switch be-
tween the cartridge and oscillator input is used to reverse
the phrase relationship between the two chamnels so as to
obtain proper stereo reproduction.

As seen in Fig. 2, the two volume controls (R1 and R2)
are ganged to vary the output from both channels simultane-
ously. If available, use an attachable rear control with the
same characteristics as the one in vour amplifier. otherwise
buy the complete 2-gang control with switch, The control
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shown is a pair of ganged Mallory U-55’s and mating switch.

The voltage divider, R3 and R4, is proportioned to prevent
overmodulation when the volume control is full on. Also, R4
must be kept below a certain critical value to prevent dis-
tortion. Anything below 130,000 ohms will be satisfactory.
If the cartridge has an output of less than 2.5 volts reduce
R3 to obtain full modulation. With R3 removed satisfactory
results can be obtained with a cartridge output of about .1
volt. If less than this a stage of audio amplification may be
needed between R2 and V1.

V1 is a 12BE6 pentagrid converter tube connected as a
tvpe of modulated electron-coupled oscillator. The oscillator
section is similar to the local oscillator part of the converter
circuit used in most AM radios, but instead of feeding the
usual r. f, signal in at grid #3 for mixing with the oscillator
signal we will feed in the audio signal from the phono car-
tridge. This a. f. signal amplitude-modulates the r. {. signal
that appears at the plate by varving the electron stream, thus
there is but little frequency modulation, and a very clean
signal is obtained at the output (the plate) of V1.

A tuned circuit (L2 and C5) for the plate load provides
a maximum output at the oscillator frequency and minimizes
harmonics. The oscillator inductance, L1, is modified slightly
by adding 10 turns of thin wire (about #30) for the cathode
winding. No change is required in L2. Both oscillator and
r. f. amplifier tuned circuits use adjustable mica trimmer
capacitors since thev will need to be adjusted only occasion-
ally. However, if you would like to simplify tuning somewhat,
replace C2 and C5 with a standard two-gang 10-365 paf.
tuning capacitor. The antenna consists of the unshielded L2
plus a 30-inch length of wire taped to the underside of the
phonograph motorboard.

The oscillator section of V1 requires about 3.5 ma. at 50
volts, and the plate draws less than 1 ma. at 90 volts. If vour
supply is greater than 90 volts reduce it with a resistor be-
tween the power supply and the oscillator.

The new tube, V1, must have the same filament current
rating as the other tubes already in the phonograph, and a
new serics resistor must be installed to provide for the new
tube. The author used a 50C5, a 35W4, and a 230-ohm, 5-
watt series resistor. The added 12BE6 requires 12.6 volts at
.15 ampere, which means that the 230-ohm resistor must be
reduced 84 ohms to maintain the desired voltage across the
three tubes. The nearest 5-watt resistor above the resultant
146 is 150 ohms. Other phonographs may use other tubes
and therefore a different value resistor, but the value of the
new resistor can be found this same way.

If space is available, mount the socket for V1 on the
chassis, or if necessary add a small metal bracket. The phono-
graph shown here already had a spare tube socket hole
punched out—probably for a different model by the same

Top side of the converted phono showing switches and oscillator
adjustments. Labels with adhesive backing mark adjustments.
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manufacturer—which made this part of the project easy. A
metal shield, about 1%” diameter by 1” high, is mounted
over L1 to eliminate radiation from this coil, The signal from
this part is unmodulated and is therefore of no value in the
receiver, whereas that radiated by L2 is modulated and is
the one we want to use. This also eliminates feedback from
L2 to L1 and thus prevents any oscillation from this source
so as to insure stable operation of the circuit.

Adjustment and Use

After all parts are assembled and wired, re-install the car-
tridge. Then check that V1 oscillates by searching for the
signal with vour b. c. receiver. Tighten both C2 and C5 to
maximum capacitance and adjust the core of L1 until the
signal is heard at the low end of the broadcast band. Now
play a record and adjust L2 for the loudest signal from your
radio. Next, check that the upper end of the band can be
reached when C2 is opened to near its minimum capacitance.
Also, the L2-C3 circuit should resonate at the high end
{1600 kc.) when C5 is nearly open. If you want to check
the 12BES6 plate current now, it should be about .8 ma. at
the low end of the band and about .5 ma. at the high end
when the L2-C3 circuit is tuned to the oscillator frequency.
The meter should be inserted in the lead between L2 and
the 90-volt supply with a small capacitor (about .01 gf.)
between these two points. Note that the plate current will
drop rapidly to its minimum value when this circuit is tuned
to the oscillator frequency.

If everything is satisfactory set the radio to some spot in
the band where no station is heard, and adjust C2 and C5
for maximum output. Now, with the phonograph and radio
speakers about 4 feet apart, adjust the volume control for
a comfortable level from the phonograph, and then set the
radio volume control for approximately the same output.
Throw the phase switch to both positions and note in which
one the music seems to come from some location hetween the
two speakers. This, and a pronounced improvement in bass,
is a sure indication that the phase is correct for stereo. The
opposite phase setting will cause the apparent bass to de-
crease, and the music will seem to come from two widely
scparated sources.

When the phase is correct note how adjusting the balance
control (the receiver volume control) causes the appavent
source of the music to move between the two speakers. Tt
will seem to be centered when the two have equal outputs.
Try a monophonic record when making this check so as to
get a good idea of the effect both phase and balance have
on the music reaching the ears. After this it will be an easy
matter to recognize correct stereo phase and balance, and
vou will enjoy this 3-dimensional music more than vou ever
did with the old mono phonograph. Even mono records
sound much better when played on a stereo system.

While a license is not needed for a low-power communica-
tion device such as the b. c¢. oscillator described here, the

Low Power Microphone & Phonograph Oscillator

1. Operating Conditions:
Oscillator tube—12BE6
Frequency—510 to 1600 kc.
Plate input power—No more than 100 mw.
Plate voltage—90 volts normal, 110 v. maximum
Plate current—.8 ma. normal, .9 ma. maximum
Plate load—tuned to oscillator frequency

2. Antenna—Built-in, about 30 inches long

3. This device was built according to published plans of a
tested model, and will meet FCC requirements when using
components having the normally expected tolerance.

4, Date built: Month Year

5. Signature

January, 1963

ANTENNA
WIRE

Rl CI LI C3 R7 C4

Underside of motorboard showing how new parts were added
to the existing chassis. Note how the antenna is taped around
the edge of motorboard. After all the wiring has been com-
pleted, the metal shield can is then fastened over coil L1,

Federal Communications Commission does specify that cer-
tain requirements must be complied with. Full details can
be found in Part 15, Subpart E, of the FCC regulations on
Incidental and Restricted Radiation Devices. Measurements
made on this oscillator when operating up to the limits that
would be encountered duc to the maximum variation in
component values showed that if the unit is built and oper-
ated according to the instructions given it will meet such
regulations.

The applicable requirements and related compliance of
the b.c. oscillator are as follows:

1. The operating frequency must be confined to the 510-
to 1600-kc. band. Alignment by reference to stations in the
band will keep it within these limits.

2. Power input to the final stage must not exceed 100
milliwatts. With a 20% change in voltage and component
values. the highest input power at the plate of V1 was less
than 95 mw.

3. Harmonics must be at least 20 db below the unmodu-
lated carrier. Better than 40-db harmonic suppression was
obtained when using the oscillator at any frequency.

4. Total length of the transmission line plus antenna must
not be greater than 10 feet. The 30" built-in antenna is all
that is required for this application.

5. The r. f. voltage on the power line to which the device
is connected must be no more than 200 microvalts at any
frequency from 510 to 1600 ke. The maximum measured was
less than 50 microvolts.

6. The FCC Information Bulletin NO. 17-G notes that
the maximum coverage must be less than 300 feet, The
greatest distance at which the minimum detectable signal
could be picked up with a sensitive receiver was about 60
feet.

7. A certificate must he permanently attached to @l such
devices, whether assembled by a manufacturer, as a kit, or
as a do-it-vourself project.

This certificate must be reprocuced or copied as shown
above. Sign it and attach to your phonograph in some con-
venient place, A
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TIME_FOR TIME_FOR
CONTNUITY TEST _| |. SHORT DETECTION

ON BULB

CHANGE IN REFERENCE

LEVEL DUE TO SERIES VOLTAGE

CAPACITOR (C) FOR SHORT
DETECTION

~ "} onzinG POTENTIAL
FOR NEON

Fig. 1. How the two half cycles of an applied a.c. test
voltage are used to indicate continuity and then shorting.

the Problems of Tube Short Testing

A. OVERSTROM / Westinghouse Electric Corp.

There are different types of shorts, methods for detecting them, and sensitivity figures
for the check. Some common understanding on these points is important to all tube users.

HAT IS a tube tester actually checking when it
Windicntes a short? What is meant when the sen-

sitivity of this test is mentioned? These questions
are of concern to anyone who has ever had occasion to test
tubes. Furthermore, although it is important that both the
manufacturers and users of tubes have a common understand-
ing of the nature of tube faults, particularly shorts, there is
confusion concerning terms.

Let’s start by considering the meaning of sensitivity in a
short check. Sensitivity is the maximum value of resistance
the test device can detect, which corresponds to the smallest
amount of leakage. The definition can be expanded to in-
clude, not only the resistance of the short, but its duration
in time. This can be as brief us a few microseconds. Such
time durations are difficult to detect. Yet duration is directly
related to the effective severity of the short.

Consider, for example, the continuous short, which is called
a solid short because there is positive contact between the
elements involved. The condition could burn out associated
circuit components, causing costly repairs. On the other
hand, the “Hicker” or “temporary” short causes trouble only
when the tube or equipment is jarred. But the temporary
short may become a solid one if, for example, the tube is
tapped.

The sensitivity required to detect a short generally in-
creases as the time duration gets smaller. In other words,
the resistance of a solid short would be very close to zero;
that of a short of long time duration would be rather small;
and resistance of a momentary short would be greater. It is
well to remember, however, that any tvpe of short is a po-
tential source of trouble.

Most short detectors use small neon bulbs as indicators.

One bulb may be used for each element of the tube under
test. Sometimes various combinations of lights are used. If
vou have a tester and vou want to know exactly where it is
indicating shorts, vou can try a shorting bar between various
combinations of pins in its tube sockets. By making a nota-
tion of the light arrangements used, you can subsequently
identify shorts at a glance.

Although there are various kinds of short detectors, only
the commonly used a.c. and d.c. types will be discussed here.

A.C. Short Detectors

In one popular method, alternating voltages are applied
to the tube elements through a neon lamp, as in Fig. 3. In
addition to indicating shorted clements, this has the advan-
tage of providing a continuity test that reveals whether an
element is properly connected or open. (Although not shown
in the simplified circuit, heater voltage is also applied.)
Each element is tested with respect to the cathode. In this
case, the test is between grid and cathode.

When a.c. applied to the electrode is going positive (Fig.
1), there will normally be conduction due to rectifier action
and one side of the neon lamp will glow. If the bulb does not
ignite at all, the grid or other element under test is open.
Thus continuity or its absence is established.

If the tube is good, it will not conduct on the negative
half-cvcle of applied a.c., and the other side of the neon
lamp thus will not glow. The indication for a good tube will
then be as shown in the lower left-hand corner of Fig. 2.
(The white area indicates glow.) With an open electrode,
as discussed in the last paragraph, both sides of the bulb
would remain dark. This condition is not shown.

(Continued on page 91)

A.C. SHORT DEVICE 0C. SHORT DEVICE 4
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Fig. 3. An a.c.
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ALTERNATING
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Fig. 2. How various conditions are in-
dicated in the two most common systems
used for detecting interelectrode shorts.

Fig. 4. (A) A d.c. short detection system
in basic form. (B) A simple circvit for
determining sensitivity of the short test.
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CHECKING SPEAKERS BY EAR

By ABRAHAM B. COHEN / Author, "Hi-Fi Loudspeakers and Enclosures”

Some practical advice on how to judge the quality and the
performance of a hi-fi speaker system by objective listening.

high-fidelity installation is one of the toughest prob-

lems facing the audiophile. What makes it difficult is
that there are so many quality systems available—yet no two
svstems may sound the same to him.

The purchaser will naturally prefer what he thinks sounds
best but how is he to know that the system he has chosen is
really the best? Of course, he may take an expert with him
to help in the selection but the expert may be biased in
favor of a particular type of svstem, which would affect his
judgement even hefore a single speaker was turned on. We
won’t say that his opinions aren’t valid, but the fact remains
that there are many experts—and even they can’t agree!

The reader may find it an amazing experience to go into
a modern, well-stocked high-fidelity showroom and listen
first to one speaker, then another, and still another. No two
speakers will sound exactly the same despite the fact that
they both have been designed and manufactured by repu-
table firms. Notwithstanding objectively measured charac-
teristics obtained in their laboratories, the “ears” and tastes
of the chief engineer and sales manager of one firm may be
quite different from those of another company. Basically,
it is these differences that are being offered to the public
since one pair of ears may be just as “right” as the next
pair, and conceivably, neither may be as good as those at-
tached to your own head.

Since preferences in loudspeakers are personal and sub-
jective, we advise the rcader to make full use of his ears,
aided if he wishes (but not pushed) by a more experienced
and knowledgeable listener and grided by specification

: ;ELECTINC a loudspeaker system for a component
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sheets which detail the speakers as supplied by various
manufacturers. Our aim is, then, to examine these prop-
erties of loudspeakers so that we can recognize them wheu
we hear them and to suggest some method whereby we may
correlate what we hear with the printed specifications.

Control of Listening Facilities

First we should select a dealer who has a wide variety of
loudspeakers to demonstrate. Preferably he should be able
to demonstrate a number of such speaker systems by merely
Hicking a switch. This will enable the listener to “A-B”
speakers quickly without any pauses during switching.

Having selected vour hi-fi shop, pav the dealer a visit
during the beginning or middle of the week when one of the
regular, experienced salesmen has time to help yon.

In making any listening test, it is important that the
speakers to be compared are adjusted for the same volume
lecel to the ear and not to the same volume setting on the
amplifier. Any switching board worth its salt will have
volume controls on each test channel, by means of which
the various loudspeakers can be adjusted for the same
audible level. Tt is also important that the listening test be
made using only one amplifier and that it is capable of good.
clean power output of at least 20 watts. Some of the systems
vou “audit” will, in all probability, fall into the “low-efficiency”
category. Such speukers require a good reservoir of driving
power even for moderate volumes. If this power is not avail-
able from the amplifier when it is turned up to drive such
low-efficiency systems, the amplifier will overload and distort.

The first “listening-go-round” is designed to quickly weed
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out those svstems which are palpably unsuitable. These may
include svstems which are consistently “boomy” or those
which are so excessively peaked in the high end that they
cause physical pain. Obviously systems exhibiting either of
these extremes should be avoided at any cost. Neither sys-
tem will, in the Tong run, give lasting satistaction. They may,
in fact, quickly become “earsores.”

When making these listening tests it is wise to have a
few “tricks” up vour sleeve—such as taking along vour own
favorite and familiar records. If possible, this miniature rec-
ord “library” should include not only musical selections hut
one or two with spoken words (especially by a male voice)
and a commercial test record on which various frequency
bands are impressed. (This last item will not make vou wildly
popular with the salesman, but it is vour monev vou are
spending for the speaker system!)

If vou do tuke along vour own program material, select it
carefullv. A musical number in fast tempo may show up one
tvpe of Laulty response in the speaker that a low, sustained
note will not, and vice verse. For instance, a plucked bass
in a jazz combo will pinpoint bad system resonance (boomi-
ness) at the low end. If there is anv tendency for the svstem
to be hoomy or resonant in one area, that phrase will literally
jump out at vou with considerably increased volume and,
probably. a “tnbby” sound. Once evidence of boominess has
been pinpointed in musical passages vou will probably find
that a recording of a male speaking voice will exhibit a “bot-
tom of the harrel” guality as well.

Another victim of critical listening, and one which may
be eliminated quickly by means of this preliminary trial run,
is the svstem which is “swav backed” in its response. It has
cgood lows, it has good highs. but the middles may he lost.
Such a situation may be readily recognized on musical pas-
sages where there is a solo voice. If vou get the impression
that the singer is behind a curtain or not in the same room
with the orchestra, then the system most likelv has this sway-
hack characteristic. The humau voice is centered in the mid-
dle frequencies and if the voice appears weaker than it should
for normal musical balance with the accompanying orchestra,
then very possiblv the system is deficient in the middle fre-
quencies—or lacks the so-called “presence” of a good system.

If, during this preliminary run. any one system seems to
be consistently harsh in a complex orchestral performance
or if a female member of vour buving expedition remarks
“That sounds horrible! It screeches something awfull,” then,
sir, von may as well put that system aside. Women have
very sensitive upper-frequency hearing acuity. They will fre-
aquently hear things at high frequencies that we unfortunate
(?) men cannot hear. In general, however, when the system
is reproducing fully orchestrated highs and, irrespective of
selection, the svstem makes them all sonnd as if someone were
scraping a piece of sandpaper and/or crumpling a piece of
aluminum foil close to vour ear while the music is playing,
then the upper regions of the system are poor in performance
and these svstems will probably not prove satisfactory over
a long period of time.

All Systems Have “Coloration”

One of the most popularly applied, vet most widely mis-
understood, characteristics of a  speaker is “coloration.”
Coloration is a descriptive term to which the acoustic de-
sign engineer cannot even hegin to apply figures of meas-
urement. We know how to measure frequency respouse,
amplitude distortion, intermodulation  distortion.  transient
distortion. tone bursts. electro-acoustic efficiency, angalar
radiation . .. but how do we measure coloration? Perhaps
it is the sum total of these many performance factors that
makes it possible for the loudspeaker to reproduce a clarinet
tone cleanly or. at some fugitive instant, add to it some
“reediness” that may give it an oboe characteristic.

Coloration makes one loudspeaker sound different from
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another. Coloration, good or bad, exists in the best of speakers
and arises from many sources. Some persons believe that
coloration stems from the type of material used for the
vibrating diaphragm. These people are. by and large, cor-
rect. In fact, the loudspeaker designer has available to him
a tremendous variety of cone pulps. materials, and compounds
which will produce, as he deems fit, characteristics from soft
“woolv” tones, through medium hard tones. to sharp strident
tones. He has available to him paper compound cones, im-
pregnated phenolic linen diaphragms, metal diaphragms, and
Myvlar diaphragms. Even expanded polvstyrene sheets are
being used as diaphragm material. But one should use “colora-
tion” cautiously.

The author spent a worthwhile hour with a visitor at an
audio fair some vears ago when this visitor Tatched on to the
word “coloration” as the prime devil of poor loudspeaker
performance, “How can the metal diaphragm (of a horn-
loaded tweeter) reproduce faithfully the top sounds of a
wiolin? Tt will give the violin a metallic sound.” Having some-
what of a New England background. the author horse-
traded a few questions with him, such as: “How can we
expect a paper diaphragm of a direct-radiator tweeter to
reproduce a violin tone faithfully? Won't it have a paper
sound? What about the electrostatic loudspeaker with its
aluminum foil diaphragm which was hailed as producing
‘transparent” sound, as if the sound were coming through
the instrument, not from it? Is a violin made of such in-
substantial, ethereal substance as air or is it made of wood
of the forest, the gut of an animal. enevgized by the huir of
a horse’s tail, and controlled by the flesh and bones of human
fingers?” In a loudspeaker we want to reproduce this color
exactly but we try to do it with steel, magnets, phenolic paper,
and copper or aluminun. All things considered, we do re-
markablv well.

Perhaps what the gentleman really meant to sav was that
he didn’t like horn-tvpe tweeters (which was the tvpe we
were discussing in this instance) because he came back to
the subject in terms of horn tweeters versus direct-radiator
tvpes on the basis that “how can we expect a horn-type re-
producer to reproduce a violin-type instrument?” The an-
swer must be quite obvious at this point for we may counter
with the corollary guestion, “How mav we expect a direct-
radiator tweeter to reproduce a horn-tvpe instrument such
as a trumpet or French horn?” The complete answer is that
we may expect true reproduction of all mstrnments from
either tvpe of tweeter if the air pulsations produced by them
faithfully follow those produced by the instruments them-
selves.

Faithfulness of reproduction (fidelity) bears little or no
relation to whether the diaphragm is made of paper, plastic,
wood. or aluminum or whether it pulses the air around it
directly or by means of an acoustic transformer such as a
horn. The desired end effect. whatever the means used to
achieve it. is naturalness of reproduction in the form which
most closely simulates the original instrument.

IWide Frequenev Response
{ A

It is generally agreed that the wider the frequency re-
sponse. the better the svstem. Actually, though. a loudspeaker
system with an extremely wide frequency range and capable
of actually reproducing that range may not perform nearly
as well as another system of more restricted range.

The frequency response of a svstem is usually stated in
terms of some low- and some high-frequency limit, with the
tacit assumption that all frequencies in between these limits
are faithfully reproduced. Thus a typical specification may
read “30 cps to bevond aundibility.” Now, believe it or not,
there is hardly any hi-fi or even pseudo hi-fi speaker system
that will not reproduce this range if we do not take into ac-
count the cariations in output lecel at these extremes and
cven in the mid portions. One well-known and widely ac-
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cepted loudspeaker system lists its frequency response as:
38-1000 cps = 1% db, 1000-13,000 cps = 5 db, 15 db down
at 20 cps and at 17,000 cps. Now this is as straightforward
a statement as one is ever likely to encounter and, if we be-
lieve in the integrity of the manufacturer, we will accept it.

But, we will as readily accept the statement of an equally
reputable manufacturer who says his speaker system is “ex-
tremely smooth from 32 to 16,000 cps.” The basic fact that
we may extract from both sets of specifications is that the
svstems are designed for and are intended to reproduce the
very lowest of the audible frequencies.

By contrast another manufacturer, also of good repute,
lists two loudspeaker systems, one whose low end is stated
as going down to 30 c¢ps while the second one goes down to
only 70 cps. Since, in this case, the manufacturer himself
considers his second speaker to be limited at the low end,
we would probably skip this one in our listening tests if we
were looking for the very best in low-frequency extension.

We might ask why the manufacturer puts such a limited
low-end reproducer up for sale. The answer is that it costs
approximately $80 less than his better system and, to many
people, a saving of $80 per speaker for a stereo system re-
quiring two such units would amount to enough to buy an
amplifier, turntable, and cartridge of low to moderate cost.
In justice to the manufacturer, one might even be pleas-
antly surprised by such a “70-cps”™ system when compared to
less well-known brands that stretch their low-end specs to
the snapping point.

R(l.ﬁ'.\' R(’spon.s'(’

In checking bass response, we must first set some reference
for initial comparison. As a reference we would use a musical
selection which fully covers the entire listening spectrum vet
features passages and instruments in the low register.

For an initial high-level comparison, set the volume or
level control on the amplifier so that the loudspeakers are
plaving somewhat louder than yvou would normally tolerate
in vour living room. Under this condition the ear will be
equally sensitive to all frequencies, including the low ones.

When we have satisfied ourselves that the several systems
to which we are listening have good response under louder-
than-normal conditions, we may proceed with the “contour”™
test. Turn the amplifier level down in small increments and
at each level change listen to the various speakers for any
significant dropping off of the low frequencies in relation to
the middles. There may be no apparent change until the
over-all volume gets very low, but this point must be ap-
proached slowly. Soon the loudspeaker systems will be playv-
ing at a low enough level so that vou may really have to strain
to hear the low frequencies. However, if vou have the volume
turned down to the point where vou still hear the low bass
notes on one system and not on the other (even if vou are
plaving them softer than you would normally), then the
former has more bass response than the latter.

At this stage we may turmn up the amplifier volume con-
trol. This should immediately boost the low frequencies of
the system to the point where vou will not have to strain
to hear the bass. You mayv now verify the difference in bass
level response between systems by comparing them at the
same loudness level.

Low-Distortion Bass

Bass response, in terms of frequency extension, is only
really half a specification. Bass reproduction must be clean
and undistorted and here again we may use our ears to de-
termine, qualitatively, the difference in distortion between
speaker systems.

Distortion is generally related to the frequency being repro-
duced, to the power with which the system is being driven,
and the type and degree of loading. If figures for distortion
are given in a specification sheet, they should be stated in
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these terms. Naturally, if we are talking about a fully assem-
bled, complete system, then the baflling (or loading) is a
fixed quantity and the given figures would then take into
account only frequency and power. What these figures repre-
sent will be the ratio of (new) harmonics generated to the
original fundamental tone which gives rise to them—expressed
in per-cent.

A simple test for audible detection of harmonic distortion
is to choose one good low frequency—such as 30 or 40 cps—
and reproduce it first at a rather low output level, but not so
low that vou have to strain to hear it. Listen to this tane care-
fully, especially for its musical pitch (a musically trained ear
would be helpful here). Now make a sudden jump to a much
higher volume level. If there is no harmonic distortion, then
the pitch of the note will be practically unchanged, as will
the character of the tone. However, if there is any appreciable
degree of distortion, then the pitch will apparently be raised,
not fundamentally, but harmonically. There will be new up-
per harmonics (octaves) of the fundamental and as the
strength of these harmonics increases, there will be ar audible

g
change where vou will still hear the fundamental note but
now vou will hear a blending of a tone of at least an octave
higher, which gives the impression that the original pitch is
being raised.

This same effect may be observed in improperly balflled
speakers which produce a phenomenon usually referred to as
“doubling.” This is a very serious low-frequency defect where,
due to improper baflling and insufficient loading and damp-
ing, the speaker motion is excessive for its limits of linearity
and it begins to distort—producing a strong second or higher
order harmonic (which is why it is called “doubling™).

After tests have been made for low-frequency harmonic
distortion (using a few low-frequency tones, as fram a test
record), it would be a good idea to double-check with some
judiciously selected program material. When listening for har-
monic distortion, low, sustained musical phrases, such as deep
organ passages may be used. Such passages (preferably not
embellished with too complex chordal material—but simple
elemental low-frequency melodic strains), when first plaved
at low level and then at progressively higher levels will bring
to light such non-linear distortion, if it exists. As the sustained
musical phrases are plaved and volume is increased, sounds
that were not present when the system was operated at low
level may creep in. If they do. it is evidence of some type of
distortion—most likely harmonic distortion.

The importance of using different types of test material
cannot be overemphasized. Use selections with which vou are
familiar so that vou can judge the components rather than the
musical content—but use your familiar material with caution.
Be sure vou have good, clean, and reasonably new plaving
surfaces.

Cone Break-Up

A sustained low-frequency tone, or series of tones, is also
very valuable in checking a system for mechanical imperfec-
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tions such as buzzes, rattles. and noises arising from poor
workmanship. Furthermore. the availability of @ good many
freqquencies—especially aronnd the middle frequency region—
will prove valable in checking for anyv breuk-up character-
istics of the woofer section—if its range normally extends into
the middle frequencies.

Break-up is an odd form of distortion that is onlv generally
related to the orizinal driving frequencey and is not a nice easy
numerical multiple of it. Cone break-up is generally charac-
terized by a very harsh tone—easily audible in the mid-fre-
quency range and often higher than the driving frequency
—but within the general limits of an octave. Cone break-up
distortion may ocenr at two, three, or more discrete frequen-
cies with, strangely enough, no distortion at all between these
discrete points, Be assured that if hreak-up distortion is pres-
ent, vou will recognize it. You will hear, in addition to the
original tone, a sound similar to that made by a youngster
taking his first violin lesson—all horsehair and catgut,

The interesting thing about this type of break-up is that its
coming and going is sharply defined and the very narrow
bands of frequencies cansing this distortion are almost totally
unpredictable. The most prevalent frequency spread. within
which such cone break-up may occur for a 12” speaker. mav
be belween S00 and 1500 cps—with no way of telling at how
many points within this range break-up will occur. You just
have to explore this region very carefully with as many fre-
quency values as possible. If the svstem being tested has cone
break-up possibilities, thev will show up. You will surely de-
tect snch cone break-up if vou make use of the tvpe of test
record that has a constant glide tone that starts at one end of
the spectrum and slowly progresses to the other.

Intermodulation Distortion

Intermodulation (IND) distortion may be produced when a
single speaker diaphragm is called upon to reproduce very
loww and verv high notes at the same time—but only when
there is, initially, non-linear motion of the cone at low fre-
quencies. These non-linearities of the cone, when producing
low frequencies, are impressed on the high-frequency vibra-
tions of the cone and the high frequencies are modulated by
the low frequencies. Thus there is intermodulation of the fre-
quencies. Strangelv enough. the wider the frequency range
of a single speaker, the greater the possibility of intermocdu-
lation, if there are non-linear tendencics in the low-frequency
region.

There are test records available which have IM grooves
for the purpose of checking svstem dlistortion. If such a record
is available, by all means use it. If we remember that M
results from non-linearities in the system which show up more
predominantly when the system is being driven near its maxi-
mum, then when making tests for TM we will have to drive
the system at a higher-than-normal listening level if such dis-
tortion is to be pinpointed.

Applying the test signal from the record to a truly hi-fi
speaker system we should hear two clean notes—a low-fre-
quency tone and a high-frequency tone. As we increase the
power into the speaker, both tones will get louder and both
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will stay clean until the system is driven to a point where non-
linearity in the low-frequency excursion of the diaphragm
mechanism begins to intrude. If such a point is reached, then
the high-frequency note will begin to sound garbled and
fuzzy.

If we want to make this test, using musical material instead
of a special test record, then we must choose some tvpe of
selection where there are sustained low-frequency notes—like
the pedal notes of the organ, combined with a slow series of
upper-register notes of simple and relatively pure tone—like
those of the flute. If plaved at low level, the flute sounds clean
and natural but when the volume is turned up high, the Hnte
begins to sound harsh and rough—then in all likelihood there
is considerable IM distortion present in the system.

Multi-Speaker Svstems

At this point, readers familiar with loudspeakers may sug-
gest that perhaps this harshness might be attributable to the
tweeter being overdriven—and they may well be right. This
brings us to a very important reason why so many full-range
speaker systems are of the multi-component type, i.c., woofer-
tweeter or woofer-midrange-twecter, rather than a simple
wide-range unit in a housing. There is one obvious advantage
to a system where the audible band is broken up, with its
various portions reproduced by separate components. and
that is that it gives the user an opportunity to balance the
level of the various speaker components to suit either his ear
or the acoustic environment of his listening room. But, in ad-
dition, there are other and more important advantages to
multi-component systems.

These attributes lie in the area of reduced distortion. Inter-
modulation distortion will be greatly reduced because the
high frequencies—having their own reprodncer—will no longer
be physically or electrically dependent upon the action of the
wooter diaphragin. The independence of the tweeter from the
woofer will literally cut the tic that creates the intermodula-
tion of one by the other. Cone break-up may also be elimi-
nated or greatly reduced, especially in a woofer-midrange-
tweeter combination, if the input is rolled off sufficiently by
means of a crossover network before the break-up frequency
area is reached—an area which will now be covered by the
separate midrange unit.

Specifications that include references to a tweeter or mid-
range unit can, of course. be readily checked. There are
usually level controls for the midrange and tweeter and their
presence, usually in the back of the enclosure, is a pretty sure
sign that the unit is a multi-speaker system. If reference is
made to separate clectrical components and electrical cross-
over networks, then it is a true multi-speaker system.

If, however, there are no controls and the spec sheet calls
it a “multi-range” system, we have to interpret carefully for
there is another tvpe of wide-range speaker which employs
a dual cone arrangement, using what is called mechanical
crossover. This structure is simply a unit where one voice coil
drives a main woofer diaphragm and a small diaphragm
simultaneously. This small diaphragm, usually called a
“whizzer,” is fastened to the apex of the large diaphragm
and is helpful in giving a boost to the high end—but this is all
that it does. It does not reduce the prevalence of intermodu-
lation, it does not eliminate cone “cry,” nor is its performance
adjustable. Despite these shortcomings the two-way mechan-
ical-crossover type speaker, when properly designed and
built and installed in an enclosure to match it, may give a rea-
sonably good account of itself.

In conclusion, perhaps the day will come when we will see
the emergence of more meaningful specifications on loud-
speaker performance which will enable the purchaser to
make his selection almost on the basis of catalogue inspec-
tion. Since such a day is probably somewhat distant, in the
meantime the audiophile’s ear must be the final judge of
speaker system quality. Be sure to use yours to the fullest! A
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Surburban Area Reception
Problems are growing, but
you can turn them to your
advantage IF—you have the
new answers.

Once, a very, very short time ago
— before SARP—it was the dealers
in the far-out, weak-signal areas who
had a virtual monopoly on TV re-
ception complaints.

For dealers in suburbia (like you,
maybe), life was relatively uncom-
plicated. Color programming, after
all, was still in diapers—FM only a
2-letter word to most radio listeners.
FM Stereo? It was still an experi-
mental gleam in an engineer’s eye.

And then, practically overnight-—
WHAM!—comes the big change!
People suddenly buying COLOR TV
like mad. FM coming of age. And
with it, a rash of FM STEREO sta-
tions breaking out all over the com-
pass. That’s progress. That’s good.
But growth brought new complica-
tions. SARP!...Surburban Area Re-
ception Problems.

