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%) years of leadership
g for Radio -Television

1

I
BUILD, EXPERIMENT, EXPLORE, DISCOVER
WITH NRI SPECIAL TRAINING EQUIPMENT
Begin now an exciting adventure. Learn by doing with
custom -designed training equipment that gives you on-
the-job experience as you train at home. "Stock" or
"standard" equipment has never been good enough for
NRI. The kits you receive are designed exclusively for
experience, for bringing to life the things you read about
in programmed "bite
size" texts. It's the neces-
sary "third dimension" in
NRI's training method.

These Men Trained for Success
with NRI -YOU CAN, TOO

Available Under NEW
GI BILL. If you served since Jan-
uary 31, 1955, or are in service,
check GI line in postage -free card.

"I want to thank NRI for making it all possible," says Robert
L. L'Heureux of Needham, Mass., who sought our job con-
sultant's advice in making job applications and is now an
Assistant Field Engineer in the DATAmatic Div. of Minneapo-
lis -Honeywell, working on data processing systems.

His own full-time Radio -TV Servicing
Shop has brought steadily rising income to Harlin C.
Robertson of Oroville, Calif. In addition to employing a
full-time technician, two NRI men work for him part-time.
He remarks about NRI training, "I think it's tops."

Even before finishing his NRI training, Thomas F. Favaloro,
Shelburne, N.Y., obtained a position with Technical Appli-
ance Corp. Now he is foreman in charge of government
and communications divisions. He writes, "As far as I am
concerned, NRI training is responsible
for my whole future."

"I can recommend the NRI course to
anyone who has a desire to get

ahead," says Gerald L. Roberts, of Champaign, Ill., whose
Communications training helped him become an Electronic
Technician at the Coordinated Science Laboratory, U. of
Illinois, working on Naval research projects.

NATIONAL RADIO INSTITUTE
Oldest and largest school of its kind

1

2

3

4

5

6

1

8

9

10

11

12

Choose From NRI's

Specialized Instruction Plans
Television -Radio Servicing
Learn to fix black -and -white and color sets, AM -FM radios, stereo
hi-fi, etc. A profitable field for part or full-time business of your own.

Industrial-Military Electronics
Learn Principles, Practices, Maintenance of Electronics equipment.
Covers computers, servos, telemetry, multiplexing, other subjects.

Complete Communications*
A comprehensive program for careers in broadcasting or mobil
marine, aviation communications. Learn to operate, maintain Iran
mitting equipment. Prepares for FCC License.

FCC License*
Prepares you quickly for First Class License exams. Every com-
munications station must have licensed operators. Also valuable for
Service Technicians.

Math for Electronics
A short -course of carefully prepared texts going from basic arith-
metic to graphs and electronic formulas. Quick, complete, low in cost.

Basic Electronics
Abbreviated, 26 -lesson course covering Automation -Electronics,
TV -Radio language, components, principles. Ideal for salesmen,
hobbyists, others.

Electronics for Automation
For the man with a knowledge of basic electronics who wants to
prepare for a career in process control, ultrasonics, telemetering
and remote control, electromechanical measurement, others.

Aviation Communications*
For the man who wants a career in and around planes. Covers
direction finders, ranges, markers, loran, shoran, radar, landing
system transmitters. Prepares for FCC License.

Marine Communications*
Learn to operate, repair transmitters, direction finders, depth indi-
cators, radar, other Electronic equipment used on commercial
and pleasure boats. A growing, profitable field. Prepares for
your FCC License.

Mobile Communications*
Learn to install, operate, maintain mobile equipment and associated
base stations as used by police, fire departments, taxi companies,
etc. Prepares for FCC License.

Electrical Appliance Repair
Prepares quickly to repair all appliances, including air conditioning,
refrigeration, small gasoline engines. Easy, practical. Leads to profit-
able part-time or full-time business of your own.

Electronics for Printers
Teaches operation and maintenance of Electronic equipment which
controls latest devices for the graphic arts industry. From basic
principles to computer circuits. Approved by major manufacturers.

*NOTE: You must pass your FCC License exams
(Communications Courses) or NRI refunds in
full the tuition you have paid.

SEND FOR
NEW NRI
CATALOG

1011 AND BUSINESS

'OPPORTUNITIES INI ELECTRONICS

COMMUNICATIONS

RADIO.TELEVISION_

Read the story of NRI's half -century of pioneering and
leadership in training men at home for Electronics.
Read about the NRI "3 -Dimensional" method that
speeds your progress. Read about NRI's exclusive
Achievement Kit, sent to you the day you enroll. See
the fascinating equipment that brings to life things you
read about in "bite size" texts. Mail postage -free
form today.

e s -r"°



NRI offers you over L

in home -study trainin

Electronics-Automatia

J. E. Smith,
Founder -1914.

Back in 1914, a school teacher named
James E. Smith started giving extra in-
struction to four of his students in the
"mysterious" new field of radio. From
that small beginning, National Radic

Institute has grown to be America'
oldest and largest home -study schoo

in the field of Electronics. Nearly three-quarters of a
million students have enrolled with NRI. Half a century
of experience is behind the NRI instruction plan you
select. Half a century of simplifying and perfecting
training to make home -study easier, more interesting,
more meaningful. Even men who didn't complete high
school can successfully learn Electronics the NRI way.
Ask men whose judgment you respect about NRI, and
send for the new catalog we offer. Read about
opportunities in Electronics, about new developments,
about NRI itself and the variety of training plans we
offer you. Mail postage -free card today. NATIONAL
RADIO INSTITUTE, Washington, D.C.

CUT OUT AND MAIL

COLOR CATALOG FREE
NO STAMP NEEDED-NRI PAYS POSTAGE

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016

Please send me your new catalog. I have checked the field(s) of
most interest to me. (No salesman will call. Please PRINT.)

 TV -Radio Servicing
 Industrial Electronics
 Complete Communications
 FCC License
 Math for Electronics
 Basic Electronics

2-106

 Electronics for Automation
 Aviation Communications
 Marine Communications
 Mobile Communications
 Electrical Appliance Repair
 Electronics for Printers

 CHECK FOR FACTS ON NEW GI BILL.

Name Age

Address

City State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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Crime
does
pay!

Every 40 seconcs a burglary tales place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY AtAAM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area Alth

r.f. microwaves. bt provides
complete wall to wal'-fluor to
meting protection for ar area of
up to 5,000 square feet. W.thout
turrian movement in the pro-
tected area, the microi%are sig-
ra' remains stable. illr1y human
novament (operation 's unaf-
fected ty rodents anc smal/ ani-
nals)in the area causes the dop-
pler signal to change fr?.qrency
Eporoximatety 2 to I cps. An
L.Wa-stable low frequency de-
tector senses this 3naail f re-
mency change, amplifies it and
triggers the police type s'ren-
which is heard up to 3 .-7aAi mile
away.

In addition, the RADAR SEN-
FY ALARM's protec.icri can be

extended to other areas with the
ease of the following cplicnal ac-
cessories:
 remota detectors to: extending

coverage to over 10 GOO sq. ft.
 rare of rise fire detector U.L.
aporove.d for 2,500 !q. ft. of
coverage each (no Fr; it pn the
number of remote Getectors
that can be used)

 hold-t.p alarm
 central station or pclice station

transmitter and receiver (used
with a teased telephore iine)
retay unit for activa Nog house
fights
battery operated Mr*, or bell
which sounds in the event of:

--pwerline failure; eTuioment
malfritction or tamoerirg

At thE-. ate, 1-.'s s multi -M l 'oil
dpIlar a yEar tusiness...for bLr-
g ars.

And an -.:ven betier business op-
portunity for ycu.

Why? Because Lt_rgrary car be-
s:oppec a-) ezfective a.lerirr
system.

In 'act poi ce and insurarm:e
cfficiels izve prOVEC tat an alarm
system 'ecuces, and in many cases.
eliminates Icsses-eve-i helps ro
I ce apprehend the cri-ninal.

He-e's .vhere ycl._ come in.
Ony a small per:entage of the

more than 1JC mi I on buildings-
stores, of -ices factories, schocls,
churches and homes a -e protectec
by an effect VE alarm system.

That means v -tLally every
home, Eve -y business s a prospec-.

You can sel :hem!
Ard y:.0 don't have to be a

super-sa esman To sell the b-est
Drotec: or awailab e-a Radar Sen-
:ry Alarm L -lit. .41 ycu have --o co
s demorstrate it... t sells itself.

A glance at the :echnica into--
matior srows why.

RADAR SENTRY ALARM

It's the mc'Et unique and ef'ec-
tive alarm system ever inve-ted.

And here's :he proof.
In the past s x yeas, thoJsa-ds

of RADAR SILTRY AL4RN.1 u -its
have been sok-, n the Detroit, M c.h-
igan area alare-sold by men I ke
yourself on 3 part-t.me and 'IA -
time basis.

Here are ust a 'ew customers
who are protected by RADAR
SENTRY ALARvlS:

U.S. Government
U.S. Air Force
Detroit Eciard Educatior
Hundreds of C-ur2.hes,
Banks, Businesses and
Homes.

Everyone E a prospect.
So take aJ.entage cf ycar pro-

fession: Put ycur technical knowl-
edge and experience to work for
you in a total y new area-an area
that will ma. morey for you!

Don't wail!
Let us prove that crime does

pay.
Become a cistributcr.
Write now for free cetails.

Pe_ 000000  ., oo  OOOO .
MA to: RADAR Devices MANUFACTURING 3DRR.
acin Harper Ave., St, Cia r Shores M chin 48680

Please tell me hcw I can have a busiiess
of my own cis.tributirg Ra& - Sentry
Alarm Systems. understand there s no
obligation.

Nzme
W-1(

Address

Cray Sist:c & Code

October, 1966
CIRCLE NO. 86 ON READER SERVICE CARD
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FINCO ALL -BAND UHF -VHF -FM ANTENNA

75 OHM Model CX-UVF-24 $72.10 List

FINCO ALL -BAND UHF -VHF -FM ANTENNA

300 OHM Model UVF-24 $59.95 List

The one antenna that does the work of three! Pulls
in beautiful color and crystal clear black and white
pictures on both UHF and VHF channels... plus
the finest stereophonic and monophonic FM sound
reproduction.

300 -ohm models for normal reception areas from
$18.50 to $59.95

75 -ohm models for poor reception areas from
$42.65 to $72.10

F/111/CO
introduces 75 -ohm COLOR VE-LOG ANTENNAS

FOR UHF -VHF -FM RECEPTION
Finco's Swept -Element Antenna challenges all com-
petition. Its unique design assures the finest color
and black and white TV reception-plus superb FM
and FM Stereo tone quality.

300 -ohm models for normal reception areas from
$16.95 to $54.50

75 -ohm models for poor reception areas from
$18.55 to $62.80

FINCO SWEPT -ELEMENT VHF -FM ANTENNA

75 OHM Model CXVL-10 $43.25 List

FINCO SWEPT -ELEMENT VHF -FM ANTENNA

300 OHM Model VL-10 $34.95 List

11114.1,4

NOIP41,

rim _...."11.1111H11=111111---

"Iellipmersommuo....

11111111111MIONNW:

FREE,

Am1.01_ FNITNECRO CR XA -NVSL OCRXM- UE UR VARNF FV FT RANA NTSEFNONRAMS CR sMp TW IETRH AR

VHF -UHF
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THE WORLD
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THE FINNEY COMPANY
34 WEST INTERSTATE STREET, DEPT. 410, BEDFORD, OHIO
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THIS MONTH'S COVER il-
lustrates some of the chokes
and coils discussed in detail
in our special section in this
issue. The two coils at the
lower right-hand corner of
the photo are Miller adjust-
able r.f. inductors; the one
with the triple -pi winding
has an inductance of about
68 mH, while the horizontal
coil below it is around 2.2
µH. The rest of the coils are
all Triad products. The open -
frame coil at the lower left
corner is a 50-H audio cou-
pling reactor. Directly above
this is an aircraft audio filter
choke; the unit at the very
top is a 500-H filter choke
for instrumentation use,
while the small, red, cube -
shaped unit is an aircraft
audio inductor. In addition,
there are three toroidal coils
shown, one of which has an
open winding while the other
two have covered and en-
capsulated windings
Photo: Bruce Pendleton

Publisher
PHILLIP T. HEFFERNAN

Editor
WM. A. STOCKLIN

Technical Editor
MILTON S. SNITZER

Associate Editors
LESLIE SOLOMON

P. B. HOEFER

Assistant Editor
MARSHA JACOBS

Contributing Editors
WALTER H. BUCHSBAUM

Prof. ARTHUR H. SEIDMAN
Art Editor

RICHARD KELLY
Art and Drafting Dept.

J. A. GOLANEK
Advertising Sales Manager

LAWRENCZ SPORN
Advertising Service Manager

ARDYS C. !..OMAN

ElectromcsAorld
OCTOBER 1966 VOL. 76, No. 4

CONTENTS
8 Salute to David Sarnoff
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The NEW
University

UnilinemCS-2
has the

BIG SOUND
it takes to

fill an
auditorium!

Lf

UNIVERSITY CS -2
WEATHERPROOF
SOUND COLUMN

Frequency Re-
sponse 175-12 Hz-
Power Capacity 30
Watts IPM-Verti-
cal Dispersion 25°
-Horizontal Dis-
persion 165°.

Ordinary sound columns are merely long

narrow boxes containing several speakers.

They have the disadvantage of low power

handling capacity and limited frequency

response. But University UnilineT" CS -2

is designed and built to deliver the "Big

Sound" with wide frequency response.

For further information and application
data write to desk

LISTEN-UNIVERSITY SOUNDS BETTER

UNIVERSITY SOUND
A 1.1,2 ION 01 LTV LINO AllEC /NC.

Dept. K-65, P.O. Box 1056, Oklahoma City, Okla.
CIRCLE NO. 75 ON READER SERVICE CARD
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COMING
NEXT

MONTH

Special Feature Articles on:

LINEAR INTEGRATED CIRCUITS
Since these components are making a strong bid for acceptance in a wide range of
consumer products, our November issue will take a hard look at IC's and their ap-
plications, availability, cost, reliability, and criteria for selecting linear IC's.
Linear Integrated Circuits by B. V. Vonderschmitt and R. L. Sanquini of RCA Electronic
Components & Devices discusses the new design philosophy involving linear integrated
circuits and the changing role of the circuit engineer.
Linear Integrated Circuits: What's Available? by Donald E. Lancaster surveys the current
market, the manufacturers, and their products by circuit application and discusses
where IC's can be used, their specs, what they cost, and how they are designed into
various electronic circuits.

DIRECTORY OF VIDEO TAPE RECORDERS

This is an up-to-the-minute report on vari-
ous video tape recorders now on the market
for home and non -broadcast applications.
Complete technical specs are listed for ma-
chines from ten companies offering their
products in the U.S. at the present time.

POWER INDUCTORS

Robert E. Coy of Triad tells how to select
the proper iron -core choke for power -supply
filtering, as a charging inductor for pulse
networks, for interference reduction, and

for saturable reactor controls and explains
why each choice is made.

THE TAPE CARTRIDGE
COMES OF AGE

The emergence of the magnetic tape car-
tridge may be the most important innova-
tion in musical entertainment for the car
and home since the LP record. Dozens of
equipment makers are offering players and
record companies are busily duplicating
their libraries in cartridges.
bring you up to date on current trends and
possible future developments.

All these and many more interesting and informative articles will be yours in
the November issue of ELECTRONICS WORLD . . . on sale October 20th.
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University surveys indicate:

STARTING SALARIES
OF ENGINEERS

ARE DECEPTIVELY HIGH

By James M. Jenks

TWO SEPARATE STUDIES of the salaries made by college
graduates appear to contradict the commonly held

belief that engineers today make out better financially
than their classmates who major in non -technical
subjects.

Both surveys were conducted by large universities.
The first polled graduate engineers; the second, com-
pany executives. And both resulted in identical find-
ings! That is, the average engineer today - despite a
deceptively high starting salary-climbs fast but not far.

The need for technically trained men in recent years
has exceeded the supply to such an extent that com-
panies have been forced to bid for their services-to
actually set-up "recruiting" offices on college campuses
all over the country. Thus, starting salaries have gone
up and up. But the income ceiling for these technically -
trained men is lower than that for managerial personnel.

Despite the substantial head start engineers have, the
differential in money earned over a ten-year period
averages out at $7,000 more for the management man.

And from the tenth year on, the administrator's salary
obviously outstrips that of the engineer by a wider and
wider margin.

This, of course, is not to say that engineering students
would be wise to shift to the study of business adminis-
tration-or that working engineers face a bleak future.
Quite to the contrary, the continuing growth of tech-
nology means that men with technical backgrounds are
as ideally qualified for the highest rewards industry has

to offer-if they also have a knowledge of the under
lying principles of business.

FREE..."FORGING AHEAD IN BUSINESS"

If you want to avoid the thorny barriers to success -
if you're ambitious, determined to move up fast - send
today for the Institute's 32 -page descriptive booklet,
"Forging Ahead in Business."

It explains what a man must know today to make
$20,000 or more a year . . . what he must do to accumu-
late this knowledge. It tells why men of equal ability
fare so differently in the race for better jobs and bigger
salaries. It analyzes the causes of failure . . . the reasons
for success. And it outlines an executive -training pro-
gram which is so complete and so scientific that each
day subscribers are brought a little closer to a mastery
of business procedures.

There's no charge for "Forging Ahead in Business."
And no obligation . . . other than the obligation to read
it thoughtfully, and decide for yourself whether the
training it describes is meant for you. To obtain your
complimentary copy, simply fill out and return the
coupon. It will be mailed to you promptly.

ALEXANDER HAMILTON INSTITUTE
235 East 42nd Street, New York, New York 10017

r
ALEXANDER HAMILTON INSTITUTE
Dept. 753, 235 East 42nd Street
New York, New York 10017

Please mail me, without cost or obligation, your 32 -page book,
"Forging Ahead in Business."

Name
Firm
Name
Business
Address

Position
Home

Zip Code

CIRCLE NO. 124 ON READER SERVICE CARD
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with

Greenlee

punches
Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.
Save hours of hard work . . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
a wrench. For use in up to 16 -gauge metal. Avail-
able at leading radio and electronic parts dealers.

NI GREENLEE TOOL CO
Division of Greenlee Bros. & Co.
1866 Columbia Avenue, Rockford, III. 61101

CIRCLE NO. 106 ON READER SERVICE CARD

See our
Cross reference #X42

5=2977
when you use
Workman's
MIRACLE 5
TRANSISTORS
they will replace
2977 transistors for
entertainment use
in radio, phono,
tape recorders and
amplifiers!
AA1 PNP AUDIO
AA2 NPN AUDIO
AA3 PNP HIGH FREQUENCY
AA4 POWER DIAMOND BASE
AA5 POWER STUD BASE

Attractively packaged on a
merchandising display board.

AVAILABLE AT ALL
ELECTRONIC PARTS DISTRIBUTORS

LOW PRICED
octly, posit

WORKMAN
SARASOTA ,FLORIDA PRODUCTS, IHC

lor the record
WM. A. STOCKLIN, EDITOR

NEW YORK HI-FI SHOW PROGRAM
WHAT started out to be an interest-

ing experiment in 1964, seems to
have become an annual event. The In-
stitute of High Fidelity has again asked
me and the EW staff to plan semi -tech-
nical presentations in conjunction with
the forthcoming New York Hi-Fi Show
( Sept. 28-Oct. 2 at the New York
Trade Show Building). This not only
involves planning the subjects, but
it means soliciting a group of the
most authoritative panelists in the in-
dustry.

Many attempts have been made to
develop interesting programs for the
hi-fi enthusiast, but it wasn't until 1964
that a successful pattern evolved. The
pattern has remained much the same
ever since. Four different semi -tech-
nical presentations on interesting sub-
jects connected with hi-fi are covered.
In addition, four identical sessions on
the subject of hi-fi and the listener,
directed to the novice, are given
throughout the show. Many of those
who attended our first session in 1964
will remember the program on "Tran-
sistors vs Tubes." This was not only an
extremely timely topic, but also was one
of the most controversial, and our guest
speakers-Bob Furst, chief engineer,
Harman-Kardon; Fred Mergner, chief
engineer, Fisher; Vic Brociner, assistant
to the president, H. H. Scott; and Dave
Hafler, president and owner, Dynaco
-all played important roles in discuss-
ing this lively topic.

In 1965 similar programs were held
and now, in our coming 1966 sessions,
we have what we believe to be a most
exciting program. Not only do we have
many chief engineers of the hi-fi com-
ponent manufacturers as guest speak-
ers, but also some members of top man-
agement. In addition, we are pleased
to welcome an overseas guest, Alan
Say, chief engineer of Garrard in En-
gland, who has graciously accepted
our invitation to participate in these
seminars this year.

Wednesday, Sept. 28, 7:30-8:30
p.m., will be devoted to "Tape Record-
ers." Reel-to-reel types, as well as video
and cartridge designs, will be covered.
Our guest panelists will be Wybo Sem-
melink, vice-president, Norelco, who
will cover the marketing aspects-what
is available and what it costs-and Ken-
neth Bell, engineering manager/audio,

Ampex Corporation, who will cover
quality of performance and define in lay-
man's terms the various technical charac-
teristics of all the various types of tape
machines.

Thursday, Sept. 29, 7-8:00 p.m., will
be devoted to "Phono Cartridges, Turn-
tables, and Changers." Alan Say, chief
engineer, Garrard, will review what is
new in the area of turntables and
changers and detail the importance of
various performance characteristics.
He will also review anti -skating devices
and such problems as wow, flutter, and
rumble. James Kogen, chief engineer/
R&D, Shure Brothers, will cover the
phono cartridge and describe the dif-
ferences between magnetic devices,
such as moving coil, moving magnet,
and reluctance types, and ceramic and
crystal as well as the new strain -gauge
designs. He will also review and define
some of the more important perfor-
mance characteristics pertaining to
phono cartridges with particular em-
phasis on a somewhat new term-
"trackability"-that is expected to be
applied to phono cartridges.

On Friday, Sept. 30, 7-8:00 p.m., the
subject of "Tape and Special Effects
Tape Recorders" will be covered. Joe
Kempler, manager, technical services
department, Audio Devices, will bring
us up-to-date on the developments in
the field of raw tape and describe the
best types available for various applica-
tions. He will also review the problems
of print -through, temperature, humid-
ity, etc. This will be followed by what
we feel will be one of the most exciting
demonstrations of all the programs-
a live presentation of sound -on -sound.
Mr. Ivan Berger, audio specialist, will
not only explain how this can be done
but will actually show how any person
can add one sound track over another
continually to produce a duet, quartet,
or possibly even an entire orchestral
effect.

On Saturday, Oct. 1, 7:30-8:30 p.m.,
Abe Cohen, vice-president, University
Loudspeakers, who gave such an out-
standing performance last year that
we have asked him to repeat his pre-
sentation this year, will cover the sub-
ject of "Stereo and the Listener." In ad-
dition to his comments on the effects
of room acoustics, placement of speak -

(Continued on page 79)
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WHO SAYS

ALL RECORD CLUBS ARE ALIKE?
\NOW COMPARE

THE "BIG 4"

RECORD CLUBS

CAN YOU CHOOSE FROM ALL LABELS

INCLUDING LATEST RELEASES?

MUST YOU BUY A "MINIMUM"

NUMBER OF RECORDS? HOW MANY?

CAN YOU BUY ANY RECORD

YOU WANT AT A DISCOUNT?

DO YOU EVER RECEIVE

UNORDERED RECORDS?

HOW LONG MUST YOU WAIT

FOR SELECTIONS TO ARRIVE?

Record Club of America gives you All Labels...at 33Y3% savings... and often

up to 75%...AND DOESN'T FORCE YOU TO BUY EVEN A SINGLE RECORD

CLUB A
(As Advertised
in PLAYBOY

January 1966)

NO

6

NO

CLUB B
(As Advertised
in McCALL'S

February 1966)

NO

8

NO

CLUB C
(As Advertised

in PARADE
January 16,1966)

NO

NO

RECORD CLUB OF AMERICA

YES
Choose any LP, on any label! Mono and Stereo! No exceptions!
Over 300 different manufacturers including CAPITOL, COLUMBIA,

. RCA VICTOR, ANGEL, VOX, VERVE, DECCA, LONDON, etc.
Even latest releases are available at once - no waiting.

NONE!

ALWAYS

No obligations! No yearly "quota"! Take as many,
as few, or no records at all if you so decide!

I
Your discounts are never less than 331/4% -
and are often as high as 75% - on every
record you buy! No exceptions!

1131111121 NEVER!
Theret hare

records
cards whichn tyaorue must

sent-
and only when you ask us to send them!

5 to 6
WEEKS

5 to 6
WEEKS

5 to 6
WEEKS NO LONG WAIT SI YOUR ORDER PROCESSED

. SAME DAY RECEIVED!

If Record Club of America that good -where's the catch?
There is no catch! Here is truly one Record Club with no restrictions
* Choose any LP ... on any label!

No exceptions ... Mono and Stereo
- including latest releases!

* No "quotas" to buy!
Take 0 records - or 100!

* SAVE - never less than 331/2%
off list ... often up to 75%!

* All orders processed same day
received - no long waits!

* Every record brand new,
first quality, factory fresh
- and guaranteed fully returnable!

TYPICAL "DOUBLE DISCOUNT" SALE
Sugg. List Price BEST SELLERS ...ONLY $1.89 & $1.98$3.79 and $3.98

Tijuana Brass Ferrante & Teicher The Supremes
Al Hirt Peter, Paul & Mary Henry Mancini
Bill Cosby Sonny & Cher The Righteous Bros.

Sugg. List Price BEST SELLERS...ONLY $2.39 & $2.49$4.79 and $4.98
Frank Sinatra Getz -Gilberto Ramsey Lewis
Arthur Fiedler Birgit Nilsson I Segovia

Sugg. List Price Everest & Vox
$4.98 Classical Albums ...ONLY $1.77
. . plus more than 1/2 off on famous labels: Audio Fidelity,
Command, Westminster, Roulette, Mercury, Angel, MGM,
Verve, Deutsche Grammophon and others .

AT LAST! A RECORD CLUB WITH NO "OBLIGATIONS"-ONLY BENEFITS!
This is the way YOU want it -a record club with ularly supplements Schwann's listings and keeps
no strings attached! Ordinary record clubs make you informed of extra money saving "double -
you choose from just a few labels - usually their discount" specials.
own labels! They make you buy 5, 6, or more Your order is PROCESSED SAME DAY we get it! No
records a year (at full price!) to fulfill your "ob long waits. No monthly cards to return, so you are
ligation". And, if you forget to return their month. never shipped unordered records. Every record
ly card - they send you a record you don't want, GUARANTEED brand new, first quality, factory
and a bill for $5.00 or $6.00! fresh! You must be completely satisfied-or every

But Record Club of America Ends All That!
Now you can choose any LP ... on any label. Take
as many, or as few, or no records at all if you so
decide. And you get discounts of at least 331/2%
- and often up to 75% - on every album! That
means you buy all $3.79 and $3.98 LP's at $2.39;
$4.79 and $4.98 LP's at $2.99; and $5.79 and
$5.98 LP's at just $3.69, plus a small charge for
postage and handling. To join, mail coupon with
check or money order for $5. This entitles you to
LIFETIME MEMBERSHIP in Record Club of America
-and you never pay another club fee!
Look What You Get Immediately by Return Mail

(1) LIFETIME MEMBERSHIP CARD, which guarantees
you LP albums at dealer cost ... guarantees you
discounts of at least 331/3% - and as high as
75% - on every record you buy!
(2) FREE 300 -page Schwann Catalog to pick your
records from. The Schwann Catalog is an inde-
pendent publication listing all LP's available. Over
300 different labels, over 30,000 albums.
(3) DISC®, the Club's FREE magazine which reg-

record fully returnable!
Money Back Guarantee

If you aren't convinced our discounts are as big as
we say (check us to the penny on this!) ... that
our range of selections is the biggest anywhere
(over 30,000 albums every month!) ... or even if
you've simply changed your mind-return all items
within 10 days and your membership fee will be
refunded promptly and in full!

Over 600,000 music lovers-plus leading schools,
libraries and other budget -wise institutions-now
save money this sensible way through the only
record club with no strings attached! Join now
and save. Mail coupon to: Record Club of America,
1285 East Princess Street, York, Pa. 17405.

Your membership entitles you to buy or offer
gift memberships to friends, relatives, neigh-
bors for only $2.50 each with full privileges. You
can even split the total: Your membership and
one gift membership divided equally brings the
cost down to $3.75 each. The more gift mem-
bers you get-the more you save! See coupon
for your big savings.

FREE! Soo -page Schwann Cat-
alog to pick your albums from
when you join Record Club of
America

GIANT CATALOG lists all records of all
manufacturers. Over 300 labels with
discounts from 331/3% to 75% -Over
30,000 albums - CLASSICAL, instru-
mental and vocal-POPULAR, vocal and
instrumental - JAll - FOLK - SOUND-

TRACKS, Broadway and Hollywood-SPOKEN WORD-
ROCK-n' ROLL-COMEDY-RHYTHM & BLUES-COUN-
TRY & WESTERN-DANCING-LISTENING ...r

RECORD CLUB OF AMERICA
1285 East Princess Street, X915 -A
York, Pennsylvania 17405

Yes! Send FREE Schwann Catalog, DISC®, and LIFE-
TIME MEMBERSHIP CARD. Enclosed is $5, which
entitles me to buy any LP in the Schwann Catalog
or DISC® at discounts of at least 331/3% and as
high as 75%, plus a small postage and handling
charge. I may take as many or as few, or no rec-
ords at all. No yearly "quota". I may, for any
reason, return items within 10 days for full refund
of membership fee!
ID Yes! Add GIFT MEMBERSHIPS at $2.50
each to my request. Send to names and addresses
on attached sheet.
I enclose $ covering my $5 lifetime
membership and any gift memberships at $2.50
each.

Print
Name

Address

City State Zip
Over 600,000 enthusiastic members including
schools, libraries and other institutions.
ALL ORDERS PROCESSED SAME DAY RECEIVED. AL-
BUMS COME TO YOU FACTORY FRESH. YOUR SATISFAC.

LION GUARANTEED OR ALLALBUMS FULLY RETURNABLE.1
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enter now!!!
SIMPSON 260 VOM
APPLICATIONS CONTEST
Grand Prize: One week at the famous Tropi-

cana in Las Vegas.
Other Prizes: A Goof -Proof VOM a month,

for six months. Diode Meter
Protectors for all entrants.

Send in your ORIGINAL test application for
Simpson's famous 260 VOM ... an applica-
tion NOT ALREADY described in our new
book, "1001 Uses for the 260 . . ." Copies
available from your Electronic Distributor;
list price, $1.00. He also has entry rules.
Contest ends December 31, 1966.

SIMPSON ELECTRIC COMPANY
5283 W. Kinzie, Chicago, III. 60644

MEND, SPLICE, SAVE

Your Hi-Fi tapes with

EDItabs
The MEND+AID*Splicing
Method that works
like a "Band-Aid"

GET A QUICK DEMONSTRATION
AT YOUR HI-FI DEALER'S.

PACKAGE OF 50-ONLY $1.50

411111.11111\

Try it!

CUT
Locate tape area to be
removed. Cut at 45.
angle. Remove Mess
tape and butt ends.

APPLY
Apply the self.aligning
fbilab over both ends.
Press finger over ad.
hesive area.

DONE
Raise transparent end
and rest of protective
acetate and splice is
complete.

'A mark of Elpa Marketing Industries, Inc.
CIRCLE NO. 110 ON READER SERVICE CARD

SALUTE

TO

DAVID

SARNOFF

AN unprecedented tribute by the elec-
tronics and communications indus-

tries to Chairman David Sarnoff of the
Radio Corporation of America, in com-
memoration of the 60th anniversary of
the start of his career in communica-
tions, will be held in the Grand Ball-
room of the Waldorf-Astoria Hotel in
New York on September 30, 1966, the
exact day sixty years ago when General
Sarnoff started working for a telegraph
company.

Three national organizations-the
Electronic Industries Association, the
Institute of Electrical and Electronics
Engineers, and the National Association
of Broadcasters, will co-sponsor the
"Salute to David Sarnoff."

General Sarnoff, who earlier this year
celebrated his 75th birthday, came to
this country in 1900 at the age of nine.
He sold newspapers and worked as a
delivery and messenger boy. On Sep-
tember 30, 1906, he joined the Marconi
Wireless Telegraph Company of Amer-
ica as an office boy and began his ca-
reer in wireless. When RCA was formed
in 1919, he became its Commercial
Manager.

General Sarnoff was elected President
of RCA in 1930, at the age of 39. In
1947, he was elected Chairman of the
Board and Chief Executive Officer. In
1966 he relinquished the post of Chief
Executive Officer, continuing to serve
actively as Chairman of the Board of
the corporation.

A memorandum he wrote to his su-
perior officers of Marconi in 1916 has
become famous in the annals of Amer-
ican industry. In it, he proposed a
plan for broadcasting programs into the
home by using a "radio music box."
This proposal led directly to the devel-
opment of the radio and radio broad-
casting as it is known today.

General Sarnoff likewise was the
moving force behind the development
of both black -and -white and all -elec-
tronic compatible color -TV. In 1944,
the Television Broadcasters Association
conferred upon him the title "Father
of American Television."

In addition to his scientific and in-

dustrial activities, General Sarnoff has
achieved wide recognition for his efforts
in military communications, especially
during World War II. He served as
Special Consultant on Communications
at General of the Army Dwight D.
Eisenhower's SHAEF Headquarters in
Europe, and was elevated to the rank
of Brigadier General on December 6,
1944.

At the Salute, Frederick R. Kappel,
Chairman of the Board of the American
Telephone and Telegraph Co., will
serve as program chairman, and Lowell
Thomas, noted author, commentator,
and explorer will act as toastmaster.
Approximately 1700 people, including
national government leaders and emi-
nent Americans in all walks of life, are
expected to attend.

The principal industry speakers for
the occasion will be Dr. Jerome B.
Weisner, Provost and Dean of the
School of Science at MIT, former
Special Assistant to the President on
Science and Technology, and former
Chairman of the President's Science
Advisory Committee under President
Kennedy, who will represent the IEEE;
Robert W. Galvin, Chairman of the
Board of Motorola Inc., speaking for
the EIA; and William S. Paley, Chair-
man of the Board of the Columbia
Broadcasting System, who will repre-
sent the NAB.

In a joint statement announcing
plans for the dinner, Dr. William G.
Shepherd, President of the IEEE, Rob-
ert W. Galvin, President of the EIA,
and Vincent T. Wasilewski, President
of the NAB, said that the event was
being held to commemorate General
Sarnoff's "outstanding contributions to
the progress and welfare of his indus-
try, his country, and his fellow men."

The presidents of the three sponsor-
ing organizations are serving as Hon-
orary Chairmen of the occasion, and
their respective Boards of Directors are
acting as members of the Honorary
Committee. This is the first time, it
was pointed out, that these three as-
sociations have ever united in such
tribute.
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centrala
push button
switchesIwill
revolutionize
your

I switching
designs

One button selection of function
provides user convenience, operational
simplicity, and visual appeal. Now you
can incorporate push button switching
in your products, within present
pricing parameters.

Competitive Price  Great versatility  Miniature Size  simple Connection and mounting

CIRCLE NO. 200 ON READER SERVICE CARD
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Centralab push button switches* will
revolutionize your switching designs
New from Centralab! A low-cost push
button switch that's small, easy to wire,
easy to mount and twice as versatile as
any you now use!
PRICES are competitive with multiple
position rotary types for many applica-
tions, much lower than other push button
switches. And our new modular design
facilitates same day price quotations.
SIZE of these new switches is so small
that there's room to spare in printed
circuit or conventionally wired chassis.
Centerline spacings are 25/64' (Model
10), 19/32" (Model 15) and 29/32'
(Model 20).
VERSATILITY is exceptional. Switch action
may be momentary, independent, push -
push, row latching or even a combination
of these anywhere in the same row! A
zero block which releases the other blocks
from the latching assembly is also avail-
able. Each switch can have two, four,
six or eight double throw functions and
a ganging arrangement permits up to 14
pole double throw action when required.
Up to 19 switches may be ganged side -
by -side on the same mounting bracket!
A rear coupling is available for any
switch. A line switch can be included in
the assembly.

Centralab's new push button switches
are completely machine -made of injec-
tion molded plastic. Even the contacts
are inserted automatically for machine -
sure quality control.

The unusual contacts provide excellent
wiping action for electrically reliable per-
formance. Their mechanical configuration
assures even pressure on both fixed con-

Isoetat licensed.

WIRING is particularly easy. Use stand-
ard dip or wave soldering methods with
printed circuits. You can also make con-
nections to the OTHER aide of the switch
with a pc board! In wired chassis, the
design permits easy hand wiring and is
ideal for automatic wire wrapping.
MOUNTING is simplified because Centralab
provides a complete family of integrated
hardware. Typical is a low -labor -content
tab lock front mounting bracket.

Find out how you can revolutionize
your designs with push button switches
by writing to Centralab, The Electronics
Division of Globe -Union Inc. at P.O.
Box 591, Milwaukee, Wisconsin 53201.

CENTRALAB
ELECTRONICS DIVISION

GLOBE -UNION INC.

tacts, eliminates local high .oints
in the contact for long failure -free life.
The sketches show the simplicity and
self -aligning characteristics.

Smooth switch action is assured by
the low friction plastic slider which holds
the moving contacts. The switch body
completely encloses the switch contacts
for protection from solder and dust.
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LOOK!
A New Electronics Slide Rule

with Instruction Course
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This amazing new "computer in a case" will save you time
the very first day. CIE's patented, all -metal 10" electronics
slide rule was designed specifically for electronic engineers,
technicians, students, radio -TV servicemen and hobbyists.
It features special scales for solving reactance, resonance,
inductance and AC -DC circuitry problems . . . an exclusive
"fast -finder" decimal point locator ... widely -used formulas
and conversion factors for instant reference. And there's
all the standard scales you need to do multiplication, divi-
sion, square roots, logs, etc.

Best of all, the CIE Slide Rule comes complete with an
Instruction Course of four AUTO -PROGRAMMED * lessons. It
includes hundreds of illustrations, diagrams and practice
problems. You'll learn ingenious short cuts ... whip through
exacting electronics problems quickly and accurately. This
course alone is worth far more than the price of the
entire package!

Electronics Slide Rule Instruction Course, and handsome,
top -grain leather carrying case . . . a $50 value for less than
$25. Send coupon for FREE illustrated booklet and FREE
Pocket Electronics Data Guide, without obligation. Cleve-
land Institute of Electronics, 1776 E. 17th St., Dept. EW-
128, Cleveland, Ohio 44114.

GET BOTH FREE!

Send coupon
today

*TRADEMARK
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electronics

Back

Cleveland Instituteof Electronics
1776 E. 17th St., Dept. EW-128, Cleveland, Ohio 44114
Please send FREE illustrated Booklet describing your Electronics Slide Rule and
Instruction Course.
SPECIAL BONUS! Mail coupon promptly get FREE Pocket Electronics Data
Guide tool

Name

Address

City

(PLEASE PRINT)

County

State lip
A leader in Electronics Training ...since 1934.
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VALUABLE books from E.&E.
NEW! 17th EDITION OF THE FAMOUS
RADIO HANDBOOK
Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 832 pages.
Order No. 167, only $12.95

RADIOTELEPHONE LICENSE MANUAL
Helps you prepare for all commer-
cial radiotelephone operator's
license exams. Provides complete
study -guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-

tor's license. 200 pp. Order No. 030, only $5.75
LEADING BOOK ON TRANSISTORIZED

COMMUNICATIONS EQUIPMENT
TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester
A. Earnshaw, ZLIAAX. Covers a
wide range of communication uses
for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-
ting and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order No. 044, only $5.00

Order from your electronic parts
distributor or send coupon below.

100 IN
.0 maw

a

r EDITORS and ENGINEERS, Ltd. 1

P.O. Box 68003, New Augusta, Indiana, Dept. EWE -10
Ship me the following books:
0 No. 167 0 No. 030 0 No. 044 $ encl.

Name

Address

City State Zip
_J
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Enjoy the "music -only" programs
now available on the FM broadcast

band from coast to coast.

 NO COMMERCIALS 
 NO INTERRUPTIONS 

It's easy! Just plug Music Associated's Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminator.
Tune through your FM dial and hear programs
of continuous, commercial -free music you are
now missing. The Detector, self -powered and
with electronic mute for quieting between
selections, permits reception of popular back-
ground music programs no longer sent by wire
but transmitted as hidden programs on the
FM broadcast band from coast to coast. Use
with any FM tuner. Size: 51/2" x 6". Shipping
weight approx. 7 lbs.

$4950KIT
(with pre -tuned coils, no alignment necessary)

WIRED $7500
COVER $4.95 EXTRA
Current List of FM Broadcast stations with SCA
authorization Sf .00

MUSIC ASSOCIATED
65 Glenwood Road, Upper Montclair, New Jersey

Phone- (201)-744.3387
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LETTERS
FROM OUR

READERS

SUBSTITUTING FET'S FOR TUBES
To the Editors:

I was very interested in Mr. Rhein-
felder's article "Substituting FET's for
Tubes in Hi-Fi Amplifiers" in your
March issue. I do feel, however, that he
has overstated the case for substituting
FET's and silicon rectifiers for tubes in
existing equipment.

The EZ81 (6CA4) rectifier has a slow
warm-up to prevent d.c. from being ap-
plied to the other tubes until they have
warmed up. To substitute silicon recti-
fiers without a thermal delay relay or
other time delay switch in the circuit
causes extra demands to be placed on
the filter capacitors and might possibly
strip the cathode coating and eventually
destroy the output tubes. Also, care
should be taken to add enough resist-
ance to the transformer resistance to act
as a surge -current suppressor to protect
the rectifiers. Vacuum tubes and FET's
cannot be used as split -load inverters to
drive a class -B output stage as implied
by the author.

I have built an 80 -watt power ampli-
fier using silicon rectifiers (with proper
time delay) and an FET tape -head pre-
amplifier. I must agree that there is a
great future for these products, but care
must be taken in substituting them for
tubes in existing equipment.

JOHN R. JAMIESON, JR.
Cambridge, Mass.

* * *

TRANSISTOR FAILURE PREDICTION
To the Editors:

I read and reread the article on page
27 of the June issue regarding transistor
failure prediction after storage at ele-
vated temperatures. Somebody has to
be kidding. Did it really take three
years to determine that storing tran-
sistors in boiling water is harmful? If
you can cite one reasonable example of
where it is more convenient to store
transistors at 100°C (212°F) than at a
more moderate temperature, I'll eat the
June issue!

GEORGE HRISCHENKO
Windsor, Ontario

Evidently, we didn't make the point
very clear. The idea was not that it is
desirable to store transistors in boiling
water but that it is possible to predict

failure rates at elevated storage tem-
peratures. I doubt very much whether
the transistors under test were to be
used in equipment by the National Bu-
reau of Standards, which conducted the
tests.-Editors

* * *
EFFECTIVE USE OF V.O.M.

To the Editors:
I wish to take issue with the article

"Effective Use of the V.O.M." appearing
in the April, 1966 issue of ELECTRONICS
WORLD. Rather than pointing out how
inaccurate some of our v.o.m. or v.t.v.m.
readings could be, the article was useful
only in demonstrating what absurd con-
clusions can be reached when one treats
specifications as literal as Ohm's Law
and carries them far enough.

While it is true that a meter specified
as accurate within 3% of full scale cannot
be correctly assumed to be within 3%
of all other points on the scale, the tech-
nician who assumes that it is, will be
far more correct than one who assumes
the readings might be as erroneous as
stated in the article.

Full-scale readings are most accurate
simply because meters are properly cali-
brated against a known standard at this
point. A fact completely overlooked in
the article is that the meter is calibrated
with equal accuracy at the opposite end
of the scale when the zero setting is ad-
justed. If the article were taken seri-
ously, however, one would believe that
the closer a reading is to zero the more
unreliable it is.

HAROLD HASSE
Heath, Ohio

* *
HERTZ FOR CPS

To the Editors:
What happened to cps, kilocycles,

and megacycles in designating frequen-
cy? Also, who is Hertz, and if he is so
important, why don't you capitalize his
name when you write about the "60 -
hertz" power -line frequency?

DAVID L. MANHEIM
Pittsburgh, Pa.

In 1964, the U.S. National Bureau
of Standards officially adopted the In-
ternational System of Units which was
defined in a resolution of the 11th Gen-
eral Conference on Weights and Mea-
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AN
ENTIRELY

NEW LOOK
AT THE

ELECTRONICS
FIELD

If you're interested in Radio, TV
or Electronics-as a hobby or a
possible future career-clip the
coupon below and mail it for your
FREE copy of this new 64 -page
booklet. It was written to answer
the questions people usually ask
about these fields. Questions you
may well have.

For example: What electronics
course should you study? It de-
pends on your reason for wanting to learn about
electronics-and "Electronics" helps you match your
personal ambitions with the types of courses that are
available. You'll learn what each kind of course
will teach you ... and what jobs it will prepare you
to fill. (The booklet uses 22 International Corre-
spondence Schools courses for reference; they repre-
sent the broadest range you'll find anywhere.)

"Electronics" also contains a detailed description
of the home study "extras" you can expect when
you study with I.C.S.

What's it like to study an electronics course by
mail? "Electronics" tells you.  What guarantee do
you have of success in electronics? An eminent edu-
cator answers this and other basic questions.  How

F'1- :RIC-1-1,?-01TICe

SEND FOR YOUR COPYFREE

long will your study take? What
do former students say about the
benefits they are receiving from
home study? How valuable do em-
ployers consider home study? The
booklet answers these questions,
as well as many, many more.

Your FREE copy of "Electronics"
is waiting for you. All you have to
do is fill out the coupon now, and
mail it right away.

CLIP COUPON HERE 1.C.S., Scranton, Pa. 18515
Accredited Member, National Home Study Council

1I
INTERNATIONAL CORRESPONDENCE SCHOOLS
Dept. 3103, Scranton, Penna. 18515
Yes! Send me your FREE three -booklet Career Kit,
including the new "Electronics" Career Guide.

Name Age

Address

City State Zip Code

Occupation Employed by

Working Hours A.M. to P.M.
Special rates to members of U. S. Armed Forces Conve-
nient payment plan  Special Training programs for industry

_J
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The famous MERCURY Mode11101

TUBE TESTER NOW in a

wire -it -yourself

KIT!
111 illustrated

step-by-step
instructions
make the

Model 1101
easy-to-
uild..

A PORTABLE
MASTERPIECE
Modern, airplane

luggage design
scuff -proof gray
case ...Weighs

only 4 lbs. 81/8"
x 11/s" x 31/4".

EMPLOYS EXCLUSIVE
2 -POINT TEST PRINCIPLE

k -assures a 100% short test (shorts
are one of the most common
causes for tube failure)...they
cannot get by the Model 1101

j#assures that all sections of multi -
section tubes will be fully tested

vyour greatest safeguard against
obsolescence

See your parts distributor...
or write for complete catalog

ekor40,00
oe4ete)

e tip 4p4
et e

Nothing has been spared, engineering -wise or
production -wise in making the Model 1101
your best tube tester buy. Tests more tubes for
dynamic cathode emission, shorts, grid leakage
and gas than many testers costing hundreds of
dollars. Will test the new Decals, the new 7 -pin
Nuvistors and the new Magnovals. Also tests
Compactrons, 10 -pin types, Novars, Nuvistors,
battery type, auto radio hybrid tubes foreign
and hi-fi tubes and industrial tube types. In-
cludes the most complete tube chart in the field.

 Also tests all popular picture tubes

$3q95
Model 1101K ...Kit lo Net

Model 1101...Wired... $69.95 Net

-Plleizezaw1
15 Roslyn

In Canad
: Mo

ELECTRON/CS CORPORATION

, 458 Broadway, New York, N.1 013

CIRCLE NO. 94 ON READER SERVICE CARD

ORGANIZE! DO IT NOW!
k1044,114sul'annt

MAGNETIC VISUAL CONTROL
BOARDS SIMPLIFY WORK

COLORFUL
MAGNETIC ELEMENTS
 show facts instantly

organize for action
eliminate mistakes
get the job done

MAGNETS MOVE FASTEST-
AND EASIEST-OF ALL

WRITE FOR FREE 28 PAGE
ILLUSTRATED CATALOG EW7

METHODS RESEARCH CORP.  24 WILLOW AVE., STATEN ISLAND, N.Y. 10305

CIRCLE NO. 93 ON READER SERVICE CARD

sures held in Paris in 1960. Standards
that have been issued since 1964, such
as the new IEEE standard on "Sym-
bols for Units" and the IHF standard
on "Methods of Measurement for Au-
dio Amplifiers," have followed the new
system of units. We began using the
new units in our April issue.

One of the most important of these
new units, the one for frequency, has
been employed in Europe for a long
time. This unit is the "hertz," and it
has the same meaning as cycles per
second (cps). The proper abbreviation
for hertz is "Hz." According to the in-
ternational standard, when the unit is
written out, it is not capitalized even
though it is taken from the name of a
person. Similar examples are ampere,
farad, henry, volt, and watt. When the
abbreviation is used and the unit is
named for a person, then it is capi-
talized, as Hz (hertz), A (ampere), B
(bel), F (farad), H (henry), V (volt),
and W (watt).

The unit for frequency was named
after Heinrich Hertz, a German physi-
cist who studied under Helmholtz. Be-
tween the years 1885 and 1889, Hertz
examined the propagation of electro-
magnetic waves, measured the length
and velocity of these waves, and showed
that they could be reflected, refracted,
and polarized just like light waves.

In writing multiples and submultiples
of the units, the abbreviation of the
multiplier is prefixed to the abbrevia-
tion of the unit. For example, what
used to be called the kilocycle is now
the kilohertz, abbreviated "kHz." What
was the megacycle is now the megahertz,
abbreviated "MHz." The standard pre-
fixes indicating decimal multiples or
submultiples of metric -system units are:

Multiple Prefix Symbol

1012 tera
109 giga
10° mega
103 kilo
102 hecto
10 deka da
10-1 deci
10-2 centi
10-9 milli
10-n micro A

10-9 nano
10' pico
10-" femto
10-" atto a

-Editors
0 0

INDOOR U.H.F. TV ANTENNA
To the Editors:

Here is a sketch of a simple, home -
built, folded -dipole, indoor u.h.f. TV
antenna I am using which outperforms
my twin bow -tie with reflector and an
elaborate multi -element u.h.f. array
when these latter two antennas are used
indoors. I live about 15 miles from the

14 ELECTRONICS WORLD



knight -kit PORTABLE SOLID-STATE

COLOR BAR/PATTERN GENERATOR

HANDCRAFTED

FOR QUALITY

BY YOU

Fair

- YOUR SATISFACTION

GUARANTEED BY ALL/ED

GIVES YOU 7 ACCURATE, STABLE, CRYSTAL -CONTROLLED PATTERNS

Purity
Adjustment

for speedier, easier, more accurate convergence and color adjustments

Ten Color
Bars

Small Dot
Pattern

Exc usive 6 -Position
Gray Scale

You get the most for your money-outstanding performance, rock -like sta-
bility, plus day -in, day -out solid-state reliability with this great new Knight -
Kit Color Bar/Pattern Generator. It's the perfect choice for both on -the -bench
and in -the -home color TV servicing.

Generates 7 patterns-all displays needed for complete color set adjust-
ments. Special 2 -volt output for Zenith color sets. Every display is well-
defined with extremely low background noise. Pattern for purity adjustments
does not require usual tube removal or other quieting 'tricks." Unique gray
scale pattern provides 6 discreet levels of brightness for gun tracking adjust-
ments. Horizontal display elements are only one raster line thick for ultimate
definition. Crystal -controlled patterns eliminate any need for synchronization
with TV set. Lead -piercing clips on gun interrupters allow fast, safe connec-
tion to receiver under test. Solid-state design provides instant operation.

Shaded light source on 3 -ft. cable has handy clip mount for service adjust.
ments in darkened room. Highly polished service mirror conveniently stores
under bottom of case. Special power transformer with extremely low external
field eliminates magnetic effects on color CRT. Rugged steel case measures
4% x 9% x 12". All parts, cables, instructions and 32 -page $89.95
operator's manual for just

MODEL KG -685 SPECIFICATIONS

7 Displays: purity, tracking, dots, crosshatch, vertical lines, horizontal lines, and
color bars. RF Output: 10,000 microvolts minimum, tunable to channels 3, 4 or 5.
Composite Video Output: ±2 volts peak -to -peak. Composite Sync Output: -2
volts. Master Oscillator: 189 kc, crystal controlled. Color Oscillator: 3.56 mc,
crystal controlled. Sound Subcarrier Oscillator: 4.5 mc, crystal controlled. Front -
Panel Controls and Jacks: Display Selector Switch Sound Carrier On /Off Switch;
Power On/Off Switch; Service Light On/Off Switch; Gun Interruption On/Off
Switches (3-red, blue and green); Color Level Control (off through high, con-
tinuously variable); Video Level/Polarity (continuously variable level and choice
of polarity); 6 Pin Jacks (3 signal output and 3 CRT grids). Rear Panel: Channel
Tuning; Vertical Intensity (screwdriver adj.); Timing (5 screwdriver adj.); 6 -cir-
cuit Test Jack. Cables: RF Output, 4 -ft. long with alligator clips; Gun Interrupter,
4 -ft. with lead -piercing, color -coded, alligator clips and ground lead; Service Light,
3 -ft. with insulated mtg. clip, hi -intensity lamp and shade; Composite Video and
Sync, 4 -ft. with alligator clips and ground. Power Requirements: 110-130 v., 60 cy-
cle AC. Fuse: Internal, 1/4 amp quick blow. Power Consumption: approx. 10 watts.

