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your source of finest TV and Radio Tubes is

Raytheon's pioneering in the research, de-

velopment and production of Transistors has re-
sulted in many important “firsts” — firsts that give
Raytheon an unchallenged lead in the field.

Here are some of these firsts:

FIRST in commercial production. Raytheon was the first company
to commercially produce and sell junction transistors. These first transis-
tors set high performance standards as they revolutionized the hearing
aid industry.

FIRST in RF Transistors. Raytheon scored another important first
by leading the way in RF Transistors, too. The first commercially pro-
duced RF Transistors — Raytheons — are revolutionizing the portable
radio industry, and are being used in computers and communication
equipment. Many major manufacturers of portable radios use these
Raytheon RF Transistors and all “hybrid" portables use either Raytheon
Transistors, Raytheon Subminiature Tubes or o combination of both.

il i

FIRST in PNP Silicon Transistors. Raytheon alone makes a line / ACTUAL SIZE

of PNP Silicon Transistors that fills the need for transistors that will op-

! This huge plant {3 acres of
erate at high temperatures.

floor space) has just been
added fo Raytheon's Semi-
conductor Division — to
help meet the ever increas-
ing demands for Raytheon
Transistors.

FIRST Major Manufacturer to Break the Dollar Barrier. A
most important first to you — Raytheon is the first major supplier to
achieve such high production and product acceptance of their transis-
tors that one of the line could be priced at less than o dollar —
Raytheon quality transistors range in price from 994,

At Raytheon more than 100 engineers and scientists, plus nearly 1400
other employees are devoted to a single task — the design, develop-
ment and production of the finest and best in transistors and diedes. To
help them work more efficiently, and to meet increasing production
schedules Raytheon recently added facilities totaling three. acres of
engineering and manufacturing space to its Semiconductor Division.

Raytheon Tube Distributors from coast to coast stock and recommend
Raytheon Transistors.

RAYTHEON TRANSISTORS

more in use than all other makes combined

RAYTHEON RMANUFACTURING COMPARY

Receiving and Cathode Ray Tube Operations
Newton, Mass. « Chicago, lll. + Atlanta, Ga. + Los Angeles, Calif.

Raytheon makes all these: E_Receiving and Picture Tubes, Reliable Subminiature and Miniature Tubes,
ayihe \ Semiconductor Diodes and Transistors, Nucleonic Tubes, Microwave Tubes.
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| WILL TRAIN YOU AT HOME
'FOR GOOD PAY JOBS IN

J.£. SMITH has tiained more men for Radio:Television
than any other. man. QUR"40th YEAR.

&

America’s Fast Growing Industry Offers
You Good Pay—Bright Future—Security

| TRAINED ESidistasiscuosdm
THESE MEN

job security, good pay, advance-
ment. In good times, the trained

i .  man makes the BETTER PAY,

.mstff‘rt‘hs ;‘;t;erpz‘;riﬁ;gf GETS PROMOTED. When jobs
# Earned $12 to $15 a week are scarce, the trained man enjoys
il? spf}lie;imse-"—f\tdam GREATER SECURITY. NRI
Pennsylvania, 0™ training can help assure you more
of the better things of life.

Start Soon to Make 10, *15
a Week Extra Fixing Sets

Keep your job while training. I
start sending you special booklets
the day you enroll, that show you
how to fix sets. Multitester built
with parts I send helps you make
$10, $15 a week extra fixing sets
while training. Many start their
own Radio-Television business with
spare time earnings.

My Training Is Up-To-Date
You benefit by my 40 years’ experi-
ence training men at home. Well
illustrated lessons give you hasic
principles you need. Skillfully de-
veloped kits of parts I send (see
below) *“bring to life” things you

st

e i}
—alim
“Up to our necks in Radio- 7™

Television work. Four other
NRI men work here, Am

happy with my work.'— =
“Am doing Radio and
;‘ -:,
shop. I owe my success to

. ey
Glen Peterson, Bradford, =¥ -
Ont., Canada. A,\l«;
Television Servicing full
time. Now have my own
: J%5° IN.R.I”— Curiis Stath, Ft.
‘ b Madison, lowa.

“‘Am with WCOC. NRI
eourse can’t be beat. No¥
trouble passing 1st class
Radio-phone license exam.”
—Jesse W. Parker, Meri-,
dian, Mississippi.
“By the time I graduated I
had paid for my course, a
. car and testing equipment.
Can service toughest jobs.”
—E. J. Streitenberger, New
Boston, Ohio.

AVAILABLE TO

VETERANS

UNDER ‘G, 1. ‘BILLS learn from lessons.

You Learn by Practicing
with Parts | Send

Nothing takes the place of PRACTICAL EXPERIENCE.
That’s why NRI training is based on LEARNING BY
DOING. You use parts I furnish to build many circuits
J common to Radio and Television. As part of my Communi-
. cations Course, you build many things, including low power

* ' transmitter shown at left. You put it “on the air,” perform

i t~“’)procedures required of broadcasting operators. With my
Servicing Course you build
modern Radio, ete. Use Mul-
titester you build to make
money fixing sets. Many stu-
dents make $10, $15 week
extra fixing neighbors’ sets
in spare time while train-
J ing. Coupon below will
., bring book showing other
. equipment you build. It’s
“all yours to keep.

i ¥

Television Making Good Jobs, Prosperity —Even without Tele-
vision, Radio is bigger than ever. 115 million home and auto Radios
to be serviced. Over 3000 Radio broadcasting stations use operators,
technicians, engineers. Government, Aviation, Police, Ship, Micro-wave
Relay, Two-Way Radio Communications for buses, taxis, trucks, etc.,
are important and growing fields. Television is moving ahead fast

]

AR v

& W E B 3 3
25 million homes now have Television
-sets. Thousands more are being sold
built. Good TV jobs opening up for every week. Get a job or have your own
Technicians, Operators, ete. business selling, installing, servicing.

Radio-TV Needs Men of Action—Mail Coupon

Act now to get more of the good things of life. Actual
lesson proves my training is practical, thorough. 64-page
book shows good job opportunities for you in many fields.
Take' NRI training for as little as $5 a month. Many
graduates make more than total cost of training in two
weeks. Mail coupon now. E. SMITH, President,

About 200 Television stations are now
on the air. Hundreds of others being

P

National Radio Institute, Dept: 61X, Washington 9, D. C.
OUR 40TH YEAR.

MR. J. E. SMITH, President, Dept. 6EE.
Nati. | Radio | 9, D. C.

Mail me Sample Lesson and 64-page Book, FREE.
(No salesman will call. Please write plainly.)

Washii
, W

write in date
of discharge . ....

Chicago 1, Iil.
ment, Oltawa, Canada,

May, 1956

Entered as second-class matter July 21, 1048, at the Post
SUBSCRIPTION RATES: Radio &
Union countries $4.50; all other

as second-class matter.

RADIO & TELEVISION NEWS is published monthly by Zifl-Davis Publishing Company,
Office, Chicago,
i Television News—one year U_

William B. Ziff. Chairman of the Board (1946-1953), at_64 E. Lake St.,
£ I1l., under the act of March 3., 1879. Authorized by Post Oflice Depart-
S. and possessions, and Canada $4.00; Pan-American

foreign countries $35.00.
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' Amazingly effective
‘HOME TRAINING in"

YOU CAN
BUILD A 21-INCH
TV SET IF YOU
WiISH 45

MAKES IT
SIMPLE

Television, Radio, Electronics, has created a great variety
of good jobs; jobs with money, respect, position; jobs you
may choose among—if you only had training. DeVRY
Training is modern, thorough, practical—followed by a
real Employment Service. Thousands have stepped into
good pay—why not you? No need to leave home; no
need to quit your present job; no special preliminary train-
ing required. Fill out coupon below and get the full story.
Men 17 to 55 preferred.

YOUR OWiN HOME MOVIES

3 Movies are a remarkable feature of the DT |
System. You use a movie projector and many
reels of films. Run off each film as often and
as slowly as you want. A wonderful aid to
help make important points crystal-clear. Get

[ the full story! Send in that coupon.

HOME MOVIES

i
of

Member of National Home Study Council

“One of America’s Foremost
Electronics Training
Centers”

ICAL IN
CHICAGO 41, ILLINOIS

_ FORMERLY:
DEFOREST'S TRAINING, INC.

May, 1956

THE ELECTRO-
LAB* CERTAINLY

ELECTRONICS

USE AND KEEP dll of this practical
Quality Commercial Type Equipment

Work over

300 sccice

with your
wonderful HOME
LABORATORY

NEW STYREKE ELECTRO-LAB*
SPEEDS LEARNING
Simply placa a pictorial dia-
gram under transparent Sty-
rene base. Follow the dia-
gram. Viring is tremendously
simplified. Work over 300
learn-by-doing projects — a
wonderful way to get expe-
rience. *Trade-mark

Build and keep
D T1's NEW 2 Unit
TV Set — ideal for
custom installation.
(DTl clso offers
home training with-
out thae TV set.)

BUILD AND KEEP

A quality Oscilloscope—almost a ne-
cessity for Television servicing. Helps
you earn while you learn.

BUILD AND KEEP

A Vacuem Tube Voltmeter—a highly
versatile test unit you can use when
you are ready to make real money!
IF PREFERRED, you may get all your
preparcfion in DT!'s big Chicago
training labaratories—among the fin-

L] S
kX » TUB
est. (See building pictured below.) YACUUM TUBE

VOLTMETER
Vcluable information for men
subject to military service.

MAIL COUPON TODAY

DeVRY TECHNICAL INSTITUTE
4141 Bel nont Ave,, Chicago 41, Hl. Dept. RN-5-M

1 would tke complete facts including 89 Ways to EARN
MONEY in Television-Radio-Electronics.”

Name Age
(PLEASE PRINT)
Street Apt.
City —s Zone State
1019 D T I's training is available in Canada.
——————————————————————————— s |
5
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a mlle of tap

g T

...a mile of pleasure'

5280 feet on every 10%" reel of FLUS 100

Thanks to its extra thin—extra strong magic
Mylar* base, Soundcraft Plus 100 magnetic record-
ing tape on a single 101 inch reel gives you
5280 feet of clean, rewarding professional sound.
Even on a conventicnal 7 inch reel, you take
advantage of 2400 feet . . . the recording length
that puts you on a par with the professionals.

With a 5 inch reel, Plus 100 gives you a full
1200 feet of recording pleasure.

The tape recorder expert who really knows his
equipment will insist on Soundcraft Plus 100
magnetic recording tape—the EXTRA, EXTRA
long-play quality tape. Ask for it wherever you
buy hi-fi equipment.

*DuPont Polyester Film

FOR EVERY SOUND REASON

REEVES %ﬁgﬁ DER%FT CORP.

10 East 52nd Street, New York 22, N. Y,

RADIO & TELEVISION NEWS
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An Invitation. ..

To men who want to “go plczces”'

in TV SERVICING

Find out about this NEW,
ALL-PRACTICE WAY

of becomz'ng @ Professional
TV SERVICEMAN

If you have some Radio or Television
experience, or if you know basic Radio-
Television principles but lack experience—
NRI’s new Professional Television Serv-
icing course can train you to go places in
TV servicing. This advertisement is your
personal invitation to get a free copy of our
booklet describing this training in detail.

Learn-by-Doing “*All the Way”’

This is 1009 learn-by-doing, practical
training. We supply all components, all
tubes, including a 17-inch picture tube, and
comprehensive manuals covering a thor-
ough program of practice. You learn how
experts diagnose TV defects quickly. You
see how various defects affect receiver per-
formance—picture and sound; learn causes
of defects, accurately, easily, and how to fix
them. You do more than just build circuits.
You get practice recognizing, isolating, and
fixing innumerable troubles.

You get actual experience aligning TV
receivers, diagnosing the causes of com-
plaints from scope patterns, eliminating
interference, using germanium crystals to
rectify the TV picture signal, obtaining . . . , .. . ,
maximum brightness and definition by  Train at home easily, quickly, for TV’s top servicing jobs. NRI’s
properly adjusting the ion trap and center- . e o . . .
ing magnets, etc. There isn’t room on this  Professional Television Servicing course includes a 17-inch picture

or even several pages of this magazine to .
list all the servicing experience you get. fube and all other fubes and components to build a complete TV

UHF & COLOR TV Making New Boom Receiver, Oscilloscope, Signal Generator, H.F. Probe. Complete

Installing front-end channel selector strips  training, including all equipment, available now for a low intro-
in modern UHF-VHF Television receivers .

and learning UHF servicing problems and ductory price—under $200 on easy fterms.

their solution is part of the practice you get.

To cash in on the coming color TV boom e e e |

you’ll need the kind of foundation in knowl- . . .
edge and experience this training gives. National Radio Institute, Dept. GEET
] 16th and U Sts., N.W., Washington 9, D. C,
Get Details of New Course Free

Once again—if you want to go places in TV
servicing, we invite you to find out what
you get, what you practice, what you learn
from NRI’s new course in Professional
Television Servicing. See pictures of equip-
ment supplied, read what you practice. i
Judge for yourself whether this training SERVICING
will further your ambition to reach the top e

in TV servicing. We believe it will. We
believe many of tomorrow’s top TV serv- ]
icemen will be graduates of this training. City. ...t Zone. .. .State...... |
Mailing the coupon involves no obligation, APPROVED MEMBER NATIONAL HOME STUDY COUNCIL

Please send my FREE copy of “How to Reach the Top
in TV Servicing.” I understand no salesman will call.

Name. . cvvveeeenencsoecanonsescacses ABCliienernns

Address............ 0000000 880688083803800036000000000

May, 1956 7
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now Sp: 1o Clamtp

FOR EASIER USE

DYNAMIC
for TV and BC

COAST TO COAST

The famous 655 is now equipped
with removable clamp-on stand
mount. Microphone simply slides
on or off. Extra rugged—praised
for its dependability Response
40-20,000 cps—widest range of

any commercial microphone Output
fevel —55 db. High signal-to-

noise ratio. Blast-proof grille.
Omnidirectional. Easily concealed
in studio props. Exclusive
Acoustalloy diaphragm. Impedance
50 ohms easily changed to 150 or

250 ohms. Cannon UA-311
connector. TV gray 20 ft. cable.

Model 655C. List Price $200

vooe, 634

Response 50 to 16,000 cps.
Omnidirectional Output
—55 db Recessed seiector
gives 50 or 250 ohms
impedance Swivel stud
Cannon XL-3 connector.

18 ft. cable. List, $95

wCEETY
BRI

Available from Authorized E-V Distributors. Normal
trade discount applies. Write for Calalog 122-N65

HO FINER CHOICE THAM

Electho

)

Yores

ELECTRO-VOICE, INC.- BUCHAMAN, MICH.

THE

EDITOR

COLOR TV NEEDS MORE EXPOSURE

T IS with mixed emotions that I look

back to the initial excitement of
having a color television receiver in
my home. This was just two years
ago, in March, 1954. My decision to
install the set was based on a personal
curiosity to find out just how well (or
not so well) a commercial television
receiver would stand up in daily serv-
ice under typical home conditions.

Through the cooperation of West-
inghouse, I obtained the loan of an
840CK15 color set from their regular
production line for use in my experi-
ment. In my editorial (June, 1954), I
reported the results and observations
made during the first months when
the set was in daily service. One of
the principal objections was the lim-
ited amount of color telecasting avail-
able at that time. With the exception
of an occasional daytime color pro-
gram, there was little to look forward
to in the evening during principal
viewing hours. We also recall that one
of the leading manufacturers, in an
attempt to stimulate sales, had offered
to rent color TV sets to the public at
a cost of $100 per month. Based on
the cost comparison between black-
and-white and color, we figured that at
the time, it would cost 54 times as
much to enjoy color (per hour) than
black-and-white.

Picture quality, during 1954, left
much to be desired. After living with
color TV for many months, it became
obvious that tremendous improve-
ments were needed at the source, that
is, in the TV studio itself. Through no
fault of the receiver, skin tones would
vary throughout the spectrum from
red to yellow, and it was necessary to
continuously compensate at the set.

During the past year, great im-
provements were made (especially in
camera techniques, makeup, and light-
ing) which have overcome many of the
faults noted during 1954. The color
picture during 1955 ranged from good
to excellent. The cost per hour to the
color set owner dropped considerably
as more color programs became avail-
able. Industry had finally made the
decision to “put the horse before the
cart.” And we heartily agree with
Leslie Hoffman, president of the Ra-
dio-Electronics-Television Manufactur-
ers Association, who recently said that
“the breakthrough of color TV, both
in manufacturing and broadcasting,
was the most significant merchandis-
ing development of 1955. Sales of the
large-screen color sets during the fall
and early winter indicate that ex-
posure to color programs and such,
rather than price, is the determining
factor in public acceptance of this ex-
citing new medium.”

www americanradiohistorv com

We have seen many fine color shows
on our latest TV sets with its 19-inch
screen. Our friends no longer imply
that we should have our heads exam-
ined for having a color TV set in the
house when there was practically no
color to see. Reactions have now gone
from the ridiculous to the sublime and,
almost without exception, our friends
and neighbors express sheer amaze-
ment and delight when they see qual-
ity color television for the first time.
These reactions are due-—first, because
of tremendous improvements made in
the transmission of color beginning at
the camera and ending at the home
screen—and second, because we now
are using a set equipped with one of
the recently-developed color picture
tubes. The combination of tube, cir-
cuitry, and studio techniques and con-
trol all contribute to the upgrading of
the television picture many times over.

As far as technical performance is
concerned, only one visit from a serv-
ice technician (on our new set) was
required. In spite of the fact that we
had purchased a service contract with
the distributor and his service organ-
ization, it took seven days of pleading
by phone before the technician showed
up. If this is an example of color TV
servicing, then we shudder to think
what will happen in days to come
when the public begins purchasing
color sets on a grand scale.

In our opinion, the time is not too
far away when the buying public will
accept color TV enthusiastically based
largely upon word-to-mouth advertis-
ing by the present owners. But if other
viewers, like ourselves, have to wait a
full week for service, then industry is
in for a real headache.

We were told by the service tech-
nician that there were (at that time)
about 80 color sets in his territory.
Most service calls involved ‘“educa-
tional” services to show Mrs. Jones
how to tune a color signal properly.
The remaining troubles appeared to be
minor and usually involved a simple
tube replacement. In our case, this
was so—the high voltage regulator
had burned out after some 90 days of
service.

You may ask, “Why didn’t you serv-
ice this set yourself?” The answer to
that question is: I wanted to learn
first-hand what our service contrac-
tors were doing to take care of their
customers. It took a full week to find
out! An independent full-time service
shop would never tolerate such delay.

I sincerely hope that mine is not a
typical “case history.” If it is—then
our service profession is either under-
manned or is doing a poor selling job
—or both. . . . . . O. R.
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ALLI E .’S 1956 value-packed

324- PAGE CATALO G

Feuturmg Super-\’uiua Knight-Kits—

top quality electronic equlpment
in precision-designed kit form

BUY DIRECT AND SAVE

EASY-PAY TERMS

Use our liberal Easy Payment
Plan—only 109, down, 12
months to pay—no carrying
charges if you pay in 60 days.
Available on Hi-Fi and P.A.
units, recorders, TV chassis,
test instruments, kits, Ama-
teur gear, etc.

May, 1956

HI-F1 SPECIALISTS

To keep up with the latest and
best in High Fidelity, look to
ALLIED. Count on us for all
the latest releases and largest
stocks of Hi-Fi equipment.
We specialize, too, in TV
supply—and are foremost in
the field of Builders’ Kits.

ALLIED RADIO .

World's Largest Electronic Supply House

the only COMPLETE catalog

for everything in TV, Radio, Hi-Fi

and Industrial Electronics

ey

Get ALLIED’S 1956 Catalog—it’s
complete, up-to-date— 324 pages packed
with the world’s largest selection
of quality electronic equipment at
lowest, money-saving prices. Get every
buying advantage at ALLIED: fastest
shipment, expert personal help,
lowest prices, assured satisfaction.
Send today for your FREE copy of

the big 1956 aLLiED Catalog.

%;

« Latest Hi-Fi Systems and Components
s P.A. Systems and Accessories
o Recorders and Supplies « TV Tubes,
Antennas, Accessories « Amateur
Receivers, .Tran'smitters, Station Gear
. Speciaiiéed industrial\- Electronic
Equipment s Test and Lab Instruments \ ,
« Huge Listings of Parts, Tubes -
Transistors, Tools, Books :

H

send for the leading
electronic supply guide

-l—__——n-_——-1

I ALLIED RADIO CORP.,Dept. 1-E-6
100 N. Western Ave., Chicago 80_, 1.

[ Send FREE 324-Page 1956 ALLIED Catalog.

I Name

Zone State

i

i

i

| I

Address I
i

—l

L—--__-------
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1. Antenna-Tnp UHF CONVERTERS—convert any UHF channel

to any VHF channel right at the antenna . . . avoid losses of long
UHF lead-ins. Have voltage regulated oscillators and Teflon
trimmers for drift-free performance.

2. Lo-Noise PRE-AMPLIFIERS—Mount at the antenna to amplify
the signals, not the snow. Models for all-channel {2-13], low-band
(2-6), or single-channel operation. Amazingly low noise level and
high gain for perfect pictures where conventional *boosters” fail.

3. Hi-Gain DISTRIBUTION AMP”HERS—Senste, 5-tube cas-
code circuit distributes snow-free all-channel VHF signals to 5, 10,
20, or more receivers. Noise figure approcches theoretical minimum
—only 6 db.

4. Passive LINE SPLITTERS — Simplify complicated building
layouts. Divide amplifier output 2 or 4 ways to feed low-nois2
coax distribution lines in various wings. No tubes, cannot overload.

5. Line Tap IMPEDANCE MATCHERS—QURR, easy way to c.onned
TV sets to distribution lines. Match 300 ohm receivers to coax line,

suppress interaction between sets, compensate for line response tiit.

PLUS rowerfud sales aids fo help you sell, install, ond service ony
Jerrold system more profitably.

See your nearest Eiectronic Parts Distributor or write direct ta:

JERROLD
ELECTRONICS
CORP.

‘2214 Chestnut Street, Philadelphia 3, Pa.

In Canodo: Jerrold Electronics (Canada) Ltd., 50 Wingold Ave., Toronto 10, Ont.

RADIO & TELEVISION NEWS
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In this unique musical game

EVERYONE IS A WINNER!

because you get 10 FREE High Fidelity Masterpieces
as an IMMEDIATE GIFT!

THE MUSICAL Mas
T
, 43 West 615t s"iRPIEcs SOCIETY, INC., Dept. 47.5

et, New York 23, N,y

Toronto 2, ont,
. Please enter my

R.P.M.) h on lon 5
& 8-pI;
T”i” Il:{:mber of the sdls:a,' and enroﬁ tg]ve (35311;3
not 1 bu{r :gsp rthese recordings, wh,
;‘é?éc}tl wiil be degcrltbzg {3‘““ Sele'CMongth:ﬁ g{
ct an, me in J
};lrex;:]ordmg before or %/ advance, T mg

b a time,
Smber’s low price of sy, to keep, Irpay only }t:‘lgg

shippi; 89
| i) 25 etk GG 2 i e
cov rice/
, ¢r shipping expenges ofln‘;gC{gsgl ggge:ol help ,
Pleces,

—
Contest will be
udged by s nationally-
nown certified independent organization,

May, 1956

RV Thrilling Days for TWO ...
IN ENGLAND, FRANCE, ITALY, SWITZERLAND !

or if you $2 oooo -
prefer, take y @ CASH

NO OBLIGATION TO BUY ANYTHING —NOW OR EVER

Mmembership o te,’,y'ecelvms n’,’,

MASTERPIECES

COMPLETE ON TWO LONG PLAYING 33

THOUSAN

graph and c©
Phonographs;
plete Recorde
siah; 1000 €
3000 High Fi

ERE'S YOUR CHANCE to win a
LUXURY TRIP to Europe — for
T'WO — including visits to Paris, Rome and
London . . . with all expenses paid by the
famous Musical Masterpiece Society! Or
you can pocket a small fortune in cash, if
you prefer! Thousands of other valuable
prizes worth over $25,000.00 will be given to
make new friends for the Musical Master-
piece Society!

YOU WIN FROM THE START for if
you just mail the coupon below now, you
are already an immediate WINNER — be-
cause we will give you all 10 MAJOR
WORKS of Music described at the right,
on high fidelity long-play records — ABSO-
LUTELY FREE! There is no obligation to
buy anything or pay anything except 25¢ to
help cover shipping expenses on these 10
valuable masterpieces!

We make this extraordinary offer because
we want to acquaint you with the remarka-
ble High Fidelity . .. and the magnificent
performances that distinguish the
Musical Masterpiece Society’s recordings!
There’s no better way for us to demonstrate
the advantages our members enjoy, than
actually to place these records in your
hands — as a GIFT. And to make sure that

INTERNATIONAL PRAISE!
‘“The recording s of such [ vation to record owners'’.
perfection it seems to -~The Action,
bring the artlsg.f, into Zurich, Switz.
your living room'’. “Uncommonly fine, even

—Glorious Sounds
;| for these days of tech-
Amsterdem, Holland nical advancement’’.

‘““The discs can be rec- | — Los Angeles Examiner,
ommended without reser- Calif.

© 1956, Musica! Masterpiece Society, Inc.. N. Y.

www americanradiohistorv com
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Hi-Fi-installation
ding 1 Super H!
including tor TV;

20 portable
d Opera Sets;
oncert Hall §
delity 127 lon

00
r07AL §, :
VALVE °
l OVER L {4

-
=

S TR LRI R R
Piano Sonata No 24 in F Sharp, Op. 78
Ky Grant Johannesen, Pianist

B A c Toccata and Fugue
in D minor

Alexander Schreiner ot the Organ of the
Tabernacle, Sait Lake City
Sorcerer’s

D U KA Apprentice
Utrecht Symphony, Paul Hupperts, cond.
o P I N Fantaisie-
Impromptu
R. Goldsand, Pianist

BE Rll oz Roman Carnival

Netherlands Philharmonic, Walter Goehr, cond. |
Symphony No 26

MOZAR in E Flat %i

Netherlands Philharmonic Orchestra, Otto
Ackermann, conducting 4

BRAH MS Academic Festival ||
Overture ’f
j

2

Utrecht Symphony, Paul Hupperts, conducting | i.
r

Meistersinger §

£

WAGNER ?:iiies,

Zurich Tonhalle Orchestra, Otte Ackermann,

conducting
Concerto in C for P

VIVALD Two Trumpets £

H. Sevenstern and F. Housdoerfer, Trumpeters,
Netherlands Philharmonic Orchestra, Otto
Ackermann, conducting

MUSSORGSKY |

Night on Bald Mountain, Netherlonds Phil-
harmonic Orchestra, Walter Goehr, cond.

OF OTHER PRIZES B

with AM-FM Radio, P.horlc:-

1 color TV Seti 10 super High Fidel |my.
super Hi-Fi Phonographs; 15[0 ‘h;: %
250 deluxe sets of Handel sd. es'
ociety Limited Edition Recordings; .
g Playing Records!

as many people as possible hear them, we
offer the huge prizes listed above!

You don’t have to write any elaborate es-
says — or solve any tricky puzzles to be a
winner. You can win the Grand Prize . . .
or any of the hundreds of other Awards . . .
by simply filling out the official entry blank
that comes with your Free Recordings. You
don’t need a knowledge of music. You don’t
have to buy or pay anything. In fact, there
has never been a contest easier to enter, or
more fun than this!

FREE TRIAL MEMBERSHIP, TOO!
Along with your FREE recordings, we will
also give you, immediately — without cost
or obligation on your part — a Trial Mem-
bership in the Society. This Membership
(which may be cancelled at any time) is
valuable, because it entitles you to audition
— Free of Charge, in your own home — any
of the Society’s future selections. Each will
be described to you irn advance, and you
may reject any recording either before or
after receiving it. You are not required to
buy any records, but you may keep those
you want, simply by paying only $1.89 per
long playing disc containing up to 40 min-
utes of music—a saving of 40% off the usual
retail price! Just imagine the record col-
lection you can build, almost for pennies!