COLOR TV PROBLEMS

1. Gain “suckouts’ and dips. A color
antenna must have minimum varia-
tion on each channel. Extreme vari-
ations (“suckouts’” and dips) which
may hurt black-and-white perform-
ance to some degree—may positively
ruin color reception—by knocking
out one or all of the color signals.
Critical impedance matching is vital
since mismatch is the usual cause of
excessive gain variation.

2. Ghosts—they’re “murder” in col-
or, Black-and-white ghosts are often
tolerable—but in color TV ghosting
affects each frequency differently.
And that means each color. Some
are strengthened, some weakened,
some distorted, or lost altogether.

January, 1963

Sarp

SPELLS TROUBLE!

Ghosting occurs when the phase re-
lationships between each color car-
rier are upset by unwanted reflected
signals.

FM STEREO PROBLEMS

1. Loss of gain due to the 20 DB
signal loss inherent in the Multiplex
circuit in FM Stereo receivers.

2. Multi-path reception—signal re-
flections which distort and even nul-
lify the desired stereo effect.

3. Directivity control. Since, in
most locations, FM programs come
in from almost every direction, lis-
teners need an economical, yet effi-
clent way to get clear reception from
all these directions.

OLD ANSWERS WON'T DO!

Only new answers will do—and
Channel Master gives them to you
in today’s best-performing antennas
—every one featuring years-ahead
design that assures top performance
across the board—black-and-white,
color TV, and FM Stereo.

YES, CROSSFIRES IN THE
SUBURBS, TOO

The Golden Crossfires—especially
the largest versions-—are recognized
as the top fringe-area performers of
them all. But, as many dealers now
know, there are a number of smaller
models, scaled to solve the problems

Golden Crossfire

CHANNEL MASTER CORP.

CIRCLE NO. 105 ON READER SERVICE PAGE
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of every reception area—from the
strongest to the weakest.

These Crossfires—particularly the
7, 11, and 15 element models—are
today’s most popular suburban an-
tennas. Why? They offer more DB
per dollar; more gain for their size;
flat response (vital for good color);
exceptional directivity; perfeect im-
pedance match; plus higher FM gain
than any other TV/FM antenna.
The Crossfire makes good sales sense
for you. Because this line of 7 out-
standing antennas will meet every
reception challenge.

ANOTHER NEW ANSWER
—THE OMNI-RAY

Now you can have true directivity
control in an outdoor antenna on
both TV and FM-—without a rota-
tor. The Omni-Ray’s figure-8 pattern
can be electronically rotated in 2214
degree steps—with the indoor “Tar-
get Turner” switch. 10:1 rejection
ration means “Aim the beam” for
top power—‘‘aim the null” for ghost
rejection. No color “suckouts” and
dips. Impedance-matched. A beau-
tifully styled antenna that does a
big job at low cost.

By featuring these ‘new-
answer’’ antennas, you not
only solve your suburban
area reception problems;
you turn them to your advan-
tage—with more profitable
installations than ever,

Golden Omni-Ray RN -
Single Bay mode! 3620 -

ELLENVILLE,
NEW YORK
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all find Heathkit test equipment quality and

Industry Production and Design professionals put Heathkits
to work in their factories and laboratories for high perform-
ance at low cost. Typical Heathkits used are: 10-10 3" DC
Oscilloscope,$79.95 .. . IM-11,world’s largest selling Vacuum
Tube Voltmeter, $24.95 . ..1G-82, Sine & Square Wave Gen-
erator, $51.95...1P-32, Variable-Voltage Regulated Power
Supply, $56.95...1P-20, Hi-Current, All-Transistor, Regu-
lated Power Supply, $72.95...IM-30, Laboratory Transistor
Tester, $54.88...I1M-21, Vacuum Tube Voltmeter for preci-
sion AC measurements, $33.95.

62

Technicians around the world put Heathkits on their service
benches for rapid, precision measurements...complete
trouble-shooting facilities at lowest cost. Typical Heathkits
used are: IM-32, Service Bench Vacuum Tube Voltmeter,
$32.95...10-12, Wide-Band 5" Oscilloscope, $76.95...TT-
1A, Mutual Conductance Tube Tester, $149.95...15-62,
Color Bar and Dot Generator for Color TV servicing, $64.95
...1G-52, TV Alignment Generator, $54.95...1T-11, Deluxe
Capacitor Checker to test capacitors of all types, $29.95. .,
See the complete line in the Heathkit Catalog.

ELECTRONICS WORLD
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Who is Heathkit?

Heathkit is the pioneer and
world's largest manufacturer
devoted exclusively to the de-
sign and manufacture of do-
it-yourself electronic kits. All
our efforts are aimed at creat-
ing more kits, better kits,
easier-to-build kits.

What are Heathkits?

Heathkits are electronic equip-
ment in un-assembled form.
Ail parts are packaged in
convenient groups and com-
plete, easy-to-read, well-illus-
trated instruction manual tells
you how to put them together.
Heath offers over 250 kits from
simple portable radios to big
analog computers.

Who builds Heathkits?

Millions build Heathkits. Peo-
ple with absolutely no mech-
anical ability or knowledge of
electronics as well as skilled
electronic experts—all find
value, economy, fun, relaxa-
tion, and pride of accomplish-
Faadaia ok mentinHeathkits.You cantoo.

-~ -

SRR

Money Back =
Guarantee

Heath Company unconditionally guarantees that each
Heathkit® product assembled In accordance with our
easy-to-understand instruction manual must meet our
published specifications for performance or your pur-
chase price will be cheerfully refunded.

OO0

The famous Heathkit guarantee — This money back guar-
antee stands behind every Heathkit. It guarantees that you
are getting equipment of the highest quality that will provide
years of use and pleasure. Equipment second to none.
Heathkit— world pioneer in the exciting hobby of kit building.

p)

A e

)

S

FREE 1963 Heathkit Catalog. Send for your
free copy of this new Heathkit Catalog . . .itdes-
cribes and illustrates the complet2 Heathkit
Test Instrument line .. . units for every purpose
...units of highest quality at lowest cost.

economy stacks up hest e .
HEATHKIT ) senton Harber 15,

Michigan

Hobbyists of all kinds find Heathkit test equipment invaluable for by Daystrom

e
|
|
|
|
|
pursuing their hobties with refined techniques. Audiophiles, | [ Please send my free 1963 Heathkit catalog
amateur radio operators, kit builders of all kinds use these Heath- |
kits in their workshops: 10-21, General Purpose 3" Oscilloscope, |
$49.95. .. MM-1, Sensitive Volt-Ohm-Milliammeter for all-purpose :
measurements, $29.95...17-21, Tube Checker for fast tests of i
tubes cf all types, $44.95...1G-102, Radio Frequency Signal Gen- |

erator, $27.95...1G-72, Audio Signal Generator, $41.95...1P-12,
Low Ripple Battery E'iminator, $47.50. P
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T MAC’S
“  -ELECTRONICS
. SERVICE

77 . By JOHN T. FRYE

Brain Vacations

T was a dreary part of the vear. Thanksgiving had
crowded past with unsecemly haste. The season had al-
ready revealed its whole bag of weather novelties: snow,

sleet, freezing rain. and bitter cold: so now all it could do was
repeat these monotonoushy for three more months.

Barney, Number Two Man at Mac’s Electronics Service,
usually generated his own sunnv emotional c¢limate: but ap-
parently the letdown had reached even him. Anvwav. he
wasn’t whistling or humming as he frowned at a little a.c.-d.c.
radio chassis on the bench before him.

Additional vears had taken from Mae. working beside him,
the ability to zoom into the stratosphere of joy at the slightest
provocation; but, in compensation, these same extra yvears had
toughened the older man’s spirit so that it was much harder
to depress. Mac, therefore. was feeling about as nsual as he
glanced sideways at his morose assistant and asked:

“What's the matter. Buster? You got problems?”

“Tust a teensv-weensy one,” Bamev replied sarcastically.
“Either T need a vacation, or I'm losing myv mind. The cus-
tomer complained this little radio had no pep, and he was
right. Only the local station could he received with good
volume. Tt didn’t take Tong to discover the d.c. voltage was
down to about fifty volts: so I replaced the 33\W4. That ap-
parenthy solved the difficulty. for when T turned the radio on.
it played loud and clear all the way across the dial. Just to be
stire. though—the result of the both-helt-and-suspenders train-
ing vou have drilled into me—1 let the set playv for a while on
an out-of-town station. After four or five minutes, the volume
began to go down very, very gradually, At the end of fiftcen
minutes. reception was almost as poor as when the radio came
into the shop; and the d.c. voltage was down to fifty-five volts.

“The first thing T did was try another 35\W4. Same differ-
ence. I reasoned something must be pulling the voltage down
as the set warmed up. It could be a defective filter or other
capacitor that became increasingly leaky after voltage was
applied or perhaps a tube that gradually lost its bias and
drew increasingly excessive current. To check on mv theory,
[ lifted the lead from the cathode of the rectifier and inserted
a milliimmeter in series with it. That blew my theory all to
heck: the current went down with the dropping voltage in-
stead of up. See why I say I need a vacation, mavbe in a
laughing academy?”

Instead of replying, Mac pursed his lips thoughtfully while
he glanced over the little radio and then picked up the cabinet
and looked at the bottom of it. His mouth relaxed into an
aruused smile. He took a new tube from stock and substituted
it for the 35W4 iu the set. The radio soon hegan to play much
louder than before. Bamey waited expectantly for a drop in
volume, but the minutes ticked by without the least faltering
in performance.

“Now wouldn't that clam yvour chowder®” Barney asked
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disgustedly. “1 had to get two bad 33W4s in a row. The
chances of that happening must be about one in a million
at least.”

“It didn’t happen now, either,” Mac said softly. “Take a
look at the number on that tube I put in.”

Barney took a quick glance at the tvpe number on the tube
and then snatched up the cabinet and stared at the tube dia-
gram pasted to the bottom while a flush of embarrassment
spread over his face.

“A 36ANM3" he exclaimed; “and all the other tubes are
100-ma. filament types, too. How stupid can vou get! But a
33\W+4 ways in that socket when the set came in. See; vight here
it is.”

“I don’t doubt it. A vacation is vour trouble. all right; but
it's not that vou need one; vour brain took one. You made
the common technician error of believing the tube vou found
in a socket was the one that belonged there. This has alwavs
been a dangerous assumption, and it's doubly so during these
davs of drug store do-it-vourself tube checkers.”

“I should have been suspicious.” Barney castigated himself.
“Now 1 recall the customer’s mumbling something about hop-
ing we did a better joly on the little radio than the last shop
that had it. But we hear that so often I just dismissed it from
my mind. Why do vou suppose that other joker switched
rectifiers?”

“He may not have had a 36AM3 and sloppily decided he
could “get hy™ with a 35W4, or he mav have been ignorant
enough to believe the tubes directly interchangeable becanse
they have the same base diagram and roughly approximate
characteristics. except for filament current. With all filaments
cold, the resistance of the 35\Wd filament was fairly close to
that of the 100-ma. filaments in series with it. When voltage
was applied across the cold string, it divided up among the
filaments in abont the proper ratio.

“That’s why the 35\W4 cathode got hot enough to do a fair
job of emitting right at first. Once the filuments were thor-
oughly heated, however, the resistance of the 100-ma. jobs
increased considerably bevond that of the 1530-ma. 35W4
filament. and more and more of the total line voltage was dis-
tributed across the high resistance filaments while less and
less of it appeared across the 33\Wd4. The rectifier filament
began to cool down, and this aggravated the condition still
more. That’s whyv the radio was a good starter but a poor
finisher. The other technician may never have let the set play
long enough to find this out.”

“I'm pretty dumb, all right,” Barney admitted with a rueful
grin.

“Not necessarily,” Mac said quickly. “All of us appear
quite stupid at these times when our hrains seem to take a
vacation, hut none are immune to the cexperience. Sometimes
we are blinded by a preconceived notion; again we let our
limited experience overwhelm the evidence of dircct observa-
tion; more often than not we simply neglect to consider all
the possibilities. The end result, especially when illuminated
with hindsight, is that we seem—and temporarily arc—very
foolish. We can’t hope to avoid this trap altogether, hut the
trick is not to fall into it too often.

“Let me give vou a little ferinstance from my own recent
experience. A couple of davs ago while replacing the filters
in an a.c.-d.c. set I noticed the =47 pilot lamp was out. I put
in a new one but it didn’t light. Tt’s not too unusual to find a
new lamp with a broken filament, but a simple continuity
check revealed this filament wasn’t open. Next I examined the
socket very carcefully. It was okay. The spring was good; the
contacts were not corroced; the leads from the rectifier socket
to the lamp socket weven’t broken or shovted together, and
they did connect to pins 2 and 3 of the 35Z5GT socket. 1 re-
placed the lamp and turned the set on. A voltage check be-
tween pins 2 and 3 of the rectifier revealed no voltage.

“‘Ahal 1 said to myself: ‘something is wrong with the
35Z3GT. But changing rectifiers made no difference. Leaving

ELECTRONICS WORLD
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the new 1963 Master
helps engineers,
servicemen, buyers,
hobbyists

g Saves ‘“shopping’’ and buying time—
truly an electronics supermarket, describes
and illustrates 185,000 products made by
more than 300 manufacturers. You can pur-
chase direct from its pages.

:2;3 Aids in selecting the best product —
comparison of specs, features, prices of
many makes of similar type products is
simplified.

‘3 Leads to extra service income — in
addition to radio-TV products, The MASTER
details thousands of products for profitable
hi-fi. sound and industrial servicing.

Includes new servicing items — sub-
miniature and printed circuit components,
color TV and hi-fi test instruments.

"@ Guides hams in selecting best equip-
ment to get the most out of their hobby —
shows latest SSB, mobile and CB gear.

@ Spells better kit building — contains
thousands of useful items not contained
in_smaller, incomplete catalogs.

Short-cuts delivery time — products
shown in The MASTER are available from
local distributors — just a phone call away.

@ Saves design time — the product
you are looking for is illustrated and com-
pletely described with specs and prices.

‘Q) Cuts production costs—widest selec-
tion helps you locate standard items that
meet requirements. Eliminates need to
order a custom item.

y@Locates the product you want in
seconds — 32 product sections thoroughly
indexed make world's biggest electronic
catalog also easiest to use.

Simplifies foreign tube substitutions
— NEW Foreign Tube Interchangeability
Guide cross-references virtually all foreign
tubes to their American types.

NEW
1963
J EDITION

1680 pages...get your
copy today from your
distributor, only $3.95

tu Canuda 53.95

The Radio-Electronic MASTER
645 Stewart Ave. o Garden City, N. Y.
CIRCLE NO. 140 ON READER SERVICE PAGE

the a.c. voltmeter attached to the recti-
fier socket, I removed the lamp to exam-
inc the bavonet socket once more. As I
did so, out of the corner of my eye I saw
the meter pointer swing up to a reading
between 7 and 8 volts. ‘Obviously,” 1
thought to myself, ‘the socket is shorting
internally when the bulb is in place.” 1
wasted the next fifteen minutes trving to
prove this, but could not make the short
reappear without the dial lamp in place.

“Finally I did what T should have
done in the beginning: I tried another
dial lamp. It burned perfectly normally.
[ checked the resistance of the bulb 1
had first—not just the filament continuity
as before. It was zero. Simply because I
had never run across a short-circuited
dial Tamp in a third of a century of serv-
icing, 1 wasted a good half hour on a
difficulty that could have becen solved
in ten seconds just by trying another
dial bulb.

“I suppose the manufacturer in at-
taching the bulb to the base had some-
how crossed the filament leads or shorted
them out with a drop of solder.”

“Boy oh bov!” Barnev ejaculated,
brightening visibly; “vou certainly make
me feel better. 'm encouraged to tell
vou now something I've been ashamed
to admit before. Last weck I turned on
our TV at home to see the Bonanza show,
and about all I got from the speaker was
a roaring hum that chopped up the audio
and persisted in spite of any setting of
the volume control, For a month T had
been noticing some vertical bending on
the screen; so I didn’t even bother to take
the back off the receiver. Very obviously

the filter capacitors that had been ow
their way out had opened up altogether.
Feeling very disgruntled, I switched off
the set and spent the rest of the evening
reading magazines.

“The next morning I pulled the chassis
and lugged it down here to the shop
bright and early before you came to
work. I decided to turn on the set and
bridge the filter capacitors with a good
unit one at a time to see if they were all
kaput or not. As soon as I flipped that
switch, I was willing to sell myself very
cheap. One of the output tubes lit up liks
a neon sign with a flickering violet-col-
ored light. T don’t think I ever saw a
more gassy tube. Replacing it took away
every trace of hum. And the vertical
bending was quickly traced to a tube
with heater-to-cathode leakage. There
had been no connection between the two
symptoms in spite of my best effort to
marry them. Since I have a complete set
of replacement tubes at home, I could
easily have had that set going before
Hoss finished his welcoming grin.”

There was silence in the shop for a
few minntes while Barney and Mac
smiled at each other sympathetically, Fi-
nally the older man summed things up:

“I guess you might say experience got
into our way in all three of these cases.
Experience is an indispensable aid to a
service technician, bnt it can play tricks
on him if he considers it complete and
infallible. Nobody has enough experi-
ence to merit those two adjectives. The
best experience is the kind that keeps
saying to vou: ‘Usuallv—but not al-
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ways!

A.C. VOLTAGE-CONVERSION CHART

REQUENTLY, the technician, ex-
perimenter, or servicemat must con-
vert the value of an a.e. voltage from its
usual romes, figure to either a peak or a
peak-to-peak value. This is especially true
when substituting silicon rectifiers and
when choosing capacitor voltage ratings,
While the conversion can be made by
multiplying the r.m.s. value by the appro-
priate conversion factor, it is often handy
to be able to determine the voltage by
means of a nomogram. When only an
approximate value is required, use of
such a chart expedites matters consid-

erably for the busy service technician,

The chart below makes the conversion
to or from either value. To use it, simply
draw a straight line from the known volt-
age through the desired conversion point
to the other voltage scale and read the
equivalent voltage from that scale, The
romes, values are on the lower scale and
peak and peak-to-peak values are on the
upper scale,

In using the chart, note that values
have been normalized. Divide or muhtiply
actual voltage by 10, 100, or 1000 as r:

quired.

Ot 2 3 4 5 6 7 8 9 10 U4 12 13 14 15 16 17 18 19 20
R S T S S T S T U S T S M G N (N S (|
—+r +r r r o+ttt 1

R.M.S. +—@—+ PEAK

R.M.S.+—@— PEAK-TO-PEAK
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EMERGENCY
CALL SYSTEM
for HIGHWAYS

Hand-cranked radio xmtr
sends coded signals to
summon police or service.

N EMERGENCY call system for

use along the nation’s highways and
toll roads is now undergoing field tests
on a 5-mile section of the Garden State
Parkway in New Jersey. The signalling
system, known as “Turn Call,” consists
of a number of roadside transmitter
units by which motorists may institute
calls tor police or service trucks. Receiv-
ing equipment is located at 15-20 mile
intervals to relay or directly connect the
coded information to the communica-
tions center where the call is decoded,
displayed, and used to send appropriate
help on its way.

The call boxes, located on poles
alongside the road, use a hand-crank
generator to supply electrical power to
the transmitter and activate the code
wheels. Each transmitter operates on
about 160 mc. and dclivers around 2
watts of r.f. to a yagi antenna that is
located atop the mounting pole. The
code wheels produce frequency-shift
keving of the FM transmitter. One
coded signal is used to summon police
and ambulance; another is used for an
auto repair service truck.

FM reccivers pick up. detect, and
pass the message on to a decoder-dis-
play unit using either existing communi-
cations or direct connection into the
decoder-display unit. The message is
retained on a visual display at the re-
ceiver until reset by the operator. The
system was developed by the ITT Kel-
logg Communications Systems Divi-

sion. A

“Turn-Call'" transmitter is attached to an

antenna pole alongside a remote highway.
When crank is turned, an automatic radio
signal is sent out calling for police or
service trucks depending on the need and
the type of signal selected by the knob.

ey
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FANTASTIC VALUE IN CLOSED CIRCUIT TELEVISION
BRAND NEW—COMPLETE SYSTEM SHOWN

LOW - LOW $495.00

Complete system with all
tubes—wired and tested.
Lless Vidicon and Llens—
with Schematics (connect-
ing cables and plugs only
—supplied, but not as-
sembled)

CONTROL MONITOR
12 Tubes & 21DAP4

Approximately 1/10 Mfg. Sug. Resale Price ONLY $649.50
Complete system with test
vidicon, lens, and as-
sembled cables, schematics,
wired and tested.

POWER SUPPLY
11 Tubes & Transistor—31.5 K¢
Crystal Controlled Oscitlator

EIA Standards of 525 lines, 60 Fields, 30 Frames and 2:1 interlace—Aspect
Ratio 7:3—Capable of 700 lines Horizontal resolution and 350 Lines Vertical

Write for Caotaleg z1273—'‘HOW TO BUILD A LOW COST TV CAMERA, "
Camera; and equipment, Miscellaneous accessories, lenses, tripods, etc.

4 Tubes & VID

Industrial and Broaccast
ONLY 50¢

DENSON ELECTRONICS CORP., Box 85, Rockville, Conn. Telephone TRemont 5-5198
CIRCLE NO. 108 ON READER SERVICE PAGE 67
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FREE CATALOG #962
with oscillator
circvits

Citizen Band Class "D” Crystals

CITIZEN BAND CLASS "“D” CRYSTALS
3rd overtone — .005% tolerance — to
meet ail FCC requirements. Hermetically
sealed HC6/U holders. '2” pin spacing.
.QSO) pins. (Add 15¢ per crystal for .093
pins
All 23 channels in stock: 26.965, 26.975,
26.985, 27.005, 27.015, 27.025, 27.035, 27.055,
27.065, 27.075, 27.085, 27.105, 27.115, 27.125,
27.135, 27.155, 27.165, 27.175, 27.185, 27.205,
21.215, 27.225, 27.255.
Matched crystdl sets for ALL CB units (Specify equip-
ment make and model numbers) ... $5.90 per sel

CRYSTALS IN HC6 U HOLDERS

SEALED OVERTONE
.486 pin spacing — 050 diameter — .005% tolerance

1510 30 MC $3.85 ea.
30 to 45 MC $4.50 ea.
45 to 60 MC $4.50 ea.

FUNDAMENTAL FREQUENCY SEALED

From 1400 KC to 2000 KC
.005% tolerance
From 2000 KC to 10,000 KC,

any frequency, .005% tolerance ........._...... $3.50 ea.

RADIO CONTROL

Specify frequency .05 pins spaced 12"
(Add 15¢ for 093 pins) ..

QUARTZ CRYSTALS
FOR EVERY SERVICE

All crystals made from Grade
“A’” imported quartz—ground
and etched to exact frequencies.
Unconditionally guaranteed!

Supplied in:
FT.243 holders

Pin spacing 15"
Pin diameter 093

CRIA/AR holders

Pin spacing 1"
Pin diameter .125

$2.95 e

MC-7 holders
Pin spacing 3"
Pin diameter .125
FT-171 holders
Pin spacing 3"
Banana pins

MADE TO ORDER CRYSTALS . Specify holder wanted

1001 KC to 1600 KC: .005% tolerance ..$4.50 ea,
1601 KC to 2500 KC: .005% tolerance . $2.75 ea.
2501 KC to 9000 KC: .005% tolerance . $2.50 ea.
9001 KC to 11,000 KC: .005% tolerance . $3.00 ea.

Amateur, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701-
3749 KC) 40 meters (7152-7198 KC), 15 meters
(7034-7082 KC), 6 meters (8335-8650 KC) within 1 KC
FT-241 Lattice Crystals in all frequencies from 370 KC
to 540 KC (all except 455 KC and 500 KC) __.. 50¢ ea.
Pin spacing %2 Pin diameter .093

Matched pairs — 15 cycles . . $2.50 per pair
200 KC Crystals $2.00 ea.
455 KC Crystals $1.25 ea.
S00KC Crystals ... - $1.25 ea.
100 KC Frequency Standard Crystals in

HC6/U holders ... . ...

Dual Socket for FT-243 Crystals .
Sockets for MC-7 and FT-171 Crystals
Ceramic Socket for HC6/U Crystals ._

ENGINEERING SAMPLES and small quantities for prototypes
now made at either Chicago or Fort Myers plants with 24 hour
service. IN CHICAGO, PHONE GLadstone 3-3555

IF YOUR PARTS DEALER DOESN'T STOCK Texas Crystals,
order direct and send us his name.

TERMS: All items subject to p-ior sa e and change of price
without notice. All crystal orders inust te accompanied by check,
money order or cash with raymeat in full.

RUSH YOUR ORCER NOW TO

¥ TExas crysTaLs ¥

Div. of Whitehall Electronics Corp. Dept. (R-13)
1000 Crystal Dr., Fort Myers, Fla. Phone WE 6-2100

FOR SHIPMENT VIA FIRST CLASS MAIL AT NO EXTRA
COST ATTACH THIS ADVT. TO YOUR ORDER!

CIRCLE NO. 146 ON READER SERVICE PAGE
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Radio & TV News

Events in the Service Industry

PUTTINC THE service technician in

a test tube and analyzing him must
hold a special fascination: it is probably
the industry’s favorite pastime. One rea-
son is the fact that there is less undeni-
ably reliable information than is available
for similar studies in other fields. This
gives the mind more speculative room
over which to range.

For example, we have seen reports on
the number of service shops in this coun-
try that range from 30,000 to 70,000.
Each comes from an intelligent and re-
sponsible source that is trving to do the
best with whatever evidence is available,
Accuracy aside, however, each inter-
pretation manages to turn up its own
points of interest and value.

Certainly there will be interest in the
opinion of the executive director of the
National Alliance of Television & Elec-
tronic Service Associations, Frank TJ.
Moch. He sets the figure of “legitimate,
properly equipped places of business” at
32,000. The terminology is significant.
What do you count as a service shop?
Perhaps some of the estimates of 70,000
(and higher) confer the designation on
anvone who earns some part of his in-
come from service and has set up a bench
in his basement. On the other hand, the
low figure of 30,000 comes from an in-
dividual who believes that anyone with
less than $10,000 invested in stock and
equipment cannot be enough of a factor
to be counted. Perhaps his definition is
more restrictive than Moch’s.

Be that as it may, the NATESA
spokesman goes on to state that these
shops account for a technical work force
of 83,000 men, and that the total hours
devoted exclusively to service work come
to 3,976,000. If he is correct and means
hours per week, as seems to be the case,
the average man puts in a 72-hour stint.
That seems rather unlikely. Perhaps he
means some of these homrs to include the
group next mentioned, the “50,000 in-
dividuals who do some service work on
a catch-as-catch-can basis working an
indeterminate amount of time.” Alto-
gether, then, there would be 133,000
men involved to some degree and at
some level of competence.

Further, more than 68 per-cent of the
businesses are one-man (or “papa and
mama”) affairs, which means that serv-
ice facilities are broadly distributed. In
fact, Moch judges, almost 98 per-cent of
all service establishments involve fewer
than four men. An exact statement on
this point is made difficult, however, be-
cause of his belief that most shops do use
the services of part-time men who have
regular jobs elsewhere in electronics. But
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this practice does reflect the need for
more trained people in the field, a need
that has come about because qualified
people have had to leave service for more
rewarding pastures. In this connection,
he finds that the average earnings of a
service technician come to less than
$82.00 per week.

There is quite a bit to think about
here,

Assembly Reliability

The feeling of distrust that has accom-
panied the use of printed boards, at
least at the outset, as compared to hand
wiring was often based on the belief
that a hand-wired chassis was more re-
liable. Looking back after a few years
of experience, RCA indicates that the op-
posite may be true. Accumulated data
on receivers using the boards show that
—wiring aside—the individual compo-
nents used in printed sets seem to hold
up better. How so, since they are basi-
cally the same components used in hand
wiring? It seems that the stress to which
components are subjected when first
soldered into the circuit has bearing on
their ultimate life. They appear to take
less of a beating from the dip-soldering
methods used where boards are involed
than from hand soldering.

Shoe on the Other Foot

According to the “Newsletter” of TSA
of northeastern New York, pharmacists
and drug stores in that area are actively
promoting a new slogan: “Buy Drugs in
Drug Stores.” It seems they are being
hurt by the fact that aspirins, toothpaste,
vitamins, et al. are available from super-
markets, notions counters, mail-order
firms, et al. What makes this so ironic
is that, in the modern drug store, one
has to duck around displays of toys,
books, records, foodstuffs, hardware, et
al. in search of the prescription counter.
Drug stores have taken the lead in this
sort of “diversification.” In fact, as any
irate service dealer can tell vou, the first
thing vou will trip over is the do-it-your-
self tube tester near the door. Et al.

‘‘Stamping’’ Out Competition

One of the real hot-under-the-collar
items for service people during the past
year was the rash of merchandising
schemes for giving away “free” TV sets,
via “instant dividend” plans, food-store
stamps, and the like. Bidding for in-
creased tube sales, Sylvania is now offer-
ing dealers green stamps through par-
ticipating distributors, Oh well, a gim-
mick itself is neither good nor bad. It’s
the way it's used that counts. A

ELECTRONICS WORLD
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Lecarn RA
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Electronics is the outstanding career field of
the 1960’s. There are more better-than-aver-
age opportunities in Electronics than in any
other field—openings for which you could
qualify through NRI training. Thousands of
men like yourself have stepped up to good
money in Industrial Electronics, Radio and
TV Broadcasting and Radio and TV Servicing
with NRI training.

Make More Money Soon

If you decide to be a Radio-TV Service techni-
cian, NRI training can help you step up your
income soon after you enroll. We show you how
to apply your knowledge to make extra cash in
spare time doing Electronic repairs or servicing
radios and TV sets for friends and neighbors. If
desired NRI assists you in job placement when
you’re ready. In short, whatever branch of
Electronics you select, NRI is well qualified to
help you grow in your new career . . . in useful-
ness, in prestige, in monetary gain.

Tra_i_n With The Leader

"
=
=
¥
=
“

W

NRI is America’s oldest and largest home-study
Radio-TV, Electronics training school. For
nearly half a century NRI has maintained the
confidence and respect of students, graduates
and the Electronics Industry by constantly sup-
plying practical, complete, up-to-date home-
study training at a cost most everyone can
afford. Read the capsule descriptions of NRI
courses on the other side of this page. Then, mail
the postage-free card today for the FREE NRI
CATALOG. National Radio Institute, Wash-
ington 16, D. C.

DI© T
JCIRONICS

by Practicing at Home
in Your Spare Time

Equipment You Get Makes
Training Faster, Easier

NRI

The NRI “train-by-doing” method, using special training equipment, is the
time-proved way to assure advancement or to turn your hobby into a new and
profitable career in the fast-growing field of Electronics. All NRI courses, except
FCC License training, includes special equipment at no extra cest. You build
circuits and work experiments. Theory you study comes to life in an interesting,
easy-to-grasp manner. NRI catalog pictures and describes equipment you get.
Mail the postage-free card for more facts about NRI training and opportunities
awaiting you in Electronics, Radio-TV.

Cut Out and Mail—No Stamp Needed

NATIONAL RADIO INSTITUTE ===

r‘__._'_,__-,...---u-ﬁﬂ‘ [
WASHINGTON 16, D. C. EM ,.‘.h Amaliﬂg’
Please send me your Electronic, Radio-TV catalog | e
without cost or obligation. I am interested in the course | F. e‘d Of
E|\ tronics

checked below. (Nosalesman will call. PLEASE PRINT.) |
|

[ Industrial Electronics
[ Radio-TV Servicing
[ Math for Electronics

O FCC License |
[ Mobile Communications |
[ Aircraft Communications

[ Communications (Complete) [ Marine Communications

Name Age
Address
City Zone State

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
Approved for Veteran's under Korean Gl Bill

g 51”
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PICK THE CAREER YOU WANT

IN THE WONDERFUL FIELD OF ELECTRONICS
TRAIN AT HOME WITH THE LEADER

INDUSTRIAL ELECTRONICS TELEVISION-RADIO SERVICING

(INCLUDES COLOR TV)
NRI’s time-tested course in

24 Prepare for a career as an Elec-

tronic Technician in industry, Servicing not only trains you to
fix radios, TV sets, hi-fi, etc..

but also shows you how to earn

business, government, the mili-
tary, with this NRI course in
Electronics-—Principles, Prac- spare-time money starting soon
tices, Maintenance. Computers, after enrolling. Fast growth in
telemetry, automation, missiles, number of sets, color-TV, stereo,
rockets all employ the same means money-making oppor-
basic principles . . . and that is tunities in your own spare-time
what this NRI course stresses or full-time business or working

with illustrated lessons, special for someone else. Special train-

training equipment. ing equipment included.

TV- RADIO COMMUNICATIONS FCC COMMERCIAL LICENSE

In the NRI Communications
rience who want to operate or
service transmitting equipment
used in broadcasting, aviation,
marine, microwave, facsimile or
mobile communications. A Serv-
# ice Technician is required by law
to have an FCC License to work
f on C-Band, other transmitting
equipment. From Simple Cir-
cuits to Broadcast Operation,
this new NRI course trains you
quickly for your Government
exarms.

