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SEMICONDUCTOR HEAT SINK DESIGN CHART 20 CENTS
+ NOISE PERFORMANGE OF TRANSISTORS IN AUDIO CIRCUITS

MULTIPURPOSE ELECTRONIC CONTROL

“CHIRP"—A NEW RADAR TECHNIQUE
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Which end of this popular hand tool is the handle?
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(Pass this test and youw’ve qualified to build any
of these handsome Electro-Voice Prefinished Kits!)

Coronet 8” Speaker Systems $47 to $62; KD9A 127 Enclosure $69.69; KD10 Equipment Console $86.88: KD6A 12” Corner Enclosure $65; E-V TWO KD 12” Acoustic Suspension Speaker System $101.25

Do it yourself? Why not! We

> guarantee you'll be proud of what

you see and hear when you assemble
any E-V prefinished kit.

Instructions are clear, and simple as
I, 2, 3. Every panel is pre-cut to fit
exactly. And mitered corners are perfect
(we give you nylon dowel pins, just to
be sure).

Even easier is the finish. It's done.
Every visible panel already has a rich
oiled walnut finish before you open the
carton. No brushes or steel wool needed
—and no “kit look” to any E-V cabinet,

Most important, there’s no “‘kit
sound’’ either —not with genuine
Electro-Voice component speakers
inside these acoustically correct enclo-
sures. No short cuts—no compromise
with sound quality (after all, that’s what
high fidelity is all about)!

And don’t overlook our new equip-
ment cansole. It matches the KD6A and
K D9A exactly. Most popular equipment
will fit, and it blends handsomely with
any decor.

Don’t put off better sound another
day. Build it yourself with the new E-V

CIRCLE NO. 180 ON READER SERVICE PAGE

prefinished kit that fits your budget and
listening preference. (And if your answer
to our little test above was (B), ask your
E-V dealer to help you choose one of our
factory-assembled speaker systems.
He’ll understand.)

ELECTRO-VOICE, INC.
Dept. 145N, Buchanan, Michigan 49107
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SETTING NEW STANDARDS IN SOUND
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A New Electronics Slide Rule
with Self-Training Course
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Why didn’t someone think of this before?

Here’s a great new way to solve electronic problems accurately
...easily. The Cleveland Institute Electronics Slide Rule is
the only rule designed specifically for the exacting requirements
of electronics computation. It comes complete with an illus-
trated Self-Training Course consisting of four lessons . . . each
with a short quiz you can send in for grading and consultation
by CIE’s expert instructors. With this personal guidance, you'll
soon be solving complex electronics problems in seconds while
others still struggle along with pad and pencil.

Here's what Mr. Joseph J. DeFrance, Head of the Electrical
Technology Dept., New York City Community College, has
to say about it:

“l was very intrigued by the ‘quickie’ electronics problem

SATISFACTION Warranty

The Electronics Slide Rule with Self-Training
Course is available only from Cleveland Institute

of Electronics, and is covered by CIE’s exclusive
“Satisfaction Warranty.” Order it now ... use it
for ten full days. Then, if you're nor complerely
satisfied, you may return the Slide Rule with Self-
Training Course and C1E will refund full payment.

January, 1965

solutions. It is an ingenious technique. The special scales
should be of decided value to any technician, engineer,
or student. The CIE slide rule is a natural.”
See for yourself. You will learn how to use special scales to
solve problems dealing with reactance, resonance, inductance,
AC and DC circuitry, etc. And, as an added bonus, you can
use this high-quality rule for conventional computation, too.
This all-metal Slide Rule is a full 10” long and is made to
our rigid specifications by a leading manufacturer of measur-
ing instruments. Slide Rule, Self-Training Course and hand-
some top-grain leather carrying case . . . all yours for just
$14.95. Cleveland Institute of Electronics, 1776 E. 17th St.,
Department EW-105, Cleveland, Ohio 44114.

SEND COUPON TODAY

to: Cleveland Institute
of Electronics
1776 East 17th St., Dept. EW-105 . Cleveland, Ohio 44114

Please send me your Electronics Slide Rule with Self-Training
Courseand top-grainleathercarryingcase.l amenclosing$14.95.
(If not fully satistied after 10-day trial, C1E will refund payment.)

Name :
{Please Print)
Address County
City State Zip
A leader in electronics training . . . since 1934
e e e e e e e e e e e ——— —



Tips for Technicians

Mallory Distributor Products Company
P.O. Box 1558, Indianapolis, Ind. 46206
a division of P. R. Mallory & Co. Inc.

What you should know
about film resistors
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4000 6000 8000 10,000
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Typical stability test data: 10,000-hour load cycling
test. Average resistance change is less than 1%!

If you’ve been looking inside some of the recent
model television sets, chances are that you've noticed
some unusual-looking resistors. Especially in the
sizes readily identifiable as under 10 watts. You’ll
probably find them in spots where you're used to
seeing small wirewounds.

There’s a good reason. These are metal oxide film
resistors. And the reason they’re making such a hit
is that they have as good stability and life as wire-
wounds—but they cost only about half as much
in most values.

What’s different about them?

First, they're made differently. A thin layer of tin
oxide is evaporated onto a high quality ceramie rod,
at high temperatures. A spiral groove is then cut, by
a highly precise automatic machine, to produce a
resistance path with the desired ohmic value. Then
the end connections are applied and the whole works
gets a coating of silicone finish. You can get a lot
higher resistance values, size for size, than with
wirewounds, because you're not limited by the
problems of winding hair-thin wires. Top resistance
for the 4, 5 and 7 watt sizes is 120,000 ohms; for 2 and
3 watts, 56,000 ohms. Standard tolerance is 10%.

Second, they behave differently. Their stability is
really terrific. We've run them with on-off load
cyeling for 10,000 hours and measured changes of
less than 19,. They’ll take heavy brief overloads
without damage, aren’t bothered by humidity or
vibration. And they’re noninductive up to 250 mec.
The name to ask your Mallory Distributor for is the
MOL film resistor. He has them in 2, 3, 4, 5, and 7
watt ratings, in popular resistance values. And when
you need a higher wattage (up to 200 watts) ask him
for Mallory vitreous enamel resistors—you can’t
beat them for cool operation and stable life,

CIRCLE NO. 129 ON READER SERVICE PAGE ELECTRONICS WORLD
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OUR COVER symbolizes the
important subject “Electro-
luminescence” which is a
large-area cold-light source
that is produced by electric-
field excitation of a phos-
phor. Electroluminescent
(EL) devices are used for
low-level lighting and in var-
ious types of display appli-
cations. One of the newest
products in this field is a
flexible EL light source in-
troduced by Sylvania as
“Tape-Lite.” Our artist has
taken a length of this tape
and has split it into its five
layers. When a.c. is agplied
to the two electrodes shown,
the middle layer containing
the phosphor glows. See
page 23. . .. ......... (-
lustration: Otto Markevics.)
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add tape to your music system,
add recording to a playback
system, add stereo to a mon
aural system , or make special
effect recordings on these new
monaural or stereo tape trans
ports with hyperbolic heads —
no old fashioned pressure pads.

MODEL 87 TRANSPORT
with exclusive “'Edit-Eze'’ feature.

Two motors « Two Speeds =
Flexible Head Arrangements =«
Tape Lifters < Run-Out Switch
» Counter < Erase-Protek Inter-
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COMING
NEXT
MONTH

CHOOSING A CCTV CAMERA

Requirements that must be met, rather
than manufacturer and/or price, should
be the main consideration in selecting
a camera. Such features as illumination,
resolution, movement, mounting, enuvi-
ronment, power, and duty cycle are vital.

THE NEW LOOK IN RADARS

John F. Bachmann of Bendix Radio de-
scribes a new type of radar with an elec-
ironically steerable antenna array. It is
being used to search for, track, cata-
logue, and store in computer memories
information on satellites, missiles, and
other space objects.

SOLDERING TOOLS & TECHNIQUES

The practical aspects of the new solder-
ing techniques such as automatic wave
soldering, ultrasonic, and micro-circuit
assembly, plus some little known but
helpful facts about ordinary soldering.

BASIC PRINCIPLES OF RELIABILITY
Once a piece of equipment is assembled,
what are the chances that it will fail or

stop working.after some period of time?
These questions are typical of those
involved in the study of reliability.

COMPUTERS IN BUSINESS

Business applications for electronic data
processing include payroll calculations,
inventory recording and control, ac-
counts payable and receivable. The tech-
niques used in the computer to handle
these basic operations are discussed by
Ed Bukstein.

DIRECT-VIEW STORAGE TUBES

John B. Pegram of DuMont Labora-
tories covers the design and applications
of special types of cathode-ray tubes that
permit easy viewing in high ambient
light areas.

BESIGN OF

TRANSISTOR MULTIVIBRATORS

Simplified design techniques for tran-
sistor switches, tnverters, astable, mono-
stable, and bistable circuits are covered
in this comprehensive article by Louis E.
Frenzel, Jr.

lock from $138.00

w

MODEL 78 TRANSPORT

Cne Motor +« Two Speeds o

Flexible Head Arrangements «

Single Tape Motion Control
from $85.00

At s e Y il SR
oA s somies
208,00
RP83 AMPLIFIER
Matching Record/Playback Pre-
amplifier from $92.50

You can always change or ex-
pand your system with tape
components
MADE BY SKILLED
AMERICAN CRAFTSMEN AT

INng or minnearouss, inc.

9600 Aldrich Ave. So. Minneapolis, Minn. 55420
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in the FEBRUARY issue of ELECTRONICS WORLD . .. on sdle January 21st.
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Walk Alone, 10 more |bert, Chabrier Very Last Oay, etc. The Only One, etc. A Fine Romance, etc. On Broadway, etc. %
| The Wonderful Worki of DAVE BRUBECK| | - 1 RAY CONNIFF
ANDY WILLIAMS | | TIME CHANGES| |~ o O O ]
ﬁle\?:rl ﬁ 5 P % The Best of uz FEEL
Learns T by f M:ﬁOR
Paridg 4 L CE Original Soundtrack
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| Heaven : S5 The Monkey Time MY OLD FLAME
| 10 MORE TN Nnemia [CoLLIaNTY e FT: "o MoRE I I\ E FRENESI * 9 more 1
1351. Also: Dream, 1556. World's Fair, 1609. Also: Gotta 1459, The Academy 1350.Afso:ThirdMan 1519, Also: Twist
This Is All | Ask, Unisphere, Iberia, Right to Cry, It's All Award Winning score  Theme, Caravan, Sol. And Shout,
Noelle, 12 in all Eiementals, 2 more Right, etc. by John Addison itude, ete. The Dog, etc.
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1571. Alse: School
Day, Hey Little Fresh.
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PERCY FAITH S 5 THE RAN
Song u'ings - Sayenara Company of Cowards 4 9 more
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1257. Also: Return to
Paradise, Beyond The
Reef, ete.
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High Fidelity
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MORE THEMES
for YOUNG LOVERS

? PERCY FAITH
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Lovers

Biue on Blue

10 more
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=4
rm THE SUMMER B 54 TEARS
|| BAMRYS BOYS  iimers

1537. Also: Lost in
The Stars, Too Close
for Comfort, etc.

1614, Also: Forget
Him, You Don’t Own
Him,SugarShack,etc.

1602. Hailed as "a
historic Hamlet!”
Life

1597. Aiso: How Long
Is Forever, Please
Talk to My Heart, etc.

1443, Also: Siowly,
Back Street Affair,
More And More, etc.

Merch of the Yorsators
Amesican Satute
Stars and Stripes Forevar

9 mare
PHILAUELPHIA BRCH
ANDY

1600. Corcovado,
Once upon A Summer
Night, 7in all
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Biil, The Tarriers
Song, etc.
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STEVE LAWRENCE
SALLY ANN HOWES

ROBERT ALDA n

WHAT MAKES SAMMY RUN?
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1590, Also: Anything
Love Can Buy, This
O Riverboat, etc.

LORD'S PRAYER
MORMON

TABERNACLE CHOIR

1453. This show is
“bright and wholly
beguiling!" — Cue

-
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1015, Also: Go Away
Little Girl, Up on
the Roof, efc.

1090. “This is an ex.
traordinary chorus."”
—New York Times

| TONY =
BENNETT ¥
| Laft My
Heart 10
San Francisco [ ¢
Teader Is the Night

Smile_: 9 more
[COrCMBIA]

MUSIC OF JUBILEE

*. * 'uy‘%nn | Crooked Little Man
- .‘ Orchestra Smg Out E}‘\"“
- *’ E POWER Freedom's
bcoluunu BIGES Star 8 MORE

hacl
& ® tavorites

1023, Also: Love for
Sale, Candy Kisses,
Marry Young, etc.
BARBRA

STREISAND l

ALBUM e
DOWS WITH LOVE
MY COLORING 800K
WHE WiLL BUY?
cotumpial 8 more

1301. Also: | Stayed
Too Long at The Fair,
Gotta Move, etc.

THE SECOND

i

Y

SIoR

Original Soundtrack
coitmmia Recording

DEAN

(TEX)

MARTIN
5 COUNTRY

1083, *"Abundance of
pulsing rhythms.” ~
St. Louis Globe-Dem,

1037, “'The most ad-
veaturous muslcal
ever made.”’—Life

ROGER WILLIAMS
GREATEST HITS

1302, Also: The High
And The Mighty, 1
Got Rhythm, etc.

1538, Also: I | Had
A Hammer, La Bamba,
A-Me-Ri-Ca, etc.

the best f hasie

ROULETTE

1364. A dehmllve
summary of the
Count's greatest luts

DUSTY SPRINGFIELD

1539, Also: My Heart
Cries for You; Hey,
Good Lookin'; etc.

1501.

Eight spank-

1605. America’s most
celebrated organist.”
— Newsweek

1057.
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1448, Also: Sunshine
Special, Goin' Home,

1457, Aiso: Fly Me
To The Moon, Nina
Never Knew, etc.

