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RAYTHEON 3ALS

is a heater-cathode type
double diode of miniature
construction. Its principal ap-
plication is as a diode detec-
tor, automatic volume control
rectifier, or as a low current
power rectifier.

RAYTHEON 3AU6

is a heater-cathode type,
sharp cutoff pentode of minia-
ture construction designed
for service as a high-fre-
quency amp lifier in radio and
television receivers.

RAYTHEON 3BCS5

is a heater-cathode type-
sharp cutoff pentede, of min-
iature construction. Used as
an RF amplifier and as a high-
frequency, intermediate am-
plifier.

High voltage surges due to inequalities of heater
previously have limited the most effective use of “‘seric: connec-
tions’’ of tube heaters in TV receivers. The new Raytheon “‘Series
String”’ Tubes — now used by many leading set manufacturers —
virtually eliminate heater burnouts, permitting the use of this type
of circuitry which results in lighter, more compact receivers.

RAYTHEON 3BN6

is a 7-pin miniature, heater-
cathode type, sharp cutoff
pentode. Designed to perform
the combined functions of
limiting _and frequency dis-
crimination in FM and TV re-

- ceivers.

ap time

Raytheon helped set manufacturers solve this warmup problem,
by designing a new line of ‘‘Series String’’. Tubes which feature
tightened controls on heater warmup, identical current value and
a heater stability so improved that heater burnouts from warmup
surges are rare. By narrowing the tolerances on heater wire to
one-third of the former specifications and improving heater coat-
ing techniques this has been achieved. This important advance
plus Raytheon’s thorough knowledge of every aspect of tube
construction guarantees the superior quality of Raytheon *‘Series
String’’ Tubes.

RAYTHEON 3CBé6

is a heater-cathode type
sharp cutoff pentode of min-
iature construction designed
for use as an_intermediate
frequency amplifier, operating
at frequencies in the order of
40 megacycles, or as an RF
amplifier in VHF Television
Tuners.

RAYTHEON 5AMS

is a diode pentede of minia-
ture construction designed for
use as a video detector and
IF amplifier in television re-
ceivers.

RAYTHEON 5ANS8

is a medium-mu triode and a
sharp cutoff pentode of min-
iature construction designed
to perform combined func-
tions of a video detector or IF
amplifier and sync separator.

RAYTHEON 56

is a heater-cathode type,
double triode of miniature
construction designed for
mixer applications.

RAYTHEON 5U8

is a heater-cathode type tri-
ode-pentode of miniature con-
struction designed for use as
an oscillator mixer.

RAYTHEON 6S4A

is a heater-cathode type
medium-mu, high-perveance
triode of miniature construc-
tion for use as a vertical de-
flection amplifier in TV re-
ceivers.

RAYTHEON 6SN7GTB

is a dual triode designed for
use as a combined vertical os-
cillator and vertical deflection
amplifier in television re-
ceivers.

RAYTHEON 7AU7

is a heater-cathode type
double triode of miniature
construction designed for use
as a resistance coupled voit-
age amplifier, phase inverter,
horizontal deflection oscilla-
tor or vertical deflection os-
cillator-amplifier in television
receivers.

RAYTHEON 12AX4GTA

is a heater-cathode type di-
ode designed for use in Hori-
zontal frequency damper
service in television receivers.

RAYTHEON 12BH7 A

is a heater-cathode type
medium-mu double triode of
miniature construction. de-
signed for use as a vertical de-
flection amplifier in television
receivers employing “Series
String" heater designs.

RAYTHEON 12BKS5

is a miniature beam power
pentode designed for use as a
power output tube in radio
and TV receivers.

RAYTHEON 12BY7A

is a heater-cathode type
pentode of miniature con-
struction designed for use as
a video amplifier.

RAYTHEON 12L6GT

is a heater-cathode type
beam pentode power ampli-
fier. Generally used as an out-
put tube in ac-dc receivers.

RAYTHEON 12W6GT

is a heater-cathode type
beam pentode designed for
service as a vertical deflec-
tion amplifier in TV receivers
having a relatively fow B sup-
ply voltage.

about these and other new Raytheon
““Series String’’ Tubes.

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:

www.americanradiohistorv.com

Ask your Raytheon Tube Distributor
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Here’s a NEW
Way to Reach
the Top in

TV SERVICING

All-practice method—
professional techniques,
skills, knowledge of

ecircuits, etc.

-

Includes 17" picture tube, all other -

tubes, components for a TV Receiver,
Scope, Signal Generator, HF Probe.
Low Introductory price under $200,
on easy terms. Mail Coupon today.

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

LEARN-BY-DOING “ALL THE WAY*>
This is 1009, learn-by-doing, practical training. We supply all the
components, all tubes, including a 17-inch picture tube, and com-
preliensive manuals covering a thoroughly planned program of
practice. You learn how experts diagnose TV receiver defects
quickly. You see how various defects affect the performance of a
TV receiver—picture and sound; learn to know the 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 TV receiver troubles,

You get actual experience aligning TV receivers, diagnosing
the causes of complaints from scope patterns, eliminating inter-
ference, using germanium crystals to rectify the TV picture
signal, obtaining maximum brightness and definition by properly
adjusting the ion trap and centering magnets, etc. There isn’t
room on this or even several pages of this magazine to list all
the servicing experience you get.

UHF AND COLOR TV MAKING NEW BOOM
Installing front-end channel selector strips in modern UHF-VHF
Television receivers and learning UHF servicing problems and
their solution is part of the practice you get if you live in a UHF
area. To cash in on the coming color TV boom youll need the
kind of knowledge and experience which this training gives.

GET DETAILS OF NEW COURSE FREE
Ohnce 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
equipment supplied, read what you
practice. Judge for yourself whether
this training will further your am-
bition to reach the top in TV serv-
icing. We believe it will. We be-
lieve many of tomorrow’s top TV
servicemen will be graduates of this
training. Mailing the coupon in-
volves no obligation.

National Radio Institute, Dept. SAET
16th and U Sts., N.W., Washington 9, D. C.

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

Name Age
Address
City. Zone State _

RADIO & Tlll.IVIs:gN NEWS is published monthly by Ziff-Davis Pexhbllshmg Company, William B. Ziff, Chairman of the Board (1946-1953), at 64 E. Lake
. T

ed as second-class matter July 1948, at the Post
ment, Ottaw:

Office, Chicago, Iil., under the act of March 3, 1879
as second-class matter. SUBSCRIPTION RATES: Radio & Television News—one year U. S, and possessions, and Canada $4.00; Pan-American

St..
. Authorized by Post Office Depart-

Union countries $4.50; all other foreizn countries $5.00. Radio-Electronic Engineering Edition—One year U. S. and possessions, and Canada $6.00; Pan- ~American

Union countrics $6.50; all other forelgn countries $7.00., Postmaster—Please return undelivered copies under form 3589 to 64

January, 1955

. Lake St., Chicago 1, Ili.
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In Spure 'l'lme @I Home-Prep@re for & %eﬂer Joh=
or Your Own Busmess m

You build and keep

this valuable Jewel

Bearing MULTI-
ETER.

RADIO - ELECTR ONICS

I¥ the man who is seeking a better job or a business of his own will take

X _ time to compare all the opportunities available to him today, he will
) undoubtedly consider a career in Television-Radio-Electronics.

N A bird's eye view of the tremendous opportunities that exist in this

S AN fast-growing American industry reveals that hundreds of TV sta-

e TIeey tions are yet to be built, millions of sets to be manufactured, and

this high quality 5 INCH other millions of existing sets to be serviced from time totime.

e amonS Another marked advantage for men 17 to 45 is the fact

servicing. ' that they can prepare to enter these profitable fields in
their spare time at home or in our modern laboratory
in Chicago. Another distinct advantage is the fact
. that no previous technical experience or ad-
- vanced education is required.
. After a man completes his training at
. home or in our Chicago Laboratory, he
. may get the benefit of our effective
. EMPLOYMENT SERVICE to help him
get started.
. Againwesay—comparethese
\?pporfuniﬁesandadvanfages.
Send for full facts today.
“._Mail coupon below NOW!

Build and keep this BIG DTI
Engineered TV set—easily

T E l. EVISIO N | converted to U.H.F. (DTl offers

another home training, but EMPLOYMENT SERVICE

D,T,I.,S progrum  without the TV set.) { Upon completing ei'he.r'_he Chicago Lab-
oratory or Home Training, DTI's long-

UISO indudes . : e = A .esn-fhlished, effective Employment Serv-
: 3 ¢ iceis ready to help you start earning real
.h.u"“ng in : ; . : . g money. Get full facts. Mail coupon today.

SN
WORK OVER 300 PROJECTS

- You set up your own HOME LABORATORY . . .

work with and keep the same type of basic electronic parts

“One ofAmen'(a’s Foren!o;sf | used in D.T.l.'s modern Chicago Training Center. Now you
Te’eViSiOH ’Tfai‘;iﬂg . can get real Laboratory-type training— AT HOME.

~ Centers”

Color Television

2

T - -. e L het
MODERN LABORATORY ]
1f preferred, you can get ali of your preparation in.

9 our modern Chicago Training Laboratory—ane of |
\ the finest of its kind. Ample instructors, modern |

. equipment. Write for details!

MILITARY SERVICE!

If you're subject to military service, the informa-

T0
EARN

MONEY
N TELEVISION |
gl RADIO-ELECTRONICS

8 WAYS

tion we have for you should prove very helpful.
Mcil coupon today.

4 cr Get information packed

[

: Soblicatisn FREEN 16-mm. HOME MOVIES

i ﬁo w .' Mail Coupon Todwc_l_y“ = You use this 16-mm. motion picture pro-
& . jector and many reels of educationat film

1 DEVRY TECHNICAL INSTITUTE —a wonderful, exclusive, D.T.I. home aid

| 4141 Belmont Ave., Chicago 41, lll. Dept. RN-1-1 Tallie!Pieviuncertond important fundss

> mentals faster...easier...better, Ii's
I. 1 would like the facts, including your valuable information-packed publi- almost like having a teacher in your home.
[ ;ahon ihowmg how | may get started toward a good job or my own
usiness in Television-Radio-Electronics.

1 Name, — —Age

o DeVRY TECHNICAL INSTITUTE

1 ) AFFILIATED WITH

I City Zone State

i D.T.L’s Training is available in Canada D"E F ORE s T s T RAINI N Gl 1 N c »

CHICAGO 41, ILLINOFS
January, 1955 - 5
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“Everywhere! Even In the most extreme fringe areas, the sensational
Winegard Interceptors are providing clear, enjoyahle TV pictures.”

) an o e
o e b i at : i ' -
" ‘ }:-;pmen*%* \nxe‘::’ etising A9 g nimes :o::e 5 Reports like fhesg
Rt SRPT our dealet™ L ca conicll L iing we RYE from across the nation
ccla tperform @ s hu SEMR SRS are pouring in, testifying fo
3 Wl“ P 1 terce LA ¢ QrroYs. CQ 0
pixie ¥ er height: ISR e cof IS SUP Ly CO the exceptional performance
| much ot 'mc\ud‘ELQ, , 2 of our antennas
run D ; , 3
- » g s " 'f
i 5 . S - - ?‘ "f\/, » /
A - @/ %/:& =
s & >
~ e
A greal new antenna Exclusive!

theot gives you both Electro-Lens Focusing 1%

euzadh
.

Complete all-channel VHF coverage—

2 Brilliant yagi performance—

s Yes, the extraordinary high gain of a yagi...
The pin-point directivity of a yagi . . .
Not on just one channel—not on just one band
—but clear across the whole VHF spectrum.

A NEW more powerful version of our famous

Winegard Interceptor—Now—makes it pos-
sible to have multi-element yagi
__performance on all .channels in
. the most extreme fringe areas.
The Super ’Ceptor possesses
all of the wonderful features of
the Interceptor, but with much

| increased sensitivity .. . up to

NOTE —The Interceptor has been received so enthusiastically : ¥ '32;2.&%) I%ﬁ% gygg;ﬁhe Etandl

...all over the country . .. that the Winegard Company, even 4 4g = S s ; i : g .

with around the clock production in its brand new plant, | Features of the Interceptor and Super 'Ceptor .

can’t seem to make Interceptors fast enough. Twice this . e.Excellént’'300 ochm impea\an’ce match over:
season production has been actually doubled over what was ik the entire VHF range o :

originally planned, and still we are éxperiencing difficulty in : - 0
keeping up with this tremendous demand. So, get your order o Extremely narrow yagi type forward lobes,

The Interceptor is designed

for both biack and white and color

The same Interceptor that gives you those sharp, clear
black and white pictures today will give you the truest,
brightest color pictures imaginable in the future.

in now—and avoid disappointment on delivery. A vSv‘ithlmi sic(iie lobes and _rgeg!igible rear Lol:;:s.

e Single lead . . . no switching . . . no inter-
List price U.S.A. ... Interceptor ... per bay.. $2@95 action between the high channel elements
(Stacking bars available) < and the low band elements.

The New Winegard Super 'Ceptor

YL L Y v vy T x-n-v ¥ ¥ W ¥ ¥ _§ _J _F--F ] (SuPer'"'ercep,or)

With Electro-Lens Focusing!*

i Gives you—multi-element yagi performance

§ IOMP'}:M}?d%l I\}-I?Hgoxi)chz:inrltﬂs ’ﬁ\}&) not on one channel . . . not on one band . . :
L e e Sang, LN i but on every single channel in the .whole

functions a§dtwcl)) hxg% gain yagfx—t VHF spectrum!

operating side by side in perfec S y :

| phase, to give gain and directivity '(-;5" P':{‘e %S-A----iuz:f) Ceptor...per bay $3495

} far in excess of more conventional acking bars avaitable

¥ 7-13 broad band designs.

Imp Features:

¢ Exceptionally high gain on channels 7-13.
¢ Full wave driven elements.

o Full wave reflector elements.

¢ Electro-Lens Focusing.*

THE PIXIE

Top all channel performance—at a low
price—featuring unique improved coni-

q cal type driven element—for high gain
Note—the IMP makes the perfect all-channel attic E A P
antenna for all channels in primary areas. and uni-lobe directivity.

M- ' ' List price US.A. . . . PIXIE... per bay §= % 95
List price U.S.A....Imp. ... perbay........ $52505 h , g .é%
(Stacking bars available) %2 (Stacking bars available) l§

*PATENT PENDING

_ See your jobber or write us for additional information about the
N Interceptor and other Winegard antennas

JEGARD company

3000 SCOTTEN BOULEVARD, BURLINGTON, IOWA

Winegard — America’s most wapted line of TV anfennas — designed to make installations quicker— easier —and more profitable

& - ' RADIO & TELEVISION NEWS
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HIGH-FIDELITY MusICc-APPRECIATION RECORDS

TO HELP YOU UNDERSTAND MUSIC BETTER AND ENJOY IT MORE

RN

ON ONE SIDE there is a.f.ull performance of a

great musical work, featuring
orchestras and soloists of recognized distinction in this
country and abroad. You listen to this performance first,

or afterward, as you desire, and then

ON THE OTHER SIDE © 2" illuminating an-

the themes and other main features of the work played
separately with running explanatory comment, so that

s i

alysis of the music, with

you can learn what to listen for.

A NEW IDEA OF THE BOOK-OF-THE-MONTH CLUB

LL TOO FREQUENTLY, most of us are
A aware, we do not listen to good music
with due understanding and appreciation.
There is no doubt about the reason: we
are not properly primed about what to
listen for. Music-AppreciaTioN RECORDS
meet this need—for a fuller understanding
of music—better than any means ever de-
vised. After hearing several of these rec-
ords, all the music you listen to is trans-
formed, because you learn in general what
to listen for. This highly enjoyable form of
self-education can be as thorough as the
Music-Appreciation courses given in any
university.

YOU SUBSCRIBE BUT TAKE ONLY THE
RECORDS YOU WANT . . . A new Music-
Arpreciation Recorp will be issued—for
subscribers only—every month. Ultimately

s a demonstration

all the great masterpieces of music will be
included. The announcement about each
forthcoming record will be written by
Deems Taylor. After reading this descrip-
tive essay (presented in a form that can be
kept for long use) you may take the record
or not, as you decide at the time. Dou are
not obligated as a subscriber to take any
specified number of records. And, of course,
you may stop the subscription at your pleas-
ure—at any time!

TWO TYPES OF RECORDS AT A RELA-
TIVELY LOW COST . . . All Music-Appre-
ciation Recorps will be high-fidelity, long-
playing records of the highest quality—
3314 R.P.M. on Vinylite. They will be of
two kinds: first, a so-called Standard Rec-
ord—a twelve-inch disc—which will present
the performance on one side, the analysis

on the other. This will be sold at $3.60,
to subscribers only. The other will be an
Analysis-Only Record — a ten-inch disc—
priced at $2.40. The latter will be made
available each month for any subscriber
who may already have a satisfactory long-
playing record of the work being presented.
(A small charge will be added to the prices
above to cover postage and handling.)

TRY A ONE-MONTH SUBSCRIPTION —
NO OBLIGATION TO CONTINUE ., .,
Why not make a simple trial, to see if
these records are as pleasurable and as en-
lightening as you may anticipate? The first
record, BeeTHOVEN'S Fret SyYmMPHONY,
will be sent to you at once—at no charge.
You may end the subscription immediately
after hearing this record, or you may cancel
any time thereafter.

PLEASE RETURN ONLY IF YOU HAVE A RECORD PLAYER WHICH CAN
PLAY 335 R.P.M. LONG-PLAYING RECORDS

MUSIC-APPRECIATION RECORDS R38+1
¢/ o Book-of-the-Month Club, Inc.

WILL YOU ACCEPT
WITHOUT CHARGE B

(Beethoven’sffth S);n.@[;hony

A NEW HIGH-FIDELITY RECORDING BY THE LONDON SYMPHONY ORCHESTRA

Norman Del Mar, Conductor
Analysis by Thomas Scherman

ou HAVE Hrarp this great work countless times—what

have you heard in it? And what may you have fai

led

to hear? This demonstration will show you what you
may have been missing in listening to great music.

January, 1955

345 Hudson Street, New York 14, N. Y.

Please send me at once the first Music-ApprECIATION RECORD,
Beetboven's Fifth Symphbony, without charge, and enter my name in a
Trial Subscription to Music-ArpreciaTioN Recorns, under the condi-
tions stated above. It is understood that, as a subscriber, 1 am not
obligated to buy any specified number of records, but may take only
those 1 want. Also, T may cancel this subscription after hearing the
first record, or any time thereafter at my pleasure, but the introduc-
tory record is free in any case.

Mr. 2

Mrs.
Miss
Address

www americanradiohistorv com
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Thrill to
“silk-and-diamond”

72 NOTES
R ABovE T
~HIGHC,

“Smooth as silk. brilliant as diamonds, the
highest octaves you can hear are realistically
vours, with an E-V '35 in your high fidelity
music installation. This new, very-high-fre-
quency tweeter takes over from 3500 c¢ps to
beyond audibility . . . provides 180° disper-
sion. Is easily installed. along with recom-
mended X 36 crossover and AT 37 fevel control.

135 List $55.00 Avdiophile Net $33.00
T358B List $35.00 Audiophile Net $21.00
X36 List $14.00 Audiophile Net $ 8.40
AT37 List $ 6.00 Auvdiophile Net $ 3.60

The T35B — for lower powered systems and
existing quality AM-FM radio or radio-phono-
graphs, finished in flar matte black. Requires
only X36 to attach to music system. Imped-
ance 16 ohms. Shipping weight 2 Ibs.

Beautifol T35 Accessory Enclozurs

The Piccolino
for either the T35
or the T3513. Styled in gleaming
tropical mahogany or lustrous
Korina. hlonde. =~ Tist $15.00

Audiophile net $9.00,
Jha Ticcolino; complote with
r-Sonax, N36 crossover and
7 level control wired and
ady tO connect to \0111 music
: with T35 1, $90.00
Net 854, 00 with
$70.00 Aurhophlle

\(r $42.00.

Prove the performance

of the T35 to yourself !

You hear the difference
with this T35 demonstra
tor. With a flip of the switch
you bring in or cut out the
T35. Visit vour E-V distrib-
utor to conduct this amaz-
ing test personally,

Today—write for Buietin 194 and whara fo buy.

ElechoYorc=

ELECTRO-VOICE. NG
BUCHANAN, MICHIGAM

ANOTHER

NTERING our 36th year of uninter-
rupted publishing of Rapio & TELE-
VISION NEwS, we look ahead to the

| wide-spread acceptance by the public

of color television. Color TV got its
“feet wet” during 1954, and the net-
works have stepped up their color pro-
graming considerably. As we see it, the
only real obstacle in the path is the
cost of the color set. As competition
increases, it is now conceivable that
mass production will result in price

. tags for color receivers of less than

$500.00 before the year’s end.

The introduction of large-screen col-
or pictures has done little to provide
additional spark on the part of the
public. The average prospect still looks
upon color TV as a luxury, and will
continue to do so until prices tumble
to levels within reach of the home
budget.

The transistor, widely heralded dur-
ing 1953, did not make the expected
progress during 1954. While techniques
of manufacture were improved and the
cost reduced for units, there still was
not wide-spread enthusiasm for all-
transistor equipment. Only one com-
mercial all-transistor radio, for exam-
ple, made its appearance just a few
weeks past, while at the beginning of
the year it was estimated that such
sets would be commonplace.

High-fidelity continued to catch the
fancy of the public, and audio fairs en-
joyed record attendance. In spite of
the efforts of industry leaders and the
trade press to properly define hi-fi, the
public still is much confused as to
what hi-fi actually means with respect
to components.

Radio and TV servicing was more
than ever big business during the year.
According to RCA executive vice-presi-
dent, Charles M. Odorizzi, the main-
tenance of home TV and radio reached
1.4 billion dollars during the year, and
he expects that the annual gross will
be about 2.7 billion by 1957. He also
predicted that the industry, now hav-
ing 100,000 technicians, will expand to
more than 125,000 in 1957. He also
revealed that the RCA Service Com-
pany presently employs some 5000
service technicians!

And with pardonable pride we point
to the successful introduction of our
sister publication, POPULAR ELECTRONICS,
that has now been firmly established
and circulation-wise has attained a
monthly readership of a quarter-mil-
lion, and continues to grow at a steady
rate. One thing is certain—the tre-
mendous interest in electronic subjects
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THE EDITOR

NEW YEAR

apparently is without limitation. This
is good, and points to a healthy prog-
ress for this fastest-growing industry
of our times.

Controversy on ‘“pay-as-you-look”
television again comes to life as the
FCC studies the comments from in-
terested parties and services. Subscrip-
tion TV has been promoted since 1947.
Our readers will recall the Zenith sys-
tem, called “Phonevision,” described in
this magazine which originally trans-
mitted a garbled signal and which was
unscrambled at the receiver by means
of a special decoding device tied in
with the telephone lines. The customer,
as proposed, would be billed each
month by the phone company. Later,
other techniques of billing and decod-
ing were suggested.

Another system, called Skiatron, em-
ployed a punch-card decoding and bill-
ing method. This card could be bought
by the TV viewer and. when inserted
into the decoder, would steady the
garbled picture. This system was com-
monly called “Subscriber-Vision.”

The other system, developed by In-
ternational Telemeter Inc., has been
studied on the West Coast at Palm
Springs. It is called “Telemeter” and
cmploys a cash box fastened to the TV
set. Its action is like familiar coin-
operated machines which can receive
nickels, dimes, quarters. or fifty cent
pieces. Upon receiving a coin, the
decoder would unscramble the video
for various time lengths—depending
upon the amounts received.

During the course of development
of these systems much opposition has
come from the broadcast industry and
from the motion picture exhibitors.
And, a movement has been under way
to amend the Communications Act to
make a common carrier service for
“pay-as-you-look” television.

Theater owners are still fearful of
subseription TV and its potential im-
pact on attendance. A committee re-
presenting the Theatre Owners of
America has been recently organized
to present a united stand against giv-
ing the *“go ahead” to any pay-TV
system.

Many now feel that the FCC may
finally approve one or more “pay-as-
you-look” systems in the not too far
distant future. Then we'd like a “pay-
as-you-hear” hi-fi program service
for the benefit of the thousands of
owners of tape recorders who would
cherish tapes (off the air recordings}
of a live FM symphony concert for
their own libraries. . O.R.

RADIO & TELEVISION NEWS
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ALLIED RADIO

LY -JRIRY
ANE., CWICAGO
100 N, WESTERN etenane—HAymadw 6400

s \955

n FADE 303

NBAX O

'CATALOG NO. L

veryt Televiston adustriol Flectronics
\’E/; ything 10 Rudio, Televisto & Indusivt

1955A

308-PAGE CATALOG

the only COMPLETE catalog
for everything in TV, Radio
and Industrial Electronics

SEND FOR IT TODAY!

Get ALLIED’S 1955 Catalog—308 pages
packed with the world’s largest selection of
quality electronic equipment at lowest,
money-saving prices. Select from the latest
in High Fidelity systems and components;
custom TV chassis, TV antennas and
accessories; AM and FM receiving equipment;
P. A. systems and accessories; recorders and
supplies; Amateur receivers, transmitters
and station gear; specialized industrial
electronic equipment; test instruments;
builders’ kits; huge listings of parts, tubes,
tools, books—the world’s most complete stocks
of quality equipment. ALLIED gives you every
buying advantage: fastest shipment, expert
ﬁ personal help, lowest prices, assured
satisfaction. Get the big 1955 ALLIED Catalog.
@i@ & Keep it handy. Send for your FREE copy today.

ultra-modern facilities for the &
FASTEST SERVICE IN ELECTRONIC SUPPLY g

e All TV and Radio Parts

o All Electron Tube Types

® Test and Lab Instruments
e High Fidelity Equipment

e Custom TV Chassis

e AM, FM Receiving Equipment
e Recorders and Suppliers

® P.A. Systems, Accessories
e Amateur Station Gear

® Builders’ Kits, Supplies

® Equipment for Industry

iIT’S VALUE PACKED...SAVE ON
EVERYTHING IN ELECTRONICS

SEND FOR 'I'liE. i.EAan : - A |- D liA D ‘I O

ELECTRONIC SUPPLY GUIDE B ™™ orld's largest Electronic Supply House

EASY-PAY TERMS HI-FL.-SPECIALISTS " ALLIED RADIO CORP., Dept. 1-A-5
Use ALLIED'S liberal Easy To keep up with the latest 100 N. Western Ave., Chicago 80, Illinois

Payment Plan—only 10% - and best in High Fidelity, !
down, 12 months to pay— look ‘to ALLIED. Count on. us ’ [ Send FREE 308-Page 1955 ALLIED Catalog.

no carrying charges if you for alfthe latest releases and Name
pay in 60 days. Available largest stocks of Hi-Fi equip-

on Hi-Fi and P.A. units, ment. We specialize, too, in Address
recorders, TV chassis, test in- TV supply, and are foremost |

struments, Amateur gear, etc. in'the field of Builders’ Kits. City

2 B T 5
January, 1955 9
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THREE NEW SIMPSON DEVELOPMENTS

NEW MODEL 355 “MIDGETESTER” ¥ . . . Smallegt practical
Volt-Ohmmeter on the market—23%" x4%"” x1”." Complete
multi-tester in a shirt pocket size. Cased in clear lucite.
10,000 Ohms per volt. Five AC and five DC voltage ranges:
0to 3,12, 60, 300, and 1200 volts. Four DC resistance ranges:
0 to 10,000 ohms, 100,000 ohms, 1 megohm, and 10 megohms.
Price complete with test leads and instructions . . . $29.95.