ALSO: Special courses in Mobile Communications; Aircraft

. S E E OTH ER S I D E - :::‘";::::::::‘;:’ Guidance; Marine Communications;

Today, a career in Electronics offers unlimited oppor-

course you get actual experience
as NRI prepares you for your
choice of Communications fields
and an FCC License. Com-
mercial methods and techniques
of Radio and TV Broadcasting;
teletype; facsimile; microwave;
radar; mobile and marine radio;
navigation devices; FM stereo
multiplexing are some of the
subjects covered. You work with

special training equipment.

-1 . X ) .

tunity. Job counselors advise, ‘“For an interesting

F'RFS,;RE‘LI'T“SS career, get into Electronics.” The National Associ-
NO. 20-R ation of Manufacturers says, “There is no more in- .

{Sec. 34.9, P.L&R) teresting and challenging occupation in American

W ashington, D.C. . s
industry.

When you train for a carcer in Electronics through >

NRI home-study methods your home becomes your
classroom, and you the only student. You pick your
own study hours, study when you want, as long as
you want. No need to give up your job or go away to
school. And there are no special requirements of pre-
vious Electronics experience or education. Train
with the leader. Your NRI training is backed by
nearly 50 years of success. Mail the postage-free
card. National Radio Institute, Washington 16, D.C.

{ Mail Postage-Free Card

BUSINESS REPLY MAIL

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

POSTAGE WILL BE PAID BY

NR' National Radio Institute
3939 Wisconsin Avenue
Washington 16, D.C.
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ELECTRONIC
CROSSWORDS

By LUTHER A. GOTWALD, JR.

(Answer on

page 103)

ACROSS

. Attenuator circuit.
. Device used to detlect unscen

objects.

DOWN
. Particle.

w o N

. German article.

. Transformer output.

5
8. TV frequencies (abbr.). ) -
11. Rare silver-white element EtEipeclutilizedsby nindars
(abbr.). 7. One of the press associations
12. Likely to use radar. tabbr.).
3. Malayan ape. 8 Body of Moslem scholars (Ara-
14. Used in calibrating in the field. bie spelling) .
15. Circuil employed in most com- 9. Chapeau.
puters. 10. It's usually given in cycles-per-
17. Sacred song. second.
20. Many radar units are this. 15. Melancholy.
29 Southernmost U.S. land mass. 16. One of the backflield (abbr.).
24, Unit of time. 18. Unit of time (abbr.).
26 What radar senses 19. Grid mounting on lighthouse |
’ ) ] : tubes.
28. English dipthong. 20. Indian of the Mayan tribe.
29. Tube that reduces the effeci of " ey
amplitude modulation. 21. Colorful songbird.
32. At full speed. 23. Fencer's cry.
32, A grain of cereal grass. 25. Recion in Southeast Asia
31. Young fish. (abbr.).
35. Local official servant (abbr.).  27- The male red deer.
37. An officer (abbr.). 30. Make ecdging.
38. One of the "Little Women.” 31. And {Latin).
40. To sleep titfully. 36. African antelope.
42. WWoman's name. 38. Unlimited.
44. Order of animals (suflix). 39. Combines oscillator and echo
45. To contrive by various make- signals.
shifts. 41. Nought.
46. Hawallan baking pit. 42. East Indian tanning trec.
47. River in Hades. 43. Consisting of two parts.
48. Capek's play about robots. 44. Pronoun.
49. Circuit which blocks low-level 44 A Federal agency (abbr.).
extrancous signals. . 7 )
51. Good (prefix). i" 11?e1<1l SRIINE;
53. Circuits where lighthouse tubes 50. Unit of measure (abbr.).
are used. 52, You and me.
r J2 I3 a [5 [6 7 g [o fo
1l 12 13
[E] 15
16 17 18
19 20 21 22 23
24 |25 26 27 28
29 30 |31 32
33 34
35 |36 37 38 |39
40 41 42 |43 44
45 46 47
48 49 50 51 52
53
January, 1963

OLSON

ELECTRONICS, ING.
N T o’uguwﬂ

QUALITY

DISCOUNT
HOUSE !

DISCOUNT STORES IN:

AKRON, OHIO _ 69 W. State St.
ATLANTA, GA._______485 Peachtree St., N.E.
BUFFALO, N.Y. 711 Main St.
CHICAGO, ILL._____ 4101 N. Milwaukee Ave.
CHICAGO, ILL. 123 N. Western Ave.
CHICAGO, ILL. 2641 W. 95th St.
CLEVELAND, OHIO 2020 Euclid Ave.
CLEVELAND, OHIO 6813 Pearl Road
COLUMBUS, OHIO 142 N. High St.
INGLEWOOD, CALIF.__4642 W. Century Blvd.
MILWAUKEE, WISC._______ 423 W. Michigan
PITTSBURGH, PA._________ 5918 Penn Ave.
PITTSBURGH, PA.__3405 Saw Mill Run Bivd.

8 FREE Olson Discount Catalogs

NOW! Come in to any of Olson’s 13 Electronic Discount Stores and
see the tremendous NAME BRAND Electronic Bargains! You'll find
SPEAKERS — CHANGERS — TUNERS — AMPLIFIERS — CB EQUIP-

MENT — TOOLS — TUBES — CONDENSERS — KITS, etc., all at
money saving low prices! If you live beyond our store areas, fill
out coupon below and receive Olson Electronics’ Discount Cmolog
FREE for one full year. All Hi-Fi end CB ot o Discount Price

w10, OLSON ELECTRONICS, INC.

637 S. Forge St., Akron 8, Ohio

MAIL TO:

NAME
ADDRESS
CIty

STATE

CIRCLE NO. 134 ON READER SERVICE PAGE
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BOGEN!

WORLD’S LARGEST
SELLING P.A.
AMPLIFIERS

. s, ™

broadest line

BT o

1 R
L iy 4 ]
[ et i
F s

$6¢5 C

",-&:’:‘V v-!

fine_s_i_: _fldelity

Iongest Ilfe

(Write for free P. A. file.)

BOGEN

COMMUNICATIONS DIVISION

W1 PARAMUS. N.J. ®
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LEAR SIEGLER, INC.

JANUARY 8-10,

1963
Millimeter and Submillimeter Conference. Spon-
sored by the Orlando section of IRE and PGMTT-

IRE. Cherry Plaza Hotel, Orlando, Florida. Pro-
gram information from J. W. Dees, Martin Co.,
P.O. Box 5837, MP-172, Orlando, Florida.

JANUARY 21-24

Ninth National Symposium on Reliability and
Quality Control. Sponsored by PGRQC, Los An-
geles Section of IRE. Program information from
L. W. Ball, Boeing Co., P.O. Box 3707, Seattle 24,
Washington.

JANUARY 21-31

The 1963 Engineering and Management Course.
Sponsored by University of California. Los An-
geles Campus. Intensified 10-day short course,
8 a.m.-5 p.m. daily (excluding Sunday). Brochure
on course available from Reno R. Cole, Coordi-
nator, Room 6288, Engineering Unit |1, University
of California, Los Angeles 24.

JANUARY 22-26

Fourth Annual ERA National Convention. Spon-
sored by Electronic Representatives Association.
Mark Hopkins Hotel, San Francisco. Details from
ERA Headquarters, 600 South Michigan Ave.,
Chicago 5.

JANUARY 30-FEBRUARY 1

Fourth Winter Convention on Military Electronics.
Sponsored by PGMIL and Los Angeles Section of
IRE. Ambassador Hotel, Los Angeles, Calif. Pro-
grom information from IRE Los Angeles Office,
1435 La Cienega Blvd.

FEBRUARY 8-10

1963 Pacific Electronic Trade Show (PETS). Spon-
sored by Association of Electronic Distributors.
Shrine Exposition Hall, Los Angeles. Details from
Association, 10480 National Blvd., Los Angeles
34. Att: Charlie Silvey, executive vice-president.

FEBRUARY 11-15

Third International Symposium on Quantum Elec-
tronics. Sponsored by IRE, SFER, ONR. Unesco
Building & Parc de Exposition, Paris, France. Pro-
gram details from Madome Cauchy, Secretaire, 7
rve de Madrid, Paris 8me, France.

FEBRUARY 20-22

International Solid State Circuits Conference.
Sponsared by PGCT, AIEE, Philodelphia Section
of IRE, University of Pennsylvania, Sheraton Hotel
and University of Pennsylvania, Philadelphia, Pro-

gram information from S. K. Ghandi, Philco
Scientific Lab, Blue Bell, Pa.

MARCH 25-27

Convention on H.F. Communication. Sponsored

by the Electronics Division of the Institution of

Electrical Engineers. Program information from
Secretary, |EE, Savoy Place, london, W.C. 2,
England.

MARCH 25-28

IEEE Iniernotional Convention. Sponsored by all
Professional Groups of the IRE. Coliseum and
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Waldorf-Astoria Hotel, New York. Details from
Dr. D. B. Sinclair, IRE Headquarters, 1 E, 79th St.,
New York 21, N.Y

APRIL 10-11

Fourth Symposium on Engineering Aspects of
Magnetohydrodynamics. Sponsored by PGNS,
AIEE, 1AS, University of California. Details from
Julian L. Dunlap, Thermonuclear Exp. Div., Oak
Ridge National Lab., Oak Ridge, Tenn.

APRIL 16-18

Cleveland Electronics Conference. Sponsored by
IEEE, ISA, Cleveland Physics Society, Case Insti-
tute, and Western Reserve University. Hotel Sher-
aton, Cleveland. Details from Lapine Enterprises,
310 Hotel Manger, Cleveland 14, Ohio.

Symposium on Optical Masers. Sponsored by
IRE, AIEE, Optical Society of America, U.S. De-
fense Research Agencies. Polytechnic Institute of
Brooklyn, N.Y. Details from Jerome Fox, Poly-
technic Institute of Brooklyn, 55 Johnson St.,
Brooklyn 1, N.Y.

APRIL 16-20

1963 British 1.R.E. Convention. Sponsored by
British Institution of Radio Engineers. University
of Southampton. Information from L.R.E., 9 Bed-
ford Square, London, W.C. 1, England.

APRIL 17-19

Southwestern IRE Conference and Show. Spon-
sored by Region 6 of IRE. Dallas Memorial Audi-

torium, Dallas, Texas. Details from Prof. A. E.
Salis, EE Dept., Arlington State College, Arling-
ton, Texas.

{nternational Conference on Nonlinear Magnetics.
Sponsored by IRE and AIEE (IEEE). Shoreham
Hotel, Washington, D.C. Program information
from J. J. Suozzi, Bell Telephone Llabs., Whip-
pany, New Jersey.

APRIL 23-MAY 2

london International Engineering Exhibition.
Sponsored by Industrial & Trade Fairs Ltd., Earls
Court and Olympia, London. Details from Press
Office, Commonwealth House, New Oxford
Street, London, W.C. 1, England.

APRIL 24-26

Seventh Region Technical Conference. Sponsored
by Region 7 of IRE. San Diego, Calif. Details from
George C. Tweed, Jr., 8080 Pasadena Ave., la
Mesa, Calif.

MAY 2.3

Fourth National Symposium on Human Factors in
Electronics. Sponsored by PGHFE of IRE. Marriott
Twin Bridges Hotel, Washington, D.C. Details
from IRE Headquarters, 1 E. 79th St., New York
21, N.Y.

MAY 7-9

1963 Electronic Components Conference. Spon-
sored by AIEE, EIA, IRE, with American Society
for Quality Control. International Inn, Washing-
ton, D.C. Program information from Edward J.
Kaputa, BuShips, Code 681A2, Dept. of Navy,
Washington 25, D.C.

ELECTRONICS WORLD
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“"GREGORY ELECTRONICS*"
Multiplex Signal Generator " FM 2-WAY MOBILE RADIO
(Continued from page 37) & =
- WINTER SPECIALS!

lator output. The network consisting of - “[] MOTOROLA 30-50mc¢ ::g
C9, R6, R7, RS, and R12 derives a 38-kc. MT“ -GGv or T41G1A rear mount et
signal whose phase and amplitnde may f;églzv' 30 watt, narrow band. o
be varied over a relatively wide range. :’:ie's :f::splce:;':;':nzna::::::' &
This signal is adjusted so that it is of Add $25 for crystals and o $1982
equal amplitude and of opposite phase 8 ing. :
to any 38-ke. leakage from the modu- ' - i =
lator. Mixing at V3 results in virtually .T441?;°v:ﬁ:'A|e‘:ss(:::?s::es. $95 ‘
complete elimination of 38-ke. carrier Fig. 5. Inside view of 53-kc. low-pass filter : b
that may have votten throngh. shows mounting of 12, L3, L4 on bracket. s ACCESSORI,ES' LA GLE] s35 S

The 33-ke. low-pass filter  (1.2-1.4, [ anite: less crystais and anten- 2
C13-C16) is an M-derived filter which  B) is a wide-band feed back pair that ) ’
provides more than 60 db of attenua- brings the composite signal up to a more | A COMPLETE SELECTION OF ;
tion at 76 ke, and a minimum of 35 db useful level and provides a relatively | 1 GUARANTEED RECONDITIONED
attenation at frequencies higher than  low- Ul'tl)“( impedance at "Composite | & FM 2-WAY MOBILE RADIOS ;
76 ke. The filter is adjusted so as not to - Output™ jack J1. | & ;
allect the amplitude or phase linearity The 19-ke. pilot signal is derived from | @ G-E, RCA, MOTOROLA & OTHERS!
of the passband below 33 ke Filtering  the 19-ke. filter (L.1,C6) and is then feld | i LOW, HIGH & UHF BANDS
of the composite signal is necessary he- to the pilot phase control triode \ ”3.1 . 5
canse the switching action of the mod-  R36 permits the pilot phase to be ad- | L GG A T :
ulator produces harmonies of the switch-  fusted over a range somewhat greater | $#5 WANTED . . . FOR CASH!
ing frequency; 76 ke, the second har- than 90 with respect to the compaosite late model 2-way rodio equipment
monic, is most prominent. signal at point Y. Cathode-follower V2B | State price, condition, quality. i

The filtered composite is fed to com- provides the low  driving impedance | & R

posite phase corrector V3B, which is & necessary for the insc;'ti()]n of the pilot | & G R E G 0 R Y - Gascoar =

high-frequency phase shifter, R28 com-  at point Y. R10 controls the level of the | &

pcnsutcslfm' any phase ervor that might — pilot and St tarms  the pilot off |))1 ELECTRONICS

be caused by the 53-ke. low-pass filter  gronnding it. CORPORATION -:-creonics -

or in the following composite-signal am- The FM rf. generator, which consists 110 Route 46 Saddle Brook. N.J

plifier stage. most importantly of V3 and CRY, pro-| # T
The composite-signal amplifier (V14, (Continued on pace 74) | ¢

FlELD MESH DEVICE EI.lMlNATES"BLACK HALO" EFFECT
| “WJ’J'

Compare the photographs at left. The lower photo was taken
through a conventional image orthicon tube. Note the black
halo around the bright candle. The upper photo was taken
through the new Toshiba 3-inch 75PC11 image orthicon with
field mesh device. No black halo and no image clouding
because the field mesh device is closer to the target.

The 75PC11 operates on up to 4 volts above normal cut-off
voltage. It has an exceptionally high signal-to-noise ratio,
superior resolution and uniform picture quality. It can be
used with equal fidelity in the studio or outdoors.

The 75PCI11 is another product of Toshiba technology. For
information on this or any product from Japan’s most ex-
perienced electrical manufacturer, write today to Toshiba,
Foreign Trade Division, Hibiya Mitsui Bldg., Yurakucho,
Tokyo, Japan.

Tokyo Shibaura Electric Co., Ltd., Tokyo, Japan Quality Since 1875

POWER  TRANSPORTATION  NUCLEONICS ILLUMINATION INSTRUMENTATION
AUTOMATION COMMUNICATIONS  ELECTRONICS HOME APPLIANCES BASIC MATERIALS

CIRCLE NO. 147 ON READER SERVICE PAGE 73

Janvary, 1963

www americanradiohistorv com


www.americanradiohistory.com

YOU
SAVE
MONEY!

RUSH US YOUR
LIST OF HI-FI
COMPONENTS
FOR A SPECIAL
QUOTATION

WRITE FOR FREE
AUDIO DISCOUNT
CATALOG A-15

New low prices on amplifiers, tun-

ers, tape recorders, speakers, etc.

ELECTRONICS CO.
KEY 120 LIBERTY STREET
NEW YORK 6, N.V.

CIRCLE NO. 127

- DORSEO |
rousut |
L —

Multicore Sales Corp. Port Washington, N

For information, write Department MA43
CIRCLE NO. 132 ON READER SERVICE PAGE
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Fig. 6. R.f. generator (upper right corner,
Fig. 2) should be covered with chassis box.

duces an r.f. carrier to simulate an FM
stereo broadcast. V3, a nuvistor triode,
is nsed as a Colpitts oscillator with a
range of 88-108 mc. The modulator,
CR9, is a voltage-variable, silicon-diode
capacitor (Varicap) that has an ex-
tremely wide-band characteristic. The
bandwidth of the Varicap is such that as
an FM modulator, it does not cause
phase or amplitude distortion of a stereo
composite signal. The oscillator pro-
duces approximately 6000 pv. of signal
across 50 ohms at the output, Use of the
proper impedance-matching pad will re-
sult in a 1000-gv. signal at the 300-ohm
antenna terminals of an FM receiver.

Audio oscillator V7 (Fig. 4) is an un-
usual variation of a Wien-bridge oscil-
lator. The left half of V7 is a split-load
phase inverter and the right is a gain
stage. The positive feedback path is via
R97 and C48, and the negative feedback
path is from the cathode of the phase
mverter to the input grid of the gain
stage tia R98 and C530. Frequency of
oscillation is controlled by R97, R9S,
C48, and C50.

Construction

The stereo generator shown on the

ELECTRONICS WORLD
1 Park Avenue
New York 16, N.Y.

signal generator.

NAME:

Please send me Part 2, the alignment instructions for the FM multiplex

cover was built on a standard 7”x137x2”
aluminum chassis and a 1347x3%"x%”-
thick aluminum panel. Construction may
be simplified by using a larger chassis
and panel; the lavout of the unit shown
need not be followed., If the builder
elects not to include one or more of the
optional circuits, the layout can cer-
tainly be redistributed to reduce com-
ponent crowding. However, there are
several points you should keep in mind
if the lavout is to be chunged. The most
critical area in the generator is the 19-ke.
oscillator and the doubler/amplifier. The
19-ke. and 38-ke. signals in these stages
are at relatively high levels and radiation
can become a problem. It is imperative
that this circuitry be kept as far as pos-
sible from the rest of the generator cir-
cuits. The danger of radiating the 19-kc.
and 38-kc. signals and their harmonics
can be substantially reduced by locating
the 19-kc. oscillator, doubler, and mod-
ulators in a separate compartment. In
the author’s generator, an aluminum
wall (see Fig. 2) compartmentalizes
these circuits, In general, keep all leads
short.

The 53-kc. low-pass filter, which is
particularly susceptible to radiation pick-
up, is built in a I%”x2%”x4” aluminum
chassis box as shown in Fig, 5. L2, L3,
and L4 are mounted on an aluminum
shelf which is attached by an aluminum
bracket to the inside wall of the box.
The rf. oscillator and modulator are
completely contained in one corner of
the generator and are enclosed by an
aluminum chassis box (not shown) as
in Fig. 6.

The front panel is mounted away from
the chassis on six %”-long standoffs (see
Figs. 2 and 6). All of the switches, input
and output jacks, “R.f. Modulation
Level,” R50, the meter and meter ampli-
fier are mounted on the front panel. The
“19-kc. Phase,” “19-ke. Level,” and the
“Internal Oscillator Level” controls are
screwdriver-adjust controls and are ac-
cessible through holes on the front panel.

Since the multiplex svstem is extreme-
ly sensitive to phase and frequency-re-

N

ADDRESS:

CITY: ZONE:

Occupation:

STATE:
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Plan to use the signal genecrator for:
Laboratory work [ ] Professional servicing [ ] Hobby [ ]
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sponse variations, great care must be
taken regarding stray-wiring capacity.
Use shielded cable only where indicated
on the schematic. Under no circum-
stances use standard shielded audio
cable. All of the shielded cable shown
on the schematic is low-capacity r.f.
couxial type. The author used tyvpe RG-
174/U (30.4 uuf./foot). The shielded
cable between point X and C11 must be
exactly 65”7 long as its capacity is taken
into account in the circuit design,

In the author’s generator, almost all
small components are mounted on ter-
minal boards. This construction is not
absolutely necessary, but is desirable for
a neat, professional appearance.

Meter calibration pots R63, R69, R71,
and R73 and the meter amplifier are
mounted on an alhuninum L-bracket at-
tached to the hack of monitor meter M1.
The meter amplilier, except for the tran-
sistors, is built on a picce of perlorated
phenolic board using “flea” clips. The
transistor sockets are mounted on the
alminum bracket. The transistor heat
sink (not shown) is a ®/x157xK” piece
of aluminum drilled and reamed to fit
snugly over the transistors.

Because the alignment and checkout |
. |
procedure would take np considerable

extra space in this issue, we decided to
make it available separately. You can
obtain it free of charge by simply filling
out and returning the coupon. A

METER BATTERY TROUBLE
By RICHARD A. GENAILLE
ANY items of test equipment use
standard flashlight batteries for
one purpose or another. A number of
popular  volt-ohm-milliammeters, like
our Simpson 260, use a few penlight
cells plus one D> size battery, the lat-
ter being used on the lowest or two
lowest ohmmeter ranges.

Trouble was recently encountered on
the RX1 and RX100 resistance ranges.
At times, the ohmmreter could not be
zeroed properly. At other times, the
same fixed resistor would yield a differ-
ent reading each time it was measured.

Investigation of the “D” cell (an
Eveready 950) disclosed that it was man-
ulactured with a small depression cen-
tered in 1he negative (bottom) end that
approximately matched the head of a
6-32 screw. The depression is about
9/32 of an inch in diameter and 1/16
of an inch deep. The meter’s contact
terminal for the negative end of the
battery approximately 7/32 of an
inch in diameter. This spring-loaded
contact {its into the battery depression.
but without sufficient pressure to main-
tain good electrical contact. The result
is erratic or intermiltent operation on
low-resistance ranges.

The battery and contact arrangement
is not an unusual one, nor is the dimple
at the bottom of the D™ cell exclusive
with one manufacturer. The difficulty
would not therefore be unique. In faet.
there is no way of knowing how many
batteries, otherwise good. have bheen dis-
carded because of this symptom. A sim-
ple cure isx to fill the depression with
solder, clean off’ excess rosin with steel
wool or sandpaper, and then re-insert
the batiery.

1s
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MOBILE-RADIO

MAINTENANCE

Py -

A BETTER HOME...
A BIGGER CAR...
AND MONEY

IN THE BANK!

P

Mobile radio—already a great and growing
business—will grow far larger. The FCC is as-
signing many more channels . . . and now any
type of business or industry can have its own
2-way radio system. Right now there are over
2,000,000 transmitters in the Safety and Special
Radio Services. Citizens Radio is exploding. This
equipment needs installation . . . maintenance

. repair . ., and FCC-required checks, Most
earn profits for their owners and must be kept
on the air 12 months a year {often 24 hours a
day)}—so this work pays well.

Not many radio and TV servicemen bother
to qualify to profit in this booming busi-
ness—because an FCC operator’s license is
necessary. A far-sighted few are making big
money. To learn how you can be one of these
few, mail coupon below for your free copy
of the booklet *“HOW TO MAKE MONEY
IN MOBILE-RADIO MAINTENANCE"”,

MAIL THE COUPON NOW-—
. THERES NO OBLIGATION!

LAMPKIN LABORATORIES, INC.

rm MFM Division, Bradenton, Florida
At no obligation, please send me the free booklet
“HOW TO MAKE MONEY IN MOBILE-RADIO

MAINTENANCE.”” Also, technical data on Lamp-
kin meters.

Address.

City. State.

1
I
|
] Name.
|
|
I

CIRCLE NO, 129 ON

Lampkin meters are the preferred
mobile-radio test equipment!

LAMPKIN 105.B
FREQUENCY METER
RANGE 0.1 TO 175 MC.
AND UP
PRICE $260.00

LAMPKIN 205-A FM
MODULATION METER
RANGE 25 TO 500 MC.

PRICE $270.00

NEW : The Lampkin PPM Meter to check frequency on split
channels above 50 MC, Accuracy 0.0001%. Price $147.00.

LAMPKIN LABORATORIES, INC.

MFM Division
BRADEMTON, FLORIDA

READER SERVICE PAGE

Geware
CHEAP
IMITATIONS

INSIST ON

" Notse-

¢ VOLUME CONTROL
and Contact Restorer

e TUNER-TONIC
for ALL tuners
including wafer type
¢ FORMULA EC-44
for ALL electrical contacts

FREE with ALL No-Noise Products
5" Plastic Extender Push-button Assembly
for pin-point applications. Does not cause
shorts!

14 Years of Recognized Leadership

ELECTRONIC CHEMICAL CORP.

B13 Communipaw Ave., Jersey City 4, N.J

TRANSFIRE

TRANSISTOR
IGNITION

READY-TO-INSTALL CONVERSIONS

YOU can get TOP MILEAGE, HIGHEST PERFORM-
ANCE, LONGER POINT & PLUG LIFE, BETTER WIN-
TER STARTING, and MANY OTHER ADVANTAGES with
one of our INEXPENSIVE TRANSFIRE systems.
These include HERMETICALLY-SEALED AMPLIFIER,
HIGH-RATICO COIL, BALLASTS, Leads & hardware.

MODEL T 6 or 12v. neg. grd. ....... $39.95
MODEL T2 TWO TRANSISTORS,

250:1 COIl v v $44.95
MODEL TP 6 or 12v. pos. grd. direct

installation wo. insulating points .. $49.95
MODEL TS Special, 40kv system .... $59.95
MODEL TS?2 TWO TRANSISTORS,

400:1 COil vt $49.95

TWO-TRANSISTOR KITS Everything needed %o build

conversion. Includes transistors, coil, ballasts,
heat sink, decal, etc.

KT2 with TX250 coil for 30kv output . $34.95

| KTS2 with T400 coil for 40kv output . $39.95

| KT1 one transistor with 400:1 coil . $29.95

6 or 12v. Negative-ground only. Point inculation
kit adapls to positive ground, $2.50 pp.

1 oz. Epoxy potting plastic in mixing bag $1.95 pp.

HIGH-RATIO IGNITION COILS with free circuit dia-
g:am.

TX250 Heavy duty coil 250:1 ratio ... $ 9.95

T400 HIGH EFFICIENCY 400:1 coil for
H.GHER QUTPUT and ‘or LOWER
TRANSISTOR VOLTAGE ........... $14.95

FULL LINE of PARTS at NET PRICES.

free lists Dealer opportunities. Marine models
ava,lable. When ordering, specify voltage and car.
Add postage for 4 Ibs. on kits and conv's; 3 Ibs. on
coils. $5.00 deposit with COD’s.

PALMER ELECTRONICS LABORATORIES Inc.
CARLISLE 12, MASS. 617—AL €-2626
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f_Q-IJick-Wedge_H

SCREW-HOLDING

SCREWDRIVER

DOUBLE BLADES

Now .

start . i .

and drive “n _
screws at Q\%\\@\ | f g
twice the speed! ” =
Tough. etheient, usetul Quick-
Wedge™ reaches inwo tight
spots with the screw firmly
cripped imide the serew slot
L'nique double blades tightls
wedue, hold & drive serews
without maring screws or
work il
Unconditionally guaranteed.
14 Sizes. Try one today!

Or write

KEDMAN COMPANY
PO BOX 36T =+ SALT LAKE CITY, UTAH

CIRCLE NO. 126 ON READER SERVICE PAGE

Q & A on Business Radio

(Continued from page 41)

Service is related to the band in which
operation takes place and the amount of
power emploved. Specifically, any opera-
tion between 23 and 30 me, utilizing
power in excess of 3-wutts input is re-
quired to maintain a tolerance of .002%;
operations in this band with a power in-
put of 3 watts or less may utilize a toler-
ance of .005%. Operations in the hand
50-1000 me. with power in excess of 3
watts requires a frequency tolerance of
L0005%; operations in this band with «
power input of 3 watts or less may utilize
003% tolerance.

QUESTION 10. Can home-built or kit-
type cquipment be uscd?

ANSWER: Home-built or kit-tvpe
cquipment may nol be employed in the
Business Service. Equipment used in this
service must be on the Commission’s List
of Radio Equipment Acceptable for Li-
censing in Part 11 of the Rules.

QUESTION 11. What maintcnance
measures are required and how often
must they be mace?

ANSWER: Maintenance measures re-
quired i the Business Radio Service are
similar to those required in all other in-
dustrial services and, in general, consti-

tute determinations by the licensee that
the carrier frequency, plate power input
to the final stage, and degree of modula-
tion does not exceed the limitations
established by the rules and by his sta-
tion authorization. Such determinations
niust be made under three conditions:

a. When the transmitter is initially in-
stalled.

h. When anv change is made which
may affect the frequency, power, or
modulation values of the transmitter.

c. At regular time intervals not to ex-
ceed one vear. (In the case of a non-
crystal-controlled transmitter, however,
the frequency determinations mnst be
made at intervals not to exceed one
month.) Station records (maintenance
logs) must reflect the dates and results of
snch measurements and by whom made.

QUESTION 12. May the 10-ke., 30-
wall Business Service frequencies in the
20-me. band be uatilized in the Citizens
Radio Screice or with Citizens Radio
cquipment in the Business Radio Serc-
ice?

ANSWER: These frequencies may not
be used in the Citizens Radio Service
and, i general. most Citizens Band
cquipment is not licensable for use on
these frequencies. As covered above,
equipment utilized in the Business Radio
Service must appear on the Commis-
sion's List of Equipment Acceptable for

priced from $109.50...

HAND-HELD, MOBILE, BASE STATION

2-WAY RADIO

Y

e Ly -
it o

Now, 3 feature packed Johnson Messengers...
outperforming everything eise in the field!

E“-’gy‘-

Y SERVICE - Over 500 Types in Stock

RAD-TEL
WILL SAVE YOU MONEY!

RAD-TEL'S QUALITY

BRAND NEW TUBES

For TV, RADIO ano HI-FI
1-YEAR GUARANTEE

oo 9% OFF

SEND FOR NEW SEND FOR
D TUBE & PARTS TROUBLE SHOOTING
CATALOG GUIDE

sAMPLE OF RAD-TEL'S avAaiLABILITY

Compact, hand-held 100 milliwatt or 1 watt ‘‘Personal Messengers'’.
Rugged and reliable—11 transistors, 4 diodes! Superheterodyne re.
ceiver and exclusive tuned RF amplifier gives twice the sensitivity and
40% more range than similar units with conventional circuitry—more
output than similar units with same rated inputs!

For mobile or base stations—performance proved Viking '*Messenger"’
punches your signal across the miles! High efficiency design makes
full use of maximum allowable legal power. Excellent receiver sensi.
tivity and selectivity. Automatic **squelch’’ control—5 channel coverage.
Only 5%" x 7" x 113", easy to install anywhere!

WRITE TODA
for
information packed
4 Color Catalog

N S
s

_(@E.f.mnxsnn COMPANY
2505 10th Ave. S.W., Waseca, Minnesotc

Please rush '"*“Messenger’ details to:

NAME
ADDRESS
CITY.

STATE -

Manufacturers of the world's most widely used personal communications transmitters,
CIRCLE NO. 154 ON READER SERVICE PAGE
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Qty. Type Price
__1B3 19
—1x2 82
—_3(B6 .56 | —6AX4 EG
—4BQY 101 | __6BA6 112
—-5u4 .60 | __6BQ7 1.00

Prize | Qty. Type Price Price
__ 6826 .55
—6CB6 .55
__6C67 61
—B6SN7 .85

—6Us .83

Qty. Type
—_12AU07
—_12BH7
—35w4
3528
——50C5

% RAD-TEL TUBE CO.
CEIAEEME 55 CHAMBERS STREET, NEWARK 5, NEW JERSEY

TERMS: 25% depasit musl accompany all orders, balance C.O.0. Orders mnder §5
add §1 handling charge plus pestage. Orders over $3: plus pestage. Approx. B tubes
per 1 ib. Suhject i priar sabe. Ne C.0.0.'s eulside comiinenial U.5.A:

Qty. Type
—— 6ALS A7 |
__6AUS .52

TV, RADIO
ang HI-Fl
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Licensing under Part 11 of the Rules.
The technical reqquirements for Business
Radio are somewhat more stringent.
Business Radio equipment requires a
modulation limiter and low-pass audio
filter, while Citizens Radio does not. The
frequency tolerance of Business Radio is
.002%, while Citizens Radio is .005%.

QUESTION 13. Since Business Serv-
ice eligibility is extended to anyone en-

saged in a commercial activity, does this |
mean that a Dusiness Sercice “('l‘ll-S'(’('|
could utilize lis system for the purpose |

of handling message for other parties,
cither on a charge or no-charae hasis?