NO STRINGS ATTACHED

You incur no obligation to buy anything. Simply
mail coupon at once. We'll send your FREE re-
cordings of these TEN MAJOR WORKS — and
put your name down as eligible to win a luxury
Tour of Europe—or any one of the other valuable
Briges! However, to be eligible. vour coupon must

e in the mail before June 30th. Mail it today!
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~now, Sylvania tests every important TV tube type under

ey
N.~

ey o e ww e

actual set conditions to give you “time-tested’”’ protection against call-backs

—6 million hours! To date that’s the grand total of
tube-testing in Sylvania’s newest and biggest attack

-against common tube troubles and costly call-backs. To

simulate “home operation” Sylvania tubes were taken
from inventory and tested in 139 stock TV sets of
leading manufacturers.

The “6-million-hour field test” is an important part of
Sylvania’s continuous design and development program
to give you the most dependable tubes available for
servicing all TV makes and models.

By giving Sylvania tubes rugged and dynamic tests at

v SYLVANIA

ELECTRONICS

LIGHTING - RADIO

accelerated line voltages, the common tube troubles of
modern “hard working” circuits are corrected before
they start digging into your profits.

Design improvements resulting from these tests give
you superior replacement tubes, which often out-per-
form original equipment designs.

Look for the yellow and black
carton—it represents a new
kind of tube dependability
backed by the 6-million-hour
field test.

Syrvania ELecTrIc PrODUCTS INC.
1740 Broadway, New York 19, N. Y.

In Canada: Sylvania Electric (Canada) Ltd.,
University Tower Bldg., Montreal

+ TELEVISION -

ATOMIC ENERGY

RADIO & TELEVISION NEWS
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‘Gapmight 1958, Channe! Master Lo

replace them with

NEL

ASTE]

TV ANTENNAS

FIVE ALL-CHANNEL FAVORITES —
TOPS FOR REPLACEMENT!

K.O0.” model no. 1023

(broad band)

SUPER RAINBOW

model no. 331

Still the most sensitive all-channel
antenno mode! Other popular
Reinbow models also available.

Knocks out “venetian blinds”’ with ‘,4/
the highest front-to-back rotios .

ever recorded!

TRAIBLAZER . mode! no. 335

Extra elements provide extra per-
formance at no extra costl

New LANCER model no. 337

Popular fringe-area installation
- new rugged powerful design.
Also available: Super Lancer, and
new economy 'Challenger” model.

SUPER FAN model no. 313A
The finest of Fan-antennas —
superior both electrically and
mechanically)

Here's the greatest profit opportunity
in TV today!

The “Golden Age” of antenna replacement is here! Time
has finally caught up with millions of older TV antennas that
no longer provide good reception.

A national survey shows that 65% of all TV set-owners
in established areas are no: getting the picture quality they
should be getting. THEY NEED NEW ANTENNAS! And you
can profit in a big way by replacing now with a powerful,
new CHANNEL MASTER installation!

YOUR BEST REPLACEMENT BUY is Channel Master,
America’s most widely advertised and merchandised antenna
line. Channel Master provides you with the most advanced
electrical designs, the soundest construction, the easiest, fast-
est installation.

See your Chonnel Master distributor

LE QUL WASTIER 008

ELLENVILLE, N. V.
WORED'S 1ARGIST MANBFACIURIN OF TV ARVENNAS ARD ACCLISORINS

www americanradiohistorv com
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Wirewound and carbon units
snap together—in just seconds!

Snap wirewound unit...
(with outer shaft cut to length)

To carbon unit...
(with biue shaft cut to length)

Snap on switch...

(from Fastatch KB series)

Add the knobs...

- and there’s your wire-carbon combination

www americanradiohistorv com
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been added to

Centralab’s Fastatch® Custom-Control system!

i . Size of a 2-watt...
— e !Il | price of a 2-watt...

S The Sirst really new development ——
in wirewound controls in 15 years

Now your Centralab distributor can give you the right
replacement for practically any dual-control custom—carbon,
wire-carbon, auto radio

You don't have to do the manufacturer’s
job — there are no loose parts .. no lugs to
bend... no tricky assembling. Fastatch units

Why risk irritating a customer, because you
have to wait for an exact replacement before
you fix his TV, radio, or auto set? It’s not

necessary at all.

Chances are, you can find just what you're
looking for, in Centralab’s complete line of
Fastatch duals. You can get more than 5,000
different combinations of resistance and taper,
to duplicate exact electrical characteristics.

— both wirewound and carbon — are assem-
bled, tested, and guaranteed by Centralab.

Have your Centralab distributor show you
Fastatch wirewound and carbon duals. Then,
try them on your next jobs.

Send coupon for bulletin 42-218R.

Tear out coupon and mail today!

A DIVISION OF GLOBE-UNION INC.

910E E. Keefe Avenve ®* Milwauvkee 1, Wisconsin

Send me free bulletin 42-218R.

Name
Company
Address
City

Zone State
www americanradiohistorv com -
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(THE CARTRIDGE WITH
JEWELED* PLAYING TIPS)

'CUT INVENTORY. COSTS  REPLACE CARTRIDGE

Power-Point Replaces over 90%, -- i AND NEEDLE IN SECONDS

of All Popular Phono Cartridges ' (Just Slip Out—Slip In)
E-V Power-Point actually gives you more working Four Power-Point Types, Three Mounting
capital by cutting, drastically, the number of differ- each $3.95 list Mechanisms
ent cartridges and different needles you need in stock Model 51-1 (Red) : two 1-mil sap- 3 Model PFT-1Power-
to do an adequate replacement business. Power- e

! phire tips. (= Point Fixed Mount,

Point alone replaces over 90% of all popular phono ) 50¢ list. i
cartridges. You save valuable time, troublesome Model 52-2 (Green): two 2-mil
service calls . . . you can replace Power-Point in less sapphire tips. Model PT-1 Power-

Point Turnover

: ; : :
time than it takes to read this sentence! Remember Y S Mount, $1.00 lst.

too, almost a million Power-Points are now in use, Modet 53-3 (Black): two 3- mll

sapphire tips.

and the number is growing fast. Additional mil- Model PT-2 Power-
lions will be demanded by the replacement market! Model 56 (Blue) :turnover mount- 7~ Point Turnunder
ed 1-mil and 3-mil sapphire tips )\? Mount, $1.00 list.

What is Power-Point?

A nylon-encased unit combining ceramic
cartridge and two jeweled® playing tips. A
Power-Point cartridge can be changed in
seconds, replaces virtually all popular phono
cartridges, costs less than two needles alone.
It has low inertia, superior tracking ability,
wide range, low distortion, minimum needle

000000000008 323000000000000000000000200000000000a¢

MAIL COUPON TODAY'!
ElechoYore
y £4/(3
ELECTRO-VOICE, INC., BUCHANAN, MICHIGAN

Send me complete information about Electro-Voice
Power-Point cartridges, sales-aids and display.

Company

noise and record wear. It is non-inductive, e

hum-free, unaffected by moisture or temper- '

ature. It actuates all changer mechanisms. Cay Siate
Signed

*Superior synthetic sapphire or natural diamond.

it 0 00000000 o0 GOOOOLOLESOSS
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Let me send you FREE P
the entire story

Just fill out the coupon and mail it.

I will send you, frce of echarge, a

copy of *How to Pass FCC License 3
Exams,” plus a sample FCC-type

Lesson, and the amazing new book- -
let, “*Money-Making FCC License i £
information.”

CARL E, SMITH, E.E.
President

I ecan train you to pass your FCC
License Exams in a minimum_of
time if you've had any practical
radio experience — amateur, Army,
Navy. radio servicing, or other. My
time-proved plan can help put you,
too, on the road to success.

mmmmﬂs

i @X,xm‘.uSi

GU ARANTEE

our
1f you fail to pislchnse SPARE TIME UNTIL YOU GET

| exam

ddi-

hout @
R y kind,

1t . .
SucceSSfu y If you have had any practical experience—

obtain your : )
cial license. experimenting

E E ’ An Approve
TELLS How 3 m’:”:eoYers Menher .

I OURS
ON LDYY
. STU
JOB OFFERS Like These } WHLC
PLI
EXAM
to Our Graduates Every Month | AT AL
SON
Transcontinental  Airline: ‘“‘American tenance. and we would appreciate 1f you I NAL
Alrlines Is very much interested in re- will refer interested persons to us. |
ceiving applications from CIRL train-
ees. We have immediate need fov tech- LC‘ﬂ(.:I' T!OI-" nat_mnl"ﬁlly k_nowﬁ LIELITEG, ,
S R e e turer: We have a very freat need at
bl ch o9 the present time for radio-electronics l
West Coast Manufacturer: "“We are cur- technicians and would abbreciate any 1
renrly in need of men with electronics helptul suggestions that you may be able
training or experience in radar main- to offer.””

These are just a few examples of the job offers that come to our office periodically.
Some licensed radioman filled each of these jobs . . . it might have been youl

HERE’S PROOF FCC LICENSES ARE OFTEN SECURED

TO TRAIN AND COACH YOU AT HOME IN

T- R .
Comme Amateur, Army, Navy, radio vrepair, or

SR U

FREE

Tells where to app!y
and take FCC exami-
nations, location of
examining office, seope
of knowledge required,
approved way to pre-
pare for FCC exami-
nations. positive meth-
od of checking your
knowledge before tak-
ing the examination.

SRURRR———

Our Amazingly Effective
JOB-FINDING SERVICE
Helps CIRE Trainees Get Better Johs

Here are a few recent examples of Jobh-Finding results

with American Ai

|

|

|

[

|

l ¢l am now employed by the Collins Radioc Company as a Lab Technician, (This
I

|

|

|

| and your Job-Finding Service.”

Fle Your FCC ticket is recognized by employers

B o o A R

ss Fcc COMMERCIAL
T8
‘ | Radio Operator

ELECTRONICS TECHNICIAN

job was listed in your bulletin). | have used the information gathered from your
course in So many ways and | know that my training with CIRE helped me a
great deal to obtain this job.”’

Charles D. Sindelar, Cedar Rapids, fowa
AIRLINES

“1 replied to the job Opportunities you sent me and 1 am now a radio operator
| i

ines. You have my hearty recommendation for your training

James A. Wright, Beltsvitle, Md.

E INDUSTRIAL ELECTRONICS
E “Upon my discharge from the Navy | used your Jobh-
E Finding Service and as a result 1 was employed by
5 North Amc‘ucan Aviation in electronic assembly (final
E b

S

checkout). Glen A. Furlong, Fresno, Calif.

as proof of your technical ability.

Get All 3 FREE
MAIL COUPON NOW

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

tN A FEW HOURS OF STUDY
R WITH OUR COACHING Desk RN-90, 4900 Euclid Bldg., Cleveland 3, Ohio |
AT HOME IN SPARE TIME : (Address to Desk No. to avoid delay) |
‘5!? I want to know how I can get my FCC ticket in a minimum of time. Send '
Name & Address License Time & me your FREE booklet, "How to Pass FCC_ License Fxaminations’ (does
. f | not cover exams for Amateur License). as well as a Sample FCC-type lesson |
A/1C Ronald H. Person, St. Louis 20, Mo.........Ist Class 25 Weeks I and the amazing new booklet. ““Money-Making FCC License Information.”
Milton L. Geisler, ET3, FPO, San Francisco, Calif... Ist Class 26 Weeks 1 PLEASE PRINT CLEARLY :
Marvin F. Kimball, Lafayette, Ind................ 2nd Class 2] Weeks
L. M. Bonino, Harlingen AFB, Tex........ T nd Clags i | NAME.....o.coiiiiiiiiiiiiniieniieees AGE e |
John E. Hutchison,Bluefield, W. Va................Ist Class 27 Weeks I ABDRESS ©vvivvieeeeee i
= | ' |
CLEVELAND INSTITUTE OF RADIO ELECTRO [ OV wam bbb a e g s v ZONE.... STATE...ccoooonn |
CARL E._SMITH, E. E., Consulting Engincer, President FOR IBROMET |RESUESESENDRAILRLIMAIL
-Desk FINEENR — 4900 Euclid Bldg., Cleveland 3, Ohio { speg;(‘\[ct'l:':lrf:g"T:aaﬁensnnigo AT %o Canadian "Resident o !

May, 1956
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 TEST 5 TUBES in 4 SECONDS EACH.. ACCURATELY!

WITH THE NEW ADVANCED ENGINEERED

P e ;175% MODEL 116

Gm. & Em. ULTRAFAST | £ SO
TUBE & TRANSISTOR TESTER J.

PRECISE MODEL 116K in kit form.. .. $69,95 A -
PRECISE MODEL 116W factory wired ......$119.95

y Servicemen know the Precise Model 111 (the winner in an independent survey)
{ easily rates “the finest tube tester in the field” at any price, BUT FOR AN ON

THE JOB QUICK-TEST . . . the fastest, most accurate is the PRECISE Model 116.
‘ What's more you test tubes the foolproof method inherent in the famous Precise
Model 111,

Did you ever wish you could plug in 5 of the same type tubes at once and check
1 each one -individually by rotating a switch2 YOU CAN WITH THE PRECISE
P MODEL 116—Plug in 5 IF tubes and let them heat up at once and then check

each one separately by rotating the TUBE BANK switch. ACTUALLY CHECK 5
TUBES IN 20 SECONDS, 4 SECONDS PER TUBE.
The Precise Model 111 taught the lesson that IF amplifier tubes (like the 6BC5
or 6AU6) should be tested for Gm (mutual transconductance) while the power THE FAMOUS MODEL #111
amplifiers (like the 6L6) should be tested for Em (emission)—that's ULTRAFAST 111K .. -.$79
Model 116 test! It checks each section of each tube separately . . . by rotating the il
FUNCTION SWITCH . . . each triode of a dual triode is checked individually . . . }
each diode and the triode of a duo-diode-triode is separately tested and not
lumped as in other testers . . . and a pentode is tested as a pentode—not a diode.
TRANSISTORS, SHORTS, GAS, LIFE, Em, Gm etfcetera can be tested with the
PRECISE Model 116.
You can inexpensively extend the Precise Madel 116 to test filament current, ete. i
The Model 116 gives an accurate, ultra-fast (3 basic knobs for testing) check of

K7” COLOR SCOPE

$13 5
CASE & COVER

television tubes!

No Surplus—An etched panel—beautiful Moleskin covered wood carrying case ! 2 " THE FIRST AND ONLY

) and cover and specially simplified instructions makes the PRECISE MODEL 116 - EOW PRICED 5” SCOP55 8‘/2" COLOR SgODE

‘. THE FINEST FAST-CHECK TUBE TESTER AND DOLLAR EARNING TRAVELING 315W .. 84.95 . 5
COMPANION A TV SERVICEMAN EVER HAD. l

Not yet at your distributor. Order NOW to insure early delivery.
SEE YOUR LOCAL DISTRIBUTOR FOR PROOF OF WHAT WE OFFER - OR WRITE
US FOR DOCUMENTARY RESULTS OF AN_INDEPENDENT SCIENTIFIC SURVEY. !

RF—AF—BAR GENERATOR

LOWEST PRICED head
2o WIRED 44" VTVMS with pre -assembled* 33&95

630K ..
630KA*
630W ..

LOW PRICED RF SIGNAL GENERATOR UNIV, AF, SINE, SQ, & PULSE GEN, Prices slightly higher in the West. Prices and PTAK .'$2.95
e $35.95 Y'BEST BUY" IN GEN. 635K - .50 specifications subject to change without notice. PTAW"$4'25
Q071IW s 49.95 610K oo $23 955, 6 52 50
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Leadership is a distinction.

And in a growing, competitive, specialized

field...itis an achievemendt

BLOMDER-TOMNGUE LABORATORIES, INC.
has, since ils inception, devated all of its
facilities ko the study and the advancement

of the technigues and equipment used in

TY signal amplification, distribution and wired
transmission. Thiz has resulted in many
product develapments which have gained
wide and enthusicstic acceptance ameng

the professiznal technicians in the field.

On the following pages ore some of these
B-T procucts . ., preducts that hove proved
their quality, werth and reliability in tens
of thousands of installations across the
naticn, But, this is anly the beginning. The
number of multi-set users is growing daily —
and the opplication of TV to industry and
science is just coming ko life,

B-T products are engineered specifically for
moster TY and closed circuit TV, By design,
they are the key to these rapidly growing
markets, They can dssure your own

prafit future in tha field,

BLONDER-TONGUE products are sold by
electronic equipment distributors from
coast-to-coast — and are used by service-technicians
and commercial installers—everywhere.

www.americanradiohistorv.com
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OBSERVER
Model TVC-1
Industrial TV Camera

A new crystal-controlled camera for
use in industry, education, science
and other closed circuit applications.
Complete unit includes Vidicon tube,
coated fl.9 lens, control generator
and 25 feet of control cable. The con-
trol generator may be located up to
500 feet from the camera. It provides
two RF outputs and one high defini-
tion video output.

Image may be viewed on standard TV
sets located up to one mile from the
camera, before preamplification is re-
quired. The camera uses fully inter-
laced, 525-line scanning for maximum
resolution. Traverse control permits
camera to be focused from 2 inches

to infinity. oo ntete $199500 st

ANTENNA BOOSTER
Model AB with Remote Control

More than 25 db gain. Broad-
band antenna amplifier in
weatherproof housing with
mast-mounting bracket.
Remote control power supply
may be located near set. Fur-
nishes either 24 or 110 volts
to amplifier, as desired.
Matched 300-ohm input and
output terminals on both
units. Single line carries
power ‘up’ and signal ‘down’.

CONVENIENT
EFFECTIVE
TV

INSTALLATION

TOOLS

Bt

2-SET COUPLER

Model TV-42
Resistive network provides
12 db isolation between two
TV or M sets fed from a
single antenna. Also mixes
two amplifiers or antennas.
Response from 0 to 900 mc.

$295ist

ROTARY
CABLE STRIPPER
Model S-1

A rotary cutter and stripper
of coax cable and non-metal-
lic tubing up to %" in diam-
eter. Calibrated for measur-
ing lead and shield length
required. Ideal for use with
B-T Cabie Connectors.

$375)ist

TV SET MATCH
Model TM

An impedance-matching
transformer designed for
use at the TV set to match
75-ohm cable to 300-ohm
TV input. Cable plug sup-
plied to fit jack permits easy
coanect and discennect.
Heavy duty output feads with

spade lugs. $325;st

FAMOUS LINE OF ALL-CHANNEL UHF CONVERTERS AND VHF AMPLIFIERS

HOME BOOSTER

CLASS A Model 99

Ideal all-channel UHF converter for
‘Class A’ signal areas. Direct-drive
ganged tuning provides precise
tracking: of input and oscillator.
VHF output on channel 4, 5 or 6.
Precise, 300-ohm impedance match.

$1995 jjst

ULTRAVERTER
Model BTU-2

Tunable, all-channel UHF con-
verter — the most powerful in

Model HA-3

‘On-off' is automatic with TV

set. Provides more than 16 the field — with hi R
: =l - gh-gain, low-
$9500 st - db gain. Automatic ‘on- noise triode amplifier. Has dual-

off' operates through
TV set. No tuning.
Features low-noise,
push-pull, broadband
circuits. Self-powered.

L $4700 st

speed channel selector. VHF
output on channel 5-6. Auto-
matic ‘on-off' with TV. $3995 ;s

COMMERCIAL
ANTENSIFIER
Model CA-1
A popular broad-
band VHF ampli-
fier for antenna
and line applications. Gain: 26 db on low band and 24
db on high band. Low noise circuit. 75 ohms and 300
ohms at input and output. Gain control. Self-powered.

$7950 list

MWAMA america
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RADIATION-PROOF

LINE SPLITTERS

HOUSING Mode! LS4-1, 2, 3 and 4

Mode! MRH-A - Model LSA-1
Weatherproof and radiation- Four 75-0hm lines from one 75-ohm line.
proof outdoor enclosure for Model LS4-2
m:tg[jxoel?r#iﬂg?ljtr'fzgz gﬁg Four 75-chm lines from one 300-6hm line.
adjustable support bracket. Model LS4-3 _
Maximum ventilation, front- Four 300-chm lines from one 75-chm line.
opening sealed door and sturdy Model LS4-4
hasp. lIridite-finished, cadmi- Four 300-chm lines from one 300-ohm
um-plated steel. line.

all-channel mixing networks.

$12400 ;¢

each $950 jjst
o —;i L’
4{ g 10 L MASTERLINE TV SYSTEM COMPONENTS
. ‘ : ...:_—_—_-_f.f&.g
VHF SINGLE CHANNEL AMPLIFIER
with AGC —Model MCS M; AUTOMATIC GAIN CONTROL
Gain in excess of 38 db on low band and in @ '@,W{E';"‘\ Model MAGG
excess of 35 db on high band. Features auto- i A plug-in unit for use with MLA
matic level and manual gain controls. Has high VHF AMPLIFIER amplifier to maintain constant
;%Jechtlon of adeacent channels. Input and output Model MLA output Tevel over 20 db input
-ohm coax fittings. Two outputs and all- . Output flat within 1.5 db.
channel mixing netwgork. Selﬂpowgred. Powerful all-channel VHF cas- {Eafrf‘gefétivuepL\:vitrii ovlerI 14,000
$11750; i code amplifier with more than microvolts MLA input signal.
I3 ol Ph e 37 db gain. Has variable gain Compensates for AC line varia-
controls for equalizing high and tions. Input and output 75-ohm
VHF CONVERTER-AMPLIFIER low bands. Output on each band: coax fittings. Obtains power
Model MVE 1.25 volts RMS, flat to within from MLA.
Converts a spgcified VHF ‘high’ channel to a (Z)uaiitS%]gigﬂmerggé)(‘n?ﬁ%:;g $7100 is¢
specified VHF ‘low’ channel. Crystal controlled. When used with MAGC main- !
Gain: in excess of 33 db =¥ db. Input and out- tains constant output level. OUTDOOR TAP-OFF
put 75-ohm coax fittings. Two outputs and Mode! MTO0-11

Self-powered. Available on
special order only.

$30000 jjst

(specify input and
output channels)

Spliceless, weatherproof
tap from RG-11/U cable.
Uniform 17 db resistive
isolation with only 0.6 db
insertion loss. Lowest

shunt capacity. Positive
electrical protection thru

SPLICELESS GABLE TAP-OFFS
e 3 blocking condenser. Sup-

INDOOR plied with installaticn tool.
RESISTOR QUTLET BOX TAP-OFF $T30jst
Model ROI-B 3 Model MT0-59

Indoor tap-off from RG-11/U or RG-59/U Spliceless tap from
line. Coax jack and plug supplied for RG-59/U cable. Uni-
RG-59/U TV cable. VHF and UHF isola- form 17 db isola-
tion: 17 db with only 0.6 db loss. tion with only 0.6
00; db insertion loss.

3590t All-channel recep-

tion outlet for
apartments, hotels,
motels, etc. Sup-
plied with wall

ISOLATED TAP-OFFS

2

ISOTAP PLATE
Model 1S0-1B
Basic isolation network of RO1-B less
plastic box. For use in standard elec- plate and installa-
trical box. Supplied with wall plate. tion tool.

. $400 ;¢ $750 jist

'MIXER AMPLIFIER VHF CHANNEL STRIP
Mode! MA4-1 5 S Mrd::]ﬁ? i
A versatile unit consisting of broadband mixing Inglé channe RUIC IS LIDIRION
circuits and built-in powerisupply for up to four M%‘l'i? Gda‘;n: ZOhgil:‘ °"h'°‘” Icha?neli
plug-in VHF channel strips:or two UHF converter ?" nals 095 'ﬁ 4 33'(‘)'(‘19 sh TP“F
strips (see CS<1 and UC-1): Precise 75-0hm and Dermlna S ‘"f- -0 mﬁl -ohm fin2.
300-ohm impedance - match at all terminals. May 1aWs ROYErEIIom 1. $2700 jigt
be used in series. $6415 ist R (specify VHF channel)

. &l Tl - UHF CONVERTER STRIP
Model DA8-B , i ] e | | ; i ] Mode! UC-1

DISTRIBUTION AMPLIFIER

-Designed for use with MA4-1. Con-
verts a specified' UHF channel to a
specified VHF channel. -Gain: more.
than 15 db. 300-chm input. Draws
power from MA4-1. $9000 j;st

Provides eight isolated TV set outlets
from one 75-0hm or 300-0hm-input. Each
outlet handles 75-ohm or 300-ohm line,
and delivers 10 db gain on all VHF chan-
nels. Gain control covers -20.db range. -

Self-powered. $8950 st
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‘EXACT-MATCH' TV ACCESSORIES

a

BALUN Model MB

Precise impedance match between
75-ohm coax and 300-0hm antenna
line. Has 75-ohm coax fitting and
300-ohm screw terminals. Wea-
ther- . 3
her-protected $800 ;s

DIRECTIONAL COUPLER
Model MDC-2

Two isolated outlets for TV sets
or branch lines. Only 3 db forward
loss. Minimum isolation: 14 db.
One 75-ohm input and two 75-0hm
output fittings. Weather-protected.

$1300 st

DIRECTIONAL COUPLER
Model MDC-4

Four isolated outlets for TV sets
or branch lines. Only 6 db forward
loss. Minimum isolation: 20 db.
One 75-ohm input and four 75-ohm
cutputfittings. Weather-protected.

$2690,5¢

COMING SOON

A Complete Line of Closed Circuit
TV, Master TV and Industrial TV

Equipment .. .including:

PROJECTION TV

VIDEO ADAPTOR-AMPLIFIER

Makes any TV set a Video Monitor

FIELD STRENGTH METER

Continuous Tuning {54-216 mc)

For-detailed information on B-T products
— or for free, expert sales engineering
services to assist you in planning any
master TV or industrial TV system, write:.

DUPLEXERS

Pair remotely controls TV ampli-
fiers or permits two-way audio or
AM transmission. One line for VHF
TV, plus AC, AM or audio (0 to 2
me). Weather-protected.

Mode! MDX-300 (300 ohms) pair
$2250 st

Model MDX-75 (75 ohms) pair
$2500 ;¢

FM WAVE TRAP Model MWT-1
Etiminates FM interference at the
antenna, in the line or at the TV
set. Attenuates any FM channel
more than 25 db. 75-0hm coax fit-
tings. Weather-protected.

$2300 ;¢

ALL-CHANNEL EQUALIZER
Model ME-1

Graduated attenuation from 17 db
on Channel 2 to 1 db on Channel
13. Balances signals through 1000
ft. of RG-11/U or 500 ft. of RG-
59/U. 75-ohm coax fittings, in
and out. Weather-protected.

$1550 54

CABLE COUPLER Model M¢

Correct 75-chm match in splicing, adapting or
terminating RG-11/U and/or RG-59/U cable.
Thru-connection for Model MRH-A. Used with
B-T Connectors and Terminating Plug.

TERMINATING PLUG Model MTP-75

LOW-BAND EQUALIZER
Mode] ME-2

Gaduated attenuation from 9 db
on Channel 2 to less than 1 db on
Channel 6. Balances signals
through 2000 ft. of RG-11/U or
1000 ft. of RG-59/U. 75-0hm coax
fittings, in and out. Weather-

protected. $1500 jist

POWER LINE FILTER

Mode! MLF

Provides 60 db RF isolation be-
tween amplifier and power line.
Two AC power outlets, one BX in-
put connector. Mounts in MRH-A.

$1665 jist

VHF ATTENUATOR Mode! MAT

Uniform all-channel attenuation
from 0 to 45 db in steps of 3 db.
75-ohm coax fittings, in and out.

$2250 it

CABLE CONNECTORS

$250 gt Model P-59S - -

NEW SOLDERLESS CONNECTORS
Model P-11S :

Matched 75-ohm male fitting for use with
RG-11/U size cable.

each $1?0 list

Matched 75-chm male fitting for use with RG-

Correctly terminates cable fitted with Model

MC Cable Coupler.

BLONDER-TONGUE LABS,

$2904ist

Wesﬂleld, N,.ew Jerseﬂ

59/U size cable.

each $130 list

INC.


www.americanradiohistory.com

200,000 — That's how many service men will be needed to handle television-radio-
electronics industry requirements in the next few years. That's the figure given by
the director of product service for CBS-Columbia — a man in a position to know.