Horizontal
Lines

Vertical
Lines

COMPLETE KIT $
Including 32 -page
Operator's Manual

Crosshatch
Pattern

95

Rend this unique money -backguarantee ...
exclusive in the industry:

31..\Wm KNIGHT -KIT GUARANTEE
Build a Knight -Kit in accordance with our easy -to -follow
instructions. When you have completely assembled the
kit, you must be satisfied or we will return your money,
less transportation charges, under the Allied guarantee
of satisfaction. ALLIED RADIO

r
Rush the coupon below for full details and
Special Introductory Offer on the KG -685

Allied Radio, Knight -Kit Div., Dept. 1-KK
P.O. Box 4398, Chicago, III. 60680

Please rush full details and Introductory Offer on the new
Knight -Kit Color Bar/Pattern Generator.

Name

Address

City State Zip

L_.

PLEASE PRINT

October, 1966
CIRCLE NO. 99 ON READER SERVICE CARD
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Scott's new one -afternoon tuner kit
delivers amazing FET Performance

Now you can get factory -wired per-
formance from a kit that takes only one
afternoon to build! Scott's new LT -112B
is the only kit with Field Effect Transistor
circuitry*, enabling you to enjoy more
stations more clearly. lnterstation Muting
Control effects complete quiet between
FM stations . . . oscilloscope output al-
lows laboratory -precise correction for
multipath distortion.
PH your tree Copy of Seen Wpm lull -color il-
lustrated Guide to Custom Stereo. (circle Reader
Service Number 83.)

WIN

"Scott's LT -112 ... is one of the finest
FM stereo tuners we have tested and it is
easily the best kit -built tuner we have
checked . . . Because of its simple con-
struction and trouble -free nature, it is a
logical choice for anyone who wants the
finest in FM reception at a most remark-
able price." Hi Fi/Stereo Review.
LT -112B specifications: Usable sensitivity, 1.8 AV; Cross
modulation, 90 dB; Stereo separation, 40 dB; Capture
ratio, 2.5 dB; Price, $189.95. -Patents pending

Scott . . where innovation is a tradition Write to: H. H. Scott IM., Dept. No 160-10,111
Powdermill Road, Maynard, Man. Export: Scott
International. Maynard, Massachusetts.

1111 SCOTT'
Prices slightly higher west of Rockies. Subject to change without notice. We reserve the right to make changes and improvements without notice.

CIRCLE NO. 83 ON READER SERVICE CARD

NEW-7 Pattern Displays
For Color TV
Servicing

Precise's "Green Line"
Model 660
SOLID STATE COLOR GENERATOR
1. Clear Raster: automatically provides sync and quieting when performing purity adjustments.
2. Shading Bars: special gray scale pattern (4 levels of brightness) for gun tracking ajdustments.
3. White Dots: 140 fine, high definition dots permit extremely accurate convergence adjustments.
4. Crosshatch Pattern: 10 fine vertical lines and 14 equally fine horizontal lines.
5. Vertical lines only.
6. Horizontal lines only.
7. Color Bars: ten sharply defined keyed rainbow color bars.

The Precise Model 660 is the complete answer to all the rigid, no -compromise require-
ments for the seven signal sources so vital for color convergence, sync adjustments,
gray -scale -tracking and troubleshooting of color TV circuits.

FEATURES-All solid-state design, for instant warmup and maximum stability. Crystal -
controlled circuitry and advanced -design highly stable counters insure sharp, locked -in,
trouble -free displays with unusually high contrast and stability. Continuously variable
chroma level control on front panel. Panel includes 4.5mc sound carrier switch in addition
to three color gun killer switches. RF output adjustable to channels 3, 4, or 5. (factory -set
to channel 3)

The compact, lightweight Model 660 is ideal for in -home color adjustments as well as
year -in and year -out service use in the shop. In addition to meeting all the requirements
for today's color servicing work, the Model 660 also anticipates color set servicing of
tomorrow.

See the complete Green Line-power supplies, scopes, VTVMk, signal
generators, tube testers, decade boxes, probes-at your local distributor,
or write direct for full information and specs. A
 PRECISE ELECTRONICS

 76 East Second Street, Mineola, L. I., New York
ENGINEERED EXCELLENCE IN TEST EQUIPMENT

transmitting antennas of TV channels
31 and 47 in New York City so that
I am in a strong -signal area. Also, my
TV set is in my basement workshop
and I did not want to bother installing
an outdoor u.h.f. antenna with its long
lead-in and resulting losses, so I have
been experimenting with indoor anten-
nas near the set's u.h.f. converter.

The antenna is made out of ordinary
#12 house wire pulled from a piece of
BX several feet long. The ends are
shaped to connect directly to the an-
tenna terminals of the u.h.f. converter.
The horizontal straight portion is about
a half -wave long at the lower u.h.f.

io"

o''
*12 WIRE

TO ANT. TERM.

channel, while the tapered portion
forms a sort of impedance -matching
section. The amount of taper is adjusted
for best performance. The antenna is
oriented 90° away from the transmitting
antenna so that it picks up a strong
reflected or multipath signal. The home -
built antenna definitely outperforms the
other two on channel 47. On channel
31, it is not as good as the array, but
the received picture is entirely satis-
factory.

No doubt the little antenna is located
in a particular "hot spot" for u.h.f.,
while the large number of reflections
due to the indoor and below -ground lo-
cation make it impossible for signal gain
at the higher u.h.f. channel to be built
up in the other two antennas. Of course,
if these were installed outdoors and in
the clear, their much higher gain would
result in an even better picture on both
u.h.f. channels.

MARC SAUL
Floral Park, N.Y.

We have also heard of successful
u.h.f. reception using a metal coat
hanger, especially on the lower chan-
nels. Simply cut the hook off, untwist
the ends, scrape the black paint off the
metal, and form the ends to fit the u.h.f.
antenna terminals. Other readers have
reported good indoor antenna reception
with a circular or rectangular antenna.
A circle of stiff wire some 8 to 10 inches
in diameter or a rectangle about 10
inches by 5 inches should do the job.
Many portable TV sets use such an-
tennas for u.h.f. In all cases, experiment
with the location and orientation of the
antenna, and, if you are lucky and are
in a strong -signal area, you should be
able to get good local u.h.f. reception.
-Editors A

CIRCLE NO. 71 ON READER SERVICE CARD
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Introducing EICO's New "Cortina Series"!
Today's electro-technology makes possible near -perfect
stereo at moderate manufacturing cost: that's the de-
sign concept behind the new EICO "Cortina" all solid-
state stereo components. All are 100% professional,
conveniently compact (31/8"H, 12"W, 8"D), in an
esthetically striking "low silhouette." Yes, you can pay
more for high quality stereo. But now there's no need
to. The refinements will be marginal and probably
inaudible. Each is $89.95 kit, $119.95 wired.
Model 3070 All -Silicon Solid -State 70 -Watt Stereo

Amplifier: Distortionless, natural sound with unre-
stricted bass and perfect transient response (no inter -
stage or output transformers); complete input, filter
and control facilities; failure -proof rugged all -silicon
transistor circuitry.
Model 3200 Solid -State FM /MPX Automatic Stereo
Tuner: Driftless, noiseless performance; 2.40/ for 30db
quieting; RF, IF, MX are pre -wired and pre -tuned on
printed circuit boards - you wire only non -critical power
supply.

7 New Ways to make Electronics more Fun!
Save up to 50% with EICO Kits and Wired Equipment.

You hear all the action -packed capitals of the
world with the NEW EICO 711 "Space Ranger"
4 -Band Short Wave Communications Receiver -
plus ham operators, ship -to -shore, aircraft,
Coast Guard, and the full AM band. 550KC to
30MC in four
het, modern printed circuit board construction.
Easy, fast pinpoint tuning: illuminated slide -
rule dials, logging scale; "S" meter, electrical
bandspread tuning, variable BFO for CW and
SSB reception, automatic noise limiter. 4"
speaker. Headphone jack. Kit $49.95. Wired
$69.95.

More "ham" for your dollar than ever - with
the one and only SSB/AM/CW 3 -Band Trans-
ceiver Kit, new Model 753 - "the best ham
transceiver buy for 1966" - Radio TV Experi-
menter Magazine. 200 watts PEP on 80, 40 and
20 meters. Receiver offset tuning, built-in VOX,
high level dynamic ALC, silicon solid-state VFO.
Unequaled performance, features and appear-
ance. Sensationally priced at ;189.95 kit,
$299.95 wired.

r

Model 460 Wideband Direct -Coupled
5" Oscilloscope. DC-4.5mc for color
and B&W TV service and lab use. Push-
pull DC vertical amp., bal. or unbal.
input. Automatic sync limiter and amp.
$99.95 kit, $139.50 wired.

NEW EICO 888 Solid -State
Engine Analyzer
Now you can tune-up, trouble-
shoot and test your own car or
boat.

Keep your car or boat engine in
tip-top shape with this completely
portable, self-contained, self -
powered universal engine ana-
lyzer. Completely tests your total
ignition/electrical system. The
first time you use it - just to tune
for peak performance - it'll have
paid for itself. (No tune-up
charges, better gas consumption,
longer wear) 7 instruments in
one, the EICO 888 does all these
for 6V and 12V systems; 4, 6 &
8 cylinder engines.
The EICO 888 comes complete
with a comprehensive Tune-up
and Trouble -shooting Manual in-
cluding RPM and Dwell angle for
over 40 models of American and
Foreign cars. The Model 888 is
an outstanding value at $44.95
kit, $59.95 wired.

New EICOCRAFT, easy -
to -build solid-state elec-
tronic TruKits.,- great
for beginners and
sophisticates alike. As
professional as the
standard EICO line -
only the complexity is
reduced to make kit -
building faster, easier,
lower cost. Features:
predrilled copper -
plated etched printed

circuit boards; finest parts; step-by-step in-
structions; no technical experience needed -
just soldering iron and pliers. Choose from: Fire
Alarm; Intercom; Burglar Alarm; Light Flasher;
"Mystifier"; Siren; Code Oscillator; Metronome;
Tremolo; Audio Power Amplifier; AC Power Sup-
ply. From $2.50 per kit.

T ore PUNCH in the new EICO "Sentinel -
Pro" 23 -channel Dual Conversion 5 -watt CB
Transceiver. New advanced Big -Reach "Range
Plus" circuitry lengthens "talk -power" reach.
Automatic noise limiter super -sensitizes for weak
signals. "Finger Tip" antenna loading and trans-
mitter tuning controls. 23 crystal -controlled
transmit and receive channels - all crystals
supplied. Rear -illuminated S/RF meter. Tran-
sistorized 12VDC and 117VAC dual power supply.
Wired only, $169.95. Positive -Negative Ground/
Mobile Marine Modification kit (optional $5.95).

FREE 1967 CATALOG
EICO Electronic Instrument Co., Inc. EW-10
131.01 39th Ave., Flushing, N. Y. 11352
Send me FREE catalog describing the full EICO line of
200 best buys, and name of nearest dealer. I'm inter-
ested in:
0 test equipment 0 ham radio
O stereo/hi-fi
O automotive electronics

0 Citizens Band radio

Name

Address

Cj.ty

State Zip

Model 232 Peak -to -Peak VTVM. A must
for color or B&W TV and industrial
use. 7 non -skip ranges on all 4 func-
tions. With exclusive Unl-Probe.®
$29.95 kit, $49.95 wired.

October, 1966
CIRCLE NO. 115 ON READER SERVICE CARD
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You can earn more money
if you get an FCC License

...and here's our famous CIE warranty that
you will get your license if you study with us at home

NOT SATISFIED with your present income?
The most practical thing you can do

about it is "bone up" on your electronics,
pass the FCC exam, and get your Govern-
ment license.

The demand for licensed men is enor-
mous. Ten years ago there were about
100,000 licensed communications stations,
including those for police and fire depart-
ments, airlines, the merchant marine, pipe-
lines, telephone companies, taxicabs, rail-
roads, trucking firms, delivery services, and
so on.

Today there are over a million such sta-
tions on the air, and the number is growing
constantly. And according to Federal law,
no one is permitted to operate or service
such equipment without a Commercial FCC
License or without being under the direct
supervision of a licensed operator.

This has resulted in a gold mine of new
business for licensed service technicians. A
typical mobile radio service contract pays
an average of about $100 a month. It's pos-
sible for one trained technician to maintain
eight to ten such mobile systems. Some men
cover as many as fifteen systems, each with
perhaps a dozen units.

Coming Impact of UHF
This demand for licensed operators and
service technicians will be boosted again in
the next 5 years by the mushrooming of
UHF television. To the 500 or so VHF tele-
vision stations now in operation, several
times that many UHF stations may be added
by the licensing of UHF channels and the
sale of 10 million all -channel sets per year.

Opportunities in Plants
And there are other exciting opportunities
in aerospace industries, electronics manufac-
turers, telephone companies, and plants op-
erated by electronic automation. Inside in-
dustrial plants like these, it's the licensed
technician who is always considered first for
promotion and in -plant training programs.
The reason is simple. Passing the Federal
government's FCC exam and getting your
license is widely accepted proof that you
know the fundamentals of electronics.

So why doesn't everybody who "tinkers"
with electronic components get an FCC Li-
cense and start cleaning up?

The answer: it's not that simple. The gov-
ernment's licensing exam is tough. In fact,
an average of two out of every three men
who take the FCC exam fail.

CI

There is one way, however, of being pretty
certain that you will pass the FCC exam.
And that is to take one of the FCC home
study courses offered by the Cleveland In-
stitute of Electronics.

CIE courses are so effective that better
than 9 out of every 10 CIE -trained men who
take the exam pass it...on their very first try!
That's why we can afford to back our
courses with the iron -clad Warranty shown
on the facing page: you get your FCC Li-
cense or your money back.

There's a reason for this remarkable rec-
ord. From the beginning, CIE has special-
ized in electronics courses designed for
home study. We have developed techniques
that make learning at home easy, even if
you've had trouble studying before.

In a Class by Yourself

Your CIE instructor gives his undivided per-
sonal attention to the lessons and questions
you send in. It's like being the only student
in his "class." He not only grades your work,
he analyzes it. Even your correct answers
can reveal misunderstandings he will help
you clear up. And he mails back his correc-
tions and comments the same day he re-
ceives your assignment, so you can read his
notations while everything is still fresh in
your mind.

It Really Works

Our files are crammed with success stories
of men whose CIE training has gained them
their FCC "tickets" and admission to a
higher income bracket.

Mark Newland of Santa Maria, Calif.,
boosted his earnings by $120 a month after
getting his FCC License. He says: "Of 11
different correspondence courses I've taken,
CIE's was the best prepared, most interest-
ing, and easiest to understand."

Once he could show his FCC License,
CIE graduate Calvin Smith of Salinas, Cali-
fornia, landed the mobile phone job he'd
been after for over a year.

Mail Card for Two Free Books

Want to know more? The postpaid reply
card bound -in here will bring you free cop-
ies of our school catalog describing oppor-
tunities in electronics, our teaching methods,
and our courses, together with our special
booklet, "How to Get a Commercial FCC
License." If card has been removed, just
send your name and address to us.

THESE CIE MEN PASSED...

NOW THEY HAVE GOOD JOBS
Matt Stuczynski,

Senior Transmitter
Operator, Radio
Station WBOE

"I give Cleveland In-
stitute credit for my
First Class Commercial
FCC License. Even
though I had only six
weeks of high school
algebra, CIE's AUTO -
PROGRAM MEDDA lessons make elec-
tronics theory and fundamentals easy. I
now have a good job in studio operation,
transmitting, proof of performance, equip-
ment servicing. Believe me, CIE lives up to
its promises."

Chuck Hawkins,
Chief Radio

Technician, Division
12, Ohio Dept.
of Highways

"My CIE Course en-
abled me to pass both
the 2nd and 1st Class
License Exams on my
first attempt...I had no
prior electronics train-

ing either. I'm now in charge of Division
Communications. We service 119 mobile
units and six base stations. It's an interest-
ing, challenging and rewarding job. And
incidentally, I got it through CIE's Job
Placement Service."

Glenn Horning,
Local Equipment

Supervisor, Western
Reserve Telephone

Company
"There's no doubt

about it. I owe my 2nd
Class FCC License to
Cleveland Institute.
Their FCC License
Course really teaches
you theory and fundamentals and is par-
ticularly strong on transistors, mobile ra-
dio, troubleshooting and math. Do I use
this knowledge? You bet. We're installing
more sophisticated electronic gear all the
time; what I learned from CIE sure helps."

NEWS FOR VETERANS: New G. I. Bill may

entitle you to Government -paid tuition for
CIE courses if you had active duty in the

Armed Forces after Jan. 31, 1955. Check

box on reply card for complete information.

ECleveland Institute of Electronics
1776 E. 17th St., Dept. EW-22, Cleveland, Ohio 44114

Accredited by the Accrediting Commission of the National Home Study Council, and the only home study school to provide complete coverage
of electronics fundamentals plus such up-to-date applications as: Microminiaturization Laser Theory and Application Suppressed Carrier
Modulation  Single Sideband Techniques  Logical Troubleshooting  Boolean Algebra  Pulse Theory  Timebase Generators ...and many more.

18 ELECTRONICS WORLD
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Cleveland Institute of Electronics

of success in obtaining a

Government FCC License
The Cleveland Institute of Electronics hereby warrants that
upon completion of the Electronics Technology, Broadcast
Engineering, or First -Class FCC License course, you will be
able to pass the -FCC examination for a First Class Com-
mercial Radio Telephone License (with Radar Endorsement) ;

OR upon completion of the Electronic Communications
course you will be able to pass the FCC examination for a
Second Class Commercial Radio Telephone License;

AND in the event that you are unable to pass the FCC test
for the course you select, on the very first try, you will re-
ceive a FULL REFUND of all tuition payments.

This warranty is valid for the entire period of the com-
pletion time allowed for the course selected.
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REPORT
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Acoustech XI Amplifier
Concord Model 300 Recorder

Acoustech XI Amplifier
For copy of manufacturer's brochure, circle No. 25 on Reader Service Card.

THE Acoustech XI "Add -A -Kit" am-
plifier is a rather unusual solution to

the problem of building a high-fidelity
system from separate components with-
out obsolescence and with complete
compatibility. The unit is a basic power
amplifier, fully solid-state, and rated
at a nominal 35 watts per channel. It
is sold only in kit form and is com-
patible with any good control center/
preamplifier that the hi-fi enthusiast
may have available.

At any later time, the owner can
convert it to an integrated amplifier,
with a high -quality built-in preampli-
fier section, by purchasing the P/M
preamp module kit. In addition to the
components required for the control
center section, the preamp module in-
cludes a new panel which replaces the
original basic power amplifier panel.

This is the only part of the Model XI
which is not used in the finally con-
verted unit. The power amplifier chassis
has been prepunched in order to ac-
commodate the preamp module parts
and controls.

Both the Acoustech XI power ampli-
fier and the preamp module are sup-
plied with the active circuitry factory-
wired and tested, on plug-in printed
boards. The assembly of the basic am-
plifier is a relatively simple matter.
The parts are packaged in bags, num-
bered in the sequence in which they
are to be used. The bags are pinned
to a "KitKloth" which protects the
working surface and serves as a con-
venient means of keeping the parts to-
gether when the kit is put away after
each wiring session.

The major part of the assembly of

ACOUSTECH XE
BOTH CHANNELS DRIVEN
BD. LOADS, 120V.A.C. LINE
(ONE CHANNEL MEASURED)5.0

REF -POWER OUTPUT (30W)
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the basic amplifier consists of mount-
ing the mechanical components. The
interconnecting wiring is open and un-
complicated. When the preamplifier
module is added, there is somewhat
more wiring to do, since the controls
and switches must be wired into the
circuit. Nevertheless, the total job seems
to be well within the capabilities of a
neophyte kit builder. All wiring is
shown in color in both instruction books.
A simple "light -bulb" check prevents
damage to components in case of an
undetected error that the inexperienced
kit -builder may make.

The power amplifiers use silicon out-
put transistors mounted on heat sinks.
No transformers are used (other than
the power transformer). The output
stages are driven by complementary
symmetry stages, preceded by two
stages of amplification. The entire pow-
er amplifier section is direct -coupled,
with blocking capacitors used only at
the input to and the output from the
speaker. Negative feedback is applied
around the entire power amplifier
module.

With the preamplifier module in-
stalled, the amplifier has concentric
high- and low -frequency tone controls,
separate for each channel. Markings on
the panel indicate recommended set-
tings for using the controls as rumble
or scratch filters, or for loudness com-
pensation. There are separate level and

(Continued on page 81)
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Sony has developed the
world's finest audio transistors...

here's the proof

Man5, manufacturers have made fa rly good transistor
ampiliers. thitil now nobody has made a great one:
And everybody knows the reason: distortion. Unfor-
tunatzly, most transistor amplifiers distort in a ver),
special way. Not so much at top power, but rather
more at normal listening lever whore it hurts most.

The Sony TA -1120 ntegrated amplifier and TA -312C
power amplifier are :he fire: nigh -powered transistor
units in really overcome the problem cf distortion. As
all power levels, at all frewericies distortion is kepi
below that of the finest tute arnpl:fiers. The TA -112C
and TA -3120 both provide 120 watts IHF at 8 ohms.
both channels operat ng. Dis:crtion, at rated output, is
0.1% And at norma listering- levels it is even less,
0.05% at 1/2 watt. In additicn, they have achieved ar
extraordinarily high dampirg 'actor, better than 70 as
1000 cps to assure clean, low -frequency power re-
sponce. Frequency response is practically flat from 1C
to 1011000 Hz (+0 db/--1 db) For safety's sake. an SCR

controlled rectifier:. -31rotects the power transis-
tors a:ainst accidental shorts and other overloads.

TEC,RATED
lopt.ezIER

7i1

The integrated amp_ifien the TA -1120 feat...1ms a
sensible arrange:nent of the front -panel controls TY:
the grea:est versatility and ease of operation.

We believe that these are the first great transistor
pDaver amplifiers. How can Sony do what other mare
ufacturers couldn't? Sony is a pioneer in transistors.
With first after fist. Such as the tunnel diode. Tranis-
tor television. And the all transistor video tape re
corder. The point is that Sony knows transistors. To
the 'n'th degree. And designed new. advances types
especiaLy fcr the driver and output stages of these
a -r plifiers..And s licon transistors are used throcgicut.
They are the most stable. The TA -1:20 integrated
a -r $399.50. A hardsome oil -finish walnut enclo-
sure is ootional. The power amplifier, TA -3120, $249.5C.

Visit vour Sory high fidelity dealer and male him
prove that Sony is worth the money. Make hint 2cm-
pa-e it with the finest tube amplifiers. We think yoa'll
eid up with a Sony. Fo- a free brochure write:

411 paces sugpes ed
Co -p. of America, 47-37 Van Dam St .
Loig Island City, N.Y. 11101 Dept- HI



How ninth
do you hare to spend
for a really good
stereo system?

AR turntable, Shure M7 /N21D cartridge, Dyna SCA-35 amplifier, and AR -4x speakers (hung on ordinary picture hooks)

THE KEY to the answer is the price of a really good
loudspeaker, a price that has changed radically in the
last twelve years.

In 1954 high quality speakers were of giant size and
cost $400 and up. AR changed all that with its acoustic
suspension speaker, more natural sounding than pre-
vious speakers and at the same time much smaller and
less expensive. This AR design revolutionized high
fidelity, and is widely copied to -day.

AR's latest technical breakthrough - the $57 AR -4x

speaker - has again reduced the cost of high-fidelity
sound. The stereo system shown above, built around

.11

AR -es, lists for about $350. It will outperform a $1000
hi-fi system of 1954.

Equipment reviews don't often single out one product
as the best of its kind without ifs, ands, or buts. Hi-Fi/

Stereo Review did, when it said of the AR -4x: "We
know of no competitively priced speaker that can com-
pare with it." And other reviews went even further,
rating the AR -4x as one of the great speakers at any price.

It is the speakers in a high-fidelity system that are most.
likely to be the weak link, to choke off the potential qual-
ity of the other components. Choose the speakers first.

ACOUSTIC RESEARCH, INC., 24 Thorndike Street, Cambridge,, Massachusetts. 02141
El Please send me literature on the AR -41., and on the AR-Dyna-Shure Stereo system shown above.
o Please send me free plans for building the equipment shelf in the photo.
 I enclose $1.00. Please send me Roy Allison's book High Fidelity Systems: A User's Guide, reviewed as "the

best basic book now available on high fidelity."

NAME

ADDRESS

CIRCLE NO. 125 ON READER SERVICE CARD
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Frequency

and
Frequency

Measurement
By MARVIN J. WILLRODT/Applications Engineer
Frequency & Time Division, Hewlett-Packard

One of the basic, yet most important, parameters in electronics
is frequency. There are many methods and instruments used in
its measurement, but how accurate are they? Just what errors
are they subject to and how can these errors be minimized?

AT first, one might think that the nature of frequency
is a very simple thing. In electronics, is it not just
the number of cycles per second with which we

are dealing? However, just how long a period of time is the
second? Two "seconds," each different in length, are in
common use in commerce and science today, and several
others have been used in the past.

Problems arise, too, when the frequencies of actual sig-
nals are to be measured for such signals are usually not
"pure." Real signals are always accompanied by some
noise which constitutes short-term deviations in frequency.
Real signals commonly drift somewhat in frequency; they
may drift rapidly or slowly, and they may drift steadily in
one direction, or cyclically around some center frequency.
The purpose of the signal, then, must be taken into con-
sideration before an appropriate way of measuring it can
be determined.

Every frequency reading, from the simplest noting of
the position of the dial on a portable radio to the most
exact reading of the output of an atomic standard, is a
comparison. We are always comparing some unknown sig-
nal with some time -based reference. The time -base may
be somewhat crude, such as the resonant period of a sim-
ple capacitor and inductor combination, or it may be ex-

ceedingly accurate, as for example, the output of an atomic -
controlled oscillator. Errors in measuring frequency can
arise then from the nature of the signal that is to be mea-
sured, from the comparison method that is used to relate the
unknown to the known, and from the degree of accuracy
with which the "known" is really known.

The Two Seconds
The two internationally recognized standards for the

length of the second were discussed in detail in Jane
Evans' "Time and Time Measurement" in the July 1966
issue of this magazine. It is necessary, for purposes of navi-
gation and time -keeping, to maintain a standard which re-
lates meaningfully to the apparent path of the sun about
the earth. In this way, longitude may be adequately de-
termined by observing the position of the sun, and so the
time of day which the clock calls "noon" will revolve more
or less evenly around the sun's zenith, through a year. Be-
cause the length of the day is changing, due to natural
events, the length of the second by which ordinary clock
time is computed must change minutely each year. This is
an inconvenience in precise measurement of frequency and
in highly precise measurements of time interval.

What is needed for this purpose is an internationally
October, 1966 25



Fig. 1. A counter of medium stability with 5 -digit readout is
shown here. Aging rate is specified as parts in 106 per week.
Crystal used is of high quality but is not enclosed in an oven.

agreed upon second of unvarying standard length. Such a
standard exists. It is a periodic event occurring within the
element cesium, to which reference can be made by elec-
tronic means easily and quickly with precision of a few
parts in 1011 or 1012. The atomic standard time scale, an
invariant now used world wide for scientific purposes, is
called Al (Atomic); the standard second of navigation and
commerce is the scale called UT2 (Universal Time). The
difference between these two changes from year to year
and international agreements are made on the "offset"
which shall be applied. This year the offset is 300 parts in
1010 which is the same thing as 3 parts in 108. Thus, where
measurements of frequency purport to be accurate to or
beyond this particular level, the kind of second to which
reference is being made must be expressed.

The Many Kinds of Drift
Frequency drift with time is referred to, by those who

TYPE OF STANDARD

FUTURE

CESIUM BEAMS

EPHEMERIS TIME (ET)

QUARTZ CLOCK ( UT2)---0-

SHORTT CLOCK ( UT 0)

TUNING FORK

TUNED LC CIRCUIT

Fig. 2. Improvements in the precision of the U.S.

10°

1011

101°

109

L.1-1 10

CD

10

10E

10'

10'

are concerned with precise measurement of frequency, as
"long term" or "short term." Exactly how long is "long"
and how long is "short," depends upon the context or the
reference and usually, therefore, upon the purpose of the
signal being measured. Short-term drift, for the designer
of a local oscillator for a radio receiver, is a matter of min-
utes. For him long-term drift is a matter of months or
years in which the dial calibration may become off by
many percent. The first kind, in such a case, is largely a
matter of temperature; the second is usually due to aging
of the components. In any case, short-term stability re-
fers to changes in average frequency over a time span suf-
ficiently short that long-term effects may be neglected, and
vice versa.

The causes of drift are much the same in other oscilla-
tors. The quartz crystal, widely used to determine the reso-
nant frequency of filters and oscillators, drifts rapidly with
changes in temperature. This is to say, short-term drift in
crystal oscillators is often the result of temperature shifts.
This can be minimized, as it often is, by enclosing the
crystal in a temperature -controlled oven. If the oven itself
warms and cools slightly in response to its thermostat, the
enclosed crystal will change cyclically in frequency in a
corresponding time period. This may occur somewhere in
between "short" and "long" time periods. More elaborate
structures are made, such as the proportional oven, which
prevent temperature shifts by throttling heat input, that is,
supplying heat at the same rate the oven is losing heat to
the surroundings. This maintains the crystal at a very
constant temperature.

Long-term change in frequency of a good crystal oscilla-
tor is due to aging. Aging may cause the frequency to
move steadily downwards, or steadily upwards, over very
long time periods. With modern crystals of good cut and
high purity, there is no special advantage to either mode of
behavior. As long as the movement of the frequency is
steady and tracked, it may be predicted so that accurate
corrections can be made in readings which depend upon
the crystal's frequency.

Among the most important uses for a highly stable oscil-
lator is as a reference standard for the measurement of un-
known frequencies whatever their origin. At the higher lev-
els of frequency -measuring accuracy, as in digital elec-
tronic counters, the time base is an oscillator whose fre-
quency must be defined with considerable care. While the
simplest of these instruments refers measurements to the
power line, these can be taken as accurate only to perhaps
0.1% (1 part in 103), since this is about as precisely as
power line frequency is ordinarily maintained.

Frequency Standard IUSFSI and its dissemination.
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Curiously, synchronous clocks driven by the power line
will keep time with very great accuracy over long periods;
this is because the frequency of the line is changed de-
liberately from time to time so that clocks whose reading
has drifted off will drift again in the direction needed to
bring them back onto what is accepted as correct time.
The common electric clock, then, keeps accurate time with-
out being driven by a source of accurate frequency. When
frequency is to be measured with much higher accuracy,
quartz crystals are commonly used to control the oscillator
time base. There are several degrees of refinement in com-
mon use here, too.

Well -cut quartz crystals, without temperature compensa-
tion, can be made to age as little as a few parts in 106 or
107 per month (Fig. 1). This is not to say that the accura-
cy with which their frequency is known is a part in 106 or
107, since there is no way of knowing, without constant
tracking, how many days or weeks may have gone by since
they were last referred to a primary standard. It is impor-
tant to refer the reference crystal within the counter to an-
other reference from time to time. Comparison by radio
with the National Bureau of Standards is rapid and com-
paratively easy, even by high -frequency transmissions, at
this level of precision. It might be noted that the Bureau's
high -frequency transmissions are based on the UT2 sec-
ond, although that is of little consequence unless accuracies
beyond the capabilities of these simpler, non -temperature -
compensated crystals are desired. (See Figs. 2 and 3 for
precision of the primary standard and broadcast schedules.)

Fine, modern high -frequency electronic counters, com-
monly those with 7 or 8 digits of display, usually have
long-term stability specifications in the region of a few
parts in 109 per day (Fig. 4). Once more, this is not to say
that they may be indiscriminately regarded as accurate to
parts in 109. These, too, must be referred to a primary
standard from time to time if the accuracy of their reading
is to be known. The fact that their aging is slow, known,
and steady, makes it possible to predict their frequency
with precision, even if some time has elapsed since calibra-
tion.

Instruments of this level of precision are most appropri-
ately referred to the National Bureau of Standards' station
WWVB on 60 kHz. This is the U.S. Frequency Standard,
which itself is now referred to Al time. It may take several
hours to accumulate records from which comparisons of a
precision of parts in 108 or 1010 may be confidently de-
rived. This is most easily accomplished by phase -tracking
equipment, which automatically makes a continuous strip -
chart recording of the comparison (Fig. 5).

Frequency measurements are commonly made over
short periods of time, like a tenth of a second or a second.
If, during this time, the frequency of the reference oscil-
lator in an electronic counter is different from its average
long-term frequency, then the reading will be off by that
amount. It is important, then, to know the short-term drift
characteristics of the reference oscillator. In this case,
"short-term" refers to periods like a tenth of a second or a
second, of course. Understanding the meaning of this term
can be important where precise frequency measurements
are to be undertaken.

Short-term stability, or short-term instability, is an ex-
pression of the change in average frequency over a time
sufficiently short (but "exceeding some minimum time)
that long-term effects are of small or negligible signifi-
cance. There is at present no general agreement fixing the
averaging time so one must be specified for each state-
ment of short-term stability.

A typical statement for an ultra -precise quartz oscillator
might be, "fractional frequency deviation is less than 2
parts in 10" r.m.s. for an 0.1 -second averaging time."
What this says is that the mean output of the oscillator
during any 1/10 -second interval will not differ from that

THE HOURLY BROADCAST SCHEDULES OF
WWV, WWVH, WWVB AND WW VL

SECONDS PULSES - WWV , WWVH CONTINUOJS EXCEPT FOR 590 SECOND OF EACH
MINUTE AND DURING SILENT PERIODS

SPECIAL TIME. CODE -

NONE

WWVB

WWVL

in STATION ANNOUNCEMENT
MORSE CODE - CALL LETTERS, UNIVERSAL TIME,

PROPAGATION FORECAST
VOICE - EASTERN STANDARD 'TIME

MORSE CODE -FREQUENCY OFFSET
ION THE HOUR ONLY)

WWVH - MORSE CODE - CALL LETTERS, UNIVERSAL TIME,
VOICE - HAWAIIAN STANDARD TIME

MORSE CODE -FREQUENCY OFFSET
ION THE HOUR ONLY)

wwy1- MORSE CODE - CALL LETTERS, FREQUENCY OFFSET

WWv -Z5,5,10,19,20,25..4 WAVE4-6011111

WwIlm -2.5,5,10MHz WWvl - 2010.1:

EMS' 100 PPS 11000 Hz MODULATION WWV TIMING CODE

Ell TONE MODULATION 600 Hz

TONE MODULATION 440 Mt

GEOALEFFTS

(::3 IDENTIFICATION PHASE SHIFT

UT2 TIME CORRECTION

SPECIAL TIME CODE

Fig. 3. The broadcast schedules of NBS radio stations. WWV is
located in Greenbelt, Md., but will soon be relocated at Ft. Col-
lins, Colo., along with WWVB and WWVL. WWVH is in Hawaii.

Fig. 4. A highly accurate electronic counter with an 8 -digit dis-
play and time -base stability better than 3 parts in 109 per day.

Fig. 5. Automatic phase -tracking 60 -kHz receiver makes continuous
strip -chart recording which compares reception of NBS station
WWVB with a local oscillator. Comparisons are easily reliable be-
yond parts in 109 at almost any reception point throughout the
U.S. Tracking, if carried on daily and averaged over several days,
are capable of making comparisons within ports in 10" accuracies.
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during the preceding 1/10 -second interval by more than 2
parts in 10". These minute variations will be found to run
along the path of long-term aging which might be 5 parts
in 1011 per day or less. Short-term stability by these exact-
ing specification standards excludes long-term aging.

As the interval over which a precise frequency measure-
ment is taken grows very short, stability will be found to
deteriorate. This is because no signal is entirely free of
noise and noise constitutes a random series of frequency
deviations. The purity of the signal will then influence the
accuracy with which its frequency may be measured, and
the purity of a reference source will determine the preci-
sion by which a comparison of an unknown frequency
may be made with it if the measuring interval is very short.

Spectral Purity
The effects of noise and the natural "jitter" in the fre-

quency of any oscillator may be taken as indistinguishable.
Expressions of spectral purity, then, may be regarded as
extremely short-term drift. However, they are more con-
veniently expressed in terms of the width of the spectrum
of the signal, in hertz (cycles per second) deviation from
the average, and in proportion to the total spurious side -
band signals to the total signal.

Even rather crude oscillators have tolerably good spec-
tra at the frequency of oscillation. The spectrum is de-
graded, however, if frequency is multiplied as is done so
often. Indeed the ratio of total power in the sidebands to
carrier power goes up as the square of the multiplication
factor. This means, for example, that if we take a very
clean signal with only 0.01% of its power in its sidebands
and multiply it by 100, the resultant multiplied signal
will have 10% of its power in spurious sidebands. Thus if a

Fig. 6. Frequency synthesizer and its driver generates any
of 5 billion different discrete frequencies from a single,
ultra -pure and stable oscillator. Operation of this $12,500
combination is entirely by means of electronic arithmetic.

Fig. 7. The " t 1 count error" in electronic counters arises
because gate -open period may straddle a different number
of cycles on successive counts. Error may be 0 and + 1, or 0
and -1. It may not, however, exceed the entire 1 count.

I

I

1 I

10: 1

COUNT:10

COUNT:9

signal is to be multiplied, it must start out as a very pure
signal indeed.

It might be thought that a simple way to improve the
situation would be to put the signal through a narrow-
bandpass filter before or after multiplication. This, how-
ever, is not very practical in the case of variable -frequency
oscillators although tracking filters are used in some high -
quality signal generators.

It is interesting to note that clean signals are degraded
by hum and other discrete -frequency leakage in exactly
the same way as by "jitter" or noise. The only difference is
that the sidebands around the central desired frequency of
oscillation are multiples of the added signal rather than
randomly added components.

There is an elegant solution to the problem of generat-
ing a large number of very clean signals all of precisely
known frequency. It is not inexpensive but when the need
must be met, as in rapidly programmed changes in carrier
frequency for some space communications purpose for ex-
ample, it can be done. Frequency synthesizers are used to do
the trick.

Among the most interesting of these (see Fig. 6) is one
which generates a single ultra -pure frequency, determined
by a well -designed crystal oscillator running at low power
in a proportional -controlled oven. This signal is then mul-
tiplied, divided, added, or subtracted to generate the de-
sired output frequency by performing only arithmetic op-
erations, using electronic circuits, on the original crystal
frequency. Refiltering of the signals after multiplication,
and before further operations, preserves signal purity. The
output frequency may be determined either by pushing
buttons on the front panel or by remote electrical signals
which set up the required arithmetic operations.

The instrument illustrated will produce any of five bil-
lion discrete frequencies, each differing from the next by
as little as 0.1 hertz. All are of extraordinary purity, the
total of non -harmonically related spurious signals being
down more than 90 dB from the desired signal. That is to
say, these spurious signals comprise less than 0.003% of
the desired output voltage.

Measuring Frequency with Counters
While there are many common instruments for measur-

ing frequency, the most precise in general use is the digi-
tal electronic counter. Often when an engineer picks up an
electronic counter he expects that if he plugs the instru-
ment in and connects a signal to it he will get "digital ac-
curacy," i.e., 100%, immediately. Indeed, he may expect
accuracy to the last digit on the instrument, which in the
higher priced types is often eight. There are good reasons
why unless the situation is understood and precautions
taken he may not get it.

Fig. 7 demonstrates the first of several kinds of error
which should be anticipated. "± 1 count error" arises be-
cause there is no reason why, on successive measure-
ments, the time during which the measuring -gate of the
counter is open (4) should happen to straddle exactly the
same number of pulses (one of which is produced for each
cycle of the input signal). This is true since the input
signal is normally not synchronized with the time -base
oscillator of the counter. This error can be no greater than
one digit, i.e., the error may be +1 and zero or it may be
-1 and zero; it will not be within a range from +1 to -1
when measuring a stable frequency.

The second factor to consider in measuring frequency
with an electronic counter is time -base error. As we have
already discussed, it is important that the real aging rate
of the oscillator which serves as time base should be known
as well as the period of time since its last calibration with
a primary standard. With these two factors, a correction
can be calculated quickly so the actual frequency can be
known. The error should never be (Continued on page 60)
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Line -Operated

Transistor
TV Sets: G -E
By WALTER H. BUCHSBAUM

A new approach to vertical and horizontal
outputs and a novel method of generating
high -voltage for the CRT are discussed.

WITH a complement of 24 transistors and 18 diodes,
the G -E Model TA 9 -inch TV set differs from most
other transistor TV receivers in that the majority

of the transistors are silicon n -p -n types. The Model TB
uses two more transistors but generally has the same type
of circuits and the same over-all appearance and size.

The 9 -inch picture tube determines the size of the re-
ceiver cabinet, with the tuners and all controls mounted on
one side. A monopole antenna, telescoping and self-con-
tained, is provided for v.h.f., and a detachable loop is sup-
plied for u.h.f. The loudspeaker is mounted on the left side
panel, and the bulk of the components are fastened to a
single 6" x 8" printed -circuit board which is accessible
from the rear of the receiver when the cabinet is removed.
To reach the other side of the printed -circuit board, two
screws must be removed and then the board hinges out
from its retaining chassis.

The v.h.f. tuner of Model TA uses three silicon n -p -n tran-
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Fig. 1. Vertical output circuit uses a voltage -dependent re-
sistor to maintain constant height with any output variation.

Fig. 2. Besides deflection, the horizontal
output circuit also generates both "B
and 9.5 kV required by the picture tube.
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sistors as r.f. amplifier, mixer, and oscillator, while the u.h.f.
tuner has the conventional preselector, oscillator, and mixer.
On u.h.f. channels, the v.h.f. tuner acts as an additional i.f.
amplifier. In Model TB, the v.h.f. r.f. amplifier is a p -n -p
stage, and this means that the a.g.c. to the tuner must be of
opposite polarity in Model TB as compared with Model TA.

In the Zenith transistorized receiver (April, 1966 issue),
a keyed a.g.c. controlled the first two i.f. stages through a
reverse -bias arrangement, and delayed a.g.c. was applied to
the tuner. In both G -E models, keyed a.g.c. is again used
for the first and second i.f.'s. The main difference between
the G -E and Zenith circuits is that in the G -E models both
i.f. stages receive the same a.g.c. voltage on their bases,
without the reverse -bias arrangement used in the Zenith
model. The delayed a.g.c. to the tuner in G -E Model TA is
derived from the collector of the second i.f. stage through
an adjustable potentiometer. In Model TB, because the r.f.
amplifier is a p -n -p transistor, the delayed a.g.c. transistor is
changed from p -n -p to n -p -n and the bias is taken off the
emitter of the second i.f. stage. The three -stage i.f. section,
detector, and video amplifier are the same for both TA and
TB models. Both use two video stages with the first con-
nected as an emitter -follower driving the second stage. The
contrast control is a potentiometer in the emitter of the
video output amplifier, and a special vertical blanking pulse
is also applied at that point. The video output amplifier
uses +90 volts on the collector and couples the video sig-
nals capacitively to the picture -tube grid.

Two stages of 4.5 -MHz audio amplification are used in
both models, with a diode limiter in the collector circuit of
the first stage to remove amplitude modulation from the
audio carrier. In Model TA, three audio stages are used,
with the second connected as an emitter -follower to drive
the single -ended output amplifier. In Model TB, the output
circuit uses a p-n-p/n-p-n emitter -follower arrangement
which operates in class B and does not require an audio
output transformer.

The sync separator and vertical oscillator are relatively
conventional in both models. In TA, the vertical oscillator
is a blocking oscillator; in TB, a multivibrator circuit com-
bining the oscillator with the output stage is used. Bothcgo models employ a vertical output circuit which is sufficient-

7"4-
+90V ly different from that of previously described transistor sets

4 7 to warrant discussion. As shown in Fig. 1, output transistor
100

b o56
pF 10pF

1141VW WM.+ ci;.;

the linearity and height control in the emitter circuit. Height
Q1 receives the vertical sweep pulses on its base and has

"FT T control RI determines the voltage at the emitter. Linearity
1008F - control R2, together with the ther- (Continued on page 70)
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RECENT

DEVELOPMENTS

IN ELECTRONICS

Military Communications Satellites. (Above) Artist's render-
ing shows military communications satellites being placed into
equatorial orbit at near -synchronous altitude by means of a
unique dispenser. The dispenser permits placing eight satel-
lites into random orbit with a single launch of the Titan
III -C booster. The satellite system is being developed for
the Air Force by Philco Western Development Laboratories.
By using the multiple -launch technique, the number of high -
cost booster rockets required to establish a communications
system can be substantially reduced. The system will provide
continuous communications around the globe. Any one satel-
lite will be able to link two ground points about 9000 nautical
miles apart. The satellites are protected-like peas in a pod-
by a shroud during initial stages of flight. The shroud falls
away in space and the satellites are ejected by springs, one
at a time, and spun up to 150 rpm by a cold -gas, blow -down
system. Spin stabilization eliminates need for attitude control.

Laser Color Selector. (Center) A color selector, operating at
electronic speeds, determines which of several colors a multi-
color laser will generate and emit. The selector may lead to
the development of computer memories in which a hundred
million bits of information could be stored on one square inch
of photographic film. Here a green light beam has been se-
lected. It travels through the selector (center), through prisms
(lower center), and to a screen (right center). The prisms
shown are not part of the selector but serve in this
multiple exposure to separate the dots on the screen. These
dots represent the other colors which can be selected. The
setup shown is an experimental one at IBM Development Lab.

Highway Communications System. (Left) In response to public
and political pressures the car manufacturers are beginning to
promote and emphasize safety as well as performance. Here is
a new highway communications system, developed at General
Motors Research Laboratories, that promises increased safety
and driver enjoyment. The experimental system would remind
the motorist of speed and traffic signs, enable him to summon
help in an emergency, and provide automatic routing for trips.
The visual sign minder (display panel shown in inset) would be
triggered by roadway signals from magnets or low -frequency
radio transmitters. A route minder (unit with telephone dial)
will guide the driver to his destination without use of maps.
The equipment includes a programmed in -car route selector and
route direction indicator activated by coded roadway signals.
Voice communications will be provided on Citizen Band channels.
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Battlefield Satellite Communications. (Right) A mobile ground
terminal that can be wheeled into front line battlefield posi-
tion for communications via satellite is shown here. The
4000 -pound terminal, lightest ever built, was tested recently
by the Air Force as part of an experimental program to improve
world-wide military communications. The Sylvania unit demon-
strated, by transmitting and receiving messages via Syncom Ill
in synchronous orbit over the Pacific Ocean, that it can be em-
ployed successfully to communicate with very distant points.

Color Video Tape Recorder. (Center) A color -TV program, just
taped from the set on the left, is played back over the same
set in a demonstration of IIT Research Institute's recently
developed color video tape recorder. The relatively low-cost
unit was designed to be manufactured and profitably marketed
for less than $500. So far three firms have been licensed
to produce commercial versions of the system. Direct, longi-
tudinal recording is used along with a single fixed recording
head assembly for both recording and playback. Four sepa-
rate channels of programming can be placed on a quarter -inch
tape in four passes. The machine uses a 7 -in reel of tape and
operates at 120 ips. Program time varies from 15 to 30 min-
utes depending on reel size and type of tape used. The en-
tire record and playback amplifiers employ twelve transistors.

Double -Spiral Antenna. (Below left) A cavity -backed double
Archimedes spiral antenna that maintains essentially constant
impedance and pattern performance over the frequency range
from 2000 to 11,000 MHz is shown. The antenna has been de-
veloped for flush mounting in high-performance aircraft, mis-
siles, and satellites. Adaptable to the high skin temperatures
of these flight vehicles, the antenna can operate at tempera-
tures up to 350 deg F. It measures about 3 by 21/2 by 2 inches.
The broadband antenna has a gain of 7 to 8 dB and produces a
circularly polarized wave at a 75 -deg beamwidth. The unit,
made by American Electronics Labs, has applications in the
fields of surveillance, telemetry, direction finding, control.

Successful Surveyor. (Below right) The fantastically success-
ful Surveyor spacecraft, which recently soft -landed on the
moon and sent back to earth a large number of pictures of
that planet's surface is shown here. The small white tur-
ret at the left of the mast houses a television camera used
to photograph the moon's surface. Crushable honeycomb alu-
minum footpads in sand (right, left, and rear) help soften
landing. Protruding left and right are omnidirectional an-
tennas. Top flap on mast contains solar cells that are em-
ployed to supply the power for the Hughes -built spacecraft.

i.
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An Integrated
Circuit for
Consumer Products
By LARRY BLASER
Fairchild Semiconductor

These circuits are used as self-limiting
i.f. amplifiers for FM and TV receivers
and as chrome oscillators for color -TV.

TIIE realization that integrated circuits can offer equal
or improved performance at the same or lower cost in
many linear -circuit applications has created a tremen-

dous interest in their use by the consumer products en-
tertainment industry. The consumer industry proved its
adaptability to new technologies in making the recent switch
from vacuum tubes to transistors in many television and
radio circuits. There is reason to believe that the industry
is eager and ready to incorporate integrated circuits into
many of its future products.

Fairchild Semiconductor has been actively engaged in
developing new integrated circuits for television, radio, and
other consumer products. The initial result of these efforts
has been the pA703C-a relatively simple integrated circuit
designed primarily as an FM i.f. amplifier but which also has
excellent properties as an oscillator. Representative appli-
cations which have been investigated for this device include:
(1) 10.7 -MHz self-limiting i.f. amplifiers for FM broadcast
receivers; (2) crystal -stabilized, 3.58 -MHz chroma refer-
ence oscillators for color television; and (3) 4.5 -MHz inter -

Fig. 1. Circuit diagram of the IC with outboard transformers.
4 V RA 703C

O. R.
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Fig. 2. Photomicrograph of 5 -transistor, 2 -resistor circuit.
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Fig. 3. Cross-section of silicon planar integrated transistor.

carrier sound i.f. amplifiers for both color and black -and -

white television.
(Editor's Note: The price of the 4uA703C in 1-24 quanti-

ties is $4.50, in 25-99 quantities is $3.60, and in 100-999
quantities is $3.00. In still larger quantities, the unit price
is less. The pA703C and a more expensive military ver-
sion, the pA703A, are available from Fairchild distributors.
For addresses, write Marketing Dept., Fairchild Semicon-
ductor, 313 Fairchild Dr., Mountain View, Cal., 94040.)

pA703C Integrated Circuit
The pA703C integrated circuit amplifier -oscillator is

shown schematically in Fig. 1. Operated as an amplifier,
the signals are transformer -coupled into and out of the de-
vice. The emitter -coupled (common -collector feeding com-
mon -base) amplifying transistors, QA and QB, provide high
isolation between the input and the output of the integrated
circuit. The bases of QA and 125 are biased above ground
by the voltage drop in the two diode -connected transistors,
QC and Q. These transistors also form a low -impedance
a.c. bypass for the base of QB. The amplifying transistors
also share equal bias current from the current -source transis-
tor, 420. The current from this source is equal to the current
which flows in RR inasmuch as (1) the current in RB flows
mainly in the collector of 42E; (2) the bases of QD and Q5
are connected; and (3) QD and QB have matched VBx and
h" characteristics.

The collector of QA is decoupled to ground by an external
capacitor. The supply voltage is fed through the internal
decoupling resistor, RA.

As a small -signal amplifier, the common -collector transis-
tor, QA, drives the common -base transistor, QB. Under
large -signal conditions, QA operates as a switch which chops
the current from Q, to the emitter of QB at the signal-fre-
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quency rate. Depending on the load
presented to the output, the p.A703C
can be operated in either a saturating
or non -saturating mode under large -
signal conditions.

A photomicrograph of the complete
integrated -circuit chip is shown in Fig.
2. The components on this monolithic
chip of silicon have been fabricated us-
ing the planar process. Isolation junc-
tions are used to electrically separate
the components. Necessary component
connections are made with a selectively
deposited aluminum film.