ANSWER: Licensees in the Business
Radio Service, like those in all of the
other Industrial Radio Services, may not
use their radio system to render a com-
munications common-carrier service or
to carry program material of any kind for
use in connection with radio broadcast-
ing, Further, as a general premise, a li-
censee in the Business Service mayv not
utilize his radio syvstem to handle mes-
sage traffic hetween two other puarties
unless specific authorization for such
operation has been obtained. A

PATCH PILOT
By TOM LAMB, K8ERV

EAVING a phone patech connected
after hanging up is about the surest

wayv to incur the wrath of the phone peo-
ple. The “pateh pilot” is a line-operated
audible oscillator that squawks it the
phone is hung up but the pateh is lefi on.
An open phone line carries about 10

volts. This drops 10 a few volts when the
telephone hook switeh is closed. A -
junction relaxation oscillator is con- |
nected to the 10-volt line through
isolating resistors and a very inexpensive
[O-volt zener diode. Ax long as the phone
is in use. the line vohage is helow 10 vohis
and the diode discommects the oscillator.
But if the phone is hung up with lh("
pateh on, 30 volts is applied 10 the pilot
ziving o warning lone. (08 prevents the
tone from going baek onto the line.

Should the volage across €, he greater
than 30 volts, load the circuit with a re-
sistor, iRy, unti! 25-30 volts is obtained.
The speaker may be almost anything,
from a miniature transistor set speaker
to a telephone receiver.

Circuit diagram of the warning oscillator.
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BUILD
YOUR
OWN

Schober

ELECTRONIC

ORGAN

3 Models
to choose from...

Concert Model 31200
Consolette Model s800
Spinet Model 3550

This is the Schober Consolette
Model with two full 61-mote

keyboards, 17 pedals and 22 individual

stops. It is comparable to finished

organs selling from $1800 to $2500.

You'll love the rich, thrilling tone of a
Schober Electronic Organ, and you'll
love the price, too—starting as low as
$550. Whichever Schober Organ you
prefer—there are three brilliant models
to choose from—you'll happily find it's
only half the price of a comparable,
recady-made organ sold in a store. In
fact, many people who could well afford
to buy any organ, have chosen to build
a Schober Organ simply because they
prefer it musically! You get a full-size
organ on which you can play classical
and popular music. Beautiful hand-
rubbed cabinet . . . magnificent sound!

And you don’t have to be an electronic
genius to build your own Schober Organ.
The clear, concise, step-by-step instruc-
tions make it realistically simple, even
if you've never touched a soldering iron!

THE ',(/;'//(//("I ﬂ?{( €7 /¢ corporaTiON

43 West 61st Street, New York 23, N.Y,

IN CANADA: Associated Music Services
216 Alverna Road
Richmond Hill, Ontario

The Electronic Organ Co.
(Australia)

17 Cadow Street

Pymble, N. S. w.

IN AUSTRALIA:

IN UNITED
KINGDOM:

Burge Electronics Limited

Greycaines Industrial Estate
Bushey Mill Lane, Watford

Hertfordshire, England

CIRCLE NO.
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Assemble it gradually if you wish. We'll
send each Kit as needed. That way you
spend only a small amount of money at
a time—for example, just $18.94 1o start.
Or you can order all the components of
your organ to be sent at once, and as-
semble it in as little as 50 hours!

Even a beginner can quickly learn to play
a Schober Organ. You'll soon discover a
whole new world of music, and endless
hours of pleasure. Unquestionably, this
organ is the King of instruments!

We are so proud of our organs we've
made a 10" Hi-Fi demonstration record
we'd like you to hear. Write to The
Schober Organ Corporation, 43 West
61st Street, New York 23, N. Y. for your
copy. The initial cost of the record is $2
but this will be refunded when you send
for your first organ building kit.

MAIL THIS COUPON TODAY

|._The Schober Organ Corp., Dept. RN-22 —|

43 West 61st Street

New York 23, N. Y.

(O Please send me FREE booklet and other liter-
ature on the Schober QOrgan.

(3 Piease send me the Hi-Fi demonstration rec-
ord. | enciose $2 which is refundable when
| order my first kit.

Address

_ Zone___ State

Name I
|
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over 1,000,000
new friends—
amateurs, pros,
hi-fi devotees,

hams—

have already

sent for it!

EASY
TIME

PAYMENT

TERMS
take up to

2 years

to pay

284 PAGES

OVER 10,000 ITEMS

Partial list of products in our New 1963 Catalog

Amateur Radio
Antennas
Batteries

Books
Capacitors
Controls

Hi Fi
Microphones
Needles
Phonographs

The Electronic Catalog of the Year

79SS T AL/ SHACKA

Public Address
Radios
Resistors

Tape Recorders
Test Equipment
Tools
Transformers
Transistors
Tubes

e Wire

RADIO SHACK CORPORATIO

| STILL GET
RADIO

SHACK'S

GREAT NEW 1963

Electronic
CATALOG

or you and 2 Friends
MAIL CARD TODAY

Yes, over 1,000,000 brand new friends have been added to the
millions who shop regularly from Radio Shack’s big catalog but we
want everyone interested in electronics to have this great money
saving shopping guide so we’ve printed 500,000 more for you and
your friends. Mail the card opposite today and get your share of the
newer and better things in electronics in this fine new book,

Whether you are a music devotee, a radio ham, a professional
operator, or just interested in the great world of communications
as a hobby, you'll be excited and delighted with the vast assort-
ment of precision-built, high-quality, guaranteed products in Radio
Shack's famous catalog. And you'll save too as you never saved be-
fore. Our easy credit terms make it convenient and simple to buy what
you want when you want it and pay later. Mail the card opposite now!

730 Commonwealth Ave.
BOSTON 17, MASS.

ELECTRONICS WORLD
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RADIO SHACK CORPORATION

BOSTON, MASSACHUSETTS LOOK FOR
America’'s Electronic Headquarters RADIO SHACK'S

Deluxe All-Transistor : l Nationally Famous

80-Watt Stereo Amplifier Kit ; T ; ;
$139.95 A

$8 Monthly E O O @ O @ @
|

h ]

T

i

KITS
———

in our 1963 Catalog

Save up to 409, on our
exclusive precision-en-
gineered equipment
kits. All easy to as-

e |

Easy Assembly; Fabulous
Savings! Features
Massive Transformers!

The proud result of creative engineering, this Realistic® HK-208 80-Watt Stereo Amplifier
sets new standards of transient response and definition, delivers an extra margin ot performance.
Premium Minneapolis-Honeywell tetrode transistors utilized throughout! A host of spectacular

technical features make this the unqualified leader in its field! 16V2x7Vax14V2”. No money semble! See outstand-
down. Satisfaction guaranteed. 5 I . bel
30K90LX093, Amp. Kit, Wt. 19 lbs., $8 Monthly. .. ... . Net 139.95 ing selection below.

12” Hi-Fi Speaker Kit
i‘ Can Be Built in an Evening;

Monlhly ] 9 95

Enjoy the fun of building the world's only hi-fi
speaker in kit form . . . another Realistic®
exclusive from Radio Shack! Assemble the
entire speaker, from 134 |b. magnet to voice
coil, basket and dual cone, using a precision
jig for perfect alignment. No money down.
Satisfaction guaranteed. Ship. wt. 7V2 Ibs.
40K90LX370, 12” Speaker
$5 Monthly, Net 19.95

New! Professional Tube Tester Kit

Realistic® Design! $99.95

Professional Accuracy!
Checks the complete condition cf virtu-
ally all tube types with laboratory pre-
cision! Also tests transistors, incl. diodes,
triodes and tetrodes, for leakage and
gain. Roll-chart gives full test instruc-
tions. 16Vax7Vax1414”. Cover and in-
structions included. No money down.
Satisfaction guaranteed. Wt. 25 |bs.
22K94LX010, TK-113 Kit...........
........... $6 Monthly, Net 99.95

e

h

FM Multiplex Adapter Kit

Converts Monaural -I 9 .95

FM Tuners to Stereo!

Good Quality FM Tuner Kit

Realistic® Components
Carefully Engineered 1 9095

Electronic Thermometer Kit

Famous ‘“Novatherm™
Accuate to ¥2°F. ] 9.95

WIRELESS INTERCOM KITS

KITS
2 XIs $29 50
Eosy to Build, Operate!
Just Plug In and Talk!

Add convenient room-to-room,
floor-to-floor intercommunication

Another Realistic® exclusive! Equal
to precision thermometers selling
for $80 and up! Easy to assemble.
Fast reaction to temperature

For maximum listening enjoyment
and top economy, it's Realisiic's
FM Tuner Kit!l A pleasure to as-
semble. Lets you add quality FM

Fully self-powered; famous Real-
istic® quality; completely pre-
aligned! No test equipment
needed. Resp.: 50-15,000 cps,
+3db. Size: 3V/2”Hx 4" W=x 5”D

change. ldeal for darkrooms, lab-
oratories, freezers, amateur radio
equip. Size 3% x6Vax414”. Build-
er's manual included. No money

reception to your home music cen-
ter . .. at fantastically low cost!
Incl. brushed gold case, instruc-
tions. No money down. Satisfac-

Black case incl. Uses 15 watts,
105-125V, 50/60 cy. Easy-to-

follow instructions. No money

for truly modern living! Just plug
into your house current and talk.
Range over 1 mile. Size: 8x5x5”,

No money down! Wt. 10 |bs. down. Satisfaction guaranteed. tion guaranteed. down. Satisfaction guaranteed.
43K90LX844, Kit (pair) 22K94LX095, Novatherm Kit, 31K90LX070, Sh. wt. 6 |Ibs,, 31K9O0LX099, Ship. wt. £ Ibs.
$5 Monthly ...Net 29.50 Wt 5 Ibs,, $5 Mo., Net 19.95 $5 Monthly. .. ....... Net 19.95 Kit .. ... $5 Monthly, Net 19.95

= = MAIL THIS ORDER FORM TODAY ——]

P.O. Box No. 309
63A6C I

NO MONEY DOWN [
CREDIT TERMS

Radio Shack Corporation
Boston, Massachusetts

Name

take up to 2 years to pay I By I
I Address I
} City & Zone State B |

GUARANTEE Please send me the following items: I

l Stock No.|Quantity] Name of Item Price each Total Price

In addition to the manu- | !

facturers guarantee and | |

warranty, Radio Shack [] Check or Money Order En- |Total for Mdse.

Corporation guarantees | Gosed (No Stamps, No C.0.D.'s) Amt. for I

complete satisfaction on I * Express charges collect on Postage I

every purchase or your delivery T

money back. I  Conn. residents add 3%2%, ax I

1. residents add 3% Sales Tax TOTAL AMOUNT

L

L Y e
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Where do we stand on electronics in 19637

Find out by
visiting the

th

International
Electronic

Components
Show

from February 8th to 12th, 1963,
in Paris (Porte de Versailles)

The greatest world-wide col-
lection in the electronics field

All components, tubes and
semi-conductors, measuring
and control apparatus, electro-
acoustics . ..

For information contact

FEDERATION NATIONALE
DES INDUSTRIES ELECTRONIQUES

23, rue de Lubeck
PARIS 16 ¢ Phone PASsy 01-16

Under the auspices of the F.N.LE.

rd Convention
of Quantum
Electronics

organized by the French section of

the IRE and the SFER

from February 10th to 15th 1963

Unesco House
Information:
7, rue de Madrid, PARIS 8e

82 CIRCLE NO. 116 ON READER SERVICE PAGE

Technical Books

A PRIMER OF LINEAR PROGRAMMING'/ by Kurt Meisels.
Published by New York Unicersity Press, New York. 103
pages. Price $4.50.

An introduction for non-mathematicians. this is a carefully
developed exposition of a mathematical technique useful in
the analysis and solution of industrial production, scheduling,
and distribution problems.

An allocation problem that can be solved by linear pro-
gramming is this: How should a manufacturer of two test
mstruments with similar specifications, ditfering only in the
number of components and selling at slightly different retail
prices, but with identical labor and overhead expenses sched-
ule his production for maximum gross profit and limited
component inventory?

Intended for middle-management men., this book is also
useful to the newcomer with no previous exposure to the
field and to engineering and production personnel,

& o

£

"“AMATEUR RADIO ANTENNA HANDBOOK" by Harry D.
Hooton, WE6TYH. Published by IHotward W. Sams & Co., Inc.,
Indianapolis. 157 pages. Price $2.95. Soft cover.

This handy manual provides complete coverage of antenna
syvstems for the amateur radio operator. The author dis-
cusses the design and construction of systems. including
information on transmission lines, impedance matching, cou-
pling, towers, and arravs.

The text is divided into cight chapters covering radio
wave  propagation, antenna fundamentals. high-frequency
antennas, transmission lines. impedance matching systems,
antenna c()upling svstems. antenna construction. and towers
and supporting structures. Polar patterns, line drawiugs., sche-
matics, and photographs amplify the text material for maxi-
mum usefulness to the active ham.

& o L
“IT'S EASY TO USE ELECTRONIC TEST EQUIPMENT” Ly Lairry
Klein & Ken Gilmore. Published by John F. Rider Publisher,
Inc., New York. 183 pages. Price $4.00. Soft cover.

This is a basic book for those working as service technicians
and lab technicians, or those who have an interest in elec-
tronic experimenting or ham radio. The authors devote a
chapter cach to 14 different test instruments: v.oan., v.tvan,
oscilloscope, voltage calibrators. tube tester, transistor tester,
test-beneh bridges, r.f. signal generator, r.f. sweep generator,
andio generator, square-wave generator, a.c. v.t.vam., har-
monic distortion analvzer, and IM distortion analyzer, along
with chapters on applications of some of the instruments,

Basic circnitry, test setups. application data, how to hook
up the cquipment, calibration, and troubleshooting the in-
struments are all covered in this well illustrated text.

& o &
“abc’s OF RADIO NAVIGATION’ by Allan Lytel. Published
by Howard W. Sams & Co., Inc., Indianapolis. 94 pages.
Price $1.95. Soft cover.

The hoom in boating and recreational flving has made it
almost imperative that participants navigate with the aid of
clectronic units of various tvpes. This book discusses the
use and operation of electronic radio navigation equipment
designed for small planes and boats as well as for larger
commercial craft.

The author covers two-way radio, radar, radio direction
finders, radio ranges, d.m.e., instrument landing svsteins,
marine radio, loran, Consolan, Decca, and Gee. Not only
will the owner fearn how to use his equipment but the tech-
nician will find this book helpful in gaining an understanding
of basic circuit principles,

-4 % %
“ADDITIONAL 1962 TELEVISION SERVICING INFORMATION"
compiled by M. N. Beitman. Published by Supreme Publica-

ELECTRONICS WORLD
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tions, Highland Park, 111. 192 pages. Price $3.00. Soft cover.

This is volume TV-20 in this publisher’s series of service
manuals. It covers TV models, from seventeen well-known
manufacturers, released after the original offerings in their
1962 lines.

As is the case with all of these service books, this volume
mcludes a schematic of the set, alignment and service hints,
parts list, tube/adjustment location guides, and information
on printed-circuit-board servicing,

& = #*
“CB RADIO ANTENNA GUIDEBOOK' DLy David E. Hicks.
Published by Hotward W. Sams & Co., Inc.,
133 pages. Price $2.50. Soft cover.,

This manual is designed not only for those who install CB
equipment but for owner-operators as well, In easy-to-under-
stand language, the author explains the principles of the
various types of antennas, ranges to be expected under vari-
ous conditions and the servicing and testing of antenna sys-
tems.

Indianapolis.

Details for improving existing systems are included along
with information on selecting and installing new equipment.
¥ o &

“CITIZENS BAND RADIO MANUAL” compiled by Sams Staff.
Published by Howard W. Sams & Co., Inc., Indianapolis.
160 pages. Price $1.60. Soft cover.

This is the second volume in a series for users and service
technicians and covers 30 recent CB transceivers made by
some 19 firms. Each unit is represented by a schematic, chas-
sis photo, parts list, replacement data, alignment information,
and maintenance data,

A special editorial section covers classes of equipment,
receiver and transmitter circuits, transceiver designs, kits,
converters, transverters, and tone-coded squelch. There is a
cumulative index covering both volumes in the series.

% o o
““HIGH FIDELITY SYSTEMS” Ly Roy F. Allison. Published by
Acoustic Rescarch, Inc., 24 Thorndike St., Cambridge 41,
Mass. $1.00 postage paid from publisher.

This 70-page book is designed as a user’s guide and covers
the installation and care of sound systems in the home.
Divided into 8 chapters plus two appendices, the text covers
mono and stereo, stereo components, cables and plugs, phys-
ical installation, system adjustments, troubleshooting, and op-
eration and maintenance. The uppendices deal with mounting
a tonearm and cartridge, and setting the controls for dual
mono preamps with stereo adapter.

The text is written in easy-to-understand, non-technical
language and is illustrated with cartoons, line drawings, and
lavish photographs of hi-fi installations and equipment.

o » &
"“"HOW TO MAKE MORE MONEY IN YOUR TV SERVICING BUSI-
NESS' bv John Markus. Published by McGraw-Hill Book
Company, Inc., New York. 340 pages. Price $7.95.

Many talented and dedicated service technicians are con-
stantly flirting with failure because, although they know
their jobs, they are woetully lacking in business know-how.
This volume is designed to remedy that lack.

The author emphasizes the importance of charging enough
in an ethical manner to justify the operation of a service busi-
ness and then tells how to collect these charges as painlessly
as possible, how to kecp simple but completely efficient
business records, how to cut income taxes legally, and how
to manage profits.

There are a number of check lists, summaries, and tabula-
tions for ready reference, including a table suggesting realistic
service charges for various types of repair work.

Details on a simple, single-entry bookkeeping syvstem are
included to enable the beginning businessman to cope with
all of his problems single-handedly until success warrants
staff expansion. A

January, 1963
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TURNER MICROPHONES

designed to do a specific job better

VOICE ... s o e

mnu‘x

\\ ]

New convenience for CB and
mobile operation. Equipped
with 11 inch retracted, 5 foot
extended coiled cord, wired for
relay operation. Response: 80-
7000 cps. Level: —50 db. 356C
has same specs, but with new
“cool” Interior.

List Price . « « « . .

. 312,50

§111171) GRp——

This powerful little dynamlc is
designed for TV and broadcast
use——a natural for applications
where freedom and mobility are
required. Comes with 25 foot
attached cable, 3 conductor
shielded. Desk stand optional.
Response: 50-18,000 cps. Level:

—60 db.
List Price « « « & . $57.00

i
MODEL 58

3 0000006000000 0000000080000 000800¢00s0s0eNeOT

CONVENIENCE o tor paging

Turner’s amazing “lift switch”
model. Exclusive 3 way activat-
ing switch arrangement makes
this the ideal mike for amateur
and paging jobs. Lift it, it’s live!
Push the momentary touch bar,
it’s live! Press the switch, it
stays live! Response 60-10,000
cps. Level: —52 db.

M«jﬁ i List Price v « « « . o . $49.50

P I I I T I R R S RN RN N

MODEL 251

Check your microphone needs and mail this coupon today,

THE TURNER MICROPHONE COMPANY
900 (7th ST. NE, CEDAR RAPIDS, IOWA

Pleose send me tomplete specifications.
described obave.

on the microphones

Name

Addri-s

Citv Statr

MICROPHONE COMPANY

IN CANADA: Tri-Tel Associates
81 Sheppard Avenue West, Willowdale, Ontario

B 0 0 S 0 0600 08 05 ¢80 8008t s T e eSOt

THE

S T I I T O I I I R R R I I I I N R R A A A I

CIRCLE NO. 149 ON READER SERVICE PAGE 83

www americanradiohistorv com


www.americanradiohistory.com

DYNACO

or duloer/a five dounc/

Superlative sound means the very best sound available. sound so realistic that
skilled listeners can not distinguish the difference between “live” and “recorded” music
in a side by side compurison. This comparison has been performed dozens of times be-
fore thousunds of people in programs sponsored by Dynaco. Inc. and AR, Inc. with
“live” portions performed by the Fine Arts Quartet. In these comparisons, the super-
lative sound capabilities of the Dynukits were amply demonstrated since the vast
majority of the audiences readily admitted that they could not tell the difference be-
tween the clectronic reproduction using the Dyna Mark III amplifiers and PAS-2 pre-
amplifier and the instrumental rendition by the members of the Fine Arts Quartet.

Such perfection of reproduction means that listeners at home. using home type
components, can truly have concert hall realism a level of fidelity of reproduction
which cannot be improved regardless of how much more money were 1o be spent on
the components used. This is truly reproduction for the audio perfectionist, and all
Dyna components are of a quality level which permits reproduction indistinguishable
from the original. This is achieved through exclusively engineered designs coupled
with prime quality components. Further, the unique designs and physical configuration
of all Dynakits make them accurately reproducible, so that everybody can hear the
full quality of which the inherent design is capable. Dynakits are the casiest of all kits
to build—and yet they provide the ultimate in realistic quality sound.

FM-1—An outstanding FM tuner with provision
for internal insertion of the FMX-3 Stereomatic
muitiplex integrator. The FM-1 is a super-sensitive
{better than 4 v}, drift-free tuner with less than
.5% distortion at all usable signal levels. Better
than 30 db separation on stereo usage using the
FMX-3, and automatic transition to stereo with
the visual Stereocator. FM-1 kit $79.95, wired
$119.95; FMX-3 kit $29.95; FM-3A (Wired tuner
with multiplex), $169.95.

*SCA-35—Integroted stereo amplifier and pre-
amplifier with low noise, low distortion, and
moderate power output, 17.5 watts per channel
continuous {45 watt total music power) with less
than 1% distortion over the entire 20 cps to 20
ke range. Unique feedback circuitry throughout.
Inputs for all hi fi sources including tape deck.

SCA-35 kit $89.95; wired $129.95

PAS-2—Fully flexible stereo preamplifier with less
than .1% distortion at any frequency, Wide band,
lowest noise with every necessary feature for
superb reproduction. Acclaimed throughout the
world as the finest unit available.

PAS-2 kit $59.95; wired $99.95

% STEREO 35—A basic power amplifier similar to
that used in the SCA-35. Extremely low distortion
over entire range at all power levels. Inaudible
hum, superior transient response, and outstanding
overload characteristic makes this unit outperform
components of much higher nominal rating. Fea-
tures new type Dynaco output transformer (pat-
ented design). Fits behind PAS-2 or FM-3A units.

ST 35 kit $59.95; wired $79.95

STEREO 70—One of the most conservatively oper-
ated and rated units in the industry. The Stereo
70 delivers effortless 35 watts per channel con-
tinuous power_ Its wide band Dyna circuit is un-
conditionally stable and handles transient wave
forms with minimum distortion. Frequencyresponse
is extended below 10 cps and above 40 kc without
lass of stability. This amplifier is admirably svited
to the highest quality home listening requirements
with all loudspeaker systems.

ST 70 kit $99.95; wired $129.95

NEW! LOWER PRICED COMPONENTS WITH FULL DYNA QUALITY
Write for descriptive literature

DYNACO INC. - 3912 POWELTOMN AVE. -
Caoble: DYNACO Fhiladelphia

% -

ey

PHILA. 4, PA.
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TECHNIGAL
MAGAZINE
“COMPRESSOR”

By RUSSELL D. SHATTUCK

One solution to the

problem in holding on to back

space

issues of technical magasines.

CCASTONALLY the subscriber to a

technical magazine has to make

a decision whether to move out, sacrifice

his allotment of storage space, or throw

out the back issues. An alternative to

this Iatter choice is the author’s maga-
zine “compressor.”

The teclmique involves the use of ju-
dicions (called “heartless” by ceditors)
culling of unusable material. Here is how
the author decides what to save. ELEc-
troNics Worenp consists of articles on
construction, technical topics, servicing,
general-interest subjects, amateur, in-
dustry news, high-fidelity topics, and
ads.

One vear is about the maximum for
an ad to remain in force. Industry news
is about the same. General-interest ar-
ticles on subjects such as radio astron-
omy or ion propulsion may be perused
in detail in their own specialized maga-
zines so the reference value of such
material is short nnless the subject is of
special interest to the reader. In the au-
thor’s case, not being in the service busi-
ness, the articles dealing with servicing
are not of lasting interest. As a result,
once an issue is over a vear old I can
dispose of quite a few pages. Readers
with other fields of interest will have
their own preferences as to what they
want to keep and what they can discard.

The author has found that the best
way to compress ELECTRONICS WORLD
is to start by removing the cover. The
complete procedure is as follows:

1. The cover is glied on. Fold it back
and pull gently, first on the front cover,
then on the rear cover. About 98% of the
covers come off intact this wav.

2. The pages are glued and stapled.
The neatest pages result if the glued
edge is sawed off on a handsaw. Then
remove the staples. For this size staple, a
screwdriver and pliers are the only solu-
tion.

3. This leaves separate loose pages.
Save the title page and be sure to save
the continuation pages in the back for
the articles vou want to keep. Scrap the
rest.

4. The final bundle is again stapled
together.

ELECTRONICS WORLD
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MODEL 100 A TRANSCEIVER WITH
NEW DYNAMIC MICROPHONE

W

L

Cnsenting

il VTS ;
ATSTAL mig.

EXTERNAL SPEAKER S/METER

CLIPPER/FILTER AMPLIFIER

International’s new Model 100 A is the latest in
the outstanding line of Executive transceivers.
The advanced design Executive features a tran-
sistor power supply, new perforated metal
cabinet, and a new rugged microphone . . . all
of which contribute to a more reliable mobile
operation.

The Model 100 A . .. the finest of its kind, also features:
® Crystal filter for improved receiving e Twelve crystal
controlled transmit positions e Two crystal controlled
receive positions e Dual conversion superheterodyne re-
ceiver tuning 23 channels e Built-in calibration circuit
» N R squelch e Provision for connecting external
speaker and s/meter e Push-to-talk operation e Transis-
tor power supply operates from 6/12 vdc or 115 vac

Model 100 A, complete with 1 transmit crystal,
receive crystal, and microphone . $199.50

External Speaker and S/Meter

The perfect companion for the International Executive
Moadel 100. Utilizes a high impedance vacuum tube volt
meter circuit. Connects to socket on rear of transceiver.
S/meter reads in three ranges. Brown cabinet, brown
and silver panel matches Executive transceiver.
Complete with interconnecting cable . ... . $49,50

Executive Speech
Clipper/Filter Amplifier

A microphone amplifier designed to increase average
modulation . . . limits modulations peaks . . . filters

INTERNATIONAL MODEL 100 A EXECUTIVE TRANSCEIVER

audio frequencies above 2500 cycles. Permits arms-
length microphone operation. Power requirements: 12
vac or 12 vde.

Complete with interconnecting cable . ... ... $36.50

12.6 VAC, 2 Ampere Power Unit
Base station power unit for Speech Clipper/Amplifier.
Operates {rom 115 vac. Provides 12.6 vac at 2 amperes.

Complete with mounting chassis, power cord,
fuse, switch

Citizens Band licensees with International
equipped stations know the unquestioned
superiority and advantages of Executive trans-
ceivers and their system engineered accessories.

See your authorized International dealer today.

18 NORTH LEE o OKLAHOMA CITY, OKLA.
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NEW SAMS BOOKS

NEWLY REVISED 4TH EDITION OF ®
THE FAMOUS HOWARD W. SAMS

Transistor Substitution Handbook

Volume 4 includes 15,000 direct substitutions (2,750
more than in prior edition). Includes basing dia-
grams, polarity identifications and manufacturers
for over 6,000 transistor types. Has special section
showing 2,500 American replacements for foreign
transistors, PLUS a semiconductor diode and rec-
tifier guide containing 1,000 substitutions. 128 s 50
pages, 544 x 814”. Order SSH-4, still only. .. .. ]

North American Radio-TV Station Guide

By Vane Jones. Lists frequencies, call letters, loca-
tions, etc for all AM, FM, and TV stations in the
U.S. and possesslons, Canada, Cuba, Mexico, the
West Indies. Includes over 5,000 AM stations; over
1,500 FM stations; nearly 1,000 VHF and UHF TV
stations. Includes 14 maps showing all station loca-
tions. Most accurate and up-to-date station guide
available; important for TV-radio technicians,
DX’ers, broadcast station personnel, radio and TV
time buyers, etc. 128 pages; 514 x 814”.
RSG-T,0ondy . .. ... ... ... . . .

ABC's of Computer Programming

A full introduction to the principles and applications
of digital computer programming—from simple sub-
programs to intricate assembly and compiler pro-
grams. Chapters include: What is Programming?;
Fundamentals of Programming; Programming In-
structions; Programming for the Computer, Pro-
gramming for tﬁe Problem; Programming Algebra.
An invaluable guide for everyone interested in
computer technology. 128 pages; 514 x 814”. s 95
Order CPL-T, only ... .. ... ... .. ... .. ... .... ]

Industrial Electronic Circuits Handhook

An explanation of typical industrial electronics cir-
cuitry; includes schematics and text descriptions of
circuit operation and functions for over 50 config-
urations. Representative circuits include those used
in sequence timers, ultrasonic sensors, digital coun-
ters, infrared sensors, photoelectric controls, satur-
able-reactor devices, and various other devices.s 95
128 pages, 8% x 11”7. Order IEC-1, only . ...... 3

Howard W. Sams International Code Training System

Now—this amazing all-new Course, including both text
and 33% rpm recordings, takes you from 3 to 22 words
per minute (Sending and receiving) in less time, with
greater speed and accuracy than is possible with any
other teaching method known! Unique diagrammatic
system and integrated recorded code-practice exercises
enable you to begin transcribing code messages imme-
diately, without the conventional need for memorizing
individual code characters. You'll actually be receivin
code at speeds of 2-3 wpm in a few minutes! Just 5
minutes of professionally-recorded material is all you'll
need to progress to receiving speeds in excess of 20
wpm! Succeeding lessons will similarty accelerate your
sending _ability. Tncludes full text, plus six 7* LP 95
record sides. Truly amazing! Order CTG-1,0nly. . ‘ﬁ

MODERN COMMUNICATIONS COURSE, VOL. 3
FM and Multiplex Modulation Systems

Vol. 3 in this popular Communications Course
covers FM systems and multiplex-and pulse modu-
lation systems. Chapters include: FM Principles;
FM Modulation Methods; FM Tests & Adjust-
ments; FM Communications S stems; Multiplex
&PulseModulatlon Mlcrowavegomponents Radio
Relay Systems; Space Communications. Includes
projects and experiments as well as review questions.
224 pages plus 10-page foldout; 5% X 8%” $495
Order MCN-3, only. . R 4

Industrlal X-Ray Handbook

A comprehensive explanation of the principles of
modern X-ray technology. Chapters cover: Intro-
duction; Generating Radiation; Detecting Radia-
tion; Basic Principles & Applications; Electronic
Equlpment & Techniques; Medical Equipment; In-
dustrial & Commercial Uses; Laboratory Uses of
Radiation; Health Physics. Nearly 100 illustrations
show constructlon circuits and uses of X-ray ap- s

paratus. 288 pages; 514 x 814”. Order IXE-1, only 795

HOWARD W. SAMS & CO., INC.

Order from your Sams Distributor todoy, or mail
to Howard W. Sams & Co., Inc., Dept. A-13
4300 W. 62nd Street, Indianapolis 6, Ind.

Send me the following books:

O SSH-4 O cprL-1 O Cc1G-1
O RGS-1 O 1Ec-1 O MCN-3
$§__ enclosed. [] Send FREE Booklist

O IXE-1

Name

Address

City. Zone State
IN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7

L
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Microelectronics
(Continucd from page 33}

crystal is not a good conductor. The
atoms of the impurity must be able
to combine with the crystal structure in
such a way that an electron is either
added or taken away. The first impurity
type is called n and the latter p, for
negative and positive.

If p and n characteristics are formed
alternatelv in the same material, then an
electrical barrier is formed, This barrier
will allow current to flow readily when
a battery is placed across it with the
negative terminal to the n type and posi-
tive to the p type. But on reversing the
battery a high resistance is presented to
current How.

With present technology, one efficient
way of making integrated circuits with
silicon is to introduce a small amount of
n impurity into the entire ingot. Then
the n polarity is either counteracted as
required by the addition of p impurity,
or the n characteristic is strengthened by
increasing its concentration.

In the manufacture of integrated cir-
cuits these impurities are added to the
circuit substrates by diffusion. The units
are placed in a high-vacuum furnace
and, at an elevated temperature, a gas
containing the desired impurity is intro-
duced so that the impurity comes in con-
tact with the substrate and penetrates
its surface. Other methods of adding
impurities to semiconductors, such as al-
loving, are not suitable for integrated
circuits. The diffusion method is the
same as used for the manufacture of
modern high-frequency silicon transis-
tors.

The great advantage of the diffusion
method is that many units can be placed
simultancously in the furnace to make
thousands of devices. \ith all being ex-
posed to the same conditions, their uni-
formity is high, and production yields
are high, because once the process is
perfected each individual device tends
to be as good as the whole.

The patterns of diffusion on the sub-
strates are formed by a photolithograph-
ic process similar to that used for etching
plates in printing. Very fine details are
possible, limited only to the degree of
control over the precision camera work,
the making of masks for the patterns,
and the alignment of the masks in suc-
cessive manufacturing steps.

Both active and passive components
are made into the silicon substrate ma-
terial by the same diffusion processes.
The methods emploved for the several
types of components follows:

1. Resistance is controlled by varying
the amount of diffusion of impurities.
More impurity lowers resistance. The
photolithography pattern determines
length and width.

2. Capacitors are formed in two ways.

www americanradiohistorv com

Fig. 5. element shown moun-

ted in

"'"Micrologic™
transistor case {enlarged 6 times).