ORIGIKAL SOUNDTRACKS
ANO NUSIC FROM THE
BREAT MOTION PICTURES
MONDO CANE
[ 0 o

CLEOFATRA
LAWRENGE OF

1362, Also: Exodus,
Irma La Douce, The

ANY 6

REGULAR or STEREQ RECORDS

FREE

if you bagin your membership by purchasing any
one of these records — and agree to buy as few
as six additional selections in the next 12
months, from the more than 1000 to be offered

Plus this RECORD RACK

FREE |3}

Here’s a handsome brass
finished rack that adjusts
to your needs. Use it to
supplement your regular

»storage facilities. Folds fiat
when not in use

Holds one record
up to Sixty|

N

-
T

ANDY WILLIAMS

1536, Also: Silver
Gagger, Ten Thou.
sand Miles, etc.

VLADIMIR
e DAYS OF WIKE
HOROWITZ AND ROSES )
Chopin - Liszt Eant ot uus F
|People. Java - Helio, Dotly! fachmasnoff I et
The &l From Ipanema Schumann l.;;’s“"“
Iase 2 mor [corvmBia-

1610. Also: Crooked 1067, '‘Perhaps the

Little Man, Wives greatest piano ri

And Lovers, etc. cording.""—HiFl Rev.

JOHNNY'S
GREATEST HITS

Chances Are
nert s

Wongerfal !

Wandertul !
i 10 mare

cOLUMBIA _

1013. Also: Twelfth
of Never, No Love,

BERNSTEIN
conducts
TCHAIKOVSKY

L

THE GREATEST OF
STAN GETZ

What

1002, Also:
e- Kind of Fool am (7,
May Each Oay. etc.

1603. Bernstein *'
top of his form.'

1359, Standanavian,
Rubberneck, Tootsi¢

1598, Also: Cup of
Loneliness, Color of

Also:

Johnny
Reb, Comanche, Jim
Bridger, etc.

| SEND ME THESE

6 RECORDS FREE
(fill in numbers)

ing new
of laughter and song

Leonard
Betnstemn
plays
Gershwin

GOt aemIA

1581, Also: Mama
Said, You Don't Own
Me, etc. *

1098. *Fierce impact
and momentum.” -~
N.Y. World-Telegram

ALSO SEND ME
THIS RECORD

NOTE : Stereo records must be played
only on a stereo record player.
# Records marked with a star (%) have been
electronicatly re-channeled for stereo.

@ Columbia Records Distribution Corp., 19635

January,

1965
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AS MY FIRST
|  SELECTION
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performance ... over.
whelming.' HiFi Rev,

Prison Blues, Bad
News, etc.

Wine and Roses. Pink
Panther Theme, etc.

‘Waters, The Hawalian
Wedding Song, etc.

But A Dream, Only

Yesterday, etc. Cielito Lindo, etc,

Sinner Man, etc. Apartment, etc. Come to Me, etc. :x High Fidelity Roll, 9 in all The Blues, etc.
i RTY ROBBINS
SJHNNY DASH| e o e THE 8 SEASONS | R
DAWN (60 AWAY)
1 WALK S eariASari aoLoEn KHCaRE
{ THE L"’E You Send Me - 9 more
Unsaretans " [ﬂ'%::l
Yaur Man ; ;B L
0isere Liray Hais Remin pi: e
iy Wominrtol o - e L
1096, "Electrlfylng 1450. Also: Folsom 1607. Also: Drowsy 1554, Also: Days of 1445. Also: Life Is 1608, Also: The Blue

Danube, Sabre Dance,

SEND HO MONEY — MAIL COUPRPON NOW JReahedasiesendineimeanding |

COLUMBIA RECORD CLUB, Dept. 209-4
Terre Haute, Indiana
I accept your special offer and have written in the boxes
at the left the numbers of the six records I wish to receive
REE! I've also indicated the record I am to receive as
my first selection, for which I am to be billed $3.98 (regular
high-fidelity) or $4.98 (stereo), plus a small mailing and
handling charge. I will also recetve the record rack — FREE!

O rRegular [ Sfereﬂ

I am mainly interested in the following type of music.
(check ene box only)
0O Classical [0 Jazz 0O Listening & Dancing
[] Broadway, Movies & Musical Comedies
O Country & Western O Teen Hits

I agree to acCept these seven records under the terms out-
lined at the right.

Send my 7 records and all
future seleetions in (check one)

L1 Da00aa0000000000
{Please Print)

First Name Initial

Last Name

{ CL 11X r060 0008000000005 00088 000090006 0063000006 36050063000

(1 1008096060006000 0606000680600 0030985 A I LT Do0000000006000

Telephone Number.....ousensnsnsevurunossosssnsontoseonassnns

APO, FPO addressees: write for special offer
CANADA: prices slightly higher; 1111 Leslie St., Don Mills, Ont.

f. Write in the numbers of the
six records you want — FREE!

2. Write in the number of an-
other record as your first se-
lection — for which you will
be billed $3.98 (regular high-
fidelity) or $4.98 (stereo).

3. Indicate whether you want
regular or stereo records; also
the type of music in which you
are mainly interested.

4. Each month you will re-
ceive, free, the Club Magazine
— which describes forthcoming
selections. You may accept the
monthly selection for the fleld
of music in whiclf you are
mainly interested, or take any
of the other records offered. or
take NO record in any particu-
lar month,

5. Your only obligation is to
purchase six additional records
from the more than 1000 to be
offered in the Club Magazine
during the coming 12 months.
You may discontinue member-
ship at any time thereafter.

6, After fulfilling your obliga~
tion, you will receive a 12"
record of your choice FREE
for every two additional rec-
ords you buy.

7. The records you want are
mailed and billed to you at the
regular Club price of $3.98
(Classical $4.98), plus a small
mailing and handling charge.
Stereo records are $1.00 more.
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new Allen type
screwdrivers

work faster, easier ... reach
where wrenches won't go

fixed handle
SCREWDRIVERS

11 hex sizes:
.050” to V4"

Precision formed, !
«lloy stee) blades
Shockproof, breakproof,
amber plastic |
(UL) handles

detachable BLADES

8 hex sizes
Ao 10 3"

Fit all “99" Series
handles

Available singly —
as a set of six in
free plastic pouch 1
— or in roll kit

with handle

WRITE FOR
BULLETIN N763 t

s 5 e

®

XCELITE. INC., 12 BANK ST., ORCHARD PARK, N. Y.
Canada: Charles W. Pointon, Ltd., Toronto, Ont.
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LETTERS
FROM OUR
READERS

TRANSISTOR IGNITION SYSTEM
To the Editors:

Just a comment about the letter from
David H. McGoun in the August, 1964
issue.

Mr. McGoun is correct. The transistor
ignition system by Mr. Mavfield de-
scribed in the June, 1963 issue will give
very difficult cold-weather starting, if
not impossible. I experienced the sume
difficulties as Mr. McGoun, with the ex-
ception that it was 20° below zero when
I installed the unit last January,

I made some voltage readings after
the car refused to start and read ap-
proximately 7 volts across the two tran-
sistors (i.c., from the emitter of Q1 to
the collector of (2) with the points
closed. This indicated that the transis-
tors were not “turned on” sufficiently
with the batterv voltage slightly low. 1
then adjusted RG until 1 obtained a
minimum voltage drop across the two
transistors. There was about 1 volt across
each transistor. The slide on R6 divided
the 10 ohms, with 7 ohms to Q1 and 3
ohms to Q2.

I also increased the current to the
ignition coil primary to 9 amps.

The system has started well in sub-
zero weather and has given excellent
performance and trouble-free driving
for 9000 miles.

EuGexE T. WALDORF
St. Paul, Minn.
o © ©
ELECTRONIC PIANO TUNING
To the Editors:

As a piano technician, I would like to
caution your readers about attempting
to tune a piano as described in the article
“Piano Tuning—The Electronic Way” by
Frederick Van Veen, which appeared in
the September issue. Mr. Van Veen has
neglected to tell your readers that they
could do irreparable damage to their
pianos.

When a piano is in tune at A=440
cps, there is approximately 180 lbs. of
pressure from each string bearing down
on the soundboard and metal plate of
the piano. Now, the piano is designed to
take this tension as long as it is uniform
throughout its entire length. But tighten
the strings too much or unevenly and if
you're lucky, vou'll just break a string,
a simple repair job to a competent piano
technician. If vou are not lucky, the

soundboard could crack or warp, neces-
sitating a costly major repair.

Mr. Van Veen also neglects to men-
tion that it takes approximately two
vears to a lifetime to learn to tune a
piano decently even with competent in-
struction and constant practice. This
has no bearing on how accurately you
can judge frequencies but depends on
the ability to set the tuning pins prop-
erly. There are at least five pressure
points or bearing surfaces which a piano
string comes in contact with in the aver-
age piano. This is done to give the piano
string rigidity and aid it in holding its
tune. In order to get the string to hold,
you must be able to pull the string
sharply just the right amount, so that
vou overcome the tension placed on it
by the bearing surfaces. Then the string
must be settled by striking the key so
that it drops into tune. The tension must
be equal throughout the entire length
of the string or it will not hold its tune.

Crirronp C. Rose
Piano Technicians Guild
New York Chapter
New York, N.Y.

To the Editors:

I suggest that any of your readers who
are tempted to follow the advice of Mr.
Frederick Van Veen in “Piano Tuning—
The Electronic Way,” and really want
their piano to be in tune and stay in
tune, call in an experienced piano tuner
who understands hammer technique,
who knows that piano tone partials are
not harmonic, and who knows that
pianos tuned to the frequencies listed in
Table 2 will not sound in tune because
pianos are not tuned to the equally
tempered scale.

Some very good piano tuners use elec-
tronic instruments to guide them as well
as using their ears, but there is very
much more complexity to satisfactory
piano tuning than this article would
lead one to believe.

Earce L. KexT, Ph.D.
Director of Research
C. G. Conn Ltd.
Elkhart, Ind.

Although the keys near the center of
the keyhoard are tuned to the equally
tempered scale (12 exactly equal inter-
vals between octaves), those at the ex-
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F'.ee SEND TODAY FOR THE LATEST

INDEX 1o PHOTOFACT!

your instant handy guide to the world’s finest electronic service data

covers over 58,000 listings of:
® TV Receivers
® Phonos & Hi-Fi
® CE Radios

® Home & Auto Radios
® Tape Recorders
® Record Changers

Send today for this valuable 78 -page guide covering virtually
every model of home-entertainment electronic equipment
produced since 1946! Helps you locate the proper PHOTO-
FACT Folder to quickly solve any service problem in any
model. PHOTCFACT provides everything you need in com-
plete, uniform style for quick, effective repairs: Famous
Standard Notation Schematics packed with the service de-
tails you need; Full Photo Coverage of all chassis views; Com-
plete Replacement Parts Lists; Tube Placement Diagrams;
Alignment Instructions; CircuiTrace® for printed boards;
Disassembly Instructions; Dial Cord Diagrams; Changer and
Recorder “Exploded Views' —plus dozens of other great fea-
tures. Send coupon for your FREE copy of the latest PHOTO-
FACT Index to the service data you need!

Take the Right Step to Time-Saving, Profit-building
Servicing...See your Sams Distributor for details on
an Easy-Buy PHOTOFACT Library and Standing Order
Subscription.

NOW! INDEX INCLUDES MODELS COVERED IN THE PHOTOFACT
SPECIALIZED SERIES MANUALS ...

Lists all models now covered i1 the
PHOTOFACT Specialized Series:
Transistor Radios, Auto Radios, CB
Radios, and Tape Recorders—ab-
solutely complete!

SEND FOR

FREE

HOWARD W. SAMS & CO., Dept. EWF-1
4300 W. 62nd St., Indianapolis, Indiana 46206

[[] Ssend FREE Photofact Index

0O Send full information on Easy-Buy Piar and Standing
Order Subscription
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Attn.:___ - I
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risk your reputation
w1th “just-as-good’”’ capacitors?

When you pay little or no attention to quality in tubular
replacement capacitors, you leave yourself wide open for
criticism of your work . .. you risk your reputation ...

you stand to lose customers. It just doesn’t pay to take a
chance on capacitors with unknown or debatable performance
records when it’s so easy to get guaranteed dependable
tubulars from your Sprague distributor!

There's no "maybe”
with these 2 great

SPRAGUE DIFILM TUBULARS!

The ultimate in tubular capacitor construction. Dual
dielectric . . . polyester film and special capacitor tissue. ..
combines the best features of both. Impregnated with HCX®,
an exclusive Sprague synthetic hydrocarbon material which
fills every void in the paper, every pinhole in the plastic

film before it solidifies, resulting in a rock-hard capacitor
section . . . there’s no oil to leak, no wax to drip. Designed
for 105°C (220°F) operation without voltage derating.

The world’s most humidity-resistant molded capacitors. Tough, protec-
tive outer case of non-flammable molded phenolic .
damaged in handling or installation. Black Beauty Capacitors will with-
stand the hottest temperatures to be found in any TV or radio set, even
in the most humid climates.

\ SPRAGUE

.05 MFD.£10% =
] soovoc

DIFILM® BLACK BEAUTY® Molded Tubular Capacitors

. . cannot be

DIFILM® ORANGE DROP® Dipped Tubular Capacitors

A “must’ for applications where only radial-lead
capacitors will fit . , . the perfect replacement for
dipped capacitors now used in many leading TV
i sets. Double-dipped in rugged epoxy resin for posi-
"|'| tive protection against extreme heat and humidity.
I No other dipped tubular capacitor can match
| Sprague Orange Drops!

SPRAGUE
WML, B DO
EproTag”

For complete listings, get your copy of Cata-
log C-616 from your Sprague distributor, or
write to Sprague Products Company, 51

Marshall Street, North Adams, Massachusetts.

WORLD’S LARGEST MANUFACTURER OF CAPACITORS

THE MARK OF RELIABILITY
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tremes are not. The highest notes on the
keyboard are usually tuned by ear to
be a fraction of a semitone high (sharp),
while the lowest notes are usually a frac-
tion of a semitone low (flat). The precise
tuning also varics depending on the type
of piano heing tuned. A reason for this
is that the partials (harmonics) produced
by the struck strings of a piano are not
precise multiples of the fundamental but
are very slightly off. This is because
piano strings are not ideal but have stiff-
ness, and there is some yiclding of the
bridge. As a result, undesired beats and
dissonances would occur if the entire
keyboard were tuned exactly to the
equally tempered scale. For an excel-
lent reference on this matter, sce “Tun-
ing: Pianoforte” in “Grove’s Dictionary
of Music and Musicians” (St. Martin’s
Press, New York).

