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years of leadership
2 for Radio-Television

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
' F?,rogmlm.m‘;d Dite [ vallable Under NEW

size” texts. It's the neces- GI BILL. If you served since Jan-
sary "third dimension” in | vary 31, 1955 or are in service,
NRI's froining method check Gl line in postage-free card.

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

“I want to thank NRI for making it afl possible," says Robert
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 o position with Technical Appli-

ance Corp. Now he is foreman in charge of government

and communications divisions.. He writes, “As far as | am

q—:: concerned, NR! training is responsible
.% for my whole future.”

y -

‘ - " “l can recommend the NRI course to

anyone who has o -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
lllinois, working on Naval research projects,

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 tran
mitting equipment. Prepares for FCC Llicense.

FCC Licensex

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 Llicense.

Marine Communications*

Learn to operate, repair transmitters, direction finders, depth indi-
cators, rador, other Electronic equipment used on commerciol
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. Lleads 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

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.




NRI offers you over <
In home-study trainin
Electronics-Automatio:

Back in 1914, a school teacher named
James E. Smith started giving exira in-
struction to four of his students in the

"mysterious’" new field of radio. From
that small beginning, National Radic
LEsman | Institute has grown to be America

Founder—1914.  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 Yo 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.

e e e e e e e e e e

CUT OUT AND MAIL ’
coror cataroc FREE:!

I
NO STAMP NEEDED—NRI PAYS POSTAGE '

NATIONAL RADIO INSTITUTE 2.106
Washington, D.C. 20016

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

[ TV-Radio Servicing [ Electronics for Automation
[ Industrial Electronics [] Aviation Communications
{1 Complete Communications [] Marine Communications
[J FCC License [C] Mobile Communications
1 Math for Electronics {1 Electrical Appliance Repair
[ Basic Electronics [ Electronics for Printers

[0 CHECK FOR FACTS ON NEW GI BILL.

Name. Age
Address
City State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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Every 40 seconcs aburglary tahes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complste U.H.F. Dagpler Ra-
dar System which saturates the
eniire protected area #®h invis-
itle r.f. microwaves. & provides
complet2 wall to walR—ficor to
cewing protection for ar asea of
Lp to 5,000 square feet. W.thout
kuman movement in the pro-
tacted area, the microwave sig:
ra! remains stable. Anp human
riovement (operation s unaf-

f2cted Lty rodents ana sinall ani--

rmals)in the area caus2s the dop-
pler signal to change fraquency
egporoximately 2 to 4 ¢ps. An
vitra-stable low frequency de-
tector senses this sman fre-
cuency change, amphifi2s it and
tiggers the police type s‘ren—
which is heard up to 3 2z mile
away.

In aadition, the RADMK SEN-
2RY ALARM'’s proteciion can be
extended to other areas with the
use of the following cpaional ac-
€essories:
= remote detectors fo: extending

coverage to over 10 GO0 sq. ft.
s rate of rise fire detector U.L.
eporoved for 2,50Q =q. ft. of
coverage each (no Emit on the
number of remote cetectors
that can be used)
- hold-up alarm
= centrel station.or pdlice station
trensritter and recaiver (used
with a leased telephore ine)
s reday unit for activeting house
ghts
= battery operated hora or bell
which sounds. in the 2vent of:
~pwerline. failure; ecuipment
_ /nalfaction or tamderirg

%,
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At thzt -ate, it's & multi-millio
dollar a year business...for bur-
gars.

And an zven better business. op-
portunity for you.

Why? 3=cause turglary car be
szoppec...wit1 an 2*fective alanr
s/stem.

In “act. pol ce and insurance
cfficials neve provec that an alarm
system recuces, and inmany cases,
eliminates lcsses—even helps p>
|'ce apprehend the zriminal.

He-e’s whar2 ycL come in.

Only a small percentage of the
more tham 1JC mi { on buildings—
ctores, ofices factori=s, schocls,
churches and hom=3 a-e protected
by ar effect ve alarm system.

That means virtually every
home, eve-y DLsiness s a prospec:.

You can el them!

And yau don’t have to be 3
super-sa esman -o szl the bzast
Jrotectior availab e—a Radar Szn-
<ry Alarr unit. Al ycu have.o co

s demaorstrate it-.. t sells its2If.

A glanze at the zechnical info--
matior skows why=

RADAR SENTRY ALARM

23
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It's the mast unique and effec-
tive alarm sysilem ever inve-ted.

And here’s -he proof.

In the past 5 x yea-s, thoasards
of RADAR SZIMTRY ALARNMN u-its
have been solic n the Detroit, Mich-
igan area alare—sold by men | ke
yourself on a part-time and ‘ull-
time basis.

Here are ‘ust a iew cLstomzrs
who are pratected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Eeard o® Educatior
Hundreds of Crurzhes,
Banks, Eusinesses and
Homes.

Everyone ¢ a prospect.

So take advantage cf ycur pro-
fession! Put ycur technical knewi-
edge and experience to work for
you in a totel y new area—an area
that wiil mai= money for gou!

-Don’t wail! v

Let us prave that crime ddes
pay..

Became. a cistributar.

Write now for free aetafs,




7 Thé one an;enna 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
FINCO ALL-BAND UHF-VHF-FM ANTENNA g : : g

. §| reproduction.
75 OHM Model CX-UVF-24 $72.10 List 4| 300-0hm models for normal reception areas from

FINCO ALL-BAND UHF-VHF-FM ANTENNA $18.50 to $59.95

75 dels f ti f
300 OHM Model UVF-24 $59.95 List S T L :‘;Zagsrfomsn 10

FINCO

i 75-ohm COLOR VE-LOG ANTENNAS
’”t’”d”"es/Fon UHF -VHE-EM RECEPTION

Finca’'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-chm models for normal reception areas from

$16.95 to $54.50
75-0hm 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

FREE ALL FINCO CX-VL, CX-UVF AND UVF ANTENNAS COME WITH A FREE INDOOR SET-
=~ MOUNTED TRANSFORMER, VHF-UHF TRANSFORMER SPLITTER OR VHF-UHF SPLITTER.

& oF THE WORLD 4
H

,_._,7;;?5 THE FINNEY COMPANY

sunc /mrre 34 WEST INTERSTATE STREET, DEPT. 410, BEDFORD, OHIO

"\
9>
4 conronturs an A65Y
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SpEct

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
uH. 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 fiiter
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 Pendieton.
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What are the methods and instruments that are used to measure frequen-
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Linear IC's are beginning to appear in radios and TV sets. Here are details on a new
Farchild circuit that can be used as an if. amplifier/limiter or chroma oscillator.

Larry Blaser

Designing Silicon-Transistor Hi-Fi Amplifiers
Part 2. Circuit Configurations
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The NEW
University

Uniline CS-2
has the
BIG SOUND

it takes to
fill an
auditorium!

UNIVERSITY CS-2 |
WEATHERPROOF
SOUND COLUMN

Frequency Re-
sponse 175-12 Hz—
Power Capacity 30
Watts |PM-—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 Uniline™ 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 DIVIBION OF 4TV LING ALTEC, INC.

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

- Electronics World

|

|
LINEAR INTEGRATED

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 1C'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.
Comgplete 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

All these and many more interesting and informative articles will be
the November issue of ELECTRONICS WORLD

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 innoca-
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 duplicatin
their libraries in cartridges. This article wiﬁ
bring you up to date on current trends and
possible future developments.

yours in
.+ . 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. Thaus, 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

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.”

Business
- 8 80 00800000008 6300860000000006000000000080

115181011866 0000 000000800080 38 a0 0880080000000080a0

Home
AdAressS..veeesssssrsssesrseassasrnennneccssssaonnas
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cut holes

“Key" ;

Round—inches and mm

Greenlee
punches

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

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

me
©M GREENLEE TOOL CO

Division of Greenlee Bros. & Co.
4866 Columbia Avenue, Rockford 1. 61101

OI‘

NEW YORK HI-F|

HAT 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

CIRCLE NO. 106 ON READER SERVICE CARD the subject of hi-fi and the listener,

when you use
Workman's
MIRACLE 5
TRANSISTORS.....
they will replace
2077 transistors for
entertainment use
in radio, phono,
tape recorders and
amplifiers!