NEW MODEL 388 “THERM-O-METER” ¥ . . . Gives fast, ac-
curate, remote temperature readmgs from —50° F. to
+1000° F. on one scale. H 7'’ thermocouple lead, big 7"

scale, Ad]ustAVue handle, and uses internal batteries.
Measures 7-15/16" x 8” x 2-15/18”. Price complete with lead
and batteries . . . $59.50.

| NEW MODEL 1000 PLATE CONDUCTANCE TUBE TESTER

i . Now, fast testing in Plate Conductance with convenient
; hms readings for leakage and shorts. Tests any tube——
} including 9-pin miniatures and subminiatures. Size: 153" x
113" x8”. Comes complete with Operator’s Manual for
only $135.00.

DELUXE MODEL 262*
20,000 ohms per volt . . . Big
7” Meter in 7’ Case .. .

$59.50

MODEL 269*—100,000 ohms

per volt . . . 33 Banges

Through Single Control . . .
$88.00

MODEL 303*
VIVM, 568.00

@ *Only Simpson VOM's have Adjust-A-Vue Handle feature for adjusting
~‘\ instrument at any angle on work-bench . . . without extra charge.

t Trade Mark

SIMPSON ELECTRIC COMPANY

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT
5216 W. Kinzie St., Chicago 44, llinois, Phone: EStebrook 9-1121
In Canada: 2ach-Simpson, Lid., London, Ontarie

For Further Information . . . SEE YOUR JOBBER

www americanradiohistorv com

IT'S

Simpson’s New VARIDOT". ..
A WHITE DOT GENERATOR
WITH VARIABLE DOTS

With the new Simpson Model 434
White VARIDOT Generator, you can
adjust the number and size of dots to
your own liking . . . size being ad-
justable from one line to six or more
—the only white dot generator on
today’s market that can do this.

You can make linearity adjustment
of black-and-white TV, and linearity
and convergence adjustments on color
TV receivers with confidence . . .
easier adjustment of aspect ratio,
vertical and horizontal linearity,
beam centering, and purity.

Vertical and horizontal synchro-
nization provided by the VARIDOT
Generator assures correct aspect ra-
tio, ample attenuation, and a 300-ohm
RF output.

The VARIDOT gives fast, accurate
checks of transient response of video
amplifiers; positive or negative video
output is provided.

It is designed for a line voltage of
117 volts, 50-60 cycles, and takes 45
watts. Weighs an easy-to-carry 1132
pounds. Case is finished in attractive,
Simpson gray hammerloid.

Price, complete with shoulder strap
and operating instructions, is $147.50.
See it at your jobber’s.

RADIO & TELEVISION NEWS
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soon become obsolete.

The advent of color TV brings a puzzling prob-
lem to many a TV serviceman. He would like to
purchase his color test equipment now, and get
the jump on his competition. On the other hand
he fears that the equipment he buys today may

Traditionally, Simpson has always designed
its test equipment to protect the serviceman
against obsolescence. This policy has already

COLOR TV

Will Today's Servicing Equipment Become Obsolete Tomorrow?
By Bob Middleton

color.

equipment.

paid off: first, in the ease with which Simpson
black-and-white TV test equipment could be
adapted to UHF, and now, its easy adaption to

In the future, as in the past, we at Simpson
will continue to make every effort to protect the
investment of the servicemen who purchase our

Bob Middleton

FQUIPMENT FOR COLOR

TWO NEW SIMPSON ACGES-
SORIES CONVERT YOUR 480
OR479T0COLOR TV TESTING

Get double duty out of your Simp-
son model 480 Genescope T or Model
479 AM-FM Signal Generator.

The new Simpson Chromatie
Probe ¥ and Chromatic Amplifier §
convert the above equipment into
chromatic sweep marker systems in
just 15 seconds. (All connections are
external.)

Besides providing for alignment
and adjustments of color TV receiv-
ers, these two new accessories actu-
ally increase the black-and-white
applications of the 480 and 479.

The price of the Model 406 Chro-
matic Amplifier, complete with in-
structions, is only $24.95; the Model
0186 Chromatic Probe, only $9.95.

MODEL 480
AM-FM
GENESCOPE{
$475.00

MODEL 479
AMFM SIGNAL
GENERATOR
$325.00

January, 1955

NEW SIMPSON COLORSCOPE HAS EVERYTHING YOU
NEED IN AN OSCILLOSCOPE FOR SERVICING COLOR TV

Does a Better Job on Black-
and-White Sets, Too!

Seven big features make Model
458 the ideal scope for color TV
servicing:

(1) 7” Cathode Ray Tube.

(2) On wide band operation, the
frequency response is flat
within 3 db to 4.5 Me (will
adequately display COLOR
BURST frequency) with a
sensitivity greater than 100
MYV rms per inch of vertical
deflection.

On narrow band operation,
the frequency response is
flat within 3 db from 10 cy-
cles to 100 ke with a sensi-
tivity greater than 10 MV
rms per inch.

Good square wave response
provides accurate represen-
tation of synch pulses and
composite waveform pattern
for trouble shooting video,
synch, and sweep circuits.

3

W

(6))

6

()

Horizontal Sweep, to 50 ke,
for expansion of high fre-
quency waveform detail and
color burst.

Vernier and Compensated
Decimal Step Attenuator for
better signal control.

Provision for Intensity
Modulation of CRT.

The price, complete, is only
$199.95.

NEW

MODEL 406
CHROMATIC
AMPLIFIERY
$24.95

NEW MODEL 0186
CHROMATIC
PROBEYT $9.95

www americanradiohistorv com

SIMPSON MODEL 488

FIELD STRENGTH METER

The nominal
50 microvolt
basic range of
the M({{iel éi.88 ; A
is excellent for pe
fringe area = w%_?;&&y?%
uses. There are .4
also three higher ranges for areas

with more signal strength. It is
easily adapted for UHF.

o

Model 488 is designed for 105~

125 volts, 50-60 cycles, and takes
45 watts. Weight is 11%2 Ibs. Price,
complete with shoulder strap, is
$115.00.

HERE! NEW SIMPSON

SAVE
EACH
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~ % Inevery field of endeavor . . . manufacturing,
¥ the theatre, concert or contest . . .

i . there is always one standout.

Vel
v /:15(7 In HI-FI equipment the standout is Pickering . . .

[ ] [ ]
I]lc]ierl“g A pioneer in this field, responsible
\ for the development and introduction of outstanding
}/ components for highest quality performance;
every product bearing the Pickering name
is engineered to conquer the challenge of

. .
A“ﬂlﬂ optimum performance . . . in their manufacture

the most stringent quality controls are

exercised to assure and maintain the “Ne Plus Ultra”
reputation for products featured by the @emblem.

Jl]m[lﬂﬂﬂms... SYNONYMOUS WITH HIGHEST QUALITY

Design... Manufacture... Performance

It’s with good reason that professionals use

Pickering Audio Components . . . they know
the values built into Pickering equipment.
INVESTIGATE and you too will use‘Pickering
components for your HI-FI system. . . .
You'll thrill to new listening experiences . . .
you’ll have the same high quality performance

as leading FM/AM good music stations, network

and recording studios . . . REMEMBER, leading
record companies use Pickering Components

for quality control.

P IGKERING and company incorporated o

: , QOceanside, L. L., New York
PICKERING PROFESSIONAL AUDIO EQUIPMENT

(%MWWM%Q%MW»

» « Demonstrated and sold by Leading Radio Parts Dstributors everywhere.

For the one nearest you and for detailed literature; write Dept. C-6

12 ‘ RADIO & TELEVISION NEWS
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Development

-NOW READY FORYOU!

New Equipment! Nw Lessons! Enlarged Course!

SPRAYBERRY PRACTICAL TRAINING IN

RADIO-TELEVISION

3 NO OBLIGATION TRAINING PLANS

e et
e 3
A
& ' ’
" vk AT

e @ You have NO MONTHLY PAYMENT CONTRACT to sign

Ry = v R e 5 i ! ... pay for this outstanding training as you learn!
dsa?“’j‘f“x‘"’:;iw SIST | The eomplete facts are so big and so important to any man seeking

“_,,_(1&' o) ) training in Rudio-Television that I urze you to mail the coupon be-

g - p } ’ low ut once for my big all-new 56 page FREE CATALOG and

it / /.é 7 FREL Sample Lesson. Get the full story of this remarkable new

S i S Frank L. Sprayberry and up-to-the-second Training Plan. You'll read about my 3 NG

D President, Sprayberry  QRBLIGATION PLANS or “packaged unit” instruetion for both

Academy of Radio beginners and the experienced man. You'll learn how I can now
prepare you in as little as 10 MONTHS to take your place in this fast moving big money
industry as a Trained Radio-Television Technician, You'll see that vou take no risk in
envolling for my Training heeause you DO NOT SIGN A BINDING TIME PAYMENT
CONTRACT. I have been training successful Radio-TV technicians for 22 years . . . I can
prepare you, too, to get into your own profitable Service Shop or 2 good paying job,
even if you have no knowledze of Radio-Television. Mail the coupon ., . . I rush full
information FREM and without ohlization, (No salesman will eall.)

NEWEST PRACTICE AND TRAIN AT HOME
DEVELOPMENTS | WITH 25 NEW KITS OF EQUIPMENT

You get valuable practicsl expericnce in construction, test-
ing and shop praetice. You build & powerlul 2 band superhet
radio, the all-new 18 range Sprayberry multitester, the new

Your training cove

ers UHF Color sprayberry Training Television receiver, signal generator,
.« . slgnal tracer and many other projects. All equipment is
Television, F M, yours to use and keep . .. and vou have practically cvery-

thing needed to set up a Radio-Television Service Shop.

Oscilloscope
Al your training is IN YOUR HOMIL in spare hours.

Servicing, High Keep on with your present job and income while learning.
Fi A T help you earn el\'tru. spare tlme money while you learn. 1f

deh’y Sound you expect to be in the armed forees later, there is no better
and Transistors. preparation than practicnl Spruyberry Radio-Television

waining. Rush eoupou below for all the faets—2 ALY

SPRAYBERRY ACADEMY OF RADIO

111 NORTH CANAL STREET, DEPT. 25-T, CHICAGO 6, ILLINOIS

1
SPRAYBERRY ACADEMY OF RADIO  MAIL THIS COUPON FOR FREE |
CATALOG AND Dept. 25-T, 111 N. Canal St., Chicago 6, ltt.  FACTS AND SAMPLE LESSON }
Please rush all information on your ALL-NEW Radio-Television Train- |
SAMPLE LESSON ing Plan. 1 understand this does not obligate me and that no sales- |
man will coll upon me. Include New Catalog and Sample Lesson FREE. |
R}\Ixsh coupon for my catalog =
T ““How to Make Money in N ] A
TRAIN Radio-Television”. PLUS an - & :
- ; actual sample Sprayberry : 1
Lesson without obligation—ALL Addre 1
FREE. Mail coupon NOW! =
= City. Zane State g 1
s o i e e o o o . A o
January, 1955 13
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GET BETTER PERFORMANCE

i
|

1
1
|

~

YA

Better performance and longer life

are built into each RCA Tube. In TV
Deflection and High-Voltage Circuits,
RCA Tubes operate with high efficiency. )
That’s because rigid structural specifications help
them to deliver the required currents or to withstand
the high voltages. For instance, on the new

RCA 6BQ6GTB/6CU6 striking structural changes
have produced a decidedly uniform temperature
radiation and new cathode material assures greater
reliability. You get greater deflection and higher
efficiency. RCA’s severe dynamic life tests simulate
actual operating conditions and help assure

you better-performing, long-life tubes.

R174

2.5 MEG.
VERT.LINE.
CONTR.

From TV-Deflection and High-Voltage Circuits. ..
[ sy % - _

+15,300V

ELECTRON TUBES

NOXIOIGYY

When you replace with
RCA Tubes, your customers
are sure of dependable
performance. Insist on
genuine RCA Tubes for
all your service work!

RADIO CORPORATION of-AMERICA

-

L R HARRISON, N.J.

®
First Choice for TV circuits...dependable RCA Tubes!

14
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GREAT NATION-WIDE

The famous, best-selling

itls“ B:::‘f% ¢ *s S ‘ A

BRAND

Plastic Base Recording Tape

Here’s What Users Say:

When You Buy 5 1200 f#. Reels!
A *15° Hi-Fi Net Value for Only $12.50

“Your IRISH Brown 195RPA tape is
all right the way it is. Do not change
the tape, nor the reels, nor anything
which will alter the bargain you
now offer of a high quality stan-
dard tape for a low price.”

—C. H.S., San Francisco, California

USED AND RECOMMENDED BY HOME RECORDING
ENTHUSIASTS, SCHOOLS, BUSINESSES, ETC.

cut from a reel in its 100th record-
ing. The reel from which it was
taken has had a very severe test {cli-
matic conditions in South Africa are
extreme) and has had some rough
handling, but it is still good.”

— M. H. N., Pietermaritzburg, Natal

irish “Brown Band” is one of the most popular of the famous IRISH Brand
tine of recording tapes. IRISH “Brown Band” plostic base tape is extensively
used in homes, schools, offices, and for all general-purpose recording. Now,
$or the first time in January, stores all over the country are featuring this tape
in a special mid-winter sale. You get six 1200-ft. reels for the price of five
— a saving of $2.50. It's a once-a-year opportunity to stock up with a
recording tape you can trust. Remember this — you're not buying an off-
brand, you're getting the genuine, the na-
tionally advertised IRISH “Brown Band”
used by the experts.

. ““This piece of (Brown Band] tape is

e o e o o o § o o o B e o o o o ¢ o o

Buy 5 Reels of irish ! 6Reelsforthe :
Price of 5 —

Br :
own Band (1200-f1.) and | 509y
get another reel FREE! | foronly$1250;

Buy a whole year's supply. IRISH
definitely. Present this coupon to
Dealer or Hi-Fi Dealer. It will entit
.deal. i they can”t supply you, ord
including 50¢ for postage and ma

iriSh ““Brown Band” is the only plastic base,
high quality recording tape specifically de-
signed for home recorders. It reproduces, with
true fidelity, the frequency range between
100 and 8000 cps., the range that most popu-
lar recorders are capable of handling. It is
wound on the new and improved 24 inch
hub heavy reel, and every reel comes with
the exclusive IRISH Reel-tab for quick and
ready identification.

- ey

N

(f

“Brown Band“ keeps in-
your nearest Radio Parts
le you to this special sale

er direct from our factory,
iling.

’
ORRadio Industries, Inc.
OPELIKA, ALABAMA
America’s Pioneers in Mognetic Tape
L2part: Morhan Exporting Corp.. New York; K. Y.

Canada: Atlas Radwo Corp,, Ltd.. Toronta, Gntario

Januvary, 1955 15
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Me

BUY DIRECT...
SAVE MONEY |

Hi=-FI and
EBinaural units ...
wired or kits?

Mew’ ,;"a::".‘.h .
mr K

» ﬂa.m! width —
200 ke = Tined

RF stége * Tum: 5

& ingRange 3E-108
. m = BEnsitivity

510 u/v, 20-30 db -

A * Irom core funed |F.

disc. trans, = BCBE RF

amplifier ® BAB4 miwer » 6ABA

- poclilator & GAUE 15t 1.F. ampli

fier = BALE Pad IF, ampluﬁnr * BALG Ist
limiter = BAUG 2nd limiter = EALS detector
= 54 cathods follower output = AM tuning
--range 530-1650 kc = ERAG RF amplifier *
BBEG converter ® BBAG 1st EF. amplifier =
1N34 or 1MNED crystal diode detector = Tuped

i RF -da#e = Chissic dimensions: 8%* long, .,
e 5 hig
= ;. Complets iit |f g:rl.t inclading tulies, ;:"5“

pictorial and schemalic diagrams. .

. ! Feequency Response (FM) 20 —
20,000 CPS £ 5 0B 1

Frequency Response (AM) B0 —
7.500 GRS & 3 DA

"""rv-s FM
Receiver Kit
® Falf-conlaingd
AL Power Supply
® Jzoctionvarjable ™
cordenser ® Tuning-
ranpe EE-108 me ® Band
width 200 kc * Sansitivity
10 microwolts 20 db = Tuned RF
sitge ® [ron core tuned |LF.—dlzc. frans. =
ECBG R.F. amplifier ® GAD4 miger &= 5584
asciflator {femp. compensated! » BAUS Ist
I.F. amplifier ® GEUG 2nd |.F. amalificr =
EAUG 15t limiter ® BAUS Znd limitar = BALS
deteckar ® BG4 cathade folicwsr autpul =
568 zefonium rectifier ® Dimanslons 8337 x

Y. X 5TEY

Complete kit of EM“ including AC
powar sopply, tu plalurlal and $9g50
schematie disgrams

Frenugncy responsa 20— I:IIJEI E"S " 5 DB
Wired & Tested extra. 5.0

tained AGC
power supply
® Tuening

pange 530. |

1650 ke = GBAE
BF Amplifier = GBES

converter * GBAG 15t . -

I. F. amplifier = BALS de-
tector = §C4 calhode follower
output = $65 salenium rectifier =

* 2 saction vanahln cond. * Tumed RF stage

* Spnsltivity 5 mi:rwnlt; & Irof core tuned
£oils theoughout - =

Dimensigns 934" x 57
x 5%

'} Complete kit of parts, nclosing: AC

 power supply, tubas, Iiﬂilﬁl' and ;2‘“‘

schematic diagrams

. Frequency Response 20-7; %00 £PS = 3 db
'l'-l'lrnd & 'i'a*l:ud lntra - 3425

e ALEF Y

f?\rﬁf CATALOG OH?TE’

Inrdres cgughela Gooeerd catang!

* " ORDER GIRECT FROM

'APP30VFD;

ELECTRONIC |NSTRUMENT I'.‘J"IPF‘

523 BRDADWAY HEW WORE 3, M.

NeW satihiriae

v Spif-come O

* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS'
WASHINGTCN EDITOR

EDUCATIONAL TV, which has gen-
erated a raging storm of protests and
disputes among broadcasters, industry
experts and government agencies, since
the Commission decided to set aside
242 channels for telestudy, received its
roughest lambasting recently, and from
none other than the newly appointed
chairman, Frank C. McConnaughey.
At a combined luncheon-meeting of
educators and radio-TV executives in
New York City, he charged that school
heads have not really accepted the
keen challenge of the FCC, since in the
two years that have passed, only seven
colleges have TV stations on the air.
Recognizing the problem of funds, he
said that if the dollar situation con-
tinued to be a stumbling block for too
many, then the present plan might
have to be altered. He felt that if
“. .. an educational presentation is
made attractive enough to invite pub-
lic interest, it can usually find some
place on the program of a local sta-

tion . . .” and that approach might be
a solution.
Noting, however, that while the

question of an available budget was
important, he believed that it wasn't
always the real difficulty, and he cited
the case of the FM allocations in 45,
when 20 channels were set aside for
educators. Despite the low-cost trans-
mitters available, the FCC headman
declared, the “. ... educational re-
sponse to FM’s opportunities has been
disappointing. FCC authorized low-
power operation and later remote con-
trol of FM, and yet today, this con-
siderable space in an otherwise con-
gested spectrum is still going begging.”

Commenting on programming, an-
other important factor in the problem,
he said, “This is a day of highly com-
petitive program selection. The gen-
eral public is so accustomed to de-
pending upon commercial radio and
TV for entertainment, enlightenment,
and relaxation, that educational sub-
jects must be expertly presented in
order not to bore a critical viewing
or listening public which is quick to
turn the knob.”

The chairman’s views were sharply
criticized by Madame Commissioner
Frieda Hennock during a news con-
ference which followed the luncheon.
Declaring that educators could cooper-
ate with commercial broadcasters and
should explore means of tieing in with
campus networks, closed-circuit TV,

wwWw americanradiohistorv com

and community antenna systems, she
tagged these as suggestions of com-
mercial interests. Educators “. . . will
not be relegated to closed-circuit TV
” she told newsmen, for school
systems nced their own media.

TV, once more, has come to the aid of
the military; this time with a fixed
gunnery trainer, a classroom device
for teaching fighter pilots the tactical
use of a modern fire-control system.

The new flight simulator was devel-
oped in cooperation with the Wright
Air Development Center. It employs
a television pickup and projection sys-
tem which portrays a realistic simula-
tion of air-to-air and air-to-ground tar-
gets and maintains a continuous true-
to-life spacial situation between inter-
ceptor and target, regardless of course,
speed, or type of maneuver. The gun-
nery controls, flight controls, instru-
ments, and flight characteristics are
identical to those in the ¥F-86 aircraft.
Approximate dimensions of the trainer
are 52' by 24’ by 18.

CONTINUING ITS STRIDENT PRO-
GRAM to develop assorted control
standards for lab and field use, the
Bureau of Standards has now come up
with a portable one-megacycle fre-
quency standard, said to be stable to a
few parts in 100-million per day.

Developed by Peter G. Sulzer, the
instrument consists of three elements;
crystal unit, amplifier or negative-
resistance device to supply the losses
in the crystal unit and to deliver
power to a load, and an amplitude con-
trol. Since the oscillator was specifi-
cally designed to minimize frequency
changes caused by tube or component
instability, the over-all stability of the
unit has been found to be nearly that
of the crystal itself.

Analyzing the characteristics of the
new unit, the Bureau said that any
phase shift in the amplifier must be
offset by a corresponding but oppo-
site phase shift in the crystal unit,
which will produce a frequency
change. Such a phase shift can be
caused by an actual reactance change
or by a variation in the reactive com-
ponent of the input impedance of the
tube. Phase shifts, it was pointed out,
can also be produced by the electronic
component of the input capacitance
of a tube, by transit time, and by the
effects of nonlinearity.

RADIO & TELEVISION NEWS
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FIND THE RIGHT

TV Yoke Capacitor

IN A JIFFY!

—

8 [ X
;A%"wl &‘za& o

1 Distribut
£VERVWNERE V-8

e

Just try the different ceramics in
this Sprague TV Yoke Capacitor
Replacement Kit until you get a
good picture. That's all there is to
it! 36 famous Sprague Cera-Mite®
Capacitors, in eight different values
selected and proportioned on the
basis of actual need, providing com-
plete coverage of fractional values
between 33 mmf and 82 mmf. The
tiny ceramic discs fit any voke assem-
bly ... stand up under the toughest
service . . . are excellent replace-
ments for any 2000 volt capacitor
which may appear in original equip-
ment. Complete instructions are on

the face of the tough, paper-board
ing over the service bench. Get

yours now! Ask your distributor for
Sprague Kit CK-1. Only $12.60 List!

SPRAGUE PRODUCTS COMPANY

Distributors” Division of the Sprague Electric Co.
NORTH ADAMS, MASS.

don’t be|vague...

do it the
easy way

card, conveniently punched for hang- ’

|
|
capacitor
CHECKER B
1 2 !

for finding opens, shorts, or ‘
intermittents in a jiffy. f

*Trademark

SPRAGUE

NORTH ADAMS, MASS.
January, 1955
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North Adams, Mass:

Simply and clearly, “Beware

The Service Bargain” tells the story

you want to get across to your customets.

Why you . . . on the basis of receiver complexity, years

of training, and capital equipment required . . . are just

as entitled to a fair price for your service as doctors,

lawyers, and dentists. And, why there can’t be any such
thing as a service “bargain.”

This may be your last chance to get reprints of “Beware
The Service Bargain” in an ideal size for mailing, and
with adequate space for your imprint at cost: $3.00 for
1000; $25.00 for 10,000. Order Form RP10 through your
distributor or directly from the Sprague Products Co.,*
51 Marshall Street, North Adams, Massachusetts.

Mats for newspaper advertising are also available.

*Distributors’ Division of Sprague Electric Co.

don’t be vague.. .insist on

WORLD'S LARGEST
CAPACITOR MANUFACTURER
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In the NBS oscillator, the effects of
these amplifier variations are decreased
by the use of inverse feedback. The
well-known Meacham bridge oscilla-
tor circuit has been used, because it
was found to provide excellent results,
and with comparatively simple cir-
cuitry.

The Meacham bridge consists basi-
cally of a crystal resistance, a pair of
resistors, and a lamp resistance. These
components are so arranged that nega-
tive feedback occurs through the re-
sistance of the crystal and one of the
resistors, while positive feedback oc-
curs through the lamp and the other
resistor. If the amplifier has suffi-
cient gain, oscillation starts at the
frequency of minimum degeneration,
which is nearly the series-resonant
frequency of the crystal, and the
lamp resistance will increase with the
amplitude of oscillation until the
bridge is nearly balanced. When an
equilibrium is reached, the bridge at-
tenuation must equal the amplifier
gain.

The standard employs a 20-ohm
glass-enclosed, contoured AT-cut crys-
tal with a @ of 5 x 10°, and a_ maximum
current limitation of one milliampere.
To obtain the best frequency stability,
the crystal is kept in an oven at a
specified, constant temperature. The
oven is of a single-stage type, with
2 temperature control provided by a
Look far this brand mark . 50° mercury thermostat. Frequency

e changes in the crystal due to oven
. cycling have been found to be less
gives you this protection N than 10 ¢ps, and normal lab tempera-
- \ ture changes have not been found to
reflect in the temperature of the
crystal.

ANOTHER UNUSUAL BUREAU de-

—only genvine Perma-Tube

Here’s why PERMA-TUBE backs up quality service:

1. PERMA-TUBE IS CORROSION-PROOF . . . it’s treated with vin- velopment has also appeared in the
synite—then coated inside and outside with a metallic vinyl resin form of a subharrpomc crystal QSCll-
base. It’s guaranteed to be free from rust in a salt spray test of | 13F0rx which requires only a single
500 hours minimum to an American Society of Testing Materials triode in a blocking oscillator, coupled
Specification B117-49T. This assures long life. t(% ?hquart’TI CtI'yStfill- }];Zach '(t)ut?}llt pulsc

- : o ‘ : of the oscillator shock excites the crys-

2. nglfﬂsAt-g'elfBE IS STURDY . . . it’s made of special, high-strength fal, and the voltage generated by the

) . ¢ | crystal, as it continues to vibrate or
3. PERMA-TUBE IS EASILY INSTALLED . . . it’s the only mast with i

ring, synchronizes the oscillator at a
submultiple of the crystal frequency.
With some crystals, it has been re-
ported, the circuit has been operated
successfully at division rates as high
as 10,000 to 1, producing harmonic-rich
output at 100 cps controlled by a 1000
kilocycle-per-second crystal.