A portion of Author Van Veen’s letter
replying to the above follows.—Editors.

To the Editors:

Dr. Kent’s comments pertain to the
last few paragraphs of my article, in-
volving the use of a counter to tune a
piano to the frequencies of the equally
tempered scale. Because of the inhar-
mony of piano tones, such “fundamental”
tuning is inferior to aural harnonic tun-
ing, especially at the ends of the kev-
board. This, however, is not a considera-
tion in the technique principally de-
scribed, the use of a tuned audio filter.
The method assumed inharmony and
should therefore result in a properly
“stretched” piano.

In piano tuning, as in so many other
things, the professional practitioner gen-
erally offers the best job. Tuning your
own piano, on the other hand, offers a
great deal of satisfaction.

FreDERICK VAN VEEN
General Radio Company
West Concord, Mass.
& &

*

AUDIO SWEEP GENERATOR
To the Editors:

You recently ran a construction story
entitled “Transistorized Audio Sweep
Generator” (August issue). I had
trouble with the alignment of the trans-
formers and found that by turning the
sweep-width control to zero and feeding
the output of the generator through an
audio amplifier, the transformers could
easily be tuned. In my circuit I used
2N336 transistors in the buffer and
audio stages. If the 2N336’s are used in
place of Q2, 04, O35, and 6, the follow-
ing changes have to be made: R6 and
R13 changed from 180k to 120k. Better
stability was obtained by adding 220-
ohm resistors in the emitters of Q2 and
Q4.

To keep the display stable on the
scope face, I connected a 9.1k resistor
between sync and sweep output.

R. R. SHOEMAKER
East Syracuse, N. Y. A
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GET A FAST START WITH NRI’S
ACHIEVEMENT KIT

Delivered to your door—every-
thing you need to make a sig-
nificant start in the Electronics
field of your choice! This new
starter kit is an outstanding,
logical way to introduce you to
NRI training kits . . . an un-
paralleled example of the value
of NRI home-study training.
What's in it? Your first group of
lesson texts; a rich vinyl desk
folder to hold your study mate-
rial; the industry’s most com-
plete Radio-TV Electronics
dictionary; valuable reference
texts; lesson answer sheets;
pre-addressed envelopes,; pen-
cils; pen; engineer’'s ruler, and
even postage. No other school
has anything like it.

ELECTRONICS COMES ALIYE
WITH CUSTOM TRAINING KITS

You get your hands on actual
parts and use them to build,
experiment, explore, discover.
NR! pioneered and perfected
the '*home lab” technique of
learning at home in spare tine.
Nothing is as effective as learn-
ing by doing. That's why NRI
puts emphasis on equipment,
and why it invites comparison
with equipment offered by any
other school. Begin now this
exciting program of practical
learning created by NRl's Re-
search and Development Labo-
ratories. It's the best way to
understand the skills of the
finest technicians—and make
their techniques your own.

DISCOVER THE EASE

Founded 50 years ago—in the days of wireless—
NRI pioneered the ‘‘learn-by-doing’”’ method of
home-study. Today, NRI is the oldest, largest home-
study Electronics school, offering the kind of in-
struction that makes learning exciting, fast. You
build, test, experiment, explore. Whatever your in-
terest, your need, your education, investigate the
wide variety of NRI training plans . . . find out about
the NRI Achievement Kit. Check and mail the
postage free card now. No salesman will call.

Our 50th Year of Leadership
in Electronics Training

National Radio Institute, Washington, D.C.
Electronics Division

————

“BITE SIZE’ LESSON TEXTS
PROGRAM YOUR TRAINING

Certainly, lesson texts are nec-
essary. NRI's programmed texts
are as simple, direct and well
illustrated as 50 years of teach-
ing experience can make them.
They are carefully programmed
with NRI training kits to make
the things you read about come
alive. You'll experience all the
excitement of original discovery.

HOBB (? CAREER? PART-TIME
EARNINGS? MaiL COLPON

Whatever your “zason for want-
ing to ncrease your knawledge
of Electronics .. whatever your
educa-ion . . . "nere's an NRI
instruction plar to 1t your
needs. Choose from three major
training progra—s in Fadio-TV
Servicing, Indus Tial Electrorics
znd Communicztions cr select
one o seven NRI courses in
specialized subjects. Mail cou-
pon for NRi catalog. Find out
how ycu can train at home this
exciting, rewarding way.

AND EXCITEMENT OF
LEARNING ELECTRONICS, TV-RADIO THE NRI WAY

SEE OTHER SIDE }

pe————— ey F Y N N Y

[
|

FIRST CLASS
! PERMIT
. NO. 20-R

‘ W aoshington, D.C.

BUSINESS REPLY MAIL |

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES i

e =

POSTAGE WILL BE PAID BY
NATIONAL RADIO INSTITUTE

3939 Wisconsin Avenue

Washington, D.C. 20016



PICK THE FIELD OF YOUR CHOICE

Now NRI offers you TEN FAST WAYS to train at home
for ELECTRONICS, AUTOMATION, TELEVISION-RADIO

Here are 10 choices of training to help you build your know!-
edge of the fast growing field of Electronics . . . 10 carefully
developed instruction plans resulting from 50 years of experi-
ence training more Technicians for Electronics, Television-
Radio than any other school. Whether you're starting from
scratch or have some basic knowledge of the field, you will
find NRI courses ideally suited to your needs. NRI training
guides you every step of the way. You work from ‘'bite-size”

TELEVISION-RADIO SERVICING—Complete train-
ing from basic fundamentals of electricity to home
entertainment equipment. You learn to fix radios,
hi-fi and stereo sets, black-and-white and color TV,
etc. A profitable field full or part time.

INDUSTRIAL-MILITARY ELECTRONICS —From
basic principles to computers. A comprehensive train-
ing plan that teaches you the fundamentals, then
takes you into such modern-day miracles as servos,
telemetry, multiplexing, pulse circuitry, other impor-
tant subjects.

COMPLETE COMMUNICATIONS* — Designed to
teach and provide you with actual practice in opera-
tion, service and maintenance of AM, FM and TV
broadcasting stations. Also covers marine, aviation,
mobile radio, facsimile, microwave, radar.

FCC LICENSE*—Specifically designed short course
to prepare you for your First Class FCC Radiotele-
phone License examinations. You begin with a thor-
ough background in fundamental Electronic prin-
ciples, advance to required subjects covering equip-
ment and procedures.

MATH FOR ELECTRONICS—A brief course for en-
gineers and technicians who need a quick review of
the essential mathematics used in industry, com-
munications, in government jobs. Basic arithmetic
review, short-cut formulas, modern digital number
system, much, much more.

{See Other Side

O0ogod

TV-Radio Servicing
Industrial Electronics
Complete Communications
FCC License

Math for Electronics

National Radio Institute, Eiectronics Div.
Washington, D.C. 20016 4E I

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

[J Basic Electronics

[] Etectronics for Automation
[1 Aviation Communications
[C Marine Communications

[J Mobile Communications

Name

Address

___Age

City.

State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 7

texts written in a style anyone can understand. You build and
experiment with special, essential training equipment designed
to make the things you read about come alive in an absorbing,
exciting, educational manner. Whatever your interest . . . what-
ever your need . . . whatever your education . .
NRI instruction plan for you. Begin NOW an absorbing adven-
ture in home-study training. Check the fields of your choice
on the postage-free card and mail it today.

. there’s an

BASIC ELECTRONICS—A concise course to teach
modern Electronics terminology and components. A
wealth of practical, useful information to help you
better understand the field, to give you some tech-
nical knowledge. For anyone who wants basic under-
standing of Radio-TV Electronics.

ELECTRONICS FOR AUTOMATION—This course
is not for beginners. Offered for men with some funda-
mental knowledge of Electronics who want better
understanding of Automation in present day use.
Covers process control, ultrasonics, telemetering and
remote control, electromechanical measurements,
other subjects.

AVIATION COMMUNICATIONS* — This course
prepares you to install, maintain, service aircraft
communications equipment. Covers direction finders,
ranges, markers, Loran, Shoran, Radar, landing sys-
tems. Earn your First Class FCC License with Radar
Endorsement.

MARINE COMMUNICATIONS* — Covers trans-
mitters, direction finders, depth indicators, radar,
sonar, other equipment used on commercial ships
and thousands of pleasure boats. Prepares you for a
First Class FCC License with Radar Endorsement.

MOBILE COMMUNICATIONS*—Learn to instali
and maintain mobile equipment and associated base
stations. Covers transmitters and receivers used by
police and fire departments, public utilities, construc-
tion projects, taxis, etc. Prepares you for a First
Class FCC License.

*NOTE: You must pass your FCC License exam (any Communica-
tions course) or NRI refunds in full the tuition you have paid.

Join thg men who trained for success with NRI

"I went into my own business six months after fin-
ishing the NRI Radio-TV Servicing Course. It makes
my family of six a good living. We repair any TV or
Radio. | would not take anything for my training with
NRI. it is the finest.”” DON HOUSE, Lubbock, Texas

""Many thanks to NRI for the Electronics training |
received. | hold a first class FCC License and am
employed as a studio and master control engineer/
technician with KXJB-TV."

RONALD L. WOOD, Fargo, N.D.

e
“l am Frequency Coordinator for the 11th Naval Dis-
trict. The course | completed was priceless in my
work. | was a blue collar worker, now | am a white
collar worker.” JOHN J. JENKINS, San Diego, Calif.

“I am a Senior Engineering Aide at Litton Systems,
in charge of checkout of magnetic recording devices
for our computers. Without the help of NRI | woulid
probably still be working in a factory at a lower
standard of living.”” DAVID F. CONRAD, Reseda, Calif.
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SIX HEADS ARE BETTER THAN THREE!

No matter how you look at it, six 12ads can outper»
form three anytime. And only Concertone’s incom-
parable 800 has them. Six heads let you record or play
four-track stereo tapes in both directions—without
reel turnover. And Reverse-o-matic® gives you con-
tinuous music programming at the push of a single
button. No one in the industry can give you six heads
and Reverse-o-matic®. No one in Concertone’s Series
800 price range can give you these features either,

Entirely self-contained. Twin speakers. Two micro-
phones, Three motor system. Echo control. Sound on
sound. Center capstan drive. You will ba astounded
at what you get with Concertone’s incomparable 800.
And it costs less than $399. For complete details and
the name of your nearest cealer, write Concertone,
P.O. Box 3866, South El Monte, California 91733.

F:ONCERTONE E

IN CANADA: HARTONE ELECTRONICS, 298 BRIDGELAND, TORONTO, ONTARIO, CANADA.

Janvary, 1965
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Add to Your Profits in
Radio-TV Repairs with

PROFESSIONAL

APPLIANCE SERVICING

Learn easily, quickly with
NRI’s new course

Appliance Servicing is a natural, profitable
side-line for Radio-TV Repairmen. The
boom in clectric appliances means greater
profits for you. There are probably hun-
dreds of broken appliances right in your
neighborhood.

Free book tells you about profitable
opportunities for you to increase your in-
come fast.

NRI, the world-famous home study
school, now offers a new, low-cost course
to prepare you quickly for extra profits.
Training includes appliance test equipment
and covers—

e Small and Large Home Appliances
* Farm and Commercial Equipment
¢ Small Gasoline Engines

—there is even a special course arrange-
ment to learn air conditioning and refrigera-
tion.

If you are in business for yourself, course
costs can be tax deductible.

Send for FREE book describing op-
portunities and details of course—plus a
sample lesson. There’s no obligation and
no salesman will call. Send coupon beclow
or write;

502-015

Appliance Division, Dept.
National Radio Institute
Washington, D.C. 20016

Send for

FREE

P BN BN BN BN e Em - e = . q
: Appliance Division, Dept. 502.015 1

National Radio Institute 1
I washington, D.C. 20016 1
1 Please send Frce Book on Pro- 1
1 fessional Appliance Servicing and 1
I Sample Lesson. 1
: Name :
1 Address ]
: City Zone :
1 State I
1 Accredited Member National 1
I Home Study Council 1
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UR recent trip to the Midwest

turned out to be an extremely in-
teresting one. In addition to covering the
National Electronics Conference
(NEC), we were able to visit many out-
standing electronics plants in the Chi-
cago area, as well as in Kokomo, Frank-
fort, and Indianapolis, Indiana. As a
result of these visits, there will be many
useful and informative articles in forth-
coming issues.

Since next month’s issue will feature
a full-length report on the community
antenna TV system recently installed in
Logansport, Indiana, we made every
effort to learn more about its operation.
It was the first cable system that we have
seen and studied, and our reaction was
highly favorable because of the out-
standing performance of the Jerrold-
designed system.

Logansport is a small, rural commu-
nity near the center of Indiana, some
70 miles from its nearest TV station in
Indianapolis. Previously, there were four
v.hif. and one u.h.f. channels available
and these required fringe-area antenna
installations. After the cable system was
put in, ten v.h.f. channels were received,
including stations from Chicago, South
Bend, and Lafavette, Indiana.

Service technicians in the area were
quite displeased with the idea of CATV
prior to its installation. They feared the
loss of business, since high-gain an-
tennas, towers, and boosters would no
longer be needed. However, their gen-
eral reaction has changed considerably.
The increased signal strength available
with the cable system (about 1600 to
3700 zv. compared with 20 to 500 pv.
formerly) has actnally stimulated the
sale of TV sets, particularly color-TV
models, and has minimized difficult serv-
icing problems.

Our first reaction was that CATV is
an ideal method of distributing TV sig-
nals, particularly in remote areas. The
(uestion arises, however, as to whether
or not CATV operators should be per-
mitted to continue to install, withont
restrictions, new systems in any area
they desire. We felt that since we have
a free-enterprise system, normal eco-
nomics should be allowed to determine
whether or not the system would be fi-
nancially successtul. Obviously, where
satisfactory TV reception is already
available, people would not spend the
extra money for any cable system.

he record

. STOCKLIN, EDITOR

.- .
CATV IN LOGANSPORT

We recently talked to Morton Leslie,
Chairman of “TAME” (Television Ac-
cessory Manufacturers Institute). This
organization opposes the indiscriminate
franchising of cable systems. They do
not object to systems which provide TV
reception in areas that are unable to get
good reception because of terrain or dis-
tance. They do, however, oppose the
rather recent indiscriminate rush for
franchises in hundreds of cities where
good TV reception is possible and where
there is a wide choice of programs.