AAT pnP AuDIO

AA2 NPN AuDIO

AA3 PNP HIGH FREQUENCY

AA4 POWER DIAMOND BASE
AAS5 POWER STUD BASE
L

Attractively packaged on a
merchandising displuy board.

AVAI LABLE AT A
ELECTRONIC PARTS DISTRIBUTORS

LOW PRICED
only from

WORKMAN

SARASOTA _,FLORIDA

ledhamic

PRODUCTS, INC

CIRCLE NO. 73 ON READER SERVICE CARD
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| 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,

the record

. A. STOCKLIN, EDITOR

SHOW PROGRAM

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.
Mzr. 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 REGORD GLUBS ARE ALIKE?

NOW COMPARE

THE “BIG 4"
RECORD CLUBS

Record Club of America gives you All Labels...at 33%% savings...and often
up to75%... AND DOESN'T FORCE YOU TO BUY EVEN A SINGLE RECORD

cLue A

(As Advertised
n PLAYBOY
January 1966)

cwe B
(As Alverhsel
n McCALL'S

CLus C
(As Aammu

RECORD CLUB OF AMERICA

n PA|
Fehnury ISSS) Jznuary IS IS“)

Choaose any LP, on any label! Mono and Stereo! No exceptions!
Nu Nu Nu YEs Over 300 different manufacturers including CAPITOL, COLUMBIA,
s RCA VICTOR, ANGEL, VOX, VERVE, DECCA, LONDON, etc.

Even latest releases are available at once — no waiting.

CAN YOU CHOOSE FROM ALL LABELS
INCLUDING LATEST RELEASES?

MUST YOU BUY A "MINIMUM"
NUMBER OF RECORDS? HOW MANY?

be s )

) NONE!

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

CAN YOU BUY ANY RECORD
YOU WANT AT A DISCOUNT?

) NO ) NO | No ) ALWAYS!

Your discounts are never less than 33%4% —
and are often as high as 75% — on every
record you buy! No exceptions!

DO YOU EVER RECEIVE
UNORDERED RECORDS?

DYES ) YES ) VES ) NEVER!

There are no cards which you must return.
Only the records you want are sent —
and only when you ask us to send them!

HOW LONG MUST YOU WAIT
FOR SELECTIONS TO ARRIVE?

}

it PP o) NO LONG WAITS!

YOUR ORDER PROCESSED
SAME DAY RECEIVED!

If Record Club of America is 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!

* SAVE — never less than 3315%
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
$3.79 and $3.98

Tijuana Brass
Take O records — or 100! TR
Sugg. List Price
$4.79 and $4.98

Frank Sinatra

Arthur Fiedler

;ugg. List Price

plus more than V2 off on famous labels: Audio Fidellty,
COmmand Westminster,
Verve, Deutsche Grammophun and others . . .

BEST SELLERS...

Ferrante & Teicher
Peter, Paul & Mary | Henry Mancini
Sonny & Cher The Rlghteous Bros.

BEST SELLERS...ONLY $2.39 & $2.49

l Getz-Gilberto I
Birgit Nilsson
Everest & vVox
Classical Albums

ONLY $1.89 & $1.98 i
The Supremes

Ramsey Lewis
Segovia

..ONLY $1.77

Roulette, Mercury, Angel, MGM,

AT LAST! A RECORD CLUB WITH NO “OBLIGATIONS"

This is the way YOU want it — a record club with
no strings attached! Ordinary record clubs make
you choose from just a few labels — usually their
own labels! They make you buy 5, 6, or more
records a year (at full price!) to fulfill your “ob-
ligation”. And, if you forget to return their month-
ly card — they send you a record you don't want,
and a bill for $5.00 or $6.00!

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 3314%
—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 33%53% — 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 fisting all LP's available. Over
300 different labels, over 30,000 albums.

(3) DISC®, the Club’s FREE magazine which reg-
October, 1966

—ONLY BENEFITS!

ularly supplements Schwann's listings and keeps
you informed of extra money saving ‘“‘double-
discount” specials.
Your order is PROCESSED SAME DAY we get it! No
long waits. No monthly cards to return, so you are
never shipped unordered records. Every record
GUARANTEED brand new, first quality, factory
fresh! You must be completely satisfied—or every
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 schoals,
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 pnv:leges 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.

CIRCLE NO. 84 ON READER SERVICE CARD

FREE! 300-page Schwann Cat-
alog to pick your albums from
when you join Record Club of
America

GIANT CATALOG lists all records of all
manufacturers. Qver 300 labels with
discounts from 333 % to 75% —Over
30,000 albums — CLASSICAL, instru-
mental and vocal— POPULAR, vocal and
instrumental — JAZZ — FOLK — SOUND-
TRACKS, Broadway and Holywood—SPOKEN WORD—
ROCK-n' ROLL—COMEDY—RHYTHM & BLUES-—COUN-
TRY & WESTERN—DANCING—LISTENING .

RECORD CLUB OF AMERICA
I 1285 East Princess Street, X915.A I
York, Pennsylvania 17405
Yes' Send FREE Schwann Catalog, DISC®, and LIFE- I
TIME MEMBERSHIP CARD. Enclosed is $5 which
I entitles me to buy any LP in the Schwann Catalog
or DISC® at discounts of at least 3314% and as
high as 75%, plus a small postage and handling I
charge. | may take as many or as few, or no rec-
ords at all. No yearly “quota”. | may, for any
I reason, return items within 10 days for full refund
of membership fee!

[0 Yes! Add GIFT MEMBERSHIPS at $2.50 I
each to my request. Send to names and addresses
on attached sheet.

lenclose
membership and any gift memberships at $2.50

each. I

covering my $5 lifetime

Print
Name
Address I
City State
I Over 600,000 enthusiastic members lncludlngl

schools, llbranes and other institutions.

I ALL ORDERS PROCESSED SAME DAY RECEIVED. AL-I
BUMS COME TO YOU FACTORY FRESH. YOUR SATISFAC-
TIONGUARANTEEDORALLALBUMSFULLYRETURNABL_J

7



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, Chlcago, 11l. 60644

MEND, SPLICE, SAVE
Your Hi-Fi tapes with

EDIl7abs

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

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

Locate tape area to be
removed. Cut at 45°
angle. Remove excess
tape and butt ends.

the self- alllnlnl
[Dl ab over both ends.
Press finger over ad-
hesive area.

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

- SALUTE

- TO

DAVID
SARNOFF

N 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
’celebmted 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-
1 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
Ibecome 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
Imoving 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
Adwvisory 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 a

tribute. A
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prediction:

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

Gompetitive Price - Great Versatility - Miniature Size - Simpie Gonnection and Mounting

CIRCLE NO. 200 ON READER SERVICE CARD



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.

WIRING is particularly easy. Use stand-
ard dip or wave soldering methods with
printed circuits. You can also make con-
nections to the OTHER side 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,

principles




LOOK!

A New Electronics Slide Rule
with Instruction Course

[ | Yo | i T m..nm.huug»mm ymbgpod ulel T
a2, Bty [ 10 i <mmhlmlwl‘l.lbnm‘l;l‘l) \|m| gl 'r‘o' [t i
. ' M AN (EFT FAPCTYE AR A A \ AT i H\ mm m i ﬂm“m x
(CAL] T T t T, \H‘g iy ) =) i
: b o B0 b B ‘Wﬂ»hw%~wmhmﬁ b {
(LewCy)C1 -nummlnmnnmmlmu hidii ,.lm T”'s" It | i annnnn ulm.h HM\.I mm”’h ||||M||I|||M|||Iy;"mlml‘ﬂ il ‘m il *
mort=C —b R B S W (PTPLPRVT I Lt Ly ot o " e
LT Y 123N L A S o o | RIBLGEY LB R J "
[ A ) oottt O bbb "
St
L) [ : | : {
Recciance 1nd Revonance Decimal Famt Cacater
Cuortn = W 0 1 ot oo oon 0000 00X0 Zhws) o (T AP - R T
tmn > L I SO T TR TR -
i ot =y s PRV T T T Lt 2o g
k = IR valesleslaaloalasl R I L A A \
~ BT S T e e e ooy e v et e e T T . ey
[ipe o om0 P v wmns | e Sem T N S by gl W e e S S R
= ' D SETE AR gl o
£ 1.: mo et pcn 11‘ Mo 1t [ y fees i S
o 7 AN 7 Two Rasistors Paraliol Coupled Inductance Etficioncy v v 4K s :
rew om tom tor b1 ! we o seom ooam e oY - esgens | ey
T U N I TN #e il hebioteary P . 19 et
' o e e i L e s e & e, PRI ot werams
bt e Yixly vt + movt x EX

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 1 .