A cross-section of an integrated
transistor, shown in Fig. 3, illustrates
how devices are fabricated with the planar process. Note
that a parasitic isolation diode results at the collector of the
transistor. Because the anode of the diode is the sub-
strate, the substrate is connected to the most negative po-
tential of the circuit in order that the isolation diode will
always be reverse -biased.

The electrical properties of the pA703C are character-
ized by measured Y (admittance) parameters. From these
parameters, a "figure -of -merit" quantity, Gain Maximum
Stable (G.MS ), can be put on the device to tell how stable
it would be as an amplifier. GMS is the ratio of forward
to reverse transadmittance expressed in dB and is the gain
which can be approached in a practical circuit without
danger of instability. The values of GMS at 10.7 -MHz
(46.5 dB) and 100 MHz (31 dB) are both considerably
above the actual gain which could be achieved as an
amplifier at these frequencies. These figures show that
stability is very high and that it need not be a prime con-
sideration in an amplifier design using the IC.

FM I.F. Amplifier
The FM i.f. amplifier strip shown in Fig. 4 uses four

identical 11A703C integrated -circuit amplifiers, each of
which is self-limiting. Selectivity is obtained with conven-
tional double -tuned interstage filters. The only other com-
ponents in the i.f. amplifier are decoupling capacitors in the
supply voltage to each stage.

The interstage filters, which are all identical, have been
designed to have i.f. amplifier bandpass, selectivity, and
phase characteristics that represent good compromises for
stereo multiplex reception. To maintain selectivity, high re-
jection to AM, low distortion, and a good capture ratio in
an FM tuner, the bandpass characteristics of the i.f. must
not be degraded under large -signal conditions. To satisfy
this requirement in these self-limiting stages, the loading
changes on the filters by the integrated amplifiers are mini-
mized by selecting a sufficiently low load to achieve current
limiting in QB (the collector does not saturate) and by mis-
matching from the filter to the base of QA.

The i.f. amplifier stage gain is about 28 dB and is rela-
tively independent of normal spreads in the characteristics
of the elements within the integrated circuit.

The FM detector is a modification of the conventional
ratio detector. The important difference is the absence of
the RC network associated with the detector diodes. In
this simplified detector configuration, made possible by the
excellent limiting properties of the integrated circuit, the
forward voltage drop of the two silicon detector diodes is
utilized to replace the voltage offset normally developed
across a large electrolytic capacitor in the RC network of
the conventional ratio detector. One inherent disadvantage
of this simple FM detector is its low output which, in this
design, is about a fourth that of a typical ratio detector.

The performance of the i.f. amplifier strip compares fa-
vorably with i.f. amplifier strips now found in component
FM tuners. Capture ratio and AM rejection are especially
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Fig. 5. Color -TV injection -locked reference oscillator.
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Fig. 6. Sound i.f. system for color television receiver.

good due, to a large extent, to the uniwic limiting charac-
teristics of the integrated circuit.

Color -TV Chroma Oscillator
Three methods are presently used for re-establishing the

3.58 -MHz subcarrier in a color -television receiver: (1) the
voltage -controlled, crystal -stabilized oscillator driven from
an a.p.c. detector; (2) the injection -locked, crystal -stabi-
lized oscillator; and (3) the narrow-bandpass, crystal ring-
ing circuit.

Fig. 5 shows the piA703C integrated circuit and asso-
ciated components for an injection -locked crystal oscillator.
The positive feedback voltage to start and sustain oscilla-
tions is taken from a capacitive tap in the tuned circuit at
the collector of transistor Q. This voltage is fed back
through a narrow-bandpass crystal filter network to the
base of transistor Q. The common -collector transistor,
QA, drives the common -base transistor, QB, to complete
the regenerative feedback path required for oscillation.

The inductor LI in combination with the series capaci-
tors Cl and C2 make up the reactive components of the
temperature -compensated, 3.58 -MHz output tank circuit.
The output signal amplitude is determined by the load
resistance RL. A relatively large feedback signal (one volt
peak -to -peak) is fed into the input of the integrated cir-
cuit to take advantage of its self-limiting properties.

Ll provides the initial frequency setup without affecting
the output voltage significantly. The crystal in the feed-
back loop is the primary frequency -determining element.
It operates in an inductive mode and resonates with ca-
pacitor C3. The burst transformer (Continued on page 80)
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PART 2. CIRCUIT CONFIGURATIONS

Designing Silicon -Transistor
Hi-Fi Amplifiers
A number of basic circuit configurations for readily
available silicon power transistors, along with their
comparative operating characteristics, are covered.
By R.D. GOLD and J.C. SONDERMEYER
RCA Electronic Components & Devices

AST month we covered the performance objectives in
designing hi -fl power amplifiers using silicon transis-
tors. In this installment we will go into the circuit

configurations that are used in such amplifier designs.
The type of circuit -configuration selected will be dictated

by the requirements of the given application. The output
power to be supplied, the required sensitivity and frequency
response, and the maximum distortion limits, together with
the capabilities and limitations of available devices, are the
main critera used to determine the circuit that will provide
the desired performance most efficently and economically.

Class -A Transformer -Coupled Amplifiers
Low-cost, low -power audio systems, in which high oper-

ating efficiency is not an important consideration, usually
employ a single -ended, class -A, transformer -coupled output
stage, such as that shown in Fig. 1. One or more driver
stages, negative feedback from the output stage to the input
stage, and other features may also be necessary to obtain the
desired circuit sensitivity, input impedance, and distortion
characteristics.

IN

Fig. 1. Class -A trans-
former -coupled stage.

Fig. 2. Three -stage, transformer -coupled, class -A amplifier.

Fig. 2 shows a three -stage, class -A, transformer -coupled
audio amplifier which uses d.c. feedback (coupled by R1,
R2, R3, R4, and C1) from the emitter of the output transis-
tor to the base of- the input transistor to obtain a stable oper-
ating point. An output capability of 5 watts, with 3 percent
of total harmonic distortion, is typical for this type of cir-
cuit. This output level, in general, is the upper limit for
class -A amplifiers because the power dissipated by the out-
put transistor in such circuits is more than twice the output
power. For this reason, it is economically impractical to use
a class -A audio amplifier to develop higher levels of output.

Class -AB Push -Pull Amplifiers
At output -power levels above 5 watts, the operating effi-

ciency of the circuit becomes an important factor in the de-
sign of audio power amplifiers. The circuit designer may
then consider a class -AB push-pull amplifier for use as the
audio output stage. In such amplifiers, the operating effi-
ciency is high (up to 78 percent), the power dissipated by
the transistors under quiescent conditions is low, and, with
the transistor operated class -AB (rather than class -B), cross-
over distortion is essentially eliminated.

Fig. 3 shows a class -AB, push-pull transformer -coupled
audio output stage. Resistors R1, R2, and R3 form a volt-
age divider to provide the small amount of transistor for-
ward bias required for class -AB operation. The transformer
type of output coupling used in the circuit is advantageous
in that a suitable output transformer can be selected to
match the audio system to any desired load impedance,
which assures a maximum transfer of the audio output
power to the load circuit. This feature is especially impor-
tant in sound distribution systems which use high -imped-
ance transmission lines to reduce losses. Transformer output
coupling has a major disadvantage in that it tends to limit
the amplifier frequency response, particularly at the low -

Fig. 3. Class -AB, push-pull, transformer -coupled output stage.

+vcc
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Fig. 4. Same as Fig. 3 except that Darlington pairs are em-
ployed to reduce drive requirements of output transistors.

frequency end. Variations in transformer impedance with
frequency may produce significant phase shifts in the sig-
nal at both frequency extremes of the amplifier response.
Such phase shifts are potential causes of amplifier instability
if they occur within a feedback loop. Because of the high
cost of audio -output transformers having a broad, flat fre-
quency response, high -quality wideband transformer -cou-
pled amplifiers cannot usually be realized economically.

Push-pull output stages, which use identical output tran-
sistors, require some form of phase inversion in the driver
stage. In the circuit shown in Fig 3, a center -tapped driver
transformer is used for this purpose. The requirements of
this transformer depend upon the power levels involved, the
bandwidth required, and the distortion that can be toler-
ated. This transformer also introduces phase -shift problems
which tend to cause instabilities in the circuit when high
levels of feedback are employed. These problems are sub-
stantially reduced when the output stage is designed to
operate at low drive levels.

Fig. 4 shows a Darlington -pair output circuit used to re-
duce the drive requirements. Resistors R1 and R2 provide
a leakage path for the driver and also permit the output
transistors to turn off more rapidly. Impedance levels be-
tween the class -A driver and the output stage can be easily
matched by the use of an appropriate transformer turns
ratio, regardless of whether a Darlington -type of circuit is
used. However, care must be taken to insure that hum pick-
up by the transformer is not excessive, especially when the
Darlington circuit is used, because of its high gain.

An alternative method of phase inversion is to use a tran-
sistor in a phase-splitter circuit, as shown in Fig. 5A. Unlike
the center -tapped transformer method, impedance match-
ing may be a problem, because the collector of the driver,
which has a relatively high impedance, operates into the
low impedance of the driver stage. One solution is to re-
duce the output impedance of the driver stage by using
smaller resistors. The resultant increase in collector current,
however, also increases the dissipation. Moreover, very
large coupling capacitors would be necessary to obtain good
low -frequency performance. An alternate solution is to use

o a Darlington pair to increase the input impedance of the
output stage.

Class -AB Series -Output Amplifiers
For applications in which low distortion and wide fre-

quency response are major requirements, a transformerless
approach is usually employed in the design of audio power
amplifiers. With this approach, the most common type of
circuit configuration used is the class -AB series -output am-
plifier in which two transistors are connected in series with
the supply voltage and the load is connected to a common
circuit point between these transistors. The series -output cir-

+Vcc

(A)

+ V C

-V55
(C)

Fig. 5. (A) Transistor phase-splitter circuit. (B) Series -
output circuit operated from single d.c. power supply. (C)
Series -output circuit operated from opposite -polarity supply.

+VcC

LOAC

Fig. 6. Push-pull series -output amplifier with split -secondary
transformer used to provide the drive -signal phase inversion.

cuit may be operated from a single d.c. supply, in which
case, the output is coupled to the load through a capacitor,
as shown in Fig. 5B. Alternatively, the circuit may be oper-
ated from symmetrical dual (positive and negative) sup-
plies, as shown in Fig. 5C. An advantage of the dual -supply
arrangement is that there is no output coupling capacitor to
limit the low -frequency response. More important, the low-
frequency phase shift usually associated with such capaci-
tors is eliminated. The requirement for two separate sup-
plies does not necessarily increase the over-all cost of the
system depending upon the choice of time constants of the
power -supply filters. But additional problems may arise.

Push -Pull Driven Circuits: The class -AB -operated n -p -n
transistors used in the series -output circuits of Figs. 5B and
5C require some form of phase inversion of the drive signal
for push-pull operation. A common approach is to use a
driver transformer having split secondary windings, as
shown in Fig. 6. The split (separate) secondary windings
are required because of the mode in which each of the
series output transistors operate. If ground were used as the
drive reference for both secondary windings, transistor Q1
would operate as an emitter -follower and would provide
somewhat less than unity gain. Transistor Q2, however, is
connected in a common -emitter configuration which can
provide substantial voltage gain. In order to obtain equal
output -voltage swings in both directions, the drive input to
transistor Q1 is applied directly across the base and emitter
terminals. Transistor Q1 is then effectively operated in a
common -emitter configuration (although there is no phase
reversal from input to output) and has a voltage gain that
is equivalent to that of transistor Q2.

The disadvantages of a driver transformer pointed out
previously also apply to the circuit shown in Fig. 6. In addi-
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tion, coupling through inter -winding capacitances can ad-
versely affect the performance of the circuit. Such coupling
is particularly serious because at both ends of the upper
secondary (i.e., terminals 1 and 2) the a.c. voltage with re-
spect to ground is approximately equal to the output volt-
age. During signal conditions when output transistor Q1 is
turned on, this coupling will provide an unwanted drive to
Q2. The forward transistor bias required to maintain class -
AB operation of the circuit is provided by the resistive volt-
age divider R1, R2, R3, and R4. These resistors also assure
that the output point between the two transistors (point A)
is maintained at one-half the d.c. supply voltage, Voc.

As in the case of the transformer -coupled output, phase
inversion can be accomplished using an additional transis-
tor. Fig. 7 shows such a circuit, in which a Darlington out-
put stage is used to minimize loading on the phase inverter.
Notice that capacitor C provides a drive reference back to
the emitter of the upper output transistor. In effect, this
duplicates the drive conditions of the split winding trans-
former approach. A disadvantage of this circuit is the high
quiescent dissipation of the phase inverter (Q1) which is
necessary to obtain adequate drive at full power output. An
unbypassed emitter resistor (R) is necessary because a sig-
nal is derived from this point to drive the lower output tran-
sistor. When transistor Q1 is driven into saturation, the
minimum collector -to -ground voltage that can be obtained
is limited primarily by the peak emitter voltage under these

I
T

Fig. 7. Push-pull series -output amplifier in which driver and
output transistors are connected as Darlington pairs and drive -
signal phase inversion is provided by phase-splitter stage Ql.

conditions. In order to obtain the necessary voltage swing at
this collector (which is also approximately equal to the out-
put voltage swing), the quiescent collector -to -emitter volt-
age must be higher than that required in a stage that uses
a bypassed emitter resistor.

Complementary Amplifiers: With a complementary pair
(n -p -n and p -n -p) of output transistors, it is possible to de-
sign a series -output type of audio power amplifier which
does not require a push-pull drive. Because phase inversion
is unnecessary with this type of configuration, the drive cir-
cuit for the amplifier is considerably simplified. Fig. 8A
shows a basic complementary type of series -output circuit
together with the simple drive arrangement that may be
used. The voltage drop across resistor R provides the small
amount of forward bias required for class -AB operation of
the complementary pair of output transistors.

Rather than the use of complementary high -power out-
put transistors, a more common approach is the quasi -com-
plementary circuit shown in Fig. 8B. In this circuit, the
driver stage employs a complementary pair of n -p -n and
p -n -p transistors. This technique has become very popular
with the availability of both n -p -n and p -n -p silicon driver
transistors having similar electrical characteristics.

In the quasi -complementary amplifier, the driver tran-
sistors provide the necessary phase inversion. A simple but
descriptive way to analyze the operation of a quasi -com-
plementary amplifier is to consider the result of connecting
a p -n -p transistor to a high -power n -p -n output transistor as
shown in Fig. 8C. The collector current of the p -n -p tran-
sistor becomes the base current of the n -p -n transistor. The
n -p -n transistor, which is operated effectively as an emitter -
follower, provides additional current gain without inversion.
If the emitter of the n -p -n transistor is considered as the
"effective" collector of the composite circuit, it becomes
apparent that the circuit is equivalent to a high -gain, high -
power p -n -p transistor. The output characteristics of the
p -n -p circuit of Fig. 8C and of a high -gain, high -power
n -p -n circuit formed by the connection of the same type of
n -p -n output transistor and an n -p -n driver transistor in a
Darlington configuration, as shown in Fig. 8D, are com-
pared in Fig. 9.

The saturation characteristics of the over-all circuit in
both cases is the combination of the base -to -emitter voltage,
171, of the output transistor plus the collector saturation
voltage of the driver transistor. Moreover, in both cases,
the current gain is the product of the individual betas of
the transistors used. A quasi -complementary amplifier is,
therefore, effectively the same as a simple complementary
output circuit such as that shown in Fig. 8A, and is
formed by the use of high -gain, high -power n -p -n and p -n -p
equivalent transistors. In both cases, resistor R between the
emitter and base of the output tran- (Continued on page 94)

Fig. 8. (A) Basic complementary type of series -output amplifier. (B) Quasi -complementary amplifier. (C) The "p -n -p" driver and
"n -p -n" output transistor form the equivalent of a "p -n -p" power transistor. (D) An "n -p -n" driver and "n -p -n" transistor pair.
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SPECIAL SECTION: CHOKES ova COILS

The Inductor Industry
By SAM ZWASS Chief Engineer, Triad Transformer Corp.

Div. of Litton Industries

IN a broad sense, the use of inductors and the induc-
tance principle is as varied as the electronics industry
itself. From a doorbell to the atom -smashing cyclo-

tron, from a toy train to a color -television receiver, and
from an automobile ignition system to a space -traveling
rocket ship-all are dependent on the inductance prin-
ciple and the availability of sophisticated and highly re-
liable inductors. The inductor industry has stimulated the
use of inductors by developing new technologies and pro-
cesses to cover an ever widening spectrum of applications.
Inductors are now used at d.c. and at frequencies up to
the gigahertz range and from cryogenic temperatures to
temperatures far above +200° C.

During the past ten years, the inductor industry has
expanded at the unprecedented annual rate of 6 to 8%.
In the last two years, with the boom in color television,
this inductor growth has climbed to a 10 to 15% annual
rate, and this year promises to top even that.

Although national figures for factory shipments of in-
ductors alone are not available, the U.S. Department of
Commerce in its Business and Defense Services Adminis-
tion (BDSA) reports indicate total dollar -value of ship-
ments of transformers and inductors. It is reasonable to
assume that the inductor industry, being a sizable portion
of the transformer industry, would have the same per-
centage of defense and non -defense business as the trans-
former -reactor industry figures reported. However, these
figures do not show a breakdown of electric wave filter
production, although filters account for more than half
of the dollar value of inductors. In 1964, the BDSA
reported that out of a total shipment of approximately
$215,000,000, only about $50,000,000 worth of these prod-
ucts was for defense (about 24%). Of the total ship-
ment, 15% was of toroidal types with the bulk of the
shipment units of open -type construction (50%) in the
weight range of 2 ounces to 30 pounds (72%) .

These figures are even more impressive if one considers
that the actual unit prices (especially for the less com-
plicated types) are being reduced and, by the use of auto-

mated production facilities, the quantity, uniformity, and
reliability of these products are increased.

(Editor's Note: Although the figures quoted above on
the size of the market have been referred to by many in
our industry, note that they are now almost two years old,
and there are some who feel that they are far too conserv-
ative for today's booming consumer -electronics market.
For example, according to Charles Liebman, President of
Coilcraft, Inc., the dollar value of all types of coils and
transformers supplied to TV and radio manufacturers
alone represents about 8250 million. This is not surprising
when we consider that about 14 million black -and -white
and color -TV sets have been predicted for 1966, and each
color set uses about $20 worth and each black -and -white
set uses about $10 worth of inductive components. To
this must be added the value of coils and transformers
used in the large number of AM, FM, and communica-
tions radios.

Even if we assume that inductive devices do not share
in the industrial and military markets in the same ratio
as semiconductors or other passive components, certainly
the industrial and military inductance market would equal
another $250 million. This indicates a total market this
year of at least $500 million. And this figure is probably
still conservative, since many large industrials build in-
ductive devices but do not report their volume.)

The inductor industry can look forward to continual
growth, with a larger percentage of the products going to
the non -defense and consumer -goods market.

Although the development of integrated circuits tends
to reduce the number of individual components, inductors
in the millihenry range and the larger values used at
lower frequencies ate impractical to integrate and are still
being used as separate components.

Advances are being made in deposited thin-film tech-
nology whereby small inductance values can be deposited
or "printed in". We can anticipate a still further improve-
ment in this method when thin-film magnetic materials
and processes are upgraded.

INDUCTANCE AND RELATED PARAMETERS
THE magnetic properties of lodestone have been known since early
antiquity. However, it wasn't until 1819 when Oersted discovered

the link between electricity and magnetism that a serious study of
this phenomenon was undertaken.

Oersted demonstrated that it was possible to produce a magnetic
effect with moving electric charges. Joseph Henry and Michael Fara-
day studied the spark phenomenon produced when the electric current
in a coil circuit was interrupted and proved that the spark was due to
a self-induced electromotive force. They also demonstrated that cur-
rents could be produced by moving magnets-the principle of ferro-
magnetic induction. Thus was the age of electronics ushered in.

Electronics engineers and technicians often use inductors in their
work. Although the actual design of such coils can best be left to the
specialist, a clear understanding of their basic operating principles is
essential if one is to obtain optimum results from their use.

When the flow of electric current through a coil is varied, the re-
sulting change in the magnetic field surrounding the coil causes a
voltage to be induced in the coil which opposes the supply voltage.
Lhis results in the coil having "self inductance" or simply "induc-

tance". Inductance can be defined as that property of an electric cir-
cuit which opposes any changes in the current flowing in the circuit.

Inductance (L) represents a factor by which the rate of change of
current is multiplied to obtain the induced e.m.f.: e = -L (di/dt). The
constant, L, is called the coefficient of self-induction and is mea-
sured in henrys (H). One henry equals an induced e.m.f. of 1 volt for
one ampere per second rate of change of current. The minus sign in-
dicates that the self-induced voltage is of opposite polarity from the
supply voltage.

The amount of inductance is determined by the amount of flux link-
ing a given coil, and this depends on the number, size, and arrange-
ment of the turns forming the coil and the presence (or absence) of
magnetic substances in the core of the coil.

Flux linkages represent energy stored in the form of magnetic flux.
The amount of that energy depends on the inductance and current
value: W = 1/2LI2. Thus an inductor can be also considered an en-
ergy storing device.

The flux (cp) -the total number of lines of force-is measured in
lines or maxwells (Mx). Flux density (B), (Continued on page 43)
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Toroidal Inductors
By SAM ZWASS /Chief Engineer, Triad Transformer Corp., Div. of Litton Industries

Chokes and coils made with toroidal cores are widely employed in
spite of their higher cost because they have higher inductance in
smaller sizes, are self -shielding, and are highly stable. Factors
to consider in selecting the proper coil for a.f. and r.f. use.

TOROIDAL coil represents a nearly ideal inductor.
Within a toroidal winding, the magnetic field is
almost wholly confined to the space enclosed by

the winding so that most of its flux lines are contained
within the toroidal core form. The flux density of a toroid
is essentially uniform over its entire magnetic path. Fur-
thermore, for a given set of conditions, the permeability
within the toroid can be considered constant. Also, stray
magnetic fields from external sources have a minimum
effect on a reactor of toroidal construction.

Where, a precise or close -tolerance inductance value is
required, a toroid has a distinct advantage in that the
turns on the windings can be trimmed right at the bridge
to provide the required inductance. Toroidal inductors can
be easily stacked in banks because they are physically
adaptable to common shaft mounting. In addition, shield-
ing between the individual coils will not, in most instances,
be required.

Cores which produce extremely stable inductors over
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a wide temperature range are, at present, available only in
toroidal form. These cores are made of special materials
which can cause either a :inear Positive temperature co-
efficient of inductance, or, alternately, an inductance
change which is limited to an extremely small value over
a wide temperature range.

The major disadvantage of the toroidal inductor is its
higher cost. Besides the higher cost of certain materials
used in toroidal cores, the cost of winding a toroid is con-
siderably higher than for other coil shapes. Toroidal coils
are not adaptable to multiple winding, that is, simultane-
ous winding of several coils. It is much more difficult to
provide high -voltage insulation on a toroid, and, further-
more, grounding of a toroidal core is impractical. For
inductances requiring a gap adjustment, a toroid would
be impractical.

One important restriction on the fabrication of toroids
is the wire -size -handling limitation of the winding ma-
chines. With other coil shapes, like bobbins, handling of
fine wire sizes even in the range of AWG #56 is not too
difficult; a wire size of AWG #48 on a toroid is very
difficult to handle, and the use of such fine wires in reli-
able units should be avoided.

Toroids can cover the full spectrum from d.c. to the
ultra -high radio frequencies, but practical considerations
limit their application at frequency extremes. From a cost
standpoint, large inductance values in the toroidal shape
have no particular advantage at frequencies below 100 Hz.
Similarly, at higher radio frequencies, a toroid has no
advantage over inductors wound on powdered -iron slugs,
where parameters, such as coil capacitance, can be con-
trolled more easily.

The widest application of toroidal inductors is in the
range of audio and low radio frequencies from about 100
Hz to above 1 MHz. They are employed extensively in
building precision high -"Q" inductors for use in electric
wave filters. Toroidal inductors are also used as filter
chokes for smoothing out the ripple in d.c. power supplies
or as a.c. blocking chokes for passing the d.c. signal to a
load and blocking the a.c. signal. In conjunction with
other elements such as resistors, toroidal inductors find
application in phase -shifting or phase -adjusting devices.
Toroidal inductors are often used as complex loading de-
vices to adjust the power factor of a load and as transient
suppressing chokes to protect voltage -sensitive elements
from damaging voltage surges and voltage spikes.

Core Materials
Among the various types of cores used in inductors,

there are basically two types: (1) solid magnetic steels
and (2) powder and ceramic cores.

Toroidal steel cores are available in the form of a con-
tinuous tape which is wound into a toroidal shape or as
thin, stamped, washer -like ring wafers stacked to the de-
sired height of the toroid. Available thicknesses of such
magnetic tapes and rings vary from a fraction of a mil to
14 mils. Toroidal cores made of silicon steel are generally
impregnated or coated with epoxy before the winding is
applied. Most other magnetic -steel alloys, especially those
containing nickel (or other materials creating an alloy
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with very high permeability) , are extremely pressure -sen-
sitive and must be protected from a distortion of their
magnetic properties due to handling, winding pressure, or
bending. For that reason, most of these cores are placed
in a rigid aluminum or plastic box filled with a silicone
compound for core cushioning.

Powder cores include (1) molybdenum Permalloy, (2)
ferrite cores, and (3) powdered iron.

Molybdenum Permalloy (Moly-Perm) powder cores are
made by reducing the magnetic alloy material, containing
81% nickel, 17% iron, and 2% molybdenum, to a very
fine powder or flake. The powder is then hydrogen-an-
nealed and several coats of insulation are applied. Then,
by the use of extremely high pressures, the powder is
pressed into a toroidal form, annealed, and an outside in-
sulation coating is applied. The size of the powder and its
grain insulation thickness determines the final core per-
meability and core losses. By adding other powder mix-
tures with various Curie points, a core with an extremely
stable temperature characteristic is obtained. (Curie point
is the temperature at which the magnetic properties of the
material disappear due to thermal agitation.) Basically,
powder cores have an evenly distributed air gap, which
results in a relatively constant effective permeability. The
core loss and permeability of Moly-Perm powder cores are
extremely stable with time, and permeability is constant
over a wide range of frequencies, flux levels, magnetic d.c.
drives, and temperatures.

Ferrites are a combination of various metallic oxides
such as zinc, manganese, nickel, iron, and others. They
are formed into a cubic polycrystalline structure by solid-
state reaction. The ferrites are then pressed and sintered
into toroidal and other shapes. Due to their non-metallic
structure, ferrites exhibit extremely high electrical resistiv-
ity, maintaining low eddy current losses even at very high
frequencies. In toroidal form, ferrites find application in
filter coils, delay lines, saturable reactors, loading coils,
coils for computer storage, and in various types of trans-
formers

The application of powdered -iron cores goes back to the
turn of the century when it was demonstrated that, by
inserting inductance coils at specific intervals in series with
a telephone cable, transmission could be improved. The
first cores for such loading coils were made of iron filings
imbedded in wax and 4 -mil iron wires formed into toroids.
Later, a method was developed for producing cores from
powdered iron. The present method employs a finely
divided iron powder which is then insulated and, together
with a thermosetting binder, pressed into shape and baked
to set the binder. The use of powdered -iron cores spans
the frequency range from audio to the microwave region.
Powdered iron cores are generally of low permeability
(from about 80 down to about 3). They yield inductors
which are very stable over a wide range of flux levels and
frequencies and have high -"Q" values even at frequencies
in the megahertz range. Above 100 kHz, powdered -iron
cores are superior to Moly-Perm cores and are considerably
cheaper than both Moly-Perm and ferrite cores.

Wire and Winding
The most important element in an inductor is its wind-

ing. High -frequency toroidal inductors have been wound
on "air cores" (that is, non-magnetic cores) which were
machined out of wood or plastic merely to serve as a sup-
port for the toroidal winding.

The winding consists mainly of round copper insulated
o wire, although copper or aluminum sheet strips and square

wires may be used. For toroidal winding, however, these
are highly impractical and seldom employed. Copper or
nickel -alloy foil strips may be wound on toroids for electro-
static and magnetic shielding.

Due to the high abrasion experienced by the wire dur-
ing winding, toroids are generally wound with a double
(or multiple) insulated wire. Used extensively are heavy
Nyleze and heavy Polythermaleze type insulated wire.
Nyleze is a wire coating with a very high abrasion resis-
tance and is rated for class "S" operating temperatures
(up to 130°C) . Nyleze-coated wire is solderable and has
an advantage in production in that it can be soldered
directly at the termination. (The insulation coating melts

away under the heat of the soldering iron.) Thermaleze
is a high -temperature wire rated for up to 200°C operat-
ing temperature and it also has a high abrasion resistance.
However, it cannot be soldered directly; the insulation
has to be stripped off either chemically or mechanically.
Among other wire types frequently used for toroids are:
Formvar-insulated wire (with 125°C operating tempera-
ture, non-solderable) ; Teflon -insulated wire, used where
low winding capacitance is imperative (200°C, non -solder -
able) , and for fine wire, sizes (AWG #44 through #48)
Isonel wires (class "1"' insulation 170°C, non -solder -
able) . Depending upon the core size, the wire sizes that
can be machine -wound on toroids range from about AWG
#20 to #48. Heavier sizes are frequently hand -wound,
but sizes finer than #48 are, for reliability and production -
yield reasons, not recommended.

Several types of winding methods are employed. For
instance, for inductors used at low frequencies, "con-
tinuous" winding is used. This winding puts the most
wire on the core and results in the highest L/R ratio. The
turns are applied parallel, transversing a multiple of 360°
on the core in one direction.

For medium- and high -frequency applications, the effect
of distributed capacitance in the coil must be taken into
consideration: consequently, a, winding type must be se-
lected that will minimize coil capacitance. The "bank"
and "progressive" methods of winding are then used. They
result in somewhat higher winding resistance, as often one
size finer wire has to be used (compared with a continuous
winding) in order to accommodate the turns required for
the inductance. A "bank" winding consists of several dis-
tinct winding sections or segments. "Progressive" winding
is a bank winding with a large (continuous) number of
banks; that is, the entire winding is applied in one 360°
sweep.

In addition, at frequencies above 100 kHz, Litz wire is
often employed. In the megahertz region, the core is
usually wound with only a single layer of solid wire with-
out any crossovers, often covering less than 360° of the
core.

The capacitance of the coil is affected not only by the
wire insulation and type of winding but also by the coil
impregnating and potting compounds. Generally, distrib-
uted capacitance is increased by the impregnant, as most
of the impregnants have a dielectric constant which is
greater than unity. For low distributed capacitance in a
coil, dry air is the best "dielectric." Coils operating at
high frequencies are often embedded in tiny glass -sealed
air bubbles or just sealed in a dry nitrogen atmosphere.
Potting compounds used vary from waxes and tars to a
wide variety of epoxies. The coils are often coated with
silicone rubber which cushions the coil from pressures
exerted by the potting compound.

Permeability vs flux density for various Moly-Perm cores.
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Packaging

The final packaging of a coil is governed not only by
its shielding requirements but also by its environmental
requirements. Toroidal inductors fall into three packaging
categories: (1) open coils, (2) molded coils, and (3)
metal -encased coils.

Open coils have the least environmental protection.
They consist mainly of a winding wound on a core and
terminated with plastic insulated leads. Toroidal open
coils are frequently coated on the outside with plastic
which serves not so much for environmental protection as
for mechanical protection against scraping or breakage of
the winding wires during handling. Open coils, even with
plastic coating, still absorb moisture and should be dried
(baked at 125°C for a minimum of eight hours) before
using. Some protection is afforded an open coil when it is
impregnated.

For complete environmental protection, coils must either
be molded (encapsulated) or hermetically sealed and

metal -encased. Encapsulated units meet stringent require-
ments of Grade 5 of MIL -T -27B and are generally smaller
in size and less expensive than comparable metal -encased
coils. Termination of the winding is also simpler and is
provided by a variety of solder terminals, printed -circuit
pins, or flexible insulated leads. In hermetically sealed
coils, termination must be made through a sealed insulated
terminal which is soldered to the case.

Generally, no mounting provision is made for open coils
except for the center opening of the toroid and the wind-
ing leads. Molded units, in addition to a rigid center
opening and solidly embedded terminal pins, can be pro-
vided with a variety of mounting hardware, such as
threaded metal inserts and/or studs, thus offering induc-
tors that can withstand shocks of several hundred G's and
vibration of several thousand cycles. Of course, metal -
encased units can be supplied with the same mounting
provisions and will withstand the most severe environ-
mental stresses. Also, additional magnetic and static
shielding can easily be provided for metal -encased units.
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Military Specs
The principal document governing

coil construction for military applica-
tions is MIL -T -27B. This document
standardizes several types of construc-
tion and environmental conditions
which the units must be able to with-
stand. (Refer to the article on "Power
Inductors" scheduled for next month
for further details.-Editors)

Although MIL -T -27B is the main
military document applied to induc-
tors, additional military specifications
are frequently referred to. Among
them are MIL -W-583 concerning mag-
netic wire for coil winding; MIL -W-
16878 for electrical insulated lead wire;
MIL -STD -202 on test methods; and
many other military specs for insulat-
ing tapes, potting materials, etc. In
some instances, the Defense Electronics
Supply Center, in coordination with
Military Standards, will generate a
specification that completely describes
all requirements of an inductor and as-
sign to it an MS identification number.

Selecting and Specifying
In choosing between a toroid and

other configurations, many factors
must be considered, such as available
space, type of mounting and termina-
tion, environmental conditions includ-
ing shielding requirements, and cost.
Except for precision high -"Q" coils in
the audio -frequency range, because of
the higher cost of toroids, other induc-
tor types should be used. Where space
and weight are at a premium, however,
a toroid will usually result in minimum
weight and volume.

In most cases, it will be advanta-
geous to select a toroid for audio -fre-
quency inductors used in electric wave,
filters or for inductors which require a
large inductance and high -"Q" stability.

In specifying inductance value and
tolerance, one should indicate how the
inductance is to be measured. Most
techniques measure apparent induc-
tance, which may vary considerably
from true inductance, especially when
the self -resonant frequency of the coil
is approached. In addition to frequen-
cy, voltage level and d.c. currents, if
any, should also be specified, as they
can markedly affect the inductance
reading.

In establishing tolerances for an in -
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ductor, one must first consider the circuit in which it will
be used and what inductor tolerances the circuit can bear.
Tight tolerances can increase unit cost considerably.

Coil d.c. resistance tolerances vary greatly with the wire
size used for winding, and on fine wire coils, it is imprac-
tical to maintain tight d.c. resistance tolerances. In speci-
fying "Q" and d.c. resistance of the inductor, make sure
the figures are compatible or omit d.c. resistance specifica-
tion altogether.

All conditions for "Q" measurement must be specified:
voltage, frequency, d.c. current, and method of measure-
ment. Tolerances on "Q" values must be more liberal than
d.c. resistance and inductance tolerances combined. Coil
capacitance and self -resonant frequency, if they have an
effect on the circuit, should also be specified (capacitance
as a maximum and frequency as a minimum) .

One important parameter often overlooked in high -cur-
rent -carrying inductors is the temperature rise of the unit.
This is directly related to winding resistance, core losses,
and type and size of coil enclosure. Ambient operating
temperature (which should always be specified) plus the
temperature rise determine the life expectancy and reliabili-
ty of the inductor. For good reliability, the physical size of
the unit should not be restricted; thus, fine wire sizes can be
avoided. Materials and processes, if specified, must be able
to withstand the expected electrical and mechanical stresses
with a sufficient margin of reserve.

In summary, here are the points that must be considered

when ordering an inductor for a new circuit design:
1. bid uctance value: H ± _%, measured at V,

at a frequency of - Hz, and - A d.c.
1).c. resistance: ohms

3. "Q": (min. or at: , measured at V,
Hz, and A d.c.

4. Coil self -resonance: - Hz min.
5. Permissible changes in coil parameters over the (a)

frequency range, (b) voltage and current ranges, and (c)
temperature range

6. Dielectric strength and insulation resistance require-
ments

7. Static and magnetic shielding requirements
8. Description of inductor application and the associated

circuitry
9. Environmental conditions: (a) shock and vibration

and (b) maximum altitude
10. Permissible size and shape of inductor package: (a)

type of enclosure (metal case, molded unit) , (b) type of
termination, (c) mounting method, (d) outside coating
(paint) and marking, and (e) the total amount of per-
missible weight.

In the future, we expect to see much smaller coils using
finer wire and more permeable cores. New plastics and
epoxies will also be employed. Also, advances in thin-film
technology promise an increased development and use of
deposited and "printed -on" inductors in the integrated -
circuit field.

RADIO -FREQUENCY PLATE CHOKES
SINGLE -layer -wound r.f. plate chokes are available to cover the fre-

quency range from 3 to over 500 MHz. Such chokes are wound on
low -power -factor plastic cores for the higher frequencies and on
steatite tubes for the lower frequencies. The single -layer winding is
designed to avoid adverse harmonic effects within the recommended
operating range and to prevent breakdown from high r.f. potentials.
Inductance values for these chokes are fairly low, ranging from 84 pH
for a choke suitable for use from 3 to 20 MHz down to 0.20 µH for
a choke suitable for use from 320 to 520 MHz. Current rating for
these chokes is from 600 to 1000 mA.

The true inductance of a choke, as measured at a sufficiently low
frequency, differs appreciably from and is considerably lower than
the effective parallel inductance at frequencies within the recom-
mended operating range, but below the natural resonant frequency (f.
in the figure). At frequencies above f. but within the operating range,
the effective reactance of the choke is actually capacitive. This, of
course, is in accordance with the inherent properties of parallel -res-
onant circuits, the general characteristics of which are exhibited by
the choke over its operating range of frequencies.

The figure shows the frequency characteristics of an Ohmite Z-28
plate choke over a broad range of frequencies. This graph is typical
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and shows the basis used to determine limits of recommended op-
erating frequency ranges.

The inherent frequency characteristics of these chokes, as well as
those of all single -layer chokes, are such that they exhibit optimum
performance when used at or near their natural resonant frequency.
However, since the effective parallel resistance of these chokes re-
mains sufficiently high over a broad range of frequencies both below
and above the natural resonant frequency, f, the chokes have good
efficiency up to the limits of the frequency ranges that are recom-
mended.

Within the frequency limits shown on the graph, the apparent
parallel resistance of the chokes, designated as Rp, is appreciably in
excess of 200,000 ohms. This arbitrary figure is the criterion for the
lower limit of operating frequency for the lower frequency chokes,
while a minimum figure of 100,000 ohms is used for the higher fre-
quency chokes.

Referring to the figure, note how the value of R, drops rapidly to a
very low value at the first overtone frequency. This frequency, des-
ignated as f, occurs near the second harmonic frequency of the plate
chokes.

At this critical frequency, the chokes behave in a manner similar to
that of a series -resonant circuit as contrasted to their parallel res-
onance at fl,. Consequently, at the frequency f, the choke presents a
low -impedance path to ground for the r.f. currents. Therefore, the
chokes should never be used at or near the frequency ft. Any single -
layer choke used at this critical frequency will not only render the
circuit in which it is used extremely inefficient if not inoperative, but
may destroy itself from heat as a result of the very high energy ab-
sorption.

Since the LC product determines the values of f. and L, it is evident
that neither the inductance nor distributed capacitance for a choke
is, in itself, an adequate indication of performance. The true indices
of performance are the critical frequencies L, and f, and their proximity
to the desired operating frequency of the choke. Both inductance and
distributed capacitance, as well as any small capacitance existing be-
tween the choke and ground as a result of mounting and wiring, will
affect the frequency response of the choke. In general, with the
chokes mounted close to a grounded plane or chassis, the critical fre-
quencies as well as the recommended operating frequency range are
shifted downward, perhaps by as much as 20 percent, depending on
the actual proximity to ground. For this reason, it is generally ad-
visable to select a radio -frequency plate choke whose resonant fre-
quency, f., is slightly higher than the operating frequency that is de-
sired.
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Ferrite Beads
By LESLIE SOLOMON/Associate Editor

Electrically equivalent to an r.f. choke, these tiny ring -like
devices offer a convenient, simple, and inexpensive way to obtain
effective r.f. decoupling, shielding, and parasitic suppression.

FERRITES are best known for their wide usage in
portable radio antennas, i.f. transformer cores, tran-
sistor power converter and inverter transformers, in

the horizontal output transformers and deflection yokes
of TV sets, and in most tape -recorder heads.

However, there is another ferrite component that is
not so well known and should be given serious considera-
tion by circuit designers and constructors. These ferrite
components are commonly called "beads" by most, al-
though the names "noise suppressors", "anti -parasitic
beads", and "inductance multipliers" have been used. As
will be shown, they offer a convenient, simple, and inex-
pensive way to obtain effective r.f. decoupling, shielding,
and parasitic suppression without an attendant sacrifice in
d.c. or low -frequency (below r.f.) power.

The amount of current flowing through a conductor de-
pends upon the impedance that the conductor offers at
the frequency of the flowing current. In the case of the
short length of ordinary copper wire commonly used as an
interstage conductor, very little impedance is offered to
almost any reasonable frequency. D.c. to r.f. can pass
with almost no reduction in strength except that produced
by the low copper losses.

Whenever any inductance is placed in the current path,
the impedance to the frequency of current flow will vary
at 2771L, the classic inductive reactance equation. This is

FERRITE BEAD ZL

111

FREQ.
(MHz)

R

(R)
ZL

(n)
50 53 +j45

100 95 +j55

200 230 +j80

250 350 +1120

Fig. 1. The equivalent series impedance of single Fer oxcube K5-
001-00/38 ferrite bead on a one -inch length of ,1/22 wire.

Fig. 2. Equivalent impedances of three Ferroxcube 56-390-31 /4B
ferrite beads strung on a pair of f20 filament power leads.
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30 240 +j180

50 252 +j270
98 286 +j400
146 310 +j500
220 340 +1700

the purpose of an RFC. However, as RFC's are wound
with great lengths of wire on a form, they can have a
relatively large physical size, have some unwanted d.c.
copper resistance, be restrictive as to the amount of cur-
rent flow they can tolerate without burning, and, as typi-
cal inductors, they can be accidentally tuned by stray
capacitance to offer an impedance that varies with fre-
quency. What is needed, then, is a circuit component that
offers no impedance to current flow at d.c. or audio fre-
quencies yet has a high impedance to r.f., can pass currents
restricted only by the conductor itself, and cannot be
detuned accidentally. This is the purpose of the ferrite
bead.

As the unwanted current flows through a conductor
(passing through a ferrite bead) , it creates a magnetic
field. As the field passes into the ferrite bead, the
higher (than air) permeability of the bead at r.f. causes
the local impedance to rise rapidly and create the effect
of an RFC in that immediate area. Therefore, at low
frequencies, where the permeability of the ferrite bead is
low, there is almost no impedance to the flow of current,
except for copper wire resistance. When the frequency of
the current flow goes up, the impedance goes up, stopping
the unwanted flow. Because the ferrite bead operates as a
bulk device, it cannot be detuned by stray capacitance.

Ferrite beads come in a variety of physical sizes, are
usually dowel -shaped, and range from about 1/8 inch in
diameter to about 1/2 inch or more long, although these
are not the extreme limits in physical size. They come
with either a single hole or multiple holes throughout their
length and are made of ferrite materials having various
electrical and magnetic properties. It is not necessary to
ground ferrite beads in use.

Supply leads and circuit conductors adjacent to a
chassis or other components frequently offer a very con-
venient path for the transfer of unwanted r.f. energy from
one circuit to another. The distributed capacitance and
inductance of these leads and conductors can also generate
spurious oscillations within the circuitry, particularly at
the higher r.f. ranges.

The use of capacitive decoupling and/or series induct-
ance to minimize these effects is seldom completely suc-
cessful. In some cases, this may contribute to the problem
either electrically by possibly changing the frequency
response of the system, or mechanically in finding a place
to mount the extra components. The use of ferrite beads
avoids these problems without introducing either electrical
or mechanical complexities into the system. As an ex-
ample, when a one -inch length of ordinary #20 or #22
hookup wire is threaded through a single ferrite bead, the
wire will then appear as if it were greater than 50 ohms
resistive in series with greater than 50 ohms reactive over
the entire v.h.f. range, with negligible transmission losses
at either d.c. or audio frequencies. Fig. 1 illustrates the
impedance changes with frequency for a single ferrite
bead made by one company.

By simply stringing one or more ferrite beads on power -
supply leads or desired circuit conductors, excellent high -
frequency isolation between stages is readily obtained. As
a typical example, take the case where r.f. is being recti-
fied by a high -impedance input of an audio amplifier. The
usual remedy is to place an RC circuit in series with the
input to bypass the r.f. However, the insertion of a series
resistor and parallel capacitor may, in some cases, serious-
ly hamper stage gain and frequency response. In the case
of some transistor equipment, there simply may not be
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Fig. 3. Typical attenuation characteristics of an Erie "Filter -
con," made as a commercially available 1.-decoupling network.
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the necessary room to mount the extra components. The
easy way out is to open the grid (or base) lead, slip the
lead through a ferrite bead, and reconnect the lead to the
grid (or base) . The bead should be as close to the grid
(or base) terminal as possible. The lead now has an

appreciable series impedance to the r.f., effectively sup-
pressing it without altering the circuit impedance to d.c.
or audio frequencies. The bead does not have to be
grounded. Many manufacturers are now using ferrite
beads to decouple "B+" leads in radios and audio am-
plifiers.

In the case of filament power leads providing accidental
paths for unwanted r.f., Fig. 2 shows the reactance of a
pair of ordinary filament leads that have been passed
through three ferrite beads. Although the filament leads
now have a high impedance to r.f., they present only the
ordinary wire resistance to either d.c. or power frequencies.

Some manufacturers have combined the use of a ferrite
bead with an associated bypass capacitor to create a
compact and efficient "L" decoupling network with the
characteristics shown in Fig. 3. This particular unit is
an Erie "Filtercon."

Typical curves showing impedance variation with fre-
quency of a wire conductor passed through ferrite beads
and terminated with a small value of bypass capacitor
are shown in Fig. 4. The curves marked C and D are
those of one complete turn of the conductor passed back
through a multi -hole ferrite bead.

Ferrite Chokes
The characteristics of a multi -hole ferrite bead as a

wide -band r.f. choke are shown in Fig. 5. Above about 60
MHz, the impedance is substantially resistive and con-
stant. These chokes may be used in conjunction with
small -valued ceramic capacitors in "damping" circuits to
provide additional rejection at the self -resonant frequency
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Fig. 4. Typical damping curves of ferrite beads with an addi-
tional bypass capacitor. Both single and multiple holes shown.
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Fig. 5. Impedance of ferrite choke over a broad r.f. spectrum.

of the capacitor, as shown in the curves marked C and D
in Fig. 4. Compared with conventional air -core r.f. sup-
pressor chokes, a ferrite choke offers an extremely wide
operating bandwidth, avoiding the sharp fall -off in im-
pedance with slight detuning and vulnerabililty to detun-
ing by variation in stray circuit capacitance inherent in
the wire -wound choke. The need for a parallel resistor to
damp out spurious resonances is also avoided, thus say -

the price and space of another component.

INDUCTANCE AND RE
(Continued from page 37) the number of lines per unit area, is
measured in gauss and represents the number of maxwells per
square centimeter. The flux density is proportional to the mag-
netizing force (H), the proportionality factor being the permeability
(A) of the medium. Thus, B = µH.

The magnetizing force (H) is a measure of the work required to
move a unit pole 1 cm against the field and is measured in oersteds
(Oe). The work required to move the unit pole around the total mag-
netic path is defined as the magnetomotive force and is expressed in
gilberts (Gb). The magnetomotive force is proportional to the product
of amperes and turns and does not require that the turns be distrib-
uted evenly over the entire magnetic path.

In order to have an inductance, a core of magnetic material is not
essential. It is often omitted at high frequencies. At medium and
low frequencies, however, a magnetic core is essential for all but the
lowest values of inductance.

The ratio of the number of lines in a given medium to the number
of lines which the same magnetizing force would produce in air is
termed the "permeability" of the medium. In an iron core, the flux
density (B) is not a linear function of the magnetic intensity (H).
Therefore, the permeability GO, representing the slope of the B -H
curve, is not a constant. Furthermore, the permeability also depends
on the "past history" of the iron core -a phenomenon known as core
"hysteresis".

LATED PARAMETERS
Permeability can be further complicated by direct current flowing

in the coil. In this case, of prime importance in establishing the in-
ductance is the incremental permeability: the permeability of mag-
netic material to alternating currents superimposed on direct current.
This is defined as the permeability of the material to small increments
of alternating magnetomotive force. Permeability in the concept of
flux density and field intensity is analogous to permittivity of di-
electric substances in electric fields. While permittivity of dielectrics
is usually independent of the magnitude of the electric field intensity,
permeabilities of ferromagnetic substances are critically dependent
on magnetic field conditions.

An inductor usually has ohmic losses which can be represented as
a resistance (R) in series with the inductance (L). When a voltage
(V) is applied across that inductor, the current rises gradually to its
steady value (V/R), following the logarithmic curve:

Ir = [(V/R) (1 - e -wit)]

The term L/R = T, called the time constant, represents the time in
seconds required for the current to reach 63.2% of its final value.

The decay of current in an inductor will also follow a logarithmic
curve given by the formula:

Id = [(V/R) (E -t/T)1
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The MIL -C-39010 Specification
By W. DIETER HAUSER / Manager, Electronic Technical Services, Jeffers Electronics

Div., Speer Carbon Co., Div. of Air Reduction Co., Inc.

MIL -Spec requirements for fixed r.f. molded coils
along with the parameters that are to be measured.

IL -C-39010, a Tri-Service Military Specification
entitled "Coils, Fixed, Radio Frequency, Molded,
Established Reliability, General Specifications

for", supplements MIL -C-15305 which has long covered
the general requirements for molded radio -frequency in-
ductors, as well as other coil and transformer types.

MIL -C-39010 covers general requirements for fixed r.f.
molded coils only. This document, with its supplemental
MS Sheets, is intended to be utilized as a specification for
qualification, as a design guide, and for procurement. As
with MIL -C-15305, it defines parameters to be measured,
equipment and procedures to be used, and the statistical
sampling plans involved. Most important, however, it is
an established reliability specification which factually de-
fines methods, procedures, and equipment for establishing
proven failure rate figures based on a precisely defined
life test. The true intent of this specification, then, is to
provide a specified reliability for coils for use in equip-
ment where reliability, long life, and continuity of opera-
tion are needed.

Most of the Military Standard Detail Documents (MS
Sheets) covering individual inductors have already been
prepared by the military-some are now in preparation.
These MS Sheets are similar in layout and intent to the
slash sheets which form part of the resistor specifications
MIL -R-11 and MIL -R-39008.

Among users there is general agreement that specifica-
tions attempting to establish a judgment of a component's
reliability are desirable. This places a considerable bur-
den on the manufacturer who has to assume expensive re-
sponsibilities for time, equipment, and personnel. These
costs have been accepted, to some degree, by the molded
r.f. inductor industry.

Strict familiarity with a 32 -page Military Specification
is gained only by constant exposure to it through neces-
sity. A comparison between MIL -C-39010 and MIL -C-
15305 is difficult because 39010 is for a particular type
(molded inductors) and 15305 is for all types of coils and
transformers. For the purposes of this discussion, it will
be assumed that a copy of MIL -C -15305C is available
and is, to some degree, understood by the reader.

The format of MIL -C-39010 closely follows that of
MIL -C-15305. Additional provisions of MIL -C-39010 are
four initial electrical characteristics, three environmental
tests, and temperature storage. MIL -C-39010 omits tem-
perature rise and high -temperature tests that are specified
in MIL -C-15305.

Coils qualified to MIL -C-39010 are marked with part
numbers, JAN prefix brand, and require no color bands.
Where space permits, a date code and manufacturer's
identification are required. For example, a coiled marked
JLTRO2A1R2KM would be classified as follows: "J" is the
JAN certification brand indicating control by U.S. Mili-
tary; "LTR" identifies the coil as established reliability,
fixed r.f. and molded; "02" identifies the particular ap-
plicable MS Sheet; "A" denotes maximum operating tem-
perature of 105° C (two other classes are "B" 125° C
and "F" 150° C); "'RV is 1.2 µII; "K" is ± 10% toler-
ance (two other tolerances listed are "J" 5% and "L"

20%) ; "M" is 1% per 1000 hours failure rate level.
Failure rates listed are 1%, 0.1%, 0.01%, and 0.001%

at a 60% confidence level. These are respectively sym-

bolized in part numbers as "M", "P", "R", and "S". For
initial qualification to the "M" failure rate level, 172 pro-
duction samples of each style are subjected to a tempera-
ture cycling test, and are then divided into groups for the
different environmental and mechanical tests such as di-
electric, moisture, RTC, solder change, solderability, shock,
terminal strength, etc.