2.7 billion dollars to be spent just for service and installation of TV sets in American e
. €. Lane, B.S., M.A.

homes by 1957! That's the figure given by one of the top men in the entire industry President, RadioTelevision
N . . raining Association.
— the president of Radio Corporation of America. reatti B aol

Think i For You! | LEARN TELEVISION AT HOME
HereI is a fg:ll;lﬁalltin-il:shi::ncymfggvs]obs with top pay IN YOUR SPARE TIM[

and a secure future are being created every day — Here is
a chance for you to get into a growing field
with unlimited opportunity for advancement —
Here is your chance to set up your own business
and be your own boss — Here is your oppor-
tunity to get in on a 2 billion dollar plum by
becoming a Television Technician.

LEARN BY DOING

Trained men get the top jobs. You can qualify for
one without giving up your present job or social
life. My lessons are especially prepared for you
to study at home — even if you have absolutely
no experience in this field.

CHOOSE FROM THREE COMPLETE COURSES
covering all phases of Radio, FM and TY

1. Radio, FM and Television Technician Course — no pre.

vious experience necessary. L

Combination Voltmeter- 2. FM-TY Technician Course — previous training or experience in radio
Ammeter-Ohmmeter required.

3. TV Cameraman and Studio Technician Course — advanced training

for men with Radio or TV training or experience.

After you ﬁnis! your home study training in Course 1 or 2 you can

have two weeks, 50 hours, of intensive Lab work on modern electronic
equipment at our associate resident school, Pierce School of Radio &
Television. THIS EXTRA TRAINING 1S YOURS AT NO EXTRA COST
WHATSOEVER!

FCC COACHING COURSE — Important for BETTER-PAY JOBS requiring
FCC License! You get this training AT NO EXTRA COST! Top TV jobs go to
As part of your training, ! give you the equipment FCC-licensed technicians.

you need to set up your own home laboratory and prepare for EEEAENEmEEENEEERE
a BETTER PAY TV JOB. You build and keep a professional TV

AF-R Signat Generator
Public Address System::

Super-Het
Radio Receiver

W Telephone Tronsmitter

L

RECEIVER complete with big picture tube (designed and peLsonadsCllose lirestony

engineered to take any size up to 21-inch) . .. also a ” R D10 TE Y ON TR ARG ASSOCIATION
Super-Het Radio Receiver, AF-RF Signal Generator, send you my new 40-page Dept:7-53, 52 East 19th Street, New York 3, N.Y.
Combination Voltmeter-Ammeter-Ohmmeter, C-W Tele. | book, “How to Make Money in
phone Transmitter, Public Address System, AC-DC | Television, Radio, Electronics,”

Power Supply. Everything supplied, including all tubes, § o Free sample lesson, and
other literature showing how

and where you can get o fop-

Dear Mr. Lone: Send me your NEW FREE BOOK, FREE
SAMPLE LESSON, ard FREE oids that will show me
how | can make TOP MONEY IN TELEVISION. | ‘'under-
stand | am under no obligation. =

{PLEASE PRINT PLAINLY)

o)

H‘fnli'l EEmEE® ﬁl mEA

Almost from the very start of your course you can earn
extra money by repairing sets for friends and neighbors.
Many of my students earn up to $25 a week...pay for
their entire training with spare time earnings. .. start their
own profitable service business.

l adio l deﬁfibm.naim'mg .méam

ethnic rse ki 4 —
52 EAST 19th STREET » NEW YORK 3, N. Y. WLLLLL LTy
Licensed by the State of New York ® Approved for Veteran Training MAIL THlS COUPON TODAY'

May, 1956 23

Nome_- — Age

St et TN e

City. d Zone,

I AM. INTERESTED IN:
] Rodic-FM-TY Technitian Cousse
) FM-TV Technicien Course
3 1V Comeraman & Studie

]
|
n
n
|
|
. Address
:
|
s
H
B
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International

presents

“AIRKORE”’

a new selenium replacement
rectifier so outstanding it

(Jutperforms
them all!

1 e 12° to 15° lower

core temperature.
o QOverload capacity 7 ™

times normal rating.
® 20% less aging.

‘& Maximum air flow in
any vertical mounting
position (regardless
of degree of rotation).

Increased efficiency
throughout life.

AirKore provides these outstanding
advantages without sacrificing the
basic design of proven.superiority—
“center-support” construction!

Compare any other rectifier with the
new AirKore. Guaranteed for a full
year, this new design assures in-
creased efficiency ... will help cut
costly “call-backs?” For products of
the highest quality, manufactured
under the most rigid standards in
the industry, look for the name
International.

n a e am s en e e et e e e e e e e e e e e e s M e M e = e e e am e
e e o o e > oy e P S e W o W e n e 0 W o m om e o

This exclusive device pro-
vides greater contact area—
uniform temperature rise
across the plates—increased
efficiency.

AirKore design permits max-
imum circulation of air
around the plates, through
the core and spring itself.

g =

A WORLD OF DIFFERENCE
«+.THROUGH RESEARCH

International
Rectifier

¢ O R P O R A T I O N

El Segundo, California * Phone ORegon 8-6281
In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave. W., Toronto, Ontario * RU 1-6174

THE WORLD’S LARGEST SUPPLIER OF
INDUSTRIAL METALLIC RECTIFIERS

24

* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS'
WASHINGTON EDITOR

THE HARD-HITTING probe of TV by
the Senate’s powerful Interstate and
Foreign Commerce Committee, now in
full swing, under the chairmanship of
Senator Warren G. Magnuson, may
well result in a general overhaul of
the present channel plan. Witness after
witness has testified that the alloca-
tion scheme as it stands now is out-
moded and is ripe for a complete
change.

Specifically, the investigating group
was told that the Commission must
resolve three basic questions: should
more very-high channels be made
available at the expense of other serv-
ices; should co-channel separation be

reduced so as to squeeze more stations’

in the same spectrum space; and
should certain areas be assigned ultra-
high operation only, providing de-
intermixture of the area?

Witnesses declared that there is no
use in trying to readjust the present
twelve very-high channels; to provide
an adequate telecast system of nation-
al effectiveness, more channels must
be added. A number of those testify-
ing said that greater antenna heights
and cross-polarization (discussed in
this column on several occasions)
would help substantially in solving the
problems.

Reviewing the proposed addition of
channels to the very-high bands, ex-
perts pointed out to the committee
that such channels would have to come
from military, and certainly strong op-
position could be expected to such a
move. It was generally admitted that
an additional group of three or possi-
bly six channels would be extremely
helpful in minimizing the problem.

The ultra-high broadcasters were
especially critical of the Sixth Report,
which had set the pattern for the allc-
cation schedule. Said they: If Con-
gress or the Commission doesn’t act
quickly and come to their rescue, u.h.f.
will just become a dismal bust; a
story of complete disillusionment.

Reporting on his ultra-high experi-
ences, WGBS-TV (Miami) president
George Storer said that his 1000-foot
185-kw. (visual) station was putting
out a satisfactory, if not superior, sig-
nal to the entire area, plus coverage
of some seventy miles south of Miami.
Ultra-high transmitters operating in
flat-terrain constant-foliage condition
country, as his station, the committee

WwwWw americanradiohistorv com

was told, can easily equal very-high
service and surpass it in performance,
insofar as man-made interference is
concerned, since diathermy and simi-
lar radiating machines do not affect
the u.h.f. signals. In rugged country,
as in Portland, Oregon, wh.f. may
have to have a lift, Storer pointed out,
and this could come from satellites.
The prexy of the U.HL.F. Industry Co-
ordinating Committee, Harold Thoms,
who also operates WISE-TV in Ashe-
ville, North Carolina (Channel 62),
scored the Commission for market-
straddling, which he claimed has
driven u.h.f. stations out of existence.
The Senators were bluntly told that
the . . . “time is long past for the FCC

.and Congress to stop talking and

promising, and to come forth with a
sharp knife and cut up the spectrum

pie.”
The Commission, continued Thoms,
has . .. “delayed unreasonably even in

proposing a solution . . . and it de-
volves upon the Congress to direct the
way” . .. for a solution.

An eight-point resolution should be
offered to the FCC, the Senators were
told, calling for . . . de-intermixture,
reduction of present limits of power,
reduction of pregsent limits of antenna
heights, reduction of v.h.f. mileage
separations, confinement of TV sta-
tions to their home communities, di-
rectional antennas, elimination of cost
differentials for all-band sets, and re-
duction of common carrier cable and
microwave relay costs.

THE PRESENT DILEMMA of the ultra- _
high operators and prospective owners
prompted the FCC to relax its dead-
line rules for construction. A six
months’ dispensation was entered on
the books for all u.h.f. interests with
construction permits; this moved the
deadline up from January 16 to July
16. After that date, it will be neces-
sary to show a bona fide indication
that building will begin as soon as
practical.

A NEW RESEARCH device which
measures the effectiveness of three
methods now in use for airborne radar
observation (side-by-side, super-posi-
tioning, and successive comparison
methods), has been developed by the
Aircraft Observer Research Labora-
tory, Mather Air Force Base, Califor-

RADIO & TELEVISION NEWS
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RCA offers y_@_ the
finest trammg
~at home Inf
Radio-TV
electronics,
TV servicing,

Color TV

B » [ @ 1 o = __. i

' e

R S A R AT
¥ The instruction you receive and equipment you
’ B K N o ‘{é," get (and keep) will start you on your way. Pay-
as-you-learn. You pay for only one study group
’ at a time. This 52 page book contains complete

information on Home Study Courses for the be-
ginner and the advanced student.

RCA Institutes, Inc.,, Home Study N-56,
350 West Fourth Street New York 14, N. Y, I

Without obligation, send me FREE CATALOG IMPORTANT

A i

1
RCA ] on Home Study Courses in Radio, Television | Be sure 1o write
y e | and Color TV, No solesman will call. I for RCA Institutes

1

1

1

1

catalog before

A SERVICE OF RADIO CORPORATION of AMERICA | Neme .. .. . . . . _ | ol
250 WEST FOURTH STREEL, NEW YORK 14, N.Y. T | iy course. |
L Ci'y.................m-,..-.w.::-.- Zone ... State. ... .. I:-— —,
May, 1956 25
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TUNING METER FOR
BOTH AM AND FM
Now you can tune distant sta-

PLANETARY DRIVE TUNING
Edge lighted Ilucite tuning
dials with separate logging

tions perfectly. Helps you scales. Big easy to read num-
adjust your antenna for best bers. Quick or vernier tuning
reception.

on both FM and AM sections.
o

m FM RF SECTION
Highly sensitive cascode front

end and heavy copper plated \!.‘m. i
chassis gives 3 microvolts & -
sensitivity for 20 db quieting. 1

SUPER SELECTIVE FM IF'S
Such sharp tuning that you
can separate stations so close
together ordinary tuners
would pass them by,

WIDE BAND

FM DETECTOR
Radically new design makes
drift a thing of the past.
Stations stay in tune. Strong
and weak signals can be tuned
with equal ease.

NEW AM DETECTOR
Exclusive H. H. Scott design

BINAURAL OUTPUT JACKS
from the completely separate

WIDE-RANGE AM
3 position adjustable band-

means distortionless reception FM and AM sections. Mon.  width including ‘Ultra-Wide-
even if stations modulate to aural output also provided, Range’ position for receiving
100%. High frequencies come ' the full 10 ke frequency
through perfectly. Conven- range broadcast by the better
tional detectors distort AM AM stations, Perfect reception
above moderate modulation under any signal conditions,

percentages, and distort high
frequencies.

Inside story on the

MOST ADVANC
AM-=Fii TUNER
EVER DEVELOPED

TECHNICAL SPECIFICATIONS
FM Section: 3 mv. sensitivity for
20 db quieting — 2 megacycle wide-
band detector — 80 db rejection
of spurious cross-modulation re-
sponse by strong local signals —
automatic gain control assures opti-
mum adjustment under all signal
conditions—equipped for multiplex.
AM Section: 1 mv, sensitivity — 10

Engineered by the same H. H. Scott team
that has won every important High Fidelity
award, this sensational tuner not only
looks different . . . it sounds different —
better than any tuner you’ve ever heard.

The AM side features radically new detector

. Loy o ke whistle filter — extended fre-
design . it's the first really wide-range quency response to 10 kc. Output
AM tuner on the market , . . you actually jacks for binaural — can be panel-

get fine AM sound to 10 KC! The FM side
has 3 microvelt sensitivity . . . you pull in
stations you've never heard before,

mounted with one simple cut-out —
beautiful accessory case $9.95*%,

Dimensions in case: 15Va” x 434"
X 1232”7

“The Professional’’
Model 330 AM-FM
(Binaural) Tuner
Styling and dimensions pro-
vide a perfect match to the
99-B and 210-D complete am.
plifiers. $199.95*

*Slightly higher west of Kkotkies

. New H, H. Scott Cataiog and
Hi-Fi Guide. Just off the press.
Write for your free copy.

H.H.Scott, Inc., Dept. R5, 385 Putnam Ave., Cambridge, Mass. Export Dept.: Telesco International Corp. 270ParkAve.,N.Y.17
26
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nia.. The unique equipment compares
the methods employed while using the
airborne radar images with visual re-
connaissance materials during flight.

Various types of comparator radar
are contemplated in the future and
thus the results of these tests should
indicate which method is most valid
under certain conditions. Consequent-
ly, the results should give impertant
information to engineers in the design
of future bombardment radar equip-
ment.

In addition to its research capabil-
ity, the device can be used as an ef-
fective training aid for bombing and
navigation systems. Information re-
ceived from the results of the testing
device will be relevant to briefing and
target study procedures, selection and
utilization of reconnaissance photo-
graphs and prediction material, and
the training of observers for optimum
equipment utilization.

A MICROWAVE RELAY station, in-
cluding a 100-foot magnesium tower,
that can be transported to a site by
helicopter and put into operation
within two hours, has been developed
by the Air Research and Development
Command Air Development Center
at Rome, N. Y., in conjunction with an
electronics manufacturer in Chicago.

Adaptabilities of the station are said
to provide for remote radar set con-
trol and use in ground-controlled land-
ing approaches. Voice communication
can also be transmitted.

Total equipment weight is 1900
pounds. This includes a shelter, radio
equipment, and antenna mast with ad-
justable reflector. It is light enough to
be transported by a Piasecki H-19
type helicopter.

The tower, which telescopes into a
12-foot package, can be erected by a
crew of eight men in less than an hour.

AN AMAZING EXHIBITION of elec-
tronic progress was placed on view
during a guest week at the Bureau of
Standards some weeks ago. Over
eight hundred guests, leaders from
science, industry, education, and gov-
ernment, who attended at the invita-
tion of Secretary of Commerce Sin-
clair Weeks and Dr. Allen V. Astin,
Director of the Bureau, were taken on
guided tours involving the work of
fourteen laboratories. They saw an ex-
hibition of the new forward scatter
method of broadcasting radio and TV
signals, a recently-developed analogue
computer for instantaneous deter-
mination of radioactive fall-out pat-
terns, an automatic hurricane weather
station, and a freezing-point oven for
maintaining crystal oscillators at a
very constant temperature.

The guests were shown, by actual
demonstration, how the Bureau de-
rives the absolute electrical units from
the basic standards of length, mass,
and time. The demonstration experi-
ment was then extended to give the
mass of the electron in terms of these
basic standards.

(Continued on page 157)

RADIO & TELEVISION NEWS
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tronics, Radio Industry.

Check all you receive in One Master
Course at One Low Tuition

. Television — Including Color TV

. Radio — FM and AM

. Industrial Electronics

. Sound Recording and Hi-Fidelity
. Preparation for FCC License

. Automation

. Radar and Sonar

. Communications

ONOLA_ON=

ALL OF THIS MODERN, NEWEST,

PRACTICAL EQUIPMENT IS YOURS TQO KEEP!

e Parts to Build a modem TV set, including
large screen Picture Tube,

® Parts to build a powerful Superhet Re-
ceiver, standard broadcast and short wave,

® Parts to conduct many experiments and
build Continuity Checker, RF Oscillator,
TV Circuits, Audio Oscillator, TRF Re-
ceiver, Signal Generator

® Professional Multitester

® These are a MUST for all technicians.

Fully illustrated °*‘CAREER"
BOOK in TV, Radio, Elec-
tronics. AND actval Sample
Lesson—yours at no cost, no
obligation SEND COUPON
NOW.—TODAY!

May, 1956

TELEVISIO“ ’ ELECTRO'NI.CS. - RADIO

IN ONE DYNAMIC, MODERN SHOP METHOD,
- HOME TRAINING COURSE

Another great advance in HOME STUDY TRAINING. Let National
Schools, of Los Angeles, a practical Technical Resident Trade School
for over 50 years, train you at home by Shop-Method, for today’s
unlimited opportunities in ALL 8 BRANCHES of the Television, Elec-

YOU DO MANY PRACTICAL JOBS.
You do servicing, circuit analysis and
many other down-to-earth experi-
ments. You build a modern TV set
from the ground up .. . with equipment
kits we give you, including a new large
screen picture tube and professional
Multitester, at no additional charge.

EARN AS YOU LEARN! Many of our
students earn their entire tuition and
more in Spare Time jobs we show
them how to do while learning. YOU
GET GRADUATE ADVISORY SER-
VICE, TOO.

CITY

NATIONAL

4000 $. FIGUEROA ST., LOS ANGELES 37, CALIF.
187 N. LA SALLE ST., CHICAGO 1, ILL.

IN CANADA: 811 W. Hastings St., Vancouver, B, C.

'GE'I' FAST SERVICE_ MAIL NOW TO OFFICE NEAREST YOU!

' 4000 S. FIGUEROA ST.
' LOS ANGELES 37, CALIF

Rush free TV-Radio “Opportunity” Book and sample (]
lesson No salesman will call. )

' NAME

ADDRESS

2. Registration applied for

L. J. ROSENKRANZ

President of NATIONAL SCHOOLS

% This Master-Shop-
“  Method course is com-
pletely up-to-date.
Here in Los Angeles,
the TV and Electron-
ics center of the world,
. we are able to keep in
constant touch with the
industries’ latest de-
1 velopments. As a stu-

L | dent, you will quickly

master all phases at home in your spare
time. Your earning power will grow with
every lesson. Just as thousands of National
Schools graduates do every day, you can
handle servicing, manufacturing, repairing,
hundreds of other jobs, or make good money
in your own business SECURE YOUR
FUTURE—-NOW SEND COUPON BELOW.

i S } G,

IN THESE MODERN TV STUDIOS, SHOPS AND
LABORATORIES, your Shop Mecthod Home
Study Course was developed by experi-
enced instructors and engineers. What
an advantage that is to you at home —
each lesson is tested, proved, easy to
. understand. You can master the most up-
to-date projects, such as color TV set
repair, printed circuits — even prepare
for F.C.C. License and industrial elec-
tronics without taking a special course
TAKE YOUR FIRST STEP NOW TO

; A TOP-PAY JOB IN TV, ELECTRON-
. ICS, RADIO SEND COUPON BELOW
* TODAY

APPROVED FO

VETERANS
AND
’NON'VETERANS

SCHOOLS

NATIONAL SCHOOLS

TECHNICAL: TRADE TRAINING SINCE 1905
Los Angeles, California

NATIONAL SCHOOLS, DEPT. RH-56
OR 187 N. LA SALLE ST '
CHICAGO 1, ILL

BIRTHDAY

ZONE STATE

I
]
1
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VETERANS: Give Date of Discharge
&-———————--—----
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; gﬁ
Belden

mlcrophohé
cables |

Whutever‘the msTuIIahon

g 8; <;:§“—\.\;
. whuteverthe requuemenrs '
WIREMAKER FOR INDUSTRY
SINCE 1902 i3
CHICAGO — _
”geé ™ - E— s 15% :
IOO| WIRfEQS FOR E 3E EXE;gD’%
B W oL ’ : o
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Get this FREE Booklet Toggyy \  © 5™

THE DATA THAT LAUNCHED THOUSANDS OF CAREERS

IS YOURS FREE TO SHOW YOU HOW TO BE SUCCESS-
FUL IN RADIO-TV-ELECTRONICS

“YOUR FUTURE IN THE NEW WORLD OF ELECTRONICS”—
contains a proved plan for your successful career in:
* BROADCASTING * TELEVISION
% MANUFACTURING * COMMUNICATIONS
* SERVICING % AERONAUTICAL ELECTRONICS

S oo

| TAKE THAT FIRST BIG STEP|
© 1 NO OBLIGATION

buck and Co., Bendix Products Division,

%* ARMY, NAVY, AIR FORCE, COAST GUARD ELECTRONICS

A PROVED CAREER-PREPARATION
PLAN THAT WORKS!

This free book has brought success home
to thousands of men just like you! They
are now enjoying responsible jobs, good
pay and the good things of life. So can
you! In less time than you think! We tell
you how you can carve out a bigger better-
paying job. Our proved career-preparation
plan works because it was written by
authorities who know exactly what the
varied electronic industries want, need and
cxpect from you!
ELECTRONICS’ FUTURE CAN BE
YOUR FUTURE

You can’t keep up with the tremendous
changes in the electronic industrics. What’s
predicted for next year hecomes outdated
in a few months! All phases of the elec-
tronic industries are experiencing phenom-
enal growth. There are thousands of career
openings, big ones. Industry can’t find
enough trained manpower to fill them—in
manufacturing, testing, servicing, broad-
casting and telecasting.

TAKE TV FOR EXAMPLE!

Over 430 TV stations are on the air!
Many more are building or in the plans

~ CapitoL Rapio

E NGINEERING
INSTITUTE

Accredited Technical Institute Curricula
Founded in 1927
3224—16th Street, N.W.
Washington 10, D.C.
LREL also offcrs residén! ;struc
tian: ofthe kene  high © technital

stage; there are over 35 million TV sets in
use. Color TV is coming alive! This same
phenomenal growth picture is repeated in
every phase of business employing elec-
tronics—crime prevention, aeronautics, fire-
fighting, communications, to name but a
few. CREI has the plan to keep you mov-
ing upward, to help you assume your
rightful place!

CREI GRADS ARE IN DEMAND!

The big companies know CREI men have
what it takes! CREI grads are at work in
America’s biggest corporations, in positions
ranging from technicians to engineers to
top management. Companies such as United
Air Lines, Canadian Broadcasting Corpo-
ration, Trans-Canada Airlines, Sears-Roe-

THOUSANDS LIKE YOU HAVE SUCCEEDED WITH CREI'S PLAN!

““—I chose CREI training upon rec-
ommendation of two top engineers.
Before I had completed the course I
‘became transmitter chief of a 5 KW
station. I am now employed as a
technician at a 100 KW TV station,
and in spare time have a good TV
sales and service business. Anyone in-
terested in his electronic future should
have CREI training.” . . . —Arlie D
Patton, San Antonio, Texas

CAPITOL RADIO ENGINEERING INSTITUTE
Dept. 115-C, 3224 16th St., N. W., Washington 10, D. C.

Please send me your course outline and FREE Hlustrated
Beoklet "Your Future in the New World of Electronics” . .
describing opportunities and CREl home study courses in
Practical Electronics Engineering.

All-American Cables and Radio, Inc., and
Radio Corporation of America, are now
paying for CREI training- for their own
technical staffs. Our placement bureau has
more requests for CREl-trained men than
we can presently supply. :

CREI GRADS EASILY PASS FCC EXAMS!

You start feeling the benefits of CREI
training right away. either with your pres-
ent connection, or with a future employer.
You’ll have all the training you need to
secure your FCC commercial license.

ACT NOW! TAKE THAT FIRST BIG STEP!

Fill out and mail the coupon. When
you do, you’ll be on the way to higher
pay, a better job and complete career
security. Act right away. Send for your
jree book today.

“CREI TRAINING IS BEST”

“—I know of no case in which a man who applicd
himself and completed the CREI course failed to
better himself through promotion and increase in
salary.” . . . —Wendell L. Fraser, San Diego, Calif.

“—CREI has raised me to professional status as a
radioman. Thanks ‘to your instructors who alicays
gave me needed help.’—Victor Mentzer, Wilmington,
Del.

“—I have been in radio and electronics for 24
years. I fully recommend CREI as the best school
1 have seen.” —L. McManus, Montreal, Canada

To help us answer your request
intelligently, please give the fol-
lowing information:

- | EMPLOYED

Clevel, day or ‘night. in Washington, TYPE OF

D.C.. New clu:..:.nif s:,ar:x frgﬁyfnfly; CHECK [] Practical Radio Elsctronics Engineering PRESENT WORK .. .vviuviriieiieaneinaens

during the year. If this type of in-. FIELD OF . T ANV 2V1 el [ a5a00aaa6a0a60500 080000500008 a08 5000RBaAEES

struction meeti your requirements, o srper [J Broadcast Radio Engineering {AM, FM, TV) HOOL

chack the covpon  for Residence [J Practical Television Engineering BACKGROUND ..eiiiiiiieiiiiiniiiiienens

School  cataleg.. Giunlified residence INTEREST , . . P N

‘grtiduates’ may earn the degree of [J Aeronautical Electronics Engineering RADIO

Associate in Applied Science: E)IZE(E:FIFE%@EC

3 3 =TT PP I
INFORMATION FOR VETERANS ame ‘ ............................................
i oyal T were  discharged - after S

June 27, 1950-tet the mew Gl  STTEST rrriiiiiieiii N WHAT BRaNGH OF ELeCTroNICe

Bilt af Rights help you oblain resi- it 5 Stot ARE YOU MOST [NTERESTED?

d'l'!|'|1 i“s'-fuf.”ﬁ‘“. CI'IECk. the CoUFonv L O one...... S Hgaadaaa000000 e nanaaaa e S b oA aRaARaAY
. for full information. - CHECK: D tone D &nee D,

May, 1956
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RADIART features

the complete line of new

CONMMUNICATION VIBRATORS

in 6 Volt and 12 Volt Series

that outlasts all others

Again because of SUPERIOR
ENGINEERING and

These Ten Types Offer Complete Replacement for ORIGINAL Communi-
cation Equipment, the PROPER VOLTAGE for Each Application.
Old No. New No.
6 volt 12 volt
5515 S571S 6715
5518 5718 6718
4 s721 6721
* sS5722 6722
* 5725 6725
5605 5805 6805
5620 5820 6820
5621 5821 6821
5622 sSsa22 ea=2=2
* sS8s249 6824
For Specific Applications See Latest Radiart Vibrator Guide

30

CONSISTENTLY INCREASED
QUALITY, Radiart offers

you communication vibrators
that are DEPENDABLE!

The RIGHT vibrator.. . for
EACH application! See

for yourself...You're

RIGHT WITH RADIART.

§Tne RADIART corPORATION

CLEVELAND 13, OHIO

TV ANTENNAS * AUTO AERIALS * VIBRATORS « ROTORS ¢ POWER SUPPLIES

RADIO & TELEVISION NEWS
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%CZ customers

want
Aoy, CBS tubes

Wm M % %. Since Garry Moore has been selling

4“‘/% CBS tube he CBS Televisi
0 s over the elevision
%472(/ et/ %% Network, most service technicians

: - % have had women customers ask them

for CBS tubes. And not just once in

5 awhile.

A 3 CW_é Every day more and more women
® are requesting CBS tubes. We hear

Cr/ & stories like Mrs. Svensson’s often.
;) It all adds up to these important
facts. You build good will . . . cut call-
3 ; backs . . . and profit more when you
install CBS tubes . . . the tubes with
% the Good Housekeeping Guaranty Seal.

%% - Is your caddy well stocked with CBS tubes?
. o W"" = .

e

CBS-HYTRON . ’ ‘\&“m forukng, P
: i < Guarahteed by
] : Good Housekeeping
Danvers, Massachusetts SOl Il , 2015 povemnsto IS
A DIVISION OF COLUMBIA BROA;DCASTING %SYSTE:M, INC. Show her the CBS carton with the
Good Housekeeping Guaranty Seal.
See Garry Moore sell your expert service
: : 2 B over the CBS Television Network.
May, 1956 31
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TUBES FOR THE
FINEST IN HI-FI

Almost without exception, makers
of the finest high-fidelity sefs
depand vpon Tung-3o! Audio Am-
plifier Tubes to help delivar the
performance expacfed of thelr
products,

Througt. these tubes—the '"5881"
and the "' 65 50" —=Tung -34] claarly
demonstrates its ability to meer
and maintain high-fidelity's oriti-
cal design reguirements in velume
production,

This ochievement is indicative of
the quality and dependability
of Tung-5al Hi-Fi, Radio and TV
Tubes . . . products of America's
|largest independent afectron tube
manufacturer, Tung-Sol Electric Inc.
Mewark 4, M, 1.