In one method, p-n junctions (barriers)
are used, which inherently exhibit ca-
pacitance when reverse biased. In the
second method, capacitors are formed
on the surface, with silicon dioxide act-
ing as the dielectric.

3. Inductors of limited value can be
formed by diffusing-in a heavy concen-
tration of an impurity in a spiral pattern.
Considerable development is still re-
quired in this arca, however.

4. Transistors and diodes are made by
successive diffusion of their parts. These
can be made at the same time as the
passive parts, if the impurity concentra-
tions are the same.

“Micrologic” Manufacturin
g

Typical microelectronic integrated
circuits, known as “Micrologic” by Fair-
child Semiconductor, are made by
means very similar to those used for dif-
fused “planar” transistors. This is a de-
vice whose surface is in one plane, with
the base and emitter contacts on the
upper surface, and the collector integral
with the substrate material. The pre-
vious generation of transistors was the
“mesa” type, which involved etching
away of the surface to control and re-
duce the size of the base area. True
planar transistors have a hard protecting
surface of silicon dioxide, formed by an
oxidizing atmosphere introduced with
the diffusions.

The “Micrologic” manufacturing
steps, from the preparation of the ultra-
pure silicon crystals to final inspection
and capping, are shown in Figs. 1 and
5. Some 60 to 100 circuits are formed
simultaneously in one wafer, and dozens
of wafers can be diffused at one time.
This batch processing leads to lower
and lower costs.

The completed unit with leads at-
tached is evaluated for reliability and
electrical performance, by a unique
method of testing. Since individual com-
ponents cannot be tested, the entire
function is checked for performance
over the specified voltage and tempera-
ture ranges.

ELECTRONICS WORLD
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Of the several approaches to micro- |
clectronics now inder investigation, 1116'
integrated circuit seems to have an ex- |
cellent chance of long-range and univer-
sal use. Reasoning hehind this statement !
is the integrated cireuit advantages of
inherently high reliability, the ingredi-
ents required for mass production, and
consequently, Tow cost.

Other tvpes will have varving degrees
of popularitv. The microsized discrete
component may lose favor when inte-
arated circuit development permits all
desired functions to be served by them.
The drawbacks of the discrete micro-
component approach are failure to re-
duce the number of interconmections
and high cost.

Thin-film circuits will logically be
nsed with integrated circuits to give |
areater flexibility and a wider range of |
circuit values than possible with diftu- |
sion alone. But with advanced inte- |
grated circuit technology. the thin-filn |
circuit with individonal  transistors and |
diodes will no longer be required. Ad- |
mittedly, however, the transistor \\’u.\'i
announced only H vears ago and we |
have probably only scratched the sur-|
face of the potential capability, mate-
rials, and technologies. Alveady gallium
arsenide is being investigated  for its
higher frequency potentiality. Cryo-
trons, which switch at zero resistance |
with very Tow temperatures, have heen |
found adaptable to  thin-film pr()(lnc»l
tion. And the ficld-effect transistor is |
coming into its own as a high-impedance
amplifier. competing with vacuum tubes.

The success ol the integrated cirenit
principle. however, whether in the form
described here or in some form yel to
be discovered. seems to be assured, be-
canse ol the needs of owr modern elee-
tronic world. Tt is not too farfetched to
visualize them in all tvpes of industrial
and consumer equipment in the next five
vears or so. They will probably be seen
in broadeast and communications equip-

ment, in hi-fi gear, in household elece-
tronic controls, and in small business
computers. A

‘‘For some reason the boss thinks | rigged
the computer’'s analysis of its own
best operating location.”

CIRCLE NO. 159 ON READER SERVICE PAGE |

NEW
WINEGARD
NUVISTOR
ANTENNA
AMPLIFIER

ENGINEERED FOR TROUBLE-FREE,
LONG LIFE OPERATION...

NO CALL BACKS!

INSTALL IT AND FORGET IT...
WEATHER-SEALED, WON'T CORRODE ...

COLD...

Uppermost in the minds of Winegard
engineers in developing the new Colortron
amplifier were two things—1. A new high
in performance. 2. Long life and trouble-
free operation. For example, a special
“lifesaver” circuit gives the two nuvistors
an expected life of 5 to 8 years at top per-
formance. This is possible because of a
heat sink to control operating tempera-
ture and an automatic voltage control.

Winegard’s revolutionary new circuit
enables the Colortron to overcome the
service problems and limitations of other
antenna amplifiers. Colortron will not
oscillate, overload or cross modulate be-
cause it takes up to 400,000 microvolts of
signal input. This is 20 times better than
any single transistor amplifier.

The Colortron amplifier will deliver
clean, clear, color pictures or black and
white, sharp and bright without smear.
It can be used with any good TV antenna
but will deliver unsurpassed reception
when used with a Colortron antenna.

SPECIALLY DESIGNED

AMPLIFIER WORKS
OM ANY ANTEMMA

ON COLORTRON AN-

FITS ANY

AMPLIFIER CLAMP SNAPS

COMPLETELY

NOT AFFECTED BY HEAT OR
ANTENNA...

It has an ultra low noise circuit . . . high
amplification . . . flat frequency response

.accurate impedance match (VSWR 1.5
to | or better, input and output) . . . and
no phase distortion. Can drive 6 scts or
more easily.

Nothing on the amplifier is exposed to
the elements-—even the terminals are pro-
tected. A rubber boot over the twin-lead
keeps moisture out. Colortron comes
complete with an all AC power supply
with built-in 2 set coupler. Colortron
(model No. AP-220N) lists at $39.95.
Twin transistor model AP-220T also
available. Input 80,000 microvolts with-
out overload—$39.95. For FM model,
AP320 twin Nuvistor, 200,000 microvolts
input—339.95.

Colortrons will be heavily promoted
this fall with big ads in Life, Family
Weekly, Parade and other consumer pub-
lications. Order now--ask your distribu-
tor or write for technical bulletin.

You get an extra bonus of quality and
performance in all Winegard products.

1 L
UNRETOUCHED PHOTO
OF AMPLIFIER GAIN
m—mm
,all CHANNELS.
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GET IT from GOODHEART!

BC-221's AT LOWEST PRICE IN 10 YEARS

Heterodyne-type freg. meter 125 ke-20 me, with calib.
xtl & matching-serial calib. book. CW. OK $69 50
grtd, fob Los Angeles, w/schem. ... .. ..... 0

For MCW models w/audio modulation. ...... $89.50

| ARC-3 and ART-13A TECH MANUALS!

Handbooks mainten., oper., theory, schem. $]U UU
dwgs, ctc. Either book posteaid. . ........

2-METER RECEIVER & 2/6/10 METER XMTR

"
. I

Add  $3.00 for complete
technical data group inciud-
g original schematics &
parts lists, {.F.. xti formu.
ias,  instruct, for AC pwr
sply. for rcvr continuous
tuning, for xmtr 2.meter
use. and for putting xmtr on 6 and 10 meters.

COMMUNICATIONS RECEIVER BARGAINS

BCA4S3B: 190-550 ke 6-tube superhet w/85 ke IF's,
ideal as long-wave revr. as tunable IF & as 2nd con-
vert. W, atl  data. CHECKED ELECTRIC. 95
ALLY! Grid. OK! 11 Ibs. fon Los Angeles. . $]2
Same, in handsome cabinet w/pwr sply spkr 7 0
etc., ready to use, is our QX-535, 19 $3 5

SCR 522 rcvr, xmtr, rack &
case. exc. cond, 19 tubes
include 832A's. 100-156 mc
AM. Satisfaction grtd. Sold
at less than the tube cost in
S%rglns' Shpg wt 85 Ihs,
F Bremerton,

Wash. onty $14-95

RES! Navy's pride 2-20 mc 14. tuhe suporhet has
voice filter for low noise, ear-saving AGC, high sens.
& setect. IF is 1255 kc. Checked, allgncd w/pwr
sply, cords, teach data, ready to use, fobh
Charleston, S.C. or Los Angeles 79'50
R-45/ARR-7 hraml new. 12-tube superhet .55-43 mc
in & bands, S.meter, 455 kc (F's, xtl filter, 6 seol,
positions, Ltc Hot and complete, it can _he made still
better by double-converting into the BC-453 or QX
535. Pwr sply includes DC for the automatic 179 50
tuning motor. FOB San Antonio ........ 0
Time Pay Plan: $17.95 down. 11 x $16.03

RADIO RECEIVER AND/OR SPECTRUM STUDIES

AN/APR-4 rcvr is the 11-tube 30 mc IF etc. for its
pluz-in tuning units: has S-meter. 60 cy pwr sply,
Pan. Video & Audio outputs. AM. Checked, aligned.
with heads for 38-1000 mc, 164 00
pwr plug & Handhbook. fob Los Ang. . .. ... $ .

Add $59.50 for 1 . 2.2 kme: add $79.50 lor T(‘st
Oscillator T5.47 APR, 40-3000 mc =179,
PM. w/huilt-in 60 cy pwer sply, fob Los Ang Ami
$30.00 to get AMFM revr instead of AM.

SEE THE SPECTRUM TO 6000 MEGACYCLES!

Rack cahinet on roller hase. made to check & ad-
iust radiosondes, contains Panadapter RDP (30 mc
*S mc display) & Recciver R-111/APR-SA (1 to 6
kmc), plus added pwr_ sply, meter panel. etc. With
H:ndl)ool;s Ir'lanui 115v 60 cy. Use alone or as
adjunct to APR-4 ahove. FOB

Lot Rngetos o0 TN FOR $199.50

NAVY'S MULTIPLE-USE IMPEDANCE BRID“E

=606007 AC Dbridge meas-
ures capacity 10 pf to 100
uf, thc lcakaze O to .
2.5. 5 ma, insul. resis(.
to 4500 megs. PF to 50 %,
resist. 1 ohm to 1 meg.
xfrmr turns ratio .001 to
1000. Built-in 115v, 50/60
¢y nwr sply, adiust. polar-
izing dc 0 to 550 v. Ac-
curacy gzrtd 5° or helter.
Each is gone thru by shop;
resistors replaced as needed
with 1°, types. ctc., & grtd
100° OHK. W/very edica-
tional instruct. hook. Shpg wt 21 Ibs so $37 50
shipped only by RailEx fob Los Angeles. . -

MEASURE E, I, R TO 1 PART IN 10,000

and  with ZERO current drawn! 4-digit 20K ohm
Kelvin-Variey Voltage Divider. Air Force spec. 1
part in 10,000. Dircct-reading Potentiometric method
for € and 1. Plus 1°, resistors for hridge-measurc-
ments of R. All non-inductive. Pius 100-0-100 uA
meter w protective push-switched multipliers. Plus
complcte simplie instructions. $1055.00 Air Force
Test Set. BRAND NEW, w/Handbook. Shpg. wt.
37 Ihs., fob Springfield, Ohio. 9 50
only $7 .

MIL SPEC SILICON DIODES 1N256A

Unused. contract termination. 200 PIV 20A at 150
deg. C. 14-28 stud, hex base. Max 11% v drop, 5 ma
reverse., 250 A 12-Cy surge. negular 514 00. 2 50
Buy postpaid atonly . ... ... .. .., ....... $ 0

AMPLIFIER: GAIN 31,000. PASS 5% MC

Has 8 6AKS's, overall gain 90 dh at 60 mc w/pass
5172 mc 3 db down, No specified input; output to
680 ohms. Needs 6 3 vac & 120 vdc. Net wt. 2 lhs.
12" x4 x21/2". W.E.Co. BO0-69266 for Bu- 14 95
Ord radar. NEW! foh Norfolk, Va., only. $

0.1% SORENSEN Line Voltage Regulator

=5000S regul. against
ioad changes 0-5 kva &
iine changes 95-130 v,
1 ph 50 60 cy; adj. out-
put 110-120 v, holds to
0. l ",‘.,. Harm. less than

Recovery .15 scc.

Regu'arly $695.00 less
spares. Ncw,  w spares

orig. pack. 285
ll)suolgb Utica. $34950
=1 S, 1 kva
lon Los Angel. $]7950
Sn(‘CHI 150 to
1500 va, 105-125 v 60
cy. *0.3°% linc & toad.
110-120 Vo. Max 5 % dis-

2? conn. $199.50
1 20 e, $49.50

Ask for specific items of interest: Tuning-fork freq.
standards, frcg. meters, phase meters, field-strength
meters, bridges, sig. generators, test scopes, graphic
recorders, or YOU name it. We are always acquiring
interesting new material.

R. E. GOODHEART CO., Inc.

P. Q. Box 1220-A Bavaerly Hills, Calif.
CIRCLENO. 119 ON READER SERVICE PAGE
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BRITISH
~ ELECTRONICS
RESEARCH

By PATRICK HALLIDAY

New devices and techniques seen recently by the
author at the Mullard Laboratories, near London.

NE OF the major commercial elec-

tronics research centers in Britain
is that of the Mullard firm, located some
20 miles south of London. At the cen-
ter, a stafl of over 750 is exclusively con-
cerned with research and development
over a wide ficld of materials and sys-
tems for electronics. The center is closely
linked with the large Philips organiza-
tion in the Netherlands, and much of the
present long-term work is aimed at
smoothing out the steady transition of
electronics from an industry for mass
production for entertainment applica-
tions toward more complex and special-
ized applications in industry and com-
munications.

Recently the writer was fortunate in
seeing something of the work now going
on at this research center which covers
a floor space of over 160,000 square
feet. Current projects range from low-
noise masers to color television; {rom
cold-cathode ficld-emission devices to
linear motors and automobile electron-
ics; from military infrared image con-
verters {or seeing in the dark to the
climination of friction by ultrasonic
waves and automatic inspection devices
for industry. Many of the materials and
components now heing processed at this
center are likelv to find world-wide ap-
plication in the next decade.

It has been shown that a dramatic
speed-up in computers is possible by the
use of magnetic thin films in place of the
conventional magnetic cores now widely
aused in computer memorv  systems.
\While the magnetic core—fast though it
acts—is inherently limited in speed. thin
magnetic film can change its state of
magnetization in about one billionth of
a second or roughly the time taken for
light reflected from this page to reach
vour cve. These magnetic thin films are
being produced as tiny discs only four-
millionths of an inch thick, vet like mag-
netic cores can be magnetized in cither
of two directions, t]le two states cor-
responding to the “0” and 17 notations
of the binary scale. \et another method
of speeding up computers now under
investigation depends upon  extremely
low-temperature superconductivity,

The coming utilization of u.h.f. tele-
vision bands in Britain is reflected in the

WWW americanradiohistorv com

development of transistorized u.h.f. tun-
ers. Mass-produced allov-diffusion tran-
sistors—already widely used in AM and
FM radio receivers—have been improved
for use up to 1000 me. The r.f. amplifiers
at this frequency give gains of between
10 and 15 db and have a noise fignre of
only 6 db. We saw TV tuners adapted
from two Deam-triodes to transistors
which show an improvement of at least
4 db in noise figure.

Engincers at the center believe that
the automobile will soon include a far
greater amount of electronics, with util-
ization of transistors, semiconductor rec-
tifiers, ferrite magnets. and  printed-
circuit technigues. Under development
is an improved altermator using ferrite
magnets, intended for nse in conjnnction
with semiconductor rectifiers, Also seen
was a cheap form of compact clectric
motor suitable for air conditioners. win-
dow openers, cte. with the usnal wind-
ings replaced by printed-cirenit dises.
Work is also going on toward electronic
control of automatic transmission svs-
tems. Here the aim is to control a normal
mechanical gearbox by means of a small
compnter wnit which will make the nec-
essary decisions and initiate a fullv anto-
matic mechanical gear change.

Among the many industrial control
projects is an automatic “ispeclor” to
detect fliaws in paper passing a Tine of
photocells at speeds up to 2000 feet a
minute. The pbotocells are placed ten
to the inch across the paper and can
readilv detect blemishes, discoloration,
holes, creases, or changes in thickness.

A new small square-loop ferrite device
which is likely to have a big future in
“fail-safe” switching and signaling svs-
tems s the “laddic"—so called hecanse
the ferrite material looks like a tiny half-
inch-long ladder and can perform logical
operations, as an and and or gate. Be-
cause of its size and “fail-safe” feature,
the laddic has many applications lor-
merly regniring electromagnetic relayvs.

We also saw an effective demonstra-
tion of the ability of nltrasonic waves—

r “ultrasonnd” as it is termed—virtnally
to eliminate friction. Several pounds of
nickel-iron were made to foat on a fihn
of water covering a sheet of metal. This
was done by energizing. with high-fre-

ELECTRONICS WORLD
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quency current, coils around the nickel-
iton. The current causes minute but
rapid changes in the length of the metal:
these fluctuations canse energy to he
radiated into the water, producing the
force which supports the metal.

Work is also going on in connection
with small “linear” electric motors in
which great interest has heen revived
recently by work carried out at Man-
chester University. The lincar motor {ol-
lows the general  principle  of  the
induction motor but has the poles of its
stator magnet arranged in-line. Unidi-
rectional or reciprocating lincar motion
can be imparted without any mechanical
conversion, thos eliminating overheat-
ing. In traction applications, the rotor is
formed by the rail on which the vehicle
travels, and the writer was shown a small
model monaorail car running on an alumi-
num track.

New techniques are being developed
for possible use in transistor television
receivers and hatterv-operated radar dis-
playvs. One of these is “scan magnifica-
tion” in which a greal amount of power
is saved in cathode-rav tube deflection
circuits by means of focusing quadrpole
magnet lenses placed along the neck of
the tube. A power saving on the order of
40:1 c¢an be obtained in television time
bases provided that these are not also
required to furnish a high-voltage sup-
plv.

Improved  high-vacnum  technignes
have revived interest in field-emission
tubes, in which a tiny unheated point of
tingsten replaces the conventional hot
cathode. This type of emission will not
work with the degree of vacuum in an
ordinary tube, but when really Tow pres-
sures can be achieved a great number
of electrons will leave the tungsten point
under the influence of a  positively
charged plate.

§8 ITST M L B

1963 CATALOG
"BEST BUY" KITS

and Electromic Equigment from |

CONAR

5-Inch Wide Band
Oscilloscope Kit

For black-white, col-
or, AM-FM and elec-
tronic applications.
High intensity trace.
Extremely stable
sync. Advanced de-
sign. Kit: $89.50
Assembled:$139.50

Transistor

Radio Kit

Superb tone and sen-
sitivity. No delicate
printed circuits. At-
tractive, durable
case. All U.S. made
parts. Kit: $25.50

CONAR

Get your FREE
1963 CATALOG

It’s full of exciting new electronic kits of
highest quality. Many items available in
both kit or assembled form. Home entertainment items that make perfect.
family gifts or test instruments for the technician who appreciates quality
and high performance. Tools, too, to make your work easier, faster. And
you’ll like the reasonable prices and convenient payment plans which
make CONAR Kits easy to own. Mail coupon for new 1963 Catalog now.

division of
NATIONAL RADIO INSTITUTE

Mudil this Coupon

FROM

ONAR

“Custom 70"
TV Set Kit

Excellent scnsitiv-
ity. Transformer
power supply; 3
stages of IF. In-
cludes cabinet, 19”7
tube — everything.
NOT a portable.
Kit: $135.00

Vacuum Tube
Volt Meter Kit 3
(6-Inch Meter)

RMS and p. to p. I

scale. Input imped. :
12.2 megs. Profes- ,@*” i
sional performance. =

Kit: $31.95

Assembled: $44.95

| ]
. T Tae T RSN CONAR
Mn(.h work ]1.(1.8 been carried ont on GUARANTEE | 3939 Wisconsin Ave., N.W. |
fow-noise traveling-wave masers which Parisand perform- | Washington 16, D.C. AB3C l
give considerably higher gain and hand- ance guarantced | Send me your new 1963 CONAR KIT CATALOG |
width than the carlier cavity devices. by NRI — ncarly I !
One of these masers is now installed at 50 years of pio- : Name :
the British ground station (Goonhilly neering in Elee- | Address I
Downs) for satellite communications. {ronics. . i
working at #1170 me. A 1 _Ciy_____________7;01"__1’“33’ — |
oy GET
- o
o TN SAY YOU SAW IT IN INTO
P “ V.T.I. training leads to success
& 3 . ) T : as technicians, ficld engireers.
specialists in communicalions,
wao» ]{JI(.\(‘l l‘() l] I(‘S \\ () I‘I(I gr\)lided‘s missiles, corxr;puters,

P— 1

(UL af
“This is the road all right, | can see it."”

Januvary, 1963

Hi-FI COMPONENTS
TAPE RECORDERS
SLEEP LEARN KITS

low cost, high quality recording
tape, tn boxes or cans

MERITAPE

AT FREE 1963 CATALOG
DRE\S‘}/”NER 1523 JERICHO TPKE

NEW HYDE PARK 16 N.Y.

www americanradiohistorv com

radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
necering Technology, an ECPD
accredited Technical Insdtute
curriculum. Assoc. degree in
29 mos. B.S. also obtainable.
G.I. approved. Graduates in all
branches of electronics with
major companies. Start Feb.,
Sept. Dorms. campus. High
school graduate or equivalent.
Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
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FREE Catalog

s~ QOF THE WORLD’S FINEST
ELECTRONIC GOV'T
SURFI.I.IE BARGAINS

HUGE SELECTION—
OUTSTANDING ‘‘BUYS"'

Transmitte Pow e|
ERTal FTER T [

Tl

I Receivers,
Srhes. Mo
lemes,  An_eands
Trar-farmer A
vert s Te-t kg
Mol [EEN
- fun l\L\
Relas
Sl
Altimeters,
ete., ote.

Oscillat

. Coils,

PARABOLIC ANTENNA

ANTENNA REFLECTOR-—
Four ( 4) Foot diameter Alumi-
num Parabolic Dishpan type
with 21" antenna feed, and
3” round mounting tor
1-5/16” x 34”7 wave guide.
Four mounting brackets with
hardware. Painted gray. Net

Wt.: 55 lbs.

Price ............ $29.95

Price with heater defrost

attachment: ....... $39.95
Same as above—Six (6) Ft. Dia. ........ $49.95

(Not available with defrost attachment.)

MICROWAVE
REFLECTORS

As illustrated — Aluminuimm — Plane
CHaty ivpe  contiguration.  Mounted
by A mn work of the reflector and
b ied bracket, with necessary
and guys:

'
hu \xrl\\ are

6 FL. Wide by 8 Ft Long—Net Wt.:

Ihe.: Nhpg. Wit $ 00
s, Prce. oo v 75 "
s FL. W. by 12 Ft. L. Shpg. Wt. e

BOO T, Lo i e e e

Address Dept. EW
25% Deposit on C.0.D.’s o

Prices F.0.B,, Lima, O.
Minimum Order $5.00

SEND FOR CATALOG!

-- then yov need us! |
GET STARTED RIGHT by writing
for FREE 8 page catalog illus-
trating over 30 business forms
and systems designed specifi-
cally for TV-Radio Service.

ON SALE AT YOUR PARTS JOBBER

Electric APPLIANCES
Learn at Home * $3 to $5 an Hour

Spare Time, Full Time ¢ Be Your Own Boss
{REE BOOK tells about our

easy, pictured in-
struction—backed hy 45
years of success in home-
Repair  Electric Appli- training — prepares you
ances. using simple tools. for top earnings. Earl
Pays $3-85 an hour! Reid of Thompson, Ohio,
CASH IN ON THIS BiG BOOM says: "Made $510 in one
400 MILLION Appli- month spare time.” At
ances are in American no extra charge you get
homes right now. People Appliance Tester, too.
need them fixed. You Findstrouble-spots,
make good money doing checks your work.

it. In your basement, ga- Get your FREE Book
rage. even your kitchen. and FREE Sample Les-
QUICK WAY TO GET STARTED son! Mail coupon below,
For less than 20c a day letter or postcard, now.

profitable business you
can run—right at home.

NATIONAL RADIO INSTITUTE, Appliance Div, l

| Dept. EA3, Washington 16, D.C.
| Send Free Book, Free Appliance Repair Course |
[ Lesson. Am interested in: |
[ Spare Time Earnings [ ] My Own Business |
| (] Better Job |
I Name . ... i e e l
| Address ... |
| City.............. Zone..... State. ... .. |

L e = Accredited Member National Home Study Council — —~
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Power Transistor Specs
(Continued from page 45)

sistors is 100°C (212°F). Anv higher
temperatures will soften and finally melt
the germanium. The average power dis-
sipation is equal to the emitter current
multiplied by the collector-to-emitter
voltuge, This will vield a hyperbolic
curve that can be found on typical out-
put characteristics curves. The transistor
circuit load line, incidentally, must stay
under this curve to insure reliable opera-
tion of the transistor and keep excessive
power dissipation in the junction down
to a safe level.

Thermal conductivity is the ability of
a material to transmit heat along or
through itself. The heat conductivity
path from the transistor collector junc-
tion to the ambient air must have as little
heat resistance as possible. Since the
junction of an operating transistor heats
and the temperature of the ambient is
normally less than the transistor junction
temperature, it is desirable to have the
junction heat radiating into the sur-
rounding air and allow the junction to
approach the temperature of the am-
hient. If the heat transfer path from the
transistor junction to the air were 100%
efficient, the junction temperature would
be the ambient temperature. However,
this is not practically possible. Between
the transistor junction and the ambient
air we find the connection between the
junction and the case. case and insulator,
insulator and heat sink, heat sink and air;
all of which total up to an opposition in
the path from junction to air. These ob-
stacles are known separately as thermal
resistance. Each different thermal resist-
ance has a unique coefficient number.
The coefficient of thermal resistance is
expressed as a temperature in degrees
centigrade per watt of dissipation. Due
to these resistances, there will alwavs ap-
pear a temperature differential between

transistor junction and ambient. This
temperature differential must be re-

duced to as low a value as possible.

The actual amount of temperature dif-
ference depends upon the amount of
power the transistor junction is dissipat-
ing. We add up the individnal thermal
resistances, multiply the total thermal
resistance by the power being dissipated
by the transistor junction (P=FE:x1.)
and add the results to the ambient tem-
perature. This gives us the transistor
junction temperature. If the junction
temperature just calculated is over the
maximum allowable rating for the tran-
sistor, one or more factors will have to be
reconsidered. We can lower the collector
current and voltage to reduce power dis-
sipation (and consequently the stage
output power) or, perhaps, we might
lower the ambient temperature. This
could be done by adding a fan for air
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circulation or by relocating the assembly
in a cooler environment. Anv one of the
thermal resistances may be lowered to
accomplish the sune end. but this may
be a little more difficult to do. With the
new values determined, the junction
temperature mnst be re-caleulated.
useful formula for this is
T./:Pu((i.u-‘f‘ﬁr'x‘F(js\) +TA
where: T, =junction temperature in de-
grees C, Po=power dissipation in watts
(collector current x collector voltage),
o= transistor thermal resistance in de-
grees C/watt (junction to case), fox=
insulator thermal resistance in degrees
C/watt (case to heat sink), #x =heat
sink thermal resistance in degrees C /watt
(heat sink to ambient), and T (=ambient
temperature in degrees centigrade.
Insulators used are mica, Teflon, or
anodized aluminum. They are used only
where the collector must be electrically
insulated from the heat sink, but not
thermally. Silicone grease applied in
small amounts between the transistor
and heat sink (and insnlator when used)
can reduce thermal resistance even more,
enhancing total heat dissipation. Teflon
has the highest thermal resistance with
mica second and anodized aluminum the
lowest. Teflon and mica are not as me-
chanically durable as anodized alumi-
num, but seratches through the anodized
coat on both sides of the aluminum can
electrically short the transistor to the
heat sink. Silicone-coated mica insulators
scem to be the most popular choice at
the present time in the industry at large.
However, no insulator at all_ with sili-
cone grease between the transistor and
heat sink. is the best possible situation.
The maximum amount of heat trans-
fer takes place in the immediate vicinity
of the mounting studs on the TO-36
package and around the holding screws
on the TO-3 package. The mounting sur-
face is smooth and made of copper or is
plated with another metal, such as
nickel. to enhance thermal conductivity.
In general. securing a heat radiator to
the cap of the transistor affords little or
no heat dissipation. The transistor
mounting bhase snrface is the only re-
liable area for connection to a heat sink.

Conclusion

The many power transistor specifica-
tions that are required in the manufac-
ture of transistors are not necessarily the
same  specifications required for field
technicians. Once the transistorized
equipment is designed and used, the
technician need only be aware of certain
practical and general precautions in the
replacement of transistors, that is, if he
does not have a direct replacement, a
substitute may be used. In such a case, a
knowledge of a few transistor character-
istics will assist him in making an intelli-
gent guess as to a proper replacement
and insure operation of equipment. A
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Make accurate, finished holes in 11%
minutes or less in metal, hard rubber
and plastics. No tedious sawing or
filing — a few turns of the wrench
does the job. All standard sizes . . .
round, square, key, or D" shapes for
sockets. switches, meters, ete. At vour
clectronic parts dealer. Literature on
request. m;
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The 315A is an efficient con.-
verter for non-critical installa-
tion with home or auto sects
Available in two ranges. 26-54
or 115-170 MC. Tunes 12 MC in
low range 30 MC in high range.

Specify range $ | 4-95

315A/T same as above but for use with
small AC-DC table sets delivers audio.
$14.95
Order today or send for free catalog on full line
of converters and receivers for every application.

KUHN ELECTRONICS

CINCINMNATI 17, OHIO
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Tube Short Testing

(Continued from pace 56)

If the electrode inder test is shorted
solidlv to the cathode. the continuity
during the negative hall-cvele will per-
mit ignition and both sides of the Tamp
will light. See the upper left-hand por-
tion of Fig. 2. A continuons glow on one
side with intermittent or partial glow
on the other indicates a flicker short,

D.C. Short Deteetors

The nse of direct voltage is most com-
mon in service-tvpe testers, The tvpical
configuration is simplified in Fig. 4A.
Only one side of the neon bulb can glow
under any condition. That will occur
when a short exists, Indications for this
and other conditions are shown to the
right in Fig. 2. Note that. for an open
clement (no continuity), the indication
is the same as for the normal indication
of no short.

Determining Sensitivity

How reliable is a given tester in re-
vealing shorting and leakage? This de-
pends on its sensitivity. fe.oon the maxi-
mum resistance up to which it will give
indication. The civenit of Fig. 1B can be
used to determine that resistance on a
tube tester. Variable resistor R must be
a calibrated 1mit whose maximm value
should he at Teast several megohms, The
leads from the 6AL3S and the variable
resistor are connected to two appropri-
ate points in the socket ol the tube tester,
depending on which short test (hetween
which two clectrodes) one wishes to
check sensitivity, Starting with maximum
vaine, R s then adjusted wntil the same
indication is obtained on the neon Tamp
that oceurs with a tyvpical tabe short, The
calibrated valne noted on R is the value
of the resistance sensitivity,

If a d.c. short test is emploved. the
GALS diode mav be omitted. Its pur-
pose is to provide clear-ent comparison
of indications where an a.c. short test
is used. With the diode passing cirrent
on one half of cach cvele. one side of
the ncon bulb will he permitted to glow
(no short) before the value of R s re-
duced; then both sides will glow when
the valie of R is equal to the resistance
sensitivity.

Ixeessive Sensitivity

Daoes higher sensitivity mean a more
reliable short test? Not necessarily, 1
it is too high. it mayv indicate a short
when there is a slight leakage path that
will not canse trouble in normal nse.
misleading the nser as to the tube's
actual condition. On the other hand., too
low a resistance sensitivity is not likel
to expose such significant conditions as
ficker shorts.

There is a problem here. and it s
made particnlarly significant by the Tact
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every time!
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available through leading electronic distributors

XCELITE, INC., 12 Bark St., Orchard Park, N.Y.
Canada: Charles W, Pointon, Ltd., Toronto, Ont.

HAND TOOLS

Quality screwdrivers, nutdrivers, pliers,
wrenches, service kits, and special purpose tools.
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that there is no standardization on sen-!
sitivity. It may vary from .5 to 3 meg-‘
ohms from one tester to another depend- |
ing on manufacturer and model, As for
the tube manufacturer, sensitivity is us-'
ually held to 1 megohm. The important
consideration is to keep the tube user
happy. A carefully chosen average sen-
sitivity will detect bad tubes \Vlt]]()llt.
causing others to be replaced. |
Another factor is involved in sensitiv-!
ity. The latter is a function of the test
voltage applied to the tube. The higher
the voltage used, the greater the sensi- |
tivity. However, not all clectrodes in all
tubes are made to withstand great stress.
Consider a test for shorting or leakage
with voltage applied between grid and
cathode. The grid will act as a rectifier
plate, drawing considerable current. It
was never designed for such duty. The
higher the voltage applied (or the longer
the duration of the test period), the
more likely is a tube that was good to|
begin with to arc over and become duam-
aged. |
In addition, as the bulbs age, more |
voltage will be dropped across each.
leaving less for the tube electrodes, In ‘
other words, the test hecomes less re- |
spousive with time. A periodic reche(-k'
|
I

of sensitivity is enlightening.

In fact, such recalibration is recom-
mended from time to time. Accurate
knowledge of sensitivity is a distinct ad-
vantage if one is to evaluate test results r
properly.