Fifty-one coils of highest inductance and fifty-one of
lowest inductance are put on life test for 2000 hours, with
one defective allowed in 204,000 unit test hours. The test
consists of exposure to maximum operating temperatures
for 2000 hours interrupted at specified intervals for elec-
trical tests.

Failure rate extensions are gained by accumulations of
acceptance tests, extension of qualification test, and speci-
fied extended life tests. A minimum of 110 units is se-
lected from each inspection lot for acceptance life test of.
250 hours' duration. A minimum of ten units is selected
from each inspection lot and set aside for the extended
life test. This number may be increased to develop the
necessary unit test hours for maintaining failure rate fig-
ures, or extension of qualification.

Maintenance of failure rates is accomplished by peri-
odic submission of all test data with records of continuing
life test data to support these rates. Certification of all
reports by a company official and government inspector
is required.

The following tests on inductors, as previously noted,
are new with the first issue of MIL -C-39010.

Initial Electrical Characteristics
Coupling Coefficient: This is simply a measure of the

relative degree of external field attenuation by the shields
on shielded inductors.

Incremental Current Inductance Reduction: This test
determines the sensitivity of inductance to direct current.
A maximum inductance change is permitted with a speci-
fied d.c. applied.

Effective Parallel Resistance: This is important to some
users in high -frequency applications. A method is out-
lined using a Boonton, "Q" meter to determine the a.c. re-
sistance which is the parallel resistance of the coil at a
particular frequency.

Resistance Temperature Coefficient: Temperatures and
their sequences are listed to determine resistance change
with temperature.

Environmental Tests
Life: Inductors are stored at a specified ambient tem-

perature and measured at specified intervals.
Low -Temperature Storage (-65° C): Inductors are

placed in a cold chamber for 96 hours, then examined for
cracks or other mechanical damage.

Solderability: This is simply a measure of the ability
of the leads to be wetted by a new coat of solder. It is
used to verify that the treatment during manufacturing
processes will not hinder soldering.

Other important tests, equipment, and fixtures are as
in MIL -C -15305C.

The foregoing provides information useful to describe
the established reliability inductor MIL -Spec to anyone
completely unfamiliar with it, but who has some knowl-
edge of MIL -C-15305.
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Coil Construction
and Packaging
By ROBERT L. KOCHER

Lack of complete standardization and overspecifying still plague
the industry. A proper choice from the extremely wide variety of
coil types and configurations is difficult, but it must be made.

CHOKES and coils used in today's more sophisticated
electronic circuits display a disturbing lack of
standardization. And no wonder. The variations

which influence the design of an inductor are almost un-
limited. Such factors as the length of the coil form, the
number of windings, turns of wire per winding, the wire
gauge, and the configuration of the windings all serve to
frustrate efforts to standardize coil design, construction,
and packaging.

As a result, possibly 90% of the small coils built during
1966 will be custom devices which meet the special re-
quirements laid down by the project engineer designing a
circuit.

These custom coils range from fairly simple fixed in-
ductors for television sets to complicated designs for mili-
tary communications. They may be rather plain little
devices coated with Durez (thermosetting plastic molding
compound) or handsome, color -coordinated encapsulated
ones.

The specification of inductors is further complicated by
the fact that inductors, unlike semiconductors, resistors,
and capacitors, cannot be labeled as producing a particular
electrical characteristic when plugged into a circuit. This
is because the frequency at which a coil is tested affects its
inductance as well as its "Q". Also, a coil has a great many
independently variable characteristics-distributed capaci-
tance, resistance, bandwidth, resonant frequency, imped-
ance, and so on.

The engineer, when designing a circuit, may begin with
components which are standard-vacuum tubes, semi-
conductors, resistors, and capacitors. As he reaches the
end of the circuit design, he finds he needs certain char-
acteristics of inductance and so specifies a choke or coil
to produce precisely the characteristics required.

This lack of standardization necessarily frustrates efforts
to keep costs down, since each new coil design costs money
for tooling and production engineering. Even more perplex-
ing, this tendency of some engineers to conjure up exotic
coil configurations has been known to create inductors with
electrical requirements that were so critical that no one
could build them.

Factors Influencing Cost
In evaluating coil construction and packaging, the engi-

neer frequently can save himself mental anguish as well as
0 save his company money by considering these suggestions:

1. When evaluating a coil from the standpoint of its
construction, disregard the cosmetic factor. Theoretically,
a "neat" -looking coil won't perform any better than a
drab -looking coil. Evaluate an inductor on the basis of its
performance on a "Q" meter and its environmental re-
quirements, not on the basis of its physical appearance.

Q. In designing a choke or coil, look to a manufacturer
of these devices for advice and engineering assistance.
Manufacturers can frequently offer valuable suggestions
so that the final design of a coil is practical, economical,
and does the job for which it is intended-and no more.
Coils frequently are over -engineered by a project engineer,

whose specifications may be based on data not related to
the real needs of the circuit in question. When seeking a
supplier, make certain that he has had experience in engi-
neering and building the desired configuration.

3. In considering a package for a coil, consult with the
manufacturer to determine the true cost of one type of

Examples of construction of variable coils used in a TV set.
Two coils at left are conventional types using paper forms,
glued collars, and staple -on terminals. At right are induc-
tors using plastic coil forms. Note how winding at far right
has leads, which are extensions of the coil itself, held in
the flange of the one-piece plastic form, thus eliminating
lugs. When fine -gauge wire is used, lugs are embedded in the
flange (second from right). Technique patented by Coilcraft.

Coil forms shown here have a molded nose -cone construction
that permits them to be easily snapped into a chassis hole.
This coil form was developed by the Hydro Molding Company.
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Four ways to package a simple choke, positioned from top to
bottom in order of decreasing cost. The molded choke, at top,
is the most costly, with the Durez-coated choke next, followed
by the lacquered choke. Least expensive is the Durez-coated
configuration using a fiberboard form to support the winding.
Tips protruding from top show where lead terminals have been
soldered to coil-away from ends inserted into chassis board.

Methods of packaging chokes using universal windings. Two
chokes at top with axial leads are lacquered and Durez-coated
respectively. Parallel -lead versions of this coil, intended
for printed -circuit use are shown below. Choke at left
uses fiberboard mount, one at right premolded plastic cup.

packaging over another. What may appear to be a cheaper
type of package may really be the more costly.

4. When designing the basic configuration, keep it as
simple as possible. If a tunable inductor is specified, make
certain that it really has to be tuned. It is a costly case
of over -engineering if a tunable inductor is specified but is
never tuned in the chassis. A fixed inductor could perhaps
do the job and for less money.

5. Think twice about specifying a shield for a coil. It
may seem perfectly logical-even thrifty-to have a coil
and its shield built as a complete assembly ready for in-
sertion in the chassis. By making a shield part of the coil
package, however, the engineer may unknowingly specify
an assembly which is more costly than simply ordering the
shield and the coil separately.

With printed circuits, the coil can be inserted in the
chassis and an inexpensive metal shield snapped over the
coil prior to soldering. When coil and shield are built as a
single unit, insertion in the circuit can frequently be some-

what complicated due to the presence of the shield.
Over the years, the trend in the inductor industry has

been to simplify as much as possible the connection of
coil components to the circuit. Prior to the development
of the printed circuit, a coil bolted or snapped into a metal
chassis. The leads had to be free so that they could be
hand -soldered to the circuit. Yet the coil gained no struc-
tural stability from being soldered in place.

Printed -circuit boards make it possible to simplify coil
construction by connecting the leads to metal lugs, which
in turn fit into a pin circle in the board. This also gives
the coil added strength, since it is now an integral part
of the circuit.

But this design-using a paper coil form, glued paper
collar, and staple -on terminals-has its drawbacks, not the
least being the glued construction. Conventional paper
coils are also costly to manufacture compared with some
of the newer, more sophisticated designs.

For example, plastic coil forms eliminate not only paper
tubes and glued collars but also, in many instances, the
staple -on terminals. When heavy (20 to 22 gauge) copper
wire is used for the windings, the plastic coil form sup-
ports the ends of the windings so that they act as their
own leads without the use of staple -on terminals.

In its simplest form, a variable inductor may use only
three parts-the plastic coil form, the winding, and the
metal tuning core. Where finer gauge wire is specified, the
plastic form is still used but with metal lugs embedded in
the plastic flange. After soldering the winding ends to
these lugs, they are bent up, providing the important
"slack in the leads" feature.

While paper coil forms are still very popular, the natural
shift toward other coil -form designs would seem to be
gradually assigning paper forms to a secondary role.

Unlike many facets of the electronics industry, project
engineers seem unconcerned about taking approaches to
choke and coil design that are 30 or more years old. In-
deed, instead of demanding more sophisticated concepts
of inductor design, some engineers often express a definite
opposition to change. This is an interesting condition in

is such a common prob-
lem in dealing with the finished product.

Fixed Inductors
In older, hand -soldered circuits, fixed inductors and

chokes had to be structurally rugged since they usually
ended up in the circuit hanging by their leads. Printed
circuits made it possible to provide two cut-out holes in
the circuit board into which the coil leads could be inserted.

Conventional chokes require bending and cutting of
their leads prior to assembly of the chassis. Also, the
coil is still relatively unprotected after installation and
soldering.

By taking a completely new approach to the design of
chokes, packages have been perfected which are structur-
ally rugged and yet markedly more economical to build
than the conventional choke.

One technique has been to use a small square of fiber-
board as the coil form. The lead wires are pressed into
slits on either side of the fiberboard form and the winding
riveted in the center. In the older design of chokes, the
user flexes the same lead to which the coil winding is
attached. This can cause later failure of the choke. The
design using the fiberboard form places the connections
between the leads and the coil winding at the top of the
form-away from the wires being flexed during installa-
tion in the chassis.

A wax -impregnated Durez coating is added to protect
the coil and leads from damage during insertion in the
circuit board. By standardizing construction of many
fixed inductors-tinned 1/4 -inch leads on 1/2 -inch centers
is common-lead trimming and other secondary opera-
tions have been completely eliminated.

Avoid Over -Designing
Project engineers, when designing an inductor, usually

prepare either (1) "make prints" or (2) "buy prints."
The make print contains all details on the inductor, in-
cluding a bill of materials, the coil's physical and elec-
trical characteristics, and so on. The buy print pinpoints
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only the functional requirements of the coil, and there
may not even be a drawing.

Not infrequently, the engineer submitting a make print
has over -designed the coil. Tolerances may be too broad
or too critical. But given his orders, the manufacturer
builds the coil, even though it may cost the customer
twice what it should considering the job for which it is
intended.

Many engineers inadvertently put the coil supplier into
a straitjacket by including too much information with the
make print. They may even compound the problem by
not discussing with the coil supplier exactly what they
need in the way of inductance characteristics.

On the other hand, some project engineers take the
attitude that it matters little what a choke or coil looks
like as long as it produces the desired electrical results.
These engineers supply a buy print which includes only
the stated inductance problem and nothing more. Given
this much information, however, most coil manufacturers
can, with considerable savings to the customer, produce
an inductor which possesses the needed electrical param-
eters and yet is economically priced.

The point is that any good supplier of coils will be able
to offer a variety of design solutions-making it possible
for the project engineer to select the solution best suited
to his particular problem.

Toroids
Traditionally, toroid coils were usually packaged by

molding them in Bakelite or encapsulating them in epoxy.
Not infrequently, the cost of molding the toroid exceeded
the cost of the component. The question was finally asked,
"Do all toroids have to be either potted or molded?"

Experience has shown that many applications do not
demand such durable packaging. In fact, the toroid wind-
ing can easily and economically be slipped onto a plastic
coil form, with the fine leads soldered to metal lugs em-
bedded in the flange of the plastic form. With tedious
molding or encapsulating operations eliminated, costs for
this type toroid can be dramatically reduced.

Potting versus Molding
Where environmental or structural needs dictate the use

of a durable package, some engineers automatically dis-
count potting in favor of molding in the belief that mold-
ing is the less expensive of the two processes.

While experience naturally differs with manufacturers,
many coil builders have found that when the total cost
is evaluated, the encapsulated coil is more economical than
the molded one.

The same situation applies to other processes associated
with designing and building chokes and coils. When con-
fronted with a major decision regarding the construction
or packaging of an inductor, the project engineer frequent-
ly will save time and money by calling in the coil manu-
facturer for consultation.

Molded Chokes versus Lacquer or Durez
The common molded choke appears to many engineers

to be a rugged, attractive, economical way to package the
device. Conversely, the choke coated with lacquer or
Durez is not nearly as "pretty" as the molded device and
hence may be thought inferior.

However, molding of a choke gives it no real structural
value, and environmental requirements may not even
demand a molded design.

During the molding process, the leads and winding are
placed under a stress which may alter the choke's electri-
cal characteristics. Also, as the mold closes around the
winding during processing, the leads may be nicked by the
mold. This nicking may later cause problems in the form
of broken leads. With the lacquered and Durez-coated
chokes, of course, no pressure is involved, hence the leads
and windings are not affected.

Some Conclusions
Obviously, we have been able to present only a sketchy

discussion of coils and chokes and some of the factors
influencing their construction, packaging, and cost. Prob-
ably one of the reasons many engineers still do not take

the designing of inductors seriously is that they think of
chokes and coils as nickel and dime products.

To be sure, a very fine choke may be designed for a
circuit and end up costing only 10 cents each in quantity.
But what if, over a period of years, the company uses one
million of these 10 -cent coils. That's $100,000. Had the
project engineer, utilizing the experience of a reputable
coil supplier, secured a coil with the same reliability and
electrical characteristics for only 5 cents, the savings to
his company would have been $50,000.

A startling example of over -engineering is the Ph.D.
electronics expert who, rather than admit he didn't really
understand inductance, designed a 35 -cent coil that was
so poorly conceived that it was almost impossible to build.
What he did not know was that several coil manufacturers
could have easily solved his inductance problem with the
ultimate solution in the form of a 5 -cent coil.

Probably the most important single factor in obtaining
practical solutions to inductance problems is to find the
right supplier. The coil -manufacturing industry is a splin-
tered industry. What may be a difficult problem for one
supplier, another supplier may be solving several hundred
thousand times a day.

What for one coil supplier may be a challenging prob-
lem-requiring months of engineering, testing, and tooling
-for another manufacturer is so simple that production
quantities can be delivered in two or three days.

One brief comment on shelf -item chokes and coils versus
custom-built chokes and coils. Many engineers believe
that a shelf -item coil is always more economical than a
custom-made coil. They naturally just associate "shelf
item" with economy and "custom made" with expensive.
Experience has shown, however, that custom-made coils,
when large quantities are involved, can be produced at a
cost equal to or less than the cost of shelf -item products.
And, instead of the engineer having to compromise in
order to use the shelf item, he receives in the custom-built
product exactly the electrical parameters demanded by
the circuit.

At top left is a toroid winding encapsulated in a metal cup
which costs more than $2 each. Below it is a smaller toroid
mounted on a plastic coil form with the same electrical char-
acteristics but costing less than $1 each. At top right is a
toroidal coil in a cup before and after encapsulating. Below
is an even less expensive toroid in a much simpler package.

Cutaways of encapsulated toroid (left) and molded package.
Should the toroid shift during potting, there will still be
at least thickness of the cup to protect encapsulated coil.
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R.F. Chokes and Coils
By W. R. COURTNEY / Chief Engineer, J. W. Miller Co.

In order to get better r.f. coil performance, the circuit designer
should be aware of the important characteristics and limitations of
the various inductors that are available. Knowledge of these factors
will permit an intelligent and more economical selection to be made.

COIL catalogues usually give only a few parameters
that indicate the ranges and types of coils avail-
able to circuit designers. To obtain the best results

for a specific application, it is advisable to contact a coil
design engineer since the majority of coils produced today
are built to meet a designer's specific performance re-
quirements. Since the coil designer can do a better job
with more complete information, the circuit engineer
would do well to consider some of the important charac-
teristics and limitations of coil performance.

Types of Coil Construction
R.f. inductors can be manufactured in a number of

basic winding configurations. Each of these types has its
advantages depending on its function in a circuit and the
associated components.

Solenoid or single -layer winding is used in the simplest
type of coil (Fig. 1A) . This coil becomes a true air in-
ductor when the winding is self-supporting. This type of
winding provides the least amount of inductance in a
given space. However, it produces a very low value of
distributed capacitance and allows excellent heat transfer
since air can move over the entire winding area. Magnetic
or non-magnetic core material can be used to support the
winding and to provide a means of mounting the start

and finish leads. The core can also be made adjustable to
vary the amount of inductance.

A multi -layer -wound coil (Fig. 1B) realizes an appreci-
able increase in the amount of inductance over that of a

single -layer -wound coil. Turns are wound on top of each
preceding layer to build up coil diameter by adding layer
on layer. This permits the maximum amount of induc-
tance.

Layer winding is satisfactory at low frequencies. How-
ever, even at the higher audio frequencies, the effect of
the large distributed capacitance between turns can affect
circuit operation significantly by limiting frequency re-
sponse.

Before the development of the universal winding meth-
od, great efforts were made to divide windings into sec-
tions or pi's by means of multi -section forms. This method
is still used in the production of windings for use with
pot -type cores.

The pi or universal winding provides a larger value of
inductance per cubic volume of space than a solenoid, but
not as much as a multi -layer -wound coil. The main ad-
vantage of a universal coil over a layer -wound coil is a
much lower value of distributed capacitance. If we break
our coil into a number of pi's, the value of distributed
capacitance is lowered still further. This gives the same

Fig. 1. Various types of winding techniques that are employed in the construction of r.f. chokes and coils.
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result as adding fixed values of ca-
pacitance in series. Generally d.c. re-
sistance of the inductor will increase
because more wire is required to pro-
duce the same inductance.

Pi or self-supporting universal wind-
ing must be done on a machine while
the single -layer or multi -layer winding
can be done by hand without the aid
of a mechanical device. Basic design
parameters of wire size, form diameter,
winding width, or cam throw are en-
tered into a number of basic formulas
to give ratios that determine rotation
of the winding form and wire move-
ment on the coil form. These ratios
are related directly to gears in the coil -
winding machine that establish an ex-
act relationship to the wire at all
.points of the form rotation. Since the
wire is carried from one side of the
form to the other and back again as
the form rotates, it is necessary that
each turn either progress or retrogress
in relation to the preceding turn in or-
der to achieve a mechanically stable
coil (Figs. 1C, 1D, and 1E).

The universal progressive type of
winding was developed to increase the
inductance of the solenoid winding and
further reduce the distributed capaci-
tance of the pi winding. This is ac-
complished by laying the pi winding
along the form instead of allowing it
to build up into a single pi (Figs. 1F
and 1G) . In addition to the calcula-
tions for the regular universal winding,
gear ratios must be calculated for the
progressive movement of the winding on the coil form that
is used.

Variable -pitch universal progressive winding is a special-
ized variation of the universal progressive winding. When-
ever a piece of equipment is designed to use permeability
tuning, such as most auto receivers, this type of winding
is commonly used. The winding is layered on the form to
obtain frequency distribution that is either linear or close
to linear as the iron core is inserted (Fig. IH). In normal
progressive winding a much greater increase in inductance
is achieved during the initial movement of the core into
the winding than is achieved after the core has entered
the winding more fully.

Pot -core winding is a highly specialized layer winding
used with a cup -shaped powdered -iron or ferrite core to
produce extremely efficient inductors. This type of coil
exhibits most of the advantages of toroid coils since the
flux is confined almost entirely within the magnetic ma-
terial (Fig. 2).

The final choice of wire size, winding pattern, and form
material should be left to the coil design engineer because
of the knowledge he has gained in designing coils over the
years. For example, a specific wire size will carry different
amounts of current depending on the winding pattern and
core materials for a specific temperature rise. It is very
important, however, for the circuit designer to understand
what he wants to achieve with a coil, and to pass the re-
quirements on to the coil engineer.

R.F. Chokes
The usual data on r.f. chokes specifies the value of in-

ductance and "Q" measured at a nominal radio frequency.
In addition, the self -resonant frequency is given as an aid
in del( rmining the range over which the choke may be op-

POT CORE COIL

MOUNTING HARDWARE -

-TRIMMER CORE

THREADED INSERT-

- FERRITE CORE

BOBBIN FOR WINDING-

-FERRITE CORE

MOUNTING PLATE-(

POT -CORE ASSEMBLY

Fig. 2. Construction of pot -core coil.

erated satisfactorily. Additional data
usually includes the d.c. resistance of
the winding and the maximum d.c.
current rating.

This data is generally quite satis-
factory for use over a limited fre-
quency range. The designer usually
selects a choke with a parallel self -
resonant frequency slightly higher than
the highest frequency to be encoun-
tered in the circuit. In this manner,
he obtains maximum impedance with
greatest voltage gain, and avoids pos-
sible burnout at series -resonant fre-
quencies.

Although an r.f. choke may appear
as one of the least complex inductors,
its effect can become quite complex.
Consider the r.f. choke characteristics
plotted in Fig. 3. Catalogue data gives
the inductance as 260 /JR measured at
790 kHz, and the self -resonant fre-
quency as 11.5 MHz. (See also the
boxed item. on "Radio -Frequency Plate
Chokes" in this section.-Editor)

From this information it is possible
to make an educated guess regarding
the choke's characteristics below the
self -resonant frequency. It would be
possible to apply a rule -of -thumb that
the first series -resonant point would
be approximately twice that of the
parallel -resonant frequency.

The curve of Fig. 3 was plotted
from actual measurements and calcu-
lations, some of which are listed in the
table. As the parallel self -resonant

Fig. 3. Characteristics of choke measuring 260 itH at 790 kHz.
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Fig. 4. Apparent resistance curves for three 260-,0-1r.f. chokes.

frequency is approached, apparent inductive reactance Xp
becomes greater than XL. Effective "Q" reaches a peak,
then drops to zero at the self -resonant frequency. This
happens because apparent resistance 11, increases more
rapidly than X,.

Losses increase with frequency because of skill effect
and proximity effect in wire, increasing dielectric losses in
coil insulation, and eddy currents in nearby objects.

As the operating frequency increases beyond the self -
resonant frequency, the choke exhibits a high value of
capacitive reactance. Impedance falls rapidly until the
first series -resonant frequency occurs at 18.5 MHz and
effective impedance is on the order of a few hundred ohms.
The choke is very inefficient at this frequency and could
burn up if operated in a circuit where appreciable cur-
rent flows.

As the operating frequency increases further, the choke
continues to show parallel- and series -resonant points sim-
ilar to standing waves on a transmission line.

Other types of windings based on the same value of in-
ductance, will exhibit markedly different characteristics

Fig. 5. Use of r.f. chokes in crystal oscillator, amplifier.
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over the same frequency range. Therefore, it is important
for the circuit designer to determine the effect he wants
the choke to produce before he specifies a given type of
winding. See comparison curves in Fig. 4.

A grid -dip oscillator can be used to determine resonant
points. Parallel -resonant frequencies are those where a
dip occurs when the choke terminals are open -circuited.
Series -resonant frequencies are those where a dip occurs
when the choke terminals are short-circuited. If an ac-
curate frequency check must be made, mount the choke
on the chassis with surrounding components in place.
Ground the coil end and leave the hot end free. Then
check for parallel- and series -resonant points.

Effect of Choke Characteristics
In an application where an r.f. choke acts as a load

without any tuned circuit, the inductive reactance repre-
sents the actual value of load impedance (assuming the
choke is operated well below self -resonance) . The crystal
oscillator illustrates this type of application (Fig. 5A) .

For the oscillator to function, it must operate into an in-
ductive load. To insure this condition, a designer should
specify an r.f. choke with a parallel self -resonant fre-
quency twice that of the intended operating frequency.

In an application where an r.f. choke is placed in parallel
with the tuned circuit of an amplifier, frequency range
must be taken into account (Fig. 5B) .

At frequencies lower than the self -resonant frequency,
a choke produces the effect of lowering the value of the
tank inductor. Capacitance must be added to compensate
for this effect. The choke actually becomes part of the
tank circuit, and significant losses can be introduced at
frequencies where an appreciable amount of shunting
effect must be resonated by the tuning capacitor.

A good rule -of -thumb is to specify a choke with an in-
ductive reactance approximately five times greater than
that of the tank coil. This will reduce the shunting effect
on the tank circuit. The first series -resonant point will
be quite high, and the choke will be suitable for use in
an amplifier covering a rather wide range of operating
frequencies.

In the design of high -power, low -frequency (100 kHz to
1MHz) amplifiers, it is possible to use a relatively low
value of inductance for the r.f. choke, provided the effec-
tive "Q" is large enough to assure a low value of series
resistance. Using a choke on the order of 1 millihenry in
this manner, the power losses in the choke can be reduced,
and a relatively large frequency range can be covered.
See Fig. 6 for relationship between "Q" and Rs.

RI. chokes that have large values of distributed ca-
pacitance will often burn out when an amplifier is detuned
and there is a sharp rise in the off -resonant circulating
current. This occurs frequently when a single -pi choke
is used. The use of a multi -pi choke usually corrects this
problem.

For operation at a single frequency, a choke with a
parallel self -resonant frequency near the operating fre-
quency offers maximum impedance to permit greatest volt-
age gain. (See 11.5 -MHz point in Fig. 3.)

For operation over a narrow (less than 2:1) frequency
range, a choke with a parallel self -resonant frequency
slightly lower than the lowest frequency of the range to
be covered presents a high value of capacitive reactance.
This minimizes the effect of adding an inductance to a
tuned circuit since it effectively adds a small capacitor in
parallel with the main tuning capacitor. (See 11.5- to
15.5 -MHz range in Fig. 3.)

For operation over an extended (less than 10:1) fre-
quency range, a choke with a parallel self -resonant fre-
quency approximately two-thirds the highest operating
frequency provides a high level of impedance throughout
the range. (See 1.5- to 15.5 -MHz range in Fig. 3.)
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When using chokes in both input and output of either
tube or transistor circuits, the generation of low -frequency
parasitic oscillations similar to those in tuned -plate, tuned -

grid oscillators frequently occurs. To correct for this con-
dition of too much inductive reactance, use a lower value
of inductance.

If a ferrite -core choke is used in a high -power tran-
sistor circuit, saturation of the ferrite core due to high
current flow can produce an effect similar to that of a
blocking oscillator. Air or a powdered -iron core should be
considered to correct this situation.

Military & Commercial Specifications
With the issuance of MIL -C-15305 specifications, the

first steps were taken by the military and civilian sup-
pliers in establishing ground rules that would cover de-
sign requirements for r.f. choke coils. There are a series
of Military Standard (MS) drawings available that cover
r.f. chokes in several physical sizes, as well as their electri-
cal ratings. Most MS chokes are rated for a temperature
rise not to exceed 35° C at 90° ambient, and an overload
not to exceed 11/2 times rated current.

Chokes manufactured to meet MIL -C-15305 using
epoxy molding for protection are the most common. In-
ductance values and tolerances are color coded similar to
resistors (Fig. 7).

A more recent addition to the MIL series of r.f. chokes
has been the magnetically shielded series which uses a
ferrite bobbin and sleeve. The winding is wound on the
bobbin, the sleeve is placed over the bobbin, and the as-
sembly molded. In this type of construction, the mag-
netic field is confined almost entirely within the magnetic
material.

Two current ratings must be considered when design-
ing one of these chokes into a circuit. First, the incre-
mental current rating is that current which causes an
inductance to decrease 5% from nominal. In circuits
where inductance is a critical value, the designer should
specify a choke that does not exceed the incremental
current.

Second, the maximum current rating that is given is the
least desirable operating condition because saturation can
cause a wide variation in inductance value, and tempera-
ture rise may exceed specified values.

Variations of both inductance and "Q" should be
watched very closely when using this series of chokes in
changing temperature environments.

The specifications for this series of chokes gives maxi-
mum current ratings that can be greater than the incre-
mental current. Whenever a current greater than the in-
cremental current is used, the inductance will decrease
more than 5% and the temperature rise characteristics
should be taken into consideration (see Fig. 8) .

Chokes in the MS series are relatively low -power
devices with maximum power ratings of between 0.25
and 0.55 watt and are subject to derating above 90° C
(Fig. 9).

Although the inductance tolerance for chokes in the MS
series has been established at 71: 20% for values of 0.1 to
0.82 µH and ± 10% from 1.0 ttH and greater in the
standard molded choke series, it is possible to wind these
devices with tolerances as close as 1%.

Adjustable Coils
Today, magnetic materials are available for use in coil

designs throughout the frequency range of a few kHz to
hundreds of MHz. In a resonant circuit where it is pos-
sible to change coil inductance by adjusting the core, the
need for an adjustable capacitor can be eliminated and a
much smaller fixed capacitor used instead. Since the fixed
capacitor in parallel is many times the distributed capaci-
tance of the coil, the adjustability of the core permits
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Fig. 6. Nonogram used to determine effective series resis-
tance for various "O" factors. The example shown is for a
1-mH choke to be used al 100 kHz. A straight line drawn
between these two values crosses the pivot line at a cer-
tain point. If lines are then drawn from this point through
several values of "Q", such as 10 and 100, the effective
values of series resistance can be read off. In this case, for
a "Q" of 10, R. is close to 70 ohms; at 100, R. is near 7.

less critical coil design. Most adjustable coil designs in
actual use are compromises among inductance, "Q", size,
and stability.

When inductance range is the most important factor,
ferrite or high -permeability powdered materials can be
used. When stability is most important, a lower perme-
ability core material would be used. In many instances,
the core is used only to make slight adjustments of in-
ductance.

In frequency -stable circuits, a highly stable mechanical
coil form material is used with a core material that is
electrically stable over the temperature range to be cov-
ered. Ceramic materials usually meet the requirements
for this type of coil form.

Temperature coefficients for air inductors generally vary
from 150 to 300 ppm per degree C. This can be improved
by special designs and impregnation to better than 25
ppm per degree C.

Most coils produced for the commercial market, such as
for radio and TV manufacturers, use paper base impreg-
nated forms AN ith internal threading that is used for core
adjustment.

Fig. 7. Color coding for molded cylindrical choke coils.

6.8 MICRONENRYS -I- 10 PERCENT

SILVER)
Te LERANCE

SECOND SIGNIFICANT FIGURE (GRAY)
DECIMAL POINT (GOLD)
FIRST SIGNIFICANT FIGURE (SLUE)
MIL IDENTIFIER (SILVER)

270 MICRONENRYS 5 PERCENT

TOLERANCE

MULTIPLIER ((MOWN) (GOLD)
SECOND SIGNIFICANT FIGURE (VIOLET)
FIRST SIGNIFICANT FIGURE (RED)
MIL IDENTIFIER (SILVER)

Inductance
Significant (1) Tolerance

Color Figure Multiplier (Percent)
BLACK 1

BROWN ... 1 10
RED 2
ORANGE 3 1,000 ....
YELLOW 4
GREEN
BLUE 6
VIOLET 7
GRAY
WHITE
NONE 12) ± 20
SILVER ± 10
GOLD .. DECIMAL 4- 5

POINT
(I) The multiplier is the factor by which the
two significant figures are multiplied to yield
the nominal inductance value.
(21 Indicates body color.
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Applications by Frequency
Low -Frequency (10 kHz to 100 kHz) Applications: Coils

for use at low frequencies can be wound with solid wire
to realize values of "Q" that are satisfactory for most
applications. However, at 10 kHz, the a.c. resistance of
the wire already exceeds the d.c. resistance by a con-
siderable margin. Where appreciable current. may circu-
late, Litz wire can be used to improve coil "Q" by re-
ducing series resistance.

In most instances, "Q" can be further improved by
using pot -core construction with a fixed air gap in the
magnetic material, or by using a small trimmer slug for
final adjustment. It is possible to achieve values of "Q"
that approach 800 at 100 kHz and 000 at 10 kHz.

Medium -Frequency (100 kHz to 3 MHz) Applications:
Two popular i.f. frequencies fall within this range, 262.5
kHz for auto radios and 455 kHz for home radios. At
these frequencies where operating "Q's" of 50 to 80 are
useful, solid wire can be employed along with selected
magnetic material. The use of solid wire and either an
adjustable powdered cup core, or a threaded internal core
permits the most economical design. Litz wire is much
more expensive than solid wire and is not used to any
degree in large runs of i.f. transformers for equipment in
the entertainment field.

I.f. transformers built for use in more expensive com-
munications receivers are much more selective and re-
quire a greater degree of temperature stability. Generally,
Litz wire is used and the magnetic material is of a sta-
bilized grade.

Within the past few years, new grades of temperature -
stable ferrites have been introduced and this has resulted
in considerable reduction in the size of many inductors.
When operated at a fixed frequency, temperature com-
pensating capacitors added to tune the coil to resonance
assure very good stability.

To achieve "Q's" greater than 100, Litz wire is almost
a necessity. With the proper selection of core material
and Litz wire, it is possible to achieve values of "Q" that
approach 800 and 100 kHz and 200 at 3 MHz.

All the types of winding outlined earlier can be used
through this portion of the frequency spectrum. The use
of pot cores allows for the design of extremely efficient
filters and other inductive devices throughout the entire
frequency range providing they are used with tempera-
ture -compensated capacitors.

Hiah-Frequency (3 MHz to 300 MIlz) A pplica I ions: For
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use through this range, coils are usually space -wound with
solid wire to achieve highest "Q". Generally, the "Q" of
the coil increases with an increase in wire diameter.

Selection of core material should be made with care to
minimize the introduction of losses. In most applications,
magnetic material should be used only for tuning an in-
ductor rather than for shielding.

At the upper end of the frequency spectrum an iron
core should be used only to trim inductance rather than
make wide inductance changes. The iron core generally
produces a lower "Q" than an air core.

Above 50 MHz, it is common practice to use non-ferrous
core material. The core body is either brass or copper
with a silver plating to reduce r.f. losses. The non-ferrous
core permits adjustment of a coil at these frequencies, but
introduces losses like those caused by a shorted turn.

Proper selection of material for use in the core of a
coil can improve several electrical parameters and reduce
physical size. When a core is fixed in physical relation
to a coil winding, the concentration of the magnetic field
permits a reduction in the number of turns necessary to
provide a given inductance. "Q" is improved because less
wire is required for a specific value of inductance. When
the proper grade of magnetic material is selected, the
losses introduced by the magnetic material are less than
the losses in the copper that would have been required
for the additional turns on an air coil. However, dis-
tributed capacitance usually rises because the dielectric
constant of the core material is usually greater than air.
This has the effect of lowering the self -resonant fre-
quency of a coil.

Each grade of powdered iron performs best over a dif-
ferent frequency range, and "Q" tends to decrease rapid-
ly at higher frequencies.

Optimum coil design depends upon a compromise in
physical size, inductance range, and stability of the device.
If inductance range is the most important factor, ferrite
or high -permeability powdered materials can be used. If
stability is more important, lower permeability material
must be used.

PRIMARY CONSIDERATIONS IN SELECTING INDUCTORS
Function coil will perform-oscillator, tuned inductor, filter, choke,
pulsed amplifier, other.
Operating frequency range-determines value of inductance required,
allowable amount of distributed capacitance, core material to be used.
Self -resonant frequency-determines upper limit of operating fre-
quency range.
Circuit application-approximate coil loading due to amplifying device
(tube or transistor) determines in -circuit impedance and gain of stage.
Inductance value-fixed or adjustable; if adjustable, range required.
"Q"-maximum desired value of "Q" consistent with available mate-
rials and cost; a compromise of physical and electrical parameters.
Current in circuit-steady-state, pulsed, approximate waveform.
D.C. resistance-minimum d.c. resistance, consistent with available
material and cost, gives more efficient performance.
Peak r.f. voltage-when r.f. voltages over 500 volts will be encountered,
multi -pi chokes should be considered for advantages of voltage divid-
ing effect.
Mounting location-with respect to other components, chassis and cab-
inet may change f0 and Z of circuit by distorting magnetic field.

0
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NAME-PLEASE PRINT

ADDRESS

CITY

STATE
1K ZIP

CHOOSE FROM THE WORLD'S LARGEST
SELECTION IN ELECTRONICS ... AND SAVE!
Buy from the world's largest electronics supplier.
Use the Allied Credit Fund Plan to enjoy what you
want NOW-no money down, 24 months to pay.

RUSH THIS CARD NOW!

NEW 514 -PAGE

ALLIED CATALOG
TOP SAVINGS ON THE BEST

IN ELECTRONICS FOR EVERYONE ...
 Famous Knight -Kits  Stereo Hi-Fi  Tape Recorders & Tape
 CB 2 -Way Gear Walkie-talkies  FM -AM & AM Radios
 Short Wave Radios  Portable TV  Phonographs, Accessories
 Amateur Gear  Intercoms & P.A.  Automotive Electronics
 Test Instruments  TV Antennas & Tubes  Power Tools  Parts
 Hardware  Tubes  Transistors  Batteries  Books

NO MONEY DOWN -24 MONTHS TO PAY!
Low Monthly Payments to fit your budget.

DO A FRIEND A FAVOR -give him this card to send for his FREE ALLIED CATALOG



NAME-PLEASE PRINT

ADDRESS

CITY

STATE 1K
ZIP
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Use the Allied Credit Fund Plan to enjoy what you
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RUSH THIS CARD NOW!
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FREE
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for the audiophile ...

lop NO MI
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Nei ell

Knight -Kit® Deluxe Stereo FM -AM Tuner.
Easy -to -build solid-state design.

&id/for the CB user...

KNIGHT® 2 -Way Radio. Compact solid-
state design at amazingly low cost!

/ for everyone ...

Ampex 6200 HVR Home Videotape Re-
corder. Make videotapes at home!

514 pages! See everything

new in electronics ...featured
first at Allied, the world's
largest electronics headquarters!

adfor the ham operatorN .41..

Knight-Kit°6-MeterAmateur Transceiver
with universal solid-state power supply.

/Via for the serviceman ...

Knight-Kit®Portable Solid -State Color/Bar
Pattern Generator. A top value!

for TV and FM owners ..

Antenna and
Rotor Systems
for color and
black -and -
white TV ...

110"
FM, too!

peadand scores of special Allied values!
hundreds more new and exclusive items,

NO MONEY DOWN!
Enjoy the things you want now, while you take 24 months to pay
for them on the Allied easy -on -the -budget Credit Fund Plan.

ALLIED RADIO P.O. BOX 4398
CHICAGO, ILLINOIS 60680

DO A FRIEND A FAVOR-give him this card to send for his FREE ALLIED CATALOG



OHN FRYE
Television sets, like automobiles, can benefit from regular
adjustments of operating controls and checks of components.

TV TUNE-UPS

BARNEY stood in the door of Mac's Service Shop
watching his boss trying to find a break in the lunch-
hour traffic so he might cut left into the driveway of

the radio and TV repair shop. The youth grinned sympa-
thetically as impatient drivers stalled behind Mac began
sounding their horns. Finally, a little gap appeared in the
near lane, and Mac swooshed through it to the accompani-
ment of a screaming protest from his tires.

"Daddy -O, you really were laying down the rubber!"
Barney said in mock admiration as his employer stepped
from his late -model car. "Not a hot-rodder I know could
make his tires squall better than that."

"Stow that phony jive talk or something besides my tires
will be squalling," Mac growled, a little red in the face.
"You know how I feel about bird -brains who abuse their
cars by stomping the accelerator when there's no need-
which there seldom is. What fooled me was that I just
had this car tuned up, and it's about twice as snappy as
it was before. But come on back to the service depart-
ment. I've an idea I want to talk over with you."

Soon they were perched side by side on the service
bench, swinging their legs. Mac began to talk:

"I never put much stock in the kind of car tune-up you
usually get in a small filling station or alley garage. Many
of these are little more than rackets because the mechanics
undertaking them have neither the knowledge nor the
equipment to restore a modern car to tip-top performance.
But the dealer from whom I bought the car in the spring
suggested it would be a good idea to bring it in for a
tune-up before winter weather set in. While the car was
still doing quite well, after driving it all summer I felt it
had lost a little of its original zip, and the gas mileage
didn't seem as good as it had been at first; so I took the
car in and, at the invitation of the dealer, stuck around
to watch the mechanics.

"It was an enlightening experience. They used an ex-
haust analyzer to check and set the carburetion and an
ignition analyzer to check the spark plugs, coil, and capaci-
tor. Two doubtful plugs were replaced, as were the
distributor points and the capacitor. Timing was reset
with a timing light. All fluid levels in the crankcase, auto-
matic transmission, master brake cylinder, power steering,
and battery were carefully checked and extra fluid added
where needed. The air conditioning was tested. Drive
belts were carefully inspected and tightened. All head
lamp, tail light, license plate, brake light, back-up light,
and parking light bulbs were checked.

"Finally, the car was taken out on the highway and
road -checked for acceleration, steering, braking, and auto-
matic transmission shifting. The mechanic made a slight
adjustment affecting the latter before turning the car over
to me. Everything was done `by the book.' Time and
again a factory manual up -dated with several inserted
Shop Notes and Bulletins was consulted."

"All that probably cost some green stamps," Barney
suggested.

"It wasn't cheap, but I wouldn't expect a thorough job
such as that to be inexpensive. I didn't mind paying the
bill when I found how much better the car performed.
The engine is much, much peppier and smoother. As I
get it, today's high -compression engines are like high -V'
tuned circuits: they only have to be off a little to cause a
considerable reduction in response. But in my case the
change had been so gradual and the engine had so much
power left I was scarcely aware of the lessened per-
formance."

"Is all this leading up to that idea you wanted to tell
me about?"

"Yep. As you know, any time I'm especially pleased by
service I receive I try to analyze my satisfaction in the
hope of finding something we can use in the service we
give. I'm a pretty ordinary kind of guy, and I figure what
pleases me will please most other people. So I'm thinking
maybe we should try to persuade our customers to let us
give their TV sets tune-ups before the heavy winter watch-
ing season begins."

"Why just our customers? Why not put an ad in the
paper and take on everybody?"

"For one thing, I'd like to use that 'going by the book'
procedure that impressed me. We have the makes and
model numbers of all our customers' sets; so we can take
along the proper service folder and any odd -ball tubes or
parts on these jobs. You know what a time Matilda has
trying to get the make and model number of a new cus-
tomer's set over the telephone. Secondly, I think postcards
sent directly to our old customers will be more effective.
We'll be reaching people who know us and-I hope! have
confidence in us. Remember, we'll be trying to sell some-
thing the customer probably doesn't realize he needs."

"What will this tune-up include? How long will it take?"
"That's what I want to talk to you about. I was think-

ing about having one flat price for black -and -white sets
and another for color sets. We might try to include those
services that will take about an hour on a B&W receiver
and an hour and a half on a color set. Any parts used, of
course, will be extra. I'll be content if the flat rate breaks
even on the actual cost of making the call. I don't mean
only your wages; I mean an estimated hourly rate charge
arrived at by dividing our annual cost of doing business
by 16 times the number of working days in the year. That
is the hourly income each of us must have to pay our
three salaries, the rent, light, water, telephone, truck costs,
taxes, depreciation, insurance, etc., etc."

"Where does the profit come in?"
"From profit on parts sold, from major repair jobs ob-

tained through these calls, and from good will created
by them."

"Regarding that last item, I hate to be a meanie but I
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SOUND

additions

to the world's
greatest

selection of

paging-talkback

speakers!

1116

What's your pleasure? Communica-
tions to fit the whisper of a medium-
sized office .. . or the roar of Grand
Central Station? University has 'em!
Some with full frequency response for
background music. All with the crisp,
natural voice quality so unique to
University. Write for our new '661'67
PA Catalog today.

LISTEN-UNIVERSITY SOUNDS BETTER

UNIVERSITY SOUND
A DIVISION Of LTV lING AllfC. INC.

Dept. K-65, P.O. Box 1056, Oklahoma City, Okla.
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must make a suggestion. Don't forget
you're going to have a few people call
up and say something like this: 'My
set was working perfectly until you
tuned it up; now it won't work at all.
You did something to it, and you'd
better get out here and fix it before I
sic the Better Business Bureau on you!' "

"You got a point," Mac admitted
with a grin. "We'll include the cost of
a few call-backs in those fiat -rate
prices. However, careful wording of
the cards we send out plus a little in -
person customer education on our part
should put across the idea that a tune-
up is not a major overhaul and does
not guarantee the set against develop-
ing some serious fault in the near
future-not any more than a car tune-
up precludes the possibility of a valve
sticking, a wheel cylinder starting to
leak, or something going wrong with
the transmission shortly after the tune-
up. But now let's try to decide what
our tune-up should include."

"A check of all tubes, of course,"
Barney said. "And all glass surfaces
in front of the picture tube screen
should be thoroughly cleaned. The
operation of all controls should be
checked. The channel oscillator set-
tings should be put on the nose. Any
poor linearity in the picture should be
corrected, and the hold controls and
the a.g.c. should be checked and set.
Buzz control adjustments should be
made if needed. Ion traps on older
sets should be positioned."

"You can add to that, on color sets,
the checking of the high voltage and
its regulation. The gray scale should
be reset if necessary. The picture tube
should be degaussed. Minor conver-
gence adjustments may be made, but a
major reconvergence should not be in-
cluded in a tune-up," Mac added.
"Those will do for a starter. Let's both
mull the idea over for a day or two
and try to decide what should and
should not be included. What we want
are honest services that will make an
easily seen improvement in reception."

"Yeah," Barney said, nodding agree-
ment, "and if at all possible the tune-
up should be done under the watchful
eyes of the customer. Let him see us
referring to the service data covering
his particular receiver. Permit him to
look over our shoulders at the compli-
cated -looking and obviously expensive
tube testers, field -strength meters,
v.t.v.m.'s and signal generators we use
in adjusting and testing his receiver."

"Attaboy!" Mac applauded. "We
want to give our customer his money's
worth, but a little salesmanship never
hurts. If we can impress him the way
that mechanic impressed me, we'll be
home safe."

There was a little silence, and then
Barney said quizzically: "One thing
bothers me. Why this sudden attempt

to acquire more business? It seems to
me we have about all we can handle
right now. You expecting a depres-
sion or something?"

After a moment's hesitation, Mac
asked a question instead of answering.
"Barney, do you recall my ever crepe -
hanging about the future of radio and
TV servicing?"

"No, can't say I do. In fact, I re-
member hearing you pooh-pooh guys
who argued that complicated color-
TV meant the end of the freelance
service technician, and the ones who
said transistors meant the same thing,
and those who panicked when printed
circuits became popular, or the ones
ready to throw in the sponge when a
few manufacturers tried plug-in mod-
ules and drug stores installed tube
testers."

"And back before you came with
me, I was denying that the advent of
cheap a.c.-d.c. receivers would run us
out of business. Well, I am still not
crepe -hanging, and I know freelance
service technicians will be around for a
long time; but I think I see that 'cloud
on the horizon, no larger than a man's
hand' that poses a serious threat to our
kind of work.

"I'm talking about the integrated
circuits just starting to be used in
radio and TV receivers. As you know,
these highly educated chips of semi-
conductors promise to be highly de-
pendable, long-lived, and impossible to
repair. So far, linear IC's are being
used only in hearing aids, low-level
audio amplifiers, and in the intercarrier
audio channel of a TV set; but many
manufacturers are working hard to ex-
tend the capabilities and applications
of these chips. They will probably do
it, too. When you consider that the
TV set IC replaces 26 parts with one,
you can see the direction the wind is
blowing. I'm afraid we'll eventually
see in servicing what happened to the
home refrigeration repair business
when the sealed compressor unit was
developed. Believe me, this thinned
out the ranks of refrigerator repairmen
in a hurry. The ones who stayed get
most of their income from commercial
refrigeration and air-conditioning."

"I read you," Barney said. "You
think we should make hay while the
sun shines, and you also think this is a
dandy time for a service technician to
be preparing himself to move gradually
into other electronic fields than pure
home radio and TV servicing; right?"

"Precisely. Radio and TV sales, in-
dustrial electronics, automotive elec-
tronics, automation installation and
maintenance, medical electronics, ser-
vicing commercial mobile equipment,
space electronics-these are all spare
strings he can attach to his bow, and
now is a darned good time to start
stringing!"

ELECTRONICS WORLD



IIiFi tereo Review ti

STEREO TEST RECORD
FOR HOME AND LABORATORY USE
EXTRA: AS A DEMONSTRATION OF THE MUTEST POSSIBLE FIDELITY. TIM RECORD INCLUDES A
PROGRAM OF MUSIC RECORDED DIRECTLY ON THE MASTER., KIN NO INTERVENING TAPE PROCESS

Why We Make the Model 211

Available Now
Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.

Realizing this. HiFi STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory-and versatile enough for you to use in your
home.

The result: the Hifi STEREO REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be

Made With the Model 211
Frequency response-a direct check of eighteen
sections of the frequency spectrum, from 20 to
20,000 cps.

Pickup tracking - the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.

Hum and rumble-foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.

Flutter-a test to check whether your turntable's
flutter is low, moderate, or high.

Channel balance - two white -noise signals that
allow you to match your system's stereo channels
for level and tonal characteristics.

Separation-an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum-from mid -bass to high treble.

' Stereo Spread

ALSO: Speaker Phasing

Channel Identification

PLUS SUPER FIDELITY MUSIC!
The non -test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.
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NOW...GET THE FINEST

STEREO TEST
RECORD ever produced

for just  $4.98
Featuring Tests Never Before Available

Outside Of The Laboratory

UNIQUE FEATURES OF HiFi/STEREO REVIEW'S

MODEL 211 STEREO TEST RECORD

 Warble tones to minimize the distorting effects of room acoustics
when making frequency -response checks.
Warble tones used are recorded to the same level within ± 1 db from 40 to
20,000 cps, and within .7.1-2 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an onechoic chamber. The frequency
limits of each warble are within 5% accuracy.

 White -noise signals to allow the stereo channels to be matched in
level and in tonal characteristics.

Four specially designed tests to check distortion in stereo cartridges.

 Open-air recording of moving snare drums to minimize reverberation
when checking stereo spread.

All Tests Can Be Made By Ear
HiFi STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind-contains the widest range of check -points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!
Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances-affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT ORDER NOW
The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be
filled by ELECTRONICS WORLD promptly upon receipt. At the low price of $4.98, this
is a value you won't want to miss. Mace sure you fill in and mail the coupon together
with your check ($4.98 per record) today.

FILL IN AND MAIL TODAY!

Stereo Test Record
ELECTRONICS WORLD-Dept. SD

One Park Ave., New York 16, N.Y.

Please send me
order) for $ is enclosed.
(Orders from outside the U.S.A. add
costs.)

test records at $4.98 each. My check (or money
I understand that you will pay the postage.
50c to partially defray postage and handling

Name
(Please Print)

Address

City Zone State
SORRY-No charges or C.O.D. orders! EW-106
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS' Fantas-
tic Value Packed Catalog - Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available.

NAME

ADDRESS

CITY STATE ZIP-
If you have a friend interested in electronics
send his name and address for a FREE sub-

,_scription also.

OLSON ELECTRONICS, INC.

513 S. Forge Street Akron, Ohio 44308
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The Heart
of your
Radio
is Its

310001000000C
INSIST ON

CCIC*

TEXAS
YSTALS

*Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on.

If your dealer can't supply your needs,
send his name with your

request for catalog to our plant nearest you.

TEXAS
CRYSTALS

NO.

I

Division of Whitehall Electronics Corp.

1000 Crystal Drive 4117 W. Jefferson Blvd.
Fort Myers, Ha. 33901 Los Angeles, Calif. 90016
Phone: 813-936-2109 Phone: 213-731-2258

RADIO

TV NEWS

WE tend to think of CATV as
finding its greatest use in areas

remote from TV transmitters where
signal strength is minimal and large
antennas are needed even for marginal
reception. Although the vast bulk of
CATV systems are installed in these
remote areas, some systems are finding
use in very high signal strength areas
where severe ghosting is a problem.
Such an area exists in some sectors of
New York City. Here, the intent of the
CATV system is to provide clear, non -
ghosted signals for its customers.

The TelePrompTer Corp. recently
announced New York City's first CATV
system to provide this service. Cus-
tomers pay $19.50 for installation and
$5 per month for reception of nine TV
signals.

Phono Cartridge Trackability
Using a variable -speed phono turn-

table ( 25 to 100 rpm) and a vacuum
suction pump to keep a special test rec-
ord flat on the turntable at high speeds,
Shure Bros. recently demonstrated the
trackability of a new stereo phono car-
tridge. The cartridge was designed by
employing analog techniques in which
LCR circuits were used to simulate the
mass, compliance, and damping. Engi-
neers found it much easier to vary
values of inductance, capacitance, and
resistance in decade boxes than to mea-
sure minute forces with strain gages on
a tiny stylus assembly on a phono car-
tridge tracking a record.

Trackability was determined by grad-
ually increasing the speed of the turn-
table to increase velocity and frequency.
The output of the cartridge was mon-
itored with a scope. At certain critical
values of velocity (at a fixed cartridge
pressure of % or 1 gram) the output
waveform would suddenly break up and
show substantial distortion. This repre-
sented the maximum velocity that the
cartridge would track at its fixed track-
ing pressure.