The circuit was a chance discovery
of M. C. Thompson, Jr., of the NBS
sound section, who, while working on
a project sponsored by the Navy,
noticed that some equipment was oscil-
lating in an unexpected fashion.

In an ordinary blocking oscillator,
we have the plate circuit of a tube
coupled by means of a transformer to
a resistor-capacitor combination in the
grid circuit. When plate voltage is first
applied, the grid is at zero potential
with respect to cathode, and plate cur-
rent starts to flow through the pri-
mary or plate winding of the trans-
former. This current quickly produces
a large voltage pulse in the secondary
that charges the capacitor in the grid

(Continued on page 133)

RADIO & TELEVISION NEWS

both ends of the joint machine fitted.

Here's proof of how PERMA-TUBE resists corrosion:

1. Coated Mechanical Tubing . . .
note that galvanized coating is
gone and underlying steel is se-
verely corroded.

2. Coated Mechanical Tubing .. . note
that paint coating is nearly de-

stroyed and zinc coating is cor-
roded.

3. Galvanized Mechanical Tubing .. .

note zinc and steel are corroded,
4. PERMA-TUBE . . . note that Perma-
Test samples after 1440 hours Tube is relatively unharmed.
ASTM salt spray test

For further details on product and installation,
write for a copy of the Perma-Tube booklet.
Jones & Laughlin Steel Corporation, Dept.
495, 3 Gateway Center, Pittsburgh 30, Pa.

1118 Sowes « Lavwghline

STEEL CORPORATION ~ Pittsburgh
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| Will TrainYou at Home

for Good Pay Jobs, Success in

RADIO-TELEVISION

J. E. SMITH
President
National Radio
Institute
Washington, D.C.
40 years of success
training men at
home in spare time.

Practice Servicing _
with Equipment | Send »<

Practice Broadcashng
wnh Equnpment I Send

As part of my Communications
Course T send you kits of parts to
build the low-power Broadcasting
Transmitter shown at the left.
You use it Lo get practical experi-
ence putting a station “on the air,”
performing procedures demanded
of Broadcasting Station Operators.
An FCC Commercial Operator’s
License can be your ticket to a
better job and a bright future;
my Communications Course gives
you the training you need to get
your license. Mail card below and
see in my book other valuable
equipment you build.

Nothing takes the placc of PRAC-
TICAL EXPERIENCE. That’s why
NRI training is based on LEARN-
ING BY DOING. You use parts I
furnish to build many circuits com-
mon to Radio and Television. With
my Servicing Course you build a
modern Radio (shown at right). You
build a Multitester which you use to
help fix sets while training. Many
students make $10, $15 a week extra
fixing sets in spare {ime starting a
few months after enrolling. All
equipment is yours to keep. Card
below will bring book showing other
equipment you build.

AVAILABLETO

VETERANS
UNDER G.I. BILL

£ W W e W O A RS S D W A SE N N NN W 5 SN P e NS A N N ID O e

1
i CUT OUT AND PAIL THIS CARD NOW
g
Sample Lesson & 64-Page Book
3|
1
' DO
1 . . -
i This card entitles you to Actual Lesson on Servicing,
shows how you learn Radio-Tclevision at home. You’ll
] also receive my 64-Page Book, “How to Be a Success
T ’ o o N G o F t I in Radio-Television.”” Mail card now!
elevision is browing ras g NO STAMP NEEDED! WE PAY POSTAGE
o o oy ¢
Kaking Kew Jobs, Prosperity |  mr. e swith, Prosidem,
: National Radio Institute, Washington 9, D.C.
More than 25 million homes now have Television sets Mail me Lesson and Book, “How to Be a Success in Radio-
and thousands more are being sold every week. Well i Television.”” (No Salesman will call. Please write plainly.)
trained men are needed to make, install, service TV sets. L
About 200 television stations on the air with hundreds L] NAME e i A b T . TS sian AGE
more being built. Think of the good job opportunities 1
here for qualified technicians, operators, etc. If you’re ADDRBSS . o b ammmse s s 5umg Sim » e § - 5 - 0aln - pis
looking for opportunity get started now learning Radio- 1
Television at home in spare time. Cut out and mail B CITY . ....... oo, .ZONE... STATE
postage free card. J. E. Smith, President, National Radio SRS
Institute, Washington, D. C. OUR 40TH YEAR. VETS of discharge ... .. ... _
1 JK
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Train at Home to JumpYour Pay
asaRADIO-TV Technician

Get @ Better Job—Be Ready for @ Brighter
Future in America’s Fast Growing Industry

Training PLUS opportunity is the PER-
FECT COMBINATION for job security,
good pay, advancement. When times are
good, the trained man makes the BETTER
PAY, GETS PROMOTED. When jobs are
scarce, the trained man enjoys GREATER
SECURITY. NRI training can help assure
you and your family more of the better
things of life.

Radio-Television is today’s opportunity
field. Even without Television, Radio is
bigger than ever before. Over 3,000 Radio
Broadcasting Stations on the air; more than
115 million home and Automobile Radios
are in use. Then add Television. Television
Broadcast Stations extend from coast to
coast now with over 25 million Television
sets already in use. There are channels for
1,800 more Television Stations. Use of

Start Soon to Make
10 to 515 a Week

Extru lemg Sets

Keep your job while training. Many
NRI students make $10, $15 and more
a week extra fixing neighbors’ Radios
in spare time, starting a few months after
enrolling. I start sending you special
booklets that show you how to fix sets,
the day you enroll. The multitester you
build with parts I furnish helps discover
and correct troubles.

SEE OTHER SIDE

Aviation and Police Radio, Micro-Wave
Relay, Two-way Radio communication for
buses, taxis, trucks, etc. is expanding. New
uses for Radio-Television principles coming
in Industry, Government, Communications
and Homes.

My Training is Up-to-Date
You Learn by Practicing

Get the benefit of my 40 years experience
training men. My well-illustrated lessons
give you the basic principles you must have
to assure continued success. Skillfully de-
veloped kits of parts I furnish “bring to
life”” the principles you learn from my les-
sons. Read more about equipment you get
on other side of this page.

Naturally, my training includes Tele-
vision. I have, over the years, added more
and more Television information to my
courses. The equipment I furnish students
gives experience on circuits common to
BOTH Radio and Television.

Find Out About the Tested

Way to Better Pay

Read at the right how just a few of my
students made out who acted to get the
better things of life. Read how NRI stu-
dents earn $10, $15 a week extra fixing
Radios in spare time starting soon after
enrolling. Read how my graduates start
their own businesses. Then take the next
step—mail card below.

You take absolutely no risk. I even pay
postage. I want to put an Actual Lesson in
your hands to prove NRI home training is
practical, thorough. I want you to see my
64-page book, “How to Be a Success in
Radio-Television” because it tells you
about my 40 years of training men and
important facts about present and future
Radio-Television job opportunities. You
can take NRI traming for as little as $5
a month. Many graduates make more than
the total cost of my training in two weeks.
Mailing postage free card can be an im-
portant step in making your future success-
ful. J. E. Smith, President, National Radio
Institute, Washington 9, D. C. OUR 40TH
YEAR.

FIRST CLASS
Permit No. 20-R
(Sec. 34.9, P.L.&R.)
Washington, D.C.

BUSINESS REPLY

No Postage Stamp Necessary If Mailed In The United States

CARD

POSTAGE WILL BE PAID BY
NATIONAL RADIO INSTITUTE
16th and U Sts.,N.W,
Washington 9, D. C.

WWW amencanradlohlstorv co'

J. E. Smith, President
National Radio Institute

The men whose messages are published
below were not born successful. Not so
long ago they were doing exactly as you
are now . . . reading my ad! They decided
they should KNOW MORE . . . so they
could EARN MORE . . . so they acted!
Mail card below now.

I TRAINED Tmss: M!u

Consultant on
Antenna Systems

™M ‘1 resigned as Chief En-

¥ gineer. Now I am on my
§ own as consultant on
private and commercial
antenna systems.” R.J.
Bailey, Weston, W. Va.

Control Operator,
Station WEAN

“T recetved iy license
and worked on ships.
Now with WEAN as
control operitor. \RI
course is complete.”” R.
Arnoid. Rumford. R. 1.

Radio-Television
Service Chief

‘Am chief Radio and Tele-
vision serviceman for
large repair shop. Pay
very good; working con-
ditions pleasant PG
Brogan, Louisville, Ky.

$10 a Week
in Spare Time

‘*Before finishing, I
earned as much as $10
a week in Radio servic-
ing, in my spare time. I
recommend NRI”. 8.
J. Petruff, Miami, Fla.

Has Own

4 Radio-Television Shop

“Doing Radio and

4 Television servicing full

time. Have my own
shop. I gwe my success
to NRI." Curtis Stath.
Fort Madison, Iowa.

Got First Job
Thru NRI
My first job was with
<DLR. Now. Chief
ner. of Radio Equlp-
ment for Police and
Fire Dept,”' T. Norton,

* Hamilton, Ohio.

My Trammg Leads to Jobs Like These

BROADCASTING

Chief Technician

Chief Operator

Power Monitor
Recording Operator
Remote Control Operator

SHIP AND HARBOR
RADIO

Service Manager
Tester

Serviceman
Research Assistant

SERVICING Chief Operator
Home and Auto Radios Assistant Operator
P.A. Systems Radiotelephone Operator

Television Receivers
Electronic Controls

FM Radios GOVERNMENT RADIO

Operator in Army,
Navy, Marine Corps,
Coast Guard

Forestry Service
Dispatcher

Airways Radio Operator

IN RADIO PLANTS

Design Assistant

Transmifter Design
Technician

AVIATION RADIO

Plane Radio Operator

Transmitter Technician

Receiver Technician

Airport Transmitter
Operator

TELEVISION

Pick-Up Operator

Voice Transmitter
Operator

Television Technician

Remote Control
Operator

Service and Maintenance
Technician

POLICE RADIO
Transmifter Operator
Receiver Serviceman

CUT OUT=MAIL
Postage Free CARD

Have Your Own

Many NRI trained men start

their own successful Radio- §
Television sales and service bus-
iness with capital earned in
spare time. Joe Travers, a grad-
uate of mine, in Asbury Park,
N. J., writes: ““I’ve come a long
way in Radio and Television
since graduating. Have my own
business on Main Street.”

Busmess
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“'tool hunting

for good!

Here's the newest idea in TV service cases. It’s the Tube
and Tool Tender’s “PEG PLATE” panels and adjustable
metal holders. With this combination, set up your tools
in the arrangement that suits you best. Then enjoy the . _ )
time- and temper-saving convenience of having the tools ¥ »:
you want, right where you want them, whenever you s spacious—carries >
tubes, tools, meter,
need them. mirror, parts . . .
And of course the Sylvania Tube and Tool Tender  everything you need

A 3 on your calls,
also gives you generous tube and equipment storage.

S

Your Sylvania Distributor has your Tube and Tool Tender now. See it . ’ y
it's another Sylvania exclusive, designed for your easier TV ei;lv:‘n}/:w P 1
servicing, offered only by your Sylvania Distributor. Distributor i ;

It’s light and attractive, it's It's durable and sturdy— It’s convenient—for shop as,
aluminum . . . weighs only 20 will stand up in constan?y well as field use. Complete with=~
pounds fully loaded. field use. “’shelf-service.”

"S‘:yl”\}dr'\i; Electric Products inc.
1740 Broadway, New York 19, N. Y,

In Canada: Sylvania Electric(€anada) Ltd.:. ™
University Tower Bldg., St. Catherine St.
Montreal, P.Q.

W

B4

LIGHTING - RADIO - ELECTRONICS «- TELEVISION - ATOMIC ENERGY
January, 1955 21
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tips WHEN YOU NEED IT!

{you save $1.25!)

SAVE $1.25!

Make your service library complete!
Have the needed data at your finger-

If broken into “'lessons’ and sent to you
as a 'course,"" you'd regard this new
Ghirardi training as a bargain at $100
OR MORE! Instead you buy BOTH big
books at the bargain price of only $12.00

A. A, Ghirardi

More servicemen
have trained from
Ghirardi books than
any other books or
courses of their kind!

Radio & Television Receiver

1 Circuitry & Operation

It's lots easier to repair ANY radio or
television set when you know all about
its circuits and just why and how each
one works! You locate troubles in much
less time and with less testing. You re-
pairthem faster, better—more profitably!

That's why Radio & Television Re-
ceiver CIRCUITRY AND OPERA-
TTION is invaluable to servicemen who
want to be well equipped to handle to-
day’s complicated receivers! First it
«ives a complete understanding of basic
cireuits and their variations. It teaches

by Ghirardi & Johnson

669 pages, 417 clear

illustrations, $6.50
you to recognize each one quickly. Then
it shows how to eliminate useless testing
and guesswork in making repairs.

Throughout, this book gives you the
kind of above-average training that
takes the “headaches” out of servieing
—the kind that fits you for the better-
paid jobs, Covers all basic eireuits used
in modern TV and radio as well as
phono pick-ups and record players.
Sold separately for $6.50=—or see big
MONEY-SAVING COMBINATION
OFFER IN COUPON.

2

¥ and repairing them r-i-g-h-t.

This professional SERVICE

TRAINING
THAT REALLY

IS THE KIND

“PAYS OFF’!

Let these two up-to-the minute Ghirardi books make it casy for
you to handle ALL types of AM, FA and Television receiver serv-
ice by the very best and latest methods! Learn to handle jobs faster,
Dbetter . . . and with less testing! Whether you're a service heginner
or an experienced technician youw'll find the speedy, professional
methods that are so clearly explained can give BOTH your service
efficiency and your earnings a big boost!

Almost 1500 pages and over 800 big,
clear pictures and diagrams  explain
EVERY troubleshooting and repair
operation so simply it’s next to im-
possible to go wrong. Each hook con-
tains up-to-date data on the latest
methods and equipment.

Books are sold scparately at prices

indicated. Better yet, vou can save
$1.25 by buying both togetler! Send no
money. Practice from these great books
for 10 full days FREE.

Mail coupon today to Rinehart & Co.,
Inc,, Dept. RN-15.232 \adison Ave.,
New York 16, N, Y.

Radio & Television Receiver

Troubleshooting & Repair

Backed by the how-to-do-it meth-
ods and procedures so clearly ex-
plained in this big book, you can
breeze through television and radio
service jobs easier and faster than you
may have thought possible!

Throughout its 822 pages, Radio &
Television TROUBLE-SHOOTING AXD
REPAIR is an amazingly complete, how-
te-do-it guide to professional serviee
methods . . . the kind that help you
handle jobs lots faster and make niore
money doing it!

4 For heginners, this hig hoolt is an easily

understood course in locating troubles fast
Ior ex-

by Ghirardi & Johnson
8§22 pages, 417 clear
illustrations, $6.75
perienced servieemen, it is a quick way
to “‘brush up’’ on specific jobs; to develop
better methods and shorteuts; or to find
fast answers to tough service problems.

Modern_troubleshooting is clearly ex-
plained—from quick “‘static”’ tests to
dynamie signal tracing and all the rest.
Special hard-to-fix troubles are fully cov-
cred.  Step-by-step charts demonstrate
exactly what to do on different oberations.
A big, television section includes every-
thing you need to Imow for fast, accurate
work on any TV recciver model or make.

Sold separately for $6.75. Save
money by ordering the SPECIAL
COMBINATION offer. Send cou-
pon today. Practice 10 days FREE!

SAVE MONEY ON
INSTRUMENTS!

Work better with fewer [
instruments—get more
work out of your old ones

. BASIC cach job; how to understand in- RECORDING
ELE%_?;‘]:_’NIC strument reladings land put thelﬁ by 8. J. Begun
to practical use; how to avoi 242 priges, 146

INSTRUMENTS ';llu.sh‘ation;

234 payges,

L . and lots more.
171 dlus., n i ©

Here, at last, is an instruoment
book espeeially for_ scrvicemen,
amateurs and experimenters!

Basic Eleetronie Test Instru-
ments helps you work better and
il faster with fewer instruments;
shows how to increase the useful-
ness of old instruments; how to
choose the right instrument for

buymg unneecessary instruments

MAGNETIC

Price §5.00

BE AN EXPERT ON
MAGNETIC RECORDING!

This how-to-do-it book
makes it easy to
specialize in one of
the fastest-growing

electronic fields

There’s a real future for
men who specialize in the fast-
growing field of magnetic re-
cording in any of its many
branches!

From high fidelity sound to
broadeasting, to sound mov- »
ies, industrial communica-
tions, secret communieations
(speech scrambling), amateur
radio, industrial sound and
noise measurementsand many
others, magnetic recording is
now an important factor.This
book, Magnetic Recording, by

repairing . .

TV TROUBLE
FINDER GUIDES

Only 82 for the two
. presto! |

PIX-O-FIX then shows the causes of the trouble.
Next it indicates the exact receiver scetion in which

SHORT CUT T0
TELEVISION REPAIRS

Eliminate
useless
testing . . .
Fix sets twice
as fast!

Just turn the dial
of the handy, pock-
et-size Ghirardi &
Middleton PIX-O-
FIX TV Trouble
Finder Guide. When
the picture in the
PIX-0-FIX win-
dow matches the
sereen image on the
television set you're
.. youw're got your clue.

No. 2

Over 60 instruments from the
old sitandbys to the very latest
ones are fully described and ex-
plained. Work-saving shorteuts are outlined.

Included are complete details on simple meters for
current and voltage; ohmmeters and V-O-M's, V-T
voltmeters; power meters; impedance meters; capaci-
tor checkers; inductance checkers; special-purpose
bridges; oscilloscopess; R-F test oscillators; signal gen-
crators; audio test oscillators; R-F and A-F measuring
devices; signal tracers; tube testers and many others.

This handy book is a complete training course in
the latest instruments including grid-dip oscillators,
TV swcep and marker generators; TV linearity pat-
tern generators, square wave generators, distortion
meters, etc. Dozens of time-saving “‘tricks’ help you
put old instruments to new uses.

Price $4.00

Check Basic Electronic Test Instruments in
couporn for 10-day FREE trial.

22

one of the nation’s acknowledged experts, clearly
explains all details of the art.
A COMPLETE GUIDE TO RECORDING

METHODS AND EQUIPMENY
First you get a clear understanding of every phase of

wire and tape recording . . . tfrom basic acoustic and
magnetic theories to components, equipment and circuits
in preseni day use. Subjects include Acoustic Factors;
Magnetism; Magnetic Recording Theory and Practice:
System Components; Magnetic Recording Equipment ;
Magnetie Recording Applications; Instrumentation and
Recording Measurements; The JMagnetic Phonograph,

and many more. R
Read it 10 full days at our risk. Order Mag-
netic Recording in coupton.

USE c?I:_IPOH' FOR ’o-dd 7
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the trouble has probably happened. Then it gives step
by step repair instructions.

The two PIX-O-FIX units No. 1 and No. 2 cover
47 different television troubles . . . just abont any-
thing you're likely to be called on to fix. No. 1 identi-
fies 24 of the most common troubles and gives 192
causes and 253 remedies for then. No. 2 covers 23
more advaneed troubles not included in No. 1. To-
zether, they are a comprehensive zuide to quick
“picture analysis’ servieing of any TV set ... AND
THE PRICE IS ONLY 82,00 jor the two. Money
refunded if you are not more than sutisied. Specify
PIX-O-FIX in coupon.

RADIO & TELEYISION NEWS
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ADI® EVER MABE

FasT!
EASY?
R-1-G-4-77

Cash in on HIGH
FIDELITY SERVICGE and
CUSTOM-BUILDING!

Get hetter results from
“Hi-I'1” by having all the
facts and latest ideas at
vour fingertips!

This big, brand new book
by one of the nation’s ex-
perts, brings you the com-
plete “low down” on mod-
ern sound reproduction
methods and cquipment. 1t
shows how to get better re-
sults at lower cost; how to

Fl';'chH-Y build your own; how to serv-
TECHNIQUES  ice hi-fi equipment; discuss-

By John H. Newitt os all details of components;
S“‘fﬁ;[‘sg{‘;i-h};‘“‘- compares different methods
of Technolozy ~ _\ND IS CRAMMED
208 illus. FULL OF HOW-TO-DO-

IT TIPS AND IDEAS.

Price 87.50
ANSWERS YOUR HI-FI QUESTIONS
. +» . Helps you get top notch results!

Here are just a few of the many subjects: How to
get the right hi-fi equipment for your needs; Hi-fi
versus P.A. type speakers; Loud-speaker construe-
tion and performance; Adjusting bass-reflex cabinets;
Controlling distortion; Getting rid of “hangover”;
The best reproducer enclosure; Selecting a woofer-
tweeter; Sound-proofing materials; All about output
transformers; Special hi-fi circuits; Ways to suppress
noise; Negative fecedback and how to use it; Ampli-
fier construction hints; Minimizing tuner distortion;
Avoiding chatter; Limiter-discriminator vs. ratio de-
tector FM circuits; All about records and record
players; Avoiding record wear; Tips for eustom build-
ers; Bass-reflex ealeulations and design charts; Acous-
tical horn design data; special installation problems;
pre-amps and equalizers; pick-up resonance and how
to avoid it; a novel horn system . . . and literally
dozens of other subjects.

Order 1ligh Fidelity Techniques in coupon
today for 10-day FREE trial!

e

GET MORE WORK out of |

¥ Oscilloscopes are
“gold mines” for ser- MODERN
vicemen who lcarn to

. OSCILLOSCOPES
use them fully—and here is a AND THEIR
book that REALLY SIHOWS USES

YOU HOW.
In clear, easily understood By J. H. Ruiter, Jr,,
terms, Modern Oscilloscopes of Allen B. Du Mont
and Their Uses explains when, Laboratorics, Ine.
where and how to usc the os- 326 pages, 370 llus.
cilloscope . . . how to interpret Price $6.00
patterns . . . how to use your
scope to handle all sorts of jobs easier, faster and
better.

No complicated theory! This book gets right down
to “‘brass tacks’ in showing how oscilloscopes operate.
Then you sce exactly how to use them in lab work and
on all types of AM, FM and television service . . .
from locating troubles to handling tough alignment
jobs easier and in lots of time.

A complete guide to the
HANDIEST INSTRUMENT OF THEM ALL!

Each operation is made as simple as A-B-C. You
learn where and how to use the 'scope on specific
jobs: how to make conneetions; how to adjust circuit
components, how to set the controls . . . and HOW
TO ANALYZE PATTERNS. 370 illustrations in-
cluding dozens of pattern photos make things doubly
clear.

Practice from it 10 days FREE. Order Modern
Oscilloscopes in coupon.

More people now in
Radio-Television-Electronics
got their basic training
from this book than any
other of its type!

““The most complete training
course in radio fundamentals
ever offered!” . . . that’s what
the experts say about Ghi-
rardi's world-famous RADIO
PHYSICS COURSE book.
More widely used in World
War IT military training and
for homestudy than any other
basic text.
questions CéIUI}{SDFI (6] lP ng SICS

D e > SE is the oldest text

LGSR of its kind on the market—
and still a “best seller” because 7t is so complete, clear
and easy to understand, even without any previous radio
training. -You can buy newer and far more costly
training—but you ean’t buy better training at any-
where near the price. Ask the men who know!

Starts right at the beginning with Basic Electricity.
Then it takes you step by step through the entire
field from eircuits showing basic functions to the
final applications of these cireuits in radio-electronic
cquipment.

Study from it for 10-full days. Specify RADIO
PIIYSICS COURSE in coupon.

January, 1955

RADIO PHYSICS
COURSE

by Ghirardi

972 pages, 508 illus.
856 sel f-test

Here’s How to BREAK INTO
RADIO-ELECTRONICS!

DON'T THROW OLD
RADIOS AWAY!

By
A. A. GHIRARDI
Covers every
model made
by 202 mfrs,
from 1925 to
1942

Airline
Apex
Arvin

Atwater Kent
Belmont
Bosch
Brunswick
Clarion
Crosley
Emerson
Fada
G-k
Kolster
Majestic
Motorola
Philco
Pilot
RCA
Silvertone
Sparton
Stromberg

... and over
a hundred
more!

Dept. RN-15, Rinehart & Company, Inc.,
232 Madison Ave., New York 16, N. Y.

TROUBLESHOOTING AND REPAIR.

[J Radio & TV Receiver
CIRCUITRY & OPERATION.........$6.50

[J Radio & TV Receiver
TROUBLESHOOTING & REPAIR......$6.75

[ BASIC ELECTRONIC TEST
INSTRUMENTS

MAGNETIC RECORDING

.....54.00

O

Name
Address ... ...........
City, Zone, State

If cash is sent with order, we pay postage—same 10 day
To order OUTSIDE U.S.A.—Special combination offer. $13.00 for both books. For all
other books, add 50c each to above prices for handling through customs, etc. Sold
for cash only. Any book may be returned in 10 days and money 1will be refunded.

[] Check here for MONEY-SAVING COMBINATION OFFER . ..

. on Ghirardi's Radio & TV Receiver CIRCUITRY AND OPERATION, and Radio & TV Receiver
Price only $12.00 for the itwo
price $13.25 . . . you save $1.25). Payable at rate of $3 after 10 days and $3 a month for three months
until $12 has been paid. If not satisfactory, return books in 10 days and owe nothing.

Check here to order INDIVIDUAL BOOKS
{1 PIX-O-FIX TROUBLE-FINDER

GUIDES (Nos. 1Tand 2)............ $2.00
[J HIGH FIDELITY TECHNIQUES....... $7.50
[J MODERN OSCILLOSCOPES AND

THEIR USES........coocviinennnn .$6.00
[J RADIO TROUBLESHOOTER'S

HANDBOOK ..................

O

RADIO PHYSICS COURSE
return privilege. Otherwise, postage is extra.

Let this big Handbook
show you EXACTLY HOW
TO FIX THEM
fast and r-i-g-h-t

There’s a “‘secret” to fixing
old radios fast and profitably
...and Ghirardi’s big 744-pa-e,
manual-size RADIO TROU-
BLESHOOTER'S HAND-
BOOK is it!

No other guide like it! Gives com-
mon troublesymptoms and remedies
for over 4,800 modecls of old home
receivers, auto radios and record
changers. Contains tube and com-
ponent data, charts, circuits, etc.
available from no other source.

Even beginners can repair old
sets that dealers say should be
thrown away because service data
is lacking. Just look up the model
you want to fix. Four times out of
5, this giant Handbook leads you
right to the trouble . . . shows exact-
ly how to fix it. No useless festing.
No guesswork. You repair sets in a
jiffy that would otherwise go to the
junk pile.

Therc are over 400 pages of trou-
bleshooting and service ease histo-
ries. In addition, you get over 300
pages of helpful 1-F transformer
data; superhet realignment data
and alignment peuaks; handy trou-
bleshooting reminder charts; auto
radie gear ratios; complete data
and characteristics on old tube
types and components; tube substi-
tution data . . . and dozens of other
invaluable service tips and ideas.
Price only $6.50.