The only present control of a CATV
svstem is in obtaining a franchise from
the local town or city government. The
question arises whether these individ-
uals ave sufficiently knowledgeable in
the technical developments and future
plans of free TV, especially as they affect
the country as a whole rather than an
individual community. We know that
they would not be as knowledgeable as
individuals connected with the FCC.

We have heard of one incident—
chances are there are more—where local
government officials are actually part
owners of the CATV system that they
franchised. With lack of some control,
what is to prevent one political party
from monopolizing the CATV channels?

Also, what restrictions are there to
prevent a CATV installation company
from engaging in captive service? Al-
though there is an honor system whereby
independent service technicians will
handle all TV-set service, there have,
however, been instances where cable
organizations have violated this rather
nebulous agreement.

There is a general feeling that there
should be federal regulation of all CATV
svstems, and that theyv should be made
subject to the full provisions of the Com-
munications Act, placing them under the
jurisdiction of the FCC. In this way,
the public can get the greatest measure
of protection. Equally important is the
continned growth of TV through new
w.h.f. stations. There are today more
than 1000 allocations that have not as
vet been applied for. Since a new u.h.f.
station would find it hard to compete
with a CATV system, the public would
thereafter be deprived of free TV
through u.h.f.

We feel that all of our efforts should
be devoted to fostering free TV wher-
ever possible, without competitive re-
strictions. A

ELECTRONICS WORLD



SNOW COUNTRY!

Clean it up...take it over... with

CHANNEL MASTER CROSSFIRES

The world’s most powerful TV/FM antennas. Way-out farm )
D country is snow ccuntry. Real weak signal. Without the right N 0 W! C h anne | M a Sfe r
s X antenna, there's a good chance televiewers are seeing .
% “spots’ on their TV screen. Near fringes and often suburbia Reduces Booster Prices
N are also weak signal. Smart watchers know what to do about U p to $ ] 0
this problem in all these areas. They get the right Crossfire. ‘
Top snow removal team! The revolutionary Golden Crossfire Worlds most effective antenna amplifiers. )
i alone works on the principle of Proportional Energy Absorp- N ':(frc:“:ftr’f ggg:]‘egso;:{wxﬁ; =N
tion. Meaning? There are more driven elements working and where you need it. Plus lowest pos- =, 4
with greater efficiency on the Crossfire than in any other sible noise figure. Built-in lightnirg resist- . . ,7»__._/
antenna. It actually delivers the highest antenna gain of all ance. Complete line covers model for @@, /s B
. time. Cleanest, too. The unique transposed feed line cancels every purpose and area...including an [
all-in-one rotator-TV amplifier. Write for

rear pick-up beautifully. Perfect for color. And exclusive

talog.
E.P.C. “Golden Overcoat’’ protects against every type of caraloe
corrosion. WAS $3995
8 rugged, handsome Crossfire models are available...1 for
every area and budget. Feature them and you've got the N OWI $2 995
snow country, the near fringes, and the commuter belt o . ']u.h
...right where you want 'em! In your money belt. Shown Transistorized Telstar TV/EM, 4
above: 28-element Crossfire for deep-fringes. Model 3600. with 4-set coupler. Model 0023B.

osersoon, eement CHANNEL MASTER hands you the keys to the snow country

...forhigAh'gain and
top directivity. ELLENVILLE, N.Y.

© 1964 CmC
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PML EK-61 Capaci

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS
Eico Model 2536 Stereo Receiver

tor Microphone

Eico Model 2536 Stereo Receiver

For copy of manufacturer’s brochure, circle No. 55 on coupon (page 17).

THE new FEico “Classic Series” of
high-fidelity components includes, in
addition to the tuner and amplifier re-
viewed in earlier issues, a complete
stereo receiver, the Model 2536. This is,
essentially, a Model 2200 FM-stereo
tuner and Model 2036 amplifier, on a
single chassis measuring 15%” x 13%” x
5%

The pre-aligned front end uses a sin-
gle ECC85 dual triode as a neutralized
r.f. amplifier and self-oscillating mixer.
It has no a.f.c., but due to its excellent
temperature compensation, warm-up
drift is slight. The i.f. section is con-
structed on a printed board, with three
stages of 6AU6 amplification and 6AL3
ratio detector. Like the front end, the i.f.
amplifier is completely pre-aligned and
tested at the factory. In mono FM re-
ception, the detector output goes di-
rectly to the audio section of the re-
ceiver,

The pre-aligned multiplex board con-
tains an amplifier with a 67-kc. trap to
remove any SCA program material
which might cause background whistles
or noise. The 19-kc. subcarrier is sepa-
rated in another stage, amplified, and
doubled to synchronize a 38-ke. oscilla-
tor. A two-diode electronic switch is
operated by the 38-kc. oscillator, sepa-
rating the composite sterco signal into
left and right components. After sepa-
rate de-emphasis, these go to the am-
plifier channels.

The amplifier, nominally rated at 14
watts steady-state power output per

14

channel, or 36 watts total IHF music
power, has push-pull EL84 tubes in
each output stage. The input amplifier,
to which negative feedback is applied
from the speaker output, is direct cou-
pled to a triode phase splitter. A 12DW7
twin triode serves both functions.

The tone controls are in a negative
feedback path around a triode amplifier
and are isolated from earlier circuits by
another triode amplifier. These two
stages are combined in a 12DWT7 tube.
The ganged level controls precede the
tone-control section, which is followed
by the balance control. A blend control
across the two channels mixes the signals

to “fill in the center” or reduce excessive
stereo separation. When it is fully clock-
wise, the channels are blended to a mono
signal, while in its counterclockwise
position a switch is operated to com-
pletely separate the channels. This func-
tion is effective on all input signals.

A BEU7 twin triode serves as a mag-
netic phono preamplifier. Negative feed-
back circuits around this stage provide
RIAA equalization with low distortion.
The two amplifier channels are identical,
with 8- and 16-ohm outputs. The power
supply for the entire receiver uses a
GZ34 slow-heating rectifier, which pre-
vents excessive surge voltages on the fil-
ter capacitors during warm-up.

The combination of the Model 2200
tuner and Model 2036 amplifier into a
single unit has lost very little of the
flexibility of the separate units. The only
features omitted from the receiver are
the front-panel headphone jack and
speaker switch of the Model 2036 am-
plifier. As with the other “Classic” units,
the Model 2536 receiver is very simple
to build. Division of the assembly process
into groups, with separately packaged
components and a two-color illustrated
manual, plus completely pre-aligned cir-
cuits, makes this kit quite suitable for
the novice constructor.

CONTINUOUS SINE-wAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN
T
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Some plain talk from Kodak about tape:

Bias transfer characteristics
and dependent parameters

Ever heard the story about the pilot
on his first solo flight? Unfortunately
the engine failed. But fortunately he
had a parachute. But unfortunately
the chute failed to open. But fortu-
nately he landed on a haystack. But
unfortunately there was a pitchfork
in the haystack. Except for the un-
happy ending, this might be the story
of how gamma ferric oxides respond
to magnetic fields. Everything about
it is fortunate with one exception.
Linearity. The oxide needles used in
the coatings have atrocious linearity
characteristics. Feed in a clean, pure
sine wave and out comes a non-
sinusoidal complex waveform that
looks something like a demented snake
trying to bite its own head off. How
does it sound? About as pleasant as
Junior’s first violin lesson.

How then is magnetic recording
possible? Fret not— there’s a way out.
The entire problem is solved by one
wonderful, mysterious phenomenon
called bias. The transfer curves tell
the story.

OXIDE
CHBARACTERISTICS
CURVE

JANEVANE

> AUDMTPUT
>~—Aumo INPUT

The slightly twisting curve at the
upper left represents the oxide re-
sponse. The lower curve is a pure,
sine wave input. At the upper right
we have the result of the response
curve on the input . . .

C

a mess.

The reason it looks the way it

does is because the sine wave input is
affected by the non-linear character-
istics of the gamma ferric oxides. But
look closely. Note that while the oxide
performance isnon-linear when taken
over its entire length, we can find
lincarity over selected sections. In
other words, we can get rid of our dis-
tortion if we can put the signal on the
linear section of the oxide’s character-
istic curve. And that is exactly what
bias does. It “lifts” the signal away
from the convoluted central area on
the graph and moves it out to linear
areas.

NON-LINEAR
BIAS QUTPUT
(not audible)

L\

AUDIO OUTPUT

><—AUDIO INPUT

CURVE ——

H.F. AC BIAS—

The amount of bias (that is the cur-
rent in milliamperes) applied to
the head is highly critical if top per-
formance is to be achieved. Bias affects
output, high and low frequency sen-
sitivity, signal-to-noise ratio and dis-
tortion. This curve explains it.

+ 4 MA.
3

OUTPUT DB

BIAS MA.

The steep curve represents low fre-
quency sensitivity (measured in db.)
at varying bias levels for many tapes.
Note that you get good performance

providing you have a bias setting of
about 4 milliamperes. (Curves for the
other magnetic parameters are simi-

lar in shape and all peak at about the
same bias level.) Vary one milliam-
pere and you ““fall off the curve” and
suffer severe losses in sensitivity. Now
look at the broader curve. You can
vary a milliampere with hardly any
change in performance at all. Here’s
the point. Kodak tape has that broad
curve. It gives you top performance
even though your bias settings aren’t
perfect. And if your tape recorder is
more than a year old, then chances
are enough shift has taken place to
push you off the cliff. That’s why we
designed a broad bias curve. And
that’s why you need it. It’s just one
more way that Kodak tape gives
you an extra bit of assurance of top
performance.

SOUAD RECORDING 1

Kobak Sound Recording Tapes
are available at all normal tape out-
lets: electronic supply stores, specialty
shops, department stores, camera

stores . . . everywhere.
©Eastman Kodak Company, MCMLX]

EASTMAN KODAK COMPANY, Rochester, N. Y.

Januvary, 1965
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.. . with New
TRANSISTOR
OSCILLATOR
CIRCUITS

| send for New FREE

CRYSTAL
CATALOG

3 BIG MODERN PLANTS
TO SERVE YOU BETTER

2 in Fort Myers 1 in Los Angelés

HERMETICALLY SEALED
PRECISION GROUND
" CUSTOM-MADE
NON-OVEN CRYSTALS

Top performance assured with quality con-
trolled throughout manufacture. Gold or silver
plating acts as electrodes. Crystals are spring
mounted and sealed under vacuum or filled
with inert pas. Very high frequency stability.
Max. current capacity is 10 milliwatts—>5 for
overtone type. Conformity to military specifie
cations guranteed.
1000KC to 1600KC (Fund. Freq.) _._..___ . __ .
Prices on Request
1601KC to 2000KC (Fund. Freq.) —-.$5.00 ea.

2001KC to 25C0KC (Fund. Freq.) ..... 4.00 ea.
2501KC to 5000KC (Fund. Freq.) ... 3.50 ea.
5001KC to 7000KC (Fund. Freq.) .. 3.90 ea.
70C1KC to 10,000KC (Fund. Freq.) .._ 3.25 ea.
10,001KC to 15,000KC (Fund. Freq.) 3.75 ea.
15MC to 20MC (Fund. Freq.) ___ .- 5.00 ea.
OVERTONE CRYSTAL
15MC to 30MC Third Overtone ceeeer-$3.85 ea,
30MC to 40MC Third Overtone _______. 4.10 ea.
4CMC to 65MC Third or Fifth Overtone 4.50 ea,
65MC to 100MC Fifth Overtone ____ — 6.00 ea.
DRAKE 2-B Receiver Crystals ................ $4.00

(All Channels—Order by Freg.)
OVEN-TYPE CRYSTALS

For Motorola, GE, Gonset, Bendix, etc,
Add $2.00 per crystal to above prices
SUB-MINIATURE PRICES slightly higher
CITIZEN BAND Class “D"” Crystals - $2.95
Over 50,000 CB crystals in stock for all sets
and channels, both HC6 /U and miniature types.,
To insure proper correlation and correct freq.
operation, order by manufacturer model nume

ber and channel,

A 3,

, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701~
3749 KC) 40 meters (7152-7198 KC), 15 meters
(7034-7082 KC), 6 meters (8335-8650 KC) within 1 KC
FT-241 Lattice Crystals in all frequencies from 370 KC

to 540 KC (all except 455 KC and 500 KC) .. $1.95 ea.

Pin spacing 2" Pin diameter .093

Matched pairs — 15 cycles .__............ $2.50 per pair
200 KC Crystals $2.00 ea.
455 KC Crystals ... $1.25 ea.
500 KC Crystals $1.25 ea.
100 KC Frequency Standard Crystals in
HC13/U holders .................

Socket for FT-243 Crystal _____...__.
Dual Socket for FT-243 Crystals __.

Sockets for MC-7 and FT-171 Crystals
Ceramic Socket for HC6/U Crystals

NOW . .. 48 HOUR SHIPMENT

ALL TEXAS CRYSTALS are made to exacting
specifications, quality checked, and uncondi=-
tionally guaranteed!

Send for our new Citizen Band
Crystal Interchangeability Chart
with Texas Crystals Code System.

ORDER FROM CLOSER PLANT

'Sk TEXAS CRYSTAst_

DEPT. R-15

1000 Crystal Drive
FORT MYERS. FLORDA
Phone 813 WE 6-2109

Division of

~ AND
4117 W. Jefferson Blvd.
10OS ANGELES, CALIF.
Phone 213-731-2258

WHITEHALL

CIRCLE NO. 229 ON READER SERVICE PAGE
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In our tests of the receiver, the audio
section delivered slightly over 29 watts
continuous power output over most of
the audio range at 2% distortion. It ex-
ceeded its 28-watt rating between about
40 and 20,000 cps. At lower frequencies
the power fell off, as is normal in moder-
ate priced amplifiers. The frequency re-
sponse was *1.5 db from 20 to 20,000
cps, and the RTAA equalization was ac-
curate within = 2 db from 30 to 15,000
cps.