A curve was then drawn of the maxi-
mum velocities over the entire audio
frequency range. The curve was found
to exceed 25 cm/sec from about 700 to
6000 Hz, falling to 17 cm/sec at 40 Hz
and to 9 cm/sec at 15,000 Hz-all at %
gram pressure. At 1 gram pressure maxi-

mum velocities were up about 3 to 5
cm/sec. The resultant curve was well
above the curve that shows maximum
velocity which should be cut on good -
quality stereo records, and demon-
strates the improved trackability of the
new cartridge. Listening tests confirmed
the fact that a cartridge with better
trackability definitely sounds better, par-
ticularly on high -frequency transients.

Microeye
Continuing the trend towards smaller

and smaller, NASA has just announced
a pair of tiny TV cameras only 1% by 3
by 4 inches in size weighing only 1%
pounds and completely self contained.

One of the cameras includes a low -
power transmitter having a range of
about 100 feet. The other "microeye"
is cable -connected to a monitor unit.

The "microeyes" are to be used in
future space flights to observe both
astronaut and spacecraft phenomena.

The Electronics Market
Color -TV sales in April, 1966 totaled

296,485, an increase of 166.3% over the
same month last year. Sales for the
first four months of 1966 were up 109%
from the same period last year.

Monochrome -TV sales in April, 1966
totaled 475,378, down 10.4% from
April last year. Sales for the first four
months of 1966 were up 1.2% over the
same period last year.

Home radio sales in April, 1966
totaled 810,000, up 8.7% from April
last year. Sales for the first four months
of 1966 were up 20.3% over the same
period last year.

FM radio sales in April, 1966 totaled
220,146, up 51.2% over the same month
last year. Sales for the first four months
of 1966 were up 58.9% from the same
period last year.

Auto radio sales in April, 1966
totaled 749,905, down 5.9% from April
last year. Sales for the first four months
of 1966 were up 5.4% from the same
period last year.

Portable/table model phonographs
showed a decrease of 28.9%, while con-
sole phonographs were up 20.4% from
the same period last year.

This information is supplied by the
EIA.
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We set out to give
you the industry's
outstanding VOM value.
We succeeded.

Leave it to B & K engineering
know-how to create a Volt-
Ohm-Milliammeter that puts
you a jump ahead of your com-
petition-helps make your job
more rewarding and profitable.
Only B & K Model 120 VOM
offers a 2 ohm center scale,
burnout -proof meter movement,
a polished mirrored scale plus a
total of 61 ranges! Model 120
VOM ranges start lower ... and
go higher than other instruments
of similar size and type, making
transistor servicing far easier. It's

true. B&K brings you the indus-
try's outstanding VOM value-
Model 120 VOM, and prices it
right! Only $51.95, net.

Division of Dynascan Corporation
1801 W. Belle Plaine

Chicago, Illinois 60613
Canada: Atlas Radio Corp., Toronto, Ont.

Export: Empire Exporters, 123 Grand St., New York 13, U.S.A.

And we succeeded with our VTVM, too.
Only the B &K Model 175 VTVM
has a built-in battery eliminator
-no ohmmeter battery re-
quired! B & K Model 175 fea-
tures Transit -Carry - reducing
possibility of a bent meter in-
dicator. In addition, B&K built
into this VTVM a totally reliable
protection system. The meter
movement cannot be damaged
from application of a wrong in-

put voltage. Looking for the in-
dustry's outstanding value in
VTVM application? Look to B&K
Model 175, only $59.95, net.

Where Electronic Innovation
Is A Way Of Life

October, 1966
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FARM &

BUSINESS
RADIO

FM -40

POWER -PACKED! Engineered
for rugged farm & business use!
Excellent performance, dependability and opera-
tional convenience provided by FM -40 reflect the
experience and design ability that has made Sonar
the undisputed leader in this demanding form of
business radio art. Greater range because of
Voice -Power designed circuitry  Compact and
lightweight  Easily installed in smallest vehicles
 Smartly styled for office use  Noise free squelch
for crisp clear communication  Accessory plug
for Sonar Call, selective Calling System  Acces-
sory plug for high power Linear Amplifier  12
VDC & 117VAC  1 year warranty  Size: 43/4"H x
91/2" x 11V4 "L  Weight: 10 lbs.

Complete 1 pr. of Crystals, Power $32500
Mike, Brackets, a 2 power cables

BR21

FOR ADDED POWER
LINEAR RF AMPLIFIER
is a matching companion
to cover greater distances
with increased transmit
power. Available for
either base or mobile

Name.......-

Address

City

SONAR RADIO CORPORATION
73 Wortman Ave., Brooklyn 7, N.Y. Dept.503
Please send me information .on Bugoss I
Radio FM -40 and BR -21 matching Amplifier.

I
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Sonar
CITIZENS

BAND
2 WAY
RADIO

Perfect for
Portable and

Mobile use...

IDEAL FOR FARMERS,
BUSINESSMEN & WAREHOUSE USE

14 Transistors  2 Watts  2 Channels  Solid State Design
Powerful and dependable performer. Compact, hand
held 2 -way radio, transistorized for long life. Delivers
a sharp clear signal over a long range. Fully crystal
controlled for precise operation. 100% modulation 
automatic noise limiter  adjustable squelch  self
contained nickel cadmium batteries  provisions for
external antenna, mike and earphone  12VDC, Wt.
2 lbs. *compatible with all systems.

Price includes: 1 pair of
Model

7.2 $13995 crystals, nickel cadmium
batteries, 110VAC charger,
leather case, earphone

SONAR RADIO CORPORATION
73 Wortman Ave., Brooklyn 7, N.Y. Dept. 503
Please send me complete information on Model
"T-2" CB radio.

Name

Address

City Zone State

CIRCLE NO. 80 icrir717AD7RSERV;CE CARD
60

Frequency Measurement
(Continued front page 28)

greater than the aging rate times the
number of days since last calibration
and may be much better than this.
This is one reason the oscillator should
be tracked against NBS.

There is a third possible cause of in-
accuracy which is not widely under-
stood. The waveform of the observed
signal may influence the triggering of
the counter and produce an error. When
the clean time -base signal originating
inside the counter is used to trigger the
measuring gate, as in a frequency
measurement, the trigger -point will be
well-defined and inaccuracies beyond
± 1 count will not ordinarily arise. In
the case of period, ratio, or time -inter-
val measurements, however, the un-
known signal is used to trigger the
measuring gate, while the counter to-
talizes the output of its own lime base.
With noise on the signal or "glitches"
in its waveform triggering can become
uncertain.

Almost all electronic counters use
Schmitt trigger circuits. These are very
convenient because they can be set to
switch only on positive -going or on
negative -going signals. Since we want
to totalize all complete cycles of a sig-
nal, we would not want the gate ac-
tuated by both positive- and negative -
going signals for then we would be
totalizing half -cycles. A Schmitt trig-
ger turns out a fast -rise pulse at a par-
ticular level of the input signal, re-
gardless of how fast or how slowly
this signal may be changing. If
"glitches" on the signal fall on or near
the trigger point, their presence will
cause the trigger to be early or late,
and produce an error.

Clean waveforms are essential for

high accuracy when making these mea-
surements. A good rule -of -thumb is
that total noise and harmonics should
be more than 40 dB down, or less
than 1% if an accuracy of 0.3% in the
time or period measurement of sine
waves is to be expected. If many pe-
riods are measured, of course, the ac-
curacy with which the corresponding
frequency is known increases propor-
tionally.

The "-±. 1 count error" can be mini-
mized by considering the measure-
ment carefully before making it. At
high frequencies, the effect of this er-
ror is very small because a great num-
ber of counts is being made during
any given gate opening. At medium
and lower frequencies, however, the
use of "period" or "multiple -period
averaging" modes of counter operation
should be considered. The total num-
ber of cycles counted during a mea-
surement can be made high, even
though the frequency being measured
becomes lower by using these modes.

Time -base error can be minimized
by keeping records on the performance
of the oscillator which is used as a
time base and using these to calculate
appropriate corrections. The user, how-
ever, should carefully analyze the spe-
cifications on both long-term and short-
term instabilities in the oscillator and
be on guard against the possibility that
while long-term aging is slow, vagrant
short-term drifts during which the mea-
surements are actually taken may be
high and unknown.

Errors due to trigger -point "jitter"
are best avoided by seeing that the
measured waveform is clean. Increas-
ing the amplitude of the input signal
without overloading the input will also
help since this increases the rate of
change of the input signal as it passes
through the trigger point.

CALCULATING PARALLEL RESISTOR VALUES
By SHU H. LOUI/Raytheon Co.

THE formulaused to calculate the
-I- equivalent resistance when two resis-

tors are connected in parallel is: RT=
(R1 R2) / (RI + R2). Normally, this
equation requires three arithmetic steps
to arrive at an answer.

A slight transformation of the equa-
tion, RT=R2/ [ (R2/R1) +1] facilitates
computation and reduces the arithme-
tic to two movements of a slide rule
without readjusting the hairline. In this
equation, the larger -valued resistor is
used as R2.

Example: What is the equivalent re-
sistance when a 300 -ohm and a 100 -ohm
resistor are connected in parallel? The
answer, 75 ohms, is calculated as shown
in Fig. 1A.

To determine what value resistor
(Runk) should be connected in parallel
with a known value (Rk.) to obtain a de-
sired value (Rotes), the equation Runk=
RknA (Rkn/Raes) -1] is used.

Example: What value resistor should
be connected in parallel with a 100 -ohm
resistor to produce a 75 -ohm equivalent.
Calculations are shown in Fig. 1B. A

Fig. 1. (A) Determining equivalent re-
sistance. (B) Finding unknown resistor.

RT

R2 300 300
lir

R2 300 4
RI +I 100+1

(A)

Rims
(75A)

RKN 100 100. -RUNK=
RKN 100 .333.300
ROES 75

(B)
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NEW

In the city you don't need a very powerful antenna. Generally,
your problem is too many signals rather than not enough. But
strong signals bouncing off tall buildings cause multiple images,
commonly known as ghosts. Faint ghosts may not bother black -
and -white pictures much, but they're intolerable in color.

Jerrold Metrocolor antennas are especially engineered to solve
the problem of metropolitan reception. They reject reflected
signals and minimize standing waves. Metrocolor antennas are
as effective in preventing ghosts and color smears as many of
the bulkiest, most expensive fringe -type antennas. Also, they're
made to match Coloraxial cable, a must for color TV.

There are two Metrocolor models: Model MCX-82, covering all
UHF -VHF and FM channels, lists for $29.95; Model MCX-13,
for VHF and FM only, lists for $16.95. Cash in on the BIG city
antenna market with Metrocolor antennas. They chase the ghosts
right out of town, and leave the profits for you. Talk to your
Jerrold distributor today, or write Distributor Sales Division.

JERROLD

metro
I I82 -CHANNEL ANTENNAS

i

co or TM

FROM JERROLD ELECTRONICS CORPORATION, 401 WALNUT ST., PHILADELPHIA, PA. 19105



RCA TRAINING
can be the smartest investment you ever made!
Start building a profitable career in electronics now!
New RCA "AUTOTEXT" programmed instruction will help you
learn faster and easier!
If you're considering a future in
electronics, now is the time to start !
A great new teaching aid-"AUTO-
TEXT" programmed instruction
developed by RCA and introduced
by RCA Institutes will help you
master the fundamentals of elec-
tronics almost automatically. Even
people who have had trouble with
conventional home training methods
are finding it easier and more fun
to start their training in Electronics
Fundamentals the RCA way. Prove

it to yourself as others throughout
the country are now doing. An in-
terest or inclination in electronics
is what you need. RCA "Autotext"
helps you to do the rest. You'll be
ready to go on to advanced training
sooner than you ever thought possi-
ble ! The future is unlimited ; the
jobs are available. The important
thing is to get started now.
Founded in 1909, RCA Institutes is
one of the largest technical schools
in the United States devoted princi-

pally to electronics. The very name
"RCA" means dependability, integ-
rity, and scientific advance. RCA In-
stitutes offers -the -finest facilities of
home training. A Service of the
Radio Corporation of America, RCA
Institutes gives you the technical
instruction you need to plan, build
and realize the career you want in
today's fastest growing field.
Investigate your future now at RCA
Institutes. It can be the smartest in-
vestment you ever made.
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HOME TRAINING COURSES
RCA Institutes offer this complete selection of Home Training Courses

 Electronic Fundamentals
 Electronic Fundamentals

(in Spanish)
 TV Servicing
 Color TV Servicing
 Transistors

Liberal Tuition Plan. All RCA
Institutes Home Study courses are
available under a Liberal Tuition
Plan. This plan affords you the most
economical possible method of home
study training. You pay for lessons
only as you order them. If, for any
reason, you should wish to interrupt
your training, you can do so and you
will not owe a cent until you resume
the course. No other obligations ! No
installment payments required.
RCA Personal Instruction. With
RCA Home Study training you set
your own pace in keeping with your
own ability, finances and time. RCA
Institutes allows you ample time to
complete the course. Your lesson
assignments are individually graded
by technically trained personnel, and
helpful comments are added where
required. You get theory, experi-
ment, and service practice beginning
with the very first lesson. All lessons
are profusely illustrated. You get a
complete training package through-
out the entire course.

 Communications Electronics
 FCC License Preparation
 Mobile Communications

 Automation Electronics
 Automatic Controls

You Get Prime Quality Equipment.
All kits furnished with the course
are complete in every respect, and
the equipment is top grade. You keep
all the equipment furnished to you
for actual use on the job ... and you
never have to take apart one piece
to build another.

CLASSROOM
TRAINING IN
NEW YORK
CITY
No previous training required.
You are eligible even if you
haven't completed high school.

RCA Institutes Resident School in
New York City offers training that
will prepare you to work in reward-
ing positions on research and pro-
duction projects in fields such as
automation, transistors, communi-
cations, technical writing, television,
computers, and other industrial and
advanced electronics applications. If
you did not complete high school,
RCA will prepare you for such train-
ing with courses specially designed
to provide the basic math and
physics required for a career in elec-
tronics. Check classroom training on
attached card, and full information
will be rushed to you.

Industrial Applications
Nuclear Instrumentation
Digital Techniques

 Computer Programming
 Drafting

Free Placement Service. RCA Insti-
tutes graduates are now employed in
important jobs at military installa-
tions with important companies such
as IBM, Bell Telephone Labs, General
Electric, RCA, and in radio and TV
stations all over the country. Many
other graduates 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 im-
portant electronics companies...and
had their jobs waiting for them on
the day they graduated!

Coeducational Day and Evening
Courses. Day and Evening Courses
are available at RCA Resident
Schools in New York City. You can
prepare for a career in electronics
while continuing your normal full-
time or part-time employment. Reg-
ular classes four times each year.

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY!
SPECIFY HOME TRAINING OR CLASSROOM TRAINING.

RCA INSTITUTES,INC. Dept. EW-06 SERVICE OF RADIO CORPORATION OF AMERICA, 350 WEST 4TH ST., NEW YORK, N.Y.10014

The Most Trusted Name in Electronics
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Buy the BEST!
IT form!

CAPACITIVE DISCHARGE
IGNITION SYSTEM

ONLY $ 2995 PPD.!

Why settle for less in motor vehicle ignition
systems when you can buy the very BEST from
Delta, the originators, the leaders in capacitive
discharge (SCR) systems. Delta pioneered this
electronic marvel. Thousands have installed this
remarkable electronic system. Now YOU can pur-
chase at low, LOW cost, and in easy -to -build kit
form, the king of them all, the DELTAKIT. Low
price due simply to high production levels at no
sacrifice in peerless Delta quality.

Operate Any Motor
Vehicle More Efficiently

Compare these proven benefits:

 Up to 20% Increase in Gasoline
Mileage

A Installs in Only 10 Minutes on
any Car or Boat

 Spark Plugs Last 3 to 10 Times
Longer

 Instant Starts in all Weather
 Dramatic Increase in Acceleration

and General Performance
A Promotes More Complete

Combustion

literature and complete technical infor-
mation sent by return mail.

BETTER YET-ORDER TODAY!

DELTA
DELTA PRODUCTS, INC.

P.O. Box 1147EW, Grand Junction, Colo. 81501

Enclosed is Ship prepaid.
El Ship C.O.D.
Please send:

 Mark Tens (Assembled) @$44.95
17 Mark Tens (Delta Kit) @ $29.95
SPECIFY - Positive Ground DI Negative

Ground 0 6 or 0 I olt

Car Year Make

I Name

I Address

I City/State Zip
L

DP 6-2
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SAMPLING OSCILLOSCOPE

DISPLAYS 12,400 -MHz R.F.
First X -band instrument permits direct observation
of c.w. signals from d.c. through microwave band.

FOR the first time, it is now possible
to directly observe microwave c.w.

signals at frequencies never before dis-
played on an oscilloscope screen. This
is because of the development of a new
12,400 -MHz sampling scope. Hereto-
fore, such scopes have had a response
up to about 4000 MHz.

Pulsed carriers, common at the mi-
crowave frequencies, may not only be
viewed directly, complete with carrier,
but also without degradation. The study
of pulse waveshapes in pulsed micro-
wave carriers has always before been
handicapped by the characteristics of
the crystal detector which had to be
used.

In order to view microwave signals
or to observe extremely fast pulses,
the sampling technique is used. With
this method the r.f. signal is sampled
at a much lower frequency (100 kHz,
in this case) by means of a pulsing
sampler circuit. Every time a sample is
taken, however, the sampling point
moves along the waveform to be viewed.
If enough samples are taken, and these
samples are then displayed simultane-
ously, the effect is to recreate the origi-
nal waveform. (See "Sampling Oscillo-
scopes" in our June issue.)

Another important advantage of the
new instrument is an increase in reso-
lution capability when time -domain
reflectometry is used. With this tech-
nique, a voltage pulse is sent down the
length of transmission line you are

interested in checking. If the line is
perfectly matched, there are no reflec-
tions when the leading edge of the
pulse reaches the termination. Hence,
the flat -top portion of the pulse remains
perfectly flat. With a mismatch, how-
ever, reflection occurs and an extra
step is introduced into the waveform.
By examining the step and noting the
time between the leading edge of the
pulse and the step, it is possible to tell
what kind of mismatch occurs and ex-
actly where it occurs. (See the article
"Time Domain Reflectometry" in our
September issue. )

The sampling circuit of the new in-
strument has a rise time of only 28
picoseconds. When used with a new
20 -picosecond -rise -time pulse genera-
tor, the system rise time is under 40
picoseconds. This means that it is pos-
sible to resolve discontinuities that are
only a matter of millimeters apart.

In addition to the sampling scope,
which was just introduced by Hewlett-
Packard, the company demonstrated a
new d.c.-to-50-MHz all solid-state os-
cilloscope built around a special rec-
tangular CRT with a viewing area said
to be twice that of other portable
scopes. The instrument makes exten-
sive use of new field-effect transistors
in the input stages. The scope is in a
package smaller than one cubic foot
and it weighs 30 lbs. The unit sells for
about $2000 with plug-in vertical am-
plifier and time -base generator.

The new Hewlett-Packard microwave sampling scope shown here consists of a main-
frame storage scope into which is plugged a vertical amplifier and a delayed -
sweep time -base generator. The outboard unit at the right is a 12,000 -MHz sam-
pler plugged into the vertical input. Total price of assembly is near $6600.



You can choose from 94 great gifts, if you're "Mister
Right"-the independent service dealer who carries
Sylvania tubes.

Nobody but Sylvania makes this offer. And the "rules"
are a snap!

You get Sylvania Means Business (SMB )-Mister Right
dealer certificates from your participating distributor.
One certificate for every $12.50 worth of Sylvania receiv-
ing tubes you buy. And one for every picture tube-SILVER
SCREEN 85®, color bright 85") or COLOR SCREEN 85.

The more certificates you earn, the more gifts you can

JOST BUY

SYLVANIA
"TUBES!

(we MEAN BUGINEGG)

choose from. Check the selection with your Sylvania dis-
tributor. He'll give you an order form for prizes, too.

So start stocking up now-for prizes and for profits.
Sylvania Means Business.

Sylvania Electronic Tube Division, Electronic Com-
ponents Group, Seneca Falls, New York 13148.

LVANIA
SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GTE
October, 1966
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the most important advance in phono cartridges
since the advent of stereo

H T
L J r 1--1 L_J 1=t

...a new genre of cartridge,
analog -computer -designed, and measured against

a new and meaningful indicator of total performance:

"TRACKABILITY"
The radically new V-15 TYPE II heralds
a new epoch in high performance car-
tridges and in the measurement of their
performance. We call it the era of high
Trackability. Because of it, all your rec-
ords will sound better and, in fact, you
will hear some recordings tracked at light
forces for the first time without distortion.

THE PROBLEM:
While audiophiles prefer minimum track-
ing forces to minimize record wear and
preserve fidelity, record makers prefer to
cut recordings at maximum levels with
maximum cutting velocities to maximize
signal-to-noise ratios. Unfortunately, some
"loud" records are cut at velocities so
great that nominally superior styli have
been unable to track some passages at
minimal forces: notably the high and mid-
range transients. Hence, high level record-
ings of orchestral bells, harpsichords,
pianos, etc., cause the stylus to part com-
pany with the wildly undulating groove (it
actually ceases to track). At best, this pro-
duces an audible click; at worst, sustained
gross distortion and outright noise results.
The "obvious" solution of increasing track-
ing force is impractical because this calls
for a stiffer stylus to support the greater
weight, and a stiffer stylus will not track
these transients or heavy low -frequency
modulation, to say nothing of the heavier
force accelerating record and stylus wear
to an intolerable degree.

Shure has collected scores of these de-
manding high level recordings and pains-
takingly and thoroughly analyzed them.
It was found that in some cases (after
only a few playings) the high velocity
high or midrange groove undulations were
"shaved" off or gouged out by the stylus
. . . thus eliminating the high fidelity.
Other records, which were off-handedly
dismissed as unplayable or poor pressings
were found to be neither. They were
simply too high in recorded velocity and,
therefore, untrackable by existing styli.
Most significantly, as a result of these
analyses, Shure engineers established the
maximum recorded velocities of various
frequencies on quality records and set
about designing a cartridge that would
track the entire audible spectrum of these
maximum velocities at tracking forces of
less than 11/2 grams.

ENTER THE COMPUTER:
The solution to the problem of true track -
ability proved so complex that Shure en-
gineers designed an analog -computer that
closely duplicated the mechanical varia-
bles and characteristics of a phono car-
tridge. With this unique device they were
able to observe precisely what happened
when you varied the many factors which
affect trackability: inertia of tip end of
the stylus or the magnet end of the
stylus; the compliance between the record
and the needle tip, or the compliance of
the stylus shank, or the compliance of the

bearing; the viscous damping of the bear-
ing; the tracking force; the recorded
velocity of the record, etc., etc. The num-
ber of permutations and combinations of
these elements, normally staggering, be-
came manageable. Time-consuming trial -
and -error prototypes were eliminated. Years
of work were compressed into months.
After examining innumerable possibilities,
new design parameters evolved. Working
with new materials in new configurations,
theory was made fact.
Thus, the first analog -computer -designed,
superior trackability cartridge was born:
the Shure SUPER -TRACK V-15 TYPE
It maintains contact between the stylus
and record groove at tracking forces from
3/4 to 11/2 grams, throughout and beyond
the audible spectrum (20-25,000 Hz), at
the highest velocities encountered in qual-
ity recordings. It embodies a bi-radial ellip-
tical stylus (.0002 inch x .0007 inch) and
15° tracking.
It also features an ingenious "flip -action"
built-in stylus guard.
It is clean as the proverbial hound's tooth
and musical as the storied nightingale.
THERE ARE MANY WAYS TO PROVE
ITS SUPERIORITY TO YOURSELF:

(1) Shure has produced a unique test

recording called "An Audio Obstacle
Course" to indicate cartridge trackability.
It is without precedent, and will be made
available to Shure dealers and to the in-
dustry as a whole. You may have your
own copy for $3.95 by writing directly to
Shure and enclosing your check. (Note:
The test record cannot be played more
than ten times with an ordinary tracking
cartridge, regardless of how light the
tracking force, because the high fre-
quency characteristics will be erased by
the groove -deforming action of the stylus.)

(2) A reprint of the definitive technical
paper describing the Shure Analog and
trackability in cartridges, which appeared
in the April 1966 Journal of the Audio
Engineering Society, is available (free) to
the serious audiophile.

(3) A representative list of many ex-
cellent recordings with difficult -to -track
passages currently available is yours for
the asking. These records sound crisp,
clear and distortion -free with the Shure
V-15 Type II.
The Shure Super -Track V-15 TYPE II is
available at your dealers at $67.50.
Shure Brothers, Inc., 222 Hartrey Avenue,
Evanston, Illinois 60204
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TRACKABILITY AS A NEW SPECIFICATION:
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This chart depicts the new perform-
ance specification of trackability. Un-
like the oversimplified and generally
misunderstood design parameter spec-
ifications of compliance and mass,
trackability is a measure of total per-
formance. The chart shows frequency
across the bottom, and modulation
velocities in CM/SEC up the side. The
grey area represents the maximum
theoretical limits for cutting recorded
velocities; however, in actual practice
many records are produced which ex -

20,000 30,000

ceed these theoretical limits. The
smoother the curve of the individual
cartridge being studied and the greater
its distance above the grey area, the
better the trackability. The trackability
of the Shure V-15 TYPE II is shown
by the top (solid black) lines. Rep-
resentative curves (actual) for other
high priced cartridges ($80.00,
$75.00, $32.95, $29.95) are shown as
dotted, dashed and dot -dash lines for
comparison purposes.
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PERMANENT PROTECTION

Electronics
World
Deluxe Magazine Files

that hold a full
year's copies!

Designed to keep your
periodicals orderly and easy to refer to. These
durable files guard against soiling, tearing, wear
or misplacement of issues. They look, feel like
leather and are washable! 23kt. gold lettering and
exquisite 2 -color binding make them highly -deco-
rative additions to your bookshelves.

Shipped POSTPAID! FULLY GUARANTEED!

Only $3.50 each -3 for $10, 6 for $19
Order several today-for ELECTRONICS WORLD

and all your other favorite magazines.
r 1

Jesse tones Box Corp., Box 5120, Dept. EW
Philacelphia 41, Pa.

Enclosed is Please send me __-
Electronics World Magazine Files in the colors checked
below:

 Black backing/maroon sides

 Maroon backing/black sides

NAME

ADDRESS

CITY STATE 7IP CODE

Orders outside U.S.A. please add $1 additional for
each file ordered.

L - - - (Payment must accompany order)

WE DON'T CLAIM
OUR ELECTRONIC

IGNITION SYSTE

IS BEST

oufl

CUSTOMERS DO!
WRITE TODAY FOR FREE LITERATURE

TA 11LTII.
RESEARCH AND MFG. CO
CONSHO'iOr; EN. PA U.S.A

Line -Operated TV Sets
(Continued from page 29)

mistor in series with it, determines the
feedback between the base and emitter
of this transistor and therefore controls
the linearity. Potentiometer R3 sets the
vertical bias which affects height as
well as linearity to some extent. Of
particular interest is the output circuit.
The collector goes to ground through
iron -core choke LI, and the pulse signal
developed across this choke is coupled
through Cl to the deflection coils which
are connected in series. Voltage -depen-
dent resistor (VDR) R4 and capacitor
C2 are shunted across the deflection
yoke to maintain constant height, re-
gardless of any voltage variations.

The horizontal output and flyback
circuits of both G -E models (shown
in Fig. 2) are quite similar to each oth-
er; however, both circuits are different
from those of previously described tran-
sistor models. Horizontal output tran-
sistor Q2 is a p -n -p type which drives
the deflection yoke and the flyback trans-
former through its emitter. It is itself
driven by horizontal buffer stage Ql.
Practically all previously described tran-
sistor receivers have had an emitter -
follower driver that pumps current into
the output transistor. In the G -E mod-
els, the +12 -volt supply goes to the
collector of the Duller and to the emit-
ter of the output transistor.

Flyback transformer T1 consists of
three separate windings, with the tapped
primary providing the load for the out-
put transistor and a small feedback volt-
age from the emitter to the base.
Output transistor Q2 has a special
characteristic in its emitter -base junc-
tion, which acts somewhat like a zener
diode. The amplitude of the positive
driving pulse causes this junction to
break down and allows a reverse cur-
rent to flow through the junction which
will oppose the collector -to -emitter cur-
rent flowing at the first portion of the
retrace path. This action, in conjunc-
tion with resistor R1 and the inductance
of the tapped portion of the flyback
transformer winding, increases the am-
plitude of the flyback pulse. Because

Fig. 3. The high -voltage circuit is
a form of voltage doub.er. See text.

of this "feedback" effect,the horizon-
tal output transistor can be driven with
less current than would otherwise be
required.

As in most transistor receivers, the
two horizontal deflection coils are con-
nected in parallel. The high positive
pulses generated in the primary of the
flyback transformer are rectified and fil-
tered to provide +90 volts.

One of the unique circuits found in
this receiver is the high -voltage recti-
fier. As shown in Figs. 2 and 3, this
circuit uses three rectifiers and two
capacitors in a voltage -doubler connec-
tion, but the circuit differs from con-
ventional doublers in its method of
operation. As illustrated in Fig. 3, a
5 -kV positive pulse appears at the high -
voltage winding of T1 (point A). Be-
cause of the short duration of this pulse,
the average voltage will only be 500
volts. At point B, with first rectifier Dl
acting as peak detector, a d.c. voltage
exists with a ripple reaching up to 4.5
kV. The first and third rectifiers, DI
and D3, effectively act as peak detec-
tors during the retrace time, with mid-
dle rectifier D2 passing current during
the trace time. Capacitors Cl and C2
are charged during retrace time and
discharged slightly during trace time.
They are therefore effectively in paral-
lel with the picture tube. The result of
this entire operation is a varying d.c.
voltage with a maximum amplitude of
approximately 9.5 kV. The capacitance
between the second anode and the
grounded outer shell (Co.) of the
picture tube serves as the output filter.
In Model TA, the "cold" side of the
transformer winding goes to "B + ,"
while in Model TB the "cold" side goes
to the "high" side of the primary wind-
ing.

Both the G -E TA and TB models
use a power transformer and a full -
wave rectifier with a transistor voltage
regulator. In TA, this regulator utilizes
a simple two -transistor circuit with a
zener diode and a potentiometer. In TB,
three transistors are used for regulation
and a zener diode is connected effec-
tively across the +12 -volt supply. On
some chassis, the zener diode is re-
placed by the emitter and base junction
of an n -p -n transistor which has its col-
lector lead disconnected.

With its 9 -inch rectangular picture
tube, this G -E transistorized TV set is
probably the smallest line -operated TV
set in the industry.

Power Sources
This compact TV receiver can be op-

erated not only from the commercial
120 -volt a.c. power line, but also can
be operated from a source of 12 volts
supplied either by an automobile stor-
age battery, or from a G -E -supplied
12 -volt battery pack having its own
built-in recharger.
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NTE
A COMPLETE SELECTION OF ANNUALS, YEAR-
BOOKS, DIRECTORIES AND HANDBOOKS from the
world's largest publisher of special interest
magazines. They're all editions that have
escaped many of our readers in past years
and are still on their most wanted list. Take a
moment to review the titles still available.
You're sure to find many of your favorites.

PHOTOGRAPHY ANNUAL

A selection of the World's finest
photographs compiled by the editors
of Popular Photography.
212 pages -24 in full color.

1966 - $1.25. ..#1
1964 - $1.25....._.....#3

NIC
EXPERT ENTER'S

ELECTRONIC EXPERIMENTER'S
HANDBOOK

Many challenging projects for the
electronics hobbyist.

1966 - Spring Edition-$1.25 #36
1965 - Fall Edition-$1.25 .........#9
1965 - Spring Edition-$1.25 #14
1964 - $1.00 ....... ..... _ ....... #13

CAR & DRIVER YEARBOOK

A complete buyers guide covering vir-
tually every car available in the United
States . . . Road tests . . . Technical
specifications . . . Accessories and
performance equipment buying guide
. . . Guide to racing with action -
packed photos.

1966 - $1.25. #15
1965 - $1.25............#17

INVITATION TO
fIHOTOGIAAPItY

INVITATION TO PHOTOGRAPHY

A unique 116 page guide to better pic-
ture taking by the Editors of Popular
Photography. Basic down-to-earth ad-
vice that helps you eliminate costly
trial and error, time-consuming guess
work. 20 complete, fact -and -photo
packed articles in all.

1966 - $1.25 #35

PIRITOGRIPHT
11111EMIRY,TA

PHOTOGRAPHY DIRECTORY

World's most complete
photographic buying guide.
1966 - $1.25 .#22
1965 - $1.00 .... #23

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders.

1966 - $1.25 .. .#30
1965 - $1.00............#31

ELECTRONICS'
INSTALLATION
Wiz' SERVICING
tiANOBOOK-1968

ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK

The only complete guide for servicemen
and hobbyists to every major phase of
consumer electronics servicing.

1966 - $1.25............#32

FLYING
ANNUAL

FLYING ANNUAL

The most valuable aviation yearbook
ever compiled . . . Pilot reports . .

Aircraft directory . . How to buy a
used airplane . . . Navcom, directory
. . . Learn to fly section.

1966 - $1.25 #27
1965 - $1.25...........#28

STEREOSIII-FIP15
DIRECTORY

L_
STEREO/Hi Fi DIRECTORY

Complete buyers guide for virtu-
ally every Hi Fi component man-
ufactured.

1966 - $1.25 . #29
1965 - $1.00 . #37

POLAROID LAND
PHOTOGRAPHY

Complete guide and only
comprehensive and up-to-date
handbook on Polaroid Land Pho-
togra phy.

1966 - $1.25 .. #24
1963 - $1.00............#25

SKIING INTERNATIONAL
YEARBOOK

A luxuriously Illustrated com-
pendium of I965's important
events . . . A timely fofecast of
the excitement -packed 1966 sea-
son-by the editors of Skiing
Magazine.

1966 - $1.25............#26

TO PLACE YOUR ORDER, circle the num-
bers of the annuals you wish to receive on
the coupon, clearly print your name and
address and enclose your remittance. Please
be sure to enclose an additional 150 ship-
ping and handling for each copy ordered.
Add 500 per copy for orders outside U.S.A.

FLYING'S 1966
TRAVELGUIDE

FLYING TRAVELGU I DE

Here's the first really useful
guide to flying vacations. Every-
thing you need to know about:
lodgings, restaurants, resorts,
sightseeing, recreation, sports
activities, airport facilities
childrens fun, price information,
special information for the gals
-and much more.

1966 - $1.25 #34r N.
Ziff -Davis Publishing Co.-Dept. SD
One Park Avenue, New York, N.Y. 10016
I am enclosing $ for the annuals circled below.
an additional 150 per copy for shipping and handling

 U.S.A.). I understand quantities are limited and orders
come -first served basis.

I Name

COISIMNP

COMMUNICATIONS
HANDBOOK

The most complete and up-to-
date guide to the exciting world
of specialized radio communica-
tions.

1966 - $1.25............#18
1965 - $1.00............#19
1964 - $1.00............#20
1963 - $1.00...._......#21

mi Me ---
My remittance includes
(500 for orders outside
will be filled on a first

1 3 9 13 14 15 17 18 19 20 21 22 23

24 25 26 27 28 29 30 31 32 34 35 36 37

Address EW 106

October, 1966

City State
Payment must be enclosed with order.

Zip Code
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"He's a good worker.
I'd promote him right now
if he had more
education in
electronics:'
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NOW!
2 NEW PROGRAMS!

 Industrial Electronics
for Automation

 Computer Systems
Technology

Could they
be talking about you?

You'll miss a lot of opportunities if you try to get along in the
electronics industry without an advanced education. Many doors
will be closed to you, and no amount of hard work will open them.

But you can build a rewarding career if you supplement your
experience with specialized knowledge of one of the key areas of
electronics. As a specialist, you will enjoy security, excellent
pay, and the kind of future you want for yourself and your family.

Going back to school isn't easy for a man with a full-time job and
family obligations. But CREI Home Study Programs make it pos-
sible for you to get the additional education you need without
attending classes. You study at home, at your own pace, on your
own schedule. You study with the assurance that what you learn
can be applied to the job immediately.

CREI Programs cover all important areas of electronics including
communications, servo -mechanisms, even spacecraft tracking
and control. You're sure to find a program that fits your career
objectives.

You're eligible for a CREI Program if you work in electronics and
have a high school education. Our FREE book gives complete
information. Airmail postpaid card for your copy. If card is de-
tached, use coupon below or write: CREI, Dept. 1120-D, 3224
Sixteenth Street, N.W., Washington, D.C. 20010.

Founded 1927

CREI
Accredited Member

of the National Home Study Council

r 1

The Capitol Radio Engineering Institute
Dept. 1120-D, 3224 Sixteenth Street, N.W., Washington, D.C. 20010

Please send me FREE book describing CREI Programs. I am em-
ployed in electronics and have a high school education.

NAME AGE

ADDRESS

CITY STATE ZIP CODE

EMPLOYED BY

TYPE OF PRESENT WORK  GI BILL

I am interested in  Electronic Engineering Technology
 Space Electronics  Nuclear Engineering Technology

 NEW! Industrial Electronics for Automation
 NEW! Computer Systems Technology
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TEST
EQUIPMENT

81 [ [al Al

PRODUCT REPORT

Ii

Heath 10-14 Laboratory Oscilloscope
For copy of manufacturer's brochure, circle No. 27 on Reader Service Card.

BACK in 1947, the Heath Company
was advertising surplus equipment

in this publication (we were called
RADIO NEWS then). Along with this
gear the company offered its first test -
equipment kit, a 5 -inch scope, com-
plete with a surplus 5BP1 CRT, for
$39.50. The latest kit to come from
the company is also a 5 -inch scope, but
it bears little resemblance to the 1947
model.

The new scope is a full-fledged pro-
fessional instrument with a triggered,
calibrated sweep, a d.c. to 8 -MHz
bandwith, and a 40-nsec rise time.
Some of the early scope kits we have
used were plagued with instability and
power -transformer overheating if oper-
ated for long periods of time. The new
Heath 10-14 is as steady as a rock, and
it uses a massive power transformer
along with a quiet -running blower mo-
tor that allows it to operate continu-
ously. A pair of quarter -microsecond
delay lines in the vertical circuits per-
mits examination of the leading edges
of fast pulses while these same pulses
are triggering the sweep circuits.

When the package that the kit comes
in is first seen, it's a little forbidding;
it looks like it contains a small trunk.
However, opening the box will reveal
that there are actually eight separate
packages of parts. Each package has
its own parts list and its own section
in the assembly manual. It's almost
like wiring eight separate small kits
which are then fitted together into a

single piece of test equipment. The
entire wiring and construction took us
28 hours, plus several more hours for
unpacking and checking parts and a
couple of extra hours for adjustments
and calibration.

Not only is the completed scope a
superb laboratory instrument but, equal-
ly important to the man who must put
the kit together, the 140 -page assem-
bly manual is excellent. This handbook
illustrates every single construction step
required with individual detailed draw-
ings, over-all drawings, and photos.
There is an especially fine section on
circuit operation that can be studied
profitably by anyone using a triggered
scope for the first time.

We were very impressed with the
stability of the new scope and its im-
munity to line -voltage changes. The
main reason for this is the use of three
separate, regulated, low -voltage pow-
er supplies and a partly regulated high -
voltage supply. One of these supplies
delivers a -150 volt reference voltage
to the others, and this voltage stayed
absolutely constant at its proper value
even though we varied the a.c. line
voltage from 90 volts to 130 volts. Our
waveform trace remained stable and
bright over practically this entire range
of input voltage as well.

The scope is basically a vacuum -tube
instrument with 25 tubes, including
some new multi -purpose and compac-
tion types, plus the 5ADP2/31 flat -face,
high -brightness CRT. Twelve silicon

diodes are used in the low -voltage
power supplies along with two seleni-
um diodes in the 4.5 -kV high -voltage
supply. There are five separate circuit
boards on which components must be
mounted and soldered. These are for
the vertical circuit, the trigger circuit,
the sweep and horizontal circuit, the
low -voltage regulators, and the low -
voltage rectifiers.

The 10-14 provides 18 accurately
calibrated triggered sweep rates from a
very slow 0.5 sec/cm all the way up to
a very fast 0.2 Asec/cm when the five -
times magnifier is used. The vertical
input attenuator is a nine -position, ful-
ly compensated type for signals from
50 millivolts (p-p)/cm up to 20 volts
(1)-P)/cm

The scope is large (15" x 10%" x
22" deep) and heavy (40 pounds),
but it is no larger or heavier than any
of the other comparable 5 -inch lab
scopes. Any way you look at it, the
10-14 is certainly a lot of scope for
the money. The kit is available for
$299; an assembled unit costs $399. A

Sencore MX11 Stereo Generator

For copy of manufacturer's brochure,
circle No. 28 on Reader Service Card.

ANEW FM multiplex generator
(the MX11 "Channelizer") has

been developed by Sencore to allow a
technician to set up, check, and see
what is actually happening in both
channels of a stereo FM tuner or re-
ceiver. Two a.c. meters indicate in dB
whether the stereo separation is good
or poor and if the stereo system is
properly balanced. The two meters
connect across the existing speaker sys-
tem, or if the speakers are not desired,
there is an 8 -ohm load resistor across
each meter to substitute for the speaker.

The MX11 is a completely solid-
state miniature FM stereo transmitter.
It provides both left and right signals
and a 19 -kHz pilot signal for complete
stereo alignment and troubleshooting.

The r.f. oscillator is adjustable from
90 to 105 MHz. The composite stereo
signal from the modulator frequency -
modulates the r.f. oscillator. The r.f.
output cable is terminated with a re-
sistor pad to match the 300 -ohm input
of the FM receiver.

The power supply consists of 8 "C"
cells. These "C" cells are contained
within two plastic tubes which are easi-
ly accessible from the side of the case.

The operation of the MXIl is very
quick and simple. The r.f. cable is con-
nected to the FM receiver's antenna
input terminals and the receiver is tuned
to the generator frequency. A 1000 -Hz
tone should be audible from the speak-
ers. With the meters connected to the
left and right outputs, the receiver's
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THE WORLD'S
MOST DISTINGUISHED
PHOTOGRAPHIC ANNUAL

AND THE WORLD'S LARGEST SELLING PUBLICATION OF ITS KIND
For almost 20 years, in every corner of the world, the name
PHOTOGRAPHY ANNUAL has meant just one thing: photo-
graphic excellence. The 1967 edition will show you why.
It's the best yet. A brilliant collection of the year's most
stimulating photographs, taken by the world's most gifted
photographers and painstakingly selected by the editors or
Popular Photography.
Over 200 exciting pages of superb, provocative pictures-
magnificently reproduced in stunning color and dramatic

Get the Handsome LEATHERFLEX-

Covered Edition for $3 Postpaid!

PHOTOGRAPHY ANNUAL is also
available in a splendid deluxe
edition. Rugged Leatherflex cover
provides lasting protection yet is
softly textured and gold -embossed
for the look of elegance. A collec-
tor's item-a superb addition to
your Library of Photo Classics.
And it's yours, for just $3 post-
paid, when you check the appro-
priate box on the order form.

PHOTOGRAPHY
ANNUAL 1967

black and white-and described in full technical detail to
help you improve your photographic skills.

No wonder the PHOTOGRAPHY ANNUAL becomes a collec-
tor's item as soon as it goes on sale .. . why it outsells by
far any similar publication in the field . . . why you'll turn
to it again and again, month after month, year after year.

Order your copy now, only $150

L

Ziff -Davis Service Division, Dept. PA
589 Broadway, New York, N. Y. 10012
Please send my copy of the 1967 PHOTOGRAPHY ANNUAL

I am enclosing $1.50 plus 15c for shipping and handling for
the Regular Edition. ($2.00 for orders outside the U.S.A.)

 I am enclosing $3.00. Please send me, postpaid, the Leather -
flex -covered Deluxe Edition. $3.75 for orders outside U.S.A.)
(Please allow 3 additional weeks for delivery of the Deluxe
Edition.)

name

address

(please print)

EW-106

city

state zip code
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Earn Extra Income
in MOBILE -RADIO

MAINTENANCE!

CITIZENS BAND
A AIRCRAFT . . . MARINE

. PUBLIC SAFETY . . .

BUSINESS AND INDUSTRIAL
RADIO

961,000 new transmitters added
last year, with the curve still

going upward!

MEASURE FREQUENCY with the LAMPKIN 105-B

 Just this ONE instrument . . . with no extra crys-
tals or factory adjustments . . . will measure ALL
channels from 100 KC to 175 MC. Only $295.00.

 Ample accuracy for all mobile transmitters except
for split -channels above 50 MC-for these use in-
expensive accessory PPM Meter.

 Pinpoint signal generator for receiver final align-
ment.

 Internal quartz crystal standard . . . correctable
to WWV.

MEASURE FM DEVIATION with the LAMPKIN
205-A

 lust this ONE meter measures all mobile channels,
25 MC to 500 MC.

 Reads instantaneous true peak swing due to FM
modulation.

 Set selective -calling tone signals using 0-1.25 KC
or 0-2.5 KC ranges of 205-A Quad Seale,
$340.00. Dual Scale model, 12.5 KC and 25 KC
ranges, only $290.00.

 Oscilloscope jack for true wave form.
 3 -inch meter indicates directly in peak KC.

105.B 205-A

FREE BOOKLET!
Send for -HOW TO MAME
.1101"Er 1X MOBILE -RADIO
MAINTENANCE.%

MAIL COUPON TODAY! !!!'
At no obligation to me, please send free'1
booklet and information on Lampkin meters.

Name

Address

City State Zip

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505

CIRCLE NO. 98 ON READER SERVICE CARD

zo ELECTRONICS

111

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. 8. also obtainable.
G.I. approved. Graduates in all
branches of electronics with
major companies. Start Feb-
ruary, September. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

volume control is turned up until both
meters indicate zero dB. It takes a
3 -volt r.m.s. signal to produce this full-
scale deflection. If both meters do not
read at the same point, the receiver's
balance control may have to be adjust-

RALNCED

EMITTER

FOLLOWER

cated directly on the meters employed.
Should a separation check show a

low separation ratio, adjustments of
the multiplex adapter can be made
while monitoring the two a.c. meters
and adjusting for minimum crosstalk

ed
channels of the FM stereo receiver
properly balanced, the "Pilot" switch is
turned to the 10% position. At this time,
the stereo tuner's indicator will show
the presence of the pilot signal.

To determine the separation ratio of
the FM stereo receiver, either the
"Left" or "Right" signal switch is turned
off. The amount of crosstalk is indi-

OD

or maximum separation. A composite
FM signal may be fed directly into the
multiplex section of the receiver for
troubleshooting this circuit.

The MX11 is styled in a bookshelf
design. It is only 3" high, 10" wide,
and 8" deep and weighs a mere 5%
pounds. With a handle on one side, the
unit can easily be carried into the home.
Price of the generator is $99.50.

Hickok Model 209C V.T.V.M.
For copy of manufacturer's brochure, circle No. 29 on Reader Service Card.

7111E general-purpose is one
1 of the most widely used pieces of
test equipment on the service bench
because of its ability to measure volt-
ages accurately with a minimum of
loading on the circuit being checked.
If the instrument can also be employed
to measure currents and capacitance,
it becomes even more useful.

The new Hickok Model 209C is just
such an instrument. What is more, the
use of a 9 -inch display meter makes it
simple to read voltages from across the
bench. The v.t.v.m. measures d.c., a.c.,
r.m.s., and a.c. p -p voltages up to 1500
volts; d.c. current up to 1500 mA;
resistance up to 1000 megohms; and
capacitance from 50 pF to 2000 ILF.

A dB scale is also provided. There are
seven measurement ranges for each
function.

High input impedance of 11 meg-
ohms on d.c. and a.c. measurements,
coupled with 3% accuracy, permits
the meter to be used for critical cir-
cuits. A.c. measurements can be made
up to 200 MHz. The meter incorpo-
rates very stable circuitry to eliminate
constant readjustments of the zero set
during operation.

Price of the 209C is $184.50.
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For the Record
(Continued from page 6)

ers, and balance on the ultimate effect
of sound reproduction in the home-Mr.
Cohen will present a live demonstration
on how to properly phase loudspeak-
ers. If time permits, he will present
other interesting live demonstrations
pertaining to the operation of hi-fi
equipment. In addition we have
asked Vic Brociner of H. H. Scott to add
some technical facts that every hi-fi en-
thusiast should be aware of. He will
discuss power ratings-particularly the
differences between steady-state, music
power, peak, and EIA standards of
measurement. He will also review the
relationship of properly matching solid-
state amplifiers with speakers, and how
to add multiple speakers to your pres-
ent system.

All of these programs are referred to
as semi -technical in nature in that, in
addition to general comments on hi-fi
equipment and its operation, most of
the speakers will discuss the various
technical characteristics involved in in-
dicating the quality of performance of
hi-fi equipment. Not only will these
terms be defined but their relative im-
portance will be discussed. In addition
to these programs, Len Feldman, engi-
neering vice-president of Crestmark
Electronics and author of several books
(including "Hi-Fi Projects For The
Hobbyist"), will cover an "Introduction
to Hi-Fi Components." For those who
are completely unfamiliar with the sub-
ject of hi-fi and want to know much
more about the equipment, how it op-
erates, its cost, and installation problems
-don't miss Len Feldman's discussions.
There will be four identical presenta-
tions from 8-9:00 p.m., Thursday and
Friday, Sept. 29 and 30; 3-4:00 p.m.
on Saturday, Oct. 1; and 2:30-3:30
p.m., Sunday, Oct. 2.

In conjunction with each of the dis-
cussions, plans are to permit a 20 -min-
ute question and answer period-an
ideal opportunity for those who have
any problems and would like to ques-
tion our experts.

In addition to these programs, there
will be several floors of new hi-fi equip-
ment on view at the Trade Show Build-
ing.

The hi-fi industry encompasses de-
votees from all walks of life, and en-
joys an ever -widening popularity each
year. Equipment once available only
to a few is now within reach of all,
and technological advances are quickly
translated into new products for the
consumer's listening pleasure, as this
year's Hi-Fi Show will illustrate. But
with so much available to him, the en-
thusiast needs some technical knowl-
edge to make an intelligent choice, and
these programs are intended to fill the
need for consumer education.

If you're
worried about
getting ahead

without a
college degree

look into a field engineering career at
UNIVAC.
It could be the total answer. You don't
need a degree to get your start here. All
you need is ambition and a firm grip on
electronic and electro-mechanical funda-
mentals. (You might have gotten your
feet wet on this kind of thing in high
school or in the service, or maybe you're
a ham operator.)

That's the foundation we'll build on to
train you in the workings of our various
computers. Because of our advanced
training techniques you'll be pleasantly
surprised at how fast you become expert
at installing and maintaining highly com-
plex UNIVAC systems.

Once you have things down pat we'll as-
sign you to one of our many offices here
in the U.S., or overseas, and you'll be on
your way up as one of our career field men.

One thing more. UNIVAC's full pay while
training, fringe benefits and advance-
ment policies are designed to take any
last remaining wrinkles out of your brow.

Interested candidates are invited to
write Manager of Field Administration,
UNIVAC, P.O. Box 8100, Philadelphia, Pa.
Dept. 62K

UNIVAC
DIVISION OF SPERRY RANO CORPORATION

An Equal Opportunity Employer
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it's a
snap
with
this

1966 POLAROID LAND
PHOTOGRAPHY

If you own a Polaroid Land camera, or are
in the market for one, sign up now for the
most important "excursion" of your picture -
taking career. An exciting tour through the
miraculous world of "instant" pictures.

Your guide is the all -new 1966 edition of
POLAROID LAND PHOTOGRAPHY - the
only comprehensive and up-to-date hand-
book on the subject. The one knowledge.
able guide that delivers the skill and know-
how for the most rewarding Polaroid Land
photographs you've ever taken!

Your tour begins the moment you open your
copy ... with a detailed inspection of every
Polaroid Land camera in existence, includ-
ing the swingin' "Swinger" and the fabulous,
new Model 180, plus the complete line of
accessories and film . . . next, a valuable
course in photography basics and technique
. . . an important discussion on amazing
Polacolor . . . followed by 77 fascinating
uses for Polaroid Land photography.

PLUS-gallery after gallery of mas-
terful, enchanting Polaroid Land
photographs - including 16 eye-
opening pages in glorious color.

All in all, 116 fact -and -photo -packed pages
of the most extensive, authoritative, impor-
tant -to -you information available. Sign up
today. Just clip the coupon below and re-
turn it with your remittance. $1.25

Also Available -AN EXQUISITE LEATHERFLEX-
BOUND EDITION ... for just $3 POSTPAID!