TUNG-SOL

ELECTRON TUBES

Tung-Sol Automotive & Electronic Products

Pictyre T

HERBERT C€. GUTERMAN has

been
elected chairman of the board by
directors of Nation-
al Company, Inc. of
Malden, Mass.

He has a wide
background of :

industrial operating
experience in the
electronics field,
having held execu- [
tive posts with such ==

companies as General Electric and
Ewmerson.

During World II, he served as a
Commander with the Navy and was
head of the electronics components
group of the Production Division of
the Bureau of Aeronautics. He also
saw active duty with the Signal Corps
in World War 1.

He is a member of the AIEE, a
senior member of the IRE, and several
other professional groups. He holds
an E.E. degree from Columbia.
MAGNAVOX COMPANY of Fort Wayne,
Indiana, has purchased substantially
all the assets, properties, and good will
of SENTINEL RADIO CORPORATION as
a going concern. Operation of the new
division will continue in Evanston, Illi-
nois . . . INTERNATIONAL TELEMETER
CORPORATION has established a new
subsidiary, TELEMETER MAGNETICS AND
ELECTRONICS CORPORATION, which
will develop and produce special pur-
pose data processing machines, etc. ...
NARDA MANUFACTURING CORPORA-
TION has been established as a wholly-
owned subsidiary to manufacture u.h.f.
and microwave test equipment and de-
tecting elements for its parent firm,
NARDA CORPORATION PLOMB
TOOL COMPANY has acquired certain
assets of TUBING APPLIANCE COM-
PANY, INC. including essential machin-
ery, tooling, patents and inventories of
“Tac” ratchet wrenches . . . The Trum-
bull Components Department of GEN-
ERAL ELECTRIC COMPANY has an-
nounced the formation of a subsidiary
corporation, CARIBE GENERAL ELEC-
TRIC, INC. to operate a plant in Palm-
er, Puerto Rico for the manufacture
of low-voltage electrical distribution
protective and disconnect devices . . .
MEASUREMENTS CORPORATION of
Boonton, New Jersey, has acquired
the instruments division of LINEAR
EQUIPMENT LABORATORIES, INC. of
Copiague, New York. Plans are to
move operations to Boonton in the
near future KARET-MARGOLIN,
INC. has been organized as a repre-
sentative firm with offices and ware-
house at 13 W. Hubbard Street, Chi-
cago 10, Illinois. A branch office has
been established at 4418 Huron Circle

www americanradiohistorv com

in South Bend, Indiana .. . ASTRON
CORPORATION has purchased all the
outstanding stock of SKOTTIE ELEC-
TRONIC CORPORATION, INC. of Peck-
ville, Pa. ... LINEAR EQUIPMENT LAB-
ORATORIES, INC. of Copiague, New
York, which recently sold its instru-
ments division, has changed the name
of the firm to LEL, INC. and will de-
vote all of its efforts to its expanding
i.f. amplifier division. ... SIEGLER COR-
PORATION has purchased the assets of
HUFFORD ELECTRONICS COMPANY of
West Los Angeles firm, and will oper-
ate it as a part of its HALLAMORE
ELECTRONICS DIVISION . . . ALLIED
RECORD MANUFACTURING CO. of Hol-
lywood and BART MANUFACTURING
CORPORATION of Belleville, N. J. have
formed AMERICAN SOUND CORPORA-
TION for the production of custom
pressings, matrices, tape duplications,
and the milling of all types of record
biscuits and materials. A new plant is
being built in Belleville to accommo-
date the operation . .. ZENITH has es-
tablished ZENITH RADIO RESEARCH
CORPORATION OF CALIFORNIA in Red-
wood City, California. A new building
at 841 Warrington Avenue will house
the laboratory.
FRED GLUCK has been appointed direc-
tor of engineering by The Astatic
Corporation of Con- 2 e
neaut, Ohio. He was
formerly chief en-
gineer of Fada
Radio.

In his new post
he will direct and
coordinate the vari-
ous engineering ac-
tivities of the com- :
pany. While at Fada, he was respon-
sible for all engineering activities in-
volved in the design of that company’s
line of TV and radio receivers and
with its extensive military electronics
program. His duties also included liai-
son and contract administration work
with various government agencies.

Mr. Gluck, a senior member of the
IRE, was previously in engineering
and sales administration with the Ra-
diart Corporation and during the war
was with the Navy Bureau of Ships as
a design engineer.

* * *
WORLD RADIO LABORATORIES is add-
ing 17,000 square feet to its plant at
3415 W. Broadway in Council Bluffs,
Towa. The plant itself was completed
in the spring of 1954 but the firm has
already outgrown these facilities . . .
MERIT COIL & TRANSFORMER CORP.
has established a new warehouse at
312 Tth Street in San Francisco to
service the firm’s customers in Cali-

RADIO & TELEVISION NEWS
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TOP performance
for TV anywhere!

Federal 5

"ALL-STAR"

LEAD-IN TEAM

Urban, fringe or distribution system. ..
heat, rain, dust, snow, ice, salt spray,
polluted air. .. whatever the conditions
you'll find a winner in these dependable
Quality-Controlled Cables by “FTR”

North, East, South, West . . . wherever there are TV cus-
tomers . . . Federal's “All-Star” Lead-in Team can be de-
pended upon to deliver championship performance ...}

These six popular types are outstanding examples of
the quality, ruggedness, efficiency and long life built
into every foot of Federal Cable. Whatever the run re-
quirements or local weather conditions the Federal “All-
Stars” will score high in sacisfaction . . . with you and
your TV customers.

Federal lead-ins can be installed with utmost confi-
dence, because they are engineered and manufactured by
a pioneer cable maker . .. and “Certified by a World of
Research”. . . through the International Telephone and
Telegraph Corporation.

Check the high points of Federal’s “All-Star’’ Team
...check your stock of TV lead-ins...get in touch with
Federal now for prompt shipment of your needs!

“America’s leading producer of
solid dielectric cables”

May, 1956

High Volume-Low Price TV Lead-in

pEEE T iy
b

Economical and Efficient

TV-1190—300-ohm heavy-duty lead-in
with 90 mil. web. Has 7/#28 copper
strands. Economical and highly effi-
cient. Insulated with Federal-devel-
oped “silver” polyethylene for long
life. Also available in brown.

= o e e ey

R

Another Low-cost Leader

TV-2000—300-ohm dumbbell.shaped
lead-in with 55 mil. web. Has 7/#30
copper strands. A high-value, low-
cost type for the average installation.
Cinnamon-brown color is protection
against ultra-violet.

“Quality-Controlled” TV Lead-in & Cable

TV-2000

Heavy-duty Type

TV-1182—-300-ohm deluxe type heavy-
duty long life lead-in with 7/#28
copper strands, 100 mil. web. Avail-
able in “silver” or brown polyethyl-
ene. Resists weather, heat, sun. Very
low line loss in fringe areas.

el

Quality plus Economy
TV-1184—300-ohm dumbbell-shaped,
standard, economy type lead-in with
7/#28 copper strands, 70 mil. web, for
urban areas with no unusual condi-
tions. Cinnamon-brown color is high-
ly effective in resisting ultra-violet.

Rotor Lead-in.
Tv-1188—Rugged, dependable, long-
life rotor lead-in. Weather-resistant.
Insulated with “silver” vinyl. Three
7-strand conductors of .0121 AWG
soft bare and one conductor of 0121
AWG tinned soft bare.

Community TV Lead-in

Secondary Lead-in

59/U Type — 73-ohm coaxial lead-in
Highly eflicient as a Community TV
pole-to-house tap-off. Meets all needs
wherever a high-grade installation is
a must. Ideal for use with unbalanced
input TV receivers,

For data on other types, write Dept. D-445

Federal Telephone and Radio Company
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
COMPONENTS DIVISION » 100 KINGSLAND ROAD + CLIFTON, N. J.

In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q.
Export Distributors: International Standard Electric Corp., 67 Broad St., New York

33
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440B Control Preamplifier

maximum flexibility with 12 controls, 25 record
crossover combinations e five inputs; three high
level, two low level o noise level at maximum
volume better than 95 db below 1.5 volts out-
put » 1,000 ohms cathode follower matched
to 340A power amplifier « mahogany or blond
hardwood cabinet*...$149.00

340A Power Amplifier

highest power; 35 watts at fess than % % thd,
30-15,000 cps « frequency response == 1 db,
5 to 100,000 cps « noise level —40 dbm: 85 db
below rated output « heavy duty tube comple-
ment; 1-12AY7, 1-12AU7, 2-6550, 1-5U4GB,
1-0A3/VR75 simplified circuitry for exceptional
stability and long life...$159.00

824 Iconic Speaker System

professional quality in a complete plug-in home
unit « guaranteed frequency response 50-22,000
cycles » 12" woofer « high frequency driver and
horn » 3000 cycle dividing network with bal-
ancing facilities * no corner necessary e
mahogany or blond hardwood cabinet*...$180.00

*All Altec Lansing fine furniture
cabinets bear the seal of the
Hardwood Associalion

34

facts or figures?

Comparing technical specifications is the
accepted way of choosing high fidelity
components, but these comparisons are
meaningless when the specifications are
unsubstantiated by the manufacturer.
Ask your dealer why Altec Lansing's
exclusive "‘Performance Guarantee” is
more important to you than pages of
impressive specifications that do not
carry a warranty. As an expert on high
fidelity, he can tell you the difference
between performance you hear and
specifications you can only see. After
your Altec dealer has explained why
engineering integrity, skilled
craftsmanship and strict product testing
allow Altec Lansing to guarantee the
published specifications of each
component they build, you will know why
Altec is the finest name in sound.

This exclusive "“Performance Guarantee™
is your assurance that every Altec home
music component you buy will meet or
exceed its published technical
specifications. See your Altec dealer
soon for a demonstration of this or other
Altec Lansing high fidelity systems
priced from $324 to $1180.

LANSING CORPORATION

AITEC

ALTEC FIDELITY IS HIGHEST FIDELITY
Dept. 5-TM

9356 Santa Monica Blvd., Beverly Hills, Calif.
161 Sixth Avenue, New York 13, New York

www americanradiohistorv com

.district manager,

fornia, Washington, Oregon, Idaho,
Montana . .. UNIMAX SWITCH DIVISION
has established new and enlarged fa-
cilities in Wallingford, Conn., in order
to meet production requirements of its
line of precision snap-acting switches
. AXEL ELECTRONIC DIVISION has
moved its administrative, laboratory,
and production facilities to a recently-
purchased modern five-story plant at
134-20 Jamaica Avenue in Jamaica,
New York . . . DONNER SCIENTIFIC
COMPANY is building a modern, open-
plan, air-conditioned plant on a 10 acre
site in Concord, California. The new
22,000 square foot plant will be ready
for occupancy in June . . . JOHN E.
FAST & COMPANY has purchased a new
building at 3580 Elston Ave., Chicago,
which will add 115,000 square feet of
manufacturing space for its line of
electrostatic capacitors . . . CARTER
MOTOR COMPANY has begun construc-
tion on a new factory at 2711 West
George - Street in Chicago. The new
plant will double the firm’s production
capacity . . . Ground has been broken
at Anaheim, California, for a new 60,-
000 square foot plant of HALLAMORE
ELECTRONICS DIVISION. June 1st is the
scheduled completion date . . . INTER-
NATIONAL RECTIFIER CORPORATION
of El Segundo, California, has moved
its New York branch office to 132 East
70th Street. Arno Nash is in charge
. HARVEY RADIO COMPANY, INC.
has opened an “Audio-torium” at 1123
Avenue of the Americas at 43rd Street
in New York. The new 10,000 square
foot store is devoted exclusively to the
needs of the hi-fi shopper and is or-
ganized “department-store” style for
shopping ease.
JON B. JOLLY is the new sales man-
ager of CBS-Hytron’s Semiconductor
Department in Dan-
vers, Mass.
Before joining the
company, he was

semiconductor prod-
ucts, covering the
greater metropoli- ;
tan New York area
for General Electric
Company. Prior to that he was in the
steel construction business.

Mr. Jolly received his bachelor
of electrical engineering degree at
Georgia Institute of Technology and is
a member of the IRE.

C. R. (CAP) KIERULFF has been named
president and general manager of
Kierulff Electronics, Inc., and Kierulff
Sound Corp. of Los Angeles, Califor-
nia . . . NORMAN S. KORNETZ is the
new manager of engineering for West-
inghouse’s Television-Radio Division at
Metuchen, New Jersey . Oxford
Electric Corporation of Chicago has
named FRED BOECKER to the post of
plant manager of its transformer divi-
sion . .. THEODORE G. BECKHARDT has
joined the staff of Eastern Precision
Resistor Corp. as assistant to the pres-
ident . . . The Television and Radio Divi-
(Continued on page 82)
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YOU PUT THIS TUYBE IV AAD. ..

YAP... vAP. ..

YAPO.. 844”...3(,4//-'..

.. AND | MISSED MY FAVORITE PROGRAM J

BLAH

...IT’S YOUR REPUTATION!

Serviceman, at this point you are on your own! Your cus-
tomer holds only you responsible if the picture tube goes
bad because it was your selection. If your selection for
replacement was a high quality brand, chances are your
reputation for quality work wouldn't be under the gun
like this.

When you use Du Mont picture tubes your reputation is
backed by the pioneer commercial cathode-ray tube manu-
facturer of the country. The Twin-Screen Hi-Lite* alumi-

Cathode-Ray Tube Division

nized picture tube is a product of the finest engineering,
design, and production features assembled in 25 years of
commercial manufacturing. Your confidence is definitely
assured because you know that the guarantee on Du Mont
picture tubes is good—as it has always been.

Your reputation for high quality work is established when

you use high quality products. You have a reliable
partner when you use Du Mont picture tubes.

*The ultimate in aluminized picture tubes

S

ALLEN B. DU MONT LABORATORIES, Inc., 750 Bloomfield Avenue, Clifton, N. J.

May, 1956
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Physicist G. K. Famey checks the frequency of Bell’s new klystron, which is located at far right. Tube’s output is about 20 milliwatts.

Sixty billion vibrations per second

A great new giant of communica-
tions—a waveguide system for carry-
ing hundreds of thousands of voices
at once, as well as television programs
—is being investigated at Bell Tele-
phone Laboratories.

Such a revolutionary system calls
for frequencies much higher than any
now used in communications. These
are provided by a reflex klystron tube
that oscillates at 60,000 megacycles,
and produces waves only 5 mm. long.

The resonant cavity that determines
the frequency is smaller than a pin-
head. The grid through which the
energizing electron beam is projected
is only seven times as wide as a human

hair, and the grid “wires” are of tung-

sten ribbon 3/10,000 inch in width.

G. K. Farney, University of Ken-
tucky Ph. D. in nuclear physics, is
one of the men who successfully ex-
ecuted the development of the klys-
tron. Dr. Farney is a2 member of a

Grids in new tube, enlarged 30 times, with
human hair for comparison. Electronic beam
passes through smaller, then larger, grid.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH

www americanradiohistorv com

team of Bell scientists whose exciting
goal is to harness the immense band-
width that is available with milli-
meter waves . . . and to make certain
that your telephone system remains
the best in the world.

Wavelengths produced by the klystron tube
are only .2 inch long—1/15 that of the
transcontinental radio relay system.

RADIO & TELEVISION NEWS
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NEW! coLor and Black-&-White [
LAB & TV 5 OSCILLOSCOPE #460
KIT $79.95. Wired $129.50

The FINEST professional 5 mc wide-band scope

value. Ideal for research, h-f & complex waves, § -~ . = ps
plus Color & Monochrome TV servicing. Flat from = Z@%ﬁ:ﬁ: s Y.
DC to 3.58 mc =1 db (color burst freq.), flat DC g DT @, ¥
to 4.5 mc -+1, =3 db. Vert. sens. 25 rms mv/in. & R Vs o P
Vert. Z 3 megs. Has the following outstanding fea- & @ PO .
tures not found in scopes up to several times its Sl W % '; L
price, kit or wired: e " o ) }
VERTICAL AMPLIFIER: direct-coupled (DC) 150 ke to 435 m ™ 4

thruout to eliminate l-f phase shift; push-pull
thruout for negligible distortion; K.follower coup-
ling between push-pull pentode stages for extended
h-f resp. (minimizes h-f phase shift, extends use-
ful resp. to 10 mc); full-screen undistorted vert.
defl; 4-step freq-compensated decade step attenu-
“¢  ator up to 1000:1. SWEEP CIRCUIT: perfectly
lincar sweeps, 10 ¢ps — 100 ke (ext. cap. for down
" @ to 1 ¢ps); pre-set TV vert. & hor. positions (30 &
%% 7875 cps); automatic sync. ampl. & limiter elim-
inates sync amplitude adj. PLUS: direct or cap.
coupling; bal. or unbal. inputs; edge-lit engraved
lucite graph screen; dimmer; anti-glare filter;
bezel fits std photo equipt. OTHER IMPORTANT
FEATURES: High intensity trace CRT. Finest sq.
wave resp. (.06 usec rise time). Push-pull hor.
ampl., flat to 400 kc, sens. 0.6 rms mv/in. Built-in
voltage calibration. Intensity mod. Sawtooth & 60
cps outputs. Astigmatism control. Retrace blank-
ing. Instant, drift-free full-screen vert. positioning & 2X full-screen hor.
positioning. Bal., ecal., astig. adj. externally aceessible. 5UP1 CRT,
2—-6AUS8, 2-6CB6, 1-12AU7A, 2-6]J6, 1-6AX5, 1-1V2. Deep-etched satin
aluminum panel, rugged grey wrinkle steel cabinet. Designed for easy
building at home with no special equipment. 13” x 814" x 16”. 30 lbs.
SCOPE DIRECT PROBE* #PD: KIT $2.75. Wired $3.95. Eliminates stray.
pick-up & signal re-radiation.

SCOPE DEMODULATOR PROBE* ~PSD: KIT $3.75. Wired $5.75. Demodu-
lates AM carriers between 150 ke and 250 mc.

SCOPE LOW CAPACITY PROBE* #PLC: KIT $3.75. Wired $5.75. For signal
tracing in high frequency, high impedance & wide-band circuits (as in TV).
without distortion from overloading or frequency discrimination.

with ONE generator!
New.! RF SIGNAL GENERATOR #324
KIT $26.95. Wired $39.95
forCOLOR and Monochrome TV servicing

New wide-range, stable generator — better value then genera-
tors selling at 2 or 3 times its cost! Ideal for: IF-RF alignment,
signal tracing & trouble-shooting of TV, FM & AM sets; mar-
ker gen.; 400 ¢ps audio testing; lab. work. 6 fund. ranges:
150-400 kc, 400-1200 ke, 1.2-3.5 me, 3.5-11 me, 11-37 me,
37-145 me; 1 harmonic band 111-435 me. Freq. accurate to
+1.5%3; 6:1 vernier tuning & excellent spread at most import-
ant alignment freqs. Etched tuning dial, plexiglass windows,
edge-lit hairlines. Colpitts RF osc., directly plate-modulated
by K-follower for improved mod. Variable depth of int. mod,
0-50% by 400 cps Colpitts osc. Variable gain ext. mod. ampli-
fier: only 3.0 volts needed for 30% mod. Turret-mounted
coils slug-tuned for max. accuracy. Fine & Coarse (3-step) RF
attenuators. RF output 100,000 uv; AF sine wave output to
10 volts. 50-ohm output Z. 5-way jack-top binding posts for
AT in/out; coaxial connector & shielded cable for RF out.
Tubes: 12AU7, 12AV7, selenium rectifier; xfmr-operated.
Deep-etched satin aluminum panel, rugged grey wrinkle steel
cabinet. 8” x 10” x 434", 10 lbs.

for COLOR and Monochrome TV servicing

s New! PEAK-to-PEAK VTVM #232
i & UNI-PROBE (pat. pend.)

The specs are the proof...
KIT $29.95. Wired $49.95
UNI-PROBE: cxclusive with EICO! Terrific:

time-saver! Only 1 probe performs all func- I g - —_—
tions—a half-turn of probe-tip selects DC or 2 y
AC-Ohms. o

The new leader in professional peak-to-peak VI'VMs.

Latest circuitry, high sensitivity & precision, wide 3

ranges & versatility. Calibration without removing
from cabinet. Ncw balanced bridge circuit. High Z
input for negligible loading. 4Y2” meter, can’t-burn-
out circuit. 7 non-skip ranges on every function.4
functions: +DC Volts, —DC Volts, AC Volts, Ohms. 2 CO.MP‘-"E g N .
Uniform 8 to 1 scale ratio for extreme wide- with Preamplifier, Eavalizer and Control Section

B e o soeants it [ WeWd 20-WATT Ultra-Linear Williamson.-
T ©  type HIGH FIDELITY AMPLIFIER #HF20

plier vesistors. Measure directly peak-to-peak
KIT $49.95. Wired $79.95

voltage of complex & sine waves: 0-4, 14, 42, 140,

420, 1400, 4200. DC/RMS sine volts: O-1.5, 5,
A low-cost, complete-facility amplifier of the highest quality
that sets a new standard of performance at the price, kit or

15, 50, 150, 500, 1500 (up to 30,000 v. with HVP
probe, & 250 mc with PRF probe). Ohms: 0.2 ohms to 1000 megs.
wired. Every detail, down to the etched, brushed solid brass
control plate, is of the fine quality EICO is famous for.

12AU7, GALS, selenium rectifier; xfmr-operated. 842" x 5” x 5”. Deep-
etched satin aluminum panel, rugged grey wrinkle steel cabinet. 7 1bs,

Rated power output: 20 watts (34 w peak). IM distortion (60
eps: 6 ke/4:1) at rated power: 1.3%. Mid-band harmonic

4 DELUXE PEAK-to-PEAK VIVM #249
.-
with 712" METER & UNI-PROBE (pat. pend.).
distortion at rated power: 0.3%. Maximum harmonic distor-
tion between 20 and 20,000 cps at 1 db under rated power:

KIT $39.95. Wired $59.95
All the advanced & exclusive features of #232—PLUS the approx. 1%, Power response (20w): 0.5 db 20-20,000 cps;
=*1.5 db 10-40,000 cps. Frequency response (Yiw): *=0.5 db

extra convenience and readability of its big 712" meter. Your
13-35,000 cps; =1.5 db 7-50,000 cps.

ideal bench instrument.
VIVM RF PROBES* #PRF-11 or PRF-25: 5 feedback equalizations for LP’s & 78’s including RIAA.
Variable turnover feedback tone controls do not affect volume

KIT $3.75. Wired $4.95. Accuracy *=10%. Use with any
& permit large boosts or cuts at either end of audio spectrum

11 or 25 megohm VTVM. £ i 3 PN & e R
. " with mid-freqgs. unaffected. Loudness control & separatc leve
VIVM HV PROBE #HVP-2: Wired $4.95. Complete set control on front pancl. Low Z output to tape recorder.
with mu}npller resistor. Measures up to 30 kv with - 4 hi-level switched inputs: tuner, tv, tape, auxiliary (xtal/cer-
any VTVM or 20,000 ohms/volt VOM. amic phono or 2nd tuner): 2 low-level inputs for proper
i loading with all leading magnetic, FM & quality xtal cart-
ridges. Hum bal. control. Extremely fine output transformer
has interleaved windings, tight coupling, careful balancing &
grain-oriented steel. 812" x 15" x 10”. 24 1bs.

These amazing EICO values are NOW IN STOCK
at your nearest distributor. Examine them
side-by-side with ANY competitor, You'll see

for yourself why indeed EICO is your BEST BUY.
Fill out coupon on reverse page.

A

TURN PAGE FOR MORE EICO VALUES...

L
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Do you OVERPAY
for QUALITY
instruments?

‘EICO’s mass purchasing
and world-wide distribution,
together with advanced elec-
tronic design, produce values
never before possible . . . to
give you Laboratory Precision
at Lowest Cost!

GET the MOST for YOUR
MONEY! Don’t buy ANY
test instrument till you put
the EICO INSTRUMENT
(kit or wired) equivalent be-
fore you—-and ...

Compare advanced elec-
tronic design: see the latest in
circuitry and features.

Compare finest components:
see the famous brands you
know and trust, such as GE,
Centralab, Mallory, ete.

Notice ease of construction
and operation: Exclusive “Be-
ginner-Tested” Manuals make
assembly and operation step-
by-step, quick, erystal-clear.
“You build them in one eve-
ning—they last a lifetime!”

Check 5-Way Guarantee:
Only EICO gives you this ex-
clusive complete protection!
EICO guarantees components,
instructions and satisfactory
operation — AND guarantees
service and calibration for the
LIFETIME of the instrument,
at less than cost of handling.

Compare feature for fea-
ture, dollar for dollar.

There’s an EICO distribu-
tor right nearby in your own
neighborhood — over 1200
coast-to-coast. EICO planned
it that way so that you ecan
easily examine EICO BE-
FORE YOU PUT DOWN ONE
CENT OF YOUR MONEY!

COMPARE any of EICO’s
46 models SIDE BY SIDE with
ANY competitor. Then YOU
judge who's giving you the
MOST for your money.

Over 500,000 EICO instru-
ments in use ... You'll agree
EICO gives you LABORA.
TORY PRECISION AT LOW-
EST COST.

Turn.page for other EICO ad
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TUBE TESTER
e 34625

| KIT $34.95

Wired $49.95
¢ tests 600
mil series
string type

tubes

« illuminated
roll-chart

FREE 1956
EICO CATALOG!

Tells you how to SAVE 50% on
your test equipment costs!

New! GEIGER COUNTER #803
KIT $19.95 Wired $29.95

S:::efiel) .
Professional, all-electronic, sensitive,
rugged—at lowest cost! Indicates by
neon !amp & headphone clicks.

57 PUSH-PULL
0SCILLOSCOPE
1425
KIT $44.95
Wired $79.95
77 PUSH-PULL
OSCILLOSCOPE
#470
KIT $79.95
Wired $129.50

VACUUM TUBE
VOLTMETER #221

KIT $25.95

Wired $39.95

DELUXE VTVM
# 214 (72" METER

KIT $34.95
Wired $54.95

RF SIGNAL
GENERATOR
1320
KIT $19.95
Wired $29.95
150 kc-34 mc,
calibrated hare
. monics to 102
. Pure or
mod. RF, &
Colpitts osc.
400 cps sine
outputs.

CATHODE RAY TUBE CHECKER %630
KIT $17.95 Wired $24.95

Easy, fast test of all
types & sizes TV pix &
scope CR tubes, in set
or carton.

#944 FLYBACK
TRANSFORMER &
YOKE TESTER:
KIT $23.95
Wired $34.95
o fast check ail

flybacks & yokes
in or out of set.

* spots even 1

Range 500 kc—
228 mc on fund.
Cont. sweep
width controf,
0—30 me.

KIT $34.95
Wired $49.95

TV/FM SWEEP GENERATOR #:360

- 1% accuracy on

§ all 7 ranges.

| Range 75 ke—
150 me.
Voit reg.

KIT $39.95
| Wired $59.95

P =

DELUXE RF SIGNAL GENERATOR #315

shorted turn! SMC-4.5MC CRYSTAL .......... $3.95 ea,
Srg;e).te\;olgf- o - gelp. hi;gaindRF A= Oygan,  Reads 0.5 OhTS
=l . 0-gain audio @& - b, o —500 megs
ammeter _ inputs. /jﬁ 9 mmfd—5000 mid
; i Special noise —._ = 1 power factor.
N 82 locator. Calibra- % AR
| » Q °2°  ted wattmeter. § o "~ 1S Kir
€Y . aot TR S L ) 19.95
«-é_gg___ﬁ 28 ars2e9s 0z v ot ’w"ed
- wired $39.95 » B @ ; $29.95
6V & 12V BATTERY ELIMINATOR & | R-C BRIDGE & R.C-L COMPARATOR
CHARGER #1050 DELUXE MULTI-SIGNAL TRACER #147 49508
20,000 Ohms/Volt —il .
New! BATTERY MULTIMETER 565 —
TESTER #584 KIT $24.95 VIVM PROBES KT Wired
KIT $9.95 wired szé_gs Peak-to-Peak . $6.95
Wired $12.95 RE e .$3.75 $4.95

Tests A & B port-
able radio, hearing-
aid, lantern, other
batteries—in or out
% of equipment.