The IM distortion was about 0.3% at
low levels, reaching 1% at a combined
output of 15 watts and 2% at 26 watts
total, with both channels driven. The
amplifier was stable with capacitive
loads. Its hum level was —52 db on
phono, and —80 db on the “Aux.” input,
referred to 10 watts output.

The FM tuner, with no further align-
ment whatsoever, had an IHF usable
sensitivity of 9 pv. Instrument alignment
improved this to 4.8 gv. In most cases
there would be no advantage in at-
tempting an alignment, as the improve-
ment would not be likely to be audible.

The FM-stereo channel separation was
better than 20 db between 250 and 1500
cps, and 10 db between 45 and 7000 cps.
The Model 2536 has a “push-to-check”
slide switch for identifying stereo broad-
casts. It requires considerable operating
pressure, and momentarily interrupts the
program, but gives a positive indication
when a stereo broadcast is received, by
closing the bar-type eye tube.

The tuning ease, general handling,
and sound quality of the receiver leaves
little to be desired. In most installations
it should serve as well as many far more
expensive receivers, although with some
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sacrifice of operating conveniences. Its
attractive price of $154.95 in kit form,
or $209.95 factory wired and tested,
should help to compensate for the slight
reduction in sensitivity and power out-
put and the omission of a few operating
niceties found in other receivers at twice
its price. The Model 2536 costs about
10% less than the individual units which
it contains and is a little larger than
either of them. A

PML EK-61 Capacitor Microphone

For copy of manufacturer’s brochure, circle No. 56 on coupon (page 17).

IT is generally recognized that the wid-

est, smoothest frequency response is
usually obtained with capacitor micro-
phones. They are used almost exclusively
in high-quality recording and broadcast
applications. Unfortunately, for the ama-
teur recordist, capacitor microphones are
frequently very expensive, costing from
$250 to $600.

Basically, the Swedish PMI, capacitor
microphones, distributed in the United
States by Ercona Corp., have all the per-
formance of more costly microphones at
an appreciably lower price. The PAML is
available in two models, the omnidi-
rectional EK-61 and the cardioid model
EC-61. Both are tiny cylindrical units,
11/16” in diameter and 2-11/16” long,
weighing only 1% ounces. The micro-
phone with its built-in amplifier has an
integral 10-foot cable which plugs into

a special power supply unit. This is also
a cylinder, 2”7 in diameter and 4%” long,
weighing 17 ounces.

The power supply furnishes a 67.5-
volt polarizing voltage to the micro-
phone and contains a subminiature tube
which amplifies its very small output
voltage to usable levels. A battery power
supply is also available for use where
a.c. power is not convenient. The a.c.
supply has a 5-foot power cable and a
socket for the 10-foot signal output
cable. The normal output impedance is
high, but other cables are available
which connect to different taps on the
built-in matching transformer to provide
impedances of 50, 200, or 600 ohms.

The microphone comes in a fitted case,
together with a microphone stand adap-
ter. Other accessories, such as a wind-

(Continued on page 64)
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Why Fred got

I laughed when Fred Williams, my old high school
buddy and fellow worker, told me he was taking a
Cleveland Institute Home Study course in electronics.
But when our boss made him Senior Electronic Tech-
nician, it made me stop and think. Sure I'm glad
Fred got the break... but why him. .. and not me?
What’s he got that I don’t. There was only one
answer . . . his Cleveland Institute Diploma and his
First Class FCC License!

After congratulating Fred on his promotion, I
asked him what gives. “I’m going to turn $15 into
$15,000,” he said. “My tuition at Cleveland Institute
was only $15 a month. But, my new job pays me
$15 a week more . . . that’s $780 more a year! In

LA T

a better job..

twenty years . . . even if I don’t get another penny
increase . . . I will have earned $15,600 more! It’s
that simple. I have a plan . . . and it works!”’

What a return on his investment! Fred should have
been elected most likely to succeed . . . he’s on the
right track. So am I now. I sent for my three free
books a couple of months ago, and I’m well on my
way to Fred’s level. How about you? Will you be
ready like Fred was when opportunity knocks? Take
my advice and carefully read the important infor-
maticn on the opposite page. Then check your area
of most interest on the postage-free reply card and
drop it in the mail today. Find out how you can
move up in electronics too.



How You Can Succeed In Electronics
.. . Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right” for you.
Then mark your selection on the reply card and send 1t
to us. In a few days you will have complete details . . .
without obligation.

1. Electronics
Technology

A comprehensive program
covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class FCC License.

F®$'= T

2. First Class
FCC License

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
irick and enable you to main-
tain and service all types of
transmitting equipment.

3. Broadcast

Engineering

Here’s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmitters.

4. Electronic
Communications

Mobile Radio, Microwave,
and 2nd Class FCC prepara-
tion are just a few of the
topics covered in this “com-
pact’” program . . . Carrier
Telephony too, if you so
desire.

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
Welding,Industrial Controls,
Servomechanisms, and Solid
State Devices.

An FCC License . .. or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we’re so ceriain of their effectiveness, we make this
exclusive offer:
The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund «/l tuition payments. You
get an FCC License . . . or your money back!

CIE's “AUTUPRUGRAMMED” method helps you
learn faster and better

Cleveland Institute uses the new programmed learning
approach. This “Auto-Programmed” method presents
facts and concepts in small, easy-to-understand bits . . .
reinforces them with clear explanations and examples.
Students learn more thoroughly and faster through this
modern, simplified method. You too will absorb . . .
retain . . . advance at your own pace.

Free nationwide job placement service . . . for
life, for every CIE graduate

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone and Telegraph, General
Electric, General Telephone and Electronics, IBM,
Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.

Electronics is a fast moving, dynamic industry

... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s bi-monthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

™ Full accreditation . . . your assurance of
=1~ competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a staff of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.
Mail Reply Card Today.

otavy.

Cleveland Institute of Electronics

January, 1965

Dept. EW-97, 1776 E. 17th St., Cleveland 14, Ohio
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IKIC() BRAND NEW FOR 65

NEW EASY-TO-BUILD EICO KITS / OVER 100 LABORATORY PRECISION KITS

COLOR TV LAB

THREE COMPACT, PORTABLE INSTRUMENTS FOR SHOP OR HOME COLOR TV SERVICING.

ADD ONE MORE AND YOU'RE SET FOR FM-MPX STEREO,

EICO 380 COLOR
GENERATOR

PORTABLE, SOLID STATE
N.T.S.C. STANDARD COLOR
SIGNAL & DOT-BAR GENER-
ATOR (PAT. PEND.). GENER-
ATES 11 DIFFERENT
COLOR SIGNALS, ONE AT A
TIME. PROVIDES N.T.S.C.
COLOR SIGNALS EXACTLY AS
SPECIFIED. TAKES THE GUESS-
WORK OUT OF COLOR TV
SERVICING.

KIT ONLY $129.95.

WIRED $169.95.

EICO 369 SWEEP AND
POST-INJECTION
MARKER GENERATOR

FOR EASIEST, FASTEST
VISUAL ALIGNMENT OF
COLOR OR B & W TV AND
FM RF AND IF CIRCUITS.
FIVE SWEEP RANGES FROM
3-220 MC/S. FOUR MARKER
RANGES FROM 2.225 MC/S.
CRYSTAL MARKER OSCILLA-
TOR. POST INJECTION OF
MARKERS.

KIT ONLY 89.95.

WIRED $139.95.

EICO 435 3-INCH
OSCILLOSCOPE

ULTRA COMPACT! TAKE IT
ALONG ON SERVICE CALLS.
BRIGHT. SHARP TRACE ON
FLAT-FACE 3-INCH CRT EX-
PANDABLE SEVERAL DIAM-
ETERS. FLAT DC TO 4.5 MC/S.
EDGE LIT CALIBRATION GRID.
ZENER.CALIBRATOR. OUT-
PERFORMS 5.INCH SCOPES
THREE TIMES AS BIG AND
TWICE AS HEAVY. TRUE LAB
QUALITY.

KIT ONLY $99.95.

WIRED $149.95.

EICO 342 FM-MPX
SIGNAL GENERATOR

FOR PROFITABLE

ING FM STEREO

WIRED $149.95.

THESE FAMOUS BEST SELLERS FROM EICO’S
SELECTION OF 230 KITS AND WIRED UNITS.

EICO 232 VTVM EICO 667 TESTER EICO 324 RF SIGNAL

EICO 460 5-INCH

PEAK-TO-PEAK GENERATOR OSCILLOSCOPE

TUBES & = i

A MUST FOR =
COLOR OR TRANSISTORS == DC WIDEBAND
B & W TV AND @ (7} 0-4.5 MC FOR
INDUSTRIAL - ; COLOR & B & W
USE. 7 NON- W TV SERVICE &
SKIP RANGES tee % . LAB USE. PUSH-
ON ALL 4 - , PULL DC VER-
FUNCTIONS. TICAL AMP.
WITH TESTS RECEIVING, SPECIAL 150 KC/S TO 435 MC/S RANGE. BAL. OR UNBAL.
UNI-PROBE®. PURPOSE, NUVISTOR AND FOR IF-RF ALIGNMENT ANE INPUT. AUTO.

COMPACTRON TUBES FOR DY-
NAMIC CONDUCTANCE. TWO-
STEP TRANSISTOR TEST.

KIT $79.95. WIRED $129.95.

NEW

EICO SENTINEL 23 CITIZENS RADIO

SIGNAL TRACING OF TV, FM, MATIC SYNC
AM, CB AND MOBILE. BUILT-IN LIMITER AND
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Flexible electroluminescent lighting tape can be made in lengthse
up to 150 feet. Strip is 13,” thick with lighted width of 114",

Electroluminescent numbers are used at O'Mare Field in Chi-
cago in order to identify flight numbers and arrival of baggage.
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metal in 1746. These elements readily combine to form a com-
pound ZnS (zinc sulfide), which occurs naturally as the
mineral zine-blende or sphalerite—a major natural source of
Zn (zinc) metal,

The addition of small amounts of certain metals to ZnS.
as it is prepared in the laboratory, converts this compound
into a very important electronic and lumineseent material.
ZnS is the host crystal for a large family of phosphors. When
excited by electromagnetic radiation of energy ranging from
near-infrared wavelengths (2 microns) down to gamma rays,
these phosphors emit light which collectively covers the en-
tire visible spectrum. Chemically, the color variations are
achieved by progressive substitution of Zn by Cd (cadmium)
and of S (sulphur) by Se (selenium).

Essential, however, is the addition of much smaller amounts
(0.0001-0.1% range) of specific metals, of which Cu (copper)
Is a prominent and practical example, but also including
Ag (silver) and Au (gold) as “activators.” Likewise useful
as “co-activator” is a halogen (prominently CI, chlorine) or
some normally tri-valent material like Al (aluminum), Ga
(gallium), In (indium), or rare earths. Methods of prepara-

Initial testing of electroluminescent

numeric readowt element.

AT ==
= 1
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tion also greatly influence the charucteristics of a particular
phosphor.

ZnS phosphors have been known for a long time for their
response to cathode rays as well as to 3650 A ultraviolet
excitation. An electron beam striking the face of a vacuum
tube coated with ZnS phosphor generates the visual image
of its path on oscilloscope, radar, and TV screens. Phosphate-
and silicate-based phosphors are used on the inner walls of
fluorescent lamps where the exciting radiation is of shorter
wavelength (2536 angstroms in this particular case).

Electroluminescence in ZnS

G. Destriau reported excitation of zinc sulfide phosphors
by an electric field as a scientific phenomenon in 1936, but
the light emitted was so faint that some scientists cast doubt
on the existence of the phenomenon. The first practical dem-
onstration of electroluminescence was given by Sylvania at the
LE.S. technical conference in 1950. This clearly demonstrated
that ZnS is a very important material having both interesting
and practical electronic and luminescent properties. Thus it
is that an increased knowledge of an old and prev iously used
material like ZnS has become the essential component in new
solid-state light sources and devices.

It has been amply demonstrated that electroluminescence.
as a phenomenon distinct from photoluminescence, is depend-
ent on some unique structural peculiarity of the ZnS crys-
tal, as well as its specific activator composition. This becomes
evident from the fact that the application of thermal and
mechanical stresses can be quite important in converting
photoluminescent to electroluminescent phosphors. These
stresses produce strains within the crystal, forcing a rearrange-
ment of its atoms. For a brief review of the present theories
of electroluminescence, refer to the hoxed copy on page 26.

Light Output of EL Phosphors

The characteristics of EL phosphors are evaluated in the
laboratory in demountable cells. Such cells may present a
square or circular lighted area of 2 to 3 square centimeters.
The viewing side is made of conducting glass plate which
serves as one electrode of the electric capacitor. The pow-
dered phosphor (small crystals, 10- to 30-micron size) is sus-
pended in some liquid dielectric, such as castor oil, in a ratio
of 1 cc. oil to 1 or 2 grams phosphor. The bottom electrode is
made of metal (brass or steel) in some convenient and sub-
stantial design so as to provide a 3- to 5-mil spacing for the
oil/phosphor mixture. Both electrodes are connected to a
variable frequency and voltage a.c. power supply. Voltages
in the 50- to 500-volt and frequencies in the 60- to 6000-cps
range permit a thorough evaluation of phosphors for both
scientific and industrial purposes.

Light output can be measured with a photomultiplier de-
tector and suitable current-reading instrument. Evaluation of
the commercially significant parameter of life must be made
on finished commercial products, as other factors also influ-
ence the life of the device using EL phosphors:

Design of EL Devices

Unique features of EL lamps include: (1) their being an
area light source, and (2) their lack of catastrophic failure.
Both features are responsible for their special applications

Fig. 1. Example of five-layer, metal-ceramic construction.
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Fig. 2. Brightness versus lomp voltage for a 600-volt EL device.
Note also how increasing excitation frequency raises brightness.

in areas of novelty lighting, instrument lighting, and the
broader field of display devices. Device applications make
use of another feature of EL lamps, namely their versatility
in matters of size and shape. Being light sources, their im-
mediate function in whatever circumstances is to render some-
thing visible. This may be accomplished by reflected light, in
creating a silhouette, or by its own luminosity. One thing is
certain: an EL device is a solid-state light source and, as such,
can be combined with other solid-state components to provide
an all-solid-state system. The fact that EL light is available
from luminous areas of a few square millimeters to a square
meter or more, gives EL a broad application range from tiny
readout lamps to very large information display boards.