Ziff -Davis Service Division  Dept. PLP
I589 Broadway  New York, N.Y. 10012

YES! Send me a copy of the 1966 POLAROID
LAND PHOTOGRAPHY, as checked below:
D $1.25 enclosed, plus 15¢ for shipping and
handling. Send me the regular edition. ($1.50
for orders outside the U.S.A.)
0 $3.00 enclosed. Send me the Deluxe Leather
flex -bound edition, postpaid. ($3.75 for orders
outside the U.S.A.) Allow three additional
weeks for delivery.

EW-10o

name please print

address

city state zip code

L. PAYMENT
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MUST BE ENCLOSED WITH ORDER, .J

SATELLITE -TO -HOME TV ANTENNA
ANALYSIS of pertinent factors indi-

cates that direct home reception
of television broadcasts from synchro-
nous satellites will be feasible in the
upper u.h.f. channels (that is, 70
through 83).

Because of this, JFD Electronics has
filed a new satellite -to -home antenna
concept with the FCC in response to
the FCC's investigation in this area.

Due to the low transmitter power of
previous communication satellites, re-
ceiving antennas had to be large and
have tracking capabilities. With the
development of the Saturn booster, it
is felt that very high power, solar -ener-
gized transmitters can be placed in
synchronous orbit over a point on the
Equator.

The new home antenna system is
based on array techniques patented by
Richard Dale Bogner, consultant to
JFD, for use at the NASA Wallops
Island Tracker/Communications An-
tenna, and the array techniques em-
ployed in the design of the antennas
for use in the X-15, Tiros, and Apollo
projects.

The satellite system assumes a 25 -kW
transmitter in the u.h.f. band, and a
10° pencil beam antenna providing
26 -dB gain, therefore an e.r.p. of 10
megawatts.

The 23 -dB gain of the new home an-

tenna, shown in the illustration, pro-
vides approximately 500 millivolts at
the antenna terminals of the TV set,
sufficient for reliable color reception.
The antenna is circularly polarized to
compensate for any slight change in
satellite orientation, yet is non -critical
and easy to install without loading the
house support. The antenna has a broad
pencil beam that eliminates the need
for satellite tracking. The actual an-
tenna is a rod, 8 to 10 feet long, with
small circular dipoles attached. It is
provided with a reflector, and is mount-
ed so as to point to the satellite which
will remain stationary in the sky. A

General appearance of the JFD bipolar-
ized or circular -polarized u.h.f. satellite -
to -home antenna for use on u.h.f. chan-
nels 70 through 83 with 23 -dB gain.
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ENGINEERING TECHNICIANS SALARY STUDY
GRADUATES of engineering technical

institutes can look forward to sala-
ries exceeding $13,000 a year, the Engi-
neering Manpower Commission of the
Engineers Joint Council revealed in its
just -completed report "Salaries of Engi-
neering Technicians -1966".

While the median salary for all tech-
nicians rises gradually from $5500 at age
21 to about $8500 after 12 years of ex-
perience, that for technical institute grad-
uates shows a completely different pat-
tern, continuing to increase after 12 years
and not reaching its peak until about 28
years.

Technicians who work directly with
engineers are becoming increasingly im-

portant as members of the engineering
teams responsible for the dramatic tech-
nological achievements of present-day in-
dustry. The number of technical insti-
tutes, community colleges, and other
institutes offering courses in engineering
technology, usually leading to an associ-
ate degree after two years of schooling, is
growing rapidly. The EJC salary survey
shows that there is a ready market for
their graduates, with job opportunities at
excellent salaries in practically all fields
of industry and government.

The 60 -page report may be obtained
for $5 per copy from: Engineers Joint
Council, Dept. P, 345 East 47th Street,
New York, New York 10017.

IC for Consumer Products
(Continued from page 33)

induces the chroma reference synchro-
nizing voltage directly into the feed-
back loop of the oscillator, thereby
locking the oscillator in phase with the
transmitted burst.

Color -TV Sound System

Fig. 6 shows a 4.5 -MHz intercarrier
sound system, using an integrated cir-
cuit, for a color -television receiver. In
a color set, the 4.5 -MHz sound i.f. is
not generated in the video detector as
it is in a black -and -white receiver. In
this circuit, a separate transistor power
sound detector, driven from the final
video i.f. amplifier stage is used to de-

velop the 4.5 -MHz intercarrier sound
i.f. The pA703C driver transformer in
the collector of the power detector
transistor is tuned to 4.5 MHz. The
output of the p.A703C drives a con-
ventional ratio detector.

The ratio -detector load presented to
the IC is selected to achieve high stage
gain. With the resulting relatively high
load impedance, the IC output "bot-
toms" (saturates on a portion of each
cycle) at full limiting. The ratio de-
tector provides good AM rejection well
below full limiting. Under normal sig-
nal conditions, the system operates in
full limiting with excellent AM re-
jection and distortion characteristics.
Sound quality is good under reduced
signal -strength conditions.
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ELECTRONICS WORLD runs a Hot
Line into the 197,524 electronics
professionals who buy the magazine
each month. And, for only 400 a
word, a personal classified ad will
help you make your connection.

ELECTRONICS WORLD has the
largest audience of its kind in the
world, and this creates an ideal
market place for you. Actually, when
you get together with your co -pro-
fessionals, you may find that many
are near neighbors. Yet your mutual
needs may be met only through the
medium of our classified columns.

Take advantage of our special per-
sonal rate of 400 a word (including
name and address)

NO MINIMUM REQUIRED

a saving of 300 a word
from our commercial
rate of 700.

A small investment can bring quick
results, and complete data is
printed in the Classified Advertis-
ing Section. Write your ad and mail
it today, with your payment to:

HAL CYMES
Classified Advertising Manager

ELECTRONICS WORLD
One Park Ave., N. Y., N. Y. 10016

DEC. ISSUE CLOSES OCT. 5th.
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EW Lab Tested
(Continued from page 22)

balance controls as well as an input
selector with tuner, auxiliary, and mag-
netic phono inputs. There are two pairs
of magnetic cartridge inputs, for high -
and low -output cartridges. A slide
switch on the rear of the amplifier
chooses between them.

The mode selector switch has posi-
tions for stereo, reversed -channel stereo,
mono (mixed), or either channel alone
through both speakers. Finally, a row
of four push-button switches controls
power, speaker muting (for headphone
listening through the front -panel jack),
tape monitoring, and frequency com-
pensation. The latter, marked "Comp,"
bypasses all tone -control circuits so
that maximum benefit may be ob-
tained from the wide, flat frequency
response and low phase shift designed
into the amplifier. When it is pressed
in, the tone controls are usable in nor-
mal fashion.

Our laboratory measurements were
made on a complete Acoustech XI, in-
cluding the preamplifier section. Where
applicable, measurements were made
in accordance with the new IHF Stan-
dard on Methods of Measurement for
Audio Amplifiers.

With the tone controls disabled, the
unit had a perfectly flat response, as
far as our instruments could detect. It
measured within ±0.1 dB from 30 Hz
to 20,000 Hz, rising slightly to +0.5
dB at 20 Hz. The RIAA phono equali-
zation was within dB from 50
to 15,000 Hz. The tone controls had a
very moderate range, which neverthe-
less was extremely usable. At 50 Hz
the boost or cut amounted to a maxi-
mum of 8 dB, while at 10,000 Hz a
boost of 5 dB or cut of 8 dB were
available. The tone -control characteris-
tics are well chosen so that even at
maximum settings of the controls the
sound is natural and pleasant. This is
not true of most tone -control circuits,
in equipment we have checked which
soon impart a shrill or tubby character
to the sound.

Using the tone controls for loudness
compensation similarly produced very
pleasing results. The amount of com-
pensation does not change with the
setting of the level control, but this
can be advantageous since there is no
longer any need for external control of
program level to suit the characteris-
tics of a compensated volume control.
Used as filters, they are less satisfactory
due to their gentle slopes. The two sec-
tions of the ganged level control tracked
within 1 dB over a wide range, so that
readjustment of the balance control
was not needed as the level control set-
ting was changed.

The power output of the amplifier,

Yes,youcto
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WITH KITS AND SUB -ASSEMBLIES
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into 8 -ohm loads, was 30 watts per
channel at less than 1% harmonic dis-
tortion over most of the audible range.
At full power, the distortion increased
below 100 Hz. At half power, distor-
tion was less than 0.5% over the entire
range. At one -tenth power (3 watts),
the distortion was less than 0.15% at
almost all frequencies.

Intermodulation distortion was un-
der 0.5% from 0.1 watt to just over
30 watts. All distortion measurements
were made with both channels driven,
using a 120 -volt line. Noise and hum
were completely inaudible, measuring
82 dB below 10 watts on high-level in-
puts, and 64 dB below 10 watts on
phono inputs.

In listening tests, the unit performed

Al a manner that clearly placed it in
the top ranks of modern stereo ampli-
fiers. It was clean and effortless at all
power levels, with the same open qual-
ity which characterizes its well-known
predecessor, the Acoustech 1-A. The
tone controls were outstanding in their
effectiveness. We rarely use tone con-
trols, since most of them impair the
musical balance of good program ma-
terial, but the Acoustech XI controls
invite use.

The Model XI kit sells for $129.50,
and the P/M preamplifier module is
$89.50. For less than $220, plus a few
hours of pleasant work, one can have
the advantages of one of the better
solid-state stereo amplifiers we have
heard.

Concord Model 300 Recorder
For copy of manufacturer's brochure, circle No. 26 on Reader Service Card.

DORTABLE, battery -operated tape
1 recorders come in many types, from
toys selling for less than $20 to profes-
sional -quality machines costing over
$1000. Most people needing a portable
tape recorder do not require high-fidel-
ity performance. Applications of porta-
ble recorders include recording lectures
and conferences, recording and tran-
scribing dictation, talking letters, and
many others.

The new Concord Model 300 is a
versatile, moderately priced machine,
readily adapted to many diverse uses.
It is powered from six internal flash-
light cells or from the 120 -volt, 60 -Hz
power line. When it is plugged into the
line, a relay automatically disconnects
the batteries.

The recorder weighs only 6% pounds
complete and measures 3" x 9" x 10".
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It can be carried about with a detach-
able hand strap and can even be used
when in motion. Standard accessories,
in addition to the carrying strap, in-
clude a remote -control dynamic micro-
phone (whose slide switch starts and
stops the tape motion) and a 4 -inch
tape reel. Optional accessories include a
voice -operated microphone, footswitch,
earphone, telephone pickup, and carry-
ing case with shoulder strap. A small
loudspeaker is built into the recorder
case.

The 4 -inch reel can hold 300 feet of
1% -mil tape, 450 feet of 1 -mil tape, and
600 or 900 feet of "double -play" or
"triple -play" tape. With the latter, one
can record up to 1% hours at 3% ips or
3 hours at 17 ips. The speed is changed
by a removable capstan which stores
within the tape recorder when it is
not in use.

A unique feature of the machine is
"Reverse -A -Track." It has two sets of
heads, one for each direction of tape
travel. The machine can be operated
in either direction, in record or play-
back, normal or fast speeds. The ap-
propriate set of heads is switched in
when the tape direction is changed.
This eliminates any need to switch reels
at the end of each pass of the tape. A
red lever must be held when the tape

CONCORD 300
RECORD /PLAYBACK RESPONSE

50 100 200 500 1k

FREQUENCY- Hz

tIL

2k 5k 10k 20k
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is put into motion in order to record. A
meter monitors recording level and (in
playback) the battery voltage. On the
front of the recorder are the volume
control, speaker switch, fast -wind but-
ton, and jacks for the microphone,
auxiliary input, and headphones or ex-
ternal speaker.

We measured the over-all record/
playback frequency response of the ma-
chine through the "Aux" input and ex-
ternal speaker output. At 3% ips, the
response was down 7 dB at 60 Hz and
5000 Hz. There was a broad peak of
about 6 dB centered at 100 Hz, which
probably compensates in some measure
for the limited bass response of the
built-in speaker. At Hi ips, the low -
frequency boost was broader and larg-
er, reaching 11 dB at 200 Hz. The
response fell off rapidly above 1000 Hz
to -10 dB at 3000 Hz.

At 3% ips the wow and flutter were
quite low, 0.15% and 0.20%, respective-
ly. This is quite adequate for many
music -recording purposes. At 178 ips the
wow and flutter were about 0.5% to
0.6%, too high for music but satisfac-
tory for speech. In fast forward, 300
feet of tape were handled in 3 minutes,
30 seconds. The tape slowed down
considerably near the end of the proc-
ess. Rewind was faster, requiring 2
minutes, 13 seconds.

Less than 100 millivolts at the "Aux"
input was needed for a zero -decibel re-
cording level. Only 0.2 millivolt was
needed from a microphone or telephone
pickup. The recorder has an automatic
record control ("A.R.C."), or audio
a.g.c. system, which can be switched on
if desired to control recording levels
over a wide range of sound levels. It
virtually eliminates the possibility of
overloading the circuits. The a.r.c. cir-
cuit worked very effectively. With a
recording input set for zero decibels
without a.r.c., switching it on dropped
the meter about 2 dB. An increase of
10 dB in level changed the meter read-
ing by only 3 dB, and a 20 -dB increase
raised it a total of 4 dB. We found
virtually no peak clipping or other dis-
tortion when using up to 20 dB of over-
load with a.r.c.

In operation, the recorder performed
very well. The tape could be started or
stopped in less than one second by the
remote switch on the microphone or by
the footswitch. The a.r.c. permitted
voice recordings at distances varying
from one inch to 20 feet from the mi-
crophone without any adjustments. At
3% ips, quality was comparable to that
of a table -model AM radio on speech
or music. It was pleasing and listen -

able, if not "high fidelity." At 178 ips,
voices were somewhat muffled but in-
telligible. The flutter makes this speed
unusable for music.

List price of the Concord Model 300
is $124.50 with standard accessories. 
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recorders.
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NEW! 1.6 Watt CB Transceiver
MINIFUNK 1002S

1.6 watt input, develops a full watt
output! 13 transistors, adjustable
squelch, automatic noise limiter,
two channel operation, battery con-
dition indicator, built-in selective
caller, external antenna jack and
external power terminal.

Two for only 129.75 net.
Detailed information will be sup-
plied upon your request. Please
write to

HANS .1. KAISER
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Get Your First Class Commercial

F.C.C. LICENSE
and your

A.S.E.E. DEGREE
Move up. Take advantage of the good pay and
security now offered by an electronics career.
Grantham can train you quickly, in resident
classes or by correspondence.

We offer the following courses-all of
which are approved under the new R.I. Bill.
Select the course you are interested in, and
write or phone for free details.
O Electronics Engineering Technology (resident

course, which leads to the A.S.E.E. de-
gree).

O Basic Electronics Engineering Technology
(correspondence course, which covers the
first 1/3 of the EET course listed above,
and credit for which can be applied to-
ward the A.S.E.E. degree).

O Communications Electronics (resident
course, which leads to the FCC first class
license and trains you to be a communi-
cations technician).

 F.C.C. License Course (correspondence
course, which leads to the FCC first class
license).

O Radio & Television Servicing (resident
course, which trains you to be a service
technician).

For complete information without obliga-
tion, write or telephone the School at any of
the addresses listed below, and indicate the
course you are interested in.

Dept. 66-R
Grantham School of Electronics
1505 N. Western Ave., Hollywood, Cal. 90027

Phone: (213) 469-7878
408 Marion Street, Seattle, Wash. 98104

Phone: (206) 622- 7227
818 -18th St., NW, Washington, D.C. 20006

Phone: (202) 298-7460
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Time -Ratio Control of
Mobile -Radio Power Supplies
As the input voltage to a mobile power supply can vary considerably,
higher voltage components and heavier heat sinks were usually used.
This new design eliminates these problems while raising efficiency.

By RAYMOND S. BUNCH /Communications Products Dept., General Electric Company

do you maintain rated r.f. power of a transceiver
used on a vehicle whose electrical system swings
over a range of 24 to 42 volts and suffers from 1000-

\ olt transients across the battery terminals? These were the
problems to be overcome in adapting a G -E "Porta-Mobil"
transceiver to industrial applications such as battery -powered
fork-lift trucks. Such vehicles are powered by high -capacity,
multi -cell batteries during an eight -hour work period. The
batteries are recharged during a rest period of 14 to 16 hours.
The terminal voltage of a 36 -volt battery may vary from 42
volts at the end of the charging period to 24 volts under load
near the end of the work period.

The problem of extreme voltage variation might have been
approached by using high -voltage transistors and a large heat
sink. Unfortunately, high -voltage transistors are more expen-
sive than their low -voltage counterparts, and large heat sinks
add size, weight, and cost to the finished product. Further-
more, as battery voltage drops, r.f. power output drops pro-
portionally and might be wholly inadequate by the end of the
work day.

The use of a simple series regulator to absorb the difference
between design voltage and actual battery voltage is fine, as
long as battery voltage exceeds design voltage by only a few
volts; but what happens when the battery is freshly charged?
If the equipment requires 3 amperes at 24 volts, then when
the battery voltage is 42 volts, the series regulator must dissi-
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Fig. 1. (A) Basic time -ratio control. (B) Resultant voltage.

Fig. 2. (Al Basic circuit with added inductor and diode. (B)
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pate 3 (42 -24) or 54 watts. This is a high figure, especially
if the unit is exposed to the sun during the summer. Using the
regulator scheme, the power required by the radio itself re-
mains the same, in spite of battery -voltage variations.

To minimize heat -sink size and weight, a regulator is
needed which does not itself consume large amounts of
power. Ideally, if the equipment requires 3 amperes at 24
volts (72 watts) it should require 2 amperes at 36 volts (72
watts) .

The industrial supply, as designed, furnishes proper oper-
ating power to the transmitter and receiver over a battery -
voltage range of 24 to 42 volts. When transmitting, actual
battery drain at 24 volts is 2.6 amperes or 62.4 watts. At 36
volts, battery drain is 1.9 amperes or 68.4 watts. A bonus for
the industrial user who has both 24- and 36 -volt vehicles is
the fact that the equipment works equally well on either
vehicle without any changes, and with little power loss when
used on the higher voltage vehicle.

This performance is made possible by the use of a low -loss
type of regulator, which employs the principle known as time -
ratio control (TRC ) to regulate the input voltage before it is
applied to the input of a conventional d.c.-to-d.c. converter.
The outputs of the converter are of the proper voltage and
current to operate the transmitter and receiver.

Consider the diagram of Fig. IA. If switch Si is closed, the
voltage across capacitor Cl will increase exponentially toward
supply voltage V.. If S1 is now opened, Cl will discharge
through RL exponentially toward zero. If the ratio of time
closed to the total time of one "closed -open" cycle can be con-
trolled, the average voltage across Cl can be maintained at
some voltage between V. and zero. However, the voltage ex-
cursions will depend upon the rapidity with which S1 can be
opened and closed. If the switch is opened and closed too
slowly, the voltage excursions will be large (high ripple) . If
the switch is opened and closed too rapidly, excessive heating
and losses in the switch will occur. Fig. 1B shows the wave-
forms which occur when operation is stabilized.

In Fig. 2A, inductor Ll and diode DI have been added.
When the switch is closed, the rate at which the capacitor will
charge is limited by the impedance of Ll. Diode Dl is re-
verse -biased. When the switch is opened, energy stored in Ll
is released to Cl and load RL. Diode DI is now forward -
biased and completes the circuit for the energy released by
LI. The voltage variations across Cl, shown in Fig. 2B, are
now much smaller than in the circuit of Fig. 1.

If the ratio of time "on" (t) to total time of one "on -off"
period ( T) is varied, average voltage V.9 is varied. Also, if V,
is varied, Va.g may be held constant if t/T is varied at the
same time.
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Fig. 4. Over-all schematic of the time -ratio control power regulator. The output
of the basic regulator supplies a controlled d.c. to the d.c.-to-d.c. converter.

Fig. 3 shows a block diagram of the complete power sup-
ply. Fuses are placed in each battery -cable lead to protect the
unit against damage due to accidental shorts or component
failure. Two fuses are used because the input circuit is not
grounded in the supply. This permits operation, without
change, from ungrounded systems or grounded systems of
either polarity. Of course, proper polarity must be observed.
However, no harm will be done if the leads are inadvertently
connected to the reverse polarity. A diode in series with the
"on -off" switch makes it impossible to apply power to the
regdlator unless polarity is correct.

An input filter consisting of Ll, L2, Cl, C2, and C3 (Fig.
4) attenuates and renders harmless any transient voltages
which may be generated elsewhere in the vehicle electrical
system. Transients of 1006 volts have been measured across
the 24 -volt battery terminals of a battery -powered fork-lift
truck when the motors were switched "on" and "off."

Regulator
The switch in Fig. 2A becomes Q1 in Fig. 4. The ratio t/T

depends upon the power required by the receiver -transmitter
at any given time and the battery voltage available. Figs. 5A
and 5B show the waveforms across Q1 and L3 when the
transmitter is operating and the supply voltage is at 40 volts
and 24 volts.

Timer, Driver, and Error Detector
The regulator tends to switch at a frequency determined

by the natural resonance of L3 and C4 (Fig. 4) and the out-
put load. To ensure a relatively constant switching frequency
of 2500 Hz, a timer is introduced in conjunction with the
driver and error detector. Resistor R1 and diode D5 maintain
a fixed supply voltage to a relaxation oscillator (timer) con-
sisting of R2, R3, C5, and Q2. The saw -tooth waveform ap-
pearing across C5 is applied through R4 to the base of Q3.
Emitter current of Q3 flows into the base of Q4. When Q4 is
conducting, Q1 is biased "on" through Q4 and R5. Transistor
Q5 functions as a variable resistance, forming a voltage di-
vider with R4 and controlling the base current of Q3. The
effective resistance of Q5 is determined by the amount of base
current supplied through D6 and the upper portion of R7.
When the voltage at the rotor of R7 is greater than the break-
down voltage of D6, plus the emitter base voltage of Q5, cur-
rent flows through D6 and the base of Q5, causing Q5 to con-
duct, lowering the voltage at the base of Q3, and forcing Q3
off. Q3 remains off until such time as the saw -tooth voltage
across C5 rises sufficiently to force enough current through
R4 to satisfy the requirement of Q5 and to turn Q3 on. The
"on" time of Q1 with relation to period T of the relaxation
oscillator is thus established, and R7 may be adjusted to set
voltage Vo across C4 to the desired level. This level is then
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maintained over a wide range of load and input voltage con-
ditions.

If the battery voltage drops to a level below the normal
setting of Vo, D6 no longer conducts, Q5 is turned off, and
the current through R4 biases Q3 on for the full period T.
The relatively constant voltage drop across diodes D2 and D3
ensures that the minimum valley voltage across C5 is suffi-
ciently high to hold Q3 on under these conditions. Reverse
bias to ensure holding Q1 cut off except when Q4 conducts is
supplied from a special output from the converter.

Converter and Filter
The d.c.-to-d.c. converter circuit is quite conventional and

its operation similar to others already well covered in the lit-
erature. The voltage across C4 is applied to the input of the
converter. Thus, for battery voltages from 18 to 23 volts, the
output voltage of the converter is proportional to the battery
voltage. At about 23 volts, the regulator begins to function
and the converter output voltage remains practically un-
changed over the voltage range of 24 to 42 volts.

Overvolta ge Protection
In the event that a collector -to -emitter short should de-

velop in Ql, or if R7 should be incorrectly adjusted, damage
to the supply and to the transmitter -receiver is prevented by
a protective circuit. The values of R8, R9, and D7 are chosen
so that the voltage appearing across D7 is below its break-
down voltage when Vo is at the correct level. If Vo increases
by about two volts, D7 conducts, applying base current to Q6.
This applies a positive voltage to the gate of SCR1 through
R10 and R11, triggering SCR1 into conduction. Heavy cur-
rent flows through SCR1 and R12, exceeding the rating of
Fl and F2. One or both fuses blow quickly, averting damage
to the power supply, transmitter, and receiver.

Before the start of quantity production, prototypes were
exhaustively tested in the laboratory and also underwent a
six-month field test on a diesel locomotive (one of the most
exacting applications for radio equipment) with a highly
successful performance record.
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Audible Continuity and

Semiconductor Checker
By JOHN B. FROST and RICHARD W. BAILEY/Ohio State University

As audio tone is a function of an external resistance value,
a simple continuity tester can be made. Slight modifications
enable the testing of semiconductor diodes and transistors.

ALTHOUGH many devices are available for continuity
checking, the simple test set covered in this article
offers several unique advantages. Unlike the ohm-

meter, which requires the reading of a meter scale, or a
series battery light -bulb resistance checker, the audible con-
tinuity checker allows the user's eyes to be focused on the
test leads or on a schematic diagram.

For continuity checking, the light -bulb detector has the
advantage over the ohmmeter of smaller physical size and
weight; also, the former is more shock -resistant than a
meter movement. However, the light bulb has a serious
drawback in that it will respond usefully only when the
total series resistance is very low, typically 10 ohms or less.
DI-IN4154
01- 2N708,2N3391,2N1304
XI- Xtal Mike,Philmore MC 400
TI -2KCT:10K Olson T-332
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Fig. 1. The basic instrument is a blocking oscillator whose
frequency is varied by the value of an external resistor.
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This drawback is overcome with the audible continuity
checker.

The audible detector to be described will respond with
up to approximately 1500 ohms series resistance, allowing
for a limited -range audio ohmmeter.

Operation
While virtually any audio oscillator will work as an audi-

ble continuity checker, a blocking oscillator was chosen be-
cause of its simplicity, frequency dependence on applied
voltages, and ease of changing frequency to suit individual
tastes. Fig. 1 shows the basic schematic diagram. Transis-
tor Q1 serves as the oscillator with a period determined by
the transformer characteristics, R1, R2, Cl, and the ap-
plied voltage.

For normal operation, the values of the components are
fixed, and frequency is then a function of the applied volt-
age. As more resistance (represented by R. in Fig. 1) is
added between the battery and oscillator, more voltage is
dropped across this resistance, reducing the voltage at the
oscillator and causing its frequency to become higher.
Diode D1 limits the amplitude of the turn-off spike across
Q1 to a value that is safe for the transistor.

The basic oscillator frequency is easily changed for a
fixed transformer and battery by varying either R1 or Cl.
Fig. 2 shows the frequency dependence of these two com-
ponents. In this case, the unknown external resistance (R.)
is zero.

Once a frequency is chosen, then values of R. up to
about 1500 ohms will produce a tone which rises in fre-
quency as R. increases. Using known values of R,, it is

Fig. 3. Added switches create audible transistor test set.
11-P-11 p -n -p

.015 TI

Vss

DI -1N4154
KI- Avast 91003

51-5- Wert ,Swidgot, DP,3 Pea
XI- XtaI Mika, Philmont MC -400
TI- 2K CT: 10K ,Olson T-332

All Resistors,- W, 10%
All Capacitors - 200 VDC,5%
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FALL EDITIOM

THE FALL 1966 EDITION OF THE EXCITING

ELECTRONIC EXPERIMENTER'S HANDBOOK

IS ALL -NEW, PACKED WITH THE MOST

FASCINATING CONSTRUCTION PROJECTS

EVER AND READY FOR YOU RIGHT NOW!

gtiielISECTRON IC

LPEXPERIMENTER'SAN CJ BOOK
$1 25

Get the handsome Leatherflex-bound edition for
just $3 POSTPAID!

ELECTRONIC
EXPECTMENTER'S

HAMBOOK

The FALL 1966 ELECTRONIC
EXP ERI ME NTER'S HANDBOOK
is also available in a splendid
deluxe edition. Rugged Leath-
erflex cover provides lasting
protection yet is softly tex-
tured and gold -embossed for
the look of elegance. A col-
lector's item-a superb addi-
tion to your electronics book-
shelf. And it's yours, for just
$3 postpaid, when you check
the appropriate box on the
order form.

You'll build a smoke alarm for your home ... a TV picture tester
and rejuvenator . . . a $10 solid-state 6 -watt amplifier . . . a
headlights -on alarm ... a watchdog mobile monitor ... a fail-
safe transistor power supply... a 99c speaker enclosure ... and
over 20 other challenging do-it-yourself construction projects!
Each project is described from start to finish in clear, concise,
easy -to -follow language. Add fully detailed schematics, illustra-
tions and parts lists-plus dozens of professional how-to tips
and techniques-and you've got all the ingredients for some of
the most unique electronics items you've ever seen . . . or put
together with your own two hands!

Including units for: your home  audio/stereo/hi-fi
 your car  SWL-CB-Ham  test equipment

Whether you keep the valuable units you'll build, or sell them
for a profit (they'll cost you next to nothing to construct), the
Fall 1966 ELECTRONIC EXPERIMENTER'S 'HANDBOOK is guar-
anteed to increase your over-all electronics proficiency and pro-
vide you with hour after hour of sheer fun!
And note this special bonus feature: "Project Choose"-an
exclusive report on electronics correspondence and resident
schools!
Over 148 pages of fascinating electronics in all. Don't miss it!
Use the coupon below  order your copy today! only $1.215

Got the message? Get the scissors!

(ZIFFDAVIS SERVICE DIVISION  DEPT. EEH-F
589 Broadway  New York, N.Y. 10012
OK! Send me the all -new Fall 1966 ELECTRONIC EXPERIMENTER'S
HANDBOOK.
p $1.25 enclosed, plus 15c for shipping and handling. Send me the

regular edition. ($1.75 for orders outside the U.S.A.)
 $3.00 enclosed. Send me the Deluxe Leatherflex-bound edition,

postpaid. ($3.75 for orders outside the U.S.A.) Allow three addi-
tional weeks for delivery.

name please print

address EW106

city

state zip code

PAYMENT MUST BE ENCLOSED WITH ORDER

Yes, I did miss the big Spring 1966 edition. So please rush it to me
I right now! I want the  regular edition  Deluxe Leatherflex-bound I

Ledition. (Prices same as above.)

October, 11966 87



Installs
instantly!

am's new
CITIZENS HAND

"magnaiopper"
 Alnico Magnet mount provides

vise -like grip to any vehicle
 Easily moved from vehicle to vehicle
 Topper designed for maximum "Talk Power"

Now...excitingly different...highly practical...a superior
performance Hy -Gain "Topper" with an Alnico base
mount that allows instant installation on any car, truck,
tractor, or other vehicle. No holes to drill, no special
tools required...simply hook up the feedline to your CB
transceiver, and you're ready to communicate loud and
clear on any or all 23 channels. UniqUe base plate
forms capacity connection to vehicle body to provide
performance efficiency equal to that of permanently
mounted antennas.
"Magna-Topper"...the most versatile mobile antenna
ever! Superior performance top -loading design - ex-
clusive Hy -Q loading coil - lifetime adjustable tuning
rod-comfortable 29" overall height. Comes complete
with 16 feet of coaxial cable and connector. Get yours
today...Model TQRMB...$14.95 Net

F

Powerful Alnico magnet in
base mount holds antenna
securely in place...even at
speeds of over 80 MPH.

A twai"n
"TOPPERS"

FOR ANY
MOBILE

INSTALLATION

DX "ROOF TOPPER"

For biggest TALK
POWER. 59" overall.
$16.95 Net.

SHORTY
"ROOF TOPPER"

Powerful 19" model ig-
nores low garaging...
$15.50 Net

"JIFFY TOPPER"
Mounts in trunk lip.
No exterior holes to,
drill. $13.95 Net

AM -CB
"DUO -TOPPER"

Replaces AM whip.
Outstanding on both
AM & CB. $14.95 Net

"MARINE TOPPER"
Delivers 1.5db gain. I
Mounts on any wood-
en or fiberglass hull.
$19.95 Net

All "Topper" models
complete with mount,
coaxial cable and
connectors.

Available NOW from your
Hy -Gain distributor or dealer, or write.._

HY-GAIN ELECTRONICS CORPORATIO
8466 N. E. Highway 6-Lincoln, Nebraska 68501

CIRCLE NO. 103 ON READER SERVICE CARD

Electronics World
--If you have no label handy, print OLD address here.

SUBSCRIBER SERVICE L, name please print

Please include an address label when address

writing about your subscription to help r
us serve you promptly. Write to: Port-
land Place, Boulder, Colorado 80302
CHANGE OF ADDRESS: L
Please let us know you are moving at least 4 AFFIX LABEL HERE
weeks in advance. Affix magazine address
label in space to the right and print new
address below. If you have a question about
your subscription, attach address label to
your letter.

TO SUBSCRIBE: Check boxes below.
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SPECIFY: 0 Payment enclosed-You get 1

extra issue per year FREE! 0 Bill me later. state zip -code
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J

name please print 0145
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City

possible to calibrate the audible con-
tinuity tester on a resistance/tone basis.

Semiconductor Checker
While the circuit is designed to pro-

vide audible signals whose frequency is
proportional to an unknown external re-
sistance, it may be extended in appli-
cation to yield analysis of active com-
ponents as well. More specifically, the
front -to -back resistance ratio of a solid-
state signal -diode can be found quickly
by reversing the test leads after de-
termining the frequency associated with
the forward resistance of the diode. If
the difference in tone is relatively
small, then the difference in resistance
will also be small.

Several comparative checks may be
made on transistors, such as a qualita-
tive check of Lb. or current flowing
between the collector and base with
the emitter open, the short test, or
even the leakage test. It must be real-
ized that these checks are performed
in a limited sense; that is, the indica-
tion of a test parameter will be limited
by the aural signal and the operator's
sense of tone comparison to make a
quick "go/no-go" decision.

As shown in Fig. 3, a switching net-
work has been added to the basic cir-
cuit. Note that the battery voltage has
been lowered to 2.7 volts. The test sock-
et was chosen to accept the standard
TO -5 transistor lead configuration. For k
a typical testing operation on a com-
mon low -power p -n -p transistor, the
emitter -collector condition is deter-
mined by inserting the transistor in the
socket and placing Si in the p-n-p/CE
position. Since the threshold of an au-
dible signal corresponds to about 500
microamperes of leakage current, any
tone heard will provide justification for
immediate rejection.

If no tone is heard, proceed to the
next test, which determines the pres-
ence or absence of a base -emitter
junction and gives an indication of
Lb.. Switch S2 in the p-n-p/BE posi-
tion, if accompanied by a tone, indi-
cates conduction through the base -
emitter junction when it is forward -
biased. If a tone is heard when switch
S3 is placed in the p-n-p/BE position,
this indicates an Lb:, in excess of 500
microamperes. While the Lb. test is
primarily used when the transistor is
intended for oscillator or class -B ap-
plication, it does add significant infor-
mation to the transistor's general con-
dition.

The last . test . is Jon the. base -collector
junction and measures the parameter
Lb.. If a low -frequency tone is heard
when switch S5 is placed in the p -n -p/
BC position, this would be sufficient
cause for rejection, and the presence of
a tone in the S4 p-n-p/BC position
would indicate the" xistence of a for-
ward -biased junction.
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SIMPLIFIED TREMOLO

By WILLIAM R. SHIPPEE

HE circuit to be described was orig-
inally designed for use with a guitar,

but can be used with any type of musi-
. cal instrument employing a magnetic

or ceramic pickup.
The circuit of Q2 is a straightforward

one -stage amplifier powered by an os-
cillating supply.

The tremolo effect is obtained from
the circuit associated with Q1 which is
a conventional phase -shift oscillator op -
crating at approximately 6 Hz.

The tremolo level, that is, the amount
of variation of the output is controlled
by R8. This is done by bypassing vary-
ing amounts of the oscillator output,
depending on the setting of R8, to
ground through capacitor C6.

The layout and construction of the
circuit is not critical. The unit can be
mounted within the power amplifier
used and can be powered by a negative
10 -volt source within the amplifier.
Power drain is 1 mA.

The 6 -Hz tremolo frequency cannot
be heard in most systems, however, the
effects of varying an input signal at this
rate is very noticeable and will provide
added depth to any musical instru-
ment.

Schematic and parts list for tremolo unit

51

Cs 4-

R4 R6

C2

2N652
01

2 RS

C4 R5

C61+

Re

0
INPUT

MAGNETIC
OR

CERAMIC
PICKUP

O

RI, R2, R3-22,000 ohm, V2 W res.
R4-330,000 ohm, 1/2 W resistor
R5, R14-1000 ohm, 1/2 W resistor
R6-6800 ohm, 1/2 W resistor
R7, R10-20,000 ohm, 1/2 W res.
R8-5000 ohm audio taper pot
R9-100,000 ohm, 1/2 W res.
R11-270,000 ohm, 1/2 W res.
R12-150 ohm, V2 W res.
R13-4700 ohm, V2 W res.
CI, C2, C3-1 µF., 100 V capacitor
C4-100 µF, 3 V capacitor
C5-200 µF., 15 V capacitor
C6, C7, C9-10 AF., 10 V capacitor
C8-.0018 µF disc capacitor
S1-S.p.s.t. switch (on R8)
B1-10.5 V battery (7 -C" cells)

RI4

OUTPUT

AMPLIFIER

I

Here's a new RCA omnidirectional

dynamic microphone, the SK -30,*

ideal for P.A. system use. *
It has superb frequency response

from 50 to 14,000 Hz. *
It's rugged*(relatively insensitive
to shock and vibration), light-

weight*(only 5 oz.), compact*
(only 41/2" long, 11/2" in diameter),

and -attractively styled.*
It can be. mounted almost any way
you want: * gooseneck,

desk- or floor -stand

or hand held.*

AND ITS,QUITEE sivE.$3000T
T(Optional distributor resale price.)

Available at your Authorized RCA Microphone Distributor

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name in Electronics

-CTRCLE NO. 87 ON READER SERVICE CARD
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Now 9 New Kits From HEATH.
NEW Harmony-By-Heathkit Electric Guitars

& Heathkit Guitar Amplifier

[A-1

Kit TA -16

$12995

Kit TG -46

$21995
(save 5109.55)

Available
Early November

II NEW Heathkit Transistor Guitar Amplifier - Compare
It To Units Costing Several Times As Much

60 watts peak power; two channels - one for accompaniment, accor-
dion, organ or mike, - the other for special effects ... with both vari-
able reverb and tremolo; two 12" heavy-duty speakers; line bypass
reversing switch for hum reduction; one easy -to -wire circuit with 13
transistors, 6 diodes; 28" W x 9" D x 19" H leather -textured black vinyl
cabinet of 1/4" stock; 120 v. or 240 v. AC operation; extruded aluminum
front panel. 44 lbs.

Famous American Made Harmony-By-Heathkit Guitars
All guitars include instruction book, tuning record, pick, connecting
cord, deluxe red leather cushioned neck strap and chipboard carrying
case. All wood parts assembled and factory finished - you just mount
metal parts, pickups & controls in pre -drilled holes and install strings.

El Deluxe Guitar ... 3 Pickups ... Hollow Body Design
Double -cutaway for easy fingering of 16 frets; ultra -slim fingerboard
- 241/2" scale; ultra -slim "uniform -feel" neck with adjustable Torque-
Lok reinforcing rod; 3 pickups with individually adjustable pole -pieces

Fel

Kit TG -26

$99 95
(save 545)

 
Kit TG -36

$11995

(save $38.55)

under each string for emphasis and balance; 3 silent switches select 7
pickup combinations; 6 controls for pickup tone and volume; profes-
sional Bigsby vibrato tail -piece; curly maple arched body - 2" rim -
shaded Cherry red. 17 lbs.

g Silhouette Solid -Body Guitar ... 2 Pickups
Modified double cutaway leaves 15 frets clear of body; ultra -slim finger-
board - 241/2" scale; ultra -slim neck for "uniform -feel"; Torque-Lok
adjustable reinforcing rod; 2 pickups with individually adjustable pole -
pieces under each string; 4 controls for tone and volume; Harmony type
'W' vibrato tailpiece; hardwood solid body, 11/2" rim, shaded cherry
red. 13 lbs.

El "Rocket" Guitar ... 2 Pickups ... Hollow Body Design
Single cutaway style; ultra -slim fingerboard; ultra -slim neck, steel rod
reinforced; 2 pickups with individually adjustable pole -pieces for each
string; silent switch selects 3 combinations of pickups; 4 controls for
tone and volume; Harmony type 'W' vibrato tailpiece; laminated maple
arched body, 2" rim, shaded cherry red. 17 lbs.

NEW Heathkit Magnecord - 1020 4 -Track Stereo
Recorder Kit

Kit AD -16

$39950

(less cabinet)

Save $170 By Doing The Easy Assembly Yourself.
Takes around 25 hours. Features solid-state circuitry; 4 -track stereo or
mono playback and record at 71/2 & 33/4 ips; sound -on -sound, sound -
with -sound and echo capabilities; 3 separate motors; solenoid opera-
tion; die-cast top -plate, flywheel and capstan shaft housing; all push-
button controls; automatic shut-off at end of reel; plus a host of other
professional features. 45 lbs. Optional walnut base $19.95, adapter ring
for custom or cabinet installation $4.75

Now Play In Minutes
Instead Of Months ...

Heathkit' /Thomas
COLOR-GLO Organ

Kit GD-325B

$39490

Color-Glo Key Lights Show You the correct notes and chords . . . you
play melody, harmony and bass notes instantly ... even if you've never
played an organ before! When you're finished, just flip a switch and the
key lights disappear, leaving a beautiful spinet organ. Includes 10 voices,
repeat percussion, 13 -note bass pedals, two 37 -note keyboards, assem-
bled walnut cabinet & bench and more. Fully transistorized. Builds in
around 50 hours and you save up to $150! 172 lbs.
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Plus New FREE 1967 Catalog
NEW 12" Transistor.

Portable TV Kit

Kit GR-104

$11995

Available
Late October

First Kit With Integrated Circuit ... replaces 39 parts! Unusually sensi-
tive performance. Plays anywhere ... runs on household 117 v. AC, any
12 v. battery, or optional rechargeable battery pack ($39.95); preas-
sembled, prealigned tuners; high gain IF strip; Gated AFC for steady,
jitter -free pictures; assembles in only 10 hours. Cabinet measures 111/2"
H x 15'/x" W x 9%," D. 23 lbs.

NEW Transistor Portable
Phonograph Kit

Kit GD-16

$ 39 9 5

Worth At Least 50 More! And it sounds better. Assembles in just Ito
2 hours . . . simply wire one small circuit board, mount the 4" x 6"
speaker and plug in the preassembled changer ... ideal beginner's kit.
Features automatic mono play of all 4 speeds; dual Sapphire styli for
LP's or 78's; 45 rpm adapter; olive and beige polyethylene over sturdy,
preassembled cabinet. Operates on 117 v. AC. 23 lbs.

NEW Deluxe SB-301 Amateur Receiver Kit

Kit SB-301

'260"
(less speaker)

Complete Coverage Of 80 Thru 10 Meters with all crystals furnished,
plus 15 to 15.5 MHz coverage for WWV; full RTTY reception capabil-
ity; built-in switch -selected ANL: front -panel switching for control of
6 and 2 meter plug-in converters; crystal -controlled front-end for same
tuning on all bands; I kHz dial calibrations - 100 kHz per dial revolu-
tion and more. 23 lbs.

NEW 2 -Watt Transistor
Walkie-Talkie

Assembled GRS-65A

$ 99 95

Completely Assembled. Features 2 watts of
power for up to 6 mile range . . . up to 10
miles when working a 5 -watt CB rig; $20
rechargeable battery; 9 silicon transistor,
2 diode circuit; superhet receiver; adjust-
able squelch, ANL; aluminum case. 3 lbs.
Optional 117 v. AC battery charger cord
plus cigarette lighter cord $9.95. Crystals
extra et $1.99 each with order.

66 -Watt Solid -State AM/FM/FM Stereo Receiver

0

Just Add 2 Speakers For A Complete Stereo System.
Boasts AM, FM and FM stereo tuning; 46 transistor, 17
diode circuit for cool, instant operation and natural
transistor sound; 66 watts IHF music power (40 watts
RMS) at ± 1 db from 15 to 30,000 Hz; automatic switch-
ing to stereo; preassembled & aligned "front-end" &
AM -FM IF strip; walnut cabinet. 35 lbs.

HEATHKIT 1967 FREE
World's Largest
Electronic Kit

Catalog!
108 pages ... many in full
color ... describe these and
over 250 easy -to -build
Heathkits for color TV,
stereo/hi-fi, guitars and
amplifiers, CB, ham, ma-
rine, shortwave, test, ed
ucational, home and hobby
items, Mail coupon.

Kit AR -13A

$18400

30 -Watt Solid -State FM /FM Stereo Receiver

World's Best Buy In Stereo Receivers. Features 31 tran-
sistors, 10 diodes for cool, natural transistor sound; 20
watts RMS, 30 watts IHF music power ® ± 1 db, 15 to
50,000 Hz; wideband FM/FM stereo tuner; plus two pre-
amplifiers; front panel stereo headphone jack; compact
37/8" H x 151/4" W x 12" D size. Custom mount it in a wall, (less cabinet)
or either Heath cabinets (walnut $9.95, beige metal
$3.95). 16 lbs.

HEATH COMPANY, Dept. 15.10
Benton Harbor, Michigan 49022

 Enclosed is $ plus shipping.

Please send model (s)

 Please send FREE 1967 Heathkit Catalog.

Name

Address

City

Kit AR -14

$9995

State
Prices & specifications subject to change without notice.

Zip
HF-195

October, 1966
CIRCLE NO. 104 ON READER SERVICE CARD
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Sonalert
New high -reliability
solid-state tone signal
Produces distinctive 2800 or
4500 cps tone, draws only 3 to
14 milliamps.
No RF noise-no arcing con-
tacts. Explosion -proof.

High reliability - solid-state
oscillator drives piezoelectric
sound transducer.
High output - 68 to 80 db
sound level.

Standard models available for operation on 6 to 28
volts DC, 6 to 28 volts AC, 110 volts AC. Can be
supplied with pulsed output, 3 to 5 pulses per second.
For data, typical circuitry for over -voltage, under-
voltage, overheat, security, and many other signalling
applications, write Mallory Distributor Products Com-
pany, a division of P. R. Mallory & Co. Inc., P.O.
Box 1558, Indianapolis, Indiana 46206.

ANNIVERSARY
CIRCLE NO. 96 ON READER SERVICE CARD

MALLORY

GAS

WELDING

TORCH

Uses OXYGEN
and LP GAS

 Completely self-contained.
 Produces 5000° pin -point flame.
 Welds, brazes, solders.
 Hundreds of lightweight uses.
 Suggested list - $19.95.

GET COMPLETE DETAILS AT MOST IN-
DUSTRIAL DISTRIBUTORS, OR WRITE TO
MICROFLAME, INC.

MICROFLAME, INC.
7800 COMPUTER AVENUE

MINNEAPOLIS, MINNESOTA 55424

Silicon -Transistor Amplifiers
(Continued from page 36)

sistor reduces its storage time and also increases the effec-
tive breakdown voltage from its VCE0(aus) value to its
VCBR(aisa) value.

A typical quasi -complementary amplifier is shown in Fig.
10. Capacitor C performs two functions essential to the suc-
cessful operation of the circuit. First, it acts as a bypass to
decouple any power -supply ripple from the driver and pre -
driver stages. Second, it is connected as a "bootstrap" ca-
pacitor to provide the drive necessary to pull the upper Dar-
lington pair of transistors into saturation. This latter function
results from the fact that the stored voltage of the capacitor,
with reference to the output point "A", provides a higher
voltage than the normal collector supply voltage to drive
transistor Q2. This higher voltage is necessary during the
signal conditions that exist when the upper transistors are
being turned on, because the emitter voltage of transistor
Q2 then approaches the normal supply voltage and the base
voltage must be increased above this level in order to drive
the transistor into saturation.

Resistor R1 provides the necessary d.c. feedback to main-
tain point "A" at approximately one-half the nominal sup-
ply voltage. Over-all a.c. feedback is coupled from output to
input by resistor R2 to reduce distortion and to improve
low -frequency performance.

As previously indicated, series -output circuits can be em-
ployed with separate positive and negative supplies, and no
series output capacitor is then required. The elimination of
this capacitor may result in an economic advantage, even
though an additional power supply is used, because of the
size of the series output capacitor necessary in the single-
supply case to obtain good low -frequency performance
(e.g., a 2000 -IX capacitor is required to provide a 3 -dB
point at 20 Hz for a 4 -ohm load impedance). Split sup-
plies, however, do pose certain problems which do not
exist in the single -supply case. The output of the amplifier
must be maintained at zero potential under quiescent con-
ditions for all environmental conditions and devices pa-
rameter variations. Also the input ground reference can no
longer be at the same point indicated in Fig. 10, because in
a dual -supply system, this point is now at the negative sup-
ply potential.

If the ground -point reference for the input signal were to
be the common point between the split supplies, any ripple
present on the negative supply would effectively drive the
amplifier through transistor Q1, which would operate as a
common -base amplifier with its base grounded through the
effective impedance of the input signal source. To avoid this

Fig. 9. Composite output characteristics of Fig. 8B circuit.

+5A

OA

-5A
-5V Ov

P -n-P
TRANSISTOR

CIRCLE NO. 68 ON READER SERVICE CARD
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condition, the amplifier must include an additional p -n -p
transistor as shown in Fig. 11. This transistor (Q6) effec-
tively reduces the drive effects of the negative supply ripple
because the high collector impedance (1 megohm or high-
er) it presents to the base of transistor Q1 effectively iso-
lates the input source impedance from transistor Ql. In
practice, transistor Q1 may be replaced by a Darlington
pair in order to reduce the loading effects on the p -n -p pre -
driver.

Negative d.c. feedback is applied from the output to the
input stage by R1, R2, and Cl, to maintain the output at
essentially zero potential. (Actually, the output will be
maintained at approximately the forward -biased base -emit-
ter voltage of transistor Q6, which may be objectionable in
some cases, but this can be eliminated as will be shown
subsequently.) Capacitor Cl effectively bypasses this feed-
back at all signal frequencies. Resistor R3 provides a.c. feed-
back to reduce distortion in the amplifier.

In next month's concluding installment, we will present
some practical amplifier circuits and show their level of
performance.

(Concluded Next Month)

Fig. 10. A typical quasi -complementary audio power amplifier
which is here shown operating from a single d.c. power supp y.

Fig. 11. Quasi -complementary amplifier operating from positive
and negative supplies. The "p -n -p" transistor in input stage
is required to prevent ripple component from driving amplifier.

BIGGER ... BETTER
THAN EVER!

FREE!
SEND TODAY FOR YOUR NEW

40th ANNIVERSARY
mizem6 1967 CATALOG

YOUR BUYING GUIDE FOR

 Stereo & Hi-Fi Systems & Compo-
nents.

 Tape Recorders.
 Electronic Parts, Tubes, Tools.
 Phonos & Records.
 Cameros and Film.
 Public Address.
 Citizens Bond.  Ham Gear.
 Transistor & FM -AM Radios.

BURSTEIN-A PPLEBEE CO.
I Dept. EW,1012 McGee, Kansas City, Mo. 64106

 Rush me the FREE 1967 B -A Catalog.
Name

I Address

I City

I State Zip Code

CIRCLE NO. 119 ON READER SERVICE CARD

ARE YOU CASHING -IN MI
ON THE PROFITABLE it

2 -WAY RADIO SERVICE BUSINESS?
* Motorola will train you for this rewarding, elite profession

* Send for our FREE EVALUATION EXAM. Prove to yourself that
you are ready to learn FM 2 -way radio servicing.

Opportunities in 2 -way radio servicing are virtually unlimited.
 Just one of the hundreds of successful Motorola Service
Stations writes, "we would be pleased to interview any graduate
of your school that has received some training in 2 -way radio
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com-
petent technicians."  Get all the facts today. There is no
obligation and no salesman will call.

IIMMOTOROLA TRAINING INSTITUTE
4545 West Augusta Blvd. Chicago 51, Illinois Dept. AEF 637

Send me FREE entrance exam.
0 Send full details on Home Study Course on FM 2 -way Radio

Servicing
 Send me details on how you can help me prepare for an FCC

License.

Name Occupation

Address

City lone -State
CIRCLE NO. 92 ON READER SERVICE CARD

October, 1966 95



BOOK
REVIEWS

"INTEGRATED CIRCUIT PROJECTS FROM
MOTOROLA" compiled and published by
Motorola Semiconductor, Inc., Box 955,
Phoenix, Arizona 85001. 96 pages. Price
$1.00. Soft cover.

This handy manual is divided into
three basic sections: an introduction to
integrated circuitry including a glos-
sary of terms; a section on construction
techniques using IC's; and finally a
section covering actual projects that
can be built with the company's HEP
integrated circuits. The projects include
computers, musical instruments, and
test equipment.

The text is well illustrated with sim-
plified schematics, wiring diagrams,
and pictorials. Complete parts lists and
details for preparing the required chas-
sis or breadboards are also included to
make the construction of IC circuit
projects easy and interesting.

* *

"TRANSISTOR CIRCUIT ANALYSIS AND DE-
SIGN" by Franklin C. Fitchen. Published
by D. Van Nostrand Co., Inc., Princeton,
N.J. 403 pages. Price $8.50.

This is the second edition of a vol-
ume which originally appeared in 1960
as part of this publisher's Electronics
and Communications Series. Written
as a classroom text for electrical engi-
neering students at the junior and sen-
ior level, the author has assumed that
the reader has a working knowledge of
the fundamentals of electric circuit
theory and math.