For FREE 1956 catalog, mail coupon NOW!

MULTIMETER
3 536

| KIT $12.90
Wired $14.90

84 Withers St. ® Brooklyn 11,

Prices 5% higher on West coast ©55 I City.
and subject to change without notice.

High Voltage Probe-1 ,..
High Voltage Probe-2

SCOPE PROBES

Demodulator . ... $3.75 $5.75
Direct .......... ....$2.75 $3.95
Low Capacity .........$3.75 $5.75

o™ SN EEN SEY SEN SN G GEN SN GEN O35 GER DNS GEN GER GEN tEm smw = vy

] EiCO, 84 Withers Street
1 Brooklyn 11, New York ]

® )
} EICO jobber.
I

R-5 |

Send FREE 1956 Catalog ond nome of neighborhood 1

N.Y.

1 Home Address.........

Stote

1 Occupation

1945 to 1955: a decade of Know-How & Value Leadership in Kits & Instruments—over ¥2 million seld to date!
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This apparatus grows
single crystals of
germanium, Eight
years ago a single
crystal of any metal
was a scientific cu-
riosity. Today large
single crystals of
both germanium and
silicon are routinely
grown as part of the
normal transistor
production  process.

Bardeen and Brattain of Bell Tele-

phone Laboratories announced the
invention of semiconductor amplifiers
or transistors. The progress to date is
remarkable and is a fitting tribute to
the thousands of engineers and scien-
tists in over sixty companies who have
been instrumental in the development
and production refinement of semicon-
ductor devices. At times progress has
seemed slow, but one must remember
that invention is only the first step
along the hard road to an engineering
performance level which is consistent
with price; but when this final step has
been achieved, then transistors become
commercial realities and their accept-
ance, as such, is indicated by an in-
creased rate of use. Industry figures
now clearly show this.

For 1953 information is unavailable,
but total sales were probably somewhat
less than one million units. Industry
figures show over a million units sold
in 1954. In 1955 sales were over three
million units and in 1956, with the ad-
vent of new portable and hybrid auto
sets, total sales could double. See
Table 1 on page 41 for report on
sales. Still this is only a small per-
centage of the total tube market which
has averaged about 250 million units
for new entertainment equipment alone
over the last five years. It is, therefore,
appropriate at this time to review the
present status of the transistor to see
what problems remain and what solu-
tions are at hand.

The field of application for transis-
tors is very large indeed since, in addi-
tion to their use in conventional and
well known circuitry now using tubes,
they possess cértain inherent charac-
teristics which open up applications in
areas where the tube has been unable
to compete with more efficient mech-

May, 1956

IT IS NOW nearly eight years since

By FRANK M. DUKAT

Transistor Engineering & Product Manager

Semiconductor Division

Raytheon Manufacturing Company

-

Ve

T ——

In ei'gf;t years, the transistor industry has grown to be

a potential giant. Here are some of the facts on what

Is in store for us, performance-wise, in the near futur

anical devices. In the former category
are, of course, communication equip-
ment, computers, servo systems, and
the like. In the latter are many relay
and switching applications; for ex-
ample, the use of transistors makes a
completely automatic telephone switch-
board feasible with mechanical switch-
ing replaced by electronic methods.

It is beyond the scope of this article
to consider more than a small portion
of the field. Therefore, we will con-
centrate primarily upon communica-
tion devices used for entertainment. In
so doing, many other applications are
covered, for entertainment equipment
today covers about as wide a frequency
and power range as most applications
in other more specialized fields.

Very early in transistor history it
was recognized that the advantages of
the transistor lay in its small size,
low power requirements, mechanical
strength, and freedom from micro-
phonics. Potentially, it had better re-
liability and lower cost than a tube. At
the same time high noise, poor high-
frequency performance, and restricted
temperature ranges were then con-
sidered limitations. However, since that
time continued transistor development
has removed many of these initial re-
strictions.

In the case of noise there are many
readily available audio transistors to-
day that have a better output signal-
to-noise ratio in typical preamplifier

www americanradiohistorv.com

circuits than a tube doing the same job.
This advantage is over and above the
elimination of microphonic and hum
problems. As an example, consider the
performance of a 2N133/2N132 pream-
plifier (Fig. 1) for use with a reluc-
tance pickup as compared to a typical
6SC7. The transistor has an output sig-
nal-to-noise ratio 6 db better than the
tube. But the transistor is not always
quieter than a tube. In the audio cir-
cuit described the tube is at a disad-
vantage because it is operating as a
voltage amplifier with a poor transcon-
ductance/plate current ratio. At radio
frequencies transistor noise has not

Fig. 1. A transistor phono preamplifier
which exceeds tube performance from the
hiss standpoint as well as eliminating
all hum and microphonic difficulties.
The frequency response is compensated
for use with a reluctance type pickup.
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AMPLIFIER OPERATIN

FUSION ALLOY TYPES

3

GROWN JUNCTION TYPES

i 2Nt45, 2NI46,2N78

3§ 2n147

SURFACE BARRIER TYPE

1 1
G FREQUENCY IN MEGACYCLES

2NII2/CKT60, 2NI39, 2N94,6 T760,2NI36
2NI3/CK76L, 2N140,2N94A, GTT6l, 2NI37

2NI14/CKT62

3 2nizs

Fig. 2. Operating range of commercially-available transistors to an approximate
twenty per-cent {20%) alpha cut-off frequency criterion. It should be realized
here that the extreme ends of the operating range are not by any means exact.

APPROXIMATE
STAGE GAIN

2NI37, 2N147

ba—— 2NIIA/CKTE2

l«— 6aus

~

wie— 2NII3/CK 761, 2NI40, 28944, GT761,

4 5 6 7 6 9 10 o
VIDEO VOLTAGE GAIN

Fig. 3. Comparison of transistors

and tubes in a 3.5 video amplifier.

~pe—2n128

been too thoroughly investigated but
is close enough to a tube in the broad-
cast band so that transistorized port-
able receivers of good sensitivity are
comparable to tube sets.

Temperature

All semiconductors by their very na-
ture have temperature limitations. Ac-
tually there are two maximum and
minimum Jjunction temperatures to
consider. One pair is the maximum and
minimum junction temperature that

For use in transistors.
germanium must be
pure to the order of one
part in a billion. a de-
gree of purity not de-
tectable by chemical
means. Electrical
methods are, therefore.
employed where the
impurity concentrations
are measured by «a
determination of the
vesistivity of the sam-
ple. The resistivity ap-
paratus shown here
plots a contour of the
resistivity along the
bar of refined german-
ium on the chart re-
corder shown in the
background. Upon com-
pletion of the run the
unusable portions of
the bar are marked and
cut off. Refer to text.

www americanradiohistorv.com

causes destructive or irreversible ef-
fects to occur, while the other pair
represents the extremes of the range
over which the application may be ex-
pected to operate satisfactorily. The
high temperature end of the former is
generally a point somewhat below the
melting point of the solder used to
make connection to the transistor ele-
ments. The term ‘“somewhat below” is
used because transistors, like tubes,
must be baked out during processing at
temperatures in excess of any which
they may encounter in service. In well
designed germanium transistors the
maximum rated temperature, often
called storage temperature, is at least
185° . On the other hand, there are
few circuits that can be made to op-
cerate satisfactorily at junction tem-
peratures of 185° F because the
change in characteristics of the tran-
sistor from low temperatures to 185° F
cannot be adequately compensated.
Hence, the application sets an upper
limit on temperature range more than
the transistor itself. For an average
application of germanium (other than
power transistors) 150° F is a reason-
able figure. At the low temperature
end few destructive effects are appar-
ent unless the enclosure opens up as
the result of mechanical stresses. But,
from the application standpoint, low
temperatures limit performance, al-
though little trouble in this regard
should be encountered in the usual
“entertainment’” circuitry.

In military applications performance
over a wide range of temperatures is
mandatory and it is here that silicon
transistors play their most important
role, particularly at the high tempera-
tures, for their low-temperature per-
formance is worse than that of ger-
manium. Presently available silicon
transistors can be operated with junc-
tion temperatures of 350° F with no
destructive effects, but, again, as a
practical matter, the average applica-
tion limits their maximum junction
temperature to about 275° F. It is un-
likely that they will be used extensive-
ly in the entertainment market for
two reasons. First, germanium tran-
sistors seem to have the advantage
over silicon in all respects except the
ability to operate at high tempera-
tures. Second, unless someone finds a
way to purify silicon cheaply, the in-
herent cost of silicon transistors will
always be more than germanium.

It is ironic that silicon, one of the
most common elements, is so difficult
to purify to the degree needed for
transistors that it cannot compete
with germanium which, although
about as costly as gold, is extremely
easy to purify. Actually, the value of
purified silicon and purified germa-
nium is about the same; the basic
problem is that of recovery of waste
material during transistor manufac-
ture. Waste germanium can be so suc-
cessfully recovered at low cost that
not much more than that necessarily
contained in the finished transistor is
lost. In the case of silicon, the cost of
recovery is so high that it is just as
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well to start with new raw material.
Frequency

Frequency limitations in transistors
have certainly restricted their use.
The basic problem in today’s tran-
sistor is that carriers injected into the
base region of the transistor are not
accelerated by a field as they are in a
tube, but must wander over to the col-
lector in a slow random motion called
diffusion. One way of determining the
consequences of such slow motion is
by a measurement of alpha cut-off fre-
quency or the frequency at which the
common base current amplification
falls to .7 of its low-frequency value.

How well transistors work in high-
frequency circuits is complicated by
many factors, and it is beyond the
scope of this article to consider more
than a few of them, but there are
some rough and ready rules we can
apply to the alpha cut-off frequency
that are useful in predicting the suit-
ability of transistors for a given ap-
plication. One of these is, that, to ob-
tain engineering performance which
approaches the power gains of tubes,
i.e., gains of at least a thousand or so,
the maximum operating frequency
should be about 20% of the alpha cut-
off frequency. The circuit employed
will be common emitter because com-
mon base circuits, even at audio fre-
qguencies, are hard put to make 1000
times gain. Applying this rule, it ap-
pears that minimum alpha cut-off fre-
quencies of at least 2-2.5 mc. are need-
ed for portable and home set i.f.’s
which operate at 455 ke. For mixer
operation across the broadcast band,
the 20% criterion would indicate an
alpha cut-off frequency of 8 me. or so,
and a television v.h.f. amplifier op-
erating at 200 mec. would need a 1000
mc. alpha cut-off, although at this
point conventional tube performance
is so degraded that one could get away
with less. The alpha cut-off frequency
can be increased by making the bhase
of the transistor thinner. Accordingly
the development of high-frequency
transistors has been a continuing
search for means of reducing the
thickness of the base.

The collector base capacitance also
causes trouble at high frequencies be-
cause it constitutes a feedback path
to the input circuit which must be
neutralized to maximize performance.

In theory, any reasonable value of col-
lector capacitance can be neutralized,
but, in fact, it must have a value con-
sistent with the frequency of the ap-
plication and have low variation. An-
other approximation for which the
alpha cut-off frequency concept is use-
ful is in video amplifiers. Here the
voltage gain bandwidth product is
about equal to the alpha cut-off fre-
quency on the assumption that col-
lector capacitance is reasonable. In
television video amplifiers about 3.5
mc. bandwidth is required. For exam-
ple, a tube like the 6AU6 has a gain
bandwidth product of 40, so that volt-
age gainsg of 11 per stage are realiz-
able in TV video amplifier service.

Some rough technical requirements
having been set up, let us now con-
sider how well present commercial
transistors meet the requirements.
From Fig. 2 it is immediately appar-
ent that many commercial transistors
satisfy the requirements for home,
portable, and auto sets, but none can
handle the TV set front end or i.f. to
complete satisfaction. As proof of the
pudding, transistors are, in fact, being
used in portable and home sets, but
not being considered to any degree
for TV.

Fig. 3 indicates that at least one
transistor equals the 6AU6 for gain
bandwidth, but this isn't the whole
story. To drive a 21” picture tube we
need a voltage swing of over 100 volts
from the video amplifier. This swing
is beyond the voltage rating of any
present-day commercial transistor that
is capable of meeting the gain band-
width requirement. This is a conse-
quence of the fact that in transistors
there is a space charge region around
the collector junction whose width is
a function of the voltage between col-
lector and emitter. As the voltage is
raised the space charge region ex-
pands into both the base and the col-
lector with the relative expansion
somewhat proportional to the resistivi-
ties of the two regions. In abrupt
junction transistors (surface barrier
and fusion alloy) the resistivity of the
collector is so low compared to the
base that the entire expansion of the
space charge is into the base. For
small expansions this is all to the good
because it reduces the base width,
thus increasing the frequency of alpha
cut-off. However, when the space

equipment.

TABLE 1. MANUFACTURERS' TRANSISTOR SALES

Mcanufacturers’ sales of transistors in 1955 were nearly three
times as large as they had been a year earlier.

Factory sales of transistors totaled 3,646,802 units last year
compared with 1,317,327 sold in 1954.

The 1955 sales were valued at $12,252,741 at the factory level
compared with a 1954 value of $5,122,266.

The report was estimated by the RETMA Statistical Depart-
ment on the basis of information supplied by transistor manu-
facturers throughout the country. It reflects total industry ac-
tivity and includes those transistors which are sold for use In
both entertainment and non-entertainment types of electronic
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HE operator is growing a crystal
of silicon from a crucible con-

taining molten silicon at a tempera-
ture of 2650° F. A solid seed of
silicon is placed into the molten
pool and the temperature distribu-
tion so arranged by control of the
induction heater that freezing be-
gins to take place onto this seed.
The seed is then pulled from the
melt, taking with it solid silicon.
The temperature is so controlled
that the seed widens into a crystal
over one inch in diameter during
growth. Such a crystal can poten-
tially produce over 2000 transistors.

By virtue of going through this
procedure, the solid is made in
single crystal form with an orienta-
tion which is that of the seed. For
silicon or any material merely ran-
domly frozen out of a melt, hun-
dreds of crystals of random orienta-
tion would result in the rod. This
machine makes it possible to con-
fine the solid material to only one
crystal. Single crystal material is
necessary for either semiconductor
diodes or transistors.

A feature of this furnace, which
is particularly interesting, is that it
is desighed for the growing of sili-
con where in previous years such
furnaces were used only for ger-
manium crystal growth. With the
coming of high temperature devices
such as silicon rectifiers and silicon
transistors it has been nhecessary lo
evolve this type of furnace design
to cope with the extremely high
melting point and chemical activity
of silicon. For example, a tendency
for silicon to dissolve its own cru-
cibles has been solved here.

The specific function being per-
formed by the operator in the
cover photo is to check on the
temperature of the liquid pool of
silicon with an optical pyrometer.
The optical pyrometer shown works
on the principle of comparing the
color of a glowing hot filament with
the color of the object being ob-
served. The dial reading is a meas-
ure of the amount of current needed
to heat the filament and is cal-
ibrated in degrees of temperature.

May, 1956
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charge region touches the emitter,
transistor action ceases, in fact, there
exists a direct short circuit between
collector and emitter, and the tran-
sistor will destroy itself unless the
current flow is limited. Typically, in
abrupt junction units with an alpha
cut-off frequency of 30-40 mec. this
punch-through voltage occurs around
10 volts.

In the rapidly moving field of tran-
sistors limitations do not seem to last
for long and today there is in develop-
ment a diffused base transistor that
promises to overcome, to a large ex-
tent, the problem of restricted fre-
quency range and voltage and power
limitations at high frequencies. In this
unit, shown in Fig. 4, the base is
formed by diffusing n type material
from a vapor into a p type chip. The
process . of diffusion from vapor is
much more easily controlled and very
narrow base widths are feasible. The
emitter is a small dot of p material
laid down in a ‘nonvpenetrating” man-
ner on the base. The connection to
the collector (which is, in reality, the
original chip) is simply made by pene-
trating p material through the n type
skin, while the base connection is made
directly to the skin itself. Transistors
made in this manner have been re-
ported with alnha cut-offs of 500 mec.
which would make them usable as am-
plifiers at v.h.f. television frequencies.
In addition, gain bandwidth products
have been reported that are superior
to tubes. In these units the collector
junction is not abrupt--there is no
space charge expansion into the base
region and, as a result, operation is no
longer - limited to very low voltages.
Furthermore, the impurity concentra-
tion can be made to vary through the
base in such a manner that a built-in
field is created to accelerate carriers
toward the collector. This effect in-
creases the alpha cut-off frequency for
a given base width by about five times.

Power

The development of power transis-
tors with acceptable engineering per-
formance levels at acceptable costs is
a most interesting subject. The ad-
vantage of transistors in auto sets is,
of course, obvious, for with them an
auto st may be made which will op-
erate directly off the car battery with-
out need for a vibrator-type power
supply which not only takes up space
but also, through the years, has
been a reliability problem. Strangely
enough, the problem of the power
transistor in auto sets has not been
entirely one of power and temperature
effects, but rather one of obtaining
adequate gain. A minimum power out-
put level of about 3 watts is needed in
an auto set. A single transistor op-
erating class A then must be capable
of dissipating about 7 watts allowing
for the no-signal conditions and some
inefficiency in the output transformer.
With a 14 volt nominal supply the col-
lector current is .5 ampere and the
peak collector current 1 ampere. At
these current levels early power tran-
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sistors gave such low gains that a me-
dium power unit was needed as a
driver.

Design engineers working on hybrid
auto receivers with a transistor out-
put stage and all other stages using
tubes operating with 12 volts on their
plates soon discovered that high gain
power transistors were also needed
here because of the limited power
available from a driver tube operated
with 12 volts on its plate.

More gain in the power transistor
was mandatory and again transistor
development research solved the prob-
lem. The low gain was due primarily
to reduced emitter efficiency at high
current densities. The emitter had to
be made of even lower resistance ma-
terial than indium to correct the situ-
ation. Gallium was suitable, but this
metal becomes soft at 100° F. For-
tunately it was found that discrete
amounts of gallium mixed with indium
would accomplish the trick. As a re-
sult there are now power transistors
capable of gains up to 1000 times.
Power drive requirements are only
about 3.5 milliwatts for the applica-
tion discussed, which is easily avail-
able from the 12 volt tube, thus mak-
ing possible the hybrid auto set.

Cost

But why a hybrid—why not an all-
transistor set? The answer, of course,
lies in the fact that one potential ad-
vantage of the transistor has not yet
been realized; namely, low cost. The
use of a transistor is, therefore, re-
stricted to those applications where its
advantages outweigh its increased
cost. In 1953 they replaced tubes in
hearing aids despite a unit price of
over $8.00, because of the enormous
advantages they offered in this appli-
cation. In 1955 their use began to
multiply in portable receivers, despite
a price that averaged several times
that of a tube, again because they pos-
sessed inherent advantages which were
valuable in portable receivers.

However, it is not quite so easy to
justify higher costs in auto sets. The
consumer is not concerned with re-
ducing the power requirements or the
size of his auto set, but the auto set
designer is concerned with these things
—hence the hybrid receiver, which

Fig. 4. The diffused base type transistor.
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saves space and battery current with-
out materially running up the price
tag.

In the case of television set appli-
cations of transistors there is a varia-
tion of the same problem. Here the
space saving feature of the transistor
is unimportant. The reduced power
consumption would be, except that
most of the power consumed goes into
the deflection system, and there is no
transistor today that can handle the
job. The situation here seems to be
entirely one of cost. When the tran-
sistor can compete directly with the
tube costwise, it will appear in tele-
vision sets.

Reliability

Any discussion of transistors must
include some comment on their re-
liability. Early transistors were en-
capsulated in a plastic. In many ap-
plications this encapsulation was
adequate, as is well demonstrated by
the plastic encapsulated transistors
which are still in use in hearing aids
today after over three years of service.
However, plastic units did not stand
up well at high temperatures, nor
could they survive under extreme
moisture conditions. As a result, ex-
tensive effort has been directed toward
the development of hermetically-sealed
enclosures. Two problems arose; first,
some units (presumably hermetically
sealed) were subject to abrupt failures
in varying percentages because of sim-
ple leaks. Second, some that were
truly sealed died slowly as the result
of the gradual release of internal con-
taminants. Today these problems seem
to be practically eliminated. It is not
easy to present definite proof for the
simple reason that chemical reactions
play a large part in a transistor’s life.
These may begin the day the tran-
sistor is encapsulated and, in general,
go on whether the unit is being op-
erated or not. Hence, in a sense, a
transistor is always on life test as
compared to a tube where life, in gen-
eral, only is used up while operating.
Accelerated life tests at high tempera-
tures are, therefore, used to predict
transistor life under more normal con-
ditions. Today such tests predict long
and useful transistor life, although it
will take years to accumulate exact
information under normal storage con-
ditions.

Conclusion

The conclusion to be reached on the
status of transistors is inescapable.
Early reliability problems are over,
costs are dropping, and the engineer-
ing performance level is rising. Fur-
thermore, the development of the dif-
fused base transistor seems destined
not only to overcome frequency ob-
stacles, but even to point to a high-
frequency performance level superior
to tubes. The trend to transistors, al-
ready evident in portable radios, will
gradually encompass the auto and
home set field and within a few years
begin to establish itself even in some
TV set designs.

RADIO & TELEVISION NEWS
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By HERMAN BURSTEIN

Typical ceramic cartridges. suitable for high-fidelity ap-
plications. Clockwise are units by Sonotone, Electro-Voice,
Shure, Webster Electric, American Microphone. and Astatic.
At the present time these six firms are believed to be the
only producers of ceramic cartridges in the United States.

T
i

Hi-fi performance is now possible with piezoelectric
cartridges. Although the author's discussion is more
or less confined to ceramic units, all data presented
applies equally as well to crystal-type cartridges.

common piezoelectric phonograph

cartridge, which mainly took the
form of a Rochelle salt crystal, seemed
completely out of contention for high-
fidelity use. Its treble response was
poor, compliance low, resistance to
heat and humidity inadequate, ete. In
the last few years, however, improve-
ments in the piezoelectric cartridge

UNTIL a relatively recent date the

have the advantage of much higher
output than magnetic ones, about .5
to 1 volt on a recording made at the

humidity, the modern piezoelectric
pickup compares well with magnetic
types in terms of frequency response,

have made it suit-
able for high-fidel-
ity reproduction.
Much of the im-
provement has been
due to use of a ce-

Ep1iTor's NoTE: Like most topics on hi-fi reproduction, there are always pros and
cons to the subject, It is a known fact that both ceramic and crystal cartridges can
be designed to provide extremely good hi-fi performance, comparable in many respects
to magnetic units. On the other hand, needle talk on some is greater than magnetics
and, because of their high impedance, are not as likely to be used with transistor
circuits as the magnetic type, with its low impedance. Both types of piezoelectric
cartridges, utilizing built-in compensation, do not require any special preamplifier and

N ARTB standard
recording level of 7
cm. per second peak
velocity, thus elim-
inating the need for
preamplification and

ramic element, ba- while the crystal cartridge has a greater output than the ceramic type, bolh can be thereby reducing
. . g . operated dirvectly into « power amplifier requiring one-half wvolt for full output. bl f h

rium titanate, in C’ermnlic cartridges today are much alike in 7‘6_1/(67‘(fl t(; quality performance. However, problems lf)) um

£ ochelle crystal units vary widely between different manufacturers, and turntable rum-

ulled ol Although most of the technical data used in Figs. § through 9 is based on the Sono- ble. M ti ick

salt. At the same tone 3T-8 ceramic cartridge, all facts and figures can be applied, in principle, to all e. agnetic pick-

time, improved Ro-
chelle salt car-

tridges, such as those of Ronette and
have also appeared on the
market. Highly impervious to heat and

Fenton,

Fig. 1. The RIAA recording characteristics widely used today.

other ceramic and crystal units.

compliance, tracking pressure, and dis-
tortion.
In addition, piezoelectric cartridges

volts up to about 50 millivolts.
is also less of a problem with piezo-
electric pickups because, unlike mag-

ups only produce
from 2 to 3 milli-
Hum

Fig. 2. An approximation of actual recorded velocity. See text.

B
CURVE 1~ CONSTANT AMPLITUDE RECQROING TUoE A o CURVE | - RIAA RECORDING CHARACTERISTIC ~VELOCITY
* O SR A e PG Gl LA GG O *20 2~ HYPOTHETICAL RELATIVE INTENSITIES OF MUSICAL ENERGY
3= RIAA RECORDING CHARACTERISTIC-VELOCITY /‘/ 3 3— 500 CPS REFERENCE LEVEL [
- 4-Riaa & —AMPLITUDE 3-2 A s 4~ ACTUAL RECORDED VELOCITY i-13-2) P
3 /‘/ A
I A
A A
+0] = +10 » W
- g
M ttmid J/ L~ -
+5 E— +5 ]
@ "
b3 I ] N
z ol = N : i
G % 3 3 11 L1171 3
g LT ]
[ 1 P~ R 2 s | A N
5 7 w ~
w /r / T o | \
2 o Pd E R 1 P
o A & 1 I~
[T = Wi & -5 1 L
|1 \ LA v _y
|21 pt] L I~
-20 ~20|
r LA
n // -25 ’/
-2 %, 2=
=30l 2~ =301
30 100 IKC tOKC 30 100 IKC 1OKC
FREQUENCY IN CPS FREQUENCY 1N CPS
May. 1956 43

www americanradiohistorv.com


www.americanradiohistory.com

+15] +10|
! |
+10] +5 =
—
\\‘ / s L .
© T . - [
8.
gk B e
= . NN : @ L] .
g o  — \\ oo-
1 N tw) "]

z LT N S L1
w -5 =] N 7 o0
> — w V/ an
= S~ 2
30 I~ S -15{3 — CURVE 1~ RESPONSE REQUIRED OF AMPLITUDE CARTRIDGE FOR FLAT PLAYBACK OF A RECORD
w \ P~ & CONTAINING RIAA CHARACTERISTIC - COMPLEMENT OF CURVE 4 F
« & 2- TREBLE RESPONSE OF CERAWIC CARTRIDGE T0 CONSTANT AMFLITUDE RECORDING

~t5]—_| CURVE 1-RiaA RECORDING CHARACTERISTIC-AMPLITUDE . _sob—1 DUE TO CONTROLLED RESONANCE . .

~ HYPOTHETICAL INTENSITIES R 3- BASS RESPONSE OF CERANIC cmmmcs TOCONSTANT AMPLITUDE RECOROING
g- EOO%PSERECFELRENCE i v HusIcaL EnERoY \\\ {DUE TO 2 ZMEG. LOAD RESISTOR e N PLAYING
.20 4— ACTUAL RECORDED AMPLITUOE " i=(3-2) = —25 4~ TREQLE RESPONSE IABOVE ‘ooocp5) OF CERAMIC CARTRIDGE WHEN PLAYING BACK _|
8- BASS AESPONSE (BELOW 1000.CPS) OF CERAMIC, CART RIDGE WiTH 2 2MEG L0OAD
BN | | L [11] | | RESISTOR WHEN PLAYING BACK ON RIAA RECORDING.
-25 -30 PP . .
30 100 1OKC 30 100 1OKC

FREQUENCY (N CFS

Fig. 3. Approximation of actual recorded amplitude. Curve 1
represents RIAA recording characteristic in terms of amplitude.

>

C! -CARTRIDGE CAPAC-
ITANCE ~490 pptda.

C2-CABLE CAPACITANCE
100 upfe

Ri-LOAD RESISTOR
2.2 MEG.

OUTPUT

Fig. 5. Electrical values for ceramic car-
tridges having the response characteris-
tics shown in Fig. 4. A Sonotone 3T-S is
used here. Cartridges from other manufac-
turers may vary somewhat in capacitance
and may thus require different loading.

netic ones, they contain no inductance
and therefore are not sensitive to hum
fields.

Although preamplification is no long-
er necessary, low-frequency equaliza-
tion is still required, as in the case of
magnetic cartridges. The type of equal-
ization used, however, is entirely dif-
ferent than for magnetics, as well as
being simipler on the whole. The out-
put of a high-fidelity piezoelectric
cartridge can be fed directly to an
amplifier input intended for a high
level source such as a tuner, TV set,
or tape recorder. While the low-fre-
quency response obtained in this way
may be tolerable, it may be made
more uniform by proper loading.