The actual construction of the EL lamp is determined by
its intended application. There are, at present, three types.

Metal-Ceramic & Glass-Ceramic Construction

The major application of the metal-ceramic construction is
in lamps intended as low-level light sources. Their essential
components are shown in Fig. 1. Present commercial products
include: nighttime position markers (Nite Lites); switch
plates; luminous background advertising items; clock faces;
telephone, radio, and TV dials; automobile instrument panels;
highway signs and markers; and decorative panels (in a vari-
ety of colors) for walls, ceiling, and space dividers. This lamp
is of rugged construction and long life (in the neighborhood
of 10,000 hours or more when operated at 60 cps). It can be
made to operate in the range of 50 to 1000 volts to produce
surface brightness from a few tenths to 100 footlamberts.
Most current commereial units fall into these types: 120 volts,
60 cps vielding 1 to 1.5 footlamberts; 250 volts, 400 cps yield-
ing 5 to 6 footlamberts; or 10- to 30-footlamberts range at 600
volts. By increasing voltage and frequency (e.g., 600 volts,
2000 cps), brightness in the neighborhood of 100 foot-
lamberts results. No lamp should be operated above manu-
facturer’s ratings.

A typical brightness-voltage characteristic is shown in Fig.
2. Increasing the frequency will not harin the lamp, but un-
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Fig. 3. Effect of frequency on wavelength distribution of the EL
emission of o two-band phosphor peaking at 4600 and 5200 A.

less rated for high-frequency operation, no spectacular in-
crease in brightness may result. Fig. 3 illustrates, in the case
of a particular EL phosphor, the brightness at three different
operating frequencies, as well as the shift in color toward blue
at higher frequencies. This is a result of the more rapid rise
of output by the blue component in a two-band (blue-green)
phosphor. Since phosphor life is closely proportional to oper-
ating frequency, obtaining high brightness in this manner is
at the expense of life.

The designation metal-ceramic refers to the use of an iron

Fig. 4. Light emission in different color bands of an EL phos-
phor blended to produce white at 60 cps. Note frequency effect.
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sheet as one electrode and the ceramic (low-melting-point
glass) phosphor embedment material in its construction. A
second ceramic layer can be placed between the iron plate
and phosphor layer. The second electrode should be trans-
parent. It is applied in the form of a conducting tin-oxide
layer sprayed onto a thin glass layer over the phosphor layer,
which is, in turn, usually covered by a second glass layer for
moisture, mechanical, and electrical protection. Special spray-
ing techniques for forming thin and uniform layers have had
to be developed by manufacturers of EL units, and for sinter-
ing glass frits into transparent glass layers. The active phos-
phor laver of such lamps varies from about 2 to 8 mils
depending on rated operating conditions.

For space lighting applications, special blends of blue,
green, and yellow phosphors have been incorporated into
lamps for producing various tones of white light. Fig. 4 shows
the frequency response of such a white blend designed for
60-cps operations (voltage affects color in only a minor man-
ner).

The various slopes for the different color components, as
described previously, cause a decided color shift in emitted
light when a lamp is operated at different frequencies.

Besides the metal-ceramic makeup, glass-ceramic construc-
tion is also employed.

This is the construction favored for lamps used in display
applications, since it provides a flat surface for displaying
information. In it, the active phosphor laver is placed di-
rectly on the conducting surface of the glass plate without
an intermediate ceramic layer. This decreases the diffusion
of light within the lamp and leads to sharper readout pat-
terns. Finally, the back electrode is advantageously made of
an evaporated metal film which adapts itself to segmentation
for the purpose of applying voltage to selected localized areas
of the lamp. This is done by vaporizing the back electrode
through appropriate masks. These lamps are normally made
to operate at 250 volts and 400 cps to produce an over-all
brightness of approximately 10 footlamberts,

Flexible Plastic Construction

In this type of construction (see this month’s cover), the
initial electrode is again of metal, normally a thin aluminum
foil. Tt is first coated with a thin wniform layer of white high-
dielectric material, followed by a mixture of phosphor in a
high-dielectric organic material (Continued on page 76)

A ZnS crystal consists of alternating layers of zinc and sulfur atoms.
Much lower fields (factor 10 or more) are required to produce light when
the field is applied parallel to these layers. Since high conductivity also
exists parallel with the “easy” EL direction, light emission in this direc-
tion is evidently dependent on the flow of external electrons. In the
perpendicular direction (called the c-axis) light emission involves dis-
placement of electrons already present in the crystal. An EL crystal thus
seems to emit light by two mechanisms: (1) low-field/high-current for a
field parallel to atom layering or perpendicular to crystal c-axis, and
(2) high-field when the field is perpendicular to the layering.

This directional dependence or anisotropy (different properties in difs
ferent directions) has been explained by the author as resulting from an
isolated atom displacement disorder. Such a disordering of the otherwise
regular repetition pattern of Zn- and S-atoms of the ZnS crystal causes
a sulfur atom to move under the influence of local strains into a nearby
and alternate (but unoccupied) position of the crystal lattice. As a result,
a covalent chemical bond (electron pair) by which this displaced sulfur
atom was attached to one of its normal four Zn-atom neighbors has
been broken. The geometry of the immediate site, after creation of this
disorder, is such that o single charged copper ion (Cu*'-ion) can be ex-
actly fitted into the space next to the broken band on the displaced
S-atom. This “quasi”’-free Cu*'-ion restores a more normal local energy
situation.

This seemingly trivial matter of moving an isolated S-atom for a very
short distance of about 4 A (angstroms) to a neighboring site, followed
by entry of a Cu*'-ion adjacent to it, provides a model useful for devel-
oping the details of a light-emission mechanism from an entirely differ-
ent viewpoint than previously attempted.

Energy-Band Model

ZnS crystals are typical ““wide-band-gap* semiconductors, and pre-
viously proposed theories have been based largely on energy-band-gap
models. The band gap of ZnS is 3.76 electron volts (ev.). This means that
energies of this amount are required to excite electrons associated with
atoms on lattice sites of the crystal (valence band) to the conduction
band where they may move for a very short time about the crystal as
“conducting” electrons. Activators in a ZnS phosphor add new levels in
the “forbidden” gap of ZnS at levels up to 1 ev. above the valence
band. Since light absorbed by the activators is normally of shorter wave-
length (higher photan energy) than that emitted, the phosphor has
served as a wavelength or color converter. In the case of the ZnS:Cu-Cl
EL phosphor most widely used, absorption of 3650 A leads to emission
of two wide bands: the blue peaking at about 4600 A and the green
peaking at about 5200 A. These represent electron transitions of 2.70
and 2.4 ev. between activator levels and trap levels a few tenths of an
electron volt below the conduction band.

Collision-lonization Theory

Although satisfactory for the description and calculation of photo-
luminescence phenomena, the energy-band model has not been able
to treat all of the features of electroluminescence. Mainly there is the
question of how the energy of the electric field, applied to lamps at
levels of 50 to 100 volts per mil, is transferred to the phosphor to cause
light emission. Even if the prime characteristic of electroluminescence is
just a special mechanism for triggering off photoluminescence which then
proceeds via the collision-ionization mechanism commonly accepted in

REVIEW OF PRESENT THEORIES OF ELECTROLUMINESCENCE

electroluminescence theory, the question of the source for initial elec-
trons remains. They do not seem likely to be created by direct-field ioni-
zation of luminescence centers because this will require fields acting on
individual Cu activator atoms, e.g., to produce blue emission, in excess
of that generally available by a factor 2280 in case of a 1-mil-thick
device operated at 120 volts. To produce blue emission, energy in excess
of 2.7 ev. must be applied across a Cu-atom of 2.7 A diameter represent-
ing a field of 1 volt/A or 10° volts/cm. The available field is actually
only 4.4X107* volt/A. Concentrating the 120 volts available into o very
small fraction of the active layer thickness; eg., 120 A will produce a
field adequate for direct ionization for purpose of supplying the initial
electrons, which are then accelerated to velocities sufficient to colfision-
ionize other centers. The assumption of the existence of such barriers
has been a prominent feature of previous EL theories. The field-release
of electrons from donors or from traps a few tenths of a volt below the
conduction band has been proposed in order to account for the releass
of electrons at low values of field intensity.

Atom-lon Pair Model

It is also possible to explain the above-mentioned anisotropy of EL
emission by the isolated atem displacement model. Its essential feature
is that in the EL center there exists an atom-ion pair oriented with its
join line perpendicular to crystal c-axis. EL emission results when an
electron oscillates between the atom and ion in phase with an a.c. field.

The extent to which this electron exchange process produces light
directly by optical transitions and indirectly by virtue of furnishing elec-
trons which escape the center into the surrounding host crystal, where
on acceleration they ionize normal photoluminescence centers, is still
unknown. Assuming the essential correctness of the EL-center model, the
chemical entity of the atom-ion pair will determine the color of EL emis-
sion. If some electrons escape from the center to trigger off the charac-
teristic photoluminescence of the host crystal, the light emitted will be
a composite of the output of the two mechanisms involved.

EL and Photoluminescence

The close similarity of some bands of light emitted by an EL phosphor
under ultraviolet light and field excitation has long been a point of in-
terest which, on the basis of the model, indicates that a substantial por-
tion of electrons from the center do escape to the surrounding crystal,
especially at low frequencies. However, as frequency increases, the
number of electrons escaping the center will decrease, confining light
emission more and more to the primary EL mechanism, with less from
the host crystal. That this does happen receives support from the known
frequency choracteristics of the widely used blue-green ZnS:Cu-Cl EL
phosphor. Here, the blue component emission increases steadily with
frequency and at a much faster rate than does the green component.
Further, green emission soon reaches a plateau. In line with the theory,
the blue component is the prime EL emission generated by the EL cen-
ter; while green is photoluminescence originating at luminescence cen-
ters of the surrounding crystal.

Attempts to convert yellow photoluminescent phosphors to EL phos-
phors have revealed that frequently any EL emission created is blue.
Most EL yellow phosphors contain a blue component. In this case, elec-
trons do not escape to yellow centers in the surrounding crystal. The
study of EL phosphors in the laboratory is thus a very essential step in
the development of commercial EL lamps.
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Svynthesizers

By IRWIN MATH /Engineer, Mansen Labs. Inc.

Using a highly stable crystal oscillator with a harmonic

generator and phase detectors, it is possible to create

19459000

-t9issee
4037280

297 Jam

Commercial frequency synthesizer (top)
is often used with an external frequency
multiplier (bottom) to increase range.

a very large number of frequencies with extreme accuracy.

N highly precise communications systems, astro-navigi-
tional systems, and various types of research and devel-
opment projects, the generation of wide ranges of ac-
curate, stable [requencies is an absolute necessity. To produce
such frequencies, with stabilities of 0.01 cycle drift per day
at 1 mc., for example, requires the use of special equipment
known as frequency synthesizers. Busically, these devices
combine the excellent stability of fixed crystal oscillators with
the flexibility of variable frequency oscillators (vfo’s) to
produce a highly stable, accurate, wide range of frequencies.
At the present time there are two major ways 1o svnthesize
or generate highly stable hequencies. One of these, the di-
rect method, is to add or subtract frequencies obtained from
a standard oscillator. Fig. 1 shows such a system. A highly
stable crystal-controlled oscillator produces some standard

<« Fig. 1.
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frequency, let us say 100 ke. This signal is fed to a harmonic
generator such as a class C amplifier, where 100-kc. multiples
of the original signal are produced. By simple switching
techniques, various harmonics are made to mix with them-
selves and the original 100 ke. with the resulting sum-
difference furnishing the desired frequency. For example,
suppose that 600 ke. is desired. The 900-ke. and 300-ke.
signals are mixed and the difference frequency, 600 kc., is
taken from the mixer. This system is quite simple. However,
to obtain wide frequency coverage in small increments, many
circuits are required and the equipment becomes quite bulky.

Although direct frequency synthesizers are produced to-
day, the more commonly used technique is the indirect one.
In this system, a wide-range v.f.o. is phase-locked to the
standard oscillator over its (Continued on page 56)

Simple, direct frequency synthesizer. By adding or

subtracting various frequencies, the range between 100 kc.
and 1 mec. can be covered in 100-kc. crystal-controlled steps.

O p.c
QUTPUT

INPUT A

N g

INPUT B

Fig. 2. Simple type of frequency discriminator as used in TV,

Fig. 3. Simplifed diagram of an indirect type of synthesizer.

i !.- OUTPUT
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SEMICONDUCTOR

HEAT SINK
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DESIGN CHART I

By FRANK D. GROSS

Simple method of determining how large
a heat sink area is required for SCR’s
and other heat-producing semiconductors.

EAT sink information seems to be ravely, if ever, in
H a usable form, particularly for SCR and other switch-
mg circuits. This nomogram directly relates the load
an SCR is controlling to the required Leat sink area. The
nomogram may be extended to apply to anv semiconductor.
The heat produced in an SCR is caused by two factors;
namely, a brief power pulse during turn on, and the continu-
ous power loss due to the forward drop of the p-n-p-n junc-
tion. In all power frequency circuits (1 ke. or less), the turn
on of the SCR is so fast that only the forward drop need be
considered. Put another way, the duty cycle of the turn-on
power pulses is very low. The heat produced by the SCR due
to forward drop loss is given by P, = V; X 1,00 where V,
is the forward drop which varies with the load current but
never exceeds 1.1 volts when the SCR is run within its con-
tinuous power rating. Let us make the conservative assump-
tion that the forward drop is ahwvays exactly 1.15 volts and
that the SCR is on all the time (or half the time in a half-
wave circuit). This means we can assume that the power loss
in an SCR is equal to 1% of the maximumn load power since
the load power is given by 115 1,0 and the forward loss is
assumed to be 1.15 I},,,. This is strictly a worst-case assump-
tion as the power loss will be considerably less when lower
conduction angles (less load power due to speed or bright-
ness setting) are chosen.