The book is divided into 13 chapters
covering an introduction to transistors,
semiconductor physics and devices, the
operating point, equivalent circuits and
their parameters, analysis, design, large -
signal amplifiers, multistage amplifiers,
gain stability, feedback, communica-
tions amplifiers, communications cir-
cuits and systems, and pulse circuits.
Two appendices carry selected tran-
sistor data and matrix analysis. Prob-
lems and references are provided for
each chapter with answers to selected
problems given at the back of the
book.

* * *

"JUNCTION TRANSISTORS" by John J.
Sparkes. Published by Pergamon Press
Inc., Long Island City, N.Y. 246 pages.
Price $3.95. Soft cover.

The volume has been prepared with
students of engineering and physics in

RASICEILCIFICIlYfur COMintlit [iv;

mind and is written at the level of
second -year undergraduates. The text
is divided into nine chapters covering
conduction in semiconductors, the p -n
junction (steady-state properties), the
p -n junction (transient and signal prop-
erties), the junction transistor (steady-
state properties), fundamental aspects
of transistor action, transistor action and
its representation, a summary of cir-
cuit design parameters, different tran-
sistor structures, and additional features
of transistor behavior, including noise.

The treatment is mathematical and
fairly rigorous and the American read-
er will need a little time to switch over
to British terminology, but on the whole
this book offers much information of
pertinence.

* * *

"HEATING WITH MICROWAVES" by H.
Puschner. Philips Technical Library.
Distributed in U.S. and Canada by
Springer-Verlag New York Inc., 175
Fifth Ave., New York, N.Y. 10010. 316
pages. Price $10.80.

This book is written for engineers
concerned with the introduction of the
new types of microwave heating de-
vices and installations used for the di-
electric heat of non -conducting sub-
stances. The purpose of the book is not
only to acquaint the reader with the
current state of the art, but to provide
useful hints to stimulate further devel-
opments in the field.

Since microwave heating involves
different techniques and components,
the author devotes considerable space
to the practical manipulation of con-
tinuous wave magnetrons and the high -
frequency circuits in which they are
used in the microwave range. He also
discusses in detail the necessary mea-
suring techniques.

As this book is another volume in
the Philips Technical Library series,
the author has assumed that his read-
ers are practicing or graduate engineers.

* *

"ELECTRICAL AND ELECTRONICS DRAW-
INGS" by Charles J. Baer. Published by
McGraw-Hill Book Co., New York. 389
pages. Price $6.50.

This is a second edition of a book
originally published in 1960. Its con-
tent has been considerably expanded
and much of the original copy revised
and updated.

The material is presented in textbook
form but the book can equally serve as
a reference work for those currently
engaged in electrical and electronic
drafting.

The book is divided into eleven
chapters and two appendices. The sub-
jects covered include techniques and
lettering, pictorial drawing, device sym-
bols, production drawings, block dia-
grams, schematic diagrams, miniaturi-
zation and microelectronics, industrial
controls and automation, drawings for
the electric power field, electrical draw-
ings for architectural plans, and the
graphical representation of data. All of
this material is lavishly illustrated with
examples of the various techniques
under discussion.

* *

"INTRODUCTION TO ELECTRONICS" by
V.A. Suprynowicz. Published by Addi-
son-Wesley Publishing Company, Inc.,
Reading, Mass. 01867. 317 pages. Price
$12.50.

This book is subtitled "For Students
of Biology, Chemistry, and Medicine"
which gives some indication of the in-
roads electronics has made in these
disciplines. It is the author's contention
that such students should understand
the basic principles governing the op-
eration of the many electronic instru-
ments used in today's scientific com-
munities.

After an introduction to the more
important electronic fundamentals, the

is immediately involved in
their application with respect to com-
monly used instruments. The inherent
limitations of these instruments are
discussed in some detail and the stu-
dent is then provided with a basis for
discussing his needs and difficulties
with the electronics designer or tech-
nician. Of these discussions, the section
on oscilloscopes is especially well done
and informative.

* 0

"RCA LINEAR INTEGRATED CIRCUIT FUN-
DAMENTALS" compiled and published
by RCA Electronic Components and
Devices, Harrison, N.J. 238 pages. Price
$2.00. Soft cover.

This latest addition to the company's
technical manual series is intended pri-
marily for equipment and system de-
signers but will be of interest to anyone
who is currently involved in the IC
"explosion".

The text is divided into four main
chapters covering general design con-
siderations; basic configuration-the dif-
ferential amplifier; integrated -circuit
operational -amplifier configurations; and
characteristics and applications of RCA
linear integrated circuits.

Schematics, operating characteristics,
and performance data are also includ-
ed, covering a broad family of mul-
tiple -function RCA silicon integrated
circuits. A
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How would you like to have all of history's
greatest cars displayed in

your living room?

WOULD YOU BELIEVE A HUNDRED?
We got 'em, old red-blooded enthusiast car -nut friend.
One hundred of the old dears. It's the Car and Driver
Antique Car Chart-an early history of the automobile-
and it's just exactly what you'd like to have hanging in
your den, or office, or pine paneled garage. If you don't
already have a pine paneled garage, this decorative and
informative chart may be just enough to make you want
to build one. It traces the history of the automobile in

beautiful color renderings. Nearly 100 different makes
are represented in this magnificent 40" x 30" eight color
wall chart, complete with basic specifications and tech-
nical details-a gold mine of information custom tailored
to the taste of true car enthusiasts. Framed and hang-
ing on your wall, it will be a conversation piece and
argument settler for years.

We've had a substantial quan-
tity of these charts printed in
Sweden, shipped to the United
States and inserted in heavy
cardboard mailing tubes
(which costs money too you
know). Why did we go to all
this trouble? Because we just
know that our faithful Car
and Driver readers will be
clamoring for one, or two, or
three. Don't hang us with all
we've got. The price is

ONLY $2.95.

Use the coupon at right to order yours today,
and don't forget-this will be a welcome gift for your car -nut friends.

Ziff -Davis Service Division, Dept. CDC
589 Broadway, New York, N.Y. 10012

Crazy! I'll take Antique Car Charts at $2.95

each, prepaid. ($3.50 each for orders outside of U.S.A.)

I am enclosing $

NAME (PLEASE PRINT) EW-106

ADDRESS

CITY

STATE ZIP CODE

Payment must be enclosed with order.
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NEW PRODUCTS
& LITERATURE

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

COMPONENTS  TOOLS  TEST EQUIPMENT  HI-FI  AUDIO  CB  HAM  COMMUNICATIONS
INTEGRATED -CIRCUIT TESTER

The Model 800 integrated -circuit tester features
internal power supplies and push-button test se-
quencing. It will handle all present IC configura-
tions and is designed to accommodate any fore-
seeable future developments in the field.

The tester features a 10 x 20 cross -bar matrix,
which can be programmed to check up to 20

parameters. The sequencer permits rapid repeti-
tive testing without reprogramming. The five
built-in power supplies are available with optional
digital programming. The built-in direct -reading
meter for voltage and current is accurate to 1%
of full scale.

A connection is provided for hook up of an ex-
ternal d.v.m., and the matrix has provision for up
to five inputs or outputs which can be connected
to external signal sources and oscilloscope for mea-
surements of both digital and analog devices.
Birtcher

Circle No. 126 on Reader Service Card

SHIELDED COIL LINE
The new standard -wound coil, Type 3387, is a

printed -circuit shielded variable coil with optional
overlapping inductances ranging from 1.5 µH to
100 mH. Thirty-seven different inductances
(nominal values of L) are available.

For use in tight -spot circuits, the coil is less
than 0.5" above a circuit board and has a 0.100"
printed -circuit grid mount. Cambridge Therm -
ionic

Circle No. 127 on Reader Service Card

10 -DIGIT READOUT TUBES
Two new 10 -digit readout tubes, one side

viewing and one end viewing, have been added to
the "Digitubes" line.

The BA -809 is an end -viewing, neon -glow
numerical display tube intended for use in in-
struments or displays where close spacing, an
integral decimal point, and readability are impor-
tant. The BA -803 is a side -viewing, neon -glow
numerical display tube for use in instruments
where good readability and close spacing are im-
portant.

The large character size and bright neon glow
combine to provide easy readability at viewing
distances greater than 30 feet. Over-all heights
for the tubes are 2.065" for the BA -903 and
1.120" for the BA -809. Character size is 0.610"
for each. Baird -Atomic

Circle No. 128 on Reader Service Card

HEAT -SHRINKABLE TUBING
"Insultite CP-150" is a new, low-cost, flexible,

heat -shrinkable tubing designed for use in virtual-
ly all electronic and electrical parts. Made of ir-
radiated polyolefin, specific applications recom-
mended for this new tubing include wire and
cable harnessing, the insulation and protection of
connectors, splices, electromechanical connections,
and motor leads. Solid-state and other electronic
components can be quickly encapsulated with
CP-150.

The tubing has high temperature resistance
(UL rated to 125° C) and excellent low temper-
ature flexibility. It is available in sizes %4" to
2" expanded i.d. Electronized Chemicals

Circle No. 129 on Reader Service Card

SHIELDED TV LINE
A new ultra -low -loss all -channel shielded TV

transmission line which requires no standoff in-
sulators in installation for interference -free recep-
tion in black -and -white or color is now being
marked as "Shielded Permafoam."

The line has its two high -strength copper -plated
steel conductors individually encased in low -loss
cellular polyethylene tubes. The conductors and

tinned copper ground wire (attached at set) are
wrapped in an aluminum Mylar shield for 100%
effective coverage, while the line is protected
against weathering by means of the Permaline
jacket.

The line may be taped directly to the antenna
mast and run by the most convenient route to the
set, without insulators. The new line is being
marketed in 50-, 75-, and 100 -foot coils. Columbia
Wire

Circle No. 1 on Reader Service Card

NEW MOSFET'S
Two developmental -type insulated -gate MOS

field-effect transistors (MOSFET's), one a single -
gate and the other a double -gate device, are ex-
pected to have broad application in the consumer
and military communications markets.

Nineteen of these new devices are being used
in an experimental transistorized color -TV re-
ceiver, performing circuit functions in the r.f., i.f.,
video, sync, keyed a.g.c., chroma, burst amplifier,
color killer, 3.58 -MHz oscillator, and color de-
modulator stages. Both devices, which are "n" -
channel, depletion -type insulated -gate transistors,
are now available for sampling.

The single -gate device, developmental type
TA2840, is designed for v.h.f. amplifiers and os-
cillators in commercial and industrial applica-
tions. It is also suited for use in low -frequency
amplifier applications requiring a transistor hav-
ing high power gain and very high input im-
pedance.

The double -gate device, developmental type
TA2644, is intended primarily for amplifier ap-
plications at frequencies up to 250 MHz. The in-
ternal circuit configuration and performance of

this device are similar to those of two vacuum -
tube triodes in a cascode circuit arrangement.
RCA

Circle No. 130 on Reader Service Card

PLUG-IN "EVENT COUNTER"
The new DP -140 event counter and slave plug-

in extends the application of the DMS-3200 digital
measuring system to provide inexpensive all -

electronic counting and display of totalized count
of events in both industrial and laboratory appli-
cations.

A single plug-in/main frame combination pro-
vides a three -digit display and additional com-
binations may be added in cascade to provide
six-, nine-, or twelve -digit display.

Up to one million pulses per second can be
counted by the DP -140 and its operation may be
remote -controlled to "start count", "stop count",
"resume count", or "reset". Sensitivity is 100
millivolts. Hickok

Circle No. 131 on Reader Service Card

PUSH-BUTTON ATTENUATORS
New push-button type attenuators for r.f. and

video are being offered in impedances of 50 or 73
ohms with constant input and output. The atten-
uators are the resistive type with unwanted reac-
tive effects eliminated. They are suggested for use
in the laboratory or production line, or as controls
in proprietory instruments and equipment for
either pulse or wide -band applications in r.f. or
video frequency range. They can be used in series
without affecting other circuit characteristics and
consist of unbalanced pi networks in shaped
cavities, individually shielded.

Each network has individual locking push -but-
tons for addition or subtraction of loss. Frequency
response is essentially flat from d.c. to 225 MHz
with very low v.s.w.r. Wattage is Vs watt maxi-
mum and continuous. Units are available with

either Type N or BNC connectors and can be
furnished with solenoid for remote operation.
Tech Laboratories

Circle No. 132 on Reader Service Card

MOTOR -SPEED CONTROLLER
The Model EP #100 is a full -wave solid-state

electronic light dimmer and motor control housed
in an aluminum case for use with universal a.c.-
d.c. motors rated to 5 amperes and incandescent
lamps to 600 watts a.c.

The unit will control motor speeds from zero
to full motor rating. It has a 6 -foot cord with
grounded pin plug and grounded pin receptacle.
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The circuit contains a noise filter. The unit mea-
sures 3" x 5" x 2" high and is designed for use
on 120 -volt a.c. lines only. Slocum

Circle No. 2 on Reader Service Card

LOW -NOISE FET'S
Two new lines of "n" -channel FET's for r.f.

and audio amplifier applications have been intro-
duced. Types 2N4220-22 (audio and general-
purpose) provide low audio noise and high input
impedance. The r.f. types (2N4223-24) provide
low cross -modulation and intermodulation dis-
tortion as well as low noise and high gain.

In applications such as a tone control for hi-fi
amplifiers, the high input impedance of the
2N4220 series allows for vacuum -tube design
principles in the selection of tone -control ele-
ments. As a result, high resistance values and
small, low-cost, more reliable capacitors can be
used. The low 1/f noise of these types provide a
definite advantage over bipolar transistors, accord-
ing to the company. The noise figure is 2 dB
(typical) at 100 Hz.

For applications in low -noise r.f. amplifiers,
types 2N4223-24 have a noise figure of 5 dB
(max.), plus a minimum gain of 10 dB at 200
MHz. Motorola Semiconductor

Circle No. 133 on Reader Service Card

LONG -LIFE BATTERY
A new line of mercuric oxide -cadmium pri-

mary batteries, tradenamed "Mercad", with long
wet -stand life and temperature characteristics has
just been developed. According to the company,
the significant advantages of the new system over
conventional mercury -zinc cells include: very long
wet -stand life with superior charge retention up
to several years; wide operational temperature
range (-65° to +165° F); stable discharge
voltage; and sealed construction with no out -
gassing.

The batteries are used in button form in the
smaller capacities and for low- and medium -rate
applications. For high capacities and high rates of

discharge, prismatic cells are recommended. Bat-
teries of any desired voltage and in sealed form
can be assembled. Electrochimica

Circle No. 134 on Reader Service Card

"LID" TRANSISTOR FAMILIES
Three families of LID transistors, a new micro-

electronic package which permits mechanical
production of hybrid circuits, are now available in
production quantities for immediate delivery.
These are high-speed switches, types LDS 200/
201; high -gain, low-level amplifiers, types LDA
400/401; and general-purpose amplifiers, types
LDA 402/403. The transistors are silicon planar
epitaxial types.

The LID (leadless inverted device) is an all -
ceramic package that is smaller (0.075" x 0.045"
x 0.032") and less costly than any existing metal
package. Its size and shape offers the circuit man-
ufacturer worthwhile economies because it re-
duces labor time in assembly, improves over-all
yield, and saves on substrate size. Ampenex

Circle No. 135 on Reader Service Card

SILICON TRANSISTOR CHIPS
A new line of 15 silicon transistor chips for

hybrid circuit applications is now on the market.
The chips are pretested to one of eleven transistor
specifications and are gold plated on the collector
surface for easy mounting. They are also available

premounted on gold-plated Kovar tabs 0.050"
square by 0.006" thick.

The following "n -p -n" silicon transistors are
available in the new chip series: 2N918, 2N1890,
2N1893, 2N2218A, 2N2369A, 2N2483, 2N2484,
2N3011, and 2N3252. The following "p -n -p"
chips are available: 2N2904A, 2N2905A, 2N3250,
2N3251, and 2N3244. Raytheon

Circle No. 136 on Reader Service Card

MINIATURE RELAYS
The new 600 series miniature relay has PC

terminals and a unique snap -on nylon dust cover.
Coil and contact terminals are set at right angles
for rapid assembly into mass-produced equipment.
The center terminal forming provides a spring -
loaded effect, securing the unsoldered relay to the
PC board to allow handling, insertion of other
components, and inspection before soldering. A
thin translucent window offers visual check of
contact operation under load.

Descriptive Sheet 240.05 contains full specifica-
tions on the 600 series and will be forwarded
upon request. Cornell-Dubilier

Circle No. 137 on Reader Service Card

COLOR -TV RECTIFIERS
Four new exact -replacement selenium conver-

gence rectifiers for color -TV have been added to
the company's line.

ZENITH
LOG PERIODIC
ANTENNAS
offer high
signal gain and
ghost rejection

All -channel VHF/UHF/FM and FM Stereo
Developed by the University of Illinois antenna research

laboratories, each Zenith log periodic antenna works like a powerful
multi -element Yagi . not on just one or a few channels,

but across the entire band it's designed for.
Order Zenith antennas and all genuine Zenith replacement parts

and accessories from your Zenith distributor.

BUILT TO THE QUALITY STANDARDS OF ZENITH ORIGINAL PARTS

Also Zenith
periodic
antennas for
 UHF  VHF
 FM AND FM STEREO
 PLANAR HELICAL UHF

FM/TIN/
The quality goes in

before the name goes on

CIRCLE NO. 72 ON READER SERVICE CARD
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The Type S-855 replaces Admiral 93B53-2,
Emerson 817149, G -E M128J753, Hoffman SR -
37, Motorola 48D66653A, Muntz, Packard Bell,
RCA 1470990, Philco 34-8058, Setchell Carlson,
Sylvania 13-17569, Warwick (Sears) 86-55-3,
Wells Gardner (Ward, Grant) 41-001, and West-
inghouse 295V031. The Type S-420 replaces
Zenith 212-25 while the Type S-798 replaces
Zenith 212-63 and the S-781 replaces Admiral
9361-21 and 93C1-20. Sarkes Tarzian

Circle No. 3 on Reader Service Card

EPITAXIAL TRANSISTOR FOR U.H.F.
A new "n -p -n" silicon planar epitaxial transis-

tor, the A485, meets the application requirements
of low noise, high gain, and low intermodulation
distortion throughout the u.h.f. frequency spec-
trum.

The A485 has an fr of 1500 MHz typically and
hf. of 100 at both 2 and 20 mA. These linear per-
formance characteristics permit the designer to
optimize his circuit at the operating point of his
choice while maintaining known gain. Typical ap-
plications are in small -signal r.f. amplifiers, telem-
etry, test equipment, and any equipment requiring
high gain and low noise. Noise figure is 3.5 dB
at 200 MHz and 4.5 dB at 450 MHz. Typical in-
termodulation distortion rating is -53 dB. Am-
perex

Circle No. 138 on Reader Service Card

"PEANUT" INDICATOR LIGHTS
A new series of indicator lights, offered in both

neon and incandescent styles, feature low cost,
simple and fast assembly, and versatility of appli-
cation. The new units consist of a plastic shell
with a cylindrical cap into which a T-2 neon
lamp is placed. It is held in position by means of
shoulders molded into the butyrate shell. In the
incandescent lamp version, a high -temperature
polycarbonate shell is used with either a cylindri-
cal or a macrodome cap. The T-13/4 lamp, in a
wide range of voltages up to 28 V, is permanently
potted into the shell.

Speed clips are provided for quick and easy
mounting into the panel. The plastic shells and
caps are available in a choice of several
Chicago Miniature Lamp

Circle No. 139 on Reader Service Card

LOW-COST "NIXIE" TUBES
Three new low-cost "Nixie" tubes, Types

B-5440, B-5441, and B-5442, have been intro-
duced recently. They are side -viewing, deci-

mal -input, cold -cathode types and measure 0.75"
maximum width (permitting less than 0.80"
center -to -center tube spacing), and 1.8" high
when seated, providing improved instrument -
panel packaging density.

The character size is a full 0.6", giving a maxi-
mum viewing distance of 30 feet. The B-5441 has
internal decimal points which are independently
operable and the B-5442 has "+" and "- " indi-
cation. There are three types of sockets for the
B-5440 series, SK -182 -SK -185 is designed for
chassis mounting; the SK -194 -SK -196 for "moth-
erboard" mounting; and the SK -197 -SK -200 for
right-angle mounting. Burroughs

Circle No. 140 on Reader Service Card

HI-FI -AUDIO PRODUCTS
WOW & FLUTTER METER

Two models of a new and inexpensive wow
and flutter meter have been put on the market as
the ME -101 and ME -102.

The new instruments are intended for the
measurement of the wow and flutter content of

all types of recording and reproducing devices.
They are fully transistorized, simple and con-
venient to use. They are well suited for produc-
tion testing and service work as well as laboratory
testing.

An internal signal generator provides the
standard frequency of 3150 Hz. For the purpose
of static and dynamic recalibration of the measur-
ing unit, the generator can be detuned in a defi-
nite manner or can be frequency modulated from
the power line.

Tone fluctuations from ± 0.02 to ± 2.5%
for the ME -101 and ± 0.01 to ± 0.75% for the
ME -102 can be read linearly or weighted as
quasi -peak values.

Besides the normal measuring connections on
the front of the instrument, the back is provided
with a connector for testing home tape recorders
and record players. Other connectors are pro-
vided for the connection of external filters, oscil-
loscopes, and graphic recorders. Gotham Audio

Circle No. 4 on Reader Service Card

HEAVY-DUTY MICROPHONE
The new Model 600 cardioid microphone fea-

tures five separate damping adjustments and a
four -stage blast filter to eliminate popping and
feedback.

Classified as a heavy-duty mic and unaffected
by normal heat or humidity, the 600 is designed
for hand or stand operation. It comes complete
with "on -off" (line -shorting) switch, has a re-
sponse of 50-15,000 Hz, and weighs only 14
ounces. Turner

Circle No. 5 on Reader Service Card

ELECTRONIC SAXOPHONE

The first successful attempt to wed a wood-
wind to an electronic device has been demon-
strated to the public. The "Varitone" permits
the player to produce a wide variety of effects
heretofore not possible with a saxophone.

The instrument utilizes a unique preamp elec-
tronic "tone -prism" that breaks a single tone
into its multi -tonal colorings. By means of seven
variable controls, compactly mounted on the in-
strument, the "Varitone" places at the player's
fingertips a wide spectrum of over 60 completely
different instrumental effects, which are then
projected by the instrument's amplification sys-
tem.

The heavy-duty, solid-state preamp and am-
plifier components have been especially designed
for rigorous use. A patented ceramic microphone,
embedded in the neck of the instrument, cap-
tures the tone inside the saxophone. The new
instrument is being offered in alto and tenor
models. H. & A. Selmer

Circle No. 6 on Reader Service Card

SOLID-STATE AM -FM TUNER
The TT -100 AM -FM tuner is designed to pro-

vide background music for any commercial sound
system. Circuitry is completely transistorized

and designed to handle strong input signals.
Wide -band frequency response and high-level
reception is assured through FM sensitivity of
3 µV and 200 kHz bandwidth. AM sensitivity is
10 µV and 8 kHz bandwidth.

Precision tuning is accomplished with the fly-
wheel -balanced dial, log scale, and sensitive tun-
ing meter. An adjustable output level control
and multiplex adapter output for stereo reception
are provided on the back panel.

The instrument comes in a dark gray metal
cabinet with a brushed anodized aluminum con-
trol panel. Bell P/ A

Circle No. 7 on Reader Service Card

TAPE DECK/PREAMP KIT
A do-it-yourself kit version of a professional.

type 4 -track transistorized stereo tape recorder is
now being offered as the AD -16.

This tape deck/preamp unit takes about 25
hours to assemble and involves wiring two circuit
boards and the mechanical mounting of the trans-
port components. The kit has pre-cut, pre -
stripped and marked connecting wires and
shielded cables. Even the connectors are installed
where necessary for simple plug-in assembly.
The unit will record and play back from mic,
tuner, phono, or TV inputs in 4 -track stereo or
mono at either 71/2 or VA ips. The unit also has
sound -on -sound, sound -with -sound, and echo

capabilities. There are three tape heads: erase
record, and playback. For playback, an amplifier
and speakers must be added. Heath

Circle No. 8 on Reader Service Card

AUTO REVERB UNIT

The "Duo -Vox Sound -A -Rama" reverb unit is
designed to add depth and realism to auto radio
reception. One knob controls "on -off" and
speaker phasing. The circuit uses 3 silicon tran-
sistors and is designed to be used on all 12 -volt
cars, negative or positive, by means of a built-in
polarity switch.

The unit comes complete with cables and pilot
light. It is available with the standard 6" x 9"
oval speaker with or without the chrome grille or
without a speaker. Duosonic Corp.

Circle No. 9 on Reader Service Card

FM STEREO SIGNAL GENERATOR
The new Model SM-109 FM stereo multiplex

signal generator weighs only 13 pounds and
measures a mere 634" wide x 101/2" high x
101/2" deep. It is designed especially for service
calls or for use in laboratories.

The generator has a built-in audio oscillator
which enables modulation internally at either
1000 Hz or 50/60 Hz, a built-in FM signal
generator which produces a carrier wave of 98
MHz ± 2 MHz, and a pre -emphasis circuit of
75 µsec which offers an actual demonstration by
applying a stereo musical signal on the external
input terminals. Kenwood

Circle No. 10 on Reader Service Card

CARTRIDGE RECORDER
A new portable, instant -loading cartridge re-

corder is now being offered as the F-100. This
battery -powered machine features solid-state elec-
tronics, uses a standard C-60 tape cartridge which
is interchangeable with those of other cartridge
recorders on the market, records or plays for a
full hour, and stops automatically. The 2 -ounce
cartridge is mailable.
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A dynamic microphone with remote start/stop
control makes the F-100 especially suited for
business dictation, classroom notes, reports and
correspondence, as well as music recording.

The unit measures 3" x 5" x 8" and weighs 3
pounds. Its ruggedized construction makes it a
good traveler. An a.c. adapter is available as an
accessory. Concord.

Circle No. 11 on Reader Service Card

OVERSIZED TAPE REEL
The new "8 -Plus" reel provides 50% more

tape storage capacity than a standard 7 -inch reel,
permitting up to 10 hours of programming on a
single reel. A full 21/2 -hour opera can be recorded
without interruption. One of the new reels can
store four complete operas or up to 200 average -
length musical selections. It can play 11/2 hours
in stereo at 71/2 ips or 21/2 hours in stereo at 31/4
ips. Magnecord

Circle No. 12 on Reader Service Card

TRANSMITTING MICROPHONE
The TM 805 transmitting microphone is a

battery -powered unit which can measure and
transmit sound pressure levels in hazardous en-
vironments and transmit them to a receiving -re-
cording station two to fifteen miles away.

The microphone weighs only 2.8 pounds, is
completely self-contained, and can be attached to
structures, poles, and weather balloons without
the use of cables. Low-cost batteries permit 20
hours of continuous SPL monitoring over the fre-
quency range of 1 to 10,000 Hz. The unit is
especially useful for continuous acoustic survey in

remote and hazardous locations including sound -
level measurements of large rocket motor envi-
ronments, acoustic test chambers, sonic booms,
airport noise surveys, and similar applications.
Datacraft.

Circle No. 141 on Reader Service Card

AM -FM STEREO RECEIVER
A 120 -watt solid-state AM -FM stereo receiver

which uses 44 transistors and 31 diodes is now on
the market as the LR-1200T. The unit features
automatic stereo switching with an amber stereo
indicator light on the dial face. FM sensitivity is
1.5 AV; stereo separation is 40 dB at 400 Hz, and
capture ratio is 2.2 dB. Frequency response is
20-50,000 Hz ± 1 dB at 1 watt.

The receiver has an illuminated d'Arsonval
tuning meter for both AM and FM and there is
a slide -rule station dial. The instrument has
standard operating controls and stereo inputs for
tape head, magnetic/crystal or ceramic phono
cartridges, and high-level aux. Power output is

60 W per channel (IHF) and HD is less than
1%. IM distortion is 03% at 1 watt.

The receiver is housed in a walnut -grained
metal case and measures 16" x 5" x 141/2"
deep. Lafayette

Circle No. 13 on Reader Service Card

CB -HAM -COMMUNICATIONS

CB ACCESSORIES
A new CB antenna matching system, consisting

of an antenna meter and a CB "Matchbox," is
designed to correct an improper impedance match
between the transmitter and antenna of any base
or mobile CB station.

The antenna meter is a small measuring unit
that is inserted temporarily in the feedline be-
tween the transmitter and the antenna. The meter
measures both forward and reflected power in the
feedline, giving a direct reading of s.w.r. The
meter can read an s.w.r. as high as 10:1 and re-
quires only 2 watts of power to be present in the
feedline. Connection is through two standard
SO -239 coax connectors.

The "Matchbox" is intended to become a per-
manent part of any CB installation where an
impedance mismatch occurs. Two simple controls
allow an s.w.r. of as high as 5:1 to be corrected to
1.1:1 or less. E. F. Johnson

Circle No. 14 on Reader Service Card

12 -CHANNEL CB TRANSCEIVER
The new Model SS is an all -solid-state, 12 -

channel, crystal -controlled CB transceiver which
utilizes pre -aligned, plug-in circuit modules, thus
virtually eliminating field maintenance problems.
The receiver is a high -gain, double -conversion

superhet using low -noise germanium transistors.
It has a crystal -controlled oscillator, linear r.f.
amplifier, and an effective noise limiter. An ul-
trasensitive squelch is achieved through the use
of silicon transistors in a temperature -compen-
sated circuit.

Other features are high-level modulation (95
to 100%), 3.7 watts r.f. power output, and ex-
cellent receiver sensitivity for clean signal without
adjacent -channel splatter. Optional operation for
any widely used a.c. or d.c. source; a fully regu-
lated power supply is available. Hallmark

Circle No. 15 on Reader Service Card

SSB RECEIVING ADAPTER
A new SSB converter, the CV-1982/TSC-26, is

designed to adapt standard communications re-
ceivers, such as the Hammarlund SP600 or mili-
tary R390 type receivers, to SSB reception.

An all -electronic a.f.c. is incorporated which
has a very rapid correction speed, allows reduc-
tion in errors caused by ionospheric Doppler
shift, and equipment instability. A special quick -
tune device is also incorporated. Kahn

Circle No. 16 on Reader Service Card

CRANK -UP TOWER
The new Model CZ crank -up tower can sup-

port a tri-band beam at 60 feet without the use of
guy wires. When bracketed to a building, the
tower becomes self supporting. It can be quickly
and easily lowered for very high wind conditions.

The new style gear winch has an automatic
locking disc brake which provides safety and
positive control when raising or lowering the
tower. The new construction features diagonal
braces of round steel rod on all three sides, plus
extra -heavy steel channel step braces, providing
maximum strength and rigidity. A large top

section permits mounting most rotors inside on
a removable pre -drilled plate. Tristao

Circle No. 17 on Reader Service Card

HAM MONITOR SCOPE
The SB-610 signal monitor visually displays

both transmitted and received signal waveforms.
It shows over -modulation or other forms of dis-
tortion by displaying the actual signal envelopes

or trapezoid patterns from ham radio transmitters
and will give an equally complete picture of sig-
nals being received.

The new scope is designed to perform with
virtually any communications receiver on the
market today. It can be used with transmitters
from 160 to 6 meters and with receiver i.f.'s as
high as 6 MHz.

The instrument comes in kit form complete
with step-by-step construction and hook-up in-
formation plus instructions for use and a series of
characteristic waveforms. Heath

Circle No. 18 on Reader Service Card

MANUFACTURERS' LITERATURE

MINIATURE RELAY DATA
A preliminary catalogue describing two new

1" -diameter, 1" -high 6 -pole d.t. and 4 -pole d.t.
relays, is now available.

The four -page literature includes electrical,
environmental, and mechanical characteristics
of the Series 300 and 350 relays. Also included
are six standard mounting styles and detailed
ordering information.

The "wedge action" contact mechanism used
in these low -level -to -2 -amp relays provides a dry
circuit confidence level of 90% based on a failure
rate of 0.001% per 10,000 operations. Electro-
Tec
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CHASSIS PUNCHES
A complete line of standard and special chassis

punches for radio, TV, and electrical work is
described in a new 8 -page catalogue, E-730-15.

Standard round, square, "key", "D", and dou-
ble "D" punches are covered in detail. A variety
of specials are presented, including punches for
15.2 to 60 mm round punches, punches for Potter
& Brumfield KHP miniature relay sockets, 2"
square punches for Micro Switch manual control
units, and metal punches for oiltight controls.
Greenlee

Circle No. 19 on Reader Service Card

SUBMINIATURE LAMPS

Aged and selected lamps, including T1, TVA,
and T1%-both based and unbased, are de-
scribed in new two-color brochure just published.

Power requirements for these subminiature in-
candescent lamps range from 5 to 28 volts with
life ranges from 2500 to 100,000 hours. IEE

Circle No. 143 on Reader Service Card

BUSHING & SHAFT SPECIFIER

A free specifier chart makes it easy to select
bushings and shafts for auto radio replacement
controls. With the new chart, it is no longer
necessary to know the part number of the auto
radio control in order to replace it with an exact
equivalent.

With the plastic -laminated guide, the correct
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bushing is found by inserting the bushing of the
old control in a template which indicates the
diameter, then measuring the bushing length on
the template which indicates the replacement
part number. Correct inner and sleeve shafts are
similarly determined with the template. Central -
lab

Circle No. 144 on Reader Service Card

MARINE RADIOTELEPHONE GEAR
A guide to selecting marine radiotelephones

for m.f., v.h.f., CB, and SSB applications has
now been released in updated and revised form.

Entitled "How to Use and Choose Marine
Radiotelephones", this 24 -page booklet carries
new sections on v.h.f.-FM, SSB, CB, as well as a
complete up-to-date listing of all marine channel
frequency allocations in the U.S., Alaska, and the
Caribbean area.

This information has been added to revised
sections on how a radiotelephone works, per-
formance information, noise problems, operation-
al laws, licensing procedures, services provided
by the Coast Guard and the telephone company,
and a listing of all FCC field offices. Pearce -
Simpson

Circle No. 20 on Reader Service Card

PANEL INSTRUMENTS
A 12 -page, two-color catalogue on "G", "M",

and other series panel meters, including d.c. volt-
meters, millivoltmeters, ammeters, milliammeters,
microammeters; a.c. voltmeters, milliammeters,
r.f. thermo ammeters, a.c. rectifier voltmeters, vu
meters, dB meters, and other portable meters for
schools, labs, and shops, is now available.

Catalogue D-66-1 provides both electrical and
mechanical specifications on the various units
covered, along with illustrations of the meters
themselves. Triplett

Circle No. 21 on Reader Service Card

APPLICATION NOTES
Five new application notes covering design

considerations for several circuits using new tran-
sistor types are now available.

AN -3163 covers a 4 -watt line -operated stereo
amplifier using the RCA -40424 high -voltage sili-
con transistor; AN -3185 deals with a high -qual-
ity, low-cost 15 -watt complementary -symmetry
power amplifier; AN -3191 describes practical and
usable methods for evaluating thermal runaway
in transistor audio output stages; AN -3196 pro-
vides information on a 5 -stage, 6.2 -watt stereo
amplifier using a complementary -symmetry out-
put stage; and AN -3198 is a description of an
FM multiplex demodulator using RCA -40359
transistors. RCA Electronic Components and De-
vices
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COIL CATALOGUE
A new 156 -page general catalogue plus 16 -

page replacement guide have been issued as
Form 860.

The catalogue provides a numerical index to
the various audio transformers, chokes and re-
actors, coils, power transformers, TV sweep com-
ponents, and transistor transformers offered by
the company.

The replacement section lists some 81 manu-
facturers (and their brand names) whose parts
can be replaced by components listed in the
catalogue. Merit

Circle No. 22 on Reader Service Card

RELAY BROCHURE
A new illustrated booklet and short -form re-

lay catalogue is now available on request. A rep-
resentative list of 18 different relays is illustrated
with their specifications in an easy -to -read, quick -
locator table. A special section details some of the
firm's production facilities and processes. Filtors
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RESISTOR NETWORKS
A series of metal -film precision resistor net-

works which permit substantial savings of space
over equipment assembled with individual com-

ponents is illustrated and described in Engineer-
ing Bulletin No. 20,000.

Physical specifications and performance char-
acteristics are detailed in this 4 -page brochure.
Sprague
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CAPACITOR GUIDE
A new 8 -page brochure describing the firm's

complete line of glass capacitors is now available.
The guide lists complete parameters in a two -
page spread for the CYFM, CYFR, TYO, CY and
the new CYKO, or Glass -K, styles of capacitors.
A table compares performance of glass dielectric
with performances of ceramic, mica, paper and
paper plastic, and two tantalum dielectrics.

Also included in the illustrated brochure are
applications, performance curves, and a failure -
rate chart. Corning Glass
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RELAY APPLICATION NOTES
A new bulletin describing the uses of "Ugon"

relays-fast, sensitivity, subminiature units-in
applications such as u.h.f. signal switching, meter-
ing relays, and instrumentation systems is now
available.

The relays which occupy a space of only 2
cubic centimeters operate on as little as 5 mW
and the contacts are capable of switching loads
up to 15 watts. Airpax

Circle No. 149 on Reader Service Card

PUSH-BUTTON SWITCHES
New catalogue numbers are provided in the

12 -page illustrated push-button switch catalogue,
L -169C. Detailed specifications and data, in-
cluding lamp and legend information, are fur-
nished on momentary contact s.p.s.t., n.o. or n.c.,
and s.p.d.t. two -circuit switches. The switches
have independent lamp connections. Ratings are
3 amps @ 125 V a.c.; 3 amps @ 30 V d.c. (non -
inductive). Dialight

Circle No. 150 on Reader Service Card

450 -MHz TWO-WAY RADIO
The benefits of using 450 -MHz for two-way

radio operation are outlined in an 8 -page bro-
chure entitled "Why UHF".

The advantages of u.h.f. operation, from ex-
cellent coverage to less crowded channels, are
told in the booklet. Now the radio user can
choose from a complete line of u.h.f. mobile
units, portable radios, base stations, and repeaters
the right unit to meet his particular needs. Some
of this equipment is illustrated and described
briefly in the brochure. Motorola

Circle No. 23 on Reader Service Card

ELECTROLYTIC CATALOGUE
A 112 -page "Twist -Prong" electrolytic refer-

ence catalogue has just been published to assist
in solving the major problems of the immediate
availability of proper electrolytic replacements.

The company has developed a line of 230
cans that will meet almost all replacement re-
quirements and this catalogue details these
recommended replacements for "Twist -Prong"
ratings in current use. Cornell-Dubilier
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REPLACEMENT RECTIFIERS
A new catalogue listing silicon and selenium

rectifiers for replacement applications and tube
replacement silicon rectifiers has just been issued.

In addition to carrying detailed information on
a full line of standard replacement rectifier de-
vices, the catalogue lists many of the newer recti-
fier replacements designed especially for color -
TV.

Copies of catalogue No. 66 -DL -3 will be for-
warded on request. Sarkes Tarzian

Circle No. 24 on Reader Service Card

COMPACTRON DATA
A new, condensed "1966 Catalogue of Corn-

pactrons" (ETG-3983A) is now available to de-
signers of television and audio communications
products. This 24 -page publication lists general

and maximum ratings of 121 compactrons, plus
characteristics and typical operation on an easy -
to -read chart.

Cost savings and reliability are cited for these
multi -function devices. Also shown are com-
pactron basing diagrams and outline drawings.
General Electric

Circle No. 152 on Reader Service Card

DESIGNER'S MANUAL
A photoconductive cell design manual provid-

ing photocell design, theory, and application
data, information on photoconductive materials,
cell resistance curves, data on variation of con-
ductance with light history, color temperature
and power derating curves, light measurement,
photometry, and order information, has been
issued for the benefit of design engineers.

Catalogue data is provided on a wide range of
the company's cells including material, peak
spectral response, resistance, minimum dark re-
sistance, maximum voltage rating, and measure-
ment voltage. Clairex
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TRANSISTOR CATALOGUE
A 12 -page illustrated catalogue and pricing

schedule, created especially for use by product
engineers and purchasing agents, has been issued.

Every 2N epitaxial mesa and planar, Philco-
type germanium, silicon alloy, silicon alloy dif-
fused, silicon epitaxial, and germanium and sili-
con consumer -type transistor made by the firm
is listed in numerical order. Lansdale

Circle No. 154 on Reader Service Card

RECTIFIER RATING NOMOGRAMS
As a customer service, the company is offering

to designers, free of charge, two nomograms
which enable the user to determine any of three
variables relating to the rating of semiconductor
microminiature general-purpose rectifiers. The
variables are: maximum average forward cur-
rent, distance from body of device to point of
contact with lead, and heatsink temperature of
the device.

A straight line extending through any two
scales on the nomogram to the third column will
accurately indicate the remaining variable. Hoff-
man Semiconductor

Circle No. 155 on Reader Service Card

SHORT -FORM CATALOGUE
An 8 -page, short -form catalogue describing a

complete line of trimmers, precision pots, minia-
ture switches, and turn -counting dials is now
available on request.

Basic specifications relating to square, rec-
tangular and round trimmers as well as single,
5-, and 10 -turn industrial and military pots are
given. A table outlining nonlinear specifications
is also provided. Spectrol

Circle No. 156 on Reader Service Card

PHOTO CREDITS
Page Credit
22 Acoustech
26, 27, 28, 66 Hewlett-Packard
30 (top) Philco Western Development Labs
30 (center) IBM Development Lab
30 (bottom) General Motors Research Labs
31 (top) Sylvania Electric Products Inc.
31 (center) IIT Research Institute
31 (bottom left) American Electronics Labs
31 (bottom right) Hughes Aircraft Company
32 Fairchild Semiconductor
45 (center), 46, 47 Coilcraft
45 (bottom) Hydro Molding Company
76 Heath Company
78 (top) Sencore, Inc.
78 (bottom) ....Hickok Electrical Instrument Co.
82 Concord Electronics Corp.
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ELECTRONICS
MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial product or services. 70g per word (including name and address). Minimum order $7.00. Payment must
accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance.
READER RATE: For individuals with a personal item to buy or sell. 40$ per word (including name and address). No Minimum! Payment must accompany copy.
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 100 extra per word. All copy subject to publisher's
approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Sand order and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park
Avenue, New York, New York 10016

FOR SALE
JUST starting in IV service? Write for free 32 page catalog
of service order books, invoices, job tickets, phone mes-
sage books, statements and file systems. Oe!rich Publica-
tions, 6556 W. Higgins Rd. Chicago, III. 60656.
GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Radios, Parts, Picture Catalog 25g. Meshna,
liahant, Mass. 09108.
INVESTIGATORS, FREE BROCHURE, LATEST SUBMINIA-
TURE ELECTRONIC SURVEILLANCE EQUIPMENT. ACE
ELECTRONICS, 11500-J NW 7TH AVE., MIAMI, FLA.
33168.

CANADIANS -Giant Surplus Bargain Packed Catalogs.
Electronics, Hi-Fi, Shortwave, Amateur, Citizens Radio.
Rush $1.00 (Refunded). ETCO. Dept. Z, Box 741, Mon-
treal, Canada.

JAPAN & Hong Kong Electronics Directory. Products, com-
ponents, supplies. 50 firms -just $1.00. Ippano Kaisha
Ltd., Box 6266, Spokane, Washington 99207.
CANADIANS, transistors, all semiconductors and com-
ponents. Free catalogue contains reference data on 300
transistor types. .1.&J. Electronics (Dept. EW), P.O. Box
1437 Winnipeg, Manitoba, Canada.

TRANSISTORS -Miniature Electronic Parts. Send for Free
Catalog. Electronic Control Design Company, P.O. Box
1432M, Plainfield, N.J.

METERS -Surplus, new, used, panel and portable. Send
for list. Hanchett, Box 5577, Riverside, Calif. 92507.
TRANSISTORIZED Products Importers catalog. $1.00.
Intercontinental. CPO 1717, Tokyo, Japan.

MESHNA'S TRANSISTORIZED CONVERTER KIT $5.00. Two
models -converts car radio to receive 30.50 mc or 100-
200 mc (one mc tuning). Meshna, North Reading, Mass.
01864.

R.F. CONVERTERS World's largest selection. Also CCTV
cameras, transmitters, etc. Lowest factory prices. Catalog
I0g. Vanguard, 196.23 Jamaica Ave., Hollis, N.Y. 11423.

CONVERT any television to sensitive big -screen oscillo-
scope. Only minor changes required. No electronic experi-
ence necessary. Illustrated plans, $2.00. Relco-A22, Box
10563, Houston 18, Texas.

ELECTRONIC Ignition Kits, Components Free Diagrams.
Anderson Engineering, Epsom, New Hampshire 03239.

FREE ELECTRONICS (new and surplus) parts catalog. We
repair multimeters. Bigelow Electronics, Bluffton, Ohio
45817.

DON'T BUY TUBES!!
RADIO or T.V.-XMITTING
or SPECIAL-PURPOSE TYPES

UNTIL YOU GET OUR PRICE LIST
GUARANTEED TO BE THE

LOWEST PRICES IN THE U.S.A.
OVER 5000 TYPES -ALL 100 %

GUARANTEED BRAND NEW

"WE'RE NEVER UNDERSOLD"

SEND POST CARD FOR T.V. OR
SPECIAL PURPOSE PRICE LIST

ESTABLISHED 1920

UNITED RADIO CO.
56 FERRY ST., NEWARK, N.J.
P.O. BOX - ZIP CODE - 07101

SURVEILLANCE EQUIPMENT -NEW HIGH PERFORMANCE
SUBMINIATURE MODELS. ELECTRONIC COUNTERMEAS-
URE DEVICES TO PROTECT PRIVACY. FREE DATA: SECU-
RITY ELECTRONICS-EW, 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017.

DETECTIVES! Free brochures! Electronic Surveillance de-
vices. SILMAR ELECTRONICS, 3476 N.W. 7th Street,
Miami, Florida 33125.

CRYSTALS . . . largest selection in United States at
lowest prices. 48 Hr. delivery. Thousands of frequencies
in stock. Types include HC6/U, HC18/U, FT -241, FT -
243, FT -171., etc. Send 10$ for catalog with oscillator
circuits. Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

DIAGRAMS, service information, Radio $1.00, Television
$2. BEITMAN, 1760 Balsam, Highland Park, Illinois
60035.

WHOLESALE: Microphones 89g, Speakers 49g, Ampli-
fiers $4.39. Hundreds of items. Catalog 25g. Royal, 8632
La Mesa Blvd., La Mesa, Calif.

FREE -FREE -FREE -FREE -FREE -FREE -FREE -FREE
Send in for your FREE one year subscription to Olson
Electronics' fantastic value packed catalog -unheard of
low, low prices on brand name speakers, changers, tubes,
tools, stereo amplifiers, tuners, CB and other values.
Credit plan available. If you have a friend interested in
electronics send his name and address for a FREE sub-
scription also. Olson Electronics, Inc., 514 S. Forge St.,
Akron, Ohio 44308.

BARGAIN HIGH RELIABILITY oil filled capacitors $3.00
each value; 1 mfd/400 vdc; 2 x .5 mfd/400 vdc; .25
mfd/800 vdc; 50/$23.95, 100/39.95; John Koclanes,
7104a Plateau, St. Louis, Mo. 63117.
NEW supersensitive transistor locators detect buried gold,
silver, coins. Kits, assembled models. $19.95 up. Free
catalog. Relco-A22, Box 10563, Houston 18, Texas.
McGEE RADIO COMPANY. Big 1966.1967 catalog sent
free. America's best values. HiFi amplifiers -speakers -
electronic parts. Send name, address and zip code num-
ber to McGee Radio Company, 1901 McGee Street, Dept.
EG, Kansas City, Missouri 64108.

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, Inwood,
Dallas, Texas.

ELECTRONICS! Associate degree -29 months. Technicians,
field engineers, specialists in communications, missiles,
computers, radar, automation. Start September, February.
Valparaiso Technical Institute, Dept. N, Valparaiso, In-
diana.

F.C.C. LICENSE (first class) in seven weeks. Resident
classes or correspondence. Grantham, 1505 N. Western,
Hollywood, California 90027.
REI First Class Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. Job placement free. Radio
Engineering Institute, 1336 Main Street, Sarasota, Fla.

World's "BEST BUYS"
in GOV'T. SURPLUS

Electronic Equipment

BUY NOW...
WHILE THEY LAST!
COMMAND EQUIPMENT:
BC -453 Receiver ...Gov't. Re-cond. w/Dyn. P.U.R.

BC -454 Receiver ...Gov't. Re-cond. w/Dyn. P.U.R.

BC -455 Receiver ...Gov't. Re-cond. w/Dyn.$14.95

BC -456 Modulator Used: 3.95
BC -457/T-20 Transmitter Unused: 9.95
BC -458 Transmitter Gov't. Re-cond. 9.95
BC -696 Transmitter Gov't. Re-cond. 12.95
BC -603 Receiver used: P.U.R.

BC -348 Receiver Used, Checked: 69.50
BC -221 Freq. Meter used, Checked: P.U.R.

Plus Many, Many Others!
WRITE TODAY FOR NEW LIST
WITH OUR LOW, LOW PRICES

Big Variety of NEW ITEMS To
Select From! Send For CATALOG!

FOR BIG CATALOG -SEND 250 (stamps or coin)
and receive 500 CREDIT on your order!

ADDRESS DEPT. EW

FAIR RADIO SALES
1016 E. EUREKA  Box 1105  LIMA, OHIO .45802

GET IT from GOODHEART!
EVERYTHING UNCONDITIONALLY GUARANTEED!

PROFESSIONAL HI-FI CONDENSER MICROPHONE
Brand new $114.85 capsule only, but we include
dwg of Paramount Picture's cathode -follower preamP
using only 3 batteries, 3 resistors, 3 capacitors, 1

Sc,5713 WbeM: ' sspecs: "t l d b from DC to 12 if.s.e6eyg25kc:25pr;7raer.s.i

meg load for 10 bar signal at 180 v polarising; will
work past 170 dbm; will stand 200 G shock.'' Unidi-
rectional. Size: Will fit in 2-1/16" circle: 7/8" thick
OA. WHILE THEY LAST. postpaid, only 27.50

KEEP LINE VOLTS CONSTANT AUTOMATICALLY
These Regulators, ALL AT LOW SURPLUS BARGAIN
PRICES, hold output at 115/120 v despite line
changes 95.130 v and load changes 0 to full load.
CV: Tuned saturating isolating transformers hold to
1%, have 14% harmonics. EM: Servo, hold to
1%, ZERO harmon. S/El: Electronic, hold to 0.1%,
3% max. harm. Sole, Sorensen, Superior Electric.

CV: 250 VA $ 22.50 500 VA .... $ 37.50
1 KVA 69.50 2 KVA (230v) 99.50

S/EI: 500 VA 89.50 1 KVA 99.50
2 KVA 179.50 21/2 KVA 199.50
3 KVA 279.50 5 KVA (230v) 350.00

10KVA 1 ph 50/60 cy 95.130 VI, 110-120 Vo 595.00

EM: 6 KVA, $279.50 (Incl. Gen. Radio 1570AL)
EMT (transistorized) 28 KVA 230V 350.00

ALL -BAND SSB RCVR BARGAIN: Hallicrafters R-45/
ARR-7, 550 kc to 43 mc continuous. Voice, OW,
hiCW, aligned, grid, w/ book; 2-RF, 2 -IF' s .
S -meter: noise lmtr; 3 xtl, 3 non -all 1 AQ-50
selectivity choices. Less purr sply .-"60 cy pwr spiv: $30. SSB product detector: 520

TIME PAY PLAN: Any purchase totaling 10%$160.00 or more. down payment only

R-23/ARC-5 Command rcvr 190-550 kc. 14.95
A.R.C. 12 #22 Command rcvr 540-1600 kc 17.95
ARR-5 rcvr, 60 cy, am/fm, 27-140 mc 149.50
APR -4Y AM/FM Rcvr mod. to 115 v 50/60 cy, withnpwr plug, book, tuners 38-1000 mc. om
CV-253/ALR Tuner brand new 38.1000 mc ....250.00
P.U.R. for tuners 975-2200 and 2175-4000 mc.
RA -62-B is AC pwr sply for SCR -522, only 17.95
LM -14 freq. meter, .01% 125 kc-20 mc. 57.50
TS-323/UR freq. meter 20-480 mc., .001% 169.50
Gertsch FM -3 w/AC sply 1-1000 mc, .001% 395.00

OTHER MATERIAL: Hewl-Pack & Tekt. Scopes, 31,
types of Signal Generators, Gertsch material, Bridges.
NLP Receivers, Noise/Field-Strength Meters, DVM's,
etc. etc. WRITE! WE ALSO BUY!