Specify RADIO TROUBLE-

SIIOOTER'S HANDBOOK in
coupon for 10-day FREE trial.

books plus postage. (Regular
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RANGES

BOLAND
& BOYCE
UNIVERSAL

High
Voltage
Prohe

Complete
with plug-in
resistors
for any
range,
any meter

Make safe, accurate
high-voltage meas-
urements with any
voltmeter, multi-
meter, or VIVM
having sensitivities
of 10,000 ohms-per-
volt or more.

The new Boland & Boyce Universal High-Voltage
Probe can be used with different instruments for
dozens of ranges . . ¢ and it is safe and easy to use
in the bargain. Complete with 4 plug-in precision
resistors and instructions for matching virtually any
meter . . - any range—10KV, 30KV, 60KV, and
intermediate ranges. Clear, high-dielectric handle
shows resistors in use. Includes shielded cable with
Amphenol connectors. B&B MODEL 702 HV PROBE
—$12.95 net.

TEST C-R TUBES & CIRCUITS
under receiver’s own power

Measure both TV
picture tube or re-
ceiver performance
in one all-inclusive
test! Two cabled
leads of B&B C-R
Tube Tester con-
nect between tube
and receiver.

&-position switch tests: grid-cathode, heater-cathode,
and grid-screen leakage: grid cathode voltages; re.
ceiver screen and video output voltages; beam cure
rent at HV anode; grid control of beam; effect of
brightness and contrast controls; and much more.

Instantly isolates tube or receiver faults. Separate
plug-in power supply available for in-carton tube
testing. Prices include 2 cabled leads and instruc-
tion manual, KIT—829.95. FACTORY WIRED &
TESTED—$39.95. Sold by leading distributors.

New! B&B Model 704 BIAS BOX

An exact, steady source of d-« bias
voltage, 0 to 17 volts. A “‘must’’
for radio and TV realignment.
Clips and grounds to chassis
apron; connects to nearest 6.3-V

%%h}“i%g
g" heater voltage terminal. Kit only

;.\ ”g 36 95 Assembled, wired and tested,

Write for brochure describing BGB products.

BOLAND & BOYCE, Inc.

Dept. RN-15, 236 Washington Avenve
Belleville ¢, N. J.
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METE S

LEON A, WORTMAN has been appointed
sales manager of the J. C. Warren
Corporation
of Freeport, New
York.

Prior to taking
his new post, Mr.
Wortman was na-
tional advertising
and sales promotion
manager for RCA’s
magnetic tape re- . z
corders and high-fidelity components.
He was also formerly director of ad-
vertising and sales promotion for the
Audio & Video Products Corporation,
Audio-Video Recording Company, A-V
Tape Libraries, Magna-Crest Corpora-
tion, and Fairchild Recording Equip-
ment Corporation.

In his new position, he will be in
charge of the firm’s sales program,
including marketing, advertising, and
sales promotion efforts.

ERE .
ROBERT J. MUELLER has been appointed
vice-president in charge of sales for
the Walsco Electronic Corporation . . .
FRANK GANSON has been named chief
engineer of the transformer division
and GEORGE ZIMMERMAN is a new
sales engineer for Oxzford Electric
Corp. . . . Carter Parts Company has
announced that BRUCE E. VINKEMUL-
DER has joined the firm as sales man-
ager of its electronic division . . .
JACK POWERS is the new sales man-
ager of Edwin I. Guthman & Co., Inc.

. DAVE SILVERBERG, San Francisco
district sales manager for Pioneer
Electronics Corp., passed away recent-
ly at the age of 32 ... DONALD F.
MIERSCH is the new general sales man-
ager for Sparton Radio-Television. He
replaces B. 6. HICKMAN who has re-
signed that post to take on a special
assignment for the company . .. DR.
ELMER W. ENGSTROM has been elected
to the board of directors of Radio Cor-
poration of America, filling the vac-
ancy caused by the retirement from
the board of WALTER A, BUCK ... 0. 0.
SCHREIBER, assistant to the president
of Philco for the past four years, has

been named a vice-president of the
firm . . . BRIG. GEN. JAMES S. WILLIS,
USA (ret.), has joined the Hallicrafters
Company as coordinator of research
and development . . . WILLIAM W,
GARSTANG has been named chief en-
gineer of the radio division of Allen-
Bradley Company . .. ELTON T. BAR-
RETT has been elected president of CGS
Laboratories, Inc. of Stamford, Conn.
. H. J. ALLEN, field sales manager
for appliances, has been named gen-
eral sales manager of the Crosley
radio and television division . .. LEE
SCHOENFELDT is the new marketing
research manager for General Elec-
tric’s radio and television department
in Syracuse ... FRANK T. GAIN has
been appointed sales manager of Air-
design, Incorporated . . . M. €, THOM-
SEN has joined Wilcox-Gay Corpora-
tion as executive vice-president . . .
Election of JOHN W. CRAIG as vice-
president and general manager of the
RCA Victor home appliance division
has been announced by Radio Corpo-
ration of America ... RICHARD F.
BREMAN has heen named quality con-
trol manager for Permoflux Corpora-
tion . . . NORMAN LORBER is the new
director of public relations for Chro-
matic  Television Laboratories . . .
FRED OKON has been promoted to ad-
vertising manager of CBS-Columbia
. IVOR BOWEN, principal director of
air equipment research and develop-
ment in Great Britain’s Ministry of
Supply, has resigned his post to be-
come British Empire representative
of General Precision Hquipment Cor-
poration. He will headquarter in Lon-
don . . . STANLEY KRAMER has been
appointed assistant sales manager of
the Semi-Conductor Division of Radio
Receptor Co., Inc.
£ % *
H. M. CARPENTER, owner of Thurow
Distributors, Inc. of Tampa, Florida,
has been elected president of the Na-
tional Electronic Distributors Assn.
Serving with Mr. Carpenter are
Aaron Lippman, re-elected chairman
of the board; Lewis J. Bonn, first vice-
president; Frank Kearns, second vice-

SIMON WEXLER, founder and vice-
president of Allied Radio Corpora-
tion, passed away suddenly of a

heart attack in his office. Hec was
56 years of age.
Mr. Wexler, well-known in the

electronics industry, started in radio
in 1921, the first year of commercial
radio broadcasting. His company,
the Columbia Radio Corporation,
was among the first manufacturers
of crystal sets and such components
as variometers, vari-couplers, and

honeycomb coil tuners, used in the
radio kits of the day.

Allied was organized as distribu-
tors for the increasing number of
parts manufacturers. Over the suc-
ceeding years, Mr. Wexler, although
devoting time to other interests as
well, made a major contribution in
developing Allied to its present size.

He is survived by his widow,
three sons. a daughter, seven grand-
children, three sisters, and iwo
brothers.

www americanradiohistorv com
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L. C. Lane, B.S., M.A.
President, Radio-Tele-
vision Training Asso-
ciation. Executive
Director, Pierce School
of Radio & Television.

Next to the atom and hydrogen bombs, the igesi and hundreds more to be built; more than 30 mulluon
noise being made today is by the booming radio- sets in the country and sales increasing daily. By 1955
television-electronics industry. moderately priced color television sets will be on the
Now, while the boom is on in full force, is the time market and the color stampede will be on.

for you to think about how you can share in the high  A|l these facts mean that good jobs will be looking for
pay and good job security that this ever-expanding field  good men. You can be one of those men if you take
offers to trained technicians. advantage of my training now — the same training that
Just figure it out for yourself. There are more than 400  has already prepared hundreds of men for successful
television broadcasting stations. operating right now  careers in the radio-television-electronics field.

No experience necessary! You learn by practicing with professional equipment

4 . P 10-FM-TY
I send you. Many of my graduates who now hold down good paying technician NICIAN
jobs started with only grammar school training. INING

If you have previous Armed Forces or civilian radio experience you can
) finish your training several months earlier by taking my FM-TV Technician
5 swcior Course. Train at home with kits of parts, plus equipment to build BiG SCREEN

S ' MM TV RECEIVER. ALL FURNISHED AT NO EXTRA (OST!

After you finish your home study training in the Radio-FM-TV Technician :
Course of the FM-TV Technician Course you get fwo weeks, SO hours, of ]_“‘;l:g

intensive Laboratory work on modern electronic equipment at our associatel i [T [ITTES
school in New York City, Pierce School of Radio & Television. s
THIS EXTRA TRAINING IS YOURS AT NO EXTRA (OST WHATSOEVER. My e iiaii ey
courses are complete without this extra training, however. It is just an added CO5T!

LT opportunity for review and practice.

Generator

My School fully approved to train veterans under
new Korean G.l1. Bill. Available only to Yetarans
discharged in past 36 MONTHS.

W Telophone
Transmitter

Combination Yoltmeter-
Public Address System Ammeter-Ohmmeter

LEARN BY DOING As part of your training, 1 give you enough equipment to
set up your own home laboratory and prepare for a BETTER PAY TV job. You build

and keep a professional GIANT SCREEN TV RECEIVER complete with big picture
tube {designed and engineered to take any size up to 21-inch} . . . also a Super.
Het Radio Receiver, RF Signal Generator, Combination Voltmeter-Ammeter-Chmmeter,
(-W Telephone Transmitter, Public Address System, AC-DC Power Supply. Everything
supplied, including ali tubes.

EARN WHILE YOU LEARN Almost from the very start you can eamn extra
money while learning by repairing radio-TV sets for friends and neighbors. Many of

my students earn up to $25 a week . . . pay for their entire training from spare
time earnings . . . start their own profitable service business.

FREE FCC COACHING COURSE Qualifies you for Higher Pay! Given to all
my students AT NO EXTRA (OST. Helps you qualify for the TOP JOBS in Radio-TV

et
wis oo
enou\l\“““

mi
t
STATE us
: “e; CUTRE
By oo

Mr. Leonard C. Lane, President DEPT. T-1
RADIO-TELEVISION TRAINING ASSOCIATION l

52 East 19th Street, New York 3, N. Y.

Dear Mr. Lane: Mail me your NEW FREE BOOK, FREE SAMPLE LESSON, and .
FREE oids that will show me how I can moke BIG MONEY (N TELEVISION. |
understand | om wnder no obligation ond no salesman will call.

{PLEASE PRINT PLAINLY}

Name. _____Age.
that demand an FCC license! Full training and preparation at home for your FCC
license. Address
City Zone. Stata.
N LI ] . ] 1 AM INTERESTED IN:

m adrw L&Nm. mUnUn. u Mw,m [ Rodie-FM-TY Technicion Course VEYERANS!

i [ #M-TV Technicion Course Give date of

. 52 EAST 19th STREET o NEW YORK 3 N. Y. £ ¥ Cameromen & Studia Technician Coursa discharge

Licensed by the State of New York ® Approved for Veteran Training - NI B N WE BN DN M IR DA am W
January, 1955

" R RN N
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T/ae'Sensdti'on of Two Audio Fairs . . .

K PERMOFLUX %

x  Largo and Diminuette
- 2-WAY SPEAKER SYSTEMS

Now Available Under '

Acclaimed at the Sight and Sound

Exposition in Chicago and the

Audiorama in New York, these amazing high- .
fidelity speaker systems are now available under HTP—
an exclusive Permoflux insured plan that enables you to
try a Largo or Diminuette in the quiet and comfort of
your own home for 15 days. See your hi-fi dealer today!

*EXCLUSIVE PERMOFLUX 15-DAY INSURED HOME TRIAL PLAN, INTRO-
DUCED AT THE CHICAGO AND NEW YORK AUDIO FAIRS, OCT., 1954

“Peimotlvx.

26

THE LARGO
Qutstanding wide-range
speaker system at moderate
cost. Uses the “Super Royal
Fight” speaker and Super
Tweeter. Unique new-type
back-loading horn enclosure
is matched, octave by octave,
to speakers . . . assuring un-

distorted reproduction from

35-16,000 cps. In selected %"
Mahogany or Korina veneers.
Exclusive: Special connection
for headset extension cord.
Size: 24” W, 23” H, 14” D.
Impedance, 8 ohms.

Suggested Audiophile Net . . . $99.75

HEARING 1S BELIEVING! Try either system at home under HTP!
Read what High-Fidelity Magazine says:
“I¥'s best to try a speaker at home before buying.”
—Aundio Forum Dept., Oct. 1954 issue

: ST e s FERVIE

FOR A LIMITED TlME ONLY: Every HTP part1c1pant will receive, abso-
lutely FREE, the new Permoflux “Maestro” Speaker-Headset Control
Box. See your Permoflux-authorized HTP dealer, or write for full
details, to:

Doam

4918 West Grand Avenue ¢ Chicagoe 39, Illinois

West Coast Plant + 4101 San Fernando Rodd Glendale 4, California
Canadian Licensee * Campbell Manufacturing Co., Ltd., Teronto, Canada

THE DIMINUETTE

A marvel of compactness fea=
turing “big-system” repro-
duction over the full audio
range and low cost. Ideal for
use in a bookcase or as exten-
sion speaker. With 2 “Royal
6" speakers and Super Tweet-
er.’ In Mahogany or Blonde
finish 34" Veneers, Size:
2315" W, 115" H, 12” D.
Impedance, 4-8 ohms.

Suggested Audiophile Net .. . $49.50

As above, but with selected
%” Mahogany or Korina ve-
neers.

Suggested Audiophile Net . . . $64,50

CORPORATION

www americanradiohistorv com

president; R. C. Whitehead, re-clected
treasurer; and Albert Steinberg, re-
elected secretary
JAMES F. WHITE, formelly with CBS-
Columbia as contracts division man-
ager, has been ap-

pointed general

sales manager in

charge of all phases

of the sales effort .
at Crescent Indus-

tries, Inc.

Prior to joining
CBS-Columbia in
1949, Mr. White was
general manager of GmJ Au(IOJmph,
and prior to that was associated with
Andrew Corporation.

As a graduate engineer in electrical
engineering f{rom Yale University in
1940,, Mr. White saw active duty as
an officer with the 7th Fleet and dur-
ing 1945 and 1946 was assigned to the
M.I.T. Radiation Laboratory as project
engineer in charge of research that
developed the special radar used for
detecting guided missiles.

ELGIN NATIONAL WATCH COMPANY
has entered the West Coast electron-
ics manufacturing field with the out-
right purchase of NEOMATIC, INC.,
manufacturers of miniature electronic
components ... WATERS MANUFACTUR-
ING, INC. has purchased the assets and
facilities of AEROHM CORPORATION.
Both firms manufacture potentiome-
ters and the units of both firms will be
sold under the trademark “Aerohm”
. YALE INDUSTRIES CORP., manu-

facturers of tape splicers, has changed
its corporate name to ROBINS INDUS-
TRIES CORP. The firm’'s address and
all other aspects of the husiness re-
main the same.
WILLIAM H. SHAW has been appointed
national service manager in charge of
all service opera- .
tions for the Halli-
crafters Company.

For a year and a
half prior to his ap-
pointment to the

newly-created post, R
Mr. Shaw had been
general sales man- -";Q

ager of H.M.8. Dis-
tributors of Los Angeles. Before this,
he was district sales manager for the
western division of Hallicrafters and
western regional field engineer for the
same firm.

Before joining Hallicrafters, he was
sales engineer for Taylor Twubes, Inc.
He attended Northwestern University
and Illinois Institute of Technology.

ADMIRAL CORPORATION has broken
ground for a fourth addition to its
television plant in Harvard, Illinois.
The addition consists of 65,000 square
feet and will increase the total plant
area in Harvard to over 187,000 square
feet . . . TRAV-LER RADIO CORPORA-
TION has opened a factory-distributing
branch at 1251 Folsom Street in San
(Continued on page 171)
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ELECTRO

CAMTGL Fatio IRk

YOU CAN plod along for vears, getting a paltry increase
now and then, enjoying little security, finding your work
dull and drab.

Then something happens. Things look up. You become
more confident. Your earnings rise. You feel more im-
portant.

“Luck,” some may say.

“Contacts,” others may suggest.

But in your heart, you will know the answer: “Training.”
And it all may have started the moment you filled out a
coupon requesting a copy of a free booklet named “Your
Future in the New World of Electronics.” From this data
vou get knowledge of where you stand in Electronics. Tre-
mendous expansion leaves this gigantic industry pleading
for trained men. Top manufacturers sold billions of dol-
lars worth of electronic merchandise in 1953. By 1960, the
radio-electronics industry should do no less than 10 billion
dollars per year, not counting mili-

The data that Launched
Thousands of Careers

IS yours FREE to show

HOW YOU CAN BE SUCCESSFUL
IN RADIO-TV-ELECTRONICS

Send for Your Booklet Today!

choose CREI courses for group training in electronics, .at
company expense, among them United Air Lines, Canadian
Broadcasting Corporation, Trans-Canada Airlines, Sears,
Roebuck and Co., Bendix Products Division, All-American
Cables and Radio, Inc., and Radio Corporation of America.
CREI courses are prepared by recognized experts in a
practical, easily understood manner. You get the benefit
of time-tested materials, under the personal supervision of a
CREI Staff Instructor, who knows and teaches you what
industry wants. This is accomplished on your own time,
during hours selected by you, and controlled by your own
will power. This complete training is the reason that grad-
uates find their CREI diplomas keys-to-success in Radio, TV
and Electronics. CREI alumni hold top positions in Amer-
ica’s leading firms. At your service is the CREI Placement
Bureau, which finds positions for advanced students and
graduates. Although CREI does not guarantee jobs, re-
: quests for personnel far exceed

tary orders.

Today there are over 97,000 radio-
equipped police cars; an even larger
number of taxis are radio equipped
(at least 87,000); 32,000 civilian
planes have radio; 35,000 American
ships have radio.

Today there are over 120,000,000
radios in use. There are 28,000,000

is offered

CREI resident instruction (day or night)
in Washington,
classes start once a month.
VETERANS: If you were discharged
after June 27, 1950—let the new G.I.
Bill of Rights help you obtain CREI
resident instruction.
for full information.

current supply.

Now is the time of decision for
you. Luck will not propel you for-
ward unless it finds you trained. .
Contacts won’t budge you an inch
unless you have the skill to back
them up. The answer is: Technical
Training . . . and willingness to

D.C. New

Check the coupon

TV sets and 381 TV stations in

operation. Color TV is coming into its own. Countless
positions must be filled—in development, research, design,
production, testing and inspection, manufacture, broadcast-
ing, telecasting and servicing. To fill these posts, trained
man are needed—men who some-
where along the line take time to
improve their knowledge, their
skills. Men who, today, perhaps,
take two minutes to send for a
booklet.

“Your Future in the New World
of Electronics” shows you how
CREI Home Study leads the way
to greater earnings through the
inviting opportunities described
above.

However, CREI does not promise
you a “snap.” With an accredited
technical school such as this, you
must study to convert your ambi-
tion into technieal knowledge you
can sell in the fabulous Electronics
market.

FIELD OF

INTEREST

Since its founding in 1927, CRET  Name .......oovvennnn. ..
has provided thousands of profes-
sional radio men with technical ed-  Street ..........c........

ucations. During World War 11
CREI trained thousands for the City............ ... .. ...
Armed Services. Leading firms

January, 1955

ECPD Accredited Technical Institute Curricula
Dept. 111-B, 3224 16th St., N. W. Washington 10, D. C"lowing informa¥ion:

[ Practical Television Engineering
GREATEST (D Aeronautical Electronics Engineering
[ TV, FM & Advanced AM Servicing

Zone...... State. ...

learn. Together they will bring
you increased earning in this new
Age of Electronics. Fill out the coupon below and mail
it now. We'll promptly send you your free copy of “Your
Future in the New World of Electronics.” The rest—your
future—is up to you.

MAIL THIS courON Today!

CAPITOL RADIO ENGINEERING msmunswo help us answer your request

intelligently, please give the fol-

Please send me your course outline and FREE lllustrated  gyvpLovED
Booklet "Your Future in the New World of Electronics™ . . .| BY
describing opportunities and CREI
Practical Electronics Engineering.

CHECK [] Practical Radio Engineering
l[:] Broadcast Radio Engineering (AM, FM, TV) | ettt s

TYPE OF
PRESENT WORK. . evviiierneriinronenns.

home study courses inl

| scHOOL
BACKGROUND .. ..eeniveeceieieinnene

{ ELECTRON|CS
| EXPERIENCE. .o

IN WHAT BRANCH OF_ELECTRONICS
ARE YOU MOST INTERESTED?

www americanradiohistorv com
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HIGH SENSITIVITY

AC.DC M

20,000 ohms per Voit

The new Lafayetta High Sensitivity Multitester is } ‘ag.

a8 complete instrument (

strument packed with every desirable feature found
only in instruments costing twice ga much., One of
the most sensitive multitesters ever offered. 20,000
,000 ohms AC, having a high

sensitivity 45 microamps meter. Full scale AC-DC
voltage ranges sre 0-10V, 0-50V, 0-250V, 0-300V,
0-1 000V : DC current ranges 50 microamps, 2.5 ma,
dI%esgstance 0- uK ohms,

m

ohms per volt DC;

K an
b; +5 +22 dl

Extreme versamity and aceuracy.
3”7 meter; beautiful plastie front, with

resistors;

metal bottom for ruggedness.

Complete with

x 257,
4 lbs.

wt.

THE WORLD'S FINEST 3 SPEED

ULTITESTER

Lafayette has_ever offered

not a kit), Here is an in- DG MULTITESTER,
nt.

rugged test insz
D ONL

tion ususlly FQ
PENSIV

scale.

0-50K
hms.  Decibel range:
b (0 db - 0.775V - 600 ohms).
1% precision

”
Size: 3%” x 5%” x 136t
batterfes and leads. Shpg,

R S, NET 19.95
In lots of 3 19.25

AUTOMATIC RECORD CHANGER

; LIST PRICE

SPECIAL

a, spectacular, buy and we are passing the savings on to
England~with » world-wide reputation.

oft after last record; powerful fan cooled hum-shieided 4-
muting thch, \\eighted hall-bearing mounted constant sy
size 1437 x 12%”. Depth below base 2%”, Shpg. Wt. 1
or with lamous turnover Ceramic or G.E. Triple-Play ¢
COLLARO Model 3/631 changer

COLLARO Mode) 3/531 with G.E. Triple Play RPX-050
45 RPM S|

GSA Spindle. .. couiieeiiiiiiiiiiiiiiiiiiiiiiiiiias

It plays alf stz¢s and all speeds automatically.
features .that the Hi-Fidelity enthusjast will appreciate: Jam-proof ball hearing mounted tone arn; sutomatic shut.

Slips on in place of regular spindle, eliminating use of center inserts on 45 RPM records.

Lafayette scores agaln with an alinost unbelievable price on the Collaro 3-speed Automatic vecord changer, We hiade

you. Here’s the finest changer made. Manufactured in
1t’s packed with quality
pole motor with Self-aligning oflite bearings: automatic
reed turntable; rubber drive couplings—and more! DBase
9 1bs. Avaflable either less cartridge with plug-in shell,

mndge
.Net 29.50

COLLARO Model 3/531 with Turnover Ceramic carfndqo

cartridge installed..... .. P, Py Net 32.50
PINDLE

..Net 3.23

11 ¢”/eﬁ

Q@ﬁ -

120 Plastic
Genuine Flas
RECORDING TAPE
Shpg. Wt. 14 oz

LAFAYETTE made a terrific

deal with one of the leading
manufacturers of tecording tape
to supply us with their regular
tape which sells for slmost
twice our pn WE
ANTEE ABSOLUTE SA'NS-
(ot st FACTION OR YOUR MONEY
BACK. The finest, profession-
al-quality recording tape obtainable. Highest performance
for thousands of playings. Red Oxide Base in a smooth,
uniform coating; greater signal strength; with maximum
Ndelity; uniform frequency response from 40-15,000 cps.
"In lon of 10 rolls -1.75_ ea
LAFAYETTE EXCLUSIVE!
ODYNAMIC EAR PHONE
A new lightweight plastic ear phone
especially imported by Lafayette to
bring you the high quality of a
dynamic ear phone with the ease
and comfort of an almost weightless
unit—at a price less than half that
of any comparable unit. Fits right
into ear. Eszcellent gensitivity of
" 65 db, Ideal for use with miniature
sets, hearing sids transeribing, etc. DC resistance 2000
ohms, impedance 5000 ohma at 1000 cycles. Complete
with 3 ft. plastie covered co
EXCELLENT FOR S_LENT LISTENING OR VIEWING
Will replace speaker on any radio set or T.V. for silent
listening, by direct connection to secondary of output
transformer. 3

MS-72......
SARKES TARZIA

Latest Type
.. Complete
With 2

Brand _new— covers en-
tire VHF spectrum. It
is an exact duplieate of
thousands now in use in
many chassis including
the Sylvania 510 and 520
series. Has 77 long con-
centric shafts. Excellent gain, noise factor, image and
IF. rejection. For 40 me IF systems, Complete with
6BC5 and 6x8 tubes and shields. Shpg. Wt. 4 Ibs. Worth

3 times the price! 4 45
¥

TL-24—1In lots of 3 each
k} Singly each.......coceiviirvannicrcinien

ARDWELL
ShFCONV

List

Net 13.95 e.o.