“fast-finder” decimal point locator . . . widely-used formulas e ectronlos |
and conversion factors for instant reference. And there’s Srvtiane anridk or oropmoics |
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,

CLEVELAND, onid

“TRADEMARK

Cleveland Institute

|

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

]

|

|

|

|

GET BOTH FREE!

Name

(PIE;SE PRINT)
Address-— — County

City State— Zip
A leader in Electronics Training...since 1934,

e s S . S e i S i i St Vo . S o Sy
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VALUABLE books from E.&E.

NEW! 17th EDITION OF THE FAMOUS
RADIO HANDBOOK y

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........ovvvnvninn $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. 030,0nly $5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester
A, Earnshaw, ZLIAAX. Cqvers 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......oovvvienienennns $5.00

Order from your electronic parts
distributor or send coupon below.

.. EDITORS and ENGINEERS, Ltd. pal
P.O. Box 68003, New Augusta, Indiana, Dept. EWE-10 |
S

hip me the following books:
O No. 167 [ No.030 [J No.044 %

RADOTELCPHORE
LICENSE MANUAL

TRANSISTOR
RADIO KANDBOOK

encl. |

|

|
| Address |
|

Enjoy the “music-only”’ programs
now available on the FM broadcast
band from coast to coast.
® NO COMMERCIALS ¢
® NO INTERRUPTIONS e

-

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: 5" x 6”. Shipping
weight approx. 7 lbs.

KIT $4950

{with pre-tuned coils, no alignment necessary)

{ wirep  $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations with SCA
authorization $1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, New Jersey
Phone: (201)-744.3387
o/ ‘407‘407.4 o o &
CIRCLE NO. 91 ON READER SERVICE CARD
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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.

Joan 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.0.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
Worep. 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,

HaroLp 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?

Davip 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-

ELECTRONICS WORLD
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BELECTRONICS

{f 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 fo answer

L

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,

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

October, 1966

SEND FOR YOUR COPY

FREE

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 I.C.S., Scranton, Pa. 18515
Accredited Member, National Home Study Council

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

e |



The famous MERCURY Model 1101
TUBE TESTER NOW in a

wire-if-yourself

illustrated
‘step-by-step

instructions

make the
Model 1101

easy-tfo-

build ...

A PORTABLE
MASTERPIECE

Medern, airplane
Iuggage design
scuff-proof gray
case...Weighs
only 4 ibs. 8%"
X 113" x 3va.

EMPLOYS EXCLUSIVE
2-POINT TEST PRINCIPLE

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

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

w~your greatest safeguard against
obsolescence

See your ports distributor. ..
or write for complete catolog

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.

o Also tests all popular picture tubes

Model 1101K...Kit...... 39Net
Model 1101...Wired... $69.95 net

o @ ELECTRONICS CORPORATION

315 Roslyn Road, Mineola, New York 11501

OR NIZE! DO IT NOW!

-,,, S
8 i -
"““".uuuun

BB

MAGNETIC VISUAL CONTROL
BOARDS SIMPLIFY WORK

DEX COLORFUL

== MAGNETIC ELEMENTS

—_ » show facts instantly

» organize for action

« eliminate mistakes

+ get the job done
E MAGNETS MOVE FASTEST—
AND EASIEST—OF ALL

WRITE FOR FREE 28 PAGE
ILLUSTRATED CATALOG EW7

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

CIRCLE NO. 93 ON READER SERVICE CARD
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sures held in Paris in 1960. Standards
that have been issued since 1964, such
as the new IEEE standard on “Sym-
hols 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 wait. 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 unmit. 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 unils are:

Multiple Prefix Symbol
10'® tera T
10° giga G
10° mega M
10° kilo k
102 hecto h
10 deka da
10! deci d
102 centi C
102 milli m
10-° micro @
10° nano n
102 pico P
10t femto f
108 atto a

—Editors

L L L

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

ELECTRONICS WORLD



Fenight-IciE PORTABLE SOLID-STATE

FROM COLOR BAR/PATTERN GENERATOR
(LIED /

VIDED Leve, POLARITY
-0

COLOR Leve

NOmMAy
- :: MHiGs
Sun INTERRUPT O
OrF g g ‘
HANDCRAFTED S i

OR QUAL =
FOR QUALITY MODEL K555

-~ YOUR SATISFACTION
GUARANTEED BY ALLIED

GIVES YOU 7 ACCURATE, STABLE, CRYSTAL-CONTROLLED PATTERNS

for speedier, easier, more accurate convergence and color adjustments
-

Purity Ten Color Small Dot Exclusive 6-Position Horizontal Yertical Crosshatch
Adjustment Bars Pattern Gray Scale Lines Llines Pattern

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- COM PLETE KIT
Kit Color Bar/Pattern Generator. It’s the perfect choice {or both on-the-bench

and in-the-home color TV servicing.

L]
Generates 7 patterns—all displays needed for complete color set adjust- IIICIUd"Ig 32'page

ments. Special 2-volt output for Zenith color sets. Every display is well- y
defined with extremely low background noise. Pattern for purity adjustments operator s Manual

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 Read this unique money-back guarantee...
definition. Crystal-controlled patterns eliminate any need for synchronization exclusive in the industry:

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. ... ... ... .. .. . L .

Build a Knight-Kit in accordance with our easy-to-follow
instructions. When you have completely assembled the

kit, you must be sotistied or we will return your money,
less transportation charges, under the Allied guarantee

of satisfaction, ALLIED RADIO
MODEL KG-685 SPECIFICATIONS (BN WA/ . BN BN N
7 Displays: purity, tracking, dots, crosshaich, vertical lines, horizontal lines, and Rush the coupon below for full details and
color bars. RF Qutput: 10,000 microvolts minimum, tunable to channels 3, 4 or 5. Special Introductory Offer on the KG-685
Composite Video Qutput: + 2 volts peak-to-peak. Composite Svnc Output: —2 S ——
volts. Master Oscillator: 183 ke, crystal controlled. Color Oscillator: 3.56 mc, r-

crystal controlled. Sound Subcarrier Oscillator: 4.5 me, crystal controlled. Front- l
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 I
Switches (3—red, blue and green); Color Level Control (off through high, con-
tinuously variable); Video Level/Polarity (continuously variable level and choice I
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- l

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

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

cuit Test Jack. Cables: RF Output, 4-ft. long with alligator clips; Gun Interrupter, Name,
4-ft. with lead-piercing, color-coded, alligator clips and ground lead; Service Light,
3-ft. with insulated mtg. clip, hi-intensity lJamp 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 amp quick blow. Power Consumption: approx. 10 watts.

PLEASE PRINT

]

|

I

|

|

Address I
|

J
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Scott’s new one-afternoon tuner kit
delivers amazing FET Performance

“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.”’ HiFi/Stereo Review.

LT-112B specifications: Usable sensitivity, 1.8 »V; Cross
i 2 ! modulation, 90 dB; Stereo separation, 40 dB; Capture
mU|tIpath distortion. ratio, 2.5 dB; Price, $189.95. *Patents pending

For your free copy of Scott’s 15-page full-color il- Scott . . . where innovation is a tradition Write to: H. H. Scott, lac., Dept. No.180-10,111

lustrated Guide to Custom Stereo, (ircle Reader 5 Powdermill Road, Maynard, Mass. Export: Scott
Service Numbr 83 SCOTT® fona, Wayaard,

Prices siightly higher west of Rockies. Subject to change without notice. We reserve the right to make changes and improvemeats without notice.