The purpose of this article is to ex-
plain why these pickups require low-
frequency equalization and how this is
achieved; and to discuss high-frequen-
cy equalization in connection with
such cartridges. The discussion is
based on the premise that the pickup
is used on discs recorded according to
RIAA standards, now quite generally
employed in the United States. For
clarity and complete understanding, it
is first necessary to review the nature
of the RIAA curve and the significance
of the terms ‘velocity” and “ampli-
tude” in disc recording.

For constant voltage input, the mag-

Fig. 6. The effect of load resistor upon response of a ceramic
cartridge to RIAA disc. Curves 1. 2, 3, 4 are with Sonotone unit.

netic-type cutter of a disc recording
machine, without equalization, oper-
ates at the same velocity for all fre-
quencies. Inasmuch as velocity (V) is
proportional to groove amplitude (4)
times frequency (F'), that is, V=
27 AF, amplitude declines as frequency
goes up. However, this is wasteful of
groove space at high frequencies. Also,
at high frequencies the small signal
excursions become comparable in am-
plitude to random imperfections in the
record groove, which constitute noise.
Therefore, as an approximation, the
recording process should use equaliza-
tion which produces constant ampli-
tude over the audio range for constant
signal input, as depicted by Curve 1
in Fig. 1.

From the relationship V =27 AF, it -

is apparent that velocity varies direct-
ly with frequency when amplitude
is held constant. Therefore the con-
stant amplitude characteristic, Curve
1, corresponds to a velocity character-
istic rising 6 db-per-octave, as shown
by Curve 2.

Curve 3 shows the RIAA velocity
characteristic, which, for reasons that
appear in the last two paragraphs of
this section, rises less than 6 db-per-
octave. In other words, this is the fre-
gquency equalization generally used in
the recording process. When a mag-
netic cartridge is employed in play-
back, the required playback equaliza-
tion is the complement of Curve 3,
providing bass boost and treble droop.
This is so because the magnetic pick-
up, being an inductive device, produces
a voltage proportional to velocity.

The piezoelectric pickup, on the
other hand, responds not to velocity
but to recorded amplitude. The ampli-
tude of the RIAA recording curve is
shown by Curve 4 and is obtained by
subtracting Curve 2 from Curve 3.

Fig. 7.

FREQUENCY IN CFS

Fig. 4. Response of ceramic cartridge to RIAA recording. Curves
2. 3, and 4 were made using the Sonotone 3T-S ceramic unit.

Thus Curve 4 is the amplitude char-
acteristic corresponding to the RIAA
velocity characteristic.

It is sometimes stated that modern
discs have constant velocity above 500
cps and constant amplitude below 500
cps. This statement initially seems at
odds with Fig. 1, which shows a rising
velocity above 500 cps and a rising
amplitude as frequency goes below 500
cps. The explanation lies in the fact
that Fig. 1 depicts the equalization
used in recording, while the statement
referred to concerns the actual re-
corded level at various frequencies,
which depends upon the relative in-
tensities of sound energy over the fre-
quency spectrum as well as upon the
equalization used. This can be made
clear by reference to Figs. 2 and 3.

The RIAA recording characteristic

"in terms of velocity is repeated as

Curve 1 in Fig. 2. Curve 2 shows the
hypothetical intensity of sound energy
at various frequencies produced by a
musical source. It is known that, gen-
erally speaking, audio energy is great-
est around 400 cps and declines below
and above this frequency. For a spe-
cific source, the actual curve would
doubtless have different slopes than
those of Curve 2 and would be marked
by peaks and valleys. Nevertheless, it
would bear a family resemblance to
Curve 2, which is adequate for ex-
planation purposes.

Curve 2 has been drawn so that the
treble slope goes through 5C0 cps,
which is taken as a reference level.
depicted by Curve 3. The net result of
frequency equalization per Curve 1
and varying intensity of sound at dif-
ferent frequencies is Curve 4. This is
obtained by subtracting from Curve 1
the difference between Curves 3 and 2.
It may readily be seen that actual re-
corded velocity, as illustrated by Curve

Effect of a compensating circuit upon response of a
ceramic cartridge to RIAA recording. All with Sonotone unit.
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4, tends to be fairly constant above
500 cps. Hence the designation “con-
stant velocity recording” for frequen-
cies above 500 cps.

The RIAA recording characteristic
in terms of amplitude is repeated as
Curve 1 in Fig. 3. Curve 2, intensity
of audio energy, is the same as in Fig.
2 and is drawn to pass through the
reference level of 500 cps. The net re-
sult of Curves 1 and 2 is Curve 4,
which represents actual recorded am-
plitude. Below 500 cps, Curve 4 sub-
stantially lives up to the description
“constant amplitude recording.”

RIAA recording equalization was de-
signed with a careful view to the rela-
tive intensity of audio energy at vari-
ous frequencies, as produced by typical
sources of music and other sound. Al-
though it would be advantageous from
the viewpoint of signal-to-noise ratio
to have rising recorded velocity in the
treble range (note that the reference
here is to recorded level, not equaliza-
tion) an increase in velocity is limited
by the ability of the playback stylus
to track properly. Excessive velocity
produces excessive acceleration forces
(proportional to frequency times veloc-
ity) which would cause the stylus to
lose contact with the groove walls
when the tone arm is adjusted for rea-
sonable vertical pressure, resulting in
distortion.

Below 500 c¢ps, it is necessary to im-
pose a limit on recorded amplitude to
prevent the disc cutter from cutting
excessively wide grooves, which would
result in cross-modulation between ad-
jacent grooves and produce distortion.
On the other hand, it is necessary to
consider the playback problems that
arise for a magnetic pickup if velocity
drops as frequency declines. A mag-
netic pickup requires bass boost in
playback which is complementary to
the RIAA velocity recording equaliza-
tion shown by Curve 3 in Fig. 1. To
the extent of this boost, the reproduc-
tion of hum and rumble is increased.
It is therefore desirable to limit the
velocity droop due to recording equal-
ization as much as possible so as to
reduce the corresponding need for
playback boost when using a magnetic
cartridge. Translating this require-
ment into terms of amplitude, it is de-

sirable that recorded amplitude be
kept as high as feasible below 500 cps.
The RIAA curve, taking into account
the variation of sound energy with fre-
quency, is therefore a compromise be-
tween the need for high recording
amplitude to minimize magnetic car-
tridge playback problems and the need
for restricted amplitude to avoid ex-
cessive groove excursions. This com-
promise results in approximately con-
stant recorded amplitude below 500
cps, and is effected by bass recording
equalization that falls moderately in
terms of -velocity and rises moderately
in terms of amplitude with declining
frequency.

Playback Equalization

In the following discussion it should
be noted that all references to record-
ing characteristics pertain to the
RIAA (or other) characteristic; they
do not pertain to actual recorded ve-
locity or amplitude as determined by
the distribution of audio energy.

Curve 1 in Fig. 4 shows the play-
back equalization required to achieve
flat response when playing an RIAA
recording with a hypothetical pickup
that produces a voltage directly pro-
portional to amplitude. This curve is
the complement of the RIAA ampli-
tude characteristic, shown as Curve 4
in Fig. 1.

In the case of a piezoelectric car-
tridge, the required treble bhoost can
be achieved physically, by proper de-
sign, in the cartridge itself through
resonance. The required bass droop
can be achieved electrically by means
of a suitable load resistor, which acts
as part of a frequency-discriminating
voltage divider.

Curve 2 in Fig. 4 shows the treble
response of an actual high-fidelity
piezoelectric pickup, with a ceramic
element, when playing a constant am-
plitude recording. (The pickup used to
obtain the data of Figs. 4 through 9
is the Sonotone 3T-S ceramic unit.)
The rising characteristic is achieved
by means of several damped mechani-
cal resonances huilt into the vibratory
system of the cartridge. High-fre-
quency response of «ll types of car-
tridges is limited by resonance of the
effective mass of the stylus and the

compliance of the disc material. Re-
sponse falls rapidly at frequencies
above resonance. Furthermore, the
high-frequency droop of Curve 2 is
partly due to “playback losses” that
normally occur when a typical 33%
rpm 12” vinyl record is played. These
losses affect all types of cartridges.

In the case of magnetic cartridges,
the manufacturer tries to prevent a
rise in response at the resonant fre-
quency by means of damping. The
manufacturer of the high-fidelity pi-
ezoelectric pickup, however, uses res-
onance to achieve the required treble
boost, with reference to constant am-
plitude recording, as indicated by
Curve 1. By proper physical design
and damping of his cartridge, he lo-
cates resonances in the portion of the
audio spectrum where they will do the
most good and regulates their ampli-
tude and spread. Curve 4A, obtained
by subtracting Curve 2 from Curve 1,
shows the resulting treble response to
an RIAA recording obtained through
controlled resonance.

Curve 3 in Fig. 4 pictures the bass
droop of the ceramic pickup, with ref-
erence to a constant amplitude record-
ing, when loaded by a 2.2 megohm
resistor. Fig. 5 indicates the electrical
values of the ceramic cartridge in
question, together with its cable and
load resistor. This particular cartridge
has a capacitance of 490 pufd., while
cable capacitance is assumed to be
100 pufd., a reasonable average value.
The time constant of B., C., and C. de-
termines the shape of Curve 3 in Fig.
4. The difference between required
and actual bass droop, respectively
represented by Curves 1 and 3, deter-
mines bass response, as shown by
Curve 4B.

It is important that for a given
piezoelectric cartridge the correct load
resistor be used. Too low a value pro-
duces inadequate bass response; too
high a value, excessive bass. This is
illustrated in Fig. 6 for the cartridge
discussed here. It may be seen that a
2.2 megohm resistor provides the
closest approach to flat response. If
the pickup in question is fed into a
S5-megohm load such as commonly
found at amplifier inputs intended for

(Continued on page 165)

Fig. 8. Response of a ceramic pickup when equalized to produce
an output proportional to velocity. Curves 2, 5 Sonotone unit.

Fig. 9. Effect of compensating network on response of
a ceramic cartridge when treated as a velocity device.

CURVE 1 - RCESPONSE USING A 47»( L0AD RESISTOR

2 —RESPONSE USING A SPECIAL COMPENSATING
CIRCUIT AS SHOWN IN INSET ]

CZH

[

Rl R2

C3)
==

7

n

1
OuTPUT

C -~ CARTRIDGE -430ppid

C2 - 00Intd.
C3=CABLE-100puld.
RI - 68K

R2-27K

R3— VALUE REQUIRED TO REDUCE LEVEL
TO REQUIRED AMOUNT, ¢ g

(S |
e ] N

CURVES WERE TAKEN USING
THE SONOTONE 3T-S CARTRIDGE

Pl Itill [

CURVE 1 =608 PER OCTAVE RISING VELOCITY CHARACTERISTIC ALSO. RESPONSE
F AN IDEAL VELOCITY DEVICE TO THIS CHARACTERIS
425)- 2- RESPONSE QF UNEQUALIZED CERAMIC CARTRIDGE mm mmms LOAD
RESISTOR TO CU
3-RESPONSE OF NYPOTHET\CAL CERAMIC CARTRIDGE WITH FLAT TRESLE
CHARACTERISTIC TO CURVE | USING A 47K LOAD RESISTOR CARTRIDGE
4201~ AND CABLE = 590wut =
4-RESPONSE OF ACTU&L CERAMIC CARTRIDGE TO CURVEI USING A 47K / //
LOAD RESISTOR 2+3 LA 5
54 S§—DEVIATION OF CERAMIC CARTRIDGE WITH A 47K LOAD RESISTOR g o
FROM FLAYT RESPONSE USING PLAYBACK £QUALIZATION FOR A //""'
VELOCITY DEVICE 1-4 Py VE 5 OF FIG 8
4
410 / 7
@ / —
O 4 A T T TN
E4 s i L Y
o Jlze N .
0
> A \
o
a 1
— 1 2 ©+10
ES L1 z
4 .
o -10 o
o k 3
& & Y be
-1 Pt - 0
2
S s
-20) °h
/‘/ 4
.25 P 10|
A
«30 15
30 100 IKC 10KC. 30 100
FREQUENCY IN CPS
May, 1956

www americanradiohistorv.com

TKC
FREQUENCY (N CPS

45


www.americanradiohistory.com

that A-B testing of audio products

in a dealer’s store might enable you
to assess the differences between vari-
ous competing products as heard in
that store, but did very little in guiding
you as to which would sound best in
your own home. You have also seen
how sound waves behave in unenclosed
air and in chambers having reflective
containing walls. Reflections seem to be
undesirable, so it would seem a simple
matter to hang draperies all over the
walls and ceiling, put a thick carpet on
the floor, and conceal the naked wood
of the furniture with the hideous table-
cloths, tasseled drapes, and even leg
frills of the worst of the Victorian pe-
riod of stuffiness; then get a good
speaker and housing from the dealer
and set it up in this acoustic morgue.
Unfortunately it isn’t as easy as that,
for experiment will show that without
reflection the musical reproduction has
no life. But as soon as we do introduce
reflections and echoes we also introduce
complications.

Our rooms do reflect sound in vary-
ing degrees and the amount of reflec-
tion is determined not only by the fur-
nishings but by the frequency of the
sound waves being reflected. The size
of the room as well as its shape has a
bearing on what is actually heard; the
position of the speaker can alter every-
thing; the very nature of the music
being reproduced has some bearing on
the way it is heard in the auditorium.
Given unlimited wealth and resources
the way to solve the problem is to hire
an architect who is an expert in acous-
tics and get him to build a music-lis-
tening auditorium somewhere on the
grounds of your estate, with enough
seats in the thing to accommodate the
many people who will come to hear the
nearly perfect. But most of us aren’t
like that. We are ordinary folk and
have to use what we have, for better or
worse. Let us try and work out how to
do it for the better.

First of all is the size of the room.
No doubt you have read over and over
again that you will get loss of bass if
the room isn’t big enough, because to
reproduce a low-frequency sound the
room must be at least as long as the
wavelength you wish to reproduce.
Fig. 5 is a chart showing the wave-
lengths of various frequencies of sound
waves, and from this you will see that,
according to the textbooks, a room
which will reproduce a 50-cycle note
must be at least 24 feet long, and one
to reproduce 30 cycles would have to
be at least 38 feet long. Sometimes you
are told that if the speaker is in one
corner it will sound better, for the diag-
onal of the room is obviously longer
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IN PART 1 of this series I explained

than one side, so all you have to do is
to sit in the opposite corner and there
you have it! But if you don’'t want to
put the speaker in one corner and don’t
want to sit in the opposite corner, what
are you to do? My suggestion is that
you put the speaker where you want to
put it and sit where you want to sit.
And you will still hear the bass, in spite
of the textbooks!

I don’t want to decry the efforts of
my fellow writers, but it is a fact that a
lot of textbooks are just a rehash of
material that has appeared in print be-
fore, and if someone many years ago
came out with a “law,” or a “principle,”
or an “axiom” it is likely enough that
it will be repeated over and over again,
without its alleged validity being ques-
tioned. Being a difficult and unbeliev-
ing person myself I very often don’t ac-
cept these laid-down principles, and as
I can hear exceedingly well reproduced
low notes in my own room which isn’t
anywhere near as big as the minimum
size laid down by the experts, it follows
that there must be some other explana-
tion of what is going on.

As has been explained, a sound wave
progresses in ever-growing spherical
zones of compression followed by zones
of rarefaction; a human ear in the path
of the sound wave will be acted on by
the compressed and rarified air. If there
is only one sound wave the eardrum
will be affected only once, but if the
sound is continuous then the eardrum
will be affected every time a zone of
compression and decompression passes
it, at a frequency determined by the
frequency of the original sound. If it is
a b0-cycle note the ear will be affected
50 times a second, and the fact that the
wavelength, the distance between suc-
cessive spheres of compression, hap-
pens to be 24 feet has nothing to do
with your hearing the sound in any way
at all. You could hear the 50-cycle
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sound in the open air or in a pair of
headphones (if these are capable of re-
producing a 50-cps note) or in any
room between these extremes. But,
and it is a big but, reflections from the
walls of the room have a great deal to
do with what happens.

Without considering any factors
other than reflection, let a 50-cycle
sound be sent out from a speaker in a
room which is 30 feet long. According
to the textbooks this room is large
enough for you to hear the sound prop-
erly because it is big enough to contain
a whole wavelength. But if you walk
about the room while the sound is
emerging from the speaker you will
find that there are points where you
hear no sound at all. This is due to the
reflections from the walls. If you refer
back to Fig. 1 (Part 1) you will see
that reflectors on the nodes produce
cancellation of the sound and those on
the antinodes do not. If a whole wave-
length and a bit have emerged from
the speaker and the bit is reflected
from a wall in such a way that a zone
of rarefaction meets an equal and oppo-
site zone of compression the result will
be nothing at all. Such a condition is
called a standing wave, because it is a
“wave” having no energy. Of course it
is not a wave at all, it is a zone of no
wave, but the term conveniently de-
scribes the condition. Standing waves
exist in terms of frequency, room di-
mensions, and the nature of the reflect-
ing surfaces, and it is an instructive
experiment to feed an amplifier with
the output of an audio oscillator and
listen to the speaker in various parts of
the listening room. There are acous-
tically blind spots all over the room,
and just outside of these acoustical
blind spots the sound can be heard at
full strength.

With great patience a map of the
room could be drawn for each fre-
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By H. A. HARTLEY

Audio Consultant

quency showing the location of the
blind spots, but as the sounds used for
the map are pure and sustained tones,
which very rarely occur in real music,
the value of a set of such maps scems
to be very doubtful.

Independent of the frequency of the
sound wave there are two factors
which determine the behavior of the
sound wave once it is injected into the
room-—resonance and reverberation.
Sometimes these terms are used inter-
changeably but they are two quite dis-
tinet effects. As in an open or closed
organ pipe any enclosed body of air
resonates at its natural frequency, an
effect, we shall discover in due course,
which has a direct bearing on the de-
sign of a speaker housing. The air in
a room has its own natural resonant
frequency determined solely by the
volume of the enclosed air; it will fol-
low that if the volume is such as to
create a resonance within the normal
audible range then any notes emitted
by the speaker of the same frequency
will be augmented. In practice this
doesn’t matter very much because the
effect is generally negligible; but the
effects of reverberation are much more
serious, an unduly long reverberation
period affecting the whole gamut of
frequencies and making speech and
music quite unintelligible.

In the absence of absorbing material
on the walls and ceiling of the audi-
torium the sound waves proceed from
the source, are reflected by the walls
on to the ceiling and from the ceiling
on to the walls (and floor, if it is
bare). Further reflections occur until
the sound is echoing backwards and
forwards. If part of the auditorium
has curved surfaces, such as a domed
or curved ceiling, the scattering of re-
flections becomes emphasized. The time
of reverberation is easily measured,
for a transient pulse of sound can be
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generated and the recurring echoes
heard until their magnitude is neg-
ligible; the decay in intensity must
necessarily occur since the walls and
ceiling are not perfect reflectors, and a
little is lost with each reflection. The
time in seconds required to reach prac-
tical audibility is called the reverbera-
tion period.

Before it was treated, a lecture room
at Harvard University which was used
in some of the earlier experiments in
architectural acoustics had a 5.5 sec-
ond period for an ordinary human
voice; obviously even a slow speaker
could utter several syllables in this
time, so the result was simply a jum-
ble of sounds if the room was fairly
empty. Adding cushions to the seats
improved matters, the more cushions
the greater the reduction in reverbera-
tion time, and the further addition of
a packed audience brought the time
down to a period when a speaker could
be heard very well indeed. These some-
what primitive and nowadays obvious
results did at least start proper inves-
tigations into room acoustics, and it
can be taken as a simple generaliza-
tion which always works that if you
stand in the middle of your listening
room, clap your hands, and hear that
“the melody lingers on,” then condi-
tions are not right for high-fidelity
reproduction and sound absorbing ma-
terial must be introduced.

These properties of various mate-
rials can be arranged in a simple table.
If the coefficient of absorption is unity,
representing complete absence of re-
flection, then the coefficients for vari-
ous substances are as given in Table 1.

As far as the usual room accessories
are concerned, unglazed bookcases
fairly full of books are good sound ab-
sorbers, but if glazed the coefficient be-
comes that of glass; unupholstered
furniture can be taken as equal to pine
boards. Wallpaper is more effective
than paint on plaster but there is not
much improvement by using it. Thickly
upholstered furniture is much more
absorbent than.modern functional de-
signs; a fitted carpet provides a more
manageable listening room than one
with a polished wooden floor and rugs.
Picture windows without curtains are
almost impossible to correct or com-
pensate; if you have one of these quite
admirable features in your music room,
your listening will have to be done

—>»Fig. 5. Wavelengths of sound waves,
in feet, at frequencies up to 100 cps.

Open window ........0000000. 1.00
Audiences ...........c000000. 0.96 to 0.44
Felt 1 inch thick (varying

density) ........ .0.80 to 0.50
Cork 1Y% inch thick .0.32
Insulating panels ... 0.70 to 0.25
Rugs and carpets {varying

thickness) ...........co00u0n 0.30 to 0.20
Unglazed oil painti .0.28
Velvet curtains 0.25 to 0.20

Cretonne curtains .15
Linoleum ......... .12
Pine boards .......... ..0.06
Plaster on laths............... 0.034

(@:¥13 000g00000000000000000000 0.027
Bricks and hard wadall plaster..0.025
Cheesecloth and similar

material ........cc00000000n 0.02 and less*

*Lace and nylon curtains are almost com-
pletely transparent to sound, so their pres-
ence in front of various wall materials has
no effect on the absorption coefficients of
those materials; drapes to be effective must
be of velvet, cretonne, art jute (burlap), or
similar substantial material.

Table 1. Absorption properties of various
materials found in the average living room.

after dark, and the curtains must be
substantial. Uncased radiators and
wall heating panels can be very trou-
blesome, as can be a piano, either up-
right or grand.

Controlled absorption can be set up
by the use of acoustical tiles. These
are usually recognized by their per-
forated appearance. Usually the front
portion is of compressed asbestos
pierced with a regular pattern of small
holes; this is backed with a layer of
rock wool from a half-inch to one-inch
thick. The tiles are not fastened di-
rectly to the wall but to battens
fastened to the wall; alternatively the
rock wool can be obtained as separate
cushions to be laid between the bat-
tens, the front tiles being fastened to
the battens. Other tiles, cheaper and
much lighter in weight, consist of com-
pressed sugar-cane fiber; others, again,
are made up of exploded mica granules
cemented to shape. Typical absorption
curves for tiles of these various types
are shown in Fig. 6, and it will be scen
that maximum absorption usually oc-
curs in the frequency band 700 to 1500
cps. Manufacturers of these tiles will
supply the absorption curves on re-
quest.

The acoustical treatment of rooms
intended for music listening has to be
considered from two aspects—insula-
tion from external sounds which would
interfere with enjoyment of the music,
and removal of reflections in the room,
particularly in the reduction of re-
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lterferenc

By JOHN B. LEDBETTER

Fig. 1. The interference shown here is not caused in
the TV set itself but originates in a long-filament
type electric bulb in the vicinity of the receiver.

Many TV picture troubles are due to interference arising

in the TV receiver itself. Here are sources and cures.

technicians think of interference

primarily in terms of signals from
other receivers, power lines, and other
external sources. Actually, there are
interference sources within a TV re-
ceiver itself which are equally as bad.
The horizontal sweep signal frequently
causes picture troubles on the TV set.
High-voltage arcing is another such
source of internal interference. This
article will attempt to enumerate
some of these and will give informa-

MOST TV viewers and many service

Fig. 2. To reduce signal overload at the
antenna input terminals make an attenu-
ator using the circuit shown here. The
table lists the component values to use
for the attenuation desired in the pad.

— e — —on
Rp )
ANT. 2R, Ra$ REcEvER
. T oo
DESIRED
o orms) (orms)
5 257, 438
10 135, 102.5
15 103. 196.
20 88, 356.
25 80.5 637,
30 76.7 1140.
35 74.6 2020,
30 734 3600.
45 728 6400.
50 72.5 1380,
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tion for the cure of typical troubles.

The first two cases described are not
in the same category as the others but
are so common that they may be re-
viewed with profit.

Type: Spurious oscillation

Effect: Single horizontal stripe (re-
sembling a barber pole), drifting up
and down the screen (Fig. 1). This
type of interference may affect only
one channel.

Source 1: Old-fashioned long-fila-
ment light bulbs. Many of these are
still used in attics, closets, hallways,
cellars, porches, basements, etc.

Remedy: Replace with a standard
bulb, whether the old type is causing
interference at the moment or not.

Source 2: Poor contact between a
standard-type light bulb and the lamp
socket, a defective bulb, or arcing in
the socket switch.

Remedy: Turn off each light until
the defective one is found. Try a new
bulb. If the trouble remains, discon-
nect the lamp and sandpaper the sock-
et contacts. Tighten loose connections
or replace socket if necessary.

Type: Interference to mearby radio
receivers

Effect: Whistles, squeals, “birdies,”
high-pitched “beeps,” r.f. hash, sharp-
tuning buzzes, “bloops,” or back-
ground noises every 15.75 ke¢. on the
broadcast receiver’s dial. (Strong in-
terference may cover or ‘‘blanket” the
entire AM dial.)

Source: TV receiver

Reasons: Radiation from an un-
shielded or poorly-shielded high-volt-
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age power supply. Defective horizon-
tal damping tube. Improperly adjust-
ed drive control. Unshielded horizontal
or vertical sweep circuit. (Large pic-
ture tubes are worse in this respect.)

Remedies: 1. Disconnect the lead-in
from the TV receiver. If interference
on the AM set drops or disappears, it
is being distributed via the TV anten-
na or lead-in. Install a simple high-
pass filter or % -wave open stub at the
TV receiver antenna terminals.

2. If disconnecting the lead-in had
no effect on the interference, it is be-
ing radiated from the TV chassis or
through common coupling in the a.c.
power circuits. Bypass each side of
the power line to chassis with a .01 to
.05 pfd. capacitor. Experimenting may
be necessary in some cases to find the
most effective value.

3. See that all side or back covers
of the high-voltage power compart-
ment are in place.

4. Check or replace the damper
tube. It may be slightly defective and
contributing to the interference.

5. Check the small spring straps or
hairpin loops which ground the outer
coating of the picture tube to the yoke
assembly frame. Bend slightly to in-
crease contact pressure, or insert sev-
eral thicknesses of tinfoil between
each spring and the tube coating.

6. Line the inside of the cabinet
with tinfoil. Line the bottom with
copper screening Or use a copper or
aluminum plate. .

Type: Intercarrvier buzz (sync buzz,
audio buzz)

Effect: 60-cycle hum which varies
with fine tuning or contrast-control
adjustments. (This may appear only
on one particular station or during
scene changes.)

Source 1: Improper setting of the
contrast or fine-tuning control.
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Remedy: Always adjust the fine
tuning away from the buzz. Set the
contrast as low as possible to still ob-
tain the desired shading. (Setting it
{oo high will produce buzz even in a
properly-adjusted receiver.)

Source 2: Improper alignment (r.f.
or video if. stages). This is indicated
if the best picture and best sound do
not coincide or are not reasonably
close on the fine-tuning adjustment.

Remedy: Align carefully with a
scope, video generator, and manufac-
turer’s instructions.

Source 3: Improper sound discrim-
inator alignment. First, try a new
discriminator tube to clear suspicion
in this direction. (6AL5’s are common
offenders and will often check good on
a tube tester but fail to balance prop-
erly in the discriminator or settle
down in sync a.f.c. circuits.) If this
tube is good, align both the primary
and secondary of the discriminator
iransformer. In some receivers, align-
ment will require test equipment: in
others, a simple ear check will suffice.

Sowrce 4: Receiver overloading,
caused by too strong a signal or over-
modulation of white level at the trans-
mitter. This may not affect dual-
channel receivers but may cause a
buzz in intercarrier sets. If the signal
is strong enough, it may overload a
video if. or video amplifier, or sync
separator stage (or the mixer-oscil-
lator in some receivers).

Remedies: Overloading is indicated
if disconnecting one or both lead-ins
stops the trouble. If the trouble has
always been present, try one of the
following:

1. Install a resistance pad in the
lead-in. (See Fig. 2.) Use good-grade
noninductive vresistors. Mount in a
shielded, well-grounded can.