Lots of 3

Singly 14.45 ea,

OQutstanding Value! The Cardwell ES-1 UHF converter
covers the entire UHF spectruin-—channels 14-83, as
6A¥4 oscillator, 6CB6 IF amplifier and 1IN72 crystal
diode. Features printed circuit oscillator, high overall
gain (3 to 4 times), high sensitivity, constant L/C ratio
tuner, 25-1 gear drive, Has AC cord and plug, 3-pos.
switch for UHF, VHF and OFF. Handsome wood cabinet
814 x 6% x 3%~ with easy reading dial. Shpg. Wt.
4% 1lbs.
CARDWELL ES.i Converter—Lots of 3 each 13 95
Singly each.. .45

57 Tweeter AND
‘Grossover Network

Tweoler

A specially designed 5” Tweeter and Crossover Network
that will assure high frequency reaponse when used
with any speaker you now possess. You can now make
your present speaker into a 2-way speaker gystem in-
creasing the high frequency range up to 15,000 eyeles.
Diagram included. Shpg, Wt. 5 Ibs.

et 6.95

STOCK NO. SY-14
NEVER BEFORE AT THIS PRICE
IMPORTED DIRECT

PRISM-COATED
LENSES

BINOCULARS

® ALL-METAL CONSTRUCTION

@ COMPLETE WITH LEATHER

CASE & STRAPS
¥-86, 8x30 with cese
K15, 7 % 3% with cas
F-103, 7 x 50 with ca:
F-104, 12 x 50 with cas
with order, Add 10%

28

www americanradiohistorv com

NEW POCKET AC-DC
VOM MULTITESTER

1,000 ohms per Volt

This instrument is one of the best buys that

unit that meets the need for a compact, yet
Has ease of opera-
Y IN MORE
NSTRUMENTS Has 1000 ohms/
volt sensmvny on both AC.or DC. Uses full
3” rectangular meter with large easy to read
Uses 1% precision resistors, jeweled
D’ Arsonval microamp meter movement,
Rang AC-DC and output volts 0-5, 0-25,
-250 0 1000V ; DC current 0-1, 0-10,
MA: Besistance 0-10K and 0-100K ohims,
hsndsome sturdy bakelite case. Size: 4%” x
3 Supplied Complete with test
leads and batteries. A Must for every service-
man, shop, Laboratory or experimenter—and
at Lafayette’s Price you can afford to own one,
Shpg. Wt. 215 1b:

_MODEL RW-27C-- Complete

o ae %ﬁ‘ o
$ m’wmmn&és

in a Wide Range
An ideal portable

EX-

0-100.
In

InLotsof3945 3
Single. ea. 9.95

COMPENSATOR

for G. E. CARTRIDGE

Designed for use with Q.E.

reluctance cartridges and §

preamplifiers, Five settings

inciude , Flat, Good

78 and Poor 78, No circuit

loss is produced by use of

equalizer. A must where

greater bass and treble re-

sponse 13 desired. Flat posi-

tion gives mazimum mgh frequency response No wiring
required—just plgg4ln. With lead and plug. 23%” x 27

x 2”—Max. de
Btock Noo PRAB0. s e eeeeeeeeeenenrennne ner 4.95

DUAL STYLUS — TRIPLE PLAY

DIAMOND and
SAPPHIRE

LIS' $3%60-

lacement for All G.E.
lPX-D&PO Triple-Piay Coriridgesl

Stock No. PK-29 net 11.95

1

TIMER-SWITCH SALE
Automaticaily turns on radios, television
sets, toasters, coffeemakers, etc.—at any
pre-set time within §2 hour period; also kS )
telis time. Built-in single-pols swi R
e~

handles up to 5 amps, (15 volt

quires 3'%* diameter round hole Oepth
f:hmd dial face 2Y4”. Shpg.
S,

WL 1
M$-62, for 110V /60 Cy AC

Top Quality CRYSTAL MIKE
® 52 db eutput level
s 575 ‘e Range 30 - I:.O'OO cps

® 10 ft. cable and o MHandle and iater.
connector locking base

A reslly fine microphone by a manufac-
turer known the world over. TUse for
amateur broadecasting, public address and
home recording. Can be used with floor
stand. Shpg. Wt. 235 1

PA-21 5.75

MlNIATURE VOLUME CONTROL
4" DIAMETER

9/” Diameter, overall depth approxi-
mately 47 including threaded shaft, -Ideal
for miniature radio, hearing aids, ete.
VC-18—Range 0-500,000 audio taper.. 39c
VC-19—Range 0 to 1 Meg. linear taper 39c
VC-20—Range 0 to 3 Meg. audfo taper 3%
In Lots of 10—$3.25

PRECISION DRAFTING SET ¢

11 Pieces—rFitted Felt-Lined Case
Made in Germany, of heavy brass, nicke!
plated and polished. {instruments
clude 53" Compass with penc:l and p
points and lengthening bar. 54" D
vider, three 334" sidewheel bow divide
with needle point, pen point and pen:
point. 5” Ruling pen, extra handle for
_pen or pencil, capsule with extra leads.
interchangeability of these many parts
makes this an exteptmnally versatile set.
Your money back—if this set is not
worth twice our price!

F-(8 Net 2,75

0 NEWYORK.N.Y.
/’ (Il/eﬁ ]
(110~ NEWARK N,
RaM 5w
[IISXYY  BOSTONMASS. | T10FederalSt.
tnclude postoge with order.
Wrlte tor FREE Borgain Packed Catalog!

RADIO & TELEVISION NEWS
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THE $==7/ ‘LINEAR STANDARD’

20-WATT PRE-FAB AMPLIFIE

Yes, just tighten 17 screws, in 17 minutes, connect your completed
UTC Pre-Fab Amplifier into your Hi-Fi system, then sit back and enjoy
the most spine-tingling tones you ever heard through your music

system. And all you have used is a screwdriver.

The UTC ‘linear Standard’ is the first pre-engineered, pre-fabri-
cated, pre-assembled amplifier kit ever offered to the home building
audio fan, that employs the latest and most advanced techniques
including the printed circuit. You needn’t know a tube from a con-

denser, just how to use a screwdriver.

More than a year of top level UTC engineering has gone into this
amplifier to produce the cleanest, purest, response you have ever
heard. It's absolutely linear: no positive feedback, hence no re-
sponse peaks at either end of the spectrum. Excellent damping and
transient response . . . no hangover on low frequencies to cause
boominess . . . no high frequency ringing. In short, just pure, clean,
true-to-life response that sounds as good as it tests on the meter.

And it’s the only amplifier with a feedback circuit so stable that any
one of the tubes can be replaced and still be perfectly matched to

its twin, with no critical circuit readjustments necessary.

It is the finest amplifier you can own, and you can proudly say,

“I built it myself.”

UNITED T ANSFOR ER CO.
w20, VARICK  STREET . NEW YORK 13. N. Y.
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“Might As Well Drop Me Off At Walter Ashe”

Whether you visit us personally or resort to other means of CENTRAL ELECTRONICS MULTIPHASE
SINGLE SIDEBAND EXCITERS

contact, you'll find this friendly house of service "right there”
with its fabulous money-saving “Surprise” trade-in allowances
on your used (factory-built) test and communication equipment.
For the deal of your life, drop in, wire, write, phone or use
the handy coupon—today!

MODEL 10B EXCITER KIT.
10 watts peak output. Net $129.50.
Wired and tested. Net $179.50.

uew.' JOHNSON VIKING KILO- JOHNSON VIKING RANGER TRANSMITTER-
WATT POWER AMPLIFIER For CW, EXCITER KIT. Less tubes. Net $179.50.
AM, and SSB. Write for full partic- Wired and tested. Less tubes. Net $258.00.
vlars and get your deal working Set of tubes for Ranger. Net $22.61.

now for early delivery.
&

NEW JOHNSON VIKING ADVENTURER. .
50 watt CW transmitter kit. Bandswitching, MODEL 20A EXCITER KIT.
TVI suppressed. With tubes. Net $54.95. 20 watts peak output. Net $199.50.

Wired and tested. Net $249.50.

All prices f. 0. b. St. Louis ¢ Phone CHestnut 1-1125
LELEEE T T} FREE CATﬁLVOG!------g----

WALTER ASHE RADIO COMPANY RN-1-55
1123 Pine Streel, S1. Lovis 1, Missouri

7 Rush “Surprise’ Trade-In Offer on my.

HALLICRAFTERS SX-96.
Less speaker. Net $249.95.

for

{show make and model number of new equipment desired)
[0 Rush New 1955 Catalog.

Name

Address

City. Zone, State

M Il e

o G R

1125 PINE ST. » ST. LOUIS 1, MO.

05 O 5 0 0 U S 0 O U 5 O O N u u W N B % O 86 S S o 86 )

RADIO & TELEVISION NEWS
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Study Television Servicing—from the very source of the latest, up-to-
the-minute TV and Color TV developments. Train under the direction
of men who are experts in this field. Take advantage of this oppor-
tunity to place yourself on the road to success in television. RCA
Institutes, Inc. (A Service of Radio Corporation of America),
thoroughly trains you in the “why’’ as well as the “*how"

of servicing television receivers.

HOME STUDY COURSE IN
BLACK-AND-WHITE TV SERVICING

FIRST HOME STUDY COURSE
IN COLOR TV SERVICING

Thousands ‘of men in the radio-electronics industry have
successfully trained themselves as qualified specialists for a
good job or a business of their own—servicing ' television
receivers. You can do this too

Now you can train yourself to take advantage of the big
future in Color TV. RCA Institutes Home Study Course
covers all phases of Color TV Servicing. It is a practical
down-to-earth course in basic color theory as well as how-to-
do-it servicing techniques.

This color television course was planned and developed
through the combined efforts of instructors of RCA Institutes,
engineers of RCA Laboratories, and training specialists of

|

I

|

|

|

|

] This RCA Institutes TV, Serv1c1ng course gives you up-to-

|

1 ~
RCA Service Company. You get the benefit of years of RCA } As you study at home, in your spare time, you progress

I

I

|

|

|

|

|

|

|

the-minute tralmng and information on the very latest
developments in black-and-white television.

research and development in color television. L :pifilyl Hundfcis of piC:ures a?(tli dli)igrams, easy altlcgeugqu‘z{,
- 3 . . 0
Because ‘of its highly specialized nature, this course is o8 s el DY, 20 AHIGRY, deernie 7 88

offered only to those already experienced in radio-television serviccHs
servicing. Color TV Servicing will open the door to the big
opportunity you've always hoped for. Find out how easy it
is to cash in on color TV. Mail coupon today.

There are ample opportunities in TV, for radio servicemen
who have expert training. Mail coupon today. Start on the
road to success in TV Servicing.

SEND FOR FREE BOOKLET MAIL COUPON NOW

Mail coupon in envelope or paste on
postal card. Check course you are inter-
ested in, We will send you a booklet that
gives you complete information. No sales-
man will call,

A “;; L ﬁ
R‘A |"ST|TIITES l"‘o 'Address\

- ASERVICE OF RADIO CORPORATION of AMERICA -
350 WESTFOURTH STREELNEW YORK 14, N.Y. | City L g

RCA INSTITUTES, INC.
Home Study Dept. RN 155
350 West Fourth Street, New York 14, N. Y.

Without obligation on my part, please send me
copy of booklet on:

{1 Home Study Course in TELEVISION SERVICING.
1 Home btudy Course in Cor.or TV Snnvxcme :

Name___

o
S

(please print)

wvvvv.am'eri'canrédiohistdrv.com "
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From ZERO

to CAPACITY
PRODUCTION

iN THREE MONTH i

The same “advanced-engineering’ that produced the
CBS-Colortron and the Mirror-Back picture tube also
engineered and built this modern CBS-Hytron plant at
Kalamazoo, Michigan. The same drive typical of CBS-
Hytron activity brought this complex industrial opera-
tion up to capacity production just three short months
after first shipments began. For the ability to keep pace
with your demands . . . for premium quality in TV pic-
ture tubes, look to the fastest-growing, most modern
and forward-thinking company in the industry —
CBS-Hytron.

CBS-HYTRON

Main Office: Danvers, Massachusetts

A Division of Columbia Broadcasting System, Inc.

32
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(Advcertiscment)

SPECIAL TELEVISION REPORT

TV chassis of the future...

WALSCO PC-9 COMBINES
FIRST COMPLETELY PRINTED
CIRCUIT CHASSIS WITH
AUTOMATIC OPERATION

The introduction of the first—and only — entirely
“prinred circuit” television chassis marks a dramaric
departure from all present day receivers. The super-
sensitive Walsco PC-9 automatically produces the ex-
act, crystal-clear performance found only in precision
TV control room monitors.

The new custom PC-9 chassis offers keyed automatic No more "jungle” of wires. Chief Engineer Fred Miller (right)
gain control, automatic brightness and contrast, auto-  makes a side-by-side comparison of a Walsco PC-9 (right) with
matic elimination of vertical retrace, magnetic center- @ conventional, complicated chassis. Bob Mueller, Walsco Sales
ing, direct current restoration, inverse audio feedback Manager, observes simplicity of vertically mounted, printed

for greater sound fidelity, two video amplification ~ CHFEUH design.

stages, advanced cascode turret tuner, plus twelve
other future features.

Either 21, 24, or 27 inch tube (90° deflection) can Printed circuits prevent faulty connections and production
be used without modifying the chassis. The PC-9 is errors. Special machines and dip-soldering reduce the usual
available now at user’s net of $299, including remote 2900 hand soldered cor-mec-tions to only 56 in the new PC-9
control with 20 feet of cable and tube mounting kits. chassis. This advance circuitry provides ultra-clear reception

on all channels. Each circuit strip plugs into PC-9, making
servicing simple and quick.

"
S
e

Completely portable, hand-size remote control. Ex-
clusive “open circuit” control automatically finds the
channel...instantly locks in perfect picture and sound.
Since all fine video adjusting is automatic, this re- g
markable, motor driven unit has only the volume € o
(on-off) knob and the channel dial. \

For information write to Walsco Electronics Corporation,
Dept. N-15-3602 Crenshaw Blvd., Los Angeles 16, Calif.

www americanradiohistorv com
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Centralab Type MD Molded Disc

New,

completely insulated g
ceramic
disc capacitor

Highest | Highest

= Leakage Resistance | Dependability
Nine ways better 9 L I
Initial, 10,000 megohms. After
; 100-hour, 95%-humidity own plants, under strict
' ha n a“ test, 1000 megohms. Returns control of ceramic, as well as

I Wholly produced in Centralab’s
to initial rating upon drying, I capacitor, engineers. Centralab
|

nrd i na r,‘ d isc Insulation resistance of makes only ceramic capacitors—
molding, 300,000 megohms. thus is interested first, last,

This guarantees longer life, and always in ceramic
safer operation. capacitors.

www americanradiohistorv com
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u

i J— TR
TYPE MD Moisture Resistance

The capacitor body itself has
moisture absorption of only
.007% or less. The molded
J casing has moisture
I‘—'}n" l 1At absorption of .005% or less.
! l This is less than the china
dishes you use for food.

The only ceramic disc of its Eas
kind —there’s nothing else like it! Y - .

1t took four years to build—and Identitication

an investment of over $100,000.00 Clearly labeled to avoid

in production equipment. confusion andmistakes,
Coded in accordance with

No matter how you look at it, AR, SPEARICELIoNS, Shch

the Centralab Type MD Disc unit labeled with capacity
. and voltage rating.
gives you more for your money— :
gives your customer more for his. e e P e e T e T i 5 ) o L e
No, sir, when it comes to high ; Highest
quality and high standards of Mechanical Strength

performance, you just simply
cannot beat Centralab MD’s. See
for yourself — try them as replace-

Will not chip, crack, or
break under rough handling
or dropping. One-piece

ments on your next few jobs. construction is unaffected

' by extremes of vibration.

| Molded Highest Complete Range

] Insulation Lead Strength - of Values

l Completely insulated with Centrathene. . You'll need a pair of pliers 52 values from 5 mmi. to .O1 mfd.

| 2500 V.D.C. breakdown to ground. You and a vise to strip these Voltage rating, 1,000 V.D.C.W.

| can place an MD next to a chassis or leads. MD’s have the highest to 4000 mmf.; 600 V.D.C.W. over

| high-voltage leads without flashover or lead strength of any 4,000 mmf. Tolerance, +10%,
breakdown through the case. Fungus proof. ceramic disc on the market— - 5 mmf. through 680 mmf.: +20%,

l Unaffected by ozone, salt water, or any greater than the 750 mmf. through .005 mfd. GMV

| known acid or solvent at room temperature. breaking strength of the (guaranteed minimum value),

]  Will not become brittle at —55°C. wire itself. .0056 mfd. through .01 mid.

| Conservatively
Rated

100% flash-tested at double-
) rated voltage. Periodically Package of 5
Send coupon for Centralab spot-checked at 1000-hour
Catalog No. 29, for further facts ¥ | loadlife at test voltage. on |y $1.50

2
on MD’s and other products. Suggested

P [ list price

Centralab
A Division of Globe-Union Inc.
910AE. Keefe Avenue, Milwaukee 1, Wisconsin

Send me Centralab Catulog No. 29
Name.

Company
Address

City_____ _____Zone State

www americanradiohistorv com
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separate power supply.

MERGENCY

RANSMITTER

amateur circles are focusing in-

creased attention upon equipment
suitable for emergency type communi-
cation. This is very evident in the cur-
rent activity of RACES and CD
organizations. In keeping with this in-
terest, a project was initiated some
time ago to design ham radio gear that
would be applicable to such emergency
uses. Study of the situations encoun-
tered in such communication work dis-
closed that equipment of three general
classes would be worthy of considera-
tion: namely, low-power hand carried
transceivers, mobile-portdble rigs, and
fixed or base station rigs. A reliable
battery-powered transceiver, designed
as part of this project, was described
in the August, 1953 issue of Rapio &
TeLeEvIsSIoN NEws. This article will be
concerned with a mobile-portable
transmitter and its dual purpose power
supply, one of the pieces of gear that
has been designed to fill the needs of
the second ’isted class.

As previously discussed, in the article
covering the transceiver, this entire
project is based upon six-meter, single-
frequency, network-type operation. In
particular, the mobile-portable equip-
ment is intended to coordinate and in-
crease the service area of the trans-
ceivers, by functioning as readily mov-
able area control stations. With their
somewhat higher power, the mobile-
portable rigs serve to relay messages
to other similar units, or on to base
stations. This equipment therefore
must be compact, sturdy, and easy to
adjust and operate.

NEARLY everyone is aware that

Design Considerations

Because this equipment is intended
for mobile-portable usage, compact-
ness and efficiency become significant
factors of the design. However, in such
service, it is no longer necessary to
limit the power requirements to the
very low levels of the hand-carried

Jonuary, 1955

Over-all view of the transmitter and its
Switches have
been labeled for easy identification. Note
the small metal straps fitted to underside
of transmitter to permit desk-top operation.
Input and output power supply connectors
are shown on the chassis of transmitter.

el

PO

By MAURICE P. JOHNSON, w3TtRrR
and

WAAM (TV) Engineering Dept.

“"T" ROBERT L. HANKEY, w30BC
7

ER SUPPL

Designed to operate on either a 6-volt storage battery

or on regular 117-volt a.c.

power sources, this unit is

intended for emergency or CD amateur radio communications.

transceivers. To function equally well
in either mobile or portable operation,
it was decided that it should be pos-
sible to utilize 6-volt auto battery and
117-volt a.c. power sources. Naturally,
a single power supply capable of run-
ning with either power source is to be
desired. In the interests of keeping
battery drain at a reasonable level, a
supply providing 300 volts output at
100 ma. was considered to be adequate.
The transmitter was then designed to
utilize this input power effectively.

A power supply to furnish this volt-
age and current, and also able to oper-
ate on either of the specified power
sources was found practical. Fortu-
nately, a commercially-available power
transformer featuring dual primaries
with proper secondary ratings is avail-

able, thereby happily circumventing
the necessity of having to ‘“home
brew” this essential component.

The decision to assemble the power
pack on a separate chassis was made
for several reasons. This same supply
is capable of powering other pieces of
gear in this project; therefore, the in-
terchangeability of supplies is ad-
vantageous. Secondly, the separate
supply can be located away from the
transmitter,, which is desirable in
mobile work. (Also, for any entirely
mobile uses, a regular vibrator pack
can be used for power). Obviously, a
separate power supply permits the
transmitter proper to be more com-
pactly built, besides helping to isolate
hum and vibrator hash and noise.

Operational controls or switches on

Rear view of transmitter and power pack with the covers removed to show parts
layout and wiring. Note tube mounting deck in transmitter and rear connectors.
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Ri, Rz, Rs—47.000 ohm, Vs w. res.

Ry—15,000 ohm, I w. res.

R:—560 ohm, 1 w. res.

Rs—3300 ohm, Y3 w. res.

R:~—27,000 ohm, V> . res.

Rs, Rs—150,000 ohm, V4 w. res.

Ri—33 ohm, V4 w. res.

R:11—33,000 ohm, V; w». res.

Ri1:—68,000 ohmn, 1 w. res.

R1s—220,000 ohm, V> w. res.

R1,—330 ohm, 1 w. res.

Ri5—1800 ohm. 1 w. res.

Ri6—10 ohm, 1 w. res.

C:i—22 uufd. Ceramicon capacitor

Cs, Cs, Cs—100 pufd. Ceramicon capacitor

Cy, Cy4—.005 pfd. disc ceramic capacitor

Cs, C7, C15—.001 ufd. disc ceramic capacitor

Cs—.01 ufd. disc ceramic capacitor

Cs—500 pufd. Ceramicon capacitor

Ci0—35 pufd. var. capacitor (APC type)

C1—140 pufd. var. capacitor (APC type)

C12—10 ufd., 450 v. midget elec. capacitor

C15—10 ufd., 25 v. midget elec. capacitor

RFC1—2.5 mhy., 100 ma. r.f. choke, single pi-
wound (Bud CH-1212)

RFCe—21 uhy., 600 ma. r.f. choke (Ohmite
Z-28) &

RLi—D.p.d.t., 6 v. a.c. coil midget relay (Pot-
ter & Brumfield KR11A4)

Ti—Output trans, 14,000 ohms c.t., 35 ma..
push-pull output (Merit 4-3021)

Si—D.p.s.t. toggle switch, bat-handle
(“power” )

S2—S8.p.s.t. slide switch (“final screen’)

Ss—S.p.s.t. slide switch (“converter d.c.
power”)

S;—D.p.s.t. toggle switch, bat-handle (“trans-
mit-standby’’ }

Li—27 t. #24 en. wound on National XR50
form

Li—12 t. #20 en. wound on National XR50
form, spaced to fill winding space

Lo—5Yy t. #18, ¥, dia., spaced to V3"

Note: Depending on stray wiring capacities, it

may be necessary to shunt L: and/or L: with

5 or 10 pufd. midget Ceramicons in order to

tune both 6 and 10 meters with single coils.

Xtal.—See text

M1—0-50 ma. milliammeter (author used 0-100
ma. unit as available)

Vi—I124U7 tube

Vo—I12A4T7 tube

Vs, Vi—64Q5 tube

Complete schematic diagram of the 6-meter emergency transmitter for CD use.

the supply chassis are to be avoided,
particularly when, as stated, the sup-
ply may be located remote from the
transmitter. Consequently, provision
is made for all operating control to
take place at the transmitter.

Before proceeding to the transmit-
ter itself, some features of the dual in-
put power supply should be pointed
out. Power is introduced to the pack
through the use of a four-prong plug
of the Jones 400 series. Two primary
power cables are used, one for 117-volt
a.c. operation, the other for 6 volts d.c.
Two prongs of the socket are wired to
the a.c. primary, the other two are
used for the d.c. input. Since the
socket is polarized, no danger of wrong
insertion exists. To avoid excessive
voltage drop, the d.c. plug is wired
with husky battery cable fitted with
heavy duty clips for connection to the
battery. These leads are color coded,
as one side of the d.c. circuit is
grounded to the power pack chassis.

Connection is made to the transmit-
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ter with an eight-wire shielded rub-
ber-covered cable fitted with 9-pin
plugs at either end. The majority of
the cable leads are used for the con-
trol circuits, yet to be described. The
high voltage side of the supply is con-
ventional. A tube with an indirectly
heated cathode is used as a rectifier
purposely to prevent the supply from
delivering voltage until the transmitter
tubes are hot and drawing current.
This avoids voltage surges in the sup-
ply.

In addition to the pi-section filter
for removing ripple, an L section is
added to remove vibrator noise. A pro-
tective resistor connects in series with
the buffer capacitor across the second-
ary.

Each of the primaries is separately
fused. The battery circuit features a
heavy duty non-synchronous vibrator
to pulse the d.c. input. This circuit
includes a hash filter. An inexpensive
auto headlight relay is used in the d.c.
control circuit.
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The fillament supply circuitry incor-
porates a double-pole, double-throw
switch in the power supply. While run-
ning with a d.c. source, this switch
connects the heaters to the battery.
With an a.c. input, a part of the
vibrator winding is used to provide 6.3
volts a.c. for the tubes. This toggle
switch is located between the power
plugs as a reminder to select the
proper position whenever the input
source cable is changed.

To reduce hash radiation, a metal-
shelled 6X5 and shielded interconnect-
ing cable are used. The ‘“Minibox”
chassis forms a complete shield.
Grounding the vibrator shell and con-
necting the supply chassis to the car
ground also make a marked improve-
ment.

Some thought was given to the
tube lineup for the transmitter. Sev-
eral possibilities presented themselves,
since there are available tubes espe-
cially intended for low-power r.f. uses.
However, ease of procurement is of
paramount importance in emergency
application, so it was decided to make
use of receiving tubes of the minia-
ture types. The final stage operates in
the ten-to-fifteen watt range, so the
ever-popular 6AQ5 was selected for
this r.f. use.

To insure proper loading inte a
variety of antennas such as might be
encountered in emergency work, a pi-
network is incorporated as the tank
circuit of the 6AQ5. A frequency-rated
choke gives better results than an
ordinary pi-wound universal choke
used for the parallel plate fced. A
single two-inch round milliammeter in
the final cathode is the only metering
needed. Opening the screen lead with
switch 8. allows the meter to indicate
grid drive, while closing the switch
enables the meter to be used for out-
put tank adjustment, as well as moni-
toring the final in routine operation. A
0-100 ma. meter happened to be used
in the rig pictured, but a 0-50 ma.
range is suggested as more in keeping
with the currents encountered in this
transmitter.

The final stage produces output on
the 50 mc. band, a high frequency in
terms of the 6AQ5, so it was decided
to use the final as a doubler to avoid
the intricacies of neutralizing the tube
as a straight-through stage.

A single 12AU7 forms the exciter
portion of the transmitter. This circuit
in various forms has achieved con-
siderable favor in mobile work as a
simple and neat way to obtain suffi-
cient drive for a 6AQ5. Slug-tuned
coils are used in broadband tanks for
each plate. Crystals in the 6 me.
range are used, with L: tuned to the
second harmonic. The other half of the
dual triode again doubles, with L,
tuned to the fourth harmonic of the
crystal frequency.

A high-mu 12AT7 is used for the
speech amplifier. Cathode injection of
the carbon mike provides for button
current and side-steps the need for an
input transformer. A couple extra re-
sistors in the second stage give a
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measure of speech clipping in an other-
wise ordinary triode amplifier circuit.
A 6AQDS serves nicely as a class A modu-
lator. Usc of similar tubes for v.f. and
modulator stages calls for a modula-
tion transtformer of one-to-one turns
ratio. A necat trick Is to use the pri-
mary side of a center-tapped output
transformer, leaving the voice coil sec-
ondary winding unused. A suitable
transformer, listed in the parts list,
has high primary impedance and is
compact cnough to fit in the limited
space available for it.

Control Circuits

Only two toggle switches appear on
the front pancl for .use in regulav
operation, but the control wiring may
seem a bit more complex than usual.
This is the result of intergrating the
switching nceds of both a.c. and d.c.
operation.

A Dbrief run-through of the control
circuits will serve to clarify the func-
tions of the various switches and re-
lays. The transmitter is turned on by
the power switch, S.. One half of this
double-pole toggle switchh completes
the 117-volt a.c. primary circuit. Thus,
with 8: on the power supply in the a.c.
position, the tube heaters are turned
on, and the power pack will then de-
liver voltage. However this voltage is
being delivered through the normally-
closed contacts of the changcover re-
lay to a four-prong plug on the rear
of the rig, and no plate voltage ap-
pears at the transmitter tubes until
the transmit-standby switch, S.. 1is
closed. The four-pin plug mentioned
is to power a converter or receiver
from the transmitter power supply, it
so desired. This plug also carries heat-
er voltage and “"B—" return for this
usage.

Closing S: completes the relay coil
path, through lecads 6 and 7, energiz-
ing the coil from the heater supply.
This serves to apply the plate voltage
to the transmitter, at the same time
removing plate voltage from the plug
feeding the converter or receiver. if
usoc}. 1t will be noted that this relay
is a double-pole type, with the other
pole acting as antenna changeover.
Two antenna connections are provided
on the rear of the rig. The normally-
closed contactor loops over to the re-
ceiver, while the relay arm is con-
nected to the antenna itself. Thus a
common antenna is used for transmit
and receive.