CIRCLE NO. 83 ON READER SERVICE CARD

NEW- 7 Pattern Displays
For Golor T
Servicing |

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. Interstation Muting
Control effects complete quiet between
FM stations . . . oscilloscope output al-
lows laboratory-precise correction for

Precise's ‘“‘Green Line” ¥§
Model 660 ;

SOLID STATE COLOR GENERATO $12495 net

1. Clear Raster: automatically provides sync and quieting when performing purity adjustments.
2, Shading Bars: special gray scale pattern (4 leveis 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 fines.

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
:o tl;ree C?I:;))r gun killer switches. RF output adjustable to channels 3, 4, or 5. (factory-set
o channe

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, VTVMs, signal

generators, tube testers, decade boxes, probes—at your local distributor,
or write direct for full information and specs.

©@® PRECISE ELECTRONICS

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

CIRCLE NO. 71 ON READER SERVICE CARD
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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 uw.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,

1 Iou {

# 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 w.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
w.h.f. channels.

Marc SauL
Floral Park, N.Y.

We have also heard of successful
w.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 w.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
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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 1009, professional,
conveniently compact (314”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; 2.4uV for 30db |
quieting; RF, IF, MX are pre-wired and pre-tuned on |
printed circuit boards — you wire only non-critical power |

supply. _l

TNew 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 bands. Selective, sensitive super-
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.

0
©
0

L X

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 Kkit,
$299.95 wired.

Mode! 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.

October, 1966

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
I 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.

I 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.

FREE 1967 CATALOG

EICO Electronic Instrument Co., Inc.
131.01 39th Ave., Flushing, N.Y. 11352

EW-10

Send me FREE catalog describing the full EICO line of
200 best buys, and name of nearest dealer. I’'m inter-

ested in:

O test equipment

O stereo/hi-fi

O automotive electronics

0 ham radio

Name.__

O Citizens Band radio

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:
pre-drilled 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.

Ther re 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).

Address.

Model 232 Peak-to-Peak VIVM. A must

for color or B&W TV and industrial
use. 7 non-skip ranges on all 4 func-

Zip_

tions. With exclusive Uni-Probe.®
$29.95 kit, $49.95 wired.

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

OT 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.

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 ClE-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. 1t’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

Qur 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.

Cleveland Institute

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 T had only six
weeks of high school
algebra, CIE's AUTO-

PROGRAMMEDTM 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 Jives 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, T got it through CIE’s Job
Placement Service.”

Glenn Horning,
I.ocal 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 clectronic gear all the
time; what I learned from CIE sure helps.”

NEWS FOR VETERANS: New G. 1. Bill may
entitle you to Government-paid tuition for
GIE courses if you had active duty in the
Armed Forces after Jan. 31, 1985. Gheck
hox on-reply card for complete information.

of Electronics

cl

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

18

more.
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of success in obtaining a

nt FCC License

upon completion -of the Electronics Technology, Broadcast

Engih"efé’rffi“h-g;g;n'Fi'rst-’Class FCC License vourse, you will be
able to passthe FCC examination for a First Class Com-
mercial RadioTelephone 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 iirst 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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TESTED BY HIRSCH-HOUCK LABS

Acoustech XI Amplifier
Concord Model 300 Recorder

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

HE 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

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)

oL ACOUSTECH XT (L ACOUSTECH XT
H CHANN B80TH CHANNELS DRIVEN
:?LTLoinsf,legb.sA.%ﬂ.‘fsg 80 LOADS, 120 V.A.C.LINE

+ 5.0 (ONE_CHANNEL MEASURED) 50| (ONE CHANNEL MEASURED) 1
=t REF.- POWER OUTPUT {30W) - . 4
@ =~=== HALF-POWER OUTPUT (-3d8) ~===60/7000 Hz {4:1) IM DIST. t
Q —=— LOW-POWER OUTPUT (-I0dB)
3 I
& = .

X 20
§ 2.0 § T
; w '
2 A }
» 1.0 cz’ 1.0 1
o M ~= 1
v L = t
z o e
S os A b os ,1
[ 4 o "
H \ it oy [ S I U 1 N (N NN (NN O ) 5 S s =
=
= |\ _
bod \ —1 0.2
+ 0.2—% 3

-1
\ Pl -
o o~ — -1 -1
NY“HT LT 17 At tr=7 .
0.1 .
20 50 100 200 500 Ik 2k 5k 10k 20k ! ! 2 s 10 50

FREQUENCY -Hz

22

. 5 -5
CONTINUQUS {EQUIV.) SINE-WAVE POWER OUTPUT PER CHANNEL —WATTS

100

CIRCLE NO. 79 ON READER SERVICE CARD —p



Sony has developed the
world’s finest audio transistors...

here’s the proof

Mans, manufacturers have made fa rly zood transistos
amp:.ifiers. Until now noboly has made a great one:
And =zverybody knows the reason: distortion. Unfor-
tunat=ly, most transistor amplifiers distort in a very
special way. Not so much at top power, but rathes
more at normal listeming leve’s whare it hurts most.
The Sony TA-1120 ntegratesd amplifi=r and TA-312C
powe- amplifier are the firs: sigh-powered transistos
units bo really overcome tke problem of distortion. A
all pzwer levels, at all frequencies distortion is keps
below that of the fin=st tute ampl:fiers. The TA-112(
and TA-3120 both provide 120 waus IHF at 8 ohms
both channels operat ng. Disicrtion, at rated output, is
0.1% And at norma_ listerinz lev=ls it is even less
005% at 'z watt. In additicn, they have achieved ar
extraordinarily high dampirg Zactos, better than 70 as
1000 cps to. assure zlean, low-frequency power re-
sporee. Frequency response is practiczlly flat from 1€
to 100900 Hz (-0 db/—1 db) For safetys sake, an SCR
[silicem controlled rectifier} protects the power transis-
tors azainst accidentzl shorts end o-her overloads.

The integreted amp ifier, the TA-112) featares a
semsible arranzement of the front-parel controls for
the grea-est versatility 2nd ease of operation.

Ve believs that these are the firss great transisto:
power anplifizrs. How can Sony do what other mzn-
ufacturers couldn’'t? Sony is a pioneer in transistors.
With first aftex first. Such as the tunnz) diode. Transis-
tor television. And the all transistor video tepz re.
co-der. The point is that Sony knows transistors. To
the 'n'th degree. And designed new. advancec types
especially fcr the driver and output stages of these
axplifie-s. And s.licon t-ansistorsare used throvghcut.
They are the most stable. The TA-1120 integrated
aTplifie;, $399.50. A hardsome oil-finish walnut eaclo-
sure is ootional. The power amplifier, TA-3120, &2495C

Visit your Sory high fidelity dealer ard make him
prove ihat Somy is worth the money. Maxe him >cm-
pace it with th= finest tube amplifiers. We think vor'll

e1d up with a Seny. Fo- a free brocture write: i
All prices sugges ed is.

B Corp. of America, 47-37 Van Dam St .
r Long fsland City, N.Y. 11101 Dep1. H




How mueh

do you have to spend
for a really good
stereo system?

T xex 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-4*
speaker —has again reduced the cost of high-fidelity
sound. The stereo system shown above, built around

ACOUSTIC RESEARCH, INC., 24 Thorndike Street, Cambridge, Massachusetts. 02141

[ Please send me literature on the AR-4¥, and on the AR-Dyna-Shure Stereo system shown above.

O Please send me free plans for building the equipment shelf in the photo.

0 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

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

AR-4%s, 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-4*: “We
know of no competitively priced speaker that can com-
pare with it.” And other reviews went even further,
rating the AR-4*as orie of the great speakers atany 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.

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?