Such knowledge is also important to
establish a common ground of under-
standing between tube manufacturer
and user. Only in this way can the for-
mer serve the latter. A

PROTECT THOSE DESIGN CHARTS
By ROBERT K. RE

ROM time to time charts and graphs

will appear in electronics magazines
for the benefit of technicians in solving
electronic design problems. These handy
items soon become torn, marked up, and !
soiled. To protect them from damage, |
place them in an 8% 7x 11”7 plastic pro-
tector and store them in a standard three-
hole binder.

The plastic protectors used by the au-
thor are designated V.P.D. Sheet Protec-
tor NF-100-.003. These have black paper
backing sheets and each will hold two
814"x 11" pages back-to-back. The pro-
tectors can be purchased in most station-
ery stores for a few pennics. Once in-
serted in the plastic protector, the charts
and nomograms can be used over and
over again withont fear of damage.

Tracing paper can be placed over the
chart and the desired values found in the
normal manner, or you can write directly
on the plastic with a ball-point pen.
(Some pens will not write on plastic, bt
most will work all right.)

After the chart hax been marked, sim-
ply use a rubber eraser, tissue paper, or
rag to remove the ink from the plastie.
Storage of the protected charts in a
binder will keep them from getting lost
or damaged and the binder can also serve
as a handy design manual for the home |
or shop. [
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brings together a selection of
today’s finest camera work: tenper-
sonal portfolios, magazine illus-
trations, examples of outstanding
photojournalism and avant-garde
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International Portfolio of fine
pictures.

PHOTOGRAPHY
ANNUAL 1963

is now on sale at newsstands and camera
stores. Be sure to get your copy today—
or send in this coupon and we’ll mail your

copy fo you Only $1.25

Retail Sales Division

Ziff-Davis Publishing Co.—Dept. SD
One Park Avenue

New York 16, New York

Please send me a copy of
PHOTOGRAPHY ANNUAL 1963. | en-
close $1.25, the cost of the ANNUAL,
plus 10¢ to cover mailing and handling
charges.

NAME
ADDRESS

CITY ZONE STATE
(Add 3% sales tax if N.Y.C. resident)
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New
and

Products
iterature

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, simply fill in
the coupon appearing on page 17.

GENERAL-PURPOSE SCOPE
Hewlett-Packard Company has recently intro-
] duced a new general-purpose d.c.-to-300 ke,
oscilloscope, the Model 130C.
The new instrunient provides up to 200 uv, per
centimeter sensitivity with cither of its identical

horizontal or vertical amplifiers. This high sensi-
tivity means that omput signals from low-level
transducers can be measured directly without ex-
ternal preamplification,

The sweep circuit provides a magnification
factor of from 2 to K0 times so that any portion
of the sweep may be examined in detail. In addi-
tion. the sweep circuit may be disabled after a
single sweep, permitting observation of single-
shot phenomena or random events,

MOTORIZED CONTROLS

The Lionel Corporation is now in produc-

tion on an a.c. hysteresis motor, a.c. hvsteresis
motor and gear tain. and a.c. motorized po-
tentiometer controls developed especially for re-
mote control applications in stereo, TV, and
radio. in industrial  controls, instrumentation,
and displays.

The new units are available with operating
voltages of 6. 12, 24, or 117 volts a.c. or to the
customer’s order. (An external capacitor must be
used for operation and reversing.) Maximum
power inpur iy 7.0 voliamperes,

Motor output is 800 rpm at 0.1 inch-ounce
torquie. the motor gear train operates at 6 rpm
with 14 inch-ounce torque while the motorized

controls are at 6 rpm. Output speed and torque
can be changed to meet specialized requirements.

BREADBOARDING MODULES
3 Vari-L Company, Inc. is markecting a new
line of semiconductar-circuit breadboarding
modules as “"Develoboard.”

The unit features 35 solderless  conuectors
which accept vp o Tour Jeads. making 140 noise-
frec junctions—ample tor nost circuits emploving
3 or 4 transistors. All wiring is on the surface in
plain sight and jumpers are not needed. Fach
board includes an accessory panel for controls
and all connectors are pre-inserted so that there

Janvary, 1963

are no loose parts to misplace. The modules are
REZYER and several can be interconnected o
forn lavger circuits,

=

SOLID-STATE RELAY
Weston Instruunents Division is now oflering
4 a solidstate relav which combines rugged-
ness with extreme sensitivity (o low-level signals.

1 hie Model 82 “Nagsense™ iy an adjustable set-
poiut control relay suitable for industrial and
military use as a control relay, proportional con-
troller. coutroller. and (o
alarming and logic,

Eposy-cased, the unit weighs (L5 ounces and
18 x 1.3 x 12 inchese The relay s
designed to withstand severe enviromnental con-
ditions and meets MIL Spec requirements tor
termperature. humidity. altitude. salt sprav, vibra-
tion. tungus. corrosion, rain test, sand and dust
tests, immersion tests, and shock.

companator. on-off

GO-NO-EO

meoasures

COLOR-CIRCUIT ANALYZER
Sencore, Imce. has added a color circuit an-
5 alyzer, the Model CAL122, o its line of service
Lest cquipment.
I'he new unit provides all required test pat-
terns and signals for testing from the TV uner

to the tri-color tube. In addition, the unit pro-
vides analvzing signals for injection at cach stage,
including audio. video, and sync. The instrument
])I'()\'i(lc.\ ten ~tandard  color bars, white dots,
crosshatelt pattern, vertical and horizontal bars,
shading bars, plus v.f. and if. analyzing signals.

50-WATT ZENER DIODES

Fansteel Metallurgical Corporation has intro-

B duced two new H0-watt silicon zener voltage-
regulator diodes for clectronic and  clectrical
power systems,
The units are available in a stud-mounted
package (JEDEC DO-5 case) or diamond-shaped
transistor - package  (JEDEC TO-3 case). Stud-
mounted units are about 1.2 inches long while
the transistor-cased units are abouat 1.5 inches

tong. 1Thev are hermetically sealed for full pro-

tection against any envitonment,

TRANSISTOR PROTECTOR
Littelfuse, Inc. has developed a new protec-
] tive device for use in transistor  circuits
where a single accidental misapplication of volt-
age or damaging current surges could destroy ex-
pensive components,

The “T'ransistor Protector’” is a three-terminal
device suitable for mounting in printed-circuit
boards or with standard wire connections, Cvlin-
drical in ~hape. the unit measures 1.3 7167 long,
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is A7 0057 in diameter, and is internally

threaded with a stiaight knurled plastic protec-

tive cup. here is a 35/6 17 front-pancl projection,
Ihe unit comes complete with a 13/167 hex
mounting nut for 316”7 maximum pancl thick-
THIUSS,
H.V. POWER SUPPLY

Kepeo, Ince. has started delivery of dts new
8 d.c. regulated power supply, the Model ABC
ERTITIAY

I'he supply is continuously adjustable over its
full range of 0 to 2500 volis at up to 2 ma. and
has better than 0.05% regulation and stability,
A ren-position step range selector and a ten-turn
fine conrol voltage adjustment pernmits resolu-
tion of not more than 25 millivelts. Ripple is
less than 0.9 millivolts rumes. Recovery time Tor
abrupt line and load variations is less than 50
microseconds,

I he instrument is housed in a cabinet measur-
ing {a” x 83,327 x 998” which is adaptable for
rack mounting.

MAGNETIC OPERATIONAL AMP
Elcetronic  Control Systems, Inc. has an-
g nounced the availability of a new magnelic
operational amplifier designed fov analog compu-
tarion anud comrol.

1 he Series 100 operates on 60 cycles a ¢ and
does not require additional power supplics or
drift stabilization. It performs all the Tunctions
commonly associated  with vacuum-tube opera-
tional amplifiers as well as several added func-
Hons.

NMagnetic reliability and input current of less
than T za. makes it suitable for analog compr-
tation. industrial control. and Jow-level amplifi-
cation.

MONITOR SCOPE
] ITT Industrial Products Division has an-
nounced availability of the Model 401 moni-

tor oscilloscope. a precision instrument for the
visual  presentation of low-frequency  cleatrical
data.

The [4” rectangular-screen scope uses magnetic
deflection and electrostatic focusing to provide a
resolution of 25 lines per centimeter. Deflection
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mathematics

At Home — In Spare
Time And ”"Write Your
Own Ticket’’ to a
higher paying job

NPUSTRY today is ‘cry-
Ix‘ng' for men who
know mathematics. Pre-
pare yourself NOW
for a good future
and ligher paying
job by learning it
at home, in your
spare time — this
amazingly simple
way.

Can You Spend
10 Minutes a Day

That’s all it
takes with this
completely revised
and updated sim-
plified home-study
Course, Thomp-
son’s MATHEMATICS FOR SELF STUDY. 5 big
volumes, 1533 pages. Hundreds of charts, graphs,
diagrams, formulas. Basic ‘“know-how.” Time
and money-saving short-cuts. Common sense tips.
You master every type of practical mathematics
problem quickly and casily.

A "Must’’ for Men Who Want to Get Ahead

For the first time includes Binary Arithmetie,
Boolean Algebra, Non-Euclidean Geometry.
Clearly explains all basic principles, equations,
probabilities, roots, powers, slide rule, ete. You
solve any problem in geometry, surveying, me-
chanics, navigation, architecture, designing,
computer problems. You compute speed, velocity,
rates, integral formulas: analyze sales, produe-
tion charts; figure statistics, insurance, physies,
electricity, radio, TV. MUCH MORE.

Try Complete Course FREE

Send no money. Justl

mail coupon today for

FREE 10-day examina- NEW
tion of all five home-study Comp.lefely
books. If not convinced Revised

and Updated

Includes for the first
time Binary Arith-
metic . . Boolean
Algebra Non-
Euclidean Geometry

. an entirely new
sectlon on trigono-
metric identities . . .
and an expanded
section on differen-
tial equations. Com-
pletely revised and
updated throughout.

this great completely re-
vised and updated set will
let you “write your own
ticket” to a higher pay-
ing job, return it and
owe nothing. But mail
No-Risk Coupon NOW to:
D. VAN NOSTRAND COM-
PANY, INC,, Dept. 371X,
120 Alexander Street,
Princeton, New Jersey.
Established 1848.
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D. VAN NOSTRAND CO., INC., Dept, 371X,
120 Alexander St., Princeton, N. J.

Please send me, for FREE examination, the
5-volume set of Thompson's MATHEMATICS
FOR SELF STUDY. If not delighted I may re-
turn the 5-volume set within 10 days and owe
nothing. Otherwise, I will send you $2.85 (plus
small postage) as first payment, and $3 per
month for three months thereafter.

——=e====a

Name. coovvvvernoonvarsnnaas DB00000R0A0nNA000g

(Please Print Plainly)
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SAVE! Send full payment of $11.85 with this
coupon and WE pay all delivery costs. Return
privilege and refund guaranteed.
Canada: 25 Hollinger Rd., Toronto 16, price slightly
higher. Foreign, A.1.0. please send $11.85 with order.
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lineavity is 1% of full scale along the major axes
while plotting accuracy is 0.6 centimeter maxi-
mum crrov anywhere on the sereen. Drift is less
than 0.5 cm. per hour after warmup.
SCR FIRING MODULE

Electrologic Corporation is now marketing a
]] new silicon controlled rectifier firing module
designed for industrial application. this init, in
conjunction with silicon controlled rectifier power
units, can continuously proportion a.c. and d.c.
power and may be used as the final control cle-
ment in an industrial contvol system.

T'he outputs ol the unit are pulses which vary
approximately 180 degrees in phase with respect
to the power line as the inpur current varies over
its 5 to 1 operating range. Two owtput signals
are available for fiving full.wave SCR
systems.

power

50-MA. POWER SUPPLY
Trans Electronics Division, Burton Manufac-
] turing Co. has devcloped a precision power
supply, Model 450, which provides dnal-tracking
ontput vollages tor automatic cancellation ol
power supply common mode effects in dual-polar-
ity amuplificrs and bridge civcnits,

With continuously variable dual outputs of
—+300 to 4400 volts d.c. and — 300 to — 100 volts
d.c., the nnit can be used as a power source in
balanced-input d.c. awmplificrs, null-sensing civ-
cuits, and dual-polarity control cirvcuits.

R.F. SIGNAL GENERATOR
Electronic  Measurements  Corporation s
] offering a  low-cost signal  generator,  the
Model 502, which is available in kit or wired ver-
sions.
The instviment has six bands from 115 ke, (o
110 mc. on fundamentals and up to 220 mc. on

second harmonic. There are individual slug-tuned
coils for cach band. A Colpitts r.f. oscillator is
incorporated tor high stability.

The unit in its two-color ctched panel cabinet
measures 638”7 x 638”7 x 4”7, It comes complete
with an r.f. output icad.

SOLID-STATE D.C. AMPLIFIER
Astrodata, Inc. is oftering a new potentiomet-
] ric d.c. amplificr as the Model 110,

This all-solid-state unit is designed to be used
as a line driver for coupling high-impedance
single-ended voltage sources into cables for driv-
ing distant recovding cquipment. It provides a
voltage gain ol uniry to signals which range from
0 to £ 5 volts die. and will withstand input
signals as large as &= 28 volts d.c. without dam-
age to the amplifier,

The instrument measures 2,87 wide x 6.57 long
x 0.5” thick.

SQUARE PANEL METERS
WacLine Meters is now ollering a wide sclec-
]5 tion of T¥2” square, ruggedized. and scaled
panel meters for standard and custom applica-
tions,

Manufactured in conformance with MIL-M-
Lo all meters are available for commerdial as
well as military applications. The line includes a
variety of custom movenments, specinl resistances,
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custom scaleplates and markings, shunts, resis-
tors, andl a full line of other accessorics.

TRANSISTOR/DIODE ANALYZER
] Scco Electronics, Inc. has developed a mod-

crately priced transistor and tunnel diode
analyzer which is being mavketed as the Model
250.
The instrument veads both collector-to-base
and collector-to-eniitter leakage currents. It oper-

ates as a compreliensive transistor civeuit analyzer
and tests both tiimiel and zener diodes.

With the Model 250 transistors can be tested in
or out of the circuit. The company is offering it
in a.c. or battery powered versions. A wood or
heavy plastic cover is optional at no additional
cost.

LOW-PASS FILTERS
Triad Transformer Corp. is now marketing
] a new series of low-frequency, low-pass filters
for any application in the frequency range from
7.5 1o 150 cps.

The three new models are the Type GF-600
(7.5 cps, 3V ounces), GF-601 (145 cps, B4
ounces), and GF-602 (150 cps. 3.4 ounces). All
have input impedance of 0 to 100 ohms, output
impedance of 10 megohins, and maxinunm input
ol 3.5 volts.

NUVISTORS FOR U.H.F. TUNERS
RCA Eledtron Tube Division has announced
]8 the availability of two new nuvistors which
were developed specifically Tor u.hf. celevision
tuners.

The new nuvistor triodes have been designated
2DV and 6DV They are designed for oscillator
service in whof. TV veceivers and other equip-
ment operating at {requencies up to 1000 mc
Both wnits have gold-plated envelopes and gold-
plated pin terminals.

PRE-FABRICATED CONNECTORS
Amphenol-Borg Electronics Corporation has
]9 developed a pre-fabricated interconnecting
system which is being marketed as “Intercon™
circuitry.
The grids are 3” x 67 sheets ol circuit patterns
witl welding tabs on 0.100” centers. The weld-

able tabs may be lifted where desived by a bent
open paper clip or other simple tool. A hand
punch can be unsed to interrupt conductorvs. In
this wav a wide varicty of prototypes can be
created for immediate production of modules or
intcrconnecting, multi-laver wiving harnesses.

HI-FI—AUDIO PRODUCTS

ANTENNA FOR FM
20 The Winegard Company has vecently intro-

duced the “Stercotron.” an S-clement an-
tenna designed especially for FM applications.
T he new antenna featuwres a built-in nuvistor
amplifier which takes up 1o 200,000 gv. of signal.

ELECTRONICS WORLD
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January, 1963

The antenna has a minimum gain of 26 db over
i folded dipole and a flat frequency response of
better than -+ V4 db rom 88 to 1083 mc.

I he unit is being offered with cither $00-ohm
twin-lead or 75-ohwm coaxial cable facilities. Tt is
permanently gold anodized for corrosion protec-
tion. [t is alvo available either with or without
the nuvistor amplifier,

STEREO EARPHONES
E. ]J. Sharpe Instruments, Inc. has just re-
2] leased o moderately priced stereo carvphone.
the Model HASS,

Frequency response is 20-13.000 cps and maxi-
nim input power 2 watts. Impedance is 8 ohis
per phone and attenuation of amhbient noise is
20 db ar T000 ¢ps. Other impedances are available
onreguest.

I'he phones are shockproof and shatterprool
and made of plated steel and plastic, 'I'he phones
i sin-loot condudtor cord with strain
dizmeter three-civcuit phone plug.

come with
relief and 147
CARTRIDGE/TONEARM

(.mh.nn Audio Corporation is hundling the
il Canadian distribntion of the Neu-

mann |rmlv~~iun:|l dynamic sterco cntridge (DS 1
H2) with its matching stereo toncearm (S 1A-12),

ny

EX »f

The cartridae incorporates an improved ncetal
nnderside in place of the rubber ol the previous
model, Te s sealed against dust and dive and s
permanently aligned  for separation.
I he tonearm Keeps extaneous resonances at an
inandible level though an improved, spedal
rubber damping which separates the arm from
the counterweight, An integral calibrated gauge
permits adjostment ot the tacking lorce Trom
0 1 7

naximum

“_’,l'lllll\.
FM STEREO ANTENNA AMP

JFD Electronics Corporation is now murket-
23 ing a1 new trmsistorized FAL stereo and mono
signal amplifier. Fhe TENTTOSEM amplifier s
attached divectly 1o the tevminals of any FN an-
tenna to add up to 25 db guin to that of the
antenna with nniform frequency response across
the FAL band.

The electronically amplified antenna system is
capable of operating two, thiee, or Tour FA sets
with fully balanced and separvated high-fidelity
~terco.

I he amplifier includes a
supply and  distribution system

jack-type outlets.
Superscope. Inc. is now shipping the new
24 miniature Sony condenser microphone, the
=178 designed for the Droadeast, recording, and
entertaimment fields,
The micophone is %47 diameter by 3317 long
and provides a cardioid pattern with 235-db frony

IT7-volt a.c. power
with 300-ohm

CONDENSER MICROPHONE

to-hack sensitivity, The diaphragm is constructed
ol ospecial plastic material that is processed to
a thickness of onlyv 0.006 nmin. and coated on one
side with pure gold 1o @ thickness of 0.0003 mmnm,
Frequencey response s 20-15.000 cps + 2 (b,
The power supply included with the

(Continued on page 100)
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New AEC 77

TRANSISTORIZED
ELECTRONIC IGNITION

Increases power up to 10% . .. assures
fast starts at low end . .. full power at
high rpm . . . up to 20% more mpg . ..
prevents fouled plugs ... increases spark
plug life 3 to 5 times over normal ... in-
sures 75,000 mile point life . . . gives in-
stant starting in sub-zero weather . .

eliminates frequent tune-ups . . . simple
20 minute installation by anyone . .. cures
ignition problems ... MOBILE RADIO 1G-
NITION INTERFERENCE REDUCED 50%.

In conventional ignition systems, high volt-
age at the S])dlk plugs, falls oft over 507, as
engine speeds increase. The resull is a weak
spark causing incomplele combusticn, loss
of power. fouled plugs and poor gss mile-
age. The rugged AEC 77 electronic ignition
increases and maintains maximum high
voltage output at the spark plugs with no
high voltage fall oft at any speed. Its hot
spark guarantees more efficient combustion,
delivers full engine power at over 7,500
rpm with up to 207, more mpg.

WORLD CHAMPION
RACING DRIVER PHIL
HILL USES AEC 77 ...
REPORTS—

“AEC i7's strong spark
can make up for a multi-
tude of little sins, such as
worn points or improperly
gapped spark plugs. It will
make your car rTun
smoother, particularly at the low e'nd and
will appreciably improve its performance
and economy.”

Every AEC unit uses high quality compo-
nents such as Delco high voltage 15 ampere
transistors and Motorola 50 watt zerer di-
odes . . . while others use two low xoltage
transistors in series with two 1 walt zener
diodes. Every AEC Ignition coil is wound
with Formvar insulated wire, oil impreg-
nated and hermetically sealed for ma=<imum
insulation and cooling ... while others use
enamel insulation in a tar filled cc:] that
cannot handle the power AEC 77 delivers.

Proven in over 2,000,000 miles of testing,

AEC 77 is so dependable in performance de-

sign and engineering, that every unit is reg-

istered and GUARANTEED FOR 3 FULL
AR

CUMPLETE DO IT YOURSELF KIT!
AEC Ka.. ... Negative ground only...... $32.95

NEED COILS ONLY & BALLAST RESIS'FYDRS7
400:1 Coil....... (1.3mh. primary) 311
Ballast resister .5 chm 75 watt

FACTORY WIRED UNITS, COMPLETE

AEC 77 with 400:1 coil, 6/12v. ... ..... .. £39.95
AREC 77 P (British cars enly), 6/12v. ... .. $59.95
ORDER NOW

Please add 75¢ for postage (m(l hanmmg
25% deposit on COD

AEC ELECTRONICS, 387 Park Ave. S, N.Y.
Industrial and Lommercial inquiries invied

| AUTOMOTIVE ELECTRONICS CC
|387 Park Ave. So., N.Y, 16, N.Y,

| Please Send Me
|
|
| NAME
| ADDRESS § .
| _

| "] Free Brochure on AEC units EW 1
(™

CIRCLE NO. 101 ON READER SERVICE PAGE
95
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Where will you be
10 years

from today?

Now, you can put your finger on the electronics career of
your choice, and RCA Institutes will help you train for it—
right in your own home! RCA Institutes Home Training
Courses can lead you directly to the kind of job you want!
If you are looking for a career in electrcnics, here is your
chance to plan a successful future for yourself—the RCA
‘way—right down the line!

Let RCA help you find the answer with a profitable career in electronics

RCA Institutes, one of the largest technical schools in
the United States (devoted exclusively to electronics),
offers the finest facilities for home training. A service of
the Radio Corporation of America, RCA Institutes gives you
the technical instruction you need to plan, build, and realize
a lifetime career in today’s fastest growing fieid.

RCA Institutes offers both home training and classroom training—whichever best fits your needs. See the adjoining page
for a dramatic example of haw RCA can help you plan for the future you want! Licensed by the New York State Depart-

ment of Education. Approved for Veterans,

AMNAVW A
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RCA CLASSROOM TRAINING

RCA

HOME TRAINING

IN NEW YORK CITY AND LOS ANGELES

INDUSTRIAL
TITLE

THIS IS THE
RCA TRAINING
THAT WILL
HELP YOU GET IT!

QUALIFICATION

Engineering Aide,

Lab Technician,

Field Service
Engineer,

Test Engineer,

Technical Instructor

Efectronics
Technology (T-3)

High School Grad
with Algebra,
Physics or Science

THIS IS THE
INDUSTRY RCA TRAINING
DESIGNATED THAT WILL
JOB TITLES HELP YOU GET IT! QUALIFICATION

Radio aligner,

Radio-Electronic

8th Grade

Electronic Technician,
Field Technician,
Computer Technician,
Broadcasting
Technician,
Customer Service
Engineer,
Instrument Technician

Industrial and
Communications
Electronics(V-7)

2 yrs. High School
with Algebra,
Physics or Science

TV Serviceman,
Electronic Tester

Electronics and
Television Receivers
(v-3)

2 yrs. High School
with Algebra,
Physics or Science

Repairman, Fundamentals

Tester

Black & White Television Servicing | Radio Background
TV Service
Technician

Colar TV Service Color Television Black & White
Technician Television

Automation Automation Radio or Electronics
Technician Electronics Fundamentals

Transistor Circuits
Specialist

Transistors

Radio or Electronics
Fundamentals

Transistor Circuits
Specialist

Transistors

Radio background

Junior & Senior
Detail Draftsman

Electronic Drafting
(v-11, v-12)

2 yrs. High School
with Algebra,
Physics or Science

Transmitter

Communications

Radio or Electronics

Color TV Service
Technician

Color Television
(v-14)

Television
background

Industrial Electronic
Technician V-14

Audio Hi-Fidelity

Radio background

Technical Writer

Technical Writing

Electronics
background

Technician, Electronics Fundamentals
Communications

Specialist
Junior Electronic 8th Grade
Draftsman Drafting
Coder, Computer High Schoo! Grad
Programmer, Programming plus l-year .
Analyst business experience

Computer Service
Technician V-15

TV Studio
Production(S-1)
(v-15)

High School Grad

Console Operator,
Junior Programmer

Computer
Programming (C-1)

College Grad or
Industry sponsored

Radio Code Radio Code 8th Grade
Technician
Preparatory Preparatory Math 1 yr. High School
& Physics (P-1)
Preparatory Preparatory 1 yr. High School

Mathematics (P-OA)

e Free Placement Service. RCA Institutes graduates are
now employed in important jobs at military installations
such as Cape Canaveral, with important companies such
as IBM, Bell Telephone Labs, General Electric, RCA, and
in radio and TV stations all over the country. Many have
opened their own businesses. A recent New York Resident
School class had 93% of the graduates who used the
FREE placement service accepted by important elec-
tronics companies, and had their jobs waiting for them
on the day they graduated!

Note: 3 additional locations. RCA Technical Institutes offers
a limited selection of basic resident school courses in Elec-
tronics in Chicago, Philadelphia, and Cherry Hill, N. J. (near
Camden). For complete information write the name of the
city of your choice on the attached postcard.

e Voluntary Tuition Plan for Home Training Courses.
This plan affords you the most economical possible
method of home study training. You pay for lessons oniy
as you order them. If, for any reason, you wish to inter-
rupt your training, you can do so and not owe one cent.
No other obligations! No installment payments required!

e You get Prime Quality Equipment. All kits furnished
with home-training courses are complete in every respect
and the equipment is top grade. You keep all the equip-
ment furnished to you for actual use on the job, and you
never have to take apart one piece to build another!

SEND POSTCARD FOR
FREE ILLUSTRATED
BOOK TODAY! SPECIFY
HOME STUDY OR
NEW YORK OR

LOS ANGELES
RESIDENT SCHOOL

RCA INSTITUTES, INC. pept. ew.13

A Service of the Radio Corporation of America,
350 West 4th St., New York 14, N. Y.
Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif.

The Most Trusted Name In Electronics

(]

January, 1963

www americanradiohistorv com
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AMERTRAN PLATE TRANSFORMER
Primary 105-125 AC. 60 Cy. Secondar

3100-0-3100 V. AC 600 MA
12 WVay brice £ 59% k2. $75.00

SELENIUM RECTIFIER F.W. BRIDGE 4

Input 36-52 Vo!ts AC., Output 24

Volts DC 10 Amps. Ea. $9-95
FILAMENT TRANSFORMERS >
All 110 VOLTS—60 CYCLES unless noted 4
Sec. 6. 75¢ Scc. 6.3 V. 5 A. $1.95 §
Scc. 6. 25 Sec. 6.3 V. 10 A. 2.50 §
¢ Sec. 6. A, T1.75 Scc. 6.3 V. 25 A. 4.75
Sec. 1 .5 pooo
Sec. 6.3 V 5 A, 6.3 V 10 b
Sec. § V 52 Amps (16 KV ins).......... 517.95
§ 210 Pri. 60 Cy. Sec. 1.6 V 1100 amp....$18.95 :
-
RELAYS s
) 6 VOLT DC DPDT....... . .95
6 VOLT DC 3PST—N.O .65
0 12 VOLT DC DPDT...... . 1.35
P 110 v. AC 4 PDT 15 Amp Com 3.95
§ P-B. SM5LS 10,000 Ohm S .. 2.25
4 Scns. 11,000 Ohm Coil 1 Ma. Adj. SPDT. . ... 1.95
5
SILICON RECTIFIERS
> PIV  cCurrent Price | PIV  Current Price
;gg soomMa s §3 400 2 Amps  $1.00
a -
400 sooma 501300 13Amps 275
> 750 500 Ma -90 .
200 750 Ma ‘30 | 400 15 Amps 3.75
300 750 ma 50| 50 50 Amps 3.50
100 2 Amps .35 | 100 50 Amps 4.25
200 2 Aamps .58 1 200 S50 Amps 5.00
BRAND NEW OIL CONDENSERS
$ 50 MFD 200 VDC 4.50 | 2 MED 2pu0 VDU 1.50
2 MFD 600 VDC 4 MFD 2000 VDO 3.50
b 3 MFD 600 VI 6 MFD 2300 VDC 0
y 4 MFD 600 Vhio 2 MFD J000 VIN® .25
). 5 MFD 6010 VNG 3 MED 3000 VHC 8.95 ¢
4 6 MFD 600 VDO 4 MFD 100 7 12,9 P
b4 8 MFD 600 VDIC 1 MFD 5000 VDC 4.50 ¢
10 MFD 600 YDC 1.19 | 2 MFD Luo0 Vi 8150
y 12 MFD 500 VD 1.50 | 'S MFD 7500 vDC 2.9$
1 MFD 1000 vho .50 | 1 mFp 7500 v 695§
2 MFD 1GOO VDO .70 2 MFD 7500 “ 17.95
. 4 MED 1000 VDC 1.35| 2 MFD 10.000 » 29.95
8 MFD 1000 V)i 1.95 2 MFD 12, 0 ” 34.50
Y 10 MFD 10011 V(" 2.50 1 MFD t5.000 7 42.50
12 MFD 1000 VDC 2 MFD 16,000 ” 63.50
1 MFD 1200 VDC 1 MFD 20,000 * 59.50
1 MFD 1500 VD .5 MFD 23,000
2 MFD 1500 V) 1 MFD ;000 ” 6€9.95
4 MFD 1500 VD) 1 10 MFD 300 Vo 5
8 MFD 1500 VDG 2.95| '3 MFD 1000 VAC 1.95
b 1 MFD 2000 VDC .85
-

¢  PEAK ELECTRONICS coO.
{ 66 W. Broadway, New York 7, N. Y., W0-2.2370 ¢

e e T I T e Sy Y
CIRCLE NO. 137 ON READER SERVICE PAGE

STROMBERG
CarLeon 64 WATT
STEREO AMPLIFIER SALE

$199.50 PRICE

Medice Speclal Carload I'urchase Sale! New, Factory

ecartoned 64 watt (32 watts per channel) Stereo-HiFi

Audio Ampliner. Model ASR-¥20. It°s_all there is in

quality and value. Made to sell at $200.00, McGee

offers’ them for only $99.95. Metal cover, $5.95

extra. \Works with any record changer and tunev. Use
t

with any good Ni-Fi speakers, 0n| o sell, order
vour ~m;mmg welght,
Combination offer: 280, 61 \mn Stereo amplifier

Shure M7D cartridge and
wide-range 12" speakers. all

with arrard T
two Stephens 120FR
tor only $285.40.
Woaill hase for Type A, $4,95. LRS3, 45 RPM spindle,
$3.80. Dewald \sS03B. FM.AM self-powered tuner,
$54.50 extra.

BTROMLERS.CAMBON “.‘L\J-/ oy
SPECIFICATIONS

The Stromberg-Carison ASR-880 is one of the maost
powerful sterea amplitie, available at any price.
Desizned with the ﬂexmulnty of a recording studio
control panet, each channel has individual tone con-
trols and professional mixer-type separate volume
controls wliich operate in conjunction with the master
rain control. Specially engineered output transformers
utilize massive, grain-oriented steel cores for ex-
ceptionally good low frequcncy power handling with
minimum distortion, In rating the ASR-880 a leading
test labaratory reported ‘A pleasant surprnse came in
measuring the power output of the ASR-880. Each
channel delivered 50 watts at 29, harmonic distor-
tion. ar 48 watts at 19, d:s(ornon. This is unusual
in an amptifier rated at 32 watts per channel. Only

r 0.7 millivolts at the phono inputs will drive
tne amplifier to 10 watts output per channel. At
normal gain settings of the unit the hum level is
better than 70 db below 10 watts cven on_phono
input. This is completely inaudible. The ASR-880
has a rare combination of very high gain and very
fow hum, The amplifier has a number of special
teatures such as center channel output and a very
effective Channel-balancing system, as well as the
usual sterco functions lound in all good amplifiers.'*
Sensitivity: Tuner, 0.2V: magnetic Phono, Vv

Cer m c Phono, 0.4V. lnout Impeﬂance. Tuner Aux.,
megohm; Magnetic Phono, 47K ohm:
Phono/Tane. 2.2 1. Output

of 4,
8 and 16 ohms on ho(h channels and 8, 16 ohms
across 4 ohm taps on center speaker. High imped-
ance output for tape recorder. Tone control range:
Bass (50 cps) plus or minus 17 dh; Treble (20Kc)
plus n s T A power outlets, one
switched. Overall size, 1314L" x 454" High and 131"
decp. Tuhes: 4-7355, 2-7199. 4-ECC-83's. Gold finish
metal front panel with gold color knobs

WRITE FOR McGEE'S 1943, 176 PAGE CATALOG
McGEE RADIO CO.
1901 McGee St., Kansas City 8, Missouri
CIRCLE NO. 155 ON READER SERVICE PAGE
100

(Continued from page 95)
phone provides both low-frequency four-position
step attenuation and high-frequency cut-ofl,
TRANSISTORIZED CARTRIDGE
Fairchild Recording Equnipment Corporation
25 has developed o low-mass, transistorized car-
tridge system tor sterco applications.