The control action is similar when
operating from storage battery sources.
The second half of S; completes the
d.c. filament path, but the high volt-
age section of the power supply is in-
operative until switch 8. is closed.
Cable lcads 1 and 2 then serve to cner-
gize the headlight relay which starts
the vibrator. This sequence cuts down
battery drain by holding the vibrator
supply off except for transmit sessions.
In the event that a receciver is being
used from the same supply, however,
the switch S; can be closed to short
across half of S: thereby causing the
supply to run continuously. Carc must

January, 1955

Completely wired transmitter unit with cover removed to show paris place-
ment and wiring, as well as position of subassembly in the finished unit.

View of the sub-
assembly ready
to attach to main
chassis. Direct
wiring is used.

*

The transmitter wiring prior to mounting subassembly. Notice the cabled
leads which connect front panel to rear lip. also subassembly mounting holes.
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CHl

VIBRATOR

CI:?E

F2

./\/

H7v.a.c.

1y

NOTE: NO'S 1—9 REFER TO INTER-
CONNECTING CABLE LEADS

RFG1 CH2

T T T
[ G } .

|

R:i—3300 ohm, V5 w. res.

Ci1—.5 ufd., 200 v. capacitor

C:—.008 ufd., 1200 v. buffer capacitor

Cs—.01 ufd., 600 ». capacitor

C;-Cs—10/40 ufd., 450 v. elec. capacitor (in
same can)

RFC1—2.5 mhy., 100 ma. r.f. choke, pi-wound

RL:~—6 v. auto SP headlight relay, with fuse
holder

CHir—Auto receiver type hash suppressor choke
(Miller #5221)

P —

CH:—8-10 hy., 100 ma. filter choke, upright
mounting

Fi—15 amp. d.c. fuse (Littelfuse)

Fo—3 amp. a.c. fuse (Littelfuse)

Si—D.p.d.t. toggle switch, bat-handle (“fila-
ment transfer’ )

T1+—A.c.-d.c. vibrator trans. 330 v. @ 100 ma.;
6.3 v. @ 4 amps. (Merit P-3075)

Vibrator—6 volt non-synchronous vibrator (Ra-
diart $#5515)

Vi—6X5 tube

Dual-purpose power supply schematic. It is constructed on a separate chassis.

be exercised during such operation to
remember to open S; when the operat-
ing session is over, as S; will be seen
to bypass the power switch. This con-
dition is the unfortunate result of con-
sidering it unwise to run the full d.c.
primary current of about 10 amps
through the power switch S:.. A pilot
or neon light on the receiver will help
serve as a reminder for such operating
conditions, to insure shutting off the
vibrator supply.

Examination of the accompanying
photographs will do much to indicate
the parts layout and construction
style of the transmitter and its com-
panion power pack. Each unit is as-
sembled upon a Bud CU-2108 ‘Mini-
box,” measuring 3 x 5 x 7 inches in size.
A feature of these aluminum boxes is
their two piece construction, each half
forming three sides, such that the in-
terlocked parts produce very complete
shielding. The aluminum is easily
worked, and the grey hammerloid fin-~
ish makes a neat appearance.

Layout of the power supply is not
critical, but it is suggested that all
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parts be collected and arranged on the
chassis before the holes are cut, to in-
sure that sufficient space is allowed on
the chassis top to mount those com-
ponents. Remaining parts are fastened
to the underside and two ends of this
“Minibox” half. The power input and
output connectors and filament trans-
fer switch are secured to the rear,
while the headlight relay fastens to
the opposite end. Heavy wire should
be used for all d.c. primary wiring to
prevent voltage drop, because this cir-
cuit carries approximately 10 amps
when running from a storage battery.

The transmitter is completely
housed within its “Minibox” chassis,
including relay, tubes,r and trans-
former. Thus the unit is quite com-
pact and the possible damage to pro-
tuberances is prevented. The transmit-
ter is constructed as two parts which
are then fastened together and inter-
connected. This technique helps sim-
plify the assembly of what could other-
wise become a congested affair.

As in the power pack, the com-
ponents again are mounted to half of

*

Under chassis
view of the dual-
purpose power
supply showing
parts placement.

*
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the “Minibox,” so the other part be-
comes an easily removed top shield
cover, which incidentally, permits an
easy attachment to the underside of
the auto dash in mobile work.

The meter mounts centrally on the
front, the power switch and the mike
jack to the right, with the transmit-
standby switch and the crystal socket
on the left to complete the control
panel. Accessible at the back are the
power and antenna connections. The
changeover relay fastens inside the
rear lip, adjacent to the antenna con-
nector. The modulation transformer
and pi-tank capacitor (output) occupy
space directly next to the rear lip,
such that only 2% inches of the bot-
tom are filled. Slide switches S: and
S: locate on the bottom, at either
side of the meter. This leaves a clear
center section to accommodate the
subassembly.

The four tubes and associated parts
make up this subassembly, constructed
on an aluminum bracket. The speech
amplifier and modulator tubes are at
the top, the r.f. and exciter tubes below,
with RFC: between the r.f. sockets.
The bottom bracket lip extends to
permit mounting the coils L, and L.,
and input pi-tank capacitor. These
parts are used to tie the subassembly
to the main chassis. Point-to-point
wiring and short leads help keep the
hookup simple and stable mechan-
ically.

Ten-Meter Operation

In examining the r.f. lineup, the pos-
sibility of ten-meter operation arose,
and was found to be very easily ac-
complished. A crystal in the 7 mec.
range should be used. Coil L; can be
adjusted to cover 14 mc. by unscrew-
ing the coil slug. Likewise, L. will hit
28 mc. with its slug backed out. The
final must then run straight-through,
but by care in parts placement, it is
quite stable under load at this some-
what lower frequency. It may be
necessary to juggle the value of L; a
bit to make the final load into certain
antennas on ten, but otherwise the rig
will cover the band nicely without
changing its six-meter constants. By
tuning the coils near the center of the
band, frequencies can be shifted in
either direction without any retuning,
which makes the rig an asset for mo-
bile or low power QSO’ing on ten.

Tuning adjustments are accessible
from the bottom, and tuning up is
simply a matter of peaking the two
coils and then loading the final into
the antenna. The auto broadcast whip
loads nicely on six. The final r.f.
cathode should be loaded to approxi-
mately 40 ma., and the grid drive
will read 2 or 3 ma. with normally
active crystals.

A carbon mike is used, and the audio
gain is sufficient for good modulation
with close-talking mike technique.
With a converter or receiver running
on the common supply, send-receive
changeover is done with one switch,
S.. The rig is rugged and a pleasure to

use. —30+
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and engineers made the statement

that radio waves on the order of
frequencies found in the television and
frequency-modulation bands would not
be received very well beyond the line
of sight or approximately fifty miles.
But of course, in this day and age
there are a vast number of unbelievers
who will try anything and they went
ahead and obtained good television
reception anyway, considerably beyond
what was originally thought to be the
limit. TV reception from stations as
far as 150 to 200 miles under good
conditions and with proper equipment
is not too unusual. However, most
times, the receiving equipment in-
cludes an effective booster.

To be described here (and shown in
Fig. 1) is a good TV booster that is not
difficult nor costly to make. It uses a
cascode circuit. A pentode tube is hard
to beat for gain, but is well known for
its inherent internal noise. The con-
ventional triode circuits are low in
noise content but are usually unstable
without neutralization and do not have
the gain of a pentode. The cascode cir-
cuit has high gain with low internal
noise and maximum stability because
of the characteristic low impedance of
the circuit that is obtained with the
cathode coupling. Bandwidth is very
broad and thus, the booster does not
sacrifice the audio for picture gain.

The described circuit was used in
conjunction with several other popular
brand boosters and a switching circuit
so that the set and antenna could be
quickly changed from one booster to
another for several different types of
signal and a comparison made. It com-
pared very favorably to the commer-
cial units.

The over-all schematic in Fig. 2
shows all the necessary data for build-
ing the booster, and Figs. 1 and 3 show
the placement of parts. There is an

IN the very recent past, scientists
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Fig. 1. Shown above is an external view of the booster de-
scribed in this article. On the right the chassis is shown.

By HARDIN G. STRATMAN
Build this low-noise v.h.f. booster using a cascode

circuit. It is inexpensive and simple to construct.

alternate method of connection that
can be noted on the circuit diagram.
This entails using a jumper in place of
L; and eliminating L, and C. com-
pletely. The addition of L. and L. plus
C; increases the gain but tends to cut

down the bandwidth slightly and oscil-
lations may occur if the peaking is
too sharp. The builder can try both
methods and choose the one he desires
as the change involves only a few
seconds. (Continued on page 116)

Fig. 2. Schematic diagram and parts list for the cascode booster. The dotted
lines indicate an alternate circuit that may be used. The booster is in use
with switch 8. as set: in its other position the antenna feeds the set directly.

L
1 ZFEIce
RF
.
h B8
S| R9
! W89
U7 V.A.C.

Ri—82 ohm, Y5 w. res.

R:, Rs—470,000 ohm, Y5 w. res.

Rs—1 megohm, V5 w, res.

R;—20,000 ohm, 1 w. res.

Rs—100 ohm, Yz w. res.

R:—12,000 ohm, V2 w. res.

Rs, Rs, R1o—2000 ohm, 10 w. wirewound res.
Ci1, Cs—20/20 pfd., 300 v. dual elec. capacitor
C:—20 ppfd. tubular ceramic capacitor

Cs, Cs, C7, C10—.001 pfd., 600 v. disc capacitor
Cs, Cs, C1:—30 pufd. tubular ceramic capacitor

TCH

Cs—3 to 30 pufd. variable capacitor

Li—9 t. #18 en., air core, " i.d., Yi¢” be-
tween turns

Le, Li—5 t. 118 en., air core, 33" i.d., Y1¢” be-
tween turns

Ls—7 t. #18 en., air core, 3" id., Yie” be-
tween turns

Ls—3 t. #18 en., air core, %" i.d., Yie” be-
tween turns

NE~NE-51 neon bulb

S—S.p.s.t. switch

Se—4 p. d.t. lever switch

Vi—I12A4AT7 tube

Rect.r, Rect.:—65 ma. selenium rectifier (Syl-
vania type NA-5 or equiv.)

Chassis—3" x 6" x 114"
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Adjusting the color converter does not
require any special test equipment
other than the standard TV test instru-
ments, including a v.t.v.m. as shown.

Part 2. Complete step-by-step tune up instructions for
the TV color converter described last month, including
hints for using a 3-gun tube instead of projectors.

procedure which will enable you to

get the color converter described in
the December issue of RAplo & TELEVI-
sioN NEws going. Essentially, it is a
procedure which will get adjustments
so close to the ideal that final, minor
adjustments can be made with a color
broadcast tuned in.

First, equipment. You’ll need a good
signal generator, one capable of tuning
the 3.58 megacycle range with very
little drift after the initial warmup.
Also needed are a v.t.v.m. fitted with
an r.f. probe, a standard service-type
scope, and a sweep generator which
will sweep from 1 megacycle to 5
megacycles. .

To begin with, align the black-and-
white TV chassis as close as possible
to the ideal i.f. curve shown in Fig. 1A.
Be certain to avoid sharp corners on
the i.f. response curve (Fig. 1B) which
can introduce highly undesirable phase
shift.

Next, make certain that the set
receives black - and - white pictures
through the color tubes. This will en-
able you to determine that the Y chan-
nel is working, and will allow you to
get brightness, focus, and convergence
of the three projection tubes in proper
adjustment. Unless the brightness
controls, for example, are at some-
thing like the proper level, color align-
ment is virtually impossible.

Now, we're ready to start.

Connect the signal generator (with
a 10-pufd. capacitor in series with the
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]'HIS article covers a step-by-step

“hot” lead) to the first video ampli-
fier grid in the black-and-white set.
Tune in a black-and-white picture, and
make certain that the picture is in
proper horizontal sync. Then, pull out
an i.f. tube to keep any stray signals
from reaching the video detector. Set
the signal generator as close to 3.58
megacycles as possible, preferably with
crystal calibration. When you get it
reasonably close to the proper fre-
quency, you should see some indica-
tion of color on the raster—in the form
of random streaks and shapes.

Now, pull out the 6U8 oscillator and
reactance tube on the color converter
chassis, and connect the v.t.v.m. with
the r.f. probe to pin 5 of the color
burst amplifier, V., 6CB6, and tune the
burst take-off coil, Lis, for maximum.
Remove the probe. (Note: All parts
numbers refer to Fig. 3 in the Decem-
ber article.)

Next, ground pins 1 and 2 of the
6ALS5 phase detector, V.. Set the
v.t.v.m. on the d.c. voltage scale (50-
volt scale or higher), connect it to pin
5 of the 6AL5, and tune 7, the
phase discriminator transformer (both
slugs), for maximum d.c. voltage.
When this is done, remove the ground
from the 6AL5 pins 1 and 2.

Replace the 6U8 reactance tube, pull
out the burst amplifier, V., and con-
nect the voltmeter with probe to pin 7
of the B-Y demodulator (V. 6AS6).
Tune both slugs of the crystal output
transformer, T, for maximum reading.
You will notice that as you tune the
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primary of this coil (turning the slug
clockwise) you will start toward a
maximum reading, and then the oscil-
lator will overload and stop oscillating.
Back the slug out a few turns from
this point, and the oscillator will be
stable. The secondary of the crystal
output transformer will tune through
a normal peak.

Now, connect the v.t.v.m. with probe
to pin 7 of the R-Y demodulator (V:,
6AS6) and tune the output trans-
former of the 90-degree amplifier, T,
for maximum. :

Replace the burst amplifier tube, and
once again pull the 6U8 oscillator-re-
actance tube. Connect the swecp gen-
erator (sweeping from 1 mec. to 5 me.)
to the grid of the first video amplifier
tube in the black-and-white TV chassis.
Turn the chroma control, Rn, to mini-
mum, and connect the scope through
a demodulator probe to the “hot” end
of the chroma control. Tune the hand-
pass amplifier (V) plate coils for the
resonance curve shown in Fig. 1C.
Markers should be provided by the sig-
nal generator, still connected to the
grid of the video amplifier in the
black-and-white set.

Disconnect the sweep gencrator,
leaving the signal generator attached,
and replace the 6US8 oscillator tube.
At this point, it is a good idea to re-
check for horizontal sync by tuning
the black-and-white chassis to a TV
broadcast.

For the next step, turn the chroma
control full open and the signal gen-
crator to maximum output (unmodu-
lated). Carefully tune the signal gen-
erator back and forth around 3.3
megacycles, and you will observe a
pattern of color bars shifting around
on the raster. You will notice that as

RADIO & TELEVISION NEWS
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you approach the crystal oscillator fre-
quency in the converter, this pattern
will become a definite series of color
bars, lying horizontally. As you get
still closer to the exact frequency, you
will note that the bars will become
fewer and fewer, and finally disappear.
The raster will assume an over-all
tone of one color, which may even be
simply an off-white. This indicates that
the signal generator and the.crystal
oscillator in the set are locked to-
gether. (If you cannot achieve this
effect, that fact is evidence that the
color sync section is not working
properly.) Carefully note the exuct
dial reading on the signal generator
for future reference.

Now comes one of the most critical
of all the tuning adjustments, so be
very careful to do it exactly as de-
scribed. Slowly tune the signal genera-
tor to a lower frequency than that of
the crystal. “Slowly” cannot be em-
phasized too much, for there is real
danger that you will pass right by the
proper frequency. As you do this tun-
ing, you will begin to see a series of
color bars which move diagonally into
a vertical pattern. If you tune slow-
ly and carefully about this point, the
signal generator will lock to the dif-
ference frequency between the crystal
and the horizontal sweep frequencies.

Note carefully that as you tune be-
low the crystal frequency there are
quite a number of these “lock-in”
points. Also, that the lower the fre-
quency, the greater the number of
bars. (The signal generator locks in
at even multiples of the horizontal
sweep frequency away from the crys-
tal frequency.) Only the first lock-in
point below the crystal frequency is
the proper adjustment, and the only
one which makes it possible to phase
and align the color demodulators.

Keeping the signal generator locked
to this point (as mentioned previously,
the generator must be stable) the next
step is to add the scope. Set the hori-
zontal sweep in the scope to approxi-
mately twice horizontal frequency and
switch it for external sync. The sync
is obtained by clipping a lead to the
“hot” deflection yoke wire (over the
insulation—no direct connection).

Next, establish horizontal sync
pulses by holding the lead to the input
of the scope’s vertical amplifier close
(again, no connection) to the horizon-
tal output plate lead in the black-and-
white TV set chassis. Set the horizon-
tal gain and horizontal centering of
the scope to put these “pips” on two
of the vertical calibrating marks on
the scope face. See Fig. 1D.

Now, clip the input of the scope’s
vertical amplifier to the blue output.
By carefully tuning the phase control,
Cw, and the secondary slug of trans-
former T: you will be able to position
the sine wave as shown in Fig. 1E.
Note that the positive peak of the sine
wave should fall halfway between the
two previously established horizontal
syne points (180 degrees} shown in
Fig. 1D.

Changing no settings, connect the
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scope to the red output. Now tune the
output of the 90-degree amplifier plate
transformer, Ta.. Important, the posi-
tive peak of the red output must fall
exactly where the blue went through
the zero axis, as shown in Fig. 1F.
This establishes the all-important 90-
degree phase difference hetween the
R-Y and B-Y signals.

Still changing no scope settings, con-
nect the scope to the green output. Ad-
just the red, green, and blue add con-
trols (R, Rs, and Ru) to position the
sine wave so that its zero axis crosses
through the point 29 degrees to the
right of the point where the blue was
maximum positive. (See Fig. 1G.)

Disconnect the scope, leaving the
signal generator attached. On the
sereen you should have bands of color
running vertically. You should be able
to adjust the phase control-to get a
pattern which is orange on the far left,
blending into red, then blue, and final-
ly green. When you have reached this
point, you are ready to try a color
broadcast!

With the color signal tuned in, ad-
just the plate coil, L;, of the reactance
tube to lock in the color signal. At
this point, objects will become colored
——even though bananas may look blue!
Then adjust the phase control, and the
color gain controls, for the most na-
tural coloring in the picture. Once
the color gain controls are set proper-
ly, correct coloring can be obtained
by using the phase control only. This
is the external color control available
in some form on all color TV sets.

The chroma control affects the sat-
uration of color, and is set to the
taste of the individual viewer. One
caution: if this control is set too high,
the picture becomes garish and very
grainy.

Just one more thing. The delay line
may need some adjustment. This can
be done by observing the color picture.
If the color information scems to fall
to the right-hand side of the black-and-
white image, the delay line is too short.
However, if you have made it 22" long,
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Fig. 1. Oscilloscope waveforms obtained
during the various steps of the tune up
procedure as described in the text. (B)
is an incorrect waveform to be avoided.

the color will probably fall very slight-
ly to the left of the black-and-white
image. Trim the line a few turns at a
time until the color picture and the
black-and-white picture are perfectly
superimposed.

3-Gun Tube

Either the 3-unit projection arrange-
ment or a single projection unit with
a color wheel provide the simplest
way to get going with your color con-
verter. However, if you desire to use
a 3-gun tube, the RCA tri-color kine-
scope is available at some parts dis-
tributors, and here is the data you’ll
need.

First of all, because of the unequal
phosphor sensitivity of the 3-gun tubes,
it is necessary to make a slight change
in the Y signal adding matrix to sup-
ply the unequal video drive required

(Continued on page 153)
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Details on a home-made output transformer which is used in

a crossover circuit which does

seribed in this article was designed

by the author and features high-
fidelity output. The inductive portion
of the system has been made a func-
tion of the output transformer. Trans-
fer is the result of the transformer’s
tendency to maintain power level out-
put.

The output circuit consists of two
4-ohm secondary windings with the
end of one winding connected to the
beginning of the second winding, form-
ing a center tap for the network. One
secondary has the tweeter’s 4-ohm
voice coil connected in series with a
32 pfd., 117 volt a.c. capacitor, C: (a
Mallory motor-starting type, PS3210
at about two dollars). The woofer’s

THE crossover system to be de-

Fig. 1. (A) Circuit diagram of the author’s
crossover system. (B) Details for winding
the transformer used in system. See text.
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not require added inductance.

4-ohm voice coil is connected to the
other secondary. Both voice coils have
15-ohm, 5-watt wirewound resistors
in series with them. Normal operation
is with both resistances cut out (zero
resistance). These resistances, how-
ever, permit a setting that will dis-
tribute the highs and the lows as de-
sired by the listener and also prevent
the tweeter from blasting by cutting
its power input.

Fig. 2 shows the crossover curves
with the added bass boost obtained by
feedback from the primary taps to the
screens. This bass boost compensates
somewhat for the natural fall-off
curve of the human ear at low fre-
quencies. This bass boost can be elim-
inated, if desired, by transferring the
screens (terminal 4 in Fig. 1A) to the
“B-+" center tap or using an untapped
primary transformer.

The system is designed around a
pair of 6V6 tubes but is applicable to
any other type tubes. Output is a
clean 10 watts with 300 volts of “B--.”
The d.c. input to the two tubes is 60
ma. which is well below their 90 ma.
rating. Distortion is less than 3 per-
cent from 15 to 10,000 cycles of sine-
wave input. All readings shown on the
curve of Fig. 2 were taken at a con-

Fig. 2. Crossover

By CHARLES E. DIEHL

Registered Professional Engineer

stant voltage level input, chosen to
give a maximum 2 watt output at the
bass peak.

The transformer is hand wound on
a core with a 2-square-inch cross-sec-
tion and a 1-square-inch window. The
iron core weight is 3% pounds and
laminations are 14 mils thick. Less
core weight will not register the lows
and thicker laminations will not reg-
ister the highs. The best core would
have been one with laminations 7 mils
thick but these are not easily obtained,
at least to the author’s knowledge.

The primary consists of 1500 turns
of No. 32 Formwvar wire each side of
the center tap with the two screen taps
at 300 turns each side of the center
tap giving 6000 ohms impedance to
the plate of each tube. The layout is
as shown in Fig. 1B. The primaries are
wound by winding two halves on a
divided spool, each half being wound
from the center tap outwards to make
equal amounts and resistance of wire
for equal tube load and to build out-
put voltage rise equally both sides of
center. To keep the two winding
halves in the same direction, they must
be wound in opposite directions. This
will result in the same directional
winding just as if the two halves were
wound continuously and one over the
other. This latter method may be
used, if desired, although it does in-
troduce some additional distortion

(Continued on page 159)
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View of the new RCA 28-tube, 21-inch
color TV receiver. Note the absence
of a field neutralizing coil around
the outer edge of the color tube.

we investigated the basic operating

principles of color television receiv-
ers, using typical circuits taken from
receivers which have been exhibited to
the public. All this has been, in a sense,
a forerunner for the job that the serv-
ice technician will have when color sets
are placed in the hands of the public in
quantity—the job of servicing these re-
ceivers and of nursing them back to
good operating condition.

The color television receiver, we have
seen, contains many more circuits than
a black-and-white receiver. This does
not necessarily infer that color sets will
be proportiornately more difficult to
service. Undoubtedly they will present
more problems, but experience has
shown that much of this difficulty can
be reduced if the technician appreciates
the differences between monochrome
and color sets and develops a logical
approach based on these differences.

Block diagrams of color television
and monochrome receivers are shown
in Fig. 1. To emphasize the differences
between the two systems, every box in
the color television diagram which has
no counterpart in the black-and-white
receiver has been shaded. This imme-
diately reveals that the color sync sec-
tion, the chrominance circuits, and the
convergence amplifier(s) are non-
existent in a monochrome receiver. The
picture tube has been shown as par-
tially shaded to draw attention to the
fact that while it differs considerably
from its black-and-white counterpart,
still the two have many points in com-

IN A PREVIOUS series of articles,

January, 1955

SERVICING

Aa |

' COLOR TV

By

MILTON S. KIVER*

Part 1. Large screen color TV is here now! Here are

servicing techniques based upon experience with the

commercial color TV receivers on the market today.

mon. Both use electron guns to develop
scanning beams, and phosphor screens
to convert this electrical energy into
light. On the other hand, the color
screen must present three colors in
place of one and its structure was al-
tered accordingly.

In the remaining receiver circuits,
such as the r.f. section, the video if.
amplifiers, the sound system, the sync
separators, the a.g.c., and the sweep
sections, both receivers use substan-
tially the same circuits. Differences
here are more a matter of degree rather
than of basic form. In the video if.
system, for example, the response is
wider, but it still possesses the same
general shape with the same trap fre-
quencies. In the deflection system,
principally the horizontal section, more
drive is required and more high voltage
must be developed but, again, anyone
familiar with these circuits in mono-
chrome sets would have little trouble
in analyzing the corresponding circuits
in color sets. Every bit of knowledge
acquired by the technician from his
work on black-and-white sets will be
of value in servicing color receivers.
This is an important fact to remember.

The First Step

The initial step in the servicing of a
color receiver starts with the observa-
tion of the picture and listening to the
sound. If one is affected, but not the
other, then we would confine ourselves

* Author of “Television Simplified,” “Television
and FM Receiver Servicing,” and other books.
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to that portion of the receiver which
dealt with that particular signal alone.
For example, suppose we found the pic-
ture normal, but the sound either dis-
torted or missing. Then we would start
at the sound-video separation point and
proceed along the path followed by the
sound only until it reached the loud-
speaker. In every color receiver which
has been shown to date, sound and
video signal separation occurred either
in the last video if. stage or in the
video second detector. All sets operate
on the intercarrier principle and con-
sequently, the sound if. frequency is
4.5 mc.

The other alternative is for the sound
to be normal, but for the picture to be
affected. Speaking generally, the video
signal travels by itself through the
video amplifiers, through portions of
the chrominance circuits, through sev-
eral d.c. restorers and finally, to the
picture tube.

Another consideration when the pic-
ture is affected is whether it is the pic-
ture which is at fault or the raster. If it
is the raster which is causing the diffi-
culty, then other circuits would come
under consideration, for example, the
vertical sweep system, the horizontal
sweep system, or the high-voltage sec-
tion.