T 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-terin 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 cvclically 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-
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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
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Fig. 1. A counter of medium stability with 5-digit readout is
shown here. Aging rate is specified as parts in 10° 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 10'* or 10'2. The atomic standard time scale, an
invariant now used world wide for scientific purposes, is
called A; (Atomic); the standard second of navigation and
commerce is the scale called UT, (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
10'° which is the same thing as 3 parts in 10%. 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

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 10%), since this is about as precisely as
power line frequency is ordinarily maintained.

Fig. 2. Improvements in the precision of the U.S. Frequency Standard (USFS) 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 10° or
107 per month (Fig. 1). This is not to say that the accura-
cv with which their frequency is known is a part in 10° 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 UT, sec-
ond, although that is of little consequence unless accuracies
bevond 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 10° per day (Fig. 4). Once more, this is not to say
that they may be indiscriminately regarded as accurate to
parts in 10°. 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 il some time has elapsed since culibra-
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 A; time. It may take several
hours to accumulate records from which comparisons of a
precision of parts in 10° or 10" 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'" ram.s. for an 0.l-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
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THE HOURLY BROADCAST SCHEDULES OF
WWV, WWVH, WWVB AND WWVL

SECONDS PULSES - WWV , WWVH =~ CONTINUOUS EXCEPT FOR 591 SECOND OF EACH
MINUTE AND DURING SILENT PERIODS

WWVB - SPECIAL TIME CODE
WWVL = NONE

100 PPS 4000 Hz MOOULATION WWY TIMING CODE
TONE MCDULATION 600 Hz

TONE MCDULATION 440 Mz

BB ceoaLerTs

IDENTIFICATION PHASE SHIFT

I vt TIME CORRECTION

[ SPECIAL TIME CODE

[EEE STATION ANNOUNCEMENT
WWV - MORSE CODE - CALL LETTERS, UNIVERSAL TIME,
PROPAGATION FORECAST
VOICE - EASTERN STANDARD TIME
WORSE CODE ~ FREQUENCY OFF SET
{ON THE HOUR ONLY)
WWVH « MORSE CODE = CALL LETTERS, UNIVERSAL TIME,
VOICE - HAWAIIAN STANDARD TIME
MORSE CODE - FREQUENCY OFFSET
(ON THE HOUR ONLY)
WWVL, - MORSE CODE - CALL LETTERS, FREQUENCY OFFSET

WWY-215,5,10,18,20,25MHz  WWVE -60kHz

WWVH -2.5, 5 I0MHz WWVL - 20kH?
Fig. 3. The broadcast schedules of NBS radio stations, WWYV 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 10° 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 10° 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 parts 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 10! 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 % 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 41, or 0
and —1. It may not, however, exceed the entire 1 count.
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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 (¢,) 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.

ITH a complement of 24 transistors and 18 diodes,

s/ ‘ / 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 tvpes. 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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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
if. 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. Both
models employ a vertical output circuit which is sufficient-
ly different from that of previously described transistor sets
to warrant discussion. As shown in Fig. 1, output transistor
Q1 receives the vertical sweep pulses on its base and has
the linearity and height control in the emitter circuit. Height
control R1 determines the voltage at the emitter. Linearity
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
111-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 wilt 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
muttiple 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 i
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 [IT 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 214 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-
pioyed to supply the power for the Hughes-built spacecraft.

L
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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 chroma oscillutors for color-TV.

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 cirenits for television, radio, and
other consumer products. The initial result of these efforts
has been the pAT03C—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-MIHz chroma refer-
ence oscillators for color television; and (3) 4.5-MHz inter-

r I NIE realization that integrated circuits can offer equal

Fig. 1. Circuit diagram of the IC with outboard transformers.

v yA 703C
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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 if. amplifiers for both color and black-and-
white television.

(Editor’s Note: The price of the pA703C 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, 813 Fairchild Dr., Mountain View, Cal., 94040.)

#A703C 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, Q4 and Qp, provide high
isolation between the input and the output of the integrated
circuit. The bases of Q4 and Qj are biased above ground
by the voltage drop in the two diode-connected transistors,
Qp and Qp. These transistors also form a low-impedance
a.c. bypass for the base of Q. The amplifying transistors
also share equal bias current from the current-source transis-
tor, Q). The current from this source is equal to the current
which flows in Rj, inasmuch as (1) the current in Ry flows
mainly in the collector of Qp; (2) the bases of Qp and Qy
are connected; and (3) Qp and Q; have matched V5 and
hpg characteristics.

The collector of Q4 is decoupled to ground by an external
capacitor. The supply voltage is fed through the internal
decoupling resistor, R .

As a small-signal amplifier, the common-collector transis-
tor, Q,, drives the common-base transistor, Qp. Under
large-signal conditions, Q4 operates as a switch which chops
the current from Q) to the emitter of Q,; at the signal-fre-
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quency rate. Depending on the load 10 [0 LT T T+'2V LTI

presented to the output, the pA703C

can be operated in either a saturating

or non-saturating mode under large- 10.7MHz 107MHz 10.7MHz M

signal conditions. FILTER FILTER FILTER | vevecton
A photomicrograph of the complete T T T I

integrated-circuit chip is shown in Fig. + + ne

2. The components on this monolithic 4 DETECTOR =

chip of silicon have been fabricated us- 107z FILTER i —— '

ing the planar process. Isolation junc- N =§1 T Eé__.,

tions are used to electrically separate .,-&J%[ l - ==

the components. Necessary component -4 - It T

connections are made with a selectively T

deposited aluminum film. L

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
alwayvs be reverse-biased.

The electrical properties of the #AT03C are character-
ized by measured Y (admittance) parameters. From these
parameters, a “figure-of-merit” quantity, Gain Maximum
Stable (GMIS), can be put on the device to tell how stable
it would be as an amplifier. GMIS 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 instabilitv. 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 LF. Amplifier

The FM if. amplifier strip shown in Fig. 4 uses four
identical #AT03C 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 if. amplifier are decoupling capacitors in the
supply voltage to each stage.

The interstage filters, which are all identical, have been
designed to have if. 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 Q, (the collector does not saturate) and by mis-
matching from the filter to the base of Q..

The if. 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 if. amplifier strips now found i component
I'M tuners. Capture ratio and AM rejection are especially
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Fig. 4. FM intermediate-frequency amplifier and modified ratio detector.
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Fig. 6. Sound i.f. system for color television receiver.

good due, to a large extent, to the unique 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 pA703C 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,
Q., drives the common-base transistor, Q, to complete
the regenerative feedback path required for oscillation.

The inductor L1 in combination with the series capaci-
tors C1 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 R,. 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.

L1 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

designing hi-fi 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 dlstoltlon
characteristics.

I AST month we covered the performance objectives in
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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.
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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
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-
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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.
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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.c., 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, V...

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

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 Q1.

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,
Vi, 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 fype 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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The Inductor Industry

By SAM ZWASS / Chief Engineer, Triad Transformer Corp.

tance principle is as varied as the electronies industiry

itself. From a doorbell to the atom-smashing cyelo-
tron, from a toy train to a color-television receiver, and
from an auntomobile 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 technologics and pro-
cesses to cover an ever widening spectrum of applications.
Inductors are now used at d.e. and at frequencies up to
the gigahertz range and from cryvogenic 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 hoom i 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
Commeree 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-
l[ormer-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-

IN a broad sense, the use of inductors and the indue-

Div. of Litton I ndustries

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 cxample, according to Charles Liebman, President of
Coilerait, Inc,, the dollar value of all types of coils and
transformers supplied to TV and radio manufacturers
alone represents about $§250 million. This is not surprising
when we consider that about 14 mullion bluck-and-white
and color-TV sets have becn 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, und 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 $300 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
m the millihenry range and the larger values used at
lower frequencies are 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. A

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.
This results in the coil having “self inductance” or simply “induc-
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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 voit 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 fink-
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 = 14112 Thus an inductor can be also considered an en-
ergy storing device.

The flux (p)—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.