Heat transfer is accomplished in two ways by the heat
sink: convection and radiation. Convection is almost always
the stronger of the two transfer mechanisms. Radiation is
very much a function of the color and roughness of the heat
sink surface and can approach zero for a smooth, highly
polished surface. Convection is independent of these param-
eters. Let us make a second assumption that all of the heat
transfer is provided by convection. Again, this is a worst-case
assumption.

The physics book says that O = H. X A X AT where Q is

28

Typical examples of commercial heat sinks where fins
are used to incease the effective cooling surface.

watts of heat transferred by convection, H, is convection
transfer constant, A is surface area, and AT is temperature
difference between ambient and heat sink

H. is a constant of heat transfer which is given by H.=
0022(L/AT)% where L is the vertical length of a square
metal plate in inches and T is the temperature difference in
degrees centigrade between the plate and the ambient air.

An SCR is capable of safely operating at case temperatures
that can cause serious burns to humans. In any SCR control,
consideration should be given to what the operator or user of
the equipment can stand and not to the ultimate temperature
damaging to the SCR. This is especially true in small dimmers
and power-tool controls where the case doubles as a heat
sink. Operation at heat sink temperatures safe to humans
allows the SCR to run well within its ratings, enhancing cir-
cuit life and reliability.

A metal plate at 140°F (60°C) may be described as alarm-
ingly hot. No burn damage will occur, but substantial will
power is required to hold onto a metal plate at this temper-
ature. Above this temperature, the probability of a burn
rapidly increases. A choice of 55°F (13°C) of allowable
temperature rise permits the heat sink to stay below the
critical temperature for any ambient temperature Dbelow
85°F. This is quite reasonable for most SCR applications.
The heat sink is normally well below this design temperature
except during full-on operation.

The geometry assumed for the nomogram is a vertical,
square, J-inch thick piece of aluminum with both sides ex-
posed to the cooling air. A minimum clearance of 1% inches
on either side is assumed. It is also assumed that there is no
obstruction to ambient air either above or below the heat
sink. A bit of thought will allow this geometry to be dis-
torted into any heat sink geometry required for a specific
application.

Generally, the nomograin will give quite conservative re-
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sults, e.g., the heat sink temperatures will be less than
predicted.

If the SCR is used in a half-wave circuit (or a full-wave
circuit in which the alternate half cycles are conducted by
a diode or other SCR), only half the normal SCR power is
produced since the SCR is onily on half the time. Because of
this, a heat sink of one-half the area (or a square of .707 L)
is required.

If only one side of the heat sink is available to the cooling
air, then twice the required area (or 1.41 times each side)
must be used.

Actually, the nomogram is simply a plot of how many watts
a heat sink can transfer and is by no means limited to SCR’s.
Any semiconductor or, for that matter, any heat producer
will provide the same results.

If higher heat sink temperatures are permitted, the reduc-
tion in area is proportional to the allowable temperature rise.
For instance, if a 110°F rise is permitted, only half the re-
quired area for the 55°F cuse is needed. If higher tempera-
ture operation is used, the SCR must have a very low thermal
resistance to the heat sink. Fhis means that at most a thin
mica or anodized-aluminum insulating washer may be placed
between SCR and heat sink. The use of silicone grease is
mandatory iu this case.

Here are some examples that show nomogram use.

1. How large a two-sided heat sink is required for a 1-kw.,
115-v.a.c. light dimmer using an SCR in a half-wave circuit?

Answer: The 1000-va. line is followed horizontally across
the nomogram till it intersects the half-wave curve. The
required size is read vertically downward. The answer is
five inches square.

If only one side of the heat sink has access to cooling air,
the same area is still reguired. The areais2 X 5 X § = 50 in.2
This is equal to « one-sided square slightly over seven inches
on a side. The area need not be calculated if you are using
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HEATSINK SIDE-INCHES

These curves will give a 55° F. (13° C) temperature rise of
the heat sink above room temperature when using a square,
vertical Vg-inch aluminum plate with ¢ minimum of 14, inches
of side clearance and unobstructed top and bottom access to
ambient air. The heat sink may be any color as long as any
coatings used on the aluminum are as thin as possible.

a square geometry. Simply multiply the original side by 1.41,
or in this case 5 X 1.41 = 7 inches.

2. How large a heat sink is required for a bilateral SCR
operating a 2.2-amp. electric drill as a power-tool control?

Answer: The drill voltampere rating is given by 115 X I
or 115 X 2.2 = 253 va. Following the value horizontally to
the full-wave curve and reading downward gives 3% inches
square.

3. Two SCR’s are used as a contactor for a 115-v.a.c., 1-
h.p. induction motor, both mounted on the same heat sink.
What size is required?

Answer: Two half-wave SCR’s are the same as one full-
wave one, so the full-wave curve must be used. The volt-
ampere load of the motor must be found. One horsepower
equals 746 watts. The efficiency of the motor at full load is
probably above 90%, and the power factor is most likely to
be 8 or better. The voltamperes drawn are then equal to
746/(.8) (.9) 1036 va. An 8-inch heat sink is required.

4. A germanium transistor is used in a 400-cps static in-
verter that draws five amperes from a 28-volt d.c. line. As
the circuit is push-pull, the transistor is only on half the
time. \Vhat size heat sink is required?

Answer: The low frequency of the inverter allows us to
assume that most of the heat produced is during the con-
duction or on time and that we mav neglect switching-power
losses during on time. The saturation voltage may be found
on the transistor data sheet, or it may be assumed to be less
than .3 volt. The heat produced is then equal to 5 amps X 3
volt = 1.5 watts. Since the transistor operates on a 50% duty
cycle, .75 watt of heat must be continuously removed by the
heat sink. The right ordinate of the nomogram and the tull-
wave curve are used to give an answer of one inch. As this
is quite small, it might be better to considcr a larger value
to account for turn-on losses and starting transients. Three
inches would be a good choice. A
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LOSS FIGURES FOR
300-O0HM TWIN-LEAD

By MARK L. NELSON

Catalogues usually give the characteristies of 300-ohm
transmission lines in free space. These figures will
change comnsiderably when used in actual installations.

twin-lead for the transmission line. These transmission

lines are installed with procedures that time and ex-
perience have shown to be best. Other than experience, how-
ever, what do we really know about 300-ohm lines? \What
effect do water, metal, or close proximity to wood or the
earth itself have on 300-ochm transmission lines?

The only published figure the author found stated that the
300-ohm flat transmission line has a loss of 1.7 db per 100
feet at 200 me. (Ch. 11 = 198-204 mc.). Taken quite liter-
ally, this means that a 200-me. signal would travel through
353 feet of 300-ohm twin-lead before losing 6 db, or % of its
original voltage. This is quite an achievement for such a low-
cost transmission line. For all practical purposes, though,

j- LMOST every TV antenna in the country uses 300-olm

75-3000 75-3000
MATCH XFMR 100" MATCH XFMR
TWINLEAD
= o L’ SCOPE
COAXIAL SWITCH PREAMP
el Lo o boiey o _es: | AND SCOPE
R & DETECTOR
[
VARIABLE MARKER
ATTENUATOR GEN.
Fig. 1. Test setup for determining the characteristics of

typical 300-ohm transmission line under various conditions.
Sweep generator ‘'H’’ output drives scope horizontal circuit.

this figure is useless because it is a computed, free-space
loss that is not valid in actual practice.

Lacking any further information, it was decided to find
out exactly how good 300-ohm twin-lead is and the extent to
which various practices affect its transmission qualities.

Fig. 1 shows the test setup used to sweep the twin-lead
over the TV frequencies of interest (54-216 mc.)

The loss of the line at different frequencies, and under
different conditions, is determined by adjusting the variable
attenuator until the detected outputs of path A and B are
equal as observed on the scope.

Using the test setup shown, a group of tests was made to
determine loss vs frequency. The 300-ohim transmission line
used in these tests was 100 feet of Belden No. 8225.

Test 1. 100 feet of twin-lead was routed along a wooden
wall, simulating a normal installation with 3'%2” screw insu-
lators every ten feet.

Test 2. 50 feet of twin-lead was supported with insulators
and 50 feet of twin-lead was stapled with Romex staples
across the line. Staples were placed five feet apart.
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Test 3. 100 feet of twin-lead supported by wooden blocks
was placed just above ground level. Distance above ground
was three feet at wooden supports and two feet at mid-span
between Dblocks.

Test 4. 100 feet of twin-lead was lying on the ground.

Test 5. 100 feet of twin-lead was installed as in Test 1
with the twin-lead running through a three-foot section of
aluminum weather stripping.

Test 6. 20 feet of twin-lead was soaked in water for two
hours. The results were multiplied by five to obtain the
figures for 100 feet of line.

From the preceding experiments, the results shown in
Fig. 2 were obtained. (The figures take into counsideration
the matching losses from the matching transformers. ) A

54MC. 108MC. 162MC. 216 MC.
GRAPHICAL REPRESENTATION OF SCOPE RESPONSES

Fig. 2. Results of six tests made on typical 300-ohm twin-lead.

Test No. 54 mc. 108 mc. 162 mc. 216 mc.
1 1.0 db 1.5 db 3.0 db 4.0 db
2 2.0 db 2.75 db 5.0 db 7.0 db
3 1.3 db 2.3 db 4.0 db 49 db
4 3.5db 5.0 db 10.5 db >20 db
5 See graphical representation of scope response
6 15 db 17 db 18 db 21 db

6 db = 2x or Y2; 12 db = 4x or Y4; 20 db — 10x or 1/10 voitage
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OF TRANSISTORS IN AUDIO CIRCUIT

By W. A. RHEINFELDER / Director, Research & Development, Ameco, Inc.

Results of testing a large number of different transistor
types show that germanium-alloy transistors are quieter
than tubes. Included is design of low-noise phono preamp.

noise but for audio applications, these tests are often
meaningless. For this reason, a more suitable testing
method was developed and used on various transistor types,
specifically on germanium alloy, germanium mesa, and sili-
con mesa transistors. The tests clearly indicated the supe-
riority of germanium alloy for low-noise audio applications.
In conjunction with these noise tests, a high-qualitv phono
preamplifier was developed. Complete performance data on
this unit will he given in this article.

r I NYHERE are various methods of specilying transistor

Meihods of Testing Andio Noise

In order to evaluate transistors for noise performance in
the audio-frequency range, various methods have been used.
A simple test would be to determine the spot noise figure at
1 ke. This procedure may be extended to other frequencies in
order to find a possible rise toward lower frequencies due to
low-frequency noise (flicker effect). It is in this fashion
possible to obtain noise-figure readings over much of the
audio range. However, noise figure is rather meaningless at
audio frequencies because of the irregular spectral densitv
of signals as well as noise in the audio-frequency range.*
Since the noise figure is verv much a function of the complete
circuit, including input matching, the reading must of neces-
sity change with emitter current and frequency even though
the noise generated in the transistor might be constant. Noise
figure does not become a useful tool except at frequencies
of about 100 mc. and higher.

An alternate procedure determines the equivalent voltage
and current noise generators for both open- and short-cir-
cuited input at one particular frequencv and d.c. condition.
While this is a rather useful approach, being independent
of the circuit, theorv shows that a total of four noise param-
eters is needed to specify a noisy four-pole network. \With
transistors, an approximation using two parameters (two
noise generators) would be permissible at audio frequencies.
However, this data must be made available in the form of
curves for different d.c. conditions and frequencies in order
to be of use to the designer.

Even if graphs of this sort were made available by the tran-
sistor manufacturer, these curves would be of small advan-
tage because of the limited number of noise specialists
familiar with their use. There is another reason why spot
noise data is of limited value. This is because of the rather
non-uniform noise distribution, particularly at low frequen-
cies. One might also think that measurements taken with a
bandwidth equal to the complete audio range, rather than
spot f{requencv measurements, might lead to useful data.
While such information is more meaningful, it still leaves
something to be desired because of the verv nature of audio
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signals as well as the different applications of the audio pre-
amplifiers.

For example, since the peak power of music occurs at 300
to 1000 cps, with the power level down to approximatelv one-
hundredth at frequencies of 10 kc., it is obvious that the
limits of signal-to-noise ratio varv considerably. In order
to improve conditions in recording and other transmission
systems, it is desirable to pre-equalize sound so that a nearly
constant power level is recorded or transmitted. This is
called constant-amplitude or flux recording or transmission.
It is also called pre-emphasis when used in FAM broadcasting.
In playback or reception, an inverse characteristic is used
to restore natural tonal halance. This, of course, greatly af-
fects the noise characteristics of plavback equipment. In
the best circuits this equalization is achieved by negative
feedback which takes place after the noise producing stages
(input stage), therebyv affecting noise simnltaneously with
the signal and leading to a reasonablv constant signal-to-
noise ratio thronghout the audio range. It is therefore pos-
sible to measure directly, with a wideband meter, the noise
level of such a correctlv equalized preamplifier. A reading
thus obtained is called “weighted noise,” weighted accord-
ing to the particular equalization used.

Major audio applications where low noise is important in-
clude: phonograph and magnetic tape preamplifiers and
microphone and instrumentation amplifiers. The responses of
the first two circuits are very similar and, since all equaliza-
tion is in a single feedback network, it is an easy matter to
change from one response to the other. Because it is of
greater general interest, the circuit with the standard RIAA
phonograph equalization was used to test transistors for low
audio noise.

The other circuits have a flat or other undefined response
and can be represented bv changing the feedback network to
a flat characteristic. Therefore, measurements taken for these
responses should suffice to fully characterize a transistor as
to noise performance. The great advantage of this direct
method of testing arises from the fact that the available fig-
ures are inmediately meaningful to the designer of low-noise
transistorized audio circuits.

Other forms of weighting such as for loudness, de-hissing,
etc. are sometimes used. However, these weighting methods
are not useful for low-noise design or measurements since
they affect the signal simultaneously, therefore leaving the
signal-to-noise ratio unchanged.