2. Check grid and cathode voltages
in the video i.f., video, and converter
stages for overloading (use a high-
frequency probe with a v.tv.m. or a
scope). Change the values of the
cathode or grid-loading resistors if re-
quired to prevent overloading or in-
correct voltages.

3. If the buzz appears suddenly and
the set previously has operated satis-
factorily, look for a leaky or shorted
tube in the r.f., oscillator, video i.f. or
video amplifier stages, or an open de-
coupling or filter capacitor common to
several of these circuits.

Source 5: Audio wiring in the re-
ceiver too close to the vertical block-
ing transformer, vertical output trans-
former, or deflection yoke. This can
produce strong 60-cycle pickup.

Remedies: Re-route the wiring away
from all parts (or wiring) associated
with the sweep circuits. Shield the
transformers (and possibly the wiring)
in these circuits. (This is particularly
ceffective in less-expensive sets where
little or no shielding is used.)

Suggestions: In most cases, espe-
cially in well-designed sets, sound dis-
criminator alignment will eliminate
the buzz. In older and some inexpen-
sive receivers, some of the other
changes may be necessary. (In certain
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Fig. 3. Corona dischaige °

and arcing at the high-volt-
age components will cause the
type of interference shown here.

receivers, an open or defective filter
capacitor will cause hum very similar
to intercarvier buzz. This source
should be checked before extensive
alignment or wiring re-routing is un-
dertaken.)

Type: Arcing and corona discharge

Effect: Light interference lines in
the picture (similar to electrical inter-
ference). See Fig. 3. Brightness may
vary, accompanied by mechanical fry-
ing or sizzling sound which may or
may not be heard in audio.

Source: Low-resistance path to
ground in high-voltage power supply.

Remedies: Cut all bench illumina-

w=p Fig. 5. Picture tearing,
such as shown here, can be
caused by 60-cycle hum get-
ting in the video i cir
cuit via a cathode-to-heat
er short in an if. tube.

l Fig. 6. The two vertical
lines on the left of the
raster shown here are caused
by Barkhausen oscillations in
the horizontal output tube. A
single-magnet type ion firap
is often slipped around the
tube to eliminate this trouble.

f
== Fig. 7. The beat-type in- b
terference pattern shown here,
often due to external signal
sources, may be caused in the
receiver by a faulty oscillator.
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Fig. 4. One wide black bar

indicates a 69-cycle inter-
ference, frequently due to
power supply hum in the video.

tion and make a careful visual exam-
ination of the second anode connector,
rectifier socket connections, and all
points in the high-voltage circuit for a
tiny, bluish arc. Straighten out all
sharp bends in the high-voltage leads.
Make sure the second anode connector
is making firm contact in the picture
tube. Re-solder all connections on the
high-voltage rectifier socket, horizon-
tal output transformer, etc. Examine

or disconnect fiber terminal boards in
the high-voltage bleeder circuit. (In
several models, these terminal boards
or strips have broken down internally
(Continued on page 150)
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Fig. 1. Emporium, Pa.
where the satellite
stations described
in this article are
located, is a small
town situated in «a
valley blocked from
surrounding v.h.i
TV stations by rela-
tively low mountains.
Direct station sig-
nals are unavailable,

Various types of booster and satellite TV transmitters

are under consideration for improving uhf and v.hf.

TV reception. Here are experimental results from three.

one of the narrow valleys of

Northwestern Pennsylvania, 65
miles from the nearest commercial
television station, have the highest
concentration of television receivers
of any community in the United
States? Satellite television is the rea-
son.

In 1951 Sylvania Electric Products
Inc. obtained a license for an experi-
mental u.h.f. TV station to provide an
“off-the-air” test signal for field test-
ing u.h.f. tuner tubes and equipment
then under development. Another ob-
jective was to investigate the feasibil-
ity of unattended satellite operation
as a means of economically supplying
TV coverage to remote areas not re-
ceiving signals from established sta-
tions. Emporium, Pennsylvania, is in
just such a remote area. The town is
situated deep in a valley in the Alle-
gheny Mountains at an elevation of
about 1050 feet above sea level. The

HOW can a small town situated in

surrounding hills rise sharply, 1000
feet or more above the valley. While
television signals are received sporadi-
cally in the valley, consistent recep-
tion from several television stations is
possible on the hilltops. Fig. 1 shows
the location of Emporium relative to
cities with v.h.f. television stations.

The original transmitter site was
chosen to fulfill three objectives: pro-
vide line-of-sight reception at the Syi-
vania plant and most of Emporium;
provide acceptable reception of avail-
able v.h.f. signals; and be readily ac-
cessible by road. The site selected was
1100 feet above and 1.7 miles south-
west of the center of Emporium. Fig.
2 shows the tower site in the fore-
ground located on top of a hill over-
looking the town.

Systems in Operation

There are now two experimental
uw.h.f. television systems in operation
in Emporium as shown in Fig. 3. In

Fig. 2. View of Emporium, Pa., from the air. The u.h.{. satellite TV transmitter
antenna site is in the clearing in the foreground. on a mountain south of town.
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atellite TV

By JOHN B. GRUND

Advanced Applications FEngineer
Sylvania Electric Products Inc,

system 1, the channel 6 v.h.f, signal is
picked up from the Johnstown station
88 miles distant, demodulated, and re-
transmitted on u.h.f. channel 22. Be-
cause one area of the town is shadowed
from the u.h.f. transmitter by an inter-
vening hill, the signal from the u.h.f.
transmitter on the hill is picked up in
the valley, amplified, and re-radiated
on the same channel to provide cover-
age in this shadowed area. In system 2,
the v.h.f. television signal is received
at the hilltop location, relayed by
microwave to a central location in the
valley, demodulated, and rebroadcast
on channel 82.

All transmitters operate automati-
cally and are unattended. The stations
are monitored at all times and in the
event of any malfunction of equip-
ment, the stations are turned off until
corrective measures have been taken.
The channel 22 station on the hill is
remotely controlled by microwave con-
trol equipment.

One of the hilltop towers is
shown in Fig. 4. The main tower is
98 feet in height. Mounted on it are
the channel 6 receiving antenna, the
transmitting colinear arrays for chan-
nel 22, and microwave transmitting
and receiving antennas. Another mast,
not shown, supports channel 4 and
channel 10 ten-element yagi antennas.
The top of this 65-foot mast is only a
few feet above the trees bordering the
clearing.

A concrete block building houses
receivers, transmitters, and associated
equipment. Because of the isolated
location, there are no windows in the
building. The necessary ventilation is
supplied by air vents and exhaust fans.

Fig. 5 is a photograph of the trans-
mitting equipment. The pattern gen-
erator with custom-built monoscope
tube for station identification is in the
rack on the left. The sync and timing
generators for the monoscope are
mounted in the next rack. Since the
photo was taken, microwave receiving
and control equipment has also been
installed. Power supplies for the micro-
wave transmitter are on top of this
same rack. The center rack houses the
channel 22 sound transmitter. The
picture transmitter is in the rack be-
side it. The rack on the right contains
monitoring equipment. The tape re-
corder used for automatic aural station
identification can be seen on top of the
rack on the right.

The transmitters are turned on and
off by two clocks, one for weekday
operation and another for weekends.
Other time clocks control the receiv-
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er and insert visual and aural station
identification at regular intervals. A
running-time meter on the equipment
has recorded over 20,000 hours of
operation.

On-Channel Booster

As previously mentioned, one sec-
tion of Emporium is shadowed from
the hill-top transmitter by interven-
ing hills. An on-channel booster sta-
tion was constructed to redirect the
signal into this shadowed area and,
at the same time, provide additional
technical data on the problems asso-
ciated with this type of transmission.

Isolation of the receiving and trans-
mitting antennas was the first problem
encountered. Unless the two antennas
are properly separated and oriented,
the amplified signal from the trans-
mitter will again be received at the re-
ceiving antenna resulting in feedback.
Placing the directional antennas about
75 feet apart and directing them at
right angles to each other gave an iso-
lation of about 93 db between them.
The received signal is, of course, hori-
zontally polarized but it is re-radiated
with vertical polarization. The cross
polarization gave very little added iso-
lation between transmitting and re-
ceiving arrays; however, use of cross
polarization permits a viewer to choose
between reception from primary sta-
tion or booster station to eliminate
ghosts. With horizontal polarization
of both signals severe ghosts were a
problem in the areas where signals
from both primary and booster sta-
tions were of equal intensity. Vertical
polarization of the retransmitted sig-
nal corrected this difficulty.

The transmitter of the on-channel
booster station consists of several
stages of 6AN4 tubes operated
grounded-grid and stagger-tuned to
give the required 6 mc. bandwidth.
The output stage uses a pair of 5876
tubes in a grounded-grid, push-pull
circuit, Voltage gain of the amplifier
or booster is about 68 db.

The on-channel booster has been
operated more than 6000 hours. Color
programs have been received over it
with no apparent degradation of the
signal, so cross modulation has not
been a problem. The use of a booster
transmitter to supply a TV signal to
a shadowed area has been quite suc-
cessful. To obtain a signal from
KG2XDU in the area equivalent to that
received from the booster KG2XT7Z,
would require raising the transmitter
average power by 16 times. This is
1000 times the power of the booster
transmitter and illustrates the saving
which can be obtained by the use of
low-powered boosters to cover small
shadowed areas.

Will the best television signal cov-
erage of an urban area be obtained
by locating the transmitter on a hill
overlooking the area and using a direc-
tional antenna, or by installing the
transmitter in the center of the area
and employing an omni-directional an-
tenna system? To answer this question
and to compare tube performance at
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the high frequency end of the u.h.f.
TV band, a channel 82 transmitter was
constructed and put in operation in the
valley ‘near the center of Emporium.

Except for an additional doubler
stage between triplers and final ampli-
fiers, and the use of the tube type
4X150G in the power amplifier stages,
the channel 82 transmitters (sound
and picture) have the same tube line-
up as the channel 22 transmitters.
Program material is relayed from the
hilltop location to the satellite trans-
mitter in the valley by a microwave
link operated in the 2000 mec. band.
Both sound and picture are micro-

waved, the FM sound being trans-
mitted on a 6 mec. subcarrier.

The tower in the valley which sup-
ports the channel 82 transmitting
array, the on-channel booster corner-
reflector transmitting antenna, and the
two microwave antennas with asso-
ciated equipment, is pictured in Fig.
6. The channel 82 transmitting an-
tenna is designed to radiate an ellip-
tical pattern to conform to the shape
of the valley.

Although the measured signal
strength from KG2XEL on channel
82 is as great or greater than that
from KG2XDU, channel 22, reception

Fig. 4. (Left) Closeup view of tower and building located at the hilltop site.

Fig. 5. (Right)

Transmitting equipment for the channel 22 satellite transmitter.

KG2XDU, and microwave and transmitting equipment contained in the hilltop build.
ing. Shown here are monoscope pattern, sync, timing generators, and transmitters.
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Fig. 6. Tower and transmitting

<
antenna for channel 82 satellite
located in town of Emporium, Pa.

The channel 22 booster corner reflec-
tor antennas and parabolic antennas
for microwave links are also shown.

generally is not as good. The higher
frequency of transmission, which
makes the shadowing effect of trees
and buildings much more proncunced,
and the lower antenna height—the
transmitting antenna is only 70 feet
above ground level-—coupled with the
generally poorer performance of u.h.f.
tuners and converters at the high fre-
quency, limit the channel 82 coverage
much more than was anticipated.
Reflected signals seem to be more
bothersome at channel 82 than at the
lower channel as well.

Future of Satellite TV

The Federal Communications Com-
mission has recognized the need to ex-
tend television coverage to communi-
ties too distant to receive signals from
established stations and too small to
support a television station. On August
1, 1955, the FCC reduced the minimum
power requirements of commercial TV
stations to 100 watts at any antenna
height. Public Notice FCC 54991 of
August 5, 1954, invited applications
for stations which do not propose to
originate local programs. These rule
changes are the first step in the Com-
mission’s efforts to provide each com-
munity with at least one television
station.

As a result of Public Notice 54991
several stations are now being oper-
ated as satellite stations, rebroadcast-
ing programs received by off-the-air
pickup from other TV stations. Tech-
nical operating requirements of these
stations, however, are the same as reg-
ular commercial TV stations except
for the programming. Two TV sta-
tions thus operated are KTRE-TV in

Lufkin, Texas, rebroadcasting pro-
grams from KPRC-TV, Houston, 125
miles away; and KDLO-TV, Florence,
South Dakota, rebroadcasting pro-
grams from station KELO-TV, Sioux
Falls, South Dakota, 100 miles distant.

Probably the best example of low-
power television stations in operation
at v.hif. is afforded by the Armed
Forces Television Service which op-
erates five low-power (less than 100
watts e.r.p.) stations at isolated mili-
tary bases. It is too early to see what
effect the reduction of minimum power
requirements will have on the estab-
lishment of commercial TV stations in
the smaller communities. It is difficult
to predict whether or not the financial
advantage gained by lower first cost
will be great enough to compensate
for the lower income obtainable in a
small community. Further relaxation
of the present rules is required to
stimulate the growth of a commercial
low-power satellite service. A commit-
tee of the RETMA has studied the
problem extensively and made recom-
mendations. These recommendations
and comments from other interested
parties are now being studied by the
FCC.

A comparison of unattended satel-
lite stations and community antenna
systems as a means of providing a TV
signal to a small remote community
is presented in Table 1. Advantages
and disadvantages are listed — some
are of more concern to the viewer,
others are applicable to the operators
of the systems.

Because relaxed rules applicable to
commercial unattended satellite sta-
tions have not yet been adepted by
the FCC, little station equipment is
available commercially. It has besn
estimated by the manufacturers of
related eguipment, that such a stat’on
should be obtainable in the future for
from $10,000 to $50,000. 30

TABLE 1.
WITH COMMUNITY

SATELLITE STATION ADVANTAGES
1. No cost to the viewer.
2. Most economical way to provide serv-
ice to a number of viewers.
3. Provides service to isolated viewers
living out of the urban area.
4. Does not interfere with the signals of
the originating station.
5. All the equipment is in one spot for
easy maintenance.
6. Viewer requires only a simple an-
tenna.
7. Offers opportunity to grow into a full
fledged station with locally originated
programs.

DISADVANTAGES

1. A satellite station can only broadcast
one program signal at a time, as is
the case for reqular TV stations.

2. Requires an FCC license. and rules
for commercial operation of unattended
satellites have not yet been provided.

3. Expenses must be defrayed by popu-
lar subscription, or advertising.

4, Requires some frequency spectrum
space but this is available in the
u.h.f. band.

COMPARISON OF SATELLITE STATION

ANTEMNA SYSTEM

COMMUNITY ANTENNA ADVANTAGES
1. Several programs may be provided.
2. Requires no FCC quthorization, but
will have to meet FCC signal radia-

tion limits in the future.

3. Provides a captive audience which
may be billed monthly to defray the
expense of the operation.

4. Requires no frequency spectrum srace,
if radiation is suitably controlled.

5. Electronic equipment required is not
complex.

6. Viewer requires no antenna installa-
tion.

DISADVANTAGES

1. Requires an extensive cable distribu-
tion system, with attendant local fzan-
chise and utility pole rental contracts.

2. May interfere with the signals of the
originating stations, if radiation is not
carefully controlled.

3. Electronic equipment is scattered
throughout the system, complicating
maintenance.

4. Unlikely to grow into a local TV sta-
tion with locally originated programs.
‘However, some do or intend to origi-
nate local programs.
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UHF. OSCILATOR

3
Beerssmsmerarorer oy

By LOUIS E. GARNER, Jr.

higher radio frequencies and the

increasing use of u.h.f. equipment,
both by amateur and commercial op-
erators, there is a developing need for
a compact, inexpensive, and reliable
v.h.f. oscillator. Such an instrument
m.ght be used by service technicians
as a low-powered transmitter for
“checking out” receivers and antenna
svstems or for qualitative tests of re-
ceiving installations. It might be used
Iy home experimenters, students, and
schools for laboratory experiments
demonstrating the principles of uw.h.f.
And it might be used by design en-
g'neers as an auxiliary signal gencra-
tor, for checking out receiver designs,
for “‘breadboard” tests of cxperimental
cquipment, as a substitute local oscilla-
tor when checking new receiver cir-
cuitls, as a signal source for determin-
iny transmission line characteristics,
and in many similar applications.

The basic specifications of such a
u.h.f. oscillator might be itemized as
follows:

(a) The instrument should b2 com-
pact; casily used on the workbcnch.

(b) It should be self-contained, hav-
ing a built-in d.c. power supply.

(¢) The unit should be reliable and
require no tricky adjustments.

(d) It should be capable of supplying
a reasonably strong signal.

(e) The instrument should be capa-
ble of operating over a moderate band
of frequencies and, further, should be
casily changed to cover other ranges if
desired for special applications.

(f) It should be inexpensive, as well
as easy to build and to use. Remember-
ing that the instrument is to serve as
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WITH the growing importance of the

Fig. 1. Using a u.h.f. oscillator to check the

operation of an experimental u.h.{. receiver circuit.

A test instrument that has many applications. It is

ideally suited for the service technician for checking

TV receivers and antenna systems. In addition, it can be

used by the home experimenter, student, or laboratory.

an auxiliary to, not as a replacement
for, a standard signal generator, it
need not incorporate features gener-
ally reserved for expensive laboratory-
type instruments. Such features as an
output attenuator, precise calibration,
and a constant output level may be
eliminated in the interests of a simpler
and less expensive circuit.

The u.h.f. oscillator shown in the
photographs, originally designed for
use in checking production u.h.f. re-
ceivers, meets the general specifica-
tions outlined on most counts. In addi-
tion, it incorporates facilities for
checking the oscillator’s d.c. grid volt-
age, permitting the instrument’s use as
a grid dip oscillator. Equally impor-
tant, a straightforward circuit is em-
ployed, with only standard components
used in its construction, thus permit-
ting the instrument to be duplicated
quite easily by any ham, home experi-
menter, student, or technician of mod-
erate skill.

Circuit Description

In order to keep component cost to a
minimum, a commercial receiving-type

www americanradiohistorv com

triode vacuum tube has been used in
the basic oscillator circuit instead of
an expensive special-purpose u.h.f.
tube, such as is generally used in u.h.f.
instruments. The 6AF4 is an excellent
high frequency oscillator, and has been
used as the local oscillator in many
commercial u.h.f. TV front-ends and
converters. With care in circuit design
and construction, it may be used at
frequencies up to and exceeding 900
megacycles.

Referring to the schematic diagram
given in Fig. 2, the 6AF4 triode is
connected as a conventional Colpitts
oscillator, with inductance L. and the
split-stator “butterfly” tuning capaci-
tor Cs serving as the primary tuning
elements. Some tuning is also provided
by distributed wiring capacities, by the
interelectrode capacities of the vacuum
tube, and by the residual inductance of
leads. The net effect of these added
capacities and inductances is two-fold.
(1) They place an upper limit on the
frequency of operation (about 650 mc.
with the layout and wiring shown in
the photographs), and (2) they limit
the tuning range of capacitor C. for
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Fig. 2. Complete schematic dia-
gram for the w.h.l. oscillator.

Cy, Cs—10 pufd. tubular ceramic capacitor

Cs—4-22 pufd. butterfly capacitor (Hammar-
lund, “Tuning”)

RFCi, RFC: RFC;—U.h.f.
Type Z-460)

CH;—Filter choke, 10 hy., 25 ma.

Li——Tuning inductance (see text)

L:—OQutput link (see text)

SRi—40 ma. selenium rectifier

S1—S8.p.s.t. toggle switch (“Power”)

J1—Coaxial output connector (Amphenol SO-
239)

T1—Power trans. 150 v. @ 25 ma.; 6.3 v. @
.5 amp. (Merit P-3046)

Vi—6ES tube

V2—6A4F4 tube

choke (Ohmite

any given inductance L,. The “tank”
circuit, L:-Cs is isolated from the tube
electrodes by blocking capacitors C,
and Cs hence there is no d.c. on the
tuning elements. Qutput loop L. is in-
ductively coupled to tuning inductance
L, and serves to pick up the r.f. signal
and to feed it to the coaxial output
connector J,.

The d.c. plate voltage is supplied
through uh.f. choke RFC,; heater
voltage through chokes RFC. and
RFC;. Carbon resistor Rs serves as the
grid leak. Silver mica “button” capaci-
tors Ci, Cs, Cr and Cs are used as bypass
capacitors for the oscillator stage and
keep r.f. signals more or less isolated
in the vicinity of the oscillator tube,
minimizing stray radiation and feed-
back over the power line cord. C in
conjunction with isolating resistor R.,
provides r.f. filtering action for the d.c.
voltage fed to the tuning eye tube; C,
and RFC, provide r.f. filtering in the
“B” supply circuit; and C; and Cs, with
RFC. and RFC, respectively, provide
filtering for the heater supply.

In order to provide an indication of
oscillation intensity, a 6E5 tuning eye
tube is used as a d.c. voltmeter. This
tube is connected in a conventional
manner, with a 1 megohm resistor (R.)
between the triode plate and target an-
ode. A d.c. control voltage is obtained
from the grid of the 6AF4 oscillator
tube and fed through the r.f. filter net-
work Ci-R: to potentiometer R.. The
setting of R. determines what propor-
tion of the available d.c. voltage is ap-
plied to the grid of the 6E5 and thus R:
serves as an ‘“‘eye sensitivity” control.
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As the oscillator’s grid bias voltage
changes, the tuning eye’s shadow angle
increases or decreases. The eye closes
with an increase in grid bias (indicat-
ing an increase in oscillation intensity)
and opens with a decrease in bias
voltage (indicating a decrease in oscil-
lation intensity).

The power supply is conventional.
The d.c. is obtained from the half-wave
selenium rectifier SR; powered, in turn,
by the high-voltage secondary winding
of transformer T.. A dual section ‘‘pi”’
filter is employed to remove ripple,
with the first section consisting of in-
ductance choke CH; and electrolytic
capacitors Cw and C»; the second sec-
tion consists of resistor R, and capaci-
tors Cy and C: . . . Cs is common to
both sections of the filter. The d.c. for
the 6E5 tuning eye tube is taken off be-
tween the first and second sections of
the filter network Resistor Rs is not
part of the filter network, but serves to
prevent damage to the selenium recti-
fler by limiting the charging current
surge to Cw. Heater voltage is sup-
plied by a center-tapped filament wind-
ing on T.. " A s.p.s.t. toggle switch, 8,
serves as the “off-on” switch.

Construction Hints

The general layout used by the au-
thor is apparent from the below and
above chassis views of the model, given
in Figs. 3 and 4, respectively. Except
for the 6AF4 oscillator stage itself,
layout is not especially critical and
another builder might follow the gen-
eral layout shown or might make up a
new one to fit his own requirements.
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As far as the power transformer, T,
filter choke, CH,, and filter capacitor,
Cs, Co, Cho, are concerned, the mounting
holes for these components may be
located simply by holding the parts on
the chassis and marking the hole loca-
tions with a scribe.

Layout of the 6AF4 oscillator stage
is fairly simple as long as good u.h.f.
wiring practice is followed. All signal
connections must be kept as short and
direct as possible. To facilitate this,
the tube socket is mounted wupside
down, about 34" above the chassis on
brass spacers. The tube itself passes
through a hole in the chassis. A stea-
tite (ceramic) tube socket should be
used to minimize high frequency losses.
The four button capacitors (C., Cs, C:,
Cs) serve as terminal points for the
three r.f. chokes (RFC, RFC. RFC,)
and the isolating resistor (R.). These
are located around the tube socket in
such a way as to permit short, direct
connections to the tube socket pins, and
so that none of the components overlap.
Spacing should be such that minimum
lead length is left on each component
(chokes and resistor).

The commercial chassis and cabinet
used by the author has an over-all
covering of black wrinkle enamel. In
order to solder the button capacitors
in position and to make direct connec-
tions to chassis ground, it was neces-
sary to remove all enamel in the vicin-
ity of the 6AF4 tube socket. This was
accomplished by the liberal application
of solvent, steel wool, and elbow grease
—especially the latter.

Once the machine work on the front
panel is completed, controls may be
labeled. The author used special decals
for labeling the model. If unavailable
locally, they may be purchased from
the Tekni-Labels Company, 232 No.
Glenoaks Boulevard, Burbank, Califor-
nia. After the decals are applied, they
should be protected with at least two
coats of clear plastic spray. Since only
two low-power tubes are used, no vent-
ing is necessary, even if the unit is to
be left on for several hours at a time.
Eliminating vent holes and louvres not
only simplifies the mechanical work,
but also improves the electrical per-
formance of the instrument by reduc-
ing stray r.f. radiation.

Except for the cable to the 6E5 tube
socket, all r.f. wiring is above chassis
and all d.c. and low-frequency a.c.
wiring below chassis. As mentioned
earlier, the r.f. wiring should be short
and direct . . . component leads should
be kept as short as is practicable . . .
and lead wires, where used, should be
either heavy bus bar (#14 or #12 ga.)
or tinned copper braid or strap. Below
chassis wiring is non-critical and the
builder may follow his own inclina-
tions.

Inductance coils L, and L. are made
from #14 ga. tinned bus bar. Their
exact size and shape may be determined
by experiment to fit the individual
needs of the builder. The frequency
range covered will depend on the size
of L, of course, but the maximum fre-
quency possible with the general lay-
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out shown is in the neighborhood of
650 megacycles. Because of the large
effects of individual variations in wir-
ing, exact sizes for L, and L. cannot be
specified for particular frequency
coverage. However, in the author's
model, with L, consisting of % turn
(semicircle) 1”7 in diameter, with %"
legs (forming a large *“hairpin”), the
frequency ranged from a minimum of
195 megacycles to a maximum of 320
megacycles as Cs was adjusted. To
reach extremely high frequencies, the
tuning coil (Ln) may consist of only a
small arc of bus bar . . . in fact, several
“coils” may be connected in parallel to
obtain a still greater reduction in in-
ductance. In the author’s model, L.
consists of a % turn coil, 3%” in diam-

eter, spaced 3” from L, and self-
supported by its own leads.
Calibration

After the wiring has been completed
and checked, the tubes may be inserted
in their
turned “on” and allowed to warm up.
To check for oscillation, adjust the
“eye sensitivity” control (R:) to see if
the tuning eye can be made to ‘“‘close.”
As long as the eye can be closed, it
indicates that a negative grid bias
voltage is being developed across grid
leak resistor R;—a sure sign of oscilla-
tion. If the eye shadow angle does not
change with the adjustment of the
“'sensitivity”” control, it indicates
trouble . . . recheck all wiring, check
tubes, and check both plate (d.c.) and
heater voltages. The failure of the
tuning eye tube to develop a green

Fig. 4. Above chassis view of the u.h.f. oscillator. Note

sockets and the instrument

glow generally indicates a lack of “B
plus,” assuming all wiring to be right.

Where the completed u.h.f. oscillator
is to be used simply as a general pur-
pose u.h.f. signal source, it may not be
necessary to calibrate the instrument,
other than to check the maximum and
minimum operating frequencies, and
to adjust L, to cover the desired range.
Typical applications of an uncalibrated
oscillator may be in school work .. . a
good “project” would be the calibration
of the instrument . . . and in general
experiments with transmission line
systems, where the frequency may be
measured as a routine part of the tests.

On the other hand, where a cali-
brated instrument is needed, several
techniques are available to the worker.
Before attempting calibration, the in-
strument should be left “on” for at
least five to ten minutes to permit all
components to reach their normal op-
erating temperatures. In addition, the
worker should remember that the dial
covers a 180° range but that a “butter-
fly” type tuning capacitor, as used in
the instrument, changes capacity only
over a 90° range. He should choose the
portion of the dial he wishes to use for
calibration, and adjust the capacitor
and dial position accordingly.

The basic technique for calibration is
to determine the operating frequency
at a discrete number of dial positions,
later plotting these values on a graph
to form a smooth *‘calibration curve”
or chart. Two standard methods may
be used for determining actual fre-
quency at any dial setting, as follows:
(a) ‘“zero beat” method; or (b) the

that the tube socket for the 6AF4 is mounted upside down. .

Fig. 3. Below chassis view—all major parts are identified.
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Lecher wire frequency measurement.