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 1is
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
he 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

: TOROIDAL coil represents a nearly ideal inductor.
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a wide temperature range are, at present, available only in
toroidal form. These cores are macde of special materials
which can cause either a iinear nositive 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 ccres, 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 difficuli 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 #36 is not too
difficult; a wire size of AWG #18 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 genervally
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 (8) powdered iron.

Molybdenum Permalloy (Moly-Perm) powder cores are
made by reducing the magnetic alloy material, containing
819% 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 eore 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 zine, 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 gocs 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 hnproved. 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 vield 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
wire, although copper or alumimum 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 180°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
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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-insnlated 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 wirc sizes (AWG # 4 through #18)
Isonel wires (class “T” 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 #148. Heavier sizes are frequently hand-wound,
but sizes finer than #48 are, for reliability and production-
vield reasons, not recommended.

Several types of winding methods are employed. TFor
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 distribuled 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) uwumber of
banks: that is, the entire winding is applied in one $60°
sweep.

In addition, at frequencies above 100 kHz, Litz wire is
often employed. In the megaliertz 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 potling compounds, Generally, distrib-
uted capacitance is increased by the impregnant, as most
of the mipregnants have a dielectric constant which is
greater lthan unity. For fow distributed capacitance in a
coil, dry air is the best “dielectric.” Coils operating al
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 cpoxies. The coils are often coated with
silicone rubber which cushions the coil from pressures
cxerted 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 minintum of eight hours) before
using. Some protection is afforded an open coil when it is
mmpregnated.

For complete environmental protection, coils must either

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 umts, 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

be molded (encapsulated) or hermetically sealed and shielding can easily be provided for metal-encased units.
Military Specs
IRON_POWDER AUDIO

CORE 60-2000| FREQ. — | 50kHz ~ | 250kHz - 500kHz~| 2MHz- | IDMHz - | 40MHz- | ISOMHz- | ABOVE incip: . overning
MATERIALS Hz | 50KkHz |250kHz | 500kHz |2000kHz| 1OMHz | 40MHz | I50MHz |250MHz | 250MHz The principal document governing
coil construction for military applica-
tions i1s MIL-T-27B. This document
FLAKE KL standardizes several types of construc-
HA 5563y tion and environmental conditions
ey 35-48y which the units must be able to with-
stand. (Refer to the article on “Power
SLLILMGE Rl Inductors” scheduled for next month

MR 30-40p for further details—Editors)
I i - .
o 20-30p Although MIL-T-27B is the main
' ! military document applied to induc-
9 20500 tors, additional military specifications
MP-38 - 20-30p are frequently referred to. Among
1 | ‘ ' x . N
G 15-20p them are MIL-“ -.083 concerning mag-
! ! netic wire for coil winding; MIL-W-
E, ME \ g 16878 for electrical insulated lead wire;
MAGNETITE 6-10y MIL-STD-202 on test methods; and
o 1 s-op many other military spees for msulat-
mg tapes, potting materials, ete. In
i | e some instances, the Defense Electronics
J ] - | 6-10p Supply Center, in coordination with
T 1 3-8 x\Illlpz}ry.Stal1(l<Lrtls, will generate a
! specification that completely describes
SiLht) l e | all requirements of an inductor and as-

Suggested frequency ranges for various iron powder cores,

Numbers of turns of heavy Formvar for various i.d. toroids.
AWG WIRE SIZE (HEAVY FORMVAR)

27 29 3 35
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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

33
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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 mduc-

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

[ Lli00,000

large inductance and high-"Q” stability.

In specifying inductance value and

70,000 A
) tolerance, one should indicate how the

NUMBER OF TURNS

inductance is to be measured. Most

—4150,000 . .
& techniques measure apparent induc-

tance, which may vary considerably

from true inductance, especially when

the self-resonant frequency of the coil

TSI

is approached. In addition to frequen-

NUMBER OF TURNS

—20,000 ©~ ¢y, voltage level and d.c. currents, if

any, should also be specified, as they

can markedly affect the inductance
reading.

100

40

0,000 In establishing tolerances for an in-
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ductor, one must first consider the circuil 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 “@” and d.c. resistance of the inductor, make sure
the figures are compatible or omit d.c. resistance specifica-
tion altogether.

All conditions for “@” measurcment 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 mimimum).

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) plis 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 he
avoided. Materials and processes, if specified, must be able
to withstand the expected electrical and mechanical stresses
with a sufficient margin of reserve.

when ordering an inductor for a new  circuil design:

1. Inductance valoe: ___ H *= 9, measured at __V,
at a frequeney of - Hz,and - A d.e.

2. Due resistance: —_ ohms = ___9,

3007 - (min,or = __ %), measured at __ V,
11z, and A due,

L. Coil self-resonance: 11z min.

5. Permissible changes in coil paramelers over the (a)
frequency range, (b) voltage and currenl ranges, and (¢)
temperature range

6. Dicleetric strength and insulation resistance require-
ments

7. Stalic and magnelic shielding requirements

8. Deseription of inductor application and the associated
cireuitry

9. Environmental conditions:
and (b) maximum altitude

10. Permissible size and shape of inductor package: (a)
type of enclosure (melal case, molded unit), (b) type of
termination, (¢) mountling method, (d) outside coating
(paint) and marking, and (¢) the total amount of per-
missible weight.

In the future, we expeet to see much smaller coils using
finer wire and more permeable cores. New plasties 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 e inlegrated-

() shock and vibration

In summary, Lere are the points that must be considered circuil field. A
RADIO-FREQUENCY PLATE CHOKES
INGLE-layer-wound r.f. plate chokes are available to cover the fre- and shows the basis used to determine limits of recommended op-
quency range from 3 to over 500 MHz. Such chokes are wound on erating frequency ranges.
low-power-factor plastic cores for the higher frequencies and on The inherenl frequency characteristics of these chokes, as well as
steatite tubes for the lower frequencies. The single-layer winding is those of all single-layer chokes, are such that they exhibit optimum
designed to avoid adverse harmonic effects within the recommended performance when used at or near their natural resonant frequency.
operating range and to prevent breakdown from high r.f. potentials. However, since the effective paraliel resistance of these chokes re-
Inductance values for these chokes are fairly low, ranging from 84 y4H mains sufficiently high over a broad range of frequencies hoth below
for a choke suitable for use from 3 to 20 MHz down to 0.20 yxH for and above the natural resonant frequency, f., the chokes have good
a choke suitable for use from 320 to 520 MHz. Current rating for efficiency up to the limits of the frequency ranges that are recom-
these chokes is from 600 to 1000 mA. mended.

The true inductance of a choke, as measured at a sufficiently low Within the frequency limits shown on the graph, the apparent
frequency, differs appreciably from and is considerably lower than parallel resistance of the chokes, designated as R,, is appreciably in
the effective parallel inductance at frequencies within the recom- excess of 200,000 ohms. This arbitrary figure is the criterion for the
mended operating range, but below the natural resonant frequency (f, lower limit of operating frequency for the lower frequency chokes,
in the figure). At frequencies above f, but within the operating range, while a minimum figure of 100,000 ohms is used for the higher fre-
the effective reactance of the choke is actually capacitive. This, of quency chokes.
course, is in accordance with the inherent properties of parallel-res- Referring to the figure, note how the value of R, drops rapidly to a
onant circuits, the general characteristics of which are exhibited by very low value at the first overtone frequency. This frequency, des-
the choke over its operating range of frequencies. ignated as f, occurs near the second harmonic frequency of the plate

The figure shows the frequency characteristics of an Ohmite Z-28 chokes.
plate choke over a broad range of frequencies. This graph is typical At this critical frequency, the chokes behave in a manner similar to

that of a series-resonant circuit as contrasted to their parallel res-

USABLE RANGE onance at f.. Consequently, at the frequency f, the choke presents a

1,000k e 100k low-impedance path to ground for the r.f. currents. Therefore, the

14 ] 75 b
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g péi " Moo, & tween the choke and ground as a result of mounting and wiring, will

w 7z e . ' o affect the frequency response of the choke. In general, with the

> £ T > chokes mounted close to a grounded plane or chassis, the critical fre-
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Ferrite Beads

By LESLIE SOLOMON/ Associate Editor

Electrically equivalent to an 7r.f. choke, these tiny ring-like
devices offer a convenient, simple, and inexpensive way to obtain
effective r.f. decoupling, shielding, and parasitic suppression.

portable radio antennas, if. 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 27fL, the classic inductive reactance equation. This is

I \ERRITES are best known for their wide usage in

FERRITE BEAD

1", # 22 WIRE

52&,“; (Fm (f’f)
50 53 +j45
100 95 +i55
200 230 +j80
250 350 +jl120

Fig. 1. The equivalent series impedance of single Ferroxcube K5-
001-00/3B ferrite bead on a one-inch length of #22 wire.