The new “F-77 has a Irequency response of
20-20.000 ¢cps = [ db and 20«dh  separation
throughout the audibie rvange. The system  in-
corporates  a tansistovized  pre-preamp  which
generates sufficient noise-free, distortion-free volt-
age Tor the preamp. The pre-preamp is com-
patible and a switch on the unit permits it to be
used with conventional cartridges.

STEREO TAPE DECK

Benjamin Electronic Sound Corp. is handling

2 the U.S. distribution ol the British-built
“Fruvox PDH-9G7 stereo tape deck.

The new unit is a four-track deck with three
heads. three motors. and  sclf-contained  record

and playback preamps. It will handle 77 reels
and operates at 7.5, 3.75, and %% ips. Frequency
response iy 30-20.000 cps = 3 db at 7.5 ips. The
instrument also featuves individual vu meters
Tor cach channcl. a digital tape counter. aulto-
matic shut-ofl. and sound-on-sound facilities.

THREE-WAY SPEAKER
Radio Electronics Corporation is

Lafayette
27 currently marketing a new three-way hi-f
speaker, the "Cavalier 12 Mark IL”

Made in England, the speaker featres a 134 1b.
high-cflicieney ceramic magnet. The woofer. mid-
range radiator. and tweeter are axially mounted
within a unitized die-cast Irame. Virtually frec-
cdged cone suspension s achieved by an ex-
clusive cone-bonding and cone-edge treatment

construction process.
Frequency response is 30-20,000 ¢ps, mechanical
crossover is at 2000 cps while electrical crossover

is at 3000 cps. Cone resonance is 33 ¢ps and the
unit will handle 25 watts. Impedance of the
speaker system s 16 ohms,

CB-HAM-COMMUNICATIONS

PORTABLE RDF
Tech, Inc. has developed a three-band

Nov
2 all-transistor portable marine radio direction
finder that is being marketed as the “Pilot Pal
RDF.”
The 8-transistor rveceiver provides last and ac-

WWW americanradiohistorv com

curate position fix or homing direction to anv
station on anv of the three bands. Band onc is

190100 ke, and  monitors marine navigation
beacons and U.S. Weather Bincau continuous
weather reports. Band two covers standard broad-
cast and Conelrad $40-1600 ke, Band three, 1.5-

4.5 mc.. cosers all marine communications. radio-
telephone,  ship-toship,  ship-to-shore,  Coust
Guard, police calls, and radio amateur Ire-

quencies.
The unit mcasures 8”
2 pounds.

212”7 x 5”7 and weighs

TUBES FOR MOBILE USE

2 General Electric Recciving Tube Department
has announced the availability of one new
compactron aud two 9-pin miniature transmit-
ting tubes which have been specifically designed
for mobite communications in the high bands.
The compactron. Type 8136, is a medium
power transmitting tube with 15 watts plate dis-
sipation at 175 mc. The mlllliplicr-(lrivcr tube,
Tvype 8106, is rated at 6 watts plate dissipation.
The 8106 can donble and drive the 7981, can
drive two 7984's in push-pull. or can double and

drive a pairv ol 31367, For frequency tripling and
FM modulator, a triode-pentode type, 8102, s
now available. All of the new tubes employ 13.5-
volt heaters.
BATTERY CONDITION MONITOR

The Leece-Neville Company is now olfering
3 a low-cost instrument which shows actual
battery voltage and percentage of charge as well
as output of the voltage regulator, generator. or
alternator.

Designed to mount o the dashboard or instru-
ment panel of any car, truck. hoat, bus. or ofi-the-
road cquipment. the “Volt-I-Cator™ will replace
the “tell-tale” light. T he unit may be specified
for 6. 12, 24, or 32 volt ignition svstems.

The instrioment attaches directly to the bat-
tery. Two saales are provided on the meter face

—the quick-reading top scale indicates in diflerent
colors the battery discharge vange, the stte of
the battery charge, regulator opeating range, and

ELECTRONICS WORLD
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overcharge vange. ‘Fhe bottom seale indicates

actual voltage values.

CB TRANSCEIVER
The E. F. Johnson Company is now in pro-
3] duction on the “Messenger Two,” a 10-tube
CB transceiver designed to cover any 10 channels
in the 2%-channel band.

The unit is housed in a modern chrome and
Dblack cabiner and features an illuwinated chan-
nel indicator. A channel selector switch permits
cusy choice of channel. Lhe receiver section con-
tains a new noise limiter circuit and a.v.c.

The transceiver measures 3%8” high x 77
x 11387 deep. Tt is being ollered in 117-volt a.c.
and 6-volt d.c. or 117 volt a.c. and I2-volt d.c.

wide

Wyl

models. It
nlicrophone.
channel.

comes
coiled

complete
covd, and

with  push-to-talk
cnystals for one

MOBILE TRANSCEIVERS
3 Allen B, Du Mont Laboratories Communi-

cations Department has announced the im-
mediate availability of a4 new series of Fairchild/
Du Mont mobile two-wav radios which  have
been designated the 800,

The new umits deliver full 100-watt output in
the low band and 75 watts in the high hand. T he

Tvpe MCA 823-A is designed for the 23-54 me.
range with a rated output ol 100 watts. type
MCA 875-\ for the 4171 me range has an
output ol 75 watts. Both models feature a remote
control head with cotupletely transistorized power
supply.

COMMUNICATIONS MIKE
33 Instruments & Communications, Inc.

high-output.
variable microphone designed for mobile or base-
station CB and ham use.

Fradenamed “Big \ike.” the unit features a
built-in transistor amplifier with adjustable con-
trols for varving output level and tone, a
Usqueesze-to-talk™ bar, and hang up. 1 he minia-
ture, mercurv-cell battery pack is located inside

has in-

troduced a4 new tansistorized

months of
mMeasures

the handle and is good for mam

normal operation. The  microphone

e long N 37 in diameter,

MANUFACTURERS’ LITERATURE

CERAMIC CAPACITORS
Erie Resistor Corporation has issued a two-
3 color data sheet covering its ™7
ol ceramic capacitors.

Bulletin NP-120-2 tabulates mechanical and
clectrical charvacteristics of the units along with
the results obtained on these capacitors sith Hie
and humidity rests.

Iranscap™ line

SEMICONDUCTOR PRODUCTS
3 Tung-Sol Elcctric Inc. has available o four-

page “Quick Reference Guide™ covering s
complete line of silicon rectifiers as well as power
and switching transistors,

Included ave electrical specifications o all the
ditterent tvpes along with other pertinent details
ol interest to design engincers.

ZENER DIODE LOCATOR
International Rectifier Corp. has issued a
36 24-page  guidebook  which lists att known
cener devices by ELV and manufactmers’ paot
nunbers. Al Listings are in numerical sequence
for quick reterence and indude case tvpe. power
rating. nominal voltage rating. and specified test
current on cach tvpe.
Also included are detailed specifications for all
of the finn's zener devices induding 270, 400,
312, 10 watt power dissipation

750 mw. and 1,
ratings.
TRANSFORMER APPLICATIONS

Acame Electrie Corp. is oflering copies ol its

37 new catalogue which discusses in detail the

applications for boost and buck transformers in

the correction of undervoliages or ,overvaltages.

a refatively small

transformer ol this type is capable ol handling

I'he catalogue explains why

loads as much as 20 times the insutated vating of
the tranformer. how o determine  oansformen
vizes how 1o figure outpit volues in proportion

The Model 88 . ... A New Combination

TRANSISTOR RADIO TESTER~
DYNAMIC TRANSISTOR TESTER

AS A TRANSISTOR TESTER

The Model 88 will test all tran-
sistors including NPN and PNP,
silicon, germanium and the new
gallium arsinide types, without
referring to characteristic data
sheets. The time-saving advan-
tage of this technique is self-
evident. A further benefit of this
service is that it will enable you
to test new transistors as they
are released!

Model 88—Transistor Radio Tester
and l)nnmlc 'Irnnsntor Tester.
Total Prie b
Terms: $8.50|z vial,
$6.00 monthl\ for 5 months xf satis-
factory. Other- wise return, no ex-
planation necessary.

AS A TRANSISTOR RADIO TESTER

The Model 88 provides a new simplified rapid procedure—a technique
developed specifically for transistor radios and other transistor devices.
An R F. Signal source, modulated by an audio tone is injected inte the
fransistor receiver trom the antenna through the R.F. stage, past the
mixer into the IT.F. Amplifier and detector stages and on to the audio
amphfier. This injected signal is then followed and traced through the
receiver by means of a hinlt-in High Gain Transistorized Signal Tracer
until the cause of trouble whether it be a transistor, some other com-
ponent or even a break in the printed circuit is located and pin-pointed.

8-
SHIPPED ON APPROVAL
NO MONEY WITH ORDER —NO € 0.D.

The Model 88 will measure the
two most important transistor
characteristics needed for trans
sistor servicing: leakage and
gain (beta).

Model 88 comes housed in a handsome portable case.
Complete with a et of Clip-On Cables for TFransistor
Testing. an R.F. Diode Probe for R.F. and L.F. tracing;
an_ Audio Probe for Amplifier Tracing and a Signal
Enjector (uble. Complete—nothing else to buy!

SAVE TIME &
SPACE! Improve
system reliability with

the new COJAX from
COOKE ENGINEERING

COJAX compactness makes possible a small patch
field with many thousands of possible circuit connec
tions. COJAX improves your system reliability by re-
ducing your system downtime.

COJAX Model 22B is a shielded switching device for
entering coaxial or shielded transmission lines. Espe
cially designed for video, communication and antenna
system applications, COJAX provides the stability of &
normally closed circuit between permanently associe
ated lines and the flexibility of alternate circuit routing
by means of patch cords.

Miniaturized so that 22 COJAX switches may be in-
stalled in the standard 19” (A) panel ruggedized
so that each side of the COJAX will withstand more
than 100,000 patching operations and so trouble
free that the COJAX switching section has performed
without breakdown in over 15 million switching opera<
tions.

Try it for 15 dass before you | MOSS ELECTRONIC, I;,é ------------- h . . .

buy. If compietely satisfied 1 DEPT. D-947. 3849 Tenth Ave., New York 34, N.Y. | Write for more details and prices

then send $8.30 and pay ) poice oo Model g8, If sattsfactory, T will pay |

balance at rate of $6 00 per ) L o Satlstaciory, 1 will pa

month until total price of y Op terms specified. Otherwise I will return tester. : OOKE NGIN EERI NG OM PANY

$38.50 (plus postage) is patd | Name H

—No Int Finz N

ﬁﬁ%%ﬁ | Address . 735 North St. Asaph Street 1305 South Railroad Avenue

e el mtis e A YCity____ Zone_ _State ! Alexandria, Virginia San Mateo, California

us, no explunation necessary. ) All prices net. F.0.B., N.Y.C. ' King 8-3889 Fireside 1-5805
________________________________ 5

CIRCLE NO, 131 ON READER SERVICE PAGE C'RCLE NO. 106 ON READER SERVICE PAGE
Januvary, 1963
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F DOUBLE F
“BONUS”’
R prat] 3| LR R

PARTS
Inctude 25¢ for Handling

BONUS $ POLY PAK OF
YOUR CHOICE

#2 LISTED BELOW

BOTH FREE WITH EVERY $10.00 ORDER

[]987EMP COMPENSAT- §1 [(]8 TRANSISTOR SOC-¢
ING CERAMIC COND. KETS, w/mtg flange. 31
40 SUBMINI CONDEN. ¢ 60 SOCKETS, plug~. ¢

SERS, .0002 o .01 mt 31 reeptiee tube, pawr. .. 21
SO My BULAR COND: $] []30 _ASST TERMINAL g9

HEO U O I £330 G STRIPS, 1.12 Jugs. ..
i
ELECTROLYTICS. asst. * ) 19 RCA PLUG-N-JACK S
10 ELECTROLYTICS. * §1 - 1 AU
Sinf-1ogomf 1o 450v.
60DISCCOND, 27mmi- §]
S()lmt 1o é(lws’. PPN KIT,
0 mI ONDEN. e
SR MICA COOEN e ST 300 HooKuP g
30 SILVE. $ WIRE, asst colors. .. ]
[Ieonb, asst ni-stan.. . 31 [ 100 PRINTED CIR: g3
100 CERAMIC COND, " ¢ CUIT RADIO PARTS. .
25 vals, worth §25.. ° 1 100 PARTS, colls,  §]

DSO COILS-N-CHOKES, s]
rf, if. osc. peaking . .
HARDWARE s]

80 ASST CARBON ¢y res. dlodes, ele.. ..
RESISTORS, 2W 15 PNP TRANSIS- S
25 RoWER RESIS. $1 Lrors, “ro-s case. .. 1
TORS, ww, 53-30W.,

30 PRECISION RESIS-s] TORS, TO-5 casc...
TORS, world smallest

10 VOL-CONTROLS, $

|0 1_meg, switch too. ]

WO WATTERS,
[ Feimtone ot oo’ . $1

1S TOP HA $

RECTIFIERS, silicon. ]
DZS S*EPOXY' DIODES, s]

silicon 300ma ...

10 SUBMINI 1N34
[] 100 RESisTO s DIODES.  wermanium. S ]
D:s SLIDE SWITCHES, ¢ A N e
spst. 113vae ... ... ¥ T
$25 RADIO-N-TV
S foes et sy CRGRR W . 8]
20 MICRO'SWITCHES, ¢ FERSMPRECTI- 6]

by Gen'l Elec.. .. ... 7 PRSI, S1HLOIFE .o -0
4 SYLVANIA TRAN- s]

I LR SRS | SISTORS, 2N33. NIN

tv, usst, colors
Not affiliated with any other mail order house.

Include Postage, avg wt per pak 1-lb. Rated ac-
counis net 30 days. Write for 1963 *“Dollar Guide’’
Flyer

P.0O. Box 942W
S. Lynnfield, Mass,

POLY PAK

CIRCLE NO. 138 ON READER SERVICE PAGE

STATEMENT REQUIRED BY THE ACT OF AUGUST
24, 1912, AS AMENDED BY THE ACTS OF MARCH
3, 1933. JULY 2. 1946 AND JUNE 11, 1960 (74
STAT. 208) SHOWING THE OWNERSHIP. MANAGE-
MENT. AND CIRCULATION OF ELECTRONICS
WORLD publlshed Monthly at Chicago, Illinois for
October 1,

1. The names ‘and addresses of the publisher. edi-
tor, managing editor, and business managers are:
Publisher, Zilf-Davis Publishing Company, 434 S.

Wabash Ave., Chicago 5, Ill; Edltor William A,
Stocklin. 1 Park Avenue, New York 16 N.Y.: Busi-
ness manager, M. T Blrmmgham Jr., 1 Park Ave-
nue. New York 16,

. The owner is Zlif Davis Publishing Company.
434 S. Wabash Ave., Chicago 5, Ill.; Estate of Wil-
liam B. Ziff. 1 Park Avenue. New York 16, N.Y.:
A. M. Ziff, 1 Park Avenue, New York 16, N.Y

3. The krw\\n bondholders mortgagees. and other
security bo'ders owning or holding 1 percent or more
of total amount of bonds. mortgages, or other secur-
ities are: M

4. Parag hs 2 and 3 include, in cases where
the stockholder or security holder appears upon the
books of the company as trustee or in any other fi-
duciary relation, the name of the person or corpora-
tion for whom such trustee is acting: also the state-
ments in the two paragraphs show the affiant's full
knowledge and belief as to the circumstances and
conditions under which stockholders and security
holders who do not appear upon the books of the
company as trustees., hold stock and securities in a
capacity other than that of a bona fide owner.

5. The average number of copies of each issue of
this publication sold or distributed, through the

mails or otherwise. to paid subscribers during the
ééln;or}ths precedmg the date shown above was:

57
M. T. BIRMINGHAM, JR.. business manager.

Sworn to and subscribed before me this 19th day
of September, 1962.

(SEAL) MICHAEL A, LALLI, Notarv Public
(My commission expires March 30, 1961

ANNOUNCING | i

+ TU i | 0
SPONSORED B A
NATIONAL DATA COMPANY '
—for applicants with 2 years .
practical eledronics experience ! :
ol t
NOW... iz ; A o
THE CAREER !
OPPORTUNITY WRIT[ FOR FR[E BllllETIN
FOR b R g -(|
U b0 ARTERY

Yn“! NATIONALDATACO'T\PANY i
€l

102

to input voltage. and how to usc two or more
transformers in a cascade series.

LOSSY DIELECTRIC
National Beryllia Corporation is now offer-
ing a t-page technical data sheet covering a

new lossy diclectric ceramic “CarBerlox.”

The data sheet includes a prodnct description
and graphs of attenuation factor, loss tangent at
various requencies, and  diclectric constant at
various frequencies, for a range of perceutage of
lossy phase content.

ANTENNA SYSTEMS
Advanced Structures Division has issued an
39 illustrated brochure on advanced antenna
svstems which it is offering without charge.

Iucluded are photographs and  editorial in-
formation on large precision antennas for satel-
lite commuunications, target tracking. decoy dis-
crimination. radio astronomy, telemetry, and
space communications vesearch.

MEMORY SYSTEMS
RCA Semiconductor and Materials Division
4[] has prepared an 8-page brochure describing
its MS Series memory system in detail.

The brochure also cxplains selection of oper-
ating modes, options and system capacities as well
as showing how custom flexibility can he in-
corporated in the firm’s standardized line.

PANEL METER BOOKLET
Weston Instrument Division is offering copies
4 of its new handbook entitled “The Panel
Meter as a Design Element” which covers human
enginecering cousiderations in panel meter lay-
Outs.

The booklet presents a simplified approach to
the design considerations which cach engineer
faces as he sets out to design a front panel which
requives the use of indicating instruments. It
covers sclection of meter size, mounting mcthods,
cover stvles. wse ol color inserts, and multiple
meter applications.

LEVER-TYPE SWITCHES
Switcheralt, Inc. has issued a 6i-page. two-color
42 catalogne covering engincering drawings,
specifications. and opervating features of lever-
type switches.

Catalogue S-302 incdludes detailed specifications
on the new “lever-Lock”™ communications lever
switeh as well as full details on other models in
the company’s line, their applications and fca-
mres.

METAL SEARCH COILS
Gardiner Elcctronics Co. has issned a 20-page
4 hooklet which describes in considerable de-
tail the firm’s line of metal detectors, featuring
metal search coils,

The publication lists the various types ol units
available plus information on detection range.
operation, special features, and specialized ap-
plications.

RECTIFIER INTERCHANGEABILITY
Semicon, Inc. has issued an interchangeabil-
44 ity guide covering over 150 types of silicon
controlied rectifiers.
The bulletin serves as a cross reference to the
leading SCR producers’ internal numbers with
the firm's direct replacemnents.

TRIMMERS AND INDUCTORS
4 Corning Electronic Components has issued

a new  l6-page illustrated  booklet  which
describes its fine of metallized glass trinmuaer ca-
pacitors and inductors with high Q™ and low
temperature  cocflicients.

The publication discusses special glass diclec-
trics and details ol design, construction. and per-
formance of individual standard trimmer and
inductor models.

INDICATOR-LIGHT DATA

Dialight Corporation has just issued a 12

4 page cross-reference guide designed to help

www americanradiohistorv com

the engincer translate wmilitary code mnmbers
into commercial designations for indicator lights,
lamp holders, and panel lights.

Covered by the listings are ungrounded -
semblies that accommodate midget flanged buse
single contact, miniature bayonet single con-
tact, and candelabra bavonet double contact
lamps. Bracket-mounted sockets. indicator light
housings, and indicator light lenses are also in-
cluded.

BASE-STATION ANTENNAS
Mark Products Division has issued a two-
47 page. two-color data sheet covering its line
of high-gain colinear array omnidirectional base
station antennas for two-w service in the 150
and 450 mc. ranges.

The publication contains charts with typical
curves and gain of
the antennas. along with diagrams of mounting
details. A selection chare includes list prices for
all models.

VSWLTL colinear arrinvs for

AUTOTRANSFORMER CATALOGUE
4 General Radio Company has just issued a 28-
page technical bulletin covering over 200
different models of “Variac” autotransformers.
Bulletin P covers motor speed controls, voliage
regulators, and motor-driven autotransformers
in addition to the “Variac” line.
Complete technical specifications and over 100
illustrations are included.

REED RELAYS

Struthers-Dunn, Inc. is now offering copies
4 of its new [2-page reed relay catalogue A
which provides full information on the “Dunco”
line of encapsulated and magnetically shiclded
basic reed relavs, pulse reed relavs. cross-point
reed velavs, magnetic Tatch relavs, infinite maigin
types. and orvstal can reed rel
Much of the information is presented in tab-

ular and graph form for casy reference.

avs,

INSTRUMENT ENCLOSURES
50 TA Mig. Corp. has issued a single-page data

sheet covering its new “Panaliner” series of
clectranic instrument enclosures.,

The brochure, No. 407G, provides details on
special features and a tabulation of the various
sizes and types of units currently available in
the line. A line drawing shows the salient me-
chanical features of the endlosures.

CAPACITOR CHART
Cornell-Dubilir Electronics Division has is-
5 sued a handy 2134 x 1634” wall chart which
provides information on its "Demicon™ capacitors
for designers and engineers.

The chart’s main table cross-references tyvpes of
diclectries with important capacitor character-
istics. Four smaller tables on the chart provide
capacitor users with comprehensive data on other
operational features. "The chart has an adhesive
backing for casy mounting.

COMPONENTS CATALOGUE
Centralab has just published its component
5 catalogue #200, a 16-page book which gives
full price and product information on the firm’s
distributor line of controls, switches, ceramic
capacitors, and “PEC™ packaged circuits.

In addition to detailed rveplacement data on
over 1815 components. the catalogue includes tull
descriptions of the contents of 15 of the com-
pany’s kits, including the new FRK-100 kit of
“Fastatch 117 controls.

The publication is completely indexed for casy
usc.

SURGE IMPEDANCE EXPLAINED
53 Cleveland Institute of Electronics is offering

copies of its Electron Bulletin Vol. 17. Na. 8
which explains and discusses ch.n'ulumu e
pedance for the benefit of technicians,

‘The relationship of input impedance. termi-
nating impedance. frequency. and transmision
line wavelength to charactevistic impedance is ex-
plored at some length. The bulletin also touches

ELECTRONICS WORLD
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on oscilloscope photography, an clectronic de-
vice for pacing heart patients, and the develop-
ment of extrencly  minute  hearing-aid  type
LrAnsIstors.

COLOR BAR GENERATOR
The Hickok Electrical Instrument Company

ol

has issued four-page brochure describing
its Model 6561 “Chrom-Aligner” NTSC stundurd
color bar gencrator in detail,

The brochure defines and itlustrates an NTSC
standard signal as well as standards for white dot
and crosshateh patterns and describes the simpli
fied set up procedure to operate the new instvu-
ment.

HAM AND S.W. GEAR
National Radio Co., Inc. is now offering a
5 new 12-page catalogue covering a complete
line of amateur and short-wave receivers,
I'he 8127 x 117 brochure includes a description
of cach receivlr plus complete specifications on
the individual unit.

WELDING EQUIPMENT

5 Raytheon Company has issued an 18-page

handbook covering complete precision weld-
systeins and accessories. Photographs, draw-
ings. and charts ilustrate a foll Tine of d.c. and
a.c. equipment, along with data on miniature
welding heads and inforimation on aesistunce
welding, A fold-out page smmmarizes complete
systems.

ing

COMPRESSION TERMINALS
5'] Electrical Industries has issued a six-page.
four-colov bulletin covering its line of single
lead compression terminals for
Ironic applications.

varicty of elee-

I'he publication includes ferrule details, ter-
minal details, electrical specifications, instalia-
tion data. and a sclection chart based on the pro-
jected application. A

“DO-1T-YOURSELF"
TUBE CHECKERS
At 1/5 The Original Cost!

Your terrific

nipped Railwa

36.95 Exn'rloss Foran overwhelmed us. Please
'PEIYS' l;n" iltsclv in one month or be patient on your orders!
ess! dea for supermarhels &
iy stores. Compictely reconi- * BRAND-NEW
tioned, these machines have u « FACTORY SECONDS
tosdate  charts.  lighted  back & E
Jockedd compartment that stores up * USED TUBES
o ) tube

TV CONSOLES
.(omplclc From Knobs To Back

.\n “lrned  Out

Op Transformers!
Sahsfncuon Guarantced Or
Money Bacl

Picture Tubes

Your

shipped R:ulwny Express, F.0.8.
U5 (as is)
lh"—l7 '—-l‘I" 207 ——21 "
15,93 (as is

ONE YEAR GUARANTEED
TV PICTURE TUBES
liviced As Low 19¢ Per
Hore are just a few Spectacular

sample nrnces‘
12:1) 1T7TBZ0 g —x
19AP

te

by N:mon Wide contain only new
parts except for the glass envelope
which is reused and has been
closely inspected prior to manu-
facture to insure clear and per-
tfect  pictures! All picture tubes
shipped F.0.B.

send for Nation-Wide's complete
picture tube 1ist. cpt. CL.

FREE POSTAGE . . on All Oxdcrs 25¢

R mrlhn" Charge On ‘Orders Under %5.00! Deposit Of 259 On
0. T lian aml Foreign ()nlms send approximite postage
REMEMBER, you're not completely satistied with any merchan-

dise. N.tion-
e« Immediate shipment on all
s A1l tubes guaranteed

NATION-WIDE BLDG.
HARRISON, N.J.

1963

January,

PHOTO CREDITS

Page Credit
22 gl agskepEaniniid vl Annaals Dynaco Co.
26 oy et A T L Ercona Corp.

31, 32, 33, 86 ..Fairchild Semiconductor Div.
of Fairchild Camera & Instrument Corp.

40 gpwe e Duw s SR MR meT A s Auto-Trol
42 (toP) pemsmagiges v Bell Telephone Labs.
(center) 2.3ziimesdimanny Ampex Corp.
(bottom left) .. ..... Sprague Electric Co.
(bottom right) ... ....... ... ..., RCA
43 (top) ... ... ... ACF Industries
(left & bottom) ..... Raytheon Company
(right) ........ General Dynamics Corp.
67| §enseqmm - ITT

THANKS AMERICA!
response

* Used and/or
factory second

de will Refund Your Moncy within Five (5) days!
orders?
for onc full

HUmboldt 4-9848
Dept. EW 1

CIRCLE NO.

Answer to Electronic
Crosswords
{Appearing on page 71)

year!
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ON READER SERVICE PAGE

Fill in coupon for a FREE One Year Sub-
scription fo OLSON ELECTRONICS Fan-
tastic Bargain Packed Catalog Unhcard
of LOW, LOW. DISCOUNT PRICES on
Brand Name Speakers. Changers. Tubes,
Tools. Hi-Fi's, Stereo Amps. Tuners :.\nd
thousands of other Electronic Bargains.
Credit plan available.

NAME
ADDRESS.
CITY ZONE___STATE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS, INC.

CIRCLE NO. 134 ON READER SERVIC: PAGE

1-YEAR GUARANTEE ON ALL TUBES!

Before shipping, each order of tubes is Scien-
tifically Tested by Nation-Wide's own Quatity-
Control Department! All shorted and Low
Emission tubes are immediately destroyed! You
receive only TOP QUALITY LONG-LIFE.
Hickok and set tested tub
INDIVIDUALLVBBONXED' CODE DATED!

D!
0z4 4BZ6 6Ccm7 12AT7
1B3GT 4CcB6 6caQs 12aU7
iL6 4DT6 cue i2AVS
1LB4 SAMS 6CcuUB 12AX4GTE B
iLH4 SANS 6DE4 AX7
1LNS 5AQ5 6DQ6/A/B 12AZ7
1IN5GT 5ASB €DT6 1284
1R5 S5ATS EA7 12BA6
155 SBX7A 6EAS 12BE6
iTa BRS 6EBS 12BH7/A
1U4 cG G6EMS5 12BQ6
1Us SCLBA 6ERS 12BY7/A
5CZ5 6ESS 12CAS
546 6F6GT 12CR
578 6GHS 12CUS5/12C5
SU4G H 2cu
SU4GA/B  6J5 1204,/A
us 6J6A 2085
5vac 6K6GT 12D0Q6 A '8
X8 7 12K7GT
SY3GT 6L6GA/B/C 12L6GT
6ABGT 54 2Q7GT
64843 6547 1258GT
6ACT 65C7 25A7
6AF4/A 6SH7 125F7
G5 SF7 25K7
6AHAGT 6SK7 12SN7GT
6AHGE 65L7GT 12V6GT
6AKS 6SN7GTA/B 12W6GT
6ALS 65Q7 2x4
6AMS /A 6T4 3DR7
6ANS ‘A 6T8/A 13A7
6AQ5, A 6UB/A 14B6
6AS5 6V3a 4F7
6AT6E 6V6GT 17AV5GA
6AT8 /A WA4GT/A  17AX4GT
6AU4AGT ‘A  6W6EGT 19AU4GTA
6AUSGT x4 198BG6G/A
6AU6G /A 6X5GT 1978
us X8/A 25AX4GT
6AV5GA 6Y6G/A 25BQ6
6 AS 5C5
6AWS /A 7A7 25CD6GA/B
6AX4GTA/B 7A8 5CU6
6AX5GT 7AG7 25DN6
6BA6 7AU7 250Q6
6BCS 78B4 25L6GT
6BC8 787 25W4GT
1X2 BE6 cs 2576GT
2AF4 6BG6G /A 7C6 SAS
2BN4 6BH6 F8 3585
2CYs BHS 717 5C5
3auU6 6BJ6 A IN7 35L6GT
3BCS BKS Ya 5W4
3BUB 6BK7A ‘B BAWS/A 35v4
3BZ6 6BL7GT ‘A  8BQS 3523
3c86 6BN6 CG7 35Z5GT
3¢s6 6BQ 8CS7 50A5
3DK6 6BQ6GTA'B BCM7 5085
3DT6 6BQ7/A 8cxs8 0Cs
Q4 6BUS 8SN7GTH SOEHS5
3Q5GT 6BY5GA 9AUT 50L6GT
54 6BY6 SUBA 50Y6GT
va 6BZ7 10DE7 50Y7GT
4AU6 ca 10EG7 70L7GT
4BCS 6CB6/ 12A8GT 75
4BC8 6CD6G /A 12AB5 80
4BQ7A 6CL6 2AD6 83
4BSB 6CG7 12AQ5 11723
12AT6 117Z6GT

Partial listing—send for free complete tube listing.
FREE SURPRISE BONUS.ON
ORDERS OF %5 OR MORE!
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AN/ART-13 100-WATT XMTR
11 CHANNELS
200-1500 Kc

2 to 18.1 Mc

%6932

used

Complcte with Tubes

Mitotune Areraft Transmatrer, AN,

Lutous tolh
CWLN

TCW. Quack change tooand ol ten prosel chate
I Or manual twning.  specch ampliber clipper uses
earhan or maunetie mike. ¥ 1y stable. hiahly e
curate  VFO, Built in 4 contiolled llln Ao,
PeRLl~ modylate R13 in fnal up to H07 . :
A Real **HOT'' Ham buy at our low prlcel Orlg. cost

R1ROO,

AN/ART-13 XMTR as above, Like New $79 50
0-16 Low Frca Osc., Coil for ART-13 7.95
24V Dyonamotor for ART- 13 . 11 98

Same as above less met 39,
We carry a complete Ime ‘ot spare parts tor anove.

APR-1 Navy VHF-UHF radar search Receiver,

80 Mc to 950 DMec in 2 bands. BRAND

(3 o B o ac e t00ad00d0aa0aa0ca0oca $79.50
TUNING UNITS for abov TN1. TN2, TN3.
BRAND NEW, cach .. ... ........... $39.50

AN/APR-4 RECEIVER only. 38 to 4000 Mc in
5 tuning unit ranges. High precision lab instru-

ment, Input 115 V60 cyv. Like New 79.50
Tuning Units TN16. 17, 18 each .$39.50
Tuning Unit TN19. Brand New . .. . .$89.50
Tuning Unit TUS4 ........... .$149.50

LIMITED QUANTITY SPECIALS!

BC-312 MOBILE RECEIVER 6 bunds. 1500 Kc to 18
AMe. With Fubes and TV Inpaanotor, Like New ‘579.50
BC-312 for AC operation . .. ... ............ 89.50
AN APT 5 AIRBORNE RADAR SET, with tubes. lihe
B S G S e i o oo B oo o oon $49,50
AN/ APT-S5 BRAND NEW. $69.50
POWER SUPPLY for AN APT- 5 complvle Brand New,

V o400 to 26400 cxelos. oL $14.95

t for 80/115

FAMOUS BC-645 TRANSCEIVER
(5 Tubes 435 to 500 MC

Can be modified for 2-way
comuiunteation, vaie
vode, i bam band 420-
46¢

me ens ralio T
e, fixed and mebile 3450-
460 me. lelevision experi-
mental 470-500 mec 15
mbes (tubes alune worth
mare pricel)

TF7 2—TE

616 antl 1

BRAND g
NEW 160 0

2184, Now

AL cover
Brand new BC-645 wtih tubes, |

490 me. Jrow e
supply in factory carton.