Thus, as the initial step in analyzing
a defective color television receiver, we
see that three major items should be
checked. The sound, the video portion
of the picture, and the raster. Trouble
in any one of these, without a corre-
sponding distortion in either of the two
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Fig. 1. Comparison of the block diagrams 1. The picture tube has been prop-
I o of a color and a black-and.white TV set. erly adjusted insofar as purity and con-
. (R) is the monochrome set: (B} is the col- vergence are concerned. (We are re-
or 1;.ece1vt<;r with tltz.e shcn:lfdi boxgs_re;z;‘e)- ferring here to the tri-gun color tube
1 senting 0se seclions no oun 1n . U.Sing a ShadOVV mask.)
VIDED va:)NDDET. R Tuas 2. The deflection systems, vertical
- VIDEO AMP others, would more or less indicate that  and horizontal, are functioning normal-
1 T the trouble was confined to a specific ly, producing the required beam sweep
SOUND L SING VERT @ HORIZ well-defined section of the receiver and and the correct amount of high voltage.
D SEPARATORS|—mf DEFLECTION & all subsequent tests should be directed 3. The convergence circuit, with its
AUDIO AND AGG. HIGH VOLTAGE toward this section. amplifier and wave shaping networks,
A Mention has already been made of can also be presumed to be operating
the procedure to follow if the sound satisfactorily.
only is affected. This is exactly the Now suppose that you have inspected
l or same approach that would be taken in  the raster and found it to be OK. How-
. a monochrome receiver. Concerning ever, when you switch to a channel
trouble in the picture, the first thing to  transmitting black-and-white pictures,
! do is find out whether it is the raster you obtain an image which is color
inEo- VIDEG DET. which is at fault or the video signal. tinted, say yellow. Since the signal is
e T vos ane To perform this test, switch the set to & monochrome one, you know that the
a channel which is not being used. With  color sync section and the chrominance
the contrast control turned completely circuits are inoperative. Therefore, the
counterclockwise and the brightness trouble could not exist in these stages.
control set at mid-position, a raster To find the source of the trouble, let
— p—— should be obtained which is more or us examine the video section of a typi-
Souno 1 SEPARATOR DEFLECTION & less gray in appearance and which com- cal color receiver. This is shown in
AUDIO AND A.G.C. HIGH VOLTAGE pletely covers the screen. If this con- Fig. 2. The Y or monochrome signal
8) dition is observed, then we know the travels from its detector through a
following facts concerning the receiver: cathode follower and then a video am-
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plifier. Beyond this is the matrix, and
if we continue to follow the Y signal,
we see that it enters the matrix and is
distributed equally to each of the color
adder stages. This means that the red,
green, and blue amplifiers will each re-
ceive equal amounts of the Y signal
and if nothing happens in any of these
sections, then each of the grids in the
color picture tube should receive the
proper amount of voltage to produce a
black-and-white picture. (Note that we
do not say each should receive the same
amount of Y signal voltage. Actually,
in most tubes, the red grid will receive
more voltage because of the lower effi-
ciency of the red phosphor. Whether
this condition will always be true de-
pends upon the progress made in de-
veloping more efficient phosphors.)

Up to the matrix or distribution point
of the Y signal, all segments of the sig-
nal are kept together. Furthermore,
nothing in the video detector or Y video
amplifier can affect one color on the
screen and not the others. It is only
after the Y signal is divided among the
red, green, and blue amplifiers that
trouble in picture coloring could arise.
This would occur if something prevent-
ed one of these sections from function-
ing normally. In the present instance
we indicated that the picture had a
yellowish overcast. The job, now, is to
determine which section contains the
defect.

There are several possible approaches
to this probler. One would be toremove
all of the 6CL6 color video amplifiers.
This would remove the picture com-
pletely from the screen. Then reinsert
one of the tubes, say the red video tube.
The picture on the screen should be
completely red. If it is, then this tube
can be removed and the blue video am-
plifier tube inserted in its socket. The
same picture should appear on the
screen, only this time colored com-
pletely in blve. For the final test, re-
move the blue amplifier tube and in-
sert the green video amplifier tube. The
image now should be green. Failure of
any one of these colors to appear at all
or in sufficierit strength would indicate
that the trouble existed in its section.
In the present instance, it was the blue
section which was at fault. The green
and the red voltages, reaching the pic-
ture tube, cocmbined to produce a yel-
lowish image.

The same solution can be achieved
much more quickly if the service tech-
-nician is familiar with the principles of
additive color mixing. For example, red
and green will produce mixtures rang-
ing from orange to yellow. Green and
blue will produce cyan; red and blue
will give us magenta. The same facts
are indicated on the chromaticity dia-
gram (Fig. 3) and, to a more limited
extent, on the color phase diagram
(Fig. 4).

Here is how we would employ the
chromaticity chart to help us locate
the defective section in the case history
just discussed. Since the predominant
color on the screen was yellow, we
would locate the general area occupied
by yellow on the chromaticity diagram.

January, 1955

See Fig. 3. Now, with your finger at
this point, trace out a straight line to
white and beyond this, to blue. Blue is
the complementary color of yellow
since blue added to yellow will produce
white. Thus, blue is obviously missing
from our picture and investigation of
the blue channel is indicated.

The complementary color of cyan or
bluish-green can be found in a similar
manner. Place your finger on the area
marked “bluish-green” and move it on
a line through white. The color you
meet on the opposite side of white is
among the reds, hence red is the com-
plementary color of cyan. For ma-
genta, or reddish purple, the comple-
mentary color is green.

The same information is contained in
the color phase diagram of Fig. 4. Yel-
low is located between red and green.
Also, blue is at the opposite end of the
yellow line, this being the position of
the complementary color. The same
procedure applies for other colors.

Thus, being familiar with color mix-
ing is especially helpful to the color re-
ceiver technician. In fact, it is a good
idea to have a chromaticity chart and
a color phase diagram pinned up over
your workbench for quick reference.

The statement was made that the
receiver should be checked on a black-
and-white picture before any check is
made on color. This can be done even
when receiving a color broadcast by
disabling the color section of the set
by removing the bandpass amplifier
tube. This will prevent the color signal
or the color burst from reaching the
color sync or chrominance sections and
actuating them. The result will be a
black-and-white picture.

When a receiver gives normal indi-
cations on the raster test and with a
black and white signal, then we know
that in addition to the sections previ-
ously listed as being normal, we can
now add the entire “Y” channel, plus
the matrix, plus the color video ampli-
flers that follow the matrix. As the
reader can well appreciate, this repre-
sents a fair-sized section of the set. (It
is possible for the delay line to be de-
fective and escape disclosure with the
tests prescribed. More on this in a suc-
ceeding article.)

A precise method of deterniining
whether each of the color video ampli-
fiers is operating as it should is to
measure the gain of each section. The
check can be made by using a low-fre-
quency signal generator and an oscillo-
scope. A frequency around 50 ke. is
satisfactory. Connect the generator to
the control grid of the red video ampli-
fier (Fig. 2) and connect the vertical
input terminals of the oscilloscope be-
tween the red grid of the picture tube
and ground. Turn all the equipment
on and adjust the signal generator until
the 50 ke. sine wave appears on the face
of the scope screen. Measure the peak-
to-peak value of this wave after it has
been adjusted to a suitable height on
the screen. The measurement may be
made with the scope only if such a fa-
cility is available or an external voltage
calibrator may be employed.
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Fig. 3. Chromaticity chart being used to
find the complementary color of yellow.

Fig. 4. XA color phase diagram, such as
shown here. may be used to find comple-.
mentary colors for servicing applications.

Now transfer the scope to the control
grid of the 6CL6 video amplifier and
measure the peak-to-peak value of the
applied signal. This figure, divided into
the previous figure, will give the over-
all gain of the entire video system. If
the manufacturer furnishes this in-
formation then a precise check can he
made of the operating conditions of
these amplifiers.

Raster Colored

Thus far we have assumed that the
raster is a normal gray when observed
by itself, without the presence of a pic-
ture. It is possible that this will not
occur and that the raster, when viewed,
will be colored or tinted. Let us see
under what conditions this can occur
and what can be done to correct it.

The components which affect or gov-
ern the shading or coloring of a raster
(and subsequently, the coloring of a
picture) are the purity coil, the elec-
tron guns, the voltages on each clec-
tron gun, and the d.c. and dynamic con-
vergence controls. Let us consider each,
in turn.

The purity coil is mounted near the
base end of the picture tube and its
purpose is to guide the electron beam
from each gun to the correct color dots.
That is, the green beam (i.e., the beam
from the green gun) should strike only

iContinued on prge 135)
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Fig. 1. Over-all view of the “Electronic But-
ler.’” It is built on a Masonite “chassis’” which

is mounted on one of the cabinet covers. "

is that it is usually off when you ar-

rive home after dark. The switch be-
ing indoors, makes it necessary to get
inside to turn it on, at which time it is
no longer needed. After much strug-
gling to find the keyhole in the dark,
the author decided to build an elec-
tronic device to turn the light on from
the outside and keep it on long enough
to get indoors, then turn it off auto-
matically.

The basic requirement for any elec-
tronic servant in the author’s home is
that it doesn’t eat when it isn’'t work-
ing. With this requirement in mind,
the idea of the “Electronic Butler” was
conceived and brought into being on
the workbench.

In the author’s home, one “Butler,”
stationed at the front door, controls
the light for guests when they arrive
and depart, and is operated by a
switch-mat. Another one was installed
at the back door for the convenience of
the family, and operates from a push-
button outside the door. The time
cycle is sufficiently long to see to get

THE disadvantage of a porch light

Fig. 2.

Graphic representation of timer operation.
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The timer described is unique in that although it employs
a filament-type tube, it consumes no power when not in use.

The device will turn an outside light on or off as desired

or may be adapted for other electronic control applications.

into the house, to the car, or the street,
before the “Butler” turns the light off.
Time delay begins after releasing the
button or stepping off the switch-mat.
The timer does not interfere with nor-
mal use of the light switch.

The circuit employed in the “Elec-
tronic Butler’” is appropriately called
a “suicide circuit” because the device
kills itself at the end of its cycle, fila-
ment power being supplied through its
own plate circuit relay. When the time
delay causes the relay to drop out, the
filament circuit opens and the “Elec-
tronic Butler” “drops dead.”

Besides its suicidal tendencies, the
circuit differs from most conventional
electronic timing devices by having its
grid bias begin at zero, increasing to-
ward cut-off with time. Usual practice
is to start the timing cycle with the
tube biased at or beyond cut-off, allow-
ing the charge on the RC network to
leak off, with return to predetermined
conductivity ending the cycle.

Starting relay is closed for 1 sec.
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Rapid take-off with a cold tube is
obtained by applying an “accelerating
voltage” to the filament, returning the
voltage to normal when the tube con-
ducts sufficient current to close its
plate relay. Voltage for the RC time-
delay circuit is obtained from a sele-
nium rectifier connected at an appro-
priate point on the filament dropping
resistor. Operation is started by a re-
lay and is self-sustaining during the
time cycle. .

In view of the possibility that some-
one might press the button only mo-
mentarily, a quick-heating tube was
needed to insure fast take-off. A logi-
cal choice lies among the several bat-
tery power pentodes capable of han-
dling sufficient current to operate the
plate relay. The author uses a 3A4,
although a 3Q4, 3S4, or 3V4 could be
used with appropriate changes in the
filament dropping resistor.

Circuit Description

The circuit diagram for the “Elec-
tronic Butler” is shown in Fig. 3. The
starting relay, RL., operates from the
doorbell transformer and is connected
to the doorbell wiring. When the
timer is idle, the a.c. line voltage ap-
pears at one of the open contacts of
this relay, through the normally-closed
contact on the plate circuit relay, RL..
Closing the starting relay applies line
voltage to R;-R.-R: at a point selected
to apply accelerating voltage to the
tube filament. This causes the tube to
conduct quickly, closing the plate cir-
cuit relay which transfers the line volt-
age to the end of the line dropping
resistor, reducing the filament voltage
to normal. The other contacts on RL:
ground the grid of the control tube,
preventing C: from charging until the
starting relay is released. It is also
used for recycling the timer during
operation.
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The time delay begins as soon as RL,
is released. Bias on the control grid is
developed across Cs with R; limiting
the charging rate. Charging voltage is
supplied by a reverse-connected sele-
nium rectifier which is connected to
the filament cdropping resistor at a
point approxiraately 15 volts from
ground. As capacitor Cs is charged,
increasing bias on the control grid de-
creases the plate current. When suffi-
cient bias has developed, the plate cir-
cuit relay opens, disconnecting the line
voltage from the filament dropping re-
sistor. At this point, the “Butler” has
“hung itself” and the circuit is again
idle.

The operation of the timer is shown
graphically in Fig. 2.

The timer rnay be recycled during
operation without re-applying the ac-
celerating potential. Closing RL: be-
fore the circuit has reached the end of
its cycle merely discharges Cs so that
the bias build-up must be repeated. R
acts as a current limiter to prevent
arcing at the contacts of the starting
relay.

Construction

The method of construction is easily
seen from the photograph, Figs. 1, 5,
and 6. All parts are assembled on a Ma-
sonite hardboard sub-panel measuring
33%4x4% inches which just clears the
flanges on a Bud 3x4x5 inch utility box.
After construction has been completed,
the sub-panel is centered on one of the
4x5 cover plates using % inch spacers.
The lugs on the tube socket should be
bent so as to clear the panel, and a
thin piece of insulating material should
be fastened to the metal panel under
the tube socket to prevent accidental
short-circuiting.

The exact Jocation of the parts will
be determined by the size of the parts
used, and they will have to be placed
carefully in crder to fit into the space
provided. All parts should be mounted
before wiring is started, as the termi-
nals on the components will serve as
tie points for most of the wiring. Ca-
pacitors C. Cs and resistor Rs are

Fig. 5. The "Electronic Butler”

Jonuary, 1955

with the cover removed. The red
and black wires from the BX cable terminate at relay terminal.

mounted between studs made from
small brass machine screws installed
through the insulated sub-panel. The
studs also serve as feedthroughs to
connect the RC circuit to the tube
socket.

The line dropping resistor Ri-R--Rs,
is made up of three 500-ohm, 10-watt
adjustable resistors which are mounted
between brackets as shown in the pho-
tographs. (Note: in case other tubes,
mentioned earlier, are used, 1000-ohm
resistors must be used).

Adjustment

When wiring has been completed, Ri-
R--R: should be adjusted for correct
operating conditions. Preliminary set-
tings are shown in the diagram and
may be set with an ohmmeter, but
final adjustment should be made with
the device in operation. This is easily
accomplished by putting the “Elec-
tronic Butler” in a “straight jacket” to
keep it from “committing suicide.” For
adjustment of the accelerating poten-
tial, RL- should be blocked open to pre-
vent line voltage transfer to the nor-
mal voltage contact. Voltage is then
applied by closing the starting relay.
After adjusting the accelerating volt-
age tap for 5 volts across the filament,
RL: should be unblocked. The normal
filament voltage and bias taps may
now be adjusted by blocking R closed
to keep the timer in cycle for a pro-
longed time. The bias tap is adjusted
to provide —20 volts d.c. at the output
of the bias supply, and the filament tap
adjusted for 2.5 volts. This will be an
a.c. voltage.

Values of R; and Cs; were chosen to
provide approximately 90 seconds de-
lay with 20 volts input. The length of
the cycle will depend on the bias volt-
age and may be adjusted for up to 4
minutes by reducing the bias voltage.
If a longer delay is desired, Cs should
be changed to a higher capacity, rather
than increasing the value of R;. Any
substantial increase in R; would limit
the charging current to less than the
leakage through (s thus preventing a
charge from accumulating on the RC

and R
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Ry, Re, Re—500 ohm, 10-watt adj. wirewound
res.

Rs—100 ohm, V5 w. res.

Rs—1.5 megohm, V5 w, res.

C1, C2, C3—25 ufd., 50 v. elec. capacitor

RL,—D.p.d.t., 6 v. a.c. relay

RL>—D.p.d.t., 2500 ohm plate-circuit relay

SR1—20 ma. selenium rectifier (author used &
Federal 10044+, 100 ma. unit)

V1—3A44 tube (see note)

Fig. 3. Complete schematic of “Electronic
Butler.” Circuit is of “suicide” type and
draws no current when device is inoperative.

3 WIRE BX CABLE FROM TIMER CONTLRIﬁLE.

MaNUAL o
SWITCH
-

BLACK ‘ :

BLACK BLACK
NEUTRAL

HOUSE WIRING

HTVAC.

-

% oo
WITCH MA
DOORBE| H
TRANSFORMER I OR PUSH-BUTTON
TO OOORBELL
WIRING

.
-

Fig. 4. Power line wiring arrangement., Op-
eration of the unit is basically such that
it connects to the 117-volt line through «a
relay from the black wire to the red wire
of the 3-wire BX cable. This puts 117 volts
across the exterior light. The outdoor light
can be controlled manually by means of
the s.p.st. “Manual Switch.” This auto-
matically shunts out the “butler” circuit.

circuit. This difficulty could be elimi-
nated by substituting a paper capaci-
(Continued on page 104)

Fig. 6. Three resistors (mounted on bracket at right) are R, R.
R; is on top to facilitate bias voltage adjustments.
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HIGH-FIDELITY THE EASY WAY
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Two views of the 18-watt amplifier. The ampli-
fier and power supply are built on same chassis.

VER the years there have been nu-

merous ‘“fashions” in audio ampli-

fiers. To name a few, past and
present, there are the Loftin-White,
power pentodes, beam tetrodes, AB
triodes, 6AS7G’s, the Williamson. and
variations on the Williamson. Some
of thcse amplifiers represent or repre-
sented good engineering and others do
or did not. Since the assessment of the
worth of an amplifier is, to a great
extent, subjective, it is perhaps a mat-
ter of some woncer that the general
level of engineering has been so high.
Anyone who has been in the radio serv-
ice business can testify that about 997¢
of the customers believe -that their
radios have ‘“wonderful tone” even if
they are 4-tube a.c.-d.c. models with
magnetic speakers. An analysis of the
contemporary literature divides the
amplifiers described into several class-
es, of which the two largest arc: (a)
the ones ‘“completely free of engineer-
ing,” which are described by the builder
as sounding very good but which are
accompanied by no measurements to
indicate the results achieved, and (b)
the overly complicated types with such
features as maultiple feedback loops.
cross-coupled phase inverters, and
other elaborate features which are ad-
vocated as the only way to achieve
high fidelity. Many of the more com-
plicated circuits are also unaccom-
panied by data to indicate their advan-
tages over the simpler circuits., and
sometimes an analysis of the circuit
will indicate that the advantages are
not present.

It seems timely to dispel some of the
superstitions which make for over-
complicated, over-expensive, and poorly
engineered amplifiers. This amplifier
was developed to show that a little
engineering can replace a lot of com-
plexity. Its over-all performance will
equal or surpass that of most of the
more complicated circuits; the output
tubes are operated at conservative
voltages requiring a less expensive
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By COMDR. W. B. BERNARD, USN

Triodes vs. pentodes—the old controversial question. Here
is the author's answer to the problem. The article also
includes construction details on an 18-watt amplifier.

power supply and giving longer and
more stable tube life; it is quite stable;
and it has no critical adjustments
which must be made regularly if it is
to operate properly.

It is widely believed that only triodes
make good output tubes. This was, to
a great extent, true before the days of
inverse feedback, but it certainly is
not true today. Power pentodes were
rightly accused of having more high
order distortion than triodes. This can
be judged by inspection of the charac-
teristics of typical triodes and pen-
todes. The tube characteristics shown
here were taken from the RCA “Tube
Handbook HB-3,” and are included in
this article by permission of RCA. Fig.
1A shows two load lines plotted on the
characteristics for a 6L6 triode con-
nected. As we proceed along either
load line from 0 volt to —45 volts, we
see that the change in plate current or
plate voltage for each 15 volt incre-
ment in grid voltage decreases as the
grid voltage becomes more negative. If
we then plot a curve of plate current vs
grid voltage and develop the result of
a sine wave fed into the grid circuit,
we see that one-half of the sine wave
is somewhat flattened, which is an
indication of even harmonic distortion.
Fig. 1B is such a plot for the triode-
connected 6L6. In Figs. 2A and 2B we
see a similar development for a 6K6
pentode. In this case the sinc wave
appearing in the plate circuit is flat-
tened on both peaks, which indicates
odd harmonic distortion. Figs. 3A and
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3B show that the output of a single
616 tetrode contains mainly even har-
monics like those produced by a triode.
With triodes, pentodes, or tetrodes,
the operation of two tubes in push-pull
tends to cancel the even harmonic dis-
tortion. Fig. 4A shows that the grid-
to-plate transfer characteristic of
push-pull 6L.6’s is so straight that no
curvature can be detected. As a con-
firmation, the RCA “Tube Handbook”
states that push-pull 61.6’s class A will
give 18.5 watts output at 29 harmonic
distortion. There are no receiving tri-
odes which equal this performance.
Beam tetrodes, like pentodes, have a
high plate resistance which is unde-
sirable when the amplifier is being used
to feed a variable impedance load such
as a speaker system; however, a very
small amount of inverse feedback will
reduce the output impedance to that of
a triode. Fig. 4B shows the result of
applying 1/15th of the output of a 6L6&
as inverse feedback. This would amount
to about 6 db for a normal load im-
pedance. The slope of the lines shows
that the plate resistance has been re-
duced from about 25,000 ohms to about
1750 ohms. If the feedback is applied
to some electrode other than the screen
grid, it will not reduce the maximum
output of the stage. At the same time
that the inverse feedback reduces the
output impedance, it also reduces the
distortion. We now have an output
stage with lower distortion, lower out-
put impedance, and higher plate effi-
ciency than a triode output stage.
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This inverse feedback sounds so good
that it might seem that we couldn’t get
too much of it. This would be true if
the feedback always remained inverse,
but at the extrame frequency ranges of
the amplifier there may be an 180°
phase shift in the amplifier which
causes the feedback to be positive,
which can cause oscillation. To avoid
difficulty resulting from this phase
shift, we need the opposite of the situ-
ation that we would desire if we were
designing a phase-ghift oscillator.

In a phase-ghift oscillator it is the-
oretically impossible to get oscillation
with one or two RC network stages.
Fig. 5 shows vector diagrams for 3-
and 4-stage phase-shift networks. As
can be seen from Fig. 5, as the number
of network steges is decreased, the loss
of the network at the 180° phase-shift
{requency is increased and it becomes
more difficult to sustain oscillation. It
can also be seen that the gain required
for oscillation is at a minimum when
the phase shifts of the stages are iden-
tical. Since we wish to avoid oscilla-
tion we should have the minimum num-
ber of stages within our feedback loop.
and these stages should have different
cut-off frequencies. -

For numerous reasons it is most de-
sirable to use a push-pull output stage.
Push-pull stages greatly reduce even
harmonic distortion, they cause less
feedback through the plate supply sys-
tem, and there is a variety of excellent
output transformers available to use
with push-pull stages. Because there is
a large price differential between the
20-watt size of transformer and the
next larger size in most manufacturers’
lines, and because 20 watts is more
than adequate for home use, we may
put a limit of 20 watts on the output
of our amplifier. Next, we should con-
sider the most economical mcans of
producing ahout 20 watts at low dis-
tortion. As mentioned previously, a
pair of 6L.6’s will give 18.5 watts out-
put with a 300-volt power supply. This
output cannot be equalled by any tri-
ode circuit without going to AB. oper-
ation—push-pull parallel connecction
requiring a high current power sup-
ply-—or to special tubes requiring more
expensive high voltage power supplies.
For these reasons push-pull 61.6’s ap-
pear to be the best choice for our am-
plifier.

In order to drive a push-pull stage
from a single-ended input we must
have some type of a phase inverter.
For this purpose we choosc a tube be-
cause good input transformers are
quite expensive and transformers con-
tribute excessive phase shift at fre-
quency extremes. It is also necessary
to have a voltage amplifier to produce
enough gair to drive the output stage
from the voltage available from the
usual preamplifier and tone control
system, and to build up gain to be re-
duced by irverse feedback. We need
about 15 volts r.m.s. to drive one 6L6.
The usual types c¢f phase inverter have
a gain of about unity from grid-to-
plate, so we will also need about 135
volts r.m.s. to drive the phase inverter.
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Fig. 1. (B) Two load lines plotted on the characteristics of a 6L6. (B) The transfer
characteristic of a 6L6 triode, 4000 ohm load. Courtesy of Radic Corp. of America.
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Fig. 2. (A) Characteristics for 6Kb6 pentode. (B} Transfer characteristics, 7500 ohm
load. Note sine wave is flattened at the peaks, indicating odd harmonic distortion.

If we precede the phase inverter by an This circuit has an advantage over
amplifier stage with a gain of 50, it direct coupling in that more favorable
will require 0.3 volt r.m.s. to drive the d.c. voltages can be applied to the
amplifier to full output. If we then voltage amplifier and the phase in-
allow for the gain reduction o 20 db  verter, and in addition it inserts 6 db
to permit that amount of inverse fced- attenuation at d.c. and at very low
bhack, we will need 3 volts r.m.s. to frequencics. It is superior to straight
drive the completed system to full out- RC coupling in that the phase shift is
put. This 3 volts is well within the very low at low frequencies.
capabilities of most input amplifier The split-load phase inverter was
systems, chosen as the circuit which would give

Fig. 12 is the schematic diagram of the least phase shift at both very low
the completed amplifier and associated and very high {requencies. It also has
power supply. A pentode was chosen the advantage of contributing very lit-
as the voltage amplifier because with tle distortion because of the large
a pentode it was possible to achieve amount of current feedback produced
about twice as much gain as with a by the cathode half of the load. To
triode. A 6SH7 was selected from the produce a favorable a.c. to d.c. load
many types of tubes tried for this pur- ratio, and to maintain balanced drive
pose because it gave the required drive  at high frequencies, 22,000 ohm load
voltage with low distortion, and be- resistors are used in the 6SL7 plate
cause it was less critical in regard to and cathode circuits. The two halves
the adjustment of screen voltage for of the 6SL7 are operated in paralle] to
lowest distortion. The 6SHT is coupled furnish sufficient current to thesc low
to a 6SL7 phase inverter by a step cir- value resistors. 50 ohm resistors are
cuit, which gives 6 db attenuation and connected between the grids and be-
almost no phase shift at very low fre- tiween the plates of the 6SL7 to prevent
quencies. parasitic oscillations.
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Fig. 3. (&) Characteristics of a single 6L6 tetrode. (B) Transfer characteristic, 2500
ohm load. Output contains principally even harmonics similar to those in Fig. 1.
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tained when 1/15th of the 6L6’s output is applied as inverse feedback. See article.

One set of recommended conditions
calls for operation of the 6L6 plates
and screens at 270 volts. Adding 25
volts for cathode bias we then require
295 volts from the plate supply system.
A 375-0-375 volt transformer with the
rectifier operated into a choke input
filter will give approximately this volt-
age. The choke input system gives very

Fig. 5. Vector diagrams of a 3- and 4-

stage phase-shift network and cir-
cuit diagrams of the networks involved.
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good regulation thus obviating the ne-
cessity for an elaborate method of reg-
ulating the output tube screen voltage.
This superior regulation also reduces
the undesired feedback of low fre-
quency energy from the output stage
to the early amplifier stages through
the plate supply.

Although the handbook specifies a
125-ohm cathode resistor for class A
6L6’s, the distortion at medium output
levels is considerably reduced by in-
creasing this resistor to 250 ohms. A
metering circuit is provided to check
the balance of the 61.6 cathode cur-
rents. This is used to determine when
one or both of the output tubes should
be replaced. If more than 0.1 volt is
indicated between the two cathodes
the condition of the output tubes
should be checked. The two cathodes
were individually bypassed because it
was found that leaving even the 10-
ohm resistors unbypassed increased
the distortion in the output.