Fig. 2. Equivalent impedances of three Ferroxcube 56-390-31/4B
ferrite beads strung on a pair of #20 filament power leads.

# 20 WIRE
FERRITE BEADS
FREQ. R N
{MH2) () ()
30 240 +j180
50 252 +j270
98 286 +j400
146 310 +i500
220 340 +j700
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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 rf. 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 %3 inch in
diameter to about 14 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 eclectrical
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 mnot be
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Fig. 3. Typical attenuation characteristics of an Erie ‘‘Filter-
con,’” made as a commercially available L-decoupling network.

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. 8. 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 ' 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 sav-
ing the price and space of another component. A

(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
(1) of the medium. Thus, B = uH.

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 (u), representing the siope 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’’.

INDUCTANCE AND RELATED 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:

- = [(V/R) (1 — & /)]
The term L/R =T, cailed the time constant, represents the time in
seconds required for the current to reach 63.29% of its final value.

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

la = [(V/R) (¢ —*T)]
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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
,\ /I 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
rf. inductor industry.

Strict familiarity with a 82-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
JLTR02A1R2KM 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 rf. 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); “1R2” is 1.2 pH; “K” is = 10% toler-
ance (two other tolerances listed are “J” = 5% and “L”
=+ 209%); “M” is 19 per 1000 hours failure rate level.

Failure rates listed are 1%, 0.1%, 0.01%, and 0.001%
at a 609 confidence level. These are respectively sym-
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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. A
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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
cotl types and configurations is difficult, but it must be made.

HOKES 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 desigus 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 “@”. 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, senii-
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
1o 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
coll 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
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.

2. 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,
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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
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Examples of construction of variable coils used in a TV set.
Two coils ot left are conventional types using paper forms,
glued collars, and staple-on terminals. At right are induc-
tors using plostic 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 potented by Coilcraft.

Coil forms shown here have o 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.




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 n the circuit can frequently be some-

46

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.

IFor 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
thirce parts—the plastic coil form, the winding, and the
mctal tuning core. Where finer gauge wire is specified, the
plastic form is still used but with mectal 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 80 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
an industry where “obsolescence” 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 mstalla-
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 4-inch leads on Vs-inch centers
is common—Ilead 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 cncapsulated coil is more economical than
the molded one.

The same situation applies to other processes associated
with desighing 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
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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 $30,000.

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 lis 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 tintes 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 helieve
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. A

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 toreid in a much simpler package.

Cutaways of encapsulated toroid (left) and moided 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.E Chokes and Coils

By W. R. COURTNEY / Chief Engineer, J. W. Milter 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.

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 coll 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.

COIL catalogues usually give only a few parameters

Types of Coil Construction

R{. 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
tvpe 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 i 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 «
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
Qoints 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. 1H). 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-
tertal (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 determining the range over which the choke may be op-
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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 uH 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, seme of which are listed in the
table. As the parallel self-resonant

Fig. 3. Characteristics of choke measuring 260 uH at 790 kHz.

f Xt Xy R,
{(MHz) LOhms) {Ohms) Q" e {(Ohms)
1.0 1,630 1,680 71 121,000
5.0 8,160 9,950  81.8 813,000
10.0 16,320 40,200 259 1,800,000
115 18,800 186,000 0 1,865,000
T | | I l T T T
T |
| | l BEr x
o T ——1°°
I ) A
1] T T 1AT i — I
i 1 ! T
- IATH ,[l\\l‘ —
i | I S | —
g L | H {\\ 1]
. S | {] \\
g o L HHAL L] e
z T T T 11717/ z
AR it :
@« VQ E
5,05_ *'// | I/ l __|04§
fEris==srata=sag
R I8 S W9 4 | 1 1‘ |
| f ] -
=  RIIEEN
l NN
| | |
- 1 + ! i
|
N . |
'0..5 T 1 2 l : £I7I I[O% 20 50‘”‘
s 85
FREQUENCY -MHz
49



LN

1

1

| — T
)

\

a

r
L1
—

APPARENT RESISTANCE-OHMS

N NN

: !
;I‘ [ |

I |

I

1 2 -] 7 10 20 50 70 100
FREQUENCY - MHz

Fig. 4. Apparent resistance curves for three 260-uH r.f. chokes.

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

Losses increase with frequency because of skin effect
and proximity effect in wire, increasing dielectric losses n
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.

Ass the operating frequency increases further, the choke
continues to show parallel- and sertes-resonant points sim-
lar to standing waves on a transmisston 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 rf. 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 rf. 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 ectrcuit, 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
reststance. 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.

R{. 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 i 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 botlt input and output of either
tube or transistor circuits, tlie 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 1Y% 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
mductance 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 maxintum current rating that is given is the
least desirable operating condition because saturation can
cause a wide variation in inductance value, and tenpera-
ture rise may exceed specified values.

Variations of both inductance and “Q” should be
watched very closcly 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 =+ 209 for values of 0.1 to
0.82 pH and =#10% from 1.0 pH and greater in the
standard molded choke series, it is possible to wind these
devices with tolerances as close as 19.

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 mstead. 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 “Q’’ factors. The example shown is for a
1-mH choke to e used ai 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 chms; 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 with internal threading that is used for core
adjustment.

Fig. 7. Color coding for molded cylindrical choke coils.
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Fig. 8. Variations in “Q’ and inductance over a range of operating temperatures for two different choke coils.

Applications by Frequency

Low-Frequency (10 kllz to 100 EIlz) Applications: Coils
for use at low frequencies can be wound with solid wire
to realize values of “@” that are satisfactory for most
applications. However, at 10 kHz, the a.c. resistance of
the wire already exceeds the d.e. resistance by a con-
siderable margin, Where appreciable current may circu-
late, Litz wirec can be used to improve coil “Q” hy re-
ducing series resistance.

In most instances, “Q” can bhe 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. Tt is possible to achieve values of “Q”
that approach 800 at 100 kHz and 600 at 10 kHz.

Medium-Frequeney (100 Lz to 3 MIIz) Applications:
Two popular i.f. frequencies fall within this range. 262.5
kHz for auto radios and 455 kIlz for home radios. Al
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 1.f. transformers for equipment in
the entertainment field.

L. 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 vears, new grades of temperature-
stable ferrites have been introdueed 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 wirve is ahmost
a nceessity.  With the proper selection of core material
and Litz wire, it is possible to achieve values of )~ 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 speetrum. The use
of pot cores allows for the design of extremecly efficient
filters and other inductive devices throughout the entire
frequency range providing they are used with tempera-
ture-compensated capacitors.

ILigh-Frequency (3 Mz to 800 MIIz) Applications: For

Fig. 9. Current and power derating charts for temperature.
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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 "™ than an air core.

Above 50 MIlz, 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 seleetion of material for use in the core of a
coll 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
constanl 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 “@’" tends to decrease rapid-
ly at higher frequencices.

Optimum coil design depends upon a compromise in
pliysical size, inductance range, and stability of the device.
If inductance range is the miost important factor, ferrite
or high-permeability powdered materials can be used. If
stability 1s more iuportant, lower permeability material
nst be used. A

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 voits will be encountered,
multi-pi chokes should be considered for advantages of voitage divid-
ing effect.

Mounting location—with respect to other components, chassis and cab-
inet may change f, and Z of circuit by distorting magnetic field.

CIRCLE NO. 123 ON READER SERVICE CARD—>
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Television sets, like automobiles, can benefit from regular
adjustments of operating controls and checks of components.