Shipping wetght 25 Ibs. SPECIAL!. .. l 819 50 |
PE-101C Dynamotor, 12/21V lnpuz.

UHF Antenna Assembly.
Complete Set of 10 Plugs
Control Box

SPECIAL “PACKAGE” OFFER

BC-645 Transcever, lwwnamotor and all aeeessories
above  CONPIT BRAND NEW
Whilee Stnekhs Tasto L0 00 e e 29 50

Sclf-contained automatic unit, re-
produces code practice signais re-
corded on paper tape. By use of
built-in  speaker. provides code-
practice signals to one or more per.
sons at spceds from 5 to 25 WPM,

Like New,
Tested
Ret of 11 Reels, Army Corde Prae-
ce Lessons, BRAND NEW,

ongi-
Al paeking P.U.R.

MOBILE-MARINE DYNAMOTOR
Model DM35
Input 12V DC. Output: 625 V
DC @ 225 Ma, for press-to-
talk intermittent operation.
Shpg. wt., 14 Ibs. —
BRAND NEW. . $]4_95|
OTHER DYNAMOTOR VALUES: Excellcnt BRAND
Type Input Ontput Used NEW
DM-32A 28V 1.1A 250V _.05A 2.45 4.45
DM-33A 28V 5A 575V .16A
28V 7A 540V .25A 1.95 3.75

T 220V .080A_ 4.15 _
1A 220V .080A_ 3.75

"5.50
~s.45

DM 34D T12v 2A

3A 28V 1.4A

PE-73C__ 28V 20A 1000V .350A 8.95 14.95
PE-86 28V 1,25A 250V 050A 2.75 3.85
DM-42A DYNAMOTOR. In|l\1l 2 0 Amps
Outpul 315V DE @ 2 L ! lnm \ Ne @ oo
lx Wi 88 e, RRAND \)\\ . . .$6.95

DYNAMOTOR. Im»m 5 AL Dut
DH\ B N 2 nn \\I‘ \I W Faech $3.25

CARTER GENEMOT[]R
UT: 5.9 V DC @ 32

OUTPUY 405 " DC @ $8 95

BRAND NEW special

MICROPHONES

- o

EXC. BRAND ]
odel escnphon USED
¥5%0. .carton Hand Mike ........ .45 57 95
Ro38  Navr Teme Carbon Hand sifke -3.95 . 5.75 1
HEADPHONES Excelleat BRAND l
Mode! Description Used NEW
HS-23.  High Impedance $2.19 $4.75 l
.Low Impedance 2.69 4.95
49 1.65
ah 1m nts 37 7.95 1
TELEPHONICS—M)U _ohm Iow ‘Tmpedance IlLAU-
SE PER PAIR 25 |
co- 307A Cﬂrd- w: h PL55 plug and JK26 Jack .99
Earphone Cushions for above—pair.......,.. .50.
----—----------
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IMPORTERS —EXPORTERS
of ELECTRONIC EQUIPMENT

We specialize in the export of military surplus
electronic equipment:

:
:
b
:
: © ces
S Al at LOW T vk AILING PPRICES.
:
:
$°
s
s’

addition to itetns shown on this page. we have
tock o1 can obtain for export customers. mili-
 elecuome cquipment made for World War 11,
Kotenn War. and' Tater.

IF YOU DON'T SEE WHAT YOU WANT HERE
WRITE US YOUR NEEDS. INQUIRIES WEL-
COMED.

Al packing and
owr own wacehouse in N3

0 %2325%3250%2%22%%%

N

shipping is made directly from
'C to give you sub-tantial
savings in handling costs!

SSEND FOR LATEST FREE G & G BULLETIN OF$
$SURPLUS MILITARY ELECTRONIC EQUIPMENT.{

ATV N AN N N WAV WNAAY

LORAN APN-4 i%g‘

FINE QUALITY
i Determine exact geographic position of your boat

NAVIGATIONAL EQUIPMENT

or plane. Indicator and receiver complete with ail
fubes and crystal
INDICATOR 1D-6B/APN-4, and RECEIVER$49 50

R-9B/APN-4, complete with tubes. Exc. used
BRAND NEw$88.50

Receiver-Indicator as above,

Shock Mount for above . __............ $2.95
INVERTER POWER SUPPLY for Loran. Made by
Eclipse—Pioneer Div. INPUT: 24 V DC @ 75 A,

QUTPUT: 115 V AC @ 10.5 Amps, 800 cycles. Com-
plete with two connecting plugs BRAND NEW$49.50

12-Volt Inverter Power Supply, Like New. P.U.R
We carry a complete line of spare parts for above.

LORAN R-65/APN-9 RECEIVER

& INDICATOR

Used in ships and aircraft. Deter

mines position by radio signals from W
known xmitters Accurate to within
1%, of distance. Complete with
tubes and crystal. Exc. used.

Value $1200.00. Our Price. . ... $79.50
Used, less tubes, crystal and VIsor but with 3BP1
CR. tube $29.50

INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT.
PUT: 115 V AC. 800 cy. BRAND NEW. $49.50

12-Volt inverter Power Supply, Like New P.U.R
Shaock Mount for above ..$2.95
Circuit diagram and connectlng plugs available.

We carry a complete line ot spare parts for above,

LORAN APN/4
OSCILLOSCOPE

Easily converted for use on
radio-TV service bench

LIKE NEW! Is_,ess tubes. but
including 5’ cope Y
type 5CPI only ... |w|

BENDIX DIRECTION FINDERS
3 non on hoats.
$19.50

6505 Ke: 3-4.7 Me.
. ll\n.\lnnllu

.% 4.95
18.95

ANLGY
Complete
BRAND X

Wiie Toop for ahoye
h Cantiol Rox

I ALL COMI’LETE wITH TUBES Like I
Type Description Usea EW I
I B4 Recenver 100- ';50 kL ...... $12.95 3$14.45
BU-451 ; 6 JlllT12.a5 0 7.
| weiss 11.50 |
1.5 10 e |
I 110 Voit AC Power Supply Kit, for all 27.4-N aio
ARC-D Recciveia, Complete with metal
R S e $8.95 | |
I Factory wired, tested, ready to operate..$12.50 I
SPLINED TUNING KNOB for N and ARC-5
| HCIIVERS, Fits BC-453, BC-454 and 49¢ |
nthers  Only oo 5 |
| 2.1 to 3 dic. Transmitter, Brand New .. ... .. $12.95
| BC-4S7 TRANSMITTER—4-5.3 Me. complete $9.75 |
and crystal, BRAND NEW -
| oo A BAnR0D 6O 0006000000 7.95 |
Complete wilh
A1 tuhes
| Hl{\r\ll A W 95 '
| < . $7.95 |
A tbes and civseal. U 9.95
| Bec.ese TRANSMITTER Ao (omplete with §11 95 |
MI Tuhes & Crostal. Like New ool
| e aa6 Modutaor UsEp '3.45  New s 95 |
MD7 Modulator, Like New. .o T $9.95
| ALL ACCESSORIES AVAILABLE FOR ABOVE |

wi-aohm coil with 21
Do BRAND _\'l<'\\' G2
For most equipment
on thi- page. each

Heater, Whk ZDIT7T1081 ¢

SCHEMATIC DIAGRAMS
Piease inciude 25°; Deposit with order—Balance €C.0.D.,
or Remuttance 1n Full. S0c Handling Charges on all orders
under $5.00. All shipments F.O.B Our Warehouse, N.Y C.
All Merchandise suhject to Prior Sale and Price Chanqge.

G & G RADIO SUPPLY CO.
Telephone: CO 7-4605
77 Leonard St.
New York 13, N. Y.

l WE Mercury Refay =i'DJI,

ARC-3

e ———

JUST RECEIVED! VICTOREEN RADIATION
DETECTOR
(DOSIMETER)

$ Model 506 BRA
$45.00 SPECIAL,

I3 NEW. actual valuc
WHILE THEY LAST

RECEIVER!

Camplete

g $ 95

Tubes ExcC.

se

Like NEW

C!y:h]l comrolled 11 (ube superhol tunes from
00 to any 8 pre-setected

Cllannels 28 volt ‘bC power input. Tubes: 1-9002,

6-6AKS, 1-12SH7, 3-12S8G7, 1-9001, l 12HG,

2:128N7, 1-12SL7. 1-12A6

110 V A.C. Power Supply Kit for above 15.00
Factory Wired and Tested, . , ..19.95

ARC-3 TRANSMITTER

n poct for atinve, toaes 100 G 15
pre-selected channels 9 tibes
tslled  provides tone ard voice moddn
¢ ower nput Complete with
2.8132A . 1 128H7,

Comypig
any 8

1. GJa

ew condition .
PUSTIBUTTON

SPECIAL! BC-603 FM RECEIVER

$3450

Like m
ARC-3

Converted for 35- to 50 Mc. Brand

New, checked out

SPECIAL
EXTRA SET OF 10 TUBES FOR ABOVE L. new
rooriginal boxes 3 53 95
FT.237 MOUNTlNG BASE for B( -803 Revr $5 95
and BC-vE Xmutter. Bramd Ne o

12 or 24V Dynamolor for Ahove
Exc. Used $4.2 ..

4-Section Antenna 1or BC 503
nlute with eunting has ¥

AC POWER SUPPLY FOR BC603, 683
I tervi n

~witc
vDC @
Complete
604

= m; $5.50

683 Receivers.
NI NEW P

Com
$4.95

\(-lll\l’ (n
80 Ma. 24VAC @

240-page Technical

BC-604 TRANSMITTER Companion unit for BC- SB 95
D3 Revy  alwve  Watly ail tubes. Bl RAND NEW
4-Section Antenna tar BC-604, 84 Transmitters.
Complete with mounting base. BR-\ND NEW. .$4.95
We carry a complete line ot spare parts for above

APN-1 FM TRANSMITTER-RECEIVER
420 to 460 Mc Aircraft Radio _attimeter equipment.
Tubes: 4-955, 3-125J7, 4-12SH7, 2-12H
1-VR150; Complete with tubes, brand new. $]]_95|
APN-1 fixc. usc.d. like new $8.95

15-100AP "SCOPE

EXC. USED (worth $750)
OUR LOW PRICE $3 50
Brand New $69.30

Caci Ve need will, linear swotg

puIpse Le b SCals
101 \ ' 1

L
case ﬂ -<l
110 v

fxcell nt
[ Wt ORI el Ly
erystyl. and ¢ R Tuhe
LM FREQUENCY METER
Cpvstal Llgptesl ol il ated Ietvrodynie 1 Ko
o i K¢ Witli  Callliation  laiok
Complete. leo New ., . o 558 50

C-906 FREQ. METER—SPECIA
Cowity tepe 145 to 235 Me. Capdite with sntents
indd ovigringd ealiinati g ehite i
BRAND NEW. OUR LOW PRICE

SPECIAL BUY! This excellent frequency
standard is eguipped with original ca

.hr.mon charts, and has ranges from
125 Kc to 20.000 Kc with crystal check

poIws's n_all ranges. Excel. Used witn
orizinat Catibration Book. Crystal, and
all tables—LIKE NEW!
Unmm it rted $72.50 Mo ul te 1
BC-221 1000 Kc¢ Crvstal Brand New
TS-16 /APN TEST SET
Fear ol ng Lt oiton of i " ts M.
Iu used to check ealibration of COllnt e cte nits and
ot sweep fren, and toandw nl. ity -nm-nm
\l slio pseillats nge 3L to 1 cla
mput,  Complete  w th tihes (‘onnerllng 514 50
o o biles  instruction summa BRAND NEW
S/U Fortable crvstal tonll
hoteready o t\[)e i fild l|'~l )"' f OW
MCW RE T)'ﬂn\l"lll(ﬂ' i 1Rangr-
Ryoto 160N .
T ma’ 1 v $169.50
TEST SET TS-174 U F Als il i
Whovi bt for Gne to ften e Pow i €
WoNC and 1 ATl Exe. Cond 4’16950
TS-170/ARN-5 T P OSCIT oy to1 1 beottony -
A f5stal u)lh b1 far fr AT '{l
M- . opnd 335 M Power nin
00 VDC s Batteries. Fxc $22 50

SCR-625 MINE DETECTOR

Complete portable outfit in original pack $2750
in=. with all accessories. Brand New

2 VOLT BATTERY "PACKAGE"

1—2% 20 Amp. Hr Wiltird_Steorage
ﬁ |llu\ Meulel = 3"
Yozt

1—av prons Svnchronous Plugin
'\'|hral.-- ......

l—Qur;f: Bottle Electrolyte (for =

ALL BRAND NEw! '’ s
Combination Price

WILLARD 6-VOLT MIDGET
STORAGE BATTERY

3 Amp Hour. BRAND NEW. 35 X 1
16 « udg~”. Use \nnrlnrd Flect .
¥ g ; $2,95

hle
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ELECTRONICS MARKET PLACE

RATE: 60¢ per word. Minimum 10 words.

ELECTRONICS
ENGINEERING
AND INSTRUCTION

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog Free. (Courses
Bought) Lee Mountain, Pisgah, Alabama.
ELECTRONICS! Associate degree-—29 months. Techni-
cians, field engineers, specialists in communications,
m|55|les computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.

FCC LICENSE in six weeks. First class radio telephone.

Results guaranteed. Elkins Radio School, 2603C, In-
wood, Dallas, Texas.

"‘DRAFTING, Reading Blueprints, Schematics. Send
$2.00 first lesson, complete home course $25.00.
Prior, Inc., 23-09 169 Street, Whitestone 57, New
York."”

FAMOUS ARCO GUIDES: Electrical Repair Handbook;
How to Repair Home Appliances; HI-FI Guide; Hand-
book of TV Repairs; Practical Electronics; Ham Radio
Handbook. All fully illustrated. $2.50 each plus 25¢
postage. Money-back guarantee. Mayhouse, Box 71-AAl,
New York 33, N.Y.

ENGINEERING and Art Degrees earned through home
study Electronics, mechanical, liberal arts. When writ-
ing specify course desired. Pacific International Col-
lege of Arts & Sciences, primarily a correspondence
school. Resident classes alsg available. 5719-C Santa
Monica Blvd., Hollywood 38, California.

FOR SALE

TV Tuners—Rebuilt or Exchanged $9.95 complete—
all types—fast, guaranteed service. Send tuner with
all parts to: L. A. Tuner Exchange, 4611 West Jeffer-
son Blvd., Los Angeles 16, California.

TUBES—TV, Radio, Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed, 1st Qual-
ity, Top Name Brands Only. Write For Free Catalog
or Call WAlker 5-7000, Barry Electronics Corp., 512
Broadway, New York 12N, N. Y.

DIAGRAMS for repairing radios $1.00. Television $2.00.
Give make, model. Diagram Service, Box 672-E, Hart-
ford 1, Conn

GOVERNMENT Surptus Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10¢.
Meshna, Malden 48, Mass.

SCHEMATIC diagrams, exact replacement parts “or-
ders: Japanese transistor or tube radios, recorders,
transceivers, electronics equipment. Give model and
manufacturer, $1. Techservices. CPO 849, Tokyo, Japan
CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes reqmred No electronic
experience necessary. lllustrated plans, $2.00. Relco,
Box 10563, Houston 18, Texas

INVESTIGATORS, free brochure, U
electronic listening devices. Ace Electronics,
NW 7th Ave., Miami 50, Florida.

EEFORE you buy receiving tubes, test equipment, Hi-fi
components, kits, parts. etc....send for your giant
free Zalytron current catalog, featunng Standard brand
tubes; RCA, GE, etc.—all brand new premium quality
mduv:dually boxed, one year guarantee—all at biggest
discounts in Americal We serve professional service-
men, hobbyists, experimenters, engineers, technicians.
Why pay more? Zalytron Tube Corp., 220 West 42nd
St., New York City.

SUPERSENSITIVE directional microphone picks up faint
sounds at 300 feet. Detects sound through ordinary
walls. Easily built for $7.00. No efectronic experience
necessary. lllustrated plans, $2.00. Dee Company, Box
7263-D, Houston 8, Texas.

TV TUNERS rebuilt or exchanged, $9.95. Fast. guaran-
teed. Complete crystal alignment. Valley Tuners. 18530
Parthenia. Northridge. Calif.

FREE Catalog—name brand tubes 65% discount, phono
needles 80% or more discount, phono cartridges,
picture tubes 75¢ inch, parts, parts kits, silicon and
selenium rectifiers, transmitting tubes, 77 T.V. test
tube $6.99, imported batteries, tube testers etc. Want
to swap or sell tube inventory? Send us your offering.
Arcturus Electronics Corp., Dept. Z.D., 502 22nd St.,
Union City. N.J.

AUTQ Radios AM/FM/MB/SW Metravox. Blaupunkt, Mo-
torola Custom Fit Foreign-Domestic Cars. Low Prices.
Park Terrace Radio, 4975 Bway, New York, N.Y.

NEW Tube Testlng Inventuon “With Patent R Rights. De-
velopment Completed. Charles Broughton, 1039 Forest
Home, St. Louis 37, Missouri.

CONVERT any car radio to home use. Instructions $1.00.
Custom Design, PO Box 65, Rosltyn, Pa.

latest subminiature
11500/

January, 1963

March issue closes January 5th. Send order and remittance to: ELECTRONICS WORLD, One Park Ave.,

Experimenter's Electronic Parts—$1.50 per pound;
postage included. Guaranteed. Scinortcele; 1024 San
Pedro Southeast, Albuguerque, New Mexico.

First Patent handmade Toway telephaone amplmer with
extension speaker $29.00. Electranics World, Box 578,
One Park Avenue, New York 16, New York.

100 new insulated carbon resistors $1.00 postpaid.
Free Catalog. Bigelow Electronics, Bluffton, Ohio.
COMPUTER plans, Kits, courses. Free catalog. _ TESLA
Foundation. Box 11275, Phoenix 17, Arizona.
DIAGRAMS—For TV $2, Radio $1. Hiett Diagrams, Box
816, Laredo, Texas.

Save dollars on radio, TV-tubes, parts at less than
manufacturer’s cost. 100% guaranteed. No rebrands,
pulls. Request Bargain Bulletin. United Radio 1000-W,
Newark, N.J.

WANTED

WANTED: Coltins, Hammarlund Receivers SP-600, 51J,
R-390A, R-388. Teletype, Kleinschmidt. Cash, or trade.
é\lgéggics-Howard, Box 19, Boston 1, Mass. (Richmond
5 }

CASH Paid! Sell your surplus electronic tubes. Want
unused, Clean radio and TV receiving, transmitting
special purpose, Magnetrons, Klystrons, broadcast
types. Want military and commercial lab ‘test equip-
ment such as G.R.H.P., AN UPM prefix. Also want
commercial Ham Receivers and Transmitters. For a
Fair Deal write: Barry Electronics Corp., 512 Broad-
way. New York 12, N. Y. (Walker 5-7000).
QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Massa-
chusetts.

ARMY Sets or Parts—GRC—PRC-——FRR/URR—TCC—SB
—SCR—Send Listings—Quick Cash. Anker Electronics,
1617 So. Main St., Box 26, Wilkes-Barre, Pa.

TAPE AND RECORDERS

TAPE Recorders, HI-FI Components. Sleep Learning
Equipment, Tapes. Unusual Values. Free Catalog. Dress-
ner. 1523 EW Jericho Turnpike, New Hyde Park 10, N.Y.

RENT Stereo Tapes——over 2,500 Different—all major
labels—free catalog. Stereo Parti, 811-G, Centinela
Ave.. Inglewood 3, California.

SELF-Hypnosis. New concept teaches you quickly by
tape or LP-record. Free literature. McKinley Publishers,
Dept. T6. Box 3038. San Bernardino. California.

SAVE 30% Stereo music on tape Free bargam catalog/
blank tape/recorders/norelco speakers. Saxitone, 1776
Columbia Road. Washington, D.C.

RENT Stereo Tapes. Write National Tapes, 71 Dey
Street, N.Y.C. 7.
4/TR Stereo Tapes — bought, sold, rented, traded!

Bargaln closeouts! Catalog/COLUMBIA 9651 Foxbury,
Rivera, California.

HIGH-FIDELITY

DISGUSTED with “*Hi" Hi-Fi Prices? Unusual Dis-
counts On Your High Fidelity Requirements. Write.
Key Etectronics, 120 tiberty St., New York 6, N. Y.
D16-4191. - -

PRICES? The Best! Factory-sealed Hi-Fi Components?
Yes! Send for free catalog. Audion, 25T Oxford Road,
Massapequa. N.Y. -
RECORDERS. Components! Free wholesale catalogue!
Carston. 125-R. East 88, N.Y.C. 28

INDUCTORS for Crossover Networks, 118 types in
stock. Send for brochure, C & M Coils, P.0. Drawer
1147, Huntsville. Ala.

LOW, LOW quotes: all components and recorders. Hi-Fi,
Rosiyn 9. Penna.

WRITE for our low quotation on components. recorders.
Hi- Fidelity Supply, 2817-YC Third. N.Y.C. 55.

KARLSON Speaker Enclosures, Systems 7and Kits.
Wholesale-Retail. (Dealers, Salesmen wanted: Western
States, Hawaii.) Parasonic Laboratories, Orcutt. Cali-
fornia.

Mello Monster Folded Horn. From designer_now a 12"
enclosure. Also popular 8”. Plans $2.00 each. Roald
E. Dybvig, 2754 Xenwood Ave., St. Louis Park 16, Min-
nesota.

HACG classified ad in this section for low cost,
fast results.

wwWw.americanradiohistorv.com

N. Y. €. 16, N. V.

REPAIRS AND
SERVICING

TV TUNERS REBUILT AND ALIGNED per original factory
specifications using xya! controlled equipment only
$9.50. 24 hour service for unmutilated units. Ship com-
plete tubes or write for free mailing kit and dealer
brochure. J W ELECTRONICS. P.0O. Box 514, Blooming-
ton, Indiana.

RECORDS

RARE 78's. State Category. Write Record-Lists, P.O.
Box 2122, Riverside, Calif.

HELP WANTED

EARN Extra money selling advertising book matches.
Free Samples furnished. Matchcorp, Dept. MD-13,
Chicago 32. Il

VALUABLE Employment Tips 25¢. Comprehensive per-
sonal portfolio $1.00. Neaco, Batavia, Illincis.

GOVERNMENT
SURPLUS

JEEPS $278. Airplanes $159, Boats $7.88, generators
$2.68, typewriters $8.79, are typical gove nment sur-
plus sale prices. Buy 10,001 items wholesale, direct.
Full details, 627 locations and procedure, only $1.00.
Surplus, Box 177-C33, Abbottstown. Penna.

U.S. GOVERNMENT SURPLUS—Jeeps, $264.D0; radios,
$2.53; guns, typewriters; cameras; tools; thousands
of items. Fabulously low surplus prices. Camplete In-
formation sent immediatety. Send $1.00 to: Surplus,
P.0. Box 50512, Dept. R, New Orleans 50, Lpuisiana.

VOLTMETERS — §1.05, Transmitters—$6.18 Receivers
—$5.65, Freqmeters—$4.37, Oscilloscopes, Multime-
ters, Speakers, Walkie-Talkies. Typical Government
Surplus Prices. Exciting Details Free. N.Y. Enterprises,
Box 402-B, Jamaica 30, New York.

SHOPPING GUIDE
CLASSIFIED

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY
ELECTRONIC, BUT OF WIDE GENERAL INTEREST.

PHOTOGRAPHY-FILM,
EQUIPMENT, SERVICES

SCIENCE Bargains-—Request Free Giant Catalog ‘'CJ”
—144 pages—Astronomical Telescopes, Microscopes,
Lenses, Binoculars, Kits, Parts. War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

MEDICAL FILM—Adults only-—Childbirth,” one reel,

8mm $7.50; 16mm $14.95. International W, Greenvale,
L.lI., New York.

STAMPS AND COINS

TERRIFIC Stamp Bargains! Israel-—Iceland—San Marino
—plus triangle set—Pius Antigua—Borneo—Virgin—
Scouts—Congo—Russia—Plus large stamp book—all
four offers free—Send 10¢ for mailing cost. Empire
Stamp Corporation, Dept. Z2, Toronto, Canaca.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensationzl catalog
free! Sleep-Learning Association, Box 24-ZD. Olympia,
Washlngton

LEARN while asleep Remarkable scuent:f:c 92% ef-
fectvve Details free, ASR Foundation, Box 7C21, Dept.
Lexington Kentucky

PROSPECTIVE hame! Learn code with your tape re-
corder. Personalized instruction. Fleetwood, Box 894,
Garland, Texas.
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HIGHER PAY, better jobs for men trained in sketching.
$5 starts you; complete home study course. Used by
U.S. military. Sketch-Easy, 250 S. Prairie, Hawthorne,
Calif.

LEARN ELECTRONIC ORGAN SERVICING. New home study
course covering all makes electronic organ including
transistors. Experimental kit — schematics — trouble-
shooting. Accredited NHSC-GI Approved. Write for free
booklet. Niles Bryant School, 3631 Stockton Blvd.,
Dept. J, Sacramento 20, California.

BUSINESS
OPPORTUNITIES

| Made $40,000.00 Year by Mail Order! Helped others
make maoney! Start with $10.00—Free Proof. Torrey,
Box 3566-N, Oklahoma City 6, Oklahoma.

ASSEMBLE artificial lures at home for stores. Ma-
terials supplied free. Profitable! Write: Lures, Ft.
Walton Beach 1, Florida.

MAKE $25 $50 week clipping newspaper items for pub-
lishers. Some clippings worth $5.00 each. Particulars
free. National, 81 Knickerbocker Station, New York City.

PUBLISH your book! Join our successful authors: pub-
licity advertising promotion, beautiful books. All sub-
jects invited. Send for free appraisal and detailed
booklet. Carlton Press, Dept. ZDA, 84 Fifth Avenue,
N.Y.C. 11.

INVESTIGATE Accidents—Earn $750 to $1,000 monthly.
Men urgently needed. Car furnished. Business expenses
paid. No selling. No college education necessary. Pick
own job location. Investigate full time. Or earn $6.44
hour spare time. Write for Free Literature. No obliga-
tion. Universal, CZ-1, 6801 Hillcrest, Dallas 5, Texas.

MISCELLANEOUS

AUTHORS! Learn how to have your bock published,
promoted, distributed. FREE booklet '‘ZD,”" Vantage,
120 West 31 St., New York 1.

HYPNOTIZE Unnoticed, quickly, effartlessly, or re-
fund! Thousands satisfied! $2, Timner, Box 244, Ceda:-
burg. Wisc.

WRITERS Send Your books, articles, stories, plays for
free evaluation, screening and sale. Write today! Liter-
ary Agent Mead 915 Broadway, N.Y.C. 10.

RESUMES——custom written by experts from your fac-
tual notes. Earn more by presenting yourself to pros-
pective employers effectively. Send complete job,
educational history and personal facts plus $20.00
(cash or money order) for typewritten manuscript and
one copy of your own personal resume, $30.C0 for 200
copies printed on white bond paper. ). Ross, 63-61
Yellowstone Blvd., Forest Hills 75, New York, Dept. EW.
“HOMEBREWING: . . . Beers . . . Wines.” Instruction
Manual $1 (guaranteed!). Supplies. (Hydrometer, $3.95).
Crystal’s M71-BZD6, Hoboken, New Jersey.

ﬂELEﬂTRDNICS WORLD HAS

A BUYER FOR YOUR USED
EQUIPMENT OR COMPONENTS!

The 200,000 purchasers of ELECTRONICS
WORLD are always in the market for good
used equipment or components. So if you have
something to sell, let EW readers know about
it through our classified columns. It costs very
little: just 60¢ a word, including name and ad-
dress. Minimum message: 10 words.

For i Martin Lincoln
further | ELECTRONICS WORLD
information | One Park Avenue
write: '= MNew York 16, N. Y.

BC-221 FREQUENCY METER.
“‘LIKE NEW'" vith JEring catibrati
Ke NEW i ongina Cnegion $69.50

BC-221 same as above
WITH MODULATION checked out oNuy §9.50
BC-455 —6-9.1 Mc Receiver ........... 995
AN APN.9 LORAN Receiver- Inducmur with
24 C Inverter Checked ot 124.95
AN/APN 4B LORAN Receiver- Indlca!or with 0
24V In\ vles. Cheched out. b . 885
AN APR.4 . . . 38.2200 M Receivor with 359.50
+ Tuning Units. Excellent. ............. -

MAGNESYN COMPASS SYSTEM COMPLETE.
Remole reading for plane or boat. Excellent 24 95

condition. With Manual. . . ... .o,

ARC-3 Transmitter 1o0- I)(‘ McAM ]495

ARR-2 Receiver—11 Tuhes. With CB Con S G 95
~1omn 0Ty 00686008060 0n0600 0

Send Money Order or Check with Order
Write for Latest Flyer—LOADS OF BARGAINS!

R W ELECTRONICS

2430 S. Michigan Avenue . Dept. EW
Phone: CAlumet 5-1281 Chicage 16, 1.
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QOelrich Publications .. .......... 90
134  Olson Electronics, Inc. . ... ... 71,103

136 Palmer Electronics Laboratories Inc. 75

137 Peak Electronics Co. . ... ... .... 100
138 Poly Paks ... ................. 102
RCA Institutes, Inc. .. ... 96, 97, 98, 99
R W Electronics ................ 106
139 Rad-Tel Tube Co. .............. 76

Radio Corporation of America
FOURTH COVER

140 Rodio-Electronic Master, The ... .. 66

141  Radio Shack Corporation 78, 79, 80, 81

Relco . ... . ... . ... . ..., 95
156 Rider Publisher Inc., John F. . ... [}
142 Sams & Co., Inc, Howard W. . ... 27
157 Sams & Co., Inc.,, Howard W. . ... 86

143 Schober Organ Carporation, The . 77

144 Scott Inc,, H.H. . ... ... ... ... 2
158 Sencore . .............. ... 18
145 Sprague Products Company ... ... 16

Sylvania ... ................ 28, 29
146 Texas Crystals ................ 68
147 Tokyo Shibaura Electric Co., Ltd... 73

Tri-State College . ............. 91

148 Triplett Electrical Instrument
Company, The . ..... THIRD COVER

149 Turner Microphone Company, The 83

Yalparaiso Technical Institute .. .. 89
150 Van Nostrand Co., Inc., D. .. .... 94
159 Winegord Antenna Systems ..... 87
151 Xcelite, Inc. . ... .. .ol 91
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10 WIDER RANGES
GREATER ACCURACY

=ear ) Model 630-NA

VOLT-OHM-MILLIAMMETER
PRICE %7959

EXCLUSIVE PATENTED

A200; Cb“
‘ ¢
See s

12

1.2 /

X
¥
Q100 &

€000
ALY

N sigtsiooe 2
Uses Unlimited:
FIELD ENGINEERS m APPLICATION

4 en
ENGINEERS m ELECTRICAL, RADIO,

FACTS MAKE FEATU RES: TV, AND APPLIANCE SERVICEMEN

m ELECTRICAL CONTRACTORS =

FACTORY MAINTENANCE MEN =

1 70 RANGES —nearly double those of conventional testers. Un- INDUSTRIAL ELECTRONIC MAIN-
breakable window. Mirror Scale. TENANCE TECHNICIANS =
HOME OWNERS, HOBBYISTS

2 HIGHEST ACCURACY—1%% DC to 1200 volts, 3% AC to 1200

volts; mirror scale and knife-edge pointer to eliminate parallax. n(;l MODEL 630-NA-RM
o WL RACK MOUNTED VOM
FREQUENCY COMPENSATED—Flat from 20 CPS to 100,000 CPS; Sameranges as Model 630-NA, except for

varies from % to 1Y, DB at 500,000 CPS. Temperature compensated. 3000 and 6000 AC and DC volts. Heavy

Meter protection against overloads. etched aluminum panel 19” x 5)4”. Stand-
ard test leads come out the front. $109.50.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

PTTX, ”E

il

630-A 630-PL 630-APL 630-NA  630-NS 630-T 631 310C  666-HH 800 666-R
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An important message to electronic technicians ...

RCA invites you to

PUT YOURSELF IN

Color television today is a 300-million-dollar-a-
year usiness—and the fastest growing segment
of the home entertainment industry.

Co.or TV programming is at an all-time high.
If you still limit yourself to black-and-white
servieirg, you put yourself in the same position
as th2 village blacksmith who considered auto-
mobikes a fad.

Leading manufacturers are now turning out
color TV sets with the color picture tube devel-
oped oy RCA. Servicing these sets means big and
highly profitable business, but it requires special
skills, knowledge, equipment and parts. What
are you doing to take advantage of this great
new business opportunity?

THE COLOR PICTURE

To the public, color TV means RCA! It was
RCA who conceived and pioneered the compati-
ble color system in universal use.

How can you climb on the color bandwagon?
Associate your business strongly with the pres-
tige and customer acceptance of the recognized
pioneer of color TV. See your authorized RCA
distributor; stock and advertise RCA tubes and
associated products for color. Isn’t it time yonu
started seeing yourself in color?

RCA ELECTRON TUBE DIVISION, HARRISON, N.J.

@ THE MOST TRUSTED NAME IN TELEVISION
@
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