The photographs on the first page of
this article show side and bottom views
of the unit. The power supply and the
amplifier are built on the same chassis.
Using a reasonable placement of parts,
there should be no difficulty from put-
ting these two units close together.
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The hum in the output of this unit is
less than one millivolt across 16 ohms.
Oil-filled paper filter capacitors were
used because they were available very
cheaply in surplus stocks. If they are
replaced by electrolytics, each section
should probably be increased to 20 pfd.
In addition to the test jacks for the
output tube cathodes, there is a test
jack to measure the screen voltage of
the 6SH7. A high resistance or vac-
uum-tube voltmeter should be used to
read this voltage which should be set
to approximately 70 volts.

The finished amplifier was adjusted
for good square-wave response at 10
ke. This required a 220 uufd. capacitor
shunted across the 10,000 ohm feed-
back resistor, which almost totally re-
moved the ringing from the top of the
square waves. As can be seen in Fig. 6,
there is a small highly damped ringing
on the leading edge of the square wave.
Although most amplifiers having as
much as 20 db of over-all feedback be-
come very unstable when a small
amount of capacity is placed across the
output terminals, a capacity of 0.02
upfd. across the 16-ohm output of this
amplifier makes & barely perceptible
difference in the ringing. This is shown
in Fig. 8. Fig. 9 shows that the ampli-
fier is still stable with 0.05 #fd. across
the 16-ohm load. Oscillation does not
ensue until 0.08 or 0.10 ufd. is placed
across the output.

Fig. 10 shows the response to a step
function on a % second sweep. This
shows that the disturbance is highly .
damped and is reduced to negligible
amplitude in less than % second. Fig. 7
shows the overload recovery of the
amplifier on a 2 second sweep. Again
the perturbations are small and are
damped out in less than 4 second. The
perturbations shown are very small
compared to those produced in most
speaker systems. Another indication of
excellent transient response is the os-
cillogram, Fig. 11, which shows a 5 ke.
sine wave switched at a 1250 cycle
rate. Fig. 13 shows that frequency re-
sponse has not been sacrificed to attain
this stability. To demonstrate stability
under unfavorable conditions, the am-
plifier was operated using only one out-
put tube with the output terminals
open-circuited. It is stable under these
conditions even when the one tube is
driven to overload.

Fig. 14 shows the intermodulation
distortion produced by the amplifier
using 40 cps and 7000 cps witha 4 to 1
ratio. During this run the test setup
had a minimum reading of 0.11% be-
fore the amplifier was connected in the
system, but even so the resulting char-
acteristic shows that the amplifier is
suitable for the most critical high-fidel-
ity use.

It is essential to use a high-quality
output transformer in an amplifier us-
ing this much inverse feedback. The
compensation used to adjust the
square-wave response may be different
for transformers of different manufac-
ture. If the transformer used is in-
ferior to the Peerless S-240-Q specified
it may be necessary to put in addi-
tional compensation networks to main-
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tain stability with 20 db [eedback. Sta-
bility can usually be obtained if suffi-
cient frequency responsc is sacrificed.
In most cases a considerablc amount
of high-frequency response can be sac-
rificed without any bad effects, but any
decrease of low-frequency response in-
side the {feedback loop should be
closely examined to make sure that it
is not going to reduce, to any consid-
erable extent, the net inverse feedback
at any low frequcncy that it is desired
to reproduce.

The low-frequency response input to
the grid of the 6SHT should be limited
to remove any frequencies that the
speaker cannot handle; otherwise low
frequency transients which contribute
nothing to the music being reproduced
may cause extreme excursions of the
voice coil of the speaker. During these
excursions the voice coil is usually in a
non-linear portion of the air gap flux,
thus making the spcaker a source of
intermodulation or harmonic distor-
tion. In the author’s system there is a
three-section RC high-pass filter cut-
ting off at 10 cps between the tone con-
trol amplifier and the output amplifier.
Such a high-pass system also serves to
attenuate turntable rumble.

We may ncw stop and consider if we
have sacrificad anything by going to
this simpler circuit. With the over-all
feedback removed, the distortion at the
output grids just before grid current
sets in is less than 1%. This indicates
that most of the distortion occurs in
the output stage and that a more com-
plicated driving system would not
make any improvement. There seems
to be no reason, therefore, to go to
additional stages in the driving system
with the attendant danger of instabil-
ity when 20 db of over-all feedback is
applied.

Since we have found that most of
the distortion is contributed by the
output stage, we may now investigate
whether this, should be reduced by lo-
cal feedback. About 4 db of local feed-
back can be obtained by using an out-
put transformer with “Ultra Linear”
taps; however Kiebert' has stated that
this connection does not reduce the
low-level distortion, which agrees with
the author’s findings. Since the over-
all feedback loop will reduce the out-
put impedance of the amplifier to a
sufficiently low value, there seems to
be no reason to use this type of feced-
back.

Feedback voltages may also be ob-
tained from one or both of the output
tube plates. Feedback from the primary
of a transformer has disadvantages.
First and most serious is that the hum
voltage present at the center of the
primary also appears at the plates of
tetrode or pentode output tubes. Under
ordinary circumstances this causes no
hum to be induced in the secondary;
however if feedback is used from one
or both plates, the feedback will tend
to reduce the hum at the plates but it
cannot reduce the ripple at the center
tap, so there will be currents flowing
through the halves of the transformer

(Continued on page 82)
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Fig. 8. A 10 kc. square-wave response
with .02 ufd. capacitor across oufput.

Fig. 10. Response to a step function with
a half-second sweep. See details in text.

Fig. 12.

Fig. 9. Square-wave response at 10 kc.
with .05 uid. capacitor across output,

Fig. 11. 5000 cps sine wave switched at «

1250 cps rate. See discussion in article.

Complete schematic and parts list covering amplifier and its associated

power supply. Both are built on same chassis but no troublesome hum developed.
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Ri—1 megohm, YV, w. res. == 109,

R:—820 ohm, Vo w. res. + 109,

Rs—10,000 ohm, V5 w. res. (16 ohm output.
For 8 ohm output use 7500 ohms, for 4 ohm
output use 4700 ohms)

R4—100,000 ohm, V3 w. res. = 109,

Rs, Ru, R15—330,000 ohm, Vs w. res. == 10%

Rs—200,000 ohm pot

R7, Rs—560,000 ohm, V5 w. res. = 10%

Ry, Ri—50 ohm, V5 w. res. = 109,

R, R12e—22,000 ohm, 1 w. res. + 5%

Ris—12,000 ohm, I w. res.

R1—250 ohm, 10 w. wirewound res.

Ry, Ris~10 ohm, Vs w. yes. = 19

C1+—.02 pfd., 600 ». capacitor

C:—1 ufd., 600 v. paper capacitor

C3—220 pufd., 600 v. capacitor (16 ohm out-
put. For 8 ohms use 300 uufd., for 4 ohms
use 470 upfd.)

C;—.03 pfd., 600 v. capacitor

Cs, Cs—.075 ufd., 600 v. capacitor

Cr7, Cu, C12—10 ufd.,, 600 v. oil-filled capacitor
(Sce text if electrolytics are substituted)

Cs, Co—100 wfd., 50 v. elec. capacitor

CH:i—10 hy., 150 ma. filter choke

CH:—5 hy., 150 ma. filter choke

T:—Output trans. 5000 ohms plate-to-plate to
16, 8, 4, 2 ohms (Peerless §-240-Q or equiv.
See text)

Ts—Power trans. 375-0-375 v. @ 125 ma.; 3
v. @ 3 amps.; 6.3 v. @ 2.5 amps.

Vi—6SH7 tube

Va—=_6S8SL7 tube

Vs, Vi—6L6G tube

Vi—sU4G tube
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This all-transistor broadcast receiver weighs less than

twelve ounces and is the first available for consumer use.

tors instead of tubes has been pro-

duced by Regency of Indianapolis
and is being marketed currently in
the N.Y. and Los Angeles areas.

Slightly taller than a teacup, ‘“Model
TR-1" uses four transistors and a
germanium diode in a compact super-
heterodyne circuit. Within its case,
measuring 3” x5” x1%”, the unit con-
tains its own battery power supply, a
built-in bar antenna, and a tiny PM

'I'HE first pocket radio to use transis-

speaker.
This first commercial all-transistor
set owes its successful design, in

part, to the high performance tran-
sistor developed by Texas Instru-
ments Incorporated of Dallas, who are
the first people to mass produce a low
cost, high gain, high frequency ger-
manium transistor.

The transistor is a grown junction

n-p-n type. Used in the new pocket
radio, it provides power gains of 34
decibels and 40 decibels in the inter-
mediate frequency and audio stages,
respectively. Such figures have previ-
ously been attainable only in the lab-
oratory.

As shown in the schematic below,
the circuit employs only four transis-
tors and one germanium diode. Lab-
oratory models of similar sets have
hitherto used almost twice as many
transistors. The first transistor, TI223,
serves as a frequency converter (local
oscillator and mixer). Stations are
tuned in by a miniature two-ganged
capacitor. The i.f. stages employ two
transistors, TI222 type and three tiny
i.f. transformers. Audio detection is
accomplished by a germanium diode.
The audio signal is developed across
a miniature 1000 ohm volume control

Complete schematic diagram of the new transistorized pocket radio.
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Slightly taller than a teacup. the new set has no
tubes, provides good reception on broadcast band.

and thence ted to the fourth transistor,
TT210, which serves as an audio am-
plifier. Sufficient power is developed
by this stage to drive the diminutive
PM speaker.

Featured in this set iz the advantage
of long battery life. Because the pow-
er consumption is only a fraction of
that required for a comparable vacu-
um tube unit, it was possible to elimi-
nate one battery as well as to reduce
the size of the one remaining and still
extend its life. This, in turn, effected
a reduction in weight and is expected
to reduce battery replacement cost.

Another advantage claimed by the
manufacturer is the elimination of
tubes and the problem of tube replace-
ment. While the hot filament or cath-
ode in a vacuum tube is continually
consumed during operation, no similar
phenomenon occurs in transistors. Ex-
cept for physical damage, transistors
will last indefinitely.

The new radio was designed by the
firm of Painter, Teague and Petertil,
industrial designers. Miniaturization
of components was achieved by a num-
ber of organizations. The speaker was
produced by Jensen of Chicago. The
tuning capacitor was made by the
Radio Condenser Company of Camden,
N.J. The Vokar Corporation of Dex-
ter, Mich. contributed the if. trans-
formers. The volume control was made
by Chicago Telephone Supply Corpoia-
tion of Elkhart, Indiana. Centralab of
Milwaukee engineered a very small
ceramic capacitor.

Components were assembled by a
semi-automatic process using printed
wiring and dip soldering techniques.

Sanford Electronics is handling dis-
tribution in New York. while West
Coast distribution is being undertaken
by Gough Industries, Inr. of Los An-

- geles.

T
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Fig. 1. Front panel view of the author’s
home-built 100 kc. frequency standard.

HIS 100 ke. crystal-controlled fre-
Tquency standard is designed to fill

the need for a simple, inexpensive,
self-contained unit which can be con-
structed in one evening. This circuit
is a modification of the old Bliley low-
frequency crystal oscillator circuit, us-
ing the penrode section of a 117N7 as
the oscillator and the rectifier section
as a simple power supply. The circuit
will oscillate with any 100 ke. crystal;
even a ‘“sluggish” crystal, which may
not oscillate at all in a conventional
circuit, will perform nicely here, Feed-
back is obtained from the cold end of
the plate and screen r.f. chokes. The
out-of-phase voltage is prevented from
returning to ground through the power
supply by means of the two 2.5 mhy.
r.f. chokes in series. The feedback volt-
age is obtained from the .01 ufd. capa-
citor and the .002 ufd. capacitor volt-
age divider network. The feedback
can be increased by decreasing the
value of the .002 wpfd. capacitor. How-
ever, this is inadvisable, since the crys-
tal current will rise to an excessive
level, and the crystal may fracture.

In constructing this unit, it should
be noted from the schematic that the
“B—" side of the power supplyv is not
connected fo the chassis, but is wired
to the various “ground” circuit points.
The “B—" side of the circuit is then
grounded to the chassis through a
.002 pfd. tubular capacitor (C;). This
eliminates the shock hazard which
sometimes accompanies the use of an
“a.c.~-d.c.” type of power supply. The
electrolytic filter capacitor is insulated
from the chassis and covered with an
insulating sleeve as noted in the parts
list. No special precautions need be
observed in wiring the oscillator sec-
tion, other than to keep the wiring of
the crystal and tuning capacitor to the
grid as short and direct as possible.

The parts list is complete, and none
of the parts is particularly critical
except the two iron-core chokes, RF'C:
and RFC: These chokes must exhibit
a high “@Q” if satisfactory operation is
to be obtained. The oscillator plate
current, with a plate voltage of ap-
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When calibrated against WWYV, this 100,000 cycle signal

source provides accurate means of transmitter adjustment.

proximately 105 volts, is about 25
milliamperes.

In connecting this unit to a receiver,
it is necessary to wrap the output lead
around the antenna lead-in several
times. Do not connect the output lead
directly to the antenna post of the
receiver. R9 signals are obtained
throughout the spectrum from 100 ke.
through 35 mec. This unit, when cali-
brated against Station WWV, by ad-
justing the trimmer capacitor C: and,
when used with a calibrated receiver,
meets all requirements of the FCC as
far as measuring the frequency of a
transmitter. With a unit similar to
this, the author was able to meet all
the requirements in an ARRL Fre-
quency Measuring Test for Class 1
Official Observer. This oscillator will
stay within several cycles of WWYV for
a period of several hours without ad-
justment.

Fig. 2.

To use the unit, first check it against
Station WWYV. Tune in a WWYV trans-
mission on your receiver and turn off
the b.f.o. Couple the oscillator to your
receiver and adjust C; to produce a zero
beat.

Next, calibrate your receiver. Turn
on the b.f.o. and turn the receiver’s
tuning dial. Beats will now be heard
every 100 kec. Weaker intermediate
beats may be heard, but these should be
ignored. Record dial readings for zero
beat at each 100 ke. check point.

Now your calibrated receiver can be
used to determine the frequency of an
incoming signal. Turn off or disconnect
the frequency standard. Leave the
b.f.o. frequency as it was during the
calibration. Compare the dial reading
for zero beat on the desired station
with the check points on either side
and determine the frequency by inter-
polation. —30

Schematic diagram and parts list for the 100 ke. frequency standard. Do

not connect “B—"" to chassis. Chassis must be connected to external ground for
safety reasons. Also, it is not necessary to connect the output lead to the re-
ceiver. Best resulis will be obtained if the lead is merely wrapped a few turns
around the antenna lead-in wire of the receiver in traditional gimmick fashion.

Ri—5 megohm, Y5 w. res.

R:—100 ohm, Y5 w. res.

Rs—2000 ohm, 10 w. wirewound res.

C1—2-25 uupfd. trimmer capacitor {Hammar-
lund APC)

Ce, C5, Cs—.01 pfd., 300 . mica capacitor

Cs—.002 pfd. tubular capacitor

Ci—60 pufd. mica capacitor

Cs, C—20/20 ufd., 250 v. clec. capacitor.
{Mallory FP-217. Use Mallory B82 Bake-
lite mounting wafer and CE-3 sleeve.)

RFC1—125 mhy. iron core r.f. choke {Meiss-
ner 19-6848)

RFC3—2.5 mhy. iron core r.f. choke {Meiss-
ner 19-6834)

RFCs, RFC;—2.5 mhy. rf.
R-100, etc., not critical)

Xtal—100 kc. crystal

S1—S8.p.s.t. toggle switch

Vi—I117N7GT tube

Chassis—Bud aluminum FAC-431 (4" x 6" x
27)

choke (National

Qutput connector is standard phono input conncctor.

/2 NINTGT
Via

Cca To
9 RCVR

TO GND
BEC2 (EARTR OR
WATER PIPEI

CRASSIS
GROUND

L RFC3

RFC4

Vig
» 21TN7GT
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FEEDBACK

field of audio amplifier design was

the introduction of negative feed-
back. Considerable improvement in
the frequency response, distortion, and
transient response characteristics is
obtained from the proper use of nega-
tive feedback and, in many respects,
the design of the amplifier is consider-
ably simplified. Beam-power pentodes
with feedback in the output stage are
capable of performance as good as
that of triodes, and their greater sen-
sitivity simplifies the design of the
driver amplifier. Also, the feedback
will reduce both theé noise and dis-
tortion introduced by any component
within the feedback loop.

UNE of the great advances in the

t—————
(A)

INSTANTANEOUS
VELOCITY
O
A1

INSTANTANEOUS
VELOCITY

TIME (SECONDS)
()

Fig. 2. Electromechanical equivalent

N AN

AUDIO

AMPLIFIER

By DAVID FIDELMAN

Author, “Guide to Audio Reproduction”

A discussion of the advantages of combining feedbacks in
amplifiers, along with a practical application of circuit.

However, there are limitations to
the improvement which can be ob-
tained with the use of simple nega-
tive feedback alone. The distortion
introduced within the feedback loop
is reduced in the same proportion that
the gain is reduced, and is limited by
the practical consideration of how
much feedback can be applied to the
circuit. As the amount of feedback
is increased, the frequency range of
the amplifier, before the feedback is
applied, must be made much wider
than it would otherwise have to be.
For example, for a frequency range of
40-15,000 cps with feedback, an ampli-
fier with 30 db of gain reduction by
feedback cannot be more than 40 db
below mid-range gain at 2.5-240,000
cps. For large amounts of feedback,
it is often almost as difficult to obtain
the required characteristics as to de-
sign ‘a suitable amplifier without feed-
back. Also, there are limits to the

improvement in transient response
e
Fig. 1. Response of a loudspeaker to tran-

sient signal, illustrating the ringing intro-
duced by the loudspeaker and showing the
effects of damping by the amplifier output
impedance, (A) Step junction voltage which
is applied to speaker to test transient re-
sponse. (B) Transient response of speaker
when connected to an amplifier having
high output impedance. (C) Transient re-
sponse of speaker when connected to an
amplifier with low or zero output impedance.

circuit which illustrates the electri-

cal and acoustical performance of a direct-radiator type of loudspeaker unit.

VOICE COIL

IMPEDANCE MOTIONAL IMPEDANCE

OF LOUDSPEAKER

LOUDSPEAKER
TERMINALS
T
\

?

Ry = Inversely proportional to mechanical
and acoustical resistance of speaker
and air load

Car = Directly proportional to mass of the
speaker suspension and acoustic in-
ductance of «ir load

Ly =— Inversely proportional to stiffness of
suspension and directly proportional te
acoustic inductance of air load
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that could be obtained, even if the
amount of negative feedback could be
increased indefinitely.

Recent developments in the applica-
tion of feedback to audio amplifiers
have shown that considerable further
improvement can be obtained by com-
bining positive and negative feedback
in the amplifier. When these feedbacks
are properly combined, certain very in-
teresting and useful results are ob-
tained. Only moderate amounts of
combined feedback are required to eli-
minate the major harmonic and inter-
modulation distortions almost com-
pletely; and the source impedance
which the amplifier presents to the
loudspeaker can be made zero, and
even negative if desired, resulting in
considerably improved transient re-
sponse of the loudspeaker. This latter
effect cannot be obtained even by the
use of great amounts of simple nega-
tive feedback.

This article will describe how the
performance of the audio system is
improved by the application of com-
bined feedback to the amplifier, and
simple circuits are given which permit
the introduction of positive feedback
into existing negative ifeedback am-
plifiers. The circuit of a practical
amplifier which has been built and
thoroughly tested is given, together
with performance data showing the
improvement which results from com-
bined feedback compared with nega-
tive feedback alone.

The importance of the source im-
pedance of the amplifier in improving
the transient response of the loud-
speaker can best be seen by reference
to the electromechanical equivalent
circuit of the Iloudspeaker system,
shown in Fig. 2. The linearity of the
amplifier is improved, and the output
impedance is reduced so that the
damping in the loudspeaker circuit is
improved.

The importance of the amplifier out-
put impedance in improving the tran-
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sient response of the loudspeaker can
best be scen by reference to the elec-
tromechanical equivalent circuit of
the loudspecaker system shown in Fig.
2. This circuit represents the elec-
trical impedances due to the ampli-
fier circuit, and the mechanical and
acoustical impedances due to the
loudspcaker and its acoustical load.
The transient response ot this circuit
is found to be improved when the
electrical impedance of the amplifier
output circuit is reduced. The degree
of improvement may be seen from the
curves of Fig. 1, which show the
transient response obtained from the
same loudspeaker with amplifiers of
high and of low output impedances.

The curves in Fig. 1 show, how-
ever, that ecven with an amplifier of
extremely low output impedance there
will be a certain amount of “ringing”’
in the loudspeaker when transient
tones are applied to it. This ringing
cannot be removed even by decreasing
the output impedance of the ampli-
fier practically to zero by the use of
large amounts of negative feedback.
However, it is possible to achieve al-
most perfect damping by the method
shown in Fig. 3. If the amplifier
could be made to have a negative
output impedance equal to the im-
pedance of the loudspeaker voice coil,
then the resulting circuit would be
essentially a constant-voltage genera-
tor driving a resistive load, resulting
in a perfectly damped system. This
type of operation can be achieved by
the use of combined positive and
negative feedback in the amplifier.
The manner in which positive feed-
back is used for this purpose can be
scen by reference to the block dia-
grams of Fig. 4, which show how mul-
tiple feedbacks can be included in an
amplifier. The system shown in Fig.
4A is a widely used method of com-
bining feedbacks, with the positive
fecedback loop taken around the low-
level stages which introduce the least
amount of distortion. The feedback
equation for this system is included
with the block diagram, together with
the standard equations for a single
feedback loop, for comparison. The
comparison between the two sets of
equations shows how certain advan-
tages can be gained from the use of
combined feedback.

When the factor 4:B: in the system
of Fig. 4A is made equal to or greater
than unity, the positive feedback loop
will oscillate without the over-all
negative feedback, but is stable in the
complete circuit. When A4.B: is equal
to unity, the output impedance is zero.
and the distortion from the output
stage is eliminated. If its value is
different from unity, the output im-
pedance may assume negative values
and thus subtract from the resistance
in the loudspeaker voice coil circuit.
For values of 4.B: between zero and 2,
the distortion from the output stage
is reduced, resulting in a considerable
reduction in the total distortion,
since the major contribution is from
the high-level output stages. However,
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Fig. 3. Method of using an amplifier with
negative output impedance to achieve al-
most perfect damping of the loudspeaker.

the values should not be made greater
than 2, since the distortion introduced
by the output stage would then be
greater than when the positive feed-
back is omitted entirely.

Certain precautions must be taken
when positive feedback is used in this
manner. If the sum of the combined
positive and negative feedbacks is posi-
tive and equal to unity at any {fre-
quency, then the amplifier will oscil-
late at that frequency. At some fre-
quencies far removed from the center
of the band, the negative feedback
will become positive, and might thus
not keep the circuit from oscillating
with the positive feedback close to
unity. Precautions must therefore be
taken to maintain stability and pre-
vent oscillations at those frequencies
where the circuit might become un-
stable. A simple and direct method
of accomplishing this is by restricting
the use of the positive feedback pri-
marily to_the important midband of
frequencies, by introducing a phase
shift in the positive feedback circuit.
This phase shift, in conjunction with
the phase shift in the amplifier, re-
verses the phase at very high and very
low frequencies so that it becomes a
very small amount of negative feed-
back. The positive feedback thus
tends to prevent oscillations at the
extreme frequencies where the nega-
tive feedback loop might otherwise
become unstable, and is still positive
feedback of the desired amount
throughout the useful band of fre-
quencies.

A characteristic of this system of
combined feedback is that the degree
of positive feedback can be adjusted
without changing the over-all gain,
which is controlled primarily by the
over-all negative feedback. (The rea-
son for this is that when the gain of
the amplifier without feedback is
large, the amplification with feedback
is approximately equal to 1/B:, and re-
latively large changes in the ampli-
fication within the loop will therefore
not appreciably affect the gain with
feedback.) Thus the amount of posi-
tive feedback can be adjusted for
optimum damping without any change
in output level which might confuse
the measurement. This adjustment
can be made while observing the out-
put signal either with the proper test
instruments, or by listening to program
material by ear. While the adjustment
is being made, the distortion in the
amplifier will change slightly, but will
almost always be so small that it can
be neglected.

The principle of combined positive
and negative feedback can be applied

wwWw americanradiohistorv com

INPUT
o—g

2 :LOAD IMPEDANCE
2p2 *OUTPUT IMPEDANCE OF Ay

b p outPUT
“ 04,02 “DISTORTION (N A, 43

FOR MULTIPLE FEZDBACK
a, Az a, A,
CAN AR h, A8 w
(1-a,8,1

OUTPUT IMPEOANCE Z =2 2 2ep -l AB-'
N+ 2 /2ppt =11-4,8,

092
N

o2+ 2iaen
DISTORTION: D =7 + 3 {1 =48+
{n)

(i-a89

FOR SIMPLE FESIBATK

GAIN Az

t~aB

OUTPUT IMPEDANCE 29: — 0
2of2 +11-ABY

DISTORTION 0 —2—
1-aAB
{8}

Fig. 4. Comparison of a multiple feedback
system with an over-all feedback circuit.

WA

NOTE: GENERALLY R4 = 208) AND ADJUSTED FOR
OPTIMUM PERFORMANCE

Fig. 5. Simple basic circuit for including
positive feedback loop in an amplifier.

to practical amplifiers in a number of
simple ways, and can be added to
existing amplifiers with only very
minor circuit modifications.

A simple basic circuit for obtaining
a positive feedback loop is shown in
Fig. 5. This type of circuit may be
included as a modification in almost
any amplifier. The voltage across the
unbypassed cathode of one stage is

Table 1. Performance data for the ampli-
fier whose schematic is shown in Fig. 6.

HARMONIC DISTORTION
(8 WATTS INTO 3.9 SPEAKER LOAD)

FREQ. OF INPUT SIGNAL
HARMONIC
400 CPS 1000 CPS
2 02% 0.17%
3 0.24% 032%
0.045% 0.036%

ta)

HARMONIC DISTORTION
(8 WATTS INTO 3.9/L SPEAKER LOAD)

HARMONIC | ¢eeBoack | FECOBACK | FeEDBAGK
2 1.4% 0.3% 02%
3 7.0% 24% 024%
4 06% 0.1% 0.045%

8)

INTERMODULATION DISTORTION
BWATTS INTO 3.91.,4.1 VOLTAGE RATIO, 60CPS 8 TKC

NO NEGATIVE POS.~ NEG.
FEEDBACK § FEEDBACK | FEEDBACK
40% 8.0% 1.9%

[{]
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Fig. 6. Schematic of an amplifier using
combined positive and negative feedback.
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applied through a voltage divider net-
work to the unbypassed cathode of the
preceding stage. When a voltage is ap-
plied to the cathode of a tube, the
voltage variation at the plate is in-
phase with the voltage variation at the
cathode (for example, a positive vol-
tage at the cathode would be equivalent
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