TV TUNE-UPS

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 1 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 1 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 tuming 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.”

BARNEY stood in the door of Mac’s Service Shop

October, 1966

“All that probably cost some green stamps,” Barney
suggested.

“It wasn’t cheap, but T wouldnt 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-‘Q’
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 1 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. T'll be content if the flat rate breaks
even on the actual cost of making the call. I don’t mean
only vour wages; [ 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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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 '66/'67
PA Catalog today.

LISTEN—UNIVERSITY SOUNDS BETTER

UNIVERSITY SOUND
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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 1
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 flat-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 1 do. In fact, 1 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!” A
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STEREQ TEST REGORD

FOR HOME AND LABORATORY USE

EXTRA: AS A DEMONSTRATION OF THE HIGHEST POSSIBLE FIDELITY, THIS RECORD INCLUDES A
PROGRAM OF MUSIC RECORDED DIRECTLY ON THE MASTER, WITH NO INTERVENING TAPE PROCESS
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Why WeMake 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 STEREQ REVIEW Mode! 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.

RN N N .

" 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.

October, 1966

NOW...GET THE FINEST

STEREQ TEST
R ECOR D ever produced
for juste o .54. 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 *= 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic 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.

AllTests 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. Mase 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 test records at $4.98 each. My check (or money

order) for $ is enclosed. | understand that you will pay the postage.
(Orders from outside the U.S.A. add 50c to partially defray postage and handling

costs.)
Name :
(Please Print)
Address
City Zone State
SORRY—No charges or C.0.D. orders! EW-106
57



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
CITYy

STATE Zip

If you have a friend interested in electronics
send his name and address far a FREE sub-
scription also.

OLSON ELECTRONICS, ING.

Akron, Ohio 44308

513 S. Forge Street
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* 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 nome with your
request for catalog to our plant nearest you.
N

TEXAS 'V
W CRYSTALS “|°

Division of Whitehall Electronics Corp.
1000 Crystal Drive 4117 W. Jefferson Blvd.

Fort Myers, Fla. 33901 Llos Angeles, Calif. 90016
Phone: 813-936-2109 Phone: 213-731-2258
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E 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
pressare of % or 1 grum) the output
waveform would suddenly break up and
| show substantial distortion. This repre-
Isented 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 c¢m/sec at 40 Hz
and to 9 em/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 Detter
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 vear.

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. A
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We set out to give

you the industry’s
outstanding VOM value.

We Cceeded.

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
I into this VTVM a totally reliable
protection system. The meter
movement cannot be damaged
from application of a wrong in-

October, 1966

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 higherthan other instruments
of similar size and type, making
transistor servicing far easier. It's

put voltage. Looking for the in-
dustry’s outstanding value in
VTVM application? Look to B&K
Model 175, only $569.95, net.

B

Where Electronic Innovation
Is A Way Of Life
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true. B&K brings you the indus-
try’s outstanding VOM value—
Model 120 VOM, and prices it.
right! Only $561.95, net.

B

Division of Dynascan Corporation
1801 W. Belle Plaine
Chicago, lllinois 60613

Canada: Atlas Radio Corp., Toronto, Ont.
Export: Empire Exporters, 123 Grand St., New York 13, U.S.A.
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Frequency Measurement
(Continued from page 28)

greater than the aging rate times the
inumber 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
imeasuring gate, as in a frequency
'measurement, the trigger-point will be

POWER PACKED, Eﬂglﬂﬂﬂfﬂd \well-defined and inaccuracies beyond

for rugged farm & business use! ]ﬂ count will not-ordinarily arise. In

the case of period, ratio, or time-inter-
Excellent performance, dependability and opera- [ 5 3 h
tional convenience provided by FM-40 reflect the val measurements, however, the un-
experience and design ability that has made Sonar |]- iorme i -1 -
the undisputed leader in this demanding form of |known . SIgndl ) us.ed to trigger the
business radio art. Greater range because of measuring gate, while the counter to-
Voice-Power designed circuitry ¢ Compact and g ] 0
lightweight e Easily installed in smallest vehicles tal.lzes th_e output of .ltS ORI t}‘rn(? base,',
* Smartly styled forofficeuse  Noisefreesquelch |With noise on the signal or “glitches
for crisp clear communication & Accessory plug |. . . : .
for Sonar Call, selective Calling System e Acces. |11 1tS waveform triggering can become
sory plug for high power Linear Amplifier ® 12 |yncertain.
VDC & 117VAC o 1 year warranty & Size: 434, "H x " .
914 x 1114 "L e Weight: 10 Ibs. Almost all electronic counters use
Campiete 1o, of costas,Power $39000 | Schmitt trigger circuits. These are very
|convenient because they can be set to
2y [switch only on positive-going or on
: negative-going signals. Since we want
| |to totalize all complete cycles of a sig-
1
~ |

SONAR RAOlO CORPORATION

73 Wortman Ave. n7, Dept. 503
Please send me n!ormahon on Busig
Radio FM-40 and BR-21 matching Amplllle

Name.......
Address ..
City

1

FOR ADDED POWER
LINEAR RF AMPLIFIER
is a matching companion
to cover greater distances
with increased transmit
power. Available for
ellner base or mobile.

Mike, Brackets, &L 2 power cables
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

. State ...
CIRCLE NO. 70 ON READER SERVICE CARD

.. Zone. ...

CITIZENS
BAND
2 WAY
RADIO

Perfect for
Portable and

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. A

Mobile use...

HE formula used to calculate the
equivalent resistance when two resis-
tors are connected in parallel is: R.=
(R1 R2) / (R1 4 R2). Normally, this
equation requires three arithmetic steps
to arrive at an answer.
A slight transformation of the equa-

IDEAL FOR FARMERS
BUSINESSMEN & WAREHOUSE USE

14 Transistors e 2 Watts e 2 Channels o Solid State Design

| CALCULATING PARALLEL RESISTOR VALUES

| By SHU H. LOUI/Raytheon Co.

Example: What value resistor should
be connected in parallel with a 100-0lim
resistor to produce a 75-chm equivalent.
Caleulations are shown in Fig. 1B. A

Fig. 1. (A) Determining equivalent re-
sistance. (B) Finding unknown resistor.

o P s g for tong . Daiivery  [tion, Rr=R2/[(R2/R1)+1] facilitates ——p— t g
a sharp clear signal over a long range. Fullylctrysta.l c.omputatlon and reduces the f\rnlxme- 5§RT - (3°°F}12)§E (|002|)5§
contrled oy precse byt 1907 moclisfon’s liie 1o two movements of a shide rule 3 :
contained nickel cadmium batteries » provisions for |[without readjusting the hairline. In this
;"It;;_"f'c:n';t:;'i‘sl'e'wi‘;ﬁ gﬂdsfsat'epnr,“gf‘e ® 12VDC, Wt. |equation, the larger-valued resistor is po_ R2 300 300 ..

Price includes: 1 pair of used as R2. i £+l 300, 4

Model 313995 EZ{?;?:Z’S qilcgﬂccg#a"::::‘ Example: What is the equivalent re- RI 100

Jeather case, earphone  |sistance when a 300-ohm and a 100-ohm (A)
S e I Ll -—=--=====, |resistor are connected in parallel? The —¢— 1
: SONAR RADIO CORPORA“ON I |answer, 75 ohms, is calculated as shown 3Rpes = Rx Runk3
y 73 Wortman Ave., Brooklyn 7, N. Y. Dept.503 ; | i ? 5:(751'\) {l0on3 (M3
) Please send me complete information on Modet 1 |IM Fig. 1A. 3 3
. ''7-2"” CB radio. : To determine what value resistor ~—*
I Name.. ) (Bunk) should be connected in [.)arallel o ._ R 100 100
! Address , |with a known value (Rin) to obtain a de- UNK e * oo 333
1 ress.. . sired value (Raes), the equation Runk= Roes 75
) Sty t |Rin/[ (Rin/Raes) — 1] is used. (8)

D
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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 ghbsts. 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