Test Circuits & Performance Data

As was to be expected, preliminarv tests indicated that
the second stage of the two-stage circuit used (Fig. 1A) has
little influence on the noise output of the whole amplifier.
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Fig. 1. Audio noise test circuits used for (A) “p-n-p’’ and {B) “n-p-n"" transistors. The second transistor has little effect on noise.

Therefore, this transistor was permanently installed and uses
fixed bias which was optimized for lowest distortion. Due
to the large amount of negative feedback, no critical tran-
sistor selection is needed in this stage.

The first stage uses adjustable bias with a separate emitter
supply. The input is simply shorted for noise measurements.
There is virtually no difference in noise when a phonograph
cartridge or its electrical equivalent is substituted in this
circuit, except for magnetic humn pickup which would have
to be carefully removed. After a current adjustment the cir-
cuit should be allowed to recover for a while before noise
is read. This time is needed to stabilize all voltage levels
in the circuit and permit the capacitors to accept full charge.

Equalization is accomplished by feedback from the second
collector into the first emitter. The loop factor has been
optimized throughout the circuit. This also results in the
least noise. Only the three components of the feedback net-
work need to be changed for the different characteristics.
The components might be assembled in the form of a plug-in
network if desired. All resistors are low-noise, deposited-
carbon types and all electrolvtics should be selected for low
leakage current (tantalum types).

A separate circuit (Fig. 1B) was constructed for n-p-n
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transistors. A few changes were made for optimum loop fac-
tor and optimum bias for the second stage. The response is
identical because of the unchanged feedback network.

In testing transistors or tubes for audio noise, it is im-
portant to distinguish between the two different types of
noise, as indicated by the output meter. One reading con-
cerns the average value of noise. This reading is obtained by
averaging the readings of peak-to-peak excursions. This read-
ing can be obtained easily by using a meter with a long-
discharge time constant. The other important audio noise
property involves specifying a typical maximum peak-to-peak
excursion which should occur in a given time interval. Ob-
viously a unit with low average noise may still be objection-
able if it has a high peak-to-peak noise value. Peak-to-peak
ratio can be read with an oscilloscope or a short-time-constant
meter (fast attack and release). A Ballantine Model 310A
was used since it presents a reasonable compromise among
these conflicting requirements and approaches the damping
characteristics of a vu meter, making it suitable for noise
measurements in the audio range.

Performance

Performance of typical transistors tested is shown graph-
ically in Fig. 2 and expanded for the better transistors in Fig.
3. The number of dots indicates the number of devices tested,
except for vacuum tubes where a typical spread is plotted.
Because of the limited number of transistors tested, these
results should be used with care. Of the transistors tested,
the best were germanium-alloy transistors followed by silicon
mesas. The least suitable were germanium mesas or diftused-
base tvpes. Germanium-alloy transistors excelled on these
three points: average noise, peak-to-peak noise, and spread
between units. Hence chauces are best for obtaining a low
noise unit with a germanium-alloy transistor.

In the next best device, the silicon mesa (see Fig. 3), a
wide varviation exists among units. Peak-to-peak excursion
was also higher on most silicon mesas. They were decidedly
inferior in this application to germanium-alloy transistors.
However, with careful selection it is possible to pick some
silicon mesas that will perform as well or nearly as well as
germanium-alloy transistors. Such “hand picking” is irapor-
tant in applications where silicon must be used. Because of
the large spread, future production technology may improve
such noise characteristics, Only 16.5% of the silicon units
tested had a noise level better than —67 db below 1 volt,
compared to 100% of the germanium-alloy units. For better
than — 68 dbv, the figures were 8% for silicon and 85% for
germanium. The optimum emitter current for all transistors
tested was from 300 to 600 microamps and is not critical.

For comparison, figures for vacuum tubes are also shown.
Because of their extremely high input resistance (5000 meg-
ohms), vacuum tubes have a high noise figure with normal
source impedances. For inductive sources the inductance is
limited to approximately 0.5 henry in high-quality applica-
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tions for reasons of {requency response. This results in a
far from optimum mismatch with tubes. In transistor circuits
with feedback, optimum mismatch is more nearly achieved.

Low-Noise Phonograph Preamp

Fig. 4 shows a low-noise transistorized phono amplifier.
Two common-emitter stages are used with feedback {rom the
output (collector of second stage) to the emitter of the first
stage. The feedback network is designed to provide the
necessary equalization. In this particular example RIAA
equalization was chosen, but other equalizations may be ob-
tained by changing the feedback network. All bias values
were optimized for least noise and the output stage for low-
est distortion.

Generally, it is advisable to keep local feedback down
and the over-all feedback up. This results in lowest nois:
and distortion. Local feedback is still present in the first
stage due to the unbypassed 470-ohm emitter resistor, which
is used for connecting the over-all feedback loop. A smaller
emitter resistor may be used; however, care must he taken
that the feedback network (which is then also smaller) does
not produce excessive parallel loading of the output stage.
The circuit is such that maximum feedback is obtained at high
frequencies, thereby reducing the output impedance and in-
creasing the input resistance. At 10 kc. the feedback is about
30 db, which gives an input resistance of about 350,000 ohins
and input capacitance of less than 10 pf. Although the output
impedance is low, most amplifiers with voltage feedback have
a Nvquist point* with capacitive loading. A Bode? step
network (R2 and C3) in the output corrects this deficiency.
It is one of many possible correction networks.

While it is possible to achieve a lower noise level with
certain transistors than with vacuum tubes, a serious prob-
lem with transistors is their much smaller output capability.
It has been demonstrated that the peak power of certain per-
cussion instruments {including piano) reaches 30 db above
the average level. For high-fidelity application these peaks
must be preserved. With a normal preamp output of about
0.5 volt, this calls for an overload level above 16 volts (24
dbv).

Feedback cannot cure overload because feedback ceases
when overload occurs. Local feedback of the second stage
caused poorer over-all performance. It seems that the only
way to get larger overload levels is to use a higher supply
voltage. In the amplifier of Fig. 4, this was not done so the
circuit could operate from a single 15-volt battery. The over-
load level occurs at +13 db above 1 volt, compared to +26
dbv for a high-performance tube circuit. The noise level for
the transistor amplifier is —76.5 db below 1 volt (against
—70 db for the tube version). Both am-
plifiers had identical gain (about 36 db).

: frequencies.
In order to obtain a better overload-
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Fig. 6. Harmonic distortion of preamp at
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Fig. 4. Low-noise phono preamplifier employing RIAA equalization.
All capacitance values are in uf. Electrolytic types are shown
with polarity signs; voltage ratings need not exceed 15 volts.

Fig. 5. Response of phono equalizer is within 0.5 db of RIAA
curve. Circuit is unaffected by source inductances up to 1 hy.
and only slightly affected at high end by high shunt capacitance.
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wave test. Typically, a 3-kec. square wave is applied to
the input and the output is loaded with a .01-zf. capacitor
and applied to a scope. The added capacitance simulates
output cable capacitance and throws in a safety factor. The
values of R2, C3, and R4 are then adjusted for the smallest
amount of ringing. No attention should be paid to the dis-
tortion of the basic square wave, since this is not a flat am-
plifier and, due to the equalization, the sharp edges will be
rounded off. If picked correctly, R2, C3, and R4 will have no
effect on the frequency response.

With the values shown in Fig. 4, the response curve of Fig.
5 was obtained. The overload characteristic is plotted in
Fig. 6. With a 1-kc. gain of about 36 db and a noise level
better than —76 db below 1 volt, an overload-to-noise ratio
of 89 db occurs. If a gain of 29 db is acceptable, the same
overload-to-noise ratio as previously obtained with tubes (96
db) is achieved if the cartridge output is reduced by 6 db.
This “bonus” is added to the many other advantages inherent
in transistor circuitry. Thus the design
objectives of a preamplifier of wide dy-

the overload . . '
namic range, correct equalization, and

dbv point.

022

to-noise ratio the gain of the transistor
amplifier might be reduced by increas-

points at approximately 4 13

low noise are fully met. In addition, out-
put cable capacitance in excess of .01

ing the feedback. A greater amount of
feedback is desirable for lower distor-

tion, but must be limited at the high-
frequency end by R4 to keep the num-
ber of Bode networks required within
reason. Optimum gain for each cartridge
and sound system is different so indi-
vidually designed networks are needed.
Typical values are given in Table 1.
The optimum values for R2, C3, and
R4 are best determined by a square-

DISTORTION-PERCENT

Table 1. Values of equalization

networks for different gains.
R1 C1 Cc2 GAIN R2 | C3
22k 01 pf. | 4700 pf.| 36.6 db | 4.7k | 015 RigaH :
12k .02 puf. | 8200 pf.| 32 db | ——| — o b AT
6.2k |.047 uf.| 017 puf.| 27 db |——|—— 4l S
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uf. are permissible with no degradation
in performance. These results are con-
siderably better than those obtained
with conventional tube circuitry.

This circuit may be installed directly
on the turntable board or mounted re-
motely. A 6-foot input cable, Cy in Fig.

+12
OUTPUT VOLTAGE ABOVE Iv.-DB

5, causes a response increase of only 1
db at 10 kc. The preamp should need
no attention except for occasional re-

placement of the battery. A
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Filing by Television. (Right) A new system, called “Videofile,"
that replaces file folders with TV recordings that may be viewed
and kept up-to-date electronically has been developed by Ampex.
The tirst of the new systems will be delivered to NASA under an
$875,000 contract. It will be used to file and automatically
retrieve technical reports of components tests and reliability
data. The system will permit storage of more than 250,000
document pages per 14-in. reel of standard video tape. Reports
can be viewed on a monitor or an electrostatic printer can be
used for printed copies. Incidentally, a close look at the orig-
inal photo shown here discloses that the page being viewed
is from the August, 1962 issue of Electronics World. It is page 52
from our article “Transistorized Ignition System” by B. Saatjian.

RECENT
DEVELOPMENTS
In ELECTRONICS

TV Electron Microscope. (Left) A new system combining televi
sion image intensification and pickup with the electron micro-
scope is shown being demonstrated in the photo. The addition of
TV boosts the microscope’s visible magnification potential ten-
fold to 2 million times. Specimen images appearing on the in-
strument’s fluorescent screen are brightened by an image inten-
sifier and the resulting brighter image is picked up by a highly
sensitive TV camera. The pictures can be displayed on a monitor
—as in this study of an oak leaf cell structure—and piped into
a closed-circuit system for viewing at many locations, and simul-
taneously recorded and video taped for later playback. The new
system, developed at RCA Laboratories, uses an all-transistorized
TV camera with a 3-inch image orthicon as the camera tube.

Mobile TV Studio. (Left) A library of filmed and taped educa-
tional TV programs has been prepared by students and faculty
members of the Darien, Conn. public school system in a mobile
TV studio recently delivered by Sylvania. Shown during a tap-
ing rehearsal is a student (left) operating the company's new
closed-circuit viewfinder TV camera. A faculty member in the
foreground follows camera action on the monitors installed in
the director's console. The studio on wheels will be driven
throughout the state to record educational television programs.
These programs are fed from the studio van over coaxial cables
to all classrooms in the town's seven elementary schools, junior
and senior high schoo! auditoriums, and administration offices.
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Micro-power Switching Transistor. (Right) This is the 2N3493
micro-power switching transistor as seen through the eye of
a needle. The new transistor is so small that it has practically
zero input and output capacitance. The two large circles on
each side of the device are bonding islands for making con-
nections to the transistor's base and emitter. These bonding
islands are only 2% mils in diameter, while the active area
of the Motorola transistor is less than 0.8 mil.2 Applications
include micro-power logic circuits in which the switching cir-
cuits operate at collector currents in the microamp range.
Because of the minute currents, extremely long times are re-
quired to remove the charge from transistor capacitances
which, with conventional devices, are relatively large. This
limited switching speeds to 10 to 20 kc. With the new
2N3493, the switching circuits can now be operated at 1 mc.

Magnetic Hammer. (Above) A magnetic hammer is being used
at NASA's Marshall Space Flight Center at Huntsville, Ala. to
smooth out distortions in segments of the Saturn V fuel tank.
Eight of the segments are joined to form the dome-shaped
end of the tank. The hammer’s force results from a strong
magnetic field set up for about 500 microseconds from the
high-voltage power supply. The segments, costing about $30,-
000 each, are made to such close tolerances that distortion
from welding fittings into them, such as the one in the center,
makes them useless. The hammer has salvaged 8 segments.

Low Input Voltage Converter. (Right) A solid-state converter
designed especially for testing fuel cells or other low-voltage
devices is shown here. In a reverse twist on the general trend
toward ever-smaller electronic components, the converter uses
the world’s largest transistors—germanium units almost 2%
inches in diameter and 34 inch thick. Operating from an input
as low as 0.5 volt, the Honeywell-designed system efficiently
chops large currents to produce a stepped up voltage at regu-
lated power levels of more than 150 watts. This single-cell
converter system, capable of putting out either a.c. or d.c,
can condition the power to specific requirements. The unit
was described as being ideal for many outer space applica-
tions and for unattended terrestrial, sea, and under-sea uses.

Slow-speed Hame TV Recorder. (Above) A new partable video
tape recorder was demonstrated recently by the Video-Medical
Electronics Corp. of New York. Excellent quality TV pictures
which had been recorded off the air and from a CCTV camera
were played back through a conventional TV set to which the
recorder was wired. The pictures had good stability and were
free from interference. Unlike some other recorders designed
for home use which we have seen, this recorder operates at
the slow speed of only 6 ips. This speed is possible because
of the use of a single rotating head which scans the 1-inch
video tape in a helical manner. The machine, manufactured
by Loewe-Opta A.G. of West Germany, is expectad to be on
the U.S. market near the end of this year at under $3000.




Besides acting as a full-range light dimmer,
this versatile device can be remotely operated

by any audio signal for many control functions.

ULTIPURPONK
ELECTRONIC
CONTROL

By DONALD LANCASTER

in this article is essentially a 200-watt, full-range

lamp dimmer with the added provision that a low-
level audio-control signal can also proportionately control
the lamp brilliance. In this latter mode, less than 50 mw. of
input signal can directly control 200 watts of lamp, giving a
gain of 4000. Fig. 1 illustrates some of the many operations
that can be performed with this unit. Package and component
modifications can give a one-kilowatt control