R. E. GOODHEART CO. INC.
Box 1220-A, Beverly Hills, Calif. 90213

Phones: Area 213, Mace 272-5707, messages 275.5342
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SPECIAL
FROM HIFI/STEREO REVIEW

DELUXE DUST -PROOF

RECORD AND TAPE

CASES Pius FREE

CATALOGING FORMS

11,

These decorative, yet sturdily con-
structed cases are just what you've
been looking for to keep your records and
tapes from getting tossed about and damaged.
disappearing when you want them most and just
generally getting the "worst of it" from constant
handling. They're ideal too for those valuable
old "78's" that always seem to get thrown
about with no place to go.
Constructed of reinforced fiberboard and covered
in rich leatherette in your choice of eight dec-
orator colors, the HIFI/STEREO REVIEW Record
and Tape Cases lend theniselves handsomely to
the decor of any room, whether it be your library,
study, den, music room or pine -paneled garage.
The leatherette back (in your color choice) is gold
tooled in an exclusive design available only on
HIFI/STEREO REVIEW Record and Tape Cases.
The sides are in standard black leatherette to
keep them looking new after constant use.

Eha
With each Record and Tape Case you

xti q order you will receive, free of charge,
a specially designed record and tape
cataloging form with pressure-sensi
tive backing for affixing to the side of
each case. It enables you to list the
record names and artists and will prove
an invaluable aid in helping you locate
your albums. The catalog form can be
removed from the side of the case at
any time without damaging the leath
erette.

Record Cases are available in three sizes: for 7",
10" and 12" records. Each case, with a center
divider that separates your records for easy acres.
sibility, holds an average of 20 records in their
original jackets. The Recording Tape Case holds
6 tapes in their original boxes.
 The Tape Cases and the 7" Record Cases (with
catalog forms) are only $3.25 each; 3 for $9;
6 for $17.
 The 10" and 12" Record Cases (with catalog
forms) are $3.50 each; 3 for $10; 6 for $19.

Add an additional 75c per order (regardless
of number of cases ordered) for shipping and
handling.

Ziff -Davis Publishing Company, Dept. SD
One Park Avenue, New York, N. Y. 10016
My remittance In the amount of $
is enclosed for the Cases indicated below.

Quantity
Tape Case at $3.25 each; 3 for
$9; 6 for $17.
7" Record Case at $3.25 each:
3 for $9; 6 for $17.
10" Record Case at $3.50 each;
3 for $10; 6 for $19.
12" Record Case at $3.50 each;
3 for $10; 6 for $19.

Add 75c PER ORDER for SHIPPING and HANDLING
Check color choice for back of case (sides in
black only):

O Midnight Blue 0 Red 0 Saddle Tan
 Pine Green 0 Orange 0 Yellow
0 Grey 0 Spice Brown

Na me
FW-106

Address

City State _Zip Code
- PAYMENT MUST BE ENCLOSED WITH ORDER MO

0 T A

D

A

E

L

E

S
P.O. BOX 74
SOMERVILLE, MASS. 02143

SPECIAL INTRODUCTORY
OFFER

15 EPDXY RECTIFIERS WITH EVERY
$5.00 PURCHASE. MANY OVER 600 PIV.

NO SHORTS OR OPENS
FET'S "N" CHANNEL TYPE SIMILAR

TO C-610 USED AS AMP, SWITCH, CHOPPER -
VERY HIGH INPUT Z $1.25 EACH

SILICON 5A INSUL TOP HAT &
POWER BASE EPDXIS

RECTIFIERS 750 MA

A) SIM to 2N1640 bidirectional tran-
sistors, a TO -5 silicon unit in

which the collector and emitter
are interchangeable. $.40 ea.PRV

50
3A 20A
.05 .20

PRV
50 .10

PRV
50 .05

100 .10 .40 100 .20
200 .40

100 .07
B) SIM to 2N728. A high frequency

200 .20 .60 200 .09
400 .60 TO -18 NPN unit extending to the400 .25 .80 400 .12

600 .35 1.20 600 1.00 600 .20 UHF range. 5/$1.00
800 .45 1.50 800 1.25 800 .25

1000 .65 1000 .50 C) SIM to 2N2885 (NPN) and TMT
1200 .65 8035 (PNP) microtransistors. 75
1400 .85

mw power at high freq.1600 1.00
1800 1.15 Both units $1.00
2000 1.35

Terms: FOB Cambridge, Mass.

Send check or Money Order

Include Postage, Average Wt.

per package 1/2 lb. Allow for C.O.D.

Minimum Order $2.00

SEND FOR FREE CATALOG (To

D) SIM to 2N1648 NPN high voltage
20 Watt silicon unit, used in power
output stages & power transistor
drivers. 2/$1.00

E) Glass diodes color coded.
SI 20/$1.00
6E 30/$1.00

Be Available Soon)
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CLASSIFIED ADVERTISING ORDER FORM
Please refer to heading on first page of this section for complete data concerning terms,
frequency discounts, closing dates, etc.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19

21 22 23 24 25

20

26 27 28 29 30

31 32 33 34 35

@ .40 Reader Rate )
Words ( @ .70 Commercial Rate )

Insert time(s) Total Enclosed $

NAME

ADDRESS

CITY_ ZONE STATE

SIGNATURE
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not
permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols such
as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-1066
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UNUSUAL BARGAINS
MANY U. S. GOVT SURPLUS

"Balls of Fun" for Kids .

Traffic Stoppers for Stores . .

Terrific for Amateur Meteorologists . .

SURPLUS GIANT WEATHER BALLOONS
At last . . ailahle again In big
S.D. diameter. Create a neighbor-
hood sensation. Great backyard
tun. Exciting beach attraction.
Min); an with vacuum cleaners or
auto air hose. Sturd, enough for

play: all other uses with reason-
able care (can be punctured by
sharp objects.) Filled with he.
Hum (available locally) use bal.
loons high In the sky to attractcrowds, advertise store sales, an-
nounce fair openings. etc. Ama-

teur meteorologists use balloons to measure cloud
heights, wind speeds, temperature, pressure, humidity
at various heights. Photographers can utilize for low-cost
aerial photos. Recent Gov't. surplus of heavy, black,
neoprene rubber.
Stock No. 60,568.AR $2.00 Ppd.

Brand New, Quick -Charge, Industrial Surplus
NICKEL -CADMIUM BATTERY

Unparalleled Value
For the first time a 6.volt light -weight
nickel -cadmium battery in stainless steel.
strap type -casing. 4 -amp hour capacity.
Almost unlimited life -thousands of dis-
charge -charge cycles with minute deterio-
ration -Charges fully in approx. I hr. with
Edmund charger kit. Just a few drops of
water per year provide full maintenance.
Hundreds of uses for hobbyists, amateur

photographers, campers, model builders, etc. Un-
equalled for rechargeable lanterns, cycle scooters, and
boat lights; portable fluorescent, and ultraviolet lights;
electronic flash units. Battery requires minimum of
electrolyte; is sealed to prevent loss; delivers nearly
100% of output at below freezing temperatures com-
pared to 50% by lead -acid batteries. No corrosive
fumes under any stage of recharge. Stud type terminalson top 1t/s" apart, marked for polarity; 8-32 thread.
nuts and lock washers. 6" x 2" x 4". Wt. 2 lbs. 12
ounces.
Stock No. 70.776 -AK $15.00 Ppd.
CHARGER KIT FOR 6 -VOLT BATTERY. Charges in
approx. 1 hr. Shuts off automatically, attaches to Stock
No. 70-778 battery case. Includes transformer, ballast
resistors charger circuit board, mounting hardware, 8 -ft.
cord plug. switch. assembly instr.
Stock No. 70807 -AK $8.00 Ppd.
ONE 1.2 VOLT NICKEL -CADMIUM CELL
Stock No. 40.798-Ait $3.95 Ppd.

Send Check or M.O.-Money-Back Guarantee
EDMUND SCIENTIFIC CO., Barrington, N. J. 08007

SEND FOR NEW 148 -PAGE FREE CATALOG -"AK"
Completely new 11107 edition. New items. categories, il-
lustrations. 148 easy -to -read ',ages packed with nearly4000 unusual items. Dozens of electrical and electro-
magnetic parts, accessories. Enormous selection of Astro-
Momical Telescopes. Microscopes. Binoculars. Magnifiers.agnets, Lenses. Prisms. Many war . u'plu. It 7,11, forlinent.,s k,11,.p. bud., r Ile forcatalog "AN." Pha-c i i. 11101 Iii, 1

EDMUND SCIENTIFIC CO., BARRIBGION. NEW MEET 08007
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RECTIFIERS & TRANSISTORS
Silicon Diodes

Amps 100 PIV 200 PIV 400 PIV 600 PIV
.75s .07 .10 .14 .21

3 .14 .22 .28 .40
15 - .75 1.20 1.55
35 - 1.30 2.00 2.70

Amps 700 PIV 800 PIV 900 PIV 1000 PIV
.75* .25 .32 .40 .55

3 .49 .58 .67 .78
15 1.70 1.85 2.25
35 3.15 3.60 4.50 4.801100 PIV 700. 1200 PIV 850. .75 amp

*Topliat or Fiangeless
10 Watt Sil. Zener Stud 20%, 12-200V 95Q ea.
1 Watt Zener, axial 20%, 8-200V 500 ea.
Sil. diode Stud, 1500 piv, 300 ma 500 ea.
Hoffman Sil. Epoxy diodes, 200 ma.

3000 PIV 98C 6000 PIV $2.49
Thermistor bead, 900 or 1200 ohm, 600°F-2/$1.00

Silicon Power Transistors
4W. 2n498. TO -5 Sot

15W, 2n2989. TO.5 75030W. 2n2151, T0.60 $1.2540W, 2n1047, TO.57 $1.40
50W. 2n1722, TO -53 $1.50
50W, 2nI724. TO -61 $1.50
2n1300 series, NPN or PNP 6/51.00
Sil. Junction diodes, 1N200 series 15/$1.00
70 amp. stud, 50 P1V-$2.50, 100 PIV $3.50
Amplifier, 6 Tubes, new, 3 lbs. $1.49
Nickel Cadmium Battery, 91/2 oz. 8 amp hr $2.50
10 Lbs. Power Resistors, 5-60W $1.98
10 Lbs. Paper Capacitors, assorted $1.98
IN34A 12/$1.00
2 Watt Pots, assorted 15/$1.00
Mercury Batteries, 5.4V, 5/8"xl" 4/$1.00
100-% w resistors, assorted $1.98
50 W. Zeners 12, 14, 16, 18 $2.00 ea.
50 disc cap, assorted 980
Computer Boards, parts free-Transistors..80 ea.

Varicap-Voltage Variable Capacitor
27, 47, or 100 pf at 4v., 4:1 $1.25

150 W Germanium Power (Diamond Case)
2n1021...$1.00 2n1022...$1.25 2n511 $1.50

20 W Germanium Power (internal heat sink)
2n1038 4/$1.00 2n1039 3/$1.00 2n1040 2/$1.00
2n1041 600 Add 10Q ea. for external heat sink

SILICON CONTRO LED RECTIFIERS
PRV .75A* 78 16A. PRV .75A 7A 16A.

25 - - .48
50 - .45 .70

300 1.20 1.80 2.20

100 - .70 1.20 400 1.70 2.20 2.70
200 .80 1.15 1.70 500 1.95 3.00 3.30

*Too Hat, others Stud 600 2.30 3.20 3.90
money back guarantee. $2.00 min. order. incifide
postage. Write For Free Catalog. C.O.D. 25%

Electronic Components Co.
Box 2902, Baton Rouge, La. 70821

CIRCLE NO. 111 ON READER SERVICE CARD
October, 1966

LEARN ELECTRONIC ORGAN SERVICING at home. All
Makes including transistors. Experimental kit -trouble-
shooting. Accredited NHSC. Free Booklet. NILES BRYANT
SCHOOL, 3631 Stockton, Dept. A, Sacramento 20, Calif.
HIGHLY -effective home study review for FCC commercial
phone exams. Free literature! COOK'S SCHOOL OF
ELECTRONICS, P.O. Box 10634, Jackson, Miss. 39209.
PROFESSIONAL Engineering, Electronics. Free Prospectus.
CIST, Suite 675, 263 Adelaide Street, West, Toronto,
Canada.

DRAFTING (Electronic, Mechanical, Architectural, Art).
Home Courses $25.00. Send $2.00 first lesson. PRIOR,
INC., 23-09 169 Street, Whitestone 57, New York.

TUBES

BEFORE you buy receiving tubes, Transistors, Diodes,
Electronic Components and Accessories . . . send rot
Giant Free Zalytron Current Catalog, featuring Standard
Brand Tubes; RCA, GE, etc. -all Brand new premium
quality individually boxed. One year guarantee -all it
biggest discounts in America! We serve professional ser-
vicemen, hobbyists, experimenters, engineers, technicians.
Why pay more? Zalytron Tube Corp., 469-W Jericho Turn-
pike, Mineola, N.Y. 11502.

FREE Catalog. Electronic parts, tubes, Wholesale. Thou-
sands of items. Unbeatable prices. Arcturus Electronics
ID, 502-22 St., Union City, N.J. 07087.
TUBES, SEMICONDUCTORS, ELECTRONIC EQUIPMENT &
COMPONENTS. Quality merchandise only! Serving engi-
neers, purchasing agents, TV/HiFi servicemen and hams
for 16 years. Write for catalog or call WA 5-7000, BARRY
ELECTRONICS, 512 Broadway, New York, N.Y. 10012.
TUBES -33f each. Year guarantee. Tuner Cleaner $1.09.
Free catalog. Cornell, 4213-W University, San Diego,
Calif. 92105.

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed.
Free Circular. Mercury Terminal. Norwood, Mass.
CASH Paid! Sell your surplus electronic TUBES. (Want
UNUSED, clean Radio/TV Receiving, Transmitting, Spe-
cial Purpose, Magnetrons, Klystrons, Broadcast Types.)
Want military and commercial Lab/Test Equipment. Want
commercial Ham Receivers and Transmitters. For a Fair
Deal Write: BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012 (WA 5-7000.)

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS -$1.00 up. Cata-
log 25e. PARKS, Box 25565, Seattle, Wash. 98125.

TAPE AND RECORDERS

RENT Stereo Tapes -over 2,500 Different -all major labels
-free brochure. Stereo-Parti, 1616-E. W. Terrace Way,
Santa Rosa, California.

BEFORE renting Stereo Tapes, try us. Postpaid both ways
-no deposit -immediate delivery. Quality -Dependability
-Service-Satisftction-prevail here. If you've been dis-
satisfied in the past, your initial order will prove this is
no idle boast. Hee Catalog. Gold CoasITape Library, Box
2262, Palm Village Station, Hialeah, Fla. 33012.
TAPE RECORDER SALE. Brand new, latest models, $10.00
above cost. Arkay Sales, 1028-B Commonwealth Ave.,
Boston, Mass 02215.

TAPE -MATES now offers ALL TAPES -ALL LABELS at
TREMENDOUS SAVINGS plus FREE Tape -Mates member-
ship. For FREE brochure write TAPE -MATES, 5727-EW
W. Jefferson Blvd., Los Angeles 90016.
STEREO TAPES. Save up to 60% (no membership fees,
postpaid anywhere USA). Free 60 -page catalog. We dis-
count batteries, recorders, tape accessories. Beware of
slogans "not undersold," as the discount information
you supple our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Washington,
D. C. 20009.

HI-FI components, tape recorders, sleep learn equipment,
tapes. Unusual Values. Free Catalog. Dressner, 1523
Jericho Turnpike, New Hyde Park 10, N.Y.

TAPES, TAPE RECORDERS -sold, exchanged. Free catalog.
Tower, Lafayette Hill, Pa. 19444.

HIGH FIDELITY

LOW, LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9, Penna.

FREE! Send for money saving stereo catalog #E1OW and
lowest quotations on your individual component, tape
recorder or system requirements. Electronic Values Inc.,
200 West 20th Street, N.Y., N.Y. 10011.

GREGORY ELECTRONICS

Reconditioned & Used FM
2 -WAY RADIO SAVINGS

Partial list -Send for Fall '66 catalog

Voice Commander
132 to 172 MC, 1W 9.5"
x 5.3" x 1.7" Reduced
price including

1

brand
New Rechargeable Nickel
Cadmium Battery Pack

Lowest Price Ever!

148
If crystal & tuning is de-
sired add $45.00
Battery charger for these
units $16.00

WRITE FOR QUANTITY PRICES

VOICE COMMANDER
Monitor Receiver only -
Tuned & Crystalled
with dry Batteries

$78

DELCO-RADIO TELEPHONE
MODEL CVTI-Complete Accessories -

4 Channels High Band
Quantity Uiscount-20% on
Quantities of Five -$198.40 each

$248

GE 4ES14-450-470 MC
6/12 Volts 12-15 Watts
Less Accessories $48

. MOTOROLA
T 41GGV

Fully narrow Banded, 30 Watt, LB
6/12 Volt, Complete $ 1 88
accessories. Minus
Crystals and Antenna.

We Buy Late Model Equipment for Cash
-Write; Wire or Phone!

-z. - GORY...FIL GREGORYGE ELECTRONICS
wi.wcrmoretcs..... CORPORATION

249 RT. 46, Saddle Brook, N.J., 07662
Phone: (201) 489-9000
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HI-FI Components, Tape Recorders, at guaranteed "We
Will Not Be Undersold" prices. 15 -day money -back guar-
antee. Two-year warranty. No Cafelog. Quotations Free.
Hi -Fidelity Center, 239 (L) East 149th Street, New York
10451.

FREE -$1.00 Value "Miracle" Record cleaning cloth with
every quotation on HIFI EQUIPMENT. Our "ROCK BOT-
TOM" prices on NAME BRAND amplifiers -tuners -tape -
recorders -speakers -FRANCHISED -59 YEARS IN BUSI-
NESS. Write for this month's specials -NOW! Rabsons
57th St., Inc., Dept. 569, 119 W. 57th St., New York,
New York 10019.

HIFI speaker system. Small, walnut. Magnificent. $29.95.
TANG, Box 162A, Framingham Ctr., Mass. 01701.

PHOTOGRAPHY -FILM,
EQUIPMENT, SERVICES

MEDICAL FILM -Adults only -"Childbirth" one reel,
8mm $7.50; 16mm $14.95. International W. Greenvale,
Long Island, New York.

SCIENCE Bargains -Request Free Giant Catalog "CJ"
-148 pages -Astronomical Telescopes, Microscopes,
Lenses, Binoculars, Kits, Parts, War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

105



NATIONWIDE

12
For all type

TUBES
0Z4
167
163
1H5
1113
1L6
1W5
105
155

1X2
2CW4
2DS4
2DV4
3BZ6
3076
3V4
4807
5AT8
5J6
5U4
5Y3
6A7
6AB4
6AC7
6AF4
GAGS
6AH4
6AL5
6AM8
6AN8

6AQ5
6AU4
6AU6
SAYS
6AV6
SAWS
6AX4
6BA6
68C5
GHEE
6BH6
6E11(7
6BL7
08N6
613135
61306
6B07
6C4
6C66
6C06
6CG7
6CM7
6CYS
6DA4
60E4
6DE6
6131(6
6DQ6
61354
6131/4
6J5

6J6
666
65A7
65C7
6SF7
6SG7
6SH7
6SJ7
661(7
651-7
6SN7
6SQ7
6U5
6U8
6V6
6W4
6W6
6X4
7A5
7A7
786
7138
7C5
7E6
7F7
7Q7
7Y4
SAWS
8CG7
9AU7
100E7

11CY7
12A06
12AF6
12AT7
12AV6
12AX4
12AU7
12AX7
12BA6
12BE6
12BH7
12BY7
12C5
12CA5
12L6
12135
125117
125187
12SK7
12507
12W6
18FY6
18F56
22DE4
25L6
25Z6
32L7
50A5
5005
50L6
11717
11723

PICTURE TUBE SPECIALS
NO DUDS REQUIRED

Any 70° 21" . $13.95
Shipped FOB

110° 210EP4, 21CQP4.
21E5P4 $17.95
110° 17BZP4, 1713SP4,
17DTP4, 17BWP4 $15.95

COLOR PIX TUBES
21AXP22 $59.95
Dud required

TERMS: FREE POSTAGE In
USA on prepaid orders. Add50c for handling on orders
under $5. Send 25% deposit
on COD orders. Send Approx.
postage on Canadian & Foreign
orders.Money refunded in 5 days ifenot completely satisfied.Tubes are new, used or sec-
onds are so marked.
Send for complete tube list!This Is our current price list
and cancels any previous price
lists!

1

1 -YEAR
GUARANTEE

ON ALL TUBES
Individually boxed
CODE DATED

BRANDED

Fresh New Stock of
Console Self Service

TUBE CHECKERS
Shell's, u -Test -M's.
Mercury's, Calex'sl

All with 3 or
more draw-
eros re

to thanhold
m300 tubes.
Latest charts
available to
test morethan 1000
types.

back
Lit

pghan-ed -
el with each
machine.
Shipped FOB

$29.95
3 for $75.00

Adapters for
Compactr $12.9ron's ava5 ilable

fo
New Stock of Government

SURPLUS TUBES
(hile They L ast)

BAGSW, 65N7, 6AU6,
6AX4, 616¢

Each
10 for $1.50

Nes 0
May Be Assorted

t of 1 0 $1 .50

Self Service
18 Socket Shell

Portable Tube Testers
Latest Chts . . . Carry-
ing Case warith Handle'
Shipped FOB $24.95
Comp$12.95actron Adaptor avail-
able

Assorted Knob Specials
Bag of 25 for T.V. 990
Bag of 35 for Radio 990
Paks
Sent ! Postage Paid!

e Poly -

16" Used Console TV's°
Complete from knobs to
back cover! FOB $14.95
3 for $40.00!
sTV's Shipped East Of
Mississippi Only!

ANY TYPE NOT
LISTED MAY ALSO
BE ORDERED AT

32)1 each.
($29. per 100)

NATION WIDE TUBE CO. HU 4-9848 I
1275 STUYVESANT AVE. UNION, N. J. 07083
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REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers specifi-
cation. Only $9.50. Any Make UHF or VHF. We ship COD
Ninety day written guarantee. Ship complete with tubes
or write for free mailing kit and dealer brochure. JW
Electronics. Box 51B, Bloomington, Indiana.
RECONING-COMPLETE SPEAKER RECONING SERVICE
ANY MAKE. ANY SIZE. MIDWEST SPEAKER SERVICE,
715 N. SHERMAN, INDIANAPOLIS, IND. 46201.

RECORDS

REPLACE worn LP Jackets -White 200, Colors 250. Min
Shipment 20, Samples 500, Records, Hillburn P.O.,
New York.

MUSIC

POEMS wanted for songs. Send poems. Crown Music,
49 -EL West 32, New York 1.

AUTHORS' SERVICES

AUTHORS! Learn how to have your book published, pro-
moted, distributed. FREE booklet "ZD," Vantage, 120
West 31 St., New York 1.

SONGWRITERS WANTED. Send songs for recordings -
royalty contract. Tin Pan Alley, 1650-H Broadway, New
York 10019.

WANTED WRITERS! Short stories, articles, books, plays,
poetry. Will help place, sell your work. Write today, free
particulars! Literary Agent Mead, Dept. C-45, 915 Broad-
way, New York 10, N.Y.

RUBBER STAMPS

RUBBER ADDRESS STAMP $1.00. Signature $2.88. Free
catalog. Jackson Products, 1433 Winnemac, Chicago, Ill.
60640.

INVENTIONS WANTED

INVENTIONS -IDEAS developed: Cash/Royalty Sales.
Member: United States Chamber Commerce. Raymond
Lee, 130-G West 42nd, New York City 10036.
INVENTORS. We will develop, help sell your idea or
invention, patented or unpatented. Our national manu-
facturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance available.
10 years proven performance. For free information, write
Dept. 42, Wall Street Invention Brokerage, 79 Wall
Street, New York 5, N.Y.
INVENTORS! Promotion, protection, search service. Free
forms, information; New York Invention Service, Dept.
13, New York, N.Y. 10038.
INVENTIONS WANTED. Financial Assistance. Free protec-
tion forms, information: Contact: International Invention
Institute, Dept. 31; 160 Broadway, New York, N.Y.
10038.

COINS

BARGAIN LISTS -coins and supplies, 250. Bill Comby,
Conover, N.C. 28613.

PERMANENT PROTECTION !

Electronics
World
Deluxe Magazine Files

that hold a full
year's copies!

Designed to keep your
periodicals orderly and easy to refer to. These
durable files guard against soiling, tearing, wear
or misplacement of issues. They look, feel like
leather and are washable! 23kt. gold lettering and
exquisite 2 -color binding make them highly -deco-
rative additions to your bookshelves.

Shipped POSTPAID! FULLY GUARANTEED!

Only $3.50 each -3 for $10, 6 for $19
Order several today -for ELECTRONICS WORLD

and all your other favorite magazines.
r

I Plill=11111,17.,
Box 5120, Dept. EW

Enclosed is $ Please send me
Electronics World Magazine Files in the colors checked
below:

0 Black backing/ maroon sides

0 Maroon backing/black sides

1

NAME

ADDRESS

CITY STATE 71P CODE

Orders outside U.S.A. please add $1 additional for
each file ordered.

L_ _ _ (Payment must accompany order) -_--1

FAMOUS BC -645 TRANSCEIVER
15 Tubes 435 to 500 MC
can be mcallbed for 2 -way
communication. voice or 4
code, on ham band 420-450 -,

..."-.roc. citizens radio 460-470 nfixed and mobile 450- ...1 i '....,, - ** 0,460 mc, television experi-
mental 470-500 mc. 15 'ZI11/

ilii-
- e0tubes (tubes alone worth imore than sale price!); 4- BRAND .4.7F7, 9-7H7, 2-7E6, 2- .,,,6E6, 2-955 and 1 -WE- .`316A. Now covers 460 to

490 mc. Brand new BC645 with tubes, less powersupply in factory carton.
Shipping weight 25 lbs. SPECIALI.1 $19.50
PE -101C Dynamotor, 12/24V input *7.95UHF Antenna Assembly 2.45Complete Set of 10 Plugs 5.50Control Box 2.25

SPECIAL "PACKAGE" OFFER:
BC -645 Transceiver, Dynamotor and all accessories
above, COMPLETE, BRAND NEW,
While Stocks Last $29.50

AN/APR-4Y FM & AM RECEIVER
"FB" FOR SATELLITE TRACKING!

- . High precision lab instru-
*":7" ment, suitable for moni-

toring and measuring Ire-
,- fluency and relative signal

strength of signals from
38 to 4000 Mc. in 5 tun-
ing ranges. For. 110 volt,.......5 60 cycle AC operation,

Ig-g,...47 ,,, built-in power supply.
w Original circuit diagram

, . Included. Checked out.
perfect, LIKE
NEW $88.50

TN -19 TUNING UNIT for above, continuous tuning
975 to 2200 Mc., Just right for 1296 Mc, Satellite
Frequency and other current Ham activity. Checkedout, perfect $89.50
Other tuning units for above, TN -16, TN -17, TN -18,
TN -54 in stock P U R
BC -929 3 -inch Scope, with all tubes, tin nnLIKE NEW ..... ...... ...* . ..... . .. I I 0.0aConversion instructions, with diagram for 110 VAC operation $ .65

SCR -522 2 METER TRANSMITTER -RECEIVER
VHF Transmitter -Receiver, 100-156 Mc. 4 -channels.
Xtal-controlled. Amplitude modulated voice. Completewith all 18 tubes, top rack and metal case. Exc.
Cond. $44.50

BC -221 FREQUENCY METER
Equipped with original calibration charts. 125Kc. to
20,000 Kc with crystal check points In all ranges.
Excel. Used with original Calibration Book. Crystal.
and all tables. CHECKED OUT.

Unmodulated $79.50
BC -221 1000 Kc Crystal Brand New 5 95
BC221 FREQ. METER CASE. aluminum with volt
reg. supply. Shock mounted. BRAND NEW....93.95
LM Freq. Meter. Modulated. 125 Kc to 20,000 Kc.
With Calibration Book, Like New $79.50As above, less Calib. Book, exc. used $34.50
ARR-15 Collins Receiver 1.5 to 18.5 Mc. Table,with Collins Pro and calibrator (written up in" 73"ag) Cplete with tubes,
Like Newom $79.50
BC1206-C BEACON RECEIVER 195 to 420 Kc. made
by Setchel-Carlson. Works on 24-28 volts DC. 135
Kc. IF. Complete with 5 tubes. Size 4^ a 4" x 6".Wt. 4 lbs. NEW $12.95
USED less tubes Sr 7.95
24 V DC POWER SUPPLY (ABC) Setchel I -CarlsonModel 24. INPUT: 24 VDC at .8 Amp. OUTPUT:1.5 V at .3 A., 85 V at .010 A., and -6 V.7"x4" Wx4". t. 4 lbs. Like New,
Checked out $5.95

EE -8 FIELD PHONES
Checked out, perfect working order. Complete with
all parts. Excellent Condition. LIKE NEW!
Each $16.50

SCR -274 COMMAND EQUIPMENT
ALL COMPLETE WITH TUBES Like BRANDType Description Used New NEWBC -453 Receiver

190-550 Kc. $14.95 $18.95 P.U.R.BC -454 Receiver 3.6 Mc. $15.95 $24.50BC -455 Receiver 6-9 Mc. $13.95 $19.50 $24.50
BC946 Receiver, 550.1500 Kc. Complete with alltubes. Brand New, in original packing $48.501.5 to 3 MC. Receiver Brand New $24.50

110 Volt AC Power Supply for all 274 N and
ARC -5 Receivers. Complete with metal case, in
structions. Factory wired, tested, ready to oper-
ate $12.50
SPLINED TUNING KNOB for 274N and ARC -S
RECEIVERS. Fits BC -433, BC454 and
others. Only 490

2.1 to 3 MC. Transmitter. Brand New $12.95
BC -458 TRANSMITTER -5.3 to 7 Mc. Complete with
all tubes and crystal
BRAND NEW $13.95
Like New $8.95
BC -459 TRANSMITTER -7 to 9 Mc. Complete with
tubes & crystal $19.50Like New
BC -696 TRANSMITTER 3-4 Mc Complete with $16.95
All Tubes & Crystal. Brand New
Like New $12.95
BC -456 Modulator .........USED 3.45 NEW $5.95

ALL ACCESSORIES AVAILABLE FOR ABOVE
SCR -625 MINE DETECTOR

Complete portable outfit In original packing, with all
accessories. Excellent, Used $32.50
AN/ARR-2 Receiver. 234-258 Mc. Complete with 11
tubes. Brand New 511.95
Exc. Used S 7.95
2 -Volt Willard Storage Battery, 20 Amp. Hr Model20-2, 3"x4"x51/2" high. Brand New $2.796 -Volt Willard Midget Storage Battery, 3 Amp. Hr.
3-3 / 8 "xl -13 / 16"x2-3 / 8" . Brand New $2.95

Please include 25 % Deposit with order -Balance
C.O.D., or Remittance in Full. 500 Handling Charges
on all orders under $5.00. All shipments F.O.B. Our
Warehouse, N.Y.C. All Merchandise subject to Prior
Sale and Price Change. For NEW COMPLETE CATA-
LOG, send 250. refunded with first order!

G & G RADIO SUPPLY CO.
Telephone (212) CO 7-4605

77 Leonard St. New York, N.Y. 1 0 0 1 3
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EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep -Learning Association, Box 24-ZD, Olympia,
Washington.

LEARN while asleep. Remarkable, scientific, 92% effec-
tive. Details free. ASR Foundation, Box 721, Dept. e.g.,
Lexington, Kentucky.

USED Correspondence Courses and Books sold and rented.
Money back guarantee. Catalog free. (Courses Bought).
Lee Mountain, Pisgah, Alabama.

EMPLOYMENT INFORMATION

EMPLOYMENT Resumes. Get a better job & earn more!
Send only $2.00 for expert, complete Resume Writing
Instructions. J. Ross, 80.34 Kent St., Jamaica 32, N.Y.
Dept. EW.

FOREIGN and USA job opportunities available now. Con-
struction, all trades. Earnings to $2,000.00 monthly.
Paid overtime, travel, bonuses. Write: Universal Employ-
ment, Woodbridge, Connecticut 06525..

EMPLOYMENT OPPORTUNITIES

AUDIO ENGINEER needed for new recording facility.
Must be able to maintain and repair professional equip-
ment. Excellent salary arid fringe benefits. Call or write:
John W. Kneller, Provost, Oberlin College, Oberlin, Ohio
(216) 774-1221 Ext. 2257.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents-Earn $750 to $1,400 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 obligation.
Universal, CZ.10, 6801 Hil!crest, Dallas, Texas 75205,

I MADE $40,000.00 YEAR by mailorder! Helped others
make money! Start with $10.00-Free proof. Torrey, Box
63566-N, Oklahoma City, Oklahoma 73106.

BACK ISSUES

AVAILABLE
Use this coupon to order back issues of

ELECTRONICS WORLD

We have a limited supply of back issues that
can be ordered on a first -come, first -served
basis. Just fill in the coupon below, enclose
your remittance in the amount of 750 for
each copy ordered.

ZIFF-DAVIS SERVICE DIVISION
Dept. BCEW, 589 Broadway

New York, New York 10012

Please send the following back issues of

ELECTRONICS WORLD

I am enclosing to cover cost of
the magazine, shipping and handling.

Month Year _

Month Year ..

Month Year _

Name

Address

City

State Zip

I
I

I
Payment must be enclosed with order  im

\FIELD-EFFECT
TRANSISTOR

T018

similar. to

 fie

L LOW NOISE FETs

2N3085
2N3087
2N3089

DICKSON

VFO's,
oscillators.

amplifier

infrared,

Vacuum
Tube

Equiva-
lent

N -channel

WORTH $24

$195

 INFRA -RED PHOTO DETECTOR TRANSDUCER
D INFRA -RED PARABOLIC REFLECTOR & FILTER
E 40 WORLD'S SMALLEST COND., to .05mf
 4 TRANSISTOR TRANSFORMERS, asst. worth $25 $1
E 2 CLAIREX PHOTO ELECTRIC CELL, CL607 $10 60 CERAMIC CONDENSERS, discs, npo's, to .05 $10 40 "TINY" RESISTORS, 1/10W, 5% too! $1

10 TRANSISTOR SOCKETS for pnp-npn transistors $1
ni 30 MOLDED COND'S, mylar, pore, black beauty $1

FREE
0 FREE

WORTH OF
Transidtorr,
Rectifiers
Condensers
Diodes
Knobs

ete,

Radio, TV Parts. Add 251 for handling

PLUS
CHOOSE $1 ITEM

ANY 1 FREE

BOTH "GIFTS" FREE
WITH $10.00 ORDERS

MOST POPULAR $1 PARTS PAKS TESTEDRY SEMI-KON-DUCTORS
D 3 INFRA -RED DETECTORS, with leads $1 0 3 2N706 500MW, 300MC NPN PLANAR, TO -1, ....$1
E $25 SURPRISE PAK: transistors, rect, diodes, etc $1 0 4 2N35 TRANSISTORS, npn, by Sylvania. T022 ..$1
 40 PRECISION RESISTORS, 1A, 1, 2W; 1% values Pin 4 2N255 POWER TRANSISTOR EQUALS, TO3 case $1
0 30 CORNING "LOW NOISE" resistors, 5% too! $1 ID 2-500 MC, 2N708 NPN Silicon planar T046 ....$1
0 60 TUBULAR CONDENSERS, to .5mf, to 1Kv, asst $110 15 NPN TRANSISTORS, 2N35, 170, 440, no test -.51
 40 DISC CONDENSERS, 27 mmf to .05 mf to 1KV $1 El 85 WATT 2N424 PLANAR, silicon. TO -63 nos.. $1
Et 60 TUBE SOCKETS, receptacles, plugs, audio, etc. $1 O 10 NPN SWITCHING TRANSISTORS, 2N338, 440 ....$1
0 30 POWER RESISTORS, 5 to 50W, to 24K ohms $1 El 25 ZENERS GLASS SILICON DIODES, no test ........$1
0 50 MICA CONDENSERS, to And, silvers too! $1 0 2 "TINY" 2N1613 2W. 100MC. T046 case, nun $1
0 10 VOLUME CONTROLS, to 1 meg, switch too! $1 0 15 PNP TRANSIST20,1174:IC,KT70221,02.N.t2,54,:187,,,aat.e.st.. $10

O 10 ELECTROLYTICS, to 500mf, asstFP&tubulars $1 C'4 20 WATTER,S,
E 50 RADIO & TV KNOBS, asstd. colors & styles -51
 10 TRANSISTOR ELECTROLYTICS: 10 mf to 500 mf $1
 50 COILS & CHOKES, if, rf, ant, osc, & more $1
E 35 TWO WATTERS, asst incl: A.B., 5% too! $1
E 75 HALF WATTERS, asst incl: A.B., 5% too! $10 60 HI -Q RESISTORS, IA, 1, 2W, 1% & 5% values $1
E 10 PHONO PLUG & JACK SETS, tuners, amps $1
E 10 TUBULAR ELECTROLYTICS, to 500 mf $1

$1
$1
$1

ow.IGNITION
TRANSISTOR

-4111111§
2N110o
vciio 0

95
e
vs.,.

TRANSISTORS
Supplied with

SILICON PLANARS

100 for 298AUDIO,
SWITCHING

POWER, RF, IF,

no test

FOR OUR "FALL" BARGAIN CATALOG ON:10,-, Fl Semiconductors 0 Poly Poks (11 Ports

TERMS: send check, moneyp 0 LY order. Include postage-avg. wt.
per pak 1 lb, Rated, net 30 days.
CODs 25c7o

A K S
P.O. BOX 942W

SO. LYNNFIELD, MASS.
neSK-KINCI. OF THIE WORLD

FIRST TIME IN U.S.A.!
"ONE PRICE" SCRS!

Imagine 7 -amp, 16 -amp and 25 -amp at one
price! Just check the prOper amp and PRV blocks.

 7 -Amps
PRV Sale
o 25 .25
O 50 .45
O 100 .70

000

0 16 -Amps
PRV Sale

0 25 -Amps
 300 1.75

150 .80 0 400 2 .25
0 200 1.15  500 2.50
0. 250 1.35 P 600 2.95

SILICON POWER STUD RECTIFIERS
AMPS 25 PIV 50 PIV 100 PIV 200 PIV

3 0 Se U 70 1 12t  191
15 0 151 40e D 651
35  39c  501 0 75e 1 1.19

AMPS 400 PIV 600 PIV 800 PIV 1000 PIV
3 0 25e  35e 0 45e  69e

15 D 901  1.35 17 1.59 F.-1 1.7935 0 1.90 t7 2.50 r] 2.75 Fr] 2.95

750 MIL TOP HAT AND EPDXIES
PIV Sale PIV Sale PIV Sale50 0 Se 600 D 19e 1400 95e100 0 7e 800  29e 1600 0 1.10200 0 91 1000 0 Sic 1500  1.35
400 0 13e 1200  690 2000 ri 1,50
O 30 TRANSISTORS, rf, lf, audio osc-ifs, TO qno test $1
0 3 2 -WATT PLANAR TRANS'TRS, 2N697, 100mcnpn$1

4 2N33 6'NPN SILICON transistors, Transistron Si
10 ZENERS REFERENCES stud, asst types $1

0- 25 GERMANIUM & SILICON DIODES, no test Si
CI 25 TOP HAT RECTIFIERS, silicon, 750ma, no te-it, $10 10 FAMOUS CK722 TRANSISTORS, imp no test $1
0 1 0 30 -MC TRANSISTORS, silicon, TO18, no test $1
0 3 -2N705 MESA, 300 me, 300 mw, pnp, T018 $1
0 10 2-6Amp RECT's, studs, silicon, 50 to 400 V 41
O 10 PNP SWITCHING TRANSISTORS, 2N404,no test $1
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FREE BOOK "990 Successful, Little -Known Businesses."
Work 'home! Plymouth -945M, Brooklyn, New York 11218.
CITIZENS BAND Radio Dealerships Available. Sell Full
or Part Time. Knox Electronic, Dept. 274, Galesburg,

61401.

IT'S FUN to sell by Mailorder! Free catalogue. Meth-
ods, 1406 -FD, Lafayette Hill, Pa. 19444.
LEADING ENGLISH ELECTRONIC INSTRUMENT BUSI-
NESS. No competition, unique. Owner wishes to sell
know how and Patents. Price $1,000,000 or less, ac-
cording to assistance required. Principals write to
SPRINGHEAD MANOR, SHIBDEN, HALIFAX, YORKSHIRE,
ENGLAND.

FREE CATALOGS. Repair air conditioning, refrigeration.
Tools, supplies, full instructions. Doolco, 2016 Canton,
Dallas, Texas 75201.

PROFESSIONAL, sell and install low cost Burglar Alarm
Systems, high profits, Dealerships available. ARC, 4935
Birch Lane, Alexandria, Virginia.

HYPNOTISM

FREE Hypnotism, Self -Hypnosis, Sleep Learning Cata-
log! Drawer H400, Ruldoso, New Mexico 88345.

FREE TRIAL!! Sensational self-hypnosis record kit. Forum,
333-AA10 Michigan, Chicago 60601.

REAL ESTATE

FREE Fall -Holidays CATALOG! Big 180 pages! Selected
Best thruout the U.S. Thousands of properties described,
pictured-Land, Farms, Homes, Businesses-Waterfront,
Recreation, Retirement. 66 Years' service, 490 Offices,
36 states Coast to Coast. Mailed FREE from the World's
Largest! STROUT REALTY, 50-2D, East 42nd St., N.Y.,
N.Y. 10017.

MISCELLANEOUS

W INEMAKERS: Free illustrated catalog of yeasts,
equipment. Semplex, Box 7208, Minneapolis, Minn.
55412.

AS YOU READ THESE PAGES more than 196,000 monthly
buyers of ELECTRONICS WORLD are doing the same. If
you want to do business with these active Electronics Pro-
fessionals your Classified Advertising belongs here now!
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A PUBLISHING FIRST

ELECTRONICS

t--AANyBo( tc)66

...THE ONLY COMPLETE GUIDE FOR
SERVICEMEN AND HOBBYISTS

TO EVERY MAJOR PHASE OF CONSUMER
ELECTRONICS SERVICING!

ELECTRONICS INSTALLATION &

SERVICING HANDBOOK  1966

For the progressive serviceman who
wants to service better and faster . . .

and expand his business by handling a
wider variety of equipment -
For the "do-it-yourself" hobbyist who
wants to save money by servicing his
own equipment -
The 1966 ELECTRONICS INSTALLA-
TION & SERVICING HANDBOOK has
arrived! The only comprehensive and
authoritative guide to consumer elec-
tronics servicing available anywhere!
A handy, on -the -bench reference volume
containing 128 pages-over 150 illustra-
tions, charts and tables-on how to spot,
analyze and correct trouble . . . quickly,
efficiently and economically!

Coverage includes: the basics of
servicing  servicing b/w & color TV
 AM -FM household radios  stereo/
hifi  CB equipment  intercoms and
PA systems  antennas  transistor-
ized ignition systems

Hundreds of money -saving techniques
and shortcuts. Every up-to-date method
and procedure.
You'd have to purchase several expensive
manuals to equal this kind of incisive,
all-inclusive coverage. But now you get
it all in the 1966 ELECTRONICS IN-
STALLATION & SERVICING HAND-
BOOK for just $1.25!

GET THE EXQUISITE LEATHERFLEX-
BOUND EDITION for just $3 POSTPAID!

r--- fill in, clip & mail this form today! ---1
Ziff -Davis Service Division Dept. IS
589 Broadway  New York, N.Y. 10012
YES! Send me a copy of the 1966 ELECTRON-
ICS INSTALLATION & SERVICING HAND-
BOOK. as checked below:
0 $1.25 enclosed, plus 150 for shipping and

handling. Send me the regular edition.
($1.50 for orders outside the U.S.A.)

9 $3.00 enclosed. Send me the Deluxe Leather -
flex -bound edition, postpaid. ($3.75 for
orders outside the U.S.A.) Allow three
additional weeks for delivery.

NAME EW-106

ADDRESS

CITY STATE ZIP CODE

L.-' Payment must be enclosed with order. ---I
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UNUSUAL BARGAINS
AT OVER 90

RADIO SHACK
STORES

Now Over 90 Radio Shack
Stores Coast to Coast!

ARIZONA
PHOENIX -3905 East Thomas Rd.

CALIFORNIA
ANAHEIM - 507 East Katella Ave.
BAKERSFIELD - 1308 19th St.
LA HABRA - 1511 West Whittler Blvd.
LONG BEACH -3976 Atlantie Ave.
LOS ANGELES:

Downey - Stonewood Shop. Ctr.
Ladera Shop. Ctr. - 5305 Centinela Ave.
Mission Hills- 10919 Sepulveda Blvd.
Reseda - 19389 Victory at Tampa
Torrance - 22519 Hawthorne Blvd.
West Covina - 2516 East Workman Ave.
West L. A. - Pieo Blvd. at Overland

OAKLAND (San Leandro) - Bay Fair Shop. Ctr
SACRAMENTO - 600 Fulton Ave.
SAN BRUNO - 481 El Camino Real
SAN DIEGO (La Mesa) - Grossmont Shop. Ctr.
SANTA ANA - Bristol Plaza Shop. Ctr.

COLORADO
DENVER:

798 South Santa Fe Dr.
Westland Shopping Center

CONNECTICUT
HAMDEN - Hamden Mart. Shop. Ctr.
MANCHESTER - Manchester Shop. Parkade
NEW HAVEN -230 Crown St.
NEW LONDON - New London Shop. Ctr.
STAMFORD - 29 High Ridge Rd.
WEST HARTFORD - 39 So. Main St.

GEORGIA
ATLANTA:

Greenbrier Shopping Center
No. De Kalb Shopping Center

ILLINOIS
CHICAGO E Plaza at 95th St.

KANSAS
WICHITA - Parklane Shopping Center

MAINE
PORTLAND - Plne Tree Shop. Ctr.

MARYLAND
LANGLEY PARK - HampshireLangley Ctr.

MASSACHUSETTS
BOSTON:

167 Washington St.
594 Washington St.
110 Federal St.

BRAINTREE - South Shore Plaza
BROCKTON - Westgate Mall
BROOKLINE - 730 Commonwealth Ave.
CAMBRIDGE - Fresh Pond Shop. Ctr.
FRAMINGHAM -Shoppers' World
LOWELL - Central Shop. Plaza
SAUGUS - N. E. Shop. Ctr.
WEST SPRINGFIELD - Century Shop. Ctr.
WORCESTER - Lincoln Plaza

MINNESOTA
MINNEAPOLIS -1121 Nicollet Ave.
ST. PAUL - 473 North Snelling

MISSOURI
ST. LOUIS:

1125 Pine St. (Walter Ashe Div.)
South County Shopping Center,
Northland Shopping Center

NEW HAMPSHIRE
MANCHESTER - 1247 Elm St.

NEW MEXICO
ALBUQUERQUE - 6315 Lomas, N. E.

NEW YORK
BINGHAMTON (Vestal)-Vestal Shop. Plaza
BUFFALO (Clarence) - Transitown Shop. Ctr.
NEW YORK -1128 Ave. of the Americas
SCH EN ECTA DY (Rotterdam) - Shoperama Ctr.
SYRACUSE:

3057 Erie Blvd. East.
Fairmount Fair Shop. Ctr.

OHIO
CINCINNATI -852 Swifton Ctr.

OKLAHOMA
OKLAHOMA CITY - Mayfair Shop. Ctr.
TULSA -2730 South Harvard

OREGON
PORTLAND - 1928 N.E. 42nd St.

PENNSYLVANIA
PHILADELPHIA:

2327G Cottrnan Ave., Roosevelt Mall
1128 Walnut St.

PITTSBURGH -309 So. Hills Village
RHODE ISLAND

PROVIDENCE - 355 Reservoir Ave.
EAST PROVIDENCE-Shoppers' Town

TENNESSEE
MEMPHIS-Southland Mall

TEXAS
ABILENE - 2910 North First St.
ARLINGTON - Collins at Park Row
AUSTIN - Hancock Shopping Center
BROWNSVILLE -847 S. E. Elizabeth St.
DALLAS:

Medallion Center
125 Wynnewood Village
Plymouth Park Shop. Ctr.

FORT WORTH:
1515 So. University Dr.
900 East Berry St.
3524 Denton Highway
2615 West 7th St.

HOUSTON:
7900 Katy Rd.
8458 Gulf Freeway
322 Northline Nell
Bellaire -4759 Bissonnet

MIDLAND-South -9" Meta Drive
SAN ANTONIO:

150 Wonderland Shop. Ctr.
684 S.W. Military Drive

SHERMAN - 1620 Highway 75 North
WACO - 1016 Austin Ave.

UTAH
SALT LAKE CITY-Cottonwood Mall

VIRGINIA
ARLINGTON - Parkington Shop. Ctr.
VIRGINIA BEACH - Pembroke Mall Shen. Ctr.

WASHINGTON
SEATTLE:

2028 Third Ave.
837 N. E. 110th St.
Burien Plaza

Radio Shack Tape Special!
Super -Strength MYLAR at

a Below -Acetate Price!

99, Each

In Lots of 3 or More Reels

 Full 7 -in. Reels! 1200 Ft.!
Made by Top U.S. Manufacturer!

Another $-saving Radio Shack
special purchase from one of
America's kingpin tape makers!
Certified defect -free. Super-
strength, quality and fidelity!
Not a so-called "white box"
tape! #44-755

Made for People Who Fly!
Exclusive
Aircraft
and AM
Portable!

21"
 2 Bands!

10 Transistors!
 Hear Exciting

Aircraft Transmissions!
Fabulous new "Jetstream" - great for pilots,
VHF fans, travelers, GI's. AM radio, 2 antennas.
5 Ytix3%x I 1/4". With batteries. # 12-626.

We're Famous For
Stopwatches!

999

 Traditional Swiss
Accuracy!

 7 -Jewel Sports Model

1/10 second divisions. Outer dial registers up to
30 seconds; hand counts to 15 minutes. Crown
controls with zero -reset button. #63-639.

5 Dukes of Dixieland
12 " Stereo LP's

special hose'Po`

5for 80
- Audio Fidelity Records -

Demo Quality Stereo. 16-25,000 CPS.

Build up your music library with these 5 great
LP bargains: Minstrel Time; Mardi Gras Time;
On Campus; Circus Time; Up the Mississippi.
#50-5893.

 1111111111111111111.11111111
41=11,

WIN/0

.11

.111.

.1MP.

Our Fabulous FE -103
Speaker

Free: Plans for building
Special Hi-Fi Enclosure!

795
 New 4" Acoustic -

Suspension Speaker!

 Massive Ceramic Magnet!

Unique design handles 15 watts
music power; 30-17,000 cps response; 852 imped.
High performance. 83/4x8x6I/8". #40-1197.

Bargain -packed, fully -illus-
trated catalog! Special pur-
chases, closeouts and audio,
CB, electronic parts, ex-
clusives!

Check Coupon
Below

IIIIIIIIIIIIIlllII

RAD101"

1967
SHACK

FILL OUT THIS HANDY ORDER COUPON AND MAIL TODAY
RADIO SHACK CORPORATION,
1515 South University Drive, Ft. Worth, Texas.

f Sill
EW-1066

 Mylar Tape (3 Reels), #44-755
12 Sand ma FREE 1967 0 5 -Record LP Set, »50-5893

 Aircraft/AM Radio, # 12-626

Please send me the items I have checked above. I enclose $ plus $1.00 to cover handling andpostage anywhere in the U.S.A.; I understand any excess payment will be refunded promptly.

Ei Stopwatch, #63-639

Radio Shack catalog. [ 1 FE -103 Speaker, #40-I197

Name

Street

0M.

4111111.

diMIP

41=11.

41110.

1101..

City State Zip
/11111111111111111111111111111111111111111111111111111\
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Here is RCA's new WR-50B RF Signal
Generator-wired or kit. It looks just
like the old WR-50A, but the resem-
blance ends there. It has all the features
you liked in the older model...plus 3
new ones you'll find in red below:
 Wide frequency range from 85kHz to
40MHz in 6 overlapping ranges plus
harmonics for higher frequencies
 Built-in crystal calibrating oscillator
circuit with front panel crystal socket
 Internal 400 Hz audio oscillator
 NEW - Sweep output at 10.7 MHz with
return trace blanking for sweep align-
ment of FM receivers
 NEW -Sweep output at 455 kHz with
return trace blanking for sweep align-
ment of new transistorized AM radios
 Individual inductance and capacitance
adjustments for each range
 Modulation level control
 Two-step RF attenuator switch plus a
continuously -variable attenuator control
 NEW -additional switch for further
attenuation of crystal oscillator output
 The Optional Distributor'Resale Price
is only $65.00. Kit Form, $45.00, includes
pre -assembled range switch with pre -
aligned coils and trimmers. See the RCA
WR-50B at your authorized RCA Test
Equipment Distributor.
RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics
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