To use the “zero beat” technique, the
worker should have a receiver (a
simple detector will be satisfactory for
most applications) and a standard sig-
nal generator. The outputs of the u.h.f.
oscillator and of the standard signal
generator are fed together into the re-
ceiver (or detector). The u.h.f. oscilla-
tor is set to the first position to be
checked and the signal generator care-
fully adjusted until an audible “beat
signal” is obtained from the receiver’s
loudspeaker (or detector’s head-
phones). It is presupposed that the re-
ceiver has been tuned to pick up the
signal from the u.h.f. oscillator and is
capable of operating over the desired
frequency range. The signal generator
is carefully adjusted until the audible
beat disappears, with a low frequency
note appearing on either side of “zero”
beat. At zero beat, the signal genera-
tor and u.h.f. oscillator are both set at
the same frequency. This method. is re-
peated at each check point to obtain a
series of readings for calibration. When
using this technique, a receiver is pre-
ferred to a simple detector, to avoid
misleading “zero” beats between har-
monics of the signal generator and the
w.h.f. oscillator.

To use the Lecher wire technique, a
Lecher frame must be prepared. This
consists of two tightly stretched paral-
lel wires, shorted at one end and open
at the other, with a total length be-
tween five and seven feet. A movable
slider or ‘“shorting bar” is provided to
short the two wires at any point. The

( Continued on page 151)
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Part 4. Concluding article covers conversion of basic deck

to permit recording and reproduction of stereophonic tape.

Audio Fairs and stereo sound dem-

onstrations, any discussion of ster-
eophonic sound should begin with a
clarification of the terms ‘“stereophonic
sound” and ‘“binaural sound,” which
are often used interchangeably. Ac-
tually, they represent slightly different
recording techniques. Through common
usage, however, one generic term “ster-
eophonic sound,” is rapidly becoming
applicable to either.

Specifically, binaural recording ap-
plies to recordings wherein two micro-
phones are spaced a distance equiva-
lent to that separating the human ears,
and separated by a disc or sphere
roughly equivalent to the size of the
human head. In many cases, coupling
equivalent to the auditory coupling be-
tween the human ears is actually intro-
duced between the microphones in an
effort to obtain the truest binaural ef-
fect. A binaural system in this strict
sense of the word is shown in Fig. 1A.
As will be seen, the output of the left-
hand and right-hand microphones is
recorded on separate tracks, is played
back in turn through separate ampli-
fiers, and is listened to using independ-
ent earphones powered by the left-hand
and right-hand amplifiers respectively.
Thus, it is apparent that the left and
right ears, respectively, will hear the
program material with the exact time-
relationship and balance with which it
arrived at the microphones.

A binaural tape recorded in this
manner can be played back over a dual-
channel amplifier system, but using
speakers spaced at some given distance
instead of the earphones shown, and
much of the same listening quality
will be preserved. In other words, bin-

BASED on questions asked at various
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aurally recorded tapes are adaptable
for use with stereophonic loudspeaker
systems.

A complete stereophonic system is
diagrammed in Fig. 1B. In stereophonic
recording the microphones are spaced
fairly far apart, the exact distance de-
pending upon the size of the musical
group being recorded and, to some ex-
tent, the hall accustics and other fac-
tors. The audio channels are kept en-
tirely separate as in binaural record-
ing, and spaced speakers are used for
playback. Here again, earphones can
be used for playback without adversely
affecting the program reproduction, al-
though there is no valid reason for
doing so since the recording process did
not involve this discrete spacing.

Whether a given recording is bin-
aural or stereophonic in origin makes
little difference in the end result.
Music so recorded and played back
through separate high-quality music
systems, takes on an auditory depth or
spatial effect which lends amazing
presence and realism. This is particu-
larly true with respect to orchestral
groups or symphonies having widely
dispersed sound sources. It is evident
even in the reproduction of single
source instruments, such as piano and
voice, because of the reflections which,
to an extent, fortify the sound as we
normally hear it in an auditorium or
concert hall.

Both stereophonic and binaural sound
are terms which, loosely used, have be-
come somewhat interchangeable. For
the sake of brevity, both recording
modes will be grouped together and
considered as ‘‘stereophonic’’ through-
out this article.

Tape is ideally suited to the record-
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By JOHN L. MacALLISTER
Viking of Minneapolis

" Any binaural or siereo setup
must consist of a dual-channel
system. including playback pre-
amp, power amplifier., and loud.
speaker. for each channel.

Stereophonic Operation

ing and reproduction of stereophonic
material. Present recording practice
calls for the recording of two 90 mil
tracks along either side of a standard
14" tape. In monaural recording, one of
these tracks is recorded in either direc-
tion. In stereophonic recording these
two tracks are recorded simultane-
ously.

Either binaural or stereophonically
recorded tracks can be mixed by paral-
leling the two stereophonic pickup
heads or the output of the preampli-
fiers, applying the mixed signals to a
single amplifier and speaker. Played
through a single music system, such a
tape effectively becomes a monaural
music source, in every way equivalent
to a standard monaural recording.

Conversely, a monaural tape can be
played through a stereophonic system
using both amplifier channels, provid-
ing what can be considered as “pseudo-
stereophonic” performance, but it will
not provide any of the directional sense
or depth which characterizes stereo-
phonically recorded tape. The gain,
such as it is, is merely the elimination
of the single-point sound source.

"Staggered' and "Stacked" Modes

Stereophonic tape recordings are
commonly available in either of two
types of recording. Fig. 2B shows the
head configuration used for so-called
staggered recording. Here ordinary sin-
gle record or playback heads are spaced
exactly 1%4” apart, one covering the
upper half of a standard %" tape, and
the other the lower half of the same
tape. It follows logically that if the
same head arrangement and the exact
spacing of heads is employed in play-
back as was used in recording the ma-
terial, the two channels will be heard in
their original balance and time rela-
tionship. With in-line heads, as shown
in Fig. 2C, the same condition applies,
except that the heads instead of being
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separated by a finite spacing are lo-
cated one above the othcr.

Champions of both the stacked and
staggercd modes of sterecophonic re-
cording and playback are not lacking. It
is argued that slight differences in spac-
ing between a given playback head as-
sembly and that used in the original
recording process will destroy the bal-
ance of the program material. Actu-
ally, the very slight difference encoun-
tered is roughly equivalent to that of
moving three or four seats one way or
the other in the concert hall. A per-
fectly valid objection to the staggered
head style of recording is the fact that
cut-and-splice editing of staggered
tapes is almost impossible.

Stacked or, if you prefer, in-line
heads, on the other hand, have one fun-
damental disadvantage. Because of the
unavoidable close coupling between
heads, the stacked head provides a very
high degree of crosstalk, i.e., a signal
voltage appearing at a given instant in
either head, scts up a ghost image in
the adjacent head. This is no disad-
vantage in stereophonic recording or
playback since the program material in
both heads is almost identical. It does,
however, set up an immediate obstacle
to use of either one of the stacked
heads for monaural recording or play-
back.

The actual crosstalk ratio can be
minimized with effective Mumetal
shielding, but is a considerable factor
in any case; usually on the order of 30
to 45 db signal ratio. Thus, in record-
ing, the signal impressed on the desired
channel would appear as an unwanted
ghost track on the adjacent channel.
Similarly, in using one head section for
playback from a standard half-track
dual recorded tape, the program mate-
rial from the adjacent channel would
appear in the output at a level approx-
imately 30 to 45 db down from the de-
sired material.

Bcecause of this crosstalk character-
istic inherent in stacked heads, it is
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Fig. 2. Basic monaural head assembly and stereophonic derivations. See text.

normal practice to provide an addi-
tional single-track head for use with
monaural tapes. In the Viking “uni-
versal” stereophonic head assembly this
additional head is placed on the lower
track and spaced at the standard stag-

gered head spacing of 1%4” as shown in
Fig. 2C. Thus it serves not only for
the recording and playback of mon-
aural tapes, but for playback of stag-
gered stereophonic tapes as well. Such
(Continued on page 123)

Fig. 3. Partial schematic of record-playback preamp (described in April issue) showing circuit changes for stereo recording.
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Transistor Intercom Amplifier

. =

By EDWIN T.BOHR

Fig. 1. (A) Complete schematic of the sim-
ple transistorized amplifier circuit which
can be added to any remote station. (B) Cir-
cuit installed in a Bogen R-60 intercom.

Ce CcK722
R e

ROUTSUT A
NEUT TRANFORME

lsms COLLECTOR
—[FH_ CELL CELL 1
i ,.-wwm_l B
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B2
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TS
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R:~—3300 ohm, Y5 w. res.

Cr—50 pfd., 3 ». elec. capacitor

Si—D.p.d.t. switch

T1+—Output trans., 25,000-0hm pri. to 4-ohm
sec. (See text)

Bi1, Bs—1.3 volt mercury cell (Mallory RMI2R)

Vi—“p-n-p” junction transistor (Raytheon
CK722)

- ——
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The transistorized
amplifier circuit in-
stalled in a Bogen
R-60 remote station.

{

Reduce noise and hum pickup on long
intercom runs by adding an amplifier

to each of the remote stations.

EMOTE intercom stations feed a
R very low-level signal that must be

amplified by the master. Even
though the impedance is low, 50 ohms
or less, there is still noise and hum
pickup on long lines and particularly
on runs through industrial and shop
areas. Since the master is always in
the listen position, this line pickup is
continually amplified and over a peri-
od of time can become extremely an-
noying.

To solve the problem, we simply in-
stall a battery-powered transistor pre-
amplifier in the remote, thus raising
the signal fed to the line. This ampli-
fier, mounted directly inside the re-
mote, operates indefinitely from a
built-in battery supply without exter-
nal power connections or extra wiring.
By indefinitely, we mean it should op-
erate at least for two years from one
set of two mercury cells. Furthermore,
the battery supply assures a hum-free
circuit. Certainly, this is a point that
can not be overemphasized.

Circuit
The amplifier circuit is the essence

of simplicity; more easily understood

and constructed, in fact, than most
vacuum-tube circuits. Because of its
more favorable impedance match, the
grounded-base transistor circuit is used
rather than the grounded-emitter con-
figuration.

Grounded-base stages have low in-
put impedance, very high output im-
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pedance, and a current gain of less
than one, usually about .95. Unless
coupling transformers or special cir-
cuits are used between stages, it is im-
possible to obtain gain from grounded-
base junction transistors in cascade.
Even with transformer coupling the
gain is somewhat less than a grounded-
emitter circuit.

The gain of the grounded-emitter
circuit is higher, but if we calculate
the outputs from grounded-emitter and
grounded-base circuits when each is
fed directly from a 4-ohm voice coil,
we find the grounded-base circuit pro-
duces the larger output signal. This is
true because the grounded-base circuit
utilizes more of the sound power from
the voice coil. To put it differently,
the 75-ohm input impedance of the
grounded-base circuit matches the
voice coil impedance better than the
1000-ohm input impedance of the
grounded-emitter circuit, therefore
more than compensating for the lower
gain.

There are other advantages in using
the grounded-base circuit. First, inex-
pensive transistors are every bit as
good in this circuit as the expensive
high-alpha units. Use any p-n-p tran-
sistor that is available. Secondly, the
circuit is almost independent of tran-
sistor temperature effects.

Transistor circuits are often sug-
gested for the advanced constructor—
well not this one! Anyone can con-
struct it with no trouble at all if a
moderate amount of care is exercised.

Stripped of all the gingerbread work,
the basic circuit is shown in Fig. 1A.
One cell, B., supplies the emitter bias
voltage and the other cell, B., the col-
lector voltage. The polarities are
shown for a p-n-p transistor, for exam-
ple, the CK722. Reverse both cell po-
larities for an n-p-n transistor.

The resistor, R., adjusts the emitter
bias current to the desired value and
keeps it relatively independent of the
particular transistor plugged into the
socket. For example, we wanted an
emitter current of about .4 ma. for this
particular circuit, so we considered the
transistor emitter a short circuit and
calculated what value of resistance,
connected across a mercury cell, would
give us this current.

An emitter current of .4 ma. is more
than necessary to accommodate the
signal swing. However, it was pur-
posely made high, bringing down the
input impedance of the amplifier. Since
the current gain is almost unity, the
drains on both the emitter and col-
lector cells are about the same, hence
they should expire at the same time.

Capacitor C. blocks the emitter bias
from the speaker. This capacitor must
have a very high capacitance in order
to couple any energy into the low im-
pedance input. The amplifier low-fre-

(Continued on page 99)
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Commercial

Aspects —
- of Single-Sidehand“

wre e g

that single-sideband is destined for

more widespread use in the com-
mercial services. In view of the recent
FCC action in Docket 11513, it would
appear that single-sideband will even-
tually become mandatory for all com-
mercial services below 25 mc. The rea-
son for the recent FCC action is, of
course, spectrum conservation. There
are other advantages to be gained by
changing to single-sideband but these
will be outlined later.

lT IS becoming increasingly apparent

Historical Background

Single-sideband for radiotelephone
has been in fairly common use since
the mid-1920’s: The first commercial
application of this technique was a
joint experiment by RCA and A. T. &
T. on a circuit that spanned the At-
lantic from New York to ILondon.
Prior to that time single-sideband had
been used only on carrier-current tele-
phone circuits for land-line service. It
soon became apparent that the system
offered decided advantages over the
previously attempted double-sideband
AM circuits. At that time the genera-
tion of single-sideband was a fairly
complex matter and required some
unusual techniques for the radio art at
that stage of its development. From
1927 until World War II the only com-
mercial use that was made of single-
sideband was by American Telephone
& Telegraph Company in its trans-
oceanic commercial telephone service.
There is considerable material in the
literature™® justifying the use of sin-
gle-sideband rather than double-side-
band AM transmission.
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Actual scope screen photographs
of the patterns shown diagram-
matically in Figs. 3, 4 and 5.

With U. S. entry into World War II
it became increasingly apparent to the
military services that additional radio
channels were required. The coopera-
tion of A. T. & T. was enlisted in fur-
nishing single-sideband circuits for ra-
diotelephone as well as multi-channel
radioteletype. The first circuits used
by the military were leased from A. 7.
& T. but as the war progressed the
military services themselves procured
single-sideband equipment and trained
teams of military personnel to op-
erate it.

Today the bulk of military point-
to-point communication is handled by
single-sideband with as many as two
channels of radiotelephone transmitted
on one sideband and up to twelve tele-
type circuits handled on the other
sideband. Thus a total of fourteen
communication circuits is available be-
tween two given points from a single
transmitter. The economy of such a
method is evident and the actual op-
erational success of this technique is
daily becoming more apparent. Since
World War II the military services
have continued their expansion of sin-
gle-sideband circuits.

The major growth in single-side-
band activity has, of course, been
among the radio amateurs of this
country. Circuit developments since
World War II indicate that a single-
sideband signal can be generated with
simpler equipment than heretofore
thought possible. The principal draw-
back to single-sideband prior to World
War II was the difficulty in maintain-
ing the frejuency stability required
for such a system. Recent technical
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JACK N. BROWN

Engr.. Barker & Williamson

Part 1. A three-part series — although directed to
the commercial services who have or may go to SSB
operation, most of the technical aspects of this
series will also be of interest to radio amateurs.

developments leading to improved os-
cillator stability, the availability of
better and higher frequency filters,
wide-band audio and radio-frequency
phase-shift networks, and newer tubes
make single-sideband generation and
transmission more practical. It is the
intent of the author to outline for the
prospective commercial user of single-
sideband just what the system has to
offer, its advantages and disadvan-
tages, and the economics of changing
from an existing AM system to a SSB
system. ’

Nature of Single-Sideband

To understand single-sideband it is
desirable to start with something
known, i.e., an amplitude-modulated,
double-sideband signal. One step still
further toward the elementary would
be to consider an unkeyed c.w. carrier
at the input of the receiver. This un-
keyed, unmodulated c.w. signal occu-
pies no bandwidth whatever. It can
be visualized as an infinitely thin line
drawn at a specific frequency where a
plot of frequency along a horizontal
axis is one dimension and the height
of the carrier is merely a measure of
its amplitude. See Fig. 1. If anything
at all is done to the c.w. carrier, e.g.,
if it is interrupted at some finite key-
ing rate, modulated with either AM,
FM, or phase modulation, there are
other radio-frequency components
present besides that of the carrier it-
self. If an oscilloscope is connected to
the output of the transmitter, the pat-
tern shown in Fig. 2 would be seen for
a single freguency fed into audio
stages of the transmitter.
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Fig. 2. Sketch of an oscilloscope trace

made by a 100% modulated AM transmit-
ter when modulated by a tone of 1000 cps.

It should be noted that 100% modu-
Jation occurs when the negative peaks
of modulation meet at the center line
of the patttern. If we were to look at
the signal on a spectrum analysis basis
as was just done with the c.w. carrier
we would see the following: The car-
rier would be present at its original
frequency; however, there would be
two other radio frequency signals
present at the output of the transmit-
ter which are directly dependent upon
the audio modulation frequency fed
into the transmitter. If the audio fre-
quency fed into the transmitter is 1000
¢ps, the two additional signals present
at the transmitter output would be
exactly 1000 cycles above and below
that of the carrier frequency. If the
audio modulation frequency is changed
from 1000 cycles to 3000 cycles, the
two sideband signals would move from
1000 cycles either side of the carrier
frequency to 3000 cycles either side of
the carrier frequency. Similarly, if
the audio frequency is changed to 300
cycles, the sideband signals would
move closer in frequency to that of
the carrier, i.e., to within 300 cycles
of the carrier. Thus it can be seen
that for each single audio frequency
fed into the microphone of an ampli-
tude-modulated transmitter there are
two sideband signals present at the
output of the transmitter, each carry-
ing the exact same intelligence, name-
ly, that of the distance by which it is
separated from the carrier signal and
its relative amplitude.

When the signal appears at the sec-
ond detector of the communication re-
ceiver the carrier frequency is hetero-
dyned with the two sideband signals.
The two separate, but identical, audio
signals are recovered and combined
in the audio system of the receiver.

These two signals add in-phase to

40

produce intelligible audio at the re-
ceiver loudspeaker terminals. Fig. 3
shows the AM signal as obtained from
a Panoramic Radio Products, Inc.,
spectrum analyzer, Model SB-8A. This
shows the two sideband signals 1000
cycles either side of the carrier. It
will be noted that the carrier voltage
is two times greater than that of each
individual sideband signal if the ver-
tical scale is a linear plot of voltage.
Thus it can be seen that for a 100-
watt AM transmitter the maximum
power that can be realized in either
sideband is 25 watts peak. This nets
an effective 50 watts peak power when
the two sidebands are recovered at
the receiver. The carrier, meanwhile,
has been transmitted along with the
two sideband signals and has accom-
plished only one thing, that is, demod-
ulating or heterodyning the sideband
intelligence back into the audio-fre-
quency range. The carrier itself has
contributed nothing to the actual in-
telligence transmitted. It has neither
“carried” nor enhanced the intelli-
gence transmitted in any way. Thus
for an average power of 100 watts and
an intermittent power of 150 watts
being transmitted by our hypothetical
AM, transmitter we have, at the dis-
tant receiving station, a signal attrib-
uted to only 50 watts of the actual
transmitted power. This would not
appear to be the most economical
means of transmission.

The Single-Sideband Case

If we take the AM signal, just dis-
cussed, and perform a couple of basic
operations to produce a single-side-
band suppressed-carrier . signal we
must then examine just what we have
accomplished power- and economy-
wise.

The first, and incidentally the easi-
est, operation to perform on the AM
signal is to get rid of the carrier. This
is accomplished most simply by using
a balanced modulator in one of the
early radio-frequency stages of the
transmitter so that sidebands are still
produced but no carrier is present.
One point that must be made at this
time to clear up what seems to be one
of the most difficult things to grasp
about single-sideband is that for a
single-sideband suppressed-carrier sig-
nal there is no carrier under any con-
ditions of modulation, that is, when
speech is impressed upon the single-
sideband transmitter the carrier it-
self does not appear. The r.f. energy
appearing at the transmitter output
is not carrier, but is sideband energy.
The second, and far more difficult, op-
eration that must be performed on our
double-sideband signal is that of elim-
inating one of the two sidebands pres-
ent in the transmitter output.

The two systems that are currently
available for performing this sideband
suppression or cancellation will be dis-
cussed in Part 2 of this series. Let it
be assumed that one of the sidebands
is suppressed. We then have a signal
with a suppressed carrier frequency
identical to that of our former AM
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signal but one whose sideband fre-
quencies, derived from the originating
audio frequencies, lie to only one side
of the carrier frequency. If a lower
sideband signal is being generated, the
sideband signal representing a 1000
cycle audio tone would lie exactly
1000 cycles lower in frequency than
the suppressed-carrier reference fre-
quency of the transmitter.

This is illustrated in Fig. 4. This
pattern was taken from a spectrum
analyzer where the right hand “pip”
is the suppressed carrier, the largest
“pip” just to the carrier’s left is the
lower sideband signal and the small
signal to the extreme left is the sec-
ond harmonic of the 1000 cps audio
tone fed into the SSB transmitter.
Note that the vertical scale is loga-
rithmic and reads directly in db. If a
complex audio waveform, such as that
represented by the human voice, is fed
into the transmitter, there will be
many frequencies present at the trans-
mitter output, each of which repre-
sents its corresponding audio-frequen-
¢y input. For the typical male voice
the maximum energy is concentrated
in the lower audio frequencies, below
800 cycles, with a decreasing amount
of energy in the higher audio frequen-
cies up to approximately 3000 or 4000
cps. Such a signal is shown in Fig. 5.
This spectrum analysis was made on
an actual single-sideband transmitter

“and shows that all the intelligence lies*

to one side of the carrier frequency. It
would appear that we have successful-
ly confined the intelligence transmitted
by the radiotelephone transmitter to
a’spectrum which is one-half that used
by the previously considered double-
sideband transmitter.

Receiving the Signal

Receiving SSB signals is not as sim-
ple as receiving AM signals. Since the
single-sideband signal no longer has a
carrier against which the sideband
signals can be heterodyned in the re-
ceiver, the receiving station has the
problem of furnishing an artificial car-
rier. The most rigid requirement that
the artificial carrier must meet is that
of frequency stability. The artificial
carrier, whether furnished by the
beat-frequency oscillator or some
other detection system to be consid-
ered later, must be within very close
frequency limits of the original trans-
mitted suppressed carrier. Many com-
mercial single-sideband transmitters
transmit a residual (not totally sup-
pressed) carrier signal so the detec-
tion of the proper carrier re-insertion
frequency may be accomplished or so
that automatic frequency control
equipment may be used. If the arti-
ficially furnished carrier in the re-
ceiving system is within approximately
50 cps of the transmitted carrier fre-
guency, the voice frequencies received
will retain all of the natural sound
and, in most cases, will be recognizable
as that of the transmitting operator.
For frequency deviations greater than
50 cps, an error in the frequency rela-
tionship of the audio frequencies in
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the demodulated signal will be pres-
ent. The farther away the artificial
carrier is from the transmitted side-
band signal the higher the voice of the
transmitting operator will seem. If
the carrier is too close to the sideband
signal the recovered audio speech will
appear to be very gutteral and muf-
fled and, in some cases, completely un-
intelligible. Thus the first- stringent
limit is placed upon the single-side-
band equipment to be considered. A
tuning tolerance of =50 cycles must
not be exceeded. If this tolerance is di-
vided evenly between transmitting and
receiving facilities it means that the
transmitter and receiver must not
drift from their assigned frequencies
by more than =25 cycles.

This imposes strict limitations on
any single-sideband equipment if man-
ual tuning is prohibited at the receiv-
ing equipment. Translated into more
usual terms, a 25 cycle frequency tol-
erance is considerably more stringent
than the .01% frequency tolerance per-
mitted under present FCC regulations.
The current FCC tolerance limit rep-
resents one part in 10* frequency de-
viation, while the 25 cps deviation for
a single-sideband system represents a
frequency tolerance at 10 mec., for ex-
ample, of 2.5 parts in 10°. This is al-
most two orders of magnitude greater.
This might at first appear to be un-
attainable with present-day equip-
ment; however, crystal oscillators,
when used with ovens, can provide
frequency stability of one part in 10°
As can be seen with a fixed frequency
tolerance of =25 cycles, the higher the
frequency of operation the more rigid
becomes the percentage deviation that
must be met. Twenty-five cycles de-
viation at 2.5 mec., therefore, is equiv-
alent to a deviation of one part in 10°
[requency stability.

System Gains

If we again consider the power dis-
tribution of sideband and carrier of
Figs. 2 and 3 wversus that of Figs. 4
and 5 for the single-sideband case it
can be seen that considerable economy
of power can be effected by first elim-
inating the carrier from the transmit-
ted signal and then by eliminating one
sideband. The power capabilities can
then be used to transmit a higher pow-
ered sideband signal in a decreased
portion of the spectrum. This amounts
to nothing more than literally “putting
all our eggs in one basket.”

The exact decibel advantage a sin-
gle-sideband system has over a com-
parable AM system has been discussed
and evaluated in many different ways.
It can be stated, however, that the
advantage of single-sideband over AM
will vary with operating conditions,
that is, with signal-to-noise ratio.
When the AM and single-sideband
signals being compared are well above
interference and local noise levels the
advantage of single-sideband over AM
will generally be in the neighborhood
of 3 db. As conditions become pro-
gressively worse, however, the advan-
tage of single-sideband over its AM
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counterpart  becomes increasingly
great. Some experimenters report that
in extreme circumstances where the
signal-to-noise ratio is very poor, sys-
tem gains of up to 16 db have been
observed under actual operating con-
ditions. A generally accepted figure
for normal operating conditions with
a moderate signal-to-noise ratio is be-

* tween 6 and 9 db improvement over an

equivalent AM transmitter. This dis-
cussion, of course, assumes that nar-
row band single-sideband receivers are
used at the receiving locations.

If the maximum benefits of a single-
sideband system are to be derived, the
recejvers used in this system must
have a bandwidth equal to that of the
transmitted signal. If a 3 kc. audio
spectrum is transmitted at the single-
sideband transmitter, the single-side-
band receiver must be capable of re-
ceiving a 3 ke. bandwidth to the
exclusion of all other frequencies. This
means that some sort of intermediate
frequency filtering must be used to
produce a selectivity characteristic
which will sharply discriminate against
adjacent channel interfering signals
and successfully pass all of the side-
band components that the desired sig-
nal is transmitting.

Economic Considerations

One of the important points to a
prospective user of single-sideband
would be the initial cost of such a sys-
tem and whether or not it would be
possible to salvage any of the existing
AM equipment. First let's consider
the installation of completely new
single-sideband equipment versus the
cost of currently obtainable AM equip-
ment. Fig. 6 shows an estimated rela-
tionship between the cost of new sin-
gle-sideband equipment and new AM
equipment of current design for vari-
ous output powers between 50 watts
and 5 kilowatts. The power compari-
son between the two systems is such
that the carrier power of the AM
transmitter is equal to the peak en-
velope power output of the single-
sideband transmitter. This appears to
be a fair compariscn and the only
logical one that can be made in view
of power measurement methods with
single-sideband signals. As can be seen
in Fig. 6, for transmitters with less

Fig. 3. Chart showing a 100% modulated AM
signal (1000 cps tone modulation). The
vertical scale is linear showing that each
sideband voltage is one-half that of the
carrier. The carrier is at 3000 kc. the
lower sideband at 2999 kc.. while the up-
per sideband is at 3001 kc. Refer to text.
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cps tone is at 2999 kc. with the 1% audio
distortion second harmonic appearing at
2998. The residual upper sideband appears

at 3001 kc. at a level of —45 decibels.
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Fig. 5. Chart showing envelope of a single
sideband signal transmitting a sustained
vowel sound. The suppressed carrier is at
3000 kc.. the lower sideband extends low-
er in frequency to approximately 2997 kc.
Note that the maximum energy of a male
voice is in the lower audio frequencies
which are nearest the carrier. See text.
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Fig. 6. Plot of esiimated cost of AM and
SSB transmitters versus the output power.
(AM carrier—reak envelope power of SSB.)

than 10C watts output the initial cost
of a ringle-sideband transmitter is
greaters than its AM counterpart. At
the 5)-watt level it is estimated that
the ccst of a single-sideband transmit-
ter would be approximately twice that
of the 50-watt AM transmitter. At
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